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Abstract—The association equilibrium of porphyrinium ions of mesoporphyrin IX dimethyl esteMi)

with iodide ions in acetonitrile was studied by spectropotentiometric titration. Two associates were revealed:
(H,MP?H)(17) and (H;MP?*)(I"),; the electronic absorption spectra of these species were measured, and
their formation constants were determined.

The acid-base properties of porphyrins are of large Et Me
interest. The specific feature of porphyrins as multi- M Et
centered bases is that the base centers (tertiary nitro- ©
gen atoms) are involved in a readily polarizable mac-
rocyclic = system. On protonation, the positive charge
becomes delocalized, causing appearance of fractional Me Et
charges &") on all the atoms of the coordination core
(N,C,,) of porphyrins. Such delocalization of the MeCOy(CHp),  (CHLCO Me
positive charge in porphyrin cations determines cer- H-MP
tain specific features of their iefon interaction with 2
acid anions, affecting the reactivity of porphyrins in Here we report on a quantitative study of associa-
acid solutions, their extraction from solution, andtion of porphyrinium ions of mesoporphyrin IX di-
crystallization from solutions in organic solvents. methyl ester (a structural analog of, GEP) with I
L . : : ions in the system MeCMCIO,—Nal. Titration of

The coordination cavity of porphyrins contains tWoyy wp' with perchloric acid is accompanied by two
aza atoms capable of protonation in acid solutiongccessive changes in the electronic absorption spectra
with the formation of porphyrinium cations: (Fig. 1); each of these changes is characterized by

Ky an own set of isobestic points and a separate step in

H,P + HY &= HsP", (1) the titration curve (Fig. 2). The parameters of the elec-
tronic_absorption spectra of NP, H;MP*, and
Kz H,MP?* in acetonitrile are listed in the table.

HPt + HY &= H,P**. ) _ _

The step protonation constants of mesoporphyrin

The H,P** cations can coordinate counterions!X dimethyl ether [reactions (1), (2)] were calculated
to form ion-ion associates [1]. Porphyrin saltsWith Eq. (3) by nonlinear least-squares fitting [5]:
(HPN(X), (X~ = I3, IT, Br, CI, F7, CRCO0O) logK; = 11.95:0.03 and lod<;, = 7.55+0.03.
were isolated in the crystalline state and characterized

by IR [1-4] and NMR [2] spectroscopy, and also _ AnpKiKz + Agprakp + Ay p2ra? 3)
by sJirngI_e crystal X-ray diffraction [4]. Compounds 550 ~ KKy + aKy + a2 '
(H3;P")X™ are studied poorly. The octaethylporphine

derivative (HOEP)(l3) was isolated from chloro- Here, Asg, is the current optical density at 550 nm

form and characterized by IR and electronic absorptanalytical wavelength)A o, Ay pr, and Ay -+ are
tion (in CHCl; and MeOH) spectra [2]. Attempts [3] the optical densities of solutions containing pure as-
to isolate free monocationic derivative of blood por-sociates HMP, H;MP*, and HMP?* (1.9 x 107 M);
phyrins from methanol solutions failed. a= 10",
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Fig. 1. Variation of the electronic absorption spectra of
H,MP in acetonitrile: (a) first (pH 1016) and (b) second
(pH 5-10) protonation steps (298 K).

Fig. 2. Titration curves in acetonitrile (298 K) of (a)JMP
with perchloric acid and (b) LTMPZJ' with Nal.

In the titration curve, we can distinguish three pHtiometric studies with a Crytur pl 527 ion-selective
ranges practically corresponding to existence of inelectrode in a standard spectropotentiometric cell [7].
- 7 ) +
ig"gu al Zpe(,:\'/lesz;EMlz’ pl—é; 18'5.’ HMP h_prQ.&_ The cations HMP* and HMP?* were titrated at
.5; and H » PH < 6.5. Owing to this fact, it g, 4 pH (9.96 and 5.30, respectively), adjusted by

. : o ; . nTnicrodos,ing of a perchloric acid solution. The analyt-
ions with an iodide solution. As the titrant we chosej.a| concentrations of reactants in each point were

a solution of Nal in acetonitrile, because Nal is char¢orrected for dilution of the working solution. The

itg:jsidgtsnllvent Kas 10.0 [6]) as compared to other With increasing concentratior21+of iodide, the elec-
tronic absorption sectra of MP<" solutions under-
The absence of HI associates in the ranges b5  went transformations with two sets of isobestic points:
pl 2-7 (288-318 K) was proved by additional poten- (1) 530 and 590 nm; (2) 535 and 595 nm. Such a pat-

Electronic absorption spectra of solutions of various porphyrin species in MeCN

Compound Amax NM (loge)
H,MP 497 (4.12) 531 (3.96) 568 (3.79) 621 (3.63)
HMP* 527 sh 532 (3.95) 558 (4.08) 569 sh 603 (3.51)
H,MP?* 510 sh 525 sh 550 (4.21) 570 sh 593 (3.71)
(H,MP?H)(19), 562 (4.01) 582 sh
(H3OEP)(I3)3 534 (3.95) 560 (4.08) 572 (3.98) 604 (3.58)
(H,0EPH)(13)(10)2 563 (3.98) 587 (3.70) 605 (3.56)

2 |n CHClg.
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Fig. 3. Variation of the electronic absorption spectra
in acetonitrile (298 K): (a) Izl|MP2+, pl 1.2-7, pH 5;
(b) HgMP*, pl 1.5-3.5, pH 9.96.
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Fig. 4. Curves of HP" titration with an Nal solution at
298 K: (1) experimental and 2) calculated.

0.60

tern is due to successive formation of two kinds of
iodide associates, with fMP(l), as the final product
(Fig. 3). The two successive processes give a common
step in the titration curve, which is typical for proc-
esses whose constants differ by less than two orders of
magnitude [5]. The constants of equilibria (4) and (5)
were calculated by nonlinear least-squares fitting with
Eqg. (6): logK, = 4.27£0.02 and log,, = 2.83+0.01.

KI

HMP?* + |- == H,MP(l)*, (4)
KII

HMP()* + 1= = HMP(l),, (5)

An,p2 Ky Ky + Ap,p2y 0 [ TTK + Appznan),[ 1712
KiKy + [17]Ky + (172 ©)

Here, Ay g+, Ap i and Ay g2 are the
optical densities of 1.9 10° M solutions of the pure
species HMP?*, (H,MP?")I-, and (HMP**)(17)?, re-
spectively.

Ass0=

The sum of the equilibrium relative contents of
H,MP and HMP" at the start of titration did not
exceed 0.6 mol % and was neglected in the calcula-
tions. The running values of Jlin Eqg. (6) were cal-
culated from Eq. (7):

[Nally = KdI71? + [I7], @)

where [Nal}, is the initial analytical concentration
of Nal.

Apparently, the structure of the associatql‘(/I-H’2+)-
("), is identical to that of porphyrin dihydrochlorides
(H4P2+)(CI‘)2 [1, 4, 8], in which two chloride anions
are located axially on the opposite sides of the por-
phyrin macroring. As a result of interaction with the
counterions in the associate #4")(X7),, the ini-
tially planar porphyrin ring becomes crimped [4].
Owing to mutual effect of the anions in {MP?*)(I),,
the constant¥,, are lower thanK,. It is seen from
the table that the electronic absorption spectrum of
(H4MP2")(I‘)2 and the spectrum assigned in [2] to
(H,0EPM)(15)(I0) in CH,CI have similar parameters.
However, we found no evidence of formation of a
structure containing thezlion. The monohalide
(H4I\/IP2+)(I‘) was not detected previously. In titration
of the H;MP™ ion, its electronic spectrum directly
transforms into that of (ILTMPzJ')(I‘)2 with clear iso-
bestic points at 504 and 570 nm (Fig. 3).

The results of calculation of the dependergg, =
f(pl, pH), performed without assuming formation of
(HsMPHI™ [Eq. (8)], appeared to be nicely consistent
with the experimental titration curve (Fig. 4).
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Asso = ep,p[HoP] + ey pr[HaPT] + sH4Pz+[H4P2*] The procedures for pretreatment of the other chem-
icals, the scheme of the cell, and the potentiometric
+ 8(H4P2+)|—[(H4P2+)(I_)] + e,m2 (), L(H AP2H(I7),). (8) t_itration procedur{—,\ used to_s‘gudy the protpnatiqn equi-
librium of H,MP in acetonitrile are described in [7].
The single positive charge of MIP™ may be insuf-
ficient to form associates with.I It is known that REFERENCES
the >NH and =N groups of porphyrins are not sol-
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