six-coordinate bis adduct are unconvincing, and in fact ex-
perimental evidence of the formation of a bis adduct in this
system has been reported.'®

Finally we have examined the behavior of Ni(saloph) and
Co(saloph) in the presence of pyrrole. Pyrrole, like imidaz-
ole and pyrazole, is an aromatic molecule but it is a much
weaker base since it lacks a nitrogen lone pair which is not a
part of a conjugated w-system. In fact, it is interesting to
note that protonation of pyrrole preferentially occurs at a
carbon atom rather than at the nitrogen.!” The electronic
spectra of Co(saloph) and Ni(saloph) are unaffected by up
to a 1000-fold excess of pyrrole. We conclude then that the
pyrrole nitrogen as well as N-1 of imidazole and N-1 of py-
razole are incapable of significant coordination to the acids
4 and S.
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Abstract: Nitric oxide was allowed to react with Co?* ions, as well as with cobalt ammine complexes, in cobalt-exchanged
zeolites. The formation of [Col'(NO),]2*, [Coll(NH;3)(NO),]2*, and [Col'(NH3),NO]2* was suggested from the infrared
and adsorption data. In the latter complex # is probably equal to 5. Infrared absorption bands for N-O stretching vibrations
were observed at 1830 and 1910 cm™! for [Co!}(NO),]2%, at 1800 and 1880 cm™! for [Col}(NH3)(NO),]2t, and at 1710
em™! for the [Co'!(NH3),NO]2* complex. A bond angle of 123° was estimated for the ON-Co-NO moiety in the dini-
trosyl complexes from ir band intensities. When [Co(NO),]2* was thermally decomposed at 200°, N3, N»O, and NO were
observed as products. The intramolecular reaction of [Colll(NH3),NO]2+, as well as its intermolecular reaction with gas
phase NO, was followed at 23°, and the two reactions were found to yield N, N0, and [Colll(NH3),NO;]2*. Isotope la-
beling proved that N> was produced by the reaction of the NO™ ligand with NH3, whereas N,O and NO, were produced by
the disproportionation reaction of the NO™ ligand with two nitric oxide molecules. It was observed that the disproportiona-
tion reaction was favored by a greater pressure of NO over the zeolite. The production of NO; and its coordination with co-

balt prevented further formation of the nitrosyl complex and hence destroyed the catalytic activity.

The importance of transition metal complexes in the dis-
sociation and reduction of nitric oxide has led to a number
of investigations of nitrosyl complexes in heterogeneous sys-
tems.!-® Nitric oxide has also been used as a probe to study
the state of supported transition metal ions. It has been
shown that Cu*, Ag*, Ni?* Fe?* and Cr?* ions form
complexes with NO in zeolites.!-5 In each of these cases the
data may be interpreted in terms of either covalent bonding
or the donation of an electron from the nitric oxide to the
metal ion. The latter tends to strengthen the N-O bond and
to increase the stability of the nitric oxide molecule.

Several nitrosyl complexes of rhodium and cobalt are
known to have a high electron density on the NO ligand.”
Such complexes are characterized by an M-N-O bond
angle of about 120° and an N-O stretching frequency in
the range 1550-1700 cm™~'. By way of contrast the cationic
nitrosyl ligands of these same metal ions are nearly linear

with an N-O stretching frequency near 1850 cm~!. The de-
crease in the N-O bond strength for the anionic nitrosyl is
associated with the additional electron in a 7* antibonding
orbital.

Recent studies on the bent Co-NO moiety have demon-
strated that the nitrosyl ligand is subject to reaction with ei-
ther molecular oxygen or free nitric oxide.®® Alternately,
the nitrosyl ligand may react with another ligand such as
ammonia, forming N; and H,O. One would, of course, hope
to observe the direct dissociation of the nitric oxide; how-
ever, this has yet to be accomplished at moderate tempera-
tures. The reactions of interest may be summarized as

L,M-NO + 2NO-— L,M-NO, + N,0 (1)
L,M-NO — L, /M + N, + H,0 (2)
L,M-NO + NO — LM + N, + O, (3)

where in this study M = Co2* and L = NHjs,

Windhorst, Lunsford / Cobalt-Nitrosyl Complexes of Y-Type Zeolites
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Figure 1. Infrared spectra of a CoY zeolite: (1) after degassing at
500°; (2) 1 hr after introducing 50 Torr of NO into the cell; (3) after
evacuating the cell for 1 hr at 150°; (4) after introducing a 50:50 mix-
ture of ¥NO:!5NO to a degassed sample.

It has been shown that cobalt ions in a Y-type zeolite
may form fully coordinated complexes with ligands such as
methyl isocyanide.!® Vansant!! has recently demonstrated
that in the presence of excess ammonia the relationship be-
tween the NH3 uptake and the Co?* content of a Y-type ze-
olite was linear with a slope corresponding to 5.6 NH; mol-
ecules/Co?*. There is also epr evidence for the formation of
complexes such as [Coll(NH3)s0,]?* and [(NH;)sCo-
0,Co(NH3)s]3* within the zeolite framework.!2:13 In the
present work NO has been complexed with Co?* which is
bound either to the lattice oxide ions or to ‘one or more am-
monia molecules. The vast difference in the reactivity of the
nitrosyl ligand in these two types of complexes emphasizes
the potential of supported transition metal complexes in
heterogeneous catalysis. On the other hand, the problem of
poisoning by a nitro ligand, which is a reaction product, has
become very evident as a result of this study.

Experimental Section

The NaY samples were exchanged by using two different proce-
dures. Two samples were prepared by exchanging 2 g of NaY zeo-
lite supplied by the Linde Co. (lot no. 13544-76) in 250 ml of 0.007
and 0.041 M Co(NOs),. These are designated CoY (1) and CoY
(2), respectively. For CoY (3), the pH of the solution was main-
tained at 4.0 throughout the exchange procedure to prevent the
possible formation of a cobalt hydroxide precipitate within the zeo-
lite. This was necessary due to the high concentration of the
Co(NO3); solution (0.14 M). These procedures produced samples
which had 10, 50, and 77% of the sodium ions exchanged for Co2+
ions. This corresponded to 2.8, 14.0, and 21.7 Co2* ions per unit
cell for CoY (1), CoY (2), and CoY (3), respectively. An exchange
temperature of 80° was maintained for all three samples. The CoY
samples were degassed at room temperature briefly, and then in
100° increments to 500° under vacuum (5 X 1073 Torr).

The '"“NO gas was obtained from the Matheson Corporation
and contained small amounts of N,O and NO; as impurities.
These were removed by repeated distillation followed by the collec-
tion of the NO at —196°. The 'NO was 99% enriched in 5N,

The infrared cell used to carry out this work has been described
previously.3 The infrared spectra were recorded with a Beckman
IR-12 spectrophotometer, which was usually operated in the trans-
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Figure 2. Infrared spectra of a CoY zeolite: (1) after degassing at
500°, addition of 200 Torr of NH3 and the removal of excess NH3 by
evacuation; (2) 15 min after the intreduction of 50 Torr of NO; (3) 5
hr after the NO addition.

mittance mode. The slit width was chosen such that a maximum
resolution of 3 cm~' was maintained. The zeolite plates were
formed under a pressure of 15 tons/in.? with a resulting density of
10 mg/cm2. The maximum single beam transmission for each
sample was approximately 40%. All spectra were recorded at room
temperature.

A static reactor consisting of a 500-ml Pyrex bulb connected by
a 4-mm stopcock to the vacuum system was used to carry out the
mass spectrometry measurements. The CoY sample was placed at
the bottom of a 25-mm o.d. well which extended 3 in. below the
bulb. Samples ranging from 0.3 to 0.5 g were placed at the bottom
of the reactor where they were given the standard pretreatment.
The products of the reaction were analyzed with a CEC-214 resid-
ual gas analyzer. The sensitivity of the instrument was determined
for each of the gases that was analyzed.

A gravimetric adsorption experiment was carried out in a 25-
mm Pyrex tube which was approximately 80 cm in length. A sam-
ple of CoY of a known weight was suspended inside the tube from
a quartz spring with a force constant of 1.31 mg/mm. By measur-
ing the extension of the spring upon the addition of nitric oxide or
ammonia, it was possible to determine the average number of mol-
ecules coordinated to each cobalt ion in the zeolite.

Results

Infrared Studies. Figure 1 shows the ir spectra obtained’
for a CoY (2) sample during various stages of NO adsorp-
tion. Curve 1 was obtained after the standard pretreatment.
Except for several relatively small windows, the Y-type zeo-
lite is opaque to infrared radiation below 1200 cm~!. Curve
2 shows the spectrum of the CoY (2) after 50 Torr of NO
was added. The strong band at 1830 cm~! and the medium
intensity band at 1910 cm~} were not affected by degassing
the CoY zeolite at room temperature. Curve 3 shows the
spectrum obtained after the sample was degassed under
vacuum at 150° for 1 hr. Earlier work’4 has shown that ad-
sorption of nitric oxide on NaY zeolites at 23° yields no in-
frared bands other than that of physically adsorbed NO.

Journal of the American Chemical Society |/ 97:6 | March 19, 1975
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Figure 3. (a) Infrared spectra of a CoY zeolite after complexing with
NDj followed by the removal of excess ND3 via evacuation: (1) 15 min
after the addition of 50 Torr of NO: (2) 2 hr after the addition of NO.
(b) Infrared spectra of a CoY zeolite after complexing with ND3, fol-
lowed by the removal of excess NDj via expansion: (1) 15 min after the
addition of 50 Torr of NO; (2) 5 hr after the addition of NO.

The addition of less than 10 Torr of NO produced a spec-
trum in which the bands at 1830 and 1910 cm~! were pro-
portionally weaker. Studies carried out using CoY (1) and
CoY (3) yielded the same spectrum with the intensity of the
two bands being approximately proportional to the ex-
change level of the different samples.

Curve 4 was recorded after a second CoY (2) sample was
given the standard pretreatment and 50 Torr of a 50%
14NO-50% 'NO mixture was introduced. Infrared bands
at 1810, 1830, 1880, and 1900 cm~!, as well as two shoul-
ders at 1800 and 1910 cm~! appeared in the N-O stretch-
ing region.

Figure 2 shows the ir spectra taken at various stages in
the preparation of the nitrosyl complex from cobalt am-
mines. Curve 1 was obtained after the addition of 200 Torr
of NH; toa CoY (3) sample. The band at 1640 cm~! corre-
sponds to the antisymmetric deformation vibration of com-
plexed NH3. After allowing the ammine complex to form
for several hours, the excess NH; was removed by evacuat-
ing for 30 sec. Curve 2 was observed 15 min after the addi-
tion of 50 Torr of NO. New bands appeared at 1430, 1520,
1710, 1800, 1880, and 2240 cm~!. Curve 3 was recorded 3
hr after the nitric oxide addition. The bands at 1430, 1520,
and 2240 cm™!, as well as a new band at 1330 cm™!, gradu-
ally increased in intensity after the initial introduction of ni-
tric oxide until they reached a maximum after 5 hr, and
thereafter their intensities remained constant. The band at
1640 cm~! remained essentially constant while the bands at
1710, 1800, and 1880 cm ™! gradually decreased and disap-
peared after 5 hr.

In an attempt to observe more clearly the band at 1710
cm~! NDj3 was used to form the complex which will be des-
ignated as the [Co'!(ND;),NO]?* complex. The NDj3 an-
tisymmetric deformation vibration appears at 1210 ¢cm™!
which is well separated from all of the significant bands.
Figure 3a shows the spectrum obtained after the pretreat-
ment of a CoY (2) sample and complexation with ND;. Re-
moval of the excess ND; was again accomplished by evacu-
ation for 30 sec. Curve 1 was recorded 15 min after the ad-
dition of SO Torr of NO. Curve 2 was obtained 2 hr after
the addition of nitric oxide. It is apparent that the band at
1710 cm~! decreased with time while the bands at 1330,
1430, and 1520 cm~! which correspond to a nitro complex!?
increased. The band at 2240 cmi~! also showed an increase
in intensity.
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Figure 4. Infrared spectra of a CoY zeolite: (1) after the addition of
NO3; (2) after the addition of 200 Torr of NH3, removal of the excess
NH;j by expansion, and addition of 50 Torr of NO,.

In a separate experiment, 'NO was substituted for
14NO in the preceding reaction. The infrared spectrum ob-
tained was essentially the same as that shown in Figure 3a,
curve 2, except that all the peaks were shifted to lower wave
numbers (1300, 1400, 1490, 1680, 1770, 1850, and 2180
cm~}), This shift is in good agreement with a calculated
isotope shift for an N-O bond of 28.9 wave numbers. The
shift of 60 wave numbers for the band originally at 2240
cm™!, which corresponds to !*N,O, can be explained by
noting that two 13N’s are incorporated in this molecule. The
band at 2240 cm~! is assigned to a N-N stretching vibra-
tion. If both are substituted with 13N, the shift would be ex-
pected to double.

To determine the effect of excess ammonia on the com-
plexes a second experiment was undertaken in which the
ND; was removed by expanding it into a large volume. By
this method, the pressure of the ND; was reduced to ap-
proximately 3 Torr. This was done to provide a more com-
plete coordination of the cobalt ions with NDj ligands, pre-
sumably forming a hexaammine cobalt complex. Figure 3b
shows the ir spectra obtained after S0 Torr of nitric oxide
was added. Curve | was recorded 15 min after the NO ad-
dition. Curve 2 was recorded 5 hr after the NO addition.
The absence of bands between 1800 and 1880 cm™! indi-
cates that the complex responsible for these bands has less
than the maximum ammonia coordination. Apparently ex-
pansion of the ammonia does not remove a significant
amount of complexed NDs, and all of the complexes are in
the [Co''(ND3),NO]?* form. The growth of bands at 1330
and 1430 cm~} accompanied by a decrease in the band at
1710 ¢cm™! indicates that the nitro complex is again being
produced by a reaction of the nitrosyl ligand.

To verify that NO, may be produced in the reaction of
nitric oxide on the cobalt hexaammine complex, NO, was
added to the cobalt zeolites, and the resulting spectra are
shown in Figure 4. Curve 1 was obtained 15 min after the
addition of 50 Torr of NO, to a CoY (2) sample. The ap-
pearance of a band at 1520 cm™! corresponds well with the
band observed in curve 2 of Figure 2. Curve 2 of Figure 4
was obtained after the addition of NO»> to the hexaammine-
cobalt(Il) complex. The removal of the excess NH; was

Windhorst, Lunsford | Cobalt-Nitrosyl Complexes of Y-Type Zeolites
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Figure 5. Plot of the partial pressure of N, (®), NO (@), and N,O (4)
vs. time for the reaction of NO with a cobalt ammine complex in a
CoY zeolite.

achieved by expansion. The addition of 50 Torr of NO, re-
sulted in the formation of bands at 1330 and 1430 cm~}.

Mass Spectrometry Studies. CoY (2) and CoY (3) sam-
ples were activated as previously described, and nitric oxide
was added. An analysis of the gas phase in the reactor was
carried out after the cobalt nitrosyl complex in the zeolite
had been heated to various temperatures. At 23° only NO
was present in the gas phase over the catalyst. After heating
the sample to 200° for 1 hr, however, approximately half of
the NO had been converted into N, and N>O in equal
quantities. No O, was detected. The results for the two
types of samples were identical.

A CoY (2) sample was activated using the standard pre-
treatment conditions in the reactor. Approximately 200
Torr of NH; was adsorbed to produce the hexaammine
complex. Excess NH3 was expanded off and 50 Torr of NO
was added to the system. The composition of the gas phase
vs. time is plotted in Figure 5. The amount of NO in the gas
phase in the reactor decreased while the amount of N,O
and N, increased. Addition of another 50 Torr of NO after
the reaction had reached completion failed to produce any
further reaction.

An additional experiment was carried out on an activated
CoY (2) sample in which only S Torr of nitric oxide was al-
lowed to react with the hexaammine cobalt complex. After
2 hr of reaction, the gas phase contained only N, and NH3.
Alternately, 5 Torr of NO was added to the zeolite first and
after sufficient time for coordination had elapsed 50 Torr of
NH; was added. Again, after 2 hr analysis of the gas phase
in the reactor showed only N, and NH3,

In a separate experiment, !NO was used in place of
14NO to determine whether the molecular nitrogen was
formed from the direct dissociation of NO or by the reac-
tion of NO and NH;. Upon treating the 'SNO with the
hexaammine cobalt complex, it was found that the N, and
N>O produced by the reaction were in the form *N?5N and
ISN'SNO. A trace amount of SN!5N was observed, but this
was probably due to the dissociation of N,O in the mass
spectrometer. The same reaction was studied using '*NH;
and '*NO. The gas phase products were 'SN!*N and
4N,0.

Figure 6. Conception of the [Co(NH3)(NO)2]2* complex as it exists in
a Y-type zeolite.

Adsorption Experiments. A CoY (2) sample was suspend-
ed from a quartz spring in an evacuated Pyrex tube. After
activation using the standard pretreatment, 70 Torr of ni-
tric oxide was added and the excess gas was removed by
evacuation at 25° It was found that the cobalt nitrosyl
complex in the CoY (2) sample had 1.9 NO molecules per
Co?* ion. Evacuation of the sample tube at temperatures up
to 70° produced no change in the NO to Co?* ratio.

To determine the stoichiometry of the complex formed by
the addition of excess ammonia and evacuation at 25°, a
CoY (3) sample was activated and complexed with NHs,
The excess NH3 was removed by evacuation at 23° for 15
hr. The prolonged evacuation was carried out to destroy the
hexaamminecobalt(IT) complex. The results showed that
there were 1.2 ammonia molecules per Co2* jon. Subse-
quent addition of 50 Torr of NO followed by brief evacua-
tion indicated that 1.9 NO ligands were added per Co?*
ion,

It is perhaps worth noting that in the presence of excess
NH3 at a pressure of 3 Torr, 10.1 molecules of NH3 were
observed per Co?* ion. This is expected since the zeolite it-
self adsorbs ammonia.

Discussion

From the adsorption experiment, it is apparent that the
cobalt nitrosyl complex in a Y-type zeolite exists in the
form [Co(NQ),]?*. Since two infrared bands in the N-O
stretching vibration region are present, one must correspond
to a symmetric vibrational mode and the other to an an-
tisymmetric vibrational mode. From a consideration of di-
polar interactions, it is most likely that the in-phase stretch-
ing mode has a higher frequency than the out-of-phase
stretching mode. In this case, the 1910-cm~} band would
correspond to »(N-O)sym while the band at 1830 cm~! can
be assigned to the »(N-O)asym stretch.

The spectra of the '“NO-!'>NO mixture provides addi-
tional evidence for equivalent nitric oxide ligands in a dini-
trosyl complex. Statistically the nitrosyl complex should
exist as 25% [Co(14NQ),]2%, 25% [Co('5NO),]27, and 50%
[Co('*NO)(I3NO)]?*. The bands corresponding to the
[Co('*NO),]?* and [Co(}*NO)2]2* complexes can readily
be seen to coincide with bands and shoulders at 1830, 1910
cm~! and 1800, 1880 cm™!, respectively. Assuming a non-
linear Y-X-Y molecule the frequencies of the bands for
[Co(1*NO)(}*NO)]2+ were calculated!® and were found to
be within 3 cm~} of the strongest bands at 1810 and 1900
cm™!,

If each NO molecule is treated as a dipole vector, the di-
pole vector for the entire vibrational mode can be taken to
be the vector sum of these individual vectors. Since the in-
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Gas adsorbed Wave number (cm=!)  Rel intens Assignment

L4NO 1910 m !4 N-0 antisym stretch of [Co(NO),]*+
18330 s 14N—O sym stretch of [Co(NO), ]**

'4NO, NH, 2240 m 14N, O stretch
1880 m '4N-O antisym stretch of {Co(NH, }(NO), ]**
1800 s '4N-0 sym stretch of {Co(NH,)}(NO),]%+
1710 s (N—0) " stretch of [CollI(NH,),,NO]*+
1640 vs '4NH, antisym deformation
1520 m ONO stretch of [Co(ONO)] 2+
1430 vs '4NO, antisym def of [Co(NH;),NO,]**
1330 vs '4NO, sym def of [Co(NH,),,NO, %+

'SNO 1880 m '$N-O antisym str of [Co(NO), |2+
1800 s 15SN-0O sym str of [Co(NO),]|**

'$NO, ND, 2180 m 15N, O stretch
1850 m ! $*N—-0O antisym str of [Co(NH,)}NO),]**
1770 s '$N-0O sym str of [Co(NH,)(NO), ]2+
1680 s (' *NO)~ stretch of [Colll(NH,),,NO]*+
1490 m O' *NO stretch of {Co(ONO)]2+
1400 s '$NO, antisym def of [Co(NH,),,(NO,)]**
1300 s 15NO, sym def of [Co(NH,),(NO,)]**

tensities are proportional to the square of the gradient of
the dipolar vectors, it is possible to approximate the angle
between the two NO ligands by the formula!’

¢ = 2vVarccotan R(sym)/R(asym)

where ¢ is the ON-Co-~NO bond angle and R is the intensi-
ty of the particular vibrational mode. Here, it is assumed
that the Co-N-O linkage is linear. For [Co(NQO);]?* in a
Y-type zeolite, R(sym)/R(asym) = 0.310, which indicates
that ¢ is 123°,

Since the frequency of the N-O stretching vibration ap-
pears at a point only slightly below that of free NO, little or
no back-donation with electron flow from the metal atom to
the nitrosyl ligand is taking place. This is to be expected
since no electron donors are coordinated to the cobalt ion,
thus increasing the electron density on the metal ion.

Upon exposure of the CoY zeolite to ammonia and pro-
longed evacuation it appears that a [Co(NH;3)]?* complex
is formed. This also reacts with NO, yielding a complex
with two nitrosyl ligands per cobalt ion. The ir bands at
1800 and 1880 cm~! are assigned to this complex. The 30
wave number shift between this complex and the previous
dinitrosyl complex is attributed to the increase of electron
density on the nitrosyl ligand, which is ultimately derived
from the nonbonding pair of electrons on ammonia. The rel-
ative intensities of the two ir bands again indicates an ON-
Co-NO bond angle of 123°. We propose that the complex
is similar to that described in Figure 6, where the cobalt is
coordinated to two nitrosyl ligands, one ammonia ligand
and three oxide ions of the zeolite lattice.

Although the pentaamminenitrosylcobalt complex has
been studied in detail, all previous work has been carried
out in solution.!8:!® The 1710-cm~! band falls within the
range assigned to the NO~ stretching vibration. Previous
work on the [Co(NH3)sNO]?* complex in solution, how-
ever, has shown that the NO~ vibrational mode in this com-
plex falls between 1620 and 1647 cm~! depending upon the
anion. The much higher value of 1710 cm~! observed in this
study could be caused by two factors. Either the cobalt ions
in the zeolite are coordinated with only four NH; ligands
and the sixth coordination site is occupied by the zeolite or
the cobalt ion is coordinated with five ammine ligands but
the oxide ions in the second coordination sphere have a suf-
ficiently strong interaction with the Co?* ion to cause the
60-80 wave number shift that is observed. In view of the

stoichiometry observed in homogeneous media we favor the
latter interpretation; although the exact number of ammo-
nia ligands has not been proven. The infrared frequencies
and assignments for the nitrosyl complexes are summarized
in Table L. :

The disappearance of the band at 1710 cm™! coupled
with the appearance of ir bands corresponding to N,O and
NO,~ suggests that a disproportionation reaction is taking
place. Gwost and Caulton® have chosen to interpret this
reaction as the oxidation of coordinated nitric oxide by free
nitric oxide. This reaction has been observed in previous
studies.? NaY and CoY zeolites have been observed to cata-
lyze this reaction, although for NaY a temperature of —78°
or less was required for the reaction. The reaction was not
observed for the COY zeolites at 25°. For the cobalt nitro-
syl complexes the proposed mechanism for this reaction in-
volves the attack of the free NO on complexed NO~ 8 The
bent form of NO~ has a lone pair of electrons accessible to
attack by the oxygen atom of the free NO. The reaction of
a second free NO produces NO,~ and N,O. The observa-

- ON /O

L,,CON\O + NO — L"CON\O + N,0

tion that low pressures of NO (<10 Torr) over the
[Co'(NH;),NO]2* complex failed to produce any N,O
lends support to this proposed mechanism.

Even at low pressures of NO the intramolecular reaction
of the [Co(NH;3),NO]?* complex to form N, and H,O is
significant. With the use of 1SNOQ, it was found that NH;
and !NO reacted to form 'N!4N. This reaction readily oc-
curs on a supported platinum catalyst at elevated tempera-
tures;20 however, it has not been previously reported for
conventional nitrosyl complexes at room temperature. Fel-
tham and coworkers?! have studied the reaction of nitrosyl
ruthenium complexes with amines but achieved no observ-
able results with NH;. Stronger amines such as NH,OH
produced the (L,RuN=N]* complex after reacting with
[L,RuNO]2*. The N-O stretching frequency reported for
the nitrosyl ruthenium complex was 1876 cm~! which
suggests an NO* ligand. In the [Co'''(NH3),NO]?* com-
plex, the activity is attributed to the high electron density
on the nitrosyl ligand.

Since the addition of a second volume of NO failed to
produce a measurable reaction, the activity must be poi-
soned by one of the products. The strong bands assigned to
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NO;"~ stretching vibrations in the [Co(NH;3),NO;]%* com-
plex indicate that the nitro ligand produced by the parallel
disproportionation reaction prevents any further formation
of the nitrosyl complexes. The nitro complex is destroyed
only by heating the complex under vacuum to 200°, and
these conditions are sufficient to destroy the ammine com-
plex also. Although the reaction system cannot be consid-
ered catalytic at the higher nitric oxide pressures, the for-
mation of the undesirable nitro ligands may be prevented by
going to lower partial pressures of NO where the dispropor-
tionation reaction does not occur.

These results clearly show that the reactivity of nitric
oxide coordinated to cobalt(II) can be greatly enhanced by
forming complexes with strong bases. The presence of the
[Co'™(NH;),NO]?* in a zeolite appears to facilitate the in-
tramolecular reaction between the nitrosyl and ammonia
ligands. This illustrates the unique function of zeolites as
solvents.
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Abstract: The kinetics of the reaction:
(m-C¢HsCH=CHCOR)Fe(CO), —

a(m-C¢HsCH=CHCOR)Fe(CO)3 + (1 — a)Fe(CO)s + (1 — a)CeHsCH=CHCOR + (2 - 1)CO (1)

where R = H, CHj3, and C¢Hs and « is the fraction of chelate complex (7-C¢HsCH=CHCOR)Fe(CO)3 per mole of re-
agent complex, has been followed. The reaction is first order with respect to (r-C¢HsCH=CHCOR)Fe(CO)4, and the first-
order rate constants (kc) decrease with increase in concentration of C¢gHsCH=CHCOR and are a function of CO concen-
tration. (1 = )/« changes linearly with 1/[C¢HsCH=CHCOR] and also changes with CO pressure according to a square
law. The results exclude an intramolecular chelation mechanism. A mechanism involving Fe(CO)s intermediate, which is re-

sponsible for the formation of the chelate complex, is suggested.

Many (w-cis-1,3-diene)Fe(CO)3 complexes have been
described in the literature,! since the preparation of (w-1,3-
butadiene)Fe(CO)s.2 The nature of the iron-diene ligand
bond has stimulated much interest from both theoretical
and structural viewpoints.’#* Recently some w-hetero-
1,3-diene complexes of iron carbonyl have also been de-
scribed in which the heteroatom is oxygens or nitrogen.®
These complexes also have a structure similar to that of
(m-cis-1,3-diene)Fe(CO); complexes, with heteroatom lone
pairs which do not participate in bonding to the iron.”

The iron atom is unique in its inclination to coordinate
1,3-diene or 1,3-heterodiene planar ligands.! This may de-
pend both on the high stability of such structures and/or on
the particular reaction mechanism involved. In order to
clarify this mechanism a kinetic study of the formation
reaction was undertaken. These complexes are obtained by
photochemical reaction between the diene ligand and
Fe(CO)s 8 or by thermal reaction between the diene and
Fey(CO)o.8

In both methods of preparation, the percursor of the (a-
diene)Fe(CO); is the corresponding (w-diene)Fe(CO)4
complex. However, since the (7-C¢HsCH=CHCOR)Fe-
(CO)4 and (7-C¢HsCH=CHCOR)Fe(CO); are more sta-
ble than the corresponding (w-diene) complexes, the reac-
tion studied kinetically is the formation of (7-C¢HsCH=
CHCOR)Fe(CO);  from  the  corresponding (-
Cs¢HsCH=CHCOR)Fe(CO)4 (with R = H, CH3, C¢H3).

For the reaction with R = H, literature reports’ suggest
the following stoichiometry
Z(v-CGHSCH=CHCHO)Fe(CO)4 —

(7—CgH;CH=—CHCHO)Fe (CO); ~+
Fe(CO); + CyH;CH==CHCHO
but no mention was made of possible reaction mechanisms.

Recently, other authors® have assumed an internal chela-
tion mechanism on the basis of the different reactivity of
the complexes (7-C¢HsCH=CHCOR)Fe(CO)4 in the two
forms, s-cis and s-trans.
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