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PREPARATION AND CHARACTERISATION OF NlTROPHENATES OF 

TRANSITION METALS 

* 
Gurdip  S ingh ,  Inde r  Pa l  Singh Kapoor and  S.Mudi Mannan 

Department of Chemistry,  University of Gorakhpur ,  
Gorakhpur  - 273 009, I n d i a .  

ABSTRACT 

A l a r g e  number of n i t rophenates  of t r ans i t i on  metals have  

been p repa red  a n d  cha rac t e r i s ed  du r ing  t h e  programme of formulation 

of new energe t ic  mater ia l s .  These compounds have  been found to be  

ionic s a l t s  hav ing  v a r i a b l e  number of water  of c rys t a l l i s a t ion .  

INTRODUCTION 

In te re s t  in t h e  systematic p repa ra t ion  a n d  cha rac t e r i s a t ion  of 

n i t rophena te s  of t r ans i t i on  metals t h r ives  due  to t h e  fac t  t h a t  these 

compounds f ind  app l i ca t ion  in explosive compositionk5 Because of the  

presence  of both fue l  a n d  oxid izer  groups  along with the  metal 

ion ( c a t a l y s t ) ,  in t h e  same molecule, these a r e  expected to  be  good 

cand ida te s  fo r  propel lan t  formulations.  Although, p i c ra t e s  of many 

metals a r e  known but t h e i r  s t r u c t u r e  is s t i l l  deba ted .  

t 
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Agrawal  e t . a l .  ‘I5 reported t h a t  the n i t rophena te s  a r e  

p a r t i a l l y  ionic  a n d  the  the rma l  s t a b i l i t y  inc reases  with t h e  increase 

in  t h e  number  of n i t r o  g r o u p s ,  d u e  to t h e  i n c r e a s e  in  ionic  c h a r a c t e r  

of oxygen-metal  p o l a r  bond. Si lberrad’  r epor t ed  t h a t  metal  p i c r a t e s  

a r e  pu re ly  ionic  compounds,  with v a r i a b l e  number of c r y s t a l l i s a t i o n .  

F u r t h e r ,  i t  has  a l s o  been reported6 t h a t  h i g h l y  h y d r a t e d  compounds 

a r e  l e s s  s ens i t i ve  to h e a t ,  shock ,  f r i c t ion  a n d  impact whereas ,  

a n h y d r o u s  a r e  t h e  more s e n s i t i v e  ones.  However, work o n  t h e  

p r e p a r a t i o n  a n d  c h a r a c t e r i s a t i o n  of t h e s e  compounds is q u i t e  meagre.  

1 + 7-9 l n  our  programme of p r e p a r i n g  new ene rge t i c  ma te t i a l s ,  

i t  was decided to p r e p a r e  va r ious  n i t rophena te s  of 3d t r a n s i t i o n  

metal s e r i e s .  Gravimetr ic  estima t ion ,  Karl-Fisc her t i t  r a t i o n ,  

conduc t iv i ty  a n d  U V  s p e c t r a l  s t u d i e s  were unde r t aken  in  o r d e r  to 

c h a r a c t e r i s e  these  compounds.  CAUTION! These compounds a r e  h igh ly  

exp los ives ,  hence o t h e r  spectroscopic  ( I R ,  N M R ,  MS) a n d  C.H,N 

a n a l y s e s  a r e  out  of ou r  r each .  The r e s u l t s  show t h a t  all these 

compounds a r e  p u r e l y  Ionic. The i r  behav iour  towards  h e a t ,  impact a n d  

fr ic t ion h a s  a l s o  been c a r r i e d  o u t ,  which .would b e  submit ted 

elsewhere.  

EXPER 1 M E N T A L  -- 
Materials  

P i c r i c  a c i d  ( B D H )  a n d  2.4-dinitrophenol (Thomas Baker)  were 
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used a s  received without any  f u r t h e r  pur i f ica t ion .  2-nitrophenol (BDH) 

was rec rys t a l l i s ed  from hot water ,  whenever requi red .  Carbonates of 

n icke l  (Thomas Bake r ) ,  z inc  ( S a r a b h a i ) ,  fe r rous  ( L o b a ) ,  coba l t ,  

copper  ( B D H )  a n d  manganese ace ta te  ( S a r a b h a i )  were used a s  such .  

Methods of P repa ra t ion  of Nitrophenates of Trans i t ion  Metals. 

Genera l ly ,  n i t rophenates  are p repa red  by in te rac t ing  

t r ans i t i on  metal ca t ion  with mono-, di-  o r  t r i - n i t r ~ p h e n o f : ~  We have  

p repa red  t h e  n i t rophenates  of manganese,  f e r rous ,  c o b a l t ,  nickel, 

copper  a n d  z inc  by reac t ing  suspension of cor responding  nitrophenol 

i n  boil ing wa te r  with f r e sh ly  p repa red  hydroxide  of these  metals as 

g iven  in  t h e  Scheme. 

t 1 
Scheme 

Where x = 1, 2 or 3 a n d  M = Mn, Fe, Co. Ni. Cu or Zn. 

Metal hydroxides were p repa red  by t r ea t ing  sodium hydroxide with 

ca rbona te  o r  ace t a t e  of the  above  metals.  In case  of t r i n i t rophena te s  

(TNP), c r y s t a l l i n e  so l ids  were obta ined  on cooling the  reaction 

mixture  in  ice ba th .  The mono- a n d  d in i t rophena te s  ( M N P  a n d  DNP) 

were recovered on  concent ra t ing  t h e  respective solution with ro t a ry  
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vaccum evopora to r  (JSGW) a t  low t empera tu re  (60 "C) a n d  p r e s s u r e  

(200 m m  Hg). A l l  t h e  compounds were r e c r y s t a l l i s e d  i n  hot w a t e r  a n d  

t h e i r  p u r i t y  were  checked by  t h i n  l a y e r  ch romatography  (TLC). 

These compounds h a v e  d i f f e ren t  co lou r s ,  which are repor t ed  i n  t h e  

Table .  I t  may b e  noted t h a t  t h e i r  colour  may b e  d u e  to t h e  presence 

of chromophoric(-N02) g r o u p ( s ) .  I t  seems t h a t  u n p a i r e d  electrons in  

t h e  metal  ions a n d  presence of water molecule do not p l a y  a n y  role  

for t h e  co lou r  of t h e  compounds.  The melting points  could not b e  

de t e rmined ,  because  they s t a r t  decomposing p r i o r  to mel t ing.  

However, melting was obse rved  j u s t  p r io r  to ex,plosion, in a l l  t h e  

cases. The p e r c e n t a g e  of each  inetal w a s  es t imated g r a v i m e t r i c a l l y .  

The formation of co r re spond ing  metal ox ides  was also confirmed by 

h e a t i n g  t h e  samples  of MNP. DNP a n d  TNP with Al2O3 (1:L ratio) a t  

a slow h e a t i n g  r a t e  upto 600 'C. A1203 was a d d e d  a s  di luent  to 

avo id  de tona t ion .  

Conducti\ l i ty Measurements o n  Nitrophenates  of T r a n s i t i o n  Metals a n d  

Nitrop henols.  

The conduc t iv i ty  of t hese  n i t r o p h e n a t e  s 'al ts  a n d  ni t rophenols  

w a s  m e a s u e d  in micro inhos cm a t  0.005 M concen t r a t ion  a n d  a t  

25 'C by  u s i n g  d i g i t a l  conduc t iv i ty  meter (Chemito) with a 

conduc t iv i ty  c e l l  h a v i n g  cell c o n s t a n t  of 0.7L8. The solut ions were 

p r e p a r e d  in  conduc t iv i ty  w a t e r  a n d  t h e  conductance d a t a  a r e  

r epor t ed  i n  t h e  Table .  

-1 

144 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Ta
bl

e 
M

ol
ec

ul
ar

 
F

or
m

ul
a,

 
W

at
er

 
of

 
C

ry
st

al
li

sa
ti

o
n

, 
M

ol
ec

ul
ar

 
W

ei
gh

t. 
Co

lo
ur

, 
P

er
ce

nt
ag

e 
of

 
M

et
al

, 
C

on
du

ct
an

ce
 

an
d

 
UV

 
A

bs
or

bt
io

n 
D

at
a 

of
 

N
it

ro
ph

en
at

es
 o

f 
T

ra
ns

it
io

n 
M

et
al

s 
an

d
 N

it
ro

ph
en

ol
s.

 

W
at

er
 

M
ol

. W
t. 

C
ol

ou
r 

C
on

du
c-

 
%

 O
f 

ry
st

 a
l-

 
T

he
t.

 
Ex
p.
 

ta
n

c
e

 
is

at
 ic

n 
M

.#i
'cr

n-
' 

I 
b

an
d

 
I1

 b
an

d
 

11
1 

b
an

d
 

ef 
M

ol
ec

ul
ar

 
F

or
m

ul
a 

M
n 

[ (
N

o2
)C

6H
40

12
 

0
 

33
1.

14
 

D
ee

p 
o

ra
n

g
e 

16
.5

9 
15

.6
0 

9.
1 

21
0 

27
8 

35
1 

2 
54

7.
16

 
D

ee
p 

ye
ll

ow
 

10
.0

4 
9.

91
 

6.
2 

20
5 

23
8 

35
6 

M
n
 [

 ( 
N

02
)3

C
6H

20
]2

 

F
e 

[(
N

o2
IC

6H
40

12
 

0 
33

2.
05

 
D

ee
p 

o
ra

n
g

e 
16

.8
2 

17
.7

2 
10

.4
 

20
9 

2 7
9 

35
1 

M
n

 [
(N

02
)2

C
6H

30
]2

 
2 

45
7.

17
 

G
ol

de
n 

ye
ll

ow
 

12
.0

2 
11

.8
2 

8.
7 

22
2 

25
6 

36
0 

Fe
 

[ (
 N

o,
)2

C
6H

jo
12

 
2 

45
8.

07
 

Le
m

on
 

ye
ll

ow
 

12
.1

9 
11

.7
5 

F
e 

[ (
 N

o2
)3

C
6H

20
12

 
2 

54
8.

07
 

D
ee

p 
ye

ll
ow

 
10

.1
9 

9.
48

 

c
o

 

co
 

co
 

N
i 

N
i 

P
 

ul 

( 
N

02
)C

6H
40

12
 

1
 

35
3.

15
 

D
ee

p 
re

d 
16

.6
9 

16
.3

2 
(N

o2
)2

C
6H

30
]2

 
3

 
47

9.
18

 
B

ri
ck

 
re

d
 

12
.3

0 
11

.2
6 

(N
02

)3
C

6H
20

]2
 

4 
58

7.
18

 
P

ar
ro

t 
g

re
en

 
10

.0
3 

9.
35

 

(N
o

2
)c

6
ti

~
o

l2
 

0 
33

4.
89

 
D

ee
p 

re
d

 
17

.5
7 

17
.5

8 
( 
N

o2
)2

C
6H

30
]2

 
2 

46
0.

92
 

L
em

on
 

ye
ll

dw
 

12
.7

3 
12

.6
3 

N
I 

[ (
N

O
2 

'3
C

sH
20

12
 

5 
60

4.
96

 
D

ee
p 

ye
ll

ow
 

9.
70

 
9.

48
 

C
U

 [
 (

N
o2

)C
6H

4O
I2

 
0 

33
9.

75
 

D
ee

p 
o

ra
n

g
e 

18
.7

0 
19

.4
6 

C
u
 [

 (
N

02
)2

C
6H

30
]2

 
2 

46
5.

77
 

D
ee

p 
ye

ll
ow

 
13

.6
4 

14
.1

7 
C

U
 

[ (
 N
o2
 )3

C
gH

20
 12
 

2 
55

5.
77

 
D

ee
p 

ye
ll

ow
 

11
.4

3 
11

.1
8 

a. 
1 

6.
2 

1.
1 

7.
2 

5.
7 

0.
3 

9.
6 

5.
8 

9.
6 

9.
0 

5.
5 

2 2
3 

20
7 

20
9 

22
0 

20
5 

21
0 

2 2
0 

20
5 

21
0 

22
2 

20
4 

25
7 

36
0 

23
7 

35
6 

27
9 

35
1 

25
7 

36
0 

23
7 

j3
56

 

35
1 

2 7
9 

25
7 

36
0 

23
8 

35
6 

27
9 

35
1 

25
7 

36
0 

23
8 

3 5
6 

Z
n

 
[

(
N

G
~

)
C

~
H

L
O

I
~

 
1 

35
9.

60
 

D
ee

p 
re

d 
18

.1
8 

17
.6

4 
10

.3
 

21
0 

2 7
9 

35
1 

Z
n

 
[(

N
O

2)
3c

6H
20

]2
 

5 
61

1.
65

 
D

ee
p 

ye
ll

ow
 

10
.6

9 
9.

89
 

4.
9 

20
4 

23
8 

35
6 

Z
n

 
[ (

N
02

)2
C

gH
30

]2
 

2 
46

7.
61

 
L

em
on

 
ye

ll
ow

 
14

.0
1 

14
.3

0 
9.

7 
22

3 
25

7 
36

0 

2
-n

it
 r

op
he

no
l 

- 
13

9.
11

 
L

em
on

 
ye

ll
ow

 
--

 
--

 
1.

9 
2,

 L
-d

in
 i 

t r
op

he
no

l 
- 

18
4.

11
 

G
ol

de
n 

ye
ll

ow
 

--
 

--
 

2.
3 

2,
 L

 .
6-
 t 

ri
n

 i
t 

m
ph

en
ol

 
- 

22
9.

10
 

D
ee

p 
y

e
l

l
~

 
--

 
--

 
9.

7 

20
9 

2 7
9 

35
1 

20
7 

25
7 

36
0 

20
6 

23
8 

35
6 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Estimation of Water of C r y s t a l l i s a t i o n  in  Nitrophenates  of Trans i t i on  

Met a Is. 

The p e r c e n t a g e  of moisture  in  t h e  t r a n s i t i o n  metal  

n i t rophena te s  ( p r e s e r v e d  u n d e r  vaccum) was found out  by us ing  

Karl-Fisher  t i t r a t o r  ( M E T T L E R  D L - 1 8 )  by t a k i n g  methanol ( Q u a l i g e n s )  

as solvent .  Each  t i t r a t i o n  was r e p e a t e d  t i l l  concordent  v a l u e  was  

ob ta ined .  The w a t e r  of c r y s t a l l i s a t i o n  was c a l c u l a t e d  from t h e  

following r e l a t i o n  a n d  t h e  d a t a  a r e  g i v e n  i n  t h e  Table .  

water of 
c r y  st all is at  ion 

- % of moisture  x M o 1 . Z  of t h e  sample - -- 
100 x 18.015 

UV Spec t r a l  S tud ie s  of Nitrophenates  of T r a n s i t i o n  Metals a n d  

Nit rop henols.  

The U V  s p e c t r a  of metal n i t rophena te s  a n d  ni t rophenols  

were t a k e n  on  HITACHI U-2000 spectrophotometer by u s i n g  doubly 

d i s t i l l ed  w a t e r  a n d  t h e  Amax v a l u e s  a r e  summarised in t h e  Table .  

RESULTS A N D  DISCUSSION 

The est imated v a l u e s  of pe rcen tage  of each  metal is q u i t e  

comparab le  wi th  t h e  theo re t i ca l  v a l u e s  ( T a b l e ) ,  which confirms t h e  

formation of metal  n i t rophena te s .  The ques t ion  a r i s e s ,  whether  these 

compounds a r e  ionic  o r  cova len t  o r  both.  In o r d e r  to decide t h i s ,  
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c o n d u c t i v i t y  measurments  w e r e  c a r r i e d  out .  P i c r i c  a c i d  g a v e  the  

h i g h e r  v a l u e  of c o n d u c t i v i t y  as compared  to 2 ,4-d in i t rophenol  a n d  

2-ni t rophenol .  T h i s  t r e n d  h a s  been found to  be  r e v e r s e d  by t h e  

i n t r o d u c t i o n  of metal  i o n  i n  t h e  n i t rophenols .  The low c o n d u c t a n c e  

v a l u e  of TNP might  b e  d u e  to t h e  b u l k y  r i n g  s u b s t i t u t e d  phenoxy 

a n i o n .  However, t h e s e  v a l u e s  c l e a r l y  i n d i c a t e  t h e  ionic  n a t u r e  of 

t h e s e  compounds.  The h i g h e r  v a l u e  of c o n d u c t a n c e  of p i c r i c  a c i d  

may b e  d u e  to i t s  lower  a c i d  d i s s o c i a t i o n  c o n s t a n t  (pKa=0.419)  a s  

compared  t o  2 ,4-d in i t rophenol  (pKa=4.08) a n d  2-ni t rophenol  

(pKa=7.2221. 

The  w a t e r  of c r y s t a l l i s a t i o n  for  e a c h  s a m p l e  w a s  found o u t  

q u a n t i t a t i v e l y  in  o r d e r  to  s t u d y  t h e i r  ro le  in  t h e r m a l  s t a b i l i t y  

of t r a n s i t i o n  meta l  n i t r o p h e n a t e s .  I n  e v e r y  s e t  of meta l  n i t r o p h e n a t e s  

i t  w a s  found t h a t  t h e  TNP is more h y d r a t e d  a n d  M N P  is  l e a s t  

h y d r a t e d  ( T a b l e ) .  Moreover, some of t h e  M N P s  a r e  non-hydra ted .  

However, o u r  r e s u l t s  a r e  not  c o m p a r a b l e  wi th  S i l b e r r a d 2  a n d  Agrawal  

e t . a l .  495 

The Amax v a l u e s  o b t a i n e d  for  these  n i t i o p h e n a t e  s a l t s  h a v e  

good a g r e e m e n t  wi th  t h e  Xmax v a l u e s  of t h e i r  c o r r e s p o n d i n g  

n i t r o p h e n o l s ,  which shows t h a t  e lec t ronic  s t r u c t u r e  of n i t r o p h e n o l s  

a r e  not a t  a l l  d i s t u r b e d  i n  t h e  process  of i n t e r a c t i o n .  Everywhere  

t h r e e  a b s o r b t i o n s  a r e  o b t a i n e d  in  t h e  r e g i o n  of 200(1).  2 6 0 ( 1 I )  a n d  

147 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



350 n m ( 1 l I )  b a n 9 s .  The I a n d  11 bands  a r e  a s soc ia t ed  with 

x e l e t r o n s  of t h e  benzene r i n g  a n d  t h e  111 band  may b e  due  to t h e  

n - 1 d  t r a n s i t i o n s  in n i t r o  g r o u p ( s ) .  These v a l u e s  a r e  exac t ly  

matching with t h e  l i t e r a t u r e  values!’ Normally unsubs t i t u t ed  

benzene 1 3 ’ i h  e x h i b i t s  two in t ense  abso rb t ion  b a n d s  at abou t  180 a n d  

200 nm a n d  a weak abso rb t ion  band  a r r o u n d  260 nm. A l l  t hese  bands  

a r e  a s s o c i a t e d  with electron system of benzene a n d  are affected 

markedly by  subs t i t u t ion .  Subs t i t u t ion  is supposed to p e r t r u b  t h e  

benzene r i n g  both by  resonance a n d  induc t ive  effects a n d  

consequen t ly  200 a n d  260 nm b a n d s  are sh i f t ed .  Resonance effects 

a p p a r a n t l y  c a u s e  g r e a t e r  c h a n g e s  in  the  s p e c t r a  t h a n  induc t ive  

effects.  15’16 The 260 nm b a n d  is mainly affected by  t h e  resonance 

effect of s u b s t i t u t i o n s ,  with p o l a r  g r o u p s  c o n t a i n i n g  unsha red  

e l ec t rons  (auxochronies  l i k e  -OH), s h i f t s  t he  band  to  longe r  

wavelengrh a n d  a l s o  intensif ies  them. I n  eve ry  set  of metal 

n i t r o p h e n a t e s ,  t h e  in t ens i ty  of 260 nm(I1 )  b a n d  is in  t h e  o r d e r  

T N P > D N P > M N P .  which ind ica t e s  t h e  i n c r e a s e  i n  t h e  r e sonance  effect  

with the  number of n i t r o  g roups .  While comparing t h e  s p e c t r a  of 

2 ,4-dini t rophenol  a n d  DNPs ,  t h e  I b a n d  obse rved  i n  DNPs is 

broadened a n d  a l s o  sh i f t ed  from 207 to a r o u n d  220 nm whereas ,  11 

a n d  I l l  bands  a r e  not d i s t u r b e d .  I t  may be  due  to t h e  imbalanced 

r e sonance / induc t ive  effect of t h e  n i t r o  g r o u p s  a t  2 a n d  L posi t ions of 

the phenoxy ion. 
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Summarising t h e  r e su l t s ,  i t  c a n  be concluded t h a t  

n i t rophenates  of t r ans i t i on  metals a r e  ionic s a l t s  having  v a r i a b l e  

w a t e r  of c rys t a l l i s a t ion .  The stoichiometry of these  compounds h a s  

a l so  been confirmed by thermogravimetric ( T G )  ana lys i s .  
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