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Fig.1 Cluster and different adsorption modes of Zn( I ) on (MnOOH), (H,0),
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Table 1 Data for Zn( I ) adsorbed on (MnOOH), (H,0) cluster

Reaction type Adsorbing species E./ (k] - mol™") dz, ./ nM Aver. dy,_o/nm dz, o,/ nm
Hydrated Free Zn(H,0)3* — — 0.2022 —
DC —-268.42 0.3042 0.2062 0. 1996
DE -111.51 0.2903 0.2024 0.2014
SE-A -194.32 0.2912 0.2016 0. 1964
SE-B -201.12 0.2981 0.2014 0.1963
1st Hydrolysis Free Zn( OH) (H,0)3* — — 0.2023 —
DC -146.11 0.3099 0.2080 0.2093
DE -13.96 0.2845 0.2026 0.2013
SE-A -56.37 0.2963 0.2032 0.2037
SE-B -43.94 0.2930 0.2059 0. 1985
2nd Hydrolysis Free Zn(OH),(H,0), — — 0.2050 —
DC -61.86 0.3346 0.2033 0.2109
SE-A -45.74 0.2934 0.2024 0.2055
SE-B -33.32 0.2774 0.2016 0.2031
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Table 2 Thermochemical data of adsorption and hydrolysis in this system
Adsorption Adsorption
Reaction ) AH/(KJ » mol71) AG/ (k] - mol™1) Reaction . AH/(KJ « mol ™) AG/(kJ - mol™!)
species species
A0 DC -275.27 -291.80 Ads. -H1 DC 11.23 9.77
DE -126.24 -192.81 DE -11.49 -2.34
SE-A -202.84 -231.65 SE-A 29.35 38.46
SE-B -207.25 -229.86 (A +H) SE-B 44.26 53.50
Al DC -154.04 -174.08 . DC -264.04 —-282.03
DE -27.73 -87.20 DE -137.73 -195.15
SE-A -63.49 -85.24 SE-A -173.49 -193.19
SE-B -52.98 -68.41 SE-B -162.98 -176.36
A2 DC -70.88 -91.34 Ads. -H2 DC 352.41 359.39
SE-A -52.86 -76.94 SE-A 279.88 284.95
SE-B -40.68 -60.12 SE-B 281.56 284.94
(A+H)
Free-H1 —110.00 -107.95 ) DC 198.37 185.31
Free-H2 269.25 276.65 SE-A 216.39 199.71
SE-B 228.57 216.53
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Fig.3 Coupling effect between adsorption and hydrolysis in this system
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Table 3 Natural population analysis of free and adsorbed species

Reaction Species Zn( 1) DC DE SE-A SE-B
Hydrated Aver. Mn — 1.1240 1.1376 1.1627 1.1382
Zn 1.7499 1.6844 1.6533 1.6819 1.6797
Aver. Bridge O -0.8445* -1.0857 -1.0276 -1.1148 -1.1152
Aver. Free O -1.0872 -1.0861 -1.0898 -1.0912 -1.0827
st Hydrolysis Aver. Mn — 1.1115 1.0831 1.1350 1.1287
Zn 1.6295 1.6269 1.6272 1. 6046 1.5936
Aver. Bridge O -0.8445" -0.9805 —1.0487 -1.0756 —-1.0964
Aver. Free O(OH) -1.2627 -1.2654 -1.0737 —1.2548 -1.2606
Aver. Free O(H,0) -1.0531 -1.0523 — -1.0550 -0.9904
2nd Hydrolysis Aver. Mn — 1.1176 — 1.1224 1.1040
Zn 1. 6066 1.5905 — 1.5956 1.6045
Aver. Bridge O -0.8445" -1.0640 — -1.0546 —-1.0805
Aver. Free O(OH) -1.2407 —-1.2449 — -1.1980 -1.1924
Aver. Free O(H,0) —1.0390 — — — —

* Atoms from original cluster.
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Table 4 Electronic donor/acceptor of NBO and the corresponding stable energies of DC species

Species Donor( i) Acceptor () E/(kJ + mol™1) Donor( i) Acceptor () E/(kJ - mol™1)
Hydrated DC LP(2) 012 LP* (6) Zn 145.99 LP(2) 028 LP*(6) Zn 78.96
LP(2) 030 LP* (6) Zn 94.97 LP(1) 04 LP* (6) Zn 66. 45
LP(1) O11 LP* (6) Zn 81.84 LP(2) OI11 LP*(6) Zn 62. 06
Ist Hydrolysis DC BD* (2) Mn2—08 BD* (1) Zn—030 80.75 BD(2) Mn1—O11 BD* (1) Zn—O030 57.00
LP(1) 012 BD* (1) Zn—030 70. 68 LP(1) 011 BD* (1) Zn—030 52.15
LP(1) 04 BD* (1) Zn—030 68.63 LP(2) 028 BD* (1) Zn—030 46.80
2nd Hydrolysis DC LP(2) 030 BD* (1) Zn—028 118.89 BD* (1) Mnl—011 RY* (1) Zn 66. 87
LP(2) 012 BD* (1) Zn—028 98.32  BD*(1) M2—08  RY*(1) Zn 48.80
LP(2) O11 BD* (1) Zn—028 78.58 LP(1) 011 BD* (1) Zn—028 24.84

* BD: Bonding orbital; LP: lone-pair electrons; RY: empty atomic orbital out of valance orbital.
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Fig.4 HOMO and LUMO of three adsorption DC species
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Table 5 Some frontier molecular orbital components( % ) of three adsorption DC species

Species Atom HOMO LUMO Species Atom HOMO LUMO
Cluster 01 ( Bridge) 74.97 0.04 1st Hydrolysis DC 01 ( Bridge) 0.57 6.20
02 ( Bridge) 10.96 1.31 02 ( Bridge) 0.86 0.26

Mnl 10.20 6.86 0(H,0) 4.13 0.01

Mn2 2.56 78.16 O(OH) 80. 66 0.30

Hydrated DC 01 ( Bridge) 0.01 3.95 Mnl 2.62 77.28
02 ( Bridge) 2.37 0.19 Mn2 3.33 1.04

01(H,0) 0.01 0.01 Zn 6.76 1.10

02(H,0) 0.00 0.19 2nd Hydrolysis DC 01 ( Bridge) 1.37 0.41

Mnl 3.20 76.15 02 ( Bridge) 0.20 0.27

Mn2 80.96 4.02 01(OH) 82.70 0.04

Zn 0.13 1.18 02(O0H) 1.11 0.03

Mnl 5.33 8.36

Mn2 1.17 74.79

Zn 6.53 0.29

e = I o ) 5 A 76 % 1 A0SR F 6 HOMO B9 BTk (74, 97% , 10.96% ) B, DB H 5 1 732 {k
(BB ) MBCALA jﬁﬁ% 18K H W B I M2 8B XF HOMO B BTk R340 F 3 19% LA, %%
TR0 2 T IRA MR TR, WEPERRIT,; H/KS YA HOMO Bk [ SRR Y35 Mn JR 11
BTk, 7J<ﬁ’%%ﬁlﬁﬁlujr_%5w FRAESMP) Zn JRF BT R EE , ULRK SRR VR & T K i b i T A
3 % ®

Zn( 1) FEK GG F T & A BB, KA WK B A 2 MU A DC > SE-B > SE-A > DE, 7K fi# )
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DFT Study of Chemisorption of Zn( 1I ) /y-MnOOH System

XIA Shu-Wei' ", MA Xiao-Nan'"*, YU Liang-Min', PAN Gang’
(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Chemistry and Chemical
Engineering College, Ocean University of China, Qingdao 266003, China;
2. State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Science,

Chinese Academy of Sciences, Betjing 100085, China)

Abstract Three kinds of adsorption species (' hydrated, 1st hydrolysis and 2nd hydrolysis) in Zn( II )/
v-MnOOH system were calculated with DFT-B3LYP method. The thermochemistry analysis indicate that the
stability order of the adsorption species was DC > SE-B > SE-A > DE for the hydrated species, and DC >
SE-A > SE-B > DE for hydrolysis species, which obeyed the 3rd law of Pauling. The adsorptive process and
hydrolytic process always show an inter-antagonistic relationship in this system, which is also consistent with
the frontier molecular orbital analysis. Natural population analysis indicate that electronic transfer from cluster
model to Zn—O unit was occurred clearly during adsorptive process, which give a reasonable explanation for
the stabilization of adsorption species combining with electronic donor-acceptor and frontier molecular orbital
analysis.

Keywords Density functional theory; Zn( II ) ; y-MnOOH; Adsorption configuration
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