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The S = 3/2 ESR spectrum is observed for the one-electron reduced species of the nitric oxide adduct of manganese0 
tetraphenylporphyrin in 2-methyltetrahydrofuran solution produced by -y-irradiation at 77 IL The optical absorption and 
ESR spectra indicate that an excess electron Zs captured by the central manganese atom. 

1. Introduction 

Metalloporphyrins that have as central metals Fe, 
Co, and Mn react with simple diatomic molecules 
such as 02, NO, and CO to produce their adducts. 
These adducts have been subjected to numerous ther- 
modynamic, optical absorption, and ESR studies for 
elucidating the nature of their chemical bonds because 
of their importance in certain catalytic processes and 
biological systems related to oxygen carrying proteins 
[l-9]_ 

For manganese(I1) porphyrin, the dioxygen adduct 
produced at low temperatures was found to exhibit 
the S=3/2 spin state on the basis of a detailed anal@ 
of the ESR spectra [6] _ Although X-ray structure de- 
termination of the adduct has not yet been carried 
out, not the h&r geometry but the symmetric edge- 
on form of binding is assumed for the Mn-O2 bond 
in the dioxygen adducts [6]. On the other hand, the 
nitric oxide adducts of manganese(I1) porphyrins 
have been isolated and the binding form was establish- 
cd to be of alinear geometry from the X-ray structure 
determination [lo]. 

On the basis of MO consideration for dioxygen 
and nitric oxide molecules, it is expected that the one- 
electron reduced species of the nitric oxide adduct 
has an electronic configuration similar to the oxygen 
adduct: In the present study, _we measured optical 
absorption and ESR spectra of the one-electron re- 

duced species of the nitric oxide adduct of manganese- 
(If) tetraphenylporphyrin in a 2-methyltetrahydrofuran 
solution produced by r-irradiation at 7’7 K. These 
spectra are compared with those of the dioxygen 
adduct of manganese(II) tetraphenylporphyrin which 
has been reported [6] _ 

2. Experimental 

Manganese(II) tetraphenylporphyrin, Mn(II)TPP, 
was prepared by the chemicai reduction of chioro- 
manganese(II1) tetraphenylporphyrin in tohiene with 
sodium boronhydride in methanol. After the solvents 
were distilled off, toluene was added to the reaction 
mixture. The toluene solution of Mn(II)TPP was sepa- 
rated from the residual white solid by filtration in 
vacua to avoid air oxidation of Mn(II)TPP. The toIuene 
solution of Mn(II)TPP was exposed to 10 Ton nitro- 
gen oxide gas to synthesize the nitric oxide adduct of 
Mn(II)TPP,MnTPP-NO. The 2-methyltetrahydrofuran 
(MTHF) solution of MnTPP-NO was prepared by re- 
placing toluene by MTHF using a vacuum line. An 
excess amount of NO was expeIIed off by this proce- 
dure. 

Toluene and MTHF used here were purified by 
fractional distillation and stored on Na-K ahoy in 
order to remove traces of water. Nitric oxide gas 
(99-O%) from Takachiho Chem. Ind. Co. was used as 
supplied. 

511 



Volume l.S, number 6 CHEMICAL PHYSXCS LETTERS 19 AprXl985 

Optical absorption spectra were recorded on a 
Cary 14 or a Hitachi 200-20 spectrophotometer. 
ESR spectra were measured by a JEOL JES FE-3AX 
X-band spectrometer. 

MTHF solutions of MnTPP-NO in quartz ESR 
tubes and optical cells were irradiated at 77 K by-y-rays 
from a 12 kCi ‘%o source at a dose rate of 53 krad 
min-1. 

3. Res&s 

3.1. Optical measurements 

The MTHF solution of MnTPP-NO has a strong 
absorption peak at 540 nm and weak ones at 505, 
575, and 612 nrn at room temperature. Since every 
preparation of the MTHF solution gives a different 
value of the absorbance at 612 run, this absorption 
band is regarded, in part at least, to be due to impuri- 
ties formed during the preparation of the MnTPP-NO 
solution. 

Fig. 1 shows the absorption spectra of~~P-NO 
in MTHF at 77 K before and after y-irradiation. The 
spectrum of MnTPP-NO is in good accord with that 
in a toluene solution at 77 K [7] except for a small 
shoulder at 537 run. The peak maxima are red-shifted 
by %2--5 nm in comparison with those observed at 
room temperature. After r-irradiation, the intensities 
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Fig. 1.OpticaI absorption spectra of MnTPp-NO in MTHF Fjg. 2. ESR spectra observed for MTHF SoWions of <A) 
at 77 R before (---) and after f---) q&radiation for 30 MnTPP-NO and (B) IMn@II)TPP after vtiadiation for 30 
min. The ab=rption band indicated by an asterisk is ascribed, 
at least in part, co impurities. 

min at 77 K. Asterisks indicate the E!?+RSslgnals from tidea- 
tified species. 

of MnTPP-NO absorption bands decrease and new 
absorption bands appear around 470 and 635 run. No 
absorption bands appear in the wavelength region 
670-2000 nm. Since the radiation-induced one-elec- 
fron reduction of solute mokcules in rigid MTHF 
solutions has been well established 11 l-13 J, the new 
absorption bands observed for the y-irradiated MTHF 
solution of MnTPP-NO are ascribed to the one-elec- 
tron reduced species of MnTPP-NO, [MnTPP-NO] - 

Fig. 2A shows the ESR spectrum observed for the 
MTHF solution of MnTPP-NO after y-irradiation at 
77 K, The ESR signals in the field re@on 2950-3550 
G originate from the solvent radidal, hydrogen atoms 
in the glass tube, and unidentified species. Besides 
these signals, a well-resolved sextet with an average 
separation of 88 G is observed around the g = 4 (1675 
G) region. Since the MTHF solution of MnTPP-NO 
gives no ESR signal before irradiation, the g = 4 signal 
can be ascribed to [MnTPP-NO] -. When the irradiat- 
ed solution was once warmed to room temperature 
and retooled to 77 K, the ESR spectrum measured 
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for the solution indicates the formation of Mn(II)TPP 
[7,111- 

Fig. 2B shows the ESR spectrum observed for a 
MTHF solution of iodomanganese(III) tetraphenylpor- 
phyrin, IMn(III)TPP, after y-irradiation at 77 K. The 
well-resolved hyperfme sextet around the g = 6 region 
are due to the one-electron reduced species of lMn(III)- 
TPP, I-...Mn(II)TPP, in which the spin state of Mn(II) 
is considered to be an S = S/2 state [ 11,12]_ After 
warming the irradiated solution to room temperature 
and recoohng it to 77 K, we observe the ESR spectrum 
of Mn(II)TPP [ 121. This result indicates that I- is 
readily released from I- . ..Mn(II)TPP at elevated tem- 
peratures. 

4. Discussion 

An X-ray structure determination carried out for 
MnTPP-NO demonstrates that an NO molecule coor- 
dinates to the central Mn atom in a linear fashion [lo] _ 
This structure suggests that H* orbitals of the NO mol- 
ecule interact strongly with the dxz and 

% 
z orbitals 

of the Mn atom. Since Mn(II)TPP has a d high-spin 
state, we can depict a simple molecular orbital diagram 
for MnTPP-NO: the spin state of MnTPP-NO is ex- 
pected to be either S = 0, S = 1 or S = 2. Fig. 3 repre- 
sents a simple orbital interaction diagram for MnTPP- 
NO when S = 1. From these considerations, the spin 
state of [MnTPP-NO] - is assumed to be either S = 
l/2, S= 312 or S= S/2. 

The molecular structure of [MnTPP-NO] T pro- 
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Fig. 3. Orbital interaction diagram for MnTPP-NO when 
s= 1. 

duced by r-radiolysis of the MTHF solution at 77 K 
is regarded to have the same axial symmetry as that 
of MnTPP-NO owing to the high viscosity of the sol- 
vent. From the ESR spectrum of [MnTPP-NO] -, 
the perpendicular components of g and AM" tensors 
are obtained to be gL = 4.05 2 0.01 and A? = 88 F 2 
G. Unfortunately, *&e parallel component, which is 
expected to appear aroundg= 2.0, cannot be measured 
because of the strong background absorption due to 
the solvent radicals_ However, perpendicular compo- 
nents provide useful information on the prediction of 
the spin state for [MnTPP-NO] T. 

The assumption that [MnTPP-NO] Y has an S = 
5/2 state leads to its formulation as [Mn(Il)TPP...NO-] 
in which Mn(II)TPP is in a high-spin state. In this case, 
the g value of [MnTPP-NO] ‘: is considered to be 
nearly identical with that of [Mn(II)TPP...I-] (g = 
6.0) as well as [Mn(II)TPP...Cl-] and 
[Mn(II)TPP...Br-] [ 11,121. On the basis of the fact 
that gl = 4.05 f 0.01 for WTPP-NO] -, we discard 
the S = 5 /2 state. 

The assumption that [MnTPP-NO] T is in an S = 
l/2 state predicts that an unpaired electron is located 
in the dzz orbital of the central Mn atom. The elec- 
tronic configuration is supposed to be similar to that 
of the nitric oxide adducts of ferrous porphyrins, 
FeP-NO. However, the nitric oxide adduct of horse- 
radish peroxidase [ 141, as an example, gives g tensors 
of gx = 2.08, g,, = 1.955, and gr = 2.004. These values 
are approximately 2.0 and differ markedly from g1 = 
4.05 -+ 0.01 observed for [MnTPP-NO] T. This fact 
suggests that the spin state of [MnTPP-NO] y is not 
s = l/2. 

The most probable spin state of WTPP-NO] - is 
regarded to be an S = 3/2 state. A general spin 
Hamiltonian for the S = 3/2 state, excluding hyperfme 
interactions, is represented as 1151: 

Jc = P&&S, + gj,H,& + g,H,S,) + 00: - :I 

+ E(S,2 -S'), 

where all the symbols have their usual meaning. The 
energies of the quartet sublevels for the magnetic 
field along with the x, y, and z axes are calculated by 
using this HamIltonIan. When E = 0 andD is very 
large, the observable transitions are predicted to appear 
around g,, =ge = 2.00 and gl = 2ge = 4.00 on the as- 
sumption that gx =gu =gz =ge = 2.00 [15] _ In fact, 
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Mn(IV)TPP and Fe(III)TPP-Cl04 having an S = 3/2 of ferrous porphyrin, FeP-X0, revealed that 
state give g z== 4 and g = 4.75 [ 16,171, respectively, [FeP-NO] Y is rather stable at room temperature 

although the latter value is interpreted by assundng [4,20] _ The dissociation energy of the Mn-NO bond 
mixiig of the S = 5/2 state and the S = 3/2 state 1173. in [MnTPP-NO] T is considered to be smaller than 
The above consideration Ieads to the conclusion that that of the Fe-NO bond in the one-electron reduced 
[Mn’I’PP-NO] T is in the S = 3/2 state. species of FeP-NO. 

The dioxygen adduct of Mn(II)TPP, MnTPP-O,, 
exhibits an ESR spectrum (gl = S A-S.5,g2 = 2.0, 
and g3 = 1.45) which is interpreted in terms of _an S 
= 3/2 state with large values of D (10 I= 2.48 + 0.07 
cm-l) and E/D (E/o = 0.3257 f 0.0003) [6]. The 
difference in the g tensors between MnTPP-O2 and 
[MnTPP-NO] T may be ascribed to the bonding 
forms of 0, and NO adducts: the former is likely to 
have an edge-on mode of geometry and the latter a 
linear geometry. 
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