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1. INTRODUCTION

Relative Dating Al insrTae e s
The present method of determining whether or not a document is as-
old as it is claimed to be, by comparison with a reference
collection of standards was first described by Hofmann in
Switzerland [l], using a combination of chemical and
chromatographic tests. This approach was developed in the United
States by Brunelle {2] with the introduction of a comprehensive
ink reference collection, presently maintained by the Secret
Service in Washington DC.

The relative dating of an ink 1is approached by comparing the
properties of a questioned sample against a library of samples of
known age and origin. As described above, this is usually
achieved by the comparison of the thin layer chromatographic
pattern of the ink under investigation with that of the known
sample. If the two inks are found to match, the manufacturers
files are consulted to determine when the ink was first
manufactured. While this approach can be useful in determining
the authenticity of a aocument it has limitations. It is only
possible to say that a document could not have been written
before a certain date. It is not possible to determine the actual

date that the document was prepared.
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In some cases, inks can be dated by the identification of tags or
other unique components added by the manufacturer. This also has

limitations since only a few inks actually contain these tags.

Aging of Inks

The determination of the actual age of a document by examination
of the ink has received a great deal of interest over the last
decade or so. Although some progress has been made in this field,
the solution still eludes researchers and document examiners
alike. The ability to determine when a document was written would
rate as one of the major breakthroughs in forensic science,
having a significant impact on the detection of all kinds of
fraud. This would result in a corresponding financial benefit to

both State and Federal administrations.

Several analytical approaches have been tried by different
workers, to determine the age of an ink. The most successful of
these include; the effect of time on the relative solubility of
the ink in different solvents; changes in the relative
concentrations of dyestuffs and solvents in the ink as determined
by chromatographic and/or spectral methods and; changes in the

infra-red absorbance spectrum of the ink over time.

The determination of the absolute age of a document by
examination of the ink has been the subject of several studies
during the last 20 years. However, in contrast to the numerous

articles in the literature for the differentiation of inks, only



a few researchers have published procedures for dating inks. As
early as 1937, chemical tests on iron gallotannate inks were
described as having potential for the estimation of the age of a
document [3]. Later in 1959, Kikuchi [4] provided the basis for
the solvent extraction techniques in use today, for estimating
the age of writing inks. This work involved the measurement of
the time taken for blue-black inks to disperse when solvents were
applied to the ink on paper. Kikuchi observed that older inks
dispersed more slowly than newer inks. Much later, Cantu [5] used
the principles applied by Xikuchi to develop a procedure for
estimating the age of ballpoint ink. He found that a relationship
existed between the age of ballpoint ink and the rate at which
the ink could be extracted from paper using low and medium
polarity solvents such as toluene, isopropanol and butanol. The
longer the ink had been applied to the paper the drier it became
and the slower it extracted into solvents. If known dated inks
covering a span of years are present on the questioned document,
for example in a ledger, then it is possible to closely estimate
when a questioned entry was.written by comparison of the
extraction rates. This approach is however, only useful if the
known and dated inks are of the same ink formulation and that
they are on the same paper, thereby eliminating storage
condition variables. In addition, by determining the amount of
dye extracted into a given solvent at two or more times, these
amounts can be compared as ratios. In essence this approach,
known as the R-Ratio method, allows a particular ink to be

described numerically by virtue of these amount ratios. The



concentrations of ink extracted by the solvent were determined by
means of their absorbance in the UV/Vis spectrum by means of a
densitometer after application of a known volume of the extract
to a TLC plate. If the ink contains fluorescent compounds, the
amount of fluorescence in the extract can also be monitored. The
use of a fluorescence spectrophotometer improves the sensitivity
of the analysis, but is susceptible to interference from
fluorescent compounds in the paper.

The use of sequential solvent extraction techniques for ballpoint
pen inks has also been described. Solvents of different
polarities were used to sequentially extract an ink sample. The
amount of ink extracted by the first solvent can be expressed as
a percentage of the total amount of ink extracted by all of the
solvents. A combination of toluene as the first extraction
solvent followed by benzl alcohol was reported to give optimal
results for ball pen inks.

In 1987, Brunelle [2] reported a single solvent extraction
procedure to estimate the age of ballpoint inks. Like Cantu’s
work, this procedure also involved the extraction of inks with
weakly polar solvents, spotting the extract onto a TLC plate and
measuring the amount of ink extracted by the use of a
densitometer. Age of ink was estimated by comparison with known
dated inks. The main limitation of this technique is that it is
mass dependant and requires that equal samples of questioned and
known ink be removed for analysis. Brunelle later used TLC to
separate his ink extracts with a mobile phase of ethyl acetate:

ethanol: water (75:35:30). The relative concentrations of



different dye components in the extract were compared [6]. This
represents one of the most extensive pieces of work available on
the age determination of inks. The calculated ratios of the
relative concentrations of the dyes are independent of the amount
of ink taken for analysis. The effect of using different
extraction solvents, the effect of the paper and the
reproducibility of the technique were determined.

Two other analytical approaches to the aging of inks deserve
mention in this review of the literature;

In 1985, Stewart [7] reported a gas chromatography procedure for
comparing the relative age of ballpoint inks. This work was based
on the gradual disappearance with time of the solvents contained
in ball point inks. It was reported that these solvents remain in
dried ink on paper for up to one year and longer for some
ballpoint inks. This technique involved extraction of dried inks
on paper with strong solvents such as pyridine and then
comparison of the relative concentrations of vehicle by gas
chromatography.

Humecki reported another technique iﬁ 1985 for measuring the
relative age of ballpoint inks using Fourier Transform Infrared
spectroscopy with a microscope attachment [8]. Changes in the
hydroxyl, methyl and carbonyl absorption bands were seen as the
ink aged. He found a decrease in the ratio of hydroxyl to methyl
bands in ballpoint ink up to 22 years. This work was however
limited to only one ballpoint ink formulation and has not been
verified. The use of FTIR spectroscopy for the examination of

inks was also reported by Becker and Brunelle [9]. This technique



may become of greater importance for ink analysis, given the
recent introduction of a instruments which combine TLC and FTIR

[10].

Future Trends

Thin layer chromatography is a well established technique for the
comparison of inks. TLC procedures are rapid and sensitive and
have been optimized over the years by document examiners and ink
chemists. Thin layer chromatography therefore still has a very
important role to play in the routine examination of inks. There
is however presently a great deal of research and development
work being performed involving the evaluation of more
sophisticated and sensitive instrumentation for ink analysis. Of
these, HPLC has the sensitivity and improved resolution to make
it an attractive technique for the examination of inks which
cannot be distinguished by TLC [11].

Capiliary electrophoresis [12,13] is a relatively new procedure
which has been introduced as a successor to traditional paper and
gel electrophoresis. The technique is quickly generating a great
deal of interest particularly in the field of forensic serology,
because of its improved sensitivity, resolution and speed.
Preliminary work has also been described using capillary
electrophoresis for the separation of inks [14].

The use of gas chromatography for the examination of the volatile
components of inks has been described above. However the
interfacing of gas chromatographs with Fourier Transform infra

red spectrometers [15] and mass spectrometers [16] may be useful



not only for the comparison of inks but also for the
identification of fhe ink components. Information on the latter
is not usually available to the analyst, because of the
proprietary nature of the inks.

In recent years, a great deal of research has been carried out on
the use of supercritical fluids [17,18] for extraction and
chromatographic purposes. Basically, under the correct conditions
of temperature and pressure, the eutectic point, a gas such as
carbon dioxide, has the properties of both a gas and a liquid.
This supercritical fluid can be used for "solvent" extractions
but with the advantage that at room temperature it evaporates
leaving no solvent residue. Also since the fluid has both liquid
and gaseous properties it can be uéed as the mobile phase for
chromatographic separations, being compatible with both HPLC and
GC detectors. Supercritical fluids are considered to have great
importance in the chromatography of the future. Ink samples can
also be extracted from their paper medium by the liquid carbon
dioxide. The increasing addition of methanol to this
supercritical extraction fluid gives us the ability to gradually
increase the polarity of the extracting solvent. This technique

has potential for the dating of inks as follows.

The applicability of "state of the art" chromatographic and
spectroscopic techniques to the examination of inks is gradually
being realized. These techniques will undoubtedly have a future
role to play in the determination of the age of an ink. In

addition, the increased sensitivity and resolution of these




techniques gives the examiner a greater degree of certainty
concerning the comparison of two samples. This may ultimately
result in greater evidential value being placed on this type of

analysis.

2. AIM OF PROJECT

The aim of this project was to determine the age of a document by
extraction and subsequent analysis of ink. The analytical aspect
of the work was relatively straight forward, employing techniques
such as gas chromatography, FTIR and HPLC which have previously
been used by this laboratory for the examination of writing inks.
The novelty of the approach and the part which resulted in the
most problems, was the use of supercritical fluids for the

preferential extraction of inks from the paper.

3f METHODS

3.1 Initial Conditions

An inked line was cut from the paper and placed in the extraction
vessel of a Suprex SFE 50 extraction unit. Extraction of the ink
was achieved with supercritical carbon dioxide, with the oven
temperature programmed isothermally at 65°C for 15 minutes, at a
pressure of 100 atmospheres. The extractor was held five minutes
in the static mode and switched for ten minutes to the dynamic
mode. The eluent was collected in a 10 x 75 millimeter glass
tube containing 500 microliters of methanol. This methanolic
extract was then evaporated to dryness under nitrogen before

subsequent analysis. The dried sample was reconstituted to 50




microliters in methanol and aliquots were used for analysis by

GC~MS, FTIR and HPLC.

3.2 Difficulties encountered

The difficulty has been with the incorporation of an organic

solvent into the supercritical fluid in order to make this

sufficiently polar as to allow extraction of the ink components.

To this end we have made the following observations:

a)e.

b).

The volatile components of the inks can be extracted
directly with supercritical carbon dioxide, allowing short
term determination of age based on the evaporation of these

solvents.

Other UV absorbing components can be extracted with the
incorporation of 10% methanol into the supercritical fluid.
This however does not remove all of the ink components from
the paper and has been unsuccessful in distinguishing

between inks of different ages.

Addition of butanol up to a concentration of 4% in the CO,

improved the extraction of ink components from the paper.

Incorporation of pyridine into the supercritical fluid
resulted in complete extraction of the ink from the paper.
Problems were encountered in dispersing pyridine into the

carbon dioxide and delivering it in a reproducible manner to




the sample. This problem was circumvented by the use of a
hydromatrix in the sample cell. The hydromatrix absorbs any
moisture present in the extraction vessel and seems to have

prevented problems associated with inconsistent extraction.

At this point we had the capability of extracting and
differentiating inks. No one procedure however allowed us to
determine the age of the ink. However, after consultation with Dr
Cantu of the US Secret Service we designed experiments based on
his work with the differential extraction of inks with solvents
of different polarities. Since supercritical carbon dioxide
incorporating pyridine appeared to be our "all extracting
solvent", compared the extraction of individual ink components by
this solvent with the degree of extraction of the same compounds
by weaker solvents such as CO, , and CO, incorporating methanol
or butanol. Using this approach, we perfected the technique of
reproducibly extracting ink from paper using supercritical

fluids.

The procedure was improved significantly by the realization that
the effective strength of the solvent could be modified by
changes in operating pressure. This approach circumvented the
need to change the solvent composition in order to change solvent
strength, thereby simplifying the technique and greatly reducing

the time of analysis.



3.3 Optimum Extraction Method
The optimum procedure for the extraction of ink samples was as
follows:

1. Mobile phase 10% Methanol in Carbon Dioxide.

Tamperature Isothermal at 65°C

Pressure

250 atm Static for lminute

250 atm dynamic for 5 minutes.

Followed by:

10% Methanol in Carbon Dioxide.

2. Mobile phase :
Temperature : Isothermal at 65°C
Pressure : 300 atm Static for lminute

300 atm dynamic for 5 minutes.

AN

Followed by:

3. Mobile phase 10% Methanol in Carbon Dioxide.

Temperature Isothermal at 65°C

Pressure 350 atm Static for lminute

350 atm dynamic for 5 minutes.
In each case, the eluent was collected in a 10 x 75 millimeter
glass tube containing 500 microliters of methanol. This
methanolic extract was then evaporated to dryness under nitrogen

before subsequent analysis.

3.3.1 Explanation
The ink sample is placed in a sample cell within the

supercritical fluid extractor. The cell is flooded with the




mobile phase at 65°C and 250 atmospheres pressure. Extraction of
the ink from the paper is allowed to take place for 1 minute
(static mode). The mobile phase is then allowed to pass through
the sample and is collected in a sample tube for a further 5
minutes (dynamic mode).

Without removing the sample from the extractor, the process is
repeated at 300 and again at 350 atmospheres. As the pressure is
increased so is the amount of sample extracted. This process
therefore essentially gives us three extractions of the same

sample, differing in the strength of the extraction solvent.

3.4 Analysis

The extracted ink samples were compared by analysis with Fourier
Transform Infra red spectroscopy (FTIR), Gas Chromatography-Mass
spectrometry (GC-MS) and High Performance Liquid Chromatography

(HPLC) .

3.4.1 FTIR

A Mattson, Galaxy 4020 bench FTIR spectrophotometer coupled with
a Spectra-Tech IR plan microscope was used to obtain IR spectra
of the ink samples. Extracts were evaporated to dryness onto a
BaF, salt window (Spectra-Tech Inc.) and placed under the IR
microscope. FTIR spectra were obtained directly from the
microscope stage by scanning 128 times at a resolution of
4.0cm. IR spectra were obtained over the range 900 to 4000cm™.,
with a mercury, cadmium tellurium (MCT) detector. Data

manipulation was achieved with a Leading Edge D3/25 PC using the



Mattson "First" software. particular reference was made to the

hydroxyl, methyl and carbonyl groups.

3.4.2 GC-MS

A Finnegan 4510 GC-MS was used with helium carrier gas at 1lml/min
and using a temperature program of 50°C to 290°C at 10°C/min.
Separation was achieved using a 15m DB-1 column. Full electron

impact mass spectra of eluting peaks were obtained .

3.4.3 HPLC

A Perkin Elmer Series 3B pump was used to deliver mobile phase at
1.5ml/min to a 25cm x 4.5mm ID microbondapak C18 column (Waters).
The mobile phase consisted of 80% Acetonitrile : 20% 0.002M
Heptane Sulfonic acid to which 2ml of glacial acetic acid was
added. Detection of eluting compounds was achieved with a Spectra
Physics Focus detection system and integration and data
manipulation with an IBM PS/2 computer. Samples were injected
onto the system via a Rheodyne injection system incorporating a
20ul loop. The chromatographic profile of each ink sample was
obtained at all wavelengths in the ultraviolet and visible
regions.Estimation of peak purity and comparison of peaks in
different chromatograms having similar retention times was
achieved by examination of the absorbance spectrum of each peak

together with its first and second derivatives.



4. RESULTS and DISCUSSION

FTIR examination was disappointing showing no significant
differences between extracts of the same ink. The use of FTIR
for this purpose was therefore discontinued.

GC-MS showed some promising results; allowing not only the
quantitation of volatile solvents in the extracts but also
structural identification of certain ink components. The only
limitation of this particular approach was the lack of
sensitivity of this particular mass spectrometer (50-100ng/ml),

thereby necessitating the use of large sample sizes.

Liquid chromatographic analysis of supercritical fluid extracts
resulted in the greatest amount and most useful information.
Extracts were evaporated to dryness under a stream of nitrogen,
redissolved in 100ul of HPLC mobile phase and 20ul injected onto
the instrument. Figures 1, represents a chromatogram of an
extract of a 1 month old ball pen ink sample. The ink was
extracted at 250 atmospheres as described above. The chromatogram
shows 5 wavelengths superimposed on each other. Figure two shows
the same sample subsequenﬁly extracted at 300 atmospheres
pressure. Much less ink is present in the extract indicating that
the bulk of the sample was extracted in the first extraction at
250atm. Analysis of the third extraction of this ink sample ie at
350atm yielded no useful chromatographic information indicating
that all of the ink components had been removed from the paper by
the initial 2 extractions at 250 and 300atm. Figures 3, 4 and 5

show chromatograms of extracts of the same ball pen ink at 250,



300 and 350 atmospheres respectively. In this case however, the
ink has been on the paper for 7 months. In comparison to the 1
month old ink sample, the 7 month old sample shows the presence
of ink components in the 350 atmosphere extract. The higher
pressures are probably necessary to remove the in this case since
it is more strongly bound to the paper being older than the 1
month old sample. Figures 6,7 and 8 again show 250, 300 and 350
atm extracts of the same ball pen ink, in this case 12 months
old. Again for the older ink, 350 atmospheres of pressure are

required to remove all of the ink from the paper.

Now let us compare the differences in the profiles of inks of
different ages. In particular consider figures 2, 4 and 7 which
represent 300 atm extracts of the same ink 1,7 and 12 months
respectively after being applied to the paper. There are
significant differences in both the number of peaks and peak
height ratios.

Similar results have been obtained with the other inks of
different ages in our collection, leading us to believe that
supercritical fluid extraction at different pressures followed by
HPLC analysis has great potential in the determination of the age

of a document.




5. CONCLUSION

This research approach was based on the previous work of Dr Cantu
of the Secret Service, in which he used a high polarity solvent
to extract all of the ink and a weaker polarity solvent to
extract a percentage of the ink. He then determined amount of
selected components extracted by each solvent and measured the
ratio of one to the other. His theory is that thése ratios will
change with time, thus allowing the age of the writing to be
estimated.

Cantu had the problem of reproducibility, since each step was
done ménually, every procedure has to be carefully timed. We have
effectively removed the problem of reproducibility of the
extraction by using supercritical fluids. The instrument can be
programmed to control the temperature, pressure and time of the
extraction. Since manual steps have been eliminated the
extraction procedure is standardized and reproducible.

Once extracted any suitable method can be employed for the
analysis of the samples. We have concentrated on the use of HPLC
for the examination of ink extracts since it offered thevrequired
sensitivity and specificity for oﬁr»purposes but other
chromatographic, spectroscopic or electrophoretic techniques may

also be appropriate.



6. REFERENCES

1.

Hoffman W: The dating of documents (with particular
reference to documents written with ball point pens);
Unpublished data; 1969.

Brunelle RL, Breedlove CH, Midkiff CR: Determining the
relative age of ballpoint inks using a single solvent
extraction technique; J. Forensic Sciences 32(6): 1511;
1987.

Mitchell CA: Inks: Their composition and manufacture;
Charles Griffin and Co. Ltd.; London, England; 1937.
Kikuchi K: Examination of the age of the writing of blue
black inks; Police Science Laboratory Report 12 (3): 379;
1959.

Cantu AA, Prough RS: On the relative aging of inks- The
solvent extraction technique; J. Forensic Sciences
32(5):1151; 1987.

Brunelle RL, Lee H: Determining the relative age of
ballpoint ink using a single solvent extraction mass
independent approach; J. Forensic Sciences 34(5): 1166;
1989.

Stewart JL: Ballpoint ink age determination by volatile
component comparison- A preliminary study; J. Forensic
Sciences 30: (2) 405; 1985.

Humecki H: Experiments in ballpoint ink aging using infrared
spectroscopy; presented at the International Symposium on

Questioned Documents; FBI Academy; Quantico Virginia; 1985.



10.

11.

12.

13.

14.

15.

l6.

l7l

Becker JL, Brunelle RL: Determination of age of ballpoint
pen inks by Fourier transform Infra red spectroscopy;
presented at the American Academy of Forensic Sciences
meeting; Anaheim; 1985.

Cecon Group (Wilmington): TLC and Fourier Transform
Infrared Spectroscopy; Practical Spéctroscopy 10: 113; 1990.
Tebbett IR, Chen C, Fitzgerald MS, Olson L: The use of HPLC
with multiwavelength detection for the differentiation of
non ball pen inks; J. Forensic Sciences; 57:1149; 1992.
Foret F, Bocek P: Capillary electrophoresis; in Chrambach
A, Dunn MJ, Radola BJ (Eds): Advances in Electrophoresis;
Vol. 3; VCH Verlagsgesellschaft: Weinheim, Germany; p.271;
1989.

Mikkers FEP, Everaerts FM, Verheggen TPEM: High Performance
zone Electrophoresis; J. Chromatog. 169: 11; 1979.

Fanali S, Schudel M: Some separations of black and red
water soluble fiber-tip pen inks by capillary zone
electrophoresis and thin layer chromatography; J. Forensic
Sciences 36(4): 1192; 1991.

Nyquist RA, Leugers MA, McKelvy ML, Papenfuss RR, Putzig CL,

Yurga L: Infrared Spectrometry; Anal. Chem. 62 (12): 223R;

1990.
Duncan WP, Deutsch DG: The Use of GC/IR/MS for High
Confidence Identification of drugs; Clin. Chem. 35: 1279;
1989.

Li SFY: Experimental Studies on Supercritical Fluid

Separation Processes; J. Chem. Technol. 46: 1; 1989.




‘ 18. Wright BW, Smith RD: Capillary Supercritical Fluid

Chromatography Methods; Chem. Anal. 101: 111; 1989.



’r 7_“34‘“./

Waters

Y-scale

Time
Interval
Baseline

range

Chromatosgram

. 121 AU/FS

calculation Water.

Paper speed 20 mm/min

Column

Packing material
Mobile phase
Flow rate
Presswvre

mm ID x mm

ml/min

wup-q) wuggy
Z1d*93NT
wuy ) wuQlg
WUy -1y WUQEE
ZLA*9ANT
mup-T) wupgg
Z1d 9iNI
mwuy - [) WUQgE

. 00 210 °93NI

L o
o R,

U R

S Z2LA9ANI

A e e T

A X ey

. .
. A ___,...——-——’"‘~\ . . 3
—————————— il o’ . .
o jrepapaagly SN NS ST T S e : HE RN

r 2 AR



n Wate

calculatio

Chromatogram

991

Waters

20 mms/min

mm ID x

Paper speed

.0051 AU/FS

Y-scale

mm

mls/min

Packing material
phase
rate

Mobile

Flow
Pressure

Column

OFF

1.54 sec

--- 8 min

0

Time range
Interval
Baseline

260nm (1.4nm
T INK?7.DT2

280nm (l.4nm

T INK?7.DT2

370nm (l.4nm

m m - [4
9 ‘-ﬁ\u L. — w AP BT . L. A-WL. v
J : L o
e e S
Ol - -
1 Figure 2 [
h 1 month old ink B
1 300atm. extract |
o T T T Ut SUR RPN S
n%m U L nw
i I D
4 - )
] o
] : i ol
] : - 0
i
= : T O SO Lo o
mln ............ . ﬂw .
] : I !
] : I
] : i i
1 : I )
] : -
o AN s o o
” : L0
i : e l\,.” I+ 1l
A aad T YINTT —A T D R N N | I
”lﬂ/r:\\”..”\f./l%f.\)./(.\,c(\/\(\/\l(.//‘”:\.\f(!\(/\)\.\\/I\//\I\l”n
: ~ -
. ]
e e L Ty =
: 1
] : I
L L] L — L] L] ¥ T — T + T 1] — L3 ¥ T L _ T L] T T _ L] T L2 L] . .
0 4 6 8 (min3

frantl 30t




mm

ml/mi’

Waters

20_mms/min

mm ID x

calculation
Packing material
phase
rate

Mobile

Paper speed
Flow

Column
Pressure

.028 AU/FS
--- 8 min
1.54 sec
OFF

0

Chromatosram

991
range

Waters
Y-scale
Interval
Baseline

Time

waters 31220
4 6
0 .m e r_—w R SN EENNEICE SEVEI B
260nm_(1.4nn : :
INK3.DT2 ] S
o m m : ‘
o] B SO PN
280nn_ (1. 4na ] A Figure 3 ”
INK3.DT2 ] i “ ) :
........... ] v 7 month old ink
330nm (1.4nm ] i 250atm. extract

.......................................................................................................

m|..w.m:s (l.4nm
INK3.DT2




: | | 0 \ 4 & _ 8
o = o N A PP P “ e b P
“ Vo & & B ’ i
- \ M W < 260nm :.usaro- : : . L %
o ! ~ 1 e e e e i a s eeeae s e - ;
: ER & INK4.DT2 9+ Tt m . : : S |
: 1 : igure Do : -
: ! o % i : : |
- 1 (¢} 1 T . . . 7
H | = i 280nm (1.4nm 7 month old *= : i |
. 1 | INK4.DT2 b . : I !
. i g It ] 300 atm. ext. : - ﬁ
o ! =] I N . 7
- i £ ! ] : : ]
E i 0 | 330nm (1.4nm 1 : [
: P “ INK4.DT2 ] : [
- ) P —t i o <t 1 : M
z g « ! Ol e =
z ] - - N
: i mm | 370nm (1.4nm "] : I w
4 O !
17 o woo INK4.DT2 !
- 1Y b)) =g e R |
. | a, © O | ]
" BN SRR VR - - 0
. I g cov I 425nm (l.4nw L ©
- i [ St B | e 4
Ty ) O SBMeBZ 0| INK4.DT2 | ﬁ o)
- § o —~0LoV ! e L
S P .~ - 5O
. _ — N .
: | & ! S AR LS
: | @ ; =3 < .
: Pk “ N |
. ! W “ i X |
3 10 o 2 om | . s |
; 1 (r, it QL | L
¥ S g0 | -
1 L
| 9 <C o< | ) o -
| m [TaN! - L o)
I N P L
i o Pt T 0]
i, B ] “ . ] '
“.m o o ' O AR N T R o { R R SRR AR EREERE - o _
" o | i i T e i SN SR N
1 e T
“C mv ] e / > : L
| [annd i N — e — -
I O ] K N (lllltv‘l,\l\l/\
1 . I p |
o ]
) ! - A ) B
“ 0 1 H ..llrr'/.hl,::”..lln..lﬂ.:ﬂ-..ﬂ.nﬂ ........ -
10 " j : : Rt |
I t : : )
. : : b~
0 w1 Sl N o
I [=} | Q : : o
] P S~ O 1 . . T P .
1Y LD} ot 1] : : L]
i — e | . .
|3 < S 1 4 . . i
] o - VOO I : : i
KR 1 , . “ .
] .
. “W Y TIB — T v T T — L T T T — L] L] T T — T L T L3 — L] T T T — L] T T T — T L) T T _ T T T T .
nin) i I 0 2 4 6 8 (mi

- .lN ?:JV-/)

Icvo




Water
20 mmsmin

calcul ation

Chromatosgram

S91

Watenrs

Paper speed

.1001 AU/FS

Y-scale

31220

= (=]
& ot
=
N
—
=]
*
an]
—t
=]
=]
—
o
o=t
Lo
[SR7}
2 ©
[P Ry
=R
< O
[} B I
oo =
Seme— W0
T M 2N
~—~ 000V
TO® O~
[@]aWp-3s Ha W
= OR
o~ QfI,
[=Xile]
<P
n
1 -
1=
1
o
VU
50
[=]
g—
“woa
>
o
[VNOR ]
e+ 0
0l
—=—m

0 4
1...,_L...‘L._>.L.W£rb_ pr.._L‘nr
260nm (1.4nm 1 o : : ”
INK5.DT2 ] i : : I
, " : L
] % : ©
MWL ............ B b e B P R LETTTERRERREPRPPY LS
280nm (1.4am . : 11 Figure 5 : -
INK5.DT2 A Do . : -
........... ] © i1 7 month old : i
330mn_(1.tnn - ji 350 atm. ext m B
INKS.DT2 ] » : : .
; . : : [
370nm (l.dnmod L 5 FOUUUETUUROUROURRS SNSRI e, |9
INKS.DT2 - ] > : : -
425nm (1.4nm il m : :
INK5.DT2 -] Sl : : -
.......................... o RS
S m : [

1 [l Jood q A L X 1 l T 1 l. q2l L 1 A l - l;l’ q4l i ) 1

AU

- — .091.

O999O99E—-—03

-9 .



ny 9o- — cOo0—-—d666666 " 2 —
80" ‘ 90 0" 20’ 0

oo....~..»|._+..._._.r__p.._,r...._._..T.m...

8

extract

old ink

P
.

o0
<
v
1
y
o
1
o
D
1
-y
0

Bl Ei | N g ol 2] o
el =g 2R n_T_ anw
= =, ! <1 | ~ D_ <| el
. . (3 . . . . . .
- —1 el 1] I_K_ 1_K_
| = “ T “i=z| = ol =3
— Vo [ _I‘ _.l_
8 E) el £ &
[ ) oy = I3
= =3 ol o 5_
w ! ol o~ o~
~ oy ™| ol 4_

2anssaJdd A:40 sutlsseqg
Ut uw 2181 MOTS 39S vg°T TRAJIDAUT




[

Time
Interval
Baseline

range

e VA nmus i W

rapet Spteu

Column

Packing material

Mobile phase
low rate

Pressure

ZU

mm ID %

mm-/min

mm

-.002

.
. .
. .
. .
BRI Fe it b et eaen et
N .
. N
. .
. .
. .
. 4
. .
. N
»
.
. »
.
.
.

‘
N

__________

'
'
. . Cox
¢ [l
'
. -
P S Ceereiestiagy.
. N
. . R x
. B .
. ' '
. . .
. . .
. '
. ' 5
. . .
. . .
. N '
. . .
‘ '
. V
. .
.
...... [T T S S S
. . .
v N N
. P
. ' '
' '
N , .
. . .
. . .
. ' .
. . .
. ‘ .
. . .
. . .
. .
. .
. .
.

‘wie Q0¢

10B42X3d PO yiuow g}

[ 94nb14

.
¥
.
.

|2 jo Lo oo X
Ins ~ w ) o
Im lo lo =] o‘
o 12 |:: 13 ]
]»—-—ca |-—‘a Ing 1—,3 - |8
= lzl 1Z1 1z =z
I?QA XIA l?:lr\ :N'A A~
ol bl bl P bl U bl L ok
Iols> lola lota RIS RIS
Jis R I-—l!: =] |2
|m|a ISR E! N B N1 N (B
Q .002 .004 .006 .008 .Ql .012 .014
1.8 1 Lot 1.t it 1L ST U 14t S 3 [ | Sl 1.1 [ T S N i I . Y Lt AL b W I L3 0 1 .1t |
] | | | ] | | 1 | ] ] | o

)

!

] Hi

_ |
] !
] Ll
1 i
!

] il
00 —{ vyt

f

Waters

Y~scale

. 002

Chromatosram

.088 AU/FS

. 006

.008

- 014 AU

Paper speed

calculati

.01

T S e ot B o e

.004
.002

.012

20

co
.014

mm-/min -



mnm

[

20 mm/min

mm ID ¥

Wat
ml/min

1 On

calculat
Packing material
phase
rate

Mobile

Paper speed
Flow

Column
Pressure

min
OFF

.0015 AU/FS
--~ 8
1.54 sec

0

Chromatogram

991

Waters
Y-scale
range
Interval
Baseline

Time

< m w p >
Wo. NEPRVEIN BT .m NS RS F¢ SR DRI AU S &
S @ . : S
260nm (l.4nm *] , : w
INK2.DT2 ] DA : : -
o] ' : -
- 280nm (1.4nm O 1 ;. . e, S S e e e S
lllllllllllllllll OL‘......‘.‘.................;.'.»-1..... PP 3 : =
:H..zm..M|v_|u..._.uwn <] H _u”.—@m_«.m 8 : : L.
. } : : i
. '\ 12 month old : -
330nm_(1.4nm 7 " ; : :
INK2.DT2 ] , 350 atm. ext. : .
nm PSPPI . -o ,
370nm (1.4nm S
INK2.DT2 L
3 ! <
] -~
425nm (1 4nm S s 2
INK2.0T2 S S 4
_.w. ”T_ '
] L« ]
3] =
o <
o F o |
_.1 r,. | L
~] . -
] o o
6| -
S : S o
(= m ”nU. ]
» : RN
0 : r X
H : o
o r O
» [
1 : . [ —
] : : S
< : : : F
_.“ : : 1
T T T T — T L T T m T T T L] — T L T T — T L3 L) ¥ ~ T T L3 T — T L] L] T — H T T T . v
0 2 4 6 8 {min
1 Lo ¥

.w u\O .






