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[Mo(CH&N),(NO)~](BF~)~ as a Model for NO on a Reduced 
Mo03/A1203 Catalyst 

Recently, there has been growing interest 
both in the use of chemisorption to aid in 
understanding active sites (1) and in sup- 
porting homogeneous transition metal com- 
plexes to use as model, active catalysts (2, 
3). Thus, on supported molybdena catalysts 
which have been activated either by reduc- 
tion or sulfiding, nitric oxide chemisorption 
has been shown to be an effective poison 
for propene hydrogenation (4). Infrared 
studies have shown that the poisoned sites 
contain two molecules of nitric oxide (5-8). 
There is, however, a question as to whether 
the best description of the chemisorbed NO 
is as a dimer or as a dinitrosyl species. 
Therefore, we have carried out experi- 
ments using a transition-metal complex 
[Mo(CH,CN)~(NO)~](BF& (9) to help clar- 
ify this question and provide a model for 
the poisoned sites on molybdena catalysts. 

The catalysts were prepared by dip-im- 
pregnating pressed ir platelets. The plate- 
lets were prepared by pressing Ketjen CK- 
300 y-A&O3 (A, = 192 m*/g) at 25,000 psi; 
the resulting thickness was 10 mg/cm*. The 
platelets were then pretreated in flowing 
dry O2 for 18 hr at 500°C and evacuated for 
2 hr at temperature followed by cooling un- 
der vacuum. The impregnation was carried 
out with the platelet mounted in the ir cell 
holder and immersed into an approximately 
0.1 M acetonitrile solution of the complex 
under a N2 atmosphere. The platelets were 
then dried under vacuum at ambient tem- 
perature. This treatment resulted in ana- 
lyzed loadings of 1.6 wt% MO on alumina. 
The resulting catalyst had the infrared spec- 
trum shown in Fig. 1B. Also shown as Fig. 
1A is the spectrum of [Mo(CH$N)4 
(NO)Z](BF~)~ prepared by mixing the solid 
molybdenum complex with Davison Grade 
62 silica gel. The spectrum of NO on a re- 
duced molybdena-alumina catalyst (8%) 
MOO&-A1203) is shown in spectrum (C). 
The similarity in all three spectra suggests 

that NO is bound to a common type of MO 
center and supports the dinitrosyl descrip- 
tion of NO chemisorbed on a reduced mo- 
lybdena-alumina catalyst. 

To further clarify the question on the 
mode of interaction of NO with molyb- 
dena-alumina catalysts, ISNO-exchange ex- 
periments were carried out on the sup- 
ported complexes. The results of the 
exchange reaction on the supported inor- 
ganic dinitrosyl complex shown in Fig. 2B 
can be compared with those from the ex- 
change of i4N0 adsorbed on molybdena- 
alumina which are shown in Fig. 2A. 
Clearly both materials behave in the same 
manner to the exchange, exhibiting a de- 
crease in the 14NOJ4N0 species and an in- 
crease in the 15NO-15N0 species with little 
or no evidence of the mixed i4NO-i5N0 
species. 

In the above experiments we have used a 
supported inorganic compound to more 
fully understand the nature of the active 
sites on the supported metal oxide catalyst. 
All MO dinitrosyl complexes are known to 
be cis and approximately linear (10-12); 
therefore, the strong similarity in the infra- 
red spectrum of the supported inorganic 
complex with that of NO on the supported 
oxide suggests that they also are similar and 
possesses a dinitrosyl structure. Addition- 
ally, the bond angle between cis dinitrosyl 
ligands in an octahedron should be approxi- 
mately 90” and such is the case found for 
Mo(N0)2(bipy)C12 (12). Yao (6) has derived 
an equation to calculate the bond angle for 
supported (NO)t complexes from which we 
calculate values of 116” for the supported 
inorganic complex and 105” for NO on the 
supported oxide; note that both are greater 
than 90”. A smaller bond angle might be ex- 
pected for the dimer model possessing a 
structure such as that shown in A, than for 
a dinitrosyl shown as B (due to the N---N 
interaction). 
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FIG. 1. Infrared spectra in the nitrosyl region of the 
inorganic and supported inorganic MO complex along 
with the spectrum of NO adsorbed on a reduced 
Moo&y-A&O3 catalyst. (A) IMo(CHFW(NO)zI 
(BF4)r as a silica wafer. (B) [Mo(CHFN)4(NO),] 
(BF4)r supported on y-A1203. (C) Adsorption 
of NO on a reduced molybdena-alumina catalyst. The 
catalyst had been reduced at 500°C for 1 hr in H2 fol- 
lowed by evacuation at 500°C for 30 min and cooled to 
25°C under vacuum. After the pretreatment the cata- 
lyst was exposed to 5 Torr of NO for 30 min at 25°C 
followed by evacuation at 25°C for 30 min. 
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This provides additional support for the 
dinitrosyl model. Ghiotti et al. (23) have 
recently proposed that the species formed 
on silica-supported chromia is a chromium 
cis dinitrosyl complex. They argued that 
there are no NO inorganic dimer structures 
known, and that the hyponitrite structure, 
C, suggested by Kugler and Gryder (14) 
should have a significant shift in the nitrosyl 
stretching frequency. In fact, one such 
complex is known and its X-ray structure 
has been determined (15). This structure is 
a hyponitrite ligand arrangement bound to a 
bis (triphenylphosphine) platinum center. As 
predicted by Ghiotti et al. the infrared 
bands are all below 1300 cm-i (16) which 
are indeed significantly lower than the ob- 
served frequencies. Thus, this hyponitrite 

structure is not a good model for the actual 
surface species. 

The iSNO exchange experiments have 
provided the impetus for the dimer descrip- 
tion of NO on both molybdena (7, 8) and 
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FIG. 2. Infrared spectra of “NO exchange on the 
supported catalysts. (a-e) Addition of 20 Torr of isNO 
(12.0 cm3 NTP) to a catalyst reduced as in Fig. 1C. 
Following the reduction the catalyst was exposed to 
i4N0 as in Fig. 1C. This resulted in 0.12 cm3 NTP/g 
NO chemisorbed. After this pretreatment the catalyst 
was exposed to the labeled NO and spectra recorded 
at 0, 0.75, 2, 5, and 20 hr following the introduction of 
the NO. All exposures to NO were carried out at 25°C. 
(f-i) Addition of 22 Torr of 15N0 (13.2 cm3 NTP) to the 
catalyst containing [Mo(CH,CN),(NO)~](BF~)~ on alu- 
mina. Spectra were recorded after 0, 1, 4, and 16 hr 
with the catalyst maintained at 100°C throughout the 
time in contact with the labeled NO except while spec- 
tra were being recorded (25°C). The band maxima in 
(a-e) are at 1817 and 1714 cm-’ in (a) and 1782 and 
1684 cm-i in (e). Spectrum (b) through (d) contain both 
the 1817- and 1782~cm-’ bands while the other band 
exhibits a smooth transition between 1714 and 1684 
cm-i. In spectra (f-i) the bands are at 1816 and 1705 
cm-r and/or 1779 and 1674 cm-* as the surface species 
changes from i4NOJ4N0 to 1SNO-15N0. 
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chromia (24). The argument has been made 
that the presence of a dinitrosyl should lead 
to a smooth transition from the i4NO-14N0 
species to the t4NO-i5NO species and fi- 
nally to the *5NO-15N0 species. The dimer 
on the other hand should result in the disap- 
pearance in the t4NO-14N0 species and the 
appearance of the i5NO-i5NO species with- 
out going through the mixed i4NO-isNO 
species. Peri (7, 8), however, has pointed 
out that this argument is not unequivocal. 
The data presented here show a supported 
dinitrosyl complex exhibits the same ex- 
change behavior as that expected for a di- 
mer and indicates the following scheme 
may represent the exchange reaction 

complex, Roger Schneider for helpful discussions, and 
the National Science Foundation for support of this 
work under Grant CHE-8019309. 
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