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ABSTRACT

The L-histidine forming complexes of with Cr(III), Fe(III), Mn(II), Co(II),
Ni(II) and Cu(II) of the type 1:1 and 1:2 (M:L) have been synthesized and
characterized by means of elemental analysis, molar conductance, IR spec-
tra, thermal analysis, UV-Vis spectra, magnetic moment and ESR spectra.
The low molar conductance values suggest the non-electrolytic nature of
these complexes. Spectroscopic and other analytical studies revealed a
square planar geometry for copper complexes and octahedral geometry for
the other complexes. The thermal behavior of these complexes indicated
that the hydrated complexes loss water of hydration in first step followed
by the loss of coordinated water and chloride immediately. The activation
thermodynamic parameters, such as ÄE*, ÄH*, ÄS*, and ÄG* are calculated

using Coats�Redfern method. Antimicrobial activity of L-histidine and its

complexes has been tested against different microorganisms.
 2012 Trade Science Inc. - INDIA

INTRODUCTION

The presence of L-histidine has been established in
a large number of the active centers of enzymes[1] and
the histidyl residue is probably the most important metal-
binding site in biological systems[2-5]. L-histidine has four
expected binding sites; carboxylate-O, amine-N and
two imidazole-Ns. The heterocyclic imidazole ring sys-
tem in the histidine side chain provides bidentate ligand
with two competitive N3 and N1 donor atoms. The metal
complexes of L-histidine have been investigated[6-9]. In
most metal complexes with histidine-containing ligands,
the imidazole ring of histidine is coordinated through
the N3 nitrogen[10-12] but relatively few complexes in

which histidine is coordinated only through the N1 atom
have been well characterized[13]. There are also some
reports about the coordination of L-histidine to the metal
center through carboxylate-O and amine-N[14,15].

The aim of the present study is to synthesize Cr(III),
Fe(III), Mn(II), Co(II), Ni(II), and Cu(II) complexes
of L-histidine, which acts as bidentate ligand, reacted
with the metal salts in the molar ratio 1:1(M:L) and 1:2
(M:L) resulting in the formation of complexes. The pre-
pared complexes were characterized by different meth-
ods of analysis. The L-histidine and its metal complexes
display obvious inhibitor effect against gram positive
bacteria (Staphylococcus aures and Bacillus subtilis)
and gram negative bacteria (Escherichia coli and pesudo
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monos aerogenas). These studies reported the mini-
mum inhibitor concentration of the used Schiff base and
its metal complexes on these microorganism[16].

EXPERIMENTAL

Synthesis of the metal complexes

To a solution of histidine in 1:1methanol:water (20
ml) was added a solution of metal chloride (1 mmol) in
methanol in the molar ratio 1:1 or 2:1, respectively. The
resulting solutions were then refluxed in a water bath
for 4 hours. The solid complexes, which separated out
on hot, were filtered off, washed several times with ether
and finally dried under vacuum.

Physical measurements

Elemental analyses were performed by the aid of
Heraeus CHN analyzer. IR spectra were recorded
on a Perkin Elmer 1430 instrument (KBr discs) in the
range 4000-200 cm-1. Electronic spectra were ob-
tained with a Shimadzu UV-Vis. 240 spectrophotom-
eter by using nujol mull technique. The ESR spectra
of powder samples were recorded by means of a Jeol
model JES-FE 2XG spectrometer equipped with an
E101 microwave bridge. Diphenyl picrylhydrazyl
(DPPH) was used as a reference material (g = 2.0023).
The molar conductance measurements were carried
out at room temperature using Hanna 8733 conduc-
tivity meter. The room temperature magnetic suscep-
tibility was measured using magnetic susceptibility bal-
ance (Johnson Mtthey) 436 Devon Park Drive. The
thermal analyses (TGA and DTG) were performed
using computerized Shimadzu TG-50 thermal analyzer
up to 800 C at a heating rate 10 C/min under nitro-
gen atmosphere.

The nutrient agar solid medium contained per 1000
ml (pH=7.2): beef extract 3gm, peptone 5gm, Nail 5gm
and agar 20gm. It was sterilized in high pressure steam
for 30 min., serial dilutions of the and L-histidine its
complexes were prepared containing 250 µg/ml down

to 3 µg/ml. The bacteria used for testing the biological

activity of the ligand and their complexes were Gram
positive bacteria (Staphylococcus aures and Bacillus
subtilis) and Gram negative bacteria (Escherichia coli
and pesudomonos auerogenas) provided by the biol-
ogy department. It was found that these bacteria ex-

hibit obvious sensitivity towards organic and organic
metal complexes.

RESULTS AND DISCUSSION

Elemental analysis and molar conductance

Elemental analysis of the prepared metal complexes
(TABLE 1) indicate that the stoichiometric ratio are (1:1
and 1:2) (M:L), in which the ligand behaves as
monoanionic bidentate indicating the formation of com-
plexes. The molar conductance values, as 10-4 M solu-
tions in DMF at 25C, indicate that all the metal com-
plexes are non-electrolytic in nature[17].

IR spectra

The important IR frequencies of L-histidine and its
complexes are given in TABLE 2. The band correspond-
ing to í

COO
 band of L-histidine shows a shift towards

lower wavenumber in the spectra of metal complexes
providing evidence that L-histidine is bonded to the metal
ion through the carboxylic group[18]. The two bands
which appear at 3374 and 3160 cm-1 in the spectra of
L-histidine are due to í

asym
(NH

2
) and í

sym
(NH

2
) vibra-

tions of the NH
2
 group[19]. These vibration modes ap-

pear at lower wavenumbers in the spectra of metal com-
plexes indicating the coordination of the amino group
to the metal center. The two bands corresponding to
C-N and C=N groups of imidazole moiety which ap-
peared in the ligand spectra at 1520 and 1470 cm-1, do
not shift in the spectra of metal complexes suggesting
non-involvement of imidazole moiety in coordination.
The appearance of bands in the range 3459�3421 cm-1

and 790�828 cm-1 is due to the stretching vibration and
out of plane bending of coordinated water molecules in
the spectra of the metal complexes. The non-ligand
bands appearing in the region 567-505 and 482-418
cm-1 confirm the coordination of oxygen and nitrogen
atoms to the metal centers.

Magnetic moment and electronic spectra

The Cr(III) complexes 1 and 7 of the type M:L
(1:1 and 1:2) show ì

eff 
values of 3.99 and 3.89 B.M,

respectively, corresponding to three unpaired electrons
indicating an octahedral geometry around the Cr cen-
ter. The two complexes are expected to show three
spin allowed d-d transitions that are 4A

2g
(F)  4T

2g
(í

l
),
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4A
2g

(F)  4T
1g

(í
2
) and 4A

2g
(F)  4T

1g
 (P)[20]. The

two complexes 1 and 7, show two bands at 538, 531
nm (í

l
) and 336, 345 nm (í

2)
, respectively. The third

band expected to appear below 300 nm and overlapped
with L  M charge transfer band.

The observed magnetic moment values Fe(III) com-
plexes of the type M:L (1:1 and 1:2) were found to be
5.65 and 5.74 B.M is consistent with an octahedral

geometry. The electronic spectra of these two com-
plexes show two bands at 488, 410 nm for complex 2
and 493, 399 nm for complex 8 which can be assigned
to 6A

1g
  4T

1g
 and 6A

1g
  4T

2g
 transitions character-

istic for octahedral geometry around the Fe center[13].
For the Mn(II) complexes of the type M:L (1:1 and

1:2), the magnetic moment values are found to be 5.54
and 5.87 B.M for complexes 3 and 8, respectively,
which indicates octahedral geometry around the Mn(II)
ion[21]. The electronic spectrum of the Mn(II) complex
shows three bands at 698, 482 and 406 nm for com-
plex 3 and 680, 490 and 399 nm for complex 8 which
are assigned to 4A

1g
  6A

1g
, 4T

2g
(G)  6A

1g
 and

4T
1g

(D)  6A
1g

 transitions, respectively, confirming the
octahedral geometry around the metal center.

The magnetic moment values of the Ni(II) com-
plexes 4 and 10 of the type M:L (1:1 and 1:2) are found
to be 3.32 and 3.12 B.M. for complexes 4 and 10,
respectively, which falls within the range normally ob-
served for octahedral Ni(II) complexes[21]. The elec-
tronic spectra of the Ni(II) complexes show recogniz-
able spectral bands at 679, 559 and 456 nm for com-
plex 4 and at 687, 547 and 451 nm for complex 10
which assigned to 3A

2g
  3T

2g
, 3A

2g
  3T

1g
 (F) and

a -1 cm2 mol-1

TABLE 1 : Analytical and electronic spectral data of the prepared compounds.

Analysis Found (calcd.) % Comp. 
No. 

Formula colour L:M 
ratio 

m.p. 
(C) 

a 
%C %H %N 

effì ëmax 

(nm) 

1 [Cr(L) (H2O)2Cl2] Deep green 1:1 300 15.6 
23.51 
(23.0) 

3.43 
(3.83) 

13.9 
(13.42) 3.99 538, 336 

2 [Fe (L)Cl2(H2O)2] Brown 1:1 300 17.4 22.23 
(22.73) 

3.42 
(3.79) 

13.87 
(13.26) 5.65 488, 410 

3 [Mn(L)(H2O)3Cl] Brown 1:1 270 10.5 
24.94 

(24.12) 
4.32 

(4.69) 
14.87 

(14.07) 5.54 698, 482, 406 

4 [Ni(L)(H2O)3Cl]H2O Green 1:1 290 11.3 23.76 
(23.83) 

4.82 
(4.63) 

13.32 
(13.90) 3.32 679, 559, 456 

5 [Co(L)(H2O)3Cl]H2O Faint brown 1:1 288 10.4 
21.96 

(22.47) 
5.41 

(4.99) 
12.96 

(13.11) 4.78 546, 432 

6 [Cu(L)(H2O)Cl]2H2O Dark green 1:1 300 12.5 23.16 
(23.45) 

4.99 
(4.56) 

13.94 
(13.68) 1.83 490 

7 [Cr(L)2 (H2O)Cl] Green 2:1 289 12.4 
34.29 

(34.82) 
4.96 

(4.35) 
20.75 

(20.31) 3.89 531,345 

8 [Fe(L)2 (H2O)Cl]2H2O Deep brown 2:1 300 14.6 31.23 
(31.76) 

4.28 
(4.85) 

18.20 
(18.53) 5.74 493, 399 

9 [Mn(L)2(H2O)2]H2O Brown 2:1 299 8.5 
34.27 

(34.54) 
5.11 

(5.28) 
20.58 

(20.15) 5.87 680, 490, 399 

10 [Ni(L)2(H2O)2]2H2O Green 2:1 300 7.6 32.04 
(32.82) 

5.29 
(5.47) 

19.84 
(19.15) 3.12 687, 547, 451 

11 [Co(L)2(H2O)2] Faint brown 2:1 278 8.9 35.98 
(35.74) 

4.54 
(4.96) 

20.58 
(20.85) 4.86 532, 429 

12 [Cu(L)2]2H2O Dark green 2:1 300 9.5 
35.04 

(35.34) 
5.19 

(4.91) 
20.97 

(20.61) 1.81 495 

TABLE 2 : Important IR spectral bands and their assign-
ments of ligands and their metal complexes.

Compound OH NH2(asy) NH2(sym) Coo C-N C=N M-O M-N 

L-histidine - 3374 3160 1575 1522 1471 - - 

1 3420 3348 3130 1553 1523 1469 567 423 

2 3441 3343 3100 1546 1522 1470 534 476 

3 3459 3353 3147 1555 1521 1473 556 467 

4 3427 3350 3142 1543 1522 1472 545 445 

5 3421 3352 3129 1544 1523 1468 560 463 

6 3451 3346 3139 1555 1522 1471 550 435 

7 3433 3349 3145 1552 1521 1472 560 421 

8 3434 3350 3149 1556 1520 1470 545 482 

9 3445 3353 3147 1553 1522 1470 563 418 

9 3444 3348 3144 1549 1521 1472 545 473 

10 3456 3349 3145 1556 1522 1470 540 446 

11 3424 3351 3133 1556 1520 1473 537 429 

12 3440 3345 3140 1553 1520 1471 505 439 
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3A
2g

  3T
1g

 (P) transitions, respectively.
The magnetic moment values of the Co(II) com-

plexes 5 and 11 of the type M:L (1:1 and 1:2) are found
to be 4.78 and 4.86 B.M. which are consistent with
high-spin octahedral cobalt(II) complexes. The elec-
tronic spectra of the complexes in DMF confirmed their
octahedral stereochemistry. The electronic spectra of
both complexes show two bands at 546 and 432 nm
for complex 5 and at 532 and 429 nm for complex 11,
which may be assigned to 4T

1g
(F)  4T

2g
 and 4T

1g
(F)

 4T
1
(P) transitions, respectively, of pseudo-octahe-

dral cobalt(II) complexes[23].
The magnetic moment values of the Cu(II) com-

plexes 6 and 12 of the type M:L (1:1 and 1:2) are
1.83 and 1.81 BM corresponding to one unpaired
electron. The former complex shows a band at 490
nm while the later complex show a band at 495 nm
due to 2B

1g
  2E

g
 suggesting square planar structure

of Cu(II) complexes[20].

within the range 100-546 and 30-530 C, respectively.
The first step corresponds to the loss of coordinated
and lattice water within the ranges 100-220 and 30-
110 C, respectively. The second step for complex 3
occurs within the temperature range 220-300 C and
involve the loss of HCl. The organic ligands decom-
pose in the second and third decomposition steps within
the temperature range 300-546 C for complex 3 and
within the ranges 216-310 and 310-530 C for com-
plex 12 resulting in the formation of MnO and CuO,
respectively, as final products.

The TG curves of Cr(III) complex 1 and Ni(II)
complex 10 give pattern four successive decomposi-
tion steps within the ranges 90-590 and 28-515 C,
respectively. The first step attributed to the loss of co-
ordinated and lattice water within the temperature ranges
90-180 and 28-117 C for complex 1 and 10, respec-
tively. The second step occurs within the temperature
range 180-290 C for complex 1 and 117-220 C for
complex 10, and involve the loss HCl and coordinated
water, respectively. The third step involves the decom-
position of the organic ligand with elimination of imida-
zole moiety and occurs in the within the temperature
ranges 290-450 and 220-320 C for complexes 1 and
10, respectively. The two complexes are further de-
composed within the temperature range 450-590 and
320-515 C for complexes 1 and 10 with the forma-
tion of Cr

2
O

3 
and NiO, respectively, as final products.

The Co(II) complex 5 and Fe(III) complex 8 de-
compose in five successive decomposition steps. The
first two steps are assigned to the loss of lattice and
coordinated water and appear within the range 28-160
and 28-190 C for complexes 5 and 8, respectively.
The third step occur within the temperature ranges 160-
234 and 190-276 C for complexes 5 and 8, respec-
tively, and involve the loss of HCl. The organic ligands
decompose in two successive steps within the tempera-
ture ranges 234-650 and 276-622 C leaving behind
CoO and Fe

2
O

3
 as product of decomposition for com-

plexes 5 and 8, respectively.

Kinetic studies

According to the kinetic data obtained from TG
and DTG curves, the thermodynamic activation pa-
rameters of the various decomposition steps of the
metal complexes (ÄE*, ÄH*, ÄS* and ÄG*) were

Figure 1 : X-band ESR spectra of Cu(II) complexes 6 and 12
measured at room temperature

Thermal analysis

The TG curves of Mn(II) complex 3 and Cu(II)
complex 12 give three-stage decomposition pattern
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evaluated graphically by employing the Coats�-

Redfern relations[24]. The data obtained are summa-
rized in TABLE 4. The data obtained also show that
the activation energies of decomposition are found to
be in the range 16.79�284.84 kJ/ mol. The high val-

ues of the activation energies reflect the thermal sta-

bility of the metal complexes. The entropy of activa-
tion is found to be negative for all the metal complexes,
which indicate that the decomposition reactions pro-
ceed with a lower rate than the normal ones[25,26] and/
or the activated complexes have more ordered sys-
tems than reactants.

TABLE 3 : Thermogravimetric data of some selected metal complexes.

Comp. 
No. 

Complex 
(molecular weight) 

TG 
range (C) 

DTG 
temp. (C) 

(Calc.)found 
mass loss % Assignment 

90-180 130 (10.97) 10.55 - Loss of coordinated H2O 

180-290 235 (21.94)21.65 - Loss of 2HCl 

290-450 362 (20.44) 20.02 - Loss of imidazole part 1 
[Cr(L) (H2O)2Cl2] 
C7H15N3Cl2O4Cr 

(328.11) 
450-590 460 (21.63) 22.31 

- Further decomposition of ligand and 
 formation of 0.5Cr2O3 as final product 

100-220 150 (17.21) 18.11 - Loss of coordinated H2O 

220-300 240 (11.63) 12.32 - Loss of HCl 3 
[Mn(L) (H2O)3Cl] 
C7H17N3ClO5Mn 

(313.62) 300-546 494 (44.12) 44.87 
- decomposition of ligand and 
 formation of MnO as final product 

28-90 70 (5.36) 5.96 - Loss of lattice H2O 

90-160 144 (16.08)16.78 - Loss of coordinated H2O 

160-234 221 (10.87) 10.63 - Loss of HCl 

234-400 340 (19.98) 19.32 - Loss of imidazole part 
5 

[Co(L)(H2O)3Cl]H2O 
C7H19N3ClO6Co 

(335.63) 

400-650 580 (21.15) 21.68 
- Further decomposition of ligand and 
 formation of CoO as final product 

28-110 65 (7.69) 7.45 - Loss of lattice H2O 

110-190 160 (3.84)4.32 - Loss of coordinated H2O 

190-276 243 (7.81) 7.98 - Loss of HCl 

276-430 330 (28.62) 28.98 - Loss of imidazole part 
8 

[Fe(L)2 (H2O)Cl]2H2O 
C13H25N6ClO7Fe 

468.08 

430-622 530 (30.33) 30.87 
- Further decomposition of ligand and 
 formation of 0.5Fe2O3 as final product 

28-117 75 (7.92) 7.15 - Loss of lattice H2O 

117-220 170 (7.92)7.63 - Loss of coordinated H2O 

220-320 293 (7.81) 7.98 - Loss of imidazole part 10 
[Ni(L)2(H2O)2]2H2O 

C13H27N6O8Ni 
(454.08) 

320-515 440 (31.30) 31.98 
- Further decomposition of ligand and 
 formation of NiO as final product 

30-110 66 (8.51) 9.75 - Loss of lattice H2O 

216-310 250 (31.71)31.23 - Loss of imidazole part 12 
[Cu(L)2]2H2O 
C13H23N6O6Cu 

422.90 310-530 465 (33.57) 33.48 
- Further decomposition of ligand and 
 formation of CuO as final product 

TABLE 4 : Thermodynamic data of the thermal decomposition of the metal complexes.

Compound Step TG range (ºC) E* (kJ/mol) A (kJ/mol) ÄS* (kJ/K mol) ÄH* (kJ/mol) ÄG* (kJ/mol) 

1st 90-180 56.72 4.17  108 -33.16 35.25 55.02 

2nd 180-290 92.17 2.54  106 -72.82 66.75 76.22 

3rd 290-450 81.93 1.41  104 -0.18 76.41 196.2 
1 

4th 450-590 280.1 1.54  1019 0.11 274.4 201.1 

1st 100-220 54.71 6.4  106 -0.12 52.00 92.11 

2nd 220-300 24.19 2.03  105 -0.15 20.36 95.62 3 

3rd 300-546 41.50 3.331 -0.24 36.26 193.1 
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HN

N

O O

M

NH2 X

Y

Cl H2O

1        M= Cr(III)               X=Cl               Y=H2O
2        M=Fe(III)                X=Cl               Y=H2O
3        M=Mn(II)                X=Y= H2O        
4        M=Ni(II)                 X=Y= H2O
5        M=Co(II)                X=Y= H2O
6        M=Cu(II)                X=Y=0

Scheme 1

HN

N

O O
M

NH2
NH

N

OO

H2N

Y

X

7        M= Cr(III)               X=Cl               Y=H2O
8        M=Fe(III)                X=Cl               Y=H2O
9        M=Mn(II)                X=Y= H2O        
10      M=Ni(II)                 X=Y= H2O
11      M=Co(II)                X=Y= H2O
12      M=Cu(II)                X=Y=0

Scheme 2

Compound Step TG range (ºC) E* (kJ/mol) A (kJ/mol) ÄS* (kJ/K mol) ÄH* (kJ/mol) ÄG* (kJ/mol) 

1st 28-90 53.86 4.33  104 -0.16 50.90 109.8 

2nd 90-160 11.68 0.019 -0.29 8.161 132.4 

3rd 160-234 81.93 1.41  104 -0.18 76.41 196.2 

4th 234-400 280.1 1.54  1019 0.11 274.4 201.1 

5 

5th 400-650 176.9 1.60  1010 -0.06 170.8 218.3 

1st 28-90 45.293 23.1  103 -0.171 42.371 102.47 

2nd 90-160 53.198 18.4  103 -0.174 49.778 121.45 

3rd 160-234 82.562 1.123  106 -0.142 78.387 149.56 

4th 234-400 93.255 142.4  103 -0.161 88.043 188.84 

8 

5th 400-650 15.918 1.799  10-3 -0.315 7.884 312.83 

1st 28-117 83.35 1.26  1010 -0.06 80.65 100.3 

2nd 117-220 57.38 1.37  105 -0.15 53.86 120.7 

3rd 220-320 28.41 0.221 -0.27 23.24 191.8 
10 

4th 320-515 130.2 6.3  106 -0.13 124.2 217.5 

1st 30-110 251.5 2.33  1032 0.31 248.3 130.6 

2nd 216-310 34.52 2.859 -0.24 29.92 162.8 12 

3rd 310-530 106.9 8.16  106 -0.12 101.7 180.1 

ESR spectra

The ESR spectrum of Cu(II) complexes 6 and 12,
in the solid state, was measured at room temperature.
The calculated data show that g

11
 = 2.21 & 2.28 and

g
�Û

 = 2.09 & 2.06 for complexes 6 and 12, respec-
tively i.e. g

11
 > g

�Û

 > 2.0023. This indicates that the
unpaired electron is localized in d

x2�y2
 orbital[26], which

is consistent with the proposed planar stereochemis-
try[28]. Also, the observed value which is <2.3 indicates
the covalent nature between the Cu(II) ion and the
ligand[29].

The structures of the complexes are given in
Schemes 1 and 2.

Biological activity

A primary study of the Minimum inhibitor concen-
trations (MIC) of L-histidine and its complexes on Gram
positive bacteria (Staphylococcus aures and Bacillus
subtilis) and Gram negative bacteria (Escherichia coli and
pesudo monos aerogenas) are recorded in (TABLE 5).

From (TABLE 5) it is clear that the inhibition is
much larger for metal complexes than that of L-histi-
dine on gram positive and gram negative bacteria. The

Cu(II) complexes (6 and 12) have the most inhibitor
effect on gram negative and gram positive bacteria than
the other metal complexes. The antibiotic effect of bi-
ligand Cu(II) complex (12) on Gram negative and Gram
positive bacteria is relatively stronger than complex (6).
AS gathered from the data given in TABLE 5, the or-
der of inhibition of all complexes in the activity of the
bacteria studied can be arranged as follows: For Es-
cherichia coli the complex 12< 6< 4< 9< 3,11< 2
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TABLE 5 : Minimum inhibitor concentration of L-histidine
and complexes against gram +ve and gram -ve bacteria.

Organism Gram -ve bacteria Gram +ve bacteria 

Compound E-Coli Ps-aur B-sub St-aur 

L-histidine 150 150 100 250 

Complex 2 100 60 50 100 

Complex 3 50 90 100 85 

Complex 4 35 80 6.8 25 

Complex 6 5.1 40 4.5 30 

Complex 9 40 50 80 45 

Complex 11 50 50 5.7 100 

Complex 12 3.1 35 3.5 15 

<ligand, for Pesudomonos aeruginosa the complex 12<
6< 9,11< 2 <4< 3 <ligand, for Bacillus subtilis the com-
plex 12 < 6< 11< 4< 2< 9< 3< ligand and for Staphy-
lococcus aureus the complex 12 <4< 6 < 9 <3< 2,11 <
ligand. Such increased activity of the metal chelates can
be explained on the basis of chelation theory[30]. On
chelating, the polarity of the metal ion will be reduced
to a great extent due to the overlap with the ligand or-
bital. Further, it increases the delocalization of ð-elec-
trons over the whole chelae ring and enhances the
lipophilicity of the complexes[31].
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