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SYNTHESIS, STRUCTURE AND HIRSHFELD SURFACE ANALYSIS
OF THE COMPLEX COMPOUND BASED ON Cd(Il) SALT AND O-PHENYLENEDIAMINE

In this paper studying the synthesis, crystal structure and Hirschfeld surface analysis of a new complex
compound containing [Cd(OPD)sS04]-H,O obtained based on o-phenylenediamine (OPD) are given. The
molecular and crystal structure of this complex compound was determined using the RTT method. In the inner
sphere of the complex, two molecules of OPD in the chelate state and one molecule of OPD in the
monodentate state are attached to the central atom. The complex compound forms a distorted octahedral
shape in space. [Cd(OPD)3S04]-H,0 complex compound syngonia is monoclinic, space group P21/c and crystal
parameters are g = 22.5631(5)A, b=8.1292(2) A, ¢ =11.6094(4) A. In the crystal structure of the complex,
5 Cd-N (2.350(5) A - 2.448(5) A) and 1 Cd-0 (2.355(5) A) bonds form an inner sphere. The crystal structure of
the molecule is formed by intra- and intermolecular hydrogen bonds of the type N---H...O and O---C...0O. In the
Hirschfeld surface analysis of [Cd(OPD)3S04]-H,0 complex compound, the main interactions are H...H (54.4%),
0...H/H...0 (26.7%) and H...C/C...H (16.7%) organizes.

Keywords: o-phenylenediamine, complex compound, hydrogen bond, Hirshfeld surface analysis, crystal
parameter.
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Cd(l1) Ty3bl MeH o-beHUNeHANAMWNH Heri3iHAET KypAeni KOCblbICTapAblH, 6eTiH
Mpwdenbg, 60MbIHLIA CUHTE3I, KYPbIIbIMbI K3HE Tanaaybl

Byn ycbiHbINFaH XKymMbicTa o-beHnneHanammuHeH (OPD) anbiHFaH [Cd(OPD)sSO4] H,O 6ap *KaHa Kypaeni
KOCBI/IbIC CMHTE3I, KPUCTaNAbIK KYPbLIbIMbI aHe Xupwdenba 6eTTiK TanaayblHbliH HaTUKenepi bepinreH. byn
KYPAEN KOCbINIbICTbIH, MONEKYIANbIK aHe KPUCTaNAbIK Kypblabimbl RTT a4ici apKplibl aHbIKTanabl. KelweHHiH,
iWKi chepacbiHAa OpTanblK aTOMFa xenat KymiHaeri eki OPD mosieKynachl }kaHe MOHOAEHTTIK KyMaeri 6ip OPD
Mmonekrynacbl OekiTinreH. KelweHai KOCbIIbIC KeHICTiKTe OypmanaHfaH OKTasAp ik niwiHA4i  Kypanabl.
[Cd(OPD)3504] H20 KOMMAEGKCTI KOCINBIC SKYMECi MOHOKNMHUKANbIK, KEHICTIKTIK Tobbl P21/c, an KpucTanapix,
napametpnepi a=22,5631(5)A, b=8,1292(2) A wore c=11,6094(4) A 6Gonbin Tabbinagpl. KeleHHiH,
KPUCTanapIK KypbiabiMbiHaa 5 Cd—N Gaitnarbicsl 5 Cd =N (2,350(5) A - 2,448(5) A) skeHe 1 Cd — 0 (2,355(5) A)
HalinaHbIChl iWKi chepaHbl Kypanabl. MoiekynaHblH, KpucTanabik Kypblibimbl N---H...O xaHe O---C...O TunTi
iWKi KoHEe MoJIeKyfaapanblk CyTekTik 6alnaHbicTap apKbiabl Tysineadi. [Cd(OPD)sSO4) H,O  kypaeni
KOCbINbICTbIH, 6eTTiK Xnpldensa TangaybiHaa Herisri e3apa apekeTtrecynep H...H (54,4%), O...H/H...O (26,7%)
*oHe H.. .C/C...H (16,7%) 6onbin Tabblnagpl.

TyliH cespep: o-GeHuNeHAMaMMH, KOMMAEKCTI KOCbIbIC, CyTeKTiK Oainanbic, Xupwdenbs OeTiHiH
aHanM3i, KPUCTaNabIK NapameTp.
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Synthesis, structure and Hirshfeld surface analysis of the complex compound on Cd(ll)...
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CWHTe3, CTPYKTYpa 1 aHa/IM3 MOBEPXHOCTM No Xuplwidensay
KOMNNEKCHOro coeanHeHua Ha ocHose conu Cd(ll) n o-beHnneHanammHa

B paHHOW paboTe npwuBedeHbl pe3y/abTaTbl CUMHTE3a, KPWUCTAN/IMYECKOW CTPYKTYpbl M aHaausa
MOBEPXHOCTU MO Xupludenbay HOBOIO KOMMEKCHOro coeamHeHusn, codepskalero [Cd(OPD)sSO4] H,0,
NOJIY4EHHOrO Ha ocHoBe o-peHuneHanamuHa (OPD). MosekyasipHaa U KpUCTanimMyeckan CTPYKTypa 3TOro
KOMM/IEKCHOro coeauHeHust Gblia onpeaeseHa ¢ UCNonb3oBaHMemM meToga RTT. Bo BHyTpeHHen cdepe
KOMM/eKca K LeHTPasbHOMYy aToMy MnpucoeauHeHbl ABe Monekynbl OPD B XenaTHOM COCTOAHMM U OAHa
monekyna OPD B MOHOAEHTaTHOM COCTOAHWMW. KomniekcHoe coeAMHeHue obpasyeT B MPOCTPaHCTBe
NCKaXeHHY0 oKTasapuyeckyto dopmy. CUHTOHUSA KomnaekcHoro coeamHenusa [Cd(OPD)sS0O4] H20 senaetca
MOHOK/IMHHOM, NPOCTPAaHCTBEHHaA rpynna P21/c v napameTpbl KpUCTasna cocTasasioT a = 22,5631(5) A,
b=8,1292(2) A n c=11,6094(4) A. B KpucTannnyeckoin cTpykType Komnnekca csaseit 5 Cd -N (2,350(5)
A -2,448(5) A) n cBasb 1Cd—0 (2,355(5) A) obpasytoT BHyTpeHHIOW chepy. KpucTannmueckaa CTpyKTypa
MOJIEKYbl 06pa3oBaHa BHYTPU- U MEKMONEKYNAPHbIMM BOAOPOAHbIMK cBA3AMM Tuna N---H...O n O---C...O.
Mpn NoBepxHOCTHOM Xuplidenba aHanmse KomnaekcHoro coeamHeHusa [Cd(OPD)sSO4] H,O ocHOBHbIMMK

B3aumogenctamamm asnaotca H...H (54,4%), O...H/H...0 (26,7%) n H...C/C...H (16,7%).
KnioueBble cnosa: o-peHnneHanaMmH, KOMNAEKCHOe CoeMHeHne, BOAOPOAHAaA CBA3b, NOBEPXHOCTHbIN

aHaAu3 Xmplidenbaa, napameTp Kpucraana.

Introduction

The OPD molecule is important in the chemistry
of organic and complex compounds due to its easy
oxidation and reduction properties [1]. Complex
compounds obtained on the basis of O-
phenylenediamine are used in medicine to obtain
drugs against cancer cells and against malaria [2,3].
In addition, OPD is used as sorbents in industrial
wastewater treatment [4]. It is known that OPD and
its complex compounds have been used as fungicides
and herbicides in agriculture for many years [5,6]. It
has been proven that the amino group in OPD
participates in an active oxidation-reduction reaction
due to easy protonation or deprotonation [7]. Also,
due to the adjacent arrangement of amino groups in
OPD, it increases the possibility of forming chelate
complexes with its metal atoms [8]. Jan-Teller effect
is observed in the [Cu(SO.)(CsHsN2)2]H2.0 complex
formed by OPD with Cu(ll) ion. When studying
single crystals of this complex compound by RTT
method, it was found that the length of N—H bonds
is 0.92 A, Cul—N2 2.014 A, Cul—N4 2.020 A,
Cul—N12.022 A, Cul—N3 2.023 A, and Cul—O1
2.2433 A [9]. A conformation phenomenon is
observed in some complex compounds of OPD. For
example, the complex compound [Ni(opda)2(NCS)-]
forms yellow and purple complexes. Both
monocrystals have spatial group P21l/c and the
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presence of N-H---S hydrogen bonds in the crystal
structure. Yellow single crystals are heated in the
temperature range of 110-120°C and quickly turn into
purple crystals [10]. Thermal and solution stability of
[Ni(CaHgNz)z(HzO)z](C1oHeOaSz) Complex for-med
by OPD of Ni(ll) ion was proved. In the structure of
this complex, 2 OPD and 2 water molecules are
located in the inner sphere. The disodium salt of
naphthalene 1,5-disulfoacid is located in the outer
sphere [11]. Chelate complexes are more stable than
monodentate complexes [12].

[Cd(CsHsN2)4](C10Hs0sS2) complex obtained
on the basis of Cd(ll) ion and OPD also forms a
chelate complex. The central atom is surrounded by 4
OPD molecules. 2 OPD molecules are connected to
the central atom in bidentate and 2 OPD molecules in
monodentate state [13].

The aim of study the crystal structure of
substances by X-ray diffraction is to determine the
position of its atoms in space [14,15]. If the exact
position of the atoms in the substance is determined,
it will be possible to determine the distance between
atoms, bond angles, bond energies and other
parameters. X-rays are generated through an X-ray
tube [16]. The free electrons coming from the heated
cathode in the X-ray tube have a high potential
between the cathode and the anode and fall to the Cu
or Mo electrode anode. In this process, X-rays are
generated with high voltage. The anode is always
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cooled by a cooling device. Generated X-rays are
processed automatically [17,18].

We used an automatic Xcalibur® Oxford
Diffraction  diffractometer  (graphite  mono-
chromator, Cu-Ka-radiation 1=1.54184 A) to
determine the structure and composition of the single
crystal obtained in this research work.

Experimental part

This complex compound, [Cd(OPD);SO4]-H:20,
was synthesized by reacting o-phenylenediamine
with cadmium sulfate crystalline hydrate in a 1:3
molar ratio (M:L) (Fig.1).

First, 0.176 g (0.5 mmol) of cadmium sulfate
crystalline hydrate salt (CdSO,4-8H;0) was taken and
a 0.1 M aqueous solution was prepared. 0.054 g (0.5
mmol) of OPD ligand was taken and its solution in
0.1 M ethanol (96%) was prepared. The reaction
mixture was first stirred at room temperature and then
at 60<C on a magnetic stirrer for 80 minutes. At the
end of the process, the reaction mixture was brought

NH,
CdSO, - 8H,0 + 3@ ——
NH,

4000 31500 1000 2300 2000

to room temperature and left for 10 days in a
thermostat with constant temperature (28+1°C).
Dark-yellow single crystals obtained by slow
evaporation method were obtained with 80% yield
and the crystal structure was studied using the RTT
method (Fig.2). The elemental analysis of the
obtained [Cd(OPD)3S0O4]-H20 complex is as
follows: determined (%) Cd 20.36, C 39.27, H 4.72,
N 15.27, O 14.56, S 5.82; found (%) Cd 20.34, C
39.19,H 4.71, N 15.21, O 14.45, S 5.79.

Asymmetric and symmetric valence vibrations
of NHzgroups in o-phenylenediamine are in the
doublet state at 3385 cm™, 3361 cm™, 3282 cm™ and
3180 cm?, and the deformation vibrations of this
group are at 1631 cm™ and 1591 cm™* observed. The
frequencies of valence vibration of the C-N bond are
observed in the region of 1273 cm™. In the 3063-3057
cm* region of the spectrum, there are bands caused
by the valence vibrations of the C-H bonds of the
aromatic ring. We can observe the valence vibration
of the aromatic ring along the plane of the ring in the
range of 1776-1919 cm™ (Fig.3).

Figure 2 — IR spectrum of OPD
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Figure 3 — IR spectrum of [Cd(OPD)3S0O4]-H.0O complex compound

In the analysis of the IR spectrum depicted in the
picture above, we can conclude that there are OH
groups located in the outer sphere of the molecule in
the high-frequency 3392 cm short region of the
spectrum. In the part of the spectrum in the doublet
area of 1456 cm? and 1506 cm?, we see the
deformation vibration of the NH;, group. Aromatic
rings vibrate due to overtone frequencies in the
absorption regions of 1653 cm™ and 1683 cm™ along
the ring plane. We can see the valence vibration of S-
O groups between the absorption areas of 1363 cm*
and 1417 cm™,

Crystal structure

In  the crystal structure  of  the
[Cd(OPD)3S0O4]-H20 complex compound (Fig.4),
there are three OPD molecules a sulfate anion in the

inner sphere, and one water molecule in the outer
sphere. Two of the OPD molecules are in the chelate
state and one is in the monodentate state attached to
the central atom. The coordination number of the
central atom is 6. Nitrogen atoms are connected to the
central atom with the help of donor-acceptor bonds,
and the oxygen atom forms a covalent bond. In the
supramolecular structure of the molecule, the distance
between atoms attached to the central atom is Cd—O1
2.355(5) A, Cd1-N1 2.373(5) A, Cd1-N2 2.403(6)
A, Cd1-N3 2.448(5) A, Cdl— Ny is 2.375(5) A,
Cd1-N5 is 2.350(5) A. Also, O1-Cdl1-N1
98.96(15)°, O1-Cd1-N2 166.88(16)°, O1—-Cd1—N3
103.79(17)°, O1-Cd1-Ns 77.97(17)° form in the
molecule. In the crystal structure of the molecule,
there are internal and intermolecular hydrogen bonds
of the type N---H...O and O---C...O (Tab. 2).

Table 1 — Crystal parameters of the [Cd(OPD);S0.]-H2O complex

Parameters Values Parameters Values
[Cd(OPD)3S0s4]-H,0O
Formula [Cd(OPD)sS0O4]-H20  Crystal Size, mm 0.00 x 0.00 x 0.00
Molecular Weight 551.46 Temperature T, °K 293
Syngonia monoclinic Theta Min-Max [Deg] 0,° 4.0, 76.1
Space group P21/c Dataset h,k,| -27: 24 ;-10: 8;-13: 14
a, 22.5631(5) Total reflexes 8493
b, A 8.1292(2) The number of independent 4265
c, 11.6094(4) Rint 0.063
o’ 90 F2>20(F?) 3349
B 99.340(3) No. of reflections 4265
' 90 No. of parameters 284
V, A® 2101.17(10) R1, wR2(1>20(1)) 0.0538, 0.1395, 1.03
Z 9 Apmin/maxeA_3 -1.67,1.84
Dyg/sm? 1.742
u(CuK,), mm? 9.645
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a)

b)
Figure 4 — (a) Molecular structure of the complex [Cd(OPD);SO4]-H-0 and (b) Plotting of the complex
compound [Cd(OPD)sS04]-H20 along the c axis (blue lines depict hydrogen bonds)

Table 2 — Geometry of hydrogen bonds of complex compound [Cd(OPD)3;SO4]-H.O

D-H-A D-H A H+AA D44 DHA, burchak
N1---H1A...O3 0.8900 2.1200 2.986(8) 164.00
N2---H2A...02 0.8900 2.3100 3.085(8) 145.00
N2---H2B...O1 0.8900 2.2200 3.024(6) 150.00
N4---H4B...05 0.8900 2.0600 2.947(9) 174.00
N5---H5A...02 0.8900 2.0800 2.915(8) 156.00
N5---H5B...02 0.8900 2.5700 3.345(8) 146.00
N5---H5B...03 0.8900 2.3100 3.137(7) 154.00
05---H5C...03 0.8500 1.8800 2.713(9) 167.00
0O5---H5D...02 0.8500 2.2900 3.118(9) 165.00
05---H5D...04 0.8500 2.4900 3.139(10) 134.00
N6---H6A...0O1 0.8700 2.3200 3.019(6) 137.00

Symmetry codes: X,3/2-y,-1/2+z # X,1/2-y,-1/2+z # 1-X,1-y,2-z # X,3/2-y,112+z # x,1/2-y,1/2+7 # X,1+y,z
# 1-X,-1/2+y,5/2-z # -X,1/2+y,3/2-7 # 1-X,1/2+Yy,5/2-7 # -X,-1/2+Yy,3/2-7 # X,-1+Y,Z

180°
<2

NI—HIA...O03

N

| N2--H2B...O1

05—-HSD...04

Figure 5 — 3D Hirshfeld surface of the complex compound [Cd(OPD)3;S0.]-H20 by dnorm

Hirschfeld surface analysis allows visualization
of weak interactions within a molecule. It also
represents the share of the particles in the molecule in
the total structure of the molecule through electron
densities [19,20]. Hirschfeld surface analysis of this
complex compound was performed using Crystal
Explorer 21.5 software. The red spots on the

Hirschfeld surface represent interactions close to the
surface of the molecule. Also, these spots represent
hydrogen bonds in the crystal structure of the
molecule. In the complex compound
[Cd(OPD);S0.]-H,O, there are N1---H1A..0O3
hydrogen bonds between the third oxygen atom
located in the inner sphere and the NH2- group of the
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molecule. Also, between the water molecule located
in the outer sphere of the complex and the inner
sphere of the molecule, there are intermolecular
hydrogen bonds of the type O5---H5D...O4. In the
inner sphere of the complex compound, there are
internal hydrogen bonds of the N2---H2B...01 type
between the sulfate anion and the NH2 group. On the
Hirshfeld surface of the complex compound, the
standard sizes of red and blue spots according to
dnorm are -0.6676 and 1.2204, respectively. On the
Hirschfeld surface, the van der Waals radii of the red
colour molecule indicate close interactions. The blue
spots show interactions far from van der Waals radii
[16]. In this complex compound, hydrogen bonds

H.H S34%

WU TU T TR

form the main part of the red spots located on the
surface of Hirshfeld. The Hirshfeld surface area of the
complex is S=414.80 A2 and the volume V= 517.63
A3 (Fig.5). Also, the interaction of internal particles
in the structure of the molecule was determined using
the two-dimensional functions di and the interactions
on the crystal surface. The main interactions in the
molecule are H...H (54.4%), O...H/H...O (26.7%) and
H...C/C...H (16.7%). These interactions create spikes
with tip and side growth in the two-dimensional
fingerprint image (Fig. 6). Usually, the percentage of
hydrogen bonds is higher on the sides of the
fingerprint image [21, 22].

" O H/H..0 26.7% =

Y ITIT IR T D e au e s mra e s

H.CC_HI67%

TR U TUTS TR TR I 2T AR

0.0CC..007%

I IT I EUETU TZ TV TE TR

Figure 6 — 2D fingerprint diagram of the [Cd(OPD)3SO4]-H,O complex

Conclusion

In short, for the first time, a complex
compound with the composition
[Cd(OPD)3S04]-H,0 was synthesized based on OPD
and its single crystals were obtained. The molecular
and crystal structure of the obtained single crystals
was studied using the RTT method. The bond angles,
the distance between bonds, spatial shape and other
crystal parameters of this complex compound were
determined. Hirshfeld surface analysis of the obtained
complex compound was performed in the Crystal
Explorer 21.5 program. In the crystal structure of the
complex, hydrogen bonds are represented by red
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spots in the Hirshfeld surface analysis. The
interaction of the particles in the molecule and the van
der Waals radii were determined. Also, in the IR-
spectrum analysis of the formed complex compound,
the deformation vibration of the OH group in the 3392
cm?® region and the doublet state deformation
vibration of the NH; group in the lower frequency
1456 cm™ and 1506 cm-1 regions of the spectrum is
observed.
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