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The protonation constants of phenylalanine and the stability constants of the complexes between dioxovanadium(V)
ion and phenylalanine have been determined spectrophotometrically, in the temperature range 15-35°C and ionic
strength ranging from 0.1 to 1.5 mol dm=3 sodium perchlorate as a background salt, in the pH range 1.5-10.5, with
high ligand to metal ratios. The values of enthalpy and entropy changes based on these formation constants were
calculated. The dependence of protonation and the stability constants on ionic strength are described by a Debye-
Huckel type equation.

Introduction The protonation equilibria of phenylalanine have been exten-

In recent years considerable studies have been performed on thiely studied in different kinds of background electrolytes and
ionic strength dependence of formation constants of some wedR€ results have been reported in the literature. However, no
complexes of alkali and alkaline-earth metals with somestudies havge been performed on the ionic strength dependgnce
organic and inorganic ligands® but little work has been of protonation constants of phenylalanllne. The protonation
reported on the ionic strength dependence of stability constanfonstant of the amino group of the amino akidhas been

of some strong complexes of aminocar- boxylic acids by transideétérmined using a potentiometric technique and calculated
tion metal ions. A related investigation has been made by'SINg & computer program which employs a nonlinear least-
Khorrami et af3 who studied complexes of glycine and Sduares method; the results are shown in Table 1, which are in

leucine with VG ions at low pH values, which suggesting rel- agreement with those reported befowe studied the follow-

atively strong bond formation between the ions and oxygen an#i"d auilibria L

nitrogen donors. On determining the stability constants of weak VO, + Ij : VOZLf

or strong complexes, there are always present some uncertain- VOL + L™= VO,L,

ties. This fact is mainly due to the uncertainties in numericaltable 1 Average values of logK, logK,op,, and 10gK,e,,, at
values of stability constants. For example, when maintainingdifferent ionic strengths and temperatures, A = 270 nm

two different ionic media of 0.1 and 1.5 mol drof sodium

-3

perchlorate, we observed a difference of about one log unit in H{motdm™ logk '99Kvoz  109Kvoarz
the stability constant of phenylalanine and dioxovanadium(V). t=15°C

The present work deals with the study of complexes of 0.1 9.29 8.35+0.06  12.00+0.04
VO,* with phenylalanine in an ionic strength range of 0.1 t0 ;o5°¢
1.5 mol dm?® sodium perchlorate and various temperatures 0.1 9.25 8.06+0.11  11.82+0.05
within a range of 15-35 °C. Estimates were deducedHSr 0.3 9.15 8.19£0.06  11.87+0.03
andAS° values from the temperature dependence of stability 0.5 9.06 8.28+0.04  11.71+0.06
constants. The parameters which define the dependence on ?'Z) g'gg g'ggfg'gg Hggfg'?g
ionic strength were analysed with the aim of obtaining further 15 8.98 8.94+0.10  12.090.11
information with regard to their variation as a function of the t=35°c
charges involved in the complex reaction. Moreover, a general 0.1 9.03 8.14:003  11.58+0.03

equation was established for the dependence of formation con
stants on ionic strength. This equation gives the possibility otl_

estimating a stability constant of a fixed ionic strength when itsar':ﬁnge;iirgq;]nﬁst'ggeﬂ égicﬁ[ggg'%/ G%%Séa:q;ggg%/ggeznon
value is known at another ionic media in the ranges0.£1.5 )

mol dm® and therefore may give a significant contribution to the relationshigh = f(pH) was employed on account of the high
solvina manv analviical anéllsg, ec'at'o% roblems stability of the complex studied. Absorbanéeand pH were
ving Y i peciation p ) measured for solutions containing dioxovanadium(V)={10

. . mol dnT3) with a large excess of the ligand Aol dm?3) of
Results and Discussions pH ranging from 1.5 to 10.5 in various ionic strengths, and the
The proton-ligand and V- ligand stability constants were results are shown in Table 1. Under these conditions both
determined by carrying out phenylalanine, ligand, andpolymerization and hydrolysis of \jOwere negligibl&
dioxovanadium(V), VQ', titrations initially by keeping the Table 1 shows that the metal-ligand stability constants
temperature constant to 25°C and varying the ionic strengthdecrease on increasing the temperature and suggest a negative
(0.1<1 £ 1.5 mol dmd) and later by maintaining the ionic AH°® and a positiveAS’. The AG® values evaluated using the
strength at 0.1 mol dmand changing the temperature range relationshipAG® = — 2.303RT log K, are negative, hence the
from 15 to 35°C. complexation is spontaneous, Table 2. ThAH° values
determined from the slope of the graph of kogersusT are
negative, exhibiting the exothermic nature of the reactions. The
* To receive any correspondence. AS _values calculated_ using Gi_bbs equgtion are positive, con-
t This is a Short Paper, there is therefore no corresponding material ifirming that the chelation effect is essentially an entropy éffect
J Chem. Research (M). The dependence of the stability constant on ionic strength




can be described by a general equation (1):
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logK(I) =logK((l,)-Z* ( 24305

Table 2 VO,*-phenylalanine thermodynamic parameters at
25°C and 1=0.1 mol dm~3

Species  -AG° (kJ mol™") -AH° (kJ mol™") AS° (J mol~' K1)
VO,L 45.99+0.10 18.30+0.10 89.56+0.10
VO,L,” 67.43+0.15 36.60+0.20 103.46+0.20

Table 3 Parameters, C and D, for the dependence on ionic
strength of protonation constant, VO,L, and VO,L,™ at 25°C

Species C D

Protonation constant -2.50 1.45
VO,L -0.47 0.74
VO,L,” -3.13 2.28

Wherel andl, are the actual and reference ionic strength,
respectively, and according to equation (2)
PMT LY +rH™ == (M L H,)Pmran 7))

Z* = pm? + qré +r — (pm+ gn + r)2, wheremandn are charges

15| 15
2+310.5) +C(I—1,) + D(L51,19)

whereb, is a quasi-experimental quantity amds a calculated
one.

The dependence on ionic strength of KpdogK, gy, »
and lo&K,q, , are shown in Table 1 which shows,
AlogK, 6, =10gK| o, (I=1.5)-loK o, (1=0.1)=0.87, for the
second species at the same ionic stremythgK, ,, , = 0.27,
andAlogK = logK(1=0.1)-log<(1=0.7)=0.43, also lag has a
larger value atl=0.1 and decreases as the ionic strength
increases, loglf,, has a minimum value &0.1 and a max-
imum atl=1.5, and logKg,, , has a larger value &1.5 and
a minimum when the ionic strength approaches 0.7, which are
in agreement with the results obtained for other compféxes.
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