Appendix A Direct Product Tables

These tables give the symmetry specics of the product of two functions with
the indicated symmetry species, for each point group. Although these are alt
immediately derivable from the character tables for each point group (for
which, see any of the references listed in chapter 6), the direct product tables
should suffice for most ordinary applications, such as determining selection
rules, and 5o on. Also tabufated are the symmetry species of the components
of the electromagnetic transition operators, as follows:

electric dipole:  x, y, z;
magnetic dipole: R, R,  R,;
electric quadrupole: x?* + p?, x* — 3%, 22, xy, xz, yz.

[. ¢ A Operators
A A All
2. €, { A B | Operators
A A B | z, R, x* 2 2%, xy
B B A | x, ¥R, R, xz,)2
3. G A E Operators
A 4 E 2, R, x4+ 22
E E Q4D E x, ¥ Ry R, x* =y xy xz 52
4. C, A B E Operators
A A B E z, R, 32+ )% 2!
B B A E xt —y? xyp
E E E 24®2B X, ¥, Ry R, xz, ¥z
5. Cyu A, A, B, B, Operators
A, 4, A, B, B, z, x%, ¥, 2
A 2 Al A 1 BI Bl R:) X)
B, B, B, A, A, X, R, xz
B, B, B, A, A, y, R, ¥z
6. G, A, A, E Operators
A, A, A, E z,x + V¢
A, A, A, E R, _
E E E A DA, BE x, ¥ R, R, x*—y2 xy, xz, yz
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8. Coo | A 4, E E, Operators mainly
A, 4, 4, £ £, z, x2+y2,22 ive Deen
A, | A4, 4, E, E, R, i
e | B, E A e4,0E EE x,y, R, R, xz yz istent ng
E, L B E @ 4040F | X-y oy a revie
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9 CeliA, 4, B, B, E, E, Operators tional. v
A4y |4, 4, B, B, E; £, z, x* + y?, 2 lic moled
A, |4, 4, B, B, E, E, R, <
B, | By, B, A4, 4, E, E, then 18
B, | By B, A, A, E, E, polyato
£ E, E, E, E;, A, 04,0, B @BzGBE; Xy Yy Rx-R,\XZ\)’Z
E, |E, E;, EL E, B ®B,OE_ AGABE | X -y xy pssor of
I
10, C=Cy A A" ] Operators
—_— -
D : A’ A A" x, . R,, x*, v? 2%, xy
X =y} Xy, Xz, )2 A A A 2, R, R, xz, yz
X =y X X2 )
—
Operators 11. G, A, A, B, B, Operators
Operators
R, 24 A, 4, A, B, B, R,, %%, ¥, 2%, xy
X — 2 xy A, A, 4, B, B, z
X, ¥, Ry, Ry x2.y2 B, B, B, A4, A, ] R..R,, xz, 2
X, ¥ My Ry X202
B, B, B, A, A, X, p
12. ¢, | 4 A" E’ E” QBC_‘rators
A’ A A" E’ E” Ri,x +y,z
Al Alf Al El’ El z i
E’ E’ E” 24 ®E 24" DE” x, y, x* — y*, zy | Rydberg
E E* E UOE  UDE Ro R, x2,yz roleti
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Ca A, A, B, B, E, E, Operators
AG Ag Alt ‘Bg BO ' Eﬂ Eu ‘st X2+y2,2
A, A, A, B, B, E, E, z
B, | B, B, A, A, E, E, x* = y%, xy
B, B, B, A, 4, E, E,
£, E, E, E, E, 24,028, 24,6 2B, R,, R, xz, yz
E, J E, E, E, E, 24,® 2B, 24,®2B X,y
Dy,|4, B, B, B,| Operators
Ay | A, B, B, B;| X% 2%
B, | By, 4, By B,| z,R,xy
By | By By A, B,| » R, x
93 ES__ Bl él A;L X R.nyz
D A, A, E Operators
44 A, 4, £ x2 + y?, 2?
AZ AZ A[ £ Z, R,
E E E ADA,BE x, p. R, Ry, xz, yz, x* — y?, xy
D, | A4, A4, B B, E Operators
Ay A, A, B, B, E + ¥z
A4, Ay A B, B, E z, R,
B, B, B, A, 4, E x2 -
B, B, B, A, 4, E Xy
E E E E E A, DA, DB, DB, x, ¥, R, Ry, xz, y2
Ds A, 4, E, E, Operators
Ay A, A4, E, E, K4y 2
A4, A, 4, E, E, 7, R,
E; E, £, A DA, BE, E @E, %V, R, R, xz, yz
£, E, E, E®E, A DA, BE X~y xy
Dg|1 A, A, B, B, E| E, Operators
A | A, A, B, B, E, E, x4+ % 22
A, A4, A,. B, B  E E, 2, R,
B, | B B, A, A, E £y
B,| B, B, A, A, E, E,
E\|E, E, E, E, A @A, ®E, B, &B,DE | x,», R, R, x2,yz
E,|E, E;, E, E, B®B,BE_ A SLHLOE | -y, xy
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19.

D, | A4, A4, B, B, E Operators

A, A, A, B B, E x4+ y* 22

A, A, A, B, B, E R,

B, | B, B, A, A, E xt— pt

8, B, B, 4, A, E 2, xy

E E E E E ADA, B &B, x, » R, Ry, xz,yz

20. Dy, has the same product rules and operator species as D, (table 15),

with the addition of g ® g =g, @ u =g, and u ® g = u. See table 11
for the g—u characters of the operators.

21.  D,, has the same product rules and operator species as D, (table 14),

with the additicn of g® g =g, u@u =g, and u ® g = u. See table 11
for the g—u characters of the operators.

22. D, A, 4y A7 45 E E” Operators
Ay | A7 Ay A A5 E E” xt 22
A, | 4, 4, 43 A E E” R,
A7 | 47 A5 A, 4, E” E
a3 | 45 A A, A, E” E’ p
E' | E E E E AOADE AQABE | x,y, x* =y xy
E* |E" E* E E A®AOE A@A,®E | R, R, x2 yz

23. D, has the same product rules and operator species as D, (table 16),
with the addition of UQu =g, g ® g =g. ¥ ® g = u. See table 11 for
the g—u character of the operator. Dy, is similarly derived from D¢

(table 18).
24. O0,T,]4, 4, E F F, Operators
A, |A, A4, E F, F x2+y 42
A, |A, A, E F, F, )
E E E{A,(BAI FOFE FeF | 22—y, f3(x*-yH)
QL
F F, F, E®F [4,®0E |(A,®F {R,,R,,R,
O F, S F [1x,52(0)
®F DF
F F, F, FOHK A ®&F A DE {X,)’,Z(Td)
@F @ F | lxz,xp, y2(0)
X3 DF,
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O, has the same product rules and operator specics as O {table 24), with
the addition of g® g =g, u® u =g, and ¥ ® g = u. See table 11 for
the u~g character of the operators.

Co | 28 2- T A Operators
N IS S 1 A x*+y2 2%z
b D Vel S 1 A R,
1l O I zZvei s Uad x, ¥, Re, Ry, xz, yz
A 1A A Teo TTRI G x* =y xy
D.. Ty = z,; N 10, I,
z %, g z; %, I, I,
b h3l, b bl 2; I, Z,
3 x; Py £ PN 1, 11,
b X, 3; b %4 1, 0,
1, 11, I, n, 1, P I, OI DA,
11, I, 1, 11, 1, eI eA IO, @A,
4, Ag A, Aa 4, Hs D ‘Da 1,80,
8, A, A, A, A, n,oo, 0,560,
D, A, Operators
£ A, 22, x4y
2: Au Z
- A, R,
x;
11, a0, .80, R,, R, xz, 9z
1, 1L, @ o, L,ao, x,y
A, I, @I, er, @I T, xt— g2, xy
4, L BI BT, 5L e er
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