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NiCl,(H,0)(C12N,Hg) was synthesized in solution and its structure was studied by single-crystal X-ray
diffraction. It crystallizes in the monoclinic system (S. G.: P2;/n), Z = 4, with the cell parameters (A, °):
a = 12.6640(5), b = 6.8322(3), ¢ = 14.2054(5) and B = 93.569(3). The final residual factors of the re-
fined structure model R/Rw were 0.031/0.082 for 2156 independent reflexions and 172 parameters. The
crystal structure is described in terms of NiyCl4(H,0);(Phen), dimmers interacting through weak inter-
molecular O-H...Cl Hydrogen bonds. The 2D fingerprint plots, built using the Hirshfeld surface analysis,
helped analyzing and quantifying all the intermolecular contacts and revealed the main intermolecular
interactions around the title complex. The computational investigation was undertaken at M06-2X/6-
31G(d)(LANL2DZ) level by using Gaussian.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

The molecule 1,10-phenantroline (Phen) and its different
derivatives are considered as interesting ligands used in various
chemical industries [1]. Heteroatomic group of Phen provides a
binding site for different metal ions. It has a rigid structure and
has two aromatic nitrogen atoms which contain unshared elec-
tronic pairs that can bind metals [2,3]. Due to its electron defi-
ciency, Phen turns to be a good acceptor leading then to various
applications such as catalysis, redox, photo-redox and biological ac-
tivities [3-8]. Especially in supramolecular chemistry, Phen deriva-
tives are reported to play a key role [9-11].

Metal complexes with 5-amino-1,10-phenantroline (aphen)
were reported to be interesting potentiometric sensors, M * 2 = 3d
transition metal, including Zn [12]. Moreover, Tammiku et al. re-
ported that the complexation of magnesium halide MgX, with

* Corresponding author.
E-mail addresses: amani_direm@yahoo.fr, d_amani_83@yahoo.fr (A. Direm).

https://doi.org/10.1016/j.molstruc.2020.129576
0022-2860/© 2020 Elsevier B.V. All rights reserved.

Phen is the reason for the disappearance of the red color
of the complex RMgX(phen) near the titration end point [13].
The anticancer properties of the lanthanum compound [tris(1,10-
phenanthroline) lanthanum(Ill)] trithiocyanate have been pub-
lished by Heffeter et al. [14]. Recently, photochemical properties
of a series of 1,10-phenantroline complexes have been reported
[15]. Since phen is considered as a classic ligand used in coor-
dination chemistry, which couples versatility in metal ion bind-
ing with atypical properties of its complexes, Phen-based metal
complexes can interact with DNA in an intercalative fashion in-
ducing, in some cases, DNA cleavage [16]. However, even with
this last ability, molecular phen could not be medically used,
due to its toxicity caused by inhibiting metalloenzymes via its
chelating nitrogen atoms. Nonetheless, the toxicity has been by-
passed for its attractive features coordinating with transition met-
als [17]. Alrejaa and Kaur published a review of the develop-
ments of phen ligands behaving as chemosensors for anions and
cations. Their investigations yielded a database of various phen-
derived receptors serving as chemosensors for various analytes
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in different solvents, with a correlation of results with photo-
physical properties for applications in the biological and environ-
mental fields [18]. Recently, Eni et al. reported on the reaction
of phen and dicyanamide ligands with Co*? and Cut? nitrates
resulting in the two complexes [Co(phen),(NOs)](dcg)-(H,0) and
[Cu(phen)(BMCA)](NO3)], with BMCA and dcg refer respectively
to bis(methoxycarbimido)aminato and dicyanoguanidinate anions.
The thermal and antimicrobial properties of these complexes have
also been evaluated and DFT calculations were performed for bet-
ter insights into the molecular interactions in the structures of
these complexes with possible prediction of their electronic prop-
erties [19].

The present study is devoted to the investigation of a newly
synthesized Ni(Il)complex: NiCl,(H,O)(Phen). The manuscript will
provide its detailed crystal structure description, with the data cor-
related to the calculated ones and the Hirshfeld surface analysis
of its intermolecular interactions. The studied complex was opti-
mized at M06-2X/6-31G(d)(LANL2DZ) level. The structural param-
eters, molecular orbital energy diagram (MOED), contour plots of
selected molecular orbitals, molecular electrostatic potential (MEP)
map were examined in detail.

2. Materials and methods
2.1. Synthesis and crystallization

The crystals of the compound under investigation were ob-
tained from an experiment aiming the preparation of a hybrid-
phosphate based on phenanthroline. Concretely, 1 mL (20 mmol) of
1,10-Phenanthroline hydrochloride monohydrate C;,HgN,-HCI-H,0
[Aldrich-Sigma, purity > 99.5% (titration)] was added dropwise to
a mixture made of NiCl,-6H,0 (10 mL, 100 mmol) and H3PO;3
(10 mL, 100 mmol) both high quality reactants (Aldrich-Sigma, pu-
rity > 99.5%) dissolved in distilled water. The slow evaporation at
room temperature of the obtained solution gave rise to large green
block-like crystals suitable for single-crystal X-ray diffraction.

2.2. Single crystal X-ray diffraction

The X-ray diffraction data for the title compound were collected
at 298 K on a Rigaku Oxford Diffraction diffractometer, using a
graphite monochromatized MoKe radiation (A = 0.71073 A) colli-
mated with Mo-Enhance collimator, and the Atlas S1 CCD detector.
A numerical absorption correction based on the crystal shape was
carried out with the program CrysAlis RED [20]. The structure was
solved by the Direct Methods procedure of SIR97 [21] and refined
by a full-matrix least-squares technique based on F2 with Jana2006
[22]. Table 1 summarizes the crystallographic data and the exper-
imental details about the data collection and the structure refine-
ment. The structural graphics were sketched using DIAMOND pro-
gram [23].

Table 1
Crystallographic data and details of X-ray diffraction analysis for
NiCl(H,0)(Ci2NaHg).

NiCl,(H;0)(C12N,Hg) Z=4
M, (g/mol)= 325.8 F(000) = 664
Monoclinic, P21/n

Mo Ko radiation, A = 0.71073 A 0 = 4.5-66.9°
a = 12.6640 (5) A i =6.19 mm-!
b =6.8322 (3) A T=120K

c = 14.2054 (5) A

V = 1226.71 (8) A3

2156 reflections with I> 20 (1)
| =-16—-15

Refinement on F?

RIF?> 20(F?)] = 0.031

B = 93.569 (9)°

0.14 x 0.45 x 0. 54 mm?>
h=-15-15

k=-8-7

Least-squares matrix: full
WR(F?) = 0.082

Journal of Molecular Structure 1227 (2021) 129576

Supplementary tables of the crystal structure and refine-
ment, notably the full list of bond lengths and angles, and
anisotropic thermal parameters have been deposited to the Cam-
bridge Database, these data can be obtained free of charge us-
ing the link: www.ccdc.cam.ac.uk or from the CCDC, 12 Union
Road Cambridge CB2 1EZ, UK; fax: +44 1223 336033; E-mail: de-
posit@ccdc.cam.ac.uk]. CCDC deposition number is 886031.

2.3. Hirshfeld surface calculation

The Hirshfeld surfaces [24] around the title complex and their
associated fingerprint plots were calculated using CrystalExplorer
software [25].

2.4. Computational details

Computational calculations were performed by Gaussian and
VEDA 4XX programs [26-29]. The title complex was optimized by
using Gaussian programs. For this purpose, M06-2X method, one
of the DFT hybrid functions, was used with mix basis set; LANL2DZ
was used for the nickel atom and 6-31G(d) was used for the re-
maining atoms in the complex. The calculated IR spectrum was ex-
amined by using VEDA 4XX program.

3. Results and discussion
3.1. Crystal structure

The crystal structure reveals the presence of Ni-dimers with un-
usual coordination environments. The heteroleptic quasi-octahedral
Ni-coordination consists of NiN,OCl3, where the two N sit in a
cis-conformation relative to the main plane of the dimer and be-
long to C;;N,Hg. The three Cl atoms occupy one side of the quasi
octahedron, resembling to a fac-coordination. The oxygen atom
from the water molecule is completing the six-fold coordination.
The two quasi-octahedra, constructing the dimer, share a com-
mon edge of two Cl atoms. It is worth to be noted that a cen-
ter of inversion is found between the Ni atoms and agrees with
the distribution of coordinating atoms. The nominal composition
suggests that Ni centers are charged +2, which corresponds to a
d8 electronic configuration. As the Ni-Ni distance is about 3.4 A,
a direct magnetic exchange is unlikely, but the most obvious is
that the Ni-CI-Ni super-exchange path is close to an ideal over-
lap of orbitals (90.062(1)°). Fig. 1 depicts the asymmetric unit

H1ec1

Fig. 1. Asymmetric unit in NiCl;(H,0)(Ci2N,Hg).
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in the complex NiCl,(H,O)(Phen). The framework exhibits a dis-
torted square-bipyramidal geometry where the metal Nit2 is co-
ordinated through two apical chloride (CI1) and two two imine
nitrogen atoms (N1 and N2), and equatorial CI2 and aqua O1
atom. Such octahedron share the edge Cl1-Cl1 to define dimmers
“NizCl4(H20)2(Phen)2".

The cohesion within the crystal packing of the title com-
plex is governed by an intermolecular hydrogen bonding network
(Table 2) within the cavity containing Ni and Cl, which results in
long Ni-Cl distances ranging from 2.398 to 2.439 A. The average
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Table 2 )

Hydrogen-bond geometry (A, °) in the title complex.
D—H.-A D—H H--A D--A D—H..-A
01-Hlol.-CI20  0.78 (3) 2.41(3) 3.1821(17) 168 (3)

Symmetry code: (i) x, y — 1, z.

distances Ni-Cl (2.4164 A) and Ni-O (2.1247 A) are comparable to
such distances of the known compounds reported in the literature,

’3. D es
‘= » S, /%
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-----.......‘
R2(12)

@

Fig. 2. (a) A view of the crystal structure onto the (ac) crystallographic plane; (b) Edge-fused centrosymmetric R?,(12) first-level rings with the N-H...Cl hydrogen bonds

shown as dashed lines.
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Fig. 3. 2D Fingerprint plots of the intermolecular interactions within the title compound’s asymmetric unit. The decomposed plots were labelled.

specifically (Ni-Cl) are 2.426 A in NiCl, [30], 2.398 A in NiCl,-2H,0
[31], 2.388 A NiCl,-4H,0 [32] and 2.360 A in NiCl,-6H,0 [33],
while (Ni-0) are respectively 2.10 A, 2.089 A, 2.086 A and 2. 048 A
in NiO [34], NiCl,-2H,0 [31], NiCl,-4H,0 [32] and NiCl,-6H,0 [33].

Viewed thus along the direction [010], the crystal structure of
NiCl,(H,0)(Phen) can be described in terms of the above defined
dimmers “Ni,Cl4(H,0),(Phen),” interconnected through weak in-
termolecular O-H...Cl hydrogen-bonds [01-H1o1...CI2: 2.41(3) A],
drawn as dashed lines in Fig. 2a. Each two complex molecules
link together via two of the above mentioned hydrogen bond to
generate alternating centrosymmetric edge-fused R2,(12) first-level
graph-set motifs (Fig. 2b), which alternate repeatedly through the
[010] direction to form sheets consisting of parallel C(4) infinite
chains [35].

3.2. Hirshfeld surface analysis

For each point on the Hirshfeld isosurface, two distances d. (the
distance from the point to the nearest nucleus external to the sur-
face) and d; (the distance to the nearest nucleus internal to the
surface) are defined. Therefore, a normalized contact distance dporm
[36,37] can be derived from the two distances (de and d;) and is
given with respect to the following equation:

di — f'l!}dw de — rgdW

d norm =
r;/dW ngw

Where, r;YdW and r.¥9W are the van der Waals radii of the appro-
priate atoms which are internal and external to the Hirshfeld sur-
face, respectively. The value of d,,m is negative or positive when

the intermolecular contacts are shorter or longer than the van der
Waals radii, respectively. When dporm is mapped on the Hirshfeld
surface, close intermolecular distances are characterized by three
identically colored regions. Red regions stand for closer contacts
and negative dporm value, blue regions represent longer contacts
and positive dnorm value, whereas white regions correspond to the
contacts distance, which is exactly equal to the van der Waals sep-
aration and with a dpom, value of zero.

The associated two-dimensional histograms being a combina-
tion of d; vs. de, referred to as “2D fingerprint plots”, are a useful
tool in identifying and comparing different kinds of intermolecu-
lar interactions in a given crystal structure [38]. The 2D fingerprint
plots can be decomposed to highlight particular atom pair close
contacts. This decomposition enables separation of contributions
from different interaction types, which overlap in the full finger-
print. The 2D fingerprint plots, which analyze and quantify all the
intermolecular contacts at the same time, revealed that the main
intermolecular contacts around the title complex are Cl...H/H...Cl,
H...H, C...H/H...C, C...C, Ni...Cl/CL...Ni, O...H/H...O, N...H/H...N and
Cl...C/C...Cl (Fig. 3).

The decomposed fingerprint plots into the separated inter-
molecular contacts show that the dominant contribution results
from the Cl...H/H...Cl contacts, covering 30.4% of the of the total
contacts around the global surface (features (1) in Fig. 3). This con-
tribution suggests that these contacts are the driving forces in the
crystal packing formation, and thus the shortest contact is repre-
sented by the two spikes at about (d; = 1.42 A, d. = 0.82 A and
d;= 0.82 A, d. = 1.42 A) with a distance of 2.24 A, which could
be attributed to the presence of the O1-H101...CI2 intermolecular
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(a)

Cl2...H1lo01-01

Cl1...Ni1

01-H201...CI2
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01-H201...CI2

Cl2...H101-01

Nil...Cl1

(c)

Fig. 4. (a) dnorm representation mapped on the Hirshfeld surface and showing the shortest O...Cl/Cl...O contact; (b) Shape index representation visualizing the C3-H1c3...w

interactions; (c) Ni...Cl/Cl...Ni contacts visualized over the dym function.

hydrogen bond (and its reciprocal interaction ClI2...H101-01) dis-
cussed previously (Fig. 4a).

The H...H contacts, which are reflected in the middle of the
scattered points (feature labeled (2) in Fig. 3 and covering the
most area in the 2D fingerprint plots, have also the most signifi-
cant contribution (together with the Cl...H/H...Cl contacts) to the
total Hirshfeld surfaces; 30.1%. The shortest H...H contact appearing
at (d; = 1.25 A, d. = 1.20 A) in the fingerprint plot, results from the
C-H phenantroline hydrogens interacting with each other, namely
the interaction C3-H1c3...H1c7-C7 (and its reciprocal interaction
C7-H1c7...H1c3-C3 appearing at d; = 1.20 A and d. = 1.25 A).
Furthermore, the C...H/H...C contacts represent the second most
abundant type of interactions in the structure with 23%, and ap-
pear as two large wings in the 2D fingerprint plot (features labeled

(3) in Fig. 3). The shortest contact of this type could be attributed
to the C3-H1c3...m interaction (d; + de ~ 2.7 A) illustrated in
Fig. 4b.

In addition, the C...C contacts, displayed as characteristic stack-
ing kite (labeled (4) in Fig. 3), have less important weight in the
crystal structure, which is underlined by its contribution of about
5.8%, and are mainly assigned to ... interactions. Therefore their
shortest distance of about (d; + de ~ 3.2 A) results from the ...
interaction involving the C10 and C12 atoms. The decomposition of
the fingerprint plot shows that both O...H/H...O and Ni...Cl/Cl...Ni
contacts comprise only over 3% of the total Hirshfeld surface area
(labels (5) and (6) in Fig. 3, respectively). The shortest O...H/H...O
contact of (d; +d. ~ 2.42 A) is attributed to the reciprocal inter-
action 01...H1c1-C1/C1-H1c1...01. Whereas, the Nil...Cl1 interac-
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(a)

—
-5x1072

HOMO (156)

5x10°%

(b)

Fig. 5. (a) MOED and contour diagram of selected molecular orbitals calculated for the studied complex; (b) MEP map of the title complex.

tion (Fig. 4c) interprets the presence of the Ni...Cl/Cl...Ni contacts
and is observed at about (d; + d. ~ 2.44 A). The proportions of
N...H/H...N and Cl...C/C...Cl contacts cover less than 3.0% of the
total Hirshfeld surfaces and are highlighted by their shortest in-
teractions; namely C1-H1c1...N1 (d; + d. ~ 2.95 A) and C8...CI2
(d, + de =~ 3.96 A), respectively. Whereas, the Hirshfeld surface of
the title compound exhibit less than 1% of the non-conventional
Ni...H/H...Ni, Cl...N/N...Cl and Cl...0/0...Cl contacts. Moreover, the
0...Cl and N...Cl distances of the closest contacts range from 3.10
to 3.96 A, which result from the interactions N2...CI2 and 01...CI2,
respectively. The proportion of the different intermolecular contact
types resulting from the Hirshfeld surface analysis of the title com-
plex are shown in Fig. S1.

3.3. Structure optimization and contour plots of selected MOs and
MEP map

The title complex’s structure was optimized by using one of
the DFT function hybrids M06-2X method, with a mix basis set;
LANL2DZ was used for Ni%* centers and 6-31G(d) for the other
atoms in the complex. The structure at the ground state is shown
in Fig. S2. Selected experimental and calculated bond lengths and
bond angles of the environment of the Ni2* atoms are given in
Table 3. Moreover, the full experimental and calculated geometric
parameters are illustrated in Table S1.

According to the calculated results of Table 3, the bond lengths
linking the metallic centers with their related atoms were calcu-
lated in the range 1.974-2.294 A. Whereas, the optimized angles
were found to vary from 77.7° to 173.0° around the Ni(Il) atoms.
The bond lengths show a maximum deviation of 01934 A, ob-
served for the Ni1-CI2 bond length, which is not quite signifi-

cant. Whereas, it is found that the maximum deviation value in
the bond angles is 19.47°, which is associated to the CI2-Ni1-N1
angle. This reveals a close agreement between the experimen-
tal structural parameters, the theoretical values and additionally
with the values published earlier in the literature (Ni-Cl = 2.26 A,
Ni-N = 1.87-2.13 A and Ni-0 = 2.12-2.14 A [39-43]). The slight
deviation observed is attributed to the fact that the theoretical cal-
culations have been carried out with an isolated molecule in the
gaseous phase whereas the experimental values correspond to the
molecule in the crystalline state.

The IR spectrum of the title complex was calculated and rep-
resented in Fig. S3. Additionally, the selected frequencies and their
vibration modes are given in Table S2. The stretching frequency be-
longing to the O-H bond is obtained at 3610 and 3425 cm~!. Addi-
tionally, the stretching of the (N-C) and (C-C) bonds are calculated
at different frequencies, namely 1676, 1491 and 1126 cm~'. As for
the (Ni-0) stretching, it is calculated at 440 cm™!.

The molecular orbital energy diagram (MOED) is very impor-
tant in the determination of the electronic properties. The diagram
shows that HOMO, LUMO and LUMO+1 are important molecular
orbitals (MOs) for the studied complex. The MOED and the con-
tour plots of significant MOs are represented in Fig. 5.

The HOMO electrons are mainly delocalized on the chlorine
atoms as shown in Fig. 5a; they are thus active for any interac-
tion. As for the unoccupied molecular orbitals, if the investigated
compound accepts electrons they will be delocalized on the rings.
The contour plots of selected molecular orbitals are important to
determine the active sites of the studied complex. According to
Fig. 5a, the chlorine atoms are appropriate for nucleophilic attacks.
On the other hand, the v electrons are active for any interactions.
Another significant illustration is the molecular electrostatic po-
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Table 3
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Selected experimental and calculated geometric parameters within the title complex.

Bond Lengths (A)

Experimental Calculated Experimental  Calculated
Ni1-Cl1  2.3983(6)/2.4116(6) 2.294 Ni1-N1  2.0636(19) 2.077
Ni1-CI2 2.4394(6) 2.246 Ni1-N2 2.0648 (17) 1.974
Ni1-01 2.125(1) 1.992 - - -
Bond Angles (°)
Cl1-Ni1-Cl1t  89.932(19) 101.7  CI2-Nil-N2  92.56(5) 91.2
Cl1-Ni1-CI2 91.426(19) 929 CI2-Ni1-N1 92.73(5) 112.2
Cl1-Ni1-01 87.45(5) 90.0 01-Ni1-N2 91.70(7) 876
CI1-Ni1-N2 174.30(5) 173.0  0O1-Ni1-N1 87.58(6)  83.1
CI1-Ni1-N1 95.21(5) 95.5 N1-Ni1-N2 80.52(7)  77.7
CI2-Ni1-01 175.73(5) 163.0 - - -

Symmetry code: (i): x, y — 1, z.

tential (MEP) map (Fig. 5b) which playacts an important role in
the determination of the active sites on the molecular surface. Es-
pecially, the electronic charge distribution can be easily seen by
the MEP map because the electrostatic potential (ESP) charges are
calculated to obtain the MEP map. According to Fig. 5b, there are
more electrons around the chlorine atoms compared to the rest of
the molecule. Additionally, the 7 electrons delocalization demon-
strates the activity of the studied complex, which is in agreement
with the results already showed in Fig. 5a.

4. Conclusions

In this work, a binuclear nickel complex, NiCl,(H,0)(C;,N,Hg),
was synthesized in solution. Its crystal structure was described in
terms of Ni,Cl4(H,0),(Phen), dimmers interacting through weak
intermolecular O-H...Cl hydrogen bonds. The Hirshfeld surface
analysis of the various intermolecular contacts in the framework of
the title compound was discussed, showing a rich variety of con-
tacts namely: Cl...H/H...Cl, H...H, C...H/H...C, C...C, Ni...Cl/CL...Ni,
0...H/H...O, N...H/H...N and Cl...C/C...Cl reciprocal interactions.
Quantum chemical investigations were performed and the struc-
tural properties were examined in detail. Additionally, the active
sites were determined by the calculation of contour plots of the
molecular orbitals and the MEP map.
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2 Fig. S1. Schematic illustration of the decomposed fingerprint plots of the title

3 compound.

5
6 Fig. S2. Optimized structure of the title complex in vacuum at mentioned
7 calculation levels.



1 Table S1. Full experimental and calculated geometric parameters of the title

2 complex.
Bond Lengths (A)
Experimental Calculated Experimental Calculated
Nil—ClI1 2.3983(6)/2.4116(6) 2.294 Nil—N1 2.0636(19) 2.077
Nil—CI2 2.4394(6) 2.246 Nil—N2 2.0648 (17) 1.974
Nil—Ol1 2.125(1) 1.992 C3—C1 1.401(3) 1.409
C3—N1 1.324(3) 1.316 C5—C9 1.439(3) 1.449
Cl—C2 1.368(3) 1.375 C5—C4 1.406(3) 1.410
C2—C4 1.411(3) 1.411 C5—N1 1.359(3) 1.348
C9—C10 1.405(3) 1.408 C4—C11 1.439(3) 1.437
C8—C6 1.401(3) 1.405 Cl10—C12 1.436(3) 1.436
C6—C7 1.368(3) 1.374 Cl1—C12 1.352(3) 1.355
C7—C10 1.406(3) 1.410 - - -
Bond Angles (°)

CIl1—Nil1—Cl11' 89.932(19) 101.7 CI12—Nil—N2 92.56(5) 91.2
Cl1—Ni1—CI2 91.426(19) 92.9 CI2—Nil—N1 92.73(5) 112.2
Cl1—Nil—01 87.45(5) 90.0 O1—Nil—N2 91.70(7) 87.6
Cl1—Nil—N2 174.30(5) 173.0 O1—Nil—N1 87.58(6) 83.1
Cl1—Nil—NI1 95.21(5) 95.5 N1—Nil—N2 80.52(7) 7.7
CI2—Ni1—01 175.73(5) 163.0 Nil—N2—C9 112.82(13) 118.1
Nil—N2—C8 129.03(15) 121.6 Nil—N1—C5 112.80(13) 106.2
Nil—N1—C3 128.78(15) 134.9 Cl1—C2—C4 119.5(2) 119.7
C1—C3—N1 122.6(2) 121.9 C5—C4—C11 118.6(2) 119.8
C3—C1—-C2 119.5(2) 119.0 C4—C5—C9 120.13(18) 119.3
C2—(C4—C11 124.2(2) 122.5 C10—C9—N2 123.17(19) 122.7
C5—C9—C10 119.87(19) 119.3 N2—C8—C6 122.8(2) 122.8
C8—C6—C7 119.1(2) 118.6 C4—C5—N1 122.94(19) 121.3
C6—C7—C10 119.9(2) 119.2 C9—C10—C7 116.9(2) 117.2
C7—C10—C12 124.2(2) 122.1 C10—C12—C11 121.3(2) 120.7
C4—C11—C12 121.2(2) 121.0 C3—N1—C5 118.40(19) 120.2
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Fig. S3. Calculated IR spectrum of the title complex.

Table S2. Frequencies and vibration modes of the selected bands in the IR spectrum.

Bands Frequencies (cm™) | Vibration Modes

1 3610 Stretching (O—H)

2 3425 Stretching (O—H)

3 1703 Bending (H—O—H)

4 1676 Stretching (N—C); Stretching (C—C)
5 1491 Stretching (N—C); Bending (H—C—C)
6 1126 Stretching (C—C)

7 440 Stretching (Ni—0O)

8 345 Stretching (Ni—Cl)

9 211 Stretching (Ni—N)
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