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

Mass spectral and thermal studies on explosion of lead salts of picramic

acid and 2,4-dinitro phenol
S.R. Yoganaraslmhan® C. Om Reddy? Sudhir Achar®
*IDL NitroNobel Basic Research Institute, Malleswaram, Bangalore, India

To cite this Article Yoganaraslmhan, S. R. , Reddy, C. Om and Achar, Sudhir(1992) 'Mass spectral and thermal studies on
explosion of lead salts of picramic acid and 2,4-dinitro phenol', Journal of Energetic Materials, 10: 2, 151 — 171

To link to this Article: DOI: 10.1080/07370659208018233
URL: http://dx.doi.org/10.1080/07370659208018233

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/10.1080/07370659208018233
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 00 16 January 2011

Downl oaded At:

MASS SPECTRAL AND THERMAL STUDIES ON EXPLOSION OF LEAD SALTS OF
PICRAMIC ACID AND 2,4-DINITRO PHENOL.

S.R.Yoganaraslmhan, G.Om Reddy and Sudhir Achar
IDL NitroNobel Basic Research Institute, Post Bag.397

Malleswaram, Bangalore 560 003, India.

ABSTRACT

The mass speotral studies on the alow deocomposition and

oxplosion of lead salts of 2,4 =dinitrophenol and 2e-amino-4, 6«
dinitrophenol show distinct differences in the reaction pathways
of the two salts. The low temperature decomposition occurs in two
stages of an explosion followlng a alow decomposition, where as
both salts explode 1in an overlapping complex pattern at high
temperatures, The decomposition pathways are predioted by
unalysing the fragmentation patterns. The results are suggestive
of first step of the reaction to be a rupture of the Pb-0 linkage.
Thermal studies supplementing the mass spectral data show that
lead ploramate is more brlsant than lead salt of 2,4
dinitrophenol. This is attributed to a higher degree of covalency

of the Pb=0 bond in picramate relative to dinitro phenolate.
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INTRODUCTION

A knowledge of exploslve degomposliilon of 1lead salts of
nitrophenols 1s lmportant from the polnt of vliew of thelr
applicatlon in explosive devices. 2,4,6 - trinltro-1, 3-benzene-
dlol lead walt (uummunl( oulled luad alyphnata, ) hag  boun
studled in some detall and 2,4 = dinitro-1, 3-benzene-dlol lead
salt (lead dinltro resoroinate, LDNR) has been only regently
studled even though the compound is belng used 1n ignition
composlitions for about 50 years. Tlme resolved mass spectroscopy
by weleotron lmpuct ha% buan effectlvely usud to predlet the
reaction pathways of LS apd LDNR. The concept of simllarlty in
reaotlon pathways of exploslve decomposltions and those under
electron Lmpact oondltlons orlginally emanated from Torsell and
Ryhage 3 who predlcted the 1likely reactlon paths durlng the
pyrolysls of allphatlc nltro compounds. Meyerson et.alu were of
the view that the prlmary loss of N% group was rate controlllng
during the decompositlon of unsubstltuted 1,3,5 - trinitrobenzens.
Further substlitutlon on the benzene ring, however leads to
different reactlion pathways Lncluding a loss of OH through a
cyeclic internediaté% Such mechanisms impart enhanced reactlvity
particularly durlng the inltlal stages of explosive reaotlons of
metal s8alts of nitrophenols when subjected to low magnltude of

external stimull,

In this ocontext, more detalled studles of 1lead
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nitrophenolates are warranted to understand the reaction pathways
and 1initial products of decomposition under such conditions as
close to explosive reaction as possible. We have chosen 2,4 «
dinitro benzene -1-01 lead salt (LDNP) and 2-amino «4,6=-dinitro,
benzene-1-01 lead salt (Lead picramate, LPa) for our study because
both these compounds are used in fuse head compositions in
electrlc detonators, Only ignition temperatures of both and
preparation and characterization of the 1atter6 are available in
the published 1literature., There is an additional complexity in
LDNP Dbecause it gets precipitated invariably as a basic salt of
variable stoichiometry. Therefore data on characteristios of LDNP
of undefined stoichemetry needs & thorough scrutiny. The addition
of an electron donating group 1n ortho position with respect to
hydroxyl group 1s expected to significantly alter the reaction
because of 1its proximity to the primary reaction centre. The
present work concerns with mass spectrometric studies of explosive
decomposition of LDNP and LPa uslng double focusing magnetic
sector high resolution instrument which enables detection of all
the mass numbers within a duration of 1 sec at any given stage of
decompoaition as determined by a preset scan in the total dion
ourrent ohromatogram. The earlier mass specotral otudlea1’3ere
confined to low mass numbers. But one should expect higher mass
numbers 8lso in the fragmentation arising from explosion. We have
extended the mass region to beyond the mass number of lead. Tang

could not observe any peaks above m/z of 75 and concluded
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+ ++
that Pb or Pb are not formed which ls taken as a proof of pure

solld state reactlon without evaporatlon In the case of LDNR., We
have on the contrary recorded mass numbers equal to lead and also

thode of adduot products of lead wlth other fragmentation specles.

A seaond objeotlve of these studles s to sasmoothen the

deflagration of the LDNP and LPa to an extent possible ln order to
record the thermograms. This ls achleved by dilutlng the compounds
wlth Pb% whioh also reaots wlth them as a flash enhanclng agent.
This flnds appllcation in fuse heads where a sustalned gassy
reaction accompanied by a flame i3 requlred to contlnue the
uxploslve traln. DTA of the two compounds In the presenve of Pb%
has helped ln demonstrating the effect of the o-amlno group on the

reactivitles of the lead salts.

MATERIALS AND METHODS

LDNP was prepared by the additlon of a solution of lead
nitrate to sodlum 2,4-dlnltrophenclate ln alkallne medium at 85 C.
The fine preolpitate was washed wlth water and preserved In
methanol wet condltion, While 1t 1s possible to obtaln
contlnuously variable stolchlometrles of the basic salt, the
alkall oontent was 80 adjusted as to glve an approxlmate

ocompositlon (CGHBE 05)2 Pb,2PbO,

LPa was also prepared by a simllar method using lead nitrate
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and sodium ploramate. Analysis of the nitrogroups by T1C13

titration method showed that the salt was more than 98% pure.

Mass Spectrometry

Mass spectra were recorded on a JEOL - DX 300 double
focussing magnetic sector high resolution mass spectrometer
coupled to SN-23 computer for data aquisition and analysis. The
sample was introduced into the direct insertion (DI) probe with
heating facility., Sample temperature could be fixed at any value
between amblent and 356’0. Ionization current was scanned every
second between mass range of 50 and 500 a.m,u., The instrument was
calibrated with perflurokerosene prior to the sample analysis., A
few miorograms of the sample were taken in & oapillary tube,
Lnserted into the DI probe and heated at u predeterwlned rate to &

final temperature of 250° C or 356’ C.

Thermal Analysis

Thermograms were recorded in nitrogen atmosphere using Perkin
Elmer DSCe2C. DTA thermograms were recorded in alr using a DTA
unit with a Stanton Redcroft linear temperature programmer, & home
made sample holder of platinum ocups fused to Pt/Pt-13% Rh
thermocouple and a two channel strip chart recorder, Heating rate

was 10°/m1n.

RESULTS AND DISCUSSION

I. Mass Spectral Studies

Mass spectra of the parent compounds 2,4i-dinitrophencl (DNP)

and 2~aminoe 4,6=dinitrophenol (pleramlc acid) were recorded
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to obtaln a oclue to the llkely fragmentatlon pattern of thelr lead
salte. DNP ls known to sublime slowly above 7§ C, melt at 113-11f
C and evaporates thereafter. A rapld rate of heoatlng was therefore

employed. Pleramlc acid melts at 16§L7§ C.

A. Decomposltlon Pathways of the Parent Compounds

The mass spectra of NP (a) and picramic acld (b) recorded

under Lldentloal oondltlons of opuratlon ure shown In Flg.l. The
mass numbers and thelr relatlve lIntenaltles are llsted in Table 1.
Variations ln probe temperature, heating rate and chamber
temperature did not alter the pattern of fragmentatlon., The parent
ion (Hf of DNP, which is also the base peak seems to be more
stable than the parent lon (M’) of pleramic acid whioh glves the
base peak at a mass number of 78. The suggestlve fraguentatlon
pathways 1in the two cases are given in Scheme 1. The 1likely
assignments for lower mass numbers which manifest as flne
structure have not been made as there could be a number of
posslbllities, The observed m/z = 62 in both ocases could be
probably asslgned to nitrate groups. Some important disocernlble

dlfferences between the fragmentatlon pathways are the following.

1, The loss of N02 group from DNP seems to take place Lln two
dlatlinot steps of losses of 0 and NO. The exlstence of relatlvely
strong 154 and an extremely weak 138 1s suggestive of the two step
procesa, On the contrary a single step loss of NO2 ylelds a

relatively intense m/z = 153 in the case of pleramic acid.
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TABLE l
Species Evolved From Fragmentatlon Of DNP And Picramic Acld

DNP Picramioc acld

n/z Abundance n/z Abundance
184 100 199 83

168 5 182 6

154 35 153 20

138 <5 122 23

107 30 106 68

91 35 94 43

79 25 78 100

62 50 62 25

2. The exlstence of a specles corresponding to m/z value of

182 durlng fragmentatlon of ploramlo acld suggests a loss of OH
radical. Such a possibility could be anticlpated in the light of
the fragmentation pattern of 2,4 - dinltroanllino acetic acld

reported by Rao and Yoganaraslmhan?

3. Interestlngly, the base peak in mass spectrum of picramic

acld coresponds to an ion of m/z = 78. Thls suggests that the
+

parent M undergoes fast fragmentatlon ylelding flnally the base

peak. By contrast DNP seems to glve a parent lon as base peak,

4, DNP probably decomposes by a series of relatlively slow
multlstep processes as agalnst the likellhood of slngle atep
primary process ln picramic aold. This conclusion Lls reached by
the oomparlson of the total 1on ourrent (TIC) ohromatograms

(Flg.2). DNP 1s thus belleved to be more atable than ploramlc acld
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under eleotron lmpaot condltlons. Thermal analysls also indlocated
similar trend, Plcramic acld shows an exotherm around zaé’c whlle
DNP gives an exotherm at 365 C only when the DTA of DNP/A12Q5 =
1/3 18 recorded. In the abaence of alumina DNP oompletely

evaporates before attaining the decomposltion temperature.

B. Decomposltion Pathways for the lead Salts

(1) Lpa

The TIC chromatograms obtained at low temperature (25@ C) and
high temperature (350°C) durlng the decompositlon of LPa are shown
in Plg 3. The low temperature TIC is characterlsed by a broad peak
represent ing slow decompositlion followed by a sharp peak
representing a fast explosive decompositlon. The high temperaturs
TIC shows a single sharp peak corresponding to the explosive
decomposition. The mass spectrum recorded at Scan No 149 during
the slow decomposition shown in Fig.la ls similar to that of
Picramic acid as in Flg.ib. The maln difference is that the base
peak has an m/z value of 199 (M-Pb+H;; Though the mass speotrum of
exploslve decomposltlion at 356'0 (Flg.4o) has some Llmportant
oharacterlstlos ln ocommon wlth the muus speotrum regorded Wt Soun
no 149 during slow decomposltion at 25& C as shown ln Flg.da, 1t
has many features ln common with the mass spectrum at Scan no 223

during fast decompositlon at 255 C (Flg.Ub). Several wass numbers

beyond 199 can be seen ln them. These spectra clearly suggest that
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lead pleramate decomposes by at least two steps at low
temperatures and by overlapplng fast processes durlng an exploslon
at high teamperatures when extreme fragmentation of the molecule
takes plaoce, It L3 poaslble to obtaln mass numbers correspondlng
to Pb* and sovorul adduol spuolus of bb wlth other [raguweniatlon
produots. The buase peak (m/z 55) on exploslon probubly arlsling
from excesslve fragmentatlon corresponds to CZHNO unlike in the
exploslon of lead styphnatet The adduct of Pb(208) and a.m.u 52

(C2 N2 ) {n the translent phase can glve m/z of 260 which ls

observed In Flg Udo, A.miu of 52 was alsv observed durlng the
vxplosive (fragmentation of the related ocompound LS Lln tlme
resolved mass apectvoscopyj When an exploslon ocours following a
slow decomposlition as in Fig.4b, the stability of peak at a.m.u
199 deqreases., Qne slgniflicant feature durlng the explosive
decomposition of LPa 1is that the picramlc acld portion gets
detached from the lead and it 1s suggestlve of the flrst rupture
oaouring &t the Pb-0 bond whlch Ls supposed to be partly lonia.
The suggested explosive decomposltlon parthways are shown 1In

Soheme 2.

(i1) LDNP
Just as 1in the case of LPa, TIC at low temperatures showed e
broad peak followed by a sharp explosive decomposltlon peak. A

slngle sharp peak domlnated the TIC at 350°C. The mass spectrum of
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the broad peak which is not shown, was similar to that of pure DNP
(Fig 1a). The mass spectra of the specles produced by fast
deoompositlon at both temperatures shown in Flg.5 have maas
numbers higher thanli*or DNP and are therefore expected to be
translent adducts of lead with the fragmentation products. The
intensity at 184 (M = Pb + Hf ls extremely low in both cases. So
is the intensity of thls mass number during the slow
deocomposltion, This 1s suggestlve of an aluost conourrent cleavage

of Pb«0 linkage and the loss of O and NO groups. The base peak i

all the cases ls at m/z of 62 whlich could be Q‘N or NO It has

3.
not been possible to identify whlch one It 1s. The reactlon
pathway for the decomposlition of LDNP is slmllar to that of DNP

with the posslble Pb-0 cleavage takling place concurrently.

II Thermal Studles

The objective of the thermal studles 1s to study the relative
powers of the two lead salts in the formulatlons whloh are used In
squibs wlthout any other addltlonal metalllo fuel. Though DSC of
the pure compound could be easlly recorded for e,.,g LPa in Fig 6,
the value of thls in a heretogensous reactlon is rather 1limited
because of sample size effects, larger quantltles shatter the
instrument. Therefore the reactlvity of LPa and LDNP with Pb%
which 18 a common squib component, 1s taken as the orlterion, The
deduotions are purely qualitatlve but stlll valuable ln providing

the guldelines to an explosives development sclentist.
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DTA of pure LPa and LDNP could not be recorded above a sample
slze of 2=-3 mg because the material exploded ln the sample oup,
The 1instrument was insensitive to record the small heat changes
below a sample mass of 1 mg. The DTA of mixtures with Alzoswere
not truly reproducible due to thermal conductlivlty problems. The
DTA of lxturus with Pb02 ury shown Ln  I'Lg."T. LDNP  und qua
reacted smoothly at a mass ratlo of 1 ¢ 10 and 1 : 15 glvlng well
deflned broad exotherms around 265?- 270o C, LlPa gave sharp
exotherms around 265°- 28§ c éccompanled by flash and sound even

at lower sample mass. Thls deflnltely suggests that LPa 13 uwore

brlsant than LDNP.

The effect of Amlno Group

The foregolng results show that LPa whioh has an amlno group
ortho to the phenolic group ls thermally less stable than LDNP and
undergoes a hligher degree of fragmentation durlng exploslon. It
would be lInteresting to contrast thls behavlour wlth those of
amino nitro benzenes, Mass spectral observatlons of asyme-
trinitrobenzene by Heyerso# showed that the flrst step of
fragmentation 1s the ellmination of NO2 group, The compound has
much lower thermal stablllty and low initlatlon threshold to shook
relative to TATB (1,3,5 - triamlno =2,4,6-trinltrobenzene) which

has a very hlgh threshold to shock besldes belng a high

tomparature exploslve, Addltion of the amlno group to
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nltrobenzenes will have a bond strengthenlng affect on the ring C
« C bonds by donation of eleotrons, thus oompensatlng for the
nitrogroup electron ulthdraw317 However, in the oase of
nitrophenols, the addition of aminogroup has the opposlte effect,
Though mass spectral studles suggest a prlmary step involving
cleavage of Pb-0 linkage Ln both cases, the Influence of the
aterlo factor of o-amino group on the relatlve stabllity of Pb<0
linkage should be consldered. C130hemlca1 shifts for o-, m- and pe
amino groups relatlve to 1 positioon proton are «13.88, +0.96and -
9.8% reapoetlvely? The Lnductlve effects are thus neglglble.
Assuming the resonance contributions from o and p are -9.86, a
difference of «4,0& whlch 1s nearly 40% of resonance
contributions, could be attributed to sterlc factors. The effect
of o-amino group on a phenolic group is expected to be higher
still., The observable effect of such factors would be a weakenlng
of the Pb-0 bond in lead plcramate resulting In hlgher thermal
sensitivity of the compound, Sensltlzatlon of the azides by an
inorease of the covalent character of the metal-azlde bond s a
well known fact. Sensitlizatlon observed in lead pleramate probably

arlses from a comblnatlon of increased covalency and sterlc

faqtors,
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EXOTHERM —»
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DSC of lead plcramate.
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Scheme 1
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Scheme -2
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