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Application of frontier orbital in developing new collectors of
chalcopyrite
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Abstract: Properties of frontier orbital of xanthogen formates and ethoxycarbonyl thionocarbamates, including HOMO
energy, shape of HOMO and atomic HOMO density, were calculated with quantum chemistry programs GWO03 and
FUJISTU CAChe. According to the results, the relationship between selectivity of such two kinds of collectors and their
quantum chemical indices was investigated to discuss the feasibility of applying them in screening chalcopyrite collectors.
The results show that for collectors of the same kind, their selectivity is in linear relationship with HOMO energy and can
be predicted well. For collectors of different kinds, it can be concluded from shape of HOMO and atomic HOMO density
that the selectivity of ethoxycarbonyl thionocarbamates is better than the one of xanthogen formates. Therefore, the three
indices together can be used to evaluate the selectivity of chalcopyrite collectors.
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Table 1 Names and structures of reagents in experiments

Collector

Structure

Ethyl xanthogen ethyl formate (EXF)

N-ethoxycarbonyl, O-isopropyl thionocarbamate (IPECTC)

Sec-butyl xanthogen ethyl formate (sBSF)

Butyl xanthogen ethyl formate (BXF)

Iso-propyl xanthogen benzyl formate (XBeF)

Benzyl xanthogen ethyl formate (BeXF)

N-ethoxycarbonyl, O-n-butyl thionocarbamate (NBECTC)

Propyl xanthogen ethyl formate (PXF)

N-ethoxycarbonyl, O-amyl thionocarbamate (AECTC)

N-ethoxycarbonyl, O-ethyl thionocarbamate (EECTC)

N-ethoxycarbonyl, O-iso-butyl thionocarbamate (IBECTC)
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Table 2 Flotation results of test 1

Test No. Collector Re ratio(Cu/Fe)
A BXF 1.3
B XBeF 5.9
C PXF 2.4
D sBSF 1.8
E EXF 3.5
F BeXF 8
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Table 2 Flotation results of test 2

Recovery/%
Test No. Collector —————————— Re ratio(Cu/Fe)

Cu Fe

A IBECTC 90.6 81.3 1.114 4

B NBECTC 88.2 49.6 1.778 2

C AECTC 91.1 58.3 1.562 6

D IPECTC 90.8 67.3 1.349 2

E EECTC 83.2 38.2 2.178
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Table 4 HOMO densities of reagents in experiments

Collector Structural formula Atom Density of HOMO
S 0 S(double bonded) 0.864
Il Il S(single bonded) 0.092
BXF CH:—0—C—S—C—0—CH;
C15 0.046
11(aC) 15
Cl1 0.039
1 0.856
CH: 0 S(double bonded)
BSF I Il I S(single bonded) 0.092
S _ T - —
CH;—CH C;H O S‘ S—C—O—CH. C7 0.038
C4 0.036
S(double bonded) 0.863
Il Il S(single bonded 0.094
PXF C;H—0—C—S$—C—0—C.H; (sing )
C4 0.032
4(aC) 8
C8 0.029
: S(double bonded) 0.862
EXF [T S(single bonded) 0.092
C:Hn_O_C_S_C_O_C:Hn C9 0.040
SeC) K cs 0.026
S(double bonded) 0.856
CH; S .
XBeF CH_ | - . C—O— CH— @ S(single bonded) 0.132
i CH O_C cs 0.030
° Cs 0.024
S(double bonded) 0.860
— Il Il S(single bonded) 0.090
BeXF (O —CH,—0—C—S$—C—0—C:H:
— | - 5 o Cl1 0.043
C5 0.034
S(double bonded) 0.873
-l‘T' ﬁ) C8 0.163
AECTC C:H;—O0—C—NH—C—0—C:H: Cc4 0.034
4(a0) 8 N 0.018
O(double bonded) 0.013
. S(double bonded) 0.864
CH; 5 O
[ Il I Cé6 0.160
IPECTC CH:—CH—O—C—NH—C—0—C.H: N 0,009
6
O(double bonded) 0.013
CH:. ﬁ ? S(doublé7bonded) gijg;&
IBECTC - Ly i ’
CH;—CH, —cu O_f —NH—C—O0—C3H; O(double bonded) 0.013
N 0.010
o S(double bonded) 0.877
NBECTC , I I Cl15 0.083
CaHy — O—C—NH—C—0O—C-H: Cl1 0.067
11(aC) 15
N 0.017
S(double bonded) 0.870
ﬁ ? Cc9 0.155
EECTC C.H;—0— C—NH—C—O0—CH; C5 0.018
5(aC) 9 N 0.016
O(double bonded) 0.013
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