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C!+EMISTRY OF NITROMETHANE AT VERY H!GH PRESSURE

Stephen F. Agnew nnd Basil 1. Swanson
lsolope and Nuclear Chemistry Dlwslon

Group INC-4, Mall Stop C346
Los Alamos National Laboratory

LOS Aiamos, NM 87545

and

John Kerrney and Inga Kenney
Depart of Phys~l Scwnces

Eas;ern New MOXICU Unwerslly
Portales, NM 88130

Decornpxluon Of nllromelhane is repom+d over the range of 1 15-180(’C and 0.6-
8.5 GPa. About 5 pg of mlromethane is ampressed wlh a diamond-anvil cell,
heated k the point that reaction OCCUrS, and held typically 10-20 minutes at Ihe
reactron temperature, The cdl IS titi and the volatile ccmten[s of the cell are
froze,l as a lhln Icyer in vacuo and arr infrarti absorption spcarum IS recorded
The three volatde products ob$erv~ are N@, C@, and waler, vwlh N@

procftilorl peaking at 1.5 GPa, 135”C, and 35% of NME; C@ prcrductmn
peaking al 3.5 GPa. 135W, and 65% Of NME, arid water yields at 2050% of NME
al the highest pressure me-red, 8.5 GPa and 175”C. Waler yields were dlfticmll
10 quarmiy due to background ccvrtarninalion. Results I~lIE three chHerent
wvacliors for sold NME dopandem primari!y on the pressure of the reaction, and
Ihal fluid NME ctrMs not demmpose at 0.6 GPa and 175”C, ahhwgh lhd solid

dacmmposw redly al 1,1 GPa and 120%. The authors mndude that. while
varwos ~mposfilon m~anlsms are pow~e, the hwtml step CH3Fd02->

.CH3 + .N02 IS very unhkoly —

INTRODUCTION

lha tendency for gntrrge[w materials, LmlP. hlgfl
explodves ●nd propellmts, 10 undergo Inadveftont
detonation in e cerious and not wal! understood

problem. Detona!lons can be lhc,~hl of as sell-driven
rjhock wavas and are Initlatcd by a varwrty of sllmull or
Insut(s The Ir+i al chomls!ry thnl clnvos Iho
tldlflagratlon (or fast Mrnlng) tO ~olU/*ntlorl t(nnsltlofl l!,

of primary im~rlance to understnndlr~ Itw Inltlntmn
event, and a goat arnounl of mxwi!y IG wcurnl g w!fl
rognrds to t~lng 10 undwctnrwt lho ronclmrl!, Illiil nr(l
Ilrlportan[ for tlus ctwrmlslry

Ill ordol 10 Ob!lllll n lI,tl141fijr)(k,l !,l, trlillr)fl of 11111
kifKj,% Cf Ct)91T11Stry ltlill Illlullt IM+ llllfM)ll;lllt k)l lllltlillloll

Itvwrlt.,, wo Rro qto(jylnu ron(llr)l]q of slnl~)io or)of~t)ll(”

IIl;llorlnl$, o g nl(romotlinno urMh Ir m) I)(jI!IOIII, ot
r I) II fIIIIJrm)I)l ~f viIry III(]I1 [Jrfj:;,,llrtl W(I tlnvtl (’!10,,1111

Iflll,.11 f’oll(flllf)f l’> ff)’ Iwo fll:l”.lll l,. I 1 11111 rll,ll !ll )11,!

IIIaI aro ox~cted to bo Importanl In doflagratlon to
detonation Iranmtlons are, under low pressura
conditions, solid to gas renchons These readlons
cinve the tinergetlc decmmposltlon Ihal beads to
detona(lon and are reacllons Ihal produar sInall,
slnble, and hot molecules SInco these reactions are
bolh fa!)t and nol diffusion dmllect, they wIII probably
Involve many cnncmrted steps Perlormlng
measurements at high prassure allows us to chmse of
Itle phase of the products, whtch. since we can chooso
lhe prossura, mn &r olther Iluld or a.ohd This shows a
ml~lrol over dlfluslon nnd mlxlng that Is lm~sslble by
nny other method 2) We e~p.ocf Itw Inillntlon
Irrm. tlonrr 10 bo o~!romoly l~rriss(lm dopondon[ TIIcr
very notiorl of n rjolullnlwn wnv II Is orl(~ ttInt lnvolwjs

pfilsh(jro nn(f lompl~rnluro lIl(kI(xId ctmnllcnl evcrnlfi
Itlill 10ild I(I Itlrlll(lr pr(l:;!.ur~~ illl(l l(lrlllltlr[ll~~r(] Irwreilw}
IIrllll flrllllly II +h!ill)illlvfl ~)r I)(’111,1, II II III!, ttlll I)rllllf]y

ll~lll:l,,l! 1,11(1 .Ill(i ,1 ,Il{l; l(fy ,,1,1!(, l,, rll,l( Ilfl(!
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The cmncepl of an actlvallon energy for a given
reaci~on and the role of temperature in surrnountl W It
is well unde,~lood and [he traditional ArrhenilJs
activation is normally assumed to be valid even at very
high density Pressure-induced reactivity, on the other
hand, does nol involve overcoming Ihe activation
barrier in a dynamical sense It is more subtle and
Involvez actually changlrrg the acllvatlon energy, now
more properly considered the activation enthalpy. It is
then reasonable to expecl that we must, from the very
start, consider the activation enthalpy Instead of only
lhe activation energy, Ea The acflvatlon enthalpy WIII

be a natural function of pressuro as AH$ - AE~ + PAV$,
~nd pressure-induced reactlwly should really, by all
qhts, be called “pressure-catalyzed- reacttvlty This

emphasizes the very different role that pressure has
cx3rr,parti 10 tem~erature and Ihe cntlcal patameter In
describing the pressure dependence of the reaction
rate or branching ratios lhen bemmes the acfivallon

volcme. AV$

An mitlal reaction or transition stale wilh a

substantial volume decrease (-AV or -AV$), increases
the reaction rate and Ihe presumption IS ihat with
energetic malerials, lhe Inmal reacmons do possess
AVt ~he~se, Increasing pressure would nOl

Increase Ihe reaction rale, and may actually decrease

rl While the Inl!lal reaction musl Involve -AV, the
overall reaction musl, orI the other hand, have a +AV m
order 10 suslatn the detonat!oll, Thus, we expect to

find (and must look for) reacflons that have these two
Imporlanf characteristics

Smcfylng IIle reactions of energetic materials at
high density allows us to p(obe ckemlstry that is slow

or even nonexlslonl at low pressure In partkdarl

cormrted intermolecular reactions should become
very Important al high donslly, whereas al IOW

pressure, one otfen sees volatilization ~f the matenzl
prior to any actual cherr-mry Wilh Ihe ad of preswe,
Ihen, we can hold molecules In Ihelr lattice to much
hqher tem~rature than woukt otherwise be possibk.

Another Impor’mnl factor In cundensed phase readons
IS that of the Wlvenf cage acd Its effect on reachon

rntes Cage effecfs are exiremely Importanf In soluflon
r+raclmns and Ilmy cor?mnly wII be even mor(l
Important at hl{]ll dorIsIty I urlhormoro, reactmns of
(Jnergellc ma[orlals ulllm:ll~lly WIII tmv~ more In
common WJIh solid stato cllornlslv than vwth solutlon
ct)~)ml~lry 1 1)11:,, for I)norflotl(:” nhllorklls 11)0 Sohct Stnlo

Cllonll(:ill rmlion 01 1(~.l(;flv(~ (:ilQ(J!i and JIIWJ 03 fKOrf Od
,n!. !rp, nl(} (;:j!:,: q;;, (+,::;:::, wr!! !:I: i’(lrf tr:l~rlal~l

performance, and burn rate. 1 Ije obvlcus hmltahons of
performing experiments on such materials while they
are reacting and Ihe small amoum of informahon [hat IS
obtained from those experiments means that we will
alWayS have IG resort to some kind of approximation In
order 10 understand the chemislry associated with
initiation. Wl(h this work, we hope to establish at the
very least, some general pnnclples for the kind of
chefnlstry thal is associated wnh detonation imhahon

EXPERIMENT

We have ub~i, JlaIT10n6-dflVll cells of the Merr,ll-

E!assetl doslgnl [o c(]lnpress nllromelhane and have
used Ihe posltlon of Ihe C-N stretch infrared absorp
uon, cahbraled versus It,e ruby fluorescence slandard,
as a measure of pressure Optical microsapy was
used 10 observe the onset of Isacflon wtule the cell
was healed wl!h an external hea[er. For many of the
samples, Infrared absorption mwroscopy was used 10
deiermlne !he extent of reaction and also 10 determine
the reachorr producls lha! accumulated within the cell.
The releaso apparatus IS shown In Fig. I and allowed

[ )I,lrll[)rtd AIIVII ( Ill
1{{,1(,,1,.,, ( (,1! ,1~,,,1,flll)l}

f IG!JRE 1 CIAGnAM OF TtfE nFLEASE
APPAFIATLJS

the rolomm nnd fro(Jzlng of fho contonts of tho
d,amond nnwl COII onto a LsBr Window r,lountmj on an
Air Prmducis closed cycle krhum refrigerator (a
displex) ancl held at 20”K Following dqmslflon, Ihe
cwotlp was rolnted 90” wlthln IIS shroud and an

absorption spomrum was recorded at 7 cm 1 resdutton
And 256 scxns S(Jch F procedure nllowed fhe
dotermln(ilion of absorpllorl peaks on the order of
O 005 A. IIltfIo(Igl I tbls nppnrn[us had a large waler
bnckorr)l)lld d~Jn to r) LJtg,lsslnO Wn[er nlso dkt not
ovnporato r(~,,dtly from III(I C(4II whorl [I)() coil pressur!)

Wns r(~l(ulw!(l lIfl(~, n!; II ((]rlz(l(lltorlr:(], only vary

qll;llll; lllwl d,ll:l w{!<. of)l,llll{l(i orl 111(1 ;Illloilrll of Walllf

Itl; lt 41VIIIV4,11 !! 41111 111$, 11. [,l,llfll,,llt
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A DtgilaD FTS-40 spectrometer was used for Ihe
thin layer exp~nmenl~ with a Fllo-Rad Infrared
microscope inslalied in an a~, . IIIary sample

compartment to record 1110~twctrum oi nllromelhano
andor products wtille under comprt~sslon wlthln tho
cilamondanvil cell

RESULTS

AI prti~~urt>s less 111.in O 8 Gr’a, the
nllromelhane mel[ed aboul 80’ C and snowed very
little roacflon up 10 175’C for ovtjr IWO hours
However, ai ! I GPa, Ihc Nk[ did no! men on
Increasing tempo ral~Jre, but began 10 reacl al 120”C as
ewc!enced by the nucleitilon and growlh Of b~ltbles
Infrared specfr:] In I Ig ? st]ow Ihc spectra of the

When we release !Iw cfxllonls ot IIle diamond

anvil cell followlng reaction, freeze [he vo!alIIEIs in a
!lIIf I layer, and measure Ihe Infrared absorption QI that
thin Iaver (Fig 3), we have found that ~!20, COZ, and
water
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I IGU1{L 2 N[lIIOM[ TtiANf DLI ORL AND [)~)lUNG
Ilf ACTION Wll}ilN DIAMON[l ANVI1 CELL

nllrorngthane WI IfIIn IIW dlafru)nd onvll COII beforu

ro-ion, nfter fo(Jr hours, and nHer .sIx houm al the
Iomptiratum and press urn Indlcnlod AS the samplo
reacted. 1110 Illfrilr(lci signal bocilrlle progressively

wonkdr, but new Ioil[ort)s” nrn owdnn! nnd are I ) FI

broad, saturalwl {ibsorpllon fit :1200 34(3U CrII 1, 7) n
broml sftlurnlod tmn~ for tbo NOY group symrnotnc
=7< amisyml~lWll K h[r Ul(;1105 In pia~ of ~t~ IWO

Ioatures ft,,l[ were OVI&)IIl b4jforH rencllon, 3) nnd fwf)

ii[):, Orplk_)rl tmnrfs ill ,?,720 (Ill(t J);)!) 0 cm 1 tlmf IIrn

p{IrlIrIlty ot~.w:~lrnd hy IIIn dlnn)or~d rim:orwf ordor

nf)sorplmn I 1111(1spo(lrill Irlfornlilllon Is nvnlklt)lo I,r
1111)reilcflll~ Iiilfll[)l(l, lrnplvlrlfj tllill Illfl I)r(xlllr-t:, ;Irf)

[It): d)rt)lna (wr~l[)l(ll(ltv ill It It, rlll(’ltlrlllt)rl :,Il(t<
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I vl}nl\J.llly /1’. 11111 r(l, ulll)rl J)I(M 41i,Ij,, 10 , orrll)l(,ll(lr) ltIII

‘I fr, 11, l(f ,,1(], ,,11 , r, fll, ,r, ,fo,lv (Ii,,, ,1)[ t,,,,,,
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are Ihe dornln~nt volaule producls. T+elr rek:’ve
amolun[s depend on the particular temperature and
pll.~.v“ ‘re at whllch the reachon was periormed as
showq In ~ Ik 4. One can see thal these volatile
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~-lGURE 4 REACTION ylEL[)S OF C02, N20, AN@

WATER F@f7 NhlE DECOMPOSITION AS A
FUNCTION OF PnESSUFIE AND TEMPERATURE OF
ONSET OF Flfl ACl ION

products are s.:~~<.l:lnllal fractions of Ihe starflng
mafonai We know II m! waler IS present In Sigmftinl
amwn!ri mmong the producr~, hut have been unable to

qbanlify h vely .JP1l (Evidently, wai~r wxpas from
the cell upon release III ,~,l~hi~ srnounts, ~i~ o~jr
resutts with releaslng pure waler hut,’, :, diamond cell
urder Idenflcel condl!ions were sub@f to a b~a
error ) Whenever NME metls before the tempemture
rea~hes - 120°C, no appredable reaclion m.xurs up 10
17’5Z We mnchxje, then that flud nitromethai;s

does nol reacf appredably over a periti of 30 mlnutos
al the pressure and temparatu~ e noted on the dmgram
A P-T reaction diagram IS shown In Flg 5 and shows
thal between 10 arid 25 GPa (reaction reuime A),
nitromethene Is solid at 120%, tills the N20 and C.02
produclz are fluId, tind nucleation arm growth c@nters

am be readily observed In the solid rrttromethane
Involving ihese !Iuld producls Thus, the reaction is
Rswslod by Iopochorllwl cmntrol of the crystal latl:cc
(I 0, III(? r~)laflva ont],lla[lor~> ~f Ihe NME molecule? Ir,
ttlu :,olldt 1 hero I:, lIImI for cut)seqiler,l cfIssoluIIoI, 01

:,onI(; NMI Im() 1110:,(1 :u:lclmr] prrk:,~l but.) t.)los, but WII

Iof)l ftl;lt Hrly ri,,l(~lorl Ih;]l ~nkos pldce Guthoquentty In

II,:! w)lutlofl nhly follow [1 ch(fnrent pathway, mrwe ilurd
NMi nSOII :.!WWZ no rI!a~lIon 01 lhIs lumpernluro FIrKl

~.ll(jlllly ‘OWll~ f)l(hr,~,(ji:!

II($lw(wr] ;) ‘) :lr Kl !) () (;1’;1 (((, <s Ilon rooln)o 11),
( ;1 J,, t:()(X)lllll:, ttltt (k)l~lll)illlf [)l(h, (l(fl. [.ol)S(Jlll,,r~

:IJI; IIIY [;!) ITIOI(II7,, of ftl~l NM I ;II ~1!) (~1’il, HIId ft}~~(l

r!It(:rl!:I,:I\o wl(l I lrlf:rfl,l:,ln~ f~llt!,cllrt] In bofh ruglnll~”.
[! ;lll(j (’ w{l 11~1)(1(-1 ltl,ll N,I( ) :lrl{f (,( ),, Will tM) soh(i,

;1”1(! VJII (1(, 11(,1 fll~..l,fv(, III(, Illlt)lll(, ,] fr)wl!) 111;11W: I,, ,,(1
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I lG(l[l[ 5 PR[SSU17ETEMPERA TURE REACTION
DIAGRAM ron NME DECOMpOSITlON SHOWING
l,![ ~~M,lF~TURE FOR ~E ONSET OF

REt?(; TION AT VARIOUS Pt7FSS~JRES

pronounced at lower pressure The Iemparature al
which Iho roactlon begins is increasing with increasing
prossuro, lndlc~tlng that very high pressure
suppresses all NME chemistry At pressures >5.0 GPa
(roactlon regime C), bolh N20 and C@ bemme much
less pronounced and water is the primary kdalile
prdlml, and we have qualita!r/ely determined Ihat
WIIh prossuro ~n oxcoss of 20 GPa, NME is stable to

300”C Tho solid residuo that remains folbwlng
chomls[ry Ot all CIf theso pressures and temperatures

qualilatlvolv reflects the trends noted wilh the volallle
pr@rJucfs In ratiion regime A and B with the higfwst
yields of C02 and N@, there is very htlle residue, and

Ihat which remwns has an oily nature On the other
harld, al tho hlghost pressure that we hawr measured.
roactlon roglmo C, n schd residue Illls O~Jrgashot

coIIIplIItfJly and thoro Is mIIch loss COZ nnd no N20

DISCUSSION

1 Il(tro /IiIvo IJ(JOI1 nl~lrly dlflolon! kinds Of Sttilos
cf NM[ doccrrlp~;s!!mr: lnc!::(!II!g studios under

COIKIIIIOI 1:, of ~)llotolysl:, ,pn pyr CJlySIS,4 nnd high
pross,(lrf] “n 1 WO bnlIovo Itl;it fho dormmposl!lon
dlomlztry III rwrnprn~c(lri nltlonlolhnrlo found for

rf)[((;ltoll Ii I{] IrFIII A I:. (tiff(!l(?lll from iIIIy Illnl IIJIS %1+111

pr{lvlt~~l,.ly rt][x]rl{)(l for [II I,, tlwl{w\Jlu lhls clwnu:, try
lll,,r(,f(~rfl (1041,, r)(]f lrlv[]lvo rndu;;il ~)r(xh)(:tmn, (;ti,I
tJ: }, . .f !{ , , .N() ,, wtll(tl 11,Iyl)l(; ill of 1110S1 of

f,lrl,),l,,rlt,,lf ,“’, I)ylolyll( 11!1(1 [111( 11111’tl(lflll( ’ill 1o11, tl(lll~,
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Allhough we have nol yet determined our hrnlts of
detectwky for melhane, elhane, W NOZ, we do not
observe any of lhese produds and !heir absence
would mean thaf the radical reaction is no[ the
dominant decomposition palhway

The three basic reacflon regimes tha[ we
observe cm be cdegorrzed as the nitrogen coupling
roglme (A}, @r&rrr oxldalion regime (B), and
dehydrahon regime (C). We sugges! that the nitrogen
coupling reaction necessary for N20 production
(regime A) Involves ellher an N-nllroso or an N-nltrato
Inlermedale, but we have no Inlormahon yet to mnflrm
that The relallvaly small amoun[ of residue would
then be a polymer, possibly similar 10 polywnyl alcmhol
(PVA) Regime B Involvos oxidallon of !he carbon and
presumably, simultaneous reduction of the mlrcgen to
amine. Dmcf aflack of Ihe oxygen on Ihe carbon and
[hen hydrogen transfer to Ihe rutrogen she IS B
plauslble route 10 produce hydroxyamlne formale, a
hhely precursor to CO: 6volutlon II is no[ab% that

even under condition Iha[ prcctuce ~he Lwgesl arloucts
of C02, neilher Iormaldeyde (as a volatile) nor
paraformafdehyde (detecled In the roslcfue) are
observed among tho orcducts

I Inalfy, In regime C a r,olable amount of orange
colorod solid remains after the reacflon, Mh waler as

the only Volallle dcilwted 1 hls dehydration producl
cwid ho related 10 the melba.zontite polymer Ihal Is
known 10 resutt lollowlng further reacllon of Ihe ao-lon

On the other hand, there are reports5.6.8 that this sohd
IS &gefy either ammonium forma[e or ammonium

oxalate, wfh Ihe orange color then due IQ smatl
amounts of oltwr mlnof pmduc!s

These msufts are Consls:onl With Ihe hypothesis

!hfil, L( nllrom~[l]ane Irlill,![mn, roacflons that rmrduca
small, 61JXM molecukrs nre going to & important
These readions WIII relense the large amount of

compressive energy thnl IS necxrssary to drive
eubsaquonl chemlslry Therefore, we cortwder both
rnacflons A and tf lo bo Imporlant In Iha Initiation
pr~ss Reacfton C, however, largely results In eohd
prod(M6 and shoukt consume cmmprasslve enf)qy
d~m to rts -AV, thoroby q~mnchlng nny Inlllntlon

f~rtjf(lr;ll)la I(I INI llrl[lt~rslil(}(ilf}fl of III{, rmrtt, cotdonswl
[)1:1..41 ro;l(~ loll!,” Ill illl II I:, obvI()(J:. llIill wxtrorrw

(;.1(1!1[)!1 fllll!:t IMI (l!. (l(i, fof nk:lnl~)ltl, If 01)0 Wlrill(m 10

II, I, IIIL !Illl!.il (oll(\llll!,ll(j J)tlil(.ll r(l; l(llorl!, 10 {JN$ ~ll(i!ml!

l)yr{Ilyl I( (’llorlll,,lry I)( f,tlol[~ t) IIr711,.lrv 11)() lrIll)lr4fillf)ll
l,, 111,11t[)rl(tlrtt,,l 111,11llIjfl, will flltIrII ,! II III Ill,{!! Iltll

domlnatt> al low denslfy In 111(’ gas phase

Ho[tl 14LIX(L-y ClO telrame[hylene lclranllrarmnt~)
and R[JX(L-yclo t~lnle!hyl~ne lrln,lan~ln@, wtIIcll are
vt’ry ln~[lorr,~n! mtll’ary hgtlexplosives, produce NJ(I
In !ht>lrthermal decor nposll:on al low pressure 5 II ha”

been sllcwn’” [hat RDX, under tsola[ed molecul~
pyrolysis, undergoes a concerfed nng breaking step 10
first produco melhylcne n “amine, subsequently
dncompownq 10 lorma(Oti)hyde and N20 as l/3HDX --
> (:11.-N NO. -. N.,0 + ~_’1+20 Ammonl~}nl nl!ra[o

Itle primary compor-, ~nl of indus!rlal ill~h explosives,
a:so produco!. N7(~ upor~ duconlposlllon 11 This Iatlor
N:(3 prod~j(;t,(~n has twt}n t’xplarlud as due 10 [he
ImII, Il dt,tlyd[,,hr]rl Irj prod~jce mframlne aS (N H4)(NC) ,)

—~ HJN NO.) + Ii JO, follow I.Id by Iurllu?r dehydration
Of rlll,arllin(~ WIIh [,n HNO dlrner Inlernmdlate as H2N
N(3: .- > (}+NC)): -. N:@ ~ t+20 Key In b-cJIho’ ltIesIJ

s[’lit!rn{jc, I!, 1111 r]llr;llll,l]t, lnl~>rrntidia!(t, and we
SLIgg II:, I Itla! nl[rr)mf,!han(, dt)composlfion mGsl lIh~?ly

Involvtls :] dlnlt,rl:,il!or or rt!acflon belween tho
nl[roqens of adjaccn[ nllrcmethanes This co~!ld bo
duc 10 urllmol~~c[jl,lr rearrangement of NME to
flyriroklyarlllrl. ft)rrl~i~l(?, tiCOO-Nt+2, with subsequcn!
allm’k on i]n(~lt~(jr r)ll”orl)ol l]iirl:)” 10 produce

) I.I(J(>()(:I{,( + Nit:, N( )-1, slrn~)ll;]r]eous Isomerlzallon,,
of adl,w(!n[ NM( ‘:; 10 rnelhyl nlln(o wltfl a couphnq
r~,a(:llor] 10 prf)f!~lc(, C}{,l(>(:lil and N2(3 or
~]rllmolt)cijlnr Iormn!lorl 01 a (t’i:,CO)(t{NO)
ln[llrn~wllato for ildl,lct!n[ NM[ ‘I, WIIt I r{~a~lon of IWO
l+ N(~’s 10 form N,,(’J and walt!. ~s shown above All of
lflf~(;tc riluctldnl~m!, mu~f Irl [L., r) be controlled by !:le
SOIId ~[iit(] phi]’,o tt)i)l W*J Anew IS Imporlant for the
rfjilcflr)fl 10 Drm.(lt,tj

Armthcrr posslblo lnttlal roa~lon is Ih.e
Isormonzallon 10 [ho nllnle form, CH3-NOJ —> CH3 O
No, wilh s(jbsoquenl readlon 10 produc@ the ob.wrved
products This reacflon would presumably ms.utf In
hf20 nnd C(12 produdlon through an interrnolewlar
cxmphng reacfion, nffhough one expects Slgnlfkant
amounts of molhanol or perhaps Iorrnaldehyde to
result A recent report 12 on su~rcrittcal nltrortothane
pyrcfysls nlso suggosls Ihls re~cfion is ri Ilrsl ~~l!
ur~dor ItIrJSO condlllons tiowover. we have
lnd(tfMtndorltly found 111:11formaklohyde polyrne Jlzes
r(lil(jlly i)n(jor 1110s0 (:on(jlllons 10 form

partlforn]illdotlyd~), vdlfd) IS dlrmffy cflaracttrriznble In

ttlo Irlfr;lro(j Slr)co w() hr)d no evldooce for ellher

formnkjohydw tormnlvr]. or pnrnformddahyde among
tho roncfmn prwkts of nllrornel!lfme, the suggestion
IS If]nl Ihorc IZ nnotllor pnlhwny 10 bofh N20 m’ul CO;,
Aim, tllum I!; rul rnn!.[11 10 {IXIMICI ttlo lsomerlYtIflon 10
tm Irllllbllvri In 1110 fl~lld i~tI.lM, al Shat”ltly Iowor
probc~~ro I 11,1 f;I!-r Ill;i: w() do II()! [)l)sorvo Slgnlflcxnt

NM I ff~l(~)rllj)t],.l[l[]r~ If) [f~{l Ihllrl fflllrl ImplIns ihnl tlm
rlllrll{l I:,{]rll(lrl,-,lllr]rl l,. I(I[ 11111Irllll,ll rllil(fllorl kt:lrtlrlo 1(1

(!11( (1111[111,,1111111



Much previous worl. has been pe(lornlt!d’: orl

the role of lhe aa-lon of mlromelhane In lhe
sensltlzatlon of mtromelhane 10 shock Inl[latlon We
therefore consider the activation of nltl-cmelhane by
means of el[her water or hydroxide Ion to b a Iagtcal
first reacflon slep SIncQ It IS well established lhat the
acl-lon dlmenzes readily under am blenl condlhons 10
form the me[hazonate Ion, II IS hard to believe that Ihc

acl-lon Ilself would lead [o the chemlslry that we
observe, since subsequonl rearllon of the
melhazorfate produces an Ill-defined cmlorea polyn)er
That is, t~le acl-lon fnrm evldeclly actlvalos [he Garborl
ccnler for furlhef rec. .Ilon In order IO produce N20, wt:

rnusf have a nllrogerl acY{vallcn

The exact nature of Ihls nllrogen c~upllng
rmcflon WIII have 10 wall for futlher expenmenls. We
aro currenlly worlung 10 Improve our apparatus by
Increasing [he heallng rale and decreasln~ [he

ccn:ammatlon level of waler Such an Improved
apparall~s should allow us 10 Improve our
moasur~monts sognlflcanlly

CONCLUSION

Very different decomposllmn reactions oczur for

solid nl[rornelhane at high pressure as compared wIlh

,arnhlonl or low prl]ssure cmndltwns These reachons
crc ~vl(jcn[ty ~rlurfed Intermolecular machons, and
three very ddlerent reaction regimes occur as a
func!lon of pressure and temperature We suggest [hat
tho first two reacflon regimes, those [hat produce NzO
aud C02, are most closely related to lhe chemi.slry of
Irullatlon Moroover, we Gxpecl Ihal. In general.
reactions Irl energeltc ma[enals lllal ve~ qu~~y
prxll;ca small, st~ble molocules (I Q +AV ovorall), but

arti nevertheless asscx~aled wllh AVI (a decreaso II)
volume for !he acllvatwd complex) WIII be most
Inlfwrlarlt for dolormlmng IIlo lnlt(allc~rl of tlo nlillurl:ll
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