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Quantum chemical calculation on properties of
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Abstract: Quantum chemistry of phenoxy acetic acids depressants was studied at BBLYP/ 6-31G” level by density func-
tional theory( DFT) . The ratio of bond charge density( P(O —H)/ P(C —0)) for dissociating carboxylic group in each
reagent was put out as the judgment for dissociation extent. Frontier orbital energy calculation of the reagents and their
corresponding univalence anions approved the traditional theory that molecules in lower AEyono- Lumo has greater reactivi-
ty, and that univalence anion in lower HOM O energy causes greater reactivity with active metal ion on the mineral sur-
face. Energy variation between the univalence anion and the mineral surface reveals that such reagents make intensive ad-
sorption on the surface of calcite and diaspore.
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Fig. 1 Structures of phenoxy acetic acids
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Table 1 Ratio of bond charge density for
dissociating carboxyl group in

phenoxy acetic acid'

Compound  P(0O —H) p(C—0) i pK a
1 0.967 097  1.13882  0.849 21 3.15
2) 0.951368 1.14642  0.829 86 2.85
3 0.967 822  1.13287  0.854 31 3.49
4 0.967269  1.13468  0.852 46 3.18
5 0.967 650  1.13365  0.853 57 3.32
6 0.968 589  1.13394  0.854 18 3.47
7 0.968 063  1.13286  0.854 53 3.53

1 —Listed value of bond charge density and /' in 2~ 7 is the smallest one
in each compound’ s carboxylic group( exclusive for compound 1); 2 —f
= (0—H)/P(C—0);

3 —pK a is negative logarithm of first order acidic dissociation constant
for compounds 2 =7, while negative logarithm of acidic dissociation conr

stant for compound 1.
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Table 2 Calculation of HOMO and LUMO energy for molecule and anion of reagents(eV)

Compound( anion) Enomo E1rumo AEwnomo- Lumo
1(1° Y ~9.048 06(— 4. 415 59) - 1.121 91( 1. 671 34) ~ 7.926 15(~ 6.086 93)
2(2° 1) — 8.912 28(- 4.310 83) - 1.204 23(1.811 87) — 7.708 05( - 6. 122 70)
3(3°Y) ~8.571 72(- 4.273 28) - 1.187 35(1.522 22) ~ 7.384 37(- 5.7955 0)
4(4° 1) — 8.694 73(— 4.484 98) — 1.281 50( 1. 676 37) - 7.413 23(- 6. 161 35)
5(471) — 8.577 84(~ 4.376 68) ~ 1.116 33(1. 632 56) ~ 7.461 51(- 6.009 24)
6(6” 1) — 8.574 04(- 4.583 20) — 1.194 56( 1. 689 16) — 7.379 48( - 6.272 36)
70771 — 8.337 58(— 4.655 05) ~ 1.286 14(1.719 76) ~ 7.051 44(- 6.374 81)

Data in parentheses associate with corresponding univalence anions.
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Table 3 Energy variation betw een mineral

surface and univalence anion(eV)

Calcite { IOII} Diaspore { 010} Pyrite { 100}

Reagents

site site site
1! - 21.049 7 - 26.783 6 25.9121
ot - 21.696 7 -29.5310 7.000 31
37! - 21.4290 - 29.586 8 4.2216
4! - 21.597 4 - 29.501 4 4.519 8
57 - 21.406 4 -29.672 8 5.007 7
6! - 24.690 4 -30.2556 2.392 8
72 - 28.2774 -29.3830 1.787 7
Collector - 21.784 1 - 28.425 8 ~55.949 7

Collector for calcite, diaspore and pyrite is oleate, lauryl amine and n-
butyt xanthate, respectively.
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