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Abstract : The kinetics of the interaction of two glycine-containing dipeptides, namely, glycyl-L-leucine (L1-L'H) and 
glycyi-L-isoleucine (L2-L'H) with [Rh(H20)50H]2+ has been studied spectrophotometrically in aqueous medium as a 
function of [Rh(H20)50H2+], [dipeptide], pH and temperature at constant ionic strength. At pH 4.3, where the substrate 
complex and dipeptides exists predominantly as hydroxopentaaqua species and zwitter ion respectively. The reaction has 
been found to proceed via two parallel paths : both processes are ligand dependent. The rate constant for the processes 
are : k1 -10-3 s-1 and k2 -10-5 s-1. The activation parameters for both the steps were evaluated using Eyring's equation. 
Based on the kinetic and activation parameters an associative interchange mechanism is proposed for both the interaction 
processes. The low AHt and large negative value of AS1-. as well as AHl and ASl indicate an associative mode of 
activation for both the aqua ligand substitution processes for both the parallel paths. The product of the reaction has 
been characterized, as IR and ESI-mass spectroscopic analysis. 

Keywords : Kinetics, interaction, glycyl-L-leucine, glycyl-L-isoleucine, hydroxopentaaquarhodium(m) ion. 

Introduction 

A full understanding of the modes of action of metal 
based antitumoral drugs requires the study of their inter
actions with all possible biological targets, including amino 

acids, hormones, peptides and proteins. It is reasonable 

to expect that any injected metal drug will present some 
kind of interaction with these macromolecules, which could 

crucially determine its bioavailability and toxicology. 

However carcinostatic properties of platinum complexes, 
especially of cisplatin1, involve special impetus to re

search on interaction of the metal ion with nucleic acid 

constituents2-4. Similarly, in combination with other drugs, 

it is effective against ovarian, small cell lung, bladder, 
brain and breast tumors5. However, it has several side

effects, and of particular importance is the renal damage 
which is correlated to platinum binding and inactivation 

of renal thiol-containing enzymes6•7. A large number of 
analogs of cisplatin have been tested and it has been re

ported that many active complexes could react with DNA 
and inhibit its synthesis8-l2. Other transition metal com

plexes with favorable anti-tumor activity are gold, rhodium 
and palladium complexes6, 7. The interaction of rhodium( II) 

and platinum group metal antitumoral compounds with 
serum albumin has been reported by Esposito and Najjar2, 

where rhodium is thought to react mainly through coor
dination with the imidazole group of histidine residues. 
In some earlier studies a series of antitumoral rhodium(n) 
carboxylates, for example, Rh2(CH 3C02)4, 
Rh(CH 3CH2C02), Rh2(CH 3CH2CH 2C02)4 and 
Rh(CF3C02)4 were found to bind quickly to albumin13. 

Many rhodium, ruthenium, iridium ami palladium com
plexes have also been reported to have considerable anti
bacterial behavior14,I5. Rhodium and iridium complexes 
are also being explored for their medicinal properties as 
potential anticancer agents !6. 

This work describes the detailed kinetic and mecha
nistic studies of aqua ligand substitution from 
hydroxopentaaquarhodium(m) ion by dipeptide which is 
a model dipeptide. This work is also interesting from 
kinetic view point showing a parallel reaction scheme. 

Results and discussion 

From the pK3 values17 of the dipeptides, it is clear 

that at pH 4.3 the major species involved in the kinetic 
process are the zwitterionic form of the peptides. 
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On the other hand the ionization of [Rh(Hp)6]3 + may 

be given as: 

Kc(l) 
[Rh(H20)6]3+ [Rh(H20)50H]2+ + H+ (1) 

Kc(2) 
[Rh(H20)50H]2+ ~===:7 

[Rh(H20)4(0Hh]+ + H+ (2) 

The pKc(l) and pKc(2) values of [Rh(H20)6]3+ are 3.6 
and 4.7 respectively at 25 ocl8. Other reports on the 

pKc(l) value are 3.2, 3.4 and 3.45 (references are given 
in 18). With increase in pH, the proportion of the more 

labile hydroxopentaaquarhodium(III) ion increases. The 

hydroxide ligand increases the water exchange rate of 
[Rh(H20)50H]2+ relative to (Rh(H20)6]3+ 19. In the stud

ied pH range, dipeptides (L-L'H) exist mainly as the di

polar ion. As the pH increases the proportion of the more 

reactive anionic fQrm increases and since the ligating ca

pability of the deprotonated ligand is always higher than 

its dipolar ion form, the rate increment with rise in pH is 

partly accounted for. The pH range chosen in the present 

study is 3.0 to 4.3, where the active species involved in 

the reaction is L-L'H. At pH higher than 4.5, the system 

becomes turbid and the hydrous oxide of rhodium was 

precipitated quantitatively when the molar ratio of hy~ 

droxyl to rhodium, [OW]/[Rh3+], reached three20. 

At constant temperature, pH (4.3) and fixed concen-

tration of complex (A) the In (Aoo- At) versus time (t) plot 
for different ligand concentration indicates a two-step 

process. Both are dependent on the incoming ligand con-

centration, and with increasing ligand concentration a li-

miting rate is reached. Job's method of complexation in-

dicates a 2 : 1 metal-ligand ratio in the product complex. 

This is possible only when a bridged complex is formed. 

The rate constant for such process can be evaluated by 

assuming the following Scheme 1. 

where, L, the ligand reacts to both of the Rh centres [(1) 

and (2)] in a parallel fashion. In the starting complex 

there are two equivalent rhodium(III) centers. Now the 

ligand has two donor centres. As rhodium(III) is a bor

derline centre, during the ligation two donor centres at

tack in two parallel speeds (k1 -10-3 s-1 and k2 - w-5 

s-1), which is shown in the mechanism and conclusion 

section. 

Calculation of k 1 value for the A ~ B step : 

The rate constant for the first phase of the reaction 

A ~ B was calculated from the absorbance data using the 

Weyh and Hamm21 equation. 

(Aoo- At) = a1 exp (-kl(obs) t) + a2 exp (-~(obs) t) 
(3) 

where a 1 and a2 are constants that depend upon the rate 

constants and extinction coefficients. 

Values of a2 exp (-~(obs) t) at different times (when t 

is small) were obtained from the linear portion of the 

curve (Fig. 12) extended tot equals zero, i.e. 

a2 exp ( -k2(obs) t) = (Aoo- At)limiting 

Therefore values of (Aoo- At) - a2 exp ( -~(obs) t) were 

calculated from X andY values (Fig. 12) at different t; 

11 = a1 exp (-kl(obs) t) 

or, ln 11 = constant- kl(obs) t (4) 

kt(obs) was then derived from the slope of ln 11 versus 

time, when for small values of t (Fig. 13). A similar 

procedure was applied for each glycyl-L-leucine concen

tration in the 2.50 X 1Q·3 mol dm-3 to 7.50 X 10-3 mol 

dm-3 range using the experimental conditions specified 

in Table 1. The kl(obs)·values are collected in Table 1. 

The rate increases with increase in [L1-L'H] and 

reaches a limiting value (Fig. 1). The limiting rate is 

probably due to the completion of outer sphere associa-

A-'OU,') 
\H C~on 

A-:->=0 
Scheme 1 
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Table 1. 103 kl(obs) (s-1) values for different dipeptide concentra
tions at different temperatures 

[Complex A] = 2.5 x 10-4 mol dm-3, pH = 4.3, 
ionic strength = 0. 1 mol dm-3 NaCJ04 

Ligand Temp. 103 [Ligand] (mol dm-3) 

(±0.) 0 C} 2.50 3.75 5.00 6.25 7,50 

L 1-L'H 50 1.95 2.48 3.09 3.39 3.66 

55 

60 

65 

L2-L'H 50 

55 

60 

65 

8 

4 
~ 

'j 
$ 
.! 
0 

.; 

9 

0 

2.15 

2.36 

2.75 

2.09 

2.47 

2.75 

3.25 

2.90 

3.17 

3.55 

2.78 

3.14 

3.56 
4.20 

3.36 

3.62 

4.09 

3.15 

3.78 

4.10 

4.78 

2 3 4 5 8 

103 [L1-L'H] (mol dm'3) 

3.68 4.18 

4.07 4.55 

4.72 5.32 

3.56 4.03 

4.17 4.57 

4.64 5.06 
5.46 5.78 

7 8 

Fig. 1. Plot of kl(obs) versus [0-L'H) at different temperature, A 
= 50, B = 55, C = 60 and D = 65 °C. 

tion complex formation. Since the metal ion reacts with 

its immediate environment, further'change in [L'-L'H] 

beyond the saturation point will not affect the reaction 

rate. The outer sphere association complex may be stabi

lized through H-bonding22,23. 

Based on the experimental findings, the following 

Scheme 2 may be proposed for the step A ~ B; 

Outer sphere association complex 

k 
A·(L-L'H)·A ~ B (Rh(l)) 

Scheme2 

Based. on the above scheme a rate expression can be de
rived for the A ~ B step 

d[B]/dt = k1KE[Rh(H20)5(0H) 2+]2[dipeptide] (5) 

or, 

(6) 

where T stands for total concentration of Rhm. We can 

then write, 

kl(obs) = k1KE.[L-L'H]/(1 + KE [dipeptide]) (7) 

where k1 is the rate constant for the A~ B step, i.e. the 

rate constant for the interchange of outer sphere complex 

to the inner sphere complex; KE is the outer sphere asso

ciation equilibrium constant. 

The equation can be represented as : 

llk1(obs) = llk1 + llk1KE [dipeptide] {8) 

The plot of 1/kl(obs) against 1/[dipeptide] should be linear 

with an intercept of llk1 and slope 1/k1KE. This was 

found to be the case at all temperatures studied. The k 1 

and KE values were calculated from the intercept and 

slope (Fig. 2) and are collected in Table 3. 

.-, 
'j 
$ 

11 
0 

~-

9 

0.8 

0.5 

0.4 

D 

0.3 

0.2 

0.1 

0.0 +-~..-~r--.--,r--"--r~--r~--r~.....--.--.~ 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 

I/[L1-L'H] (dm3 mol"1) 

Fig. 2. Plot of 1/kl(obs)against 1/[ 0-L'H], A= 50, 8 =55, C = 
60 and D = 65 °C. 

The rate constants for this step were calculated from 

the latter linear portions of the graphs and are collected 

in Table 2. This is again dependent on fdipeptide] and 

shows a limiting value at higher ligand concentrations 

(Fig. 2). The coordinated dipeptide at any of the 

rhodium(III) centres now attacks the second rhodium(III) 

centre. The intermediate here is also possibly stable 
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Fig. 3. Plot of k2 (obs) versus [L1-L'H] at different temperature, 
A = 50, B = 55, C = 60 and D = 65 °C. 

through H-bonding between coordinated water and the 
approaching dipeptide dipolar ion. When two paths are 
parallel, then two rates are overlapping. When we are 
calculating the k1 ( -10-3 s-1), the contribution from~ 
(lo-5 s-1) is negligible; once again when we are calculat

ing k2, the k1 path is already completed. Thus there is no 
problem in calculating both the rate constants. 

The k2 and K' E for the A ~ B step is calculated in a 
manner similar to eq. (8) (Fig. 4) and data are collected 
in Table 3. 

Based on the experimental findings, a two step inter
change associative mechanism is proposed for the substi

tution process for both the paths. In the first step, an 

outer-sphere association complex is formed between the 

ligand and the two rhodium(III) centers, which is stabi

lized by the H-bonding between the incoming dipeptide 
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Fig. 4. Plot of 1/k2(obs) against 1/[ L1-L'H], A = 50 , B = 55, C 
= 60 and D = 65 °C. 

and the coordinated aqua molecules. Now the interchange 
of the ligand from the outer-sphere to the inner-sphere 
occurs. Both paths of the final phase of substitution reac
tion are the chelation step to give the product complex 
which is independent of dipeptide concentration. 

Effect of pH on the reaction rate : 

The reaction was studied at five different pH values 

(3.0, 3.3, 3.6, 4.0 and 4.3). The k1(obs) and k2(obs) values 
increased with increase in pH; at fixed concentration of 
(2.5 X 10-4 mol dm-3 of [complex A], 7.50 X w-3 mol 
dm-3 [L1-L'H]) and 0.1 mol dm-3 ionic strength, the 103 

kl(obs) values at 60 °C were 1.89, 2.18, 3.02, 3.97 and 
4.55 s-1 and 105 k2 values were 3.99, 7 .28, 9.32, 11.11 

and 11.89 s-1 at 3.0, 3.3, 3.6, 4.0 and 4.3 respectively. 

The enhancement in rate may be explained based on the 

acid dissociation equilibria of the reactants. A rate ex-
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pression for path 1 may be given : 

k1 KE Kc(l) Ka [dipeptide]1 
kobs = ------------

Ka Kc(l) (1 + KE [dipeptide]1) + 
[H+] (Ka + Kco)) + [H+]2 

where k1 and KE are rate constant and outer-sphere asso
ciation equilibrium constant and also Kc(l) and Ka are 
acid dissociation constants of [Rh(H20)6]3+ and for the 
ligand COOH. 

Further study of the substitution reaction was followed 
at pH 4.3 to avoid complications caused by adding an 

additional parameter [H+] to the rate equation. At pH 

4.3, the complex exists mainly in the hydroxopentaaqua 

form and the contribution due to the hexaaqua species is 
negligible. With increasing pH the complex also changes 
its form from aqua to hydroxoaqua and the hydroxide 
ligand increases the water exchange rate constant of 
[Rh(H20)5(0H)]2+ relative to [Rh(H20)6]3+. However, 

the dipeptide acts as a buffer during the reaction. 

Effect of temperature : 

The reaction was studied at four different tempera
tures for different ligand concentrations and the results 
are listed in Tables 1 and 2. The two rate constants k1 and 
k2 are sensitive to changes of temperature. The activation 

parameters for both the steps A ~ Rh1(B) and A ~ 
Rh2(B) were evaluated from the linear Eyring plots 

(Figs. 5 and 6). The activation parameters were collected 
in Table 4. 

Table 4. Activation parameters for [complex A] by dipeptides in 
aqueous medium, pH = 4.3 

Ligands !J..Ht"' !J..St"' !J..Hl 

(kJ mol-1) (JK-1 mol-1) (kJ mol-1) 

L 1-L'H 16.4 ± 0.7 -236 ± 2 87.5 ± 0.9 

L2-L'H 15.3 ± 0.8 -239 ± 2 84.9 ± 1.1 

!J..Sl 

(JK-1 mo1-1) 

-56 ± 3 

-63 ± 3 

The low 6.ff values are in support of the ligand par
ticipation in the transition state for both the steps. The 

high negative 6.st' values suggest a more compact transi
tion state, where both the incoming and departing ligands 
are attached in the transition state, and this is also in 

support of the assumption of a ligand participated transi
tion state. 

Mechanism and conclusion : 

Each dipeptide has one carboxyl group and one amino 

1/CS-7 

-34.25 

·34.30 

-34.35 

~ 

1-= 
~ -34.40 

,.-
:E -34.45 

-34.50 

-34.55 

• 

2.94 2.96 2.98 3.00 3.02 3.04 3.06 

-26.2 

-26.4 

-26.6 

-26.8 

~ -27.0 

1-27.2 
.,£ 
.s -27.4 

-27.6 

-27.8 

-28.0 

to'rqK"'J 

Fig. 5. Eyring plot for k1. 

• 

3.08 3.10 

2.94 2.96 2.98 3.00 3.02 3.04 3.06 3.08 3.10 

to'rr (K.'l 

Fig. 6. Eyring plot for k2• 

group at the opposite ends of the molecule. Because of 
neutrality of the amide group, the two terminal groups 
are the most effective bonding sites for metal coordina
tion but steric requirements preclude the simultaneous 
coordination of three groups to the same metal ion. Also 
tetra coordination complex formation may be possible 
when two metal ions are participated. 

The complex of dipeptides such as glycyl-glycine with 
various metal ions has been studied. The metal ions, which 
are able to promote amide deprotonation, are the most 
interesting in this field. A literature survey24 shows that 
Pdn, Cull and Nill are most effective in this respect. There 
are reports of Fell and Felli induced deprotonation of the 

amide grqups25·26. 
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Dipeptide may coordinate to Rhm ion in four ways. 

(i) Monodentate coordination through carboxylate-

0 to give 1 : 1 and 1 : 2 products. 

(ii) Bidentate coordination involving amino-N and car

bonyl-0 is expected to occur at low pH where 

amide deportation is difficuJt27. 

(iii) Tridentate coordination involving terminal car

boxylate-0, amide-N, and amino-N groups gives 

rise to two fused five-membered rings. This has 

been observed with Cu11 , Pd11 and Ni11 com

plexes26 in slightly alkaline medium. 

(iv) Tetradentate coordination involving amino-N, 

carbonyl-0, peptide-N, and carboxylate-0 gives a 

2 : 1 (metal : ligand) five-membered chelated 

product of high stability28. This type of chelation 

occur29 at and above pH 4. 

As the substrate is a hydroxopentaaqua complex at 

experimental pH 4.3 and Job's method confirms the for

mation of a 2 : 1 chelate product, so the first three possi

bilities are ruled out. At first the dipeptide binds to the 

rhodium center through carboxylate-o- and peptide-0 
which shows high affinity for Rhm, a borderline acid. 

The carboxylate-o- has more electron density and so it 
react faster rate than other. 

The interaction of dipeptide with the titled rhodium 
complex proceeds via two distinct parallel substitution 
steps of aqua molecules (k1 -10-3 s-1 and k2 -10-5 s-1). 

Each step proceeds via an associative interchange activa
tion. At the outset of each step outer sphere association 

complex results, which is stabilised through H-bonding 

and is followed by an interchange from the outer sphere 

to the inner sphere complex. The outer sphere associa

tion equilibrium constants, a measure of the extent of H

bonding for each step at different temperatures are evalu

ated (Table 3). The activation parameters values for both 

the steps suggest an associative mode of activation for the 

substitution process. The l:l.H 1 <F and l:l.H2 <F values and nega

tive l:l.S1<F and l:l.S{ values imply a good degree of ligand 

participation in the transition state. 

From a comparison of the dipeptides used, it can be 

concluded that the variation in size and bulkiness of the 

entering dipeptides reflects their properties as nucleophiles. 

The differences in reactivity of the selected dipeptides is 

obvious and their reactivity follows the order L1-L'H < 
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L 2-L'H. The sensitivity of the reaction rate towards the 

donor properties of the entering ligands is in the line with 

that expected for an associative mode of activation. In 

addition, donor effects (present in different R group of 

dipeptide) are more important than steric effect due to the 

presence of water molecules in the hydroxopentaaqua

rhodium complexes. Also the entering dipeptide was sta

bilized by hydrogen bonding with water molecule of 

hydroxopentaaquarhodium complexes. For the two dipep

tides increasing donor affects reactivity increases which 

reflects in their rate constants values. Also from ESI-MS 

measurement a chelated product in the final step is pro

posed. 

Based on the above facts, a plausible mechanism for 

the substitution has been proposed as shown in the fol

lowing (Fig. 7). 

Experimental 

[Rh(H20)6](Cl04)3 was prepared as per literature 

method30 and characterized by chemical analysis and 

spectroscopic data31 (Amax = 396 nm, E = 62 dm3 mol-1 

cm-1; Amax = 311 nm, E = 67.4 dm3 mol-1 cm-1). The 

reactant complex [Rh(H20)5(0H)](Cl04h (complex A) 

was obtained in situ (yield -90%) by adjusting the pH to 

4.3. Higher proportions of complex could not be obtained 

as the solution becomes turbid at higher pH. The reaction 

product of dipeptides (7 .5 x 1 o-3 mol dm-3) and complex 

A (2.5 x 10-4 mol dm-3) were (substituted complex; 

complex C and complex D) prepared by mixing the reac

tants in different ratios namely 1 : 1, 1 : 2, 1 : 3, 1 : 5 and 

1 : 10, and equilibrating the mixtures at 60 ± 0.1 °C for 

72 h. The absorption spectra of these mixtures (Fig. 8) 

all exhibited the same Amax (230 nm) with nearly identi

cal intensities. The composition of the product in the re

action mixture was determined by Job's method of con

tinuous variation (Fig. 9). The metal-ligand ratio was 

found to be 2 : 1. Doubly distilled water was used to 

prepare all the kinetic solutions. The ligand dipeptides 

were obtained from HIMEDIA. All chemicals used were 

of AR grade available commercially. The reactions were 

carried out at constant ionic strength (0.1 M NaCl04). 
Complex A and the ligand were mixed in 2 : 1 molar 

ratio in a reaction vessel and heated at 60 °C for 72 h, 

then transferred in a glass beaker and slowly evaporated 
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+ 

Dipeptide 

K/ K 
Rh(2~ "'ERh(l) 

OH 
/"·-. 

~-+----,0 ,'Q:-.... H, ' ' ~ ' ' 

R =- CH2CH(CH3) 2 

For GI)'Cyi-L-leucine 

H' C- N-H----0 
H I "-. I _ 

/ H H---:0 
0.:.:._--HycH,. "f"-c/'i:t/ol 

H H R '\./ 0----H 
Outersphere association complex 

OH 3+ 

2+ 

R=- CH(CH3)CH,_CH1 

For Glycyi-L-isoleucine 

H,_O 
Complex(A) 

4+ 

+ 
+ ~0 + ~0 

Fig. 7. Proposed mechanism for the interaction of dipeptide with the complex A. 

at room temperature and finally in a desiccators. This prod

uct was used for IR and ESI-mass spectroscopic analysis. 

We have characterized the product by IR and MS spec

trometric analysis which also substantiate our study. 
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o .. ~a»-L...IIlii...._._......_ __ _.__~__..J'-----'--~--' 
200.0 275.0 

Wavelength (run.) 
350.0 

Fig. 8. Spectra of the starting complex (A), glycyl-l.-leucine (L1-

L'H) substituted complex (C). glycyl-L-isoleucine (L2-L'H) 
substituted complex (D); [Complex A] = 2.5 x 10-4 mol 
dm-3, [dipeptide] = 7.5 x w-3 mol dm-3, pH = 4.3, cell 
used = l em quartz. 

0.6 

0.5 

0.4 

<J~ 0.3 

0.2 

0.1 

0.0 +-~-..--~--,-~-.,...-----.-~---, 
0.0 0.2 0.4 0.6 0.8 1.0 

[L]/[L]+[M] 

Fig. 9. Job's plot for reaction of complex A with glycyl-L-Jeucine. 

[Rh(H20)5(0H)]2+ and glycine-L-leucine (L1-L'H) were 

mixed in 2 : 1 molar ratio at pH 4.3 and a pale yellow 

product was obtained. The IR spectra of the pale yellow 

product in the KBr disc show strong bands in the region 

-3439-3071 cm-1 together with medium bands at 1626, 

535 and 402 cm-1• The asymmetric coo- stretching fre

quency (Vasym) of the amino acids occurs at 1580-1660 

cm-1 when the group is coordinated to metals, where as a 

non-coordinated coo- group has the v asym (Coo-) stretch

ing at lower frequency32 . The band at 1626 cm-1 is there

fore due to the vasym (Coo-) of the metal bounded car

boxyl group. The band at -3244-3071 cm-1 indicates 

NH stretching frequency. The presence of strong stretch

ing band at -3439 cm-1 indicates that product contains 
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aqua or hydroxyl ligands. The bands at 535 and 402 cm-1 

are assigned to v(Rh-N) and v(Rh-0) bond formation re

spectively33. An intense band of the v(C = O>amide at 1691 

cm-1 in the non-coordinated glycine-L-leucine undergoes 

a bathochromic of - 65 cm-1 shift in the IR spectra upon 

complexation. This is probably due to the involvement of 

the peptide nitrogen (because of the deprotonation that 

has taken place) in bonding with Rhm, which lowers the 

bond order of the v(C=O)amide group due to resonance 

stabilization. 

The aqueous solution of [Rh(H20)5(0H)]2+ and gly

cyl-L-Ieucine were mixed in a 2 : 1 molar ratio and the 

mixture was thermostated at 60 °C for 48 h and used for 

ESI-MS measurement. The ESI mass spectra of the re

sulting solution are shown in Fig. 10. 

It is clear from this spectrum that the ion at mlz 
303.0249 (minor peak) has become the precursor ion spe

cies in the mixture solution and this is tentatively attri

buted to (glycyl-L-Ieucine + 2Rh3+ + IOH20 + 2H0-)2+. 

Such a structure may be stabilized through the H-bonding 

between coordinated water molecules and solvent water 

molecules. The precursor ion is shown in Fig. 11. 

Physical measurements : 

All the spectra and kinetic measurements were re

corded with a Shimadzu UV-Vis spectrophotometer (UV-

1601 PC), attached to a thermoelectric cell temperature 

controller (model TCC-240A with an accuracy of ±0.1 
0 C). IR Spectra (KBr disc, 4000-300 cm-1) were mea

sured with a Perkin-Elmer FTIR model RX1 Infrared 

spectrophotometer. ESI-mass spectra recorded using a 

micromass Q-T of micro ™ mass spectrometer in + ve 

ion mode. The pHs of the solutions were adjusted with 

HCI04/NaOH and measured with a Sartorius pH meter 

(model PB11) with an accuracy of ±0.01. We did not 

add any buffer as the dipeptide in its zwitterionic form 

acts as a buffer. 

Kinetic studies : 

The progress of the reaction was monitored by the 

absorbance measurements at different intervals of time 

with a Shimadzu spectrophotometer (UV-1601 PC) at

tached to a thermoelectric cell temperature controller 

(TCC-240A). The development of a characteristic peak 

of the product complex (complex C and complex D) at 

230 nm was monitored with time at different fixed tern-
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100 

I 

155.0201 

261.0897 

303.0241 

217.061) 

I I 

l'.il' 

3'()3.0248 

Fig. 10. ESI-mass spectra of the product of complex A with glycyl-L-leucine. 

Fig. 11. Plausible structure of the precursor ion peak from the ESI
mass spectra. 

peratures. The conventional mixing technique was fol
lowed and a pseudo-first order conditions were employed 
throughout. 

The plot of In (Aoo - At) (where At and Aoo are absor
bance at time t and after completion of reaction) against 
time (Fig. 12) were found to be nonlinear; being curved 
at the initial stage and subsequently linear in nature indi
cating that the reaction proceeds via two steps mecha
nism. From the limiting linear portion of the curve, the 

values of k2cobs) was obtained. The kl(obs) values were 
obtained from the slope of In !1 versus time when t is 
small (Fig. 13). Where D is the difference of (Aoo - At) 

values between the measured and extrapolated part of the 
linear portion of In (Aoo - At) versus time (t) curve at any 
time (t). The reported rate data represented as an average 
of duplicate runs were reproducible to within ± 4%. 
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Fig. 12. A plot ofln (A_- A1 ) versus time. [Complex A] = 2.5 x 
10'4 mol dm-3, [Ll-L'H] = 7.5 X w-3 mol dm-3, pH = 
4.3, ionic strength = 0.1 mol dm-3 NaC104• 
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Fi~. 13. Plot of In f). versus time. [Complex A] = 2.5 x w-4 mol 
dm-3, [L1-L'H] = 7.5 x JQ-3 mol dm-3, pH = 4.3, ionic 
strength = 0.1 mol dm-3 NaC104 . 
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