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The hydrogen bonded complexes of 2,4-dichlorophenol (2,4-
DCP) and 2,4,6-trichlorophenol (2,4,6-TCP) with free base meso-
tetraarylporphyrins [H,T(4-X)PP] (X = OCHs, CHs, H, Cl) have
been studied. Theformation constantsK and other thermodynamic
parameters were calculated by UV-Vis spectrophotometry titra-
tion method. The formation constants show the following trend
relative to X substituent of porphyrins:

H,T(4-CH30)PP > H,T(4-CH3)PP > H,TPP > H,T(4-Cl)PP
On the other hand, formation constants show that 2,4-DCP form
more stable hydrogen bonded complexesthan 2,4,6-TCPwith free
base porphyrins.
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INTRODUCTION

Hydrogen bonds play a crucial role in many chemical, physical and
biochemical processes and they are also very important in crystal engi-
neering®*. Hydrogen bonds usually designated as X-H---Y in which there
is an X-H proton donating bond and an acceptor of protons (Y-center).
Interaction of phenol derivatives (PD) such as4-nitrophenol*®, 2,4-dichloro-
phenol (2,4-DCP)® and 2,4,6-trichlorophenol (2,4,6-TCP)’, with biologi-
cal systemsare of interest®. Porphyrinswith two N-H proton donating bonds
and numerous nitrogen atoms as proton acceptor centers can form hydro-
gen-bonded complexes with some hydroxylated compounds. Last studies
were demonstrated that hydrogen bended complexes of phenol derivatives
with free base porphyrins has a2:1 mol ratio of phenol derivativesto H,T
(4-X)PP*°.

Inthiswork, the solution investigation for interactions of 2,4-DCP and
2,4,6-TCP with free base porphyrins are reported. The H,T(4-X)PPs are
H,TPP (meso-tetraphenyl porphyrin), H,T(4-Cl)PP (meso-tetrakis-(4-chloro
phenyl)porphyrin), H.T(4-CHs)PP (meso-tetrakis-(4-methylphenyl)
porphyrin) and H.T(4-CH;0)PP (meso-tetrakis-(4-methoxyphenyl)
porphyrin).
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EXPERIMENTAL

Benzaldehyde, p-substituted benzaldehydes, propionic acid, chloro-
form and phenols (Merck and Fluka) were used asreceived. Pyrrole (Fluka)
was distilled before use. Chloroform solvent for UV-Vis measurements
wasdistilled over K,COj; before use. UV-Vismeasurementswere preformed
using aJasco V-530 UV-Vis spectrometer equipped withaL AUDA ecoline
RE 104 thermostat.

Preparations: H,TPP, H,T(4-Cl)PP, H,T(4-CH3)PP, H.T(4-CH;0)PP
were prepared and purified by the usual methods'™.

UV-Vis measurements were carried out by atitration method at 5, 10,
15,20 and 25 + 1°C, in duplicated experiments. |n atypical measurement,
2.5 mL solution of H,TPP (2.5 x 10° M) in chloroform wastitrated by 2,4-
DCP (3 M). UV-Visspectrawererecorded over arange of 396-710 nm and
about 10-15 wavelengths which show suitable variations of absorbance
were selected. The formation constant K were calculated by the SQUAD
program®. The other thermodynamic parametersfor hydrogen-bonded com-
plexes were obtained using the Van't-Hoff equation.

RESULTSAND DISCUSSION

By addition of phenol derivativeto asolution of H,T(4-X)PR, its colour
changes to green. This change in colour is due to the hydrogen-bonded
formations between phenol derivative and free base porphyrins. These
interactions were studied by means of UV-Vis spectrophotometry.

Interaction of phenol derivatives with free base porphyrins leads to a
fundamental change in the porphyrins electronic absorption spectra. The
optical spectra of free base porphyrins slowly turn to new spectra during
formation of hydrogen bonded complexes which differ from its original
spectra (Fig. 1). For example, when a solution of H,T(4-CH;O)PP in
chloroform was interacted with 2,4-DCP, the original peaks of H,T(4-
CH;0)PP (A; 420, 518, 555, 593 and 650 nm) were vanished and two new
peaks at A (455 and 688 nm) were appeared for adduct. A clear isosbestic
point which seen at 428 nm along this interaction, Fig. 1, represents a
reversible hydrogen-bonded formation in solution. Table-1 gives the
original peaks of H,T(4-X)PPs and new peaks which produced by addition
of phenol derivatives to a solution of porphyrin in chloroform.

The thermodynamic parameters are useful tools for studying these

interactions and understanding the relative stability of corresponding
hydrogen-bonded complexes. The formation constant K for complexeswas
determined at several temperatures by analyzing the concentration and the
temperature dependence of UV-Vis absorption by a SQUAD program,
(Table-2). Van't Hoff plots of formation constants (K) lead to other ther-
modynamic parameters, AH® and AS® (Table-3).
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Fig. 1. Titration spectrafor interaction of 2,4-DCP with H,T(4-CH;O)PPin
chloroform. Bands appeared at 455 and 688 nm are related to adduct,
isoshestic point at 428

TABLE-1

UV-VIS BANDS % (CHCly/nm) OF H,T(4-X)PP AND THEIR
HYDROGEN-BONDED COMPLEXESWITH PHENYL DERIVATIVES

H,TPP 417 514 549 589 646
(2,4-DCP),H,TPP 445 - ] ] 651
H,T(4-Cl)PP 418 514 550 590 646
(2,4-DCP),H,T(4-Cl)PP 448 - - - 658
H,T(4-CH,)PP 419 516 552 591 647
(24-DCP),H,T(4-CH)PP 449 - - ; 670
(24,6-TCP),H,T(4-CH)PP 448 - - - 669
H,T(4-CH,0)PP 420 518 555 593 650
(2,4-DCP),H,T(4-CH,0)PP 445 - - ; 688

The datain Table-1 show that the formation constant, K of the adducts
undergo a regular increase from H,T(4-Cl)PP, H,TPP, H,T(4-CH5)PP, to
H,T(4-CH;O)PP for each phenol derivative. For example, at 20°C we have
the following order of the formation constants (K):
(2,4-DCP),H,T(4-Cl)PP < (2,4-DCP),H,TPP <

(2,4-DCP),H,T(4-CH3)PP < (2,4-DCP),H,T(4-CH;O)PP
114 < 151 < 175 < 193
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TABLE-2
log K FOR HY DROGEN-BONDED COMPLEXES (DP),H,T(4-X)PP
IN CHCI; AS SOLVENT
Temperature (°C
Free base porphyrin Pt ()
10 15 20 25

(2,4-DCP),H,T(4-Cl)PP 0.99+0.021.08+0.02 1.14 + 0.02 1.20 + 0.02
(2,4-DCP),H,TPP 1.37+0.011.43+0.031.51+0.03 1.60 + 0.03

(24-DCP),H,T(4-CH)PP 158+ 0.03 1.69 + 0.04 1.75+ 0.04 1.86 + 0.05
(2,4-DCP),H,T(4-CH,O)PP  1.72+0.01 1.81 + 0.03 1.93 + 0.05 2.03 + 0.02
(2,4,6-TCP),H,T(4-CHy)PP  0.67 % 0.06 0.70 + 0.05 0.76 + 0.05 0.80 + 0.05
(2,4,6-TCP),H,T(4-CH,0)PP 0.87 + 0.02 0.92 + 0.01 0.99 + 0.02 1.02 + 0.02

TABLE-3
THERMODYNAMIC PARAMETERS FOR HY DROGEN-BONDED
COMPLEXES (PD),H,T(4-X)PP IN CHCI.2

Complex AH° ASP AG°
(2,4-DCP),H,T(4-Cl)PP 199+18 89.8+6.4 -6.9+0.1
(2,4-DCP),H,TPP 257+23 1167179 -9.1+0.1
(2,4-DCP),H,T(4-CH,)PP 301+29 1364+99 105+01
(2,4-DCP),H,T(4-CH,0)PP 3b2+17 1568+58 115+01
(2,4,6-TCP),H,T(4-CH;)PP 51+14 659+ 4.7 -45+0.1

(24,6-TCP,H,T(4-CH,OPP  17.5+13  784+46 -59+0.1
SAH° (kdmolt), AS’ (IK*mol%), AG’ (kmol ) at 25C

2,4,6-TCP shows no measurableinteractionswith H,TPP and H, T (4-Cl) PP
under present experimental conditions. Also its interactions with H,T
(4-CH3)PP and H,T(4-CH3O)PP are sizably weaker than corresponding
interactions for 2,4-DCP. It might be raised from a high steric hindrance
which coincident to interaction of 2,4,6-TCP with free base porphyrins.

Table-3 show the thermodynamic parameters AH®, AS® and AG° were
obtained for interactions of phenol derivativeswith free base porphyrinsin
chloroform.

Theresults are consisting with effect of basicity of free base porphyrin
on these interactions. The free energy of hydrogen bonded complexes
become more negative through the series H,T(4-Cl)PP, H,TPP, H,T
(4-CH3)PP, to H,T(4-CH3O)PP which indicates formation of stronger
hydrogen bonded complexes along this sequence.

On the other hand, interaction of a certain free base porphyrin with
phenol derivatives depends on the type and the number of substituent on
the phenol molecule. It is expected that hydrogen bonded formation for
2,4,6-TCP dueto presence of three electron withdrawing Cl atoms become
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morefavourablethan 2,4-DCP. Apparently the steric hindrance arisesfrom
addition of third CI atom is more pronounced than its electron withdraw-
ing property, so that its tendency to formation of hydrogen bonded com-
plex with free base porphyrinsisless than 2,4-DCP.

Adducts have positive values of AH® and ASP. A greater contribution
of AS° relative to AH° |eads to a negative value of AGP in the following
equation:

AGP = AH-TAS®

The positive value of AS® may return to association between phenbol
derivatives and free base porphyrin, which accompanied with releasing a
large number of chloroform molecules that solvated the initial substances
(Table-3). Theresults are dealing with endothermic aggregations between
phenols and free base porphyrins in the selected range of temperatures.

The following sequence was obtained for interactions of H,T(4-X)PPs
with phenol derivatives:

H,T(4-CHsO)PP > H,T(4-CHs)PP > H,TPP > H,T(4-Cl)PP

On the other hand 2,4-DCP show stronger hydrogen bonding with free

base porphyrins than 2,4,6-TCP.
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