
CHAPTER VI 

EXPLORATION OF MOLECULAR INTERACTIONS OF 

CARBOHYDRATES IN AQUEOUS VITAMIN-C 

ENVIRONMENTS WITH MANIFESTATION OF 

SOLVATION CONSEQUENCES 

6.1 Introduction 

Carbohydrates are sources of energy for vital metabolic processes. They are 

exceptionally important constituent of biological systems. Carbohydrates play an 

important role in animal and plant physiology. Water the most abundant molecule 

on earth is widely used in chemistry as a universal solvent. It is also the most 

important solvent for the simpler saccharides. 

Ascorbic acid (vitamin C) is also very important constituent of our physiological 

system. Vitamin C is required for the synthesis of collagen, the intercellular 

"cement" which gives the structure of muscles, vascular tissues, bones, and tendon .. 

It also enhances the eye's ability and delay the progression of advanced age related 

muscular degeneration [1]. Hence understanding the molecular interaction of 

carbohydrates in ascorbic acid solutions may be helpful in formulation of many 

pharmaceutical products. 

The thermodynamic properties are very useful in interpreting the molecular 

interaction occurring in solutions. The thermodynamic parameters have been 

extensively used to obtain information on solute-solute, solute-solvent, and solvent

solvent interactions [2-6]. Hence in order to study the thermodynamic properties in 

solution we have employed volumetric, viscometric and refractometric studies. 

In this paper we have undertaken a systematic study on the density, viscosity

and refractive index of some carbohydrates (D-Glucose, D-Sucrose, and D-Maltose 

monohydrate) in aqueous ascorbic acid solutions at 298.15 K and we have reported 

the limiting apparent molar volume(¢~). experimental slopes (s; ), and viscosity B-. 

coefficients and molar refraction (R) for the cited carbohydrates in ascorbic acid and 

the parameters are interpreted in terms of solute-solute and solute-solvent 

interaction. 
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6.2 E;merimental Section 

6.2.1 Source and purity of samples 

Ascorbic acid, D-Glucose, ·D-Sucrose and D-Maltose monohydrate were 

procured form Sigma Aldrich, Germany and were used as purchased as the purity 

assay of the salts was ~98%. Triply distilled water with a specific conductance <10-6 

S cm-1 was used for the preparation of different aqueous ascorbic acid solutions. The 

physical properties of different mass fraction of aqueous ascorbic acid mixture are 

listed in Table 1. 

6.2.2 Apparatus and Procedure 

Stock solutions were prepared by mass (Mettler Toledo AG285 with 

uncertainty 0.0003 g), and the working solutions were obtained by mass dilution at 

298.15K The uncertainty of molarity of different solutions was evaluated to ±0.0001 

moldm-3. 

The density (p) was measured by means of- vibrating-tube Anton Paar 

density-meter (DMA 4500M) with a precision of 0.00005 g·cm·3• It was calibrated by 

double-distilled water and dry air [7]. 

The viscosity· (lJ) was measured by means of suspended Ubbelohde type 

viscometer, calibrated at 298.15 K with doubly distilled water and purified 

methanol. A thoroughly cleaned and perfectly dried viscometer filled with 

experimental solution was placed vertically in a glass-walled thermostat (Bose 

Panda Instruments Pvt. Ltd.) maintained to 0.01 K After attainment of thermal 

equilibrium, efflux times of flow were recorded with a stop watch. The flow times 

were accurate to ±0.1s. The mixtures were prepared by mixing known volume of 

solutions in airtight-stopper bottles and each solution thus prepared. was distributed 

into three recipients to perform all the measurements in triplicate, with the aim of 

determining possible dispersion of the results obtained. Adequate precautions were 

taken to minimize evaporation loses during the actual measurements. Mass 

measurements were done on a Mettler AG-285 electronic balance with a precision of 

±0.01 mg. Viscosity of the solution is evaluated using the following equation [8]. 

(1) 
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where K and L are the viscometer constants, tis the efflux time of flow in seconds 

and p is the density of the experimental liquid. The uncertainty in viscosity 

measurements is within± 0.003. m Pa·s. 

Refractive index was measured with the help of a Digital Refractometer (Mettler 

Toledo). The light source was LED, J.=589.3nm. The refractometer was calibrated 

twice using distilled water and calibration was checked after few measurements. 

The uncertainty of refractive index measurement was± 0.0002 units. 

The experimental values of densities (p), viscosities (17) and refractive indices (n
0

) 

of solutions are reported in Table 2 and the derived parameters are reported in 

Table 3 and Table 4. 

6.3. Result and Discussion 

6.3.1. Density calculation 

Apparent molar volume ( ¢v) was determined from the solution density using the 

following equation [9]. 

¢,=Mip -1000(p- Po)!mppo (2) 

where M is the molar mass of the solute, m is the molality of the solution, p0 and p 

are the densities of the solvent (ascorbic acid solution) and solution (carbohydrate 

in ascorbic acid solution) respectively. The limiting apparent molar volume¢~ was 

calculated using a least-square treatment to the plots of ¢v versus ,fm using the 

Masson equation [10]. 

(3) 

where ¢~ is the limiting apparent molar volume at infinite dilution and S~ is the 

experimental slope. The plots of ¢v against square root of molal concentration (,fm) 

were found to be linear with slopes. Values of ¢~ and S~ are reported in Table 4. 

A perusal of Table 4 and Figure 1 shows that ¢~ values for carbohydrates are 

positive and increases with the increase in concentrations of ascorbic acid solution 

indicating a presence of strong solute-solvent interactions. It can be seen that the ¢~ 

values of D-maltose monohydrate is higher than that of D-Sucrose which in tum 

higher than that of D-Glucose. This result in terms of solute-solvent interaction is 

enhanced by the following order: D-maltose monohydrate > D-Sucrose > D-Glucose . 
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The low solute-solvent interaction in D-Glucose may be due to the less -OH groups 

present in it as compared to D-Sucrose and D-Maltose Monohydrate. A comparison 

of solute-solvent interaction of D-Sucrose and D-Maltose Monohydrate in Ascorbic 

Acid solution shows slightly high interaction in D-Maltose Monohydrate which is 

probably due to the presence of water of crystallisation in it. The trend in the solute

solvent interaction is given below in the scheme I. 

S~ values indicate the degree of solute-solute interaction in the solution. It can 

be seen from Table 4 that the S~ values are negative indicating very negligible 

amount of solute-solute interaction. The table shows that the solute-solute 

interaction is highest in case of D-.Giucose and lowest in case of D-Maltose 

Monohydrate as shown in Scheme II. The magnitude of if!~ values is much greater 

than those of S~ for all the studied carbohydrates as well as for the increasing 

concentration of ascorbic acid solution suggesting the fact that the solute-solvent 

interaction dominates over solute-solute interactions. The variation of solute-solute 

interaction of the various carbohydrates is due to the bulkiness of the molecules as 

mentioned in the scheme II. 

6.3.2. Viscosity calculation 

The viscosity data has been analysed using jones-Dole equation [11] 

(TJ IT]0 -1)1 m
112 = A + Bm 112 (4) 

where TJo and TJ are the viscosities of the solvent and the solution respectively. The 

viscosity A and B-coefficients are estimated by a least-squares method and are 

reported in Table 4. The values of the viscosity A-coefficient are found to be highest 

in case of glucose and it decreases with the concentration of the of ascorbic acid 

solution. The results obtained also indicate the presence of very Weak solute-solute 

interactions. These results are in excellent agreement with those obtained from S~ 

values discuss earlier. 

The effects of solute-solvent interactions on the solution viscosity can be 

inferred from the viscosity B-coefficient [12,13]. The viscosity 8-coefficient is a 

valuable tool to provide information concerning the solvation of the solutes and 

their effects on the structure of the solvent. From Table 4 and Figure 2 it is evident 
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that the values of the B-coefficient are positive, thereby suggesting the presence of 

strong solute-solvent interactions, the greatest being in case of D-maltose 

monohydrate solution and it increases with the increase in the concentration of the 

ascorbic acid solution. The result is in excellent agreement the results obtained from 

¢~ showing greater solute-solvent interaction in D-Maltose-ascorbic acid solution. 

6.3.3. Refractive index calculation 

The molar refraction, R can be evaluated from the Lorentz-Lorenz relation[14] 

R = {rn~-J)I(n1+ 2J}(Mip) (5) 

where R, nv, M and pare the molar refraction, the refractive index, the molar mass 

and the density of solution respectively. The refractive index of a substance is 

defined as the ratio cofc, where cis the speed of light in the medium and co the speed 

of light in vacuum. Stated more simply, the refractive index of a compound describes 

its ability to refract light as it moves from one medium to another and thus, the 

higher the refractive index of a compound, the more the light is refracted [15]. As 

stated by Deetlefs et al[16] the refractive index of a substance is higher when its 

molecules are more tightly packed or in general when the compound is denser and 

with the increase of mass fraction of ascorbic acid in solvent mixture refractive 

index value also increases. Hence a perusal of Table 2 & Table 3 we found that the 

refractive index and the molar refraction values respectively are higher for D

Maltose Monohydrate than D-Sucrose and D-Glucose, indicating the fact that the 

molecules are more tightly packed in the mixture. The interaction in the solution is 

basically solute-solvent interaction and a small amount of solute-solute interaction. 

This is also good agreement with the results obtained from density and viscosity 

parameters discussed above. The trend in the package of the studied carbohydrates . 

in aqueous mixture of ascorbic acid is given below: 

D-Glucose < D-Sucrose < D-Maltose Monohydrate 

6.4 Conclusion 

The values of the limiting apparent molar volume ( ¢~) and viscosity B

coefficients indicate the presence of strong solute-solvent interactions. The 

interaction is highest in case of D-Maltose monohydrate solution and it increases 
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with the increase in the asco-rbic acid solution. The refractive index and the molar 

refraction values suggest that D-Maltose Monohydrate and D-Sucrose molecules are 

more tightly packed in the soh.ition leading t~ higher solute-solvent interaction than 

D-Glucose. The thorough study of carbohydrates in ascorbic acid solution indicates 

that the solute-solvent interaction dominants over the solute-solute interaction. 

Tables: 

Table 1. The values of Density (p), Viscosity (IJ) and Refractive index (no), in 

different mass fraction of Ascorbic acid in water at 298.15K 

Mass-fraction p X 10·3 TJ no 

Ascorbic acid - (kg m-3) (mPas) 

Wt= 0.01 0.99785 0.823 1.3323 

Wt= 0.03 0.99936 0.835 1.3330 

Wt= 0.05 1.00074 0.847 1.3338 

Table 2. Experimental values of Densities (p ), Viscosities ( 17 ) and Refractive 

Index (n0 ) of D-Giucose, D-Sucrose and D-Maltose Monohydrate in different 

mass fraction of Ascorbic acid in water at 298.15K 

molality p X 10-3 '1 molality p X 10-3 '1 

(mol kg·1) {kgm-3) 
no 

(mPas)- (mol kg·') {kgm-3) (mPas) 
no 

Wt= 0.01 Wt= 0.03 

D-Glucose D-Glucose 

0.1002 0.99849 0.838 1.3325 0.1001 0.99986 0.855 1.3335 

0.1585 0.99948 0.850 1.3332 0.1584 1.00066 0.874 1.3344 

0.2007 1.00050 0.859 1.3338 0.2006 1.00149 0.893 1.3351 

0.2355 1.00154 0.868 1.3344 0.2354 1.00234 0.911 1.3358 

0.2659 1.00260 0.876 1.3350 0.2658 1.00321 0.928 1.3364 

0.2933 1.00368 0.884 1.3355 0.2932 1.00410 0.943 1.3370 

D-Sucrose D,Sucrose 

'0.1002 0.99902 0.847 1.3328 0.1002 1.00029 0.862 1.3334 

0.1587 1.00084 0.872 1.3341 0.1587 1.00181 0.895 1.3348 

0.2011 1.00272 0.897 1.3352 0.2010 1.00343 0.926 1.3361 

0.2362 1.00465 0.920 1.3363 0.2361 1.00512 0.957 1.3373 

0.2669 1.00660 0.944 1.3373 0.2669 1.00689 0.989 1.3384 
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0.2946 1.00859 0.967 1.3383 0.2946 1.00872 1.019 1.3395 

D-Maltose Monohydrate D-Maltose Monohydrate 

0.1002 0.99902 0.847 1.3328 0.1002 1.00029 0.863 1.3334 

0.1588 1.00085 0.874 1.3342 0.1587 1.00182 0.896 1.3350 

0.2012 1.00275 0.899 1.3354 0.2011 1.00345 0.929 1.3363 

0.2363 1.00469 0.923 1.3366 0.2363 1.00516 0.960 1.3376 

0.2671 1.00669 0.948 1.3377 0.2670 1.00694 0.991 1.3388 

0.2948 1.00870 0.971 1.3388 0.2948 1.00879 1.022 1.3400 

Wt= 0.05 

D-Glucose 

0.1000 1.00110 0.867 1.3346 

0.1583 1.00168 0.889 1.3355 

0.2005 1.00230 0.909 1.3363 

0.2353 1.00294 0.928 1.3370 

0.2658 1.00360 0.947 1.3376 

0.2932 1.00428 0.966 1.3382 

D-Sucrose 

0.1001 1.00149 0.874 1.3341 

0.1586 1.00277 0.909 1.3358 

0.2010 1.00415 0.942 1.3372 

0.2361 1.00565 0.974 1.3385 

0.2668 1.00719 1.007 1.3397 

0.2945 1.00886 1.038 1.3409 

D-Maltose Monohydrate 

0.1001 1.00149 0.875 1.3341 

0.1586 1.00278 0.910 1.3359 

0.2010 1.00417 0.944 1.3374 

0.2362 1.00568 0.976 1.3389 

0.2670 1.00723 1.011 1.3402 

0.2948 1.00890 1.042 1.3415 
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Table 3. Molality, apparent molar volume ( ¢v ), (TJITJo -1)/ nJI2 and molar refraction (R), 

of D-Glucos~. D-Sucrose and D-Maltose Monohydrate in different mass fraction of 

Ascorbic acid in water at 298.15K 

Molality (mol kg·l) ¢ x 106 ( m' moJ-1) v . (TJITJo -1)/mV2 (kgl/2 mo]·l/2) R (em' mo]·l) 

w,= 0.01 

D-Glucose 

0.1002 116.4103 0.185 37.0635 

0.1585 115.2077 0.206 37.0976 

0.2007 114.1554 0.220 37.1203 

0.2355 113.3127 0.232 37.1422 

0.2659' 112.5448 0.243 37.1634 

0.2933 111.8122 0.255 37.1736 

D-Sucrose 

0.1002 225.7854 0.287 70.4402 

0.1587 223.1798 0.3'74 70.5613 

0.2011 221.0252 0.447 70.6393 

0.2362 219.1348 0.499 70.7134 

0.2669 217.7682 0.551 70.7666 

0.2946 216.4123 0.593 70.8166 

D-Maltose Monohydrate 

0.1002 243.8443 0.295 74.1485 

0.1588 -240.8378 0.389 74.2954 

0.2012 238.3324 0.459 74.3961 

0.2363 236.4648 0.512 74.4932 

0.2671 234.5385 0.567 74.5654 

0.2948 233.1743 0.612 74.6363 

w,= 0.03 

D-Glucose 

0.1001 
{f.' 

129.2440 0.238 37.1138 

0.1584 127.8431 0.297 37.1749 

0.2006 126.7424 0.346 37.2146 

0.2354 125.8782 0.384 37.2535 

0.2658 125.0985 0.416 37.2815 

0.2932 124.3585 0.440 37.3086 

D-Sucrose 
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0.1002 . 248.4615 0.326 70.4554 

0.1587 244.0586 0.450 70.4659 

0.2010 240.4563 0.542 70.6270 

0.2361 237.5453 0.618 70.7612 

0.2669 234.7383 0.690 70.8708 

0.2946 232.2156 0.747 70.9552 

D-Maltose Monohydrate 

0.1002 266.4932 0.329 74.1755 

0.1587 261.6901 0.462 74.3846 

0.2011 257.9877 0.558 74.5250 

0.2363 254.8493 0.633 74.6588 

0.2670 252.0553 0.698 74.7668 

0.2948 249.4233 0.760 74.8690 

w,= 0.05 

D-Glucose 

0.1000 144.0534 [),233 37.1787 

0.1583 142.4546 0.308 37.2478 

0.2005 141.0556 0.361 37.3053 

0.2353 140.0564 0.404 37.3518 

0.2658 139.1998 0.443 37.3874 

0.2932 138.4105 0.477 37.4223 

D-Sucrose 

0.1001 267.1023 0.319 70.5155 

0.1586 260.9069 0.456 70.7505 

0.2010 256.8599 0.557 70.9202 

0.2361 252.8402 0.633 71.0617 

0.2668 249.9722 0.708 71.1808 

0.2945 246.5881 0.765 71.2901 

D-Maltose Monohydrate 

0.1001 285.1090 0.324 74.2277 

0.1586 278.5i39 0.463 74.4944 

0.2010 274.3670 0.567 74.6923 

0.2362 270.3018 0.645. 74.8805 

0.2670 267.4078 0.721 75.0249 

0.2948 264.1245 0.779 75.1596 
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Table 4. Limiting apparent molar volumes ( ¢~ ), experimental slopes ( S~) and 

A, B coefficients of D-Giucose, D-Sucrose and D-Maltose Monohydrate in 

different mass fraction of Ascorbic acid in water at 298.15 

Solute ¢~X 106 s~ x 10• A 8 

(m' mol-') (m' moJ-31' kg'J2) (kg moP) (kg'!' mol·•!') 

W1- 0.01 

D-Glucose 118.9 -23.91 0.149 0.356 

D-Sucrose 230.7 -48.73 0.127 1.582 

D-Maltose Monohydrate 249.5 -55.50 0.130 1.627 

W1- 0.03 

D-Glucose 131.8 -25.29 0.130 1.068 

D-Sucrose 257.1 -83.74 0.105 2.177 

D-Maltose Monohydrate 275.4 -87.73 0.110 2.208 

W1= 0.05 

D-Glucose 147 -29.47 0.107 1.260 

D-Sucrose 277.6 -104.4 0.090 2.303 

D-Maltose Monohydrate 295.6 -106.7 0.091 2.346 
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Figure 1. The plots of limiting apparent molar volumes(~~) forD-Glucose(-

+-), D-Sucrose (-•). D-Maltose Monohydrate (-..,_) in different mass 

fractions (wl) of ascorbic acid in aqueous mixture at 298.15K 

i 
2 

0 

~1.5 

~ 
....... 1 = 

0.5 

0 0.01 0.02 0.03 0.04 0.05 0.06 
Mass Fraction of Ascorbic acid 

Figure 2. The plots of viscosity B-coefficient for D-Glucose ( -+-), D-Sucrose 

(-•). D-Maltose Monohydrate (-..,_) in different mass fractions (wl) of 

ascorbic acid in aqueous mixture at 298.15K. 
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Schemes: 
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