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NITROPHENATES OF TRANSITION METALS 
PART I. SYNTHESIS AND CHARACTERISATION 

Gurd ip  Singh; l n d e r  Pal  Singh Kapoor a n d  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 rophena te s  of t r a n s i t i o n  metals have  been 

syn thes i sed  a n d  cha rac t e r i s ed  d u r i n g  the  programme of formulation of 

new ene rge t i c  ma te r i a l s .  These compounds have  been found to be  ionic 

S a l t s  a n d  number of w a t e r  of c r y s t a l l i s a t i o n  w a s  found to depend 

upon t h e  r u m b e r  of n i t ro  g roups .  

INTRODUCTION 

In t e re s t  in t he  systematic  syn thes i s  a n d  cha rac t e r i s a t ion  of 

n i t rophena te s  of t r a n s i t i o n  metals (C-NO2 exp los ives )  t h r i v e s  due to 

t h e  fact t h a t  t hese  compounds f ind  app l i ca t ion  in explosive 

 composition^!-^ Because of t he  presence of both ftiel and  ox id ize r  

g roups  along with the  metal ion ( c a t a l y s t ) ,  in t h e  same molecule, 

- 
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these  a r e  expected to  be  good candida tes  for  propel lant  formulations. 

Although, n i t rophenates  of many metals a r e  known but t h e i r  s t r u c t u r e s  

a r e  s t i l l  cont rovers ia l .  

Agrawal a n d  Agrawal' a n d  S r i v a s t a v a  et a15 reported t h a t  the 

ni t rophenates  a r e  p a r t i a l l y  ionic  a n d  the  thermal  s t a b i l i t y  increases  

with the  increase  in  t h e  number of ni t ro  g r o u p s ,  due  to the increase 

in ionic c h a r a c t e r  of oxygen-metal polar  bond. Si lberrad '  reported 

t h a t  metal p ic ra tes  a r e  pure ly  ionic compounds, having  v a r i a b l e  

number of water  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 so  been 

reported6 t h a t  highly hydra ted  compounds a r e  l e s s  sens i t ive  to h e a t ,  

shock,  f r ic t ion a n d  impact whereas ,  anhydrous  a r e  t h e  more sens i t ive  

ones. 

1,7-10 i t  In  our  programme of p r e p a r i n g  new energe t ic  mater ia l s  

was decided to  synthes is  ni t rophenates  of 3d-transi t ion metals. 

Gravimetr ic  es t imat ion,  Karl-Fischer t i t r a t i o n ,  conduct ivi ty  a n d  U V  

spec t ra l  s tud ies  were undertaken in order  to charac te r i se ,  these 

compounds. I t  h a s  been found t h a t  a l l  these compounds a r e  purely 

ionic in n a t u r e  a n d  t h e  presence of water  molecules depends upon 

t h e  number of ni t ro  groups .  These f ind ings  a r e  cont rad ic tory  to 

S i lber rad2  a n d  o ther  workers. r, ,5 
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EXPERIMENTAL -- 

Mate r i a 1 s 

P ic r i c  a c i d  ( B D H )  a n d  2 ,L-d in i t rophenol  (Thomas Bake r )  were  

used  a s  rece ived  without a n y  f u r t h e r  pu r i f i ca t ion .  2-nitrophenol 

( B D H )  was  r c c r y s t a l l i s e d  from hot w a t e r ,  whenever  r equ i r ed .  

Ca rbona te s  of nickel (Thomas B a k e r ) ,  z inc  ( S a r a b h a i ) ,  i ron  

( L o b a ) ,  c o b a l t ,  coppe r  ( B D H )  a n d  manganese  a c e t a t e  ( S a r a b h a i )  were 

used  a s  such .  

Syn thes i s  of Nitrophenates of T rans i t i on  Metals ( N P T M  

Genera l ly ,  n i t rophena te s  a r e  p r e p a r e d  by  in t e r  c t iny  t r a n s i t i o n  

metal c a t i o n  wi th  mono-, d i -  o r  t r i - n i t r ~ p h e n o l ! - ~  We h a v e  

syn thes i sed  t h e  n i t rophena te s  of manganese ,  i ron ,  coba l t ,  n i cke l ,  

coppe r  a n d  z inc  by r e a c t i n g  suspens ion  of co r re spond ing  n i t rophenol  

in boiling wa te r  with f r e sh ly  p r e p a r e d  hydrox ide  of t hese  metals a s  

g iven  in t h e  Scheme. 

M(OH)2+ 2 HOQ -> M+2 [ - 0 a  ] + “2’ 

(NO2 I x  (NOZIx 
2 

Where x=l, 2 or 3 and Y = M n .  Fe. Co, Ni, Cu or Zn. 

Scheme 

Metal hydroxides  were  p r e p a r e d  by  t r e a t i n g  sodium hydroxide  with 

c a r b o n a t e  o r  a c e t a t e  of the  above  metals.  In c a s e  of t r i n i t r o p h e n a t e s  

(TNP) ,  c r y s t a l l i n e  so l id s  were ob ta ined  on  coollng the  reac t ion  

mix tu re  in ice ba th .  The mono- and  d in i t rophena te s  ( M N P  a n d  D N P )  
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were  r ecove red  o n  c o n c e n t r a t i n g  t h e  r e s p e c t i v e  s o l u t i o n s  wi th  r o t a r y  

vaccum e v o p o r a t o r  ( J S G W ,  Ambala)  a t  low t e m p e r a t u r e  (60 OC) a n d  

p r e s s u r e  (200 m m  H g ) .  All t h e  compounds w e r e  r e c r y s t a l l i s e d  in h o t  

w a t e r .  CAUTION! These  compounds are h i g h l y  e x p l o s i v e  a n d  s h o u l d  b e  

h a n d l e d  wi th  care.  

C h a r a c t e r i s a t i o n  of NPTM. 

The p u r i t y  of NPTM was checked  by  t h i n  l a y e r  c h r o m a t o g r a p h y  

( T L C ) ,  by  u s i n g  e t h y l  a c e t a t e  ( Q u a l i g e n s )  a s  e luen t  a n d  coloured 

s p o t s  were  o b t a i n e d  on  T L C  p l a t e s  w i thou t  a n y  deve lop ing  r e a g e n t .  

These compounds a r e  of d i f f e r e n t  c o l o u r s ,  which a r e  r e p o r t e d  in  t h e  

T a b l e .  I t  may b e  noted t h a t  t h e i r  co lou r  may b e  d u e  to t h e  p re sence  

of chromophoric  (-NO 1 g r o u p ( s ) .  I t  seems t h a t  u n p a i r e d  e l e c t r o n s  in  

t h e  metal  ions a n d  p resence  of w a t e r  molecules do  not p l a y  a n y  r o l e  

towards  t h e i r  c o l o u r s .  The  melt ing po in t s  c o u l d  not  b e  de t e rmined ,  

a s  they s t a r t  decomposing p r i o r  to me l t ing .  The  p r e c e n t a g e  of e a c h  

metal  was e s t ima ted  gravirnetr ical ly , l1  The formation of c o r r e s p o n d i n g  

metal  o x i d e s  w a s  a l s o  confirmed by h e a t i n g  t h e  s a m p l e s  of N P T M  with 

A1203 i l : G  r a t i o )  a t  a slow h e a t i n g  r a t e  u p t o  60C'C. A1 0 w a s  a d d e d  

a s  a d i l u e n t  to avo id  exp los ion .  

2 

2 3  

The c o n d u c t i v i t y  of t h e s e  NPTM sal ts  a n d  c o r r e s p o n d i n g  

n i t ropheno l  w a s  measu red  i n  micro mhos cm-l  a t  0.005 M 

c o n c e n t r a t i o n  a n d  a t  25 C by u s i n g  d i g i t a l  c o n d u c t i v i t y  meter  

(Chemito)  w i th  a c o n d u c t i v i t y  c e l l  h a v i n g  c e l l  c o n s t a n t  of 0.748.  The 

so lu t ions  were  p r e p a r e d  i n  c o n d u c t i v i t y  w a t e r  a n d  t h e  conduc tance  

d a t a  a r e  r e p o r t e d  in  t h e  T a b l e .  

0 

116 

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



The pe rcen tage  of mois ture  in NPTM ( p r e s e r v e d  unde r  vaccum)  

was  found o u t  by us ing  Karl-Fischer t i t r a t o r  (METTLER DL-18) by  

t a k i n g  methanol (Qua l igens )  a s  so lvent .  Each t i t r a t i o n  was  r epea ted  

t i l l  concordent  v a l u e  was  o b t a i n e d .  The water  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 ion  a n d  t h e  d a t a  a r e  g iven  in the  

Tab le .  

w a t e r  of - % of moisture x Mol. wt. of t h e  sampie  
c r y s t a l l  i s a t ion  100 ‘x 18.015 

The U V  s p e c t r a  of NPTM a n d  co r re spond ing  n i t rophenols  were  

t aken  on HITACH1 U-2000 b y u s i n g  doubly d i s t i l l ed  wa te r  a n d  t h e ’ h m a x  

v a l u e s  a r e  summar ised  in  t h e  Tab le .  

RESULTS AND DISCUSSION 

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

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

format ion  of metal n i t rophena te s .  The ques t ion  a r i s e s ,  whe the r  these  

compounds a r e  ionic o r  cova len t  or  bo th?  I n  o rde r  to dec ide  t h i s ,  

conduc t iv i ty  measurments  were  c a r r i e d  out  o n  NPTM a n d  co r re spond ins  

n i t ropheno l s .  P ic r ic  a c i d  g a v e  t h e  h ighe r  v a l u e  of conduc t iv i ty  a s  

compared  t o  2 ,4-d in i t rophenol  a n d  2-nitrophenol.  This  t r end  h a s  been 

found to  be r eve r sed  by t h e  in t roduct ion  of metal ion i n  the  

n i t ropheno l s .  The low conductance  v a l u e  of T N P  miqht b e  d u e  to the  

bulky  r i n g  s u b s t i t u t e d  phenoxy an ion .  However, these  v a l u e s  c l e a r l y  

prove  the  ion ic  n a t u r e  of these  compounds.  The h i g h e r  v a l u e  of 

conduc tance  of p i c r i c  a c i d  may be due to i t s  lower acid d issoc ia t ion  
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Constant  (pKa=O.419) a s  compared  to  2 ,4 -d in i t ropheno l  (pK = 4 . 0 8 )  a n d  

2-ni t rophenol  (pK = 7 . 2 2 2 ) .  
a 

The w a t e r  of c r y s t a l l i s a t i o n  f o r  each  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  t o  s t u d y  t h e i r  r o l e  i n  t h e r m a l  s t a b i l i t y  of 

NPTM. I n  e v e r y  s e t  of metal  n i t r o p h e n a t e s ,  i t  was 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  i s  l e a s t  h y d r a t e d .  Th i s  seems to be 

d u e  to  H-bonding between NO2 g r o u p ( s )  a n d  water molecules.  

Moreover,  some of t h e  M N P  are  n o n - h y d r a t e d .  However,  o u r  r e s u l t s  a r e  

not ma tch ing  wi th  S i l b e r r a d '  a n d  o the r s ,  475  

The dmax v a l u e s  o b t a i n e d  for  t h e s e  NPTM s a l t s  a r e  i n  good 

ag reemen t  wi th  t h e  Amax 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 l e c t r o n i c  s t r u c t u r e  of n i t ropheno l s  a r e  not a t  a l l  

d i s t u r b e d  by  i n c o r p o r a t i o n  of t h e  metal  in t h e  l a t t e r .  Eve rywhere ,  

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) ,  260(11)  a n d  

350 n m ( l 1 l )  b a n d s .  The 1 a n d  1 1  b a n d s  a r e  a s s o c i a t e d  with 

e l ec t rons  of t h e  benzene  r i n g  a n d  t h e  111 b a n d  m a y  b e .  d u e  to 

t h e  n + T "  t r a n s i t i o n s  d u e  to n i t ro  g r o u p ( s ) .  These v a l u e s  a r e  

e x a c t l y  ma tch ing  w i t h  t h e  l i t e r a t u r e  values!2 Normally u n s u b s t i t u t e d  

benzene  I3'l4 e x h i b i t s  two in t ense  a b s o r b t i o n  b a n d s  a t  abou t  180 a n d  

200 nm a n d  a weak a b s o r b t i o n  b a n d  a r o u n d  260 nm. A l l  t he se  b a n d s  

a r e  a s s o c i a t e d  wi th  e l e c t r o n  system of benzene  a n d  a r e  affected 

marked ly  by s u b s t i t u t i o n ,  which may be  d u e  to t h e  p e r t u r b a t i o n  of 

t h e  benzene r i n g  both by r e s o n a n c e  a n d  i n d u c t i o n ,  a n d  c o n s e q u e n t l y  

200 a n d  260 nm b a n d s  a r e  s h i f t e d .  Resonance effects  a p p a r a n t l y  
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c a u s e  g r e a t e r  c h a n g e s  in t h e  spec t r a  than  induc t ive   effect^!^"^ The 

260 nm b a n d  i s  main ly  a f f ec t ed  by t h e  resonance  effect of 

subs t i t u t ions  , with  pol a r g rou p s con ta in ing  u n sti a r ed e I ect ro ns  

(auxochromes  l i k e  -OH), which sh i f t s  the  band  t o  l onge r  wavelength  

a n d  a l s o  in tens i f ies  them. In  eve ry  s e t  of metal  n i t rophena te s  t h e  

in t ens i ty  of 260 n m ( I l )  b a n d  is in t h e  o rde r :  T N P >  D N P >  M N P .  which 

ind ica t e s  i nc rease  of t h e  resonance  effect with the  number of n i t ro  

g r o u p s .  While compar ing  t h e  s p e c t r a  of 2,L-dinitrophenol a n d  DNP, 

t h e  1 b a n d  obse rved  in  DNP is broadened  a n d  a l s o  sh i f ted  from 207 

to a r o u n d  220 nm whereas ,  11 a n d  111 bands  a r e  not d i s t r u b e d .  I t  

may b e  d u e  to t h e  imbalanced  resonance / induct ive  effect of the  n i t ro  

g r o u p s  a t  2 a n d  L pos i t ions  of t h e  phenoxy ion .  

Summarising t h e  r e s u l t s ,  i t  c a n  b e  concluded t h a t  NPTM a r e  

pu re ly  ion ic  s a l t s  hav ing  v a r i a b l e  number of wa te r  of c rys t a l l i s a t ion .  

The stoichiometry of t hese  compounds h a s  a l so  been confirmed by 

t hermograv i met r i c  (TG ) a n a l y s i s .  
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