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Photodissociation of Nitric Oxide from Nitrosyl Metalloporphyrins in Micellar Solutions
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Laser-photolysis studies of nitrosyl metalloporphyrins (MP), (N®jen (Hem= protoporphyrin I1X), (NO)-
C0d'OEP (OEP= octaethylporphyrin), and (NO)MTPP (TPP= tetraphenylporphyrin), in agueous ionic
micellar solutions were carried out. The nitrosyl porphyrins in the micellar solutions readily photodissociate
NO, leaving the MP in micelles: the quantum yields are 048.(1) for (NO)FéHem, 0.55 £0.05) for
(NO)Cd'OEP, and 0.2140.02) for (NO)MA'TPP. The MP thus produced recombine with NO to regenerate
the parent nitrosyl porphyrins. The decay of MP in the absence of the excess NO follows second-order kinetics
with the rate constariuno(second) (MNO= FeNO, CoNO, and MnNO). In the presence of excess NO, the
decay of MP follows pseudo-first-order kinetics with the rate condtar{M = Fe, Co, and Mn). The value

of ky was measured as a function of [NO]. For'Hem and CBOEP, the plots okc, vs [NO] andkge vs

[NQO] gave straight lines. The slopes of the lines obtained wittHeen and CBOEP afford the bimolecular

rate constantkr.no(pseudo) andkcono(pseudo), respectively. It is found thiatnd(pseudo)> keeno(second)

and kcono(pseudo)> keono(second). The differences betwelino(pseudo) andwvno(second) observed for
Fe'Hem and CBOEP are interpreted by assuming that (1) NO molecules in the micellar solutions are dissolved
in both micelles and the aqueous phase and (2) NO molecules trapped in micelles hardly react with MP
because of the electrostatic repulsion between ionic micelles. In the casé'®@PHnthe pseudo-first-order

rate constantkwn, is found to asymptotically increase with an increase in [NO] to a limiting value. The
reaction mechanisms for the nitrosylation of MP in micellar solutions are discussed in detail on the basis of
the kinetic studies.

Introduction The nitrosyl adducts of the synthetic MP dissolved in micellar

Metalloporphyrins (MP) with simple diatomic molecules at splutions are surro_unded by surfactant molecules. T_hus, Ii_ke
the axial positions have been extensively studied for the Nitrosyl hemeproteins, the NO adducts of the synthetic MP in
elucidation of the functions and reactions of hemeproteins in 1€ micellar solutions are located in the hydrophobic phase. The
vivo.1~12 Particular attention has been paid to the dioxygen and Présent paper reports the laser-photolysis studies of the NO
carbon monoxide adducts of MP46-° Recent advances in  &dducts of the synthetic MP with central metald Fed', and
medical science reveal that NO plays a key role in vivo as a Mn" in micellar solutions.
bioregulatory molecule in blood pressure con#®l?neuronal ) )
transmissiort>16and immune respondél8Because NO readily ~ Experimental Section
reacts with metalloenzymes and hemeproteins to give their NO Chlorocobalt(I1l) octaethylporphyrin, CICHOEP (OEP=
adductsi® 2! the studies of nitrosyl complexes in chemistry are o ctaethylporphyrin), and chloromanganese(ill) tetraphenylpor-
mcrea;mgly important in relation to the understanding of the phyrin, CIMA'TPP (TPP= tetraphenylporphyrin), were syn-
biological functions of NO. _ e thesized and purified according to the literattféé Reagent-

NO ﬁO!dUCtS of synthetic MP with central metals'F€d', grade chiorohemin (CIfEHem), cetyltrimethylammonium
and Mrl' in organic solutions efficiently undergo photochemical |.omide (CTAB), and sodium dodecyl sulfate (SDS) were used

dissociation of NO to yield the MP? which readily returnto ;¢ supplied. The concentrations of surfactants used in the present
the nitrosyl adducts by the recombination reaction with NO. study are 1.0x 102 M for CTAB and 8 x 102 M for SDS

Nitrosyl hemeproteins also dissociate NO by photol§3%.  54,60us solutions. The critical micelle concentrations (cmcs)
However, the NO dissociation yields and the mechanism for ¢ cTAB and SDS are respectively 92 10~ and 8x 1073

the NO rebinding of hemeproteins are markedly different from 4 27 |t is confirmed by spectroscopic measurements that the
those of the synthetic MP-22-24 The proteins surrounding the  \1p are insoluble in water without surfactants.

heme control both the NO dissociation yields and the chemical The MP were dissolved in & 102 M SDS or 1.0x 10-2

rea;:t[on between NO and the central iron atom in the hemo- M CTAB aqueous solutions. For preparation of the NO adducts,

proteins. the sample solutions were degassed, and then NO gas was
*To whom correspondence should be addressed. Fax: 048-462-4668.Introduced on a vacuum line. The NO concentrations in micellar

Phone: 048-467-9426. E-mail: hoshino@postman.riken.go.jp. solutions are determined from the NO partial pressure and the
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Figure 1. Absorption spectra of (a) Eelem and (b) (NO)P&Hem in Figure 2. Absorption spectra of (c) COEP and (d) (NO)CEOEP in
a1.0x 102 M CTAB micellar solution. an 8.0x 1072 M SDS aqueous micellar solution.

Bunsen coefficient of NO in an aqueous solution (4:7102 to produce (NO)PeHem3!32

at 298 K)28 Here we assume that the NO solubility in the . |

aqueous phase of micellar solutions is the same as that in arCIF€" Hem+ 2NO + H,0 — (NO)Fé'Hem+ HONO +

aqueous solution. HCI (2)
Optical absorption and electron spin resonance (ESR) spectra _ ) _

were recorded on a Hitachi 330 spectrophotometer and Jeol CIF€'Hem was found to be insoluble in SDS micellar

FE-3A X-band spectrometer, respectively. solutions. Neither CIFETPP nor CIF& OEP was soluble in the
Laser-photolysis studies were carried out with the use of a CTAB or SDS micellar solutions. .

Nd:YAG laser (HY 500 from JK Lasers, Ltd.) equipped with An SDS micellar solution of CICBOEP shows absorption

second (532 nm), third (355 nm), and fourth (266 nm) harmonic Peaks at 409¢(= 1.09 x 16> M~* cm™), 520, and 555 nm.

generators. The transient spectra were measured by the intensi¥/hen a small amount of sodium dithionite is added into the
fied charge-coupled device detector (DH 520-18F-01 from degassed SDS micellar solution, CIGOEP is readily reduced

Andor Technology, Ltd.). For monitoring the decay of the toYield Cd'OEP. The spectrum of ®®EP in the solution has
transient absorption, the output from the photomultiplier (R758 Pe€aks at 390¢(= 6.33 x 10* M~* cm™), 510, and 548 nm.
from Hamamatsu Photonics) was conducted to the digital storageThe micellar solution of CKOEP was exposed to NO gas at
oscilloscope (Gould model 630 from Gould Instrument System, 200 Torr to produce (NO)C®EP.

Ltd.).
) Cd'OEP+ NO — (NO)Cd'OEP ©)

Results Figure 2 shows the absorption spectra of O&P and (NO)-

Optical Absorption and ESR Spectra. CIF€"Hem was Cd'OEP in SDS micellar solutions. The spectrum of (NO}Co
found to be soluble in a CTAB micellar solution. The spectrum OEP exhibits absorption peaks at 380 5.2 x 10* M~1
exhibits an absorption band at 398 nm with a shoulder at 365 cm1) with a shoulder at 400 nm in the Soret band region and
nm and a broad band centered at 580 nm. The molar absorptiorat 525 and 557 nm in the Q-band region.
coefficient €) at 398 nm is determined to be 6.6910* M1 The degassed micellar solution of CKOOEP was exposed
cmL, to NO gas at 200 Torr. The absorption spectrum measured after

CIFe'"Hem in the degassed CTAB micellar solution was exposure to NO gas is found to be identical with that of (NO)-
reduced by sodium dithionite. Hedem, thus obtained, shows Cd'OEP. Thus, as in the case of CYHé¢em, CICd' OEP reacts
the absorption peak at 400 nm in the Soret band region. Thewith NO to give (NO)CHOEP by the reductive nitrosylation
micellar solution of FEHem was exposed to NO at 200 Torr reactiont?
to make the nitrosyl adducts.

CICo"OEP+ 2NO + H,0 — (NO)Cd'OEP+ HONO +

Fé'Hem+ NO — (NO)Fé'Hem (1) HCI (4)
Ilzigure_l shows the absorption spectra dftfem and (NO)- CICO"OEP was found to be insoluble in cationic CTAB
Fe'lHem in CTAB micellar solutions. The spectrum of (NO)-  micellar solutions. CICBTPP was insoluble in both anionic
FelHem has a sharp absorption peak at 396 B (6.08 X gps and cationic CTAB micellar solutions.
10* M~ cm™). The ESR spectrum of (NO)Felem in the CIMn'"TPP dissolved in an SDS micellar solution has

micellar solution taken at 77 K was found to exhibit three well- absorption peaks at 386 € 5.51 x 10* M~ cmY), 479, 570,

resolved superhyperfine lines due to the nitrogen atom of the 5,4 505 nm. MATPP obtained by reduction of CIMTPP with
axial NO29:% ) i sodium dithionite shows absorption peaks at 483=(4.12 x
When the degassed micellar solution of ClfFem was 10 M~ cm1), 570, and 608 nm. When the solution of Mn

exposed to NO gas at 200 Torr, a new spectrum with a 1pp g exposed to NO gas at 200 Torr, (NOJMRP is
maximum peak at 396 nm appeared. The absorption SpeCtrumproducecﬁS

was completely identical with that of (NO)Hdem produced

by the nitrosylation of PéHem. The ESR spectra of the NO- Mn"TPP+ NO — (NO)Mn"TPP (5)
exposed solutions of both Clitelem and FéHem at 77 K were
the same. These results indicate that @IHem in a CTAB Figure 3 shows the absorption spectra of'MIRP and (NO)-

micellar solution readily undergoes the reductive nitrosylation Mn"TPP in SDS micellar solutions. The absorption spectrum
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Figure 3. Absorption spectra of (e) MITPP and (f) (NO)MATPP in Figure 5. Transient absorption spectrum observed for (NGYOBP
an 8.0x 1072 M SDS aqueous micellar solution. in a 8.0x 1072 M SDS aqueous micellar solution at 20 ns after the
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Figure 4. Transient absorption spectrum observed for (N®jfeam Wavelength, nm

ina 1.0x 1072 M CTAB micellar solution at 20 ns after the 355 nm
laser pulse. The inset shows the plot of the pseudo-first-order rate
constantkee, represented as a function of [N

Figure 6. Transient absorption spectrum observed for (NO)VPP
in a 8.0x 1072 M SDS aqueous micellar solution at 20 ns after the
355 nm laser pulse. The inset exhibits the plot of the pseudo-first-

of (NO)Mn!"TPP exhibits absorption peaks at 432 2.00 x order rate constankyn, represented as a function of b

10° M7t cm™), 543, 575, and 608 nm. is identical with the difference spectrum (G2EP minus (NO)-
CIMn"TPP in the CTAB micellar solution exhibits no  Cgl!OEP), indicating that NO is photodissociated from (NO)-

absorption spectral changes by exposure to NO gas, suggestingq'OEP.

that, unlike CIF&Hem and CICY# OEP, CIMA'TPP does not

react with NO. (NO)Cd'OEP+ hy — NO + Co'OEP (8)
Laser Photolysis of Nitrosyl Porphyrins in Micellar

Solutions. Figure 4 shows the transient absorption spectrum Cd'OEP thus produced reacts with NO according to eq 3,

observed for (NO)PEHem in a 1.0x 1072 M CTAB micellar returning to (NO)CBOEP. The decay of the transient spectrum

solution at 20 ns after the 355 nm laser pulse. The transientfollows pseudo-first-order kinetics in the presence of excess NO.

spectrum is in good agreement with the difference spectrum The inset of Figure 5 shows the plot of the pseudo-first-order

obtained by subtracting the spectrum of (NG)Hem from that rate constankc, represented as a function of [NO]. The slope

of Fé'Hem. This result indicates that NO is photodissociated of the line gives 2.82x 10° M~ s™! as a bimolecular rate

from (NO)Fd'Hem by the 355 nm laser pulse. constantkcono(pseudo), for the reaction between'@EP and
NO.
(NO)Fé'Hem+ hv — NO + Fe'Hem (6) Figure 6 shows the transient spectrum observed at 20 ns for

_ _ _ _ an 8 x 1072 M SDS micellar solution of (NO)MHTPP after
The transient uniformly decays according to eq 1 in the whole the 355 nm laser pulse. The transient spectrum is identical with

wavelength region studied. the difference spectrum (M@PP minus (NO)MHTPP).
The decay of the transient i¢em follows pseudo-first-order
kinetics in the NO partial-pressure range of ca—8Q0 Torr. (NO)Mn”TPP+ hy — NO + Mn"TPP (9)

As shown in the inset of Figure 4, the plot of the pseudo-first- _ _ _
order rate constarkee vs [NOyq gives a straight line with an ~ The transient MHKTPP reacts with excess NO (eq 5) according

intercept at the origin. to pseudo-first-order kinetics. The inset of Figure 6 shows the
plot of the pseudo-first-order decay rate conskantrepresented
Kre = KeendPSEUdO) [NQ]] @) as a function of [NO]. The rate constaj, increases with an

increase in [NO] and asymptotically approaches a limiting value.
The slope of the line gives the bimolecular rate constant The apparent bimolecular rate constégtno(pseudo) for the
krend(pseudo) for the reaction between'Fem and NO: reaction of MATPP with NO is obtained as 1.56 10’ M1

Kreno(pseudo)= 5.7 x 10° M~ s, s~ from the initial slope of the plot dfy, vs [NO] obtained at
Figure 5 shows the transient absorption spectrum observed[NO] < 6.0 x 1074 M.
at 20 ns for the 8.0c 1072 M SDS micellar solution of (NO)- Bimolecular Rate Constants in the Absence of Excess NO.

Cd'OEP after the 355 nm laser pulse. The transient spectrumAs mentioned above, the second-order rate constans-



Photodissociation of Nitric Oxide

TABLE 1: Bimolecular Rate Constants kyno(pseudo) and
kmno (second) for the Nitrosylation Reaction of MP

J. Phys. Chem. A, Vol. 105, No. 2, 200395

TABLE 2: Quantum Yields for the Photodissociation of NO
from Nitrosyl Porphyrins in Micellar and Toluene Solutions
Determined by 355 nm Laser Photolysis

Co'OEP? Fe'Hem? Mn'TPPa
M-1s1 M-1s1 M-1s1 (NO)CJ'OEP  (NO)FéHem  (NO)MATPP
kuno(pseudo) 2.8% 10° 5.7 x 10P 1.56 x 107 micelle  0.55 (-0.05) 0.15 £-0.01) 0.21 £0.02)
kuno(second) 1.5 10° 2.26x 10° 5.0 x 107 toluene 1.040.05) 0.5 @0.05f>  0.78 ¢0.05)

28 x 1072 M SDS micellar solution? 1.0 x 10-2 M CATB micellar
solution.¢ This value is roughly estimated from the slope of the plot
kunno(pseudo) vs [NOJ in the range of ® [NO] < 3.0 x 1074 M.
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Figure 7. Second-order rate constak¢ono(second), represented as a

function of [CTAB]. The inset shows the plot &&ono(pseudoycono
(second) vs [micellekas (see text).

(pseudo) (M= Fe, Co, and Mn) for the reaction between NO

aReference 5° (NO)Fé'Hem is insoluble in toluene. For a com-
parison with others, the quantum yield for photoinduced denitrosylation
of (NO)FE'TPP in toluengis given in the table.

Similarly, the plot ofkcono(second) vs [SDS] demonstrates
that keono(second) increases with a decrease in [SDS] and
approachekcono(pseudo) on going to low concentration of SDS.

Quantum Yield Measurements.The quantum yields for the
photodissociation of NO from nitrosyl MP, (NO)MP, in micellar
solutions were determined with the use of the 355 nm laser-
photolysis method. The details are described previotsly.
Actinometry was carried out with the use of a benzene solution
of benzophenone. The laser photolysis of benzophenone at 355
nm gives the triplet benzophenone with the quantum yield of
unity, ¢t = 1.034 The molar absorption coefficient of the triplet
benzophenone in benzene has been determined as7.6 x
10® M~1 cm~! at 530 nm?3* The micellar solution of (NO)MP
is adjusted to have an absorbance identical with that of the
benzophenone solution at 355 nm. When the micellar solution
is subjected to a 355 nm laser pulse, the absorbance change
ADwp(4) monitored atl for the formation of MP is detected at
20 ns after the pulse. Similarly, the benzene solution of

and metalloporphyrin can be determined from the pseudo-first- benzophenone gives the triplet benzophenone with the absor-

order rate constantky (M = Fe, Co, and Mn), obtained in the
presence of excess NO: the slope of the plokwfvs [NO]

bance at 530 nmADgp(530 nm), after the pulse. Then, the
guantum yieldgno, for photoinduced denitrosylation of (NO)-

giveskwuno(pseudo). The second-order rate constants can alsoMP is represented as

be determined with laser photolysis of nitrosyl porphyrins in

the absence of excess NO. The decay of the MP produced by

laser photolysis was found to follow second-order kinetics with
the rate constantgyno(second) (M= Fe!, Cd', and Mr').
(ADz)il = (ADAO)il[_kMNO(Second)AEA]t (10)

Here,AD,° andAD; (A = monitoring wavelength) are respec-

tively the absorbance changes of the transient spectrum at time

zero and after the laser pulsé\e; is the difference in the molar
absorption coefficient of the metalloporphyrin and the nitrosyl
metalloporphyrin.

In Table 1 are listed the bimolecular rate constaqigo-
(pseudo) an#yno(second) (M= Fe!, Cd', and Mr') obtained
for the reaction between MP and NO in 10102 M CTAB
and 8.0x 1072 M SDS micellar solutions. It is noteworthy that
the values okyno(pseudo) are significantly different from those
of kuno(second).

For Cd'OEP and FéHem, kuno(pseudo) is much larger than
kwno(second). However, MITPP giveskyno(pseudo)< Kunno-

Ono = €rADyp(A)/Ae(A) ADgp(530 nm) (12)
HereAer(4) is the difference in the molar absorption coefficient
between MP and (NO)MP at the wavelendtim the micellar
solution. The quantum yieldspno, thus obtained are 0.15
(£0.01) for (NO)FéHem, 0.55 £0.05) for (NO)CJOEP, and
0.21(0.02) for (NO)MA'TPP. It is found that the quantum

yields are independent of the NO pressures in the rang®0
orr.

In Table 2 are listed the quantum yields for the photodisso-
ciation of NO from nitrosyl porphyrins in both micellar solutions
and toluene. The dissociation yields in toluene solutions are 2
times larger than those in micellar solutions.

Discussion

Methemoglobin, metmyoglobin, and ferric cytochrorne
undergo reductive nitrosylation to yield their NO adducts of
the reduced form& Such reductive nitrosylation takes place
when the synthetic Be and Cd' porphyrins in alcohol are

(second). These results are discussed later on the basis of thexposed to NO ga&32 The present study shows that'Fand

reaction mechanism for the nitrosylation of MP in micellar
solutions: the nitrosylation mechanism of MiPP is very
different from those of FETPP and CHTPP.

The rate constant&rendg(second) andicono(second) were

Cd" porphyrins undergo reductive nitrosylation even in micellar
solutions to give the nitrosyl adducts of'Fand Cd porphyrins.

The present laser-photolysis studies demonstrate that (NO)-
MP photodissociate NO in micellar solutions. The quantum

measured by changing the concentrations of CTAB and SDSyields for full photodissociation of NO in micellar solutions

in aqueous solutions. Figure 7 shows the plokg®fio(second)
represented as a function of [CTAB]. With a decrease in

are larger than those of nitrosyl hemoprotéihBrobably, unlike
the proteins of hemoglobin and myoglobin, micelles have no

[CTAB], krendsecond) becomes larger and approaches the trapping site of NO: the photodissociated NO freely diffuses

limiting value, krendpseudo). As will be shown later, this result
suggests that the “effective” [NO] concentration responsible for

into the aqueous phase.
The kinetic studies on the nitrosylation of MP in solutions

the nitrosylation decreases with an increase in the micelle have been extensively studied by means of a laser-flash-

concentrations.

photolysis technique. In Table 3 are listed the bimolecular rate
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TABLE 3: Bimolecular Rate Constants kyno(pseudo) for
the Nitrosylation Reaction of MP in Benzene, Ethanol, and
Micellar Solutions

micelle
benzene, ethanol, kmno(pseudo),
Mfl sfl Mfl Sfl Mfl Sfl
Cd'OEP 2.3x 10°a 2.98x 10° 2.82x 10
Fe'Hem insoluble 1.4% 10 5.7x 10°
Mn'"TPP 5.3x 1082 4.90x 10°P 1.56x 10

aReference 5° Reference 2.

constants for the nitrosylation of MP in benzene, ethanol, an
micellar solutions.

The bimolecular rate constant for the nitrosylation of
C0'OEP in the SDS micellar solution is almost identical with
those in toluene and ethanol. In the case of WP, the smallest

rate constant is given in ethanol. This has been interpreted in
terms of the strong coordination of solvent ethanol molecules

to the axial positions of MHTPP?2

Adachi et al.

repulsion between micelles. Equation 16, thus, is represented
as
kuno(second)= kyq /(1 + K[micelle]) a7)

In the presence of excess NO, the pseudo-first-order rate
constantky is derived from eqs 14 and 15.

kM = kaq,M[Noaq] + kmiceIIe,M[NOmicelld

Here again, we assume thaficelie,m IS Negligibly small, owing

(18)

g to the electrostatic repulsion between micelles. Thus, eq 18 is

readily transformed to

Ku = KagMNOqd

where [NQg is calculated from the Bunsen coefficient of NO
and the partial pressure of NO. In fact, as shown in the insets
of Figures 4 and 5, the plot ddu vs [NO,J gives a straight
line for FE'Hem and C6OEP. From the above consideration,

(19)

An interesting finding in the present study is that the values {he pimolecular rate constaigmo(pseudo) obtained in the

of kuno(pseudo) are significantly different from thosekaivo-

(second). The (NO)MP dissolved in micelles dissociate NO by
laser flash photolysis, leaving the MP in micelles. The plots of

bothkee vs [NO] andke, vs [NO] give straight lines. However,
the plot of kyn vs [NO] tends to level off at a higher

concentration of NO. This result indicates that the nitrosylation

mechanism of MHTPP is very different from those of o
OEP and FéHem. We, thus, initially discuss the nitrosylation
mechanism of CHOEP and FéHem.

presence of excess NO is expressed as

Kuno(Pseudo)= kg

Equations 17 and 20 lead to the following equation:

Kuno(second)= kyo(pseudo)/(H- K[micelle]) (21)

(20)

BecauseK > 0, eq 21 clearly indicates th&tino(pseudo)>

NO molecules are soluble in both agueous and hydrocarbonkwno(second), which is in agreement with the present experi-
solutions. In micellar solutions, NO molecules in the aqueous mental data for (NO)FeHem and (NO)CHOEP.

phase, N@, are in equilibrium with those trapped in micelles,
NOmicelle-

NO,, + micelle== NO (12)

micelle

K= (INOpcend/[NO,)[micelle] (13)
The MP, M'Pnjicelie in micellar solutions produced by photolysis
of (NO)M"Ppiceiie react with both N@Qyand NQyicele Thus, the
nitrosylation reaction of MPnjcele iS represented by

Kagm
Mllpmicelle+ Noaq : (NO)M”Pmicelle (14)
1] krmcelle,M 1]
M Pmicelle+ I\Iomicelle (NO)M I:)micelle (15)

The concentration of NO produced by photolysis of (NO)-
M"Pyiceie in the absence of excess NO is very lowl0° M)

Equation 21 also explains well the plot kfeno(second) vs
[CTAB] shown in Figure 7. The molar concentration of the
micelle, [micellekras, of CTAB is assumed to be expressed
ags

[micelle]crag = ([CTAB] — [CTAB] ., 0/N  (22)
where [CTABLn and N are the cmc concentration and the
number of aggregations of CTAB, respectively. Becahise
60 and [CTAB}m. = 9.2 x 104 M for CTAB,28 we obtain

KeengPSeudok- ndsecond)= 1 + K([CTAB] —
[CTAB] /60 (23)

As shown in the inset of Figure 7, the plot kfeno(pseudo)/
krendsecond) vs [micellelrag gives a straight line. From the
slope of the lineK is determined to be 7.6« 10° M~ for
CTAB. Similarly, theK values of SDS are obtained as 92
10?> M1 from the laser photolysis of (NO)®®EP in an

in comparison with the concentration of micelles. Presumably, agueous SDS solution: the plotkono(pseudo}cono(second)
one micelle traps one NO molecule photodissociated. From eqsvs [micellekps gives a straight lineN = 62 for SDS). This

13—15, the bimolecular rate constarkgno(second) obtained

value is 1 order of magnitude smaller than that obtained from

by the second-order decay of the transient porphyrins are CTAB.

expressed as

Kuno(second)= kyq /(1 + K[micelle]) +
Kmicelle K[Micelle]/(1 + K[micelle]) (16)

Equation 16 implies that the rate constdgino(second) is

composed of two terms: the first term in eq 16 is the rate

constant for the reaction between MReie and NO in the

aqueous phase, and the second term, the rate constant betweqiin" TPP(H0), . ..o + NO,,

MP" icelle and NGhicelle Here we assume théthiceiie m is very
small in comparison withkaqm because of the electrostatic

The nitrosylation mechanism of MiiPP differs markedly
from those of CbOEP and FéHem. For interpretation of the
leveling-off ofkwn at high concentrations of [Ng], we assume
the following reaction mechanism in micellar solutions:

Ky
Mn”TPP(I—EO)ZYmice”e‘——ka[HZO] Mn" TPP(HO)iceie + H,0
(24)

kar:|,Mn
—_—

(NO)MN"TPP(HO)picere (25)
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kmu:elle‘Mn

MN”TPP(FEO)miceIIe + I\Iomicelle
(NO)Mn”TPP(FEO)miceIIe (26)

Mn"TPP yielded by photolysis of (NO)MnTPP readily reacts
with water to give MHTPP(HO),, which is in equilibrium with
Mn'"TPP(HO) (eq 24). NQq is assumed to react solely with
Mn''"TPP(HO0), because if the two axial positions are occupied
by water molecules, MITPP(HO), is unable to react with NO.
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Kun(pseudoy,,(second)= k(1 + K[micelle]spd/
(k[H20] + kg (33)

By using kg, K, and k{H,O] obtained abovekun(pseudo)/
kmn(second) is determined as 0.27. This value is in moderate
agreement with that (0.31) calculated from Table 1. From these
considerations, it is concluded that the leveling-off observed
for kun at higher concentrations of NO is not ascribed to the
effects of the micelle on the nitrosylation reaction of MiPP.

This is further supported by an earlier observation that the rate Tpe leveling-off originates from the reaction mechanism for the

constant for the nitrosylation of MITPP in ethanol is 3 orders
of magnitude smaller than that in noncoordinating solvent
toluene?

The rate constants nno(second) andy, are obtained from
the combination of eqs 13 and 226. In the absence of excess

NO, the equilibrium reaction shown in eq 23 is assumed to hold
during the course of the nitrosylation reaction because of the

low concentration of NO photodissociated. Then, the rate
constantkynno(second) is expressed as

Kvnno(second)=
kaq,Mn+ kmiceIIe,MrJ<[mice”e]SDS ka[HZO] + kd
1+ K[micelle]gpg k[H,0]

(27)

nitrosylation of MATPP: the rate-determining step for the
nitrosylation reaction is the dissociation of an axial water from
Mn'"TPP(HO),.

Summary

The laser-photolysis studies of nitrosyl porphyrins revealed
that the quantum yields for the photodissociation of NO in
micellar solutions are smaller than those in toluene solutions,
suggesting that the geminate recombination between NO and
MP in the micelles occur more efficiently than in toluene.

The reaction mechanism for the nitrosylation of 'M®P is
different from that of CHOEP and F&Hem. For the former,
the major species in micellar solution is the six-coordinate
species, MATPP(HO)2 micelle Which is unable to react with NO.

In the presence of excess NO, the equilibrium in eq 23 does The kinetic study reveals that the rate-determining step for the

not hold during the nitrosylation. By using a steady-state
approximation with regard to MATPP(H0), the pseudo-first-
order rate constankyn, is expressed as

kM _ kd(kaq,Mn+ kmicelle,MrJ<[mice"e]SDS)[Noaq]

~ kJH,0] + (Koqin T KmicenemrKImicellelspd[NO ]
(28)

Equation 28 explains well the plot &fn vs [NOag shown in
Figure 6: the leveling-off oky, at a higher concentration of

nitrosylation is the dissociation of the axial water from 'Mn
TPP(HO)2,micelle The five-coordinate species, MRPP(H0),
thus produced reacts with NO to yield (NO)MnTPP. On the
other hand, the major species of '@EP and FtHem in
micellar solutions are considered to be the four- or five-
coordinate species which readily react with NO.

The bimolecular rate constarkg(pseudo) (M= Co and Fe)
obtained from the plot dfy vs [NO] markedly differ fromky-
(second) determined from the second-order decay ofiMR
in the absence of excess NO. This result is well-explained by

NO is interpreted by assuming that the rate-determining step agssuming that (1) NO molecules trapped in micelles are in

for the nitrosylation of MHTPP(HO), is the dissociation of
the axial HO.
Transformation of eq 28 gives

an_l ={ ka[HZO]/kd(kaq,Mn +
KnicetiemKImicelle]spdH INO,J ™ + kg (29)

The plot ofkun ™! vs [NOy, ! gives a straight line. The slope
and the intercept of the line respectively give

ka[HZO]/kd(kaq,Mn+ kmicelle,MnK[mice"e]SDS) =
6.4x 10 ®Ms (30)

andky = 2.06 x 10* s™L. Equations 27 and 30 lead to

6.4 x 10 ®xky,(second)= (k,JH,O] + ky)/
ky(1 + K[micelle]lspd (31)

With the use okyn(second)= 5.7 x 107 s71, kg = 2.06 x 10*
s71, [micellelsps = 1.16 x 103 M, andK = 9.2 x 1? M1
obtained from CBOEP in SDS micellar solutiong[H,0] is
calculated as 1.4 10° s1. Equation 28 gives the apparent
pseudo-first-order rate constaqi,(pseudo).

an(pSGUdO)z kd(kaq,Mn+ kmicelle,MrK[micelIe]SDS)/ka[H20]
(32)

From eqs 27 and 32, we obtain

equilibrium with those in the aqueous phase, (2) MP reacts with
NO in the aqueous phase, and (3) NO molecules in micelles
are unable to react with MiReie because of the electrostatic
repulsion between micelles.
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