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Abstract

A new complex of Cr(lll) has been prepared. The Kkinetics and
equilibrium study of the substitution reaction for the complex Trans-
K[Cr{ox):(H-0):].3H-0 {T1}, with 4-aminoantipyrine {AAP}, have been
performed in aqucous media at (pH = 4.9, 5.6 and 6.0) (u=0.4M
NaNQ;). Activation parameters for the reactions are (Ea;=1.891 kCal
mol”', AII"=89.29 kCal mol" and AS*, = 0.28] Cal. mol') and
(Ea>-=0.487kCal mol™'. AH* =62.03 kCal mol" and AS*, = -92.8 Cal mol
"). The abserved rate constants are in good agreement with substitution
reaction of the complex with amino acids( 1) and other anions(2).

Introduction

Anti pyrine (2,3-dimethyl-1-phenyl-5-pyrarolone) and it derivatives
have a diversity of applications including biological. c¢linical and
pharmacological areas(3). Also, complexation of Chromium(ll) with
amino acids are of biological importance. Cr(lIl) complexes present in
brewer’s yeast and other tood called glucose tolerance factor are of
outstanding biological activity(4.5). Cr(lIl) center 1s well known to be
kinetically inert (slow rate) in ligand substitution reactions(6). Despite of
this, there have been some few cases in which relatively rapid reaction of
Cr{lll) complexes has occurred. This character of Cr(lll) may bc
important as a requirement in the achievement of its biological
role.(7.8.9)

119




IBN AL- HAITHAM J. FOR PURE & APPL.SCI. VOL.20 (1) 2007

In previous works we have studied the kinetics of the substitution
reaction of {T1} with amino acids in moderately acidic solutions(1). The
oxalato groups of the T1 complex are normally resistant against
substitution or dissociation(10), so the possible positions for reaction of
this complex is on the two aqua groups.

In this work, the Kinetic and equilibrium studies of the substitution
reaction of TI with  4-aminoantipyrine {AAP} is performed
spectrophotometrically at 560nm.

Experimental
i ['1} has been prepared by following (Dawson 1967 )(11) procedure.

The new complex of T1 with AAP have been prepared by dissolving
equimolar amounts of TI and AAP in distilled water, heated on steam
bath for 2 hours and evaporated to drvriess. The obtained crystals are then
washed several times with alcohol and dried in an oven. Kinetic
measurements were pertormed by disselving an exact amount of a pre-
crushed T1 cemplex (0.0087 mel/lit) in a thermostat distilled water that
contains the ionic strength and mixing with the thermostated AAP
solution (0.1 mol/lit) and adjusting the pH to the required value with an
acid (HCIOy) or a basc (NaOIl). The solution was then immediately
introduced to the reaction vessel, circulated in the system and the
absorbance values were recorded with time passing.

Kinetic studies

The rate of reaction was followed at )., 560 nm with a Jenway 6405
UV-Vis spectrophotometer (with a modified home-made thermostat cell
holder), at different temperatures and pHs (p=0.4M NaNQ;). Pseudo first
order plots of In{A.-A) versus time (where A.. A, represents the
absorbance at infinite time and at different times passed over the reaction)
show two straight crossover lines corresponding to two competitive
parallel reactions with observed rate constants Kohsi and kgps2 which their
values are tabulated in table (1) for different pH and temperatures. The
effeet of hydrogen ion concentration on the observed rate constants kgpe
and Keps2 15 shown in Fig(1) at 40°C. both rates are acid dependent, K.
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is linearly increase with 1/[H'] and ka2 is linearly decrease with 1/[H"]
but in a smaller slop.

The activation energies for the observed rate constants (kopy & Kopea )
for the complexation reaction between Tl and AAP  have been
determined according to Arrhenius equation: k =Ae"™™! also the
enthalpies and entropies of activation have been determined according to
Erving equation: k=(k,T/h) ¢™"® e™™®Y) 4t pH = 5.6, and the activation
paramecters arc tabulated in Table(2).

These values are in good agreement with that reported by Kallen and

Hamm for the anation of {cis-[Cr{ox)-(H.0)-]} with oxalate 1on(2).

Equilibrium Studies:
At the experimental cenditions (pH=5.6 ), the reactant (T1) (pKy,, = 7.2
and pKyx =10.5)(12) 1s expected to be present in diagque and its
conjugated base, (monohydroxy) forms.

By

|ICHOX)W(H:0) | == = [CrOX){HONOH)" ] + [H}=-- 1]
- [CoOXWHONOM)™ I [ 2]
" |CHOX)H,00 |
, K ) K . "
AAPH, == = nAAPI + I ——=AAP + H e [3]

pKa and pK, for the ligand (AAP) was found experimentally by pH
titration method and the results were 4.65 and 9.55 respectively .
The ligation reaction (s :-

e } ] ey A )
|[Cr{OXRHON] + n AAP= e JCHOX BAAPY | = 3 HEQ) ssrssssncease 4]

ICH{OXLAAPY ]

R T CHOX KLY |x [ AAPT" T 151

The ligation of (T1) with (AAP) results in a spectacular increasing of
the absorbance at both Aqae 560nm and A, = 410nm, in which the net
result 1s the substitution of both axial H-O molecules with a bidentate
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(AAP) and conversion of the original geometry to Cis-form. So, the
equilibrium studies were followed spectrophotometrically at 560nm.

Solutions of (T 1) with (AAP) were equilibrated, [T1] =0.002 mol.dm™
and [AAP] = 0.00 to < 0.2 mol.dm™ .

Using mass balance -
[Cr]ly = |CTr(G}{}1{AAP}E' | = [CrlOX0(11,0), 4 |Cr[ﬂ}{]z{}jzu}{{][-[}3' [6]
from eq.[2 and 6 |
[Crly - [CHOX)(AAP)®]

[ CHOX}HO) ] = 7 BRSSO |
hi
| =
[H']

Also @ [AAP)T — [AAPHT] 4 [AAPH] = JAAPT] - — 8]

2 AAP | Ry K
[AAPT] = [AAP il ™al = e Y]

I + Ky JH] + Ky Kol

substitute all in eq. [3] :

K
s ) 1= =Bk -2 + :
_ [CnoxAaart ' [H 1}‘: LD = Ky [H] = Ky Kl = 1

Keg - . e[ 10]
Uy ACROX)AAPY Ky Koz [AAP];

b [H'] Ky Kiz _[CHROX)(AARYT 1

Mong = ¥gq % X = X |1

- (LT ]+ Ky ) HHT KW+ Ky Kaal - (Crly - [CHOXIAAP)™  [AAP)" |

Keond = (N = B 1 S ECU NPT 1, |

|: -l'"l.& = "AI‘-:JI'}S ] [-‘"h"lll.irl '|"

Where A, 15 the initial absorbance ot the reaction mixture. A, 15 the
equilibrium absorbance for various ratios of the ligand to the reactant, and
Ag Is the equilibrium absorbance where no appreciable reaction occur and
Keond 15 the experimental (conditional equilibrium constant. Plots of Log
{{Aohs Aa) / (Ax - Agns )} versus log [AAP]y at different temperatures
gives straight lines as shown in Fig. (2) with slops very close to unity
(n=1)(1:1 complexation between T1 and AAP), and the intercepts gives
logKona - The values of K, are calculated from K,y using eq. [ 12], and

the results are tabulated in table (3) .
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These results suggest the bidentate ligation of AAP with the T
complex on carboxyl and the amine groups as shown in Fig .( 3).
Gibbs free energy is calculated for the reaction from plotting logK,
versus |/T as shown in Fig.(3).

AG = 12.785 kCal.mol™" .

Conclusion

The observed rate constants of substitution of T1 with AAP is
relatively labile as compared with other Cr(I1l) complexes, but it is 5-10
times slower than that reported for substitution of Tl with alanine,
glycine and histidine( 1), this is maybe due to the associative character of
the reaction mechanism and larger size of the ligand AAP. On the other
hand, the —ve value of AS” for k,ne is another indication of the associative
mechamsm of the reaction. The equilibrium constants for the
complexation reaction arc nearly identical with the amino acid
complexation with T1{1).
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Table :(2) Activation parameters for the reaction of T1 with 4-

Table:(1) Pseudo first order rate constants k. and
Kopsz for the reaction of T1 with 4-aminoantipyrine

pH Temp.'C Koo (min™) Kopea{min™ )
6.4 40 0.02 0.002
6.4 45 0.023 0.0036
6.4 55 0.05 0.0095
6.0 35 0.0074 0.0015
6,0 40 Q.0098 0.0019
6.0 45 0.018 0.0021
60 | 50 0.031 0.0051
3.6 40 0.0083 0.004
5.6 45 0.015 0.0063
5.6 50 0.0256 0.0085
3.6 55 0.0418 0.0128
5 49 0.005 0.005

aminoantipyrine at pH=5.6 for both (kona & Kans2).

Reaction rate Ea* (kd/mol) | AH* (kJ/mol) | AS* (J/mol)
kst 1.891 89.29 0.281
Kbz (0.487 62.03 -92.87

. Temp. °C logK cona K.ong Keg logK.,
27 0.4026 25827 25514.8 4,407
37 0.7678 5.3_59 59155.12 4,772
44 ().8556 7.171 72404.6 4.86
54 |.1765 15.014 1531596.4 5.18

124




IBN AL- HAITHAM J. FOR PURE & APPL. SCI. VOL.20(1) 2007

G.025 -

C 02

y = 6x10 ¥X+ 0.0049
R® = 0 9829

0.015 »
A
[+ ]
-
0401 4
¥ = -1x10"X + 0 0046
0 005 Kobs2 RY = 0.8771
I B
—
o4 ' r '
0 1000000 1."[H+] 2000000 2000300
Fig.(1) Effect of hydrogen ion concentration !
ON Kgper AN Koy, I
o a
5 0.5
<

y1=09251X + 24026

I'li
.
Z R? =0 65
PIRE: 42 = (9548) + 07678
< R = 09679
=
8 ¥3 = 0 8954 + 0.8556
o R2 = 0 9827
¥4 = 0.9324X « 1 1765
=
2|5 Ll L] L] | J L | L] 1] R 0‘959’9 1
28 26 34 22 2 48 16 14 12 -

log[AAP],

Fig {2} Plots of IogiA, .. - Al A -ALu,) versus log[AAF],
at temperatures 1= 27°C, 2= 37°C, 3= 44°C and 4= 54°C

125




IBN AL- HAITHAM J. FOR PURE & APPL. SCI.  VOL.20 (1) 2007

11,0
o O
T~ \ AN LTI
(//«ff\\ o Oy UN LCHy e O e T
0 ) j’=<r~4 fTr\ ot
i . N Cll,
Tl complex d-aminoantipyring cis- K[Cmox-(AAP) |
AAP

Fig. (3) The reaction of T1 with AAP and formation of cis-
K[Cr(0x):{AAP)] complex

5,3
5.2 4
5,1 «
L
49 -
o 4.8
E 47 4
4.5 -
4.5 -
4.4 4

4|:3 L | 1 ¥ | r L
000305 0.0031 000315 0.0032 000325 00033 000335

1T (K}

y = -2794x + 13,732
R? = 0,978

Fig.(4) fPlot of logK,, versus 1/T

126




2007 (1) 20 alaall  Adobaill g A8l 2 glall alugl b Alae

Jo U A4S a9 45 31 95 Al )
Trans —-K][Cr(ox),(H,0);].3H,O
e

4-aminoantipyrince

ahl b Axan an S ¢ e JlaS s
dailaalud! Axala ¢ ¢l 9.4.45
doadall
Jofiut Jeld 40 3 5 48 ja dad o Do ¢ SN A ST Mda Sas juiaal o
53 Pha dsa S 4-aminoantipyrine a« trans — [Cr(ox)2(H20)2] S sall
(1=0.4M NaNO3) 4s s 58 5(pH=4.9.5.6 and 6.0) g
ot dapill gl &
(Ea,;=1,891 kCal mol", AH*=89.29 kCal mol' and AS* =0.281 Cal.

mol!™) (Ea>»=0.487kCal mol "', AH*>=62.03KCal mol" and AS*,=-92 8
Cal mol™)

(1) daisa¥l Gamlaa¥) ae Jelitall safadl Jopud Ol Aglie deall el i 5 8
(2) <5 aa

127



	10050183
	10050184
	10050185
	10050186
	10050187
	10050188
	10050189
	10050190
	10050191

