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Abstract

The preparation structural identification of some transition metal complexes of
new thiazolylazo ligand 2-[ (2-Thiazolyl) azo ]-4-benzyl phenol (TABP = HL) are
studied on the basis of their analytical, spectroscopic, magnetic susceptibility and
conductance data. The stability constant of prepared complexes have been determined
by spectrophotometric method. The stability of complexes follows the sequence;
Cu(Il) > Co(II) > Ni(Il) > Hg(Il) > Cd(I) > Zn(Il) > Ag(I). The isolated solid
complexes are found to have the general formula [ ML, ].x H,O (M = Ni(Il), Cu(Il),
(x=1), M = Zn(Il), Cd(II), Hg(Il), (x = 2) or [ CoL;, ]C1.H,0O and [ AgL(H,0) ]. H,O.
Structural information has been taken from spectroscopic, magnetic and molar
conductance measurements. The coordination number of all metal ions is found to be
six, except of Ag(I) complex was found four, with binding through the phenolate O,
azo N and with thiazole N atom.
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Introduction

Chemists, in recent years have shown
a growing concern is studying thiazolylazo
phenols and its derivatives formed by
thiazole, benzothiazole and other related
compounds as these are common components
to some important material sciences!" ™.
However one of the major interests continues

to be their possible use as dyeing fibers*”,

and have been used as analytical reagents®'),
in addition to the use a staining agent''". The
ligand is iso - electronic with (o-imine) and
the active function is the (n-acidic) azo imine
group (—N=N—C=N—) consequently a
number of these ligands were prepared as
chelating ligand'*'®.

This work describe the preparation
and characterization of some transition metal
complexes, using the new thiazolyazo ligand
(TABP).

Experimental

Materials and Measurements

All chemicals used were of (BDH,
Fluka or Aldrich) and used with out further
purification. Elemental analysis was carried
out by means of Micro analytical unit of 1108
CHN Elemental analyzer. IR spectra were
recorded on a (Pye — Unicom SP3 — 300),
spectrophotometer, in the (4000 — 200) cm’
using Csl disc. Magnetic susceptibilities were
measured on powder samples using Farady
method, Balance Magnetic MSB — MKI was
employed for this purpose. Electronic spectra

were made using Shimadzu UV-Vis1700

S N
/
EN/>7 " HO

Fig. (1): Structure of the (TABP) Ligand
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spectrophotometer. Metal amounts were
determined using atomic absorption technique
by Shimadzu — AA — 160. The conductance
measurements were carried out at room
temperature and (10'3 M) concentration using
conductivity bridge model 31 A. pH
measurements were carried out using
HANNA pH meter model HI 9321.

Synthesis of the Ligand (TABP)

The azo (TABP) ligand Fig. (1), has
been synthesized by the diazotization
coupling reaction using (Fan) et al 7,
method ( with some modification ) for
synthesis this kinds of azo compound 2-
aminothiazole (1.5 g 15 mmol) was dissolved
in 5ml of formic acid and 6ml of concentrated
hydrochloric acid, then 20ml of water was
added. To this mixture a solution of (1.1g,
16mmol) of sodium nitrite in 20ml of water
was added drop wise at 0 — 5°C and the
mixture was stirred for 30min. Separately, 4-
benzyl phenol (2.76g, 15mmol) was dissolved
in 150ml alkaline ethanol and cooled to 0 —
C°, this solution was then added drop wise to
the above diazotized solution with vigorous
stirring. The mixture was stirred for additional
3hrs, in an ice — bath and allowed to stand
over night. The precipitate formed was
filtered off and first purified by the basic —
acid recrystallization method and further
purified by recrystallization twice from hot
ethanol and dried in a desiccator over
anhydrous CaCl,.

CH,—ph
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Synthesis of the Complexes

The complexes were prepared by
dissolving (2mmol.) from ligand in hot
ethanol 50ml then added drop wise with
vigorous stirring to a stoichiometric amount
of, 1:1 for Ag(I) nitrate and 2:1 for Co(Il),
Ni(Il), Cu(Il), Zn(Il), Cd(I), and Hg(Il),
chloride salts dissolved in 15ml hot distilled
water. The mixture was heated to 50°C for
30min, then left over night. The solid product
thus formed was filtered off, washed with 5Sml
hot ethanol and dried in a desiccator over
anhydrous CaCl,.

Results and Discussion

The ligand and its solid complexes are
stable in air, insoluble in water, but
completely soluble in common organic
solvents. The analytical and physical data for
synthesized compounds are listed in (Table
1). Attempts to propose the structure of the
isolated complexes come from available
investigation using the following studies.

Metal: Ligand Ratios

The metal: ligand ratios of complexes
were determined by the method of molar ratio
at the wave lengths of maximum absorption,
and fixed pH. The results are summarized in
(Table 2). The ligand (TABP) was found to
form 1:2 chelates with all metal ions except of
Ag (I) complex was found 1:1, these results
are in agreement with the values reported for
some thiazolylazo phenol complexes''*=?.

Calculation of the Metal Complexes
Stability Constant ()

Stability constant of complexes are
obtained spectrophotometrically by measuring
the absorbance of solutions of ligand and
metal mixture at fixed wave length An.x, and
pH values. The degree of formation of the
complexes is obtained  from  the
relationship® B = (1 — a)/(a’c) for Ag(l)
complex and P = (1 — a)/(o’c?), for remaining
metal complexes, and o = A, — Ag/ A,

Where Am and As are the absorbance’s
of the partially and fully formed complex
respectively at optimum concentration. The
calculated log B values for the prepared
complexes are given in (Table 2). The
stability follows the sequence; Cu(Il) >
Co(III) > Ni(II) > Hg(II) > Cd(1I) > Zn(1I) >
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Ag(I). The high stability of (TABP) toward
Cu(Il) is remarkable over the other ions. This
implies a considerably higher affinity toward
this ion.

IR Spectral Studies

The most characteristic bands of the
ligand and their complexes are summarized in
(Table3). These spectra are complicated
owing to the extensive overlap of a number of
bands arising due to v(O—H), v(C=N),
v(N=N) and other bands originate due to
phenyl and thiazole rings appeared in the
region below 1790 cm’, the shifts in the
positions or change in shape of the complexes
bands compared with those absorption bands
due to free ligand suggest the probable modes
of bonding in the complexes. Some of there
main shifts along with conclusions are given
below.

The spectrum of ligand shows a very
weak absorption band around 3350 cm™ due
to v(O—H). This suggests a strong inter-
molecular hydrogen bonding®??. In the
spectra of metal complexes the broad weak
absorption bands around 3550 — 3300 cm’
indicates the presence of water in these
complexes<24), two weak bands had been
observed at 3080 and 2910 cm™ in the ligand
spectrum which are due to v(C—H) aromatic
and aliphatic respectively. These bands are
stable in position in both ligand and metal
complexes.

Ligand spectrum show another band at
1630 cm™, which is considered to be v(C=N)
of thiazole ring(zs). It is observed with a little
change in shape and shifted to lower
frequencies 1605 — 1590 em’ in prepared
complexes spectra. These differences suggest
the linkage of metal ions with nitrogen hetero
cyclic ring (@6),

Tow absorption bands are observed at
1490 and 1460 cm™ in the ligand spectrum,
which are due to the azo group, while in
complexes spectra these bands are shifted to a
lower frequencies 1470 and 1430 cm™ with
decreased in intensity. This may indicates that
it has been affected on coordination with

metal ions®*?7.
A band at 1230 cm™ has also been
appeared in the ligand spectrum this

absorption band is due to v(C—S) of thiazole
ring(zg). The fixed position of this band in all
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chelate complexes means that the sulfur atom
of hetero cyclic ring does not participate in
coordination®®.

Finally in the far IR spectra of all
complexes, there are new bands observed in
the region of 280 — 530 cm™ which are never
been observed in the free ligand spectrum,
this may attributed to v(M—0), v(M—N), and
v(M—Cl) bands*?.

Thus, the above IR spectra data lead to
suggest that ligand behaves as a tridentate
chelating agent coordinating through the
positions of phenolic oxygen, nitrogen of azo
group and thiazole ring nitrogen. Fig. (2)
shows the spectra of [CoL2] CL.LH20 and (HL)
ligand
Magnetic Properties and Electronic

Spectra

As further structural tools, magnetic
and electronic spectral studies have been used
to confirm the geometry of the complexes.
The spectral data and the magnetic moments
are listed in (Table 4).

The magnetic moment of the Co(III)
complex has been found to be diamagnetic,
the low spin behavior of this complex
indicates that Co(Il) is oxidized to Co(IlI)
during complexation. The change of the
oxidation state agrees with earlier observation
that the aqueous solution of Co(Il) salts are
spontaneously oxidized to Co(Ill) in the
presence of strong ligand such as thiazolyazo
compounds ?**V. The electronic spectra of
this complex shows two absorption bands at
16077 cm™ and 21376 cm™ characteristic of
octahedral stereo chemistry®?. They were
assigned to the transition 'Aig — 'Tig and
'Aig — 'T,g respectively. For the Ni(II)
complex, its magnetic moment (3.12 B.M.),
which can be a normal value for octahedral
high — spin Ni(II) complex compared with
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that has been found in the literature®”. The
electronic spectrum of this complex show
bands at 10205 cm’, 14815 cm™ and 23696
cm’', which are suggesting the existence of
SAsg — *Thg (F) *Asg — *Thg(F) and *Asg
— Tig(p) transitions with an octahedral
spatial conﬁguration(34).The magnetic moment
value of the Cu(Il) complex is (1.71B.M),
which may suggest an octahedral structure.
It’s electronic  spectrum shows a band
centered at 16393 cm™ which may assigned
to *Eg — “T,g transition in an approximately
octahedral environment®”. Zinc, Cadmium,
mercury and silver complexes do not show
any d — d transition bands. There were three
absorption bands appear
at the free ligand (TABP) spectrum those are
appearing at the positions, 44052 cm™, 35587
em” and 22321 cm™, the bands 44052 cm™ |
35587 cm! referring to the 1 — m* transitions
while the bend at 22123 cm™ is due to the
charge transfer characters®®.

The electronic spectra of Co(IlI),
Ni(IT) and Cu(II) chelate complexes in ethanol
solution are given in Fig. (3).
Conductivity Measurements

All complexes except of Co(Ill)
complex show the conductivity measurement
values ranging between 5.2 - 9.34 S.mol” cm®
(Table 4), in DMF at room temperature, these
values indicating that there is no conductivity
existence®”. But the low value of molar
conductivity of the Co(III) complex (81.45
S.mol™' cm”) indicate that the complex is (1:1)
ionic structure.

According to these results the
structural formula of prepared complexes in
this work may be proposed in Fig. (4) and

Fig. (5).
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(Table 1): Analytical and physical data of the ligand and its complexes

1)
compound Color “fép Yield% Formula c F"“Ifl‘d (Ca“;i) %o -
429
Dark 65.17 14.37
HL brown 12 >3 CisH13N;08 (65.08) (4.40) (1423)| ™

5491 | 3.59 | 11.87 8.21

[COL2]C1.H20 Green 183 65 C32H26N603SQC1C0 (5482) (371) (1 199) (842)

o [T 10| s | cmmosn |55 o0 | B8 S5
[CuL2] O ;r:l::l 2271 71| CaHagNeOsS:Cu é;:g) (gigé) (géi) (g:ig)
[Zn.L2] 2H,0 Grglel?eiSh 1921 61 ] CaHasNeO4S2Zn ég:%) (j:gé) (H:gg) (g:zi)
[CAL,]J2H,0 | Blue 234 58 | CaoHagNg0sS:Cd é;ﬁ) (gzgé) (H:ig) (}ﬁjgﬁ)
HgL]2M0 | Blue |1°| 63 | CoMuNOsS:Hg (jg:gg) (iﬁig) (18:%) ......

43.75 | 3.57 9.72
[Ag.L(HzO)].HzO Red 178 67 C16H16N3O3SAg (43 83) (3 65) (9 59) ------

d = decompose

(Table 2): Metal: Ligand ratios determination by the method of mole ratio and stability
constant values

Metal Amax

ligand ion pH am Metal : Ligand B Log B
Co(ll) | 7.0 622 1:2 2.158x10° | 9.334
Ni(II) 6.5 675 1:2 1.031x10° | 9.013
Cu(1l) 7.0 610 1:2 4.927x10"° | 10.692
(TABP) | Zn(1l) 6.0 668 1:2 8.527x10° | 6.930
Cd(In) 6.5 680 1:2 1.316x10" |  7.119
Hg(l) | 6.5 683 1:2 1.826 x10° | 8.261
1:1

3.122x10% 4.494

AgD | 6.0 521
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(Table 3): Characteristic IR absorption bands of the ligand and its complexes in cm” units

Compound v(O—H) | v(C=N) | v(N=N) | v(C—=S) | N(M—0) | v(M—N) | v(M—Cl])
3350 1490 m 1290
HL wor | 1039M | 4eom | m | T
1460
[CoL,]CLH,O 3450 1600 m msh 1290 530 400 280
w m w w V.W
1430 s
[NiL,].H,O 3550 1600 EZ}? 1290 490 410 |
202 wbr mbr m w w
1435 m
1465 m
[Cu.Ly].H,0 3400 1590 1440 1285 510 400 |
wbr msh ] w w
msh
3300 1460 m 1290 480 390
[ZnL2]2H20 whr 1605 m 1435 w S W o
1470
[Cd.L,].2H,0 3\38? 1590m | msh 123 0 435 4&0 ------
1445 m
[Hg.Lo] 2H,0 3450 1600 li‘gggn 1285 490 400 |
&Lal-2t wbr msh ] w w
msh
1470
3440 1600 1285 480 390
[Ag.L(H,0)].H,O whr msh msh < w M
1435 m
HL =ligand, v = very, w = weak, s = strong, m = medium, br = broad, sh = shoulder.
(Table 4): Electronic spectra, conductivity and magnetic moment of complexes
Absorption bands Conductivity peff
Complex | Transition .
(cm™) S.mol .cm (B.M)
16077 Aig— Tig .
[CoL,]CLH,O . . 81.45 dia
20200 Aig— Tog
10205 >Asg — “Tog(F)
[NiL,].H,O 14815 3Asg — Tg(F) 9.34 3.12
23696 Arg — Tig(p)
[Cu.L,].H,0 16645 ’Eg — “Tag 8.15 1.71
[Zn.1,].2H,O0 | - e 7.53 dia
[Cd.L,].2H, O | - | - 6.94 dia
[Hg.L,].2H,O | -—— | e 6.18 dia
[Ag.L(HO)]HO | -— | - 5.23 dia
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Fig. (3): Electronic Spectra of (a) [CoL,]|CIL.H;0O, (b) [NiL;].H,O and (c¢) [Cu.L,].H,O
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H H
\O/
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O/T%\N

N//N4</Sj H,0

H,C

Fig. (4): The proposed structural formula of Ag(I) complex

| c1,.mH,0

M=Co(ll),n=1,m=1
M = Ni(Il), Cu(Il),n=0,m=1
M = Zn(II), Cd(II), Hg(Il), n=0, m = 2
Fig. (5): The proposed structural formula of Co(IlI), Cu(Il), Ni(Il), Zn(II), Cd(II) and Hg(I)

complexes
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