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Fig. 1 Ionic structure of ethyl xanthate
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Table 1 Structures of ethyl xanthate in different functionals and
basis sets after the geometric optimization

R /A (1A=0.1nm) £

e e R(C-0) R(C-S1) R(C=S2) (£S1-C=82)/(°)
LDAVWN 1380 1672  1.687 126.7
LDAPWC 1382 1673  1.687 126.7
GGAPWOl 1385 1725  1.705 125.2

DNP3.S GGAPBE 1380 1726  1.703 126.4
GGABLYP 1377 1727 1722 126.8
GGARPBE 1383 1725 1713 125.7

B3LYP 138 1724 1710 1273
LDAVWN 1378 1671  1.686 126.6
LDAPWC 1378 1669 1686 126.6
GGAPWOl 1381 1667  1.703 126.6

DND3.5 GGAPBE 1383 1723  1.702 1262
GGABLYP 1377 1725 1721 127.2
GGARPBE 1385 1724 1713 1255

B3LYP 1322 1727 1710 127.3
LDAVWN 1321 1666  1.680 125.9
LDAPWC 1321  1.668  1.681 125.9
GGAPWOl 1377 1668  1.697 125.9

DNP+
GGAPBE 1377 1670  1.704 125.9
GGABLYP 1378 1724 1714 126.2
GGARPBE 1381 1725  1.705 125.1

SLE{H 1.350 1.700 1.670 124.0
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Table 2 Ionic structure of xanthate collectors
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Table 3 Bond length and bond angle of functional group of the
collectors

KA A
B 7K 3 2R
R(C-0) R(C-S1) R(C=S2) (£S1-C-=82)/(°)
-CH, WH¥Z 139 1.717 1.713 127.0
-CH, <&H#EZ 1377 1.727 1.722 126.8
WEEZ 1393 1.719 1.716 126.1
-CH o
TORWEES 1402 1718 1710 125.4
THEZ 1395 1.727 1.710 125.8
7C4H9 = . e
RTEHZY 1395 1.723 1.712 126.1
MAEEEZ 1390 1.720 1.718 126.5
7C5H|1 N
S ED 1394 1.718 1.715 126.4
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Table 4 The distance between the S atom and the hydrogen in
the carbon chain of different xanthate ions

B /A
B 7K 3 2 B
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Table 5 Collector with pyrite frontier orbital energy
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Fig. 2 Frontier orbital configuration of collectors
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Table 6 Frontier orbital coefficients of atoms in functional groups
HOMO LUMO
B 7K 2B
S13p S2 3p C2p O2p S13p S2 3p C2p O2p
—CH, HSEaE 2y 0.573 0.632 0.023 0.133 0.558 0.559 0.854 0.324
~C,H, %S ¥ 0.524 0.708 0.025 0.102 0.550 0.523 0.863 0.405
cH R T¥: 0.509 0.683 0.025 0.129 0.556 0.538 0.854 0.341
7 SN 0.677 0.533 0.019 0.253 0.520 0.521 0.752 0.209
o THEZ 0.630 0.563 0.021 0.084 0.497 0.537 0.817 0.392
o ST R 0.556 0.641 0.020 0.082 0.440 0.419 0.684 0.327
e oA 1 2 0.535 0.656 0.034 0.121 0.547 0.541 0.853 0.358
o Sk Ak 2 0.508 0.668 0.038 0.132 0.545 0.554 0.839 0.324
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Table 7 Mulliken charge value of the S atom

K 2 Sl/e S2/e
—CH, L) -0.663 —0.674
—C,H; e 3 ] -0.681 -0.701
e ¥ -0.671 —0.683
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TR -0.691 -0.667
e RT Y ~0.667 ~0.683
e ] -0.673 —0.686
“CHn kR 25 ~0.668 ~0.678
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Table 8 Electrophilic and nucleophilic index of S atom

TR T S2, HAE IEM IR e MR R . 5
i, SN R SR F /Y fE K T IEW &, 1 S2
JRFY fAE/NFIE N 3 5 T 5015 05 58 3 1E 4
A, T G BE A S 3L P S TR T FEZE IR K.
DL g5 REH, PIAS S R T Z Rl AR R 22 7 1Y,
ARG el O HE K, IEAG PR AL A AR AR B 25 v S i
TR 2Z SN XS TR 19 35 A% Yot 75 5L
SOCEPE M), BrsE K B Y s2 AN B i, 9 H ST fTS2
(1) 27 FL P 22 R BAR /N

8 Fh I UL 7 B TR RS S B SE /N T 0,
ULH S IR F R R Y, A KX S R R R
M/ S1JRFREMES T S2 JiF, (H21E T 3
AR 1E 33, ST R S2 J T WY SR A% 1 5 5 I L AH 3T,
k. B B 25 e B 3 K, B K JE Y IE S A AT S TR TR A%
P22 5 152 AR /N

24 EE5FeBMMEER

P T ¥ 24 Rk 2 () 0 R LA R 9 R R AR
B S RSBk R AR T2 A,
D] I AR 1 4 B R 2 24 22 () A R R AR AR ] 4k
KR R ES T R RR AR B b S TR A
ARSI, BT T B K AR AL B R R AR T S
Fe 45 5 o I R B2, 255 J5 MBS RS N 8] 3 /i, %45
R AL T2 12 iR S 3 e B[R] ESc—3., % 941
WT SET 5 FeZ B /EREE L LR E TS
Fe 4 e, WERBEEORE, 8 MgiHln S T 5
Fe* 2 ] A BE BS #/ 76 2.20~2.32 Az [a], HAAR A 1E F o8
FETTLANEE AR ok .

AL 255 Fe 1 45 & re 4o Xt (H fie /Dy, i B 3
W25 FME 5, C TR T 2 )5, 45 A teds
XA NI FLAE# 30T, Ul B e K om T 825
Fe* 22 [a) AP o T 1A S A AR i 7K 6 22 i) fg 25 S
B, RO R C IR TR B e 22 S B BH W, B
F C 73N, 3 b 22 B AR /N 40 5 38 A S5 3G SR HUAR
M2 A RELE XL AR TR . (AR TE R, SR

PR TE R PG EE O )
B K EZ)
S1 S2 S1 S2 S1 S2
—CH, G Y] 0.420 0.469 0.359 0.371 -0.061 -0.098
~C,H; V% 3 vl 0.418 0.477 0.358 0.362 -0.060 -0.115
B3] 0.418 0.474 0.359 0.367 -0.059 -0.107
~C.H, o
R HY 0.435 0.447 0.375 0.374 -0.060 -0.073
THE 0.483 0.409 0.363 0.360 -0.120 —0.049
-C,H, .
RTHEHY 0.412 0.479 0.361 0.368 -0.051 —0.111
Ik o 2 0.422 0.468 0.358 0.366 —0.064 -0.102
-G;H,; .
S 0.421 0.468 0.358 0.370 -0.063 -0.098




=90 - LA S AES RV

2025 4E

(c)NEE B 2 -Fe2*

(d) 5 7 3 B 24j-Fe2*

(g)/RHE T Z-Fe2* (h) 7 AL T8 2j-Fe2t
B3 25T 5 s TR
Fig.3 Model of the interaction between agent ions and iron ions
£ O FG 2 Mk T AL
Table 9 Result of the interaction of the reagent with iron ions
i 7K Kk E i o el - #5468/ (kImol™)
—CH, P 2 2311 2.296 -306.088
—C,H; L HE Y 2286 2.280 -309.522
R3] 2.290 2282 -311.101
el S ML 2.301 2.300 ~311.944
TR 2292 2.288 -311.216
Sl ST 2.299 2.294 ~312.000
e, KL B 24 2.289 2.284 -311.502
I R 2 2315 2.308 -311.303

ST RN Fe Z M EE & REL N E I WK T oAt
BRI, B AT Fe™ (4 FH fic i o

3 it

BT I oR BIE, DEAT AN [ B 25 11 B 2 4l
W] B A AT B, WEST T AN () K B R PR AR

T EREAI 2540 . AL BB RE R . S IR T ATZHLiE R
£, Mulliken HUfaH{H | SR HLEZE LS Fe Y455 e,
FEGR LT 458

(1) 2545 P B R AT v Bl 4 ) 8 J R AR 8
B BE 45 K i 52 A RS B 3 (HER K 3K R Y S R
H J5 22 (B A 7E 55 SR T, HLX 88 J5 R AR 25 1 g



5 2 ]

XIESUT, S5 BREE LS F X 3 24 W) 201 1A~ P A R ) )

VL 445 FE) 1) 5% Wi T 25 e 1100 85 K 177 189 508 3 S A A i /K it
R R AR B 7 1 HOMO #1138 5 ¥ 2™ LUMO $LiB 11
fE B 25 AR T IE A A HRAR, U8 IH S5 44 4% B 34 i o Jis 1R
R T B U RE 1, X 5 B R R AR B8 1 Ml Fe 45 &
AT Z5 R —2

(2) W JRFRAR B T A S TR T 1Y 2 [HI/NTF 0,
XM S IR R, 255 54 1E L R A% 4
B, AEBRATE K R RN S A4 1R 52 R /0N TS S JRL - FE o
{EART, AN [R) o I R AL B F1 Fer (45 & gt Al 3, {0
Hodr—A~ S T () SR A% 1 BH I 5, DR AR 0 ) 3% if
W i sk B AN TR A T RE T -

(3) @57 T AR B K 5 o TR R AR B8 1 5 ok op
Fe” i 1 FHAR R, 235 S 3% W ik 5% 185 4 A i 1T LA i v
JRR AR B 15 Fe Z (B 145 4 B8, [A A BA S iR B
KLY R IR AR B 15 Fe Y45 & e B T HAA 1IEH
R K IR EIRRIR B 75 Fe 45 G 8e, Kb R
FERN S T I BRI AR B 75 Fe 45 G BB IR -

Shie ] O IS S 2 AR 2 N A O B4R it
2%,

S k.

L1] @Rk, B, B0, i TR0 ke e it . A G a )R
(LW BT, 2022(4): 105-110.

TANG Y J, LUO S G, LU H Y. Experimental research on mineral
processing for a gold ore in Liaoning province[J]. Nonferrous Metals
(Mineral Processing Section), 2022(4): 105-110.

[2] ZHONG C H, FENG B, CHEN Y G, et al. Flotation separation of
molybdenite and talc using tragacanth gum as depressant and potassium
butyl xanthate as collector[J]. Transactions of Nonferrous Metals
Society of China, 2021, 31(12): 3879-3890.

[3 ] SRACHE. B4R 77 16 T 20 B oo i s ot e ). th A (a2 ),
2020(18): 59-60.

ZHU Y Y. Research progress of chalcopyrite flotation technology and
collectors [J]. World Nonferrous Metals, 2020(18): 59-60.

[4] £, 5K, 200, BLGMPON 5 86 ek 1 1E PLERTSE

[J]. 516 TF2, 2015, 35(3): 44-47.

JIANG M, ZHANG Q, LI L J. Interaction mechanism between xanthate

collectors and gold—bearing pyrite[J]. Mining and Metallurgical

Engineering, 2015, 35(3): 44-47.

RO F PG 0T, A L, 2R BT R o A QR TR R A W)

SRl BN (], [ bR 1L, 2004(8): 14-18.

R. PRESIS, CUI H S, LI C G. Basic theory and application of

—
w

thiocarbonate collectors in pyrite flotation[J]. Metallic Ore Dressing
Abroad, 2004(8): 14—18.

[6] MHEE, iR, AL, s RmER 09N S b 3 (1], %42, 2011, 32(3):
51-54.
FENG Z Z, TAO Q, CHE L D. Emergency treatment of xanthate[J].
Safety & Security, 2011, 32(3): 51-54.

(7] Shfar. 5 P9 568 SR R b i A4 7= 20 (7). Wb T, 2011, 34(2):
44-45.
HAN D H. Production process of sodium isopropyl xanthate[J]. Coal
and Chemical Industry, 2011, 34(2): 44—45.

[8] ki RN MM A [ A G4 I8 G5 #H4Y), 1983(4):

56-57.
ZHANG H Q. Introduction to the properties of isopropyl xanthate[J].
Nonferrous Metals (Mineral Processing Section), 1983(4): 56—57.

(9] R—. 2023 4E P R 20 W e R (). A (& IR G007 38 43),
2024(3): 1-22.
ZHU Y M. Progress of flotatioin reagents in 2023[J]. Nonferrous
Metals (Mineral Processing Section), 2024(3): 1-22.

[10] Z0URR, UM A, B 58 J1, 4. N5 i —N'— 2 U A Ik % 28 44

B BB UF i K H AR 470 (9& ) [T). Transactions of
Nonferrous Metals Society of China, 2018, 28(6): 1241-1247.
LI S K, GU G H, QIU G Z, et al. Flotation and electrochemical
behaviors of chalcopyrite and pyrite in the presence of
N-propyl-N'—ethoxycarbonyl thiourea[J]. Transactions of Nonferrous
Metals Society of China, 2018, 28(6): 1241-1247.

[11] H 30, a0, 220, 45, S 3 o JRURR #1045 i i BRI T il

ShlE AR = T AR (D). 1R, 2018, 34(3): 28-30.
XIAO W G, FAN Z H, LI H Y, et al. Study of the formula for
production technology of potassium isoamyl xanthate synthesis and
drying pellet product[J]. Non—Ferrous Mining and Metallurgy, 2018,
34(3): 28-30.

[12] CASESJ. M., FBT. 4l B J5 4 i I S A 280 24 ) S g 5 7 S ) 5

FopH. BB RATWOR e BE R (1), 8R4 R 1247, 1992(9):
15-20.
CASES J. M., ZHENG X. The relationship between the reaction and
flotation of finely ground galena and amyl potassium xanthate: The
effects of pH, grinding and collector concentration[J]. Metallic Ore
Dressing Abroad, 1992(9): 15-20.

[13] Jal%e, £48, EMEA, 5 BRS04 7 e sl sty (1. 2
A6 T, 2022, 51(10): 2274-2277.

YAN Z, WANG X, WANG W D, et al. Orthogonal experimental study
on flotation of a certain gold ore in Shangluo[J]. Contemporary
Chemical Industry, 2022, 51(10): 2274-2277.

[14] YEKELER M, YEKELER H. A density functional study on the
efficiencies of 2—mercaptobenzoxazole and its derivatives as chelating
agents in flotation processes[J]. Colloids & Surfaces A
Physicochemical & Engineering Aspects, 2006, 286(1/2/3): 121-125.

[15] W%, IMESe, EA0EE, 55 I B 45 M X 8 25 3l AOR) 17 a5 1 e 1 32
W 7], L RRHE K2R 244, 2014, 36(12): 1589-1594.

CAO F, SUN C Y, WANG H J, et al. Effect of alkyl structure on the
flotation performance of xanthate collectors[J]. Chinese Journal of
Engineering, 2014, 36(12): 1589-1594.

[16] XIREE. FALSIR L 2500 T 454 S PERERT SR (D). B 771 )P R
2#,2007.

LIU F X. Study on the molecular structure and properties of xanthate
from lead oxide flotation[D]. Nanning: Guangxi University, 2007.

[17] FaeoR, B AR, 25 K 50 Ao 77 S 3 BOR) 4 7 25 1 S P e
ML A LTS (0], P A (5 2 412, 2018, 28(7): 1482-1490.
LU L R, CHEN J H, LI Y Q. Electronic states density study of
molecular structures and activity of sulfide floatation collectors [J]. The
Chinese Journal of Nonferrous Metals, 2018, 28(7): 1482—1490.

[ 18] CHERMETTE H. Chemical reactivity indexes in density functional
theory[J]. Journal of Computational Chemistry, 1999, 20(1). DOL:
10.1002/(SICI)1096-987X(19990115)20:13.0.CO;2-A.

[19] HUNG A, YAROVSKY I, P. RUSSO S. . Density—functional theory
studies of xanthate adsorption on the pyrite FeS, (110) and (111)
surfaces[J]. The Journal of Chemical Physics, 2003, 118(13):
6022-6029.

[20] GREENWOOD H H. Molecular orbital theory of reactivity in aromatic


https://doi.org/10.1016/S1003-6326(18)64762-4
https://doi.org/10.1016/S1003-6326(18)64762-4
https://doi.org/10.1016/S1003-6326(18)64762-4
https://doi.org/10.1016/S1003-6326(18)64762-4
https://doi.org/10.1063/1.1556076

©92- WP 5 R 2025 4F

hydrocarbons [J]. The Journal of Chemical Physics, 2004, 20(10): 1653. 107(48): 10428—10434.

[21] FUKUI K. Theory of orientation and stereoselection[M]. Springer: [25] CHRISTOPHE MORELL, PAUL W, AYERS, ANDRE GRAND, et al.
berlin, Heidelberg, 1975.

[22] PARR R G, YANG W. Density functional approach to the
frontier—electron theory of chemical reactivity[J]. Journal of The
American Chemical Society, 2002, 106(14): 4049—4050.

[23] R. S. Mulliken. A New Electroaffinity Scale; Together with Data on

Rationalization of diels—alder reactions through the use of the dual
reactivity descriptor Af(r)[J]. Phys. Chem. Chem. Phys., 2008, 10:
7239-7246.

[26 ] CHRISTOPHE MORELL, ANDRE GRAND, ALEJANDRO TORO-
LABBE. Theoretical support for using the Af(r) descriptor[J]. Chem.
Phys. Lett., 2006, 425: 342—346.

Valence States and on Valence Ionization Potentials and Electron
Affinities[J]. The Journal of Chemical Physics, 1934, 2(11): 782-793.

[24] R. K. Roy. Stockholders Charge Partitioning Technique. A Reliable [27] CHRISTOPHE MORELL, ANDRE GRAND, ALEJANDRO TORO-
Electron Population Analysis Scheme to Predict Intramolecular LABBE. New dual descriptor for chemical reactivity [J]. The Journal
Reactivity Sequence[J]. The Journal of Physical Chemistry A, 2003, of Physical Chemistry A, 2005, 109(1): 205-212.

Effect of Carbon Chain Structure on the Quantum Chemical Properties of
Xanthate Collector Molecules

LIU Daixin'"’, CHEN Yuanlin'?, DING Mingyuan'?, LI Yugiong'*

1. School of Resources, Environment and Materials, Guangxi University, Nanning 530004, Guangxi, China;
2. Guangxi Higher School Key Laboratory of Minerals Engineering, Nanning 530004, Guangxi, China

Abstract: Xanthates are commonly used as flotation collectors for sulfide ores, and the length and structure of the carbon
chain will affect their capture performance. Based on density functional theory (DFT), the bond structure characteristics and
frontier orbital energies of polar functional groups “OCSS™ of normal and isomeric xanthate ions with C, to C, carbon chain
lengths were calculated, the orbital coefficient, Mulliken charge, electrophilicity and nucleophilicity of the S atoms were
also calculated. The results show that the length of the carbon chain has no significant effect on the structural characteristics
of the functional group bonds of the collector, the H atoms on the carbon chain have weak hydrogen bonding with the polar
group S atoms, which increase with the growth of the carbon chain, resulting in subtle differences in the functional group
bond structure. The two S atoms in the polar functional groups of xanthate ions have similar charges and are both
nucleophilic, but the nucleophilicity of the S atoms varies, resulting in different adsorption abilities on mineral surfaces.
Except for butyl and isobutyl xanthate ions, the energy difference between the highest occupied molecular orbital (HOMO)
of isomeric xanthate ions and the lowest unoccupied orbital (LUMO) of pyrite is lower than that of the normal xanthate
ions. This indicates that isomers are beneficial for enhancing the collection ability of collectors, which is consistent with the
calculated binding energy of xanthate ions and Fe*'. Among them, isopropyl and isobutyl xanthate ions have higher binding
energies with Fe™.
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