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ELECTRON PARAKAGNETIC RESONANCE AID HUSSBAUBR STUDIES OF 
Fes+ IONS IN THE Pea03 - R O O 3  SYSTBK 

Atof M. Abdalla*, M.A. Hefni.1 and A . M .  El-Awad'" 
'Physics Department, F ~ ~ C I J  I ty of Science, Assiut llniverstiy 

*'Chemistry Department, Faculty of Science, Assiut University, 
Assiut, Egypt. 

The electron paramagnetic resonance 
(EPR)  and MBssbauer spectra of iron- 
molybdenum mixed oxides system have been 
investigated. Both EPR and MBssbauer 
measurements revealed the' formation of 
ferric molybdate, Fez (Moot,)) and the 
existence of two different Fe3+ species. 
The FPR spectra of Fe2(Mo01,)3, show two 
resonance lines of F e 3 +  ions indicating 
that a strong exchange interaction is 
dominates in pure iron molybdate. Y6s- 
bauer measurements revealed that the 
isomer shift ( 1 . S )  increases with 
increasing the i r o n  content. A mavirnurn 
of quadrupolf splitting ( Q . S )  is obser- 
ved at the stoichiomotric concentro- 
tion corresponding to the formation of 
Fez(Mo0/,)3. The effect of  a catalytaic 
dehydration process on the redox 
behaviour of  Fe3* located in iron 
molybdate frame work is investigated. 
Results indicate th,tt the catalytaic 
dehydration of  2-proppanol o v e r  this 
catalyst reduces F e 3 4  ions to Fez+ 
lending to the formation of the inactive 
phase FeMoO4. the essential role of 
oxygen, in the alcohol gas feed, in 
regeneration the activity of the 
catalysts w a s  denionhl rrited. 

1 Correspondence and reprints; present address: 
Physics D e p a r t m e n t ,  Facu1t .y  of Science, S a n a ' a  UniversitJ., P . 0  
B o x  13764, Sana'a, Yemen. 

1695 

Copyright Q 1993 by Marcel Dekker. Ine. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



1696 

INTRODIICTI  ON 

ABDALLA, HEFNI, AND EL-AWAD 

Iron-tnolybdenutir iriiscil os ides  a r e  we1 1 l;no\vn as e f f e c t  i v o  

c n i ~ l y s t s  for many i n d u s t i . i a l  p r ‘ o c e s s r : s [ l ] .  T h e  r o l e  of osides 
c o m p o s i t i o n  and  the n a t u r e  o f  t h e  a c t i v e  s i t e s  a S  W t . 1 1  i15 tile 

r f ? o c t  i o n  mechanism i n v o l v e d  i n  SlJch proce.ssc.5 hdvt? heen 

i n v e s t i g a t e d  by  many a u t h o r s  [2 - ‘+ ] .  

I r o n ,  a s  rl t r a n s i t i o n  element, pia)rs  at> impor t i i n t  r o l e  i n  

t h e s e  c a t a l y s t  s y s t e m s .  I t  o c c u r s  i n  t h e  o x i d a t i o n  s t a t e  F o 3 ’  and 

F e z + .  A l t h o u g h  it  is v e r y  e a s y  t o  i r i c n t i f y  re’.’ ( a h ,  D5) w i t h  t h e  

o p t i c a l  and MUssbauer s p e c t r o s c o p i e s ,  t h e r e  a r e  f c w  methods wit .h  
h i g h  s e n s i t i v i t y  €or F e J t .  The EPR s p e c t r o s c o p y  coul>l(:d w i t h  thc  

l a r g e  spin i n t e n s i t i e s  e x p e c t e d  f o r  f e r r o m a g n e t i c  m e t a l s  would 

a p p e a r  t o  make t h i s  t e c h n i q u e  a t t r a c t i v e  and t h e  most u s e d  t o  

e l u c i d a t e  t h e  s t r u c t u r a l  a n a l y s i s  o f  F e3+ r5-81, T h e  method t a k e s  

t h e  a d v a n t a g e  of t h e  e l e c t r o n  a n d  i t s  m a g n e t i c  moment t o  r e v e a l  

i n f r o r n a t i o n  on t h e  d e n s i t y  d i , s t r i b u t i o n  of t h e  unpaired e l e c t r o n s  

( S p i n ) .  

The MBssbauar t e c h n i q u e  h a s  tho n d v a n t o e  o f  h e i n g  s e i i s i t i v c  
t o  s m a l l  c o n c e n t r a t i o n s  of 57Fe and p r o v i d e s  d i r e c t  i n f o r m a t - i o n  on 

t h e  s t a t e s  of a l l  of t h e  i r o n  a toms  i n  c a t a l y t i c  m a t e r i , a l s .  I n  
p r e v i o u s  work t h e  r e s u l t s  o f  a s t u d y  on F e J + - m o l y b d a t e - b a s e d  

catalysts w i t h  a n  w i t h o u t  ?lo and B i  o x i d e s  have  been  

reported[9,10]. 

11-1 t h e  p r e s e n t  work a f u r t h c r  e x a m i n a t i o n  i s  g i v e n  u s i n g  t.hc 
K P R  (> l id  Yhsshauer measrireirrionts i 11 oi-dc?r to oht.ai11 more d c l a i  I ed 

i n f o r m a t i o n  a b o u t  t h e  s t r u c t u r e  of i r o n  i o n s  i n  t h c  i r - 0 1 1 -  

rnolybdeniim m i x e d  o x i d e s  sysi.um. 

EXPER IMENTAI, 

A 1  I t h e  r e a g e n t s  u s e d  i n  t h e  p r e s e n t  i n v e s t i g d t i o n  a r e  o f  
n n i i l y t i c a l  g r a d e  (BDH C h e m i c a l s ) .  A s e r i f : <  o f  irrJl1-r~lo~ybderl~rm 

osiclf?s w a s  p r e p a r e d  by t h e  i m p r e g n a t i o n  me thod .  The a p p r o p r i a t e  

a m o u n t s  of Fe(XOJ)3.9HjO a n d  (NHs ) ~ ? l o , O ? q  . ‘ iH?O were m i x e d  i n  

d i f f e r e n t  v a l u e s  o f  X where X = F e 3 + / ( F e 3 +  + M o b + ) ,  X Z  = 
1,5,10,20,30,40 and  50 m o l .  % F e 3 . I .  D i s t i l l e d  w a t e r  was added  t o  
fo rm a p a s t s ,  wh ich  w a s  t h e n  d r i e d  o v e r  a w a t e r - b a t h  w i t h  

o c c i l s i o n a l  m i x i n g .  The misod sdni lcs  wero further d r i e d  at: 1 l O 0 C .  

The p a r e n t  m i x t u r e s  were  c a l c i n e d  i n  a i r  a t  500012 for 4 F l .  
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EPR AND MOSSBAUER STUDIES 1697 

Electron paramagnetic resonance (EPR) spectra were recorded 
o r  room temperature on an E-109 Vnrian Spectrometer Opordtoirig in 
t h r :  S-band ( 9 . 5  GHz), with 100 KHz magnetic field modulation. 

 he Mnsshauer spectra were take11 in transmission geonietry by 
A i i s t i n  Science Associates. Using source of C 0 5 7  in a palladium 
niotris a s  a y-rays of 1 4 . 4  Kev energy. The spectrometer consists 
mainly o f  Austin 6800 compouter wiich serves as a rnaltichannel 
Scaler, the memory is arranged A S  t w o  soparate sets of 1 0 2 2  

channel memories. the MBssbauer spectrum is accunii~l~~ted i n  one s e t  

and the laser vclocity d a t a  is simultancoiisly accuiii~~latod i n  tlic 

other sct . The spectrometer operatc3d in co~~stai~t. , i i  

drivc with flyback mode and the vc1ocit.y cnlibrotion in t11r:  

spcct.romnter was achieved by H c 1  i.iini-Si?on Laser  interfci-ornet r y .  The? 

detect-or used is krypton dioxide proportional countcr linked t o  ti 

signal amplifier and a data acqiiistion system t h i i t  seg~'r?.gidtcs 
signals according t o  their encrgy orlhe relative velocity of t he  

S C J ~ ~ I - C C .  The spectrum of t in  i r o n  f o i  1 (Not i ona 1 i31rreai1 of S t a n d a r d  

thickness of 0.005" ) was used t.o tlet eriiiine the velocity i ncrernent  
per channel and the isomer shifts of 57Fe in the snmple. 

T h e  catalytic decomposition of 2-propano1 was taken a 5  a t e s t  
reaction to follow the activity of  tho different calillysts, using 
a conventional flow reactor[ll] and two different alcohol feods, 
one consists of alcohol in a i r  and the other is alcohol in purc 

nitrogen. the exit feed w a s  analyzed using a Perkin E l m e r  gas 

c:lii.~natogrnph (S igma 3D) . 
RESULTS AND DISCUSSION 

EPR Spectra: 
Seven samples having different basic compositions (Table 1 )  

have been investigated. The obtained spectra are s;liown in ( F i g s .  1 

and 2). The detected EPR spectra of Fe ions in the samples are  
attributed to Fe3* alone, because F e z +  ions in the samples, 
although paramagnetic, did not exhibit EPR spectra at rom 
temperature and sometimes not even at the liquid helium 
temperature[l2]. EPR spectra of low concentration of  F e z 0 3  (sample 
1 and 2 )  are show in (Fig. 1 ) .  The EPR sigiiaturc of a paramagnet-ic 
molybdenum ion is an intense central line accompanied by s i x  weak 

hyperfine lines with g-value = 1.973 as shown in (Fig. I - A ) .  Hefni 
et al. [11.131 proves that the signature is attributcd to Y o S +  
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1698 ABDALLA, HEFNI, AND EL-AWAD 

Table 1. Mossbauer parameters f o r  iron-molybdenum 

mixed oxides system. 

+ 
Sample X mol. ( 1 . S )  ( 0 . S )  

Species 
number % Fe3' mmlsec. mrntsec. 

1 1 

2 5 

3 10 Fe3+ 0 . 4 1 1  0 . 1 7 9  

4 2 0  Fe3 + 0.412 0 . 1 8 7  

5 30 Fe3+ 0,414 0.191 

6 40 F e 3 +  0 . 4 1 6  0 . 1 9 7  

7 50 F e 3 +  0 .422  0 . 1 9 4  

* x 100  Fe3+ X % =  
Fe3' + Mo6' 

which may be originally presents in the parent mataerial or formed 
cliiring the callcination process. The signature is superimposed on 
a very broad line (AH = 470 G )  and  g e c f  - value = 2 . 0 0 .  The l d t t e r  

i s  attributed to a condensed iron phase ond can be assigned to 

Fez(Mo0+)3[8]. Addition of Fe203 to the mixture (sample 2 )  is 
accompanied by partially disappearance of the Most signal ( g  - 
value = 1.973), as shown in (Fig. 1-D). Increasing the 

concentration of Fez03 (sample 3 )  leads to a complete dis- 
appearance of the signal at g-value = 1.973. T11c or11y detectable 
signal is thcb broad one with line-width ( A H  = '170 G )  at g e f f  - 
value = 2 . 0 0  (Fig. 2-C) c a n  be attribut-ed t o  F o J t  i l l  the sample. 
The impotant result here appears t o  he t.hc complote osidation of 
;*lost in the sample upon adding Fe203. On the other hand, whon 
Fez03 concentration reachs 2 0  mol. 7b Fe3+ (sample 4 ) ,  another two 
signals appear around the preceeding one (Fig. 2 - D ) ,  The g-values 
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EPR AND MOSSBAUER STUDIES 1699 

g =-2 .oo 

I I I I I 

2 .O 2.4 2.8 3.2 3.6 4.0 4 .4  

Magnetic Field ( K G  1 

F i g .  1: EPR s p e c t r a  o f  sample 1 and sample 2 a t  room temperature  

A )  sample  1 5 )  s a m p l e  2 .  

o f  t h e  low and h i g h  f i e l d  s i g n a l s  a r e  2 .  1.75 and 1.828 

r e s p e c t i v e l y .  The l i n e  w i d t h  ( A H )  o f  e a c h  s i g r ~ a l  c q u a l  t o  2 9 0  G .  

By c o n t i n o u s  i n c r e a s i n g  of F e 2 0 3  ( s a m p l c  5 1 ,  the s i g n d l  

c o r r e s p o n d i n g  t o  t h e  g - v a l u e  = 2 . 0 0 ,  t o t a l l y  d i s a p p e a r e s  and t h e  

s e p i i r a t i o n  between t h e  two new s i g n a l  i n c r e a s e s  (Fig. 2 - E ) .  A t  CtO 

mi>]. 2 F e J +  ( sample  61, t h e  max imum s e p a r a t i o n  between the t w o  

signals i s  found ( F i g .  2 - F ) .  The g-ve u e s  c o r r e s p o n d i n g  to t,he low 
aiid h i g h  f i e l d  s i g n a l s  arc e q u a l  to 2 . 3 7 1  ~ i n d  1 . 7 5 ,  r e s p e c t i v e l y .  
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1 

2.4 2.8 3.2 3.6 4.0 
Magnetic Field (KG) 

F i g .  2 :  EPR s p e c t r a  o f  s a m p l e s  3,4,5,6 a n d  7 a t  room t e m p e r a t u r e  

C )  s a m p l e  3 D )  s a m p l e  4 E )  s a m p l e  5 

F )  s a m p l e  6 C )  s a m p l e  7 
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EPR AND M6SSBAUER STUDIES 1701 

Their linewidth (AH) is the same and r:qu"ls to 192 C,. At.  re203 

groator than 40 mo1. % F c J +  in thi: n i j X t i i t ' c ,  il vr.!rJ' b r o a d  a n d  

strorlg signal appears between the precceding two signals and 
can be assigned to the presence o f  e x c e s s  Fez03 in the sample 
(Fig. 2 - G ) .  

Mossbouer Spectra: 
The spectra taken at room temperature for five samples 

( 3 , 4 , 5 , 6  and 7 )  are shown in ( F i . g .  3 ) .  In this measurements 
Lorenttians were usod f o r  the resonant absorption curves, assuming 
n thin absorber. A programme for least S C J I J ~ ~ ~ ?  anal).sih curve fit 
was used. The off-resonance background, the width, the intensity 
and the central line position of each Loreiitzian were left a s  

variable iind the interactions for fitting were kept to continue 
until the minimum difference between the theoritical and 
experimental data is achieved and remains constant. 

The spectra of the samples are identical. The presence of  

broad Mlissbauer lines suggest a distribution of iroii site5 w i t h  

slightly different quadrupole interactions. The lines a r e  
characterized by values of isorrier s h i f t s  (1.S) = 0 . 4 1 1  - 0 . 4 2 2  

mm/sec. and quadrupole splitting (Q.S) ranging from 0 .  1 7 0  iiiin/sec~. 
f o r  sample 3 t o  0.194 mm/sec. for sample 7 .  These parameters are 
very similar to those reported previously[l4,15] .When the ( 1 , s )  
values of Fez (MOO* 13 'are compared to those of Fe2 (S04)3 [16-18] and 
Ka3Fe2 (P04)3 [19] which have related structures, a significant 
increase is observed is the sence ( I . S ) m o l y b d .  < ( I . S ) p h o s p h .  < 
(T.S).ulf. (for example, at room temperature, (I.S)phOsph. = 0 . 4 5  

mm/sec. and (I.S).ulf. 0.49 mm/sec. This trend likely 
corresponds to an increase of tho ionic character of the Fe-0 bond 
as d consequence of increasing covnloncy of the antagonist.ic bond 
X-0 from molybdate to sulfate. 

The compositional dependence of the ( 1 . S )  obtaied from tlie 
position of the doublet is shown in ( F i g .  4 ) .  It i s  scen that tho 
(1.S) tends to increase with increasing [.he contcnt o f  i r o n  in the 
samples. This means that the covalency of the Feat - 0 bolld 
decreases as the content of ioi-n jncrcasos[201. The relation 
between the FeJ* concentration and (Q.S) is also observed (Fig.4). 
It is interesting that a maximum (Q.S) is observed f o r  sample G 

whch contains 4 0  mo. X Fest (stoichiornetry amounts formation). The 
maximum of (Q.S) may thus be attributed to a h i g h e r  degree of 
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F i g .  3: Room temperature Massbauer spectra  f o r  samples 3,4,5,6 and 7 

C) sample 3 D) sample 4 E) sample 5 

F )  sample 6 C )  sample 7 .  
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1.422 

1.419 

c. 
u 
\ 
x 
E 0.416 
Y 

v) 

n 

0.413 

0.410 

3+ 
I ron content(moI% Fe 1 

Fig. 4: Variation o f  the Fe3+ isomer shift (1,s) and quadrupole 

splitting ( 0 . S )  with iron content mole. I Fe3+ 

0-0: ( 1 , s )  0 - 0 :  ( 0 , s )  

asymmetric distribution of the i r o n  electron density i n  

F e z ( ? l o O 4 ) 3 .  It is assume that the value of the (1.S) and the (Q.S) 
are related to the predominant contribution of the F e 3 +  ions, as 
observed for the doublet through out the FeJ+ concentration in the 
samples. It is noted from (Fig. 4) that the symmetry of the Fe3+ 
ions decreases from sample 3 (10 mol. 5. FeJ+) to sample 6 (40 mol. 
% F c ~ + ) ,  with the appearance of different sites of F c 3 + .  

Previous studies of the room temperaturc single crysta I X-ray 

s t . r u c t u r n  of Fc', ( ? f O O q ) j  show t h a t ,  it. c o n s i s t  o t  (Feu,) octahedra 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



1704 

z 
E a 
m 
8 
4 
I- z 
a 
a w 

V 
T 

0 

5 

0 

5 

0 

10 r 
- L  - 2  0 2 4  

VELOCITY, MMlS  RELATIVE x) IRON 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



EPR AND MOSSBAUER STUDIES 1705 

s h a r i n g  c o r n e r s  w i t h  (MOO+) t e t r a h e d r a .  A 1  1 t h e  o c t a h e d r a  a r e  
i s o l a t e d  f rom e a c h  o t h e r  a n d  s o  a r e  t h e  t e t r a h e d r a .  Each oxygen i s  
l i n k e d  o n l y  t o  o n e  i r o n  and  t o  o n e  molybdenum[ lS ,21 ] .  T h u s ,  t h e  

s t r u c t d u r e  of f e r r i c  m o l y b d a t e  e s ! i i b i t s  f e a t u r e s  a n a l o g o u s  t o  
t h o s e  o f  f e r r i c  s u l f a t e [ 2 2 , 2 3 ]  or sod ium i r o n  p h o s p h a t e [ 2 4 ]  D S  f o r  

a s  t h e  t h r e e - d i m e n s i o n a l  n e t w o r k  of ( F e 0 6 )  o c t a h e d r a  a n d  of ( X 0 4 )  

t o t r o h e d r a  i s  c o n c e r n e d .  

I 

T h o  d e c r r ? a s e  of (Q.S) and t h o  i n c r e n s a  of (1.S) by i .nrreasiing 

t h e  c o n c e n t r a i t o n  of  Fe34 i n  t h e  sample 7 w i t h  more t h a n  4 0  mol .  S. 

Fc3' may be a t t r i b u t e d  t o  a d i s t u r b a n c e  of F e ~ ( ? I o 0 t 4 ) 3 .  T h i s  i s  d u e  
t o  t h e  e x c e s s  of  Fe3+ p r e s e n t  i n  t h e  form of Fez03 1 5 1 .  

T h e  EPR s p e c t r a  c o u l d  be i n t e r p r e t e d  C J n  t h e  basis of  t h e  
?l i .ksbaucr  rcsults i n  t h c  € 0 1  lowing mannor:  the appe i l r i~nc r t  of t w o  

s i g n a l s  a t  g - v a l u e  - 2 . 5 7 1  and p - v a l u e  = 1.75 f o r  s a m p l e  6 ( 4 0  

mol. % Fe3+), a g r e e s  w i t h  t h e  i d e a  t h a t  t h e r o  a r e  t.wo p o s s i b l e  
s i t e s  f o r  Fe3* i n  Fez(MoO4)s ( F i g .  2 - F ) .  T h e s e  s i t c s  a r e  respon- 
s i b l e  f o r  the i n t e n s e  d o u b l e t  i n  the MBssbauer s p e c t r a  ( F i g .  3 -F ) .  

F i g .  5: Room t e m p e r a t u r e  Massbauer s p e c t r a  f o r  s a m p l e  6 a f t e r  i t s  

u s i n g  a s  a c a t a l y s t  i n  d i f f e r e n t  e x p e r i m e n t a l  c o n d i t i o n s :  

1) O x y g e n - c o n t a i n i n g  a l c o h o l  f e e d  a t  tc*= 2 0 0 O C .  

2 )  O x y g e n - c o n t a i n i n g  a l c o h o l  f e e d  a t  t c  = 4OOOC. 

3 )  Oxygen f r e e  a l c o h o l  f e e d  ( u s i n g  t h e  n i t r o g e n  g a s  a s  a 

c a r r i e r  g a s )  a t  t = 200OC. 

4 )  Oxygen f r e e  a l c o h o l  f e e d  ( u s i n g  t h e  n i t r o g e n  g a s  a s  a 

c a r r i e r  g a s )  a t  t = 300°C. 
C 

5 )  Oxygen f r e e  a l c o h o l  f e e d  ( u s i n g  t h e  n i t r o g e n  g a s  a s  a 

c a r r i e r  g a s )  a t  tc = 3 5 0 O C .  

6 )  Oxygen f r e e  a l c o h o l  f e e d  ( u s i n g  t h e  n i t r o g e n  g a s  a s  a 

c a r r i e r  g a s )  a t  t c  = 4OOOC. 

7 )  R e a x i d a t i o n  of t h e  s a m p l e  a t  t c  = 40OOC. 

8 )  R e a x i d a t i o n  o f  t h e  s a m p l e  a t  tc  = 5 0 0 ° C .  

tc = C a t a l y t i c  r e a c t i o n  t e m p e r a t u r e ,  
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Howcver, in literature[ZO], the Mtissbauer spectra at room ternpere- 
ture of pure Fez(MoO4)3 and Pez(Mo04)3.Y003 catalysts displa), 
‘1 single line with (1.S). = 0 . 5 7  mrn/,sec., which is in the typical 
rallge t o r  high spin ferric ions. The dat.a are interpret.ed in terms 
o f  isolated Fe3* at low concentrations of iron and superexchange 
coupled oxygen bridged Fe34 pairs in distorted octahedral sites at 
liiyher concentrations. In the presence of cscess N o 6 *  wit.h 
respected to Fe3+, the ions has only one site (samples 1-3) which 
indicates that the Mob* removes the Fe3+ ions from the other 
possible sites. This is the reason of the appearance of only one 
signal in the EPR resonance spectra for low iron concentrations at 
g-value = 2 . 0 0 .  The broad superparainanetic pattern (Fig. 2-G) with 
g-value E 1.989 for sample 7 (50 mol. ‘b Fe3+) is duo to thc 
presence of excess Fez03 in ferric rnolybdate. The spectrurr shows 
less exchange interaction as well a s  a decrease in the niagnet.ic 
response of Fez (?lo04 )s, 

The redox properties of F e J +  in Pel(MoO4)s catalyst: 

The accompanied changes of the oxidation state of Fe3+ on 
Fez (Mo04)3 catalyst was followed using the Yossbauer spectroscopic 
measurements. Results as obtained for the pre-used,sample 6 seem 
to be greatly influenced by the catalytsic reaction conditions. I n  
an oxygen-containing alcohol feed the Yossbauer spectra for 
cxtolyst used at different catnlytaic reaction temperatures, 
namely a t  200 and 400OC, appear nearly identical t.o the spectra of 

the original one (Fig. 5 - 1 , 2 ) .  Hence there is no change in the 
voluos of the ( 1 , s )  and the (Q.S) (1.S - 0.416 rnm/scc., Q.S = 

0 . 1 9 7  mm/sec.). On the other harid, the YBssbauer spectra for pre- 
treated catalyst in an oxygen-free alcohol feed (i.e., when we 

used the nitrogen gas as a carrier gas) the reduction of Fe3* to 
F e ? +  can be easily distinguised (Fig. 5-3 to 6). The spectra 
olrtained (Fig. 5 - 3 , 4 )  can be interprcted a s  a superposition of 
some quitdrupole doublets on the predonijnant onr:. Thc (1,s) and tho 
( ( 1 . S )  of the predominant doublet have the some values a s  

tlic one measured before the rcdct.ion ( I  .S. = 0 .416  rnm/sec., Q . S .  = 

0 . 1 9 7  mm/sec.). The doublet is therefore due to FeJ+ ions of the 
unreduced catalyst, while the observed doublet which appear aftor 
the reaction is due to iron ions of that part of the catalyst 
which has participated in t h e  reaction. The concentration of  Fez+ 
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becomes much greater with raising the catalytaic reaction 
temperature up to 4 O O O C  where Fe2(MoO4)3 is cornpletly reduced to 
FeMoOb . 

As a result the intensity of the predominant doublet 
decreases and consequently the observed quadrupolar doublets 
become more evident (Fig. 5 - 5 , 6 ) .  We can conclud that when..the 
catalytic reaction temperature is low, only a part of the catalyst 
has participated in athe reaction (Fig. 5 - 3 , 4 ) .  On the other hand 
all the catalyst has taken part, at high catalytic reaction 
ternperature.(Fig. 5 - 6 ) .  It is clear that, the whole catalyst can 
partaicipate in the reaction which implies the reduction of 

Fe3rions to F e z *  located in two different sublattaices. In scoup 
of previous studies[20], the four measured lines in the spectra 
(Fig. 5 - 6 )  can be interpreted i n  two different w a y s :  (i) a s  a 

s i i p c r p o s i t i o n  of two qrrndri ipolo douhlnts diie  1.0 F.934 i o n s  and Fo'.' 
ions or (ii) as due only t o  Fez' ions locnt.ec1 i n  l.wo different- 
lattice sites. In eit.her cases, the presonce of Fez+ ions 
indicates the formation of a FeMoO,, compound in the reduced 
catalyst, 

R c o x  ida t .  ion process: 

The rcoxidation process was observed, when exposing t h e  
reduced catalyst to a flow of pure air. The observed quadrupolar 
doublets gradually decreased and consequently. the predominant 
doriblet due to Fe3+ appeared. The reoxidizability of Fez+ ions 
increases with increasing the reaction temperature (Fig. 5 - 7 , R ) ,  

at J D O O C  complete reoxidation of Fez+ to Fe3+ takes place. This 
proved the essential role of oxygen to keep the catalyst i n  an 
active form. 
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