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Matrix isolated Co atoms: excitation, emission and the
photochemical Co + H, — CoH, reaction
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Abstract—The a*P — a*F transitions in the 12000-14 000 cm ™ * region for Co atoms isolated in Ne, Ar and
Kr matrices have been explored by excitation and emission measurements. In Ar and Kr, but not in Ne, there
is evidence of matrix splitting of the a*Ps,, level. Irradiation in this red region of Ar and Kr matrices
containing Co and H, (HD, D,) leads to the formation of the metal dihydride. Rates of the photochemical
reaction have been measured at 12K as a function of laser irradiation and show distinct isotope dependence.
L.R. vibrational intensities place a lower limit of about 160° for the HCoH valence angle.

INTRODUCTION

Cobalt atoms isolated in inert gas matrices display a
very rich emission spectrum [1] throughout the range
11400-27400 cm~!. Most of the observed emissions
correspond to electric dipole forbidden transitions for
the gaseous atom but many of them appear as sharp
intense lines in the matrix spectrum. The only previous
report on matrix-isolated Co atoms is that by MANN
and BroIDA [2] who investigated the absorption
spectrum in the 25 000-45 000 cm ~ ! ultraviolet region,
and thus there is little to compare between emission
and absorption results. It may be noted that several
studies have been made of complexes of Co atoms in
inert gas matrices [3, 4].

In this paper we concentrate on the excitation and
emission in the a*P<a*F region around
12000-14000 cm ~ ! for Co atoms in Ne, Ar, and Kr
matrices. Figure 1 illustrates the lowest lying energy
levels of the gaseous atom and in greater detail the a*P
and a*F multiplets [5]. We also describe an investiga-
tion of the photochemical reaction Co+H, — CoH,,
produced by irradiating matrices containing Co atoms
and H, molecules with laser light in this same spectral
region. The results of the Co reaction are compared
with an earlier study with Fe atoms [6].

EXPERIMENTAL

Matrices were prepared in either Air Products Displex or
Heli-Tran cryostats, using high purity Ne, Ar, Kr, H,, D,,and
HD gases and Co atoms obtained by resistively heating high
purity cobalt wire to about 1300K, where the equilibrium
vapor pressure of the metal is approximately 107 torr.
Matrix deposition periods varied from 1 to 34 h but in all cases
the estimated gas/Co atom ratio was about 10*. Radiation
sources included Ar* and Kr* lasers and a tunable dye laser
with Exciton dyes: Coumarin 540, Rhodamine 110,
Rhodamine 6G, and LDS-698. Emission and excitation
spectra were recorded on a Spex Ramacomp system with
1-2 ¢m ™ ! resolution and the i.r. spectra on an IBM/97 FTIR.

*Present address: Naval Research
Washington DC 20375, U.S.A.
1 Present address: Shell Development Company, Houston,

TX 77001, U.S.A.

Laboratory,

RESULTS AND DISCUSSION

(i) Matrix-isolated Co atoms

Emission spectra in the a*P — a*F region for Co
atoms in Ar matrices are presented in Figs 2and 3, each
spectrum excited by a different laser frequency. The
observed emissions are summarized in Table 1. In
general, three series of bands can be identified: a sharp
series at 13781, 12966, 12375, and 11972cm™!; a
second sharp series at 13732, 12914, 12 323, and
11922; and a series of broader bands at 13 666, 12 848,
12263, and 11855. In each case, the spacings clearly
show these transitions as terminating in the ground
state quartet. The two series of sharp lines originate at
levelsat 13781 and 13732 cm ™! [labelled (y) *Ps ,, and
() *Ps ), in Table 1] and are uniformly shifted by — 14
or —66cm ™! from the *Ps, = *Fop, 720 520 352
transitions of the gaseous atom. From their shapes and
frequencies [7], the broad emissions are assigned as
phonon side bands of the ZPL transitions originating
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Fig. 1. Diagram of lowest-lying energy levels of gaseous Co
atom. On right, the a*F and a*P multiplets are shown on
expanded scale.
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Fig. 2. Emission spectra in the a*Py,; — a*F region of Co

atoms in Ar matrix as excited by laser frequencies underlined.

The matrices with Ar/Co = 10* were unannealed and spectra
were recorded at 25K,
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Fig. 3. Emission in the a*P;, — a*F region run at 25K for
matrix with Ar/Co = 10*. The matrix was annealed twice at
43K for a few min. The laser excitations are underlined.
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at the (&) *P;, level. Finally in the cases of the 14002
and 13767 cm ™ ! excitations, 2 or 3 members of a series
of sharp lines appear at 13759, 12950, 12360, and
11960 cm ™1, In Table 1, 13759 cm ! is labelled as (B)
“Psa.

The emission spectra suggest that in Ar matrices, the
“Ps,; level of the Co atom has possibly three com-
ponents and that with suitable excitations, transitions
can be observed from each component. For confirm-
ation of this splitting, we examined the excitation
spectrum over the *P region (Fig. 4). A strong sharp
absorption peak appears at 13731 cm ™!, correspond-
ing to (@) *Ps;;, and on the high frequency side a
weaker  absorption  spanning the  range
13740-13820cm ™! with its maximum at about
13775 cm ™ 1. This latter absorption covers both the (y)
and (B) *Ps,, levels.

In the *P;, and *P,,, regions, the excitation
spectrum displays similar patterns with strong though
somewhat broader absorptions peaking at about
13975 and 14338 cm™'. The *P,,, peak appears to
have two weak absorptions on the high frequency side.
It should be noted that while atoms can be pumped
into the *P;,, and *P,, states, the only emission
observed unambiguously originates from the *P;,
levels to which the higher energy states relax. The
lifetimes of the (a) *Ps,, and (y) *Ps,, levels have been
measured as about 1200 and 820 us, respectively [8];
presumably the lifetimes of the *P,,, and *P, , states
are much shorter because of phonon-assisted relax-
ation to Py, and perhaps to other states as well. The
weaker absorptions on the high frequency side of the
(@) *Ps,2, 3,20 12 — *F,, transitions in Fig. 4 would
appear more likely to be phonon sidebands than
components of the *P states. The only questionabic
point in this interpretation involves the spacing be-
tween the ZPL and the maximum in the phonon
sideband. In the excitation spectrum the phonon
sideband maximum lies 44 cm ™! above the (a) *P; ),
+ *F, , in the Ar matrix (Fig. 4)and 47 cm ™! above in
the case of the Kr matrix. In the () *Ps;, — *F,
emission, on the other hand, the separations between
ZPL’s and phonon sideband maxima are 61 cm™? in
Ar and 50 cm ™! in Kr, values more consistent with the
phonon densities of states in the rare gas solids.

Both emission and excitation spectra of Co atoms in
Kr matrices are remarkably similar to those in Ar
matrices, as is illustrated in Fig. 5 and Table 1 for the
case of emission. In Kr, however, there is no indication
of the (B) *Ps , level, only the («) and (y) components.
Figure 5 and Table 1 also compare results of emission
spectra in Ne matrices and here only a single com-
ponent of the *Ps , level is evident.

Emission results indicate clearly that the *P; , state
has at least two components, (o) and (y), in both Ar and
Kr matrices but the excitation spectra fail to provide
any convincing corroboration of this splitting.

The possibility of multiple sites for Co atoms in Ar
and Kr matrices comes immediately to mind as an
explanation for the components of *Ps,, observed in
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emission. Cases of multiple site trapping of metal
atoms in Ar and Kr have been established. For
example, Ni atoms [9, 10] in Ar can exist in two sites:
(I) Ni atoms which have the same electronic ground
state 3F, as the gaseous atom and (II) Ni atoms with
3D, ground state. Magnetic circular dichroism studies
of Fe atoms in Ar [11] show the presence of two major
matrix sites. The aforementioned site effects for Niand
Fe atoms lead to energy level shifts of hundreds of
cm” ! In our present experiments with Co atoms,
annealing procedures did not change the spectra in any
noticeable way and so we are inclined to discount
multiple site trapping as the cause of the 49 cm™!
separation of the () and (y) components of *P;, but
we cannot rule it out.

Alternative explanations for the observed splittings
include static crystal field and/or dynamic coupling
effects. It has been suggested that Fe atoms [8, 11] can
occupy substitutional sites in solid argon. If Co atoms
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occupied such sites, the octahedral (Oy) field would
split the *Ps , level into E; ,, and G;,,, components
but on the basis of the results for Fe atoms in Ar [8] it
seems most unlikely that the resulting splitting of the J
degeneracy could be as large as the 49 cm ~ ! separation
of (a) and () *Ps 5.

Splittings of this magnitude have been reported in
earlier studies of Fe in Ar [13] in which the a°P, and
a°P, states of the atom are each split into two (main)
components separated by 37cm”!. Similar results
occur with Ni atoms in Ar [9] for which each of the
four states, a’D; ,; and a'D,, appear as two com-
ponents split by 29-34 cm ™. It is interesting to note
that each of these particular Fe and Ni states cor-
respond to 3d"4s' electron configurations. Multiple
site splitting can be quite definitely ruled out in these
cases since numerous other low lying states of the two
atoms,a’D, 3, , ,and a’P, of Feand a°F ; , b'D,,
and a*P, | of Ni, all of which come from 34"~ 14s?

Table 1. Laser induced emissions from Co atoms isolated in inert gas matrices *

Ar matrix
Laser Matrix Intensity Gas to matrix
freq. peak CPS/mW Assignment shift (cm™!)
14336 13727 34 (@) *Ps, = *Fy), —69
12913 27 —*Fq, —67
12323 9 —%Fsp, —66
11922 3 —4Fy,, —65
13666 33 () *Ps;, = *F,, psb (—130)
12848 8 — *F,,, psb (—132)
12263 2 - 4Fs,, psb (—126)
14022 13781 170 () *Ps,; = *Fop2 —15
12966 21 —*Fip —14
12375 3 - 4%Fy, -14
11972 1 —*F;, —15
13732 37 (@) *Ps;; = %F,, —64
12914 8 —*F,, —66
12323 2 - *Fs5,, —66
11922 1 —4F; ), —65
13669 34 («) *Ps;, = *Fg,, psb (—127)
12848 4 —*F,,, psb (—132)
12271 1 — *Fs,, psb (—118)
14002 13759 9 (B) *Ps;; = *Fa ) -37
12947 2 —4F,, —33
13732 16 (@) *Ps,; = *Fy, —64
12914 4 —*F,,, —66
12324 1 —*Fs), —65
13669 16 () “P5,, = *F,,, psb (—127)
12848 3 — %F,,, psb (—132)
13973 13730 571 (@) *Ps,; = *Fo 3 —66
12912 125 —*F,, —68
12322 21 —*Fs, —67
11921 8 - 4Fy, —66
13664 150 (@) *Ps,; - *F,,, psb (—132)
12847 21 — *F,,, psb (—133)
12261 4 — “Fs,, psb (—128)
11855 1 — *F,,, psb (—132)
13781 12966 998 () *Ps;p = *F5 ; —14
12375 112 —*Fs,, —14
11972 9 —*F3,, ~15
12914 236 (@) “Ps,, = *F1 2 —66
12323 33 —%Fs,, —66
11922 10 - 4Fy,; —65
12848 104 (%) *Ps,; = *F5,; psb (—132)
12260 10 — *F5,, psb (—129)
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Table 1. (Contd.)

RONALD L. RUBINOVITZ et al.

Ar matrix
Laser Matrix  Intensity Gas to matrix
freq. peak  CPS/mW Assignment shift (cm™")
13767 12950 7 (B) *Ps;; = °F4 -30
12360 10 = *Fsp -29
11960 2 - %Fy), =27
12914 182 () *P5,2 = *F ), —66
12324 34 —%Fyp, —65
11923 14 —*F; —64
12849 75 (o) *Ps 3 — *F;,, psb (=131)
12261 9 — *F5,, psb (—128)
11856 3 —*F;,; psb (—131)
13731 12913 1618 (@) *Ps;; = *F4 2 —67
12323 397 —4F5); —66
11922 141 —4Fy, —65
12848 248 () *Ps/; = *F,,; psb (—132)
12260 24 — *F;,, psb (—129)
11856 4 - *F;;, psb (—131)
Kr matrix
13783 12965 424 ) *Ps;2 > *Fyps -15
12376 11 - 4F,,; -13
11974 1 -%F3, -13
12908 177 @) *Ps;2 = °Fqp2 -72
12318 25 —+%F,,; -1
11917 9 —*F;, —-70
12856 274 (@) *Ps,2 = *F1 2 psb (—124)
12269 25 - *F5,; psb (—120)
11866 5 - *F,,, psb (—121)
Ne matrix
13788 12956 110 P52 = *Fap -2
12367 13 —%Fy)3 -22
11964 1 —%F,), -23

*psb = phonon side band.

configurations, show no measurable splittings at all.
The splittings in the Fe and Ni cases appear to be
independent of the J values for the levels and hence of
the symmetries of the components produced by an
octahedral crystal field and so it was concluded that
Jahn-Teller effects could not be the dominant cause of
the splittings. We proposed [8] that for the Fe and Ni
levels arising from 34"~ 14s' the 30-40 cm ™ * splittings
might be associated with the unpaired 4s electron and
suggested a simple molecular orbital picture of an
octahedral M(Ar),, exciplex molecule in which occu-
pation of the a,, m.o. of the molecule by the single 4s
metal electron gives rise to the requisite energy dif-
ferences of 3040 cm ™ ? between different distributions
of the 3d metal electrons in the t,, and ¢, m.o.’s.
This simple model is not applicable to the splitting in
the a*P; , level of the Co atom since that level arises
primarily from the 3d74s® configuration. We shall
return to this point in the latter part of the paper.

(il) Co + H, # CoH,

Fairly detailed studies of the photo-induced reaction
between Fe atoms and H, molecules to yield the metal
dihydride in inert gas matrices have appeared in the
literature 6, 12]. This section describes an analogous
investigation of the reaction of Co atoms.

Addition of a few percent H, to an Ar matrix
containing a low concentration of Co atoms does not
change the appearance of the Co emission spectrum,
nor does it alter in any significant way the excitation
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Fig. 4. Excitation spectrum of Co atoms in Ar matrix at 25K

with Ar/Co = 10*. The matrix was annealed for two 5 min

periods at 43K. In left panel, emission monitored by measur-

ing intensity of («) a*Ps,, — a*F,, lineat 12914 cm ™! and in

right panel, the intensity of the (x) *Ps;, — a*F,,, line at

13731 cm ™! was monitored. Experimental points are given
by the circles.
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spectrum (upper part of Fig. 6) in the region of concern
in this work. The ir. absorption spectrum in three
ranges of interest is shown at the bottom of Fig. 7 for a
matrix, with Co/H,/Ar in the ratios 1/75/2500, de-
posited and recorded at 12K. Figures 8 and 9 show the
spectra for corresponding matrices with D, and HD.
The 1575-1675cm ™! regions in all three spectra are
essentially identical with absorption bands due to the
matrix-isolated water which we were unable to avoid.
The strongest line at 1624 cm ™! is identified as the 1,
« O, transition of the v, band of H,O and by the same
arguments used in the case of the Featom study {6], we
conclude that our typical matrix contained at most 4
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Fig. 6. Top: excitation spcctrum of Co atoms by monitoring

intensity of () *Ps,; — *F;; lineat 12914 cm ™ !in a matrix

with composition Co/H,/Ar = 1/75/2500 at 12K. Bottom:
Graph of data from Table 3.

SA{A)43/5-E

x 10~ % mmol of H,0 or a Co/H,0 ratio about 10/1.
No material effect on the nature of the Co+H,
reaction is expected from this low a concentration of
H,O in the matrix.

Besides the water peaks in the 1575-1675¢m™!
region, each of the freshly deposited matrices (bottom
spectra in Figs 7-9) exhibits peaks at 1564 and
257 cm ™! with intensities proportional to those of the
H,O lines. In a study of Ar matrices containing H,O
along with various metal atoms, HAUGE et al. [4]
assigned an absorption band at 1564cm™ ' to the
bending mode of the H,O molecule in a complex
Co(H,0). Our band at 1564 cm ™! is so assigned and
because of the parallel intensity behavior, we believe
our 257cm™! band is due to the same complex,
possibly the Co ... OH, stretching mode. The cor-
responding band in the Fe(H,0)case [ 6] was observed
at 270 cm L.

The middle spectra in Figs 7-9 are for the matrices
after 2 h of irradiation at 13 781 ¢cm ™ *. In each case the
1564 and 257 cm ™! peaks remain unchanged but new
bands appear: 1685cm ™' and a very weak peak at
380 cm ! in the H, case; a very weak lineat 1223 cm ™!
with D,; weak lines at 1734, 1245, and 343 cm ™' with
HD.

The effects of a final irradiation of the matrices with
u.v. light are shown in the top spectra in Figs 7-9. In all
three instances, this treatment resuited in the bleaching
of the Co(H,O) bands at 1564 and 257 cm ™. On the
other hand, the 1685 and 380 cm ™! lines in the H,
spectrum increased in intensity, as did the 1223cm ™
band in D, and the 1734, 1245, and 343 cm ™' bands
with HD. These absorptions are assigned to the Co
dihydrides as indicated in Table 2. Observation of a
single stretching mode (the asymmetric one) for both
CoH, and CoD, leads to the conclusion that the
valence angle is large. On the assumption that the
intensity of the unobserved symmetric stretching mode
for CoH, is no greater than the noise level in the
1720-1680 cm ™ ! region of the spectrum, application of
the intensity ratio [6]

M, + 2My; cos *(a/2)
M, + 2M,, sin *(a/2)

Isym/‘{asym = cin 2(0‘/2} (1)
leads to a minimum value of about 160 for a =
< HCoH. A similar treatment of the vibrational
frequencies of HFeH led to a lower limit of about 170"
for the valence angle.

The final feature in the i.r. spectra to be discussed is
the band at 1791 cm™' which appeared upon u.v.
irradiation of the matrices containing H, (Fig. 7) and
D, (Fig. 8). We believe that it corresponds to the
1785cm ™" band reported by HAUGE et al. [4] and
attributed to the Co—H stretching mode of an insertion
product H-Co~OH formed in the photolysis of a
Co/H,O/Ar matrix. The 6 cm ™! discrepancy between
our frequencies is however unexplained. This peak at
1791cm ™! is barely evident in the HD spectrum
(Fig. 9) but it is clear from the spectra that the HD
matrix contained less H,O than those of H, and D,.
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The state selectivity of the Co+ H, reaction is
illustrated in Table 3 and in the bottom portion of
Fig. 6,in which the bars represent the percentage of the
final (or total) concentration of CoH, after a standard
irradiation of the matrix by 7mW/cm? of the laser
excitation frequency. Of the excitations examined, the

most effective in the photochemical reaction are the
Ar* u.v. linesin the 28 488-29976 cm ™ ? range. It is not
known what specific atomic states in the matrix are
pumped by these lines but the c2D(d®) states as well as
the d’s'p' multiplets z*F°, z*G° and z*D° of the
gaseous atom [5] all lie in this range. In the
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Table 2. Vibrational frequencies (cm ') of Co and Fe* dihydrides in inert gas

matrices
CoH, CoD, CoHD
Ar Kr Ar Kr Ar Kr
Antisym str. 1685 1647 1223 1215 1734 1722
Sym. str. not obs. not obs. not obs. not obs. 1245 1237
Bend 380 not obs. not obs. not obs. 343
FeH, FeD, FeHD
Ar Ar Ar
Antisym str. 1661 1205 1691
Sym. str. not obs. not obs. 1215
Bend 335 235 301

*Fe data from Ref. [6].

13720-14385cm ™! region the only excitation which
produced a measureable amount of CoH, under our
experimental conditions was in the vicinity of the *P;,
levels, the most effective being at the () *Ps,, com-
ponent at 13731cm ™,

A series of experiments was designed to measure the
rate of the Co + H, reaction. In each case the rate of
formation is expressed in terms of the ratio /1, where
I'is the intensity of the ir. band at 1685 cm ™ ! for CoH,
(or the band at 1223cm ™! for CoD),) after a given
period of irradiation of the matrix with visible light,
and I, is the final (or total) intensity of that band
achieved by a subsequent 15 min of u.v. irradiation. It
was first established that the rate is independent of the
concentration of H, over the range of 1-3%,. Next it
was shown by varying the laser intensity from 1 to

Table 3. Frequency dependence of relative rates of for-

mation of CoH,; in Co/H,/Ar and Co/H,/Kr = 1/75/2500

matrices at 12K. % CoH, is given in terms of intensity of

1685 cm ~ ! absorption line after a period of 2 h irradiation

with 7mW/cm? laser line relative to final intensity of

1685 cm ™! line resulting from subsequent irradiation for
15 min. with 7 mW/cm? of u.v. lines of Ar"* laser

Ar Kr
Laser freq. % CoH, Laser freq. % CoH,
13720 0 13774 35
725 4 27488 100
731 62 28458/482 100
744 17 29976 100
761 40
775 41
781 31
818 31
851 0
900 0
967 0
973 0
14002 0
022 0
200 0
336 0
365 0
385 0
27488 100
28458/482 100
29976 100

3 mW/cm? that the reaction is first order in photon flux
for the first 180 min of irradiation. Data for a some-
what greater laser intensity of 7 mW/cm? are shown in
Fig. 10, in which first order reactions would yield
straight lines. First order rate constants calculated
from the initial slopes (over the first 30 min) of the
curves are listed in Table 4.

While excitation either by the Ar* u.v. lines or by
irradiation in the red region near a*P; , results in the
combination of Co with H,, blue light causes de-
composition of the dihydride back to Co and H,. Data
for the decomposition caused by the 22002 cm ™! line
of the Ar* laser are given in Fig. 11 and first order rate
constants derived from the data are listed in Table 4.
This deep blue radiation was found to be effective in
decomposing FeH, as well [6] and in that case OzIN
and McCAFFREY [12] proposed that the FeH, is
pumped into an electronic state having antibonding
character in the FeH bonds and bonding between the
H atoms so that dissociation into Fe and H, occurs.

There are distinct isotope effects in the matrices at
12K on both the rates of formation and dissociation of
Co dihydrides. In Ar, CoH, forms 4 times faster than
CoD, and in Kr, the rate is 50 times greater.
Decomposition rates of CoH, are also faster than for
CoD, by factors of 2.5in Ar and 2.6 in Kr. These results
indicate a small activation barrier to the dihydride
formation, a smaller barrier to dissociation, and an
essential independence of the latter process on the
particular matrix environment.

(i) Conclusions

The inference drawn from the infrared spectrum that
the valence angle of CoH, in Ar is at least 160° is not
inconsistent with the potential energy surfaces for
CoH, as calculated by SIEGBAHN et al. [14]. For the
(gas phase) ground state, their results give a linear *®@,
structure with CoH bonds of sp hybrid character and
length 3.09 a.u. Dissociation of CoH, into Co (*F) and
H, is a symmetry forbidden reaction so the process has
a relatively high barrier of about 45kcal mol !
{15750 cm ™ !). According to Table 3, irradiation of the
matrix over the range 13725-13 818 cm ™ ! leads to the
Co+H, —» CoH, reaction with the maximum rate
occurring at 13731 ecm™!, the frequency of the («)
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Fig. 10. Time dependence of the formation of CoH, and
CoD, in Ar and Kr matrices at 12K as result of irradiation of
the matrices by 7mW/cm? of either 13781 or 13774 cm ™!
laser light. I are the absorbances of the 1685 cm ™' band of
CoH; and the 1223cm ™! band of CoD, in Ar and cor-
respondingly the 1647 and 1215cm™! bands in Kr. I,
represents the total absorbances of those bands after a final
irradiation with Ar* u.v. lines. First order reactions should
yield straight lines.

Table 4. First order rate constants (min ~*

x 10*) for CoH; and CoD, formation and
decomposition in Ar and Kr matrices from
initial slopes in Figs 10 and 11

Ar matrix Kr matrix
Form. Decomp. Form. Decomp.

CoH, 35 1050 100 1680
CoD, 9 400 2 634
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Fig. 11. Time dependence of dissociation of CoH; and CoD,

in Ar and Kr matrices at 12K as result of irradiation of

matrices with 7mW/cm? of 22002cm™' laser light.

Absorbances are for 1685 and 1647 cm ™! bands of CoH, in

Ar and Kr, respectively, and for corresponding 1223 and
1215cm ™! bands of CoD,.

4P, ,, « *F,,, transition. These energies lie somewhat
below the top of the calculated barrier but under our
matrix conditions the rate of formation of CoH, is
rather slow. A typical matrix contained a total of about
10'® Co atoms and it is estimated that roughly 5%, of
these have H, neighbors close enough for reaction.
From the first order rate constant of 35 x 10™* min ™!
for CoH, formation in Ar with 13781 cm~! irradi-
ation, it follows that CoH, forms at the rate of 1.75

RONALD L. RUBINOVITZ et al.

x 10'* mol min~!. At the laser power of 7 mW/cm?,
this represents one CoH, mol/3.6 x 10* photons of
13781 cm™! radiation. The present work does not
provide information on the absorption coefficient of
Co atoms at this frequency and thus the rate of CoH,
formation cannot be compared with the rate of exci-
tation of the Co atoms into the *Ps; level.

Matrix irradiation at 29976 cm = ! (85.6 kcal mol 1)
at the same laser power level results in CoH, produc-
tion about 11 times faster than with 13781 cm ™! light.
As stated before, the specific states(s) of the Co atom
pumped by the u.v. are not known but the photon
energies are well above the reaction barrier.

In the earlier study of the Fe + H, reaction [6], it was
shown that irradiation of an Ar matrix at 17 524 cm ~*
(°P; (d"s') « °D,) is about 20 times more effective in
producing FeH, than pumping at 1837l1cm™!
(3P,(d%s?) « 3D,). It was also demonstrated that the
presence of H, in the matrix greatly enhances the 3P,
- 3P, relaxation. There is a close correlation between
the emission intensity from the P, state and the rate of
FeH, formation, indicating the significance of the role
of 5P;(d’s!) in the reaction. According to the calcu-
lations of SIEGBAHN et al. [14] the Fe atom has a d’
configuration in the region of the saddle point of the
potential for the dissociation of high spin FeH,.

The same calculations [14] suggest that a 4% con-
figuration is important in the saddle point region for
the dissociation of *“®, CoH,. In MOORE's tables [5]
thea*P; , level at 13796 cm ™! is assigned to the 3d"4s”
configuration and the nearby b*P;, state at
15184cm™! to 3d®4s'. If configuration interaction
were to mix these states so that the lower energy one
actually contained a significant contribution of 3d®4s’,
the role of a*P;,, in the Co+ H, reaction could be
rationalized. At the same time, the apparent splitting of
the a*P; , state in Ar and Kr would be consistent with
those splittings attributed to d"s' levels in Fe and Ni
atoms.
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