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ABSTRACT

Theacidity and stability constantsof M(TA) (TA tartarate) and Cu(Phen)(TA)
(Phen:1,10-phenanthroline) complexes, were determined by potentiometric
pH titration. It is shown that the stability of the binary Cu(TA) and com-
plexes is determined solely by the basicity of the carboxylate group. It is
demonstrated that the equilibrium, Cu(Phen)?* + Cu(TA) < Cu(Phen)(TA)
+ Cu?, is displacement due to the well known experience that mixed ligand
complexes formed by adivalent 3d ion, a heteroaromatic N base and an O
donor ligand possess increased stability. The other part of this displace-
ment, which amount on average to an increased stability of the mixed ligand
Cu(Phen)(TA) complexes of about 0.27 log unit. The stability constants of
the 1:1 complexes formed between Cu?* or Cu(Phen)?* and TAZ, were deter-
mined by potentiometric pH titrationin aqueoussolution (I = 0.1 M, NaNO,,
25°C). The order of the stability constants was reported.
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INTRODUCTION

Thenaturally occurring form of theacidisL(+)-
tartaricacid (H,TA) or dextrotartaricacid (Figure 1).
Tartaric acid isfound throughout nature, especialyin
many fruitsand winell. It is added to other foodsto
giveasour taste, and is used asan antioxidant. Salts
of tartaric acid are known as tartarates. It is a
dihydroxy derivativeof dicarboxylicacid. Tartaricacid
isamuscletoxin, which worksby inhibiting the pro-
duction of malic acid, and in high doses causes pa-
ralysisand death. The minimum recorded fatal doses
forahumanis 7.5 g/kg. In spite of that, it isincluded
in many foods, especially sour-tasting sweets. Asa

food additive, tartaric acid is used as an antioxidant
with E number E334, tartarates are other additives
serving as antioxidantsor emulsifiers. However, tar-
taric acid playsanimportant rolechemicaly, lowering
the pH of fermenting “must” to a level where many
undesirable bacteriacannot live, acting asapreserva
tive after fermentation'd. Someresearcher used iden-
tical methodol ogy to show that antibodiesal so exhib-
ited both stereosel ective and stereospecific binding.
To demonstratethis, they used seraderived formthe
separateimmunizations of thethreeisomersof TA2,
Tartaric acid inlarge dosesis an unsafe agent, causing
gastro-intestinal and death. Some researchershave
measured the acidity and stability constants®!.
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Figurel: Chemical structureof L-tartaricacid

MATERIALSAND METHODS

Materials

Chemicadswaspurchased from Merck. Copper (I1)
nitratetrihydrate, sodium nitrate, potassium hydrogen
phthalate and standard sol utions of sodium hydroxide
(titrisol), nitricacid, EDTA and of the buffer solutions
of pH 4.0, 7.0 and 9.0 werefrom Merck. All the start-
ing materialswere pro anaysisand used without fur-
ther purification. Water was purified by Milil-Q water
purification system, del onized and distillated.

pH titrations

Reagents. Carbonate-free sodium hydroxide 0.03 M
was prepared and standardi zed against sodium hydro-
gen phthalate and astandard solution of nitricacid 0.5
mM. Copper (1) nitrate solution (0.03 M) was pre-
pared by dissolving the above substancein water and
was standardi zed with standard solution of EDTA 0.1
M (triplex).

Apparatus

All pH titrationswas performed usingaM etrohm
794 basic automatic titrator (Titrino), coupled with a
Hero thermo stating bath at 25°C (+0.1°C) and a
Metrohm combined glasselectrode (Ag/AgCl). ThepH
meter wascalibrated with Merck standard buffer solu-
tions(4.0,7.0and 9.0).

Procedure

For the determination of acid dissoci ation constants
of theligand TA an aqueous solution (0.03 M) of the
protonated ligand wastitrated with 0.03 M NaOH at
25°C under nitrogen atmosphere and ionic strength of
0.1M, NaNO.,. For thedetermination of binary (one
ligand and Cu?*) and ternary systems (Cu?*, oneof the
other L ligandand TA), theratiosused were 1:1, 1:2
Cu(ll) : Ligandand 1:1:1, Cu(ll) : TA : Phen, 0.3mM.
Thissolutionwastitrated with 0.1 M NaOH under the
same conditions mentioned above. Each titration was
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repeated seven timesin order to check the reproduc-
ibility of the data. The same experiments mentioned
above carried out for other metal ions such as Co*,
Mn?, and Zn®.

Calculation

Theaciddissociationcongtants, K i ., ad K 1,

for H,(TA) were cal cul ated by an algebraic method.
Theequilibriuminvolvedintheformation of 1:1 com-
plex of TA and adivaent metal ion may be expressed
asequations(3) & (4).

RESULTSAND DISCUSSION

I n thissection wewould discussthe resulted data.
Acidity constants

Tartarate (TA), O,CCH(OH)CH(OH)CO, ,isa
two-basi ¢ speciesand thusit can accept two protons,
givenH,(TA) for whichthefollowing deprotonation equi-
libriahold:

H,(TA) &= H* +H(TAY (1a)
K 5, ra) STHTAYTHH(TA)] (1b)
H(TA) &= H*+TAZ (2a)
K Hra) S TAZI[HTH(TA)Y] (20)

Thetwo protonsinH,(TA) arecertainly bound at
the terminal acetate groups, i.e., itisreleased from
HO,CCH(OH)CH(OH)CO,H according to equli-
brium (1) & (2). Thesevauesare, asaccepted, close
to the pKa values of H.CCH(OH)CH(OH)COH
whichis4.7. It isalso closed to the deprotonation
of acetate groupswhich occursat thetermina acetate
groupswith TA.

Sability of binary and ternary complexes

If weabbreviatefor simplicity Co?*, Mn?", Zn?,
Cu?* and Cu(Phen)?* with M#, one may writethefol-
lowingtwo equlibriums(3) & (4):

M2 +H(TA) <= M(H;TA)" (3a)
K M cra) SIM (H; TA)YJ[MZ][H(TAY] (30)
M2 +(TA)? = M(TA) (4a)
K M ra) SIM(TA)[MZ][TA?] (4b)

Theexperimental dataof the potentiometric pH ti-
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trations may be completely by considering the above
mentioned equilibrium (1) through (4), if theevauation
isnot carried into the pH rangewhere hyrdoxo com-
plex formation occurs.

The stability of ternary complexesmay be evalu-
ated by thefollowing equlibrium:

mA+nB+gM +rH :AmBHMqHr (5a)

whereM isthemetd ion, H istheproton, Aand B are
theligands. Theglobd stability constant for theternary
complexesmay berepresented asfollowing:
logB,..=[A,.B.M H A" [B]'[M][H] (5b)

Itispossibleto definethe stability constantsfor ternary
complexesinrdationtother binary ones®, represented

by theequilibrium (6) & (7).

M+L, == ML, (6a)
Ky SIML ML ] (60)
Iv”'l-'-l'Z:N”‘le (7a)
KWap ML LML L ] (7h)

Thedifference between the stability constants of the
ternary and binary complexes showsthe tendency of
theformation of ternary species®. Thiscould be ex-
pected by Eq. (8):

AlogK =log K mtfle) —log K M(Lz) ®

_ ML M
=log Ky, —log KM(Ll)

Thedifference between the constant refined from ex-
perimental dataand those cal culated statistically us-
ing Eq. (8) indicatesthe possibility of ligand-ligand
interaction.

Potentiometric analyses

Themodé of speciesfor thisternary system that
wasusedin superquad programincludesall the species
of TABLE 1 aswell asthe hydrolysisof Cu?1"8, The
stability congtants of the binary complexeswererefined
separatdy using thetitration dataof thissysteminal:l
and 1:2ligand:Cu?* ratio in thesame conditionsof tem-
peratureand ionic strength. Asthey werein good agree-
ment with reported value”¥, they werefixed and, con-
sequently, only ternary specieswererefined internary
model of the species. Theresultsare summarizedin
TABLE 1. Theorder of theresulted stability constants
areMn?* > Zn?" > Cu? > Co*". Theresultsshow that

thegtabilitiesof carboxyl-metd ioncomplexesinM(TA)
do not strictly follow the Irving-Williams sequencg'®4,
Figure 2 shows Schemati ¢ Structures of the specieswith
interactions according to equilibrium (4) & (7) for
Cu(Phen)(TA). Theresultsof theacidity congantsshow
good agreement with reported va ues®9. Thereported
stability constant of Cu(TA) complex issimilar to our
results(TABLE 1). Thedifference between stability con-
stantsaccording eg. (8) show that mixed ligand com-
plexesformed by adivdent 3dion, aheteroaromatic N
base and an O donor ligand possessincreased stability.

TABLE 1: Logarithm of thestability constantsof binary and
ternary complexesof M at 25°C,0.1M, NaNO_*.

PK . 23,0040.07 PKra) 4,1940.05
No.  Species logK? Alog K Ref.
1 Mn?* 4.08+0.08
2 Co* 3.27+0.08 -
3 zZn** 2.69+0.07 3
4 cu® 3.65+0.07 [l
5  Cu(Phen)** 3.92+0.08  0.27+0.13

*The given errors are three times the standard error of the
mean value or the sum of the propabable systematic errors.
aaccording eg. (4). Paccording eg. (8).

Figure2: Schematic structuresof thespecieswith interac-
tionsaccordingto equilibrium (4) & (7) for Cu(Phen)(TA).
Thesructureintheright part of thefigurewasdrawn with
theprogram CSChem 3D, version 3.5, from Cambridge Soft-
wareCorporation.
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