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Abstract

The dissociation of glycine in Dimethyl formamide mixtures over the
temperature range 293,15-308.15 K . has been studied by direct conductance
measurements. The acid dissociation at each temperature was investigated at solvent
composition (X2) involving 0.141,

The conductance measurements enabled the estimation of the degree of the acid
dissociation, the molar conductivity of the acid at infinite dilution and the activation
energy for the movement of cation and anion ions the solvent mixture at infinite
dilution .

The resulting data have been used to determine the dissociation constant and the
associated thermodynamic functions for the acid dissociation in the solvent Mixture.
At any temperature in the range 293.15-308.15 K.

The pKa, and pKa, increased with increasing temperature.

Introduction: solution various with the pH of the
The study of solutions is of great solution, amine and carboxylic acid
importance because most of  the have conjugate acid-base forms in
interesting and useful chemical and water that are dependent upon the pH
biological processes occur i liquid of solution in which find themselves
solutions. All biological and many The study of the dissociation
chemical systems are aquecus solutions constant and the associated
containing various ions. The stability thermodynamic properties of acid
of biomolecular and the rate of many mean of investigating the change in the
biochemical rcactions are very much solute-solvent interaction patterns that
dependent on the type and are aitributed to the variation of the
concentration of ions present. It is solvent  composition. We  have
important to have at least qualitative accordingly undertaken the
understanding of the behaviour of ions dissociation of glycine in Dimethyl
in solutions ", formamide  mixture at  various
The study of the behaviour of the temperatures from direct conductance
amino acids in aqueous solutions is measurements.
useful models for understanding the There is a lack of knowledge
thermodynarics behaviour of regarding the dissociation of glycine in
(34 : ; h : ; .
proteins” "’ . The physical and chemical Dimethyl fromamide mixtures despite
propertics of proteins are determined numerous studies on the dissociation
by its constituent amine acids . and thermodynamic properties of the
The structure of an amino acid in acid in a number of other solutions '®' .
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Experimental:
(a) Materials :-

Glycine 99% pure (BDH) , was
used after re-crystallzation from
doubly distilled water . They were
dried and stored in a glass desiccator
over P;0s. Dimethyl formamide
{DMF) of purity > 99% obtained from
fluka was passed through a freshly
prepared activated molecular seive
without any further purification. The
solvent containing 40% W/W DMF
was prepared by mass ratio using
doubly distilled water and then used
for preparation of amino acid in the
concentration of study .

(b) Measurements :-

Viscosities were determined
using a suspended level ubbelohde
viscometer. The flow times were
recorded  electronically  with  an
electronic timer of precision + 0.013
and the temperature of the both was
controlled to be better than + 0.018.
The instrument was calibrated with

distilled water. Flow times were
reproducible  to  0.0157). Tacussel
electronique  conductimeter,  type

CD810, was used to measured the
conductivity of the deionized water
and of the® prepared solutions with an
accuracy of 1+107 S-cm™ .

The dielectric constants were
measured using Radelkis precision
dielectrometer  type OH-302  of
maxium error on the dielectric constant
scale of (29%)® . The density and the
dielectric constant data of (DMT) at
various temperatures have been used to
estimate the appropriate values of the
Debye-Huckel-Onsugar constants A
and B using the relation ships :
A=824  and B= 82x10°

n(MT)? (DT)?

Where d , 77 and T represent
respectively the Dielectric Constant |,
the viscosity and the temperature ; the
resulting values of the constants A and
B are presented in table 1 .The solvent
composition was expressed in terms of
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the mole fraction (x) of Dimethyl
formamide in the DMF + water
mixture. The investigation covered one
solvent compositions (x) which was
0.141 corresponding to 40% weight
percentages of DMF in the mixtures.
Result and Discussion:

1. The degree of dissociation

The acid dissocation of amino
acids offer interesting examples of the
relations between the function K, and
the true or ‘thermodynamic’ constant
Ka of glycine . In the dissociation of

: 10
glycine '
HONCHL.CO
Ki=2.35 11" Kp=9.78
Neutral aqueoy
+11 [ERIEEY
HONCHCOS L (1)
-H
I
K2124.43
HLHNCTRCO
Neutral aqueocus

The microscopic constants are
K1, K2, Kay, K37 and so we define the
first acid dissociation constant K, a
macroscopic dissociation constant by

(HHI(HH NCH, CO)+
k- (H,NCH ,CO,H)]
o
(FH,NCH (CO_ H)

And sceond actd-dissociation constant

Q)

1s given by
+)(+ =
_(HH)(+H ,NCH,COs) &
2 T[(FH,NCIT COS )+
(H,NCH ,CO, H)]
An amino acid is a said to be

isoelectric at the pH at which there are
equal concentrations of the positively

and negatively charged forms setting
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( H3N™ CH,COO)
And substituting from equations (2)
and (3) ytelds

(H+)2

isoelectric 12

Which may be written
H =1
PH =3Pk, +pK,)

The onsager  equation  for
incompletely dissociated electrolytes ,

" 2
can be written as'''*'?

A:a[AO A(A+BAO)(05C)1/2] .(5)

Where A and B are onsager

constants and  A,is  the molar
conductivity of the weak electrolyte at
infinite  dilution, Eqn.{5) may be
writien as:
A=aA= (6)
Where

A=A ~(A+BA NaCW2 .(T)
A==A~K(A/AN2 .®)

A" is the molar conduectivity
of 1 mole of f{ree ions, at the
concentration C mole per liter, at the
actual 1onic concentration in the
solution, where K, representing

A+ BA,,

solute in a particular solvent at a
definite temperature.

In order to estimate the value of
o in Egn.{6), an approximate value of

A o for amino acid, for a given solvent

is constant for a given

composition and  temperature, was
first made by extrapolating the

experimental data of A~ against ()"

As a first approximation, A~
in  the term. (AC/A—)I/z of
Eqn.(8) was then taken as equal to A,
hence

and apreliminary value of

303

A could be derived from Eqn.(8), by
utilizing the experimental value of A
at the concentration (¢). The result for
A7, thereafier, inserted under the
square roof sign in Eqn.(8). thus
obtaining a better value of A~ an here
of a. Using such values of A™ and «
in Eqn.(7), it was possible to derive the

correct values of A from the plots of

A7 values against the corresponding
values of (ae) * .

Table 3 gives the resulting
value of x» at a given temperaturc. The

exact values of Acould be derived,

as mentioned earlier, from A~ , (ac) 4
for solvent mixtures and temperatures
and data obtained are presented in
table 3.

The values of A, (table 3)
are  then plotted aqainst the
experimental temperature (T) as
indicated in Fig. (1).

Fig. (1) shows thatA,at
x;=0.141  followed the sequence
308>303>298>293,  implying an
increase in A,  with increasing

temperature.
The change in A, with change

of temperature in the range 293-308 K
is seen in Fig. (1) to be almost linear
suggesting a constant dependence of

A, values on temperature over the

range refered to above . Thus, the
increase of temperature invariably
results in  an increase of ion
conductance. Since the conduciance of
an lon depends on its rae of
movement, it seems reasonable to treat
the conductance in a manner analogous
to that employed for other processes
taking at adefinite rate which increases
with temperature, thus:

-E 5
Ao=Ac TN



Lo =Salama Science Journal

b, Y ML) LT

where A is constant, which may
be taken as being independent of
temperature  over relatively small
range; E is the activation energy of the
processes which determines the rate of
movement of ions, R is the gas
constant and T is the temperature in
Kelvin , Eqn.(9) may be written as :
dInA/dt =(/A )(dA Jdn)=
E/RT2
and
E=aRT?2 L(10)

wherea=(1/ A ) (d A, fdt)
is the temperature dependence of As.

IFrom the slopes of the lines in Fig, (1)
it was possible to evaluate the
corresponding values of E, from
Eqn.(10) , that cover the temperature
range 293-308K. the such values of

A, have then been combined with the
appropriate  values of dAg/dt to

calculate the values of & and E .

Table 4 gives the values & and E

glycine acid in Dimethyl form- amide
at infinite dilutions.

2. The Dissociation constant for the
acid
The relation between the
function ka and the true or
“thermodynamic” constant K of
glycine may be written as :
K=Kaf [ B

Where Ka=a’C/(1-a).

If the solution is sufficiently
dilute for the Debye-Hukel law to
applicable , it follows, for glycine type
electrolyte, that

Log f+~=Logf—=
T SN, | - |

The ionic strength, UEZCI-ZE "
being equal to
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/2[(aCX ]2 )+(afx|2n Liesto ae

iiqn.{'f 2) may be expressed as :
LogK=LogKa -
24 C)1/2

The plot Log ka . obtained at
various concentrations C, against
(aC)'" should be thus dive a straight
line of intercept Log k .

Combining equations (6) and (13} , one

may written : _l

LogK=log | —AZC
A (A -A)

S2A(AC/IAY

Since A’ for VATious
concentration can be obtained from
conductance data (Table 2) and
Onsager Eqn.(7). by method already
described in the previous section, it
would be possible to derive the values
of the dissociation function ka for
various acid concentration , and the ka;
is obtained from the Eq.(13) :

Ka2=4fx2C2H—r:r ..... (15)
and . thereafter. calculate PI from
Eqn.(4) .

Such results for the

dissociation of glycine in Dimethy]
formamide mixture at  different
temperature are given in (Table 5) .

The manner in which the pk
values change with temperature  as
described in Fig. (3) .Suggesls a
relatively large dependence of pk on
temperature;

The dissociation constants ( k;
and ks ) of glycine derived in the
present work (Table5) are substantially
less than those reported ™" for the acid
in water and in a number of other
solvents. This is likely to be due 1o
greater basicity and lower dielectric
constant of DMI* mixture than water.
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The dependence of pk values
for glycine dissociation in DMF
mixture an lemperature could be
expressed as:

PK Al A +AT 16

Py Ty .

Where A, A; and A; are constants
for a given solvent composition
(x=0.141) over the temperature range
293-308k Inserting the appropriate
values of pk and temperature from
table (5) in Lgn.(16), the values of the
constant (A;.A2A; ) could be
calculated and the results are given in
table (6).

3. Thermodynamic
Dissociation :
The standard thermodynamic
function for glycine dissociation in
DMF mixture may be calculated
from equation '*";

AGO=(RInl0)(A, ~A T'+

of the acid

AHO =(RIn10)(4 mA3T2] ..(18)
ASO =(Rln10)(A2—2A3T} ..(19)
QC?JG :(Rlnlﬂ)(—ZAST ) wl20)

Table (7) summarizes the values of the
standard  thermodynamic  functions
which have been derived by Eq.(17) to
(20) for the dissociation of the glycine
in DMF mixture at four temperature .
From the Table (7) could be
obtained the information as following;
. The value of AG® is negative
values for pk is refer to
spontaneous reaction and high
positive values of AG for pka , at
all temperature reflect the non
spontaneous reaction
2. The values of AH is high positive
values at all temperature is reflect
the large endothermic for pk; and
negative value for pk is reflect
Exothermic step .
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F 3

&)
3. The values of AS were generally
positive which did not change
significantly with the variation of

temperature .
]

. i
4 C,p

solvents with x;=0.141,

values were negative for

AC
)7,

reflects , the effect of temperature
on H® so that one can write
21

C‘%ZdHGIdT
It is shown in Table(7) that the

4]
negative sign of &Cp, is due to

decreasing tendency of AH° with the
increase temperature .Thus the
relatively more endothermic behavior

o
and the greater increase in AS .

The two sorts of interactions
have to be considered : the first
the maximum interaction between the
two components of thesolvent mixture
and the second is the expected strong
solute — solvent interaction due to the
polarity and possibility of hydrogen
bounds formation .

The values of AS for pka
decrease because the decomposition of
glycine is very order the reactant at
path second stage pka, .

Moreover, the high positive
AH values at this stage indicates that
the undissociated acid molecules are
highly stable so that the release of
these molecules and  subsequent
dissociation stage should
highly be endothermic.

Table 1: Diclectric Constants (D ),
Viscosity , and the Onsager
Constants (A and B ) for Dimethy|
Formamide at Four Temperature

Ti | Digleciric

X K (D) Viscomity | (A) B}
il 63 4 113848 | D AROSE | 0 3laETs
I

kL wn 203918 | 1a858 | oETIIN
R i 1 i
MHY B0.32 PRIORDE | 1a037E |0 dEiesns
108 LR | Sainey | o980 | 0 37KN02 l
|
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Table 2 : Values of A (S mol” cmz} AN (S mol”' em®), o and Ka ( mol L") For
varsions concentrations C ( mol L-1) Of Glycine in Dimethyl Formamide +

Water Mixture at Different Temperature (293 -308 ) K at x> =0.141

Table 3 : Values of the Molar

Conductivity Dimethyl Formamide

k| SRR 4 A- P Ka, ke | B |
', 0.0179 1.769 | 1931089 | 0.916063423 | 0.17895872 | 0.011737928 | 0.095348
0.033826 | 09093 | 1.935254 | 0.469860804 | 0.014086372 | 0.000895528 | 0.014086
293 ™ 0.05794 0.728 | 1.885942 | 0.386013992 | 0.014061321 | 0.0012579%62 | 0.014061
0.0890987 | 0.6351 | 1.830806 | 0.346896394 | 0.016416813 | 0.002029645 | 0.016417
0.194837 | 0342 | 1.79544 | 0.190482556 | 0.008732843 | 0.00129641 | 0.008733
| 0327665 | 02738 | 1.667067 | 0.164240549 | 0.01057571 | 0.002276565 | 0.010576
R 1.8033 | 2.039723 | 0.884090634 | 0.120705784 | 0.007640783 | 0.064173
0033826 | 1.0221 | 2029986 | 0.503501009 | 0.017271616 | 0.001176641 | 0.017272
298 7005794 | 0.6448 | 2.018521 | 0.319441809 | 0.008687538 | 0.000643172 | 0.008688 |
0.0890987 | 0.52 | 1.98381 | 0.262121877 | 0.008296469 | 0.000775047 | 0.0082% |
0.194837 | 02997 | 1.941153 | 0.154392776 | 0.005492331 | 0000660869 | 0.005492 |
0327665 | 0.2818 | 1.83601 | 0.153485003 | 0.009118582 | 0001834355 | 0009119
0.0179 19759 | 2.329072 | 0.84836364 | 0.084959857 | 0.0051610703 | 0.04306
0033826 | 1.069 | 2.326244 | 0.459539068 | 0.013216949 | 0.000821797 | 0.013217
| 303 770.05794 | 0.6606 | 2.318815 | 0.284886893 | 0.006575801 | 0.00043417 | 0.006576
0.0890987 | 0.54708 | 2.28441 | 0.239484156 | 0.006719186 | 0.000573489 | 0.006719
i 0194837 | 03505 | 2.227688 | 0.157338011 | 0.005723812 | 0.00070186 | 0.005724
| 0.327665 | 0.28413 | 2.16428 | 0.131280535 | 0.006500673 | 0.001118541 | 0.006501 |
0.0179 21541 | 252732 | 0.852325784 | 0.088056133 | 0.00537376 | 0.046715 |
0033826 | 1.1621 | 2.524741 | 0.460284837 | 0.013278205 | 0.000826945 | 0.013278
308 15.05794 | 0.7533 | 2.510253 | 0.300089274 | 0.007454814 | 0.000518473 | 0.007453
0.0890987 | 06084 | 2.477396 | 0.24558044 | 0.007122722 | 0.000623406 | 0.007123
0.194837 | 0.38828 | 2.418168 | 0.160367855 | 0.005984156 | (.000748847 | 0.005984
0327665 | 03252 | 234815 | 0.138492004 | 0.007294913 | 0001324143 | 0.007295

Table 5 : Values of pK For the

at Infinite Dilution (A°/ S mol” em?)
at x,=0.141 And Different

Temperature ( 293-308 ) K.

[ X Temperature
, 203 | 208 | 303 | 308
0.141 Values of A°

1.96 | 2.05 | 2.33 | 2.53

Table 4 : The Temperature

coefficients (a2 ) and the energies of
Activation ( E ) at Infinite Dilutions

as a Function of the X, = 0.141
E: X5 d':” ._.-..-_ﬁ" .‘:Jl'lﬂ—l Bk fnle) a 3 _!
[ oo | onoas | aozies | oon | 2smsmia | 2isiod |

306

dissociation of Glycine in Dimethyl

Formamide + Water Mixtures at
Four temperature at X; = 0.141

X, | T/K ] pKl | pK2 | PI
203 | 0.6 | 242 | 085
ora; | 298 083 [ 264 | 1.06
' 303 | 084 | 277 | 1.14
308 | 092 | 278 | 116

Table 6 : Values of the Temperature

Dependence

Constants A;, A;,and Ay at X; =
0.141 of DMF + Water

Values of [* Ag My M
phlal 05119 OB T QO3 x 10-6
pial 050y 0295 903 x 106

Pl 0.6258 { 0003682 119 x 106
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Table 7 : The Standard 1 ¥ =08529
thermodynamic Functions ForThe 09 ”
Dissociatation of Glycine in DMF + gg
Water of Four Temperature (T / K) 0.6 .
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Fig 1 : Molar Conductivity ( S mol’ W] !
-1 - A . - ’ :
em " ) of Glycine in DMF + Water b g :
® - - Al | |
Mixture as a Function of the : | :
Temperature T - ;
i -4 i s |
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Fig 2 : Log PI Versus (aC)'? C
expressed in Moles Per Liter

TIK

Fig 3 : pKa,; pKa; and PI Value of
Glycine as a Function of

Temperature T
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