International Journal of Scientific & Engineering Research, Volume 5, Issue 6, June-2014 851
ISSN 2229-5518

Structural, potentiometric and thermodynamic studies of
hydroxybenzlidene and their metal complexes

Ashraf A. El-Bindary*", Sabry A. El-Korashy?, Jehan A. Hasanen®, Ibrahim M. El-Deen¢, M.A.
Hussien¢, Shimaa M. Al-Sayed®

aDepartment of Chemistry, Faculty of Science, University of Damietta, Damietta 34517, Egypt.
bDepartment of Chemistry, Faculty of Science, University of Suez Canal, Ismailia, Egypt.
<Department of Chemistry, Faculty of Science, University of Port Said, Port Said, Egypt.

Abstract— A series of hydroxybenzlidene compounds p-[(2-hydroxybenzlidene) amino]- N,N-dimethyl aniline (HLi), p-[(5-

bromo-2-hydroxybenzlidene)amino]-N,N-dimethyl aniline (HLu) and  p-[(3,5-dibromo-2-hydroxybenzlidene)amino]-N,N-
dimethyl aniline (HLu) have been prepared and characterized by elemental analyses, "H NMR , mass spectroscopy and IR spec-
tra. The IR spectral data indicate that, the compounds can exist in two resonance structures. Moreover, energy of HOMO & LU-
MO, HOMO-LUMO energy gap and electronic charge were calculated. In addition, absolute Electronegativities, chemical poten-
tials, and absolute hardness have been calculated. Proton-ligand dissociation constants of hydroxybenzlidene
compounds and metal-ligand stability constants of their complexes with bivalent (Mn?, Co?, Ni%*, Cu* and Zn*") metal ions have
been determined potentiometrically in 0.1 M KC1 and 30 % (v/v) methanol-water mixture. The influence of substituents on the
dissociation and stability constants were examined on the basis of the electron repelling property of the substitiuent. The order of
the stability constants of the formed complexes was found to be Mn*? < Co?* < Ni?* < Zn?* < Cu?. The effect of temperature was

studied and the corresponding thermodynamic parameters (AG, AH and AS) were derived and discussed.
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1 INTRODUCTION

. - . . b f the structural chemist d their i t i
Hydroxybenzhdene derivatives are a good series of ligands ccatise of the structual chetistry and thett tmportahce i

capable of binding metal ions leading to metal complexes
with increasing properties [1]. The high stable potential of the
complexes of hydroxybenzlidene derivatives in different oxi-
dation states increased the application of these compounds in
a wide range. Ligands with potential nitrogen and oxygen
donors, such as hydroxybenzlidene and its derivatives are

quite interesting which have gained special attention, not only

medical chemistry, but also because these materials are used
as drugs and they are reported to possess a wide variety of
biological activities against bacteria and fungi [2,3]. They also
have become a useful model for bioinorganic processes, which
have many biochemical and pharmacological activities [4,5]. In
continuation of our earlier work [6-9], we report herein the
preparation and characterization of some hydroxybenzli-

dene derivatives. The geometrical structure of the ligands
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by HF method with 3-21G basis set was studied. The disso-

ciation constant of the ligands (HL, HL; and HL;)) and the
stability constants of their complexes with Mn**, Co*, Ni*,
Cu™ and Zn™ at different temperatures were determined
potentiometrically. Furthermore, the corresponding thermo-

dynamic functions of complexation are evaluated and dis-

cussed.

2 EXPERIMENTAL SECTION
2.1. Synthesis of the ligands

A mixture of p-N,N-dimethylamino aniline (0.01 mol)
and aromatic aldehydes (2-hydroxybenzaldehyde, 5-bromo-2-
3,5-dibromo-2-

(50 ml) was

hydroxybenzaldehyde and

hydroxybenzaldehyde ) (0.01 mol) in ethanol
heated under reflux for 2 hr. The solid obtained after cooling
was filtered off, dried and purified by recrystallization with

ethanol to give ligands (HL,, HL;; and HLy,), Fig. 1.
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p-[(3,5-dibromo-2-hydroxybenzlidene)amino]-N,N-  di-
methyl aniline (HLIII).
Fig. 1. Structure of the ligands.

2.2. Measurements

All the compounds and solvents used were purchased from
Alderich and Sigma. Elemental microanalyses of the separated
ligands for C, H, and N were determined on Automatic Ana-
lyzer CHNS Vario ELIII, Germany. The '"H NMR spectrum
was obtained by Bruker WP 300 MHz using DMSO-d, as the
solvent and TMS as an internal reference. FT-IR spectra (KBr
disks, 4000-400 cm™) by Jasco-4100 spectrophotometer. The
molecular structures of the investigated compounds were optimized
by HF method with 3-21G basis set.

The pH measurements

Metrohm 836 Titrando

were performed with a
(KF & Potentiometric Titrator)
equipped with a combined porolyte electrode. The pH-meter
readings in the non-aqueous medium were corrected [10].
The electrode system was calibrated according to the method
of Irving et al. [11]. All titrations have been carried out be-
tween pH 4.0 - 11.0 and under nitrogen atmosphere. The
molecules were built with the Perkin Elmer Chem Bio Draw and
optimized using Perkin EImer ChemBio3D software [12]. Quantum
chemical parameters such as the highest occupied molecular orbital
energy (Enomo), the lowest unoccupied molecular orbital energy
(ELumo) and HOMO-LUMO energy gap (AE) for the investigated

molecules are calculated.
2.3. Potentiometry

A ligand solution (0.001 M) was prepared by dissolving

an accurately weighted amount of the solid in methanol (Ana-
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lar). Metal ion solutions (0.0001 M) were prepared from Ana-

lar metal chlorides in bidistilled water. Solutions of 0.001 M
HCl and 1 M KCI were also prepared in bidistilled water. A
carbonate-free NaOH solution in 30 % (by volume) methanol-
water mixture was used as titrant and standardized oxalic acid
(Analar).

The apparatus, general conditions and methods of
calculation were the same as in previous work [6-9]. The
following mixtures (i) - (iii) were prepared and titrated po-
tentiometrically at 298 K against standard 0.001 M KOH in
a 30 % (v/v) methanol-water mixture:

(i) 5ml 0.001 M HC1 + 5 ml 1 M KC1 + 15 ml Methanol
(ii) 5 ml 0.001 M HC1 + 5 ml 1 M KC1 + 10 ml Methanol + 5 ml

0.001 M ligand

(iii) 5 ml 0.001 M HC1 + 5 ml 1 M KC1 + 10 ml Methanol + 5
ml 0.001 M ligand + 10 ml 0.0001 M metal chloride.

For each mixture, the volume was made up to 50
ml with bidistilled water before the titration. These titra-
tions were repeated for temperatures of 308 K and 318 K.
The temperature was controlled to within + 0.05 K by
(Neslab 2 RTE 220)

circulating thermostated water

through the outer jacket of the vessel.

3. Results and discussion
3.1. Structural of the ligands

Analytical data (Table 1) are in agreement with the pro-
posed formulae of hydroxylbenzlidene compounds shown in

Fig. 1.

The 'H NMR spectra is a good tool to check the purity
of organic compounds. The 'H NMR spectra of the ligands
(HL-HL,;) were carried out in DMSO-d® as a solvent. The phe-
nolic OH proton appeared as a singlet at 9.96-9.89 ppm range.
The proton of the HC=N appeared as a singlet in the range
8.92-8.81 ppm. The signals of aromatic protons appeared as a
multiple within the range 6.80 - 7.80 ppm range. The peaks at
2.95-2.97 ppm range assigned to the terminal alkyl groups
N(CH,),.

853

Table 1. Analytical data of hydroxybenzlidene com-

pounds®.
Calc. (Exp.) %

Comp.®| Empirical Colour | MB
formula () C H N
Yellow- 7510 | 650 | 11.76

HL, | C:H,N,O 119
orange (75.00) | (6.66) | (11.66)
Yellow- 56.58 | 475 | 881

HL, | CsH;;N,OBr 150
orange (56.60) | (4.71) | (8.80)
56.57 | 3.50 | 7.11

HL,, | C;sH,,N,OBr, |Red-brown| 135
(56.81) | (3.55) | (7.07)

* Further studies with title ligands, using different metal, are in
progress and will be published in due course.

® the analytical data agrees satisfactory with the expected for-
mulae represented as given in Fig. 1 (see experimental). Air-
stable, high melting temperature, colored, insoluble in water,
but soluble in hot methanol, and coordinate solvent.

IR spectra exhibit a medium to strong band in the re-
gion 1625-1640 cm’”
which could be assigned to vC=N stretching vibration [1,2].
The investigation of
Rossmey and Mecke [13] on deuterated phenolic derivatives
showed that the higher
frequency band would be related to 80OH, whereas the band
1100 cm’ be
due to vC-OH. The higher value of the 8OH may account for
the of

hydrogen bonding. Luttke [14] found that the -OH in hydroxy

within can

existence

compounds suffered a

blue shift when the OH group is involved in a hydrogen bond.
Coggeshall [15] and El-Sonbati [16] found three kinds of
bonded-OH structures on the basis of the frequencies: i) only

the oxygen is in the  bridge while the

hydrogen is free, ii) a polymer chain is formed in which, both
and

hydrogen oxygen

atoms participate in the hydrogen bond, iii) dimer associates
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are formed.

The IR spectral data exhibits a very strong band at 1585
+ 10 cm’™ is apparent
and assignable to ©C=C of the phenyl ring. The very interest-
ing region is that in the frequency range 2800-3550 cm™. This is
a characteristic region to the vibrational
frequency of the -OH group at 2900 cm’ of medium
appearance and a broad at 3400 - 3550 cm™.

The mass spectrum of HL, (Fig. 2) shows mass peaks at
m/z 240, 223, 149, 120, 77 and 55. The first mass peak corre-
sponds to the ligand and the second one proceed by loss of
OH. The mass spectrum of HL,;; shows mass peaks at m/z 319,
301, 223, 195, 159, 119, 77 and 55. The first mass peaks corre-
sponds to the ligand, the second one proceed by loss of OH
and the third proceed by loss of Br. The mass spectrum of HL;
shows mass peaks at m/z 398, 318, 198, 158, 121, 77 and 55.
The first mass peak corresponds to the ligand and the second

one proceed by loss of Br.

854

3.2. Molecular parameters

The selected geometrical structures of the investigated lig-
ands are calculated by optimizing their bond lengths and bond an-
gles. The calculated molecular structures for ligands (HL,-HL,,;) are
shown in Fig. 3. The selected geometric parameters are listed in Ta-
bles 2-4. The surfaces of frontier molecular orbital theory (FMOs)

are shown in Fig. 4.

CH;
N N
N
CHj
OH
m/z=240
— _+
H CH,
Ca
Y N
CH,
OH
i 1 m/z=121
HLIII
m/z=119 l -H
+
— CHj Fig. 3. The calculated molecular structures of the
\ ® / N investigated ligands.
CHs
m/z=120
Fig. 2. Mass spectrum of the ligand (HL,).
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The HOMO-LUMO energy gap, AE, which is an important ~ Bond lengths (A)
stability index, is applied to develop theoretical models for-explain Bond angles ()
_ _ o C(18)-H(34) 1.114 H(34)-C(18)-H(33) 105.711
ing the structure and conformation barriers in many molecular sys- C(18)-H(33) 1112 H(34)-C(18)-H(32) 111.368
tems. The smaller is the value of AE, the more is the reactivjty of the C(18)-H(32) 1.114 H(34)-C(18)-N(16) 111.44
compound [17,18]. The calculated quantum chemical parameters are C(17)-H(31) 1114 H(33)-C(18)-H(32) 105.691
o N C(17)-H(30) 1.112 H(33)-C(18)-N(16) 110.866
given in Table 5. Additional parameters such as AE, absoliite Elec- C(17)-H(29) 1114 H(32)-C(18)-N(16) 111.467
tronegativities, y, chemical potentials, Pi, absolute hardness| nj, abso- C(15)-H(28) 1.101 H(31)-C(17)-H(30) 105.706
lute softness, o, global electrophilicity, o [19-21], global softness, S, C(14)-H(27) 1.102 H(31)-C(17)-H(29) 111.365
C(12)-H(26) 1.102 H(31)-C(17)-N(16) 111.451
and additional electronic charge, ANiay, have been calculated accord- ¢ (11)-p1(25) 1.106 H(30)-C(17)-H(29) 105.697
ing to the following equations [22]: O(8)-H(24) 0.968 H(30)-C(17)-N(16) 110.862
C(7)-H(23) 1.097 H(29)-C(17)-N(16) 111.46
AE = ELUMO o EHOMO (1) C(6)-H(22) 1.103 C(18)-N(16)-C(17) 120.552
C(3)-H(21) 1.104 C(18)-N(16)-C(13) 119.685
7= B (EHOMO + ELUMO) C(2)-H(20) 1.103 C(17)-N(16)-C(13) 119.762
2 @) C(1)-H(19) 1.103 H(27)-C(14)-C(15) 114.784
(10)-C(15) 1.345 H(27)-C(14)-C(13) 121.824
_ Erumo —Eromo (14)-C(15) 1344 C(15)-C(14)-C(13) 123392
g 2 3) (13)-C(14) C(14)-C(13)-C(12) 114.176
(12)-C(13) C(14)-C(13)-N(16) 122.946
o=1/n (@) (11)-C(12) 1.343 C(12)-C(13)-N(16) 122.877
. (10)-C(12) 1.346 H(26)-C(12)-C(13) 122.235
Pr=—y (5) C(1)-C(6) 1.341 H(26)-C(12)-C(11) 114.871
1 C(5)-C(6) 1.349 C(13)-C(12)-C(11) 122.894
S=— (6) C(4)-C(5) 1.354 H(28)-C(15)-C(10) 122.046
ZT] C(3)-C(4) 1.346 H(28)-C(15)-C(14) 116.283
= Pi? /277 C(2)-C(3) C(10)-C(15)-C(14) 121.67
(7) C(1)-C(2) 1.339 H(25)-C(11)-C(12) 117.965
AN =—Pilp (16)-C(18) 1.487 H(25)-C(11)-C(10) 119.814
max (8) (16)-C(17) 1.487 C(12)-C(11)-C(10) 122.221
(13)-N(16) 1.283 C(15)-C(10)-C(11) 115.646
The values of the HOMO-LUMO energy gap, AE, for HL,, [HL,, and  N(9)-C(10) C(15)-C(10)-N(9) 128.23
HL,, are calculated and found to be 0.1823, 0.1819 and 0.1856 a.u., (C?EZ;:IC\)]% 1522 28(1);;((19?)2\(1;)9) Eg;éé
respectively, so the ligand HL; more stable and highly reactive C(5)-C(7) 1.352 H(23)-C(7)-N(9) 117.121
than ligand HL,and ligand HL,,,. H(23)-C(7)-C(5) 117.834
N(9)-C(7)-C(5) 125.045
H(22)-C(6)-C(1) 116.36
H(22)-C(6)-C(5) 121.745
C(1)-C(6)-C(5) 121.896
H(24)-O(8)-C(4) 111.008
C(6)-C(5)-C(4) 118.507
C(6)-C(5)-C(7) 120.057
C(4)-C(5)-C(7) 121.435
C(5)-C(4)-C(3) 118.929
C(5)-C(4)-O(8) 122.795
C(3)-C(4)-O(8) 118.276
H(21)-C(3)-C(4) 119.091
H(21)-C(3)-C(2) 118.755
Table 2. The selected geometric parameters for HL,. Table 3. The selected geometric parameters for HL,.
I Bond lengths (A) | Bond angles (°)
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HLy

HLIII

Fig. 4. The highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) for the

ligands.

Table 5. The calculated quantum chemical parameters of the
investigated ligands (HL,, HL;; and HL,;).

Compound HL, HL, HL,;,

HOMO (a.u) | 02917 | -0.2913 | -0.2905
LUMO (a.u) | 01094 | -0.1094 | -0.1049
AE (a.u) 0.1823 | 0.1819 0.1856

X (a.u) 0.2005 | 0.2004 0.1977
n (a.u) 0.0912 | 0.0909 0.0928
o (au)’ 10.9703 | 10.9945 | 10.7753
Pi (a.u) -0.2005 | -0.2004 | -0.1977
S (a.u)” 54852 | 54972 5.3876
o (a.u) 0.2205 | 0.2207 0.2106
AN oy 21997 | 2.2029 21305

3.3. Potentiometric studies

The average number of the protons associated with ligands (HL;,
HLu and HLm) at different pH values, na, was calculated from
the titration curves of the acid in the absence and presence of
ligands by applying the following equation:

ﬁ Y+(\/l _VZ)(N0+EO)
(V°-V)TC}

9)

where Y is the number of available protons in ligands (HLi, HLu
and HLm) (Y=1) and Viand V2 are the volumes of alkali required
to reach the same pH on the titration curve of hydrochloric acid
and reagent, respectively, V° is the initial volume (50 cm?®) of
the mixture, TC® is the total concentration of the reagent, N°
is the normality of sodium hydroxide solution and E° is the
initial concentration of the free acid. Thus, the formation curves
( na vs. pH) for the proton-ligand systems were constructed
and found to extend between 0 and 1 in the na scale. This
means that hydroxybenzlidene has one ionizable proton (the
enolized hydrogen ion of the hydroxyl group in the benzene
ring, pKH). Different computational methods were applied to
evaluate the dissociation constant [23]. Three replicate titrations
were performed; the average values obtained are listed in Table 5
6. The completely protonated form of ligands (HL;, HLu and
HLm) has one dissociable proton, that dissociates in the
measurable pH range. The deprotonation of the hydroxyl
group most probably results in the formation of stable intramo-
lecular H-bonding with nirtogen atom. Such an interaction de-
creases the dissociation process, i.e. increases the pKH value [24].
An inspection of the results in Table 6 reveals that the pK" values
of HL: and
its substituted derivatives are influenced by the inductive or me-
someric effect of the
substituents [25]. The Br and two Br derivatives (HLn and HLm)
have a higher acidic
character (lower pKH value). This is quite reasonable because the
presence of Br and two Br groups (i.e. an electron withdrawing
effect) will lead the electron density by their high acidic character
found in the ligands (HLu and HLm).

Table 6. Thermodynamic function of Hydroxybenzlidene-
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compounds in 30% (v/v) methanol-water mixture and 0.1 M
K(l at different temperatures.

Compound| T/K | Dissociation | Free energy |Enthalpy| Entropy
constant change change | change
pKH (k] molt) |(k] mol?)|(J mol! K1)
AG AH -AS

HL, 10.50 60.92 197.89
298

10.45 62.63 95.70 196.97
308

10.40 63.92 196.15
318

HL, 9.60 55.70 180.97
298

9.54 57.17 86.16 179.91
308

9.51 58.45 179.41
318

HL,, 9.30 53.95 175.54
298

9.26 55.50 76.59 174.86
308

9.22 56.67 174.15
318

The formation curves for the metal complexes were ob-
tained by plotting the average number of ligands attached per
metal ion ( na) ovs. the free ligands exponent (pL), according
to Irving and Rossotti [26]. The average number of the reagent
molecules attached per metal ion, n, and free ligands exponent,

pL, can be calculated using egs. 10 and 11:

(Vs —V,)(N® +E®)

n=

0 " 0 (10)
V° =V,).naTC,,
and
n=J 1 n
ﬁnH (| + |j [}
pL =log,, = lla Y J;VS an
TCE — n.TCf,, \Y

where TC®,; is the total concentration of the metal ion present

858

in the solution, B is the overall proton-reagent stability con-

stant. V3, V, and V; are the volumes of alkali required to reach

the same pH on the titration curves of hydrochloric acid,

organic ligand and complex, respectively. These curves were

analyzed and the successive metal-ligand stability constants

were determined using different computational methods [27,28].

The values of the stability constants (log K; and log K,) are

given in Table 7

Table 7. Stepwise stability constants for for the complexation

of hydroxybenzlidene compounds in 30% (v/v) methanol-

water mixture and 0.1 M KCl at different temperatures.

corp. e | 298K 308 K 318K

log Ki |log K2 | log K1 | log Kz |log Ki| logK2

HL, Mn2+ | 354 | 2.84 | 3.83 | 3.13 | 4.01 3.21
Co2+ | 3.72 | 3.02 | 3.97 | 3.27 | 412 3.32

Ni2+ | 3.87 | 3.17 | 4.09 | 3.39 | 422 3.62

Cu2* | 4.00 | 3.30 | 430 | 3.60 | 4.51 3.71

Zn2+ | 391 | 3.20 | 410 | 3.41 | 4.39 3.69

HLy | Mn2+ | 3.36 | 2.66 | 355 | 2.85 | 3.70 3.11
Co2+ | 351 | 281 | 3.79 | 3.09 | 3.92 3.30

Niz+ | 3.66 | 296 | 3.82 | 3.12 | 4.30 3.50

Cu2+ | 3.80 | 3.11 | 4.04 | 3.34 | 4.22 3.40

Zn2+ | 371 | 3.01 | 3.94 | 324 | 4.10 3.30

HLy Mn2+ | 319 | 249 | 3.33 | 263 | 3.51 291
Co2+ | 3.34 | 2.64 | 357 | 2.87 | 3.72 3.01

Niz+ | 349 | 2.79 | 3.69 | 299 | 3.82 3.01

Cu2*+ | 3.62 | 292 | 3.80 | 3.10 | 4.01 3.40

Zn2+ | 351 | 2.81 | 3.70 | 3.01 | 3.99 3.30

The following general remarks can be pointed out:

(i) The maximum value of n was = 2 indicating the formation of

1:1 and 1:2 (metal: ligand) complexes only.

(ii) The metal ion solution used in the present study was very di-

lute

(2x10%

M);

hence

there was no possibility of formation of polynuclear com-

plexes [29,30].

(iii) The metal titration curves were displaced to the right-hand

IJSER © 2013
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side of the ligand

titration curves along the volume axis, indicating proton re-

lease upon complex

formation of the metal ion with the ligand. The large decrease

in pH for the metal
titration curves relative to ligand titration curves point to the
formation of strong metal complexes [31].

(iv) In most cases, the color of the solution after complex for-
mation was observed to
be different from the color of the ligand at the same pH.

(v) For the same ligand at constant temperature, the stability of

the chelates increases

in the order Cu?* > Zn2* > Ni2 > Co?* > Mn?* [32-34]. This order
largely reflects the changes in the heat of complex formation
across the series from a combination of the influence of both the
polarizing ability of the metal ion [35] and the crystal field stabili-
zation energies [35]. The greater stability of Cu?* complexes is

produced by the well-known Jahn-Teller effect [36].

An inspection of the results in Table 7 reveals that the
stability constant values
of the complexes of HLi;, HLu and HLm are influenced by the in-
ductive or mesomeric effect of the substituents. This behavior
correlates with the effect of
substitution on the phenyl ring as follows:

(i) The high stability of HL: complexes can be attributed to
the no presence of groups relative to the phenolic group.
(ii) The low stability of HLu complexes can be attributed to
the presence of the Br group (i.e. an electron withdraw-
ing effect), in the p-position relative to the phenolic
group. This is caused by the negative indicative effect of
the Br group, which decreases its ability for chelation,
and therefore the stability of the complexes.
(iii) The lowest stability of HLm complexes can be attributed
to the presence of
the two Br groups (i.e. an electron withdrawing effect),
in the o- and p-position relative to the phenolic group.

This is caused by the negative indicative effect of the two
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Br group, which decreases its ability for chelation, and
therefore the stability of the complexes.
(iv) For the ligands with the same metal ion at constant tem-
the

perature, stability of

the chelates increases in the order: HLm< HLu< HL..

3.4. Effect of temperature.

The dissociation constant (pK") for the ligands as well as
the stability constants of their complexes with Mn?, Co?*, Ni%,
Cu?* and Zn?* have been evaluated at (298 , 308, 318) K, and
are given in Tables 8-10, respectively. The enthalpy (AH) for
the dissociation and complexation process was calculated

from the slope of the plot pK" or log K vs. 1/T using the graph-

ical representation of van't Hoff egs. 12 and 13:

AG =-2.303 RT log K=AH-T AS (12)
or
log K= (- AH /2.303 RX1/T) +( AS/2.303 R) (13)

where R gas constant = 8.314 J.mol*.K-, K dissociation constant
for the ligand stability and T temperature (K)

From the AG and AH values one can deduce the entropy AS

using the well known relationship:

AS=(AH-AG)/T (14)

All thermodynamic parameters of the dissociation process
of HLi — HLn are recorded in Tables 6, 8-10. From these results the

following conclusions can be made:

(i) The pK" values decrease with increasing temperature, i.e.,
the acidity of
the ligands increases, independent of the nature of the

substituent.

(ii) A positive value of AH indicates that the process is endother-
mic [37].
(iii) A large positive value of AG indicates that the dissociation
process is not spontaneous [38].
(iv) The dissociation processes for the compounds
have negative values of AS due to increased order

as a result of the solvation processes.

Table 8. Thermodynamic functions for the complexation of HL,

IJSER © 2013
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in 30 % (v/v) methanol-water mixture.
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-AG1 | -AG2 AH: AH: A S1 AS2
Mn2 | 298 | 18.20 | 14.21 | 2898 | 37.95 158.33 175.03
308 | 19.64 | 15.51 157.85 173.58
318 | 21.37 | 17.72 158.34 175.07
Co? 298 | 19.06 | 15.06 | 34.54 | 33.64 179.86 163.44
308 | 21.05 | 16.93 180.50 164.18
318 | 22.65 | 18.33 179.85 163.43
Niz 298 | 1991 | 1592 | 30.00 | 20.13 167.48 120.96
308 | 21.76 | 17.63 168.04 122.60
318 | 23.26 | 18.33 167.47 120.93
Cu 298 | 20.66 | 16.66 | 35.34 | 43.41 187.90 201.59
308 | 22.41 | 18.28 187.50 200.31
318 | 24.42 | 20.71 187.91 201.62
Zn? 298 | 20.03 | 16.03 212.96 202.63
308 | 21.82 | 17.75 | 43.43 | 44.35 | 211.86 201.63
318 | 24.29 | 20.09 212.98 202.65

M | T/K Free energy Enthalpy Entropy change
change change (J mol ' K1)
(kJ mol) (kJ mol?)
-AG -AG AHi AH> A Si 482
Mn? | 298 | 20.20 16.20 4271 | 33.76 211.11 167.67
308 | 22.53 18.46 211.82 169.54
318 | 2442 19.55 211.10 167.63
Co? | 298 | 21.23 17.23 | 36.37 | 27.40 | 193.29 149.78
308 | 23.41 19.28 194.11 151.58
318 | 25.09 | 20.21 193.27 149.74
Ni | 298 | 22.08 18.09 | 31.83 | 39.00 | 180.91 191.59
308 | 24.12 19.99 181.66 191.55
318 | 25.69 | 21.92 180.90 191.59
Cu> | 298 | 22.82 18.83 | 46.34 | 40.95 | 232.09 200.63
308 | 2536 | 21.23 232.79 201.91
318 | 2746 | 22.83 232.08 200.61
Zm? | 298 | 22.31 18.26 220.61 210.16
308 | 24.18 | 20.11 4343 | 44.37 | 219.52 209.35
318 | 26.73 | 2247 220.64 210.18
Table 9. Thermodynamic functions for the complexation of HL;,
in 30 % (v/v) methanol-water mixture.
M | T/K Free energy Enthalpy Entropy change
change change (J mol' K1)
(k] mol?) (k] mol?)
-AGt | -AG2 | AH: AH: A5 48
Mn? | 298 | 19.17 | 15.18 | 30.87 | 40.74 | 167.94 | 187.65
308 | 20.94 | 16.81 168.22 | 186.85
318 | 22.53 | 18.94 167.93 | 187.62
Co? | 298 | 20.03 | 16.03 | 37.33 | 44.51 | 19248 | 203.15
308 | 22.35 | 18.22 193.77 | 203.66
318 | 23.87 | 20.09 19245 | 203.14
Ni» | 298 | 20.88 | 16.89 | 57.73 | 48.76 | 263.80 | 220.29
308 | 22.53 | 18.40 260.57 | 218.04
318 | 26.18 | 21.31 263.87 | 220.34
Cu> 298 | 21.68 | 17.75 | 38.15 | 26.46 200.78 | 148.36
308 | 23.83 | 19.70 201.21 | 149.88
318 | 25.69 | 20.70 200.77 | 148.33
Zn** 298 | 21.17 | 17.17 189.95 | 146.44
308 | 23.24 | 19.11 | 35.44 | 26.46 190.50 | 147.96
318 | 24.96 | 20.09 189.94 | 14641

Table 10. Thermodynamic functions for the complexation of HL

in 30 % (v/v) methanol-water mixture.

All the thermodynamic parameters of the stepwise stability

constants of complexes are recorded in Tables 8-10. It is known

that

the

divalent

metal

ions

exist

in

solution as octahedrally hydrated species and the obtained values

of

AH

and

AS

can

then he considered as the sum of two contributions: (a) release of

H0O

molecules,

and

(b) metal-ligand bond formation. Examination of these values

shows that:

(i)

(if)

(iii)

(iv)

IJSER © 2013
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The stepwise stability constant (log Ki and log K2)

for ligand complexes increases with increasing tem-

perature, i.e,, its stability constants increase with in-

creasing the temperature.

The negative value of AG for the complexation pro-

cess suggests the spontaneous nature of such pro-

cess.

The AH values are positive, meaning that these pro-

cesses are endothermic.

The AS values for the ligand complexes are positive,

confirming that the complex formation is entropical-

ly favorable.
Mo+ T/K Free energy Enthalpy Entropy change .
change change (J mol K- 4. Qonclusions
(kJ mol?) (k] mol-)
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The ligands of hydroxybenzlidene compounds have been syn-

thesized and characterized using spectroscopic techniques. The
molecular structures of the investigated compounds (HL:, HLu
and HLm) are optimized. The values of the HOMO-LUMO energy
gap, AE, for HL;, HLir and HLm are calculated and found to be
0.1823, 0.1819 and 0.1856 a.u., respectively, dependent on the na-
ture of the substituent. The proton-ligand dissociation constant
of (HL;, HLt and HLm) and metal-ligand stability constants of
their complexes with metal ions (Mn?, Co*, Ni*, Cu?* and Zn*')
were determined at different temperatures. The stability con-
stants of the formed complexes increases in the order Mn*? < Co*2
<Ni? < Zn?* < Cu?*. The dissociation process is non-spontaneous,
endothermic and entropically unfavorable. The formation of the
metal complexes has been found to be spontaneous, endother-
mic and entropically favorable.
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