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Laser phorclysu studies of chloro(tetraphenylporphynato)carbonylrhoII) in benzene solutions revealed lhat the uiplet 
formatioq phokGnduc6d decarbonylation, and the isomer formation - within 20 m after lhe laser pulre only lhc rriple1 
yield was round to be dcpmdent on the laser acimtion wavelengths (532 and 355 mu). 

1. Illtrodoction 

Natural carbonyhnetalloporphyrins such as car- 
bonylhemoglobin have been well established to un- 
dergo fable photoG.nduced decarbonylation [l-3]. 

since the hemoglobin and CO molecules produced 
by photolysis recombine to regenerate carbonyl- 
hemoglobin, the association processes of CO and 
hemogIobin have been extensively studied by the la- 
ser photolysis of carbonylhemoglobin. A few studies, 
on the other hand, have been reported on the photo- 

induced decarbonylation of synthetic metallopor- 
phyrins [4,5]. For example, rutheniurn(JI)carbony1- 
etioporphyrin pyddinate was found to release CO up- 
on visible or W light irradiation, resulting in the 
quantitative formation of the dimer of ruthenium(B)- 
etioporphyrin pyridinate [4]. 

Recently, photo&duced decarbonylation of or- 
ganometaIlics has become an increasingly important 
subject of photochemistry in relation to catnly-tic re- 

actions of metal carbonyl compounds [6-83. In the 
present study, we have carried out the laser photolysis 
of cliloro(tetraphenylporphynato)carbonylrhodiurn- 
(Ill) (ClTPPRh(lII)(CO)) in benzene solutions. 
The photochemistry of CITppBh(lII)(CO) is con- 
sidered to provide useful information on the photo- 
induced decarbonylation of metalloporphyrins as tiell 
as metal &bony1 compounds. 

2. Experimental 

Chlororhodium(ICI)tetraphenylporphydn, 
ClTPPRh(IJI), was prepared and purified according 
to the literature [9] _ Carbon moncxide gas (992%) 
from Nippon Sanso Ltd. was used as supplied. Re- 
agent grade benzene was used without further purifi- 
cation_ A benzene solution of ClTPPRh(Dl) was 
bubbled with CO gas to prepare the solution of 
ClTPPRh(lIt)(CO). Concentrations of the sample so- 
lutions were of the order of lOa M. 

The optical absorption spectra were measured with 
a Hitachi 330 spectrophotometer. The monochromatic 
light source for the steady light photolysis was a 
xenon lamp incorporated in a Hitachi MPF 4 spec- 
tiofluorimeter. 

The laser photolysis studies were carried out by 
u&g a Nd-YAG laser (model HY 500 from J. K_ 
Lasers Ltd.) equipped with second-, third-, and fourth- 

harmonic generators. The second (532 nm) and third 
(355 nm) harmonics were used throughout this study. 
The detection system of the transient spectra were 
described in an earlier paper [IO] . 

3.Reeultsanddkussion 

Fig. 1 shows the absorption spectrum oKI_ 

0 009-2614/85/% 03.30 @ Elsevier Science Publishers B.V. 
(North-Holland Physics Publishing Division) 

259 



Volume 117, number 3 CHEMICAL PHYSICS LETTERS 14 June 1985 

+ 426nm 

II 532nm 

400 450 500 550 600 
WAVELENGTH 

Fig 1. Ophcal absorption spectra of ClTPPRh(pI) (_ .) and 
ClTPPRhfJlI) (CO) (-_) in benzene solutions. 

in benzene solution. The absorption peaks are located 
at 421,532, and 563 nm. When the benzene solution 
of CITPPRh(IIl) was bubbled with CO gas, the color 
of the solution turned from orange to pink owing to 
the formation of ClTPPRh(III)(CO) [ll] : 

ClTPPFul(III) + co + ClTPPRh(IlI)(CO). 

The absorption spectrum observed for the benzene 

solution of C!lTPPF&m(CO) exhibits peak maxima 
at 426,540, and 575 nm as shown in fig. l_ The 
marked difference in the absorption spectra between 
ClTpPFU@I) and ClTPPRh(III)(CO) suggests that 
the electronic bands of ClTPPRh(III) have a charge- 
transfer (from l&and to central Rh atom) character 
as in the case of other metzdloporphyrins in which d- 
orbital energy levels of the central metal are close to 
the porphyrin K level [ 121 _ Presumably, coordma- 
tion of a CO molecule changes the darbital energy 
le..-‘- ,CW of the Rh atom in ClTPPRh(IIQ, resulting in 
the variation of the location of the elemonic bands 
having charge-transfer character_ 

Photochemical reaction of ClTpPRh(lEl (CO) in 
a benzene solution saturated with CO gas at 1.0 atm 
was studied by monochromatic steady light inadia- 
tion. No spectral changes were observed for the solu- 
tion upon irradiation at 355 and 532 nm. Furthermore 
the degassed benzene solution of ClTPPRh(lIC)(CO) 
gave no spectral change upon irradiation. Therefore, 
CO and ClTPPRh@I), if produced by photolysis of 
ClTPPRh(llI)(CO), undergo a recombination reaction 
zo regenerate the parent molecule irrespective of the 
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Fig 2. Transient absorption spectra observed after (A) the 
355 pm and @ii) the 532 nrn laser pukes: 1. at 20 ns; 2. at 1 

gs;3,at 10~s 

presence or absence of CO molecules in the bulk 
solvent. This consideration is supported by laser pho- 

tolysis studies of ClTPPRh(IIl)(CO) in benzene solu- 
tions, as described later. 

Fig. 2A shows the transient absorption spectra 
observed in the 355 nm laser photolysis of 
ClTPPF&o(CO) in benzene solution saturated 
with CO gas at 1 .O atm. The spectrum measured 20 ns 
after the laser pulse shows two positive peak maxima 
at 475 and 520, and a negative one at 540 nm. The 
negative absorbance in the spectrum can be un- 
doubtedly ascribed to bleaching of ClTPPRh(III)(CO) 
in the ground state. At 1 .O w after the laser pulse, 
the spectrum exhiiits a posiave peak at 520 nm and 
a negative one at 540 nm. The transient spectra dis- 
appeared completely within 3 ms after the laser pulse. 

The decay analysis of the transient spectra was 
carried out in order to obtain further information 
on the transient species. The absorbance change ob- 
served at 475 nm was folLnd to follow first-order ki- 
netics with a rate constant of 5.0 X 106 s-1. The de- 
cay of the absorbance at 520 or 540 nm was express- 
ed by two exponential functions of time: the first- 
order rate constants are 35 X 105 and 1.6 X lo3 s-l_ 
From these results, we consider that three transient 
species are produced by the laser photolysis of 
ClTPPRh@IQ(CO): species A has an absorption peak 
at 475 nm with the decay rate of 5 .O X 106 s-l, and 
the other two, B and C, have the same absorption 
peak at 520 nm with different rate constants, 35 
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X lo5 and 1.6 X 103 s-l , respectively. The transient 
spectrum of the species A was demonstrated to be 
very similar to the triplet-triplet absorption spec- 
trum of ClTPPRh(II1) in benzene solution: the triplet 
state of ClTPPRh(III) was found to have an absorp- 
tion p&k at 470 nm and a first-order rate constant 
of 5.6 X 10” s-l. From this result we consider that 
species A can be ascribed to the photoexcited triplet 
state of ClTPPRh(IIQ(C0). It is likely that an axial 
CO molecule gives only weak effects on the triplet- 
triplet absoqtion spectrum. The fact that the triplet 
life time of ClTPPRh(IlI) (CO) is markedly shorter 
than that of ClTPPRh(IlI) suggests the increase in the 
non-radiative decay rate constant of the triplet state 
by axial coordination of a CO molecule_ 

The transient absorption spectra measured at 1 .O 
and 10 w shown in fig. 2A are found to be in good 
accord with the difference spectrum obtained by sub- 
tiacting the absorption spectrum of CiTPPRh(III) 
from that of ClTPPRh(lII)(CO). 

The laser photolysls stu&es of ClTPPFU@I)(CO) 
in a NZ-saturated benzene solution revealed that: 
(1) the transient speckurn observed immediately af- 
ter the pulse is the same as that observed for the CO- 
saturated solution of ClTPPRh(III)(CO), (2) the tran- 
sient species A and B decay according to firstarder 
kinetics: the rate constants are in agreement with those 
obtajned with the laser photolysis of ClTPP&(IlI)(CO) 
in a CO-saturated benzene solution, and (3) species 
C, on the contrary, decays according to second-order 
kinetics- the apparent bimolecular rate constant k& 
(E is the molar absorption coefficient of the transient 
Cat520nm),wasdeterminedtobekb/e=4.8X lo2 
M-l s-l. On the basis of the above Endings, species 
C is concluded to be C!lTPPRh(w which reacts with 
CO to regenerate ClTPPRh(lII)(CO). 

The first-order rate constant of species B is found 
to be independent of the presence or absence of CO 
molecules in the solution. Judging from the first- 
order decay, we assume that species B has an isomeric 
structure of ClTPPRh(IlI)(CO). From the decay anal- 
ysis of the transient spectrum at 475,520, and 540 
nm, species A, B, and C are concluded to be produced 
within the duration of a laser pulse. 

Fig. 2B shows the transient absorption spectra 
observed in the 532 nm laser photolysis of 
ClTPPRh@I)(CO) in a CO-saturated benzene s~lu- 
tion. The spectrum measured 20 ns after the laser 

pulse diffiers markedly from that observed in the 355 
nm laser photolysis. However, the spectra taken at 
1 .O and 10 m are very similar to those observed m 
the 355 nm laser photolysis. The decay analysis of 
the transient spectra reveals that *Are-e transients, A, 
B, and C, which were characterized carher, are also 
produced by the 532 nm laser photolysis. A signifi- 
cant hfference between the transient spectra measured 
at 20 ns after the 355 and the 532 nm laser pulse in- 
dicates that the relative yields of these species depends 
on the exatation wavelength. 

The ratio of the quantum yield for the formation 
of species i (i =A, B, and C) obtained by a 532 nm 
laser flash to that by a 3.55 nm laser flash, a,(532 nm)/ 
ai(355 nm), is calculated from the &:;xbance changes 
in the transient spectra and the number of photons, 
labs, absorbed by ClTPPRh(III)(CO): I,, is evaluated 
by measuring the absorption intensity of the triplet 
zinc(II) tetraphenylporphyrins, Zn(II)TPP, in ben- 
zene solutions after the 355 and 532 nm laser pulses. 
On the assumption that the triplet yield of Zn(Il)TpP 
is independent of the excitation wavelength, the val- 
ues of a&532 nm)/@i(355 nm) are evaluated as 

(pA(532 nm)/cPA(355 nm) = 1.43 2 0.05, 

@)B (532 nm)& (355 nm) = 1.05 9 0.05 

and 

+,(532 r~m)/+~ (355 nm) = 1 .OS 2 0.05. 

The absorbance changes used for the calculation of 
Gi(532 mTI)/*i(355 run) were measured at 460 nm 
for i = A and at 520 nm for i = B and C. The results 
described above demonstrate that the yield of forma- 

tion of the triplet ClTPPRh(IlI)(CO) is dependent on 
the excitation wavelength. However, the yields for the 

photoinduced decarbonylation as well as the forma- 
tion of species B seem to be independent of excita- 
tion wavelength. The marked difference between the 
transient spectra observed 20 ns after the 532 and the 
355 nm laser pulses is considered to arise from the 
wavelength dependence of the yields, as*, for the for- 
mation of triplet ClTPPRh(lII)(CO). 

It is well recognized that the higher excited states, 
S, (n > l), of organic molecules in solution are reacli- 
ly relaxed to form the lowest excited singlet state, S, , 
with an efficiency of unity [13] _ Since the lowest 
excited singlet state undergoes intersystem cross&g 
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to yield the lowest triplet state, the yreld of triplet 
formation, ast, is known to be independent of the 
excitation wavelength_ The present results, however, 
show a marked dependence of ast on the laser ex- 
citation wavelength. The absorption spectrum of 
ClTPPRh(III)(CO) has two major bands, the Q band 
(Sl) at 540 nm and the Soret band (Ssz) at 426 nm. 
The 532 and 355 nm laser pulses, therefore, are con- 
sidered to be absorbed by the S, and the S, (n Z 2) 
band, respectively. On *he basis of ip,t(532 nm)/ 
@,,(355 nm) = 1.43 f ORS, we assume that the in- 
ternal conversion process, Sn (n > 2) --f Sl, is a 
highly inefficient process in the excited states of 
ClTPPRh(III)(CO). This assumption leads to the con- 
clusion that: Cl) a 355 nm laser pulse produces the 

tnplet state, Tl, of ClTPFRh(III)(CO) according to 
the process: S, (n Z 2) + T, + T,, where T, is a 
higher excited triplet state, (2) the triPIet formation 
by the 532 nm laser pulse is described as S, + TJ , 
and (3) photodecarbonylation and the formation of 
a ClTPPR.h(III)(CO) isomer take place both in the 
S, (R 2 2) and Sl states. 

4. Conchlsion 

Three transient species are produced by the laser 
photolysls of ClTPPRh(III)(CO) in benzene solutions: 
(1) a photoexcited tnpbt state of ClTPPRh(DI)(CO). 
(2) ClTPPRb(III) formed by photodecarbonylation 
of Cl~P~~~)(CO), and (3) an isomer of 
ClTpPRh(III)(CO). The transient spectrum measured 
20 ns after the 355 nm laser pulse is found to differ 
markedly from that observed after tbe 532 nm Iaser 

pulse_ This fact is rnterpreted by the waveIength de- 
pendence of the yields of formation of triplet 
Clips. The decay analysis of the tran- 
sient spectra confirms that neither phottiduced 
decarbonylation nor the formation of the isomer of 
ClTPPRh(III)(CO) occurs from triplet CITPPRh(III)(CO) 
Further studies are necessary to identify the moliec- 
ular structure of the isomer. 
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