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Fig.1 Molecular structure of oleic acid
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Table 1 Properties of oleic acid in different functionals and basis sets under the geometric optimization

/A e

B2 R C,-C, C,-0, c,-0, o,-cﬁ?-oz fe/Ha
DNP 3.5 LDA PWC 1.485 1.259 1.256 115.924 -848.80
DNP 3.5 LDA VWN 1.485 1.259 1.256 115.924 -848.84
DNP 3.5 GGA PW91 1.504 1.268 1.267 116.049 -856.15
DNP 3.5 GGA BP 1.508 1.270 1.270 116.071 -856.39
DNP 3.5 GGA BPE 1.506 1.269 1.269 115.976 -855.37
DNP 3.5 GGA BLYP 1.516 1.274 1.274 116.223 -856.09
DNP 3.5 GGA BOP 1.520 1.275 1275 116.148 -856.06
DNP+ 3.5 LDA PWC 1.484 1.259 1.255 115.841 -848.85
DNP+ 3.5 LDA VWN 1.484 1.259 1.255 115.851 -848.89
DNP+ 3.5 GGA PW91 1.505 1.268 1.267 115.914 -856.20
DNP+3.5 GGA BP 1.508 1.270 1.269 115.773 -856.34
DNP+ 3.5 GGA PBE 1.506 1.270 1.269 115.811 -855.42
DNP+ 3.5 GGA BLYP 1.515 1.274 1.273 116.191 -856.14
DNP+ 3.5 GGA BOP 1.520 1.275 1.275 116.047 -856.10
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Fig.2 Density of electronic states of polar groups of oleic acid
molecule (a) and oleic acid radical ion (b)
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Table 2 Common fatty acid collectors and the number of

double bonds
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Fig.3 Density of states of single bond oxygen atom (a) and
double bond oxygen atom (b) in unsaturated fatty acids with
different carbon chain lengths
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Fig.4 Density of states of single bond oxygen atom (a) and
double bond oxygen atom (b) in saturated fatty acids with
different carbon chain lengths

15 T3 AR A A AR T 7 T R A B AR O AR
TR, MERERE KNG, 7
WKBER L (-1.5~0.5eV) , BREKEJLTA
5 g 7 W v R B AR R R O AR R T I A
o BRI, 3 s i K 5 o Mg s T Al WA 12 e 1)

S I ARl R AE T S AR R Bk
HHEARIEIME] 4 DRI T e, BRI T g 2k
APRFFANAL S T g 017 T 41 W79 ) o T 1 0 — i
£ 8~ 18 2 (8], PR fe B A R 0T I 017 B F  FEL S
JSLTE AN 7 S B PR R 2 . R A
ORI, BEA AR T W B R AR 0, O AT Ca 2
# L LR TR (B AR AR AR fE-4~22
eV BEH XU, FEIEEEmEEIE, p PUESE L
PRy e 2% 7 A1 2290 2% o

1930 4, 3£ [H % # Taggart $2 ti 1k 7 = N A%
Y, AR S R D AR T A S R R E ) (R
WAT N, ARG e R T RS T
FERRN, VR RTRE T as, AL mT LR B 7= 40
BRI RN R AR Rk e Y. BRIk,
Tt DR FRRBE R R R 5 Ca® fAH L
ERTEOL, oAl TIEFIR. 2R AHR.
WEERR . FRHEIR KA NG IR 5 Ca YA AR
e, SRR 3.

®3 IAFMBEMERS CoEMBESHRBKERNXR

Table 3 Relationship between interaction energy of saturated
fatty acids with Ca>" and carbon chain lengths

R AEHHa E%ﬁgﬁw Kwﬁfﬁﬂm
IEE -464.41 -621.82 2.7x107
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Table 4 Relationship be%v&fen interaction energy and
solubility product of oleic acid with common metal cations

Mg* -856.388  -200.042 -419.751 13.8
Ba’ -856.388  -7886.803 -496.144 14.9
Ca™* -856.388  -677.519 -634.191 154
Zn* -856.388  -1779.366 -893.495 18.4
Cu* -856.388  -1640.487 -959.389 194
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Fig.5 Effects of different hydrocarbon unsaturation on the
density of states of single bond oxygen atom (a) and double
bond oxygen atom (b) in fatty acids
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Table 5 Physical property of different unsaturated fatty acids
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Density Functional Theory of Molecular Structure and Properties of Fatty
Acid Collectors

LI Xianbo'?, ZHANG Qin*’, KE Baolin'?, MAO Song'*

(1.Mining College, Guizhou University, Guiyang 550025, Guizhou, China; 2.National & Local Joint
Laboratory of Engineering for Effective Utilization of Regional Mineral Resources from Karst Areas,
Guizhou Key Lab of Comprehensive Utilization of Non-metallic Mineral Resources, Guiyang 550025,

Guizhou, China; 3.Guizhou Academy of Sciences, Guiyang 550001, Guizhou, China)

Abstract: This is an article in the field of mineral processing engineering. Fatty acid collectors are widely
used in the flotation of oxidized ores, and the molecular structure is an important factor affecting the flotation
performance. To reveal the effect of the structural change of fatty acid collector on its reaction activity from
the microscopic point of view, the relationship between electronic structure and properties of fatty acid
collectors was studied by the density functional theory. The research results show that the oxygen atom in
oleic acid molecule and oleate ion has strong reaction activity, which is the bonding atom of oleic acid
interaction with oxidized minerals. The two oxygen atoms of oleate ion have similar chemical activity, and
the density of states at Fermi level is higher than that of oleic acid molecule, which makes the activity of
oleate ion much stronger than that of oleic acid molecule. The length of the carbon chain and the
unsaturation of the alkyl have almost no effect on the density of states of the oxygen atoms in fatty acids,
their effect on the properties of fatty acids is not through the action of carboxyl groups. The interaction
energy between fatty acids and common metal cations is consistent with the decrease of their solubility
product constants, and there is a good corresponding relationship between them. The research has certain
theoretical significance and reference value for understanding the relationship between the structure and
performance of fatty acid collectors and developing new fatty acid collectors.

Keywords: Mineral processing engineering; Fatty acid collector; Density of states; Molecular structure;
Density functional theory; Reactive activity
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