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QUESTION ONE

(a)  Draw the structures of the following species:

) trans-dibromodichlorocuprate(II) ion. [2]
(i)  p-hydroxobis[pentaamminechromium(II)] ion. [2]
(iii))  fac-triaquatrinitritocobalt(III). [2]
(b)  Name the following complexes:
()  [Co(NHs)s(en)]Cly [1]
(i)  Nay[PtCls] [1]
(iii) Ks[CO(C29_4)3] ' [1]
(iv)  [Fe(CN)e] - [1]

(¢)  An experiment deals with the synthesis of the complex [Cr(C;04)(NO),]>
() Name the complex [1]

(ii)  What is the charge on the central metal ion? ‘ [1]
(i)  What is the coordination number of the central metal ion? [1]
(iv)  What possible types of isomers can exist for the complex? Name each
isomer according to proper nomenclature and draw their structures. [8]

(d)  When the anion of the amino acid glycine H;NCH,CO,™ (gly") is used to dissolve
Co(III) oxide, both the N and an O atom of gly” coordinate and two Co(III)
nonelectrolyte meridional (mer) and facial (fac) isomers of [Co(gly)s] are formed.
Sketch them. [4]

QUESTION TWO

(a)  Predict the colour that will be observed for an octahedral complex that absorbs
the following colours?
®® orange (i)  yellow-green [2]

(b)  Consider a p? arrangement v
) derive all the full spectroscopic term symbols in the form S 5]

(i)  determine the ground state term. [2]
(i)  calculate the number of microstates. [2]
(c)  Each of the following complex ions is either tetrahedral or square planar. On the

basis of the number of unpaired electrons (given in parenthesis) decide which is
the correct geometry. Explain your answer using valence bond theory.

(@  [Pt(NH3)(NOz)2]  (2) [3]

(i)  [AuF] ©) ’ [3]



(d)  The reactions [Cr(NCS)s]’* + solvent — [Cr(NCS)s(solvent)]*" + NCS~ have
been investigated and found to have the following rate constants near 70 °C:

Solvent k (sec))
dimethylacetamide 95x 107
dimethylformamide 125x 107
dimethylsulphoxide 6.2x 107

What do these values suggest about the mechanism of these reactions? 2]

(¢)  Using a suitable explanation assign an outer- or inner-sphere mechanism for
each of the following:

(i)  Reduction of (1) by Cr*" is much slower than reduction of (2). (3]
—
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(i)  The reduction rates of [(NH3)sCo—O—C(O)R]*" (R = Me, Et) by Eu™,
V* and Cr*" decrease as the pH decreases. 3]



QUESTION THREE

(a) Using group theory methods
) determine the hybrid orbital schemes on the central atom in NH3; and
select the most suitable orbital set for bonding. Use N-H bonds as a basis.
, [8]
(ii) Sketch a qualitative molecular orbital energy level diagram for NHj.
[3]
(b) With the help of group theory methods, determine the number of IR and Raman
peaks expected for CHy. . [7]
(c) Use crystal field theory to suggest a reason for the difference in magnetic
properties of the following pair of complexes:
K> [NiCly] Her=3.8 BM " and Kj[Ni(CN)4] per=0BM [4]
(d)  Explain why [FeFs]* is colourless whereas [CoFs]* is coloured. [3]
QUESTION FOUR
(a) ) Draw a simple molecular orbital diagram for [CoFs]*~ showing only o-
bonding molecular orbitals and filling in all the electrons in the complex.
[7]
(i)  Briefly discuss the magnetic properties of [CoFs]*". [3]
(b)  Predict the relative positions of the absorption maximum in the spectra of
[Ti(CN)]"", [TiCle]’ and [Ti(H,0)s]*" [3]
(c) (i) Explain the shortcomings of the valence bond theory. 31
(ii)  Explain the shortcomings of the crystal field theory. [3]
(d) How does each of the following modifications affect the rate of a square planar

complex substitution reaction:

>) changing the leaving group from Cl to . [2]
(i)  adding a bulky substituent on a cis ligand. [2]
(iii)  increasing the positive charge on the complex. [2]



QUESTION FIVE

Discuss the following terms, giving examples where necessary for illustration:

(2)
>i) Nucleophilicity and electrophilicity. (2]

(ii) Stable and unstable complexes. [2]
(i)  Inert and Labile complexes. [2]

(b)  What is the lanthanide contraction and what effect does it have on the chemistry
of the heavier elements? [5]

(©) Given that the average #rans effect order is:

OH <H,O<NH; <py<Cl <Br <SCN, I, NO,, CéFs < CH3; <PR;, H <
C,H4, CO,CN”

Complete the following:

(i [PtCL* +NH; > ?2+Br —» ?2 + py > ? [3]

() [PtCL)* +py > ? +Br —» ? + NH; — ? [3]

(d)  The IR and Raman spectra of vanadium pentafluoride (VFs) showed the following
peaks (cm"l): 810, 784, 719, 608, 350, 331, 282 and 200. On this basis, deduce
the most likely geometry of the molecule. [8]

QUESTION SIX

(a)  Draw the geometries of the following species:

) F2SeO. (i) NF4". (iii) IO.F; . [6]

(b)  List all symmetry elements of
) benzene, (C¢Hp). (i) trans-(CH;)CH=CH(CHa).

Giii)  1,2,3 - tribromobenzene. [6]

(¢)  For the following octahedral-based compounds, where M is a central atom, A and
B are distinct monodentate ligands and (A"A) is a chelating bidentate ligand,
name the point group to which each of the following species belong:

(1) M(A”A)B.. (i) trans-MA;B,.  (iii) cis-MA;,B.. [9]

(d)  Write the transformation matrices for the reflection of a point with coordinates
(%, y, z) through
(1) the plane, Oyy. (i) the point of inversion, i. [2]

(e) Reduce the following representation

D3h E 2C3 3C2 Oh 233 30’v

’12 0o -2 4 -2 2 [2]



PERIODIC TABLE OF ELEMENTS

GROUPS
1 2 3 4 5 6 7 8 | 9 H 10 11 12 13 14 15 16 17 18
PERIODS 1A ITA 1B IVB VB VIB VIIB VIIIB 1B IIB IITA IVA VA VIA VIIA | VIIA
1.008 4.003
1 H He
1 \1/ B 2
6.941 9.012 Atomic mass —jb 10.811 | 12.011 | 14.007 | 15.999 | 18.998 | 20.180
2 Li Be Symbol < B C N o F Ne
3 4 —Atomic No. —] 5 6 7 8 9 10
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.06 | 35.453 | 39.948
3 Na | Mg TRANSITION ELEMENTS Al Si P S Cl | Ar
11 12 13 - 14 15 16 17 18
39.098 | 40.078 | 44.956 | 47.88 | 50942 | 51.996 | 54.938 | 55.847 | 58.933 | 58.69 | 63.546 | 65.39 | 69.723 | 72.61 | 74.922 | 78.96 qc.ooM 83.80
4 K Ca Sc Ti \" Cr, | Mn Fe Co Ni Cu Zn Ga Ge As Se Br | Kr
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
85.468 | 87.62 | 88.906 | 91.224 | 92.906 | 9594 | 98.907 | 101.07 | 102.91 | 106.42 | 107.87 | 112.41 | 114.82 | 118.71 | 121.75 ] 127.60 | 126.90 | 131.29
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
132.91 | 137.33 | 13891 | 178.49 | 180.95 | 183.85 | 186.21 | 190.2 | 192.22.| 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 (209) 1 (210) (222)
6 CsX| Ba *La Hf Ta \%% Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
55 56 57 72 | 73 74 75 76 77 78 79 80 81 82 83 84 85 86
223 226.03 | (227) (261) (262) (263) (262) (265) (266) (267) *
7 Fr Ra | **Ac | Rf Ha | Unh | Uns | Uno | Une | Uun
87 88 89 104 105 106 107 108 109 110
140.12 | 14091 | 144.24 | (145) 15036 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
*]anthanide Series Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
58 59 60 61 62 63 64 65 66 67 68 69 70 71
** A ctinide Series 232.04 | 231.04 | 238.03 | 237.05 | (244) | (243) | (247) | (247) | @@51) | (252) | (257) | (258) | (259) | (260)
Th Pa U Np Pu | Am | Cm | Bk Ct Es Fm | Md | No Lr
90 91 92 93 94 95 96 97 98 99 100 101 102 103

() indicates the mass number of the isatope with the longest half-life.




General data and fundamental constants

Quantity Symbol Value
Speed of light c 2.997 924 58 X 10* m s™
Elementary charge e 1.602 177X 10" C
Faraday constant F=Nge 9.6485 X 10* C mot™
Boltzmann constant k 1.380 66 X 102 J K
Gas constant R =Nk 8.314 51 JK™! mol™
8.205 78 X 107 dm? atm K! mol™
6.2364 X 10 L Torr K" mol!
Planck constant h 6.626 08 X 1034 T s
h=hn2r 1.054 57X 10" J s
Avogadro constant Ny 6.022 14 X 10% mol
Atomic mass unit u 1.660 54 X 10?7 Kg
Mass
electron o me 9.10939X 10°' Kg
proton m, 1.672 62X 10%" Kg
neutron my, 1.67493 X 10% Kg
Vacuum permittivity & =1/ 1, 8.85419X 1025 C*m™
47, 1.11265X 101011 C? !
Vacuum permeability Ho 4nX 107> C?m’?
4n X107 T2 C?
Magneton
Bohr us = e/2m, 9.274 02 X 10 5 T*
nuclear Uy = eBn/2m, 5.050 79X 1077 5T
g value g » 2.002 32
Bohr radius a, = 47E,H/m, €’ 5291 77X10MM m
Fine-structure constant a = pe’c/2h 7.29735X 107
Rydberg constant Ro= mee4/8h3ceoz 1.09737X 10" m™
Standard acceleration
of free fall g 9.806 65 m s
Gravitational constant G 6.672 59 X 10" N m? Kg
Conversion factors
1 cal 4.184 joules (J) 1 erg 1X107J

lev 1.6022X 10" 1 eV/molecule 96 485 kJ mol™
: 23.061 kcal mol™

f P n " m c d k M G Prefixes
femto pico nano micro milli centi deci kilo mega giga
10" 10" 10° 10° 10° 10?2 10" 1000 10° 10°

Spectrochemical Series
I <Br <S$* < ClI" <NO;  <F < OH < EtOH < C;04* < H,0 < EDTA < (NHs, py) <
en < dipy <NO, <CN <CO



CONTRIBUTIONS BY VARIOUS SYMMETRY
OPERATIONS ON UNSHIFTED ATOM TO THE

CHARACTER
E o i C, S,
3 1 -3 2Cos0 + 1 2Cos0 -1
C, C, C, Cs Cs
-1 0 1 1.618 2
S3 S4 SS S6 Ss
-2 -1 -0.382 0 0.414

TRANSFORMATION OF SPECTROSCOPIC TERMS

INTO MULLIKEN SYMBOLS
Term On Ty
S A, A,
P Tlg T1
D E, + Ty, E+T,
F Apye + T+ Ty, A+ T, +T,
G A +E + T+ T, Al+tE+T +T,




Character Tables for Chemically

Important Symmetry Groups

1. The Nonaxial Groups

C, | E

C, | E o C;: |E 1

A1l 1l z,y, B, | 2% 9% Ay |1 1| R, R, R, | 2% 97 2%
2%, zy Ty, 22, Y2

A" 11 =112, Ry, R, | vz, 2z Av |l =11} zv9z2

2. The C,, Groups

C, E C,

A 1 1 | zR, %,y 2% 1y

B 1 -1 l Z, Y, B, R, Yz, 12

Cy E Cy Cf e = exp (2w1/3)

4 1 1 1 z, R, z° 4 3f 2t _

1 [1 ¢ € . > 2 2

I . (x, (R, I2)) (02 — y*, 2y)yz, 22)

11 e* e

C, E C C. CP

4 1 1 1 z, R, ¥ 4y 2t

L 1 -1 1 =1 z° — y*, 2y

2 O B R C (N S e

~1




The C, Groups (_coniinued)

Cs E Cs Cs* Cg Cs. € = exp (2m/5)
A 11 1 1 1 z, R, z? 4 3, 22
Bl %S T @ueaRr) | enm)
1 € € € €

AR o
. Cs E (s '03 C, ’C':;2 Cs® e=e;p(2wi/6)
A 1 1 1 1 1 1 z, R, z? 4 o 2?
B |1 -1 1 -1 1 =1

ek 1 *
mohow 50 Te T G | eew
23 R @ =
C: | E ¢ G CP Cif P e = exp (2ri/7)
A 11 1 13 1 1 1 z, R, :z'z-;}-yg,z'2

2 3k 0% %
R TR N A U P
A LA A @ — 1, z)

3 % 2 2% 3%

IR
Cs |E Cs Cy Co Cf& Cg® C¢¢ Cf e = exp (2w1/8)
A l1 1 11 1 1 1 1| 2R 2%+ 3 2
B 1 -1 ] 1 ] -1 —1 -1

1 o % . .
N S R A R TR RS
N R R P

_ S T * % '

By Ce i oo e Lol




3. The D, Groups

D: | E Cuz) Coy) Cof2)

A 1 1 1 1 z% 33 22

By 1 1 -1 =1 z, R, Ty

B, 1 -1 1 =1 y, By 22

B; 1 -1 =1 1 z, R, Yz
Dy | E 2C; 3C,

Al . 1 1 1 x* + 12, z?

."1‘3 l l —1 Z, Rz

" E 2 =1 0 | (n@R,R) | (=*~— v 2y)izz y2)

Dy E 2C, Cy(=Cy) 20% 20Y¢

Ay 1 1 1 1 4 yf 22
A |11 ] ~1 -1 | 2R,

B | 1 -1 1 ~1 22—
‘B 1 =1 1 — 1 xy

E 2 0 —~2 0 0 (z, )&, RBy) | (22, 92)

Ds E 2Cs 2C;? 5Cs

Ay 1 1 z? 4 y? 2t
Ag 1 —1 Z, Rz

B, 2 2¢0872° 2cos 144° 0 (z, v)(R;, Ry) (72, yz)

g 2 2cos144° 2 cos72° 0 (2* — % zy)
Ds E 2Cs 20, C. 3C; 3CY

Ay 1 1 1 1 1 1 z* 4 y? 2?
Ao |1 1 1 1 =1 —1 | zR.

By 1 -1 1 -1 1 -1

B, 1 =1 1 -1 -1 1

B, 2 1 -1 =2 0 0 (z, y)(R,, R,) (22, y2)

E, 2 =1 -1 2 0 0 (z* — y?, zy)




_ ‘ 4. The Cp, Groups

Ca E C; o(z2) ol(yz).”

Ay 1 1 1 1 z z2, y?, 2°
4 |11 -1 - R, zy

B1 1 -1 1 - X, Ry xz

B, 1 -1 =1 1 y, Rz Yz

Cw | E 2C; 3oy

A, 1 1, z z? 4 43 2°

Al 1 1 —1 R,

E 2 =1 0 | (x,vE,R) | @ — v zy)(zz, y2)

04,,, E 2C4 Cz 20", 20}1

A1 1 1 1 1| 2 22 + 97, 2

A 1 1 1 -1 -1 R, )

B, 1 -1 1 1 =1 z? — 3

By 1 -1 1 -1 1 zy

L 2 0 -2 0 O (z, )(Bz, By) | (22, 42)
. 05‘_, E 2C5 2C52 50\,'

A 1 1 1 z 2% + 32 2°
A 1 1 1 -1 R,

E, 2 2c0s72° 2 cosl44° 0 (z, (R Ry) (zz, y2)

E, 2 2cos144° 2cos72° 0 (2* — o 2y)
Cov E QCG 2C3 CQ 30',,. 3(7,1

Ay 1 1 1 1 1 1 z 4 5 2t
Ao 1 1 1 1 -1 =1 R,

By | 1 -1 1 —1 1 -1

B | 1 -1 1 -1 -1 1 .

Ey 2 1 -1 -2 0 0 (:t: 7/)(R1y Ry) (IZ: yZ)

E. | 2 -1 -1 2 0 0 (z? — ¥, y)




5. The C.x Groups

Can I E Co 1 oa
Ag 1 1 1 1 2, 2, y? 2% 2y

B, 1 -1 1 -1 R: R, zz, yz
A 1 1 -1 -1 z
B, 1 —-1. =1 1 T,y
Csi | £ Ca C3? en  S3 Sid ¢« = exp (2xi93)

A 1 1 1 1 1 1 R z? 4 y? 22

“ fl € ¢ 1 e ¢” a o

5 W 1 .t . } (z, ) (z° — ¥ xy)

A 1 1 1 -1 -1 -1 z

e L« ¢t —1 —¢ —e*

I {1 e —1 o~ e (R, Ry (zz, y2)

Ci E Ci Cx C' i 88 en 8y

Ay 1 1 1 1 1 1 1 R’ z? 4+ g2 2t
B, 1 =1 1 -1 1 -1 ~1 z? — y2 zy

. Juu i =1 —i 1 1 =1 -1
Ee 4L -t o1 & 1 -t 1.} (Res Ry | (222
I 1 1 1 1 -1 -1 -1 ~1 z
B, 1 . —1 1 -1 -1 1 -1 1

1 i -1 -1 =1 =3 1
L {1 i -1 i -1 i __1.} {z, 1)
Can E C;y C® C:* €y o S; 857 S5? S5? e=exp (2a1/3)
AT 1 1 1 1 1 1 1 1 1 1 R 22+uz'zz
f1 ¢ ! 0 et 1 € &3 2 e\
1"1 }l !; et (? eq 1 p 2 !2 tzf (I.y)

. 1 € e’ e et 1 ¢ ¢ ¢ et 9 2
I"_‘ \l !'_‘- P et GE 1 24 ¢ «* e? } (= —'y ,TY)
A 1 1 1 1 1 -1 -1 -1 -1 -1 z
s 1 e e’ A -1 ¢ —¢? LA
7y §1 e’ e _12 ¢ -1 —e —2r =2 —¢ MR By (=2, ‘uz)

' 1 ¢? ¢* € 2 —1 =¢? —* —¢ — ¢t )
oy \1 LA et =1 —e? - —e* —ef
Cen E Ci € € G 0 1 8% 8¢ o 8 & e = exp (2ri/6)
Ax SRS D SR B 1 I T O R, 2?4yt 2
By 1 -1 | | 1 =1 1 —1 1 1 1 -1

1 c  —¢" =1 - . 1 - =1 -
Fre 4- ¢ z. ¢ e. ¢ e’ € (R R,) (=2, y2)

i € —¢ —1 —e e 1 ¢ —¢ =1 - €

I —e* —¢ I —e* —¢ 1 — e [ —e" —¢ a n
Fo {l —¢ BT 1 —e —~e* 1 —e —¢° 1 —e —¢ @ Y )
Ay 1 ] 1 1 1 1 -1 -1 -1 -1 =1 -1 z
By 1 -1 I -1 1 -1 =1 1 -1 1 =1 1

N 1 e —¢* —1 —e¢ ' =1 —e et 1 ¢ —e
L {l ¢ —e —l —¢ e -1 ¢ ¢ 1 ¢ ¢ (.0

I —e¢* —¢ 1 —e —e -1 e ¢ —1 €* ¢
Eua {l —e —c" 1 —e —e* —1 ¢ & —1 ] ¢




6. The D.x Groups

Dox E Caz) Caly) Calz) T alzy) o(zz) o(y2)

Ag 1 1 1 1 1 1 1 1 z2 42 22
By, 1 1 -1 -1 1 1 -1 -1 R, Ty

B, 1 -1 1 -1 1 -1 1 -1 R, zz

By 1 —1 —1 1 1 -1 ~1 1 R yz

Ay 1 1 1 1 —1 -1 -1 -1

Bln 1 1 -1 -1 —1 -1 1 1 4

Bay 1 -1 1 -1 -1 1 -1 1 v

By 1 -1 -1 ] —1 1 1 -1 x

Dk L 2C3; 3Cq eop 283 3oy

Al 1 1 1 1 1 1 z? 4 y?, 22

A; 1 1 -1 1 1 =1 R.

E' 2 -1 0 2 -1 .0 (z.v) (z? — ¥, zv)

Al 1 1 1 -1 -1 =1

Ay’ 1 1 —1 -1 -1 1 z

L -2 -1 0 -2 1 (R 12)) (zz, yz)

D E 2Cy Cs 2C, 2C," i 281 op 20, 204

Al 1 1 1 1 1 1 1 1 1 1 z? 4 y?, 22
Ang 1 1 1 -1 -1 1 1 1 -1 -1 Ry

Bi; 1 -1 1 1, -1 1 -1 1 IS z? — y?

): PP 1 -1 1 -1 1 1 -1 1 ~—1 1 zy

Fx 2 0 -2 0 0 2 0 —-2 0 O© (Rz Ry) (zz, yz)

Atu 11 1 11 =1 -1 =1 -1 =1

Aoy 1 1 1 -1 - -1 -1 -1 1 1 z

By 1 —1 1 1 -1 -1 1 -1 -1 1 ‘

B 1 -1 1 -1 1 —1 1 —1 1 -1

o 2 0 -2 0 -2 0 2 0 0 (z, ¥)

Dy E 2Cs 2C,? 5Ca op 283 25;3 Soy

Al 1 ] 1 1 1 1 1 1 : z? 4+ %,
A, 1 1 1 -1 1 1 1 -1} R

E{ 2 2cos72° 2cosld44® 0 2 2cos72° ‘2 cos 144° 0 | (z,v)

E, 2 2cos144° 2¢cns72° 0 2 2cosl44° 2 cos 72° 0 (z? — y4ry)
Al 1 1 1 1 —1 -1 =1 .1

A0 11 1 1 -1 —1 -1 -1 1 =

E 2 2c0872° 2cosl44® 0 —2 —2c0s72° —~2co0s3144° O | (R, R} (xz, yz)
£, 2 2cos144° 2cos72° 0 —2 —2cos144° —2cos72° 0

Dgn E 2Cg 2C;3 Cg~ 3C, 3Cy" v 283 285 op 3oq4 3o

Ay 1 1 1 1 1 1 1 1 1 1 1 1 2?4 y? 2
Azg 1 1 1 1 -1 -1 1 1 1 1 —1 —1 R,

By, 1 —1 1 —1 1 —1. 1 -1 1 -1 1 —1

B, 1 -1 1 -1 -1 1 1 —1 1 —1 -1 1

E\; 2 1 -1 -2 0 0 2 1 -1 -2 0 0 (R, Ry) {zz, yz)
Eq 2 -1 —1 2 0 0 2 -1 -1 2 o} 0 (z* — y2, zv)
Ay 1 1 1 1 1 1 -1 -1 —1 —1 —1 -1

Agy 1 1 1 1 ~1 -1 =1 —1 —1 =—1 1 1 z

B, 1 —1 1 -1 i ~-1 -1 1 -1 1 -1 1

Ba, 1 —1 1 —1 —1 1 -1 1 -1 1 1 —1

Eiu 2 1 -1 -2 0. 0 =2 -1 1 2 0 0 (z.v)

Eq, 2 -1 -1 2 0 0 -2 1 1 -2 0 0




7. The D,q Groups

Dag ‘ E 28; C: 2Ci 204
A i 11 1 1 1 4 y? 2t
A 1. 1 1 —1 -1 R:
B\ l 1 -1 1 1 =1 z? — -
Ba l I -1 1 - 1 z Ty
E i 2 0 =2 0 (z, y): (zz, yz)
I (R By)
Dau : P 2Cz 3C» 1+ 28q 3ay .
Ate 1 1 ¢t 1 1 1 PLINTER
Ao 1 1 -1 1 1 -1 R: '
Ex 2 - 0 2 -1 0 (Re, Ry) (z? = y% ),
(zz, yz)
A 11 1 -1 =1 =1
Ao 1 1 -1 —1 =1 1 z
JoM 2 -1 0o -2 1 0 (z, )
] E 28 2Cs 288 €y 4Ch dod
Ay 1 1 1 1 1 1 1 z? 4 g3 2t
A 1 1 1 1 1 —1 -1 R;
B, 1 -1 1 -1 1 1 —1
Ba 1 —1 1 —1 1 -1 1 z
o 2 VI oo =2 -2 o0 o (z, 1)
o) 2 n -2 0 2 G 0 (x? — % zp)
Ka 2 /2 0 Vi -2 0 0 (Rs, R, (zz, 42)
Dsa | E 2Cs 2C;*  5Cs i 257, 281 Ao
g 1 1 1 1 1 1 1 1 x4yl 2t
A |1 1 1 -1 1 1 1 -1 | R,
e 2 Zcps72° 2cosldd® 0 2 2¢os72° 2cos144° 0 { (Rr Ry | (22, 42)
o 2 2 cos 144° 2cos72° 0 2 2cosldd®  2¢0s7R° 0 (2 — y2 )
Aw 11 1 1 1 —1 —1 -1 -1
A'ln 1 1 1 -1 -1 -1 —1 1 z
Eie 12 2c0372° 2cos144° 0 —2 —2¢0s72° —2cosl44® 0 [ (r, 1)
Iy, 2 2cos 144° 2¢0372° 0 ~2 —2cos144° —20s72° 0
Ded E 2512 2C¢ 28, 2Cy 28}, C: 6C: 6oq
Ay 1 1 11 1 1 1 i 1 P4yt 2®
Aa 1 1 1 1 1 1 1 —1 -1 R,
B, 1 -1 1 -1 1 -1 1 1 -1
B 1 -1 1 -1 1 -1 1 -1 1
2 2 V3 1 0 —1 —+/3 =2 o 0 . ) ,
o 2 1 -1 -2 -1 1 2 0 0 (r? — 42 zy)
I 2 0 -2 0 2 0 -2 0 0
o 2 -1 -1 2 —1 -1 2 0 0
T K 2 —+/3 1 0 —1 V3 -2 0 0 (Re. R)) (zz, y2)




8. The S, Groups

’Sq E S4 C2 S43
A 1 1 1 1 R, z? + o2 2?
B {1 —1 1 -1 z z? — ¢ zy

] -1 =1
g 2T T GniReR) | G
S5 E Ca 032 ‘L Sss Se € = eXxp (27('1./3)

T A, 1 1 1 1 1 1 R, T2 4 32, 22

1 e € 1 € €* (z? — ¥, zy);
Ee {1 * € 1 €* € } (s, It) (zz, y2)
Ae | 11 1 =1 =1 =1 2

(1 € e* —1 —e€ —-e*}
E, {1 e 1 —e* —. (z, y)
Ss |E Ss Ci S8 Co S C& S e = exp (271/8)
A 1 1 1 1 1 1 1 ‘R, ? 4 y?, 2
B — 1 —1 1 -1 1 —1 z
£ { € 1 —e* —1 —e —1 e*} (z,y);
i e —i —e —1 —e* § ]| (R, Ry ~
E { ; : S
? 1 —2 -1 1 1 —7 -1 7 f (= y" 2)

1 —¢* —7 € —1 € 1 —e¢]

Es {1 —€ i e —1 e —i —e*| (:cz,‘yz)




9. The Cubic Groups

T4 E 8Cs3 3Cy 6S: 6oa
A 1 11 1 1 2?4 y? L 22
A 1 1 1 -1 -1
E 2 -1 2 0 0 (222 = z2 — 42,
. z? — Y
T 3 0 —1 1 - (Rz R, R))
T 3 0 ~1 —1 1 (z,9,2) (zy, zz, y2)
On E 8C; GCa 6C: 3Cx(=0Cs%) 1 65y 8S; 3o Gog .
R ! —_——
Algs 1 1 | 1 1 1 1 111 2y g
Age 1 1 -1 =1 1 1 -1 1 1 =1
Ey 2 -1 00 2 2 0 —1 2 (22— 2% — 7,
t z'.! — y'l)
Tie 3 0 -1 1 —1 B T 0 -1 -1 {R:, R, R
Toe | 3 0 1 =1 -1 3 -1 0 -1 1 (z2, y2, 1Y)
Al 1 1. 1 1 1 -1 =1 =1 -1 =
A2y 1 1 -1 =1 1 -1 1 =1 «1 1
Ey 2 -1 0 0 2 -2 0 1 -2 0
Thu 30 -1 1 -1 -3 =1 0 1 1| (zw2
Ty 3 0 1 -1 -1 -3 1 0 1 -1
10. The Groups Cuy and Dy, for Linear Molecules
Cccu E ?-'Cagq, 000'.,
Ay =37 1 1 1 z 2t + o, 2
A =X~ 1 1 —1 R,
Ey =1 2 2cos @ 0 (z,v); (Rz, R)) (z2, y2)
]
FEs =4 2  2cos2® 0 (z* — ¥°, zY)
Ey=d 2 2cos 3 0
Da | E 2C0 wg, 1 28t  Ca
P 1 11 1 1 28+ 2
T, 1 1 -1 1 1 ~1| R,
I, 2 2cos® 0 2 —2cos® 0] (R R,) | (22, yz)o
by 2 2cos2d 0 2 Z2cos2b 0 (=7 — ¥, zy)
et 1 1 -1 -1 ~1 1|z
= 1 1 -1 =1 —1 1
Ilu 9 A cos & 0 —‘2 2 cos P O (Il 1/)
Ay 2 2cos2¢ 0 —2 —2cos2d 0
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