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Abstract
Mixed ligand complexation of 2–aminobenzamide (2AB) as ligand [L] with Zn(II) in the presence of some bio–relevant

amino acid constituents like glycine (gly), L–alanine (ala), L–valine (val) and L–phenylalanine (phe) as ligand [B] have

been investigated using pH–metric measurements with a combined pH electrode at different temperatures (300, 310,

320 and 330 ± 0.1 K) in 50% (v/v) ethanol–water mixture containing I = 0.15 M NaClO4 as supporting electrolyte.

Computer assisted analysis of the experimental titration data showed the presence of ZnLB and ZnLB2 species as mixed

ligand complexes in addition to various binary species. In ZnLB/ZnLB2 species, both primary and secondary ligands act

as bidentate to form a stable six, five membered chelate ring. The calculated stabilization parameter Δlog K, log X, log

X’and % R.S. values clearly show the mixed ligand complexes have higher stabilities than their binary. Thermodynamic

parameters ΔG, ΔH and ΔS have been derived from the temperature dependence of the stability constants. The comple-

xation behavior of ZnLB species has been studied by means of electronic spectra. The percentage distribution of various

binary and mixed ligand species of each type of the complexes in solution depending on pH and the ratio of Zn(II) to

2–aminobenzamide/amino acid of the systems.

Keywords: 2–Aminobenzamide; amino acids; mixed ligand complexes; stability constants; thermodynamic study. 

1. Introduction
In recent year, much attention has been paid to inve-

stigate the formation of mixed ligand complexes derived
from the interaction of bioactive ligands or molecules
with transition metal ions which showed numerous
physico–chemicals, biological and pharmaceutical signi-
ficance of our living systems.1–3 The bioactive ligands

containing amide moieties are the basic structural consti-
tuent in peptides and protein synthesis. Benzamide and
its derivatives like sultopride and tiapride are used as a
better antipsychotic, anti–emetic, anti–dyskinetic, anti-
malarial and anti–hypertensive agents in clinical and the-
rapeutic fields.4,5 2–Aminobenzamide (Anthranilamide;
2AB) and its derivatives are frequently used as a fluores-
cent reagent for the analysis of protein glycosylation6 and
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they act as selective serine protease factor Xa (FXa) inhi-
bitors for blood coagulation cascade. Zinc is recognized
as the second most abundant trace element for plants, ani-
mals and human.7 It is highly present in the retina and es-
sential for the growth and repair of tissues like ligament,
teeth, bone, nail, skin and hair in our human body.7,8 Zinc
is an essential co–factor for several enzymes controlling
many cellular processes including DNA synthesis,
growth, reproduction, behavioural response and develop-
ment.9 Amino acids are the fundamental structural units
of proteins, peptide hormones and antibiotics. The mixed
ligand complexes of amino acids are involved in the exc-
hange and transport mechanisms.10 In a sequel of conti-
nuation,11–14 the main goal of the present work is to find
the solution equilibria of the mixed ligand complex sys-
tems of Zn(II) with 2–aminobenzamide (2AB) as a pri-
mary ligand(L) and some biologically important amino
acid viz., glycine (gly), L–alanine (ala), L–valine (val)
and L–phenylalanine (phe) as secondary ligands(B) (Fi-
gure 1) were investigated by pH–metrically in 0.15 M
NaClO4 medium at different temperatures (300, 310, 320
and 330 ± 0.1 K) in 50% (v/v) ethanol–water mixture.
From this study, the corresponding thermodynamic para-
meters of ΔG, ΔH and ΔS was evaluated. In addition, the
coordination environment and the stability constants of
mixed ligand complexes formed in solutions have been
determined using spectrophotometrically at different pH
in 50% (v/v) ethanol–water medium. 

2. Experimental and Methods 

2. 1. Materials 
All the chemicals and ligands (Figure 1) used in

this present work were analytical grade purity of Sigma
Aldrich and Fluka (Puriss) products and were used wit-
hout further purification. Carbonate free, sodium hydro-
xide (0.3 M) solution was prepared from a Titrisol solu-
tion (Merck) and standardized against standard potas-
sium hydrogen phthalate solution by means of the appro-
priate Gran titrations.15 The ionic strength of each solu-
tion was adjusted to 0.15 M by the addition of NaClO4 as
supporting electrolyte and other solutions were prepared

and estimated as described earlier.11,12 Double distilled
CO2 free water with specific conductance equal to (1.81
± 0.1 Λ–1 cm–1) was used for the preparation of all the so-
lutions. 

2. 2. pH–metric and Spectrophotometric
Equilibrium Measurements
The pH titrations were carried out in a digital pH

meter (Elico LI System 127) with a combined glass and
calomel electrodes (accuracy ± 0.01 pH unit) under an N2

atmosphere (free from oxygen and CO2). The instrument
was calibrated using standard buffer solutions.16 The tem-
perature of the sample solutions at 300, 310, 320 and 330
± 0.1 K was maintained by circulating water from a doub-
le wall glass jacked titration cell (100 mL capacity) con-
nected to a constant temperature thermostat of Toshniwal
GL 15.01 constant temperature bath. All the titration of
the titled systems was performed in 50 mL portions of so-
lution containing low concentrations [3 × 10–3 M] of
zinc(II) perchlorate, 2AB(L) and amino acid(B) ligands in
1:1:1 and 1:1:2 ratios at constant ionic strength (I = 0.15
M) with a known volume of standard carbonate free so-
dium hydroxide solution. Oxygen free nitrogen gas was
bubbled through the solution before and during the titra-
tions. All the calculations involved in this study within the
pH range 2.5–9.0 (51–59 number of observations; volume
of base/pH) are given in Table 1. By increasing the pH le-
vel (> 9.0), the titled systems undergo hydroxylation and
form [Zn (OH)2] as a precipitate and thus, no calculations
have been implemented beyond this point. This pH–me-
tric data were computed with the aid of SCOGS computer
program17 to determine the stability constants. Under the
present experimental conditions, the pH–meter readings
in 50% (v/v) ethanol–water medium were corrected by
Van Uitert and Haas relation.18 The ionic product of water
(KW) was calculated based on the measurement of [H+]
and [H–] in 50% (v/v) ethanol–water medium at constant
ionic strength (I = 0.15 M NaClO4) and the obtained (KW =
14.42 ± 0.03 at 300 K) value is well agreed with the repor-
ted value.19,20 Spectrophotometric determinations of Zn-
LB complexes at each pH level was performed on a Hitac-
hi U–2000 double beam spectrophotometer (cell length,

Figure 1. Structure of primary and secondary ligands.
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1 cm) in the range of 200–1100 nm at 310 K. Multiple ti-
trations were carried out for each system and the forma-
tion of various species distribution curves of the metal
speciation in solution were calculated by HySS pro-
gram21 by using the stability constant values.

3. Results and Discussion

3. 1. Stability and Structure of Binary Species
The protonation and stability constants of 2–amino-

benzamide and their binary Zn(II)–2AB(L) complex has

Table 1. Experimental details of potentiometric measurements at different temperature in I = 0.15 M 

(NaClO4) medium.

Systems
Temp Concentrationsa (× 10–3 M) 

pH range na
(K) CM CL CB CH

300

Zn(II)–2AB–gly
310 3.032 2.978 2.992 1.141 2.5–8.4 58

320 3.003 3.012 5.997 1.140 2.9–8.2 56

330

300

Zn(II)–2AB–ala
310 3.008 3.005 3.015 1.141 2.7–8.1 57

320 3.029 3.029 6.026 1.141 3.0–8.4 54

330

300

Zn(II)–2AB–val
310 2.998 2.987 3.012 1.140 3.0–8.0 59

320 3.004 3.021 5.989 1.140 3.2–8.3 55

330

300

Zn(II)–2AB–phe
310 2.991 3.019 3.029 1.140 2.8–8.3 57

320 3.015 3.036 6.019 1.141 3.3–8.5 51

330

a Initial concentration of metal (CZn), primary ligand (CL), secondary ligand (CB), perchloric acid (CH) and

number of experimental observations (n) at different temperatures with I = 0.15 M NaClO4

Scheme. Protonation and deprotonation sites in 2–aminobenzamide(L).
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been determined by pH–metrically in 50% (v/v) etha-
nol–water medium at different temperatures using the
constant ionic strength (I = 0.15 M NaClO4) and the stabi-
lity constant values are given in Table 2. The primary
2AB(L) ligand offers two well separated buffer regions,
due to successive deprotonation of NH3

+ and –CONH2–
moieties (Scheme).22 In general, the thermodynamically
preferred sites for the protonation of amide moieties in
acidic medium occur only at amido–O atom23 and the che-
lation of amido–N atom takes place only at very high ba-
sic medium.24,25 The complex formation of Zn(II) with
2AB(L) ligand generally starts the pH above 3.0 to 9.0
since increasing the pH (> 9.0) level leads to form [Zn
(OH)2] precipitate. The computer analysis of the pH–me-
tric data shows HA, H2A, ZnL and ZnL2 species (Table 2).
Under the experimental conditions, the first pKa value of -
2.41 (at 310 K) for 2AB(L) corresponding to amido-O
atom which is very close to the reported (–2.67) value26

and the second protonation constant value of 2.67 corres-
ponding to amino-N atom which is as lower as compared
to the parent aniline (4.63) due to the presence of electron
withdrawing amide (–CONH2–) moiety present in 2–ami-
nobenzamide(L).27 No precipitate was observed in the ti-
tration vessel which indicating that the possibility of
[Zn(OH)2] formation can be excluded. From Table 2, the
logβZnL and logβZnL2

values are 3.73 and 7.01 respectively

at 310 K and these values suggest that 2–aminobenzami-
de(L) acts as bidentate i.e., it chelates with Zn(II) ion
through amino-N and amido-O atoms to form a stable six
membered chelate ring. In ZnL2 species, both the ligands
bind the Zn(II) ion in a bidentate manner forming two
6–membered chelate rings with the distorted octahedral
environment and the remaining position is satisfied with
solvent water molecules. This type of binding has already
been established in [M(II)-(2AB)2-Cl2] complexes in their
solid state.28

The protonation and stability constant values (Table
2) of amino acids were redetermined under the present ex-
perimental conditions and the values agree well with the
reported values.29 The amino acids bind Zn(II) ion in a bi-
dentate manner through carboxylato–O and amino–N
atoms forming a stable 5–membered chelate ring. Small
differences are within the limit of our experimental errors
which is due to the variation in experimental conditions li-
ke ionic strength (I), temperature effect, etc. Moreover,
the stability constant values (Table 2) show that ZnB com-
plexes are more stable than ZnL. The complex formation
of Zn(II) with 2AB(L) is accompanied by the sharp chan-
ge of colour in the solution. In 1:2 solution of Zn(II) and
2AB gives pale yellow coloration (λmax = 380 nm) at pH
6.5 and the λmax values doesn’t shift with the change of p-
H of the solution. Formation of ZnL and ZnL2 complexes

Table 2. Stability constant values for the parent binary Zn(II) with 2AB(L), gly, ala, val and phe(B) systems in 50% (v/v) ethanol–water mixture                                    

Parameters
logβ value (at 300 K) logβ value (at 310 K)

2ABa gly ala val phe 2ABa gly ala val phe
logβHB –2.57(4) 9.77(3) 10.07(4) 10.11(3) 9.49(5) –2.41(3) 9.57(2) 9.72(3) 9.84(3) 9.22(4)

logβH2B 2.83(5) 12.05(5) 12.38(5) 12.66(6) 11.95(7) 2.75(4) 11.74(4) 12.15(5) 12.45(4) 11.68(6)

logβZnB 3.84(3) 4.96(4) 4.89(5) 4.59(5) 4.46(5) 3.73(4) 4.84(5) 4.76(4) 4.46(5) 4.33(6)

logβZnB2
7.16(5) 9.09(4) 8.94(6) 8.42(4) 8.18(5) 7.01(6) 8.97(6) 8.80(6) 8.27(7) 8.05(8)

logKZnB
ZnB2

3.32 4.13 4.05 3.83 3.72 3.28 4.13 4.04 3.81 3.72

ΔR – – –0.07 –0.37 –0.50 – – –0.08 –0.38 –0.51

logK1 / logK2 0.54 0.55 0.55 0.55 0.55 0.53 0.54 0.54 0.54 0.54

a 2AB become primary ligand(L) in the mixed ligand systems.

Table 3. Stability constant and stabilization effects of mixed ligand systems in 50% (v/v) ethanol–water mixture at different temperatures                                               

Parameters
Ligand (B) (at 300 K) Ligand (B) (at 310 K)

gly ala val phe gly ala val phe
og βZnLB 9.13(3) 8.97(4) 8.67(6) 8.52(7) 8.95(4) 8.79(5) 8.53(6) 8.39(8)

log βZnLB2
13.36(4) 13.18(5) – – 13.19(6) 12.99(6) – –

log KZnL
ZnLB 5.29 5.13 4.83 4.68 5.22 5.06 4.80 4.66

log KZnB
ZnLB 4.17 4.08 4.08 4.06 4.11 4.03 4.07 4.06

log KZnL
ZnLB2

9.52 9.34 – – 9.46 9.26 – –

log KZnB2
ZnLB2

4.27 4.24 – – 4.22 4.19 – –

log KZnLB
ZnLB2

4.23 4.21 – – 4.24 4.20 – –

Δlog KZnLB 0.33 0.24 0.24 0.22 0.38 0.30 0.34 0.33

Δlog KZnLB2
0.43 0.40 – – 0.49 0.46 – –

logX 2.01 1.84 1.76 1.70 1.92 1.77 1.78 1.72

logX’ 0.85 0.76 0.76 0.74 0.83 0.75 0.79 0.78

%R.S. 6.65 4.91 5.23 4.93 7.85 6.30 7.62 7.62
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start at pH 3.5 and it has been found to be maximum in the
pH range of 4.0–8.5 and accounted ca. 65–80% of the to-
tal Zn(II) ion at different temperatures in 1:1, 1:2 and 1:5
ratios.

3. 2. Stability and Structure of Mixed Ligand
ZnLB/ZnLB2 Species
From the pH–metric data illustrate that the mixed li-

gand Zn(II)–2AB(L)–amino acid(B) systems to form Zn-
LB and ZnLB2 types of mixed ligand complex species in
addition to various binary species HL, H2L, ZnL, ZnL2 ,
HB, H2B, ZnB and ZnB2 have been identified. The stabi-
lity constant values for the mixed ligand systems were re-
ported in Table 3. In order to characterize the stability of
mixed ligand equilibria with respect to their correspon-
ding binary analogues, it can be expressed quantitatively
to support the terms like Δlog K, log X, log X’ and % R.S.
The log KZnB

ZnLB /log KZnB2
ZnLB2

values (Table 3) obtained at dif-
ferent temperatures in Zn(II)–2AB(L)–amino acid(B) sys-
tems are compare favorably with log KZn

ZnL value in
Zn(II)–2AB(L) binary systems (Table 2). This shows that,
the ligand 2AB(L) in mixed ligand system binds with
Zn(II) ion in a manner similar to its binding in their binary
ZnL system i.e., the ligand 2AB(L) acts as bidentate and
binds through amino–N and amido–O atoms. 

Again, log KZnL
ZnLB /log KZnL

ZnLB2
values (Table 3) in ZnLB

/ ZnLB2 systems compare favorably with log KZn
ZnLB /log

KZn
ZnB2

values in Zn(II)–amino acid systems (Table 2) and
this show that the binding mode of secondary amino acid
ligands(B) in mixed ligand ZnLB/ZnLB2 species is similar
to its bidentate binding mode in the corresponding binary
systems. Thus, the four coordinating positions in
Zn(II)–2AB–amino acid systems would be occupied by
the bidentate binding of 2AB(L) and amino acids(B) res-
pectively. The remaining positions in ZnLB systems would
be occupied by solvent water molecules (Figure 2) to form
a stable hexa coordinated environment. The binding of
amino acid(B) ligands in ZnLB species in the presence of
2AB(L) ligand involves a stable five–six membered chela-
te ring. This is also confirmed from the plot (Figure 3) of
log KZn

ZnL /log KZnB
ZnLB vs. pK values of 2AB(L) which is evi-

dent that all the points due to the binary complexes fit on a
straight line.30 Also, the points due to the ZnLB complexes
form a straight line parallel to those of the binary comple-
xes. From Table 3, the overall stability of mixed ligand Zi-
LB system follows the stability order as: Zn(II)–2AB–gly
> Zn(II)–2AB–ala > Zn(II)–2AB–val > Zn(II)–2AB–phe.

In order to characterize the stability of the mixed li-
gand ZnLB complexes with respect to the corresponding
binary analogues can be expressed quantitatively in terms
of Δ log K, log X, log X’ and % R.S. are computed as:

                            at different temperatures in I = 0.15 M NaClO4 medium [error limit: ± (0.02–0.05)]. Standard deviations are given in parentheses.

logβ value (at 320 K) logβ value (at 330 K)
2ABa gly ala val phe 2ABa gly ala val phe

–2.23(5) 9.28(3) 9.48(5) 9.65(4) 8.96(6) –2.05(6) 8.97(4) 9.30(6) 9.42(5) 8.78(4)

2.69(6) 11.48(5) 11.92(6) 12.17(7) 11.48(8) 2.62(8) 11.21(6) 11.68(8) 11.96(7) 11.27(6)

3.63(6) 4.73(4) 4.65(6) 4.36(6) 4.24(7) 3.55(7) 4.61(5) 4.56(6) 4.23(7) 4.13(8)

6.87(7) 8.82(5) 8.68(8) 8.14(8) 7.92(9) 6.75(9) 8.69(7) 8.58(8) 8.04(9) 7.81(8)

3.24 4.09 4.03 3.78 3.68 3.20 4.08 4.02 3.81 3.68

– – –0.08 –0.37 –0.49 – – –0.05 –0.38 –0.48

0.53 0.54 0.54 0.54 0.54 0.53 0.53 0.53 0.53 0.53

                            in I = 0.15 M (NaClO4) medium [error limit: ± (0.02–0.05)]. Standard deviations are given in parentheses.

Ligand (B) (at 320 K) Ligand (B) (at 330 K)
gly ala val phe gly ala val phe

8.81(6) 8.64(7) 8.36(5) 8.22(7) 8.63(7) 8.49(8) 8.22(6) 8.09(9)

13.02(7) 12.83(8) – – 12.83(6) 12.68(8) – –

5.18 5.01 4.73 4.59 5.08 4.94 4.67 4.54

4.08 3.99 4.00 3.98 4.02 3.93 3.99 3.96

9.39 9.20 – – 9.28 9.13 – –

4.20 4.15 – – 4.14 4.10 – –

4.21 4.19 – – 4.20 4.19 – –

0.45 0.36 0.37 0.35 0.47 0.38 0.44 0.41

0.57 0.52 – – 0.59 0.55 – –

1.93 1.73 1.71 1.65 1.82 1.65 1.65 1.62

0.84 0.75 0.76 0.74 0.82 0.73 0.79 0.76

9.51 7.74 8.49 8.25 10.20 8.33 10.40 9.93
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From Table 3, the calculated Δ log KZnLB values for
all these systems are more positive compared to the stati-
stically expected values31 which indicating that the mar-

ked stabilities of mixed ligand complexes as compared to
their binary analogues. The calculated disproportionation
parameter (log X) values for all the complexes are very
much higher than the statistically expected (+ 0.6) value31

which suggest that the preference for the formation of
mixed ligand ZnLB complexes compared to the forma-
tion of corresponding binary ZnL2/ZnB2 complexes i.e.,
the inter–ligand and electronic interactions are present in
the mixed ligand complexes. The log X values can only
indicate the coordination tendency of the secondary li-
gand towards binary ZnL complex, but it fails to explain
the stabilizing order of metal–ligand bonds after the 
complex formation. Hence, a new parameter log X’

Figure 2. Proposed structures of ZnLB and ZnLB2 species in Zn(II)–2AB(L)–amino acid(B) systems.

Figure 3. Relationship between the logarithm values with pK values of primary 2AB(L) ligand.
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value31 is considered and the observed log X’ values are
greater than 0.3, suggesting that ZnL and ZnB bonds in
mixed ligand complexes are stronger than in binary com-
plexes. Also, the percentage relative stabilization % R. S. 

para-

meter32 indicates a noticeable stabilization is present in
the mixed ligand NiAB complexes than corresponding bi-
nary. The ZnLB2 species in Zn(II)–2AB(L)–gly/ala(B)
systems, the solvent water molecules of ZnLB species
would be replaced by a second molecule of glycine/alani-
ne ligands(B). The obtained log KZnB2š

ZnLB2
/ log KZnL

ZnLB2
values

(Table 3) in Zn(II)–2AB–gly/ala systems were comparab-
le with log KZnB2

ZnLB2
and log KZnL

ZnLB2
values (Table 2) in the bi-

nary systems and the ZnLB2 species in the Zn(II)–
2AB(L)–gly/ala(B) systems would be six coordinated due
to the bidentate binding of nature of one molecule of
2AB(L) and two molecules of gly/ala(B) ligand respecti-
vely. The calculated Δ log KZnLB2

values are more positive
while compared to the statistically expected values31 indi-
cating that enhanced stabilities for ZnLB2 systems.

3. 3. Effect of Temperature

The protonation constant values for 2AB(L) and
amino acid ligands(B), as well as the stability constant va-
lues of their binary Zn(II) complexes in 50% (v/v) etha-

nol–water mixture has been investigated at different tem-
peratures in I= 0.15 M NaClO4 (Table 2). From Table 2, it
is clear that the protonation and their binary stability con-
stant values decrease with the increase of temperature.
The change in enthalpy (ΔH) and entropy (ΔS) values we-
re obtained by linear least squares fit (Van’t Hoff plot) of
log βZnLB/log βZnLB2 values vs. 1/T (Figure 4) leading to a
slope – (ΔH/RT) and an intercept (ΔS/R) are as follows:

The thermodynamic parameter (ΔG, ΔH and ΔS) va-
lues for binary Zn(II) systems are given in Table 4. The
calculated ΔH and ΔS values can be considered as the sum
of two contributions such as the release of solvent (H2O)
molecules and metal–ligand bond formation. From Table
4, the binary Zn(II) systems, (i) the negative ΔG values
(except the first protonation constant values of 2AB(L) li-
gand) show that the driving tendency of the complexation
reaction is spontaneous process,11 (ii) the ΔH values are
negative, indicating that the exothermic nature of the com-
plexation process and (iii) the ΔS values are positive, con-
firming the complexation process is entropically favorab-
le. The abnormal high positive ΔS values of the binary
systems are consistent with the hypothesis that a large
number of water molecules are released upon complexa-
tion.11,12,33 The thermodynamic parameters for all the mi-
xed ligand ZnLB and ZnLB2 systems are given in Table 5.
The stability constant log βZnLB / log βZnLB2 values decrea-
se with the increase of temperature (Figure 4). A negative
ΔG values for all these complexes suggest the complexa-
tion process is spontaneous.11,12,33 A negative ΔH values

Figure 4. Van’t Hoff plot of βZnLB/log βZnLB2
values vs. 1/T.
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Table 4. Thermodynamic parameter of binary Zn(II)–2–aminobenzamide(L) and Zn(II)–amino acid(B) systems.

System Species
–ΔΔG (kJ mol–1) – ΔΔH ΔΔS (J K–1 mol–1)

300 K 310 K 320 K 330 K (kJ mol–1) 300 K 310 K 320 K 330 K
HL –14.76 –14.35 –13.66 –12.95 32.94 60.59 60.11 60.24 60.56

Zn(II)–2AB
H2L 16.26 16.32 16.48 16.56 13.08 10.57 10.45 10.62 10.52

ZnL 22.06 22.14 22.24 22.43 18.41 12.15 12.03 11.97 12.18

ZnL2 41.13 41.61 42.09 42.65 25.99 50.46 50.38 50.32 50.48

HB 56.12 56.80 56.86 56.68 50.83 17.65 19.28 18.85 17.73

Zn(II)–gly
H2B 69.22 69.68 70.34 70.83 52.71 55.01 54.74 55.08 54.90

ZnB 28.49 28.73 28.98 29.13 21.98 21.72 21.78 21.89 21.68

ZnB2 52.21 53.24 54.04 54.91 25.56 88.84 89.29 89.00 88.93

HB 57.84 57.69 58.09 58.76 48.51 31.10 29.62 29.91 31.06

Zn(II)–ala
H2B 71.11 72.12 73.04 73.80 44.13 89.95 90.29 90.33 89.92

ZnB 28.09 28.25 28.49 28.81 20.89 24.00 23.76 23.76 24.02

ZnB2 51.35 52.23 53.18 54.21 22.78 95.24 95.01 95.01 95.25

HB 58.07 58.41 59.13 59.52 42.86 50.70 50.14 50.82 50.48

Zn(II)–val
H2B 72.72 73.90 74.57 75.57 45.09 92.12 92.94 92.13 92.38

ZnB 26.37 26.47 26.71 26.73 22.35 13.37 13.29 13.62 13.25

ZnB2 48.37 49.09 49.87 50.80 24.12 80.82 80.54 80.48 80.85

HB 54.51 54.73 54.90 55.48 45.38 30.42 30.14 29.73 30.58

Zn(II)–phe
H2B 68.64 69.33 70.34 71.21 42.51 87.11 86.51 86.97 86.97

ZnB 25.62 25.70 25.98 26.10 20.48 17.12 16.83 17.17 17.01

ZnB2 46.99 47.78 48.53 49.35 23.52 78.24 78.28 78.16 78.28

Table 5. Thermodynamic parameter of mixed ligand Zn(II)–2–aminobenzamide(L)–amino acid(B) systems.

System Species
–ΔΔG (kJ mol–1) – ΔΔH ΔΔS (J K–1 mol–1)

300 K 310 K 320 K 330 K (kJ mol–1) 300 K 310 K 320 K 330 K

Zn(II)–2AB–gly
ZnLB 52.44 53.12 53.98 54.53 31.07 71.25 71.14 71.59 71.09

ZnLB2 76.74 78.29 79.78 81.07 33.32 144.75 145.07 145.18 144.69

Zn(II)–2AB–ala
ZnLB 51.53 52.17 52.94 53.65 30.16 71.22 71.017 71.19 71.17

ZnLB2 75.71 77.10 78.61 80.12 31.50 147.38 147.12 147.24 147.35

Zn(II)–2AB–val ZnLB 49.80 50.63 51.22 51.94 28.80 70.02 70.44 70.08 70.13

Zn(II)–2AB–phe ZnLB 48.94 49.80 50.37 51.12 27.66 70.94 71.43 70.96 71.09

Figure 5. Species distribution diagrams of mixed ligand (a) Zn(II)–2AB(L)–phe(B) system in (1:1:1) and (b) Zn(II)–2AB(L)–gly(B) in (1:1:2)

complexes in 50% (v/v) ethanol–water medium at 310 K.

a) b)
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show that the chelation process is exothermic and the
complexation process favorable at very low temperature.
All the complexes show a positive ΔS values34 suggest the
complexation of 2AB(L) ligand with Zn(II) ion in the pre-
sence of amino acids(B) ligand is entropically favorable. 

3. 4. Species Distribution Diagram

In order to show the quantitative trends found in the
species distribution plots obtained for Zn(II)–2AB–phe
and Zn(II)–2AB–(gly)2 systems (at 310 K) are given in Fi-
gure 5. The formation of ZnLB complexes start at pH 5.0
and it has been found to be maximum in the pH range of
7.0 to 8.5 and accounted ca. 50–85% of the total Zn(II)
ion. The ZnLB2 species in Zn(II)–2AB(L)–gly/ala(B) sys-
tems has been found to be favoured above pH 7.0 and ac-
counted for 65–80% of the total Zn(II) ion in 1:1:2 sys-
tem. At lower pH range the ZnL and ZnL2 species are pre-
sent in considerable amount (ca. 20–45%). At higher pH
less than 20% of total Zn(II) ions are present as ZnB and
ZnB2 complexes.

3. 5. Electronic Absorption Spectra 

The electronic absorption spectra of Zn(II)–2AB
(L)–amino acid(B) complexes of ZnLB systems [3 × 10–3

M] in the range of 200–1100 nm were recorded at diffe-
rent pH levels in 50% (v/v) ethanol–water medium at 310
K. The diamagnetic nature of Zn(II) ion does not show
any d–d transition in the visible region. However, the
Zn(II)–2AB(L)–gly, ala, val and phe(B) complexes show
only one band at 26385, 26247, 26455 and 26371 cm–1

respectively in the UV region due to LâM charge transfer
(LMCT) transition which corresponds to six–coordinated
distorted octahedral environment around the Zn(II) ion
with two water molecules are present in the z–axes of the
cartesian coordinate.35, 36

4. Conclusion

In the present work, we determined the protonation
and stability constants of binary and their mixed ligand
complexes in 50% (v/v) ethanol–water mixture at diffe-
rent temperatures (300, 310, 320 and 330 ± 0.1 K) of I =
0.15 M (NaClO4) medium. In solution equilibria, the Zn-
LB/ZnLB2 species, both 2AB(L) and amino acid(B) li-
gands act as bidentate to form a stable six, five membered
chelation around the central Zn(II) ion. The percentage di-
stribution of various binary and mixed ligand species in
solution was evaluated. From the stabilization parameters,
the complexation of 2AB(L) with Zn(II) ion in the presen-
ce of amino acids(B) is more favorable than the binary
complex formation and the calculated thermodynamic pa-
rameters explain the nature of the complexation process.
Both the pH–metric and electronic absorption spectral

studies predict stable distorted octahedral geometry for
the title complexes.
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Povzetek
Prou~evali smo kompleksacijo me{anih ligandov 2–aminobenzamida (2AB) kot prvega liganda [L] s Zn(II) v prisotno-

sti liganda [B], ki ga predstavljajo nekatere bio-relevantnih sestavin amino kislin kot so glicin (gly), L–alanin (ala),

L–valin (val) in L–fenilalanin (phe). Proces smo zasledovali z merjenjem pH pri razli~nih temperaturah (300, 310, 320

in 330 ± 0.1 K) v 50 % (v/v) me{anici etanola in vode, v prisotnosti 0.15 M NaClO4. Analiza eksperimentalnih podat-

kov dobljenih pri titracijah ka`e na prisotnost ZnLB in ZnLB2 kompleksov me{anih ligandov,in tudi binarnih komplek-

sov. Tako primarni kot sekundarni ligandi delujejo kot bidentati z mo`nostjo tvorbe stabilnega {est-ali pet~lanskega ke-

latnega obro~a. Izra~unane vrednosti stabilizacijskih parametrov Δlog K, log X, log X’ in % R.S. ka`ejo, da imajo

me{ani kompleksi ve~jo stabilnost od binarnih. S pomo~jo temperaturne odvisnosti konstante stabilnosti smo dolo~ili

termodinamske parametre ΔG, ΔH and ΔS za prou~evani proces.


