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Quantitative Structure-Activity Relationship of Amine Collector
Adsorption on Quartz Surface
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Abstract: In order to understand the relationship between adsorption energy of amine collectors
on quartz surface and their molecular structure parameters, quantitative structure-activity
relationship ( QSAR ) model based on 20 different collectors was constructed using genetic
algorithm. This model with correlation coefficient of R* =0. 969, adjustment coefficient of R, =
0.964, cross validation factor of R>, =0. 955, and salience value of F =168. 429 was fitted well
with the calculated simulation results. External validation was carried out with four chosen amine
collectors, and the error was less than 5% . The results indicated that the model has good predictability,

which can be used to predict the adsorption energy of amine collectors on quartz surface.
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Table 1 Adsorption energy of different cationic collectors
on the quartz(101) surface
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Table 2 The topological indices used in the construction of QSAR models

PH B3 4 'K ’K K 'K* kY K Oy 'y x ' % %
DA 11,00 10.00 10.00 10.96 9.96 9.96 8.36 541 3.47 7.94 512 3.26
DDA 13.00 12.00 12.00 12.96 11.96 11.96 9.78 6.41 4.18 9.36 6.12 3.97
TDA 15.00 14.00 14.00 14.96 13.96 13.96 11.19 7.41 4.89 10.77 7.12 4.68
HDA 17.00 16.00 16.00 16.96 15.96 15.96 12.61 8.41 560 12.18 8.12 538
NMDDA 14.00 13.00 13.09 13.96 12.96 13.05 10.49 6.91 4.54 10.28 6.56 4.29
NPDDA 16.00 15.00 15.08 15.96 14.96 15.04 11.90 7.91 5.24 11.69 7.62 4.93
NBDDA 17.00 16.00 16.00 16.96 15.96 15.96 12.61 8.41 560 12.40 8.12 5.29
NIBDDA 17.00 14.06 16.00 16.96 14.02 15.96 12.77 8.27 6.07 12.56 7.98 5.78
NDMDDA 15.00 12.07 14.00 14.96 12.03 13.96 11.36 7.27 5.36 11.23 6.92 4.99
NDEDDA 17.00 14.06 12.25 16.96 14.02 12.21 12.77 8.35 5.65 12.64 8.07 5.21
NDPDDA 19.00 16.06 14.22 18.96 16.02 14.18 14.18 9.35 6.41 14.05 9.07 6.02
NDIPDDA 19.00 13.01 11.52 18.96 12.97 11.48 14.51 9.09 7.12 14.38 8.85 6.6l
NDMHDA 19.00 16.06 18.00 18.96 16.02 17.96 14.18 9.27 6.78 14.05 8.92 6.40
NDMODA 21.00 18.05 20.00 20.96 18.01 19.96 15.60 10.27 7.49 15.47 9.92 17.11
EA6 11.00 10.00 10.00 10.92 9.92 9.92 8.36 5.41 3.47 7.64 4.69 2.82
EA8 13.00 12.00 12.00 12.92 11.92 11.92 9.78 6.41 4.18 9.06 569 3.52
EA10 15.00 14.00 14.00 14.92 13.92 13.92 11.19 7.41 4.89 10.47 6.69 4.23
NDEA 16.00 15.00 15.08 15.92 14.92 15.00 11.90 7.91 5.24 11.14 7.23 4.66
NDPA 17.00 16.00 16.00 16.92 15.92 15.92 12.61 8.41 560 11.85 7.73 5.0l
NDIPA 17.00 14.06 13.94 16.92 13.98 13.86 12.77 8.31 5.84 12.01 7.65 5.22
NDSA 18.00 15.06 17.07 17.92 14.98 16.99 13.48 8.77 6.43 12.72 8.16 5.57
NDDAP1 17.00 16.00 16.00 16.92 15.92 15.92 12.61 8.41 560 11.98 7.82 5.07
NDDAP2 17.00 14.06 16.00 16.92 13.98 15.92 12.77 8.27 6.07 12.14 7.73 5.36
NDDAB 18.00 17.00 17.07 17.92 16.92 16.99 13.31 891 595 12.68 8.32 543
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Table 3 The quantum parameters used in the construction of QSAR models

PH B+ Ey Ey By Ey Ey Ey M M K.

e kJ-mf)l" kJ-rriol" kJ *mol ~' kJ +mol ~' kJ -mol "' kJ -mol ! &1 Cm  Cm  Cm W
DA =518 135 -1.88 6468 7178 7.36 0.50 115.39 SE-30 -1E-30 3E-30 4E-30 -0.45
DDA =519 135 -1.88 66.94 8226 8.41 0.59 12703 5E-30 -1E-30 3E-30 4E-30 -0.45
TDA -5.29 135 -1.88 64.68 8247 9.37 0.71 133.60 5E-30 -1E-30 3E-30 4E-30 -0.45
HDA -519 1.3 -1.8 8.8 1064 11.42 293 17292 5E-30 -3E-30 1E-30 5E-30 -0.45
NMDDA -4.9% 1.39 -1.76 7431 94.98 7.03 0.71 147.03 4E-30 -1E-30 2E-30 4E-30 -0.42
NPDDA 4.8 1.3 -1.72 6443 8.49 8.16 0.75 145.39 4E-30 0 2E-30 3E-30 -0.41
NBDDA -49 134 -1.72 5498 80.08 874 1.09 139.62 4E-30 0 1IE-30 3E-30 -0.41
NIBDDA -4.86 1.26 -1.72 -33.01 -3.56 9.54 0.9 54.35 4E-30 -1E-30 3E-30 3E-30 -0.41
NDMDDA -4.69 1.43 -1.67 -27.36 1284 1.4 0.9 70.37 4E-30 0 1E-30 -4E-30 -0.40
NDEDDA -4.66 1.41 -1.67 -94 4.8 9.92 5.10 116.78 3E-30 0 1E-30 3E-30 -0.40
NDPDDA -4.43 1.32 -1.67 7477 125.0 11.17 226 21.12 3E-30 1E-30 1E-30 3E-30 -0.40
NDIPDDA -4.45 1.26 -1.63-22.1 -103.7 19.00 5.9 7.45 3E-30 IE-30 0 3E-30 -0.39
NDMHDA -4.75 142 -167 -31.80 1255 9.37 .00 893 4E-30 0 2E-30 -3E-30 -0.40
NDMODA -4.49 1.42 -1.67 -33.18 13.39 10.38 1.09 90.67 4E-30 0 2E-30 -3E-30 -0.40
EA6 -5.27 129 -1.88 36.48 57.82 10.33 0.25 97.78 8E-30 -1E-30 7E-30 4E-30 -0.45
EA8 -5.27 129 -1.8 369 61.21 11.46 0.33 107.19 8E-30 -1E-30 7E-30 4E-30 -0.45
EAI0 -5.26 1.29 -1.88 33.26 58.87 12.47 0.46 113.39 8E-30 -1E-30 7E-30 4E-30 -0.45
NDEA -4.9 091 -1.76 493 120.1 11.55 0.63 17790 4E-30 -3E-30 2E-30 2E-30 0.42
NDPA -49 091 -1.72 494 7.6 1.9 .00 140.37 9E-30 -6E-30 4E-30 -5E-30 -0.41
NDIPA -49 08 -1.72 4.8 79.08 13.8 09 157.65 4E-30 -2E-30 3E-30 2E-30 -0.41
NDSA -4.66 0.8 -1.76-118.1 -83.35 14.43 0.75 -13.60 8E-30 1E-30 7E-30 0 -0.42
NDDAPI -4.92 1.23 -1.8 6259 89.29 11.05 0.96 158.45 6E-30 -6E-30 2E-30 -1E-30 -0.45
NDDAP2 -4.99 1.27 -1.84 -49.92 -18.83 11.59 1.09 47.9 3E-30 -2E-30 -1E-30 2E-30 -0.44
NDDAB  -4.85 1.29 -1.88 5548 &2 11.21 0.75 149.62 1E-30 -1E-30 -1E-30 1E-30 -0.45
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Table 4 The physic-chemical parameters used in the construction of QSAR models
. L X i LN wE FimA  HIERH

EESE e oy Bk HEE am geems o - IgP
DA 2.00 1.00 51.40 0.192 0.82 2.369 2.042 2.97
DDA 2.00 1. 00 60. 60 0.226 0.82 2.756 2. 420 3.77
TDA 2.00 1.00 69. 80 0.259 0. 82 3. 141 2.792 4.56
HDA 2.00 1.00 79. 00 0.294 0.82 3.492 3.126 5.35
NMDDA 1.00 1.00 65. 37 0.243 0. 82 2.951 2.587 4. 17
NPDDA 1.00 1.00 74. 65 0.276 0. 82 3.341 2.940 4.98
NBDDA 1.00 1.00 79.25 0.293 0.82 3.534 3.153 5.38
NIBDDA 1.00 1.00 79. 12 0. 294 0. 82 3.500 3.143 5.39
NDMDDA 0.00 1.00 70. 67 0. 260 0. 82 3.099 2.768 4.53
NDEDDA 0.00 1.00 80. 17 0.293 0. 82 3.437 3. 126 5.22
NDPDDA 0. 00 1.00 89.21 0. 327 0. 82 3.818 3.507 6.16
NDIPDDA 0. 00 1.00 89. 00 0. 326 0.83 3.703 3.504 6. 05
NDMHDA 0. 00 1.00 89. 07 0. 327 0.82 3.873 3.487 6.12
NDMODA 0. 00 1.00 98. 28 0. 361 0. 82 4. 260 3. 838 6.91
EA6 2.00 2.00 48.90 0.184 0. 87 2.292 1. 961 1.27
EA8 2.00 2.00 58. 10 0.218 0. 86 2.677 2.318 2.07
EA10 2.00 2.00 67.31 0.251 0. 86 3. 065 2. 698 2.86
NDEA 2.00 2.00 71.67 0. 268 0. 86 3.248 2.857 3.73
NDPA 2.00 2.00 76.53 0. 285 0.85 3.439 3. 050 3.78
NDIPA 2.00 2.00 76.09 0. 286 0. 85 3.385 3.034 4. 14
NDSA 2.00 2.00 80. 95 0. 302 0.85 3.611 3.226 4.20
NDDAPI1 3.00 2.00 78. 19 0. 289 0. 84 3. 480 3.084 3.43
NDDAP2 3.00 2.00 77.74 0. 288 0. 84 3.450 3. 088 3.80
NDDAB 3.00 2.00 82.83 0. 306 0.84 3.675 3.254 3.89




%14

IAEF., BEFKANAEGERGEMG T THIEZ 135

2.3 QSAR #EIggHE

L R — AR A A R A
7] A5 4 R B, RS AR I ke S LA R4, OF
HLA AR i A . PRI, A SR 38 A5 v A 4
T PH B TSGR 7R A D3 1 W B RE S A5 R 2
Z B R A OGS HA A RN
E,. = -31.54X, +104. 65X, - 38. 14X, +460. 43,
R* =0.969, R, =0.964, R’ =0.955, F =
168. 429 . (1)
XX, WA X Fi4E; X, A5 F
HOMO BERAH ; X, N Wi 45 4L

B X, FoR TR FFE X Il F
O3AT X, BUERON, FOR RN FAE X 7 [ B
9 AL, 5 i 67 FL ) S i LR FH ) i
X, (E# e, RIALH 0 A 5 R R i d
T, 1E H, B 5 B H A 0 SR T e A L G
BiF s X, RRAEG, IAZY R 0 F L MERR B A R, 25790 4%
T 5P A [ B /N, o 2550 0 F
T A S 3 THT (14 R o

WA 1 AT DA Y, R BT 1, D%
T A A RO A RS R 25000, e AR 35
A A5 B A BGE T, JC T B vk AR B RO A
P A R B R KT 0.6, H 'S R B
FEAT , d BA AR ELAG B0 B BN 55 A,
XHASARL 5% 8 2 /KSF HEAT AR T N AL 1 Y F
fH°4 168. 429 i K F Hilfh FHH 3. 446, 3 B %L
AR S PR LY. Ry itk — 25 R A 1 A B4 BE
JI5HMEE ST, LA MS B AL I8 B 8 1k 1
AR BRRY TG I R R BE R O\ A bR 2 A T R P
A KR T AT RN, 25 SR A 1 R,

M &l 1 A] 1, Error #4835 F 0, SD %/, R® 4%
T 1 EGEH, Error OB #8323 T 0, SD
(RSB RS/IN , T 3 BH 2 M 0L & A5 A s RS AU
R HAEEE T 1, BEBHIZ I 4 1% 2 1 A G i
PRSI 25 SR )RR 1 AT A — E R
AT DL AR, ELAT A i LA 2 R S T
LES

TR BE Y QSAR 55N T B i A A B 12 ¢
VR TED 0 T4k, B AT AU 5T AN 58
3, DRI AR S 56 v (8 die L B B SRy I, 7 ARIE
A S A ) FE Al L B AL ek D R O (-
TR AR OB e SN R )
FXE AT E ST AR 1 SEAT ARG B8, K 0 2% SR
5 Jiin.

H126 5 A0 A AL 1 X ke b T
RO | ke SR A R DO o B S A R A A

PR W RE TR 22 2 1E 5% LR, Ul 1 H
AAEERINTE. 8558 1 Gt SR N
I R L AN R 4G R AT 1 By i w v 5
HEA—ERHGE ST, BEAE o B B 1l iR
i 306 AV B T B A — 5 () B KA.

-175

y=0.969x-7.367
Error=0.041,SD=9.821 .
—-200 | R’=0.985,F=593.908 1

|
[
[ %]
[V
T

82 B BE T BB (kT - mol ™)
N
3

|
[
=
[
T

-300 275 250 225 200 175
W ot BE AL/ (1T mol )

1 MSHEMESHER 1 ITEEME ML
Fig. 1 Fitted curve between MS simulation value
and calculated value of model 1
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Table 5 Results of external validation for model 1

kJ-mol ™
. W Kt AT .
= N N 3
e il iyt i hk
+ Bk -213.912 -223.942  -10.030
+ A -220.922 -211.566 9.357
+ k% -214.701 -217.864 -3.163
TR RN B - 194.526 - 194. 507 0.019

34 1B

1) IS 4 A A A = T 1 i T e 5
RIS Z WM TR TR E,, =
—31.54X, +104. 65X, — 38. 14X, + 460. 43. % ¥
AU, HSGR AR 6 Y X J7 19 43 i \HOMO FfE
(B LA B 1 R 1S FH S A WA ) i B
PERERFUIAHOC.

2) FERIFHE R KN 0. 969 , 28 LI IE R BCH
0. 955 A5 EL AT 855 HLXF AR I 3k 4 56 TE A SR
AT AR B AR G A B RE T, vT IR R B
TGN e S ITHEIES % 548 5.

Sk

[1] LiuGY,Yang X L,Zhong H. Molecular design of flotation
collectors: a recent progress [ J]. Advances in Colloid and
Interface Science 2017 ,246 181 - 195.

[2] Wang X Y,Liu W G,Duan H,et al. Degradation mechanism



136

AKX FFR(ARFFIR)

%41 %

[4]

(7]

study of amine collectors in Fenton process by quantitative
structure-activity relationship analysis [ J |. Physicochemical
Problems of Mineral Processing ,2018,54(3) .713 -721.
Hu Y H, Chen P, Sun W. Study on quantitative structure-
activity relationship of quaternary ammonium salt collectors
for bauxite reverse flotation [ J].
2012,26:24 -33.

Yang F,Sun W, Hu Y H. QSAR analysis of selectivity in

flotation of chalcopyrite from pyrite for xanthate derivatives:

Minerals Engineering ,

xanthogen formates and thionocarbamates [ J ]. Minerals
Engineering ,2012 ,39 :140 - 148.
Natarajan R, Nirdosh I

relationship( QSAR ) approach for the selection of chelating

Quantitative  structure-activity
mineral collectors| J]. Minerals Engineering ,2008 ,21(12) .
1038 - 1043.

Natarajan R, Nirdosh I,Basak S C,et al. QSAR modeling of
flotation collectors using principal components extracted from
topological indices[ J]. Journal of Chemical Information and
Computer Sciences 2002 ,42(6) ;1425 —1430.

Natarajan R, Nirdosh 1.

topostructural, physicochemical and geometrical parameters

Application of topochemical,
to model the flotation efficiencies of N-arylhydroxamic acids
[T]. International Journal of Mineral Processing,2003,71
(1):113 -129.

Wang X Y, Liu W G, Duan H, et al. The adsorption
mechanism of calcium ion on quartz (101 ) surface:a DFT
study[ J]. Powder Technology,2018 ,329 .158 - 166.

Duan H,Liu W G, Wang X Y, et al. Effect of secondary
amino on the adsorption of N-dodecylethylenediamine on

quartz surface: a molecular dynamics study [ J]. Powder

[10]

[11]

[12]

[14]

[15]

[16]

Technology,2019,351 :46 - 53.

Liu W B, Liu W G, Wang B Y, et al. Novel hydroxy
N-( 2-hydroxyethyl )-N-dodecyl-
ethanediamine : its synthesis and flotation performance study
to quartz[ J]. Minerals Engineering,2019,142.105894.

Liu W B,Liu W G, Dai S J, et al. Enhancing the purity of

magnesite ore powder using an ethanolamine-based collector;

polyamine  surfactant

insights from experiment and theory [ J]. Journal of
Molecular Liquids 2018 ,268 :215 —222.

FME. E HABOCR MWFFE T M. BRI : I 7R Tl
K2 At 2004 :68 - 118.

(Wang Peng. Quantitative structure-activity relationship and
research methods [ M ]. Harbin; Harbin
Technology Press, 2004 :68 - 118. )

JEABE  BEAE . 25k A St [ M. T db st KR R
#£,2002:149 - 187.

(Zhou Gong-du, Duan Lian-yun. Foundation of structural

Institute  of

chemistry [ M ]. Beijing: Peking University Press, 2002:
149 —187.)

Liu W G, Duan H, Wei D Z, et al. Stability of diethyl
dithiocarbamate chelates with Cu(II) ,Zn (1) and Mn (1)
[J]. Journal of Molecular Structure ,2019,1184 .375 —381.
Malerich J P, Hagihara K, Rawal V H. Chiral squaramide
derivatives are excellent hydrogen bond donor catalysts[ J ].
Journal of the American Chemical Society,2008,130 (44 ) .
14416 - 14417.

Wang B Y,Xu X Y, Duan H, et al. QSAR study of amine
collectors for iron ore reverse flotation[ J|. Physicochemical
Problems of Mineral Processing ,2019,55(5) :1059 - 1069.



