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QUESTION ONE

a)

b)

d)

Ignoring conformations of chelate rings, sketch possible geometric isomers that
may result from the complex [Pt(H;NCH,CHMeNH,),]Cla. [4 mks])

Draw the structures of the following coordination compounds

i) mer-trihydridotris(triphenylphosphine)ruthenium(III)
ii) Potassium pentachloronitridoosmate(IV) [4 mks]

Name the following coordination compounds or ions according to the [UPAC
system of nomenclature

i)  Li[BHy]
i)  [Ru(NH;)4(SO4) JINO3) [4 mks]

How might one distinguish the following isomers?

i) [CoBr(NH;)s}SO4 and [Co(SO4)(NHs)s]Br
i)  [Co(NO2)3(NH3)s] and [Co(NH3)s][Co(NO,)s] [6 mks ]

Complexes of the type PtCl,(Ph,P(CH,),PPh;) where n = 1, 2 or 3, may be
monomeric or dimeric. Suggest how the value of n might influence the preferred
structure of the complex. [2 mks]

The stepwise formation constants for complexes of NH; with [Cu(OH2)6]2+(aq)
are log Ka = 4.15, logKe = 3.50, logKs = 2.89, logKg = 2.13, logKs = —0.52.
Suggest a reason for the decrease in the value of K¢ with increase in the number
of NH3 coordinated to the Cu(Il) ion and especially why K is so different.

[5 mks]




QUESTION TWO

a)

b)

d

i) For the octahedral complex [Co(CN)s]*", draw a well labelled molecular
orbital energy level diagram showing only the (sigma), 6-bonding.
ii) Briefly discuss the magnetic properties of [Co(CN)¢]>".  [6 mks]

What types of isomerism are possible for complexes with the following molecular
formulas:

i) [PtSCN(PEt;);]"?
ii)  FeCl.6H;0? [4 mks]

The two square-planar isomers of [Pt(PR;),BrCl] (where PR3 is a
trialkylyhosphine) have different 3'P NMR spectra. One isomer (A) shows a
single IP resonance; the other (Bg shows two >'P resonances, each of which is
split into a doublet by the second *'P nucleus. Which isomer is cis and which is
trans? [4 mks]

Complexes [NiCl,(PPhs),] and [PdCl,(PPh;),] are paramagnetic and diamagnetic,
respectively. What does this tell you about their structures? Explain how you
arrive at your answer. [S mks]

For each part, give balanced chemical equations or NR (for no reaction) and
rationalise your answer in terms of trends in oxidation states.

i) Cr*'(aq) + Fe**(ag) »
ii)  CrO&(aq) + MoOy(s) —
iii) MnO4(ag) + Cr'(aq) — [6 mks]



QUESTION THREE

a)

b)

d

Rationalise the observation that when the reaction

[H;01" / H,0
[CoNH3)4(CO3)]" > [CoNH:),(H,0)]*" + CO2

is carried out in '®0-labelled water, Hy( ®0), the water in the complex contains
equal amounts of Hy( *0) and Hy('%0). [6 mks]

The stepwise formation constants for complexes of NH,CH,CH,NH, (en) with
[Cu(H,0)s]**(aq) are log K¢ = 10.72, log K = 9.31 while those for complexes of
NH; with [Cu(H20)5]2+(aq) are log Kg = 4.15, log K = 3.50. Suggest why they
are different. [3 mks]

The reactions of Ni(CO), in which phosphines or phosphates replace CO to give
the family Ni(CO);L occur at the same rate for different phosphines or
phosphates. Is the reaction dissociative or associative? [3 mks]

A Pt(1I) complex of tetraethydiethylenetriamine,
(CoHs)NCH,CH,NHCH,CH,N(C,Hs), is attacked by CI™ 10° times less rapidly
than the diethylenetriamine, H;NCH,CH,NHCH,CH,NH, analogue. Explain this
observation in terms of an associative rate-determining step. [3 mks]

For the reaction:
[CoNH3)sXT** + [Cr(Hz0)e]** + S[Hs0]"

T [Co(H,0)e]*" + [Cr(Hz0)sX]*" + SINHLI"
rate constants for X = CI” and X =I" are 6.0 x 10° and 3.0 x 10°%dm® mol’'s”,
respectively. Suggest how the reactions proceed and state which step in the

reaction is the rate-determining one. Comment on the difference in values for the
rate constants for X =Cl" and X=1I" [10 mks]



QUESTION FOUR

a)

b)

Consider a group G whose elements are E, A and B, and transformations are
described by the multiplication table below.

G |([E [A |B

E [E A {B

A |A |B |E

B |{B |E |A
i) Give the inverse of each of the elements E, A and B. [3 mks]
ii) Derive all the classes of the group. [6 mks]

List and identify by location all the symmetry elements present in the following
systems. Hence, determine the correct point group symbol for each system

i)
[8 mks]
ii)
" [4 mks]
iif)
2-
0 m (0]
//[, . ‘\\\\
Ox'
Eo/ f\oj
Cl [4 mks]




QUESTION FIVE

a)

b)

d)

The [AuCL]J  ion has D4, symmetry. Determine the representation I' of all 3N
displacements and reduce it to obtain the irreducible representations. [7 mks]

The structure of tetrafluorooxorhenium(VI), ReOF; (C4 symmetry), can be
diagrammed as below. Use the accompanying C,4, character table to carry out the
following tasks. Let the basis set for internal bond displacement coordinates be 1),
T2, 3, T4, Ts With 1} being assigned to the Re=0 bond

i) Using internal coordinates, determine the total reducible representation for
Re-F ligand stretching modes and decompose it into irreducible
representations. [6 mks]

ii) Determine allowed IR and Raman bands for the molecule. {5 mks]

In the substitution reactions of Pt(II) square planar complexes, labilizing effect is
in the order;

NH; ~ amines < CI' < SCN ~I" ~NO;” < CH;3 < Phosphines ~ H™ < Olefins

Design two-step syntheses of cis- and trans-[PtCL,(NO2)(NH3)]™ starting from
[PtCL]™ [4 mks]

The compound [Fe(SCN)H,0)s]** can be detected in the reaction of
[Co(NCS)(NH3)s]** with Fe**(aq) to give Fe**(aq) and Co?*(aq). What does this
observation suggest about the mechanism? [3 mks]




QUESTION SIX

a)

b)

d

What is the crystal-field stabilization energy (CFSE) for octahedral ions of the
following configurations:

i) d°
ii)  high-spin &’ [2 mks]
The magnetic moment of a certain octahedral Co(II) complex is 4.0 pp. What is
its d-electron configuration? [3 mks]
i) Give tbelterm symbols (*3*IL) for an atom with the configurations

1) s

2) s'p! [2 mks]

ii)  What is the ground state term of the configuration 3d° of Mn?*?
[2 mks]

For each of the following pairs of complexes, identify the one that has the larger
crystal field stabilization energy (CFSE). Justify your choice.

) [Mn(H0)6]"" or [Fe(H,0)¢]**
i)  [Fe(H20)sl" or [Fe(CN)s]* [6 mks]

Consider the elements Sc, Ti, V, Cr, Mn and Fe

i) Write the electron configuration for each of the elements.  [3 mks]

ii) Give the group oxidation number for each element. [3 mks]
ili)  Briefly, discuss the stability of group oxidation states for these elements.
[4 mks]

END OF EXAMINATION




PERIODIC TABLE OF ELEMENTS

GROUPS
1 2 3 4 5 6 7 8 | 9 T 10 11 12 13 | ‘14 15 | 16 17 18
_ PERIODS IA oA ImB | IVB VB VIiB VIIB VIIIB IB B HIA IVA VA VIA VIIA | VIIIA
1,008 ' 4.003
I 1 H He
; 1 . 2
6.941 | 9.012 Atomic mass fpl0.811 | 12011 | 14.007 | 15.999 1 15,998 20.180
2 Li Be | - : Symbol | C N 0 F Ne
3 4 : ' AtomicNo, T»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 [ C | Ar 7
11 12 13 4 15 16 17 18
39.098 | 40.078 | 44.956 47.88 | 50.942 | 51.996 54.938 | 55.847 | 58.933 38.69 | 63.546 | 65.39 69.723 | 72.61 | 74.922 | 7896 79.904 | 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 | 95.94 | 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 | Shb Te I Xe
37 38 39 40 41 42 43 4 45 46 47 48 49 50 51 52 | 53 54
132.91 | 137.33 | 138.91 | 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) | (210) (222)
6 | Cs Ba | *La | Hf Ta w Re Os Ir Pt Au | Hg Ti Pb Bi. [ Po At Rn
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
223 1 226.03 [ (227) | (261) | (262) 263) | (262) | (265) | (266) | 267)
7 Fr '| Ra |**Ac| Rf | Hi | Unh Uns | Uno | Une | Uun
87 88 89 104 105 106 107 108 109 110
140.12 | 140.91 [ 144.24 (145) Ge.um. 151.96 | 157.25 [ 158.93 162,50 | 164.93 | 167.26 168.93 | 173.04 | 174.97
*Lanthanide 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
**Actinide Series 232.04 | 231.04 | 238.03 | 237.05 | (244) (43) | 247) | 247) @51) | @52) | 257) | 258) | (259) (260) |
' Th Pa | U Np Pu Am | Cm Bk Cf Es Fm | Md No Lr
920 91 92 93 94 95 96 97 98 99 100 101 102 103

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




CONTRIBUTIONS BY VARIOUS SYMMETRY
OPERATIONS ON UNSHIFTED ATOM TO THE

CHARACTER
E c i G Sh
3 1 -3 2Cos8 +1 2Cos6 - 1
C, Cs Cs Cs Cs
-1 0 1 1.618 2
S5 S Ss Ss Ss
-2 -1 -0.382 0 0.414

TRANSFORMATION OF SPECTROSCOPIC TERMS

INTO MULLIKEN SYMBOLS
Term On Ty
S Ay Ay
P Tlg Tl
F A+ Tip+ Ty Ay +T+ T
G Alg+Eg+Tlg+T2g A1+E+T1+T2




General data and fundamental constants

Quantity

Speed of light
Elementary charge
Faraday constant
Boltzmann constant
Gas constant

Planck constant

Avogadro constant
Atomic mass unit
Mass
electron
proton
neutron
Vacuum permittivity

Vacuum permeability

Magneton

Bohr

nuclear

g value
Bohr radius
Fine-structure constant
Rydberg constant
Standard-acceleration
of free fall
Gravitational constant

Conversion factors
1cal
l1eV

f P n 7l m c d
femto pico nano micro milli centi deci
10% 107 10° 10° 10° 107 10

4.184 joules (J)
1.6022X 107

Symbol

c

e

F= NAe

k

R= NAk

h

h=hl2n

N4

u

me

mp

my

g =1/ Ho
4re,

o

Hp = el/2m,
Uy =el/2m,
8e

a, = 4me,me’
& = pe’c/2h

Ro= me®/8Wce,?

g
G

Spectrochemical Series

I <Br <8 < CI" < NO;" <F < OH™ < EtOH < C,04* < H;0 <EDTA < (NHj, py) <
en < dipy < NO;" <CN < CO

lerg
1 eV/molecule

Value

2.997 924 58 X 10 m 5!
1.602177X 10 C

9.6485 X 10* C mol™

1.380 66 X 102 JK!

8.314 51 J X! mol™

8.205 78 X 10 dm? atm K™ mol™
6.2364 X 10 L Torr K} mol™
6.626 08 X 10 J s
1.05457X 10

6.022 14 X 10 mol*

1.660 54 X 1027 Kg

9.10939 X 10°' Kg
1.67262X 107 Kg

1.674 93X 102 Kg :
8.85419X 102! 2 m™
1.11265X 10101 2 !
4rX1071s2Cim?
4 X107 T2T C% m?

9274 02X 10211
5.05079X 10273 T!
2.002 32

529177X 10" m
729735X 10°
1.097 37X 10" m™

9.806 65 m s
6.67259 X 101 N m? Kg?

1X1077
. 96 485 kJ mol!
23.061 kecal mol™!

k M G
kilo mega giga
10 108 10°

Prefixes




. Character Tables for Chemically
Important Symmetry Groups

1. The Nonaxial Groups
C: | E - "

e PR

4|1

Cc -E Oh ) C;' E 1.

A |1 1.| z,y, R | 2% 9% A |1 1| R, R, R, | 2% 9% 2%,
. 2%, zy zy, 12, Yz
A” |1 =1 \|.z,R, R, | vz, zz 4, |1 =1} z,v9z2

2. The C,, Groups

C. E C, l ‘
A 1 1 | zR, z2, 1% 24 2y

B 1 -1 4 Y, RIJ Ru yz, 12
Cy | E C3 Ci? e = exp (2mi/3) -
A4 11 1 z, It, 4y 2 _
E [1 ¢ ¢ . 2 2

1 e e (r, )(Le) By) | (2% — y° 2y)(y2, 2)
Cq E Cq C! 043
A 1 1 1 1 z, I, T 4y 2t .
B 1 -1 1 =1 z* — y°, 2y
el 0T T wnar) | @




The C, Groups (continued)

¢ | E Cs Cs? C& Cit. ¢ = exp (2ri/5)

A |11 1 1 | 1 z, R, | zé =+ 42, 22

Bl e % q S @R | ana
RN @i

Cs | E C C C C Cg e = exp (2ni/6)
A |1 1 1 1 1 1 | z R, 22 4 92, 22

B |1 -1 1 -1 1 -1

1 € —¢* —1 —e¢ e* (z, v)
B {1 - } (B., By | V)

e —e =1 —¢*

1 —e* —e 1 —e* —¢ ) ) .
E {1 —€ —¢* 1 —e¢ —e*} (=" — v 2v)
C: | E Ci C2 CP Cit Cb Cif | ¢ = exp (2ri/7)
A 11 1 1 1 1 1 2, R, z? + y?, 2*

1 ¢ €€ €& e* &* ¢ (z,v)
El {1 c* 62* % 62 € } (R:, Ry) (zz, yZ)

1 € * * ¢ . 2* . . ’
E, {1 e* & & e & } (= — ¥ zy)

1 € € € e* ¢ e3*
Ey {1 * ¢ 2* g2 e }
C:s |E Cs Cy Ca C& Cg* Cg Cy ¢ = exp (2ri/8)
A 1 1 1.1 1 1 1 1 z, R, z? + o 2
B 1 -1 1 1 1 -1 -1 -1

- (z* — ¥% zy)




3. The D, Groups

Dy | E Ciz) Caoy) Cofx)

4 1 1 1 1 z?, y?, 2°

B, 1 1 -1 -1 2, R, zy

B, 1 -1 1 -1 -y, R, z2

B, 1 =1 -1 1 z, R: Yz
Dy | E 20, 3C:

4,1 1 1 1 z? + 3, 22

Ag 1 1 -1 z2, R, )

" E 2 -1 0 (Il y)(Rzp Rll) ('1:2 - y21 Iy)(zz’ yz)

D; .E 20_4 C 2( = 042) ?.C-:) '.)C_’;’

Ay 1 1 1 1 1 zt + 7, 2°
A, 1 1 1 -1 -1 z, R,

B, 1 -1 1 1 -1 7t —y?

B. 1 -1 1 ~1 1 zy

E 2 0 —2 0 0 (z, (B By) | (z2,92)

Ds | E  2Cs 202 5Ca '

“11_ 1 1 1 $2+y2, 22
A, 1 . 1 -1 2, R,

E, 2 2c0s72° 2cosldd® O (z, v)(B;, Ry) (z2, yz)

E. 2 2cos144° 2cos72° 0 (z* — % zy)
Dy E 2C¢ 2C; C. 3C; 3CY

A, 1 1 1 1 1 1 2 4+ 9 2°
Az 1 1 1 1 -1 -1 2, R,

B, | 1. -1 1 -1 1 =1

Ba 1 -1 1 -1 -1 1

E, 2 1 ~-1 =2 0 0 (z, y)(Rzr Rv) (Izl yZ) '

E- | 2 -1 -1 2 0 0] (2= Ty)




4. The Cn, Groups

C | E C2 oy(z2) oyy2)

4, 1 1 1 1 z z?, 92, 2°

Az 1 1 -1 -1 R, Iy

By | 1 -1 1 -1 =R, | z

B, 1 -1 -1 1 v, Rz y2

Ca, E 203 30" !
A], 1 ].. 1 z - x? + yz, z?

4, |1 1 -1 | R

E 2 -1 0 (z, )R, Ry | (2 — v zy)(z2, 32)

04, E 204 Cz 20, 204

Ay 1 1 1 1 1 z 2+ 2

A, 1 1 1 -1 -1 R, : )

B, 1 -1 1 1 -1 } 2 -

B, |1 -1 1 -1 1 zy

E 2 0 -2 0 0] (z,9(B, Ry (22, y2)

Cs., E '205 2052 50’,

A 1 1 1 -1 z z2 + 32, 22
As 1 1 1 —~1 R,

E, 2 2c0s72° 2 cos144° 0 (z, v)(R:, R) (z2, y2)

E, 2 2co5144° 2cos72° 0 (z* — o2, zy)
Coo E 2C¢ 2C 3 C, 3oy, 3oa

A, 1 1 1 1 1 1 z 4 9?2t
Aq 1 1 1 1 -1 -1 R,

By |1 -1 1 -1 1 -1

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

Ex |2 1 =1 =2 0 0| (z,5)RsR) | (z292)

E, 2 -1 -1 2 0 0 (22 = ¥4 zy)




2,2
y 3

(xz, y2)

2+ y
z? =yl ay

, 2Y)

- 2"
L]

2y

¢« = exp (2,193)

2+ y
(zz, y2)

(z
(Rr, Ry)

.(I. V)

L}
' 25, Y

:!' ”!
z2, yz
R
(z,¥)°
(Rlv Ry)
e Sy
-1
_1.
-1 -1
-1 1
-1

"
-1

"‘1 R:,R"
z, ¥
oA S3 S;s
-1
+ €8 843
-1
-1 -1
-1
-3 ~1

E Cy C3t
C.

E.

Cin
B,
E,

Cza
.J‘lu

5. The Cnx Groups
Car

o 3 3 3
-~ b
./L. P H ..v - N
Tl T ™ -
3 Y pogs S g T
=} + ] B " + V‘ |
ﬂ -~ “ ) T - i Qr
i N R A 1 " - >
-
-
=
2 " o —
- & &S >
.
w ”- " n{“\ L) (I\
IO w = -
P NS N e N Ny
3 T — olll.!lllttl!tl
S, & T 11 ]
b,
o L3 M . v = ! |
'3 — Y W WYy v N W
.
v : ___m._ c.na -t v YN v eV e
T
* -
L] " " L 4 N N L] - — et et o4 wms pmg vt e P vl v
o PR Rt L R R ®
o T P i P
- . . - .
° . 3 et W W W W o et W W W W
~, o "oy @ ] 41013
o s v v - W ¥ W w
o] _____ - T LI
s — et W W W W o e W W W W
. . ] { [ {1
- * N s o~ :
[ T A R R - et vt et e vt gt et e v v et
. A O N [ T I I
- -t et et et et e - llltl!!‘ll-.l'ltf.-l
D I O < I N b
Ta . - o - 1..2 e l-l!t!.(lll.(o!-ll
[ &) _ W % W W eV v W (&Y [ | [ |
s o . - o ‘e T e S e
[ &) - Y Ve, v v v v I I
= 3 . . b e ®
a - s o e e o — et W W W W et W W W W
[ &Y —- Y ¥ % Yy v e vV o ____ __—~
)2 o ool - o e v ow v o
. v @ —
L&) 1(!!!1!0(!‘ o .l.ﬂ. —_I._ . 11
B | vt et ot ot et et ot e o — — — ot e
e n 3. s 5 ] 3 a
. [ Y THE e sm “ » - 3
r, [Z x a (Y] - o s A —_ Ly
Ol R = <R & Gl=x 8 W o wa W m



6. The D, Groups

Daa E Ciz) Cay) Cia) i o(zy) e(zz) o(yz)

Ag 1 1 1 1 1 1 1 =3 g%, 2t

B 1 1 -1 -1 1 1 -1 =1 R, .

Bag 1 -1 1 -1 1 -1 1 -1 Ry zz

Bic 1 -1 -1 1 1 -1 -1 1 R: vz

Ay 1 1 1 1 -1 -1 -1 -1

Biu 1 1 -1 -1 -1 =1 1 1 z

B 1 -1 1 -1 -1 1 -1 1 v

Biu 1 =1 -1 ] -1 D | 1 -1 F

D E 2C3 3C: op 2S; 30,

Af 1 1 1 1 1 1 z? 4yt 2t

A} 1 1 -1 1 1 -1 R:

E’ 2 -1 0 2 -1 o | @@w (=2 — ¥ zy)

Al 1 1 1 =1 =1 =1

Ag’ 1 1 =1 =1 -1 1 z )

2 1.2 =1 0 -2 1 0 (R, Ry) (xz, yz)

Dun E 2C¢ C: 2Cy 2C;' 1 28, op 20y 204 -

Alg 1 1 1 1- 1 1 1 .1 1 1 , z? 4 o2, 22

Aag 1 1 1 -1 -1 1 1 1 -t -1 R, .

B, 1 -1 1 1,-1 1 -1 1 1 -1 |- z? -yt

Bag 1 -1 1 -1 1 1 =1 1 -1 1 zy

Ey 2 0 -2 0 0 2 0 -2 0 o (Rz, Ry) (zz2, yz)

A 1 1 1 1- 1 =1 =1 =1 =1 =1

Asu 1 1 1 = =1 =1 =1 =1 1 1 |«

B 1 -1 1 1 =1 =1 1 =1 =1 1 "

): P 1 -1 1 =1 1 =1 1 =1 .1 =1

Eu 2 0 -2 0 0 -2 O0 -2 0 O (z. )

Dw |E 2Cs 2Cs? 5C: oa 25; 28,3 50,

Al {11 1 11 1 - 1 1 2+t 2t

A 1 1 1 -1 1 1 1 -1| R,

E; 2 2co572° 2co3144®° 0 2 2co872° -2cosld4® 0| (z.3) .

K2 |2 2cos144° 2c0os72° 0 2 2cos144° 2cos72° O (z? — vy, xv)

Al |1 1 1 1 -1 -1 -1 -1
11 1 1 -1 -1 -1 -1 1] 2

E;’ 2 2con72° 2c03144° 0 —2 —2co872° ~2conld44® O (Re, Ry) | (za. yz)
s’ 2 2 cos 144° 2 coa 72° 0 -2 —?coa 144° ~2 cos 72° 0

“

Den | E 205 2C3 C3 3C: 3Ci' i 253 2Ss o5 3ea 3o,

Ay |2 1 1 1 1 1 1 1 1 11 1 z? 4 y?, 22
Ay |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

By |1 -1 1 =1 -1 1. 1 =1 1 =1 =1 1

Ey |2 1 -1 -2 0 0 2 1 -1 =2 0| (ReR) | (z2,47
Es 2 -1-1 2 0 0 2 -1-1 2 0 O© (22 =yt z1)
A |1 1 1 1 1 1 =1 =1 =1 =1 -1 -1

Aw |1 1 1 1 =1 =1 =1 =1 =1 =1 1 1]«

By |1 -1 1 -1 1 -1 =1 1 -1 1 —-1 1

By |1 -1 1 -1 =1 1 =1 1 =1 1 1 -1

Ew {2 1 =1 =2 0.0 -2-=1 1 2 0 0| (rnv)

Esw 12 -1 -1 2 0 0-2 1 1 =2 _0 o0




7. The Dpq Groups

Dag E 28y Ca 2C. 204

Ay 1 1 1 1 1 z? 4yt 2t

As 1 1 1 —1 -1 R;

B, 1 -1 )} 1 -1 z? — yt

B I -1 1 -1 1 z Ty

E 2 0 -2 0 D (z.1); (rz, y2)

(R: Ry

Dan FE 2C3 3Ca» i 2Ss 3eq '

dig 1 1 1 1 1 1 =2 493, &t

dag 1 1 -1 1 1 -1 R: . '

Ky 2 -1 0 2 ~1 0 (Re, Ry) (=2 — y2 zv).

(zz, y2) °

At 1 .1 -1 -1 -

A 1 1 =1 =1 =1 1 z

Eu 2 -1 0 -2 1 0 (I, ”)

[ J

D E 284 2C; 2S¢ C: 4C: dau
Ay 1 1 1 1 1 1 1 . z? 4yt 2t

As 1 1 1 1 1 -1 =1 R,

By 1 -1 1 -1 1 1 -1

Ba 1 -1 1 -1 1 =1 1-| =

o 2 30 =42 =2 0 o0 (z. ) .

I 2 0 -2 0. 2 o0 o0 (z® — 4% zv)

Ea 2 —=4/2 0 /2 =2 0 o0 (Rz. Ry) (zz, ys)

Dsa E 2Cs 2C;t 5C: ¢ 28, 2S1n Ko

A |1 1 1 1 1 1 1 1 24 p2 50
Ase |1 1 1 -1 1 1 1. ~1 | R

K 2 2¢c0872° 2cosldd® O 2 2pos72° 2cos 144° O | (e RY) | (22, y2)
o 2 2cos 144° 2cos 72° 0 2 2cosldd® 2cos72° 0 (22 — y? zy)
Aw |1 1 1 1 -1 -1 -1 -1

Y 1 1 - =1 =1 -1 =1 1|z

Ew 2 2¢0872° 2coslddi® 0 —2 —2¢03872° —2cosliid® O [fz, W)

Esy |2 2cos144° 2¢0872° 0 —2 —2cos144° ~2c0s72° 0
D | E 282 2Cs 28, 2C3 28}, Ci 6Ci 6aq
Ay 1 1 1 1 1 1 1 1 1 P L &
Aa 1 1 1 1 1 1 1 -1 =1 R, :
B, 1 -1 1 -1 1 -1 1 1 -1
Bs 1 -1 1 -1 1 -1 1 -1 1 z

E\ 2 V3 1 0 -1 =3 -2 o0 o (r.n)

o 2 1 -1 =2 =1 1 2 0 0 (z? - 4% 1)
E; 2 0 -2 0 2 0 -2 0 0
Eq 2 -1 =1 2 -1 -1 2 o0 o . .

* Es 2 =3 1 0 -1 V3 -2 0o o (Ry, Ry (xz, y2) - e




‘8. The S, Groups

S | E 8 € 8
A1 1 1 1| R 22 + 32, 2?
B 1 -1 1 -1 2 2? — y? 2y
E P T enier |
1 ., —1 1[ » ) s iy )
Ss | E € C? i 8¢ 8 | € = exp (2ri/3)
A | 11 1 1 1 1 R, | 2242 2
1 € e* 1 € e* (=2 — ¥ zy);
E {1 e e 1 €* € } (B, Fy) (22, yz)
Au [ 11 1 =1 —1 - z
l € e -1 —¢ —e*)
E" {1 € € —1 —e* } (7, 9)
S.. [E S € 8¢ ¢ 8¢ ¢f 8y e = exp (2ri/8)
4 11 1 1 1 1 1 1 3 R, z? + o, 22
B |1-1"1-1 1-1 1 z .
E, {1 € T =€ =1 —¢ - 6*} (z, v);
1 & =1 —e —1 —e¢ ; (R, Ry) ~
1 4 =1 —¢ 1 § -1 —; . s .
ik i =1 {1 - | & =¥ )
I —e* —f € ~1 e § —
Ey {1 —¢ 1 e* —] € —1 —e*} (22, yz)'.




9. The Cubic Groups

Tq E 8C3; 3C: 6S; 604

A, 1 1 1 1 1 FLE LIS ST
As 1 -1 =1
E 2 -1 2 0 0 (222 — 22—y, "
z? —y?)
‘it 3 0 -1 1 -1 (Rz, Ry R | -
T 3 0 -1 =1 1 (z. v, 2) (zy. x2, y2)
Da E 8C; 6C: 6Ci 3C=Cs) i 6S: 85 3oa Geg )
1
diee | 1 1 1 1 1 1 11 11 : 2442
Aze 1 -1 -1 1 1 =1 1 1 =1
. Eg 2 -1 v 0 2 2 0 -1 2 0 (21 =2t 2,

. 22— p?)
Tie 3 0 -1 1 -1 "3 1 0 -1 =1 (R, Ry, Ry
Tae 1 0 -1 -1 3 -1 0o -1 1 (x1, y2, zy)
At 1 1. 1 1 1 -1 =1 =1 =1 -
Ag 1 1 -1 -1 1 -1 1 =1 -1 i
Eu 2~ 2 -2 0 1 -2 0
Tia 3 D -1 1 -1 -3 -1 0 1 1 (2.9 2
Ty 3 0 1 -1 -1 -3 1 0 1 -1

10. The Groups Ciy and Dy for Linear Molecules

Cmp E 20,,1' ot gy
.‘11 =3+ 1 1 e 1 z 172 +'.y'.', P
Ay =3~ 1 1 e =1 Ry
Ei=1 2 2cos® 0 (z, ¥); (Rx, R) (z2,y2)
Es= A 2 2cos2® 0 (= - v*, zy)
Ey=d 2 2cos 3% 0 )
ot 11 11 1 cee1 IR PLERL
Tl 11 -1 1 1 -1|R, »
I, 2 2cos® 0 2 —2cos® 0| (R, R)) | (z2, ¥2) .
A, 2 2cos2¢ 0 2 2cos2¢ --- 0 (z* — ¥°) 7y)
z.t 1 1 “ee 1 -1 -1 -11z
S 1 1 R e | -1 ce 1
I, 2 2¢co5% --+ 0 ~2 2cos% -+ 0| (W)
Ay 2 2c082% -+ 0 —2 —2cos2 0




I- 1 0 ] e— 1 - 0 0 1 "I
) 0 - 1 1 F— 0 1 1- 1- F i)
1 (] N =-Df- eA+Df- ¢= 1- o0 eN+nDf N-DF = N A
(z'0'x) T ] N+~ (N -Di- e~ 1- o0 eN-DF EeN+NDE ¢ "z
: - 1- 1- - I- 1 1 1 1 1 "y
. (xz 'z ‘Ax ‘ .
G — T
= T — 77) 1 1- 0 0 ¢ 1 - 0 0 ¢ m
0 ¢ - - . ¥ 0 1 1- 1- ¥ n
. I- 0 e/ - DE (eN + N} ¢ I- 0 eN+uf eNA-D}F ¢ %y
Cy'yru) - o e/ + 1D eN — ¢ I- 0 GN=-DF (eN+DE e ny
Zt A+ T 1 1 I ¢ I T, 1 1 I 1 Ty
261 950z Y4 I | 1 el t)o7 AT 5Jcl d vy
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