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QUANTUM CHEMICAL MODELING
OF ADSORPTION PROCESS AT FLOTATION
ON THE CLUSTER OF SPHALERITE AND WURTZITE

Abstract. A quantum-chemical calculation of the behavior of molecule on the
surface of sphalerite and wurtzite is carried out using the views of Density Functional
Theory (DFT). Energy minima are determined from the geometric coordinates of the mo-
lecule corresponding to the ground and metastable states, clusters of sulfide minerals of
sphalerite and wurtzite are constructed. An orbital analysis of the studying system has
been carried out, and the orbitals have been restructured during the interaction of this
system.

Key words: cluster, sulphide, minerals, sphalerite, wurtzite, Density Functional
Theory molecular modeling.

The models of estimation the interaction of mineral-sulfides system using
guantum-chemical methods have become widespread. The essence of such studies
is that the very difficult problem of interaction with the surface of solid reduces to
the calculation of simple models which reflect the basic properties of the comp-
lex. Well known, the two types of model approaches are most widely used: solid-
body models which take into account the "collective" properties of solid, and
molecular models that take into account only a part of the solid (cluster). At pre-
sent time the latter method have been widely used in the quantum-chemical
investigation processes. It should be noted that the role of molecular modeling in
chemistry is quite large, despite the obvious priority of experimental research in
this field of natural science. The most significant are theoretical results that are
impossible, extremely difficult or too expensive to obtain by experimental means
[1, 2]. Traditionally, modeling tasks include the definition of the structure of
individual molecules, molecular associates or fragments of solids, as well as the
description of the mechanisms of chemical reactions at the molecular level. Such
modeling is most often in recent years carried out using the methods of quantum
chemistry.

The attractiveness of molecular models to estimate the reactivity of minerals-
sulfides with respect to a certain reagent consists in the possibility of taking into
account the structural-geometric and chemical heterogeneity of the surface of
solid. In this case, the establishment of correlation with the experimental data is
great importance for evaluating the correctness of the calculations. The results of
the experimental study are also very important, when choosing the initial model
[1-3].
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For calculations, two fairly simple clusters were taken: Zn,S, for sphalerite
and ZngS; for wurtzite. The results of calculations of bond lengths and a number
of energy characteristics for less complex clusters of sulfide minerals are pre-
sented in table 1, figures 1 and 2 show geometric models of two simple clusters of
sphalerite and wurtzite.

Table 1 — Geometric, electronic characteristics and enthalpy of formation
of sphalerite and wurtzite clusters

Compound, g, units r, AH, lonization W, Enomo, | ELumo,
composing elements | of charge | nm kJ/mol | potential, eV | D eV eV
Sphalerite -1244,36 11,04 0 -11,04 | -3,08
S -0,001
Zn +0,001
Zn-S 0,24
Wourtzite -2112,13 10,36 0,001 | -10,36 | -5,04
S -0,12
Zn +0,12
Zn-S 0,23

Table 1 shows that in the model clusters of sphalerite and wurtzite, the Zn-S
bond length is 0.241 nm and 0.231 nm, respectively. The latter shows that an
increase in the number of atoms in the model cluster leads to a certain reduction
in the length of the Zn-S bond.

In all the models studied, the positive charge is concentrated on the metal
atoms, and the negative charge on the sulfur atoms. The electron density in all
clusters is higher for the more electronegative sulfur atom.

All clusters taken for study are thermodynamically stable, since they are
characterized by negative values of enthalpy of formation. The enthalpy of for-
mation, in addition, is the energy characteristic of bonds in clusters. Proceeding
from this, a comparison of this characteristic for clusters of the same type of zinc
sulfides indicates a large thermodynamic stability of the wurtzite cluster.

Figure 1 — Geometric model Figure 2 — Geometric model
of sphalerite cluster Zn,;S, of the wurtzite cluster ZngSg
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The ionization potentials determined for all the clusters were in the range
about 12.19-10.36 eV (in absolute value). The presence of atoms identical in
electronegativity in clusters of sphalerite and wurtzite leads to approximately the
same ionization potentials. According to this the energies of the higher occupied
molecular orbitals (HOMOQ) for these clusters are approximately equal. The
energies of the lowest unfilled molecular orbital(LUMO) in all clusters differ
more appreciably: the LUMO energy, which is the largest in absolute value, is
characteristic for the wurtzite cluster, and the smallest for the sphalerite cluster.

The considered sphalerite clusters Zn,S; and wurtzite ZnsSg have a suffi-
ciently large difference between the energies of the boundary orbitals, i.e. upper
occupied (HOMO) and lower free (LUMO) molecular orbitals. This indicates that
in the clusters studied the polar covalentbond, and the clusters of iron and lead
sulfides are coordinating unsaturated, which indicates their potential to form
various bonds with flotation agents.

A rather interesting picture is revealed when considering the dipole moments
of the clusters studied. In particular, a comparison of this characteristic for pyrite
and sphalerite clusters containing the same number of atoms in their composition
shows that in the first of them the dipole moment is 0.011 D, while in the second
one it is absent. The dipole cluster of a wurtzite containing the same atoms as the
sphalerite cluster is insignificant and equal to 0.001 D. In general, it can be noted
that the dipole moments of the sphalerite and wurtzite clusters have relatively
small values, which indicates a high symmetry of both models. The sphalerite
cluster is completely symmetrical. Confirmation of these conclusions is the
charge characteristic in all model clusters.

Thus, as a result of approbation of the semiempirical “DFT” method, the
parameters described abovefor the clusters oftwo zinc sulfides are calculated for
the first time.

In the flotation pulp molecules and ions of different nature can exist, and
they can participate in adsorption processes on the surfaces of sulfide minerals.
Therefore, first of all we carried out a quantum chemical study of the sphalerite
and wurtzite model complexes with the neutral molecules of mineral acids, water
and hydrogen peroxide. The model complexes of sphalerite and wurtzite for study
were Zn,Ss-HF, Zn4S4'HC|, Zn4S4-HBr, Zn,S;-H,0, ZnsSs-H,0,, ZnsS4-HNO,,
Zn4S4‘HC|Ogand ZnGSG'HF, Zn5SQ'HC|, ZHQSG'HBF, ZngSe-H,0, ZneSg-H,0,,
ZngSe-HNO,, ZngSg-HCIO respectively.

The results of the calculation represented in tables 2 and 3.

The cluster systems:mineral-neutral molecules. In table 2 represented
models of the adsorption complex of sphalerite cluster with various molecule of
some inorganic substances. Some of the results published in [6].

The binding energy or energy of the adsorption A4,4.F can be defined as

Aachz Eadc - (ET + Z Ea,ij '

where E., Er and E, are the total energies of the adsorption complex of the
sulfide mineral cluster and the adsorbate respectively [4-6].
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Table 2 — Charge characteristics (g, charge units), bond lengths (ra.g, nm),
enthalpy of formation (AH°, kd/mol), total energy (Eq, kd/mol), dipole moment (u, D)
in model systems sphalerite-neutral molecules

Compound g, units charge A, M AH®, kd/mol u, D
Zn4S4-HF -1507,41 1,63
Zn (on all atoms) -0,01 Zn;-Sq 0,241
Ss, Su, Se +0,02 Fo-H1o 0,094
Sy -0,003 Sg-H10 0,409
F -0,17
Zn,S,-HCI -1343,36 2,79
Zn -0,01 Sg-Hg 0,550
S1, S3 +0,03 Hy-Clg 0,134
Ss, S, -0,03 Cly-Zn 0,241
Cl -0,20
Zn,S4-HBr -1272,48 4,15
Zn -0,002 S3-H10 0,170
S;3 +0,01 Brg-Hy 0,156
S4 S7, S +0,03 S;-Zns 0,241
Br -0,30
Zn,S4-H,0 -1468,12 1,92
Zn -0,01 S;-Hg 0,409
S3, S, +0,01 Hgy-O44 0,095
S; -0,003 O40-Hy1 0,095
Sg 0,02 S7-Zng 0,232
Oy -0,36
Zn,S4-H,0, Sg-Zng 0,241 -1414,69 0,15
Zn '0,01 Sg'Hg 0,408
S,, S4, S +0,02 Hy-O44 0,094
Sg -0,003 0410-04;, 0,148
010, O11 -0,21 041-H4, 0,094
Zn;S4-HNO, -1307,00 2,40
Zn -0,01 Sg'Hg 0,757
S1, S S +0,02 Ho-O44 0,285
Ss -0,01 010-N1; 0,138
Ny, +1,36 Nj;-Oy, 0,117
Oy -0,46 Sg-Zng 0,241
Oy, -0,55
Zn,S,-HCIO, -2255,01 1,78
Zn -0,11 Cl;-04, 0,171
S, +0,10 0,1-Hy 0,095
S3,56, S7 +0,12 H14-S¢ 0,596
On -0,32 Se-Zn 0,231
Cly +0,12
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In table 3 represented data about adsorption energies in sphalerite cluster
with molecules of some inorganic acids, water and hydrogen peroxide.

Table 3 — Adsorption energies in sphalerite cluster systems - reagent molecules

Adsorption system AE,q4c, kd/mol
HF -142.13
HCI -156.24
HBr -157.23
H.0 -135.12
H,0, -127.26
HNO, -21.14
HCIO, -367.19

Table 3 shows that the adsorption systems of sphalerite clusters with simple
molecules have negative adsorption energies that are negative in sign and average
in absolute value. By changing the absolute values of the adsorption energy in the
case of molecules of mineral acids, water, and hydrogen peroxide, a series can be
made:

HC|02 > HBr =~ HCI > HF > Hzo > HzOz > HN02

The minima energy of adsorption has HNO, which equal -21.14 kJ/mol and
maxima energy has HCIO, about -367.19 kJ/mol. The calculated adsorption
energy allows a preliminary conclusion about the strength of the interaction of
clusters and allows you to choose substances for flotation

REFERENCES

[1] Soloviev M.E., Soloviev M.M. Computer chemistry. M.: SOLON-Press, 2005.

[2] Tsirelson V.G. Quantum chemistry. Molecules, Molecular systems and solids: study guide
for universities. M.: BINOM. Lab Knowledge, 2010.

[3] Butyrskaya E.VV. Computer Chemistry: Fundamentals of Theory and Work with Gaussian
and Gauss View Programs. M.: SOLON-Press, 2011. (Ser. “Library of students”) Molecular mo-
deling for the design of novel performance chemical s and materials, (ed.) Beena Rai, Publication
Date: March, 2012.

[4] Yekeler M., Yekeler H. Reactivities of some thiol collectors and their interactions with
Ag+ ion by molecular modeling // Appl. Surf. Sci. 2004. Vol. 236.

[5] Yekeler M., Yekeler H. A density functional study on the efficiencies of 2-mercaptoben-
zoxazole and its derivatives as chelating agents in flotation processes, Colloids Surf. A: Physico-
chem. Eng. Aspects. 2006. Vol. 286.

139



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Pe3zrome

P. H. Aosicueynosa, P. A. Omaposa, A. A. Bamvipbaesa,
A. Apvicmanbexos, M. T. Owaxbaes

KBAHTOBO-XUMHNYECKOE MOJIEJIMPOBAHUE ITPOLIECCOB AZICOPBIINN
B CUCTEMAX KJIACTEP COAJIEPUTA 1
BIOPLIUTA-MOJIEKYJIBI ®JIOTOPEATEHTOB

KBaHTOBO-XUMUYECKUM pACUCTHBIM METOJOM HCCICOBAHO TE€OMETPUYECKOE U
JNEKTPOHHOE CTPOCHHE HEKOTOPHIX OKUCIHUTENEH, HanboIee 4acTo MPHCYTCTBYIOIIUX B
peaKkuuoHHOM cpesie (IOTAMOHHOM MyJIbIIbI. Y CTAaHOBIICHA 3aKOHOMEPHOCTh U3MEHEHHS
BEJIMYMH MOTEHIMAIa HOHM3ALUK, HA OCHOBAHUH KOTOPOIA C/IeIaH BBIBOJ O PEAKIUOHHOM
CHOCOOHOCTH UCCIIEJOBAHHBIX MOJIEKYIL.

KaioueBbie cioBa: cynbhumHble MUHEpaNbl, chalepuT, BIOPIHT, MOJEKYJSIPHOE
MOJICITUPOBAHHE.

Pe3iome

P. H. Aocueynosa, P. A. Omaposa, A. A. Bameipbaesa,
A. Apvicmanbexog, M. T. Owaxbaes

COAJIEPUT JXOHE BIOPLIUT KJIACTEPI-OJIOTAPEAI'EHTEPJIIH
MOJIEKYJIAJIAPBI XXYWEJIEPIHAEI'T AACOPBIIMAJIBIK ITPOLIIECTEP/II
KBAHTTBIK-XNMUWAJIBIK MOJEJIBAEY

OnoTauMsIIbIK MyJIbIIaJAarbl PEaKIUsUIBIK OpTajga JKMi Ke3JeceTiH KeHOip TOTBIK-
TBIPFBILITAP/IBIH T€OMETPHSIIBIK KSHE DJIEKTPOH/IBIK KYPhUIBIMIAphl KBAHTTHIK XHUMUSIIBIK
ecenTey 9iciMeH 3epTrenreH. [loTeHran nOHNU3annsHBIH [IaMallapbIHBIH ©3Tepy 3aH/Ibl-
JIBIKTapbl aHBIKTAJIBI, OHBIH HETI3iHJE 3ePTTENreH MOJEKYJIalapIblH PeaKIHsIIbIK Kali-
JETTUTIKTepiHE KOPBITHIH/IBI XKaCaJIbL.

Tyidin ce3nep: cynpdunri MuHEepangap, caaepuT, BIOPIUT, TOTHIKTHIPFHIII, MOJIE-
KyJIaJIbIK MOZCINBALY.
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