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Laser Photolysis Studies of Rhodium(lll) Porphyrins. Photodissociation of Axial Phosphine
Ligand in the Temperature Range 300-200 K

Introduction

Rhodium porphyrins have been extensively studied as cata-
lysts for various organic reactioAs!! However, photochemical
reactions of rhodium porphyrins have received less attettidf.
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Photodissociation of the axial ligand from triphenylphosphine complexes of rhodium(lll) octaethyl- and
tetraphenyporphyrin halides, (XPPh)Rh"OEP and (X)(PPR)RW"TPP (X = CI, Br, and I), in toluene
solutions are investigated by the 355-nm laser flash photolysis. The photodissociation yield,ab Pirtim
(X7)(PPR)Rh"OEP is markedly dependent on the nature of®&:= 0.79 for X= 1, ® = 0.48 for X= Br,

and® = 0 for X = Cl. Similar trends are observed for ({PPR)Rh"TPP: ® = 0.13 for X= 1l and® =

0 for X = Br and Cl. The excited triplet state is not detected fo)(@Ph)Rh" OEP and (Br)(PPh)Rh"OEP

but for (CF)(PPR)Rh"OEP and (X)(PPh)Rh'TPP. On the basis of the oxygen quenching study and the
temperature dependence of the dissociation quantum yields, the excited stat¥RPH)Rh"'OEP and

(Br )(PPR)RW"'OEP from which the dissociation occurs is ascribed to the excited singlet state. For
(IN)(PPR)RN"TPP, either the excited singlet and triplet state is found to be responsible for the dissociation
of the axial PPk From the quantum yield measurements for the photodissociation of the axgl® Rind

the triplet formation®st, in the temperature range 26800 K, the ligand dissociation and the intersystem
crossing processes of J(PPh)RW'"TPP are demonstrated to be competitive at the excited singlet state. The
sum of the quantum yieldsh plus ®s7, obtained at 300 K is smaller than unity. This result is discussed by
assuming that the energy dissipation process at the excited singlet state is due to the formation of the transient
species that have insufficiently dissociated bonds between X and Rh andiamPRh: the species partly
return to the parent molecule without dissociation of the axial;PPh

The laser flash photolysis studies of rhodium(lll) porphyrins
have shown that the¥T absorption spectra are very similar
to those of zinc(ll) porphyrins, indicating that the lowest excited
state is originated from the porphyrin ligaktdThus, the triplet
state is considered to be expressed(ast*) in nature.

* Corresponding author. Fax: 048-462-4668. Phone: 048-467-9426.  The photochemical reactions of rhodium(lil) porphyrins
E-mail: hoshino@postman.riken.go.jp. studied hitherto are photoinduced electron transfer from the

T The Institute of Physical and Chemical Research.
* Tokyo Institute of Technology.
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Figure 1. Absorption spectra of 8.5 10¢ M (a) (I")Rh"OEP and Wavelength, nm
(b) (I7)(PPR)RA"OEP in toluene. Figure 2. Transient absorption spectrum observed at 30 ns after the

_ ] } _ . .. 355-nmlaser pulse for the degassed toluene solutiorm iRPh)RK"
Laser photolysis studies on photoinduced ligand dissociation OEP in the presence of 1.2 104 M PPh. The solid line is the

of rhodium(lll) porphyrins have shown that the excited state difference spectrum, ()Rh"OEP minus (I)(PPR)Rh"OEP. The inset
responsible for the photodissociation of the axial ligands is the rate constant&ss represented as a function of RPh
markedly depends on the nature of the ligands: the axial CO
molecule is dissociated from the excited singlet statehereas

the axial pyridine is photodissociated via fi{e,7*) statelIn 14¢
the present study, some of (triphenylphosphinato)rhodium(lll) 12
octaethyl- and tetraphenylporphyrin halides; JgePR)Rh' OEP
and (X)(PPR)RW'"TPP (PPh = triphenylphosphine and X
I, Br, and Cl) were found to photodissociate BPthe effects
of halide ions on the photodissociation of the axial P&hd
the reactive excited state are investigated by the 355-nm laser o4 |
flash photolysis.
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Rhodium(IIl) porphyrins were synthesized and purified Wavelength, nm
according to the literaturé:'*Reagent grade triphenylphosphine  Figure 3. Absorption spectra of 8.& 106 M (c) (I")RH'TPP and
supplied from Wako Junnyaku Co. Ltd. was purified by recrys- (d) (I")(PPR)RR"TPP in toluene.
tallization fromn-hexane.

Absorption spectra were recorded on a Hitachi 330 spectro- is in good accord with the difference spectruntJRh!"'OEP
photometer. The temperature of sample solutions was controlledminus (I")(PPR)RH!"OEP), the axial ligand, PBhs concluded
with the use of a cryostat (Model DN 1001 from Oxford to be photodissociated.

Instrument).

Laser photolysis was performed with third harmonics (355 (I_)(PPQ)Rh'"OEP—i- hy — (I_)Rh"'OEP—i- PPh (2)
nm) from a Nd:YAG laser (Model HY500 from JK Lasers ):
the duration and energy of a laser pulse are 20 ns and 100 mJ/The photochemically produced JRh"OEP returns to ()(PPh)-
pulse, respectively. The detection system of the transient spectreRh" OEP by the recombination reaction with BRhq 1).

has been described elsewhéte. The decay of (I)Rh"OEP monitored at 393 nm follows
pseudo-first-order kinetics in the PPtoncentration range 2.0
Results x 1074 to 1.0 x 1072 M. According to eq 1, the pseudo-first-
Transient Absorption Spectra. Figure 1 shows the absorp-  Ofder rate constantkonsy for the decay of (RN!'OEP is
tion spectra of 8.5¢ 1076 M (I ")Rh'"OEP and (I)(PPh)Rh!- expressed as
OEP in toluene solutions. The absorption peaks 9Rh"OEP _
are located at 393 nne & 8.22 x 10* Mt cm™1) in the Soret Kobsa = KPR + K, 3)

band region and at 543 nma € 2.47 x 10* M~ cm™) in the
Q-band region. The absorption spectrum ojRh" OEP in the
toluene solution gradually changes with the addition of £Ph
because of the formation of ((PPR)RN" OEP.

As shown in the inset of Figure 2, the plot kfysq Vs [PPh]
gives a straight line. From the slope and the intercept of the
line, we obtainks = 6.9 x 10’ M~1s landk, < 10? s 1. Other
transient species such as the excited triplet state could not be
N koo " observed for both aerated and degassed toluene solutions of
(| )Rh OEP+ PPQTU )(PPI})Rh OEP (1) (|7)(PPQ)RH”OEP.
Figure 3 shows the absorption spectra of &810°°% M
The spectral change finishes when the equimolar amount of PPh (17)Rh!'TPP and ()(PPR)RW!"TPP in toluene solutions. The
is added into the solution, indicating that the backward rate absorption peaks of {)Rh''TPP are located at 413 nma &
constantky, is very small, as will be described later. 1.52 x 1® M~1 cm™) and at 523 nm¢ = 3.07 x 10* M~
Figure 2 shows the transient absorption spectra observed forcm™). As in the case of (I)Rh"OEP, the spectral changes
an aerated toluene solution of J(PPh)Rh"OEP containing observed for ()R TPP by addition of PPhend when the
1.0 x 1004 M PPh at 30 ns after the 355-nm laser pulse. equimolar amount of PRhis added into the toluene solu-
Because the transient spectrum observed at 30 ns after the pulsgon.
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measured at wavelengthimmediately after the pulse and the
difference in the molar absorption coefficient between A and
B at 1, andlapsstands for the number of photons absorbed.

For determination of,s We use a benzene solution of zinc-
(1) tetraphenylporphyrin, ZnTPP, which has the absorbance
identical with that of the toluene solution of the molecule A at
355 nm. The triplet yieldgr, of ZnTPP is expressed as

Absorbance Change

¢r=ADr(er) (1) (7)
25 | M e Y where ADt and er are the absorbance change at 470 nm
30 immediately after the pulse and the molar absorption coefficient
0 400 50 0 %0 0 650 of the triplet ZnTPP at 470 nm, respectively. From eqgs 6 and
Wanvelength, nm 7, the quantum yield is formulated a4
Figure 4. Transient absorption spectra observed at (A) 30 ns and (B
g NS o ) ¢ = d1(AD(A)/ADy)(er/Ac (1) ®)

2 us after the 355-nm laser pulse for the degassed toluene solution of

(I7)(PPR)RW"TPP in the presence of 10 104 M PPh. The solid .

curve of the spectrum B is the difference spectrumRH'TPP minus ~ Becausepr ander for the benzene solution of ZnTPFhave

(IN)(PPR)RN'TPP. The inset is the rate constarits.q represented  already been determined @s= 0.83 andkr = 7.3 x 10* M1

as a function of PPh cm1, the yield¢ for the formation of B from A can readily be
obtained with the use of eq 8.

. . . The laser photolysis of 1.2% 1075 M (17) (PPR)Rh"TPP
Figure 4 shows the transient absorption spectra observed forand 4.0x 10-* M PPhy in toluene gives two transient species,

a degassed toluene solution of (PPhR)Rh!"TPP containing (IF) RH'TPP and the excited tri f
plet state of Y{(PPh) Rh'"-
4 -
10> 107 M PPh; at 30 ns and s after the 355-nm laser TPP. The triplet state completely disappears withims2after
pulse. The transient spectrum detected at 30 ns after the puIseEhe pulse. However, {) RHITPP returns to (1)(PPh) RH-
has two distinct positive peaks at 413 and 490 nm and anegativeTPP with a half-Iifé of ca. 60Qs. Thus the yield for the

peak at 453 nm. The positive absorbance at 490 nm decaysi,mation of (MRW'TPP was determined by measuring the
according to first-order kinetics with a rate constant 4310° absorbance changAD(413 nm), at 2us after the pulse. The

s™1, leaving a long-lived transient taken au2 after the pulse. lar absorpti fficients of (PPRRNTPP and (f
On the basis of the spectral characteristie®¥ the transient QS'F'IEP{; i(;\lpelzlgr? %égf:qisn eod gé 1 ;3%105 and 1%’; 1(02

species with the decay rate constant 4310° s~1 is ascribed M1 cm! at 413 nm. respectively. From eq 8P(413 nm
to the excited triplet state of ()(PPR)RN'TPP, *[(17)(PPhy)- and the molar absor’ptionpcoeffic)i/ents, theqquarftum yiel)d for

Rh”ITPP]*. . — _ :
- . the photod t f PRH ") (PPR)Rh"TPP
As shown in Figure 4, the transient spectrum observed at 2 deeg;)ssoeg tlcji?e(r?: ;(s)r:)b(iaingd ;1mm§m)o(2 R) n

us after the pulse is in good accord with the difference spectrum For th f the triplet viel PhRHITPP
(I)RATPP minus (H)(PPR)RHITPP). Thus, the axial ligand, or the measurements of the triplet yield of(PPRRN TPP,
PPh | luded to be photod ated by the 355 | the molar absorption coefficient &f(I7)(PPR)Rh'TPP]* at

h, is concluded to be photodissociated by the "M 1aS€r 490 nm has been determined from the absorption spectrum of

pulse. 3(1")(PPR)RHTPPJ*. The spectrum of(1~)(PPR)RH" TPPJ*

_ I - is obtained as follows. The transients observed for k2105

(") (PPR)RNTTPP+ hw — (I")RRTTPP+ PP (4) M (I7)(PPR)RN'"TPP at 30 ns after the 355 nm laser pulse are
composed of[(I7)(PPR)RN"TPP]* and (N)Rh"TPP. The rate
; " for the decay of the triplet state is much faster than that of
to the” regeneration of (J(PPR)RNITPP. The decay of  (-)ryiTPP, and thus, the transient spectrum for the triplet state
(klin)eF'fit:]Is-I;rTI?hg]%nlgg?[:%iinétlrlaiionr:nr;%"cgwi pfélédt%-firsg-order is obtained by subtracting the transient spectrum measured at 2
.U X i

1073 M. As represented in the inset ongi ure 4, the plot of the us from that at 30 ns. Wlth- the use of the absorbanbe¢t)

' P _ gure 4, the pi and Do(1), of the excited triplet state and the ground state of
decay rate constant vs [(P&hgives a straight line with an (I")(PPR)RH'TPP at the wavelength the absorbance change,

intercept at the origin. The slope of the line gives the bimolecular AD(A), of the transient spectrum of the triplet state is expressed
rate constant, 8.4« 10’ M~1 s71, for the reaction between ag2.23

(IMRN'TPP and PPh

The transient (1)Rh!'TPP reassociates with PRlgiving rise

It is found by the laser flash photolysis that (1) (RPPh)RH" AD(4) = k(D+(2) — Dy(A)) 9)
OEP in toluene photodissociates the axial PRithout forma-
tion of the triplet state and (2) (Ci(PPR)RW'"OEP, (Br)(PPh)- The variable numbelk;, is the function of the energy of a laser

Rh'"TPP, and (CI)(PPR)RW"TPP gave the excited triplet state  pulse and ranges 8 k < 1.0. Equation 9 is transformed to
without photodissociation of the axial PRh
Quantum Yield Measurements by 355-nm Laser Flash D7(%) = Do(4) + AD(2)/k (10)

Photolysis. When the photochemical reaction is expressed as ) ) ) )
If kis appropriate, the plot dDt(4) vs A gives the absorption

A+hw—B (5) spectrum off[(I7)(PPR)RW'"TPP]*. We assume here that the
triplet spectrum of (t)(PPhR)Rh!" TPP in the Soret band region
the quantum yield for the formation of B is formulated as is not distorted?23 The valuek = 0.6 £ 0.05 gives a smooth
absorption band centered at 490 nm. Thus, the triplet absorption
¢ = AD({ Ae (1)} H(1pd " (6) spectrum is obtained by the plot 8f (1) vs 1 atk = 0.6 +

0.05. The molar absorption coefficient calculated from the triplet
where AD, and Ae, are, respectively, the absorbance change spectrum is obtained as 6:70.06) x 10* M~1 cm! at 490
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025 100 TABLE 1: Quantum Yield, ®, for Photodissociation of the
Axial PPh3 from Triphenylphosphine Adducts of
Rhodium(lll) Porphyrins, the Triplet Yield, ®gr, and the
Bimolecular Rate Constant, ks, for the Reaction between
Rhodium(lll) Porphyrin and PPh 3 at 300 K

c:_ [} Dsr k, M71st
E (CI")(PPR)RW"TPP N? 0.69
(Br)(PPh)RN"TPP ND 0.72
(IN(PPR)RN'"TPP 0.18 0.36 8.4x 107
0.05 120 (CI")(PPR)RW"OEP ND 0.35
(Br~)(PPh)Rh"OEP 0.48 N.D 1.3x 10°
0.00 . 00 (I")(PPR)RW"OEP 0.79 N.D 4.6x 10

0 0.01 0.02

- aNot detected® The sum of the quantum yields for the photodis-

sociation of PPhat both the excited singlet (0.12) and the triplet state
Figure 5. Plots of the dissociation yieldsb(closed circle), and the (0.06).¢ The quantum yields for the photodissociation of PRhthe
triplet decay rate constants(open triangle), observed for §(PPh)Rh" - excited singlet state.

TPP in toluene, represented as a function of the oxygen concentration.

1.0

nm. This value is close to that of the triplet ZnTPP at 470%Am. 08 %
The quantum yield for the formation &f(1 ~)(PPh)Rh" TPP]*
is determined as 0.3& 0.03.

The quantum vyield for photodissociation of the axial PPh
from (I7)(PPR)RN"OEP in both aerated and degassed toluene
solutions was obtained as 0.79 by the measurements of the
absorbance change at 393 nm at 30 ns after the pulse. Because
the excited triplet state could not be detected, the photodisso-
ciation of the axial ligand is considered to take place at the
excited singlet staté[(I~)(PPh)Rh'" OEP]*.

The quantum yields for the photodissociation of the axialsPPh
from (IM)(PPR)RWITPP in degassed and aerated toluene are Figure 6. Plot of the dissociation yieldp, of (I7)(PPh)Rh"OEP in

obtained as 0.13 0.01 anq 0.17+ 0.02, respect.ively. As toluene, represented as a function of temperature. The solid line is the
mentioned above, photolysis of J{PPR)RN!'TPP yields the  calculated one (see text).

excited triplet state. To examine the contribution of the triplet
state to the photoreaction, the quantum yields, for the

0.6
©

0.2

150 200 250 300 350 400

Temperature, K

photodissociation of PRhand the rate constantsr, of x 10°s71, andkg = 4.4 x 10° s™1. Because the calculated curve
3[(17)(PPR)RK"TPP]* monitored at 490 nm were measured at reproduces well the quantum yields obtained, it is concluded
various concentrations of oxygen. that the axial PPhis photodissociated from both the excited
Figure 5 shows the plots dfr and @ vs [O;]. The rate  singlet and the triplet state of ((PPR)RW!"' TPP.
constantskr, for the decay of{(I")(PPR)RN'TPP]* depend The laser photolysis of (B)(PPh)RH' OEP gives a transient
on the oxygen concentration, O When _the triplet state is spectrum identical with the difference spectrum ((BRh"' OEP
quenched by oxygen, the rate constaat,is expressed as minus (Br)(PPh)Rh"OEP). The excited triplet state could not
0 be detected. Thus, (BY(PPR)Rh!"OEP is concluded to pho-
kr = ki +K[O,] (11) todissociate the axial PRrat the excited singlet state. The

quantum yield for the photodissociation is determined ast0.5
Herek® andk, are the rate constant &I ~)(PPR)RR" TPP]* 0.05. In Table 1 are listed the quantum yields for photodisso-
in degassed toluene and the quenching rate constant ofcjation of the axial PPhthe triplet yield, and the rate constants
(") (PPR)RN!TPPI* by oxygen, respectively. The plot kf for the recombination between rhodium(lll) porphyrins and
vs [O;] gives a straight line. The slope of the line givies= PPh.

1.4 x 1® Mt s, The decay rate constant 4l ~)(PPh)Rh" -
TPP]* in degassed toluene is found tok€ = 3.8 x 1P s71,
irrespective of the absence or presence ofsPPh

The quantum yield®, initially decreases with an increase
in [O2] and approaches to a limiting value at higher concentra-
tions of oxygen. The assumption that the photodissociation of
the axial ligand occurs via both the excited singlet and the triplet
state leads to the following equation.

Temperature Dependence of the Quantum Yields for the
Photodissociation of PPh. The quantum yields for the pho-
todissociation of the axial PRfrom (I7)(PPR)Rh"OEP were
measured in the temperature range 1300 K. The transient
species observed after the laser pulse is soleyR{i" OEP.

As will be mentined later, it is found that (1) the quantum yield
for the photodissociation of PRHrom (I7)(PPh)Rh"OEP
diminishes at low temperatues and (2) the excited triplet state
0 of (I7)(PPR)RN"OEP could not be detected in the temperature
O = Og+ D, ky (12) range studied. This finding indicates that the suppression of the
kTO + k[O,] ligand dissociation does not result in the formation of the excited
triplet state of (I)(PPR)Rh'"OEP. Thus, we concluded that the
where ®s and ®r are the quantum vyields for the photodisso- €xcited triplet state of (I)(PPR)RR!"OEP is not responsible for
ciation of the axial ligand at the excited singlet state and at the the photodissociation of the axial PPh
excited triplet state of (I\(PPR)RW" TPP, respectively. The solid Figure 6 shows the quantum yields for the photodissociation
curve in Figure 5 is the calculated quantum yiddwith the of the axial PPk from (I7)(PPR)Rh"OEP, represented as a
use of eq 12bs = 0.11+ 0.01,dt = 0.06+ 0.005,kr° = 3.8 function of the temperature. The yield is 6t80.08 at 300 K.
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Figure 7. Plots of the dissociation yieldsb(T) (closed circle), and Sy —

the triplet yields ®(T)st(open triangle) observed for ( PPh)Rh'TPP
in toluene, represented as a function of temperature. The solid lines

are the calculated ones (see text), rate constantk,, and the intersystem crossing rate constants,

kst andkr, are the activationless processes.
The quantum yieldsp(T)s and ®(T)r, are formulated as

SCHEME 1
Sn B(T), = Kso €XP(—AE/RT) (15)
S kg T Ks1 1 Kgo EXP(—AEJRT)
and
- ko EXp(—AE/RT)
S1 TO
O(T), = D(T 16
(T =®( )STan+ kro EXP(—AEL/RT) (16)
HerekspandAEs are the preexponential factor and the activation
Dissociation energy for the dissociation of PPat the excited singlet state,
S and krp and AEr are those at the excited triplet state,
o

respectively. The triplet yieldP(T)sr, in eq 16 is represented

as
With a decrease in the temperature, the yield gradually

decreases. The photodissociation diagram of;FPshown in K
Scheme 1. By assuming the activation energ¥, for the D(M)gr= T (17)
photodissociation of the axial PRithe quantum yieldd is Ksy 1 kst t Ko €Xp(—Eg/RT)

represented as
Figure 7 shows the temperature dependence of the triplet
Kso €XP(—AE/RT) yield, ®(T)st, and the dissociation yieldP(T), observed for
(13) the toluene solution of ())(PPh)RH! TPP by the 355-nm laser
photolysis. The triplet yield®(T)sr, is found to increase with
) ) ) . adecrease in the temperature. With the use of the triplet yield
Hereksois the preexponential factor of the Arrhenius expression (q 36) at 300 K, eq 17, the curve fitting, and a least-squares
for the rate constant of the PPtlissociation, and, is the rate method ks./kst, kso/kst, andAEs are obtained as 0.88, 1.8

constant for the internal conversion process of the excited singlet{ g and 3.2 kcal/mol respectively. Thus, eq 17 is rewritten as
state. With the use of eq 13 and the least-squares fitting program,

we obtained the parameterSE = 2.3 kcal/mol, and l¢kso = o 1
4.3 x 1073, The solid line in Figure 6 is the quantum yields sT=
calculated according to eq 13 with the use of these parameters 1.88+ 1.81x 10° exp(-3.2x 103/RT)

mentioned above. .
The photodissociation of the axial PFrom (I-)(PPh)RR'" - As represented by eq 15, the quantum yie(T)s, for the

: . ; hotodissociation of PRIt the excited singlet state is governed
'II:'PP takes place from both thg excited singlet anq tr|p|§t state. Ey the factorsAEs and ke, + ke/kss Fromd(T)s = 0.11 at
igure 7 shows the quantum yields for the photodissociation of .
the axial ligand, PPh represented as a function of the 300 K, AEs = 3.2 kcal/mol, and eq 15ké + ksr)lkso is
temperature. The quantum yield for the photodissociation of OPtained as 0.04. Then eq 15 is rewritten as
the axial ligandP(T), is represented as a sum of the yields,
®(T)s and®(T), at both the singlet and triplet excited states. exp(=3.2 x 10%RT) (19)

O(T)s=
(Ms 0.04+ exp(-3.2 x 10¥RT)

o koo expCAERRT)

(18)

O(T) = O(T)s + ®(T)r (14)
As mentioned above, the total dissociation yield of REKT),
Scheme 2 shows the diagram of the photodissociation of PPh is expressed as a sum of the yieldXT)s and®(T)r. With the
from (I7)(PPh) Rh'"TPP in toluene. It is assumed that, as in use of egs 16, 18, and 1&(T) in eq 14 can be formulated as
the case of ()(PPR)RW'"OEP, (1) the dissociation of PPh  a function of T. The parameteis;/kro andAEr, in eq 16 were
requires the activation energy and (2) the internal conversion determined by a curve fitting ofb(T) and a least-squares
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TABLE 2: Activation Energies for the Dissociation of the
Axial PPh3 at the Excited States

AEs, kcal/moP

AEr, kcal/moP

(I")(PPh)RN'TPP 3.2 2.9
(Br-)(PPR)RN'OEP NMF
(I")(PPh)RN"OEP 2.3

a Activation energy for the dissociation of the axial BRit the
excited singlet staté.Activation energy for the dissociation of the axial
PPh at the excited triplet stat€ Not measured.

method: kry/kro = 0.036 andAEr = 2.9 kcal/mol. Equation
16, therefore, is rewritten as

B(T), = B(T)or exp(—2.9 x 107RT)

20
0.036+ exp(—2.9 x 10°/RT) (20)

Here ®(T)st has already been formulated by eq 18. Equations

14, 19, and 20 predict that the dissociation occurs solely at

(17)(PPR)RW'"TPPI* at an “infinite” temperature with the yield
of 0.97. In Table 2 are listed the activation energies for the
PPh dissociation at the reactive excited states.

Discussion

Photodissociation of axial ligands from various metallopor-

phyrins has been extensively studied with an aim to elucidate
the reaction mechanisms for association and dissociation of the

axial ligands. For instance, alkylaluminum(Ifj-and alkylin-
dium(lll) porphyrinsz> R—AI"P and R-In""P (P= porphyrin),

undergo the homolytic cleavage of the carbon-metal bond to

give AI"P and IAP. Zinc(ll) tetraphenylporphyrin reversibly
binds or releases a pyridine molecule at the axial position in
the excited singlet staf8.The pyridine complex of chlorochro-
mium(lll) porphyrins, (CH)(Py)CHP (Py= pyridine as the axial
ligand) photochemically dissociate PySimilarly, (PyyFe'P 28
(CIN)(Py)Cd"P2 (CI")(Py)RH"P 16 and (Py)Ni" P03t readily
release Py upon laser excitation.

Determination of the reactive excited states of metallopor-

phyrins responsible for the dissociation of the axial ligands has

also been one of the principal subjects of the metalloporphyrin
photochemistry. Femtosecond laser photolysis of!'[Fg,3?
[Co"'PT",32 and Ni'P34 suggests that the dissociation of axial
ligands occurs from the-dd*, MLCT, or LMCT excited states.
Nanosecond photolysis of (Q(L)C'"'P (L = axial ligand)
revealed that the axial ligand L is dissociated from both'ge
and the®T; (and/or*Ty) state?® Alkylindium(lll) porphyrins
have been confirmed to dissociate the alkyl group via the excite
triplet state originating from the porphyrin ligadl.

The reactive excited states for the photodissociation of
the axial ligands of rhodium(lll) porphyrins have been found
to depend on the nature of the axial ligands. For alkylrhod-
ium(lll) porphyrins, the excited singlet stafézr,7*), has been
demonstrated to play the key role in the cleavage of the carbon
Rh bond!2 The laser photolysis studies of (G(Py)RH' TPP
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affinity of halide atoms, it is suggested that an important factor,
which dominates the yield for the dissociation of the axial£Ph

is the charge-transfer interaction between the halide ions and
the central rhodium(lll) atom at the excited singlet state.
Presumably, the charge transfer front ¥ the Rh(lll) atom
labilizes the bond of the RAPPh at the trans position. The
similar trend was observed for (X(PPR)Rh'TPP. The pho-
todissociation of the axial PRlis detected solely for X= I.

Because the excited triplet state could not be detected, the
reactive excited state responsible for the dissociation of the axial
PPh from (I7)(PPR)Rh'OEP and (Br)(PPR)Rh'"OEP is
assumed to be thé(w,7*) state. The laser photolysis of
(CI")(PPR)RN"OEP has shown that the excited triplet state is
formed without the dissociation of the axial RPfhis fact
indicates that the axial Clsuppresses the dissociation of the
axial PPHh at the excited singlet state, and thus, the triplet state
is readily produced by intersystem crossing.

(IM)(PPR)RK"TPP undergoes photodissociation of the axial
PPh at both the excited singlet and the triplet state. The quantum
yield measurements in the temperature range—-200 K
indicate that the triplet formation and the dissociation of the
axial PPh are the competitive processes at the excited singlet
state. At an “infinite” temperature, the dissociation yields
estimated by egs 19 and 20 abgwo)s = 0.96 and®(w)r =5
x 1078, respectively. Thus, the major processes at elevated
temperatures are supposed to be the dissociation of the axial
PPh at 1[(I")(PPR)RW" TPP]*.

Rhodium(lll) porphyrins studied here hardly exhibit fluores-
cence. The sum of the quantum yields of the triplet formation,
dsr, and the dissociation of the axial PRI, is smaller than
unity at 300 K, suggesting that the electronic energy of the
excited singlet state is partly dissipated into the thermal energy.
A previous study has shown that the triplet yields of Zn, Mg,
Al, and Ga porphyrins are larger than 0.75 and the sum of the
yields, the triplet formation plus fluorescence, are close to
unity 36 These results lead to the assumption that, in general,
the rate constank,, for internal conversion of metalloporphy-
rins is principally smaller than thakst, for the intersystem
crossing process. In the case of rhodium porphyrins, the rate
constantksr, is expected to become large owing to the heavy
atom effects and thukst > k,. From these considerations,
the electronic energy dissipation process[6X ~)(PPh)Rh! -
OEP]* and![(X ")(PPR)RN!" TPP]* is not solely ascribed to the
internal conversion process. The possible energy dissipation
process is suggested to be, at least in part, due to the formation

g of the short-lived species having insufficiently dissociated bonds

between PPhand the Rh(lll) atom and/or X and the Rh(lll)
atom at the excited singlet state. It is likely that the full
dissociation of the axial PRBhakes place from the short-lived
species, which has the weakened bond between &mrhthe
Rh(lll) atom.

The rhodium porphyrins, {()(PPR)Rh!"TPP, undergo the
photodissociation of the axial P&t both![(17)(PPR)RK" TPP]*

suggest that the reactive excited state responsible for theand®(I")(PPR)RI!TPP]* similarly to the case of the isonitrile

dissociation of the axial pyridine molecule is the thermally
accessiblé(dr,d*) state produced via th&émr,7*) statel4161n
the case of (1)(CO)RH'TPP, the photodissociation of CO takes
place at thé'(zr,7*) state. Furthermore, ()(R—NC)RH"TPP
has been found to dissociate the axiallRC at both thé(,7*)
staté* and the thermally accessiblédr,d*) statel*

The quantum vyield for the photodissociation of RRiom
(X7)(PPR)RW"OEP at the excited singlet state was found to
depend on the nature of the axial halide iorm,: Xhe yield in-
creases in the order GIBr—, and I. On the basis of the electron

complexes, (1)(R—NC)RH"TPP. Thus, the dissociation of the
axial PPR at 3[(I7)(PPh)RW"TPP]* is suggested to occur via
the thermally accessibfdr,d*) state.
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