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Abstract: Under room temperature ultrasonic conditions, mixing the neutral 2,4,6-tri(pyridin-2-yl)-
1,3,5-triazine (tptz) ligand with Ni(II) salt resulted in the preparation of a unique {[Ni(tptz)Cl(H,O);]-
[Ni(tptz)(H,0)3]}3CL.5H, O complex with two different nickel(Il) centers in a high yield. The crystal
structure of {[Ni(tptz)Cl(H,O),][Ni(tptz)(H,0)3]}3CL5H, O revealed the existence of distorted octa-
hedral around both Ni(II) centers. The complex structure was further supported by FI-IR, UV-Vis.,
CHN-EA, TGA and EDX. The computed HSA was also performed to support the XRD interaction
types. The existence of the HyO molecules in the crystal lattice was examined by FI-IR and TG/DTG
measurements that proved the presence of coordinated and uncoordinated water molecules. More-
over, the thermal stability of the desired complex was evaluated at open atmosphere via TG/DTG
and showed stability up to ~400 °C and multistep thermal decomposition.

Keywords: spectral; Ni(II) complex; tptz ligand; crystal structure

1. Introduction

In recent years, there has been a rising advantage in experimental and theoretical
research directed to 2,4,6-tri(pyridin-2-yl)-1,3,5-triazine (tptz) and its derivatives [1-5]. Non-
covalent interactions, such as stacking and H-bonding play significant roles in the process
of crystallization [6-12]. Moreover, the 2,4,6-tri-2-pyridyl-1,3,5-triazine is considered to be
a stable bidentate and tridentate ligand, therefore, it is interesting to study its coordination
mode, especially by using different metal centers [8,13,14]. Tptz ligand has the potential to
be utilized as an excellent chelating analytical reagent to detect traces of ionic metals via
chromatic complexation process [8-14].

Tptz complexes denoted promising applications in several research areas such as in
the catalysis of many organic reactions [13-15], solar energy and emitting devices [16-18].
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Moreover, many transition metals of tptz complexes such as Os(II), Ru(Il) Cu(II) and Pt(II),
were found to have very promising biological aspects such as being antitumor, antibacterial
and antifungal [19-28].

In the present study, the double 1:1 co-crystallized nickel(II) centers complex with
neutral 2,4,6-tri(pyridin-2-yl)-1,3,5-triazine ligand was used to form {[Ni(tptz)Cl(H,0O),]-
[Ni(tptz)(H20)3]}3CL.5H,O moiety matrix, {[Ni(tptz)Cl(H,O),] and [Ni(tptz)(H,O)3] com-
plexes have been reported separately. Application of the ultrasonic medium in the reacting
of nickel(Il) chloride hexahydrate salt with commercial tptz ligand enabled the generation
of {[Ni(tptz)Cl(H,O),][Ni(tptz)(H,O)3]}3CL.5H,O complexes in one matrix. The designated
ligand synthesis process was monitored by EDX, UV-vis. and FI-IR. Moreover, the in-
teractions in the complex lattice figured out experimentally via XRD were computed by
HSA analysis. Additionally, the thermal stability of {[Ni(tptz)Cl(H,O),][Ni(tptz)-(H,O)3]}
3CL.5H,0 was examined by TG/DTG. The catalytic activity of the desired complex for oxi-
dation of some organic compounds such as alcohol to produce carbonyls will be evaluated
in future work.

2. Experimental Section
2.1. Measurements

All the chemicals and solvents were of reagent grade and used without further pu-
rification. Chemicals such as Nickel(II) chloride hexahydrate salt and 2,4,6-tri(pyridin-2-
yl)-1,3,5-triazine were purchased from Fluka Switzerland. UV-Vis. measurements were
performed in methanol solvent using TU-1901 double-beam spectrophotometer (Purk-
inje General Instrument Co., Ltd., Beijing, China). The FT-IR (MID. 4000-200 cm ') was
recorded in solid state using PerkinElmer Spectrum 1000 FT-IR Spectrometer (PerkinElmer
Inc., Waltham, MA, USA). MS data collection was carried out on a 711A (8 kV) Finnigan
(PerkinElmer Inc., Waltham, MA, USA). CHN-analysis was performed using Elementar-
Varrio EL-analyzer (PerkinElmer Inc., Waltham, MA, USA). SEM-EDX were performed
on NovaNano™ SEM 450 FEI (Bruker GmbH, Berlin, Germany). Ultrasonic generators
were carried out on an Ultrasonic PP SONICA-2200 EP (SOLTEC Srl, Milano, Italy), input:
50-60 Hz/305 W, the rod was immersed in the reaction mixture and pulsed for 10 s, then
rested for 20 s, ongoing for 5 min, which was enough to turn the color of reaction mixture to
brown, a sign that the complexation reaction is completed; therefore, no sufficient increase
in the temperature was noted.

2.2. Computational Crystal Data

The CIF file crystallographic data was taken as reference for the calculation when HSA
was performed using the CRYSTAL EXPLORER 3.1 [29].

Data collection was performed on a Bruker-AXS-SMART APEX CCD diffractometer
using Mo-K« radiation (A = 0.71073 A) at 130(2) K. The structures were solved by direct
method using SIR-92 and refined by full-matrix least squares [30]. Non hydrogen bond
atoms were refined anisotropically using SHELXL [31]. Hydrogen atoms were located
geometrically and refined isotropically. Crystal data and details of refinements of the
structures reported as in Table 1.

2.3. Synthesis of the {[Ni(tptz)CI(H,0),][Ni(tptz)(H,0)31}13CL.5H, O Complex

To a solution of 2,4,6-tri(2pyridin-2-yl)-1,3,5-triazine (0.312 g, 1.0 mmol) in 30 mL of
ethanol/water, NiCl;.6H,O (0.238 g, 1.0 mmol) was added slowly. The mixture was kept
under ultrasonic vibration reflux for further four hours. The formed greenish precipitate
was separated by filtration and washed with ethanol and dried under vacuum (0.82 g with
78.82% yield), suitable pretty crystals were collected of equal molar equivalent by slow
evaporation of chloroform for three weeks.
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Table 1. Exp. XRD data of {[Ni(tptz)Cl(H,O),][Ni(tptz)(H,O)3]}3CL.5H,O.

Empirical Formula C36Hyq C1gN12Niy O
CCDC 1,497,101

Formula weight 1064.05

Temperature 130(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2(1)/n

Unit cell dimensions

a=17.1392) A

b = 14.6181(19) A
c=17.983(2) A

B = 95.576(4)°

Volume 4484.2(10) A3

z 4

Density (calculated) 1.576 mg/ m3

Absorption coefficient 1.147 mm~!

F(000) 2192

Crystal size 0.22 x 0.18 x 0.14 mm?

Theta range for data collection 1.57 to 27.88°.

Reflections collected 37,446

Independent reflections 699 [R(int) = 0.0835]
Completeness to theta = 27.88° 0.999

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.8560 and 0.7865

Refinement method Full-matrix least squares on F?
Data/restraints/parameters 10,699/30/657
Goodness-of-fit on F2 0.725

Final R indices [I > 2 sigma(I)]
Largest diff. peak and hole

R; = 0.00427, wR2 = 0.028
1.071 and —0.476 e. A3

3. Results and Discussion

3.1. Synthesis, CHN-Analysis, EDX and SEM

The {[Ni(tptz)Cl(H,O),][Ni(tptz)(H,0O)3]}3C1.5H,O complex was prepared by combin-
ing equal molar equivalent of the 2,4,6-tri(pyridin-2-yl)-1,3,5-triazine and NiCl,.4H,O in
water solution under ultrasonic vibration reflux conditions, as shown in Scheme 1. The
complex was isolated as a greenish powder with mono and dictation Ni(II) centers resulting
in a water-soluble complex formation.

' N\ _ i
N (3Ch)
NiCl 8,0
G RN a \,’:— =y 5t
@A Nh BOH R1) "
N N/
(0 ! ]

Scheme 1. {[Ni(tptz)CI(H,0O),][Ni(tptz)(H,0)3]}3CL.5H,O complex synthesis.

The elemental analysis was confirmed by CHN-EA, shown as C, 40.64; H, 4.17 and N,
15.80%, composed to be C, 40.41; H, 4.27; N, 15.63% from C36H44C14N12N12010 formula
with {[Ni(tptz)Cl(H,O),][Ni(tptz)(H,O)3]}3CL5H,O. EDX was used to confirm the atomic
content of the complex, as seen in Figure 1. Only Ni, N, O, C and Cl peaks were recorded in
EDX, which reflected the purity, the atomic content credibility and accuracy of the desired
complex; these have been illustrated in Figure 1a. The external morphology and the purity
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of the desired complexes were also evaluated by SEM analysis. Figure 1b shows a high
degree of crystallization with semi-structured sheets and rods shapes.
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Figure 1. (a) EDX and (b) SEM (um) of {[Ni(tptz)Cl(H,O),][Ni(tptz)(H,0)3]}3C1.5H,O complex.

3.2. XRD-Investigations

To ensure the crystal quality, color and purity, an image for the {[Ni(tptz)Cl(H,0O),][Ni
(tptz)(H20)3]}3CL5H, O complex, together with the single crystal XRD pattern, were per-
formed and inserted in Figure 2a,b, respectively. The pure yellow single color and the
multi-peaks of single crystal XRD result reflected the well-defined crystalline peaks, in-
dicating that the tptz ligand was successfully coordinated to Ni(II) center; moreover,
such coordination mode behavior encouraged the complex crystallization in a good qual-
ity and high purity form, as can be seen in Figure 2. On another hand, the ORTEP of
{[Ni(tptz)Cl(H,O)2][Ni(tptz)(H2O)3]}3CL5H,O and selected structural parameters are illus-
trated in Figure 2c and Table 2, respectively. The crystal structure of C3sH44CL4N152NipOqg
is a monoclinic system with P2(1) /n space group (Figure 2d).

The desired {[Ni(tptz)Cl(H,O);][Ni(tptz)(H,0)3]}3CL.5H,O was co-crystallized in one-
to-one two-type Ni-complexes: one showing Ni with three water molecules and the one
tptz ligand (A-form), and the other showing Ni with two water, one Cl and one tptz ligand
(B-form). Additionally, there are three Cl counter anions and five water molecules detected
per asymmetric unit. In both A- and B-forms, a destroyed octahedral geometry around
the Ni(II) centers was detected; moreover, the structure Ni(II) centers were coordinated
to the tptz via a tridentate N-mode of coordination, to 2N via pyridyl rings and to 1N via
a triazine ring. In A-form, the other three coordinations were saturated via three water
molecules; meanwhile, in B-form, one water molecule was replaced by one Cl ligand only
two water molecules were coordinated to the Ni(II) center.

There were several classical short contacts H-bonds such as HO-H ... .Cl with 2.254—
2360 A, HO-H ... .Owater with 2.023-2.468 A, non-classical C-H ... .Cl with 2.860-2.810 A,
and C-H ... .Owager with 2.530-2.670 A (Figure 2d).
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Figure 2. (a) Normal crystals image, (b) single crystal XRD pattern, (¢) ORTEP and (d) packing diagrams of {[Ni(tptz)
Cl(HzO)z][Nl(tptZ)(H20)3]}3C15H20

Table 2. Experimental XRD-bonds and angles values.

Bond Type

Bond Length (A)

Angles Type

Angle Value (°)

Angles Type

Angle Value (°)

Ni(1)-N(13)
Ni(1)-O(11)
Ni(1)-O(12)
Ni(1)-N(11)
Ni(1)-N(12)
Ni(1)-Cl(1)
Ni(2)-N(23)
Ni(2)-0(23)
Ni(2)-0(22)
Ni(2)-O(21)
Ni(2)-N(22)
Ni(2)-N(21)
N(11)-C(101)
N(11)-C(105)
N(12)-C(106)
N(12)-C(110)
N(13)-C(112)
N(13)-C(111)
N(14)-C(112)
N(14)-C(113)
N(15)-C(111)
N(15)-C(113)

2.000(2)
2.056(3)
2.072(2)
2.164(3)
2.189(3)
2.3792(9)
1.988(2)
2.038(2)
2.047(2)
2.078(3)
2.146(3)
2.181(3)
1.331(4)
1.356(4)
1.332(4)
1.360(4)
1.324(4)
1.338(4)
1.335(4)
1.348(4)
1.328(4)
1.347(4)

N(13)-Ni(1)-O(11)
N(13)-Ni(1)-O(12)
O(11)-Ni(1)-O(12)
N(13)-Ni(1)-N(11)
O(11)-Ni(1)-N(11)
O(12)-Ni(1)-N(11)
N(13)-Ni(1)-N(12)
O(11)-Ni(1)-N(12)
0(12)-Ni(1)-N(12)
N(11)-Ni(1)-N(12)
N(13)-Ni(1)-Cl(1)
O(11)-Ni(1)-Cl(1)
0(12)-Ni(1)-Cl(1)
N(11)-Ni(1)-Cl(1)
N(12)-Ni(1)-Cl(1)
N(23)-Ni(2)-O(23)
N(23)-Ni(2)-0(22)
0(23)-Ni(2)-0(22)
N(23)-Ni(2)-O(21)
0(23)-Ni(2)-0(21)
0(22)-Ni(2)-0(21)
N(23)-Ni(2)-N(22)

90.27(10)
92.90(10)
174.40(11)
76.30(10)
87.51(10)
88.76(10)
76.15(10)
93.47(10)
91.76(10)
152.43(10)
175.97(8)
87.70(7)
89.41(7)
107.08(7)
100.48(7)
178.94(11)
94.06(10)
86.15(11)
91.83(10)
87.86(11)
172.09(11)
76.92(10)

N(12)-C(110)-C(111)
C(109)-C(110)-C(111)
N(15)-C(111)-N(13)
N(15)-C(111)-C(110)
N(13)-C(111)-C(110)
N(13)-C(112)-N(14)
N(13)-C(112)-C(105)
N(14)-C(112)-C(105)
N(14)-C(113)-N(15)
N(14)-C(113)-C(114)
N(15)-C(113)-C(114)
N(16)-C(114)-C(115)
N(16)-C(114)-C(113)
C(115)-C(114)-C(113)
C(114)-C(115)-C(116)
C(117)-C(116)-C(115)
C(116)-C(117)-C(118)
N(16)-C(118)-C(117)
N(21)-C(201)-C(202)
C(203)-C(202)-C(201)
C(202)-C(203)-C(204)
C(205)-C(204)-C(203)

114.1(3)
122.2(3)
123.8(3)
121.7(3)
114.6(3)
124.1(3)
114.2(3)
121.8(3)
125.9(3)
118.2(3)
116.0(3)
123.1(3)
116.2(3)
120.7(3)
118.3(3)
119.6(3)
118.1(3)
123.6(3)
123.0(3)
119.2(3)
119.0(3)
118.4(3)
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Table 2. Cont.

Bond Type Bond Length (A) Angles Type Angle Value (°) Angles Type Angle Value (°)
N(16)-C(118) 1.334(4) 0(23)-Ni(2)-N(22) 102.05(11) N(21)-C(205)-C(204) 123.5(3)
N(16)-C(114) 1.352(4) 0(22)-Ni(2)-N(22) 88.00(10) N(21)-C(205)-C(212) 114.1(3)
N(21)-C(201) 1.337(4) 0(21)-Ni(2)-N(22) 88.19(10) C(204)-C(205)-C(212) 122.4(3)
N(21)-C(205) 1.364(4) N(23)-Ni(2)-N(21) 76.26(10) N(22)-C(206)-C(207) 122.7(3)
N(22)-C(206) 1.338(4) 0(23)-Ni(2)-N(21) 104.77(10) C(208)-C(207)-C(206) 119.2(3)
N(22)-C(210) 1.358(4) 0(22)-Ni(2)-N(21) 92.66(10) C(207)-C(208)-C(209) 119.1(3)
N(23)-C(212) 1.333(4) 0(21)-Ni(2)-N(21) 93.87(10) C(210)-C(209)-C(208) 118.2(3)
N(23)-C(211) 1.334(4) N(22)-Ni(2)-N(21) 153.15(10) N(22)-C(210)-C(209) 123.5(3)
N(24)-C(211) 1.329(4) C(101)-N(11)-C(105) 117.7(3) N(22)-C(210)-C(211) 113.9(3)
N(24)-C(213) 1.344(4) C(101)-N(11)-Ni(1) 128.1(2) C(209)-C(210)-C(211) 122.6(3)
N(25)-C(212) 1.325(4) C(105)-N(11)-Ni(1) 114.2(2) N(24)-C(211)-N(23) 123.7(3)
N(25)-C(213) 1.349(4) C(106)-N(12)-C(110) 117.4(3) N(24)-C(211)-C(210) 122.3(3)
N(26)-C(218) 1.337(4) C(106)-N(12)-Ni(1) 128.6(2) N(23)-C(211)-C(210) 114.0(3)
N(26)-C(214) 1.349(4) C(110)-N(12)-Ni(1) 114.02) N(25)-C(212)-N(23) 123.9(3)
C(101)-C(102) 1.386(4) C(112)-N(13)-C(111) 117.5(3) N(25)-C(212)-C(205) 122.1(3)
C(102)-C(103) 1.377(4) C(112)-N(13)-Ni(1) 121.2(2) N(23)-C(212)-C(205) 114.0(3)
C(103)-C(104) 1.385(4) C(111)-N(13)-Ni(1) 121.1(2) N(24)-C(213)-N(25) 125.5(3)
C(104)-C(105) 1.383(4) C(112)-N(14)-C(113) 114.2(3) N(24)-C(213)-C(214) 118.0(3)
C(105)-C(112) 1.480(4) C(111)-N(15)-C(113) 114.5(3) N(25)-C(213)-C(214) 116.4(3)
C(106)-C(107) 1.396(5) C(118)-N(16)-C(114) 117.4(3) N(26)-C(214)-C(215) 122.8(3)
C(107)-C(108) 1.370(4) C(201)-N(21)-C(205) 117.03) N(26)-C(214)-C(213) 116.4(3)
C(108)-C(109) 1.391(4) C(201)-N(21)-Ni(2) 129.2(2) C(215)-C(214)-C(213) 120.8(3)
C(109)-C(110) 1.383(4) C(205)-N(21)-Ni(2) 113.8(2) C(216)-C(215)-C(214) 118.5(3)
C(110)-C(111) 1.477(4) C(206)-N(22)-C(210) 117.3(3) C(217)-C(216)-C(215) 119.0(3)
C(113)-C(114) 1.489(4) C(206)-N(22)-Ni(2) 128.4(2) C(216)-C(217)-C(218) 118.9(3)
C(114)-C(115) 1.376(5) C(210)-N(22)-Ni(2) 114.3(2) N(26)-C(218)-C(217) 123.5(3)
C(115)-C(116) 1.391(4) C(212)-N(23)-C(211) 117.3(3)

C(116)-C(117) 1.378(5) C(212)-N(23)-Ni(2) 121.9(2)
C(117)-C(118) 1.386(5) C(211)-N(23)-Ni(2) 120.8(2)
C(201)-C(202) 1.389(4) C(211)-N(24)-C(213) 114.8(3)
C(202)-C(203) 1.378(4) C(212)-N(25)-C(213) 114.7(3)
C(203)-C(204) 1.391(4) C(218)-N(26)-C(214) 117.3(3)
C(204)-C(205) 1.376(4) N(11)-C(101)-C(102) 122.7(3)
C(205)-C(212) 1.479(4) C(103)-C(102)-C(101) 119.1(3)
C(206)-C(207) 1.384(4) C(102)-C(103)-C(104) 119.3(3)
C(207)-C(208) 1.382(4) C(105)-C(104)-C(103) 118.0(3)
C(208)-C(209) 1.385(4) N(11)-C(105)-C(104) 123.1(3)
C(209)-C(210) 1.379(4) N(11)-C(105)-C(112) 114.1(3)
C(210)-C(211) 1.481(4) C(104)-C(105)-C(112) 122.8(3)
C(213)-C(214) 1.483(4) N(12)-C(106)-C(107) 122.2(3)
C(214)-C(215) 1.390(4) C(108)-C(107)-C(106) 119.8(3)
C(215)-C(216) 1.385(4) C(107)-C(108)-C(109) 119.2(3)
C(216)-C(217) 1.376(4) C(110)-C(109)-C(108) 117.7(3)
C(217)-C(218) 1.377(4) N(12)-C(110)-C(109) 123.7(3)

3.3. HSA and 2D-FP

To learn more about the nature of bonding as short contacts between molecules
in the complex crystal, the CIF file was subjected to HSA and 2D-FB analysis [32-44].
The presence of water molecules and chlorine anions linked or unrelated to the nickel
center created many short connections that formed unique HSA 3D-articures. The HSA
computation results are demonstrated in Figure 3a with declarations of the dnorm, 2D-FP
and shape index calculated in the range —0.578 to 1.486 a.u. Generally, the surface structure
of {[Ni(tptz)Cl(H20),][Ni(tptz)(H,0)3]}3CL5H, O reflected the presence of 16 spots, only
big red spots. The large red spots reflected a strong and short interaction consistent with
three types of hydrogen bonds such as H... .O, H... ..Cl and H ... .N with several
lengths and unique three-dimensional H-bonds with only polar H of water molecules.
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No small spots are detected since the proton in C-H is not polar-like enough with water
protons. The shape index reflected the presence of the Cl, O and N nucleophilic sites
(red) and 20 polar protons belongs to 10 water molecules as electrophile sites, indicated
by the blue color on the shape index surface (Figure 3b). Moreover, the atom-to-atom
two dimensional fingerprint (2D-FP) intermolecular percentage plot revealed the H----H
44.6% interaction with the largest percentage contribution; meanwhile, the H ... Ni had
the smallest percentage contribution at 0%, as shown in Figure 3c. The total 2D-FP H
... Atoms ratios analysis were illustrated as the following H---H>Cl.---H>O----H>C----H>
N----H>Ni----H. The 2D-FP calculation results are consistent with the practical observations
of the experimental XRD-measurements, as the presence of water molecules in the crystal
lattice raised the H-interactions values, H... Hand H... Cl, and H ... O had the 2D-
FP highest values; therefore, this can be seen to support the classical HO-H ... .Cl and
HO-H ... .Owater, and non-classical C-H ... .Cl and C-H ... .Owater H-bonds formation.
Moreover, since the ratio of the N ... H was very small, the chance of forming HO-H ... .N
or C-H ... .O hydrogen bonds is rare, and this is actually what the XRD has seen, as there
are no such bonds that have been detected in the crystal lattice.

3.4. UV-Vis. and IR Investigation

The electronic absorption behavior of {[Ni(tptz)Cl(HO),][Ni(tptz)(H,O)3]}3CL5H,O
complex was performed in H,O at RT. In the UV area, the tptz ligand part in the desired
complex displayed the 7t to 77*, 7t to n and n to ¥ absorption peaks, as can be seen at Amax
values 235, 275, 315 and 355 nm in Figure 4a. Moreover, in the visible area, the octahedral
d-to-d electrons transfer of Ni(Il) centers were detected as broadband at Apax 418 nm and a
weak band at 520 nm (Figure 4a).

FT-IR of the {[Ni(tptz)Cl(HO), ][Ni(tptz)(H,0O)3]}3CL.5H,O complex was recorded in
the solid and is illustrated in Figure 4b and Table 3. FT-IR reflected the uncoordinated water
molecular vo.j at 3440 cm ™! with broadband, the water coordinated molecular vo.y; at
3290 cm~! with a sharp peak and the vc.jy peak at 3040 cm ™! signalized to triazine ligand
C-H aromatic rings vibrations. The IR of the O-H bending band in water was detected
at 1640 cm~!, the vcoy band in tptz was recorded at a lower frequency ~1510 cm ™!
confirming the C=N—Ni(Il) coordination bond formation; moreover, the Ni-N and Ni-O
bonds formation were supported by bands at 450 and 550 cm !, respectively (Figure 5b).

Table 3. IR stretching vibrations (cm ') of main functional groups.

VHO-H VOo-H VC-H VC=N vVc=C VNi-O VNi-N VNi-Cl
3440 3290 3040 1510 1350 550 450 240

3.5. TGA Analysis

Thermogravimetric analysis TG/DTG of {[Ni(tptz)Cl(H>O),][Ni(tptz)(H,O)s]}3CL
5H,0 was performed in an open atmosphere (Figure 5) with a heat rate 2 °C/min [45,46]. The
desired complex goes through four steps of decompositions as seen in Figure 5. In general, the
desired complex showed high thermal stability, it is stable after losing water molecules up to
400 °C. The uncoordinated water molecule decayed at 80 °C with 8.5% and Tprg = 85 °C to
reach {[Ni(tptz)CI(H,0), ][Ni(tptz)(H,0)3]}3Cl, meanwhile, the coordinated H,O molecules
were lost at 160 °C with 8.5 percentage and Tprg = 155 °C to give {[Ni(tptz)Cl][Ni(tptz)]}3CL
This is seen as total agreeing with the IR and XRD results, since five uncoordinated and
five coordinated H,O molecules were detected in the lattice of the crystal. The complex
decayed in the third step in a complicated, very broad step starting from 410 °C and ending
at 580 °C with Tprg = 450, 500 and 550 °C, where all the organic content decomposed or
de-structured away from the metallic center losing 58% weight percentage to produce a
matrix without organic ligand [Ni;Cls]. The [NiyCl4] matrix was decomposed in the fourth
step in one complicated step (declaration followed by oxidation), since the four chloride,
atoms were lost and one oxygen atom was combined to the nickel centers to produce nickel
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oxide (NiO) with 11.2% weight lost at Tptg = 690 °C temperature. The formation of nickel
oxide was confirmed by IR, where the characteristic sign of Ni=O of the final product
appeared at 465 nm.

0.8 7
H....06.5%

0.5

H...Ni 0%

Figure 3. (a) dnorm, (b) shape index and (c) 2D-FP over the {[Ni(tptz)Cl(H,0),][Ni(tptz)(H,0)3]}3CL5H,0.
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Figure 5. (a) TGA of the {[Ni(tptz)Cl(H,O),][Ni(tptz)(H,0)3]}3CL.5H, O and (b) Ni=O IR of the final thermal product.

4. Conclusions

The ultrasonic aqueous medium for the preparation of {[Ni(tptz)CI(H,O),]-[Ni(tptz)
(Hy0)3]13C1.5H,0 resulted in very good yield and one pot reaction. The octahedral struc-
tural geometry around both centers has been confirmed by 3D-structure XRD-result. In
the crystal structure two different nickel(Il) centers, chlorinated Ni(tptz)Cl(H,O), and
non-chlorinated Ni(tptz)(H,O); unique complexes were reported in one matrix. The
physicochemical structural analysis using FT-IR, UV-Vis., CHN-EA, XRD and EDX sup-
ported the atomic content of the {[Ni(tptz)Cl(H,O),][Ni(tptz)(H,0)3]}-3C1.5H,O. The
XRD-experimental classical and non-classical H-bonds interactions such as HOH ... .Cl,
HOH... O,CH... .Cl,and CH... O were successfully computed by HSA- and supported
by TG/DTG analysis. The IR, CHN-EA and TG results are consistent with the XRD result
in finding several coordinated and uncoordinated water molecules in the lattice of the
desired complex. Moreover, the complex showed a multistep thermal breakdown, four
steps are needed to reach to the NiO nickel oxide as a stable product.
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