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ABSTRACT

A new method sol ution electrophoresis, involving the use of aionophoretic
technique isdescribed for the study of Fe(111) and Ni(l1) biologically impor-
tant binary complexeswith norvalinein solution. The stability constants of
ML and ML, complexesof Fe(l11) —norvaline and Ni(II) — norvaline system
have beenfoundtobe (9.15+0.05,7.65 +0.04) and (5.48 £0.02,4.55 +0.03)
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(logarithm stability constant val ues), respectively at 25 °C and ionic strength

(1)=0.1 M (HCIO,).

INTRODUCTION

Thestabilitiesof binary complexesareknownto
play animportant rolein anumber of metabolic and
toxicological functions. Norvalineisanamino acid
(C,H,,NO,) isomeric with valine, and is commonly
made synthetically. It hassevera significancesinbio-
logical systemd*¢, Theimportance of metal ionsto
vitd functionsinliving syslemsand for thewel | being of
living organismsisnow well established. Fe(l11) and
Ni(Il) arewd | known for their biomedical gpplications
and toxicity!*21, The present modified method isal-
most free from a number of defectg?? of common
ionophoretictechniquesuch asdiffusion, ionic strength
and temperature during ionophoresisobvioudy vitiate
theionophoretic mobility of aparticular ion. Thetech-
niqueisvery convenient inuse.

Recent publications?*?! described anew method
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for the study of binary complexes by using paper
ionophoretic technique. The present work isan exten-
sion of thetechnique, and reports an observation on
thedetermination of the stability constant values of bi-
nary complexesof iron(l11)/ nickel(11) —norvaline. A
smpleionophoretic tubehas been designed which after
standardization yieldsremarkableresults. lonophoresis
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set- upisshowninFigurel.

EXPERIMENTAL
| nstruments

lonophoresi s equipment from Systronic (Naroda,
India) model 604 wasused. It hasabuilt in power sup-
ply (a.c.- d.c.) that isfed directly to an ionophoretic
tube (18 cmlong and 0.5 cm bore) with astopper in
the middle and fused perpendicularly at the endswith
short wider tubesof 1.2 cmbore. Thistubeiskeptina
thermostatic water bath at 25 °C. pH measurements
were madewith century CP 901 digital pH meter using
a glass electrode. Absorbance was measured with
SPECTROCHEM MK I (PEI) spectrocol orimeter. A
SICO made constant temperature water bath hasbeen
used to ensure uniform temperature.

Chemicals

Fe(111) and Ni(11) perchlorate solutionswere pre-
pared by precipitating the corresponding carbonates
from solution of chlorides (AnalaR grade) with the so-
|ution of sodium carbonate, washing the preci pitates
thoroughly with boiling water and dissolvingin asuit-
ableamount of perchloricacid. Theresulting solutions
were heated to boiling on awater bath and then fil-
tered. Thesolutionswere standardized and diluted with
digtilled water asrequired. AnaaR gradeascorbic acid,
NaOH, HCIO, and devel oping reagent (for Fe(l11) 20
% sol ution of ammonium thiocyanate, for Ni(Il) bro-
minewater, concentrated ammoniasol ution, 1% solu-
tion of dimethylglyoximereagent) for gpecific colour de-
velopment wereused for different meta ionsof binary
system sets.

Electrolytic Solutions

For binary systems 15 ml of asolution each con-
taining 1 x 10 M Ni(l1),0.1M HCIO,, and 1 x 102
M norvalinewas prepared at different pH vaues (by
adding aNaOH solution). In the case of Fe(ll1), 1 x
10 M Fe(l11),0.1M HCIO,, and 1 x 10~ M norva-
linewere used.

Procedure

10 mL of eectrolytic solution asmentioned for bi-
nary systemistakenin anionophoretic tube and then
thermostated at 25 °C. The position of the tube was

adjusted in such away that theleve of thesolutionin
onewideendarmreached acircular mark onit. This
adjustment fixed thevolumeof thesolutionon both sdes
of themiddle stopper. Two platinum electrodeswere
dippedineacharmcupanda50V potentid difference
was applied between them. lonophoresi s of the solu-
tionwasdlowed for 45 minutes, after whichthemiddie
stopper of thetubeisclosed. Thesolution of theanodic
compartment wastakenoutinal5mL flask. TheNi(ll)
content was converted to nicke dimethylglyoximate?
and absorbance was taken at 445nm. Similarly the
Fe(111) content of the anodic compartment was con-
verted toiron thiocyanate?® complex and absorbance
was measured at 480 nm against areagent blank. The
observationswererepeated for different pH values of
different background dectrolyte (variationinpH ismade
by the addition of caustic sodasolution). The plot of
theabsorbancedifferencevs. pH isshowninFigure2.
Asfor the possibility of hydroxy compound forma:
tion, we had considered thisaspect in our earlier stud-
ies. For thiswe performed the study of binary complex
formation at two different concentration of ligand giving
complexing speciesat two different pH values. In that
study wefind two different plateaus but almost same
stability constant. If it would have been ahydroxyl com-
plex only oneplateau at fixed pH valuemust have been
formed irrespectiveof different concentration of ligand
(norvdinehere) used. Thisclearly indicatesthat a very
low concentration of metal (i.e. Fe(lll) = 10*M) no
hydroxy compound areformed. Hencethe poss bility
of hydroxy compound formation at very low concen-
trationsof metal ionsisignoredinthesestudies.

RESULTSAND DISCUSSION

Chemica literature?-3 confirmsthat anionic spe-
ciesof amino acidsarethe soleligating speciesfor meta
ions. The electrophoretic mobility of the metal spot
agang pH givesacurvewith number of plateusisshown
in Figure 2. A constant speed over arange of pH is
poss bleonly when aparticular complex speciesisover-
whelmingly formed. Thus, every plateauisindicativeof
formation of acertain complex species. Thefirst onein
the beginning correspondsto aregioninwhich metal
ionsare uncomplexed. In thisregion of low pH, con-
centration of unprotonated species of norvaline[CH,
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CH, CH, CH (NH,") COOH] is maximum and this
speciesisnon-complexing, beyond thisrange, metal
ionshave progress vely decreasing mobility, complex-
ation of meta ionsshould betaking placewith anionic
speciesof norvaline, whose concentration increases
progressvely withincrease of pH. Figure2 showsthree
plateausin both Fe(111) and Ni(1l), hence both metal
ionsform two complexeswith norvaineanion. Promi-
nent chelating properties have al so been assigned to
unprotonated anionic speciesof norvaline, ruling out
any such property to the zwitteriong®*3, Figure2 dis-
closesthat Fe(I11) and Ni(11) metal ionsformtheir first
complex movement towards negative el ectrode.
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Figure?2: Mobility curvesfor themetal -norvalinecomplexes.

Hence one anionic species of norvaline[CH, CH,
CH, CH (NH,) COQO7, must havecombined with Fe(lll)
and Ni(Il) metd ionstogive 1:1 [Fe{ CH,CH,CH,CH
(NH,) COO}]* and [Ni {CH, CH, CH, CH (NH,)
COO} ], complex cations, respectively. Thethird plateau
ineach caseisdueto 1:2 meta — ligand complex. Hence,
twoanionicspedesof norvaine[CH, CH,CH, CH (NH,)
COO1], must have combined with Fe(l11) and Ni(ll) to
give 1:2[Fe{CH, CH, CH, CH (NH,) COQC} ]*, and
[Ni {CH, CH, CH, CH (NH,) COQ} ], meta com-
plexes, respectively. Proposed molecular structures™! of
binary complexesaregivenbe ow.

WhereM™ =Fe*, Ni? andNva= Norvdineinschemel.

Further increase of pH hasno effect onthemobility
of metd ions, which indicatesno further interaction be-
tween metd ionsand ligands. Thecomplexation of metd
ionswith norvalineanion may berepresented as.

Ky

M2++L- ML+ (1)

—= Fyll Poper

NHZ_»lYIrH-

/\/\H/O
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Scheme 1: Molecular structuresof binary complexes.
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ML*+L"
hereM* = metal cations, [L'] = norvalineanion; K,
and K, arethefirst and second stability constantsre-
Spectively.

Theoveral mobility U isacomposite parameter
contributed by different ionic speciesof themetal ion
andisgiven by following equation (3).

Ug+ UtK {[L ] + UK (K[ L %+....

U= ) 2 3
1+ KL+ KKo[L]2 + ..

hereu,, u,, u, mobilitiesof theuncomplexed metd ions,
1.1 and 1:2 metal complexes, respectively. The proto-
nation congtants of purenorvaine (pKa, =2.31, pKa,
= 9.65)*4 were determined by same solution
ionophoretic technique. Themode of deprotonation of
pure norvaline can berepresented in scheme 2.

Using protonation constantsof purenorvalinethe
concentration of norvaineanion[L7] isdetermined for
the pH value(s) of interest, fromwhich K, canbeca-
culated. Theconcentration of complexing norvainean-
ion[L7] iscalculated with the help of equation.
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here[ L] =tota concentration of ligand norvaine[0.001
Mol L], k, andk, =first and second protonation con-
stant of purenorvaline, respectively.
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/\/\n/o' e o-
~ (0]

Scheme2: Deprotonation of purenorvaline

For calculating first stability constant, K, there-
gion betweenfirst and second plateauispertinent. The
overal mobility will beequa to thearithmetic mean of
themobility of uncomplex, u,, andthat of first complex,
u, a apH value where K, = 1/ [CH, CH, CH,
CH(NH,) COO]. The second stability constant K, of
1.2 complex can be cal cul ated by taking into consider-

TABLE 1: Sability constantsof binary complexesof Fe(l11)
and Ni(l1)with norvaline.

. Logarithm
Metal Complexes Stability stability
lons Constants
constant values
Fe ML* K4 9.15+0.05
ML, Ky 7.65+0.04
+ 5.48+0.02
ML Ks 5,424
Ni++ .
455+ 0.03
ML, Kz 4,453

ation, theregion between second and third plateau of
mobility curve. Thecalculated valueof K, and K, are
giveninTABLE 1.

CONCLUSION

It can be concluded that Fe(I11) and Ni(ll) are
significant for biological systemsbut assuchthey are
toxic, the norvaline may be used to reduce thelevel
of these metal ionsin the biological systems. The
present sol ution el ectrophoretic techniqueisvery
helpful infinding whether complex systemisformed
or not, if formed its stability constants can also be
determined. ML, complexes arefound to havelow
stability constant value and less stablein comparison
to ML complexes. Stability constants of metal com-
plexes can bevery easily calcul ated through thistech-
nique, so the present sol ution el ectrophoretic tech-
nique has significant advantages over the other

physiochemica methodsreported in chemical litera-
turefor the determination of stability constants of
metal complexes.
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