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FINAL EXAMINATION 2005
TITLE OF PAPER: INORGANIC CHEMISTRY
COURSE NUMBER: C301
TIME ALLOWED: THREE (3) HOURS
INSTRUCTIONS: THERE ARE SIX (6) QUESTIONS.

ANSWER ANY FOUR (4) QUESTIONS.
EACH QUESTION IS WORTH 25
MARKS.

A PERIODIC TABLE AND OTHER USEFUL DATA HAVE BEEN
PROVIDED WITH THIS EXAMINATION PAPER.

PLEASE DO NOT OPEN THIS PAPER UNTIL PERMISSION TO DO
SO HAS BEEN GRANTED BY THE CHIEF INVIGILATOR.



QUESTION ONE

(a) (1) What is the coordination number of iron in K4[Fe(CN)4]? f1j
(ii) What is the oxidation number of cobalt in [CoCI(NH3)s]Cl,? [1]
(iii)  What are the names of the following complexes?

(1} Ks[Cr(ox)(CN)] (2)  Na[Co(NH3);Cl3]
Note: ox = C;04" [2]
(iv)  Give the formula of potassium hexacyanoferrate(Il). [1]
(v) If an iron(Ill) complex is tetrahedral, how many unpaired electrons are
predicted? [1]
(b) How many geometric isomers are possible for the complex ion, [Co(en),Cl,]"
and the complex, [Ru(H;0); Cl3]? Draw them. [8]
() (i) Predict the total number of d-electrons in a complex having one unpaired
electron in a strong field and three unpaired electrons in a weak octahedral
field. [2]

(ii}  For which one of the following would it not be possible to distinguish
between high-spin and low-spin complexes in octahedral geometry?

Cr(II), Co(1Il), Fe(Il), Co(II), Cr(II) [2]
(d) Given:
Colour of white light Wavelength absorbed Complementary colour
violet ~415nm yellow
green ~ 510 nm red
yellow ~ 570 nm violet
red ~ 710 nm green

If an octahedral complex absorbs at approximately 580 nm, what is its colour?

(1]

(e) Using the valence bond theory, predict the hybridisation and hence the geometry
of the following complexes. In each case, draw the structure of the complex.
(1) Paramagnetic [NiCl,J*
(i)  Diamagnetic [NiCN)4]*" (6]




QUESTION TWO
(a) The complex ion [Ni(NH3)4]**, forms on mixing aqueous solutions of ammonia
and a nickel salt.

(1) Calculate the overall stability constant of the complex [Ni(NHz)4]** if at
equilibrium, the solution contains 1.6 x 10 M of the nickel ions in the
form of Ni** when the concentration of free NHs (aq) is 0.5 M and that of
[Ni(NH3)4]2+, is 1.0 M. Assume that this is the only complex present.

[4]
The octahedral ammine complex can be prepared by using a solution of ammonia
which has been supersaturated with ammonia gas, such that:
Ks=7.08; Kg=2.63
(ii) Calculate the overall B¢ for [Ni(NH3)¢]*", [3]
(iii)  Write the equations for the equilibria corresponding to Ks and Kg 2]
® @D Derive the ground state term symbol for the V™ ion. [3]

(1i) Draw the splitting pattern for the term derived in (i) above given that the
ion is in an octahedral field. [6]

(iii)  Hence list the possible electronic transitions for the [V(H,04]*" cation.

3]
(c) Calculate the number of microstates for a
(1) p’ arrangement.
(i) 4 arrangement. [4]
QUESTION THREE
(a) (i) For the octahedral complex [Co(CN)g]*”, draw a well labelled molecular
orbital energy level diagram showing only the sigma, ¢-bonding. 5]
(ii) Briefly discuss the magnetic properties of [Co(CN)6]3'. [2]
(b) Calculate the crystal field stabilisation energy (in units of A,) for:

(D  [CoFel” (i) [Co(CN)I™ [4]

(c) (1) How would you synthesise chloropentaamminecobalt(Ill) chloride,
[Co(NH;)sCI]Cl; in the laboratory? [2]

(i1) Chloropentaamminecobalt(IIl} chloride, [Co(NH1)sCIl]Cl, reacts with
sodium nitrite, NaNO, at pH 4 to give yellow brown crystals while at pH 7
it gives a salmon pink product. Explain the observation and give the
names of the two products. [5]

(iii)  Predict the relative positions of the absorption maximum in the spectra of
[Cr(NHz3)g ™", [CrCl]*~ and {Cr(CN)g]* [3]

(d) Predict the spin-only magnetic moments for K3;[FeBrg].3H,0 and K;{Fe(CN)¢].

[4]
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QUESTION FOUR

(a) (i) The following data have been obtained at 50°C for aquation of
[Cr(NH3)sX]** (ko) and anation by ¥~ of [Cr(NH3)s(H>0) 77" (k).

Y kag sec” kan(M~ Tsec™)
NCS~ 0.11x 107 4.16x 107
CCLCO,” 037x107* 1.81x 107
CI” 1.75x 107* 0.69 x107*
Br 125x 107 247x 107
I 102x107* 6.45x 107*
What can you say about the mechanism of these reactions? [4]

(i)  The following is the effect of the non-leaving ligand on the rate of acid
hydrolysis of some Co(lll) complexes (i.e. H,O replaces one of the

chloride ligands).
N-N in trans-[Co(N-N),Cl,]* k/s™!
NH,CH,CH,NH, 3.2x 107
NH,CH,CH(CH;)NH, 6.2x 107
NH,CH(CH3)CH(CH3)NH, 42x 107
NH,C(CH3),CH,NH, 22x 107
NH,C(CH3),C(CH3),NH, instantaneous
What do the data indicate about the mechanism of the reaction? Justify. [3]

(b) Given that the order of strength of the frans effect on Pt(II) reactions is
NH; < CI” < PPh;
Propose efficient synthetic routes to cis- and frans-[PtCl,(NH3)(PPhs)] from
K5 [PtCl4). (4]

(c) In the complex [CO(NHg)s(HzO)]+, the water molecule is replaced more readily
than the ammonia ligands in a ligand substitution reaction. What can be deduced
about the comparative nucleophilicity of H,O and NH;? [2]

(d) Assign an outer- or inner-sphere mechanism for each of the following: [6]
(i) The main product of the reaction between [Cr(NCS)F]" and Cr** is CrF*".
(ii) The rates of reduction of [Co(NH;)spy]3+ by [Fe(CN)s]“‘ are insensitive to
substitution on py.

(iii)  The rate of reduction of [Co(NHg)sNCS]2+ by Ti** is 36,000 times smaller
than the rate of [Co(NH3)sN3]** reduction.
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(e) (1) Show the mechanism that explains why the following reaction occurs far
more rapidly than would be true for simple substitution or ligand
replacement:

[Co(NH;5)sCO5]" + H507 [4]

(ii) A ligand bridged intermediate has been observed in the following reaction.
Write out a likely mechanism for the process.
[(H20)sCr-NCS]** + Hg* — [Cr(H0)]*" + [Hg-SCN]* [2]

QUESTION FIVE

(a) List all the symmetry elements in the following molecules:

®
(i) H /CH3
=C (assume CHj groups spherical) [2]
H;C “\H
(b)  The diagram below shows the location of the symmetry elements in XeF.
F
/
/X ¢ O
F 3
S4: C4, C2
State the single symmetry operation of XeF4 which has the same effect as:
(i) Si’ (ii) S4* (iif) C4* (iv) C/° v) o [5]
(c) Classify the following species into their point groups:
(1) OCS
(i) cis-C,H,CL
(iii)  cyclohexane (boat),\ 7
[9]
(d) Using group theory methods, determine the hybrid orbital schemes on the central

atom in [NbFs] (square pyramid) and select the most suitable orbital set for
bonding. Use Nb-F bonds as a BASIS. [6]
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QUESTION SIX

(a) Isomers of some molecules may in certain cases be identified by IR and/or Raman
techniques. The N,I; molecule has two possible isomers namely cis and frans.
With the help of group theory methods determine the number of IR and Raman
peaks expected for each isomer. [12]

(b) How do the following properties vary in the transition elements?

(1) Size
(ii)  Stability of the various oxidation states
(iii)  Ability to form complexes (6]

(c) (1) What do you understand by the terms paramagnetism and diamagnetism?
(i)  Predict the magnetic moment for octahedral complexes of Fe** with
strong- and weak-field ligands. [7]
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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
1 cal
1eV

f P n 1! m c d
femto pico nano micro milli centi deci
10”10 10 10% 107 107 107

4.184 joules (I)
1.6022X 107" )

Symbol

By R0
Il
Z
Lo

[
Z
H-l

Mg = eh/2m,

by = el2m,

8e

a, = 47E P/ m e’
a = pe’c/2h
Re=mee*/8hce,

g
G

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

lerg
1 eV/molecule

Value

2.997924 58 X 108 m 5™
1.602177X 10" C

9.6485 X 10* C mol™

1.380 66 X 10* JK!

8.314 51 JK" mol”

8.205 78 X 102 dm* atm K™! mol™
6.2364 X 10 L Torr K™ mol™
6.626 08 X 1034 Js
1.05457X 10 J s

6.022 14 X 10% mol!

1.660 54 X 107" Kg

9.10939X 10*' Kg

1.672 62 X 107 Kg
1.67493 X 10%" Kg

8.854 19X 1021 C?*m’
1.11265X 101 C* m!
42X 10712 C?m”!
X107 T2 C%md

927402 X 10T}
505079 X 107 1T
2.002 32

5.29177X 10" m
7.297 35 X 107
1.09737X 10" m™!

9.806 65 m s~
6.672 59 X 10! Nm? Kg?

1X107]

96 485 kJ mol™!
23.061 keal mol™
k M G Prefixes
kilo mega giga

100 10° 10°




CONTRIBUTIONS BY VARIOUS SYMMETRY
OPERATIONS ON UNSHIFTED ATOM TO THE

CHARACTER
c i C. S,
1 -3 2Cos6 +1 2Cos8 -1
C, Cy Cs Ce
0 1 1.618 2
S4 S5 Sé SS
-1 -0.382 0 0.414

TRANSFORMATION OF SPECTROSCOPIC TERMS

9o

INTO MULLIKEN SYMBOLS
Term Oh Td
S Ajg A
P Tlg Tl
D E, + Ty, E+T,
F AZE A Tlg + TZE A +T) +T)
G Aty + B, + Ty + Ty A +E+T, +T,




Character Tables for Chemically
Important Symmetry Groups

1. The Nonaxial Groups

C, | F
A4 11
Co | E as C: VE 1
A’ 1 1 Z, Y, Rz ZEE, ye, Ag 1 1 Rx; Ry_; Rz -TE: ".'/21 321
2, zy 2y, 12, Y2
A" 11 =112z, B, R, | vz, z2 Av Y =1 ] z,uy,2
2. The C, Groups
C» E C ‘ l
A 1 1 | 2R, A TENE-LI. 37
b4 1 -1 €,y Ry R, Yz, X2
C;; E Cu C,‘JQ € = CXP (2#1/3)
! 11 1 z, It, - Czt 4yt 2R '
, [l e € . 2 7 .. .
I I PR (r, B, 1) | (% =y ay)yz, 22)
oF E Cy C. €
A 1 1 1 1 z, IR, At
B 1 -1 1 =1 2t =yt 2y
S D T R, _
2 R B A S O




The C, Groups (coﬁtinued)

T

Cs E Cs Cs¢ Cs¢ (g, e = exp (2ni/5)
A 11 1 1 1 z, R, z? + ¢? 2°
TR Ry
S -
. Cs E Cs C. C» Ci*¥ (¢ € = e,\:p (2m1/6)
4 |1 1 1 1 1 1 | R |2+
B {1 -1 1 -1 1 -1

TR *
Bofoe I8 Th T Gl | e
N St B
C;, | B G C CF Ct O Cf = exp@ri/n)
A 11 '1,, S 10 1 z, R, z'-’—-i-g,,"-’,z2
S R A e | U
IR = o
R A
Cs | E Cg Cy Co Cf C C& Cf e = exp (2mi/8)
A 1 1 11 1 1 1 1 2, R, z? 4 ¢ 2*
B li1-1 1 1 1 -1 —1 -1

1 g e * .
Bl e D T IO Th | Bl | e
R S R P

- — _ * o * !

I RS S




3. The D, Groups

' Dg E CQ(Z) C g(y) C-g(.l,)
A 1 1 1 4 z3, 34 2°
B, 1 I -1 =1 z, R, Ty
B» 1 -1 -1 y, Ry 2z
B, 1 =1 —1 1 z, R yz
D | E 205 3C.
Ay, 1 1 zt 4 4, 2
.:"{‘_? 1 '—‘1 Z, R.’. ‘
" E 2 - 0 | (B, R | (=° =, zyNzz, y2)
D4 E QC.; Cﬂ( = Cq,?') -?CS, 203,
Ay 1 1 1 1 z* + y? 2?
Ao 1 1 1 -1 — Z, R:
By 1 -1 1 1 =1 Tt — g
Ba 1 =1 1 —1 1 Ty
E 2 O _—2 0 (zl y)(Rx: RU) (Iz) yz)
Ds E 2Cs 2Cs? 5CH
A 1 1 1 1 z° + y? 2
Ag 1 1 1 -1 Z, Rz
B, 2 2c0s72° 2cos 144° 0 (z, V)(R., B)) (zz, y2)
E, 2 2co0s144° 2cos72° 0 | (2* — 2% zy)
D E 2Cs 2C; s 305 3CY
41 1 1 1 1 1 1 z® + 37 2t
A1 1 1 1 =1 =1 | 2R,
B 1 -1 1 -1 1 ~1
B 1 -1 1 -1 -1 1
By 2 1 -1 =2 0 0| (@uRR) | Gz
Bl 2 -1 -1 2 0 0




_ . 4. The C,. Groups

¢
Co | E Co oz2) olfy2) '
A 1 1 1 1 z z?, %, 2°
As 1 1 -1 —1 R, Ty
B 1 -1 1 -1 z, B, xz
By | 1 -1 -1 1 y R. | yz
C:w | E 2Cy 30, e :
A 1 1, 1 z 2?49?20
Aq 1 —1 R, ‘
L 2 -1 0 (Ir y)(RI: Ry) (2:2 - yE) Iy)(IZ,, yZ)
qur E 204 Cz 20',, 20}1-
A, 1 1 1 11 2 z? 4 2 2
A 1 1 1 —~1 -1 R, : )
By 1 -1 1 1 - z? —
B, 1 -1 1 -1 1 ’ zy
L 2 06 -2 0 0 (z, YN Bz, By) | (z2, y2)
C.‘w E 2C5 2052 50’v'
A, 1 1 1 1 z 2?4y 2t
A 1 1 1 —1 R,
E, 2 2c0s72° 2 cos144° 0 (z, (R, %) (zz, yz)
E, 2 2cos144° 2cos72° 0 (z* — o, zy)
Cc,., E 205 203 Cz 30';. 30’,[
Ay 1 1 1 1 1 1 z T 4y 2
Ao 1 1 1 1 -1 -1 It,
B 1 -1 1 -1 1 -1
B. |1 -1 1 -1 -1 1 :
Ec |2 1 -1 =2 0 0| (@oRaR) | (22,3
E, | 2 -1 -1 2 0 0 (=* — ¥*, 7y)
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:2 + .u'-" z'.'
(22 "‘1_/2. Ty)

e=exp (2nt’3)
{zz, y2)

(e, 1))

(zz, y2)

n

2 .t
e
8y

"
S

S¢°

¢ = exp (2x183)
P4y
(z? - y°

oh

(tr, R))
(=, )

Sa3

8s3

{z. v)
ol . Sy
-1 =i
—1 ;
857
S,%

H

1

L I B B

8,5

8y
Tk
cs

i

Th
S3

s 047
Cs 3t

Gy

()
Cs

I

b

—
Z =
e
™ -
Sl g ow
=
” cT 4 <«
n _q.x R
-
—
o
)
P 2 =
| [+ H
— A L] s
T ——T— e,

—_— e v v e e -
i

—— W M W W o e W W W W

_ | Pl

— T el et e et o et et vt —a

.“l k‘

B,

Ey

el
Bu

‘i

CU&

3. The C.x Groups
VC’ah ’ R OF

ik

e S it S S
3 o X 8 =z a3 = i
S lmas & = = Q@



6. The Do Groups | %

Dy E Ot Caly) Calz) i elzy) ofxz) eolyz)
Ag 1 1 1 1 1 1 1 1 z? 43 22
B 1 1 -1 -1 1 1 —1 -1 R, .z
By 1. -1 1 -1 1 -1 1 -1 R, xz
B 1 ~1 =1 } 1 =1 -1 1 R: vz
Au 1 1 1 P -1 -1 =1 -1
By, |1 1 -1 -1 =1 -1 1 1 z
B 1 -1 1 -1 -1 1 -1 1 v
By 1 -1 —1 1 -1 1 1 -1 z
Dak E 2Cy 30y op 253 3o,
Al 11 11 z? 4yt 2?
A, 1 1 —1 1 1 -1 R,
E' 2 -t 0 2 -1 .0 (z. ¥ (z? — ¥ )
Al 1 a1 1 —1 -1 =1
Al 11 =1 -1 =1 1 | 2
P 2 = 0 -2 1 0 (Rr Ry (xz, yz}
D 20y Co 20, 2¢;° 4 257 on 20, Z2ag
Ay 1 1 1 1 1 1 1 1 z? 4 y2, 22
Ang 1 1 1 -1 - 1 1 1 -1 - Ry
Big 1 -1 1 1, -1 1 -1 1 1 - 2% — y?
By 1 -1 1 -1 i 1 -1 1 -1 1 Ty
Fon 2 6 -2 ¢] 2 0 -2 0 0 (R By (zz, yz)
At 11 1 11 -1 =1 -1 =1 -1
Aoy 1 1 1 -1 ~1 =1 ~—1 -1 1 1 z’
By 1 -1 1 -1 -1 I =1 =1 )
Bay 1 —1 1 -1 1 -1 1 -1 1 —-1
Ey 2 0 -2 0 -2 0 2 0 0 (z, ¥)
Dgp F 2Cs 20,2 ala ey 28 28;3 Soy
Ay 1 1 1 1 1 1 1 z? + y%, 2t
. A |1 1 1 -1 1 i 1 -1 | R,
£y 2 Zeon?2° 2c03144® 0 2 Z2cosT2° ‘2coslid44® O | (z,v)
2 2 2co3144° 2cos 72° 0 2 2co0sl44° 2cos72° 0 (z2 — y2 1)
AT 1 1 1 1 ~1 -1 -1 —1
LA 1 1 -1 -1 -1 -1 1] 2
E’ 2 2¢0372° 2cosl44° 0 —2 —2co0s72° —2co5144° O (R: Ry} {zz, y2)
o' 2 0

2 cos 144° 2 cos 72° 0 —2 —2cos144° —2cos72°

D E 2C¢ 2Cy C2 3C; 3C;" 1 283 284 wen 3Jog 3oo

Al 1 1 1 1 1 1 i 1 1 1 1 2 4yt 2t
Az 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, i -1 1 -1 =1 1 1 -1 1 ~1 -1 1 :

Ey 2 1 -1 -2 0 © 2 1 —1 -2 0 0 (R: ) {zz, yz)
Eq 2 -1 -1 2 0 0 2 -1 -1 2 0 0 {z% — y2,z1)
Alu 1 1 1 1 1 1 —-1 =1 -1 -1 -1 -1

A 1 i 1 1 -1 -1 -1 -1 =1 —1 1 1 2

By 1 -1 1 -1 1 -1 =1 1 —1 1 —1 1

Bay 1 -1 1 -1 -1 1 -1 1 —1 1 1 -1

Ey 2 1 =1 =2 0. 0 =2 =] 1 2 0 0 {z,¥)

Ea. 2 -1 =1 2 0 0 -2 1 1 -2 0 0
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7. The D4 Groups

Dng ] E 25; Ca 2Ci 204
4y 1 1 ! 1 1 %oy 2t
A 1. 1 1 —1 =1 R,
B\ i -1 1 1 -1 z? — gt
Ba 1~ 1 -1 1 z Yy
£ a n -2 0 (z.y): (rz, y2)
(RI- H'u)

D F °Ca 30+ 1 285 3au .
e T 1t 11 1 PR
Aag 1 1 =1 1 "1 —1 R . :
1e 2 - 0 2 -1 0 (R Ry (z? ~ 42 i),

(zz, y2} :
A 1 1 1 -1 -1 -
A 1 1 =1 =1 =1 1 z )
Fu 2 - 6t -3 1 0 {z, 1)

.
N £ 28: 90y 98y 0. ACh den
A1 1 1 1 1 1 1 1 5 4yt 2t
A 1 1 1 1 1 -1 -1 R
B 1 -1 1 -1 1 1 =1
B 1 —1 1 -1 1 —1 1 z
Jod 2 300 =7 -2 0 o0 (z, ¥)
o o n -2 n o o o (z2 — 42 1)
Fa 2 /I 0 &S =2 0 0 (Rr. R (zz, y2)
D E 205 20 50y i '_’S'}r, 2519 Ao
A 1 1 1 1 1 1 1 1 % 4yt 2t
Adag 11 1 1 -1 1 1 1 -1 R:
Evg 2 Yeps 729 Zcos 144° 0 2z 2 tos 72° 2 ¢cos 144° 0 ((Re Y| (z2, y2)
o 2 2cos 144° 2 e0s 72° 0 2 2cosld44°  2cos72° 0 (x% — y* 1)
A 11 1 1 1 —1 -1 -1 -1
A 1 1 1 - =1 —1 -1 -1 11z
Fig 2 DepsT2° 2cos 144 0 -2 —2¢0872° —2cosld44® 0 [ fx, y)
Fau 2 2eps 144° 2ens 72° 0 —2 —J¢cpzld4d4® —20na72° t]
D F 25, 2Cy 28 20; '33?2 C: 6Ca Boq
A i 1 1 1 1 1 1 1 1 Tt 4yt 2t
Aa 1 1 1 1 1 1 1 -1 =1 R,
B 1 - 1 —1 1 ~1 1 1 —1
B 1 -1 1 —1 1 -1 1 —1 1 z
o 2 WK 1 0 —1 —=+/3. =2 0 0 (r. 1)
o 2 1 -1 -2 - 1 2 0 n (7 — 5% 2y
s 2 0 -2 o 0 -2 0 0
Ky n -1 =1 72—} -1 o n 0
o 2 -1 1 0 -1 N3 -2 0o o0 (Rz, RY) (z2, y2) ’




8. The S, Groups

]

Sy E 8 C. 83
A |1 1 | R. 22+ 12, 2
B |1 -1 —1 z 2? — 3 2y
1 T —~1 —1
e T T i Re Ry | G
Ss E Cn Caz 1 Sss Ss € = exp (21?‘1/3)
C A, 1 1 1 1 1 1 R, 7?4 3?2
1 e €* 1 € e* (z? — ¥°, zy);
Ee {1 €* € 1 €* ¢ } (Fex, It) (12, y2)
A, | 11 1 =1 —-1 =1 z
(1 e € —1 —e —e*)
Ee {1 e ¢ -1 —e* —e } (% y)
Se {E Sg Cy S Co S C3& 8§ e = exp {271/8)
A1 1 11 11 1 1 |°R 22 4+ 32, 2
B |1-1 1-1 1-1 1-~1 {2z
i {l € 1 —e* —1 —e —17 €* (z, ¥);
! 11 e* —1 —e —1 —e¢* 1 ¢ (R, R,) ~
Bz {1 - =1 i 1 —i -1 i (= = v, =)
1 —e¢* —1 ¢ —1 & )
Es {1 —€ 1 e* —1 e
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9. The Cubic Groups

Te E 8C; .3(:'2 68y Gog
Ay 1 1 1 1 1 P A
An 1 1 1 =1 =1
£ C R e
. . I: -_— yﬂ)
T 3 0 -1 1 =1 | (ReRyR) |
Ta 3 n -1 -1 1 (z, v, 2) {xy. 2z, y2)
O E 8C; 6C» 6Ly 3Ca{=Cy1Y i 65y 855 Bon Gey
—— . i
dige |1 111 1 1 1 11 PLNEpP A
Ang 1 I =1 =1 i S S U S |
. Ey 7 -1 ot 0 2 2 0 -1 2 0 (2 —z? =2
) 2t —yY
T 3 N -1 1 -1 R I | 0 -1 -1 {Rz Ry, R
Tug k1 0 Po—1 -1 3 -1 0 -1 1 {r2, vz, 71)
Alw 1 [ ! 1 -1 =1 =1 ~t -1
Az 1 1 -1 =1 1 -1 1 =1 =1 1
Ey 2 ~1 0 0D 2 -2 0 1 =2 0
Tia 3 -1 1 ~1 -3 -1 0 1 1 {z, v, D)
Tiu 3 0o 1 -1 -1 -3 1 0 1 -
10. The Groups Cwy and D, for Linear Molecules
Cucv E 20 Cee oy,
Ay =37 1 1 1 z I A
A= I 1 1 cee =1 R
Ey=I 2 2c¢cosd .- 0 (z, 1); (Rz, Ry) (zz, vz} ,
Es= A 2 2cos2b ... 0 (z* — ¥-, xy)
Ei=e 2 2cos 3P 0
e O;Jd, 1 -QS,,q' coe o
] 1 1 cee 1 B P T
1 e — 1 1 e — R,
11, 2 2cos® -+ 0 2 —2¢cosd -+ Q| (R R) | (zz,¥2)
0
Ay 2 2 cos 2® 0 2 2cos2d .- 0 (z* — ¥°, 7)
.t 1 1 1 —1 —1 —~11z
o 1 1 -1 -1 -1 1
M. 2 2c¢osd - 0 —2  2cosd 01 (xr,m
Ay 3 2¢052p .- 0 —2 —2cos 24 0
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(xz 'z 'fix .
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1- 0 (e N — 1% e+ D§ € - 0 e,N+DF eN-nF ¢ g
Gy 'ty 1- 0 e/ + 1)k e~ DE £ I- 0 CFANE DL AN S bL S, N/
L e I 1 I 1 { T, ! [ I 1 7y
261 980T Oszr "ge L o) SR o 08l ger K] s

dnoany ?._;,_o_:"mc_d LT P




