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Graphical abstract 

 
ABSTRACT: Using a volumetric approach, monosaccharides were investigated in terms of 

temperature and different concentrations. At T = 298.15 K, the densities of D(-)-

ribose, D(+)-mannose in H2O and in aqueous saccharin Na salt with molality, m = 

(0.05, 0.15, and 0.3) mol·kg
-1

 were determined. The apparent molar volumes (𝑉), 
partial molar volumes (𝑉0 ), and Masson's coefficient (𝑆𝑣 ) were evaluated by 

means of experimental density (⍴) values. The data was further analysed in terms 

of transfer characteristics ( ∆𝑡𝑟𝑠𝑉0 ), apparent specific volumes (ASV), and 

volumetric interaction coefficients (𝑉𝐴𝐵,𝑉𝐴𝐵𝐵 using McMillan–Mayer theory). The 

significant interactions between the hydrophilic groups of solute (D-ribose and D-

mannose) and the Na
+
 ion of cosolute (saccharin sodium salt) at varied 

concentrations have been reported. Studied saccharide was found to have a sweet 

taste in mixed aqueous sodium saccharin. 

Keywords: Apparent specific volume, Density, Monosaccharide, Partial molar volume, 

Sodium saccharin.   

 

INTRODUCTION  

Recent work has examined the nature and degree of intermolecular interaction in 

aqueous solutions of combinations using thermophysical characteristics. Depending on the 

number of saccharide units present, sugars are divided into four different types. Simple 

sugars like glucose, fructose, galactose, mannose, ribose, xylose, arabinose, etc are called 

monosaccharides. Carbohydrates are the most prominent source of energy consumed by 

humans
1
. It also performs an important role in the regulation of living creatures throughout 

biologically based cycles
2,3

. The hydration abilities of saccharides are due to their hydrophilic 

hydroxyl groups (-OH)
4,5

.  Sugar is important in confections and medicine because it not only 

adds sweetness but also improves the texture of foods, improves taste, exerts stability, and 



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876  

Research paper        © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 11, S  Iss 3, Dec 2022 

3414 | P a g e  

 

thus protects vitamins during processing and storage. Saccharides in H2O electrolyte 

arrangements play an important role in a number of scientific fields
6-10

, including biology, 

pharmaceutical preparations, catalysis, climate, and food preparation. Recent data from the 

literature suggests that saccharide-metal ion blends have been extensively studied, further 

interpreted as interactions among solute-solute and solute-solvent 
11-14

.  

Today, a range of new sweeteners are available as a substitute for natural sugars. 

Many man-made sweeteners
15-20

 are available, of which Aspartame, Sucralose, Saccharin Na 

salt, and Acesulfame K are approved by the “Food and Drug Administration” (FDA) for use 

in the food and pharmaceutical industry. Blending sweeteners
21-23

 with sugars is to reduce the 

amount used, reduce the cost, and improve the taste. Molecular interactions between sugar 

and the receptor form via H2O molecules that surround them. The conduct of metal ions with 

saccharides in aqueous solutions is useful to comprehend solute-solvent (sugar-H2O) and 

solute-cosolute (sugar-saccharin) interactions along with taste.  

The D-ribose and D-mannose (0.04-0.20) m densities were evaluated at T = 298.15 K 

in H2O and in aqueous saccharin Na salt with molalities of 0.05, 0.15, and 0.3 m. The 

interactions between saccharide (D-ribose and D-mannose)-saccharin sodium salt in an 

aqueous media were discovered through partial molar volumes, transfer characteristics, 

interaction coefficients, and apparent specific volumes. 

Materials and Methods 

D(-)-ribose, D(+)-mannose, and saccharin Na salt were purchased with a purity of 

99.0% from Sigma and used. 

Aqueous solutions of solute and cosolute were prepared using triply distilled freshly 

prepared water and a stoppered airtight glass bottle. Similarly, measurements were done on a 

weight-by-weight (w/w) scale with an accuracy of ± 0.0001 g on a Dhona balance. H2O is 

used as a solvent and saccharide is used as a solute in both binary and ternary solutions with 

saccharin Na salt as a stock solution for subsequent usage.  

The densities (⍴) of D(-)-ribose and D(+)-mannose in H2O and in aqueous saccharin 

Na salt were measured experimentally using a bi-capillary Pycnometer
24-29

 at T = 298.15 K. 

To submerge the pycnometer in a vertical position, a glass-walled water bath with a constant 

temperature of ± 0.01 K was utilized. At the studied temperature, the Pycnometer was 

calibrated by using organic solvents like ethyl acetate, carbon tetrachloride, and 

acetophenone. When the outcomes were compared to the reported results, it was revealed that 

they were in good agreement. Solvent density at the studied temperature was taken from 

published data
30,31

. The investigational variability in density determinations was 0.2 kg·m
-3

. 

The density of studied systems (saccharide with stock solution sodium saccharin) was 

investigated using the same method. 

Results and Discussion  

Volumetric study of D(-)-Ribose and D(+)-Mannose in aqueous solutions of saccharin 

sodium. 

Apparent molar volume 

At T = 298.15 K, the thermophysical characteristics and parameters of saccharides in 

aqueous sodium saccharin are studied. The apparent molar volumes (𝑉 ) of the studied 

saccharide in H2O and in saccharin Na were calculated with the equation
5,32

. 𝑉 = 𝑀 𝜌 −⁄ (𝜌 − 𝜌𝑜 )/(𝑚𝜌𝜌𝑜)        1 
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In this equation, apparent molar volume is represented by 𝑉. Similarly, the density of 

a solution is denoted by ⍴ and its molality is denoted by m. The molar mass of a solute is also 

indicated by M.  

The ⍴, and 𝑉 of D(-)-ribose, and D(+)-mannose in H2O and in aqueous saccharin Na 

salt, m = (0.05, 0.15, and 0.3) mol·kg
-1

 at T = 298.15 K are shown in Table 1 and 2, 

respectively. The results show that, observed densities and apparent molar volumes depend 

on concentration and vary linearly with solute and cosolute concentrations.  

By the least-square fit approach and Masson's equation
33,34

, the 𝑉,values of binary 

and ternary mixtures are correlated with molality as shown below: 𝑉 = 𝑉0 +  𝑆𝑣. 𝑚            2 

The equation (2) is in the form y = mx + c, with an intercept, 𝑉0 (partial molar 

volume), and a slope, 𝑆𝑣(Masson’s coefficient). 

The results of 𝑉0 are summarized in Table 3, while variations of 𝑉 of D-ribose, and 

D-mannose in H2O, and in aqueous saccharin sodium with molalities, m = (0.05, 0.15, and 

0.3) mol·kg
-1

 are represented in Fig. 1, and 2. The reported values of 𝑉0(m
3
·mol

-1
)
 
of D-

mannose in H2O at T = 298.15 K are (111.30
4
, 111.7

35,36
, and 111.72

37
)·10

-6
. Table 3 shows 

the 𝑉0  estimated at T = 298.15 K, from the present study is (111.7)·10
-6

/(m
3
·mol

-1
). 

Similarly, for D-ribose the reported values at 298.15 K are (95.26
38

, and 95.3
39,40

)·10
-6

 while 

the calculated value at the same temperature is (95.3)·10
-6

/(m
3
·mol

-1
). The 𝑉0 of D-ribose 

and D-mannose in H2O are in good accord with published figures in the literature at the 

investigated temperature. 

The positive 𝑉0 values offer significant solute-solvent interactions for molality, m = 

(0.05, 0.15 and 0.3) of the saccharide-saccharin sodium salt system
41,42

. Additionally, the 

Masson's coefficients (𝑆𝑣) are positive but less than the values of 𝑉0. It shows that solute-

solute interactions
43

 are much lower than those between solute and solvent.  

Table 1: Densities (/kg·m
-3

), and apparent molar volumes ( 𝑽 /m
3
·mol

-1
)
 

of 

monosaccharides in H2O at T = 298.15 K.  

D(-)-Ribose D(+)-Mannose 

m 

(mol·kg
-1

) 

⍴ 

/(kg·m
-3

) 

𝑽·   

10
6
/(m

3
·mol

-

1
) 

m 

(mol·kg
-1

) 

⍴ 

/(kg·m
-3

) 

𝑽·   

10
6
/(m

3
·mol

-

1
) 

0.0000 997.1 95.3 0.0000 997.1  

0.0431 999.4 95.4 0.0372 999.6 111.8 

0.0814 1002 95.4 0.0805 1002 111.9 

0.1208 1004 95.5 0.1210 1005 112.0 

0.1611 1006 95.5 0.1603 1008 112.1 

0.2076 1008 95.3 0.2056 1011 112.3 

 

Table 2: Densities (/kg·m
-3

), and apparent molar volumes ( 𝑽 /m
3
·mol

-1
)
 

of 

monosaccharides in aqueous saccharin Na salt at T = 298.15 K. 
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m 

(mol.kg
-1

) 

⍴ 

/(kg·m
-3

) 

𝑽 ·10
6
/ 

(m
3
·mol

-1
) 

m 

(mol·kg
-1

) 

⍴ 

/(kg·m
-3

) 

𝑽 ·10
6
/ 

(m
3
·mol

-1
) 

m 

(mol·kg
-1

) 

⍴ 

/(kg·m
-3

) 

𝑽 ·10
6
/ 

(m
3
·mol

-1
) 

0.05 0.15 0.3 

D(-)-Ribose + Sodium saccharin 

0.0000 1001  0.0000 1009  0.0000 1022  

0.0370 1004 95.7 0.0399 1011 95.8 0.0385 1024 95.9 

0.0798 1006 95.7 0.0798 1013 96.0 0.0809 1026 96.1 

0.1199 1008 95.8 0.1287 1016 96.2 0.1236 1028 96.2 

0.1598 1010 95.9 0.1663 1018 96.3 0.1674 1031 96.4 

0.1998 1012 96.0 0.2079 1020 96.4 0.2013 1032 96.5 

D(+)-Mannose + Sodium saccharin 

0.0000 1002  0.0000 1008  0.0000 1022  

0.0395 1004 112.3 0.0421 1011 112.4 0.0409 1024 112.8 

0.0790 1007 112.4 0.0810 1013 112.5 0.0812 1027 112.9 

0.1190 1010 112.6 0.1237 1016 112.6 0.1199 1030 113.1 

0.1597 1012 112.7 0.1662 1019 112.7 0.1632 1032 113.2 

0.1901 1014 112.8 0.2133 1022 112.9 0.2010 1034 113.4 

 

Table 3: (𝑽
𝟎), (𝑺𝒗), ASV, and (∆𝒕𝒓𝒔𝑽

𝟎)  of monosaccharides in H2O, and in aqueous 

saccharin Na salt at T = 298.15 K. 

System 

Parameters 𝑽
𝟎 

·10
6
/(m

3
·m

ol
-1

) 

𝑺𝒗 

·10
6
 

/(m
3
·kg·m

ol
-2

) 

ASV
 

·10
6
/(m

3
·k

g
-1

) 

(∆𝒕𝒓𝒔𝑽
𝟎) 

·10
6
/(m

3
·m

ol
-1

) 

D(-)-Ribose + H2O 95.3 1.1 0.63  

D(+)-Mannose + H2O 111.7 2.78 0.62  

D(-)-Ribose + 0.05 m Sodium 

saccharin 
95.6 2.09 0.64 0.28 

D(-)-Ribose + 0.15 m Sodium 

saccharin 
95.7 3.40 0.64 0.44 

D(-)-Ribose + 0.3 m Sodium 

saccharin 
95.8 3.21 0.64 0.53 
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D(+)-Mannose + 0.05 m Sodium 

saccharin 
112.2 3.23 0.62 0.49 

D(+)-Mannose + 0.15 m Sodium 

saccharin 
112.4 2.41 0.62 0.64 

D(+)-Mannose + 0.3 m Sodium 

saccharin 
112.7 3.41 0.62 0.97 

 

 
Figure 1: Graph of 𝑉 of D(-)-ribose in H2O and in saccharin Na salt with molality, m = 

(0.05, 0.15,  0.3) mol·kg
-1

 at 298.15 K. 

 

.  

Figure 2: Graph of 𝑉 of D(+)-mannose in H2O and in saccharin Na salt with molality, m  = 

(0.05, 0.15,  0.3)  mol·kg
-1

 at 298.15 K. 
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Figure 3: Partial molar volume of transfer, (∆𝑡𝑟𝑠𝑉ɸ

𝑂) of D(-)-ribose and D(+)-mannose in 

saccharin Na salt with molality, m = (0.05, 0.15,  0.3) mol·kg
-1 

at 298.15 K. 

Transfer volume 

Using the following relation
40

, the transfer volume of (∆𝑡𝑟𝑠𝑉0) monosaccharides from 

H2O to aqueous saccharin Na Salt was obtained for the investigated systems at infinite 

dilution.   ∆𝑡𝑟𝑠𝑉0 =  𝑉0(in sodium saccharin) − 𝑉0 (in H2O)      6 

Table 3 shows the D-ribose and D-mannose 𝑉0 values that can be used to determine 

(∆𝑡𝑟𝑠𝑉0) from H2O to aqueous saccharin sodium with molality m. The ∆𝑡𝑟𝑠𝑉0 is positive at 

infinite dilution, often used to examine solute-cosolute interactions in aqueous medium
43

 and 

increases with the concentration of cosolute
36

. Fig. 3 shows the variations in the transfer 

volume at infinite dilution (∆𝑡𝑟𝑠𝑉0 ) with molalities, m of saccharin Na at experimental 

temperature. 

In the present study, two possible types of interaction happening among 

monosaccharide (D-ribose and D-mannose) and aqueous saccharin sodium in a ternary 

system could be categorized as follows
43

: 

I) Hydrophilic-ionic interactions among monosaccharide hydrophilic groups (-C=O, -

OH and -O-), and the Na
+
 ion of saccharin Na salt. 

II) Hydrophobic-ionic interactions among monosaccharide and cosolute ion. 

In accordance with the "co-sphere overlap model
44

", type (I) interactions positively 

contribute to the ∆𝑡𝑟𝑠𝑉0 whereas type (II) interactions negatively contribute to the ∆𝑡𝑟𝑠𝑉0. 
Kumar et al.

45
 reported similar results.  

Volumetric Interaction Coefficients 
Kozak et al

46,47
 established the "McMillan-Mayer theory" of solutions in order to 

study volumetric interaction coefficients. On the basis of this, Krishnan et al.
48 

explored the 

interactions of solutes and cosolutes in solvation spheres. Numerous researchers have 

investigated interactions in aqueous solutions using the theory
49-51

.  

The transfer volume is also related as: ∆𝑡𝑟𝑠𝑉0 = 2𝑉𝐴𝐵𝑚𝐵 + 3𝑉𝐴𝐵𝐵𝑚𝐵2 + − − − −        7 

D-ribose and D-mannose (solutes) are represented by A, while saccharin sodium (co-

solute) is represented by B. These parameters were evaluated by analyzing investigational 
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figures and using the least-squares approach to equation 7. The calculated values of 𝑉𝐴𝐵for D- 

ribose and D-mannose are (2.34, and 3.38)·10-6/(m3·mol-2·kg), whereas those for 𝑉𝐴𝐵𝐵 are (- 

3.25, and -4.01)·10-6/(m3·mol3·kg2), respectively, at T = 298.15 K. Positive figures are 

contributed by the doublet interaction parameter ( 𝑉𝐴𝐵) , whereas negative figures are 

contributed by the triplet interaction parameter43 (𝑉𝐴𝐵𝐵). Positive 𝑉𝐴𝐵 figures illustrate that, 

monosaccharide (D-ribose and D-mannose), and saccharin Na have strong synergy. Negative 

figures of 𝑉𝐴𝐵𝐵 signify the nonexistence of D-ribose/mannose-saccharin-saccharin relations. 

Jiang and coworkers52 noted a similar observation for ternary systems at 298.15 K. 

The "Group Additivity Model" of Savage and Wood53 examines the four forms of pair 
interactions involving saccharin Na (electrolyte), and D-ribose/mannose (non-electrolyte). 

The Na+ – R (-R is an alkyl group) makes a small negative input (type I interaction) to 𝑉𝐴𝐵 
and Type II interaction of Anion – R contributes negatively to 𝑉𝐴𝐵 also Type III interaction 

between Na+– O is more dominant and contributes positively to 𝑉𝐴𝐵(-O, hydrophilic groups 

in non-electrolyte) whereas type IV interaction of anion - O, contributes negatively to 𝑉𝐴𝐵 but 

smaller than type I (hydrophobic groups). 

In an aqueous medium, the complete dissociation of ions of saccharin Na takes place. 

The pair interaction coefficient of sodium ion with hydrophilic groups of monosaccharides (- 

OH, C=O, and -O-) is positive. Both theories anticipate that interactions linking solutes (D- 

ribose and D-mannose) and cosolute (saccharin sodium) are taking place. 

Apparent Specific Volume (ASV) 

It is helpful for getting data with respect to the taste conduct of sugars in blended 

aqueous sodium saccharin solutions. The aqueous solutions are classified as salty, sweet, 

bitter, and sour with respect to taste by Shamil and Birch54. The ASV range suggested by 

Parke et al55, for sweet molecules is from (0.51 to 0.71)·10-6/(m3·kg-1) with an ideal value of 

(0.618)·10-6/(m3·kg-1) at the centre. The equation (8) is used to calculate the ASV of solutes 

in solvent and cosolute. 

ASV=𝑉0/𝑀 8 

The solute's molar mass is denoted by M and its partial molar volume is denoted by 

𝑉0. Table 3 shows the ASV values of monosaccharide in H2O, and saccharin sodium at the 

examined concentrations and temperature. At experimental temperature, the ASV values for 

ribose range from (0.635 to 0.638)·10-6/(m3·kg-1), while those for mannose range from (0.620 

to 0.625)·10-6/(m3·kg-1). The saccharides examined in this study when incorporated into 

saccharin sodium stock solutions kept their sweetness. 

Conclusions 

Volumetric data of monosaccharides (D(-)-ribose, and D(+)-mannose) in H2O and 

aqueous saccharin sodium salt at T = 298.15 K are included in this study. The investigational 

data were utilized to compute thermodynamic parameters such as 𝑉, 𝑉0, Sv,  ∆trs𝑉0 ,  

ASV, and (𝑉𝐴𝐵, and 𝑉𝐴𝐵𝐵). The corresponding ∆trs𝑉0 of ribose and mannose shift from H2O to 

saccharin Na salt is positive, and its degree rises as concentration increases. Positive values of 

𝑉𝐴𝐵 indicate the strong interactions between the solute (D-ribose and D-mannose) and the 

saccharin sodium. The ASV (0.623-0.638)·10-6/(m3·kg-1) figures suggested a sweet taste for 

studied saccharides in blended saccharin sodium. 
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