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Abstract

The complex compound tetrakis(N,N’-diethylthiourea)bis(isothiocyanato)nickel or [Ni(detu),(NCS),] (denoted as UMCC-1)
has been synthesized by reflux method in two different solvents namely acetone and methanol. This study aims to synthesize,
characterize, and analyze the Hirshfeld Surface complex UMCC-1, which was obtained using the reflux method with the mole
ratio of NiCly: detu: KSCN is 1:2:4. Single crystals UMCC-1 in acetone and methanol are dark green in color with melting points
of 135-137°C and conductivity of 66.4-84.4 uS. The FTIR absorption band analysis of the two crystals is very similar, v(C=S) detu
590 cm™! and v(C=N) isothiocyanate 2119 cm™. The refinement of the crystal structure from the single crystal XRD data shows
that the two dark green crystals are a molecular type that has a distorted octahedral geometry with the same crystal lattice,
monoclinic crystal lattice, P21/c1 space group (no.14), crystal lattice parameter a= 11.112(3) A, b= 17.249(5) A, c= 9.647(3) A, and
B =100.785(10). However, the complex produced in acetone solvent has better refinement quality than methanol concerning %R
= 3.27 and %R = 4.55, respectively. The UMCC-1 crystal shows intermolecular hydrogen bonds N—H———S(isothiocyanato)
and intramolecular hydrogen bonds N—H———S(detu) with Hirshfeld Surface analysis showing a significant contribution of

H———H (69.5%) on crystal packing.
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1. INTRODUCTION

Complex compounds based on detu ligands with transition met-
als have been successfully synthesized and published. The detu
ligand can bind to transition metals through 2 donor atoms, S and
N, which act as terminal or bridge ligands (Ahmad et al., 2017).
Complexes [ZnCly(detu),] and [CoCly(detu),] have been synthe-
sized using the reflux method with ethanol solvent (Ajibade et al.,
2013). The resulting complex compounds form a tetrahedral ge-
ometry with coordination of the metal center ion through the
S atom belonging to detu. Different studies have successfully
synthesized transition metals with other thiourea-derived lig-
ands, including [Pd(dmtu),(L,),]Cl, (L= phosphite ligand) (Aziz
et al,, 2018), [Pd(dmtu),]Cl,, [Pd(metu),]Cl, (Nadeem et al., 2009)
and [Cu(metu),]Br, (Mufakkar et al., 2011). In general, the co-
ordination of thiourea-derived ligands in successfully reported
complex compounds forms the coordination of the central atom
with the S atom belonging to the thiocyanate derivative. The
complexes formed lead to ionic complexes with chloride and
bromide atoms as counter ions by forming tetrahedral geometry.

Complexes with Ni(Il) central ion are quite interesting to

study because of their ability as antibacterial, anti-microbial
(Ahghari et al., 2020), electrodes (Danchovski et al., 2022), lithium
batteries (Al-Omair et al., 2017), supercapacitors (Alekseeva et al.,
2017), catalytic reactions (Breitenfeld et al., 2012), and electrocat-
alytic reactions (Barma et al., 2022). In addition, Ni(II) center ion
complexes also have varied geometries: square planar (Binzet
et al,, 2013), tetrahedral (Al-Hazmi and El-Metwally, 2017), trig-
onal bipyramidal (Craig et al., 2018), and distorted octahedral
(Tanase et al., 2000). The potential of many nickel(Il) complexes
provides opportunities for further development. Complex com-
pounds of nickel(II) chloride salts and detu ligands have been
successfully synthesized by forming the structure [Ni(detu),]Cl,
(Alfurayj et al., 2016). The resulting complex has a square pla-
nar geometry with a P21/n space group. The central atom of
nickel(Il) forms coordination with detu, which acts as a Lewis
base through 4 S atoms, forming a coordination number of 4.
The chloride ion in the complex does not bind directly to the
central ion but acts as a counter-anion, which results in the
complex being ionic (Bowmaker et al., 2009). The magnetic prop-
erties possessed by the complex compound form a paramagnetic
with a melting point of 141.8°C. A different study successfully
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reported a complex compound of nickel(Il) with thiourea ligand.
The synthesis was carried out by direct reaction method with a
ratio of 1:4 crystallized to form needles with a light green color.
The complex compound has the structure [Ni(tu)](NOs),, which
produces monoclinic crystals with a C2/c space group and octa-
hedral geometry (Monim-ul Mehboob et al., 2010). The thiourea
ligand acts as a Lewis base that donates electron pairs in forming
coordination with the nickel center ion, which is a Lewis acid.

Thiocyanate (SCN”) ligands have become a frequently dis-
cussed topic in complex compound research in recent years
(Hannachi et al., 2019). The contribution of thiocyanate ligands
in complexes provides various chemical and physical properties
(Zhang et al., 2017). Some complex compounds of thiocyanate lig-
ands with transition metal atom centers are [Zn(NCS),(;—NH,py)
o] (Yufanyi et al., 2021), Co(NCS),(,—NH,py),] (Sugiyama et al.,
2015), and Cd(u—SCN),(,—NH,py), (Banerjee et al., 2005). In
nickel(II) metal complexes with thiocyanate ligands generally
form distorted octahedral geometries such as [Ni(,—amp),(SCN),
(H,0),]H,0 (Tabatabaee and Saheli, 2011) and [Ni(,—amp),(SCN),
(H,0),] (Neumann et al., 2018) with a six coordination number.
The formation of coordination complexes is based on the theory
of "Hard soft acid base", where nickel(Il) is a borderline acid that
tends to bond more with the mid-N base than the soft S base
(Galet et al., 2005).

Some complex compounds with thiourea and thiocyanate
derivatives as ligands that were successfully synthesized include
[Cd(metu)y(NCS),]n (Ahmad et al., 2017), [Ni(metu),(NCS),]n
(Asif et al., 2019), and [Ni[SC(NHCH,),]2(SCN),]n (Nardelli et al.,
1966). The [Ni(metu),(NCS),]n complex has space group P-1 with
distorted octahedral geometry in its polymer formation (Asif
et al., 2019). Coordination of Ni(Il) center atom with thiocyanate
ligand through nitrogen atom with Ni-NCS bond, while coordi-
nation with methylthiourea (metu) ligand tends to form ligand
bridge through S atom of metu. The [Ni[SC(NHCHj,),],(SCN),]n
complex shows differences in the coordination of bridge ligands
(Nardelli et al.,, 1966). Thiocyanate bridges between the two
central atoms of Ni(Il) through Ni—S and Ni—N coordination in
zigzag chains, while thiourea derivatives act as terminal ligands.
In this report, we have prepared a new complex in acetone and
methanol solvent, structure, and Hirshfeld surface analysis of
the dark green crystal of UMCC-1. This new compounds were
successfully synthesis using the reflux method under methanol
solvents from their precursor with mol ratio Ni(II): detu: SCN™
i.e., 1:2:4, respectively.

2. EXPERIMENTAL SECTION

2.1 Materials

The materials used in this study include NiCl,—¢H,O (Merck),
KSCN (Merck), N,N’-diethylthiourea (Merck), methanol, acetone
(Merck), and distilled water. All reactants were used without
prior purification.

2.2 Methods
The synthesis procedure of UMCC-1 was modified from the Co-
detu complex (Wahyuni et al., 2022) and using methanol solvent.

© 2023 The Authors.
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The detu ligand (0.264 g, 2 mmol) was dissolved into 5 mL of
methanol at room temperature. A solution of nickel(II) chloride
hexahydrate (0.237 g; 1 mmol) in 5 mL of methanol was added
slowly. The dark green solution was stirred for four hours under
reflux, then KSCN solution (0.388 g; 4 mmol of KCN in 5 mL of
methanol) was slowly added and continued for reflux until three
hours. Crystallization was carried out by evaporation slowly
in a refrigerator, and the dark green crystal of UMCC-1 was
obtained after four weeks. The synthesis procedure of UMCC-1
with acetone solvent is the same as that of methanol solvent.
The sample was characterized using melting point meter
(Fisher Scientific), conductometer (Eutech CyberScan 400), and
FTIR (Shimadzu IRPrestige 21 on KBr pellets in the 4000-400
cm™! range). Crystal structure data of UMCC-1 were gathered
at 236 K using XRD single crystal Bruker, D8 Quest Diffractome-
ter equipped with a CCD area detector, and Mo Ka source (4 =
0.71073 A) monochromated by layered confocal mirrors. Data
reduction and scaling were performed using Bruker APEX 4
suite, and absorption correction was performed using SADABS.
SHELXT was used to solve the initial structure, revealing non-
hydrogen atom’s positions, which was refined using the SHELXL
program on a ShelXle user interface. Anisotropic refinement
was performed on non-hydrogen atoms. Hydrogen atoms were
placed in the calculated positions using a riding model. The Hir-
shfeld Surface Analysis was conducted with CrystalExplorer 17.5
on crystal structures imported from the CIF file (Psycharis et al.,
2021). Trophotometer and the absorbance value was recorded.

3. RESULTS AND DISCUSSION

3.1 Synthesis of UMCC-1

The synthesis between NiCl,—¢H,0 with mixed ligands of detu
and thiocyanate was carried out with a stoichiometric ratio of
1:2:4 in methanol and acetone solution. The proposed formation
and crystal of UMCC-1 are shown in Figure 1. The methanolic
solution of detu was added to the nickel solution slowly and then
heated under reflux for four hours. The methanolic solution of
KSCN was put into that mixture and continued reflux for four
hours. The final dark green solution was sluggishly evaporated
at room temperature. It resulted in the dark green needle-shaped
crystals with 73.7% and 86.1% yield after two couple-weeks from
methanol and acetone, respectively.

3.2 Structure of UMCC-1

The melting point test was initially carried out to justify that
the formed crystal was a new compound by comparing it with
the melting point of the precursors. The melting point measure-
ments of UMCC-1 and their precursors are shown in Table 1.
The UMCC-1 has different melting points from their precursors,
i.e., the melting point of UMCC-1 and its salt is 137°C and 144°C,
respectively. These results also compare the color differences
between the UMCC-1 and their salts.

The electrical conductivity test of UMCC-1 was conducted
to identify the complex dissociation in the solution as ionic or
molecular. The conductivity of UMCC-1 in methanol gave a
value of 84.5 uS, which was lower than their salts, i.e., nickel(II)
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Figure 1. Proposed Reaction Formation of UMCC-1
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Figure 2. FTIR Spectrum of UMCC-1 and its Precursor

Table 1. Melting Point of UMCC-1 and its Precursor Table 2. Conductivity test UMCC-1 and its precursor in
methanol
Compounds  Melting point (°C)
137 (methanol) Compounds  Conductivity (1S) in 1.0 mg/mL
UMCC-1
135 (acetone) UMCC-1 84.5 (methanol)
NiCl,-6H,0 144 66.4 (acetone)
Detu 68-71 NiCl, 404
KSCN 173 Detu 3.14
KSCN 832
Methanol 1.76

chloride and KSCN, as tabulated in Table 2. The result showed
that UMCC-1 tended to be molecular in solution and in line with
the suggestion of the melting point test result. band of detu displays typical peaks at 3255 cm™!, 1537 cm™! and

The functional groups of detu and thiocyanate as ligands 653 cm™'. However, v(N—H) bond vibrations of detu as a ligand
were analyzed from FTIR, as shown in Figure 2. The absorption  in the UMCC-1 appeared at wavenumber 3223 cm™" (Table 3)

© 2023 The Authors. Page 76 of 83
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Figure 4. Structure of UMCC-1 (a) and its Crystal Lattice Packing (b)

and shifting of v(N-H) vibration indicated the presence of hy-
drogen bonds between molecules when coordinating complex
compounds (Ahmad et al., 2012). A significant wavenumber shift
occurs in the v(C—N) vibration, which indicates the involvement
of detu in coordination with the central atom to form a coordi-
nation compound. While the v(C=S) band shifted from 653 to
592 cm™, indicating the binding of the central atom with the S
atom of thiocyanate, and the asymmetric C=N stretching vibra-
tion shifted from 2167 to 2121 cm™!, which predicted Ni-NCS
coordination (Table 3). Another peak in the compound formed
appeared vibrations at 2072 cm™! absorption, which corrobo-
rates the formation of Ni—NCS coordination referring to the
[Ni(methu),(NCS),]n complex (Asif et al., 2019). This significant
shift shows that the thiocyanato ligand is coordinated on nickel
through the N atom (Tsague Chimaine et al., 2016).

The morphology of UMCC-1 was analyzed using scanning
electron microscopy (SEM) at 400 magnifications, as shown in
Figure 3. The SEM image confirms the rod-shaped single crystals
of UMCC-1.

The chemical formula, structure analysis, coordination pat-
tern, and bonding environment of UMCC-1 were determined

© 2023 The Authors.

Table 3. FTIR Spectrum Interpretation of UMCC-1 and its Pre-
cursor

Vibration modes Wavenumber (cm™?)

KSCN detu UMCC-1
v(N—H)detu - 3255 3223
y(C—N)detu - 1537 1564
v(C=S)detu - 653 592
¥(C—S)thio 744 - 800
v(C=N)thio 2167 - 2121

from XRD-Single Crystal and its crystallographic data was tab-
ulated in Table 4. UMCC-1 with acetone solvent has better re-
finement quality referring to the small %R-factor value than
methanol, i.e., 3.27% and 4.55%, respectively. The structural in-
formation of UMCC-1 shows a coordination bond between the
Ni(II) center ion with four S atoms derived from the detu ligand
and two N atoms derived from the isothiocyanato ligand. This
complex’s Ni(II) central atom has six coordination numbers with
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Figure 5. Schematic Core Geometry of UMCC-1

Figure 6. Schematic Intra- and Intermolecular Interaction of UMCC-1

distorted octahedral geometry, as shown in Figure 4. The isotio-
cyanato ligand in the complex structure coordinates with the Ni
central atom through the donor atom N. This is in line with the
"HSAB" theory, which states that the N atom (borderline base)
tends to be attracted to Ni metal (borderline acid) compared
to the donor atom S (soft base). In addition, the detu ligand
and thiocyanato ligand only donate one donor atom, so they
are referred to as monodentate ligands and do not act as bridge
ligands.

The bond lengths and angles around the nickel center were
presented in Table 5 and illustrated in Figure 5. The Ni-S bond
is longer than the Ni—N bond, which is influenced by the steric
hindrance of the detu, resulting in the elongation of the Ni—S
bond. The N2—Ni—S2/S3 bond angle, which is below 90°, is also
responsible for the elongation of the Ni—S bond. The repulsion

© 2023 The Authors.

of the N2—Ni—S2 (87.16°) and N2—Ni—S3 (87.16°) bond angles
resulted in the Ni—S2/3 bond elongating to minimize the repul-
sion exerted by the nitrogen atom. The Ni—S bond lengths are
comparable to those reported for [Ni(metu),(NCS),]n (Asif et al.,
2019), [Ni(detu)4]Cl,, and [Ni(tu),](NO3), (Monim-ul Mehboob
et al,, 2010) complexes ranging from 1.995(6)-2.572(13) A. The
bond length of Ni1—S3 is slightly higher than that of Ni1—S2.
The bond difference of about 0.055 A is possible because the S3
atom attracts more strongly C5 1.709(2) A than S2—C2 1.723(2)
A (Table 7). Thus giving an elongation to the Ni1—S3 bond to
minimize electron repulsion.

The shorter Ni-N bond provides information on strong bind-
ing between the central atom and the thiocyanato ligand. This
is in line with the expectation that the binding of thiocyanato
ligand is based on the "HSAB" theory. The nickel center atom

Page 78 of 83



Wijaya et. al.

Table 4. Crystallographic Data of UMCC-1

UMCC-1

C22H48N10Nis6
703.77 g/mol

Crystallographic data

Chemical formula
Molar mass

Indonesian Journal of Material Research, 1(2023) 74-83

Table 5. Bond Lengths and Bond Angles at Ni(II) Center Atoms

Temperature 296 K

Wavelength 0.71073
Crystal System Monoclinic

Space group P21/c1 (no.14)

Lattice parameters

a=11.1214(3) A,
b= 17.2492(5) A,
c=9.6472(3) A
B =100.785(10)

Volume 1816.48 (9)
R-Factor (%) 3.27
Z 2
Radiation Mo-Ka
Theta max 28.280
F(000) 748.0
hk,Lax 14,22,12
Thmin, Trmax 0.679, 0.746
R indices R; = 0.0327
wR, = 0.0785
CCDC number 2244641

belongs to mid acid, and the nitrogen atom belonging to thio-
cyanato is a mid-base, so the interaction is stronger than sulfur.
In addition, nitrogen’s electronegativity is higher than sulfur’s,
so nitrogen tends to have a greater bond energy. Consequently,
the bond will be shorter, as evidenced by the Ni—S bond length,
which is, on average, longer than Ni—N.

The bond lengths and angles of the thiocyanato ligands are
shown in Table 6. The N—C bond is shorter than the C—S bond.
This is due to the difference in bond order between N—C and
C—S. The N—C bond order is higher so that the bond strength is
stronger, as evidenced by the shortness of the bond. In compari-
son, the C—S bond order is less, which results in longer bonds
than N—C and stabilizes the bond. The electronegativity of S,
which is below the N atom, also contributes to the lengthening
of the C—S bond.

The bond lengths and angles of the detu ligands are shown
in Table 7. The average S—C bond is shorter than S—Ni. The
shortening of bonds is due to the difference in bond order of
S—C, which is higher than S—Ni. Thus, leading to shorten
S—C bonds as a consequence of strong bonds. The bond an-
gles of C2—N3/N5—C(ethyl) and C2—N4/N6—C(ethyl) ranged
from 124.8(2) to 127.3(2)°. The bond angle, which is far below
180°, gives the amount of steric hindrance to the N atom of the
detu ligand. It is also supported by the bulky structure of the
ethyl functional group, which provides less space for the metal
to covalently bond.

The steric effect of detu ligand on UMCC-1 gives an in-
teresting effect for alkyl functional groups (Wada et al., 2004).

© 2023 The Authors.

Bond lengths A) Bond Angles ©)
Ni1-S2 2.5000(4)  S2-Nil-S3  84.125(13)
Ni1-S3 25545(4)  S2-Nil-N2  87.16(4)
Nil-N2 2.0113(14) S2-Ni1-S2’ 180.00
S2-Ni1-S3°  95.875(14)
S2-Ni1-N2° 92.84(4)
S3-Nil-N2  87.58(4)
S3-Nil-S2  95.875(14)
S3-Ni1-S3’ 180.00
S3-Nil-N2°  92.42(4)
N2‘-Ni1-S2 92.84(4)
N2-Ni1-S3  92.42(4)
N2-Ni1-N2’ 180.00
S2Ni1-S3°  84.125(13)
S2-Nil-N2°  87.16(4)
S3-Nil-N2°  87.58(4)

Table 6. Bond Length and Bond Angle of Isothiocyanato Ligands

Bond length A) Bond angle ©)
N2-C1 1.1422)  N2-C1-S1  178.86(15)
C1-S1 1.6368(17) Nil-N2-C1  174.41(14)

The nickel and sulfur bond (detu) becomes longer with increas-
ing size of alkyl on N atom. The magnitude of steric repul-
sion tu<metu<detu is proportional to the length of Ni-S bond
tu<metu<detu due to alkyl addition. This was found in the stud-
ies of [Ni(tu)s](NO5), (1.995(6) A), [Ni(detu),]Cl, (2.230(2) A),
and [Ni(metu),(NCS),]n (2.572(13) A) complexes. However, in-
creasing the distance Ni—S(methu) in the [Ni(methu),(NCS),]n
complex because methu acts as the bridge ligand. The steric
effect of the functional group is also responsible for the elonga-
tion of the nickel(IT) with N, which is proportional to the steric
repulsion of the detu ligand.

Each molecule of UMCC-1 is directly connected with the
other six molecules through N—H———S intermolecular bond of
hydrogen-amine group with sulfur-isothiocyanato. The bonds
of the six neighboring molecules are connected through a type
of hydrogen bond with the same two S isothiocyanato and four
amine groups. Other interactions are intramolecular complexes
on each detu ligand through N—H———S detu. The types of
intra- and inter-molecular hydrogen bonds are shown in Ta-
ble 8 and simulated in Figure 6. In the crystal lattice, crystal
packing of UMCC-1 is stabilized by intermolecular N—H———S§
interactions.

3.3 Hirshfeld surface analysis of UMCC-1

Hirshfeld surface analysis quantitatively measures and visualizes
the interactions between molecules in the crystal. The strength
of intermolecular interactions is visualized in the Hirshfeld sur-
face using the d,,m description with Crystal-Explorer software
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Figure 7. Hirshfeld Surface Plotted Over a) dyorm , b) Shape Index, and c¢) Curvedness of UMCC-1

Table 7. Bond Lengths and Bond Angles of Detu Ligand

Bond lengths A) Bond angles ) Bond lengths A) Bond angles )
$2—C2 1723(2) S2—C2—-N3  1202(1)  S3—C5 1.709(2)  S3—C5—-NN  120.7(1)
C2-N5  1325(2) S2-C2-N5 121.2(1)  C5-N6  1334(2) S3—C5-N6  121.0(1)
C2-N3  1327(2) N3—C2—-N5 1185(2)  C5-N4  1321(2) N4—-C5-N6  118.3(1)
N3—-C3  1454(2) C2-N3—C3 125.6(2)  N4—C6  14453) C5-N4—Cé6  127.3(2)
N5—C8 1.453(2) C2—N5—C8 125.2(2) N6—C10 1.463(3) C5—N6—C10 124.8(2)
C3-C4  1506(3) N3—C3—C4 1102(2)  C6—C7  1479(3) N4—C6—C7  110.2(2)
C8—C9  1496(3) N5-C8—C9 111.7(2) C10—C11  1481(5) N6—C10—Cil 112.1(2)

Table 8. Intra- and Inter-Molecular Distance of UMCC-1
D-H--A  D-HA) H--AA) D-H——A(A) ©)
N3-H3N——S3 0.841(18) 2.539(18)  3.351(16)  162.80(17)
N4-H4N——S2 0.860 2.470 3.319(16) 172.00
N5-H5N——S1 0.847(16) 2.639(18)  3.393(17)  149.100(17)
N6-H6N——S1  0.864(19)  2.630(2) 3.407(18)  150.200(17)

(Bhola et al., 2019). The calculation of the normalized contact
distance (dnorm) is based on the contact distance of the nearest
atom that is inside (d;) to outside the surface (d,) on a fixed color
scale of 0.0870 (red) to 1.2944 (blue) au (Baydere et al., 2019).
The red region around the S atom of the isothiocyanato and the
deprotonated amine group indicates the presence of N—H———S§
hydrogen bond interactions in the crystal packing in Figure 7.
The blue region indicates contact interactions with a positive
dnorm value while the white color informs the contact distance
equal to the Van der Waals radius (d,or, = 0) (Feddaoui et al.,
2019).

The molecular shape index map measurements, as shown
in Figure 7(b), produced red and blue regions representing hy-
drogen bond acceptors and donors, respectively (Ashfaq et al.,

© 2023 The Authors.

2021). The red spot near the S atom of isothiocyanato indicates
interaction as a hydrogen bond acceptor. In contrast, a blue spot
near the deprotonated amine group indicates the hydrogen bond
donor. The results of the molecular curvature map show a green
region representing a surface area that tends to be flat, while the
blue region informs the curvature of the crystal (Azouzi et al.,
2017).

The fingerprint plot pattern shows the significant contri-
bution of intermolecular interactions to the Hirshfeld surface
(Psycharis et al.,, 2021). The calculation of the 2D fingerprint
plot is based on each interatomic contact and the overall in-
teraction (Ashfaq et al., 2021). The distribution of H———H
contact points is responsible for UMCC-1 crystal stability in the
molecular fingerprint plot. The H———H interatomic contact
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contributes the most to the Hirshfeld surface at 69.5% (Figure 8b).
The H———S/S———H contact contributes 21.6%, resulting in
two wings on the side of the fingerprint plot on the Hirshfeld sur-
face (Figure 8c). Other interatomic contacts have relatively small
contributions in crystal packing, namely N———H/H———N and
S———H/H——-S5, with percentages of 4.8% and 4.1%, respec-
tively.

The interaction of all the atoms inside the Hirshfeld surface
with the atoms around the Hirshfeld surface is shown in Figure
9. The exploratory results show that all the atoms inside the
Hirshfeld surface interact strongly with the H atoms around the
Hirshfeld surface, with a percentage of 86.80%. Similar interac-
tions occur for ALL—S, ALL—N, and ALL—C with contribution
percentages of 8.80%, 2.40% and 2.00%, respectively. In the inter-

© 2023 The Authors.
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+H-ALL
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action of atoms inside the Hirshfeld surface with atoms around
the Hirshfeld surface, the interaction of H atoms with all atoms
around the Hirshfeld surface has the most significant contri-
bution of 82.7%. Other interactions are ALL—S, ALL—N, and
ALL—C at 12.80%, 2.40% and 2.10%, respectively.

4. CONCLUSION

Tetrakis(N,N’-dietiltiourea)-bis(isothiocyanato)-nickel compound
or [Ni(detu),(NCS),] (denoted as UMCCC-1) has been success-
fully synthesized using reflux method with acetone and methanol
solvents. Single crystals of UMCC-1 in acetone and methanol
solvents are dark green in color with melting point 135-137°C
and conductivity 66.4-84.4 uS. FTIR absorption band analysis of
both crystals is very similar, namely v(C=S) detu 590 cm™! and,
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v(C=N) isotiosianato 2119 cm™!. The refinement results show
that the two dark green crystals are molecular complexes that
have a distorted octahedral geometry with a monoclinic crystal
lattice, space group P21/c1 (no.14), crystal lattice parameters a=
11.112(3) A, b= 17.249(5) A, c= 9.647(3) A, and = 100.785(10).
The complex in acetone solvent has better refinement quality
than methanol referring to the %R=3.27 and %R=4.55 values,
respectively. The crystalline UMCC-1 shows intermolecular
N—H———S(isothiocyanato) hydrogen bonds and intramolecu-
lar N—H———S(detu) hydrogen bonds with Hirshfeld surface
analysis showing a significant contribution of H———H (69.5%).
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