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Fig. 1 Model of spodumene crystal(a) and (110)surface(b) treated by COMPASS field'¥
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Table 1 Dmol3 parameter settings

Optimize Frequency
Opt_energy_convergence 1.00x107° Calculate Energy
Opt_gradient_convergence 2.0000< 107 A Symmetry Off
Opt_displacement_convergence 5.0000X 107 A Max_memory 2048
Opt_iterations 50 Spin_polarization Restricted
Opt max_displacement 0.3000 A Charge 0
Initial hessian Improved Basis Dnp
Symmetry Off Pseudopotential None
Max_memory 2048 Functional Pbe
Spin_polarization Restricted Aux_density Octupole
Charge 0 Integration_grid Fine
Basis Dnp Occupation Fermi
Pseudopotential None Cutoff Global 3.7000 angstrom
Functional Pbe Scf_density_convergence 1.00X 107
Aux_density octupole Scf charge mixing 0.2
Integration_grid Fine Scf iterations 50
Occupation Fermi Scf diis 6 pulay
Cutoff Global 3.7000 angstrom
Scf_density_convergence 1.00X107°
Scf charge mixing 0.2
Scf iterations 50
Scf diis 6 pulay
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Fig.2 Optimized naphthenic acid model(a) and phonon spectrum of optimized naphthenic acid(b)
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Fig. 3 Configuration between spodumene (110) surface and naphthenic acid in vacuum circumstance: (a) Premier configuration; (b)

Optimized configuration; (c) Optimal configuration
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Fig. 4 Energy of each configurations of spodumene (110)

surface adsorption of naphthenic acid in 100 ps
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Fig. 5 Simplified configuration for adsorption of naphthenic

acid on spodumene
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Table 2 Coordination and displacement of atoms in

spodumene (110) surface

Atom Coordination Atom displacement/A
mark number Ax Ay Az
1 (Al) 4 0.0010  0.0005 —0.0247
2 (AD) 4 —0.0017 -0.0002 —0.0246
3(0) 2 0.0037 0.0006 —0.0247
4 (0) 2 —0.0040 —-0.0005 -—0.0235
5(Si) 4 —0.0002 -0.0003 —0.0230
6(Si) 4 0.0002 0.0000 —0.0234
7(0) 2 0.0013 0.0001 —0.0251
8(0) 2 —0.0023 -0.0005 —0.0244
9(0) 2 0.0002 —0.0001 -0.0215
10(Al) 4 0.0004 —0.0003 —0.0246
11(Al) 4 -0.0012 -0.0002 —0.0245
12(0) 2 -0.0001 -0.0001 —0.0239
13(0) 2 —0.0018 —0.0002 —0.0235
14(Si) 4 0.0000  0.0000 —0.0232
15(Si) 4 0.0002 0.0001 —0.0233
16(0) 2 0.0003 —0.0001 —0.0249
17(0) 2 —0.0026 —0.0005 —0.0243
18(0) 2 0.0009 0.0001  —0.0219
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Fig. 6 Spodumene (110) surface before(a) and after(b) adsorption of naphthenic acid
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Table 3 Mulliken charge population of spodumene (110) surface before and after adsorption of naphthenic acid

I:;:E A(alti(elzjt:(;se())r(;r'[ion Total/e Charge/e Ar:l(:rrll< or A(alf%t(elzi?(;:(zrption Total/e Charge/e
B 1.16 1.84 B 7.12 -1.12
HAD A 1.15 1.85 RO A 7.12 -1.12
B 7.12 -1.12 ] B 2.00 2.00
2O A 7.11 -1.11 1D A 2.00 2.00
) B 2.00 2.00 B 7.14 -1.14
3D A 2.00 2.00 1O A 7.14 -1.14
B 7.14 -1.14 ) B 1.85 2.15
40) A 7.14 -1.14 1665 A 1.86 2.14
) B 1.85 2.15 B 7.15 -1.15
251 A 1.85 2.15 7o A 7.15 -1.15
60) B 7.15 -1.15 18(8i) B 2.00 2.00
A 7.15 -1.15 A 2.00 2.00
78D B 2.00 2.00 19(0) B 7.12 -1.12
A 2.00 2.00 A 7.12 -1.12
B 7.12 -1.12 B 1.16 1.84
80) A 7.11 -1.11 2040 A 1.17 1.83
B 1.16 1.84 B 7.14 -1.14
oAb A 1.15 1.85 21O A 7.15 -1.15
) B 1.94 1.06 B 7.25 -1.25
10 A 1.92 1.08 20) A 7.25 -1.25
B 7.14 -1.14 ' B 1.94 1.06
1) A 7.14 -1.14 2 A 1.94 1.06
B 1.16 1.84
12(AD A 1.18 1.82

B 7 AR (110) 0 A AR S 3R GE iR
Fig. 7 Configuration of naphthenic acid before(a) and after adsorption on spodumene (110) surface(b)
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AR T IREERR 2 TN He Co O JRF gy, R KA F 0 EER AL . MWIR R A, BRIEA
T4 LA SO B I I TR R IR R HR R IR R I R J5 T LA 0,568 A8 —0.57e, PFEAE R T FH
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Fig. 8 Charge density difference of spodumene (110) surface

of adsorbing naphthenic acid
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Fig. 9 State density of O, Si in apodumene (110) surface

before and after adsorbing naphthenic acid

4 AP A (10) A 2L RS P EERR 731 (1) Mulliken FL A7 &

Table 4 Mulliken charge population of naphthenic acid before and after adsorption on spodumene (110) surface

‘2:;);11(1 A(a]fs‘[(etij?(;:())r(}))rtion Totalfe Charge/e f;lt:rrlil A(alt?tgr)ef:(;zgrz)rtion Totalfe Charge/e
B 0.44 0.56 B 3.33 0.67
H A 0.55 0.45 He A 3.39 0.61
B 0.70 0.30 B 432 -0.32
2 A 0.68 0.32 120 A 431 -0.31
B 0.72 0.28 B 4.55 —-0.55
3 A 0.75 0.25 1RO A 4.58 —0.58
B 0.70 0.30 B 431 -0.31
e A 0.73 0.27 1O A 427 —-0.27
B 0.71 0.29 B 430 —-0.30
> A 0.72 0.28 O A 4.26 —-0.26
B 0.71 0.29 B 4.56 —-0.56
o) A 0.71 0.29 10 A 4.56 —0.56
B 0.71 0.29 B 4.53 —-0.53
7o A 0.70 0.30 e A 4.51 —-0.51
B 0.73 0.27 B 6.72 —-0.72
S A 0.71 0.29 18O) A 6.56 —0.56
B 0.71 0.29 B 6.56 —-0.56
o A 0.74 0.26 1) A 6.57 —-0.57
10(HD) B 0.69 0.31
A 0.69 0.31
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Fig. 10 State density of Al, Li in apodumene (110) surface

before and after adsorbing naphthenic acid
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Fig. 12 Infrared spectrum for spodumene before and after

reaction with naphthenic acid
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Quantum chemistry of adsorption of
naphthenic acid on surface of spodumene

HE Gui-chun', ZHANG Hui-ting', HUA Ya-nan', JIANG Wei®

(1. Faculty of Resource and Environmental Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China;
2. School of Resources Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The mechanism of flotation of naphthenic acid on spodumene was studied by using the method of quantum
chemistry calculation and infrared spectrum analysis. The paper has selected the (110) surface as the best cleavage plane
by calculating different surfaces’ energy and has built stability naphthenic acid model with no imaginary frequency, then
has got the best configuration for adsorption of naphthenic acid on spodumene (110) surface by using the method of
molecular dynamics simulation. The structure, charge distribution, differential charge density and state density to the best
adsorption configuration were studied. The results show that the atoms on the (110) surface relaxes to the spodumene
inside when the naphthenic acid molecule is adsorbed on the (110) surface. At the same time, the configuration of the
naphthenic acid changes obviously. The electronegative of the carbonyl oxygen atoms is stronger and those of the other
oxygen atoms are weakened to the adsorbed naphthenic acid molecule. The interaction between naphthenic acid and
spodumene is achieved by carbonyl atoms. After adsorption, the electron cloud is redistributed and the charge cloud
density of the oxygen atoms increase and spread to the surrounding area on the spodumene (110) surface. The state
density peak of the naphthenic acid molecule shifts to the left but the peak near the Fermi lever has changed from valence
band to the conduction band. The adsorption structure tends to be stable. The infrared spectral analysis further shows that
the naphthenic acid is physical adsorption on the spodumene surface.

Key words: quantum chemical calculation; spodumene (110) surface; naphthenic acid; adsorption configuration
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