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Herein, the 2-aminobenzaldehyde phenylhydrazone (2ABPH)
Schiff base and their mononuclear Mn(II), Co(II), and Cu(II)
complexes were reported. The structures of the complexes have
been elucidated by elemental analysis, molar conductivity, mag-
netic properties, infrared, electronic, mass spectra, and ther-
mal studies. The stoichiometries of the 2ABPH complexes ac-
cordance of the mentioned analysis give the general formula
[M(2ABPH)2(Cl)2].xH2O (where M is Mn(II), Co(II), Cu(II), and
x = 1, 4 and 6). The photo stabilities of the Schiff base and their
complexes were examined.

Keywords 2-aminobenzaldehyde phenylhydrazone, photo stabili-
ties, Schiff base, thermal studies

INTRODUCTION
2-aminobenzaldehyde phenylhydrazone, C13H13N3; (MW =

211.27), is called Nitrin. It was prepared by refluxing 2-
nitrobenzaldehyde with phenylhydrazine.[1] This compound is
used in the detection of nitrites and colibacilli in urine.[2]

A large number of publications,[3−10] ranging from purely
synthetic to modern physicochemical and biochemically rel-
evant studies of metal complexes of Schiff bases, reveal
that such complexes have occupied a central role in the de-
velopment of coordination chemistry. These complexes have
been studied toward the behavior,[11] their coordination,[12−14]

stoichiometry,[15] and antibacterial activity.[16−18] Schiff bases
have been widely discussed due to their selective chelation to
certain metal ions depending on the number, kind, and position
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of their donor atoms.[19−21] Schiff base complexes of trivalent
lanthanide ions have an important role in the development of
photonic light converting device and sensors,[22,23] sensitizer for
photodynamic therapy, and biomedical diagnostics,[24,25] among
others, show that extensive work with Schiff base complexes
has been done and is still in progress. In view of these findings
and in continuation to the authors’ previous work on the Schiff
bases,[26−31] this piece of work has been devoted with the aim
to synthesize some Mn(II), Co(II), and Cu(II) complexes with
2-aminobenzaldehyde phenylhydrazone (2ABPH) Schiff base
ligand, and examine their physical properties (photo stability of
the Schiff base before and after complexation) involving spectral
behaviors.

MATERIALS AND METHODS
The general chemical structure of the synthesized of 2-

aminobenzaldehyde phenyl hydrazone (2ABPH) is given in
(Figure 1).

Synthesized 2-aminobenzaldehyde Phenylhydrazone
(2ABPH)

To 100 ml of distilled water in a 250 ml beaker are added
1 g. of crystalline sodium sulfide nonahydrate and 0.5 gm of
sulfur. The mixture is heated on a water bath for 15–20 minutes
with occasional stirring, and then poured into a 500 ml round-
bottomed flask containing a hot solution of (3.02 g, 0.02 mol) of
o-Nitrobenzaldehyde and (2.20 ml, 0.02 mol) phenyl hydrazine
in 100 ml of methanol. A reflux condenser is attached, and the
mixture is heated under reflux for 3 hours. The solution is rapidly
chilled in an ice bath with occasional vigorous shaking and
stirring to induce crystallization. After 2 hours in the ice bath,
the deep red crystals of 2-aminobenzaldehyde phenylhydrazone
are collected on a Büchner funnel and washed with 50 ml of
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296 M. S. REFAT ET AL.

ice water to remove sodium sulfide. The product is immediately
placed in a vacuum desiccator over solid calcium chloride pellets
for 24 hours. Re-crystallization was carried out in methanol.
The yield of 2-aminobenzaldehyde phenylhydrazone produced
is 75% with m.p = 130◦C. The procedures of the synthesized
of (2ABPH) described as follows:

NH NH2 CHO

NO2

Methanol

Na2S

CH

N
HN

H2N

Cu(II), Co(II), and Mn(II) Complexes of (2ABPH)
Selected transition metal chloride salts like (CoCl2.6H2O,

MnCl2.4H2O and CuCl2.H2O (Fluka)) and all the used solvents
were of pure or spectroscopic grade.

These complexes were synthesized by dissolving the ap-
propriate amount of 2ABPH ligand (1 mmole, in 25ml 99%
methanol) with stirring and heating on a hot-plate at 60–70◦C
till completely soluble. Then added the metal ions as solid
(0.5 mmole) and continued stirring with heating till all metallic-
salts are dissolved. The volume of the obtained solutions was
reduced to one-half by evaporation followed by adding 20 ml
acetone with stirring and heating carefully till obtaining the
colored solid complexes of 2ABPH. The Cu(II), Co(II), and

CH

N
HN

H2N

FIG. 1. Structure of synthesized 2-aminobenzaldehyde phenylhydrazone
(2ABPH).

Mn(II) complexes isolated as powered materials. At the time
of addition: with respect to Co(II)/2ABPH complex, the color
of solution before precipitation was yellowish-orange and af-
ter precipitated, became greenish-brown ppt, the m.p = 136◦C
and % yield = 0.321g (89%), for Mn(II)/2ABPH complex, the
color of complex before precipitation was orange-yellow and so
orange-yellow ppt was formed, with m.p = 134◦C and % yield
= 0.241g (71%). On the other hand, concerning Cu(II)/2ABPH
complex, the color of solution before precipitation process was
faint-yellow and turned to dark-green ppt complex with m.p =
136◦C, % yield = 0.309 g (97.5%).

Microanalytical Techniques
Carbon, hydrogen, and nitrogen contents were determined

using a Perkin-Elmer CHN 2400. The copper(II), cobalt(II),
and manganese(II) contents were determined gravimetrically
by the direct ignition of the complexes at 1000◦C for 3 hours
till constant weight in the forms of metal oxides.

Spectroscopic Investigations
IR spectra were recorded on Bruker FTIR Spectrophotometer

(4000–400 cm−1) in KBr pellets. The UV–vis, spectra were stud-
ied in the DMSO solvent with concentration (1.0 × 10−4 M) for
the 2-aminobenzaldehyde phenyl hydrazone (2ABPH) and their
complexes by help of Jenway 6405 Spectrophotometer with 1cm
quartz cell, in the range 800–200 nm. The solid reflectance spec-
tra were performed on a Shimadzu 3101pc spectrophotometer.
The purity of ligands and complexes were checked from mass
spectra at 70 ev by using AEIMS 30 mass spectrometer with
heating rate 40◦C/min and mass range (50–1000).

Magnetic measurements were carried out on a Sherwood
Scientific magnetic balance using Gouy method.

Two very good solid calibrants are used: Hg[Co(CNS)4] and
[Ni(en)3](S2O3). They are easily prepared pure, do not decom-
pose or absorb moisture, and pack well. Their susceptibilities at
20◦C are 16.44 × 10−6 and 11.03 × 10−6 c.g.s. units, decreas-
ing by 0.05×10−6 and 0.04×10−6 per degree temperature raise,
respectively, near room temperature. The cobalt compound, be-
sides having the higher susceptibility, also packs rather densely
and is suitable for calibrating low fields, while the nickel com-
pound with lower susceptibility and density is suitable for higher
field.[32] Here we were used Hg[Co(CNS)4] only as calibrant.

Molar conductivities of freshly prepared 1.0×10−3

mol/dm−3 DMSO solutions were measured using Jenway 4010
conductivity meter.

Thermogravimetric analysis (TGA and DTG) were carried
out in dynamic nitrogen atmosphere (30 ml/min) with a heating
rate of 10◦C/min using a Schimadzu TGA-50H thermal ana-
lyzer.

Optical Absorption
The absorption spectra were recorded using a perkin-Elmer

Lambda 4B spectrophotometer in the range 200–900 nm.
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Cu(II), Co(II), AND Mn(II) COMPLEXES 297

FIG. 2. Spectral emission curves of Xenon arc lamp.

Dye Photostability
Solar simulator Xenon arc lamp "250 w" was used. The

spectrum of lamp is shown in Figure 2, which had the same
spectrum as the sun. The degradation of samples was studied by
analyzing the UV-vis. absorption spectra. The dye photostability
was calculated by dividing the absorbance after exposure to
light by that before exposure. The photostability as a function
of exposure time has been given.

RESULTS AND DISCUSSION
The results of the elemental analysis and physical data of the

2-aminobenzaldehyde phenylhydrazone (2ABPH) Schiff base
and their Mn(II), Co(II), and Cu(II) complexes exist in Table 1.
The complexes are air-stable, with melting points different from
the free 2ABPH, insoluble in H2O, and most of organic solvents
(like alcohols, benzene, acetonitrile) on cold except for DMSO
and DMF are very soluble.

Mass Spectra
The most significant m/z peaks in the Figure 3 of mass

spectrum of 2ABPH free ligand were detected and assigned.
The 2-aminobenzaldehyde phenylhydrazone (2ABPH) shows
one peak at m/z 211 assigned to the C13H13N3 molecular
ion. It also shows a series of peaks, i.e., m/z(%); 195(0.5),
167(3), 105(32), 77(100), and 65(54) corresponding to various
fragments; [C13H11N2]+, [C12H9N]+, [C7H7N]+, [C6H5]+ and
[C5H5]+, respectively. Their signals give an idea about the con-
struction of ligand.

Molar Conductivities of Metal Chelates
The molar conductivity (�m) values for the 2ABPH com-

plexes in DMSO solvent (1.0 × 10−3 M) at 30◦C were in the
range of (75–81) �−1 cm−1M−1 (Table 1), prove that the pres-
ence of coordinated counter ions, since the 2ABPH complexes

TABLE 1
Elemental analyses and physical data of 2-aminobenzaldehyde phenylhydrazone (2ABPH) and their Mn(II), Co(II), and Cu(II)

complexes

Content ((calculate) found)
�

Complexes Mwt. % C % H % N %M (S cm2 mol−1)

2ABPH C13H13N3 211.27 (73.84) 73.77 (6.15) 6.13 (19.88) 19.60 — 35
[Mn(2ABPH)2(Cl)2].4H2O (C26H34N6Cl2Mn) 620.48 (50.28) 49.98 (5.48) 5.35 (13.54) 13.48 (8.85) 8.78 77
[Co(2ABPH)2(Cl)2].6H2O C26H38N6Cl2Co) 660.47 (47.24) 47.19 (5.75) 5.66 (12.72) 12.56 (8.92) 8.87 81
[Cu(2ABPH)2(Cl)2].H2O C26H28N6Cl2Cu) 575.09 (54.25) 54.19 (4.87) 4.83 (14.61) 14.45 (11.05) 10.92 75

D
ow

nl
oa

de
d 

by
 [

N
ip

is
si

ng
 U

ni
ve

rs
ity

] 
at

 1
2:

27
 1

7 
O

ct
ob

er
 2

01
4 



298 M. S. REFAT ET AL.

FIG. 3. Mass spectrum of 2-aminobenzaldehyde phenylhydrazone (2ABPH) ligand.

have a molar ratio (1: 2, M: ligand), and suggesting them to
be slightly-electrolytes nature.[31,33−35] Conductivity measure-
ments are in a good agreement with the elemental analysis data,
where Cl− ions are detected by addition of AgNO3 solution, in-
side the coordination sphere of the complexes by the dissolving
of the all complexes using nitric acid.

Infrared Spectra
The IR spectra in the (4000–400 cm−1) region provide infor-

mation regarding the coordination mode in the complexes and
were analyzed by comparison with data for ligand (2ABPH).
The most relevant bands and proposed assignments for all com-
plexes along with the ligand are given in Table 2, and the spectra
of ligand and their complexes are shown in Figure 4. The IR
spectrum of ligand shows bands at 3424 and 3293 cm−1, which
may be assigned to the –NH2and –NH groups, respectively. In
the IR spectra of ligand as well as the complexes, the shifted
of band in the region ∼3400 cm−1 corresponding to free pri-
mary amine and the blue shift of –CH = N- group towards
lower side suggests that the two nitrogen atoms are involved in

the complexation process between two moieties of ligand and
mononuclear metal(II) chlorides. In the ligand there are three
strong intensity bands at 1600, 1572, and 1535 cm−1 attributable
to ν(C = N), δ(NH2) and δ(NH), respectively.[36] On complexa-
tion, the bands corresponding to δ(NH2) and δ(NH) are shifted
towards lower side (ca. 40–50), which suggest that the ligand
acts as bidentate chelating agent coordinating through the lone
pair of electron for both nitrogen atoms of -NH2 and azomethine
groups, which is further supported by appearance of a medium
intensity band in the region 440–510 cm−1 assignable to ν(M-
N) vibration. Bands appearing at 1490, 1442, 1129, 1069, 821,
784, and 745 cm−1are the usual modes of phenyl ring vibrations.
The previous bands corresponding to phenyl ring reveal small
shifts in the resulted complexes than free ligand; this is usual
due to the expected symmetry and electronic structure changes
upon complexation.

Electronic Spectra and Magnetic Measurements
The diffuse reflectance spectrum of the manganese(II) com-

plex shows three bands at 17,482, 22,222, and 27,397 assignable
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Cu(II), Co(II), AND Mn(II) COMPLEXES 299

NH2

CH

N

NH

m/z(%); 211(10)

-NH2

CH

N

NH

m/z(%); 195(0.5)

HN

m/z(%); 167(3)

-CH2N -C5H2

HN

m/z(%); 105(32)

CH3

-CH2N

m/z(%); 77(100)

-C

m/z(%); 65(54)

SCH. 1. Fragment patterns of 2-aminobenzaldehyde phenylhydrazone (2ABPH).

to the 4T1g →6A1g, 4T2g(G)→6A1g and 4T1g(D)→6A1g, tran-
sitions, respectively.[37] The magnetic moment value is 5.57
B.M., which proves the presence of Mn(II)/2ABPH com-
plex in octahedral geometry. The electronic spectrum of the
cobalt(II)/2ABPH complex have three transition bands lo-
cated at 15,873, 19,230, and 23,923. These bands are as-
signed to the ν1 =4T1g(F)→4T2g(F), ν2 =4T1g(F)→4A2g(F)
and ν3 =4T1g(F)→4T2g(P), respectively. These transitions cor-
respond to the octahedral geometrical structure.[37] The mag-
netic susceptibility measurements at the room temperature were
carried out according to Gauy method and lie at 4.45 B.M., in-
dicating the presence of three unpaired electrons.[38] Magnetic
moment value of copper(II) complex suggests that the Cu(II)
complex has octahedral structure with planar arrangement of
two ligands molecule around Cu(II)/2ABPH complex and the
chloride ions occupying axial position.

The spectra of free ligand 2ABPH and its Mn(II), Co(II),
and Cu(II) complexes in DMSO were discussed. There are five
essential peaks at around 220 and 500 nm, which are assigned
to (220, 245, and 290 nm) π − π* and (340 and 400 nm) n-
π* intraligand transitions, respectively. The three bands 220,
245, and 290 nm are probably due to a π − π* of the aromatic
rings, but the other two bands 340 and 400 nm are assigned to
the azomethine and amino groups.[39−42] After complexation,
the absorption bands located at the same place of free ligand,
but with hyperchromically affected. This mean that the ligand

is not deprotonated, but the lone pair of electrons on nitro-
gen atoms for both –CH = N- and NH2-Ph participated in the
complexation.

Thermal Analysis
Thermograms (TG/DTG) of the 2ABPH and their Mn(II),

Co(II) and Cu(II) transition metal complexes are discussed
and assigned in Table 3 and referred to in Figure 5 as
follows.

The 2ABPH ligand melts at about 227oC with simultaneous
decomposition. The decomposition steps seem to be consistent
with a mass loss of (obs. = 98.40%, calc. = 100%) due to
evolution of 13/2C2H2+ 3/2N2 gaseous molecules. The differ-
ence between the calculated and observed data devoted to the
residual carbon. From the corresponding DTG curve, only one
endothermic peak is noted.

The thermal decomposition of Mn(II)/2ABPH complex oc-
curs within three steps. The first degradation step occurs in the
range of 30–250◦C, and it is corresponds to the eliminated of
3H2O molecules with a weight loss of (obs. = 8.86%, calc. =
8.70%). The second and third steps fall in the range of 250–
800◦C, which are assigned to loss of 2HCl + 2C13H13N3 with
a weight loss (obs = 79.11%, calc = 79.86%). The MnO is the
final product remains stable till 800◦C.

The thermal decomposition of cobalt(II)/2ABPH complex
occurs via four steps. The first step ranged at 30–130◦C
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300 M. S. REFAT ET AL.

FIG. 4. Infrared spectra of: (A) 2ABPH, (B) Mn+2/2ABPH, (C) Co+2/2ABPH, and (D) Cu+2/2ABPH.
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Cu(II), Co(II), AND Mn(II) COMPLEXES 301

FIG. 4. (Continued)
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302 M. S. REFAT ET AL.

TABLE 2
IR spectral data of the 2ABPH ligand and its complexes

Compounds ν(NH2) ν(NH) ν(C = N) δ(NH2) δ(NH) ν(M-N) Phenyl ring

2ABPH 3424 3293 1600 1572 1535 — 1490
1442
1129
1069
821
784
745

Mn(II) 3419 3295 1595 1530 1489 507 443 1348
1143
1068
808
750

Co(II) 3405 3297 1595 1527 1491 508 1347
446 1143

1097
1069
808
750

Cu(II) 3410 3299 1596 1524 1498 505 1347
1140
1096
1071
808
737

corresponding to the loss of 2H2O molecules representing a
weight loss of (obs. = 5.12%, calc. = 5.45%). The second step
occurring at 130–200◦C assignable to the loss of 2H2O with
a weight loss of (obs. = 6.24%, calc. = 5.45%). The third
and fourth steps take place within the temperature range (200–
800◦C) with the weight loss of (obs. = 69.23%, calc. = 68.58%)

The CoO and the residual carbon atoms are the final products
remain stable till 800◦C.

The thermal degradation of the Cu(II)/2ABPH complex oc-
curs in mainly three degradation stages, reveals a mass loss in
the temperature range 30–800◦C corresponding to the forma-
tion of CuO. The three endothermic peaks were observed in

TABLE 3
Kinetic parameters using the Coats–Redfern (CR) and Horowitz–Metzger (HM) operated for 2-aminobenzaldehyde

phenylhydrazone (2ABPH) and their Mn(II), Co(II), and Cu(II) complexes

Parameter

Complex Stage Method E (kJ mol−1) A (s−1) �S (J mol−1 K−1) �H (kJ mol−1) �G (kJ mol−1) R

2ABPH 1st CR 1.20 × 105 5.12 × 1010 −1.53 × 101 1.22 × 105 1.42 × 104 0.9939
HM 1.19 × 105 5.58 × 1010 −1.38 × 101 1.02 × 105 1.48 × 104 0.9998

Mn(II) 1st CR 1.87 × 105 1.39 × 1022 −1.78 × 101 1.62 × 105 2.00 × 104 0.9890
HM 1.80 × 105 1.54 × 1023 −2.12 × 101 1.08 × 105 2.07 × 104 0.9966

Co(II) 1st CR 1.31 × 105 3.65 × 1020 −7.45 × 101 1.34 × 105 7.65 × 104 0.9988
HM 1.34 × 105 3.22 × 1020 −8.81 × 101 1.42 × 105 7.86 × 104 0.9999

Cu(II) 1st CR 1.02 × 104 4.76 × 1011 −7.63 × 101 1.96 × 105 8.46 × 104 0.9958
HM 1.00 × 105 5.66 × 1012 −7.84 × 101 2.81 × 105 8.66 × 104 0.9939
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FIG. 5. TGA curves of: (A) 2ABPH, (B) Mn+2/2ABPH, (C) Co+2/2ABPH, and (D) Cu+2/2ABPH compounds.

DTG curve (Figure 5). The maxima of these peaks are found
to be 245,430, and 550◦C, respectively. The mass loss at the
first stage in the temperature range 30–250◦C corresponds to
the melting point of the 2ABPH ligand because no weight loss
was detected in the TG curve. The second and third peaks at
430 and 550◦C DTGmax, respectively, correspond to decompo-
sition of the ligand and corresponding to the loss of 2ABPH
and 2HCl moieties and the final thermal product obtained at
800◦C is CuO. The overall weight loss (obs. = 87.46%, calc.
= 86.17%) agrees well with the proposed structure. Based on
the essential DTGmax temperatures of the decomposition of 2-
aminobenzaldehyde phenylhydrazone complexes, the thermal
stabilities of the complexes depend on the central metal ions,
the sequence follows: Co2+ (699 ◦C) > Mn2+ (650◦C) > Cu2+

(550◦C).

Kinetic Studies
Most commonly used methods in determining the rate-

dependent parameters of solid-state non-isothermal decompo-
sition reactions by analysis of TG curves are the differential
method of Freeman and Carroll,[43] integral method of Coat and
Redfern,[44] and the approximation method of Horowitz and
Metzger.[45]

Herein, the general thermal behaviors of the 2ABPH com-
plexes in terms of stability ranges, peak temperatures and values
of kinetic parameters, are discussed in Table 4 and Figure 6. The
kinetic parameters have been evaluated using the Coats-Redfern
equation:

∫ α

0

dα

(1 − α)

n

= A

ϕ

∫ T2

T1

exp(− E∗

RT
)dt [1]
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FIG. 6. Kinetic data of: (A) 2ABPH, (B) Mn+2/2ABPH, (C) Co+2/2ABPH, and (D) Cu+2/2ABPH compounds.
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FIG. 6. (Continued)

This equation on integration gives

ln

[
− ln(1 − α)

T 2

]
= − E∗

RT
+ ln

[
AR

ϕE∗

]
. [2]

A plot of left-hand side (LHS) against 1/T was drawn. E∗ is
the energy of activation in J mol−1 and calculated from the slop
and A in (s−1) from the intercept value. The entropy of activation
�S∗ in (JK−1mol−1) was calculated by using the equation:

�S∗ = Rln(Ah/kBTs), [3]

where kB is the Boltzmann constant, h is the Plank’s constant
and Ts is the DTG peak temperature.[46]

The Horowitz-Metzger equation is an illustrative of the ap-
proximation methods.

log[{1 − (1 − α)1−n}]/(1 − n)] = E∗θ/2.303RT 2
s for n �= 1

[4]
When n = 1, the LHS of equation 4 would be log[− log(1−α)].
For a first-order kinetic process the Horowitz-Metzger equation
may be written in the form:

log[log(wα/wγ )] = E∗θ/2.303RT 2
s − log 2.303,

where θ = T − Ts , wγ = wα − w, wα = mass loss at the
completion of the reaction; w = mass loss up to time t . The
plot of log[log(wα/wγ )] vs θ was drawn and found to be linear

TABLE 4
Thermal data of 2-aminobenzaldehyde phenylhydrazone (2ABPH) and their Mn(II), Co(II), and Cu(II) complexes

TGA weight loss (%)

Compounds Steps Temp. range (◦C) DTG peak (◦C) Calc. Found Assignments

2ABPH 1st 30–800 227 100 98.40 13/2C2H2 + 3/2N2 + residual carbon
Mn(II) 1st 30–250 205 8.70 8.86 3H2O

2nd , 3rd 250–800 425, 650 79.86 79.11 2C13H13N2 + 2HCl
MnO

Co(II) 1st 30–130 93 5.45 5.12 2H2O
2nd 130–200 145 5.45 6.24 2H2O

3rd, 4th 200–800 435, 699 68.58 69.23 C21H26N6

CoO + residual carbon
Cu(II) 1st 30-800 245 — — Melting point

2nd 430, 550 86.17 87.46 2C13H13N2 + 2HCl
3rd CuO
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TABLE 5
Rate constants (k) of photodegradation and half life times of doped 2ABPH and their metal complexes in PMMA

Sample K (min−1) t1/2(min)

2ABPH/PMMA 372 nm 275.8 nm 372 nm 275.8 nm
4.807 × 10−4 3.664 × 10−5 1441.65 18915

2ABPH/Mn2+ complex /PMMA 364.3 nm 274.6 nm 364.3 nm 274.6 nm
3.37 × 10−4 3.357 × 10−5 2062 20643

from the slope of which E∗ was calculated. The pre-exponential
factor, A, was calculated from the following equation:

E∗/RT
2
s= A/[ϕ exp −E∗/RT s].

The entropy of activation, �S∗, was calculated from equation
3. The enthalpy activation, �H∗, and Gibbs free energy, �G∗,
were calculated from; �H∗ = E∗ – RT and �G∗ = �H∗–
T�S∗, respectively.

�G is positive for reaction for which �H is positive and
�S is negative. The reaction for which �G is positive and
�S is negative considered as unfavorable or non spontaneous
reactions.

The thermodynamic data obtained with the two methods
are in harmony with each other. The activation energy of
Mn+2/2ABPH complex is expected to increase in relation with
decrease in their radii.[47] The smaller size of the ions permits
a closer approach of the ligand. Hence, the E value for the
Mn+2 complex is higher than that for the other Co+2 and Cu+2

complexes.
The correlation coefficients of the Arrhenius plots of the

thermal decomposition steps were found to lie in the range 0.98
to 0.99, showing a good fit with linear function. It is clear that
the thermal decomposition process of all 2ABPH complexes is
non-spontaneous, i.e., the complexes are thermally stable.

CH

N

HN

NH

N

CH

NH2

H2N

M
Cl

Cl XH2O

FIG. 7. The mode of chelation of the 2ABPH complexes, where M = Mn(II),
Co(II), and Cu(II); X = 1, 4 and 6.

Structure of the 2ABPH Complexes
It can be concluded from the above discussions on the

2ABPH ligand and its Mn(II), Co(II), and Cu(II) complexes us-
ing the elemental analysis, molar conductivity, IR, UV, 1HNMR,
and mass spectra, as well as TG/DTG, that the mode of coordi-
nation occurs through both of nitrogen atoms one of them for
amino ( NH2) group and the other of lone pair of electron of
nitrogen atom specialized to azomethine group (Figure 7).

Photostabilities of 2ABPH and their Metal Complexes
In case of 2ABPH undoped, highly delocalized bondes (C=C

and C=N) are mainly affected by UV-Vis radiation (photodegra-
dation origin). Also, the photochemical degradation of 2ABPH
doped in PMMA occurs only in the presence of suitable optical
radiation, which produces large local increases in temperature
and thermal destruction of the dye molecules.[48] At the Xenon
arc lamp powers which are used, there is no general consensus
concerning the mechanism responsible for thermal damage of
polymeric materials. It can be seen that dye molecules embed-
ded in the PMMA matrix do not undergo any change in chemical
properties at low powers.[48] 2ABPH doped in PMMA were ex-
posed indoors to UV-Vis radiation and the change in the absorp-
tion spectra was achieved at different times during irradiation
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0

1

2

3

4

A
b

so
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 t= 8 h
 t= 5 h
 t= 8 h

FIG. 8. Photostability of 2ABPH doped in PMMA before and after exposure
to UV-Vis light. (Figure is provided in color online.)
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FIG. 9. Photostability of 2ABPH/Mn2+ complex doped in PMMA before and
after exposure to UV-Vis light. (Figure is provided in color online.)

period (230 min and 480 min, respectively) and shown in Figure
8. Also, 2ABPH/Mn2+ complex was prepared, doped in PMMA,
and shown after exposure to UV-Vis radiation an enhancement
of the photostability, as shown in Figure 9. The increase in pho-
tostability refers to strong chelation (complexation of dye with
metal).

The rate constant of photo-degradation of dyes was estimated
according to the following equation:[49]

k = 2.303

t
log

A0

A
[5]

Where, A0 & A the absorption before and after irradiation for
time (t). The k value and half life times are listed in Table 5. It is
clear from the degradation data that the complexation modifies
the photostability of dye.[50]
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