
Journal o f  Thermal Analysis, Vol. 8 (1975) 45--56 

PHYSICO-CHEMICAL PROPERTIES OF SOLID CATALYSTS: 

STUDIES ON T H E R M A L  ANALYSIS OF THE MOLYBDATES 

OF MAGNESIUM, MANGANESE AND SILVER 

P. K. SINHAMAHAPATRA and S. K. BHATTACHARYYA 

Department of  Chemistry, Faculty of  Science, 
Banaras Hindu University, Varanasi-221 005, India 

(Received January  21, 1974) 

Thermal  characteristics of  the molybdates of  magnes ium ( M g M o O 4 . 2 H 2 0 ) ,  
manganese  (MnMoO~ " 1.5H20) and silver (Ag2MoO4) have been studied by D T A  and 
TG techniques. The thermal  curves of  MgMoOa �9 2H20 show two endothermic  
changes at 195 ~ and 390 ~ followed by an exothermic change at 420~ The endothermic 
changes represent the stepwise dehydrat ion of MgMoO~ �9 2H20 to MgMoO4 �9 H~O 
and f rom MgMoO4 " H20 to MgMoO 4. X-ray diffraction and  IR  studies, however, 
reveal that magnes ium molybdate does not  undergo any type of decomposit ion up 
to 900 ~ and the exo-peak at 420 ~ is clearly due to crystallization. 

M n M o O  4 �9 1.5H20 undergoes stepwise dehydration showing a flat and a sharp 
endothermic peak at 1 t 0 - 2 9 0  ~ and at 380 ~ respectively. F rom X-ray analysis it 
has been found that the course of dehydration is accompanied by a change in the 
crystal structure of the substance. In the D T A  curve of Ag2MoO4 a small endothermic 
dent  appears at 170 ~ followed by a base-line drift at 240--510 ~ and a sharp endo- 
thermic change at 580 ~ without the appearance of any exothermic character. X-ray 
analysis of this process indicates that this substance is purely crystalline at 240 ~ , with 
the composit ion,  Ag2MoO ~. 

Bhattacharyya and his co-workers have made exhaustive studies on the struc- 
tural properties of a large number of solid catalysts by using thermal analysis 
techniques (DTA, TG and DTG) supplemented by X-ray diffraction. The results 
were published in various journals and the important findings have recently been 
summarized in two review articles [1, 2]. 

In the present paper, the thermal characteristics of the molybdates of magne- 
sium, manganese and silver are presented. 

Dinwiddie and Husemann [3] found magnesium molybdate to be the best 
catalyst for hydrocarbon aromatization at 4 2 7 -  704 ~ and Porter et al. [4] reported 
that magnesium molybdate was quite active for aldol condensation at 100-400~ 

Trifiro [5] found manganese molybdate a selective catalyst for the oxidation 
of ammonia, and Thompson [6] reported that the compound could be used as a 
catalyst for anodic or cathodic oxidation of ethylene in a fuel cell. 

Stiles [7] used silver molybdate as a catalyst for removal of thiophene from 
benzene, and Annable and Jacobs [8] found it to be quite active at 450-650~  
for hydrogenation of lubricating oils and waxes. 

Studies on the thermal characteristics of the above molybdates using DTA and 
TG techniques have not been reported so far. Nor  has the characterization of the 
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different phases of the three molybdates treated thermally at different temperatures 
been studied properly by IR and X-ray diffraction techniques, except for the reports 
made by Wyckoeff [9] that the crystal structure of silver molybdate resembles those 
of spinel and magnetite, and by Abrahams and Reddy [10] that paramagnetic 
~-MnMoO4, the stable phase of manganese molybdate at S. T. P., is mono- 
clinic. 

The object of undertaking this problem was to study the thermal characteristics 
of these molybdates by DTA and TG techniques and to identify the phase changes 
if any, via the IR and X-ray diffraction patterns, when the molybdates are sub- 
jected to various thermal treatment. An attempt has also been made to correlate, 
wherever possible, the structural properties of these molybdates with their cata- 
lytic activity. 

Experimental 

Preparation of the molybdates: All the reagents employed were of AnalaR 
quality. 

A. Magnesium molybdate: Equimolar amounts of ammonium molybdate 
(24.89 g of (NH4)rMoTOga " 4H20) and magnesium oxide (5.65 g of MgO) were 
dry mixed, made into a paste with distilled water and dried at 110 ~ for 24 hours [7]. 

B. Manganese molybdate: 100 ml of manganese sulphate solution ( 10.6 g/100 ml 
of distilled water) saturated at room temperature was slowly added (5 ml at a 
time) with stirring to 100 ml of ammonium molybdate solution (12.4 g/100 ml 
water) followed by digestion for 45 minutes at 80-90 ~ . 

C. Silver molybdate: 100 ml of sodium molybdate dihydrate solution saturated 
at room temperature (47.0 g/100 ml of water) was added slowly (5 ml at a time) 
with stirring to about 200 ml of 0.2 M silver nitrate solution (6.8 g/200 ml water), 
followed by digestion (pH 6.0-7.0) for 30 minutes at 50-60 ~ 

All the substances (except magnesium molybdate) were allowed to settle, 
filtered in a Buchner funnel, washed repeatedly with hot water until they were 
free from adsorbed soluble impurities, then dried in an air-oven at 110 ~ for at 
least 24 hours. 

Chemical analysis of the molybdates: 

A. Molybdenum: Mo(VI) in solution was analyzed in all cases as lead molyb- 
date, PbMoO4, by precipitation with lead acetate at pH 3 in acetic acid. 

B. Metal ions: Magnesium (Mg 2+) in solution was determined as Mg2P207, 
and manganese (Mn 2+) as Mn2P207 by precipitation with diammonium, hydrogen 
phosphate and ignition at 800 ~ Silver (Ag +) in solution was analyzed as AgC1 
by precipitation with HC1 (2 N) and drying at 110 ~ 

C. Miscellaneous: Water was determined in all cases by absorption of water 
in magnesium perchlorate using a Coleman Carbon Hydrogen Analyzer. Ammonia 
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was estimated by digestion of a known weight of the sample in alkali, with back- 
titration of the excess standard acid left after the absorption of liberated ammonia. 

When silver molybdate was subjected to the usual test for sodium with zinc 
uranyl acetate, the response was negative. 

Differential thermal analysis: 

Differential thermal analyses of all the molybdates were carried out in air as 
well as in a nitrogen atmosphere, using a manually-operated DTA apparatus [11 ]. 
The sample holder was a cylindrical nickel block with two holes of 0.86 cm diam- 
eter each. ~-AlzO3 served as reference material. Sample weight: ~ 500 mg. 

Thermogravimetry : 

Thermogravimetric analyses of all the molybdates were carried out in a Stanton 
Mass Flow Thermobalance, Model MFH-5, with a programmed heating rate of  
6.5~ in an air atmosphere with sample weights of 100-150  mg. 

Infrared studies: 

The infrared absorption spectra of samples preheated to the following different 
transition temperatures for at least two hours in each case were taken in nujol 
medium with a Perkin Elmer Spectrophotometer. The spectrum was scanned in 
the region 625-4000 cm -1. The temperatures were as follows: 

Magnesium molybdate: 110 ~ 280 ~ 410 ~ 465 ~ 900 ~ 
Manganese molybdate: 110 ~ 300 ~ 400 ~ 625 ~ 
Silver molybdate: 110 ~ 240 ~ 510 ~ 

X-ray diffraction studies: 

The X-ray diffractograms of the above samples, except for those silver molyb- 
date, were obtained using a Philips Diffractometer with nickel-filtered CuK,  
radiation. The setting of  the instrument was: 50 kV/16 ma; gain 8/0.85; beam 
slit 3~ detector 0.2; EL = 0.96V; E and E u out; range 2000 c.p.s. (linear); time 
constant 2 sec; scanning speed 20/min; paper 12"/hour. 

Photographs of all the samples of silver molybdate were taken in a Guinier 
Camera using CuK, radiation and an exposure of six hours. 

Results and discussion 

The compositions and the results of thermal analysis are shown in Table 1. 
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Table 1 

Results of thermal analysis 

Substance 

Magnesium 
molybdate 

Manganese 
molybdate 

Silver 
molybdate 

Composition, 
% 

Mg -- 10.98 
Mo --43.41 
H~O -- 16.74 

Mn --22.58 

Mo --39.51 
H~O --11.61 

Ag --57.412 
Mo --25.539 
H20 --Nil  

Formula 

MgMoO4 �9 
2H20 

MnMoO 4 �9 

1 1 / ~ H 2 0  

Ag~MoO4 

Endothermic Exothermic 
effect effect 

Peak Range 
temp., oftemp.,  

~ ~ 

195 110--220 
390 250--400 

110--290 

38O 290--400 

170 240--510 
580 535--600 

Peak [ Range 
of 

temp., temp., 
~ 

420 - -  

% 
weight-loss 

8.6, within 
110 - 220 ~ 
7.4, within 
250 -- 400 ~ 

7.0, within 
110 -290 ~ 
4.0, within 
290--380 ~ 

0.532, within 
500-580 ~ 

Magnesium molybdate: 

A. Thermal analysis: D T A  and  T G  curves o f  this  c o m p o u n d  are  shown in 
Fig. 1. The D T A  curve exhibi ts  two sharp  endo thermic  peaks  at  195 ~ and  390 ~ 
fol lowed by  art exothermic  peak  at  420 ~ The  T G  curve represents  a g radua l  
weight-loss,  s tar t ing f rom 110 ~ and  ending at  400 ~ The to ta l  weight-loss was cal- 
cula ted  as 16.0%, which cor responds  to  the r emova l  of  two molecules  o f  water  
f rom one molecule  o f  M g M o O 4  �9 2HzO. The T G  curve does  no t  clearly indicate  
the presence o f  any  in te rmedia te  stage, a l though  two very clear  endothermic  
changes are  no ted  in the  D T A  curve. However ,  f rom the p ro jec t ion  of  the  peaks  
o f  the D T A  curve on the T G  curve, the  s to ich iomet ry  o f  each step was calcula ted;  
this  ind ica ted  tha t  the dehydra t ion  p r o b a b l y  takes  place in two stages:  

110 - 220 ~ 
(i) M g M o O 4  " 2H20 ~ M g M o O 4  �9 H20  (about  8.6 % weight-loss) 

- H 2 0  

250 - 420 ~ 
(ii) M g M o O 4  " H20  - -  ~- M g M o O 4  (abou t  7.4 ~ weight-loss) 

- -  H 2 0  

The exothermic  change at  420 ~ however,  is no t  accompan ied  by a weight change 
in  the  T G  curve. 

B. Infrared studies: The results  o f  I R  studies o f  magnes ium molybda t e  hea ted  
at  different tempera tures ,  are  discussed below. The  spec t rum o f  the original  com-  
p o u n d  exhibits  significant bands  at  860 and  950 cm -1, a t t r ibu ted  to  the M o - O  
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stretching vibration and to the partial absorption of  lattice and co-ordinated water, 
in addition to other bands representing O - H  stretching, wagging and rocking, 
and the H - O - H  bending motion of lattice water, etc. The samples heated at 
280 ~ 410 ~, 465 ~ and 900 ~ display in their IR spectra a number of strong bands 
at 940, 900, 830 cm -1, etc., which are indicative of the retention of the M o - O  
stretching of magnesium molybdate even at 900 ~ This observation clearly explains 
that this compound does not undergo any type of decomposition up to 900 ~ �9 

o u~ 
I 
[ 

~ T  
1 
Y o 
c 

.2 

.@ 

420 ~ 

DTA 

'~95 o 

390 ~ 

7-G 

j I E I , i , I 
100 200 400 600 800 

Tempera ture ,  ~ 

Fig. 1. DTA and TG curves of magnesium molybdate 

C. X-ray diffraction studies: The results of X-ray analysis of magnesium 
molybdate heated at different temperatures are summarized in Table 2. In its 
X-ray diffraction pattern the original sample exhibits a number of lines with 
relevance at d = 4.387, 3.819, 3.463 A., etc., revealing the structure of the original 
compound to be crystalline. X-ray diffraction patterns of  the 280~ sample 
are not similar to those obtained earlier, indicating that the structure of the com- 
pound at this stage is less crystalline than the original one. However, the patterns 
of the 410~ samples are a little improved compared with those obtained 
in the preceding case, while the diffraction pattert~s of the sample heated at 465 ~ 
are quite distinct and the intensities of the lines are markedly enhanced, indicating 
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t h a t  t h e  s t r u c t u r e  o f  t h e  c o m p o u n d  a t  t h i s  s t a g e  i s  p u r e l y  c r y s t a l l i n e .  T h e  e x o -  

t b e r m i c  p e a k  a t  4 2 0  ~ i s  t h e r e f o r e  c l e a r l y  d u e  t o  p h a s e  c h a n g e s .  T h i s  p e a k  m a y  b e  

d u e  t o  t h e  s p i n e l  f o r m e d  b y  t h e  c o m b i n a t i o n  o f  M g O  a n d  a m m o n i u m  m o l y b d a t e  

a c c o r d i n g  t o  t h e  r e a c t i o n  7 M g O  + N H 4 M o T O 2 a  " 4 H z O  ~ 7 M g M o O 4 .  T h i s  e x o -  

Tab le  2 

Resu l t s  o f  X- ray  ana lys i s  o f  m a g n e s i u m  m o l y b d a t e  hea t ed  a t  different  t e m p e r a t u r e s  

Sample heated Sample heated 
at  110 ~ at  280 ~ Sample heated at 410 ~ Sample  heated at  465 ~ 

I/I1 d, ~ I / I  1 d, A_ I/Ix 

8.093 vvw 
7.164 vvw 
6.247 m w  
4.870 vvw 
4.387 m s  
3.819 m 
3.575 m w  
3.463 m s  
2.962 w 
2.934 w 
2.387 m w  
2.078 vvw 
1.973 vvw 
1.865 m w  
1.756 w 

d, & 1/11 

8.241 VVW 
7.532 VVW 
6.627 VVW 
6.162 VVW 
5.405 vvw 
3.922 m w  
3.463 m 
1.941 m 
1.888 m w  

d, A I111 d, A 

8.093 vvw 2.451 
7.408 vvw 2.293 
4.663 m w  2.135 
3.957 m w  2.069 
3.819 m 1.998 
3.634 m 1.949 
3.491 m 1.910 
3.463 s 1.788 
3.263 ms  1.707 
3.024 vvw 
2.665 vvw 
2.519 vvw 

V V W  

V V W  

V V W  

V V W  

V V W  

V V W  

m w  

V W  

m w  

d, A 1/I1 

7.949 vvw 
7.408 vvw 
6.726 vvw 
5.992 vvw 
4.663 m 
3.957 s 
3.819 m s  
3.663 m 
3.575 m 
3.519 m s  
3.463 vs  
3.287 m s  
3A49 m w  
2.962 m w  
2.779 m w  
2.665 m w  

2.464 
2.362 
2.282 
2.215 
2.069 
2.016 
2.010 
1.918 
1.823 
1.750 
1.700 
1.639 
1.596 
1.576 
1.437 

m w  

n l w  

m w  

m w  

m w  

m w  

m w  

m 

m w  

m 

m 

m 

m w  

m w  

m w  

(I/I1 = e s t ima ted  visual  in tens i ty ,  vs = very  s t rong ,  s = s t rong ,  m s  = m e d i u m  s t rong,  
m = m e d i u m ,  m w  = m e d i u m  weak,  w = weak,  vw = very weak,  vvw = very very  weak)  

thermic peak starts at a temperature of about 410- 420 ~ which should correspond 
to the temperature at which spinel formation sets in. Since the formation of spinel 
is detrimental to the catalytic activity, the temperature of maximum catalytic 
activity should be below this temperature. Thus, the thermal changes in magne- 
sium molybdate can be expressed by the following reaction scheme: 

110 - 2 2 0  ~ 2 5 0  - 4 0 0  ~ 
M g M o O 4  " 2 H z O  § M g M o O 4  " H 2 0  

- H 2 0  - H 2 0  I 

(poor ly-crys ta l l ine)  (still poor ly-crys ta l l ine)  [ 

900 ~ 465 ~ 
M g M o 0 4  < M g M o 0 4  < M g M o 0 4  

(pure ly  crys ta l l ine)  (crysta l l ine)  
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Manganese molybdate: 

A. Thermal analysis: The DTA and T G  curves of  manganese molybdate are 
shown in Fig. 2. The DTA curve exhibits a flat endothermic peak within the tem- 
perature range 110-290  ~ followed by a sharp endothermic change at 380 ~ 

o 
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l 
I 
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t 

o 
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380 ~ 

TG 

100 200 400 600 800 

[emperature, ~ 

Fig. 2. DTA and TG curves of manganese molybdate 

The TG curve shows a continuous weight-loss, starting f rom 110 ~ and ending 
at 400 ~ The total weight-loss was calculated to be 11.0%, which corresponds to 
the removal of  one and a half molecules of  water from one molecule of  MnMoOa " 
"1�89 The T G  curve indicates the presence of  two well-defined plateaus, sug- 

gesting the formation of at least two intermediate stages during the dehydration. 
The endothermic peaks are therefore due to the following reactions: 

(i) MnMoO4 �9 1 � 8 9  

(ii) MnMoO4 " �89 

110 - 290 ~ 
, M n M o O 4 "  �89 (about7.0%weight- loss)  

- HzO 

380 ~ 

- ) H 2 0  
-~ MnMoO4 (about 4.0 % weight-loss) 

B. Infrared studies: The bands of the original compound at 940, 905, 875, 825 
and 755 cm -1 are attributed to the M o -  O stretching vibration (as in the case of  
normal molybdates) and partial absorption of  water. The samples heated at 300 ~ 
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400 ~ and 625 ~ exhibit almost  similar bands  as obta ined in  the original case, except 
for a small shift in  the frequency region of  the bands  at higher temperatures,  
which is presumably due to the removal  of  adsorbed water. It  is apparent  from I R  
studies, therefore, that  this manganese  molybdate  does no t  undergo any sub- 
stantial  change up to 625 ~ . 

C. X-ray diffraction studies: The results of  X-ray analysis of  manganese  molyb-  
date heated at different t ransi t ion temperatures  are shown in  Table 3. The original 
sample exhibits a diffuse X-ray diffraction pa t te rn  of a few faint  lines with relatively 
strong lines at d = 3.463 and  3.126 A, whereas the pat terns  of  the 300~ 
sample are still diffuse with the absence of  the characteristic line at d = 3.126 A;  
this indicates that the dehydra t ion  causes a change in  the crystallinity of the sub- 

Table 3 

Results of X-ray analysis of manganese molybdate heated at different temperatures 

Sample heated 
at  110 ~ 

d, A I / I t  

6.829 vw 
3.547 vvw 
3.491 m 
3.463 m 
3.126 vw 
2.779 vw 
2.259 vw 
1.684 

Sample heated _ Sample heated 
at  300 ~ at  400 ~ 

d , .~  d, A I/I t 

7.949 VVW 
5.405 vvw 
4.259 vvw 
4.027 vvw 
3.465 vs 
2.850 vvw 
2.698 vvw 
1.973 vvw 
1.769 vvw 

I/Ia 

6.829 vvw 
4.615 vvw 
4.387 vvw 
3.922 vvw 
3.491 vs 
3.126 vvw 
2.905 vvw 
2.730 vw 
2.665 vvw 
2.400 vvw 
2.315 mw 
2.016 vvw 
1.990 mw 
1.769 mw 

Sample heated at  625 ~ 

d, A 1/11 d, .~. 

7.949 vvw 2.375 
5.032 vvw 2.315 
4.342 naw 2.060 
4.299 mw 1.982 
3.971 mw 1.769 
3.650 vw 1.744 
3.465 vs 1.725 
3.334 ms 1.707 
3.216 m 1.592 
2.934 ms 1.505 
2.779 m 1.491 
2.730 ms 1.455 
2.620 mw 
2.519 m 

I l ia  

m 

m 

m w  

m 

v v w  

v v w  

v v w  

v v w  

v v w  

v v w  

v v w  

v v w  

(I/I t = estimated visual intensity, vs = very strong, s = strong, ms = medium strong, 
m = medium, m w =  medium weak, w = weak, vw = very weak, vvw = very very weak) 

stance. However,  the diffraction pat terns of  the 400~ sample are a little 
improved,  with the presence of a new strong line at d -- 3.491 A, revealing the 
fact that  the endothermic peak at 380 ~ is due to dehydra t ion  with subsequent  
crystallization. The X-ray diffraction pat terns  of the sample heated at 625 ~ appear  
to be relatively well-defined, with the presence of a n u m b e r  of  s trong lines, indi-  
cat ing that  the structure of  manganese  molybdate  at this stage is reasonably  
crystalline. The decomposi t ion of this substance into its componen t  oxides, how- 
ever, is no t  indicated by X-ray diffraction studies at any stage of thermal  t reatment .  
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Thus, the thermal changes in manganese molybdate can be summarized as 
follows: 

MnMoO4 " 1 � 8 9  

(poorly-crystalline) 

up to 290 ~ 

- -  H 2 0  
M n M o O  4. �89 

(still poorly-crystalline) 

625 ~ 
MnMoO4 § 
(crystalline) 

380 ~ 

- � 8 9  I 

I 

MnMoO4 
(slightly-improved crystallinity) 

Silver molybdate : 

A. Thermal analysis: D T A  and T G  curves of  silver molybdate are presented 
in Fig. 3. The DTA curve shows a small endothermic depression at 170 ~ followed 
by a base-line drift within the temperature range 2 4 0 -  510 ~ and a sharp endother- 
mic peak at 580 ~ without the appearance of  any exothermic character. 

The T G  curve does not register a weight-change within the temperature range 
110-480  ~ A negligible weight-loss, amounting to 0.532%, however, is recorded 
in the TG curve at 500-580  ~ 

B. Infrared studies: The characteristic band of  the original compound at 800 
cm -1 is assigned to the M o - O  stretching vibration. The bands corresponding 
to water are extremely weak, indicating the presence of  water of  crystallization 
in the silver molybdate to be almost insignificant. The 240~ sample 
exhibits almost the same spectrum, with the retention of the strong band at 775 

x 
w 
i 
I q70o 

lXT 

I 
Y 

w 

580 ~ 

0 

02 -- ]O 

~ o4 

0 6 - -  

N 0 8  - ..... 
100 200 ,400 600 

,Temperoture, ~ 

Fig. 3. DTA and TG curves of silver molybdate 
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cm -1, a l though the intensi ty and  sharpness of this b a n d  are enhanced at this 
stage. However,  the characteristic band observed in  the earlier cases is conspicuously 
absent  f rom the spectrum of the 510~ sample, indicat ing that  a consider- 
able structural  change takes place in  the range 2 4 0 - 5 1 0  ~ . 

C. X-ray diffraction studies: The results of  X-ray analysis of  s ine ,  molybdate  
heated at different temperatures  are shown in  Table 4. The original compound  
exhibits a well-defined X-ray diffraction pattern,  suggesting the structure of the 
substance to be crystalline. The characteristic strong lines at d = 3.287, 2.8, 2.67, 
2.32, 1.79, 1.642 A, etc. compare  reasonably with those reported for s tandard  

Table 4 

Results of X-ray analysis of silver molybdate heated at different temperatures 

Sample  heated at  l l 0 ~  

d,A 

6.431 
5.405 
5.094 
4.565 
4.342 
3.957 
3.359 
3.287 
3.177 
3.000 
2.8 
2.67 
2.575 

I/It 

VVW 

VVW 

VVW 

VVW 

VVW 

VVW 

m 

S 

VVW 

VVW 

VS 

S 

VVW 

2.477 
2.413 
2.32 
2.216 
2.135 
2.011 
1.79 
1.642 
1.586 
1.462 
1.409 
1 . 3 9 1  

1.338 
1.314 
1.30 
1.243 
1 . 2 1  

1.163 

I/Ix 

VVW 

VVW 

S 

V W  

rrl  

i n  

S 

m 

v w  

v w  

m 

m 

m 

W 

VVW 

V W  

w 

V W  

Sample  heated at  240~ 

d, /k I/I~ d, .~ 

6.726 vvw 2.339 
5.755 vvw 2.216 
5.470 vvw 2.165 
3.787 vvw 2.145 
3.663 vvw 1.973 
3.491 vvw 1.939 
3.412 vvw 1.858 
3.334 s 1.788 
3.126 vw 1.64 
3.086 vw 1.501 
2.905 mw 1.470 
2.81 vs 1.418 
2.69 s 1.398 
2.533 mw 

I/I~ 

S 

VVW 

VVW 

VVW 

V W  

m s  

w 

S 

S 

V W  

V W  

m s  

m s  

Sample  heated 
at 510~ 

d,~ 

4.027 
3.604 
3.519 
3.412 
3.000 
2.81 
2.69 
2.33 
2.124 
1.806 

I/I1 

VVW 

VVW 

m 

m s  

m w  

VS 

m s  

m s  

m w  

w 

(I/I 1 = estimated visual intensity, vs -= very strong, s = strong, ms = medium strong, 
m = medium, mw = medium weak, w = weak, vw = very weak, vvw = very very weak. 

pat terns of silver molybda te  (A. S. T. M. Card 1 - 1002). The small shift in  the 
d-values in  the case of the prepared sample is due to the presence of traces of  
moisture.  X-ray diffraction pat terns of  the 240~ sample are similar to 
the earlier ones, except that  the lines at d = 2.80, 1.78 and  1.64 A are f ound  to be 
p redominan t ly  strong in  this case. The characteristic d-values compare  excellently 
with those reported for s tandard  pat terns of Ag2MoO4 (2.80, 1.78, 1.64, A. S. T. M. 
Card  1 - 1002), and  it is quite certain that  the substance at 240 ~ is purely Ag2MoO~. 
However, the structure of  the compound  appears to be more  crystalline at this 
stage. 
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The X-ray analysis of  the 510~ sample exhibits an entirely different 
diffraction pattern from that observed in the earlier cases, with a single strong line 
at d = 2.81 .A. The structure of  the substance seems to be highly disordered at 
this stage and the compound is no longer Ag2MoO4. The product  obtained at 
240 -510  ~ could not be identified as the characteristic d-values do not match with 
the results of  any of the decomposition product of  silver molybdate reported so 
far in the A. S. T. M. chart. 
Thus, the thermal changes in silver molybdate can be expressed as follows: 

Ag2MoO4 ( +  trace of  moisture) 
(cr ystalline) 

I 10--240 o 240--610 o 
,. Ag2MoO ~ -  

(more crystalline) r 

4 
580 ~ 

Melting < Unidentified product 
(much less crystalline) 
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ZUSAMMENFASSUNG -- Die thermischen Charakteristika der Molybdate von Magnesium 
(MgMoO,I -2H20) ,  Mangan (MnMoO4.  1.5HzO ) und Silber (Ag2MoO~) wurden unter 
Anwendung der TG- und DTA-Methoden ermittelt. Die DTA-Kurven von MgMoO a �9 2H20 
zeigen zwei endotherme Verfinderungen bei 195 ~ und 390 ~ welchen eine exotherme bei 420~ 
folgt. Die endothermen Ver/inderungen entsprechen der stufenweisen Dehydratisierung von 
MgMoO a �9 2HzO zu MgMoO 4 �9 HzO und von MgMoO~-HzOzu MgMoO~. R6ntgendiffrak- 
tions und IR-Untersuchungen zeigen jedoch, dab im Falle yon Magnesiummolybdat his zu 
900 ~ keiner[ei Ver~inderung auftritt und dab der Exo-Peak bei 420 ~ eindeutig der Kristalli- 
sation zuzuschreiben ist. 

Bei MnMoO 4 �9 1.5H20 tritt eine stufenweise Dehydratisierung auf, welche einen flachen 
und einen scharfen Peak bei 110--290 ~ bzw. bei 380 ~ aufweist. Mittels RSntgen-Analyse 
wurde gefunden, dab der DehydratisierungsprozeB yon einer Ver~tnderung in der Kristall- 
struktur der Substanz begleitet wird. In der DTA-Kurve yon AgMoO 4 erscheint bei 170 ~ ein 
kleiner endothermer Peak, dem eine Verschiebung der Grundlinie bei 240--510 ~ und eine 
scharfe endotherme VerS, nderung bei 580 ~ ohne irgendeinen exothermen Charakter folgt. 
Die R6ntgen-Analyse dieses Prozesses deutet an, dab diese Substanz der Zusammensetzung 
AgzMoOa bei 240 ~ kristallin vorliegt. 
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RI~SUMI~ -- On a 6tudi6 par  T G  et A T D  les caract6ristiques thermiques  des molybdates  de 
m a g n 6 s i u m  (MgMoOa  �9 2H~O), de mangan6se (MnMoO~ �9 1.5HzO) et d 'a rgent  (Ag2MoO~). 
Les courbes  A T D  de MgMoO~ �9 2H20 mon t r en t  deux pics endothermiques  ~t 195 et ~t 390 ~ 
suivis d 'un  pic exothermique ~ 420~ Les pics endothermiques  cor respondent  h la d6sbydra- 
tat ion en deux 6tapes de MgMoO a  �9 2H~O d ' abord  en MgMoO~ �9 H~O puis  en MgMoO~. 
Des  6tudes par  diffraction des rayons  X et par  absorp t ion  infrarouge indiquent  cependant  
que  le molybdate  de magn6s ium ne subit  plus de d6composi t ion jusqu ' / t  900 ~ et que le pic 
exothermique  ~t 420 ~ est dfi avec certi tude ~t la cristallisation. 

D a n s  le cas de M n M o O a  �9 1.5H20, la d6shydratat ion s'effectue en deux 6tapes r6v616es 
par  un  pic aplati et un autre  aigu h 110--290 ~ et 380 ~ respectivement.  L 'analyse  par  rayons  
X mont re  que le processus  de d6shydratat ion s 'accornpagne d ' u n  changement  de s t ructure  
cristalline. La courbe  A T D  de Ag2MoO 4 m on t r e  ~t 170 ~ un petit  pic endo thermique  suivi 
par  une  d6rive de la ligne de base entre 240 et 510 ~ puis  un  pic endo thermique  net ~t 580 ~ 
sans  appar i t ion  d'effet exothermique.  L 'analyse  aux rayons  X indique qu'~t 240 ~ la substance 
de fo rmule  Ag~MoO~ est bien cristallis6e. 

Pe3roMe - -  I?[3yqeHbI C HOMOIIIbIo )2TA n TF  TepMHqeClCHe xapaKTepncTHK~i MOJ/H6~aTOB MarHJ, Lq 
( M g M o O  4 �9 2H20),  MapraHtta (MnMoO a  �9 1.5H20) rt cepe6pa (Ag2 �9 MOO4). TepMrI~ecIcHe rpri- 
Bble M g M o O a .  2H20 no•a3b1Ba/OT )~Ba 3n~/oTepM~i~ecl~tIe/ei3Me~enHa np~i 195 ~ ri 390 ~ c noc~e- 
,/IytoII~HM 3K3oTepMtlT-lecKI1M H3MetteHHeM rlpH 420 ~ 9TH 3H~IoTepMH~/eCKtIe i, i3Mei-ienHa xapaK- 
Tep/,I3yloT cTyneH'~aTy~O ;lerrI~paTattmo MgMoO4 . 2H~O ~o M g M o O  a . I=120 rt MgMoOa �9 H~O 
~o MgMoOa.  O,zlHa~o, rIccY~e~oBannfl, 17poBe)IeHHble C HOMOUlI, tO IdK-cneKTpOCKOnHrI n ~II~- 
paKtlHrt peHTrenoBbIX ylyqe~ nol(a3bIBaIOT, tlTO MOJIH6~IaT MaFHH~ I-le no)IBepraeTc~t KaKoMy- 
~H60 pa3.rto~erin~o ,~1o TeMnepaTypbi 900 ~ a rIMeK)~tU~Ca 3K3oIn'II( l'lpH 420 ~ uenaroM o6yc- 
a o ~ e r i  rpncTaanr~3aur~e~. MnMoO~ �9 1.5H20 no~BepraeTca cTynea~aTo~ ~Ierr~IpaTattnrI, no-  
xa3~,iBaa nnoc~H~ ~ pearH~ aa~oTepMn~ecrrri~ na~ COOTBeTCTBenno npa  110--290 ~ H 380~ 
H3 ~aHHb~X penTreHocTpyKTypHoro aHa~iH3a na.~)xeHo, qTO nportecc ~ierH)~paTatlHi, I conpoBom- 
~aeTca naMeneHneM xpncTa~r i~ecro~ cTpyrTypbI aTOrO Bemecraa. Ha  rpriBO~ ~ T A  Ag~MoO~ 
n p n  170 ~ r~ona~J~eTc~ r~e6on~,tuofi a~oTep~rt,~ecrrr~ a~,~cTyn, 3a /~OTOpblM cne~yeT ~lpe~boc- 
rtoauo~ nr~nrm npa  240--510 ~ rr peaKoe 3r~oTepMa~ec~oe rI3MerteHrte nprt 580 ~ nprt OTCyT- 
CTBHIf I(aKoFo-~H60 9I(30TeDMIIrleCKOFO H3MOHeH~D/. Pel~TreHOCTpyKTypnblfft anacff~3 3TOFO rtpo- 
ttecca no~caablBaeT, qTO 3TO BelIIeCTBO cocTaBa Ag2MoO a KpI, ICTaJIYlH3yeTcrl B qHCTOM aH,~e 
npn  240 ~ 
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