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NOTES

Gier: Molecular Symmetry Group for t-Butane and Other Three
Equivalent Methyl Molecules

In his classic paper on the molecular symmetry group, Longuet-Higgins (/) gave the molecular symmetry
group, Gy, for B(CH;),, including internal rotation of the methyl groups as “feasible,” However, the
molecular symmetry group for r-butane and other 5, three methyl molecules has not been published. In
our recent work (2) on the », and 2, spectra of (CH;3),C-C = CH we found it necessary to work out the
details of this group in order to predict the possible splittings that could be introduced by lifting the 27-fold
torsional quasidegeneracy of the ground state. Since this proved to be more than a trivial exercise, we are
presenting the results in the hope that they may prove useful to other spectroscopists. In particular, a satisfactory
analysis of the microwave spectrum of these molecules has not been published and symmetry considerations
could be very helpful in this regard. Microwave studies of the excited torsional states of these molecules
would be interesting since the top—top interactions would lead to “frustration”—it is not possible to coordinate
rotation of the tops in such a way as to avoid unfavorable interactions.

The point group for these molecules is C,. In addition to the point group operations, the set of feasible
operations should include the 27 operations that involve 2x /3 rotation of the threc methyl tops. Adopting
the notation of Stone (3), we label these methyl rotations & = (1, 2, 3), 8 = (4, 5, 6), v = (7, 8, 9) for
clockwise rotation of the methyl carbons a, b, ¢. Let D = (a, b, ¢) (1,4, 7)(2, 4, 8) (3. 6, 9} be the 27 /3
rotation about the Ci, symmetry axis of the molecule, and R = (b, ¢} (2, 3) (4. 7) (5. 9) (6, 8)* be the
reflection-inversion operation in one of the three o, planes. The group generated from these operations has
162 elements arranged in 13 classes. Table I gives the character table for this group. Since the number of
classes is prime, the group cannot be factored into any smaller subgroups. The group has two pairs of
separably degenerate, three-dimensional representations, (Ls,, f4) and (Js,. Isp), respectively. Table II gives
the multiplication table for the group. The correlation of the symmetry specics to (5, is given by 4; — A,
A= Ay B\ By B> E E,— A+ A D, D, > Ay + Ao+ 2E 1, > 24, + 2E I, — 24,4+ 2F.

TABLE 1

Character Table for Gy

E ofy op! olp o o oy D e olp R BR plR
1 2 3 6 6 6 18 1% 1R 7 27 27
A1 1 1 1o 1 1 1 1 1 1 ] 1 Toleven)
At 1 tot ot 111114 A Ryodd)
o2 2 202 02 2 2 1 4 4000 (TT)®Ry
Ez 2 2 2 2 -l -1 -1 2 -1 -1 4] ) 1]
Ex 2 2 2 2 -1 -1 -1 -1 2 -1 o o L]
By 2 2 2 Y | -1 -1 -1 -1 2 1) 0 0
1 6 -3 0 0 3 3 2 G 0 0
p 6 -3 1] 0 3 0 1] L] 1] 1 L]
I 6 -3 0 -3 3 0 0 o B
1, 3 3 e 3k [i] 0 0 0 o ] i 3 £*
gy 3 3 3e I 0 0 4 0 0 o i [ €
Isa 3 3 3 3 0 QO 0 0 0 o -1 £ €%
Tsp, 3 3 3 3 0 0 o D 1] 0 -1 -E¥ -€

e=expl Znid) -
o=(1.23); B=(4,56); v=(7,8,9); D=(a.b.c¥(|,4.TH2 4.8H3.6,9): R=(b.c3(2,3K4.7H5IX6.8)
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TABLE It

Product Table for Gye:

A2 Es Ez E3 E4 iy L £ Iy Is
Ay Ag o T
Ey B
Ez (273
Es Es
Fa Eq

Ar+Ag+Ey

Eathy
ExtEs

FaeFa

AprAzrEy
Er+Eq

Ar+AgeEs
Bty

E1+E3

Ay+Az+Eg

Ay+Ap+2Ey+]y
+2I3+14415

Iy Iy 24 Tp¢la Ir+ls Ix+ls

I I 20 21 I+l I+l ExtEaeEg+2l;  A+Ax2E42L
+la+latls +Hatlss
I I 2 I+ I+lz Li+h Ep+Ea4Eq+2l;  Ep+EpsBasly  Aj+Apr2Ei+2hy
+h+isels +2I3+lg+ls +Ia+lgdds
Iq Is Rty Ta+ly Tatls Tatls A+2124203 20421 2T+ 2054213 2A1+2E1+2E2+2E;
+2E4+ 24 +5

2A3+2F 1 +2E342Es
+2E4+ig+215

ZAHIE 2B 428,

23420420 +2Eq4+20g+
+2Eq+ g +s

2+ 22420

Is 1N T4+l5 Ia415 IsHls I4+ls 203+2154 213

An interesting feature of this group is that all the feasible operations are even permutations, thus the same
representations 4, (even parity) and 4, (odd parity) apply to both Bosons and Fermions on the methy}
groups. If we consider the common case of / or D on the methyl groups, we predict that there should be
512 or 19 683 spin functions, respectively. The representations spanned by these functions are given by

Coin{HY = 204, + 44, + 20E, + 4E, + 2E; + 2E, + 161, + 325, + 81, + 121, + 415

Toinl D) = 2754, + 1764, + 440E, + 176 E; + 168 E; + 168 E, + 7041,
+ 9681, + 51215 + 3881, + 3161,

The vibrations of the (CH; ); X-group span the following irreducible representations: C-X stretch (4; + £3).
C-X bend (4, + 2E,), CH; s-stretch (4, + E;), CH; a-stretch (1), CH; bend (4, + Ey + 21,), and CH,
torsion (A, + E,).

TABLE III

Nuclear Spin Weights for Torsional Levels of Hydrogen Species

K=3nt1 K=3n

MMy Mc>

Tigesional R=D
F=even J=odd

Ay EY) Eq ArvAg
Qe @ 26} (20+4)

18,0, 0> Ay

H1L,0,0> Do L I 21 21,
32} (33 (64} (64}

i, 0 1

Iy Iy 25y 24
Qe (16 (32) (32)

Ia+ls Ig+ls
(12+4) (12+44)

I+,21, G L

1 is
2y @

21,21,71> 13 Iz Iz 213 213
@ @ (16) (16}
H1F1El>  Ep Ea Ez Es+E4 2E2

@)

(2+2) 8)

In the high
the nuclear Sp
We label the |
limit. Since 1}
rotational fuy
spin weights f
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A4+ Ap 2B+ 2l
s13+Hatls
1 2Ay+2E 142624283
2y 242l it
2Ap+2E 1+ 2Ex+2Es 2A142E 11 2y
213+20p+213 +2}250*14+7-15 +2Eg+ 24l

¢ Even pcrmutations, thus the same

ysons and Fermions on the methyl
1ps, we predict that there should be
4 by these functions are given by

+ 326 + 8L+ 121, + 415
Wi,
4 9681, + 51215 + 3881 + 3161s.

sresentations: C—X stretch (A, + E.
CHsbend (4 + By ¥ 25,), and CH;

ydrogen §pecies

X=3n

Atz
(20+4)

M
64

2Ly
(32)

14+ls
(1244)

paEy
(163
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In the high barrier limit, the ground vibrational state will be made 27-fold degenerate. Table III contains
the nuclear spin weights for different J and X values for the torsional states that make up this degeneracy.
We label the torsional states by their m quantum numbers of each top |mi,, 11, 1) in the low barrier
limit. Since the small-amplitude intramolecular vibrations have symmetry 4;, 4;, and E;, the same as the
rotational functions for Og, 1, and 1,, respectively, we can, from the results given in Table [, calculate the
spin weights for any excited vibrational state as well.
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