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I%/?% OF EWGE!l'IC m. A (IILLISIW INDlEED DISSOCLATICPJ 
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AEsrRMx 

A collisicndl induced dissociaticn (CID) study was dcne on 

3,5,5-trinitropentacycl- and 5 , 5 - d i n i l ~ ~ p e n ~ l o d e c a n e - 3 -  

-1ic acid using tanden high-res~l~tim =/MS. FY-ta- 

t i c n  pathways were lletesmtned in ths E'I icnizaticn e. It was 

fam3 that fragmentaticn of the C-N bcmds - resulting in losses 

of m q groups - takes place befare the fragmentatim of the 

c-c kds. 

* Author to w h n  shaild be addressed 

Journal of Energetic Materials vo l .  4 ,  115-131 (1986) 
This  paper i s  not subject to  U.S .  copyright. 
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lmRcmmIm 

There is ccnsiderable interest in the synthesis and cbgnis- 

try of s t r W  energetic canpclnds which oould serve as explo- 

sives havirq imprwea wonnames. As part of the synthesis 

program at the U.S. Army Armanent Research and Developnent M t e r  

on plynitro organic ring systems with potential high energy out- 

put and thermal stability, a plynitmbishmmbne has been re- 

cently synthesized. ' 
Tk! objecuve of this study was to detefinine the mass spec- 

tral fr-tatim pathways of #.is bishmmbne, 3,5,5-tri- 

ni t ropentacyc lm (1) ("03) and of 5,5-dhitropentacyCl0- 

decane-3-carboxylic acid (2) (DPCD-AC), an intermediate in the 
synthesis of m. 
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A great deal of research has been dcne an ths mass spctm- 

metry of explosive2 becarr~e of sane in- parallels be- 

tween ths early Stqf33 of dsoanpositicn by explosive shock and 

the frqnmtatim under e l m  impact (EI) in the mass spec- 

l 2 ~ a n e t e . r . ~ ~ ~  In EI mass Spectranetry, the icns farmed, antain- 

irg excess energy, decanpose into a series of fragments. The re- 

sulting mass spctmml indicates cnly the presenm of the icns but 

0e.s not give any infonnaticn cn their routes of fmnaticn. A 

powerful tool for the study and dst8rmiMticn of fragml?ntatim 

pathways of individual icns is Tandem Mass Spectrwetry, 01: 
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m/m. This method can be used either in the unimolecular decan- 

positim or ti-e collisimal induced dissociatim (CID) m~de.5 

Icms uxkgoing Wlecu la r  decaqxsitim i n  the field free re- 

gim of the m a s s  spectmwter have 1- average internal ener- 

gies than those decanposing in the im source. Therefore, such 

metastable i m s  only repiresent the mass spctral reactions of 

lowest activatim -xgy, as rearranggnents.6 ~n CID, wixm 

us- magnetic mass spectraneters, a bean of precursar ims hav- 

ing translatiaxil kinetic energies of several keV collides with 

an inert gas, w h i c h  transforms saw of the translatimal energy 

The pIrdwts of 

these n3actia-s arise frun W l e  bcrd cleavages and -fore 

are u s e N  far icn shmctum elucidation. It is assumed that the 

CID mass spectrm is related to the pmazsor ion in  

the sane way as the E I  mass spectnm is related to the molecular 

structure.7 Hence the similarity between CID and EI spectra. A 

of the icns into interndl excitatia.l energy.7 

study of the Msm CID spectca of the molecular icn d daughter 

icns of a ccmpound w i l l  prwide information leading to the deter- 

minatim of the frayentation pathays of the canpmrd. 

Fragmentatim pathJay3 of SeWdL explosive alnpmds have 

been previously detefinined by Msm m.8-10 

~e have studied the MsW CID s p d x a  of "Pa) and D m -  

Ac in order to determins t b  f rapFntatbl  of these 

oanpounds. 
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mPmmmR& 

The instrument used in this researchwas the VG ZAB 4FtSFIS  

of two high ~ 1 U t i c n  mass . .  at the NIEId1 (Figure 1) 

spectnrneters in tandem whi& include a magnetic Sector €Il, an 

electric sector El, a secccd electric S e c t m  Q and a seccclcl mag- 

netic sector %. cOllisi& induced dissociaticn was carried 

cut in a collisicn cell located between the two electric sectors 

El & Q. Helim was used as collisian gas. The presswe of 

the helium was adjusted so that the main bean intensity was re- 

dwed to half of its i n i t i a l  value. Mass spectra of bth can- 

pxds wer8  reaxded in VB EI mode at 70 eV; TPCD was also re- 

corded in the CI mde with isdtxltane as reagent gas. CID spectra 

were cnly fran icns farmed in the EI mode. The ion 

9ource was operated at a of 200-25@C. The solid 

pbobe, +3-mugh which the samples wZz8 in-, was not heated 

separately. 

The ultimate resolving p a e r  of m-1 is 1oo,m, but since 

sensitivity was of primaxy ccncem it was operated at a resolu- 

t i c n  of 5ooo. The maximml m l u t i m  of Ms-2 far &ugh* icns 

is 10,m. Although the thQ mass spedzmeters are similar, the 

xesoluticn in Ms-2 is Jxduced because of the energy s€xead of the 

Wter ions. Again, due to .sensitivity cmsiderations, Ms-2 

was operated at a resoluticn of 1ooO. 
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EI and CI mass spectra and CID spectra w w 3  obtained cn a W 

recorder and cn a data system (VG 11-250 data systen, based cn a 

PDP 11/24 miniccmputer). 

clx@um% were supplied by USAARDC, Dover, N.J .  

REsLPlTs AM) DISCXBSICN 

Figures 2 end 3 show the EI and CI-mm Of 

m. The EI mass spectnnr (Figure 2) has its base peak at  m/z 

128, formed by the ( ~ - 2 q - q ) +  ion. A highly atxmdant icn is 

observed at  m/z 175 due .to (M-ar0,)'. In additim a series of 

fragnent icns are observed which are due to the fragnentatim of 

t h e ~ a n d t o l o s s e s o f p a r t o f t h e q g r a r p s .  T h e a  

spectmn of TPCD (Figure 3) is characterized a m+ ba~e peak 

at  m/z 268, and by sxzessive losses of t2-e grarps thus fonn- 

icns a t  m/z 222 (Mi-%)+, m/z 176 (Mi--)+ and m/z 130 

( m - q  )+ . 
Figure 4 shews the EI mass spectmn of DPCYI-Ac. The base 

peak at  m/z 128 is due to CQIsBcUtlvB losses of and 

fran the mlecular icn (which is not obsemed). A major ion is 

observed at  m/z 174 due to (M--)+. The highest mass ion ob- 

SBfVBd - at  m/z 249 - is -1y due to (M-(M)+. No CI spectrm 

auld be obtained w i t h  this cmpxrd. 

 representative CID spectra are -In Figures 5 and 6. 

The CID spectnnn of the (I+-)+ ion at  m/z 174 of DF'CD-Ac in 

Figure 5 and the CID spectrun of the ( ~ - 2 1 ~ 0 2 - o ~ ) +  ion a t  m/z 158 
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(M- 2N4)*  

FICXlRE 2 
EI ma58 Spectnrm of 3,5,5-t~initropentacyclodecane. 
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of TPCD in Figure 6. Figures 7 and 8 show the fragmentaticn 

pathway maps of the 2 ccqamds resulting fran the CID spectra 

obtained. (snly daughter icns having a relative abndame of at  

least 15% (relative to the IK& ebundant daughter ia~) were in- 

cluded. A l l  parent and dam- ion intensities - established 

expxbntally. Grrxlp losses VEZe indicated only on daughter 

icnshavingrelativealxlndancesof 508andmore. 

The fragmentatial of both canpa;mds begins w i t h  the loss of 

txm bq graups. No r rpleat lar  ial is observed in their EI mass 

spectra. In m, the loss of two grarps is followed by the 

loss of the third bq CJraJp. m y  then w i l l  the fragnentaticn of 

---occur. 

ReniltS indicate that -hian of the C-N bonds takes 

place before fragnentati.cn of the C-C bonds, as expected. The 

fragmf?nta- Mps by l2EaEelVes do ncrt pirovide a q  infarmaticn 

oonoarning the rate of demqxsitim of the investigated am- 

-* 

It has been shown that there is a large deuterium kinetic 

isatcpe effect i n  the thermal decanpositian of metfry1 deuterated 

TNT,12*13 of deuterated RDX14 and of deuterated IMX.14r15 A oan- 

pariscll of the thermal deocmporsition rates of dauterated RDX and 

RDX by m~~ enalysi~ -tedl4 in a ratio of 

rate CaLStarrts of K.&,-l.5. 
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267 
I 
I 
I -2 NO2 
I 
t 

I75 

FIaJF& 7 

(mlecular icn was mt detected; dashed ant7w h t f 2 . S  prEEumd 

icrms - for simplicity of map c h w h g .  

CID fragmentatim pathway map of 3,5,5-~tcopentaCyclOdeCane 

paulway) a-a, b-b, c-c, d-d: similar letters denote identical 
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It wculd be therefare of interest to label with deuterium 

the investigated bi- and to obtain - by tS.zSFs CID - 
their fracpmtatim m a p .  A canparison of ths fragmenbtim maps 

of the labeled ard unlabeled mnpmrxb could give an indicatim 

of the relatiaxship between the fragmentatim processes and the 

rate of 'tim of these ccmpOurtdS. - 
We would like to thank Dr. Alan P. Marchand for makirrg 

available samples of b- used i n  43-d~ study. 

mS experbmtal wM1( was carried out a t  the MMS, Research 

Triangle Park, N.C. We waild like to thank the MEHS for 1etth-g 

one of us ( J . Y . )  use I3-m VG ZAB 4F MSm. We a m  grateful to Dr. 

S.J. Gaskell for helpful advice. - 
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