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The adsorption of IqH 3 on Cr-Mo and Cr-Mo-Te catalysts has been in- 
vestigated by IR spectroscopy. It is shown that there are both electron 
acceptor and proton donor acid centers on the surface of these catalysts. 
The introduction of tellurium into a Cr-Mo catalyst decreases adsorption 
on the electron acceptor centers. 

MeTOROM IlK CHeI<~OCKOnltH rl3y~leHa a~tcop6ttrb'I NH 3 Ha ORHCHblX Cr-Mo a Cr-Mo-Te 
KOHTaKTaX. I IoKa3aHo,  tITO Ha noBepXHOCT~ y K a a a r m H x  KaTanH3aTopoB rlMeIOTCR KaK ~neK- 

TpOHtlO-aKI2enTOpHbIe, TaK H HpOTOHHO-~OHOpHble KHCnOTH~Ie KeHTpbI. BBe~eHHe T e n n y p a  

B C r - M o  KOHTaKT n o H t ~ a e T  a~cop~U~IOHHyIO CHOCO~HOCTb 3neKTpOHOaKl~enTOpHhIX LIeHT- 

po~. 

The investigation of surface acidic properties of oxide catalysts is of great 

interest since the acidity of catalysts influences their selectivity in the oxidation 

of olefins /1. 2/.  The nature of acidic centers on Cr203, a catalyst of complete 

oxidation, was studied e a r l i e r / 3 / .  The mixed Cr-Mo catalyst shows an abil i ty 

for part iaI  oxidation, but it has a Iow s e l e c t i v i t y / 4 / ,  According to Refs/5,  6/, 

the introduction of tellurium into such catal),st  s increases the selectivity to 

partial oxidation. 

The present study of NH 3 interaction with Cr-Mo and C r - M o - T e  ca ta -  

lysts was performed to elucidate the nature of acidic centers on their surfaces. 
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EXPERIMENTAL 

The Cr -Mo catalyst  (S = 60 m2/g) was prepared via Cr20 S impregnation 

with an aqueous solution of ammonium paramotybdate ( 1 tool MoO 3 per 10 tool 

Cr203) followed by calcinat ion.  According to Ref. (7) ,  the catalyst  prepared r e -  

presents Cr20 3 part icles covered with Cr2(MOO4) 3 . In addition, tel lurium oxide 

( 0.5 tool TeO 2 per 10 tool Cr203) was also introduced into the C r - M o - T e  catalyst  

( S = 47 m2/gL Sample preparation and the recording of spectra have been de- 

s c r i b e d / 3 / .  The weight of the Cr -Mo and G r - M o - T e  catalyst  samples was 18 mg 

( surface 1.1 m 2) and 21 mg ( surface 1.0 m2), respectively.  Before measurements, 

the samples were heated for 1 hr in 0 2 at  450 ~ evacuated for 1 hr ( 10"2 Tort) 

at the same tempera ture  and then heated in 0 2 again, after cooling to room t e m -  

perature, 02 was pumped off, 

RESULTS AND DISCUSSI ON 

The in i t ia l  spectra of Cr -Mo and C r - M o - T e  catalysts ( Fig. 1-1)  exhibit  

several bands in the range from 900 to 1250 cm "1, which may be ascribed to sur- 

face oxygen v i b r a t i o n s / 3 / ,  The bands at  945, 1050, 1075, 1100, 1150 and 1235 cm "1 

are present in the spectra of both samples. In  addit ion the spectra of Cr -Mo and 

Cr- -Mo--Te  catalysts  show bands at  990 and 1005, and at  985 cm -1, respect ively.  

A band with a peak at  1620 cm ~ is detected in the spectra of both catalysts, 

which is apparently due to OH groups deformation of chemisorbed w a t e r / 8 / .  The 

spectrum of the Cr -Mo catalyst  also has a peak at 3450 cm "1, corresponding to the 

stretching vibration of OH g r o u p s / 8 / ,  The spectra of the C r - M o - T e  catalyst  were 

recorded only up to 3000 cm "1, owing to intensive absorption of the sample in the 

high frequency range. 

Ammonia adsorption at 20 ~ on a Cr -Mo catalyst  leads to the appearance 

of bands at  1240, 1420, 1610 cm "1 and a broad band with a peak near 3260 c m ' l  
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Fig. 1. Infrared spectra of Cr -Mo (a) and C r - M o - T e  (b) catalysts before and after 
adsorption of NH 3. (1) original spectrum, (2) spectrum after NH 3 adsorption 
at  20 oc ;  (3) spectrum 2 after evacuation at  20 ~ 

(Fig. 1-2a) .  Instead of two bands at 990 and 1005 cm -1, one band appears at 

985 cm -1. Ammonia  evacuat ion at 20 ~ decreases the intensity of the bands 

at 1240 and 3260 cm "I  and produces a shoulder at 3360 cm -1 on the 3260 cm "1 

band (Fig. 1 -3a) .  After heat ing the sample  to 200 ~ the band at I420 cm - t  

disappears and the intensity of the bands in the 2800-3500 cm -1 range decreases. 

The bands at 1240, 1610 and 32 cm -1 disappear comple te ly  only above 300.~ 

Ammonia adsorption at 20 ~ on the C r - - M o - T e  catalyst  leads to the appear -  

ance of an intensive band at  1420 cm "1, and less intensive bands at  1230 and 1615 

cm -1 (Fig.  1-2b) .  No changes in the intensity and position of oxygen bands are 

observed. As a result of NH 3 evacuation at  20 ~ the intensity of the bands at  

1420, 1230 and 1615 cm "1 decreases (Fig.  1--3b), and upon heating the sample to 

200 ~ they disappear. 

The data obtained may be interpreted as fo l lows/3 ,  8/. The bands at 1240 

and 1610 cm "1 in the case of the Cr -Mo catalyst  and those at  1230 and 1615 cm "1 

in the case of the C r - M o - T e  sample are ascribed to the symmetr ic  and asymmetr ic  
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Fig. 2. Adsorption of NH 3 on MoO 3. (1) original spectrum; (2) spectrum after NH 3 
adsorption at 20 oc;  (8) NH 3 adsorption after H20 pre-adsorption 

deformational vibrations of NH 8 bound to Lewis acid centers. The assignment of the 

bands in the 1200-1300 cm "1 region to ~sNH8 vibrations is confirmed by the fact 

that in this region as well as in the case of Cr203 / 8 / n o  new bands appear during 

ND 3 adsorption on these catalysts. Hence these bands cannot be ascribed to the 

vibrations of nitrogen-oxygen bonds. The intensive band at 1420 cm "1 is assigned 
+ 

to the NH 4 vibration and the bands in the 2800-3500 cm "1 range are attributed to 

stretching vibrations in adsorbed ammonia molecules and hydrogen-bonded OH 

groups. 

Thus the introduction of MoO 3 into Cr203 results in the appearance of 

Br~nsted centers on the surface of the mixed catalyst, not observed on Cr203. The 

NH~ band at 1425 cm "1 is detected during the adsorption of NH 3 on MoO8 ~ ( Fig. 2-2)  

after pretreatment of the sample by a standard method. The intensity of this band 

significantly increases after pre-adsorption of H20 at 20 ~ (Fig. 2-8) .  Apparently, 

~MoO 3 (S = 6.3 m2/g) was prepared by decomposing ammonium paramolybdate. 
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the Br~nsted centers on Cr-Mo catalysts as well as those on MoO 3 are protonated 

hydroxy groups of chemisorbed water bonded to molybdenum atoms, It should be 
+ 

noted that in the case of Cr203 the formation of NH 4 cannot be detected even 

after H20 pre-adsorpt ion/9/ .  

Comparison of the intensities of the coordinated NH3 bands in the spectra 

of Cr-Mo and C r - M o - T e  catalysts shows that the introduction of tellurium into 

the catalyst decreases the number of surface Lewis centers whicli can interact with 

NH 3. The optical densities of t~sNH 3 bands in the spectra of Cr-Mo and C r - M o - T e  

catalysts per unit catalyst area are equal to 0 .14 and 0, 02 m "2, respectively, In 
+ 

this case the relative optical densities of NH 4 bands differ insignificantly (0.36 and 

0.30 m'2) ,  

The bands at 1005 and 990 cm "1 in the Cr-Mo catalyst spectrum are 

shifted to 985 c m ' l  upon NH 3 adsorption. A similar shift in the oxygen bands in 

the range of 980-1020 cm-1 was previously observed for Cr203 / 3 / a n d  explained 

by the increase of surface cation saturation, Upon introduction of teUurium into 

the Cr-Mo catalyst, in the range of 980-1020 cm "1 the spectrum exhibits only a 

band at 985 cm "1, Comparing the above data, one can assume that the tellurium 

atoms in the C r - M o - T e  catalyst, interacting with surface cations playing the role 

of Lewis centers, increase their saturation and block NH 3 adsorption on these 

centers. 
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