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ABSTRACT 
Volumetric investigations are effective for attributing the interactions between saccharides and sodium saccharin in 
aqueous medium. The densities with the help of bicapillary pycnometer were measured for monosaccharide (D(-)-
arabinose, D(+)galactose and D(+)-Xylose) (0.04 to 0.20) m (mol.kg-1) in water and aqueous sodium saccharin solution 
with molality, m = (0.05, 0.15 and 0.3) at 298.15 K. Experimental data were used to calculate the partial molar volume 

 and apparent molar volume . The corresponding transfer volumes  were calculated and showed a positive and 

increasing trend with concentration for saccharides from water to aqueous medium of sodium saccharin. With the help of 
McMillan-Mayer theory, the interaction coefficients ( ) and ( ) were calculated. In the presence of sodium 
saccharin, significant interactions between a hydrophilic group of saccharides and the sodium ion have been reported. 
Using apparent specific volume values, a sweet taste range was identified for saccharides in the presence of sodium 
saccharin.  
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1. INTRODUCTION  
Saccharides are sugar-containing organic compounds. 
Saccharide works as an energy source for the human 
body, supplying energy to functioning muscles and the 
central nervous system [1]. Saccharides play an essential 
part in the metabolism of living organisms in biological 
and physiological cycles [2, 3]. Many researches on the 
characteristics of aqueous saccharide solutions have been 
conducted, revealing that these are biochemically 
important non-electrolytes. Saccharides have a 
hydrophilic hydroxyl group (-OH), which is responsible 
for their hydration properties [4, 5]. The 
thermodynamic research on saccharides in aqueous 
solutions have enormous implications in a variety of 
fields, including science, medicine, and catalysis. The 
interactions between metal ions and blended electrolyte 
saccharides have been extensively studied both 
experimentally and theoretically [6-16]. For solute-
solvent and solute-solute interactions, the research of 
metal ions in aqueous medium containing saccharides is 
important. 
In India, FSSAI (Food Safety and Standards Authority of 
India), a regulatory body, recognized a variety of 

artificial sweeteners [17-21] as food additives with 
widespread commercial use in the food and 
pharmaceutical industries. Instead of fatty sugars, the 
food industry uses low-calorie artificial sweeteners such 
as Aspartame, Acesulfame K, Sodium saccharin, and 
Sucralose [22, 23]. Blending sweeteners [24-26], is a 
standard procedure in the food and pharmaceutical 
industries. The principal reasons for combining sugars 
with artificial sweeteners are to reduce utilization, 
improve taste, and save expenses. Sugars form 
molecular interactions with receptors via water 
molecules that surround them. As a result, a study of 
saccharide-water and saccharide-cosolute interpretation 
is important. 
Here, within a concentration range of (0.04 to 0.20) m, 
the densities of monosaccharides (D-galactose,                 
D-arabinose and D-xylose) in water as solvent and 
(0.05, 0.15, and 0.3) m artificial sweetener sodium 
saccharin (cosolute) were determined experimentally at 
298.15 K. Structural interactions (fig.1) in aqueous 
medium have been studied using partial molar volumes, 
transfer volume, interaction coefficients, apparent 
specific volume and apparent molar volumes. 
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Fig. 1: Structural Interactions 
 
2. MATERIAL AND METHODS 
2.1. Chemicals 
The sugars D(+)-Xylose, D(+)-Galactose and D(-)-
Arabinose as well as artificial sweetener sodium 
saccharin, were purchased from Sigma with a maximum 
purity of 99.0 % and used directly as received from 
suppliers. 
To prepare the solution, we used freshly prepared triply 
distilled water and an airtight stoppered glass bottle. 
Using an analytical Dhona balance (uncertainty in 
accuracy ±1×10−4 g), all solutions were prepared on a 
weight-by-weight basis. Water was used as a solvent for 
a binary sugar system, whereas stock solutions of 
sodium saccharin (0.05, 0.15, and 0.3) m were used for 
ternary systems. In binary and ternary mixtures, 
saccharide has been used as the solute. 
 
2.2. Methods 
At the temperature studied, a bi-capillary Pycnometer 
[27, 28] was used to measure the densities of both 
binary and ternary systems. The pycnometer was 
immersed vertically in a glass-walled water bath, and 
the temperature was kept constant at ±0.01 K by using 
a dimmer. Pure organic liquids such as acetophenone, 

carbon tetrachloride, and ethyl acetate were used to 
calibrate the Pycnometer at 298.15  
K. The findings were compared to the reported values, 
and they were found to be in good agreement. Water 
density at 298.15 K was obtained from the literature 
[29]. Using the same procedures, the density of aqueous 
sugar solutions in water and sodium saccharin was 
determined. The experimental uncertainties in the 
density measurements were 0.000204g.cm-3. 
 
3. RESULTS AND DISCUSSION 
3.1. Apparent molar volume 
At 298.15K, the apparent molar volumes of D(+)-
Xylose, D(-)-Arabinose, and D(+)-Galactose in solvent 
and co-solute were calculated using the equation below. 
[5,30] 

     1 

Where ⍴ denotes the solution's density and m denotes 
the molality of the solution. Furthermore, M stands for 
the solute's molar mass, and  stands for the apparent 

molar volume. 
The densities (⍴) and apparent molar volumes ( )of 
D(+)-Galactose, D(+)-Xylose, and D(-)-Arabinose, in 
water at 298.15 K are shown in Table 1. Additionally, 
Additionally, table 2 shows the ⍴ and  of saccharides 

in (0.05, 0.15, and 0.3) m aqueous sodium saccharin. 
The measured density and apparent molar volume are 
shown to be concentration dependent and to vary 
linearly with solute and cosolute concentrations. 
When a solute is added to a solvent to form a solution, 
there may be a volume change due to solute-solvent 
interaction. The , data of binary (saccharide + water) 

and ternary (saccharide + water + sodium saccharin) 
systems are correlated with the molality using the least 
square fit approach and Masson's equation [31,32]. 

 

Table 1: Densities (⍴/kg.m-3), and apparent molar volumes ( .106/m3.mol-1)  of monosaccharides in 
water at m(mol.kg-1) 

D(-)-Arabinose D(+)-Xylose D(+)-Galactose 
M (mol.kg-1) ⍴  M (mol.kg-1) ⍴  M (mol.kg-1) ⍴  

0.0000 997.047  0.0000 997.047  0.0000 997.047  
0.0432 999.49 93.52 0.0431 999.39 95.65 0.0430 1000.03 110.52 
0.0814 1001.62 93.62 0.0810 1001.43 95.67 0.0814 1002.66 110.69 
0.1213 1003.82 93.74 0.1215 1003.57 95.71 0.1202 1005.28 110.87 
0.1612 1006.00 93.87 0.1619 1005.68 95.73 0.1610 1008.00 111.05 
0.2107 1008.67 94.00 0.2136 1008.35 95.76 0.2120 1011.34 111.28 
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Table 2: Densities (⍴/kg.m-3) and apparent molar volumes ( .106/m3.mol-1) of monosaccharides in 
aqueous sodium saccharin (0.05, 0.15, and 0.3) m at 298.15 K and atmospheric pressure 

m(mol.kg-1) ⍴ .106 
m(mol.kg-1) ⍴ .106 

m(mol.kg-1) ⍴ .106  
0.05 0.15 0.3 

D(-)-Arabinose + Sodium saccharin 
0.0000 1001.68  0.0000 1007.64  0.0000 1021.51  
0.0407 1003.92 93.82 0.0395 1009.81 93.95 0.0412 1023.75 94.07 
0.0807 1006.13 94.06 0.0776 1011.90 94.17 0.0800 1025.85 94.25 
0.1201 1008.26 94.29 0.1161 1013.97 94.41 0.1199 1027.98 94.47 
0.1595 1010.37 94.49 0.1565 1016.12 94.65 0.1627 1030.22 94.67 
0.1996 1012.48 94.71 0.1994 1018.36 94.87 0.2098 1032.65 94.92 

D(+)-Xylose+ Sodium saccharin 
0.0000 1001.68  0.0000 1008.24  0.0000 1021.51  
0.0391 1003.75 96.02 0.0405 1010.37 96.54 0.0436 1023.76 96.60 
0.0794 1005.88 96.10 0.0800 1012.43 96.68 0.0817 1025.73 96.76 
0.1199 1008.03 96.18 0.1199 1014.50 96.81 0.1233 1027.84 96.91 
0.1599 1010.11 96.25 0.1598 1016.53 96.95 0.1642 1029.89 97.08 
0.1998 1012.17 96.33 0.1998 1018.54 97.08 0.2098 1032.14 97.26 

D(+)-Galactose + Sodium saccharin 
0.0000 1001.68  0.0000 1009.28  0.0000 1021.79  
0.0380 1004.30 110.89 0.0435 1012.26 111.02 0.0432 1024.71 111.30 
0.0796 1007.13 111.06 0.0818 1014.85 111.14 0.0812 1027.25 111.44 
0.1205 1009.87 111.17 0.1215 1017.49 111.28 0.1218 1029.91 111.55 
0.1604 1012.51 111.35 0.1604 1020.04 111.45 0.1616 1032.50 111.67 
0.2085 1015.64 111.56 0.2098 1023.24 111.63 0.2082 1035.49 111.78 

 
   2 

Where  and  represent experimental intercept and 

slope values of the apparent molar volume  as a result 

of molalities m, The intercept of equation 2 is the partial 
molar volume,  and the slope describing the solute-

solute interaction, . 
Table 3 summarizes these results at 298.15 K, whereas 
fig. 2, 3, and 4 show the variation of  of saccharides in 

water and in (0.05, 0.15, and 0.3) m sodium saccharin, 
respectively. The literature figures of  .106 (m3.mol-1) 
for arabinose at the studied temperature are 93.2 [4], 
93.23 [33], 93.43 [34], 91.9 [35], 93.3 [36], 93.7 [37], 
94.0 [38], and 93.43 [39], but the observed value is 
93.39.  values for xylose and galactose observed 

experimentally at 298.15 K are 95.62 and 110.33, 
respectively. Similarly, the reported values of xylose in 
water at same temperature are 95.4 [4], 95.82 [33], 
95.68 [34], 94.8 [35], 95.88 [36], 95.4 [37], 95.60 [38], 
and 95.68 [39]. 
Galactose has values are 110.2 [4], 110.65 [33], 

110.29 [34, 39], 111.9 [35], 110.65 [36], 110.5 [37], 
110.64 [38], and 110.24 [40] at 298.15 K reported by 

author. The values in the literature for the studied 
systems in water agree well with the experimental data. 
While no data for comparison of values in the 

presence of sodium saccharin were available. Table 3 
summarizes the results of of arabinose, xylose, and 

galactose in (0.05, 0.15, and 0.3) m sodium saccharin. 
D-arabinose and D-xylose have lower,  values, but 

D-galactose has a higher value than both mono-

saccharides. The values provide important infor-

mation regarding the solute-solvent interactions [41]. 
Strong solute-solvent interactions were indicated by 
positive values for a saccharide-sodium saccharin-

water system with molality [42]. Moreover, the solute-
solute interaction variable  is positive but smaller than 

 suggesting that in all of the systems examined 

solute-solute interactions are smaller than solute-solvent 
interactions. 
 
3.2. Transfer volume 
The transfer volume of ( ) of saccharides from 

water to aqueous sodium saccharin was determined for 
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the analysed systems at infinite dilution using the 
following relation [43]. 

   6 

The  values of saccharides in aqueous sodium 

saccharin and water, which can be used to calculate 
transfer volumes is seen in table 3. This method is often 

used to examine solute-cosolute interactions in aqueous 
medium. The transfer volume is positive at infinite 
dilution and increases with concentration [35]. The 

 values of saccharides ranging from water to 

aqueous sodium saccharin with molality, m are shown in 
table 4. 

 
Table 3: At 298.15 K, monosaccharide ( ), ( ) and ASV were measured in water and in (0.05, 0.15, and 

0.3) m aqueous sodium saccharin 

System 
Parameters 

.10-6 (m3.mol-1) .10-6 (m3.kg.mol-2) ASV.10-6 (m3.kg-1) 
D(-)-Arabinose + Water 93.390 2.92 0.622 
D(+)-Xylose + Water 95.623 0.66 0.637 

D(+)-Galactose + Water 110.327 4.50 0.612 
D(-)-Arabinose + 0.05 m Sodium saccharin 93.606 5.56 0.623 
D(-)-Arabinose + 0.15 m Sodium saccharin 93.721 5.86 0.624 
D(-)-Arabinose + 0.3 m Sodium saccharin 93.860 5.03 0.625 
D(+)-Xylose + 0.05 m Sodium saccharin 95.944 1.95 0.639 
D(+)-Xylose + 0.15 m Sodium saccharin 96.408 3.37 0.642 
D(+)-Xylose + 0.3 m Sodium saccharin 96.423 4.01 0.642 

D(+)-Galactose + 0.05 m Sodium saccharin 110.737 3.87 0.615 
D(+)-Galactose + 0.15 m Sodium saccharin 110.841 3.76 0.615 
D(+)-Galactose + 0.3 m Sodium saccharin 111.193 2.87 0.617 

 
Table 4: Transfer volume,  of monosaccharides from aqueous binary systems (saccharide + 

water) to ternary systems (saccharide + water + sodium saccharin) at 298.15 K 

monosaccharides 
Molalities (mol.kg-1) of Sodium saccharin 

0.05 0.15 0.30 
.106(m3.mol-1) 

D(-)-Arabinose 0.217 0.331 0.470 
D(+)-Xylose 0.321 0.464 0.800 

D(+)-Galactose 0.410 0.514 0.866 
 

 
Fig. 2: Variation of  of D(-)-Arabinose in water and in (0.05, 0.15, 0.3) sodium saccharin with molality, 
m (mol.kg-1) at 298.15 K 
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Fig. 3: Variation of  of D(-)-Xylose in water and in (0.05, 0.15, 0.3) sodium saccharin with molality, m 
(mol.kg-1) at 298.15 K 
 

 
 
Fig. 4: Variation of  of D(+)-Galactose in water and in (0.05, 0.15, 0.3) sodium saccharin with molality, 
m (mol.kg-1) at 298.15 K 
 
Fig. 5 shows the variation of transfer volume at infinite 

dilution (  ) is plotted against the molalities, m of 
sodium saccharin. In aqueous medium of sodium 
saccharin, the  values for all examined saccharide 

systems are positive, and their values increase with 
increasing sodium saccharin concentration. The findings 
for saccharides are arranged as follows: 

( ) D-arabinose  ( ) D-xylose  ( ) D-galactose 

The observed pattern shows that sodium saccharin 
concentration, stereochemical features of saccharides, 
and temperature influence solute-cosolute interactions. 
The increase in transfer volume ( ) is due to 

increased molecular complexity from arabinose to 
xylose to galactose. 

It shows that molar mass increases molecular 
complexity. Dhondge et al. [44] found similar 
outcomes. The two possible types of interactions in 
ternary systems are: 
I. Hydrophilic-ionic interactions between saccharide 

hydrophilic groups (-C=O,- OH and -O-) and the 
Na+ ion of sodium saccharin. 

II. Hydrophobic-ionic interactions between saccharide 
and cosolute ion hydrophobic groups. 

According to the "co-sphere overlap model" [45], 
positive contribution to  values with type I, 

whereas type II interactions contribute negative values. 
Positive values of  indicate that type I 

interactions dominate over type II interactions for D-
arabinose, D-galactose and D-xylose. Similarly, increase 
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in  values for all saccharides examined indicates 

that type I interactions are reinforced across the whole 
concentration range (0.05, 0.15, and 0.3) m. With 
increasing molecular complexity, the overall trend in 
values of  and corresponding  values of 

saccharides increase. The same tendency was observed 
in KCl and NaCl aqueous solutions reported by Banipal 
et al. [46, 47]. The hydrophilic-ionic interactions 
between saccharide and sodium saccharin molecules add 
positive values to the transfer volume. 

 

 
 
Fig. 5: Variation of Partial molar volume of transfer, ( ) with molalities (0.05, 0.15, 0.3) m of 

sodium saccharin at 298.15 K 
 
To illustrate the solute-cosolute interactions, Ferrell et 
al. [35] used equation 7, in which the  of a non-

electrolyte at infinite dilution is related as, 

 = Vv.w + VvoidVshrinkage    7 

The empty void is denoted by Vvoid, while Van der 
Waal's volume is denoted by Vv.w. Vshrinkage is the volume 
shrinking produced by hydrogen bonding group 
interactions with water. When Vv.w and Vvoid have the 
same value in both water and sodium saccharin, positive 
transfer values for saccharides are obtained. This could 
be due to volume contraction mediated by interactions 
between sodium saccharin and the saccharides 
hydrophilic -OH groups. Saccharin's interactions with 
saccharide inhibit saccharin's further structure-breaking 
effect on water. Zhuo et al.[48], and Kharat [49] also 
reported solute-cosolute interactions using the above 
equation. 
 
3.3. Apparent Specific Volume 
Apparent Specific Volume (ASV) is a taste quality 
metric that would be used to classify aqueous solutions 
as salt, sweet, salty, or tart [50]. The ASV of sweet 
molecules is between 0.51 and 0.71 X 10-6 m3.kg-1, with 
the optimal value [51] being in the middle of the range 

(0.618 X 10-6 m3.kg-1). The ASV of sugars in water and 
sodium saccharin can be calculated using the partial 
molar volume , and the solute's molar mass, M. 

ASV=      8 

Table 3 contains the ASV values for monosaccharide in 
water at 298.15 K. At the examined temperature, the 
ASV values for arabinose, xylose, and galactose ranged 
from (0.612 to 0.642) X 10-6 m3.kg-1. All saccharides 
examined in this research kept their sweetness when 
dissolved in sodium saccharin solutions. 
 
3.4. Interaction Coefficients 
To examine volumetric interaction coefficients, Kozak 
et al. suggested the "McMillan-Mayer theory" [52, 53] 
of solutions. Friedmann, Krishnan, and Franks et al. 
[54] examined solute-cosolute interactions in solvation 
spheres based on this. Numerous researchers 
extensively apply the theory to the study of interactions 
in aqueous solutions. (55-57) 
The transfer volume is also related as: 

  9 

A and B represent saccharides (solute) and sodium 
saccharin (co-solute), respectively. These parameters 
were determined by analyzing experimental data and 
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using the least-squares approach to equation 9. At 
298.15 K, the calculated values of  for arabinose, 
xylose, and galactose are (1.674, 2.209, and 2.633) 
106(m3.mol-2.kg) respectively, while those for are (-
2.005, -1.993, and -2.713).106 (m3.mol3.kg2). Positive 
values are contributed by the doublet interaction 
parameter ( , whereas negative values are 

contributed by the triplet interaction parameter ( ). 

Positive  values show that saccharides and sodium 
saccharin have strong interactions. Negative values of 

 on the other hand, indicate the absence of 
saccharide-saccharin-saccharin interactions. At 298.15 K 
Jiang and coworkers [58] obtained positive and 

negative values for (CsCl-fructose-water) and 
(CsCl-glucose-water) systems. 
In order to explore the interactions between sodium 
saccharin (electrolyte) and saccharide (non-electrolyte) 
the "Group Additivity Model" [59] developed four basic 
types of pair interactions. 
a) Na+ - R (-R is an alkyl group) - It makes a minor 
negative contribution to . 

b) Anion - R, it also contributes negatively to  pair 
interaction. 
c) Na+- O (-O indicates hydrophilic groups in 
saccharide). it is more dominant and contributes 
positively to  value. 
d)  Because both groups have a negative charge, the 
repulsive effect is stronger in anion - O, and this leads 
to the negative value of  but less than (a). 
In aqueous solutions, the electrolyte sodium saccharin 
dissociates completely into ions. The pair interaction 
coefficient is positive due to the interactions of Na+ with 
hydrophilic groups of saccharides (-OH, C=O, and -O-
). Both theories proposed that interactions between 
solutes (saccharides) and cosolutes (sodium saccharin) 
are taking place. 
 
4. CONCLUSION 
The apparent molar volume and partial molar volume of 
monosaccharides were calculated from experimental 
densities at 298.15 K in water and in (0.05, 0.15, and 
0.3) m sodium saccharin. The apparent specific volume 
(ASV), standard partial molar volumes of transfer 

and interaction coefficients ( ) have 

been determined. The transfer volume of arabinose, 
xylose, and galactose transferred from water to aqueous 
sodium saccharin is positive, and the magnitude increase 
as concentration increased. Because the ASV varies from 

(0.612 to 0.642) 10-6.m3.kg-1, all of the systems 
evaluated had a sweet flavor. Positive  values 
suggested that the saccharide (solute) and sodium 
saccharin cation had strong interactions (co-solute). 
 
5. ACKNOWLEDGEMENTS 
The Authors would like to express their gratitude to the 
Principal of HPT Arts and RYK Science College, 
Nashik, for facilitating the execution of this work. 
 
Conflicts of Interest 
The authors declare no conflict of interest. 
 
6. REFERENCES 
1. deMan JM, Finley J, Hurst, WJ, Lee C. Principles 

of Food Chemistry, 4th ed.; Food Science Text 
Series; Springer International Publishing, 2018. 

2. Franks F. Pure Appl. Chem, 1987; 59:1189-1202. 
3. Birch GG, Pepper T. J. Agric. Food Chem., 1983; 

31(5):980-985. 
4. Hoiland H, Holvik H. Journal of solution Chemistry, 

1978; 7:587-596. 
5. Galema S, Hoeiland H. The Journal of Physical 

Chemistry, 1991; 95(13):5321-5326. 
6. Akhtar Y, Yasin SM. International Journal of 

Engineering Technologies and Management Research, 
2019; 6:10-17.  

7. Amirchand KD, Kaur S, Banipal TS, Singh V. 
Journal of Molecular Liquids, 2021; 334:116077. 

8. Kaur K, Arti S, Ghosh TK, Banipal TS, Banipal PK. 
The Journal of Chemical Thermodynamics, 2021; 
159:106477.  

9. Kumar A, Rani R, Saini B, Bamezai R. Journal of 
Solution Chemistry, 2017; 46:931-956. 

10. Kumar A, Rani R, Saini B, Bamezai R. Journal of 
Molecular Liquids, 2017; 241:237. 

11. Kumar H, Sharma, M, Kumar D. Journal of Chemical 
& Engineering Data, 2018; 63 (10):3769-3783. 

12. Kumar H, Sharma M, Kumar V. The Journal of 
Chemical Thermodynamics, 2019; 139:105877. 

13. Ankita, & Nain AK. The Journal of Chemical 
Thermodynamics, 2020; 143:106046.  

14. Sharma M, Banipal PK, Banipal TS. Food Chemistry, 
2020; 310:125861.  

15. Panda S, Das K, Singh V, Deenadayalu N, Gardas 
RL. Journal of Molecular Liquids, 2020; 298:111955.  

16. Harned HS, Owen BB. The Physical Chemistry of 
Electrolytic Solutions, ACS Monograph No. 137, 3rd 
ed. New York: Reinhold Publishing Corp; 1958. 



 

                                                                     Kharat et al., J Adv Sci Res, 2021; 12 (3): 152-159                                                                         159                     

Journal of Advanced Scientific Research, 2021; 12 (3): Aug-2021 

17. Grenby TH, Parker KJ, Lindley MG. Developments 
in sweeteners-2, Applied Science Publishers, London, 
New York, 1983, p. 254. 

18. Chaptopadhyay S, Raychaudhuri U,Chakraborty R. 
J Food Sci Technol., 2014; 51(4):611-621. 

19. Poshala K. International Journal of Engineering Science 
and Computing, 2020; 10:27416-27421. 

20. Periyasamy A. International Journal of Research and 
Review, 2019; 6:120-128. 

21. Henin, N. Intake of sweeteners, physiological and 
nutritional aspects. International Sugar Journal, 2001; 
103:346-351. 

22. Pearlman M, Obert J, Casey L. Curr Gastroenterol 
Rep, 2017; 19:64.  

23. Sanyaolu A, Marinkovic A, Gosse J, Likaj L, 
Ayodele O, Okorie C, Orish V. J Pub Health 
Catalog, 2018; 1:86-88. 

24. Nabors L-O'B, Gelardi RC. Alternative Sweeteners, 
2nd ed. Marcel Dekker Inc., New York; 1991. 

25. Kretchmer N, Hollenbeck C. Sugars and 
Sweeteners; CRC Press: Boca Raton, 1991. 

26. Wani MM, Bhat TA. JMS SKIMS, 2019; 22(1):90-
92.  

27. Robertson GR. Ind. Eng. Chem., Anal. Ed., 1939; 
11(8):464. 

28. Parker HC, Parker EW. J. Phys. Chem., 1925; 
29(2):130-137. 

29. Tanaka M, Girarad G, Davis R, Peutro A. 
Recommended table for the density of water 
between 0˚C and 40˚C based on recent experi-
mental report; 2001. 

30. Kupke DW. Physical principles and techniques of 
physical chemistry, part-C, New York: Academic 
press; 1973. 

31. Masson DO.  Philos, Mag., 1929; 8:218-235. 
32. Ali A, Bidhuri P, Malik N, Uzair S. Arabian Journal 

of Chemistry., 2019; 12(7):1684-1694. 
33. Zhuo K, Wang J, Zheng H, Xuan X, Zhao Y. 

Journal of Solution Chemistry, 2005; 34(2):155-170. 
34. Banipal PK, Banipal TS, Ahluwalia JC, Lark BS. The 

Journal of Chemical Thermodynamics, 2000; 32(10): 
1409-1432. 

35. Shahidi F, Ferrell PG, Edwards J. Solut. Chem., 
1976; 5:807-816. 

36. Zhuo K, Wang J, Yue Y, Wang  H. Carbohydrate 
Research, 2000; 328(3):383-391. 
 
 
 

37. Goldberg RN, Tewari, YB. Journal of Physical and 
Chemical Reference Data, 1989; 18(2):809-880. 

38. Jasra RV, Ahluwalia JC. Journal of Solution Chemistry, 
1982; 11(5):325-338. 

39. Banipal PK, Banipal S, Lark BS, Ahluwalia JC. 
Journal of the Chemical Society, Faraday Transactions, 
1997; 93(1):81-87. 

40. Banipal PK, Singh V, Aggarwal N, Banipal TS. Food 
Chemistry, 2015; 168:142-150. 

41. Franks, F., New York: Plenum Press; Vol. 4. 1975. 
42. Franks F, Quickenden MA, Reid DS, Watson B. 

Trans. Faraday Soc., 1970; 66:592-589.  
43. Banipal PK, Singh V, Banipal TS. J. Chem. 

Thermodyn, 2010; 42(1):90-103. 
44. Dhondge SS, Pandhurnekar CP, Garade S, Dadure 

K. Journal of Chemical & Engineering Data, 2011; 
56(8):3484-3491. 

45. Gurney RW.  Ionic Processes in solutions, New 
York; McGraw Hill; 1953. 

46. Banipal PK, Chahal AK, Banipal TS. J. Chem. 
Thermodyn, 2009; 41:452-483. 

47. Banipal PK, Banipal TS, Ahluwalia JC. et al.J. Chem. 
Thermodyn, 2002; 34:1825-1846. 

48. Zhuo K, Liu Q, Wang Y, et al. Journal of Chemical & 
Engineering Data, 2006; 51(3):919-927. 

49. Kharat SJ. Journal of Molecular Liquids, 2008; 
140(1):10-14. 

50. Shamil S, Birch GG. Endeavour, 1990; 14:191-193. 
51. Parke SA, Birch GG, Portmann MO, Kilcast D. 

Food Chemistry, 1999; 67(3):247-259. 
52. McMillan (Jr) WG, Mayer JE. J. Chem Phys., 1945; 

13:276.  
53. Kozak JJ, Knight W, KauzmanW. J. Chem. Phys., 

1968; 48:675.  
54. Friedman HL, Krishanan CV, Franks F. Water, a 

comprehensive treatise, plenum, (Chapter 1), New 
York; 1993.  

55. Pal A, Kumar S.J. Chem. Thermodyns, 2005; 
37:1085-1092.  

56. Hui XJ, Han YC.J. Chem. Eng. Data, 2012; 57: 
1134.  

57. Ali A, Hyder S, Sabir S, Chand D, Nain AK. J. 
Chem. Thermodyns, 2006; 38:136-143. 

58. Jiang Y, Gao S, Xia S, Wang J, et al. Journal of the 
Chinese Chemical Society, 2003; 50:947-952. 

59. Savage JJ, Wood RH. J. Sol. Chem, 1976; 5:733-
750. 

http://pubs.acs.org/author/Parker%2C+H.+C.
http://pubs.acs.org/author/Parker%2C+Elizabeth+W.

