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The effect of amino ligands on the radiolytic induced formation and decomposition of trivalent copper complexes was studied.
The spectra of the Cu(III) complexes with ammonia, ethylenediamine, and different amino acids were measured. The
specific rates of oxidation of Cu(NH;)?* by -NH, radicals and the complexes of Cu?* with ethylenediamine
and different amino acids by -OH radicals were determined. The Cu!*(NHj;), complex decomposes via a second-order

reaction.

The Culll(en), complex also decomposes via a second-order reaction.
increases with increasing pH from 2k = 5.5 X 10° // "lsec~lat pH 5.8 to 2k = 3.9 X 10" M ~1sec™! at pH 11.6.

The specific rate of the latter reaction
It is sug-

gested that this increase is due to the formation of - OH radicals as an intermediate in the decomposition reaction in alkaline

solutions.
sec™ L.

All the amino acid complexes of Cu(III) decompose ria a first-order reaction with a specific rate of (1-8) X 103
It is suggested that the first step in the latter reaction is an intramolecular electron transfer from the carboxylic

group to the central copper atom. The specific rate of the reaction Cu(I1I)yq + Cullgly — Cuaq? ™ + Culllgly was tneasured:

kB =81X 10" M 1sec™t,

The mechanism of the radiolytic oxidation of ali-
phatic amino compounds has been the subject of many
studies (see for example ref 2-5). It was suggested
that different metal cations catalyze the radiolytic in-
duced oxidation of amino compounds.?:3¢-8 Special
attention has been given to the effect of copper ions on
this process.®6—% It has been suggested that the radio-
Iytic induced oxidative deamination of amino acids,
peptides, and ethylenediamine is catalyzed by copper
ions zia the formation of trivalent copper which oxidizes
its ligands.”®=1! It was pointed out that this mecha-
nism might be of great radiobiological importance.

The formation and decomposition of the aquo com-
plex of trivalent copper have been studied in detail.?
It was decided to study the effect of different amino
acids, ethylenediamine, and ammonia on the chemical
properties of trivalent copper. The results indicate
that the presence of amino ligands enhances the rate of
formation of trivalent copper. The decomposition of
the complexes formed was found to proceed by a second-
order process in the case of the NH; and NH,CH,CHo,-
NH, complexes and by a first-order process for the
amino acid complexes. It is suggested that this first-
order process is the oxidation of the ligand by the cen-
tral cation via the carboxylate group.

Experimental Section

Materials.—All solutions were prepared from triply distilled
water and AR reagents. The amino acids and the ethylenedi-
amine sulfate were supplied by K & K Laboratories.

Procedure.—The procedure of preparation of the samples,
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irradiation, observation of the optical changes, and calculation
of the specific rate constants have been described earlier in de-
tail 12,18

The pulse radiolytic experiments were carried out using a 0.4~
usec, 15-MeV, 20-160-mA electron pulse from the linear ac-
celerator at Argonne National Laboratory or by using a 0.1-1.3-
usec, 5-MeV, 200-mA pulse from the linear accelerator at the
Hebrew University in Jerusalem. At both linear accelerators
the dose per pulse has been (1-10) X 10 eV 1.71,

The absolute molar absorption coefficients were determined by
alternately pulse radiolyzing under exactly identical conditions
a standard solution, the solution to be analyzed, and once again
the standard solution. The standard solution was § X 107% M
in Cu(ClOy). at pH 4.5, saturated with NyO. As the complex
soliitions were also saturated with N3O, it was assumed that the
yields of trivalent copper complexes have been identical in all
cases and that ez o(Cu(IIl)ag) is 5700.1¢ The accuracy of e thus
determined is £=15%.

Results and Discussion

Absorption Spectra of Cu(III) Complexes.—Solutions
containing 5 X 107* M CuSO; and a 9.5 X 10~ M
concentration of the corresponding amino ligand satu-
rated with N;O were irradiated and the spectra of the
transients formed are summarized in Table I and Figure
1. The solutions under these conditions contain 5 X
10~% M CulL, (where L is an amino acid) and some
CuML; but nearly no free ligand. (This is correct for all
the amino acid ligands above pH 6 as the stability con-
stants for the formation of the complexes are all above
log K1 = 8 and log K; = 6% and the pK’s for the acids
are all about log K; = 9-10 and log K, = 2-2.5.%%
There is therefore a possibility that a relative large frac-
tion of free ligand existed in the y-amino-#-butyric acid
solution as we could not raise the pH above 4.8 without
precipitation.)

In N,O-saturated solutions the hydrated electrons are
transformed into OH radicals according to'®

H+
N0 + epq” —> N + OH; & = 56 X 10° M1 sec™t (1)

As long as the concentration of copper ion is less than
1 X 10—% M, it will not compete with N:O for the hy-
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CoprPER(III)~AMiNO COMPLEXES

TABLE I
SPECTROSCOPIC DATA FOR TRIVALENT CorPER COMPLEXES®
)\max,b ¢max,’
Ligand pH nm M-tem~t

H:0 5.7 295 5700¢
NH,¢ 11.1 290 5600
Ethylenediamine 6.0 300 2100
11.3 300 2500
Glycine 7.5 310 7800
a-Alanine 7.2 305 4700
B-Alanine 6.0 310 4800
a-Amino-n-butyric acid 7.3 310 3000
B-Amino-n-butyric acid 6.1 310 3300
v-Amino-n-butyric acid 4.6 310 3500
a-Aminoisobutyric acid 7.3 310 3200

@ All the solutions contained 5 X 1074 M/ CuSO, and 9.5 X
10~¢ M amino ligand and were N,O saturated. ? The error limit
on Amex is =5 nm. ¢ The error limit on emax is £15%. The
calculations are based on emsx 5700 M~ em ™! for Cu(III)aq and
assume that the yield of CuM!L, is equal to that of Cu(III).q.
¢ [NH,OH] = 0.2 M. ¢ Fromref14.
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Figure 1.—Absorption spectra of trivalent copper complexes as
measured immediately after the end of formation of the transients
in the following solutions: X, 5 X 1074 M CuSO;, N,O, satur-
ated, pH 5.7; O, 5 X 107¢ M CuSO, 0.2 M NH,OH, N0
saturated, pH 11.1; O, 5 X 10~¢ M CuSOy4, 9.5 X 107% M eth-
ylenediamine sulfate, N,O saturated, pH 6.0; +, 5 X 10~ i/
CuS0,, 9.5 X 10~* M ethylenediamine sulfate, N,O saturated, pH
11.3; @, 5 X 1074 M CuS0y, 9.5 X 1074 M glycine, N;O satur-
ated, pH 7.5; A, 5 X 1074 M CuSO0;, 9.5 X 107 M «-alanine,
N,O saturated, pH 7.2.

drated electrons.’® It can be concluded therefore that
in the irradiated solutions OH radicals were formed with
a yield of G ~ 5.5 (molecules/100 eV absorbed) and H
atoms were formed with a yield up G =~ 0.5.1? The H
atoms are expected to reduce some of the copper com-
plexes, and the OH radicals, to oxidize them.? The
spectra observed are very similar to those of Cu(III),q."
Cugqt is known to have no absorption band in the
region studied.!* Furthermore, the initial absorption
decreased by about 509, when Ar-saturated solutions
were irradiated instead of NyO-saturated solutions. It
is concluded therefore that the absorption spectra mea-
sured are due to oxidation products. The free amino
ligand reacts slowly with the OH radical in neutral
solution'%®1" and so, even if a low concentration of it is
present, would not compete with the complex for OH
(17) M. Anbar, D, Meyerstein, and P. Neta, J. Chem. Soc. B, 742 (1966).
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radicals. - Furthermore, the absorption maxima of the
radicals formed by H abstraction from the amino lig-
ands all lie below 250 nm.#*® It is concluded that the
observed spectra are due to Cul'lL, complexes formed
by the oxidation of the corresponding CullL, complexes.
(A small contribution of Cu™L,; cannot be ruled out.)
It is evident from Table I that the position of the
maximum of absorption of the Cu(III) band is only
slightly affected by the different ligands, being shifted
by 10-20 nm to the red relative to the aquo complex.
The absorption coefficient at Ayay decreases from glycine
to alanine and the different butyro amino acids. Part
of this decrease might be due to hydrogen abstraction
by OH radicals from the amino acid ligands at sites re-
mote from the NH, group, thus decreasing the Cu(III)
yield. The decrease in the absorption at A,y seems to
be larger than that calculated from the known specific
rates of reaction of OH radicals with the complexes
(Table II) and with different RCH;, RoCH,, and R;CH

TaBLE II

SrECIFIC RATES OF FORMATION AND DISAPPEARANCE
oF DirrerENT Cu(111) COMPLEXES®

k(OH + E(CulllL,; —

CullLy)b CulIL;+pro-

Ligand pH M-1secm! duects),® sec ™1

H,O 5.7 3.1 X 108 <1.0 X 10?2
NH,¢ 11,1 1.3 X 108 <1.0 X 102
Ethylenediamine 6.5 3.0X10° <3.0 X 10°
11.2 8.0 X 10® ~1.2 X 102

Glycine 6.1 1.5 X 10° 6.0 X 10°
7.5 . 2.2 X 104

a-Alanine 6.3 1.4 X 10° 8.0 X 10
B-Alanine 5.8 1.2 X10° 7.0 X 103
a-Amino-n-butyric acid 6.1 2.0 X 10° 5.0 X 103
B-Amino-n-butyric acid 6.0 1.2 Xx10° 4.5 X 10®
v-Amino-n-butyric acid 4.8 1.1 X 10® 1.2 X 108
a-Aminoisobutyric acid 6.2 1.8 X 108 1.5 X 103
7.3 2.5 X 108

2 Solution composition: (5-50) X 1075 M CuSO,; the ratio of
concentration of amino ligand to Cu?* was 1.9; N,0 saturated.
® The error limit is ==209,. ¢ Rirst-order disappearance rate of
Cu(III) complexes. The error limit is ==309,. ¢ [NH,] = 0.2
M. ¢ The reaction measured is NH, + Cu(NH;),2+ — Culll.
(NHj;), (see text).

groups.” However the effect of copper on the latter
rates is not known.

It has been suggested that the absorption spectrum
of Cu(IlI),, is due to a charge transfer from the ligand
to the central copper atom.** It should be mentioned
that the absorption band of the Cu(III) complexes is
unsymmetrical and might therefore be due to two over-
lapping transitions. The relatively small effect of
changing the ligands on the position of the absorption
maxima seems difficult to reconcile with the charge-
transfer assignment. It has to be concluded that more
experimental data on the spectra of different Cu(III)
complexes are needed in order to identify the transi-
tions involved.

Kinetics of Formation and Disappearance of the
Cu(IIl) Complexes. The Ammonia Complex.—Solu-
tions saturated with N,O and containing 0.2 M/ NH; and
(1-20) X 10—* M CuSO4 at pH 11.1 =+ 0.1 were irradi-
ated. By following the absorption at 300 nm the spe-
cific rate of formation of the Cu™(NH;), complex was
determined to be £ = (1.3 = 0.2) X 10® M sec™™
The specific rate of the reaction

OH + NH; —» H;0 + NH, @)
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is ~5 X 10" M~! sec~1.1® It is evident that the reac-
tion observed is not that of OH radicals with Cu-
(NH;)** because k[OH][NHz] > komrcuan[OH]-
[Cu(II)]. Itis suggested that the reaction observed is

H:0
NH; + Cu(NHs)+ —> NH; + Culll(NH;), 3)

This would also explain the observation that the spe-
cific rate of oxidation of Cu(NH;).2t is lower than that
of Cu,q®* whereas for all the other amino complexes the
specific rates are higher (Table II).

The disappearance of Cul'l(NHj;), in N,O-saturated
solutions was found to obey a second-order mechanism
with a specific rate of 26 = (3.0 = 0.5) X 10" M~!
sec™l. This rate of reaction is very similar to that
found for the disappearance of Cu(IIl),, where 2k =
4.6 X 10" M~ sec'1? and of Culll(en), at pH 11.6
where 2k = 3.9 X 10" M~ sec™! (see below).

The Ethylenediamine Complex.—Solutions satu-
rated with NoO and containing CuSO, and ethylenedi-
amine in the ratio 1:1.9 were irradiated. The specific
rate of the reaction

OH + Cu(en)?t —>» Culll(en). (4)

was measured to be (3.0 £ 0.6) X 109 (5.0 = 1.0) X
10% and (8.0 = 2.0) X 10° M~!sec™! at pH 6.5, 10.2,
and 11.2, respectively.

The mechanism of disappearance of the Culll(en),
complex was studied and found to obey a second-order
rate law (Figure 2). The specific rate of the disappear-
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Figure 2.—S8econd-order disappearance plot for the Culll(en).
complex. Solution composition: 1078 M CuSQ,, 1.9 X 10-3 M
ethylenediamine sulfate, N,O saturated, pH 6.4.

ance reaction was found to increase with increasing pH
(Table III). Furthermore a growing contribution of a
first-order process was observed with the increase in pH.

(18) I.Latiand D. Meyerstein, to be submitted for publication.
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TasBLE II1

THE EFFECT oF pH AND OF ExCEss ETHYLENEDIAMINE
oN THE RATE oF DEcoMPosITION oF Cu™(en)s®

pH len]? M 2k2,° M ~1 sec™t k1,4 sec=1
5.8 9.5 X 10~¢ 5.5 X 108 <3.0

6.6 9.5 X 10~¢ 1.3 X 108

7.8 9.5 X 10—¢ 2.0 X 108

8.8 9.5 X 1074 4.9 X 10°

9.3 9.5 X 1074 8.1 X 108

9.3 1.95 X 108 2.4 X 107 ~6.5 X 10
9.6 1.95 X 10— 3.4 X 107 ~1.0 X 102
10.0 9.5 X 10— 1.7 X 107
10.0 1.95 X 1073 6.6 X 107 ~1.7 X 10?
10.3 9.5 X 10—+ 2.0 X 107
10.6 1.95 X 1073 ~2.1 X 108 3.0 X 10?
10.7 9.5 X 10—¢ 2.3 X 107
11.3 9.5 X 10—+ 3.0 X 107
11.3 1.95 X 16~ 3.8 X 10?
11.6 9.5 X 10~¢ ~3.9 X 107 1.2 X 10%

s All solutions contained 5 X 10—¢ M CuSO, and were N,O
saturated. ? Concentration of ethylenediamine sulfate. ¢ Spe-
cific rate of disappearance when the mechanism obeyed a second-
order rate law. < Specific rate of disappearance when the
mechanism obeyed a first-order rate law,

At pH 11.60 the reaction is better described as a first-
order process with a specific rate constant of 1.2 X 102
sec™ L
It has to be concluded that the intramolecular reac-
tion
H,C—H;N
ks
Cudt —6> Cu?* 4+ NH,CH,CH,NH; + H:O* (5)
H> '
H,C—H,N

suggested for explaining the steady-state radiolysis of
neutral copper ethylenediamine solutions?®” is too slow
to be observed under our conditions. An upper limit
for this reaction rate at pH 6.0 of k; < 3.0 sec™}, could
be calculated, from the initial slope of a plot of In OD
vs. t. The latter value is in agreement with 2 = 1.7 X
10—3 sec~! determined for the oxidation of tetraalanine
by a central Cu(III) atom, where a C-H bond « to a
peptide N atom, and not « to a free amino group, is
oxidized.* The fact that G(NH;) = G(OH) in the
radiolysis of NyO-saturated solutions at low dose rates,
~10% rads/min,? indicates that under these conditions
reaction 5 takes place. It is suggested that reaction 5
is then followed by

Cu(en)2“ + NHzCHzCHNHz + 2H,0 —>
Cu(en)* + NH,CH,CHO + NH; 4 H;0* (6)

as it is known that radicals « to an amino group are
strong reducing agents.>!® This mechanism accounts
for all the experimental results under low dose rate con-
ditions.

It is suggested that the mechanism of the disappear-
ance of Cul™(en), under the high dose rate conditions is

k
2Cul™{en). —1> Culen)s?t + Cu(en)?+ +
+*NH;CH.CHO + NH; (7)

The increase in k; with increasing pH might be ex-
plained by two alternative mechanisms.

Mechanism a.—It is plausible that the Cu!ll(en),
complex behaves as an acid in basic solutions

Culen)y(H:0)*+ + OH~ = Culen);(OH)(H.0)** + H,O (8)

(19) H, Cohen and D. Meyerstein, to be submitted for publication.
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or
CH:NH, NH,CH,?+
Cu/ + OH- &=
CHzNHz/ NH,CH.
CH:NH, NH,CH,2+
\Cu + H:0 (9)
CHZNHz/ NHCH,

Similar basic forms of different amino complexes of
trivalent cations are known.'® It might be argued that
the reaction corresponding to reaction 7 for such a basic
form is much faster than reaction 7.

Mechanism b.—It is possible that at high pH’s the
equilibrium reaction

k/
Cu'l(en); + OH~ 2 Culen)?* + OH (4a)
k

begins to contribute to the mechanism. If the reaction

Cull(en); + OH —> Cu(en)?* 4+ products (10)

is faster than reaction 7, an increase in k with increasing
pH is expected. This mechanism is similar to the
mechanism suggested for the disappearance of Cu(III),,
in acid solutions,*? namely

Cu(Ill)aq === Cu?* + OH (11)

k
OH + Cu(IT1)eq —> Cu?* + H;O, (12)

2Cu(II)ag > 2Cu?* + HL0,
where k1 >> k.

In order to check this mechanism, the effect of a small
excess of ethylenediamine on the mode of disappearance
of Culll(en), in basic solutions was studied. The re-
sults are summarized in Table III. It can be seen that
the free en increases the specific rate of disappearance of
Cull(en);. Furthermore under these conditions a
first-order process becomes the dominant reaction at
lower pH’s. These results are in agreement with a

mechanism consisting of equilibrium 4a and reactions
7, 10, 14, and 15.

(13)

OH + NH,CH.CH:NH: — H;0 + NH.CH.CHNH, (14)
NH,CH,CHNH; + Cu(en);?* + 2H,O —>
Cu(en)g*' + NH3 + +NH3CH2CHO (15)

It is believed that this mechanism explains the in-
crease in k; with increasing pH. This mechansism is
also in agreement with the mechanism suggested for ex-
plaining some of the features of the electrocatalytic oxi-
dation of ethylenediamine on Pt electrodes in the pres-
ence of Cu?+.20

It has been suggested that the reaction

2H* + 0,~ + Culen)t* —> Culli(en), + H;0; (16)

occurs in Oe-saturated solutions in low dose irradia-
tions.®” Solutions of (1-5) X 10—* M Cu(en),?t+ and
5 X 10~? M CH;3;0H at pH 5.5 saturated with O, were
irradiated and no formation of Cu(III) was observed.
It has to be concluded that reaction 16 is too slow to
compete with the radical-radical reactions under the
high dose rate conditions.

Amino Acid Complexes.—The specific rates of the
reaction

OH + Cul'lLy, —> Cu!lL; (L = amino acid) (17)

(20) I. Fried and D. Meyerstein, J. Electroanal. Chem., 29, 429 (1971).
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were measured by following the formation of the ab-
sorptions due to CulllL; in solutions saturated with N;O
and containing (2-10) X 10—% M CullL;. (A ratio of
[L]/[Cu?*] = 1.9 wasused.) The results are summa-
rized in Table II. It has to be concluded that the effect
of the different amino acid ligands on the specific rate
of oxidation of Cu?t is similar to that of ethylenedi-
amine.

On the other hand it was found (Table II) that the
mechanism of disappearance for all the CuL, com-
plexes obeyed a first-order rate law, the specific rate of
reaction being nearly independent of the nature of the
amino acid. It should be noted that as the radicals,
formed in the decomposition reaction of CuL,, also
cause transient absorptions, the measurements were car-
ried out at 350 nm where the ratio of the absorption co-
efficients of the Cu(III) complexes to the organic radi-
cals is high. Still the accuracy in determining ki is
relatively low as the organic radicals formed disap-
peared at a similar rate. Typical results for the disap-
pearance reaction (eq 18) of Culli(gly), (gly = glycine)

ks
CullL, —> Cul! L + oxidation products (18)

are shown in Figures 3 and 4. The specific rate of this

a
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Figure 3.—Optical density vs. time plot for the disappearance of
Culll{gly),. Solution composition: 2 X 107*% M CuSO4, 3.8 X
10~* M glycine, N,O saturated, pH 7.5.

reaction was found to be k3 = 2.2 X 10¢ M~!sec—! at
pH 7.5.

In considering the mechanism of reaction 18 several
features of the kinetics should be taken into account.

(a) Reaction 18 obeys a first-order rate law for all
ligands. The specific rate of reaction depends only
slightly on the nature of L, is independent of the con-
centration of CullL,, and increases with increasing pH.

(b) Themechanism of disappearanceis clearly differ-
ent from that observed for Cull(en), and copper(III)
peptide complexes.!!
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Figure 4 —First-order plot for Figure 3, calculated assuming OD,
= 0.05.

(¢) The specific rate of reaction, ks, 1s independent
of the fact whether the amino group is « to or remote
from the carboxylic group. %55 is also not affected by
the absence of a hydrogen on the carbon « to the amino
group (a-aminoisobutyric acid). The latter finding is
of special interest as it was shown that Cu?* ions do not
catalyze the oxidative deamination of the latter amino
acid under conditions where they catalyze the deamina-
tion of other amino acids.”2?

It is suggested therefore that the first and rate-deter-
mining step in the decomposition of Cu™L, is

Culll(NH,RCO: ™)y —> Cull(NH,RCO,~) + NH;RCO,: (19)

Reaction 19 is an intramolecular electron-transfer reac-
tion. This reaction might be followed by (the equa-
tions are given for NH,RCO,~ = glycine)

Cut + NHQCHgCOz —> Cu?t + NHQCH2C02_ (20)
or

NHQCHgCOz' + NH2CH2C02— + Hzo —_
NH,CH,CO,~ + NH,CHCO,~ 4+ H;0* (21)

reactions which have been suggested in the literature.®
The reaction

NH:CH,CO;+ —> NH,CH,- + CO: (22)

might also contribute and explain the relatively large
CO, yield, G(CO,) = 3.1, observed in steady-state
radiolysis.® This mechanism seems to account for all
the observations. Thus it explains why %y (which
equals kyg) is nearly independent of the amino acid used.
However no deamination is expected as long as no hy-
drogens « to the amino group are available. This
mechanism explains also the difference in behavior be-
tween amino acids and ethylenediamine or peptides as
ligands. It is of interest to note that if the interpreta-
tion that the disappearance of CullL; via reaction 19
is correct, then this intramolecular electron-transfer re-
action is much slower than expected for a reaction where
the oxidizing agent, Cu(III), is directly bound to the
reducing agent, “O,CR. It would seem therefore that
the only factor which is slowing down the reaction is the
Franck-Condon rearrangement; however it seems un-
likely that this would take about 100 usec. It might be

(21) 1. Pecht, Ph.D. Thesis, The Weizmann Institute of Science, Reho-
voth, Israel, 1967,
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argued that this intramolecular electron transfer is slow
as it requires a transfer of an electron from a = orbital
of the carboxylic group to an e, orbital on the copper
ion. Itis well known that the e, orbital which has a ¢
symmetry with respect to the metal-ligand bond does,
therefore, not overlap effectively with = orbitals of the
ligands. It should be mentioned that this is only a
speculative attempt to explain the experimental data.
The Reaction between Cu(IIl),, and CulNH.CH,-
CO..—Solutions saturated with N,O and containing
1073 M CuSO, and 107%-10—* M glycine were irradi-
ated, and the disappearance of the Cu(III), formed by
the pulse, was followed. Under these conditions all the
Cu(III) formed in the first stage is Cu(III),, and not

Culllgly. It is known that the mechanism of disap-
pearance of Cu(III),, in neutral solutions is'?

k2
2CU(ITT)ag o

2Cu?T + HO; 2ky = 4.6 X 10" M~1sec™1 (23)

It is also known that no hydroxyl radicals are formed as
an intermediate in reaction 23.12 However it was found
that in the presence of small amounts of glycine the
mechanism of the disappearance of Cu(III) was first
order in glycine. The results obtained are summarized
in TableIV. TUnder the experimental conditions all the

TABLE IV
THE EFFECT OF GLYCINE ON THE SPECIFIC RATE
OF D1SAPPEARANCE OF Cu(III)aq®

{Glycine], E(Cu(IIl)aq + Cullgly),

M kobsd,b sec ™! M ~1sec™?
0 <1.0 X 10% .
1 X 10t 1.45 X 10% 1.45 X 108
2 X 10 2.56 X 102 1.28 X 108
4 X 10~ 3.3 X 10? 8.2 X 107
8 X 1078 6.7 X 10? 8.4 X 107
1 X 108 7.7 X 102 7.7 X 107
3 X 1078 2.4 X 10% 8.0 X 107
1 X 104 6.7 X 10® 6.7 X 107
Cu(gly ) 6.0 X 108 .

a All solutions contained 1078 M CuSO, at pH 5.5 and were
N;O saturated. ? The observed first-order rate. The error
limit is =109%. ¢ [CuSO4] = 5 X 10~* M, [gly] = 9.5 X 10~¢
M; pH6.1.

glycine in the solution is complexed as Cu(gly)+ and it
is suggested that the mechanism of decomposition of
Cu(III).q under these conditions is

Cu(IIl)aq + Cullgly —» Cu?* 4 Culllgly (24)
Culllgly —> Cu?" 4 oxidation products (25)

Reaction 25 is very similar to reaction 19 and is ex-
pected to have a specific rate of ~6 X 10%sec™. Reac-
tion 24 will therefore be the rate-determining step in the
disappearance of Cu(III)a,. Only at high glycine con-
centrations is reaction 25 expected to contribute. This
might be the cause for the observed decrease in rate at
the highest glycine concentration used. The specific
rate of reaction 24 thus determined is ks = (81 =
0.5) X 10" M~ sec™™

The high specific rate of reaction 24 suggests that the
redox potential of the couple Cullgly-Cul!lgly is appre-
ciably lower than that of the couple Cu(IT)aq—Cu(IID)eq.
The latter finding is in agreement with other observa-
tions concerning different amino complexes of cop-
per,11:20,22

(22) A. Levitzkiand M. Anbar, Chem. Commun., 403 (1968).
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The relatively high rate of reaction observed for reac-
tion 24, when considered with the relative stability of
copper(III) peptide complexes,!! might explain in part
the high selectivity in the copper-induced radiolytic de-
activation of enzymes.*¥ We are planning to ektend
this study to other copper complexes of biological im-
portance.
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The rate constants for the ligand exchange reactions of CyDTA with the lead(II) complexes of /-PDTA, d-PDTA, and
CyDTA and the exchange of d-PDTA with the lead(II) complex of /-PDTA haye been measured by polarimetric techniques.
Each reaction shows a pathway which is first-order in both entering ligand tetraanion and lead complex concentrations.
It is found that one optical isomer of CyDTA exchanges more rapidly with optically active lead~PDTA than does the other.
At high pH, the rate of exchange of CyDTA with lead-PDTA is increased and a parallel reaction pathway involving hydrox-
ide ion is proposed. These rate constants are compared with those previously obtained for the exchange of EDTA with the
lead(IT) complexes of EDTA and PDTA and the steric effects of the alkyl substituents are discussed. The effect of potas-

sjum ion on the observed reaction rates is interpreted in terms of known stabilities of potassium complexes.

stants obtained are as follows:

The rate con-

for d-CyDTA with lead-d-PDTA or lead—I-PDTA, 1.38 = 0.02 M1 sec™!; for [-CyDTA

with lead--PDTA or lead-d-PDTA, 2.86 = 0.08 M ! sec™! for &-PDTA with lead-/-PDTA, 1.58 &= 0.07 M ~! sec™!; for
d-CyDTA with lead-/-CyDTA, (8.77 3= 0.33) X 1072 M ~tsec™L

In a previouts work! the ligand-exchange kinetics of
EDTA? with lead~PDTA and with lead-EDTA were
meastired. In order to observe further the effect of a
change in ligand structure on the rate of exchange, the
kinetics of ligand exchange of CyDTA with lead-I-
PDTA and lead—d-PDTA (eq 1, with protons omitted)
and d-PDTA with lead-/-PDTA (eq 2) are measured
by observing the change in optical rotation. Also, the
exchange of CyDTA with lead-CyDTA (eq 3) is meas-
ured by polarimetric techniques.

Cy*~ 4 PbL2~ —> PhCy?~ + L4~ 1)
L4~ + PbL~ — PbL?~ 4 Lé- @)
Cy*~ + PbCy?~ —> PbCy?~ + Cy*~ 3)

Ionic charges represent the predominant species of
reactants and products in the pH range studied. The
pH dependencies of reactions 1-3 are analyzed and in-
terpreted. Activation parameters for reaction 2 are
measured. A comparison of reaction rates in potassium
ion and cesium ion is interpreted in terms of recently
measured stability constants of potassium complexes of
CyDTA® and PDTA* and acidity constants of these lig-
ands in the absence of potassium. '

Experimental Section

A standard solution of CyDTA was prepared by dissolving
doubly recrystallized CyDTA (Aldrich Chemicals Co., Inc.) by
neutralization with KOH or CsOH as appropriate and titrating

(1) J. D. Carr, K, Torrance, C. J. Cruz, and C. N. Reiliey, Anal. Chem., 89,
1358 (19867).

(2) Abbreviations used: EDTA or Y, ethylenediaminetetraacetate;
PDTA or L, propylenediaminetetraacetate; CyDTA or Cy, trens-1,2-cyclo-
hexanediaminetetraacetate.

(8) J.D.Carrand D, G. Swartzfager, Anal. Chem., 48, 1238 (1970).

(4) J. D. Carr and D. G. Swartzfager, ibid., 48, 583 (1971).

with a standard copper solution using SNAZOXS indicator.*
Solutions of /-PDTA, d-PDTA, dl-PDTA, lead-d-PDTA, and
lead-I-PDTA were prepared as previously described* and lead-
CyDTA was prepared in the same manner as lead-PDTA.
Optically active CyDTA was prepared by resolving trans-1,2-
diaminocyclohexane with tartaric acid and subsequent reaction
with potassium chloroacetate (seeref 6 for details).

Solution ionic strength was maintained at 0.5 with KNO; or
CsNO; as appropriate. Solution pH was adjusted by adding
HNO;, KOH, or CsOH and was measured on a Corning Model 12
pH meter equipped with a Corning semimicro combination elec-
trode. In many cases the potassium ion activity was measured
after the kinetic reaction with an Orion potassium specific ion
electrode.

Exchange reactions 1-3 were measured at 365 nm on a Perkin-
Elmer Model 141 polarimeter with a Sargent Model SR recorder
attached as previously described.! For the faster reactipns a
mixing device consisting of two 10-ml syringes and a counter-
current mixing block was used to fill the polarimeter cell, allow-
ing measurement of optical rotation in less than 10 sec after mix-
ing. Different initial reactant concentrations were used and in
each case a 15- to 60-fold excess of entering ligand was present
to force the reaction to completion. Solution pH was measured
at the temperature of the kinetic run.

The rate of exchange of reaction 1 was followed polarimetrically
by measuring the rates of the reactions

dl-Cy¢~ + Pb--L?~ —> Pb-d-Cy?~ + Pb.l-Cy?~ + L.Lé~  (4)
dl-Cy*= + Pb-d-Lt= —> Pb-d-Cy?~ + Pb-I-Cy?~ + d-L+= (5)

I-Cy¢~ + Pb-l-L2~ —3 Pb-I-Cy?~ 4 [-L4- 6)
I-Cy¢= + Pb-d-Lt~ —> Ph-I-Cy?~ + d-L¢- Q)
d-Cy*~ + Pb-l-L2~ —3 Pb-d-Cy?~ + [-L¢~ (8)
d-Cy*~ + Pb-d-L?~ —> Pb-d-Cy?~ + d-L¢- ©)

Reactions 4 and 5 were performed in the presence of cesium and

(5) G. Guerrin, M. V. Sheldon, and C. N. Reilley, Chemist-Analyst, 48,
36 (1960).
(6) P. E. Reinbold and K. H. Pearson, Inorg. Chem., 9, 2325 (1970).





