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Initial and secondary intermediates in the reaction of M@ith NH3; have been characterized by matrix
isolation infrared spectroscopy and density functional calculations. Twin jet codeposition of these two reagents
led to a series of moderately intense infrared absorptions that have been assigned to the 1:1 molecular complex
between these two species. Irradiation of these matrices with light0800 nm led to complete destruction

of the complex, and the growth of a number of new bands. These have been assigned {dNii&, Gpecies,
complexed with a single HCI arising from destruction of the complex. Identification of these species (1:1
complex and photoproduct) was supported by extensive isotopic lab&hharid?H), as well as by B3LYP/
6—311+-+g(d, 2p) density functional calculations. Good agreement was observed between the experimental
and computed frequencies. The binding energy of the 1:1 complex was calculated\&jfye= —11.43

kcal/mol at this level of theory. Similar experiments with (§4M led to no detectable products.

Introduction scribed!® Vanadium (1V) chloride, VCJ, (Aldrich) was intro-

High valent transition metal oxo compounds, including duced into the vacuum system by placing a few drops of the
OVCls, CrCLO,, and MoOC}, are very strong oxidizing agents neat Ilq_wd ina small stainless steel sidearm, connected to the
and are known to oxidize a wide range of organic substfetes. deposition line through a needle valve to an UItraTorr tee. The
This oxidizing power has applications in catalysis as well as in Needle valve was opened slightly, allowing a fraction of the
organic synthesis. Despite the utility of these reagents, the VaPOr pressure of VGlat room temperature to be entrained in
mechanism of oxidation is not well understood, although fowingargon, carried to the cold window, and deposited. With
progress has been made in recent years. Of particular interestniS method of deposition, the precise concentration of,VCl
is the reaction chemistry of VGlwhich might be expected to solid argon could not be determined. With a room-temperature
be similar to that of its oxo counterpart, O\\CHowever, two ~ Vapor pressure of several mmHg, the amount of \d@posited
significant differences are present. First is the presence of thelS détermined by the flow of this vapor pressure through the
oxo group, and the second is the presence of an unpaired”eed|e valve. Based on ban.d intensity comparisons to @VClI
electron on the vanadium center in MClith an expected the concentrations were estimated to be in the range _250/1 to
Jahn-Teller distortion. This distortion has been confirmed, both 1000/1. NH (Matheson),**NHs, NDs (both from Cambridge
by matrix esr studiésand theoretical calculatiorfs. Isotope Laboratories, 99% isotopic enrichment) and M

The matrix isolation technig@ie’” was developed to facilitate (Aldrich) were |n'tr.oduced into the vacuum system from lecture
the isolation and spectroscopic characterization of reactive Pottles, and purified by repeated freezgump-thaw cycles.
intermediates. This approach has been applied to the study of £3/90n was used as the matrix gas in all experiments, and was
wide range of species, including radicals, weakly bound Used without further purification.
molecular complexes, and molecular ions. A recent series of Matrix samples were deposited in both the twin jet and
matrix isolation studie€s12 has examined the reactions of both Merged jet modes. In the former, the two gas samples were
OVClz and CrCO, with small molecules, including #D, CHs- deposited from separate nozzles onto the 14 K cold window,
OH, CHSH and NH. For each system, a sequence of allowing for only a very brief mixing time prior to matrix
intermediate species was observed, from the initially formed deposition. Several of these matrices were subsequently warmed
1:1 molecular complex to the thermally- or photochemically- t0 33—35 K to permit limited diffusion and then recooled to 14
induced HCI elimination product. Very recently, a matrix K and additional spectra recorded. In addition, most of these
isolation study in this laboratory explored the reaction of \AC| ~ matrices were irradiated with the,8/Pyrex-filtered output of
with CH3;OH, leading to the identification of @/OCHz and a 200 W medium-pressure Hg arc lamp, after which additional
an initial comparison of the reactivities of V&ind OVCh. To spectra were recorded. Irradiation times betweendl3am were
extend this investigation, a matrix isolation infrared spectro- used.
scopic study was undertaken, to explore the range of reaction Many experiments were conducted in the merged jet mbde,
products of VC} with ammonia and with trimethylamine in  in which the two deposition lines were joined with an UltraTorr
argon matrices. Theoretical calculations were carried out in tee at a distance from the cryogenic surface, and the flowing

support of the experimental work. gas samples were permitted to mix and react during passage
. . through the merged region. The length of this region was
Experimental Details variable between 10 and 90 cm. In both twin and merged jet,

All of the experiments in this study were conducted on the matrices were deposited at the rate of 2 mmol/hr from each
conventional matrix isolation apparatus that has been de-sample manifold onto the cold window. Final spectra were
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TABLE 1: Band Positions* and Assignments for the 1:1 Complex of VCJ with NH 3 and Its Isotopomers

VCls—NH3 VCls—15NH3 VCl4—*NH,D VCl4;~1“NHD, VCl4;—¥ND3 parent assignment
424 cnt 424 424 424 424 474 YCl st.
440 440 436 436 436 501 I st.
696 693 NH; rock
1197 1191 1116 983 924 974 Ni&ym. bend
1598 1595 1621 Npantisym. bend
3296 3293 2539 2532 3330 Nidym. stretch
3395 3386 3395 3440 NHantisym. stretch

*Set A bands, see text.

TABLE 2: Band Positions* and Assignments for Argon

recorded on a Perkin-Elmer Spectrum One Fourier transform Matrix Isolation Cl sVNH

infrared spectrometer at 1 crhresolution.

Theoretical calculations were carried out on a number of -CYNHz ClaV*NH, ClVNHD ClsVND, assignment
possible intermediates in this study, using the Gaussian 03w 453cnmr* 451 VCl, antisym. stretch
suite of programs® Several different model chemistries were 799 ;’ﬁ 718 682 '\\'*HNN;’{fétch
employed, including HartreeFock and density functional 1479 1410 NH bend
calculations. These calculations were used to locate energy3317 3313 2458 2420  Ntbym. stretch
minima, determine structures, and calculate vibrational spectra. 2543  NH antisym. stretch

Final calculations with full geometry optimization employed
unrestricted B3LYP with the-6311++g(d, 2p) basis set, after
initial calculations with smaller basis sets were run to ap-

*Set B bands, see text.

proximately locate energy minima. tion of these matrices led to a sharp decrease in the intensity of
the set A bands, along with a growth in the set B bands. In
Experimental Results those experiments in which the set A bands were more intense,

the final intensity of the set B bands after irradiation was greater

Prior to any codeposition experiments, blank experiments than in experiments with a lower yield of the set A bands.
were run on each of the reagents used in this study. In eachFurther, all of the bands in set B maintained a constant intensity
case, the blanks were in good agreement with literature spectraratio with respect to one another in these experiments. In
and with blanks run previously in this laboratdfy2° All contrast, the bands due to the photoproducts in the @M&k
experiments involving VGIshowed small amounts of OVEl  system varied in intensity relative to the set B bands, since the
impurity?! that could not be eliminated. However, since the amount of OVC} impurity varied from one experiment to the
reaction of OVC} with NHz has been studied, minor bands due next.
to this side reaction could be identified. Each blank experiment  The reaction of VG with NH; was also explored in two
was then irradiated by the-B/Pyrex filtered output of a 200 mergee-jet experiments, using a room-temperature merged
W Hg arc lamp for 1.5 h. No changes were observed in any of region (reaction zone). In these two experiments, the bands due
the blank spectra as a result of irradiation. Also, weak bands tg the parent VG and NH; were seen with greatly reduced
due to HCI impurity were noted in all of the VEblank intensity in the resulting spectrum (compared to the twin-jet
experiments? experiments). No new bands were observed, and neither the

VCl4 + NHa. In an initial twin-jet experiment, a sample of  set A or set B bands were seen. To verify that each sample was
Ar/VCl 4 was codeposited with a sample of Ar/jlE 500. After prepared correctly, the flow of the Ar/Vgsample was stopped
20 h of deposition, a series of new bands were observed in theand the bands due to the parent N\gtew in strongly. When
spectrum, at 424, 440, 696, 1197, 1598, 3296, and 3398.cm the Ar/NH; flow was stopped and the Ar/VgFlow started,
These will hereafter be referred to as set A and are collected inbands due to VGlgrew in strongly. In view of these results,
Table 1. Several were moderately intense, particularly the 1197 merged-jet experiments were not conducted with the isotopically
cm~! band, and most were quite sharp. When this matrix was labeled NH samples described below.
subsequently annealed to about 31 K, recooled, and an additional v/C|, + 15NH;. Samples of Ar/VC] were codeposited with
spectrum recorded, all of these bands grew somewhat in intensitysamples of A#NH; in 5—6 experiments, employing a range
(10—15% growth). This matrix was then irradiated by the H20/  of sample concentrations. Due to exchange in the vacuum
Pyrex-filtered output of a medium-pressure Hg arc (Lex system with residual*NHs;, the samples contained a mixture
300 nm). All of the set A bands were greatly reduced in of 14y and 5N, initially in about a 1/1 ratio. In subsequent
intensity, and a series of new absorptions were noted. Theseexperiments, thdN/“N ratio increased to 2/1. Consequently
bands, collectively set B, were located at 453, 581 (multiplet), the product bands described above for¥ieisotope were seen
729, 1419, 2757, 2767, and 3317 cnand are collected in Table  in all of these experiments. In addition, new product bands were
2. In addition, quite weak bands due to the known photoproducts seen upon initial deposition, quite near and on the low energy
of the OVCH/NHs system were seen in the spectréim. side of the!N set A bands. For example, a new band was seen

This experiment was repeated 4102 times, employing at 1191 cm?, shifted down in energy from the 1197 chband
different concentrations of the two reagents. Overall, similar observed for the normal isotope, as shown in Figure 1. Table 1
results were obtained in each experiment. The set A bands werdists all of the bands in thé&®N counterparts of set A. Each of
seen upon initial deposition, with an intensity that was roughly these matrices was then irradiated with lightlof 300 nm.
proportional to the concentration levels of the two reagents. As a result of irradiation, the intensity of the initial product
More importantly, the relative intensities of the bands compris- bands decreased significantly, and a new set of bands, analogous
ing set A maintained a constant intensity ratio with respect to to the set B bands (above) grew in, as shown for one spectral
one another throughout these experiments. Subsequent irradiaregion in Figure 2. Each band was shifted slightly to lower
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Figure 1. Difference spectra showing the decrease of the symmetric bending mode; @i Mid 1:1 complex GV —NHs: upper trace use$NHs,
while the lower trace employe8NH; (with some!“NH; impurity). Bands marked with a® are due to CV—NHz while bands marked with #

are due to GMO—NH; from ClVO impurity.
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Figure 2. Difference spectra in the ¥N stretching region for GV“NH, (upper trace) and @V!*NH, (lower trace, with!“N impurity). Bands
marked with ank are due to GMNH, while bands marked with & are due to GV(O)NH, from Cl;VO impurity.

energy from the analogodéN band, except for the doublet at
2757, 2767 cml. This doublet did not shift with>N substitu-
tion. Table 2 lists the set B bands obtained wheXH; was
employed.

VCls + ND3. Samples of Ar/VC] were codeposited with
samples of Ar/NR in several experiments, using twin-jet

deuterated and partially deuterated counterparts of the most
intense band in set A (1197 cr) were seen at 924, 1033, and
1116 cntl. Product bands were seen prior to irradiation at 424
and 436 cm?, as well as weak bands in the-ND and N-H
stretching regions. These are all listed in Table 1 All of these
bands were destroyed by Hg arc irradiatian> 300 nm), and

deposition. These experiments were complicated by the issueseveral weak new product bands were detected. A number of

of hydrogen-deuterium isotope exchange with residual N\H
as well as trace pD in the system. Consequently, samples of
Ar/ND3 contained a mixture of N§) ND,H, NDH,, and a small
amount of NH. Further, the N-D oscillator absorbs ap-
proximately 50% as strongly as an— oscillator, so that

these are listed in Table 2. In addition, a distinct doublet was
observed at 1996 and 2006 ch with band profiles and
intensities that were very similar to the 2757, 2767 ¢atoublet
observed with the normal isotopic material and in N
experiments. While these experiments were particularly difficult

overall band intensities were reduced. Consequently, fewerdue to low band intensities, the results were reproducible over
product bands were detected in these experiments. Nonethelesshe several experiments that were run.
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TABLE 3: Calculated2 and Experimental Band® Positions and Isotopic Shifts for the 1:1 Complex GV —NH;

VCl,—*NH; band position VO-NH; shift  VCI4—1“NH, D shift  VCl;—1NHD, shift VCl;—NDjs shift
calc. expt. I (cald calc. expt. calc. expt. calc. expt. calc. expt. assignment
411 184
419 424 166 -1 0 0 0 -2 0 V—Cl st.
449 440 136 0 0 —4 —4 —6 —4 V—Cl st.
667* 696 25 - — NH; rock
1248 1197 143 - - -88 - - - - - NHs sym. bend
1660* 1598 20 - — NH3 antisym. bend
3468 3296 12 - - - - NH; sym. stretch
3584* 3395 28 - - NH; antisym. stretch

*Doubly degenerate? Calculated at the UB3LYP/6311++g(d, 2p) level, frequencies are unscaleBand positions in cmt. ¢ Intensities in
km/mol.

TABLE 4: Calculated* Key Structural Parameters for

C|3VNH 2 and C|2V(O)NH 2b
parameter GVNH> Cl,V(O)NH;
@ F Rv—cf 2.17A 2.18 A
] =) Ry 1.81 1781
Q Ru_+# 1.01 1.01
a(Cl-V—Cly 12,5 110.7
) J a(Cl-V—N)2 107.1
a(H-N—H) 112.1 112.7

*Calculated at the UB3LYP/6311++g(d, 2p) level of theory.
(@) (b) a Average value® From ref 11.

Figure 3. Calculated structures for the 1:1 complex of Y@ith NH3 Discussion
(a) and CVNH; (b).
Numerous product bands and several product species were
VCl 4+ (CH3)sN. Samples of Ar/VCJ were codeposited with isolated in the reaction of VgIlwith NH3; under a range of
samples of Ar/(CH)sN = 200 in two experiments, again using reaction conditions. As noted above, many of the product bands
twin-jet deposition. No distinct product bands were observed can be grouped into sets, based on the conditions under which
upon initial matrix deposition in either experiment. These they appeared, and the fact that bands within a given set
matrices were then irradiated as usual. No product bands weremaintained a constant intensity ratio with respect to other bands
formed as a result of irradiation, and no significant decreasesin that set. It is also apparent that the different product species
were noted in any of the parent bands in the spectrum. are formed in sequence, as reaction conditions are altered and
additional energy is deposited into the system. The identity of
the species responsible for each set of product bands will be
discussed, supported by the results of theoretical calculations
DFT calculations focused on energy minima, structures, and and followed by an overview of the mechanism of reaction.
vibrational frequencies for possible reaction products. Of o
particular interest was the 1:1 complex between M@id NH, Product Identification
since several similar transition metal chlorides have been shown The bands in set A were formed under the conditions of

to form such complexes. This complex optimized to a stable shortest reaction time and lowest reaction temperature, namely
energy minimum at all levels of theory employed, including in the twin-jet deposition experiments where mixing of the two
unrestricted B3LYP/6311++g(d,2p), the highest level em-  reactants occurs on the surface of the condensing matrix. This
ployed. The structure of the complex is depicted in Figure 3. indicates the species A is the initial intermediate in the reaction
The binding energy of the complex, relative to the separated petween VG and NH;. It is also noteworthy that each of these
subunits, was calculated to be AE3qs = —11.43 kcal/mol at  hands (except for the band near 696 émwas observed
this level of theory. Vibrational frequencies and band intensities re|a’[ive|y near a parent mode of either \{Gir NHs. For
were also calculated, for the normal isotopic species as well asexample, the 424 and 440 cirbands are shifted from the parent
the °N and deuterium isotopomers. These are listed in Table |, stretching modes at 474 and 501 ¢mwhile the 3296

Results of Calculations

3. and 3395 cm! bands lie near the Niistretching modes of
Based on previous studiés!? the HCI elimination product ~ ammonia. Further, the isotopic dependence of each of the set
from the complex, GMNH,, was of interest as well. @/NH» A bands mirrored closely the isotopic dependence of the nearby
optimized to a stable energy minimum at all levels of theory parent mode. These observations are indicatiwkthe forma-
employed, including unrestricted UB3LYP/811++g(d, 2p), tion of a molecular complex between the two reacting species,

the highest level employed. The resulting structure was reason-where each subunit is perturbed in the complex, yet maintains
able; the key geometric parameters are listed in Table 4 andits molecular identity. On this basis, the bands in set A are
the structure is shown in Figure 3. Vibrational frequencies were assigned to a molecular complex between M&id NH; and

also calculated, for the normal isotopic species as well as for its isotopomers in argon matrices.

the 15N, —NHD, and —ND, isotopomers. These frequencies, The stoichiometry of the complex is not as readily determined.
band intensities, and isotopic shifts are listed in Table 5. However, the observation of only a single product after
Calculations were also carried out for potential secondary codeposition over a wide range of concentrations suggests that
products, including GVNH, that might be formed in this  the stoichiometry is 1:1. Certainly, it would be difficult to
reaction. envision formation of higher complexes (e.g., 2:1 or 1:2) without
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TABLE 5: Calculated2 and Experimental Band® Positions and Isotopic Shifts for CkVNH »

Cl3VNH2 band position GVINH; shift CLVNHD shift ClVND; shift
calc. expt. t(calc.) calc. expt. calc. expt. calc. expt. assignment
459 453 111 0 -2 V—Cl stretch
468 43 V—Cl stretch
541 581 255 —4 -9 NH, twist
626 53 NH, twist
748 729 76 —15 —15 —11 —11 —48 —47 V—N stretch
1532 1419 45 -5 -9 NH; bend
3504 3317 100 -5 —4 —975 —897 NH; sym. stretch
3609 36 NH; antisym. stretch

aCalculated at the UB3LYP/6311++g(d, 2p) level, frequencies are unscale@and positions in cmt. ¢ Intensities in km/mol.

also forming the 1:1 complex. The observation of a single several of the previously studied systems (e.g. gd¢tt CHs-
product argues against this, and for the formation of the 1:1 OH), only one HCI elimination product was possible. This was
complex. This conclusion is strongly supported by the density the product arising from the elimination of one HCI unit from
functional calculations that concluded that the 1:1 complex is the complex, yielding (in that case) CICr(fQ)CH;. However,
bound by approximately 11.4 kcal/mol at the UB3LYP/6 in the present case the possibility of the elimination of one,
311++g(d, 2p) level of theory. More importantly, the frequen- two, or even three HCI units from the molecular complex is
cies calculated for the 1:1 complex are in quite good agreementpresent (as it was in the OV4INH3 system), to yield GVNH»,

with the experimental values and the isotopic shifts. An example CI,VNH, and CIVN, respectively. The bands due to species B
is the symmetric deformation or “umbrella” mode of jht,. maintained a constant intensity ratio in all of the experiments
This modey,, has been shown many tin¥é8°to be extremely  (as best this could be determined with the low band intensities
sensitive to complexation, and to shift to higher energy upon that were observed), including different irradiation times and
complex formation. In hydrogen bonding interactions, this mode different sample concentrations. This indicates that probably
has been observed to shift-2500 cnr ! to higher energy, while only one product (other than HCI) is observed upon irradiation.
in a Lewis acid-base complex, shifts of up to 400 cinto This was the result obtained for the O\®IH3; system.

higher energy have been observed; shifts of 200 'care CIVN can be ruled out on the basis that several of the set B
typical. This mode is calculated to shift 1248026 = +222 product bands shifted upon deuteration, yet CIVN has no
cm-! to higher energy from the parent band position, while a hydrogen atoms. Thus, CIVN cannot be responsible for the set
shift of 1197974= 4223 cnt! was observed. The calculated B bands. The second species;\MIH, would have one N-H
isotopic shifts of this mode are shown in Table 3, and are quite stretching band (and it's deuterium counterpart would have one
close to the experimental shifts, when anharmonicity is taken N—D stretching band). However, in the VCH# NDs experi-

into account. Also, this mode is calculated to be the most intense ments three bands were observed in thelNstretching region,
absorption of the 1:1 complex, and the 1197-&mwas in fact  arguing against assignment to this species. However, the first
the most intense band in set A. The other bands observed forspecies GVNH, is consistent with all of these observations.
the complex are in good agreement with the calculated spectrain the N—D stretching region, two ND stretches are anticipated
for the 1:1 complex. Consequently, the set A bands describedfor Cl3VND,. In addition, the mixed species MNHD] should
above are assigned to the 1:1 molecular complex between VCI be formed at the level of isotopic enrichment employed here,
and NH. This species represents the initial intermediate in the which would contribute a third band in the-ND stretching
reaction between these two compounds region.

The 1:1 molecular complex is clearly very sensitive to  Tg further distinguish between these two possibilities{(Cl
ultraviolet irradiation, as bands due to this complex were yNH, versus CIVNH), theoretical calculations were under-
completely destroyed by irradiation with light 8> 300 nm.  taken. The calculated spectra of these two species were
Similar results were observed for the O¥®lHs, and CrCiO compared to the experimental spectrum; as shown below, the
O(H)CHs complexes, as well as several related complexes. In fit to the computed spectrum of §INH, is much better.
each of these cases, it was shown conclusively that complexpyrther, the observed band intensities of set B match well the
destruction occurred through HCI elimination, after absorption cajculated intensities should in Table 5. The four bands ef Cl
of a photon. The HCI produced in these systems, however, wasyNHj calculated to have the highest intensity were observed,
trapped within the matrix cage with the second photoproduct gjong with one weaker band. Therefore, the bands in set B, as
(ClV(O)NH; and CICr(O)OCHs, respectively). The HCl jisted in Table 2, are assigned to the single HCI elimination
spectrum, then, was that of weakly hydrogen bonded HCI, with product from the 1:1 molecular complex, namely\MMH,. This
bands appearing near 2750 cinSimilar absorptions were seen  marks the first obsemtion of this intermediate in the VI
in the present experiments, at 2757 and 2767'cifhese bands  NH; reaction system.

did not shift upon!®>N substitution, but did shift to 1996 and

2006 cnt! upon deuteration. This is precisely the isotopic ;

dependence anticipated for HCI. In addition, thg¢vp ratio of Band Assignments

2767/2006= 1.38 is identical to that observed for both gas phase  Band assignments for 7 of the 8 observed bands of the 1:1
and matrix isolate®¥ HCI, namely 1.38. Thus, this doublet is complex are straightforward, based on their proximity to parent
assigned to photoproduced HCI, arising from the decomposition modes. These assignments are collected in Table 1, for the
of the initial 1:1 molecular complex. Further, the HCI that is complexes of VG with NH3, 15NH3, and NI. In addition, one
produced is trapped within the same matrix cage, and weakly new band (the 8band) was formed as a result of complexation,
hydrogen bonded to the species responsible for the set B bandsat 696 cnt®. This band does not have its origins in a parent

Species B is clearly identified with the species resulting from mode of either of the subunits in the complex. Rather, studies
an HCI elimination process from the molecular complex. In have show# that complexed Nklundergoes a rocking motion
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when complexed; this motion has been obsetvagar 700 was turned off, bands due to Nigrew in the matrix spectrum
cm~1 for moderately-strongly bound complexes of NH his thereatfter. It is likely that the complex forms in the gas phase,
(and 5 lower frequency modes) arise from the loss of 3 and while it is relatively strongly bound, the barrier to HCI
translational and 3 rotational degrees of freedom upon complexelimination and then to further reaction is low. Thus, the first
formation. The others, including the-\N stretching mode, are  and second intermediates are formed and destroyed in the
expected to lie below the 400 crh cutoff of the infrared merged region, and only nonvolatile stable products are
spectrometer. This mode was calculated to come at 667,cm produced. In these cases, it is difficult to prove that the same
with a 3 cnt? red shift with 5N substitution. While the sequence of intermediates (i.e., mechanism) occurs in the
experimental frequency is slightly higher than the calculated thermal reaction and the photochemical reaction. However, in
value, the calculated isotopic shift is identical to the experimental at least one casé;?2it has been shown clearly that the thermal
value. and photochemical reactions follow the same pathway. While

Theoretical calculations for both §NH and CkVNH, can not proven, it is likely here as well.
be compared to experimental results. Of course, with fewer It is noteworthy that the twin-jet codeposition of Ar/(G)}sN
atoms, CJVNH is calculated to have 4 fundamentals above 400 with Ar/VCl, led to essentially no product bands. Certainly,
cm L, the instrumental cutoff. These are calculated at 494, 582, (CH3)sN is knowr?® to be more basic than NJiso that
1029, and 3559 crd, all with substantial infrared intensity.  complexation is anticipated. However, (gkN is much bulkier
Clearly, this species cannot account for all of the observed than NH;, and the region around the vanadium center may be
product bands (for example, the bands at 729 and 1419)cm  too sterically congested to permit formation of detectable
Three of the calculated bands fall very near intense bands ofamounts of the molecular complex.
the parent species, and conceivably could escape detection. The A comparison of the experimental spectrum og\VNH>
last, at 582 cm, is near a weak product band, although it should observed here with that of &/(O)NH, observed previously
be noted that GVNH is also calculated to have a product band through the photochemical reaction of pkith OVCls is of
in this region. Thus, while the possible formation oL\ZINH interest. Where comparable modes are present in both species,
cannot be ruled out, this species cannot account for a numberthey are located very close to one another. For example, the
of the observed bands and another species must be formed a¥ —N stretching modes are located at 748 and 729 cm-1 for
a result of irradiation. Cl,V(O)NHz and CEVNH,, respectively, while the NEHsym-

The calculated spectrum of §MNH, is in good overall metric stretching modes were located at 1330 and 1317,cm
agreement with the observed spectrum, including isotopic shifts, respectively. The overall yield was lower in the present study,
as shown in Table 5. Of particular note is the-M stretching probably a consequence of the greater difficulty in handling
mode, calculated at 748 crhand observed at 729 crh The VCl, as compared to OV@lSimilar observations may be made
calculated isotopic shifts of this mode for ;FNH,, Cls- concerning the 1:1 complexes of Niith VCl4 and OVCE;
VNHD, and CEVND, were —15, —11, and —48 cn1?, for exampley, of NHz was observed at 1202 cthin the OVCk
respectively, while the experimental shifts wer#5, —11, and complex and at 1197 cm in the VCl, complex. Overall, the
—47 cnr'l, a nearly perfect fit. The remaining isotopic shift reactivities and intermediates are quite similar, suggesting that
comparisons are quite reasonable, where observed, although ndhe oxo group on OVGldoes not play a major role in these
as good as these. Overall, assignment §/RH, is made, with reactions. Likewise, the lone electron on the vanadium center

the band assignments listed in Table 2. in VCl4, and subsequent Jahiieller distortion, do not signifi-
cantly affect the intermediates that are formed. These conclu-
Further Considerations sions are in agreement with the recent stuafythe reaction of

VCl, with CHzOH.

Several matrix isolation studi&g? of the reaction mechanism
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