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PREFACE--

Preliminary \.~xperiments in our laboratory suggested to us 

thq~~ electron paramagnetic resonance (EPR) spectrometry was, po­

tentially, a powerful tool i~ a sharply defined area of forensic 
.. ~': 

crimina1istics. We demonstrated in these experirL,ents that the ,\ 
pyro1ys;ts of primer compounds and gunpmvders which occurs ,upon 

the discharge of a cartridge imparts to these materials an EPR 

signal indicative of the presence of free radicals. Tbese pyro­

lytically induced free radicals were, as would be expected, ob­

served to disappear with tim~, as reflected in serial EPR spectra 

obtained from each residlie over a period of time, in one case ex­

tending to 19 days after discharge of the cartridge case. Even 

though the number of samples '('JaS small, there 'VJas a strong in-ai:" 

cation that each of the materials examined possessed EPR decay 

cu~v~s that could be ch~racter{stic of the manufacture of that 

material. Thus, we felt there was th~,potentia1 of defining with 

EPR spectrometry the fo1lO\v1.ng factors, given the appropriate 

pbysica1 evidence in a criminal case: 

1) if a firearm or cartridge case had recently been discharged, 

2) ~Nhen that firearm or cartridge case \';Tas discharged, ,'. 

3) the manufacture of cartridge employed in a recently dis-

charged fireal=m. 

On the bases of' the results of these preliminary experiments, 

we sought from and were granted by LEA8 a pilot project to further 

• investigate the time dependent nature of the EPR signal of gunpowd~r 
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and primer residues. A concatenation of factors determined for 

us that ou.r pilot proj ect would be limited to an investS~_ation 

of" primer residues. These factors included instrument sensiti--
C> 

vity, mass of recoverable sample, alfd time-frame of the pilot 

project. The report that follows represents the results obtained 

from the post-detonati6n residues of five brands 6fprimers ob-

tained i111mediately after the discharge of fixed amm~nition of 

each brand. Multiple samples ,.,ere obtained from each brand. 

The results from this pilot project tend to confirm our 

earlier studies and lndicate to us that further study may estab­

lish the EPR spectrometer as a valuable tool in the arma.mentar'ium 

of the forensic criminalist. 
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SUMMARY 

The purpose of this feasibility study was to determine if 

the time dependent EPR s,ignal induced, in primer compounds by de­

tonation could be characterized to such an extent as to permit 

their utilization by criminalists to: 

1) determine if a primer compound had been discharged recently, 

.2) estimate elapsed t::'me from discharge of the primer compound, 
. 

3) establish manufacture of the primer compound. 

I. 
Originally, as outltned in the grant proposal, th~ scope of 

') 

the proj ect \Vas to include the examination of gunpmvder as ·;well as 

primer residues. As we got into the project, we realiz~d that we 

would have to limit the scope of the project to either gunpowder 
I 

or primer residues if we were to obtain an adequate number of 

samples from \vhich we could obtain mUlt.iple spectra over elapsed 

time from discharge of the primer out to, in some instances, four 

• ~veeks post-discharge. Accordingly) we examined residues from a 
I' 

total of 53primerA obtained from the discharge of five different 

brands of ammunition. From these samples, approximately 325 EPR 

• spectra were obtained. 

• 

• 

• 

Pri~er residues were obtained from the inside surface of the 
.' 

" primer cup as well as from the primer anvil and ,the cartridge 

case primer pocket of caliber .45 ACP fired ammunition (purchased 

through retail outlets) immediately after discharge 'of the cartridge. 

After the collection of a residue, it was weighed and then placed 
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into a fused quartz EPR sample holder in 'vhich, it' "t\Tas stored 

throughout its analytical history. Presence of free radicals 

and their time-c1ecayhistory was determined byEPR spectfometry 

. £01; each individual s~mp1e. EPR spectra of the undetonated primer 

compounds served to es:tab1ishthat the spectra observed in the 

primer. residues were induced by detonation and were not present 
.'. 

in material not detonated.
n 

This feasibility study resulted in findi~gs which indicated 

that each manufacture of primer possessed common EPR characteris-

tics, i.e., there were easily discernible differences between 

brands of primers based on t[l€ir EPR signal ane\. the time-course 

decay of these signals. Sufficiently precise data wer~ obtained 

on t1;vO of the five brands of primers to perm~t the determination 

of decay constants. Residues from the third brand of primer 

showed very ·low levels of EPR absorption and \vhi1e the signal was 

observed to decay, the signal to noise ratio was so unfavorable 

that a reliable decay constant couid not be determined from the 

data. Residues from the fourth brand of primer exhibited a very 

strong and very broad EPR signal "tvhich did not d§cay over the 

20-day period these samples were analyzed. What appears to be a 

'stab1e free radical was formed upon detonation of this brand of 

primer. The last brand of primer examined yielded interesting 

data in that this manufacturer purportedly does not manufacture 

.. '( Undetonated primer ~vas not obtained from Norma primers owing 

• to the sealing technique employed in their manufacture. 
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his own primers, but purchases them for assernbly into his brand 

of ammunition. Our data would indicate that either this manu-

factur~r purchases his primers from more than one sourc~ or that 

he will accept primer compounds o~ varying compositions. In a 

series of ten samples, there were t\'lO distinct EPR signal mor­

phologies. One sample exhibited a very strong EPR absorbance, 

G while the remaining nine '.' exhibited very similar and very weak EPR 

absorbances--too weak to be analyzed 'ivith existing equipment . 

The problems experienced with those brands of primers 'ivhich 

.. provided only a weak signal could, it is felt, be resolved, since 

• • 'with relatively minor instrument modification and some changes in 

• = 

• 

• 

sample handling technigue, the signal:noise ratio could be sub­

stantially improved. Such imptove'men~/ would likely permit the 

determination of ~ decay constant for the third brand of primer 

and possibly for those primers of the fifth brand \v'hieh exhibited 

a very 'i'leak signal. 

In brief, our findings are that under the conditions \vhich 

this study was prosecuted, zero time data (t ) can be extra~ted 
o . 

from the Peters and Remington military primer residues. l\lith minor 

modifications to the instrumentation, zero time data could be ex­

tracted from the Western primer residues. All brands of primers 

studied yielded EPR signals distinct from each other and thus are 

classifiable as to manufacture. 

We conclude that EPR spectrometry as employed in this feasi­

bility study shows definite promise as a tool for forensic 
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criminalistics. We'have, shown that' under laJ:)Q~atory co~di~ions~' c 
~:--1 

(~, data are, within limit~, reprcoduci~il~ and predictable. What 
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remains to be sho'tvu are the'fo11o'tving: 
. r;, 

-1) Can a relationship between mass of res:hclue and strength 

of EPR signal be established? 

2) Can residues ,be obtained from firearms:j'7hfch ;\\1i11 permit 
, ,::., 

si;ilar conclusions' to be drawn as "from primel;' residues 

obtained from cartridge ca$es? 
, 

3) To what extent will different environments affect the " 

induced EPR signal in primer residues and in gunpowder 

residues? 

4) Given favorable outcomes to the abov,e, then a, systema:tic 

protocol for sample handling and analysis would be estab-
\j 

lished that could be empl6yedby crime laboratories 

adopting-this technique. 

5) Given favorable experimental results, a catalog of EPR 

spectra and EPR signal dec~y characteristics could be .. 

es~ablished according to manufacture of fixed ammunition 

and manufacture of reloading components" 

These questions and procedures would constitute the basis 

of any subsequent study ,of the EPR characteristics of gunpowder 

and primer residues for lvhich we may be funded. 

II 
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2. EXPERIMENTAL PROCEDURES AND NATERIALS 

2.1 

The primers chosen fOl;",gxamination in this:study \Vere all 
~"""--::::- ~ '""'".:;.~ 

~ ~ '." ... :.;:~;:' ;;..:;.:. .. ,.. .,.-:~~: ~ -----
--purchased thj:;.!),ugli"normal retail olltlets ,",anJ,:L,,~re representative 

:'~~ \.: - : ~"'~;:::;. ';;:-··;'~r 

"-<of,t..t,os:~ most commonly-clsed. They were in all inst~~cespur-~' 
') • =-'"'-

chased as part of fixeq ammunition in the .45 ACP caliber. Those 

chosen for study are~listed in Table 1. 

" 

The ammunition Vlas ;,in all instances fired from a Colt 45 , pI 

automatic 'pistoL" having,'a !+3z inch barrel. Immediately after 
.;::, " " 

firing the primer \Vas removed from the spen.t case and primer re­

sidue obtained .from the surfaces of the primer pocket of the car-

tridg~ case, the primer anvil and the primer cup. The residue 
' .... ~ ~-.. - . 

was weighed to the nearest 0.1 mg (Table 2) and placed in a 8 mm 
~ .. ' .. 

ID x 15 cm long fused quartz tube.
n 

The resid~e-containing tube 

was then stored in air at 23° C. A total of 53 primer residues 

,yore so processed prior to spectrometri~ examinatir,)U. _,,-

The' free radical c~oncentration in each sa.mple ,·ms measured 

'. by means of an Electron Parama.gnetic Resonaru::.e (EPR) spectrometer. 
"- ;;~::;--' - -~ .. 

"'~,<\:., 
'~.' 

• 

• 

The time history Df the free radical concentration wa~~obtained 

-''''"trrougb serial m8asur~Jnents of the individual samples, and ex-
.-....:',~~" 

Each sample was compose§ of th~ residue tend'eQ" up to fOllr \'7eeks . 
"\.;",_. 

extracte'd"":f.:r;-pm a single primer 
"-'"~-.::'" .:. 

and repref\~nted, therefore ,c a 
'-~ - ~ -

minimum sample ··q(fan,t:c.~]ty. 

New Jersey . 
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Undettmated primer compounds from each brand of ammunition, 

\;\ 
-- \' 

except Normd\,) were examined for the presence of EPR signals. The 
\,; 

resultant spec~ra were used to verify that those EPR signals de­

tected in the d~'t:onated primer residues Vlere not signals pre-

ex.isting in the undetonatedmaterial. The undetonated Norma 

pJ;iimer compound was n.ot examined since the primer pellet wa~. a 

s61id mass cemented to the primer cup. Under~the conditions which 

I,~ndetonated primer compoPJld vms removed from the primer cup in 
_:::.-.::: --

,/th18 study, it wias felt that it was unsafe to attempt to remove 

~the NQrma primer pellct from its cup. 
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Brand 

Peters 

Super Vel 

Norma 

Western 

Remington 

TABLE 1 

PRINER MANUFACTURERS 

Lot No. 

AG 211 2 

09102 

82EF91 

RA 33092 
(Military) 

Manufacturer and Address 

Peters Cartridge Division 
Remirgton Arms Company, Inc. 
Bridgeport, Connecticut 

Super Vel Cartridge Corp. 
Shelbyville, Indiana 

Norma Projekti1fabrik 
Amotfors, Sweden 

Olin Corp. 
Winchester-Western Division 
New I-laven, Connecticut 

Remington Arms Co., Inc. 
Bridgeport, Connecticut 

~'( Lot number not available. 



TABLE 2 

PRH1ER RESIDUE HEIGHTS 

I 
r Brand ~.;rt . (mg) Sample Size 

.'. 
Peters 4.3 :l' 0.8" 17 

I Super Vel l~. 7 ± o 0 l~ 10 
.' • 

I Norma 4 Q . :; ± 0.9 6 

I. 
Hestern 3.1 ± 0.6 8 

Remington l~. 6 ± 0.3 6 
I (Mili ta"ry) , 

* ± one standard deviation of the mean. 
'----_._-- -------._----- -----_ .... 

• 

• 

• 
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2.2 Instrumentation 

All EPR measurements were made with a Varian E-4 spectro­

meter. The spectrometer wa§ equipped with a rectangular TEl02 
"' 

cavity having a teflon positioning plug mounted thr~ugh the 

cavity floor. This feature permitted the residue containing 

tubes to be reproduGibly p()sitioned in the cavity. In addition, 

the tubes were indexed so that their orientation ,,;d.th respect 

·to the r-f magnetic field could be maintained. 

Variations in the signal amplitude from the samples due to 

changes in ~avity Q (Q = 2u energy stored/energy lost per cycle) 

micrOivave pmver, and modulation amplitude 'i'lere accounted for by 

the use of chemically stable internal intensity standard. (3) The 

standard, a ruby crystal (5% Cr3+ in A1203 ) vlaS mounted permanently 

in the bottom of the cavity and oriented so as to produce absorp­

tion lines at magnetic field intensities both above and below those 
.'. 

due to the free radicals of interest.
n 

A normalized signal amplitude Sn was obtained by dividing 

the signal amplitude ;of the residue Sp by the amplitude of the 

• low field ruby line SR' In the general case where different 

• 

• 

amplifier gains (G) and modulation amplitudes (lvI) for the residue 

and the ruby were used, the riorma1ization expression assum~d the 

~': The ruby vJaS oriented to yield lines at approximately 1889. ° and 
5286.0 gauss with microwave frequency of 9.262 GHz. Free radicals 
with free Epin g values appear at 3304.8 g with the same r-f 
frequency. 

-6-
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form 

= 

where the subscripts P and R refer to the primer and ruby, 

respectively. The signal amplitude of both the residue and the 

ruby standard "laS taken as the peak to peak displacement of the 

first derivative output of the spectrometer. 

To avoid problems arising from power saturation of the 

samples, all measurements \Vere made at 5 ffi'N. This level \;\1c3.S 

established by comparing line shapes in spectra taken over a 

• range of power settings and noting the onset of amplitude dis-

tortion. The 5 mw point 'h7as belo\v the distortion point in all 

samples studied. 

• 

• 

'I • 

• -"/-
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3. RESULTS 

3.1 Introduction 

In the sections 'vhich follow 3.1-3.5, EPR data are presented 

for five brands of primer residues. Resonance signals were ob­

tained from the residues of all brands and definite decay patterns 

could be discerned in three. Sufficiently precise data were ab­

e tained for two brands (Peters and Remington) to permit determina-

I. 
I 

tion of decay constants. 
\ 

Of the two shmving less positive elata, one brand (Super VelY 

exhibited a usable EPR signal in only one of ten samples studied. 

All Norma s.{lmples, on 'Che other hand, showed very strong EPR 

signals, but the free radicals associated with them were very 

stable \vhich, (with present techniques) precluded their use in 

timing studies. 

Hhile not of direct inter.est in the context of establishing 

time histories of primer residues, it should be noted that the 

EPR spectra obtained ,·;rere unique. This finding suggests the ap­

ie plicability of this technique to the identification of residues 

obtained from such sources as firearms and bombing sites. 

• I 

• 

3.2 Peters 

All primer residues from this source exhibited strong EPR 

signals. The dominant feature found in the spectra of nine of 

the ten samples examined 'vas a single broad absorption line at 

-8-
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a g value of about 2. O.·k This spectral feature (a in Figure 1) 
~ 

proved to be stable at room temperature and was unsuitable for 

temporal studies.. Hmvever, a less intense but na:cro\Ver band also 

appeared in these samples which did exhibit a measurable decay at 

room temperature. In six of the nine samples this spectral f~a-
--= 

ture could be resolved sufficiently to permit analysis. This fea-

ture is shown at b in Figure 1. 

The decay of the total signal amplitude of the b components 

of samples 15 and 19 are shovln in Figures 2 and 3 respectively. 

In both figures the logarithm of the normalized signal amplitude 

is plotted agaipst time. As is evident in the figure, the curves 

can be resolved into two linear components Hhichis consistent 
.. t~.J~ 

with t\VO concurrent first order or psuedo first order processes. "" 

The half life (tk) for these processes for the two fully 
2. . 

analyzed samples are summarized belmv. 

Sample tk (1) tl (2 ) 
2 ~ 

Peters No. 15 1. 36 d 276 d 

Peters No. 19 1. lrO d 183 d 

,,/, The single sample having a markedly different EPR spectrum \\1as 
obtained from a.cup having a 3 prong anvil rather than the usual 

~~ 

2 print anvil. This implies that there is '~s"ome mixinc in the 
~',::-. 

manufacturing process of primers ofdiffe~'ent corrip'b'i5:it~ons· in­
tended, perhaps, for different customers (e.g., commercial and 

,::"::, 

military) . 
Psuec10 first o'rder processes are in fact second order processes 
in \vhich the concentration of one of the reactants is much larger 
than the othe~.(4) 
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3.3 Remington (Military) 
, 

All primer residues studied from this source exhibited very 

strong EPR absorption. The spectra were all very similar and 

were characterized by a four component pattern with intensity 

ratios of about 1:2-4:4. A spectrum typical of this group is 

shmm in Figure 4·. While the intensity of all four of these 

spectral features were found to decay with time, only the third 

peak (b in Figure 4) \';as used in the present analysis. This 

choice \<Jas dictated primarily by the more favorable signal to 

noise ratio found \'lith this feature. 

As in the previous case, a plot of the Jogarithm of the 

normalizec2 -signal amplitude vs. time from discharge could be 

resolved into tv10 linear components. This is. illustrated in 

Figures 5-10 \vhere signal decays of the six samples are 8hm\1n., 

The t ~ 2 
for peak b 

in Table 3. 

in the six samples analy~ed a;re summarized 
, 

An unusually large spread in the early time signal amplitude 

of sample No. 35 precluded the extraction of the Jhort term decay 

• component in tha~ sample. 

It is to be noted that the short term half life in these 

(Remington) samples is much the same as in the case of the Peters 

• samples, \·;hi1e the long tern:t component is considerably shorter 

than thit found for Pe~ers. 

• -10-
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An unusually large spread in the earl~ time signal 

amplitude of sample No. 35 preclud.ed the extraction of the 

short term decay component in that sample. 

It is to be noted that the short term half life in these 

(Remington) samples is much the same as in the case of the 

Peters samples, .while the long term component is considerably 

shorter than that found for Peters. 
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TABLE 3 

SUMl1ARY OF REl1INGTON (MILITARY) PRIMER 

RESIDUE DATA 

"----
~Sample Spectral Component l. 

c 
L' 

Remington No. t! 
'2 

(1) tl 
~ 

(2) 
0 . 

.. 
22 1. 05 d 30 d 

c .-_.----

33 1.55 d 50 d 

l//' 34 1. 63 d 97 d 

35 66 d ---, 
36 1. 55 d 58 d 

37 1. 62 d 92 d 
- _ .. -... 

.7 

./ 
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3.4 Hestern 

Primer residues from thj.s source showed the 1m-lest level 

EPR absQrption of~tllo the primer types 9.tudied. A spectrum' 

typical of', 1.:hose obtained 'in all samples from this source is 
:;' 

sho\\Tn i.n Figure 11. The most pronounced abso:lpf'ion peal\ (at a 

o 

irfFigure il) was, in all samples studied" found to decay.' Evi­

dence of thts decay is clearly seen inb"igul";es 12-15 where the 

usual semi-log plots of normalized signal amplitude vs. time are 

given. 

3.5 

Du/eto the largG error/s:~a..ssociated witfh the measurement of 
IJ.," 

,:~ 

Norma 

All six samples studied from this source ~xhibited strOng 
-:::-:"-

EPR absorption signals. The spect,xa, all l:'(:!markably similar, 

were charactel~ized by a single broad absorption band at about 

3300 gauss. A spectrum typicCilof those recorded 'is shmvn in 

Figure 16. . The free radicals as sociated 'ivi th this absorp:tiQl1 
_ ~.:::-;':;!.. :~ _ __ :::-.t:::- --;;0":::::;;' "".:::;....-0-=-_"_. -- ----~ -".-

proved to be-'stable -(at room tQmperat.u1;,;t:i)~ca"-~~·~{~o diminution in 
- .' --y--

si~nal amplitude was observed a£J?er/~~imes up to 2Qdays after 
/' ~/> 

fir i ng . ,.:i";,?'/ ~?'*'.'" 
~-;:' 

(~)_ ~-yV 

.',\ 
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" 
3. 6',Super Vel 

II.· ....... / /~ V' 

. "' >::/ . Of a total()f ,'ten sawples examined fro~6(his' source; one 
. / 

'exhibit.ed a sJ.Korfg"'EPR ahsQ);pti'on signaL!"" The /abs'orption in· 
",;::;:-5'-:--='-~--' U ~.' - .' .' " .. /' -. _,~ . .s: 

the refuainiIig nit;le' was judged to ~o?/l~'6o vleak to ~e,ana1yzed 

,,"\ 

/.' 

. Lluder the exis ting experimenta)//c·ondLtioncs: 
- '- J//'~ .; 

_ T1:y~ EPR spectrum of /the sole §t{ong1y absorhing' sample is 
, _~--o.--./: 

'~hqYln in Figure 17. 
.'';; 

/( strong doub1eU",ne is noted at approxi-

<~_o-.c! 
f ... t.-

was unLike tJiat' of any o:fthe others investigated in.~this program." 
./ ; ,- /;'/ 

g = 2. ,;Ebe decay of this /sarnple, sho;;'Jn ):t;LF"igurec 18 , 
// 

mate1y 

,."" -, t 

.As canh~' seen' in the future ,-~t1:1e E)ignal increased in arnplitude 

for/the first three days 'after \vhi~~h a t)7pl,cal decC\Y-",,,,J):attern 
- .' 

~,'d~veloped . 
" ·f.i 

-,'- .-;: 

(I 

~i -

_~'I 

a ;.-

'. 
/' 

o ~~..;"...;.~.:;:;:. 

,.;:!-\":iff:Emli;~?""b~havtor ,vas noted ina CCl povide/";'residue.,,(5) 
.~~ 

-.~ 
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4. DISCUS.SION AND INTERPRETATION 

'the results oJ these hivestigations stt-otlgly suggest that 
/J -" ,/ . ",-:;.;t;_f 

~ 

zero times. can be extr<1'-;tct:ed from the free radical decay curves 
" 

In c'ertq,j:1finstances ze:ro~-titnes-- can. be ex-

tractec1 tbrouglvCl ~direct, a'pplication of result!, of these investi­

gati6n's~.ltho~h)-:G~ general, additional characterization is re-" 
--,,-"',.."--- {.'-' ," 

quired. The'remaindrf~ of,·"~this section is devoted to illustra~;tng 

how decay data f~c~rh Pet0rs and Ren1-ingt~'~~MiiitarY_=;,-~$.Rj.(h:r::e§'?_,?~an be 

'utilh;ed to, obtain zero times . 
. ~ ~ ~~~ 

This sarn.~ bastc::' approach should 

.' be applicabJe~ro-ali residues baving siu5ilar decay kinetics. 

BeCi;tu~e. of _ t,De t\v9~c6mponel1t cn~<i.tlJ;re"''Joft.b:e:;;)!':1e~:ls",-4TL~~fr~~: 
, . ~ ,'r~ .- ,- ...;:;:: ,,;;, . .:. 

Peters al1,d;''''R~~ning:tQ.h/N{fitar)T--!esidtleS, - ':1. t. is convEmien1;,/to0 divide 
~~/ 

~:c' ~J' // 

pL""<Illnp<!2?lt,. ,_~ 5 day) aw:1;r.lelayed"-,.o., . o· " .. ~",{;" ~/;;-;" 

,'rhe- ,fact·'~ttat the decay is l:\vo com-
/' 

Y ponent"'-irrmlediately sugg~.s;ts ~thatb'bund~!!, can be ~laced 6~- the zero 
~, _ _ _ " "," ~~,;..,;::.__ "- : 0.} /,. 

,~time from the gr08 s shapeofadecay curv'e;, it single slope decay 
G J 

'ji 

iudicatil~g 1~ > 6,; clays; a tYi~~ s16p~ decay'i:~d Cf.it;ing~O ::;; t(J ::;; 6" • 
. ~. 0 

_Hore quaf(t:ita·t:i.v~<0erCi ~f{l11e cta':~' canals~ be obtai~ed. Jut) 

"Both timeL:~g~me8. Ip the ·rffompt timE~ r'eg:lor~) ,vhere the signal 
~:--

"'_ decay cUTv-e is resolya151e i1nto t\q;~iil;lea;~""segments -' to can: be 
q,::,,'; o;i rY 

obtained from the short and'. long bali lifeaml)litudes 
'. 

/ 

t .. ;;' " 

;:0 I} 

::~ 

j* 

S~(1:) and 

S2 (t» respectiyely, (s,f3;{ Figllr~ 3). T1;ris is illustrated "in F~gure 

19~;~~~'~):lre::ioga:tithm ;;f ~h;~ ratios 51 (L) /S2 (t) for Peters samples 

J 15 and~ 19 ar't~ pl~tted ~:s a function of pose firing time. Using 

1/ 

-15-
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these curves as a standard, the to of ,a test sample is deter-

mined directly from its 81(t)/8 2 (t) value by 'finding the timG 

coordinate of its intercept vlith the sta.l.dard curves. For ex- '.: 

ample, a Peters sample 'i\1ith an 8 1/8 2 of O. Z is found 1:0 have a 
'~~ .. 
6~ value of 1.7 ± .15 days. Figure 20 suggests that a similar 

anT.:L,1.y;1s,:."may be applied to prompt Remington :Hilitary residues, 

although in this case evidence of different patterns within the 

sample residue type are present. 

In.the ca~e of delayed sample~, it will be necessary to ex­

trapolaite-o.''the. long half-life component bC',ck to a predetermined 
:.1 ' .• 

1(;ve1 of the initia~ value of 82 (t) ~'~ to eff,Gct a zero time de­

termination. Assuming the zero time value of 8Z to be known, 

the semi .. 1.og pl~Ct'Of normali~ed signal amplitude vs. time could 

be extrapolated to the value of 82 at to' Szeto)' As may be 

apparent) this method of de1:erminil~g zero times is applicable to 

both prompt and delayed samples. In the prompt case; the extra-
,~ 

polation method could provide data to supplement that from the 

approach previously outlined. At this stage of the investigation 

reliable zero time amplitUdes Szeto) are not yet available. 

Study.and the verification of this tecbniqu~ must awa:i,t further 

data. 

to 

The data from the remaining residue types were not amenable 

analysis either because of instrument insensitivity (Hestern) 
~-- :-:; 

* More precisely, the appropriate 82 value would necessarily 
be normalized to a unit mass. 

-16-



and Super Vel), or free radical stability (Norma). It is be-

lieved that :vith modest improvements in instrumentation, parti-

cularly in regard to sensitivity, that Hestern samples could be 

I analyzed in the mannQr outlined for Remington Nilitary and Peters. 

~ 

• 

• 

• 
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Fig. 1. Typical EPR spectrum of Peters primer residue. 
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Fig. 3. EPR signal amplitude of Peters sample 19 
as a function of time after firing. 

• • .' 

28 



• 

~, 

o 

I 
N 
W 
I 

,~, 

~J!"'''' 
,~"f 

• --?,- • 

RUBY STAN DAR 11= , -
j.~~ 

l 

Fig.,4. 

• 

400 G (full scale) 
GAIN 6.3 KI03 
Mod,Arnp. 1. 0 
T:~l.o sec 

• 

1) 

MAGNETIC FIELD 

-?:, 
~:>/~ 

Typical EPR spect~um of Remington 
(military) primer ·~esidue. 

/" 
/r 

'- .<:~:~- • ,O:.~ 
( 

I,: 

.n 

',0 =_~L:r~--~~~=~"~:~ -~,_=_~~ __ ~-_'r:>~~-"~=--= ""~- -~--- - .-~Y" 
, ,..pY \~-

.~ 

ci 



f 
N 
~ 
I 

--------~--------~---~-----• • \' 

.-.'~ 

C" 

-,---i;::/p:rs~~--
'--~--,,, 

Fig. 5. 

• • • 

.~~.:.:.--

EPR signal amp~1,itltdeo--of-Remington sample, 22 
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EPR signal amplitude of Remington sample 34 
as a function of time after firing. 
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Fig. 8. EPR signal amplitude of Remin~ton sample 35 
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Fig. 9. EPR signal amplitude of Remington sample 36 
as a function of time after firing. 
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as a function of time after firing. 
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Fig. 13. EPR signal amplitude of Western sample 30 
as a function of time after firing. 

• -32-

12 14 



I. 

• 

I· 
I.I.J 
'0 

::::> 
l-

• ...J 
c... 

I ~ 
<C 
.....J 
<C 

I. 
z 
0 

VI 
(!) 

I 
c 
I.I.J 
N 
...J 
<C 
~ 
0:: 
0 
Z 

I I Ie 0 2 

Fig. 14. 

(!) 

(!) 

c:> 

0 
0 

0 

0. I I I I I I I I I 
• 6 8 10 12 I{ 

ELAPSED TI ME (days) 

EPR signal amplitude of Western sample 31 
as a function of time after firing. 

-33-

I 
14 



L 

I 
r 
I UJ 

0 • ::J 

I 
1-. 
-i 
0... 
~ « 

~. 
...J « z 
(!) 

V) 

0 
UJ 
N 

(' ...J « 
~ 
0::: 
0 
Z 

• 
0 

• 

• 

<:> 
<:> 

(l) 
(l) 

(l) 
(l) (l) 

(l) 

<:> 

2 4 6 8 10 12 

ELAPSED TIME (days) 
:) 

Fig. 15. EPR signal amplitude of Western sample 32 
as a function of time after firing. 

• -34-

,,' 

14 



• 

I 
W 
IJ! 
I 

• 

RUBY STANDARD 

• • • 

4000 G (fu II scale) 
GAIN Z.O x 103 
Mod. Amp. 1. 0 
r o 1. 0 sec 

M.o\GNETI C FIELD 

• 
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Fig. 17. EPR spectrum of Super Vel primer residue (sample 38) 
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