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values of AG show the ability of the studied
ligand to form stable complexes and the process
tend to  proceed  spontaneously.  The
thermodynamic data given show that the enthalpy
value for the Mn®* complex is negative, indicating
that the corresponding formation process is
exothermic. Nevertheless, the experimental values
of AH and AS for Mn?* complex show that the
formation process is enthalpy stabilized but
entropy destabilized. However, the obtained
positive values of AH for formation of Co*? and
Ni*? complexes mean that enthalpy is not the
driving force for the formation of the complexes.
Furthermore, the positive values of AS indicate
that entropy is responsible for the complexing
process.

Conclusion

This research focused on the study of
thermodynamic complexation reactions between
the schiff base ligand with manganese(ll),
cobalt(ll) and nickel(Il) metal cations. The
stability of the complex formation between ligand
and metal cations was investigated by applying
the  conductometric method at different
temperatures. Based on the results, the formation
constants and Gibbs free energies of different
complexes follow the order
Co?*>Ni**>Mn**which agree with the trend
previously reported (Burghate et al., 2015).
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no tendency to level off at any ratio which
indicates the formation of weaker complexes.
However, the theoretical and calculated molar
conductances were fitted only by ML program,
which emphasizing the formation of 1:1 [M*%L]
complex for the schiff base ligand with Mn(ll),
Co(Il) and Ni(ll) cations (Ahmadzadeh et al.,
2015; Nasrabadi, et. al., 2009). The main target of
the conductometric study was to obtain
complexes stability constant (log K;) between
ligands and metal ions. Formation constants of the
(Ligand-M"*?) complexes at various temperatures,
obtained by computer fitting of the molar
conductance—mole ratio data, are listed in Tablel
As it is obvious from Table 1, the stability
constant values for [Co*%: L] and [Ni*% L]
complexes increase with increasing temperature,
i.e. the complexation is an endothermic process.

These results indicated that stronger complexes
were formed at higher temperatures. On the hand,
the stability constant values for [Mn*% L]
complex decrease with increasing temperature, it
shows that the complexation is an exothermic
process.

In order to have a better understanding of
thermodynamics of the complexation reactions
between the above metal ions and Schiff base
ligand, it is helpful to determine the contribution
of enthalpy AH and entropy AS of the reactions.
The AH and AS values in acetonitrile solution
were determined from the temperature
dependence of the formation constants by
applying a linear least squares analysis according
to the Van't Hoff equation.

2.303 log K = -AH’/RT + AS°/R

Table 1: Formation constants (log K), enthalpies (AH), etntropies (AS) and Gibbs energies

(AG) for Schiff base-M*? complex in acetonitrile .

System Temperature  Log K+SD*  AH+SD? AS+SD? AG+SD?
(K) (KJ.mol}) (.moltK?Y  (KJ.mol?)
Schiff base —Ni*? 293 2.209+0.020 18.31+0.92  105+5.25 -12.98+0.65
complex 298 2.232+0.023
303 2.301+0.017
308 2.363+0.009
Schiff base —-Mn*2 293 2.288+0.019 -17.67+0.88 -16.81+0.84 -12.66+0.63
complex 298 2.201+0.018
303 2.153+0.016
308 2.134+0.009
Schiff base —Co™* 293 2.301+0.060 142.81+7.14 530.4+26.52 -15.25+0.76
complex 298 2.596+0.033
303 3.059+0.028
308 3.526+0.012
4SD = standard deviation .
35
3 ——schiff base-Co complex
h
an
9 35 —&— schiff base-Mn complex
2 —a— schiff base -Ni complex
15
0.00323 0.00328 0.00333 0.00338 0.00343
1/T (K?)

Fig.3. Vant Hoff plots for (Schiff base — M*?) complexes in AN

The enthalpies and entropies of complexation
were determined in the usual manner from the
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slopes and intercepts of the plots, respectively and
the results were shown in Table 1. The negative
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Acetonitrile (AN) was purchased from fisher
scientific as analytical reagent grade materials and
was used without further purification. The Schiff
base ligand was prepared following the published
procedure (Upadhyay et. al., 2008).

The conductance measurements were performed
with a Jenway 4510 conductivity meter using a
cell made of quartz and the cell constant equal to
1.133 cm™. The cell constant was obtained from
calibration and checked by an aqueous potassium
chloride solution. The temperature was performed
on a Hospitec (model DK) with a constant
temperature maintained within +0.05°C. The
experimental procedure to obtain the formation
constant of complexes of the Schiff base with
Mn%, Co?*and Ni?* by conductometric procedure
was as follows: a solution of metal chloride
(1x10* M, 15 mL) was placed in a titration cell,
thermostated at a given temperature, and the
conductance of the solution was measured. The
ligand (3x10°° M) was transferred step by step to
the titration cell wusing a pre-calibrated
micropipette and the conductance of the solution
was measured after each transfer. The
conductance of the solution was measured after
each addition. The data were used to calculate the
complex stability constant (K;), which was
obtained from the variation of molar conductance
via the “SIMPLEX” computer program (Caceci
and Cacheris, 1984).

Results and Discussion

The stability of a transition metal complex with a
chelate ligand depends on a many factors
including: number and type of the donor atoms
present, the number and size of the chelate rings
formed on complexation. Additionally, the
stability and selectivity of complexation strongly
depend on the donor ability and dielectric
constant of the solvent and shape and size of the
solvent molecules (Strasser and Popov, 1985).
The binding of the metal ions, M*, used with the
Schiff base used L, can be expressed by the
following equilibrium:

M+2 +L= ML2+

Where M?** is the free solvated metal (I1) ion, L is
the free Schiff base ligand and ML?*" is the
complex formed. The complex formation constant
in terms of molar conductivity can be stated as:
K= [ML™YIM™[L]= (A" Aobs) (Aops-Arm)[L]
and [L] = C.- Cu(Am- Aovs) ( Am= AmL)

Where, A4y, is the molar conductance of the metal
chloride before addition of the ligand, Aqs the
molar conductance of solution during the titration,
Awe the molar conductance of the complex, C.
and Cy are the analytical concentrations of the
ligand added and the metal chloride, respectively.
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The molar conductances data obtained from
titration were fitted, using a nonlinear least-square
curve-fitting program. The molar conductivity of
each metal cation (M?*) in acetonitrile in the
presence of the Schiff base ligand was obtained as
a function of [L] / [M{], where [L] and [M{] are
the total concentrations of ligand and cation,
respectively. The resulting of three plots of the
molar conductivities versus [LJ / [M{ molar
ratios at different temperatures is shown in Fig. 2.

53 (a)

#293.15K
T W298.15K
A303.15K

#308.15K

A/ S.Cmi.mol?
5 & & &

=1
=
n

1 15 2 25

(L)

-
6 #793.15K
NE " 208.15K
5 qu
5} 4303.15K
G 74
: b X 3WI5K
L)
54
44
0 1 15 25
[L/my)
L]

19 (c s *293.15K
- n208.15K
0
g A A3BISK
¥ <308.15K
g 6
"

S
< 64

01 04 19 24

09 14
(LM

Fig.2. Molar Conductance vs. [LJ/[M(*] curves
for (a) Mn*?, (b) Co*?, and (c) Ni*?in AN

As can be seen from Fig.2 a, b and c, the 4 versus
[L¢ / [M{] plots are not sharp and show a gradual
increase in A parallel with the increase of the
ligand concentration, this corresponds to forming
(Ligand-M*?) complex which is more mobile
than free solvated M*?cation. In addition, there is
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Abstract: The association constant, formation constants and Gibbs free energies are calculated from the
conductometric titration curves of Mn(Il), Co(ll) and Ni(ll) with2-[(4-nitro-phenylimino)-methyl]-phenol
ligand in acetonitrile, using a conductometric method at temperatures of (293.15, 298.15, 303.15and 308.15)
K. The formation constants of the resulting complexes were determined from computer fitting conductance-
mole ratio data. The results revealed that the formation constants of L with metal ions are varying in order of
Co*?> Ni*?> Mn*2 The values of the thermodynamic parameters (AH, AS and AG) for the formation of the
schiff base metal complexes were obtained from the temperature dependence of the stability constant via
van't Hoff plots. The results show that, in the case of Co**and Ni*?, the complexes are enthalpy destabilized
but entropy stabilized, whereas in the case of Mn*?, the complex was found to be enthalpy stabilized but
entropy destabilized. AG of the studied complexes were evaluated at 25C" using thermodynamic relations, the
negative values of AG means that the complexation process is spontaneously.

Keywords: Schiff base, Mn?*, Co?*, Ni**,Conductometry, Stability constants, Thermodynamic parameters

Introduction

Schiff bases are the compounds having
azomethine linkage (-C=N).Schiff bases have
received considerable attention ever since its
discovery in 1869 by Schiff, who obtained schiff
bases by the condensation reaction of primary
amines with carbonyl compounds (Qin et al.,
2013). And this continues to be a very active field
of research because of their great importance
stability, chelating properties and biological
applications (Shawish, et. al., 2014; Kumar et al.,
2009;Mandal et al., 2011). Through the years,
schiff bases have played a special role as
chelating ligands in main group and transition
metal coordination chemistry, due to their
stability under a variety of oxidative and
reductive conditions, and to the fact that
azomethine ligands are borderline between hard
and soft Lewis bases (Garnovskii, et. al., 1993;
Ziessel, 2001). Schiff base-transition metal
complexes are one of the most adaptable and
thoroughly studied systems because of the wide
variety of possible structures for the ligands,
depending on the aldehyde/ ketone and amine
used (Dixit & Srinivasan, 1988). Moreover, these
complexes have also applications in clinical,
agriculture, industries and analytical fields (Abu-
Dief & Mohamed, 2015; Palet, et. al., 1999).

The conductometric measurements have been
generally applied for complexes reactions studies
between the ligands and a variety of species of
ions in different solvents due to the inexpensive
cost, instrumental easy used, accurate and
sensitive  measurements and a  simple
experimental arrangement (Rezayiet, et.al., 2013;

Ahmadzadeh et al., 2011; Rezayi et al., 2011;
Suhud, et .al., 2015). Besides the conductometry
method, other physicochemical techniques like
potentiometry(Tian,et.al.,2010), NMRspectrometr
y(Ribeiro,et.al.,2005), spectrophotometry
(Mostafa, et. al., 2002) and polarography
(Rounaghi et al., 2013) have been reported for the
investigation of complexation process. However,
conductometric  measurements  studies  of
complexation reactions of Schiff base ligands
result in important information on the
thermodynamics of complexation reaction and
lead to a better understanding of the high
selectivity of this ligand towards different metal
cations.

The present study deals with the conductometric
determination of the stability constants and
related thermodynamic parameters of 2-[(4-Nitro-
phenylimino)-methyl]-phenol(Fig. 1) complexes
with Mn(Il), Co(ll) and Ni(ll) metal ions in
acetonitrile.

Fig.1. Chemical structure of the Schiff base
ligand (L)

Materials and Methods

Cobalt (I1) chloride hexahydrate, nickel (II)
chloride hexahydrate, manganese (I1) chloride,
were obtained from Merck and used as received.
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the three cities before and after Libyan incidences is
statistically not significant.
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showed that the mean seroprevalence of HCV
among blood donors in the area of the study is
0.35%. This might, to some extent, reflect the
overall prevalence of this infectious disease in
Libya, since the area of the study comprises nearly
more than half of Libyan population. However, the
nearly absence of female donors may affect the
reliability of this assumption. The prevalence of
HCV estimated, in this study, among blood donors
does not correlate with previous studies carried out
on general population in Libya, which showed
prevalence of 1.3% and 1.2%, respectively (Elzouki
et. al., 2013; Daw and El-Bouzedi, 2014). The lower
prevalence of HCV among blood donors in the area
of this study compared to the prevalence reported
previously in the general population might be due to
the pre-selection of voluntary donors. This is
consistent with previous studies in Europe which
showed higher prevalence of HCV in general
population than among blood donors (ECDC,
2010). The prevalence of HCV was classified as
low (< 2.5%), intermediate (2.5%-10%) or high
(>10%) rate (Daw et al., 2016). The results of the
current study showed that the area of the study
could be classified as low prevalent of HCV.
However, this may not applied, because the
classification has been conducted among general
population. The low prevalence might be considered
as a reflection to people awareness, health
education, religion which prohibit sex beyond
marriage, social cohesion and literacy in the
country.Lower prevalences of HCV among blood
donors, compared to the site of this research, were
reported in many developed countries such as
United Kingdom, France, Switzerland, Germany
and Spain with prevalence of 0.04%, 0.06%, 0.08%,
0.1% and 0.2%, respectively, while  higher
prevalences were reported in Greece (0.6%),
Bulgaria (0.9%) and Romania (3.3%) (ECDC,
2010). Higher prevalences among blood donors
were also reported in neighboring Arabic countries:
Tunisia (1.71%), Egypt (16.8%) and Sudan (0.65%)
(Krichen, et, al., 2001; Awadalla, et, al., 2011;
Abou et. al., 2009). However, the Algeria, which is
also a border country to Libya, was reported (Ayed
et al., 1995) to have a prevalence of 0.18% which is
lower than the prevalence in these Libyan cities.
The highest prevalence of HCV in the current study
was found in Misurata while the lowest in Zleetin.
The difference in the prevalence was found
statistically significant (P<0.05). The least overall
prevalence in Zleetin can be attributed to the
relatively smaller size and low population of the
city which led to restricting illegal sexual activities

beyond marriage and minimizing drug trafficking,
in addition to confining illegal immigrants, who are
likely to be infected by HCV. However, Tripoli is a
larger city which is nearly more than four times
higher in population than Misurata but still has
lower overall prevalence.

The highest overall prevalence in Misurata might be
attributed to the larger number of urgent blood
transfusions during the Libyan war in 2011 in the
absence of medical support, since blood to blood
contact is the most efficient mode for HCV
transmission (Garcia, et,al., 2009; Fejza and Telaku,
2009).

The trend of this infectious disease in these three
cities was found increasing in the last three year-
period of the study. The difference in the prevalence
of the virus comparing two years after the Libyan
incidences with two before was found statistically
significant in Misurata and Tripoli but not in
Zleetin. The instability, and absence of law
enforcement after Libyan incidences in 2011, which
instigated sexual violence and rape, reduction of
hygiene standards and illegal immigrants who might
be infected with the virus might contributed to the
increasing trend of the disease. The prolonged
incubation period of the virus makes it undetectable
for long before seroconversion even with highly
specific and sensitive methods; therefore, its
transmission through transfusion sometimes is
unavoidable (Shemim, 2016).

Effective intervention measurements should be
implemented to stop the spread of this alarming
disease and therefore, reduction of its potential
complications such as cirrhosis and hepatocellular
carcinoma. The unavailability of wvaccine for
hepatitis C makes control and prevention strategies
of great importance. Moreover, further work using
sensitive tests such as nucleic acid amplification, for
earlier detection of the virus (Abed Al-Gani, 2011),
is recommended for more realistic result.

Conclusion

The prevalence of HCV infections among blood
donor in the area of the study is low which could
give an impression to a low prevalence of the
infection in Libya. Zleetin has the lowest prevalence
of the virus among the three cities while Misurata
has the highest prevalence. The difference in the
prevalence between the two cities in the period of
the study is statistically significant. The trend of the
infection with the virus is increasing in the three
cities. The difference in prevalence of the virus in
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volunteers were screened at the blood bank of
Tripoli Medical Centre (TMC), and in Misurata,
19836 at the National Cancer Institute (NCI) and
Misurata Medical Centre (MMC) while in Zleetin
13467 screened at the Central Hospital of Zleetin.

Statistical Analysis

Data were analyzed using the statistical package for
social sciences (SPSS-PC versionl17.0, computer
software) and Minitab statistics package version
16.1 (Minitb Inc., USA). The overall prevalence
rates of HCV were expressed in percentages and
reported with 95 % confidence intervals (95 % CI).
The overall prevalence among the three cities was
compared using ANOVA test. Post Hoc tests,
Tukey HSD and LSD, were performed to address
cities with significantly different prevalence. The
difference in the prevalence before and after Libyan
incidences was compared by z-test and Fisher's
exact test. Statistical significance was defined as P <
0.05.

Results

The number of blood donors with positive anti-
HCV in the whole area of the study was 255
showing a prevalence of 0.35% (95% CI: 0.21%-
0.49%). In Tripoli, the number of blood donors
found to be positive for anti-HCV was 131 from
total blood donors of 32098, giving an overall
prevalence of 0.41% (95% CIl: 0.23%-0.59%)
(Fig.1). The number of infected donors in the year
2009 was found 26 from a total of 8754 blood
donors, showing a prevalence of 0.30%. The
seroprevalence of HCV rose to 0.38% in 2010 and
reached to 0.57% in 2013 (Fig. 2). In Misurata, the
number of blood donors positive for anti-HCV
antibodies were 104, from a total number of 19837,
representing an overall prevalence of 0.52% (95%
Cl: 0.05%-0.92%). The prevalence of HCV through
was 0.28% in 2009, 0.24% in 2010, 0.64% in 2012
and reached to 0.8% in 2013 (Fig. 2).

0.6

0.4

=]
ba

Prevalence of HOW
(36)
=}

Tripoli Misurata  Zleetin

Fig.1- The overall prevalence of HCV over four
years of the study. The x-axis represents the
percentage of overall prevalence while y-axis
represents cities of the study.

In Zleetin, the overall prevalence of HCV was
0.15% (95% CI: 0.10%-0.19%) corresponding to 20
blood donors positive for anti-HCV antibodies
(Fig.1). The prevalence of HCV was fluctuating
from 0.18% in 2009 to 0.12% in 2010, 0.13% in
2012 and 0.16% in 2013 (Fig. 2). The difference in
the overall prevalence of HCV between Misurata
and Zleetin was statistically significant (P<0.05)
while between Tripoli and Misurata, and between
Tripoli and Zleetin was statistically not significant
(P>0.05). The overall prevalence of the infection
was found to be increased in Tripoli and Misurata®
while decreased in Zleetin, when comparing two
years after Libyan incidences in 2011 with two
years before. However, the change in the prevalence
was statistically significant in Misurata and Tripoli
(P<0.05) but not in Zleetin (P>0.05)
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Fig.2- Trend of the prevalence of HCV in the three
cities over four years of the study. The x-axis
represents the percentage of overall  prevalence
while y-axis represents years of the study.

Discussion

Transfusion-transmitted  infections have been
prevented in developed countries by reducing
unnecessary transfusions, using regular voluntary
blood donors, excluding donors with specific risk
factors and screening of donors for blood-borne
infection (Abed Al-Gani, 2011). However, these
interventions are not applied uniformly in
developing countries and the risk of transmitting
infection by transfusion remains high (Gurol, et al.,
2006). It was reported by World Health
Organisation (WHO) that 2.3 - 4.7 million HCV
infections each year were accounted to unsafe blood
transfusion (WHO, 2001) and 80% of world
population can have an access to only 20% of the
world’s safe blood supply (Lee and Allain, 2004).
The blood donors in Libya usually are males and
this is consistent with Sudan and India (Abou et al.,
2009; Dakshayani et al., 2014). The current study
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Abstract- Hepatitis C virus (hereafter HCV) is considered as one of the common serious transfusion-
transmitted infections. Infection of this virus might lead to more serious clinical complications. This study
was conducted to estimate and compare the prevalence and trend of HCV infection among blood donors of
three major western cities in Libya: Tripoli, Misurata and Zleetin and to explore the effect of Libyan
incidences on the trend of the infection. A retrospective study was carried out on 72146 nationwide voluntary
blood donors in four blood banks, covering the three cities over a period of four years (2009-2013), where
serologic screening assay for HCV was performed. Findings showed that the location of the study could be
classified as a low prevalent area. Moreover, Misurata has the highest prevalence among the three cities over
the period mentioned. The difference in the prevalence was statistically significant (P<0.05) only between
Misurata and Zleetin. Results also indicated an increasing trend in the overall prevalence of the virus in the
three cities after two years of Libyan incidences compared with two years before the incidences. The
difference in the prevalence before and after the incidences was statistically significant (P<0.05) in Tripoli
and Misurata and not significant Sensitive tests such as nucleic acid amplification are recommended for more
accurate results.
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Introduction

Blood-borne infections are a common serious public
health problem especially in developing countries
(Kalepoto, et. al., 1996). Hepatitis C caused by
hepatitis C virus (HCV) is one of the globally major
prevalent  transfusion transmitted infections
(Makroo, et. al., 2015). Prevalence of the infection
with HCV was increased from 2.2% to 2.8%
between 1990 and 2005 worldwide (Mohd, et. al.,
2013) and comprises more than 90% of transfusion-
transmitted hepatitis (Alter, et. al., 1997). Chronic
hepatitis is readily developed in 60-80% of adults
infected with HCV (Seeff, 2002), and 130 million
chronic infection caused by HCV was estimated
worldwide (Kerubo, 2015). The genome of HCV is
a single stranded RNA, composed of < 10,000
nucleotides (Rehermann and Nascimbeni, 2005). In
developed countries, HCV is regarded as a leading
cause of liver transplantation and in the USA, it is
the most common chronic blood borne infection.
Higher prevalence of HCV was reported in some
African and Asian countries than in industrialized
countries in North America and Northern and
Western Europe (Shepard et al., 2005). The
objectives of this study were to estimate and
compare the prevalence of HCV infection among
blood donors in three Libyan cities, Tripoli,

Misurata and Zleetin and to analyze the risk factors
which could associate with higher prevalence. In
addition, this study explores the effect of Libyan
incidences on the trend of the infection. Since the
cities where this study was conducted represent
nearly half of the population, results of the study
may also display a good indication to the overall
prevalence of HCV in Libya. Estimating the
prevalence of HCV and other transfusion
transmissible viruses, among blood donors, can
reveal the problem of unnoticeable infections in
healthy-looking people.

Material and Methods

Three Libyan western cities, Tripoli, Misurata and
Zleetin were chosen for this 4 year-period
retrospective study between January 2009 and
December 2013. The year 2011 was not included
because of inaccurate records due to the Libyan
conflict. The three cities comprise more than two
third of western cities and nearly half of the
population of Libya.. A total of 72146 voluntary
blood donors who were declared physically fit for
transfusion were screened for HCV using enzyme
linked immunosorbent assay (ELISA). The assay
was done using Anti-HCV ELISA versionl Kkit
(BioTek, USA), which based on the one-step
sandwich method. In Tripoli, 32098 blood
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