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In my Ph.D. thesis [66], I determined the character table of
the MS group of a torsionally tunneling Y4X~XY4 molecule with two
C4V rotors. This group of 64 elements, Gﬁ4f is given in Table A12,
This group is not the product of any smaller groups (i.e, it is not
isomorphic with C4v X C4v)’ and I_deterqined the characters by
laborious application of the character reiations [67].

The molecular symmetry group of the hydrogen peroxide molecule
is the CZV(M] group. Using it (see Table A2) we can détermine that
the species of the vibrational coordinates is

PQ = 3ap+ 28, 0 S (80)

The double group of fhis molecule has recently been de;erwinedl[?ﬂ]
ahd is needed for a_sepqrate_symmetry;classifigation of the rota-
tional, torsionél, and vibraticnal _parts of the. wavefunctioh;' The
selection rules can also be determined u51ng the group. Molecules
of this type are also discussed in Ref, [71]. The application of
the molecular symmetry group to molecules in a solid matrix lias .
been recently discussed by Miller and Decius [75].

V. - SUMMARY

The total molecular Ham11ton1an (1n free space) can. be written
(neglegtlng translatlon) as the sum of nuclear- spin rotatlonal
vibrational, electron-orbital, and electron,spln_parts,plus_a"_

coupling term H'; that is:

g 40 0.0 0

f.‘l = Hl‘lS + 'HI‘. + HV’ + Heo +. Ht;s +7 H'
. .
= [~[0_ + H ; . : L . (81)

The elgenfunctlons are then a zerotb order product of nuclear spin,
rotatlonal, v1brat10nal, electron orbital, and electron- -spin parts

plus a functlon correcting for the effect of H'; that is:
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v = ¢° w°¢0¢° w” .

ns'r'vy .
=4 v d : - ' - = (82)
Similarly the eigenvalues can be written'as

E= B0+ B0+ B+ B0 w04 g
~As T v - €0 E§

=% . L (83
The elements of the Hamiltonian Group leave H, and the parts H
(where Mah s ns, r, v, eo, or es) and H', 1nvariant and thls
group can bé used-to symmetry l1abel the zeroth- order functlons uo
and hence:the functions“y, The group to use ‘for this purpose is the
direct product of (a) the molecular symmetry group, {b) the
external rotation group (g1v1ng the J;M labels), ‘and (c] the
electron ‘permutation group If we are not 1nterested in the
separate c13551f1cat10n of ¢ “and w (and we aré generally not)
then a sufficient symnetry labellng of the eriergy levels is
obtalned using J and the molécular symmetry group, -The.elemenrs'of
the molecular symmetry group are nuclear permutations . (i.e., the
permutation of the_spatial.coordinates. momenta, and spins of
identical nuclei) with or without inversion of the ooordiuates, and
the MS group consists‘only of the feasible elements of. the complete
nuolear'permutation group. The symmetry labels obtalned u51ng the
MS group. can be- used to-determine which E are -coipled by H', whlch
are coupled by an external electric or magnetlc field,and which are
coupled by an elecfromagnetic radiation field, The_letter results
give us fhe selection rules for allowed”fransitions. ~This group is
set up without knowing any of the details of H. Knowingrthe
expressions for the zeroth-order Hamiltonians=H0 we can construct

a symmetry group for each based on a study of the coordinate trans—
formations that leave each H invariant [79] These symmetry groups
neglect the effect of H' and w111 be near-symmetry groups of H.

The point group is such a near-syminetry group obtained from
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HS + Hg. and Coriolis coupling terms in H' spoil the symmetry
labels. The four-group for an asymmetric top is obtained frcm_Hg,
and its symmetry classification can also be spoilt by Coriolis
coupling terms in H'. For linear molecules and for molecules with
two or more identical coaxlal internal rotors (such as dimethyl-
acetylene) an extended molecular symmetry group is needed in order
to label the'separate EO but the molecular symmetry group can be
used to label the everall energy levels E.
We have been partlcularly concerned with labeling the

rotation- v1brat10n energy 1evels, and the four labels we attach are

, {vib), (rot), and F (MS), where J is the total angular momentum
quantum number not 1nc1ud1ng nuclear spin, [v1b) is the v1brat10nal
quantum number label (rot) is the label obtained from the internal
rotation group, i.e., K (alse %% or G[2]) for a symmetric top and
A, Ba’ Bb; or Bc talternatively. ee,,eo; oo, or oe, respectirely)'
for an asymmetric top, and Tr {M5) is the irreducible representa-
tion label from the MS group. The labels (vib) and (rot) are only
perfectly good d15t1ngu1sh1ng labels for a rigid- rotor harmonic
oscillator and are spoilt by anharmonicity, Corielis coupllng, and
centrlfugal d15tort10n The labels J and T (MS) are good
d15t1ngu1sh1ng labels since states hav1ng dlfferent J or T (MS}
are not mixed by H (we are neglectlng nuclear hyperfine 1nter—
actions and the breakdown of the Born -Oppenheimer approximation).
Selectlon rules for perturbatlons or for tran51t10ns are quoted in
terms of changes in these four labels, and while the rules on the
changes of the labels (vib} or (rot) are often very restricting
they can break down because of anha:monlclty, Corielis coupling,
or centrlfugal distortion. The rules on J and F (MS) do not
break down unless there is nuclear hyperflne 1nteractlon, 1n whlch
case the useful labels become F and_l‘ov ralchs)

The important result in the paper by Oka [68], is that the

overall eymmetry label FoveralchS} in fact represents the
overall parity label. For example, for H O the label I 1(MSJ

overal
is either B or B as the parity is - or +, and we could label the
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overall states (y) by parity rather than by roverall(MS)l since
this is the fundamental réason for the distinction. For molecules
for which E* is not feasible this is still true; Al ‘overall states
of CH 7 have 'f-" parlty and A, ‘overall states have "4M parity.
Thls_can easily be seen since (12)¢ = -y by the Exc1u51on Prlnc1ple,
(12)*w +p for Al and - for AZ states and E* = (12)(12)*. It may
be useful to label the rov;brat:onal states (rotatlonal levels)
with an ”1nc1p1ent overall symmetry label™ in parentheszs after
(MS) in case there 15 a p0531b111ty of 5ee1ng nuclear hyper—
f1ne structure, We would then label the rovlbratlonal states as
(MS) [roverall(MS)] For water the rov1brat10na1 states would
be labelled A (Bz) A (B ¥, B (Bl), ‘and B (B ), or" us1ng + and -~
instead of roverell(MS)‘ (+), A {(~), B ( ), and B (+) Slmllarly
for CHSF we have A (A 1, A (AZ)’ and E(A + A 2) or, as in {68],
A (- ), (+). and E(+) It is, however, necessary to use
Povarall(Ms) rather than parlty for determ1n1ng whlch nuclear Spln
state a partlcular rovibrational state can be 1n, and 1herefore,r
for determlnlng nuclear stat1st1cal welghts. We . should not view -
the addition of % to F (MS) as giving us any new. 1nformat10n about
the level, in the absence of nuclear hyperf1ne spllttlngs, since it
does not. More 1mportantly we' must not use % 1nstead of P (MS}
since by d01ng this we lose 1nformat10n, for example, ammonla has
six possxble P (MS], i.e, A ;, E' A;,‘Aé, and E (see Flg. _
21}, but using only parlty,the first three would be + and the last
three -, and some 1mportant d;st1nct1ons are lost.

In’ this chapter I have concentrated on the determ1nat1on of
the symmetry iabels for the rotat1onal and VJbratlonal states, The
nuclear-spin states were also symmetry labeled for the purpose of
determining the spin statastlcal weights, Electronlc states can
also be classlfled in the molecular symmetry group (although for
linear molecules and molecules with identical coaxial 1nternal
rotors the extended molecular symmetry group is needed}, and this
symmetry should be considered when-consfructing elactronic wave-

functions. The transformation properties of electronic
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wavefunctlions written in terms of the xyz coordinates of the
electrons can be detérmined once the transformation properties of
the Euler angles have been determined, The transformation proper-
ties of LCAQ wavefunctions are easy to determine under the effect
of nuclear permutations and permutation inversions (and similar to
the transformation of nuclear-spin wavefunctions) since the opera-
tions just pérmute the nuclear labels on the atomic orbitals.
One final point: We can determine J (or F) experimentally

(from the number of Stark components) but can you think of a direct
wéy of detefmining PrV(MS), or FoveralchS) {i.e., parity}, by

experiment?
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VI. TABLES
“TABLE 1 _ :
The Effect of the Operations of the C, (M) Group
of H,0 on the Fuler Angles Defined in Fig. 5
(The Axes are Defined in Fig. 4}
E (12) - E* (12)*
8 -8 T -9 8
b b+ p+m $
X -X+T[: "-x X+1T
, . TABLE. 2 . B
The Transformation Properties of Symmetric-Top Rotational
Wavefunctiqns iJ,kan> of H)0 in the C, (M) Group. X, ='Ika|
E- (12) ' E* Co(12)*
' 3 ' JK, R
|J,Ka,M> (-1) fJ,—Ka,M> (-1) lJ,—Ka,M> (-1) ,J,Ka,M>
.J V . J+Ka Kal
IJ,-Ka,M> 17[3,K M (1) 19, %, M -1 12,-K M
) : T J+K K
+ -
VO 0NE) C) EK) (D S LK)
JeK 41 K

- ' J+l - ; a - a,-
VLK) DY) (D VLK) (1) WK
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TABLE 3
The Symmetry Species of the + and - Combinations
of Ka-Symmetric-Top Wavefunctions of H,0 as a Function

2
of the Evenness and Oddness of J and Ka

J even J odd
¥ even K odd K even K odd
a a a Y
.+ )
¥ (J,K)] A A, B, | B,
" (J,K)] B, B, AL A,
TABLE 4

The Species of the + and - Combinations
of Kc—Symmetric-Top Functions of H,0 as a Function
of the Evenness and Oddness of J and KC

J even | J odd
"X even K odd K even K odd
c C [ c
+
iy (J,k )] A B B, A,
r{y {Jch)] B2 -A2 Al Bl

93
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TABLE 5

The Symmetry Species of the J Levels‘qf‘HZO

K K
ac-

as a Function of Evenness and Oddness of (K. K )

K K r S Statist, Wt.
ee  A1 1

00 Az_ . 1

=] B1 3

oe
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TABLE 6
The Determination of the Species of the Normal Coordinates
of Water from the Cartesian Displa;ements (xyz 2 cab)
E (12) or C2 E* or o(yz) (12)* or o(xz)
6x1 -ze -le 6x27
6x2 *6;1 -ze le
6x3 —6x3 - -6x3 6x3
8y, -9y, vy -8¥y
RE! -8y RE %y
Sys —6y3 6y3 —6y3
621 522 621 dz2
622 6zl 522 Gzl
623 st 623 523
Total 9 -1 '3 1
(u) Tx Ty Ty T ?1
i - T =T B
() Ty Ty y y 2
(pb) Tz Tz Tz Tz _ A1
(Rc] Ry Ry Ry Ry B,
R -R -R_-. R B
(®,) y Y Y y 1
(Rb) R, Ry R, ~R, Ay
& -2 0 0
rQ 3. 1 3 1 2A) + B,




Wavefunétlons Of,BZO in the CZV(MJ Grdup

. _ TABLE 7 o ‘
The Transformation Properties of the Nuclear-Spin

P. R. BUNKER

(12)

.

- T

E (12)*

aMa(2) ~ «fa(@  oMal2) oDl A

WDER) @ amER  $(a(2)

B1a(2)  a(DB) B2 a(p@ M1 75

BEC) BE@  BBE)  BE) Al
TABLE 8

The Dm'Rotation Group for Symmetric-Top Molecules

X r E ¢t "
0 (Jeven i 1 1 1
0 (J odd) 1 1- -1
+1 - ' I 2 2 cos ¢ 0
+2 A 2 - 2cos 24 0
+3 ¢ 2 2 cos 3¢' 0
r 2 2 cos 44 0
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TABLE &
The Transformation Proﬁerties of the Euler Angles

of CH,F in its MS Group
E : (123) (12)*
] 8 7 T~ 8
¢ ¢ . -_ ¢+ m
X X - 2n/3 4n/3 - x
TABLE- 10

The Transformation Properties of the Symmetric-Top

Rotational Wavefunctions of CH.F in the C, (M) Group?

E I BNeFIEE
kM Wk me 0w
EIRT S R R R T S I AL IR

= exp(241/3) and w + w’ = -1.

97
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o COTABLE 11
The'Symmgtry Classification of the Rotational
Wavefunctions of CHSF in the CSV(M} Groupa

K. - S Statist. Wt.
0 (J even) Al_ 4
0 (J odd) . A, 4
nt1l . E 4
in B Al +'A2 8

& _ ..
n is integral

_ , _ TABLE 12 . :
- The Transformation Properties of the Internal Coordinates
of CH,F and of the Redundant Coordinate R of Eq. (27)

E (123 - Q2+
.6r1 GTS : ' Srz
) Erz _ Grl Grl
.§r3 Grz Grs
,6r4 : Gr4 §r4
Gul Gas daz
6&2- Sul Gal
6a3 6&2 Gas
68y - - 8By S8y
BBé 661 681
6§3 662 683
10 1 - -4 ‘ 4A1 + 3B
I(R) 1 1 1 A
T(Q) . g -0 -3 C3A. + 3B
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TABLE 13
The Transformation Properties of the Proton
Nuclear-Spin States of CH_F

3

E_ (123) C o (12)* T
uud.t el =133 Al
gaf . Bou anB
) aop Boo Al + E
Baa - afa aba
app : Buf BaB
BRu afB BRa A1 + B
BB B8o afp
BBE BBE . B8R A

" TABLE 14

The Transformation Properties of the Euler Angles
of €0, in'tbe.Dmh(EM} Group - -

E, E @ {p},
[} ] ™ -8 <] T -8
¢ $ $ o+ oW b g+

9%
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_ TABLE 15
The Species of the Rotational Wavefunctions
of a Linear Molecule in theerh(EM] Group

. o Ty
" J even p *
o &
J ‘edd T "
g
+1- I
+2 A
. -
3 ¢
g
. TABIE 16

The Species of the Skeletal-Bending Wavefunctions
of CO, as a Function of the Quantum Number &

)

ok . ! r(¢v2,z
0 gt
: g
+1° n .
‘ u
*7 A
g
13 )
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TABLE 17
Symmetry Restrictions on Rocontortienal Transitions for
all- Symmetry Types of Vibrational Transition of the CZVIM)
Molecule XHz. The Bracketed Transitions are Forbidden

FV xT Fc x T rr xT
Al Al,.. Az
B, By
Ay AL (A
B, B,
B A By
| 5, (A
/ B, Al B
B
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!
| TABLE 18 .
SymmetryADeriVed Selpcticn'gules on v, K#, and Kc'for all
Symmetry Types of Vibrational Transition in the CZV(M)
Group. The Rule AJ = 0, 11 is Understood. The Bracketed -
' Transitions. are Forbidden in the Absence of Cﬁrioi&s Coupling

for the‘Unsymme'tric'XH2 Molecule

T xT - Av A AK:
. a : c

v ooy c
AL even' " odd “odd
7 edd even odd
,Az i event {even) (even)
odd odd . even
Bl even odd efen .
odd (even) {even)
BZ' even aven. odd

odd odd odd
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TABLE 20 :
Symmetry Species of Rotational Wavefunctions
of Ammonia in the'Dsh(M) Groupa

K Prot Statist. Wt.
L ] .
J even. A 0.
0 . 1
L
-J odd .
A2 . 4
6n + 1 ' CBT L o2
én + 2 Et 2
. -+ n 1" 7'4
6n + 3 Al + A2 .
. 1 t
. 6n Al + Az 4
o . .
Where n is integral
TABLE 21 -

The Transfomation Properties of the Euler Angles 8, ¢, x
(2 axis defined by 0 and 4) and the Torsional Angle o of
Methanol in the CSV(M) Group ’

E (123) LI
0 K: m-0
¢ b ¢+
X X =X

13

o - 2n/3 dnf3 = a
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_ TABLE 22
The Species of the Rotational Wavefunctions
of Methanol in the CSV(MJ Group

K K r

ac Tot

ee ‘-Al-

0¢ A2

eo. A2

oe Al'
TABLE 23

The Species of the Torsional Wavefunctions
of Methanol in the CSV(M) G:rou}da

Inf r

0 1
n 1 .
3n Al + AZ

a._ . .
n is integral
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‘The -Trans formation Properties of the In-Plane and Out-of-Plane

Perpendicuiar C-H Stretching Coordinates of Methanol

B (123) (12)*
arl ﬁrs 6r2
51‘2 51‘1 61"1
b7y 8 L
o a -~ 2rf3 4nf3 - o
Gfl cos o ‘ .Grs cos{a - 2n/3). ﬁrzrcos(4ﬂ/3 - a)
‘ 5r2 cos(a + 2m/3) Grl COS Q Grl cos(6m/3 - o)
GTS cos(u + 4n/3) 6T2'cos(a + 21/3) ars cos(8r/3 - @)
5 (1) ) s(3)
g0 g0l g0}
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TABLE 25
The Transformation Properties of the Euler Angles 0, ¢, ¥
and the Torsional Angles o, and &, under the Effect of the
Generators of G36 for the Acetone Molecule

E (123)  (456) (23)(56)*  (14) (26) (35) (ab) *
o 8 8 T8 5
] ¢ 9 ¢+ ¢
X © X g X =X X tom
a, o ¢+ In/3 a, _ oy ‘ -
% oom, w3 e R
TABLE 26

The Symmetry Species.of the Rotational Wavefunctions
of Acetone in the G36 Group and the C,, Group

KaKc - P(Gsé) F(CZV)
ee —Al Al
oo A3 Az
eo —AZ B1
oe A4 82
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© TABLE 27 .

The Species of the Torsional Wavefunction of Acetone

by = exp (.i“‘a“;) exp(imba.b)

{m, + m)
(ma mb) o n + 1 ‘ 3n
0 _Al ES A1_+ A
n £ 1 o IEE1 E. + E
3n !’\1.+A2 EZ» + E4 A1+A +A3.+ A4
TABLE 28

Statistical Weights of the Rotorvibrational States of Acetone

Prtv Statist, Wt,
A1 6
A2 10°
A‘,5 G
A4 10
By 4
E, 4
E3 2
E_4 6
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TABLE 2&
Correlations of Rotorvibrational Levels for Acetone for

Conformations

Tunneling Betwsen -the Nine Coy

,CZV level_ Sublevels

Gy

+ E3 G
+ E3
+ G

+ G

Mow o
LR s B

1
2

1"54
2 * By

_¢E>t3> W
+

TABLE 30
The Species of the Lower Torsional Vibrational States of Rigid
Acetone in the C Group and the Tunneling Species in the- G g Group

v v F(CZV} . P(636)
0 0. Al Al + E1 + E3 + G
1 0 2 ‘ A3 + 52 + E3 +
0 Bl A2 + E1 + 4t G
2 0 Al A1 + E1 * 3+

1 B2 A4 + E2 + +
¢ 2 Al Al + E1 + ES +
3 0 AZ' AS + E2 + E3 + G
2 1 Bl A2 + E1 + E4 + G
1 2 Az AE + Ez + ES + G
0 3 B1 A2 + E1 + E4 + G
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“ TABLE 31
Rotational-Torsional Selection Rules for the’
Vibrational Bands of Free-Rotor Acetone®

r,x T, G Age}‘ O (any, m)
AL £, 1) ©, 0)
A (1, 0) -0,
A3 Inactivea : " Inactive®
K, (0, 1) 00
G (0, £1),(£1, 0),(0, 0),(£1, £1) . (0, £1),(1, 0)

e neglect the weak symmetry-allowed transitions w1th AK
AK e? Am , OT. Amb larger. than I.

l

TABLE 32
The Tfansfcrmation Properties of the Euler Angles of -
Dimethylaceéylene for the Generators of G

36
E (123) © . (456) (23)(56)*  (14)(26) (35) (ab) (cd) *
8 8 6 T8 8
$ ¢ ¢ E ' ¢
Xy X5 - 27/3 X, "X Xyt T
oo N Xy 208 Xy Xg * .7
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TABLE 33
The Symmetry Classificatién of the Rotation-Torsion
. Functions of Dimethylacetylene

k + k

. , a b
ka-- kb ) 0 Inz 1 3n
Al (J even)
0 ' : El Al * A2
A2 (J odd)
Inz+1 ’ . E3 ‘ E G 53 + 54
A+ Ag (J even) _ _
3n . E. + E Al + A, +A_ + A
1 2 1 2 3 4
Az + A4 (J odd)
TABLE 34

The Separate Classification of the Rotational and Torsional-
Wavefimctions of Dimethylacetylene in G+

36
- K I’rot 'Ki I‘tm:
0 J even Als 0 ‘ Als
J odd AZS'
+ .
6n = 2 Els 6n + 2 535
én Z 1 EZd én & 1 E3d
n ‘
¢ 3 * AZS én 1s * ASs
i B
) 3d T Rgg BN T3 A+ A
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TABLE 35
The Selection Rules® on the Fundamentals of
Dimethylacetylene Using the Ggé,Group

Selection Rules

. Approximate Ce . Infrargd - © Raman
No. description Species (A3 = 0, *1) (& = 0, £1, £2)
1 C-H stretch
2 C=C stretch Ay Tnactive® AR 2 AR = 0
3 CH3 deformation ‘
4 C-C stretch
6 C-H stretch - 7
. i i _ - ‘ .. a
CH3 deformation | A4s AK = AKi 0 . Inactive
Cc-C stretch :
3 C-H stretch
10 CH‘.5 deformation - : . o
. = + = i
11 CH5 rock. Eld _ éK = *]1, AKi -0 Inactive
12 Skeletal bend 7
13 C-H.stretch
14 CH, deformation -EZd ‘ Inactivea A = #], MK, = 0

15 CH3 rock
16 Skeletal bend

& Neglecting the very weak transitions with AK or AKi larger than 1.
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| TABIE 36
The Species of the Torsional and Rotational Wavefunctions
of a Free-Rotor Ethylene Molecule in the Double Group ah

16 of
Table A0, K = .|ka + k| and Ky = ika - X

|

X r|ro.t I(i .Ptor
J even A1+ N
¢ 0 A1
dd -
J o Bl
2n = ]
n E2d 2n 1 E4d
+ - + + -
dn + 2 AZ +Bz 4n t 2 B2 +B2
4n. - + - + -
. Al + Bl 4n Ay v A
TABLE 37

The Species of the Rotational (Kc) and Torsional (Ki} Wavefunctions

of a CHNO, Type of Molecule in the Group Glz of Table All

Kc I‘rot . 1(i I|1:or
1
J even _ Al Y
0 " 0 A1
J odd Al
' " 6n + 1 B!
2n £ 1 A2 + AZ
A " 6n * 2 E!
2]] Al + Al 1" "
6n & 3 Al + A2
1 T
6n Al + A2
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TABLE Al
The Character Tgble éf the Dmh{M) Group

D00 B Q. B anr
+s 1 1 1 1
-5 1 1 -1 -1
+a 1 -1 1 -1
-a 1 -1 -1 1

TABLE A2

The Character-Table of the CZV_and
Cév(M)'Groups for H,O

2

Gy (M) E. (12) E* (12)*
Chy E SO olab) a(chb)

Ay A 1 1 1
A, 1 1 -1 -1
By 1 -1 -1 1
le _ 1- -1 1 -1
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TABLE A3
The Character Table of the Groups C (M) and C 3y

(12)+

(123y . (23}

Cy, () E (132} (31)*

€y E 2¢, 30,
A 1 1 1
A, 1. 1 -1
E 2 -1 0

TABLE A4

15

The Character Table of the Extended Molecular Symmetry Group
(EM) For Carbon Dioxide {p) = (12). 'This Table Could

be more Compactly ertten in four Columns Headed by
E., E. e {pJ » and (p)

Dp ) By B e o N P
(+5) zg* 1 1 v 1 1 1 e
{-8) zg' 1 1 SRR | 1 1 T |
(+a) E;+ 1 1 res 1 -1 -1 e ;1
(-s) zu' 1 1 0 e o1 -1 -1 e 1
Mg 2 2Zcos e e 0 2 -2cose  ees 0
Hu 2 2 cos e e 0 -2 2 cos ¢ A 0
_Ag 2 2cos 28 e»e 0 2 <2 cos 28 aee Y
A 2 2 cos 2e “re 0 -2 2 CO5 2 ve- 0
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_ TABLE A5
The Character Table for the Groups Cg{M)
Cand ¢
5
. . *
c M) | E E
C b o .
8
Al 1 I
AM ol -1
* TABLE AG

The Character Table of-the GrbyphDSh(M)-and of the Point Group
'Dﬁh' _Stétes of Po;itivé_Parity Transform According to Single
Primed Representations, and States of Negative Parity Transform

Aéédrding'fo Double Primed Representations

on ——— .(12)*

_ "{123) (23} (123)% . (23}
D, (M) E (132) (31) E* (132)* (31)%
Dy " E 2C, 3C, o, 25 : 3a,
; :
Ay 1 1 1 1 1 1
1
A, 1 1 -1 1 1 -1
E' 2 -1 0 2 -1 0
"
A 1 1 1 -1 -1 -1
1 .
1
A 1 1 1 -1 -1 +1
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. TABLE A7
The CS(M} Group of Rigid Staggered Methanel with the
OH Group between thé Atoms H, and H, of the CH, Group

C_S(M) E (12)*

S A 1 1
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_ TABLE AB
The Character Table of the Ms Group Grg

»

P. R. BUNKER

(14) (26) (35) (ab) (cd) *

B (123)(456) (14 (123) (465) {132) (142635) (ab) (cd)*

(132} (465)  {15)(24)(36) (ab) (ed)* (132)(456) ° {123) (143526){ab) (cd)*

{16} (25) (34) (ab) {cd)* {456) (152436) (ab) (cd)*

_ L {465)  (153624) (ab) {ed)*

- (162534) (ab) (cd) *

{163425) (ab) (ed)*
A 1 1 1 1 1 1
A, 1 1 1 1 1 1
Aq 1 1 .1 1 1 -1
Ay 1 1 -1 1 1 -1
By 2 2 2 a1 -1 -1
E, 2 2 -z -1 -1 1
Eeq 2 -2 o 2 -1 0
By 2 -1 2 -1 0
G 4 -2 0. -2 1 0
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TABLE A8 (Continued)

(14) (25) (36) (ab) {ed) (142536 (ab) (cd)  (12) (45)*

(15)(26) (34) (ab) (cd)  (145625) (ab) (cd)  (12) (56)* ‘

(16)(24) (35) (ab) {ed)  (152634) (ab) (ed)  (12) (64)* (13) (45)
(153426} (ab) (cd)  (23) (45)* (13) (56)*
(162435) (ab) (ed)  (23) (56)* (13) (64)
(163524) (ab) {ed)  (23) (64

1 1 1
-1 -1 -1
1 i -1
-1 -1 1
b 0 0
0 0 0
2 -1 o
-2 1 0
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TABLE A9

- P. R. BUNKER

The Character Table of the Group CZV(M) for a Rigid Acetone

Molecule in the Conformation of Fig. 24

CZV(M)_

B (14)(25)(36) (ab)  (23)(56)*  (14)(26) (35) (ab)*
Al 1 1 1 17
A2 . 1 1 =1 =1
B 1 -1 -1 1
B, 1 -1 1 -1
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1.
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TABLE All
The Character Table of the MS Group.G12 for a Nitromethanelike
Molecule, where 1, 2, 3 Number the Methyl Protons

(23)* (23) (45) %

(123)  (31)* - (123) (45)  (31){45)*

E (132)  (12)*  (4s)  (132)(45)  (12)(45)
A, 11 1 1 1 1
A, 1 1- -1 1 1 -1
g 2 -1 0 2 -1 0
A| 1 1 1 -1 -1 -1
; 1 1 1 -1 -1 1
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9 dnoxy gy 9yl Jo eTqEL awuom&mau 2y,

= o o o o 0 © 0.0 0 ‘z 0 0 # 0 z= % %9
3 0 0 0o -0 0 0 0 o o .z 0 0o ¥ o z v
o 0 0 0o -0 0 0 z o - o0 ¢ T ¢ ¢ 0o z ‘=
o 0 0 o 0 0 0 z- o0 ¢z o0 Tz z- .z 7z 0 z ‘3
z 0 z- 0 0 0 0 o o o z z z =z o 7 'm
- .0 z 0 0 0 0 o o0 o0 z=-¢z z - o z %3
0 0 0z o z- 0 o o o z z z ¥ o z %
0 0 R z 0 o 0 o z- z~ z z o0 z =
I -1 - 1 - 1 1 - 1~ 1 t 1 1 1 1 B
RS R S - 1o - 11 - 1 1 1 1 ‘1 1 %N
- 1 - 1T 1 - 1 - 1 1- 11 1 1 1 1 %
T - 1 1 - -1 T - ot - 11 11 1- 1. %
1 1 1 - - - - - 1- 1 1 1 1.7 1. 1 %
[ CONS SR T I - -1 11 1-1 1 1 1 %
- - - 1- 1 i~ 1 r 1 1 11 1 1 1 1 %
1 T T T 1 ro1 1 1 1t 1 1 1 1 W
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TABLE Al3 |
The Classaes of the MS Group G
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64"

The Character Table is Given in Table Al2

C C

2 3
(1234) (133 (24)
(1432) - (57) (68)
(5678)

(5876)
&

(1432) (57) (68)
(1234) (57) (68)
(13) (24) (5678)
(13) (24) (5876)

Cll
(12) (34)(50) (78)*
(14) (23} (56) (78)*
(12) (34)(67) (85)*
(14) (23} (67) (85)*

c

C

4 50 6
(133 (24) (57) (68) (1234) (5678) (1432) (5678)
(1432) (5876) {1234) (5876)
Ca Cq 0
(15)(26) (37).(48) (15263748) (1537) (2648)
(16)(27) (38) (45)  (16273845) (16387 (2745)
(17)(28) (35) (46) (17283546) (1735} (2846)
(18)(25) (36) (47) (18253647) (1836) (2547)
(15483726}
(16453827
(17463528)
(18473625)
€12 Cg €14
(13) (56) (78)*" (13)(57}* (15)(28)(37)(46)*
(24) (56) (78)*  (13) (68)* (16)(25) (3B) (47)*
(13)(58)(67)* (24){57)* (17)(26)(35)(48)*
{24) (58) (67)% (24)¢68)* (18)(27) (36)(45)*
(12) (34) (57) * -
(12} (34) (a8)*
(14} (23) (57)*
(14) (23) (68)*
15 C16
(15283746)*  (1537) (2846} *
(16253847)*  (1638) (2547
(17263548)*  (1735) (2648)*
(18273645)%  (1836) (2745)*
(15463728} ,
(16473825) *
(17483526)*

(18453627)%

C
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