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ﬁBSTRACT

The interaction of Zn(II), Cd(II), Ni(II) & Co(Il)transition metal ions with L-Ascorbic acid and L-
Phenylalanine have been studiespH metrically at constant ionic strength I =0.1MNaNO3, at 308 K to
318 Ktemperature and potentiometric pH titrations were carried out to determine the stabilities of the
binary (1:1) and ternary (1:1:1) complexes, with M(II)= Zn(II), Cd(II),Ni(II) & Co(II) metal ions. The
percentage of species distribution curves have been demonstrated with the help of ORIGIN 6.1
software. Stability constant have been determined through (SCOGS) Stability Constant of
GeneralizedSpecies computer program. Species distribution curves of complexes have been plotted as
a function of pH.The pKa of ligands and log K of ternary metal complexes were determined and

correlated with basicity of ligands.
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INTRODUCTION

An important bio-molecule,L-ascorbic acid
(Vitamin C, H,Asc), acts as pH regulator, an
anti-oxidant and a two-electronreductant in
vitro and in vivo'. It isan essentialnutrient in
man due to absence of L-gulonolactine
oxidase& found in all foods of plant originz,due
to deficiency of ascorbic acid causes a disease
known as scurvy. A weak acid(L-ascorbic acid)
forms mono and di-anionic forms, C (3)-O
(HAsc") &C (2)-0 (Asc®),? respectively in the
presence of water (Figer 1). Therefore, the role
of ascorbic acid is not apparent. On the other
hand, presence of two reductants and a
number of ascorbic acid roles give systems of
considerable complexity. Ascorbic acid, or
simply ascorbate* (the anion of ascorbic acid),
is an essential nutrient for humans and certain
other animal species and having antioxidant
properties. It is well known that redox
chemistry of ascorbic acid plays an important
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role in human nutrition as well as in the
synthesis of advanced nano-materials of noble
metal. Thus, the studies on the kinetics and
mechanism redox reactions of ascorbic acid in
biological systems has become important to
bio-, inorganic-, and surface-chemists. Our
group is involved for the preparation of
colloidal MnO,” and silver nanoparticles® ” in
the absence and presence of different
stabilizers using ascorbic acid.

L-Ascorbic acid has been proposed to bind a
transition metal at two hydroxy groups at the 2-
and 3-positions, but in addition to these it also
uses the carbonyl C(1)=O group as well as
chain OH groups for coordination®®. It means
that it utilizes practically all donor oxy%en
[C(1)-O to C(6)-0O] atoms for coordination 9,
In view of this, several studies have been
focussed onthe interaction of l-ascorbic acid
with transition and inner transition metals™®.
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Vitamin C

The phenylalanine is aromatic, essential,
glycogenic and ketogenic amino acid. In
metabolism, it is converted into tyrosine, which
forms the hormones like adrenaline, nor

H,N

Figer 1
(L-Ascorbic Acid)

OR

(2R)-2-amino-3-phenylpropanoic acid

It is found in the breast milk of mammals. It is
used in manufacture of food and drink
products. It isa direct precursor to
neuromodulator phenyl ethylamine commonly
used dietary supplement. Hence, thestudy of
complexes of L-Ascorbic acid and
phenylalanine with Co (Il), Ni (1) Cd (ll) and Zn
(INtransition metal ions were carried out in
40% v/v alcohol water media.

EXPERIMENTAL

Potentiometric reagents and solutions

Zn (I), Cd (1), Ni (Il) and Co (ll) nitrates were
obtained from Aldrich Chemical Company and
used without purification. The solvents used
were  of  spectroscopic  grade. The
potentiometric measurements in this study
were carriedout in 1: 1 (v: v) aqueous-ethanol
media. Ethanol was purchasedfrom Merck and
used without further purification.12

Doubly distilled and CO, free water was used
exclusively.Stock solutions of strong acid and
strong base were preparedusing analytical
reagent grade 0.10M HCI solution(Merck) and
0.10 M NaOH solution (Merck),
respectively.The 0.001 M NaOH solution was
standardized™ by titrationagainst the standard
oxalic acid dihydrate (Aldrich). During
eachtitration the ionic strength was maintained
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adrenaline, melanin pigments. The
abnormalities observed in the phenylalanine

metabolism are phenylketonaria  and
alkaptonaria™.
I
OH
NH,
Phenylalanine (Phe)
at 0.10 M NaNO;. For eachmixture, the

volumewasmade up to 50 cm®with double
distilledwater before the titration. These
titrations were repeated for the temperaturesof
308 and 318 K. All titrations have been carried
out betweenpH 2.0-12.0 and under nitrogen
atmosphere.
() 5cm® NaNO; (1.0 M) + 5cm® HNO,
(0.02 M) + 40cm® H,0
(i) 5cm3 NaNO3 (1.0 M) + 5cm3 HNO3
(0.02 M) + 5cm® L1 (0.01M) + 35¢cm?
H,O
(i) 5cm® NaNO3 (1.0 M) + 5cm3 HNO;
(0.02 M) + 5cm® L2 (0.01M) +
35¢cm®H,0
(iv) 5cm® NaNO3 (1.0 M) + 5cm® HNO;
(0.02 M) + 5cm3 M(ll) (0.01M) +
35cm® H,0
(v) 5cm® NaNO; (1.0 M) + 5cm® HNO,
(0.02 M) +5cm® M(Il) (0.01M) +
5cm°L1 (0.01M) +30cm®H,0
(vi) 5cm® NaNO; (1.0 M) + 5cm® HNO,
(0.02 M) + 5cm® M(I) (0.01M) +
5cm>L2(0.01M)+30cm’H,0
(vi)5cm® NaNO; (1.0 M) + 5cm® HNO,
(0.02 M) + 5cm® M (Il) (0.01M) + 5cm”®
L1 (0.01M) +5cm°L2(0.01M) +25cm®
H,O.
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Where M(Il) is Zn(Il), Cd(ll), Ni(ll) & Co(ll)
transition metal ions and L, is L-Ascorbic acid
and L, L-Phenylalanine. The species
distribution curves were obtained by plotting %
concentration of the species obtained through
Stability Constant of Generalize Species
(SCOGS) computer program against pH.

RESULTS AND DISCUSSIONS
The Protonation constants of the ligand were
calculated from the potentiometric pH titration
data of solutions according to Irving and
Rossetti's method™ and the acid dissociation
Constants for the sodium salt of L-ascorbic
acid(H,L,) are related to the dissociation
equilibrium as follows:

H,oLy e HL + HY

HL e L

Constants for the sodium salt of L-ascorbic
acid (H,L;) are related to the dissociation
equilibrium as follows:

HoL, & HL, + H*

HL & L,
Stability constants of simple complexes (ML;,
ML, and ML,L, ). SCOGS may also be used to
calculate constants for "mixed" complexes
containing two different metals and two
different ligands. The overall stability constants
(Bpgrst) of investigated complexes are
expressed by the general equation in aqueous
solutions as follows:
PMy + Mz + 1Ly +skp +t (OH) = (My)p (M2)q
(Lor (L2)s (OH)t

[M1] p [M2] g [La]r [Lo]s [OH] t
Bpgrst=

[M1] P [M2] [L4]" [L2]° [OH] !

In above equation the stoichiometric numbers
p, g, r and s are either the zero or positive
integer and t is a negative integer for a
protonated species, positive integer for a
hydroxo or deprotonated species and zero for
a neutral species.

Table 1: Proton ligand formation constant, Stability constant and
other related constants of the binary and ternary species of Cobalt
metal ions with L-Ascorbic acid and L-Phenylalanine at different Ph

pH Holy HL, HL, ML, ML, ML,L,
2.75 18.6 69.2 90.8 8.98 6.04 3.17
2.75 20.3 77.1 98.2 2.4 1.57 3.18
2.77 20.1 78.4 99 1.02 0.65 -
2.78 19.9 79.1 99.3 11 0.67 -
291 15.5 83.3 99.4 0.94 0.57 -
2.93 15 84.1 99.5 1.42 0.81 -
3.16 9.34 89.2 90.4 1.07 5.83 -
4.21 0.79 84.8 88.1 12.2 6.71 3.73
4.36 0.54 82.1 84.9 14 7.78 7.35
4.52 0.35 78.3 34.7 17.6 1.11 54.1
5.72 - 22.1 27.6 15.7 10 62.2
5.97 20.5 25.7 15.1 9.69 64.4
6.07 5.18 6.67 6.03 3.96 88.7
7.23 3.77 4.69 4.84 3.09 91.3
7.52 1.35 1.29 2.86 1.39 95.5
8.36 - - - - -

100

Y%Concentration

— — H2L1
— —HL1
HL2
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ML2
— —ML1L2

Fig. 1:Species distribution curve of 1:1:1
ternary Co+(ll)L1L2-system (1)H3L1 (2)HL1
(3)HL2(4)Cu(l)L1 (5)Co(I)L2 (6)Co(Il)L1L2
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Table 2: Proton ligand formation constant, Stability constant
and other related constants of the binary and ternary species of

nickel metal ions with L-Ascorbic acid and L-Phenylalanine at different pH
pH [ Hil: [ HLy HL, ML, MLy | MLil,
276 | 1.27 | 482 | 752 | 7520 | 6.02 | 8.00
279 | 1.41 | 573 | 877 | 87.40 | 6.86 | 5.44
282 | 1.37 | 5.97 | 89.7 | 89.30 | 6.89 | 3.38
286 | 1.28 | 612 | 90.6 | 90.30 | 6.83 | 261
291 | 1.16 | 6.25 | 91.00 | 90.60 | 6.75 | 2.26
295 | 1.08 | 634 | 91.30 | 90.70 | 6.68 | 2.02
299 | 099 | 642 | 9150 | 90.80 | 6.63 | 1.87
306 | 0.85 | 649 | 91.60 | 90.80 | 657 | 1.89
312 | 075 | 654 | 91.20 | 90.60 | 652 | 1.91
325 | 055 | 655 | 90.00 | 90.40 | 6.48 | 2.29
335 | 044 | 649 | 89.90 | 89.60 | 6.44 | 258
354 | 028 | 641 | 87.10 | 88.70 | 6.38 | 3.58
371 | 018 | 627 | 79.60 | 86.90 | 6.31 | 4.75
391 | 011 | 572 | 11.90 | 79.80 | 6.19 | 6.68

4.36 0.86 10.80 12.30 5.68 14.7
6.80 - 0.78 10.40 11.30 0.86 86
6.91 - 0.76 6.20 10.90 0.79 87
6.97 - 0.46 3.34 7.19 0.76 88.3
7.42 - 0.28 1.88 4.90 0.48 92.3
7.89 - 0.18 1.64 3.94 0.29 94.8
100 -
6
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Fig. 2: Species distribution curve of 1:1:1 ternary Ni(ll)L1L2-system (1)H3L1 (2)HL1
(3)HL2(4)Ni(INL1 (B)Ni(INL2 (6)Ni(IL1L2
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Table 3: Proton ligand formation constant, Stability constant and other
related constants of the binary and ternary species of zinc metal ions
with L-Ascorbic acid and L-Phenylalanine at different pH

pH Hal g HL, HL> ML, ML MLl »
2.16 50.9 48.6 50.3 - 49.3 -
2.26 45.4 54.5 73.5 26.5

2.36 39.8 60.2 78.7 21.3

2.56 24.4 70.5 77.4 - 22.6 -
3.73 2.68 95 37.8 0.41 60.3 4.25
4.12 1.08 94.1 28.5 0.62 67.3 8.08
4.47 0.46 90 21.4 0.82 70.5 21
5.04 0.1 7.7 12.1 1.19 66.9 43.1
5.67 - 55.6 5.87 1.33 51 55.6
6.04 43.1 3.86 1.25 40.6 72
6.23 38 3.18 1.19 36 78
6.36 35 2.82 1.14 33.4 88.5
7.55 10.6 0.59 0.53 10.7 90.8
7.8 8.3 0.42 0.46 8.58 91.6
7.96 7.12 0.34 0.43 7.53 92
8.97 1.86 - 0.31 3.17

100 —
90 -
80 -
c 70 -
S ]
T 60-
'E i
5 0l H2L1
< ] ——HL1
S 404 HL2
S 0] —— ML1
| ML2
20 —— ML1L2
10 3 \\
0 4
-0+ T T T T T
25 30 35 40 45 50 55 6.0 65 7.0 75 80 85 9.0 95
pH

Fig. 3: Species distribution curve of 1:1:1 ternary Zn(ll)L1L2-system (1)H3L1 (2)HL1
(3)HL2(4)Zn(1)L1 (5)Zn(I)L2 (6)Zn(I)L1L2
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Table 4: Proton ligand formation constant, Stability constant and
other related constants of the binary and ternary species of

Cadmium metal ions with L-Ascorbic acid and L-Phenylalanine at different pH
pH [ Holy [ HLy | HL; [ ML; | ML, [ MLiL,
29 | 142 | 746 | 295 | 071 | 60 0.1

298 | 458 [ 217 | 61.2 | 0.24 | 37.8 | 0.09
301 | 127 86 | 67.7 | 019 | 31.6 | 0.64
306 | 337 | 0.76 | 67.8 | 0.19 | 315 | 0.65
312 | 102 [ 889 | 666 | 02 | 317 | 067
321 | 846 | 90.7 | 641 | 021 | 32.6 | 074
329 | 7.14 92 [ 556 | 024 [ 35 0.93
338 | 355 | 932 | 56.8 | 0.32 | 41.5 | 1.69
35 | 451 | 943 [ 465 | 047 [ 499 | 3.64
373 | 269 | 953 | 37.4 | 063 | 55.7 | 6.58
403 | 134 | 946 | 265 | 0.88 | 59.1 | 14.4
431 | 068 | 91.8 | 247 [ 0.86 | 20.6 | 76.8
468 | 026 | 845 | 0.8 | 051 | 931 | 89.8

6.48 22.2 0.31 0.43 7.07 92.3
7.29 - 9.55 0.21 0.35 4.99 94.5
7.58 - 7.09 0.16 0.31 3.97 95.4
7.94 - 4.79 - 0.3 3.49 96.1
8.19 - 3.63 - 0.28 2.54 97.1
8.35 - 3.04 - - 2.58 97.2
8.74 - 1.82

8.75 - 1.83

100 -

%Concentration

-10 -5 T T T T T T T T T T T T

Fig. 4: Species distribution curve of 1:1:1 ternary Cd(ll)L1L2-system
(DHH2L1 (2)HL1 (3)HL2(4)Cd(ID)L1 (5)Cd(IhL2 (e)Cd(IhLiL2
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CONCLUSION 6. Al-Thabaiti SA, Al-Nowaiser FM, Obaid
On the basis of mention above readings we AY, Al-Youbi AO, Khan Z and Colloids
have to say that, the ternary complex Surf. B: Bio interfaces. 2008;67, 230.
compound of copper is the most stable & their 7. Khan Z, Singh T, Hussain JI, Obaid AY,
stability constant is in the higher order. Al-Thabaiti SA and El-Mossalamy EH.
Colloids Surf. B: Bio interfaces.
L;-Cd-L,<L;-Cu-L,>L4-Ni-L,> L;-Co-L, 2013;102:578
8. Tajmir-Riahi HA. J Inorg.Biochem. 40
(1990) 181, Tajmir-RiahiHA, J.
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