Journal of Physical & Theoretical Chemistry
Islamic Azad University of Iran 3 (2)

(2006)
Science and Research Campus
ISSN: 1735-2126

Protonation Constants of Glycylisoleucine at Different lonic

Strengths and Various lonic Media

Sima Mehdizadeh , Romina Shakibazadeh 2, Sasan Sharifi “and Farrokh Gharib **

1. Chemistry Department, Ashtian Branch, Islamic Azad University, Ashtian, Iran
2. Chemistry Department, Arak Branch, Islamic Azad University, Arak, Iran
3. Chemistry Department, Shahid Beheshti University, Tehran, Iran

ABSTRACT

The protonation of different species of glycylisoleucine were studied in the pH range of 1.5 - 10 at
25 °C using potentiometric technique. Investigations were performed in sodium perchlorate and
tetraethylammonium iodide as background electrolytes at | (0.1, 0.2, 0.3, 0.4, 0.5, and 0.6) mol
dm™. The parameters based on the protonation constants were calculated, and their dependences
on ionic strength are described by a Debye-Huckel type equation. The dependence on ionic
strength of the protonation constants was also analyzed by the specific ion interaction theory (SIT)
model. The constants at infinite dilution, obtained using this model, are logK®; = 2.72 and logK®,
= 8.24. The specific interaction coefficients are also reported.
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INTRODUCTION

Determination of protonation constants of
some organic and inorganic compounds have a
long history back to the end of the 19"
century, when the first pK, was measured.
Since then a vast body of data on acidities in
various media has been collected. > The
acidity or basicity of a compound in a given
medium is influenced by both the electronic
effects of the substituents and the solvent as
well the ionic strength effects of the medium.

Amino acids and peptides are of
importance in several fields: in medicine, in
biochemistry, in food conservation, and in
industry. ® So, a great deal of work has been
done in determining the protonation constants
of these biologically ligands in different

media so far. ®® The supporting
background electrolytes have been often
employed in studies of the protonation
constants of amino acids and peptides because
they are not thought to react with the
compounds. However, there are many
evidences of interaction of these background
salts on the ionic species formed in solution.
The interactions between the formed ions in
solution are usually separated in the literature
into specific and nonspecific. As a result, a
linear combination with few parameters for
description of the effects is proposed. *'° One
of the most interesting is that proposed by
specific ion interaction theory (SIT) model
that was used to extrapolate the protonation
constants of all species found at infinite
dilution and to calculate specific interaction
parameters.

The present work deals with the study of
protonation of glycyl-L-isoleucine in aqueous
solution at 25 °C and different ionic strengths
of sodium perchlorate and
tetraethylammonium iodide (0.1 to 0.6 mol
dm™®) using a potentiometric technique. The
parameters which define this dependency were
analyzed with the aim of obtaining further
information with regard to their variation as a
function of charges involved in the species
formed reactions. Moreover, a Debye-Huckel
type equation was established for the
dependence of protonation constant on ionic
strength. This equation gives the possibility of

estimating a formation constant at a fixed ionic
strength when its value is known at another
ionic strength in the range 0.1 < 1 < 0.6 mol
dm?®, and therefore may give a significant
contribution of solving many analytical and
speciation problems. In this work, the specific
ion interaction theory (SIT) model was also
used to extrapolate the protonation constants
species found at infinite dilution to calculate
the thermodynamic values and also the
specific interaction coefficient.

Experimental

Chemicals

Glycyl-L-isoleucine, NH,-CH,-CO(NH)-
CH(CHj5-CH,-CH-CH3)-COOH, (Fluka,
analytical reagent grade) has been used as
received. The NaOH solution was prepared
from titrisol solution (Merck) and its
concentration was determined by several
titrations with standard HCI. Perchloric acid,
sodium perchlorate, and tetraethylammonium
iodide were supplied from Merck and Fluka,
respectively, as analytical reagent grade
materials and were used without further
purification. Dilute perchloric acid solution
was standardized against standard NaOH
solution. All dilute solutions were prepared
using double-distilled water with conductivity
equal to 1.5+ 0.1 pQ™* cm™.

Apparatus

An Eyela pH-meter, PHM 2000, was used for
—log[H"] measurements. The hydrogen ion
concentration was measured with an Ingold
UO 3234 glass electrode and an Ingold UO
3236 calomel electrode. To exclude carbon
dioxide and oxygen from the system, a stream
of purified nitrogen was passed through a
sodium chloride and then bubbled slowly
through the reaction solution.

Measurements

All measurements were carried out at 25 + 0.1
°C. The ionic strength was maintained to 0.1-
0.6 mol dm® with sodium perchlorate or
tetraethylammonium iodide. The pH-meter
was calibrated for the relevant H*
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concentration with a solution of 0.01 mol dm™
perchloric acid solution containing 0.09 mol
dm® sodium perchlorate (for adjusting the
ionic strength to 0.1 mol dm™). The same
procedure was performed for the other ionic
strengths. For these standard solutions, we set
—log[H'] = 2.00." Junction potential
corrections have been calculated from eq 1
'log[H+]reaI =- Iog[H+]measured +a z‘ )k)[H+]measured
1

Here a and b were determined by measuring of
hydrogen ion concentration for two different
solutions of HCIO, with sufficient NaClO, to
adjust the ionic media.

Procedure

A 50 cm® of glycylisoleucine was titrated with
an alkali solution (0.1 mol dm™ NaOH), both
of the same ionic strength. The -log[H'] was
measured after addition of a few drops of
titrant, and this procedure was extended up to
the required - log[H']. In all cases, the
procedure was repeated at least three times and
the resulting average values and corresponding
deviations from the average are shown in the
text and tables.

Results and Discussion

The protonation constants refer to the reaction:
H* + Hi L2 @ HLOY” K =
LYY/ ((H] [Hial™] )

where j is equal to 1 for the protonation of
amine and is 2 in the case of protonation of
carboxylate  groups,  respectively. The
protonation constants were determined in
different ionic strengths of sodium perchlorate
and  tetraethylammonium iodide  using
potentiometric technique and calculated using
a computer program which employs a
nonlinear least-squares method. *® These
values are listed in Table 1 together with the
values reported in literature, which are in good
agreement with those reported earlier. ** The
protonation constants of glycyl-L-isoleucine in
molality scale are reported in Table 2. The
values of protonation constants in molality
scale have been determined with the method
described by Baes and Mesmer. 2%

lonic strength dependence

The dependence of the protonation constants
on ionic strength can be described by a semi-
empirical equation.???

logK (1) = log K(I") - f(I) + CI  (3)

where f(I) = Z"AI4/(1 +BI'?), K(1) and K(I")
are the stability constants of the actual and the
reference ionic media, respectively. A is the
parameter of Debye-Hickel equation, (A =
0509 mol™ dm* at 25 °C), Z° =
Y (charges)’resctants - 2(Charges)’productss C is an
empirical parameter that its value is
considered, and B is set equal tol.5 mol™?
dm®? (a small error in fixing B is absorbed in
the linear term C **). Results of a series of
investigations done by Daniele et al.>”*® De
Stefano et al.,”° and Gharib et al.?*% showed
that, when all the interactions occurring in the
solution are considered, intherange 0 <1 <1
mol dm®, the empirical parameters are
dependent on the stoichiometry of the
formation reaction. If an approximate value of
C is known, the stability constant can be
determined for the variation of ionic strength
from I* to | by the equation

logK (1) = logk (I") = f(1, I + C(I - I)

4)
where
f(, 1) = Z7A[Y4(Q + 1.51Y%) - 1" Y41 + 1.5
"] ®)

I and I are the ionic strength of the solution by
appropriate electrolyte. A preliminary analysis
of the data showed that if a fixed value is
assigned to C, the fit with eq 5 is not always
good over the whole range of ionic strength
from 0.1 to 0.6 mol dm™. This equation may
be useful for small changes of ionic strength,
but a better fit is obtained by adding a further
terms of the form DI¥2 (D is another adjustable
parameter). Therefore the data were fitted to
the eq 6.

logK (1) = logk (I") = f(1,1") + C(1 = I") + D(1 *?
_ I* 3/2) 6)

It is noticeable that the introduction of the
term D(1 ** = 1" *) very often improves the
goodness of the fit. For example, for the logK;
in tetraethylammonium iodide media, from eq
6, we obtained two sets of values depending
on whether or not we take into account the
termin D:
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C=0.48,S=1.93x 10
C=-341,D=3675S=503x10°

The squares sum, S, shows that there is a
significant improvement in the fit when D
term is introduced. The parameters for the
dependence on ionic strength (C and D) were
calculated by the fitting method and reported
in Table 3.

The dependence of logK on ionic strength
determined in NaClO, and
tetraethylammonium iodide as background
electrolytes, Fig. 1, show a regular trend and is
in good agreement with other complex
species.?*® Our previous results on ionic
strength dependence of complex formation
constants *?° and this work reveal the logK
values are nearly always at their minimum at
an ionic strength range (0.3 - 0.7) mol dm?,
that is a characteristic of the curve logK = f(l).
According to the theory of electrolytic
solutions 3 the AIY? term in equation 6
accounts for Coulomb interactions between
ions screened by the ion atmosphere, while the
Bl term accounts for disturbances in ion-
solvent interaction. At low ionic strength (less
than about 0.1 mol dm™) these interactions are
of primary importance. However, as the ionic
strength increases, the ionic atmosphere
becomes more compressed and screens the
ionic charges more effectively, so that
intermolecular interactions (dipole-dipole or
multipole-multipole) become more important.
These forces at higher ionic strength possibly
have primary role between the ions and
contribute to the C and D terms in eq 6.

Determination of the thermodynamic

protonation constants

To obtain the thermodynamic
protonation constants, we applied the specific
ion interaction theory model, SIT.%*
According to SIT model, formation constants
may be expressed as
logKn, = logK® -Z'd + f(g, I) (7
where K., is the molal formation constant, K°
is the thermodynamic formation constant, d is
the Debye-Huckel term
[0.5091,,%/(1+1.51,"3)], 1. is the ionic
strength in molality, and f(e, Iy) is a linear
term dependent on ionic strength and

interaction coefficients, usually called SIT
parameter. For the species HL the SIT
parameters in the supporting electrolyte,
NaClO,, assumes the form *1°

f(& Inm) = ln[&(L", Na*) + g(H", ClO4)] (8)
for the second species H,L",

f(e, 1n) = Ia[e(L, Na") + 2gH', ClO;) -
&(H,L", ClO,] 9)
The concentrations of the ions of the ionic
medium are usually very much larger than
those of the reacting species. Hence, the ionic
medium ions will make the main contribution
to the value of ¢ for the reacting ions. The ion
interaction coefficients assume to be zero for
ions of the same charge sign and for
uncharged species with the supporting
electrolyte, but the activity coefficient can be
obtained from the well-known relationship, **°
logy=Al.

In our study, the apparent stability constants
are converted to molality units according to
the conversion factors determined by Baes and
Mesmer, “?! and are listed in Table 2. Also,
we needed to know several interaction
coefficients, ¢ for the different species
mentioned in egqs 8 and 9. gH', CIOy)
obtained from the literature. °*® However, L
, Na") and &(H,L", CIO4) were calculated from
the dependence of protonation constants on
ionic strength and are listed in Table 4,
assuming An. = 0.1 on the basis of several
values reported for similar system. %%°
Usually, when some interaction coefficients
are not known, eq 7 can be rearranged to the
following form, eq 10

logKn = logK® - Z'd + I,As (10)
where Ag is the summation of the specific
interaction terms. Using these coefficients, we
determined ¢ values for the species of
glycylisoleucine by fitting the formation
constants at different ionic strengths from eq
10, and are listed in Table 4. This fitting also
allows us to obtain the thermodynamic
formation constants that are: logK°; = 2.72 and
logK®, = 8.24.

It is clear from cursory examination of
the results in Table 1, the first protonation
constant, K;, shows the trend in sodium
perchlorate > tetraethyl ammonium iodide.
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Fig. 1. The equilibrium distribution of the different species of glycylisoleucine system as

a function of — log[H'] at 25 °C and ionic strength 0.1 mol dm™ NaClOs.

But, this rule is not exactly governed in the
case of K, and a fluctuation can be observed.
To clarify this point, we calculated the
percentage contribution of both parameters, C
and D, on the effect of different media on the
protonation constant values. The percentage
contributions are almost the same for K; and
with a little difference in the case of K,. So,
this result is not able to clarify the point.
However, a reasonable difference in the SIT
interaction coefficients can be observed
between L", HL, and H,L", Table 4.

We believe this has the most probable
responsibility for the differences.
Unfortunately, the SIT parameters have not
computed for (C,Hs)4NI yet, and so we are not
able to proceed the discussion further and
clarify the point exactly.
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Fig. 2. Plots of logK versus square root of ionic strength in the case of sodium perchlorate

(in molar scale) for glycylisoleucine at 25 °C, (a) logK,, (b) logK,

Table 1. Protonation constants of glycylisoleucine at 25 °C and different ionic strengths

of sodium perchlorate and tetracthylammonium iodide in molar scale

NaClO, (CoHs) NI
Ly /mol dm’ logK, logK> logK, logK> ref.
0.1 294+0.07 827+008 2.79+0.08 836+0.11  this work
0.2 2.85+0.06 824+009 2714005 808+0.09  this work
0.3 243+0.07 810+0.10 2814005 829+0.12  this work
0.4 3.04+0.06 821+0.09 2894006 838+0.08  this work
0.5 343+0.08 862+0.11 294+004 858+0.09  thiswork
0.6 3514007 867+0.12 298+0.05 862+0.11  thiswork
3.18 8.21 - - 19
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Table 2. Protonation constants of glycylisoleucine at 25 °C and different ionic strengths

of sodium perchlorate in molal scale

1, /mol Kg”' NaClO,

(NaClO,) logk, logk,
0.101 2.93 8.27
0.202 2.84 8.23
0.305 2.41 8.10
0.409 3.02 8.21
0.513 3.41 8.61
0.619 3.48 8.65

Table 3. Parameters for the dependence on ionic strength of the different species of

glycylisoleucine at 25 °C

NaClO4 (C>Hs) NI
species C D C D
logkK, -20.26 19.93 -3.41 3.67
logK> -11.38 11.36 - 10.54 10.41

Table 4. SIT interaction coefficients

species SIT coefficients
aH", ClOy) 0.14"
&L, Na") 1.01
gH,L", ClOy) -0.39
A& [.15
A& 1.68

* Were obtained from reference [20].

79



J.Phys. & Theo.Chem.l.A.U. Iran

S. Mehdizadeh et al.

Vol. 3, No. 2, Summer 2006

References

1.

3.

[Sa R

~

8.

10.

11.

12.

13.

14,

15.

16

Kortum, G.; Vogel, W.; Andrussow, K.,
Dissociation Constants of Organic Acids in
Agueous Solution, Plenum, New York, 1961.
Palm, V. Tables of Rate and Equlibrium
Constants of Heterolytic Organic Reactions,
Moscow-Tartu Ed., 1985.

Izutsu, K., Acid-Base Dissociation Constants in
Dipolar Aprotic Solvents, IUPAC Chemical
Data Series, No. 35, Blackwell Scientific,
Oxford, 1990.

Bordwell, F. G., Acc. Chem. Res., 21, 456, 1988.

Dogan, A.; Kilic, E., Turk. J. Chem., 29, 41,
2005.

Martell, A. E.; Motekaitis, R. J., The
Determination and Use of Stability Constants,
VCH, Eeinheim, 1988.

. Koseoglu, F.; Kilic, E.; Dogan, A., Anal.

Biochem. 277, 243, 2000.

Kilic, E.; Gokce, G.; Canel, E., Turk. J. Chem.,

26, 843, 2002.

Bretti, C.; Foti, C.; Sammartano, S., Chem.

Speci. Bioavail., 16, 105, 2004,

De Stefano, C.; Giuffre, O.; Sammartano, S., J.

Chem. Eng. Data, 50, 1917, 2005.

De Stefano, C.; Milea, D.; Sammartano, S., J.

Agric. Food Chem., 54, 1459, 2006.

Bretti, C.; Crea F.; Sammartano, S., J. Chem.

Eng. Data, 50, 1761, 2005.

Runde, W.; Reilly, S. D.; Neu, M. P,
Geochimi. Cosmo. Acta., 63, 3443, 1999.
Veryland, A.; Dupont, L.; Aplincourt, M., Eur.
J. Inorg. Chem., 1765, 1998.

Grenthe, |.; Plyasunov, A., Pure Appl. Chem.,

69, 951, 1997.

. Gianguzza, A.; Pettignano, A.; Sammartano, S.,

J. Chem. Eng. Data, 50, 1576, 2005.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lagrange, P.; Schneider, P.; Zare,
Lagrange, J., Polyhedron, 13, 861, 1994.
Harris, C., J. Chem. Edu., 75, 119, 1998.
perrin, D. D.; Dempsey, B.; Serjeant E. P.
Prediction for Organic Acids and Bases,
Chapmann and Hall, London, 1981.
Baes, C. F. J.; Mesmer, R. E., In the Hydrolysis
of Cations, Wiley & Sons, New York, 1976.
Grenthe, 1.; Fuger, J.; Konings, R. J.; Nguyen-
Trrung, C.; Wanner, H., Chemical
Thermodynamics of Uranium, North-Holland
Elsevier Science Publishers, 1992.
Gharib, F.; Dogaheh, L. A., J. Chem. Eng.
Data, 48, 999, 2003.
Gharib, F.; Zare, K.; Taghvamanesh, A,
Shamel, A., Main Group Met. Chem., 25, 647,
2002.
Gharib, F.; Nik, F. S., J. Chem. Eng. Data, 49,
271, 2004.
Gharib, F.; Zare, K.; Cheraghali, R., Russ. J.
Inorg. Chem., 49, 949, 2004.
Gharib, F.; Shamel, A.; Lotfi, F. Revs. Inorg.
Chem., 25, 361, 2005.
Daniele, P. G.; Rigano, C.; Sammartano, S.,
Anal. Chem.,57, 2956, 1985.
Daniele, P. G.; Rigano, C.; Sammartano, S.,
Talanta, 30, 81, 1983.
Stefano, C. D.; Foti, C.; Gianguzza, A., J.
Chem. Res., 464, 1994,
Stefano, C. D.; Foti, C.; Gianguzza, A,
Martino, M.; Pellerito, L.; Sammartano, S., J.
Chem. Eng. Data, 41, 511, 1996.
Berry, R. S.; Rice, S. A.; Ross, J., Physical
Chemistry, John Wiley & Sons, New York,
1980.

K.;

80



