Measurement of Excess Thermodynamic Functions from Viscosity Data
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Summary: Relative viscosities for formic, acetic, propionic and butyric acids in aqueous solutions
were determined using thermostatic Libbelohde Fow viscometer in temperature range of 25 to
5°C. Fxcess viscosity, excess volume and activation parameser were calculated. It seems that as
excess volume decreases with the rise of mole fraction of the particular acid and the correspond-
ing excess viscoetly increases. The effect of temperature on excess viscosity is much maore telling
than the same effect on AVE, The explanation of this behaviour appears to be in the fact that
with rise of temperature the intermolecular forces between acid-arid, acid-solvent and solvent-
solvent change significantly to effect the viscosity hehaviour, whereas for excess interactions a5 a
function of temperature seems to gol in different directions. This behaviour is well known for a

liquid containing hydrogen bonds,

Introduction

The behaviour of associated liquids [1-2] as
hydroxylic compounds is abnormal in several
aspects; the viscositics arc very much higher than
for analogous non asseciated substances and the
valucs decrease rapidly with increasing tempera-
ture. For example Hz0 is mote viscous than H3S or
CHas, CzHsOH and C;HsNH2 are much more vis-
cous than propane, anilline and phenol are much
more viscous than toluenc. This abnormally large
viscosity is of course due to hydrogen bonded struc-
ture of these carboxylic acids. When molecules in
such liquids flows it must not only break vander
waals and dipole bonds but also hydrogen bonds.
The energy of activation for viscous flow is not only
independent of temperature [3] as temperature is
raised there is decrease in number of hydrogen
bonds, to be broken before flow can occur, and
hence the activation energy decreased when the
compound contain two or more hydroxyl groups.
The viscosity of the compounds is very much high
on accounts ol relatively large number of hydrogen
bonds which must be broken in the formation of ac-
tivated molecules for flow.

The present papet deals with investigations of
thermodynamic and traasport propertics of binary
liquid mixturcs. The trends of changes have been

intcrpreted in (erms of difference in size of the
molecules and the strength of intcraction taking
place between the componcnls ol the mixtures. The

excess viscosity 5, excess volume AVE were calcu-
lated. Free energy of activation 3G , activation
entropy 38" and activation cnthalpies 8H were
also evaluated from the experimental results on
densities and viscosities for the aqueous system of
formic, acetic, propionic and butyric acid at dif-
ferent temperature from 25°C to 65°C. Explanation
of these quantities in terms of acid-acid, acid-water
and water-watet interactions have been given with
special emphasis on hydrogen bonding in solutions
[4-3).

Experimental

All densities of pure and mixture liquids were
determined by pycnometer at various temperatures.
The precision capillary of the pycnomeler {ube was
calibrated against pure benzene and acetone. The
temperature vanation occurred in the range of
25.00+ 0.005°C.

A Townson Mercer thermostat, which was
provided with an electrically driven stirrer, a heat-
ing coil, a constant thermorcgulator, and a Be-



M. AFZAL ct al.

ckman thermometcr, was uscd for temperature
controllcd mcasurcments. The tempcrature of the
bath was kept constant by means of heating coil,
and a constant circulation of water was maintaincd
for a particular reading. Details of experimental
procedure is published elsewhere [6].

The viscosity measurements wcre made by
using Ubbelodhe viscometer {7] having a fine capil-
lary with flared ends in order to minimize kinetic
caergy coitections. The times of flow were
measured at least three times for each solulion and
agreed to within + 0.2s.

All acids were from E. Merck and were used
as such.

Calculation and Results

Excess viscosity 7= and excess volume SVE
were calculated for the binary-systems of formic,
acetic, propionic and butyric acids with water at
various temperatures from 25 (o 65°C (hrough the
following equation.

V= (X1M1+XaM2)/p ....... (1)

= {XiM1 + X;MyP] - [XiM1/Py +
X2M2P3] oo 2)
7 = - (X1 + Xo2) . (3)

Where p, 7 and V are the density, viscosity
and molar volume of the mixture, Mi M2, p1, p2, m1,
72 are the molecular masses densities and vis-
cosilies of pure component 1 and 2 respectively.

Various thermodynamic parameters of vis-
cous flow were determined using the Eyring [8]
equation in the form as:

Iny = [lnA-88/R] + 6H'/RT..... (4)

Where the symbols have their usual meaning,
Value of A = 107

When la 7 is plotted against 1/T a straight line
is obtained having slope equal to 3H'/R and the in-
tercept is equal 10 -08 /R. The standard free energy
of activation G~ for viscous flow is obtained using
the equation:

3G =0OH -TaS
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Discussion

The system of carboxylic acid and water can
be classified as a polar and associated [9-10]. Tn
non clectrolyte systems positive deviation from
ideal hehaviour are attributed to dispersion forces
[11] and negative deviations to the geometric con-
siderations [12]. An attempt have made to explain
the behaviour of liquid mixtures on the basis of sign
and magmlude of excess viscosity '~ and excess
volume 8VE which have been calculated by usi ing
equation 1 and 2. Here excess quantity (6VE, 75
are plotted against mole fraction of acid concentra-
tion.

ExEmination of figures (1-7) shows that the
values 7 arc positive. As the carboxyllc acid con-
ccotration is increased the values of r; reaches a

."z —

Fig.1: Plot of excess viscosity (?jﬂ) vs mole fraction {Xz)
of (x) formic acid +water. E)acetic acid +water, (A ) propionie
acid +water and (O) butyric acid +water at 32°C.
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Fig2: Plot of excess viscosity ()}E) v& mole fraction (X2)
of (x) formic acid +water. §) acetic acid +water (A} propionic
acid +water and (Q) butyric acid +water at 40°C.
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maximum at 1.44, 0.873, 1.44 and 1.546 cP at 32°C.
The maximum appear at 0.4 mole fraction of
propionic acid and 0.5 mole fraction of formic,
acetic and butyric acid respectively. By increasing
the tcmperaturc from 25 to 65°C at interval of 5°C
the values of 17 decreases. The maximum values
0.144, 1.10, 1.56 and 1,930 cP of these carboxylic
acids at 25°C decreased to 0.1030, 0.336, 0.481 and
0.577 cP at 65°C, Accordmg to Fort and Moore [13]

\E\ the values of r} are negallvc for a system of dif-
(g A3w.  ferent molecular size in which dispersion forces are
0¥l 4020 030 C-’<U 050 Ced D?D DGO (a0 dominaﬂl.
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Fig.3: Plot of exvess viscosity (A®) vs mole fraction (X2)  In our system the ™ values are increasc by
of (x) formic acid +water acetic acid +water S ) (A)proppionic addition of acid and this shows the magnitude of in-

acid +water and (Q) butyric acid +water at 45°C. teraction increase with increase in concentration. In
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Fig4: Plot of excess wscosnty hB) vs mole fraction (Xz) of (x) formic acid + water §3) acetic acid +water. (&) propionic
acid +water and (O) butyric acid +water at 50°C.
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Fig5: Plot of excess viscosity (f[E‘) vs. mole fraction {X2) of (x) formic acid +water () acetic acid +water (A) propionic
acid + water and (O) bulyric acid + water at 55°C.
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Fig.6: Plot of cxcess visocisty (%) vs mole fraction (X2) of (x) formic acid + water £1) acctir acid +water (A) propionic
acid +water and (0) butyric acid +water at 60°C.
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Fig.7: Plot of excess viscosity (qﬁ) vs. moke fraction (22} of (x) formic acid +water € acctic arid +water (A\)propionic acid +
water and (0) butyric acid +water at 65°C,
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Fig.8: Plot of excess volume (AVB) vs. mole fraction Fig.9: Plot of excess volume (AVE) vs mole fraction (3(2)

(X2) of x formic scid +water acetic acid+water propionic  of () formic acid + water &) acetic acid +water () propicnic
acid +water and butyric acid +water at 25°C acid +water and {0} butyric acid +water at 32°C.
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the present case all the chemical species being
aliphatic, a small diffcrence in size changcs the ex-
cess viscosity to a large extent. The 1; is more posi-
tive for butyric acid than for other acids. For
mixture of carboxyhc acids with water for various
molc fraction, i E has the sequence.

Butyric acid > Propionic acid > Acetic acid
> Formic acid

This trend in values of f}B give evidence in
lavour of increasing extent of specific interaction of
these acids with water having an increased number
of -CHz- substituents attached to -C-OH group.

In ﬁgures {8-14) we compare the magnitnde
of 3VE in four binary mixture of carboxylic acids
and water. Several cffccts may contribute [14] to the
values of 8VE, In the system studied here, we can
rccognise four different effects as being important,

1) the breaking of liquid order on mixture.

2) unfavourable interactions between groups.

3) differences in molecular volume.

4) diffcrences in free volume between liquid
components.

The effect which is expected to act on 6VE, is
difference in molecular sizes leads to interstitiaf ac-
commodation in lhc mixture and hence to negative
contribution to dVE, The molecules of HCOOH
are the smallest of all other acids. Butyric acid has
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Fig.10: Plot of excess volume (AV™) vs. mole fraction
{X2) of (x) formic acid + water. 1) acetic acid + water (/)
propionic acid +water and () butyric acid +water at 40°C.
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Fig.11: Plot of excess volume (AVE) vs mole fraction
(X2} of (x} formic acid + water, f) acetic acid + water {AA)
prgpion.ic acid + water dnd {O) butyric + acid + water at
45°C.
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Fig1Z: Plot of excess volume (&V’E') ve mole fraction
{302) of (x} formic acid +water. () acetic acid + water (1Y)
propionic acid +water and (O} butyric acid -+ water at 50°C.

the largest molar volume 84.68 em® mol ™ than other
acids whose molar volumes are 37.118, 51.875 and
71.903 em® mol™? of formic, acetic and proplomc
acid respectively. The negative contribution to sHE
due to interstitial accommodation should be larger
in the case of butyric acid. By increasing tempera-
ture the volume contraction (negative value of ex-
cess volume) decreases.

Another effect also of structural nature, and
which again should give a negative contribution to
3VE is the difference in free volume components.
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Fig1% Plot of excess volume (AVE) v mole fraction Fig.14: Plot of excess volume (AVZ) vs mole fraction
(X2) of {x) formic acid + water (3) acetic acid + water (A)  (X2) of (x} formic acid + water, (3) acetic acid +water (&)
propionic acid + water and (o) butyric acid +water at 60°C. Ppropionic acid +water and (o) buiyric acid +water at 65°C.
Table-1; Activation parameter for viscous fow
Systemm  Concen AH = —AS AG  System  Concen- AH  AS  AG
tration tration
(M) (M)
Formic 01 3516 0192 352.32 Propionic 0.1 34588 0333 #4503
Acid& 1 M658  0.210 40914 Acid & 1 4133 0366 52051
Water 5 MaSR (1253 497.08 water & 452.68 0497 &00.8L
13 33008 0238 400.90 8 . 45996 0487 60729
13 35208 0157 398.71 i0 44890 0448 58225
13 415.8% 0305 506.78
Acetlic 0.1 39951  0.307 43099 Bulyric 01 34658 0200 462.26
Acid & 1 3B648 0321 45209 Acid & 2 426.3% 0346 529.85
Waler 5 M345 0574 567.24 water 4 468.11 0416 59205
410.04 0327 50956 6 47531 0497 62345
10 41939 - 0432 548.05 8 489293 0495 63683
12 44351 0465 582.203 9 484.07 0406 A0S.10
15 431.2% 0436 56547
Units: AH', AG” = {cal moi) & AS = cal K mof™
The intermolecular association also contributes (o All the systems mvolved in our previous

these negative values. The ability of butyric acid to  studies exhibited positive #= and negative oV, The
form stronger hydrogen bond with water is greater actjvation parameiers for example éH’, 8H and
as comparcd to other acids and their sequence is as 88 are tabulated in Table-1. The values oféH are
under: positive indicating that association and dipole-
dipole interactions increase the values of 9H . The

Butyric acid > Propionic acid > Acetic acid  values of M~ and 3G” |15-16] for the mixtures are

> Formic acid positive for each binary system studied and increase
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with increase in concentration, while for some these
values decrease. The trend of decline start from

12M, 10M, and 8M of acetic, propionic and butyric

acid respectively.
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