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SYNTHESIS AND Cii.X3ACTEdISATIGN C F  NEPAL HYD.WZINE NIT3AT3 
A Z I D E  AND PSXHM-UTE COMPLEXES 

K.C.Pati1, C.Nesamani and V.;i.Pai Verneker 
Department of Inorganic and Physical  Chemistry 

Indian I n s t i t u t e  of Science 

* 

Bangalore-5 600 1 2  

AZST-WCT 

Metal hydrazine n i t r a t e  conrplexes of the type 

M ( N 2 H 4 ) n  (NO ) 

Zn and Cd and n = 3: metal dihydrazine azicie comDlexes 

of the t lme i 4 ( N 2 H 4 I 2  (N312  where 1.1 = Mgr Co, Ni and Zn; 

and ? 4 g ( N 2 H 4 ) 2  ( C l O  

t h e  resnect ive metal nowders i n  t h e  so lu t ion  of cnrres?ond- 

i n g  ammonium s a l t s  ( N O 3 r  N3 and C 1 0 4 )  i n  hydrazine hydrate.  

These hydrazine comnlexes were a l s o  nrepared by t h e  con- 

vent iona l  method involving t h e  a d d i t i o n  of  a l c o h o l i c  

hydrazine hydrate t o  the aqueous s o l u t i o n  of metal s a l t s .  

The hydrazine complexes have been charac te r i sed  by 

chemical ana lys i s ,  i n f r a r e d  s p e c t r a  and d i f f e r e n t i a l  

thermal ana lys i s  (DTA) . Impact s e n s i t i v i t i e s  of hydrazine 

complexes w e r e  determined by t h e  drop weight method. The 

r e a c t i v i t y  of t h e s e  hydrazine complexes does n o t  change 

with t h e  method of preparation. 

where M = Ng, n = 2;  M = I h ,  Fe, Cor  Ni, 3 2  

have been orenared by d i s s o l v i n g  4 2  
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384 PATIL, NESAMANI, AND PA1 VERNEKER 

- INTRODUCTION 
Transi t ion metal hydrazine c h l o r a t e  and oer- 

c h l o r a t e  comlexes  a r e  shown t o  be exnlosives  and have 
1 been inves t iga ted  for t h e i r  a p p l i c a t i o n  as  i n i t i a t o r s  . 

Thei r  explos iv i ty  i s  reported t o  l i e  between those of 

brimary and secondary exnlosives.  N i c k e l  dihydrazine 

perchlorace i s  reported2 t o  have exploded, even i n  

susnension, with t h e  touch of a g l a s s  rod. On the 

o t h e r  hand, no t  much appears t o  be known about t h e  

t r a n s i t i o n  rnetal hydrazine n i t r a t e  and az ide  comlexes .  

T h e  Dreparation of m e t a l  hydrazine n i  t r a t e 3  and a z i d e  

complexes has been descr ibed i n  t h e  l i t e r a t u r e .  The 

conventional method c o n s i s t s  of t h e  addi t ion  of a l c o h o l i c  

4 

hydrazine hydrate t o  an aqueous s o l u t i o n  of the corres-  

nonding metal s a l t .  However, t h i s  method cannot be 

employed t o  prepare hydrazine complexes of i ron  (11) 

n i t r a t e  o r  magnesium azide which hydrolyze e a s i l y .  So 

w e  have used a novel method of orepar ing  those hydrazine 

complexes by d i s s o l v i n g  t h e  respec t ive  metal powders 

i n  the so lu t ion  of t he  corresponding ammonium s a l t s  

( n i t r a t e ,  az ide  and oerchlora te )  i n  hydrazine hydrate.  

E a r l i e r ,  t h e  conventional as w e l l  a s  the  novel method 

using metal powder has  been used f o r  t h e  prenarat ion 

of (N2H5I2 Mg(SO4J2 . 
synthes is  and c h a r a c t e r i s a t i o n  of some metal hyidrazine 

n i t r a t e ,  azide and perchlora te  complexes. 'The 

products have been charac te r i sed  by chemical a n a l y s i s ,  

i . r. snec t ra  and DTA. 

5 Present ly ,  we r e n o r t  the 
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2 E S  ULTS AND DISCUSS I O N  

The conventional method of preparing metal 

hydrazine n i t r a t e ,  az ide  and p e r c h l o r a t e  complexes 

involves  the  r e a c t i o n  of metal s a l t  so lu t ions  with 

a l c o h o l i c  hydrazine hydrate. These reac t ions  can be 

represented by equations a s  fol lows : 

M ( N O ~ ) ~  6H20 + n N2H4H20 ( a l c o h o l i c )  -> 
M ( N 2 H 4 I n  (N0312 + (n  + 6) H 2 0  (1) 

where M = 149, n = 2; M = i.2n8 CO, N i ,  Zn and Cd and 

n = 3 .  

Cd(OAc) + 2NH4N03 + 2N2H4H20 (alcoholic),-) 

Cd(N2H4) 2 ( N 0 3 )  + 2NH40Ac + 2 H 2 0  ( 2 )  

M ( N 2 H 4 I 2  ( N 3 I 2  + 2NaN03 + 8H20 

M ( N O 3 J 2  6H20 + 2NaN3 + 2N2H4H20 (a lcohol ic )  -> 
( 3 )  

where M = Co, N i  and Zn 

Mg(clo4) 6H20 + 2N2H4.H20 ( a l c o h o l i c )  .-> 

M g ( N 2 H 4 I 2  ( C 1 O 4 I 2  + 8 H 2 0  (4 )  

The novel method of preparing those hydrazine 

comlexes ,  involv ing  t h e  reac t ion  of respec t ive  metal  

powders i n  t h e  s o l u t i o n  of corresponding ammonium 

s a l t s  (NO3, N 3  and C104)  d i sso lved  i n  N 2 H 4 H 2 0 r  can be 

w r i t t e n  by equat ions as follows : 

No + 2NH4N03 + nN2H4H20 -) 

M(N2H4In ( N O 3 I 2  + 2NH3(g)  + H q g )  + m20 (5) 

where M = M g ,  n = 2: M = I%, Fe, Co, N i ,  Zn and Cd 

and n = 3 .  
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The r e s u l t s  of chemical a n a l y s i s  of t r a n s i -  

t i o n  metal hydrazine connlexes a r e  summarised i n  Taule 1. 

It can be seen t h a t  whereas metal az iaes  form hydrazine 

comnlexes. of t h e  tyne i i ( N 2 H 4 I 2  ( N j 1 2 ,  metal n i t r a t e s  

form hydrazine cornnlexes of t h e  type N ( N 2 H 4 )  ( N O 3 )  2 .  

The composition of i r o n  hydrazine n i t r a t e  comnlex could 

n o t  be determined due t o  i t s  uns tab le  nature .  I n f r a r e d  

s p e c t r a  of t h e  comnlexes (TaJles  I1 and 111) show the  

c h a r a c t e r i s t i c  absomt ions  of coordinated hydrazine.  

The assignment of i.r. frequencies  i s  s i m i l a r  t o  those 

reported f o r  M(N2H, I2  C 1 2  6 . 
N 2 H 4  i s  observed i n  the region 960-980 c m - I  i n d i c a t i n g  

t h e  presence of bridged hydrazine as i n  M ( N 2 H 4 I 2  C12. 

The s t r u c t u r e  of M ( N 2 H 4 I 2  (N312 could be expected t o  

be similar t o  the h a l i d e  c o m l e x e s ,  exhib i t in?  t h e  

octahedral  coordinat ion of the  metal ion  which i s  

surrounded by 4 N  atoms of N 2 H 4  and 2N atoms of t h e  

azide.  

Pl-iJ3 and M-N2H4 j u s t i f y  t h i s  assignment. However, 

i.r. s3ec t ra  of X ( N 2 H 4 I 3  ( N 0 3 1 2  complexes show t h e  

presence of i o n i c  N 0 3 7  (D3h-symmetry) a s  seen by t h e  

c h a r a c t e r i s t i c  i.r. absornt ions a t  1390, 1050 and 

T h e  $N-lq frequency of 

The observed $:3-N s t r e t c h i n g  frequencies  of 
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TAB- I 
TherToanalycical Data of i4etal Hydrazine 
Ni t ra te ,  Azide and Perchlorate comlexes 

%Metal ?'UN2H4 DTA+ Imact  
Deak s e n s i -  

t i v i t y  temp Conmound Obsd. zeud. Obsd. .ieqd. 

?4(N2H4In (NO3) 

n = 3  
M = Mn 1 9 - 9 0  19.98 34.80 34 .91  141(+) ,212(+)  11 

(150) 

Fe - - - - 140(+)  - 
C o  21.06 21.13 34.32 34.42 188(+),(210) 8 

X i  21.03 21.13 34.30 34 .49  2 2 0 ( + ) , ( 2 1 5 )  9 

Zn 22.68 22.91 33.60 33.64 2 1 2 ( + ) , ( 3 1 0 )  13 

Cd 33.80 33.81 28.83 28.88 1 4 5 ( + ) , 2 4 3 ( + )  8.5 
(245)  

CCi8ri=2 37.00 37.42 21.00 21.30 241(+) 10.5 

: i ( N 2 H 4 >  (N3) 

:*I = Co 28.40 2 8 . 4 8  30.83 30.93 223(+)  9 

N i  28.20 28.40 30.90 30.96 196(+)  10  

Zn 30.60 30.64 29.90 29.99 212(+) 1 2  

Ng(N2H4l2 X2 

x = NO3 1 2 . 1 1  11.45 30.24 30.14 2 2 7 ( + ) , 2 6 0 ( + )  

14.00 14.11 37.03 37.11 217(+) 

C 1 0 4  48.00 48.46 11.11 11.45 267(+) 
N3 

'values i n  naranthes is  a r e  f r o m  ref. ( 3 ) .  
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820 cm". 

coordination with a l l  6 N  atoms cont r ibu ted  by 3N2H4 

groups. 

The metal ion can s t i l l  have oc tahedra l  

I g n i t i o n  t e m e r a t u r e s  of t h e  complexes have been 

deLermined by DTA exoeriments and are shown i n  TaDle I 

The observed va lues  a r e  i n  good agreement with t h e  

l i t e r a t u r e  i n  most cases. However the  i g n i t i o n  

temperatures of C O ( N ~ H ~ ) ~  ( N 3 1 2  and N i ( N 2 H 4 1 2  ( N 3 1 2  

show a discrevancy with t h e  renor ted  values.  This  

may probably be due t o  the d i f f e r e n c e  i n  t h e  method of 

determing e m l o s i v e  or i y n i t i o n  temnerature by these  

authors  i n  a melt ing p o i n t  aoparatus .  The method of 

prenarat ion seems t o  have no e f f e c t  on t h e  i g n i t i o n  

temperature. A l l  t he  t r a n s i t i o n  metal hydrazine 

n i t r a t e  and p e r c h l o r a t e  c o m l e x e s  on heat ing decomose 

v i o l e n t l y  g iv ing  metal oxide. An i n t e r e s t i n g  observa- 

t i o n  i s  the decomnosition of Fe(N2H41n ( N O 3 )  2. 

i r o n  comlex  i s  q u i t e  unstaole  and i a n i t e s  i t s e l f  a t  

room t e m e r a t u r e  during suc t ion  f i l t e r i n g .  The 

product of decomvosition i s  magnetic i n  na ture  and 

was i d e n t i f i e d  by X-ray d i f f r a c t i o n  t o  be a mixture 

o f ' 6 -  and 4- FeZOj .  

t i es  a r e  included i n  Table I. The observed values  

i n d i c a t e  the comnlexes t o  be primary e m l o s i v e s .  

The 

The r e s u l t s  o f  imuact s e n s i t i v i -  

As e m e c t e d ,  unl ike t r a n s i t i o n  metal hydrazine 

comlexes,  the  magnesium s a l t  (i\r03, N3 and C104) 

hydrazine complexes are non-e-losive. The nagnesium 
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hydrazine n i t r a t e  and oerchlora te  comlexes decompose 

exothermically t o  i.lg0. 

( N 3 )  decornoses exothermically t o  Mg(NH2) i n i t i a l l y  

which deco-oses endothermically t o  :.fgNH. 

On the  o t h e r  hand 14g(X2H4)2 

ZXPEXI."IENTAL 

Preparat ion of Metal Hydrazine N i t r a t e  Comolexes from 
t h e  Corresnondinq Metal Xicrate  Solut ions 

Metal hydrazine n i t r a t e  comlexes  of the type 

M ( N 2 H 4 ) n  

Zn and Cd and n = 3 w e r e  prepared by the conventional 

method involving t h e  addi t ion of a lcohol ic  hydrazine 

hydrate  t o  an aqueous so lu t ion  of metal n i t r a t e .  e.g. 

C O ( N ~ H * ) ~  ( N O 3 l 2  was nrenared by the  addi t ion of 

N 2 H 4 H 2 0  (2.58 g ; 0.08 m )  i n  5 ccs of  ethanol t o  an  

aqueous s o l u t i o n  of cobal t  n i t r a t e  hexahydrate ( 5 - 0 0  g;  

0.017 m) a t  room t e m e r a t u r e .  The nroduct (4.60 g; 

96%) was p r e c i n i t a t e d  instantaneously.  

where M = Pig, n = 2;  M = i*In, Co, N i ,  

Pre3arat ion of Cadmium Hydrazine N i t r a t e  from Aaueous 
Solut ion of Cadmium Acetate 

Cd(N2H4l2 ( N 0 3 1 2  (6.55 g: 96"/.) w a s  prenared by 

t h e  addi t ion  of N2H4H20 (2.28 g;  0.046 m) i n  5 ccs of 

e thanol  t o  t h e  aqueous mixture of cadmium a c e t a t e  

(5.25 g; 0.023 m) and ammonium n i t r a t e  (3.65 g; 0.046 m) 

a t  room temperature,  

p renara t ion  of Metal Hvdrazine N i t r a t e  Comnlexes from 
t h e  Corresnondinq Metal Powders 

Metal hydrazine n i t r a t e  complexes of the  type 

M ( N 2 H 4 I n  ( N O 3 l 2  where M = Mg, n = 2;  M = :4n. Fe, Co, 
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N i , .  Zn and Cd and n = 3 were prenared by d i s s o l v i n g  

tlne resnect ive metal powders i n  t h e  s o l u t i o n  of 

ammonium n i t r a t e  i n  hydrazine hydrace e.g. N i ( N 2 H 4 )  

( N O 3 l 2  was nrenared a s  follows. 

Stoichiometr ic  amounts of ammonium n i t r a t e  

(5.05 g; 0.063 m) i n  hydrazine hydra te  (4.73 g; 

0.095 rn) and n i c k e l  Dowder (1.85 q; 0.032 rn) w e r e  

allowed t o  r e a c t  a t  room temperature. The n icke l  

metal dissolved exothermically c o m l e t e l y  with t h e  

evolut ion of hydrogen. The s o l i d  compound (8.50 g; 

97%) w a s  obtained by t h e  addi t ion  of alcohol.  

prenarat ion of :"!eta1 Hydrazine Acide ComTlexes from 
Aqueous Solut ion 

Metal hydrazine az ide  comnlexes of t h e  t y p e  

M ( N 2 H 4 l 2  ( N 3 J 2  where M = Co, N i  and Zn were nrepared 

by the  conventional method involving t h e  addi t ion  of 

a lcohol ic  hydrazine hydrate  t o  the  aqueous mixture of 

metal n i t r a t e  and sodium a z i d e  e.g. Zn(N2H4)2 ( N 3 l 2  

( 2 . 0  g: 97%) was prepared by the  addi t ion  of N2H4.H20 

(1.36 g; 0.027 rn) i n  5 ccs of e thanol  t o  t h e  aqueous 

mixture of z ine  n i t r a t e  hexahydrate (4.05 g; 0.014 m) 

and sodium az ide  (1.63 9; 0.025 m) a t  room temoerature. 

Preparat ion of Metal Hydrazine Azide Comnlexes from the  
Corresnondinq Metal Powders 

!.eta1 hydrazine a z i d e  comlexes of t h e  t g e  

M(N2H4I2 ( N 3 1 2  where M = Mg, Co,  N i  and Zn were prenared 

by d i s s o l v i n g  the corresponding metal powders i n  t h e  

s o l u t i o n  of ammonium a z i d e  i n  hydrazine hydrate.  e.g. 
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Ni(N2H4) (N3) was nreoared by t h e  s to ich iometr ic  

reac t ion  of n icke l  powder (2.03 g; 0.035 m )  with ammonium 

azide (4.15 5 ;  0.07 m) d i sso lved  i n  N2H4H20 (3.46 g; 

0.07 rn) a t  r o o m  temperature. The n icke l  metal  dissolved 

exothermically completely with t h e  evolu t ion  of hydrogen. 

The s o l i d  compound (6.80 8 ;  95/01 was obta ined  by t h e  

addi t ion  of alcohol.  

Preoarat ion of ;i1q(tJ2E4) ( ~ 1 0 ~ 1  

Mg(N2H4)2 (C1O4l2 (3.95 g; 90%) was prenared by 

t h e  addi t ion  of excess  of N H H 0 (3.05 g; 0.061 n) 2 4 2  
i n  5 ccs of e thanol  t o  an aqueous s o l u t i o n  of magnesium 

perchlora te  hexahydrate (5.05 g; 0.015 m) a t  room 

temperature. 

Mg(N2H4l2 (C104)2 can a l s o  be prepared by t h e  

reac t ion  of magnesium powder (0.54 g: 0.022 m) wi th  

ammonium perchlora te  (5.25 g ; 0.045 m) dissolved i n  

N2H4H20 (2 .23 g;  0.045 m) a t  room tenoerature .  The 

magnesium metal d i sso lved  exothermical ly  completely 

witn the evolut ion of hydrogen. The s o l i d  compound 

(6.15 g; 36%) was obtained by t h e  addi t ion  of a lcohol .  

A l l  t h e  above mentioned complexes w e r e  washed 

with ethanol  and e t h e r  ana then d r i e d  i n  a s u c t i o n  

f i l t e r .  These complexes w e r e  c h a r a c t e r i s e d  by chemical 

a n a l y s i s ,  i n f r a r e d  spec t ra  and d i f f e r e n t i a l  thermal  

a n a l y s i s  ( D T A ) .  The hyarazine conten t  w a s  determined 

by t i t r a t i o n  with 0.025 M K I 0 3  s o l u t i o n  under Andrew's 

condi t ion . The metal content  was determined by 2DTA 
8 
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9 t i t r a t i o n  . The i.r. snec t ra  were recorded using Carl-  

Zeiss  UR-10 and Perkin-Elmer snectroDhotometers . The 

samples w e r e  grepared as  Nujol mulls and K B r  p e l l e t s .  

D i f f e r e n t i a l  thermal ana lys i s  (DTA) was c a r r i e d  o u t  

using a DTA-02 Universal  Instrument.  All DTA runs were 

made i n  a i r .  

PL cups were used a s  sanDle holders :  1 0  m g  samnles 

were used f o r  DTA exveriments. Impact s e n s i t i v i t i e s  

of the  comnlexes w e r e  determined by b a l l  and dron 

method using a s t e e l  Dall (weight = 500 g m s )  f o r  50% 

explosion. 

The heat inq r a t e  e m l o y e d  was 10°C/nin. 

Although t r a n s i t i o n  metal hydrazine n i t r a t e ,  

az ide  and p e r c h l o r a t e  complexes a r e  e m l o s i v e  i n  

n a t u r e  a s  ind ica ted  by DTA exweriments a s  well as 

imnact s e n s i t i v i t y  tests,  no s p e c i a l  precaut ions w e r e  

taken during t h e  synthes is  and c h a r a c t e r i s a t i o n  of these  

mater ia l s  upto 10 grams of q u a n t i t y .  Special  mention 

however should be nade of az ide  complexes which w e r e  

h ighly  f r i c t i o n  s e n s i t i v e  e s p e c i a l l y  i n  the  dry  s t a t e .  
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