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A novel ligand, (Z)-1,5-dimethyl-4-(2-(3-methyl-5-oxo-1-phenyl-1H-pyrazol-4(5H)-ylidene)hydrazinyl)-
2-phenyl-1,2-dihydropyrazol-3-one]| and its metal(ll)—azo complexes were synthesized and character-
ized using elemental analyses, proton NMR, electrospray ionization mass spectrometry, FT-IR and
UV—visible absorption. Smooth thin films of the metal(ll)-azo complexes were prepared using spin-
coating, and the absorption spectra of the films were measured. The thermal properties of the metal

(IT)—azo complexes were investigated using TGA and DSC. The optical constants (complex refractive
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index N = n + ik) of the films on single-crystal silicon were determined using variable-angle scanning
ellipsometry from which the complex dielectric function (¢) and absorption coefficient («) were
calculated. The photostabilities of the metal(Il)—azo complex films were also investigated.

Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.

1. Introduction

Azo compounds are highly coloured that enjoy widespread use
as dyes and pigments in a variety of applications that include
textile dyeing [1] as well as non-linear and photoelectronics [2],
especially in optical information storage [3—7]. Laser-based optical
recording has developed significantly in recent years, recording
being achieved in such a manner that upon absorption of the
irradiating laser beam energy, a portion of the recording layer
undergoes thermal deformation such as decomposition, evapora-
tion or dissolution. Reproduction of the recorded information is
secured by reading the difference in reflectance between the
portion at which deformation was achieved and a portion where
no deformation occurred. Accordingly, the optical recording
medium is required to efficiently absorb the laser beam energy.
Dyes have been used since 1985 as successors to inorganic Te
materials for write-once optical memory discs; recordable compact
discs (CD-R) optical recording elements based on an active dye
layer such as that provided using selected cyanine dyes with added
stabilizers as well as metal phthalocyanine dyes are widely known.
Wang [8,9] reported metal(11)—azo complexes with suitable optical

* Corresponding author. Tel.: +86 21 69918087; fax: +86 21 69918562.
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absorption at 780 nm and a high carrier-to-noise ratio of 45 dB
which were suitable for use as optical CD-R recording media. Metal
(IT)—azo complexes have also been reported for use as optical
recording media in digital versatile disc-recordable (DVD-R)
media; various types have been patented and published [10—14]. In
recent years, with the appearance of the 405 nm blue-ray semi-
conductor laser, optical recording media capable of recording
information in high density by means of a laser beam of 405 nm
rather than 635—650 nm are desired [15—17]. However, most dyes
which are currently used in CD-R and DVD-R optical recording
media are not applicable to 405 nm. Metal(IT)—azo complexes used
as high-density storage media, especially as blue-ray disc-record-
able (BD-R) medium, have attracted a great deal of interest due to
their blue-violet absorption, high solubility in organic solvents,
good film-forming ability, high thermal stability and good optical
character [7,18—20]. In order to achieve improved storage medium,
various factors should be considered in the context of the synthesis
of new recording materials, namely suitable optical absorption,
sharp thermal decomposition threshold, high refractive index n
and low extinction coefficient k of the dye film. Based upon the
consideration of the above requirements, this paper concerns the
synthesis of metal(Il)—azo complexes (Fig. 1), NiL,, CoL;, CuL, and
Znl, [L = (Z)-1,5-dimethyl-4-(2-(3-methyl-5-0xo-1-phenyl-1H-
pyrazol-4(5H)-ylidene)hydrazinyl)-2-phenyl-1,2-dihydropyrazo-
3- one]. Results of the absorption and thermal properties, as well
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Fig. 1. Synthetic schemes of ligand and its metal(Il)—azo complexes.

as optical characteristics of the metal(ll)—azo complexes, indi-
cate that the metal(ll)—azo complexes are promising candidates
for use as blue-ray optical recording media.

2. Experimental
2.1. Materials

All the reagents and solvents in this work were of reagent-grade
quality. 4-aminoantipyrine and 3-methyl-1-phenyl-2-pyrazolin-5-
one were purchased from Sinopyarm Chemical Reagent Co., Ltd.
and used without further purification. A facile route was adopted in
the synthesis of the ligand and its metal(11)—azo complexes and the
synthetic schemes together with suggested structures are shown in
Fig. 1.

2.2. Synthesis of the ligand (HL) and its metal(11)—azo complexes

2.2.1. Diazotization

4-aminoantipyrine (3.2518 g, 0.0160 mol) was dissolved in
40 mL concentrated phosphoric acid (85%) at room temperature.
The solution was then cooled to —5 to 0 °C in an ice-salt bath and
maintained at this temperature, solution of sodium nitrite
(1.1109 g, 0.0161 mol) in water (10 ml) was added dropwise within
1h under continuous stirring and the mixture was stirred at
0—5 °C 1 h. The resulting diazonium solution was used directly in
the coupling step.

2.2.2. Coupling

The coupling component (3-methyl-1-phenyl-2-pyrazolin-
5-one, 2.8220 g, 0.0162 mol) was dissolved in 200 ml sodium
hydroxide solution (2%, pH = 14) and cooled to —5 to 0 °C in an ice-
salt bath. The above diazonium solution was added to the stirred
coupling component solution at —5 to 0 °C over 30 min, main-
taining the pH at 8—10. The mixture was allowed to rise to room
temperature over 4 h and the pH was lowered to about 5. The
precipitated solid was filtered with suction, washed with water and
then vacuum dried. The rough product was finally purified by
column chromatography and further recrystallized to give (Z)-1,5-
dimethyl-4-(2-(3-methyl-5-0xo0-1-phenyl-1H-pyrazol-4(5H)-yli-
dene)hydrazinyl)-2-phenyl-1,2-dihydropyrazol-3-one (HL). Yield:
5.034g (81%). mp. 186—190 °C. Anal. Calad (found) for C21H20NgO>: C,
64.94 (64.76); H, 5.19 (5.11); N, 21.64 (21.44). 'TH NMR (DMSO-dg,
TMS, 6 ppm): 2.543 (s, 3H, C=C—CH3), 2.312 (s, 3H, N=C—CH3), 3.117
(s, 3H, N—CH3), 7.160—7.973 (m, 10H, two phenyls), 13.157 (s, 1H,
hydrazone NH). Electronic absorption spectrum (UV—vis) in

chloroform: Amax (loge) = 418 (4.44). FI-IR spectra v (cm™!): 3400,
3064, 2925, 1670, 1636, 1594, 1552, 1491, 1457, 1372, 1341, 1185, 1160,
1109, 1070, 909, 727, 572, 505. ESI-MS Calcd (found): m/z = 388.42
(389.3) [M + H'].

2.2.3. Metallization

The resulting ligand (0.64 mmol) was dissolved in 40ml of
ethanol together with 0.641 mmol of sodium acetate. After heating
up to reflux, the metal(II) acetate (0.33 mmol) dissolved in 2 mL
water was added dropwise under vigorous stirring, whereupon
a suspension of the metal(II) complex dye results. The precipitated
solid was collected by filtration, washed with water and then
vacuum dried to obtain the metal(11)—azo complex. Specific details
for each compound are given below.

2.2.3.1. NiLy complex. Yield: 81%. mp.> 297 °C. Anal. Calad (found)
for C42H3gN1204Ni: C, 60.52 (60.40); H, 4.60 (4.55); N, 20.17 (20.21).
Electronic absorption spectrum (UV—vis) in chloroform: Apax
(log ¢) = 441 (4.58). FT-IR spectra v (cm™'): 3064, 2922, 1616, 1588,
1530, 1481, 1433, 1412, 1368, 1346, 1224, 1166, 1112, 1073, 902, 737,
580, 509, 480, 445. ESI-MS Calcd (found): m/z = 832.2 (833.1)
[M + H'].

2.2.3.2. CoLy complex. Yield: 92%. mp.> 279 °C. Anal. Calad (found)
for C4H3gN1204Co: C, 60.50 (59.78); H, 4.59 (4.72); N, 20.16 (19.73).
Electronic absorption spectrum (UV—vis) in chloroform: Apax
(loge) = 425 (4.60). FT-IR spectrav(cm*) 3064, 2919, 1605, 1570,
1511, 1471, 1433, 1413, 1369, 1342, 1223, 1164, 1112, 1074, 904, 734,
578, 509, 465, 447. ESI-MS Calcd (found): m/z = 833.2 (834.1)
[M + H'].

2.2.3.3. Culp complex. Yield: 84%. mp. > 281 °C. Anal. Calad (found)
for C4oH3gN1204Cu: C, 60.17 (60.07); H, 4.57 (4.50); N, 20.05 (19.83).
Electronic absorption spectrum (UV—vis) in chloroform: Amax
(loge) = 437 (4.70). FT-IR spectra v (cm™1): 3062, 2921, 1616, 1589,
1535, 1473,1440, 1417,1368, 1338, 1302, 1265, 1190, 1170, 1144, 1109,
1072, 900, 735, 580, 509, 475, 440. ESI-MS Calcd (found): m/
z=837.2(838.3) [M + H"].

2.2.3.4. ZnlLy complex. Yield: 84%. mp. > 279 °C. Anal. Calad (found)
for C42H3gN1204Zn: C, 60.04 (59.59); H, 4.56 (4.54); N, 20.00 (19.76).
Electronic absorption spectrum (UV—vis) in chloroform: Apmax
(loge) = 441 (4.74). FT-IR spectra v (cm™): 3065, 2921, 1612, 1590,
1566, 1476, 1435, 1415, 1368, 1340, 1289, 1222, 1164, 1111, 1073, 902,
734, 580, 508, 463, 441. ESI-MS Calcd (found): m/z = 838.2 (839.0)
M+ Hf].
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2.3. Preparation of the spin-coated thin films

The solutions were prepared by dissolving the respective metal
(I1)—azo complex in 2,2,3,3-tetrafluoro-i-propanol (TFP) to give
a concentration of 30 mg mL~! solution. The solution was filtered
using a 0.22 pm Millipore membrane filter to obtain the coating
solution. The K9 glass and single-crystal silicon wafers (diameter
30 mm) were used as substrates and were cleaned by being
immersed in piranha solution (3:1 concentrated H,SO4/30% H203)
for 3 h at 80 °C. They were then rinsed repeatedly with deionized
water and ethanol in an ultrasonic bath and dried, successively.
Smooth thin films were easily prepared by spin-coating at a two-
step procedure, 400 rpm for the first 3 s and 2600 rpm thereafter
for 40 s, with a KW-4A precision spin-coater (Chemat Technology
Inc.) using a syringe. The substrates were kept at room temperature
and 50% relative humidity throughout the deposition process. The
resulting films were then heated at 50 °C for 2—3 h to ensure
removal of the solvent.

2.4. Instrument and methods

The melting points of the compounds were determined using an
XT-4 microscopic melting point apparatus (made in China) and
were uncorrected. Elemental analyses of C, H and N were carried
out on a Vario EL elemental analyzer. The Fourier Transform
Infrared (FT-IR) spectra were obtained in KBr pellets on a Per-
kin—Elmer FT-IR 1650 spectrometer in the 4000—400 cm™~! region.
TH NMR spectra (CDCl; solutions) were recorded on a Brucker AV
500 MHz Spectrometer in CDCl3 using TMS as an internal reference.
The electrospray ionization (ESI) mass spectra were performed
using a Surveyor LCQ spectrometer. The Ultraviolet—visible
(UV—vis) spectra were measured using a Perkin—Elmer Lambda
9UV/VIS/NIR spectrophotometer. Thermal properties were
analyzed with a TA instrument, the SDT Q600 Simultaneous DSC/
TGA Analyzer, at a heating rate of 10 °C min~! from 50 to 700 °C
under nitrogen atmosphere. The measurements of optical
constants (n and k) and the thicknesses of thin films were per-
formed by variable-angle scanning ellipsometry (Rotating
Analyzer-Polarizer-1, Fudan University and D&G Instrument) in air
at atmospheric pressure and at room temperature for incident
angles in 65°—75° with 5° interval and for wavelength from 275 nm
to 695 nm with 10 nm interval. The dependence of the optical
constants (n and k) of the thin films on the wavelength in the range
275—695 nm and the thicknesses of thin films were done using the
Film Wizard™ software available from the Scientific Computing
International by minimizing the difference between the experi-
mental data ¢**P and A®®, and the model data ¢™°¢ and A™4. The
two parameters, ¢ and A, appeared as functions of the wavelength
(or photon energy) and angle of incidence in the scanning ellips-
ometry measurements. A detailed description of the operation
principles and experimental procedures can be found in Refs.
[21,22]. The potostabilities of the metal—azo complexes films was
carried out using a setup for blue-ray optical recording with 406.7
nm krypton and mixed-gas ion laser and 0.90 numerical aperture
objective lens under the reading laser radiation.

3. Results and discussion
3.1. Synthesis and characterization

The ligand was synthesized by diazo coupling reaction. It may
exist in keto-hydrazone and azo-enol tautomeric forms as shown in
Fig. 1. It has bee shown, conclusively from a series of investigations
using various techniques, such as IR, NMR and X-ray crystallog-
raphy, that hydrazones containing 5-pyrazolone groups exist
exclusively in the keto-hydrazone form both in solution and in the
solid state [23—25]. An intramolecular hydrogen bridge linking one
of the carbonyl groups to the NH-moiety of the hydrazone unit was
found to be a characteristic feature of this compound class. The six-
membered intramolecular hydrogen bonding ring is possible in the
keto-hydrazone tautomer as showed in Fig. 1. The infrared spectra
of hydrazone based on a substituted 5-pyrazolone and, in particular
the position of the carbonyl stretching vibrations, have been of
considerable importance in establishing that the compounds exist
exclusively in the keto-hydrazone form. The solid state IR spectra of
the synthesized ligand shows two intense carbonyl bands (1670
(vC=0""H), 1636 (vC=0) cm~!) consistent with a keto-hydrazone
form. It can be suggested that the ligand exists as keto-hydrazone
form with extensive six-membered intramolecular hydrogen
bonding, and this has been confirmed by a number of previous
published reports of keto-hydrazone analogues [26—28]. Another
typical feature of the free ligand is the existence of an NH vibration
around 3400 cm ™! which affords proof of the H-bonded hydrazone
structure in the solid state also [23,29]; the remaining vibrational
frequencies obtained and their tentative assignments are shown in
Table 1. In the 'H NMR spectra of the ligand measured in CDCl3, the
hydrazone proton appears as a singlet at 13.157 ppm, which
corresponds to imine NH proton resonance of the hydrazone form
[30]. The above results suggest that the ligand prepared exists in
the keto-hydrazone form in the solid state, and the obtained IR
spectra, ESI mass spectra, 'H NMR and elemental analytical data
agree well with the formulae of the ligand.

The metal(II)—azo complexes were synthesized by reaction of
the relevant metal(II) acetate with the ligand. Due to the possible
keto-hydrazone and azo-enol tautomerism of the prepared ligand
[23], the action of the sodium acetate on the ligand in solution is to
convert the keto-hydrazone form into the azoanion form [25,31].
Consequently, metal(IT)—azo complexes were easily synthesized by
the chelation of the metal(II) ion and ligand in the azo-enol form
(see Fig. 1). The elemental analytical data, ESI mass spectra and
FT-IR spectra of the metal(Il)—azo complexes agree well with
their formulae. The metal-to-ligand ratios of the metal(II)—azo
complexes were found to be 1:2. Fig. 1 shows the suggested
structure of the metal(IT)—azo complexes.

3.2. FT-IR spectra of the ligand and its metal(11)—azo complexes

The important IR characteristic absorption bands, along with
their proposed assignments, are summarized in Table 1. As seen
from Table 1, the IR spectra of the metal(II)—azo complexes were
similar to each other, except for some slight shifts and intensity

Table 1

Significant FT-IR bands and tentative assignments of the ligand and its metal(II)—azo complexes.
Compound vH—N (hydrazone) vAro—H vAl-H vC=0 vN=N vC—O(enol hydroxyl) VM-N vM—-0
HL 3400 3064 2925 1670, 1636 — - — -
Ni(L), - 3061 2922 1616 1412 1224 445 480
Co(L)> — 3064 2919 1605 1413 1223 447 465
Cu(L), — 3062 2921 1612 1417 1265 440 475
Zn(L), — 3065 2921 1612 1415 1222 431 463
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changes of a few vibration bands caused by different metal(II) ions,
which indicates that the complexes were of similar structure.
However, there were some significant differences between the free
ligand and the metal(I)—azo complexes. The coordination mode
and sites of the ligand to the metal(II) ions were investigated by
comparing the infrared spectra of the free ligand with its metal
(I1)—azo complexes. Upon coordination, it is noteworthy that one
strong absorption bands in the region 1605—1616 cm ™' attributed
to vC=0 vibration were shifted by 20—31 cm~! on complexation,
while the second carbonyl absorption band at 1670 cm™!, appear-
ing in the spectra of the free ligand with the extensive six-
membered intramolecular hydrogen bonded structure, was not
observed. These results indicate that the ligand is in the azo-enol
form in the complex which naturally forms an enolic hydroxyl
oxygen and an enolic carbony with consequent replacement of the
enolic hydrogen by the metal(II) ion [32]. A new band due to C—O
vibration appearing at 1222—1265 cm™! in the spectra of all the
metal(II)—azo complexes can be further evidence for the bonding
of the enol hydroxyl oxygen to the metal(II) ion [30,33]. Further-
more, the medium-intensity band at 3400 cm™! of the free ligand,
due to vNH stretching, disappears in the complexes, suggesting that
the NH proton is lost via enolization and the resulting enolic oxygen
and azoic nitrogen take part in coordination [34]. Moreover,
another new band due to —N=N-— vibration appears around
1412—1417 cm™! in the spectra of all the complexes, which
supports the azo-enol form of the ligand in the metal(II)
complexes; the appearance of this peak at relatively lower field
may indicate coordination via the N=N group [32,35,36]. In addi-
tion, the IR spectrum of the ligand reveals a sharp band at about
1636 cm~! corresponding to the vC=0 of the antipyrine ring,
which was shifted to a lower frequency by about 20—31 cm™! after
complexation in all metal(IT)—azo complexes, suggesting that the
oxygen atom of the antipyrine ring also contributes to complexa-
tion [30,37]. The mode of bonding of the metal(II) ion is further
supported by the broad absorption bands in the region 463—480
and 431—447 cm™ !, which can be assigned to vM—0 and vM—N
stretching vibrations, respectively [36,38]. Therefore, from these IR
spectra, it is concluded that the ligand may exist in azo-enol form
during complexation and behave as an O,N,0/—monobasic tri-
dentate ligand coordinated to metal(II) ions via the enolic hydroxyl
0, azoic group N and O of the antipyrine ring.

3.3. UV—vis electronic absorption spectra of the ligand
and its metal(ll)—azo complexes

The formation of the metal(Il)-azo complexes was also
confirmed by UV—vis spectra. Fig. 2 gives the absorption spectra of
the ligand and its metal(Il)—azo complexes in chloroform solu-
tions. It is known that the ligand has two absorption bands. The first
band appearing below 250 nm is attributed to T — 7* transition of
the heterocyclic moiety and phenyl ring [39,40]. The second band
appearing around 418 nm arises from a transition involving elec-
tron migration along the entire conjugate system of the ligand [40].
In the spectra of the metal(Il)—azo complexes, the absorption
bands are shifted to higher wavelengths relative to their metal free
ligand. From Fig. 2, it also can be observed that the maximal
absorption peak of the free ligand is at 418 nm, but those of its
metal(IT)—azo complexes are at 425, 437, 440 and 441nm for CoL,,
NiL,, Cul,; and ZnL,, and bathochromic shift 7, 19, 22 and 23 nm
comparative to the free ligand, respectively. This also indicates that
center metal ions have influence on the absorption bands of the
complexes. According to modern molecular orbital theory [41], any
factor, such as the electronegativity, the radius and electronic
configuration of the metal(II) ion, that can influence the electronic
density of a conjugated system must result in the difference of the
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Fig. 2. Absorption spectra of the ligand and its metal(Il)—azo complexes in chloroform.

absorption band. For metal(I1) ions, in general, the ability to attract
the electron enhances with the electronegativity increasing and the
radii reducing. In the complexes CoL, NiL,, Cul,, the order of
electronegativity metal(II) ions is 188 Co*"(d’) < 191
Ni?*(d®) < 2.0 Cu?*(d®), the order of radii is Co?* (0.74 A)> Ni%*
(0.72 A)> Cu?* (0.69 A), so the ability to attract the electrons from
the oxygen and nitrogen should be Co(II) < Ni (II) < Cu (II), the
energy gaps of 1 — w* is reduced from CoL;, to CuL,. Therefore, the
bathochromic shift is CuL, > NiL, > CoL,, which is well in agree-
ment with our experiment results. For ZnL, complex, because of its
fully filled d-orbit (d'©), its electronegativity (1.6) and radius
(0.74 A) probably work in combination with and contribute to the
absorption band shift.

We also prepared solid thin films of the metal(ll)—azo
complexes on K9 substrates by spin-coating and investigated the
absorption spectra of the thin films. As shown in Fig. 3, the thin
films show similar absorption bands compared with those obtained
in chloroform solution. However, the slightly shifts of the absorp-
tion bands are also observed. These changes originate from
extensive excitation coupling between adjacent conjugated mole-
cules, as observed earlier in other complexes [7]. The metal(Il)—azo
complex films show suitable electronic absorption spectra with
blue-violet light absorption at about 430—444 nm, which have an
absorption on the 405 nm side. Therefore, these characteristics
indicate that the metal(ll)-azo complexes can have potential
application for blue-ray optical recording media.
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Fig. 3. Absorption spectra of the metal(ll)—azo complex films on K9 glass substrates.
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3.4. Thermal properties of the metal(Il)—azo complexes

The thermal properties of the metal(II)—azo complexes were
investigated by thermogravimetric (TG) analysis, differential ther-
mogravimetric (DTG) and differential scanning calorimetry (DSC) in
the temperature range 50—700 °C. Fig. 4 presents the recorded TG/
DTG and DSC curves of the metal(IT)—azo complexes in nitrogen
atmosphere. The thermal analyses data for the metal(Il)—azo
complexes are summarized in Table 2. From the Fig. 4 and Table 2, it
can be seen that the TG curves of the complexes show no any mass
loss up to 230 °C, indicating the absence of water molecule and any
other adsorptive solvent molecules in the coordination sphere. As
the temperature is increased, the TG/DTG curves of the metal(11)—
azo complexes exhibit a sharp mass loss at temperature of about
230—310 °C, which are accompanied with a sharp exothermic peak
in the DSC curves. The correlations between the different decom-
position steps of the metal(IT) complexes with the corresponding
mass losses are discussed in terms of the proposed formulae of the
metal(IT)—azo complexes.

From the TG curve of the NiL, complex, it can be seen that
decomposition starts at 295.0 °C and shows almost a continuous
weight loss in the temperature range of 295.0—700 °C. Based on the
percentage of mass losses and the DTG curve, two-step decompo-
sition is proposed for this complex, which is similar to the
decomposition pattern reported previously in the literature [7].
According to literature the azo bonds in the azo metal complexes
breakdown when the temperature is higher than 250 °C resulting
in the exothermic peaks [25]. The first decomposition step with an
estimated mass loss of 26.84% within the temperature range
295.0—313.2 °C may be attributed to the loss of C;1H11N30 molecule
(calcd. 24.14%). The DTG peak corresponding to this stage is at
301.9 °C and the recorded DSC curve reveals a sharp exothermic
peak at 303.0 °C. The second step of decomposition occurs after the
rapid mass loss with an estimated mass loss of 38.12%, which may
correspond to the degradation of the residual ligand molecules. But
this decomposition process shows no obvious peaks both in the
DTG and DSC curves.

The CoL, complex is thermally decomposed in four successive
decomposition steps within the temperature range 50—700 °C. The
first decomposition step of estimated mass loss 22.14% within the
temperature range 230.0—315.8 °C may be attributed to the loss of
the C11H11N30 molecule (calcd. 24.14%). Three DTG peaks corre-
sponding to this stage are observed at 267.3, 273.0 and 280.1 °C,
respectively. Simultaneously, the recorded DSC curve reveals
a broad exothermic peak at 277.2 °C. The second step at the
temperature range 315.8—388.8 °C with the mass loss 14.49%
corresponds to the loss of the CsHgN3O molecule (calcd. 14.90%).
This decomposition process shows a broad peak at 337.8 °C in the
DTG curve. The third step found within the temperature range
388.8—484.9 °C with an estimated mass loss 17.32% which may be
attributed to the loss of two phenyl molecules (calcd. 18.47%). The
broad DTG peak corresponding to this step is observed at 449.4 °C.
The recorded DSC curve shows no obvious peak. The remaining
decomposition step with an estimated mass loss 18.06% is roughly
assigned to the loss of residual ligand molecules. The broad DTG
peak corresponding to this stage is observed at 583.6 °C. However,
DSC curve shows no obvious peak.

The CuL, complex is thermally decomposed in two decompo-
sition steps. The first decomposition step of estimated mass loss
15.23% within the temperature range 267.3—283.2 °C may be
attributed to the loss of the CsHgN30 molecule (calcd. 14.82%). The
DTG peak corresponding to this stage is observed at 274.8 °C. The
recorded DSC curve reveals sharp exothermic peak at 275.0 °C.
The second step occurs within the temperature range 283.2—700 °C
with an estimated mass loss 44.34, which may be due to the
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Fig. 4. TG/DTG and DSC curves of the metal(II)—azo complexes.
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Table 2
Thermal analyses data for the metal(II)—azo complexes.

Compound Dissociation stages Temperature Range (°C)  Mass loss Found (calcd.) (%) DTG peak (°C) DSC peak (°C) Decomposition assignment
NilL, Stage 1 295.0-313.0 26.84 (24.14) 301.9 303.0 The loss of C;1H11N30
Stage Il 313.0—700 38.12 (-) — — The loss of residual ligand
CoL, Stage | 230.0-315.8 22.14 (24.14) 267.3,273.0,280.1 277.2 The loss of C;1H11N30
Stage II 315.8—388.8 14.49 (14.90) 337.8 - The loss of CsHgN30
Stage III 388.8—484.9 17.32 (18.47) 449.4 — The loss of two phenyl molecules
Stage IV 484.9—700 18.06 (—) 583.6 — The loss of residual ligand
Cul, Stage | 267.3—283.2 15.23 (14.82) 274.8 275.0 The loss of CsHgN30
Stage 11 283.2-700 44.34 (46.33) = = The loss of one ligand
ZnL, Stage | 278.4—305.3 14.30 (14.79) 289.9 2914 The loss of CsHgN30
Stage II 305.3—700 45.16 (46.23) - - The loss of one ligand

decomposition of one ligand molecule (46.33%), and shows no
obvious peaks in the DTG and DSC curves.

The ZnL, complex also shows decomposition pattern of two
stages. The first step displays a mass loss of 14.30% within the
temperature range 278.4—305.3 °C with a DTG peak at 289.9 °C,
which may be attributed to the loss of the CsHgN30 molecule (calcd.
14.79%). The recorded DSC curve reveals an exothermic peak at
291.4 °C. The second step exhibits a gradual loss in mass within the
remaining temperature range with the mass loss of 45.09%, which
may be attributed to the decomposition of one ligand molecule
(46.23%). This step shows no obvious peaks in the DTG and DSC
curves.

The above TG and DTG data reveal that the decomposition
pattern is different. The NiL;, CuL, and ZnL, complexes exhibit only
two-step decomposition, whereas four-stage decomposition is

2.0

0.6 4

0.2 4

0.0

300 400 500 600 700

Wavelength (nm)

Fig. 5. Variation in refractive indices n and extinctive coefficients k as a function of
wavelength for the thin films of the metal(Il)-azo complexes.

observed in the case of Col, complex. According to the onset
temperatures extrapolated from TG curves the following order of
thermal stability may be proposed: NiL; > ZnL, > CulL,> CoL;. The
difference in thermal stability of the metal(11)—azo complexes may
be due to the stereostructure of the metal(Il)—azo complexes and
electronic configuration of the metal(Il) ion. In addition, from the
Fig. 4 and Table 2, it is clear that the synthesized complexes,
especially NiL; and CuL, complexes have high thermal stability and
a sharp thermal decomposition threshold, which offer the potential
to form a small and sharp recording mark edge [7]. With further
development, these complexes may ultimately prove to be an
important class of blue-violet light recordable optical disk storage
materials.

3.5. The optical properties of the metal(ll)—azo complex films

The optical properties of the metal(IT)—azo complexes thin films
can be described by the complex refractive indices N and complex
dielectric function ¢ (¢ = ¢ + ie»). The ellipsometric spectra of the
metal(Il)—azo complexe thin films, spin-coated on single-crystal
silicon, were investigated on a scanning ellipsometer. The thick-
nesses of the metal(I1)—azo complex thin films were simulated
synchronously from the measured ellipsometric parameters using
the Film Wizard Software to be 114, 104, 109 and 115 nm for NiL,,
CoLy, CuL; and ZnL;, respectively. The variation of refractive index N
(N = n + ik) with wavelengths (1) was obtained. Fig. 5 gives the real
part n and imaginary part k of the complex refractive index of the
films in the visible and near-IR regions. As shown in Fig. 5, the thin
films of the metal(IT)—azo complexes give the n values of 1.43—1.53

300 400 500 600 700
Wavelength (nm)

Fig. 6. Variation in real parts ¢; and imaginary parts &, of dielectric function as
a function of wavelength for the thin films of the metal(Il)-azo complexes.
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Fig. 7. Absorption coefficients « as a function of wavelength for the thin films of the
metal(Il)—azo complexes.

and k values of 0.37—0.41, respectively, corresponding to the output
wavelength of the GaN laser diodes of 405 nm. In general, the real
part n is related to the dispersion, while the imaginary part k
provides a measurement of dissipation rate of the electromagnetic
wave in the dielectric medium [42], and a high n value and a low k
value can be helpful to obtain high optical recording signal
modulation and high reflectivity R at writing wavelength of laser
[5,43].

The real part ¢; and imaginary part ¢, of the complex dielectric
function ¢ (¢ = €1 + iey) are related to the n and k of the complex
refractive index by the following two equations respectively:
1 = n°—k°, &5 = 2nk. From the values of n and k, the values of ¢; and
&2 can be calculated, and are shown in Fig. 6. The thin films of the
metal(II)—azo complexes give real part ¢; values of 1.90—2.17, and
imaginary part ¢, values of 1.07—1.24, respectively, at 405 nm. The
absorption coefficient « can also be calculated from the expression
« = 4nk|A = 2mez/An. Fig. 7 shows the relationship of the absorption
coefficient « (in the scale of 10° cm™!) versus wavelength and gives
avalue of 1.15 x 10°—1.26 x 10°> cm~' at 405 nm. It can be observed
that the curves of the extinctive coefficient k and the imaginary part
& of the complex dielectric function ¢ for the same thin film are
structurally similar to the absorption spectra, and this has been
confirmed by previous published results [44,45].
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Fig. 8. The dependence of reflective intensity on reading times for the recording marks
of CoL, complex film.

3.6. The photostabilities of the metal(ll)—azo complex films

The metal(II)—azo complex films were prepared on a K9 glass
substrate with Ag reflective layer by a spin-coating method. The
photostabilities of metal(1I)—azo complex films were carried out
for static optical recording test using a 406.7 nm blue-violet laser
and a high numerical aperture of 0.9 under writing power 2 mW,
writing pulse width 300ns, reading power 0.5 mW. The reflective
light intensities of metal(I1)—azo complex films show no obvious
change after 15 000 reading times on the recording marks, which
indicates that the recording marks are photostable. Fig. 8 shows an
example of reflective light intensity of the CoL, complex film as
a function of reading times.

4. Conclusions

We have described the synthesis and some spectroscopic,
thermal and optical properties. The possible structures of the ligand
and its metal(Il)-azo complexes were proposed based on
elemental analyses, '"H NMR, ESI-MS, FI-IR spectra and UV—vis
electronic absorption. Suitable electronic absorption spectra of the
metal(ll)—azo complex films were found in blue-violet region of
350—450 nm. The thermal properties of the metal(ll)—azo
complexes show high thermal stability and the order of their
thermal stability found is NiL, > ZnL, > Cul,> CoL,. The optical
properties of the metal(ll)—azo complex films were characterized
by the complex refractive indices N (N = n + ik) and complex
dielectric constant ¢ (e = &7 + iey) in 275—695 nm. At 405 nm, the
metal(Il)—azo complex films give high n values of 1.43—1.53 and
low k values of 0.37—0.41, dielectric constant real part ¢; values of
1.90—2.17 and imaginary part ¢ values of 1.07—1.24. In addition, the
metal(ll)—azo complex films have good photostability. The above
results imply that these new metal(ll)—azo complexes are prom-
ising organic recording media for the blue-ray optical storage
system.
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