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MOLECULAR MODELS FCR EXPLOSIVES:
APPLICATIONS TO NTO

James P. Ritchie and Edward M. Kober
Mail Stop B214
Los Alar.os National Laboratory
Los Alamos, New Mexico 87545

3-one « NTO). nsing molerular orbunal theory. The 1H 4H tsoiner was found to be ;
lowest in energy. We prediet the existenee of an additional love-lying form that !
may etther be direetly abservable or have ye existenee ilerred i experiments,

We also ealenlated some peesihle foris of the conyngate base of NTO. Fiually. l
we hiave applied a tnew method of calenlation 1o prediet the geowmerry of the di-

uninoguantditinm salt of NTO. L ) '

INTRODUCTION METHODS

Advancees e compmtes teehinadegy and connpitationnl Quantnm wechaeal calenlations reported wtos
algorithins hiave enabled acenrate tudecnlnr orbital eal paper were performed with the CAUSSIANR? compate
culationy 1o be perforined for moleenles the size of sonee et Standard basts sets were nsed throngluo !
common HE's Tlese ealenlanions provide fundamental
molecular properiies and can serve as aoasefal wdjunet 1o
experinent noirving o oaelerstaned the Iehavior of #x RESULTS
plosives Our lotg term geal s o deteniime the relatien
shis hetween the inndamental praperties of explosives Fugnie | shiows the strieturee nsnally drawn for NTO
ntld therr abserved beliavior  Tlas paper reports some ax 1, however, hiydrogens on wde mtrogens e fisprem
of onr vesnlts for the expliecave ) mtra 1,24 tniazol 5 ane Iy quute Iahile aned inohile. Varions tantomers of NTO
'NTOY Y Crar resilts deme nstinte whit levels of theary thar are difficult 10 distingnish experunentally from one
are reepnred toohtag acercate predienions another aned from NTO may thaw be formed by possaibly

fuctle tenrmngements of hydrogens. (ihier possible 1an

Awmong the praperties that come wonld ke to know teaners are shown as 11V g Figaee 1, Wiath the nvmal
nre: molecnlar siruenire, ene gy, and spectroseape con alde expernmental data, it w ditfienlt 1o estabhish wal em
stants, reacnvity, and mternmolecnlm mteracnions The Cumty that the explosive we cononly tefer to as N1
wolevalnr strnetnre, energy. atd spectroscapee const e s fuet stpueture 1 Althongh X oy dJduta ins been
are nseful for detenmmng the thenmedynanne properhes <lanmed! nud mny strougly sappart strueture 1, the
ate] estabhishig the wdenoty of o reposed componned o detingtive pentren stynetare hins nat vet heen obtame|
reacuve mtentandiate These qunntiinies are becamg Ueapaaentlv, ab nuno moleenlar arbital ealenlations
Crersgly miprainel oz spectpeseopie mvestigiedions ae aere afirmed ta deternnne the stinenes uned telatve
pretformed with the prention of Jdetenmmimg, decoangios enetges of NTO aned 1ts tanteatiers
e meclensmson enetgene nmlenals . Tha coanyag oo
of edeserved wpeetin with caleataled - pectra o aesogler Loble | shionwes the energres ealenlated] fon IV ar e
qeeces san helpe vodennfy eas e enmedates Reas v levels of theory mpleved Faevges olomned G
tons nosl reas vty o explesives e oo gl of e the AN et wlnel s supenea 1o NINDO O
corpeern Lihewn e naternnesies adin meeiae fea ane imigaon cvae esneds e nlwo gnelneded for ceanpatraar e

tantan sdeternmnmme v o e e teee e een o waldly Jisngiee
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FIGURE 1 OI'TINHZED GEONME FRIFS OUTAINED FHOM 3 201G CALCULATTONS
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TABLE L ' ALCULATED ENERGIES OF NTO AND TS
TAUTOMERS 'Rud VARIOUS LEVELS OF THEORY

1 v

Method 1
MINDO),] -91.4 -881
tkeal)
AM1 43.3
(keal)
J-21G//3.21G -516.177S0
ian)
6-21G*//3-21G 31912631
{aun)
Dipole (D) 1.25

-a16.12835

-319.10179

LG P
453 59.9

=316 14608 a16.13727

--510.08916

-a10 10T

a4 (.3

Oaar best ealenlntions, at 6-315°/,/3-21G. indicate
thut 1is the carreet strueture of NTO. 11-1V lie somewlint
lugher m energy. but conceivably could play a mle in so-
Intiemn because they may be energetically necessible, In
addition, 1111V hiave a larger dicole moment than iloes |
agel polur solvems may preferentially stabilize [-IV due
to ~olvation Jdifferences.

A Lieat of formation of N'TO ean be estunated nmng
the calenlated energies nnd ntom equivaleats of 1brahan
aned Sehleyver developed for this purpese.® Table [ shows
the resnlt of tus ealenlatnm. The 6-31G*//3-21G caleula.
aeqrs are onr best and yvield a H,(l) = 3.2 keal.

I'lie hear of formatiea oltaned by tus iethid is ap-
inepriate for the gas pliase. Measirements are, however,
“omtttonly made w the solit! phase  These quantities can
Le velated nang the ad hoe correlation we have previonsly
devised T Thie relationalip w shown i Erquation |

Hpyver - 1 13e Hprg) - 2303 111
N o - 09RY, SD =44 keal.

qunaltiies kenl

Ui o Foprmiion 1 wath the 6.316G°/7/3 21C H gl
Suleloa e of 267 kel our prefereed teanlt

CALCULATED STRUCLIURES AND ENER-
GIES FOR THE CONJUGATE BASES OF
N IO

Lozezal caleadhinions were performed walyrLe 32000
e et D geeanerpes wers copupletely aptimtzed avonn

TABLE I1. ATOM EQUIVALENTS AND
CALCULATED HEAT OF FORMATION OF NTO.

At Type
anel

3-21G Equivalent  G-31G* Equivalent

Number

Q41 -74.J6205
DCLCLUCH ™ -37.66908)
AN HIHCOT 2 -54.17266)
NgtHuC - 0413350
N (ClON0,) -04.09780)

STRTIH
RITRN I E N I
I - S AGRG
Sa4.45200
JobAH0LT

0. (N) -T4.IRJRI T TORAR
OgtN) 74.365000 TV
JH (N 0056329 I LV IRTHEN TH
SE'N S 1aThl NIRERINN]
Cale K Sl ]TES] S il
H g keal 131 302

Hyprer e kenl dn e

fronn Fog |

g the mwoleeules to Lee planar Beeneae anens are tet oy
desentlen] witli ditfiese fimetions, nGdinonal ealealatum .

Yatahe |
NG geomenty hie two et ol enloalationrs are then oo,
vemtennly deteded ne D00 30 i B G e e

P e o l'l_\'

were nlo petformed wang the 6 316 ¢ hasas
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Thre strietnres mped cnetoies o s e hees 5

conpiginte buse of NTOD were aivimnend o oo 2l
Fugnre 2. Table 11 -hows she cadeniated fotea cnees
for V-V aud the energy of 1 fur companson Tlhe e
culated energies of V-V show Vot e the meost stabie
frmi The preferenre for Vo pnte suual, hawever, at the

15-31+G/ 321G levei.

The calenlations agree wirly the revent crvstal strne
ture of the ethvlens diannue it o NTOO whieh <hows
deprotonation at the 4 postpens Talde IV comnpares the
ealenlated structinze of Vowith that olserved for the ethy
lene diamine salt of NTO. lu general, vonsidering the
passible effects of erystal environment aned huntatons of
the theory, the agreement i~ aboat as good ax can he ex
pected. the maximun deviations Leng <1044 and -0 033
A The average unsigued errar i hond lengths 0.023 A,
which is typical for calculations at thiy level.

ELECTRQSTATIC MODELS FOR INTER-
MOLECULAR INTERACTIONS

As shown abave, we i obtain reasonably acenrate
predictions for molecnles the size of NTG. Another quan-
uty available from these ealeulations s the toral wmolee-
nlar electron densny distriluwitin. We helieve that this
mformation can be nsed 1o approxunate the electrostatie
componrt of intermoleenlar wteractions. Stuee acenrate
ab inito ealculations are still ant of reacl: for systems
clling two or theee or more meleenles the sze of NTOL
we are exploring wavs o wliel the mfonmation from a
liugh quality calenlation on cangle molecitle miglt ve
nsed to unprove cmpireeal methods for ealenlating mter.
malecular neractions among several, pessibly np oo hinn
dreds, of malecules

We hinve previonsly devised ameans of nppartionig,
the tatal 2leetron depsity e a madeenle mnong the con
sttnent atoms.” The eleetrame chinege distrilintion nssoe
ated with an atom m a molecule nny then be desenihed
Ly n nmltipaole expansion Cedleeted together these atom
centered mnltipole expansions ) ACNME) deserthe the
total molecnlnr charge distodntion ma convewent and
compact forin I addition, these ACME < ean Le nsed o
ealenlnte electrostate mteractions hetwern moleenles '
Onee the ACME '« iave heen obtuned, calenlation, of the
clectrostatte energy can be Jdene vers opuekly "

(Mt hes wethers have Shesan ot electiostntie soneeld
eratiens play oagnitican e g sbecermmng che tetal
energy of mrermeleealar meerae e Y Tl has Leers e

pecrally well sordied ne bncbewen St e Whae

ve Gened s that nedaetiee oo teac el saeragerepal

R ETIMEH |

Despite che recognized importanee of electrostanes
2 everpiatmyg itermedeenlar mteractioas, coanpncer e
2ronns tsedd e calenliare moiesalar ervstag sraetnnres o
e etede alns effect enerely orowelode aaly very rengh
estrgates for 1t The recligques we have develope $ noghy
altunately e weorporated o erystal struetare calenia-
Seis asaomeans of asing the mformatien avalalde from

woleenlar arbual caleulatnions, Suel an approacly wondd

jrovide a means by whieh the effects of the moleenlar -
vitcaient apon ycoanstitnent atom aaetit be taken e
e,

NTO readidy reacts with amine huses to prodiee
<alts The dinnunognanidininm salt of NTO Las beewe
producel in this fashion at Los Alamos.'t Xoray strne
rere analysis!™ revealy that the dinnunogoanidiniun on
of this <alt appears in the A caalignration indicated be
low: we denote this geometry as DAGA. luteresiingly, X
tay structure analysis of the diaminognanidinium salt of
werie actd shows another form of the cation,!? indieated

as 1, Lelow, whielh we denote DAGB.

l'— ..,\“/...

NN
|

|
" L

A, Cp Symawwy

u.\ /n.

NN

J i,
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FIGURE 2. OPTIMIZED GEOMETRIES OBTAINED FROM 3-21G CALCULATIONS

TABLE HI. CALCULATED RELATIVE ENERGIES 1IN AU) FOR NTO
b AND ITS CONJUGATE BASES)H)»V-VIL FROM TWO THEORETICAL

MODELS.
\Meulel | v vl Vil
320G/ /320G 51617780 515.6192) BN OWIE H15.60387

631G +//3.21G 718.86806 H1R.33579 1833510 1832235

TABLE IV. COMPARISON OF CALUULATED BOXND
LENGTHS IN V. AND THOSE OBSERVED IN THE
ETHYLENE DIAMINE SALT OF NTO

Bondd Obs tave | Cale Firor
Cy O) 276G, 207, 120000y 1230 0033
NN, 1350, 1359, 136301 364 1405+ 044
N, ¢ 304, 107, D anT ol 3051 1290 009
Ny P 0333, LA3a 0 3nl 1331 0 00h
N, Oy Paah, Laat. Lantb o 1373 0dly
w0\, VSR, Dld, 132 el ante w2 adodgl
CONO, al oy o b el e el doly
N\t RS T SRAN PO U ) IO UL IO T SR T TR D) ALY
N A O I LK T IR B U N U YR I D
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The resiclts of mvdeentar arlneal caleslewms for eal
Srrns od the diimunognamedian s ane senmenzed
Table V' They WLow thar DAGA. o fond i the NTO
it lugher o energy than DABG. as foand in the
‘e onend saft. The spiestion 1o be answered chen s why
Loes e corgugate base of NT() sefectively Lanl DAGA
when wnalier lover cnergy fenm s avalable”

Tov intiawey 1 te estion ACME s were olaamed Gr
e vacmeate Lase of NTO aand St fors oof 1he J:
arneianthneun sitiems The electrostaae epergy o
srtevic o of the amon winli DAGA and DAGD was 1hen
calendared for Lifferent geomeries. The geovuietries of the
aztet) cehied catien fragments were Axed at those foond m
e engnal MO calenlatnos Interaaobecnlio Jdiscanpees

TABLE V. OPTIMNIZED GEOMETRICAL PARAMETERS AND
ENERGIES FOR THE A AND B FORMS OF DIAMINOGUANIDIt M
1ON. SEE TEXT

- B
321G

6-31G~

—— A

3-21G 6-31G*
Ecaitani -312.78369 -314 51739
E..nkeal) 0.0 0
RiCy- N 1.304 1.307
R(C,-N1) 1.334 1.331
Ri(C,-Ny! " -
RIN;-Ny) 1.421 1356

RN, Ng)

R(N,;-H:) 1.001 01.99¢

Rl.\.;'Hll

RiN;-Hy) 1.000 0998

RiN,-Hya

-J312.¥8526 -314.51830

-1.0 -0.6
1.316 1317
1.322 1.321
1.333 1 331
1.421 1.388
1.422 1.387
0.998 0.995
1003 0.998
1002 0 999
1.0040) 0.998
1.006 1.001

and agles were vanied however toaptinuze the electro-
~tinte mteractions. The complexes were prevented from
collapang by surronnding eacl stomy with a hanl sphere,
the dhatneter of whieh was taken from Bondi. 1?

IFignre 3 shaws the mimmnm euergy configurations
fooned for NTO/DAGA wnd NTO/DAGB. Many other
snetnres were wvestigated, but these are the lowest en
«1gy fenns fonand. The two strictiures are very sinuldar in
thent hvelrogen: bouding inteructions with two N-H na
wten of DAG directed townrd the earbouyl axygen nud
Lo b nitrogen of NTO. These two ntoms are the most
inehls aeguuvely charged of NTO and present the most
Caveralde e for hivdrogen homling, lu bath cases, the
DAG medeenlea nre skewed townrd the oxygen of the mie
crmp wliel s alse lnghly neganvely charged  Both eom
greses were foand to he plinar, althemgh they were no

He NTOCDAGA comgdey was fomied 1o Le D8 kenl
tied e - telde dam the NV DAGH ceanplex The

(" NH; nitrogen of DAG is found 10 he more neganvely
cliarged than the C-NH-NH; nurogens, aud should there
fone form a weaker hydrogen homl, This appenrs ta he
the major reason that DAGA mternets wmore strongly
with NTO than DAGB. A compnnson leiween onr eal
eulated strneture for the NTO/DAGA camplex aned the
nsvinneiric it deternpned by Xeeay erystallography

15 shiown in Fignre 4. The electrostatie made] 15 seen 1o
teproduee tiie observed atrneture nr lenst qualitanvely.
Sinee the difference in energy hetween the twa compleses,
i~ larger that the difference i cnegy of e solated mole
enles, as shiown e Tuble Vot s the electrosintie energy
whiel selectively allows the commgute Tase of NTO 1o

land DAGA
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FIGURE 3. LOWEST ELECTROSTATIC ENERGY FORMS FOR NTO/DAGA ¢A) AND
NT(O/DAGB (B) ANION-CATION PAIRS.
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FIGURE 4. COMPARISON OF SOME INTERMOLECULAR DISTANCES FOR TUE CAlL-
CULATED NTO/DAGA PAIR (A) AND THOSE FOUND EXPERIMENTALLY FOR TIIE
ASYMMETRIC UNIT OF THE DIAMINOGUANIDINIUM SALT OF NTO (D).
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CONCLUSIONS

\We have demonstrated that MO caleniatims prociie

useful informavion about the structure. energy. and rear-
avity of NTO. Many of these calenlatious were perforine!
. before the corresponding experiments were performenl, in-
dicating that reliable predictions can be made. providedd
that the molecule is not <o large as o preclinde the nse of
large basis sets and other means for performing aceurate

calculations.
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