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ABSTRACT

Summary. Stability constants of ternary complexes of Cu(l1), Ni(Il), and
Co(Il) metal ionswith N-[tris(hydroxymethyl)methyl]glycine(tricine) and
some aliphatic carboxylic acids(succinic, oxalic, malic, maleic, and tar-
taric), aromatic carboxylic acids(5-sulfosalicylic, salicylic, and phthalic),
and hydroxamic acids(acetohydroxamic acid(Aha), benzohydroxamic
acid(Bha), and salicylhydroxamic acid(Sham)) were determined using po-
tentiometric technique at 298.15K and 0.10mol-dm*(NaNO,) ionic strength.
The stability of theternary complex isalso discussed in relation to that of
the binary complexes of secondary ligands. Evaluation of the effect of
temperature and ionic strength of the medium on the stability of the ter-
nary system Cu(l1)-tricine-the other ligands has been studied. The ther-
modynamic parameters(AG, AH, and AS) were studied and discussed.
The stability constant of the above-mentioned ternary system has been
investigated i n(dioxane+water) solution. Confirmation of theternary com-
plexes in solution has been carried out using differential pulse
polarography(DPP), square wave voltammetry, conductometric measure-
ments, and UV-visible spectroscopic measurements.
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INTRODUCTION

Buffersarecompoundsthat undergoreversiblepro-
tonationsand, thus, aidin maintaining thepH of asolu-
tion. Thisisparticularly important in biologica reac-
tionsthat are often senstiveto smal changesinpH.The
use of buffers can present problems, however, because

thebuffer isoften present inrelatively high concentra-
tionsand can interact with substrate, enzymeor metals
inthereaction.

Inorganic and organic buffer usedin environmenta
studiesinvolving trace-metal-ligand speciation may
complex anumber of tracemeta 7. Thus, thedegree
to which they bind must be determined for their usein
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speciation studies.

Over thelast 30 yearsavariety of buffersthat are
suitablefor biological systemshave been devel oped.
Someof thecriteriaused for thesebuffershaveincluded
good solubility in water, low membrane permeability,
minimum salt effect, low ion effect, good stability and
high purity’®. These characteristicswereimportantin
the devel opment of aseriesof zwitterionic, amino-con-
taining, buffersby Good et al. in 1966. Among the
Good family of buffers, we haveinvestigated an am-
pholyte N-[tris(hydroxymethyl)methyl]glycine; tricine,
aderivativeof thesmpleaminoacids, glycine. Tricine
has proved quit useful biological buffer®® of pH range
7.2-8.5whichhasbeenusedinanimal tissueculture?,
influorescent dyereagent to analyze cellsin urineand
one measurement of small masses of protein with
bicinchaninic acid**'?, Bateset d.!*¥ prepared tricine
buffer of pH=7.407 which matches closdly that of hu-
man blood. Indeed, the stability constants of the bi-
nary*+1 and ternary!*®2" complexes of tricinate have
been determined over theyears. Recently, stabilities of
binary and ternary complexesinvolving tricineand some
selected a-amino acids have been reported by ug?
using potentiometric technique.

Theusetricineasabuffer substancein biochemica
gudies, whicharenormdly carried out under multiligand
conditions and which often also contain metal ions,
showstheneed to consi der also theformation of mixed
ligand complexesinvolvingtricinate asasecond ligand.
Thereforewe studied as an exampletheternary sys-
temswith someadiphatic and aromatic carboxylicacids
aswell ashydroxamic acid, asthese systems mimic
many biological reactions. The present investigationis
an extension of our earlier work on solution studieson
thebiologica bufferd?27,

EXPERIMENTAL

Materialsand solutions
N-[tris(hydroxymethyl)methyl]glycine(tricine),
acetohydroxamic acid and benzohydroxamic acid were
Sigmaproducts. Sdicylhydroxamicacid waspurchased
inpureformfrom nasr pharmaceutical chemicalsco.,
Egypt. phthdicacid, sdicylicacid, 5-sulfosdicylicacid,
succinic acid, oxalicacid, malicacid, maeicacid, and
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tartaric acid wereand ytica -grade(Aldrich or Merck)
products. Themeta saltswere provided by BDH asni-
trateor chlorides. Stock solutionsof themetd saltswere
prepared indeionized water, and themetad concentration
was obtained by standard analytical methods?. A car-
bonate-free sodiumhydroxide(titrant, preparedin 0.1
mol-dm® NaNO, solution) was standardi zed potentio-
metricaly with KH phthalate(Merck AG). A nitricacid
solution(~0.03mol-dmr3) was prepared and used after
standardi zation. Sodium hydroxide, nitric acid, and so-
dium nitratewerefrom Merck p.a.

Apparatusand procedure

Potentiometric pH titrationswere performed using
amodel SM 702 metrohm automatic titrator with a
combined pH glass electrode equipped with a 665
dosimat and amagnetic stirrer. Theaccuracy of thein-
strument was(+0.001) pH unit. The el ectrode system
wascalibrated in termsof hydrogenion concentrations
instead of activities. It isto be assumed that the activity
coefficient isconstant, an assumption usually justified
by working inamedium of aconstant ionic strength
(0.10mol-dm® NaNO,)*!. The el ectrode system was
calibrated by periodic titrations of HNO,(or NaOH)
solution(0.10mol-dm* in NaNO,) with a standard
NaOH(or HNO,) solution. Thus, all constants deter-
mined inthiswork are concentration constants.

Thefollowing solutionswere prepared(total vol-
ume50 cm?®) and titrated potentiometrically against a
standard CO,-free NaOH(0.10 mol-dm): 0.003
mol-dm? HNO,+0.1 mol-dm* NaNQO, (a) solution
at+0.001 mol-dm-tricine (b) solution b+0.001moldm?
M(II) (c) solution a+0.001mol-dm the other ligands
studied (d) solution d+0.001mol-dm2 M(l1) (e) solu-
tion a+0.001mol-dm tricine+0.001moal -dn® the other
ligands studied+0.001mol-dm= M (I1) (f). Each solu-
tion wasthermostated a therequired temperature with
an accuracy of (0.1)K, wherethe solutionswerel eft
to stand for about 15min beforetitration. A magnetic
stirrer wasused during al titrations. The pH-metric ti-
trationswerecarried out at the desired temperaturein
apurified nitrogen atmosphere. Thetitration wasre-
peated at least four timesfor eachtitration curve.

ThepH titrationswere terminated when either the
pH readingsbecameungable, showingadownward drift.
Inall cases, no calculations have been performed be-
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yond the preci pitation point; hence, thehydroxyl species
likely to beformed after thispoint could not bestudied.
Theinitid esimatesof thestability congtantsof thebinary
and ternary complexesformed in sol ution have been de-
termined usingthelrving and Rossotti formuld®.

Initial estimatesof the stability constantsof thebi-
nary and ternary complexesformed in solution havebeen
refined withtheclinp 2.1 computer programt®-%2, Stan-
dard deviationswere a so eva uated for the correspond-
ing equilibrium congtants. Theconcentration distribution
of variouscomplex speciesexisingin solution asafunc-
tion of pH wasobtained usingthe SPECIES program(=.

The pH meter readings have been corrected in ac-
cordance with the method described by Douheret®4,
Thus, if thepH meter isstandardized using queous ol u-
tion, themeter reeding pH - obtainedinapartidly aque-
ousmedium differsby an amount & from the corrected
reading pH" whichisreferredtothe standard sateinthe
partialy aqueous solvent(pH =pH (R)—S). Inatypicd ex-
periment, a sample volume 50cm containing 0.003
mol-dm® HNQ, inthe presence of 10%, 30% and 50%
(w/w) of dioxane (a) 0.003mol-dm? HNO,+0.001
mol-dmtricinein the presence of 10%, 30% and 50%
(w/w)of dioxane (b) 0.003mol-dm* HNO,+0.001
mol-dm-tricine+0.001mol-dm= M(ll) inthe presence
of 10%, 30% and 50%(w/w) of dioxane (c) 0.003
mol-dm® HNO,+0.001mol-dm theother ligands stud-
iedinthe presenceof 10%, 30% and 50%(w/w) of di-
oxane (d) 0.003mol-dm* HNO,+0.001mol-dm the
other ligands studied+0.001mol-dnr® M (Il) inthe pres-
enceof 10%, 30% and 50%(w/w) of dioxane (e) 0.003
mol-dmr® HNO,+0.001mol-dm tricine+0.001 mol-dnv
3theother ligands studied+0.001mol-dm2 M(ll) inthe
presence of 10%, 30% and 50%(w/w) of dioxane (f)
wasused. Theionic strength of thestudied solutionswas
adjusted at 0.10mol-dm usingaNaNO, solutionand
titrated individudly againgt 0.10moldn® NaOH, prepared
intheionic medium used for thetest solution.

Electr ochemical measur ements

Square wave voltammetry, and differentia pulse
voltammetry measurementswere collected usngan EG
and G princeton gpplied research, potenti odtat/gal vanostat
modd 263 withas nglecompartment voltammetric cell
equipped with aglassy carbon(GC) working electrode
(area=0.1963cm?) embedded in a resin, a Pt-wire
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counter €l ectrode, and anAg/AgCl referencedectrode.
Thescanratewas 36.6mV s from(+250to -300)mV,
thefrequency was 20Hz, the pul se height was 25 mV,
and thescanincrement was2.0mV.

Thesolutionswere prepared(total volume 25cm?)
and purged with nitrogen for 180s. Theionic strength
of the studied solutions was adjusted to that of the
0.1mol-dm NaNO, solution.

Conductometric measur ements

Conductometric titrationswere followed with a
SUNTEX conductivity meter SC-170.

Thefollowing mixturewastitrated conductometri
caly against a0.10mo-dm® NaOH solution: 0.01mol-
dm® Cu(l1)(20cm?)+0.01mol-dm Salicyl hydroxamic
acid(10cm?)+0.01mol -dm tricing(10cmd).

Spectr ophotometric measur ements

Electronic spectrawererecorded using a Perkin-
Elmer lambda 2 spectrophotometer.

RESULTSAND DISCUSSION

Representative potentiometrictitration curves ob-
tained according to sequence described inthe experi-
mental part areshowninfigure 1 for thetricine-Bha-
Ni(ll)-system.

pH

0.100mol dm NaOH/cm?

Figure 1. Potentiometrictitration curvesfor theNi(I1)-
tricine-bha system at 298.15K and I=0.1mol dm3
NaNO,.(a) 0.003mol dm*HNO_+0.1mol dm®(NaNO,); (b)
solution a+0.001mol dm2tricine;(c) solution b+0.001mol
dm2Ni(l1);(d) solution a+0.001mol dm=bha;(e) solution
d+mol dm= Ni(11);(f) solution a+0.001mol dm3tricine+
0.001mol dm- bha+0.001mol dnmr3Ni(ll).
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Figure2: Concentration distribution of variousspecies
asafunction of pH intheCu(l1)-sham-tricine system at
298.15K and 1=0.1mol-dm®NaNO.,. (i) Cu(l1);(if)Sham-
Cu(l1); (iii)Sham-Tricine-Cu(l1); (iv) Tricine-Cu(l1).

Protonation constants

Tricineisazwitterionic amino acid, whose struc-
ture is shown in SCHEME 1. the first protonation
constant(pK ;) isdueto the carboxylic group, the sec-
ond oneisrdated to aproton ontheamino group(pK ).
At afirst attempt, weintended to determineboth proto-
nation constantsof tricine. It wasnot possibleto deter-
minethe exact value of pK , but it wasverified at pH
3.0 the carboxylic group was aready deprotonated.
Thevalueof thepK _, was obtai ned potentiometrically
from curves(a) and (b)(Figure1). Thedetailsregarding
the potentiometric method were reported in the experi-
mentd section. Thevalueof pK , obtained(8.06) inthis
work agreeswell with theliterature values?.

The protonation constantsof aiphatic carbxylicac-
ids, aromatic carboxylic acidsand hydroxamicacidshave
a 50 been determined potentiometrically from curves(a)
and(d)(Figure 2) at 298.15K and 1=0.10mol-dm3
NaNO, to obtain values using the experimental proce-
duresasusedinthestudy of binary and ternary systems,
and arein agreement with datafound in Ref. %9,

Binary systems
Phqsica] CHEMISTRY  commm—

Potentiometric pH titrationsof Cu(ll), Co(Il), and
Ni(Il) wereperformed at 1:1 metal/ligandmol ar ratios.
Andysisof thecomplexed ligandscurves(c) and (e) as
showninfigurel, indicatesthat the addition of metal
iontothefreeligand solutionsshiftsthebuffer region of
theligand tolower pH vaues. Thisshowsthat complex
formation reaction precede by releasing of protonsfrom
suchligands.

Thestability constantsof 1:1 binary complexes of
theligandsstudied, aready report in Ref 5%, havebeen
determined at 298.15K and 1=0.10mol-dm® NaNO, to
obtain va uesus ng the same experimental procedures,
areinagreement with datafoundintheliterature.

Ternary systems

When asolution containstwo different ligandsand
ametd ion, theremay exist equilibriainwhich either(i)
both theligandsmay combinewiththemeta ionsmul-
taneoudy or(ii) thetwo ligands may be combined one
by oneat different pH.

Asisevident fromthetitration curvesinthe present
study, the addition of two ligandsisstepwise. It was
deduced that tricineactsaprimary ligandintheternary
complexesinvolving aliphatic carboxylic acidsand
hydroxamic acids, whereasit behaves asasecondary
ligandin ternary systems contai ning aromatic carboxy-
lic acidsand Cu-sham-tricine system; that is, thefor-
mation of ternary complex takes place according to the
following equilibria(chargesareomitted for clarity).

M+A MA ——— @
MA +L MAL =—= @
ma _ [MAI]

MAL — [MA][L] (3)

where A represents primary ligand and L represents the sec-
ondary ligand.

Theoveral stability constantgy ,, may berepre-
sented by Eq.(4)
M+A+L MAL 4

gl o [MAL]
MAL T IMIA]IL]

=KMAL xKMa
Careful consideration of dl presented data( TABLE

1) reved sthat the stability constantsof ternary meta (1)
complexeswith theligands studied follow the order
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TABLE 1: Sability constantsof 1:1:1ternary complexesof tricinewith other ligand studied at 298.15K , 1=0.1mol dm

(NaNQ,)
Ligands IOgKMQL IOgBMAL AlogK
cu" Ni Co' cd' Ni' o cud' Ni' o'
Phthalic 7.85+0.03 6.70+0.06 5.12+0.04 11.33 9.96 8.12 0.18 0.56 0.52
Salicylic 7.70+0.04 6.57+0.02 4.93+0.05 18.33 15.22 12.15 0.03 0.43 0.33
5-Sulfosalicylic  7.38+0.05 6.44+0.06 4.86+0.02 16.89 12.79 11.02 -0.28 0.30 0.25
Succinic 5.36+0.04 4.76+0.04 3.97+0.03 13.03 10.90 8.57 2.16 1.64 1.01
Malic 5.21+0.06 4.31+0.06 3.744+0.05 12.88 10.45 8.34 0.07 -0.29 0.61
Maleic 5.13+0.02 4.26+0.05 3.44+0.02 12.80 10.40 8.04 1.06 0.56 0.42
Tartaric 5.02+0.05 4.14+0.02 3.39+0.04 12.69 10.28 7.99 -0.14 -054 0.22
Oxalic 4,95+0.03 4.01+0.08 3.13+0.03 12.62 10.15 7.73 0.35 0.55 0.02
Sham 7.81+0.02 6.35+0.05 6.21+0.06 20.87 12.49 10.81 0.14 0.33 -0.38
Aha 7.65+0.06 5.88+0.03 5.63+0.03 15.32 12.02 10.23 -0.38 0.18 0.70
Bha 7.42+0.02 5.37+0.06 5.07+0.02 15.09 11.51 9.67 -0.21 0.32 0.32

Co(IN<Ni(IN<Cu(Il), whichisin accordancewith Ir-
ving-Williamsorder™.

The complex stability of the samemetd ionternary
complexes containing aiphatic and aromatic acidsfol-
lowsthe order:

Phthdic><dicylic>b-aulfosaicylic>succinicmdic>
maleic>tartaric>oxdicacid.

Thehigher stability of phthalic acid complex than
sdlicylic acid may be explained® asfollows: sincethe
carboxylate oxygenisnot directly bound to the ben-
zenenucleus, it therefore adjusts sterochemica ly more
easi|y than the phenolate oxygen whichisdirectly at-
tached to the benzene nucleus. The coulombic repul -
sion between theend oxygenswill be morewhen both
O,0 donor atomsare phenolic oxygensthan whenthey
arecarboxylic oxygens.

Therdativestabilities of theternary complexesof
dicylicand 5-sulfosdicylicacidfollow thisrd ative ba-
scities. Thelower stability of thecomplexesinvolving
5-sulfosdicylic acid may be ascribed to the presence
of thed ectronwithdrawing sulfonic group.

With respect to diphatic acids, the order of stabili-
tiesof their mixed-ligand complexesisinaccord with
thebasicities(pKa +pKa,) of theligands. Itiswell know
that theincreasein basicity of aligandincreasethe sta-
bility of itsmetal complexes.

Theobserved order of stability of ternary systems
with respect totheligand hydroxamicacidisSham.Aha
Bha Theincreased stability of the sdlicylhydroxamate
ternary complexesrédativeto those of theother ligands
mayy beascribed to an additional interaction of the phe-
nolicgroup withthemeta ion.

Theredativestability of theternary, ascompared to
that of the corresponding binary complexes, canbequan-
titatively expressedin different ways. A review of those
methods*! has shown that, for avariety of reasons, the
most suitablecomparisonisin stabilitiesof theternary
complexesintermsof AlogK asdefined by Eq.(5)

©)

Ingenera, positive AlogK valuesfor the systems
indicated favored formation of the M(A)(L) ternary
complexesover the corresponding binary ones. This
can beascribed tointerligand interactionsor someco-
operatively between the primary and secondary ligands
such asH-bond formation.

Theequilibrium concentration digtribution diagrams
of variouscomplex speciesprovideauseful picture of
metd ionsbindinginthebiologica system. Inorder to
indicatethe main features observed inthe speciesdis-
tribution plotsin these system, the speciation diagram
obtained for Cu(I)-Sham-tricinesystemisshownin
figure 2. The concentration di stribution of variouscom-
plex speciesexistingin solution asafunction of pH was
obtained using the SPECIES program“,

Thevaluesof logkgiia) ., , at different temperar

ture (TABLE 2), showsthat the stability constants of
the complexesdecrease with increasing temperature.
Thisbehavior can be mainly ascribed to thethermal
hydrolysisof themeta complexes*!.
Thethermodynamic quantities(AG AH, and AS)
associated withtheformation of 1:1:1 ternary complexes
inthe systems Cu(l1)-tricine-ligands studied werea so

AlogK =|ogKMﬁL —IogKMA
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TABLE 2: Thermodynamic quantitiesassociated with the
inter action of metal ion with theligandsat a 1:1: Imolar ratio,
1=0.10mol dm®*NaNO,

log

. -AG -AH AS
L |gands T/K 1 1 1 1
K 83%’22 L) kdmol™ kJol™ Jmol??2K
Phthalic 298.15 7.85:0.03 4481 127 192.9
31015 7.80+0.05  46.32 190.3
31815 7.75£003 47.21 188.3
32815 7.66£0.02  48.15 185.4
Salicylic 298.15 7.70:0.04 4396 157 200.1
31015 7.64+004 4536 196.9
31815 7574003  46.11 194.3
32815 7514008  47.20 191.7
5-Sulfosalicylic 29815 7.38+0.05 4213  10.1 175.2
31015 7.2840.02 4323 172.0
31815 7.18+0.03  43.74 169.2
32815 7.15+0.06  44.92 167.7
Succinic 298.15 536+0.04 3060 127 145.2
31015 5304003 3146 142.4
31815 5264002 32.02 140.6
32815 5174005 3250 137.7
Malic 298.15 5214006 29.74 107 135.6
31015 5.174008  30.70 1335
31815 5.13+004 3125 131.9
32815 5.05+003 3173 129.3
maleic 298.15 5.13+0.02 2929 136 143.9
31015 5.05+008  29.99 1405
31815 4.99+004  30.40 138.3
32815 4.94+003 3106 136.1
Tartaric 298.15 502+0.05 2866 129 139.4
31015 4.96+0.07  29.44 136.5
31815 4.9140.02 2991 134.6
32815 4.83+0.03  30.37 1319
Oxalic 298.15 4.95:0.03 2826 149 144.8
31015 4.85+0.08  28.80 141.0
31815 4.8040.03  29.24 138.7
32815 4.74+006  29.78 136.2
Sham 298.15 7.81+0.02 4459 159 202.9
31015 7.73+003 4590 199.3
31815 7.6740.04  46.72 196.8
32815 7.58+007  47.63 193.6
Aha 298.15 7.65:0.06 4367 135 191.7
31015 7.544+003 4478 187.9
31815 7.49+002 4563 185.9
32815 7.43006  46.68 183.4
Bha 298.15 7.42+0.02 4236 175 200.8
31015 7.36£0.05 43.69 197.3
31815 7.3240.07 4457 195.1
32815 7.28+0.03  45.74 192.7
cd culated at the constant ionic strength 1=0.1mol-dm3
NaN O3.

Thefreeenergy change AG can becdculated from
theequation:
AG®=-2.303 TR logK (6)

Similar to the previous potentiometric studies, the
enthal py change AH can be determined by using tem-
perature dependence method“>#4, Inthiscase, AH can
becd culated from the straight line d ope“(which equa
to-AH/2.303R) obtained by plotting logK against the

8.10

1

0:% }

7.60 W 3
710 %27%

6.60 1

6.10

5.60 1

r/./l/.
510 %
%

4.60
0.00309

~Foo~

0.00324  0.00329 0.00334

UT(KY)

0.00314  0.00319

Figure3: Plot of versus logk ¢, -L/T at1=0.1moldm

3NaNO3 (1) Phthalic acid; (2) Sham; (3) Salicylic acid; (4)
Aha; (5) Bha; (6) 5-Sulfosalicylic acid; (7) Succinic acid;(8)
Malic acid;(9) Maleic acids;(10) Tartaric acid;(11) Oxalic acid.

reciprocal of absolutetemperature(1/T) asshownin
figure 3. Then, the standard entropy change AS can be
cdculaed from Eq.(7):
AS=(AH -AG)/T )
Theoverall free energy change, and the enthal py
and entropy changes are reported in TABLE 2. The
negativefreeenergy change(AG) ineach caseindicates
that the chelation is spontaneous. Furthermore, AG
becomes more negative with decrease in temperature
suggesting anincreasein the extent of complex forma-
tion at lower temperatures. The strong ternary com-
plexesareevidenced by thelargemagnitude of stability
constants and the exothermic nature of H. Thechange
in entropy upon complexationisrel aed bothto changes
inthe mode of vibration of particlesinthe system. A
positive ASterm, hencethe reactionsentropy favored.
Theternary systems Cu(ll)-tricine-the other ligands
were chosen for studying theeffect of ionic strength on

the stability 1:1:1 ternary complexes. jogk M4, vValues
weredetermined at theionic strengths0.06, 0.10, 0.15,
0.20 and 0.25mol.dm*(TABLE 3). Linear plotswere
obtained when 1ogk M4, vVaueswereplotted against [V
2 (Figure 4) or 1Y3(1+2)¥2 in accordance with the
Debye-Hiickel equation!.

IogK=IogK°+W (8)

Physical CHEMISTRY — commmm
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TABLE 3: Stability constantsof Cu(l1)-tricine-other ligandsstudied at different ionic strength (NaNO,) and at 298.15K

Ligands I /mol-dm™
0 0.06 01 015 02 0.25
Phthalic 8.2240.03 7.91+0.05 7.85£0.03 7.77+003 7.74%0.05 7.69+0.03
slicylic 8.04+0.04 7.79+£0.02 7.70£0.04 7.66:£0.06 7.61£0.02 7.56+0.03
5-sulfosalicylic 7.65+£0.04 7.44%0.02 7.38£0.05 7.28+£0.02 7.21£0.02 7.17+0.06
succinic 5.6610.06 5.41+0.02 5.36:0.04 5.2740.04 5.2140.03 5.16+0.02
malic 5.52+0.03 5.32+0.03 5.21+0.06 5.16+0.06 5.11+0.05 5.04+0.05
maleic 5.40+0.04 5.2+0.04 5.13+0.02 5.08£0.02 5.01+0.04 4.97+0.02
tartaric 5.27+0.02 5.07+0.05 5.02+0.05 4.97+0.03 4.89+0.04 4.82£0.03
oxalic 5.2240.03 5.01+0.03 4.95+0.03 4.87+0.02 4.81+0.06 4.76:0.02
Sham 8.140.02 7.86+0.04 7.81+0.02 7.73+0.05 7.69+0.02 7.61:£0.02
Aha 7.91+0.04 7.72+0.03 7.65+0.06 7.58+0.02 7.53+0.02 7.48+0.06
Bha 7.75+0.02 7.53+0.04 7.42+0.02 7.37+0.02 7.32+0.06 7.25+0.03
whereKCisthegability constant a infinitedilution; Ais
the Debye-Huckel constant; I is the ionic strength; AZ2
S S—

(= 0z a0 LES 040 048 08

| V2

Figure4: Plot of versus logk &) » ), 1*2at 298.15K

(1) Phthalic acid; (2) Sham; (3) Salicylic acid; (4) Aha; (5)
Bha; (6) 5-Sulfosalicylic acid; (7) Succinic acid;(8) Malic
acid;(9) Maleic acids;(10) Tartaric acid;(11) Oxalic acid.
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Figure5: Differential pulsepolarogramsfor the Cu(ll)-
Sham-tircinesystem at 1=0.1mol-dm®NaNO,, pH=6.5, at
298.15K

(i) 0.001mol-dm™ Cu(l1); (ii) 0.001mol-dm? Cu(l1)+0.001
mol-dm= tircine; (iii) 0.001mol-dm-=Cu(l1)+0.001mol-dm-3
Sham; (iv)  0.001mol-dm=Cu(l1)+0.001mol-dm-=3tircine+
0.001mol-dm= sham.

isthedifferencein sumsof the squaresof chargeson
product and reactant species.

Thermodynamic equilibrium constants(at 1=0.00)
weredetermined by extrgpolationto zeroionic strength.

Considering that it isby now well established that
the ‘effective’ or ‘equivalent solution’ dielectric con-
gantsin proteind* or activesite cavitiesof enzymeg* 4
arereduced compared to that in bulk water, i.e., that
theactivity of water isdeceased® dueto the presence
of diphatic and aromatic amino acid sidechainsat the
protein-water interface, onehasto ask: To what extent
aremetal ion complex equilibriaaffected by these ef-
fects? Estimatesfor the effectivedid ectric congtantsin
such locations range from about 30 to 7016471 com-
pared with the approximately 80 of bulk water; hence,
by empl oyi ng aqueous sol utionsthat contain about 20-
50 1,4-dioxane, one may expect to simulateto some
degreethesituationin active site cavities®. Thedi-
electric constants of thetwo indicated mixed solvents
areabout 60 and 35, respectivel y>*52, Consequently,
investigation of stability constant of ternary system
Cu(l)-tricine-other ligands studied in water-dioxane
mixtureisof biologica significance.

Thedidectric constant™!, hydrogen bonding, solvent
basi city, dispersionforces, and proton-sol vent interac-
tion effectsarecommonly recognized asinfluencing fac-
torsintheionization constant of aligandin partia aque-
ous medium® and consequently the stability of aM-

ligand complex. It wasfound that the |ogk M4, vaues

increase asthe amount of dioxaneincreases(i.e., the
dielectric constant value decreases)(TABLE 4); thus,
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TABLE 4: Sability constantsof theternary syssem Cu(l1)-
tricine-other ligandsstudied in(water +dioxane) mixtureat
298.15K, 1=0.1mol-dm3NaNO,

ligands wiw %
00 10 30 50
Phthalic 7.85+0.03 7.91+0.04 7.95+0.02 8.07+0.03
Salicylic 7.70+0.04 7.76+0.05 7.81+0.05 7.87+0.02

5-Sulfosalicylic 7.38+0.05 7.42+0.03 7.48+0.02 7.56+0.06

Succinic 5.36+0.04 5.41+0.05 5.49+0.04 5.55+0.02
Malic 5.21+0.06 5.32+0.02 5.41+0.08 5.53+0.04
Maleic 5.13+0.02 5.18+0.04 5.29+0.02 5.37+0.06
Tartaric 5.02+0.05 5.13+0.05 5.21+0.04 5.33+0.08
Oxalic 4.95+0.03 5.01+0.02 5.14+0.08 5.29+0.02
Sham 7.81+0.02 7.88+0.08 7.93+0.02 8.01+0.04
Aha 7.65+0.06 7.72+0.03 7.79+0.02 7.81+0.03
Bha 7.42+0.02 7.51+0.08 7.62+0.03 7.76+0.04

30

20 4

150 100 50 0 -50 -100  -150  -200  -250  -300
Ei{m™)

Figure6: Squarewave polarogramsfor thethe Cu(l1)-
Sham-tircinesystem at 1=0.1 mol-dm™NaNO,, pH=6.5, at
298.15K. (i) 0.001mol-dm? Cu(ll); (ii) 0.001mol-dm3 Cu(ll)+
0.001mol-dmtircine; (iii) 0.001mol-dm= Cu(l1)+0.001mol-dm
swgham; (iv) 0.001mol-dm= Cu(l1)+0.001mol-dm tir cine+0.001
mol-dm* Sham.
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Figure7: Conductometrictitration of the Cu"—Sham-tricine system, at I=0.1mol-dm® NaNO,, and 298.15K

the dielectric constant plays animportant roleinthe
determination of thesevalues.

Confirmation of theternary complexesof thetype
Cu(ll)-Sham-tricinein solution has been carried out
usingdifferentid pul sepolarography(DPP), squarewave
voltammetry (SWV), conductometric, and spectropho-
tometric measurements.

Representativedifferentia pulsepolarogramfor the
system Cu(ll)-sham-tricineisgiveninfigureb. Thedif-
ferentia pulsepolarogramsof the Cu(Il) solution shown
one cathodic peak at E ,=-68mV. This peak may be
described asaresult of thereduction of Cu(ll) to Cu(in
two-€lectron-transfer process) at the glassy carbon
electrode.

Physical CHEMISTRY o

Theaddition of primary or secondary ligands caused
adlight shift of the cathodic of the binary and ternary
complexesinsolution.

Themogt interesting observation during the square
wavevoltammetric reduction of the Cu(ll)-sham-tricine
ternary systemisthediscrimination of thetwoindividud
one-e ectron stepsof Cu(l1/1) and Cu(l/0) couples. Fig-
ure 6 shows the square wave voltammogram for 1x
10°*mol-dm™ Cu(ll) in theabsenceandin the presence
of primary and secondary ligandsin the above-men-
tioned ternary complexes. By addition of primary and
secondary ligands, amore electronegative peak was
observed. Thenew peaksconfirm theformation of ter-
nary Cu(ll)-sham-tricinein solution.
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Figure8: Visbleabsorbancespectrafor theCu(ll)-tircine-
succinic acid system at 1=0.1 mol-dm™ NaNO, and at
298.15K (1) 1x10*mol-dm-2 Cu(l1)+1Xx103mol-dm= tircine;
(2) 1x10°3mol-dm= Cu(l1)+1x103mol-dm- succinic acid; (3)
1x10°mol-dm Cu(l1)+110°3mol-dm= tircine+1x10°mol dm-=
succinic acid

The conductometrictitration curvefor theternary
complex of Cu(ll) with sham and tricine(Figure 7)
showsaninitial decreaseand aninflectionat a=2. This
probably correspondsto the neutralization of H* ions
originating from theformation of the Cu(I1)-sham bi-
nary complex. In the 3>a>2 range, the conductance
increasesdightly dueto theformation of aternary com-
plex associated with therelease of aH* ionfromtricine.
Beyond a=3, the conductance increases appreciably
dueto the presence of an excess of NaOH.

Figure 8 showsthe visible absorption spectra of
the binary and ternary Cu(ll) systemsat given pH va-
ues. Thespectraof theternary syssemsarequitediffer-
ent from those of the binary systems, emphasizing the
formation of theformer in solution.

Evidencefor the structure of i solated solid ternary
complexesneedsfurther study(e.g. Xray crystal struc-
ture determination), which must be consideredinthe
future.
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