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THE CALCULATION OF ELECTROSTATIC INTERACTIONS
AND TFIEIR ROLE IN DETER.MIXING THE ENERGIES

AND GEOMETRIES OF EXPLOSIVE R1OLECULAR CRYSTALS

.Jwnes P. Ritcllie,Ed\vmi \l. Ihber, and Ann S. Copenhavw
LOS .Akmms Xat ionid Laboratory

Los .~kunos. x\! S7544

Tllrw difft~rm~t lm)ctwl~ms \v(IIe ustd to calculatt’ elect~ostatil’ iut(~rac-
[i~)lls iil cxl)losivt” lllol(’L’Uli\l C~}’still\. 1Tiw use of Potential Dt*riv(l(! C’lmr-
gcs (PDC’-S ) :111(1iltO1ll-~(’lltt’r(~(lmultipole e~piirlsions (AC\[E”S ) provid(”s
rraw~al)lr i-its of the xxwkular eltwtrostatic potential. TIN> al)ilityof
tllest’ilp])rt)ill”llt% to repro(lllccolwrvd crystal structures was also twd-
(liit(’(1,



INTRODUCTION

Properties Of tilt” rrystallil)t ])llt~s(’ il~t’ illl])or-
til Ilt in determining tll~’ l)vh:i~”ior ttxl)l~)sii”(~~. TII{I

C’.l state of al. explosit”r (ltq)en(h s~’llsitivt’ly 111)011il~
dtwsity for (’sample.] 111i~(ldi[ioll. t II(’sllocli s(’Ilsi[ it’-
ity of PETX is follll(l to llcpen(l upotl tlw ~r~~tiil ori-
~ntation \vith res~)m-t to tlw sl~ock direct]ml. ) \lore-
over, HE’s with large amounts of lly(lr~>gt’11-l)t)rldillg
in thv crystal (such as T.ATB am! xlitrog~:alliclill~’)
art= frtqucntly foun(l to I)e less sensiti~w tllall those
w’itiwut. Finally, tli(’ l](~iit of suLlinmti (m. wilith
is the enthdpy differcnw 1)(’tw(’rl tht’ gilst’oils nll(l

crystal~ine phases. is r(’qllirt’d to ()])t;lill tilt’ li(’iit of
forllli~tion of a Cc)n(lells(ttl ])l:;IM ~jxl)losiv(~ frolli t’s[i
l:l~]t(+ of its gwwOIls 11(’{ltof forlllatioll.” Tilt’ li~tt(’r
(Ilmlltiry is r(m(lily t+:rimat(d usixl,q it lllllllb(’r of il])-
])roaclws.

Tll(’ atonl-rtto!)l” ])ot(~ntiiil ll]~t 110(1ri~ll I)() IIS(J(I
t () (’;dculnt(’ t IN’ (’1i(’1’gy nll(l g(’olllt’t ry ()!’ :1 lllol(’cll -

lii~ (.r~stiil.:’ 1x1this til)])loil(.11, tll(’ il]t(’rlllol(l~~llii~ ill-
t(’~il(”tioll ])(’t\V(’(’11III()](TI1](’S.’\ :111(]~ ill tilt’ (’I”~still

liltti(’(’ is tilkt’11 il~ :1sIIII1(~\’t’l’iltt)lll I):iirs. ‘rho illrt’r
il(.tio[] (111(’r,gy1)~’t\V(’4’1]ilt(!lll~ is 111(’11])ill”litii)ll~(l illtl)
(Iislill(-t (’ll(’rgt’lil- (“OIIIIJOI1(’lIIS.”il~ Sll(jivll ill E.(lllillioll

it:’\ )(II

B,,t (h,, n,, ,4,,
t 1:,/,,,,j~i ) (1)

1,



[11111(’I!mt. tl (I(wri])tio[l of t’1(”[’tr~wt:lti(.i[llt’r
il(’tiollS \f’ilS (litfi(”lllt It) l)l)lii ill. ‘111(’ 11s(’of Illol!’1”11

Iiir ~’l(v”lri(. 111(1111(’IIIs I(JI this l)IIrlh).(s coIIv(r,g,I\ too”
Sl(l\Vl~,if ill ;111. fl )(’ ill; ill\’ (“II II JIIII III 111”1 1111111’!’1(ll ”’. so,

tl)l’~1’ lVilh [1(1 r~’li;ll)lt 11’;l~”~)1 ,II)l; IIIIIIIU 111{’;ll(lllll~”
Imllill,&l’sf)l”llllllll]l(llf ’~ 111~11;11”1’ll’llllllf ’(1 (1)1 1!11’(.1(’!”

tr(htilti(’ (’;lli”lhl:ltl~)ll, (’S(’i’])1t’ltl’ till” :i])~’oi;ll4-:Iw’of
:. II IiIll i,l[l’,, \l(IltI 11’11,1111). lIII\Y(*\III, it li;i~ l)t I(IIIII’



hlETHOD

.4])] )l’OXiIllilt(” lllol(’CllliiI (“lliil,~(’ (Iistril)tlriolls
\!”l’r(”ol)tillllt’(] flolll ill] Illill[) l])ol(’(”lllillo I”l)i[iIl” (’ill(’l]

l;ltiolls for 111(1Illol(.(-llltm+of”illlt’1(’sl Ilsill,g(’i,ll(’r tll(,
G.A(”SSI.4XW {)1’ (;,\l.”ssl:\sw l“l)llll)lltt’1 ])ro-
~1’illll. “1”11(’5111illlsl)lil I“:llt’lll”t’:121C; l);l>i\\v:l.llw(l
ti]l~)llgll(,llt.” \lt IIIu-IIl;II kt,t)l]lt’llit’s JV!qt, (.(,1111,1,’t~,lj
ol)tillli.’.~1~lw’it]lill 111(, t.lllll: 111)11 l)~)illl qt)IIIJ .Jj”IIIIL!I,

tl)”,

:\t~Jllli(- (-lli11”~{m501 11111111]),111’51~”(,1’(’t)l)l;lill(lll
I’1(1111tll(’ :l])lll”OXilllill(” l“llilI’~(’ (Iisllil)lllioll+ !Isil]}l:
IIIIIS( (Iily(!r(’ilt ])lot.(vlllrf,s, III III( Iii:.t of tllfw’.
;11(11111(”Ctlill”l!,(vl;I1’t, t~l)l;li[it’(1 1101]1iI Ill;l])]tiliv.of 1111’

I(’t,~mlr{)ll tlf~ll.,il~” t)lllo tl If, II; I+). 11111 I”l till I> 11. f,t 1111 1111’
Illl)lf’(’ill; ll’ orl)il:ll t“:lll’lllilli(tll ;II’1”1)11111111, III 111(, ]IltI

51111)111111111” llllllili(’ll l“ “Ill,.,., ‘.lllllil.l’11 tlI:I!P,tIi li:IfII

l,t’t*II ~vi,lt.lj 11:.(’,1 III llll,llll. !I, I ,’\ ..(,,,,,( l,, ,(, ((,(11,, (,

fll’lf’lllllll(”s 1111)’.(’ ,Iflllll l!” I’llillU,l’Illill 111’.1!11 111!,(’11,(”
!Il],.lilll(” ]Iol(,llt;ill \lll!ollll(li:lp, III(, 11101(’(’111(’. ( ’011

‘d’(lllt’Ill l\. till’.l’ ;I1l’ (“;lll(’11 ]M)ll,lltli!l lll,ll\”(ul ,’1l:lll, !,,,

(1’11(’”::~,1’ I“”ili:)ll!’,1111)111IX*IIII*IIUIII II Ill II Nllf O 1(\ );1[1

. . ,.
,.lllll, +(.. \( 111’, s) \vl’l(, (11Jll, lllll 111’{11111111Illllllf’111”.lI Ill
11 II:illloll 111 111(’ 1“11;11111’t I. 1:1 )Iilll)ll 1’ 11,1 ,)1!),”(

I }11I 111,’ ‘Ill. :ll~~llllt’ lll!llllll! )1!’ t“ Il;lll 11,11’ 1111111’,11111

ill .111illlllll; n}’ lf’\fl 1’111Ilt, Ill l;lll’llilillli l,, I,!rl !!,1

,1~1111 IIlll”l; ll’ll, hi, 11,11 1~111,, 111,111 01 IIljllt,l l,; 1! :1111

11{111

(’:11,11 ];lll,, .1.,1,,1 1111,11,’111:11 1’1’} 1;11 If,,llllll ,Il!ll

I;ll!,ll(!;lllll(,lll 111’111111,11111111.l Ill ,1111111111111’l,, : 1,,1!1!
1!111111’ !111, 111 ,)1’ ,Il!llll :11,11111)(111.11!1.11 1’,!, ! 1,11,1)1, ,

!ll\t 111.4. l,, lt.1111. III 1( 1 ,111,1 Ii ‘ f “I,,, 11111, 1111’

1111.11,1,’.,1,.1 ,\{ll ll!\(lll,, (.ll !,ll, \(; ,, fl; ,, ~,, ,,,, 1!,,

1111’1,11,1111. “ Ill,. ,,, l“lllf ’1111:11 I,’l Ill 11.,.,11,,,:, , ,:!,, .
li\l,ll:l]l 1111111)1,11. 1, ,! .1,, 111 1:,11,, !41 !Ill,l 1,.:, .,1, !1

,



Til(wforllllllits \v(’re illll)ll’!l)(’ll[(’(l ill 111{1P(’IiS3
(.()(lt’ of ll”illi:ulls. l’; Till> (*,,)(Ic’I)t’rft)lllls Iii[ti(”t’ (’II-
(’I,tg}”(’iIll’llliltiollS ll+illk :111illlllll 11101(’(’111:11”,g(’0111(’tt’~

iill(l E(lil~\[iO1l 1. ii~ (lt’~(”lil.)(’(1ill [11(’])]’(),%rillll(l[J(.II-
111(’Illil[ioll dlld XTlil[t’(1 l)lll)licilti Oils. 111 [I(lditioll to
(“ill(’llliltioll+ of tll(’ t’llt’r~~. it \t’iiiiillS() (l(%i~ill)lt’ to
(’11(’t’,g]’ ol)titllizt~ ttlt’ u*1I ])aralnt=tws Ilsing tli(’ dif-
Ii’1(’llf rr(mtlllt’xltsof tl)(’ co~llollll)il]t(, ril(.tiolls. C’oll-
W’(lllt’ll[l!”. (1(’ri\”illiv(’>of tll(’ Ill(llt illol{l-lllllitil)olttill-”
tt’ril(”tiolls fvtw ux)rk(u-ollt :11111illll)lt’11)~’llt(”(l ill tlA(’

(“()(1(’,

“1’llf’ll:llll;lli,)ll !!;I. l, III II) ItIIfV 11)} ’1”(lllll):lllll )!. 111(’

1’( l!l#,[#.11(,1.,. ill lMI!I!IfI:Il (11)1!!11,1’,1 1’1(1!!1 11!(, (,1’ 111,,

:,lll)\l’ 1“ I I“(llllllll; l .!III’111(111.SIV I! II 111 ill !1”11111 illl;l )11’”il~

,111 -I 11,1111 II l~~~illl- !IIIIIIII:IIIIt III III lIIIIIIIlil~ llIf

11,11,1 I,{,itlt,. \v(’1”(’ [), :’.-) \ ;l; 1:111 ,11111fllll!ll’!l ;1 ll”l”!! 111

1,,111,11 llll\ (;1111 ]1111111”. R’1111111 ;1 ‘;111 111’! \\il;ll. 111

I;tlll’1, (11’ III(’ 1111)ll’1”1111”.;11(1111’,\\ ’f’11”1,1,111111”11Ill 1111’.

;lllill\’.l’ I 111’ Ill (It 111(’!Illll’llll ill !’,”; 1’, I’II; II; II 11’11,”1’(1

I)\” 1111” I,lljl 1111”:111 .1111 ;111’ 11{’!!’;1,,11!1 lll:lll\”f’ l,,!

Ill f’:111 ‘.l[ll; llf ’ (l{l{’’. ~)~) ,’111)1 i III,,{. 1111; 1111111(,, \fl,ll,

1’:111111;111’111’1111111{,’ 1;1111’,1” it !Illl{’llfl:ll “11111’. 111

111.1,1111’(,,. \\ ’llllf, l!l Io illlf,’llll:ll !\ II II 1:1111’, Illlilllll.ll
\,a,.! Il\”t’ ,Illtl 11,’,’ ,11’,,” !!1111, IIlf ’ 1“ If ’l’it’ll ‘.’1”11 I

\lll I 1,:1 1,1 11,1,1 II ;1, \l 11 l., III

\lllll, :l till Ill!lll’1 ’11 ~,11 II . ill! 11,’lf Illl!ll ‘

1.111111111111 I ]Jl).lli!, ,,1 111’1’,11’\~’lll’l, tlll!llll’ 111,,1: 1111”

IIil)l{YIIl; ,I ,11,11111 (’111, ,11 IIrI, Il\ till tl,114 ,,1111,,
1.1 1.1 1 11 !..



Electrostatics at Fixed Crystal Geometries:
‘rt) (Istilll:ltt! [l]t’ Ill;lgllir(l(lt’ of III(. (’]l’(.tl’OSlill i(. 1111-

(irgy ill rl’; Il(.t’VStillS. tll(’ ol)tillliz(wl lllol(x.lll;il” q4’0111-
l’t I”~\ViIYl])lil(.t’(1 S() IIlilt its (.( ’11[(’1” of llli15S illl(l ilX(’S
of [11(’[)rillci])lt’ Illolllt’ills of illt’rfiil w’thrt’ III (’oil)(.i



.



Tll(: rt=sldts ili Ti~l)l(~III :ilso I)rovi(lr infornia-
lioxl :Ll)ollt tlli . .)llvt’rg(:ll~t’ ()[ [1:(: lllllllil)ol(” t’Xl_liiJl-

siolls, First, it is (jl)st:rv(’(1 tlli~t the c(.)ntril~lltim~
iltt.ril)li!;ll)l(’ to (’;(cll lutlltil)olt” is Ilot IIloliotoliic:illy
(I(v-r(willg \vitll ill(rcilsill,g or(l(’r, Ex(I(’l)t for tll(’ 01

ga,lic sillt~ NTOD.4C~ :111(1 T(D.AG, tll(I (iil)ol{ tt’rlii

lllilli(’S tli(’ lill~t’St (:olltlil)lltioll,” 111 tih’s(’ S:ll[s. tll(’

(Iil)oltt t(’rlll is sigllifi(”;llltly lill’~(’l tllilll ill tll(’ 11(’11-
tlills. 1)111III(’ t.llilrg(~ tt’1111l)x(j(lolliilli~t(ls. Tli(’ (l~lil-
(lrlll)ol(: t(’rl:l is 1( ,s 1)~ il f:l(”tor of t\V() 01 Itlore tllilll
tlII’ (Iil)ol(” tt’r]n iIl :111 (o:Isv~. rxc(v)t T:iT13. IN this
ilibt;lll(’(’. its (Iolllril)lilioll” is ;Il)(]llt I(I(Z .5111i\ll~’t’rlliill

tilt’ (liI)ol(” 1(’rlll. I-’il;;lll!”. llltI ot”t;ll)ol(’”(v)lltril)llti(~ll



to the total energy is normally relatively slllall. a-
mounting in most cases tc) ;ilmllr 5(X or I(Is5 t)f r 11(’ !o-

tal elwtrost atic enwg!”, T]i(J \voi+t ])thha\”iov i> +lL()\vN
h~ dianllnOtt?tr{~ Zlnt?. all(l lll[\J’ ~~li>(’~lorl) [11(’ lJ~(’S-

enc(’ of a large number of Ilnsilarc(l ~’lt:(.rr(.)11I):lirs (JI1

rht’ nitrogens, Overall. l~mv(’-,”cr. trlulcLitioIl of [i)v

expansion at quadrupoies is a Ieawniit)le :ll)l)roxi-
rnation.

It is interesting ro compare tlie calculated eltlc-
trostatic lattice enrrgies Ol>tained \vitl~ dilfermlt

methods. Use of PDC-S and ACll E.s gives reslllts
thnt are significallt.l!’ different frwn [Iiose r)l)taine(l
using JIC’. S. These lar,~( dii+(.l(~:lces r(+lt=ct tl~e f;ict
that JIC’S are nor d(,si,qned for (.alcu]ati:lg inrm-
mokcular interactions. The present results S1l(NV
that I.IC’S should not be used for this purpose. UN
the other hand. PDC’S and .AC>lE’S givt~ results that
m-e frequently in close agreement. Some significwlt
differences are noticeable, howt=v(~r. .+1) ~’spt’cially
large difference is founcl for D-AT, 111 this cas(:. ill-
sl)cction of Talj]e II sl](>~vsthat .AC31E. S rtJpro(lIIc(A

the electrostatic pot(mrial si,quifi(=;\lltly I)vttrr tll;lll
(lo PDC’S. This is itlso tru(’for T.ATB, \~ll(’r(’ ;i si~-

nifi(”iult difference ill tile c:ilcul:it(’d liirti(.(’ rll(’rgi(’s
is found. Conseqwntly. since tile .AC’ll E”s gtmmally
produce a better fit of the electrostatic ])ot(’ll!iid.
when differerlccs in tile lnttiw energy obtained from
tilt’ rwo methods ocrurs, t]le AC XIE”s swm liiit’ly to
1)(’;1 I)t’ttt’r ii])l)rOX]llliltioll to tll(’ (’Xill’t (’1(’(:trosriitlc



Filially. the siz(” l~f tl,t~ t~lel’tro~[:tti( l:lttit’(~ rll-
,-r!2J. is note\ Ynrth\,. For []J~ ~lll~lliil~(:(~ t..~1)l,)>l~”t’~.

it lilll~(?S flulll ~ lo\\” of :11)011[-3G l<j~lll(~l [{)1”lli -
lrolllt’tllane [0 a nl~xilllllll) of nl)ollt -99 Iij,’111,)1io~

D.\T. He:lts of suLlilllati(,Il for (l)u]])ou]I(]~ >i:liilar
to these Vary over a \vi(lc range. I>llt a ~“:]lut~of 100

kj~mol mmuld certainly be reas(m~lt)le. TIJ(I~. tllc
electrostatic lattice energy is a si,gnifit’ant fraction
of a heat of sublinlatioll of an exl~h)sivv. lt is ii]SCJ

notmvorthy that the c(:)rnputwl lattice energies of the
salts are much larger than thow of tile otiler HE”s.
This is in accord \vith exl)e(’tatiolls. sillre ~iilts [J.l)-
ically & have large (’le(’trostatic t’lmglcs and hints
of sublimations. .4 fixlal point is that the electro-
static lattice energy is found [O ~J(’ stabilizing in all
crystals that were examined. It is thus an important
contribution to the energy of molecular crystals. in
agrwrnent u-ith the arguments of C1a~”erie.4

Calculation of Crystal Geometries: Rather
than atternptiug to develol) ])otent ial fullctimls
sl)vcifical]y desigll(,(l for ex])]osivcs, W(’ (lmi~l(l(l [()
~ilrr~’ out a Ilumbcr of (-ryst~ll structurr ol)tilniza -
ti(ms to deterrnin(: [lie effect of ll~illg all tl~(’llritt(’
tr(’i]t ITl(?Ilt of ekctrost atics iIl Colljunctioll” \Vit~l ilIl

(’xistixlg set of potell[i; lls. This approach \vill illluiv
lls to :LSS(Wthe re][ltive i[lll)c)rtallce of (’l(}(’trostntic
(M(w.ts mow accllr:ltely anti di’terminr. at Icmt quid-
itiltiVt’]~. tll(’ Sell\ iti Vit J’ of StrllCtllrill l)ilr’; llll(’[(’rS to

t}l(’ electrostatic cal(.lll;\[ioIl. Pt’rhil])!i this Ivill ill(ii-

(’:ltt’ fruit f[l] st~itt~gl(’s in L]lt.’(~(’~t’1(>1)111(’11[i~f il Illor(”

~(’11(’Iill ;111(1ilC(”llrill(l >(’lili-(’]ll~)ili{”;ll 1110( 1( ’1.

lIlit iill!~. ])ill’illl)(’1 (’r< f’ol” tll(’ 1.311(”jiil:~lli1111L
fllu(”tioll \V(’rt’ tllos(” [( ’1’0111111(’11(1(’(1 1)~ \J-]lllillll>, t}t
ill. ;ill(l nrr SIJOWILi:l Titl)l(’ I\-, Tl]i, w’! of 1)1)1(’11-
tiill f(lllrti(~tls W&% Slll)])l(’1 11( ’I”lt (’(1 IJ]” illl t’lt’(’tlOSlil!i(-

(“;il~.Ill;)lion llsing ()]l(J of tll’, t 11~(’(’ II1()(1(IIs: :\I(’ms.

l}lJ’/” S. ;111(1.ACN1K”!4 trllIl(’iti (’(1 ilt tll(’ (lII;IIII1l])I)I(’

itw’1. Aft(’r t 11(’s(’ol)tillliz;ltioll” (“;l!~-(ll;ltioll~ \v(,r(I
(“()!llj)h’tt’ (1. \vlli(’lj ;ll(’ sllllllll:lriz~wl ill ‘1’;ll)lt’ l“, Ivt’
f!lllll(l 111;11ii I171111!,,,I ()~(’1~’.l:tl< l)05w,s.iIIL!, (~1,,1).l!f,

illlt’1.lllolt’(’lll;il II}”(II JIL(’11 I)olltiillu, I.vI’1(1 l)()()lif. (.; II IOII

I;llt’fl \\”l’ 1(’il~l~l](’[1 111;,1JI 11}.(lI(IpfIII IJtI Ili!l(j~(’li 1)1

().x v~( ’11 5110111(1 1)(, Illl)l”f ’ ])1)..lll\’(,l\” (’1,; 111<(,(1 ;,1,(1 11,11.

illlll’ tl} 1)(’tt!, [” ])~,111’11”:111 ;111 ;I(.(.f’]11{11 :Ilolll’c. (]!)l”ll(lll

{.I(JIIII. l]If,lfIl)y 11,(111(.111,~ it:. i“trr~.llt~, :.1)(, .’\l,”(l!,l
,,,

ill~l}”. :1 !-f ’t (It L I’\-Yllill ~ll)tlllll/illll)ll h \V(’1”(’11{.1’i[ll1111’tI

ill \rlli(’!l tll(, l)r(’ :’s])()!1(”1111;11]);ll’;llll( ’1l’I’01111(, ;1])1)1’()

])ri:i!i lI~(lrogcOIIs\v;I:.,I(vIII:Iw’(1 !)) :fo{l’~ ‘l”liI. 111,,(1(1
\vil>ll!:l, (1U’illl 1)01]1 1]1(, l’1)(. ”s ;111(1:\(’\]l”:’3 (,)1’ l.]l.t’

,.. , ,, II I I



.

the appropriate the P( X.0 ! (:)r .Ii S.0 I t-ol~ii!i:l of
TiIIJlt~\-I. Finally. ll-illiiill~s ~t’~olllllitllitlsil f(,rt’sllolt-.,
ening of the X-H. .X= C’.Y,() lrl[rillllul~ ( t~~;ll l~():i(l
lengths of ca. 0.07 A fron) srancl:Il:l Itwg:r]ls to iii.-

Coillit in par[ for poc)ri!” (1~’tt’1”111111~’d!i}”(li’og(.’ll]J(l>i-
tions from x-ray structure deteI:lllill:itiO1ls, This r(ll.-
ollllllcnda[ion w’as followwl in clioosing tile Illolwllllir
g(wuletries in a set of calculations lah(’lk(l P{ 1-H)
alKl .\(.S H). This choice necessitated rh(’ use of tww
force centers for llydrogrlls. Tht= nucl(wr (.(’nt(>r ivas
used for the (’lectr’~stilri(: ~’alculatioll. ~v!lilt~a (-(vltt>r
foreshortened by 0.07 A. but ill tile same (lir(w.[iol~
from the heavy atwn. w:is used for the otllt’r t~mlis
Ili this way \ve att(:lllp; (:d to Iw th(’ J1.illiams pa-
rameter set in tht’ manner original}” intrndecl, Ltlt
Ivith an improved treatment of electrostatics.

TABLE IV. POTEXTIAL FUXCTIOX P.AR.+-
JIETERS USED IX THE BL’CIiIXCjH.411-6
EQU.\TIOX. E,, = B,, (’S1)(-(i,, R,, ) - .A, JR’;.
~~irll .+,, = .~,.~,, D,, = BIB, . ;iIL(l(11, = n, -t ti,

B, (i, .4,

H 11.6s l.sl- 10!I.41
c 49.3!3 1.so Gos.oi-
S 37.13 1.s!) m.51
() 331Go 1.!3s 47!3.66

——-. — .—— —-

lllsl)(’ctiol~ of T;ll)l(’ 1“ slIII~vs tlliit tll(, IIs(’ I)f (lif-

f( r(’llr (11(’(.trostitfi(” 1110(1(’1s gilts J(r) (]lt!’,’I’t’Ilt !iI’ -

tict’ tvwrgit’sm r(’fl(’(.till~ rlw tl(’ll(ls foll[l(i 111“~iIl)l(’
l\., f\.(’ lv(’r(’ Ilor iIl)l(’ to iill(! (’S])(’11111(’lltilll~ (11’!(’1”
lIIill(’(1 liit.ti(’(’ (’11(’l,gi(’sIJ1’11(’iit~ot”Slll)lillliltioli for 111(
(.0111])01111(1S”illl”(%tigiltti(l 11(’1’(’. ‘1’IIIIS!)lll~ il (Illillil:l
tivtl ilIlil]~SIS of” rllf’ (“ill(”lll;llt’(1 l;irti(.t’ (’]1(’rgi(.s ~“:ill
1)(’Kiv(vl. Ill g(m(’rol. illliklogolls” Illo(l(’ls Ilsillg (’irl:”r

[>))(’”s (w .4( ’\l E’s yiel(l v(Iry silllil;lr l:lrli,v’ t’IIfIIgit’s.
‘[’III \I(’-s give (’ryst;Il (Ill(vgi(’s Il];\t (lify(’1 II(JII1 III(,

~)tlII”r II II MI(II:; sigIlili\”:illtlj” ;II III ;IMO II(If I’.I]M’I.I(vI rfl

IJ(I I“t’ly r(’;lllst.ic, Liltt](.(, (0])(-IKIt~sOI)I;IIII((I II\ III,U tli(’

(III14!I (’1(’(”tl”oslilti(” 1:1()(11’15 ;Itf* tIl:I 1(’:l,~l)ll;llli~’ II I; ILI.111

tllllt’ :111(1 Sllou” 1:11”1’(’1’ 1“:11114”. f{ll’ till’ ‘.:111’. il.+ (’.sl)t’~’fl’~l

I);Iw’(1 IIII(JII !lI(’ illl])oll:lll(’!” I1)!”1’011 1)11111Illlt’I’ ;l(’li!)l l’.

ill 111(111, l’ill;lll\’. ;I ~llltlll:lli-oll ~~1’IIIIS (1((11(1.l:lli(’

f~ll(,rj~i(,s Ivit]l [lit’ (111.1)(’b.1~)11 iilill l’(1,111 I,JII ,Ull(li’,i,;

(;III IN’ II I; II I(’. “1’1111 1(’~11111 ill tll( I;IIIII’ .lIIIlf” IIl;li

tlIII t’lt’t”lwkr;ltil” ;IIII I l(’IJII1lIIIIIf[ltri’,it. ;II(, 1)1’01)])11

:1111. ‘.11’,11 I)llt l“1(’(llll’llt l\’ (II”“,111111;11Ill;l)(liilll{ll’ I 1111.

111(,.(’ 11’.”1) l’O1ll!l(llll’ 111 . ,11 1111. l,lll,lil, \ ill.; ill) I :1111’ 1.1

‘111(’ ‘;111’. (Jli”ll)ll’.l)” 1111 ll~lt l’lllll~\\ till’ :If ’1111

,\llt’1 1111:111;11) l’. ,)t”ll,l 111111] )llll’llll.ll 11111 1:1111

1,. 1111’51’IIJI’11Ill ‘1’;11111\“l ‘.)ll~’ llll~lllllt: ~,1 I)illll(’



els give significantly different calculated (Iellsities.
IfC’s yield the poorest results. The use of PDC’S or

. AC’I. E”S with William’s original pm-ameters SIKNVS
some improvement. The use of fnreshort ene(l X-
H bonds provides an improvement OYC: [11( use of
the unaltered geometries. Additional improvement
is found when the altered hydrogen parameters are
used. This approach gives the best results. \vhich are
of comparable quality \vhether PDC’S or ACME.;
are used. For these tw-o models, the largest errors
in the calculated densities are I)etween 3-4(X, For all
the models a systenlatic underes:in]a[ion of the den-
sity is apparent. Thus, for the purposes of density
prediction alone. the model could be improved by
applying a correction factor. hloreover, it is interest-
ing to note that the differer,ce in density of NQ at 25

C and -160 C is slightly o’:er 2.5X.’7 Temperature is
not included in our calculations at all, except insofar
as the original deril’ation of the potential parameters
was perforrrwd by fit [in,g t-nom t emperat ~lre crystal



-.
of crystal density mtiy Ileed [0 ac(-ollllt for teml)er-
ature rxplicirly. Exc(’])t fo: Ilitlolll(’tll;lll(”. illl Tll(’
cr}-stal structures sllo\vll ill T; II)](I 1’ ill)rj(.iir~(l to
have been determine(l i~[ i+l)proxilllately ri)oxl~ t(’xl)-
perat[lre. Xirronlet]lall(~ \vas stll(lipcl a[ -4G c’.

Also shown in Table VI is m] error analysis of
the cell lengths and angles. lIC-s yield tlw poor-
est results. Surprisingly. however, there is little dif-
ference in the accur;icy rtmc)ng the r(vntiilling mod-
els. For both c~ll l(mgt hs and m]gles root -mc;u~-
sqllare percent error+ of 1)(’t\vtwll 5.-12(X all(l S.72(Z
ar(~ found, This el ror is l;lI.g(Ir t !li]ll tliat fo~l]l(l for
the crystal density. Tll~ls. tllt~ ii~(.~lr~i(~yof the cr~”s-
tal density predictio;ls dt’pmlds llpon ~ ctincellatioll
of errors in the cell structural parameters. However.
the tendency to systernaticrilly over(’stinlatp tlw cell
parameters is evid(mt.
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rotation and translation to minimize tile cn]t-ulat:(l
energy. Any :otation ortransltitic)xli slllc;tsllre(lrel-.
at ive to the o’krvecl orientation. Tllr fiIii Il rot [it ions
aIJ(l translations are iil~() slK)\vlI ill T;ll)l(, J- I ill (1~”-
gr(’t~s iil]d .1, respect iv(~ly. Herc iigilill t 11(’r(li~ lit th>
(Distinction between the vririolls t’iccmtrostiltic 1110(1(’1s,
althmlgll IIC’s are qualitatively ])()()rer,

SUMMARY AND CONCLUSIONS

1. AC’ME’S truncnt(~(l i~t (l~lii(lr~lpolt~sI)rovi(l(”i\ fit
of Lll&elect rostiitic potclir ia] ilt lt’ilSt Silllililr Hll(l
llli]n~ times s[lprrior to Illilt giv(’11 1)~’PDC’S.
If:llen unshared elt’ct roll l)tlirs i+rr prmt’llt ill
n mokule t]w ill)provclll(’llt, frolll tll(? \ls(’ of
.4.C’hIE’s was n\ost evident.

2. .An ef+icient multi pole treatment of t’lr(”trostatic
interactions 011 i-i prrimlic intillit~’ lattice h:w
I)wvl worked-out ;]11(1illlplellwnttwl into a cry.+.
till tllodt”ling pI’ogI’i\IIl.

3. Tk Ilsc of ncct’krlite(l collvrrgrllc(’ tm.lllli .:II(’5
ill rllt’ t’l(wtrost; lti(” IiIt[i(’t’ t’llt’l~y (“ill(’lllil[ioll rt’-
\\llt, S ill r(’nSO1);1])1J” Slllilll ])llt ]Iotl(’t’il])]t” (ll~t’[”-

(.11(”(’sWI](’I1 I’olll])ill”(’(1 \vitll t’s])li~”it c;~lt-lll,lti~)I15

\vitl] ill il giv(~ll l’il(lillS.

.1. .4( ’lIE’s ilr(’ ~t’iisotliil)i~ \v(’11(.OII\O(II~t’(1lit tll(l
(Illn(lrlll)ol(” 1(’v(ll, ()[mtlljxjl(ms rolltril)llt(” lf’ss tllltt

G(Z to tll(’ totill (’1(’(’t.l’ostiiti~ (’11(’rgi(w(“ill(’llllil (’(1.

5. l’DC” S illl(l A(’\l E’S fr(’(111(’lltlygiVt’ V(’I’~ siIll

illlr (’1(’l”t I“OStllt i(. lilttii.(”(“11(’:p;i(~s.SI)IIIr(Iiflrl
t’11(’(’s W’(’l”(”Ilotr (l, ll(nvm’t’r, !’or (li;llllil)ot(’ll:l~,illt.

\V]lt’1(’ t]lt’1’(, is il ]111’gi,l]lIIIlllf,r (If 1111s]1;11’(.11(’](’[’
t r(]tI ])ilirs

(;, ‘1.11~1~’ltv”trost:lli~” I;ltti[’(” ~’tltIrK~ i:. ii ~i}?,lli!i[’illlt
fr;lr~i~ul ~~ft}l~”!~~lillh~!ti(..~’l’111’t”~!”.:11!(I1:111 illl
l)olt;~llt stl\l)ili%illK ft,l(’r (Jitt,lllli[l,y, ill t]lt, (-l}’,.
t:ll,

7 ‘1’lw Ilst’ r)f hlllllikrll rl]w.K~Is])n)\’i(l(’> Illlii’orltlly

]I(M)I r(’slllts (“OII1]NIIIWI tvitl] :ItI}’ ()! 1111*1)1111’I
(’1(’i”tlost:lti(” 1]11)111’1:,,

s, ( ‘111(.lll; ltlilll (Jt :1 (“(11111)01111(1 ,+ (.1’’, ,!1:1 I (1! ’11.11)”

011! ’1” ]~11)1111’it” I(II t)l)l;ll[lillp, IIIIIIIII\(Wl ]1111(1111:11

fllll, tll,ll:. I]l;lt III{ 1!1,11’]Ild:lll; ;ltll)ll. ;Illl”tl llll)]llf”!



. Sl[y UltJLrllJULl(.)11.

1(1. Synthetic chemists can manipulate electron dis-
t ributions in n mohwde I)y subst itur ion of po-

●

l:lr groups, etc. t~itll the ability of Cnlctlliltions
to 1110(1(+1tll&P llliiIlil)lll~ LiollS illl(l to t’Stilllilt(’

lhcir rffect 011 tlw crysfal ltl[ii(”t’. ii~ dlo\Yl] in
this pnper, a 11(W ill)l)ro;l~ll [0 (Ilqgint’(’rillmg(Itulse
t“xplosivm is ll(”)\v(l)lic(’i Vilt)le.
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T.$BLE III. C:\ LC1.”L.\TED ELE.(”TROST.+TIC L.4TTI(E E\ ERGIES FRO\l \’.ARIOCS !,I[)DEL 1.”S
I>:G 1{=1)1)AYE)1)2. \\”I”TH[~=i) o \lo LECL_LES \\’lTHIX .A jl) .4 SPHERE \VERE IXCL(’DED. OPTl-
!.IIZED !,[OLEC1.”L.AR GEU!. [E-L’RIESlt”ERE 51”PERliIPOSEP l“?{:h u13SERVED cR}-ST.\L STRUC’
II” RE C’()()RDIS.+TES .iS DESCRIBED IS THE TEXT. EXERGIES IX kJ/mde. E,, El, El, El AND
S1.”!.1 REFElt T() THE IX DI\”IDU.+L TER\lS ISl”c)L\”I\G ilOSOPL)LES, DI POLES, ~U.4DRLPOLES.
(1(.’”I,1POLM. .+YD THE 5UI[ OF THESE TERilS,



TAIILE V. E\ ERG}” OPT!lI:ZED CR}”ST.4L ~“~R:”(’TL”RE (JBT.+lSED USIXG THE ISDIC.+TED
ELECr R05T,iTIC JIODEL !.1(’”S I.”SED !.l[.”LLIIi ES CH.41{GES OS ZJICH SCCLE[,”S, FDC l“SED
[’~)TliSTl.4L DERIt”ED CH.\RC;E.S, ASP .+C’!}IE’S I.”S!FD.\r[)\l-CESTERED \l~LTIP(”)LE ESP.4S
s1(!s5 PI s,()) .+XD .+(S.(), IX D! C’.+TE TH.\”. THE .+ H}”DRL)GE\ P.+ R.\!.l ETER lY.+5 DEC’RE.AED
D} 30;7 FRoil T1!E 1’.ALUE SH1)JVX IX T.\13LE Ii” THE USE OF P(X-HI ..\XD A[X. H) lSDIC.\TE .+
FORSHORTEXE17° X-H BOXDS lVITH THE IXDIC.4TED ELECTI(OSTATIC Y1ODEL, CELL LESGHTS
.+RE IS .4. .AXGLES 1X DECREES. p IS THE .ASGLE UETIVEEN THE AXIS OF THE L)RIG1>.\L .4SD
FIS.\L ORIEXT.+TIL)SS OF THE .ISYlll[ETRIC uSIT, T IS THE TRA?iSLATIO?4 OF THE .iS}”\[
\lETIllC C\ IT, D IS DEXSIT}” I:f ~/CC. E(r) IS ELECTROSTATIC ENERGY, E(d) IS DISPERSI():~
.. SERGY, E(r) 1S RE?l~LSIC)X E> ERGY. !FIt) IS SUi[ TOT.4L. ALL ENERGIES IS kj/mcl,
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TABLE V1. ERROR .+X.IL}’SISOF C.+LCI”L.+TEDCELL C’OXST.IYT5.PERcllXT.+GE ERRORS
II \,.:\ lc,, x,)hs I. I ,“luI .+RE SH()\VS FOR ALL P,\ R.+\l ST ER5, E.SCEPT ROT’,+TIOX ASI) TIl.+S&:7..l -
TIOS (JF THE .\ SY\[\lETRIC USIT. IX THESE CISES. THE}’ .iRE REPORTED IX DEGREE .A\D
4\(; STR()\I. THEY lVOCLD DE ZER() FOR .4 PERFECT \l.+TCH BETJVEEX THE llODEL A5D
EXPERIYIEXT. ELECTROST.+TIC !.IODELS .iRE ISi)iC.+TED .4S IS T.+BLE V. <%Err> SIGSIFIES
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