



Thermodynamics of 5-Sulphosalicylic Acid in Aqueous-KCl/CuCl2 Solutions at 303.15 K
Abstract: 
	The hydration behavior and structural fittings of 5- Sulphosalicylic Acid + aqueous-(0.025, 0.050, 0.100) mol·kg-1 KCl/CuCl2 solutions were studied by volumetric, acoustical and optical properties form measured densities and ultrasonic velocities at 303.15 K and 101 kPa. Partial molar volumes and compressibilities of 5- Sulphosalicylic Acid in aqueous-KCl/CuCl2 solutions were determined. In addition to this, the refractive indices of studied systems were measured. Significant changes in partial molar volumes and compressions of 5- Sulphosalicylic Acid were observed in presence of KCl/CuCl2. The measured and derived properties were interpreted in terms of ion-ion and ion-dipole in studied solutions. Volumetric, acoustical and optical properties indicated significant effect on hydration structure of 5- Sulphosalicylic Acid in regard with molecular interactions.
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1. Introduction
Solubility, molecular interactions and hydration behavior in solutions of biomolecules have applications in different media. The volumetric and acoustic approach is useful for disclosing molecular interactions [1]. Electrolytes have significant effect on hydration behavior of biomolecules, drugs and organic compounds.[2-5] The 5-sulphosalicylic acid (5-SSA) is sulphonated salicylic acid derivative capable of protonating water and useful as a metal scavenger. The urine protein content is determined using 5-SSA. At low concentrations of proteins, the 5-SSA test perceives albumin, globulins and Bence-Jones proteins. The electrolytes, KCl and CuCl2 are used as cosolutes in present work. KCl is used as a fertilizer, domestic water softener and in food processing. In combination with NaCl it occurs as a sylvinite [6]. CuCl2 is used as a co-catalyst in the Wacker process [7]. 
Volumetric and viscometric properties of 5-SSA in aqueous-mannose solutions at 303.15 K has been carried out [8], molecular interactions of solutions containing sulpha drugs in aqueous MgCl2 [9], and ultrasonic properties of sulphosalicylic acid chelate solutions have been studied [10]. Thermophysical properties of amino acid solutions, liquid mixtures, and solutions of organic compound have been carried [11-14]. Molecular interactions in drug solutions have been studied by number of researchers [15-18].
Study of hydration behavior and effect of electrolytes on partial molar volume and compressibility of 5-SSA in aqueous solutions is lacking. In view of this an effort has been taken to study ion-ion, ion-dipole interactions and evaluate the hydration behavior of 5-SSA using volumetric, acoustical and optical properties of aqueous-{5-SSA + KCl/CuCl2} solutions through measurement of densities and ultrasonic velocities and refractive indices.
2. MATERIALS AND METHODS
Details chemicals used in present work are given in Table 1. Solutions were prepared in HPLC grade (conductivity=0.055 S/cm or resistivity=18.2 Mcm at 25oC, pH=6.91) deionized distilled water from Millipore kit. Accurately measured solute and cosolutes were properly dissolved in water to prepare required concentrations of solutions. The uncertainty in concentration of solutions is ± 0.001 mol·kg-1. Densities were measured using single capillary pycnometer of 10 cm3 volume. Electronic balance (±0.0001g) was used for weighing. Ultrasonic velocities were measured ultrasonic interferometer (Model-F05, Mittal, 2.0000 ±0.0001 MHz) and calculated using 
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 relation. Refractive indices were measured Abbe’s refractometer (Amkette Analytics, 1.3000 to 1.7000, ±0.0002).
Table 1 Details of specifications of chemicals used in present work  
	Name of solvent/solute/cosolute
	Molecular formula
	Molar mass, g∙mol-1
	Source
	Structure
	CAS

number
	Mass fraction purity

	Water

(solvent)
	H2O
	18.015
	Millipore
	[image: image2.png]



	7732-18-5
	Deionized distilled

	5-sulphosalicylic acid dihydrate

(solute)
	C7H10O8S
	254.21
	HIMEDIA
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	5965-83-3
	>0.991

	Potassium chloride

(cosolute)
	KCl
	74.55
	HIMEDIA
	KCl
	7447-40-7
	>0.981

	Copper (II) chloride dihydrate
(cosolute)
	CuCl2.2H2O
	170.48
	HIMEDIA
	CuCl2.2H2O
	10125-13-0
	>0.991


1As declared by the supplier.

3. THEORETICAL
The molality (
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), densities (
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) and ultrasonic velocities (
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) of solvent and solutions were used for calculation of apparent molar properties. The equations (1)-(4) used for calculation of derived properties:

Apparent molar volume [19-22]:

[image: image9.wmf])

1

...(

)

(

0

2

,

2

rr

r

r

r

f

m

M

V

o

-

-

=


Isentropic compressibility [23]:
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Acoustic impedance (Z):
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Apparent molar compressibility [24] :
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Where, 
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 = molar mass of solute (254.21 g∙mol -1).

Concentration dependence of apparent molar properties is fitted to equations (5) and (6). The limiting properties were determined as an intercept and identified as partial molar properties (partial molar volume, 
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, solute-solvent interaction parameters) of 5-SSA in aqueous solutions [25].
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(solute-solute interactions) are experimental slope.
The standard transfer volume and compressibility (
[image: image20.wmf]o

t

V

f

,

2

D

and
[image: image21.wmf]0

,

2

,

f

k

S

t

D

, solute-cosolute interactions) were calculated by taking the difference of corresponding partial molar properties in aqueous solutions of cosolutes and in water using equation (7) and (8) [25].
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4. RESULTS AND DISCUSSION
It is seen from Table 2 and 3 that, densities, ultrasonic velocities, refractive indices increases and isentropic compressibility decreases with increase in concentration of 5-SSA and concentration of co-solutes which indicates association of solute molecules and increase in solute-co-solute interactions. 
Isentropic compressibility (
[image: image24.wmf]s

k

) decreases with increase in concentration of solute due to breaking of structure of water around with 5-SSA increasing the 5-SSA-water and 5-SSA-cosolute interactions [23,26]. Solution becomes less compressed due to these interactions. Further, these values are dependent on charge on cosolutes (KCl and CuCl2). Acoustic impedance (Z ×106 kg·m-2·s-1) is a measure of propagation of waves in medium. It is depending on the molecular packing of the system; therefore, it reflects the molecular interactions in solutions. The Z values of studied solutions are calculated (Table 2 and 3) using density and ultrasonic velocity data [27]. It is observed form Table 2 and 3 that the Z values increase with concentration of 5-SSA and cosolutes indicates strengthening of solute-cosolute interactions [23,28].
Apparent molar volume and isentropic compressibility (Table 2 and 4) increases with increase in concentration of 5-SSA. Partial molar volume and compressibility (
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,Table 5) of 5-SSA in aqueous-KCl/CuCl2 solutions are greater than in water and increases with increase in concentration of cosolutes which indicates release of water molecules into the bulk water from 5-5-SSA hydration spheres.
Table 2. Measured and derived properties for {5-SSA + water} solutions at 303.15 K and 101 kPa

	m/ mol∙kg-1
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	0.02
	997.60
	1.3334
	1513.05
	4.38
	1.509
	159.18
	-5.519

	0.04
	999.47
	1.3337
	1515.90
	4.35
	1.515
	159.64
	-5.473

	0.06
	1001.38
	1.3341
	1518.90
	4.33
	1.521
	160.47
	-5.391

	0.08
	1003.15
	1.3349
	1521.78
	4.31
	1.527
	161.33
	-5.320

	0.10
	1005.00
	1.3354
	1524.76
	4.28
	1.532
	161.83
	-5.245


Foot note: Standard uncertainties, u are u(T)=0.1 K, u(p)=±2.0 kPa, u(m)=0.001 mol·kg-1, u(
[image: image34.wmf]r

)=0.08 kg·m-3 and u(u)=0.59 m·s-1.
Table 3. Measured and derived properties for solutions containing {5-SSA + aqueous-KCl/CuCl2} at 303.15 K and 101 kPa
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	5-SSA + 0.025 m KCl
	5-SSA + 0.050 m KCl
	5-SSA + 0.100 m KCl

	0.02
	998.58
	1.3337
	1518.10
	4.35
	1.5159
	1000.42
	1.3340
	1524.99
	4.30
	1.5256
	1002.30
	1.3345
	1529.14
	4.27
	1.5327

	0.04
	1000.42
	1.3343
	1520.67
	4.32
	1.5213
	1002.23
	1.3347
	1527.54
	4.28
	1.5309
	1004.10
	1.3350
	1531.64
	4.25
	1.5379

	0.06
	1002.32
	1.3349
	1523.32
	4.30
	1.5269
	1004.10
	1.3354
	1530.23
	4.25
	1.5365
	1005.85
	1.3357
	1534.12
	4.22
	1.5431

	0.08
	1004.09
	1.3354
	1525.82
	4.28
	1.5321
	1005.84
	1.3359
	1532.78
	4.23
	1.5417
	1007.58
	1.3363
	1536.65
	4.20
	1.5483

	0.10
	1005.89
	1.3359
	1528.42
	4.26
	1.5374
	1007.56
	1.3364
	1535.25
	4.21
	1.5469
	1009.28
	1.3369
	1539.09
	4.18
	1.5534

	
	5-SSA + 0.025 m CuCl2
	5-SSA + 0.050 m CuCl2
	5-SSA + 0.100 m CuCl2

	0.02
	1001.00
	1.3340
	1519.02
	4.33
	1.5205
	1003.76
	1.3345
	1522.39
	4.30
	1.5281
	1005.28
	1.3349
	1525.93
	4.27
	1.5340

	0.04
	1002.80
	1.3345
	1521.80
	4.31
	1.5261
	1005.53
	1.3349
	1525.10
	4.28
	1.5335
	1007.03
	1.3354
	1528.62
	4.25
	1.5394

	0.06
	1004.66
	1.3349
	1524.75
	4.28
	1.5319
	1007.37
	1.3354
	1527.91
	4.25
	1.5392
	1008.74
	1.3360
	1531.33
	4.23
	1.5447

	0.08
	1006.40
	1.3354
	1527.54
	4.26
	1.5373
	1009.08
	1.3359
	1530.65
	4.23
	1.5445
	1010.44
	1.3364
	1534.05
	4.21
	1.5501

	0.10
	1008.20
	1.3359
	1530.55
	4.23
	1.5431
	1010.78
	1.3363
	1533.36
	4.21
	1.5499
	1012.10
	1.3373
	1536.81
	4.18
	1.5554


Foot note: Standard uncertainties, u are u(T)=0.1 K, u(p)=±2.0 kPa, u(m)=0.001 mol·kg-1, u(
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)=0.08 kg·m-3 and u(u)=0.59 m·s-1.
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Scheme 1. Presentation of overlap of hydration co-sphere of 5-SSA with KCl /CuCl2
Table 4. Apparent molar properties for solutions containing {5-SSA + aqueous-KCl/CuCl2} at 303.15 K and 101 kPa
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	5-SSA + 0.025 m KCl
	5-SSA + 0.050 m KCl
	5-SSA + 0.100 m KCl

	0.02
	160.13
	-4.538
	161.97
	-4.858
	161.47
	-5.082

	0.04
	160.83
	-4.474
	162.68
	-4.822
	161.92
	-5.010

	0.06
	161.40
	-4.368
	163.21
	-4.802
	162.22
	-4.961

	0.08
	162.01
	-4.264
	163.70
	-4.749
	162.71
	-4.9270

	0.10
	162.85
	-4.140
	164.16
	-4.742
	162.97
	-4.907

	
	5-SSA + 0.025 m CuCl2
	5-SSA + 0.050 m CuCl2
	5-SSA + 0.100 m CuCl2

	0.02
	161.51
	-4.246
	163.27
	-4.414
	162.27
	-4.594

	0.04
	162.22
	-4.184
	163.98
	-4.395
	162.73
	-4.552

	0.06
	162.76
	-4.139
	164.32
	-4.336
	163.01
	-4.493

	0.08
	163.37
	-4.071
	164.86
	-4.313
	163.50
	-4.450

	0.10
	163.83
	-3.973
	165.17
	-4.278
	163.98
	-4.386


This occurs as a result of co-sphere overlap of solute and cosolutes hydration spheres due to strong ion-ion interactions. The comparative effect of cosolutes on hydration of 5-SSA and interactions is presented in Scheme 1 on the account of reduction in the electrostriction and relative expansion of volume and compression of hydrated 5-SSA.  
The transfer properties (
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, Table 5) are positive and increases with solute concentration and follows the trends: 
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 (CuCl2). Trends indicates dehydration effects of cosolutes on 5-SSA which is largest in the case of CuCl2 and smallest in KCl. These observations draws the conclusion that the Cu2+ ions strongly interacts with –SO3– ions (between –SO3– and  Cu2+)  than K+ ions (Scheme 2, Fig. 1 ) by ion-ion interactions. The positive values of 
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implies increase in volume due to overlap of hydration spheres of two ionic species [29]. Ion-dipole interactions are dominating in aqueous-5-SSA solutions and ion-ion interactions are stronger in 5-SSA + aqueous-CuCl2 solutions than in 5-SSA + aqueous-KCl solutions.

Table 5. Graphical parameters
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 obtained from Eq. (5) and (6) and corresponding transfer properties
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for the solutions containing {5-SSA + aqueous-KCl/CuCl2} at 303.15 K and 101 kPa 
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	(5-SSA + Water}
	156.72 (±0.40)
	15.90 (±1.64)
	0.00
	-5.77 (±0.04)
	1.59 (±0.17)
	0.00

	Aqueous-{5-SSA + 0.025 m KCl}
	157.87 (±0.34)
	15.06 (±1.37)
	1.15
	-4.89 (±0.07)
	2.27 (±0.29)
	0.88

	Aqueous-{5-SSA + 0.050 m KCl}
	160.19 (±0.05)
	12.45 (±0.21)
	3.47
	-4.96 (±0.02)
	0.70 (±0.08)
	0.81

	Aqueous-{5-SSA + 0.100 m KCl}
	160.20 (±0.13)
	8.69 (±0.55)
	3.48
	-5.22 (±0.02)
	1.01 (±0.07)
	0.55

	Aqueous-{5-SSA + 0.025 m CuCl2}
	159.58 (±0.11)
	13.31 (±0.45)
	2.86
	-4.47 (±0.05)
	1.49 (±0.21)
	1.30

	Aqueous-{5-SSA + 0.050  m CuCl2}
	161.75 (±0.12)
	10.82 (±0.48)
	5.03
	-4.54 (±0.02)
	0.81 (±0.09)
	1.23

	Aqueous-{5-SSA + 0.100  m CuCl2}
	160.84 (±0.23)
	9.52 (±0.94)
	4.12
	-4.77 (±0.02)
	1.18 (±0.11)
	1.00


Foot Note: Values in the parenthesis indicate standard errors in the coefficients determined form the regression analysis at 95% confidence level.
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Scheme 2. Hydration sphere of 5-5-SSA in different solutes (not on scale)
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Fig. 1. The standard transfer volume (STV) and standard transfer compressibility (STC) of solutions containing {5-SSA in aqueous-KCl and CuCl2} at 303.15 K and 101 kPa
Trace quantity of copper present in biological living system may interact with active oxygen molecules [30-32]. The Cu2+ ions with higher charge compared to K+ ions which interact strongly by ion-ion interactions with 5-SSA and there is a possibility of formation of complex between Cu2+ and 5-SSA. 
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 is pair-wise or ion-ion interaction parameter in solution phase [33]. The values of 
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 which indicates that the ion-solvent (solute-solvent) interactions are stronger than ion-ion (solute-solute) interactions in absence of cosolutes [22]. The 
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 are positive (equation (5) and (6), positive slopes of plots) [34] suggesting existence of solute-solute and solute-cosolute pair-wise interactions of ions or charged functional groups [22,35,36]. The values of these parameters indicate solute-solute interactions are stronger in water as compared to cosolute solutions. The result indicates ion-dipole (5-SSA-water), and ion-ion (5-SSA-aqueous-KCl/CuCl2) interactions in studied solutions. The ion-ion interactions between 5-SSA and cosolute are strong in aqueous-CuCl2 solutions as compared to in aqueous-KCl.

5. CONCLUSION
Partial molar volumes and compressibility of 5-SSA in aqueous-KCl/CuCl2 solutions were reported at 303.15 K and 101 kPa. Substantial change in the apparent molar properties is observed in 5-SSA solutions in presence of KCl and CuCl2. These properties suggests existence of ion-ion interactions between solute and cosolute as a result of cosphere overlap and ion-dipole interactions between solute and solvent. These interactions enhance with the concentration of 5-SSA. Larger values of standard transfer properties and acoustic impedance in aqueous-CuCl2 are a consequence of strong ion-ion interactions and relatively more release of water molecules from hydration shell of 5-SSA as compared to in aqueous-KCl. Strong solute-solvent interactions in aqueous-5-SSA solutions weakens on addition of cosolutes is confirmed from the sign and magnitude of 
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. The present study finds implications in the hydration behavior of 5-SSA in aqueous solutions and their related applications.
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