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The matrix isolation technique has been combined with theoretical calculations to identify and characterize
the photoproducts in the reaction of Piith OVCl; and CrC}O,. In contrast to previous studies, HCI
elimination from an initial complex is not observed. Instead, a number of product bands, some quite intense,
were observed and have been assigned to phosphine 0@, through the direct O atom transfer from

the transition metal oxo compound. This identification was supported by extensive isotopic labeling, and by
comparison to theoretical calculationssA formed in this manner is cage-paired and interacts with the
transition metal fragment (Vglor ClL,CrO), leading to a 113 cm red-shift of the P=O stretching mode
relative to isolated monomericzHO.

Introduction were introduced into the vacuum system as the vapor above

High-valent transiton metal oxo compounds, including the room-temperature liquid, after purification by freeze
OVCl; and CrC40,, are very strong oxidizing agents and are Pump-thaw cycles at 77 K. PkH{Matheson) and P§XAldrich,
known to oxidize a wide range of organic substrates. This 98% D) were introduced into the vacuum manifold from lecture
oxidizing power has applications in catalysis as well as in Pottles, and were purified by repeated freepamp-thaw
organic synthesis2 While these compounds react, often vigor- cycles at 77 K. Isotopically scrambled mixtures of$?AHD,
ously, with a range of organic compounds and small second- PHD2, and PR3 were synthesized through the reaction ofRza
row inorganic compounds (e.g., NHH20), no mention is made with mixtures of HO and DO, and purified by repeated freeze
in the literature of reaction with PHand only a very few with ~ pump-thaw cycles at 77 K. D/H ratios from 3/1 to 1/1 were
substituted phosphines. For the most part, theoretical studies ~Prepared in this manner. Argon was used as the matrix gas in
of the reactivity of OVC} and CrCO, have also focused on all experiments, and was used without further purification.
second-row substrates, leaving a substantial gap in the under- Matrix samples were deposited in both the twin-jet and
standing of the reactions of OVLand CrChO,. merged-jet modes. In the former, the two gas samples were

The matrix isolation technigq@iel® was developed to facilitate ~ deposited from separate nozzles onto the 14 K cold window,
the isolation and spectroscopic characterization of reactive allowing for only a very brief mixing time prior to matrix
intermediates. This approach has been applied to the study of eposition. Several of these matrices were subsequently warmed
wide range of species, including radicals, weakly bound t033-35Kto permit limited diffusion and then recooled to 14
molecular complexes, and molecular ions. Recent sttidiés K, and additional spectra were recorded. In addition, most of
from this laboratory have focused on the sequence of intermedi-these matrices were irradiated for 1.0 or more hours with the
ates formed in the reactions of O\4Gind CrCO, with small H2O/Pyrex filtered output of a 200 W medium-pressure Hg arc
organic substrates, as well as with jihd HO. These studies  lamp, after which additional spectra were recorded.
have demonstrated that these reactions occur through the A few experiments were conducted in the merged jet niéde,
formation of an initial 1:1 complex, followed by thermal and/ in which the two deposition lines were joined with an UltraTorr
or photochemical elimination of HCI. While Rl immediately ~ tee at a distance from the cryogenic surface, and the flowing
below NH; in the periodic table, in many ways the chemistry 9as samples were permitted to mix and react during passage
of PH;z is very different from that of N& Consequently, to  through the merged region. The length of this region was
increase the understanding of reactions of third-row compoundsVvariable; typically, a 90 cm length was employed. In both twin
with OVCl; and CrC}0,, and specifically to compare directly and merged jet, matrices were deposited at the rate of 2 mmol/h
the modes of interaction and reaction of Pahd NH; with from each sample manifold onto the cold window. Final spectra
OVCl; and CrC}O,, a matrix isolation study was undertaken. We€re recorded on either a Nicolet IR42 Fourier transform
Density functional calculations were also carried out in support infrared spectrometer (early experiments) or a Perkin-Elmer

of the experimental observations. Spectrum One Fourier transform infrared spectrometer (later
) _ experiments) at 1 crd resolution.
Experimental Details Theoretical calculations were carried out on likely intermedi-

All of the experiments in this study were carried out on a ates in this study, using the Gaussian 98W suite of progtams.
conventional matrix isolation apparatus that has been de-Density functional calculations using the hybrid B3LYP func-

scribedt® Chromyl chloride, CrGlO, and OVC} (both Aldrich), tional were used to locate energy minima, determine structures,
and calculate vibrational spectra. Final calculations with full
* Corresponding author. E-mail: bruce.ault@uc.edu. geometry optimization employed the 6-311(&l,2p) basis set,
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Figure 1. Infrared spectra, in the ranges 40800 and 806-1200 cnt?, of a matrix prepared by the twin-jet co-deposition of a sample of Ar/
OVCl; = 250 with a sample of Ar/PH= 250. The lower trace shows the spectrum of the matrix before irradiation, while the upper traces shows
the spectrum after 1.5 h irradiation with light 5f> 300 nm.

after initial calculations with smaller basis sets were run to essentially identical spectra; the multiplet patterns varied slightly,
approximately locate energy minima. as did bandwidths, but the number of new bands, their locations
) and their relative intensities remained constant throughout all
Experimental Results of these experiments. In the most productive experiments, the
Prior to any co-deposition experiments, blank experiments multiplet near 1129 cmt had an intensity as high as 1.0 OD.
were run on each of the reagents used in this study. In eachin each experiment, a careful search was conducted between
case, the blanks were in good agreement with literature 2600 and 2900 cri. The only features that were ever observed
spectrd® 22 and with blanks run previously in this laboratory. in this region after irradiation were very weak bands at 2750
Each blank experiment was then irradiated by th©MRyrex and 2768 cm?, due to the photoreactiéhof OVCls with traces
filtered output of a 200 W Hg arc lamp for 1.5 h. No changes of H,O impurity. The intensity of these bands (always very weak
were observed in any of the blank spectra as a result of when detected at all) were proportional to the level oOH
irradiation. Very weak bands due to HCI impurity were noted impurity in the matrix, and not proportional to the PH

in all of the CrChO, and OVC} blank experiment&? concentration. Figure 1 shows the spectra obtained from a
PH3; + OVCl3. These two reagents were co-deposited in an representative twin jet experiment.
initial twin jet experiment, with Ar/PH = 250 and Ar/OVC4 The reaction of this pair of reagents was also explored in

= 500. No distinct new infrared absorptions were apparent upon several merged-jet experiments, using a range of sample
initial matrix deposition, although two weak, broad features were concentrations. With the merged region or reaction zone held
seen near 442 and 950 ct When this matrix was annealed at room temperature, the resulting spectrum was identical to
to 35 K and recooled, the resultant spectrum again showed nothat observed in the twin-jet experiments (i.e., no products, other
distinct new absorptions, although slight broadening of a number than the weak, broad features near 442 and 950%cnin
of the parent absorptions was noted. When this sample was thersubsequent experiments in which the merged region was heated
irradiated with the Pyrex/bD-filtered output of a medium-  stepwise to as high as 20C, identical results were obtained.
pressure Hg arci(> 300 nm), a number of new absorptions Irradiation of these matrices thereafter resulted in the growth
were apparent. The most intense of these was a multiplet with of the same set of product bands described above, with the same
the most intense component at 1129¢pand an absorbance relative intensities.
of approximately 0.3 OD. In addition, new bands were observed OVCl3z + PDs, PH,Dy, X + y = 3. Since merged-jet and
at 421, 457 (doublet), 835, 853 (multiplet), and 2438 &mit twin-jet deposition gave rise to identical results, the remaining
the same time, the weak, broad features near 442 and 950 cm experiments for this pair of reagents were conducted in the twin-
disappeared. Of particular note was the absence of any newjet mode. When a sample of Ar/BB= 250 was co-deposited
absorptions between 2600 and 2900 ¢éndespite a careful  with a sample of AfOVQE = 500, the only new feature was a
search. weak, broad band near 442 ctnWhen this matrix was then
This experiment was repeated more than 20 times, using airradiated with light ofA > 300 nm, the weak feature at 442
wide range of sample concentrations (from 1000/1 to 100/1) cm~! was destroyed, and a set of new absorptions grew in. The
for each reagent, along with several different irradiation times, most intense of these was a multiplet with the most intense
from 10 min to 3 h. All of these experiments resulted in component at 1101 cm, and with an intensity of approximately
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Figure 2. Infrared spectra, in the ranges 40000 and 10061200 cnt!, of a matrix prepared by the twin-jet co-deposition of a sample of
Ar/OVCl; = 250 with a sample of Ar/PP= 250. The lower trace shows the spectrum of the matrix before irradiation, while the upper traces show
the spectrum after 1.5 h irradiation with light #f> 300 nm.

0.30 OD. Additional bands were observed at 457 (doublet), 640, lﬁﬁrlifd 1b: ?ﬁgg;%sri]tigfnz r%';?] ?Asgggggeggsnzgrﬁzng;
668 (multiplet), and 1757 cm. A careful search was conducted Y lati ! n 3
in the region 19062200 cnT?, and no new bands were seen and lts Isotopomers, and OVCh

in this region. This experiment was repeated approximately 10 P+ PD:;+  PHD,+

times, using a range of sample concentrations from 1000/1 to_9YCls  OVCls  OVCls PHO assignment
100/1. In every experiment, the results were essentially identical, 421 cnt* VCls sym. st.

with the one weak feature before irradiation, the destruction of ggg 24518 640 %5375 \I{%arc‘)t'f)ymas"-

this feature after irradiation, and the growth of the above set of 706. 814 H-P-0 bgzd HD,PO
product bands. These bands maintained a constant intensity ratiogs3 668 853 668 853 HP—Obend
with respect to one another throughout these experiments. Figure112¢ 1102 1101,1129 1240 P=O stretch

2 shows the spectra obtained from a representative experiment2438 1757 2372 Pthntisym. st.

with this pair of reagents. i . . .
) . o : 2 Multiplet. ® Overlapping multiplets¢ The H—P—0 bend is doubly
Samples of ArfOV( were co-deposited with isotopically degenerate for the isolated molecule and split when complexed tp VCI

scrambled samples of Ar/RBly, x +y = 3 in several experi-  gaq textd Ref 27.
ments. After initial deposition, only the single weak feature near
442 cnr! was observed. When this matrix was subsequently
irradiated with light ofA > 300 nm, product bands were again bands were seen after initial deposition, at any set of reagent
observed, although with overall reduced intensity, since the total concentrations. After these matrices were irradiated with light
intensity is spread over a number of different isotopic combina- of A > 300 nm, a set of new bands grew in, at 416, 442, 835,
tions. In the lower energy region, the product bands at 640 and854, 1126, and 2441 crh. These are very close to, but not
668 cnT! observed in the OVGH- PD; experiments were again  identical to, the bands produced above for the OMV€EIPH;
observed, as well as the bands at 835 and 853'@hserved system. Moreover, the relative intensities were very similar, with
in the OVCE + PH; experiments (above). In addition, new the multiplet near 1126 cnt being the most intense. Again, a
bands were seen at 706 and 814 énwith somewhat greater  careful search was done in the region 26@900 cn?, and
intensity. In the 1100 cmt region, overlapping multiplets  no new product bands were observed. This set of bands was
between approximately 1090 and 1140 émvere observed. seen in all of the experiments, twin-jet and merged-jet, and with
Some components of the multiplet match those in the earlier a constant intensity ratio.
OVCl; + PH; and OVC} + PD; experiments, while some CrCl 0, + PDs, PH,Dy, x + y = 3. The co-deposition of
appeared new. The region was sufficiently congested thatsamples of Ar/CrGlO, and Ar/PL} led to very similar results,
definitive conclusions were not clear. This experiment was with isotopic shifting of some of the product bands. Again, no
repeated twice and quite similar results were obtained. Table 1new bands were evident after initial deposition, while irradiation
summarizes band positions seen after irradiation of matrices produced a set of new bands, at 414, 442, 650, 669, 1100, and
containing OVC} and PH (and its isotopomers). 1758 cntl. Several of these were split into multiplets, as above.
CrCl,0; + PHa. This pair of reagents was co-deposited in The 1100 cm® multiplet was the most intense of the group,
a series of experiments similar to those described above for thewith intensities approaching 0.7 OD. in the most productive
OVCl; + PHs system. Both twin-jet and merged-jet modes were experiments. No product bands were observed in the region
employed, and led to identical results. Specifically, no distinct 1900-2200 cntl. These bands also maintained a constant
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TABLE 2: Band Positions and Assignments for Bands omer, for comparison to experimental spectra. Finally, since
Formed by Irradiation of Argon Matrices Containing PH 3 the spectra of bDPO and HRPO are not completely known
and lts Isotopomers, and CrCtO, experimentally, they were calculated as well.

PH;+ PD;+  PHD,+

CrCLO, CrCLO, CrCLO, PHO¢ assignment Discussion

416 cmt 414 CbCrO sym. st. . _ . .

442 442 CICrO antisym. st. Co-depos_ltlon of PEland its isotopomers wnh (_al_ther ovLl

835 650 640, 835 HP—O bend or CrCLO; into argon matrices did not lead initially to any
706, 813 H-P—O bend, HD,PO distinct product bands. Two weak, broad features were seen in

854 669 853,668 853 HP—O bend the OVCE experiments, while nothing was apparent in the

112¢ 110G 1101,1129 1240 P=O stretch

CrCLO; experiments. However, irradiation of these matrices,
_ _ _ _ with or without annealing, led to growth of very distinct product
*Multiplet. ® Overlapping multiplets: H—P—O bend is doubly bands. In fact, the bands in the Cs04 + PHs experiments
degenerate for tdhe isolated molecule and split when complexed t0yqre very similar in position and intensity to the bands produced
ClCrO, see text: Ref 27. in the OVCEk + PH; experiments, suggesting that the products

2441 1758 2372  Pkhntisym. st.

TABLE 3: Calculated? Band Position$for Potential Product in these two systems are quite similar, if not identical. These

Species in the Photochemical Reaction of OVgland PH; photoproduct bands required the presence of both &l

ClV(0)- CIV(0)- Clav- CLV(0)- ClV(0)- OVClIz (or CrCLOy). Since the matrix is rigid at the time of
PH, 0k PD, (OH)PH, (I)* PHCI ()¢ PDCI irradiation, this result strongly suggests that the;&Rd OVCh

429 et (52) d 424 (265) 426  (83) d molecules are trapped within the same matrix cage or site.

436 (39) d 452  (87) 464  (33) 434 Moreover, the product bands persisted in very low concentration

522 (102) 519 584  (11) 482  (56) 476 experiments, such as when Ar/PH 1000 and Ar/OV{ =

%25 (3) 455 664 (180) 532 (84) 523 1000. At these dilutions, the likelihood of trapping two of one

(20) 780 680 (6) 834 (15) 605 : ) ,

1114 (149) 1114 778 (121) 1109 (158) 1109 kind of molecule and one of the other in the same cage is very

2371 (15) 1700 1131  (19) 2366  (17) 1700 small, while the likelihood of trapping one molecule of PH

2390 (16) 1719 2417 (14) with one molecule of OVGlis relatively much more probable.

2‘7‘28 (2(13% While it is possible to have some sites with 1:1 stoichiometry

and some sites with 1:2 stoichiometry, this is likely to lead to

2 Calculated at B3LYP/6-3116(d,2p) level of theory; listed fre-  two different photoproducts. However, the fact that all of the
quencies are unscaletiBand positions in e, only bands above 400 pands due to the photoproduct(s) maintained a constant intensity
cm* are listed * Intensity, in km/mol.¢ Below 400 cm* ratio with respect to one another over a range of different sample
. . o ) concentrations suggests that this is not occurring. Rather, it is
intensity ratio with respect to one another over the series of oy |ikely that the stoichiometry within the matrix cage or site
experiments that were conducted with this pair of reagents. leading to photochemical reaction is 1:1, i.e., one molecule of

Samples of Ar/CrGIO, were co-deposited with. isotopically PH; and one molecule of OVGI(or CrCLO,). Whether this
scrambled samples of Ar/BBy, x + y = 3 in several  might pe described as a very weak molecular complex or simply
experiments. Again, no distinct new bands were observed aftery cage pair is unclear, although it is likely that there is some

in.itialldeposition. When this matrix was subsequen.tly irradiated weak, perhaps nonspecific, interaction between the two species.
with light Of.’l > 300 nm, produpt ba’?ds Were again observed,  This result is overall similar to that seen in stude®s of
although with ove_rall reduced intensity, as with O¥Qh th_e the reactions of OVGland CrC}O, with second row (stronger)
lower energy region, the bands at 640 and 668 tseen in Lewis bases, including NfHHand CHOH. In those cases, the
th.e CrChO, + PD; experiments were obsgrved weakly, along initial species was a well-defined 1:1 complex, which was then
with the bands at 835 and 854 cinseen in the CrGD; + photochemically converted to product. In each of the previous
PHs expenm?nts. In addition, new features were seen at 706 systems studied, the same reaction mechanism was observed,
and 313 cm-. .These results were reproduced in a second namely HCI elimination from the complex and formation of a
experiment atdﬂ'ferent concentrations. Table Zsummarlzes bandJ\el transition metal species (e.g., O¥G NH; + hv —
positions seen af_ter irradiation of matrices containing gogl CLV(O)NH, + HCI). In these cases, the HCI was trapped in
and PH (and its isotopomers). the same matrix site with the transition metal species, and
weakly hydrogen-bonded. Thus, bands due to HCI were
observed in the range 274@810 cnt!, depending on the

As will be discussed below, there are a number of possible product rather than at 2863 and 2888 @émthe location of
products for these two systems, including such species;@s Cl  isolated monomeric HCI in solid argéf.
(O)PH,, ClsV(OH)PH,, and ChV(O)PHCI, corresponding to In the present study, a careful search was made between 2600
HCI elimination, hydrogen shift, and +limination products. and 2900 cm?! for HCI and between 1900 and 2200 chfor
Also possible are species such aPB and HPOH, which have DCI in the Py experiments. No evidence at all was seen to
been characterized in low-temperature matrices. For the firstindicate photoproduction of HCI. Moreover, the HCI elimination
three species there are chromium analogues as well (potentiallyproducts in these systems would be\§O)PH, and CICr(O)-
arising from the reaction of CrgD, with PHg). For all of the PH,. The infrared spectra calculated theoretically for these two
novel metal-containing species, DFT calculations were under- species were very substantially different from the experimentally
taken using the B3LYP hybrid functional and basis sets as high observed spectra. This is consistent with the lack of observation
as 6-311G-(d,2p). All of these compounds optimized to energy of HCI, and demonstrates th&i,V(O)PH, is not the photo-
minima on their respective potential energy surfaces, with all product is this system.
positive vibrational frequencies, as listed in Table 3. Vibrational ~ Multiple possible products might be envisioned for this
frequencies were also calculated for the normal isotope, the reaction, three of which involve formation of a-\P bond.
completely deuterated isotopomer, and the mixed H/D isotop- These are GV(OH)PH, through hydrogen transfer to the oxo

Results of Calculations
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group, CHV(O)PHCI + H, through H elimination, and G+
VPH through HO elimination. All three are novel species, for

which experimental data are not available (other than the

production of HO in the last case). Bands due tgHdid not
grow upon irradiatior?>2% indicating that GJVPH can be
eliminated as a possible photoproduct. LikewisesVQDH)-

Kayser and Ault

to or interacting with the transition metal-containing product
(VCl3 or CLCrO) in the matrix cage.

With this identification, band assignments to the observed
bands here are straightforward, based on comparison to An-
drews’s earlier study’ These are compiled in Tables 1 and 2.
One point to note is that in the present study, two bands were

PH, and ChV(O)PHCI can be eliminated as possible products observed near 850 crh (835 and 854 cmt), while Andrews
since the calculated spectra for each were not consistent withghserved only one, at 853 crh A similar result was seen in

the observed spectrum. The same arguments hold for thethe Py experiments, with two bands at 640 and 668 &while

analogous chromium specieZ{O)(OH)PH,, CICr(O)LPHCI,

and ChCr(O)PH, and these species can be eliminated.
Direct reaction of OC\ and PH to form HsPO + VCl;,

H,POH + VCl3, or HPO+ H;, + VCl3 remain as possibilities.

Andrews observed only one, at 656 thh These bands are
assigned to the HP—O bending mode, which is largely
hydrogenic in character. For freesPO, this mode is doubly
degenerate. However, whenfD interacts with a Lewis acid,

The last option can be eliminated, on the basis of the observationparticularly in a matrix cage, this mode is very likely to split

of intermediate species in the scrambled AB X +y =3

into two components, as observed here. This point is supported

experiments which requires the presence of at least two by the fact that in complexes of (GHPO with transition metal
hydrogens in the product. Also, HPO has been observed in centers, the PO—M bond angle is typically around 140so

matrices on two occasiodé28and the spectra recorded do not
match the spectra observed here. Andféias observed both

HsPO and HPOH in argon matrices, although not cage paired
with VCl3 (or CLCrO) as must occur in the current experiments.

that theC; symmetry axis is lost, and doubly degenerate modes
split into two component&: 34

The net reaction, §P + ClsVO — H3POVCl3, corresponds
to the direct transfer of an oxygen atom from one reaction to

This cage pairing or complexation_should lead to perturbations the other, i.e., direct oxidation. In all of the reactions of\@D
to one or more modes of the species, but there should be someand CrC}O, with small organic and inorganic substrates studied
general correspondence between Andrews’s spectra and thosgé matrices to datél~15 this mechanism of reaction hastbeen
recorded here. In fact, the spectra recorded here for both ©VCI observed. [in one system currently under investigation, oxygen

+ PH; and CrCyO, + PHs are quite similar to that obtained
by Andrews for HPO. In contrast, there is a very poor match

atom transfer has been observed, both photochemically in
matrices and thermally in the gas phase]. Rather the primary

between the present spectra and those reported by Andrews fomechanism of reaction has been HCI elimination from the initial

H,POH, thus eliminating KEPOH as the photoproduct.

complex, and addition of the second fragment to the metal

The spectra obtained here match very well the reported center. Theoretical calculatioh$ have suggested the alternative

spectrum of HPO, with the exception of thesPO stretch. This
mode was observed by Andrews at 1242 ¢pslightly more
than 100 cm? higher than the 1129 cr4 band observed here.
However, the deuterium shift, approximately 28 Gnhere, is
close to Andrews shift of 23 cnt and the 39 cm! calculated
shift. The remaining fundamentals match very well. In addition,

possibility of H atom transfer to the oxo group, with addition
of the remaining fragment to the metal center. Neither of these
mechanisms were observed here. It is likely in the current system
that the hydrogens in PHare not sufficient active to lead to
HCI elimination, further demonstrating the differences in
reactivity between Nkland PH. Thus, this study represents

in the lower energy region, two bands were observed in the the first direct O atom transfer reaction dnlving ClLVO in

mixed H/D isotopic experiments, at 708 and 814 énfor
OVCI3 + PHDy and similarly at 706 and 813 crhfor CrCLO,

cryogenic matrices.
It is important to note that during merged jet deposition, where

+ PHDy. These two species must correspond to the two mixed the reactants have longer times to mix and potentially react

isotopic species HEPO and HDPO, verifying the presence of

thermally in the gas phase, the reaction to forgP@& + VCls

3 hydrogen atoms in the photoproduct. Thus, agreement betweerdid not occur. This may be due to kinetics, with the reactant
the present work and Andrews study is excellent, except for molecules having insufficient thermal energy at 298 K to

the P=0 stretching mode.

VCl3 (or CLCrO), the second product of this reaction, is
known to be a strong Lewis actd; 3! forming complexes with
a number of electron donors, including (gkN and (CH)sP.
While little is known about the coordination chemistry of-H

overcome the activation barrier to the oxygen transfer reaction.
Alternatively, the lack of reaction may be due to thermodynamic
considerations, if the net reaction is endothermic. The observa-
tion that the oxygen atom transfer reaction occurs photochemi-
cally within a matrix cage indicates that the energy of the

PO, (CH)sPO is a strong Lewis base, and coordinates through absorbed photon is sufficient to overcome any activation barrier

the oxygen atom to Lewis acid3-3* In doing so, red-shifts
between 70 and 110 crhhave been reported in complexes to
transition metal cente@34 This provides a rationale for the
100+ cm1 shift observed here, and the very slight differences
in the spectra for the OVgH- PH; and CrCjO, + PHs systems,
since VC4 is the Lewis acid partner in the former case, and

that may be present. The enthalpy of interaction betwegn H
PO and VC4, combined with stabilization by the matrix
environment, is then sufficient to overcome the endothermicity,
if any, of the overall reaction. The result here demonstrates the
unigue ability of the matrix cage effect to permit synthesis of
novel species (a complex in this case) which cannot be formed

Cl,CrO in the latter case. This also accounts for the differences by conventional methods.

between 400 and 500 cth where the V-Cl and CrCl

stretching modes occur. Finally, Limb&tdnas reported oxygen
atom transfer from CrGO, to olefins in argon matrices as a
result of irradiation, leading to epoxides interacting with-Cl

The primary indicator of complex formation between the two
species in the matrix cage was the strong @0n-1) red-
shift of the P=0O stretching mode relative to isolategRO.
While a significant shift, this magnitude is not unusual for

CrO. His observations support oxygen atom transfer and thenmatrix-isolated complexes, or for transition metal complexes
complexation in the present study. All of these arguments in general. As noted above, complexes of the related species

strongly support identification of #PO as the photoproduct in
both the OVC} + PH; and CrC}O, + PH; systems, complexed

(CHg)3PO with transition metal centers show a red-shift between
70 and 110 cml. In matrices, shifts of up to 400 cth have
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been observed for particularly sensitive modes of subunits in | (Il?)dAgdre\_Nic,_ II- l\/_losléovitz, M-I,3 Egl;s:rr]lemistLy art1d Ehysiclsgcéf9 Matrix
molecular complexes (e.g., the symmetric deformation mode 50(';‘1‘; Auﬁ’f‘g‘? S_i?‘ﬁemr_ gﬁi?ﬁ?séiie;gaelrgq 6T§5(.er am, :

v2 of NH;).%% A more direct comparison might be to the  (12) anderson, S. R.; Ault, B. SI. Phys. Chem. 2002 106 1419.
approximately 50 cmt red-shift of the G=O stretcR’ of (CHg)2- (13) Ault, B. S.J. Phys. Chem. A999 103 11474.

CO complexed to OVGI Since the magnitude of the shiftofa ~ (14) Ault, B. S.J. Phys. Chem. 2001, 105, 4758.

particular mode in a series of complexes generally increases49§%5) Subel, B. L Kayser, D. A Ault, B. 5. Phys. Chen2002 106
with the strength of interaction in the complex, the 206m™!

shift observed here is indicative of a strong interaction between
the subunits in the matrix-isolated complex. To the degree that
the P=0O stretch in HPO can be approximated as &=@©

(16) Ault, B. S.J. Am. Chem. Sod 978 100, 2426.

(17) Carpenter, J. D.; Ault, B. S. Phys. Chem1991, 95, 3502.

(18) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr,;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.

diatomic oscillator, the 1086 cm™! red-shift observed here  D.;Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
e M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;

corresponds to a roughly 18% reduction in the stretching forc ! ; >
P .g y 0 . 9 . Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,
constant. Clearly, this represents a substantial perturbation top " - Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.:

the HPO subunit in the complex. Ortiz, J. V.; Baboul, A. G.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz,
P.; Komaromi, I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-
Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Gonzalez, M.; Challacombe,

Conclusions M.; Gill, P. M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.;

The photochemical reaction between the transition metal oxo
compounds OVGland CrCyO, and PH leads to oxygen atom

transfer, and formation of phosphine oxidesA® in argon

matrices. This species is cage-paired and strongly interacts wit

the transition metal fragment (Vg€br CLCrO). This reaction

mechanism differs from the previously studied systems from

this 1a1995,14, 214.

References and Notes

(1) Crans, D. C.; Chen, H.; Felty, R. A. Am. Chem. S0d992 114,
4543.

(2) Yajima, A.; Matsuzaki, R.; Saeki, YBull Chem. Soc. Japl978
51, 1098.

(3) Deng, L.; Ziegler, TOrganometallics1996 15, 3011.

(4) Deng, L.; Ziegler, TOrganometallics1997, 16, 716.

(5) Ziegler, T.; Li, J.Organometallics1995 14, 214.

(6) Rappe, A. K.; Goddard, W. A,, llINature198Q 285, 311.

(7) Rappe, A. K.; Goddard, W. A., [IJ. Am. Chem. S0d 982 104,
3287.

(8) Craddock, S.; Hinchliffe, AMatrix Isolatior; Cambridge University
Press: Cambridge, 1975.

(9) Hallam, H. E.Vibrational Spectroscopy of Trapped Spegi&shn
Wiley: New York, 1973.

Gonzalez, C.; Head-Gordon, M.; Replogle, E. S.; Pople, JGaussian
98; Gaussian, Inc.: Pittsburgh, PA, 1998.

(19) Varetti, E. L.; Muller, A.Spectrochim. Actd978 34A 895.

(20) Filgueira, R. R.; Fournier, L. L.; Varetti, E. ISpectrochim. Acta

h1982 38A 965.

(21) Sass, C. S.; Ault, B. S. Phys. Chem1987,91, 551.

(22) Bowmaker, G. AAust. J. Chem1978 31, 2549.

(23) Ault, B. S.J. Mol. Struct.200Q 526, 97.

(24) Maillard, D.; Schriver, A.; Perchard, J. B. Chem. Phys1979
71, 505.

(25) Ayers, G. P.; Pullin, A. D. ESpectrochim. Actd976 32A 1629.

(26) Tursi, A. J.; Nixon, E. RJ. Chem. Physl97Q 52, 1521.

(27) Withnall, R.; Andrews, LJ. Phys. Cheml1987, 91, 784.

(28) Larzilliere, M.; Jacox, M. EJ. Mol. Spectrosc198Q 79, 132.

(29) Gavrila-Handrea, M.; Rosu, T.; Negoiu, Nl.Chim. Phys. Phys.-
Chim. Biol. 1999 96, 245.

(30) Jenkins, L. S.; Wiley, G. Rnorg. Chim. Actal978 29, L201.

(31) Behzadi, K.; Thompson, Al. Less-Common Me1987 132, 49.

(32) Dahl, R.; Klaboe, P.; Gramstad, Spectrochim. Acta, Part 2969
25, 207.

(33) Hunter, S. H.; Langford, V. M.; Rodley, G. A.; Wilkins, C. J.
Chem. Soc. A968,305.

(34) Al-Kazzaz, Z. M. S.; Louis, R. AZ. Anorg. Allg. Chem1978
440, 286.

(35) Limberg, C.; Koppe, Rlnorg. Chem 1999 38, 2106.

(36) Ault, B. S.Rev. Chem. Intermed1998 9, 233.

(37) Kayser, D. A.; Ault, B. SChem. Phys2003 290, 211.



