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While the nuclear spin statistics of spherically symmetric

tetrahedral,l’2 octahedral3’4 and several other molecules of lower

3,

symmetry are now quite well studied, this is not the case with

‘molecules with very high symmetry such as cubane and the icosahedral

-2
12812

. . s 7-10 . .
spin statistics, the fact that these two cases are still not 'solved

borohydride ions (B ). The recent revival of interest in nuclear
in the literature and our recent experimental interest in the vibra-

. o 11 . . .
tional spectra of cubane = motivated us to investigate the nuclear spin
statistics of these two structures.

For both these molecules the derivation of the symmetry of the spin

' . .  ees o : 1 . '
function is difficult using just elementary = methods™ since the number

'of.hydrogen'spin functions for C]8'2H8 is 256, and for C§2D8 is 6,561 with

éorrespoﬁdingly highef numbers for the icosahedral molecules. Once. the

symmetry species are given, the spin statistics of the individual

rovibronic levels can be determined‘straightforwardly and complete

' . v 1 . : .
tables constructed if necessary. In this note we determine the

speciés of the spin functions and briefly compare the results to the

" available experimental evidence. We use the general technique developed

hy*Balasubramaniah? for ‘the nuclear :spin .statistics and the subsequent

computational techniquesg-lovfor this problem. The readers are referred
v 1 A

to ref. 7 4ﬁorv£he‘methodo1ogy4‘”As.Hougenl pointed out,; in general

it is-necessary to classify the-nuclear spin functions in the -point group



rather than.just the rotational -subgroups.  However, when the symmetry
y a

group is just a direct product of/ rotational éubgroup and the inversion
group, the statistical weights are unaffected by the inversion operation.
The two molecules we consider belong to this case so that it is'sufficient

to find the nuclear spin statistical weights in O and I groups, respectively. )
H
The nuclear spin species thus obtained for C8H8 and C8D8 are shown in ?

Tables I and'II, respectively. - We.feport here not only the total spin
statistical weights but also the individual spin species which are useful

in studying the hyperfine structure of the spectra. For the icosahedral
_9 . the results :
12H12 proton and deuterium species,/are shown in Tables

III and IV, respectively. ' Thé overall spin species for the llB, H and D

borohydride B

nuclei are shown below and in Tables 3 and 4.

spin

rBll = 280832 Ag + 837888 Tlg + 837888 ng

+ 1118464 Gg + 1399040 Hg'

11

. ' - 11 ,
The total statistical weights for B 2 and B, D 2 can be easily

12812 12012
.obtained by multiplying the appropriate total spin species given above
and in the tables.
-2 . . . 14,15 :
For B12H12v few vibrational spectra exist and these are, of
course, in condensed phase. However, the gas phase vibrational spectrum-

of cubane has recently been taken with a resolution sufficient to resolve

the major rotational bands1("J-strﬁcture").}l It is easy to find the

Fas

statistical weights of a given rotational band using the symmetry species
' : ' . ' . b . .

for the rotational wavefunctions .given by Galbraith and in many other

‘places. A comparison between the statistical weights and the observed

: =1 . .
spectra was attempted for the P-branch bands of the 852 cm Vlb;atlon
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(skeletal stretch) of cubane as this branch seems to the least perturbed

of those observed.11 The spin weights16 (without the M degeneracy) are
667 for J = 30, 665 for J = 31, 695 fdr J =32, 715 for J = 33 and so
on. These closely Spaced numbers lead to predicted intensitiés‘that do
not correspond to the observed spectra. vThis discrepancy 1s due to a
combihation'of noise in the spectrum, rotational perturbétions, and to
insufficient resolution of the spectrum. Spectra taken with lasef diode
resolution17 (such as those for,SFG) should demonstrate the effects of

the spin statistics presented here.
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Table 1. Proton Spin'Speciesvof‘Cubanea

2S+1 Total

E>\\\\‘ 9 7 5 3 1 Spin Weight
Al 10 2 0 4 23
| A, 0 1 0 2 0 13
E 0 0 3 1 2 20
T, 0 1 1 5 0 27
T, o 1 ‘~3 3 2 o33

a I' labels the irreducible representations. The
entries in the Table give the number of times a
multiplet occurs. The last column gives the spin
weight for a given representation i.e., for A, the

" spin weight is 9°1 + 5¢2 + 1-4 = 23, Note that
23+1 + 13¢1 + 20°2 + 27+3 + 33+3 = 256 = 28 the

total number of spin functionms.



Table 2. Deuterium Spin Species of Cubane

B
N

28+1
N 17 15 13 11 9 7 5 3 1 _Total
A | 1 0 3 2 11 6 18 412 333
A, o 1 1 4 5 12 10 12 1 288
& 0 0 3. 05 15 17 27 15 12 540
T, 0 1 2 11 16 33 29 35 5 792
T, 0 1 4 9 20 29 37 27 13 828

A



Table 3. Proton Spin Species of B

12812

=2

13 11 7 3 1 Total
A 1 o 2 7 2 10 _96
1 0 1 9 10 .i9 2 192
5 0 1 9 10 19 : 2 192
G 0 0 12 17 19 10 272
0 1 10 28 21 14 352
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