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Measurement of association constants between metal ions and porphyrin or
metalloporphyrins before their complexation or replacement reaction

using a hydrophobic resin column
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The existence of intermediate species during complex formation between metal ions and
porphyrin in aqueous solution was confirmed using an Amberlite XAD-2 resin column.
When porphyrin solution is injected into the metal ion solution stream, the porphyrin
adsorbed to the XAD column with the metal ions associated or complexed with it, and
the decrease of the metal ion in solution is observed in the column eluant. Calculated
from the decrease, the association constants of Cu?" and Zn®" with a, B, 7, 0-tetrakis(4-
N-methylpyridyl)porphine (TMPyP) are 32 (10°C) and 57 M~ ' (25°C), respectively. It
was also confirmed that the intermediate exists before the metal replacement reaction be-
tween Cu?" and the metalloporphyrin complex. The association constant in the Cu®™
/Zn-TMPyP system was especially large. As mentioned above, the interaction of the
metal ion and the ligand before complex formation can be investigated by separating the
ligand with the attached metal ion from the free metal ion using the hydrophobic interac-
tion between the column and the ligand. These results were in good agreement with
the values obtained by the kinetic method.

Keywords : porphyrin; metalloporphyrin; XAD column; association constants; kinetic
constants.
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Fig. 1 Block diagram of the apparatus for the
study of interaction between the porphyrin and the
metal ions

P: pump, I: sample injector, D: spectrophotometer,
R1: metal ion solution, R2: color-producing reagent
solution
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EE;[*]%%IJ L.
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ELT, #hENFEIALFEBONY 7 704 v Ak Y
Br b)Y AROYyavERVE.

BT LIE150~200 A vV ADAFLV-FYEZ A
¥ HEESWEIE Amberlite XAD-2 (BLF XAD & B
T) ANE 2mm, X 30em OHTAH T LAIKTA
Uicb Dz H0T.
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Fig. 2 Typical chromatogram obtained in Cu-
TMPyP system

Reaction time, min: a 2, b 6, ¢ 10, d 14, e 18, £ 22;
metal ion solution: 4.00X107° M Cu®*, pH 4.0; in-
jected sample: 1.00X107°*M TMPyP dissolved in
the metal jon solution; temperature 25°C. The
arrow marks indicate the sample injection points.
The three peaks before a and the last one were
obtained by the injection of Cu®*- and TMPyP-free
solution.

F—RUOATLE 10~25°C DEBMEPICRELE. &
EULRVNTZ 4 )V 2FRI e FuT75y, RITAS
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B TARFEA A ER(1) OFERERICH .

HoP*t +9H =2H, PO (1)

HP®Y (BT, HeP EBEED) KB &V —L—NY R
WY 7 b BBERICESVT, BINARS bVD pH
KEBEMZRBNIER, pHSO LM LTI AT
HoP** (BUF, HoP &BSED) 02> TWB Z & AR
antz. - THRERE pH3.0 L ETITo 1.
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(RIGHRH) 2&Zbad5s s, 254K HP-M PERT
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URZWizH#Eing 5.
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Ho,P+MaH,P-M K S8EHK (2)
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H,P-M—9H " +MP k. BETH (3)

H(2) RV (3) D& IIRIGEHELETIIE, 2ETE
BKBERDEHIZEINS.

K=[H,P-M]/[H,P] [M]
=Q (HyP-M)/Q (HyP) - [M] (4)

22T, Q(HP'M) & Q(HgP) 1& HoP-M & HoP O
MHEE (mol) THYV, #h&2hX(5) RV (6) ¢F&
B,

Q (HyP-M) =V-[M]-8/S, (5)

Q(HQP)=V' [P]o (6)
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Fig. 3 Effect of temperature on the reaction be-
tween Cu?t and TMPyP
Temperature: ¥ 10°C, & 15°C, @ 20°C, W 25°C;
Cu®t 4.00X107°M; TMPyP 1.00X107°M; pH
3.5

3+2 Cu-TMPyP RTOKIEEE, pH ORE

pH, $AA 4 VB, Av7 ) vREEZ—EEL,
RIGEE% 10~25°C IKE{L S 8 TERZT > R %
Fig. 3 IR Y. MEIIRIGER, MEamoniE—7
RS & S PLETH 5. EARHOEL L LI
S/So \ZEMREICHEMNT 5. HURENEVE, RIGE
ENAKELEBA A YHITDICHALLLBDT, HR
PHINTL S, ThHDEROYFZEDOEZE 5.
i, EREREIICEERSTE TSI EERERL
TW5E., ZOPFOERS, 31 HTRRIREEHNZ
ki, 32M7! (10°C) pELN. BRENS
K BIIONBEERRIGEPEL 2 VHEEPREL L
fz. o, BESBVEYROEOERESE S
212,

Wiz, HEBBEPSBERICES LD, RICEE%
10°C IKREL, pH 2L IS TEREZT-ILHERE
Fig. 4 IR Y. pH HE< 2B O N TRIGEBE P K &
<71z, pH3.0 LETIEX, TMPYyP & H,P RIE LT
BHEEET, BRI HP KE-THBY, EHET-IL
pH B CRAAKOER pH KKFELEVITTH
%. Fig. 4 DRERD 5 LRG0 pH KFE IRZEH
WTH-tz. —H, pH WEL 85 2 &I & B RIGHEE
oK, 2ekrsTa by REELR T gk
HEEZHNS.
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Fig. 4 Effect of pH on the reaction between Cu®*
and TMPyP

pH; M 3.55, @ 3.67, A 388, ¥ 4.07, & 4.26;
Cu®™  4.00X107°M; TMPyP 1.00X107°M;
temperature 10°C

ct LS oEBA 4 v EUT, Zn®T, FeT, Ni*T

IOV T BTN, Zn?t EORIETE, Cu?T EER
JORENKEL VDT, BALAGTH 12, X,
Fe2™, N2t AL ik F r— b EKADE -7 EHN
otz

3.3 HEROBITE DR

N EAER VTRV T 4 ) YIBRE KB O®
BAA VEBREFNENEEN Cp, Cu &4 5 £
BAL, BICEEL,» H#EEREEZEIE Lz, 2EA
FvERNVT LY YHRK(2) RU (3) DLWV
ASAEEERL T b8EERPEE EIET 5 &,
R DBIBRASER O LD

d[MP]/dt=kK [HoP] Cm (9)
#H(9) 2RO 76X E2ES.
—In(Cp— [MP]) = {kKCp/ (1+KCn) | t —InCp (10)

Wl iC KRG ¢, #EHC —In(Ce—[MP]) 2&0 7
Oy b BE, A S —InCp, fHE D kKCM/ (1 +
KCyv) OEHELS. COBEBOEE, TobbRH
F DBEETEI kopsa ZHEA DERBA A VIREICOWVTH
FU, 1/ XU T Vkgsa 278 v b3hIE (Fig.
5), k RO K BsRdH5N5H. XAD B 7 L R OHERD
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Table 1 Association constants K and rate constants k between Cu®", Zn?* and porphyrin or metalloporphyrin

. . 3
Svetem Method pH e B
Metal complex formation
Cu-TMPyP XAD 3.5 acetate+NaNOs") 10 32 13
Kinetics 3.5 acetate+NaNOg 10 34 9.3
Cu-TPP? Kinetics 0.2 M KNOj3 in DMSO 35 8.24 3.63
Kinetics 0.2 M KNOs3 in DMSO 50 13.5 9.06
Kinetics 0.2 M KNOj3 in DMSO 60 18.3 15.9
Zn-TMPyP XAD 3.9 acetate+NaNOs 25 57 3.4
Kinetics 3.9 acetate+NaNOs 25 47 2.2
Metal replacement
Cu-TMPyP XAD 4.0 acetate+NaNOs3 25 120 1.6
Cu/Ni-TMPyP XAD 4.0 acetatet+NaNOs 25 95 0.24
Cu/Fe-TMPyP XAD 4.0 acetate+NaNQOg 25 72 —

Reference 14), P0.05 M acetate buffer+0.1 M NaNO;
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Fig. 5 Kinetic treatment of the reactions between

Cu?** or Zn®" and TMPyP

Metal ion: @ Cu®" (pH 3.5 at 10°C), M Zn*" (pH
3.9 at 25°C); TMPyP 1.05X10-5 M

BIIZE->TRDIZ F RO K OEZXMESE & B
Table 1 IZ5RY. Cu- BT Zn-TMPyP DOl F DRITD
T, XAD # 9 LAZ AV HEEEERICE > TKRD
reEaEBIL L —BU .

Pasternack ® '3, FIBOREERWENT L O T XA F
VAWEFY R (DMSO) Td Cu®t & o, B, 7, 0-
tetraphenylporphine (TPP) & OMENEMAIZD WV THE
U, Cu®t ERNT 4 ) v EORTHBRISA & v xns

ERLTWAHEBELTWVS., ZOAF VHTEALT
4 VBEOMBATOEN, WIZEHEEE TRV T 4 Y
VESOMA, Ta by, 2844 EOMTH
BN TEL LB, EBAAVERVT 4 ) Vv E
DOICHEE L TORBESFOBROERPNS, bidE
COWREEN SAT 74 7OEBETH 0, SAT LT K
(F) FEORELIVOGULABEBREOBEE LTER
X A

PR DR RIVEIT IS TR 2R EFEPRO L > T
WBEDRERESOWTEHINT NS, —F, KT
LETIRIO LD BREEHEZ L, ERICREMPES
STNDCEDPRTE, FRIIESVWTERATERNE
Hxha TMPyP X ¥ 5 Zn®t O & EHI,
Cu’t DLV kE VY, BEMRKIGEEND. Zhi
Zn®t OENIKORBERIGIBV Iz EEZ SN,

3ed4 KNT 1V OEEBBBEIG

RNT 4) VBRNOSEA 4 v WEERT 5550 RIG
IZDNT b, SERIKIG & R IR Z & RICHKRE
BEXONE., 2ITETRRIZRANVT 1) v ORDY
WWEBARVT 4 ) VR EROTERZIT-72. 2:1 T
WAtz &SIz Zn?t, FT, N ARV T 4 ) v ER
SRS TR EAR L. B, SREEERIEREPICERIL
Xh=ffie s >TWVA. Zn-TMPyP & Cu®" & DEH
RIS BWVTRISETHRICB T 2R80OY —271%, Gt &
HoP & OHEERKIGDZFNITHE"»E D REL, -
SEEOEMEEZNI V., ZOBER% Fe, Ni-
TMPyP $&A DB AL EHE T Fig. 6 IKRT. #hE
NOSERDOBEMB—TEZVOT, Ml /S, T
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Fig. 6 Metal replacement reactions between Cu®"
and metalloporphyrins

Cu®" 4.00X107° M; pH 4.0; Temperature 25°C;
metalloporphyrin: Ml Zn-TMPyP(1.01X107° M),
o Ni-TMPyP(5.74X 10~ * M), A Fe-
TMPyP(1.23X107° M)

%<, §/8 [MP] # & o fz. Ni-TMPyP 04, 2D
ERICC?T PELIREAL, RICHAL I NEY &
2+@knﬁbofw<t%zbné X, Fe-
TMWP@%Q,0M+W§ COERIIEETEN
®§m%%W1m&ﬂMHPMT§&w&%X
6ﬂb(ﬁ+tZMMWRFMMWP&UM-
TMPyP & DEEERE Table 1 IKRYT. ThHEHRK
m%%%&ﬁmtkﬁ?ét,cﬁ+&Hﬁxnb
WL EELTWVWE I ENSL S, BIZ, Zn-
TMWPT@C£+WKKMﬁ<% LTWVb. zZn*t
& Cu-TMPyP EDRIGICDWVWT b2, D
&, BohtrFr— MCAOE—-7 3B EL -1,
Cu-TMPyP S5k OREE N KE L, Lr b HEdEs
BT, ZOHERIMOEBEA A v IFRELITS VT
HTHHH. I L, Zn-TMPyP 12 DFED» 5
WWATHEY, ZOHRE, Cu—-VROERDIVEF
WHARNT 4 ) VBROBENZEE, €2 Gt HR
HLRTLE->TVEHDEEZONDS. —DDKRILVT
4 ) VEBIZ 20?2 & it PEAT S LMREERDIES
WRER DT Zn*" BHNTHREEERD 1T > HEENIC
AT S, G EEBERES L, Gt A4 Y
DREIVBREVTIAYVYBICEVBEELTWVWSIERE
DOEHRICEY, F-KV7 1) YEERIFEECEETDH
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5., KV T74Y) vEBHEEOREE X Cu>Zn>Mn>
Co>Cd>Pb>Hg L5 ->THY, ZOIRICELENLD
BRICEHRT A EPSREINTNHSEY,

cd®t, pb?*t, HE" DL ICZD4 4 Vv FBEDOKE
XDIDIZKENT 4 ) VEBLOEBA A VY IEAHLT
WABEERIZIOWT HEBREZH AT, L L, BEISEE
BROBAA Y EDRIGICEVASBUTLES2D, &
BERRISHBERICSET LT UE> 1Y LTSEORIE
BT RBRAEEETH - 12,
DEDE>iZ, XAD #1922 HWTKIGOFHEERE
LB BEEROIFHEEBRL, PORXAEREELTS

ZENTER. RERE, RIGEEDOKRE VWRICIEHEHT
xn0. UL, ERORIGEEZRALLRAEEHD

BHLSREEEE (RERK) OERBBOREICES D
TWBH0ITXL, RETEENISEKROFELZERY
5LEMTEHOT, BEROFHREHTIELB—
BEEBRHETHIEEXLD.
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3 g

BBAAVERNT 4 ) ¥ HIKBRAP TEERT 2, SBEERANICHELEEROLESESEEL T
W5 &% BKERE (Amberlite XAD-2) #5 AZHVTHERE L. @B/ 4 v AWK OESEN /S5
NOFRIZKRNT 4 ) VIBREFEATEE, RVT7 4D VIEA4 v T 27 ¥ —DFRICE T XAD H 5 A
KIRET 5. 208, RERVBEBERUILSOERBA AV EEDNTIREL, 200LBA 4+ VBE
—RHICEA T 2. COBLHPHEHT B E, Cu®T RO Zn®*t & q, B, 7, d-tetrakis (4-N-meth-
ylpyridyl) porphine (TMPyP) & DX EEHIX, Zh N 32 (10°C) KV 57 (25°C) M~ TH - 1.
RNT7 1) v OERBHERN C®T EEBBBRRICT 2, BERKERBICSSESERLTVS
ZEMGm ot HIREEERE G COBBRRIEDBE, KELRATEHPEONT. KPIEKICLY,
BLALT & 5 VI E DB BHEESBUKEBIEICRE SN HPHRL2FALT, 2BA A v ERMNTFHAHVIE
ZDRBHEEKREOHOHEEMERZHNE CENTEL. 2OBBIEIEBERORIGEEROER LV EH
U B & EIF—5 L 7.
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