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19In this work, the thermodynamic properties of (CoCl2 + C2H5OH+ H2O) system were investigated by potenti-
20ometric method and based on Pitzer ion interaction model. For this purpose, primarily the mean activity coeffi-
21cients of CoCl2 in pure water and ethanol–water mixture solvent were determined using a galvanic cell without
22liquid junction potential of type: Co2+-ISE|CoCl2 (m), C2H5OH (wt.%), H2O (100-wt.%) |Ag·AgCl. The measure-
23ments were performed at T = 298.15 K and at total ionic strengths from 0.001 to 6.000 mol·kg−1 in various
24ethanol–water mixed solvent systems containing 0, 10, 20, 30, 40 and 50% mass fractions of ethanol. The mean
25activity coefficientsmeasuredwere correlatedwith Pitzer ion interactionmodel and the Pitzer adjustable param-
26eters were determined. Then these parameters were used to calculate the thermodynamics properties for under
27investigated Q3system. The results showed that the Pitzer ion interactionmodel can satisfactory describe the inves-
28tigated system. The modified three-characteristic-parameter correlation (TCPC) model was applied to correlate
29the experimental activity coefficient data for under investigation electrolyte system, too. The results showed
30that the modified TCPC model also was suitable in the case of the mixed solvent system.

31 © 2014 Published by Elsevier B.V.
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36 1. Introduction

37 The properties of electrolyte in mixed water–organic solvents are of
38 particular interest in many industrial and environmental applications,
39 particularly, for separation processes. Recently, there has been an in-
40 creasing amount of work concerning the measurement of thermody-
41 namic properties of electrolytes in mixtures of solvents [1–4]. To
42 measure the thermodynamic properties of electrolytes in mixed
43 solvent, the most common methods are the isopiestic vapor pressure
44 [5,6] and potentiometric techniques [7,8]. Compared to the isopiestic
45 method, thepotentiometricmethod presents advantages, such as rapid-
46 ity and relative simplicity to generate experimental electromotive force
47 (emf) data. In this work, the results relating to the thermodynamic
48 properties for CoCl2 in (ethanol + water) mixtures using the potentio-
49 metric method are reported at T = 298.15 K. Thermodynamic proper-
50 ties of the mixed solvent solutions are useful in the prediction of the
51 behavior of salt electrolyte in biological systems, development of the
52 electrolyte solution models, estimation of the interactions occurring in
53 these solutions and so on. However there is a growing interest in the
54 study of mixed solvent solutions but have rarely beenQ4 studies about
55 cobalt chloride and according to our survey, there is not any report

56regarding the thermodynamic properties of CoCl2 + ethanol + H2O
57system.
58The main goal of this work was to provide precise thermodynam-
59ic data about the ternary system (CoCl2 + ethanol (wt.%) + H2O
60(100-wt.%)), which may allow modeling as its behavior. This paper
61is a continuation of the research on ternary aqueous electrolyte solu-
62tionswith electrolytes having cobalt chloride [9,10]. The potentiometric
63measurements reported in this work were carried out with a galvanic
64cell containing a solvent polymeric membrane Co2+-ion selective elec-
65trode (Co2+-ISE) and Ag–AgCl electrode in which both of them were
66prepared in our laboratory and showed a reasonably good Nernst
67response. We have reported in our previous papers the ability of the
68solvent polymericmembrane electrode for the determination of the ac-
69tivity coefficient for binary and ternary electrolyte solutions [8,11,12].
70The stock solution of electrolyte was prepared by adding weighted
71amounts of CoCl2 into the proportion volume of the ethanol–water as
72a mixed solvent. It can be noted that all of the ethanol–water mixed
73solvents were separately prepared by direct weighting.
74In this work, the resulting values of the mean activity coefficients of
75CoCl2 in mixed solvent solution were determined using potentiometric
76model. The determination of the activity coefficient for CoCl2 in various
77ethanol–water mixed solvent systems containing 0, 10, 20, 30, 40 and
7850% mass fractions of ethanol over ionic strength ranging from 0.0001
79to 6.0000 mol·kg−1 was performed. The modeling of this ternary
80system was made based on the Pitzer ion-interaction model and the
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81 modified three-characteristic-parameter correlation (TCPC) model.
82 Then, the Pitzer ion-interaction parameters (β0, β1 and C∅) and TCPC
83 parameters (b, S) for the series under the investigated system were
84 estimated by fitting experimental results with the models. Finally the
85 excess Gibbs free energy and osmotic coefficient of water were calculat-
86 ed using the Pitzer ion-interaction parameters.

87 2. Experimental

88 2.1. Apparatus and reagents

89 All of the potentiometric measurements were made using a digital
90 multimeter (Eutech 2100) with a resolution of 0.1 mV. The solutions
91 were continuously stirred using a magnetic stirrer (Delta Model HM-
92 101) at a slow constant rate to avoid concentration gradients in the
93 test solutions. A Model GFL circulation water bath was used to control
94 the temperature of the test solution at 298.15 K± 0.1. The conductivity
95 measurements were carried out with a Metrohm 660 conductivity
96 meter. An analytical balance (Sartorius GMBH 2842) with an accuracy
97 of 0.1 mg was used throughout all experiments.
98 Dibuthyl phthalate (DBP), potassium tetrakis (p-chlorophenyl)
99 borate (KTPClPB), high molecular weight poly(vinyl chloride) (PVC),
100 tetrahydrofuran (THF), cobalt chloride hexahydrate (CoCl2·6H2O),
101 ethanol and all other reagents used were purchased from Merck
102 and Fluka and all of them were of analytical reagent grade. All aque-
103 ous solutions were prepared by using doubly distilled water whose
104 specific conductance was less than 2.0 × 10−4 S·m−1. The stock so-
105 lution of cobalt chloride was prepared using CoCl2·6H2O in mixed
106 solvent.

107 2.2. Preparation of the PVC membrane electrode and the Ag–AgCl electrode

108 The 1,4-bis(2-(5-methyl-4-phenylthiazol-2-yl)hydrazinyl) ben-
109 zene (BMPHB) was used as the ionophore and it acted as neutral
110 ion carrier in plasticized polymeric membranes for the fabrication
111 of the Co2+-selective. The general procedure used to prepare the
112 PVC membrane was mixing thoroughly optimized amounts of
113 32 mg of powdered PVC, 60 mg plasticizer DBP and 5 mg additive
114 KTPClPB in 1 ml of dry freshly distilled THF. To this solution for fabri-
115 cation of the Co2+-selective 3 mg of BMPHB as an ionophore was
116 added and mixed very well. The resulting clear mixture was trans-
117 ferred into a glass dish of 2 cm diameter. The solvent was evaporated
118 at the room temperature. After 2 h the polymer membrane could be
119 easily removed from the plate. Then the transparent PVC membrane
120 was taken up from the plate and attached to the end of a glass tube
121 with a diameter of 1 cmand height of 5 cmbymeans of PVC-THF viscose
122 solution. The Co2+-selective electrodes were each time backfilled with
123 a CoCl2 internal filling solution of 0.01 mol·dm−3. The electrodes
124 were conditioned in 0.01 mol·dm−3 solution of CoCl2 for 48 h, respec-
125 tively. The Co2+-selective electrode was calibrated versus a saturated
126 calomel reference electrode in the 1–10−4 mol·dm−3 concentration
127 range of a solution of pure CoCl2 before using each series of measure-
128 ments. The Co2+-ISEwas then conditioned overnight in the appropriate
129 mixed solvent solution before each series of measurements.
130 For fabrication of the Ag–AgCl electrode an Agwire was electrolyzed
131 in 0.1 mol·dm−3 HCl solution, as described in literature [13]. The Ag–
132 AgCl electrode prepared was used as both internal reference and chlo-
133 ride selective electrode. The Ag–AgCl electrode was calibrated versus a
134 saturated calomel reference electrode in the 1–10−4 mol·dm−3 con-
135 centration range of a solution of pure CoCl2 before using each series of
136 measurements. The Ag–AgCl electrode was conditioned overnight
137 in the appropriate mixed electrolyte system before each series of
138 measurements, too.

1392.3. Potentiometric measurements

140The cell arrangement for studying the (CoCl2 + ethanol + water)
141system was described as follows:

Co–ISE CoCl2 mð Þ; C2H5OH w%ð Þ; H2O 100‐wð Þ%j jAg‐AgCl ðAÞ

143143wherewwas themass fraction of ethanol in themixed solvent. The emf
measurements of the galvanic cell Eq. (A) weremade by using standard

144addition procedure. For this purpose, the concentrated electrolyte
145solutions were added into the cell containing a specified volume of
146the ethanol–water as a mixed solvent. The standard addition steps
147were carried out using proper burette and suitable Hamilton syringes
148(CH-7402 Bonaduz). In each series and for each standard addition
149step, data collectionwas performedduring 20min by using amultimeter.
150As usual, all measurements were performed under stirring conditions
151and the temperature was kept constant at 298.15 K (±0.1 K), employing
152a double-wall container enabling the circulation of thermostat water
153from a Model GFL circulation.

1543. Thermodynamics models

1553.1. Pitzer model

156According to the Pitzer ion interaction model, the meanmolal activ-
157ity coefficient (γ±) for CoCl2 in the mixed solvent is inscribed as [14]:
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Fig. 1. The plot of the values of natural logarithmmean activity coefficients of CoCl2 versus
total ionic strength at different mass fractions of ethanol at 298.15 K.

t1:1Table 1
t1:2ValuesDebye–Huckel parameters for the osmotic coefficient (A∅) the solvent relative per-
t1:3mittivity (εr) and density (ρ) in different mass fraction (w) of EtOH–water mixed solvent
t1:4systems at 298.15 K.

t1:5Ethanol (wt.%) A∅ (kg1/2·mol−1/2) εr ρ (kg·m−3)

t1:60 0.3915 78.38 997.2
t1:710 0.4337 72.80 980.4
t1:820 0.4877 67.00 966.4
t1:930 0.5564 61.02 950.5
t1:1040 0.6437 55.00 931.5
t1:1150 0.7543 49.10 910.0

2 M.A. Bagherinia, M. Pournaghdi / Journal of Molecular Liquids xxx (2014) xxx–xxx

Please cite this article as: M.A. Bagherinia, M. Pournaghdi, Determination and modeling of activity coefficients of cobalt chloride in the
(water + ethanol) mixed solvent system by potentiometr..., J. Mol. Liq. (2014), http://dx.doi.org/10.1016/j.molliq.2014.09.009

http://dx.doi.org/10.1016/j.molliq.2014.09.009


Download	English	Version:

https://daneshyari.com/en/article/5411363

Download	Persian	Version:

https://daneshyari.com/article/5411363

Daneshyari.com

https://daneshyari.com/en/article/5411363
https://daneshyari.com/article/5411363
https://daneshyari.com/

