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a b s t r a c t

Five novel imine based organic ligands (HL1-HL5) and their Cu2þ and Pt2þ metal complexes have obtained
and characterized by the micro-analyses, 1H(13C)NMR, UveVis absorption, emission-excitation (PL), FT-IR
and mass spectral techniques. The absorption and PL spectra for all compounds have been studied in
both solution and solvent free. Results obtained from the PL spectral values of azo-imine ligands and
their metal complexes have shown that there is a shift from the green band to the red band depending on
the position of the OH groups and especially for the Pt2þ complexes. The 1HNMR spectra of some of the
Pt2þ complexes were also recorded. The results of the micro-analytic and spectroscopic methods dis-
closed that the metal ions coordinates to the ligands via the nitrogen and oxygen atoms of the azo-
methine and phenolic hydroxy groups. The dyeing properties of the disperse black 9 (DB9), the ligands
(HL1-HL5) and their complexes (Cu2þ and Pt2þ) have been evaluated in terms of their dyeing behaviour
on the wool fabric. The dyed wool fabrics exhibit very well to excellent washing fastness properties.
However, they do not have good dyeing properties without mordant. In dyeing process, the amino edge
of the wool interacts with the hydrophilic imino diethanol edges of the dyes. The Commission Inter-
national de I’Eclairage (CIE) chromaticity coordinates are adjacent to the National Television Standard
Committee (NTSC) standard value for red color.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

The obtaining of the Schiff bases is one of the easiest reactions in
organic chemistry. These ligands are obtained from the condensa-
tion reactions of primary amines with a carbonyl compound such as
aldehyde and/or ketone and they are colored compounds [1e4].
Schiff bases can coordinate to the transition and internal transition
metal ions and consequently transition metal complexes can be
obtainable. Schiff base compounds and their metal complexes have
tested in the several fields such as, antimicrobial [5], anticancer [6],
antimalarial [7], catalysis [8], metal ion separation [9], chemo-
sensor [10].

Disperse Black 9 {2,20-[4-(4-aminophenylazo)phenylimino]
diethanol} is more soluble in organic solvents than in water. When
disperse black 9 was used at very low concentrations in hair dyes, it
is nontoxic [11]. This dye is a monoazo organic compound con-
taining the amine group and when the primary amine group in this
compound react with carbonyl compounds (ketone or aldehyde),
the azo-imine ligands are obtained. It is hydrophilic in nature. DB9
is almost insoluble inwater and soluble in the organic solvents. DB9
has the hydrophilic imino diethanol edges. This dye is manufac-
tured from the diazo-reaction of the p-nitroaniline and N-phenyl-
diethanolamine as commercially. Although the ligands HL1-HL5

have the functional groups (such as OH and OCH3) on the salicyli-
dene ring, the ligands interact with the wool fabric via hydrophilic
edges. Azo-imine compounds can be used in the biological and
chemical many fields as a reactant or material [12e15]. Since the
azo dyes have different colors such as, red, orange, brown or yellow,
they can used in the textile, plastics, paint or paper industries
[16e18]. As the azo-imine ligands have electron donor atoms such
as oxygen and nitrogen, they interact easily with transition metal
ions in the solution media and the metal complexes form.

In this paper, five azo-imine ligands [2,2’-((4-((3-hydroxy sali-
cylidene imino)phenyl)azo)phenyl)imino)bis(ethanol) (HL1), 2,2’-
((4-((4- hydroxy salicylidene imino)phenyl)azo)phenyl)imino)
bis(ethanol) (HL2), 2,2’-((4-((5-hydroxy salicylidene imino)phenyl)
azo)phenyl)imino)bis(ethanol) (HL3), 2,2’-((4-((3,4- dihydroxy sal-
icylidene imino)phenyl)azo)phenyl)imino)bis(ethanol) (HL4)], 2,2’-
((4-((4,6- dihydroxy salicylidene imino)phenyl)azo)phenyl)imino)
bis(ethanol) (HL5)] and their copper(II) and platinium(II) transition
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metal complexes have been synthesized and characterized using
the micro-analyses, mass spectra, FTIR, UVevis (solution and sol-
vent free), emission-excitation and 1H(13C)NMR spectra. Addition-
ally, electrochemical and thermal properties of the metal free
ligands and their Cu2þ and Pt2þ complexes have viewed. Dyeing
properties of the DB9, ligands and their metal complexes on the
wool have been investigated with/without mordants. Without
mordant in the dyeing process, none of DB9 and other materials
have good dyeing properties on wool.

2. Methods and materials

Physical measurements have given in the Supplemantary file. In
addition, dyeing procedure of the wool has also given in the Sup-
plemantary file.

2.1. Preparation of the azo imine compounds (HL1-HL5)

The salicylaldehyde derivatives (1mmol; 152mg 3-, 4- and 5-
methoxy salicylaldehyde for the ligands HL1-HL3) in methanol
(20mL, absolute) and the azo amine compound (Disperse Black 9)
(1mmol, 300mg) in methanol (20mL, absolute) were mixed and
refluxed for about two days at 80 �C. The color of the solution
changed to orange. After cooling the solution, the resulting pre-
cipitatewas filtered andwashedwith coldmethanol. Single crystals
of the Schiff base compounds (HL1-HL3) suitable for X-ray diffrac-
tion study were obtained by slow evaporation of the compounds in
methanol. Physical properties and other spectroscopic data are
given below.

HL1: (C23H24N4O4). Yield: 80%, color: dark orange, melting
point: 205 �C. Elemental analyses, found (calcd. %): C, 65.79 (65.70);
H, 5.82 (5.75); N, 13.25 (13.33). 1H NMR (CDCl3, d (ppm)): 8.77 (s,
1H, CH]N), 7.80e6.37 (m, 11H, AreH), 3.70 (t, 2H, OeCH2), 3.58 (t,
2H, NeCH2). 13C NMR (CDCl3, d (ppm)): 164.35 (CH]N),
155.20e108.70 (AreC), 58.10 (OeCH2), 53.15 (NeCH2). Mass spec-
trum (ESI/MS, m/z): Calcd.: 420.46, found: 421.19 [M]þ; calcd.:
421.46, found: 422.19 [Mþ1]þ. FT-IR: (KBr, cm�1): 3336 n(-O-
H)phenolic, 3168 n(-O-H)alph, 2960 n(-C-H)alph, 1610 n(-CH]N-), 1506
n(-N]N-), 1435 n(-C-OH)phenolic.

HL2: (C23H24N4O4). Yield: 83%, color: dark orange, melting
point: 203 �C. Elemental analyses, found (calcd. %): C, 65.77 (65.70);
H, 5.71 (5.75); N, 13.42 (13.33). 1H NMR (CDCl3, d (ppm)): 9.70 (s,
2H, Ph-OH), 8.73 (s, 1H, CH]N), 7.87e6.26 (m, 11H, AreH), 3.78 (t,
2H, OeCH2), 3.67 (t, 2H, NeCH2). 13C NMR (CDCl3, d (ppm)): 165.10
(CH]N), 157.33e108.22 (AreC), 58.40 (OeCH2), 53.15 (NeCH2).
Mass spectrum (ESI/MS, m/z): Calcd.: 420.46, found: 421.19 [M]þ;
calcd.: 421.46, found: 422.19 [Mþ1]þ; calcd.: 419.45, found: 419.27
[M-1]þ. FT-IR: (KBr, cm�1): 3225 n(-O-H)phenolic, 3150 n(-O-H)alph,
2955 n(-C-H)alph, 1613 n(-CH]N-), 1508 n(-N]N-), 1460 n(-C-
OH)phenolic.

HL3: (C23H24N4O4). Yield: 85%, color: orange, melting point:
202 �C. Elemental analyses, found (calcd. %): C, 65.76 (65.70); H,
5.68 (5.75); N, 13.41 (13.33). 1H NMR (CDCl3, d (ppm)): 8.78 (s, 1H,
CH]N), 7.88e6.82 (m, 11H, AreH), 3.79 (t, 2H, OeCH2), 3.67 (t, 2H,
NeCH2). 13C NMR (CDCl3, d (ppm)): 165.04 (CH]N), 155.50e108.65
(AreC), 60.45 (OeCH2), 55.00 (NeCH2). Mass spectrum (ESI/MS,m/
z): Calcd.: 420.46, found: 421.20 [M]þ; calcd.: 421.46, found: 422.20
[Mþ1]þ; calcd.: 419.45, found: 419.25 [M-1]þ. FT-IR: (KBr, cm�1):
3250 n(-O-H)phenolic, 3074 n(-O-H)alph, 2891 n(-C-H)alph, 1627 n(-
CH]N-), 1514 n(-N]N-), 1467 n(-C-OH)phenolic.

HL4: (C23H24N4O5). Yield: 88%, color: dark orange, melting
point: 221 �C. Elemental analyses, found (calcd. %): C, 63.37 (63.29);
H, 5.60 (5.54); N, 12.77 (12.84). 1H NMR (CDCl3, d (ppm)): 11.80 (s,
3H, Ph-OH), 8.62 (s, 1H, CH]N), 7.95e6.48 (m, 10H, AreH), 3.75 (t,
2H, OeCH2), 3.36 (t, 2H, NeCH2). 13C NMR (CDCl3, d (ppm)): 165.20
(CH]N), 159.72e108.15 (AreC), 60.34 (OeCH2), 56.40 (NeCH2).
Mass spectrum (ESI/MS, m/z): Calcd.: 436.46, found: 436.18 [M]þ;
calcd.: 437.46, found: 437.18 [Mþ1]þ; calcd.: 438.47, found: 438.48
[Mþ1]þ; calcd.: 439.48, found: 439.18 [Mþ1]þ. FT-IR: (KBr, cm�1):
3305 n(-O-H)phenolic, 3219 n(-O-H)alph, 2965 n(-C-H)alph, 1599 n(-
CH]N-), 1505 n(-N]N-), 1392 n(-C-OH)phenolic.

HL5: (C23H24N4O5). Yield: 82%, color: dark brown, melting point:
>250 �C. Elemental analyses, found (calcd. %): C, 63.21 (63.29); H,
5.47 (5.54); N, 12.90 (12.84). 1H NMR (CDCl3, d (ppm)): 8.60 (s, 1H,
CH]N), 7.91e6.52 (m, 10H, AreH), 3.94 (t, 2H, OeCH2), 3.68 (t, 2H,
NeCH2). 13C NMR (CDCl3, d (ppm)): 165.83 (CH]N), 157.50e107.45
(AreC), 58.12 (OeCH2), 54.30 (NeCH2). Mass spectrum (ESI/MS, m/
z): Calcd.: 437.46, found: 437.24 [Mþ1]þ; calcd.: 410.42, found:
410.17 [C21H22N4O5eC2H2]þ; calcd.: 394.40, found: 394.19
[C21H20N3O5-(NC2H4]þ. FT-IR: (KBr, cm�1): 3300 n(-O-H)phenolic,
3175 n(-O-H)alph, 2878 n(-C-H)alph, 1610 n(-CH]N-), 1505 n(-N]N-),
1443 n(-C-OH)phenolic.

2.2. Preparation of the Cu(II) and Pt(II) metal complexes

The complexes were prepared according to a known procedure.
The azo imine ligands HL1-HL3 (0.434 g, 1mmol) were dissolved in
the ethanol (20mL) solution and the metal salts [1mmol; 0.171 g
for CuCl2$2H2O; 0.420 g for K2[Pt(Cl)4] were added to the mixture
of CH3OH (20mL) and the solution was refluxed during 24 h. The
color of the reaction solution changed to the brown or purple. The
mixture was cooled to the room temperature, and the precipitated
complex was filtered by vacuum, washed three times by the
ethanol, and then dried under vacuum desiccator. Purity of the
complexes were checked by t.l.c. studies.

[Cu(L1)Cl(H2O)]3H2O: Yield: 65%, color: Brown, melting point:
>250 �C. Elemental analyses, found (calcd. %): C, 46.22 (46.78); H,
5.18 (5.29); N, 9.44 (9.49). Mass spectrum (ESI/MS, m/z): Calcd.:
554.48, found: 555.24 [MþH2O]þ, calcd.: 555.49, found: 556.24
[MþHþH2O]þ, calcd.: 556.49, found: 557.25 [Mþ2H þ H2O]þ,
calcd.: 510.43, found: 511.24 [C21H23ClCuN4O5eC2H3OH]þ. FT-IR:
(KBr, cm�1): 3433 n(eCH2eOH), 2925 n(-C-H)alph, 1598 n(-CH]N-
), 1514 n(-N]N-), 1380 n(-C-OH).

[Cu(L2)Cl(H2O)]3H2O: Yield: 68%, color: Brown, melting point:
>250 �C. Elemental analyses, found (calcd. %): C, 47.53 (46.78); H,
5.38 (5.29); N, 12.93 (9.49). Mass spectrum (ESI/MS, m/z): Calcd.:
536.47, found: 536.22 [M]þ; calcd.: 537.47, found: 538.29 [Mþ1]þ,
calcd.: 554.48, found: 554.27 [MþH2O]þ; calcd.: 568.50, found:
568.20 [MCH3OH]þ. FT-IR: (KBr, cm�1): 3434 n(-O-H), 2925 n(-C-
H)alph, 1598 n(-CH]N-), 1515 n(-N]N-), 1386 n(-C-O).

[Cu(L3)Cl(H2O)]3H2O: Yield: 62%, color: Brown, melting point:
>250 �C. Elemental analyses, found (calcd. %): C, 46.52 (46.78); H,
5.69 (5.29); N, 9.93 (9.49). Mass spectrum (ESI/MS, m/z): Calcd.:
553.47, found: 553.24 [M-1]þ; calcd.: 554.48, found: 554.45
[Mþ1]þ, calcd.: 585.51, found: 584.49 [MþH2OþCH3OHþ1]þ. FT-IR:
(KBr, cm�1): 3433 n(-O-H), 2925 n(-C-H)alph, 1599 n(-CH]N-), 1513
n(-N]N-), 134 n(-C-O).

[Cu2(L4)Cl(H2O)2]: Yield: 60%, color: Brown, melting point:
>250 �C. Elemental analyses, found (calcd. %): C, 44.89 (43.71); H,
3.71 (3.99); N, 9.46 (8.86). Mass spectrum (ESI/MS, m/z): Calcd.:
633.01, found: 633.23 [Mþ1]þ; calcd.: 652.04, found: 652.25
[MþH2Oþ1]þ. FT-IR: (KBr, cm�1): 3435 n(-O-H), 2925 n(-C-H)alph,
1630 n(-CH]N-), 1506 n(-N]N-), 1429 n(-C-OH).

[Cu2(L5)Cl(H2O)3]: Yield: 63%, color: Brown, melting point:
>250 �C. Elemental analyses, found (calcd. %): C, 42.58 (42.50); H,
4.27 (4.19); N, 8.70 (8.62). Mass spectrum (ESI/MS, m/z): Calcd.:
589.97, found: 590.64 [M-C2H2O]þ; calcd.: 605.97, found: 605.39
[M-C2H2]þ; calcd.: 633.01, found: 633.12 [Mþ1]þ. FT-IR: (KBr,
cm�1): 3440 n(-O-H), 2971 n(-C-H)alph, 1631 n(-CH]N-), 1505 n(-
N]N-), 1310 n(-C-OH).
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[Pt(L1)Cl(H2O)2]2H2O: Yield: 64%, color: Purple, melting point:>
250 �C. Elemental analyses, found (calcd. %): C, 39.33 (39.24); H,
4.26 (4.15); N, 7.88 (7.96). Mass spectrum (MALDI-TOF,m/z): Calcd.:
728.033, found: 728.067 [M þ Na]þ; calcd.: 664.981, found:
664.306 [M-3H]þ; calcd.: 650.998, found: 651.218 [M-OH]þ. FT-IR:
(KBr, cm�1): 3438 n(-O-H), 2935 n(-C-H)alph, 1618 n(-CH]N-),
1502 n(-N]N-), 1383 n(-C-OH)phenolic.

[Pt(L2)Cl(H2O)2]4H2O: Yield: 60%, color: Dark purple, melting
point:> 250 �C. Elemental analyses, found (calcd. %): C, 37.38
(37.33); H, 4.59 (4.49); N, 7.68 (7.57). Mass spectrum (MALDI-TOF,
m/z): Calcd.: 665.051, found: 668.005 [M-3H]þ; calcd.: 686.92,
found: 686.45 [MþNae4H]þ; calcd.: 701.732, found: 701.006
[Mþ2Naþ3HeOH]þ; calcd.: 728.076, found: 727.951
[MþNaþKe2H]þ; calcd.: 776.190, found: 776.614 [MþNaþ2K]þ;
calcd.: 792.179, found: 791.226 [Mþ2Naþ2K]þ. FT-IR: (KBr, cm�1):
3432 n(-O-H), 2922 n(-C-H)alph, 1623 n(-CH]N-), 1509 n(-N]N-),
1387 n(-C-OH)phenolic.

[Pt(L3)ClH2O]5H2O: Yield: 68%, color: Dark purple, melting
point:> 250 �C. Elemental analyses, found (calcd. %): C, 36.50
(36.44); H, 4.55 (4.65); N, 7.31 (7.39). Mass spectrum (MALDI-TOF,
m/z): Calcd.: 522.431, found: 522.442 [C19H11N4O2Pt]þ; calcd.:
649.99, found: 648.221 [M-H2O]þ; calcd.: 665.584, found: 668.005
[M-2H]þ; calcd.: 686.92, found: 686.49 [MþNae4H]þ; calcd.:
774.164, found: 774.144 [Mþ2Naþ2KeH2O]þ; calcd.: 791.171,
found: 790.612 [Mþ2Naþ2KeH]þ. FT-IR: (KBr, cm�1): 3432 n(-O-
H), 2924 n(-C-H)alph, 1650 n(-CH]N-), 1511 n(-N]N-), 1387 n(-C-O).

[Pt2(L4)Cl(H2O)3]: Yield: 65%, color: Purple, melting point:>
250 �C. Elemental analyses, found (calcd. %): C, 30.79 (30.25); H,
2.71 (2.98); N, 6.34 (6.14). Mass spectrum (MALDI-TOF,m/z): Calcd.:
895.088, found: 894.606 [M]þ; calcd.: 825.619, found: 826.297 [M-
CleH2OeOH]þ; calcd.: 665.989, found: 665.961 [M-Pt-2H2O]þ. FT-
IR: (KBr, cm�1): 3433 n(-O-H), 2922 n(-C-H)alph, 1628 n(-CH]N-),
1509 n(-N]N-), 1389 n(-C-OH).

[Pt2(L5)Cl(H2O)3]: Yield: 62%, color: Purple, melting point:>
250 �C. Elemental analyses, found (calcd. %): C, 30.44 (30.25); H,
3.11 (2.98); N, 6.25 (6.14). Mass spectrum (MALDI-TOF,m/z): Calcd.:
913.103, found: 914, 005 [M]þ; calcd.: 827.058, found: 827.075 [Me

(3H2Oþ2OH)]þ; calcd.: 702.021, found: 703.134 [M-(PtþH2O)]þ;
calcd.: 568.553, found: 568.381 [M-(PtþClþ2H2Oþ2H2O2)]þ. FT-IR:
(KBr, cm�1): 3430 n(-O-H), 2925 n(-C-H)alph, 1625 n(-CH]N-), 1506
n(-N]N-), 1386 n(-C-OH).

3. Results and discussion

3.1. Characterization of the ligands and their metal complexes

In this paper, five azo-imine ligands (HL1-HL5) having hydroxy
groups on the different positions of the aromatic rings were ob-
tained (Fig. 1) and characterized by using micro-analytical and
spectroscopic methods. To obtain the ligands, the DB9 as primary
aminewas used. The ligands have the amino bis (ethylene hydroxy)
group on the amine ring. This group has the hydrophilic feature. As
the ligands have this group, they have high solubility in the polar
organic solvents like CH3CH2OH, CH3OH, CHCl3, C2H6O etc. The
imine based ligands have high thermal stabilities at room tem-
peratures and they can be stored for a long time without decom-
position. The ligands have a conjugated molecular structure and
they have both inductive and mesomeric electron delocalizations
on the whole molecule. The hydroxy groups on the salicylidene
rings donate the p-electrons to the aromatic rings by the meso-
meric affect. The ligands have the C]C, CH]N and N]N chro-
mophore groups. In addition to, there are auxochrome groups such
as OH and N(CH2CH2OH)2 on the aromatic rings. Since these azo-
imine ligands having extended p-conjugation, they commonly
show strong absorption properties in the visible region.
The 1HNMR(13C)NMR spectral properties of the ligands (HL1-
HL5) were viewed in the CDCl3 solvent and TMS as a standard. The
obtained spectral data have given in the experimental section. In
the 1HNMR spectra of the ligands HL2 and HL4, the broad signals at
9.70 and 11.80 ppm can be attributed to the phenolic hydroxy
protons. The singlets at 8.60e8.78 ppm range come from the pro-
tons of the azomethine (CH]N) group. The aromatic ring protons
belonging to the salicylidene and azo-amine rings were shown in
the 7.95e6.26 ppm range. The methylene hydroxy protons
(e(CH2)eOH) were shown in the 3.94e3.70 ppm range as triplet.
On the other hand, triplets in the 3.67e3.36 ppm range may be
ascribed to themethylene amine (eN(CH2)e) protons. The aliphatic
hydroxy protons [eN(CH2eCH2eOH)2] were shown in the
4.78e5.01 ppm range.

In the 13CNMR spectra of the ligands, the azomethine carbon
atoms were determined in the 165.83e164.35 ppm range. As the
ligands HL4 and HL5 have three hydroxy groups on the salicylidene
ring, the chemical shift values of the azomethine carbon atoms
have been slightly shifted to the lower regions. The aromatic ring
carbon atoms were shown in the 159.72e107.45 ppm range. While
the carbon atom of the (e(CH2)eOH) group of the ligands was
shown in the 60.45e58.10 ppm range, the carbon atom of the
(eN(CH2)e) group is in the 56.40e53.15 ppm range.

The FTIR spectral data for the azo-imine ligands and their Cu2þ

and Pt2þ complexes were investigated using KBr as a standard and
obtained datawere given in the experimental section. The aromatic
hydroxy stretching bands n(OeH) of the ligands were shown in the
3336-3225 cm�1 range and these bands were shifted to the lower
regions in the spectra of the complexes. This shift shows that the
ortho-oxygen atom on the salicylidene ring coordinated to the
metal ions. On the other hand, the aliphatic hydroxy stretchings
n(OeH) are in the 3219-3074 cm�1 range. The very strong bands in
the 1627-1599 cm�1 range may be assigned to the stretching
n(CH]N) of the azomethine group. This band has been shifted to
lower or higher regions in the spectra of the complexes and this
circumstance supports that the nitrogen atom of the azomethine
group coordinated to the metal ions. The azo (N]N) and phenolic
(CeOH) group bands were shown in the 1514-1505 and 1467-
1392 cm�1 ranges, respectively.

The mass spectral properties of the ligands and their Cu2þ

complexeswere investigated by LC-MS (ESI) method. But, their Pt2þ

complexes were viewed by the MALDI-TOF method. The MALDI-
TOF spectra of the PtL1(H2O)Cl and Pt2(L5)Cl(H2O)2 have been also
given in Fig. 2. The spectral data of the ligands and their Cu2þ and
Pt2þ complexes are given in the experimental section. The obtained
data for all compounds confirm the proposed structures.

3.2. UVevis absorption and photoluminence properties of the
ligands and their metal complexes

The UVevis absorption and PL properties of the ligands and
their Cu2þ and Pt2þ complexes were investigated in DMF solution
(1.0� 10�5M) and solvent free. The aim of investigation of the
properties of the compounds at the solvent free is to determine
whether the solvent effect on the electronic transitions. The UVevis
spectra of the ligands HL1, HL2, HL4 and their transition metal
complexes in DMF solution (1.0� 10�3M) and solid state have been
given in Fig. 3. The obtained absorption and photoluminescence
spectral data of the ligands and their metal complexes have been
given in Table 1. In the solution UVevis spectra of the ligands, the
broad and strong absorption bands in the 517-440 nm range can be
assigned to the n-p* transitions of the azomethine and diazo
groups. The weak bands at the shorter wavelengths (230e360 nm
range) come from the p-p*, d-p* and d-d* transitions of the
benzenoid rings. In the spectra (DMF solution) of the metal



Fig. 1. Proposed structures of the synthesized azo-imine ligands and their Cu2þ and Pt2þ transition metal complexes.
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complexes, these bands have been shifted to the slightly shorter or
longer wavelengths as a result of complexation. As the bands in the
380e550 nm range of all compounds are very broad, it is not
possible to see the bands in this range in detail. But, in the spectra of
some of the complexes, this band spacing has been narrowed and
the electronic transitions in this range have been seen in more
detail. The reason for the expansion of the band gap is that the
amino bis(ethylene hydroxy) group is attached to the phenyl ring.
In the spectrum of the complex [Cu(L2)Cl(H2O)]3H2O, the weak
band at 633 nm can be referred to the d-d transition of the cop-
per(II) ion. The square-planar Pt2þ complexes show the d-d transi-
tions in the 711e736 nm range. Compared to their spectra in DMF
solution of the Pt2þ complexes, the reflectance spectral values of
the Pt2þ complexes have shifted to the longer wavelengths. On the
other hand, at the diffuse reflectance spectra of the ligands and
their metal complexes, the bands in the 315-230 nm range come
from the p-p*, d-p* and d-d* transitions. Interestingly, while the
absorption spectral data of the Cu2þ complexes in the DMF solution
shifted to the longer wavelengths by the bathochromic effect, at the
solid state, the absorbance values for the Cu2þ complexes have
shifted to the shorter wavelengths according to the Pt2þ complexes.

The PL spectra of the ligands and their Cu2þ and Pt2þ complexes
were studied in the DMF solution and solvent free media. The
emission spectra of the HL2 and HL3 with their metal complexes in
the DMF solution and solvent free are shown in Fig. 4. The excita-
tion values of the ligands HL1-HL5 in DMF are in the 551e576 nm
range. These values at the solvent free media have shifted to the
shorter wavelengths (543e555 nm range). As the ligands interact
with the solvent molecules in DMF solution, the excitation values
have shifted to the longer wavelengths. The emission values for the



Fig. 2. The MALDI-TOF spectra of the Pt(II) complexes of the ligands HL1 and HL5.
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ligands in DMF solution are in the 568e625 nm range. The emission
bands of themetal-free ligandmay be due to the ligand centered p*
/ p transition. In the spectra of the ligands HL2 and HL5, there are
two emission bands. On the one hand, at solvent free media, the
emission values of the free ligands are shifted to the green region.
The Cu2þ complexes have the excitation values in the 573-533 nm
range in DMF solution. The excitation values at the solvent free
media of the Cu2þ complexes have found in the 547e549 nm range.
Whereas, the Pt(II) complexes have the excitation values in the
605-527 nm range in DMF solution. At the solvent free media, the
Pt2þ complexes have excitation values in the 664-610 nm range.
The emission spectra in DMF solution of the Cu2þ complexes of the
ligands HL1, HL2 and HL3 contain two peaks in the 650-570 nm
range, but there is only one peak in the spectra of the other Cu2þ

complexes. The emission values of the Pt2þ complexes are in the
590e648 nm range. At the solvent freemedia, the values of the Pt2þ

complexes have shifted to the red emission region. When the
photophysical properties of ligands and metal complexes are
examined, it has been determined that the compounds have
different spectral values in solvent medium and solid state. As the
interaction between the solvent and the free ligands in the DMF
solution is strong (as the hydrogen bonding), the PL spectral values
shift to the longer wavelengths. The hydrogen bonding interaction
between the free ligands and the solvent molecules is removed by
the formation of complex compounds [19]. As a result, the PL values
of the complexes at the solid state (especially for the Pt2þ



Fig. 3. The UVevis spectra of the ligands HL1, HL2, HL4 and their transition metal complexes in DMF solution (1.0� 10�5M).
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Table 1
UV visible and photoluminescence datas of the ligands and their Cu(II), Pt(II) complexes in the 1.0� 10�5 M DMF solution and solid state.

Compounds (lmax)

Solution (DMF) (Solid State)

Excitation Emission l (e) Solution (DMF) Solid State

HL1 576 (548) 593 (569) 331(1.22� 105), 459(3.21� 105) 235, 332, 374, 456, 517
[Cu(L1)Cl(H2O)]3H2O 571 (549) 588, 624 (556) 332(0.91� 105), 476(1.94� 105) 227, 300, 415, 528
[Pt(L1)Cl(H2O)2]2H2O 579 (661) 597, 631 (678) 319(2.22� 105), 429(1.92� 105), 471(2.26� 105), 535(2.86� 105), 736(0.17� 105) 231, 316, 421, 546, 751
HL2 551 (544) 568, 625 (565) 333(0.65� 105), 463(1.97� 105) 231, 329, 464
[Cu(L2)Cl(H2O)]3H2O 552 (548) 570, 611 (570) 313(1.70� 105), 462(3.16� 105), 633(0.39� 105) 231, 309, 333, 504
[Pt(L2)Cl(H2O)2]4H2O 576 (610) 590, 632 (630) 282(2.51� 105), 315(1.87� 105), 416(1.36� 105), 535(2.79� 105), 711(0.09� 105) 231, 331, 409, 523, 753
HL3 560 (555) 580 (558) 325(0.48� 105), 468(1.44� 105) 228, 327, 446
[Cu(L3)Cl(H2O)]3H2O 573 (547) 591, 650 (553) 325(1.42� 105), 466(3.32� 105) 231, 333, 542
[Pt(L3)ClH2O]5H2O 580 (662) 597, 638 (666) 300(1.61� 105), 366(1.41� 105), 433(0.96� 105), 535(1.74� 105), 732(0.28� 105) 230, 311, 409, 535, 750
HL4 568 (543) 584 (553) 337(0.73� 105), 467(1.88� 105) 238, 525, 416, 482
Cu2(L4)Cl(H2O)2 595 (547) 611 (557) 321(1.03� 105), 468(2.70� 105) 236, 309, 475
[Pt2(L4)Cl(H2O)3] 566, 605 (664) 619 (673) 424(1.01� 105), 545(1.75� 105), 736(0.38� 105) 231, 321, 540, 748
HL5 565 (544) 572, 615 (552) 327(0.67� 105), 472(3.19� 105), 550(1.89� 105) 234, 279, 328, 505
Cu2(L5)Cl(H2O)2 533, 575 (548) 592 (555) 325(3.52� 105), 469(1.52� 105) 236, 307, 491
[Pt2(L5)Cl(H2O)3] 527, 601 (657) 618, 648 (668) 320(0.49� 105), 380(2.03� 105), 415(0.50� 105), 535(1.25� 105) 232, 309, 530, 752

Fig. 4. The emission spectra of the HL2 and HL3 and their metal complexes in the DMF solution and solvent free (solid state).
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complexes) have shifted to the longer wavelengths (red shift)
[20,21]. The complexation of the ligands with Cu2þ or Pt2þ have
caused a quenching in the emission bands due to the excited state
energy transfer.

The CIE coordinates of the free ligands and their metal com-
plexes in the DMF solution and solvent free media were calculated
by using the PL spectral data given in Table 1. The CIE 1931 color
space chromaticity diagrams of all compounds have depicted in
Fig. 5. The colors of the compounds in DMF solution have changed
from the orange to the purple. The x, y chromaticity values of the
complexes are bigger than free ligands. In the solvent free media,
the free ligands and their Cu2þ and Pt2þ metal complexes have the
major x, y chromaticity coordinates. As seen from Fig. 5, the chro-
maticity coordinates of all compounds (x:0.7471 and y:0.3512) are
close to National Television Standard Committee (NTSC) standard
CIE values for red color (x: 0.670, y:0.330) [22].
3.3. Electrochemical properties of the ligands and their metal
complexes

The redox behaviours of the free ligands and their complexes
(Cu2þ and Pt2þ) have been studied by using the cyclic voltammetry



Fig. 5. Commission Internacionale d’Eclairage (CIE) coordinates for the ligands and their Cu(II) and Pt(II) complexes.
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Fig. 6. a-f. The cyclic voltammograms of the azo-imine compound HL1, HL5 and their Cu2þ and Pt2þ complexes in the scan rate 100e1000 mVsn�1 and 1.0� 10�5M DMF solution.
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in 1.0� 10�5M DMF (0.1M Bu4NBF4 as supporting electrolyte) at
room temperature. All potentials quoted refer tomeasurements run
at a scan rates in the 100e1000mVs�1 range and against an in-
ternal ferroceneeferrocenium standard, unless otherwise stated.
The obtained data have given in Supplemantary file. The cyclic
curves of the compounds HL1, HL5, [Cu(L1)Cl(H2O)]3H2O, [Pt(L1)
Cl(H2O)]2H2O, Cu2(L5)Cl(H2O)3 and Pt2(L5)Cl(H2O)3 have given in
Fig. 6. Furthermore, the voltammograms of the CuCl2$2H2O, K2PtCl4
and Bu4NBF4 and variation of peak currents with potential scan rate
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Fig. 8. Thermogravimetric curves (TGA) of the ligands HL1-HL5 in the 30e1000 �C
temperature range.
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regions. On the other hand, the buffer (Bu4NBF4) has not any peak
potential in the �2.0-(þ)2.0 V range. The voltammograms of the
ligands HL1-HL5 show the different redox processes in this range.
The ligands HL1, HL3 and HL5 have both anodic and cathodic peak
couples in the�1.15-0.86 and�1.07e0.90 V, respectively.When the
anodic and cathodic peak potential values of these ligands were
compared, the Epc1 and Epa3 values of the ligand HL5 have been
shifted to the more negative regions than the ligands HL1 and HL3.
This may be due to the position of the substituted groups attached
to the salicylidene ring. While the ligand HL3 at all scan rates shows
the irreversible redox processes (Fig. 7a), the ligands HL1 and HL5

indicate the fully reversible reaction (Fig. 7b). In the proposed redox
mechanism of the ligand HL3, the first and second oxidation steps
show a process with one electron. The last step indicates the irre-
versible oxidation process with two-electron. On the other hand,
the metal free ligand HL5 shows exactly three reversible redox
processes in the �1.15e0.65 V (Epa/Epc) and 100-1000mVs�1 scan
rate range. In all reversible processes (Fig. 7b) for ligand HL5, all
redox events correspond to a single electron. The redox properties
of the ligand HL1 are similar to the ligand HL5. It is also reversible
redox events at all scan rates. The ligands HL2 and HL5 show the
similar electrochemical properties. That is, they have two anodic
and two cathodic redox couples in the �0.48-0.31 and �0.98-
0.93 V, respectively. In these ligands, all redox processes are irre-
versible with one electron.

When the electrochemical properties of metal complexes are
examined, it was determined that some complexes exhibited
different electrochemical properties than ligands. The Pt2þ com-
plexes of the HL1 and HL3 ligand has three cathodic and three
anodic peak potentials in the �0.51-1.05 and �0.73e0.94 V range,
respectively. In these complexes, all redox processes are irrevers-
ible. The other Pt2þ complexes have also different numbers Epa and
Epc values. The redox processes in all Pt2þ complexes are irrevers-
ible. The redox event in some of the Pt2þ complexes is ligand
centered and some are metal centered. On the other hand, the Cu2þ

complexes of the HL2, HL4 and HL5 ligands have two cathodic and
one anodic peaks in the �0.70-0.99 and �0.14-0.09 V, respectively.
While the Cu2þ complex of the ligand HL1 shows three cathodic and
two anodic peak potentials, the [Cu(L3)Cl(H2O)]3H2O complex
show two anodic and two cathodic peak potentials. In the copper
complexes, the redox processes are irreversible and ligand
centered.

Cyclic voltammograms of HL1, HL5, [Cu(L1)Cl(H2O)]3H2O, [Pt(L1)
Cl(H2O)]2H2O, Cu2(L5)Cl(H2O)3 and Pt2(L5)Cl(H2O)3 at various scan
rates such as 100, 250, 500, 750 and 1000mVs�1 were also recor-
ded as shown in Fig. 6. It is found that both cathodic and anodic
peak current linearly increases with the increasing of scan rate. The
position of the cathodic peak slightly shifted towards the negative
potential and the anodic peak shifted a little towards positive di-
rection with the increase of scan rate. When the scan rate was
increased, a linear relationship between the peak current and the
scan rate in the range of 100e1000mV/s was found (Fig. S2), sug-
gesting an adsorption behaviour [23]. The equation relating to
anodic current peak can be represented as:

IpaðmAÞ¼ 536:92yðV = sÞþ35:363;R2 ¼0:98

Thermal decomposing behaviours of the metal free ligands and
their Cu2þ and Pt2þ complexes have investigated by using ther-
mogravimetric (TGA) and differantial thermal analyses (DTA)
methods in the 30e1000 �C temperature range. The TGA curves of
the ligands have given in Fig. 8. The thermal decomposing behav-
iours of the metal free ligands are the similar. The thermal degra-
dation of the ligands starts at the 224 �C and they lost most of their
mass up to 420 �C temperature. At the 515 �C temperature, the
second degradation process starts and continues to the 600 �C. The
ligand HL5 has more rmal stability than the other ligands. In the
TGA curves of the Cu2þ and Pt2þ complexes, thermal degradation
starts by lost the adsorbed water molecules in the 45e80 �C tem-
perature range. At the higher temperatures (in the 125e250 �C
temperature range), the water molecule and chlorine ion coordi-
nated to the metal cations have lost from the complexes. Degra-
dation of the organic part in the complexes begins in the
354e360 �C temperature range and the decomposition continues
up to about 700 �C temperatures. Final degradation product of the
metal complexes is the metal oxide (CuO or PtO). Compared to the
thermal stability of metal complexes, the Pt2þ complexes have
higher thermal stabilities than the Cu2þ complexes.

3.4. Dyeing applications on the wool by the metal free ligands and
their metal complexes

Dye baths were prepared using 0.1e0.05 g dye in 35mL distilled
water. The images (after five times washing with soap) obtained
after dyeing were given in Fig. 9. Moreover, the images after ten
times washing and without mordants have been given in the
Supplementary file as Fig. S1. Firstly, the DB9 has used in dyeing of
the wool. During the dyeing process, mordanting reagents were
added to the dye bath. The dyeing properties of the DB9, HL1 and its
Cu(II) and Pt(II) complexes on wool were studied without using
mordanting agents and the color of the wools are given in Fig. S3.
DB9 gave an intense orange color and the intensity of the color is
almost retained even after ten times washing. It was determined
that the DB9 dyed well the wool in the presence of all the used
mordanting reagents. Conversely, the metal free ligand HL1 was
dyed the wool in the presence of the FeSO4 and Al2(SO4)3 mor-
danting agents. While the Cu2þ complex of the HL1 ligand has
excellent dyeing properties in the existence of the K2Cr2O7, FeCl3
and FeSO4, the Pt2þ complex has best dyed thewool in the presence
of the K2Cr2O7, FeCl3, FeSO4 and Al2(SO4)3 mordanting agents. The
washing fastnesses of all compounds were investigated and after
the ten washes, the colors of the dyed wools were slightly lighter.
For the dyeing properties of DB9 and its derivatives, we proposed a
mechanism in which the hydrophilic edges (ethylene hydroxy
groups) of the dye molecules involve in ionic interactions with the
amino groups of the wool as shown in Fig. 10.

4. Conclusion

In this study, five ligands and their Cu2þ and Pt2þ complexes
have synthesized and characterized by the instrumental methods.
Themetal free ligands have three aromatic rings and these rings are
conjugated with each other. Throughout the molecules, the p-



Fig. 9. a, b) Dyeing of wool with the disperse black 9, HL1, [Cu(L1)Cl(H2O)]3H2O and [Pt(L1)Cl(H2O)2]2H2O in water.
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electrons of the aromatic rings are delocalized. Moreover, as there
are the hydoxy groups on the salicylidene rings, these groups also
donate the p-electrons by mesomeric effect to the aromatic rings.
The anodic and cathodic peak potential values of the Pt2þ com-
plexes have shifted to the more positive regions than the Cu2þ

complexes. It can be said that platinum complexes are more diffi-
cult to reduce or oxidize than copper complexes (metal effect). The
ligand HL5 has more rmal stability than the other ligands.
Compared to the thermal stability of metal complexes, the Pt2þ
Fig. 10. The ionic interaction between dye molecules and amino groups of wool.
complexes have higher thermal stabilities than the Cu2þ

complexes.
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