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Quantum chemical study of structural properties for copper halide complexes
with protonated acetamides

Abstract. The chemistry of copper complexes, which contain organic ligands, is one of the
important research areas for modern chemical technology and science. Herein, the copper
complexes coordinated with organic ligands are playing an important role in many applications
including crop production, animal husbandry, and pharmacology. At this point, the coordination
of copper halides with acetamides are good research object for fundamental research. The purpose
of the article is to perform quantum chemical calculations, and analysis for the coordination of
copper halides (chloride, bromide) with acetamides using HyperChem software and PM3 method.
The study helps with the rational design of copper halide complexes with acetamides.
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Introduction

The transition metals are chemical elements that are located in the d-block of the periodic table
and have the following general structures in their configurations (n-1)d'"*®ns!2, where n is the periodic
number [1-5]. The transition metals are classified as 3d, 4d, and 5d elements, where copper is a 3d
transition metal. Copper has unique properties including good electric conductivity, high density, high
strength, high boiling, and melting point strength [5-12]. In addition, multiple coordination of organic
ligands with copper metal is forming complexes called “coordination compounds”, where coordination
bonds are present between organic ligands and copper metal [9-15]. The chemistry of copper halide
complexes with the coordination of organic ligands is one of the interesting research areas of scientists.

At the same time, the two-electron donor centers in amide molecules such as carbonyl oxygen,
and amine nitrogen provide them with unique chemical and physical properties and become special
objects of basic chemical research [12-16]. Moreover, several complex compounds of transition metals
coordinated with organic ligands are implemented in organic and inorganic synthesis [14-18]. Herein,
the quantum chemical study of copper halide complexes with coordination of organic ligands are
important to study by various software such as Gaussian16, HyperChem, Materials Studio, Spartan, and
others [15-18]. In addition, the copper halide complexes coordination with the nitrogen and oxygen
atoms of acetamide is very important which determine the physical and chemical properties of obtained
copper halide complexes [18-22]. In this regard, the quantum chemical parameters such as optimized
structures, bond length, bond angles, dihedral angles, molecular electrostatic maps, molecular orbitals
for various copper halide complexes coordinated with organic ligands are highly important to study
and understand their structural properties in this current research work [19-25].

The article is aimed at determining the physicochemical properties of copper halides (chloride,
bromide) coordinated with acetamides via quantum chemical calculations. Consequently, we will
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construct various computational models of copper halides coordinating with acetamide as complexes
for our computational work. At this stage, copper halides will be coordinated with acetamide via two
options such as i) by nitrogen atom of an amine group, and ii) by oxygen of carbonyl group. After that,
the quantum chemical properties including optimized structures, bond length, bond angles, charge
distributions, molecular orbital distributions, and energies will be studied for copper halides (chloride,
bromide) with acetamide structures.

Methods and materials

Calculations were performed using the semi-empirical quantum chemical PM3 method, which is
part of the software package MOPAC 7 and HyperChemPro 8.0. The 2D structures of acetamide,
protonated acetamide, and copper halides with protonated acetamides were illustrated in Figure 1. The
geometry optimizations were performed via HyperchemPro 8.0 software using the PM3 method to
obtain optimized structures, bond length, bond angles, charge distributions, molecular orbital
distributions, and energies of designed systems.
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Figure 1. The 2D structures of A) Copper chloride, B) Copper Bromide, C) Acetamide, D)
Hydrochloric acid, and E) Hydrobromic acid

The chemical structures of copper chloride, copper bromide, acetamide, hydrochloric acid, and
hydrobromic acid were illustrated in Figure 1. Moreover, the designed systems to study the electronic
structural properties of copper halide complexes with acetamide were illustrated in Table 1. As can be
seen from Table 1, pure acetamide was designed for quantum chemical calculation to understand the
structural properties of unprotonated acetamide. Next, acetamide was coordinated with hydrochloric
acid to design protonated acetamide with hydrochloric acid. Thirdly, acetamide was coordinated with
hydrobromic acid to design protonated acetamide with hydrobromic acid. Fourthly, unprotonated
acetamide was coordinated with copper (II) chloride to study the energetic, electronic, and geometrical
properties of copper (II) chloride coordinated with unprotonated acetamide. Fifthly, unprotonated
acetamide was coordinated with copper (II) bromide to study the energetic, electronic, and geometrical
properties of copper (II) bromide coordinated with unprotonated acetamide. After that, protonated
acetamide with hydrochloric acid was coordinated with copper (II) chloride to study the energetic,
electronic, and geometrical properties of copper (II) chloride coordinated with protonated acetamide
with hydrochloric acid. Finally, protonated acetamide with hydrobromic acid was coordinated with
copper (II) bromide to study the energetic, electronic, and geometrical properties of copper (II) bromide
coordinated with protonated acetamide with hydrobromide acid as can be seen in Table 1.
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Table 1
The description of designed systems in our current work
Acetamid | HCl HBr CuCl, CuBr, Purpose
e
1 - - - - Unprotonated Acetamide
1 1 - - - Protonated Acetamide
1 - 1 - - Protonated Acetamide
1 - - 1 - CuCl, with unprotonated acetamide
1 - - - 1 CuBr, with unprotonated acetamide
1 1 - 1 - CuCl, with protonated acetamide
1 - 1 - 1 CuBr, with protonated acetamide

Results. Identification of energetic, electronic, and geometrical parameters of unprotonated and
protonated acetamide. As mentioned above, the structural properties of unprotonated and protonated
acetamide were studied in this section by HyperChem software using the PM3 method. As can be seen
from Figure 2, the optimized structures of unprotonated and protonated acetamide were illustrated.
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Figure 2. The quantum chemical calculation is based on optimized structures for pure acetamide,
protonated acetamide with HCI, and finally protonated acetamide with HBr.
Color keys: nitrogen: blue; gray: hydrogen; violent: carbon; oxygen: red; chloride: black; bromine: yellow.

Moreover, the results of optimization including energies, dipole moments, charges, distances, and
angles were illustrated in Table 2. The quantum chemical parameters for acetamide, HCI coordinated
with N atom of acetamide, HCI coordinated with O atom of acetamide, HBr coordinated with N atom of
acetamide, HBr coordinated with O atom of acetamide were illustrated in Table 2.
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Table 2
Parameters of optimization for unprotonated and protonated acetamide
Parameters | Acetamide | Acetamide+tHCl | Acetamide+HBr | Acetamide+HC | Acetamide+
by N by N lby O HBr by O
-E (total), -17769.1 -25446.40 -26288.3 -25448.1 -26285.00
kcal/mol
wD 3.78 3.78 7.591 5.067 10.79
q(©O) -0.321 -0.321 -0.261 -0.431 -0.260
q(N) -0.014 -0.014 0.366 0.006 0.181
q(©) 0.219 0.219 0.203 0.238 0.193
-0.142 -0.142 -0.166 -0.129 -0.123
r (C=0), nm 1.2164 1.2164 1.2073 1.2369 1.2921
r (C-C), nm 1.5011 1.5011 1.4927 1.5031 1.5008
r (C-N), nm 1.4516 1.4516 1.5152 1.3874 1.3526
r (O-HX, Xis - - - 1.7447 1.0371
Cl or Br), nm
r (N-HX, Xis - 1.7505 1.1172 - -
Cl or Br), nm
Angle, O-C-N 117.4859 117.4859 115.5702 117.2532 122.1379
Angle, O-C-C | 125.5723 125.5723 128.3617 123.7668 117.0125
Angle, O or - 170.1912 163.9789 152.7383 161.5919
N-H-X (X is
Cl or Br)

Identification of energetic, electronic, and geometrical parameters of unprotonated and protonated acetamide
coordinated with copper (II) halides. As mentioned above, the quantum chemical calculation results
including energies, dipole moments, charges, bond length, and bond angles for copper halide
coordination with unprotonated and protonated acetamide were discussed in this part. Herein, the
quantum chemical parameters for copper chloride coordinated with hydrochloric acid by nitrogen and
oxygen atoms, copper bromide coordinated with hydrobromic acid by nitrogen and oxygen atoms are
discussed in detail. The optimized structures for the copper halide (chloride or bromide) coordinated
with pure acetamide, copper chloride coordinated with protonated acetamide with HCl, and finally,
copper bromide coordinated with protonated acetamide with HBr were illustrated in Figure 3.
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The quantum chemical properties for copper halide (chloride or bromide) coordinated with pure
acetamide was illustrated in Table 3. The quantum chemical properties for copper chloride coordinated

with protonated acetamide with HCl, and finally, copper bromide coordinated with protonated
acetamide with HBr were illustrated in Table 4.
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Figure 3. The quantum chemical calculation is based on optimized structures for copper halide (chloride
or bromide) coordinated with pure acetamide, copper chloride coordinated with protonated acetamide

with HCI, and finally, copper bromide coordinated with protonated acetamide with HBr. Color keys:
nitrogen: blue; gray: hydrogen; violent: carbon; oxygen: red; chloride: black; bromine: yellow.

Table 3
Parameters of optimization for copper halide coordination with unprotonated acetamide

Parameters CuCl,+Acetamid | CuCl,+Acetamide | CuBr,+Acetamid | CuBr,+Acetami
eby N by O eby N de by O
-E (total), kcal/mol -59697.8 -59686.6 -61394.3 -61376.2
WD 5.48 5.266 6.668 10.14
q(©O) -0.273 -0.200 -0.270 -0.239
q(N) 0.547 -0.019 0.450 0.120
q(©) 0.165 0.181 0.178 0.203
q (Cu) -0.341 -0.146 -0.161 0.044
r (C=0), nm 1.2108 1.295 1.2099 1.277
r (C-C), nm 1.4954 1.5039 1.4965 1.5045
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r (C-N), nm 1.5246 1.3555 1.5177 1.3674

r (Cu-X (Xis Cl or 2.1408 2.2124 2.4238 2.4427

Br)), nm 2.1704 2.1275 2.4223 2.3980

r (N-Cu), nm 1.9112 - 1.9232 -

r (O-Cu), nm - 1.8946 - 1.9097
Angle, O-C-N 115.5974 122.9816 116.0607 123.4406
Angle, O-C-C 126.5563 116.0873 126.5579 117.3119
Angle, C-N or O-Cu 124.0378 127.9239 125.5949 133.106
Angle, X-Cu-N or O 125.5848 103.5923 136.8242 117.5904
113.9035 125.4748 139.2161 175.1818

Table 4

Parameters of optimization for copper halide coordination with protonated acetamide

Parameters CuCl,+Acetamide+ | CuCl,+Acetamide+ | CuBr,+Acetamide+ | CuBr,+Acetamide
HCl by O HCl by N HClby O +HCl by N
-E (total), -67362.4 -67357.2 -69903.4 -69902.3
kcal/mol
u,D 6.275 4.766 5.541 7.465
q(O) -0.300 -0.169 -0.303 -0.134
qN) 0.692 0.103 0.451 0.426
q(©) -0.024 0.224 -0.159 0.098
q (Cu) -0.389 -0.154 -0.157 -0.127
r (C=0), nm 1.4023 1.2777 1.2175 1.3342
r (C-C), nm 1.5288 1.5026 1.4954 1.5265
r (C-N), nm 1.4764 1.3898 1.5124 1.545
r (Cu-X (Xis Cl 2.16 2.2085 2.4332 2.351
or Br)), nm 2.1403 2.1257 24129 2.3678
r (N-Cu), nm 1.8948 - 1.9248 -
r (O-Cu), nm - 1.9003 - 1.8789
Angle, O-C-N 112.3214 123.1026 116.9329 117.4859
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Angle, O-C-C 110.1739 117.1607 125.3114 125.5723
Angle, C-N or O- 75.9901 127.835 122.4702 151.2548
Cu
Angle, X-Cu-N 144.2997 126.0109 119.6481 141.4844
or O 108.4462 103.2195 137.2847 112.5839
Discussion

The unprotonated and protonated acetamides, and then the copper halides (chloride, and
bromide) coordination with unprotonated and protonated acetamides were studied in this research
work via HyperChem software package using the PM3 method. As a result, coordination of copper
halides with unprotonated and protonated acetamides was leading to important structural change in
comparison with pure unprotonated and protonated acetamides. In this regard, quantum chemical
parameters including energies, dipole moments, charges, bond length, and bond angles were illustrated
in Table 2-3, and Figure 2-3.

Herein, we can obviously note that the highest negative charge belongs to the oxygen atom of the
acetamide compound when coordinated with copper halides. The results imply that the charge of
oxygen is around -0.273 when copper chloride is coordinated with unprotonated acetamide, and then
the charge of oxygen is around -0.300 when copper chloride is coordinated with protonated acetamide.
In addition, the charges of nitrogen, in this case, were reaching the highest value around +0.692 for
coordination of copper chloride with protonated acetamide, and +0.451 for coordination of copper
bromide with protonated acetamide by oxygen atom. It could mean that the proton of acetamide could
connect with the oxygen atom of the carbonyl group of acetamide.

Basically, the quantities of total energy obtained by quantum chemical method. The following
conclusion can be drawn from the comparison, that is, all the total energy of the calculated models and
their qualitative composition depending on the construction and the calculation of the chosen research
method.

Conclusion

To sum up, the quantum chemical calculations were performed for the pure acetamide,
protonated acetamide with HCI, protonated acetamide with HBr, copper halide (chloride or bromide)
coordinated with pure acetamide, copper chloride coordinated with protonated acetamide with HC],
and finally, copper bromide coordinated with protonated acetamide with HBr. The quantum chemical
parameters such as energies, dipole moments, charges, bond length, and bond angles were illustrated
and discussed in detail.

As a result, we can conclude that the highest charge of oxygen and nitrogen atoms was obtained
when copper halides are coordinated by oxygen atoms of protonated acetamide compound. Moreover,
we can see that this could mean a proton could connect with the oxygen atom of acetamide.

These quantum chemical calculations results are very important in the future to the rational
design of the complexes of copper halides which are coordinated with organic ligands such as
unprotonated and protonated acetamides. Copper halide complexes have a wide range of applications
including crop production, animal husbandry, and pharmacology.
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H. ©mipsaxk, P.C. Epkacos
A.H. I'ymunres amoindazor Eypasus yammuix ynusepcumemi, Hyp-Cyaman, Kasaxcman

IIpoTroHaaaraH arreTaMmuATepi Oap MBIC Ta10TeHAiK KelleHAePiHiH KYPbLABIMABIK,
KacHeTTepiH KBAaHTTBIK XMMUAABIK JKOAMEH 3epTTey

Angarna. KypaMbiHaa OpraHMKaAblK, AMTaHATapbl Oap MBIC KellleHAepiHiH XMMMACH Kasipri
3aMaHFbl XMMUAABIK TEXHOAOIMS MeH FBIABIM VIIiH MaHBI3AbI 3epTTey OarbITTapbIHBIH Oipi OOABII
TaOblaaapl. bBya >kepge oOpraHmMkaablK AWTaHATapMeH YIAecTipiareH MBIC KellleHJAepi eciMAik
IIapyalblABIFBIHAA, MaA IapyalllbLABIFbIHAA, (apMakoAOorusla >KoHe KeIllTereH KOChIMINIadapaa
MaHbBI3ABl poa arkapaabl. Ocbl Ke3dge MBIC TadOT@HUATEpiH alleTaMMUATEpMeH YiiaecTipy ipreai
3epTTeyaep YIIiH >KakKChl 3epTTey oObeKkTidepi 0oabll TaOblaaAbl. AFBIMAAFBI JKYMBICTBIH MaKcaTbl —
HyperChem Oaraapaamaablk KypaabH >koHe PM3 ogiciH KoadaHa OTBIPBIN, KBAHTTBIK XUMMSABIK
eceriteylep MeH MBIC TaJOTeHUATepiH (xaopua, OpoMma) alleTaMuATepMeH YILAecTipy YINiH Taajay
>kacay. Makaza alleTaMIATepMeH MEIC Ta/0TeHAl KellleHAePiH YTHIMABI )KoDalayFa KOMeKTece .

TyitiH ce3aep: MBIC TaaoTeHMAl, alleTaMI, KBaHTTBIK-XUMIIABIK ecenreyaep, PM3 aaici,
HyperChem.
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H. OMupsaxk, P.C. Epkacos
Espasuiickuiti nayuonaronvui ynusepcumem um. A.H. I'ymuresa, Hyp-Cyaman, Kasaxcman

KBaHTOBO-XMMITYECKOE nccaeaosanyie CTpyKTYpHBIX CBOVICTB KOMIIA€KCOB raa0reHmnaoB
Meau C IIPOTOHMPOBAHHBIMMY alleTaMNnJaMI

AnaHOTarms1. XM KOMILIEKCOB MeAl, COAep KallllIX OpraHiYecKie ANTaHABI, SBASIeTCSI OAHUM
13 Ba>KHBIX HaIlpaBA€HUI COBPEMEeHHOV XMMMYeCKOV TeXHOAOTMM M HayKM. 34ech KOMILAeKCHI MeAw,
CKOOPAVHMPOBaHHbBIE C OPTaHNYECKMMU AUTaHAaMM, UTPalOT Ba’kKHYIO pOAb BO MHOTUX IPUAOXKEHIIX,
BKAIOYasl PacTeHNEBOJCTBO, JKMBOTHOBOACTBO U (papmakoaoruio. Ha AaHHBII MOMEHT KOOpAVIHALIVS
raloTeHIAO0B MeAM C alleTaMiJaMM  sBASETCS XOPOIIMM OOBEeKTOM Aas  (dyHAaMeHTaAbHbIX
nuccaegosanuii. 1leaplo AaHHON CTaTbU SIBASIOTCS BBIIIOAHEHNE KBAHTOBO-XMMMYECKIX pPacieToB I
aHaAM3 KOOpAMHALIMU TaAOTeHNAOB Meau (xaopmd, Opomma) ¢ aneramMmMjaMM C JCIIOAb30BaHVEM
nporpammHoro odecriedennst HyperChem u meroga PM3. Hacrosmas pabora moMoskeT pariioHaAbHO
CKOHCTPYMpPOBaTh KOMILAEKChI TaA0TeHIA0B MeAl C alleTaMIAaMMu.

KaroueBbie caoBa: raa0reHUABl MeAu; alleTaMIAbL; KBaHTOBO-XuMIJeckne pacyetsl; PM3 MeTtoa;
HyperChem.
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