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Redox and Photoreductive Characteristics of
Manganese(III)Tetra(4-Methylpyridyl) Porphyrin

Koushin TAkAHASHI, Teruhisa KOMURA and Hiroto IMANAGA

The redox and photoreductive characteristics of manganese (III) tetra (4-methylpyridyl)

porphyrin (Mn" TMPyP) were investigated in aqueous solution.

Mn!" TMPyP was reduced by the addition of sodium dithionite to the deoxygenated aqueous
solution in the pH range of about 4-12. On the other hand, Mn " TMPyP was oxidized by the
addition of potassium persulphate, sodium hypochlorite or pentaamminechlorocobalt (III) chloride
to an air-equilibrated aqueous solution in the pH range of about 9-12. In addition, the formation
of Mn!'TMPyP was observed when visible light was irradiated to the aqueous solution containing
Mn"TMPyP and ethylenediaminetetraacetic acid (or triethanolamine) as an electron donor.

1. # B

BEEHOXERICBNT, 7007 VREEY
BEEPRLZL T Y, Bf, KB AL ¥—DERL
BEUEFHI AL —~OEREVIBEL L,
NBENETIVHETHLEBENT 4 ) LA
w125 OWEs H 299, i Gritzel 532, HE
PORARICBITIRMEERTICBY, KD LH %z
ERRwEL, Thbb, KEEESIDRELT 4
)R RBRE, 2FAEFu—2r pEFEEES
fUzFL o7 vNEBE(EDTA)28THI L L,
HEauA FEELHCD L, THERZES T2
LIt T VOIETAY BT E N TREIEE
TB5ZETHE, —K, BEERITR, KOB{LA
BYREBRAIrFET D, ZORBICIEerZ Y HE
ETB2ZEXMONT LY, THEEESEHDHY,
Calvin 2%, 7aa—ndrer o (DF 9722
WENT 4 VY, AFNEFa—#>BLEDTA
PHRETLEE, MRERFICL > Ter v RL7
AV ETFRT2 ST EHEL Tnb, &51
Harriman 537", K= 7 (IDELT7 4 )
> OMALFEIFEZBRETL T 3,

AEX T, KisgerrrIDRL7 4 2O
5 L UTHRAR 2 B L 2BanBTEtEiconT,
FHLRE MR 72, BEOEBERRIGHOB I —HK

* TALFERH

CECHAVWLAL YR (2,2 =) A) LT =
7o (D 8D VRS (INDENLT 4 ) v ekd Y
ERLN, 2 a (IID)ELT 4 ki EEs &
VBTN 4 F > AR TREICHET 5, L1
BoT, REBBELFETINBRNLFEEZHN
LIENTEBLWIH AL DS,

2. £ B
2. 1 =oHAITISA—XFILEYSI)
RL74Y) v DER

FET (4—E)UN) BT 40> (TPP) 12,
4—EN)INTATE FQ2Tcm®) £ Er—/L (19 cm?)
7 aEF v # (500 cm®) T 30 R L TARKE
n, F72, TF74—XFAEYVOSL)ELT 4 )
(TMPyP) (3'®, TPYP (Ag) ¥ p—}F V¥ ANk
BAFNL(25em) 2 N N—3 X F)LRALLTEF
(DMF : 500 cm®) ¢, L5 BT 2 2 iz k- ¢
b v rELTARENTR, TPP 35%(v/v) A %
J=—7aa RNV aEHr L, TMPYP (325 /) —
WEE» ERRL, £056 088 % 110C T10 B
BEZgRL12, THP L TMPP OLRFHOER L
FEERKICRT,

TPyP (CooHzs Ny}—

SAFHE - C, 77.19% ; H, 4.09% : N, 17.96%

— 103 —



104 SRAFITHEHCE 16%15 1983

St C,71.67%; H, 4.21% ; N, 18.12%
TMPYP (C2Hys NS, Or2)

SiriE : C, 61.21%; H, 4.93% ; N, 8.18%

el C,6342% ; H,4.88% ; N, 8.22%

2 HIDT P (4—AFNEY L) RENLT 4
) (Mn"TMPYP) i3, Harriman 570543
ERnEHicAE Enk, THP (2g) tE#~
vHv (58) ®BkEEEE (500cm®) (2EMH»L, 80CT
BEHIRIGE5, RICHERRL (BB ARSI ¢
b, TOEEME 7 unRVLICERL, BETAS
F (HFu7u= B, 150~20 A2y o) AT
A2k akEHRE L TRREAL, =27
(DT F3(4—EY MR ALT 4 ) > (MnUTPP)
PHMUTL, KIS, ZORBHE Ma"TRHP (1.7g) &
p—Itnz v AWKy EAF N (9cm®) 2 DMF
(4o0cm®) i AL, 2HMRET 5. BiniL 285
BT E2mz CRESEMEIES, 361, £
DREERLBNAS ) —VICBERL, FOBRBICT €
b gz CEERRETH T MY TMPYP % ¥4 %
Th, COERFPUCCTIORBMETERLL. £
NEMBLHREB—EE (1 1) ORBLNHETLZ
Lok THELT7 4 ) v BEDEL, = onlkE
ERE L2, TOIWE L FRBELKITRT,

MMWMBPMMQJ&M&QQ
SHT1E . Mn, 3.21%
HHE(E | Mn, 353%

MnU'TMPYP oy VRSB OREL, = 7D
HESTIC L > TRERE SN KBRE AW UTE
bz, £72, BE, Ma"TMPP KR OBEL,
ZDENERGFSE A TEEI NI,

2. 2 MnUTMPyP mE{td & BT

kgl e L CERALE A XY FEEEA ) T A,
BEEHY I LB LI TIEED Y 7 203HRERR
ThN, KEEXRET )7L LERARAETH S,
F72, suouXy g7y ivarput=7ul)Fid,
XEOFFE N L di> TEKENI. Mnt TMPYP
2BALT 254, Av2BtH0EEE & CRUGRR-
k- TR EE2TT. L22 - TEER T,
5.0x107¢mol - dm*Mr " TMPWP 1 L 8% 2B L
RIBEOEE L TR, BT 0 2MEEE TR
{27 PIVEREL T,

Kiz, Mi"TMPP ORTICERL 2ES 54 VB
F U203, CERARETH L, MW TMPP 0
TCERS (MnUTMPyP ¥ B&30) 13FEEICERERLE
FITRT(, F72 NaS,0,0Kisl L e IcBb 25
T3, LizdisT, Mal'TMPYP 0851k, T
e e—LT+oBREBERL 2BEIXE I
S Ml TMPYP K EHIBR L, £ 0KiERIC K
O Na,S;0.20BMz 52 it ->Th &3, &5
12, 2O Mnt TMPYP XEHOBAE R HET 2726
2, EREHASP CTERTEAR LM ZNEREH
Lz 7ze RRARZ P NVRIEN2HIZ 124 BL S
T — L ER R ERL 2,

KiEHE o pH F%4z 12, pHA~5TI3 BEEE—BEEE T
V74, PH6 ~7Ti3Y) v 8—H 1Y) 7 —KEELF
Jr7s, pH8~10 TlakvBF L) 7 o—15E» 5
WIZKEMES ) v, BLUPH1LI~12 TR Y VB
ZF M) A=K L) T LoRE B E RV,
12, ENLOPEX 0.01mol-dmci b L izl
Pzo ZZCHERLER, BBV, ) UEB—
AL, RIBFP)TLBL) CBEZFMYY
LEITIRFRRTH Y, BERIBEMTATHS, £
7z, KERILF b ) 7 ald, BEOFEITHEL LD
PRV, 8LIAERTE, TRTEFEEKEH

Wiz,

2. 3 MnUTMPyP o3& 5T

RBuEle L TERLAEZFLV 27 3 o UEEECH
b (EDTA) iz, iSRG ZXHBOFESIZL
- TBERLLLOTHY), Pz /—n7 s
v (TEA) i3{tEAZREL FnE A, KFELL
T,500W7+ /> 5>7(% 4+ UXL—500 D—O)o»
DT AREEEE FIREE (772 A Ul—-501C)
AL, RS LM EARER ( 2diz, B
WhHy P74 Ng— (EZEL-39) #HW2, 72, %
B > TEARBHOBRE DL ) LR TS 720,
B C RN EREIC AR (BRAEAK
LV ERL, MlcmokEE2BEL TENLLICKE
RS Lz, ZoERENRSEICIE, BEERYS
2 &Rz,

SRS HORBARIL, KDL 5 12BRL 72, 9.0X
107°mol - dm™*Mn " TMPyP » ® ¥4 7ci8 o) EDTA
»53 TEA 2506, BRL2E2E/Z232 0
SHBAL (+oBBEL2nb, SREHEAR T

— 104 —



g - AT - Sk KiEEe s (D EAT 4 ) > DBL - BITE L R TR 105

NEBRELBERALVEB Lr 272, EDTAB LU
TEA 2, ZXBEEEHH 4 ) k&% pH 8%k
Aaxb-oTwailth, bbh Lok 5 ITKE{L
FTHI7LThHrEL L pHICREE N2, 5 pH
DMn U TMPYP SEERE, ok lgsns:
EDTA%» 5\ iz TEAKBER B4 7% pH B EHE K
LERETAZIEIE TN, E 5,8
AENBES 0.01mol -dm™i2% 23 L iz L7,

3. BRbIuER
3. 1 MnUTMPyP ok

TPyP ORI R~ 7 | vid, 800, 882, 970, 1003,
1400 3 & vr 1592 ez IRUNEE K # ¢ &, Fleischer'®
NENE L —HL 12, EXRo TMPP o'H NMR
A7 P, 9.4 ppmic f—ru—n7alranl
Y7V b, Zo7a b o ORIE— 27 % R 9.0
ppm k 9.7ppmiZ @ BL U - ) I LTt N
FT7Vvy bbb, Z0Z s, V) U BOEE
FFHT[cH D 2 by b, 2 512, 1.3ppm (2
Y U BABERFICOWAFLENL L TL oy
FABREINS, 20 TMPP s s 521215
&, Mi"TMPP 3R 10k S icgEs kbt et
&5,

B KOEE, TMPYP OFRRILZ 27 LD
{243, 421, 518, 553, 584, 639 nm ME K ICIRINEA
BB D, 12 Mal TMPYP ORI 2~ 7 } Az
13, 463, 559 nm NFEICRIB AL $ 5, & 112, K
F (pH6) i2BWTH2RIUEAKE (A max) o8
5 TMPP B L s Mn" TMPP o) = VIR 6%

Fig. 1 Manganese([ll)tetra(4
-methylpyridyl)porphyrin

(%Rt F7, H2iz, 400~500 nm nEEEH
O Mn "TMPyP K&K D TRRILA R F V%R,
Mn"TMPyP K78, FERICEVREGRIC O »
T (1 X107~ 1X10%mol-dm™3) Fo,8—} x—
WOFERNZ L 2h597, 2z &b, MiUTMPP (3
KEBHRTREEL LW Edbh b,

B pH (6T 2 &, Mn"TMPyP IR 2~
7 P nEENELT 5. K 312, 5.0X 107 mol -dm?
Mn"TMPyP X737 pH & 463nm OB EIZ BT 2
BIEEOBEFEEZTRT. 20k 5 CREEFELT LD
13, kRUTRT L, U7 4 ) BEEHH L TH
b VB L 2K FONKMEIRE 720
TH3",

[Mn"TMPyP]5* +OH- —=
[ Ma"TMPyPOH))* (1)
[ M TMPyP(OH)]** +OH- ===
[Ma"TMPyP(OH),)** (2)

ZZT [MA"TMPyP]*, [ Ma"TMPyP(OH)]* 54
ULMaA"TMFyP(OH),]* 13, ZnZh Ma"TMPP
DIKFEL T A o1&, OH pi—op Lz

Absorbance

Wavelength/nm

Fig. 2 Absorption spectra of MnTMPyP
in aqueous solution.
Concentration of MnTMPyP : 8.0x10-5
mol - dm™?
------ . Mrl'TMPyP (pH6)
—: Ma'TMPyP (pHS6)
—-—: MnVTMPyP (pH10)
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Table 1 The molar extinction coefficients (¢) at absorption peak(Amax) of TMPyP and

M,TMP,P in aqueous solution

pH Amax,/ NN e/mol~! - dm?® - cm™!
TMPyP 6.0 421 2.43x10°
Mn TMPyP 6.0 449 1.92x10%@
Mn'TMPyP 6.0 463 1.59x10®
MnWTMPyP 6.0 559 1.47x10*
MnW¥ TMPyP 10.0 429 9.80x104%

a) Mnl TMPyP was formed by the reduction of Mr!'TMPyP with Na,S,0..
b) MnY TMPyP was formed by the oxidation of Mr ! TMPyP with [CoCl(NH,);] Cl,.

1.0

Absorbance at 463nm

Fig. 3 The pH-dependence of -absorbance at
the Soret band (463nm) of M»n WTMPyP
in aqueous solution.
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Fig. 4 Distribution diagram of hydrolysis
species of MnMl TMPyP in aqueous
solution.

Hydrolysis constants™: pK,=8.0,
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Fig. 5 The pH-dependence of absorbance
at the Soret band (429nm) of
Mn WTMPyP formed by the oxidation
of MnTMPyP with oxidizing agents.
Reaction time : 30 minutes
Concentration of MnTMPyP : 5.0x107¢
mol - dm™3
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Fig. 6 Plot of the concentration of
MnUTMPyP formed by the photoreduc-
tion of MnWTMPyP as a function of
the concentration of TEA.
Photoirradiation time : 30minutes
Concentration of MnTMPyP : 9.0x10°®
mol - dm™

Absorbance at 449nm

.

o 3 1

0 10 20 30
Photoirradiation time/minutes

Fig. 7 Plot of absorbance at 449nm (of
MnITMPyP formed by photoreduc-
tion of M»n W TMPyP with TEA) as a
function of the photoirradiation time.
The concentrations of MnTMPyP and
TEA are 9.0x107% and 0.01mol - dm3,

respectively.
O: pH6.1, @ : pH8.2, & : pH10.1
@ : pH11.0
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Fig. 8 Plot of the concentration of
MnITMPyP formed by the photo-
reduction of MnlITMPyP as a function
of the concentration of EDTA.
Photoirradiation time : 30 minutes
Concentration of MnTMPyP : 9.0x10-°
mol - dm™3
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2 8 O:pH 61
, g @:pH10.2
®:pH10.9
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0 - 10 20 30

Photoirradiation time/minutes

Fig. 9 Plot of absorbance at 451nm (of
Mn ! TMPyP formed by photoreduc-
tion of Mnll TMPyP with EDTA) as a
function of the photoirradiation time.
The concentrations of MrTMPyP and
EDTA are 9.0x10~%and 0.0lmol - dm=3,
respectively.
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