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Abstract: Five different Nickel (II) complexes were prepared using a ONNO type
Schiff base bis-N;N’(salicylidene)-1,3-propanediamine (LHz2) and an ONO type Schiff
base N(2-hydroxy)salicylaldimine (SAPHz) in the presence of NH3 or amine and NiO
nanoparticles were obtained with thermal decomposition of this complexes in air.
The prepared complexes and Schiff bases have been characterized by element
analysis, IR spectroscopy, Thermogravimetry (TG), 'HNMR and 13CNMR
spectroscopy, Mass Spectrometry (MS), Atomic absorption spectrometry (AAS), and
Scanning Electron Microscopy (SEM). The surface area of the obtained nanoparticle
NiO material was measured by the Brunauer-Emmett-Teller (BET) method. The
thermal decomposition products NiO nanoparticles were investigated with XRD,
and SEM technics. SEM investigations showed that due to the very little solubility of
the prepared two complexes and consequently they were precipitated in the form
of nanoparticles. In addition, it observed that this very insoluble complexes are
converted to NiO nanoparticles a result of thermal decomposition.

Ni(II) - ONO ve ONNO Tipi Schiff Baz1 Komplekslerinin Termal Bozunmalarini
Kullanarak NiO Nanopartikiillerinin Sentezi ve Karakterizasyonu

Anahtar Kelimeler
ONO tipi Schiff bazi,
ONNO tipi Schiff bazi,
Schiff baz1 kompleksleri,
Ttermal bozunma,

NiO nanopargaciklari

Oz: Bir ONNO tipi Schiff bazi olan bis-N;N'(salisiliden)-1,3-propandiamin (LHz) ve
ONO tipi Schiff bazi olan N(2-hidroksi)salisillaldimin (SAPH2) kullanilarak bes farkl
Nikel (II) kompleksi NH3 veya amin varliginda hazirlandi ve bu komplekslerin
havada termal bozunmasi ile NiO nanoparc¢aciklar1 elde edildi. Hazirlanan
kompleksler ve Schiff bazlari, element analizi, IR spektroskopisi, Termogravimetri
(TG), *HNMR ve 13CNMR spektroskopisi, Kiitle Spektrometrisi (MS), Atomik
absorpsiyon spektrometrisi (AAS), ve Taramali Elektron Mikroskobu (SEM) ile
karakterize edildi. Elde edilen nanoparcacik NiO malzemenin yiizey alani Brunauer-
Emmett-Teller (BET) yontemi ile 6l¢tildii. NiO nanopargaciklarinin termal bozunma
uriinleri XRD ve SEM teknikleri ile incelendi. SEM incelemeleri, hazirlanan iki
kompleksin ¢6ziiniirligiiniin ¢ok az olmasi nedeniyle nanopartikiiller halinde
coktiigiinii gosterdi. Bu sebepten dolayr ¢oéziinmeyen komplekslerin termal
bozunma sonucunda NiO nanoparg¢aciklarina doniistiigii gézlemlendi.

1. Introduction

Bis-N,N'(salicylidene)-1,3-diaminopropane

complex of this ligand can create homo- and hetero-
dinuclear [1-3], trinuclear [4-17], tetranuclear [18]

(LH2) and polynuclear [19] complexes with square pyramid

Schiff base has long been known is a ONNO type
tetradentate ligand and this Schiff base gives many
mono and polynuclear complexes with some first and
second series transition elements [1-21]. The
structure of mononuclear complexes given by Ni (II)
and Cu (II) ions have been known since 1985, ([NiL]
and [CuL]) [22]. Especially, the mononuclear Ni (II)

*Corresponding author: sevioz@hotmail.com

or octahedral coordination spheres along with
coligands such as picoline, acetate, nitrate and N,N'-
dimethylformamide.

The general formula of the dinuclear complexes
prepared using the NiL complex is in the form of
[NiL.MXz.(DMF)2] (M=Cd(1I), Zn(Il), X=Cl- or Br) and
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the trinuclear complexes in the [(NiL)2.MX2.S;]
(M=Mn(II), Fe(II), Cu(1I), Ni(1I), Cd(II), Zn(II), X= CI,,
AcO-, NOz;, NOz;, S= Solvent or DMF, z = 0 - 2) form [1-
17]. The |[NiL] mononuclear complexes are
diamagnetic complexes of which molecular structures
are illuminated in 1985, and they are soluble in polar
solvents at hydrothermal conditions. When a small
amount of Hz0 is added to this solution, the complex
of [NiL.Hz0] is obtained as solid green crystals [21]. In
addition, if NH3 used as coligand with the Schiff base
LH2, the complexes in the stoichiometry of
[NizL2(NH3)3] and [NizL2.NHs] is obtained. These
complexes can be obtained if we add NH3 to the NiL
complex dissolved in polar solvents. These NHj3
complexes are not found in the literature. The
decomposition order of [NizL2(NH3)3] is shown in Fig.
1.

N(salicylidene)-2-hydroxyaniline (SAPHz) is a
tridentate ligand in the type of ONO and this ligand
gives mononuclear complexes with I and II. series
transition elements like LH2, [23-27]. However, in
particular, the Ni(II) complex of this Schiff base is
dinuclear coordinated and in crystal lattice supra-
molecular structure called pseudo-octahedral in solid
state [24, 26]. This supramolecular structure is
converted with an amine addition, which is
transformed into mononuclear complexes in square
plane coordination. The NiSAP complex is a complex
that has been studied for many years. It is hardly ever
soluble in solvents and could be dissolved, if NH3,
EtzNH or CsH11N (piperidine) is added and it gives the
mononuclear and diamagnetic complexes in the
stoichiometry of [NiSAP.NHs], [NiSAP.Et2NH] or
[NiSAP.CsH11N] (or [NiSAP.pip]). In this complex, NHs
or amine are connected to the metal atom in a
coordinated manner. Between 180 - 320 °C, this
amine or NHs3 is removed from the structure and
transformed into a [NiSAP] complex again, according
to the reactions given in Fig. 2 [23-27].

It is known that the [NiSAP] and [NiL.NHz)2.NHz3] are
very low soluble complexes and they are precipitated
as extremely fine particles. The proposed study was
carried out in order to be able to produce NiO
nanoparticles from these less soluble complexes. Since
they are likely to precipitated as nanoparticles, it was
investigated that if these nanoparticles are produced
as a result of thermal decomposition of precipitation
of these low soluble complexes. In this respect, all the
complexes were prepared and examined by
thermogravimetric (TG) analysis and in addition made
thermokinetic analysis wusing the results of
thermogravimetric analysis. Similarly, we also
investigated final product of thermal decomposition
[NiSAP.NHs],  [NiSAP.Et2NH] and  [NiSAP.pip]
complexes. Numerous studies have been reported in
the literature to prepare nanoparticles in this way [28-
39]. The particle sizes of low soluble complexes were
identified by Scanning Electron Microscope (SEM).
Also the complexes produced as a result of thermal
degradation in the air by heating up to 450 °C and the
obtained NiO was examined with SEM again. Along
with the SEM, the X-Ray powder diffraction (XRD)
method has been used to examine insoluble complexes
and obtained NiO and the particle dimensions were
calculated. The surface area of less-soluble complexes
and obtained NiO were calculated with the Brunauer-
Emmet-Teller (BET) method and the obtained results
were compared.

2. Material and Method

The TG-DTA studies were actualized with Shimadzu
DTG-60H and these analyses were carried out in Pt
pans at different heating rates under nitrogen
atmosphere. The IR spectra of the ligands and
complexes were actualized by the use of Shimadzu
Infinity model FTIR. C, H and N analyses were carried
out by Eurovector 3018 CHNS analyzer. Ni analyses of
the complexes were made by GBC Avanta PM Model

105-150°C ) 170-210°C ) 290-360°C .
[Ni;L;(“H,J_,-] < [ NILL:NH,\-] - -2NiL  ————————3 Decomposition
-2NH, -NH,
Figure 1. Decomposition order of [NizL2(NH3)s]
in MeOH or EtOH
.2+ Ambient terup erature ;
2 SAPH, + 2 Ni » | NiSAP
-4H' 2
170-320°C
“RNH, % . 370-530°C -
[ NiSAPR-NH, ] < [ misap | » Decomposition
+R,NH, | 2
Ambient temp erature

R,-NH = NH,, Et,NH, piperidine

Figure 2. Decomposition of [NiSAP.R-NHz]
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flame atomic absorption (FAAS) device. The NMR
spectra of the ligands were recorded with a Varian
brand Mercury model 400MHz NMR
spectrophotometer in de-DMSO. Similarly, were
recorded the Mass spectra of the ligands using
Shimadzu 2010 Plus GCMS included Direct Inlet (DI)
unit. The surface area of complexes and pyrolyzed
product NiO were measured by Brunauer-Emmet-
Teller method in Quantachrome Nova 2200e device
using N2 with 18 hours degassing time at 110 °C
equilibrium temperature

2.1. Ligands

Preparation of Bis-N,N'(salicylidene)-1,3-
diaminopropane (LH:z): 2-Hydroxy-benzaldehyde (0.1
mol) has been dissolved in 120 cm3 of warm EtOH.
After 0.05 mol of 1, 3-diaminopropane has been added
to this solution, heated up to the boiling point. After
cooling, it was air-dried and the yellow crystals were
filtered. Yield: 90-95%, Melting Point (mp): 58°C.

Elemental Analysis for(LHz) C17H1sN202: Anal. Calcd. %:
C 72.32; H 6.43; N 9.92; Found % C 71.95; H 6.33; N
10.09.

Important IR data (cm): von :2627, vc-nan: 3021-
3019, vc-H(aliph) :12929-2862, ve=n 11629, ve=c(ring) :1608,
VC-0(Phenol) :1274- 1151, 8c-H(ar) :762.

Amax=243nm, &=7045 dm3mollcm?! in DMSO,
Amax=242 nm, e=7865 dm3mol-lcm in MeOH.

THNMR data in ds-CH3COCH3s (6, ppm): 13.51 (s) (0-H),
8.60 (s) (-CH=), 7.43 (d) (Har), 7.32(t) (Har), 6.88 (1)
(Har), 3.68 (t) (N-CHz-), 2.01 (p) (-CHz-).

13CNMR data in ds-CH3COCH3 (6, ppm): 166.6, 161.1,
132.7,132.1,119.1, 118.9 (Car), 116.9 (-C=N), 58.5 (N-
CHz-), 31.9 (-CHz-).

MS m/z: 282 [M]*, 161 [HO-CsHs-CH=N-CHz-CHz-
CH]*, 148 [HO-CeHs-CH=N-CH,-CHz]* (BP), 134 [HO-
CeHs-CH=N-CHz]*, 120 [HO-CeéHs-CH=N]*, 107 [HO-
Ce¢Ha-CHz]*, 77 [CeHs]* .

Preparation  of  N(salicylidene)-2-hydroxyaniline
(SAPH:): This Schiff base was prepared from 0.04 mol
salicylaldehyde and 0.04 mol 2-hydroxyaniline in
EtOH as given above. Yield: 80%, mp: 183 °C.

Elemental Analysis for Ci3H1:NOz Anal. Calcd. %: C:
73.26, H: 5.20, N: 6.56; Found %: C: 72.57, H: 4.79, N:
6.48.

Important IR data (cm™): von :2692-2553, vcnan:
3047, vcHu@min) 12839, ve=n :1624, vc=c(ring):1589, vc-
O(Phenol) :1219- 1111, Sc-near) :747.

1HNMR data in ds-CH3COCH3 (6, ppm): 13.80 (s, 1H)
(OH), 9.93(s, 1H) (OH), 8.78 (s, 1H) (-CH=), 7.63-6.81
(m, 8H) (Har).

I3CNMR data in ds-CH3COCH3 (6, ppm): 162.2 (C=N),
160.5, 151.2 (C-0), 134.9, 132.9, 132.2, 128.1, 122.3,
119.7,119.0,118.9 116.7, 116.4 (Car).

MS m/z: 213 [M]* (Base peak), 196 [HO-CsH4-CH=N-
CeHa]*, 120 [HO-CsH4-CH=N]*, 107 [HO-CeH4-CH2]*, 93
[HO-CeHa]*, 77 [CeHs]*.

2.2. Complexes

Preparation of [NizLz(NHs3)s3]: 0.05 mol LHz has been
dissolved in 100 mL EtOH by mixing in 3 different
beakers. To these solutions were added 4.0, 10.0 and
20.0 mL concentrated ammonia respectively and
heated to boiling point. Then was added a solution of
0.05 mol NiCl2.6H20 in 50 mL MeOH to these solutions
respectively. After 3-4 hours a light green precipitates
have been filtered and dried in air. Yield: 98%, mp: not
detected.

Elemental Analysis for C34H41N704Niz: Anal. Calcd. %:
C:56.01, H:5.66, N:13.44, Ni:16.01; Found % C: 55.45,
H:5.29, N:13.09, Ni:15.73.

Important IR data (cm?): vnn:3309-3219-, venan:
3045-3022, vc-H(imin) :2941-2854, ve=n:1616, Vc=C(ring)
:1583-1535, vc-oPhenol) :1195- 1124, Sc-H(ar) :750.

Thermogravimetric Analysis: Calculated mass loss of
removed NH3%: 6.99, found%: 6.95+0.12

Preparation of [NiL]: The [NiL] complex can be
prepared in ethanol in the form of NiClz and LHz at pH
9, but NiL prepared by this method is obtained as big
needle crystals [21]. In this study, NiL was obtained as
a result of ammonia loss of [NizLz2(NHs)s] light brown
complex at 170-190 °C [20,21].

Elemental Analysis for C17H1sN202Ni. Anal. Calcd. %: C:
60.23, H: 4.76, N: 8.33, Ni: 17.33; Found % C: 59.84, H:
4.51,N: 7.99, Ni: 17.19.

Important IR data (cm): vc-nar: 3051-3033, ve-H(aliph)
:2965-2922,  ve=n:1608,  ve=cgringg  :1595-1542,
Ocn2:1475, Vc-o(Phenol) :1199- 1082, 8c-H(ar) :744-725.

Preparation of [NiSAP]: 0.002 mol SAPHz was
dissolved in 80 mL EtOH under stirring and heating
[24]. To this solution, 0.002 mol NiCl2.6H20 in 20 mL
hot MeOH was added and yellow precipitate filtered
and dried in an oven at 80°C. Yield 80%

Elemental Analysis for C13HoNOzNi: Anal. Calcd. %: C:
57.20, H: 3.26, N: 5.36, Ni: 21.82; Found % C: 57.64, H:
3.83,N: 5.22, Ni: 21.98.

Important IR data (cm): vcnan: 3047-3025, ve=n
11605, ve=c(ring) :11595-1541, vco(pheno):1190- 1137, &c-
H(ar :751.

Preparation of  [NiSAP.NH3], [NiSAP.Et:NH],
[NiSAP.pip]: For the [NiSAP.NHs3], 0.002 mol SAPH:
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was dissolved in 80 mL EtOH under stirring and
heating. To this solution was added firstly 5 mL
concentrated NHs then a solution of 0.002 mol
NiCl2.6H20 in 20 mL hot MeOH. The mixture was
refluxed half an hour. After crystallization, the brown
crystals were filtered and dried in air [24-26]. Yield
approximately 50%, mp: not determined.

Elemental Analysis for C13H1z2N20:Ni: Anal. Calcd. %: C:
53.71, H: 4.05, N: 9.28, Ni: 20.42; Found % C: 54.41, H:
4.18,N:9.76, Ni: 20.48.

Important IR data (cm?): vnn:3330-3223-, vcnan:
3052-3018, vc=n:1603, vc=c(ring) :1587-1545, vc-0(Phenol)
:1192- 1088, 8c-n(ar) :756.

Thermogravimetric Analysis: Calculated mass loss of
removed NH3%: 5.93, found%: 5.85+0.08

For [NiSAP.Et:NH] preparation 0.002 mol SAPH:,
0.002 mol NiCl2.6H20 and 2.0 mL diethylamine, for
[NiSAP.pip] complex 0.002 mol SAPHz, 0.002 mol
NiCl2.6H20 and 2.0 mL piperidine were used and
obtained square planar diamagnetic complexes.

For [NiSAP.Et2NH] was found the yield approximately
% 25, mp: not determined.

Elemental Analysis for C17H20N20:Ni: Anal. Calcd. %: C:
59.55, H: 5.87, N: 8.16, Ni: 17.12; Found % C: 58.93, H:
5.12,N: 7.75, Ni: 16.54.

Important IR data (cm™): vnn:3346-3257-, vcH@an:
3055-3019, ve=n 11606, ve=c(ring) :1595-1541, vc-o(phenol)
:1208- 1097, 8c-u(ar) :756.

Thermogravimetric Analysis: Calculated mass loss of
removed EtzNH %: 21.50, found%: 21.50+0.06.

For [NiSAP.pip] was found the yield approximately %
30, mp:not determined.

Elemental Analysis for C17Hz0N20:Ni: Anal. Calcd. %: C:
60.63, H: 5.69, N: 7.80, Ni: 16.79; Found % C: 60.89, H:
5.63, N: 7.89, Ni: 16.15.
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Important IR data (cm™): vnn:3341-3253-, vcuan:
3053-3017, vc=n:1605, vc=c(ring) :1590-1543, vc-0(Phenol)
:1195- 1084, 6c-n(an:751.

Thermogravimetric Analysis: Calculated mass loss of
removed Et2NH: 24.20%, found%: 23.87+0.44.

3. Results and Discussion

The results of the element analysis confirm the
stoichiometry of the complexes. In addition, the
results of thermogravimetric analysis support the
stoichiometry of the co-ligand mass losses. The TG
curves of the prepared complexes and the
thermoanalytical data from these curves were given in
Fig. 3-6 and in Table 1. Fig. 3a shows the thermal
decomposition of the complex, the [NiL] complex
remaining after two-step ammonia loss up to 300 °C.
Mass loss due to thermal decomposition of the [NiL]
complex is observed after 340 °C. The [NizL2(NHs)s] is
a paramagnetic complex. The molecular model of this
complex has not been determined due to not being
able to obtain suitable single crystal and there is no
study available about this complex in the literature.
The 13.09% of nitrogen were found according to the
element analysis of this complex. It is difficult to
explain this result. However, sometimes TG is more
helpful than element analysis to determine the
stoichiometry of complexes [40]. According to TG the
NH3 in the complex [Ni2L2(NHs3)3] is separated into two
steps as seen in Fig. 3. There is a mass loss of 6.95% in
total, 4.50% of NH3 removed in the first step, and
2.45% of it leave the structure in the second step and
the remaining structure is the [NiL] mononuclear
complex. The total ammonia mass loss indicates that
the complex stoichiometry is [NizL2(NHs)s] and the
mass loss of 4.50% in the first step shows that the two
moles ammonia in this step are separated from the
structure and the residual mass is [NizL2.NHs], the
expected theoretical mass loss for this first step is
4.66%. The mass loss of 2.45% in the second step
shows the last ammonia leaves the structure and the
expected mass loss for this first step is 2.33%. In this

case, the residual mass is diamagnetic NiL
mononuclear complex.
110 : : 30
o
25
|- 20
100 — B
- 15
>
- 10 E‘
s
|- 5
90 —f (=]
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}— -5
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©
80 r 40 G
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100
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200

Figure 3. The TG-DTA curves of [Ni2L2(NH3)3] and zoomed view of NH3z removal zone.
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Figure 4. TG-DTA curves of [NiSAP.NH3] and zoomed view of the NHs removal zone.

In the intermediate product, [NizL2.NHs] compley, it is
difficult to estimate the coordination but one similar
complex structure has been reported in the literature
[41]. The structure of the reported complex
[NizL2.NH2-CHs3] has been given in the literature. In this
complex, the place of NH3 has been replaced by
methylamine. Similarly, the co-ligands of the
structures of complexes [NiSAP.NH3], [NiSAP.Et:NH]
and [NiSAP.pip] are thermally separated from the
structure at the 160-320 °C temperature range Fig. 4-
6. As given in Table 1, the mass loss of the co-ligands
are expected values and residual mass is corresponds
to expected [NiSAP] mass. The residual [NiSAP] is
thermal decomposed after 370 °C. The [NiSAP.NHj3],
[NiSAP.Et2NH] complexes and very similar complex of
[NiSAP.pip] have been reported in the literature and
the X-rays diffraction studies show that their
coordination is determined to be square planar [42-
44]. Square planar Ni(Il) complexes are known as
diamagnetic complexes [45]. In the TG curves of these
complexes it is seen that approximately between 160-
320 °C, the amines or NHz which found in the
structure, were separated and the mass loss found as
itis expected and the residue is paramagnetic [NiSAP].
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Figure 5. TG-DTA curves of [NiSAP.Et:NH]

As seen in Fig. 4, TG signal of the [NiSAP.NH3] complex
shows that ammonia removing realized in two steps
and DTA signals confirms this result. From the
element analysis data and the thermoanalytical data
given in Table 1, the ratio of [NiSAP]/NHs3 in the
[NiSAP.NH3] complex is about 1 and in this case, it is
difficult to estimate the structure of the intermediate
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[
x
o
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=
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<
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Q
T T T T T -10 ©
100 200 300 400
Temperature / °C
product in NHs separation observed in

thermogravimetric analysis. As can be seen from Fig. 4
and 5, the co-ligands separated from the structure in
the [NiSAP.Et2NH] and [NiSAP.pip] complexes give a
single step mass loss of Et2NH and piperidine and it is
seen from Table 1 that these mass losses are expected
values. The first aim of this study was to obtain
nanoparticle NiO as a result of thermal decomposition
in the oxygenated environment of prepared
complexes.

It is known that the [NiSAP] and [NizLz2(NHz3)s]
complexes are insoluble in common solvents, for this
reason, it was thought that these complexes to be form
in nano-sized, so this study was planned because it is
highly probable that the metal oxide compound
formed as a result of thermal degradation of the
particles obtained in the nanostructure is also
nanoparticle.
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Figure 6. TG-DTA curves of [NiSAP.pip]

800

The [NizL2(NHs3)3] complex was prepared in 3 different
NHs concentration. The NHs concentration adjusted as
to be approximately 0.5, 1.5, and 3.0 M to determine
the appropriate precipitate. The complexes obtained
from these media were examined by the method of
Brunauer-Emmett-Teller (BET) and their surface
areas were found as 25.910, 25.264 and 22.407 m?/g
respectively. Due to the largest surface area was
obtained in 0.5 M NH3 concentration. Similarly, NiSAP
was precipitated directly or the formed from thermal
decomposition of the [NiSAP.NH3], [NiSAP.Et2NH] and
[NiSAP.pip] complexes.
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Table 1. Thermoanalytical data of the prepared complexes

Thermal reaction of amine loss or first
step of ammonia loss

Thermal reaction of second step
ammonia loss NHs loss stepwise or

Thermal reaction of
the residual complex

decomposition products were examined with the
scanning electron microscope (SEM) and observed
that almost all of the complexes and obtained NiO
were obtained in nano-particle size, Fig. 7a-f.

degradation of complex degradation
Complex Calculated Found Calculated Found
Temperature Temperature Temperature
range/ °C massloss/  massloss / range/ °C massloss/  massloss range/ °C
& % % 8 % /% 8
5 °C/min. 5 °C/min. 3157 8%/-13}18;;97
106.47- 160.11- 16 °C/mir.1
148.72 200.00 327 63.388.39
10 °C/min. 10 °C/min. 2.47- 15’ "C/mir.n
108.65- 4.58-4.49- 166.84- 2.19- 335.37-398 é4
. 164.41 4.45-4.48 197.36 2.56- ) e
[NizL2(NH3)s] o . 4.66 o . 2.33 20 °C/min.
15 °C/min. Average: 15 °C/min. 2.59
342.16-403.45
115.78- 4.50%0.06 179.84- Average: Meltine of NiL: 293-294
172.85 207.32 2.45+0.18 g oC )
20 °C/min. 20 °C/min. o Ni )
120.85- 199.64- Calcul;tzeSS/o NiO:
186.09 248.77 Found NiO: 20.93+1.31
10 °C/min. 10 °C/min. 471.72-
185.76- 531.20
320.80 20 °C/min. 483.53-
20 °C/min. 5'8é'fé97' 547.86
[NiSAP.NHs] 192.86- 5.92 Ave.ra o - - - 30 °C/min. 483.40-
338.50 ge: 553.65
. 5.85+0.08 .
30 °C/min. Calculated % NiO:
223.60- 26.10
366.48 Found NiO: 24.68+2.07
Slfs/lsnlu_l' 5 °C/min.
. 434.11-499.16
183.94 o .
10 °C/min 10 °C/min.
) 21.45- 468.77-519.03
157.83- .
201.96 21.45- 15 °C/min.
o 21.46- 473.63-521.17
15 °C/min. 21.47- 20 °C/min
[NiSAP.EtzNH] 157.48- 21.50 21.56- - - 484.25-528.35
215.50- o .
20 °C/min 21.37 25 °C/min.
161.79- ’ Average: 488.23-540.27
' 21.46%0.06 Calculated % NiO:
232.88-
25 °C/min 2L.77
’ Found % NiO:
163.52- 20.04+1.26
248.76 .04+1.
o ; 10 °C/min.
10 °C/min. 472.49-521.19
158.94- 20 °C/min
237.23 24.44- :
° : 485.45-534.45
20 °C/min. 23.36- 30 °C/min
[NiSAP.pip] 164.40- 24.19 23.82 - - - )
488.42-552.29
245.35- Average: Calculated % NiO:
30 °C/min. 23.87+0.44 o
181.17- 21.03
274' 38 Found % NiO:
: 20.51+0.16
10 °C/min.
376.69-535.98
. Calculated % NiO:
[NiSAP] - - - - - - 2767
Found % NiO:
26.47+1.09
The all complexes prepared and thermal As seen in Fig. 7a, [NizL2(NHs3)3] complex precipitated

in the form of small sticks and the smallest sticks were
precipitated in 0.5 M NHs concentration. As it is clearly
seen from SEM images, the ones precipitated in 0.5 M
NH3 medium are 110-150 nm, 1.5 M NH3, 90-320 nm
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Figure 7. The SEM images of a) [Ni2Lz(NH3)3] complexes precipitated in different NH3 concentration, b) [NiSAP] complex from
SAPH: and Ni(Ac0)2.4H20 prepared, c) [NizL2(NH3)s] precipitated in 0.5 M NH3 complexes, after thermal degradation at 450
°C, d) [NiSAP.NHs] complex after thermal degradation at 450 °C. e) [NiSAP] complex after thermal degradation, f) [NiSAP.pip]

complex after thermal degradation.

and in the 3.0 M NHs, 250-430 nm in length. [NiSAP]
complex is a substance which precipitated as small
particles and the SEM image of precipitated particles
is provided in Fig. 7b. According to the scale, the
diameter of these particles of this complex is between
50-330 nm. [NiSAP.NHs], [NiSAP.EtzNH] and
[NiSAP.pip] complexes could be crystallized in a few
mm diameter. For this reason, these complexes were
not measured with SEM method. When these
complexes decompose at a temperature of 450 °C, they
were turned to NiO particles in air. The SEM images of
the remained particles obtained after thermal
decomposition are seen in Fig. 7c, 7d, 7e and 7f. After
thermal decomposition, [NizL2(NHs)s] complex
particles turned into sticks in 35-100 nm diameter and
[NiSAP.NHs] complex particles into rhombic particles
in 40-220 nm diameters, there is a few rhombic prisms
are 580 nm in diameter among these prisms. These

rhombic particles convert into octahedral NiO
particles after thermal degradation as seen in Fig. 7d.
There are other studies reported for octahedron NiO
nanoparticles prepared by thermal method in the
literature [33,34,46,47]. As seen in Figure 7e and 7f,
the NiSAP and NiSAP.pip complex convert into sticks
NiO particles with a diameter of 100-415 nm, and the
NiSAP.pip complex into NiO particles with a diameter
of 130-380 nm at the end of thermal decomposition.
The particles of the [NiSAP] complex have grown even
more at the end of the thermal decomposition; the
[NiSAP] contains particles of 50-330 nm diameters
during the first precipitation, while these particles
were transformed into particles of 100-415 nm
diameters at the end of the thermal decomposition.

There are examples in the literature for NiO
nanoparticles prepared by thermal methods using Ni-
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Figure 8. XRD patterns of some complexes prepared and final product NiO prepared from thermal decomposition a)
[NizL2(NH3)3] complex obtained from 0.5 M NH3 media b) NiL c) [NiSAP] d) NiO.

Schiff base complexes. Studies have been published on
the production of NiO nanoparticles by thermal
decomposition from bidentate Schiff bases - Ni(II) [30,
46-51], tridentate Schiff bases - Ni(Il) [34, 51] and
tetradentate Schiff bases - Ni(II) complexes [52, 53].In
these studies, the particle diameter was generally
calculated from the powder XRD pattern. Diameters of
NiO particles prepared from complexes of bidentate
ligands were reported as 10-50 nm, while diameters
of tetradentate ligands were reported as 20 nm. NiO
particle radii that we found in our study are higher but
within the nanoparticle frame. Especially NiO
octahedral particles are very similar to the two studies
in the literature. [46, 47].

In fact, the BET results confirm this observation, when
[NiSAP] first precipitated the surface area was 21.510
m?/g, after the thermal degradation, this surface area

has been calculated as 18.025 m?/g. The materials
prepared were investigated by the powder X-ray
diffraction method (XRD) and the diffraction patterns
were identified, and the average particle diameter was
calculated approximately according to the calculation
method given in the literature to support SEM and BET
results [54,55]. The average particle diameters
obtained from BET and XRD results are given in Table
2 and XRD patterns of some complexes and final
product NiO in Fig. 8a-d.

4. Conclusion

Two insoluble and three soluble Ni(Il) complexes have
been prepared from ONNO and ONO type Schiff Bases
in media including of an amine and were thermal
decomposed this complexes under air at 450 °C. [t was
observed that insoluble complexes were precipitated

Table 2. The average diameter of the prepared complexes and pyrolysis products by using SEM and XRD methods.

Measured diameter / nm

Complex SEM XRD
[NizL2(NH3s)3] Precipitated in 0.5 M NH3 110-150 137.45
[NizL2(NH3s)3] Precipitated in 1.0 M NH3 90-320 142.32
[NizL2(NH3)3] Precipitated in 1.5 M NH3 250-430 --
[NiL] 30-145 119.67
[NiSAP] obtained by Ni(AcO)z 50-330 42.18
[NiSAP] obtained from NiSAP.pip 130-800 --
[NiSAP] obtained from NiSAP.NH3 130-470 324.28
[NiSAP] obtained from NiSAP.Et2NH 110-380 -
NiO product of [NizL2(NH3)3] 110-249 148.74
NiO product of [NiL.pip] 140-780 --
NiO product of [NiSAP.NH3] 100-415 162.26
NiO product of [NiSAP.Et2NH] 140-670 -
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in the limits of nano particle scale furthermore the
thermal decomposition products were also obtained
in nanoparticle dimension. The soluble complexes
were obtained crystalline but it was seen after the
thermal decomposition the NiO particles obtained are
the nanoparticles. As a result, thermal decomposition
of low soluble complexes can be suggested as an
effective method for nanoparticle metal oxides
preparation.

References

[1] Chen, Y. N, Ge, Y. Y., Zhou, W,, Ye, L. F,, Gu, Z. G,,
Ma, G. Z., Li, W. S,, Li, H., Cai, Y. P. 2011. The First
Mn-Zn Heterometallic Dinuclear Compound
Based On  Schiff Base Ligand N,N’-
Bis(Salicylidene)-1,3-Propanediamine. Inorg
Chem Comm., 14, 1228-1232.

[2] Aksu, M, Durmus, S., Sari, M. Emregiil, K. C,
Svoboda, 1, Fuess, H. Atakol O. 2007.
Investigation of Thermal Decomposition Some
Heterodinuclear Nii-Mi Complexes Prepared
from ONNO Type Reduced Schiff Base
Compounds. ] Therm Anal Cal., 90, 541-547.

[3] Chacraborty, P., Mohanta, S. 2015. Mononuclear
and Heterometallic Dinuclear, Trinuclear and
Dimer-of-Dinuclear Complexes Derived from
Single- and Double-Compartment Schiff Base
Ligands Having a Less Utilized Diamine.
Polyhedron, 87, 98-108.

[4] Hazari, A, Das, A, Mahapatra, P, Ghosh, A. 2017.
Mixed Valence Trinuclear  Cobalt(II/III)
Complexes. Polyhedron, 134, 99-106.

[5] Mahapatra, P., Ghosh, S., Koizumi, N., Kanetomo,
T., Ishida, T. Drew, M.G.B., Ghosh, A. 2017.
Structural Variations in (Cul)zln Complexes of a
Series of Lanthanide Ions with a Salen Type
Unsymmetrical Schiff Base (HzL). Dalton Trans.,
46,12095-12105.

[6] Mahapatra, P., Ghosh, S., Giri, S., Rane, V., Kadam,
R., Drew, M.G.B., Ghosh, A. 2017. Subtle Structural
Changes in (Cu'L):Mn" Complexes to Induce
Heterometallic Cooperative Catalytic Oxidase
Activities of Phenolic Substrates (HzL=Salen Type
Unsymmetrical Schiff Base). Inorg Chem., 56,
5105-5121.

[7]1 Zhou, H,, Chen, C, Ly, ], Liu, Y., Shen, X. 2016. New
Examples of Hetero-tri-Metallic Complexes Cu!l-
LnM-MHII (M=Cr,Fe; Ln=Gd,Dy,Er). Inorg Chim
Acta, 453, 482-487.

[8] Ghosh, S., Ghosh, A. 2016. Coordination of
Metalloligand [NiL] (HzL=Salen Type N20: Type
Schiff Base Ligand to the f Block Elements. Inorg
Chim Acta, 442, 64-69.

[9] Seth, P, Figuerola, A, Jover, ]., Ruiz, E., Ghosh, A.
2016. Antiferro- to Ferromagnetic Crossover in
Phenoxido Bridged Ni"zMn! Complexes Derived

from N202 Donor Schiff Base

Polyhedron, 117, 57-63.

[10] Hazari, A. Giri, S, Diaz, C., Ghosh, A. 2016.
Unusual Site Electron of NCS- in Trinuclear
Complexes of Cu(Il) and Ni(II) with a Reduced
N202 Donor Schiff Base. Polyhedron, 118, 70-80.

[11] Alexandru, M. G., Visinescu, D. Andruh, M.,
Marino, N., Armentano, D. Cano, ]., Lloret, F,
Julve, M. 2015. Heterotrimetallic Coordination
Polymers. Chem Eur J., 21, 5429-5446.

[12] Saha, S., Sasmal, A, Choudhury, C. R.,, Gomez-
Garcia, C. ], Garribba, E., Mitra, S. 2014. A New
Double Phenoxide-Bridged Trinuclear Cu(Il)-
Schiff Base Complex. Polyhedron, 69, 262-269.

[13] Oz, S., Ergun, U., Yakut, M., Svoboda, 1., Atakol, A.,
Inal, E. K, Yilmaz, N., Atakol, O. 2014. Synthesis,
Crystal Structure, Chromatographic Separation
and Thermogravimetric Investigation of a ONNO
Type Asymetric Schiff Base and Its Trinuclear
Complexes. Russ ] Coord Chem., 40, 571-582.

Ligands.

[14] Biswas, S., Diaz, C., Ghosh, A. 2013. The First
Triple Phenoxido-Bridged Triangular N!Cul;
Complexes with a N202 Donor di-Schiff Base and
Pseudohalide (N(CN)2» or NCS) Ligands.
Polyhedron, 51, 96-101.

[15] Reglinski, ], Taylor, M., Kennedy, A. R. 2006.
Hydrogenated Schiff Base Ligands. Inorg Chem
Comm., 9, 736-739.

[16] Fukuhara, C., Tsuneyoshi, K., Matsumoto, N., Kida,
S., Mikuriya, M., Mori, M. 1990. Synthesis and
Characterization of Trinuclear Schiff Base
Complexes Containing Sulphure Dioxide or
Hydrogensulphide Ions as Bridging Group. ]JCS
Dalton Trans., 11, 3473-3479.

[17] Song, Y., Gamez, P., Roubeau, 0., Mutikainen, I,
Turpeinen, U, Reedijk, ]J. 2005. Structure and
Magnetism of Two New Trinuclear Copper(Il)
Clusters Obtained from the Tetradentate N202
Ligand Bis(2-Hydroxybenzyl)-1,3-
Diaminopropane. Inorg Chim Acta, 358, 109-115.

[18] Kurtaran, R., Yildirim, L. T., Azaz, A. D., Namli, H.,
Atakol, 0. 2005. Synthesis, Characterization,
Crystal Structure and Biological Activity of a
Novel Heterotetranuclear Complex ] Inorg
Biochem., 99, 1937-1944.

[19] Uhlenbrock, S., Wegner, R., Krebs, B. 1996.
Synthesis and Characterization of Novel Tri- and
Hexanuclear Zinc Complexes with Biomimetic
Chelate Ligands. JCS Dalton Trans. 18, 3731-
3736.

[20] Atakol, O., Nazir, H., Arici, C., Durmus, S., Svoboda,
I, Fuess, H. 2003. Some New Ni-Zn
Heterodinuclear Complexes: Square-Pyramidal
Nickel(li) Coordination. Inorg Chim Acta 342,
295-300.

208



S. 0z vd. / Synthesis and Characterization of NiO Nanoparticles by Using Thermal Decompositions of Ni(I[) - ONO and ONNO Type Schiff Base Complexes

[21] Elerman, Y. Kabak, M., Atakol, 0. 1993. N,N’-
Bissalicylidene-1,3-Propanediamine-Nickel
Complex. Acta Cryst., C49, 1905-1906.

[22] Drew, M. G. B., Prasad, R. N., Sharma, R. P. 1985.

Structure of (N,N’-
Trimethylenedisalicylideneaminato)Nickel(II)
and (N,N’-

Trimethylenedisalicylideneaminato)Copper(1I).
Acta Cryst., C4, 1755-1758.

[23] Giindiiz, T., Atakol, 0. 1989. Some Complexes of
Nickel(II) with ONO Type Schiff Bases and Their
Monoligand Adducts. Syht.React. Inorg Met.-Org
Chem,, 19, 441-451.

[24] Maggio, F. Pizzino, T, Romano, V. 1974.
Complexes of First Series Transition Metals
Formally Tricoordinated. Inorg Nuclear Chem
Lett,, 10, 1005-1008.

[25] Maggio, F., Pizzino, T., Romano, V., Dia, G. 1976.
Adduct Formation by Sub-Coordinated Metal
Complexes. ] Inorg Nucl Chem., 38, 599-601.

[26] Holm, R. H. 1961. Studies on Ni(II) Complexes II.
On the Solution Magnetism of Bis-(N-
methylsalicylaldimine)-nickel(II) and Related
Complexes. ] Am Chem Soc., 83, 4683-4690.

Ergun, 0., Atakol, 0., Eris, F.G., Yiicel, A., Dlzgiin,
E. 2009. Estimation of Coordination Bond
Energies of NHs, H20 and Et2NH Ligands in the
Ni(II) and Cu(II) Complexes. ] Therm Anal Cal,
97,1007-1014.

Haggag, S. M. S., Abdel-Hamid, I. A. M. 2015. A
Tridentate (O,N,0) Donor Schiff Base Zinc(II)
Nano Complex. ] Therm Anal Cal., 119, 737-746.

Mohammadikish, M. 2015. Green Synthesis and
Growth Mechanism of New Nanomaterial:
Zn(Salen) Nanocomplex. ] Crystal Growth, 431,
39-48.

[30] Grivani, G., Vakili, M., Khalaji, A. D., Bruno, G,
Rudbari, H. A., Taghavi, M., Tahmasebi, V. 2014.
Synthesis, Characterization, Crystal Structure
Determination, Computational Study and
Thermal Decomposition into NiO Nanoparticles
of a New NillL; Schiff Base Complex. ] Mol Struct.,
1072,77-83.

[31] Grivani, G., Eigner, V. Dusek, M., Sadeghi, B,
Khalaji, A. D. 2015. New p-OAC Bridged Dinuclear
Copper(li) Complex with Tridentate Schiff Base
Ligand. Russ ] Coord Chem., 41, 456-461.

[32] Elseman, A. M., Rayan, D. A., Rashad, M. M. 2016.
Structure, Optical and Magnetic Behaviour of
Nanocrystalline CuO Nanopowders Synthesized
via a New Technique Using Schiff Base Complex. ]
Mater Sci: Mater Electron, 27, 2652-2661.

[33] El-Mekharbel, S. M., Megahed, A. S., Refat, M. S.
2016. Preparation, Physical and Chemical Studies
on Metal Complexes of Schiff Base as Nucleus Key

209

to Prepare Nanometer Oxides Have Catalytic
Applications. ] Mol Liquids, 216, 608-614.

[34] Parsaee, Z., Mohammadi, K., Ghahramaninezhad,
M., Hosseinzadeh, B. 2016. A Novel Nano-Sized
Binuclear Nickel(Il) Schiff Base Complex as a
Precursor for NiO Nanoparticles. New ] Chem.,
40,10569-10583.

[35] Abdel-Monem, Y. K., Abouel-Enein, S. A. 2017.
Structural, Spectral, Magnetic and Thermal
Studies of 5-(Thiophene-2-Ylmethine Azo) Uracil
Metal Complexes. ] Therm Anal Cal,, 130, 2257-
2275.

[36] El-samanoyedi El-Sayed, A., Emam, S.M., Emara,
E.M. 2017. Synthesis, Characterization, Molecular
Modelling and Biological Activity of Metal
Complexes Derived from (E)-N’-(Furan-2-
Ylmethylene)Morpholine-4-Carbothiohydrazide.
J Mol Struct., 1146, 868-880.

[37] Kalam, A., Al-Sehemi, A. G., Al-Shihri, A. S., Dy, G.,
Tokeer, A. 2012. Synthesis and Characterization
of NiO Nanoparticles by Thermal Decomposition
of Nickel Linoleat and Their Optical Properties.
Material Characterization, 68, 77 -81.

[38] Saednia, S. Iranmanesh, P., Arkadani, M.H.,
Mohammeadi, M., Norouzi, G.H. 2016. Phenoxo
Bridged Dinuclear Zn(li) Schiff Base Complex as
New Precursor for Preparation Zinc Oxide
Nanoparticles: Synthesis,  Characterization,
Crystal Structures and Photoluminescence
Studies. Mater Res Bull,, 78, 1-10.

[39] Ibrahim, E. M. M., Abdel-Rahman, L. H., Abu-Dief,
A. M,, Elshafaie, A, Hamdan, S. K, Ahmed, A. M.
2018. The Synthesis CuO and NiO Nanoparticles
by Facile Thermal Decomposition of Metal-Schiff
Base Complexes and Examination of Their
Electric, Thermoelectric and Magnetic

Properties. Mater Res Bull,, 107, 492-497.

[40] Durmus, S., Ergun, U, Jaud, J. C., Emregiil, K. C,
Fuess, H.  Atakol, O. 2006. Thermal
Decomposition of Some Linear Trinuclear Schiff
Base Complexes with Acetate Bridges. | Therm
Anal Cal,, 86, 337-346.

[41] Elerman, Y., Kabak, M., Svoboda, I., Fuess, H.,
Griesar, K, Haase, W. 1996. Structure and
Magnetic Properties of a Triply Oxygen. Bridged
Dinuclear Ni(II) Complex. Z Naturforsch B, 51,
1132-1136.

[42] Elerman, Y., Svoboda, L., Fuess, H. 1992. Crystal
Structure of N-(2-hydroxyphenyl)-
Salicylaldiminato-Ammine-nickel. Z
Kristallography, 198(1-4), 127-128.

[43] Elerman, Y., Paulus, H. Svoboda, I., Fuess, H.
1992. Crystal Structure of N-(2-hydroxyphenyl)-
Salicylaldiminato-Diethylamine-Nickel. Z.
Kristallography, 198(1-4), 132-134.



S. 0z vd. / Synthesis and Characterization of NiO Nanoparticles by Using Thermal Decompositions of Ni(I[) - ONO and ONNO Type Schiff Base Complexes

[44] Elmali, A., Atakol, O., Svoboda, 1., Fuess, H. 1995.
{1-[(2-Hydroxybenzyliden)aminomethyl)]-
Naphthalen-2-olato (2-)N,0,0’}(Piperidine
Nickel(II). Acta Cryst Section C, C51, 2520-2522.

[45] Greenwood, N. N., Earnshow, A. 1994. Chemistry
of The Elements, Pergamon Press.

[46] Khalaji, A .D., Nikookar M., Das D. 2014. Co(III),
Ni(II) and Cu(II) complex of bidentate N, O-donor
Schiff base ligand derived from 4-methoxy-2-
nitroaniline and salicylaldehyde. ] Therm Anal
Cal, 115, 409-417.

Rashad M. M., Hassan A. M., Nassar A. M., Ibrahim
N. M., Mourdata A. 2014. A new nano-strUctured
Ni(II) Schiff base complex. Appl Phys A, 117,877-
890.

Khalaji A. D., Grivani G., Izadi S., Ebadi M. 2018.
Facile synthesis of Ni/NiO nanocomposites via
thermal decomposition. ] Nanoanalysis, 5, 115-
120.

[49] Saghadforoush, L. A,, Mehdizadeh R., Chalabian F.
2010. Hydrothermal and sonochemical synthesis
of nano-sized nickel(II) Schiff base complex as a
precursor for nansized nickel(Il) oxide.
Transtion Met Chem., 35, 903-910.

210

[50] Barfeie, H., Grivani, G. Eigner, V. Dusek, M,
Khalaji, A.D. 2018. Copper(II), nickel(II), zinc(II)
and vanadium(IV) Schiff base complexes.
Polyhedron, 146, 19-25.

[51] Refat, M. S,, El-Sayed, M. Y., Adam, A. M. A. 2013.
Cu(1I), Co(II) and Ni(II) complexes of new Schiff
base ligand. | Mol Struct., 1038, 62-72.

[52] Khalaji A. D. 2013. Preparation and
Characterization of NiO Nanoparticles Via Solid -
State Thermal decomposition of Nickel(II) Schiff
Base Complexes [Ni(salophen)] and [Ni(Me-
salophen)]. ] Clust Sci., 24, 209-215.

[53] Khalaji, A. D., Ghorbani, M., Dusek, M., Eigner, V.
2018. Nickel(Il) and Copper(Il) Complexes of
New Tetradentate Schiff Base Ligand. Iran ] Chem
Eng., 37,27-34.

[54] Khansari, A., Enhessari, M., Salavati-Niasari, M.
2013. Synthesis and Characterization of Nickel
oxide Nanoparticles from Ni(salen)as Precursor.
] Clust Sci., 24, 289-297.

[55] Moosavi, S., Zakariya, S., Chia, C. H., Gan, S,
Azahari, N. A. 2017. Hydrothermal Synthesis,
Magnetic Properties and Characterization of
CoFe204 Nanocrystals. Ceramic Int., 43, 7889-
7894,



