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Abstract

Two new azo-dyes, 5-(quinoly-8-azo)pyrimidine-2,4,6-trione (L) and 5-(quinoly-8-azo)-1,3-dimethylpyrimidine-2,4,6-trione (L,) were pre-
pared by linking 8-aminoquinoline to barbituric acid and 1,3-dimethylbarbituric acid through diazo-coupling reactions. Reaction of new azo-
dyes with Cu(II) or Ni(II) salts and unidentated ion gave mononuclear complexes with general stoichiometry [MLX], [M: Ni(II) or Cu(Il);
X: NO3, SCN7, CN™ or N3]. On the other hand, two kinds of cobalt(Il) complexes with different stoichiometries were prepared. Reaction
of azo-dyes with Co(AcO), with 2:1 molar ratio gave azo complexes with stoichiometry Co(L), while reaction of cobalt salts with tridentate
azo-dyes, bidentate ligand, 1,10-phenanthroline (B), and unidentate ion (X: NO3, SCN™, CN™ or N3 ), mixed hard—soft donor sets, produced
a new set of complexes with general stoichiometry CoLBX. The structures of both azo-dyes and their complexes were identified by elemental
analyses, FTIR, 'H NMR, UV—vis, magnetic susceptibility and mass spectral data. The elemental analyses and spectral data indicate that azo-
dyes act as monobasic O,N,N'-tridentate ligand. The difference in absorption maximum from ligands to metal complexes was also studied.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Azo compounds are highly colored and have been used as
dyes and pigments for a long time. They have been receiving
much attention and have been widely used in many practical
applications such as coloring fibers [1,2], photoelectronic ap-
plications [3], printing systems [4,5], optical storage technology
[6,7], textile dyes [8—10] as well as in many biological reac-
tions [11—13] and in analytical chemistry [14,15]. Recently,
metal complex dyes have also attracted increasing attention
due to their interesting electronic and geometrical features
in connection with their application for molecular memory
storages, nonlinear optical elements, printing system, etc
[4,6,16]. Therefore, several studies have been published on
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the synthesis and spectral properties of several azo barbiturates
and aminoquinoline, as well as their transition metal com-
plexes, so far [17—24].

In this work, we synthesized two new azo-dyes by bringing
together two important chemical compounds barbituric acid
and quinoline, and metal dye complexes by using new dyes,
appropriate simple ligand and metal ions. The chemical struc-
tures of both azo-dyes and azo-metal complexes were studied.
Also, the relationships between the difference in absorption
maximum from ligands to their metal complexes and simple
ligands to azo-metal complexes were studied.

2. Experimental
2.1. General

All the reagents and solvents were of reagent-grade quality
and were purchased from Merck and Aldrich and used without


mailto:rgup@mu.edu.tr
http://www.elsevier.com/locate/dyepig

R. Gup et al. | Dyes and Pigments 73 (2007) 40—46 41

further purification. Melting points were determined on a Bushi
SMP-20, melting point apparatus. Infrared spectra (in KBr pel-
lets) were recorded on a Perkin—Elmer 1605 FTIR spectrom-
eter. '"H NMR spectra were recorded on a Bruker 250 MHz
Spectrometer in DMSO-dg using TMS as an internal reference.
The electronic spectra of the ligands and complexes were
recorded on a UV-1601 Shimadzu spectrophotometer in
DMSO. Magnetic susceptibility measurements were deter-
mined on a Sherwood Scientific Magnetic Susceptibility Bal-
ance (Model MK 1) at room temperature (298 K) by using
Hg[Co(SCN),4] as a calibrant. Mass spectra were recorded on
an Agilent 1100 MSD LC/MS Spectrometer. Metal concentra-
tions were determined with GBC Avanta Atomic Absorption
Spectrometer in solution, prepared by decomposition of the
complexes with HNOj; followed by dilution with deionized
water.

2.2. Synthesis of the azo-dyes

2.2.1. Diazotization

8-Aminoquinoline (10 mmol, 0.144 g) was dissolved in
5ml of 2M HCI. The solution was then cooled to 0—5 °C
in an ice-bath and maintained at this temperature. Sodium
nitrite (10 mmol, 0.069 g) water (5 ml) solution was then
added drop wise. Stirring was continued for 10 min at the
same temperature.

2.2.2. Preparation of 5-(quinoly-8-azo)pyrimidine-
2,4,6-trione (L)

The diazonium solution was added portion wise to the cou-
pling component solution prepared by mixing a suspension of
barbituric acid (1 mmol, 0.128 g) in 10 ml of water with sodium
carbonate (3 mmol, 0.32 g) dissolved in 15 ml of water.
During the procedure the pH value was maintained within
9—10 and the temperature at 0—5 °C. The mixture was stirred
for 6 h, then the pH value was decreased to ~6. The mixture
was kept overnight. The precipitated crude dyes were collected
by filtration, washed with water, ethanol and acetone (positive
ion) m/z (relative intensity): 284.0 [M", (100)], 284.9 (M>T,
(17)]. '"H NMR (ppm): 15.47 (s, 1H, O—H:--N), 11.82 (s,
1H, N—H), 11.60 (s, 1H, N—H), 9.26 (d, 1H, J=4.15 Hz,
Ar-H), 872 (d, 1H, J=8.21Hz, Ar-H), 824 (d, 1H,
J=17.60Hz, Ar-H), 8.09 (d, 1H, J=38.12 Hz, Ar-H), 7.95
(m, 2H, J =7.93, 3.89, 4.21 Hz, Ar-H).

2.2.3. Preparation of 5-(quinoly-8-azo)-1,3-
dimethyl-arrimidine-2,4,6-trione (L)

The diazonium solution was added portion wise to the cou-
pling component solution prepared by mixing a suspension of
1,3-dimethylbarbituric acid (1 mmol, 0.156 g) in 10 ml of wa-
ter with sodium carbonate (3 mmol, 0.32 g) dissolved in 15 ml
of water exactly as described above to give L, (positive ion)
mlz (relative intensity): 312.0 [M™, (100)], 313.1 [M*T,
(12)]. '"H NMR (ppm): 15.34 (s, 1H, O—H---N), 9.05 (d, 1H,
J=420Hz, Ar-H), 8.52 (d, 1H, J=8.40 Hz, Ar-H), 8.05
(d, 1H, J=7.34 Hz, Ar-H), 7.90 (d, 1H, J=7.72 Hz, Ar-H),
7.75 (m, 2H, J =7.86, 4.25, 4.15 Hz, Ar-H).

2.3. Preparation of nickel and copper azo complexes

2.3.1. [NIiLNO;3] and [CuLNO;3]

A solution of Ni(NO3),-6H,O (1 mmol, 0.74g) or
Cu(NO3),-6H,0O (1 mmol, 0.293 g) in methanol (15 ml) was
added to a magnetically stirred suspension of ligands
(1 mmol) in methanol (50 ml). A distinct change in color
and a decrease in the pH of the clear solution were observed.
After adding an equivalent amount of methanolic solution of
triethylamine (0.1 M), the mixture was refluxed for 3 h and
then 60 ml of water was added. The colored precipitate was
filtered off, washed several times with methanol and diethyl
ether, dried in vacuo.

2.3.2. [MLX] [M: Ni(ll) or Cu(Il); X: SCN—, CN—, or N3]

A solution of Ni(CH3COO),-6H,0 (1 mmol, 0.245 g) or
Cu(CH5COO0),-2H,0 (1 mmol, 0.20 g) in methanol (15 ml)
was added to a magnetically stirred suspension of ligands
(1 mmol) in methanol (50 ml). After the mixture was refluxed
for 10 min, an aqueous solution (5 ml) of KSCN, NaCN or
NaNj3 (1 mmol) was added and the resulting mixture was re-
fluxed for further 3 h. Then, 60 ml of water was added, and
the precipitated colored complexes were filtered off, washed
several times with methanol and diethyl ether, and dried in
vacuo.

2.4. Preparation of cobalt azo complexes

24.1. [Co(L),]

A solution of Co(CH3COO),-4H,0 (0.5 mmol, 0.125 g) in
20 ml of methanol was added to a magnetically stirred suspen-
sion of the ligands (1 mmol) in methanol (40 ml). After the
mixture was refluxed for 3 h, 50 ml of water was added. The
reddish-brown precipitate was filtered off, washed several
times with methanol and diethyl ether, and dried in vacuo.

24.2. [CoLBX] (X: SCN~, CN~ or N3]

A solution of Co(CH3COO),-H,0 (1 mmol, 0.249 g) dis-
solved in 20 ml of methanol was added to a mixture L,
(1 mmol, 0.283 g) or L, (1 mmol, 0.311 g) and 1,10-phenan-
throline monohydrate (B) (1 mmol, 0.198 g) in 40 ml of
methanol. The mixture was refluxed for 10 min. To this an
aqueous solution (5 ml) of KSCN, NaCN or NaNj3 (1 mmol)
was added, and refluxed for 3 h. After adding 60 ml water,
the colored precipitate was filtered off, washed several times
with methanol and finally with diethyl ether, and dried in
vacuo.

3. Results and discussion
3.1. Structure identification of azo-dyes

The azo-dyes prepared in this study may exist in tautomeric
forms as shown in Scheme 1. The infrared spectra of L; and
L, show three intense carbonyl bands appearing at 1714,
1678 and 1663 cm™' for L; and at 1711, 1667 and
1650 cm ™! for L,. The peaks appearing at 1636 cm ™' for L,
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Scheme 1. Tautomeric forms of azo-dyes.
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and at 1633 cm™ ! for L, are attributed to »(C=N) stretching
vibration. Also a broad band for hydroxyl group does not ap-
pear in the IR spectra of dyes. Therefore, on the basis of IR
data we can conclude that there is a shift of equilibrium to
pyridine-2,4,6-trione configuration and the ligands exist in
triketohydrazo form (II) in the solid state [20,30]. The broad
bands in the region of 3060—3200 cm ' are attributed to
v(N—H) vibrations. The low frequency and the broadening
of these bands suggest that these ligands have a strong hydro-
gen bonding (N—H---O) in the solid state [6,20—25,28]. The
other characteristic peaks of these compounds appearing at
1386 cm ™! and 1085 cm~! for L; and at 1385 cm~! and
1091 ecm™ ! for L, are attributed to »(C—N) and r(N—N)
modes, respectively.

The 'H NMR spectra of ligands show a signal at 15.47 ppm
for Ly and at 15.34 ppm for L,. These chemical shifts can be
attributed to hydrogen bounded OH proton. It is well known
that hydrogen bounded OH proton resonance appears at lower
field than that of NH proton resonance. Furthermore, Song
et al. [19,20] and Masoud et al. [23,24] have reported that azo-
pyrimidine derivatives exist in the azo form in the absolute
solvents. Therefore, it may be concluded that these ligands ex-
ist in the azo form (III) in solutions. In the "H NMR spectra of

L, two singlet peaks at 11.82 and 11.60 ppm are attributed to
NH protons at the 1- and 3-positions of pyrimidine ring. A
characteristic singlet for CH;3 groups at the 1- and 3-positions
of pyrimidine ring appears at 3.28 ppm. The peaks appearing
as a doublet in the 7.75—9.26 ppm are attributed to quinoline
ring protons [25,27].

Mass spectra (positive polarity) of azo-dyes show signals at
284.0 m/z and 284.9 m/z for L and at 312.0 m/z and 313.1 m/z
for L, corresponding to their [M + 11" and [M—l—Z]2+ ion
peaks. The results of the elemental analysis (Table 1) and
mass spectra are in good agreement with those required by
the proposed formulae.

3.2. Structure identification of azo-metal complexes

Reaction of azo-dyes with nickel and copper salts gave
eight new complexes with general stoichiometry MLX
[M: Ni(Il) or Cu(Il); X: NO3, SCN™, CN™~ or N3]. On the
other hand, two kinds of cobalt(Il) complexes with different
stoichiometries were prepared. Reaction of azo-dyes with
Co(AcO), with 2:1 molar ratio gave azo complexes with
stoichiometry Co(L), while reaction of cobalt salts with tri-
dentate azo-dyes, bidentate ligand, 1,10-phenanthroline (B),
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Table 1
Yields and characterization data for azo-dyes and complexes
Compounds  Yield (%) Mp (°C)  Color Formula Calculated (found) (%)

C H N S M
L, 77 321 Dark yellow C3HoNs05 55.12 (54.78)  3.18 (3.49) 2473 (25.13) — -
1 84 >350 Brown C,3H,0NcO7Ni 37.05 (37.22) 238 (2.23) 19.95(19.61) 14.01 (13.78)
2 85 >350 Light brown C14HjoNgO4SNi  40.29 (41.84) 240 (2.29) 20.14 (19.87)  7.67 (7.99)  14.15 (14.21)
3 86 >350 Light brown C,4HgNgO3Ni 45.90 (45.70)  2.18 (2.38)  22.95 (22.71) 15.85 (16.10)
4 85 >350 Light brown Ci3H;oNgO4Ni 38.90 (39.35) 249 (2.33) 2743 (27.79) 14.71 (15.03)
5 83 >350 Brown Cy3H,0NgO4Cu 36.66 (36.39) 234 (2.43)  19.74 (19.49) 14.92 (15.28)
6 82 >350 Dark brown Ci14H oNgO4SCu  39.86 (40.12)  2.37 (2.22)  19.93 (19.60)  7.59 (7.80)  15.07 (15.32)
7 86 >350 Brown C4H,0NgO4Cu 43.13 (43.21)  2.57 (2.50)  21.57 (21.73) 16.30 (16.51)
8 82 >350 Light brown Cy3H;0NgO4Cu 38.47 (38.67)  2.47 (234) 27.62 (27.40) 15.66 (15.37)
9 88 >350 Dark brown CoeH N1 90O,Co  48.67 (48.29) 2.81 (2.73) 21.84 (21.43) 9.20 (9.59)
10 85 >350 Dark brown C,5H,6NgO6Co 48.78 (49.29)  2.60 (2.53)  18.21 (18.45) 9.60 (10.02)
11 84 >350 Dark brown CycH 6NgO3SCo  53.87 (54.32) 2.76 (2.61) 19.34 (19.61) 5.53 (5.29) 10.19 (9.55)
12 87 >350 Brown C,6H;6N5O3Co 57.04 (58.10)  2.93 (3.03) 20.48 (20.81) 10.79 (10.33)
13 83 >350 Dark brown CpsH 6N j0O3Co  53.29 (52.76)  2.84 (2.95) 24.87 (24.60) 10.48 (10.89)
L, 73 333 Yellowish green  Cy5H;3N503 57.88 (58.30) 4.18 (3.86) 22.51 (22.15) — —
14 86 >350 Brown C,5H;14NgO7Ni 40.09 (40.32)  3.12 (3.04)  18.71 (19.00) 13.14 (13.42)
15 89 >350 Brown Ci6H12NgO3SNi  43.15 (43.57)  3.15(2.04) 18.88 (19.19)  7.19 (7.36)  13.26 (13.42)
16 86 >350 Light brown C6H4NcO4Ni 46.49 (46.23)  3.39 (3.21)  20.34 (20.19) 14.29 (14.57)
17 84 >350 Brown C,5H14NgO4Ni 41.96 (42.13)  3.26 (3.19)  26.11 (26.33) 13.75 (13.54)
18 85 >350 Brown C,5H4NqO,Cu 39.69 (39.44)  3.09 (3.21) 18.52(18.29) 14.00 (14.31)
19 86 >350 Brown Ci6H1aNgO4SCu  42.71 (42.48)  3.11 (2.99) 18.69 (18.41)  7.12(6.95) 14.13 (14.37)
20 81 345 Light brown C6H14NgO4Cu 45.99 (46.25)  3.35(3.22)  20.12 (19.90) 15.21 (15.60)
21 81 340 Dark brown C;5H4NgO4Cu 41.52 (41.19) 3.23 (3.18)  25.84 (25.26) 14.65 (14.79)
22 88 >350 Brown C3Hp4N 0O,Co  51.64 (51.85)  3.73 (3.52)  20.09 (20.38) 8.46 (8.31)
23 86 >350 Dark brown C,7H,0NgO6Co 53.03 (53.47) 327 (3.42) 18.33 (17.86) 9.66 (9.18)
24 84 >350 Dark brown CogHyoNgO3SCo  55.35 (55.13)  3.29 (3.12)  18.45(18.92)  5.27 (5.45) 9.72 (10.11)
25 84 >350 Dark brown C,gH,0NgO3Co 58.43 (57.91) 3.48(3.62) 19.48 (19.14) 10.26 (10.66)
26 83 >350 Dark brown Cyp7Hp0N 1 0O3Co  54.82 (54.35) 3.38 (3.04)  23.69 (23.43) 9.98 (10.38)

and unidentate ion (X: NO3, SCN™~, CN~ or N3) produced
a new set of complexes with general stoichiometry CoLBX.
Elemental analysis, magnetic susceptibility, IR and UV—vis
spectroscopies were used to characterize the azo-metal
complexes.

In the IR spectra of the complexes (Table 2), two strong
carbonyl absorptions are observed in the region of 1717—
1661 cm™'. The third carbonyl absorption band, appearing
in the spectra of metal free ligand, is not observed but
a new band due to C—O vibration appears around
1260 cm™ ! in the spectra of all complexes indicating the
coordination in the enolate form [19,20,28]. Moreover, another
new band around 1360 cm™' which is not observed in the
spectra of metal free ligands is assigned as »(N=N). The
appearance of this peak at relatively lower field may indicate
coordination via the N=N group [25—27]. On the basis of
IR spectral data we can conclude that azo-dyes exist in dike-
toazo form during complexation and act as O,N,N'-monobasic
tridentate ligand (III).

The »(C=N) vibrations of quinoline and phenanthroline
ring could not be assigned since the spectra were complicated
with many bands in the 1300—1600 cm ™' region. The broad
peaks in the 3450—3550 cm™' region in the IR spectra of
azo-metal complexes may be caused by water. The participa-
tion of nitrato group on coordination is indicated by three
strong bands at ~ 1490, ~ 1390 and ~ 1290 cm ™' correspond-
ing to v, v, and v4 of NO3 group in the IR spectra of

complexes having nitrato group. The azido complexes exhibit
two strong peaks at ~2050 cm™' and ~1290 cm™'. These
peaks are attributed to v, and vg of the coordinated azido
group. The complexes having CN group as an unidentate ion
show a band at ~2130 cm™’ indicating »(CN) vibration.
The IR spectra of the complexes [NiLNCS], [CuLNCS] and
[CoLBNCS] have two additional bands at ~2080 cm ™! and
~920 cm ! corresponding to »(CN) and »(CS) modes of the
coordinated NCS group, respectively. The position of these
bands may be indicated by the coordination of NCS group
through the nitrogen atom [29—31].

The magnetic moment data of the solid state complexes at
room temperature are reported in Table 3. All nickel com-
plexes [NiLX] are paramagnetic and show magnetic moment
in the region 2.64—3.10 BM. On the basis of elemental analy-
sis results and IR data, it can be concluded that the nickel com-
plexes probably have distorted tetrahedral geometry; three
coordination sites are occupied by tridentate ligand molecules
and the fourth position is satisfied by unidentate ion (Fig. 1).
Magnetic measurements of copper complexes [CuLX] show
one unpaired electron (1.65—1.90 BM) as expected for the
d’ electronic structure of Cu®" ion. All cobalt(IT) complexes
are paramagnetic and show magnetic moment in the region
3.87—4.49 BM. Cobalt complexes have probably distorted oc-
tahedral geometry; all coordination sites of the complexes
with stoichiometry [Co(L),] are occupied by the ligand mole-
cules while three coordination sites are occupied by tridentate



44 R. Gup et al. | Dyes and Pigments 73 (2007) 40—46

Table 2
The IR spectral data of the azo-dyes and their complexes (KBr, cm™')

Dyes »(C=0) y(N=N) »(C—0) Others

L, 1714, 1678, 1663 3182 »(NH), 1636 »(C=N),
1386 »(C—N), 1085 »(N—N)

1 1715, 1668 1363 1267 1488, 1391, 1283 »(NO3)

2 1714, 1667 1365 1255 2080 »(CN), 918 »(CS)

3 1716, 1654 1368 1263 2133 v(CN)

4 1717, 1670 1364 1258 2050, 1288 »(N3)

5 1720, 1665 1365 1260 1485, 1390, 1285 »(NO3)

6 1718, 1663 1360 1261 2078 v(CN), 922 »(CS)

7 1713, 1669 1359 1266 2140 »(CN)

8 1715, 1670 1361 1265 2053, 1291 »(N3)

9 1727, 1661 1364 1267

10 1718, 1665 1365 1256 1489, 1392, 1285 v(NO3)

11 1716, 1663 1365 1260 2085 »(CN), 920 »(CS)

12 1718, 1667 1366 1263 2128 v(CN)

13 1713, 1666 1360 1259 2045, 1294 v(N3)

L, 1711, 1667, 1650 3150 »(NH), 1633 »(C=N),
1385 »(C—N), 1091 »(N—N)

14 1708, 1665 1352 1256 1490, 1392, 1385 »(NO3)

15 1707, 1665 1353 1256 2082 »(CN), 912 »(CS)

16 1710, 1663 1356 1251 2130 »(CN)

17 1713, 1660 1360 1258 2048, 1293 »(N3)

18 1715, 1665 1364 1265 1489, 1389, 1295 »(NO3)

19 1713, 1668 1361 1260 2077 v(CN), 917 »(CS)

20 1715, 1666 1359 1262 2129 »(CN)

21 1706, 1680 1363 1262 2047, 1296 v(N3)

22 1706, 1662 1362 1254

23 1708, 1664 1358 1260 1487, 1390, 1286

24 1709, 1660 1366 1257 2075 v(CN), 921 »(CS)

25 1709, 1666 1362 1258 2128 v(CN)

26 1707, 1670 1363 1261 2051, 1298 »(N3)

ligand molecules, the fourth, fifth and sixth positions are occu-
pied by the bidentate base and unidentate ions in the complexes
with stoichiometry [CoLBX] (Fig. 2).

3.3. Absorption spectral data

The electronic absorption spectral characteristics of the azo
compounds and their transition metal complexes in DMSO are
given in Table 3. The chemical shift values (AA,,x) were de-
termined by taking the difference between the absorption max-
imum of the azo-metal complexes with corresponding ligand.
Figs. 3 and 4 show UV—vis spectra of the ligands and their
complexes for comparative purposes. The ligands Ly and L,
have three strong absorptions as seen from Table 3 and Figs.
3 and 4. The band of shortest wavelength appearing at
265.5 nm may be attributed 7T — 7t* transition of the hetero-
cyclic moiety of azo compounds. The second band observed
at 319.5 nm for L; and at 334.5 for L, is attributed to n — 7*
electronic transition of —N=N-— group. The third band
appearing in the visible region (408.5 and 410 nm) can be
assigned to 7t — Tv* transition involving the whole electronic
system of the azo-dyes.

In the spectra of azo-metal complexes, the absorption bands
in the visible region of complexes are shifted to higher wave-
lengths relative to their corresponding metal free ligands.
These strong absorptions of the complexes in the near

Table 3
Magnetic moment and electronic spectral data of azo-dyes and their
complexes

DyCS Amax (nm) AAmax Mett (BM)
L, 265.5, 319.5, 408.5 -

1 265.5, 437, 504.5 (sh) 28.5 2.78
2 266, 338.5, 437.5 29 2.64
3 255, 266.5, 327, 440 31.5 2.56
4 254.5, 266.5, 324, 376.5, 460 515 2.94
5 266.5, 323, 434.5 30.5 1.77
6 266.5, 341, 434.5 26 1.65
7 255, 266, 322, 429, 458 (sh) 20.5 1.89
8 266.5, 432, 459 (sh) 235 1.90
9 267, 328, 458.5 50 4.07
10 267, 331.5, 456 47.5 3.87
11 266.5, 413.5 5 4.12
12 271, 355.5, 376.5, 458.5 50 4.17
13 254, 266.5, 324, 376.5, 460 52.5 4.02
L, 265.5, 334.5, 410 -
14 265.5, 338.5, 437.5 27.5 2.89
15 265.5, 338.5, 438.5 28.5 2.81
16 255, 266, 337, 428 18 3.10
17 266.5, 433.5 235 2.75
18 254, 266, 437.5 27.5 1.87
19 266, 338, 435.5 25.5 1.74
20 266.5, 324, 335, 427.5 27.5 1.68
21 266, 432 22 1.86
22 265.5, 416 4 3.98
23 267.5, 331.5, 413.5 35 4.31
24 271.5, 415 5 4.23
25 270.5, 452.5 425 4.10
26 266.5, 324.5, 413.5, 550 (sh) 35 3.88

ultraviolet region can be assigned as ligand to metal charge
transition (LMCT). However, in the case of the complexes 1
and 26 a second band in the visible region is observed at
504.5 nm for 1 and at 550 nm for 26 as shoulder. These bands
can come from the forbidden d—d transition, which is gener-
ally too weak. The expected d—d transitions in the visible re-
gion for the other complexes could not be detected. It may be

M = Cu(Il) or Ni(ID); X = NO3~, SCN", CN” or N3~
R =H or CHj

Fig. 1. Structure of nickel and copper complexes.
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X =NO;,SCN’,CN or N5
R =H or CHy

Fig. 2. Structure of cobalt complexes.

lost in the low-energy tail of the intense charge transfer
transition.

3.3.1. The influence on AA,,,. by ligands

When comparing the AAp,.x values of nickel, copper and
cobalt complexes of Ly, it can be easily noticed that in all
three cases, unidentate azido ligand shows the highest ability
to make red shift. The difference in absorption maximum of
nickel and copper complexes from azo-metal complexes to
L, is almost same as that of nickel and copper complexes of
L,. It can also be concluded from Table 3 that the chemical
shift values of cobalt complexes of L; (9, 10, 11, 12, 13) are
higher than those of cobalt complexes of L, (22, 23, 24, 25,
26). Furthermore, while comparing the cobalt complexes

2.000 . . . .

[Co(L;),] with [CoL;BX] of same ligand it is obviously
seen that the precipitation of unidentate ligands on coordina-
tion does not efficiently effect the chemical shift since the
AAnax of cobalt complexes of L; except 11 is ~50 nm. The
cobalt complexes of L, except 25 show almost the same situ-
ation. Another interesting result of this study is the fact that
AAnax values of cobalt complexes of azo-dyes bearing barbitu-
ric acid 9, 10, 12 and 13 except 11 are higher than those of
copper and nickel complexes of the same ligand while the dif-
ference in absorption maximum of cobalt complexes of azo-
dye containing 1,3-dimethylbarbituric acid moiety 22, 23, 24
and 26 except 25 is less than those of nickel and copper com-
plexes of the same ligand. There is no simple explanation
about this situation at this time.

28
£ 1.000

Wavelength (nm.)

Fig. 3. Absorption spectra of dye Lq (a) and its complexes 1 (b), 7 (c), 9 (d) and 11 (e) in DMSO.
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300.0
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Fig. 4. Absorption spectra of dye L, (a) and its complexes 15 (b), 20 (c), 22 (d) and 26 (e) in DMSO.

4. Conclusion

In conclusion, we described the synthesis and some spec-
troscopic properties of the two new azo-dyes bearing barbitu-
ric acid and quinoline. We also prepared azo complexes (Ni,
Cu and Co) containing synthesized azo-dyes, 1,10-phenan-
throline and some unidentate simple ligands. It was found
that these azo-dyes exist in the hydrazone form in the solid
state while in the azo form during coordination. It was also no-
ticed that in the case of some complexes, participation of the
unidentate ligands increases the absorption maximum of
azo-metal complexes. Unfortunately the effect of varying
solvent on the absorption ability of new azo-dyes could not
be examined due to the insolubility of new azo compounds
in common organic solvents.

References

[1] Koh J, Greaves Al. Dyes Pigments 2001;50:13.

[2] Sekar N. Colourage 1999;46:63.

[3] Katz HE, Singer KD, Sohn JE, Dirk CW, King LA, Gordon HM. J Am
Chem Soc 1987;109(21):6561.

[4] Abe T, Mano S, Yamada Y, Tomotake A. J Imag Sci Technol 1999;43:339.

[5] Chino T, Yamada M. JP 2001220519; 2002.

[6] Wang S, Shen S, Xu H. Dyes Pigments 2000;44:195.

[7] Maho K, Shintaro T, Yutaka K, Kazuo W, Toshiyuki N, Mosahiko T,
et al. Jpn J Appl Phys 2003;42:1068.

[8] Rangnekar DW, Kanetkar VR, Malanker JV, Shankarling GS. Indian J
Fibre Text Res 1999;24:142.

[9] Hallas G, Choi JH. Dyes Pigments 1999;40:119.

[10] Gregory P, Waring DR, Hallos G, editors. The chemistry and application
of dyes. London: Plenum Press; 1990. p. 18.

[11] Kondil SS. Transition Met Chem 1998;23:461.

[12] Daniel JW. Toxicol Appl Pharmacol 1962;4:572.

[13] Woisetscldager OE, Siinkel K, Weigand W, Beck W. J Organomet Chem
1999;584:122.

[14] Broekaert JAC. Anal Chim Acta 1981;124:421.

[15] Amin AL, Mohammed TY. Talanta 2001;54:611.

[16] Wu S, Qian W, Xia Z, Zou Y, Wang S, Shen S, et al. Chem Phys Lett
2000;330:535.

[17] Quanli Ma, Huimin Ma, Meihong Su, Zhihca W, Lhua N, Shuchuan L.
Anal Chim Acta 2001;439:73.

[18] Amin AS, Mohammed TY, Mousa AA. Spectrochim Acta Part A
2003;59:2577.

[19] Song H, Chen K, Tian H. Dyes Pigments 2002;53:257.

[20] Song H, Chen K, Wu D, Tian H. Dyes Pigments 2004;60:111.

[21] Adachi M, Bredow T, Jug K. Dyes Pigments 2004;63:225.

[22] Chandra R, Ghosh NN. Thermochim Acta 1991;189:83.

[23] Masoud MS, Soayed AA, Ali AE, Sharsherh OK. J Coord Chem
2003;56(8):725.

[24] Masoud MS, Mohamed GB, Abdul-Razek YH, Ali AE, Khairy FN.
J Korean Chem Soc 2002;46(2):99.

[25] Maiti D, Paul H, Chanda N, Chakraborty S, Mondal B, Puranik VG, et al.
Polyhedron 2004;23:831.

[26] Zhu Z, Kojima M, Nakajima K. Inorg Chim Acta 2005;358:476.

[27] Maiti N, Pal S, Chattopadhyay S. Inorg Chim Acta 2001;40:2204.

[28] Ertan N, Giirkan P. Dyes Pigments 1997;33:137.

[29] Sreekanth A, Kurup MRP. Polyhedron 2003;22:3321.

[30] Gupta R, Lal TP, Mukherjee R. Polyhedron 2002;21:1245.

[31] Sreekanth A, Kala UL, Nayar CR, Kurup MRP. Polyhedron 2004;
23:41.



	Synthesis and spectroscopic properties of new azo-dyes and azo-metal complexes derived from barbituric acid and aminoquinoline
	Introduction
	Experimental
	General
	Synthesis of the azo-dyes
	Diazotization
	Preparation of 5-(quinoly-8-azo)pyrimidine-2,4,6-trione (L1)
	Preparation of 5-(quinoly-8-azo)-1,3-dimethyl-arrimidine-2,4,6-trione (L2)

	Preparation of nickel and copper azo complexes
	[NiLNO3] and [CuLNO3]
	[MLX] [M: Ni(II) or Cu(II); X: SCN-, CN-, or N3-]

	Preparation of cobalt azo complexes
	[Co(L)2]
	[CoLBX] (X: SCN-, CN- or N3-]


	Results and discussion
	Structure identification of azo-dyes
	Structure identification of azo-metal complexes
	Absorption spectral data
	The influence on Deltalambdamax by ligands


	Conclusion
	References


