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Abstract

Equilrium, kinetic and mechanistic studies for the coordination of
some amino acids "AA"; glycine, alanine, and histidine, to Cr (1)
center of trans [Cr(ox);(H,0)]” {Tl} complex in menderately acidic
range of pH=4.8-6.7 ( z =0.4M NaN0s) are reported. The equilibrium

constants at 25°C were found, logKequ.=4.951,5.206and5.128for
glycine, alanine, and histidine, ligation reactions respectively. The
substitution reaction is kinetically invelve two paralle]l complex
reactions, each includes theree different consecutive steps of different
species of Cr(IIl). The reactant, Ti, branches through hyrolysis into,
doubly charged anion, conjugated base of trans[Cr{ox)(H,Q)OH]?
which interacts with (AAH) to from outer-sphere complex, that is
followed by interchange reaction of one molecule H,O with one end
of AA" ion from an active intermediate species of trans-
[Criox)2(AA)OH]?  which changes to final product ; cis-
[Cr(ox)(AA)]“ While the remaining part of reactant interacts also
with zwitter ion (AAH) on other side to form another outer-sphere
complex which also undergoes interchange reaction of one molecule
H;O with AA™ ion to give two active intermediates species, trans and
cis-[ Cr{ox )2(AAYH; O], which later convert to the same product ; cis-
[Cr(ox)2:(AA)]*. The mterchange rate constant of trans-
[Cr(ox):(AA)OH]™ formation relatively appears much larger than
(AH*=8.8kcal/mol) that of cis[Cr(ox)2(AA)H;0]*  formation
(AH*=14.0Kcal/mol), while the latter rate constant is nearly (5-10)
time larger than that of trans-[Cr(ox)2(AA)H,0]" formation
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(AH*18.4Kcal/mole). In these complex formation reactions, all
species are kinetically substituted at Cr(III) center via interchange
associative(l,) mechanism.

Introduction

Chromium (II) (d°) center is expennmentally and theoretically well
known to be inert in ligand substitution reactions. This is the reason
why substitution at Cr (III) complexes has received great attention,
with its analogous to Co (III) complexes. Most of the studies reveal
the possibility of an associative A (la) mechanism for this d° —
electronic configuration. The majority of these substation reactions
(1,2,3) are following the rate law:

_ kK, [L]

(Where k is an interchange rate constant of ligation reaction, K is an
inner sphere equilibrium constant and L is the substituted ligand at
chromium (III) center ). However, Basolo and pearson (4) have
suggested a saturated ion-pair (outer-sphere complex) mechanism (for
which in eq.1 ks =k) for reasonable explanation of some anomalies of
zero order ligand dependent studies (5). We have studied ligation
reaction of some amino scids (6,7,8)with [Cr(-H30)5]3+ in moderately
acid solution in which the Cr(Ill) conjugated base species is obtained
from hydrolysis process was that not ignored under conditions of pH
3.0-3.8 ( #=0.4MNaNoe3) and excess of amino acid concentration, so

we have found that the substitution reactions obey the rate law:

Kops=k+k [HT evvven [2]

In this case the ligation reaction involves two processes one is an
associative interchange outer-sphere complex between hexaaquo
Cr({ll) complex and the amino acid ligand the other is more loosely
bond outer-sphere complex of mono hydroxy species with amino acid
ligands. So in this pH range and higher, near physiological pH, the
active species was assumed to be the mono hydroxy (or dihydroxy)
species that cannot be kinetically ignored. Also it was realized that
when OH’ ion. Also it was realized that when OH’ ion is a ligand on
Cr(III) center, the ligation reaction was found to be substantially faster
than that when a ligand is H;O (9,10). However labilization of trans
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OHwas also observed of imidazole and pyridine at Cr(lll) center
(10,11). Therefore to understand the lability trans effect of OH on
substitution reaction at Cr(Ill) center, we selected trans diaquo bis
(oxalato) chromate (III) anioa to react with some amine acids in
moderately aqueous acidic solution (pH 4.8-6.7) and at diftferent
lemperatures.

Experiment

The chemicals used in this study were all reagent analytical grades,
oxalic acid, potassium hydrogen , carbonate and potassium dichromate
were obtained from Riedel De Haen, Hanover, sodium nirater, and
amino acids; glycine, alanine and histidne were bought from BDH. All

are used without further purification. Jenway 66405 UV-Visible
spectrophotometer with modified locally thermostat cell holder was

used for measuring absorbance and recording absorption electronic
spectra. A Buchi chromatographic pump is used to circulate the
sample solution from thermostatted reaction vessel to the flow cell. A
philips pH/mv meter (PW9414 type) was used for pH measurements.
A circulating thermostatted bath (LKB Bromma 2209 multitemp.} was
used to control temperature to = 0.1 C. Trans-K[Cr(C504); (H;0),].
3H,0 {Ti} has been prepared by the following Dawson procedure
(12). Kinetic and thermodynamic studied were performed by mixing
thermostatted solutions of amion acids and Cr(IIl), and adjusting the
pH to the required values of pHs with NaOH.(or HNO;) The
thermostatted mixture was circulated through the flow cell in the
thermostatted block of spectrophotometer at the same temprtuer, than
the absorbance change (Aqps) was recorded with time.

Results and Discussion
Under our experimental conditions, with respect to pH range 4.8-
6.7 { 11=0.4M NaNos), and in the presence of large excess of amino

acid (AA), the Ti complex undergoes aseries of reactions, in whichthe
net result is the replacement of both axial (H:0) molecules with a
bidentate amino acid AA(N,O), and conversion of original geometry
to cis-form. This product, cis-mono (AA) bis (oxalato) chromate (I11)
complex, is in equilibrium with its reactants. The overall reaction is
accompanied by visible electronic absorbance change and this change
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allows equilibrium and kinetic substitution studies to be performed at
different temperatures and pHs.
(1) Equilibrium studies

The values of acid — hydrolysis constants of [Cr{ox),(H20)3] are,
pKuyi= 7.2 and pKpy = 10.5 (13), which indicate that reactants are
expected to be essentially present in diaquo and its conjugated base.
monoaquo monohydroxy Cr(Ill}, species under experimental
conditions of moderately acidic solution, These values were used to
calculate the [diaquo] and [monoaque monohydroxy] present in
solution at various temperatures and pHs.Also the councentrations of
mainly existence species of the incoming liagnd in solution as zweeter
ion (AAH) and anion AA™ are obtained from acid hydrolysis constants
of amino acids (for glycine pK,=2.35, PKo=9.6) for alanine
pKax=9.69 , for histidine pK,;=9.2(14). These species all are shown in
the following equilibrium reactions:

i ; |
[Crix )10} === | Cr{ox)5(]
b H’ I K‘:
AALL ==22= AADD + [ ——x
K

[Croxn (0% + AR =—=== |Cr{m:

Solutions of Cr(I1I) complex with amion acids AA were equilibrated
[Cr(II)=0.004 mol.dm’ and [AAJr< 0.35 moldm® .The final
electronice spectra was characterized by two peaks A p =550 nm
(Emx= 112) and for 405 nm( & na=120) and the red pink reactant
trans-[Cr{ox); (HxO0)]" , {TI}, shows also two peaks at A mu
=565MN( & mav= 32) and A gy = 4160m( & a=34.4) respectively (13).
This increasing in absorbance with slight change in positions of the
bands are correspond to NOs chromophore formation (15). Kallen and
Hamm (16) have previously reported the inverse absorption change
for aquation reactioin of [Cr(ox)x(glyQ)]™ ion to cis-[Cr{ox), (H20)2]
. 8o depending on the changing of electronic absorbance (Agbs), using
Beer's law, the mass balance, [Crr — product] = [diaquo Cr] +
|[monoaquo monchydroxy Cr], [AA]l:==[AA Hz] + [AA H] + [AA]}
and the definition of the species involved in the complexation
reactions above, the conditional equilibrium constant (Kend) were
calculated for different amino acids using equations 6 and 7.
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[Product]

K, = T —
[Cry — product] {[ AA] 3"

o [6]

Log(A,,. — A4, — A, )=logK . =nlog[44 T vssssiiienns [7]

(Aobs, 1s the equilibrium absorbance for various molar ratios of amino
acids (AA) to [Cr(ox)(H;0),], A, is the equilibrium absorbance
where no appreciable reaction occur, A, is initial absorbance of
mixture).

In all three amino acid reactins a straight line is obtained when the
log(Aohs-Ao)(Aa-Aghs) versus log [AA]r is plotted at different
temperatures (Fig.1}), the straight lines have slops very close to unity
indicates only 1:1 legation complexation was occur and from the
intercepts of the plots, the values of Keong were calculated and then
converted to real equilibrium constants (K.q) using relative eq (10).

The obtained values are tabulated in Table (1). These values are in
areasonable agreement with those reported for bidentate complexation
of anion species (13).
[Cr(ox), (A4

K. =
o [Cr(ﬂ-’:)z (H,0,] [A4]

(according to reaction 5 above)....[8]

K = [Pmdﬂﬂ} {H+]2+K:JI[H*]+K.:;1KUE} !
' [Cr—produdfl+ K, I[H']} KK,

KalKa2 }_ o b
([H'P+ K H T+ KK

Kﬁqux{[H"]f[H4]+Kh}{

-Kinetic studies
The reaction was followed kinetically at A =550 nm, for different
temperatures and pHs ( # =0.4M NaNO3), the plots of log (Agbe-Ag)

versus time were found in all cases of amino acids to contain two
straight crossover lines correspond to two competitive parallel pseudo
first order reactions with kehg and keysz. Tabble-2shows some of the
observed pseudo first order rate constants (kowsa and KkgpoMor the
reaction of the reactant complex with alanine at diffrents tempratuers
and pH. The most important observation are that (ko) is fast and acid
dependent rate constant and obeys the following equation:-
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Kobsi=k +k THT oo, [11]

The koys; 15 also acid independent rate constant

The above equation shows that the rate constant Kabst 15 composed of
acid independent rate constant (k) and an acid dependent rate constant
(k). Therefore, the three kinetically important rates of substitution
reactions are found in ligation reactions and all in completitive with
the rapid trans <> cis isomerization of reaction of [Cr(ox)2(H,0)] ion
In presence of active lignads in aqueous solution.

The following scheme was suggested as a mechanism for substitution
of both axial water molecules with AA anion in moderately acidic
solution:
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The Scheme.(K,, K, are outer sphere associative constants and
I1,I2,13 are intermediates species)

The above mechanism includes three different pathways for product
formation, in which each pathway involves three steps of sequent
reacation; the formation of outer sphere complex, interchange H,O
molecule and relatively fast chealation (ring closure) reaction. Here
the starting complex of trans-bis (oxalate) diaquo Cr(IIT) ion branches
into a relatively active monohydroxy bis (oxalato) monoaquo Cr(1lI)
ton, which interacts with AAH (Zwitter ion) in solution to an outer
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sphere complex, that 1s followed by are a rate determinant step (k;) of
interchange one (H,O) molecule with one end AA ™ ion to an
mtermediate species of trans monohydroxy mono (AA) bis (oxalate)
Cr(Ill) ion (I;). While, the remain part undergoes interaction with
AAH in solution to from another outer sphere complex formation, that
is also followed by two relatively slow rate steps (k; and ki) of
interchange one H>O molecuie with one end of AA ion to from two
different species of ¢is- and trans intermediates (I; and I5 respectively)
of monoaquo mono (AA) bis (oxalato) Cr(Ill) ions. However, there is
apossibility that all intermediates (I; and I3} with the internal bidentate
ligand AA(N,O) later undergo fast chelation rates (via ky, ks and kg) to
produce final product. The product and all intermediates are In
equilibration with the reactants via very slow hydrolysis reactions, that
is the reverse of anation reaction. Therefore, on the basis of the
reasonable assumption that chelating rates of steps kiks and ko>>
ki,kz and k3 (steady state conditions), the rate equation of reaction can
be expressed as in the followed equations 14, 15 and the mass balance
in equation 16, which gives the initial total chromium (III) [(Cry] as in
equation 17.

The rate of the product formation via reactions 12,which includes both
relativey fast rates of intermediates species trans-I;, and cis-I;:
Ratel=ky[trans-Cr(ox)2(AAYOH|+ks[trans-Cr(ox):( AA)YH>0]-k 4[Cis
Cr(ox)(AA)]-ka[Crs-Cr{ox)z (AA)] «cveriiiiiiieie e [14]
The rate of the product formation via reaction Iz, which includes only
intermediate species trans—I;:

Rate2=kg[cis-Cr(ox):(AA)YH;0] —ké[eis-Cr{ox)2(AA)]..coovevvinnn [15]
[Cry] = [trans —Cr-{(0x):(H205:] + [trans-Cr{ox)2(H>O)YOH] + [trans-
Cr{ox):(H>O);,AAH] + [trans-Cr{ox):(H20)OH, AAH] + [trans—1,] +
(S ks] HBEEST 13]vivs snmnsassssmnesssmmemssmasssmsiapsassesnss i [16]
[trans — Cr(0x)2 (H20)] = [Cr]t[H )/ kes[AAH] evvnviiiiiiinannnne, [17]
Substituting Kp, Kg, Ka, K'os and Kgs, concentrations of all
intermediates (from steady state condition) and concentration of
reactant trans bis(oxalato) diaquoCr(IIl) in above equations 14, 13, the
result gives the following expressions for both experimental observed

rates Kops1 and Kgpgo as:

v KK K |
Hbsl K [H..]

1A%

FK, e, 18]
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Kobsi = K3 ................................ [19]

So this mechanism is in consistent with our experimental observation
that the acid dependent rate constant Kobs) isadequately described by
equation 18 (correspond to K; Ky Ko/ Ko= k' and ky=k of the
equations 2and 11), where ks is linearly related with inverse of
hydrogen ion concentration in solution. The real acid independent rate
constant rate k for interchange reaction of cis-1; formation obtained
form intercept of equation 11 and the slope gives K Ky K'og/ Kos. The
last equation 19 in which Kepe is equal to rate constant ks value for
interchange reaction of the trans- I intermediate formation. Table-2
shows the values of (k; k'os/ kos), k2 and ks with calculated activation
parameters.

The enthalpy of activations AH" values for internal interchange of
AA’ in outer-sphere trans-[Cr(ox)(H;0),AAH] complex to trans-I3
intermediates species are 19.8, 15.7 and 19.1 kCal/mole for glycine,
alanine and histidine respectively. These values are lower than that for
water solvent exchange reaction 26.6 Kcal/mole(l 7). this result and (-
ve) values of AS? for all above amino acids reactions suggest the
association character for the interchange reactions. This result 1s very
close to that previously recorded by Kallen (16) for anation of cis-
[Cr{0x)2(H20):]” with bidentate oxalate in acid solution (AH" = 9.8
kCal/mole).

As might be expected that OH labilizes the interchange reaction by
trans labilizing effect. The AH" (or Ea) values for conjugated base
Cr(III) species in all amino acids are much lower than that of trans-I;
and cis-1; intermediates formation reactions. While '®0 exchange and
racemization reactions in several studies of coordinated oxalate ligand
have been reported to show on end ring opening character (18,19,20).
So it is fairly acceptable that the outer-sphere complex formation (as
sagged in the above scheme), between reactants [Cr{ox)2(Hz0)2] .
[Cr(n::n-u:)g(Hgliﬁ?r}O'H]'2 and the incoming (AAH) are formed, once
opening one-end oxalate ring oceur in these complexes. The attack
may occur on the opposite to —ve free charaged open end of oxalate
ring, since similar charges repel each other , that results AA
substitutions and gives trans form ot I intermediate species, that 1s
followed by fast chelating process 10 final cis-product. AH" for this
intermediate formation is in the range of 19.822.6 Kcal/ mol as were
reported for substitution one waler molecule by oxalate in
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[Cr(ox)2(H20):]" (15). However, the attack on the empty position at
Cr(IlT) is not excluded as ring moving occur, which gives a cis-form
of I, as another intermediate species, but with relatively higher rate
constant and slightly lower energy of activation, In all amino acids
substitution reactions (see Table-2). As almost expected form the
labilizing trans-effect and the —ve charge repulsion of OH ligand with
AA ion, the attack also possible only in the vicinity of vacant position
of oxlato and this gives trans form of [;.The high observed ki{K'w/Kos)
values are consistent with trans- effect (21) of conjugated base
reaction (CrOH). However the composites nature of the rate constant
k= (slope) Kys/Ky, Klos makes o calculate k, values are difficult as the
values of K, and K’y are unkown (both Ko and K., are expected in
low rang values). The low value of AH* is consistent with that the
lability and kinetically trans-effect of OH decreases the value of
activation energy by 2-6 K cal/mol.

So, in conclusion the above results are consistent with associative
interchange substitution mechanism (1) in which the attached ligand
on Cr(III} center of anion such as OH", C»04 (0x) may have effect in
labilizing the rate and determine the operative mechanism for anion
complex formation of chromate (I1I) complex.
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Table (1) Equilibrium Constant of Reaction of trans-
[Cr(OX);{AA)]I' Formation {(where AA = glycinato, alaninato,
and histidinato)

T=C Log Kequ for T Log Keqgu for T°C Log Kequ lor
[Criox)(glyO)" [Cr(ox):(Alan0) It |Criox):{HistO)]"
25 4 95 25 5.21 25 5.13
33 459 32 5,29 32 5.20
45 502 40 5.35 40 5,33
50 5.09 30 5 44 50 35
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Table(2) Pseudo first-order rate constants (Kops and kgpsz) for the
reaction of trans-Cr(ox);(H,0): with alanine.

Temp . °C pH Kah;_| min’ Kana min
30 4.8 (0.0293 00026
3.5 4.8 0.0512 ¢.0062
40 43 0.0632 0.0069
43.3 3.8 0.0691 0.0113
50 4.8 04303 0.039
56 4.8 0.135 0.0506
30 5.6 0.0473 (0.0066
35 30 0.0636 00076
44 50 (0.084! 00124
45 5.6 0,1223 00191
it 5.6 0.1679 00293
55 3.6 0.1909 0.0444
30 59 00543 00032
33 539 0.0728 00062
40 3.9 01023 (L0115
45 5.9 0.1613 00203
50 5.9 (0:200 0.0225

Table (2) The derived rate constant values for For glycine reaction
Ki (k os/kes)s K2 and K; and calculated activation parameters for
glycinereaction ~mamino acid glycine, alanine, and histidine
reactions with Tl complex

T | kilksfka) ks 10 E (Keal/moly= KX 1 E,(Kcal/mol=
x107 sec” EJdkCal/mol= sig 16.25 sec ! 20.4
30 3.50 2.4 398 A H'(Kealimal)= 0,93 A
15 340 A H(Kcalimoly= 548 1560 13 (Kealimol )=
93 198
4D 5 18 Y 1140 A s (Calimol)= 218
15 719 A s"Calimol = 1330 225 337 A s* (Catimel=
50 .02 -34 47 2 60 837 -10.9
For Alanine reaction
TOC | K (KWK E(kCal/mal}= ks x10° E,(kCal/mol}= X 11 E.(kCal/mol)=
X 10" sec™ (R | s 1277 ser 1577
el 226 A H'(Keal/mol)= . 91. A H'{Kca/mol = 1'_][] A H*(Kcal/mol)
35 751} i 67 .50 i 127 <
40 i, _ o 167 2.07 15 184
45 412 A s Camal= +42 A §icainnen) 118 |
30 5 4R 3785 5 48 2335 4 68 A $'Calimol )=
55 650 690 = 40) 270 i
For Alanine reaction
T | kiKWK E{kCal/muol}i= ki x10° EdkCalimoli= kX 10" E,(kCalimoli=
x 10F see™ 73 sog 1275 sec’ 1.1
30 .68 A (Kealimal= 430 A H'{Kcamot)= 0.28 A Hf Kealimol )
35 0.84 667 5 30 121 0,52 155
40 1.01 A S Calimol)= 10.00 ﬂk SN Calmot= 0.7 A S Cal/imal)=
I Y e 12 33 Sy 1.40 i
50 1,53 ' 15.6 bt 200 :
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Fig (1) Plots of the log (Aos, -Ao)/(Aa-Agps) versus log [haidiﬂE]T at
temperatures 30°C (A),50°C(0).
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104



2008 (1) 21l Agduhill g 43 ual asiall LSagll ol Alaa

D153 5 )8! 4 e AHH g Ly Jeliy cJeliiall Sieall (e ifiall ¢ jall L
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.Cis-[Cr(ox)2(AAJH0]" ¥ il M Lad (¥ say 53

(Cs1} Llas g b pall 0485 i gl oa Uil 138 3 LS js Ragal o phaadl )
Jslnall b Jelind) sleddl ae o 5 Alls o S Yl = ey ¢« (Trans)
trans- o wll oo Syl py Sl Ban  Mide a5
898 (sl bkl M) 2 5 o baws oS Cr(ox)2(AAYOH)
Cis-[Cr(0x)2(AAYH20)F ~nsS5 e pmm <o 6 G (T g 550808
Cis~ on9-S8 de W ol Ui (70 a0 5 1S sS4 g sl sk )
trans- (s Ao sudl Sl a5 e (10-5) iy ST [Cr(ox)a(AAYH,0)]>
D sms NS S8, (s b il ) [Cr(ox)a(AAYH,0)]

O3S0 il dieall oy gSal QUi Va8 50 pa sl Jama) C el S 480K
-(associative interchange) A8y Jolall ¢ o
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