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Chloroaquachromium(lll) tetraphenylporphyrin, CKP)Cr' TPP, reversibly reacts with isocyanide, ER,

to form CI(CN—-R)CF"'TPP in toluene solutions containing 44103 M H,0 and CN-R. The equilibrium
constant for the formation of CI(CNR)Cr"TPP obtained by spectroscopic measurements ranges from 10 to
1(? depending on the nature of the isocyanide used. The laser-photolysis studies of the toluene solution
demonstrate that CNR is photodissociated from CI(CAR)Cr'"TPP to produce CIGTPP with a quantum

yield ca. 0.1. The five-coordinate CI*TPP reacts with KD and CN-R to give CI(HO)Cr"'TPP and Cl-
(CN—R)CI'"TPP, respectively. The transient product GIIHCH! TPP further reacts with CNR to regenerate
CI(CN—R)CIMTPP. The rates for the decay of CHP)Cr'"' TPP are measured as a function of the concentration

of CN—R in order to determine the rate constants of the forward and backward reactions for the formation
of CI(CN—R)Cr"TPP. The equilibrium constants obtained from the kinetic analysis for the decay of ClI-
(H-0)Cr"'TPP are in good agreement with those determined by spectroscopic measurements. The mechanism
for the equilibrium reaction is discussed in detail on the basis of the rate constants for the formation of
CI(H,O)CH'TPP and CI(CN-R)CFM'TPP from CICHTPP, measured in the temperature range-Z K.

The quantum yield for the photodissociation of €R is not affected by the presence of oxygen. Since the
lowest excited statél'; of CI(CN—R)Cr!' TPP observed by laser photolysis is effectively quenched by oxygen,
this state is not responsible for the ligand ejection from CHKENCH'TPP. The'S; state is assumed to be

the reactive excited state of CI(GNR)Cr'' TPP.

Introduction porphyrin. Others2Ty, “T1, and®Ty, are independent of the
photodissociation of the axial ligands’

CICM"TPP synthesized has a water molecule at the axial
position as revealed by X-ray structure determinatiomhe
addition of isocyanide (CNR) into a toluene solution of Cl-
(H2O)Cr'"'"TPP yields the isocyanide complexes CI(ER)Cr' -

TPP. The present paper describes the absorption spectroscopic
and laser-photolysis studies of CI(ER)CrH!'TPP in toluene.
The complex CI(CN-R)CH'TPP photodissociates GNR by

The excited states of chromium(lll) porphyrins have been
well studied both theoretically and experimentaify According
to the theoretical consideratiéhe central chromium(lll) atofn
having a spin stat8= 3, interacts with the porphyrin system
in the excited states to give tH&,, 2Ty, 4Ty, 6T, states. The
first one and the last three are, respectively, produced by a
coupling of the central chromium ators & 3/,) to the lowest
excited singlet and the triplet state of the porphyrisystent. laser photolysis to yield the five-coordinate CIQPP. The

;geeséllig'ei ?Qaiﬁﬁgem;iﬁgﬁ gfarpe;haerghgoem'%gl'%pggﬂgyggs reactive excited state for photodissociation and the association
f\t/h W” (lj.ﬁ ! betw : thqu“ u u mechanisms of CNR to both CI(HO)Cr'TPP and the five-
ot tne small energy driierence between them. coordinate CICFTPP are discussed on the basis of the laser-

The axial “9‘?‘”0‘ significantly affe_cts _the_electronic structure photolysis studies carried out in the temperature range-300
and the reactivity of metalloporphyrins in either the ground and 200 K.

excited state3. The laser-photolysis studies of chlorochromium-
(1) tetraphenylporphyrins, CI(L)CtTPP (L = sixth axial Experimental Section
ligand), have revealed that the yields for photodissociation of

the axial ligands markedly depend on the nature 6f1.For Toluene was supplied from Wako Pure Chemicals Industry
instance, CI(HO)CI'' TPP photodissociates the axiad®iwith Ltd. The concentration of water in toluene used in the present
a quantum vyieldd = 0.987 while CI(CH;COCH)Cr!' TPP study is 4.4x 1073 M. The isocyanides used were EIR" (n

photochemically releases the axial acetone itk 0.154 The = 1-5; see Chart 1), which were synthesized according to

excited state responsible for the photodissociation of the sixth literature?~1° Chloroaquachromium(lll) tetraphenylporphyrin,
ligand is assumed to be S, state of the chromium(ll) ~ CI(H20)CH'TPP, was synthesized and purified by the method
reported in ref 3. The concentration of CYB)Cr''TPP in

* To whom correspondence should be addressed. Telephone: 048-467-toluene is ca. 1¢° M during the course of this study. The
9426. Fax: 048-462-4668. E-mail: hoshino@postman.riken.go.jp. sample quartz cells have an optical path length of 1 cm.
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Figure 1. Absorption spectral changes observed for G} TPP
in a toluene solution containing 44 103 M H,0O and CN-R™. The
concentrations of CNR! are (1) 0, (2) 1.11x 1075, (3) 2.22x 1075,
(4) 4.44 x 1075, (5) 1.11x 1074, (6) 2.22x 1074, (7) 5.55x 1074,
and (8) 1.0x 102 M.

CHART 1
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Absorption spectra were recorded on a Hitachi 330 spectro-
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Figure 2. Transient absorption spectrum observed for the toluene
solution of CI(CN-RY)Cr'TPP in the presence of 1.23103M CN—

R! at 300 K. The spectrum was taken at L§ after 355-nm laser
pulsing. The short-lived species completely disappeared withip4.0
after pulsing (data not shown).

Equation 3 is derived from egs 1 and 2:

_(O—Dy _ [CN-R]
(D, — D) [H0]

@)

Here, D is the absorbance at [GARY], and Dy and D, stand
for the absorbances at [GNRY] = 0 and at an “infinite”
concentration of CN-RY, respectively. The plot of vs [CN—
R1] gives a straight line with an intercept at the origin. The
slope of the line giveK/[H;0] = 2.9 x 10* M~L The
concentration of water in toluene is 4:4 10-3 M, and thus,
the equilibrium constar is determined as 1.28 1%

The absorption spectrum of CI(CANR)CH!'TPP exhibits
characteristic features particularly in the Soret band region. The

photometer. Laser-photolysis studies were carried out with the absorption band of CI(#D)Cr"' TPP located at 448 nm splits

use of a Nd:YAG laser equipped with the second (532 nm),
third (355 nm), and fourth (266 nm) harmonic generators. The

duration and the energy of a laser pulse at 355 nm were,

into two bands with intensity similar to each other by forming
the isocyanide complex, one at 427 and another at 474 nm. The
molar absorption coefficients of CI(CANRY)Cr' TPP in toluene

respectively, 20 ns and 60 mJ/pulse. The detection system ofare determined as 6.4 10* M~icm™ at 427 nm and 6.6<

the transient is described elsewhé&teThe temperatures of the
sample solutions were controlled with the use of an Oxford
cryostat (model DN 1007).

Results

Absorption Spectroscopic Studies of Isocyanide Com-
plexes Figure 1 shows the absorption spectral changes
observed for CI(HO)Cr''TPP in the toluene solution with a
change in the concentration of GNRL. The absorption peaks

of CI(H,O)Cr''TPP located at 394, 448, and 562 nm decrease
in intensity, and new peaks appear at 427, 474, 585, and 628

nm with an increase in the concentration of the-aR}. Clear
isosbestic points observed in the spectra indicate that the spectr
changes are interpreted in terms of the equilibrium reaction
k
CI(H,0)C!"' TPP+ CN-R" = CI(CN—-RYHC"TPP+
H,O (1)

The equilibrium constarK (=ki/k,) is expressed as

_[C(CN-RY)Cr"' TPP][H,0]
~ [CI(H,0)CP" TPP][CN-RY]

10* M~Icm™! at 474 nm. These values are smaller than that
(2.33 x 10° M~1 cm™?) of CI(H,O)Cr'"'TPP at 448 nm. The
spectra, the peak wavelengths, and the molar absorption
coefficients obtained for the five isocyanide complexes in the
Soret band region are very close each other, independent of the
nature of the isocyanide studied.

Laser-Photolysis Studies The laser-photolysis studies were
carried out for the toluene solution of CK&)CrH!' TPP in the
presence of 1.13« 103 M CN—R! at 300 K. The major
chromium porphyrin species>09.9%) in the solution was
confirmed to be CI(CN-R)CH!'"TPP. The transient spectrum
observed at 300 K shows that short- and long-lived species are

aproduced; the former decays within 1@ after pulsing and

the latter over a few tens of microseconds. We initially describe
the kinetic study of the long-lived species. The short-lived
species will be mentioned later.

Figure 2 shows the long-lived transient absorption spectrum
measured at 1.,0s after pulsing. The transient spectrum has a
positive peak at 448 nm and a negative one at 480 nm. The
spectrum is in good agreement with the difference spectrum
obtained by subtracting the spectrum of CI(ERy)Cr'TPP
from that of CI(HO)CH'TPP. Thus, the laser photolysis of
CI(CN—RHCIF'"TPP is concluded to yield CI@#®D)Cr"' TPP. The
decay of the transient CIg®)Cr''TPP strictly follows first-
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Figure 3. Plot of the rate constantsfor the decay of CI(HO)Cr"'-
TPP represented as a function of the concentration of RN

TABLE 1: Rate Constants ki and ky, and Equilibrium
ConstantsK for the Formation of CI(CN —R")Cr'"" TPP from
CI(H,O)Cr'""TPP in Toluenet

isocyanide
CN—-R?
1.6x 10° 1.6x 107
6x10F 19x1C°

2.7x 10 8.5x 10
1.8x 107 1.1x 10

CN-R®

1.8x 10
1.7x 10°
1.1x 10
1.7 x 10

CN-R! CN-R? CN—R*

ki, M™tst 1.7 x 107 1.7 x 107

ko, M1st 1.4x 1P 1.6x 10°

K 1.2 x 1% 1.1x 1¢?

*k (caled), 2.9x 107 1.1x 107
M-1lst

*ky (caled), 2.3x 1P 1.0x 10°
Sfl

6.6x 10 1.2x 10 1.6x 1P

a Experimental errors are withift10%. *; (calcd) and ¥, (calcd)
are the values ok andk, calculated with eqs 18 and 19.

order kinetics. The decay rate constdgtywas measured as a
function of the concentration of CAR®. Figure 3 shows the

plot of k vs [CN—R?Y], which gives a straight line with an
intercept. According to eq 1, the rate constkiri$ expressed

as

k= K[CN—R'] + k[H.O] @)
The slope and intercept of the line in Figure 3 gkye= 1.75

x 10’ M~1s 1 andk,[H,0] = 6.2 x 107 s71, respectively. From
the latter value and [§D] = 4.4 x 1073 M, ky is determined as
1.40x 10° M1 s™L. The equilibrium constar is calculated
to be 1.25x 1@, in fairly good agreement with that obtained
from the spectroscopic titration of CIgB)Cr!' TPP with CN-
RL In Table 1 are listed the values f&; ky,, andK obtained
with CN—R".

It is noteworthy that, in contrast to the case of chlorocobalt-
(112 and -Fe(Ill) porphyring? the axial Cl of CI(HO)Cr" -
TPP and CI(CN-RY)CP'TPP is not photodissociated.

As mentioned above, the laser photolysis of CIEERN)Cr! -
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Figure 4. Transient absorption spectra observed for the toluene solution

of CI(CN—RY)Cr'"TPP in the presence of 1.13 10 M CN—R! at
210 K. The spectra were taken at (a) 50 ns, (b)i&bpand (c) 2Qs.

nm and negative ones at 415 and 478 nm. The second transient
further changes to the third one at ca. after pulsing. The
third transient is readily ascribed to CHB)Cr"' TPP as observed

by the laser photolysis of CI(CNRY)Cr!'TPP at 300 K. The
second transient, which is a precursor of GIIHICH TPP, is
considered to be the five-coordinate CIQiPP. The transient
spectrum taken at 50 ns after pulsing is interpreted as a sum of
those of CI(CN-RY)Cr!'TPP in the excited sextet stffE; and

the five-coordinate CICGITPP. The sextet state of CI(GN
RYCr'TPP exhibits a positive peak around 500‘nfrwith a
decay rate constant of 1.6 10° s™! at 210 K. The photo-
chemistry of CI(CN-RY)CI"'TPP in the toluene solution is
summarized as

CI(CN—RHCMTPP+ hw — °T, (5)

CI(CN—RYHCr"TPP+ hvy — CIC"' TPP+ CN—R! (6)

k(6T1)

T, — CI(CN—-RYHCr"TPP (7)

k(CN— RY)

clci"TPP+ CN—R' —— CI(CN-RYC"'TPP (8)

I K20 [
cic'TPP+ H,0 — CI(H,0)Cr"' TPP (9)
CI(CN—RYHCI'"TPP absorbs laser pulses to give ffig state
and the five-coordinate CI®TPP. The®T; state returns to
the ground CI(CN-RY)Cr'"TPP. The five-coordinate Cl¢
TPP reacts with bD and CN-R! to yield CI(CN-RY)CH'TPP
and CI(HO)CH'TPP, respectively. CIO)CrH'TPP finally
returns to CI(CN-RY)Cr!'"TPP according to eq 1. The results
mentioned above leads to the conclusions that (1) the short-

TPP in the toluene solution at 300 K yields short-lived species lived species detected at 300 K are ascribed tdThestate of

with a lifetime shorter than Ls. To clearly detect the short-
lived species, the laser photolysis of CI(ERY)CI!'TPP was

CI(CN—RHCH'TPP and (2) the long-lived transient CYp)Cr'"-
TPP observed at 300 K is produced by the reaction of the five-

carried out at the temperatures below 300 K. Figure 4 shows coordinate CICFTPP and HO.

the transient spectra observed for the toluene solution of Cl-

(CN—RHCP'TPP at 210 K after 355-nm laser pulsing. The

Equations 8 and 9 are the competitive processes, and thus,
the yield of CI(HO)CH!' TPP is expected to diminish with the

transient spectrum detected at 50 ns has positive peaks at 442ncrease in the concentration of GIRL. The relative yieldd

and 498 nm and negative ones at 425 and 478 nm. Au2.5

for the formation of CI(HO)Cr"' TPP at 300 K are obtained by

after pulsing, the fast decay component disappears, leaving themeasuring the 448-nm absorbance chahB¢€448 nm) at lus
second transient spectrum, which has a positive peak at 442after laser pulsing. Figure 5 shows the plotAdd(448 nm) vs



1300 J. Phys. Chem. A, Vol. 102, No. 8, 1998

071

4D (448 nm)
N W R G ©

2

0 1 2
[CN-RIx102 M
Figure 5. Plot of AD(448 nm) as a function of [CNR!] (see text).

[CN—RY. According to egs 8 and g, is formulated as

_ AD(448 nm)
~ AD,(448 nm)

B Ki,00(H20]
Kin,0)[H201 + Kien-ry[CN— RY]

(10)

where ADo(448 nm) is the absorbance change at [aR] =
0. The plot ofT "1 vs [CN—R?Y] gives a straight line. From the
slope of the line, the value &fcn-rY/(KH,0)[H20]) at 300 K is
obtained as 8.3% 10 M™%, and thuskcn-ry/km,0) = 0.366 at
300 K. Sincekp,0) has been determined to be 12 10°
M~1s718 ken-grY at 300 K is obtained as 4.4 10° M~1s™1,
Mechanism of Ligand Substitution. The ligand substitution

reaction of coordination compounds is generally interpreted in
terms of the |]1 or the &2 type mechanism. On the assumption
that the forward and backward reactions in eq 1 occur according

to the Q1 type mechanism, the equilibrium between GEHCH!-
TPP and CI(CN-RYCI'TPP is expressed by

ka (0)
CI(HZO)CH”TPP% CICM'TPP+H,0  (11)

CICP'TPP+ CN—R! =2 CICP' TPP(CN-RY) (12)

Kn(cN-RY)

Equations 11 and 12 lead to the following equation:
_[C(CN-R)Cr'' TPP][H,0]
[CI(H,0)CI" TPP][CN-R']

 Konry ky(H;0)
kb(CN—Rl) k(HZO)

13)

With the use ofK = 1.25 x 1, kp,0) = 3.5 x 1P 5718
k(HzO) =12x 10°M? S_l,6 and k(CNle) =44 x 10 M2
s1, we obtainkycn-ry = 1.0 x 10° sL. The equilibrium
constantKen-rY) = Ken-ry/Koen-rY), in €q 12 is obtained as
4.4 x 10°. In Table 2 are listed the valudgn-r"), Koen-R"s
and the equilibrium constaridcn-rr for all CN—R" studied.
From eqs 11 and 12, the rate constlrfor achieving the

Hoshino et al.

TABLE 2: Rate Constants kcn-rmy and kpen-gm and the
Equilibrium Constants K (cn-gr") for the Formation of
CI(CN—RMCr'""TPP from CICr"' TPP, and the Quantum
Yields & for the Photodissociation of CN-R" from
CI(CN—RMCr" TPP2

isocyanide
CN—R! CN-—R? CN—R3 CN—-R* CN—R®

Ken-r), 44x 100 1.7x 10 2.7x 1 1.6 x 10 2.6x 10

M-1s1
koen-ry,  1.0x 10° 4.7x 1% 2% x 10° 29x 10? 6.9x 10

S—l
Ken-rY 44x 1P 3.6x 10 9.2 x 100 29x 10° 3.8x 1P
(O] 0.09 0.11 0.10 0.10 0.09

a Experimental errors are withitt10%. The quantum yield® were
found to be independent of the laser energy in the range620mJ/
pulse.
steady-state approximation with regard to CITPP:

d[CcICTPP)/d =0 (14)

[clcr" TPP]< [CI(CN—RYCr" TPP] and
[CI(H,0)CM"'TPP] (15)
Equations 11, 12, 14, and 15 give the expressioR & follows.

K= kb(HZO)k(CN—Rl)[CN_Rl] + k(HZO)kb(CN—Rl)[H 20]
k(HZO)[H 20] + k(CNle)[CN - Rl]

Since K,0)[H20] > ken-ry[CN—R?] holds in the present
system ([CN-R1] < 1073 M), eq 16 is transformed to eq 17:

k={ kb(HZO)k(CNle)[CN_Rl]}{ k(HZO)[H 01} 4+ kb(CNle)
17

(16)

From eqgs 4 and 1% andk, are, respectively, represented as
ke ={ kb(HZO)k(CNle)}{ k(HZO)[H 201} -

ko= Koen—rylH 2O]71

Thus, when the equilibrium reaction in eq 1 proceeds via an
intermediate CIC¥TPP,k; andk, will be given by eqgs 18 and
19, respectively. In Table 1 are listed thig and *, values,
which are calculated for CNR" according to egs 18 and 19
with the use Oikb(Hzo), k(Hzo), k(CNle), kb(CNle), and [HQ]. It
is found from Table 1 that the valueslgfandk, experimentally
obtained are moderately in good agreement with thosekof *
and *k, calculated. This finding suggests that the ligand-
substitution reaction in eq 1 occurs through thgl-$ype
mechanism; i.e., the five-coordinate CIOPP is a key
intermediate in eq 1.

Temperature Dependence of Rate ConstantsFrom eqs
8 and 9, the rate constak{(T) for the decay of CIC¥TPP at
a temperaturd is given by

ky(T) = Ken-ry(MICN—R + ki 0(MIH,0]  (20)

(18)

(19)

The value oky(T) was measured in the temperature range-200
300 K. kyq(T) was found to decrease with a decrease in
temperature. Thus, the associations of -@®& and HO to
CICI'"'TPP are expected to be activation processes. The two
termsken—rYy(T) andk,0)(T) in eq 20 at various temperatures

equilibrium reaction (eq 1) can be obtained with the use of the are separately obtained by measuring Bg(f) and the relative
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quantum yields for the photochemical formation of GITPP Figure 7. Rate constantiy,o)(T) (O) andken-r)(T) (@) as a function
and CI(HO)CM TPP from CI(CN-R)CITPP in the toluene ~ ©f temperature.
solution as a function of. o

Figure 6 shows the plots akDo(448 nm,T) and ADo(433 Kien—ry(T) = 4.0 10t exy{— M) M tst (25)

A CN—RY) RT

nm, T) observed at a temperatuffefor a toluene solution of
CI(CN—RHCI''TPP in the presence of 1.13 103 M CN—
R, represented as a function of temperature. HARg(433
nm, T) was measured at 433 nm immediately after&hgestate
of CI(CN—RYHCr'TPP disappeared. The values ADy(448
nm,T) andADy(433 nm,T) are, respectively, the relative yields
for the formation of CI(HO)Cr"TPP and CICHTPP. As shown
in Figure 6,ADg(433 nm,T) is 0.184+ 0.1 in the temperature
range 206-300 K. Therefore, the quantum yield for the : : ;
photodissociation of CNR! from CI(CN—RYHCr'TPP is gﬁ(s)svrrl]bgs carliet’ The absorbance changeDo(448 nm) is
concluded to be independent of temperature in the range studied.
However,ADy(448 nm,T) shows a temperature dependence: ADy(448 nm)= 1, Aepg /N, (26)
the yield for the formation of CI(FD)Cr"' TPP increases with
an increase in temperature and levels off above 260 K to give Here, |5 is the number of 355-nm photons absorbed by a
a value ofADo(448 nm,0) = 0.35. These results indicate that  toluene solution of CI(CNRY)Cr'' TPP upon laser photolysis,
the observed low yields of CI@®)Cr' TPP at low temperatures  Aeag is the difference in the molar absorption coefficients at
are ascribed to the decreasekin,o)(T). On the basis of the 448 nm between CI(CNRL)Cr'TPP and CI(HO)CH' TPP, and

The relative yield for the formation of tf&; state of CI(CN-
RYCP'TPP was measured in the temperature range-380
K by monitoring the absorbance change at 500 nm after laser
pulsing. The yield exhibited a slight increase below 190 K.
Quantum-Yield Measurements Quantum yieldsb for the
formation of CI(HO)CH'TPP from CI(CN-RY)CI'TPP were
measured at room temperature by the laser-photolysis method

results mentioned above and egs 8 and 9, the relative ¢i@y Na is the Avogadro number. For determination kfs a
for the formation of CI(HO)CI'TPP is represented as benzene solution of benzophenone, which is prepared to have
the same absorbance at 355 nm as that of the toluene solution
¢(T) = ADy(448 nm,T)/AD,(448 nm, 300 K) of CI(CN—RY)Cr!'"TPP, was used; the molar absorption coef-
ficient et and the yield®+ of the triplet benzophenone have
= (r)_lk(HZO)(T)[HZO]{ k(CN—Rl)(T)[CN_Rl] + already been determined as #810° M~ cm* at 530 nm

and 1.0, respectiveli#16 The absorbance of the triplet ben-
k(HZO)(T)[HZO]} 1 (21 zophenoneAD+(530 nm) observed after 355-nm laser pulsing,
is expressed as

Here,¢(T) = 1.0 at 300 K, and thus, tHévalue in the present AD-(530 nm)= | /N 27
system ([CN-RY = 1.13x 103 M and [H,0] = 4.4 x 1073 7 )= lapgr®r/Ny 27)

M) is calculated to be 0.91 from eq 10. Equations 20 and 21 giom egs 26 and 27, eq 28 is derived:

lead to
_ er  ADy(448 nm)
Keto) = k(MG TVH,O] (22) = Oy AD(530 nm) (28)
k(CN_Rl)('D =ky(M{1—- Fq>r('D}/[CN—R1] (23) The quantum yield for the formation of CI(®)Cr!' TPP by

laser photolysis of CI(CNRY)Cr!'TPP in toluene containing
By use of [|_bo] =44 % 103 M, [CN_Rl] =1.13x 103 1.13x 103 M CN—R!and 4.4x 103M H20 is obtained as
M, ky(T), ande(T), the values okg,o)(T) andken-ry(T) are 0.086 at 300 K. As mentioned above, C}B)CrH'TPP is

obtained at various temperatures. produced by the reaction of CIETPP with HO in toluene.
Figure 7 showskg,o(T) and Ken-rty(T) represented as a Thus, the yield®(CICr"' TPP) for the formation of CICTPP
function of temperature. The plots of ldg,0(T) and is represented by

log ken—-rY(T) vs 1T gave straight lines. The Arrhenius

1
expressions fokg,0(T) andken-ry(T) are Ken-ry[CN—RT] + Ky 0[H,0]

k(HZO)[H 20l

The value of®(CICF!'TPP) at 300 K is determined as 0.094

o(CICr"' TPP)= @ (29)
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from eq 29. In Table 2 are listed the quantum yields for the
formation of CICH'TPP from five isocyanide complexes of
CICr'"TPP in toluene at 300 K.

Discussion

A number of isocyanide complexes have been synthesized

and characterized in order to elucidate the nature of the bonding

between metal and isocyanid€s For metalloporphyrins, iso-
cyanide complexes of ir8fr2! and rhodium porphyrirtd23have
been well studied; the crystallographic structures of these
complex are the bis[isocyanide] compleX8%22 The present
study revealed that chromium(lll) tetraphenylporphyrin forms
a 1:1 complex with isocyanide in toluene solutions.

The equilibrium constants for the formation of CI(EN
RMCr'TPP from CI(HO)Cr"'TPP are found to be ranged from
10 to 16.

The laser-photolysis studies of CI(GNR)Cr!'TPP in the
toluene solution containing 44 10~2 M H,O demonstrate that
the axial CN-R! is photodissociated to give five-coordinate
CIC"TPP, which reacts with both @ and CN-R! to yield
CI(H0)CH"'TPP and CI(CN-RY)Cr!'TPP, respectively. The
detection of CI(HO)Cr'TPP as a transient indicates that the
rate for the association of @ to CICH' TPP is faster than that
of CN—R!in this solution at 300 K. The transient CK8I)Cr"-
TPP further reacts with CNR! to regenerate CI(CNR)Cr'!'-
TPP. The rate constant for association eoHo CICI"'TPP
has been determined as x210° M~* s716 and those of CN
R"are (1.75.3) x 18 M~1s71,

CI(H20)Cr"TPP and CI(CN-RM)Cr'"TPP are in equilibrium
in the toluene solution containing CAR". The equilibrium
constantK depends on the nature of GNR". According to
the laser-photolysis studies, the transient product €TEP
initially attains the equilibria shown by egs 11 and 12. Since
the rates for the dissociation o8 and CN-R"in egs 11 and
12 are very slow, CICtTPP disappears to generates either Cl-
(H20)CrM'TPP or CI(CN-R"Cr'TPP. Then CI(HO)Cr'TPP
relaxes toward the equilibrium given by eq 1. The forward rate
constants in eq 1 are almost identical: 4168) x 10’ M1
s~1for all isocyanide complexes used. However, the backward
rate constants in eq 1 vary from3® 16 M1 s,

The ligand-substitution reactions of CI(LYETPP (L: axial
ligand) have been interpreted on the assumption that the
reactions proceed via a five-coordinate intermediate Cr
TPP#8 The detailed kinetic analysis of the present system also

suggests that CI®fTPP is a key intermediate in eq 1. The A,

reaction mechanism of the present system is displayed in
Scheme 1.
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The rate constants for the association gfoHand CN-R?
toward CICHTPP were measured by laser photolysis of the
toluene solution of CI(CN-RY)Cr!'TPP in the temperature range
300-200 K. The activation energy and preexponential factor
obtained for the association of,8 toward CICHTPP are
markedly larger than those expected from the diffusion process;
the former is 1.7« 10" M~ s71 and the latter 7 kcal mot. In
an earlier paper, we have studied the photochemistry of CI-
(HO)Cr'"TPP in a polystyrene film. The laser photolysis of
CI(H20)CH'TPP in the film results in the dissociation of the
axial H,O to produce CIC¥TPP. The bimolecular rate constant
for the recombination reaction between@and CICHTPP
measured in the temperature range 2800 K gives a preex-
ponential factor of 1 M~1 s71 and an activation energy of 7
kcal molL. Fairly large preexponential factors obtained for
toluene solutions and polystyrene films suggest that water
molecules in a hydrophobic solvent are able to move around
more quickly than in a diffusion process. The activation energy
obtained with toluene solutions is close to that with polystyrene
films. Probably the reaction between CIQrPP and HO in
toluene proceeds via the same activation complex as that in
polystyrene film. The frequency factor and activation energy
obtained with the reaction of CI&®*TPP and CN-R! can be
explained by assuming the diffusion process.

The quantum yields for formation of CIga@)Cr'""TPP from
CI(CN—RMCI'"'TPP in toluene containing 44 10-3 M water
and ca. 108 M CN—R" are determined as ca. 0.1 at 300 K.
Since CICHTPP produced from photolysis of (CARMCr!'-
TPP mostly reacts with $#D to produce CI(HO)Cr'"'TPP in the
toluene solutions, the yields for photodissociation of -€Re
from the isocyanide complexes are calculated as ca. 0.1. These
values are smaller than those of the photodissociation yields of
the axial ligands from other six-coordinate chlorochromium-
(1ll) porphyrins*8

Photoinduced dissociation of axial ligands have been inves-
tigated for CI(HO)CH'TPPS7 CI(Py)CH'TPP&7 CI(CHs-
COCH,)Cr"TPP# and ONC-Cr'TPP> The reactions are
found to occur from théS, state. The long-lived excited state
6T, is not responsible for photodissociation of the axial
ligands*~7 The laser photolysis of CI(CNR)CH!'TPP in
toluene also gives rise to the formation of tfig state. The
lifetimes = of the 5T state are 280 ns in degassed toluene and
7 < 70 ns in oxygen-saturated toluene at 1 atm. It is clear that
the 6T, state is quenched by oxygen. However, the yield for
the formation of CICH TPP and CI(HO)Cr'"' TPP from CI(CN-
R)CrHI'TPP in the degassed solution is identical with that in
the oxygen-saturated solution. This finding indicates that, like
other chromium porphyring,? the 6T; state is not a reactive
state, and thdS; state would be responsible for the photo-
dissociation of CN-R! from CI(CN—R"Cr!'"TPP. The quantum
yield (ca. 0.1) for the photodissociation of GIR" from
CI(CN—RMCr"TPP is independent of temperature in the range
300-200 K. Thus, the dissociation of CNR! from the reactive
excited state is concluded to occur without any activation energy
in the temperature range 26600 K.
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