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Abstract
In this paper, the B3LYP method of density functional theory method was used to study the asso-
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ciation of monomer and dimer of alumina and hydroxyl alumina with different arsenate species.
Studies have shown that the association structures between alumina and different arsenate spe-
cies and arsenate species tend to be mononuclear bidentate, hydroxyl alumina tends to associate

with AsO]" and HAsO; in mononuclear bidentate mode, while H,AsO, as the mononuclear
monodentate mode. Hydroxyl O in hydroxyl alumina and H of protonated ararsenic acid are easy
to form hydrogen bonds. The association of alumina and hydroxyl alumina with H,AAsO}™" (m =
0~2) is stronger than that of iron oxide and hydroxyl oxide. The hydroxyl alumina dimer tends to
associate with AsO;" and HAsO; in a dinuclear bidentate mode, while the association energy

of dinuclear bidentate association and mononuclear monodentate association with H,AsO; is

almost equal. The associative structures of hydroxylated alumina dimer and different protonated
arsenate species show that the dinuclear bidentate structures are more stable than mononuclear
monodentate structures.
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il & ER A I AIOOH, K I T 48 I T LARR B A7) pH (N 3.5~4.5. X EUEEE N[ 11 RAH B TE ik
il 4 T AIOOH V&M o J3 40 T SCHGEE Nd i B 78 Rk IS PR AL B ANk A R T A & B PR S8, 45
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Figure 1. The association structures of alumina and hydroxyl alumina with different protonated arsenates
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Table 1. Association modes and energy analysis of alumina and hydroxyl alumina with different protonated arsenates

1. SUBNERESENESTRRTFUMEBNGE ARG S EENT

PARCIET A i DA R AE (kcal-mol ™)
ALO;-AsO, MB ~314.542
ALO;-HAsO, BB ~180.668
ALO,-HAsO, MB 222,651
ALO;-H,As0, BB ~106.915
ALO;-H,As0, MB ~123.247
AlOOH-AsO, MM —184.348
AlOOH-AsO, MB -199.020
AIOOH-HAsO, MM -121.019
AIOOH-HAsO, MB -126.612

AIOOH-H,AsO;, MM —74.8261

RIS, N T B BR A B AR 5 AN R TR R R K 2 & e, [RIRHBARAL 1 ALk ik S A
B AN F BT AR R VIR ) 2 B SR IR AT T AR AN S B B AN R BT LR R YR 4 A RE, B TR
20 AR AL B S AN R BT RIR M R ) 2 5 S R B SE AT MB 4505 3. AR AL Bk S
AN 5T AR YR (1 45 5 B AT LU, AT 20 A 2 WL AN TR, AR AR T
TERIIRR B4 A RE T S5 X R AL SR, R 3 AT BUE H, B AR S ANF T1
BRI (45 & e 7t KT 3L E AL B 5 AN ] oETAL Bi R (0 46 S AR

Table 2. Association modes and energy analysis of ferric oxide and hydroxyl ferric oxide with different protonated arsenates

2. AUBMEREUKSTRIRFLMENGS T ARG EEENN

JIRG 215 i DA R AE (kcal'mol™)
Fe,05-AsOy MM —198.421
Fe,05-HAsO, MB ~145.156
Fe,05-H,AsO, MB ~75.896
FeOOH-AsO, MB —151.589
FeOOH-HAsO, MB —104.494
FeOOH-H,AsO, MM =52.061
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Figure 2. Comparison of association energy of alumina
and ferric oxide with different protonated arsenates
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Figure 3. Comparison of association energy of hydroxyl
alumina and ferric hydroxide with different protonated ar-
senates
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R, WS EAL R AL 450G b B — B A . B SE 5 AN [R T AR R A b 4 & 45 M He
AN, BITFE 3. ALO; SHIBRIRSF &5 Al L FHIHETAN 1.907 aue ', FKS5 MR S & 04 R 11
b, 07 0.242 awe s SR SRS A )G M Al E TR AT AR, SR SR S5 Al R
THIEBAAN T 0.158 awe™ o JFES AUBIER IR A N—2.432 auwe™!, 5 ALO, ZE & WFt bR IR | (1 s fir Ay
—2.492 awe ', ‘5 AIOOH i & i ERAR b [ B 7 —2.588 aue ', f5Hi ALO; fl AIOOH 5 iR IR 4
A FEHBRAAR 7 R 2 WPREER — SR S, IS R — SR LR A-1.710 aue ', 5 ALO; 4
HYRh R — AR _E A H AT N—1.585 auwe™', AIOOH ZF & ¥t ilig — AR _E A BT 9—1.687 aue ',
3 ALO; 1 AIOOH 5l — SR 4E & 5 BUiR — Z AR 0 sy o2l s 170 Ui 25 Py At R — SRR 1) F r Ay
—0.910 awe ', 5 ALO; & & iR — SR L1 HLR A—0.683 awe ', AIOOH % &9 Fl il iR — SR
AT N-0.847 aue™!, f3H ALO; fll AIOOH SHfifiR — SR % & 5 EhfiR — SR fu s Aok o DRIk,
ALO; Fil AIOOH TRV FI 5 4 & 5 ke v K AR e #%

Table 3. Charges and bond lengths of association structures of alumina and hydroxyl alumina with different protonated arsenates

3. SUBNREENBSARRFHMERG S SRR E A EK

JIRGEET ] DA AE (kcal-mol ") ga (aue ™) Gas (aue™) daroas (R)
AlLO;-AsO, MB —314.542 1.665, 1.907 -2.492 1.848, 1.848
ALO;-HAsO, BB ~180.668 1.776, 1.781 -1.660 1.770, 2.044
AlLO;-HAsO, MB -222.651 1.693, 1.896 -1.585 1.900, 1.900
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Continued
Al,03-H,AsO, BB —-106.915 1.798, 1.808 —0.835 1.791,1.971
Al,03-H,AsO, MB —123.243 1.720, 1.878 —0.683 1.989, 1.994
AIOOH-AsO, MM —184.348 1.716 -2.612 1.763
AlOOH-AsO, MB —199.021 1.749 —2.588 1.924,1.924
AIOOH-HAsO, MM —121.019 1.752 -1.737 1.800
AIOOH-HAsO, MB —126.612 1.766 —1.687 1.938, 1.968
AlOOH-H,As0, MM —74.826 1.786 —0.847 1.801

ST ALOs, 5 AsO} 4 Al-O, (FRIR ) MK 1.848 A, 5 HAsO & Al-O, MK
N 1.900 A, 5 H,AsO, & Al-Ox HIEEK N 1.992 A; AIOOH LLHLIZ #1655 AsO) - HAsO2™ il H,AsO;
ZEJE I ALLO [ AX 50 1,763 1.800 A1 1.801 A, i 5 LBk XU (45 & 45 Mskit, FRILEfbis 5
AsO} FREEIIH KT A — 18, ALO, RIS As(V)VIRIRIKIZE &, WAL T ALOs T AL FIl As Rt
AR LA LA AR K. DRIk, Dy T BE N 40 43 47 B8R S A AN B W B BR A AL xR )
FREE I — RAEERE— BRI
32. SHESRESUBHN _RESTERFLHERSSHERI T

46, KA B3LYP/6-311G** ik Ak th AR — SRR R L AL AR — AR A4 M, T AL 3R L
SEAL R IR AR AR B A AR IR ARy ) 5 R R T AR [ 4 A A5 A B TR 4, X BB A SR I 46 R
WA 4. HIZE 4 ATAL,  ALOg 51 LA BB 45775 AsO) fl HAsO; 4, 1A H,AsO; ) BB f1 MM
LRI GG RE LT AHSE . ALON(OH), 5N [l it 1 Al B AR A0 o P 2 4 35 W0 20 S s L A 11 4 45 R L L
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Figure 4. Association structures of alumina and hydroxyl alumina dimers with different protonated arsenates
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Table 4. Association energy of alumina and hydroxyl alumina dimers with different protonated arsenates

= 4. SNRFMRESNEN RIS TERFUHERGS 58

JLAT 2548 [[RDARI AE (kcal'mol™)
Al,04-AsO, BB —265.472
Al,04-HAsSO, BB —168.649
Al,04-HAsSO, MM —140.475
Al,04-H,As0, BB —94.481
Al,O¢-H,As0, MM ~94.634
ALO,(OH),-AsO, BB 222,640
ALO,(OH),-AsO, MM ~209.258
ALO,(OH),-HAsO, BB ~151.173
Al,0,(OH),-HAsO, MM -116.323
ALOL(OH),-H,AsO, BB ~92.109
ALO,(OH),-H,AsO, MM ~70.156

B0 % Al Og Ml ALOL(OH), 5 AN [R5t T AR R A T B 4 & G5 AL BEAT HL Ay o B 0BT AR 5.
TR R, ALOs SANF T HIBRIR A 4 & J5 g & 454, e AL J57 () F A AR 5 624 14
JR-F I HATAHEL , A BTG . ALOL(OH), S5AF i TR 4F & J5 Al R 1 Fi far A P s . I 25 1)
PRER IR FL AT —2.432 aure™, TN T ALOg 45 &4 rP iR AR 11 HL 7R —2.689 aue ™', ALO,(OH), Zi&#)
Fh R AR 110 HLtT 2,763 awre™, AT, BHERAR 5 ELAR AN S AR SRR S A R 5 S R AR BT
G2 o T ORR — SR _E AT N —1.710 aue™, Al,Oq 45 & YRl bR — SR _E B s N
—1.550 auwe ', ALO,(OH), ZF & ft A il R — SR LK AT A —1.658 aue s TiF B8 (KRR — 2UAR b (1 HLfif
N-0.910 awe ™', AlLOg ZF & WRh rF AR SR LI BT N—-0.763 auwe ™', ALO,(OH), i & W0Fh ihiliiR — &
MR LT -0.892 au-e o BIER — SRR — SR 5 EALAE A F SL A0 ER — R AR G & R S B AT
i I BT IR D o AR S IR R EA AR I IR 5 AN [ T AL R AR P o A 2 ) LT R AR T RS
AlLOg 5 AsO; IZEEIFI T Al-O . (IERIR FH ) MK 1,784 A, 5 HASO; 4 & 451 A0, BEK N
1.834 A, 5 H,AsO; Zi & &5 Kh Al-O, B2 KN 1.884 A, BB T1E, AlLOs 5 AsO} i & 45 HH Al-Oy,
B, X T ALOyOH),, ZEEWIM TS AsO) 4G Al-Ox KN 1.823 A, 5 HAsO] 4G Al-Oy,
KN 1.859 A, 5 H,AsO, 4i & Al-Oa, MEEKR 1.872 A

Table 5. Charges and bond lengths of association structures of Al;O4 and ALLO,(OH), with H, A AsO}™" (m=0~2)
= 5. ALLOg F1 AL,O)(OH), 5 H AsO>™ (m=0~-2)f&EMRBEREK

JUfT 4544 BRI AE (kcal'mol ) ga(aue ™) gas(@ue™)  dyoas (A)
AlLO-AsO, BB —265.472 1.868, 1.868, 1.957, 1.957 —2.689 1.784,1.784
Al,Os-HAsO, BB ~168.649 1.919,1.931, 1.976, 1.992 ~1.550 1.827,1.841
Al,Os-H,As0, BB —94.481 1.976, 1.994,2.010, 2.019 —0.763 1.874,1.893
ALO,(OH),-AsO, BB —222.64 1.883,1.883 —2.648 1.823,1.823
ALO,(OH),-HAsO, BB -151.173 1.929,1.929 ~1.658 1.859, 1.859
ALO,(OH),-H,AsO, BB —89.109 1.974,1.974 —0.892 1.872,1.872
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5 AsO; M HAsO; Zi & fiifa L BB Zi& 7530, A H,AsO, ] BB Al MM &5 14F 5 68 LT AH5% .

AIOOH - ZRAA 5 AN [a) Jit 1~ A B AR A Al F) 24 5 4 ey 30 2 30 L X024 XOURZ 1) 23 5 Ay TR B By PR A A T A

EHEWH

T 48 B BT H (202102310592); 0] B 44 1o 25 2440 B AR H (20A150045); T B 48 K226 61

FED I ZR TR0 H (S202112949017)5 A PHIMTE 27 Bt K22 A= B Ak Il 2Rt kil 5 H (DCY2020025).
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