
Thermochirnica Acta, 45 (1981) 221--282 
Elsevier Scientific Publishing Company,  Amsterdam -- Printed in Belgium 

221 

T H E  T H E R M A L  D E C O M P O S I T I O N  O F  A M M O N I U M  H E P T A M O L Y B D A T E  

Z.M. HANAFI, M.A. KHILLA and M.H. ASKAR 

National Research Centre, Dokki, Cairo (Egypt) 
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ABSTRACT 

The thermal decomposi t ion of  ammonium heptamolybdate  has been investigated by 
TG. The decomposit ion is discussed, making use of  additional information obtained from 
isothermal studies, X-ray and IR measurements.  The formation of  two new compounds ,  
namely (NH4)20 • 14 MoOs and (NI-I4)20 • 22 MOO3, prior to the formation of  MoOs is 
detected, as well as the main intermediate compounds  (NH4)20 • 2.5 MoO3 or (NH4)20 • 
3 MoO3 (according to the water content  of  the starting material) and (NH4)20 • 4 MoOs. 

INTRODUCTION 

T h e  t h e r m a l  d e c o m p o s i t i o n  o f  a m m o n i u m  h e p t a m o l y b d a t e  h a s  b e e n  
i n v e s t i g a t e d  b y  a n u m b e r  o f  a u t h o r s  [ 1 - - 1 4 ] .  A c c o r d i n g  t o  a l m o s t  all t h e  
s t u d i e s ,  ( N H 4 ) 2 0 "  2 .5  MoO3  a n d  ( N H 4 ) 2 0 "  4 M O O 3  w e r e  t h e  m o s t  fre-  
q u e n t l y  o c c u r r i n g  i n t e r m e d i a r y  c o m p o u n d s .  H e g e d u s  a n d  c o - w o r k e r s  [ 1 0 ]  
d i s t i n g u i s h e d  t w o  n e w  c o m p o u n d s ,  ( N H 4 ) 2 0 -  1 4  MoO3 a n d  ( N H 4 ) 2 0 "  2 2  
MOO3, p r i o r  t o  t h e  f o r m a t i o n  o f  MOO3. A l so ,  ( N H 4 ) 2 0 - 3  MoO~ a n d  
( N H 4 ) 2 0  • 12  M o O 3  h a v e  b e e n  r e p o r t e d  b y  Schwing -Wei l l  [ 7 ] .  T h i s  c l e a r l y  
i n d i c a t e s  a n e e d  fo r  f u r t h e r  w o r k  o n  t h i s  s u b j e c t .  

I n  t h e  p r e s e n t  w o r k ,  w e  h a v e  r e - i n v e s t i g a t e d  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  
t w o  d i f f e r e n t  s a m p l e s ,  a i m i n g  a t  t h e  e l u c i d a t i o n  o f  s u c h  c o m p o u n d s .  T G ,  
X- r a y  a n d  I R  w e r e  u s e d  t o  c h a r a c t e r i z e  t h e  d i f f e r e n t  i n t e r m e d i a t e  p r o d u c t s .  
A n  i s o t h e r m a l  s t u d y  w a s  also a p p l i e d  t o  e s t a b l i s h  t h e  r o l e  o f  t h e  w a t e r  o f  
h y d r a t i o n ,  i n c l u d e d  in  t h e  s t a r t i n g  ma?~erial, o n  t h e  t h e r m a l  d e c o m p o s i t i o n .  

EXPERIMENTAL 

Chemicals 

T h e  a m m o n i u m  h e p t ~ m o l y b d a t e  t e t r a h y d r a t e  s~r~ples  u s e d  in  t h i s  s t u d y  
w e r e  p r o v i d e d  b y  B D H  c h e m i c a l s  L t d .  P o o l e ,  E n g l a n d  ( S a m p l e  I) a n d  V e b  
L a b o r c h e m i e ,  A p o l d a ,  G e r m a n y  ( S a m p l e  I I ) .  

Apparatus  and technique  

X - R a y  d i f f r a c t i o n  p a t t e r n s  o f  t h e  a b o v e  s a m p l e s  a n d  i n t e r m e d i a t e  p r o -  
d u c t s  w e r e  o b t a i n e d  w i t h  t h e  a id  o f  a Ph i l l i p s  u n i t  t y p e  PW 1 0 1 0 .  T h e  I R  

0040-6031/81/0000--0000/$02.50 ©1981 Elsevier Scientific Publishing Company 
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s t u d y  w a s  d o n e  i n  t h e  r a n g e  4 0 0 - - 4 0 0 0  c m  -1 ,  u s i n g  t h e  K B r - t e c h n i q u e  a n d  a 

C a r l  J e n a  s p e c t x o p h o t o m e t e r .  T h e r m o g r a v i m e t r i c  a n a l y s i s  w a s  c o n d u c t e d  

w i t h  a n  a u t o m a t i c a l l y  r e c o r d i n g  a p p a r a t u s ,  G e b r u d e r  N e t z s c h  S e l b ,  W .  G e r -  

m a n y .  C h a n g e s  i n  w e i g h t  w e r e  r e c o r d e d  s i m u l t a n e o u s l y  w i t h  t e m p e r a t u r e  a t  

a r a t e  o f  1 . 2 5 ° C  ra in  -1. T h e  i s o t h e r m a l  s t u d y  a t  a ser ies  o f  ~ e d  t e m p e x a -  
tuxes  w a s  a lso  f o l l o w e d  w i t h  t h e  t h e r m o b . ] - n c e .  

R E S U L T S  A N D  D I S C U S S I O N  

X - R a y  d a t a  o f  t h e  t w o  _samples u s e d  in  t h i s  w o r k  a re  p r e s e n t e d  in  T a b l e  1. 
I t  is s e e n  t h a t  X- r ay  d a t a  o f  s a m p l e  I a r e  i d e n t i c a l  w i t h  t h o s e  p r e v i o u s l y  m e n -  
t i o n e d  a n d  c o r r e s p o n d  t o  t h e  foz,_uula 3 ( N H 4 ) 2 0  - 7 MoO3  • 4 H 2 0 .  O n  t h e  
o t h e r  h a n d ,  t h e  d - l ines  o b t a i n e d  f o r  s a m p l e  H d i s p l a y  s o m e  d i f f e r e n c e s  f r o m  

T A B L E  1 

X-Ray  da ta  for  a m m o n i u m  p a r a m o l y b d a t e  

3 ( N H 4 ) 2 0  • 7 M o O s  • 4 H 2 0  

Present  w o r k  Sehwing--Weil l  [7 ] 

3 ( N H 4 ) 2 0  • 7 MoO3 • H 2 0  

Presen t  w o r k  

d (A) IlIo d (A) I/Io d (A) I/Io 

9.167 100  9 .167  s 7 .461  7 
7 .248  32 7 .201  s 7 .075  35 
7 .019  64 6 .316  77 
6 .366  24 6 .356  m 5 .336  14 
5 .749 10 5 .801  w 5 .063  40 
5 .211  8 5 .223  w 4 .818  40 
5 .068 6 5 .075  w 4 . 0 7 3  10 
4 .667  6 4 .691  w 3 .616  50 
4 .453  12 4 .458  m 3 .336  100 
3 .798  12 3 .801  m 3 .229  65 
3 .6596  13 3 .686  m 3 .183  60 
3 .553  8 3 .607  m 3 .119  35 
3 .458  8 3 .484  m 3 .015  25 
3 .361  12 3 .378  m 2 .976  20 
3 .324  10 3 .841  m 2 .650  16 
3.227 18 3 .257  w 2 .476  16 
3 .136  6 3 .146  w 2 .447  16 
3 .076  10 3 .076  m 2 .390  15 
2 .986  18 2 .943  w 2 .348 10 
2.879 28 2 .879  w 2 .302  6 
2 .855 10 2 .866  w 2 .247  20 
2 .808 10 2 .809  m 2 .175  20 
2 .704  10 2 .722  w 2 .084  15 
2 .612  10 2 .63 m 1 .901  18 
2 .576  8 2 .581  m 1 .810  2 
2 .342  7 2 .348  w 
2 .231 8 2 .237  m 
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those  m e n t i o n e d  above, even f rom those  r epor t ed  by  Louisy and  D u n o y e r  
[12]  for t he  di- and  anhydrous  pa ramolybda te .  

The IR absorp t ion  peaks o f  b o t h  samples are shown  in Fig. 1 and  are 
r epo r t ed  in Table 3. The absorp t ion  bands of  sample I agree closely wi th  
those  of  the  t e t r ahydra t e  given by  Schwing-Weill [13] .  Those of  sample II 
show two extra  absorp t ion  bands  at 775 and 945 cm -I . The bands  at  570 cm -I 
appears as a shoulder  only.  The  peaks cor responding  to  the  s t re tching vibra- 
t ions  of  MoO3 are sl ightly shif ted.  Thus  the  bands  at 470 and 635 cm -1 are 
shi f ted to  480 and 685 cm -1 respect ively.  The variat ion in the  absorp t ion  
peaks is qui te  clear in the  range 840 950 cm -1 where  t he  band  at 840 cm -I 
in sample I is split to  give two,  at 840 and  855 cm -~, and  the  two  bands at  880 
and 890 cm -1 to ta l ly  disappear  in sample II. The variations exh ib i t ed  
be tween  b o t h  samples indicate  t ha t  t he  s y m m e t r y  of  t he  m o l y b d a t e  an ion  is 
dif ferent .  The  more  p r o n o u n c e d  variat ion is in the  range 1600- -1700  cm -1, 
represent ing the  bend ing  vibra t ion o f  H20.  In sample I th ree  bands  indicate  
d i f fe ren t  species o f  OH groups.  A shoulder  at 1680 cm -I and its ha rmon ic  
t one  at 3510 cm -I indicate  t he  presence  o f  free water  o f  hydra t ion ,  which  is 
n o t  t he  case wi th  sample H. One absorp t ion  peak  o f  smaller in tens i ty  is ob- 
served at 1665 c m - '  w i t h o u t  any ind ica t ion  o f  even a shoulder  a~ S510 cm -1. 
This is also conf i rmed  f rom the  loss o f  weight  which  s tar ted at 80°C in the  
case of  sample I. Thus, t he  four  water  molecules  o f  sample I inc lude  free 
water,  as well  as t he  wate r  o f  crystal l izat ion.  The  X-ray and IR examina t ions  
ref lect  di f ferences  be tween  t he  two  start ing materials.  

The  TG curves in Fig. 2 indicate  a to ta l  weight  loss o f  182 mg g-:  for  
sample I, which  is in agreement  wi th  the  theore t ica l  weight  loss for 
3 (NH4)=O • 7 MoO3 • 4 H=O, to  give rise to  the  final p r o d u c t  MoO3. Sample 
H indicates a to ta l  weight  loss of  146 mg g-1 to  achieve the  final p roduc t  
MoO3. This weight  loss is less t han  the  theore t ica l  value. By back  calculat ion 
to  the  start ing mater ia l  taking the  final p roduc t  MoO3 (conf i rmed  by  X-ray 
and IR) as a base, t he  c o m p o u n d  migh t  con ta in  one  molecu le  o f  H20,  i.e. 
( 3 ( N H 4 ) 2 0 . 7 M o O 3 . H 2 0  and no t  3 ( N H 4 ) 2 0 - 7 M o O 3 - 4 H 2 0 ) .  To be 
more  precise, this sample was supplied m a n y  years ago, so storage in Egypt  
at r o o m  t empera tu re  which  may  reach up to  45°C in the  summer  may  lead 
to  a change of  t he  t e t rahydra te .  Dupuis  [6] r epor t ed  tha t  t he  t e t r ahydra t e  
d e c o m p o s e d  to  2 (NH4)20 • 5 MoO3 at 48 ° C. However ,  examina t ion  o f  t he  
X-ray data  o f  sample H did  no t  indicate  the  presence  o f  any  o f  t he  diffrac- 
t ion  lines given by  Hegedus and co-workers  [10]  and  Schwing-Weill [7] for  
t he  c o m p o u n d  2 (NH4)20 • 5 MoO3. 

The  t r ans fo rmat ion  o f  t he  ~ rnmonium pa ramo lybda t e  t e t r ahydra t e  to  the  
m o n o h y d r a t e  which  is p roposed  to  take  place in s~mple II is accompan ied  
wi th  a structural  collapse. Some  of  the  water  molecu les  the re fo re  seem to  
have a coord ina t ion  func t ion  [15] .  This is in accord wi th  Evans [16] ,  as t he  
hydra tes  o f  po ly  acids are classified as conta in ing  stTmctural water  only.  Thus 
s~mple II may  be cons idered  as 3 (NH4)20 • 7 MoO3 • H20,  having the  X-ray 
and t h e  IR data  given in Table 1 and 3. 



225 

1 .00  

... 0.95 
C3 

0.g0 
r 
~J 

~ 0 . 8 5  

0.80 

~ (NH 4)20. 3 MoO 3 
: { N H 4 ) z O ' 2 " S M ° 0 3 . - - ~ ' ~ - ~ 0 "  4M°03 

II 

! 

I I [ 
0 100 200 300 400 

Temp. ('C) 

Fig. 2. TG curves for ammonium heptamolybdate. Heating rate, 1.25°C rain -z. I, 
3 (NH4)20 • 7 MoO3 • 4 H20; II, 3 (NH4)20 • 7 MoO • H20. 

Thermogravimetric analysis 

Figure 2 shows the  TG curves ob ta ined  for 3 (NH4)20 • 7 MoO3 • 4 H20 
and 3 (NH4)20 - 7 MoO3 - H20.  Three  wel l -def ined steps are shown  f rom the  
t h e rm o g ram s  and,  according to  m a n y  authors  and  based on  X-ray examina-  
t ion  o f  t h e  end  produc t ,  t he  last s tep cor responds  to  MOO3. 

Compar i son  o f  t he  two  curves reveals some  di f ferences  in behaviour  on  
hea t ing  up to  350°C.  Thus for  sample I t he  weight  loss in the  early stage 
proceeds  rapidly,  ending  at a p la teau which  lies in the  t e m p e r a t u r e  range 
80- -110°C,  represent ing  the  compos i t i on  (NH4)20-  2.5 MOO3. This is fol- 
l owed  by  a fur ther  d rop  end ing  in a hor izon ta l  second  pla teau in t he  range 
210- -230  ° C, cor responding  exact ly  to  (NI-I4)20 • 4 MoOs. 

In  sample II there  is no  we igh t  change up to  170°C,  leading to  t he  fdxst 
p la teau in the  t empe ra tu r e  range 180- -200  ° C. X-Ray examina t ion  ind ica ted  
tha t  (NH4)~O • 3 MoO~ was f o r m e d  at this step, and  no t  (NH4):O - 2.5 MoOs 
as previously descr ibed for  sample  I. The  second step star~s at 210- -230°C,  
cor responding  to  (NH4)20-  4 MoOs, as wi th  sample  I. I t  is in teres t ing  to  
show tha t  t he  weight  change in t he  second  step in sample I is m a r k e d l y  
steeper,  having near ly  doub le  t he  we igh t  loss as c o m p a r e d  wi th  sample  H. 

Schwing-Weill [7] and Louisy and  D u n o y e r  [12]  suggested t h a t  on  heat -  
ing, t h e  c o m p o u n d s  3 (NH4)20 • 7 MoO3 • x H20 passed a long,  wide  compo-  
s i t ion range.  The d i f fe rence  in behaviour  b e t w e e n  t he  two  samples may  be 
aLLzibuted to  t he  d i f fe rence  in t he  c o m p o s i t i o n  o f  t he  start ing mater ia l .  

Isothermal study 

At  this  stage o f  t he  presen t  invest igat ion it is d i f f icul t  to  exc lude  t he  for- 
m a t i o n  o f  (NH4)20 • 12 MoOs observed by  Schwing-Weill  [7] and  (NH4)20 • 
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TABLE 3 

T h e  I R  a b s o r p t i o n  p e a k s  ( c m - * )  o f  a m m o n i u m  h e p t a m o l y b d a t e  a t  i ts  i n t e r m e d i a t e  d e c o m -  
pos i t i on  p r o d u c t s  

3 (NH4)~O • ( N H 4 ) 2 0  - 3 ( N H 4 ) 2 0  - ( N H 4 ) 2 0  - ( N H 4 ) 2 0  • 4 MoOs 
7 M o O 3 - 4 H 2 0  2 .5MOO3 7 . M o O 3 - H ~ O  3 M O O 3  
( s amp le  I )  ( I ,  110°C ,  ( s am p l e  I I )  ( I I ,  l l 0 ° C ,  ( I I ,  180°C ,  ( I I ,  205°C ,  

30 ra in)  2 h)  2 h)  30 ra in)  

( N H 4 ) 2 0  
12 MoO~ 
( N H 4 ) 2 0  
14 Mo03:  
( I  o r  I I ,  
240° C ,  
80 ra in)  

307 308 310 
364  360  355 
395  390 395 

435  
470  480  480  470  

570 570 

635 
655 

840  

880 
890 

920  

1400  

1630  
1640  

1680  

2340 
2810 

63O 

655 
69O 

740  

798 

855 

880  
895  

930  
940  

1410  

1655  

2320 

ZSO0 

650 
685 

775 

840  
855 

918  

945  

1420  

1655  
1665  

2 3 4 0  

555 

730  

4 3 0  4 3 0  
4 7 0  475  470  

525 520  520  
550  550  
575 575 575 

625  625 625  

760  
755 

866  866  
8 8 0  

895  

908  910  910  

925  925  

950  955  950  

1410  1420  1420  

1655  
1640  

2 3 3 0  

1650  

2 2 9 0  228O 
2 3 2 0  2 3 2 0  

825 

8 6 6  

895  

9 5 0  
999  

1410  

1645  

2325 
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(NH4)20 • 
22 MoO3 
(I or II, 
260°C, 
1 h) 

MoOs • x H20 

(I, 280°C, 
1 h) 

(II, 310°C, 
1 h) 

MoO 3 
(II, 350°C, 
l h )  

475 

635 

475 

640 

475 

630 

480 

630 

Given for ammonium hepta- 
molybdate  [17 ] 

V OM3 (low) [18] 

Given for ammonium hepta- 
molybdate  [17] and for MoO3 
(v OM3 high) 

2 us (307 X 2) [18] 

Given for ammonium hepta- 
molybdate  [17 ] 

825 

875 

830 

880 

830 

880 

830 

880 

v OM2 [18] 

Given for ammonium hepta- 
molybdate [17 ] 

v (Mo--Os) [18] 

1000 

1410 

1640 

2325 

1000 

1640 

2320 

1000 

2280 
2320 

1000 

2280 
2320 

v (Mo--O1) [18] 

Lower frequency absorption of 
NH [20].  NH~ ion bending vibration 

Doubly degenerate bending v4 [19 ] 

Free H20 

MoO3 [18] 
MoOs [18] 
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TABLE 3 (continued) 

3(NH4)20 • 
7MoO3- 4H20  
(sample I) 

(NH4)20 • 
2.5 MoO3 
(I, 110°C, 
30 min) 

3(NH4).,O • 
7 MoO3 • H20 
(sample II) 

(NH4)20 " 
3 MoO3 
(H, llO°C, 
2h)  

(NH4)20 " 4 MoO3 

(II, 180°C, (II, 205°C, 
2 h) 30 rain) 

( N H 4 ) 2 0  ' 
12 MoOs 
( N H 4 ) 2 0  " 
14 MoO3 
(I or H, 
240°C, 
80 m i n )  

3025 
3180 
3510 

3020 
3180 

2830 

3025 
3180 

2950 

3110 3100 3110 

3590 3600 

3 6 8 0  3 6 8 0  

3100 

3 6 1 0  

3700 

14 MoO3 and  (NH4)20 • 22 MoO3 observed  b y  Hegedus  and  co-workers  [10 ] .  
I t  is t he re fo re  d e e m e d  desirable  to  gain fu r the r  insight  in to  t h e  decompos i -  
t i on  o f  ~ m m o n i u m  h e p t ~ m o l y b d a t e .  Fo r  this  reason,  t h e  s~mples were  sub- 
j ec t ed  to  hea t ing  in air at  cons t an t  t e m p e r a t u r e s  ly ing  b e t w e e n  110 and  
300 ° C, and  the  we igh t  loss was r e c o r d e d  as a f u n c t i o n  o f  t ime .  T h e  in te rme-  
dia te  c o m p o u n d s  ob t a ined  at  every stage we re  iden t i f i ed  by  X-ray and  IR.  

X-Ray analysis 

The s t rongest  d i f f rac t ion  lines for  each  intermed~,-,te p r o d u c t  are i ndexed  
and  c o m p a r e d  w i th  t he  corresponding" lines o f  t h e  previous  au tho r s  in Table  
2. A s t rong co inc idence  is observed  b e t w e e n  b o t h  (NH4)20 " 12 MoO3 ob- 
t a n e d  by Schwing-Weill  [7] and  (NH4)20-  14 MoO3 o b t a i n e d  by  Hegedus  
and  co-workers  [10]  and  the  i n t e r m e d i a t e  p r o d u c t  o b t a i n e d  a t  240°C.  

Infrared absorption 

Collective IR  abso rp t ion  da ta  for  t h e  s tar t ing mater ia ls  and  the  in te rme-  
d ia te  c o m p o u n d s  are ~ v e n  in Table  3. The  peaks  are  assigned to  t h e  corre- 
sponding  s t re tch ing  vibrat ion,  i t  is observed  t h a t  t h e  pexk~ co r r e spond ing  to  
NH3 and  H20  gradual ly  fade w i th  increase  in igni t ion  t e m p e r a t u r e .  Hea t ing  
of  the  two  samples to  l l 0 ° C  gave d i f f e ren t  c o m p o u n d s ,  t he i r  abso rp t ion  
peaks can be easily compared with (NH4)20 - 2.5 MoO3 and the (N-I-I4)20 • 
3 MoO3 respectively. Heating to 180--210°C for each of the two s~rnples 
gave the octamolybdate (NH4)=O • 4 MOO3. The intermediate compounds ob- 
tained from the isothermal heating at 240°C gave IR absorption peaks which 
are easily compared with both (NH4)=O • 14 MoOs given by Hegedus and co- 
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( N H 4 ) 2 0  • 
22  MoO 3 
(I or  H,  
260°C,  
1 h)  

MoOs  • x H 2 0  

(I, 280°C, 
l h )  

(II,  310°C,  
1 h) 

MoO3 
(II,  350°C,  
1 h) 

3525  

3620  

3700  

3620  

3590  

NH3 s t r e t ch ing  v ib ra t ion  [ 2 1 ]  
N H  s t r e t ch ing  v ib ra t ion  [ 17 ] 
2 N H 3 H 2 0  or  a w eak e r  NH. . .O 

3 6 8 0  p H O H  

workers  [10]  and  (NH4)20 • 12 MoO3 given b y  Schwing-Weill  [1;]].  Hea t ing  
at  260°C  ind ica ted  the  f o r m a t i o n  of  ( N H 4 ) 2 0 - 2 2  MoO3 ob ta ined  b y  
Hegedus  and  co-workers  [ 10] .  

Pr ior  to  t he  f o r m a t i o n  o f  MOO3, the  IR  spec t rum of  the  solid phase  at  
280°C  shows Mo--O s t re tch ing  vibra t ions  character is t ic  o f  MOO3. However ,  
a t  3525 and  1640 cm-*, i.e. for  the  v H O H  and  5 H O H  frequencies ,  respec- 
t ively,  a weak  absorp t ion  which  is no t  due  to  mois tu re  o f  the  KBr pel lets  
st~U occurs.  Accord ing ly ,  MoO3 • x H20  is formed.  MoO3 w i t h o u t  OH bonds  
c~m on ly  be prepared  by  long hea t ing  above 310- -350  ° C. 

I t  is n o w  clear t h a t  the  decompos i t i on  steps are: (NH4)20 • 2.5 MoO3 or 
('.',TH4)20 • 3 MoO3 (according to  the  wate r  molecules  in the  s tar t ing mater-  
ial); ( N H 4 ) 2 0 - 4 M o O s ;  ( N H 4 ) 2 0 - 1 2 M o O 3  or ( N H 4 ) 2 0 - 1 4 M O O 3  and  
(NH4)20"  22 MOO3. I t  is n o t  easy to  d i f fe ren t ia te  be tween  (NH4)20-  12 
MoOs and  (NH4)20"  14 MOO3, f i rs t ly  because the  X-ray and  IR  da ta  ob- 
t a ined  b y  b o t h  Schwing-WeiU [7 ,13]  and  Hegedus  and  co-workers  [10]  are 
co inc ident ;  and  second ly  because the  weight  losses a c c o m p a n y i n g  the  trans- 
f o r m a t i o n  of  (NH4)20"  4 MoO3 to b o t h  (NH4)20"  12 MoO3 or  (NH4)20 • 
14 MoO3 are a p p r o x i m a t e l y  equal.  Hegedus  and co-workers  [10]  did n o t  
consider  the  previous resul ts  of  Schwing-Weill  [7 ] .  

The  th ree  well-defined in te rmedia te  p roduc t s  are (NH4)20 • 2.5 MoO3 or 
(NH4)20"  3 MoO3 (according to  the  s tar t ing mater ial) ;  (NH4)20-  4 MoO3 
and  MoO3 (end p roduc t ) .  The  fo r ,na t ion  of  the  la t te r  phases,  (NH4)20 • 12 
MoO q or (NH4)20 - 14 MoO3 and  (NH4)20 - 22 MOO3, occurs  t h r o u g h  rela- 
t ive ly  na r row t empe ra tu r e  intervals.  This  involves rapid  r ea r rangemen t  o f  the  
crys ta l  la t t ice  af ter  t he  collapse of  the  preceding phase.  Thus  convers ion  of  
( N H 4 ) 2 0 . 4 M o O 3  to ( N H 4 ) 2 0 . 1 2  MoO3 or (NH4)20"  1 4 M o O 3  and  
(NH4)20 • 22 MoO3 does  n o t  seem to  be such a t r ans fo rma t ion .  
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CONCLUSION 

According  to the  above results, the  d e c o m p o s i t i o n  o f  a m m o n i u m  hepta-  
m o l y b d a t e  to  MoO3 in air p roceeds  as fol lows 

100 ° C 210 ° C 
3(NH4)20 • 7 MoOs" 4 H20 ) (NH4)~O " 2.5 MoOs ) (NH4)20 

2 4 0  ° C 
• 4 MoO3 > (NH4)~O • 12 MoOs 

• xH20  s1°--ss°°c MoOs. 

and 

3(NH4)20 • 7 MoOs" H20 

• 4 M o O s  ~ ... 

260°C 
> (NH4):zO " 22 MoOs 

180 ° C 210 ° C 
> ( N H 4 ) 2 0  " 3 M o O s - - - - +  (NH4)20 

2s°°c MoOg 

The variat ion in the  d e c o m p o s i t i o n  in t e rmed ia t e  steps depends  on  the  
water  molecules  present  in the  start ing material ,  t he  t empe ra tu r e  and  t i m e  of  
heating. 

The formed (NH4)20 • 3 MoOs is distinguished from (NH4)20 • 2.5 MoOs 
and also differs from (NH4)20 • 4 MoOs. (NH4)20 " 12 MoOs and (NH4)20 • 
14 MoOs could not be distinguished. MoOs can be prepared in a pure state 
by heating ammonium paramolybdate to 310--350°C regardless of starting 
material .  
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