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CHi-vi' i1 im\— IV

X-R,o:' DIFFRACTivii

Binary oxides and alloys of trie transition metals are of 

■■ reat int ’-•rest as catalysts, an '■ their activities a -e greatly 

dependent on their electronic structure as also on the method of 

preparation, controlling their geometric factors.

Direct preparation of the oxides, or alloys system may 

not be suite, le for the preparation of active catalyst with 

high specific surface area, however, it is possible to prepare 

the relevant system in a form mo re suitable for catalytic study 

or giving much higner activity, through direct deeomposin i the 

respective mixed metal oxalates, formates, hydroxides, etc. in air 

or nitrogen gas atmosphere at lower temperatures. To estabiish 

the composition, structure and homo jeneity of the mixed system

thus prepared, perhaps a most suita ole method for the enar at hesita

tion of materials is the X-ray diffraction technique. Valuable 

information can be obtained from values of lattice spacinm alone. 

Furthermore, as electrons are added across any series, there is 

a smooth change in metallic radius. Not the interatomic distance

or metallic radius may be taken as a measure of 

stren th in the sense ; . .t the smaller the radio 

must oe the strength of the bindir: -re, similarly, 

are added through any series by the formation of 

the re may be a -•ro ;ressive incru.se in binding, 

followed ny a •oecce_se. Ti.us, its geometric g:*op 

ned by or related to the electronic constitution

the coin 

s tne y 

as elc c t rc

c trengtn, 

erties are ,.:oter
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The study of the catalyst structure as revealed by X-ray 

diffraction would provide valuable i nf orma.^tian pertaining to the 
electronic structure and mechanism of action by metals in the 
oxides.

X-ray diffraction technique can also be applied for tne 
quantitative chemical analysis of the many component heterogene
ous catalysts.

PREPARATION OP THE SAMPLES FOR THE STRUCTURAL STUDIES

The oxides of the nickel oxalate and cadmium oxalate and 
their mixed oxalates were prepared by heating the oxalates in 
air a 800°C for 6 hours.

The preparation and composition of the individual 
oxalates and mixed oxalates is as described earlier in TGA.

The oxide samples were stored in a vacuum desicator and 
was used for X-ray diffraction analysis.

experimental results and discussion

The pure metal ululates and u»ixed oxalates were examined 
by X-ray diffraction, using Philips-X-ray Diffraction Unit witn 
Cu - radiation.

The rate of t • a scanning of the diffractometer was kept 
at the 2Pyfaiij •The results were recorded on the charts as 29 Vs,
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peak intensity.

Precise measurements were made for the calculation of 
d-values or the interplaner spacings. The results of the d-values 
with regard to each comoositlori are listed in Tables-IX and a..

The slight variation in the 'd' values (Table-lX) on 
passing from nickel oxalate to cadmium oxalate sxiggests that the 
mixed oxalates may be either mixed crystals or metastable solid 
solutions at the grain boundaries.

It is clear from Tabie-X that the product of decomposition 
of mixed nickel-cadmium oxalates in air medium are nickel oxide 
and cadmium oxide.

The literature values (d) of a-Ni-oxalate and Cd-oxalate 
and of the oxides NiO and cdo are given in Table-XI,



co
~

4.
65

23
4.

44
84

3 .
B

6B
--

 

3.
70

69

3.
15

8b

coo;

3 .
71

87
 

3.
41

06

3.
88

32
3.

70
14

m 3.
15

50

3.8
:.-

86

5.
67

76

3.
13

78
 

2.
98

., 7

4.
62

42
4.

55
29

 
4.

57
15

Ph
ys

ic
al

mi
xt

ur
e

O
C

 00

4.
58

56

3.
88

84
 

3.
70

70
 

3.
58

80
 

3.
15

85

4.
82

04
 

4.
77

88
 

4.
81

17
 

4.
-4

64
 

4.
82

61

°. 1
5 

29
.9

5 
19

.3
0

4.
68

16
 

«*
 

4.
65

66
4.

59
03

 

4.
20

11
 

3.
88

64
 

3.
88

64

- 
' 

3.
58

39
<■
* 

•»

2.
95

30

2.
92

34
2.

92
97

3.
07

93

v 9 8
3.

13
13

2.
94

64

2 .
9 

->
 3

 ?/
:. 

9.
-5

 9

5.
30

73

11
Pe

rc
en

ta
ge

- 
of

 n
ic

ke
l 

in
 m

ix
ed

 N
i-

Cd
 o

xa
la

te
s

5 
6 

7 
8 

9 
10

3.
59

91

3.
89

24
 

3.
88

87

4.
69

09
 

4.
68

11
 

4.
65

48
 

4.
66

69
 

4.
67

10

6.
57

'
10

0.
00

 
87

.8
4 

76
.1

3 
67

.9
4 

53
.6

0 
47

.6
8

TA
BL

E-
IX

X
-R

A
Y

 DI
FF

R
A

C
T

IO
N

 DA
TA

 

d 
(A

°)
 VAL

U
E

S O
F N

IC
K

EL
-C

A
D

M
IU

M
 OX

A
L

A
T

E
S



co
nt
-3

I

:o
nt

i,

2.
70

41
2.

65
04

2.
61

08
2.

52
42

2.
42

79
2.

36
52

2.
30

21
2.

20
31

2.
01

73
m

m 1.
23

11

2.
43

48
 

2.
3 .

30
 

2.
34

87
 

2.
30

59
 

2.
20

88
 

2.
0 2

04

1.
92

37

2.
5 

29
5

2.
82

66
 

2.
71

02
 

2.
65

6 
2

2,
61

65
2.

6 
47

6 

2.
60

56
 

2.
5 

20
1 

2.
42

74
 

2.
36

19

2.
29

85
 

2.
19

95
 

2.
09

97
 

2.
01

50
 

1.
92

83

2.
00

99

1.
92

29

2.
63

65

2.
51

16
2.

41
79

2.
35

35

2.
23

96

2.
69

05
 

2.
70

21

2.
52

35

2.
42

92
2.

36
64

•m 2.
30

00
 

2.
20

42
 

2.
12

45
 

2.
01

11
 

1.
92

99

2,
64

94
2.

66
30

 
2.

66
24

2.
91

60
 

2.
91

45
 

2.
91

20
 

2.
89

30
 

2.
90

93
2.

91
16

2.
03

42

2.
52

23

2.
38

04
2.

38
04

1.
05

51

,5
16

9

2.
72

33

11
10

8

X
I



TA
BL

E

I

1.
67

33

1.
65

.,4
1.

65
49

1.
6 

21
0

-i-
 . - 

3 o
 O

1.
 '■

1.
93

11
 

1.
92

17
 

1.
86

41
 

1.
8 S

O
 3

 

1.
78

27
 

1.
77

38
 

1.
75

42

1.
62

25
 

1.
3 

37
6 

1.
56

83

1,
92

37
 

1.
91

94
 

1.
86

65

1.
73

52
 

1.
78

07
 

1.
7 

56
 s 

1.
75

21

1.
63

04
 

1.
66

04
 

1.
65

59
1.

65
62

 

1.
62

32
 

1.
6 

21
8

1.
55

33
1.

55
02

1.
92

38
 

1.
91

95
 

1.
86

22

i.7
81

2

1.
75

28

^,
65

22

1.
7 

48
7

1.
92

29
 

1.
91

4'

1.
35

73
1.

77
69

1.
65

70

1.
67

37
 

1.
67

34
 

1,
67

73

1.
92

99
 

1.
32

21
 

.8
6 

43

1.
78

13

1.
75

43

1.
70

 2
6

1.
88

32
1.

35
53

11
LO

9
3

co
nt

d,



*~t 
fd a 
o (■•H
W 4
z: -r 
0- F

J
J

3
)
t

!] * i i f 2.
69

03
2.

45
03

2.
43

32
2.

39
57

2.
33

10

i 2,
78

3
1.

88
42

1.
65

18

f i

oo
•

oo l i i t

ro
; '"i
00
vO.
r.j t i ( 2.

32
90

i i i 1.
65

17

f i

3)

i
to

o
■■-'1•
C\
r-| 1 i t i 2.

68
29

t i 2.
39

31
2.

32
67

i 2.
07

44
1.

92
60

1.
65

03
1.

64
66

8619
 * T

in
 t

he

29
.9

5

1 i i i 2.
67

00

t i 2.
38

40

f 2.
31

80
2.

06
83

1.
92

60

i 1.
6 

46
 3

i
<S)
-H
o

rH
OJ 49

.1
5

1 i « i 2.
69

26

i i 2.
40

13
2.

33
40

• 2.
08

14
i 1.

55
36

1.
64

95

Pe
rc

en
ta

ge
 o

f 
Ni

ck

47
.6

8

1 i i 2.
96

 4
4

2.
68

24

■ i

00H
ONro* 2.

32
61

• 2.
07

35

i 1.
65

02
i i

58
.6

0

1 i i i 2.
68

52

i t 2.
39

41
2.

32
83

i 2.
07

52

i 1.
65

14

i i

67
 .9

4

1 t ( t 2.
63

37

i l 2.
39

23
2.

32
72

t 2.
07

 4
6

i 1,
65

06
1.

64
66

i

76
.1

3

1 t i t 2.
68

72

i t

VOCv
ro•
ro 2.

33
03

i 2.
07

79

i

in
\o•
H 1.

64
77

i

87
.8

4

1 i i i 2,
67

22

t i

2.
38

58

i 2.
31

94
2.

07
01

i 1 1,
6 4

63

l

00*001 5.
52

08
5.

48
01

4.
92

45

i t i i

in 
00 l ’,
m•
CO i i 2.

07
87

i 1 i

TA
3L

E
-X

x
-ra

y
 dif

fr
a

c
ti

o
n

 da
ta

d 
(A

°)
 VAL

U
ES

 OF
 OX

ID
ES

 OF
 Ni_

C
d



10
0 33 43

40 16 16

2.
71

 

2.
35

 

i .
66

20

2.
41

2.
33

4 20 lo
o 8 30

3.
43

3.
22

3,
70

8.
0

6.
5

5.
7

4.
69

4.
50

3.
98

30

10
0 51 57

2,
09

2.
41

1.
48

5 40 13 4 8 4

1.
96

5 

1.
92

5 

1.
76

3 

1.
7 

20
 

1.
66

3 

1.
64

5 

1.
62

5 

1.
61

4 

1.
58

9

TA
3L

E
-X

I

X
-R

A
Y

 OIF
FR

A
C

TI
O

N
 LIT

E
R

A
T

U
R

E D
A

TA

L
IT

E
R

A
T

U
R

E V
A

LU
ES

 d (A
°)

 CF 
<i

) Ni
C

-0
,.2

H
o0

, (ii)
 NiO

,
(L

 Q
{il

l) C
dC

-,0
 AND 

(iv
) CdO

10
0 8 16 8 1 14 40 2 11

4.
77

4.
14

3.
94

2.
57

3.
12

3.
03

2.
95

9

2 , 
7 2

0

2.
64

2

Q
X)o

H
H

H
(M
-H

°C
w
T)

rH

rri
•£>
a
0
u

r-~
H
*VS
n

o
rH

o
CM

u
xi
U

°<

4 c
on

td
.

H
M
V
H

00

: o
cm

u
;

o

o
•H
53

■q L

°c
>

'd

rH
H
\
H

r-

VO

0.
<

X)

tn

■p
a
0
o

oCM
X
CM

H
<
M

o
o
•H
53 -

c°

TJ
M

o
C4>T*

CM

rH
M
"V
M

CM

Tf
OCM
u
-H

<c
<

'd

•—1

cc
nt

d



TA
B

LE
-X

. I

I

CM
H

■ -t

O
rH

j
m

2 g fq ® 00i“—i ^ ^ f \|

CO m n m VD ON
o cn r- \o in H*• • • • • •

CM CM c>i r-3 r>3

'O

ill

r~ ro »o CO o in
rH CM

ON 9 ON 00 o ro
•o CM r-4 vDul in m in• • • • • •
f-t r—< rH r—f

CM in mCM m r~
rH

O 00 
ro

■■

CO v£> H C\ 00 rH
<M -H '0 CO CM
in r"i » ' : o o

• • • • • •
oj CM cm CM '4


