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Abstract

The ketone 2-hydroxyacetophenone was treated with ammonia gas and hydroxylamine
hydrochloride for the synthesis of its Schiff base and oxime respectively. The two ligands were
used to synthesize Co(ll), Ni(ll) and Cu(ll) complexes. The ligands and complexes have been
characterized by IR and UV spectroscopy. Elemental analyses have been performed using C. H. N.
for ligands and atomic absorption technique for complexes. The limiting molar conductivity of
[M(HANH);] and [M(HAO),;] complexes in DMF and DMSO at different temperature was
measured. The dissociation constant, thermodynamic parameters of dissociation (AG, AH and AS)
and the activation energy of the trangport process (Ea) were calculated and discussed. The results
show that the dissociation constant values in DMF are larger than that in DMSO. The dissociation

process is endothermic for all complexes.

I ntroduction

Schiff bases are an important class of
ligand in coordination chemistry and find
extensive application in different fields [1, 2].
2-hydroxyacetophenone Schiff bases are
Nitrogen and Oxygen donor atoms which
potentiate the formation of polydentate ligands
[1, 3]. The coordination of these donors
ligands with the transition ions give complexes
of different geometries and these complexes
are widely application in enzymatic reaction
[3], catalysis of chemical and the
petrochemical industries [4, 5], probing DNA
structures [6]' biological activities including
anti bacterial, anti fungal and anti Cancer
[7-9].

Copper complexes are known to have a
broad spectrum of biological action. The
chemistry of nickel Schiff base complexes has
obtained a significant place in bioinorganic
chemistry and redox enzyme system [8].

Oximes are versatile ligands [10-11] to
form metal complexes with interesting
structures.

Transition metal complexes of 2-
hydroxyaromatic oximes have attracted much
attention as they give cis and trans geometrical
isomers. Nickel complexes are known to
assume trans structure while cobalt complexes
have cis structure [12-13]. The complexation
of transition metals as an electron acceptor

with various electron donor bases including
(Schiff bases or Oximes) as an acceptor to
form charge-transfer complexes have been
extensively studied [14]. This complexes show
interesting physical properties such as
electrical conductance[5, 15].

However, so far there have been no
reports about the determination of the
dissociation constant, the thermodynamics
parameters of dissociation (AG, AH and AS)
and the activation energy of the transport
process (Ea) by the limiting molar
conductivity  of  2-hydroxyacetophenone
derivatives complexes.

The present work ams to synthesis,
characterization and study the behavior
dissociation of [M(HANH)2] and [M(HAO);]
(M = Co *2, Ni*? and Cu*?) complexes in DMF
and DM SO solvents at different temperatures
using the conductometric technique.

Experimental
Ligands:

The ligands were prepared as flows:

HANH (2-hydroxyacetophenone imine);
Passed ammonia gas through (0.05) mole
(6)ml of EtOH solution 2-hydroxyaceto-
phenone, the mixture was then under glass
bath. Yellow needle-like crystals of ligand
were recrystallized from EtOH, filtered and
dried.
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HAO (2-hydroxyacetophenone oxime); A
hot EtOH solution of hydroxylamine
hydrochloride (0.05) mole (3.47) gm was
added to a hot EtOH of the 2-
hydroxyacetophenone (0.05) mole (6) ml,
added (0.05) mole (2.8) gm EtOH solution of
KOH with shaking. The mixture was then
boiled under reflux for (15) min. After that the
product is cooled and poured to the agueous
solution of CH3COOH (0.2) Molar. Filtered
the precipitate and washed with cold water.
The ligand were recrystallized from EtOH,
filtered and dried [16].

Metal (1) complexes:

The metal complexes were prepared by
mixing a hot EtOH solution of each ligand
(0.02) mole with an agueous EtOH solution of
COC|2.6H20, NiSO4. 6H-0O or CuSO,. 5H,0
(0.01) mole with magnetic stirring. The
resulting precipitate was recovered by
filtration, washed several time with a hot
EtOH and distilled water and dried.

Physical measurements:

A CECIL modd CE7200 spectro-
photometer was used to obtain the electronic
spectra.

IR spectra in the (4000 - 400) cm* region
were recorded by KBr disk using a
SHIMADZU IR prestige-21 FT-IR
spectrometer in 1bn-Sina company .

The Element Analysis of the C. H. N. in
the ligands was determined by Perkin Elmer
Model 2400 in Micro Analytical Center/Cairo
University.

The amount of metal in the complexes
was determined by SHIMADZU AA-680
atomic absorption/flame emission spectro-
photometer in 1bn-Sina company.

Conductivities were measured in DMF
and DM SO solvents using PHILIPS PW9526
digital conductivity meter with a cell
constant of 0.829 cm™*. Various concentration
(10 3 — 10" %) molar was measured at 298.15K,
303.15K and 308.15K.
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Result and Discussion

All the metal chelates are colored, solid
and stable towards air moisture. They
decompose at high temperature (238-310) °C
and they are less soluble in methanol, ethanol
and chloroform as solvents but soluble in
DMF and DMSO. The suggested structural
formulae for complexes study are presented in
Figs. (1) and (2) and the characteristics of the
complexes and their ligands are recorded in
Table (1).
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The Characteristics and Analy-/rs;zjs3 Ioef(tlh)e ligands and their complexes.

e | 0 | 0 | | 000 | o | e | e | e
(Calc) (Calc) (Calc) (Calc)

HANH | s | 198 o1 (;ﬂj) (2:2613) (18227;) N

HAO C‘Q’;{;es 151 68 (222471) (ggg) (2:22%73) -
Co(HANH), gx‘gg 280 D, 77 328.93 - — - (i;:gz)
Ni(HANH), gv‘\’/‘é"g 305 Dec. 72 328.71 - - - (13:;;
CU(HANH), p%;vﬁr 238 Dec. 81 33354 - — - (igzg;
Co(HAO), gv‘\’/‘é"g 268Dec. | 75 360.93 - - - (i;;;)
Ni(HAO), p‘g;vﬁr 310 Dec. 83 360.71 - - - (igzzz)
CU(HAO), p%;vﬁr 296 Dec. 70 365.54 - - - (iiﬁg)

All the metal chelates have 1.2 (metd:
ligand) stoichiometry from the atomic
absorption analysis.

Electronic spectra:

The electronic spectral data of ligands and
complexes are presented in Table (2).

Table (2)
The UV-Visible spectra data of ligands and
their complexes 1" 10 *M in DMF.

Compound Z‘"r"]’xnsl) | m;xn(]ﬂ) Zma:] r(r{m
HANH 271 319 402
HAO 273 308 —
Co(HANH), | 312 375 -
Ni(HANH), | 281 327 -
Cu(HANH), | 280 329 —
Co(HAO), 329 378 —

Ni(HAO), 321 380 —
Cu(HAO), 289 337 —

In the HANH ligand, the absorption band
() a (271) nm is attributed to p® p* transition

in benzene ring. But the second one (Il) at
(319) nm suggesting the presence of p® p*
transition charge transfer between the phenyl
ring as a donor group and (C = N) as an
acceptor group. While the lowest energy band
@1y at (402) nm is attributed to p® p*
transition in chelating ring [17]. In the HAO
ligand, the band (I) appearing in the (273) nm
is attributed to benzene p® p* transition. Band
(I1) at lower energy (308) nm is assigned to the
azomethin (C = N) chromophore p® p*
transition.

In the complexes the azomethine p® p*
transition is shifted to high wave number
indicating that the imino nitrogen is involved
in coordination to the metal ion [7].
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Fig.(3) Electronic absorption spectra of HAO Fig.(4) Electronic absorption spectra of
ligand in DMF. Cu(HAO), complex in DMF.

I nfrared spectra:
The IR spectra of the ligand and their metal complexes are summarized in Table (3).

Table(3)
The IR spectra data of ligands and their complexes.

O—H str.
Compound | Oximeor N- H C=N str. C—Cgte:q. = O—H ben. C=H ben.
str. imine ’
1334
HANH 3400-3200 1612 1523 1288 748
1473 630
1249
1589 1200 779
HAO 3100-3000 1635 1504 1957 748
1435 651
1334
Co(HANH), 3217 1597 1233;) 1265 ggg
1215
1535 1338 748
Ni(HANH), 3221 1604 1470 1276 675
1438 1219 628
1527 1369 756
Cu(HANH), 3200 1581 1455 1333 725
1435 1230 702
1523 1330 770
Co(HAO), 2970 1604 1504 1264 744
1478 1253 717
1554 1373 790
Ni(HAO) 3024 1597 1485 1327 748
1442 1249 705
1550 1369 779
Cu(HAO), 3155 1597 1479 1330 744
1438 1238 690




Avery broad interaction band at (3400-
3200) cm* in ligand HANH is assigned to the
phenolic (O-H) and (N-H) stretching
vibration,  respectively  which  strongly
hydrogen bonded. The disappearance of
phenolic (OH) band in the gpectra of
complexes due to the coordination of phenolic
oxygen atom to metal [1, 15]. While the
(N- H) band shifted to higher frequencies in
metal complexes, indicating coordination of
the metal ions imino nitrogen [5, 7].

In the absence of any electron
withdrawing group, the v C=0 frequencies of
free  2-hydroxyacetophenone have been
reported at 1650 cm™* [18]. The ligand NANH
band a (1612) cm® is assigned to
combination of v (C=N) vibration. In the
complexes the band shift to lower frequency
by (831) cm?, indicating involvement of
nitrogen of the azomethine group [5, 7, 14].
The spectra of this ligand show another
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absorptions at the range (3043-2360) cm™* due
to aromatic and aliphatic (C- H) stretching
[19].

A broad band in the IR spectra of free
ligand HAO observed in the (3400-3200) cm’*
region is assigned to phenolic (OH). This band
is absent in the spectra of metal complexes
suggesting the coordination of phenolic
oxygen atom to metal. A broad and nearly flat
band present in the region (3150- 2900) cm*
is assigned to OH group of the >C=N- OH
chromophore involved in strong hydrogen
bonding. This band is not effected in the IR
spectra of metal complexes indicating no
involvement of oxime OH in chelation [10,12].

The v C=N observed at (1635) cm! in
ligand is shifted to lower frequency in
complexes. This downward shift of C=N
streching band in complexes indicates that the
oxime group binds the metal through nitrogen
atom.

Bl s-imanzu
7 I
- Lot
ur \ "JII | | I| l 1
: ) oo
- i || -II.I.'III i
- | ! L | |
i | i Piw o 7
; i i
- : o | L
PR - | I 4 .']- i | .‘"G!
S ' . I i .'l | || |
iz | ot i | || I ||
ca | . o i
. | N
H | [ D i I
............ |-.| i | - ; | [ II.I / | | | . o
Vi I [ - ;¢! ! i %
At (R AR ETHE USRI B
;,. / e g
15— e . ! | JL BT ':5 [T |I 4 ll S
- - oo ] | H i
[ Pt b g ! i i
i [ ! l Pl . g i ; i i
! Loz Vo ge i ]
. SO : ..... R s .................................................................. l ............ -3: . o =
i B3 :
- & 4% 0 ! :
=00 | !
S R A S S —
|
]__ - 1 1 1 1 1 1 I 1 i [ I i I 1 I
g %20 1500 % 2400 230 1802 1822 0 -m oo ER am un
B-&ra IFTIA; 1szm

Fig.(5) ThelR spectraof HANH ligand.
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Fig.(6) ThelR spectraof [Co (HANH), ] complex.

Thermodynamics study:

The specific conductivities (o) of the
complexes under investigation in DMF and
DM SO were measured at 298.15 K, 303.15 K
and 308.15 K to various concentration (10 >-
10 %) molar. Themolar conductivities (A) were
calculated using therelation (1) [20]:

A=1000" 6/ C e, D

The  dissociation of complexes
dependence on the equilibrium (metal-ligand):

ML, %58 M2+ 2L

C(1- o) aC 20C

The dissociation constant (Kp) of
complexes have been evaluated using the
following equations [21]:

Ko=[M"][L']?/[ML,]
and
Kp=aC(2aC)%/C(1- a) ® Kp=4a®C%1-a ®
{Kp- 0Kp=4a3C?}+ (a) ® Kpla- Kp=4a?C?
when (a:A/Ao)
{ AoKp/A- Kp=4A2C?A¢*} (Ag*14) ®
Ao’KpldA- Ag*Kpld=A*C*®
A?C?=Ag°Kp /4N — A®Kp [ 4 . 2
A set of parameters (Ag) and (Kp) were
derived from the intercept and the slope of the
straight line on the plot of A’C* versus 1/ A.
The values of the measured limiting molar
conductance Ao and the dissociation constant
Kp of the studied complexes at different
temperature are given in Table (4).

Table (4)
Thelimiting molar conductivity Ao/ (S cm? mol™ and the dissociation constant Kp/(mol dm’3) of
the complexes at different temperatures.

Complex ® Cu(HANH), Ni(HANH), Co(HANH), Cu(HAO), Ni(HAO), Co(HAO),

T/IK Solvent Kp Ag Kp Ag Kp Ag Kp Ag Kp Ag Kp Ao
29815 DMSO | 8 6.0510° | 85 43110° | 88 37510° | 103 538 10° | 133 675 10° | 13.7 6.46 10°
' DMF | 875209 10° | 1225107 10°% | 136 6.4 10° | 139 17.210° | 148 109 10° | 164 7.75 10°
303.15 DMSO | 11 613 10° | 12 556 10° 13 584 10° 14 747 10°% | 148 815 10° | 155 851 10°
' DMF | 115364 10° | 125 205 10° | 14 122°10% | 156 19.8 10° | 16.1 14.7 10° | 181 8.66 10°
308.15 DMSO | 14 816 10° | 157 645 10° | 16,7 6.13 10° | 17.4 961 10° | 185 913 10° | 215 952 10°
' DMF | 142458 10°% | 17 234 10°% | 175 134 10°% | 18 11.1710°% | 19.7 169 10° | 21.6 9.81 10°




The data show that the dissociation
constant Kp of al complexes in the DMF
solvent is greater than that of the DMSO
solvent. This may suggest that the solvation
process of the complexes increased in DMF
solvent than in DMSO solvent. Furthermore,
the results demonstrate that the dissociation
constant of complexes increased with raising
the temperatures, as a result of increases in
dissociation process.

The complexes of oxime [M(HAO);] have
been the higher limiting molar conductance Ao
in comparison with the complexes of Schiff
base [M(HANH),], that attributed to present
the O-H group involved in strong hydrogen
bonding in the first one. Fig.(7 and 8).
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Fig.(8) The A’C? vs. 1/A of M(HANH);
in DMSO at 308.15K.

The Gibbs energies of dissociation were
calculated using the following equation [22]:

AG=-RTINKD oovoeereeeeeeeerseeeenneeennion 3

The enthapy change AH of the
dissociation process was calculated from the
plot of the In Kp versus /T [23]. Using the
values of AH and AG, the value of entropy
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change (AS) can be found from the relation
[20]:

AG= AH =T AS..oreeeeeeeeeeseenries (4)

Since the conductance of an ion depends
mainly on it is mobility, it is quite reasonable
to treat the rate process taking place with
change of temperature on the basis of the
Arrhenius equation [21, 24]:

A=A TR e (5)

where A is the frequency factor, R is the
gas constant and Ea is the activation energy of
the transfer process. Consequently, from the
plot of In Ap versus /T, the Ea values can be
evaluated.

The effect of temperature can be noted
from the decreasing in the values of
dissociation free energies (decreases the
stability of ions species complexes) as the
temperature is raised for most complexes
except in DM SO solvent (for Ni(HAO),) and
in DMF solvent (for Cu(HAO), and
Co(HAO),). This means that the dissociation
process has an endothermic behavior for all
complexes in the used solvents. This may be
due to the stronger solvent-solvent interaction
and wesker ion-solvent interaction for all used
complexes[23]. Fig. (9).

¥ i
13.5 T
Fig.(9) Theenthalpy of M(HANH)z in
DMF.
The entropy increasing after the

dissociation, but some complexes that studies
have been negative values. Suggesting
these complexes molecules takes different
geometries isomers [7, 13]. After dissociation
this possibilities are decrease for ions species
in solution.

In studying the effect of the solvent on the
activation energy of the transport process, it
was found that all the values of the activation
energy which obtained in DMF solvent is less



Journal of Al-Nahrain University

Vol.14 (1), March, 2011, pp.30-39

than its in DM SO solvent, suggesting a higher
solvation and dissociation process in DMF
solvent comparison with this in DMSO
solvent (Tabs (4, 6)). It is clear that as the

ion-solvent interaction increases, the complex

Lrli)

molecules require lower activation energy for
the trangport process [25]. Since a reaction (or
step) which requires higher Ea, is slow at
ordinary temperatures, the higher Ea values
indicate lower mobilities of the ions in the
solutions and hence lower Ao values. Fig.(10).
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Fig.(10) The activation energy of
M(HANH), in DMSO.

Table (5)
Thermodynamic data of the complexes.

Complex® Cu(HANH), Ni(HANH), Co(HANH), Cu(HAO), Ni(HAO), Co(HAO),
TIK | Solvent | DG AS DG AS | As DG | DG  4S DG 1S DG 1S
298.15 | DMSO | 29784 -24.03 | 30624.75 0.627 | 30969.75 1.06 | 30075 47.65 | 29512.7 -21.57 | 29621.6 0.25

DMF | 267123 1119 | 28380  107.1 | 29644.7 90.84 | 27194.1 19.09 | 28324.8 17.52 | 29170.3 - 37.67

30315 | DMSO | 302505 -25.17 | 304965 104 | 303726 243 | 29752 47.94 | 29532.6 -21.28 | 29379.7 1.05

DMF | 25760.75113.2 | 27207.8 109.2 | 285159 93.06 | 272954 18.44 | 28046 1815 | 294237 -37.9
308.15 | DMSO | 30016.6 -24.01 | 30619 0.625 | 307495 22.71 | 29597.5 47.66 | 29728.8 -21.57 | 296219 0.24
DMF | 25507.1 111.9 | 27317.6 107.1 | 287458 90.81 | 292283 11.86 | 28151.3 17.52 | 29544.8 - 37.66
AG and ASin K.Jmol™ %,
Table (6)
The enthalpy and the transport activation energy of the complexes.

Complex® | Cu(HANH), | Ni(HANH), | Co(HANH), Cu(HAO), Ni(HAO); Co(HAO),
Solvent /| | AH Ea | AH Ea | AH Ea | AH Ea | DH Ea | AH Ea
DMSO | 22619 42775 | 30811.7 47139 | 37747.248927 | 44284.549836 | 23080.524964 | 29696.8 34055
DMF 60082 37237 | 60313 24907 | 56729 18800 | 32886 21269 | 33549.516850 | 17937.4 21093

AH and Eain K.Jmol %,

References

[1] S. A. Shaker, Y. Farina and A. A.

Salleh,2009

Characterization of
complexes of 8-hydroxybenzzyllidene -1-
phenyl-2,3-dimethyl-4-amino-3-
pyrazolin-5-on with Fe(ll), Co(Il), Ni(ll)
and Cu(ll) ion", European Journal of
Scientific Research, 33, pp.702-709.

[2] W. T. Gao and Z. Zheng,

"Synthesis
Mixed Ligand

2002,

and

[3]

[4]

"Synthesis Studies on Optically Active

Schiff-base

Ligands

Derived

from

Condensation of 2-Hydroxyacetophenone
and Chird Diamines', Molecule, 7,
pp. 511-516.

SM. Rahuma, S. O. Sharifah, M.A.
Hapipah and B. W. Jefrey, 2003, " Spectral
and electrochemical studies of nicotinic
acid hydrazide Schiff base complexes of
Cobalt (I1) and Manganese (I1)", Seminar
Penyelidikan Jangka Pendek, 11, pp. 1-7.
S. Thakurta, G. Rosair, J. Tercero, and S.
Mitra, 2008, "Synthesis of Tow Linear
Trinuclear Cu(ll) Complexes:Mechanism




of Magnetic coupling through Hybrid
B3LYP Functiona and CShM Studies’,
Inorg. Chem., 47, pp. 6227-6235.

[5] J. Liu, B. Wan, B. Zhang and Y. Liu,
2005, "Synthesis and Characterazation of
Meta Complexes of Cu(ll), Ni(ll), Zn(Il)
Co(I1) Mn(I1) and Cd(Il) with Tetradentate
Schiff Bases', Turk J. Chem., 30, pp. 41-
48.

[6] S G. Srerama and S. Pal, 2005,
"Dinuclear Triple Helicates with Diazine
Ligands: X-ray  Stractura, Electro
chemical, and Magnetic Studies’, Inorg.
Chem.,, 44, pp. 6299-6307.

[7] O. E. Offiong, E. Nfor,A. A. Ayi and S.
Martelli, 2000, "Synthesis, Spectral and
Cytotoxicity studies of Palladium (I1) and
Platinum(ll) amino acid Schiff base
complexes’, Transtion Metal Chemistry,
25, pp.369-373.

[8] A. P. Mishra, R. K. Mishra and S. P.
Shrvastava, 2009, "Stracturd and
antimicrobial studies of coordination
compounds of Vo(ll), Co(ll) Ni(ll) and
Cu(l1) with some Schiff bases involving 2-
amino-4-chlorophenol”, J. Serb. Chem.
Soc., 74, pp. 523-535.

[99 A. P. Mishra and M. Soni, 2008,
"Synthesis, Structural and Biological
Studies of Some Schiff bases and Their
Metal Complexes®, Metal-Based Drugs, 1,
pp. 1-7.

[10] O. P. Pandey, S. K. Sengnpta and R.
Chandra, 2006, "Efficacy of
Organophosphorus Derivatives Containing
Oximes Aganst Fungal Pathogens of
sugarcane", Electron. J. Environ. Agric.
Food Chem,, 5, pp. 1515-1521.

[11] E. Alacid and C. Naera, 2008, "The
Mizoroki-Heak reaction inorganic and
agueous solvents promoted by a polymer-
supported Kaiser oxime-derived
palladacycle”, ARKIVOC, 8, pp. 50-67.

[12] M. S. Babu, P.G. Krishna, K. H. Reddy
and G. H. Philip, 2008, "Characterization
and nuclease activity of mixed ligand
Ni(ll) complexes', Indian Journal
Chemistry, 47, pp. 1661 -1665.

[13] S. Chandra, P. Pipil and S. D. Sharma,
2001, "Synthesis, EPR, and Electronic
Spectral Studies on Cr (111) and Mn(ll)
Complexes of Some Oximes', Synthesis

Juman Ahmed Naser

and Reactivy in Inorganic, 31, pp. 779-
794.

[14] F. M. Morad,M. M. EL.gaily, S. B.
Gwelrif, 2007, "Preparation, Physical
Characterization and Antibacterial
Activity of Ni(ll) Schiff Base Complex”,
Journal of scince and Its Applications, 1,
pp. 72-78.

[15] D. M. Boghael and M. Lashanizadegan,
2000, "Template Synthesis,
Charactarization of Highly Unsymmetrical
Tetradentate Schiff Base Complexes of
Ni(I) And Cu(ll)", J. Sci. R Iran, 11,
pp. 1-4.

[16] B. S. Furniss, A. J. Hannaford, P. w. G.
Smith and A. R. Tatchell, Vogelis text
book of Practical Organic Chemistry,
1989, Fifth edition, pp. 1049, former and
current members of the school of
chemistry thames polytechnic, London.

[17] M. A. M-Ali, 1999, "Preparation of metal
complexes of some Schiff bases and study
of spectroscopic and thermodynamic
properties of their adducts with some
electron donors’, thesis M.Sc., Basrah
university, pp. 32.

[18] R. N. Prased, M. Agrawa and M.
Sharma, 2002, "Mixed ligand complexes
of akaine earth metal: Mg(ll), Ca(ll),
Sr(Il) and Ba(ll) complexes with 5
chlorosalicyldehyde and sdlicyldehyde or
hydroxyaromeétic ketones", J. Serb. Chem.
Soc., 67, pp. 229-234.

[19] B. T. Thaker, K. R. Surati, P. Patel and S.
D. Parmar, 2006, "Synthesis and
spectroscopic  studies of mononouclear
mixed ligand schiff base complexes of
Cu(ll) involving conjugated hetrocyclic
nitrogen base an N-PhOHA or N-
PhDHA", Journal of thelranian Chemical
Society, 3, pp. 371-377.

[20] F. Daniels and R. A. ALberty, Physical
Chemistry, 1974, fourth edition, pp. 367,
John Wiley and Sons, New Y ork London.

[21] J. Robbins, "lons In Solution-An
Introduction to Electrochemistry”, First
edition, 1983, pp.58-66, translated Basrah
University.

[22] R. A. Robinson, R. H. Wood and P. J.
Relilly, 1971, "Calculation of excess Gibbs
energies and activity coefficients from
isopiestic measurements on mixtures of



Journal of Al-Nahrain University Vol.14 (1), March, 2011, pp.30-39 Science

lithium and sodium sdts, J. Chem.
Thermodynamics, 3, pp. 461.

[23] A. Mukhopadhyay, M. Pal, 2002,
"lon association and solvent
interaction conductance of 1-ethyl-4-cyano
pyridinium iodide in agueous-binary
mixtures containing acetone and 1/4-
dioxane at different temperatures”, I ndian
J. Chem,, 41A, pp.1126-1130.

[24] M.S. Refat, F. |. El-Dossouki and S. M.
Teleb, 2005, "The association
thermodynamics of charge-transfer metal
acetylacetonate-iodine complexes”,
Bulletin of the Chemistsand Technologists
of Macedonia, 24, pp. 53-58.

[25] U. N. Dash and N. N. Pasupalak, 1997,
"lon association and salvation of
octahedral  Co(lll)  complexes in
water+DMSO  mixtures at  different
temperatures’, Indian J. Chem., 36A,
pp. 88-93.

dladal)

e ae Uil S5 Hu-2 Al G
S5 Calinacls jumatl Gud JauSs el 5 L saY)
Clliaa ppaadl Gl kil a8 Jl e
canis (1) oeadls (1) J& 5 (1) el
i LS UV 5 IR ddlhay clsiaall 5 <l xS
sabaiyls CHN Gl (g yeainl Jdaill s
CAVE SO - IO SCN PO JCY T PP
5 IM(HANH)] cdsiadd sa0nll 4y Y sall dlua il
sy zie DMSO 5 DMF w\ 4 [M(HAO)]
Jsly sl el clea & LAdkRe dya
Ea Luisl 4y (AS, AH,AG) il &€ ulips sa i
dia) arand Baa gl pl) i g S JEY) Gl
DMSO = ,—SI DMF ) 3 clSial) culs o8
(tinal waeal s jall dale @S il

10



