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Letter From the Administrator 

The Drug Enforcement Administration hosted a two-day International Symposium on Instru
meiltal Applications in Forensic Drug Chemistry in Arlington, Virginia on May 29 and 30, 1978. 
The Symposium focused on the increasing reliance of the forensic scientist on modern instrumen
tation and computers which make pos'lible the rapid accumulation of accurate data. 

The Symposium consisted of presentations from internationally known invited speakers who 
covered current. methodology and approaches, and attempted to project future needs and 
developments. 

The purpose of the Symposium was to provide significant contributions to the forensic sciences 
in the field of Forensic Drug Chemistry, highlighting advances in instrumental and computer 
applications to drug analysis. Leading scientists in Loth Europe and the USA presented papers 
to an international audience of scientists from government, university, and law enforcement 
laboratories. 

The Drug Enforcement Administration was honored to be able to sponsor this Symposium and 
provide a forum for the sharing of scientific information which can be applied to forensic work on 
a worldwide scale. This SymposiUm should expand knowledge in the forensic sciences and 
support international law enforcement. 

This volume presents the pap\1rs at the Iuternational Symposium. By publishing the proceed
ings, it is our hope that the wide~t possible international audience will be reached. Thus, it wiII 
contribute to one of DEA's primary responsibilities-

"coordination and cooperation with other Federal, 
State, and local agencies and foreign governments 
in programs designed to the training of foreign 
officials, and the encouragement of knowledge and 
commitment against drug abuse. U 

1 wish to express my appreciation to members ofthe DEA staffwho were involved in preparing 
this Symposium. Also, a warm wGrd of praise and thanks is offered to those most respl')nsible for 
the success of the Symposium-the spf')akers. The interest they aroused is a testimony to their 
professional competence. 

~~7~ 
Administrator 
Drug Enforcement Administration 
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1 
Foreword 

The Drug Enforcement Administration of the U.S. Department of Justice was created in 1973 
by Presidential reorganization to enforce the U.S. Drug Laws and to bring to justice those organi
zations and principal members of organizations involved in illicit drug activities. DEA has 
recognized science and technology as an integral part of its law enforcement efforts. Further
more, our policy from the beginn:ng has been to share our knowledge with our colleagues in police 
agencies and laboratories on an international basis. The Symposium and its proceedings were 
one more attempt by DEA to provide a means to share scientific information which will help meet 
not only today's needs but also to address advances in new instrumental techniques to help solve 
future problems. 

The 1973 reorganization which led to the formation of DE A combined the function and assets of 
the Bureau of Narcotics and Dangerous Drugs, the narcotic enforcement segment of the U.S. 
Customs Service, the Office of Drug Abuse Law Enforcement (ODALE), the Office of National 
Narcotics Intelligence (ONNI) and a segment of the White House Office of Science and 
Technology. 

We are concerned with illicit activities which involve the cultivation, manufacture, or distribu
tion of drugs appearing in or destined for the U.S. illicit market. DEA also supports non-enforce
ment programs aimed at combating the drug traffic at home and abroad. 

To accomplish this mission we have a total of 4,200 employees. Half of these employees are 
criminal investigators who carry the title "Special Agent". As of October 1,1978 we will consol
idate our present 12 domestic regions into 5 regions. Overseas we have 3 regions, with 64 offices 
in 39 countries manned by 200 Special Agents. 

Control of narcotics and dangerous drugs is an international and multifaceted endeavor and 
requires not only the full efforts of DBA, but the cooperation of many agencies including our 
foreign police colleagues, the United Nations, Interpol, Department of State, U.S. Customs Ser
vice, Federal Bureau ofInvestigation, Immigration and Naturalization Service, Internal Revenue 
Service, U.S. Coast Guard, and State, County and Local Pelice. 

Besides investigative and enforcement efforts, 1rug control requires the application of regula
tory efforts and the effective use of science and technology. In our Office of Science and Tech
nology we have a staff of over 250, with specialists in the fields of chemistry, mathematics, 
engineering, electronics, psychology and other disciplines. 

The office has three divisions. The Research and Engineering Division conducts feasibility 
studies on various aspects of technology I produces actual equipment for use by our Special 
Agents in the field and conducts behavioral and social research such as the study of the effects of 
drugs on crime. 

The Technical Operation Division manages the National UHF Radio System, the Single Side 
Band Radio System, the National Secure Teletype System and the investigative equipment 
program. 

Our eight forensic laboratories ar~ managed by the Forensic Sciences Division. As in other 
crime labs, DEA labs examine evidence and present evidence in court when necessary. They 
also conduct research, method development, training of other forensic chemists and distribute 
various scientific and technical publications. 

2. 

. I want to pe.rsonally th~nk each of the Symposium participants for contributing to the Sympn
slUm and helpmg us prov.Ide a worthwhile scientific sharing experience. It takes many people to 
stage.an event. such as th~s, and I ~ould like to recognize some of these now for their outstanding 
~~~~. Drs. MIchael .Klem and Ahce V. Kruegel the individuals who first proposed the idea of 
;. 109 the SymposIUm. I would also like to thank Clayton McNeill, Irene Armstrong, Lani 

Idalgo and, of course, Stanley P. Sobol, the General Chairman. 

\J~'~~(} 
./! t 7Y 

/ 
John W. Gunn, Jr. 

1...,/ Director 
Office of Science and Technology 
Drug Enforcement Administration 
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Preface 

The papers collected in this volume were presented at the International Symposium on Instru
mental Applications in Forensic Drug Chemistry held in Arlington, Virginia on May 29 and 30, 
1978. 

The Symposium cons~sted offour sessions: Spectroscopy, Computer Applications. Chromato
graphic Advances, and Special Topics. It covered current methodology and approaches and also 
projected future needs and developments. 

The Symposium presented 24 experts from 8 countries highlighting current state-of-the-art of 
instrumental advances encompassing spectrometry, computers, chromatography, and such 
topics as drug standard,:, scanning electron and light microscopy, immunoassays and toxicol
ogy. We heard review papers in mass spectrometry and chemical identification processes. We 
examined the advantages of using stable isotopes in the quantification of dmgs by GC-MS-COM 
systems, as well as the current interest in negative ion mass spectrometry. Techniques of Fr-IR 
and NMR were discussed, nnd their possible future applications to the forensic sciences. The 
use of mass spectral computer systems in drug identification, and some computer programs in 
Federal, State and Overseas facilities were described. 

Many and varied applications of high pressure liquid chromatography and gas chromatog
raphy, as well as improvements and capabilities of the instruments used in these techniques were 
covered. Also, dp.rivatization techniques, detection systems and a new approach to the opti
mization of chromatographic systems were discussed. 

We wish to express our appreciation to the staff of the Drug Enforcement Administr-ation Spe
cial Testing and Research Laboratory, Office of Science and Technology and Administrative Ser
vices for their contributions to the Symposium and publication of the proceedings. It was the 
consensus of the participants and attendants that forensic drug chemistry is a unique, continually 
developing and intellectually stimulating applied science. We hope that those who read the fol
lowing manuscripts will agr.ee. 
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U.S. International 
Narcotics Policy 

It is a pleasure to be here today to talk about 
the internatiOllal narcotics policy of the United 
States. Before I move specifically to our inter
national policy, let me say that this Administra
tion has two broad policy objectives ill the field 
of drug abuse prevention and control: first, to 
reduce the health and social consequences ~f 
drug abuse; and second, to reduce all illicit con
sumption of psychoactive drugs on the <)s
sumption that, regardless of the presence or 
absence of health hazards, the interests of so
ciety are not served by the widespread use of 
illicit drugs. 

Drug abuse is a reality of modern life, and we 
cannot promise to make it disappear. In the 
United States in 1978, drug abuse has evolved 
from an epidemic to a chronic problem af
fecting ever!>' segment of our society. 

There are three important arenas for Federal 
action to deal with the drug abuse phenomenon 
as it exists today. 

The first is the world of international agricul
ture, economics, and human needs-ancient 
traditions often colliding abruptly with modern 
values and crises. 

The second is the world of crime and crimi
naIs, people who build networks of illicit traffic 
to reap huge profits and thwart the laws and 
customs of many societies. 

And the third is the world of milIions of peo
ple, young people and working people, affluent 
and poor, for whom life is a complex of frustra
tions too often compounded by easily available 
drugs. 

These worlds seem remote and unrelated to 
the daily lives of most Americans, and that is an 
unfortunate misconception. The quality of 
our lives and the promise of our future is af
fected by what goes on in a Burmese village, a 
Mexican border town, a clinic in Portland, a 
shooting gallery in New York, a schoolroom in 
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Charles O'Keeffe 

The White House 
Washington, D.C. 

Atlanta, and a drugstore in Los Angeles. 
The programs that we have in these three 

arenas-nur international narcotics control 
program, domestic drug law enforcement, and 
domestic treat ,.lent and prevention efforts, are 
the three important componen~s of our entire 
drug abuse prevention and control program. 
Each is important, and lhe international pro
gram lS especially so, as it contributes to this 
Administration's emphasis on international co
operation to address the problems of basic 
human needs worldwide. 

I'd like to take just a few minutes to describe 
our international program which has four major 
parts: 1. efforts to reduce supplies of illegal nar
cotic source materials worldwide; 2. coopera
tion with international organizations in a 
variety of endeavors; 3. U.S. cooperation 
with foreign narcotics enforcement agencies; 
and, 4. international drug abuse prevention 
initiatives. 

The U.S. role in reducing supplies of illegal 
narcotics source materials is complicated, and 
we hope will produce long-term lasting resuits. 

The plants that produce some ot'the drugs we 
are most concerned with (heroin, cocaine, and 
to a large degree marijuana) generally grow 
outside of U.S. borders. The laboratories for 
processing drugs are likewise beyond our 
boundaries. The flow of drugs into this coun
try passes through many nations, and increas
ingly, the people of other countries are 
experiencing drug problems of their own. 

There are ten countries in the world which 
we view as top priority targets for diplomatic, 
economic, and technical initiatives designed to 
reduce the cultivation and production of 
drugs. More than a hundred other nations fig
ure significantly in our intemational drug initia
tives, but these ten are the major sources of 

"problem drugs" and we intend to concentrate 
our energies there: 

• Burma produces some 400 ton~ of opium 
every year. 

• Thailand anti Laos each grow about 50 tons 
of opium a year. 

• Mexico grows about 40 tons of opium, which 
is converted to about 4 tons of heroin, most 
of which makes its way into the United 
States. 

• The Afghanistan-Pakistan region of South 
Asia is now the world's largest producer of 
illicit opium with production far in excess of 
500 tons annually. 

• Bolivia and Peru have the potential to pro
duce over 50,000 tons of coca leaf, making 15 
-20 tons of cocaine available to the illict U.S. 
market in the course of a year. 

• Ecuador and Colombia are major processing 
"lnd trafficking countries for the cocaine flow 
to the Un;ted States. 

In most of thcSiff countries, the growth and 
consumption b' Ot1~um or coca leaves is an old 
tradition, an integral part of the culture and ec
onomics of the nation. Oniy Mexico, among 
the opium-growing nations, has no history of 
opium use. For the poor farmers of the remote 
regions of these cOllntries these crops are the 
only cash crops they know, providing them 
with a bare livelihood. 

The United States SllpportS a broad range of 
approaches in partnership with other countries 
and multilateral institutions. Of these ap
proaches, crop eradication has proven to be the 
most sllccessful way to reduce bulk cultivation 
of illegal drugs. Eradication is unfortunately 
only appropriate in some countries, and in 
every instance must be a cooperative effoi"t, 
suppo11ed by the host government. 

Mexico provides an example of a success
ful eradication program. Opium is not an 
indigenous crop in Mexico; it is not part of 
Mexican history or culture. In 1972 Turkey ef
fectively banned opium cultivation, and crimi
nal entrepreneurs had turned to Mexico to 
plant and process their poppies. This action 
concerned both the governments of Mexico 
and the United States. The Mexicans we'e 
concerned for two reasons. First, the vast 
profits in the illegal (;J1terprise were undermin
ing their legitimate market economy in favor of 
a drug-based economy. Second, the Mexican 
government was fearful that, given a ready sup
ply of heroin, use would spread in Mexico with 
enormous health and social consequences. 
The United States was concemed over the 
amount of heroin flooding across the 2,000-mile 
border, bringing violence, crime and death to 
our cities. 

The opium eradication program was started 
in late 1973 as a cooperative U.S.-Mexican ef
fort. The U.S. provided technical assistance 
and equipment for the opium eradication. The 
program slowly began to have results. In 
1975, almost 1,800 people dieci of heroin over
dose. Two years later in 1977.584 died, and 
this year, if projections bear out, only about 
400 people will die, a decrease since 1975 of 
78%, and a prevention of 1 ,400 deaths. Heroin 
availability today is at the lowest level in seven 
years, with a national average rctail purity of 
5% and a price of$1.65 per milligram pure. 

But the program remains centrally and oper
ationally a Mexican government initiative. In 
matters of how the government carries out its 
cwp ~radicati(}n programs, U.S. policy will be 
to encourage effective alternatives where we 
find a tro~ble spot and continue to slIpport the 
primary role of the ~fexican authorities in deal
ing with that country s illicit drug production. 

Crop eradication is only the first phase of a 
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program to reduce supplies of illicit drugs at 
their source. It must be followed by efforts to 
provide alternative sources of income for the 
farmers who are engaged in cultivating Illk't 
drugs. 

Rural development is a long-term strategy to 
reduce the cultivation of illegal drugs. but it is 
likely to have lasting results. Farmers will not 
stop growing opium or coca until they have an 
alternate income source to support themselves 
and their families. 

This is a difficuh and long-range proposition, 
far more than simply telling a farmer, "Yester
day you grew poppies, tomorrow it will be len
tils. " The growers are generally cut off from 
central governments; agriculture is often primi
tive; lines of communication and transporta
tion are much more secure between the 
individual farmer and the buyer of his crop than 
between the farmer arid the government. And 
the tradition of growing and using both the 
poppy anc" coca is an ancient one in many 
areas, and the use of these plant-drugs is inte
grated into local culture and medicine. 

Instead of single-r.:rop substitution efforts, 
we are attempting to work out rural and agricul
tural development programs for the regions of 
the countries where the crops are produced. 
'1 his will have to include attention to such mat
lers as land-use planning; irrigation and har
vesting; transportation; economic projections; 
political liaison between and amcflg the United 
States, the host government, and the individual 
farmer and his community. 

Programs of this scope and complexity will 
require the full-scale cooperation of the host 
government, Vlrious international agencies, 
and our government. Some modest experi
ments are already underway in selected 
countries: 

• Income and crop substitution projects in Bo
lh ia ::tnd Pakistan are being assisted uy the 
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Department ot State. 

• The United Nations Fund for Drug Abuse 
Control has projec.ls underway in Thailand 
and Pakistan, and is developing one in 
Burma. 

,. U.S. Department of Agriculture research 
projects are underway in Thailand and 
Pakistan. 

The U.S. Government is prepared to provide 
funds and techrical assistance for some of 
these and ether well-designed projects in rural 
development. But the initiative for carrying 
out the long-term eco(ll"- . renaissance in re-
mote farming region~ :ome from the host 
government and th~ ,1e of the country. 
Coordinated develoi .(t assistance is one 
way we can help put these forc~s in motion. 

The difficulty in carrying out crop substitu
tion programs is sharply drawn in analyses pre
pared by the leading international financial 
institutions. They point to high ~ncomes from 
poppy cultivation; margins of profit which will 
allow the price of opium to go up without dis
rupting flow: Rnd the political isolation of many 
of the poppy-growing regions. 

Nevertheless, U.S. policy is to encourage 
rural development loans to drug-producing 
countries, and to influence the actions of global 
financial agencies in their I ... " ding. Institutions 
like the World Bank, International Monetary 
Fund, and the Regional Development Banks all 
have an important role to play in strengthening 
the economies of couutries where new crops 
migut be substituted for narcotic-producing 
crops. 

It is very important to remember that the pri
mary responsibility for these efforts to reduct' 
the supply of illegal drugs rests with the gov
ernments of other countries. We are asking 
oUT allies and neighbors to join us as partners, 
and our role thus becomes one of assisting and 
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supporting the leadership those governments 
show. Drug abuse and the drug problem is not 
just an "American disease" as it has been 
styled: but there is a world of difference be
tween our perceptions of heroin, for example, 
and those of a Thai farmer ora Mexican campe
sino. Our strategy will be to respect those dif
ferences, close the gap, and seek international 
cooperation. In summary, we have three 
strategies to reduce the supply of illegal nar
cotic drugs: eradication, rural development, 
and international cooperation. 

The United States has long advocated multi
national cooperation to solve truly global prob
lems. In no area is this emphasis more impor
tant, or more urgent, than in health and drug 
abuse prevention, treatment, rehabilitation, 
and control. While there are many immediate 
gains from one-to-one partnerships with other 
countiies, as with crop eradication or income 
substitution programs, the long-term resolu
tion to international drug problems requires 
systematic, shared collaboration with many 
partners-and world organizations are the 
proper forum for these efforts. 

The United States is a participant in nearly a 
dozen international organizations, groupS and 
networks dedicated to world health, narcotics 
control, and human needs. These include the 
U.N. family of agencies that deal with drug 
abuse or health issues: Interpol for the sharing 
of enforcement information, the Customs Co
operation Council for the sharing of smuggling 
information and a variety of regional and inter
regional collaborations. 

Our cooperation with foreign narcotics agen
cies is another mrUor part of our international 
narcotics program. 

By 1978, the United States will have been in
volved in cooperative overseas narcotics en
forcement assistance for 66 years, dating from 
the Hague Opium Convention of 1912. This 
country has tried to provide two kinds of as-

sistan\:e: first, to cooperate with governments 
in identifying and shutting down mrUor pro
ducers and traffickers of illegal drugs; and sec
ond, to strengthen the enforcement capabilities 
of host country police and narcotics-reiated 
agencies. We have long believed that success
ful control of trafficking and use of illicit drugs 
in this country depends on the cooperation and 
assistance of other countries. Our strategy is 
to emphasize efforts to apprehend traffickers 
and reduce drug supplies as close-to their base 
of operation and place of origin as possible. 
This strategy maximizes our effectiveness by 
identifying bulk traffick~rs and large amounts 
of drugs before they are dispersed in a more dif
fused distribution system. There is continuing 
evidence that this strategy works, such as the 
1,123 pounds of heroin seized domestically vs. 
2,695 seized overseas by foreign officials, and 
the recent seizure of674 tons of marijuana near 
an airport in Colombia. 

Our role in-overseas enforcement is chang
ing, as is our perception of the comprehensive 
mission of cultural, economic, and techuical 
planning in assisting victim countries deal with 
drugs. In 1976, the "Mansfield Amendment" 
specifically prohibited involvement ofU .S. law 
enforcement officers in direct police actions or 
arrests in foreign countries. This has meant 
a continual evolution in the role of the U.S. 
agencies assigned to strengthen foreign 
enforcement. 

There are several activities in which U.S. 
agencies are now involved in support of inter
national narcotics enforcement. Intelligence 
is one of the most critical activities. 

The Federal Government cannot carry out 
an effective international narcotics program 
without adequate intelligence about producers, 
crop production, financing, trafficking and the 
other elements of the networks involved in 
drug distribution. But the government is 
equally concerned that the intelligence-
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gathering functions be petformed sensitively. 
thoughtfully. and with specific purpose. This 
Administration will emphasize the importance 
of evaluating and sharing sensitive and timely 
information which helps to support policy and 
pinpoint targets for enforcement. 

Although U.S. enforcemt::nt personnel take 
no active part in foreign police actions. U.S. 
agents overseas do carry out undercover and 
other intelligence-gathering activities where 
force will not be a factor. They handle and de
velop informants. evaluate intelligence gen
erated by several sources, and cooperate with 
foreign police and enforcement agencies in 
handling special surveillance assignments. 

The flow ofilJicit drugs into the United States 
has been significantly reduced as a result of 
U.S. assistance to foreign law enforcement 
agencies. Other governments are as in
terested as we are in shutting down criminal 
networks and conspiracies and preventing the 
distortion of their economics by huge illegal 
profits. Our participation means that they will 
be able to multiply the impact of limited en
forcement personnel and resources. In Thai
land and Ecuador. for example, U.S. Customs 
narcotics advisors are helping the local govern
ments improve border control procedures. 
This will mean better enforcement of anti
smuggling laws at t.~e border. and improved 
overall ctJstoms procedures in those countries 
-which translates into more revenue for the 
host countries and more resources available for 
narcotics control. 

In general, U.S. Government personnel as
sist foreign law enforcement agencies with sup
port services aimed at identifying and stopping 
criminal networks and major narcotics viola
tors as close to their base of operations as 
possible. 

Training is also an important part of our as
sistance to foreign enforcement. 

The immediate goal for these training 
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projects is to strengthen the capabilities of hast 
country police institutions and build a self-de
velopment potential in their enforcement 
systems. 

In a single year, 272 foreign enforcement of
ficers from approximately SO countries came to 
the United States for narcotics enforcement 
training. The course work ranged from man
agement and supervisory techniques. to foren
sic chemistry for lab technicians who examine 
drugs as evidence, to the usc of dogs to detect 
narcotics in shipments of cargo. 

Abroad, the Drug Enforcement Administra
tion concentrates onjoint training with officers 
from the host country. offering work in nar
cotics intelligence, specialized subjects, and 
manpower development. Customs foreign 
training emphasizes border control procedures 
and techniques. search and seizure ap
proaches. and drug concealment. In a year. 
the two programs combined reached 1.794 for
eign narcotics officers. 

Finally. there is the important area of finan
cial disclosures and compliance. 

Narcotics production and trafficking is a 
multi-billion dollar industry. Enormous sums 
of money are routinely generated by the sale of 
illicit drugs. The economics of many small 
countries are seriously distorted by the ebb and 
flow of illicit drug-related funds; the economies 
of many urban centers in the United States and 
other large countries tlre seriously weakened 
by drug profiteering. 

A first initiative in this area is the enforce
ment of the provisions of the Bank Secrecy 
Act. which enable U.S. officials to monitor 
more closely the transactions in foreign banks 
that might be serving as cover for large nar
cotics financing and profiteering. 

U.S. agencies can. and do, share ndrcotics fi
nancial information between and among them
selves. DEA, IRS, Customs. and the Office of 
Law Enforcement in the Department of the 

Treasury all collect and monitor certain kinds 
of financial infonnation, dealing with currency 
transactions and apparent violations of finan
cial records-keeping requirements. The agen
cies cooperate as appropriate in the sharing and 
collaborative analysis of this information. A 
special financial intelligence working group has 
been formed by the Strategy Council to facili
tate this cooperation. 

There are a number of ways the U.S. can ex
change financial data with foreign countries 
relative to narcotics trafficking. Mutual 
Assistance Treaties between nations allow 
sharing of data and information to help enforce 
the domestic laws of each country. Similar in
come tax treaties allow exchnnges of tax data. 
The Single Convention on Narcotic Drugs of 
1961 allows governments to exchange financial 
dnta on traffickers. And a United Nations 
Resolution in 1976 urAed all governments to 
make narcotics financing a crime. and to ex
change information on all such criminals. 

The Government of the United States can 
underscore the importance of financial disclo
sures by aggressively applying these statutes 
and provisions, and by seeking full penalties 
for violations. 

The final part of our international policy in
volves cooperation in drug abuse prevention 
initiatives. 

Americans are not the only people in the 
world who have a drug problem. Misuse and 
abuse of licit and illicit drugs have made serious 
inroads in the health of several nations. partic
ularly countries with rapidly changing social 
customs or emerging technological/industrial 
crises. There are few, if any, areas of the 
world that have mannged to escape involve
ment with the drug problem. 

It was once argued that the United States had 
no rote. and no business, in trying to deal with 
addiction and abuse outside our own borders. 

We could not, it was claimed. intervene in 
treatment or prevention in other countries. on 
at least two bases: (1) since we had not 
"solved" our drug problem, we had no right to 
tell others what to do; and (2) we needed all our 
money and resources to apply to domestic pro
grams and approaches. A thinl "actor was in
ternational indifference to U.S. assistance; 
many governments categorically denied they 
had a drug problem in the firstpiace. (Some stilI 
do.) 

But the world has changed in the last several 
years. Abroad, the leaders of many nations 
have identified their own d11lg problems. At 
home. we have begun to realize the importance 
of trying to cope with drug misuse and abuse 
wherever it appetws, and of addressing the 
global realities of an international crisis. 

There are several important reasons for U.S. 
Government support of global initiatives to 
treat and prevent drug misuse and abuse: 

a. Millions of people around the world are 
suffering from drug involvement. and 
we cannot ignore the health and stability 
of the world's people. 

b. Our help with another nation's drug 
problem can lead to that country's par
ticipation in broader programs of inter
national narcotics control. 

c. A viable and consistent U.S. foreign pol
icy isjeopardized by erosion of the qual
ity of life in other countries-and 
serioJs drug abuse clearly erodes that 
quality. 

d. The continued presence of a market for 
illicit drugs in any country confounds 
our attempts to reduce 01' eliminate pro
duction: the illegal flow of drugs will 
cross any border nnd follow any flag. 

11. 

_________ ~----------~--------------------------------------------------------~--------------------~~----------------------------------------~------------.............................. ~_.~I~----____________ 



..... --------------"'.~-.. -------~--------'-------= 

These and other factors encourage us to par
ticipate in international drug abuse programs. 
Our goal is to assist host governments in identi
fying and carrying out useful prevention and 
treatment programs, in the context of o'/erall 
social health policy for each nation with which 
we are associated. 

In summary, the international programs of 
the United States Government will, more and 
more, reflect our emphusis on developing a 
host country's own capacity-and motivation 
-to take effective action again!lt narcotics 
production and trafficking. 

In rural and economic development pro
grams, our intention is to enCOUra&e narcotics
producing nations to take the initiative in 
planning and financing the agricultural and cul
tural transition from narcotics to non-narcotics 
as principal cash crops. 

In prevention and treatment, our goal is to 
strengthen what the host countries themselves 
are prepared to do to begin to bring about the 
lifestyle changes that will alter the ways drugs 
affect the people of the country. 

In the multi-national arena of global organi
zations, the U.S. will play an active participa
tory role, not seeking to dominate the agenda of 
any organization but seeking, instead, to con
tribute to all meaningful international efforts. 

And in cooperation with narcotics enforce
ment agencies abroad, U.S. personnel and re
sources will be used to buttress what host 
country police and enforcement agencies are 
already doing, and to strengthen the country's 
capacity to deal with its own enforcement 
priorities. 

We will emphasize the importance of the 
world arena as a critical threshold in our at
tempts to deal with illegal drugs, and cut down 
the flow of drugs to our streets. We depend on 
mutual respect and cooperation for all our 
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overseas drug initiatives, and we place high 
priority on continuing to build trust, confi
dence, and support for this international 
endeavor. 
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Development of Mass 
Spectrometry as a Tool in 
Forensic Drug 
Analysis-Review 

I. IN11U)DUCTION 

A. (Jt!J/(!ral 

Although this Symposium is organized ac
cording to the individual disciplines-Spec
trometry. Compute'r Applications. Clzromato
graphic Adl'llllC'es. and Special Topics-these 
categorie~ are, in fact. interrelated. Develop
ment of improved analytical techniques in the 
determination of potential or established 
"drugs of abuse" require~ the fast, accurate 
and precise. highly sensitive and specific, qualw 

itative and quantitative determination of in
creasingly lower levels of drugs, drug 
impurities and drug metabolites. The com
pound being analyzed may be in the medium of 
the drug sample itself, or in extracts of biologi
cal fluids (blood, urine, sweat, saliva. milk, 
cerebrospinal and synovial) from individuals 
who have received the drug. Optimum utiliza
tion of the ~pectrometric analysis may be de
pendent upon interactive computer systems, 
chromatographic analysis, and chemical tech
niques, e.g., derivatization and extraction 
procedures. 

By introduction of compounds eluting from a 
gas chromatographic (GC) column into the 
mass spectrometer (MS), spectral data col
lected on each peak makes possible their posi
tive identifications. GC is the most suitable 
method currently available for resolving into 
individual components the highly complex 
mixtures of compounds encountered in drug or 
biological specimens. (57) Of course, recent 
articles describing the development of the liq
uid chromatograph (LC-MS) interface point 
out advantages over GC-MS in the analysis of 
thermally unstable molecules. (9) (28) De
velopment of sophisticated instrumentation for 
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GC and MS has made it possible to use these 
tools separately or in conjunction with a com
puter (COMP). The methodology can be im
proved by the incorporation of digital 
computers into the system to allow automatic 
collection and analysis of mass spectra. (4) 

The detection by GC-MS-COMP of specific 
compounds, whether introduced exogenously 
or arising from a known disease state, has been 
developed to the point such that the system is 
relied upon as a routine method in the labora
tory. The advantages of speed, reliability, and 
dependability of this technique for the analysis 
of volatile and non-volatile materials will be 
emphasized in this review. 

Most common instrumental methods do not 
provide the necessary levels of sensitivity. as 
well as specificity, for the identification and 
quantification of drug components. Fluoro
metry, radioimmunoassays, thin layer chroma
tography (TLC) and many spectrophotometric 
methods often may not provide the adequate 
sensitivity and/or necessary specificity. When 
high pressure liquid chromatography (HPLC) 
is limited because of low molar absorptivity of 
a chromophore group with ultraviolet (UV) de
tection, the required sensitivity for analysis 
would be lacking. The hazards and ethical re
sponsibilities associated with measurement of 
radiolabeled drugs limit this application. Col
orimetric procedures provide adequate sensi
tivity, but lack the specificity of mass 
spectrometric analysis. (69) 

EVen gas chromatographic methods with the 
flame ionization detector (FlO) seldom meet 
the sensitivity requirements. The maximum 
usable sensitivity of GC (FlO) would be around 
0.05 /-tg with biological samples. Under these 
conditions, the flame tends to be somewhat 

,. 

noisy • however. and interfering peaks limit 
sensitivity. In addition. peaks of interest may 
be ~asked (or only partially resolved) by bio
logl~al components present in the sample. (49) 

Nitrogen detectors or electron capture de
tectors (ECD) meet sensitivity requircm.nts, 
but adequate chromatographic separation of 
structurally similar drugs is difficult. Another 
disadvantage of ECD·GC is that no structural 
information would be associated with a re
sponse, and slight differences in conditions 
may effect that response. These disadvan
tages have led in the past to mistakes both in 
identity and quantification of material. (31) 

Even mass fragmentographic methods cause 
problems when ions of sufficient intensity but 
oflow specificity are measured, i.e .• when the 
most intense fragment ions are of low mass or 
formed from structurally similar molecules. 
However, the advantage of using GC-MS 
assays with chemical ionization (CI) is that the 
most characteristic ion of the compound, i.e .• 
the parent ion, would be available for 
quantlfication. (70) 

Only the GC-MS method' has been shown 
overall to be sensitive and specific enough for 
monitoring concentrations of various drugs in 
whole blood or other media, even after a single 
oral dose of 50 or even 25 mg. (15) lnfaddition 

, , 
since serum constituents can interfere with 
many photometric determinations, often quite 
te?i?u~ extraction procedures are necessary to 
minimize these effects. By using mass frag
mentography, losses in extraction or chroma
tographic absorption can be allowed for by use 
of the appropriate deuterium-labeled standard. 
(5) 

B. Applications of Mass Spectrometry in 
Forensic Drug AJlalysis • 

In forensic analysis. several specific exam
~les can be cited to illustrate modem applica
tions of mass spectrometry in the laboratory. 

These include the following: 

1. IdentUicathlO of the Illicit Drug Sample 

a. Routine analysis of samples of drugs. 
diluellls, and other major constituellts. 
GC-MS techniques are increasingly used 
as a tool for drug identification. Standard 
techniques for the analysis of street drugs 
are still based upon infrared (lR) and UV 
in conjUnction with specific chemical 
tests. These methods often do not pro
vi?e conclusive results in analyses of drug 
mixtures. Methaqualone, phendimetra
zine and phenmetrazine found by GC-MS 
in a confiscated illicit street drug was dis
cussed. (7) The incorrect identification of 
p.hendimetrazine and phenmetrazine. pos
Sible by other techniques, could be dan
gerous due to the toxic nature of the latter. 

b. Drugs difficult to allalyze. Lysergic 
acid diethylamide (LSD) is generally con
sidered to be one of the more difficult illicit 
preparations to analyze. This is because 
of the numerous forms and sizes of the 
preparations, and the presence of highly 
colored excipients. Therefore, the de
velopment ofa single standardized extrac
tion sequence has been difficult. In 
addition to the different forms of LSD 
preparations9 differences in the chemical 
composition of th~ ergot content occur 
including small amount~ of the stereo: 
isomeric iso-LSD, LSD degradation 
products and other ergot alkaloids. 
Recently, an anaiytical scheme with the 
use of MS for the unequivocal confirma
tion of LSD in forensic samples was de
scribed. (66) 

c. Identification of impurities llnd dilll
ellis for evidence comparison. The com
parison of evidence is an important 
function of the forensic laboratory. The 
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examinations are based upon the compari
son of an exhibit with either a reference 
collection or another specific exhibit. If 
correlations among drug exhibits can be 
made, then specific information regarding 
the history of the drug samples can be 
developed. The usual means of com
paring drug exhibits is to identify the im
purities which are present in the material 
and then determine their relative concen
trations. (63) 

Identification of heroin and its diluents 
by chemical ionization mass spectroscopy 
has been shown. (12) The procedure re
quired no sample preparation or prior 
chromatographic treatment. Its sensitiv
ity permitted a direct and rapid identifica
tion of microgram quantities of illicit 
preparations, by solid probe. Isobutane 
was the reagent gas of choice, since it has 
been demonstrated as yielding relatively 
simple CI mass spectra. 

Leaders in the area of field ionization 
(FI) mass spectrometry emphasize that its 
unique characteristics make it a poten
tially powerful tool in such diverse fields 
as medicme, criminalistics, and environ
mental research. (1) Recent work has 
described two important areas of 
application-analysis of complex multi
component mixtures without presepara
tion and isotope dilution analysis by use of 
multilabeled molecular tracers. 

Impurities in commercially available 
chlorphenirumine were analyzed by a 
combination of separation techniques, 
followed by electron impact, chemical 
ionization and field desorption mass 
spectrometry to determine whether the 
drug was safe for human consumption. 
(72) Several methods of ionization were 
required for determination of various im
purities, and each furnished unique and 

supporting MS data. 
The stimulant methamphetamine has 

been obtained both by diversion of 
legitimately manufactured material and 
by synthesis in illicit or clandes
tine laboratories. Methamphetamine pro
duced in clandestine laboratories often 
contains impurities arising from incom
plete reaction and inadequate purification 
of intermediates and the final product of 
the synthesis. As the synthesis proceeds, 
various impurities (reactants, by-prod
ucts, and intermediates, as well as con
taminants within reagents themselves) are 
produced. The identification of these im
purities are elucidated with the aid of mass 
spectrometry (GC-MS) as well as other in
strumental methods, to further support the 
structural assignments, e.g., nuclear mag
netic resonance spectroscopy (NMR), IR, 
etc., as well as chemir.al synthesis. In this 
case, identifying impurities may provide 
significant information about the manufac
turing process, distinguishing between 
samples of licit and illicit manufacture. 
(3) (45) 

2. Verification of the Analytical Approach 

The partial thermal decomposition of 
drugs in the injection port of a gas chromato
graph can affect the accuracy of analysis. 
The decomposition products of methylphen
idate were identified by GC-MS as methyl 
phenylacetate and a tetrahydropyridine. 
The extent of decomposition was found to be 
a function primarily of the injector tempera
ture, and this resulted in considerable vari
ability. After identification by MS and 
subsequent determination of the problem, an 
improved analytical method, eliminating this 
thermal decomposition, was accomplished 
by derivatization with trifiuoroacetic anhy
dride. (18) 

.. 

3. Identification of Drugs In Body Fluids by 
Mass Spectrometry 

a. Rapid identification oj a drug in emer
gency overdoses. Phencyclidine (PCP) 
concentrations in blood, when associated 
wit~ .intoxication are generally low. In 
add~tIon, the limited quantity of blood 
avaIlable from living individuals necessi
t~t.ed the development of specific aQd sen
sItive assays. Sensitive and specific 
GC-MS methods have been developed for 
the rapid determination of PCP. (56) 

~. Rapid ide".lijicatioll of drug metabo
illes. A combmation of GC and MS has 
~een shown to be useful in the identifica
tIOn of .sma!l amounts of mecloqualone 
metabohtes In cases of poisoning, particu
larly when several other drugs have been 
taken at the same time. Identification of 
the~e metab?lites was performed by com
panng phYSico-chemical and mass spec
tral data of synthetically prepared 
compounds with those of the isolated 
metabolites. (67) 

4. Quantitative Methods-Mass 
Fragmentography 

. Combined GC-MS has become an estab
lIshed method for detecting and quantifying 
v~ry low levels of compounds in complex 
mixtures. The technique of mass frag
mentography is one of the most sensitive 
detection systems known. Mass frag
mel!tography, also known as single or multi
ple Ion mass detection, is the simultaneous 
monitoring of one or more fragment ions 
rather than the scanning of the total ion spec
trum as in conventional mass spectrometry. 
(20) (~3) The use of mass fragmentography 
as a smgle or multiple ion monitoring for GC 
has been applied in the qualitative and quan
titative analysis of low levels of endogenous 

~ompounds, drugs.' ~rug metabolites, biolog
Ical samples, pestICides, and environmental 
pollutants. The ion-detecting device of the 
mass. spectr?meter is set to monitor, as a 
funchon of time, a fragment ion of relatively 
high abun~ance in the spectrum of the.com
pound of mterest. The resulting record is 
that o~ a gas chromatogram performed with a 
selectIve detector. Depending on the ions 
chosen, a limited number of peaks will be ob
served at the retention time of each com
pound being analyzed. Therefore the 
chromatogram is relatively free of int~rfer
ences from other compounds in the sample 
and the method often offers sensitivit~ 
~reater than that obtainable with conven
bonal GC detectors. 

Due to monitoring of specific mass ions of' 
the co"!pound being analyzed, a precedin~ 
separ~hO? of other drugs is not required. 
Q~ant1tabve GC requires that the compound 
bemg analyzed and the internal standard be 
completely resolved, but this is not needed in 
mass fragmentography. (54) 

By focusing on f), fixed mJe ratio, the mass 
spectrometer behaves as a highly specific gas 
chromatography detector, only responding 
~o compounds that, on fragmentation, yield 
Ions at the mJe ratio upon which it is focused. 

? Sillg.le i?ll moniloring (SIM). Single 
Ion momtonng usually requires selection 
of an appropriate derivative of a compo
nent which has at least one unique ion of 
hig.h abundanc.e at a reasonably high mJe 
rab? so. that mterference is minimized. 
CahbratIon curves must be obtained to de
t~rmine the.losses in extraction, purifica
hon and denvatization, as well as losses in 
column absorption and variation in instru
mental response. This is often time-con-
suming and unreliable. ' 

The sensitivity of detection over that of 
conventional GC methods, e.g., electron 
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capture, flame detection and thermal con
ductivity, is J().1 to 104• (23) High resolu
tion can be used when more than one 
fragment ion with a similar nominal mJe 
ratio is present. When a number of com
pounds in a sample and an internal stand
ard produce on ionization an ion fragment 
with the identical mJe ratio, but have dif
ferent GC retention times, quantitation of 
more than one compound is performed. 
The mass spectrometer is acting as spe
cific detectors of certain structural fea
tures in a mixture and this is referred to as 
functional group analysis. 

h. Multiple ion monitorin/: (MU/). The 
mass spectrometer focuses on several 
unique prominent fragment ions. MIM is 
a powerful method for the simultaneous 
quantitation of drugs and their metabo
lites. Maximum sensitivity results from 
monitoring a single ion. As more ions are 
selected, each will be monitored for a 
shorter period with subsequent decrease 
in signal-to-noise ratio and increased con
tribution from random electrical noise. 
However, MIM has the added advantage 
of greater specificity, by focusing on more 
than one characteristic fragment. One ap
plkation of MIM can be for detection of 
drugs and metabolites containing elements 
with more than one naturally-occurring 
stable isotope (e.g., CI and Br). 

In carrying out quantitative estimations, 
the ideal standard should be as chemically 
similar to, but in some way distinguishable 
from the compound under investigation. 
2H_, wC_ and laN-labeled compounds are 
the best suited, and should be added prior 
to extraction and analysis. Generally, la
beling with J3C would be preferred over 
deuteration since it would be likely to ex
change; in addition, the isotope effect of 

mc is extremely small. However, th~ nat
ural abundance of l3C is much greater than 
that of2H and this would decrease the sen
sitivity of the method. (71) In addition, 
the deuterated compounds are less 
expensive. 

Since the chemical properties of labeled 
drugs are very similar to those of the par
ent compound, this procedure overcomes 
problems caused by incomplete extraction 
and derivatization and also minimizes ab
sorptive losses encountered on GC. (24) 
In addition, they show similar fragmenta
tion patterns to the unlabeled compound. 
Due to its extra mass, the resultant frag
ments will have different mJe ratios, distin
guishing them from the unlabeled 
fragments. Suitably labeled compounds 
are therefore useful for quantifying the 
compound. One disadvantage is that mul· 
tiply-labeled standards can show GC or 
HPLC properties slightly different from 
those of the compound of interest. This 
approach will be discussed in greater de
tail by Dr. Horning later in this 
Symposium. (35) 

When compounds other than stable-iso
tope-labeled analogs are used as internal 
standards, it is necessary to determine a 
response factor, which is the ratio of the 
peak area per microgram of drug divided 
by the peak area per microgram of internal 
standard. The response factors should be 
constant over the range of concentrations 
measured. In the case of unavailable 
standards, a hydrocarbon or drug with 
suitable GC properties can be added as an 
internal standard. (34) 

c. Therapeutic drug monitoring. 

L Pharmacokinetic determination-de
termination of proper drug dose. Drug 
monitoring is useful in the management of 

patie~ts ~'1dergoing chronic therapy, 
especially If the therapeutic concentration 
range of the drug is narrow. Determina
~io~ of plasma levels of several drugs 
I~ Important for rational therapy. Pa
tIents treated for grand mal epilepsy have 
?ecn Significantly improved by adjust
Ing plasma levels of diphenylhydantoin 
to the therapeutic level of 10-20 p.glml. 
The method applied must be sensitive 
since the therapeutic dose is low. Speci
ficity is especialJy important because of 
the multiple drug nature of anticonvulsant 
therapy and extensive metabolism of the 
drug. (51) Carbamazepine is used for the 
treatment of convulsive disorders and tri
geminal neuralgia. In order for its 
pharmacokinetics to be determined in 
man, a specific and sensitive analytical 
meth~d was needed. (54) A variety of 
technIques was used to eliminate endoge
nous material which may interfere with the 
assay. (60) 

PreJiminary studies on the metabolism 
and pharmacology of chemotherapeutic 
drugs have been carried out using radioac
~ively labeled compounds. Investigations 
In humans over extended periods of time 
dUring long-term chemotherapy have been 
difficult because the concentration at 
which toxicity occurs and the minimum 
concentration required for therapy have 
not been determined. It is also not known 
if the concentration of the drug within indi
viduals decreases with chronic therapy as 
~ consequence of enhanced drug metabo
lIsm. The CI-MS assay currently is being 
used to measure concentrations of I 3-
bis(2-chloroethyl)-I-nitrosourea (BeND) 
~n the plasma of patients who are U1tdergo-
109 a schedule of BCNU treatment for 
brain tumor. With the exception of mass 
fragmentography, no analytical method 

could provide sufficiently accurate mea
surements in patients. Therefore, indi
vidual pharmacokinetic parameters were 
not previously determined. (69) 

ii. Limited sample size. Mass fragmen
togmphy was us€iul for monitoring theo
phy11ine, a bronchodilator, in newborns 
and pediatric cases. There are risks of 
toxicity associated with the use of the drug 
and, therefore. it h generally recom
mended that its concentrations be moni
~ored in the blood. Chromatographic 
Interference from other drugs, metabolites 
and organic material found in serum or 
blood usualIy occurs. In addition, several 
such procedures require large volumes of 
blood or serum for analysis and therefore 
cannot be used routinely to monitor theo
phylline concentrations in newborns or 
smalJ children. (62) Mass fragmen
tography has been used to study the trans
fer of drug from the mother's circulation to 
the fetus and to amniotic fluid and breast 
milk. (33) 

Etorphine, 6, 14-cndo-etheno_ 7-(l-(R)
hydroxy-l-methylbutYl]_6,7 ,8, 14-tetrahy
drorip~vine, an analgesic approximately 
10~0 times as potent as morphine, and 
whIch can be taken subJinguaHy, may be
come a future threat in the drug abuse 
field. Its study in biological systems in 
hindered since it cannot be detected in 
urine by the usual analytical approaches 
(GC), after administration of pharmaco
logicalJy effective doses. The SIM 
method was developed for the urine analy
sis with (tritiated) 3Hz-etorphine as the in
ternal standard. (39) 

iii. Determination of Alternate Clinical 
MethOds. Although blood is the usual 
sample for drug monitoring, saliva sam. 
pIes have also been used. The concentra-
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tion of most drugs in saliva corre~ponds to 
unbound plasma drug concentratIons, and 
that value may be a more meaningf~l value 
for considerations of pharmacological ac
tivity or toxicity than a value that reflec~s 
both bound and unbound drugs. In addi
tion saliva can be obtained by noninva
sive'techniques and this is helpful whc:n 
multiple serial samples are n~ede~ and ~n 
monitoring drug concentratIons In ch~
dren. Furthermore, most therapeutIc 
agents transfer rapidly from plasma to sa
liva, and the concentration of drug~ !n s~
!iva is proportional to the concentration In 

plasma. (33) 

iv. Potential overdoses. Methods have 
been developed for monitoring the co?
centration of tricyclic antidepressants In 

plasma to be able to successfully .man~ge 
patients with de,;>ression. There IS an In

creased prevalence of toxic overdose ~s a 
result of the ready availability of the tncy
clic drugs to the ciepressed patient. Over
dose symptoms may include grand mal 
seizures, cardiac failure, coma, an.d even
tual death. It is important to mOnitor low 
therapeutic concentrations in cases where 
the drug identity is known, a~d to.be able 
to screen for toxic concentratIOns In cases 
where the drug identity is not known. (70) 

v. Monitoring patients on ~et~ad?ne 
maintenance. Recently, cheffilcal-~omza
tion mass spectrometry and deutet;um-la
beled morphine were used to mOnitor the 
possible abuse of narcotics by methadone 
maintenance patients, as well as low level 
quantitation of methadone in bi.ological 
samples. The lattei' method permits more 
accurate measurement of low m.ethad?ne 
levels present in adolescent herOIn addicts 
on methadone maintenance therapy who 
are receiving lower dosages (5-40 mg/day) 

and in newborn infants of mothers who are 
maintained on methadone. This method 
will also permit studies in animals in which 
plasma methadone levels are lower a~d 
turnover rates are much faster than In 

humans. (24) 

vi. Drug assays. Mass fragmento
graphic assays are among the most selec
tive analytical methods availa~le to d~te. 
The elucidation of the blochemlc~ 
pharmacology of a drug has been predi
cated upon the availability of assays capa
ble of measuring the drug in plasma andlor 
serum. (60) (61) 

vii Indirect measurement of enzyme ac
tivity (inborn errors of metabolism). In 
phenylketonuria, one of the most com~on 
inborn errors of human met~bohsm, 
phenyl-4-monooxygenase, the h~er . en
zyme which converts phenylal~mne I~tO 
tyrosine, shows no, or only partl~l,. activ
ity. In order to evaluate th~ rema~mng en
zyme activity or to determIne an mcrea~e 
in the enzyme activity after therapeutic 
treatment, an indirect ill vivQ measure
ment of phenyl-4-monooxyg~nase w~s 
done by SIM MS. The specificity and reb
ability of other determinations are disput
able. (71) Quantitative FD-MS has ~lso 
been applied in medical research. s~udles. 
When phenylalanine-d7 was adminIstered 
to patients suffering from phenyl~eto-. 
nuria, the d{;ltermination of the ratio of 
tyrosine-do to tyrosine-do a~.s~ gav~ a me~
sure of the enzymatic reactivity stll1 avrul
able. (47) 

viii. Amino acid analysis. G~-MS has 
been used for amino acid analysls.be~au~e 
of the high sensitivity and speCifiCIty m 
mass spectrometric detection. (19) 

II. ANALYTICAL METHODS BY 
IONIZATIO: TECHNIQUE 

A. General 

Often the success of a mass spectrometnc 
analysis depends upon the type of ion source 
chosen. O:,en, electron impact mass spec
trometry (EI-MS) of the compounds does not 
provide the necessary Ie'vel of confidence 
needed to make molecular assignments. 
Therefore, alternative (CI, FI and FD) ioniza
tion techniques can be performed to further 
substantiate the results and thereby . I,tain a 
high degree of confidence. (72) These alter
native methods of ionization most often 
provide simpler mass spectra Q~, rtinated by 

a few highly intense ions. Inaddil')J, FD ioni
zadon processes allow the analysis of non
volatile compounds to be achieved without 
derivatization. 

The mass spectra of some biologically im
portant compounds, e.g., amino acids, tri
glycerides, have been measured using field 
ionization (FI) and field desorption (FD) means 
of ionization and comparing the results to the 
more common approaches of electrvfl impact 
(EI) and chemical ionization (CI). (17) The 
mass spectra obtained suggested that neither of 
these techniques is superior to the others, but 
that the method of choice in any analytical 
prc1Jlem depends on the type of compound 
involved. 

B. EleCTron Impact (EI) Ionization 

Several derivatization techniques have been 
studied with respect to their effect on gas chro
matography and resultant electron impact 
mass spec~tal characteristics. These studies 
have been critical with respect to analysis of 
cannabinoids. Since the major function of 
derivatization is to enhance volatility and ther
mal stability, efforts have been devoted to the 
development of new derivatives which also im-

prove the compatibility of variou~ chromato
graphic and mass spectral techniques. With 
respect to improvement of MS techniques, our 
desire is for greater structural information from 
mass spectrometry and improved detectability 
with GC detectors or with GC-MS selected ion 
detection. 

1. Applications ofImproved Derivatization 
Procedures in EI :'/:i"ass Spfctral Analysis 

The gas chromatographic separation of 
major and minor components of marihuana 
and hashish extract has been described. 
Mass spectrometric data have been pro
duced for these components. Some of the 
minor compOilell (S of cannabis resin are in 
idct isomers and homologues of the major 
cannabinoids: cannabidiol, .6.1.2-tetrahydro_ 
cl'lnnabinol and cannabinol. (65) These 
components include cannabidivarol (the 
cannabidiol-Ca homologue), cannabicyc)ol, 
and the Cli-homologue of .6.1.l'-and .6.1.2-tetra_ 
hydrocannabino), etc. More recently, the 
use of improved derivattzation techniques 
has provided better gas chromatographic 
separation of additional cannabinoids and, in 
some cases, has increased mass spectral ca
pabilities in structural elucidation of minor 
components. Fairly good separations have 
been obtained using trimethylsilyl (TMS) de
rivatives of cannabis extracts and a 3% SE-
30 column. However, ~ome poorly resolved 
peaks were present. 7'hc:s.:- ~orresponded to 
mixtures of mono- and dihydro:<y com
pounds and separation of them was achieved 
by variation of the derivatives-i.e., substi
tution of the TMS group with silyl moietie9 
containing higher alkyl substituents. TL~ 
resulted in the production of longer retention 
times for cannabis diols, thus shifting tn~ir 
respective signals aw~.y from the other .... on
stituents while still retaining good gas chro
matographic properties and being stable. 
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The tri-II-alkylsilanes inclu~ed trieth~l-, tri
II-propyl-, tri-II-butyl, and tn-II-hexylst!anes. 
{26) Derivatives with alkyl gro~ps grea!er 
than C4 required, however, u~deslra~ly hIgh 
elution temperatures. By mcrc:asmg the 
molecular weight of the sdyl ~01ety, how
ever, SIM and MIM work was Improve~ due 
to lack of background ions at the hIgher 

S In general the mass spectral chartl'Iasse . , . "" 
acteristics of the higher alky!stly.l denvatlve" 
were similar to the TMS denva~\Ves. . 

Fresh samples of Cannab,s salIva L. 
usually contain cannabinoid.s in the form of 
thei!' ~arboxylic acid derivatives (~I-tetrahY
drocannubinolic acid). These aCIds cannot 
bl! examined directly by gas chroma~ography 
since they decarboxylate upon heatmg, even 
to some extent. as the TMS ethers. ~rep~ra
tion of cyclic alkylboronate denvatlves 
(alkyl=methyl or butyl) has been shown to 
be suitable fC'r GC-MS st~dies.on the~e ty~es 
of compounds. In addition, IsomeriC aCIds 
in which the phenolic hydroxyl was para to 
the carboxylic acid have been report<:d to be 
present in cannabis. Since they are mcap~
ole of forming cyclic al::vlbo!onates,. thIs 
method of derivrltization p.-ovlded an I~eal 
means of distinguishing between the two ISO

mers (25) The methylboronates had reten
tion times comparat-le with those of the TMS 
derivatives, whereas the n-butyl~oronates 
had longer retention times. A major advan
tage overTMS derivatization was the reduc
~ion in molecular weight obtained for all o~ 
the alkylboronate derivatives as. the result of 
replacing two TMS groups WIth the rel~
tively low mass boron ate moiety. In ~d?l-
t· the mass spectral characteristIcs lon, d . t' r; 
observed for the alkylboronat: :nva Ive, 
included positive charge locahz~tlOn away 
from the boronate ring systems onto the 
heterocyclic oxygen atom. The sp?ctr~ of 
the AI-THC-acid boronate derivatives 
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exhibited molecular ions as the most abun
dant in the spectra, a marked improvement 
over the TMS derivatives. 

Additional new derivatives e~amined for 
GC analytical chemistry (f,tero~ds and ?U
cleosides) included lert-butYld:methYlst1~~ 
(TBDMS), cyclotetramethylenelsopropylsl 
lyl (TMIPS), and cyclotetr!lmethYlen~tert
butylsilyl (TMTBS) derivative.,. (59) ,lhese 
derivatives offered several advantages over 
TMS. including greater stability forT~C and 
'solation of standards. better separations by 
~C and structural information by EI-MS. 

Silylation has prond to be one of the m?st 
effective derivatization methods f~r a wI~e 
variety of compounds. Due to stenc crow -
. g these bulky groups have decreased sus
~~~tibility to nucleophilic attack. The large 
silyl ethi!rs have greater stability towards hy
drolysis than do TMS ethel'S. and, therefo.re, 
offer much greater u~l~ity as protectmg 
groups in synthesis. Ltke TMS et~:rs, thl" 
bulky silyl ethers offer good volattIlty a~d 
thermal stability and some other chara~ten~
tic properties mak~ them valuable for tde~tJ
fying fragment ion types and deducmg 
fragmentation pathways in mass spectrom
etry. The high mass of the bulky ether 
derivative5 in the case of polyhydroxy 
compounds may be a disadvantage when 
using some models of mass !'I)eC~rometers 
with low mass limits. However. It may be, 
an additional advantage in GC-MS-SIM, 
where the increased mass will place impor
tant fragment ions in a region free from GC 
bleed peaks. 

The mass spectra of thes.". ethers ?r,e 
usually dominated by peak~ arlsmg ~rom 101-

tial siliconium formation, rationaltzed by 
elimination of a stable, branched alkyl r~dl
cal thus relieving steric crowding in the sllyl 
gr~up. Ions of these derivatives are much 

,. 

more prominent in the important high mass 
region than those in the spectrum of the TMS 
ethers. 

SiJiconium ion centers can interact with 
sterically accessible electron dense groups in 
a molecule, often resulting in cyclic transi
tion states which subsequently rearrange; 
These fragmentation processes have pro
vided important structural information usc
ful in distinguishing between isomers, 
specifically between derivatives of deoxynu
cleosides and of ribonucleosides. Even 
when the moie<.ule does not contain the steri
cally accessible electron dense function, the 
derivative may be useful for isomer differen
tiation. One example of this is the differ
ence between the mass spectra of the 
epimeric steroids androsterone and epian
drosterone, where the ir.~ensity of the [M
(R-HX2SiOH)J+ ion depends upon the 
stereochemistry of ring A. 

2. Mass Spectral Analysis of Compounds by 
EI·MS 

a. Mass spectral analysis of opiate de
ril'atil'es. Several recent articles have uti
lized GC-MS, high resolution MS, along 
with supporting instrumental and chemi. 
cal methods to identify atypical or unusual 
morphine or heroin trace impurities. 
These have included ,B-chloromorphide, 
(29) 3,6,17 -triacetylllormorphine, (42) 
and 03-monoacctylmorphine (43) (52)-as 
well as acetylcodeine and OO-monoacetyl
morphine. (42) In addition, synthesis of 
deuterated heroin analogs and mass spec
tral analysis hus allowed differentiution 
bctween the isomers, ()3- and OG-monoace_ 
tylmorphines, which led to their identifica
tion and confirmation in illicit heroin 
samplcs. (41) 

The lcvels of normorphinc and norco
deine in the urine of individuals (patients 

> 

or opiate addicts) who take massive doses 
of morphine have been confirmed by CI
and EI-MS (approximately 5% normor
phine and >0.1% norcodeine relative to 
the administered morphine dose). The 
difficulty in detecting normorphine was at
tributed to its instability in acidic and alka
line media, its poor solubility in watcr 
immiscible solvent systems and/or to its 
limited sensitivity to potassium iodo
platinate, the spray reagent commonly 
used for .alkaloids in TLC examination. 
The presencc of normorphine and norco
deine in urine of individuals who are 
chronic users or have rcceived a single 
large dose of morphine susgested that 
morphine metabolizes to a limited extent 
to normorphine and to codeine and norco
deine. Codeine formation and conse
quent norcodeine formation seem to 
appear after prolonged heroin abuse, and 
is possibly attributed to changes in hepatic 
functions frequently observed in opiate 
addicts. (6) 

A sensitive assay for thc determination 
ofetorphine in urine was developcd. The 
sensitivity of the method was abollt 5 
nglml, which compared favorably with a 
sensitivity of 100 nglml by GC analysis. 
The procp.dure included rcpeatedly basify
ing the urine of animals, extraction into 
butyl chlOride, and reacidification. A 
final organic extract was derivatized with 
N ,O-bis(trimethylsilyl)tritluoroacctamide 
to form the TMS derivatives. 3H\l-Etor
phine was added to control urine and 
treated by the identical procedure. The 
mass spectrum of ctorphine showed a mo
leculur ion at mle 483. The spectrum of 
tritiated etorphine showed a molecular ion 
at mle 487(IIH2) and ions at mle 483(3Ho> 
and 485(3H1). Samples were extracted, 
derivatizcd and analyzed on the GC-MS 
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focused at rnIe 483 and 487. The method 
could possibly be twice as sensitive with a 
fully deuterated standard, although this 
was not available. Using a radioisotope, 
however t enabled each step of the analyti
cal procedure to be monitored. Using 
tritiated compounds in the mass spectrom
eter posed no problem with safety proce
dures, e.g., proper exhaustion from the 
vacuum tines and proper precautions 
when oil was changed in the vacuum 
pumps. (39) 

h. Determination of LSD. The analysis 
began by prior extraction of an ammo
nia~ed LSD sample with 1,2-dichloroeth
ane, followed by re-extraction into 0.5N 
H2S04 , This latter aqueous solution was 
then divided into two portions. The LSD 
in one half was again basified, re-extracted 
with 1,2-dichloroethane, and recovered. 
The second half was scanned from 210-
360 nm to give a broad absorption band 
with the maximum at approximately 313 
nm. After scanning, the solution in dilute 
sulfuric acid was irradiated with long wave 
ultraviolet light for five minutes, rl'. 
scanned to show a shift to the broad ab
sorption maximum to approximately 294 
nm. The reaction product was then re
extracted by the usual method. The shift 
in UV absorption maximum, due to a pho
tochemically induced hydration reaction 
at the Co•to double bond, was previously 
too non-specific to provide unequivocal 
confirmation of the presence of LSD. 
The EI mass spectral analyses of the non
irradiated and the irradiated products 
provi, ~d the specificity required for 
forensic purposes, as well as proving that 
the hypothesized hydration product was 
formed. Observation of a molecular ion at 
mle 341 confirmed the addition of water to 

LSD (mol. wt. :::: 323). (66) 

c. AnalJ'sis of methamphetamine I'm
purities. Thr. impurities identified in illicit 
methamphetamine include N-formylmeth
amphetamine (N-methyI-N-(a-methyl
phenethyl)formamide). N-a,a' -trimethyl
diphenethylamine and a-benzyl-N-methyl
phenethylamine. Other laboratory exhib
its have been shown to contain formic 
acid, methylamine, N-formylamphet
amine, and dibenzylketone. They were 
identified by UV, IR, NMR and combined 
GC-MS techniques. The methods used to 
isolate and identify each compound as 
well as the manner in which each can 
occur in methamphetamine samples were 
described. (3) (45) An impurity detected 
in illicit amphetamine has been identified 
as a-benzylphenethylamine. (44) The 
above combined instrumental approaches 
were used in determining the substance. 
This contaminant was cited for its reported 
toxicity (CNS stimulation. increase in 
blood pressure, hypotensive action, res
piratory difficulties). 
d. ldelllijicatioll of mec/ot]lIa/olle me
tabolit(!s. Mecloqualone (2-methyl-3-(2-
chlorophenYI)-4-(3H)-quinazolinone) is a 
non-barbituric hypnotic structurally simi
lar to methaqualone (2-methyl-3-0-tolyl-4-
(3H)-quinazotinone). After oral inges
tioll, unmetabolized mecloqualone is 
excreted in very small amounts (2-3%), 
ami the majority (95%) undergoes hydrox
ylation, followed by glucuronide forma
tion. Hydrolysis with 20% hydrochloric 
acid or ,8-glucuronidase yields the free hy
droxy compounds. 

Eight synthetic monohydroxy com
pounds (including four with a hydroxy 
group on the chlorophenyl moiety and four 
others with a hydroxy group on the quin-

.. 

azolinone moiety) were examined mass 
spectrometrically, as were their TMS de
ri vatives. Depending on the site of hy
droxylation, distinct differences between 
the mass spectra of these compounds were 
observed. Compounds hydroxylated on 
the quinazolinone moiety exhibited frag
ment ions at rnIe III and 152 (both con
taining the chlorine atom). M/e 152 ion 
shifted to rnIe 168 in the mass spectra from 
the compounds hydroxylated at the 
chlorophenyl moiety. However, no frag
ment at rnIe 127 resulting from a shift of the 
rnIe 111 fragment ion was observed. This 
difference provided a means of differentia
tion between the two groups. However, 
differences among the individual members 
of the same group were less clear. A frag
ment at rnIe 160, present in the MS of only 
the 8-hydroxy compound, was used to 
identify one of the ml\jor metabolites. 

The mass spectra of the compounds sit
ylated in the position 5, 6, 7 or 8 (quinazo
lin one) exhibited mle 111 and 152. These 
fragment ions were not present in the mass 
spectra of the compounds substituted in 
the chlorophenyl nucleus (3 1, 41, 51 or 61) 

which, however, showed characteristic 
fragments at rnIe 143, 117 and 116. Again 
the presence or absence of the chlorine 
isotopes facilitated identification of some 
typical fragments. 

No distinct differences could be ob
served among the compounds silylated on 
positions 31

, 4', 51 or 6'. There were, 
however, characteristic differences in the 
mass spectra of compounds silylated in 
positions 5, 6, 7, or 8. The 6-TMS com
pound produced a molecular ion. The 
base peak in the mass spectrum of the 7-
TMS compound was at rnIe 323, and for 
the other compounds at rnIe 343. This al
lowed for identification of the 7-hydroxy 

compound ,n the metabolite mixture. 
After acid hydrolysis, four metf:'~lites 

could be isolated and idl!ntified in urine 
(GC). Combined GC-MS enabled deter
m!nation of the chemical structures of 
all four metabolites: 2-methyl-3-(2-chloro_ 
3-hydroxyphenyl)-4(3H)-quinazolinone; 
2-methyl-3-(2-chloro-4-hydroxyphenyl)_ 
4(3H)-quinazolinone; 2-methyl-3(2-chlorCi_ 
phenyl)-7-hydroxy-4(3H)-quinazolinone; 
and 2-methyl-3(2-chlorophenyl)8-hydroxy_ 
4(3H)-quinazolinone. The other four 
hydroxy isomers were not detected in the 
isolated metabohte mixtures. (67) 

e. Measurement of enzyme activity. A 
specific method for quantitation of deu
terated and non-deuterated phenylalanine 
and tyrosine in human plasma by the 
GC-MS-SIM technique was developed to 
measure phenylaIanine-4-monooxygenase 
activity. (71) The N- and N,O-trifluoroa
cetyl methyl ester derivatives provided 
sensitivity measurements as small as 
ca. 2.5 ng/mI; coefficient of variation ca. 
1.6% (phenylalanine) and 3.0% (tyro
sine). The chosen derivatives show char
acteristic and intensive signals typical for 
tyrosine, or phenylalanine. Subjects 
were administered deuterated L-phellyl
altUline-dn and resulting deuterated L
tyrosine-d" and residual L-phenylalanine
dn were measured. 

/. Analysis of amino acids. A method 
for GC-MS analysis of amino acids hydro
lysates containing low picomole quantities 
of oligopeptides was described. (19) The 
method utilized GC-MS-SIM of their tri
fluoroacetyl n·butyl ester derivatives. 
Analysis of amino acids released by hy
drolysis of picomoJe quantities of oligo
peptides generally requires stringent 
precautions to prevent introduction of 
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amino acid or peptide containing contami
nants into the sample. This has been 
avoided by use of vacuum line and micro
techniques involving solution and reaction 
mixture volumes of ca. I/.d. The GC col
umn was protected by means of a sol
vent/reagent vent valve from reactive 
reagents present in the amino acid deriva
tization reaction mixture. Techniques 
were developed which permitted analysis 
of 25-50 pmol of a decapeptide based on 
GC-MS, hydrolysis, derivatization and 
amino acid analysis. Two critical prob
lems were overcome: (1) avoiding intro
duction of amino acids or proteins into the 
sample during processing, and (2) main
ta!ning high performance character
istics of the column despite the necessity 
of injecting highly J'eactive reagents 
(trifiuoroacetic acid, anhydride). The in
strumental techniques used to avoid col
umn degradation involved use of a bypass 
valve and a precotumn to remove solvent 
and reagents prior to adsorption onto the 
chromatographic column. To avoid con
tamination with extraneous amino acids, 
specialized microtechniques were devel
oped including vacuum line reagent and 
solvent transfer methods. 

Methodology for hydrolysis of oligo
peptides and deri'latization of amino acid 
mixtures using reaction solution volumes 
of 1 I.LI was developed. Vacuum line 
transfer of solvents and reagents and 
sealed capillaries as reaction vessels sig
nificantly reduced amino acid (or protein) 
contamination and allowed amino acid 
analysis of picomole quantities of 
oligopeptides. 
g. Mass jragml!llIograplty. Mass frag
mentography was applied to the analysis 
of the anti-epileptic drug, diphenylhydan
toin (OPH). (49) The internal standard 

was 5-(p-methyJphenyl)-5-phenylhydan
toin (MPPH). Both compounds were 
chromatographed as their 1 ,3-dimethyl de
rivatives following quantitative on-col
umn methylation with trimethylnnilium 
hydroxide. MPPH reacted similarly, in 
both methyl derivative formation and in 
recovery from plasma, because of i~s 
chemical similarity to DPH. 

The most abundant ion common to both 
OPH and the internal standard was at mJe 
118. Although monitoring at m/e 118 pro
duced the greatest sensitivity, the rela
tively low m/e ratio of that fragment 
increased the possibility of interference 
from other components. Larger ions 
common to both compounds are at m/e 203 
and m/e 194. M/e 194 was chosen to be 
monitored due to its greater intensity in 
the MPPH spectrum. The retention times 
of the l,3-dimethyl derivatives of DPH 
and MPPH were 6.0 and 7.7 min. by GC
MS. DPH was quantified down to 0.2 ng 
(with 3: 1 signal-to-noise ratio). The de
tection limit was 0.05 ng. 

A mass fragmentographic method for 
the quantitative determination of small 
amounts of carbamazepine in plasma, 
using 10,11-dihydrocarbamazepine as the 
internal !:itandard, was accomplished by 
monitoring the intensities of the molecular 
ions of carbamazepine (m/e 236) and dihy
drocarbamazepine (m/e 238). (54) When 
carbamazepine is injected into a GC, de
composition to iminostilbenc occurs. 
The decomposition is not reproducible, 
depending on several factors. To com
pensate for the variability of decomposi
tion, yield of extraction, and injection 
volume, choice of an internal standard as 
chemically similar to carbamazepine was 
critical. lO,11-Dihydrocarbamazepine 
has propertics ulmost identical to carba-
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mQZepine with respect to decomposition, 
i.e., loss of HNCO~ It was possible, 
therefore, to quantitate carbamazepine 
down to 50 nglml using 0.5 ml plasma. 

The illegitimate use of phencycHdine 
(PCP), l·(l-phenylcyclohexYl)-piperidinc, 
has increased drastically throughout the 
USA, partially due to the relative ease 
with which it may be synthesized. PCP 
preparations are self-administered by 
smoking, insufflation, oral ingestion and 
injection. 

A procedure was developed for iden
tifying and measuring PCP in blood with 
internal standard, 1-(1-phenyl-[2HIl)-cy
clohexyl) piperidine (pentndeuterophen
cyclidine). (56) A known quantity of this 
internal standard was added to a measured 
amount of blood, and to aqueous PCP so
lutions of appropriate concentrations. 
Each sample was then carried through a 
three-step separation. The resulting ex
tract was taken to dryness, reconstituted 
and two aliquots subjected to analysis, one 
for quantitation and the other for positive 
identification. The PCP was quantitated 
by mOllitoring the ions at m/e 205 ([2H

Il
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phencyclidine) and 200 (phencycHdine). 
The concentration of PCP was calculated 
by normalizing the area of the response at 
mle 205 to 100%. Applying the factor ob
tained to the area of the response at mle 
20() yielded the concentration of PCP in 
p.sIIiter. A second injection of a similar 
voJume was used to confirm the presence 
of PCP. The ions at m/e 243 (molecular 
ion), 242, 200 and 186 were monitored and 
the calculated ratios of the responses com
pared to that of a standard sample. 

Tht. u&e ofSIM can be limited by contri
bution of unresolved components which 
aive ions at the same nominal mass as 
thofie compounds being analyzed. The 

majority of GC-MS work is performed on 
low resolution instruments. The use of 
high rec;o!ution GC-MS-SIM would allow 
for quantification of a specifIc fmgment in 
the presence of other fragments with the 
identical nominal mass. 

The application has been demonstrated 
in SIM quantitation of dimethylnitrosa
mine, a potential carcinogen in tobacco 
smoke condensates, by monitoring the 
molecular ion at m/e 74.0480. (14) The 
samples, of course, are extremely com
plex and some of the ions with identical 
nominal masses which interfered with the 
component being analyzed included 
CaHo02+ (74.0368), t3CC2H:;02+ (74.0401), 
CH .. NaO+ (74.0354) and CaHaNO+ 
(74.0606). However, the use of high reso
lution avoided interference by other 
components. 

C. ChemicalloniZlltlon (e/). 

CI-MS, a "softer" method of ionization, 
often provides a larger fraction of ions related 
to the molecular weight of the sample under 
analysis. Other advantages are that the ion 
source can take most or all of the column efflu
ent, and the carrier gas can be used as the re
agent gas. CI-MS is best utilized in 
conjunction with EI-MS, in order to comple
ment molecular weight information with mass 
spectral structuml information •. (22) The oc
currence of both proton transfer and addition 
reactions on the same compound can often pro
vide further evidence for the molecular weight 
assigned. This results in the quasimolecular 
ion, (MH)+, an even electron species Which, if 
unstable, can further fragment to lose a neutral 
molecule. One would expect more fragmenta
tion as the proton affinity of the reagent gas de
creases. Proton abstraction (M - H)+ can 
occur mostly with compounds oflow proton af
finity, e.g., alkanes. Addition reactions be-
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tween functional groups and the reagent gas 
can also be observed. 

SIM analysis using CI for various com
pounds (e.g •• morphine) .h~~ bee? reporte~ to 
achieve comparable sensItivity with a specific-
ity not equalled by immunoassay or h~mag~lu
tination analyses. Because of Its high 
sensitivity and specificity, SIM analyses allow 
quantitation of nanogram orpicogr~m ~mou~ts 
of several drugs and drug metabohtes m a sm
gle run. Chemical ionization is now freauentlv 
used for the quantitattcn of drugs and drug 
metabolites. Compounds which can not be 
derivatized easily or which show p~or chro~a
tographic properties can be quantitated usmg 
the CI-MS direct insertion-SIM method. 

The degree of interference dep:nds on the 
uniqueness of the ion masses momtored, and, 
therefore, CI offers significant adv~nta~es ?v~r 
the more commonly used electron Impact lon~
zation due to the high abundance of quasl
molecular ions. The ion current from .the 
compound being analyzed is concentrated m a 
relatively few high mle values where bac~
ground contributions are low. CI has the addi
tional advantage of eliminating the need for a 
separator between the gas chromatograph and 
the mass spectrometer. The separator can be 
a mRJor source or sample loss, owing to adsorp
tion decomposition. or diffusion. CI-MS 
offe~s the advantage in determining. isot?pe 
ratios on compounds obtained from bIOlogical 
sources by improving the uniqueness of a par
ticular ion and thus minimizing interferenc~s 

'from ions due to natural biological contami
nants. (24) Several disadvanta~~s. of CI-MS 
are possible; these include sensItiVity to tem-
perature changes, which affect the extent of 
fragmentation. and as the ion source gets c~n
taminated, gradual deterioration of linearity 
and precision can be expected. (70) 

'-~ ~~----------

1. Reag .. nt Gases 

Methane and isobutane have been use~ ~s 
reagent gases since their "reactive actIVI
ties" cover a wide range. A reagent gas can 
be used to identiFy basic groups in an un
known molecule. In addition, if the f~nc
tional groups present in a molecule ~re 
known, a reagent gas can be selected which 
will selectively protonate one vf these, and. 
therefore, provide fragm~ntations which. are 
initiated by and are specific for that particu
lar functional group. Hydrogen (H2), meth
ane (CR.,) and isobutane (i-C4HI~) all 
enhance the MH+ ion and can be used I~ G~ 
analyses. In general, more fragmentation IS 
observed with Hz and less with i-C4H1O' 
Water has been shown useful in direct deter
mination of organic compounds in aqueous 
solution down to 1 ppm, produci?g typi~al 
ions MH+ and M + HaO+. Deuterium OXide 
(D~O) can additionally be used in the deter
mi~ation of the number of active hydrogens 
in a compound. Amide hydrogens can be 
exchanged. whereas hydrogens .a- to car
bonyl groups are exchanged only m amounts 
less than 15%. (22) 

Ammonia (NHa) and alky~amines . (R
NH~) selectively proton ate ammes. amlde~, 
and -a, ,a-unsaturated ketones and form .addl
tion products (M + NHR)+ from ketones, ~I
dehydes, acids and esters. When ammoma 
was used as the reagent gas, the .CI-MS of 
triglycerides produced pea~s which co~re
sponded to quasimolecular Ions. When ISO
butane was the reagent gas, quasim~lecular 
ions were usually not recorded. Wlth+~m
monia as the reagent gas, the (M + NH1) Ion 
was the base peak. (53) An alternatlv~ to 
CI-MS with ammonia is isobutan~ m~dlfi~d 
with ethanolamine and ethylenedmmme, 10 

which less fragmentation is obtained than 
with isobutane used alone. 

I, 
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Another method of selective detection by 
CI-MS is the reactant ion monitoring tech
nique. (27) As each component in a sample 
elutes from the GC into the source of the 
mass spectrometer, there is a decrease in the 
ion current of the reactant ions, because of 
the reactions of these ions with the added 
sample. FOllowing this GC trace is called 
reactant ion monitoring and it is equivalent 
to a plot of total sample ion current vs. time. 

Selective detection of various classes of 
compounds is obtained by CI-MS, because 
each class should react at a different rate 
with a given reactant ion. An example is 
that t-C4Hg + reacts with alcoh.ols at a much 
greater rate than with hydrocarbons. In ad
dition, it reacts much more slowly with pri
mary alcohols than with secondary or 
tertiary alcohols; therefore, structural infor
mation may be obtained from relative rate 
constants for reactions. This method can 
help eliminate large peaks on a GO-FID trace 
which cover up minor peaks. Another ex
ample of applicability is the qualitative anal
ysis of complex mixtures. Also, protonated 
acetone can distinguish among primary, sec
ondary, and tertiary alcohols. Proton trans
fer from CaH70+ to ketones should be rapid 
and proton transfer from CaH70+ to aromatic 
hydrocarbons should be slow. Therefore, 
ketones and aromatic hydrocarbons can be 
distinguished by reactant ion monitOring 
with CaH70 +. 

a. Clotlazepam and its 7-amino metabo
lite. A sensitive GC, ammonia chemical 
ionization mass spectrometry, ISN isotope 
dilution assay was developed to measure 
the antiepileptic drug clonazepam and its 
7-amino metabolite in blood or plasma. 
(51) The method was used to measure 
both compounds in the blood of one sub
ject administered a single 2-mg dose of 

clonazepam, and in the plasma of thirteen 
subjects on a clonazepam oral dosing regi
men. The assay developed involves a 
simple extraction of plasma or blood, fol
lowed by GC-MS analysis of the residue 
after evaporation of the extraction sol
vent. Specificity was obtained by moni
toring the MH'f" ions of clonazepam and its 
7-amino metabolite, generated by ammo
nia CI. Assay accuracy was insured by 
the use of stable isotope analogs of clona
zepam and the metabolite as internal 
standards. The ions monitored were mle 
286 (MH+ of7-amino metabolite)1 mle 287 
(MH+ of15N-7-amino metabolite), mle 316 
(MH+ of clonazepam) and mle 317 (MH+ 
of 15N-clonazepam). The limit of detec
tion of the method, 1 ng/mlforclonazepam 
and 2 ng/ml for the 7-amino metabolite, 
was sufficient for measuring c10nazepam 
and its metabolite in most subjects on the 
chronic dosing regimen, and in many sub
jects following administration of a sinale 
dose of clonazepam. 

2. Charge Exchang~ Gases 

Charge exchange (CE) reactions arise 
when the ionized reagent gas cannot donate a 
proton. The ionization potential of the mol
ecule must be less than the recombination 
energy of the ionized gas. The degree of 
fragmentation will depend on the energy dif
ference between the two parameters. Com-

, biI}ed charge exchange-chemical ionization 
occurs when a second gas containing hydro
gen is used with the CE aas. The second 
gas, once ionized, can then ionize the sample 
molecule. The specbll of molecules ionized 
hl this way will present a situation between 
that obtained for true EI and CI spectra. (22) 

Generally, CE gasts (He, Ar, Nz) yield 
spectra which do not differ significantly from 
those obtained by EI. Mass spectra ob-
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tained with nitric oxide, however, show rela
tively abundant (M + NO)+ ions with 
molecules containing pi-electrons. There
fore, alkenes can be distinguished from al· 
kanes and cycloalkanes since only the 
former give (M + NO)+ ions. 

Nitric oxide CI can also differentiate be
tween primary, secondary. and tertiary alco
hols. Primary alcohols give spectra in 
which (M-2), (M-3) and (M-2+NO) ions 
are present. Secondary alcohols give major 
ions (M-I). (M-17) and (M-2+NO), 
whereas M -17 ions only are produced from 
tertiary alcohols. The mass spectra of 
twelve morphine and tropane alkaloids ob
tained by using NiNO as the reagent gas all 
showed the M'" as the base peak. (37) In 
general, acetoxy, hydroxy, carbonyl and ar
omatic groups will not be involved in CE 
since their ionization potentials are greater 
than the recombination energy of the NO+ 
ion. Therefore, fragmentations characteris
tic of these groups will not occur to the same 
extent as in the EI spectra. 

EI was shown to be four times more sensi
tive than CI and twenty times more sensitive 
than CE by measuring the relative intensity 
of the MH+ molecular ion of heroin by SIM. 
The use of mixtures of CI and CE gases also 
appears to offer some advantages. Mixtures 
of Ar/H2 and Ar/CH4 have been shown to dis
tinguish between the two isomeric com
pounds amobarbital and pentobarbital mass 
spectrometrically. The major CE gases are 
Ar (combined with NO, H20 or CH4), He 
(combined with H20 or NO), N2 (comhined 
with NO), NO and O2, (22) 

3. Direct CI·MS Analysis 

Multi-drug mixtures have been applied 
directly to the probe of the CI mass spec
trometer in order to identify compounds , .. 
rapidly by abundant and unique quaslmo-
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lecular ions. Therefore. this method of 
direct analysis is useful in cases of drug over
dose in which rapid identification is critical. 
The disadvantages, however, are the inabil
ity to differentiate between. ~ome pairs .of 
drugs, relatively large quantItIes of motenal 
are needed, and, of course, the presence of 
non-drug components could be falsely 
interpreted. 

a. Illicit heroill. The CI-isobutane spec
trum of illicit heroin and other samples 
clearly indicated the presence of a number 
of common drugs by this approach. (12) 
Heroin, acetylcodeine and OO·monoace
tylmorphine were easily identified, al
though 03-monoacetylmorphine was not 
distinguished .from the latter compound. 
Diluents which were easily distinguished 
by this method included caffeine, metha
pyrilene, quinine and procaine, owing to 
relatively strong and characteristic molec
ular and fragment ions. The isomeric hex
ahydric alcohols of mannitol and sorbitol 
were not differentiated by this method, 
nor were the monosaccharides, glucose, 
fructose, galactose and mannose. The 
disaccharides, sucrose and lactose, ex
hibited spectra similar to those of the mon
osaccharides; this was attributed to their 
decomposition in the C1 source prior to 
ionization. In addition, identical eI spec
tra were produced by a compound in both 
salt and free-base form. No attempt was 
made to quantitate the constituents based 
on mass fragmentation other than provid
ing a potentially useful fingerprint. 

b. Quantitatioll of quinidine. Direct 
analysis has been shown improved to GC 
method for quantitation of quinidine (rnle 
32S) and the impurity dihydroquinidine 
(rnle 327). The ion doublet observed for 
each compound allows ready identifica-

tion and quantitation with incorporation of 
the internal standard, a deuterated dihy
droquinidine. rnle 329. (32) 

c. QU(llltitatioll of 1,3-bis(2-dz/oro
etizy/)-i-nilrosourea (BCNU). BCNU is 
an effective chemotherapeutic agent used 
in the treatment of brain tumors. A direct 
insertion CI-MS method for the analysis of 
BCNU in biological samples, with the use 
of a stable octadeuterium-Iabeled BCNU 
internal standard was used for determining 
drug concentrations in the plasma of ex
perimental animals and in humans under
going chemotherapy, (69) The direct 
insertion method for determination of 
BCNU pharmacokinetics was required 
because of the drug's labile chemical na
ture, The internal standard was added to 
blood, plasma, water, or enzyme prepara
tions, after which hexane/ether extraction 
and mass spectrometric analysis of the ex
tract are performed at low temperatures, 
with iGobutalJe as the carrier gas. SIM of 
the protonated moiecular ions of the drug 
and internal standard yielded ion intensity 
ratios. from which the concentration ofthe 
drug was calculated. The protonated mo
lecular ions of BCNU occurred at rnle 214, 
216, and 218, with a ratio close to 
9.3/6.211.0, (charactenstic of a molecule 
containing two chlorine atoms in the ratio 
of their natural abundance). A similar 
pattern was observed from BCNU-2Hg at 
m/e 222, 224, and 226. The ions 214,216, 
222 and 224 were monitored in the course 
of each sample analysis. The ratios re
mained constant during the probe evapo
ration. Both the 214/222 and the 216/2:7.4 
ratio gave satisfactory quantitative re
sults. The sensitivity limit for the mass 
spectrometer used in these analyses was 
about 1O- l :l mole; the lower limit for peak 

ratio measurements of pure BCNU and 
BCNU-2H/j mixture was 10-11 mole. 

4. Gas Chromatography-CI Mass 
Spectrometry (GC-CI.MS) 

The CI mass spectrometer is more easily 
combined than its E1 counterpart with the 
gas chromatograph. The ability of the CI 
source to handle high gas loads decreases the 
pressure differential between the two instru
ments. When reagent gases (H20, NO, O2

) 

that may adversely affect the GC stationary 
phase are used, these should be introduced 
as far as possible from the GC interface. 

(I. Phellc,vciidille (PCP). PCP has been 
quantitated in body fluids and the struc
tural elucidations of two of its metabolites 
were achieved by GC-Cl-MS. Blood and 
urine samples from individuals intoxicated 
with PCP on extraction gave only un
changed drug. The metabolites were 
present as conjugates and could be ex
tracted after enzymatic hydrolysis with f3-
glucuronidase. 

Quantitation of PCP was achieved by 
SIM using 1-(l-phenyl-(2H:;)-cyclohexYI)
piperidine as the internal standard. 
Levels of 1 ng/ml in body fluid could be 
measured. It was established that 1-phen
ylcyclohexane, previously reported as a 
metabolite, actually resulted from the 
thermal degradation in the injection port of 
the GC even at temperatures as low as 
ISO°C. Molecular weight (Cl methane 
MS), data from EI spectra, and compari
son with reference standard allowed con
firmation of the structures of the PCP 
metabolites. (38) 

b. Methadolle. A CI-MS-SIM method 
for monitoring methadone maintenance 
individuals was an improvement over pre
vious GC analyses that did not provide re-
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liable quantitation less than 10 ng/ml with 
high precision. The internal standard was 
2Hs-methadone, and body fluids analyzed 
included plasma and urine. Isotope ratios 
were obtained using isobutane CI and by 
monitoring the protonated molecular ions 
at rnle 310 and 315 for methadone and 2Hs
methadone, respectively. This procedure 
waJ an improvement over previous EI 
ion monitoring methods, in which the 
(M -15)+ mJe 294 ion was used for quanti
tation and its relative abundance was 
low. This procedure used one of the most 
intense ions in CI mass spectrum of metha
done (rnle 310, (MH)+). The sensitivity 
was also about a factor of 15-20 better 
than GC procedures which also required a 
larger volume of plasma. (24) 
c. Heroin. Several CI-MS-MIM meth
ods are available for monitoring heroin in 
patients on methadone maintenance. 
This is accomplished by determining mOf
phine (the heroin metabolite) in blood and 
urine. Two methods reported utilized a 
stable isotope internal standard-N-tri
deuteromethyl-morphine-which was de
rivatized in one case with trifluoroacetic 
anhydride (TFA) (16) and in the other, tri
methylsilylated with N ,O-bis(trimethyl
silyl)acetamide. (13) The previous case 
was a study of heroin hydl\':>lysis in blood 
plasma and therefore also included deter
mination of 06-monoacetylmorphine with 
its respective deutero-TFA derivative as 
internal standard. (16) With the TFA de
rivative, rnle 364 (protio compound) and 
rnle 367 (deutero compound) were chosen 
to be monitored by' MIM because they 
were high molecular weight fragments to 
insure specificity, and showed a high rela
tive total intensity to insure sensitivity. 
The same fragments, rnle 364 and mJe 367, 
were monitored for determination of 

06-monoacetylmorphine. Prior to the 
GC-MS run of the plasma samples, the 
standards, trideuteromorphine and trideu
tero-06-monoacetylmorphine were added 
to the sample, and therefore subjected to 
identical chemical treatment as the sub
strate being analyzed. In the other mor
phine determination, in which the TMS 
derivatives were analyzed, four mass~s 
were monitored: rnle 340, 343, 414 and 
417. Although it was only necessary to 
monitor one pair of masses, monitorini an 
additional pair provided convenient cor
roborative information. 

d. Secondary and tertiary tricyclic anti
depressants. The tricyclic antidepres
sants are used extensively in the treatment 
of depression. The common tricyclic ter
tiary amines include amitriptyline, imipra
mine and doxepin, and the common 
secondary amines include nortriptyline, 
desipramine and desmethyldoxepin. In 
order to correlate laboratory results with 
the clinical effect, both the primary 
drug and demethyJated metabolite were 
measured. 

The assay is performed in two parts: (a) 
eJl..raction and direct injection' of the ex
tract, for analysis of the tertiary amines, 
and (b) derivatization rmd re-injection, for 
analysis of the secondary amines. To de
termine the tertiary tricyclic antidepres
sant amines by GC-MS, amitriptyline was 
measured at mle 278, imipramine. at mle 
281, and doxepin at mle 280; clomipra
mine, the internal standard, was measured 
at rnle 317, the (M+2)+ isotope peak. To 
determine the derivatized (TF A) second
ary tricyclic antidepressants by GC-MS, 
desmethyltrimipramine-TF A (internal 
standard) was monitored at rnle 377, desi
pramine-TFA at rnle 363, desmethyldoxe-

I 

pin-TFA atmle 363 and nortriptyline-TFA 
and protriptyline-TFA atmle360. (70) 

D. Other Ionization Techniques 

1. Field Ionization lFI) 

FI techniques minimize fragmentation and 
also provide molecular ions of high inten
sity. Therefore, their mass spectra are 
potentially useful in the analysis of mixtures 
that are often encountered in biological 
samples. (17) Field ionization of gaseous 
sample molecules occurs when the molecule 
is brought near a metal surface in the vicinity 
of a high electric field (a field anode held at a 
highly positive potential). 

Quantum me cham cal tunnelmg ot' an 
electron from a molecule into the metal 
sUJiace provides a positive ion. Since the 
ion has very little internal energy in the form 
of electronic or vibrational excitation, it is 
usually detected as a highly stable molecular 
ion. However, the efficiency and the 
sensitivity of FI is much less than that of EI 
or CI methods (tlto to tItOD), and ionization 
components are fragile. (10) (46) 

In many cases, EI does not produce an 
intense (or any) molecular ion, even in the 
case of derivatization. Many compounds 
(e.g., amino acids) do not possess an 
adequate vapor pressqre and therefore 
produce only the quasimolecuiar ions, 
(M+H) or (M-H), in their mas.s spectra. 
This is sufficient for indicating their 
molecular weights, but due to the absence of 
any fragment peaks in the spectra, structural 
information must be obtained by another 
method. FI, on the other hand, may show 
an intermediate degree of fragmentation, as 
well as an intense molecular ion. (17) 

Field ionization, in general, may be used 
with the same types of samples and inlet 
systems as electron impact ionization. In 
addition, elemental composition determi-

l1&tions have been determined by FI on 
a high-resolution mass spectrometer on 
compounds which do not produce electron 
impact molecula.. ions. (11) 

It has also been shown that alcoholic 
dehydration is not necessarily thermal in 
nature; it occurs with the FI source, 
producing the (M -18)+ intense fragment. 
(17) Dual field ioni~ation-electron impact, 
and dual field ionization-field desorption 
sources have been constructed. (10) (68) (2) 
The advantages of FI and Clover EI are 
obvious in that there will be an indication of 
the resulting molecular ions. However, at 
higher source temperatures (owing to re
duced volatilities), protonated molecular 
ions are not observed. 

2. Field Desorption (FD) 

The utility of EI-, FI- and CI-MS for 
identification or structural elucidation of 
salts and highly polar, thermally labile, 
organic molecules is restricted because 
samples must be in the gaseous s,tate prior to 
ionization and analysis. For'these types of 
compounds, the energy required to disrupt 
intermolecular bonds is often greater than 
the required energy to break bonds within 
the m.olecule. Therefore, heating of the 
sample to volatilize it will decompose it. (36) 

FD-MS does not, however, have the 
disadvantage that the substance be volatile, 
and many non-volatile solids have been 
analyzed by this technique. In addition, its 
reSUlting mass spectra can be expected to 
lead to minimal fragmentation. (17) In 
FD-MS, the sample is ionized from the 
adsorbed state from the field anode on which 
it is deposited. These anodes consist of 10 
p.m tungsten wires covered with a large 
number of carbon microneedles approxi
mately 30 p.m in length. Application of an 
external field lowers the potential for 
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migration of an electron from the sample 
molecule to the wire electrode. By 
increasing the temperature of the wir~ 
anode, ionization of the sample occurs under 
mild conditions and repulsion between the 
resulting positive ion and the emitter drives 
the ion into the gas phase. It is estimated 
that the total thermal energy involved in this 
process may be two or three times smaller 
than that required for direct thermal 
vaporization. (36) 

As the excess thermal energy is very 
small, highly polar compounds of low 
volatility can be analyzed without the 
decomposition expected on thermal volatil
ization. Although FD has been shown 
to give spectra of many physiological com
pounds (without prior derivatization), the 
nature of the method prohibits GC 
introduction. (46) This may not, however, 
necessarily limit its general use to pure 
compounds. 

Other problems with the method include 
an uncertainty in the precise moment of 
volatilization. irregular volatilization proc
esses, instrument dependent heating rates, 
sample decomposition prior to ionization 
and excessive ion source contamination. 
(64) Since FD allows formation of 
molecular ions of molecules with low 
volatility, due to better control of emitter 
current, it many times will produce mass 
spectra which contain intense protonated 
molecular ions at these lower temperatures. 

FD may give comparable results to FI, 
although differences in the intensity of the 
molecular ion by this latter technique may be 
dependent upon the solubility of the sample 
in the solvent on which it is adsorbed on the 
anode, and the resulting temperature at 
which field desorption will occur. Sample 
loading can be by the emitter dipping 
technique, or by use of an ultra-microsyringe 
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in solvents, including deionized water, 
methanol, ethanol, or dimethylsulfoxide 
(DMSO). 

Many of the thermally labile and 
nonvolatile compounds which have been 
analyzed by FD-MS include the alkali metal 
salts of acetic acid, nucleotides, amino acids, 
sodium salts of glucose phosphates and 
glucuronides and quaternary ammonium 
salts, potassium salts of some alkyl sulfates 
and cyclohexylphenyl sulfate, sodium salts 
of stilbestrol glucuronide, cortisone sulfate, 
deoxycholic acid, taurodeoxycholic acid, 
dehydrocholic acid, glycocholic acid, tau
rocholic acid, taurochenodeoxycholic acid 
and cyclic adenosine monophosphates meth
otrexate and folic acid analogs, gentamicins, 
ionic dyes, and alkali elements. Trte spectra 
were obtained from solutions of the salts in 
water, with the addition of some methanol. 
Ions were produced which not only 
identified the molecular ions, but, in some 
cases, structurally useful fragment ions were 
also obtained. (21) 

FD-MS has been shown to be uniquely 
useful for identifying sub-milligram quan
tities of ionic dyes. Identification of ionic 
dyes is generally difficult because molecular 
weights of the dye f>alts cannot be obtained 
by ionization methods which require 
vaporization of the dyes. Molecular weight 
information and characteristic fragment 
ions, for some dyes, were observed. (50) 

In most cases, the potassium salts all 
showed quasi molecular (M + K)+ , and the so
dium salts showed (M+Na)+ quasimolecuiar 
ions. Other prominent ions could include 
the doubly-charged ion (M +2Na)2+ and in 
the sodium salts of alkyl hydroxy-carboxylic 
acids (M+Na-18)+ was produced. In the 
case of compounds containing a glycosidl . 
linkage, CI spectra exhibit some fragmenta
tion, although FD conditions produce the 
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(M + H)+ ions with little glycosidic cleav
age. In addition, FD has been shown to be 
useful in studies on underivatized sugars, as 
well as dissaccharides. (55) Related com
pounds present in mixtures as trace impuri
ties may also be identified by their (M + H)+ 
ions. In typical FD mass spectra, the molec
ular ion or quasimolecular ion (M + H)+ was 
usually the base peak. The most frequent 
fragment ions of alcohols were due to 
(M-OH)+ or (M-H20)+. Many' times, 
acids produced peaks at (M+23)+ due to ca
tionization by sodium present as an impurity 
in either the sample or the solvent. Diso
dium salts of dicarboxylic acids generally 
produced the more prominent ion due to 
(M + Na)+, although other ions produced 
were attributed to (M +2Na)2+' (M
(ONa)2)+ and (2M-Na+H)2+. (40) 

FD, as well as FI, techniques have also 
been used for SIM in drug analysis. (20) 

It had been proposed that ions from each 
major corr _ onent in a sample mixture could 
be used to afford a more rapid and precise 
method of quantification than those available 
for thermally labile compounds. Ions from 
each major component at (M + H)+ could be 
monitored and related compounds as trace 
impurities could be identified by their highlv 
characteristic (M + H)+ ions. (55) Until re
centiy, hcwever, no analytical application of 
FD-MS had been reported. Experiments by 
H. R. Schulten, et al., (48) explored the sen
sitivity and precision of FD-MS in the SIM 
mode for quantitative studies of alkali ions to 
show the potential of this technique for trace 
analysis. The sensitivity of the FD method 
for alkali ions exceeded the sensitivity for or
ganic comp(;mnds. The sensitivity was of 
the same order of magnitude as the sensitiv
ity of EI-MS for the detection of organic 
compounds. One of the reasons for this 
phenomenon is that the particles that are de-

tected are already present as positive ions on 
the emitter surface. Field desorption of 
these monovalent ions is much more effi
cient than field desorption of organic com
pounds. In the case of organic compounds, 
the processes of thermal decomposition and 
evaporation of neutral molecules that do not 
undergo ionization compete effectively with 
the ionization. However, this does not 
occur for field desorption of alkali cations. 

Levels of cesium were estimated in a vari
ety of media: in spectrograde solvents, in 
body fluids such as saliva and blood, and 
in environmental samples, e.g., drinking 
water, seawater ar • a natural aerosol. The 
determination of cesium in sample sizes of 
0.2 to 1 ILl containing 0.3 to 100 pg of the ele
ment was achieved with precision and accu
racy of ± 10% and ±20%, respectively. A 

linear emitter heating current pi ogl aUlluer 
was used for the desorption of the samples, 
and the evaporation profiles for (Cs)+ were 
obtained. From the peak areas oftheevapo
ration profiles obtained in a standard, the un
known amount of the alkali element present 
in the sample was calculated. The results 
showed the potential of estimation by FD
MS of alkali e!ements in very small amounts 
of untreated biological and environmental 
samples. (48) 

The quantitative FD data was in good 
agreement with the EI measurements and 
demonstrated the utility ofFD-MS as a -luan
titative technique in biomedical research. 
In selecting intt!rnal standards for quantita
tive FD-MS, homologous compounds and 
eXlenslvely deut~rated compounds are poor 
choices since their desorption behavior dif
fers strongly. However, substances labeled 
with only a few deuterium atoms or 13C, luN, 
180 are good internal standards since no frac
tionated desorption has been observed. (47) 
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3. Atmospheric Pressure Ionization (API) 

The sample is introduced in a solvent and 
swept along by nitrogen carrier gas. The 
sample undergoes a complex series .o~ ion 
molecule reactions in a chamber contamlng a 
G3Ni foil or a corona discharge, as a source of 
ele..:trons. Positive or negative sample ions 
are produced. These pass through a sm~1 
aperture (25 jJ.m diameter) to be analyzed In 

the mass -ani1lyzer. The reported limits of 
detection are in the femtogram range 
(1O-1~g). Although no structural informa
tion is available, the simplicity of such spec
tra permits detection of known compounds 
with a separation stage. (45) . 

The system is very versatile; the source IS 
able to accept a variety of gases and sol
vents. The sample may be introduced in the 
gas phase without solvents, by probe injec
tion or in the effluent stream from a gas 
chr~matograph. Saml,les have been jntro
duced in the liquid pha'Je in solvents by inje~
tion, or in the effluent stream by HPLC, or In 

solution by syringe injection. (30) 

4. Negative Ion Formation 

In conventional ion sources, negative ions 
which are produced are normally trapped. 
A reversal ofthe potentials of the ion repeller 
and accelerator voltage plates can result in 
the acceleration and focusing of these nega
tive ions. 

Many compounds which show a response 
to electron capture detection (ECD) can also 
be determined mass spectrometrically by the 
resultant negative ions formed which lead to 
tht4 ~ response. The use of ECI?-OC in the 
anal. sis of compounds present m low con
cent~ations in highly complex samples is ef
fective as a selective detector. Typical 
compounds which respond to E~D. are 
halogen-containing drugs, denvatJzed 
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compounds (with halogen-contai.nin~ dedva
tizing agents-pentaftuoroproplomc anhy
dride, heptaffuorobutyric anhy?ride, 
trifluoroacetic anhydride, etc.), substituted 
phenols, barbituric acid derivatives, d.i
phenylhydantoin, bipheny!s, polycych.c 
aromatics and heteroarornahcs. (31) AddI
tionally oxygen as a CE gas aPI'ears to be 
particul~rly useful for negative CI studies on 
polyaromatic and polyhalogenated com
pounds. A negative ion mass spectrum ~an 
provide direct knowledge of the. ~hemlcal 
events occurring under ECD condItions. 

It also provides far less stmctural informa
tion than a positive ion mass spectrum. 
However, in quantitative procedures for se. 
lected molecules, electron capture currents 
can exceed their corresponding positive io~ 
currents by two or three orders of. magnI
tude. (58) The basic route offormatlon of a 
negative ion may be either by direct attach
ment of an electron {electron capture) or 
by reaction with a ne~ative re.actant io? 
Further applications wIll be dlscus~ed ~n 
greater detail by Dr. Brandenberger m thIS 
Symposium. (8) 

III. CONCLUSION 

Within the past few years, many reviews 
have been written describing various aspects of 
mass spectral applications .. Th~s~ summari.es 
have included applications In chmcal chemIS
try analytical syst~ms based on mass spec
tro:netry mass fragmentography in biological 
and dru~ rec;earch, and chemical ionization 
methods in metabolit~ studies. This is the re
sult of the increasing interest in modern scien
tific methods in solving many of today's 
problems. As such, this review has attempt~d 
to cover applications in forensic drug analYSIS, 

as well as related areas in which the techniques 
applied may make a significant future contribu
tion to the science. 

For any review to be of value to the reader, it 
should do more than merely compile, abstract 
and organize past accomplishments of re
searchers. In addition, it should attempt to 
project future developments in the "state-of
the-art. " The more common applications of 
EI and CI mass spectrometry have been cov
ered. In addition, one can anticipate increased 
usage oiFI, FD, and API methods, and instru
mental development of multiple ionization 
sources. With respect to sample handling 
prior to ionization in the mass spectrometer, 
more selective derivatizing techniques, the de
velopment of more applications of stable iso
tope internal standards in the quantification of 
drugs, and increased usage of the liquid chro
matograph-mass sp~ctrometer interface can be 
expected. Other methods of improvement in 
selective detection of sample molecules can be 
anticipated by increased o.pplication of SIM 
with high resolution mass spectrometers, fur
ther development of reagent gas mixtures in 
CI, and more common usc of negative ion MS. 

REFERENCES 

1. Anbar, M. and Aberth, W. H., AI/al. 
Chem., 46 (1), 59A-64A (1974). 

2. Anbar, M. and St. John, G. A., Anal. 
Chem., 48 (1), 198-203 (1976). 

3. Barron, R. P., KruegeI, A. V., Moore, 
J. A., and Kram, T. C.,J. AOAC, 57 (5), 
1147-58 (1974). 

4. Baty, J. D. and Wade, A. P., Allal. Bio
c/tem., 57,27-37 (1974). 

5. Biorkhem, I., BJomstrand, R., and 
Svensson, L., Clill. Chem. Acta, 54, 185-
93 (1974). 

6. Boerner, U., Roe, R. L., and Becker, 
C. E., J. Pharm. Pl:armac., 26,393-98 
(1973). 

7. Boyd, P. M., Moses, P. J' t and Bowman, 
L., Spectroscopy Leiters, 7, (4 & 5), 223-
27 (1974). 

8. Brandenberger, H., presented at the In
ternational Symposium on Instrumental 
Applications in Forensic Drug Chemis
try, Arlington, VA May 29-30, 1978. 

9. Carroll, D. I., Dzidic, 1., Stillwell, R. N., 
Haegele, K. D., and Homing, E. C., 
Anlli. Chem., 47 (14), 2369-73 (1975). 

10. Chait, E. M .• AI/al. Chem., 44 (3), 77A-
91A (1972). 

11. Chait, E. M., Shannon, T. W., Amy, 
J. W., and McLafferty, F. W., Allal. 
Chel1l., 40 (4), 835-37 (1968). 

12. Chao, J.-M., Saferstein, R., and Manura, 
J.,Allal. Chem., 46 (2), 296-98 (1974). 

13. Clarke, P. A. and Foltz, R. L., Clill. 
Chem., 20 (4), 465-69 (1974). 

14. Compson, K. R., Evans, S., Hazelby, D., 
and Moore, L. E., presented at the 
Twenty-Fifth Annual Conference on 
Mass Spectrometry and Allied Topics, 
Washington, DC, May 29-June 3,1977. 

15. Dubois, J.-P., Kung, W., Theobald, W., 
and Wilz, B., Clil/. Clwl1l., 22 (6), 892-97 
(1976). 

16. Ebbighausen, W. O. R., Mowat, J. H., 
Steams, H" and Vestergaard, P., 
Biomed. Mass Spectrom., 1, 305-11 
(1974) 

17. Fales, H. M., Milne, G. W. A., W:Jlkler, 
H. U., Beckey, H. D .• Damico. J. N., 
Barron, 1{., AI/til. Chem., 47 (2), 207-19 
(1975). 

37. 

t' 



18. Flamm, B. L. and Gal J •• Biomed. Mass 
Spectrom., 2,281-83 (1975). 

19. Frick, W., Chang, D., Folkers. K., and 
Daves, G. D .• Jr., Allal. Chem., 49 (8), 
1241-45. 

20. Frigerio, A. and Ghisalberti, E. L., 
"Mass Fragmentography (Single and 
Multiple Ion Monitoring) in Drug Re
search," in Mass Spectrometry in Drug 
Metabolism (A. Frigerio and E. L. Ghi
salberti, Eds.). p. 131-49, Plenum Press, 
New York, 1977. 

21. Games, D. E., Games, M. P., Jackson, 
A. H., Olavesen, A. H., Rossiter, M., and 
Winterburn, P. J., Tetrahedron Letters, 
27,2377-80 (1974). 

22. Ghisalberti, E. L., "Chemical Ionization 
Mass Spectrometry in the Identification 
of Drugs and Drug Metabolites," in Mass 
Spectrometry ill Drug Metabolism (A. 
Frigerio and E. L. Ghisalberti, Eds.), p. 
291-324, Plenum Press, New York, 1977. 

23. Gordon, A. E. and Frigerio, A., J. Chro
ma/ogr., 73,401-17 (1972). 

24. Hachey, D. L., Kreek, M. J., and Ma~t
son, D. H.,J. Pharrn. Sci., 66 (11),1579-
82 (1977). 

25. Harvey, D. J.,Biomed. Mass Spec/rom., 
4 (2), 88-93 (1977). 

26. Harvey, D. J. and Paton, W. D. M., J. 
Chroma/ogr., 109,73-80 (197.5). 

27. Hatch, F. and Munson, B.,Alla/. Chem., 
49 (6), 731-33 (1977). 

28. Henion, J. D. presented at the Twenty
Fifth Annual Conference on Mass Spec· 
trometry and Allied Topics, Washington 
DC,May29-June3,1917. 

38. 

29. Herman, G. J. and Kan, M.-N.,Biomed. 
Mass Spectrom., 1 (5),350 (1974). 

30. Horning, E. C., Carroll, D. I., Dzidic, I., 
Haegele, K. D., Lin, S.-N., Oertli, C. U., 
and Stillwell, R. N., Clin. Chem., 23 (1), 
13-21 (1977). 

31. Horning, E. C., Carroll, D. I., Dzidic. I., 
Lin, S.-N., Stillwell, R. N., and Thenot, 
J.-P., J. Chromatogr., 141, 481-95 
(1977). 

32. Homing, E. C., Homing, M. G., Carroll, 
D. I., Dzidic, I., and Stillwell, R. N., in 
Adwmces ;/1 Biochemical Psychophar
macology, Vol. 7 (E. Costa and B. Holm
stedt, Eds.), p. IS, Raven Press, New 
York~ 1973. 

33. Homing, M. G., Brown, L., Nowlin, J., 
Lertratanangkoon, K., Kellaway, P., and 
Zion, T. E., Cli". Chem., 23 (2), 157-64 
(1977). 

34. Homing, M. G., Nowlin. J., Butler. 
C. M., Lertratanangkoon, K., Sommer, 
K., and Hill, R. M., CIi". Cltem., 21 (9), 
1282-87 (1975). 

35. Horning, M. G., Nowlin, J., Lertratan
angkoon, K., and Thenot, J.-P., pre
sented at the International Symposium on 
Instrumental Applications in Forensic 
Drug Chemistry, Arlington, V A, May 29-
30,1978. 

36. Hunt, D. F., Shabanowitz, J., Botz, 
F. K., Brent, D. A.,Allal. Cltem •• 49 (8), 
1160-63 (1977). 

37. Jardine, I. and Fenselau, C., Allal. 
Chem., 47,730 (1975). 

38. Jenden, D. J. and Cho, A. K.,AIIIIU. Rev. 
Pharmacol., 13,371 (1973). 

I ! 
\ 

, 
!. 

-

39. Jindal, S. P. and Vestergaard, P., J. 
Pharm. Sci., 67 (2),260-61 (1978). 

40. Kirk, M. C., Coburn, W. C., Jr., and 
Piper, J. R.,Biomed. Mass SpeC'lrom., 3, 
245-47 (1976). 

41. Klein, M., "Analysis ofImpurities in Il
licit Heroin," in Mass Spectrometry in 
Drug Metabolism (A. Frigerio and E. L. 
Ghisalberti, Eds.), p. 449-63, Plenum 
Press, New York, 1977. 

42. Klein, M., presented at the International 
Symposium on Mass Spectrometry in 
Drug Metabolism, Milan, Italy, June 
1976. 

43. Klein, M. and Moore, J. M., presented at 
the Twenty-Fifth Annual Conference on 
Mass Spectrometry and Allied Topics, 
Washington, DC, May 29-Junc 3,1977. 

44. Kram, T. C., J. PIzarm. Sci., 06 (3), 443 
(1977). 

45. Kram, T. C. and Kruegel, A. V., J. Fo
rensic Sci., 22 (1),40-52 (1977). 

46. Lawson, A. M., CIi". Clzem., 21 (7),803-
24 (1975). 

47. Lehmann, W. D., Beckey, H. D., and 
Schulten, H.-R., presented at the 
Twenty-Fifth Annual Conference on 
Mass Spectrometry and Allied Topics, 
Washington, DC, May 29-June 3, 1977. 

48. Lehmann, W. D. and Schulten, H.-R., 
Allal. CIzem., 49 (12), 1744-46 (1977). 

49. Lehrer, M. and Karmen, A., BioC'lzem. 
Med., 14,230-37 (1975). 

SO. McEwen, C. N., Layton, S. F., and Tay
lor, S. K., Allal. Chem., 49 (7) 922-26 
(1977). 

51. Min, B. H. atld Garland, W. A., J. Chro
matogr., 139,121-33 (1977). 

52. Moore, J. M. and Klein, M., J. Chroma
togr., 154, 76-83 (1978). 

53. Murata, T. and Takahashi, S., Anal. 
Chem., 49 (6), 728-31 (1977). 

'54. Palmer, L., Bertilsson, L., Collst, P., and 
Rawlins, M., Clin. Pharm. and Therapeu
tics I 14 (5), 827 -32 (1973). 

55. Parfitt, R. T., Games, D. E., Rossiter, 
M., Rodgers, M. S., and Weston, A., 
Biomed.· Mass Spectrom., 3, 232-34 
(1976). 

56. Pearce, D. S., CIi". Clzem., 22 (10),1623-
26 (1976). 

57. Politzer, I. R., Dowty, B. J., and Laseter, 
J. L., Clill. Chern., 22 (11), 1775-88 
(1976). 

58. Prescott, S. R., Campara, J. E., and 
Risby, T. H.,Allal. Clzem., 49(11),1501-
04 (1977). 

59. Quilliam, M. A. and Westmore, J. B., 
Anal. Clzem., 50 (1), 59-68 (1978). 

60. Rosenfeld, J., Bowins, B., Roberts, J., 
Perkins, J., and MacPherson, A. S., 
Anal. Chem., 46 (14),2232-34 (1974). 

61. Rosenfeld, J. and Taguchi, V. Y., Anal. 
Chem .• 48 (4),726-29 (1976). 

62. Sheehan, M., Hertel, R. H., and Kelly, 
C. T., Cli". Clzem., 23 (I), 13-21 (1977). 

63. Sobol, S. P. and Sperling, A., presented 
at the Forensic Science Symposium, ACS 
National Meeting, Atlantic City, NJ, 
Sept. 1974, ACS Symposium Series. 18 
(13), 170-82 (1975). 

39. 



64. Soltmann. B., Sweeley, C. C., atntd64H0615· 
land, J. F .• Ana/. Clzem., 49 (8), -

. (1977). 

65. Stromberg, L., J. Chromatogr., 96, 179-
87 (1974). 

66. Urich, R. W., Bowerman, D. L., W~ttlen. 
berg, P. H., McGaha, B. L., Schls er, 
D. K., Anderson, J. A., Levisky, J. A., 
and Pflug, J. L.,Anal. Chern., 47 (3), 581-
83 (1975). 

67. Van Boven, M., Janssen, G6"03anldO 
Daenens, P.,Mikrochirnica Acta, -
(1974). 

68. Wanless, G. G. and Glock, G. A., Jr., 
Anal. Chern., 39(1),2-13 (1%7). 

69. Weinkam, R. j., Wen, J. H. C., Furs
2
t
4
, 

D. E., and Levin, V. A., Clin. Chern., 
(1),45-49 (1978). 

70. Wilson, J. M., Williamson, L. J.,oa
2
nd 

Raisys, V. A., Clin. Chern., 23 (6), 1 1 -
17 (1977). 

71. Zagalak, M. J., Curtius, H.-Ch., Lehim
bacher, W., and Rcdweik, U., J. C ro
malogr •• 142,523-31 (1977). 

72. Zarembo, J. E., Killmer, L. B., ~erkoDff, 
C. E., Rivard, D., and KirkpatrIck, ., 
presented at the Twenty-Fifth Annual 
Conference on Mass Spectrometry and 
Allied Topics, Washington, DC, May 29-
June 3, 1977. 

ACKNOWLEDGMENT 

The author wishes to express II/s appreciation :~ Mrs. Jean 
Nolan for her assistance III the preparatIOn of this 
manuscrIpt. 

40. 

The Use of Stable Isotopes 
in the Quantification of 
Drugs 

I. INTRODUCTION 

Recently, interest in monitoring blood levels 
of drugs, particularly those drugs which a~e ~d. 
ministered chronically, has increased slgmfi
cantly. Many methods for quantifying drugs 
in plasma urine, and saliva are available based 
either on ~as chromatography (GC), high per
formance liquid chromatography (HPLC), 
competitive protein binding (RIA and EMIT), 
spectrophotometric methods or gas chromato
graphic-mass spectrometric computer (GC
MS-COM) procedures. From an analytical 
point of view, two types of procedures are 
needed; (a) simple, rapid, and reasonably pre
cise methods for clinical laboratories and (b) 
reference procedures with high precision and 
accuracy that can be used to validate the clini
cal procedures. The reference methods fre
quently involve several complicated and 
time-consuming steps and consequently are 
not suitable for routine use in clinical chemistry 
laboratories. 

The most satisfactory reference procedures 
at the present time are those based on the use of 
GC-MS-COM systems. The analyses are car
ried out by selected ion monitoring using mag
netic or electrical field instruments operated in 
either the electron impact (EI) or chemical ioni
zation (CI) mode. These reference methods 
are usually based on the use of stable isotope
labeled internal standards which are essential 
for high precision and accuracy. 

II. SAMPLE PREPARATION 

For GC-MS-COM analysis sample prepara
tion involves the transfer of the drug(s) from an 
aqueous into an organic matrix. The stable 
isotope-labeled internal standard should be 
added to the biological sample as early as possi-
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ble and preferably before isolation is initiated. 
It is important that the initial measurements of 
the biological sampJe and the internal standard 
be done very carefully because any error in ei
ther measurement will decrease the precision 
and accuracy of the final determination. Pipet
ting mistakes can be a major source of error. 

If the labeled internal standard is added to 
the plasma, urine, or saliva prior to isolation, it 
is necessary to carry out only one extraction 
with an organic solvent, thus savjng time. Al
though subsequent extractions will increase 
the total amount ot'drug extracted, the ratio of 
the drug to internal standard will remain ~~
changed and in the GC-MS-COM analyses, It!E 
the ratio of drug to internal standard that IS 

measured. lethe internal standards are homo
logs or analogs, it may be necessary to carry 
out several extractions, depending on differ
ences in the partition coefficients of the drug 
and internal standard. 

Adding the internal standard to the biological 
sample before isolation provides an additional 
advantage. Subsequent loss of part of the 
sample, for whatever reason, will not aff~ct the 
precision or the accuracy of the analYSIS; the 
ratio of drug to internal standard will not be al
tered by the loss. 

The stability of solutions of labeled internal 
standards (and also unlabeled internal stan
dards) must be checked frequently. This is ac
complished most readily by carrying. out 
quantitative mass spectrometric comparIsons 
of the old solution and a freshly prepared solu
tion of labeled internal standard with a refer
ence solution of the unlabeled drug. 

III. DERIV ATIZATION 

In our studies, the extracted drugs and inter
nal standardll were converted into derivatives 
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for GC-MS-COM analysis. Methylation with 
diazo methane or ethylation with diazoethane 
followed by silylation with bis-trimethylsilyl
acetamide and pyridine was the preferred pro
cedure (1). However, many other types of 
derivatives can be used (2). The chief consid
erations governing the choice of derivatives for 
quantitative work are adsorption behavior and 
stability. When adsorption is minimal, sym
metrical GC peaks are obtained resulting in im
proved quantification, and losses in the 
analytical system are reduced resulting in in
creased sensitivity of detection. Most deriva
tive., used in gas phase analytical methods have 
sufficient stability for quantitative work. Pre
cautions may be needed for relatively labile 
compounds; for example, N-silyl derivatives 
are silylating agents and trimethylsilyl esters of 
carbo~·.ylic R~ids are easily hydrolyzed. 

IV. GC-MS-COM ANALYSIS 

When quantification is carried out with a GC
MS-COM system, the mass spectrometer is 
used as a specific ion detector. This technique 
has been called "mass fragmentography" (3) 
but the term "selected ion detection" (SID) is 
used more frequently today. The detection 
process involves monitoring the appearance of 
preselected ions which are characteristic of the 
drugs under study and the labeled internal 
standards. The mass spectrometer can be 
operated in either the electron impact (EI) or 
the chemical ionization (CI) mode. A com
parison of the EI spectrum of diphenylhydan
toin (N-methyl derivative) (Figure 1) with the 
CI (methane spectrum) of the same compound 
(Figure 2) shows why CI techniques are useful 
in quantitative work. Only a few ions are ob
tained under CI conditions and the mt\ior ionic 
product usually corresponds to MH+, the pro
tonated molecular ion. For some drugs and 
drug derivatives, however, the major ion may 
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be a characteristic fragment Ion; under these 
conditions the fragment ion or the fragment jOn 
and MH+ can be monitored. If CI conditions 
are used with nitrogen, argon, or helium as the 
carrier gas, the resulting spectra resemble EI 
spectra taken under 15-20 eV conditions. 
This form of ionization may be useful in some 
drug analyses. 

V. INTERNAL STANDARDS 

In our studies, internal standards labeled 
with l3C, l5N and 2H (deuterium) have been 
used. Many labeled drugs are available from 
commercial sources. l However, if the drugs 
under study contain methyl, ethyl, or isopropyl 
groups, it may be easier and cheaper to synthe
size the deuterated analog of the drug in the lab
oratory by the use of the appropriate 
deutel'ated alkyl iodide. It is advisable to have 
at least three heavy atoms in the labeled inter
nal standard to avoid any overlap with ions at 
M + 1 and M +2 due to the natural abundance of 
heavy isotopes of' carbon, hydrogen, sulfur, 
chlorine, bromine, or silicon which may be 
present in the drug or its derivative. For ex
ample, in Figure 1 ions at M + 1 in the spectrum 
of unlabeled Dilantin are due to the natural 
abundance of l3C. Regardless of the source of 
the labeled internal standard, it is necessary to 
check its isotopic composition and purity. 

The isotopic composition can be checked by 
mass spectrometric analysis. An example is 
shown in 'Figure 2; the chemical ionization 
spectrum of diphenylhydantom-2,4,5-l3C 
(MH+=270) is compared to the chemical ioni
zation spectrum of the unlabeled diphenylhy
dantoin (MH+=267) obtained as an analytical 

I Stable Isotope labeled drugs call be obtailled from 
Merck, Sharp and Do}une. Canada, Ltd.: Pointe Clalrt!· 
Dorval, Quebec, Canada; and Kor Isotopes, Cambridge. 
Massachusetts. 
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Figure 1. Electron Impact lonlzatfon mass spectrum of the N-methyl derivative of diphen
ylhydantoin; molecular Ion (M) Is present at mle 266. 

stand?.rd from Applied Science Laboratories. 
From the chemical ionization spectrum it is ob
vious that the labeled internal standard con
tains an appreciable amount (20%) of 
diphenylhydantoin containing only two 13C 
atoms in the molecule (MH+=269). Thus for 
every milligram of the labeled standard added 
only 0.8 milligram is present as the species 
quantified by mass spectrometry at 
MH+=270. This correction factor mu~t be in
cluded in the calculations of plasma 
concentrations. 

The purity of the labeled standard must also 
be evaluated. The CI spectrum of the labeled 
diphenylhydantoin is identical with the corre~ 
sponding spectrum of analytical standard of di
phenylhydantoin (Figure 2). However, in 
some samples impurities eluting with a differ
ent retention time in a GC-MS analysis or non~ 
volatile substances (salts) may contaminate la
beled standards. Mass spectral analysis (SID) 

can be used to check the purity. The quantita 
tive response of the labeled internal standard 
and the analytical standard should be the same 
(microgram/microgram) after correction for 
the isotopic composition of the labeled internal 
standard has been made. In our experience, 
the commercial stable isotope-labeled stand
ards have been very satisfactory. 

If the internal standard has been labeled with 
deuterium, an additional source of error in 
quantification may be introduced because the 
properties of the deuterated internal standard 
may differ significantly from those of the unla
beled drug. For example, the solubility. parti~ 
tion coefficients and hydrogen bonding of the 
two species may not be identical. These ef
fects are illustrated in Figures 3 and 4. 

in l-igure 3, caffeine and tri-trideuterometh
ylxanthine (do-caffeine) apparently were eluted 
as one symmetrical gas chromatographic 
peak. In Figure 4, the same sample was ana-
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\ ectra of the N-methyl derivatives of dl-

Figure 2. Chemical Ionization (methane, ma~BOB~_labeled'standard, 2,4,5,.13C-dlp!1enyl-
phenylhydantoln (Dllantln) and the stabl~ Is t Pond to the protonated molecular Ions, 
hydantoin. The major Ions at 267 and 27 corresp 
MH+. 
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. Flgur. 3. Gas chromatographic analyses 
of a mixture of caffeine and 1,3,7 .. trl-trldeu
teromethylxanthlne (do-caffeine). The 
analysis wa. carr!ed out by temperature 
programming at 2°{.nln from 180°C using a 
3.7 m gla.1 column packed with 3% PZ.179 
(Poly-S 179, Applied Science Labora
tories). 

lyzed by selected ion monitoring with a GC
MS-COM system operated in the CI mode. 
The protonated molecular ions at mle 195 
(MH+, do-caffeine) and 204 (MH+, do-caffeine) 
were monitored. It is obvious that do-caffeine 
is eluted from the column (scan 77) before do
caffeine (scan 79). If the caffeine had been 
quantified on the basis of the amount of do-caf
feine present in scan 79 rather than scan 77, a 
con&iderable error would have been intro
duced. Similar results have been obtained 
with several other deuterium-labeled drugs. 

VI. PRECISION AND ACCURACY 

The precision and accuracy of quantitative 
analyses of biological samples carried out with 

SEPARATION OF CAFFEINE AND 
d9-CAFrEINE BY SID 

s ;1 
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Figure 4. Selected Ion detection chart for 
the analysis of caffeine and d9"'caffelnej 
using a GC-MS-COM system operated In 
the CI mode with methane as the carrier 
gas. The Ions monitored were m/e 204 
(MH+, do-caffeine) and m/e 195 (MH+, 
caffeine). 

a GC-MS-COM system using stable isotope
labeled internal standards should be 2-6% for 
the overall analysis. If the biological sample 
(plasma, saliva, urine) and the internal stand
ard are measured by weight rather than by 
volume, the precision and accuracy are im
proved significantly. The overall precision of 
GC-MS methods under these conditions can be 
as low as 0.33% and the precision of the mass 
spectrometric analysis as low as 0.17% (4). 

We have compared the precision and accu
. racy of GC-MS-COM procedures for monitor
ing anticonvulsant drugs with methods based 
on HPLC and EMIT. Plasma standards sup
plied by the National Bureau of Standards con-
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taining several anticonvulsant drugs were 
used. The GC-MS-COM procedure involved 
four steps: extraction, concentration of the 
sample, derivatization, and instrumental anal
ysis; the HPLC procedure involved three 
steps: extraction, concentration of the sample, 
and instrumental analysis; EMIT involved only 
instrumental analysis. Ten analyses were 
made of each sample by each procedure. The 
mean and standard deviation were calculated 
by the use of a computer program. The results 
are summarized in Tables T -HI. 

In Table I quantification of phenytoin by 
EMIT and HPLC are compared. The standard 
deviation (SD) for the EMIT analyses was 0.28 
Itg/ml and for HPLC the standard deviation 
was 1.12 Itg/mt. The mean found by both 

Table I 

PHENYTOIN-7.3 Itg/ml (NBS VALUE) 

METHOD MEAN* 
Itg/ml 

EMIT 7.3 

HPLC** 7.3 
"'-.,,..=-..-~~~ 

'Ten determinations 
HBased on peak area 

Table II 

PHENYTOIN-23.S pLg/ml 
(NBS VALUE) 

METHOD 

GC-MS-COM 

HPLC 

'Ten determlnat/ona 

46. 

MEAN * 
ll9/ml 

22.3 

22.8 

SD 
Itg/ml 

0.28 

1.12 

SD 
Itg/ml 

0.51 

0.76 

AC 

0.0 

0.0 

AC 

-1.5 

-1.0 

methods was 7.3 J,Lg/ml; the value supplied by 
NBS was 7.3 Itg/mt. In Table II, the results of 
HPLC and GC-MS-COM analyses are com
pared using another NBS plasma sample. The 
SD for the HPLC analyses of phenytoin was 
0.76 Itg/ml and the SD for the GC-MS-COM 
analyses was 0.51 J,Lg/mI. The mean of the 
HPLC analyses was 22.8 Itg/ml and the mean of 
the GC-MS-COM analyses was 22.3 Itg/mt. 
The value provided by NBS for this sample 
was 23.8 ltg/mI. The precision and accuracy 
of the three methods for these samples were 
excellent. 

In Table III the analyses of phenobarbital by 
GC-MS-COM, EMIT, and HPLC are com
pared. The SD was 1.5 ",glml, 1.4 Itg/ml, and 
1.5 Itg/ml for the GC-MS-COM, HPLC, and 
EMIT analyses, respectively. The mean of 
the GC-MS-COM determinations was 33.7 
J,Lg/ml; the mean obtained by HPLC was 37.2 
J,Lg/ml; and the mean obtained by EMIT was 
37.9 Itg/mt. The NBS value for this sample 
was 36.3 ?,g/ml. The precision of the three 
methods was essentially the same but the re
sults found by the GC-MS-COM method were 
less accurate than the HPLC and EMIT deter
minations. Since the precision ofthe GC-MS-

Table III 

PHENOBARBITAL-36.3 I-tg/ml 
(NBS VALUE) 

METHOD MEAN * SD 
lL9/ml Itg/ml --

GC-MS-COM 33.7 1.5 

EMIT 37.9 1.4 

HPLC** 37.2 1.5 

'Ten determlnat/o"" 
"Based on peak area 

AC 

-2.6 

+1.6 

+0.9 

COM analyses was excellent and since the 
precision and accuracy of the GC-MS-COM 
determinations for the phenytoin set in Table II 
was excellent, these results suggest that a slight 
error in the addition of the internal standard 
and/or the sample occurred. 

Table IV illustrates one of the difficulties en
countered with the EMIT procedure. Two dif
ferent sets of plasma samples with low. 
medium, and high concentrations of phenobar
bital were analyzed by GC-MS and EMIT. At 
high plasma concentrations, the EMIT method 
was not very reliable and dJlution of the sample 
usually did not improve the accuracy. The 
GC-MS-COM method was accurate at the high 
concentrations; the GC-MS method was also 
precise and accurate at concentrations much 
lower than can be measured by EMIT. 

It is not possible to define the accuracy to be 
expected from GC-MS-COM methods in all ap
plications, but in most work the accuracy 

Table IV 

PHENOBARBITAL 

SET 1 

I (Low) 

II (Medium) 

III (High) 

SET 2 

(Low) 

GC-MS* 
pg/ml 

8.65 

22.0 

110.6 

8.6 

II (Medium) 35.4 

III (High) 110.6 

NBS-
EMIT* VALUE 
pg/ml pg/ml 

9.0 8.5 

22.2 22.7 

100.0 112.2 

9.0 8.3 

37.8 36.3 

95.0 107.0 

*Average of duplicate determinations 

should approach the precision. This assumes 
that appropriate precautions have been taken 
in sample preparation and that sources of error 
have been identified and eliminatt!d. The sen
sitivity and selectivity of detection coupled 
with the precision and accuracy that GC-MS
COM methods provide when stable isotope~ 
labeled internal standards are used, make these 
the method of choice for validation of other an
alytical procedures. 
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Negative Ion Mass 
Spectrometry-a New 
Tool for the Forensic 
Toxicologist 

1. INTRODUCTION 

A. Negative Ions by Electron Impact 

Conventional mass spectrometry by elec
tron impact (EI-MS) is essentially a positive 
ion method. Table I lists a selection of nega
tive ions which are produced. Most of them 
belong to.e low mass range and have little an
alytical value. Among the few exceptions are 
some molecular range anions yielded by alco
hols and acids. But even those have not much 
significance since the anion yields are m?re 
than 4 magnitudes of 10 lower than the cation 
yields. 

B. Negative Ions by Methods related to 
Chemical Ionization 

Table II lists the approaches of some re
search groups which have successfully applied 
techniques related to chemical ioni7atin n (f:T) 

Table I 

Negative ions by electron impact 
(8t70 eVand near 10-6 torr) 

Allphatlcs: [H]-, [C2]T, JC2H]-, [Cx]-, 
[CxH]-

Aromatics: [CzH]-, [C4H]-, [CaH]

Oxygen compounds: [0]-, [OH]-, 
[C2HO]-

-alcohols little [M-1]- and [M-3)-
-acids some [M-1]-

Nitrogen compounds: [CN]-, [CxN]

Halogen compounds: [F]-, [CI]-, [8r]-, 
[1]-

Negative Ions yield ~ 10-4 of positive 
ion yield -----
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to negative ion formation. In all cases, reagent 
gases such as argon, nitrogen, oxygen and 
others are used to transmit the negative charge 
to the substrate molecules. The chamber 
pressure is usually kept high, at 0.1 to 1 torr 
(analogous to positive CI) (2, 5) or even at at
mospheric pressure (3, 4). Good yields are re
ported, but in most cases, the investments 
were high, both with respect to instrumenta
tion and time. Sr.J:ial ion sources or even 
custom-made instruments were constructed 
for the negative ion work: a Duoplasmatron 
mass spectrometer by v. Ar~enne (1), two ex
ternal atmospheric pressure chambers by 
HOrPing, one with a radio-Ni-foil (3), the ot~er 
with a Corona source (4), a Townsend dIS
charge source by Hunt, who has also built an 
instrument for simultaneous positive and nega
tive ion recording (5). 

II. OUR STUDIES WITH ANION 
MASS SPECTROMETRY 

A. Instrumentation 
When we decid.ed to start with negative mass 

spectrometry by CI, we chose a very simple ap
proach. In collaboration with Dr. R. Ryhage 
from the Karolinska Institute for Mass Spec
trometry, 2 llnits of comml.rci~y avail~ble 
magnetic sector instruments WIth combIned 
ElfCI source (LKB-2091) were equipped with 
new power supplies which vermit reversion of 
magnet current, accelerating voltage and re
peller voltage by shifting a single switch. ~he 
modified instruments are capable of recordIng 
anien or cation spectra. The switch-over time 
is less than a minute (6, 7, 8}. 

B. Genernl Aspects of Anion "pectra 

We have now dealt with anion MS by CI for 
about one year. We have tried over 10 differ-

,_m'zwls 

Table II 

Negative Ion formation by methods related to chemical Ionization 

Research 
group 

Instrumentation 
and prInciple 

Chamber 
pressure 

First 
paper Ref. 

v. Ardenne Argon Duoplasmatron, electron 10-2 1958 (1) 
attElchment torr 

Dougherty Cr·MS with CH4 and CH2CI2, clus- 1 1968 (2) 
ler formation torr 

f'xternal reaction chamber with Citm. 1973 (3) 
radlo-Ni-foU (API) 

Horning 

External reaction chamber with atm. 1974 (4) I 
Corona source (API) 

Horning 

Hunt Townsend discharge source. sl- 1 1976 (5) J 
multaneous positive and negative torr 
Ion recording 

----=-----------
ent re~gent gases (6, 7), optimized some of the 
conditions and made a few systematkal studies 
(9, 10). Even though the field is still l'ieW and a 
great deal of development work remains to 1:>e 
done, anion CI-MS has already become-in 
our forensic laboratory in Zurich-one of the 
most powerful analytical tools in the daily toxi
colcgical service work (8, 11). The following 
examples are chosen in order to outline-point 
by point-the advantages of the technique as 
we use it. 

Figure 1 gives the caticn BI and the anion CI 
mass spectra of etonitazene, which is probably 
tlte most potent analgetic ever synthesized, 
We realize that anion Cl-MS is a soft ionization 
technique which quite often permits recogni
tion of the molecular mass. In 1966, a batch of 
this substanc~ was sold on the European black 
market, and we had to identify it. It took us
with the help of UV, JR, NMR and MS, and 
with all the necessary purification steps-6 

• 
iES_ 

= 

weeks (12). Anion MS would iave been use
ful, especially in combination with GC. It 
shows the molecular mass 396 &t first sight, it 
indicates the presence of a nitro group by the 
aniot}s witb mass 46 and [M -16J-, and it points 
to the loss of a side chain with 100 mass units 
(side chain abstraction is typical for anion MS' 
by CI). i 

Figure 2 shows that the molecular anion may 
lose hydrogen, often one (as in the case of co
deine), sometimes two (as in the case of mur
phille), and in some cases even more. It is 
interesting to note that dihydrocodeinone, 
which does not possess a hydroxy group, gives 
a sta1:>le molecular anion. 

Figure 3 contains the Ei-spectrum and the 
cation and anion CI-spectra of a saturated bar
biturate. The anion in the molecular range is 
[M -1]-, nn even electron ion. It is als 0 the 
base anion, just like the quasimolecular ion 
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Fit. 1. EI and anion CI spectra of !he narcotic Etonltazene. 

[M + 1]+ in cation CI. Two additional facts are 
important: 

1. Anion mass spectra are often simple, but 
still highly characteristic. This helps in 
the interpretation. Barbiturates show, 
besides proton abstraction, sidechain 
?bstraction (anions M-29 and M<-57) 
and an anion with mass 42. 

2. Whj1, cation CI-apart from pointing 
out .• e molecular mass-does not fur
nish much more information than El
MS, anion CI is a complementary 

so. 

method. It does not duplicate the EI
results; it supplements them. That is 
one of the most importar,t points. 

Figure 4 shows the corresponding spectra of an 
allyl barbituric acid. Allyl abstraction is fa
vored over proton abstraction; [M -41]= is the 
base amon. This holas lor all allyl oarbituric 
acids. Again, we would like to point out that 
cation EI and anion CI are complementary. 
Often the sum of the base ions of the 2 methods 
gives the molecular mass of the compound in
vestigated. For identification work we recom-

! 
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I r239252 

l' .. 1/ 

cr ne<,llllvp 
W,lh CH, 

.; 283
J
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!,M. 

i (~:~. 
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299 
M 

313 

""& ; ~_NCHJ 
HO 

Coda,na 

......--+~f 

""& 0
0 

;_ ~~~).CH3 

O,hydfocodc,nona 

~. 
30n ]So ~ 20~O ______ ~2S~C ____ ~~ __ ~~ ..... ______ -J 

Fig. 2. Anion CI spectra of Morphine, Co
deine and Dlhydrocodelnone 

mend using-side by side-catIon EI and 
anion CI mass spectrometry. 

C. Reagent Gases and Flexibility 

Anion MS by CI is an extremely tIexlbJe 
method. It is possible to guide the fragmenta
tion process by proper choice of the reagent 
gas. So far, we have worked with over 10 dif
ferent reagents. Figure 5 gives the Mion mass 
spectra for 8 of them. 

Noble gases, nitrogen, and essentially also 
methane do not yield negative ions on electron 
impact. They act primarily as moderators for 
the production of Jow energy electrons which 

-------~--~----------~--------------~--------~'-,-------------

r,!Mrl-S.u,)l~b.ttb'tur't .tId 
"I Butlthll.NtoNI.!MC!>&tllltal 

/lIN 212 

EI 70.V 

60 

55 

(.alicn-Cr 
With eH, 

, 50 100 

I" 
155 

ISS 

ISS 
CM-S7J' 

100 

oec,HU...,c!:!o 
i I 

CUJCUr~"'c ... ~H 
C~l /I 
C~l 0 
C~, 
eH, 

1&4 
11.1'2" M! 

I 

(M.1l" 

IM,W 

200 250 

Fig. 3. EI, cation CI and anion CI spectra of 
a saturated barbiturate 

can convert substrate molecules to anions by 
electron attachment and dissociative electron 
attachment. 

For the analysis of compounds with low elec
tron affinity, reagents which readily form 
negatively-charged ions are often better 
choices. The negative charge is transmitted 
from the reagent anion to the suhstrate mole
cule by charge exchange or by anion cluster 
formation. Methylene chloride has been used 
for this purpose (2). We prefer Freons. Since 
they are gases, dosage is easier. The chloride 
and fluoride ions are good cluster-forming 
agents. SFa - was initially our choice as a 
charge exchange agent, since it is formed easily 
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Fig. 4. EI, cation CI and anion CI spectra of 
an allyl barbituric acid 

on electron impact; however, it also produces 
fluoride cluster anions. 

Nitrous oxide yields 0- on electron impact 
and permits oxidations in the ion source, in 
presence of the heated filament. Other au
thors have used (02]-, which has to be pro
duced from oxygen for this purpose (3, 4). 
This necessitates a special ion source. 

The anion spectra in Figures 1 to 4 have been 
obtained by electron attachment and dissocia
tive electron attachment, using methane as re
agent. Figure 6 shows the anion spectra of 3 
hypnotics obtained with nitrous oxide. The 
strong base 0- is a powerful charge exchange 
agent. Proton abstraction leads to the base 
ions [M -1]-. The anions which exceed the 
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Fig. 5. Anion spectra of 8 reagent gases 
used for anion CI 

molecular masses by 15 or 30 mass units are ox
ygen substitution products. By using deu
terated compounds, we could verify that 1 or 2 
hydrogens are replaced by oxygen. 

Figure 7 illustrates the importance of the 
choice of reagent gas. For a large number of 
tricyclic psychoactive drugs such as Desipra
mine, the reagent methane yields mainly 
[M -1]- with only a sman contribution of an 
anion representing the tricyclic ring system. 
With rlitrous oxide, [M -1]- disappears and the 
ring anion (R-) becomes the base peak. 

D. Sensitivity 

Table III gives an idea of the; sensitivity of 
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Fig. 6. Anion Cllpectra of 3 hypnotics with 
piperidine-structure with NzO as reagent 
gal 

am on MS by CI. If we measure, in GC-MS 
combination, the positive and the negative 
total ion current of a peak (we have to run iden
tical chromatograms for this purpose) a fairly 
good comparison results. With saturated bar
biturates, the total ion currents are not too dif
ferent, the sensitivities are comparable (see 
figures for barbital). With allyl barbiturates, 
however, anion CI can be over a factor of 10 
more sensitive than cation EI and cation CI 
(see figures for allobarbital). 

Compounds with fllIoro or nitro groups give 
very intense anion spectra. Electron attach-
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2071<"'210 
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Fig. 7. Anion CI spectra of' Desipramine 
with CH4 ana NzU as reagents 

ment leads to an abundant molecular anion. 
Figure 8 shows such an example, flunitraze. 
pam, which is on its way to becoming one of the 
most dangerous drugs of abuse. The anion 
current is 40 times larger than the cation. cur
rent. The molecular ion dominates the anion 
spectrum. The fluoro group (m/e 19) and the 
nitro group (mle46, M-16, M-32) are visible. 

Figure 9 contains the corresponding spectra 
of a similar benzodiazepine, this time chloro
substituted diazepam. Again the anion cur
rent is much larger than the cation current. 
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Table III It I 
eaks of 4 barbiturates (Barb a, 

Relative total Ion currenbtlatnld :::::rbltal) using 5 different ionization Phenobarbital, Hexobar a , 
techniques. 

R1 R2 mode reagent 

EI pos. -
CI pos. C?H4 

-CH2-CH3 -CH2- CH3 CI neg. CH4 
CI neg. CH~+SIl: 
CI neg. N20 

EI pos. -
CI pos. CH4 

-0 .CI neg. CH4 -CH2-CH3 
CI neg. CH4+Sfll 
CI neg. N20 

EI pos. --0 CH4 CI pos. -CH 3 
CH4 CI neg. 

with N-CH3 CI neg • CH4+SF6 
CI neg. N20 

EI pos. -
CI pos. CH4 

-C~-CH·C~ -cH2-ct+C ~ CI neg · CH4 
CI neg • CI-\t+SFe 

. CI ne g. N20 

But the molecular anion is not ~tab!e. ChIO~ 
ride is the base anion. The chlond.e Ions mak 
up the largest part ~ .. the total a,nIon curr~n~. 
Bromo-substituted compounds gIve very sImI
lar results. 

E. Mass Specific Trace Detection 'n GC 

All compounds with high electron affinity 
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reI. TIC base %ofTIC peak 

500 [M-2!y 21 
80 lM+1]+ 49 
45 [M-1r 33 

1100 [M-1r 50 
460 [M-1r 61 

190 [M-2~P 21 
70 [M + 1]+ 52 

360 [M-7!l 55 
120 [M-1r 60 
360 [M-77] 30 

440 [M-15f 16 
530 [M-79]+ 32 
180 m/e42 26 
520 [M-~- 67 
390 [M-~~ 51 

430 m/e41 10 
310 [M +1]+ 19 

6700 [M-41j 89 
2000 [M-41t 84 
1250 [M-4~- 88 

show hIgh mtenslty amon spectra. The quali
tative information may ~e somewhat one-
. ded since most of the tctal ion current results 
~Iom ~ne or a few anions. Identificat!on must 
;e carried out in conjunction with cation ~ass 
spectrometry using E1. For trace ana!ysls. by 
mass specific detection, however, the sItuation 
is ideal. An anion mass spectrometer can be ~ 
more sensitive GC detector than a conven 

.. 
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EI pos. Tie ru 50 

F/unltrazepam 
(Rohypno/' 

285 313 
Mt 
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CI neg. TlCru 2000 
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163 248 
(M-19l' 
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313 
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281 297 
~ ~ --------~5~0------~~----------T--------~--____ ~.----~~--L-~ ~ 

100 150 200 250 300 

Fig. 8. EI and anion CI spectra of Flunltrazepam.; .he active constituent of Rohypnol 

tional electron-capture system. It is, of 
course, much more specific and flexible. We 
believe that it will become the ECD of the 
future. 

Figure 10 gives an example. It shows a 
chromatogram with bromide anion detection. 
Each peak represents about 20 pg of a bromo 
sedative; one is bromadal and the other brom
isoval. Both are among the most heavily 
abused drugs in Europe. Their identification is 
assured by the retention times and the intensity 
ratio of the 2 isotopic bromide anion signals. A 
packed column was used. The base lines of 
the GC tracings would p~rmit higher amplifica-

tion which is possible with Our detection sys
tem. Sub-pg-detection is feasible, as long as 
adsorption effects and background problems 
can be handled. 

F. The Source Pressure 

In Table IV, the anion intensities of the hyp
notic methaqualone are tabulated along with 
the corresponding ion soul'ce pressures. Ni
trous oxide is the reagent gas. 

In contrast to the U.S. investigators (2-5), 
we work with much lower pressure, in the 
range of 1O~3 to 10-2 torr. That is quite an ad-

55 •. 

-

--~--'.---



' __ ~~M-.u~~~ ____ ~~~~~~~~~~~ ____ ~~~ 

t'" 

100 

37 

. Cl neg. TIC 1\1 5000 
CH4 

249 
[M-351-, 

~-------~~--~~-T-----""'-----~~-------__ ~~~~~ ____ ~~ __ ~~ 
• .• .,SO. ;. ~'t:tqo . 150. 1. t .2.PO " . 250 , 300 ! I . , Ii' . 

Fig. 9. EI and anion CI spectra of Diazepam, the active con8t1tuent of Valium 

vantage. The ion source stays clean. 
In our working range, the pressure depen

dence of the anion CI-spectra is tolerable. 
[M -1]- and the fragment anions are not much 
affected by the pressure change, nor is the oxy
gen substitution product [M+1S]-. [M+30]
is probably the cluster ion [M + NO]-, since it is 
influenced by the pressure. In our recent 
work, we therefore tend to avoid cluster ion 
formation. 

Table V shows that in positive CI it is not 
possible to work with as low chamber pres
sures as in the negative mode, since EI-like 
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spectra are produced. Even in the usual 
working range between 0.1 and 1 torr the pres
sure dependence is quite pronounced. 

Ill. TE'N POSITIVE ASPECTS OF 
NEGATIVE ION MS BY CI 

What have we learned from our present work 
with anion CI-MS? 

1. It can be carried out at much lower 
source-pressure than cation CI-MS. 

" 
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Fig. 10. Trace analysis of bromo-sedatives b 

2. :'he pressure dependence in our work
mgrange (10-3 to 10-:: torr) is moderate. 

3. It is a soft ionization method which 
usually permits the recognition of the 
molecular mass. 

4. Th~ anion CI-spectra are often simple 
whIch makes interpretl!tion relatively 
easy. 

5. Anio~ CI-sp~ctra are complementary 
to cahon EI-spectra. 

6. The. method is flexible. By propel' 
chOIce of reagent gases we can favor 
electron attachment, negative charge 
excha~ge, or negative cluster ion 
formation. 

y GC with bromide anion detection 

7. <?xygen substitution in the conven
tronal ion Source is possible by using ni
trous OXide as reagent Which produces 
0-. 

8. It is often more sensitive than cation 
CI-MS and EI-MS. 

9. I! is specifically suited for trace detec
h0!1 of substances with high electron af
fimty . by GC with selected ~nion 
recordmg (the ECD of the future). 

10. Compounds ~Jth similar structures can 
be d~tecte~ sImultaneously by GC with 
speCIfic am on recording of a common 
S!ructu.ral unit stich as a halogen or a 
rmgamon. 
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TablefV 

Anh:m CI of Methaqualone. Relative anion Intensities at different pressures of the 
reagent gas N20~' 

135 159 I 233 247 
mTorr M-91 M-17 M-3 

1 6.6 3.6 26.1 17.7 
3 7.9 1I.4 25.1I 19.7, 
5 8.4 1I.3 25.1 18.9 
7 8.1 2.7 25.7 21.6 
9 7.7 1I.6 26.2 20.0 
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Applications of Fourier 
Transform Infrared 
Spectrometry in Forensic 
Analysis 

I. INTRODUCTION 

Right at the outset of this paper it can safely 
be said that, in spite of its popularity for general 
'analytical work, infrared (IR) spectrophoto
metry has not been accepted as widely as other 
instrumental techniques offorensic drug ana!y'
sis. The very fact that this paper is being 
given by workers in an academic laboratory 
which does not even have a license to handle 
drugs of abuse testifies to the truth of this 
statement! Most analyses of abused drugs are 
currently made using some type of chromato
graphy, in particular thin-layer chromato
graphy (TLC), gas chromatography (GC), and 
high performance liquid chroma~~,graphy 
(HPLC). However the retention character
istics of chromatographic separations do not 
provide completely ulIlambiguous identifica
tions of each "peak". and subsequent con
firmation of the identity is often necessary 
through the use of some ancillary technique, 
e.g., the interface of a mass spectrometer with 
a gas chromatograph (GC-MS). 

Where then should IR spectrophotometry fit 
into the overall picture of forensic drug analy
sis? Certainly the identification of materials 
through their IR absorption spectrum gives an 
unambiguous identification of the material. In 
addition, IR spectrometry Ms the important 
property of allowing great versatility in the 
type of samples which can be investigated, and 
spectra of samples in the solid, liquid, and 
vapor phases can all be readily measured. 
However, conventional IR grating spectrome
ters are generally less sensitive than many 
other instruments used in the forensic labora
tory, and it is probably this lack of sensitivity 
rather than any other single factor which has 
led to the unpopularity of IR spectrometry in 
this context. 
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Since the commercial development of 
Fourier transform infrared (Fr -IR) spectrome
ters, detection limits for samples measured by 
infrared spectrometry have been substantially 
reduced. These instruments show a practical 
improvement in sensitivity of at least an order 
of magnitude when compared with conven
tional IR spectrometers (1), and this improved 
sensitivity can be traded offfor even greater re
ductions in the time required to measure high 
quality spectra. (The scan time required for 
the measurement of medium resolution spectra 
is typically less than 1 second). When a liquid 
nitrogen cooled mercury cadmium telluride 
(MCT) photodetector is substituted for the 
more commonly used room temperature trigly
cine sulfate (TGS) pyroelectric bolomet~r, a 
further increase in sensitivity of up to an order 
of magnitUde is obtained. Additionally, all 
modem FT.-IR spectrometers are equipped 
with a general purpose data system which en
ables the analyst to perform arithmetic opera
tions on digitally stored spectra, thereby 
further increasing the versatility of these in
strumr,mts. The theory, instrumentation and 
chemical applications of FT-IR spectrometry 
have been summarized in several books and re
view articles (2-7), and will not be discussed in 
detail in this paper. 

II. ABSORBANCE SUBTRACTION 

Perhaps the most important application of 
Ff-IR spectrometers in the analytical labora
tory is one where the high sensitivity of the in
strument is secondary to the presence of a 
versatile data system. Spectra can be added, 
subtracted, divided, raised to a power, logged 
and antilogged. The most commonly used 
arithmetic operation is the so-called "absorb-

ance subtraction" routine. In thi!) procedure, 
the absorbance spectrum of a mixture and the 
spectra of one or more of the individual compo
nents are measured. The absorbance spec
tr~m of th~ component is mUltiplied by a 
SUItable scahng factor which is chosen so that 
on subtraction of the scaled spectrum from th~ 
original spectrum of the mixture, all the bands 
due to the component disappear. This proce
dure may be repeated several times for multi
component mixtures so that intense bands due 
to major components may be eliminated from 
the spectra of mixtures, ena.bling weaker bands 
caused by minor components to become 
evident. 

One example of absorbance subtraction pro
cedures to the analysis of samples of forensic 
interest is the detection and identification of a 

01[;lLAB 1~:. 
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Flg.1A: ATR spectrum of haIr thrGt8 days 
after shampooIng. 

shampoo on hair several days after application. 
Atte~uated total reflection (A l'R) spectra 
of ha~r three days after shampooing (Fig. lA) 
and SIX days after the shampoo (Fig. lB) were 
measured, and the result of subtracting the two 
Spectra is shown in Fig. 2. Measurement of 
the ATR spectra offibels requires that several 
fibers are wrapped aro'.1nd the internal reflec
tion element, but anOlher technique has been 
deve!oped for a similar analysis using only a 
fractIon of a single hair. The hair is placed be
tween two diamond arlvils of a high pressure 

cell (8) and compressed until the thickness is 
suitable for infrared analysis. Although dia
monds usually totally absorb in the region be
twee~ 2250 and 1850 cm-J, little significant 
chemIcal information is found in this region and 
a useful spectrum can be measured (see Fig. 3). 
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Fig. 1 B: ATA spectrum of haIr six days after 
shampooing. 

61. 

-

.' 



Fig. 2: Difference spectrum resulting from 
the scaled subtraction of the spectrum 
shown In Flg.1B from that In Flg.1A, show
Ing the nature of the shilllmpoo. 

%T 
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4000 500 

1=lg. 3: Transmittance spet;trum of a s!ngle 
hair In a diamond cell. 
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ill. DIFFUSE REFLECTANCE 
SPECTROSCOPY 

The e;{amples discussed above are ~ertainlY 
rather nonroutine analyses, ana we b.eheve t?at 
it is in the areas which are not readdy smdled 
by other anal~1ical methods that Ff-IR spe~
troscopy will provt:: to have the greatest applI-

t· For e"ample no instrumental method ca Ion. ", 'd 'fi 
may currently be used for the direct 1 enh -
cation of street tirugs, controlled substances, 
prescription pharmaceuticals, and over-the
counter (OrC) pharmaceuticals. Th~refore 
any technique which permits th~ rapl~, ~n
equivocal identification ,:,f the actIve major l?
gredient and other active trace c~mp~nents 10 

samples believed to contain phYSlOloglc~ly ~c
tive materials should find extensive applIcatlon 
in the forensic dru£; laboratory. 

At least two infrared techniques have been 
previously proposed for this purpose. In one 
methcd, the active compoOP,nt mt'st be ex
tracted from the tablet and pfl!i' .. red as a KBr 
disc prior to measurement of its spectrum (9). 
After the spectrum is measured, the sample can 
be classified into cne of nine gr~ups of con
trolled substances (such as barbl.urates, am
phetamines, etc.) by an easily followed flov.: 
chart based on the presence or absence of ~har
acteristic ahsorption bands. Aft~r cl~sslfica
tion the active component may be IdentIfied by 
com'parison with the small number.ofrefer~n~e 
spectra of drugs in its class. ThIS metho~ IS 
simple and elegant but not fast, since the actIve 
ing·edient(s) must be separated from the ex~ 
ciplents prior to the preparation of th~ K~r 
d· c In addition all the measurem~nts 10 thIS 

IS . '. '" to study were performed us10g a gratmg .. pee r -
photometer, so that at least two hours were re
quired between receipt of the sample and 
identification of the active il1gr~dient. 

Sadtler Research Labon .. ' mes, Inc., de~el
oped a method for reducing sample preparation 

" 

-
i'\' 

i" 

time. Tablets were subjected to extractiops ill 
acidic and basic chloroform, after which a film 
of t;le extracted drug was cast on a saIt win
dow, and its abc;orntion spe"trum was then 
measured. Once again in t!tls work a grnting 
spectrophotometer was used for the spectral 
measurement, althoug!:: it may be noted that 
Sadtter now uses an Ff-IR spectrometer for 
the measurement of all their infrared reference 
spectra. The extraci:ed drugc; could then be 
identified !Jy comparison with a compilation of 
ref~rence spectra of samples prepared in the 
same way (0). Although this method cer
tainly reduced sample prepal'ation time com
pared to the previous method, over an hour 
expires between receipt ofthe sample and iden
tiGcatior: of the drug. For drug overdo!'e cases 
where several tablets may have to l:-"e rapidly 
identified, this time lag may prove to be too 
long and an even more rapid technique is 
needed. 

We have developed a novel method for iden
tifying drug tablets in which the time lag be
tween receipt of the sample and initiation of the 
spectral measurement can be less than one 
minute. The method is based on the measure
ment of the diffuse reflectanc~ spectrum of the 
ground sample, either as received or diluted 
(but not Pi essed) with an alkali halide, usually 
KCI (11). Diffuse reflectance infrared spec
trometry has not been considered to be a useful 
analytical technique because of the low energy 
of the diffusely reflected radiation, but we have 
found that a combination of an FT-IR spec
trometer with an MCT detector and efficient el
IipSOlidal collecting mirror gives such intense 
signals tha1 we have to screen out much of the 
radiation passing through the interferometer to 
avojd digitization noise. The spec{ra that are 
measurec? are single-beam tra~es, and must be 
ratioed aga.inst the single-beam spectrum from 
a "100%" diffuse reflector. We genl!.rally use 
RCI pOWder ground to l~ss than 10,um particle 

Wf-fOLE 

Fig. 4: Dhiuse reflectance spectra, linear In 
R.." of a tablet of Emplrln (an APe tabJet) 
measured (Aj aa the whole tablet, and (D) 
after grinding for one minute. 

size to approximate a perfect reference m4-
terial. Diffuse reflectance spectra of tablets 
(either who1e or cmshed) C<'l.n be measured 
directly (see Fig. 4). H.:>wevet·, we often dilute 
one P&rt of the ground sample with about 10 
parts of KCl to increase the information con
tent of the spectrum. Provided that the p.-o
portion of excipient in the tablets is Mt high, 
dilfusc reflectance sp\!ctra measured in this 
wl\Y may generally be used i.o identify the ac
tive ingredient very rqpicily (see Fig. 5). On a 
spectrometer operating at the current state-of
the-art in sensitivity and computing speed, less 
than 3 min. would be required between receipt 
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URISPAS 

TIGAN 

3200 

Fig. 5: Kubelka-Munk plots of the diffuse 
reflectance spectra of Tlgan (a capsule to 
count.ract nausea, especially morning 
sickness) and Urlspas (a tabl __ t to counter
act bladder Infections), after grinding each 
for one minute. 

of the sample and dispbtY of.the ~nal sp~ctrum 
on an osc:Uoscope. Small hbranes of spectra 
(typically less tht.n 1000 ~urves) c~llid be 
stored on 10 megabyte movmg head diSCS, fa
cilitating a rapid limited spectral search to pro-
vide the identity of the tablet.. . 

In the same way that absorptlon bands Itl 

absorbance spectra can be relate.~ to concen
tration through Beer's Law, the olffuse reflec
tance of a sample at infinite depth (about 3 mm 

) R can be relat2d to sample concen-ormore I 00' did by 
tration, c, by the expression first eve ope . 
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Kubelka and Munk (12, 13): 

_ (1-Roo)\! = k a c 
f(R"J- "IR s 

.. Xl 

where a is the absorptivity. s is a scatte:ing ~ac
tor, and k is a constant of proporhona.!ty. 
Spectra of neat, finely ground powders plotted 
... s feR ) are closely similar to the absorbance 
a ect';ofKBrdiscs of the same materials (11). 
sp We have found that in practicej(Roc) ~s ac~u
rately proportional to c provided Roo IS frurly 
high. typically greater than about 30%. ~hus, 
provided that no stmng bands are present 10 the 

2000 

Fig. 6: Kubelka·Munk plots of the dlffus. 
reflectance spectra of (A) a crushed tabl:t 
of Valium containing 1% Valium and SU~ Y. 
lactol0 and (B) pure lactose. 

1\ 

A - 0.99 B 

1800 1500 
Fig. 7: Spectrum computed after subtract
Ing 99% of the lactose spectrum In Fig. 68 
fror.1 the spectrum of the Valium tablet. All 
the bands In this spectrum may be as
"gned to Valium. The reflectance In the 
regIon between 1500 and 1100 cm~l Is 80 
low that usoful analytfcallnformatfon can
not be obtained In this region. 

spectrum, one should be able to perform sub
traction operations on diffuse retIectance spec
tra stored as itR.,) in the same way ~ ,1at 
absorbance subtraction routines can be apti1ied 
to absorption spectra. For example, the spec
trum or lactose may be subtracted from the 
spectrum ofa tablet of Valium, which contains 
about 99% lactose, to yield several weak bands 
of Valium (see Figs. 6 and 7). 

Another example of difference measur~
ments may be seen for theitR .. ) spectra of two 

A 

800 

Fig. 8: Kubelka-Munk plots of the diffuse 
~·eflectanc. spectra of two APe tablets 
from different manufacturers. 
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3200 800 

Fig. 9: Spectrum computed when the spec
trum In Fig. 8B Is subtracted from the spec
trum In Fig. SA. Upward-going bands are 
primarily due to phenacetin and down
ward-going bands are primarily due to 
aspirin. . 
aspirin-phenacetin-caffein~ ~APC) tabl:ts -:v~th 
the same specified composition (3.5 gr lSpm?, 
2.5 gr phenacetin, 0.5 gr caffeine) but from dif
ferent manufacturers. The two sp~ctra are 
shown in Fig. 8, and the unscaled difference 
spectrum is shown in Fig. 9. It can be ~epn that 
the tablet from manufacturer A con tams more 
phenacetin. while the one from man~facturer B 
contains more aspirin. Although thl~ ex~mple 
uses OTC pharmaceuticals, the ap~bcatlOn of 
difference techniques to the analysIs of foren-
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A 

800 

Flg.10A: Kubelka-Munk plot of the diffuse 
refll8ctance spectrum of a dried leaf after 
spraying with a commercial Paraquat 
spray. The leaf was ground with KCI and 
the spectrum Wal ratioed against a KCI r f· 
erence spectrum. 

l 

B 

Fig. 10B: Kube!ka·Munk plot of the diffuse 
reflectance spectrum of an untreated leaf 
from the ."me plant, which was cut and al· 
lowed to dry naturally. The sample was 
prepared Identically to the sample In 
Flg.10A. 

Fig. 10C: Unsealed difference spectrum 
produced when 'ihe spectrum In Fig. 10B 
was subtracted from the spectrum In 
Flg.10A. 

sic samples, e.g. for the presence of strychnine 
in heroin, is immediately apparent. 

In the past few weeks a crisis has arisen on all 
university campuses with the discovery that 
much of the marijuana being purchased is con
taminated with the herbicide, Paraquat. We 
attempted to prcpare simulated samples by 
spraying a common local broadlcaf wced, 
Po]ygonaceae Rumex. with a commercially 
available Paraquat spray ("Ortho" Spot Weed 
and Grass Kilbr) which contained only 0.44% 
Paraquat. The weed was allowed to die. at 
which time it was ground with powdered KCl 
and its diffuse reflectance spectrum was mea.
sUred (see Fig. lOA). An untreated plant was 
cut and also allowed to die after which it was 
treated in an identical fashion (see Fig. lOB). 
On subtraction of the spectra of the treated and 
the untreated plants, several bands were ap
parent in the difference plot (see Fig. lOC)o AI. 
though none of the bands in the difference 
spectrum may be assigned directly to Paraquat, 
frequencies of the more intense bands corre-

Fig. 10D: Spectrum of the evaporated 
water extract of the Paraquat spray us.d In 
this work. 

sponded to the frequencies of the bands in the 
spectrum of a sample pr~pared by spraying the 
contents of the can directly into water, separa
ting off the aqueous phase, evaporating off the 
water from the extract, and mixing the residue 
with ground KCI (see Fig. too). Although our 
primary goal of developing an analytical 
method for the ill situ determination of Para
quat was not reached, this method did provide 
an indirect indication of the presence, and the 
experiment again gives an indication of the tre
mendous versatility ofFT-IR spectrometry. 

IV. CHROMATOGRAPlIIC 
APPLICATIONS 

A. GC-lR 

Another common application ofFT-IR spec
trometry in general organic analysis is the 
interface of the spectrometer to a gas chroma
tograph for the on-line identification of eluting 
samples (GC-IR) (14-16), This experiment 
makes use of the short scan time of a rapid-

-
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scanning interferometer, which typically re
quires less than 1 second ~er scan to.ge~erate 
the information for a medIUm resolution mfra
red spectrum. The GC effluent is passed 
through a long, narrow gas cell, light-pipe, 
through which the infrared beam is also 
passed. Data is collected while each compo
nent is in the light-pipet and after each peak 
elutes the signal-averaged interferograms are 
stored in the spectrometer memory until the 
end of the chromatogram, at which time all the 
spectra are calculated. 

We have not encountered any examples of 
GC-IR in forem:ic drug analysis, and to our 
knowledge GC-IR is not being used in a r?utine 
fashion in any forensic laboratory. In VIew of 
GC-IR detection limits (between 25 ng and 1 p,g 
of sample injected into the chromatograph), it 
is not likely that GC-IR will supersede GC-MS 
in the forensic laboratory. However, GC-IR 
can produce useful confirmatory evidence in 
cases where mass spectrometry does not pro
vide a definite iaentification. 

B. LC-IR 

. While GC-IR is, to a certain extent, a com· 
petitive technique to GC-MS, no such well a~
cepted instrument as a mass spectrometer IS 
routinely used for the on-line identification of 
peaks eluting from a liquid chromatograph. 
Some work has been published showing how 
an FT-IR spectrometer can be used to measure 
the spectra of HPLC peaks (LC-IR) as they 
pass through a flow-cell (17-19) I but in general 
submicrogram detection limits are not ?b
tained, primarily because of strong ~bsorptton 
by the solvent in some frequency regIons. We 
believe that the best way to perform LC-IR 
measurements is to eliminate the solvent prior 
to measuring the spectrum. Preliminary work 
in this area has Ied us to believe that the best 
way to achieve this end is to evaporate the ef-
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fluent from the chromatograph on powdered 
KC1. After each peak elutes, the diffuse re
flectance spectrum of the solute may be rapidly 
measured. This work is currently at a very 
early stage, but feasibility studies indicate that 
sub microgram detection limits are possible. 

C. TLC-IR 

Fourier spectrometers may also be used to 
measure the infrared spectra of separated 
"spots" directly on TLC plates (TLC-IRj. 
One method involves depositing the adsorbent 
layer on an infrared transmitting substrate, 
such as a sheet of AgCI, and measuring the 
transmittance spectrum through the adsorbent 
layer either without treatment (20) or after 
treatment with an infrared mulling oil to de
crease scattering (21). TLC-IR measurements 
are optimized by combining the high sensitivity 
of FT-IR with the high efficiency of pro
grammed multiple development TLC. In this 
case detection limits of 10 ng of sample may be 
obtained (22). These methods have the disad
vantage that the analyst must prepare his own 
TLC plates, since AgCI plates are not available 
commercially. To circumvent this problem 
we have studied the possibility of using diffuse 
reflectance spectroscopy to identify materials 
on aluminum foil backed TLC plates (which are 
commercially available) and, although the 
early results are promising (11), more work 
is required before the usefulness of this tech
nique for TLC separations of drugs may 
be determined. 

V. SUMMARY 

The increased sensitivity ofFT-IR over con
ventional IR spectrometers not only permits 
the detection limits of conventional infrared 
sampling methods to be decreased, but also 

allows an even greater variety of samples to be 
investigated. The biggest advantage of Ff-IR 
spectrometry over other non-infrared tech
niques used in the forensic laboratory is proba
bly due to its versatility and specificity rather 
than any inherent sensitivity advantage over 
other instrumental methods. 
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Nuclear Magnetic 
Resonance: Recent 
Developments in 
Techniques and their 
Potential Application to 
Forensic Research 

I. INTRODUCTION 

Nuclear magnetic resonance (NMR) has 
long been recognized as an extremely valuable 
technique for the structure elucidation and 
analysis of organic compounds. For more 
than 25 years NMR has played a major role in 
many types of organic chemistry. Yet, there 
are other areas of chemistry-most forensic re
search and analysis included-where NMR 
has had little impact. Probably the principal 
reason for the failure ofNMR to make these in
roads is its limited sensitivity relative to tha~ of 
other spech'oscopic methods. But NMR sen
sitivity has been steadily improving over the 
years. While it still cannot compete in sensi
tivity with mass spectroscopy, fluorescence, 
and neutron activation analysis, NMR is now 
applicable to many types of problems where it 
was once deemed useless. Thus, the advan
tages of NMR In terms of a readily understood 
theory, rather easily interpretable spectra, and 
remarkable versatility can be more widely 
exploited. 

In this paper we shall examine the present 
state of the NMR art regarding sensitivity, 
sample size, and quantitative analytical capa
bilities. We shall not discuss specific applica
tions to forensic problems nor shall we go into 
the interpretation ofNMR spectra, information 
on which is widely available elsewhere 0). 

II. IMPROVEMENTS IN Sl:.1VSITIVITY 

During the last decade there have been major 
advances in NMR sensitivity. Four separate 
factors can be identified as the principal con
tributors, as follows: 

1. Better electrollic desigll and better elec-
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Irollie compollellls. A more thorough 
understanding has been developed of the 
various parameters that govern the mag
nitudes of both the signal and the noise 
emanating from the radio frequency re
ceiver coil of an NMR spectrometer. 
This has spawned improvements in the 
geometry of NMR probes and has led 
also to the design of more sophisticated 
electronic circuits that ampj'!y the weak 
NMR signal while discrimhmting against 
unwanted noise from many sources. 
Coupled with design hl.provemellts has 
been the availability of the markedly bet
ter electronic circuit components found 
in today's integrat~d circuit technology. 

2. Use of higher magl/etic fields. During 
the last 20 years the magnetic field 
strengths used for high resolution NMR 
have increased by a factor of six. The 
principal impetus for development of 
ever higher field spectrometers is the in
creased dispersion available, since 
chemical c;hift differences expressed in 
frequency units are directly proportional 
to the strength of the applied field. 
However, an important secondary ad
vantage is the increased sensitivity that 
arises from the more favorable Boltz
mann distribution of nuclei among the 
magnetic energy levels. The fundamen
tal limitation on NMR signal strength 
comes from the fact that radio frequency 
absorption IS unavoidably accompanied 
by induced emission. Since we can 
measure only the difference between 
these two processes, it is actually only 
the dijJereflce between the populations 
of the magnetic energy levels that con-

I 
t i 

tributes to the net absorption signal. 
For prOions in a magnetic field of 1.4 
tesla (a frequency of 60 MHz) the differ
ence is only about lout of 200t OOO nu
clei; for a field of 8.5 testa (360 MHz) it is 
six times as great. 

3. Use of Fourier trallsform methods. In 
the following section we shall describe 
the rationale for the use ot Fourier trans
form (FT) methods and illustrate the 
very significant gains in sensitivity 
derived thereby. 

4. Use of Microcells. This, too, is a topic 
that we shall take up in detail in a later 
section. 

Table I illustrates the remarkable improve
ments in sensitivity that have resulted from fac
tors (1) and (2) above. It is conventional to 
express the sensitivity of proton NMR spec
trometers by specifying the signal/noise ratio 
obtained in a single scan (or for FT, in a single 
pulse) for a particular resonance line in a sam
ple of ethylbenzene at a concentration of 1 % 
(by volUme) in a suitable solvent. The Varian 
Model A-60 spectrometer wns tho:: firbt leaHy 

Table I 

Signal/Noise for Various 
Spectrometers· 

Year Spectrometer Model SIN 

1961 
1965 
1969 
1978 
1978 

A-60 
HA-100 
HR-220 
XL-200 
WH-360 

6 
30 
80 

300 
800 

'Proton .peolflcatlon-1% .thylbenzene, 
.'ng' •• oan/.'ng'. pul •• 

Widely-used NMR instrument. Introduced in 
1961, it had a typical signal/noise ratio of about 
6. By the mid-l%O's improvements in probe 
design and the availability of higher magnetic 
fields led to substantially better sensitivity as 
indicated for the Model HA-l00. The HR-220 
was the first spectrometer to employ a super
conducting magnet, rather than an electromag
net. The greatly increased field strength 
provided another significant increase in SIN 
which ran about 80 for the HR-220 that we pur~ 
chased at NIH in 1969. Note, however, how 
much further improvement there has been in 
the last decade; the XL·200 (with essentially 
the same field strength as ollr old HR-220) has 
just been introduced with a specified SIN that 
equals or exceeds 300. Finally, the highest 
field high resolution NMR spectrometer 
operating today has a proton frequency of 360 
MHz. With recent improvements in probe de
sign, that instrument provides a signal/noise of 
about 800 (in one case a value of 1200 has been 
obtained). 

Thus, during the last 15 years or so, the 
"state of the art" in NMR sensitivity has im
proved by at least a factor of 100, just on the 
basis of the use of higher magnetic field 
strengths and of improvements in electronics 
and probe design. This dramatic enhancement 
in sensitivity has opened up many new areas to 
NMR, especially those in the biological field, 
where sample size and concentration are often 
severely limited. However, another concur
rent but independent development has been 
equally important in improving the effective 
sensitivity of NMR. That development is the 
introduction of Fourier transform methods, 
coupled with the principles of time averaging. 

III. FOURIER TRANSFORM METHODS 

Whatever the sensitivity of a particular spec-
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troscopic method, there are occasions when it 
must be pushed to the limit. It has long been 
recognized that the effective sensitivity of the 
method can be improved by spending more 
time in acquiring the data. Infrared, Raman, 
visible, and ultraviolet spectra are usually ob
tained by rather slow scans, with suitable elec
tronic filtering to reduce noise. In NMR it has 
usually been more feasible, for several rea
sons, to scan spectra more rapidly but to repeat 
the scan several times and coherently' add the 
data in a digital computer. Such "time averag
ing" of n spectra provides a signal n times as 
great as in a single scan, but the noise (which is 
not coherent) is only n112 as large, so that SIN is 
improved by n 1/2. With typical scan times of 
5-10 minutes, it is feasible to add the data from 
about 100 scans in order to increase SIN by a 
factor of 10, but beyond that the expenditure of 
time rapidly becomes prohibitive. Clearly, the 
time spent on each scan must be drastically re
duced if very large numbers of repetitions are 
to be employed. Fortunately, that isjust what 
can be done with Fourier transform (Ff) 
methods. 

There are several different techniques for 
obtaining NMR spectra rapidly, all of which 
employ a Fourier transf~rmation at some stage 
in processing the data. The most commonly 
used method at present is the use of a short 
radio frequency pulse to excite a spectrum, and 
it is only this pulse-Ff method that we shall dis
cuss here. 

In an NMR experiment the macroscopic nu
clear magnetization can be thought of as a vec
tor that resides initially along the z axis parallel 
to the applied magnetic field, and it is tipped to
ward or into the xy plane by the action of the 
radio frequency magnetic field that is applied. 
In a conventional, continuous wave NMR ex
periment, a small amount of radio frequency 
power is epplied c!)ntinuously, but at a grad
ually changing frequency, to cause the mag-
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netization corresponding to each different 
resonant frequency to tip in turn through a 
small angle. The component thus generated in 
the xy plane induces a small current in the re
ceiver coil placed along the y axis, which we 
~etect and display as an~}lR line. In a pul.~e 
experiment, on the other hand, a large amount 
of radio frequency power (larger by a factor of 
at least 1 ()4 than that typically used in cw NMR) 
is applied for a short time-only a few micro
seconds-and at a single, fixed frequency. As 
shown in Figure I, the pulse causes the magne-
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Figure 1. Behavior of the macroscopic 
magnetization on application of a radio fre
quency pulse, and re~ultant signal. (a) 
The radio frequency field HI, applied along 
the x' axis rotates the magnetization M 
from It I equilibrium position to the y' axis. 
(b) M decreases as Individual magnetic 
moments dephas. due to spin-spin relaxa
tion and magnetic field Inhomogeneity ef
fects. (Cj Input Signal, a short pulse. (d) 
Exponential free Induction decay resulting 
from process (b). 

tization to tip into the xy plane, where it in
d.uces a large signal in the receiver coil. The 
signa] decays exponentially with a time con
st?nt T 2*' the magnitude of which is deter
mined by the nuclear spin-spin relaxation time 
and the mag.netic field inhomogeneity. Be
ca~sc the radiO frequency power is so high, nu
clei over a range of reso~lance frequencies of 
sev.era~ kilohertz are am~cted, so that the mag
netIzatIon vectors of nuclei at all chemical 
shifts tip simultaneously. Each provides an 
exponentially decayin& signal at its own reso
nance frequency, T:i the detection process all 
of these signals beat with each other and with 
the reference frequency of the pulse itself. 
~he resultant time response, the "free induc
tIon decay," typically looks like tnat in Figure 
2. Although it is not interpretable by inspec
tion in .the sam~ way as a norma! NMR spec
~rum, It. does mdeed contain all the same 
mformatlOn and requires only a second or so 
for data acquisition, rather than several min
~tes for ~ ty~ical slow scan. Fortunately, the 
mformatlon IS easily converted to a recogniz
~ble form by carrying out a Fourier transforma
hon and some other simple mathematical 
processing. These operations are rapidly and 
easily carried out in a small computer, which 
normally forms an integral part of the NMR 
speCl ·ometer. With the pulse-IT method it is 
~ossil Ie to make many pulse repetitions, some
times tens or hundreds of thousands, co
herently add the free induction decays, and 
then carry out the mathematical processing on 
the co-added data with its enhanced SIN. In 
later sections we shall see some examples of 
FT spectra and also explore the limitations on 
the pulse repetition rate reSUlting from spin
lattice relaxation. 

Fourier transform methods often improve 
the sensitivity in a given time by a factor of 
about 10-20 and permit the study of IH NMR 
of samples in standard 5 mm diameter sample 

-

Figure 2. Free Induction decay (top) and 
Fourier-transformed spectrum (bottom) of 
13C In 3-ethylpyrldlne, 

tubes .at concentrations as low as 10 J.tM with 
overmght runs. But the area in which FT 
methods become really essential is the studv of 
?uclei other than hydrogen, which have lo~er 
mherent sensitivity and often lower isotopic 
abun~ance. The most significant in organic' 
chemical problems is 13C, with a sensitivity 
only about 1164 as great as that of IH and a natu
ral abundance of only 1.1 %. To overcome the 
co~bined adverse factor of nearly 6000 has re
qUIred the development of superior instru
ments an? experimental techniques, but as we 
sh.all see m the next section it is possible to ob
tam good 13C spectra with remarkably small 
amounts of sample. Figure 3 illustrates a 
rough but very useful guide to the relative sig
nals obtained for IH and 13C--·if a good IIi 
spectrum can be ohtained with a single pulse 
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Figure 3 •. NMR spectra of sph'onolactone. 'pottom: IH spe~trum, taken with a single 
pulse. Middle: 13C spectrum msultln9: fro~ 62,000 puls.!.~J1.1 !!.o~.expe~!men_t}=-.!~P.=.. ~~_, 
pansion of part of the 13C spectl'um. (R. J. Highet, private communication.) 

for a particular sample, an acceptable 13C 
spectrum can be obtained in an overnight run. 

IV. MICROCELLS 

Since the earliest days of high resolution 
NMR, such spectra have been obtained with 
samples in 5-mm diameter sample tubes, Ini
tially this was the maximum size sample tube 
that could be accommodated in the magnets 
and probes that were available. During the 
last few years it has become possible to utilize 
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much larger tubes (up to at least 30-mm diame-
. terfior studies of very dilute solutions of stud
ies of nuclei of very low sensitivity. On the 
other hand, when concentration is not a prob
lem but the total amount of sample is limited, 
there is nothing to be gained by using a large 
sample tube and a correspondingly large 
amount of solvent. In fact, studies have 
shown that it is far more effective to restrict the 
volume of solution that is used. This can be 
done in two ways: (1) With probes and inserts 
designed for use with 5-mm diameter sample 
tubes, the total length of the sample solution it-

self can be limited to that just needed to fill the 
receiver coil. A volume as small as 25-50 ILl 
can be attained, but there may be some degra
dation of resolution, (2) Microprobes have 
been designed with very small diameter re
(;eiver coils that accommodate 1,7-2 mm diam
eter sample tubes (similar to conventional 
melting point capillaries). This approach is 
generally superior and permits the use of sam-
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Figure 4. Proton NMR sr;;ectra of gelse
mine In capillary-type mlcrocells. Shoo
lery (2). 

pIe volumes as small as 5-10 ILL Resolution is 
usually excellent. 

The use of 1.7-mm diameter capillary tubes 
and a microprobe for obtaining IH and 13C 
spectra has recently been reviewed by Shoo
lery (2). We present here two examples from 
that review. Figure 4 shows the IH spectrum 
of gelsemine, a natural product of molecular 
weight 322. The upper spectrum was obtained 
with 100 p.g of sample in 10 ILl of CGDs solvent. 
With this amount of material a good spectrum, 
showing all essential features, was obtained 
with only 400 sec. of data acquisition. The 
lower spectrum comes from only 4 ILg of gelse
mine. It required 8000 pulses and took 2.2 
hours to acquire the data. While the noise 
level is higher than that of the upper spectrum, 
all important features show up clearly except 
those obscured by peaks due to solvent impuri
ties. The 0.2% CGDsH isotopic impurity in the 
CoDa gives by far the largest line in the spec
trum, with a small amount of water providing 
the second strongest line. For proton NMR 
the real limitation in sample size now comes, 
not from instrument sensitivity, but from prob
lems in handling samples and in avoiding pro
ton-containing impurities in the solvent. 

Let us turn r ow to the l3C spectrum of this 
same substance. As we have seen, 13C sensi
tivity is expected to be more than three orders 
of magnitude poorer than that of proton, so a 
correspondingly larger sample is needed. Fig
ure 5 shows the proton-decoupled 13C spec
trum of 1.0 mg of gelsemine in 6.5 ILl of CaDa. 
lu this case 76,000 pulses were used for a total 
experimental time of 17 hours. This spectrum 
is of rather good quality. Accumulation of 
data for a longer period than overnight is 
usually not worthwhile, since there is relatively 
little improvement in SIN. In some cases sub~ 
milligram quantities have provided good lac 
spectra, but with current technology the limit 
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Figura 5. I3C NMR spectrum of g~lsemlne (proton decoupJed) in a capillary-type micro
cell. Shoolery (2). 

lies somewhere in the vicinity of a milligram of 
a typical organic sample of molecular weight 
300-400. 

V. QUANTITATIVE 13C NMR 
MEASUREMENTS 

NMR is, in some respects, a nearly ideal 
quantitative technique. In principle the area 
under a line is proportional to the number of nu
-;:Iei contributing to it, without differential ex-
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tinction coefficients that enter into optical and 
infrared spectroscopy. Lines are usually 
sharp and well-separated, so that overlap prob
lems are minimized. Line assignments are 
usually made rather (;~si1y, so that identifica
tions are facilitated. On the other hand, there 
are some serious drawbacks in the quantitative 
use of NMR, as we discuss in the next para
graph. For proton NMR the difficulties have 
been largely overcome (3), but 13C NMR has 
been widely regarded as being almost incapa
ble of use for quantitative analysis. Only re-

)'Z 

cently has work in a few laboratories begun to 
dispel that myth. 

The principal problems in the use of 13C 
NMR for quantitative purposes stem from the 
follOwing factors: 

1. Because of inherently low sensitivity 
and natural abundance, SIN is often 
lower than desired. These prope11ies of 
13C cannot really be overcome com
pletely, but instrumental improvements, 
as discussed previously, have alleviated 
the problem. Clearly, the poorer the 
signal/noise, the larger the randum error 
in the quantitative determination. 

2. Long spin-lattice relaxation times re
dU~'e signals below the expected levels 
when pulses are repeated too quickly 
(the analog of "saturation" in contin
uous wave NMR). Although th~s prob
lem affectn IH NMR also, it is usually 
more sev~re for l3C NMR because of the 
wii!e disparity in TI'S for carbon atoms 
in different environments. We COlU

ment b~low on some means for over
coming the difficulty. 

3. The nuclear Overhauser effect (NOE) 
that accompanies the proton decoupling 
usually carried out while measuring 13C 
spectra is, like relaxation times, depend
ent on the environments of the individ
ual carbon atoms. Thu&, the areas 
under the various lines do not necessar
ily reflect the numbers of carbon atoms 
giving rise to the lines. Fortunately, as 
we shall see, it is possible to suppress the 
NOE, but at some loss in signal/noise. 

Probably the best systematic treatment of 
l3C NMR problems is contained in a recent re
view by Shoolery (4), Acenaphthene was cho
sen as a test compound, since TI'S of its carbon 

nuclei vary by a factor of at least 50. as indi
cated in Figure 6. The spectrum at the top of 
Figure 6 is a proton decoupled 13C spectrum 
taken under customary conditions, in which 
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Figure 6. laC NMR spectra of acenaphth
ene (proton decoupled). Top: Obtained 
under routine conditions for optimization of 
overall slgnaf/nolse (20 0 flip angle, 1.0 sec 
repetition time, 640 pulses). Measured 
values of T 1 are given if.\ parentheses 011 

the structural formula. Bottom: Contll
tlons for quantitative meaSiUrements (goo 
flip anglo, 400 sec repetition time, de
coupler gated off except dur!ng data acqui
sition). Shoolery (4). 
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Figure 7. 13C NMR spectrum of acenaphth
ene. Solution is also 0.1 M In chromium 
acetylacetonate. Conditions for quantita
tive measurements (20" flip angle, 1.0 sec 
acquisition time, decoupler gated off dur
Ing 2.0 sec delay time following the acqulsl
~ion time). ShooJery (4). 

the magnetization flip angle and pul"e repeti
tion rate arc !!elected !l0 as to optimize overall 
SiN in the minimum time. If the area under the 
line due to C-l is arbitrarily set equal to 2.00 (to 
reflect the two equivalent carbons, 1 and 2). 
then the other lines should have areas of either 
1.00 or 2.00. As inliicated in Figure 6 tho.,e 
due to the singly-protonated carbon') 3.4. and 5 
are low by about 20~{. while tho.'!e due to the 
three non-proton:itecl carbons are 75-80~( low! 

'1 he effects of long T J • s can be eliminated by 
.,imply wailing long enough between pulse rep
etition." 'While the NOE can be suppressed by 
gating the decoupler off during the long waiting 
periods and turning it on only during the brief 
periods of data acquisition following each 
pul.,e. The spectrum at the bottom of Figure 6 
shows the results of incorporating both of these 
feature!!. The areas are now much closer to 

their expected values. with the remaining dis
crepanCies attributable to the very long Tt's, 
for which even a 400-sec. delay is insufficient. 
Unfortunately, such long waiting periods in
crease the length of the experiment to a nearly 
intolerable level. An alternative procedure, il
lustrated in Figure 7. is to shorten the Tt's by 
adding to the solution a paramagnetic "relax
ation reagent." The most commonly used 
reagent is chromium acetyltlcetonate; as 
indicated in Figure 7. a low concentration of 
this stlbstance is sufficient to bring all areas to 
within 3o/c- of theoretical values with only a 2-
sec. pulse delay. When such adulteration of 
the sample can be tolerated, the use of a relaxa
tion reagent is by far the most effective way of 
obtaining quantitative 13C data. 

VI. FUTURE TRENDS IN NMR 

NMR is a dynamic field. with versatile new 
method!) constantly being developrd. One of 
the most exciting areas is the study of "high 
resolution" spectra 10 solids. The techniques 
and i'lstrumentation needed are, so far. rather 
specialized. but within a few year~ such studies 
should be mther widespread. Meanwhilc. for 
convcntionalliquid samples, we cun expect im
provcment!) in highcr ficld systems, in sample 
handling capubilitic!) and in computer support 
for NMR spectrometers. Without a major 
conceptual breakthrough it !)cems unlikely that 
sen!)itivity, the major subject of this paper. can 
be improved really substantially. but further 
small increments will dOllbtless occur • 
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A Brief Review of the 
Computerized 
Identification of Kno\m 
Connpoundsandthe 
Elucidation of Unknown 
Structures 

1. INTRODUCTION 

To present a thorough review of the litera
ture in this field is impossible in the time avail
able. In the pa~t six years alone. there have 
been twenty-five articles on the search and re
trieval of infrared <ir) spectra using comparison 
methods by many au~hors. There have been 
thirteen articles u"iing pattern recognition tech
niques. mainly from two groups of workers. 
Jur .. at Penn State (l) and Isenhour at North 
~arolina (21. In addition, twelve mterpreta
tlon programs have been reported. The use of 
computeriled methods for mas~ spectra (ms) 
(3) is even larger. while proton magnetic reso
nance (pmr) (4) and carhon-13 magnetic re':lO
nan;;e (cmr) {51 spectra have only recently been 
computerized, Thus. I mu~t restrict this dis· 
cus .. ion to .. y .. tems that use combined data. 
The ACS Symposium series # 54 on "Com
pu:er-Assistcd Structure Elucidation" pub
lished last year (6) is a useful starting point for 
the beginner. 

A difficult part of developing a search or in
terpretation s~stem i.,lbtaining the data files. 
This is especially true of the older types of 
spectra. ir and ms. Often t~e file entries are 
miscodf'd or redundant: perhaps they do not 
have some of the now useful data cod~d at all. 
It would cost too much to go back and extract 
the intensity data for the old ir files. The NIH· 
EPA I Chemical Information System (CIS) (6c) 
t,dS cl~aned up it., ms tiles and is \)OW collecting 
a new file of vapor phase ir ~pcctra that arc ob· 
tained under the ~trict conditions recom
mended by the Coblentz Society. We ~hal1 see 
how these files affect the retrieval process 
later. 

'.\illl :: .'VII/i/llwl Itll/ill/ft'1 I~f lIell/tli. EPA Enriflln o 

melltllll'rotn ti.1II A~('m \'. 
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II. RETRIEVAL SYSTEMS FOR 
KNOWN COMPOUNDS 

A. The NIH·EPA Chemical Information 
System 

The largest system in use at prese.nt is the 
NIH·EPA CIS, whose name has recently been 
changed to Structure and Nomenclature 
Search System (3ANSS). It is available for 
use on a commercial system, the ADP-Cypher
netics Computer network. The system was 
developed by Heller, Milne and Feldmann and 
a description was publish '!d in Science last year 
(7, 6c). The latest '.Iersil'n is shown in Fig
ure I, SANSS contains 121:tes of data that can 
be searched for names, stna~lures or substruc
tures, Chemical Abstracts Service (CAS) regis
try number and molecular' 'eight. The system 
also includes the enormous bibliogmphic files 
of the National Library of Medicine (NLM) 
and the LOCKHEED literature system that in
cludes ovel'15,OOO,OOO records. 

The oldest part 0971} of CIS is the Mass 
Sp~('tral Search System (MSSS), which has a 
carefully checked file of 31,700 mass spectra. 
As Dr. Milne will discuss the system later, I 
will not describe it further. except to point out 
that MSSS includes more than searching and 
identification facilities. One program, LAB· 
DET, which was written in my laboratory (8), 
calculates the mole fractions and % isotopic 
label incorporation of deuterated, C-13 or N·15 
labeled compounds using the experimental 
mass spectra of the labeled and unlabeled 
compounds, 

CIS also includes a file of x-ray powder dif· 
fraction data (PDAS), but perhaps more useful 
is the Cambridge Crystal File (CRYST) (9), a 
data base of about 15,000 entries containing 

IS" 

P~b,lished crystallographic data, mostly on or
g me compounds. These can be searched b 
CAS number n fi y . ,ame, ormula, molecular 
~~~~EsQPa~e group and unit cell parameters. 

IS a program developed at Case
Western ~hat us.es the CRYST st-uctulul data 
~s a startIng pomt ~o calculate the conforma

ons of molecules In solution by a combin!l-
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cal S b s~ eglstry of Toxic Effects ofChem·· 

u stances (RTECS) can be searched. An 

~ NIOSII :::: NtJ/:OIw/ l,.· --
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Figure 1. The NIH-EPA Chemical Information System. 
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example of a RTECS search for para-dichloro
benzene is shown in Figure 2. 

Fmally 1 would like to illustrate the carbon-
13 nuclear magnetic resonance (CNMR) file 
that contains 3800 spectra. The file can be 
searched, as in Figure 3, for specific peaks 
at a specific chemical shift ± an error and 
given mUltiplicity of the nondecoupled cmr 
spectrum. CNMR found 37 enllies at 
8=197.5±.5(S). The operator decided to 
add different peaks at 26.0±.5(Q) and at 
137.0±.S(S). This time only 1 match was 
found and was then listed. Then compound 

HIHfE'A 
SUISTIIUCTUIIE SEAftCH SYSTEM 

LATEST NEWS OEHERATED ON 4111111 

COMPLEte DATA 8ASiSELECiED 
EHTER HEWSElECTION (H FOR HELl'l,31 
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OPTION7 RING 
OPTION? ALTID 1 2 
OPTIONlAIRAH 1 AT 1 I AT 4 
CPTIOH? SAlDM 1 • 
SPECIFY ELEMEHTSYMIOL. CL 
OPTION? JDEHT 
TOTAL '''OTON LOUNT FOR THISSTRULTUR£IS 

II' FOR 'ROGIiAM £5TIM"TEI • 
FILE I. THIS .TftUCTURE 15 CONTAIt/EIlIH I COMPOUNDS, 
STRUCTURE I CA!! REGISTRY HUMIER lQi..4S·1 
HIOSH R fECS. CZ4SlIOO 

c .. . 
C . 

Cl·e 

'c' 

. 
C··CL . . 
C 

8.olln., 1.4-cI,hl:ro- (sell 
'.oltf.t, p..Jiehlcro- (lCII 
~·Chlcrophtnyl tl;Ietid. 
p-O"h;crobtnlfllt 
Olothlorl"dt 
Evol, 
hI •• 1I 
PltHOW 

OmON? TSHOW 105-46·7 
YOU ARE NOW IN THE RlECS RETRIEVAL svtTEM 
WiT NEWS UPDATE 24-MAR-7. 

C.H4cr2 

CAS HUMIER. 1054111 HIOnU HUMIER. ezmoo 
ORL-HMH TOLO 300 MG/t( TFX UHS 'COC.. -.151.-
ORL-RAT L050 WI MGIK TFX, WR'CA2 9.111.70 
IPR.RAT LOSO 2W1MG/I( TFX JAPMAI 31,124.43 
URL-MUS l050 29SOMG/K TFX. nUCHAZ 8,113.73 
OAL-GPO LOLO. 2100MGft( TFX 14CYA'F -.133Ul 
Itoltnt, l.'·dlthIQlo· (lCII 
CSH4CI2 

Figure 2. A RTECS Search on the CIS. 
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#300 was requ" «ted, Figure 4 and the entire as
signed spectrum was printed for acetophe
none. Note that the structure is given with 
carbon numbers as well as other particulars of 
the compound and conditions that were used to 
obtain the spectrum. The file can be searched 
for a particular type of substructural carbon, 
e.g., a methyl group i' to a nitrogen atom has a 

. 
(» C! .. ' .. 

• • 11 • 

CI C4 0 
• • • • ct C5 
• • •• C7 

I m.n'''If. ! ",y!. 
"rGII. _2 MW. !woe 
c:'ltlO! 
Lf JOIlN:otl. W Co JArI~ow;KI. e IlrlMn:rlCTAA JOliN WlUYIoSONS, /lY 1111:) Sol"", CHLOROFORM 

~HI'T MU~T Ifjfltll ~IGN 
1IJ.1 S 0 I 
1371 S 9 ( 
132t 0 !lO Q 
12t.4 0 « , 
12t.4 [J .. 8 
!2t.2 [J 0 D 
!2t.2 [J 4' e 
283 0 40 2 

Figure 3. NIH-EPA C-13 NMR Search Sys
tem-Version 3.3. 
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Figure 4. Spectrum Search for Acetophe
none (from Figure 3). 
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?'lean shift of 1 L 7 ±O.2 ppm based on 7 entries 
In the file (10). 

B. The Yugoslavian COSMOSS System 

Zupan et al. (11) have recently published 
?ata on a combined retrieval system containing 
!~~ ms and cmr data. Their concept was that 

It should work as a black box: using only the 
spectra as input data." The data base consist!; 
of92,ooo ir spectra based mainly on the ASTM
WYANDOTTE collection (12), which includes 
the 35,000 spectra of Sad tier (13) and 13,000 of 
the DMS collection (14). The ms file is made 
up of the 16,000 spectra of the Aldermaston 
collection (IS), While many of the spectm of 
these collections are doubl~S and are wrongly 
coded, no attempt was made to weed out the 
data base. as was done on the CIS system. 
The cmr file contained about 1600 good spec
tra. The search can be made on a single or 
multiple file basis. The authors reported data 
for 100 test searches for each of the data 
bases. Accuracy was defined as the fraction of 
examp!es in which the correct compound was 
found In the top five choices listed. Searches 
~f this type invariably Jive several possibili
ties. However. a user is more interested in the 
number of correct first choices. For ir, only 
77% fir&t choices were correct, for ms, 9!%, 
and ~mr, 95%. Th~se result .. are probably a re
flection of the quabty of the various data bases. 

The user hopes that When a spectrum nUl 
p~esent in the data base is searched, the re
tneved examples wilt be close to the correct 
stru.cture. . This can be true vnly when the 
chOices picked are reliable. Interpretive 
methods urc actually better for the cases of true 
unknowns. McLafferty (6a) has suggcsted 
~hat the performance of a search system should 
Include a recall factor, a reliability factor and a 
false positive factor. When the spectrum 

being searched is not a part of the data base, 
then correct matches are only those relevant to 
the structure of the unknown. Thus a search 
system must be judged by both the correct or 
near-correct matches and the misleading false 
positives found. 

C. Other Retrieval Systems 

Since the advent of gas chromatogl aphy
mass spectrometry instruments, there have 
been a large number of search routines de vel
op~d. As Drs. Milne and Biemann will de
scnbe t?e use of their systems, I will move on 
to men~lon briefly two other groups concerned 
with the problem. Clerc of Switzerland has 
separately published search routines for ms 
(16), ir (17) and cmr (18). It is interesting that 
he has not yet put them all together. 

Clerc's ms-search algorithm is used in the 
. Associated Electronics Industries (A.E.!.) ms
data systems. 

Finally, McLafferty's (6a) Probability Based 
Matching System (PBM) and Self-Training In
terpretive and Retrieval System (STIRS) rep-
resent fairly successful attempts to identify 
complete structures or 179 substructural parts 
of an unknown system. A quick review of 
both is given in the ACS Symposium volume 
(6a). Both of these programs are available for 
use on the Cornell-TYMNET computer sys-
tem. A recent comparison on the same data 
ba~e of STIRS with Isenhour's K-Nearest 
Neighbor (KNN) algorithm (9), which is apat
tern recognition procedure, has shewn STIRS 
to be generally superior (20). 

While several individual spectral systems 
have been devised, it seems to me that all possi
ble data should be used. This leads us to the 
next major topic. 
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III. COMBINED SYSTEMS FOR THE 
ELUCIDATION OF UNKNOWNS 
USING INTERPRETIVE 
TECHNIQUES 

Four systems using combined data for the 
stnlcture determination of unknown com
pounds are currently being developed: 

t. CHEfo,IICS-F by Sasaki et al. in Japan 
(6h) 

2. CASE by Munk et al. at Arizona State 
University (6g) 

3. DENDRAL and CONGE."'N by Smith and 
Carhart et al. at Stanford University 
(6i,21) 

4. STREC by Gribov and Elyashberg et al. 
in Russia (22). 

Since the ACS Symposium volume (6) dis
cusses the first three of these systems, I will 
only mention some of their characteristics and 
then describe the Russian system in a little 
more detail. 

One of the major problems in any system is 
deriving all the possible structures without re
dundancies. The Japanese system derives all 
possible structures that fit a given molecular 
formula, then eliminates the various structures 
on the basis of automatically acquired and in
terpreted ir, pmr, cmr, ultraviolet (uv) and ms 
data. The original work was done only on C, H 
and 0 compounds, but more recently nitrogen 
has heen added (23b). 

The Stanford Group (6i, 21c) has developed a 
highly operator-interactive heuristic program, 
CONGEN, that derive~ the possible nonredun
dtmt ~tructures that are consistent with a mo
lecular formula and any constraints the 
operator wants to impose. These constraints 
may be derived from known chemical reac
tions, such as the number of moles of period ate 
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used up, or from spectral data. The CONGEN 
approach allows the practicing chemist to be 
intimately involved in the process. Much 
more difficult structures can thus be studied 
and the likelihood of missing possible struc
tures is reduced. When no constmints are 
used, the program is similar to that used by 
Sasaki. 

The Arizona State group (6g) has also devel
oped a highly sophisticated interactive pro
gram, CASE, that attempts to pamllel the 
natural product chemist's reasoning process. 
The molecule assembler uses both operator 
data and automatically interprp ed ir and cmr 
data. Possible structures are then checked by 
calculation of the emr spectnlm. CASE has 
been shown to be quite effective on real-world 
problems. 

Finally, let us look at the Russian system 
(22), which follows a somewhat different ap
proach. Figure 5 shows a simplified and com-

!:tl!ll 
ar'~oy _I .... Iter AI a.roy 

PUFORHANCB or ClWIICAL 
nlllC'l'IO!CA1. AlIALYSIS 

CAI.CIJLATION or 
VIUATIO!CA1. SUCTa~ 

Stnaohr •• &anlcld by 
0.&", or •• Il.~UUy 

Figure 5. Condensed Block Diagram of 
STREC. (22). 
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pressed block diagram of STREC. STREC 
sequentially identifies "arious structural 
groups present in the vibrational spectrum (ir 
and Raman) that are consistent with the ele
ments present in the empirical formula. These 
are combined into sets of fragments and then 
assembled into structural formulas under the 
constraints of the identified fragments plus any 
chemical information provided by the opera
tor. The structures are then double checked 
against the vibrational data, previously identi
fied fragments and forbidden fragments (the 
latter corresponds to the BAD LIST used· in 
CONGEN [21c]). The spectral filter prOCess 
is then repeated using pmr, ms and uv data. 
The various fragment libraries include the indi
cated number of fragment possibilities. Only 
the 20 most intense peaks are used from their 
low-resolution mass spectral data. The vibra
tional spectrum of each compatible structure is 
then calculated and compared to the unknown 
spectrum. The result, along with the perform
ance of chemical functional analysis (which 
was not identified in the paper), provides a 
measure of the reliability of the answers. Sev
eral examples of C, H, Nand 0 containing 
compounds with molecular weights up to 202 
were given. 

All of these approaches are promising. The 
Japanese and Russian systems cannot yet at
tempt highly complex structures, but the oper
ator also does not have to be an expert, 
versatile, natural products chemist. All the 
data interpretation is done by the computer. 
The two American systems, on the other hand, 
require qualified operators. Both, however, 
have been used successfully on quite complex 
structures and are indeed an aid to the struc
tural chemist. Both are also expandable 
to include new algorithms that will even
tually reduce the knowledge required by the 
operator. 

-~--------------------------~.----------~ 
._ t' 

I have been unable to determine how much 
interaction between the various interpretive 
routines is allowed. In real life, the approach 
one uses to interpret spectral data depends 
completely on the type of spectra available. 
Generally, the spectral data are highly comple
mentary and not specific to only one type. As 
far as I can determine, the systems described 
above consider each type separately. In addi
tion, aU these r,ystems use a molecular formula 
or empirical formula as input data, but do not 
describe how it is obtained. 

IV. MOFO, A PROGRAM FOR THE 
DETERMINATION OF 
MOLECULAR FORMULAS 

Several years ago, we devised a general pro
gram, MOFO, to assist us in determining the 
molecular formula of an unknown using what
ever data were available (24). As we have only 
a medium-resolution mass spectrometer, we 
could make only crude mass measurements. 
The block diagram of MOFO is shown in Fig
ure 6. Data inputs include the mass and accu
racy of measurement of the parent molecular 
ion and the intensities of the molecular ion clus~ 
ter including any P-H, Hz or Ha ions. The pro
gram has a subroutine, MSMS, that can 
calculate the mass of an ion using distance or 
time measurements from known standard ions, 
such as perfluorokerosene or perfluorotri-Il
butylpmine. The operator then enters the 
upper and lower limits for the number of atoms 
ofC, H, N, 0, S, P, Si, F, CI, Br, I and anyone 
additional heteroatom. The heteroatom can 
be any element; we have used Se, Mg, Cd and 
Fe. SUbIoutine CHECK then generates all 
possible formulas within the limits specified 
and eliminates those corresponding to frag
ment species (points of unsaturation=n+0.5) 
and computes the exact mass for each. If pro-
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Figure 6. Block DIagram of MOFO. 

ton integration data are available, then the for
mulas are further pruned to conform to the 
correct ratio of protons; if cmr data are avail
able a further pruning is done. In either case, 
no i~terpretation by the operator is required. 

The molecular ion cluster of each remaining 
formula is then computed with the associated 
P-H, H2, Ha effects found in the expe~mental 
spectrum. The calculated spe~trum IS then 
compared to the M + I, 2, . . . Ions of the ex
perimental spectrum, as well ~s t~e 
(M + l)/(M +2) ratio and exact mass, If avall
able. These comparisons are then ranked and 
the ten (or fewer) mo!)t likely formulas are 
listed with the best formala first. . 

When only unit resolution ms data are avrul
able the correct formula is chosen first about 
75%' of the time. The addition of pmr or cmr 
data improves the accuracy to about 95%. 
When both cmr and pror data are used, or when 
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high resolution ms data are used, MOFO rarely 
misses. Both our undergraduate and graduate 
students have been using MOFO for several 
years; thus the operator does not have to be 
highly experienced. 
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The Use of Mass 
Spectrometry for Drug 

-rde~cation 

I. INTRODUCTION 

In 1969, usin,gfacilities of the (then) National 
Heart and Lun2 Institute, of the National Insti
tutes of Health, the SUburban Hospital of Be
thesda, MD., in collaboration with NIH 
scientists, undertook a pilot study designed to 
investiaate the possible utility of mass spec
trometry in problems of drug identification. 
As a typical suburban community hospital, 
Suburban Hospital receives a small, but con
tinuine number of patients who have consumed 
eXcessive amounts of drugs, and it was felt that 
rapid and accurate identification of the drug or 
druss involved in each case would facilitate 
treatment. 

The pilot study (1) permitted the conclusions 
that druss could in fact be rapidly and accu-
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rately identified by gas chromatography-mass 
spectrometry and that, in the view ofa ml\iority 
of the attending physicians, the resulting infor
mation was of value in !he clinical handling 
of drug overdoses. Accordingly, in 1971, 
support was sought from NIH by Suburban 
Hospital for the purchase of a gas chro
matograph-mass spectrometer system which 
was to be installed at the hospital and which, it 
was hop.ed, would permit the hospital to con
tinue to offer this service independently of the 
National Heart and Lung Institute's labora
tories. A grant from NIH was secured, the gas 
chromatograph-mass spectrometer was in
stalled at Subr.r:rban Hospital in 1972, and the 
service'has been in use since then. 

The purpose of this paper is to describe the 
results that have been obtained in the period 
since then. 

II. DISCUSSION 

A. Service Area 

The ml\ior user of the drug identification ser
vice is, of course, Suburban Hospital itself. 
During the seven-year period however, in
creasin2 numbers of sample~ from other hos
I- itals have been received at Suburban. 
CU1:~ntly, thirteen of the approximately fifteen 
ml\ior iospitals in the Greater Washineton 
Area, sh,'wn in .Figure J, send samples to 
Suburban Ot' a reaular basis. 

In 1976, Sl.burban Hospital instituted, for 
the first timet a l. barge of approximately $7.5 for 
each gas chroma 'ography-mass spectrometry 
(GC-MS) analysis completed. At the same 
time, major health t'lsurance schemes agreed 
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to accept this expense. As a result of these 
two events, usage of the service offered by 
Suburban had dropped slightly and at the pres
ent time, about 580 cases are handled per 
year. This averages to about 1.~ cases per day 
which is a load that can be carned by.the Spe
cial Chemistry Laboratory at the hospital with
out any major re-staffing. The $75. charge 
covers the cost to Suburban of the service. . 

The cases that are submitted. to the servl~e 
are usually those in which drug 1Ov?lvemen~ IS 

suspected, but the drug or dru~s 10 question 
cannot be identified by other, Simpler means 

h 'f, f from the patient or others, suc as 10 orma Ion 

GASTRIC/URINE (25m!) 

or techniques such as ~hin-]ayer or gas chroma
tography. A substantial numb~r of samples re
ceived contain no drugs, and 10 many others, 
alcohol is the only drug found. In many. of 
these cases, the suspicion that .drugs wa,s 10-

volved was ill-founded and thiS result IS of 
value in treatment. Where drugs are involved, 
their identity is determined and ~eported and 
this information is also of value 10 treatment. 
In this way, the service permits the physician 
to reduce the number of variables that must be 
considered in diagnosis and treatment a~~ con
sequently GC-MS appears to ~~ve a legltl~ate 
role in the functions of a Cbmcal ChemIstry 

TO pH 3·5 WITH N ~S04 
MIX WITH 30 mi. F 

EtOH/CH2CI2 (9:1) 

I 5 n9 DIOCTYL ~ FILTER 
PHTHALATE I 

ACUEOUS. ADJUST 
ORGANIC ACIDS AND TO pH 8-9 WITH 
NEUTRALS (DORIDEN, NaHCO

iH 
MIX WITH 

BARBITURATES, ETC) EtO ICH2CI2 

\J FILTER 

AQUEOUS. ADJUST 
ORGANIC BASES. 

~ GC/MS J TO pH 12 WITH 10N 
(ANTIHISTAMINES, NaOH. MIX WITH 

BENZODIAZEPINS, ETC) EtOH/CH2CI2 

\l FILTER 

AQUEOUS ORGANIC STRONG 
BASES. (P.MPHETAMINES, 

DISCARDED PCP, ETC) 

Figure 2. Protocol For Drug Identification by GC.MS. 
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Laboratory . 
A member of the laboratory staff is on call at 

all times to handle drug identification sam
ples. Those from other hospitals are usually 
delivered to Suburban by car or taxi. The han
dling time, once the sample is received at 
Suburban is between one and three hours. 
The result is then relayed by telephone and a 
written record follows. 

B. Methodology 

The most readily available samples that can 
be obtained for drug identification are blood, 
urine, and gastric contents. Our experience 
with blood has indicated that it is the least use
ful of the three for a number of reasons and it is 
not used unless no other sample can be ob
tained. Gastric contents frequently contain 
detectable amounts of orally ingested drugs, 
unless too much time has elapsed since inges
tion. A number of drugs, ingested in large 
amounts, can be detected unchanged in urine 
many hours after ingestion. Consequently, it 
is requested that, if possible, both gastric con
tents and urine be submitted. When these are 
received at SUburban, they are combined, and 
the mixture is worked up according to the pro
cedure shown in Figure 2. This procedure is 
designed to extract from the sample all organic 
acids, bases and neutrals. No effort is made to 
separate these classes, because the gas chro
matographic step makes this unnecessary. An 
internal standard of dioctyl phthalate is added 
to the extract before gas chromatography. 
'fhis is used to standardize the temperature 
program of the gas chromatograph. 

Two mass spectrometric approaches have 
been used in this work. The method of choice, 
which is used routinely at Suburban, employs 
chemical ionization (Cl) mass spectrometry 
(2), a method that has been shown (3) to be 
readily applicable to pr.oblems in drug identifi-

cation. In the other method, which i:; used as a 
second-string approach, the standard electron 
ionization (EI) mass spectrometric technique is 
used. This is also known (1) to be quite appli
cable to the problem, but, because it aives 
more complex spectra (4), is not used 
routinely. 

The CI GC-MS analysis is carried out using 
the system that iu shown in Figure 3. The sam
ple, after having been processed as shown in 
Figure 2, is injected into the gas chromator 

graph shown in Figure 3. As compounds are 
eluted from the chromatograph, they are ad
mixed with a reagent gas, typically methane, 
and the methane/drug mixture passes into the 
source of the mass spectrometer. Here, chem
ical ionization takes place and the CI mass 
spectrum of each component of the mixture 
is recorded as the substance emerges from 
the chromatograph, which is temperature 
programmed. 

The mass spectra that are obtained in this 
way are very simple. The spectrum of chlor
diazepoxide (Librium) is shown in Figure 4, 
and from this it can be seen that the Cl mass 
spectrum consists mainly of the protonated 

ruMP ruMP 

Figure 3. Gas Chromatograph-CI Mall 
Spectrometer CombinatIon. 
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molecular ion at an mJe value of (M + 1), where 
M is the molecular weight of the substance. 
The molecular weight of the substance can thus 
be determined directly from such a spectrum, 
and the identity of the compound usually fol
lows immediately. A secondary chec'<: on this 
identification is afforded by the retention time, 
or elution temperature of the compound in the 
gas chromatograph. The only important drugs 
with the same molecular weight as each other 
are pentobarbital and amobarbital (M=226). 
Distinction between these, when necess'ary, 
is made possible by examination of either the 
gas chromatogram or the respective EI mass 

toe 

spectra. 
The second method employs EI mass spec

trometry and can be accomplished using any of 
a variety of commercial GC-MS systems. 
These differ from the system shown in Figure 3 
principally in that the source must be operated 
at high vacuum, and so, rather than adding a re
agent gas to the stream emerging from the gas 
chromatograph, a separator is built into the 
system to remove much of the helium carrier 
gas before the stream enters the mass spec
trometer source. The mass spectrometer need 
not be a quadrupole, of course; magnetic sector 
machines are used very commonly. 

CHLORDIAZEPOXIDE (Lt8RIUnl. nij • 299. 

7S 

SO 

25 

I ~1. 0 
I I I ·T .... ·T ·1 I I 1111 1'1 I .! I ·11 a!o I II ·1

35
J 100 150 200 250 

Figure 4. Methane CI Mass Spectrum 01 Chlordiazepoxide (Llbrlum). 
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The EI mass spectra of drugs are usually 
more complex than the corresponding CI mass 
spectra. A typical EI mass spectrum, that of 
phenobarbital, is shown in Figure 5. From 
this, it can be seen that a great deal of fragmen
tation is occurring, and the molecular ion at 
mJe 232, is not the most intense ion in the s~ec
trum. Identification of substances from such 
spec!ra is therefore not always easy and may 
reqUIre the use of a computer search system 
such as the NIH-EPA Mass Spectral Search 

System. An c.xamp{e of the use of this system 
is given in Figure 6: The computer uses the 
two major peaks of the EI mass spectrum (mJe 
204, intensity between 100%, and m/e 232 in
tensity between 20% and 30%) to identify ;he
nobarbitat unequivocally from the data base of 
30,000 mass spectra. 

Using eitHer CI or EI mass spectrometry in 
co~junction with gas chromatography, identifi
catIOn of drugs contained in urine or gastric 
contents has become a standard procedure and' 

13148 50066 989 232 C12H12N203 
2,4,6( 1 H,3H,5H)-Pyrimidinetrione, 5-ethyl-5-pheny/- (9CI) 
MSC 0R.L.FOLTZ BATTELLE MEMORIAL INST., COLUMBUS LAB OHIO 

100 ~SMS-902 PROBE 235200 70 0 0 0 ., , 

80 

60 

40 

20 

o 
20 40 60 80 100 120 140 160 180 200 220 240 260' '280 300 

Figure 5. EI Mall Spectrum of Phenobarbital. 
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Figure 6. Identification of Phenobarbital 
From Its EI Mass Spectrum By Computer 
Library Searching. 

has led to the results that are discussed in the 
next section. 

Ill. RESULTS 

A. Caseload 

The number of cases handled ~y t~e drug 
identification service can be seen In FIg~re 7. 
These data suggest that the rapid growth m th~ 
use of the service during 1973-1976 has ceas~ 
and perhaps that a steady state may soon e 
reached in which between 500 and 600 cases 
er year are involved. This presumably may 

be taken as a rough approximation to the tot?l 
number of serious drug overdoses ~er year m 
the Greater Washington area an~,. If ;orre~t, 
su ests that a single GC·MS facIlity IS e.asIly 
ad!~uate to deal with the me~ica~ drug Iden~ 
tification proble'l1s that anse m such 
community. 
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In the same Figure, it can be seen that the 
mber of drugs identified in each case has re· 

~ained very close to 2 on average. The num
ber of cases in which no drugs were found h~s 
been decreasing steadily for three years, 1~ 
spite of the increase in the total numbe~ 0 
cases This is in part because of mmor 
chan~es in reporting; alcohol, f?rexample, ~s 
been reported as t drug only smce 1975 T e 
d 's also due in part to the fact trtat the ecrease I .. . . 
laboratory has been steadily gammg expen;. 
ence and now recosnize~ a larger number 0 
drugs than was the case in earlier years. 

B. Drugs Encountered 

A total of approximately 90 different drugs 
have been encountered in the seven years that 
the service has been in existence. As can be 

1200 

"(NUMI£II OF CASES 

Figure 7. Seven Vear Summary of Drug 
IdentlflcatJon Program. 
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seen from Figure 8, the most commonly en
countered substance, by far, is caffeine, which 
is found in about 25% of aU cases. Nicotine, 
though somewhat less common, is also found 
very frequently. The most commonly found 
'drug' is aspirin, which is found in perhaps 15% 
of all cases. Aspirin alone is rarely responsible 
for admission to a hospital, except where small 
children are involved. The most commonly 
abused lethal drug appears to be secobarbital, 
which has held this dUbious position through
out the entire seven years of this work. In con. 
trast to aspirin, secobarbital is found both 
alone and in admixture with other drugs, such 
as aspirin. 

Valium, or diazepam, has been the most 
commonly implicated tranquilizer, being found 
consistently more frequen~ly than chlordiaze~ 
poxide (Librium), amitriptyIine(ElaviJ), or me-

DRUG 

CAFFEINE 

ACETYL SALICYLIC ACID 

NICOTINE 

SECOBARBITAL 

DIAZEPAM 

PHENOBARBITAL 

DEXTROPROPOXYPHENE 

AMOBARBITAL 

METHAQUALONE 

CHLORDIAZEPOXIDE 

PENTOBARBITAL 

MEPROBAMATF 

ACETOPHENETIDIN 

Figure'. MOlt Commonly EnCOUNtered Drug •• 

probamate (Miltown). 
The drugs in Figure 8 are those that have 

been found most frequently and it can be seen 
at a glance that the classes represented are but 
three; !)edatives, analgesics, and tranquiliz
ers. This comes as little surprise to students of 
the abuse of lesitimate drugs, and eliminates 
the possibility that stimulants, for example, are 
more abused than other drugs. 

The stimulants that have been found are 
cited in Figure 9, and it can be seen that, ne
glecting caffeine and cotinine, which is a nico
tine metabolite, the Use of stimulants does not 
appear to contribute to the case load substan
tially. In fact, of tile 24 positive identifications 
of amphetamine or methamphetamine that 
have been made in seven years, probably half 
were not tlss(';ciated with an overdosed patient, 
but were SUbmitted as material samples by 

7 YEAR TOTAL 1977 

605 165 
391 116 
282 112 
206 31 
186 32 
179 46 
178 36 
139 20 
135 15 
119 19 
119 

29 
118 22 
107 15 
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legal authorities. . 
In Figure 10 are shown the data concernmg 

sedatives, certainly the most lethal gro~p from 
the perspective of drug overdoses. I~ IS clear 
from Figure 10 that barbiturates dommate the 
class with only occasional appearances of non
barbiturate sedatives such as methaqualone, 

ethchlorvynol and glutethimid~. As was m.en
tioned above, sedatives, partlcula~ly barblt?
rates, frequently are the only dru~ Involved In 
an overdose. Mixtures of barbiturates are, 
however, noted and a very co~mon occur
rence is the identincation in a patle~~ of a bar
biturate sedative and a tranqUlhzer, for 

Stimulant 1972 1973 1974 1976 1878 1977 1978 7 VIII'Totil 

Caffeine 15 
Cotinine (Nicotine metabolite) 
Amphetamille, methamphetamine 0 
Mescaline 0 

17 

3 
o 

49 

5 
1 

118 
1 
1 

2 

182 
13 
2 
o 

Figure 9. Stimulants Encountered In Drug Identification Program. 

185 
14 
8 
1 

Drug 1972 1973 1974 1975 1976 1977 

Secobarbital 23 37 30 ~~ :~ 
Phenobarbital 11 22 20 29 
Amobarbital (Amy tal) 11 30 29 16 15 
Methaqualone (Quaalude) 19 38 24 19 19 
Pentobarbital 12 14 19 19 27 
Ethchlorvynol (Placidyl) 5 j 19 ~: 16 
Methypry!on (Noludar) 7 13 10 
Glutethimide (Doriden) 9 4 25 12 16 
Chlorpromazine (ihorazine) 2 4 ~ ~ 17 
Meperidine (Demerol) 0 3 9 
Butalbital (Sandoptal) 0 3 1 10 2 
Carbromal (Nyctal) 0 14 2 2 5 
Butabarbital (Buti501) 0 2 4 2 5 
Mephobarbital (Mebaral) 0 2 1 1 10 
Vinbarbital (Delvinal) 0 0 0 0 3 
Barbital 0 1 1 ~ 1 
Aprobarbital (Alurate) 0 0 0 2 1 
Hexobarbital (Evipal) 0 0 1 1 2 
Allobarbital 0 0 0 1 
Talbutal (Lotusate) 0 0 0 0 0 
Alphenal 0 0 0 ~ 1 
Cyclobarbital 0 0 0 0 
Benzocain\l (Et Aminobenzt'ate) 0 0 0 0 0 
Methohexital (Brevital) 0 0 0 0 

31 
46 
20 
15 
29 
20 
18 
10 
13 
11 
11 
11 
8 
9 

10 
5 
5 
1 
1 
1 
2 

1 
o 

Figure 10. Sedatives Encountered In Drug Identification Program. 
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81 
18 
5 
1 

1978 

16 
18 
4 
5 
7 
7 
9 
6 
7 
6 
2 
3 
2 
4 
2 
2 
3 
o 
o 
1 
o 
o 
o 
1 

605 
44 
24 
5 

7 Year Total 

206 
179 
139 
135 
119 

96 
8S 
76 
46 
45 
36 
34 
23 
22 
22 
14 
9 
5 
4 
3 
2 
2 
1 
1 
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example, secobarbital and diazepam. A seda
tive which has caused great concern in the past 
is glutethimide. Overdoses of this drug are dif
ficult to handle because the compound is sus
ceptible to enterohepatic re-circulation. In 
1973 and 1974, it was clear from trends such as 
those in Figure II, that abuse of glutethimide 
was threatening to become a serious problem, 
and so the stricter controls that were placed on 
sale of the drug in 1974 seem, in retrospect, to 
have been appropriate. It is not clear that 
steady decline in abuse of glutethimide noted 
since then has resulted only from these con
trols, but the decline is clear and is appreciated 
by physicians. Interestingly, abuse of metha
qualone (quaalude) has experienced a quite 
similar history in the same time period. The 
reasons for this are less clear, but methaqua
lone has received increasing attention from 
legal authorities in the last four years and, per
haps as a result, has become less popular with 
young people. 

60 

50 DOIIIDEN BECOMES 
ll! ." SCHEDULE 2 r.·· ... 

NUMBER 
OF CASES 

B"" I r., \, 
15 I'~........ /,.. '.. \~PHENOBARBITAL 
130 1/ '. --/ i ...... ...,.-SEcOIl ... "eITAL 

I .. 
20 ,' ................... ~ 

/' • ... "'1:>- - -0. _ ~ METHAQUALONE 
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YEAR 

Figure 11. Trends Amongst Sedatives En. 
countered in Drug Identification Program. 

The tranquilizers that have been encoun
tered in overdose cases are identified in Figure 
12. The first three-diazepam, chlordiaze
poxide, and meprobamate-were, between 
1972 and 1976, consistently the most com
monly found drugs in this class. Since 1976, 
however, abuse of chlordiazepoxide seems to 
have been diminishing and at the same time, 
there has been a sharp increase in the appear
ance of amitripty Ii ne (Elavil) and flurazepam 
(Dalmane). As a result, it is likely that there 
will be basic re-ordering of the drugs in this cat
egory during 1978. 

It can be noted from Figure 12 that phency
clidine (PCP), which is widely regarded to be a 
drug that is abused by the young, is not encoun
tered frequently in life-threatening overdose 
situations. Moreover, the fl'equency with 
which this subs:ance is founct in such a setting 
seems not to be changing much from year tl) 
year. 

Some of the trends involving tranquilizers 
can be seen in FieJure 13. In this Figure, it is 
interesting that tne curve for Valium is the only 
one that seems related to the curve for the total 
number of cases, shown in the inset. The de
crease in' the occurrence of Librium in over
doses has been noted, as has the increase for 
Elavil. The recent, sharp drop in the curve for 
Dalmane defies explanation and clearly more 
data are needed before any commentary on 
such trends isjustified. 

Beyond the major classes of sedatives, tran
quilizers, and analgesics and the trivial cases of 
alcohol, nicotine, and cotinine, other classes of 
drugs that are involved in overdoses are relax
ants and ~nticonvulsants, of which diphenylhy
dantoin is most frequently observed, and 
antihistaminics, a group headed by diphenhy
dramine. In addition to these a number of mis
cellaneous compounds have been found in the 
course of t"is work. These include nicotine 
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The Identification of Drugs 
and Related Subs' :ances by 
Comput~r-Aided Mass 
Spectrometry 

The combination of a gas chromatograph 
which is capable of separllting very small quan
tities of rather complex mixtures with a mass 
spectrometer, an instrument of high sensitivity 
producing data which are overabundantly cor
related to the structure of organic compounds, 
has emerged as one of the most powerful tools 
In organic analytical chemistry. The two 
methods are highly compatible with respect to 
sample properties, both being very sensitive 
and operating with samples in the gas phase, al
beit at quite different pressures. The chief lim
itations, volatility and thermal stability, can 
often be overcome by suitable chemical 
derivatization. 

It is therefore no wonder that the gas chro
matograph-mass spectrometer has found wide 
application in organic, bio- and clinical chemis
try, particularly for the identification and quan
tification of drugs and their metab0lites. This 
group is well suited because most drugs are or
ganic molecules of a size (generally ranging in 
molecular weight between mass 150 and 500) 
which present no problem for even relatively 
simple mass spectrometers and they are 
usually sufficiently volatile, especially if their 
polar functional groups are properly deriva
tized, to be amenable to gas chromatography 
and therefore also to mass spectrometry .. 

In a previous paper, M. G. Homing (1) has 
outlined the use of this technique for the quan
tification of various components of body fluids 
for clinical diagnosis, chiefly in the newborn 
and infants. In contrast to the quantitation of 
compounds known to be present in a system, 
the identification of unknown substances has 
somewhat different requirement~. For that 
purpose, one has to record complete mass 
spectra during the ~ntire gas chromatogram in a 
continuous, fast, and repetitive mode to insure 
that every compound emerging from the gas 
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chromatograph can be characterized. In ear
lier days the identification was attempted by 
sl.dnning the mass spectrometer at the maxi
mum of each gas chromatographic peak or 
shoulder. The tediousness of this approach, 
particularly the transformation of the raw data 
to an interpretable format, as well as the need 
to record mass spectra at many sections of the 
gas chromatogram to avoid missing a crucial 
but perhaps minor component, led to the auto
mation of the recording step through digital 
computers (2). ContinuoU!i recording of mass 
spectral data during the entire gas chromato
gram assured that no information remained 
unrecorded. This, in tum, caused a complex 
data handling problem because one was sud
denly faced with hundreds of mass spectra gen
erated within the time span of a gas 
chromatogram, a period of perhaps thirty min
utes. A number of computer approaches were 
developed to efficiently digest the information 
content of these data and G. W. A. Milne has. 
summarized these (3). Once the techniques 
for the automatic recording of the data and 
computer-based identification of the resulting 
mass spectra had been developed, it became 
the logical next step to fully automate this proc
~ss, namely to generate a gas chromatogram in 
which all fractions are automatically identified 
and the information available at the end of the' 
experiment. 

We were prompted to develop this system in 
the course of a program which involved the col
laboration of our laboratory with various hos
pitals in the Greater Boston area to determine 
drugs and related substances in the body fluids 
of comatose patients who had ingested, acci
dentally or on purpose, a large amount of one 
or more drugs or other toxic substances. In 
these cases the results had to b(; available in as 
short a time as possibl~ and the frequency of 

I 
I 
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thes.e cases (sometimes a few a day) made auto
~atlOn mandatory. To im::>rove our own effi
clenc~, and for use in laboliitories where very 
exp~rIelnc:d mass spc;;ctrometrists were not 
avada~ ~, It was desirable to automate the pro-
7edures so as to require nominal decision mak
Ing bY,the analyst. Figure 1 shows a simplified 
flow diagram of the steps involved. 

The operation and function of the gas chro
matograph-mass spectrometer have been out
lined previously by M. G. Homing (1) and the 
comparison technique of unknown mass spec
tra with the collection of known spectra ("Li
brary Search") has also been i1iSl is sed by 
~. W. A. Milnl! (3). In our laboratory we use a 
Simple matching routine which compares the 
relative intensities of the two most intense 
peaks in consecutive 14 amu sections of the 
mass' spectrum of the unknown with the sam., 
set of data from each one of the known sub
sta~ces in. the li?rary. A weighted average of 
~he Inten~Ity ratios of the matching pairs (or its 
Inverse if the value is larger than 1) is com
puted add serves as an indication of the degree 
of identity of the mass spectrum of the un
known and each particular known spectrum 
(this is the "Similarity Index") (4). If this 
comparison had to be done for alt of the pres
ently ~vailable 20,000 to 30,000 known mass 
spectra with each of the few hundred mass 
spectra recorded during the gas chromatogram 
the process would be too slow to allow com
parison for each one of these spectra. Two 
factors h:lp ~o reduce this tim.e to a tolerably 
short penod In the case of the Identification of 
drugs in body fluids. First, one needs to iden
tify only 70mpounds that are likely to be pres
ent, parttcularly drugs and their metabolites 
and other toxic substances. The number of 
these is well below or..e thousand. Secondly, 
one can make use of the one piece of informa
tion which the gas chromatograph provides 
namely the retention time of the substance i~ 

question, Since this parameter is characteris
tic and reproducible for each compound under 
identical conditions or, if converted to the re
tention index (5), even under non-identical 
conditions, one can eliminate from the com-

INJECT 
SAMPLE 

RECORD 
MASS SPECTRA 

DETfRMIHE 
RETENTION 

INDICES 

SEARCH 
LIBRARY 

r~ESENT 

LSULTS 

~lgur8~. Flow diagram for automatic Iden
tltlcatton of components of complex mix
tures. 

Reprinted with permLs/on of authors and publisher. 
Original appeared It. paper by C. E. Costello, H. S. 
Hertz, T. Sake/and K. Blemann, Clinical Chemistry 20 
~n9~ , 
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parison those which differ in retention index by 
a preselected value and therefore cannot possi
bly be identical. To make use of this concept 
in real-time applications, however, it is neces
sary to automatically and conc,urrently deter
mine the retention index of the unknown 
material emerging from the gas chromatogmph 
in order to have this information available for 
use in the spectral comparison process. Such 
a technique was developed (6) based on the au
tomatic, mass spectrometric identification of 
three standard hydrocarbons co-injected with 
the sample. From the position of these hydro
carbons in the gas chromatogram a retention 
index scale is established and a retention index 
is associated with each consecutively recorded 
mass spectrum. 

Using two restrictions, a limited library con
taining only the known spectra of compounds 
of possihle interest and the correlation of reten
tion indices, the time required for the compari
son of each consecutive mass spectrum is less 
than it takes to print the name of the most simi
lar compound on a line printer. Thus one 
achieves an identification of the materials 
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Flgure 2. Total Ionization plot (gas chroma
togram) of III methylone chloride extract of 
a blood sample. 
Reprinted with permission 01 authors and publisher. 
Origin III app.ared In pape, by C. E. CosteI/o, H. S. 
Hertz, T. Sale., and K. 8lomann. Clinical ChemIstry 20, 
255 (1974). 
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emerging from the gas chromatograph at inter
vals corresponding to the scan time of the mass 
spectrometer, in our case 4.0 seconds (7). As 
an illustfation Figure 2 shows the gas chroma
togram of a methylene chloride extract of a 
blood sample from a patient brought to Massa
chusetts General Hospital after first being ad-
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Figure 3. Section of printout of the results 
of the automatic Identification of each con
secutlve mass epectrum recorded during 
the gas chromatogram shown In Figure 2. 
For details see text. 
Reprinted with permission of authors and publisher. 
Original appeared In p~per by C. E. CosteI/o, H. S. 
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mitted to a suburban hospital. Figure 3 shows 
a portion of the above mentioned printout of 
the results of the automated identification 
program. 

In order to render this listing visually more 
comparable to the gas chromatogram, the 
printing of the name of the identified substance 
is displaced to the right by a number of blank 
spaces related to the intensity of the spec
trum. Thus a profile resembling that of the 
original gas chromatogram is obtained, along 
which the name of the emerging compound is 
printed. Below a certain level ofintendty and 
similarity with any of the substances in the li
brary, the comment "no finds" is printed. The 
values below each line represents the consecu
tive scan index number, the similarity index, 
and the code number of the compound in the li
brary. In this section of 55 consecutive spec
tra, meperidine elutes as the m!\ior component 
followed by one of the hydrocarbon standards, 
a trace of stearic acid, and finally methaqua
lone. The next peak in the gas chromatogram 
(not shown in this figure) was identified in the 
same manner as diazepam. It is worth noting 
that this patient had apparently a blood level of 
meperidine of twice the lethal dose and his sur
prising survival was due to the efforts and ex
pertise of the attending personnel at MGH. 
This example also prints out one of the m!\ior 
problems in the analysis of body fluids, namely 
that the ingestion of multiple drugs is becoming 
more and more common. Their unambiguous 
detection and identification require methods 
that are very specific and free from cross 
interference. 

The recording of mass spectra at repetitive 
fixed time intervals during the gas chromato
gram not only assures that one or more mass 
spectra are taken from each compound present 
in the mixture but it also adds a third dimension 
to the data accumulated, namely time. In the 
examples discussed above, only the mass spec-

trum itself and the computer analog of the gas 
chromatogram (the total ionization plot, which 
is generated by summing all intensities in each 
one of the consecutive mass spectra and plot
ting that summed intensity versus time) were 
utilized. Alternatively, one can plot the rela
tive abundance of a particular mass in the 
course of the gas chromatogram. thus generat
ing n plot that is identical to the one which 
would have been obtained if the mass spec
trometer had remained focused at that particu-

.lar mass rather than having scanned the entire 
spectrum. This plot can be generated after the 
experiment from the complete set of the mass 
spectra by selecting any particular mass and 
looking at its intensity versus time. Since all 
data have been recorded, one can generate a 
piot of this type for any and therefore all masses. 

Figure 4 shows a graphic representation of 
this principle: The x I y plot at the migin of the z 
axis represents time (x) versus summed inten

.sity (Y), i.e. the gas chromatogram. The same 
x, y coordinate along the z axis (mal)s scale) 
represents the relative intensity of that 'particu
lar mass during the course of the gas chromato
gram (a so-called mass chromatogram) (8). 
Finally the z, y a):is represents mass (z) versus 
intensity (y), i.e. the mass spectrum at any 
given point llil.lng thex axis. 

Such mass chromatograms have turned out 
to be extremely useful for a variety of pur
poses. For example, they can be used to in
crease the apparent resolution of a gas 
chromatogram and at the same time to remove 
the contributions of adjacent or unresolved gas 
chromatographic fractions to the spectrum of 
the component of interest (9). The principle of 
this approach is shown in Figure S which shows 
a section of a poorly resolved gas chromato
gram (heavy solid line) and superimposed, the 
mass chromatograms ofm/e 179,310, and 256, 
all of which maximized in that general aren. It 
is immediately obvious that the component 
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that gives rise to a sharp peak in the mass chro
matogram of mass 310 is not resolved from the 
front of the very broad peak due to a substance 
exhibitinganionofm/e256. Furthermore, the 
component that shows a peak at mass 179 trails 
into the one responsible for the maximum of 
m/e 310. It is clear that all other mass chroma-
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tograms of masses associated with the mass 
spectrum of one of those three compoltnds 
must have exactly the same shape and one can 
therefore generate the "pure" mass spectrum 
tby plotting only those masses which maximize 
at the same scan index number versus relative 
intensity. 

... 
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Figure 4. Representation of the three dimensional nature of the Information conllPJ 0' 
GC-MS-data. 
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Figure 5. Overplot of three mall chromato
grams characteristic of three plrtlally re
solved component, to Illustrate the 
principle of "reconstruction" of mass spec.
tra (see text). 

This procedure automatically eliminates the 
contribution of leading or tailing edges of unre
solved peaks to the central component. For 
example, mass 179 will not show up in the "re
constructed" mass spectrum of the component 
giving rise to the peak at mass 310 and mass 256 
will also be eliminated. This approach repre
sents a very sophisticated method of "Lack
ground tl subtraction, far more efficient than 
that which one would have obtained by sub .. 
tractmg the background spectrum obtained at a 
place in the gas chromatogram where the signal 
approaches the base line. Equally important is 
the fact that plotting the sum of the maximizing 
intensities rather than all intensities results in a 
plot in which the peaks appear to be extremely 
sharp, their widths being one or two scan 

.-

interval.;. 
Figure 6 compares the conventional total 

ionization plot (gas chromatogram) with this 
"mass resolved gas chromatogram". It 
should also be noted that along the x axis is 
plotted not only the I:pcctrum index number 
representing a time scale (time = spect"um 
index number times 4.0 seconds) but also the 
retention index associated with each scan, 
derived from the three internal hydrocarbon 
standards as mentioned previously. This 
treatment of the data not only leads to an ap
parent improvement in the gas chromato
graphic resolution but, as described earlier, 
also generates "cleaner" mass spectra. Need
less to say, the reliability of the comparison of 
such spectra with the library of authentic mass 
spectra leads to a better correlation because 
the contributions of incompletely resolved 
components have been eliminated. As an ex
ample, the results of the library search of scan 
181 of Figure 6 is shown (Figure 7) both for the 
original chromatogram where there is a barely 
discernible shoulder and the mass resolved gas 
chromatogram where this shoulder has been 
converted to a discernible small peak. Com
parison of the original mass spectrum with the 
library of drugs and related substances lists a 
number of methaqualone metabolites as well as 
two diphenylhydantoin derivatives. The simi
larity index, shown in the right hand column, to 
those authentic spectra is extremely low, indi
cating a very questionable assignment. How
ever, comparison of the reconstructed mass 
spectrum at this point in the gas chromatogram 
shows a significantly high similarity to a meta
bolite of diazepam, the correct identification 
(Figure 7). 

One of the most unique aspects of our data 
processing system is the method of display and 
permanent storage of all data. Rather than the 
experimenter using display terminals on the 
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computer to inspect the data in a dialogue mode 
by requesting the computer to display the perti
nent set of data such as a mass spectrum, a 
mass chromatogram, etc., al1 data are immedi
ately and consecutively displayed on a cathode 
ray tube and the image permanently recorded 
on 16 mm microfilm (10). The entire operation 
is under computer control and is carried out 
while the raw data recorded during the experi
ment are converted to their final form, namely 
mass spel.:tra and mass chromatograms. In 
this manner, the experimenter has all the pri
mary data available on microfilm within about 
15 minutes of the completion of the expenment 
because the film is developed in an automatic 
film developer (Prostar, Eastman Kodak and 
Company). The microfilm is inspected using a 

. 
VIUNt! 65ft_ KGH 

fteftULTS 

M!THAQUALONP. MTft a 

microfilm reader and copies of any image can 
be obtained from a hard copy unit. The mass 
resolved gas chromatogram and the recon
structed mass spectra are part of the micro
filmed data set if so desired. In this way the 
experimenter can interpret and Inspect aU the 
data at his or her leisure independent of the 
computer which therefore is available to others 
for the accumulation of the ne!Ct~~aJa SJ~l. == 

This microfilming technique has made it pos
sible to treat a much larger volume of data in a 
comprehensive manner than otherwise possi
ble. One of these involves the simultaneous 
inspection and interpretation of more than one 
set of GC-MS data. Generally, it is extremely 
cumbersome to compare the data of one such 
experiment with that of another because they 
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have to be inspected consecutively. The mi. 
crofilming system permits one, however, to in
terleave or merge a number of experiments in 
such a fashion that the mass chromotograms of 
the same mass number of the various experi
ments are displayed together on one microfilm 
frame for earlier comparative inspection. It is 
useful to examine a nllmber ofGC·MS data sets 
for the presence of certain compounds, ex
pected or unexp2cted, which could serve to dif
ferentiate one family of samples (for example 
patients, drugs of various origins, etc.) from 
another. The identity of the pattern of the 
mass. chromatograms of certain mle values 
within each group but differing from the other 
group which in turn is characterized by a family 
of similar mass chromatograms serves this 
purpose. 

As a very simplified example, the survey of 
urine specimens containing phencyclidine and 
codeine and their differentiation from those 
free of the drug will be discussed. Figure 8 
shows the mass spectrum of phencyclidine 
which is characterized by an abundant ion of 
mle 200, as well as others at mle 86, 91, 243, 
etc. The mass chromatograms of mle 200 of 

roIf'.( cxg 

1 1 I 
'I 'I I 

Figure 8. Mass spectrum of phen'cyclldlne. 
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five emerged OC-MS runs are shown in Figure 
9 which dramatically reveals that four of the 
five samples do contain the drug as indicated by 
the sharp maximum at the same spot in the gas 
chromatogram (normalized scan number 103) 
at the retention time appropriate for PCP while 
the fifth one does not show this maximum. 
Since all are plotted on the same scale, one can 
quickly make an estimate of the relative 
amounts of the drug present. Not shown are 
the mass chromatograms at other characteris
tic mass numbers which show the same pat. 
tern, thus supporting the conclusion. 

Another example is the search for codeine in 
the same five samples. This substance shows 
an abundant peak for the molecular ion mle 299 
(Figure 11). Its mass chromatogram fEr the 
same five merged sets is shown in Figure 10. It 
is clear that two of the specimens do contain 
codeine while the other three are free of it. In 
these experiments atl mass chromatograms (for 
mass 30 to mass 450) were merged and micro
filmed for visual inspection. One could, how
ever, just as well merge only those mass 
chromatograms of masses which are expected 
to be significant. 

This approach is very useful for the inter
comparison of large numbers of GC-MS data 
sets by convenient visual inspection. Presen
tation of the data on microfilm takes the load off 
the computer because the merging of all the 
data requires a large amount of primary and 
secondary data storage capability. The num
ber of data ~ets that can be merged is almost un
limited because the microfilm reader displays 
consecutive frames continuously and at any 
desired speed. Even though only five or six 
mass chromatograms are visible at one time 
on thQ screen, inspection of ten to twenty con
secutive mass chromatograms is still quite 
convenient. 

The data procegsing and evaluation tech-
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Figure 9. Set of mass chromatograms of mle 200 (characteristic for phencyclidine) ob
tained by merging the data from five GC-MS analyses of urine samples showing that four 
contain phencyclidine but one does not. 
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F',ure 11. Masl spectrum of codeine. 

niques which we have developed in our labora
tory and are describing in this paper have 
proven very useful for the handling of the very 
large amount of data which are generated by a 
gas chromatograph-mass spectrometer system 
coupled to a computer and used for spl!cific 
identifications or general surveys of complex 
mixtures of biological origin. 

The availability of all original data on 16 mm 
microfilm, one of the most widely used infor
mation storage media, lends itselfwelJ to .distri
bution and interchange of data. For example, 
the entire set of results can be mailed to the lab
oratory where the sample originated and us~d 
and interpreted there on a microfilm reader 
rather than requiring a computer compatible to 
the one Which generated the data. 

The permanency, completeness, arid au
thenticity of the microfilmed data should make 
it a particularly useful record for forensic prob
J~ms where the result may become part of legal 
proceedings. 
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Development of a National 
Criminalistics Laboratory 
Information System 

I. INTRODUCTION AND BACKGROUND 

A Criminalistics Laboratory Information 
System (CLlS) is being established as a,service 
to all law enforcement agencies-local, state, 
and Federal. CLlS will be a computerized lab
oratory information system for the colJection 
and dissemination of forensic science material 
for law enforcement laboratories. Through it, 
forensic science data will be identified, col
lected, and stored for on-line retrieval by foren
sic scientists acros~ the country. 

Late in 1%9 and during 1970, the Law En
forcement Assistance Administration spon
sored Project Search {System for Electronic 
Analysis and Retrieval of Criminal Histories}. 
The purpose of this project was to demonstrate 
the feasibility of an interstate exchange of crim
inal history data by means of a computerized 
system. 

In July, 1973, Project Search (now Search 
Group, Inc.) as part of its ongoing program of 
facilitating the application of advanced tech
nology to the administration of criminal justice, 
formed a committee consisting of 16 authorities 
in the forensic sciences to address itself to 
three topics: (1) information needs of ~riminal
istics laboratories throughout the United 
States; (2) conceptual design of an automated 
information storage and retrieval system; and 
(3) creation cf a plan for implementating the 
system. This study was completed in Decem
ber, 1974. 

Two primary questions emerged from the 
study: (1) What agency will host CLlS? (2) 
What telecommunications network will pro
vide communications services for CLlS? The 
study concluded that responsiveness of CLlS 
to its users and high priority development at the 
national level are more likely if the national 
data bases and the processing are maintained 
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by a functional crime laboratory with wide for
ensic experience and operations. 

On September 8, 1976, the Attorney General 
of the United States granted permission to the 
FBI to implement a prototype and full CLlS 
system. The FBI Laboratory will host the 
data base and FBI National Crime Information 
Center (NCIC) tele~ommunications lines will 
be used to access it. 

II. NCIC TELECOMMUNICATIONS 

The idea of the National Crime Information 
Center was conceived in the early 1960's, When 
it appeared that advances in computer technol
ogy could answer law enforcement's growing 
need for rapid dissemination of vital informa
tion. The FBI, in conjunction with the Advi
sory Group to the Committee on Uniform 
Crime Records aod International Association 
of Chiefs of Police (which group is made up of 
law enforcement representatives from local, 
state, and Federal agencies) recognized the ad
vantages a computerized index of information 
could offer criminal justice agencies. The offi
cer on the street would have a wealth of infor
mation concerning crime and criminals at his 
command at all times. 

In January, 1967, NCIC became opera
tional. This Center serves as a nucleus of a 
va~t communications network which includes 
local, state, and Federal criminal justice agen
cies throughout the United States, Canada, and 
Puerto Rico. Designed to complement the de
velopment of metropolitan and state-wide in
formation systems, the NCIC in a matter of 
seconds makes available information essential 
to the effective performance of law enforce
ment personnel. 

The NCIC computer equipment is located at 

FBI Headquarters in Washington, D.C. The 
equipment includes rapid access storage units 
with a capability of accommodating records 
representing an index offugitives, missing per
sons, and stolen property. In a matter of sec
onds, stored information can be retrieved 
through the telecommunications network. 
Connecting terminals are located throughout 
the country in police departments, sheriffs of
fices, state police facilities, Federal law en
forcement agencies, and other criminal justice 
agencies. The NCIC computers are linked to 
many state-wide and metropolitan area com
puter systems, thus providing a large number 
of criminal justice agencies with access to 
NCICfiles. 

CLlS will function as one file of NCIC. 
CLlS messages will be received via telecom
munications lines by the NCIC computer. Im
mediately upon receiving the message the 
NCIC computer will acknowledge receipt of 
the message. The CLlS message then wiJI be 
written on an input queue for later processing. 

III. MANAGEMENT OF CLIS 

In developing management guidelines for 
CLlS, provision for maximum input by the 
American Society of Crime Laboratory Direc
tors (ASCLD) on aU matters has been made 
since the Society is representative of the crime 
laboratory community in the United States. 

. The ASCLD Board of Governors had adopted 
the following resolution: 

The Governing Board 0/ Ihe Americall Society 0/ 
Crime Laboratory Directors (ASCLD) resOl'les Ihat in 
the implemelltalion 0/ a Crlmillalisties Laboratory In
/ormallon System (CLlS) Ihal a CLlS Operating Com
mittee be established to (1) revlell' and consider rules, 
regulations and procedures /01' operation 0/ CLIS,' (2) 
set standards/or partlclpatloll by crime laboratories,· (3) 
select laboratories/or participation in the prototype and 

/u/l CLIS system; and (4) make determinations as to the 
files that will be imp/emel/fed in eLlS. The Board/ur
ther resolves that the CLlS Operating Committee should 
be composed 0/ se~'ell members, /ollr '0 be lIominated 
by the ASCLD GOl'eming Board from among ASCLD 
member laboraflJries/or apprOl'al by the Director, FBI; 
and three to be appoil/ted by the Director, FBI: one 
each from the FBI, Drug E'n/orcemellf Administra
lioll alld Bureau 0/ Alcohol, Tobacco, and Firearms 
Laboratories •.. 

Although the CLlS Operating Committee has 
overall responsibility for developing policy for 
CLlS, the FBI Laboratory has direct responsi
bility for the implementation of the system 
which includes file development and quality 
control. In addition, a representative of the 
FBI Laboratory is required to furnish a semian
nual status report on CLlS to the NCIC Advi
sory Policy Board. 

IV. SELECTION OF DATA FILES FOR 
PROTOTYPE SYSTEM 

In October, 1976, the CLlS Operating Com
mittee held its first meeting. The primary issue 
resolved was the selection of data files for the 
prototype system. First priority was a recom
mendation to establish a General Rifling Char
acteristic File consistent with the ability to 
determine the possible make and model of a 
firearm from the general rifling characteristics 
present on a fired bullet and the possible make 
of a firearm on the basis of markings present on 
fired cartridge cases. The recommendation 
was based on the perception of the widespread 
need for this file with respect to crimes against 
persons, the unavailability of the file from com
mercial sources, and the large number Qf law 
enforcement agencies requiring this service for 
firearms-related matters. 

Second priority was a recommendation to 
establish effective standard procedures for 
identification of unknown compounds by the 
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use of infrared spectrophotometry. The data 
file should be capable of being referenced 
through a manually coded data format ofthe in
frared spectrum. This recommendation was 
based on usage by the largest proportion of 
laboratories since the forensic community uti
lizes this universal technique for a wide variety 
of physical evidence examinations. Infrared 
spectrophotometry is a versatile method of 
analysis and is generally used in laboratories 
ranging from the highest to the lowest level of 
sophistication. 

Third priority was a recommendation that in 
the event of successful implementation of the 
first and second priorities, consideration be 
given to establishing a Mass Spectral Data File. 

The priorities were developed based upon in
formation available from the initial study by the 
CLlS Committee of Search Group, Inc. Addi
tionally, input was provided in the areas of 
firearms, instrumental analysis, computer sci
ence, and data management by advisors to the 
CLlS Operating Committee. 

V. SELECTION OF PROTOTYPE 
LABORATORIeS 

A profile of potential CLlS user laboratories 
was developed by the CLlS Committee of 
Search Group, Inc. in its 1974 study. This pro
file was developed based upon responses to clem 
tailed questionnaires received from 168 
laboratories supplemented by on-site staff in
terviews with a representative sampling of 
these laboratories. This material was made 
available to the CLlS Operating Committee to 
assist in the s~lection process of the prototype 
laboratories. In order to be considered for se
lection as a prototype laboratory, a laboratory 
must have responded to the questionnaire in 
the 1974 study. Additionally, other selection 
criteria included geography, laboratory size, 
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caseload, availability of high speed circuits to 
NCIC and utilization of infrared spectropho
tometry in compound identification. 

Laboratories. which appeared to meet the 
necessary criteria were sent a questionnaire to 
obtain additional information and to verify that 
they did, in fact, meet the required criteria. 

On July 11, 1977, the CLlS Operating Com
mittee selected 43 laboratories to participate in 
the prototype development ofCLlS. 

VI. CURRENT DEVELOPMENTAL 
STATUS OFCLIS 

The present objectives are to implement a 
prototype CLlS consisting of the participating 
laboratories, to train personnel who will be in
volved in the eLlS and to provide user operat
ing and training manuals. The prototype 
system is expected to become completely oper
ational in 1978 with a General Rifling Charac
teristics File and an Infrared Spectral Data 
File. Currently our scientific personnel have 
accumulated and encoded data from over 
15,000 bullets and cartridge cases which is the 
basis of the General Rifling Characteristics 
File. 

The General Rifling Characteristics File has 
been brought on-line in the FBI Laboratory. 
This prototype laboratory is serving to debug 
the system. It was originally planned to bring 
each prototype laboratory on-line on an indi
vidual basis over a period of time. However, it 
is now felt that the training of a firearms exam
iner who will use the system from each of the 
prototype laboratories can most effectively be 
provided if all are trained as a group. 

Accordingly, a CLlS Users Meeting is sche
duled for May 30-31, 1978. 

Following the development of the prototype 
eLlS, implementation oftbe complete system 

, 
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wiJ] beg~n conSisting of an expanded data base 
and addItional Participating laboratories. 

VII. SUMMARY 

The FBI has been designated by the Attor
ney ~enera1 of the United States to develop 
and Implement a nationwide Criminalistics 
~boratory Information System (CLlS). This 
WIll be a computerized labor:- t ,ry information 
system for the collection and dissemination of 
forensic science material for law enforcement 
thro~gh~ut the United St· ·es. Through it, fo
rensIc sCIence data will bl' ,,; mtified, collected 
an~ stored for on-line retril val by forensic sci-

. enhsts across the country. 
The forensic science data will be stored cen

trally at FBI Headquarters and transmitted 
over the National Crime Information Center 
(NCIC) telecommunications lines. The FBI 
Laboratory will maintain the files and perform 
related quality control tasks. 

The model for a CLIS \.''', developed by 
Search Group. Incorporated. This portion of 
t?e pr~ject which inclUded the conceptual de
sIgn was completed in December, 1974. TIn 
prototype CLlS and complete system will be 
developed by the FBI. 

Forty-three laboratories will participate in 
the prototype CLlS. The objectives of this 
ph~e~ are to implement a Rifling Class Charac- ' 
teristics File and an Infrared Spectral Data File 
and train personnel Who will be involved in 
CLlS. 

Eollowing the development of the prototype 
C~IS, i~plemen~ation of the complete system 

· wIll begm. consIsting of an expanded data 
· base and mcreased number of participating 
· laboratories. 

r 
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Development and Use of 
Computer systems in the 
Virginia Bureau of 
Forensic Science 

I. HISTORY 

in 1972. the Virginia General Ass~~~ly en
acted legislation to establish the Dlvl~lon. ~f 
Consolidated Laboratory Services. Thl~ Dlv!
sion consists of four Bureaus-~ore~s!c ~CI" 
ence Environmental Science, Mlcroblologtcal 
Scie~ce, and Product Testing. The Bureau. of 
Forensic Science was designed to prOVide 
compreh~nsive laboratory services.from more 
th 350 law enforcement agencies. P~es
e~~y the Bureau of Forensic Science consists 
of a ~entral laboratory in Rich~o?~ and re
gionallaboratories in Northern Vlrguua, Roan-
oke, and Norfolk. . 

On April 13, 1973, Computer SCiences Cor
poration was aWarded a contract by Common
wealth of Virginia, Division of Automated Data 
Processing, Richmond, Virginia, to pCrfor~ an 
engineering study to develop a configuratton, 
cost and implementation schedule for a Labo
rato;y Data Acquisition System for ~h~ ~on 
solidated Laboratory in Richmond, Vlrgmla. 

A. The Objectives of the Study. 
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Gather Detailed Information on Labo-
1. ratory Instrumentation and Opera

tion. 
This includes type and number .of 

instruments, instrument charactensM 

tics, number of analyses, p:oblems ~5-
sociated with each analy:ml: locatIon 
of instruments, etc. In thiS regard, 
disclJssions were held with cognizant 
laboratory personnel. 

2. Define Data Acouisition, CdoD~pulta-
tion, Control, Reporting, an ISP ay 
Requirements. 

: I II . 

-------- ~ 

Paul B. Ferrara and Michael P. McGee 

Division or Consolidated Laboratory Services 
Bureau of Forensic Science 
P.O. Box 999 
Richmond, Virginia 23208 

and 

Robert J. McGann 

Division of Consolidated Laboratory Services 
1 North 14th Street 
Richmond, Virginia 23219 

This task determined the wor~ }~ad 
for the laboratory data acquIsItion 
system. A document was prepared 
that identified each instrument to be 
scanned, scan frequency,. foregro~nd 
and back:~round processmg reqUire
ments, type and nu~ber of reports to 
be generated, workmg and bulk ,-"em
ory requirements, and operator mter
face. Schematics were pr:pared, as 
required, to show the van~us ha~d
ware ekments in the system mcludmg 
instrument detector and intc"!a1 con
trols, electrical signal conversIOn and 
conditioning elements, and. compu!er 
input/output (1/0) conversion eqUip
ment. 

3. Define Functional Capability of Com
puter Hardware and Software. 

The functional capability of com
puter hardware and s~ftw.are ne;ded 
for the laboratory applIcation wa ... de
scribed.. The various softw~re m?d
ules were identified, mcludmg 
systems, applications, and support 
routines. The computer hardware !e
quirements were identified, covenng 
Central Processing Unit (CPU) speed, 
working Il'o:mory type and size, .b~lk 
memory type and size, analogldlBl!al 
input/output subsystem characteris
tics telecommunications, operator 
inp~t/output devices, and program
mer station. 

4. Develop Alternative System Configu-
rations. . 

Certain design differences were 10-

I 

, ' 
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corporatcd into each system includ
ing: 
a. Technique used to gather and re

duce analytical data (e.g., peak 
picking vs. peak integration). 

b. Dedicated minicomputers to han
dle the same type of lab instru
ment vs. general pUrpose (large) 
computer to handle all the instru
ments. 

c. Data acquisition and reduction 
performed on minicomputer
based system and subsequent re
port generation, statistical analy
sis, etc., performed on a Jarger 
central computer system. 

The reason for investigating alter
native system configurations was to 
insure that the system eventually 
selected will have the best cost-to
performance ratio consistent with 
the input/output processing require
ments. 

5. Conduct Survey of Vendor Hard
ware/Software Packages. 

A survey of existing computer hard
ware/software packages that included 
an instrument data collection program 
was conducted. Ml\ior computer 
vendors with proven hardware/soft
ware were included in the survey. 

6. Determine Cost and Performance for 
es.ch Alternative System. 

A cost estimate was developed for 
each alternative system. The cost 
was broken down into several cate
gories, including: 
a. Computer hardware and soft

ware. 
b. System design and engineering. 
c. Field instaUation, start-up and 

training. 

The anticipated performance of each 
system was evaluated. 
Performance factors included the fol
lowing: 
a. Reliability. 
b. Developmental risks. 
c. Ease of operator use. 
d. Ease of maintenance. 
e. Future expandability. 

Using the cost estimates and perform
ance ratings developed above, the opti
mum system configuration was 
selected. 

fl. CURRENT 
CONFIGURATION 
AND 
CAPABILITIES 

The system configuration for the Laboratory 
Data Acquisition System for the Bureau of Fo
rensic Science in Richmond (Fig. 1) is com
prised of two Hewlett.Packard 2100A 
minicomputers. System No.1, with a 32K 
core memory and Real Time Executive (RTE)
II operating system is interfaced to low-data
rate instruments such as gas chromatographs. 
It acquires data from each instrument in real
time, stores and processes the data, generates 
analysis reports, provides "background" ca
pability to enable compilation and debugging of 
new programs and non time critical analysis of 
reduced data on-line, and permits communica
tion with System No.2 computer and telecom
munications with a computer located at the 
State Data Processing Center. 

System No.2, with 16K core memory and 
Disk Operating System (DOS)-III operating 
system, is interfaced to the high-data-rate in
struments, such as a mass spectrometer. It ac
quires data from these instruments in real-time, 
generates analysis reports, plots analysis re-

119. 



, ... niL 

IJII~'IOU'''''' 

-- -- - . 
I 

~ I-----+-!-I 

I 
I 
I 
I 
I 
I 
I 

II I ___ JL ______ J 

Figure 1. Computer configuration for laboratory automation system. 

suits' on a cathode ray tube (CRT), and pro
vides storage for a library of spectral data and 
the capability to search the library for qualita
tive identification of unknowns. Both sys
tems, with disk storage capacity offive million 
bytes, have been operational for approxi
mately three years. 

A. Functions Performed by Processor 
No.1. 
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1. Real-time Data Acquisition for 
Low-Data-Rate Instruments with 
Scan Rates Up to 10 Points per 
Second per Instrument. 

2. Analysis Reports GenereteJ Locally 
for Gas Chromatographs. 

3. Background Capability to Enable 
Compilation, Debug, or Non-Time 
Critical Analysis of Reduced Data. 

4. Provides Storage for a Library of Data 
for Use in Searches. 

S. Communicates with the "High
Data-Rate" Computer System (CPU 
#2). 

6. Telecommunicates Reduced Data and 
Results to IBM-370 Located at State 
Data Processing Center. 

7. Programmer's Station Includes a Line 
Printer and a CRT to Permit Chem
ist/Scientist to Print Out/Display Raw 
Data or Reduced Data and to 
Efficiently Develop Analytical and 
Statistical Routines. 

B. functions Performed by Processor 
No.2. 

1. Real-time Data Acquisition for 
High-Data-Rate Instruments with 
Scan Rates up to 3,000 Points/Sec. per 
Instrument. 

2. Analysis Reports Generated and 
Analysis Results Plotted for the Gas 
Chromatograph/Mass Spectrometer 
(GC/MS). 

3. Provides Storage for a Library of 
Spectral Data for Use in Searches. 

4. Provides Search Capability. 

illl 

rEAl( 
CREST 

VERIFIED 
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s. Communicates Data to the Low
Data-Rate Computer System (CPU 
#1). 

6. C~U #2 Includes a Graphics CRt 
with a Hard-Copy Unit to Assist the 
Scientist to Quickly Analyze Raw 
Data and Reduced Data. 

C. Gas Chromatograph Data ReductJon. 

Tim~ constraints preclude a detailed dis
Cussion of aU of the capabilities of this 
.computer system. However, one of the 
most widely used functions of the computer 
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Figure 2. Algorithm tor chromatogram waveform Interpretation. 
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system is its data reduction capability used 
with gas chromatographs. 
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1. Chromatograph Signal Monitori?g. d 
During the period that the iOjec!e 
sample's constituents are. elutmg 
through the column and passmg ?ver 
the detector, the computer momtors 
the detector output signal. It 
processes the signal "on the fly", 
recognizing baseline, peaks, ~nd 
"shoulders" and stores data relatmg 
to the sample for further processing at 
the end of the run. 

t 

Chromatograph signals are am
plified and digitized at the in
strument and transmitted serially to 
the computer's central processor. 
Scan rate is up to 10 samples/second. 
Both hardware and software filtering 
are provided to control noisy signals. 

The algorithm for detection of base
line, peak, and shoulders operates on 
the absolute value of fignal rate of 
change (Fig. 2). 

For each detected pt.;ak or shoulder, 
the following data are stored for 
processing by the ailalysis report 
routine: 

a. Peak Area. 
b. Time of peak start, crest, and end. 
c. Height of peak start, crest, and 

end. 
d. Flags indicating the character of 

the peak ..,hape (e.g., peak starts 
on baseline and ends 011 

shoulder.) 

2. Analytical Procedure 

On-line analyses are performed ac
cording to analytical method spec
ifications retained in the central 

processor's core memory. The an
alytical method is the instruction that 
the chemist gives tG the computer to 
tailor it to a particular analysis. 

The first step in the analytical 
procedure is creati~n of a.nalyti~al 
methods which cOnftsts of mputtmg 
information to indicate t~~e following: 

a. Duration of run. 
b. Concentration of internal or 

external standard. 
c. Names to apply to identified 

peaks. 
d. Response factor to be applied to 

convert peak area ratios to 
concentration. 

Methods are established, altered, deleted, or 
listed via on-line console terminal (e.g., 
ASR-33 teletypewriter) without .affecting the 
scanning of detector output slg?als. The 
chemist performs these tasks In a con
versational mode wherein the computer 
prompts and checks nli conversational mode 
entries, assuring that none destroy system 
functioning. 

Initialization of analysis and calibrate mode 
are also performed via the console keyboard. 
Lights and pushbuttons at the int~rface unit 
serve to indicate the chromatograph s state and 
enable the operator to start, abort, or end an 
analysis. 

The second step of the analytical procedure 
is the calibration run. A standard of known 
concentration is injected with the method 
interfaced in the calibrate mode. At the end of 
the run a new response factor is calculated 
from the peak area ratios (supplied by !he 
computer) and the standard concentration 
(supplied by the analyst). This new respensf. 
factor replaces the old response factor I~ the 
method, ready to be used for the analYSIS of 

,.. 

j 
~ 

~ 
" I 
I 
1; 
" j 

r: 
1: 
I 

r : 
~ 

samples of unknown concentration. 
The third step of the analytical procedure is 

the analysis of actual samples. The method is 
interfaced in the analytical mode, and the run 
is started. At the end of the run, the 
concentration is calculated from the peak area 
ratios (supplied by the computer), and the 
response factor (supplied by the method). The 
resulting concentration, along whh other 
information, is printed out on the teletype
writer for the analyst. 

When more than one component is present 
in the sample, the relative retention time is 
used to distinguish between peaks. In the cali
bration mode, a response factor is calculated 
for each component the analyst includes in the 
method, and tMs response factor is stored back 
into the method in association with the relative 
r~tehtion time of the peak. In the ana!ysis 
mode, the relative retention time of each peak 
is compared to the relative retention time of 
each component included in the method, and, 
when a match occurs, the corresponding 
re~p"nse factor is used to calculate the 
concentration offhat compound. 

A special case occurs when the gas 
chromatograph is used to identify an unknown 
substance, rather than to calculate the 
unknown concentration of a known sub
stattce. Here, the objective is to measure the 
retention time of an unknown SUbstance and 
compare it to the retention time of known 
compounds. A match in the retention time 
ifldicntes n possible identity for the unknown. 
It would be desirable to have the computer 
search a library of known compounds to see if 
there are any matches to help identify unknown 
SUbstances. and such an option is available. 

Again, the procedure involves three steps. 
First, a method is entered to obtain raw data for 
a set tlltle. Second, a library of known 

. corttpounds is constructed, and third, unknown 

samples are analyzed. In the library building 
mode, a known compound is injected, and the 
method gathers the retention time relative to 
some starting time (usually the onset of the 
solvent front). The analyst enters a name to 
correspond to this retention time. This is 
repeated until a library of up to 99 compounds 
per gas chromatographic column is created. 
Each new entry is automatically inserted into 
the library according to increasing retention 
time. A "window" of plus-or-minus X 
number of seconds is defined for the library. 
Mter the library is completed, analysis of 
unknown samples or mixtures can begin. 

In the library search mude, the method 
gathers the retenti~n time and the peak area of 
each peak, an~, at the end of the run, gives this 
data to the library search program. The search 
program lists all matches within the limits 
defined by the "Window" for each peak in the 
run, printing out the name, retention time, and 
peak area for each match. If no matches are 
found, the retention time and area of each 
unmatched peak is printed out. 

An update mode is also available, which will 
recalculate the retention time for each 
compound in the library, based on the change 
in retention time for any specified compound in 
the library. Additions and deletions to the 
library can be easily made at almost any time. 

D. Information and Retrieval Functions 

This computer system is also used for sev
eral information storage and retrieval func
tions. These information storage programs 
run in the background partition of CPU No.1, 
in a non-real-time mode. Such background 
programs appear to be running simultaneously 
with the real-till}e data acquisition programs, 
but actually run in between cycles of data ac
quisition. For example, test results from some 
26 centers that send samples for urinalysis are 
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entered into the computer each month. Ap
proximately 3,000 samples per month are ana
lyzed, resulting in an equal number of entries in 
the data-file. From this data a monthly report 
is generated, which contains valuable informa
tion for planning, monitoring trends, and even 
billing some centers. Data from several 
months, or even a whole year, can be retrieved 
to make quarterly, semiannual, and yearly re
ports. A considerable savings in man-hours 
was realized in switching from a manual data 
b&se to a computerized data base in this pro
gram, and the reduction in computational 
errors alone was significant. 

.11. ANTICIPATED CAPABILITIES 

In conclusion, the Division utilizes a central 
computer to perform real-time data processing 
in support of various scientific instruments 
used in chemical analysis of compounds as a 
part of the Division's major task of processing 
cases and samples. For a variety of reasons it 
is desirable to accomplish this real-time data 
processing with a distributed network of mini
computers (Fig. 3) each closer to the laboratory 
than a central computer can be; it is also very 
desirable to accomplish a new type of data 
pr~cessing within the Division's capability-
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Figure 3. Distribution network of minicomputers In relation to laboratory and central com
puter. 
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~hat of th.e storage and retrieval of management 
mformabon related to the operation of the 
Division. 

Initially an information system centered 
aro~nd the Division's prime operation ofproc
essmg cases and samples is anticipated' addi
tional information systems may welJ be 'added 
later based on other operational functions of 
the Division. This information syst~m aspect 
of our future data processing requirements rep
resents an entirely new area of data processing 
froT? those pre~iously done on the eXfsting 
eqUIpment. ThIS part of the Division's data 
processing must meet the formal information 
requirements of operations and all levels of 
man~gem.ent and provide scheduled reports 
and mqUlry capability for decision making. 
Some areas wilJ require on-line access to data' 
other areas will need only batch oriented 
scheduled and ad hoc reports. 

The Laboratory Automation System is being 
completed by the Virginia Poly technical Insti
tute and State University (VPI&SU) under 
contract. As designed, this portion ofthe Lab
oratory Automation and Data Management 
System (LADMS) consists of Texa.s Instru
ment 980B minicomputers connected in a dis
tributive network. Each minicomputer will 
support up to sixteen instruments near its loca
tion and is known as a Remote Instrument Ser
vice Unit (RISU). The RISUs in the network 
will be able to communicate (transmit data) 
with all other RISUs on the network and a cen
tral control unit (eeU) computer located in the 
Richmond laboratories. The use of a distri,bu
tive network of minicomputers will allow for 
future expansion of the number of instruments 
supported, the addition of different types of au
tomation applications, enhanced capabilities 
and the automation ofthe three regional Foren: 
sic laboratOlies. 

.. 
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fA.'" The Developmen't and 
Applications of the 
Computer System of the 
Home Office Central 
Research Es~blishment 
Crown Copyright Re~rved. 1978 

1. INTRODUCTION 

The Home Office Central Research Estab
lishment (HOCRE) got its first computer in 
1972. It was bought with the idea of using it for 
instrument control, data processing and infor
mation storage. It was soon realized that it 
was unsatisfactory to use the same computer 
for all purposes and other computers have been 
introduced for instrument control and some of 
the data processing requirements. These com
puters are usually referred to as dedicated com
puters. Now, the aim is to dedicate small 
process units to each sophisticated piece of sci
entific equipment and to develop separate com
puter units for use in storage and retrieval of 
literature and analytical data. 

Manufacturers of scientific apparatus often 
select one type of computer for use with their 
equipment and they develop software pack
ages for particular applications. In these cir
cumstances it is often convenient to buy the 
pieces of scientific equipment, the computer 
hardware, and the software as a single pack
age, or, if this is too costly, to buy these in 
stages. In our experience, the disadvantage of 
this approach is that it lacks flexibility for the 
development of new ideas and for applications 
not connected with large equipment. Never
theless, it is costly for an organization to de
velop its own software and in modem forensic 
science laboratories there is a place for both 
dedicated and non-dedicated computers. 

Curry and Kazyak (1) and Kazyak (2) re
ported a number of computer applications in 
toxicology and several authors have described 
applications to other branches of forensic sci
ence (3-6), 

In this paper we shall describe how a variety 
of information files of forensic significance 
have been transcribed into a form suitable for 
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computer storage and retrieval. Most of the 
applications that will be described will be in 
the field of drug chemistry and toxicology but 
the HOCRE computer is used for storage and 
retrieval of data on most of the major evidence 
types encountered in forensic science. 

II. EQUIPMENT 

The main compute.' at HOCRE, which was 
installed in 1972, is a Hewlett-Packard 2100A. 
The original specification was 8K core, a paper 
tape reader, a magnetic tape drive and a tele
type. This has been enhanced almost yearly 
and the equipment configuration now consists 
of 16K core, a magnetic tape drive, a cartridge 
disc drive, a teletype, a paper tape reader and 
punch, a line printer, a visual display unit 
(VDU) and an "optical mark-card" reader. 
There are also two terminals, one in an opera
tional forensic science laboratory I the other in 
the Enquiry Centre at HOCRE, Programming 
is normally done in Fortran IV. 

III. COMPUTER APPLICATIONS AT 
HOeRE 

The main applications of the computer can 
conveniently be divided into five recognizable 
areas: 

(i) storage and retrieval of forensic sci-
ence literature; 

(ii) data banks on evidence types; 

(iii) analytical and reference data; 

(iv) statistics and data processing: 

(v) general "housekeeping" programs. 

, 
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A. .Storaie and Retrieval of ForeN1c Sdence 
Literature 

Th~ compu~er is now an integral part of the 
total mformahon system provided for forensic 
scientists in the UK. The computer is particu
larly useful for storage and retrieval of inform a
tion relating to papers, reports and books. 
~he papers for indexing are obtained in four 

mamways: 

(i) by careful screening of about 100 se
lectedjournaIs at HOCRE; 

(ii) by running tailored profiles on the 
UK Chemical Information Service 
(UK CIS) computer (which uses a com
puter readable version of Chemical 
Abstracts-Chemical Condensates)' 

(iii) by scannini Current Contents (Lire 
Sciencei); 

(iv) by contact with other Government Es
tablishments. 

In this W:lY about 300 papers each month are 
collected and indexed. 

Since 1971 subject retrieval from the accu" 
mulated store .of literature has been by a 
keyword system on a computer. By 1975 there 
was a growing awareness that improved 
methods of retrieval weI:'e necessary for the 
n~es of authors and other bibliographic de
tads and this led to the addition of a further re
trieval system known as the "Author Title 
Index" (ATI). 

The present literature system utilizes the 
keyword and ATI retrieval systems as comple
mentary search procedures. The keyword 
system contains over 27,000 records which can 
be handled through about 20 different pro
g~ams. The AT! system comprises some 14 
different computer programs handling a file of 
about 7000 bibliographic references dating 
from 1975. The ATI is prepared each month 
from the records added to the computer. An 

annual index of the monthly ATI is being pre
pared each January. 

With both the ATI file and the keyword file 
the accent is on the need to get the information 
coded and stor~d very quickly. The articles 
f~r ~tori~i ~re chosen by the appropriate spe
CIalIst WIthin HOCRE. Once the items have 
been selected the bibliographic details can be 
coded and recorded immediately using clerical 
g;ctde staff. The keywording takes longer 
since the keywords are chosen by Information 
Division scientific staff after careful reading of 
~el~cted ~aterial. Typically, material appear
mg In the lIterature in a particular month will go 
into the A TI file in that same month or the next. 
it will be entered in the keyword file three to s~ 
?lonths after it first appeared. Ways of speed
mg up the keyword process are being 
researched. 

1. The A TI file 

Each paper accessed by HOCRE for com
puter is given a five figure reference number 
or "accession" number. The information is 
entered into the first of five available lines of 
the AT! r~cord entry as shown in Figure 1. 
The remamder of the first line is then avail
able for author details. The title of the arti
c!~ is enter-ed on the second line, and also the 
thIrd and fourth if necessary. The last line is 
used to code the article by discipline (two 
character spaces available); to indicate 
whether the item has been sent out in hard 

26453 Drayton J V 

Mass Spectrometry In Forensic SCience 

C Chem Br 1975, 11, 439 

Figure 1. Sample of the Author Title Index 
(ATI) 
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copy form to the operational laboratories in 
the UK (third character position); to present 
bibliographic reference details of the paper 
(the rest of the last line). 

The ATI produced at HOCRE is sent to 
centres in several countries where it is 
copied and distributed to authorized forensic 
science laboratories. 

2. The keyword file 

The keyword file can be searched using a the
saurus of about 4000 keywords and is useful 
because many papers contain important 
work which is not sufficiently well described 
by the title alone. For example a paper enti
tled "The mass spectrometry of drug me
tabolites" gives relatively little away about 
the content. Indeed there are 11 papers with 
this or a very similar title in the last 7 ,000 rec
ords. In the 27,000 forensic science records 
on the keyword file, there are almost 1,000 
records on mass spectrometry. Not all of 
these deal with drugs, of course. Most are 
keyworded under mass spectrometry and a 
particular drug name and are easily retriev
able, although others, which deal with ge
neric classes of drugs, the benzodiazepines 
for example, present difficulties for the 
keyworder. 

Apart from drugs, the other references on 
the keyword file at HOCRE deal with the 
other evidence types encountered in forensic 
science: glass, blood, paint and so on. 

As will be described later, apart from liter
ature, details on analytical data, and infor
mation from casework are stored on the 
computer. The advantage to the operational 
forensic scientist is that he has a wealth of in
formation of direct relevance to him at his 
fingertips. For drugs, some of this informa
tion is available via commercial information 
systems but it is often necessary to make en
quiries of several commercial systems to ob-
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tain the required information and the process 
can be time consuming and costly. Addi
tionally, the same or similar information is 
often required by several laboratories so that 
obtaining information from an outside orga
nization can become unnecessarily costly. 
In the UK it is preferable to maintain the in
formation at a centralized facility. For 
many evidence types, of course, no commer
cial systems exist for the provision of 
information. 

The main advantage of the keyword sys
tem is the speed of use of the file and the 
small amount of file storage space needed. 
But the keywording process itself is time 
consuming. The HOCRE is investigating 
the possibility of replacing the keyword sys
tem by title enrichment, i.e., by the addition 
of selected words to the title in the A TI sys
tem. It is also possible that by the end of 
1979 or 1980, brief paper summary details 
will be added to the bibliographic file as a 
separate feature. All the papers are stored 
in hard copy form and on microfilm. 

B. Data Banks on Evidence Types 
from Casework 

Ten operational forensic science labora
tories in the UK submit details to HOCRE of 
cases that have been examined. Information 
is submitted about evidence types such as tires, 
glass (household and vehicle), paint (house
hold and vehicle), fibers, blood, and toxic sub
stances. The information is usually rec.orded 
on optical cards but sometimes on forms, de
pending on the evidence type. At HOCRE the 
information is stored and indexed in the 
c.omputer. 

To take one example, the collection of case 
details from toxicological examinations carried 
out in the UK Forensic Science Service was 
initiated by information scientists at HOCRE 

in 1967. Operational toxicologists provided 
HOCRE with details of levels, type, and com
binations of drugs together with some general 
background information by filling in prepared 
forms and sending them to HOCRE. The data 
were compiled to form the "Registry of Human 
Toxicology" . Because of the complexity of 
the steps in the preparation of the document it 
was only available at infrequent intervals. 

Not sUrprisingly, therefore, other methods 
of data collection, collation and retrieval were 
sought as the collection of such data was con
sidered to be important and toxicologists were 
anxious for it to be continued. 

In 1974 it was decided to store the data on the 
HOCRE computer, and a specially designed 
optical card, tailored to meet the needs of the 
UK Forensic Science Service, was designed so 
that the relevant data could be accessed. In 
addition to duplicating the earlier function of 
the "Register of Human Toxicology" the opti
cal card enables more detailed information to 
be used to: 

(i) 

(ii) 

(iii) 

(iv) 

monitor extraction and identification 
techniques used by toxicologists in an 
attempt to highlight areas of difficulty; 
survey cases involving drugs and driv
ing; 
follow changes in the pattern of drug 
abuse; and 
monitor and interpret trends in cases of 
multiple drug intoxication. 

The project to collect and store these data 
from casework began in 1977 and, to date, 
there are about 1,400 records on file. These 
records contain information such as: 

CASE DETAILS 
DRIVING, NOT DRIVING 
COMPOUND(S) FOUND 
INGESTED PREPARATION 
SAMPLE (BLOOD, LIVER, ETC) 

EXTRACTION TECHNIQUE 
IDENTIFICATION TECHNIQUE 
LEVEL 

The data are presented in tabular form to the 
operational scientists at six-month intervals 
and specific queries are run at any time on re
quest (7). 

C. Analytical and Reference Data Maintained 
at HOCRE 

Since the inception of HOCRE, the Estab
lishment has obtained and stored selected ana
lytical and reference data of interest to forensic 
scientists. Data are available on analytical and 
reference information such as: . 

Analytical Data 
IR SPECTRA 
UV SPECTRA 
MASS SPECTRA 
TLC;GLC 
X-RAY DATA 

Reference Data 
HEADLAMPS 
SIDE LAMPS 
TYPESTYLES 

1. Mass spectrometry 

One of our main areas of compound identi
fication by the computer is from a collection 
of mass spectrometric data. The steps we 
take in attempting to identify a mass spec. 
trum are shown in Figure 2. 

The main collection used contains details 
of names, molecular weight, and the eight 
largest peaks for each compound. (There 
are 1,900 compounds in the collection at 
present.) The collection is used for com-

. puter searching using a discrepancy index 
(DI) (Figure 3), and also for the production of 
manual index.es, indexed by name, molecu
lar weight, and base peak, which are distrib-
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r 
1 

Laboratory 

1 Check HOCRE Index 
t 

2 Manual MSDC Search 
t 

Enquiry Sent To HOCRE 
I 

3 MS Spectral search 

+ 4 Search Wiswesser File· 
T 

5 Spectral interpretatation 

+ 
Figure 2. A model procedure for the IdentI
fication of a mass spectrum In a UK Home 
Office Forensic Science Laboratory. 
(MSDC = Mass Spectrometry Data Center) 

Peaks 44 91 65 

Amphetamine 

44 91 45 85 42 43 41 51 

Amphetamine 

MW IJI 

135 0.274 

44 103 91 65 42 104 45 102 135 0.548 

Ethyl Amphetamine 

72 44 91 73 65 42 56 0 163 1.644 

Figure 3. Part of a mass spectral search 
using peaks at44, 91 and 65. (DI = Discrep
ancy Index.) 

uted to the UK forensic science laboratories 
(8). These actions are summarized in step 1 
of Figure 2. Steps 2 and 3 involve searching 
the available large commercial collections of 
spectra. If we still have not identified the 
compound, we have, on our computer, a file 
of about 8,000 compounds each coded with 
name, molecular formula, molecular weight, 
and Wiswesser line notation (WLN) (Step 
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4). This enables us to attempt to identify 
compounds with a computer search (9) on 
combinations of 

(0 substructural fragments; 
(ii) molecular weight range; 
(iii) molecular formula; 
(iv) atoms present; 
(v) numbers of atoms of specific 

elements, i.e., Cl, Br, F, S. P. 

As with, the mass spectral collection, man
ual indexes of our Wiswesser me (molecular 
wei~ht and molecular formula) are produced 
for the UK forensic science laboratories. If 
the unknown is still unidentified, then, if the 
case demands it, sper.tral interpretation may 
have to be carried out (Step 5). Spectral 
processing on the Micromass 16F low reso
lution mass spectrometer at HOCRE is done 
on the computer via a Carrick interface and 
an off-line magnetic-tape deck. The pro
grams for this have been developed at 
HOCRE. 

D. Statistics and Data Processing 

The discriminating power of a chromato
graphic system is defined as the probability that 
two compounds se!ected at random would be 
separated by that system (10). Two com
pounds are regarded as having been separated 
if the difference between their chromato
graphic values exceeds a certain critical limit 
termed the error factor. Compounds that are 
not separated are assumed to be chromato
graphically similar, i.e., they form a matched 
pair. Discriminating pow~r (DP) can be ex
pressed by the equation 

2M 
DP=l N(N-l) 

Where M =the number of matched pairs from 
all compounds recorded; 

N =the number of chromatographic 
values recorded. 
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Discriminating power measurements can be' 
applied to any chromatographic system or 
combination of systems. At HOCRE this ap
proach has been used, for example, to select 
Thin-Layer Chromatography (TLC) systems 
for the separation of basic, neutral, and acidic 
drugs (11). 

The number of paired comparisons is ex
tremely large when many systems are investi
gated and these comparisons and the DP 
calculation are carried out on the HOCRE 
computer. The best system (or combination of 
systems) is the one which produces the highest 
DP value. For example, for basic drugs, three 
TLC systems were chosen as most suitable for 
the separation of the 100 basic drugs most com
monly encountered in forensic science (12). 
The systems are: cycloh~xane-toluene-dieth
ylaIJ'ine; chloroform-methanol; acetone: 

Unknown basic drugs can be identified by 
running them on the three TLC systems to
gether with reference compounds (13). The 
data obtained for the reference compounds are 
used to correct those for the unknown drug. 
The data for the unknown are then compared 
against data held on the computer ior the 100 
most commonly encountered basic drugs. 
Clearly, exact agreement between the data for 
the unknown drug and any 0: the data on file for 
the three systems run is most unlikely and a sta
tistical approach is used to produce a Discrep
ancy Index. 

X,=Rffor the unknown drug on system i; 

Yf=Rffor the anyone of the 100 drugs on sys
temi; 

A,=the standaid deviation of the system as de
termined by inter-laboratory experiments 
(this depends uponXf). 

The comparison is repeated for each of the 
three TLC systems used and the index ii> com
puted between the data tor the unknown drug 
and the data for each drug held on file. The 
computer then prints out the names of the 
drugs producing the smallest DI. The ap
proach can be extended to include other pa
rameters besides TLC data, for example other 
chromatographic properties, and spectro
metric data (Figure 4). 

The approach is now being tried on an inter
laboratory basis for the identification of drugs. 
The level of succ€. s has been such that data for 
other types of drugs are to be added to the tHe 
(A. C. Moffat, personal communication). 

Similarly, data processing programs are 
being used for comparison of bullet striation 
patterns, handwriting characteristics, color 
data, as well as for multi-element data from an
alytical mea~urements on paint, glass, and 
hl'\ir. Programs are .run for the processing of 
radioimmunoassay data. 

E. General 

The remaining computer applications are 
quite simply of the "housekeeping" type 
and small individual and non-specific 
requirements. 

T1 12 T3 GO UV SH 01 

Benzphetamlne 67 70 70 1850 257 PPT 2.6 

Meclozina 68 7q 70 3050 230 0 9.5 

Olethylproplon 62 63 64 1485 253 -5 18.4 

Figure 4. Part of a computer output using 
the Compound Identification program. 
(T1, T2, T3 = Thin Layer Chromatography 
Systems, GC=Gas Chromatoglaphy Re
tention Index, DI=Dlscrepancy Index.) 
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IV, USE OF THE HOCRE COMPUTER 
BY OPERATIONAL FORENSIC 
SCIENCE LABORATORIES 

The information held on the computer at 
HOCRB is used by staff at the UK forensic sci
ence laboratories. Queries from these labora
tories are dealt with by telephone or telex. 
'l~,e officer in charge of the computer accepts 
the mquiry , carries out the necessary work and 
then passes the information back to the in
_luirer. At the moment the Enquiry Centre of 
the Information Division at HOCRE handles 
over 200 queries each month. 

On-line facilitie9 have been considered but 
have been rejected because of the age and limi
tations of the present computer. Experimen
tal acoustic coupler-computer links have been 
successful for some of the UK forensic science 
laboratoIies hut depend upon the quality of the 
telephone lil1 ~s. 

V. FUTURE DEVELOPMENT 

Because of the successful way computer 
usage has developed at HOCRE, plans are well 
advanced to replace the HP 2100A with an
other computer in 1979. The existing HP 
2100A will probably be "dedicated" to an or
ganic mass spectrometer already in service. 
The new computer will be required to support 
on-line terminals in the UK forensic science 
laboratories for: 

(i) an interactive literature retrieval sys
tem; 

(ii) an interactive. retrieval project for the 
collection of data from cases examined 
in forensic science laboratories; 

(iii) an interactive information retrieval 
project for the collection of analytical 
and reference data on various ma-
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terials for identification pumoses; 
(iv) the running of a selection of statistical 

and data processing activities; 

(v) a general purpose computing facility in 
support of research and development 
in forensic science. 

The new mini-computer will have on-line ter
minal facilities, 128K of store, a disc storage fa
cility (80M bytes), and a similar range of 
peripherals to the existing machipe. The COil

figuration of the present HOCRE computer is 
shown in Figure 5 While Figure 6 shows the 
configuration of the proposed machine. 

Figure 5. Present Home Office Central Re
search Establishment computer configura
tion. (CPU = Central Processing Unit.) 

Paper Tapo 
Card Rud.r 

cPu ~ Magnetlo I 
126 K Tllpe 
~--'\ 

~ \'=paper Tape 
~ L Punch 

Figure 6. Proposed Home Office Cen~ral 
Research Establishment computer config
uration. (CPU=Centrsl Processing Unit.) 
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VI. CONCLUSION 

A computer-based system for the storage 
and retrieval of forensic science literature in
cluding drugs has been described. The 
HOCRE computer system also involves a co
operative scheme of information exchange for 
drugs and toxic materials encountered in foren
sic science. Analytical and reference data are 
stored and "unknown" drugs can be identified 
by use of a discrepancy index. Data on other 
evidence types of interest to forensic scientists 
are also coded and stored. 

The system is to be developed in the UK into 
an interactive on-line system involving opera
tional forensic science laboratories. It is 
hoped that the on-line system will be opera
tional in late 1979 or early in 1980. 
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Applications ofHPLC to 
the Analysis of Drugs 

I. INTRODUCTION 

During the 1970's there was 2n amazingly 
rapid development in high' performance Jiquid 
chromatography (HPLC). This arose partly 
from the needs of the pharmaceutical industry 
for new analytical techniques and partly as the 
result of the efforts of instrument manufac
turers, mainly in the United States, to satisfy 
these demands and also create new products 
for their ldctories. 

Although we commenced work with HPLC 
in t971, it soon became clear tha~ the factors 
noted above had resulted in equipment which 
was nnt particularly well suited for use inforen
sic science laboratories. For instanc~, in 
Table 1 arc listed some of the ml\ior differences 
in analytical requirements between these lab
oratories and those of the pharmaceutical 
industry. 

Prior to the advent ofHPLC, thin layer chro-

Table I 

by 

Brian B. Wheals & Ray L. Williams 

Metropolitan Police Forensic 
Science Laboratory 
109 Lambeth Road, 
London SEt 7LP 
England 

matography (TLC) and gas chromatography 
(GC) were the principle methods of analysis for 
drugs. The method of operation of both these 
techniques had an important bearine on the de
sign of HPLC instruments since. in general, it 
was the manufacturers ofTLC and GC equip
ment who extended their activity to include 
HPLC. 

A comparison of the three methods is shown 
in Table II. 

The three finl.\.l 90ints are the ones which 
have most influenced the development of 
HPLC in our laboratory and need to be elabo
rated. The solVent used in HPLC plays a very 
important part in a separation (unlike the car
rier gas in GC) and slight compositional 
changes are often accompanied by large 
changes in the elution volumes of particular 
compounds. Instrumentally it is inconvenient 
and time consuming to change solvents, and to 
avoid this problem it is necessary either to use 

t'! 

Analytical requirements of pharmlceutlcal and forenSic laboratorle. 

PHARMAc';EUTICAL INDUSTRY 

1) High throughput of slmpl.s of the 
sam.type 

2) The components In a lample are 
ulually known and the leve's 
.hould be wtthln well defined IImlta 

3) AnalYSis carrltd out by .. speclallat 
group 

4) Quantitative analYlls of primary 
Importance 
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FORENSIC LABORATORY 

1) Widely differing range of sampl. 
type, and numbers 

2) Wide ranging differences In com .. 
pOSition, particularly with illIcit prep. 
aratlonl 

3) AnalysIs to be carried out by Indl. 
vlduai reporting offIcer or their 
88slstants 

4) Most emphas'a on quailtatlve anal. 
ysls, although quantltatlon Is Impor
tant In toxicology cases and for 
comparative drugs analysIs 

I" 

each instrument to carry out one particular 
analysis, or to select different analyses which 
can be achieved with the same column and sol
vent system. The high cost of commercial in
struments would make this approach very 
expensive. 

The sequential nature ofHPLC is another aSM 
pect of the technique which has had a marked 
influence on the way in which we us.e it. For 
mnny years TLC has provided the most conve
nient method of screening tor drugs in a foren
sic laboratory, and it seems logical to use 
analogous conditions to achieve separations by 
HPLC. In practice, however, most TLC 
methods Use a silica adsorbent and a non-polar 
solvent and these are probably the worst type 
of conditions for ensuring reproducible analy
ses with a sequential method such as HPLC. 
It does not matter in TLC whether polar com
ponents (e.g., water) introduced with tho sam
ple deactivate the adsorbent, for the plate is 
used once only and many samples can be run 
simultaneously. With HPLC, however, the 
introduction of such a sample would lead to a 

Table II 

contiriuous deactivation orthe column, making 
it difficult to ensure long-term reproducibility 
of elution volume. Emphasis has therefore 
concentrated cn developing column separa
tions in which the eluting solvent is itselfhighJy 
polar. Thus, our strategy for HPLC (1) can be 
summarized as follows: to develop low cost 
systems, for specific analyses based on the use 
of polar eluting solvent, avoiding complica
tions such as gradient elution. Furthermore, 
the HPLC would be used for those applications 
where existing separation methods, particu
larly GC, could not be employed to supplement 
the information obtained from the initial 
screening of samples by TLC. Before cen
sidering some examples of such analyses it is 
appropriate to detail some areas where con
siderable savings in the cost of equipment can 
be achi~ved While still maintaining ade.,)uate 
performance. 

II. LOW COST EQUIPMENT 

For routine analysis based on an isocratic 

Compar •• on of TLC, GC and HPLC a. analytlca. method. 

TLC SC HPLC 

1) Applicable to volatile 
and Involatlle com. 
pounds 

1) Applicable only to 1) As for TLC 
volatile compounds 

2) Difficult to quantitate 

3) Versatile 
2) Readily quantitated 

3) One Instrument read. 
lIy used for a variety 
otanalyses 

4) Simultaneous analy. 4) 
al. 

SequentIal analysis 

5) Low COlt 5) .Moderate COlt 

2) Readily quanutated 

3) Solvent specificity 
makes Instruments 
les8 flexible 

4) Sequential analysl. 

5) Moderate to high cost 
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(Le., the same solvent system throughout the 
analysis) elution the equipment for an HPLC 
system can be greatly simplified and can con
sistof: 

a) pump 
b) injector 
c) column 
d) detector 

Commercial cost Our cost 

up to £2500 
up to £500 
up to £150 
up to £2000 

£250-300 
£15-25 
£15-20 
commercial 
detectors 
mainly used 

Thus, savings of close to £3000 per system 
can be achieved. It should however be em
phasized that this is on equipment for routine 
analysis. It is advantageous for method de
velopment to use the more expensive pumps, 
although we would still use these in conjunc
tion with low cost injectors and columns. 

On the other hand, commercial instruments 
have a number of disadvantages compared 
with laboratory assembled units which arise 
because of the influence of GC design con
cepts. These can be summarized thus: 

1) The design of liquid chromatographs 
with all the equipment housed in a single 
box rather like a gas chromatograph. 
This tends to be inconvenient (particu
larly if solvent leaks occur) and adds to 
expense. 

2) The success of temperature program
ming in GC led to the mistaken assump
tion that gradient elution could be 
equally effective in HPLC. In fact, gra
dient elution imposes considerable de
sign and operating difficulties in many 
instances. 

3) The role of temperature was overempha
sized in the early liquid chromato
graphs. There is no need for elaborate 
thermos tatting of columns. 
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4) The way in which substituting a liquid 
mobile phase for a gaseous one reduces 
the flexibility of an instrument was not 
appreciated. A single GC can be used 
for many different analyses, whereas 
HPLC equipment is best used in a dedi
catedmode. 

Cumulatively these "mistakes" led to the 
development of equipment of high cost, oc
cupying much space and having a performance 
that was often much better than required. This 
point becomes more apparent when the com
ponents of the HPLC are considered in detail. 

A. Pumps 

The key features of most of the pumps spe
cifically developed for HPLC are: 

1) A virtually pulse free solvent delivery. 

2) A wide range of pressure capacity-typ
ically from 0-6000 psi. 

3) Variable and constant delivery rate from 
O-lOmVmin. 

4) Low internal dead volume, useful when 
changing solvents or canying out gradi
ent elution. 

In practice for analysis using W' o.d. col
umns packed with microparticulate packing 
material, much ofapump's performance is su
perfluous, for most chromatographers use a 
flow rate of 1-2 mVmin with a pressure require
ment of about 500-2000 psi. Hence, pumps 
with a performance specification well below 
that of a commercial HPLC pump can be of 
value. Pulse free flow is important because 
many of the detectors used in HPLC are sensi
tive to solvent pulsing, but it is important to ap
preciate that pulsing must be absent from tbe 
solvent stream as it emerges from the column 
riot necessarily frC' '\ the pump. It is compara-

I 
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tively simple to remove much pump induced 
pulsing by incorporating a Bourdon tube gauge 
into the solvent line between pump and col
umn. Moreover, the packed bed of the column 
also provides a smoothing effect. It has been 
our experience that the flow from single piston 
reciprocating pumps can be smoothed suffi
ciently to cause the minimum of disturbance to 
many commercially available HPLC detec
tors. Fortunately for the "do-it-yourself' 
chromatographer such pumps arc readily avail
able at low cost as they have industrial uses and 
have been employed for many years for fluid 
metering. Although these pumps often have a. 
large internal dead volume this does not detract 
from their value for routine analysis where sol
vent of the same composition may be pumped 
for weeks or years at a time. 

B. Injectors 

The introduction of a sample to the top of the 
chromatographic column is one of the key 
areas in HPLCs for a badly designed injector 
can lead to appreciable loss in the separating 
power of a column. Some excellently engi
neered injectors have been developed to allow 
a syringe injection to be made with no drop in 
pressure in the colUmn. Ironically, despite 
their high cost such injectors 'rarely give the 
best performance since appreciable band 
spreading occurs as the sample leaves the in
jector and enters the column. Again, the "do
it-yo~rselr' chromatographer is in luck for the 
low compressibility of liquids can be used to 
good effect if stop-flow injection is made. 
Thus, by stopping the flow in the column, al
lowing the pressure to drop to atmospheric and 
making a direct syringe injection to the top of 
the packing material bed, followed by resump
tion of pumping, highest column efficiency can 
be obtained with a simple TEE joint, as shown 
in Figure 1. (B. B. Wheals, submitted for pub-

Jication J. Liquid Chroma/.) 
The method of injection is crucial for highest 

performance. Thus, injection directly onto a 
metal frit at the top of the column as in many 
commercial instruments (Figure 2A) gives low 
efficiencies because of stagnant solvent on ei
ther side of the capillary inlet. Similarly, injec
tion onto a metal mesh on top of the stationary 
phase with or without a metal holding collar 
(Figures 2B and 2C) is unsatisfactory since the 
injected solution back diffuses into the solvent 
above the column. 

We have found that the best method is to 
pack the column with a layer of 80-100 mesh 
glass beads and inject the sample into the 
center of these using a hypodermic syringe 
(Figure 20). The sample, which can be up 
10-15 .ul, is thereby confined to a small volume 
well away from the Walls of the column and effi
cir;;;;;cies are greatly improved. Figure 3 shows 
chromatograms obtained with a 25 cm column 
packed with 5 .um silica modified with CIS 

B 

j \ r 

Figure 1. HPLC Injectors. A, commercial . 
valve Injector; 8, simple 1110" tee for stop
flow InJection. 
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Figure 2. Modes of InJection. A, onto frlt at 
top of column; a, onto mesh resting on col
umn packing; C, onto mesh held by metal 
co"ar; 0, Into glass beads at top of column. 

un IHI UII. 

-

Figure 3. Column performance resulting 
from different Injection modes. Figures in
dicate plate numbers for same column with 
InJectluns Indicated: 
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groups on the surface. The use of glass beads 
doubles the plate value of the column. 

C. Columns 

Much mystique has been built around the 
columns used in HPLC since special slurry 
techniques are necessa.ry for their packing. 

Without going into details it is true to say that 
with a pneumatic amplifier pump costing less 
than the price of a single commercial column it 
is possible to pack high quality columns. The 
ability to do this opens up the whC'le field of 
HPLC for the chromatographer to then begin 
to experiment to produce packing materials ap
propriate to his special analytical problems. 
We have never used a commercially packed 
column in our laboratory but have instead 
taken a small particle size silica, e.g., Partisil6 
p.m (Reeve Angel, Maidstone, England) and 
graded this by sedimentation to improve the 
particle size range (2). In this way efficiencies 
of up to 18,000 plates have been obtained with a 
25 cm column. 

It is also possible to modify the silica quite 
easily by treatment with reagents such as octa
decyl trichlorosiJane so that reverse phase 
chromatography can be carried out (see 3). A 
particularly interesting development in this re
spect is the use of vinyl trichlorosilane to intro
duce reactive - CH=CH2 groups onto the 
silica. These can then be used as the sites for 
addition of other vinyl monomers, such as 
acrylonitrile or diethylaminoethyl acrylate (4) 

D. Detectors 

There are a variety of these based on differ
ent principles of opel'ation, e.g., refractive 
index, moving-wire, etc., some of which are 
shown in Table III. 

Because of its simplicity and reliability we 
have based our HPLC machines on ultra-violet 
(UV) absorption using an inexpensive variable 

Table III 

Detectors for Liquid Chromatography 

DETECTOR TYPE DETECTION LIMIT (g) 

UV 
FLUORIMETRIC 
MOVING WIRE/FlO 
REFRAC1'IVE INDEX 

SELECTIVE 
SELECTIVE 
UNIVERSAL 
UNIVERSAL 

10-8 

10-11 

10-5 

10-5 

wavelength UV spectrometer, e.g., Cecil In
struments C212. This limits analyses to those 
compounds which have UV absorption but the 
restriction is not as narrow as would be ex
pected since many drugs have such chromo
phores. 

The alternative means of detection which we 
selected was fluorescence. For this either a 
commercial spectrofluorimeter (Perkin-Elmer 
MPF 2A) with a laboratory constructed capil
lary cell (5) or a single home made filter-based 
ftuorimetric detector (3) is used. The UV and 
fluorescent detectors can also be coupled in se
ries to monitor the effluent from the column. 

Ill. APPLICATIONS 

The analysis of drugs and their metabolites 
by HPLC has recently been reviewed by 
Wheals and Jane (6). What follows hereafter is 
an indication of the uses to which the technique 
has been put in our labol"dtory. 

A. Drugs Arising From Illicit Possession 
Cases 

Most of the applications have been of this 
kind, one of these being in the screening ofly
sergic acid diethylamide (LSD) microdots for 
the active ingredient. 

1. Lysergic acid diethylamide. 

LSD can be readily separated from other 

fluorescent ergot alkaloids and related com
pounds on a column containing 5 p.m silica 
eluted with an ammoniacal methanol/water 
solvent (Figure 4). The separation mecha
nism is not clearly understood but seems to 
involve siloxane groups on the silica surface 
rather than silanol groups. The same type of 
conditions are used here for many basic 
drugs and it has the advantage of being a 
chromatographic system that is stable and 
the silica is obviously not in a form which 
leads to poisoning by the addition of water, 
which is the most common contaminant for 
columns based on adsorption with a non
aqueous eluent. 

In the case of LSD the fluorescent detector 
gives a high level of specificity to the analysis 
as well as the sensitivity to cope with the low 
level of doses associated with LSD (i.e., 
100-150 Jotg per microdot). Only aportion of 
the whole tablet is required and is merely 
crushed with the eluting solvent. 

LSD can also be analyzed when present in 
blood, urine (7) and viscera (J. M. Wiles, 
J. Hughes, J. Christie & M. White, to be pub
lished J. Chromatogr.); the extraction pro
cedures used convert some of the LSD to 
iso-LSD. Hence, there is a second peak in 
the chromatogram to reinforce an identifica
tion made on the retention volume of the 
LSD peak. Similar HPLC procedqres in
cluding monitoring the column effluent by 
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Figure 4. Separation of ergot alkaloids. A. 
Synthetic mixture. B. Extract from LSD mi
crodot. Column 15 cm x4.9 mm 1.0. packed 
with Partisll 5 (7 ,_un) Solvent, methanol: 
0.2% ammonium carbonate (3:2) Flow 1 ml 
mln-1 at 1600 psi. Fluorlmetrlc detector. 

1. Lysergic acid 
2. Lysergamlde 
3. LSD 
4. Lysergol 
5. Iso-LSD 

-
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Flgur. 5 .• Separation of amphetamine type 
drugs. Co~umn 25 cm x4.9 mm 1.0. packed 
with Purtlall5 (7 p,m) Solvent methanol: 2N 
ammonium hydroxide: 1 N ammonium ni
trate (27':2:1) Flow 1 ml mln-1 at 1500 psi. De
tector UV at 254 nm. 

1. Benzphetamlne 
2, Phendlmetrazlne 
3. Phenmetrazine 
4. Amphetamine 
5. N-methylephedrlne 
6. Ephedrine 
7. MethyBamphetamlne 
8. Methphentermlne 

immunoassay techniques have also been re
ported (8). 

2. Amphetamine type drugs 

Figure 5 shows that the separation of many 
amphetamine type drugs can be accom
plished rapidly by isocratic elution on a silica 
column (1, 2). -

3. General basic drugs 

One of the advantages of a UV detector is 
that monitoring the column effluent at differ
ent wavelengths enables a wider range of 
drugs to be analyzed than with other detec
tors. This is illustrated in Figure 6 for exam
ple, wherein ephedrine, amphetamine, and 
methylamphetamine are detected by their 
absorption at 254 nm whereas papaverine, 
thebaine and dihydrocodeine are monitored 
better at 278 nm. The analyses are carried 
out with a 25 cm silica column. Further ap
plications of such general analyses are listed 
in references 1 and 2. 

4. Opiates 

The opiate drugs are readily separated on a 
25 cm silica column, Figure 7, and this sys
tem has also been used for the quantitative 
analysis of the so-called "Chinese" heroin 
preparations which were in circulation in 
London a year or so ago (1). The latter, in 
addition to heroin and monoacetylmorphine 
or monacetylcodeine, contained caffeine 
and strychnine. The procedure involved 
HPLC analysis of the original material fol
lowed by a second analysis after the sample 
had been hydrolyzed with alkali to give mor
phine and codeine since the monoacetyl de
rivatives of these were not' separated in the 
initial chromatogram. 

-~---------~--~~--~.~- .. - ~-~ .--------""-~---

UV 27'mn UY 254nm 

Figure 6. Separation of basic drugs, show
Ing effect of different detector wavelengths 
A,278; B,254 nm. Other conditions as In 
Figure 5. 
1. Benzphetamlne 
2. Papaverine 
3. Protoplne 
4. Thebaine 
5. Amphetamine 
6. Codeine 
7. Morphine 
8. Ephedrine 
9. Methylamphetamlne 

10. Dlhydrocodelne 

5. Psilocin and psilocybin 

These substances are the active principles 
in psilocybes mushrooms which grow quite 
readily in the U.K. Unfortunately, the En-
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Figure 7. Separation of opium alkaloids on 
silica: use In opium comparison. Column 
25 cm x4.9 mm 1.0., packed with Partlsll 5. 
Chromatographic conditions as in Figure 
5. Samples 1 and 2 are different opium ex
tracts: (a) papaverine, (b) narcotine, (c) 
thebaine, (d) codeine, (e) morphine 

glish law is at present not clear as to whether 
ornot their possession is illegal but neverthe
less samples have been submitted for analy
sh; by HPLC. A methanolic extract from 
the mushrooms is redissolved in methanol / 
chloroform (9: 1) for injection onto the col
umn. A ready separation can then be 
achieved with 25 cm column packed with 5 
J.Lm Partisil-5 silica using methanol, water, 
1N ammonium nitrate (240: 50: 10) eluent 
which has been adjusted to pH 9.7 with 0.88 
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ammonia. The eluted compounds are moni
tored at 254 nm. 

6. Diconal 

This material, which contains cyclizine 
and dipipanone, is becoming increasingly 
prominent in cases submitted to our labora
tory. The components are not resolved 
under the normal conditions for the separa
tion of basic drugs on silica and elute almost 
at the . '!vent front. By treating the silica 
with (3-mercaptopropyl)-trimethoxysilane it 
is possible to attach mercaptopropyl groups 
to the silica and carry out elution with the 
same solvent system as that used for the 
basic drugs (B. B. Wheals, to be published, 
J. Chromatogr.). An excellent separation is 
obtained, Figure 8. 

7. Cannabis 

Surface modification of the silica with oc
tadecyl-trichlorosilane is necessary in order 
to achieve the best separations of the canna
binoid constituents, Figure 9, most of which 
have been identified by comparison of their 
chromatographic behavior with authentic 
specimens or by measuring the mass spectra 
of the eluted peaks (9). 

HPLC is especially useful for the detec
tion of the thermally labile acidic cannabi
noids and provides a convenient method for 
the comparison of samples in order to estab
lish common ori~in (10), particularly if detec .. 
tion is carried out at two wavelengths (Figure 
10). Quantitation can be carried out quite 
satisfactorily as is shown (11) by the data in 
Table IV. 

. Because of the reliabihty of quantitation it 
is also possible to carry out studies on the 
rise and fall ill concentration of various com
ponentc as the sample ages (Figure 11). 

f 

I· .-N 

~ 
U 

, I I , I , 
5min 

Figur. 8. Separation of dlconal constitu
ents. Column 25 cm x4.9 mm 1.0., packed 
with 5 ItIn silica modified with mercapto
propyl groupS, Other conditions as In Fig
ur&S. 

220nm 

254nm 

1 
2 

2 , I 
! A~JI~ ! 

~/\JVL5 4~ L 
210nm 

2 

7 

• 
Figure 9. Separatlou of cannablnold con
stl.tuents. Column 25 cm x4.9 mm 1.0. 
packed with 5 pm silica modified with C 
groups on the surface. Solvent methanol~ 
O.02N sulphuric acid 86 :14. UV detector at 
A,22n; a, 254; C,280 nm 

1. Cannabidiol CaD 
2. Cannabidlolic acid CaOA 
3. Cannabinol CBN 
4. AOietrahydrocannabinoJ AOTiiC 
5. Cannabfchromeno eaCh 
6. Cannsblnolic acid CaNA 
7. A9-tetrahydrocannablnollc acid 

A9THCA 
8. Cannablchromenlc acid CaChA' 
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Figure 10. Comparison of different PakI
stani cannabis resins. Conditions atl. for 
Figure 9, but with UV detector at A,220; 
B,254,nm 

B. Toxicological Applications 

1. Naturally fluorescing materials 

HPLC is less CEISY to use for toxicological 
analysis because of the relatively low sensi
tivity of the UV detectors, which in general 
will respond only to concentrations corre
sponding to massive overdoses of drugs. 
On the other hand, fluorescence is inherently 
more sensitive and it is possible to exploit 
this property (see Table III). Occasiona!ly 
the substance is naturaUy fluorescent as is 
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Figure 11. Aging of cannabis extracts. 
Conditions 8S for Figure 9. 

1. Cannabidiol ceo 
2. Cannabldloll'.: acid CBOA 
3. Cannabinol ~'SN and cannablgerollc 

acldCBGA 
4. A9tetrahydrocannablnol A9THC 
5. Cannablnolfc acid CBNA 
6. AD-tetrahydrocannablnollc acid 

AflTHCA 
7. Olbutylphthalate (Internal standard) 

the case with LSD (7). Warfarin is another 
such sUbstance. 

Z- Chemical modification of the drug 

In the absence of fluorescence or where it 

, 
, 
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Table IV 

Quantitative HPLC of Cannabis 

CANNABINOID PERCENTAGE IN PERCENTAGE STD 

Tetrahydrocannabinol 
Cannabidiol 
Cannabinol 
Tetrahydrocannablnnlfc acid 
CannabldfoU.} acid 
Cannablnollc acid 

RESIN 
3.9 
0.7 
0.4 
4.8 
1.5 
0.4 

DEVIATION 
2.1 
1.2 
6.8 
1.9 
2.0 
1.7 

23 Analyses 

is only weak, as is the case with morphine, it 
is necessary to resort to chemical treatments 
to produce ml>re strongly fluorescing de
rivatives. For example, morphine can be 
oxidized with alkaline ferricyanide to 
pseudomorphine, which is strone,ly fluores
cent. This reaction has been applied to the 
estimation of morphine in urine, but since 
the process is very dependent on the co-ex
tractives present, it is necessary to add dihy
dromorphine as an internal standard (13). 
Figure 12 illustrates this and levels of mor
phine as low as 0.01 J,tg/ml can be detected 
quantitatively in urine. 

3. Derivatization 

The use of fluorigenic reagents to attack 
functional groups in a drug and theretJy at
tach a flUorescent label to the substance is 
not a new one. The methods are not yet of 
routine application even though reagents 
such as fluorescilmine, Nf.lD chloride (4-
chloro-7-nitrobenzofurazan), dansyl chlo
ride (S-dfmetbylamino.t-naphthalenesuJ_ 
phonyl chloride) and o-diphthalaJdehyde are 
available. We have had some success 
with EDTN (2,4.dichloro-6-(4.ethoxy_t_ 

• A 
e o 

Figure 12. Chromatograms of blank urine 
and morphinized urine (2 1.tQ/ml). A, 2 pi 
blank urine extractj B, 2 pi blank urine ex
tract plua 2 p.1 ferrlcyani':=:lj C, 2 J,tl morphln" 
Ized urine extract; 0, 2 pi morphinized 
urine extract fjlus 2 pi ferrlcyanlde re .. 
agent. Column 25 cm ><4.6 mm r.o. packed 
with Partlall 5 (7 pm). Solvent methanol: 
2N ammonium hydroxide: 1 N ammonium 
nitrate: 30:20:10. Fluorescent detector 
~"C 320 nm ~mls 436 nm. 
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Figure 13. HPLC of dansyl derivatives. 
Column 25 cm x4.9 nm 1.0. packed with Par
tlall 5 surface modified with C18 groups. 
Solvent methanol: water:85:15. Fluores
cent detector Ac,,' 339 nmj Aem.420 nm. 
a norephedrine 
b ephedrine 
e amphetamine 
d methylamphetamlne 
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naphthyl)-s-triazine) as a labelling reagent 
and it is possable to prepare variants of this 
by reacting cyanuric chloride with other aro
matic moieties. 

An example of the use of dansy! chloride is 
given in Figure 13, wherein is shown the 
chromatograms obtained by buection onto 
the column of 1.25 ng and lOng quantities of 
norephedrine, ephedrine, a.nphetamine and 
methylamphetamine after dansyJation (14). 

4. Electrocltemlcal detection 

Quite recently we have been examining 
the possibility of electrochemical detectors 
based on glassy carbon electrodes (15). A 
prototype cell has been constructed and 
shows considerable promise for detection of 
morphine in blood or urine. Figure 14 
shows the peak produced by injection of a 
sample of urine extract containing 1 ng mor
phine onto the column. The sensitivity is al· 
ready fairly good and can be improved 
considerably as only a small proportion of 
the morphine is being oxidized at the elec· 
trode's surface. 

C. Conclusion 

Although ther" is a wide range of commer· 
cial ~quipment available, HPLC is still at a 
stage where there is ample scope for the 
chemist to exercise his talents. Apparatus 
to suit particular analytical problems can be 
put together quite easily and inexpensively. 
It can provide reliable results for many 
months before the columns need repacking. 

It is also possible by the exercise of skill 
and chemical ingenuity to brina the analyti· 
cal problem well within the scope of this 
powerful technique. 

1ng 
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On-line Liquid 
Chromatography Mass 
Spectrometryz the 
Monitoring of BPLC 
Effluents by a Quadrupole 
Mass Spectrometer and a 
Direct Liquid Inlet 
Interface (DLI). 

SUMMARY 

On-line coupling of HPLC to a mass spec
trometer is a promising technique as a detec
tion system for HPLC. It provides good 
sensitivity, a wide range of applications, and is 
also. an i.dentifica,tion method capable of ana
lyzing nanogram amounts of pure substances 
eluted from the column. 

The method for the direct introduction ofliq
uid solution from the HPLC column into the 
source block ot' a mass spectrometer through a 
"Direct Liquid Inlet" interface is discussed. 
The technique does not extend to all of the dif
ferent aspects of modem liquid chromato
graphic methodsj however, it is well adapted to 
reverse phlse chromatography on chemically 
bonded stationary phases or on carbon 
adsorbents. 

The potential and the future of the technique 
are presented with respect to recent develop
ments of MS techniques which make many 
nonvolatile substances amenable to mass spec
trometric analysis. 

1. INTRODUCTION 

Liquid chromatography/mass speotrometry 
(LCIMS) is a recent technique; after a few pre
liminary attempts. it effectively began in the 
years 1913-74 with the publication of the re
sults obtained by E. C. Homing, P. P •. W. 
Scott, and F. W. McLafferty (see Table I). 
During the following two years only a few 
papers appeared in the literature. As LC/MS 
is a costly and difficult research topic, a con
siderable amount of work was achieved by only 
a very small number of research teams. Their 
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work is beginning to appear now; users of com
mercially available machines are showing in
terest, and new methods are being suggested. 
Today one may write that LC/MS is alive and 
opens to a vast field of promising develop
ments. Despite its relative youth, many re
view articles on LCIMS have already been 
published (1-5). " 

The advantages of an instrument which 
would combine a separation method such as 
high pressure liquid chromatography (HPLC) 
to an identification method such as MS are ob
vious to any analytical chemist. However, 
such a combined technique has been regarded 
for many years as utopia, because the two tech
niques appear fundamentally non-compati
ble. Mass spectrometry requires a high 
vacuum and ionization of molecular species in 
the gas phase, whereas liquid chrom~tography 
is intended to analyze those substances which 
lack sufficient volatility to be analyzed by gas 
chromatography (GC). 

Thus, even today, some authors consider 
that off-line techniques (6-8), such as collection 
of liquid fractions eluted from the LC column, 
evaporation of the solvent, and transfer of the 
solute onto the solid probe of a mass spectrom
eter are the only realistic LC/MS techniques. 
An evaluation of off-line LCIMS was reported 
by Huberel al. (8) Itis true that this procedure 
may be simplified and partly automated. 
Often by dipping the tip of the MS probe Into 
the collected fraction enough solute is trans
ferred, and the complete evaporation of the sol
vent may take place during the introduction of 
the probe through the MS vacuum locks. 

Off·line LC/MS coupling may use for the MS 
analysis new techniques recently developed 
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for the analysis of non-volatile mole.:ules. 
These methods often require the desorption of 
the solute from a surface introduced into the 
MS source block and include field desorption 
(FD) (9), laser assisted FD (10), electron im-
pact/desorption (EIID), (11, 12) and tha very 
simple method of chemical ionization/desorp
tion (CIID) (13) in which no high electrical field 
or sharp needles on the emitter tip are required 
to obtain results which previously could be ob
tained only by conventional FD. Other 
methods. such as direct chemical ionization 
(l4), rapid evaporation from inert surfaces 
(15-17), laser enhanced vaporization (10, 18, 
19), pyrolysis FD/MS (20), plasma desorption 
induced by Califomium-252 fission fragments 
(21-25), and electrohydrodynamic ionization 
mass spectrometry (26-28) have been sug
gested for off-line LC/MS methods. 

On the other hand, the manual collection of 
fractions from LC systems is long and tedious. 
It ma.y be automated, but the following step, 
the introduction of the solute alone into the 
mass spectrometer, is more difficult to achieve 
(see, for instance, the work of Lovins et al., 
29-30). The collection offractions is impossi
ble to achieve in the case of fast eluting peaks, 
such as those now encountered in modem high 
performance liquid chromatography (HPLC): 
columns with plate number as high as 50,000 
may be produced (31), but extracolumn effects 
are of such dramatic importance (32-34) that the 
analyst is often unable to take full advantage of 
these high performances. Off-line coupling re
quires that a greater amount of solute be in
jected, and it requires also that a conventional 
HPLC detector be used to monitor the fraction 
being collected to reduce the number of frac
tions further examined by MS. The detector in 
HPLC systems is a very critical part of the in
strument, and most of the detectors used suffer 
from some limitations. (4) Clearly, on-line 
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LC/MS avoids all of these problems. In addi
tion, we believe that MS might be the only de
tector which offers a broad field of application 
to organic molecules, good sensitivity (10-12 g), 
and a wide dynamic range (105 to 106) suitable 
for modem HPLC. Therefore, the rest of this 
text will deal exclusively with on-line LCIMS 
techniques. 

II. A DIFFICULT PROBLEM 

The detection system in HPLC is of such 
paramount importance that it has even been 
suggested that a cheap mass spectrometer, 
with alow mass resolution, could be used. We 
feel that, with the technology now at hand, this 
is unlikely to happen. Even a simple quadru
pole mass spectrometer with a very low mass 
resolution, used only as a low mass filter 
eliminating the solvent ions from the solute 
ions, or as a total ion integrator for the solute 
ions, will always be a relatively expensive de
tector. This is because mass spectrometry re
quires precisely machined parts, high vacuum, 
and sophisticated electronic controls. An 
LC/MS interface should be an accessory as 
part of a general multipurpose mass spectrome
ter combining different iniet :systems for solid, 
gas, and liquid samples, and for GC and LC 
introduction. 

It is a simple matter to define what the ideal 
interface should be: 

1 ~ The interface must not pose limitations 
on the operating conditions of the LC; it 
must tolerate different solvent systems 
under different flow conditions, 

2. The ·interface also must not restrict the 
operating conditions of the mass spec
trometer. Electron impact ionization 
(EI) and CI, under controlled pressure 
and selected nature 01' the reagent gas, 
must be available. 

,. 

3. The interface, when regarded as a post
column dead volume, should have a time 
constant less than one second so that 
fast eluting peaks are not broadened (34) 
?uring their transfer through the 
Interface. 

4. The lower sensitivity limit should be less 
than 1 nanogram, and the dynamic range 
should be better than 104• 

5. The interface should carry into the mass 
spectrometer a high percentage of the 
solut,.; eluted from the LC column. 

6. The transfeT.' of the solute through the in
terface should be quantitative inde
pendent of the nature of the sol~te and 
the sol~ent system used during the LC 
separatton. 

7. The solute should not be degraded 
~chemically altered or pyrolyzed) during 
Its passage through the interface. 

Consideration of the results obtained so far 
show that none of the described interfaces is 
perfect; at least one, and often many of these 
idealistic definitions had to be sacrifided. The 
methods are listed in Table I 

It is not the purpose of this paper to review 
and evaluate the different methods now offered 
for LC/MS. The reader is referred to the origi
nal papers, with a specific emphasis on the 
atmo~pheric pressure ionization source of 
Hommgel (1/., (35-41) the moving wire of Scott 
(4, 42, 43) and the moving belt of McFadden 
(44-47) . 
. The LC/MS inteliace, referred to here as the 
Interface with "Direct Liquid Introduction" 
(DLI), was originally developed in J973 in the 
laboratory of Prof. F. W. McLafferty at COl'. 

n~lI University. Preliminary work (48) was on 
dilute s?lutions. of peptides in hexane or liquid 
ammoma, kept In small glass vials with one end 
partial1y sealed until a small aperture restricted 
the flow of liquid out of the vial. It was then 

Table I 

List of the systems proposed 
for LC/MS 

A) Systems with complete elimInation 
of the solvent before entering 'he 
mass spectrometer; 

-modified solid probe 
Lovins 29,30 

-moving wIre 
Scott 42,43 

-moving belt 
McFadden 44-47 

-membrane 
Jones 78 

-collimated molec-
ularbeam 

TakeuchI 50 
Vesta" 69 
Futrel! 70 

8) Systems which let the solution en
ter the mass spectrometer: 

-DLllnterface and EI 
Tal'Rose 79,80,82 

-DLllnterface and CI 
McLafferty 
Arpino 
Henion 
Melera 

-API source and 
plasma chromato-
graph 

Karasek 
-API source and 

quadrupole MS 

49-54 
58,6B 
55,56 
57 

81 

Horning 35-41 
~~~ -'-" ~"-"-~~~ .. ~~,,-~~-

introduced through the solid probe inlet of a 
mass spectrometer model AEI MS 902 modi
fied for CI work. CI spectra resulting from sol
vent/solute quadrupole mass spectrometer 
were used. 
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Ilf. THE DLI INTERFACE 

A. Principle 

The principle of an interface based on DLI is 
simple. The major portion of the solution 
eluted from the HPLC column, which is com
patible with the vacuum pumping of the MS, is 
sucked into the MS. The amount of liquid in
troduced is controlled by the liquid pressure 
drop across the DLl interface; it is convenient 
to place a restriction in the interface to lower its 
flow permeability. The pressure conditions in 
the mass spectrometer depend on the amount 
of solution introduced, on the pumping equip
ment, and on the vacuum conductances of the 
different elements of the MS. 

A quadrupole MS requires operating 
pressures of 10-4 t in the source envelope, and 
10-:; t in the analyzer. For CI conditions in the 
source block, the vacuum conductance of the 
source block is adjusted so that inside source 
pressures from 0.2 to 1 torr are obtained during 
LC/MS operations. Most commercial quadru
pole MS designed for GC/MS work include fast 
vacuum pumps and a differentially pumped 
source. They may accept the direct introduc
tion of about 1 to 10 ul/min. of solution from a 
HPLC column, and 'good LC/MS data, using 
only oil diffusion pumps for evacuating the sol
vent, have been previously presented. (49, 55, 
56) The use of very large diffusion pumps, with 
opening size larger than 20 em, is not recom
mended as they are expensive, bulky, and have 
a high level of oil vapor back diffusion. The al
ternative method to increase the vacuum 
pumping speed is cryogenic pumping (50, 57). 

B. The cryopump 

Most solvent molecules. from solvent sys
tems used for HPLC, have a condensation 
coefficient equal to one when they are ad
sorbed on a surface at the temperature of boil-
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ing liquid nitrogen; there is not back desorption 
of the molecule. Thus, the pumping speed of 
the cryotrap is controlled by the surface of the 
trap, and by the conductance of the pathway 
between the source block and the trap (59. 60). 
The pumping speed is even faster when the par
tial pressure of the solvent vapor in the vicinity 
of the surface is close to 10-3 t, as viscous flow 
takes place (60). Such is the case in our proto
type, which includes a large hemicylinder, 
chilled by liquid nitrogen, with an inner surface 
of 326 cmz directly in line of sight with the 
source block, and within 2 cm distance from 
the source block. Up to 100 ~l/min. of ace toni
trile may be introduced over periods of many 
hours (5 to 10), without lowering the vacuum 
pumping speed of the cryotrap. However, 
under such high flow rates, the pressure be
tween the iotl exit slit and the entrance aperture 
ofthe quadrupole rods is too high. This causes 
a mass discrimination for ions greater than 
mJe=3OO; thus, we routinely introduce 30 to 50 
J.l.l/min. of solution of polar solvents. With this 
liquid flow rate, we observe a source envelope 
pressure of 4 x 10-11 t and an analyzer pressure 
of 4x 10-6 t, as read without correction on hot 
cathode type high vacuum gauges. 

The cryotrap may be regenerated within 30 
min. after illo!ation of the oil diffusion pumps, 
introductiun or dry nitrogen in the vacuum en
velope of the MS up to atmospheric pressure, 
warming UIJ bf the cold surface, and pumping 
down to vacuum by the roughing pumps. This 
procedure is repeated two or three times. 
Other procedures which allow the solvent 
vapors W go through the oil diffusion pump, 
even when they are turned off. are not 
recommended. 

C. The st)urce block 

In the source block, enough thermal energy 
is supplied to the liquid solution for its com-

~, , 

plete vaporization. In our instrument, as in 
most of the other instruments of the same type, 
(55 -57) the thermal energy is taken from the 
heated source block. In one case, a laser beam 
has been used (54) to supply this energy. As 
the solution expands in the source block, a 
pressure of about 0.5 t is reached, this pressure 
being practically equal to the partial pressure of 
the solvent molecuJes. Ionization of the sol
vent molecules to produce a plasma of primary 
reactant solvent ions is induced by the inter
action of the solvent molecules with an elec
tron beam of 100 eV energy. The electron 
beam is obtained from a conventional heated 
rhenium filament. A plate with a pinhole was 
placed between the filament and the source 
block to focus the electron beam, and to hide 
the filament from tte solvent vapors which exit 
from the source block. This protects the fila
ment which does not burn when oxygen con
taining solvents, such as wliter or methanol, 
are used; its average life time is one month. 

D. 'th~ mass spectrum 

The mass spectrum results from chemical 
ionization between the plasma of the solvent 
ions in the mass range from mJe=lOO to the 
higher mass limit of the mass spectrometer. 
Usually the MS records the ions in the solute 
mass range, thus discarding solvent contribu
tion to the mass spectra. On the other hand, 
the monitoring of one of the reactant ions from 
the solvent may give a useful LC chromato
gram (61, 62). 

Different solvents have already been tested 
in view of their use in a DLI system: pentane, 
hexane, tetrahydrofuran, chloroform, acetoni
trile, methanol, and water. AU of these sol
vents perform well under DLI conditions 
(49-51}. Pure alkane solvents, such as n-pen
tane or n·hexanej yield CI reaction with hy
dride abstraction, so that the quasimQlecular 

ion of the solute appears at mJe=M-1, (M 
being the molecular weight of the solute). 
Chloroform, when void of traces ofthe metha
nol used as a stabilizer, yields a mixture ofhy
dride abstraction and protonation. All polar 
solvents (tetrahydrofuran, acetonitrile, metha
nol, water) give chemical ionization with pro
tonation, so that the quasi molecular ion of the 
solute appears at mJe=M + 1. It is one of the 
most attractive features of a DLI interface to 
match well the requirement of reverse phase 
HPLC, the most widely used and the most 
promising of the HPLC techniques (63-65). 
LC/MS operations, using chemically bonded 
silica (58) or graphitized thermal carbon black 
(66) as the stationary phase, have been run in 
our laboratory. Melera has shown (57) that a 
buffered aqueous solution of volatile inorganic 
salts, such as ammonium acetate (up to 0.1 Min 
water), may be continuously introduced in a 
cryopumped quadrupole. 

The quadrupole mass spectrometer may be 
operated in the negative ion mode (67), and de
tailed studies of the behavior of the commonly 
used solvent systems under such an operating 
mode should be performed, but preliminary re
sults (57) appear very promising. 

E. The liquid/gas Interface 

Another critical part of the instrumentation 
in a DLI system is the restriction in the inter
face which limits the amount of liquid intro
duced into the mass spectrometer. In the 
original model (49-51,53), along (30 cm) thick 
wall glass capillary tube (6.35 mm ODXO.075 
mm ID) was used. Excess glass at the end in
troduced in the source block was removed by 
dissolution in HF, and a pinhole of about 0.010 
mm was obtained by glassblowing. The same 
technique has been used by others (55, 56). 
The same permeability is more easily prepared 
by inserting a thin metallic wire inside the capil-
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lary tube, starting at the end normally placed 
inside the MS source block (58). Adjustment of 
the permeability to the required value is easily 
obtained, and the tube is rapidly cleaned if it 
becomes plugged. However, any DLI inter
face which makes use of such a long and nar
row capillary tube, either with a pinpoint 
restriction or with a regularly decreasing 
pressure drop as with the wire model, suffers 
from a very severe limitation when solutions of 
a nonvolatile solute are percolated through the 
interface (58, 68). Because of the viscosity of 
the polar solvent, the capillary forces opposing 
the flow of liquid through the tube, and the 
range of pressure of liquid one may develop 
across the interface (0-100 bars), the speed of 

the solution through the tube is about 10 
cm/sec. This is too low to insure the transport 
of the liquid into the vacuum of the mass spec
trometer without vaporization of the solvent 
inside the capillary tube, as the liquid reaches 
the end of the capillary tube under vacuum. 
Thus, nonvolatile solutes and high molecular 
weight impurities, present in either the solvent 
cr resulting from degradation of the chemical 
bonding of the HPLC column, accumulate in
side the glass tube and plug it. Heating the end 
of the glass tube, either by thermal convection 
from the source block, or by a laser beam, does 
nOlt bring any improvement, as it simply moves 
he: liquid/gas transition zone deeper within the 
:apillary tube. Such' a problem is avoided 
vhen a water-cooled diaphragm is used instead 
)f a long capillary tube (57) or when the physical 
parameters at the end of the capillary tube are 
such that a supersonic molecular beam of solu
tion molecules, expanding in ajet, is produced 
(69-71}. In a freely expanding jet a skimmer 
may be installed t~ discard the outer layers, 
~\'hich contain solvent molecules, and to inject 
only the central part of the beam, which con
tains the solute molecules, into the mass ana-
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tyzer. Vestal (69) and ,Futrell (70) have re
corded on their instlUments either pure EI 
spectra, or CI spectra from nonvolatile mole
cules, such as nucleosides. However, their 
prototypes which include many differentiaJly 
pumped zones and a laser (69), or a sonicating 
hom (70) to break the liquid into well homog
enized droplets, are far more complex in
stlUments than the modified quadrupole MS 
equipped with DLI interfaces (56-58). 

Finally, the main theoretical advantages of a 
DLI interface have not been obtained yet. As
suming that the conclusions from a theoretical 
study done by Giddings et aL. (72) are valid, we 
may expect that the breakage of the solution 
during a rapid expansion leaves the solute mol
ecule in the gas phase during a very short (10--0 

sec.) period of time, before solute molecules 
recombine to form a solid crystal. Thus, one 
should try to ionize the solute molecules in the 
gas phase during this brief period of time. The 
demonstration of possible isolation of ma
croions in the gas phase was realized by Dole 
Ilt al., (73) but none of the described LC/MS sys
tems have been able to provide such an effect. 

~'. The chromatographic system 

The HPLC instrument should be considered 
as a full part of the interface, and be optimized 
to provide the best LC/MS oper.l,ltions. Most 
analytical HPLC columns utilize small parti
cles (5 to 10 p,M) and column inside diameters 
of 2 to 6 mm. The output flow rate should be 
0.5 to 2 mVmin, which is 10 to 40 times greater 
than tolerated by a cryopumped quadrupole 
MS. On the other hand, microcolumns (74-76) 
with internal tube diameter of 0.5 to 1 mm have 
an output flow rate of 5 to 50 p,1/min, which 
matches well the requirements of a DLI inter
face. 'Different authors, including ourselves, 
have used such microcolumns in conjunction 
with LC/MS systems (55, 58, 71), Unfortu-

.' ofo 

nately, their chromatographic perfi 
are poor co d ormances 
larger d' ' ~pare to the separating power of r 
. ~a?Ie ~r columns. We have tried to ad- i 
JU~t the IIlJechon parameters in a 4 mIt 
USIng a d' 'd d fI •. m co umn, 

IVl e ow Injection mode (32) Th -
only the central part of the column w· en \' 
ferred through the DLI interf:ace A caos t~adns- ~ . -
abl . h . nSI er-

e ennc ment was observed for non-retained \ 
solute, such that 10% of outlet solution in th . \ 
fentral zone contained 60% of the injected so~ 
ute. Unfortu?ately, no enrichment was ob-

served for retamed peaks with K I >- 1 h' h I 

sets a severe limitation on the practical'a~v~c II 

ta~:s~~rthche prockedur~. n-. 
,wor on Improved microcolumns 

and on on-lIne solvent concentrators rna re~ 
suIt from efforts to adjust the HPLc Y 
the DLI interface for LC/MS. system to 

Photo 2 

Photo 1 

157 . 



H _ 

r 
1 

• 

Fi ure 1. Schematic drawing of the DLlln" 
te~ace: (1) modified SWRgelok® reducing 
union for stream splitting; (2) brass cylin
der holding the glass tube; (3) glass capll" 
larlt tube (2 mm odxO.1 mm Id); (4) 
g,a"ssblown restriction, or thin metallic 
wire' (5) epoxy resin Iseal; (6) nompresslon 
fitting making the seal on pari (2); (7) com
pression fitting attac!hed to a roughing 
pump line; (8) flange making seal on a gat~ 
valve; (9) movable metallic probe shaft, 
(10) Insulated tip (Vespel<!t). 

-----:;-...., 

. 7/ 
~i ur~7 Schematic drawing of the MS 
so~rce block with the DLI interface being 
connected: (1) movable metallic probe 
shaft; (2) Insulated tip; {3) end of ~~e ~~~~) 
lary glass tube; (4) MS source oc, 
vents' (6) electron beam for primary lonlza~ 
tlon of solution vapor!;i; (7) Ion exit slit. 
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Figure 3. LC/MS detection of 2 to 5 micro
grams of a triazine derivative Injected onto 
a HPLC column. Solvent: ecetonltrlle at 1 
ml/mln. and an Inlet pressure of 30 bars; 
column: 15 cm longx4 mm Id filled with 5 P
C bonded silica; flow rate of solution In
trgduced Into th& MS: 30 pi/min; electron 

J. 100 oV A' total Ion Integrator enerttY:· d 
s nchronlzed wlth'the MS scan was UGe 
f!r tracing the chromatogram; Integrated 
mass range 800-1200 amu In 1.5 sec. 

no 

MS uv 

Figure 4. Dual recording of the signal ob
tained from a conventional UV detector, 
and from the LC/MS during the analYSis of 1 
p,g of porphine. HPLC and MS conditions 
are the same as In Figure 3; Integrated 
mass range 130-500 amu In 3 sec. 

IV. RESULTS 

The advantages of a DLI interface may ap
pear more clearly aiter tbe presentation of 
some of tbe results obtained on tbeinstrument 
assembled at the Ecole Poly technique, which 
is shown in Photo No.1. The HPLC pump is a 
gas pressurized coil, s~en on the left end; the 
quadrupole is in the cer.·p.r, and the electronic 
controls are on tbe rigbt. Photo No.2 shows 

179 

Figure 5. LC/MS aria lysis of 400 ng of a 
Phenanthrene/chrysene mIxture analyzed' 
on a micro LC column directly coupled to 
the MS. Top trace: reconstructed LC chro
matogramlrom Ions in the mass range 130 
-sao amu. Bottom trace: mass chromato
gram of mle 179 (MH+ of phenanthrene). 
Column: 43 em longx1 mm fd filled with Sp, 
Cts bcnded smca. Solvent: acetonitrile at 
30 p,I/mln. and an Inlet pressure of 40 bars. 
prate number for the phenanthrene peak: 
1100. The data were processed by a Rlber
mag 400 data system; MS scan: 130-S00 
amu In 1.S sec. 

the cryotr~p; it is a hollow hemi-cylinder which 
surrounds the CI source block of the mass 
spectrometer. Details of the DLI interface ap
pear in Photo No.3. The injector head of the 
HPLC is directly mounted on the column; the 
LKB detector monitors the major part of the 
eluent left after it exits the interface. Figure 1 
is a schematic representation of the interface 
and of its holder; Figure 2 represents the cut 
section of the CI soun:e block with the inter-
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Figure 6. LC/MS analysis of 1 pJ of lemon 
8iGentlaJ 011. Column: 14 em 50ng x4 mm Id 
filled with 5/1- Cm bonded silica. Solvant: 
acetonitrile at 0.5 ml/mln. and an Inlet 
prefiGUre of 20 bars. Integrated mass 
range 100-700 In 3 sec. Other MS condi
tions are the same as In FIgur9 3. 

face in running position. 
The LC/MS analysis of a .hig~ molecular 

wi'jght substance is presented m Flgu~e 3. Ino 

creasing amollnts of a triazine derivatlve (fro~ 
2 to 5 p.,g) were injected on the HPLC colu.mn, 
the signal is the integrated ion currents .of Ions 
in the mass range mJe 800-1200. Figure 4 
shows the dual parallel recording of the signal 
seen by the MS and by the UV detector I after 
injectioll of 1 p.,g of porphine: . 

It is possible to connect dIrectly a ~lcro ~C 
column to the mass spectrometer, with the m~ 
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Figure 7. Single Ion recording of mla 203 
(MH+) during the Introduction of 10 PO of 
fluorenthene through the DLI Interfacalnto 
the MS. No HPLC column Will used. Dead 
volume between the JnJectton point and the 
MS source block: 7 pJ. Flow rate of aceto
nl~rlle: 33 pJ/mln. Retention time of the 
solute: 12.6 sec. Volume of the soiutlon 
Injected: 1 pJ. 

troduction of the total of the output solution 
into the mass spectrometer. Figure 5 sho:ws a? 
example of such a coupling for t~e analysIs of a 
polyaromatic hydrocarbon mixture (phen~ 
anthrene and chrysene); only 1100 plates .we~e 
measured for the phenanthrene peak, which IS 

selcctively displayed on the computer gen
erated ion chromatogram for mass 179 
(M+H~). . 

Bettcr results are obtained with a conve~
tionallarge bore HPLC column, as shown In 

Figure 6. It is the total ion chl'omatogra~. for 
ions in the mass range mle 120-500, after u\lec-

\. 
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Figure 8. Mass spectra of fluoranthene, chrysene, and coronene after Injection of 100 ng 
of each sample. LC conditions are the same as In Figure 7. Data were acqUired by a 
RlbcJrmag 400 data system. Mass range 150-500 amu In 1.5Iec. 

tion ofl, . .d of lemon oil on a C·18 reverse phase 
HPLC column. 

The sensitivity of the method is il1ustrated in 
Figure 7: 10 pg of fiuoranthene is introduced 
into the CI source block, while recording the 
output signal of the quasimolecular ion 
(M+H+:::203). The dynamic range of detec
tion was shown to be loa for this analysis. 

Further work is needed to obtain the higher 
limit of volatility a solute should present to be 
analyzed by LC/MS with a DLI interface. Se
lected test substances should be run by the dif-

ferent . research groups who use similar 
machines. Polyaromatic hydrocarbons, with 
increasing number of aromatic rings, or the se~ 
ries of the oligomers of polystyrene polymer 
could serve as valuable test probes. As an ex
ample, we have demonstrated that benzene, 
naphthalene, phenanthrene, and chrysene are 
transferred without significant peak broad
ening. However, coronene and pentacene 
are partly retained due to adsorption of the 
solute on the glass tube of our DLI interface 
(see Figures 8 and 9). This arises from the fact 

161. 



t' 

----------~--~--------~------~-

scan 

scan 

~ 
inj 

30 

~ 00 

10 

~ W 

40 50 

.30 

scan 50 100 150 

Til 
b.p. 
( ·c ,760 mm) 

375 

TU 

448 

Tli 

525 

hromato rams for the quallmolecular Ions of 
FIgure 9. Computer reconstructed moss ~I sll In ~lgUre 8. Fluoranthene and chrysene 
the aromatic nyarocarbons during the a~thY ut peak broadening, whereas coronene Is 

eaks are eluted from the DLllnterface w 0 

~trOnglY adsorbed on the glosa of the Interface. 

that the solvent evaporates inside the glass CONCLUSION 

tube before the soludon reaches the CI s~urce The direct introduction of liquid solution in-
block. We are now working on a rather diffe!- side the CI source block of a mass spectrome-
ent system, compared to the model shown In ter appears to be a simple and r~liable method 
Figures 1 and 2, which keeps the D~I ~oncept to achieve on-line LCfMS couphng. The sen-
for a more efficient transfer of the lIqUid solu- sitivity of the detection and the range of solutes 
tion into the CI source block. amenable to the device make the mas~ spec-
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trometer the most sensitive and umversal 
HPLC detector, although it is acostly and com-

plex detector. Among the results, which we 
assume now (0 be well-established, there is the 
absence of problems posed by the routine in
troduction ofliquid solvents into the vacuum of 
the MS. No long term degradation effects 
have been observed, and routine LC/MS oper
ations are possible on a general multi.purpose 
instrument. As most of the problems arollnd 
the DLI interface have been solved, we 
may now concentrate Ollr efforts on the inter
face, itself, to find the design with optimal 
performance. 
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A New Approach to the 
Optimization of 
Chromatographic Systems 
and the Use of a Generally 
Accessible Data Bank in 
Systematic Toxicological 
Analysis 

I. INTRODUCTION 

Systematic toxicological analysi~, i.e. the 
undirected search for a potentially harmful 
substance whose presence is unsuspected, rep
resents a most difficult analytical problem. 
This applies to both forensic and clinical toxi
cology, regardless whether the sample is a bio
logical fluid or tissue, a drug formulation, or 
some stuff traded in the streets. To'a large ex
tent this is due to the almost infin~te number of 
drugs that have to be taken into account, either 
as single substances or as mixtures. 

During recent years, chromatographic tech
niques, such as thin-layer chromatogl'aphy 
(TLC), gas-liquid chromatography (GLC) and 
high-performance liquid chromatography 
(HPLC), have gained gonc~i11 itcceptance as 
basic tools for toxicological analysis. At first 
sight, When looking into the literature one may 
get the impression that a large number of sys
tems is already available. Yet, most of these 
systems were developed for a limited number 
of substance classes andlor individual compo
nents. However, in order to be suitable for 
systematic toxicological analysis (STA), it is 
necessary that chromatographic systems be 
evaluated with a large number of substances, 
representing a variety of cJass~s. Moreover, 
as obviously no single separation system will 
be adequate, combinations of systems have to 
be tested. The latter may comprise two or 
more systems based on the same technique 
(e.g. two TLC-systems), or based on different 
techniques (TLC and GLC; GLC and HPLC). 
Evaluation of separation systems combined 
with other analytical methods such as spectro
photometry, mass spectrometry, and color 
reactions may also be envisaged. 

• 
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Despite their crucial importance for STA, 
these aspects do not r.eem to have receivea 
much attention. This may be due to the large 
amount of work that is necessary for this type 
of research andlor the lack of suitable criteria 
for adequate evaluation and optimization. In 
recent years, m!\ior contributions came from 
three groups: Moffat et al. (1-6) classified PC-, 
TLC- and GLC-systems on the basis of their 
discriminating power (DP); Massart at al. (7-
10) did the same for TLC-systems, using the 
concept of information content (IC), and 
MOUerel al. (11) evaluated TLC-systems using 
separation quotients (q,), in combination with 
color reactions on the plate (12). 

All three approaches are system-directed, in 
that they provide information on the efficacy of 
single systems and combinations of systems. 
Though quit~ helpful in selecting proper sys
tems, they give little or no information on indi
vidual substances, for example if substances a 
and b can be separated in system z or if sub
stance c can be unequivocally identified in the 
presence of substances d, e, j, g • • • , etc. 
Therefore, we have developed a new approach 
which is both system- alld substance
directed. Utilizing the concept of identifica
tion power (IP), systems can be evaluated and 
substances can be identified by means of their 
chromatographic retention behaVior, pro
vided adequate considemtion is given to repro
ducibility and spot or peak size. 

This paper reports the first results obtained 
with this concept. It has been applied to a se
lection of ninety basic drugs which were chro
matographed in eight TLC-systems. Four of 
them were "normal" systems in which the 
drugs migrated as bases; the other four repre
sented ion pair adsorption systems in which the 
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drugs migrated as ion pairs. The l~tter was 
done to get an insight into the efficacy I~ STA of 
the newly developed ion pair adsorptIon sys
tems (13) as compared to that of the normal 
systems. 

fl. THIN LAYER CHROMATOGRAPHY 

A. Choice of TLC-Systems 

It is well known that identification of a d~g 
by using a combination of chromatographic 
systems can best be achieved if t~e .Rf-values 
for compounds in one system are l?oependent 
of their values in anothel' system, I.e., the Rf
values should have low inter-5ystem corr~la
tion (2, 14). This may be achieved by selectmg 
widely different developing solvents, or by ~p
plying a different physico-chemical separatton 

. . Ie An example of the latter can be pnl1Clp , Wh . 
found in the TLC of barbiturates. en usmg 
a neutral solvent, e./:. chlorofor~-ethe.r 
(75+25), barbiturates migra~e as undlssocl
ated acids, I:mt with an alkahne solvent su~h 
as chloroform-isopropanol-(:onc. ammoma 
(45+45+ 10) the substances migrate as anions 
(15). Unfortunately, this ~rinciple. cannot be 
applied to basic drugs. With alkah~e or .neu
tral solvents they migrate as. undlssocmted 
bases but if an acidic solvent IS used, the re
sultin~ protonated base BH.f uc;ually becomes 
too polar to migrate on silica gel. Yet, we r~
cently introduced simple TLC-~ysteT?s m 

hich basic drugs are converted to Ion pairs ac-w . 
cording to the equations 

B+H+:t===BH+ 
BH + + X '-:t=== BHX" 

in which X" represents a suitabl~, negatively 
charged counter ion. usually bromide ~r perch
lorate (13). As the basic drugs nov.: migrate as 
ion pairs we were interested to see If such sys-

168. 

terns would be of advantage for STA. 
In order to be able to properly study the ef

fect of the ion pair formation on the chromato
graphic retention we tried to select our ~yste~s 
in such a way that, preferably, the Ion patr 
TLC-system differed in only one aspect (the 
presence of the' counter ion) from a corr~
sponding, normal system. A second factor 10 

selecting our systems was that we wanted to 
achieve optimum reproducibility for reasons 
that will be explained later. ~s we had ob
served that the presence of baSIC com~onents 
such as NaOH, KOH, ammoni~. ~?d dle~hyla
mine usually lowered repr~duclblhty,. without 
being necessary to let basIc drugs migrate as 
bases (13), we tried to circumve?t the use of 
these basifying components, WhICh could ~e 
realized in three of the normal systems. ThiS 
resulted in the selection of the eight solvent 
systems listed in Table I. All further chr~ma
tographic conditions were as deSCrIbed 
previously (13). 

B. Substances 

Ninety basic drugs were investigated. They 
all belonged to the selection of 100 substan~es 
evaluated by Moffat et al. (2,4,5), the remam-
. 10 substances not being available at the 
mg . 1 d' tha time. The bases were eac~ ~ISSO ve m me -
nol to give solutions contammg about 1 mg/ml, 
of which 2-5 J.tl were spotted. After de.velop
ment drugs were localized unde~ UV. lIght of 
254 n~ and by spraying with acidified lodopla
tinate spray. 

C. Reproducibility of the TLC-Systems 

In order to be able to apply the concept oflP, 
it is necessary to know for each syste~ the 
standard deviation of its Rf-values. ThiS was 
assessed by measuring the Rf-values of l~ SU?
stances in six repetitive experiments on SIX dif
ferent days. The 10 compounds were selected 

so that they were evenly spread across the 
plate in each system: benzocaine, bromodi
phenhydramine, dimethoxanate, rnepyramine 
nikethamide, nortriptyline, pethidine, pipama
zine, promazine, and strychnine. It cou' J be 
shown that the vanance in Rf-values was es
sentially constant :tcross the plate .. 

D. Correction of Rf-values 

In order to c:Jrrect for systematic changes 
(e.g .. geomet.y of the chamber, relative hu-

TABLE I 

midity, temperature, quality of sorbent and sol
vent) and/or to allow inter-laboratory 
comparisons, we corrected Rf-values accord
ing to Galanos and Kapoulas (16), using de
fined substances as reference compounds to 
convert observed Rf-values to corrected Rf
values (Rfc-values). It has been shown that 
this approach results in a remarkable increase 
in inter-laboratory reproducibility with both 
single- and multicomponent solvent systems 
(17. 18). The original method uses two refer
ence substances t and u for which corrected 

Normal TLC-syslems and Ion pair adsorption TLC-systems for basic 
drugs as used In the study'" 

Normal systems 

System 1 
Solvent: Methanol 
Unsaturated chamber 

System 3 

Solvent: Methanol-Butanol 
(60+40) 

Unsaturated chamber 

Systems 

Solvent: Chloroform-Methanol 
(90+10) 

Saturated chamber 

System 7 

Solvent: Ethyl acetato-Cyclo
hexane-Methanal-cone. NH

4
0H 

(70+15+10+5) 
Saturated chamber 

Ion pair adsorption systems 

System 2 
Solvent: Methanol, 0.1 M In NaBr 
Unsaturated chamber 

System 4 

Solvent: Methanol-Butanol (60+40), 0.1 
MIn NaBr 
Unsaturated chamber 

System 6""" 

Solvent: Chloroform-Methanol (90+10), 
saturated with NaBr 
Saturated chamber 

System 8** 

Solvent: Ethyl acetate-Cyclohexane_ 
Methanol (70+15+15), saturated wIth 
NaBr 
Saturated chamber 

• All plates were Silica gel 60 F 254 (E. Merck, Darmstadt, G.F.R.) 
.. These solvent systems do not allow dIssolution of 0.1 M NaBr .otll~t plate. had to be Impregnated with a 

0.1 M solutIon of NaBr In methanol prIor to development. 
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values have already been established. The 
substances t and u are then run together with 
the substance to be determined, p, and the fol
lowing corrections are applied: 

(Rp')J,=a Rfp+b 

a=_(RP')/-(RfC)1I 
Rft-Rfu 

b=(Rp')(-a Rft 

It should be observed that this method works 
best if Rft<Rfp<Rfu and if the differences be
tweenRft,RJ" andRfu are small. Therefore, in 
our investigation where we are dealing with a 
large number of substances , we have increased 
the number of reference compounds to 3 and 
have also used two fixed reference points, 
namely the starting point S with Rf-value 0 and 
the position of the solvent front F after de
velopments with Rf-value 1. The correction 
method then works as follows: 

O<Rfp <Rft: use references Sand t 
Rft<Rfp <Rfu: use references t and u 
Rfu <Rfp <Rj~,: use ref(~rences u and v 
Rft,<Rfp<l: use refemnces v andF 

For reasons of simplicity we arbitrarily se
lected codeine (t), nikethamide (u), and benzo
caine (v) as reference substances for all 
systems. Their respective Rfc-values were de
termined by averaging Rf-values of9 repetitive 
measurements. 

III. THE CONCEPT OF 
IDENl1FICATION POWER 

A. General 

The IP of an analytical methodology is the 
number of substances that can be unequivo
cally identified out of a large population of com
pounds. The methodology may be based on a 
single parameter obtained in one system, or on 
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a set of parameters obtained in more than one 
system or with more than one technique. 

In this work we have evaluated 8 TLC-sys
tems. In order to be able to adequately handle 
the large amount of data, we developed a com
puter program TOXIP (19), written in Pascal, 
and made use of the CYBER 74-18 computer at 
the University Computer Center in Gronin
gen. Pascal has the advantages over Fortran 
that it allows more compact statements, that 
more efficient use is made of memory capacity, 
and that it is faster. In the following sections 
the mathematical-statistical approach to IP is 
given for these TLC-investigations, but the 
principles are equally well applicable to other 
systems and techniques. 

B. Mathematical Appro~ch 

Given are N different TLC-systems j, j E" 

{I, . . . ,N} and M different substances i, i E" 

{t, ... ,M}. Foreachsystemj,anumberof 
Rf-observations were carri~d out for each sub
stance i in order to calculate Rfc-val~es and 
mean Rfc-v~lues. 

If we are to identify an unknown component 
belonging to th~ population M, we can analyze 
this substance in k of the N systems and we 
want to know how good that set of k systems 
Ut, ... ,jk} will be for this purpose, i.e., 
which system or set will have the highest IP. 

If Rfc-values have been aetermined for 
M substances' in N systems and if 
(xu)!> ••• (XIJ)n represent the outcomes of the 
n independent determin'ations, the mean Rfc. 
value al) of substance i in systemj will be 

I n 
al} = - :L X/Jk 

nk"'l 

This will result in a total of MxN mean 
Rfc-values, representing the matrix 
{alJh c l .... MlJo l .... .N. 

C. Definitions 

It will be clear that in order to distinguish be
tween two substances p and q in a systemj, 
there has to be a minimum distance between p 
and q, the discriminating distance d

J
• This 

leads to the foHowing definitions: 

Definition 1. Substances p and q are discern
ible in systemj if and only if: 

/ap}-aqJ/>dJ 
(Forp,qe{I, ... ,M},je{l, ... ,N}) 

Definition 2. Substances p and q are discern
ible in a set of systems Uto ... ,jk} if and 
only if p and q are discernible in at least one 
systemj of this set. 

Definition 3. Substance p can be identified in 
set Ut, . . . ,jk} if and only if p is dIscern
ible from all other substances pi=q in this set. 

Definitioll4. The identification power (IP) of 
set UI> ... ,jk} is the number of sub
stancesp (pe{l, ... ,M}) that can be iden
tified in that set. From Definitions 1 and 2, it 
follows that p and q are discernible in set 
Ul' . . . ,j,J if and only if there exists at 
least one system j (jeUh .. jk}) in which 
japrllqJI>dJ• 

D. The Discriminating Distance dJ 

The discriminating distance is dependent on 
the standard deviation of the systemj and a sta
tistical factor: 

d}=cp'J 

The standard deviation for each system was 
found as described in II.C., by using 10 sub
stances in 6 repetitive experiments. The fac
tor C J is defined as: 

cJ=2 ta=2 Ua ,jt +* 

in which n is the number of observations and II a 

the excentricity factor for a probability a. For 
10 substances and 6 observations u has 
10(6-1)=50 degrees of freedom and can be 
found in tables for t-distributions. For a prob
ability of 95%, u=1.64; for a probability of 
99%, u=2.33. The factor 2 has been intro
duced to take into account the sizes and shapes 
of the spots as well as the fact that sizes and 
shapes may change with the amount of sub
stance present. 

Thus, /aPJ-aqJ/>dJ guarantees that the obser
vation ofa certain Rfr-value is correctly appro
priated to substance p and not to q if a choice 
has to be made between these two. 

E. Computer CalCUlations 

In these investigations, for N systems, 
M substances and NxM Rfc-values 
{alJhol ..... M;j~I .... ~V. and for N discriminating dis-
tances {dJhot ......... calculations were made for: 

a. The IP's of the single systems 
j=l, ... ,N 

b. The IP's of combinations {j I> • • • ,j k} 
ofk systems among theN given systems, 
k being 2, 3, or4. 

These calculations were carried out for .95% 
and 99% probability, respectively, for com
parison purposes. It will be obvious that in 
practice one should work with 99% probability. 

IV. RESULTS AND DISCUSSION 

Excellent ion pair adsorption chromatog
raphy could be obtained with bromide as 
counter ions, provided that the counter ion 
concentration applied to the systems was in the 
order of 0.1 M. With the more polar systems 
1-4, this can be easily achieved by dissolving 
the corresponding amount of NaBr or KBr in 
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TABLE II 
R,e·values x 100 for the 90 basic compounds in 8 TLC·systems. r'- .~~. ---- .--,._. ~.. '. . .; 

I 
Substance System: 1 2 3 4 5 6 7 8 Substance System: 1 2 3 4 5 6 7 8 
ACETOPHIENAZINE 33 41 18 32 13 17 34 9 MEPYRAMINE 15 40 9 33 8 20 68 15 
AMETAZOLE 5 41 4 42 0 0 8 11 METHADONE 14 62 10 60 11 31 78 37 
AMETHOCAINE 39 46 30 39 25 17 66 22 METHAPYRILENE 12 32 7 24 9 19 52 10 
AMITRIPTYLINE 23 50 17 51 21 31 73 31 METHAQUALONE 79 75 84 84 68 70 71 94 
AMPHET4MINE 11 71 8 75 5 5 43 45 METHOTRIMEPRAZINE 28 53 20 49 25 39 77 38 
ANTAZO'JNE 7 67 4 66 4 14 47 23 METHYLAMPHETAMINE 9 63 6 63 9 22 44 32 
ATROPINE 6 27 4 28 2 12 22 9 MORPHINE 16 24 11 23 5 7 11 9 
BENZOCAINE 82 83 87 87 56 58 . 71 95 NAPHAZOLINE 4 54 3 52 3 2 32 13 
BROMODIPHENHYDRAMINE 24 54 17 48 18 25 73 24 NIALAMIDE 71 69 62 64 18 16 2 25 
BUPHENINE 30 84 29 83 11 24 57 72 NICOTINE 36 33 24 22 22 11 61 6 
BUTACAINE 42 76 43 76 27 39 76 65 NICOTINYLALCOHOL 70 70 70 69 25 24 32 50 
BUTETHAMINE 45 61 36 55 34 34 77 35 NIKETHAMIDE 70 66 65 67 49 49 52 50 
CAFFEINE 63 65 53 55 49 52 46 59 NITRAZEPAM 83 78 85 86 48 44 51 93 
CARBETAPENTANE 18 58 12 49 12 33 12 23 NORTRIPTYLINE 9 68 5 71 7 30 56 37 
CARBINOXAMINE 11 22 6 16 6 11 56 7 ORPtiENADRINE 23 51 18 49 18 27 73 29 
,CHLORCYCLIZINE 35 50 28 52 33 35 71 48 PAPAVERINE 72 72 75 74 64 58 62 72 
CHLORDIAZEPOXIDE 78 79 7:; 77 43 47 43 80 PERPHENAZINE 36 48 23 40 17 21 42 20 
CHLORPHENIRAMINE 10 23 5 21 5 18 58 10 PETHIDINE 27 42 19 40 21 32 80 28 
CHLORPROMAZINE 21 45 15 45 18 32 72 39 PHENELZINE 29 53 18 82 9 0 72 96 
CINCHONINE 19 55 13 61 13 41 45 52 PH~NINDAMINE 38 55 30 49 ~9 33 74 35 
CLEMIZOI.E 69 67 73 73 56 52 76 9 PHIENIRAMINE 14 34 10 26 9 20 60 11 
COCAINE 29 43 22 30 29 16 76 14 PHENMETRAZINE 25 45 18 45 23 37 70 45 
CODEINE 20 26 13 22 16 18 31 . 10 PHENYLPROPANOLAMINE 12 74 8 75 5 9 25 46 
CYCLIZINE 35 50 28 52 31 40 72 42 PHENIPAMIDOL 78 82 85 86 43 34 66 82 ::0 
CYCLOPENTAMINE 6 67 4 68 12 1 39 28 PIPAMAZINE 41 62 29 52 9 iO 37 18 
DESIPRAMINE 7 69 (j 71 10 34 44 54 PIPERIDOLATE 53 62 47 52 47 32 78 31 
DIAMORPHINE 26 29 17 33 23 33 52 23 PIPEROCAINE 21 60 18 56 20 38 74 30 
DIAZEPAM 81 81 84 85 66 67 70 95 PRAMOXINE 62 60 58 60 56 47 73 60 
DIMETHOXANATE 21 43 14 38 15 20 11 23 PROCAINE 31 52 22 42 12 14 M· 17 
DIPHENHYDRAMINE 25 52 17 50 21 28 72 30 PROCYCLIDJNE 16 70 13 68 17 39 75 52 
DIPHENYLPYRALINE 18 44 12 48 18 38 68 36 PROMAZINE 14 37 8 35 13 37 66 28 
EPHEDRINE 9 63 6 64 0 0 31 27 PROMETHAZINE 26 45 18 44- 24 32 69 40 
ETHOHEPT AZINE 12 41 8 41 11 29 59 21 PROPIOMAZINE 36 64 27 52 32 38 72 50 
ETHOPROPAZINE 24 60 17 55 16 37 79 43 PROTHIPENDYL 12 41 7 29 8 24 66, 18 
FLUPHENAZINE 42 57 27 49 17 23 48 26 PVRROLBUTAMINE 22 69 18 66 a4 ~5 74 52 
GUANETHIDINE 0 22 1 30 0 0 0 4 QUININE 25 63 15 65 17 41 40 63 
HYDROXYZINE 54 71 50 65 37 26 55 29 STRYCHNINE 7 10 4 11 10 40 33 14 
HYOSCINE 47 48 32 33. 23 12 45 17 THENYLDIAMINE 19 45 12 36 10 17 68 15 
IMIPRAMINE '18 'ItS 13 47 17 34 73 35 TH~ORIDAZINE 18 58 13 55 22 44 72 44 
IPRONJAZINE 70 67 66 69 28 28 29 53 THONZYLA.MINE 22 40 14 31 15 22 68 18 
ISOCARBOXAZID 81 84 87 86 63 64 68 95 TRANYLCYPROMINE 34 69 26 67 18 17 59 45 
ISOTHIPENDYl 20 40 14 35 15 27 71 19 TRIPELENNAMINE 16 41 9 34 7 18 69 15 
LEVALLORPHAN 35 74 32 73 15 34 72 58 YOHIMBINE 63 72 57 70 26 15 57 25 
LIGNOCAINE 68 73 69 69 58 37 74 39 
LYSERGIDE 59 63 52 59 ~5 '30 55 37 
MECLOZINE.. 79 78 87 88 67 66 82 95 
MEPIVACAINE 58 67 52 60 34 20 63 21 
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the developing solvent. The less polar sys
tem') 5 and 6 cannot dissolve 0.1 !vi halide salt 
and therefore the plates need to be impregnated 
by dipping in a 0.1 M solution of the halide salt 
in methanol prior to development. Moreover, 
the solvent must be saturated with the halide 
salt to prevent a wash-out of bromide during 
development. The systems 7 and 8, though ca
pable of dissolving 0.1 M halide salt in the sol. 
vent, give rise to a.p and ,),-fronts during 
development (20) resulting in an uneven distri
bution of counter ion across the plates. Im
pregnation of the sorbent and saturation of the 
solvent, as with sj'stems 5 and 6, circumvent 
the latter problem. 

When applying systems 5-S in unsaturated 
chambers it was occasionally observed that the 
.. olvent fronfs tended to sag somewhat, which 
was accomp.lOied by an uneven migration of 
the substances as described by Geiss a;ld San
dr,mi (21). As this affected reproducibility, it 
wa" decided to use saturated chambers for sys
tems 5-S. The tanks were lined with tilter 
paper and filled with solvent 1 hour prior to the 
introduction of the plate. Systems 1-4 could 
be used in unsaturated chambers with adequate 
reproducibility. 

The ap;.lication of the substances to the plate 
wa .. done as bases, dissolved in methanol. It 
should be observed that they may equally well 
be applied as salt in methanol or as halide ion 
pair in methanol, regardless of the system. as 
thi .. does not affect Rf-values. Of course. the 
diameter of the starting spot must be kept as 
~mHlI as possible which may be facilitated by 
selecting a relative;y non-polar dissolution me
dium. In our case we selected methanol for 
simplicity and uniformity reasons. 

Systems 1-2,3-4, and 5-6 represent combi. 
nations diffr-ring only in the presenc.e or ab
sence of IJalide salts. Thus, differences in 
migration behavior may be attributed to the oc
currence of ion pair phenomena. This is not 
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entirely the case with systems 7 -8. When we 
introduced halide salts and replaced the ammo
nin by water to obtain an ion pair system, the 
water caused solveut demixing and an uneven 
distribution of bromide. Therefore. water had 
to be omitted, which resulted in the composi
tion of system S. Migration differences ob
tained with system 8 as compared with system 
7 may thus be due to ion pair phenomena and/or 
the absem:e of ammonia and water. 

Table II gives the Rfl'-values for the 90 basic 
substances inve:,t:gated. In Table III the stan
dard deviations for the systems are listed, to
gether with the resulting discriminating 
distances and identification powers for two 
confidence limits. 

Decimal values for dJ, which can be ex. 
pressed in millimeters or hRf-units. were 
rounded off to the lowest full unit. For exam
ple, ifad,oO.S was calculated, the value 3 was 
introduced in the computer program. To fulfill 
la"J-tlqJI>d" a value of 4 will then be taken into 
account as a search window for the 
IP-calculations. 

It is interesting to note the large differences 
in reproducibility between the systems (a fac
tor of 3-4 going from system J to system 7). 
The simpleM systeu1. plain 'llethanol. has the 
best reproducibility and the general rule seems 
to be that the reproducibility decreases with 
the number of components in the system, be it 2 

second or a third solvellt component or the ad
dition of brcmide. The deleterious effects on 
the reproducibility of ammonia as basifying 
agcnt is refiecte _ by the stundard deviation of 
system 7. being by far the largest of all systems 
investigated. 

As can be expected, the large differences in 
reproducibJlity have a severp. impact on the dj 

factors for the various systems and. comie
qu("ntly. on their IP·s. For example, with ad} 
of 2 for sys' ':m 1. the computer will apply a 
search window of 2 htU-units to see if that sys-

*' • 

TABLE III 

Standard deviations (u), discriminating distances (d}) and Identification 
power (IP) for 8 TLC systems. 

System: 
~ ~><E."" --....---=- -"-- "'~_"~,=x __ -"-c "-:' 2 3 4 5 6 7 8 

uJ 0.61 1.40 0.75 0.98 0.89 1.61 2.0 1.38 rora=O.05 
dJ 2 5 2 a 3 6 7 5 IP 1 1 4 2 0 0 0 0 For a=O.01 
dJ 2 6 3 4 4 7 9 6 JP 1 1 2 2 0 0 0 0 

:~/~:~It~·lIe'oPlng dl.tence, were elwl!JY' 10 cm, a-velu,,, and d} vltlue. can b. r.ed In mllllm.t." or In 

TABLE IV 

~P's of optimum combinations of TLCwsystems for two confidence limits. 

For a==O.01 
Best Two 
Best Three 
Best Four 

1 +4 IP=35 
1+4+8 IP=56 

1+2+7+8 IP=65 

For a =0.05 

1+4 JP=40 
3+4+7 IP=60 

3+4+5+8 IP=72 

tern can identify n ~ub~tance p from the 89 re
maining ones. Any sub~tance within a range 
of1 hRf-uni(\ from substance p will be consid
ered to coincide. Yet, for system 7. withadJof 
9,. a s:arch wi~d0'7 of 9 hRf-units will be ap
plied 10 two dIrectIOns, thus covering 18~; of 
the total ~eparation distance. 

Clearly. with a large selection of substances 
such as in !he present jnv\~stigation, the IP. 
values for stogIe systems are of limited value. 
For 90 substances and a total sepamiion dis
tance of JO cm, these IP-value:i wiU :\Iways be 
very close to zero as only a vcry limited num
ber of substances will have n chance to migrate 
to areas in which ne, other SUbstances are pres
ent. An example is given by system 3. From 

I' ..... 

T~bles II and III it cnn be seen that with a !'1earch 
Wl~dow of 2. Butethamide (hRf:=36). Hula
c~me (~Rf::::43)11 Piperido)ate (hRf::47), and 
Ntatam!~e (hRf::::62) can be identified with tL 
probability of 9$;. Yet, if we would like to 
identify with 99~; probability. a search wi;ldow 
of 3 must be applied which means that Pipel'i
dola~e .can no longer be distingubheJ from Hy. 
droxlzlnc (hRf::::;50) and Nialamide no longer 
from l\1jkethamide (hRf:::::6S). 
. ~he ~alue of the IP-concept becomes fully 

VISible In the evaluation of combinations of 
TLC-systems. T'lble IV gives the IP's of the 
best co~binations of any 2. 3, or 4 systems. 
whereas In Table V W's of ~Qme less suitable 
combinations have been given. including the 
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TABLE V 

IP's of some less suitable cumblnations of TLC-systems, for confidence 
limit a=O.01 

, ~o:g;~~:~ns-~--=~==~~' CO:::I:::rons com~~~~~'ons 
I 1 +7 IP=26 4+8 IP=12 1 +8 IP=28 
j 1 +5 IP=16 4+6 IP=11 3+4 IP=20 
\ 5+7· IP= 7 2+6· IP= 4 5+6* IP= 2 
! 1 +3+7 IP=35 4+6+8 IP=:21 1 +2+7 IP=53 
i 3+5+7* IP=29 2+4+6· IP=14 5+6+7* IP=10 
I 1+3+5+7 IP=47 2+4+6+8 IP=28 2+6+7+8· IP=27 
b~,,,--~_ -_-';C~;-==~"'~,""-'--"-~== ~.;:.."o'-:'"'-= ~==. =:0=";-:;:;-==:;::== --.=---=-~':::;o:~-=~= 

• Inellcat •• worst combInation In Ihat category. 

wor~l combination in cach catcgory. 
As CHn be ~een. there ure 'ltriking differences 

in IP-value .... cmpha'lizing the pitfalls of ran· 
domly combining sy ... tem., withoUt proper cri
teria. Even with two "~stHb1ishcd" systems, 
such as 5 and 7. only seven compounds can be 
reliably identified nn the bll ... i~ of the Rf-vHlucs, 
which can be Httributed to a large extent to the 
low reproducibility of the ~y~tems involved. 
Yet. the combination of ~ystem 5 with the more 
reproducible sy .. tem 1 increases the II>-vHiue to 
16. Furthermore. it should be noted that the 
combinations wIth the highest IP-values al
ways include at lea'lt one ion pair system. 
Thus. the ion pair ad~orption systems can be 
considered to be a very uc.,eful and effective HI. 
ter'.Iative for STA and eV(·!t better result" may 
be expected by further optimizing the ion pair 
systems with regard to their reproducibility 
Hnd ~eparation selectivity. This has not been 
included in thc: present investigation. in which 
we simply ltdded bromide to a suiWble normal 
system. Yet, the resulting systems may not 
necessarily represent the befolt basis for ion pair 
adsorption systems. 

The lmpact of the reproducibility on the IP's 
of combined systems IS dem.onstrated in 'rable 
VI in which a number of relevant combinations 
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are compared with regard to ,heir correlation 
coefficients, identificHtion oowerand thetl/s of 
the system used. 

The ~ystems 1 H. which are highly corre~ 
lated as expected. still have an II> comparable 
to that of the systems 7 -+ 8 with H correlation 
coefficient of 0.283, while systems 4+7. with 
the lowes' correlation coefficient of 0.146 have 
an II> of only !4. It is evident that for identifi
cation purposes correlation coeffici('nts are of 
limited importance if the systems h:we bad re
producibility and. accordingly. large d r 
values. On the other hand, it will be clettr that, 
besides having good reproducibility t the indi
vidual TLC-systems must provide a good 
spread of the substances across the plate. 

From the above results it may be concludea 
that the concept of II> provides a very useful 
Hnd relevant tool to evaluate and to optimally 
combine chromatographic systems. Not only 
does it show how optimum combinations can 
be achieved, it also indicates that the gain in in. 
formation decreases ugain when using combi· 
natiolls of 3 or 4 systems. The results further 
indicate how dangerous it is to identify a sub
stance on the basis of two or three retention 
data from randomly sel~cted chromatographic 
systems, a procedure which is not uncommon 

in toxicology. With our best two systems 
only 35 out of 90 substances can be identified 
correctly and it should be realized that thO 
nu~ber wil~ decrease jf a Jarger population ~~ 
basIC drugs IS taken into acCOunt. 

Although this report deals with TLC-sys
tem~ on1r! the IP-concept has almost universal 
apphcabdlty as other separntion systems such 
as OLe, HPLC, and PC can be included as 
well. ¥oreover,. the comput\,lr program also 
allows 1OcOrpOt'dtJon of other physiCO-chemi
cal parameters, such as UV and IR absorption 
data. m~ss spectrometric data including molec
Ular ~elght, me~ting and boiling points, color 
reactIons, . solubility and eYatraction behaVior. 
e!c., prOVIded that for each system or tech
mq~e adequate reproducil'ility data are 
avadable. 

The present approach is not only suitable to 
evaluate. and optimize systems. As it is sub
s.tanc:-dlrected, it can also be used for the iden
tification I)f unknown components. For this 
purpose one measures some rdevant parame
ters as they become a~ailable in STA, such as 
TLC- and GLC-behavlor, UV and mass spec
trometry. These data arc fed into the com 
futer together with the reproducibility facto; 
or each parameter and the computer then sorts 

out the drugs. th~t fulfill these datH. If more 
th~ one drug IS hsted, it wiIJ also be possible to 
as the computer Hbout the next most suitable 
TABLE VI 

technique to discriminate between the listed 
drugs. Ift~at technique is not available or can
not be applIed, the second best choice may be 
asked, etc •. Obviously. the compl'ter will be 
most use~ul 10 !he ?lore complicated and/or un
c~mmon m~oxJcatJOns. but it should be empha
SIzed that It can also assist in the seemingly 
easy ~ase~ with the more common drugs by 
ch~ckmg If th~re are ... ther possible drugs 
whIch fi~ ~ particular analytical behaVior, and 
by provldmg suggestions how to discriminate 
l'I/~amst these other possihilitip's. 

1 He WUI.~Pt of iF (\I~e[ht:l' with the TOXIP 
program thus seems to offer a number oHm or
tant advantages for STA. Yet it wiJI be c1 
th~t a lot of work still remains to be do~:r 
WIth regard to the evaluation Hnd optimization' 
a great many systems and teChniques will hav~ 
to be tested with relevant selections of drugs 
Then, after having selected the most suitabl~ 
systems and combinations, data collections are 
to be made for these systems with as Jarge a 
number of substances as possible. The latter 
should ~ot only include drugs and other rele
vant POIsons, but also metabolites. endoge
nous comp~u~ds, exogenous interferences 
~uch as plastICIzers and antioxidants, etc. As 
It would be unrealistic as well as undesirable to 
try a~d .carry out this work in a single 1abora
!0!y, It IS hoped that it can be undertaken as a 
~om.t ~ffort between various cooperating 
m~tJtutlons. 

(:orrlll.,'on cQefflclents (r) and ,P' , 
relation ~ their d/s (a=0.01) s Q combinations of two TLC-systems, In 

Combination ~.~"=~-==-~= ==-=--~,~,~~- =_=--._=~_ .... 
1 +3 0.985 IP dJ 
1 +8 0.613 10 2 and 3 
1~ ~ 2 
7 +8 0.582 35 and 6 

O 283 2and4 4+7 • 9 
0.146 14 9 and 6 

4and9 
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V. SUMMARY 

A new approach, based on the concept of 
Identification Power, is described to evaluate 
and to oplimally combine chromatographic 
systems with regard to their appJi<:ability in 
systematic toxicological analysis. Contrary to 
earlier aporn:Jches, which are only system
dIrected, the present IP-approach is both 
system- and substance-directed. allowing 
substance identification by means of chromato
graphic retention data. Special considerations 
had to be given to system repro
ducibility and spot or peak size. whereas data 
handling and data retrieval were achieved by a 
special computer program TOXIP. written in 
Pascal. 

The approach 'Nas tested in a study compris
ing 90 basic drugs which were chroma to-

• graphed in four classical thin layer 
chromatographic systems aad in four ion pair 
adsorption TLC-systems. Comhinations of a 
normal system with an ion pair system proved 
to be best suitable for systematic toxicological 
analysis. Other systems based on paper-, 
gas-. and high-performance liquid chromatog
raphy can be evaluated and optimized in the 
same way. 

A special feature of the present approach is 
that other physicochemical parameters such as 
UV - and IR-~\bsorption data. mass spectral 
properties including molecular weight, color 
reactions. etc .• can also be included, thus pro
viding a data bank with suitable flexibility for 
the identification of un known substances. 
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. The Application of 
Derivatization Techniques 
in Forensic Drug Analysis 

A review of methodology that utilizes de
rivadzation techniques in the analysis of illicit 
drugs amI related substances is presented. In
cluded in the review is a discussion ofthe inter
relationship of the derivatization technique 
with determinative steps such as crystal
logt'aphy I chromatography I infrared and mass 
spectrometry. The various applications of 
these techniques include (a) the use of deriva
tizing reagents in the determination of the 
stereochemical composition ofiUicit drugs, (b) 
the utilization of derivatization rengents amI 
their isotopic analogues. in the mass spectral 
characterization oftrace quantities of synthetic 
by-products of illicit drugs. (c) the usc of de
rivatizing reagents in the gas chromatographic 
quantitation of illicit drugs and their synthetic 
by-products. and Cd) miscellaneous applica
tions of derivatization techniques in forensic 
drug analysis. The forensic significance of the 
above applications is discussed in general 
terms. 

The analysis of illicit drugs and related sub
stances invariably involves a qualitative, and 
often, a quantitative determination. In most 
instances, these analyses may be accomplished 
without altering the elemental composition of 
the drug. In some cases, however, the modifi
cation of a drug's structure is desirable, and 
sometimes essential, to allow for its full charac
terization. FOI' this pllll'OSC, the term "deriva
tization" is most ('ften used in ('onjunction with 
tl!chniques employed in the structural modifi
cation of drugs and other substances. Ideally, 
derivatization proceuures should require a 
minimum number of manipulations and should 
proceed in rapid one-step reactions to comple
tion. The derivatized drug species can then be 
characterized by u number of determinative 
steps. including crystallography, chromatog
raphy. infrared tmd mass spectrometry (MS). 
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One form of derivatization commonly used is 
in the presumptive testing of drugs and in the 
determination of their enantiomeric composi
tion using microcrystallographic analysis. (1) 
In general. thes'e procedures involve reaction 
of the drug with heavy metal salts and observ~ 
illS characteristic crystal formation using mi
croscopic techniques. These procedures 
enjoy the advantages of using small sample 
sizes as well as speed of analysis. Derivatiza
tion techniques are also used to introduce 
fluorophol'es into drug structures to allow for 
their detection at trace levels using spectro
fluorometric determinative steps. (2-5) De
rivatization has also been used to render drugs 
and other substances suitable for analysis by 
thin-layer chromatography (TLC) (6) and high 
performance liquid chromatography (HPLC) 
(7). 

Undoubtedly, derivatization procedures 
have been most widely associated with the 
analysis of drugs by gas chromatography 
('GC). These chemical derivatization proc,,
dures htclude techniques using sas chromatog
raphy-flame ionization detection (GC-PID), 
gas chromatography-electron capture detec
tion (GC-ECD) and gas chromatography-mass 
spectrometry (GC-MS). In these chemical 
dt..dvatization procedures, functional groups 
are introduced into the drug molecule in order 
to: Ca) render those drugs and other substances, 
which possess poor chromatographic behav
ior, less polar and more volatile to allow for 
their GC quantitation and GC-MS identifica
tionj (b) enhance the electrophilic character of 
the drug to allow for its detection and quantita
tion at ppb levels using GC-ECDi (c) effect the 
GC resolution and quantitation of certain drug 
enantiomers; and (d) allow for the more facile 
mass spectral eharactedzation of the drug spe
cies and related impurities, especially in con-

junction with the use of deuterated analogues 
of the derivatizing reagent. 

In chemical derivatization procedures using 
GC-PID. GC-ECD and GC-MS as determina
tive steps. the substar.~e to be derivatized 
usually contains an active hydrogen atom. 
These active protons are found in functional 
groups such as RNHz• R,RzNH. RCOOH, 
ROH, RCONHz• RSH and R=:::NH. The ex
change of these active protons with the appro
priate substituent can be accomplished by 
procedures such as esterification, silylntion 
acylation. alkylation, perhal.l)genation. etc. 
Though some drugs that do not contain func
tional groups with active protons-such as ter
tiary amines-car. be chemically derivatized, 
these procedures arc not widely us~d because 
they involve multipie steps, are often time-con
suming and sometimes result in less-than-de
simble yields of the derivative. (8,9) 

A detailed discussion ot chemical denvatiza-
6)n procedures used in conjunction with GC 
and GC-MS analY<ies is not necessary in the 
present paper. as they are adequately reviewed 
in the literature. Drozd (10) describes the de
rivatization of a wide variety of substances 
using a multiplicity of derivatizing reagents. 
Included in the article are over 600 references. 
Ahuja's (11) excellent review of the subject 
deals primarily with pharmaceutical prepara
tions and includes over 200 references. A re
cent review by Nicholson (12) describes 
derivative formation in the GC quantitation of 
pharmaceuticals. This comprehensive review 
includes over450 references. Lochmuller and 
Souter (13) review the GC analysis of enan
tiomers using derivatizatioll procedures. Cim
bura and Kofoed (14) describe derivatization 
techniques used in forensic toxicology. 
Pierce's text on the subject of derivatization 
deals primarily with silylation techniques. 
(15) McCloskey. el al. (16) report the use of 
deuterium-labeled trimethylsilyl derivatives in 

mass spectrometry. 
Derivatization techniques are commonly 

employed in legitimate pharmaceutical analy
ses. This is due to the abundance of drugs not 
amenable to direct GC or GC-MS analysis. 
The analysis of drugs in clinical and toxicologi
cal situations routinely use derivatization pro
cedures. In these analyses. trace quantities of 
drugs and their metabolites in biological ma
teiials are often dcrivatized to allow for their 
detection and quantitation using sensitive de
terminative steps such as spl!ctrofluorometry. 
GC.ECD. GC-MS and mass fragmentography. 

The application of derivatization techniques 
'Jas enjoyed limited usc in routine forensic drug 
analysis. This is because most controlled drug 
sllbstances are amenable to direct quantitation 
by GC-FID and identification using GC-MS 
without prior derivatization; alternately, those 
drugs not suitable for analysis by GC-MS or 
GC-FID may be uncquivocally identified using 
infrared spectrometry (lR) and quantitated by 
ultraviolet spectrometry (UV), HPLC, etc. 
Additionally, in mo~t cases the sample size 
is usually sufftcient (mg quantities) to allow 
for the ready identification of the drug using IR 
and GC-MS techniques and quantitation by 
UV. or, more often, by GC-FID; this is unliKe 
toxicological examinations in which analyses 
frequently require detivutization .of ng-/-Lg 
quantities of the drug andlol' its metabolite to 
render it ~uitable for identification and quanti
tation using sensitive GC-ECD and mass frag
mentographic procedure~. Finally, the time 
limitations imp(':,e<! upon (he forensic drug 
chemist discourage the usc of the more time 
consuming dcrivatization pr(lcedures. 

In the present paper we review derivatiza
tion procedures that have t~pplicability in rou
tine forensic drug analysis, as well as report on 
recent studies that have used derivatization 
techmques in forensic drug re~earch analysis. 

Though most illicit drugs can be successfully 
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zures for common source determination by de
tecting trace impurities in these samples. In 
this study. the samples were subjected to anal
ysis by GC-FIDand GC-ECD. Stromberg552) 
has also conducted this type of companson 
analysis on hashish samples. Holle~. et al. 
(53) examined marihuana samples m geo
graphic origin studies. Davis and co-worke~s 
(54) utilized GC and paper chrom~tographY m 
determining the origin of cannabis., Lee, and 
Kim (55) have investigated geographical dl~er
ences of Korean opium based on the alkalOIdal 
content. Van der Stooten and van der He!m 
(56) have analyzed illicit heroin. sa~ples .m
depth for common source determlOatlon usmg 
OC-FID. Clark and Miller (57) have reported 
the forensic characterization of dyes in br?wn 
heroin samples as an aid in drug companson 
studies. In this study, the dyes ~ere charac
terized using LC techniques. Mtlle~' (58) has 
also studied the GC analysis o~ tr~fi?~roacetrl 
derivatives of sugar diluents m 1111~lt herom 
preparations for sample companson pur
poses. More recently, Clark a~d ~ooper (59) 
have reported a GC derivatlzatlon ~roce
dure f<.)r the characterization of sugar dlluents 
in illicit drug samples. In their procedure, 
the sugars are chromatographed as TMS 
derivatives. . 

In the procedures described above, none utI-
lized derivatilution techniques. ~n the ch~rac
terization of trace drug impurIties associated 
with clandestine drug manufacture. ~n o.ur 
laboratory. we have been concerned prl.ma~lY 
with the characterization of manu~acturmg Im
purities in illicit cocaine and heroIn: I~ th~se 
studies the development of derlvatlzatlon 
methodology was essential in or?er. to: (~) 
allow for the GC and GC-MS analYSIS ?f,certam 
drug impurities that normally exhlbl.t poor 
chromatographic behavior (e.g .• ecgon~ne and 
benzoyl ecgonine in cocaine and £?orph~ne ~nd 
Oil-acetyl morphine in heroin); thiS denvatlza-
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tion was essential in order to detect ~nd su?~e
quently quantitate these and other~ Impuntles 
by GC-FID at levels as low as O.2Yl' (based on 
50 mg herein and 2 cc dilution); (b) d:tect and 
quantitate impurities in the 10-2-10<'J~ r~ng~ 
(based on 10 mg heroin and 2 to.50 cc dilutIon). 
this necessitated the introdu~uon ?f per,halo
genated groupS into the drug Impunty to allow 
for subsequent GC-ECD analysis; (c) al~ow f~r 
the GC separatk'1 of numero?s trace .lm~urI
ties that were not resolvable m undenvatlzed 
samples; and (0) facilitate in th~ mas~ .spe~t~l 
characterization of new trace ImpuntIes m Il
licit drugs' the utilization of the deuterateu an~
logues of certain derivati~in~ reagents IS 
invaluable in these charactenzatlo~s. . 

The selection of the appropriate denvu
tizing reagent in the characterization of trace 
drug impurities is critical. Though ~any and 
varied derivatizing reage,nts are aV?llable. we 
have utilized 3 select few 111 our studies. Th:se 
include N .O_bis_(trimethylsilyl)-acet?mld~ 
(BSA). its deuterated ~nalogue N .()-bls-(tn
methyl-da silyl)-acetamlde (BSA-du). hept~. 
fiuorobutyric anhydride (HFBA). and acetic 
anhydride (AC20l and its deuterated analogue. 
acetic anhydride-da (Ac20 ·do)'. . • 

BSA was selected as one denvauzatlon re-
agent of choice because: 

(a) Its well-recogniz~d TMS-donating 
properties often llllowe,j fo,r co~ple~e 
derivatization of the drug ImpurIty m 
usuaUy less than 1 hour at tem~eratures 
of 70°C and below; in most Instances 
the use of catalysts was not necessary; 

(b) TMS derivatives of the impurities stud
ied invariablY exhibited good chroma
tographic behavior on columns of 
widely varying polarity; this was ess~n
tial in the resolution of over1ap~mg 
peaks and in providing reprodllCI?le 
and accurate quantitative results uSlOg 

Parker. et al. (35) have reported on the derivati
zation of morphine. codeine. 03-acetylmor
phine and OG-acetylmorphine followed by GC 
analysis. In this procedure, TMS derivatives 
were formed using BSA. Grooms (36) sub
jects heroin samples to derivatization with 
BSA for the GC-FID analysis of morphine and 
OO-acetylmorphine. Rasmussen (37) quanti
tates morphine by means of GC with on-col
umn silylation. Brugaaro and Rasmussen (38) 
determine morphine and codeine by GC after 
on-column acylation. More recently, method
ology has been reported for the GC-FID quan
titation of morphine and codeine in opium as 
TMS derivatives. (39) 

The analysis of hallucinogenic drugs can 
usually be accomplis"ed readily without sub
jecting these drugs to derivatization. The di
rect GC analysis of LSD is difficult, however. 
unless subjected first to derivatization. Sperl
ing (40, 41) describes the GC and TLC analyses 
of LSD as the TMS derivative after rl!action 
with BSA. Radecka and Nigam (42) subject 
LSD to hydrogenation followed by GC-FID 
analysis. 

The routine forensic analysis of cocaine may 
be accomplished without subjecting the sample 
to derivatization. Nonetheless. Hammer, 
et al. {43} describe an improved GC characteri
zation of illicit cocaine by reacting it on-col
umn with trimethylanilinium hydroxide. 
Recent controversy has arisen concerning the 
foreasic chemist's ability to differentiate co
caine from its diastereoisomers as weli as dis
tinguish d- from I-cocaine. Though cocaine 
may be differentiated from its diastereoisomers 
by JR, the determination of its enantiomerk 
composition poses another problem. Unfortu
nately. cocaine is not amenable to enantio
meric analysis by derivatization and GC 
analysis. To resolve this isomer problem 
Allen and Cooper (44) describe a procedure in 
which cocaine is reacted with a heavy metal 

• 

salt. namely gold chlol"ide, and the resultant 
characteristic crystals examined microscopi
cally. This procedure allows for the differen
tiation of d- and I-cocaine. 

As previously mentioned. GC-FID. GC
ECD and GC-MS derivatization techniques 
have limited applicability in routine forensic 
drug analysis. Their greatest potential is un
questiona1:,'l' in the area of forensic drug re
search analysis. This research involves the 
in-depth analysis of illicit drug samples and in
cludes identification and quantitation of active 
drug components, characterization of trace 
quantities of their manufacturing by-products 
and characterization of major nnd minor dilu
ents as well as otheraduitemnts. The in-depth 
cbaracterization of illicit drug samples is of im
portance for forensic and intelligence purposes 
in that it may ~lIow forensic chemists and bw 
enforcement officials to: (l) compare various 
drug seizures for commor. source determina
tion in drug conspiracy and related cases, as 
well as determine drug distribution routes; (b) 
determine, in some cases, the precursorchemi
cals used in the manufacture of the illicit drug; 
this is of importance in the subsequent moni
toring of the distribution ofthese chemicals; (c) 
differentiate between illicit drugs manufac
tured clandestinely and those drugs produced 
legitimately but diverted from legitimate chan
nels for illicit usej and (d) ascertain in general 
terms the geographical origin of the drug. 

A number of studies have been reported on 
the in-depth analysis of illicit drug samples. 
Barron, et al. (45) and Kl'am (46-48) have char
acterized a number of impurities associated 
with the clandestine manufacture of illicit 
methamphetamine. Lomonte. ef al. (49) have 
studied manufacturing by-products in iIlidt 
amphemmine samples. Bailey and co-wOl'k
ers (50) have investigated impurities associated 
with illicit methamphetamine. Slromberg (51) 
has compared various illicit amphetamine sei-
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characterized without prior derivatization, 
there are some that require derivatization to 
allow for their more facile analysis. These 
drugs include phenethylamines, barbiturates, 
cannabis components, opium and coca alka
loids and hallucinogens. 

The analysis of amphetamine and metham
phetamine samples using various derivatiza
tion procedures has been reported. Since the 
biological activity of these compounds is de
pendent upon their enantiomeric composition, 
it is of forensic importance to be able to differ
entiate between their optical isomers. Wells 
(17, 18) describes a GC-FID procedure for the 
resolution of amphetamine enantiomers. In 
this procedure, a derivative is formed with N
trifluoroacetyl-{l)-prolyl chloride which allows 
for the GC resolution of d- and I-amphetamine 
and subsequent quantitation of these enan 
tiomers. Beckett and Testa (19) have studie~' 
similar derivatives of phenylisopropylamines. 
Ment and Marion (20) differentiate the optical 
isomers of amphetamine by thermal analysis 01 
their benzoyl derivatives. Choulis (21) re
solves d- and i-amphetamine isomers on alu
mina, cellulose and silica gel thin-layers in the 
presence of optically active mandelic and tar
taric acids. Eskes (1) describes the differentia
tion of amphetamine and methamphetamine 
isomers by derivatization with N-trifluoroace. 
tyl-l-prolyl chloride followed by TLC analy. 

sis. Classically, the determination of the 
enantiomeric composition of amphetamine and 
methamphetamine has been done by their reac
tion with heavy metal salts and observing the 
characteristic crystal formation by means of 
high-power microscopy. (.lJ) <..:lark (24) re
ports on an improved method for the GC-FID 
analysis of amphetamine. In this procedure, 
amphetamine is reacted with cyclohexanone to 
yield a Schiff-base derivative that exhibited 
good GC behavior. 
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The direct GC analysis of barbituric acid de
rivatives is sometimes difficult owing to their 
poor chromatographic behavior. Brochmann
Hanssen and Olawuyioke (25) report on the GC 
analysis of barbiturates by flash-heater meth
ylation using trimethylanilinium hyd~oxide. 
Venturella, el al. (26) describe the use of di
methylformamide dimethylacetal in the de
rivatization of barbiturates for GC analysis. 
Hooper, et al. (27) assay phenobarbital by GC 
using on-(,olumn butylation. Street (28) de
scribes the characterization of barbiturates and 
other drugs by the GC analysis of their trimeth
ylsilyl (TMS) derivatives. Heagy (29) de
scribes a rather novel infrared method for 
distinguishing optical isomers of amphetamine. 

Though the major cannabinoid components 
in marihuana and hashish samples can be chro
matographed directly, improved methodology 
has been reported for their GC analysis as a va
riety of derivatives. Knaus, et al. (30) have 
characterized cannabinoids in hashish by ana
lyzing their t-butyldimethylsilyl, trimethylsil
ylacetate and diethylphosphate derivatives. 
Determinative steps used included HPLC, GC 
and GC-MS. Harvey and Paton (31) report the 
use of trimethylsilyl and other homologous de
rivatives in the analysis of certain cannabinoids 
by GC-MS. Turner, el al., (32) describe the 
routine analysis of Cannabis sativa L. by the 
GC determination of its components as tri
methylsilyl derivatives. Harvey (33) reports 
the GC and GC-MS characterization of canna
binoids as substituted silY,1 derivatjves. 

In the forensic analysis of opIUm constitu,. 
ents and related substances, the characteriza
tion of morphine and similar drugs is enhanced 
by derivatization. Nakamura and Noguchi 
(34) describe methodology for the GC-FID de
termination of morphine in opium by analysis 
of its di-TMS derivath e after reaction with 
N, O-bis-(trimethylsilyl)-acetamide (BSA). 

GC-FID; additionally, drug impurities 
that would not otherwise chromato
graph were detected using GC-FID and 
eventually characterized; 

(c) No "clean-up" was n~ccssary pnor tv 
derivatization in most drug samples 
studied; this was an important factor 
when attempting to minimize sample 
analysis time; additionally; direct de
rivCltization of highly adulterated sam
ples obviated the use of liquid-liquid 
partition schemes to isolate the drug 
matrix from the diluentsj this was im
portant when aU~mpting to minimize 
drug decomposition and to allow for 
more reproducibJe and accurate quanti
tative results necessary in drug conspir
acy cases; 

(d) No adverse effects were noted when 
BSA solutions were introduced directly 
into GC-FID and GC-MS (EI and CI) 
systems over a prolonged time period 
(note: BSA solutions do degrade the 
performance of GC-nitrogen-phos
phorous (GC-NPD) and GC-ECD 
systems); 

(e) The TMS derivatives we have studied 
were stable for several days; addition
ally, samples with relatively high mois
ture content were usually derivatized in 
a quantitative manner under mild reac
tion conditions; 

(£) The relatively low volatility of BSA al
lowed for reaction conditions using p,l 
volumes of BSA at elevated tempera
tures without significant loss of the re
agent; this was an important factor 
when attempting to minimize dilution 
effects in the analysis of ultratrace 
quantities of drug impurities; 

(g) The TMS derivatives of some of the 
drug impurities we have studied were 
amenable to GLC fraction collection 
techniques and subsequent solvent 
treatment with a minimum amount of 
degradation of the derivative; this was 
important when attempting to isolate 
trace drug quantities from bulk drug 
matrices; and 

(h) The formation of TMS derivatives of 
drug impurities with BSA has proven 
invaluable in their mass spectral char
acterization; e.g., TMS derivatives of 
morphine-related alkaloids often yield 
characteristic fragmentation patterns; 
additionally, the availabili~y of BSA-d!J 
in pure form has provided considerable 
structural information which is usually 
only obtained throu~h high resolution 
mass spectrometry (HRMS); these fac
tors are especially critical when charac
terizing impurities at ultratrace levels. 
where supporting infrared and nuclear 
magnetic resonance spectroscopic data 
are often not available. 

Though not as versatile as BSA, we have 
found HFBA invaluable as a derivatization re
agent in selected cases. Some of tbe charac
teristics of HFBA, as well as HFB derivatives 
of drug impurities, are given below: 

1 

(a) The most obvious advantage of HFBA 
iJ its ability to readily introduce HFB 
group(s) into the drug impurity, which 
allows for its detection and subsequent 
quantitation at levels as low as 1 O-~% 
(based on 10 mg of heroin and final dilu
tion of2 cc) using GC-ECD; 

(b) Derivatization of certain heroin impuri. 
ties with HFBA allows for their gas 
chromatographic resolution not attain-
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able as TMS derivatives (e,g" the chro
matographic resolution of On- and 
03-acetyl-morphines); 

(c) The HFB derivatives studied generally 
exhibited acceptable gas chromato
graphic behavior; however, on GC col
umns that were not well-conditioned, 
we have observed some inter~ction ,of 
the HFB-derivatized drug Impunty 
and column substrate; these interav
tions appeared as pre- and post-peak 
inflections; 

(d) Most of the heroin impurities we have 
investigated were derivatize~ rapidly 
and to completion by HFBA m an ace
tonitrile medium at room temperature; 

(e) The HFB esters and amides studied d~d 
not hydrolyze readily in weakly basIc 
aqueous media; this allowed for the 
rapid one-step extraction of the HFB 
derivative from a sodium bicarbonate
water-acetonitrile solution into an ap
propriate organic s~lven~ (~suaIlY pe
troleum ether); thiS ehmmated the 
necessity of removing the HFBA sol
vent via evaporation procedures; the. 
obvious advantages were in the reduc
tion of analysis time as well as elim.inat
ing undesirable side-effects assocIated 
with evaporation techniques ,(such as 
the application of he:).t, which may 
result in undesirable side-products); 
unlike HFB derivatives, other perhalo
genated derivatives, such as trifluoro
acetyl esters, apparently hydrolyze 
when using the extraction procedures 
mentioned above; 

(f) The HFB derivatives <If the heroin im
purities st .. Jloa were stable in petro
leum ether during the course of a 
normal worldng day; however, they 
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were not as stable as the correspondin,g 
TMS derivatives, in that hydrolysIs 
was noted after 1-2 days; 

(g) Unlike their corresponding TMS deriv
atives it was found that in most cases, 
the m~ss spectra ofHFB derivativc~ of 
heroin-related impurities yielded hm
ited structural information; in general, 
the mass spectra of the HFB deriva
tives were not as abundant in struc
turally significant fragment ions as their 
TMS counterparts, 

Acetic anhydride and its. de?tera~ed ana
logue have been used primanly ~~ the. ch~r~~
terization of acetylated imp~lfltleS, to ~1I1~lt 
heroin. Its use has been limited pr!manlr,m 
the mass spectral analysis of these Impuntles 
and is oft~n useful in supporting structural as
signments rttade on the corresponding TMS de
rivatives. It has not been employed as often as 
BSA or HFBA because, in general: 

(a) Reaction rates were not as rapid nor 
yields as favorable under mild reaction 
conditions; 

(b) Acetic anhydride has a greater degrada
tive action on GC column substrates 
when compared to BSA; 

(c) The resultant acetyl derivatives did not 
exhibit significant sensitivity towards 
ECl) detection; and 

(d) The chromatographic behavior of ace
tyl derivatives of the impurities stud!ed 
was not as good as the correspondmg 
TMS derivatives. 

As mentioned above, most of our wor~ uti
lizing derivatization techn.i~ue~ h~s,b~en 10 ~he 
characterization of impuntles 111 llhclt coc.mne 
and heroin. Cocaine is a widely abused stimu
lant. It also bas legitimate medicinal value as a 

topical anesthetic. The majority of illicit co
caine is believed produced from the South 
American coca plant by extr~ction of the alka
loid from the coca leaf, followed by a series of 
purification steps. On the other hand, pharma
ceutical cocame is produced by the double es
terification of ecgonine. The total synthesis of 
cocaine can also be achieved as described by 
Willstatter. (60) Due to differences in manu
facture, illicit cocaine contains some impurities 
not associated with pharmaceutical cocaine. 
Moore (61) has identified the presence of cis
and trans-cinnamoylcocaine in over 50% ofil
licit cocaine samples examined. The cinna
moylcocaines are natural components of the 
coca leaf and are found in illicit cocaine due to 
their co-extraction with cocaine from the leaf. 
In all samples examined to date, when cinna
moyJcocaine was detected, it was present as 
both cis- and trans-isomers in roughly equal 
quantities. Most illicit cocaine samples also 
contain varying quantities of benzoylecgonine 
and ecgonine, both being acid hydrolysis prod
ucts of cocaine. While a number of papers 
have been pubJished on th~ analysis of ecgo
nine and benzoylecgoninr. in biofluids (62) 
using derivatizatio!} techniques, little work has 
been reported on their analysis in illicit cocaine 
samples until recently. In our studies, we 
have reported methodology for the detection of 
benzoylecgonine and ecgonine in illicit cocaine 
by the GC-FID analysis of their TMS deriva
tives. (63) Majlat and Bayer (64j separated 
benzoylecgonine and ecgonine in ph~\rmaceuti. 
cll! cocaine by paper chromatography. An
other :Illpurity present in virtually all illicit 
cocaine It. Illethylecgonine. (65) It is believed 
formed prim,'tily as a result of the potassium 
permanganate ,-'xidation of the cinnamoylco
caines during the \'ocaine manufacturing proc
ess. Methylecgonh. ~ can also be detected by 
GC-FID ns a TMS dCI'! "ative. 

In our laboratory t WI:. have developed GC-

FID derivatization methodology which allows 
for the comparative analysis of illicit cocaine 
samples, Figure 1 illustrates the delivatiza
tion of impurities in cocaine samples with BSA 
and subsequent GC-FID analysis. For com
parison purposes, a GC-FID derivatization 
profile of pharmaceutical cocaine is included in 
Figure 1. After an analysis of the derivatiza
tion method and chromatograms in Figur~ 1, 
the following observations can be made: (a) it is 
possible to make a rapid, yet in-depth, com
parison of illicit cocaine 'seizures for common 
source determinations; Figure 1 clearly dem
onstrates that samples A, Band C were not. 
derived from a common batch source; (b) the 
sample containing the cinnamoylcocaines was 
probably produced clandestinely from the coca 
plant; this is of forensic significance when at
tempting to differentiate between samples of 
n~t~rally-occuning cocaine and sa~ples con
taiOlng cocaine produced synthetically; (c) 
though sample B does not contain detectable 
quantities of cinnamoylcocaines, the relatively 
high methylecgonine content would suggest 
that the cocaine was naturally-occurring rather 
than synthetically produced; (d) it is possible to 
relate a cocaine sample that has degraded to an 
undegraded sample from the original source by 
doinga total alkaloid analysis; this type of anal
ysis is usually supported by additional com
parative data; (e) in many cases, illicit cocaine 
samples can be distinguished from high-grade 
pharmaceutical cocaine; due to the manufac
turing process used. pharmaceutical cocaine 
will not contain detectable quantities of meth
ylecgonine or cinnamoylcocaines commonly 
found in illicit cocaine samples; additionally, 
the quantities of ecgonine and benzoylecgo. 
nine in pharmaceutical cocaine would expect
edly be significantly lower than in its illicit 
countefl'art . 

The minimum quantities of coca alkaloids 
and related impurities that can be accurately 
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Flgura1. GC-FID Chromato,9rams of Uncut Cocaine Sal'llk,les Subjected to D~rlvatlzaJlon 
with BSA < ..... _ = 

Sampl. compoiltIon: (A) illicit cocaln. containing: cocalne-86%, benzoylecgonlnt-5%, meUlylecgonlne-3%, 
ecgonlne-2%, c1,-clnnamoylcocalnt-2%. tran,-clnnlmoylcocalne-2%; (B) illicit cocaine conta:~lng: cocalne-
96%, benzoylecgonlne-3%. melhylecgonlne-1%, ecgonlne-1%; (C) pharmiceutlcil cocllne cOl'ltllnlng: co-

~~~:.-Jzo:;r;,~ proc.dur.: To I tube contllnlng Ibout 60 mg of cocaine II Idded 0.5 ml of BSAand ~.5 ml of CHCla 
(conh:,lnlng 1 mg/ml of octadecane Ind tetracolane Internal Itlndardl); the tUbe II he.1ted It 75 C for Ibout 15 
min' .bout 2 iA of the .olutlon IllnJ.ct.ctlnto the GC under condItion. given below. 
GC ;;ar.mete,,: Perkin-Eimer 3920 GC equlpp.d with FID C:l»tecllon; IS ft. x4 mm I.d. gla .. column packed with 
3% OV·1 on GCQ (100-120 M); column I. temperature programm.d with an Inltlll tlmperatur. of 140"C at an 
Initial hold of 8 min and a program rate 0' 4"C/mln. with II tlnal t.mp.ratur. of 270"C; InJ.ctor and det.ctor t.m· 
p.ratur.-27S0Cj .ir and H, flow to FID .. 500 and 60 mllmln •• r .. p.clIv.ly; N. clrrl.r.flow-ISO mllmln; Impllfler 
l.n.ltlvlty-84x; chlrt .p •• d-10 mln./Jn. 

quantitated by this derivatization procedure 
lie in the 0.2-1.0% range using GC-FID 
(based on 50 mg cocaine and final dilution of 2 
CC)i this level of sensitivity is adequate for the 
comparison of many urlcut illicit cocaine sam
ples; though not illustrated in Figure 1, many 
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samples contain another cocaine hydrolysis 
product, namely benzoic acid; using the de
rivatization procedure described in Figure 1; 
benzoic acid elutes as a TMS derivative in th~ 
solvent front. I 

In summary, the GC derivatizatioll proce-
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dure described above for cocaine was found to 
be rapid, accurate and of adequate sensitivity 
for most samples examined. Preliminary re
sults indicate that common cocaine diluents do 
not interfere with the amilysis. These diluent~ 
include benzocaine, procaine, lidocaine, caf .. 
feine, lactose, and dextrose. It should be 
noted that a diluent sometimes seen in illicit co
caine, namely boric acid, does inhibit TMS foro, 
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Figure 2. Electron Impact Mas. Spectra of 
Soma TMS Darlvatlve. of Impurltl •• Founel 
In illiCit Coclln. Sampl.s 

MI .. Ip.ctra acquired on aFlnnlgln 4000 qUldru
pol. mi ••• p.ctrometer Int.rflc.d with I Mod.I9I10 
GC :and Mod.1811 0 dlta IYlt.lrI; GC column u •• d w .. 
gil", IS ft.><2 mm I.d., picked with 3% OV.1 on GCQ 
(100-120 M)j column t.mperatur. WI. programmed 
from about 120·C to 270"C; InJ.ctor, leparator, trln.
f.r lin. Intllonlz.r t.mper.tur.1 w.rt an malntllnttl 
.t about 270"C; h.llum clrrler flow rate-2O ml/mlnj ~I 
Ipeetra w.rt acqulr.d und.rth. following condIUen.: 
.mlliion curr.nt-o.35 mA, .Ieetretn multlpll.r-11OO 
V, .I.ctron on.rgy-70 .V and ampllfl.r IIniIIMly-
10-8 A1V. 

mation of cocaine-related impurities. The 
obvious limitation of applying the above 
method to highly adulterated cocaine samples 
lies in the relatively insensitive GC .. PID deter-l 
minative step. 

It should be noted that in the comparative 
analysis of illicit drugs such as cocaine, a thor
ough knowledge of the various manufacturing 
processes is important. Additionally, a statis-

189. 



tically sound data base is desirable when at
tempting comparative analysis on illicit drug 
samples. Finally, the comparative analysis 
should be complemented with other inte1li
gencedata. 

In the forensic comparison of samples such 
as illicit cocaine, it is desirable to obtain ade
quate identification of the TMS derivatives of 
the impurities being quantitated (as well as 
non-derivatized impurities, such as the cinna
moylcocaines). To accomplish this, the BSA~ 
CHCla solution of the cocaine samples may be! 
subjected to direct GC-MS analysis. Figure 2 
illustrates the mass spectra of the derivatized 
cocaine impurities utilized for forensic com
parison purposes. Though not illustrated iIll 
Figure 2, cis- and trans-cinnamoylcocaine$ 
yield virtually identical EI mass spectra. 

Derivatization techniques have also been 
used extensively in the characterization of il
licit heroin impurities. Heroin is produced il
licitly by the acetylation of morphine, which is 
obtained from the opium poppy, Papaver som
niferum L. Most aU illicit heroin samples 
contain well-recognized impurities. These in
clude heroin hydrolysis products, namely 0 6-

acetylmorphine and morphine, as well as 
codeine alkaloid and its acetylated product, 
namely 06-acetylcodeine. Recently, Sobol 
and Sperling (66) have reported methodology 
which allows for the comparison of uncut illicit 
heroin samples for forensic purposes. In this 
procedure. the heroin samples are subjected to 
derivatization with BSA in order to form TMS 
derivatives of morphine, codeine, and OO-ace
tylmorphine. The derivatized samples are 
sUbjected to GC-FID analysis. Figure 3 illus
trates a GC-FID chromatogram of a typical 
uncut illicit heroin sample. Though acetylco
deine is not derivatized, it is included in the 
comparison analysis. As with the cocaine pro
files, the practical quantitative limitations fall 
in the 0.2-1.0% range for acetylcodeine and 
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06-acetylmorphine (based on 50 mg heroin and 
final dilution of 2 cc). Highly adulterated her
oin samples can also be compared with one an
other using a modified GC derivatization 
procedure. Figure 4 represents a GC-FID pro
file of a derivatized heroin sample adulterated 
with procaine, mannitol, lactose, and dextrose. 

Derivatization techniques have also played 
an integral role in the characterization of im
purities heretofore not detected in illicit her-
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1, TIIIACONTANE 

2. o:!oG-DI-TMS-MORPHINE 

3. oS-TMB-CODEINE 

.c. 03-TMS-oG-ACIlTYLMORPHINE 

5. oe.ACI!TVLCODEINE 

II, HEROIN 

Figure 3. GC-FID Chromatogram of Uncut 
Illicit Heroin Sample Subjected to Derl~atl· 
zutlon with eSA 
Uncut illicit h.reln .ampl. ,ubJect.d to d.rlvatlzltlon 
with BSA ( ••• nef. 86) and then analyz.d by GC·FID 
und.r tho following corldltlon.: Perkln-Elm.r 900 GC 
• qulpped with FID; IS fL x4 mm gil •• column plck.d 
with 3% OV·25 on GCa (100-120 M); column t.mp.ra
tur.-2G5·C; InJlctor and dltlctor temp.rltur.-
27500; Ilr and H, flow to FID-500 Ind 50 mllmln., re· 
.p.ctlv.'y; NI Glrrler flow-ISO ml/mln. (Not.: Itt.r 
elution of llcetylcod.ln., column tlmp.vltur. In· 
cr •••• d to .fflct rapid .Iutlon of heroin.) 
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Figure 4. GC·FID Chromatogram of Adul. : 
terated illicit Heroin Sample Subjected to 
Derlvatlzatlon with eSA 
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3 

t a'C;4.D/'TMS'D£SOXYAIOIIPHfHE_A 
2 a'o"OI-TMS'MORPllfNE 
3 o'-TMS'CODEfNE AND 

a'-ACETYL-04.TMS-ofSOlCYMOftPHfNE_A 
o'-rMs.o4..ACETYlDESOXYAIOIIPHfNI!_A 

4. o'-TMS-<f.l-ACETYLMOIIPHfNE 
S,o"ACETYlCDO£INE 
.. O~01.Df4CETYLDESO)(YMOllPHfN£_A 
1. HEnofN 

Adult.rated illicit heroin .ample lubJ.et.d to dlrtvall. ' -11'"--,.-,....-r----.-
zatlon with BSA and th.n analyzld by GC.FID undlr U A t; liS ' .--'--

the following condition.: H.wl.tt.Packard 5840A GC I ~~MiNUT" =~ 25 

.qulpped with FID; G ft.x4 mm I.d. glaa. column - __ --:---------------1 
pack.d with 3% OV·1 on GCa (100-120 M)' clliumn Figure 5. GC·FID Chromatogram of Uncut 
temp.ratur.-23GoC; InJ.ctor Ind d.tlctor t.mpera. illicit Heroin Sample Subjected to Derlvatl. 
tur.-275OO; Ilr Ind H, flow to FID-500 and 50 mllmln 
re.peetlvaly; N.clrrl.rflow-60mllmln. ., zatlon with eSA and Chromatographed on 

OV .. 225 

oi.n. Klein (67) has identified the presence of 
tnacetylnorheroin in illicit heroin sampl~s 
This characterization was made possible, i~ 
part, by mass spectral analysis of the acety
lated and deutero-acetylated derivatives ot' 
mo?,hine N.oxide~ a substance believed pres: 
ent 10 crude morphme base. 

During extension of the original work by 
Sobol and Sperling, additional unidentified 
peaks were noted in the GC-FID chromato
grams of some BSA-derivatized illicit heroin 
s~mples ~sing columns of very high polarity. 
Figure 5 JlI~strates such a chromatogram on 
OV.22S: Smce these new impurities were 
present 10 only trace quantities in a rather com •. 
p!ex matrix and to minimize problems asso
ciated with hydrolysis, it was determined that 

Uncut, illicit heroin .ample .ubJact.d to derlvatlzallon 
with BSA and then analyz.d by GC'FID on OV.225 
under thl following condition.: P.rkln.Elmer IH)() GC 
.qulpped with FID; G ft.x2 mm I.d. gil.' column 
plck.d with 3% OV·225 on GCa (56-100 M)' column 
t.mpera~ur'-240°C; Inl.ctor and det.ctor l.mp.ra. 
ture-275 C; air and H2 flow to FID-500 and 50 ml/ll'Iln 
re.p.ctlv.'y; N2 clrrl.r flow-GO ml/mln. ., 

GC fraction ~ollection of the minor impuritie! 
represented In the chromatogram was perhaps 
the ~ost expedient means of isolating these im
puntles ror mass spectral characterization. 
~he ~erom sample was subjected to derivatiza • 
tlon 10 BSA and BSA·dg and chromatographed 
on ,?V.225: The GC effluent of peaks 1, 3 and 
6 (FIgure S) were condensed in a melting point 
tube at room temperature. The condensates 
were washed from the tubes with ethyl ether, 
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the ether evaporated and the residues reconsti
tuted in microliter volumes of BSA and BSA-dD 
for mass spectra] analysis. The El mass spec
tra of the isolated impurities are given in Figure 
6. These impurities are desoxymorp?ine~A, 
monoacetyl-desoxymorphine-A and dracetyl. 
desoxymorphi~e-A. The id~nti~c~t~on of 
these impurities was ma~e posslble Inltlally.by 
a detailed analysis of s1lyl and deutero-silyl 
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Flgur. 6. Electron Impact Mall Spectra of 
Some New Heroin Impurities Iiolated From 
Illicit Heroin by GC Fraction Collection 
Uncut, illicit heroin .ample ,ubJected to derlvaUzation 
with BSA and chromatographed on OV·225j minor GC 
peaks ( ... Fig. 5) wer,l.olated by GC frsl.'1Ion collec
tion and .ub.equently .ubJectod to GC·MS analy.l. 
undar the following condition.: Finnigan 4000 quadru
pola ma •• 'plelromater Interfaced wIth a Model 9610 
GC and Model6110 data .y.tam; GCcolumn ulld WII 
gla •• , 6 It. x2 mm I.d., pack&d with 3% OV-1 on GCO 
(100-120 M); column temperatura-230·C; InJector, 
.epar.tor, trM.fer IIna and lonlzar temptratura-
270"0' hallum c.rrlar flow ratl-20 ml/mln.j EI .peelr. 
wara ~cqulrad under the following condition a: ami .. 
.Ion currant-O.35 mA, aleclron mulUpller-1SOO V, 
electron energy-70 tV and ampllflar .en8ltlvlty-10·a 
AN. (Nota: monolcetylated da.oxymorphlne-A J. 
probably a mlxtur. of 0'_ and 04.aca'Yll.omar •• ) 

mass spectra of peak 1 (subsequently charac
terized as desoxymorphine-A). This analysis 
was enhanced by observing amu shifts of sig
nificant TMS-containing ions after deutero
silylation. Ce~ain ions that did not .shift u~on 
deutero-silylatlOn were also used In makmg 
structural ~ss!iu~ent.s. . ,. . . 

The molecular ion m the dt-TMS derIvative 
of desoxymorphine-A occurred at mle 413 and 
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Flgur. 7. Some SIs;:lIf1cant TMS· and Ace tyl-Contalnlng Ions as well as Other Ions Used 
In the Electron Impact Mass Spectral Characterization of Desoxymorphlne-A and Its 
~cety!at~~ A!.af~gU!8 

Para"", .. ter. dllcrlblng I.olallon and eleetronJm2,aC! '!!.!I.!! apeetral analy.l. of de.oxymorphlne.related hetoln 
Impurltle. ar.-; given In body of paper and In Figure. 5 and 6. • 

shifted an expected 18 amu upon deutero-sil
ylation. The next most important ion in the 
spectrum appeared at mle 308 and represented 
the loss of the stable phenethyl radical from the 
molecular ion. Tliis fragment ion also shifted 
an expected 18 amu upon d~utero-silylation. 
This loss of 105 amu I s is prominent in the mass 
spectm of desoxymorphine and desoxyco
deine-related alkaloids and its presence was 
important in making tbe proper structural as
signment for the impurity. After MS charac
terization of desoxymorphine-A as its di.TMS 
derivative, the presence of mono- and diM 
acetyldesoxymorphine-A was confirmed by 
the analysis of their silyl-deutero-silyl and ace
tyl-deutero-acetyl mass spectra (note: the 
monoacetyldesoxymorphine_A isolated from 
illicit heroin is probably a mixture of 0'. and 
04-acetyl isomers). Fi_gure 7 illustrates some 

significant TMS- and acetyl-containing ions as 
well as other ions used in the MS characteriza
tion of desoxymorphine-A and its acetyJated 
analogues. A paper describing in detail the GC 
isolation and MS characterization of these des
oxymorphine-A impurities will be,published in 
the near future. 

As demonstrated above, the utilization of 
deutero-derivatization techniques is essential 
in the MS characterization of impurities using 
low-to-medium-resolution mass' spectrom
etry. This requirement is amplified in the 
absence of supporting spectroscopic data 
provided by IR and NMR. It is also useful 
to correlate low- to medium-resolution mass 
spectral data on derivatized impurities with 
high-resolution data obtained previously on 
structurally-related non·derivatized com
pounds. A number of studies have reported 
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the HRMS analysis of morphine and related 
compounds. (68-71) 

Much of the GC-derivatization work de
scribed above was done with FID detection . 
In trace drug studies, FID detection suffers 
from an inherent lack of sensitivity. In order 
to characterize impurities at levels as low as 
10-5% (based on 10 mg heroin and final dilution 
of 2 cc), we have conducted studies utilizing 
derivatization of the impurities with HFBA 
and detection using the sensitive GC-ECD de
terminative step. Moore (72) has recently 
reported methodology for the GC-ECD 
quantitation of morphine, codeine and OO-ace
tylmorphine in illicit heroin as HFB drriva
tives. Figure 8 illustrates a typical sample 
chromatogram of uncut illicit heroin subjected 
to HFB derivatization and GC-ECD analysis. 
Using this procedure, we have been able to 
quantitate morphine in some heroin samples at 
levels as low as 10-3-10-4% (based on 10 mg 
heroin and final dilution of 2 cc) while using a 
minimum of manipulative steps. The excel
lent sensitivity enjoyed by this procedure is 
demonstrated by the results given in Table I 
which illustrate the minimum detectable quan
tities of morphine, codeine and OO-acetylmor
phine as HFB derivatives. 

During utilization of the above-mentioned 
GC-ECD procedure, R. number of additional 
peaks of unknown composition appeared in the 
chromatograms of illicit heroin samples. One 
such peak has been recently identified by 
Moore and Klein (73) as O:l-acetylmorphine. 
Figure 9 illustrates a GC-ECD chromatogram 

.. 
Flgur .. 8. GC-ECD Chromatogram of Illicit 
Heroin Sample Subjected to Derlvatlzatlon 
with HFBA for Morphine and OS-Acetyl
morphine Quantltatlon 
s .. Reference 72 for lample analYll1 and chromato
graphic parameter •• 
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TABLE I 

Minimum Detectable Quantities 
(MDQ) of HFB Derivatives of Morphine, 
Codeine and OGoAcetylmorphlne 
Subjected to GC-eCD Analysls* 

I COMPOUND 

j ~~orphlne (HFBh 
I Ofl-Acetylmorphlne (HFB)l 

Codeine (HFB)l 

MDQ 

20pg 
100pg 
80pg 

*Der/vat/zatlon and GC·ECD parameters gl~en In 
Reference 72 • 

of an HFB·derivatized brown heroin sample 
containing a significant quantity of 03-acetyl
morphine. The identification of this impurity 
was accomplished by the mass spectral analy
sis of its HFB derivative. It shouid be noted 
that the mass spectrum of 03-acetylmorphine 
(HFB)l is significantly different from the mass 
spectrum of its isomer, O!tacetylmorphine 
(HFB)!, This is illustrated in Figure 10. The 
presence of OG-acetylmorphine in heroin sam
ples is due primarily to the acid hydrolysis of 
heroin, while the presence of 03-acetylmor
phine is due mostly to the incomplete acetyla
tion of morphine. 

In addition to 03-acetylmorphine, other late
eluting peaks were noted in the GC-ECD 
chromatograms of HFB-derivatized heroin 
samples. Two of these impurities have been 
recently Identified as 03,Oo-diacetylnormor
phine and OOacetylnormorphine. Figure 11 il-

~ 

Figure 9. GC·ECD Chromatogram of HFB
Derlvatlzed Illicit Brown Heroin Sample 
Containing Significant Quantity of 03_~ce. 
tylmorphlne 

See Reference 13 for lample analYll1 anlt chromato. 
graphic paramete,.. 
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Figure 10. Electron impact Mass Spectra of HFB Derivatives of OG- and 03.Acetyl
morphine 

See Reference 73 for electron Impact ma ••• pectral 
parameter.:--

lustrates the GC elution of these compounds as 
HFB derivatives in an illicit heroin sample 
using ECD detection. Due to their rather low 
levels in illicit heroin (10-2-10-S%) GC fraction 
collection of these peaks for subsequent mass 
spectral characterization was not practical. 
They were therefore isolated from the bulk her
oin matrix using liquid-liquid partition chroma
tography. The isolated impurities were 
subjected to derivatization with BSA, BSA-d9t 
and HFBA, and the resultant TMS, TMS-dg 

and HFB derivatives subjected to mass spec
tral analysis. Figures 12 and 13 illustrate the 
EI mass spectra of some of these derivatives. 
As in the case of the desoxymorphine-A 
impurities, these acetylated normorphine im
purities were characterized primarily from sig
nificant ion shifts observed in the TMS and 
TMS-d9-mass spectra of 0 3,01l-diacetyl-N
TMS-normorphine. Fragment ions at mJe 326, 
342, 368 and 385 suggested the presence of nce
toxyl groups at the C3 and C6 positions in the 
morphine-type molecule. All of these ions 
shifted the expected 9 amu upon deutero-silyla
tion. One of the most significant ions occurred 

196. 

\ ~O·.ot'H, •• IIO.""Ht: 

o'·H'I.coou:r 
2. o'-Hn.o'.ACITYLIIO .... ,H£ 

,. o"ACUYL.o".HFI.IoIOO ... 'HI 

• ~ H·D'·H' •• O·'ACUYLHO!IUOO'HIHl 

• HrOO'H 

1 o',o'.otACfU"H'HfI.HOIIIIOR'HlHE 

Figure 11. GC-ECD Chromatogram illus
trating Some Late-Eluting Heroin Impuri
ties Found In an HFB-Derlvatlzed Illicit 
Heroin Sample 
Heroin .• ample I. .ubjected to derlvatlzatlon with 
HFBA •• de.crlbed In Reference 72; derlvatlzed .am
plel. subjected to GC·ECD analysis under the follow. 
Ing condition.: Ferkln·Elmer 990 GC equipped with a 
e:tNI electron capture.detector: 6 ft.X4 mm I.d. gla •• 
column packed with 3% OV·1 on GCQ (100-120 M); 
column temperature-220°Cj Injector and detector 
temp.raturo-276"C and 300°C, re.pectlvely; N. carrier 
flow-100 rnl/mln. 
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Figure 12. Electron Impact Mass Spectra A 
of TMS derivatives of Acetylated Normor. 
phlne Impurities Found In Illicit Heroin 
Horoln Impurltlel\ 03,Oll..dlacetylnormorphlne and 0'
acetyl'normorphlne were Isol2\ted from the bulk her
oin matrix by liquid-liquid partltlcn chromatography; 
the I.olated Impurltle. were derlv'tlzed with BSA for 
30 min. at 7!S°C: the derlvatlzed Impurltle. were .ub. 
,ected to GC-MS analYII. under condition" described 
In Flguree. 

rf,N*DI'TMS-OIl-ACETYlHO"MORPHINE 

Flgur. 13. Electron Impact Mass Spectra 
of HFB Derivatives of Acetylated Normor
phlne Impurities Found In Illicit Heroin 
HGroln Impurltle. O"'acetyl-normorphlne and 03,0" 
dlacetylnormorphlne were Isolated from the bulk her. 
oin matrix by liquid-liquId partition chromatography: 
thelaolated Impurltlll were derlvatlzed with HFBA a. 
de.crlbed In Reference 72; th(j derlvatlzed ImpurlUe. 
were subjected 10 GC·MS analy.ls und.r condltl()n • 

... de.crlbed In Figure 6. 
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at mJe 100 and represented in part a TMS-sub
stituted N function. This ion also shifted 9 
amu upon deutero-silylation. Figure 14 illus
trates some significant TMS- and acetyl-con
taining ions as well as other ions used in the 
MS charu",terization of the acetylated nor
morphines. As wIth the desoxymorphine-A 
impurities, details of the isolation and 
characterization of the acetylated normorphine 
impurities will be published soon. 
. Though-the mass spectra of the HFB deriva
tives of the acetylated normorphine and other 
impurities were obtained, they were not uti
lized as fully as the mass spectra of the TMS de
rivatives for mass spectral elucidation. This is 
because most of the intense ions represented 
either HFB fragments or losses of HFB frag
ments from parent ions. Additionally, the lack 
of an isotopic analogue of HFBA permitted 
o;nly limited mass spectral evaluation of the re
s~ltant HFB derivative of the impurity. Fi
nally, the lesser stability of the HFB 
derivatives compared to their TMS counter
parts did not allow for their repetitive mass 
~pectral analysis from a single solution. 
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SUMMARY 

The application of derivatization techniques 
has enjoyed limited use in routine forensic drug 
analysis, and this situation is not likely to 
change in the foreseeable future. Derivatiza
tion methodology, especially when used in 
conjunction with GC-FID, GC-ECD, and GC
MS techniques, has significant potential .1n fo-
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a~o6-DIACETYL-N-TMS'NORMORPHINE 
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if, N-Dl-TMS-06-t,CETVlNORMORPIHNE 

[M"CU,CO,]* TMS<9J 
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FlfJure 14. Some Significant TMS- and Ace
tyl-Containing Ions Used In the Electron 
Impact Mass Spectral Characterization of 
03,Oo-Olacetylnormorphlne and OO-Acetyl
normorphlne 

Parameter. describing Isolation, derlvatlzatlon and 
OCoMS analysis at acetylated normorphlr:e heroin Im
purities giVen In body of paper and In Figure 12. 
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ren~ic dr~g research, It is especially applica
~le In the In-depth analysis of illicit samples and 
m the characterization of trace drug impurities 
for forensic and intelligence purposes. 
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Advances in Chemical 
Signature Analyses of 
Drugs 

INTRODUCI10N 

The National Laboratory of Forensic Sci
ence handles the m~ority of all analyses for 
narcotics and dangerous drugs in Sweden 
(about 8 million inhabitants). This entails 
transportation problems but ensures a standar
dized methodology and evaluation of results 
for the whole country. Also, it enables the 
narcotic police to maintain an up-to-date intel
ligence link. The analytical results can thus 
serve two main purposes, i.e., (i) forming the 
legal proof for convictions of narcotics ped
dlers, and (ii) being an instrument for the per
fection of the police intelligence network. 

At present, the laboratory receives annually 
over 3,000 cases with more than 25,000 items to 
be analyzed Each item is identified, de
scribed, and weighed. The items within one 
case are then grouped, based on screening 
techniques. Samples from each group are ana
Iyzedqualitatively for narcotics and other 
accompanying substances. If positive identifi
cation of a narcotic drug has been achieved, a 
quantitative analysis is carried out for all 
"hard" narcotics-and for other narcotics and 
dangerous drugs if the weight of the group ex
ceedsS g. 

The detailed results of these analyses are re
ported to the police in two ways: (i) a written 
report is sent for use in the court procedure and 
(ii) a computer input sheet is sent in coded 
form. The latter contains information on the 
composition of each group. Nowadays, it is 
not unusual that individual items contain 3, 4 or 
more different compounds in addition to the 
narcotic drug. 

This composition atone, fed into the central 
police computer system I allows certain conclu
sions to be drawn. When seizures at different 
locations in the country have similar cO~lposi-

202. 

by 

L. Stromberg & A. C. Maehly 

The National Laboratory of 
Forensic Science 
Fack 
S.581 01 Linkoplng, Sweden 

tions, the drug CIO may get interested. In 
about 100 cases per year, a detailed compari
son of chemical s:g(lL'turas of seizures is re
quested by the police. 

This special analysis activity has two main 
purposes, i.e., (i) the direct comparison of the 
chemical signatures, and (ii) the possible evalu
ation of the method of synthesis of clandes
tinely-prepared narcotics. 

Most of the reports that have appeared in the 
literature have been concerned with the second 
of these tasks (1-10). These papers are espe
cially concerned with the Leuckart synthesis 
(11-14) of amphetamine and methampheta
mine. A number of impuJ ities have been ob
served in seized samples of these amines and 
many of these have been idendfit!d. 

We have earlier reported signature work on 
amphetamine, phenmetrazine, morphine, and 
heroin (lS, 16) for the purpose of direct com
parison. An even earlier paper describes the 
comparison between cannabis resin samples 
where the removal of the main components is 
not necessary (17). 

Our methods have now been used in practi
cal work for several years and have proven 
their value. Recently, a signature comparison 
of large seizures of hashish in Norway and 
Sweden could be carried out when samples 
were made available to our laboratory by the 
Norwegian police (Fig. 1). Typical signatures 
for amphetamine can be found in Figs. 1-2 of 
an earlier pllper (15). Signatures of phen
metrazine, morphine, aud heroin appeared in 
another publication (16). 

On some occasions the method established 
links between amphetamine seizerl in Sweden 
with amphetamine seized from cars entering 
Sweden from Hollan'd. 

In connection with questions of "interna
tional comparison" of drug seizures, we think 
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Fig. 1. Chemical FlO slgndtures of hashish samples seized In Norway and Sweden, 
respectively. 

that such analyses may be carried out without 
exchange of genuine drug samples which often 
involve intricate legal problems. Only solvent 
extracts of the impurities need to be ex
changed. These extracts contain drugs only in 
trace amounts and are, therefore, of no interest 
from the point of view of drug control. 

Before going on, it may be useful to consider 
the origin of the impurities and by-products 
forming a chemi-;al signature. A somewhat 
simplified scheme is rendered in Fig. 2. The 
raw product contains the substances of the A, 
B, C, D group, i.e., impurities from the equip
ment and the laboratory (A), contributions 
from the starting materials (B, the starting rna-

terials proper; and b, impurities in these prod
ucts), from products of side reactions (C), and 
finally from intermediate compounds (D). The 
B, C and 0 compounds which we call key im
purities can be useful in determining the 
method of synthesis used. This is the subject 
of most. of the publications mentioned above 
(1-10). 

The E, F. G .... Z substances, on the 
other hand, stem from the further fate of the 
raw product obtained at the clandestine labora
tory. The contribution of these substances 
to the chemical signature can also be of value 
for the police intelligence work. The F, 
G . . . . Z substances can be subdivided into 
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Fig. 2. The origin of the compounds of a 
chemical signature. The details are ex
plained 'n the text. 

the main adulterants (F, G . • . . Z) and the 
impurities in these {f, g . . . .z). The former 
are, in general, easily identified. In seizures 
of central nervous system stimulating amines, 
the following adulterants have been observed 
quite frequently in Sweden: sugars, caffeine, 
phenazone, ascorbic acid, ephedrine, nor
ephedrine, pseudo norephedrine, barbituric 
acid derivatives, lidocaine and procaine~ as 
well as mixtures of CNS-stimulating amines. 
Sugars are the most frequent additives. 

Most of these adulterants are t.hemselves 
pharmacologically active compounds, whereas 
sugars, alongside with the more sporadically 
used substances, such as starch or 11our, can be 
regarded as passive diluents. 

Finally, handling and packing can introduce 
another type of contaminant (B). 
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RESULTS 

The earlier signature work on synthetic nar
cotic drugs has been based on recording simul
taneously the signals from an FI- and an 
BC-detector, usin~ an effluent splitter. Re
cently we began using a similar technique but 
replaced the BCD by an NP-detector. Obtain
ing different types of signatures enhances the 
possibility of ~stablishing a common origin of 
different samples. 

We were interested to find out to what extent 
impurities in adulterants might contribute to 
the total signature pattern. Owing to its wide
spread occurrence, we started with the sugars 
(Stromberg, L. and Bergqvist, H. t to be pub
lished). So far, two kinds of glucose and two 
kinds of sucrose were investigated, using n
heptane for extracting impurities. The signa
tures of the sugars, especially the sucroses, 
were found to be weak, probably due to the 
high standards of purity requested for food in
gredients. The glucose samples showed one 
or two mtUor peaks in their signatures. The 
corresponding impurities have been partially 
identified. 

Next the sucrose and dextrose samples were 
mixed with samples of seized amphetamine 
sulfate and with amphetamine sulfate synthe
sized and twice recrystallized at our labora
tory. As expected, the addition of sucrose did 
not noticeably interfere with the signatures of 
drugs. The stronger signature of the dextrose 
samples, on the othel' hand, contributed to that 
of the specially purified amphetamine. How
ever, the signature of most seized ampheta
mine samplE:s is so strong that the sugar 
contribution to the signature is very small. 
The dilution of drugs with sugars should, there
fore, as a rule, not hinder this analytical 
procedure. 

We can now return to the second task of sig
nature work, I.e., identifying key impurities in 

(f 

order to establish the method of synthesis. 
The ml\ior part of the work published in the lit
erature concerns itself with the key impurities 
in methamphetamine (1, 2, 3, 5, 9, 10), which 
we have not studied in detail. Amphetamine 
impurities were investigated by Lomonte at al. 
(4), van der Ark et al. (6, 7), and Kram and co
workers (8, 9). All ofthiz work was concerned 
with the Leuckart method of synthesis (i.e., the 
reductiv6 ami nation of phenylacetone by 
formamide, or modifications thereof). The 
compounds reported by these authors are 
listed in Table I. 

Using our method of analysis, very rich sig
natures were obtained, and only a limited num
ber of gas chromatographic peaks have been 
investigated so far. A typical reconstructed 
gas chromatogram from a GC/MS experiment 
(JEOLDlOOcoupled toa Variangaschromato
graph 2700) is shown in Fig. 3. Some of the 
ml\ior peaks have been identified by mass spec-

1 2 3 4 5 
1000 

500 

trometry and the mass spectra were compared 
with those published by other workers (cf 
Table I). Peak 1 is impurity nr 8 (6), peak 2 is 
impurity nr9(6), peak3 has not yet beenidenti
fied, peak 4 is impurity nr 6 (4) and peak 5 is im
purity nr 11, observed in methamphetamine 
preparations by Bailey et al. (2) and Barron et 
al. (3), but to our knowledge not reported in 
amphetamine samples. 

The two remaining larger peaks 6 & 7 have 
identical mass spectra. Th~se spectra are sim
ilar to that reported for impurity nr 7. Lomonte 
et al. (4) published a mass chromatogram 
(mj.e=91) where a double peak is visible. The 
larger (first eluted) peak was shown by them to 
be tri-(1-phenyl-isopropyl) amine. We postu
late that the double peak results from dia
stereomcric forms of this tertiary amine. 

The key impurities so far described are those 
of Lcuckart amphetamine. A second method 
of amphetamine synthesis which has been used 

6 7 
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Fig. 3. Reconstructed Total Ionization Chromatogram (TIC) of a LeuGkart amphetamine 
algnature. The algnlflcance of the peaks numbered 1-7 II explained In the text. 
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Table I 

REPORTED IMPURITIES IN AMPHETAMINE SAMPLES SYNTHESIZED BY THE 
LEUCKART METHOD 

NR. MOL WT FORMULA ·<;TRUCTURE 
'--"" --_. -"",=",,'-

1. 134.05 C,""O @-CH.-CO-CHa 

2. 210.06 'C,JiuO @-CHa-CO-CH,-@ 

3. 45.DV CH~O, H-COOH 

4. 183.07 C,Ji.,NO @-CHa-CH(CHS>-NH-CHO 

5. 211.11 C,JiIfN @--;Ha-YH-CH,-@ 

NHa 

[@-eH.-eH-j.NH 
~HI • 

7. 371.22 C:nH.uN [@-eH'-~:: l. · N 

©!? O. H. 

@-CHI-O 

6-© @-CHI I 
H,C N 

[@-eH.-eH-j. NeH. 
~H, I 

.) .tartlng matQrl.'; 
b) Impurity In .tartlng malerla/; 
c) Int.rmedlat{l product; 
d) product ol./de reacf/on. 
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NAME 

m.thyl benzyl 
k.ton. 

dlbenzyl 
k.ton. 
formlc.cld 

N·formyl· 
.mph.l.mln. 

a-benzyl ph.n· 
.thyl.mln. 

dH1-ph.nyl-
'toptOpyl, .mln. 

trI-(1-ph.nyl· 
IlOj)lopyl) .mln. 

4·m.thyl-S. 
ph.nylpyrfmldln. 

4-benzyl-
pyrfmldln. 

2-benzyl·:i·m.lhyl· 
5-ph.nyl·1,3-dI· 
hydropyrfd-4·on. 

N·m.thyJ-dJ.(1· 
ph.nylllOj)lopyl) 
.mln. 
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Fig. 4. Chemical FID (left) and ECD (right) signatures of Alles amphetamine. 

many times in clandestine laboratories in Swe
den during the 1970's is the electrolytic reduc
tion of phenylnitropropene, first described by 
Alles (18). This method has been subject to 
preliminary studies at this laboratory. An ex
ample of an FIO/ECO signature of such am
pheta~ine is shown in Fjg. 4. 

The reduction probably proceeds step
wise as outlined in Fig. 5. Phenylnitropropene 
residues can be identified with the FlO/BCD 

\0- CliO .. fIl2·ell,3 ... (;}CII " f·C1I3 + H2a 
1m2 H02 

(0- ell • f-CII3 
qH+ 

o-CII2-C-CII3 + "20 
1lII!:_ ..... 

H02 qt- ~Ol/ 

2,," '2E-2,,+ <0- CH2-flf.CII3 .. (}Clfrfll-CII3 2 HII2 2£-
IINOIf • 

combination. Phenylacetoxime and N-hy
droxyamphetamine have not been found in any 
clandestine preparation or reaction mixture of 
the type concerned. However, there are two 
indications that formation of phenylacetoxime 
is an intermediate proce:lS. First, the com
pound has been obtained as the end-product in 
experiments at this Jaboratoi'y where the cath. 
ode potential was carefully controlled. Sec
ond, benzyl methyl ketone was found in a 
seized reduction mixture of the type concerned 
(Fig. 6) probably as a result of the hydrolysis of 
the oxime. The absence of the oxime itself in 
the seized materials may be explained by the 
fact that these reductions were carried out with .. 
Fig. 5. StepWise electrolytic reduction of 
phenyrnltropropene (Eo. = electron). The 
actual existence of N-hydroxyampheta_ 
mine (a metabolite of amphetamine In 
humans) In the reaction sequence has not 
been documonted. • 
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Fig. 6. Recon8truct~d TIC and computer-proce"sed mass spectrum showing the pre ... 
ence of benzyl methyl ketone In Alles amphetamine. The first "peak" In the TIC II am
phet2lmine, the second benzyl methyl ketone. 

uncontrolled extreme potentials, leading 
directly to amphetamine. The presence of 
benzyl methyl ketone just mentioned is inter
esting from another point of view. Evidently, 
the presence of benzyl methyl ketone residue 
in illicitly prepared amphetamine does not nec
essarily point to the Leuckart method of 
synthesis. 

Key impurities are obviously of great inter
est in the forensic analysis of narcotics. Their 
recognition among the numerous gas chroma
tographic peaks which constitute the chemical 
signature should therefore be an important 
question for forensic laboratories concerned 
with the analysis of narcotics. The "classi
cal" method for recognition of an organic 
compound in a complex mixture is gas chroma
tography-mass spectromeh-y. We think, 
however, that key impurities of drugs may be 
recognized also by less sophisticated (and less 
expensive) methods, A gas chromatograph 
with a dual detector sYiltem (19) should have a 
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sufficient discrimination power especially 
when using a capillary column. 

Note added May 17, 1978: Phenylaceloxime 
was found to be present in a seizure of Alles 
amphetamine. 
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Special Problems in TLC, 
GC ana GC-MS Analysis 
of Heroin 

1. PREFACE-DRUG SITUATION 
IN BERLIN 

This is a brief review of the drug situation in 
Germany, and it is focused on one city in Ger
many, West Berlin, since this city in some way 
has become a nerve center in drug trafficking. 
The reason for this lies in the political and geo
graphical situation of West Berlin. This city is 
completely surrounded by the German Demo
cratic Republic and the demarcation line be
tween West and East Berlin is semipermeable, 
at least in the East/West direction; therefore, 
foreigners arriving at the airport of the eastern 
part of the city are able to penetrate the border 
uncontrolled via one of the numerous subway 
stations in Berlin. No doubt this is one of the 
ways, maybe the most frequented one, for im
porting heroin and other drugs from Middle and 
Far East countries. The knowledge of current 
availability of sufficient amounts of heroin at a 
moderate price is drawing large numbers of 
drug addicts into Berlin. Within a few years, 
the number of drug addicts has increased in an 
unbelievable way. In 1977, almost 100 young 
people died from overdoses of drugs in a city of 
two million inhabitants; this emphasizes the se
riousness of the situation in Berlin. 
. For this reason, our Crime Laboratory 
mostly encounters drug analysis cases. In 
1977, 2400 of a total number of 3000 requests 
for analysis concerned drugs and a high per
centage of these included heroin. 

The following refers to these' heroin samples 
only. Amounts of heroin received range from 
several hundreds of grams hidden in bags, 
boxes, and cases, to one or two small crystals 
coming from a suspect's pocket. In most 
cases, it is received in so-called "scene-quar
ters," i.e., amounts of flpproximately 100 mg 
folded in tinfoil. After determining the color 
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by comparison, using a light microscope for 
spotting the type of crystals or starch, etc., 
TLC is used for a screening procedure. The 
advantage is that not only is heroin indicated, 
but also the number of constituents contained 
in the respective sample. 

II. TLC AS SCREENING METHOD 
FOR HEROIN 

A. Preparation of Sample 

The preparation of a sample is rather sim
ple. The heroin sample is dissolved in chloro
form. According to our tests, the base and the 
HCI salt are sufficiently soluble in excess chlo
roform. The solution then is chromato
graphed in the normal manner. 

B. Plates 

Commercially available plates (Merck) have 
proved quite serviceable as, after an activation 
procedure, thellf-values show satisfactory re
producibility; silica gel is used as a stationary 
phase. 

C. Mobile Phases 

The following mobile phases are recom
m(.nded by an expert board of chemists of the 
Federal and Litnder Crime Laboratories in 
accordance with tests made under equal 
conditions: 
I. Benzene (80) Ethanol (20) Ammonia (I) 
2. Ethyl acetate (85) Methanol (10) Ammonia ($) 
3. Methanol (100) Ammonia (I) 
4. Cyclohexane (5) Chloroform (4) Diethylamine (I) 
5. Chlorororm (9) Acetone (I) 

A modified system is being used in Berlin only: 
6. Benzene (1) Ethyl acetate (2) Diethylamine (I) 

Normally three, but at least two, different sys-

terns of mobile phases are used. For compari
son purposes, a standard heroin solution is 
added to each plate. High performance plates 
show good results in an adequately short time. 

D. Methods of Detection 

For detection of spots, plates are observed 
under UV light and sprayed with iodine-plati
nate, Dragendorff and van Urk reagents and 
FeCl3-iodine solution. 

After con:pletion of this TLC procedure, 
samples which do not contain heroin are 
discarded. 

III. GC ANALYSIS OF HEROIN 

F~r further inv~stigation of heroin samples, 
GC IS used. All mstruments utilized are sup
plied by Perkin-Elmer, Type F 22. 

A. Preparation of Sample 

For preparing samples, a method has been 
ad?pted which was recommended by the 
Cnme. ~aboratory of Baden-Wilrttemberg: a 
~ew mIllIgrams of a heroin sample are stirred 
mto ~O mt of chl~roform with 100 mg of dieth
Yl~mo-polystenne added with continuous 
stImng. One Itl of the upper layer without 
se~aratins. the layer, is used for GC 'analysis. 
ThIs. solutIOn contains an adequate amount of 
herom and/or other alkaloids, respectively in 
the form of their bases. ' 

B. Qualitative AnalYSis 

Under normal conditions, no difficulties 
arise for spotting even trace amounts of heroin. 

c. Quantitative AnaJysis 

According to German law, it is important for 

the jury to know whether or not a suspect has 
been found in possession of a "not smal1 
amount" of a drag. Consequently, police la
boratories are often requested to detennine the 
con~entration of heroin in a specific sample. 
Van?us methods have b~en used in the past, 
r~ngm~from UV- ~nd IR-spectrometry to titra
tIon WIth perchlonc acid, but, of course, best 
re~ults are gained by. GC analysis using pro
c~me hydrochloride as internal standard. A 
SIgma 10 Integrator (Perkin-Elmer) is a valu
able aid. 

D. . Derivative Analysis 

Advan~ag~s in analysis of heroin samples, ei
ther qualItatively or quantitatively are gained 
by a derivative method recomme~ded by the 
Federal Crimi,!lal Investigation Department. 
A.one percent solution of a heroin sample in a 
mIxture of 50 percent MSTFA, I percent 
TMCS, and 49 percent dimethyIformamide is 
heated for 15 minutes in a water bath at 709C 
An aliquot of the solution is used for GC. I~ 
addition to heroin, other all~a1oids, sugars, and 
other components of the mixture can be deter
mined or identified by this method of silylation 
as well. One of the gas chromatographs is 
equipped with an autosampler

j 
Type AS 41 

(Perkin-Elmer), using a capsule technique in
stead of injection by microsyringe. This 
method of silylation can be easily transferred in 
such a way that the reaction takes place within 
the aluminum capSUle. Thefe is another ad
vantage in using these capsules as reaction ves
sels. It is well known that determination of 
?Iorphin~ in biological fluids, especially urine, 
IS a conSIderable problem. We have added ex
cess acetic anhydride to the extract in the cap
sule using pyridine as a solvent, thus 
converting morphine into heroin which can be 
easily determined by GC. 
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lV. GC-MS ANALYSIS OF HEROIN 

For reasons already discussed during this 
Symposium, GC-MS is also used for drug anal
ysis. Our experience has been with a quadru
pole instrument supplied by Finnigan (Model 
4000). The highly specific method of identifi
cation needs no further explanation. 

A. Preparation of Sample 

Preparation of the sample and conditions are 
the same as with GC. 

B. Conditions 

Our application of mass spectroscopy has 
been mainly EI; in only a few cases, CI also has 
been employed with methane, isobutane or am
monia as reagent gases. For trace amounts of 
heroin, SID has been used successfully. 

C. Methods of Analysis 

The identification of heroin by mass spec
troscopy is considered to be an absolute proof 
in German courts, either after gas chromato
graphic separation from other components of a 
mixture has been made, or, in fewer cases, by 
use ofthe solid probe. GC-MS is likewise used 
for the identification of metabolized drugs in 
body fluids or other biological material. Gen
erl111y, it can be said that heroin types 3 or 4 
have been found in almost all cases. This does 
not exclude the possibility of dealers having 
added some other ingredients. For instance, 
the following have been found in samples of il
licit heroin in Germany: 

1. Opium alkaloids and their derivatives, 
i.e., acetylmorphine, codeine, acetylco
deine, thebaine, dihydrocodeine, nar
ceine, noscapi'!1e, papaverine, and 
methadone. 
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2. Anesthetics, i.e., lidocaine, procaine, 
cocaine. 

3. Benzodiazepines, i.e., diazepam. 
4. Pyrazolone derivatives, i.e., antipyrine, 

aminopyrine. 
5. Salicylic acid or phenol /jerivatives, i.e., 

salicylic acid, salicyl&mide, acetylsllli
cylicacid. 

6. Hypnotics, i.e., barbital, carbromal, 
methaqualone. 

7. Alkaloids, i.e., caffeine, quinine, strych
nine, scopolamine. 

8. Sugars. 
9. Inorganic compounds, i.e., CaC03, 

NaHC03, NaCI03 , KCI03• 

A change in heroin itself has been noticed. 
There is an increasing number of samples con
taining mixtures of free bases and salts of her
oin. Another noticeable change in' the 
by-products is the appearance of papaverine 
and narcotine. 

V. CONCLUSIONS 

A. Dev~iapnients 

1. HPLC 

In the near future, HPLC IS a method 
that is also going to be adopted. At the 
Bavarian Police Laboratory, the follow
ing isocratic method for determining 
heroin has been developed, which can 
be used for qualitative and quantitative 
determinations(1) . 

The instrument is a Waters HPLC, a 
IJ.:Bondapak CUI column is used, the 
mobile phase is water (156 mt), 

. acetonitrile (140 mt), and 1 % aqueous 

(I) Dr. G. Megges and Dr. J. Fehn. Bavarian Crime 
Lab, MUllich. (Inpres;s) 

I 
i 

(NH4}zCOa solution (4 ml) with a flow 
rate of 2 m1lmin. 2,3-Dimethylnaplt
thalene is applied as internal standard. 
The results are extreruely good and 
this method is to be used in the Berlin 
Laboratory, tOf,~, emplor:!lg a Perkin
Elmer HPLC (Model ':l). 

2. Use of Data Systems 

The high rate of req'lests for inves
tigations, as mentioned in the preface, 
~orces us to apply data tec~niques, even 
10 our small laboratory unit. Therefore, 
the GC-MS syst~m is complemented by 
an Incos Data System, including a 
library with 23,000 mass spectra. The 
~R spectrometers have interfaces in 
order to employ an interdata system. 
As long as police laboratories remain 
responsible for fast and accurate 
analyses, they must be supplied with the 
necessary technical means. It must be 
understood, however, that no computer, 
no data system, not even the most 
sophisticated one, is able to assume the 
responsibility of an expert, and none of 
these systems used in forensic chemistry 
can see the link between analytical work 
and human fates. 

--
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Street Drugs and the 
Forensic T~~,cologist 

A forensic toxicologist is concerned with the 
analysis of body tissue for drugs and poisons 
and the interpretation of the results obtained. 
It is not surprising therefore that he or she will 
come into contact with so called "Street 
Drugs." , as some of these drugs are used legiti
mately in medicine while others such as butyl 
nitrite, methylenedioxyamphetamine (MDA), 
tetrahydrocannabinol (THC) , and phencycli
dine (PCP) have wIdespread illicit use. The 
analysis of body tissue for many of these non
medicinal drugs represents a considerable 
challenge for the toxicologist as adequate 
methodology is often not available. The ap
proach we have tried to follow with street drugs 
is to incorporate their <1~tection in the general 
screening procedures we are presently using 
for the detectIon of the common prescription 
and non-prescription drugs. This, of course, is 
not always possible and important exceptions 
will be dealt with later. 

Screening procedures of one type or another 
are in use in most toxicological laboratories; 
these vary from simple inexpensive thin-layer 
chromatography (TLC) procedures to methods 
utilizing mass spectrometry. The use of ga~ 
chromatography (GC) for screening blood and 
urine for basic and neutra! drugs is a technique 
in which we have taken a particular interest 
(1). We would like to describe our latest work 
in this area as we feel it would be of some inter
est to the reader. 

GC screening of blood and urine for drugs 
has been used by us and oth ~rs for a number of 
years. The differences in the methods used re
volve arolJnd the extraction procedures and the 
type of GC liquid phases employed. Using 
such procedures many drugs are detectable at 
0.1 mg/lOO ml, a level that is adequate for many 
overdose situations but inadequate to detect 
therapeutic l~vels of some of the common 
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drugs. Flame ionization detectors have gen
erally been used in these procedures although 
electron capture detectors have found some 
application (2). The introduction of stable ni
trogen phosphorus (NP) detectors marks a 
major advance in GC screening. These detec
tors were first llsed to screen the urine of ath
letes competing in the 19i6 Montreal OIY~lPics 
(3); the urine was extracted with ether and an 
aliquot injected directly into the GC. We have 
used a similar approach for screening blood. 
The extraction procedure is shown in Fig. I and 
as can be seen it is very simple. The choice of 
1 ml of blood and 2 ml of solvent is not critical 
and was in fact dictated by the volume (2 ml) of 
tnc disposable vials used by the automatic liq
uid injector. Vials with a volume of 100 1'1 are 
available and the use of such vials wou Id enable 
blood volumes of 0.1 ml to be used. The 

1 ml bl 

extractlvortex 

2 ml toluene, NaO .... 

lac20 

GC 
21111 vial 

1o'lllinj at 

200·C ft 

240.C Isothermal 

Flg.1. Extraction ·pror.edure for neutral and 
basic drugs. 

Flg't 2'1 doas chromatographic equipment used In screening blood and urine for basIc ana 
neu ra rugs. 

choice of solvent for the extraction is limited in 
the sense that halogenated solvents are not rec. 
ommended for routine use with NP detectors. 
We have found toluene to be adequate for most 
of the drugs of current interest. 

The GC system is shown in Fig. 2; the small 
data system. after suitable calibration con. 
verts retention times into retention indices. 
!h~ sample (10 1'1) is injected twice, once at 
.LOO C and a second time at 240°C. The OC col. 
um~ system (Fig. 3) is a split glass column 
wh~ch w; have used previously (4); the combi. 
nabon oj. OV·l and Poly A-I03 liquid phases 
e~ables u~ to screen for a large range of drugs. 
FIgs. 4-8 tlJustrnte the results; s(!nsitivity is not 
generally a problem as most drugs are detect
able below the 0.05 mg/IOO mllevel. An addi
tional advantage of the NP detectors js that 
they do not respond to the lipid material nor. 

Fig. 3. The split glas8 column system used 
with dual NP detector8 and packad with 2% 
OV-1 (Back Column) and 3% Poly A-103 
(Front Column) both on 80/100 mesh Chro
ma80rb W. 
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Fig. 4. GC Chromatograms obtained simul
taneously (at 20000) using the spilt column 
(Fig. 3) by Injecting 10 p.I of an acetylated 
toluene extract of spiked blood obtained as 
outlined In Fig. 1. The blood contains 
1-Caffeln8, (not quantitated), and 2· PCP, 
3-Methadone, 4-Amltrlptyllne, 5-lmlpra
mine, a-Promazine, 7-Codelne, a-Diazepam, 
9-Chlorpromazlne, at a concentration of 
0.05 mg/100 mi. 

mally co-extracted with the drugs, although we 
suspect that this material does contribute to 
base line drift which can be a problem during 
overnight runs. 

The use of a simple extraction procedure in 
combination with the sensitive and specific NP 
detectors enables the use of relatively inexpen
sive automatic injectors. This combination 
has had a dramatic effect on the number of sam
ples that can now be screened; one technician 
can now screen 25 samples a day compared to 5 
samples using our previous system (1). 
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Fig. 5. A GC Chromatogram obtained (at 
240°C) by InJecting 10 p.I of a toluene extract 
(Fig. 1) of blood (1 ml) containing 1-Codelne, 
2-Chlorpromazlne, 3-Stelazlne, 4-Flura
zepam, S-Haloperldol, a-Strychnine, all at a 
conceniratlon of 0.05 mg/100 mi. 

Although NP detectors represent a consider
able advance in GC analysis they do have some 
disadvantages. Putrefied bases are co-ex
tracted with any drugs that may be present in 
blood or tissue and can interfere in the analysis 
of some of the more volatile drugs. Blood 
stored in tubes closed with rubber stoppers cre
ates a problem as the NP detectors are very 
sensitive to the phosphate plasticizers found in 
rubber. Syringe contamination can also occur 
especially wilen using automatic injectors. 
The use of NP detectors is relativeJy new to fo
rensic toxicology, however, we feel that their 
impact if1 specific drug analysis, as well as in 
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POl.y,:A103 

• • • • 5 • . •.• 10 • • • MIn 

Fig. 6. GC Chromatograms obtained at 
200°C from a case blood treated as In Fig. 1 
and containing 1-Caffolne, 2-Amltrlptyllne 
(0.1 mg/100 ml), 3-Dlazepam (0.04 mg/100 
ml), 4-Acetylated Nortriptyline. 

screening will be considerable. 
The use of this GC scre~ning system allows 

us to screen for many of the common street 
drugs. In a recent case MDA was suspected in 
a fatality and was indicated by GC in the blood; 
however, a second GC peak (of longer reten
tion time) was also noted. GC/MS analysis in
dicated a structure (a) for this compound. The 
product (a) was also detected in the stomach 

.. ., .... 
83-78-0H 

bl 

POLY'A103 

• • • • ~ •• 10 • • ::M~ln:------

Fig. 7. GC Chromstograms obtained at 
200°C from a case blood treated as In Fig. 1 
and containing 1-Caffe'ne, 2.Propoxy
phene (0.2 mg/100 ml), 3-Dlazepam (o.oa 
mg/100), 4-N-Desmethy/tJ'azepam, 5.Nor
propoxyphenam'de. 

~ontents but no MDA was detected in that 
specimen. In our previous experience with 
MDA fatalities (5) we did not detect such a 
compound although we cannot be sure it 
wasn't present. We p,~sume that product (a) 
could be fo~med by reacting the aldehyde (3,4 
methylenedloxybenzaldehyde) with ammonia 
a~d reducing the condfmsation product with 
LiAlH4• The authors are not specialists in 
street drug synthesis, however, and therefore 
leave it to those more knowledgeable in this 
area to rationalize the occurrence of (a). 

There are a few street drugs that require spe
cial attention in that the usual analytical tech-
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Fig. 8. GC Chromatograms obtained (ot200°C) from a urlnelample (1 ml) treatad as In Fig. 
1 and containing 1-Methyprylon, 2-0Iphenhydramlne, 3·Methyprylon metabolite (6-Hy. 
droxy), 4-Caffelne, S·Methaqualone, 6·Acetylated Nordlphenhydramlne, 7.Me~haqua., 
lone metabolites. 

niques available to the toxicologist are either 
inadequate or too cumbersome to be of much 
value. LSD (lysergic acid diethylamide), co
caine, and marijuana are examples of such 
drugs. 

For a number of years w~ have used a com· 
mercially available radioimmunoassay (RIA) 
method (6) for the analysis of LSD in urine and 
blood and found it adequate as far aa sensitivity 
is concerned. A few drugs, e.g., chlorproma-
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zine, can interfere; however, by using a pre
parative TLC clean-up procedure of the urine 
extract we were able to increase the specificity 
of the technique (7). 

The use of preparaHve high pressure liquid 
chromatography (HPLC) is a distinct improve
ment over TLC and has been used together 
with RIA in the detection of LSD in urine (8). 
A recent publication describes an"~legant 
method for the detection of LSD in urine em· 

it' 

,. 

ploying HPLC with a fluorescence detector 
(9). The detection of LSD using a mass spec
trometer has been described and SO femto
grams were reported to be detectable (10). 
Our own results using mass spectrometry have 
not been as fruitful and, in fact, we have ob
tained greater sensitivity employing a GC 

equipped with NP detectors. Using a 2-ft. 
glass column (OV-l and 250°), we have de
tected less than 1 ng of LSD irUer-ted on col
umn. This level of derectabiHty should be 
adequate for the confirmation of most positive 
LSD cases where urine levels of 2 ng/ml a11d 
greater are the norm. 

t o :c 
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I RIA .... - .... _- non-extracted urine 

................ acid extract X3 
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FIg. 9. A plot of the concentration (measured a8 ng apparent THC/ml) of those cannabl. 
nolds (In 1 ml of urine) that react with the THe antibody, against time (In hours) of urine 
collection, after ,moklng 12 mg of THC. The Intermittent line ( ••• ) represents non-ex. 
tracted urine. The dotted line ( ......... ) represent, a DI.lsopropylether (IPE) extract of the 
urine (1 ml, made ,trongly acidic) after enzyme hydrolysis. The solid Une (_) repre. 
lent. an IPE extract of the urine (1 ml, made strongly alkaline) after enzyme hydrolYRls. 
Both the acid ehd ba,'c valueR are multiplied by a factor of 3. 
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Benzoylecgonine is the principal metabolite 
of cocaine and the substance most likely to be 
found in the urine of cocaine users. We have 
used a GC method, similar to that described by 
Wallace et al. (11), for the detection of benzo
ylecgonine in which the metabolite is con
verted (by methylation) back to the parent 
cocaine. The method works well, but it is too 
time-consuming for the routine screening of 
urine specimens which are perhaps best 
screened using a RIA method (12). 

The detection of cannabinoids in urine and 
blood is a difficult problem for most toxicolo
gists. In Canada at the present time the au
thor's laboratory is the only forensic 
laboratory which is reporting cannabinoid 
analysis on body fluids. There have been nu
merous methods published (13) for the detec
tion of cannabinoids (mostly THC and 
metabolites) in urine and plasma; however, as 
far as we are aware, no method has been pub
lished for whole blood, 

Our own work in this area'" has centered 
around the use of a commercially available RIA 
method (6). The. antibody was developed for 
THC; however, it does cross-react with a num
ber of cannabinoids, in particular with It-hy
droxy THC, 8-hydroxy THe and the acid 
metabolite, A9-THC-9-oic ac!d. Fig. 9 illus
trates the kind of results we have obtained in 
analyzing urine specimens of a smoker who 
over a period of 20 minutes smoked two 
"joints" co~taining a total of 12 mg of THC. 
The intermittent line represents the cannabi
noid content (measured as ng/ml THC) of the 
non-extracted urine. The dotted line repre
sents the cannabinoid content of an acid ex
tract of the urine after enzyme hydrolysis and 
the solid line represents the cannabinoid con
tent of a basic extract after enzyme hydroly-

'" A/ull account a/this work will be published. 
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sis. The interesting point here is that the basic 
extract is only positive for those urine speci
mens collected up to 2 hours after smoking and 
preliminary rewlts indicate that a positive 
basic extract is associated with a reasonably 
high THC blood level. Although much more 
work is required, the positive RIA result of a 
basic urine extract may be indicative of recent 
marijuana smoking. It would be interesting to 
see what kind of results we would obtain if the 
marijuana smoked contair.ed no THC, but, say 
a high level of cannabinol (CBN) as it is not 
known if the THC antibody we are presently 
using is sensitive to the hydroxy metabolites of 
CBN or even cannabidiol (CBD). 

When MDA and more recently para-methox
yamphetamine (PMA) were first implicated in 
deaths in Ontario (14), we were not aware that 
such compounds were available on the street. 
Although the performance of screening proce
dures is constantly improving, perhaps a more 
practical step to ensure the detection of street 
drugs in tisslle would be a closer cooperation at 
the local level between those agencies involved 
in street drug analysis and those involved in fo
rensic toxicology. 

The results of toxicological analysis can play 
an important role in alerting the public and au
thorities to the toxicity of street drugs. In On
talio, for example, our discovery of the danger 
of PMA (14) resulted in massive warnings to 
the public throughout Ontario and Canada, and 
was at least partly responsible for the place
ment of PMA on the list of "Restricted" drugs 
in Canada. • 
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Impact of Instruments on 
Analysis of Drug Purity 
and Reference Standards 

As recent decades have witnessed a torrent 
of instrumental developments, analysis of 
chemical purity and reference standards have 
experienced a resultant flood of applications of 
instrumental methods. These have become 
the most important tests in drug purity and ref
erence standard protocols. Each method has a 
known scope of applicability, and each has 
generated substantial cumulative experience. 
Reasonable assessments of the impacts of 
these methods may be made, therefore, both 
relative to classical methods and relative to re
cently instrumented versions of established 
chemical methods. 

Our consideration of the impact of instru
mental methods must be postponed momen
tarily because definitions are in order. The 
word "purity" is particularly elusive and cul
turally loaded. 

!. PURITY CONCEPT 

This treatment must be limited to chemical 
purity, although it is recognized that mic:ob~o
logical contamination is of some forensIc sIg
nificance. It is based on experience with over 
700 different. chemical reference. standards 
(USP, NF and FCC). Chemical purity. was 
best formulated in terms of physical chemIstry 
(1) as the extent and sense in which a substance 
conforms to all known methods of resolving 
this or similar substances into more than one 
component. Unresolvable specimens con
form to this definition and are, thereby, called 
"pure". We have a specimen of unqualified 
purity merely because we have failed to discern 
another component (impurity). To the foren
sic or medicinal chemist, therefore, purity is 
the extent to which all the atoms in a specimen 
are accounted for by a single component. That 
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component may be defined by a single chemical 
formula, or perhaps as a single optical or posi
tional isomer, or it may be limited to a single 
crystal modification. 

Separation science, using modern instru
mental methods, in particular leaps to mind 
when this general definition is considered. 

A. Reference Standard 

Most modern instrumental methods give 
quantitative and qualitative data relative to 
concomitant treatment of another sample of 
the same component, one which is of known 
composition, that is, a chemical reference stan
dard. This is in contrast to some older 
methods, called "absolute", in which the 
equipment or reagents are separately standar?
ized or calibrated by some other means, as In 

gravimetric or titrimetric methods. 
We must define reference standard purity as 

known composition with respect to intended 
use. Adoption of a chemical reference stan
dard demands a known purity level which is 
obtained by meaningful experiments. The ex
perimental results are held up against the al
ready known and certain challenges to the 
standard-the intended uses of the reference 
standard, the reasons that it was called into ex
istence in the first place. Here is the anchor 
against aimless drifting on seas of arbitrary nu
mericism (two, three or four "9's") or em
piricism. In other words, we can say that, at 
the minimum, a chemical reference standard 
must be suitable for each intended use. Con
sider these examples: a chemically pure sample 
of one polymorph of a drug is unsuited as a ref
erence standard if the intended use is to give 
positive identification to a different poly
morph; on the other hand, highest purity is 
extraneous if the identification is to be made 

by thin-layer chromatography or solution 
spectroscopy. 

Finally, a reference standard is a tool. It is a 
means to an end, not an end in itself. It usually 
serves rather limited purposes, and usually is 
consumed in the process. 

II. PURITY TESTING AND 
PURITY PROFILES 

Some analytical methods are crucial to drug 
purity testing because these methods tend 
to reveal the number and abundance of com
ponents (impurities) in a specimen. Purity
indicating methods are those which have dem
onstrated potential for resolution of a specimen 
into more than one component. Because com
positional, rather than structural, information 
is sought, the most powerful, the high 
impact, general-purity methods are chromato
graphic rather than spectroscopic. This is not 
to disparage those classic measures of bulk 
properties which are prerequisites to refined 
purity testing: titrimetry, moisture, color or 
clarity of solution, characteristic spectra, ele
mental composition or physical constants. 
Optical rotation is an intermediate case. In
deed, nearly all classical methods now are 
available in labor-and time-savings instru
mented versions. Classical methods have not 
been made obsolete by recent instrumental de
velopments; rather, these are complemen
tary. Our actual test load per sample therefore 
has increased regularly. 

Compositional information given by each 
method has a characteristic, and limited, 
scope. A better picture would focus on the re
sults of more than one method. Individual 
purity-indicating measurements converge to 
establish aj:Jurity profile. It is this purity pro
file (2. 3) alone which is meaningful and which 

allows decisions as to the "purity" of a speci
men, or the scope of suitability of that speci
men as a reference standard for certain stated 
applications. To confuse matters, purity mea
surements give data in different units, i.e., 
mass or mole % purity, u.v.-absorptivity, acid
base balance, flame-ionization response, visu
alization response, etc. These units can be 
interchanged only when the identities and 
properties of all impurities are known. Because 
the identity of the impurity may not be as signif
icant as the degree to which it interferes with 
measurement of the main component, thor
ough identification of trace or minor impurities 
often is unnecessary. 

III. IMPACT RANKING 

Figure 1 ranks purity-indicating methods by 
relative impact. It is based on experiences 
with about a thousand specimens of candidates 
for adoption as reference standards over a ten
year period. It is not meantto outline a general 
testing strategy applicable to most, or any par
ticular, specimens. It is offered as an overall 
appreciation of methods. Quite a different 
ranking would r~sult if identification, rather 
than compositional purity, was the objective. 
Special analyses such as X-ray spectroscopy 
are not listed as these are critical to only a few 
drugs where polymorphs are specified. On the 
other hand, useful bulk tests such as limits of 
heavy metals or ignition residues are not given 
as these rarely are violated. As an everyday 
fact oflife in a reference standards program, lit
tle can compare to moisture. We live and 
work in the atmosphere of a wet planet. It can 
be I ho surprise that the moisture content of 
specimens is the foremost variable. Figure 1 
does not contain moisture or solvent residues 
as these are variables which must b.~ controlled 
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Figure 1. IMPACT RANKINGS 
1. A function of potential for resolvlng.peclmens Into components. 
2. A function of proportions of specimen. to which the measurement may be meaningfully applied. 
3. Includes acid-base balance, aqueous or nonaqueous, chloride) complexes. 
4. Includes polarography, preparation of derivatives, gravimetries, funci/onal group (I.e. ethlny/) tltratlons. 
5. Based on dllta available to DSL-DRTL Does not Include moIsture, loss-an-dryIng or thermogravimetric 

analysis. 

in every laboratory, e.g., drying instructions 
should accompany chemical reference stan
dards, and results usually are expressed 011 the 
dry basis. 

IV. COMMENTS ON 
INSTRUMENTAL METHODS 

Gas-liquid and pressurized liquid chroma
tographies (GLC and HPLC) are instrumented 
methods which have obvious pot~ntial for re
solving a specimen into components. Al
though not usually used in an instrumented 
version, thin-layer chromatography (TLC) also 
is an irreplaceable technique. 

1. HPLC 

Incorporation of this new development 
into the existing framework of pharmaceuti
cal-organic analysis has been nothing less 
than precipitous. The number of published 
accounts forbids selection of a range of ex
amples. It rapidly became the method of 
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choice for steroids, and is being applied to 
most other families of drugs. Each year, the 
impact of HPLC has grown until it is now a 
mature, routine technique, particularly in 
laboratories working with drug purity or ref
erence standards. Rapid development re
sulted from exploitation of existing 
capabilities: chromatographic know-how 
about adsorption, partition and ion-ex
change; and, from gas chromatography, ex
perience in chromatograph design and data 
reduction (not to mention inheriting the ex
pectant, prepared market place). 

Examples of the specificity achieved by 
HPLC are the assay of progesterone in the 
presence of fixed oils (4) and assay and purity 
evaluation of folic acid (5). These are just 
two examples of the great impact which 
HPLC is having on pharmaceutical analysis. 

Solid solutions of impurities in the main 
component are a common feature of steroid 
chemistry I and often escape accurate assay 
by calorimetry or solubility analysis. Ex-

I ! 

, 

amples of HPLC resolving such mixtures are 
estradiol dipropionate (2) and testosterone 
propionate (acetate as second component). 

Our laboratory performs HPLC analyses 
on about two-thirds of all candidate refer
ence standards, and has examined all 
steroids during the last seven years. 

The main problem in HPLC has been non
uniformity of pac kings , but some improve
ments in this sophisticated technology have 
been made, and the future promises even 
more useful packings. Limitations on de-

tector scope are also of practical signifi
cance. Preparative HPLC presently is too 
expensive except for limited purposes, but 
this already is havi:lg impact on reference 
standards programs. 

2. GLC 

For purity work, low-polarity phases, 
such as the polysiloxanes, are preferred in 
order to minimize thermal degradation. 
Where a distillate is analyzed, GLC is an ab
solute method; more commonly, it is used to 
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compare batches of standards. Sourc:,-s of 
error (2) are injection-port degradation 
which gives rise to other distinct peaks, and 
non-linear adsorptive losses. The latter is 
particularly important in that minor impuri
ties can be grossly underestimated (see Fig
ure 2). It is important to analyze different 
sa:;nple sizes, up to overload, to measure 
minor impurities in terms of fractional 
areas. This is a common practice becctuse 
authentic samples of all possible impurities 
needed for "spiking" (i.e., standard addition 
method) are seldom in hand. 

In many cases, GLC and HPLC are com
plementary, such as in the purity evaluation 
(3) of heroin. The considerable specificity 
and sensitivity of GLC also allows assay of 
small quantities of related drugs, such as 
atropine and scopolamine (6). 

3. TLC (flat.beds) 

These methods are so well appreciated 
and documented that little discussion :s war
ranted. It is a mainstay of purity work. A 
vakiety of visualizations, and low cost, 
makes it clear that TLC cannot be replaced 
by HPLC. TLC has a characteristic un
matched by GLC or HPLC: all of the com
ponents of the applied specimen are some
where on the plate; at worst, there is 
a failU1~ to separate or visualize these. 
This assertion cannot be made for chroma
togmphy which detects only emerging 
componentJ. 

Recently, instrumented versions have ap
peared which are helpful in automatic elution 
of separated spots, or controlled multiple 
developments. Densitometers have been 
available for some time, but are gener
ally viewed as unreliable for measuring 
impurities. 
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Fie "'0 3. Betamethasone Acetate HPLC
Revoi'sed Phase A=phase purified crys
tall; B=untreated drug; C=lmpuvlty 
enriched lupernatant. 

4. Phase-solubility analysis (PSA) 

This is a gravimetric technique (l, 7) which 
has benefited from printout electronic micro
balances and electronic computation. Al
though its importance in purity assessment 
has declined relative to HPLC and GLe, it is 
still useful and lends itself to semi-prepara-
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Figure 4. Phase Solubility Analyals of Betamethasone Acetate (Solubility 32.53 mg/g In 
70% ethanol In water at 25OC, tor 20 days). 

tive applications. Integration of PSA with 
chromatography is important in working 
with minor impurities. Figure 3 shows a 
chromatogram of betamethasone acetate 
which is enriched in impurities by a precise 
factor obtained from previous solubility 
analysis. 

From PSA, as shown in Figure 4, one de
termines both the solubility of pure drug and 
the fact that, at 3 to 10 times that solubility 
value, impurities continue to dissolve into 
the drug-saturated supernatej therefore, the 
supernatant liquid, from a system containing 
solvent and 3 to 10 times the amount of drug 
which can dissolve, will be enriched in im
purities relative to the main component by a 
precise factor. Another application is to 
collect the undiSSOlved, purified crystals 
from a solubility analysis. On a large sCGJe, 
this is known as swish-purification or iso
thermal recrystallization, and also is based 
on a prior PSA. 
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Drug Analysis by 
hmnunoassays 

1. INTRODUCTION 

Analysts seldom recognize immunological 
techniques as part of their armamentarium. 
The sensitivity and selectivity of these novel 
(to most chemists) procedures are significant 
assets which should recommend them to ana
lysts' attention. Because immunology is not 
part of the standard curriculum for chemists, 
they have little or no basic background in this 
area on which one could build a discussion of 
the value of immunology to the analytical 
chemist. Those chemists who are concerned 
with the analysis of licit or illicit substances 
have had little or no occasion to become sensi
tized to immunological procedures because 
analyses of physical evidence have not been 
modified to incorporate these techniques. 
Those concerned with the analysis of biological 
material may have had some experience in im
munological procedures because these are 
being used more extensively as time goes on. 
Nonetheless, the field is relatively novel to 
most chemists and my charge is to develop 
some background in immunology for the read
ers so that they will become familiar with these 
useful and powerful techniques. Further
more. I will assume that the readers have no 
knowledge with respect to these immunologi
cal procedures. 

Since the basic principle of this procedure is 
based on the reaction between an antigen and 
an antibody, these entities must be defined. 
An antigen is an antibody generator. It is a 
chemical (hapten) which, when injected into an 
experimental animal, provokes an immune re
sponse by that animal to that hapten. This re
sults in the production of antibodies in the 
animal's blood. In order to be effective, a hap
ten must have a large molecular weight. The 
substances of concern to chemists seldom have 
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molecular weights greater than 300. This is in
sufficient to produce an antibody response. 
Hence it is essential to aggrandize the mole
cule, and this is done by coupling the drug with 
a suitable protein such as bovine serum albu
min or some other large protein molecule. 
There are many synthetic pathways whereby 
this can.be accomplished. These are beyond 
this discussion, but are detailed and referenced 
in Landon' s and Moffat's excellent review arti
cle (Analyst 101 (1201), p. 224-243, 1976) and 
will not be repeated here. -This coupling can be 
accomplished in one of several dlfferent ways, 
depending on which active site of the drug the 
protein is coupled. Each way will produce a 
slightly different hapten and a slightly different 
antibody. Thus the specificity of the antibody 
is a function of the hapten synthesis. This 
specificity needs careful elaboration so that the 
limitations of the procedure can be clearly 
understood. 

These few sentences should not be taken as 
an indication that the described procedures are 
short and simple. On the contrary, good or
ganic chemists are needed to synthesize the re
quired condensation products (hapten) which 
will evoke the immune response to produce the 
desired antibody. This response is elicited by 
injecting, periodically, the experimen~al ani
mal with the hapten. It usually takes two or 
three months before an adequate titer 
(strength) is developed. Different animals in 
the same species will develop different titers. 
The variation from species to species can also 
be significant. The resulting antibody hope
fully is so strong that even a few milliliters will 
go a long way. Rabbits are gcneratly used as 
the experimental animals, but mts, sheep, and 
even horses have been used. Sheep are partic
ularly useful when a large volume of antibody is 
desired because there is expectation of great 

demand for the antibody. These animals are 
literally worth their weight in gold. 

Having successfully generated a sensitive 
antibody (Ab) how does one use it? Ve:;y sim
ply, by reacting it with an antigen (A) according 
to the general equation shown below: 

A + Ab -.,. 
(antigen) (antibody) 

A·Ab 
(complex) 

If cne adds to this system another component 
which contains a labeled antigen (AI) it will 
compete with the unlabeled antigen (A) for the 
antibody and form s091e labeled antibody-anti
gen complex (AJ . Ab). The labeled antigen 
(AJ) will be distributeain this system-some in 
the free state (AI) and some in the bound state 
(AI' Ab). This distribution is a function of 
the unlabeled antigen (drug in sample). Thus, 
by measuring the amount of labeled products, 
one may determine the amount of competing 
antigen (drug) in the sample. 

Of the many techniques available for labeling 
antigens, only two will be discussed-radioim
munoassay (RIA) and homogeneous immuno
assay, particularly an enzyme multiplied 
immunoassay technique (EMIT). 

II. RADIOIMMUNOASSAY (RIA) 

In radioimmunoassay the antigen is labeled 
with one of the fonowing radioactive atoms-
3H, HC, or 1251. To achieve an analytical result 
in this system, one must separate the labeled 
antigen-antibody complex from the labeled an
tigen, and count either or both of the separated 
fractions. The quantitative measurement is 
based on the ratio ofthe bound label to the free, 
the bound to the total, or free to total. The sep
aration of these fractions may be achieved in 
several different ways, among the most com
mon of which are: (a) precipitations of proteins 

usually with ammonium sulfate; and (b) ad
sorption of the labeled antigen on a suitable ad
sorbent, such as charcoal or siBca gel. In (a) 
the precipitate contains the labeled antigen-an
tibody complex which, when separated from 
the supernatant containing the unreacted la
beled antigen, can be counted. In (b) the 
unreacted labeled antigen is adsorbed by the 
adsorbent, and the supernatant fluid contains 
the labeied antibody-antigen complex and this 
may be counted. Actually, each fraction in 
both procedures may be counted to get a ratio 
of freelbound; or one may be counted and its 
ratio to the total count can be used. Labeled 
products with 3H and 14C reqL;~:c! a beta counter 
and scintillation fluid and special vials, and are 
more tedious to handle than those using a 
gamma counter for 12&1 labeled materials. 
Once counted and the ratios calculated, then 
one may quantitate by comparing the ratios ob
tained from each sample with a standard 
curve. This curve is obtained by adding 
known amounts of the drug in question to drug
free specimens, analyzing these simulta
neously with the specimens under concern, 
and plotting the resulting ratios against concen
tration, or sometimes log concentratioil. 

RIA procedures require a reasonable 
amount of skitI ~nd aptitude from the analyst, 
particularly in handling small volumes; excel
lent centrifuges, a "hot" laboratory for radio
active materials (even though those in use for 
RIA have little radioactive hazard), and expen
sive counting equipment. The time required to 
complete one analysis is 60-90 minutes. Re
agent costs are high and technician time re
quirements are moderate. A large number of 
specimens can be processed simultaneously 
and the counting can be done automatically, 
thus reducing the average technician time re
quirements for an analysis when a large num. 
ber are to be done simultaneously. If the 
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demand for a particular assay is not high, then 
shelf-life of the reagent may be a cost problem 
because the material may become useless irnot 
used in a reasonable time period. 

Ill. ENZYME MULTIPLIED 
IMMUNOASSAY TECHNIQUE (EMIT) 

In an effort to avoid the tedium of the separa
tion steps required for RIA and the need for a 
"hot" laboratory, another and very ingenious 
technique was developed which eliminates 
these problems (Ullman, E. F., et al., J. Bioi. 
Chern., 251,472,1976). Called EMIT, it uses 
an enzyme to tag the antigen. In this proce
dure, the drug and the drug-labeled antigen 
compete for the antibody sites and, as a result 
of the equilibrium which is established, some of 
the enzyme from the labeled antigen is re
leased. In the presence ofa suitable substrate, 
a reaction ensues and its rate is a function ofthe 
concentration of the drug in the sample speci-

SUBSTRATE EXCLUDED 
ENZYME INACTIVS 

(In specimen) 

men (Figure 1). Measuring this reaction rate 
thus measures the amount of drug in the sample 
when this rate is compared with those obtained 
by analyzing samples of known concentration 
of drug added to drug-free specimens proc
essed simultaneously with the samples in ques
tion. No separation of material is required. 
The entire procedure can be carried out in one 
vessel, and, thanks to modem engineering, the 
rate can be measured in less thun one minut'!. 
Computations have been simplified by the 
manufacturer who currently markets the most 
frequently used homogeneous assay procedure 
(so-named because no separation is required). 
Syva Corporation provides Probit charts which 
linearize the standard curve data, but at a 
price. The middle range permits good pre
cision and accuracy, but this decreases some at 
either the high or low concentration ranges. 
Nonetheless, even in these mnges, the CV's 
obtainable are well within the tolerances ac
ceptable for clinical data. The literature is re
plete with data attesting to this. 

SUBSTRATE ADMITTED 
ENZYME ACTIVE 

Fllur. 1. ~hem.tlc Repreientatlon of the EMITI!> Homogeneous Enzyme Immuno ••• ay 
for Drug Determination. 

232. 

The manipulative skills required for EMIT 
analyses are minimal and easily learned. The 
time to analyze one sample is 40-60 seconds in 
toto. A numerical result ensues, making inter
pretation simple and objective. The reagents 
are stable for at least six months. The required 
bench space for the entire analysis is about 4 
feet. If a qualitative analysis is required-pos
itive or negative-then only three determina
tions are required: a blank, a sample containing 
the concentration above which a result is con
sidered positive, and the test sample. If other 
specimens are to be tested within 1-2 hours 
after the first test sample, it is not essential to 
repeat the first two tests. Reagent costs are 
comparable to those for RIA and total cost is 
lower because less technician time is required 
and no special vials or scintillation fluid are 
needed. Costs may be significantly reduced, if 
many specimens are to be analyzed at one time, 
by using expensive automatic enzyme ana
lyzers or centrifugal fast analyzers. Their high 
cost can be amortized ill a reasonable period of 
time if the volume of analyses is high. 

IV. IMMUNOLOGICAL PROCEDURES 

Having described the two principle meth
odologies now in common use, some general 
comments on immunological procedures are in 
order. 

For clinical purposes, when one analyte is in
volved, this technique compares favorably 
with many other procedures. However j if one 
must analyze a specimen for more than one 
substance, e.g., phenytoin, phenobarbital arid 
'primidone, then thre:e separate analyses must 
be performed in contrast to chromatographic 
procedures which wRll determine all three sub
stances in one analysis. 

It is very difficult to produce an antibody that 
is specific for one drug and none of its anal-

ogues. To do so is laborious, difficult, and 
very expensive, although theoretically possi
ble. Hence a positive immunoassay indicates ' 
that a drug in a given family of drugs may be 
present, but does not indicate which one is 
present. Quantitative data are difficult to 
achieve because the specific drug in question 
may not be identified by the immunological 
technique. If one knows the drug in question, 
e.g., clinical evaluation of digoxin or the anti
epileptic drugs, then reasonably precise and 
accurate data may be achieved. Table I illus
trates this problem with data for the barbiturate 
assay where the hapten was produced using se
cobarbital and all the others are less sensitive, 
barbital being 1/to that of secobarbital. How
ever, though this may seem to be a liability in 
some respects, it is an asset in another-i.e., in 
:tnswering the question of whether Qr not :\ 
given class of drugs is present or abs!:nt. Thii.l 
question is frequently posed in the diagnosis of 
acute poisoning, and if the immunoassay is per
formed and it is negative, then you can be sure 
that that group of drugs is not present and you 
must seek elsewhere for the diagnosis. 

Another aspect of immunoassays that must 

TABLE I 

R.'atlv. Actlvlky of Flv. Barbiturates 
(100 pg/lltsr Secobarbital Standard) 

SecobarbltfJl 
Pentobarbital 
Butabarbltal 
Amobarbital 
PhenobarbItal 
Barbital 

~8.cob.rbllal.qulval.nt., t.t;/lIter of urIne. 

100· 
45 
45 
35 
25 
10 

(R.prlnted from orlglna' loure.: R. C/.e/and, 
J. Chrl.t.nlon, M. Ulat.gll/.Gom.z, J. H''1eran, 
R. Da,I/" and E. Grunberg, Clln. Ch.m., 22 «(J~ 712-
725,1976) 
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be checked is the specificity of the antibody, 
not only for other drugs related chemically to 
the antigen, but also for its specificity against 
the metabolites of the drug. If these metabo
lites are present and the antibody titer for th"'01 
is unknown, some disparate data may ensue. 

Non~specific reactions to most antibodies 
occur from many sources. From the data in 
Table II, one would hestitate to indicate a sen
sitivity less than 30 f.Lg/l for the 1261 assay and 
less than 50 f.Lg/1 for the 3H assay. Similar, 
but not identical data are demonstrable for all 
immunoassays and one must select a realistic 
"low cut off" value to avoid false positive 
results. 

Two other aspects of sensitivity need discus
sion. If one obtains a positive immunoassay 
result and has to certify that the result is accu
rate, then at least a second independent tech
nique is required. To obtain a second 
chemically or physically different analysis 
which has the same sensitivity of the immu
noassays is quite difficult. GC/MS might do 

TABLE II 

Apparent Concentration of Morphine 
In Urlnes of 100 Normal Individuals 

p,g ME/lIter· 
12GI assay 

% 
3H assay 

% 

0-9 90 70 
10-19 8 17 
20-29 2 6 

l·R.~~I:::xpr •• '.d •• : ... hl •• eqUI':IO.h 
(ME). 
~-~----~-...... ~~ .~--",,- - - --...........J 

(Reprlneed from origInal .ource: Ft. C/ •• /and, 
J. Chrl.fen.on, M. U.afegul·Gomez, J, Heveran, 
R. Davl., and E. Grunberg, Clln. Chem., 22 (6), 712-
725,1976) 
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this, by ion monitoring. But as yet, few lab
oratories have this potential. There are a few, 
if any, other procedures that will satisfy this re
quirement. Hence one's ability to certify with 
certainty that a result obtained is precise and 
accurate is open to question unless large 
amounts are present, and these then are detect
able by less sensitive methodology. An im
munoassay for tetrahydrocannabinol has been 
developed and it is to be tested on urines of 
drivers suspected to be "under the influence" 
to ascertain what role, if any, THC plays in ve
hicular accidents. In the test program, a non
punitive one, all alleged positive THC results 
by immunoassay will be checked by a sensitive 
GC/MS procedure. It will be most interesting 
to learn what degree of correlation will be ob
tained in this study. In practical terms, for 
medico-legal purposes, the probability is great 
that the correlation will not be high enough to 
allow one to state "without a reasonable 
doubt" that the immunoassay result alone is 
accurate. 

V. CONCLUSION 

With the resurging demand for increased 
monitoring of urines for the detection of those 
drugs which may be abused, immunoassay 
offers a novel approach. If 300 samples are to 
be tested, one could pool each of three and ana
lyze the 100 samples thus prepared. As the 
chart below indicates, even if 10% of the sam
ples were positive, a most unusual situation 
based on past experience, only 130 analyses 
need be done instead of 300. This is a signifi
cant saving of time, effort, and reagents, and 
can be done effectively if the sensitivity of 
three times the "low cut off' is adequate. 

% positive 0 3 S 10 
No. of analyses 100 109 115 130 

, 

! 

TABLE III 

Applications of Immunoassays to Drug Analysis 

Drug 
Amitriptyline 
Amphetamines 

Antibiotics 
Antipyrine 
Aprlndlne 
Aaplrln 
Atropine 
Barblturatea 

Benzoylecgonlne 
Benzodlazeplne 
Caffeine 
Cannablnolds 

Carbama:zeplne 
Chloramphenicol 
Chlordiazepoxide 
Chlorpromazine 
Clomipramine 
Clollazepam 
Glozaplne 
Cocaine 
CodeIne 

Colchlclno 
Collnlne 
Debrlaoquln 
Deamethyllmlpramlno 
Dexamethasone 
Diazepam 
Dlgltall. 
Digitoxin 

Digoxin 

Dlhydrodlgoxln 
Dlphenylhydan:oln 
(a •• phenytoin) 

Reference. 
335,338 
21,66,72,111,195, 
198,321,328,337, 
338 

27 
47,339 
340 
30,85,298 
73,341,437 
51,78,111,128,195, 
196,198,226,257, 
258, 276, 290, 320, 
327,342 

140,322,343,353,354 
324 
344 
48,93,101,180,181, 
270··273,345-347, 
438 

316,348 .. 351 
109 
61,62,352,359,439 
134, 179, 360,440 
361,362 
358,363 
364 
133,140,278,281,322 
11,74,8~,100,261, 
279,282,2811,355, 
356 

23,69,341,357 
156,158,283 
365 
260,3156,442 
68,116,162,187 
207,352,359,367,368 
104,251,252 
1G,64, 83,106, 150, 
203 

10,12,18,18,25,28, 
33,35,54,60,63,77, 
79,89,94-97,99,103, 
110,112,117,119, 
124,131,141-147, 
150,160,1151,112, 
176,199,202,203, 
204,209,216,242-
244, 24G, 248-250, 
288, 291, 329-332, 
3159,370 

99,141 
20,29,58,1155,192, 
206,262,274,308, 
309,311,313,315, 
317,320,372,373, 
422-428 

Drug 
Ethosuximide 
Etorphlne 
Fentanyl 
Flupenthlxol 
Gentamicin 
Glutelhlmlde 
Haloperidol 
Hl!lroln 

Indomethacin 
Loperamlde 
Lysergic acid 
diethylamide 

Marl/uana 
Moperldlne 
Meprobamate 
Meacallne 
Metanephrlne 
Methadol, aoacetyl 
Methadone 

Methaqualone 

Methotrexate 

Morphine 

Naloxone 
NIcoline 

Ouabain 
Penicillin 
Penicillamine 
Pentazocine 
Perphenazlne 
Phenobarbital 

Phenothlazlnea 
Phenytoin 

Prlmldone 
Propranolol 
Reaerplne 
Serotonin 
Tetracycline 
Tetrahydrocannabinol 
Theophylline 
Thyroxine 
d·Tubocurar Ine 

Reference. 
314 
91,220 
114,275,374-376,445 
377-379 
12,27,169,177,189 
320 
380 
1,11,12,37,39,90, 
166,237 

381 
382 
267,175,301,254 

aee cannablnolds 
287,383,384,409 
320 
217,239 
387 
185 
90,173,185,228,323, 
385,386 

15, 22, 24, 225, 389, 
390 

19,52,113,130,174, 
215,292,391-396 

1,2,3,11,13,24,34, 
38-40,74,82,84, 
100,111,137-139, 
166,167,193,196, 
197,230-237,247, 
256,257,259,261, 
265,276,279,284, 
286,294,319,325, 
328,399-4()8 

14,443 
42,105,106,158,183, 
283,444 

241 
27,87 
5 
298 
179 
20,29,50,56,210,233, 
234,238,262,308, 
309,311,313,315, 
410-422 

255 
4,56,511,75,163,165, 
210,218,221,224, 
311,314,315 

310,312,315,317,429 
430 
431 
257 
27,211 
57,272,432-434 
59 
143,333,334,435 
123,184,436 I L..----,---___ ~,'~~ __ ~ _ __.JJ 
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Applications: An extensive bibliography of 

immunoassays is attached to this article and is 
indexed in Table III. Because RIA and EMIT 
have not been indicated in Table III, a separate 
Table IV indicates the EMIT applications. 

A very novel application of RIA was made 
by Moller, et al. which merits attention. They 
dropped blood and urine on samples of cotton, 
wool, and fired clay and stored these dry or 
under humid conditions for several days. As 
Table V indicates, using RIA the drug was de
tectable in the blood stains, but not easily 
in those from the urine samples. Much 
more work will be needed to be certain this 
has general application, but it merits further 
investigation. 

Another interesting application has been de
veloped in the Home Office Research Estab-

TABLE IV 
EMIT Assays 

A-:-THIiRAPEUTIC DRUGS 

1. Antleplleptlc drugs 
a. Phenytoin 
b. Phenobarbital 
c. Prlmldone 
d. Carbamazepll1e 
e. Ethosuximide 

2. Cardiovascular drugs 
a. Digoxin 
b. Lidocaine 
c. Procalnamlde 
d. N-acetylprocalnamlde 
e. Quinidine 
f. Propranolol 

3. Respiratory drugs 
a. Theophylline 

4. Anticancer drugs 
a. MethotreXate 
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lishment at Aldermaston. They tested the 
eluate from an HPLC column with an RIA 
assay, and thus had a very sensitive detector 
for this chromatographic technique. Again, 
further development is needed, but the poten
tial for a new HPLC detector is indicated. 

Other novel approaches include the use of 
fluorescence as a labelling device rather than 
an enzyme or a radioactive molecule. Appli
cations to opiates and gentamicin have been 
described (Burd. J. F., el al., CUn. Chern., 
23/8, 1402-1408, 1977). 

Still other techniques are probable using en
zyme systems linked to substrates that develop 
chromophores. Imagine lining up many differ
ent tubes, adding an aliquot of the test sample 
to each and noting any positive results by the 

8-"DRUGS" SUBJECT TO ABUSE 

1. Morphine 
2. Methadone 
3. Amphetamines 
4. Benzoyl ecgonine 
5. Barbiturates 
6. Tetrahydrocannabinol t 

ii 
1 Ii 

~ 
I 
i 

'I 
~ 

development of a characteristic color in the 
tube. 

This last vision is a fit closing to the rather su
perficial presentation of a most valuable and 
novel analytical technique which merits every 
analyst's attention and consideration. The 
portent forincreased use is great and will be re
alized as more ingenious investigators apply 
their talents to this area. 

TABLE V 
Results of RIA Detection 
(Reprinted from original source: M. R. Mol/er, 
D. T.usch, .nd G. Biro, Z. Rechtsmed., 79 (2~ 103, 
1977.) 

Blood 
Itorllg. "humid" "dry" 
Urn. [dlJ(l)] 7 21 1 7 21 

colton +++ ++ +++ +++ ++ ling wood - - ++ +++ ++ Ifr.delay - - '1 +++ + I- - _. .. 
colton ++ + +++ +++ ++ 20ng wood +++ ++ +++ +++ +++ nr.dellY +++ ++ ++ +++ ++ 

Urln. 
Itor'II' "humid" "dry" 
tim. [daY(8)] 7 21 1 7 21 '-oolton + - - - -5ng wood - - - - -IIr.defe)' - - - - -- -
celton ++ + ++ • ++ ++ 20ng wood - - - - '-n,edel.y - - - - -

20ng 
+++:10.0-13 •• ng recovery 01 morphln. 
++ : 1.0- 7.OnIl " " " + : 4.3- 5.0 ng II " " 
+++: 2.5- 3.1 ng " " " .ng ++ : 2.0- 2.lnll .. " II 

+ : 1.7- 2.0ng " " " 
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Light Microscopy and 
Forensic Drug Analysis 

I. INTRODUC1I0N 

The polarizing microscope, by making possi
ble so m ... ny phYSical measurements (crystal 
angles, optical properties, melting points, etc.), 
is an e;{CeUent microanalytical tool. In the 
hands of an experienced microscopist it is rapid 
and dependable. Even in the absence of 
lengthy training and experie:lce a microscopist 
ct.n expect to find polarized light microscopy 
very useful as a ~onfirmatory technique. If, 
for example, GC/MS reports the presence of 
seconal it should :'e a simple matter to compare 
crystals in that sample directly with known 
crystals oi that substance or with data from the 
literature for that particular compound. 

For any analytical procedure to be useful as a 
general method for complete unknowns, it is 
essential that the data bank for that method 
cover all possible substances that might be en
{;uunlered. Unfortunately, there are many ex
cellent methods for which the data bank is just 
not available and this unfortunately includes 
the polarizing microscope with respect to 
drugs. Therefore, unless and until someone 
provides the necessary data bank, the light mi. 
croscope wm be used almost entirely as a con
firmatory test or to check for the presence of a 
small number of specific SUbstances. If, for 
example, one wishes to know whether a given 
sample contains amobarbital. heroin, aspirin, 
or another specific drug, the microscope in the 
hands of a trained microscopist would be the 
most rapid method possible. 

The iItlentificatior. of drugs with the micro
scope depends on the measurement or obser
vation of crystallographic properties. This 
might include morphological and optical prop
erties on crystals of the drug itself or it might be 
the corresponding properties on either precipi
tated derivatives of the compound in question 
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or of crystals grown 't.'::-om the melt. There are, 
then, several different procedures useful in 
light microscopy for drug identification. The 
first is based On crystal shape, including inter
facial angles, axial ratios and crystal system, 
and optical properties such as refractive in
dices and dispersion. This has the advantage 
that the sample is observed directly without 
dissolving, vaporizing oj' otherwise modifying 
it. The second is based on microcrystal tests 
and these precipitation reactions are based on 
the known morphology and optics of crystals 
obtained after dissolving the compound and 
obtaining a precipitate through use of a specific 
reagent. Finally, there are methods based on 
heating the sample between slide and coverslip 
and observing the phase changes which occur 
a~ a result of heating and subsequent cooling. 
The latter measurements can be made more ac
curately using a microscope hot stage based on 
methods developed by the Kof1ers. Often the 
appearance of crystals from the melt will be so 
distinctive that this will be a sufficient indica
tion of composition. A simple mixed fusion 
with a known sample will then quickly confirm 
whether the identification is accurate. 

II. CRYSTAL MORPHOLOGY 
AND OPTICS 

The angles between the crystal faces for a 
giVen compound are so distinctive that a 
scheme has been developed (1) which permits 
certain identification by measurement of these 
parameters (for any compound for which data 
is available). There are, however, many other 
quantitative measurements that can be made' 
on crystals, especially optical properties (2) 
(not to mention crystal lattice parameters de
termined by x-ray diffraction). Most crystals 
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have three refractiv~ indices measurable to 
three or even four decimal places and therefore 
considerably· more accurate than capi!lary 
melting points. Once determined on known 
compounds, crystallographic data are quickly 
and easily checked on possibly identical 
crystals. 

The following description for antabuse, 
an alcoholism control drug. illustrates the 
range of cry'ltallographic data available for 
microanalysis. 

A. Crystallographic Data for Antabuse 

Antabuse is the drug recently discovered to 
be of value in the treatment of alcoholism. 
It is extremely soluble in most organic-solvents 
and good crystals can be obtained from ethyl 
alcohol, benzene and dioxane. No poly
morphism was observed during this study. 

CzHs '\. . ~ fI /CzH/l 
/N-C-S-S-C-N, 

C2H:; CzH:; 
Structuralformula of alltabuse 

1. Crystal Morphology 

Crystal system. Monoclinic. 

Form and habit. Crystallizes from ethyl al
cohol in needles elongated parallel to c, and 
in tablets lying on 010 showing clinopinacoid 
{OlO}, orthopinacoid {tOO}, and clinodome 
{OIl}. A variety of other dome, prism and 
bipyramid forms usually also appears. The 
simple form shown in Figure 1 is obtained by 
recrystallization from thymol on a micro
scope slide. 

Axial ratio. a:b :c=0.870: 1 :0.545. 

Interfacial angles (polar). 
011/\ 0i1=47,SO. 
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Profile angle. 011/\ Oil in 
·100 plane=123°. 

Beta angle. 126°. 

2. X.Ray Diffraction Data 

Cell dimensions. a=13.84 A.; b=15.90 A.; 
c=8.66A. 

Formula weights per cell. 4. 

Formula weight. 296.52 

Density. 1.292 (pycmometer); 1.302 (x-ray). 

Prl1lclpal Lines 

d MI d I1II 
9.11 0.16 3.07 0.05 
7.97 Verywe.k 2.98 0.13 
7.58 0.4Q 2.91 0.11 
6.38 1.00 2.82 Very weak 
6.09 0.38 2.77 0.Q9 
5.53 0.18 2.70 0.04 
5.29 Very weak 2.84 0.04 
5.09 0.40 2.60 Verywe.k 
4.78 0.07 2.52 0.16 
4.54 0.26 2.47 0.15 
4.31 0.12 2.43 0.09 
4.18 0.69 2.38 Verywe.k 
4.07 V.ryw •• k 2.33 Veryw •• k 
3.94 0.13 2.28 0.07 
3.77 0.09 2.25 0.08 
3.80 0.33 2.22 0.13 
3.45 0.20 2.19 Verywe.k 
3.38 0.19 2.15 0.09 
3.34 Vorywe.k 1.87 0.10 
3.25 0.08 1.71 0.11 
3.17 0.28 

3. OpHcal Properties 

Refractive indices. (5893 A.; 25°C). 
a= 1.590±0.005; ,13= 1.67±0.01; 
y= 1.740±0.OOS. 

Optic axiaL angle. (5893 A.i 25°C). 
2V=84°±So. 

Dispersion. v>r. 

Op~ic axial plane. 010. 

c 

Flgure'i. Orthographic Projection of Typical 
Crys~al of Antabuse. 

Sign of double refractiON. Negative. 

Acute bisectrix. BXaAa =3° in obtuse,l3. 

Extinction. yAc=33° in obtuse,l3. 

Molecular refraction. (R) (5893·A.; 2S°C). 
-?' a,l3y = 1.67. R(calcd.)=84.2. 
R(obsd.)=85.0. 

4. Fusion Data 

Antabuse melts at 69-70°C without subli
mation or decomposition. The melt super
cools and crystallization usually must be 
initiated by seeding. The crystals grow rap
idly parallel to c and the crystal front in a thy
mol mixed fusion shows characteristic 
well-shaped rhombs lying on pinacoid or 
prism faces. Some crystals rnay show the 

characteristic optic axis interference figure. 
Although a crystallographer's language is 

almost entirely incomprehensible even to 
other microanalysts, a microscopist familiar 
with these techniques would need no more 
than five minutes to confirm that a crystallo
graphic substance he has under the micro
scope is, or is not, identical with a compound 
as riescribed. In the absence ofkr..own data, 
a known sample will permit an equally 
speedy and dependable decision. Unfortu
nately, this data bank covering crystal mor
phology and optics is· very incomplete; 
therefore, those procedures can only be used 
for the approximately 40 drugs Winchell de
scribes (2). 

III. MICROCRYSTAL TESTS 

Since relatively few light microscopists are 
versed in the use of optical crystallography, 
they might prefer to use microcrystal tests even 
though this also requires a certain amount of 
background study and experience. These 
methods, as developed by Charles Fulton (3) 
during a long career with the Food and Drug 
Administration, are based on the use of re
agents such as chloroplatinic acid. potassium 
iodide or 12-KI which, when mixed with test 
drops containing a specific drug, wi!! yield a 
characteristic crystalline precipitate usually 
easily remembered as characteristic of a spe
cific substance. I have included here a para
graph from page 150 of Fulton's book covering 
the results obtained for amobarbital with sev
eral different reagents. The book contains de
scriptions such as this with pictures of specific 
tests for several hundred individual drugs. 

"Amobarbital: I2-KI gives a very sensi
tive test; immediate precipitation is in little 
light-colored plates and blades; with some 
evaporation quite dilute solutions give 
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larger blades, often in clusters at various 
angles, PC orange and blue-,green c~lors; 
the little plates are often squa~;s ap
proaching paddlewheel structure. 
There IS a second source of microcrystal test 

data, Behrens-Kley (4) Orgalliscize Mikroche-

l~~ ~~~ 
b "" ~ " 71 p ~/i:;J~ .t~ ~ 

~ fJtl.···~ <~ ><~~~ ,,:~.\ .. , .. 
~-~,~ ~~ r,\' -:4...;'-II\;s. ~ ~ 

':'~~7il J;.~ 
2a 2b 

20 2f 

mische Analyse, translated into Eng.lish by 
Richard Stevens. Figures 2-3 show Illustra
tk>ns from this book for a few common drugs. 
This book has the advantage ?f simplicity as 
compared with Fuiton's, but It covers fewer 
compounds, about 60 in all. 

Ii X~, ~l ~~{ \ ~",/. ¥ I, ,~\ . 
..(- :, 

2c 2cl 

2g 2h 

Figure 2. illustratIons from Organlsche Mlkrochemlsche Analyse by Behrens-Kley. 

2a. Cocaine Precipitated with Sodium Carbonate (a). Cocaine Chloroplatinate (p).130:1 

2b. Cocaine Chloroaurate; Bromoaurate at (b) from Dilute Solution. 130:1 

2c. Atropine Precipitated by NaOli from HCI Solution. 60: 1 

2d. Hydrlodlde (J) and Tartrate (t) of lodoatroplne.130: 1 

2e. Aconltlne·Sllver Nitrate. 300: 1 

2f. Cytl.lne, (1) lodoplatlnate. 60:1; (2) Bromoaurate. 200:1 

2g. Berberine (n) Nitrate. 130: 1; (J) Trllodlde. 300: 1 

2h. StrYChnln;. Precipitation with Ammonia (a). Precipitation with SodIum Bicarbonate. 60: 1 
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IV. THERMAL METHODS 

Ludwig and Adelheid Kofler both taught in 
the Department of Pharmacognosy of the Uni
Versity of Innsbruck in Austria and this ex
plains why their book (5) includes most of the 
common drugs. They have published acompi
lution of methods for the study of compounds 
and their mixtures using the hot stage micro-

3a 
~ 

3b 

30 
3f 

scope. The identification tables they include 
make it possible to identify any of about eleven 
hundred compounds in just a few minutes. 
Table I shows a portion of one of their tables 
with the data for morphine. Most of their iden
tifications are based on the melting point of the 
compound itself, as well as melting points of 
eutectics of that compound with standard sec
ond components. They also usually determine 

3c 3d 

Figure 3. illustrations from Organlsche Mlkrochemische Analyse by Behrens-Kley. 

3a. Strychnine Chloroplatinate. 60:1 

3b. Strychnine PreCipitated with Pota.lllum Ferrocyanlde. 90: 1 

3c. Brucine PrecIpitated with Ammonia. 60: 1 

3d. Brucine Chloroplatinate. 60:1 

3e. Morphlns PreCipitated by Ammonium Carbonate from Alkaline SolUtion. 30: 1 

3t. Morphine, Pr;)clpltated by NaHC03 (1); PrecIpitated by NaaC0
3 
from HCI SolUtion. (1) 90:1; (2) 60:1 

3g. Morphine Chlommercurate (c)j Bromomercurate (b). 60: 1 
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TABLE I 

Kofler D"t. 

Melting Point Compound Eutectic Temperature: 

salophen dlcyandlamlde phenolphthalein 

244-255 

250-255 

255 

256 

morphine 

dihydrocodelne·HCI 

~aminoanthraqull1one 

penta erythritol 

the retractive index of the melt by a reverse im
mersion method using standard glass powders' 
of known refractive index. Finally, they note 
any evidence of sublimation, polymorphism, 
decomposition and so on. Again, the methods 
are straightforward and simple and the data 
bank is reasonably complete for drugs. 

It is probably worth mentioning, for com
pleteness at least, McCrone's more qualitative 
procedures (6) which are based on the appear
ance of the crystals as they grow from the 
melt. The significant parameters include 
phase cbanges, sublimation, decomposition, 
estimated melting point, degree of supercool
ing, crystal form, crystal growth rate (as a func
tion of temperature), refractive indices relative 
to the melt, extinction angles, estimated bire
fringence, anomalous polarization colors, in
terference figure, optic axial angle, optic sign 
and dispersion. The limitation of the method 
is based on how many compounds one can re
member in this way since most of the observa
tions are descriptive rather than quantitative. 
However, experience has shown that one to 
two hundred is not too lar~e a number, espe
cially if they are encountered fairly regularly so 
that one is occasionally reminded of their 
unique characteristics. Perhaps these proce-
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156 174 255 

165 131 

176 207 222 

1&0 17A 188 

dur~s are be~t heid for confirmatory tests. If, 
for example, one felt that he had a sample of 
sulfamerazine it would take only a mbute or 
two to heat the sample between slide and co
verslip to observe the chal"acteristil; sublimate 
and, finally. to melt the sample and observe 
crystallization from the melt on cooling; the 
crystal forms and polarization ~olors 'ilre very 
characteristic of sulfamerazine. If any doubt 
remained, a few crystals of knm'ln sulfamera
zine melteti at the edge of the c;u~;erslip, so that 
the melt ru.1S under and into conw,ct with the 
unknown, would then show {by the absence of 
other crystals in the zone of mixingj th~lt the 
two were identical or (by some disco,~tinuity of 
form or behavior in this zone of mixing) that 'the 
two were different. This is an ideal identity 
test, far superior in speed and dependability to 
a mixed melting point. 

V. CONCLUSION 

I have tried to avoid overselling light micro
scopyeven though it would always be my per
sonal metbod of choice. My preference is, of 
course, based on the fact that my experience 
lies with the microscope and I am motivated to 

il 
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use it whenever possible. If I were advising 
any crime lab personnel on how to proceed 
with drugs I would, on the other hand, recom
mend GC/MS since it fulfills all of the require
ments for a good method and because the 
training for that method is much less lepgthy 
than for any other method including the micro
s~~pe. I ~ould, hov:ever, point out the. possi
bIlIty of. u~l.ng the mIcroscope and ~mphasize 
the posslblhty that it could b£ an ex-cellent con
firmatory method to give that added degree of 
confidence when one is ioing to court. 
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EvolutiOIi of SEM 
Utilization in the Crime 
Laboratory 

I. INTRODUCTION 

In this paper the scanning electron micro
scope (~EM) and the associated energy disper
sive X-ray analyzer (EOX) will be described. 
Specifically. the various evolutionary ';iages 
in the use of the SEM-EOX in the FBI Lab
oratory will be presented. Hopefully, this 
exposure will allow the reader who has not 
had first-hand expl!rience with the instrument 
to become familiar with its capabilities, 
weaknesses, and general use in one crime 
laboratory. 

II. FUNCTIONING OF .... lfE SElvl-EDX 

The SEM-EOX causes a finely-pointed elec
tron beam to scan. in a raster-like fashion. over 
the surface of a specimen. The interaction 
of the beam and the specimen causes various 
signals (secondary electrons, X-rays, back
scattered electrons, etc.) to be produced which 
can be used to provide information about the 
specimen's surface. An image is formed by 
collecting the secondary electrons by a 
scintillator-photomultiplier chain (SEM). The 
X-rays are captured by a solid-state crystal and 
analyzed with respect to their energies 
(EOX). The result is a spectrum which, after 
proper interpretation provides an elemental 
composition of that area of the surface which is 
being bombarded by the' rectron beam. 

Because of various experimental factors, 
only elements having atomic number gNater 
than 10 (Ne) can be analyzed. A detailed de
scription of the instrument is omitted but the in
terested reader is referred te any of several 
publications on the subject (1, 2). 

The specimen is f'lositioned inside the vac
uum chamber of the SEM-BDX, thereby plac-
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ing a restriction on its size and Oft its vapor 
pressure (no liquids). For work in criminalis
tics, very little specimen preparation is re
quired. Usually the s1'I':311 specimen is placed 
on a carbon flat, examined under a dissecting 
r.licroscope for color and geometric orienta
tion, and then placed in the chamber. 

III. USE OF THE SEM 

The instrument was initially used for tlte 
comparison of fracture surfaces (3). This re
search pmject dealt only with fractures which 
r~quired high magnifications or whe(e the sur
face detail was too rough for the limited depth 
of field of an optical microscope. The SEM's 
magnification capability (up to 40,000 times) 
and its large depth offield (about 300 times that 
of an optical microscope) make it particularly 
suitable for examining fracture surfaces having 
these characteristics. 

A typical application to case work would be 
the matching of a hroken wire found attached 
to a piece of stolen electronic gear to another 
brokell wire from the crime scene. 

Otlter applications inc.lude recognition of 
unique morphology associated with microcrys
tals, tool mark comparisons, and where the 
small size or depth of field requirements arc un
able to be satisfied by optical microscopy. 

A careful selection of the specimen is re
quired before these types of comparisons are 
performed. The procedures arc time-consum
ing, requiring great care in the orientation of 
the specimen. Onen days of searching can be 
spent before c9mpletion. Completioi1 does 
not necessarily mean a positive comparison, 
but can mean negative or inconclusive results. 

If the applications mentioned in this section 
were all that were possible with the SEMI 

thr instrument would be little used in our 
laboratory • 

IV. USE OF THE EDX 

While the work on fracture comparison was 
being carried out, various samples which were 
not suitable for analysis by other techniques 
available in our laboratory were brought to the 
SEM-EOX. The X-ray fluorescence spectra 
of these specimells were obtained and a quali
tative elemental composition of the specimens 
was given to the examiner who originally con
tributed the samples. The number of speci
mens examined increased with usage and 
eventually included specimens which could 
have been adequately run by other types of ex
amin~·'on. Two properties of the SEM-EOX 
caused this phenomenon: fast turn-around time 
(about 10 minutes for a simple qualitatiVe anal
ysis) and non-destructive qualitative analytical 
capability. Thus. part of the workload in
volved specimens which were being given a 
qualit3.tive "onc~-over" prior to other analy
ses (for example. neutron activation analysis) 
WHich would provide additional information 
(quantitative results or increa:;ed sensitivity). 

Some of the disadvantages of the BOX in
clude a relatively high background signal caus
ing a low sensitivity (0.1 to 1%), ambiguous 
interpretation of peaks unless secondary peaks 
are considered, and insensitivity to ("(ganic 
constituents. 

A voluntary training program was initiated to 
introduce the examiners to the use and applica
tion oftlte insh'\1ment. The result was an even 
greater increase in the frequency of examina
tions requiring tlte simple qualitative elemental 
comparison of it~ms in casework. The speci. 
mens consist of small chips of paint, metallic 
fragments, unknown powders. ores, sllspected 

poisons, some drugs, and whatever other spec
imens enter a crin1e laboratory. 

V. USE OF SEM-EDX 

The previous two sections have described 
two &eparate instruments: a powerful micro
scope (section III) and an analytical instrum~nt 
(section IV). However., the greatest informa
tion can be obtained from the specimen by 
using these two modes simultaneously. That 
is, a particular microscopic item of an aggre
gate can be analyzed without requiring the itc.m 
to be physically isolated from its matrix. A 
mass sensitivity of 1O~1:.1 to lO-tll grams can be 
obtained (2). However, in the analysis of a 
component particle situated in a matrix, the 
contribution of the matrix to the spectrum can
not be completely eliminated. Common appli
cations of the SEM-EOX are: analysis of 
individual layers in a multi-layered paint chip; 
analysis of each grain in an ore sample to deter
mine the distribution of a particular element; 
analysis for small particles of Zn in bomb ex
plosion debris; and localization of As in a poi
soned bread. Another genera~ category of use 
requires the SEM-EOX to provide the exam
iner with the two-dimensional di~ tribution of a 
particular element. That is, the instrument 
places a heavy dot concentration wherever it 
finds a previously chosen element. The result
ant image is called a "dot pattern" or "elemen
tal distribution pattern" . 

A typical application was the examination of 
a knife blade which was suspected to have been 
used to cut a telephone wire during the com
mission of a crime. The purpose of thp; exami
nation was to identify foreien copper smears or 
the cuttiQg edge. The knife is first examined 
under an optical microscope for the presence of 
suspect areas having different light reflecting 
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properties. Then these areas are analyzed in 
the SEM·EDX for copper and finally the cop· 
per is localized in the fine grooves prescnt on 
the sharpened edge. Figure 1 shows the sharp· 
ened knife edge on the left and. on the right. the 
"dot pattern" for copper. The copper is local
ized in particular areas which generally con· 
form with the surface grooves. The dot 
pattern technique is most often used to localize 
surface smears as in bullet grazing or whenever 
a softer substance is brought into forced con· 
tact with a h .. rder material. 

VI. SUMAIARY 

The applications of the SEM·EDX in the au
thor's laboratory have been outlined. Most of 
the casework now being handled involves pure 
ullalysis or analysis combined with elemental 
mapping. The number of work requests are 
now in excess of 150 cases per year. The main 
('eason for the instrument's use relies on the 
fact that a quick qualitative non-destructive 
analysis can be obtained on a microscopic area 
of the specimen. The ~isadvanta~es include 

Flgure1. Composite' micrograph of a sharpened knife edge and the copper distribution 
on that same lues. The bar at bottom Of mIcrograph corresponds to 0.01 mm. 
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the ~os.t and ,complexity of the in.,trument and 
the Itmlted size of the specimen which can be 
accommodated. 

The use of the SEM-EDX is still evolving. 
In our laboratory. research is now being con .. 
dueled in three general areas: nutomation of 
the s~ar~h for gunshot residue particles (4), 
quantItative an'llysis. and signul-t('-noise 
enhancement. 
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Indistinguishable From 
Magic-the Threat and the 
ProInise of Laboratory 
Utopia 

Amongst his many quotable quotes, Winston 
Churchill once stated: • 'Never overlook an op
portunity to remain silent". This paper, there
fore. represents a missed opportunity but the 
challenge to rationally address the problems, 
both human and scientific. which accompany 
laboratory transition from distillation appa
ratus, retort .. stand and evil smelling organic 
preparation. to the P.C. Board and flashing dig
itallights of the technological scene, cannot be 
lightly disregarded. This change. without 
doubt. represent:: the most dramatic occur
rence in forensic toxicology history. and has in
troduced an unequmled turmoil of activity 
during the past fiv~ yean or so. It demands as
sessment; the aim of thi~ presentation is then, 
assessment-inference (md cautious proposal. 

Any sufficiently advanced technology is in
distinguishable from m~i1;jc. In this one axio
matic statcillent there is embodied threatening 
danger, promising hope. and a caution. Cer
tainly the technology of television and modern 
communication systems is so far beyond the 
comprehension of a child that it qualifies as 
magic. But magic is anathema to science, and 
the replacement of occult mysticism. a belief in 
gremlins and "Black-box Reverence" ~y un
derstanding and scientific judgment must al
ways be the first consideration. and is essential 
if the introduction of computers and oUter com
plex instrumentation into the laboratory is not 
to wreak havoc wi..h the principles and objec.
lives of our Forensic Science responsibility. 

Alternatively, there is promise of broadened 
laboratory capability; improved analytical sen· 
sitivity. creation of a wide uniform data base 
from which to draw reliable inferences. spe
cific identification (perhaps the final touch
stone (,f the analyst), speed and control of 
high-volume routine work: but all within the 
cautious context of clear-minded understand· 
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ing. To select and purchase laboratory instru
mentation t~s if it were the next family car. on 
the basis of dazzling advertising and sex appeal 
is to invite the retribution and disappointment 
of having swapped a Studebaker for an Edsel. 
(or perhaps a British Airways for an Air France 
Concorde), 

Beginning in the late fortip': and progressing 
through the fifties. ultraviolet and infrared 
spectrophotometry successfully wooed the fo
rensic toxicologist to instrumental analysis by 
permitting dramatic improvement in sensitivity 
and characterization of drugs and toxic agents 
isolated from biological samples. The early 
sixties saw the birth of the gas chromatography 
revolution which has continued unabated for 
well over a decade, until today "optional 
extras" so abound that there are extras for 
extras and even the illustrious journal. "Sci
ence", publishes an annual "Guide to Scien
tific Instruments" which in 1977 stretched to 
more than 300 fine printed pages. 

Multiple gas chromatography systems have 
become the staple of the toxicology laboratory. 
(a measure of their utility is the fact that even 
trial lawyers manage to pronounce and spell 
the name correctlv), and .it·e now commonly 
equipped with m~chanized sample injection 
devices and pyrolysis units. a variety of detec
tors and peripheral electronics which minimize 
noise and render ever more beautIful peak 
shapes. Now, in the seventies, the physicist 
and electronic engineer with remarkable imagi
nation have mated the gas and liquid chromato
graphs to mass spectrometers, and in a stroke 
produced an awesomely powerful analytical 
tool-and the need for computer control and in
teractive data reduction systems. Add to this 
automated immunological testing. including ra
dioimmunoassa~/, stable isotope techniques, 
and the demand for very high volume drug con-

trol, traffic alcohol and postmortem screening 
analyses and it is not difficult to appreciate that 
judiciously applied mechanization is necessary 
and that computer data-storage, manipulation 
and calculation pro'Y'ides a solution that cannot 
be ignored. 

The "untonchcd by hUman hand It analysis 
has arrived, making possible an unmanned but 
oroductive laboratory by night and little more 
than a maintenance opemtion by day. It is 
kitchen chemistry begone! Enter Utopia! 
The drudge is an instrument. and the toxicolo. 
gist a researcher released from harness to ex
pound and expertly opinionate from his 
experimentru data. 

The cry of the young bicycle rider, "Look 
Father. No hands" is all too frequently fol
lowed by "Look Father. No teeth!" How 
then do we preserve the teeth and face of toxi
cology at a t~me ofbewilderir:gprogress and the 
advent of Instruments which many are iII
tr~ined to fully appreciate? 

The be~efits ot saved time. staff manage
ment, cost-effectiveness and qualitl of anulyti. 
cal results make the acquisition of computers, 
and the laboratory instruments they control, 
very attractive. But the dl!ci"ioZl to spend 
huge sums of precious budget money ",n equip
ment, which once indelibly stamped with a 
government identification number becomes 
immortal and irreplacnble by definition, can in
duce white elephant nightmares in a toxicolo
gist and send him scurrying to the safety of 
conservatism. It is an act of considerable 
courage to buy $100 to $500,000 worth of Uto
pian hardware, with a percentage of built-in 
magic. In the United States, c,t least. there is a 
general belief in, "you get what you pay for" 
and. accordingly. at 100 kilo-bucks and above, 
the scientist expects infaltability, and the doc
tor instant response. The lawyer. of COUf'se, 
simply wants to know how to beat it! 

Thereare"however, some safety rules which 

can be followed in making this decision, Playa 
''Ole of cf;lreful, critical observer. There is in 

• • my expenence, always a year or so of hysteria 
a.nd hyperbole immediately fOUowing the ar
nval of the new toy in the scientific nursery, 
The slump of disillusionment follows the reali
zation that it is nota crystal ball. but eventually 
applied research and development by responsi
ble scientists, and others who bought during 
the first flush of excitement, brings the equip
ment into per3pective. Now ask questions: 
Can the instrument fulfill a need in the labora
t~ry which ,is beyond present capability; or sig
ntficantIy ImpiOve a definable inadequacy? 
Only proceed if the answer is YES. Consider 
its forensic applicability; it is essential that the 
function, purpose and data output can be con
Vincingly described and is legally tenable and 
that total instrument control (beyond the o'n/off 
switch) is in the hands of the scientist. It must 
be capable of built-in quality control and func
tion testing, and demonstrably require the op
erator for al1 variable or judgment Meps. 

Pay a working visit to a laboratory already 
experienced and ask knowledgeable col/eagues 
to explain differences, often subtle but very 
important, between various manufacturer's 
equipment. Similarly, visit the manufac
turer's laboratory for at least a day and analyze 
test samples typical of your particular case 
problems. Observe the analysis, perform 
yourself, and do not accept datn generated in 
your absence. 

Ensure that there are adequate training and 
education courses available, perhaps spon. 
s~red by the company or conducted by them. 
Fmally • .endeavor to stay with those manufac
turers with a proven record in forensic sci
ence. These simple precepts can prevent a 
hardware store-room full of unfulfilled prom
ises of yesteryear. 

" In any event be assured that the infallible in. 
strument (coml'uter or not) has not arrived and 
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is not likely to bail you out in the forseeable fu
ture. This symposium is about tools; tools of 
the scientific craftsman, and they perform ex
actlv as commanded-no more and no less. 
There are dangerous implications for the Fo
rensic Scientist: without an acute sense ofreal
ism it is easy to become trapped in the belief 
that the instrument can overcome deficient an
alytical technique and apparently produce irre
futable data. It must be remembered that the 
first rule of GC-MS demands the best chroma
tography possible as a prerequisite to mass 
spectrometry, and data is simply a means to an 
end; it must reflect reality. That reflection can 
only be seen and described by a mature, experi
enced scientist. The Forensic Scientist must 
not permit sacrifice of the slightest scientific in
tegrity in justification of more analyses pel' 
hour or a dazzling printout. 

The need for quality performance and results 
hi no less importt 1t in the small laboratory 
than in the large, busy, urban county. or state 
organization. All too often, justification for 
equipment is based on case-load and staff con
siderations alone. Development of central re
sources for complex instruments and reference 
data banks is essential. It is impressive that 
there are at least six regional forensic science 
organizations in the USA and Central 
Research Laboratories in other countries. 
Regular meetings and frank discussion have led 
to the beginnings of real sharing and it is confi
dently anticipated that teletype terminals and 
interconnecting lines will eventually allow the 
common wealth to be used where it is most 
needed. Similarly, time share computer ser
vices nrc now available at minimal cost and are 
well· proven as reference libraries, able to 
search and identify unknown substances. 
Some private research institutes and afew con
cemed manufacturers offer services and tech, 
nica! assistance. In short. it is encumbent 
upon all of us to work together so that the mod· 

'1.76. 

ern technology which is our good fortune can 
exert the widest possible benefit. 

It must be emphasized that there is no single 
answel' to the question of complex instrumen
tation in scientific affairs For his different 
purposes, the scientist n~eds many different 
structures-some simple. some complex. 
some exclusive and some comprehensive. but 
th~ clamor for a final solution continues. 
Today we suffer from an almost universal idol
atry of computer technology; it is, therefore, 
necessary to insist upon the virtue and unique
ness of the human brain. Men always seem to 
need at least two things simultaneously that su
perficially seem to be incompHtible. We ai
WHYS need both freedom and order. In the 
laboratory this paradox should disappear as the 
orderly and purposeful application of instru. 
mentation provides time for freedom of 
thought and a range of expefimental testing 
only dreamed about a generation ago. 

If a thoughtful being from another world 
were to visit us today, what would be the most 
astonishing-the brilliance of our scientific 
achievement~ or the rising crime rates: the 
progress of our medicine or the overcrowding 
and cost of our hospitals. the efficiency of our 
machines or the inefficiency of the system as a 
whole? The implications of technology in the 
laboratory can hejust as di5tUlbing unless care
fully considered. In human terms, increasing 
complexity may entail a degree of specializa
tion that destroys work satisfaction and pro
duces fragmentary scientists, too narrow to be 
wise. However, despite this note of guarded 
reticence, there is real reason for optimism. If 
the "breakthrough a day keeps the crisis at 
bay" syndrome can be avoided and application 
of the wondrous tools nt our disposal is made 
with care and controlled within the human 
scale to human requirements, the opportunities 
for creative service in support of the natural 
harmonies of society through forensic science 

" 

have surely never been greater. Our work is 
about service, ilnd the enjo}' ment that comes to 
those who know they are involved, at whatever 
level, in testing scientific capability-about 
grasping for the apparently unobtainable. 

Robert Browning the poet wrote: "But a 
man's reach should exceed his grasp; Or 
What's a heaven for?" I trust that there will be 
many such moments for all those who have the 
courage to ef\ioy the chalienge of employing 
modt.m technological invention in the cause of 
forensic science. 
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