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APPENDIX A.

Calculation of the Number and Activity of Vibrations of a Molecule XY

Belonging to the Point Group Td.
a) Determination of the Infrared Activity»

Consider the rotation of a line joining the origin to a
point ( X, y, z ) through an angle O , in a clockwise sense, the

new coordinates ( X y, z ) are

y X

X X cos 9 +ysin©

7

/
z z

-xsin © +ycos e

or in the matrix form

cos & sin © v
-sin © cos Q 6
z 0 0 1

The character for this rotation X(c) = 1+2C0S 0

If the rotation is combined with a reflection, the new

coordinates are

X

Xcosé& +vy sin9

y -X sin 8 +y cos O

" = 'Z

The character for the improper rotation X () = -[+2cos ©
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For the inversion, X = -X, y///: -y and 5//: -z, the character
% (i) is -3 (by putting &= 180° in -I+2c0s © )

For the reflection, x=-x, y =y, : -z, the character x ( <0
is 1 ( by putting 0 0° in -l+2c0s© ).

The character X ( 4v) of the reducible representation of the
dipole moment T (yM) is constructed as in Tahle 50. which shows the
characters for each operation in T+ sign in X (/") refers to
the proper rotations ( ¢*). - sign refers to the improper rotatione( "),
reflections (6 ) and inversion (i).

Table 50. Calculation of L for
0 g¢3 3¢ 6 4 665d
0 0 120 180 o

'Kluk) =il+2 cosg 3 0 -1 -1 1

Table 51, Character table of T

Td (h=24) T 8 c3 3 c2 6 54 6 A
Al 1 1 1 1 1
A2 1 1 1 1 1
E 2 -1 2 0 0
1 3 0 -1 1 1

3 0 1 -1 1

T2
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To determing. fow mary times each of the irreducible
representations r, of T, occurs in the reducible representation of
the dipole gt 1 (yO, the following formula is applied.

h'R ¥R 7 ®

XV isthe number of times T\ appears in 1 (yta.).
h isthe number of operations in the point group.
Is the number of lelements in the class of operation.
X (R) isthe character of the reducible representation r (/*).
X"R) isthe character of the irreducible representation TV .

5 can be calculated by using the character of the reducible
representations in Table 50 and the character of the irreducible
representations in Table s1 . Since there are 24 operations in T
h = 24,

Ao ) =IL[) )(3)+(8) (1) (0)+(3) (1) (-1) +(6) (1) (-1) +(6) (1) (1)]=0
2, ) JzaTL(l)(1)(3)+(8)(1)(0)'k(3)(l)('l) H6)(1)(-1) +(6)(1)(-1)]50
v B = L) ()+8) (1) (0)+(3) (2) (-1)+(6) (*1) (0) +(6) (1) (0) =0
A 1) = DR @) +() () 0+(3) (-1) (1) #(8) (1) (-1) +(6) (1) (-1)1=0
A (1) = LI (3) (3)+(8) (0 0)+(3) (1) (-1) #(6) (-1) (-1) #(8) (1) (W1=1

If vibrations of an irreducible representation are infrared

active, -iXSWiII be equal to 1, if they are inactive, A3Wi|| be zero.

It is seen that occurs once in  the reducible representation
of the dipole moment 7 c a), therefore only To is infrared active.
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) Determination of the Ravn Activity

Consicer the polarizability referred to o sets of axes
0x, 0y, 0z ox, oy, @ . If arotation ty an angle 0 about the
Z-axIS Causes the oonponents of the polarizability to Unoergo
the cangss  —> .50y, » gt Tre nawsIx

componets of the polarizability are

o = +Ckyysm (9 + Z%Sin s ©
Cpy = = Gy Sinot Q00820 - 2efin o 005 ¢
o = Oz

Ayt oo - ¢Msin © C0S 6 +cnyz SIN 9 COS(9+°N  (C0SO- sin2)

or in the matrix form

AT | N
XX cos2© sin2© 0  2sin Q cosé& 0 0 OCXX
W sin2© c0s2©0 0 -2sin0cos® 0 0 IW

Cyr - 0 0 1 0 o o W

-sin© cos0 O 0 Z:OG (9'1 sinbcosB 0 Cl.y

Ny 0 0 0 0 +000 -sin® yz

«*K 0 0 0o o0 +sin © +0080 Oy

IV ) y

iracter of the transformation matrix is

40032 +2 000or 2 cos©(+ 1 +ZCos©)
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+SIE* refers to the proper rotations (C").

- sign refers to the Improper rotations ( %), reflection ()
and Inversion (i),

Tre character % ( of the reducible representation for
the polarizability 1« 1S constructed In Tables2. which shows
the characters for each operation in T .

Table 52 Calculation of "X(cc) for the point group Te

Eo83 Loo0 o4

a 0 120 18) g) 0
yC (0C)= 20086 (+1 +2(IBG) 6 0 2 0 2

To determine row nary times each of the Irreducible
representations . of T, occurs in the reducible representatlons
of the polarlzablf

ity c the formulal
IS Used s In the proceél)ue previously de %chﬂL@
A, can te calculated by using the character of the

reduublegrepresentatlons In Table s2. and the character of the

wredumble representations in Table &1 .
JDOHE)L)2H =L
)(-)(0) +6)

ﬁ()()()%)()()()()()( !
) HHLOA))HEDNO)H3)D(2) HE)(-)(0) H6)(-)(2)] 4
Bzvjﬁr )(2)(6)48)(-)<0)#3)(2)(2) HE)0)(0) +)()2)) =L
[ (3)(6)+8 ;()()()ﬂﬁ)gl)() 3

AA

)
) 3)6)+8)00)+H3)
“UH (1)(3)(6)#8)Q)0)+3)(-N)(2) H6)-)(0) HB)I)(2)] =L

It 15 seen that the Irregucible representations A' Eand T
ocour In the reaucible representation of the polarizability
therefore,  E aul T are Rinmn active.

\_/\_/\_/\/



B

ﬂwgwa?termination of Unit Cell Parameters by X-ray Ponckr Diffraction

Fom Bragg [aw
A /2 d Sig, 6
- /2 SINE (™)
: 45,
A2
In orthorhormbic system, the Interplanar spacing ok |, /is

indices (hkl), and

h2 + FPZ + 12
L 2
Aoine = #2 4+ k24 ¢
A 2 p 22
' 0 2 WERSE
AR
SIN¢ = Ap? +BKYte
Where 21
d
7
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Least Souare Vehod.

¢ 12 =

> —
—a=

wn
=

c£f12

— Pro O

>
>*

(x i
A+ Bhk ek i2- °

412D g 12i= w/sin OF) ©

. V.a |
(I)x k
+CKE 122 sine g
A
+ Cflke 128 gngi e kA (4)

e K E(e kY

AEWViakar + BEki(h2i> ¢ £1Z02k> €1 in " hak2  (C)

(3)X i. k)

A{h\k2+ BE k2l (h2kd cCE£k|(h2l2 =/ "sinO 2 (6)
(5)-(6)

AJKhE(h2k2- Ahdtk 2 fC £ 1 2A2k")- 1 KE(h21.ME£|sin & 12k2- Msins

(7)

(3) x £(k212)

AL hd(k213fB £(hok2r 212'0 £(h212>(k212 £sin " £(k212  (8)
(4) x i-fhalan

A 0%k %h%1%08 £ K% (6212 26212 212):é<51nek9 £ %1% (9)
(8)-(9)

[ih 2@212}%2 2Xh2 2} [@2 2}@2 o (h 1° J_f s1n8) é(k 1 ).Z<s1neljé(h2

(10)
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(2)x £(h2k2;

A£h £/h2K])fB £ A(RAK2JCE 12 (h2k 3 M ]siné\™M2k2) (11)
(4)x £h
AER- 2G5 BEK £h 0Bk Lfh SWBIN&K] ¢ (12)
(11)-(12)
BAkMh2h - £k\h}-c}IZ(h2k2)-f.(k2[2,kh}: £|sinoj i(i k  [sine k)Eh'
(13)
For convenience, the various terms are replaced »y the following letters
Eh =
h 27578, Q
£ k2 2 -V
£ k4 R
11, ]
£ (hok?2)
£ (h2i2;
| (k 212)
i GiuiLaz
I 1sin 6. hj= Z
v A — ;27
A lsin ©k) =
\

Sol
X) IS Written as:
b -QV,cx -V YU-ZV (14)
(:0) IS Written &s;

Algq?(- y (X R 7 Lx - (1)
IS WITTEN S .
ngg -Rp tepe -X= Y - Se (16)

1 E}%W A e can be found fom three equations”
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Crystal Structures of Potassium Chromete and Potassiup Sulphate» zs)

Potassium Crrorte

Potassium chromete has an orthorhombic system, space group
Fma ( D), four formula units per unit cell (=4 ).

Tre unit cell dimensions are .
=N
a

b
C

i)

761 A
592 A
10.10 A

Table 53. AOMC Positions and parameters of potassium chromte.

Am Position X

K(1) k) 064
K (2 ) 4C 0.000
" I 020
8 K 0019
ol 43 030
03 8 030

y A
1/4 0417
1/4 -0.305
1/4 0417
1/4 0417
1/4 0501
0.028 0345
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Potassium Sulphate .

Potassium sulphate has an orthorhombic System, space grop
Rma 20" four formula units per unit cell (z =4 ).

Tre unit cell dimensions are

e T )

a 1485 A

: b2 A

1002 A

Table 54.Aomc positions and parameters of potassium sulphate

Am Position x y S
K(l (o) 06768 1/4 0418
K 8 i - 00115 v - 0294
! i 0238 1/4 04155
0(l I 00315 1/4 04032
0 8 2403 0210 14 05579

003 02007 000 03B

Table%» structural data and sulphate ion Sites In potassium sulphate.

it x y z
1 0238 04155 14
) .2358 04155 - 14
3 0.7358 00845 14
o {738 00665 - 14
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Tre nearest potassium ions to the sulphur aom at (0235
04155, 1/4) in the x y and z directions are at (06768, 04182, 1/4),
(01768, 0.0818, 1/4), a (o.a25-, 05618, -1/4) with the dlistance
of 3300 A 3390 A ad 3400 A respectively. ( S Figure =7. )

Figure - Potassium-sulphur distances of potassium sulphate.
(15)
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