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It was determineg Spectrally

that a monomer-dimerp
€qQuilibrium exists in aqueous so]

utions of Ni-TSPc“'

= 1o~ M.

over
& concentration range of 5 x 109-8

Equilibrium

brium constants gat ey

39° and 4go
and 2.9 x 197 y-1

Cwere 2.4 x 108, 5.6 4 107

5 respectively. These results indicateg

that the €quilibrium Strongly AVOors dimepr formation.

to the free ligang.

Is €xothermie with thep

kcal/mole, AH® =

modynami» Parameters of';

-20.9 kcal/mole, and AS° = _33 .U,




of Ni-TSPCu" was formed. Using a modified version of the
Benesi-Hildebrand equation, the following equilibrium was
proposed: D + 2Py = D(Py)e. The overall equilibrium constants
for this system at 15°, 21°, 30° and 4o°c were 1.7, 1.9, 2.8,
3.6 and 4.4 M'g, respectively. The €quilibrium reaction is
éndothermic with thermodynamie Parameters of: ag°e = 6.2

kcal/mole, aHO = 6.9 kcal/mole, and as° =

hat only pyridine and poly-

Pyridine ligands bind to Ni—TSPCu' and cause g Spectral change.

This study also showed that Ni-TSPC cannot be used as an

oXxygen carrier in biological Systems.




INTRODUCTION

Phthalocyanines are organic macrceyclic compounds which
are of industrial and biological interest. Their industrial
Importance reside with their electrical properties which
make them quite suitable as semiconductors and photoconductors
while their staining properties are of vital interest to the
dye industries.1 Phthalocyanines are of biological interest
because they are structurally similar to the porphyrin molecule.
Their ring system consists of four isoindole units linked by
azo nitrogens, whereas the porphyrin has methine linkages
instead.2 Both are highly aromatic compounds having 18 pi
electrons which conform with Huckel's 4n+2 rule of aromaticity.
Both are amphoteric in that hydrogen can be lost from two of
the four nitrogen donor atoms to form the dianion or proto-
nation can occur at the other two nitrogen donor atoms. For
these reasc: , examining the properties of phthalocyanine
Systems could lend some insight into understanding the behavior
of porphyrins in biological systems.

Hemes and chlorophylls are examples of porphyrins

which aggregate both in aqueous and nonaqueous solvents.l’3’u

Aggregation of hemes could be important in thelr role of
oXygen carriers in biological Systems while polymerization
of chlorophylls could Influence their role in photo-oxidation

of water during photosynthesis.




A. Polymerization of Metallophthalocyanines

Studies have been made on various chemical and physical
properties of tetrasulfophthalocyanine (TSPC) and its metal
derivatives (M-TSPC) which are soluble in water. —10 Solu-
tions of phthalocyanine (PC), M-PC, TSPC and M-TSPC have
been examined spectrally over extended concentration ranges

1,4,5,7-12

in various solvents at room temperature. Many

follow Beer's Law in organic solvents but large deviations
from Beer's Law occur in aqueous solutions which has been
attributed to aggregation.10’13 Most studies made on the
polymerization propertles of M-TSPC systems have been limited
to the dimerization stage by examining dilute solutions. The
spectra of these solutions in concentration ranges of approxi-
mately 10_7 - lO_5 M reveal an isosbestic point and two bands
at the far end of the visible range, which has been attributed
to a monomer-dimer equilibrium. The monomer band in these
systems 1s always located at the longer wavelength while the
other band has ' ~en assigned to the dimer. High concentrations
appear to favor formation of the dimer while the converse is
true for the monomeric species. When these solutions are
diluted, the dimer dissociates to form monomer. Similar
behavior has been displayed by porphyrins and dye compounds
7-16

which aggregate in solution. Higher aggregates form in

these systems when the dye concentration exceeds ].O—5 M as

evidenced by a single absorption band which undergoes a
spectral shift to lower wavelengths. This band appears to

broaden and lose intensity compared to the monomer and dimer

13:16;17

bands. Spectral studies show that increasing the
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temperature favors the formation of the monomer at the expense
of the dimer since part of the heat supplied can be used to
dissociate the dimer. It has been reported that using very

dilute solutions and nigh temperatures frequently allows the

equilibrium to be driven completely to the monomer stage.7—9

For example, the monomer-dimer equilibrium of a 10'7 M Co—TSPCu-

aqueous solution was shifted completely to the monomer by

8a

raising the temperature to 81°cC. The relatively high nega-

tive charge on the monomeric species makes the polymerization
process very sensitive to ionic strength effects in that added
electrolytes favor polymer formation. Bernauer and Fallab
report that the addition of salts to several metallophthalo-
cyanines convert the monomeric species into the dimeric species.

Small amounts of NaClO, tend to stabilize the dimer of Fe—TSPCs_

while large amounts of NaClOu cause further aggregation.7

Salt effects have also been examined on the Co—TSPCu' system

using electronic spectra and concentration-jump relaxation

8a

techniques. imilar salt effects were found in porphyrin

19,20 Addit lon of acid or base favors the formation

systems.
of dimer since they behave like salts. The proton prevails
in acid solutions while the hydroxide ion acts as the anion
in alkaline solution.9 Under slightly acidic or basic con-
ditions, in a 1:1 DMF:H20 mixture (by volume), the Mn-TSPC3_

system was found to form mixed hydroxide complexes and the

_2
dinuclear compound, [(H,0)Mn(TSPC)-0-(TSPC)Mn(0H)1’™. .

Several studies on metallophthalocyanine systems indi-
cate that addition of organic solvents such as methanol,

ethanol, dimethylsulfoxide, and pyridine cause the dimer to




dissociate with a resultin

& shift
monomer.S’T’g

Very fey Studies op
in pure organic solvents.22

Copper(II), Vo(Ir) and Zz
phthalocyanine (

TAPC) in benzene show dimerization occur's.1

was displayed by Cu-TAPC in Various Oother
Organic solvents.ll

The dimerization of Cu

~TAPC in Various
Organice Solvents decreaseqd as follows:

carbon tetrachloride >

benzene > toluene » chloroform > dioxane

> DHF » THF, It

the two monomers of the Co
dimers6’23 in Solution were 5§

(.l.fld
while that of phthalocyanine2u

4.3 R} and 4,5 ﬁ, respectively,

dimers in the

solid State wepe both 'eporteq . . Comparing
these values with that of

obtained in Solution
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in many naturally occuring biological substances containing
macrocyclic compounds such as the metalloporphyrins. Their
biological functions often are influenced by the nature of,
or the exchange of, labile extraplanar ligands as well as the
variable oxidation states of the metal.32 Therefore, ligand
binding studies may provide more insight into the behavior
of these species in bioclogical systems. The axial ligand
binding properties of phthalocyanines have not been explored
to the extent of the porphyrins. Studies which have been
made on phthalocyanine complexes have dealt mainly with
Co-TSPCu", Mn-PC, and Fe-PC. Weber and Busch investigated
the addition of several ligands such as pyridine, imidazole,
benzimidazole, nitrite and cyanide to Co—TSPCa" and observed
that the strongly binding ligands, cyanide and imidazole,
facilitate oxidation of the Co~TSPCa" by atmospheric oxygen
to Co(III) derivatives.28 Spectral studies made on the
reaction of Mn-PC with pyridine in the absence of air show

that Mn-PC(Py)2 forms, whi»s €Xxposure to air allows the

dinuclear species of oxygen (HnPCPy)QO to form.33 In the

Fe-PC system, the exchange of imidazole, pyridine and other
nitrogenous bases for solvent in dimethysulfoxide occurs.BB_37
Moreover, some studies investigated the addition of aromatic
nitrnso compounds and hydrochloric acid to this complex.38’39
Kinetic studies have also been made on the addition of ligands
to Fe—PC.“O’ql A survey of the literature shows there has
been no ligand binding studies made on Ni—TSPCa-. Therefore,

the second part of this study pertains to axiail ligand
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Dimethylsulfoxi@g

fication.

B. Aggaratus

1. Cary Model 14 Recording Spectrophotometer

The Spectral and equilibrium measurements were

obtained on a Cary Model 14 recording Spectrophotometer

which can be used in the ultraviolet, visible ang near in-
frareqd Spectral regions.

The Spectral measurements in this

Study were limited to g range of 300-700 nm (the visible

Cary No. 1444100

the Cary Mogdel 14

A Haake Model FE

constant temperature circulator bath wa

S used to pump watep

through the Sample jacket vig 1/4 ineh

+ C at tempera-
tures of 25° to 8pe°c.

For work at lower temperatures, ice

was added to g bucket of water which was fed to the Haake
circulator via a vertieal ¢entrifugal immersion pump, Model

Connectious to

spectrophotometric measurements. When very small absorptions




the more Sensitive slidewire

The analyticg] balance,
P Germany oy

Sartorius—

el N1-TSPCY~ | as pre-
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diluted to obtain a series of solutions at different concen-
trations. 1In order to dissolve the salt completely and
obtain a homogeneous mixture, all solutions were heated and
stirred for approximately 20 minutes. When the solution in
the spectral cell was heated above 50°C, air bubbles formed
which interfered with the spectral measurements, Therefore,
it was necessary to preheat and de-aerate the solutions with
nitrogen or argon for thirty minutes to remove the air bubbles.
Volumetrice flasks and spectral cells were covered at all
times to prevent evaporation of the solutions. On a few
occasions, the commercial teflon covers for the spectral
cells created problems. When the dye in the 10.0 em spec-
tral cell was heated above 50°C, the teflon covers expanded
and sealed the cell. At about 70°C, the pressure resulting
from the expansion of the solution can blow out one of the
cell windows (actually occurred twice). Consequently, glass
stoppers or parafilm should be used when performing spectral
Studies at high temperature . . Spectral cells were cleaned
with 0.1 M HC1 then flushed with deionized distilled water
and dried prior to use. The position of the spectral cells
were checked prior to each spectral measurement to ensure that
the cells were not tipped tc one side. Improperly placed

cells can interfere with the spectral measurements.

D. Spectroscopic Measurements

This section is divided into two parts. The first

part discusses the spectral measurements made on the

Ni-TSPCu— System in aqueous and in aqueous-pyridine solutions.




made on Ni-TSPCu' in these two media.

1. Spectral Measurements

Ni~TSPCu_ solutions in the concentration range of 2 x 1078_

10~4 M over a wavelength range of 300-700 nm. an isosbestic

point at 644 nm and two bands at the far end of
range were Observed which has been attributed to

dimer equilibrium.

dimer overlap, it was necessary to shift the monomer-
€quilibrium completely in each disireqd direction in order

to obtain the molar absorptivities of each Species.

monomer, this Was accomplished by raisin

of a very dilute (2 x 108 M) solution until no further in-
Crease in absorbance #as observed at the monomer absorption
maximum. The temperature at which no increase in absorption
Occurred was 85°¢. The calculated value of the molar absorp-
tivity of the monomer, €M» at wavelength 666 nm is

1.55 X 10° MLm= - The molar absorptivity or the monomer
Was also obtained at 25°C py adding DMSO to an aqueous Solution
of 2 x 108 M Ni-Tspc¥- until no further increase in the

monomer absorption band was detected,
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These studies show that over a temperature range of 25°-85°¢C,
€M does not vary appreciably.

The complete shift 1in equilibrium to the dimer was
obtained by decreasing the temperature of a concentrated
(lO’u M) solution until no further increase in absorbance
at the dimer absorption maximum was observed. This occurred

at 11°C. The calculated value of the molar absorptivity of
-1

the dimer, €p» at wavelength 630 nm 1s 1.2 X 10° Mlem

The €p Value at 29°C was also obtained by plotting log (l/CT)
versus log e for a concentration range of 5 X 10-8-1 X 10-5 M
(CT values) and extrapolating to infinite concentration, i.e.,
l/CT — 0, where ¢ = €p+ This result was in good agreement
with the value obtained by decreasing the temperature. The
results of the spectral measurements of Ni-TSPCu_ in aqueous
solution are summarized below.
A(log Emax) A(log Emax) A(log €max)
monomer 666 (5.19) 604 (4.72) 324 (5.08)
dimer 650 (sh)#* 630 (5.08) 333 (4.85)

*A11 wavelength units are 1n nanometers with shoulder
designated sh.

Spectral measurements were also made on Ni—TSPCu—
in daqueous-pyridine solutions in a concentration range of
2 X 1077 - 1 X102 m. A pyridine concentration range of
0.5 - 6.0% (by volume) was used. However, the specific
concentration range of pyridine used was dependent on the
total dye concentration in order to ensure that no, or negli-

gible amounts of, monomer are present. The spectrum of these
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solutions revealed that ancther equilibrium was established
since a new absorption maximum and 1sosbestic point (652 nm)
was formed. The complete visible absorption spectrum consists
of two bands, that of the dimer with an absorption maximum
of 630 nm and that of a pyridinated species with a band at
672 nm. Using a modified version of the Benesi-Hildebrand
equation, the molar absorptivity of the pyridinated Species,
EDLg’ was obtained.“’u5

2. Equilibrium Measurements

Equilibrium constants were obtained from spectral
measurements made on Ni-TSPCu‘ in aqueous solution over a
cencentration range of 5 X 10-8 -1X 10"5 M at their natural
ionic strengths. Spectral cells of 0.2, 0.5, 1.0 and 10.0 cm
path lengths (£) were used with the appropriate dye concen-
trations so that the product of ECT was constant. The spec-
tra revealed an isosbestic point at 644 nm. When the solution
was diluted, the positions of the absorption bands in the
spectrum remained “he same, but their intensities varied.

The amplitude of the monomer band increased at the expense
of the dimer band (see Figure 2) which lends support for

the monomer-dimer equilibrium. Aggregation beyond the dimer
stage was not observed in this dye concentration range.

The effect of temperature on the monomer-dimer

equilibrium was also studied. Spectra of a 5 X 10-6 M

solution of Ni-TSPCu- at natural ionic strength were taken
at four different temperatures: 30°, 50°, 60°, and 70°C (see
Figure 3). The spectra revealed the same isosbestic point

with high temperatures favoring the monomer at the expense




Figure 2. Concentration Effect on the Monomer-Dimer

Equilibrium of Ni-TSPC'™ at 4ooc.
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RESULTS AND DISCUSSION

The results and discussion of this study is divided
into two parts. The first part deals with the dimerization
of Ni-TSPCu- in aqueous solution while the other part is

concerned with the ligand binding properties of this complex.

A. Dimerization of Ni-TSPCu-

The presence of an isosbestic point at 644 nm for the
superimposed spectra of Ni—TSPCu- aqueous solutions in the
concentration range of 5 X 10—8 - 10-5 M 1s consistent with
a monomer-dimer equilibrium which has been observed in other
M—TSPC““ systems.?-g’ 23 Assuming an equilibrium exists
between monomer (M) and dimer (D), the following equations

are applicable:

(1)

[}
o

2M

f
. DD
D - (C, f,.)° e
‘MM

where CD and CM are the equilibrium concentrations of the dimer
and monomer, respectively, with fD and fM their respective ac-
tivity coefficients. However, in dilute solutions, the activity

coefficients are unity ylelding equations (3) and (4):

£
lim —2— = 3 (3)

'y

CT — 0

26




therefore:

(4)

where Q is defined as the concentration quotient. The con-
centrations of monomer and dimer present in the equilibrium
at a given temperature can be obtained from the followlng
set of equations:

Cop (5)

%ﬁ mtoe (6)

where C, 1s the total concentration of the Ni-Tspc"', A is
the optical path length and A is the absorbance of the solu-
tion at a given wavelength. Combining equations (5) and (6)

yield the following:

cy = (284 - ¢p CT)/(2 ey - ep) (T

Cm - C

T M
O W eegyees (8)

In order to obtain the dimerization constant, KD, in this
system at a given temperature, €y and ep must L2 determined.
Due to the difficulty in obtaining fM and fD, all equilibrium
measurements were made at natural ionic strength conditions
from which the concentration quotients were extrapolated to
infinite dilution to obtain the dimerization constant. CD

and C,, can be calculated from equations (7) and (8) since A,

M

£ and C,, are known experimentally while €M and ep are ob-

T
tained by methods described in the experimental sectlon.
Tables 1, 2 and 3 list the experimental data used in obtain-

ing the Q values at 29°, 39° and 49°C. The experimental




Table 1

Concentration Quotients of the Ni—TSPCu- Dimerization

in Aqueous Solution at 29°cC

A (102) Cp (107) Cy (10%) ¢y (107) Qp (1077
(M) (M) (M) (M1

100.00 by, 8o 47.80 2.38
50.00 30. 40 23.50 2.54
20.00 13.60 9.32 5.04
10.00 6.46 4.65 9.60

Dl 3.84 2.31 1570
1 0.43 22.60
0. ; 0.21 22.90

Note: The € values of monomer ang dimer are 1.55 x 105

and 6.00 x 10“ M'lcm_l, Peéspectively, at 666 nm.




Table 2

Concentration Quotients of the Ni—TSPC“' Dimerization

in Aqueous Solution at 39°C

A (10%) ¢y (107) ¢y (10%) ¢y 10T)  q (1077
(M) (M) (M) (M~1)

100.00 54.50 .90 1.58
50.00 34.00 .30 2.02
20.00 18.00 .10 .81
10.00 .80 41 <17
5.00 .80 .16 .67
1.00 U8 .38 11
0.50 .62 .17 44

Note: The e values of monomer and dimer are 1.56 X 105

and 6.00 X 10"l M"lcm_l, respectively, at 666 nm.




Table 3

Concentration Quotients of the Ni-TSPCu_ Dimerization

in Aqueouys Solution at 4goc

A (102) Cp (207) Cy (109) ¢y (107) Q, (1077)
(M) (M) (M) (M-1)
43.50 100.00 108.00 46.10 0.40

22.00 50.00 59.20 22.00 0.63
9.59 20.00 28.70 7.88 0.96
5.15 10.00 17.20 4.14 1.40
2.72 5.00 9.76 2.01 2.11
0.74 1.00 3.48 0.33 2.69
0.43 0.5n 2.20 2.89

Note: The ¢ values of monomer angd dimer are 1.55 y 105

and 6.00 x 10% M_lcmml, respectively, at 666 nm.
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Q values are graphed and extrapolated to infinite dilution

as shown in Figure 5. The dimerization constants at 29°,

39° and 49°C are 2.4 X 108, 6.6 x 107, ana 2.9 x 107 ML,

respectively.




Determination of KD from Concentration Quotlents

Figure 5.

at Different Temperatures.
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The large dimerization constants indicate that the
equilibrium favors the dimer. The decrease of KD with
temperature shows that the dimerization process is exothermic.
This 1is consistent with the dimerization reaction which in-
volves bonding between monomeric units in forming the dimer
with no axial ligands present on the monomeric speclies. The
Gibbs-Helmholtz plot yields a AH® value of -20.9 kcal/mole.
Since the enthalpy change also includes the heats of solution
for monomer and dimer which are unknown, AH® cannot be
interpreted in terms of bond energy or heat of dissociation.
The negative value for the entropy change (-31 e.u.) is
consistent with a decrease 1n the number of species in pro-
ceeding from reactants to products and hence an increase in
the order within the system. Despite the unfavorable entropy
change, the formation of dimer is favorable from an energetic

point of view (AG® = =11.6 kcal/mole at 29°C). The thermo-

dynamic results for the dimerization of Ni-TSPCu— in aqueous

solution are presented i~ Table 4.
Table 5 lists the dimerization constants for a number
of tetrasulfonated metallophthalocyanine complexes including

the ligand itself. An examination of Table 5 reveals that

. ~ . +
the stability of the dimer decreases in the order: Cu2 >

2
Ni2+ > H+ > Zn2+ ~ VO“+ > Fe3+ > C02+.

3+

A1l of the complexes

have neutral centers except the Fe complex which is 1.

The dimerization constant varies by nearly two orders of
magnitude within the series. The greater stability of the
Cu2+, Ni2+ and Zn2+ dimers may be due to the lack of axial

ligands (H2O) present on their monomer units which would




Table 4

Thermodynamic Parameters for the Ni—TSPCu—

Dimerization Process

Ky X 107 AGP AHO® AS©

(M“l) (kcal/mole) (kcal/mole) (e.u.)

24.0 -11.6 -20.9 -31
6.6 -11.2 -20.9 -31
2.9 -10.7 -20.9 -31




Table 5

Dimerization Constants of Some Tetrasulfonated

Metallophthalocyanines

T Log Kp
(°c) (M—1)

61° - o2
58° o
62°
58°
60°
58°
60°

¥obtained at zero ionic strength while all other values

were reported at natural or low ionic strength.
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interfere with the formation of their dimer. This point of
view 1s also supported by the crystal field theory which

predicts that d°, a9, ana al°

systems form stable square
planar monomeric species while the octahedra. geometry is
more favored for the others. If this is so, similar dimeri-
zation constants should be obtained for all of the other
metals which is not the case. The dimerization constants of

2+ 3+ 24

VO indicating

and Fe are appreciably larger than Co
other factors are involved. 1In the case of iron, the overall
charge on the monomeric species 1s reduced by one compared to
cobalt (and the others) which would tend to reduce the coulombic
effects upon dimer formation and lead to a larger dimerization
constant. The greater stability constant of the V02+ dimer is
interesting. It 1is tempting to suggest that the structural
features of the dimer in this system are different. Since only
one open site on the metal is available, dimer formation is
expected to be diffienlt. However, the possibility of metal-
metal bonding or oxygen bridging (VOV) would tend to stabilize

the dimer and hence increase the dimerization constant. Oxygen

bridging is known to occur in electron transfer reactions

o o

involving vanadium complexes.9 However, at this stage, this

would be only speculation as no structural data on the vanadium
dimer in solution have been obtained. Presently, the results
suggest that metals in general inhibit or destabilize dimer
formation relative to the free ligand.

A comparison of the dimerization constant of the
Ni—TSPCu- complex with Ni—TPPCu,lI6 Ni(En-Pr‘oto—IX-DNIE)Ll7 and

Ni(Meso-IX-DME)1” porphyrins (see Table 6) indicate that




Table 6

Dimerization Constants of Ni(II) Porphyrins and

the Ni(II)—TSPCu- Complex
CompleXx T U Solvent log KD

(ec) (M)

Ni-TPPC) 25 0.10 H,0 5.20

Ni(En-Proto-IX—DME) 25 0.02 5% CéHéﬁLH2O 6.90
25 0.02 10% C2H50H4H2O 6.20
25 0.02 15% C2H5OH-H2O 5.80
25 0.02 20% CQHBOH—Hzo 5.30
25 0.02 25% CZHBOH'HZO 4.75
25 0.02 30% C2H50H'H2O 4,25

Ni(Meso-IX—DME) 30 Natural CHCl3 1.79

Ni-TSPCu' 29 0 H0 8.38

2
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the greater dimer stability is assoclated with the metallo-
phthalocyanine complex. Perhaps this difference resides with
the fact that in tetrasulfophthalocyanilne, nickel(II) 1is
located in the plane of the ring while in the others it is
located above the porphyrin plane. Therefore, in the phthalo-

8 electrons can interact more

cyanine complex, the mital d
strongly with the pl electrons of the ring and increase the
electron density of the ring. This in turn would tend to

promote dimer formation relative to the porphyrin systems.

B. Ligand Binding Properties

Several ligands (see experimental section) were added

|
to Ni-TSPC4- in aqueous solution to determine if any would

coordinate to the axial positions of the complex. Only
pyridine, bipyridine, and tripyridine ligands bind according
to spectral measurements with pyridine effecting the largest
spectral changes. Consequently, only this ligand was
examined. In aqueous pyridine solutions of Ni-TSPCu_, a

new isosbestic point at 652 um forms indicating that an
equilibrium between the ligand and Ni-mSPCu_ exists. The
following equilibrium is proposed, D + 2Py = D(Py)g. The
species present in the equilibrium and the equilibrium
constant were obtained from spectral measurements using a

modified version of the Benesi-Hildebrand equation listed

below:

[Py1" _ [py1" 1

nA € B,(e - €n)
20, = °D DL, 2'DL, T ®D




Solution
Oover 3 Pyridine concent

ration range of DL
Was found to be 2,88 x 10° M-lc

2
m = (see Filgure 6), From
equation (10),

2-6% (by Volume) ,

c

2
Cp " ED) Vs 1/[L]
pe of (1/82) from which

» and 4.y M'E, P€spectively,

that the linearity of the above

for the Proposed equilibriurn.M

Only when n =2 are lineap
Plots Obtaineq from eq

uyation (g) and equation (10)




b1

Figure 6. Plot of (L]///(Z—— - &p) Vs {L]2 for the

Determination of ¢

DLE'




00

[L]zx 0(M2)




Figure 7. Plot of (EDLD - eD) // (%%;—— CDD vs 1/[L] 2

for the Determination of 82.
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while nonlinear plots were obtained for other proposed equi-
librium. The addition of pyridine to the dimer instead of
the monomer is consistent with the positions of the spectral
bands and the spectral shifts reported in the literature for
other analogous syst:ems.M’%’u8 One band 1is located at the
same wavelength as the dimer in aqueous solution while the

second band 1is shifted to the same extent exhibited in por-

phrin systems. In the Ni-TSPC(Py)Eu- system, the shift of

the new band from the dimer position 1is about 40 nm.

The addition of pyridine to the dimer instead of the
monomer 1s supported by the observation that no spectral
change occurs upon addition of pyridine to Ni—TSPCu_ in
DMSO where only the monomer is present.u’20 One possible
explanation for the addition of pyridine to the dimer instead
of the monomer is that a greater transfer of electron density
from the central metal to the phthalocyanine ring occurs
in the dimer which would enhance the pi-pl interaction of
the monomer units ang stabilize the dime:. Moreover, the
decrease of electron density on the central metal would
bromote ligand binding to its open axial position.

The increase of 82 wlth temperature shows that the
addition orf pyridine to Ni-TSPCu— is an endothermic process.,
The Gibbs-Helmholtz o010t yields a AH® valus of 6.9 kcal/mole.
Despite the unfavorable enthalpy change, the addition of
pyridine is thermodynamically favorable (AG®=-_62 kcal/mole
at 30°C) due to the entropy change (aS° = 25 €.u.). Table 7

Presents the thermodynamic parameters for this system.




Table 7

L
Thermodynamic Parameters of the Ni-TSPC(Py)2 System

Temp Bs AG® AH® AS®

(°c) (M"E) (kecal/mole) (kcal/mole (e.u.)

15 . 30 ‘ 25
30 .62 . 25
35 3. .78 . 25

4.4 .92 ‘ 25

7

21 .9 .38 . 25
8
6
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phtbalocyanine Systems, a comparison of €quilibrium constants
with othep M—TSPC“‘ is not POssible. 1n fact, a Comparison
of Ni-TSPC(Py)2u” with Nickel(II) borphyrin Svstems (see

Table 8) 1is also not feasible because of the effect orf

Complexed.




Equilibriunm Constants of Some Pyridinateq Ni(II)-Porphyrins

]
and the Ni-pgpol-

Complex

Ni(II)

-t etraphenylporphine (Py)
Ni(II)-ﬂesotetraphenylporphine(Py)
Ni(II) ~tetrapyri dylporphine(Ppy) >
Ni(II)-henatoporphine(Py)2
Ni(II)—TSPC(Py)2




RECOMMENDATIONS

Some possible recommendations for future studies with
Ni—TSPCu- and other substituted and unsubstituted metallo-
phthalocyanines are as follows:

1. For additional spectral studies of Ni-TSPC"™ in
blood serum, it is recommended that the blood serum be
filtered to a constant protein level prior to use.

2. Kinetic measurements on the addition of pyridine
to Ni—TSPCa" should be made using concentration-jump re-
laxation methods.

3. Spectral studies could be made on the second and
third row transition metals to examine the effect of metallic
size on the polymerization properties ¢of tetrasulfonated
metallophthalocyanine complexes.

4. The e’i-ct of different solvents on the N1-TSPCY-
monomer-dimer equilibrium should be examined.

5. A spectral examination could be made on the in-
fluence of different ring substituents on the monomer-dimer
equilibrium of the Ni-Tspci- complex.

6. The effects of bipyridine and tripyridine on the

monomer-dimer equilibrium of Hi-TSPCu- should be examined.

7. A study of the oxygen uptake properties of Ni-TSPCu*

in other solvents should be made.
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