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Published: 30 Oct 2023 dioxane-water system at 288.15K, 298.15K, 308.15K, and 318.15K, the

following types of cell has been set up:

Publication Issue Hx(Pt) | Glycine, HC, X% Dioxane, Hg:Cl2 | Hg
Volume 10, Issue 5 mi mo (C-1)
September-October-2023 in 10, 20, and 30% dioxane in dioxane-water system at 288.15K to 318.15K
Page Number at an interval of 10K, and e.m.f. of the cell was given by:
605-611
E = E° - (2.303RT/F) (log mu* ma- + log Yirr Yar) )
where,
log Yu* Ya- =- QA V/(1+Vp) ) + Pip )
log K1 - Bip = log Ki(A) — (A V/(1+Vp)) 3)

The equation (2) is called Modified Davies equation given by B. Prasad! for

calculating activity coefficient in the system.

From equation (3), acidic dissociation constant of glycine was calculated?>

by extrapolating the graph at u=0 in 10, 20, and 30% dioxane (m/m) in

dioxane-water system from 288.15K to 318.5K at an interval of 10K, and

then standard free energy change, standard enthalpy change, and standard

entropy change were calculated by thermodynamic relations:
AG®=-RTInKi (4)

and AG® = AH°- TAS® (5)

and by least square method®.
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I. INTRODUCTION

The dissociation of different electrolytes depends on
their nature, temperature, and solvent. The study of
the variation of dissociation constant of different
electrolytes in aqueous and aquo-organic solvents
has been a topic of great interest because, by
knowing the dissociation constant, the physico-
chemical properties of electrolytes can be known.
Electrolytes show varying properties in different
mediums depending upon their nature, either singly
or in a mixed solution, and aqueous solution’!? have
been extensively studied in comparison to aquo-
organic systems. It is well established that water is
good and exceptional solvent for a large number of
electrolytes,but workers need to shift their attention
from aqueous to aquo-organic systems to understand

the course of the reaction in aquo-organic system!'-

5. When system is changed from water to aquo-
organic medium, changes have been observed in the
reactivity of ions like solubility, oxidation-reduction
and acid-base behavior.

Glycine is an important biomolecule; therefore, it is
very informative to study effect of temperature on
acidic dissociation of glycine and determination of
thermodynamic quantities in aqueous and aquo-
organic systems. We have chosen aquo-organic
system like dioxane-water system at 288.15K to
318.15K at an interval of 10K.

Result and Discussion:

After determining acidic dissociation constant of
glycine related thermodynamic quantities in 10, 20,
and 30% dioxane in dioxane-water system were
calculated by thermodynamic equations(4), (5) and
least square method, and the values are given in
table 1.

Table-1
The values of pKi, AG?, AS® and AH? in 10, 20, and 30% dioxane in dioxane-water system ranged from 288.15K to

mass % Dioxane
Temp 10 20 30
K)
pKi AGO ASx10° | AH® pKi AGO —-AS°x 103 | AH® pKi AGO -AS%x |AH®
KJ mol!| KJ KJ KJ K] KJ K] mol' [103K] [K]
K-'mol! | mol™! mol! K-'mol! mol! ('mol! |mol™!
288.15 | 2.52 13.495 | 3.193 14.872 | 2.64 | 14.566 | 36.950 3.945 |[2.79 | 15.379 26.284 | 7.803
2
298.15 | 2.45 13.998 | -12.497 10.272 1 2.62 | 14.945 | 39.0673 |3.295 |2.74 | 15.80 36.168 | 5.493
308.15 | 2.40 14.202 | -28.185 5,516 |2.60 | 15.347 | 41.295 2.622 |273 |16.061 42.051 | 3.103
318.15 | 2.39 14562 | -43.875 0.603 |259 |[15.771 | 43.54 1923 |[271 16.521 49.933 | 0.634

318.15K at an interval of 10K for cell C-1.

pKu
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Fig-1 Graph for variation of pKi with temperature in 10, 20 and 30% dioxane-water system

Different colors indicates mass percent of dioxane in dioxane-water system.

@®0K1(10%) K1 (20%)  [T]1(30%)

:i///'///

pKt:

AG®

Fig 2 :- Plot of AG® against pKi in 10, 20 and 30% dioxane(m/m) in dioxane water system from 288.15K to 318.15K
at an interval of 10K

Different colors indicates temperature as follows:

® - 288.15K
® - 298.15K
o - 308.15K
e 318.15K
AH°
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Fig 3 :- Plot of AH? against pKi in 10, 20 and 30% dioxane(m/m) in dioxane water system from 288.15K to 318.15K

at an interval of 10K

Different colors indicates temperature as follows:

® - 288.15K
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Fig 4 :- Plot of AS against pKi in 10, 20 and 30% dioxane(m/m) in dioxane water system from 288.15K to 318.15K

at an interval of 10K
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Different colors indicates temperature as follows:

® - 28815K
® - 298.15K
© - 30815K

318.15K

Effect of Temperature on acidic dissociation of
Glycine :-

From Table 1, it is evident that the value of pKi:
decreases with an increase in temperature. The
results are similar to the results of other workers!'¢!
in dioxane-water system, and it is due to the
endothermic nature of the reaction, which favors a
decrease in pKi value with an increase in
temperature from 10 to 30% dioxane water at
288.15K to 318.15K, which is in agreement with
observation of Harned®. Generally, in case of
has

observed'41522 that the value of pKiincreases with an

monoprotic and diprotic acids, it been
increase in temperature, which is due to a decrease
in the dielectric constant of the medium, but in the
case of glycine, the pKi value decreases with a rise in
temperature. It means that the dissociation of
glycine is favored with an increase in temperature,
and temperature play important role in comparison
to dielectric constant of the medium at 10, 20 and
30% dioxane content in the dioxane water system.
This may be due to existence of glycine in “zwitter
ion” form. So there is possibility of solute-solvent
interaction between glycine and dioxane and
perhaps the positive end of the zwitter ion interacts
with the oxygen atom of dioxane, and probably a
large number of dioxane molecules are involved in
forming a layered structure with glycine, so there is
no further decrease in the dielectric constant. Hence,
an increase in temperature favors the dissociation of
glycine. This reason may be taken into account to
explain the decrease in the pKi values of glycine
with a rise in temperature. Further, it is evident
from Table 1 that there is large increase in pKi value

with an increase in dioxane content in the dioxane-

water system and a smaller decrease in pKi value
with a rise in temperature. Therefore, the dielectric
constant of the medium plays a dominant role, and
temperature plays the least role in the dissociation of

glycine.

From Fig. 1 between temperature and pKi for 10, 20,
and 30% dioxane (m/m) at 288.15K to 318.15K at
10K interval, it has been observed that there is more
curvature in 10 and 30% dioxane content and slight
curvature in 20% dioxane content. A greater
curvature in 10% dioxane content indicates that

there is large solute-solvent interaction.

Further, in the case of 30% dioxane content, there is
slight curvature in the plot indicating ion-solvent
interaction, and a medium effect is visible. It can be
concluded that between 10 and 30% dioxane, there
is greater interaction between glycine and dioxane

molecules.
Standard Free energy change and pKi variation:

It is evident from table 1, that value of standard free
energy change of the reaction,

F——

ZHr —~— 7+ +H

throughout the temperature and mass % of dioxane
content of dioxane-water system are positive, the
value of AG®

temperature and dioxane-content water and the

increases with an increase in
increase in standard free energy change is more with
increase in dioxane content of dioxane- water system
and with an increase in temperature, therefore acidic
dissociation of glycine is less favoured with increase

of dioxane content but there is decrease in pKi value
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with an increase in temperature in spite of an
increase in standard free energy change as evident
from Fig 2. This is perhaps due to interaction of
positive end of zwitter ion of glycine with
electronegative oxygen atom of dioxane. Therefore,
dissociation of glycine may depend upon dielectric
constant of the medium, temperature and solute-
solvent interaction but the dominating role played
has

dissociation of acids in aquo-organic system.

by dielectric constant as been seen in

It is evident from fig 2, at 308.15K, and 318.15K,
there is smooth increase in AG° value with an
increase in pKi in 10, 20, and 30% dioxane, whereas
at 288.15K there is slight curvature and appreciable
curvature at 288.15K.

Standard enthalpy change and pK: variation :-

From table 1. it is evident that the enthalpy change
the
endothermic. means increase in temperature favors
With

temperature, there is decrease in standard enthalpy

is positive, indicating that reaction is

the dissociation of glycine. increase in
change and the change is remarkable in 288.15K,
298.25K and 308.15K. From table 1, it is evident that
at all the temperature under consideration there is
decrease in enthalpy change from 10 to 20%
dioxane-content and then increase in 30% dioxane-
content and minimum value of standard enthalpy
change in all the temperature is in 20% dioxane-
content and the value surge to exothermic nature i.e.,

there is remarkable change in 20% dioxane-content.

Further, it is noticed from Fig. 3 that the value of
standard enthalpy change decreases at a particular
temperature with an increase in dioxane-content
from 10 to 20%, but then there is increase in
standard enthalpy change when dioxane content
increases to 30%, it means the first endothermic
nature of the reaction decreases and then there is

increase in the endothermic nature of the reaction.

Standard entropy change and pK: variation :-

It is evident from table 1, that there is decrease in
entropy with increase in temperature and the value
of entropy is negative in all the dioxane-content and
temperature under consideration except at 288.15K
in 10% dioxane-content, the value of entropy is
positive. The remarkable point to note that there is
greater decrease for 10% dioxane-content from
288.15K to 318.15K at an interval of 10K and least
decrease in 20% dioxane-content for 288.15K to
318.15K at an interval of 10K.

Further, on the Fig 4 regarding variation of acidic
dissociation of glycine with entropy it has been
observed that in all the temperature and dioxane-
content entropy first decreases and then there is
slight increase in entropy. But the value of pKi

increases with increase in dioxane- content from
288.15K to 318.15K at an interval of 10K.

According to Frank and Evans!, ionization of

uncharged = molecules  into  ions  causes
immobilization of solvent molecules around the ions,
causing decrease in entropy. In case of glycine,
which is both present in form of protonated glycine
and zwitter ion in equal molecule, dissociation of
protonated glycine gives zwitter ion and proton H*.
In these circumstances, there is probability of
interaction of positive end of zwitter ion with
oxygen atom of dioxane; this may cause larger
immobilization of solvent molecules, causing
decrease in entropy, as evident from Table 1. Further,
with rise in temperature, there is decrease in entropy,
which is due to dissociation of protonated glycine,
forming zwitter ion, and interaction with oxygen
atom of dioxane. Therefore, decrease in entropy with
increase in temperature favors the formation of

zZwitter ions.

Therefore, it may be concluded regarding effect of
temperature and thermodynamic quantities upon

dissociation of glycine that dissociation of glycine is
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favored by increase of temperature, decrease in
entropy, and endothermic nature of the reaction; but
there is greater increase in pKi value with increase in
dioxane-content in comparison to decrease in pKi
value with increase in temperature. Therefore, in
case of aquo-organic solvent, Frank and Wen®
simple model needs to be modified because of
structural change of water molecules due to addition
of organic solvent, and structural change of water
also depends on the mass percentage of organic

solvent.
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