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Abstract

The polarographic behaviocur of the complexces of
threonine with ¢d(II), Co(II), and Ni(II) have been
studied in borate buffer at 25°C. fThe DC polarographic
reduction of the Cd{IDbhreonine systen has been found to
be reversible and therefore anmenable to the Deford-Hume
method for the determination of stepwise stablility con-
stants. These constants have been found to be log ky =
3.1 and log kg = 2,57 for the first and second stepwise

stability constrnig, respectively.

The reduction of the Co(II) - threonine system was
investigeted using differentinal pulse polarography. A
single polarographic wave which is found anodic to the
simple metal ion reduction potential was obscrved. This
wave was dependent on the concentretion of theeonines
which suggests o possible usc of this systen for the
polorographic determination of the ligand. It also
suggests that the reduction of the Go(II) - threonine

conplex is coatalytic in naturc. .

The differential pulse polarographic sbtudy of the
Ni(II) - thrconine system rovealed the occurrance of a
prewave and also of a second wave which arce found
anodic to the simple metal ion reduction potential.
Both waves are strongly dependent on the concentration
of the threonine snd the prewove can be used for a
polarographic determination of the ligand. A mechanism

has been proposcd te explain the nature of reductions,




1; Introduction

The polarographic behaviour of Co(II) and Ni(IT)
conplexes of threonine have not so far been studied.
Btepwise stability constants of cadmium - threonine
systen have not been evaluated., There exist two reports
on the CGA(II) threonine complexation, one by the polaro-
graphic method (9) snd another by the potentiometric
nethod (10) in which the overall stability constant is
only reported. Rawat and Guptbta (9) considered the
analytical threonine c¢oncentration as the free ligand
concentration, which ir this work is shown to be in-
correct from the pH dependence stuldy, and as their
nedia was not buffered in addition to having o maxima,

a well buffered suprorting electrolyte and an inproved
analysis is mades. It is the task of this work to

study the polarographic behaviour of Co(IT) and Ni(II)-
threonine system and produce the stepwise stability
constants of (¢dA(II) ~ threoninc complexes. The basis
for the stepwise sbability consbtenbs, the method of re-
cognition of several electrochenical rate limiting

steps using polarography have also been discussed.




2o Theory

In general fcr an overall electrode reaction

Ox + ne -2~ R (L)

the electrochemical reaction rate is governed by any of

the following processes:

1.
2o

5

e

Mass transfer towards the electrode surface,
Electron transfer at the electrode surface.
Chemical reactions preceding or following the
electron transfer,

Surface peactions, such as adsorption, desor-

ption etc,

The polarographic limiting currents of 1 and 2 are

controlled by the rate of mass transfer, i.ec., diffusion.

In the case where step % is the rate controlling process,

the original species, or another electroactive species,

nay be regenerated by the reaction between the product of

the elecibrode reaction and sone other constituent of the

solution,

The solution can also contain a species that

is not electroactive but is in slow equilibrium with one

that isa.

Such rate limiting electrode processes are

knovn as catalytic and kinetic processes respectivelye

The limiting current dependence on certain parameters

has been extensively used as criteria for establishing

rate controlling processes. Methods by which the rate

controlling processes can be determined are presented

below.
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2ol Diffusion Currents

The cquation describing the nags—-transfer controlled
glectrolysies ab the DME was initially derived by Ilkovic
(68). The equation dealing with the actual experimental
conditions in polarography have to consider the spherical
nature of diffusion at a growing mercury drop, the
decrease of the depolarizer concentration in the neigh-
bourhood of the moving electode, the non-centric growth
of the drop during the outfllow of nercury from the
capillary, and the screening effect of the capillary
glass on the electrode. Yet the above improvenents
nade on the linear diffusion case are so insignificant,
that the simpler less rigoroug solution due to Lingane
and Loveridge (69) is reproduced below. Several solutions
taking into account the above conditions have been
viorkedout., For such a discussion the reader is refered

to the book by Galus {(70).

At the diffusion limited portion of the polaro-
graphic wavc, the @ottrell equation (equation 2) hold to

a good approximation.

D e -
i = nPAC (—=%-) (2)
147
where id is in amperes, F in Coulobms, 4 in Gm?,'
D in Cm2 o sec."l, ¢ in moles C}m"5 and t in seconds.

oxX
The volume of mercury, drop is




1
Vo= e- e’ = %E (%)
%
s Y3
R gmﬁki (4)
Lagn?

The surface area of the mercury drop
i = 4nr (5)

Con be expressed using equation (4) as

A = 4 {iE332/5 6)
aﬂﬁl

substitubtion into the Cotlrell relation gives

2 =D 1/2
iy = nFC 4m figﬁi & s ] / (7)
Lan? 4 L &t

The current observed in the case of a flat
electrode moving in the dircction of the solution is
(7/5)V2 times larger than that observed in the case of
a stationary flat electrode having the same surface
areas. Therefore o factor of (7/5)”2 measuring the
contribution of convection to the diffusion transport
is added to account for the progressively enlarging
mercury drop ecleclrode. Thus, evaluating the constants

in equation (7), w& have

iy = 708 nol2 cu?/3¢V° (8)

which is known as the Ilkovic equation.
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The mean current during the droptime can be deter-

nined by inbegration of equation (8).

j'i‘.m&\( /
2/3
- 708 nD, .. Cm 6

tmax

1, = 603 a2 ou?/3 &0 (10)

a Hax

Both equations (8) and (}@)show that for a diffusion
controlled process the dependence of log i on log t
should be linear ond the slope of the straight line
should be equal to ¥6. It follows from eguation (10)
that m2/5t1/6 is a constant, characteristic of the

nax
capillary. The Poiseullle equation is

n
Vv = nr Pt (11)
Slq

Relating the mercury flow rate to equation (11)

m = ﬁ = ——j-—nrll- P (12)
+ BIQ

P can be expressed in terms of the mercury reservoir
height corrected for the back pressure (i.e., the

pressure opposing the capillary forces) as
P=g¢h (13)
Prom equation (12) and (13), it followsthat

4.2
me= ZEE en (14)
8&&




The weight of the drop at the end of its life time
is gmtmax' This force is counterbalanced by the surface
tension Y acting around the ciréunference of the

capillary of radius »; thus

g6 o = SREYD (15)

From equations (12) and (15)

-

161
by ™ ol (16)
g(?r)5h

Thus eqguations (12) and {(16) can be written asg
m = k'h (17)

where k' and k" are the constonts of equation (12) and

(16) respectivelys %riting ecquabtion (8) in the form:

id = (Constant m2/5t1/6 (19)

and combining equation (19) with equations (17) and

(18) we obtain the relationship:

it

1q Constant (_k'h)e/5 4§£)V6

Constant (k')2/5 (k“)’}/6 n?2 (20)

Hence the dependence of the limiting current on the
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square rcot of the reservoir height can be used as a
diagnostic criterion to distinguish diffusion controlled

processes from other kinds of current limitation.

2e2¢ Kinetic Currents

For a polarographic limiting current which is con-
trolled by the rrte of prior chemicel stepy, Koutecky's
nethod (71, 72) permits cne to esbablish the kinctics
of the prior chemicel reaction. This analysis is

applicallle to an c¢lectrode reaction scheme of the type:

(PP - = 0 + nNe ;:::i Red (21)

where Ox is reducible at a potential where A is not.
However in some systoems il is possible to roeduce A
directly at more negative potential than is needed to
reduce Oy e The kinctic limiting current and the kinetics
of the prior chemical step depend on both the ratio of
the equilibriuvm concentrations of A and O in the bulk
of the sclution and the rote constants for their inter-
conversion. Wwe here discuss the pure kinetic current
that 1s obteined when the equilibrium concentration of Oy
is negligibly small, the transformation of 4 into Oy is
very slow, and Oy is immediately reduced as soon as it

reaches the electrode surface.




The original treatment of polarographic kinetic
currents weru developed by Brdicka and Wiesner (7%, 74)
on the assumption that the reaction controlling the
current occurs in a reaction layer of somewhat arbitrary
thickness. Koutecky snd Bridicka (75) developed a
rigorous treatmenv ¢f kinetic currents for the case of
lincar diffusion. Koutecky (76) later transposed this
treastment to the case ¢f the DMy by substituting a
noving plane boundary for the expanding sphere. The
results of this rather mathematically involved treat-

ment is given by the equation:

I

. , Yo e
i nFDAC, K’ “Kg (22)

vihore X = Kf/Kb

Equation (22) can be written in the form:

ik = Vi (23)
whoere k' = nFDCAKvZKga. Subsbituting equation (6) into

equation (23)

i = k' w2/%42/% (2u)

where k" = k'4xn (——#2-----02/5
4t

Thus the log i — log ¥ plot of the limiting current must

be linear with a slope of 0.67. Since from equations (17)




ﬂ.and (18) n is directly proportional to the height of
mercury and © is inversely proportional to the height
of nmercury, tho kinetic current is independent of the
height of mercury. These provide a simple test for
distinguishing boetwcen a kinetically controlled and a

diffusion controlled process.

The Torcegoing treatment is restricted to conditions
under which the equilibriun concentration of Ox is very
snall while the concentration of i is constant throughout
the solution. If however Oy exists in appreciable
announts the kinctic current will also include contri-
butions resulting from its diffusion. The dependcence of
the Jog i log ¥y log i log h plots then will be inter-
nediate betveen pure kinetic and pure diffusion controlled

Process.

205 Catalytic Currents

Catalybtic processes arise from mechanisms of the

the type:
O, + ne ~—=> Red (25)
t__“u_mWﬂ_ﬂ_n_“_wwl
K ’
Red + 4 ———r=m > G
e b4
Kb;

in which product being consunmed in the electrochemical

reaction is partially regenerated by a chemical process
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involving a subsbtonce 7, which would not be reducible if
it were present alone. Under the conditions that Ox is
reduced as gsoon as it reaches the electrode surface, 7 is
present in a relavively very large excess, the rate of
the backwsrd reaction is negligible and (K. + Kb)CZt

is larger than 10, Xoutecky (PL, 77) derived the cata-
lytic current over the life of a drop to be

i, = nmp‘éi n2/342/3 [(Kp + Kb)czjv2 (26)

Thus the log i - log nh and log i - log © plots be~
haviour for catalytic waves will be similar %o those of
kinetic currents, that is the currents are independent
of the mercury reservbir height, and log 1 -~ log ¥ plot
will give slopes equal or greater than 0.67. The
distinction between a catalytic and a kinetic current is
the rapidity with which the chemical reaction takes

place at the elecitrode surface.

sdsorption Currents

In the preceding discussions the distribution of a
species was agsumed to be the same throughout the
solution, and double layer effects were neglacted.
However, specific adsorption can occur at the electrode
surface. This adsorption can involve an electroactive
or electroinactive species, or, also, a substrate or &

products.
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The adsorption wave can be a prewave or a postwave
to that of the reduction of the unadsorbed nolecules or
ions. Adsorption of the product of the reduction
Ox + ne ~--> Red gives a prewave, because it is more
difficult to reduce OX to a dissolved Red than to re-
duce it to an adsorbed Red. A4t very low concentrations
of Ox’ there will be a single diffusion controlled )
prevave, until enough Red is formed to cover the whole
nercury surface, beyond which a second wave begins to
appear. Ify on the other hand, Ox is adsorbed and Red
is not, a single diffusion controlled wave is formed
which is due to the reduction of adsorbed Ox’ and which
increases up to a certain dspolarizsr concentration.

At higher O, concentrations this wave is independent of
concentration, but a gsécond wave which increases with
increasing concentration appears at a more negative
potential,.

In either of these cnses the limiting current of
the adsorption wave is proﬁortional to the amount

adsorbed on the drop during its life.
moles of adsorbed species = 4 | (27)

The charge consumed during the reversible reduction

of an adsorbed depolarizer, is

q = nPFA (28)

S .
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The resulting instantancous current is

o= 39 o g L) (29)
a at dt

Substituting equation (6) into (29)

i o= nFl“—gh 4 Fé2§}2/3 (30)
a dt L4n?
i = 045708 1w/ 24~ Y> (31)

It follows from cquations (17), (18) and (31) that
m2/5t"1/5, and hence the liniting current of the
adsorption current is proportional to the mercury re-
servolr height, and this is the fundamental criterion
for adsorpbion conbrolled limiting current. Other
diagnostic criteria include, the appecarance of a new
wvave at a certein concentration of the depolarizer, and
the decreasc of the wave with increasing tomperature.
From equabion (31) it is also clear that the current
falls off with a sV3 dependence.  The adsorption of the
depolarizer does not always cause the appearance of two
waves. pometvimes only one wave is observed, but its
shape igs different from that of normal polarographic,
waves, since a large maximun is observed on the limiting

portion of the wavee




-2.5; Differential Pulse Polarography

In this technique a linesrly increasing de voltage
is opplied Yo the working electrode and a pulse of
fixed height is super imposcd on to this voltage.

The current is sampled just before the application
of the pulsc and ncar the ond of the pulsecy and the
readout is the difference between the two currents

giving a differential pulse polarogram {78, 79, 80).

snalyticallyy the chief advantage of differential
pulse poldrography (dpp) over conventional dc polaro—
graphy is its ability to discriminate between faradalc
ancl capacitative (charging) current. 4s a result it is
very sensitive and enables the determination of mebal
ion concentrstions down to at least 10-7M for reversible

electrode processes (78, 81, 82).

The form of the differential pulse polarography
allows a more precise, determination of the peak

potential as compared to the de¢ polarogranm, where even
id-—\i)

i
plot is not as precise (82, 83). The current sampling

the EVE deternined from the rather tedious E Vs log(

helps in getting n much less distiorted polarographic
vave than the de btechnigques. For a Nernestian systom,

the polarographic current - potential relation is

. R i
E = ) - —" 111 (. 52)
Ty2 nfF - id-i
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Rearrangement of equation (32) gives

R ¢ L ) (33)
L + exp (E"E1 /2 ) _n__E
RT

Bubstituting the Cotbrell expression, for id’ and
subsequent differentiation of cquation (33) with respect

to ¥ ylelds

2 R 524
ai = BE 40 ap iR E - (34)
R Let {(1 + P)@

yhere P = exp (B -~ Eye) oy « Parry and Ostergoung !

RT
(84) have shown that, for small pulse amplibtudes (up to

50 millivolts), the maximum peak current is

2.2 2
T X { n'y (35)

The peak half width, WV2 defined as the width of
the pesk in nillivelts at the point wheroe the peak
current is one hali its maximun height, is given from

equations (34) and (35) to be

5,52 BRI (36)
nk

Equation (36) is normally used as a criterion of
differential pulsc polarographic reversibility. Parry

and Osteryoug (84) have denonstrated that within
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experimental errors, the peak potential is related to

the half-wave potential by the expression:

: = Ry, - 2E
E, = Eyo (37)
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%3¢ ©d(I1) - Threonine Systenm

%2.1s Detormination of Stability Constants by Polarography

Phe polarographic method for the determination of the
stability constanis of complexes is in general based on
the shift of half-wave potentials. The method was first
developed by Lingrne (1) and is applicable to systems
involving essentislly one very stable complexs Later,
Deford and Hume (2) developed a method for the case of
successive complex formation based on determining the
dependence of the half-wave potential of the diffusion
conbrolled wave of reversible metal reduction on the
conmplox forming agent concentration. 8Since these two
nethods are the basis for the present investigatvion,
their derivations is reproduced below. Several cases
have been treated in the litersture, namely the case
where the lipgand concentration is not in excess (5, 4y 5),
where the electrode reeuction is irreversible but where
the ligand is in cxcess (5,6) or where the ligand is not
in excess (5). BSchaap and Mc masters (7) have also
extended the Deford - Hume method to the case of mixed
ligand complexes. However these latter cases have not
been studied in the present work and therefore will not
be treated here. Btability constant determination for

reversible caseg will now be presented.

3.1le 1. gingle - complex formation. (The Lingane Mebhod)

when only one conplex is formed, the reversgible
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reduction of a complex of a metal soluble in

mercury can be represénted as

ng(n"Pb) +ne =z M(Hg) + X (1)

This reoction can be regarded as

ng (n-pb) oz pen | pxP (2)
and M'™ 4 ne + Hg o=== M (Hg) (3)

Phe formatilon constant p for equilibrium (2)

is 0
Ucm}c fIﬂX

B = 2.2 (a4)

o Op \P
Cmfm(cxfx)

For a diffusion controlled process

i = k(¢ - %) (5)
C mxp E]Xp
and i; = k. C_. (6)
: p
where k, = 706 n p/ep2/36 @)

Under the condition where a relatively
large excess of ligand exists, i.e, ﬁhen the
ligand concentration can be assumed to be
virtually a constont, then use of equations

(5) and (6) in the Nernst equation gives

D
p mx
o _ BT , PfRed  "py¥2

E=T
: nf fmxp Dm
ni 1(1""1 X

(8)
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which can be rewritbon as

nk i

: D
; X
where (E,,) . = E° = RT i, bRed D)VE
Vele nkH I D
2b'e
nx, m

R 0
- P ;5 In C.f_ (10)

Prom e~nghion (9) it follows thats

+

Ye
D
(Eyadn = (Byody = ~ 51 )
o~ Gy Lot g
me, Lo
- p 2L 1n Cof (11)
nF

Equation (lO) enables the determination of the ligand
nunber p throuzh a plot of EVQ versus lnCX. Usc¢ of the
p value in cquation (11) yields $, provided both D —and

D are known. In most cases their difference is so

~r
<5

small that they are taken to be equal. The calculations
ofton are even morc simplifiocd by assuning activity

coefficients of unity.




e
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Formation of a scrigs of complexes with o single

ligand (The Deford-Hume nethod).

In this category, there are two classes of

systems, viz,

le thosc in which cach complex exists only
within a definite region of ligand cone-
centration,.and
il., systems which congist of a series of comp~
lexes in step - equilibria.
Occassianally, a plot of log GX against
(Eye)c produces a seguented curve, indicating
the prescnce of a serics of conplexes whose stplality
constants snd formulae may be found from the

various segmnents using the Lingane's method.

For systems involving a series of conmplexes
of comparable stability and which naintain fast
equilibria,s defining the step -~ wise overall sbtahbmlity

constant Kj for

MR 4 5% ZISC Xy (12)
¢ £
ny I,
as K. = _J J (13)
J Sa e
(CXf}C) CI‘.—'I m

then
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2, Oy
o =0
Cpfm = (14)
N K 3
Ei a(bxfx)
j=0
fmxd
If the reduction is diffusion controlled, then an
oxtension of the oabove treatment yields
D e N,
E=E°—-13-91n[—-9-J L 55
nf D :
it} j=0 £
-
~ BRI in (fox)j - BT n —= (15)
ni nF id-i
o RT Dey¥2 - K
Leting (EVQ)G = E° ~ &= 1n (=) Z;j i
nF b
B =0 e,
dJ
RT 3
- In (C ) (16)
. N K.
then, ¢ Yy = ( ) = RT 1n (.D_c)1/2 U
Byoln = (Byale = 70 - > -
= mX .
J=0 dJ
RT 3
+_;§ 1n (fox) (17)
From equation (17), it follows that
antilog ny (B ) (E Y 1+ 10 Deny2
- : - g (=)
2.303RT [ v2/m T 27c) Din
N j
= Kj(bxfx) (18)
j=o T
fmx.

J
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I, 40
), Coxy
0 J=0
Cpfp = ' (14)
N .
4 K . . J
- J(bxfx)
J=0 f

If the reduction is diffusion controlied, then an

extension of the above treatment yields

N
g = 5° - BL 34 {MSJ . };J Ky
nF ———

Leting (Ev2>c = g% - BT gy (E£)V2 '

- np D

- B 3n (o r )Y (16)

n¥

&
)
B
gt
[ LN
+

.
il
o]

i

+ BE qp (fox)d (17)

nf
From equation (17), it follows that

o _ 1
antilog 2.5223@ e (Eypdy ~(Byo)y+ log (%ﬁ)/el}
N .
} K (0, L,)7 (18)
j=o T
fmx .

J
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Lie-den's graphical method is then used to evaluate the

stepwise overall stvability constants, i.co.

if antilog n¥ . . De
- L(Lyg)m - (hﬂ2)c] + Y2 log == | =
2+ 30ZRT D
= Fotx) (19
K K,C, £ 0
£ £ .
If Flﬁx) is now dofined as:
Fo(x) - XQ
L
= F1(x) (21)
fox
-1
K K0, £ K (c_f )"
then lﬂl(x) = __-.]—'-_ + ﬂg—ﬂ + vee + n X X . (22)
£ fmx2 fmxn

Sullivard and Hindman (8) have shown that

Fo(x) ~ Ko
fn is not an indeterminate

lin

fox —-—> 0 fox

form but is equal to Ky the first step stability constant,

since

1in Fo(x) - K& 1in 3(Fo(x) - Koy
fm et >0 _ fu  (23)

fox -=> 0 fox BCXfx
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= lin K + 2K2 Ol 4 oo & nKn(fox)n“l
1
fox ——> 0
= Kl
sinilarly lim Fl(x) - Ky

fox -2 C%fx

It follows from equation (22) that the curve of
Fl(x) agoinst O, f  gives tho value of Ky on the
formation axin- then the next function, Fl(x) - Kl 9

Cxlx |

against,OXfx givgs K2 as an intercept. Continued
treatnents will give a straight line parallel to the
concentretion axis of the ligand, for the highest
coordination number. 4 sinilar plot for the immediately
preceding complex will be & straight line with a
positive slope and all provious function plots will show

Qurvature.

3.2 Effect of pH on Complexabion

In al1ll the calculations so far nentioned the effective
ligeand concentration has to be used in the concentration
terms. Most ligoands, being fairly basic, goet easily
protonated. Thorefore the freo ligand concentration

available for complexation has to be calculated. The
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total ligand concentration is equal to the sum of the
ligands coordinated to the metal, plus that which is
free, plus that which is protonated. In the form of an

oguation

[X] = C, 383C0 03 + 0@y (25)
where %) = %&; (26)
X

If the ligand is in a fairly large excess over
the metal ion concentration as is particularly true in

this case, then

LX] = Gxa(H)

) 1 2.1 .1
But [X] = Cy + Cyp (1] Ky + CXEH] K] K5 + «e0 (27)

Hence oy = 1 + [H) Ky + [H) 2Ky K + ... (28)

Combination of (26) and (28) gives the free ligand
concentration Gx from known values of pH, and the

guccesgive protonation constants of the ligond.
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3e%.  HExperimenbal

The chemicals used, NagHPoq, H5B05, NaBqu?, CdSO4
and chromatographically homogeneous threonine, BDH, were
all of reagent grade purity. All polarograms were done
at 10”7 0as0, and 0.06M Na23407 (pH 9.2) unless other-
wige stated. 4y increase in the metal concentration
sbove 10~F molar resulted in precipitation at this pH.
Measurenents were btaken under thermostatic conditions
at (25 ¥ 0.5)9C using a precision Scientific Instru-
ments heating pump (model 66590). Polarogrq?s vere
obtained using the Metrohn Polarecord EL06, gnd the
rapid polarographic btechnique with a droptime of 3
seconds was achieved with a Metrohm polarographic stand
E505. A scan rate of 1 milli-volt per % scconds was
used. All solutions were flushed with nitrogen for 10
ninutes and then kept under an atmosphere of nitrogen
vhile recording the polarograms., The mercury reservolr
height was kept constant at 57 cms. pH measurements
were taken using a Beckman Chem-Mate pH nmeter. 41l
potential measurements were taken against the Ag/AgCl,

KCl (sat'd) reference electrode.

Z ol Results and Discugsion

In order to study the cadnium - threonine polaro-
graphic behaviour, the pH in which threonine can

conplex, as well as a suitable buffer had to be chosen,
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Anong the usual inorganic buffers of relatively high pBH
and oncs which do not interfere as conpeting ligandsi
borate and phosphate buffers were selected. The diffusion

L .

current recorded for 10~
9,3, was eleven times less than that in 0.06M Na23407,
pH 9.2, supporting electrolyte, under otherwise exactly
the sane conditions. Besides, well defined waves

without any maxima were obtained in the borate buffer,

Theroefore all studies were carried out in this media.

Zeltele Lffect of pH

The effect of pH on the electroreduction of the
coriplex had to be considered in view of the fact that
there is competition between the proton and the metal
for the ligand. Polarograns were taken for solutions
that were 107M 0AS0,, 2.5 x 107M threonine, 0.06M
N323407 but varying concentration of HBBO3’ théreby
effecting a change in pHe The addition of boric acid
did not show sany change on the magnitude of the
diffusion currents With raising pH the half - wave
potentials shifted toward nmore cathodic potentials
(table 1, Figure 1). This shift toward more negative
potentials is due bo the increase in the free ligand
concentration as shown in Figure 2. In addition the

pH dependence indiceted that in the range coonsidered,
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Figure 1. Plot showing the E%g dependence on ﬁH
- for 0.1mM Cd(11), 2,5mM threonine in

0.06m borax and varying conc, of boric
_acid,
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[Threonine] -log [thr™]

H
;30,3 SR °
Saturated 6 0.592  2.33 x 10”0 5,63
0.8 7.9 0.6 1.163% x 1077 4.93
0.6 7.15 0.606  3.251 x 107 §o49
Oulh 7,95 0.612  1.25 x 107 349
0.2 8.4 0.620  4.75 x 1074 3,32
0.l 8.7 0.636  7.97 x 107¥ 3.1
- 9.2 0.639  1.49 x 1070 2.8%

Table 1: —Evg values for varying pH, for solutions

of 107"M €d80,, 2.5 x 107N threonine,
0.06M NasB,0, and varying H3303 concentrations.

?H OH ox
H ' -
X(H,C~-C~G~COOH) + (Od.6H20)2+ -> [Cd(H 0-5-000 Yo e e
370 557 x
H NH, H NH,

-~ (H,0) 6-2x12"% 4 xut

is not complete. Hence one cannot take the analytical
threonine ccncentration as the free ligand concentration.
Indeed the analytical concentration is about equal to the
free ligand concentration only when the pH is greater than
or equal to pKa + 2, 8ince a naximum half-wave potential
shift was obtained in 0.06M Na23407, the effect of

threonine concentration was studied in this media.
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Figure 2. Plot showing the depend(laljzce of the E]/Z on threoninate

conc. for 0,ImM Cd(11},: &, 5mM threonine, 0.06m borax
and varying boric acid fzfmc.
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5.4;2. Effect of Verying Threonine Concenbration

The effect of increasing threonine concentration

“M to 11.923x1077H of threoni-

4

over a range form 7.45x107

nate on the polarograms of 107 M Cd8S0, in 0.06M Na2B4O?

Oy
showed half-wave potential shifts toward more negative
potentials with increasing threoninate concentration Fig.
{(3)s The reduction of cadnmium both as a sinple metal

ion and as acomplexed metal ion is reversible as shown

by B vsolog . plots shovn in ¥igure 4, This plot
gave a slope 39—%0 milliwolts for the simple metal ion
only, and 51 millivolts for a representative polarogram
of the complex thnt is 10.442%x1077M in threoninate,
Therefore this systenm is amenable to the Deford-Hume
nethod of stvabilicy constant determination. In table 2
18 given the experimentally determined half-wave poten-

tials with the calculated values of Fo(x), Fl(x), and

F2(x) which are alsco plotted in Figures, 5, 6 and 7

respectively.

[fhreoninate]] Eyg in FO(X) Fl(x) F2(x)

in molarity v

~0.614 1,00 - -

0.458x107 ~0.624 2,178  1.58x10° 0. 44x10°
2.98%x10™2 ~0.642 8,842 2,63x10° 04 86x10°
5.967%10™ ~0.6544 23,014 3,72x10° 0441x10°
8.95x1072 ~0.664 49,001 5, 36x10° 0.46x10°
1044251077 ~0.667  61.90% ~  5,83x100 0.51x10°
11.9%33x10™2 ~0.6706 81.925 ©  6.78x10° 04 46%10°

Table 2: Table of the F(x) functions. ,System: 10—4 in 06804,
0. 06M Na2B4O7 - and varying concentrations of threoninat
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F1gme 3. Polarogxams of 0.1mM Cd(11}, 0.06m borax, threonme conc., 1,0; 2,745
2.983; 4 5. 967 5, [y 95; 6, 10.442; 7, 11,933 mMe Comnencing potentz

.
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4s is evident from equation (22), Fi(x) can only be
linear, as shown in Pigure 6, provided it has the

following form
Fl(x) = Ky + K, Cf

The intercept of Fl(x) versus thrconinate concentration
thercfore must yicld the Ky value and its slope must
equal the sccond overall stability constant. These have
been debermined to be Ky = 1.25 x 10° (log K; = 5.1) end
K, = 4.6 x 10° or log K, = 5.67. @he Kp valuc is
further confirmed by the F2(X) dependence on the threoni-
nate concentration which gave an identicel value as ig

shovm in Figure 7. Hence log k2 = 2.57.

Conclusion

The reduction of cadmiunm on the dropping mercury
clectrode both ag a complex of threonine and sinple metal
ion is reversible in borate buffer. The complexation
has been found to be pH dependent and the stability
constants calculated with this into account. The stepwise
setability consbtanus caleulated using the beford-Hume method

are log K = 3.1 and log kg = 2.57.
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4s Cobalt and Nickel - Threonine Systems

4,1. Polarcgraphic Behaviour of Co(II) and Ni(II)

Complexes

The polarographic behaviour of Ni(II) and Co(II)
have been studied by several workers, in different media
and also with different conplexing agents. Many of
these studies have been initiated because their behavior
strongly depended on the nature of the ligands involved
and the structures of the conplexes forned. Positive
shift in the half-wave reduction potcentials, double wave
formation and enhsnced current nmagnitudes for the prewave,
are amnong the prominent features of these metal reductions.
The following postulates have been forwa ded to explain

the mechanisn of these reductions.

1. 4sdsorption of the ligand on thc mercury surfacei-
Many anions and neutral organic compounds get
specifically adsorbed on mercury. This adsorption
has too often lead to the occurrence of a prewave
at potoentials more positive than that corresponding
to the normal reduction potential (11, 12), The
deérease in the reduction potential of complexed
cations ig due to the strong pelarization of the
complex owing to the formation of a bond with the
adsorbed reactant and to the influence of the
electric field in the interface between the cata-

lyst and the solution. The activation energy of




e
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this process is nuch decreased by such polarization,
the complex being much more reactive in the adsorbed
state (11)» Thus adsorption can lead to the possi-
bility of splitting of a reduction wave due to a
single kind of depolarizer (1%), a first wave re-
sulting at the potential of adsorption, and & ‘
second one resulting at nore negative potentials in

which the reduction product of the first wave is

desorbed,

Adsorption prewaves have been observed for com-
plexes of Ni(II) and Co(II) with capillary active
substances. Usually these prewaves are also cata-
lytic, since the cyclic regeneration of the adsorbed
ligand resultvs in s higher flux of the netal ion
Ni(II) complexes of phenylenediamine (14), pyridine
(15) thiourea (16), thiocyanate ions (17) seleno-
cysteine (18) and other smines (19) exhibit waves
which have been attributed o a mechanisn involving
an adsorbed species (EO)o OO(II) waves with seleno-
cystein (18) and several cystein like compounds (21)
also give similar prewaves resulting from the sgane
kind of mechanism as for adsorbed ligand Ni(II)

conplexes,
Desolvation controlled Reduction

In aqueous solution, transition metal ions are

surrounded by a coordination sheath consisting




noilecules. The dischoarge of such an ion will be
preceded frr 2 step in which the coordination shell
is renrronged in order to allow thwe ion access to
the mesal gunfoce. Hovevar, such processcs are nov

normnally obdgerved Lo be rabe determining.

The ligend field theory has been successfaly
used for the qualitative interpretotion of the
kinetic stability of complex compounds. As this
nag najor influvences on the clectrode reduciion
nechanivn énd kineticg, it ig essentinl Lo discuss
it at length. The clectronic configurations with
the most important crystal field stabilization
enorgies Tor netal conmplexes of ocrchedrsl nicro-—
symetry, which will show the highest kinetic
stobility are, d2s d© (Low-spin) and aB. iside
from The crystal field shabilizabtion energles,
nutunl internctions between the netal outer orbival
d electrons cnd the ligands conuribute to the kinetic

“* hag the

stability. In the divalen® lon series, Ni
a4 configuration. “herefore one would expect its
discharge o be not a simple diffusion controlled
process, bub principally controlled by a kinetic one.
This includeg both the hydrated and complexsd ocha-
hedral Ni(II) rcductions. Many studics show that

e

the introducvion of a foreign ligand into the inner
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coordination spherc of Co(II) and Ni(II) aquo ions play
a role in the kinctics of exchange and lability of the
coordinated water molecules. Two btypes of rates are
observed by two groups of ligands. The first group
contains simple ligands such as amnonia, chloride,
thiocynate ions, in fact ligands in which &6-bonding
between ligand and cation is of predoninant importance.
Replacement of coordinated water by ligands in this
group results in greater case of displacement of the
renaining water molecules, ag a result of the reduction
of the effective charge on the metal. The remaining

netal (11) to water bonds will thereby be weakened.

The second group of ligands which include diamines
of The bipyridyl ond phenanothroline type, have little
effect on rates of water exchange for the remaining
coordinated water molecules., The effect of the 6-election
donation by the ligand is counterbalanced through ©n -
backbonding from the metal.s In congequence the effeciive
charge on the central metal atom is not altered. Thus,
the nmetal water bonds remain as strong as those in the
hexa - aquo - complex and the rate of waber exchange is

1little affected,

Lnother kinetic step can be involved in the complex-
ation of polydentatc ligands with aquo cations. Such

complexations take place in the following way

k
2n -
M(H0)E" + T~ T =B~ M(H0)5 (L-1)Z + H0

—— o

K
4y
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Frk?

X
'M(H20>5,(L"L>2+' ;___,E_‘:% M(H,0), ) )S & HL0

k

dp

where the ks refer o rates of dissociation (kdl, and
kda)’ substitution (ks) and chelation (kch)’ If kch>>kdn
and ks then the scome kinetic pattern will be observed

ag for reaction with a monodentate ligand. If however,
kch is aboubt equal or is less than kdl‘and ks’ then the
overall rate is controlled by chelation and is known as
sterically controlled aubstitution. This step has been
proved to be rate limiting for co(IT) aguo chelation with
several bidentates (22). Because rales of solvents loss
from Ni(II) are slow, rates of ring closure are rarely
kinetic controlling. The difficulty attendent on closing
the ring nakes chelation, rather than water 1058 aquo~
GD(II)g rate limiting. Although no systenatic con-
clusions have been made for charged polydentate ligands;
it is reasonable o cxpect both factors, namely ligand -

agsisted labilization and ring closure, musb operate.

rnhe effect of ligand - agsisted labilization on the
polarography of the cations is a decrease in the overvoli-
age of the reduction potential. If the labile and non-
1abil species simultaneously exist in golution a double
wave can result. Many polarographic works have been
reported in which such decrease in the reduction potential
15 accounted for by the desolvation process of Wi(II) and

Co(II). Wi(II) forms two kinetlc steps with glycine (23)s
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Spectroscopic studies (24) have confirmed that this
results from the release of w;ter. Several such kinetic
Ni(II) conplex reductions have been observed with
pyridine (15), O ~ phenylenediamine (14) acetylacetoﬁaﬁe
(25) selenocysteine (28), citrate, tartarate (26) and
chloride complexes (2?)° The work of Connick and Coppel
(28) alsc support vhat the introduction of a foreign
ligand increases the water - ligand exchange. Likewise,
Co(II) complexes are also believed to show kinetic con-
trolled reductions, The cabalytic prewaves of Co(II)
with dimethyldithiocarbemnate (29), acetylacetonate (30,
31) selenocysteine (18), cysteine (21), and sinilax
other compounds (32, %%), all are believed %o arise from
the relatively slow dehydration step. This effect is
also observed in solvents. The easier the desolvation,
the more reversible is the reduction, pink alcoholated
Go(MeOH)i+ (34), NL(II) in DLMF (35) and in weoker base
solvents (36, 37) than water are more reversibly redueed,
in contradistinetion to the irreversible reduction in
water. Although the study of Eriksrud (38) concludes
the possible slow dehydration step as unlikely in the
rate control, most works employing other techniques (%9,
40, 41, 42) have proved water-exchange of Co(II) and

Ni(II) complexes Go be kinetic steps.
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Forumation of an essily reducible complex.

Both Co(II) and Ni(IT) reduction halfw-
wave potentials are ghifted to more positive
values in the presence of large concentrations
of chloride ions (43, 44, 27, 45, 46)., It is
postulated that there is the formation of a
chloride complex which is more easily reduced
than the aguated cation. In particular nickel
forms Gebtrehedral NiCly™ (47, 48) whose orbital
is may be more closely analogous to that of the
activated reduction intermediate resulting in a
lower activation energy (27). The positive
shift of methyl red complex of nickel (49) has
been attributed to the formation of an easily
reducible complex. Zethi and Filloni (50)
emphasize that Nickel, having a large m -
bonding ability requires enpty % - orbitals on
the ligand for w - back bonding, which will
lower the activation barrier for the election
transfer, On the whole it is believed that the
resulbting change in the orbital configuration
is responsible for the decrease in the activation

overpotential.

The ligand serving as a bridge which facilitates
the elecvron transfer.
The reduction potential of several cations

has been observed to shift progressively towards
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nore posivive potentiacl with increasing nunber of double
bonds of solvents (51, 52, 5%). iLccording to these
authors, this is solely not a result of lower solvation
enorgy but is due o the presence of conjugated double
bond system on the solvation sphere of the metal, as well
on the electrode which serve as a bridge for the electron

transfer.

The secparation into the above four major mechanisms
is based only on degree of emphasis. Infact, although
it may be difficult to tell the extent of influence of
one kind of mechanism over the other in a certain
reduction, at times nore than one of the mechanisms can

be involvede
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Gols Expoerimnental

In the study of the polarographic behaviour of
Co(II) and Wi(IIl), threonine complexes, the same
instrument as that used in the study of the Ca(Ir) -~
threonine system vwas employed. However, since
diffgrential pulse polarography is more sensitive and
gives bebter resolved peaks than DC polarography, this
technique was mainly used in this work, except in the
exXaminabtion of the droptime and nercury reservior hight
dependeﬁces of the limiting current, in which case DC
polarography was employed. 4 pulse amplitude of 50
nillivolts, a droptime of 3 seconds and a mercury re-
servior height of 57 cms. was maintained in all the
experiments, except for the Ni(II) data of Tables (1)
and (2) which were done at a mercury reservior height
of 47 cms aﬁ& a droptime of 2 seconds. TUnless otherwise
stated the voltage scan were commenced at ~0,8V (all
potentials reported in this work are relative to the
As/AgCl/ (kel satursted) reference electrode) and a scan
rabe of 2 millivolts per 3 seconds was used. AHll
neasurements were made at 25 & O¢500 and solutions were
daerated with nitrogen, and the solubiong blanketed with
nitrogen throughout the measurement. 4All reagents used

were of rezgent grade purity.
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hePe Results of Co(II)-Thereonine gystem

Following the work of kolthoff and Mader (54) 3in
which the polarograrhic reduction of cobalt in O0.06M
borax buffer was reported, the present investigation of
the polarographic behaviour of the cobalt - threonine
systen was undertaken also in the same supporting
electrolyte. The effect of pH, metal and ligand con~
centrations were investigated and the results are re-

ported belov.

I T I Effect of Threonine Concentration

The effect of threonine concentration in the range
5 % 107°M to 10”2M on the Co(II) - threonine reduction
wag studied in 0.06M bhorax, snd for three different con-

4 m

gtant concentrations of Co(II), viz, 107 M, 3 x 10° M

4M solutions. The wvalues of the peak current

and 4 x 10~
and potential are given in tables (1), (2) and (3). The
peak potential of the simple metal ilon is ~1.29v in
0.06M boraxe Addition of threonine shifts the peak
potential towards a more positive potential upto about
-1l.23v. The peak current increases and then levels off
vith inereasing threonine concentration (see Figure (1)).

The peak current of the complex is more tha 2.5 times

- that of the simple metal ion when the solution is 10"
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Pigure 2. Polarograms showing effect of threonine. O.%uM Co(II),
0.06M borax, Conc. of threonime ly 03 2, 0.05; 3,
0:155 4y 0.3; 5y 0455 65 0.755 7y 0.994; 8, 2425;
9y 15; mM. ' ' ‘
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in threonine. With a further increase of threonine
(threonine concentration greater than 1.5 x 10724) the
peak potential shifts back to more negative values,
although still more positive than the aquo cobalt re-
duction peak potential. The peak current also decreases
(sec Table (%)), and a second wave appears as shown in

figure (2) when the threonine concentration is 0.015M.

Table 1
{thr] ipu AXps -EP
M

- 0.175 1.29
2.5 % 1072 0.215 1.248
7 x 1077 0.305 1.244
10°% 0.37 1.236
2 x 107 0.435 1.232
2.5 x 1077 0.49 1.232
3.5 x 107" 0.586 1.232
4 x 107 0.62 1.232
5x 107" 0.665 1,232
7 x 10°%  0.73 1.2%2

1072 0.77 1.2%2
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Table 2
[thr] ipu Anps —EP v
M

~ 0.79 1.292

5% 1077  1.17 1.252
107" 1.418 1.244

1.5 x 0™ 1.628 1.24
3 x 1077 1.928 1.23%6

5 x 107%F 2.2 1.2%2
n.5 x 107+ 2,322 1.229
9.%575 x 10~% 2.355 1.228
1.225 x 1070  2.397 1,228
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Table

[thr]M ipu Aups —EP v

- 1.26 1.29%

L 5% 1077  1.55 1.256
10" 1.988 1.246

x 107%  2.413 1,232

4 x 107 2.988 1.2%2
x 107" 3,05 1.232
6.5 x 1077 3.115 1.232
x 107 3.2 1,232
1070 3,275 1.2%2

2 x 1072 3.2125 1.2%6
4 x 1077 3.0125 1.24
5x 1077 2.8875 1.246

Tables shoulng the variation of peak current and
potential cs a function of threonine concentration
in 0.06M borax at constant cobalt concentrations.
Concentration of Go(II); 107 M table (1), 3 x 10~
table (2), and 4 x 10""M table (%)

"

44342, Effect of pH

Since boric acid has no effect on the reduction
peak of Co(II) in 0.06M. sodium tetraborate (54) a

study of the pH dependence of the Co(II) ~ threonine

N
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reduction was made by adding boric acid to the systenm
4.

containing 0,06M Na28407, 4 x 10

three constant concentrations of threonine, viz, lO-BM,

M CoB0,, and using

2 x 107°M and 4 x 1077 threonine. In line with threonine
‘concentration dependence of the peag current, with
rising pH, the peak current also increases (see Fig. (3)).
The peak potential is shifted toward more positive

values with increcsing pH (see table (4)).

Tabie 4

[H5B05] oH ipp Anps —Ep v

1

- 9.2 3.5 . 1.226
Ol 8.7 3.1 1.224
042 8.4 2.885 1,228
D626 8415 2.52 1,221
0436 7.9 2.15%  1.224
0.48 0.5 1.677  1.226
0.6 7.1 1.46  1.232

0.88 6.5 1.38 1.252
Saturated 6 1.358 1.256
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Table 5
- [H,BO,] i érﬁmps
5°°3 o P
M
- 9-2 5.15
0.05H 8.9 3,117
0.1 8.7 3.27
0.2 8.4 %417%
O3 775 2.988
0‘54 7-5 204
06 el 2205
0088 6-55 1'515
Saturated 6 1.%8
Table ©
[H§BO5] pH ipu Amps
M
had 9t2 3.565
0.08 8.85 %4308
0.2 8o 4 %420
Oult 775 2.6
045 Dot 2.165
0.8 6.8 15425
Saturated -6 1.283

Tables (4)y (5)y & (6): Variation of peak current with
pH for the systems: 4 x 10~*m Co(II), O.06M borax: and
10™7M threonine table (4), 2 x 10”24 threonine, table (6)
and 4 x 10™7M threonine table (5).
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Figure 3. Plot of peak current Vs pl in 0,4mM Co(11),

0,06m borax: threonine cone, , H{o), 3(x),
4(V)mM. ’
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4o34% Effect of Co(IL) Concentration

the effect of Co{Il) concentration on the Co(II) -
threonine reduction was studied in O.4M boric acid,
0.06M borax (pH 7.8) medium by varying the Co(II) con-

centration up to 10 M.4 x 10°7M and 4 x 10~V

M constant
concentrations of threonine were nmaintained. The plots
of pesak current againét cobalt concentration are given
in Pigure (4). As shown in this figure the peak curront
increases linearly with metal concentration for a given
threonine concentration. The same concentration of
netal differing concentrations of threonine yield
different peak currents. The higher the threonine con-
centration the higher the peak current. This effect of
threonine concentration however does not extend to
higher concentrations. Table (7) includes peak currents
observed in 0.0lM threonine, 0.2M boric acid, 0.06M

borax (pH 8.4) medium. Thesc values are very close to

those obtained in the 4 x 10_5M threonine system.
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4 68 10, [Co(uiixio’m
}f@igure_-t%. _Véfiatibn of peak current as a“‘fﬁnctricétl t}f Co(ll)con
~n 0.4m boric acid and 0.06m borax, Thieonine cane,,,

0(v), 0.4mM(0), 4mM(.)




[002+]M i u Amps

p
5 x 1077 0.4
1074 04776
2 x 107% 1.288
4 x 1074 3,08
6 x 1077 o 1y
& x 107% 5,956
1077 74552

Variation of peak current with éobalt COn~
centration in 0.0lM threonine, Q.2M H5BOB,

44%.4 Characteristics of the Co(II) - Threonine Reduction

The dependence of the DU polarographic limiting
current on drop time was carried out in order to
elucidate the reduction mechanism of the Co(II) - threo-
nine complexe Because the nature of the reduction can
depend on the concentration of threonine, the current
drop time dependence studies were made at a concentration
of threonine corresponding to the linearly increasing
portion, as well as the plateau region of current versus

threonine concentration plot in Figure (1); i.e threonine
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0.2 0.4 0.6 0.8 - 1.0
Figure 5: Plot of log Vs log h: 0.,4mM Co(11), 0.06m borax
' a) 0.5mM, b) ImM threonine.
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concentrations of l.5 x 10—4M and lO“a‘respectively,
i,
both in 4 x 10°F Cos0,, 0.06M Na,B,O, medium. The
& 27477
gslopes of the log i versus log t plots are 0.26 and Q.24

n

(see Figure (5)) for the system 1.5 x 107 M and 1072 in

threonine respectively (mecasurements done at 2500). The

n

current drop time dependence of the 1.5 x 107 'M threonine

systen at 0°¢ gave a slopc of 0.22.

The varviation of the DC polarographic limiting
current on mercury reservoir hight was also investigated

“n threonine, 4 x 10 *n CoB0y »

for the system 1.5 x 10~
0.06M Na23407. The slope of the log i versus log h plot

(see Figure (6) was found %o be 0.79.

4,4 Discusgsion

A study of the character of the Co(II) - threonine
polarographic rcduction at a- ligand concenfration of
1.5 x 10~*M threonine and 107°M threonine (sec Figure(l))
gave a slope of 0426 and 0.24 respectively, for the logil
* —~ log t plot. This implies that the reduction is both
diffusion and kinetic controlled (55). DProvided there is
kinetic competition at 25°C, the reduction ought to be
purely kinetic at lower temperature. However the slope

“u

of the log i - log t plot at 0°¢ for the 1.5 x 10~
threonine system is 0.22. If kinetic currents are

observed in the reductibn of metal complexes, then there
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nust exist an equilibrium nmixture of several complexes
of the some metal ion with different number of ligands
(55), Therefore the current magnitude of kinetic waves
is always unexpectedly small as are adsorpbion waves
(56, 57)s This is unlike the Co(II) - threonine re-

ductions

Threonine concentration has d great effect on both
the peak currcent ond potential as shown in tables (1),
(2) and (3)e 4 concentration ratio as small as 1:8
(ligand to metal) shifts the peak potential to more
positive value by 35 millivolts. (is compared to the
peak potential of the simple metal ion) and it also
increases the peak current by about 23/. At higher
ligand to metal ratio (from 1:1 to 80:1, see Figure 4)
there still is only one peak which agaln appears anodic
to the simple metal ion reduction potential. If one
assumes that, at low ligand to metal ratio, only part of
the metal ion is complexed, whereas the rest remains
uncomplexed, then one would have expected ab least two
waves, one corrcsponding to the reduction of the complex
and another to the reduction of the simple metal i0ne
Since thisg is not observed, and since there is no
distinct difference in the polarographic behaviour at
very low snd moderate ligand to metal ratios, iV is
difficult to conclude from this study alone, whether or

not the shift in the peak potential due to changes in
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the ligand concentration is due to conplexation.

In view of the fact that the peak current is
always higher in the presence of threonine than without,
(see Figure (4)), it may be concluded that the reduction

is not diffusion controlled.

fin increase in pH shiftS8the reduction peak potential
to more positive values (sce table (4)) and also leads
to an incresse in peak current (see Pigure (3)). The
effect of pH is to be seen in light of its effect on the
rolative disbribution of threonine between its zwitte-
rion and anion forms. The zwitterion is normally not a
good complexing species. A number of studies have indi-
cated that it is, in general, the anion form of amino
acids that complexes (58, 59, 60, 61). The pH effect
observed in this work also shows that the species re-
sponsible for the increased peak current and positive
shift of peak potential must be the anion form of threo-

nine (threoninate).
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4.5, - Conclusions

The behaviour of the Co(II) -~ threonine system has
been found o be anomalous in that there is obserwved a
positive shift in peak potential and an increase in the
peak curreni on addition of threonine while at the same
tine exhibiting only one peak at low and moderate ligand
concentrations. 4 sccond wave sppears only when the
threonine concentration is as high as 0.0l5M, The indi-
cations so far are that the Co(II) ~ threonine reduction
is mainly catalytic in nature, although a more conclusive
statement must awsit answers to questions relating to
the reason for the large shifts in peak potential for
snall additions of ligand, the appearance of only one
wave at low and moderate ligand concentrations with
sinilar polarographic behaviours, but of two waves at

very high ligand concentrations.

It is felt thot coupling of Tthe above investigation
with spectroscopic studies could shed some light
regarding the complexation of CGo(II) with threonine and
that further work at high concentrations mey be very
useful in understanding and characterizing the reduction
processs.

One conglusion that can be made, however, is thatb

there is a clear possibility of using differential pulse

polarographic technique for the analytical determination

of threoninecs
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4e6o Results of Ni(II) - Threonine System

The dependence of the double ~ wave of Ni(II) e
threonine polarographic reduction has been studied as a
function of threonine concentration, Ni(II) concenbtration,
pH and ionic strength. The dependence of the limiting
current on the mercury ressrvoir height, as well as on

drop time have also been studied.

4,6ela Fffect of Threonine Concentration

-The effoct of threonine concentration on the polaro-
grams of the Ni(II) -~ threonine system in borate medium
wag investigated in 0.01M and 0.06M sodium tetraborate.
The polarograms are given in figures (1) and (2), and |
the pesk current dependences are given in Figure (3) and

(4) respectively.

The peak potential for 2 x 107'M Ni(II) in 0.01M
borax is ~0.988V and its peak current is 1.00 u amps.
Wnen the solubion is also 8 x 1077M with respect to
threonine the polarogram gives only one peak at a
potential which is 40 millivolts shifted in the positive
direction. A prewave begins to appoar (at -0.932V) when
the threonine concentration is 10~ M. The peak potentials
of the prewave, as well as of the second wave are
different from that of the sinmple metal ion, for all

threonine concentrations as shown in Table 1.
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Figure 1. MNi(II) waves in 0.0lM brosx, O.2mM Ni(II),
[bhr] = 1, 03 2,8 X 10775 3, 0.08; 4, Oslj
59 0e2; 64 Oul; 74 055 8y 0.8; 9y 1; 10, 23
11, 4; 12, 8; mM.
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Figure 2. Ni(II) waves in 0.6M borax, O.2mM Ni(IT),
O {thel = 1, 1; 2, 25 3, 33 4, 4; 5, 5;
6y 63 7, 75 8y, 8; 9, 9; 10, 10; mM.
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Pable 1. Peok Current and Potential Dependences of Ni(II)-
Threonine Waves on Thrceonine Concentration in
0,01M Borax

[Tﬁr] iplu Amps prlV ip2 u Anps ~EP2V
- 1,002 0.988 - -
8x10™7 0.927 0.946 - -
10™% 0.977 0.932 0.078 1.04
2x10~* 1.151 0.924 0.228 1.042
ux10™% 0.947 0.936 0.516 1.054
5x10” 0.567 04928 0.687 1.044
8x10™" 0. 366 0.942 0.792 1.054
1077 0.24% 0.936 0.882 1.044
2x10™2 0+099 0,944 0.858 1.048
4x1072 - - 0.804 1.052
8x1072 - - 0.708 1.072

The polarograms of the Ni(II) - threonine system
in 0.06M sodium tetraborate, showvn in Figure 2, give lower
peak currents than those in 0.01M sodium tetraborate. In
0.06M sodium tetraborate, the simple metal ion peak
potential is -1.06V while that for the prewave and second
waves are about -0.94V and -1.11V respectively (Table 2).
The peak current dependences on threonine concentration

are shown in Figure 4.
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Fipure 3. Plot showing peak current devendence on threonine
conic. in 0,00m bovax, 0,2mM Ni(11}. DPrewave

peak current (-), second wave peak current(x).
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Prewaves have so far been applied for an indirect
quantitative deternination of polarographically non-—

active substances (62, 63, 33).

Table 2. Veriation of the Pesk Currents and Peak
Potentiaols as a Function of Threonine Con-
centration, in 0.06M Borax, when Ni(II) is

2x10™ My

[Tﬁrj iplp Amps -Eplv ipgp Amps -EPEV
- 0.255 1,06 - -

1074 0.384  0.9%6 0.234  1.068
2x10™* 0.366 0,976 0. 234 1,074
510™* 0.465 0,936 0.252 1.088
sx10™ 0.606  0.936 0,321 1.107
510”4 0.51 0.9%8 0.498 1.11
6x10™" 0.438  0.939 0.615 1.11
7x10”" 0.363  0.939 0.636 1.11
gx10~% 0.312  0.940 0.648 1.11
9x10”~¥ 0.282  0.942 0.684 1.12
10x10™* 0.24 0494t 0.687 1,11

A similar attempt to determine the optimum conditions
in which the Ni(II) - threonine prewave can be used for
the quantitabtive determinaticn of threonine was nmads
(gec Figure 6). From Figure 5 and 6 it is evident that
the prewave peak current increases and then levels off
%o a plateau in the concentration range consideredy lec.
from 10™7M to 2x10”%

from 1072 to 10™7

M thresonine. A% low concentrations

M threonine the prewave peak current is
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Figure 4. Plot of table (2}, showing peak current dependence on
threonine conc. prewave peak current {xj, second wave -
peak current (.}.
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a linear function of the threonine concentration. At
atill lower concentrations less than 10H5M threonine,
the prewaves are not resolved enough Lo be suitable for

analysis.

Table 3. Values of Peaok Currents and Potentials as a
Function of Threonine Concentration Ni(II),

2x10*4M, 0.06M Borax.

[ﬁhr] ipfAmps —Epg' ipgﬁmps —EP2V
1.2x107° 0.085 0.947 0.26% 1.068
1.6x1077 0.098 0.947 0.258
2. 4x1077 0.1% 0.947 0.243
2.8x1077 04147 0,947 0.248
5,2x1077 0,159  0.947  0.248 1.07
4x10™7 0.196 0.942 0.255
4,8x1077 0,220 00942 0.255
5.6x1077 0.25% 0.942 04255
6. 4x10"7 0027 0.942 0.25
5.9%1.0"7 0.298 0.942 0. 254 1,07
8x10"7 0.319 0.942 0.251
8.8x107° 0.346 0.941 0.25 1,072
9.6x10™° 0,37 0,941 0.253

1074 0.39 0,941 0.25
1.125x20°%  0.41 0.9%0 0.233
1.25x10™" 0. 4ili3 0.9%1 0.25
1.5x10™"* 0+ 504 0.931 0.275
1.75x10~% 0545 0.9%2 0.294 1,073

ox10™% 0.57 0.932 0.293
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4.6,2, Effect of Ni(II) Concentrabion

The prewave peak current, Table 4, shown in Figure
7, as a function of Ni(II) concentration was investigated
in 0.09M KNO5, O.O5M.Na2B4O7, because higher peak
currents, and fairly woll resolved waves were obtained
in this supporting electrolyte. The threonine concen-
tration was kept successively constant at 4x10”5M,
8x1077M snd 1.2x10” M. As shown in Figure 7, the pree
wave peak currcent levels off to a plateau in all cases.,

A representptive set of polarograms is shown in Figure 8.

Table 4o Prewave Peak Current Dependcence on Ni(II) con-
centration in 0.09M KNO5, 0.03M borax support-
ing Electrolyte, when the Threonine Concens-

trations are 4x1077M, 8x10~ M and 1,2x10™ M
Threonine.
[Mi2*F)  4x10="M  8x1077M  1.2x10
M Thr ' Thr Thy
2,5x107°  0.19 0.138 0.12
51077 0.276  0.27 0.228
107%  0.348  Q.422 Oulils
2x10™%  0.368  0.574 0,684
3x10~™%  0.376  0.636 0.763
4x10~%  0.388  0.664 0.80%
5x10~%  0.1% 0.686 -

6x10~ - - 0.84
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Figure 7.

2 3 4 S5 paanxete

Variation of prewave peak current with conc, of Ni{11) in 0.0%m
KNO;, 0.03m borax, threonine cone., 0.04(x), 0.08(a), 0.12(-)mM.




Figare 8. Polarograms of Ni(11) in 0.05m borax, O, 09111 KNGS, 0 aa M

“threonine Ni(11) conc,, 1,°0,025; 2,0.05; 3; 0 1, 4,0, 24
5,0.3:°0, G 4; 7,0.5mh
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446050 Effect of Tonic Strength

The effect of ionic strength on the Ni(II) reduction
was studied in 0.06m sodium tetraborate, bubt varying
concentration of potassium nitrate. As shown in Figure
9, the peak current decrecascs, with increasing ionic
strenth, while there is no significant shift in the peak

potential,

The dependence of the Ni{II) - threonine reduction
on the lonic strength was then studied by varying the
sodivn tetraborate concentration, as this has only little
influence on the pH of the solution, The bhreonine and
netal concentrations were kopt constant at 4x10"5M and

4

2x10" 'M respectively.

Table 5. Dependence of Peak Currents and Potentials of
Ni{II) ~ threonine on Concentration of sodium

Tetraborate. [Nic¥) = 2x10" M, [Thr] = 4x10™2M
[Na,B,0,] o, By o, =
0.06 0.248 0.948 00302 1,074
0.05 0.314 0.948 0.4% 1,054
0.04 0440k 0495 0.52 1,024
0.03 0.475 0,956 0.616 1,016
00 02 Lol — el —

Oo 01 o - - —

T et
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Pigure 10.
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Folarograms of O.2mM Ni(II), O.O04mM

threonine in varying conc. of borax.

l, 0006; 2, 0005; By 0004; 4, 0005;
54 040235 6, 0.,01; 7, 0.01M borax,

0.15M KNO 8, 0.03M borax, 0.09M KNO5

5;
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Although it can be seen that there are two peaks when
the concentration of sodiuvm tetrsborate is 0.02M (see
Figure 10), they are not resolved enough to enable
current and potential measurements. At 0.01M sodium
tetraborate,; the two waves coalesce to form Jjust one
peak, whose peak potential is -0.948V and peak current
is 0.592 p amps. Wwhen this very solution is made Q.15M
in potassium nitrate (Figure 10), it gives a prewave ab
~0.935V of 0.%18 p amps. The sum of thesé two peak
currents is 0,598 n amps, which is about equal to the
parent non-separated pecak, Both thoe separation and peak
currents are dependent on the ionic strength. 4Lt the
sane lonic strength a higher peak current is recorded
in a nixture of KN05 and borax, than in borax alone
(see Tigure 11). The loss in the resolution of the
peaks gseems largerly to be the result of the shift of
the second wave towards more positive poltential when
$he sodium betraborate concentration decreases {eec

Table 5)e

4,604 Effect of pH

As follows from figure 9, pH, has an influence on
the reduction of tThe simple metal ion. The effect of
pH on the aquo nickel reduction was studied at constant

ionic strength of 0.2M KNOE, by adding sodiunm hydroxide.
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The resulting change in the ilonic strength due to the
sodium hydroxide is negligible. Although no significant
shift in the peak potential occurs a decrease in pH
results in an increase in the peak current. This trend
is also consistent for reductions carried in borate
buffer, except for the peak potentials which are less
negative at lower pHs (Table 6). The addition of the
uncharged boric acid has no e¢ffect on the ionic sirength,

its effect being only on the pH, of the mediun.

Mfable 6. Variation of the Peak Pobvential and Feak
Current of 2x10” M N150,, in 0.06M borax,
with Boric acid Concentration

[H5B05] pH iju Anps ~LPV
M
- 9.2 0.33 1.07
Ot 8.4 0.48 1.06
0.8 e 0.63 L1.04

The variation of the Ni(II) - threonine peak currents as
a function of pH were studied for three different con-
stant threonine concentrations. The pH was varied by
adding boric acid into sodium tetraborate. The peak
currents and potentials are given in tables (7}, (8),

(9). The prewave currents are plotted in Figure 1l.




The trend of prewave peak current growth when the
threonine concentration is BXlO"BM is in the reverse
direction from that observed when the threonine con-—

1 and 10" "M, The prewave peak

concentration was 6.7x10"
current increasesto a maxinun and then falls downe. The
peak potentials for both waves sppear at more positive
values with decreasing pH in all the systems, except
for the system in which the threonine concentration is

10;4M, where the prewave peak potential does not change.

Table 7« Variation of Peak Currents, and Fotentials as
a Function of pH for the systems, where
[Na,B,00] = 0,06M, [Ni%*] = 2x10™"M, [mhr] = 107

[HBBoa] -~ pH i Amps =E_ V ip.u Amps uEp v

" 1 Py 2 2

- 9.2 0.5 0.94 0.274 1,07
0.1 8.85 04511 0.94 04376 1,07
0.2 8ol 0.458 0.94 0.456 1.066
Ol 7.8 0.29 0.94 0.496 1.06
046 7.2 0.176 0.94 0. 54 1.05
0.8 608 . - - -

Saturated 13) - - - -




Table 8.
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Variation of Peak Currents, and Potentials as

a Function of pH for the Systems, where
[NayB,00] = 0.06M, [Ni°F] = 2x10™"u,

[Thr] = 6.7%10" M
H i - i -
C 5B05] pH lpl Epl 1p2 Ep2
0.1 8+85 0.664 0.94 0.62 1.116
0.2 8ol 0.728 0.9%4 0.5 1,110
Q+6 el 0.64 0.93% 0.%27 1.04
O-8 6’8 ’ 00%4 00926 0-4‘4’7 10036
Baturated 6 0.196 - 0.928 0462 1.03
Table 9. Varigtion of Peack Currents, and Potentials as a
Function of pH for the Systems, where [N32B407] = 0.06M;
2+ - mn -5
[Ni J = 2x107 "M, [Thr] = 5x10 °M
H.BO PH i ) i ~E
5775 Py Py Py Pp
- Q.2 0. 044 0.96 0.812 l.124
0.1 B.85 0.074 0.952 0.876 l.12
002 804 00148 0-952 00904' 10114
0.4 78 0.392 0.93% 0."786 1.11
0.6 7el 0.72 0.926 0.502 1.04
0.8 Ce8 0.874 0.922 0.292 1.092
Saturated 6 0.616 0.916 Q. 404 1,024
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Figure 11. Plot of the variation of prewave peak

current with pH for the system 0,2mM

Ni(11}, 0.06m borax and varying conc,

of boric acid. threcnine conc, ,0.1{0),
0.67(a) and S5(-)mM,
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4e6e5.  Test of the Characteristics of the Prewave

In order to e¢lucidate the mechanism of the polaro-
graphic reduction of the Ni(II) - “faiccunine system,
studies were nade in 0.01lM broax and threonine and metal
concentrations of 2x10*M each. Under these conditions,
higher positive shifts of the peak potential and maximun
prewave peak currents are observed. Because the prewave
peak current is more than ten times that of the second
wave, its DC polarogran is well developed. The reduction
peak potential of Ni(II) in 0.01M borax is 0.988V and its
peak current is 1 pamps, while that of the prewave when

the threonine concentration is 2}{10'"4

M is ~0.924V and
the peak current is 1l.15 uanps. The second wave's peak
potential is ~1l.042V and its peak current is 0.2% jlamps

(see Table 1).

To determine whether the electrode process is
diffusion, kinetic or catalytic controlled, drop time and
mercury reservoir height dependence of the limiting
current were studied. The results are included in
Table 10 and 11l. Their corresponding figures are (12)and
(1%). The slopes of the log i versus log t, 10g i,

versus log he plots are 0.15 andg v./2 respectively.
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Table 10. The Prewave Limiting Current Dependence on
the Mercury Reservior Hight for the BSystem

2x10"4M threonine 2X10"4M Ni(I1),0.06M borax

log h ~log id

1.4814 0.2924
1.5587 0. 2487
1.6149 0.2048
1.6646 0.1765
1,7093 01537
1.7868 0.0867
18525 0.0372
1.882 0.9177

Table 1lls The Prewave Liniting Current Dependence on Drop
Time for the System: 2x10""M hreonine 2x10 M
Ni(IX), 0.06 Borax

log ¢ ~log idy
O.1l46 0.2048
0030103 0.1884
064771 0.149%6
0.6021 : 0.1467%
0.699 0.1319

The drop time versus potential curves of the DME in
0.,09M KNO5’ 0.03M borax, and 0.09M KN05, 0.03M borax,
8x10"5M threonine are given in Figure 1l4. The presence of

threonine in the solution has no effect on the drop tine.
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Boe Niscussion

i study of the character of the Ni(II) - threonine
double wave reveals the presence of two classes of
species reducible at different potentials. although, as
cited earlier, adsorpbion can possibly lead to the
splitting of e reduction wave, Ghis may, however, be
discounted in the present instance because of the non-
appesrance of an adsorption peak in the DC polarograms,
droptime dependence on potential (see Figure 14) and the
decrease of the peak current with increasing threonine
concentration (see Figure 3 and 4) which are all contrary

to the nature of an adsorption wave.

If the double wave is not caused by adsorption, then
there nust ab least exist two electroactive specieses
whose reduction potentials are different. Al low con-~
centrations of threonine 1:17 ligand to metal ratio
(see Table 3), a prewave and a second wave exist simul~
taneously. When the threonine concentration is
relatively small the reduction potential of the gsecond
wave is the same as that of the simple metal ion (see Table

4 and Figure 10).

Figure 1 clearly shows the effect of threonine con-
centration in 0.01M borax. This condition is particularly
suitable to follow the effect of threonine because the

second wave's peak potential is nore cathodic, and that of
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the prewave peak pobtential is nore anodic than that of
the simple metal ion. 4t very low threonine concent-
ration no prewave peak current occurs up to 8x10"5M
threonine, at which concentration the pecak potenbial is
shifted to a more positive potential (~0.946V). With
increasing threonine concentration a second wave begins
to appear, and the prewave peak current also increases.
Prewave peak current stops to increase when the threonine

4M but less Lhan

concentration is greater than 2x10~
4x10" "M (see Figure 3). A ratio of 1:1 threoninate to
Ni(II) is achieved if the threonine concentration is
5~?X10—4M. At concentrations greater than 4x10—4M,

the prewave peak current decreases. The most significant
result is that the decrease of the prewave peak current

is accompanied by an increase of the second wave peak
current. The prewave peak current consistently decreases
with increasing threonine concentration until at 8x10"5M
threonine, the prewave is almost non-existant (see Figure
1). The pH studiés also show the same kind of phenomenon.
At constant threonine concentration, changes in pH that
result in an increase in the prewave peak current are

alsc accompanied by a decrease in the second wave peak

current and vise versa (see Tables 7, 8, and 9).

If at very low threonine concentration (when the
ligand to metal ratio is below one), a »rewave exists

(st a potential that does not correspond o the reduction
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of the simple mewol ion) and if, at very high threonine
concentration, only the second wave exists, then it
appears that the prewave must result from the reduction
of Ni(II) - threonine complex of the least ligand number,
namnely [Ni(thr)]+1, while the second peak nust correspond
to the reduction of the complexes with higher ligand

nunbers.

A solution containing an equilibrium nmixture of
netal complexes is normally expected to_give rise to
several polarcgraphic reduction peaks, if the reductions
are kinetically controlled (the reduction potentials of
the complexes being different). The sum of the prewave
and second wave cucrrenbs exceeds that of the sinple
metal ion (see Tables 1, 2 and 3). This, however, leads
to the conclusion that the reduction canmobt be purely
kinetically controlled since, if only kinetic and
diffusion processes were involved, the sum of both waves
should practically have been equal to that of the simple
metal reduction current. Nevertheless both waves
geparately can even give higher currents than that of the
sinple metal ion reduction (see Figures 4 and 5} There-
fore, there also exists some kind of catalytic process
(exhibited through enhanced peak currents) in conjunction

with the kinetic one.

It is known that Ni(II) complexes with two molecules

of threonine and serine (10, 67, 64, 65). Ni(II) is most
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unlikely to fornm [Ni(thr)a}"l. Infact the first stepwise

stabllity counstant is higher than the sccond, thereby
exhibiting the decrieasing tendency of further coordination.
Ohnaka and Matsuda (23) have shown tha Ni(I1) foruas
[Ni(gly)5]"1 (gly = glycine), when the glycine concent-
ration is 0.05M at a pH of 9.2 and Ni(II) concentration

of 4X10—5M¢ In the present work the second wave appears
when the metal to ligand ratio is as low as 1:2 (see

Pable 11), a condition where formation of [Ni(thr)aj"l is
not at all feasible. Therefore it may be concluded that
the prewave and second wave result from the reduction of

one threonine and two threcnine complexes of Ni(II).

The prewave in the polarographic reduction of the
Ni(IX) -~ threoning complex is strongly dependent on the
concentration of threorinse. This immediately suggests
that the nature of the wave is catalytic and tha it is
possible to use this wave for an indirect polarographic
deternination of threonine. §Sincde threonine is polaro-
graphically non-reducible, the use of the prewave peak
current for threonine determination is of analytical

inportancee.

Conditions in which well resolved peaks and higher
currents can be obtained were examined at different
borax concentrations (sce Figure 10). Although decrew
aging borax gives higher peak currents the resolution

is poorer. A Q0.09M KNOB, 0.0%M borax mixture supporting
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electrolyte was found to be the most suitable. From
Figure 7, the optimum Ni(II) concentration is 0.2mM,
because higher concentrations do not cause a significant
increase in the prewsve current. In this system, lece
0.09M KNOB, 0.0%M borax, Oe2mi Ni(II), the prewave peak
current linesrly increases with increasing threonine

concentration in the range 1077 to 8x10™°M (see Figure 6).
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U4e8 Conclusions

The essential results of this study on the polaro-
graphic reduction of Ni(II) - threonine system arc the
following.

l. Two waves ar> obbtained and the prewave is
believed to be due to the reduction of the
nono threonine complex of Ni(II), while the
second wave is due to that of the reduction on
Ni(thr),e The enhanced current magnitude of
both waves is indicative of a catalytic prewavess
The following scheme is proposed for the
mechanism of the reduction.

A% low throonine concentration:
a., WNi(II) - thr = [Ni(thr)]+
b. Ni(thr)t + 2¢ = Ni(0) + thr (prewave)

4% high threonine concentration

co [Ni(thr)™ + thr = Ni(thr),
de  Ni(thr), + 2e = Ni(0) + thr second wave.

At inbermediate concentrations of threonine, both
[Ni(thr)]+ and Ni(thr)2 are believed to be in equilibrium

with each other:

slow
[Ni(thr)}t + thr™ —a Ni(thr)g.
r——

giving rise to two waves, corresponding Lo the reduction

of [Ni(thr)]l" and Ni(thr) .
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The catalytic nature of the two waves, may be ex--

plained in terms of the following schene:

Prewave [Ni(the)1T + 2 ——> thrg + Ni(0)

--------- [Ni(thr) )t
The overall mechanism of the electroreduction may thus be

sunnarized as

[Ni(thr)]? ~~§§~->thr; + Ni(0) prewave

slow thr

Ni(thr)2 —29~~> 2thrg + Ni{0) second wave

slow

This mechanism is similar to the one proposed by several
workers (15, 21, 29, 66). The subscript, zero, refers to

the surface of the electrode.
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The preweve peak current has been found to be u
useful for the quantitative debtermination of
threonine in the range 1072 of 82z107°M. The
optimum condition is O.2mM Ni(II), 0.09M KNO,

and 0.03M borax.
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5 . Surmary

The polarogrrphic reduction studies of the complexes
of CaII), Co(II) and Ni(II) with threonine have shown
that it is theranion form, i.e, the threoninate, that
complexes. The reduction of CA(II) as a simple metal
ion and as complexes of threonine are polarographically
reversible. The stepwise stability conctants have been
calculatedy using the Deford-Hume nethod. - In these
calculations the free lignnd concentration has been
calculated considering the pH effect on the relative
proportions of the zwitterion and anion forms of
threonine. The stepwise stability constants so obtained

are log k., = 3.1l and log ko = 2.57.
1 2

Because of the high sensitive and resolution that
can be obtained in differential pulse polarography, this
technique was largely used in the study of Ni(II) and
Co(II) complexes with threonine. Bobh cations seem to
produce a series of complexes whose reduction potentials
are separated enough to result in several peaks. The
appearance of these peaks has been accounted for at
least for the Ni(II) threonine systen, by the slow

eguilibrium that exist between the conmplexes.

Ni(II) forms two distinct peaks at low and moderate
threonine concentrotions, whose reduction peak potentials

are different from the aquonickel reduction peak. Both
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peaks have shown catalytic nature. Although the
threonine concentretion dependence, of the CO(IL) re-
duction peak has shown a catalybtic nature, similar to
the Ni(II) - threonine systen, it has not been supported

by the log 1 - log t, log i -~ log h dependence studies,

From the non-appearance of an adsorption peak in
the dc¢ polarograns, a decreasing of the peak current
with increasing complex concentrations, as well as from
the reservoir heipght and droptine dependences of the
liniting currents, adsorption has been discounted as
being involved in ‘the polarographic reductions of the

conplexeg

Although no kinetic studies were nade, the increase
of the peak currentwith increasing threonine concent-
rabion. accompamied by the anodic shift of the Co(II) -
threonine reduction potential, can be a consequence of
the transition of the reduction from an irreversible to

a reversible oney as is also apparent from the half peak

widths,

The double wave of Ni(JI) - threonine systen has
been shown to result from [Ni(thr)]t and Ni(thr)2
reductions. The gplitting of the waves has been accounted
by the existence of a relatively slow equilibrium between
these complexes in comparison to the electrode reduction

rates L scheme for the mechanism of the process has

been given.
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The cabalytic prewave peak current has been shown
to be useful for the quantitative polarographic deter-
mination of threonine. The optimum condition is 0.2mM
Ni(II), 0.09m KNOy and 0.03M borax. Under this condition
the peak current dependence on;threonine ig linear over

a range of 107°M to 8x10™ M.
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