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ABSTRACT

Relative viscosities of nicotinic acid in D-lactose + water have been measured at different
temperatures (298.15, 303.15, 308.15, 313.15) K. The analysis of the viscosity data has been done
by using Jones-Dole equation and A and B-coefficients of Jones-Dole equation have been interpreted
in terms of solute-solute and solute-solvent interactions. The present study concludes the structure
making nature of nicotinic acid in binary aqueous mixtures of D-lactose.
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INTRODUCTION

The study of viscometric properties of
various solutions is one of the most interesting
areas in physical chemistry and this work has been
expanded in various directions in last few years.
The different structure and molecular properties
of solutions can be determined using viscometric
studies’3. Different kinds of interactions exist in
the solutions and out of those solute — solute and
solute — solvent interactions are the current areas
of interest. These interactions explain the structure
making and breaking nature of solute in the given
solvent. Accurate aqueous data is needed over wide
range of temperature, pressure and composition in

many fields besides chemistry such as biological
systems and pharmaceutical industries. The
literature survey shows that a number of studies
have been conducted on many biomolecules but a
little attentions was given for the study of viscometric
properties of nicotinic acid in aqueous and binary
aqueous mixtures of D-lactose*'®. Nicotinic acid
is also known as vitamin B, and is water soluble,
colourless and also used in pharmacological doses.
It has a great role in DNA repairing and production
of steroid hormones. Also, it is used as an additive
in food, forage and cosmetics. Lactose is one of
the major parts of diet especially for infants and is
also used to sweeten stout beer, called a milk stout
or a cream stout. Lactose because of its physical
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properties i.e. compressibility, and low price is
also added to pills as filler and also for dilution of
heroin.

Materials and methods

Both the reagents nicotinic acid (C,H,NO,,
M.W.123.11g) and D-Lactose (C,,H,,O,,
M.W.320.32g) were of A.R grade and used after
drying over calcium oxide for more than 24 hours.
Both the reagents were procured from S.D Fine-Chem
Limited. The triple distilled deionized water with a pH
of 7.1 and conductivity ranging from 1-2 ps-cm”'was
used during the experiment for the preparation of
the solutions and various other compositions. Molal
solutions were prepared using an analytical balance
(FA2204B, Shanghai Jingke, China) at298.15 K with
an uncertainty of + 0.0001 g and concentrations were
prepared with an uncertainty of 0.0001 mol.kg™. The
chemicals used in the present study were dried over
calcium oxide for a period of more than 24 h. and
molal solutions (0.01,0.03,0.05,0.07,0.1 and 0.15)
mol.kg™of nicotinic acid in binary aqueous solutions
of D-lactose (0.05, 0.15, 0.25 and 0.35) mol kg™ were
prepared for determining densities and viscosities.

The molal concentration,(m) was converted
into molar concentration, (c) by using the standard
expression:

_ _mpl000 (1)
1000 + mM

Where p is the density of sample and M
is the molecular weight of the nicotinic acid. The
densities, p for all the solutions were measured
by using an Anton Paar DSA 5000 M density and
sound velocity meter. The instrument was calibrated
with triple distilled and degassed water in the
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experimental temperature range. The instrument
was controlled to +1x102 K by built-in Peltier device
as density is extremely sensitive to temperature. The
uncertainty of the density was found to be +3x10®
kg.m=.The viscosities and the relative viscosities
of all the solutions of nicotinic acid in water as well
as in binary aqueous mixtures of D-lactose were
determined by using an ubbelohde viscometer
having a flow time of 57 seconds for pure water at
3083.15 K. The procedure was repeated till three
successive values were determined within a range of
+0.1 second. The effect of temperature was observed
using water thermostat (+ 0.01K)'"2,

RESULTS AND DISCUSSIONS

The densities and relative viscosities of all
the solutions of nicotinic acid in D-lactose + water
systems for four different compositions (0.05, 0.15,
0.25 and 0.35) mol.kg' were determined at 303.15K.
The data of relative viscosity has been analysed with
Jones Dole equation?'.
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Fig. 1: Plot of (1 - 1)/c"?vs c'?for nicotinic acid in
different composition of D-lactose
+ Water at 303.15K.

Table1 :Values of A and B coefficient of the Jones — Dole equation , Vlﬂ' (mean volume of the
solvent), If,, (partial molar volume), fj.ui ( free energies of activations per mole of pure solvent)
and ﬂpﬂ ( free energies of activations per mole of nicotinic acid) in different composition of
D-lactose + Water at 303.15K

m? (mol kg') A(m*2mol'2)  B(mmol~)

V., °(m3mol)

V,°(m®mol?) Ap,°(kdmol?) Ap,°(kdmol)

0.05 4.349(+0.141) 0.384(+0.005) 18.86 81.63 26.74 61.73
0.15 4.340(+0.072) 0.387(+0.002) 20.69 81.97 26.89 60.87
0.25 4.230(+0.199) 0.404(+0.007) 23.02 82.26 27.06 61.84
0.35 4.181(+0.367) 0.421(+0.013) 26.00 82.59 27.23 62.86
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Mo = i =1+ACY2+BC (2

Where, n is viscosity of solutions and n,
is viscosity of solvent respectively. A is a constant
parameter representing solute-solute interactions
where as B is a parameter explains solute —
solvent interactions. These A and B parameters
were obtained by plotting a graph between (n- 1)/
C'2 versus C"2 for nicotinic acid in all the different
compositions of D-lactose + water at 303.15 K
and the values are reported in Table 1. Figure
1 represents a sample plot of (n- 1)/C"? versus
C'2 for nicotinic acid in different compositions of
D-Lactose + water.

The A coefficient values reported in
table - 1 found to decrease with the increase in the
composition of D-lactose in water indicating that
solute-solute interactions are weakened with the
increase in the composition of D-lactose in water. It
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Fig. 2: Plot of (n - 1)/c"2vs c'?for nicotinic acid
in 0.05 mol.kg" D-lactose + water
at different temperatures.
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is also found that the B-coefficient values for nicotinic
acid are positive, for entire range compositions
of D-lactose + water at 303.15K, indicating the
presence of strong solute-solvent interactions, which
dominate over the solute-solute interactions. This
may be attributed to the strong solvation of these ions
by the binary mixtures of D-lactose + water. Further,
the B —coefficient values increase with the increase
of D-lactose content in water at 303.15K showing that
solute —solvent interactions are further strengthened
with the increase of D-lactose content in water
indicating that the solvation is further enhanced as
the composition of D-lactose increases in water, or it
justifies that D-lactose has more affinity for nicotinic
acid than that for water.

Feakins theory has also been used to
analyse the viscosity data 2 .The transition state
theory gives the B parameter by the following
relation:

v [ﬂuﬁ-ﬂh (3
1000 RT

Where, Vl“' is mean volume of the solvent
172 is the partial molar volume of the nicotinic acid,
is the free energies of activations per mole of pure
solvent and is the free energies of activations per
mole of the nicotinic acid respectively

Ap = RTIn (nolf’/hN) ()

A = A+ RT/V2 [10008 — (v2 - 2] (5)

Where 0, is the viscosity of the solvent, T
is the absolute temperature, R is the gas constant,

Table 2: Values of A and B coefficient of the Jones — Dole equation V (mean volume of the
solvent), V,, (partial molar volume), 1'5'-!-11 ( free energies of activations per mole of pure solvent)
and A5 ( free energies of activations per mole of nicotinic acid) in 0.05 mol.kg™ D-lactose + water
at different temperatures

K A(m3¥2mol?) B(m*mol™) V. °(m®mol') V. (m®mol?) Ap °(kdmol’) Ap,°(kJmol)
298.15  4.444(x0.209)  0.369(x0.008) 18.25 81.38 26.40 58.73
303.15  4.349(x0.141)  0.384(+0.005) 18.27 81.63 26.71 61.73
308.15 4.249(x0.121) 0.401(=0.004) 18.30 82.36 27.02 65.12
313.15 4.188(+0.094) 0.412(=0.003) 18.34 82.80 27.37 67.68
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N is the Avogadro number and h is the Planck’s
constant.

The values of Ap,° were calculated with the
help of relation (4) and reported in Table 2 .

V_:Lu = (1 My + x2M3) /py --(6)

Wherex,, M, are the mole fractions and
molecular weights of the water and x,, M, the same
for D-lactose + water respectively where as p, is the
density of D-lactose + water. The y# values for the
nicotinic acid are recorded in Table 1 and calculated
with the help of the density data. The 1° and Ap,°
values are recorded in Table 1 and were calculated
with the help of relations (5) and (6). It is found that
the values of Ap.” and 17 are practically constant
in all solvent compositions.

It is found that the Ap,° values are positive
and more in magnitude than Ap,° values which
suggests that the transition state formation is less
favoured in the presence of the selected nicotinic
acid indicating the formation of transition state and
is followed by the breaking and distortions of the
intermolecular bonds between D-lactose and water.
The dB/dT is a the important criterion for elucidating
the structure making/breaking nature of any
solute 3. The analyses of dB/dT parameter was done
by studying the effect of temperature.

Effect of temperature
As the behaviour of nicotinic acid in all
different compositions (0.05, 0.15, 0.25 and 0.35)

Table 3: Values of (A, Ap,°), TAS *and AH,* for
nicotinic acid in 0.05 mol.kg! D-lactose+ water at
different temperatures

TIK (AR, Ap,°) TAS, AH,°
(kd mol ) (kdJ mol) (kd mol™)
298.15 32.33 -180.08 -121.35
303.15 35.02 -183.10 -121.37
308.15 38.10 -186.12 -121.00
313.15 40.30 -189.14 -121.47
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molkg ' of D-lactose + water was found to be identical
and linear at 303.15 K. So, only lower composition
i.e 0.05 mol.kg™ D-lactose + water system has been
selected for observing the effect of temperature
(298.15,303.15,308.15 and 313.15) K. The plot of
(n- 1)/C"2 verses C'? has been found to be linear
for nicotinic acid at different temperatures. Figure
2 represents the sample plot for nicotinic acid in
0.05 mol.kg™ D-lactose + water system at different
temperatures.

It is found that the values of A parameter
that are reported in table 2 , decrease with the rise
in temperature in 0.05 mol.kg' D-lactose + water for
the nicotinic acid. So, it suggests that solute-solute
interactions further decreases with the increase
of temperature, in other words, the presence of
weak solute-solute interactions may be attribute
to increase in the solvation of nicotinic acid in
D-lactose + water system. From Table 2, the values
of B-coefficient are positive for nicotinic acid in 0.05
mol.kg' D-lactose + water at different temperatures
and it indicates the presence of strong solute-solvent
interactions. Further the values of B-coefficient
increases with the increase in temperature indicating
the enhancement of solute-solvent interaction with
rise in temperature. The value of dB/dT is found
to be negative for nicotinic acid in 0.05 mol.kg™
D-lactose + water. This indicates the structure
making nature of nicotinic acid in D-lactose + water
system.

The transition state theory has been applied
for interpreting B-coefficients parameter at 298.15,
303.15, 308.15and 313.15 K. The values of An,° and
Ap,® have been recorded in Table 2. The quantity
(A’ - Ap,%),the change in activation energy per
mole of solute on replacing one mole of solute by
one more mole of solute at infinite dilution large and
positive for nicotinic acid in 0.05 mol.kg™' D-lactose
+ water at different temperatures and are reported
in table 3. Finally, it concludes that the formation of
the transition state is followed by breakage of the
intermolecular bonds of the solvent.

The entropy of activation As,° for nicotinic acid has
been determined from the following equations

a(aug) _

e —AS? A7)
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The values of As,’ have been obtained
from the slopes of linear plot of Ap,’ verses T and
the enthalpy of activation AH,° was calculated using
relation:

AHJ = Apd + TASS (8

The values of TAs, and AH,° at different
temperatures are reported in Table 3.

Itis clear from Table 3 that both parameters
enthalpy and entropy of activation are negative for
the nicotinic acid indicating that the transition state is
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more associated with making of bond and increase
in order 24,

CONCLUSION

The analysed data of relative viscosities of
nicotinic acid in different compositions of D-lactose+
water along with the effect of temperature justifies the
increase in solute solvent interactions with increase
in composition of D-lactose in water as well as with
increase in temperature. The negative value of dB/
dT and the transitions state theory supports that
structure making nature of nicotinic acid in binary
aqueous mixtures of D-lactose.
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