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Ion solvent interaction was studied by free energy transfer during acidic
dissociation of Glycine in 10,20 and 30% dioxane in dioxane-water system
at 318.15K and free energy was given by the thermodynamic relation

AG: = 2.303RTApK:

where AG: = free energy transfer when solvent change from water to
dioxane-water.

ApKi1 = pKa—pKwi

where pKwi = —log Kw1 negative logarithmic of dissociation constant of
glycine in water.

pKsi = —log Ksinegative logarithmic of acid dissociation constant of glycine
in dioxane-water.

For this purpose acidic dissociatio constant of glycine was determined
potentiometrically by setting up the cell:

H»(Pt) | Glycine, HCI, X% Dioxane, Hg.Cl2 | Hg ...(C-1)

mi m2 (100-x)% water

and e.m.f. of the cell was given by the formula:

E = E*- 2.303RT/F (log mu* mda™ + log Yu* Yar) ...(1)
In the equation (1) activity coefficient of the solution has been taken into
consideration to understand ion solvent interaction and activity coefficient
is given by the relation:

log Yu* Yo = -2AVp/(1+ V) +Bip ..(2)
Equation (2) is modified Davies equation given by B. Prasad and hence
acidic dissociation constant of glycine can be calculated by calculating mu*
as: log mu* = (E°— E)/K — log ma- + QAVW/(1+ V) — Bip ...(3)
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I. INTRODUCTION

Property of electrolytes deped upon its nature and
solvent used. Dissociation of aqueous solution'? have
been studied extensively. In general, when
electrolytes dissociates it gives cation and anion but in
case of glycine when dissolves in water gives zwitter
ion. Dissociation of electrolyte in aquo organic or
organic medium have been less extensively studied.>”
Different workers®!® have determined dissociation
constant of monoprotic and diprotic acids using cell
without liquid junction potential and deprotonation
constant of amino acids'""> in water has been studied
using cell of the same type.

the

constant of other types of electrolytes have been

Apart from these experiments, dissociation
determined in aqueous solution potentiometrically
using cell without liquid junction potential by
different workers.'®?2 The deprotonation constant of
glycine has been determined by Birdsall?® in 20, 45
and 70% dioxane content of dioxane-water system
using cell of the following type:
H:(Pt) | Z*, HZCl, X%Dioxane, Y%H:0 | AgCl-Ag
...(C-2)
To study ion-solvent interaction in 10, 20 and 30%
dioxane in dioxane-water system by calculating pKi
following type of cell has been setup:
Hy(Pt) | Glycine, HCl, X% Dioxane, Hg:Cl» | Hg
...(C-1)
For which e.m.f of the cell is given by equation 1:
It is necessary to consider ion-solvent interaction in
the system under study for which it is necessary to
evaluate the value of the species involved in the
medium. The study of ion-solvent interaction has
been reported by different workers.?#?” For this
purpose, a equation has been given by Prasad”® to
determine activity coefficient:
log Vi =—A'z2 Vi/1+ V1 +Bip
...(4)
For our experiment upto 30% dioxane content

activity coefficient of HCl is given by the equation 2.

Where A’ is Debye Huckel constant and f: is additive

parameter.
II. EXPERIMENTAL DETAIL

The acidic dissociation constant of Glycine at 10, 20
and 30% dioxane (m/m) in dioxane-water system was
determined by the EMF measurement for the cell (C-
1) at 318.15K. The Glass cell was set up in duplicate.
The electrodes were fitted in interchangeable cones
and could be put in and test from the cell as and when
needed. All chemicals used for the purpose are of AR
or GR quality. Buffer solution of glycine was prepared
by mixing one molar solution of glycine and half
After
equilibrium the EMF value have been noted for 10, 20

molar of hydrochloric acid. attaining
and 30% dioxane in dioxane-water system and the
values are mean of two reading of the two cell,after
correction for barometric pressure, vapour pressure

and bubbler depth.

III.RESULT AND DISCUSSION

It is assumed that the following equilibria take place

during deprotonation of protonated
Glycine. .
ZH* Z+ +
H+
m2(1-o) moe mao
where ZH+= NH3-CH>-COOH

Z* = NH3*—CH>-COO~
and Z = NH>-CH>-COOH = glycine
If a be the degree of dissociation of ZH in the buffer
of Glycine and hydrochloric acid

mz* = mi1 + mao

my* = mao

mzu = mz(1—or)

p =% mu* + %2 mzu* + Y2 mer-

=Y maot + Y2 mz2(1-at) +% m2

M =mo

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 10 | Issue3



Md. Shamsuddin al Int J Sci Res Sci & Technol. May-June-2023, 10 (3) : 405-411

In the cell C-1 and arbitrary value is assigned to p and
taking E°, f and A’, mu+ is calculated from equation3.
Till constant value of mu*is obtained up to 6™places of
decimal and from this value of mu*, m-* and mzu* and
this value is put in tabular form.

From dissociation of protonatedglycine we have:

Ki = ( mu+ mz/mzu* )o(Yut Yz¢/ Yzu*)
or log K1 = log Ki(A) + log (Yu* Yz*/ Yzu*)

Ki(A) = Apparent dissociation constant

K1 = Real dissociation constant

log Ki1 = log Ki(A) — (2A'V) / (1+ V) + Bip

..(7)
log Ki(A) =ms+ mz* / mzut+ =ms+ o (M + mat)/
m2—mHu* ...(8)
where mz* = mi + m2o
muy* = mao
Table 1: Plot of -q (-log Ki(A) + 25
(AW ) / (1 + V) for 10%
dioxane in dioxane-water syste at =
318.15 K for cell C-1.
23
H —-q —q
0.010346 2.3697 22
0.018327 2.3278 54
0.029326 2.31
0.042591  [2.2709 2000
0.056207 2.219
0.067298 2.172

mzut=m:2 (1-a)
and

B1 =Put+ Pzut + Pz*

log Ki(A) = log Ki + 2A"Vp) / (1 + Vp) — i

...(9)
or log Ki— Bip = log Ki(A) — QAVp) / (1 +
V) ...(10)
= q where q = log Ki(A) - 2AVp) / (1
+Vh)
or q =log Ki— Bip
—q =pKi+ i

..(11)

Now, —q is plotted against p for 10, 20 and 30%

dioxane-water system at 318.15° K.

0.02 0.04 0.06 0.08
il

Fig. 1: The plot of —q against p for the dissociation constant of glycine in

10% diaoxane at 318.15 K.
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Table 2: Plot of —q (—log Ki(A) +
(2A'V) / (1 + V) for 20% dioxane 28
in dioxane-water system at 318.15
K for cell C-2. 26

K —-q
0.010984  |2.55 ae
0.016497 2.544
0.029236  [2.496 ”
0.041224  |2.462 .
0.053915 2.422 =
0.067237 2.368

Table 3: Plot of —q (—log Ki(A) +
(2A'Vp) / (1 + Vp)) for 20% dioxane 48
in dioxane-water syste at 318.15 K
for cell C-2. 26
M —-q
0.012325 2.651 Lo
0.019027 2.63 ’s
0.027336 2.585
0.042129 2.523 20
0.00

0.057247 2.453
0.069413 2.419

In Fig. 1, 2 and 3 the plots have been extrapolated at pu
=0 and we get the value of pKi in 10, 20 and 30%
dioxane in dioxane-water system at 318.15 K and the
related thermodynamic quantities AG?, AHand AS° at
318.15K recorded in Table 4.

Table 4: The values of pKi, AG?, AS° and AH? in 10, 20
and 30% dioxane in dioxane-water system at 318.15K
for the cell C-1.

% B | AGO AHO
Di K |Kg |X SAS X104
10XaI
oxane | PR |1 08 KJK-'mol™
water mol™? | mol™ mol™

\\

0.02 0.04

N

Fig. 2: The plot of —q against p for the dissociation constant of Glycine in

20% diaoxane at 318.15 K.

0.04 0.08

B

0.06

Fig. 3: The plot of —q against p for the dissociation constant of glycine in

30% diaoxane at 318.15 K.

10 239|328 |4.562 |43.875 0.603
20 2591391 |15.771 | 43.540 1.923
30 2711421 |16.521 | 49.933 0.634

By the method of least square?, the value of
deprotonation constant are given by the equation:
log Ki==A/T+D-CT

...(12)
and for 10, 20 and 30%(m/m) dioxane in dioxane-
water system are given by the following equations:

For 10% (m/m) dioxane

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 10 | Issue3

408



Md. Shamsuddin al Int J Sci Res Sci & Technol. May-June-2023, 10 (3) : 405-411

logK: = —4179.255/T+23.723225-0.0409778T

...(13)
For 20% (m/m) dioxane
logKi1 =—678.3820/T+1.4152361-0.0057964T

...(14)
For 30% (m/m) dioxane
logKi =—-2117.1090/T+10.4921639-0.0205886T

...(15)
And value of A, D'and C have been recorded in
Table5 for 10, 20 and 30%(m/m) dioxane in dioxane-
water content.The values pKi calculated from these
the

experimental values as shown in Table4. The values of

equations are in good agreement with
pKi increases with the increase in dioxane content of

dioxane-water system as evident from Table4. These
the

workers!31416181921 in dioxane-water system and it is

results are similar to results of other

Table 6: Comparison of values of pKi for general
equation and experimental value at 318.15K in 10, 20
and 30% dioxane in dioxane-water system.

. Experimental General
Mass %Dioxane )
value equation value
10 2.39 2.39
20 2.59 2.58
30 2.71 2.71

Thermodynamic quantities for deprotonation of
glycine in 10, 20 and 30% dioxane in dioxane-water
system can be calculated by the following formula:
AG®=-19.1438(-A"+ D'T - C'T?)

...(16
Crystal clear an effect due to lowering of dielectric o (16)
. . ) AH? = -19.1438(—A- C'T?)
constant of the medium under consideration. 17)
ASO = —19.1438(D" — 2C'T)
Table 5: The value of A", D'and C’ calculated by least
...(18)
square? method.
mass %Dioxane | A’ D c
10 4179.2550 | 23.7823222 | 0.0409778
20 687.3820 | 1.4152361 | 0.0057964
30 2117.1090 | 10.4921639 | 0.0205886
8
Table: 7
Mass % dioxane|ApKi1|AG: 6
10 0.07 |1.34
20 027 [5.169 A% ¢
30 0.39 |7.466
2
00 0 0.1 0.2 0.3 0.4 0.5

ApI{.l

Fig. 4: Free energy transfer (AG:) for glycine in 10, 20 and 30%

dioxane in dioxane-water system at 318.15K.
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Ion-solvent interaction

The nature of ion-solvent interaction of glycine in 10,
20 and 30% dioxane in dioxane-water system at
318.15K can only be ascertained from free energy
transfer AG.. It is evident from Table 7, that free
energy change of glycine increases with increase in
dioxane-content and it can be concluded that change
in free energy may be due to change from zwitter ion
to neutral molecule but there is lesser probability of
such contribution. The main contribution may be due
to structural change of water, the structure formation
of water molecule due to addition of dioxane on the
one hand and hydrophilic addition of glycine and
dioxane on the other hand but the change of zwitter
ion to neutral molecule would be small, therefore
zwitter ion must be in a lower free energy state due
to solvation of amino acids by large number of water
molecules® and it is evident from the AG: that change
inzwitter ion structure to neutral molecule is
probably unfavorable. It is evident from the Table 7,
in 10% dioxane in dioxane-water there is slight

decrease in free energy change which may not be due

Table: 8 28
Mass %)) bx10s K
X

Dioxane P 24
10 15.84283904 |2.39

pK; 24
20 18.23819077 |2.51
30 21.45002145 |2.71 575

20

to change of structure from zwitter ion into neutral
molecule but it may be due to interaction between
positive end of zwitter ion and oxygen atom of
dioxane molecule. It is further evident from Table 7,
when dioxane content is increased from 10 to 20%
and 30% dioxane content in dioxane water system at
318.15K there is appreciable increase in AG: value.
According to Frank and Evans®, ionization of
uncharged molecules into ions causes immobilization
of solvent molecules. In case of glycine, which is
both NH3—CH>—COOH
NH3*—CH2-COO present in equal amount. Further

present  in and
dissociation of protonated glycine produces zwitter
and H+* ions. Therefore, there is probability of
interaction of positive end of zwitter ion with oxygen
atom of dioxane. Hence increase in dioxane content in
dioxane water system is highly unfavorable in
formation of zwitter and in our further study it has
been found that temperature and virtually no

significant role in this process.

1/Dx103

Fig. 5: Plot of pKi against 1/D x 10% at 318.15 K.

From the Fig. 5, it is evident that with increase in
dioxane content from 10 to 30%, there is sharp
increase in pKi value indicating that dissociation of
glycine is unfavorable and the Fig.5 is straight line
unlike323 at 298.15 and 308.15K in which there are

curvature.

IV. REFERENCES

[1]. R. A. Robison and R. H. Stokes, “Electrolytic
solution” (second edition) Academic Press, New
York, 1959.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 10 | Issue3



Md. Shamsuddin al Int J Sci Res Sci & Technol. May-June-2023, 10 (3) : 405-411

[2]. H. S. Harned and B. B. Owen, The Physical
Chemistry of Electrolytic Solution” (third
edition), Reinhold, New York, 1958.

[3]. A. J. Parker, Quarterly Reviews, Chemical
Society, 1962, 16,163-187.

[4]. A.]. Parker, Chem. Rev., 1969, 69(1), 1-32.

[5]. J. Miller and A. J. Parker, J. Amer. Chem. Soc.,
1961, 83(1), 117-123.

[6]. H. L. Schlafer and W. Schaffernicht, Angew
Chem., 1960, 72, 618-626.

[7]. G.]. Janz and S. S. Danyluck, Chem. Rev., 1960,
60(2), 209-234.

[8]. H. S. Harnerd and L. D. Fallon, J. Am. Chem.
Soc., 1939, 61(9), 2374-2377.

[9]. H.S. Harned and T. R. Dobell, J. Am. Chem. Soc.,
1941, 63(12), 3308-3312.

[10].H. S. Harned and R. S. Done, J. Am. Chem. Soc.,
1941, 63(10), 2579-2582.

[11].H. S. Harned and B. B. Owen, J. Am. Chem. Soc.,
1930, 52(12), 5091-5102.

[12].H. S. Harned and B. B. Owen, Chem. Rev., 1939,
25(1), 31-65.

[13].B. B. Owen, J. Am. Chem. Soc., 1934, 56(8),
1695-1697.

[14].L. F. Nims and P. K. Smith, J. Bio. Chem., 1933,
101(2), 401-412.

[15].P. K. Smith and A. C. Taylor and E. R. B. Smith,
J. Bio. Chem., 1937, 122(1), 109-123.

[16].C. W. Davies, H. W. Jones and C. B. Monk,
Trans. Farad. Soc., 1952, 48, 921-928.

[17].V. S. K. Nair and G. H. Nancollas, J. Chem. Soc.,
1958, 4144-4147.

[18].A. K. Covington, ]. V. Dobson and Lord Wynne-
Jones, Trans. Farad. Soc., 1965, 61, 2050-2056.
[19].L. Sharma, B. Prasad, J. Ind. Chem. Soc., 1969, 46.
[20].B. M. Prasadand J. C. Gosh, Proc. Nat. Acad. Sc.

India, 1990, 60A, III, 255.

[21].A. Gupta, Ph.D Thesis, Patna University, Patna,
1986.

[22].1. L. Jenkins and C. B. Monk, J. Am. Chem. Soc.,
1950, 72(6), 2695-2698.

[23].H. S. Harned and C.M., Birdsall, J. Am. Chem.
Soc., 1943, 65(1), 54-57.

[24].R.C. Das, UN. Dash and K.N. Panda,
Thermochim. Acta, 1979, 32(1-2), 301-305.

[25].R.C. Das, U.N. Dash and K.N. Panda, J. Chem.
Soc. Faraday Trans. I, 1980, 76, 2152-2158.

[26].U.N. Das and M.K. Mishra,
Acta, 1987, 115, 97-110.

[27].M.M. Elsemonngy, Electrochim. Acta, 1978,
23(9), 957-961.

[28].B. Prasad, J. Indian. Chem. Soc., 1977, 54, 588.

[29].H. S. Harned and R. A. Robinson, Trans. Fared.
Soc., 1940, 36, 973-978.

[30].F. Frank, “Water, A Comprehensive Treatise”
Vol. 11, Edited by F. Frank, Plenum Press, New
York, London, 1973, 1430.

[31].H. S. Frank and M. W. Evans, ]J. Chem. Phys.,
1945, 13(11), 507-532.

[32].Md. Shamsuddin, A. K. Chaohadia, Int. J. Sci.
Res. Chem., 2023, 8(3), 9-21.

[33].Md. Shamsuddin, A. K. Chaohadia, Int. J. Sci.
Res. Sci. Eng. Technol., 2023, (in press).

Thermochim.

Cite this Article

Md. Shamsuddin, "Study of lon-Solvent Interaction
during Acidic Dissociation of Glycine in 10, 20
And 30% Dioxane in Dioxane-Water System At
318.15K by Potentiometric Method", International
Journal of Scientific Research in Science and
Technology (IJSRST), Online ISSN : 2395-602X,
Print ISSN : 2395-6011, Volume 10 Issue 3, pp.
405-411, May-June 2023. Available at doi
https://doi.org/10.32628/IJSRST52310398

Journal URL : https://ijsrst.com/IJSRST52310398

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 10 | Issue3



