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PREFACE - -

Preliminar§ experimeﬁts in our laboratory suggested to us
that electron paramagnetic resonance (EPR) spectrometry was, po=
tentially, a powerful tool in a sharply defined area of forensic
criminalistics. We demonstra;ed in these experimnents that the

. ) i
: py;olysis of primer compounds and guﬁpowdefé which occurs upen
the dischaige of a cartridge imparts to these materials an EPR

signal indicative of the presence of free radicals., These pyro-

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

served to disappear with time, as reflected in serial EPR spectra
obtained from each residue over a period of time, in one case ex-
tending to 19 days after discharge of the cartridge,ggse. Even
théugh the number of samples was small, there was a strong indi-
_cation that each of the materials examined possessed EPR decay
curves that could be characteristic of the manufacture of that
Py " material. Thus, we felt there was the potential of defining with
EPR spectrometry the following factors, given the appropriate
physical evidence in a criminal case:
® 1) if a firy‘,ear\m or cartridge case had recently been discharged,
2) when that firearm or cartridge case was dischgyged,“
3) the manufacture of cartridge employed in a recently dis-

® charged firearm,

On the bases of the results of these preliminary experiments,
we sought from and were granted by LEAa a pilot project to further

L investigate the time dependent nature of the EPR signal of gunpowder
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and primer residues. A concatenation of factors determined for

us that our pilot project would be limited to an investigation

of primer residues. These factors included instrument sensiti-

vity, mass of recoverable sample, and time-frame of the pilot
® project., The report that follows represents the results obtained
“from the post-detonation residues of five brands :of primers ob- |
G . |
tained immediately after the discharge of fixed ammunition of |
PY each brand, Multiple samples were obtained from each brand.
The results from this pilot project tend to confirm our
earlier studies and indicate to us that further study may estab- A
e lish the EPR spectrometer as a valuable tool in the armamentarium i
‘of the forensic criminalist,
|
|
@
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SUMMARY

The pulpose of thls feasibility study was to determine if
the time dependent EPR signal 1nduEed in primer compounds by de-
tonation could be chardcterlzed to suth an extent as to permit
their uLlllzatlon by crlmlnallsts to:

1) detelmlne if a pL1mer compound had been discharged 1ecently,

. 2) estimate elapsed time from discharge of the primer compound,

3) establish manufacture of the primer compound.

Originally, as outlined in the grant proposal, the scope of
the project was to include the examination of gunpowder as.well as
primer residues. As we got into the project, we realizéd that we
would have to 1imit the scope of the project to either gunpowder
or primet residues if we were to obtain an adequate number of
samples from which we could obtain multiple sbectra over elapsed
time from discharge of the primer out to; in some instances, four
weeks post-discharge. Accordingly; we examined residues from a
total of 53 primers obteined from the discharge of five different
brands of ammﬁnition. From these samples, approximately 325 EPR

spectra were obtained.

Primer 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 which it was stored-
throughout its analytical hisﬁory. Presence of free radieéis

and their time-decay history was determined by EPR spectfomepry

" for each individual éqmple. EPR spectra of the undetonated primer

compounds served to establish ‘that the spectra observed in the
primer residues were induced by detonation and were not present

ot

in material not detonated.

This feasibility study resulted in findings which indicated
that each manufacture of priner possessed common EPR characreris—
tics, i.e., there were ea51ly discernible differences between
brands of primers based on their EPR signal and the time-course
decay of these signals. Suff1c1ent1y precise data were obtained
on two of the five brands of primers to permit the determinationi
of decay constants. Residues from the third brand of primer |
showed Verf‘low levels of EPR absorption and while the signal was
observed to decay, the sighal to noise ratio was so unfavorgﬁle
that a reliable decay constant could not be determined from the
data. Residues from the fourth brand of primer exhibited'a very
strong and very broad EPR signal which did not decay over the

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

stable 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 was not obtained from Norma primers owing
to the sealing technique employed in their manufacture,
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his pwn primers, but purchases them for assembly into his brand
~ of ammunition. Our data would indicate that either this manu- -

facturer purchases his primers from more than one source or that

gy

he will accept primer compounds of varying compositions., In a
series of ten samples, there were twoidistinct EPR signal mor-

pﬁologies. ~One sample exhibited a very strong,EPR&absorbance,

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

absorbances-~too weak to be analyzed with existing equipment. .

The problemskexﬁerienced with those brands of primers which

 provided only a weak signal could, it is felt, be resolved, since
*with relatively minor instrument modification and some changes in

‘sample handling teéhnique, the signal:noiSe ratio could be sub-

stantially improved. Such‘impfovémengywould likely pérmit the
determination of a decay constant for‘the third brand of'primer
and possibly for those primers of the fifth brand which exhibited

a very weak signal.

In brief, our findings are thatvﬁnder the condiéious which
thié study was prosecuted, zéroxéimekdata (to) can Beregtrééﬁed
from the Peters and Remington military priﬁer residues. With minor
modifications to the instrumeﬁtation, zero time data could be ex-
tracted frqm the Western primer residues. All brands of primers

studied yieided‘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 laboratory conditions,

oy

~data are, within limits, repfpdqcipié,and'predictable; ‘What

remains to be shown are the following: . |’

P »1)‘Ca@ a relationship between mass of~re§i§ue and strength

[0 . of EPR signal be establisﬁed? ) : ) N

'2) Can residues be obtained from firearmsgﬁhfbh yili ﬁermit
L*«i' : . | similar conclusions to be drawn as’from primer rgsiduesﬂ‘
‘ . . obtained from cartria_ge éaj»se‘s? v o | ﬁ

M&A ~ 3) To what extent‘willfdifférent environments af£éqt the
; | ~induced EPR signai‘iﬁ primer residues and in édnpowder
. residues?
4) Given favorable outcomes to the above, thep a systémétic
prbtocbl for sample haﬁd%ing and analysié would be estab-
lished that could be’empléyed'by crime laboratories
adopting-this technique. o

'5) Given favorable experimental results, a cataloé of EPR
e | spectré;and EPR signal decay characteristics could be.

established according to manufacture of fixed ammunition

and manufacture of reloading components..

1‘ These questions and procedurezs would constitute thg basis
of any subsequent étudy_of the EPR characteristics of gunpowder

:;' and primer residues for which we may be funded.

| =
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2.  EXPERIMENTAL PROCEDURES AND MATERIALS -

The prlmﬂls choqen 101,exam1natlon in ths study were all

e

® purchased Lhrnucrh nolmal retall ouLlets ~and. are rcpresentatlve

TR,

\<3\of$those most commonly“ased. They were in all 1nstances pur=- ._

chased as part of £1xed ammunltlon in the .45 ACP caliber. Those

kchosen for study are_ llsted 1n Table . 5 ” s f.f{

S

The ammuultlon was - 1n all 1nctances flled from a Colt 45

automaLic plstol,hav1ng a 4/ inch baxrel Immedlatelv after

“=o - firing the primer was removed from the spenL case and primer re~

tridge case, the prlm@r anV11 and. the primer cup. The residue

was weLghed to Lbe nearest 0.1 mgr(Table 2) and placed in a 8 mm

als

ID x 15 cm 1ong.fu§ed quartz tube.  The residue-containing tube

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

were so processed prior to spectrometric examination., -

[

The free radical concentration in each sample was measured

P

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

® by‘means of an Electron Paramagﬁeti"c ‘Resenance. (LPR) spectrometer,

The time‘history'of the free radical concentration was obtained

wough serial measurements of the 1nd1v1dua1 samples and ex-

o tenc”i’eci up to ;Eour weeks. Each sample was c‘omposeg of the residue

extiacteo"ﬂrom a 1ngle pr imer and repres ented, therefore, a

.,\ -

minimum gamp]c q antity.

* Purchased from Thermdl Ameflran Fused Quartz Company ‘Montville

e L e

New Jersey . T Sy : ‘:

® : T
& _ : : o
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\
ﬁjUndeéQQated primer compounds from each brand of ammunition,
;}except Norﬁéﬁ were examined for the presence of EPR signals. The
resultant épgégra were used to verify that those EPR signals de-
tected‘in‘the détqnated primer residues were not signals pre-
existing in the undetonated material. The undetonated Norma
pgimer compound was not examined since the primerkpellét;wa§ia
“sﬁlid mass cemented to the primer cup. Under-the éé;éitions which

undetonated primer compound was removed from the primer cup in

‘this study, it was felt that it was unsafe to attempt to remove

‘fthe Norma primer‘pellet from its cup.



TABLE

1

PRIMER MANUFACTURERS

Manufacturer and Address

Peters Cartridge Division

Remirgton Arms Company, Inc.

Bridgeport, Connecticut

Super Vel Cartridge Corp.
Shelbyville, Indiana

Norma Projektilfabrik
Amotfors, Sweden

Olin Corp.
Winchester-Western Division

. New Haven, Connecticut

Brand Lot No,
“Peters *
Super Vel AG 211 2
Norma 09102
Western 82EF91
Remington : RA 33092
(Military)

% Lot number not available.

Remington Arms Co., Inc.
Bridgeport, Connecticut

.
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TABLE 2

PRIMER RESIDUE WEIGHTS

Brand Wt. (mg) Sample Size
Peters - 4,3 + 0.8 17
Super Vel . 4.7 £ 0.4 10
Norma 4,9 £ 0.9 6
Western 3.1 £ 0.6 8

"~ Remington 4.6 £ 0.3 6
(Military)
* 4 one standard deviation of the mean.
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2.2 Instrumentation

All EPR measurements were made &ith a Varian E-4 spectro-
meter. The/spectrometer was equipped with a rectangular TE102
cavity having a tefion positioning plug mounted tBrngh the
cavity fleocor. This feature permitted the residue containing
tubes to be reproducibly positioned in the cavity. In addition,

the tubes were indexed so that their oricntation with respect

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

Variations in the signal amplitude from the samples due to
changes in cavity Q (Q = 27 energy stored/energy lost per cycle)
microwave power, and modulation amplitude were accounted for by
the use of chemically stable internal intensity standard.<3) The
standard, a ruby crystal (5% et in A1203) was 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.

A normalized signal amplitude S, was obtained by dividing
the signal amplitude of the residue Sp by the amplitude of the

low field ruby line Sp. In the general case where different

- amplifier gains (G) and modulation amplitudes (M) for the residue

and the ruby were used, the normalization expression assumed the

* The ruby was oriented to yield lines at approximately 1889,0 and
5286.0 gauss with microwave frequency of 9,262 GHz. Free radicals
with free spin g values appear at 3304.8 g with the same r-f
frequency.




form
n SR GPMP

where the subscripts P and R refer to the primer and ruby,
respectively. The signal amplitude of both the residue and the
ruby standard was 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 were made at 5 mw, This level was

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 was below the distortion point in all

samples studied.




3. RESULTS

3.1 Introduction

In the sections which follow 3.1-3.5, EFR 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 ob-
tainéd for two brands (Peters and Remington) to permit determina-

tion of decay constants.

Of the two showing less positive data, one brand (Super Vel)
exhibited a usable EPR signal in only one of ten samples studied.

All Norma samples, on the other hand, showed very strong EPR

~signals, but the free radicals associated with them were very

stable which (with present techniques) precluded their use in
timing studies.

While not of direct interest in the context of establishing
time histories of primer residues, it should be noted that the
EPR spectra obtained werefunique. This finding suggests the ap-
plicability of this technique to the identification of residues

obtained from such sources as firearms and bombing sites.

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 was a single broad absorption line at




ols
"~

a g Value of about 2.0. This spectralvfeatufe (a in Figure 1)
}rovedvto be stable at room temperature and %as‘unsuitable for
temporal studies.. However, a 1ess,iﬁtenée but narrower band also
appeared in these samples which did exhibit a measurable decay at
room temperature., In six of the nine samples this spebtralu§9a-
ture céuld be resolved sufficiently to permit analysis, K;Bis 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 shown in Figures 2 and 3 respectively.
In both figures the logarithm of the normalized signal amplitude
is plotted against time. As is evident in the figure, the curves
can be resolved intQ two linear components which is consistent

atanfa
LA

with two concurrent first order or psuedo first order processes.

The half life (t%)bfor these processes for the two fully

analyzed samples are summarized below.

Samprle ' tJ/z (1) t% (2)
Petexrs No. 15 1.36 d \ 276 d
Peters No. 19 1,40 d 183 d

% The single sample having a markedly different EPR spectrum was
 obtained from a .cup having a 3 prong anvi}_rather than the usual
2 print anvil. This implies that there is Some mixing in the
ménufacturing process of primers of diffe-ent cdﬁﬁbﬁigions~in-

tended, perhaps, for different customers (e.g., commercial and

military). f - L e
%% Psuedo first order processes are in fact second order processes
in which the concentration of one of the reactarts is much’ larger
than the othef.(a)
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3.3 Remington (Military) - o B

All primér residues studied from this source exhibited very

strong EPR absorption. The spectra were all very'simila; and

Were_chafacterized by a four component pattern with intensity

ratios of about 1:2-4:4. A spectrum typical of this group is
shown iﬁrFiéﬁgé 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) was used in the bresent analysis, This
choice was dictated primarily by the more favorable signal to

noise ratio found with this feature.

As in the previous case, a plot of the logarithm of the
normalized -signal amplitude vs. time from discharge could be
resdlved into two linear componénts. This is illustrated in
Figures 5-10 where signal decays of the six'éamples are shown.:
The t% for péak b in the six samples analyzed are summarizedk

*

in Table 3.(

An unusually large spread in the early time signal amplitude

of sample No. 35 precluded the extraction of the short term decay T

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.




An unusually large spread in the early time signal
amplitude of sample No. 35 precluded the extractibp of the =«

short term decay component in that sample,

It is to be noted that the short term half life in these
(Remington) camples is much the seame 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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SUMMARY OF REMINGTON (MILITARY) PRIMER

TABLE 3

RESIDUE DATA

Remington No.

Sample

Spectral Component

1.
i

E% (1)

t

L o

(2)

i

22

= 33

34
35
36
37

1.05 d

1ssa |
1.63 d

W

b
il
i
i
#
]
i
s
a
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o Primpr rL51dueg from thlo source ShOWbd the 10west 1evel
' EPR absorptlon.of dll the prlme1 types studled A spectrum' B
T ,typlcaluom\;nose obtalxed in. all samp1e° from thl° source is
| shéwm im Figure 11. The most pronounced absorptlon peak (ut a - —
y - in Figure 11) was, in all samples studled,.found to oecay. Evi-
B ~/7‘/ i ’ . 2 - i ’ )
- dence of this decay is clearly seen in Figures 12-15 where the
 usual semi~log plots o£ normatized signal amplitude vs. time are -
i given. T . g
- Due- to the 1argn erlors “associated with the measuremenL of
u.“ :
r Lhese weak 31gnals,* ible h gwever, to er.ract .
i quantitative decdy data in t se.gases‘ o
| 3.5 Norma .
A1l six samples studied from this source exhibited strong
EPR absorption signals The spectra, all remarkably similar,
were PhalacteLLzmd by a single broad ab orptlon band at about ”
. ’i7
3300 gauss. A spﬂctrum tprcal of rhose recorded 1is Qhown in P
LA Figur e 16. The free radicals associated with this absorption
oproved t0'be»stablet{a room temperat 'Hw‘ag‘no dlmlnutlon in
SR : P .
signal amplitude was observed aﬁ er times: up to 20 days after
e Lo N ' /4%’ =
® | firing. o e o
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Of a total of ten samples edelned from/th source, one
/ L
- :
o U p e
the rcmalnlno nnne was judged. to be/fgo weak to be analyaed
‘under the eylstlng ex pcxlmenta1/condjtlors . e z -

hp EPR spectlum‘of the sole stronglj absorbLng samch is- . S

shown 1n blcure 17 A stlono double llne is noted aL approx1~

,@mately g = 2. Ih; decay of this sampTC show1 in Pigure 18, - ;ﬁﬂ
was ﬁélikewﬁﬁéi of any OL' the oLheré anestloated 1n éh; procram_¢
ﬁAs’één;béJ seen-in the future, ”Lﬁe 310naL 1ncrca ed in amoiltude ; ” Vﬁ =
rfor ‘the first Lbree days after whlch a iyplcai decay”pdftern g
xrdeveloped,t‘v’ G e . 7 |
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The results of these idvestigations stron

gly suégest that

P ; P v// w//
I;* <7 zexro Lmes can be eAtrﬂcted £rom the free radlcal decav curves

g e -

of prlmel re s dues In CCLt d’lnstances ZeTO”tlmeS can be ex-

tlacred Lhrou0h a dlrect app 1cat10n of results of Lhese investi-

gatlonsralthougu, 1n gwneral addltlonal character zatlou is re-_
/g quL ed., The- Lemalndﬁr of=this section is devoted to 111ust1at;r¢ ?
~ how decay data ffgm Pet@rs and Rem1ngtoﬁ> d&esiggn be
o éut}l ize dlto obtain zero tlm s. This same kbas Lgf;pproaCh should
‘be appch553§'jf'¢L1 residues bav1ng éimllar decay klnptlce “ ii
;«75?’ ,§M24Becaﬁ°e of the tJoUComponeannAtu;e OLME;.H T
Peters and“ﬁbﬁl v 4 fé A

an‘fpoét f‘ll’irfgf”péi‘“i’od mto pzmn e (t < ;md_ayy a}m,,,luyu} e g

fok o

(> 5 day) time sogmeﬁts The £acL‘knat the decay is Lwo com~

-7 . 5

’g; ponent meedlately ugoests Lhat Ln ndsucan be yldced on the 4e107

;atlme.from ’he g1 EE shapp OL a’ decay curve, a incle slope decav
,‘? lnd;catlngmy07? 6%dayS3 a tWo,sloRﬁ ?ecay“', fcating™0 < £, SNS;

S = L, o |
n also be obtained in g

Lhe ptompt time fegioq}fwhere the*signal

decay cuLve 1° rcsolvabi 1nto two jlneal se mgnrs ty caﬁ’be
e e
obtalned flom the ohor 'and ]oqg half life amplltudes Sl(t) and

= e

1

Sz(t),rlcﬁpectlvely (s 'blg re 3). ,?nis'is illustrated in Flgur

(L)/uz(t) for Petols samplps

»USlng’

8 : s : ; ? & -
i 4. DISCUSSTON AND INTERPRETATION.
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these curves as a standard, the t, 'Ofx? test sample is deter-
mined directly from its §,(t)/S,(t) value by finding the time
coordinate of its intercept with the staadard curves. TFor ex- .
ample, a Peters sample with an 5;/5, of 0.2 is found to have a
Nt value of 1.7 + .15 days, Figﬁre 20 suggests that a similar
aﬁﬁlyéisqmay be applied to prompt Remington Military residues,
although in this case evidence of different patterné within the

sample residue type are present.

In .the case of delayed samples, it will be necessary to ex-
trapaléﬁéﬁ%he\long half-1ife component back to a predetermined
Level of the ini%ial value of Sz(t)" to effect a zero time de-

il
it

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

the semi-~log pld?%bf normaiized signal amplitude vs. time could
~ be extrapolated to the value of 82 at  t, Sz<to)‘ As may be
apparent, this method of determiniﬁé zero times is applicable'to_
both prompt gnd delayed samples. In the prompt case; the extra-
polation method could provide data to supplement that from the
apﬁroach previously outlined., At this stage df the iﬁvestigation
reliabie Zero time“amplitudes Sz(to) are not vyet available.
Study .and the verification of this techniqué must await further
‘data;

The data from the remaining residue types were not amenable

to analysis either because of instrument insensitivity (Western)

* More precisely, the appropriate 82 value would necessarily
be normalized to a unit mass.
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and Super Vel), or free radical stability (Norma). It is be-
lieved that with modest improvements in instrumentation, parti-
cularly in regard to sensitivity, that Western samples could be

analyzed in the manner outlined for Remington Military and Peters,
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Fig., 1. Typical EPR spectrum of Peters primer residue.
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as a function of time after firing,




'EZ‘

dy laH

‘J/

RUBY STANDARR. - &

" GAIN 6.3x103

‘_4‘,;,-’1"1.0 sec-

400 G (tul! scale)

Mod, Amp. 1O

MAGNETIC FIELD

e

Typical EPR spertrum of Remlngton
(m111tary) primer re31due. :

7
I
= b
i
\
3
L




W 16 . 18
ELAPSED TIME (days) |

“Fig. 5. EPR signal amp&ityaefof/Réﬁggét

A\

g
i

o

, . 11 tL on sample 22
- ‘ ’ = as a function of time after firipng. -




_gz-

NORMALIZED SIGNAL AMPLITUDE

]
4 6 8 10 12 14 16 18 20 44 24

ELAPSED TIME (days)

Fig. 6. EPR signal amplitude of Remington sample 33
: as a function of time after firing.
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Fig. 7. EPR signal amplitude of Remington sample 34
as a function of time after firing.
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Fig. 10. EPR signal amplitude of Remington sample 37

as a function of time after firing.
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Fig. 14. EPR signal amplitude of Western sample 31
as a function of time after firing.
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Fig., 15. EPR signal amplitude of Western sample 32
as a function of time after firing.
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Fig. 17. EPR spectrum of Super Vel primer residue (sample 38)
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Fig. 18, EPR signal amplitude of Super Vel sample 38
¢ as a function of time after firing.
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Fig. 19. Ratios of signal amplitudes S; and §,
: for Peters samples 15 and 19.
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Fig. 20. Ratios of signal amplitudes S¢ and S, for.
Remington samples 22, 33, 34,735, 36, and 37.
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