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Photochemically Induced Electronic-To-Electronic Energy Transfer in Geminate
CO---O van der Waals Pair Generated through Vacuum Ultraviolet Photolysis of CQ
in Ar Matrices
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An intracage geminate GGO van der Waals pair is generated through vacuum ultraviolet (VUV) photolysis
of 0.1% CQ in Ar matrices at 18 K. Excitation of CO between 157 and 130 niHIA— X'=* vibronic
transitions) results in a strong emission due to 4fe—~ D transition of O at 560 nm and weak emission
bands due to CO and;O The band at 560 nm is absent in the emission spectra measured from CO in Ar
(1:2000) or Q and CO in Ar (1:1:1000) matrices. The observed phenomenon is dpbdimchemically
induced electronic-to-electronic energy transfeExcited CO and ground-state ®j undergo chemical
recombination to result in excited GOwhich dissociates to ground-state CO¥X) and excited OES).

Other possible pathways are also discussed but shown to be inappropriate.

Introduction Photophysical and photochemical properties of ;Cide
important for understanding atmospheric photochemistry not
only of our planet but also of other planets such as Mars and
Venus?®> Extensive experiment#land theoreticdl work has

Electronic energy transfer (EET) is one of the most important
aspects of photophysics and photochemistfy Photoinduced

EET processes (D+ A — D + A*) are normally divided into been published on the electronic spectra and dissociation

two categories, namely, resonant and nonresonant. Resonanaynamicgg of CO, as well as energy transfer from excited O
EET occurs when the excitation energy of the acceptor (A) is atoms to CO in the gas pha%&0 However, relatively little is
close to the energy of one of the exqtegl states of thg donor known about the spectroscopy and photochemical behavior of
(D), namely AE = (Ep: — Ea) = 0. This kind of EET, which 5 iy condensed media, especially in rare-gas matrices. These
is commonly observed, is governed by the long-range dipole i estigationd! (except on that deals with excitation spectra

glpole mtelgactlons[,)or short-r?‘ngg :;(_change _'nte;aCt'OQS’ alsout co,), however, deal with the generation and mobility of O
nown as Fester-Dexter mechanisfy in organic photophys- atoms using C@as a precursor. Taylor et #have measured

ics? Under nonresonant conditions, in addition to photophysical excitation spectra of 1% GOn an Ar matrix between 10 and
EET processéswhere excess energy of D is dissipated into 12 eV by monitoring théS — D (from now on SD) emission
the surrounding “bath” vibrations in condensed media, EET can of O. Around the same time Fournier ettahave shown that
also occur through the formation of a chemically bound excited photolysis of 0.1% C@in Ar matrices at 147 nm results in the
(DA)* species>® which later dissociates to B- A*. Such a SD emission of O at 561.5 nm. Recently, we repcete
photochemically induced excitation energy-transfeocess, o, citation spectra of O atoms that are generated through
where spectroscopic observation of A* is thought to be less photolysis of 1% @ as well as 1% BD in Ar matrices. We
commonf is dealt with in the present publication by combining have shown that excitation of stable3®) in matrices causes
the experimental results with already known theoretical data the SD emission of O, contrary to what was believed béfore
OI? €0, CO, ano_l O _Slnce the eaErE/Tdays of photowdug(_add EET that this emission occurs only during the photolysis of a
(known assensnlzatloﬁo),. most processes that did not precursor molecule generating excited@)( which by absorb-
follow any resonant criteria were thought to involve an excited ing a second photon reaches thé-®)(state.
(_l?AS*_T_piileﬁ? Su;:h a rlne(t:)hanlsn;, namtelé/, bB* g?gg{ In this article we present excitation spectra that are measured
A as strongly been advocated by SC 0 monitoring the SD emission of O from 0.1% & Ar matrices.
explain ‘sensitized photochemistnof organic molecules. It will be shown that an intracage geminate pair of CO and O
Historically, it seems that MrozowsKiwas one of the first to is formed. A cyclic process of excitation of CO, C@*O(P)
propo_sé the i_n_volveme_nt of such a (DA comple_x in order to recombination to C¢J, dissociation of CQ* to Cd(X12+) and
explain sensitized Iumnescencg in HgTl gas mixtres. O('S), and finally the SD emission of O, is the mechanism that
~ In the course of time, photoml(guced EET has _becogrsle an explains the observed spectra. Such a mechanism is also
important aspect of photophystcs™*° and photochemistr3f™ consistent with the theoretical data available on the electronically
EET processes are observegllln the gas pﬁ&g‘i’ the fluid- excited states of Cfxorrelated to those of CO andD.This
phase; in molecular crystal$? in liquid crystals* and more very mechanism could also explain why Fournier eflal.

recently, in low-temperature matric&? These processes  pgserved the SD emission of O by exciting S®Ar matrices
involve electronic (E), vibrational (V), and rotational (R) EET, 4t 147 nm. where CO itself absorbs.

namely, E~ E, E—V,V — E, and V— R. To the best of
our knowledge there has been no systematic spectroscopic StUdExperimentaI Section

that deals withphotochemically induce& — E EET, which
will be presented here. The experiments were carried out at the Berlin Synchrotron

Radiation Facility (BESSY) ustn a 3 mnormal incidence

T Fax: +49-221-470-5144. E-mail: murthy@hartree.pc.uni-koeln.de. monochromator (3m'N|M'1) equippeq with an Al grating (GQO
€ Abstract published ilAdvance ACS Abstract&ebruary 1, 1997. lines/mm). All the experimental details are given in an earlier
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Figure 2. (a) Emission spectra measured while exciting at different

Figure 1. (a) Excitation spectra measured by monitoring the SD \velenaths that correspond toA(— X(0) transitions in CO (14
emission of O at 558 nm before (solid) and after (dashed) photolysis — 1. 5 ng 2:3 4 = 4 AE) off resf?r(mnce( a)t 170 nm: 5. off res(or‘;ance

of 1% CGy in an Ar matrix. Insert on the right side shows the excitation 4 1597 nm) from 0.1% CQin an Ar matrix after photolysis. SD
spectrum between 160 and 200 nm that corresponds to srrtgtdeg emission due to O atom at 560 nm is more than an order of magnitude
excitations in CO. For comparison an excitation spectrum of 0.1% CO nianse compared to the strongest emission from CO itself at 714 nm.

in Ar matrices is shown on the top. (b) Emission spectra measured by 1) Emission spectra recorded by exciting 0.1% CO in an Ar matrix at
exciting 0.1% CQin Ar matrices at 107.5 nm (solid) that results in  gitterent wavelengths that correspond touA(— X(0) transitions in
dissociative excitation of C4£and 156.4 nm (dashed) that corresponds  ~q (L =020 =1:3,0 =2:4,/ =45, = 6). The asterisk

to A(0) = X(0) excitation of CO. In both cases strong emission from g |apeled at 560 nm emission that is due to traces of photolyzed CO
O due to the SD transition is observed. For comparison an emission impurity in the matrix.

spectrum measured from 0.1% CO in an Ar matrix by exciting at 156.4

nm s also shown. at 107.5 and 156.4 nm are shown in Figure 1b. An emission

T ST o 0 spectrum obtained by exciting 0.1% CO in Ar matrices at 156.4
E:Jnt:::g:ag?]g' Cl-gghaggrlté S r(t?c?t.r? 9?9/3)9?; /gg?r.gris A)l\/)l ;;%rg (. hm is also included for comparison. Excitation of £ 107.5

Griesheim, were used to generate optically clear matrices on 32310 rﬁsmul\tvsi tlr? :r;gsirr]ﬁuﬁ: oéatdszg'2?1'10Qvgz?gage;ﬁe;?osvogai%d
LiF window at 18 K. After deposition the cryostat was rotated . .

so that the matrices face the incoming synchrotron beam in orderbem’een 240 and 580 nm with a maximum at 560 nm, several

to avoid transmission cutoff due to the LiF window. The weak bands between 350 and 540 nm, and two bands at 714

measured spectra were corrected for changes in the current OPmnaOtlrig;sa?TéBrzsnprr?(;a/;ht/r’\earﬁogle?sug?g: Clt;):s (ie:flgzgnihese
the storage ring but not for the monochromator functions. ’ S p y . P .
to note that the emission band at 560 nm is absent in the

spectrum of 0.1% CO in Ar matrices recorded during excitation
at 156.4 nm, which corresponds to the® of AT — X1=*
Excitation spectra measured at 1 nm intervals from a freshly transition in CO.
prepared 0.1% C&in an Ar matrix, as well as after about an The results presented in Figure 1 indicate that an energy
hour of photolysis, are shown in Figure 1a. The emission was transfer occurs between the excited CO molecule and the O
monitored at 558 nm. Photolysis was carried out by means of atom. It has been established from our earlier investigatfons
measuring several excitation spectra of @tween 100 and  that the SD emission can only occur when O atoms are excited
200 nm, amounting to about 3000 s photolysis time. Afterward, at wavelengths shorter than 147 nm in Ar matrices. To gain
no significant change in the intensities of excitation bands of more experimental evidence that indeed CO is excited at 156.4
CO, or CO has been noticed. It can be seen from the intensitiesnm that results in SD emission of O, a series of emission spectra
of the band centered at 107.5 nm that about 25% A3 been have been recorded by tuning the synchrotron light to each of
photolyzed during this period. After the photolysis, excitation the AT — X' vibronic transitions in CO. Some of these
bands due to CO (157130 nm) and due to O (133 and 121 spectra are collected in Figure 2a. In addition, emission spectra
nm) can clearly be identified. Excitation spectra of CO in rare- were also measured by exciting the matrices where CO shows
gas matrices are thoroughly investigated by Schwentner and co-a minimum between two bands (off resonance at 150.7 nm) as
workers3435 which will be referred to at a later point in this  well as at 170 nm where a broad excitation band is observed
article. Excitation bands at 130 and 121 nm due to O in Ar (Figure la insert). The corresponding emission spectra mea-
matrices were identified by us in our earlier investigati®hs. sured from 0.1% CO in Ar are shown in Figure 2b. A
For comparison, an excitation spectrum measured by monitoringcomparison between parts a and b of Figure 2 reveals that both
the emission band at 714 nm of 0.1% CO in an Ar matrix is the SD emission band at 560 nm as well as several weak bands
also included in this figure. between 300 and 500 nm (due t6 4 X emission in Q) are
Emission spectra measured between 250 and 900 nm in 2absent in Figure 2b. After the photolysis of g@xcitation
nm intervals while exciting Ar matrices containing 0.1% £0  spectra have been measured by monitoring emission at 560, 598,

Results
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Figure 3. (a): Excitation spectra measured at 0.1 nm intervals from Figure 4. (a) Excitation spectra measured from a@D:Ar = 1:1:
photolyzed 0.1% C@in an Ar matrix. Emission was monitored at 1000 matrix. The bottom curve shows<A X transitions in CO. The
different wavelengths as shown. For comparison an excitation spectrummiddle curve shows A— X transitions in CO and the B- X transition
measured from 0.1% CO in an Ar matrix is also shown at the bottom. (Schumann-Runge Continuum) in,.OThe top curve shows the
Vertical dashed lines are drawn to guide the eye to differentiate betweenexcitation spectrum of the O atom in an Ar lattice. (b) Emission spectra
excitation spectra of perturbed (by the presence of O in the same matrixmeasured from the same matrix. The band progression centered at 450
cage) and unperturbed CO. (b) Transmission spectra measured duringim is due to A — X transitions in Q (Herzberg Il system). Two
the photolysis of 0.1% C£n Ar. The bottom curve is from a freshly broad bands at 714 and 816 nm are du€(®)a> a(0,1) transitions in
made matrix. The top curve is measured after equilibrium has been CO. Emission at 560 nm is due 6 — D transition in O atoms in an
reached at about 3000 s. No significant growth of the CO absorption Ar lattice.
bands has been found with prolonged photolysis.

(1:1:21000) confirm these results in the wavelength region
714, and 816 nm. These spectra are shown in Figure 3a alonghetween 200 and 100 nm. We have also found that /& E
with the excitation spectrum measured from 0.1% CO in Ar energy transfer occurs between CO and O that is generated
matrices by monitoring the emission at 714 nm. Thus, obtained through photolysis of @ These results summarized in Figure
excitation bands of CO (a photoproduct of &0 Ar matrices) 4 are discussed in detail in the next section. In summary, energy
are much broader when SD emission of O at 560 nm was transfer is not detected when O atoms are produced from a

monitored compared to those measured by monitoring the hot gifferent precursor (here ) which does not lead to close
emission of CO itself at 598, 714, and 816 nm. Excitation proximity of CO and O.

spectra recorded by monitoring the hot emission of CO (a

photoproduct of C@in Ar matrices) are identical with the  Discussion

spectrum measured from CO itself in Ar matrices, indicating )

that the hot emission bands of CO arise only from an CO2 The strongestabsorption bands ofJthe gas phase

unperturbed and isolated CO. The SD emission of O at 560 &€ located between 120 and 106 #mThis part of the
nm occurs only when CO is strongly perturbed by its surround- spectrum is highly congested with irregularly spaced absorption
ings in Ar matrices. peaks. Starting with a band at 113 nm, the region between 113

Transmission spectra have been measured simultaneousl)?’Ind 106 nm has beerl aSSlQHEd to excitation into the Rydberg
during the measurements of excitation spectra using a GaAsstates, namely, théx, 3, °I1,, and I, states™ The
photodiode. A selected set of these spectra are shown in Figurd©gion between 120 and 114 nm consists of a quasi-regularly
3b. The bottom curve was recorded from a freshly deposited SPaced band progression. A detailed interpretation of the gas-
0.1% CQ in an Ar matrix, which shows a negligible amount Phase spectra of CO in this region can be found in the
of CO absorption. Upon further irradiation the absorption bands literature?®%.* Cossart-Magos et & proposed that the termi-
of CO grew steadily. These spectra further confirm that CO is nating state that is responsible for the pand progression between
generated only during the photolysis but not present as an 120 and 114 nm is a valence state with the same symmetry as
impurity in the matrices. the strongly allowed Rydberg state, name&fj. This va-

Thus, the experimental information obtained so far clearly lence state correlates to'8j and CO(X=*) after dissociatiof!
reveals that CO and O that are generated during the photolysisCossart-Magos et & further proposed that the valence state
of CO; in Ar matrices participate in the energy-transfer process. 1" is dissociative along the asymmetric stretch coordinate
However, we still do not know whether CO and O are far and bound along the symmetric stretch and bending coordinates
removed from each other, as in the case efB/energy transfer ~ and that the valence state efficiently predissociates the Rydberg
between CO and £n rare-gas matrices discovered by Dubost state’S, .

and co-workerg4ac or close to each other. Bahrdt and Under matrix conditions, so far the only available excitation
Schwentner reportééf that they did not observe-EE energy spectrum was reported by Taylor et3al. They have also
transfer between 210 and 175 nm excitation from aiCO:Ar observed a progression of about 687-¢rsuperposed on a broad

(1:10:1000) matrix. Our experiments conducted ord®:Ar continuum. However, this progression starts only at about 113
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TABLE 1: Wavelengths (in nm) of the Excitation Bands Due to A@') — X(¢"" = 0) Transitions and Emission Bands Due to
e—a,d— a, and d — a Transitions in CO Isolated in Ar Matrices

A(v") — X(v" = 0) Excitation Bands

V' 0 1 2 3 4 5 6 7 8 9
present work 156.6 153.0 149.7 146.6 143.6 141.0 138.4 136.0 133.8 131.7
Bahrde 156.4 152.7 149.5 146.4 143.4 140.7 138.3 135.8 133.6 131.4

Emission Due to the®al('") Final State
d(3)— a(0)
or
e(8)—a(0) e(4)—a(0) d(4)—a(0) e(0)—a(0) a(6) — a(0) a)—a(l)

present work 424.0 510.0 599.0 648 714 816

Bahrde 425.6 510.7 598.7

a Reference 35.
nm and spans down to 108 nm. These bands can neither be eV goa ©O5
correlated to the Rydberg nor to the valence states in the gas 14 a3z T AT
phase. If they are due to the Rydberg transitions, then the Tin. e J
expected blue shift of Rydberg transitions in matr¥es not 12 o~ 3”
observed. If these bands are due to excitation into the bound iR 2
surface of the valenck, state, then the blue shift from 118.4 10: '“(V’WTS
nm to about 113 nm is unexplainable. Our excitation spectrum
differs from that of Taylor et al. We observe unresolved bands
as also found by Taylor et al., but the vibrational spacing of
~1200 cnt? is significantly different from 687 cmt reported ae
by them. Interpretation of the spectra of €@ further
complicated by the excitation bands between 117 and 100 nm
of the photoproduct CO due to B- X, C — X, and E— X
transitions34d Further experimental and theoretical investiga- = S
tions on CQ and its isotopomers are necessary in order to clarify 0 —
these differences and get more information on the spectroscopic Linear  Bent
properties of CQ@in matrices. 0=c=0 cox'=%)+0 CO+OLP)

CO. Schwentner and co-workéfg5thoroughly investigated Figure 5. Schematic representation of the photochemically induced
the spectroscopic properties of CO in rare-gas matrices. electronic-to-electronic energy transfer observed from intracage gemi-

PRV o : . nate CO--O pair in Ar matrices. Energies of various electronic states
However, the AI1-— X2 transition of CO only in Ne matrices of CO; are taken from refs 27 and 30. Relevant electronic states of

has been published by these authdfsThe data pertinent to  co, hoth as a linear and a bent molecule are given on the left side. R
other matrices (Ar and Kr) can be found in the doctoral thesis and Vv denote Rydberg and valence states, respectively. Electronic states
of Bahrdt3® In the present study more emission bands could of CO and O at the van der Waals separation are shown on the right
be observed in the near-infrared region, which lie beyond the side. Dotted vertical lines with arrowheads pointing upward show
detection limit of the photomultiplier employed by Bahrdt and excitation in CO, and the solid've_rticai\l line with an arrowhead_ pointing
Schwentner. The spectroscopic data from the present investiga-lfjc"""r“"""‘roI represents the emission in an O atom. Slanted zigzag lines
- . . ! ollow the energy-transfer process. Dotted vertical lines with arrowheads
tion, collected in Table 1, are in good agreement with the data qinting downward represent tripletriplet emission from isolated CO
of Bahrdt®® The band at 648 nm (Figure 2) could be due t0 mglecules.
the €2 (v' = 0) — &I(v" = 0) or FA(V' = 3) — &1(v" =
0) transitions (Figure 5). The corresponding emission from the ces3? At wavelengths shorter than 170 nm, excitation spectra
final e state to the ground state has been observed by B&hrdt. of O, in rare-gas matric88Cstill need interpretatiofit Excita-
The energy of 1750 cm, the difference between the 714 and  tion of O, at wavelengths between 205 and 100 nm results in
816 nm bands, clearly corresponds to the difference betweenstrong emission bands, known as Herzberg Il bands, due to
' = 0 ands' = 1 of the a state. Hence, these bands should the ABA(V =0,Q =3)— xszg transitiors® between 300
result from the same final state, and we identify this state as and 700 nm (Figure 4). The corresponding excitation spectrum,
d3=*(v' = 6). These bands, blue-shifted by6 nm from the by monitoring any of the A— X bands, is a continuum between
gas-phase values, belong to the Asundi emission band system. 180 and 100 nm with a dip around 121 RAfl After
Beyond the 816 nm band, so far no emission from CO in rare- dissociative excitation of § a major portion of the O atoms
gas matrices is reported in the near-infrared region. From the yndergo intracage geminate recombination and subsequently
same final state, namely, th€®&" (' = 6) state, emission t0  relaxes to the X state through radiative and nonradiative
the ground state has also been observed by Bahrdt. processes. However, a small number of the O atoms escape
O and CO. The results pertinent to the present study are the mother cage. Excitation spectra of O atoms that are
summarized in Figure 4. These spectra were measured fromgenerated through photolysis of ©r N;O in Ar matrices are
Ar matrices containing 0.1% CO and 0.1%.CSpectroscopic  active only at wavelengths shorter than 147 nm (Figure’4a).
properties of @in rare-gas matrices at longer wavelengths than It is of importance here to note that if O atoms do not interact

200 nm are well studie#® The strongest absorption of,@n with CO, then we should observe the SD emission of O only
the gas phase occurs between 205 and 135 nm through®*the Bwhen excited at wavelengths shorter than 147 nm.

z, — X325 transition. The SchumantRunge bands that Excitation and emission spectra shown in Figure 4 clearly
result from excitation into the bound region of the-B X reveal that the energy transfer between CO and O (which is

transition have recently been reinvestigated in rare-gas matri-generated by the photolysis of,J0does not occur. Owing to
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high dilution, it is extremely unlikely that £and CO are close  the energy transfer is spin-forbidden if®] is excited directly
to each other in the matrices. When excited at 156.4 nm, to O(S) irrespective of which excited state of CO is involved
corresponding to the A{ = 0) < X(¢'' = 0) transition of CO in the Faster-type process.

or the B— X continuum of Q, only the Herzberg Ill bands of According to the WignerWitmer spin conservation rufg,
0O, and the emission at 648, 714, and 816 nm from CO could the following energy-transfer processes are allowed:

be observed. Contrary to the results from G©OAr matrices,

the SD emission of O is now completely absent when excited CO(A'I) + OCP)— CO(X'=") + O3S) (a)
at 156.4 nm, though O atoms are present in the matrix.

Excitation at 155 nm, where neither CO (Figure 4a) nor O CO(AI) + O('D) — CO(X'=") + O('S) (b)
absorbs, results only in the' A~ X emission bands of © On

the other hand, for excitation at 143.6 nm that corresponds to CO(AlrI) + O(3P)—> CO(@H) + 0(15) (c)
the A@' = 4) — X(¢"' = 0) transition in CO, where £as well

as O also absorb, emission from all of the three species can be co(@m) + OCP)— cox'z") + 0(s) (d)
detected (Figure 4b). The excitation spectrum (Figure 4a)

measured by monitoring the emission at 714 nm is identical CO(&TII) + OCP)— coX'=") + OCS) (e)
with the corresponding spectrum shown in Figure 3a, indicating

that in both the cases, the spectra result from isolated CO. At co@m) + oCP)— cox'’z*) + 0('s) ()
510 nm both CO and ©£©show emission. Observation of the

excitation bands of CO witlh' > 3 by monitoring the 510 nm co(@m) + o('D) — co(X'=") + 0Cs) (9)

emission is consistent with the observations of Bahrdt and ) .
Schwentne?% From these results we can confidently conclude Processes a, d, e, and g are energetically unfavorable, Since the
that in matrices containing CO and @ high dilution, no energy ~ available energy °f35-96 leV3(H) or 7-2 ev (§H) from CO*:
transfer of any kind takes place when excited between 200 and!S Mot sufficient for’S— 1D (7.1 eV),°S P (9.5 eV), or’S

100 nm. Thus, these experiments on£00, and Qin Ar — 3P (9.1 eV) excitations in the O atofd. On the same

matrices reveal that it is absolutely necessary for CO and O to 9rounds, process o can be ruled out as the energy difference
be in very close proximity in order to observe the energy Petween the states'Hl and &l1 of CO (~2 eV), which is much

transfer. smaller than between tH& and3P states of O+4.2 eV)3144
Energy Transfer from CO to O. The experimental data So far, no experimental or theoretical evidence is available for

obtained from (a) 0.1% CE (b) 0.1% CO, and (c) 0.1% O the stability of O{D) ?n rare-gas ma_trices and thérster-type
and 1% CO in Ar matrices, which is presented in this article, process b can be eliminated for this reason.

The remaining process f is a Dexter-type exchange process.
ShOVYS that the energy transfer fro“? COt O oceurs qnly when This kind of energy transfer is efficient only when CO and O
CO;, is photolyzed. Absence of this process in matrices with

o o . coexist in the same cavity and because of the exponential decay
0, and CO indicates that proximity of CO aqd O IS NECessaly ot the energy-transfer efficiency with GO distance’. For
for energy transfer to take place. The question is whether it is

L . .~ the following reasons, this type of exchange energy transfer can
also necessary for CO and O to coexist in the same matrix cavity J1so shown to be inapplicable. It should be noted that after

or v_v_hether CO and O can occupy, at the minimum, _adjacent direct excitation of CO into the &I state, several radiative
cavities. In the following we consider the various possible EET . <cac occur that result in hot emission bands between 400
processes that could take place under the given experimental, 4 990 nr##.35 from the higher triplet manifold (e, d, and a
conditions. The experimental data presented here will then bestates) to the %I state (Figure 5). If CO and O (;C(;upy the
compared with the theoretical data available on the excited states, ., cavity and if the Dexter-type energy transfemere to

of CO,, CO, and O in order to answer the question Of o0 ¢ then we should have seen broad-A excitation bands

coexistence of CO and O in the same matrix cavity. AS ot o a5 a consequence of perturbation of CO by O (Figure
mentioned in the Introduction, EET can occur through resonant 3a), irrespective of which emission band was monitored, i.e.

or nonresonant processes. The resonant process is also kNnoOWR,: emission of CO or the SD emission of O. However, we
as the Fester-Dexter mechanism (especially in organic pho-  gpserve broadening of the bands only when the SD emission
tophysics and photochemistry). In &Btr-type energy-transfer ot 5 js monitored. It may be concluded that CO, which forms
process, which is of dipotedipole nature, the following aspects geminate pair with O in an Ar cavity, can only transfer the
should be fulfilled. (a) The excitation energy of the acceptor gycitation energy to O, resulting in the SD emission of O, but
should be less than or equal to the excitation energy of the donor.qyges not show any hot emission between 400 and 900 nm. On
(b) The donor and the acceptor can be well separated from eachpe other hand, only those CO molecules that are not surrounded
other, but oscillator strengths of the relevant electronic excita- by O show hot emission bands. On the basis of the analysis
tions in both the donor and the acceptor should be significantly giscussed here, we rule out thér§er—Dexter mechanism as
large. (c) Spin multiplicities of the donor and the acceptor peing responsible for the observed energy-transfer process.
should remain the same before and after the energy-transfer Photochemically Induced Electronic-to-Electronic Energy
process. Transfer. As discussed above, we propose that those CO and
Even if we leave the excitation bands of CO between 200 O species that are responsible for the energy-transfer process
and 160 nm (Figure 1 insert), which will be discussed in the coexist in the same parent cavity. To understand why the
following section, the first vibronic band due to théIAv' = geminate C®-0O pair does not recombine to GGt is necessary
0) < XZ*(v"" = 0) transition in CO lies at 156.4 nm. The to know the site structure around €@ the Ar lattice. IR
energy at this wavelength is less than the excitation threshold spectroscopic studies of Irvine et“alhave shown that over a
of O atoms in Ar matrices at 147 r##in order to observe the  wide range of guesthost ratios (1:10000 to 1:320), GO
SD emission. The lifetime of CO in theH state is estimated  occupies two major sites in the Ar lattice with nearly equal
to be about 10 p¥, whereas in the#l state it is 7.2 ms in Ar occupancies (1:1). These sites are a single substitutional (SS)
matrices3! Thus, it is very unlikely that a Fster or Dexter site, where one Ar atom is displaced by £@nd a double
type energy transfer occurs from the A state of CO. In addition, substitutional (DS) site, where two Ar atoms are displaced by
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one CQ. The DS site, having more cavity volume, can
accommodate geometrical deformations in,®®@tter than the
SS site. In the first two excited states, namely,¥gand the
1B,, CO; is bound in a bent geometry and is dissociative in its
linear geometry’ After an initial excitation between 120 and
106 nm, some of the excited G@olecules may relax through

Gudipati

O (insert in the top part of Figure 1) we have found that the
EET can be observed starting from excitation of CO iftida

(v' = 2) at about 6.4 eV, setting a threshold of 11.9 eV with
respect to the ground-state €@ order to observe the EET
from CO to O.

Excitation Spectrum between 200 and 160 nm The

radiative or nonradiative processes to the ground state. Theexcitation spectrum between 200 and 160 nm of CO, by

rest of the excited molecules dissociate, resulting in CA{X
and O{S) followed by SD emission of O at 558 nm. In a DS
site, it is logical to expect recombination of CO(X) and'D(
or 3P), resulting in CQ in the 1B,, 3B,, or A; states and

monitoring the SD emission of O at 560 nm, is shown as an
insert in Figure la. It can be interpreted as follows. These
bands are much broader, because of perturbation of CO from
O, than those obtained by Bahrdt and Schweritié?in the

eventually in the X state (Figure 5). In a SS site such a same region. The bands at 194 and 188 nm coincide exactly
recombination may be hindered. In addition, a small portion with / = 2 (194.37 nm) and’ = 3 (189.24 nm) of the3&I(v")
of O atoms leave the mother cage, as also found in the present— X1s+(,” = 0) transition in CO observed by Bahrit.

study (Figures 1 and 3).
reasonable to assume that only 50% of the, @@ accessible
for permanent dissociation. Derivation of quantitative informa-

From these considerations, it is Between 175 and 158 nm several excitation bands have been

reported by Bahrdt and Schwentff@rthat correspond to3h
— X1t and &=t — X1Z* excitations. The same transitions

tion from the excitation spectra measured between 120 and 100should be responsible for the unresolved broad excitation band

nm is further complicated by the excitation bands of the
photoproduct CO as mentioned in the discussion of §&ctra

observed between 175 and 160 nm in the present study.
Comparison with Earlier Experiments. Fournier et al. have

earlier. Based on these facts, the photostationary state reacheg|io in their publicatioH® that no recombination of O atoms

at 25% photolysis of the COnolecules in 3000 s is reasonable.

We have seen that photolysis of gBetween 120 and 106
nm results in O(S), which radiatively relaxes to ). If every

had been observed when g®as photolyzed with 8.4 eV light
in Ar or Kr matrices. Only when the matrices were warmed
was thermoluminescence due to combination of O atomsto O

O(*S) or O(D) leaves the mother cage, then we have to invoke observed by these authors. In the present stuglyisQalso

the Foster-Dexter mechanism to explain the energy-transfer produced during the photolysis, which upon excitation between
process, which has been shown to be impertinent. Hence, a200 and 100 nm results in ari A~ X emission band progression
part of the geminate pairs of CO and O should remain in the petween 350 and 700 nm (Figures 2 and 4) in addition to
mother cage, most probably in the SS sites as indicated abovethermoluminescence of pon annealing of the matrices. This

In the gas phase, it has been shown thaDQ(s deactivated
by CO through electronic-to-vibrational {E&/) energy transfer
from O to CO30 Thus, after SD emission, @§) would be
deactivated to GP) in the presence of CO. As a result CO-
(X1=*) and O8P) remain adjacent to each other in the Ar cavity.

difference between our observation and that of Fournier et al.
could be due to the following reasons. In the present study
excitation energy is varied betweerb and 12 eV (206100

nm) and the flux of the exciting synchrotron light is much
stronger than that employed by Fournier et al. at 8.4 eV. As

In the gas phase these two species could have reacted in thean be seen from Figure 5, excitation of O@th 8.4 eV energy

presence of a third species (an energy sink) to generatdrCO
its first triplet state $B2).2” As mentioned earlier, in a SS site
where the cavity does not permit the formation of a beny,CO
CO(X!=*) and O@P) have no other choice but to remain as a
van der Waals contact pair in the mother cage. It is kri@wn
that C(}(Xlzér ) is energetically stabilized by 5.5 eV compared
to CO(XI=t) + OEP). An important consequence of this

can produce GD) atoms only. Some of the @)) atoms may
remain in the mother cage as G€D van der Waals complexes
and get deactivated to &R) through E-V energy transfef?30
Excitation at 8.4 eV with a weak light flux may not lead to
long-range mobility of O atoms to form £32 On the other
hand, excitation with photons of energy up to 12 eV with intense
synchrotron light could result in long-range mobility of O atoms

energy difference is that we can access the electronic states othat eventually form @

CO, with a linear geometry that lie at+ 5.5 eV by exciting
CO with a photon ok eV energy (Figure 5). Itis less important
to know which final state of C@can be reached by exciting

Although excitation at 8.4 eV produces only'D} but not
O('S), Fournier et al. have observed the SD emission éf O.
These authors interpreted this observation as due to the

CO as long as that state relaxes to the dissociative valence statgpsorption of a second photon of 8.4 eV energy through the

123 (Figure 5). According to the available theoretical data on
the excited states of G£3” this molecule has a linear geometry
in the 1.9[1, states and it is most likely that &) and CO(&1)

or CO(AI) recombine to result in COin the 131, states. It

is known from the gas-phase stud®e®-3%as well as from the
present work (Figure 1) and the data of Taylor eahat
dissociative excitation to th& state can be achieved with
wavelengths shorter than 120 nm40.5 eV). Thus, excitation
of CO(X!Z™) to any electronic state that lies abovés eV
should result in the chemical recombination of CO* andR)(
to COy*, which subsequently relaxes to Q(GEI) and then
dissociates along the asymmetric stretch coordinate to EO§X
and O{S)26d.27a O(1S) emits a photon at 560 nm and relaxes
to O(D), which through E-V energy transféf with CO(X'=")
attains its ground statéf). The CO(X=") and OfP) geminate
pair thus participate iphotochemically induced electronic-to-
electronic energy transfeapon excitation of CO. From the

O(S) — O(D) excitation that is made possible by the
interaction of O with rare-gas atoms in the ma##i%followed

by SD emission. Our recent experiméfthow that excitation

of OGP) with a threshold of 147 nnm~8.4 eV) results in SD
emission of O in Ar matrices when @r N,O molecules are
used as precursors. The observation of Fournier et al. using
CO;, as the precursor molecule may neither be due to tA8)O(
— O('D) excitation nor be due to direct excitation of %Bj.

The absorption cross section of CO due to the'Af 3) —
X(v" = 0) at 146.6 nm is much stronger than the direct
excitation of O that is produced through the photolysis 0o, CO
in Ar matrices (Figure 1). Excitation at 8.4 eV (147.6 nm,
bandwidth unspecified) can result in photolysis of CQhrough

the first photon to generate an intracage geminate-@D
contact pair. Excitation of CO through the second photon leads
to photochemically induced-EE energy transfer discussed in
the present article from CO to O followed by the SD emission

excitation spectra measured by monitoring the SD emission of of O at 561.5 nm observed by Fournier et al.
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Conclusions

Photochemically induced electronic-to-electronic energy trans-
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