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The majority of the kinetic studies of acid cata- 
lyzed solvolysis reactions of water soluble metallo- 
porphyrins (eqn. 1) have involved 

M-P t 4H++ M2+ t H4 -P2+ (I) 

Zn2+ [l-3], Mn2+ (4, 51 and Cd’+ [6] porphyrins, 
for which the metals are removed with rates readily 
measured below 1 M H+ concentration. Kinetic work 
with Zn2+ [7] and Mg2+ [8] complexes of water- 
insoluble porphyrins have been run in alcohol media. 
Acid demetallation of W(V)-porphyrin in water [9] 
is preceded by oxidation to W(VI), and Fe(III)- 
porphyrins in acetic acid [IO] can be solvolyzed by 
prior reduction to Fe(II)-P forms. Higher acidities 
are required with more inert metalloporphyrins, and 
for Cu-etioporphyrin in acetic acid/H?SO.,, the 
unusual rate law R = k(Cu-P)2(h,)4 was followed 
[ 1 l] . Reynolds and co-workers [ 12, 131 measured 
solvolysis kinetics for Fe(III)-tetra(4-sulfonato- 
phenyl)porphyrin in acid-alcohol-water media, 
where, in H2SO4, alcohol was necessary to prevent 
porphyrin precipitation and possibly monomerize 
Fe-TPPS, . 

We report a study of the kinetics of acid solvolysis 
reactions of Cu2+ and Ni2+ complexes of tetra(4- 
N,N,N-trimethylanilinium)porphyrin, M-TPA [14, 
IS] , and qualitative results for tetra(N-methyl4- 
pyridyl)porphyrin M-TMPYP [ 161 in hydrochloric 
acid. A literature review [17] indicates that contra- 
dictory claims have been advanced as to whether 
Cu-P or Ni-P is the more stable in acid. Our work 
answers this question for the porphyrins considered, 
gives relative solvolysis rates, and develops an interest- 
ing correlation between solvolysis rates and the 
stability index of metal ions. 
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Fig. 1. Plot of the log of the observed first order acid solvo- 
lysis rate constants of copper and nickel porphyrins vs. the 
Hammett constant -Ho for reactions in hydrochloric acid 
at 25 “C. 

Experimental 

The porphyrins and metalloporphyrins were 
prepared by standard procedures [3, 161 and chang- 
ed by ion-exchange methods into their chloride forms 
for kinetic studies. The acid concentrations were 
determined by both titrations and density measure- 
ments. The kinetics, followed spectrophotometri- 
caIIy, were run at 25 “C. 

Results and Discussion 

Acid solvolysis reactions of metalloporphyrins 
generally increase in rate with an increase in free-base 
porphyrin basicity towards protons [7]. H2-TMPYP 
is less basic (pKJ = 1.5 [ 181) than H2 -TAP (pKJ = 
4.1 (14, 19]), and the solvolysis of Cu-TAP in 11 
M HCl is over within the time of mixing. Under the 
same conditions, the disappearance of Cu-TMPYP 
is first order in porphyrin, with tin = 60 minutes. 
Qualitatively, Ni-TMPYP reacts much more slowly 
than does Cu-TMFYP. 

The kinetics of solvolysis of Cu-TAP were fol- 
lowed in the visible region (700-500 nm) with Cu- 
TAP concentrations cu. 4 X 10v5 M. The reactions 
were neither first nor second order in porphyrin, 
nor were isosbestic points found during the course 
of the reaction. In this connection, Paquette and 
Zador [20] found in a study of the kinetics of incor- 
poration of Cu 2+ into an ethylenediammine substi- 
tuted protoporphyrin, that as Cu-P formed, it inter- 
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Fig. 2. Plot of the log of the acid solvolysis rates of various 

metalloporphyrins relative to the nickel porphyrin calculated 

at 1.0 M H+ concentration, vs. the stability index of a metal 

ion, St. 

acted with the reactant Hz-P to produce a species 
of lower reactivity. Attempts to analyze our high 
concentration Cu-TAP data with a two-term rate 
law, one involving Cu-TAP, and the second with a 
(CU-TAP)(H4-TAP) term were not particularly 
encouraging over a wide range of porphyrin concen- 
trations. 

When monitoring the Cu-TAP reactions in the 
Soret at ca. 10m7 M Cu-TAP levels, however, the 
reactions were cleanly first order in porphyrin over 
three half-lives, and the isosbestic points found indi- 
cated that Cu-TAP and H,+-TAP*+ were the major 
absorbing species. Figure 1 shows the linear plots 
of the logarithms of the first order solvolysis rate 
constants, kobs, vs. -H,, the Hammett acidity func- 
tion [21]. The rate law is thus of the form Rate = 
k(M-P)(h,)“. The value of n = 3.1 and k = 1.7 X 
lo-‘” was found for Cu-TAP between 5 and 7 M 
HCl. With Ni-TAP, from 8 to 9 M HCl, least- 
squares methods gave n = 4.7 and k = 1.5 X 
1 o-1’. 

The acid solvolysis rates of Zn-TMPYP [l , 161 
and Fe(III)TPPS4 [ 131 depended strongly on the 
nature of the anion associated with the acid, whereas 
no anion effect was noted in the demetallation reac- 
tion [3] of Zn-TAP. Our attempts to study the Cu- 
TAP reactions in various acids were unproductive, in 
that HC104 and HI immediately precipitated from 
solution this positively charged porphyrin. Above 5 
M HNOs, the Cu-TAP is apparently rapidly oxidiz- 
ed producing bleached solutions. 

For the range of acid strengths investigated, the 
large ‘n’ values for both Cu and Ni-TAP (also found 
with Cu-Etio [ll]) could indicate a multi-proton 
stepwise solvolysis process, in agreement with Zn*’ 
[7] , Fe’+ [lo] and Mn*+ [4] porphyrin studies done 
under moderate acidities, where values of n from 1 to 
3 have been found*. There is general agreement that 
strongly basic Cu and Ni porphyrins are Class II 
metalloporphyrins (completely demetallated by 100% 
HzS04 [17]), and the present results give the 
stability order Ni-P > Cu-P for both M-TAP and 
M-TMPYP. 

A consideration of published metalloporphyrin 
solvolysis kinetic data [3, 4, 61 with the rates extra- 
polated to 1 M H’ concentration, gives the acid 
kinetic stability order Ni*+ > Cu*+ > Zn*+ > Mn*+ > 
Cd*+intheratiosl : 107: 10”: 1O22.6 : 1028.s forM- 
TAP. Buchler [ 171 has developed a ‘stability index’ 
parameter Si for metal ions in porphyrins. Sr = 100 
Z(E,)/rr, where Z is the charge of the ion, EN the 
Pauling electronegativity, and rr the ionic radius (in 
pm units). Si values correlate well with the strength 
of acid needed to fully or partially demetallate metal- 
loporphyrins under stated conditions [ 171. Figure 2 
shows a plot of the log of the relative acid solvoly- 
sis rate constants, log (kM_p/kNr-p) of the M-TAP 
species vs. the stability index Si. A linear relation- 
ship of the form 

Log (kM_p/kNr-p) = 56.9 - 8.62 (Si) (2) 

is obtained. While this correlation may be fortuitous 
considering the variety of reaction conditions and 
rate laws observed for each metal ion, it neverthe- 
less provides impetus for further study. 
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