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Introduction

The correlation between structure and reactivity of metallophthalocyanines has not been investigatec
systematically until now. Nevertheless, it is well known [1] that electro-optical, thermodynamic and
acid-base properties, as well as reactivity are expressed as functions of the electronic effects arisin
from metal coordination with phthalocyanines or structural changes in the phthalocyanine macrocycle.
Numerous metallophthalocyanine functional derivatives with substituents in the benzene rings have beer
synthesized and isolated in individual form, and their structure and spectral properties were investigatec

[2-6].
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Results and Discussion

For the present work a series of similar compounds was chosen to study the electronic and steric
effects of substituents in the aromatic macrocycles. They are CyRé&@t)nulal), where R = 3-N@
4-NGO;; 3-COOH; 4-COOH; (4-Br, 5-N¢); 3,5-COOH; 4,5-COOH, and m = 4 or 8 and copper(ll)-
octaethylporphyrin CUOEP (Formulh). The coordination group CuNvas chosen as the reaction
center. The kinetics of dissociation of copper(ll)phthalocyanines in hot concentrated sulfuric acid into
the solvated metal cation and protonated macrocycle (destroyed under the experimental conditions) wa
studied (Equations 1, 2).

Eormula | Formula Il

k.
[CUPC(R)n] Solv + 2|_rSOIv D EJ?B‘ hnd [HZPC(R)n] Solv + Cu2+So|v (1)

k
[HoPc(R)]sonv O (437 . the benzene derivatives (2),
kdis <<kdestr

The kinetics of Reaction 1 were studied spectrophotometrically. The decrease of concentration of the
copper(ll)phthalocyanines was measured as the decrease of optical density at certain wavelength
during heating their sulphuric acid solutions at a defined temperature (Fig.1).

To determine the form(s) of the phthalocyanines present in sulphuric acid, the dependence of their
UV-vis spectra on the solvent nature was investigated (Table 1). The first absorption band Q(0,0) in the
studied copper(ll)phthalocyanines spectra practically retains its shape and the maximum position in the
sulphuric acid of different concentrations within the Brasgion. Only for CuPc(4-N£, and CuPc(3-

NO,), this band shifts hypsochromically and becomes single when,8@,ldoncentration is decreased
up to 12 mole/L. It means that the copper(ll)phthalocyanines in the concentrated sulphuric acid are in
the same form for all investigated substituents R and for all acid concentrations in the Brand region
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where their reactivity was studied. A substantial hypsochromic shift of the Q(0,0) band is observed in
aprotic solvents compared with sulphuric acid solutions (Table 1). This testifies to protonation of the
substituted compounds at outer-cycle N atoms and to a cation form Cufc{iR}the sulphuric acid
solutions, analogous with non-substituted CuPc [1]. Thus in Equation (1) [CwRe(R¥
CuPc(R)H". The rate law (Equation 3) and the rate constants formally obeyed the first order (Tables 2,
3) and describe Reaction 1 satisfactorily for all the investigated compounds.

-dC o+ AT =k, TC 3)

CuPc(R),, CuPc(R),,,H*

Constant%,s decrease with an increase of the initial acid concentre(t'fg9504 non-linearly, in a

smooth descending curve for all studied phthalocyanine complexes (except CuRENBE),).
Also, there is no linear correlation betwder and H values. We tried to correlate the rate constant
values with the equilibrium concentrations of proton-donor particlesSOH

A

1.0 7

| | | | |
480 640 800 A, nm

Figure 1. The electron absorption spectra of CuPc(4:-Nd 16.67 mole/l SO, T = 423K (1-5)1,
s:1-1020, 2 - 1260, 3 - 1320, 4 - 1380,%% and in pyridine, T = 298K (6).
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Table 1.Position of the low energy maximum of the Q(0,0) band in the UV-vis spectra of
copper(ll)phthalocyanined fa, nm).

Compound DMFA | Pyriding Sulphuric acid concentratio@ézs%, mole/L
12.02 | 14.04] 15.85] 16.69p 17.00 17.$8
CuPc(3-NQ), 669 669 700 713 719 732 729 738
CuPc(4-NQ), 669 - 727 761 758 753 766 761
CuPc(4-Br)(5-NG;)4 666 686 741 745 741 740 745 740
CuPc(3-COOH) 665 687 - - 718 725 725 723
CuPc(4-COOH) - 685 - - 776 776 777 776
CuPc(3,5-COOH) - - - - 725 731 730 726
CuPc(4,5-COOH) - - - - 745 750 750 750

Table 2. Kinetic parameters of dissociation reactions of nitro derivatives of c@pphthalocyanine in
sulphuric acid.

G50, Kobs 10%,"
mole/L 379K 410K 423K 298K
CuPc(3-NQ)4
15.85 &3 19+2 393 3.1. 10°
16.67 1.90.2 9.5%0.7 19.80.9 6.4.10°
17.08 1.50.1 1Ge1 19+2 2.4.10°
17.68 0.6¢0.1 2.80.3 10.@¢0.1 2.6.10°
CuPc(4-NOy)4
15.85 12.20.9 362 58t2 1.8.10°
16.67 1.20.1 242 453 10.4. 10°
17.08 1.40.2 20.31.5 2%3 3.4.10'
17.68 0.540.04 10.30.9 232 2.0.10°
CuPc(4-Br)(5-NOy),
15.85 3.#0.4 10.20.7 33.20.2 4.2.10°
16.67 4.@0.2 16.%0.4 242 6.4.10°
17.08 1.130.07 14.@0.9 19.80.6 2.3 107
17.68 0.6%0.03 5.80.7 16.40.9 8.9 10°

In concentrated B0, there are

several proton-donor particles in the equilibrium concentrations:
non-ionized HSQO, molecules, KO' cations and also HS@;O" ion pairs and KD molecules in
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trifing amounts [8]. The latter may be left out on account of the considered solvent concentrations
(Cj’LI2 s, >15.8 mole/L). Non-ionized $¥5O, molecules and ¥D" cations may be active particles when

copper(ll)phthalocyanines dissociatechuse the process demands protonation of donor N-atoms. It is
known that the ratio of the activity coefficients of the acid and base forms remains constant in this range
of H,SO, concentrations. This allows us to use for our calculation the equilibrium concentrations

instead of activities. The equilibrium concentrations of particles,8CHat 298K, calculated from the
Hammet equation [9], were taken from [8]. The temperature dependencigsind HK H, SOy were

taken from [10,11]. Ast’LI so, increases the concentration of non-ionize$® molecules reduces
2°4
and concentration of " increases. Thus,,s constants, which reduce in value ﬁ% SO increases,
2°4

correlate with the equilibrium concentration of4 (Figure 2). The dependence is linear (Equation 4)

for all investigated compounds at the temperatures shown in Tables 2,3 (the correlation coefficient is
equal to 0.960.99). The reaction order dependence on th@®"Honcentrationr{) which is equal
numerically to tangent of the angle of inclination of the lines in Figure 2 is found to be close to 2 for
three investigated nitro derivatives CuPc(3-INOCuPc(4-NQ), and CuPc(4-Brf5-NO,),.

c? 4)

+
H3O

k

obs =k

dis

For CuPc(4-Br)5-NG,), maximums of the JsVs. Cj’qz s, dependencies at temperatures 410K and
379K are observed at the s.ar(ik%,zso4 values as maximums of tr@H3O+ VS. C;12504 dependence
[8,12]. The extreme character &fys Vs. C;12504 dependence for CuPc(4-B§-NO,), can be

accounted for by participation ofs8" cations as active particles in the dissociation processes. For
CuPc(3-NQ)4, CuPc(4-NQ), the rate constants decrease with increasing solution acidity is
considerably larger (Table 2). Perhaps because of thik.thes. C;12504 dependence becomes

insensitive to the mentioned extreme(b)fl o+ VS Cj’q so, dependence.
3 2°™

In equation (4kais is the real rate constant of Reaction 1. Its values and corresponding values of the
activation parameters are shown in Table 4. Data for non-substituted CuPc are taken from [1].

The dissociation reaction of carboxy derivatives of co@Pphthalocyanine is more complex
because the dependence of the order of Reactior'(]H08+ changes for different carboxy derivatives
3

and temperature conditions (Table 5). It makes it impossible to determine the activation parametres of
the dissociation of CuPc(COOH)
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Table 3. Kinetic parameters of dissociation reactions of carboxy derivatives of
copper(Il)phthalocyanine in sulphuric acid.

0 . <1
Compound T,K CH2SO4’ mole/L kops 10%, S
CuPc(3-COOH) 379 16.85 1.080.08
17.00 0.080.01
17.72 0.0620.001
CuPc(4-COOH) 379 16.03 5.40.1
16.85 1.#0.2
17.00 0.580.05
17.72 0.4#0.04
410 15.85 333
16.60 151
17.00 8.80.5
17.68 4.40.3
423 15.85 5%¥8
16.60 4@4
17.00 142
17.68 121
CuPc(3,5-COORH) 379 16.03 0.4€0.04
16.85 0.230.02
17.00 0.220.04
17.72 0.180.04
410 15.85 2.80.2
16.60 1.20.1
17.00 0.590.02
17.68 0.2#0.02
423 15.85 5.40.3
16.60 2.30.3
17.00 1.40.1
17.68 0.620.03
CuPc(4,5-COOR) 379 16.03 2.260.07
16.85 0.5&0.09
17.00 0.280.04
17.72 0.1%0.02
410 15.85 101
16.60 5.130.4
17.00 2.60.1
17.68 0.9%0.03
423 15.85 241
16.60 122
17.68 2.60.2

780
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Taking into account the diby of carboxy groups to act as weak organic acids for protonation in
concentrated 5O, we suppose that reaction (1) of carboxy substituted cppéthalocyanine is
forestalled with the pre-equilibrium depicted in Equation 5 and its stoichiometric mechanism depends on
nature of the compound and temperature.

K
CUPc(COOH), + XH'soy <==> CuPc(COOH)H', ©))

Therefore the complete kinetic equations 6 and 7 correspond to the dissociation reactions of nitro
and carboxy substituted copper(Il)phthalocyanines, respectively.

_ _ 2
Ceupe Ry, i+ 97 = Kais Coupd Ry, Lot (6)
- - 2+x
€ Ry, m* T = Kais K ot Ceupdp,, 1t (7)

Table 4. The rate constants kg, the activation energies and entropies of dissociation of nitro derivatives
of copper(Il)phthalocyanines in sulphuric acid.

Compound kais 10°, st E, AS:,
379K 410K 423K 298K kJ/mole J/(mol®
CuPc(3-NQ), 0.18 158 158 2.510° 158 28
CuPc(4-NQ), 0.80 269 168  1.3.10° 172 79
CUPC(4-Br)(5-NO,),  0.62 8.1 300 1.080° 231 224
CuPc [1f 0.242 280 1694  1.40° 149 30
Uk ks s s ki Ky

Thus only nitro derivatives and non-substituted CuPc may be placed in a series of kinktyctetab
the hydroxonium cation action as far as they are compounds of the same type and dissociate accordir
to one and the same mechanism. Valuk;gf* increases in series shown in Equation 8:

CuPc(4-NQ), < CuPc < CuPc(4-Bi5-NO,)4 < CuPc(3-NQ)4 (8)

Values of the activation energy of reaction (1) change in the same order (Table 4). This can mean
that in the series 8 the compounds are placed in accordance withlidastabof the Cu-N bonds from
beginning to end of the series. Taking account of the naxecharacter of the Cu-N bonds with the
dative bond direction from Cu to N [1] the order of the compounds in the series (8) can be explained
from the point of view of the electron influence of Né&nhd Br substituents on the electron density of
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the bonds. Obviously the negative inductive effect of the substituents has little influence on state of the
M-N bonds because of remote location of the substituents from the coordination center (Formula I). In
reality, not all the complexes are less stable than CuPc.

Table 5. The rate constants k,;; and the reaction orders n of the dissociation of carboxy derivatives of
copper(II)phthalocyanines in sulphuric acid.

Compound T.K -lgkais n
CuPc(3-COOH) 379 10.2 6.4
CuPc(4-COOH) 379 6.9 3.2

410 5.3 2.5
423 3.9 1.2
CuPc(3,5-COOH) 379 6.7 2.2
410 7.0 3.0
423 6.4 2.8
CuPc(4,5-COOH) 379 7.6 3.6
410 6.8 3.6
423 6.5 3.6

The nitro groups in CuPc(4-NJ2 are para-substituents with regard to the C atom in position 1 and
meta-substituents with regard to the C atom in position 2. Inasmuch agQhattdck on the reaction
centre Culy is a complex nucleophilic-electrophilic process with two types of interactienQ®and
H ~N), the r-withdrawing effect of the nitro groups can appear from para- and meta-substitution as
well. Then 4-NQ groups can stabilize the copper(Il)phthalocyanine due to strengthening of theative
-bonds Cw N. This stabilization effect takes place in reality (Series 8). The result of analogous analysis
for 3-NO; substituted copper(ll)phthalocyanine in which Ngoups are simultaneously ortho- and
para-substituents with regard to C atoms in positions 2 and 1 is the same. HowevergrdNe are
less conjugated with the benzene ring because of close positions of mezo C atoms of the macrocycle
Observed destabilization of CuPc when 3:N®©the substitutent (Series 8) shows that the negative I-
effect of the substituents takes place all the same. In the, 4dBi@Wative the substituents are farther
from the reaction center and the induction effect is imperceptible.

CuPc(4-Br)(5-NQO;), is less stable compared with CuPc due to mutual steric hindrances of adjacent
Br- and NQ- groups to conjugation with the macrocycle and their negative induction effect.

Regularities of the change of the activation parameters of the dissociation reaction of
copper(ll)phthalocyanine with functional substitution (Table 4) are in good correspondence with the
considered mechanism of the electronic influence. Larger values of BSarabrrespond to the more
stable complex CuPc(4-N2 as compared with CuPc. An increase in strength of the donor-acceptor
bonds Cu-N because ofelectron withdrawing effect of NOgroups leads to a sharp increase of the
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activation energy value, which is not compensated by changes of effectiveness of the nucleophilic
interaction O- Cu. (AS: increases). For less stable CuPc(3;¥On the contrary, a decrease of E and

AS: values is observed. For CuPc(4-£5}YNG,), the activation parameters are close to those for the
non-substituted complex.

|gk0bs
_ 0.8 0.9 10 1gCy o
| | |
2
-3.2
tg:2 1
42 -7
4.6 —

Figure 2. 1gk,, - lg CH ot dependence for CuPc(3-N@ (1), CuPc(4-NG)4 (2) and CuPc(3,5-
3
COOH} (3). T,K: 1 - 379, 2,3 - 410.

An analogous mechanism for the electronic influence of substituents on reactivity in dissociation by
dint of influence of the electronic state of the metal - nitrogen bonds was observed also for the earlier
investigated metalloporphyrins substitute@ipositions of the macrocycle [13].

The CuOEP studied in the present work is significantly less stable compared with
coppertetraphenylporphyrin (CuTPP) (for CuOEf;?f is equal 1.30°, s" in mixed solvent 0.15 M

H.SQ, in CHCOOH; for CuTPPk2® is equal 1.40°, s* in 0.5 M HSO, in CH,COOH) due to an
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electron donating action of alkyl groups onto the reverse datii fbond.

For numerous functional derivatives of metallotetraphenylporphyrins substituted in the benzene rings,
the mechanism of the electron influence of the substituents is essentially different: substitution leads
basically to changes of state of the n-electron pairs of the N atoms of the metalloporphyrins [14,15].
Our data show that eight alkyl groups introduced into phenyl rings of CuTPP instggubsifions of
the macrocycle decreases the complex stability only within the limits of an order of magmfﬁﬁle (

are equal 6.960*% s' for CuTP(3,4-di-CH),P and 1.080% s* for CuTPP in 1 M HSQ, in
C;H,COOH).

Experimental

Functional derivatives of copper(ll)phthalocyanin were synthesized by the template method from
corresponding derivatives ad-phthalodinitrile and copper acetate and then purified by standard
methods [7]. CuOEP was obtained by the coordination reaction of copper acetate with
octaethylporphyrin in dimethylformamide and purified by column chromatograpk@®sATHCE). UV-
vis spectra were recorded on a Specord M400 spectrophotometer
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