This article was downloaded by:

On: 16 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Energetic Materials

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713770432

Improved reagents for firing distance determination
Arie Zeichner®, Baruch Glattstein®
2 Division of Criminal Identification, Israel National Police, Jerusalem, Israel

To cite this Article Zeichner, Arie and Glattstein, Baruch(1986) Tmproved reagents for firing distance determination’,
Journal of Energetic Materials, 4: 1, 187 — 197

To link to this Article: DOI: 10.1080/07370658608011341
URL: http://dx.doi.org/10.1080/07370658608011341

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713770432
http://dx.doi.org/10.1080/07370658608011341
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 08 16 January 2011

Downl oaded At:

IMPROVED REAGENTS FOR FIRING DISTANCE II.'I'EMINATICN

Arie Zeichner* and Baruch Glattstein,
Division of Criminal Identification,
Israel National Police

Jerusalem, Israel.

ABSTRACT

Modification of reagents used in the Walker test for firing
distance determination are described.These modifications increase
the color intensity and sharpness of the reacted gunpowder
residues,thus improving the sensitivity of the test. In this new
method, the diazotization and oolor ooupling reaction is
performed by sulfanilamide and N-(l-naphthyl)ethelenediamine in a
dilute phosphoric acid solution.It is thus possible to avoid a
quite concentrated acetic acid solution used in the traditional

method,which is unpleasent to work with.
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INTRODUCTION

Differentiating among accident,self defense, suicide and
criminal homicide in a shooting case may hinge on an expert
determination of the distance between the gun muzzle and the
first surface of the victim: clothing or skin. At the time of
firing, besides the projectile, flame, primer residues,metal
particles, lubricants and partially burned and unburned gunpowder
are also propelled out for a distance varying with each
component 's physical properties. The pattern that may be cbserved
on the target may represent the composite of some or all of these
components.

One of the most ocommon methods for determining firing
distance is the Walker test! , which uses the Griess reaction to
detect inorganic nitrite ion,which is derived from the ester
nitrate group rich molecules in qunpowder residues. In this test,
Griess reagent consisting of sulfanilic acid and o -naphthylamine
in acetic acid solution is used. The detection of nitrites is
based on the formation of a diazonium ion which couples with
ok-naphthylamine, in an acidic media to form an azo dye as

follows:

SO;H _ SO3H
NO,
N
ut
NH, NaN*
Sulfanilic Acid Diazonium Salt
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SO, H NH, NH,

|

-0 oo
|

NaN* N=N—-O—SOJH

a-Naphthylamine Orange Red Azo Dye

—

In this test only inorganic nitrite reacts and all organic
residues such as nitocellulose and /or nitroglycerine cannot be
detected.

It is well known that nitrate esters, on hydrolysis, partly
disproportionate to carbonyl compounds and nitrous acid? . Lloyd
described the use of alkaline hydrolysis prior to the Griess
reaction to characterize small samples of explosive components3 .
Ravreby applied a similar procedure for a firing distance
determination reaction® . As a result the total nitrite is
detected, namely inorganic plus hydrolyzable nitrite ion, thus
improving the sensitivity of the method. He also modified the
original Walker's physical arrangement for carrying out the
diazotization and color coupling reactions, making it simpler and
more efficient.

The present study deals with further improvement of the
above method using modified reagents for diazotization and
coupling. Numerous pairs of reagents. were suggested for these

reactions? .
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One of the pairs namely : sulfanilamide and
N-(1-naphthyl)ethylenediamine dissolved in dilute phosphoric acid

whose reaction scheme is as follows:

NO;
NHISOI'O'NHZ ? NHzSOz-QN"EN (®)]

Sulfanilamide
NH,SO,-O—N*-N +
HN—CH;—CH;—NH; HN—~CH;—CH;—NH;

—_— +Ht

N=N-O—SO;NH; O]

N-(1-naphthyl)ethylene Pink Violet Azo Dye
Diamine

was used by Twibell for the identification of nitroglycerine from
hand swabs 5. This pair was also used successfully in the
development of the Explosive Test Kit (E.T.K) by Almog, Kraus and
Glattstein ’ . These same reagents were adopted by us for firing

distance determination.

EXPERIMENTAL
Test shots were fired on white cotton cloth using a Beretta
semiautomatic pistol with 7.65 mm Israel Military Industries

ammmnition at a range of 25 cm.
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The modified reagent solution oonsists of 0.5%
N-(l-naphthyl)ethylenediamine and 1% sulfanilamide dissolved in
3% phosphoric acid. It is thus possible to avoid the concentrated
acetic acid solution, used in the traditional method, which is
unpleasent to work with, especially while applying heat.

The procedure which is similar to that used by Ravrebyf is
as follows: The exhibit, containing a bullet entrance hole, is
sprayed with 8% alccholic KOH and placed in a drying oven at
110-120°C for fifteen minutes. Photographic paper which has been
stripped of its silver salts using fixer is sensitized with the
modified reagent for about cne minute. The exhibit is placed on a
clean white cloth with the bullet entrance hole facing up. The
moist sensitized photographic paper is placed with the emulsion
side down cnto the exhibit. A clean white cloth is placed above
the photographic paper and this “sandwich" arrangement is ironed
at moderate heat for about one minute. The photographic paper is
then removed and pink-violet color spots develop where nitrite
ions were present.

For comparison the diazotization and ocoupiing reactions were
carried out using the original Griess reagent and also the
reagent pair :0.25% p-aminoacetophenone and 0.25% N-phenyl

l-naphthylamine in 50% acetic acid reagent.

191



14: 08 16 January 2011

Downl oaded At:

The latter pair was used for some time in our laboratory to

replace the original Griess reagent, because it was reported that

o -naphthylamine is a carcinogenic reagentg .

The reflectance spectra of the developed color spots were
recorded using the Docuspec T™/I  microspectrophotometer,
(Nanometrics, Inc.).

RESULTS AND DISCUSSION

It was found that sufficient sensitization of the fixed
photographic paper, needed to cbtain intense oolor development,
with the modified reagent, occurs after about cne minute. This
time is not enough to dbtain any oolor development with the
traditional Griess reagent, while very faint color develops with
the reagent pair : p-aminoacetophencne and N-phenyl
l-naphthylamine. Comparison of the results of the latter reagent
with the modified one is shown in Figure 1.

Even after fifteen minutes sensitization using the original
Griess reagent or using the reagent pair : p-aminoacetophenone
and N-phenyl 1l-naphthylamine, the maximum optical density
obtained is less than one third of the maximum optical density
obtained after one minute sensitization using the modified
reagent (Figure 2). It should be noted that there was mnot a
considerable difference in color intensity developed, between a
one minute sensitization and fifteen K minute sensitization when

using the modified reagent.
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FIGURE 1

Nitrite determination in test shots: (a) One minute sensitization
using the modified Griess reagent. (b} One minute sensitization
using the reagent pair: p-amino acetophenone and N-phenyl
1l-naphtylamine.
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FIGURE 2
Maximum optical density obtained in nitrite determination: (a) One
minute sensitization using the modified Griess reagent. (b)
Fifteen minute sensitization using the original Griess regent. (c)
Fifteen minute sensitization using the reagent pair: p-amino
acetophenone and N-phenyl l-naphtylamine.
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It is difficult to reconcile the large difference between

the oolor intensity developed with the modified reagent and the
color intensity developed with the original Griess reagent,
considering the small difference between the respective molar
extinction coefficient (£) at M max measured in solution.
The reported ¢ value at Amax for the original Griess reagent is
33000, and for the modified reagent is 40000° . The possible
explanation for the above apparent contradiction may be a much
higher oconcentration of the modified reagent in the gelatin layer
of the photographic paper after sensitization, thus providing
more reagent for reaction with nitrite ions.The latter is
probably in a local excess to diazotization and coupling
reagents. Therefore the amount of produced azo dye will depend on
the concentration of the diazotization and coupling reagents.
Confirmation of this assumption is shown in Figure 3 . Spectrum
(a) represents the maximum color intensity developed in one of
the nitrite spots, using fifteen minute sensitization with the
original Griess reagent. Following that the same spot was
developed using only one minute sensitization with the modified
reagent. The maximum color intensity obtained is represented by
the spectrum (b).

It was found that the color spots that were developed from
the nitrites with the modified reagent have no single spectral
characteristics. The color dbtained may vary between pink-violet

to orange.
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FIGURE 3

Detection of the same nitrite spot using two reagent pairs: (a)
Fifteen minute sensitization using the original Griess reagent
followed by: (b) One minute sensitization using the modified
Griess reagent.
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Reflectance spectra of two different colors that may be obtained

using modified Griess reagent: (a) Pink violet (b) Orange.
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Figure 4 shows an example of the spectra of two
different ocolors that may be obtained. At this phase of the study
we do not have a plausible explanation for this variability in
color.

CONCLUSION

It was shown that using a modified Griess reagent it is
possible to opbtain high intensity color development of nitrites
while using a short time for sensitization. Also using this
modified reagent makes it possible to avoid the use of quite
concentrated acetic acid solution, which is unpleasant to work
with.

ACKNOWLEDGEMENTS

The authors would like to thank A. Gorsky and E. Springer of
the Division of Criminal Identification, Israel National Police
for helpful discussions.

REFERENCES
1. J.T. Walker, J. Crim. Law and Criminology 31, 497 (1940).
2. R. Boschan, R.T. Merrow and R.W. Dolah, Chem. Rev. 55, 485
(1955).
3. J.B.F. Lloyd, J. For. Sci. Soc. _7_, 198 (1967).
4. M. Ravreby, paper presented at the International Congress on
Techniques for Criminal Identification and Counter Terrorism,

Identa - "85, Jerusalem, February 1985.

196



14: 08 16 January 2011

Downl oaded At:

5.

6.

8.

E. Sawicki et al, Talanta 10, 641 {1963).

J.D. Twibell, personal ocommmnication, Home Office Central

Research Establishment U.K., 1975.

J. Almog, S. Kraus and B. Glattstein, Internal Report,

Division of Criminal Identification, Israel National Police

1979.
M. Windholz ard S. Budavari, Eds., "The Merck Index"

ed., Merck Co. Inc., Rahway, NJ, 1976, p. 832.

197

ninth



