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MOLECULAR-ORBITAL CALCULATIONS FOR POLYNITROPOLYHEDRANES

James P. Ritchie
Group ‘1-14, MS B214

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

From the beginning, theoretical calculations have resulted in a better

understanding of polyni: ropolyhedranes . I pnrticlpat.ed in xesnarch invnl.ving

the polynitropolyhedranes first at the University of Texas, with Michael Dewar

and Jack Alster, where we investigated the effects of nitro substitution on

polyhed~ilries using largely MINI!O/:], then u: Los Alamos NaLi.oniil. Laboratory

w!lerc I am cllrrently cvalll:lting various synthetic pathways to polyhcdriill~s

using thcoreticu’1 calculations. The following ~lidrs ~ummiiri~c LIIC effort LO

As lhc FirsL slidr ill(]icnlr:i, rrpl;lcm(’nt of n (;-11 I)on([ with ii C-NO. 1)011(1
2

in th(I tSiJSCS shown Ilils lC~SS tllilll i] lo-k ~iil (~fl’PcL (III [II(1 h(~ilt 01 formilt ion 01” il

Ilydrocarhon. $l{)m~~llill surprisirl~lyt howrvcr, st’(lu(~nLi;ll l’~lllil Ct’llJ(’llt 01” C-11

bouds wi LII C-NO,, 1)011(1s ill ])rlltll[’yclo[4 .2,0.().2’5().
:],H [, ~

() ) ]W”LUIMI (. Cut)all(’) r(’-
.

S1111S ill U ~illll(’r ItiYg(’ li)wrtill% 01’ lllr Ilrill of” f“orm;]liofl, as tlltI H(I(oI)(I sli(lf’

i lillyLrntrs. ‘h is inn) 1i rs t!lilt I“IIP nitro sllhst il.111.iol) i II (“lll)illl (”}; In:ly 1)(’

lctr:tlliLro{.lll)Jlllt~s L(I ]Ir sL;IIIlr LO tlII’ ll~)llln[yt~[’ (“l(’;lVii~(h [II c-l] ilil(l (;-/40 ‘),,

homlli.



The next slide demonstrates that nitro substitution usually weakens the=

adjacerlt C-C bond by stabilizing radical fragments. In contra’,t, as slide 6

demonstrates, MINDO/3 predicts that nitro substitution may irtually incrc.~se

the strength of the adjacent C-C bonds within the cubane framework. This is

shown by the iAlcreasf? of the activation enthalpy for the illustrated cubanes,

Frc,m these results, we conclude that nitro substitution does not weaken

bonds within the cubane framework and that polynitropolyhedranes ought to be as

stable as the parent polyhedrane. Consequently, polynitrocubanes should be

stable enough to be synthesized and tested as explosives.

Slide 8 summarizes the results of calculations that indicate that t.etra-

nitrotetri~hedrane may also be an explosive of exceptional performance (if it

can be made). The next two slides demonstrate behavior of tetrahedranes upon

njlral.ion which is analogous with that Of Lh~ ~ubali~s. This indicates thtil.

lrlrullrdranc ilsrlr is Iloloriol!sly unsttih]c. Cl) Lhc other han(l, Letra-l.-buty]-

L(’lrc!lrdrar!r is u Slol)l(h compol]nrl. l’his Sll~g(!SIS tlli, trtr/lllitrol(’Lrullt*(]rar)rs

pr)ssit)ly migl]l 1)(’ st.,lbl(’, iso]uhl(! Compounds Loo.

Sli[ll’ I 1 out li[lrx II r(’por[ , hy Srhl(’yrr, of LIIt” syI]tllrsls or tclrillitlliO-

lvt r:lll(’’lr:lnr , AlthoIIgh prrlimil)iir~, ?.his rrpol.t SIIXX(ISLS ;I possii)l(, synth[’t. ir

p;ltllwuy 10 tllr Ilitrol(’t rilllt’(11’Jlll(’!4m 11 Nf’(wls lil(rlv tll{il, if” t(’t:”lllitlliot(’tt-:l-

I



calculated ring strains of the lithiat~d polyhedrane and the conjugate base of

a polyhedrane ill. ‘e that the carbon-lithium bond is highly ionic, as slide

16 states.

Slide 17 suggests tlllt the incorporation of an unhybridized anionic carbon

atom may account for the ,elief of ring strain observed in the ct-njugate bases

of polyhedranes. This is because the unhybridized carbon entails less ring

strain upon incorporation into a polyhedrane framework than does a hybridized

carbon. The next slide documents tin experimental report which suggeste{i this

concept without a theoretical background,

Our results have indicated that lithium substit.uticn can lead to a relief

of ring sLrain; however, this is a result of all ionic carbon-lithium bond which

places a large negative rllt]rge on carbon. Because it seemrcl likely t-hat

charge-char~e repulsions in polylithium compounds might lead to destabilization

of a poly]i Llli(]lJolyiledralle, W invrsligdt.cd Lhr C l.i
44P

oLellLial energy surf:icc

in more deLail tl]iin had brrn prwiousty rrportcd.

SIi ‘() lY t+lnnnlilriz(*s LII($ calruloLcd r{’li]tivr en(’rgilts of’ five C41,i4 iso-

mr rs. Tllr Illaniir t,t’trii lilllioryrlol)iiLti(li rnr, ~, is prr(!i([-cd to ht’ lhe ~]ol)ill

mini mlllu wt)rr(’tis 111(’ f’il(sr - Iit.tlidL(?(l t(’LI”allf!(lrilll(’, ~, ,is prtvlicLc(l 10 hr 1.lI(s l(lw-

VSI cnrrgy L.(’trll ll(’drilll (’,

S11(1(ss 20-22 slmmilrizr lht’ resulLs 01” Vihri]tic)lli)l frr(lll(’llry (’:11(.ul;It iol]s

1’01” lIIC 1(’lrill itl)ioL(!ll ”illli’(lr:lllf*s, Tht’s(’ rvsul Ls ~how ~, :11111:! 10 br hi I ]lO]IS 011

111(! pl)t(’nli;ll I’11(’l’gy sllrt(]((’, ns ill(l!(.iltr(l I)y !-11(’ lW() illlilgillilry villrfit ioll,d

l“I’c(lll(’ll(” i(’s ill (’;I (’11 (’il!i (h. ‘1’llis sllg~rsls tlliIl [II(IS(I (-( 11111)(11111(1S ;II”(* IIr)l is[)l;)l)~(’.



Slides 23 and 24 summarize the results of vibrational frequency calcula-

tions for the tetralithiocvclobutadienes. In contrast with the results for the

tetralithiotetrahedranes, both ~ and ~ are predicted to be minimum on the po-

tential energy surface. As such, attempts to isolate these compounds may be

carried out with some hope of success,

These results indicate that the synthesis of tetranitrotetrahedrane from

tetralithiotetrahedrane is not a promising route. Alternatively, sequential

base-promoted nitrations of cubanes seem a much more promising route for ob-

taining Tolynitrocubanes.

QUESTIONS AND ANSWERS

*stion —.

How can yuu directly compare AH; of rnononitrocubane and dinitrocubane di-

reculy since they have different formulas7 I think that this must reltiLe to

the fact that (lJy coincidence) AH~(Cl{4) = AH~(CH3N02). Bllt in go”irlg from

C11,)C113+ C113CH2N02 Lherc is a difference in AII~ of -18,0 k.J/mol and for
..

CH3 CH:I

\ \
C:[—3 f

— II ~ CH3-’-N02
i

LhF diffcrencr in AJl~ is -5S k.J/mo].. Shouldn’t

CH:, dH:;

Yell Use Ilf)mo(lesmoti(: rrlaLiJnsllips to asst?ss Still)iliLyr/

Aithl)r Grw?lll)rrg

N(’w Jrrsry lnstitulo o I Te(”hllo I ogy

Answrr

To ~lll:lllt,itnli\*f’ly ,IsHfsss rill~ st.r:iin, llomo(l(’:;mo~ic rcl;lLi(>nsl)ips Wou](i,

in(lu((l, I)(’ llroprr; hewrvrr, I Ilnrtl 111(’ Ill’s dirrclly as ;I quulil;lLiVc Rui(lr.



and, as such, are less useful for determinirig the stability of the substituted

polyhedranes.

Incidentally, FIINDO/3 calculations indicate a change of +8 kcal/rnol for

t-butane + t-nitrobutane; this is presumably due to steric effects. In con-

trast, the AHf of tetrahedrane -? nitro~etrahedrane i.s -30 heal/mol.

QEELQ!2:

(1) You used group separation :eactions to discuss polyhedral lithium and

anions. Shouldn’t you also use this approach for the (poly)

(2) For the use of unhybridized carbon, isn’t there

only using one lobe of the p orbital? However, consider

2111
anions--l.e. , have s p p p

unn”

nitropolyheclranes?

trouble because of

acetylene and its

Joel F. Liebman

University of Maryland Baltimore County

Answer

(1) See response to Arthur Greenberg,

(2) This may be true, but appears not to cause a problem because of thv

differing angular dependencies of p and sp3 orbitalb’ (which are orienl~d iit 90°

and 109.5°, rrspflctivcly) . IL is this differing angular drpendcnry Lhiit makes

the iucorporatinn of :}lP unhyhridizcd anionic cwntcr appear likely, Fur~her-

mo rc, by using an unhybridiz~d atom, OIIP “S;IV(JS” (he 2s*2p rxciLuLion en(~rgy

rrquirrd for Lhe atom Lo hyl]ri(ljzt’, A final ]]oint is tlliit I)rriikil]g tlI(I hund

adjarcnt LO t.hr anionic crlltrr wou 1(1 mbul L ill :1 r:]rhrnc oil onl” .+idr and nl]

ilnion on lhc oLh~*r (shown I)r”low) . ‘1’11i H , 1 wOITI d I hink, wfjidd b(~ a r,q(hrr tl i gh -

ly (’ndothrrmiu rractioll.

~$?. _ @:@

,.
.)



Have you considered early 60’s work on C3Li4 (West) and other work by

Gelman (degradation of many cloro-aromatics and other compounds to Li2C2) and

the related experimental problems?

Ron Husk

Army Research Office

An6wer

Polylithium compounds :em to be plagued by problems. We expect, however,

t.o be able to perform sequential anion formation to generate polyhedrane deri-

vatives. Mono-anion formation is , of course , quite common.

Question

A recent paprr by Lagow et al.
‘ndicates ‘hat ‘i2c2 ‘s ‘he ‘ost ‘table

lithium carbide. Have you calculated the energetic of the photochemical re-

action reported by Schleyer for the preparation of Li4C4:

L;

We have repeated the proposed Sch].eyer reaction ma~~ times and have been unable

to trap the Li4C4 as a covalent R C derivative.4 1,

R. Rrure Kifig

University of Georgia

Answer._.—._.-

] !I.,-?Cfoul!d that tetrali thiotetrahedrane lies 74,0 kcal abov~ Lwo diliLh-

ioaceLylrnrs (cyc]ic, most stable) at the split valrnre icvcl. This is in con-

tril!+t to splil valcticc calculations, previously performed hy oLhers, which in-

~ljc:lte thnt trtr;~hrdratl[! lies only 50.6 kral FIl)ovr Lwo molrrules of acrtylcn(’.

6



My results (slides 20-22) indicate that you will not be alone in failing

to trap tetralithiotetrahedrane.

Question—.

Have you calculated

for the 2s AO’S, leading

----

C4 ?
It might have six n electrons and six in MO’s

to u and n aromatic structures simultaneously. (Same

result if the a AO’S are hybridized. )

Michael J. S. Dewar

The University of Texas

Answer

This 5s a very interesting suggestion. My present results suggest that

the tetralithiocyclobutadienes are u and rt antiaromatic; that is, 4e- in the n

system and 8e- in the a system. This presumably results in their rectangular

structure.

Incidentally, I have been unable to find any evidence of Li p orbitals be-

ing involved in an anti-Hiickel aromatic ring as Schleyer has suggested.

4e; anti-Htickel aromatic

7
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MINDo/3

Comparison of calculated (experi.mentalaj heats oi

formation (kcal/mol) of hydromrbcm

hydrocarbon.

●nd nitro

‘3
- 6.3 (-17.9) -10.0 (-17.9)

C2E5 -20.0 (-20.2) -21.0 (-24.4)

(N02)C2R4 ‘21.0 (-24.4) -21.0 ( ? )

3°Adamantyl 2.2 ( 32.9) 10.0 ( 7 )

●)Cox, J. D.; Pilcher, G. “Ihemocheaistry of Organic ●nd Organo-
metallic Compounds” Acadnic Press; New York; 1970.



SlifJt?2

MINDO/3

Calculated huts of fmmtion (kcai/mol) of sitrs sub-

stituted pentaeyclo (4.2.0 .0.2’5 0.3’8 04’7) octanes.

Substitution ‘f

none

1 mitro

1,2 diuitro

1,3 dinitro

1,4 dinitro

1,3,5 triuitxo

139.7

119.3

102.7

102.1

101.5

87.1

1,3.5,7 tetranitro 75.2



MINDo/3

Calculated C-IIbond strengths (kcal/mol)in cubanes.

139.7

119.3

75.2

180.3 52.1 D(C-H) - 92.7

63
u+

h!”
●

157.9 52.1 D(C-H) = 90.7
ah

.B

●

H“

w, NO, .

109.9 52.1 D(C-H) - 86.8



MINDo/3

Calculated C-N bond strengths (kcal/mol) of ●cme sitro

cubmma.

I



MINDo/3

Calculated C-C bond strengths (kcal /mol ) uf sme

nubatituted ●thrones.

CE3”-CR3 2 CE3

-21.
.

41. D(C-C) = 103.

‘02H2c-% ~ ‘2N02 + ‘3

-21. 20. 41. D(C-C) = 82.

‘02B2c-cH2N02 ~ 2 ‘02cH2

-21. 20. D(C-C) = 61.



MINDo/3

Calculated bond strengths (kcalhol) ●nd activation

●nthalpies of some nitro cubanrs.

●

✠

P-32 16;.0

-@
#

W-40 135X

H* . 42

1%
123.1

96.4



CONCLUS1ON:

IN CUMNES, AND PROMBLY ALL POLY~llMIES, REFMCEMENT 3F C-H MhDS WITH

C-N~ bONDS IDES NOT SIGNIFIMNTLY WEAt@l THE BONDS WITHIN THE FDLECULEo

THIS LEADS TO THE CONCLUS10N THAT NITROPOLYHEDRANES, AND PARTICUIARIY

NITROCUE4NES, SI+)ULDM LTABLE ENOUGH TO BE SYNTHESIZED MD TESTEO AS

Dmmlws,



Slide $

CALCULATED W PAFVwlEERS OF PM:

NO
2

Pu(lwo Tu ( K) Du (tdS)

JD 45?,0 5b?

2740 !3548~~ (CO2C@o) fMo7

w (co)(@m 431,8 WC m,k

J PARPMTERS CALCUIATEO BY ALSTER, ~ AL, FOR NITROCUBANES INDICATETFWT THEY TOO

AY BE =CEPTION4LLY POWERFUL D(P~SIVESt



M1~d3
Calculated haata of fommtion (kcsl/mol)●nd bond

lengths (~) of nitro ●uhtituted tetrahtdranee.

Nmber
of nitro

gYoups

‘f ‘C-N %C-CH %02C-CM %102C-CN02

o 126.0 1.50

1 96!0 1.39 1.49

2 71.3 1.40 1.48

:. 50,d 1.41

4 30.8 1.42

1.51

1.51

1.49



Comparison of MXNDO/3(kcal/mol) mnd ●b initio (au)

single point calculations for tetrahedrane, aitro-

methane, nitrotetrahedraneb and methmne.

E(C4H4) E(CH3??02)E(CB4) E(C4H3?J02) Hrxn
(kcA1/mol)

?fINDO/3 126.0

sm3G -151.7041

4-31C -153.3300

- 10.0 - 6.3 96.2 -25.9

-240.4109 -39.7257 -352.3757 2.9

-243.2622 -40.1306 -356.h584 2.0

ii

N%

-} H

+

H+cH
4



CONSIDER, liMVER, A RECENT REIWT OF TEE SYNTHESIS OF 7E1’RALITHIO~E

(Go RAUSCW3?, T, UARL D, POPPIN-RZ~ PO ‘~’mJ “C4L14,TETFWITHloT~RA~~@”

ANGEWoCI@% INTom, ENGL. 17, 27H78 U9781)

‘%=“0 ‘m~ ‘%um=9’2‘R’

FIELD DESORPTJON P14SSSPELUWM - M/E = 76 AM) 75 (lS~OPE

NO PEAKS ~2LI~+N

OF LlTHIl#4)

N=l; N=3,4,5, mo

THE RAMAN (C-C) VIBRAT ION AT 1885 CM-I DISAPPlE8~S m

A WHITE AMMONIA-FREE POWDER WHICH ABSORBS AT 688, 612, AND 448 CM-I IN
THE IR RESULTSO



NITROT~ RAHEDMNES M4Y BE ACCESSIBLE FRCM C4L14VII

REAGEBJT, REACTION WITH A SUITABLE NITRATING

“e
(LI)4

+ ‘-9
‘2

DN
2

‘+

N
!?

+ 1])(

n

N
X = F, CL, BR, BF4, PF& OME, ~ J ?2

N&y Nq, AM2 OTHERSI

C4U4 MAY ALSO REAH W:TH C02, MLOGENS, TRIMEML

S7ANNYL H4LOGENS TO GIVE DERIVATIVES WHICH MIGHT BES*Lm ‘Lmws’ ‘R ‘R]mm-

CCNVERTDI TO N ITRO GROUPS,



BECAUSE THIS SEEMS TO BE A PROMISING GENERAL SYNTHETIC ROUTE TO

POLYNITROPOLYI-IEDRANES, WE EXA!41NEII FURTHER THE EFFECTS OF LI ON

STRAINED RINGS,

WE ESTIMATED RING STRAIN USING THE GROUP SEPARATION METHCDm

x

4 +6c2ti6

x

la + 12C2H6

f

3 ~jc-f-cH3 + ‘3c-\—CH3
rt,!

3
CH3

It{z

THE NEGATIVE OF THE CALCULATED HR FOR T!4E ABOVE PROCESSES 1S TAKEN AS

THE RING STRAIN,



Slidp If

FOR THE TETRAHEDRANES, STO-3G AND 4-3VEP21GCALCULATIONS WITH COMPLETE

GEOMETRY OPTIMIZATION WITHIN THE SPECIFIED POINT GROUP THE FOLLOWING RESULTS

CALCU~ ‘n RING sTRAIN (KCAL/MOL)
—.

e H

+

I

e
e

Tn C3V
ck____—

ITO-3G 195,5 164.4 158,8

1-31/
163,1 133 m3 133,7

;-21G

,ITIIIUM SUBSTITUTION DOES STABILIZE RINGS.

)NIONS ALSO SHOW SIMILAR RELIEF OF RING STRAIN,



SLA /1

SIMILAR CALCULATIONS FOR CUB.4NES GAVE THE FOLLOWING RESULTS,

CALCULATED RIrdG STRAIN (KCAL/MOL)

I@
I

C3V

STO-3G

4-31/

5-21G

17503

172,3

160.7

AGAIN, IT IS OBSERVED THAT THE LITHIATED ANIJ ANIONIC CUBANES SHOW SIMILAR

RELIEF OF RING STRAIN,



THE OBSERVED SIMILARITIES BETWEEN THE LITliI!JMCONTAINING COMPOUNDS AND

THE CONJUGATE BASES IS CONSISTENT WITH AN IONIC CARBON-LITHIUM BOND,

I BELIEvE THAT, IN THIS CASE, THE EMPTY P ORB]TALS or4 LITHIUM pLAy LITTLE

OR NO CHEMICAL ROLEc



FURTHERMORE, RELIEF OF RING STRAIN MAY RESULT FROM THE INCORPORATION OF AN

UNHYBRIDiLED ANIONIC CENTERI

2111
THE VALENCE ELECTRONIC CONFIGURATION OF C- IS 2S 2PX2PY2PZ,

THIS ARRANGEMENT HAS THREE UNPAIRED ELECTRONS IN MUTUALLY PERPENDICULAR

ORBITALS PERFECTLY SUITED FOR INCORPORATION INTO THE CUBYL ANIONI

la) +

e

la



THIS EFFECT HAS PROBABLY ALREADY BEEN OBSERVED EXPERIMENTALLY, 1

A
J(13k-H) = 160Hz

ABOUT 32% S CHARACTER

RELATIVE RATE

OF EXCHANGE WITH
= ABOUT 10-3

CSCHA, 50°

‘(13C++)= 155HZ

ABOUT 30% S CHARACTER

STOCK AND LUH: “WE INFER THAT THE LARGE ENHANCEMENT OF ACID STRENGTH

ORIGINATES IN THE ALTERED HYBRIDIZATION AT THE ANIONIC

CARBON ATOM TO AN ORBITAL WITH SIGNIFICANTLY ENHANCED

S CHARACTER, ”

~, LUH, T-v,; STOCK, LoM, J, AM, CHEM, SOCc ~, ~~, 3712-3713,.—— —



INTRIGUED By SCHLEYER’S REPORTED ISOLATION OF TETRALITHIOTETRAHEDRANE,

WE INVESTIGATED THE C4L14 POTENTIAL ENERGY SURFACE,

LI

LI -

LI
L1

)$
LI

Ll

3, Qv

RELATIVE ENERGIES (KcAL/MOL)
.-

STO-3G SPLIT VALENCE

2 13,0

3 54,8

4 78,1

5 26.6

0010

27,9

82,Z

L
\

d

L1

/
LI L1

5, D2H



Slide 20

THE CALCULATION OF FORCE CONST.4NTS FOR THE CORNER-LITHIATED

TETRALITHIOTETRAHEDRANE INDICATES THAT THIS STRUCTURE IS A HILLTOPo

IT HAS TWO NEGATIVE FORCE CONSTANTS AND 1S NOT A MINIMUM,
G
>

L;

4

Li

b
-1CALCULATED VIBRATION;: FREQUENCIES (CM )

AT THE

STO-3G LEVEL
. .——

169 i (2)

56 (3)

87 (3)

444 (2)

674 (1)

735 (3)

1098 (3)

1623 (1)

PA7ENTHESIJ INDICATE THE DEGREE OF DEGENERACY,



FORCE CONSTANT CALCULATIONS FOR THE C2V STRUCTURE INDICATE THAT IT

IS A TRANSITION STATE BECAUSE IT HAS ONLY ONE NEGATIVE FORCE CONSTANT,

THIS TRANSITION STATE DECOMPOSES TO TWO DILITHIOACETYLENES AND RESULTS

IN A SCRAMBLING OF THE CARBONS AND LITHIUMS,
1-i

.

CALCULATED VIBRATIONAL FREQUENCIES (CM-L)

AT THE

STO-3G LEVEL

52

71

123

140

263

299

532

585

638

689

811

816

856

935,1126,1160,1493



FORCE CONSTANT CALCULATIONS FOR

INDICATE THAT THIS STRUCTURE IS

THE FACE-LITHIATED TETRAHEDRANE

ALSO A HILLTOP,

CALCULATED VIBRATIONAL FREQUENCIES (CM-L)

STO-3G SPLIT VALENCE

225L

272

352

658

75E

793

976

1292

154i
‘)y)

298

612

617

657

847

1073

—.——-..—..— _ .—- . .... .—. - -.,——. -—— .... . .



FORCE CONSTANT CALCULATIONS FOR TETRALITHIOCYCLOBUTAD!CNE INDICATE

THAT IT IS A TRUE MINIMUM ON THE POTENTIAL ENERGY SURFACE,

CALCULATED VIBRATIONAL FREQUENCIES (CM-I)

*ZU a&iW

STO-3G SPLIT VALENCE
.— —

114

169

217

290

361

376

384

478

614

652

729

735

829

887

1004

1224

1~54.

122

234

154

262

308
p?q

281

50[,

491

556

609

635

750

714

803

!19!I

1485
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ADDITIONALLY, FORCE CONSTANT CALCULATIONS INDICATE THAT THERE 1S

ANOTHER CYCLOBUTADIENE WHICH IS ALSO A MINIMUMt

CALCULATED VIBRATIONAL FREQUENCIES (CM-I)

144

186

210

312

357

365

368

554

5G2

615

639

65(I

801
!38G

1134

1295

151?

1535


