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Abstract

In this thesis, we study the oxidation - reduction reaction mechanisms

of Cr(V1)04%, As(111)03*, S(1V)Os*and P(111)Os*with Fe(V1)O,%of

oxidation - reduction reaction by DFT(Density Functional Theory )
methodB3LYP/6-311++G**in Gaussian 09 for gaseous state and aqueous

state by PCM method. Our results have shown that it would

be thermodynamically more favorable for the oxidation- reduction reaction in
the form of electron transfer when Fe(V1)O.?react with Cr(V1)O,%, As(111)O5*,
S(1V)Os%and P(111)O3%in gas state and in aqueous state.

key words : Gaussian 09 ,DFT methods, Environment pollution , oxidation -
reduction reaction, ferrate ,Transition metals , PCM method
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Table 3.61 Total Reaction Energies of 2Fe(V1)O4* +HS(IV)O3
+ As(111)03%+ S(1V)037+9H;0"— 2Fe(I11)(H.0)6*" +
As(V)04+ 2S(V1)0,%+2H,0 in water by B3LYP/6-311++G**
of PCM model

Table 3.62 Molecular Energies For FeO3*...0...AsO3> by B3LYP/6-311++G** in
water of PCM model

Table 3.63 Reaction Energies For Fe(V)O,¥+ As(111)0s*— Fe(111)03%+
As(V)O,% in water of PCM model

Table 3.64 Total Reaction Energies of 2Fe(V1)O,%+ S(1V)O3%+
2As(111)05¥ +10H;50"— 2Fe(111)(H20)6>*+ 2As(V)O,¥+ S(V1)O4*+ 3H,0
in water by B3LYP/6-311++G** of PCM model
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Table 3.65 Molecular Energies For P(111)O3* ~ P(111)04* ~ HFeO3%++-O+--PO3> by
B3LYP/6-311++G** in water of PCM model

Table 3.66 Reaction Energies For HFe(V)O,2+P(111)05¥—
HFe(111)O3%+P(V)O,¥ In water of PCM model

Table 3.67 Total Reaction Energies For 2Fe(V1)0,* +HS(1V)O3 + P(111)O5*+
2S(1V)03* +9H30" —2Fe (111) (H,0)6*"+ P(V)0,*+2S(VI1)0,* +2H,0 in water by
B3LYP/6-311++G** of PCM model

Table 3.68 Molecular Energies For FeO3%++:0+--PO3> ~ Fe0,*++-0---PO3> by
B3LYP/6-311++G** in water of PCM model

Table 3.69 Reaction Energies For HFe(V)O,*+P(111)05* —
HFe(111)O3Z+P(V)0.> ~Fe(IV)O3> +P(111)05* — Fe(11)O,%+ P(V)O,> In water of
PCM model

Table 3.70 Total Reaction Energies of
Fe(V1)O,+2P(111) 03> +4H;0" —Fe(11)(H,0)* +2P(V)0,*
in water by B3LYP/6-311++G** of PCM model

Table 3.71 Reaction Energies For Fe(1V)O3* +S(1V)03*
— Fe(11)03¥+ S(V)O3™ ~  Fe(IV)03% +S(V)03 — Fe(111)Os¥+ S(VI)O3

in water of PCM model

Table 3.72 Total Reaction Energies For 2Fe(V1)O,> +2P(111)05*
+S(1V)O3%+ 10H30" —2Fe(I11)(H20)* + 3H,0 + 2P(V)O,¥+ S(VI)O,*
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in water by B3LYP/6-311++G** of PCM model

Table 3.73 Molecular Energies For O,+--0+++AsO3> ~ O3 ~ O, by
B3LYP/6-311++G**

Table 3.74 Molecular Energies For O,++-0---AsO3> ~ O3 ~ O, by in water by
B3LYP/6-311++G** of PCM model

Table 3.75 Total Reaction Energies For Fe(V1)O,* +As(111)O5™
—Fe(IV)03* +As(V)0, ~ O3 +As(111)03¥ >0, +As(V)0,>
by B3LYP/6-311++G**

Table 3.76 Total reaction energies of Fe(V1)04* +As(111)03>
—Fe(IV)03* +As(V)0, ~ O3 +As(111)03¥ >0, +As(V)0,>
in water by B3LYP/6-311++G** with PCM model

Table 4.1 Molecular Energies For 2Fe(V1)0,%+3 S(1V)03%+10H;0" — 2Fe(l11)
(H,0)6>* +3 S(V1)O4% +4H,0 in acetone by B3LYP/6-311++G** of PCM model

Table 4.3 Total Reaction Energies For2rFe(VI1)0,*+3 S(1V)05*
+10H;0" — 2Fe(111)(H,0)¢*" +3 S(V1)0,% +4H,0 of PCM model

Table 4.3 Total reaction energies of 2Fe(V1)0,*+3 S(1V)O5”
+10H;0" — 2Fe(111)(H,0)6*" +3 S(V1)O,% +4H,0 of PCM model

Table 5.1 B3LYP/6-311++G** of FeO4* in bonding length and angle of PCM
model
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Fig 2.31 B3LYP/6-311++G** Reaction Energies AE, at OK For Fe(V1)O,*
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Fig 3.2 B3LYP/6-311++G** Activation Energies AE, at OK for
O3+As(111)03* —0,+As(V)O,* (Unit:Kcal/mol)

31



¥- 3 F 8y

11l mF3#Fap

111 =5 P

AHT TR NEET RV B Y 2 AFS B HBEES (ferrate)

Fr i CBRFREY LRI RV RTRT RIS EF o H
FRBECHIRIEBFIF R S RIEBFREZLI/ABFIBO7RMBEF R
wERT O RFRG L F o I gaussian 09 gl kR R A
frit el  TRARES  LTARES Z THRRES Of L RRE BB I
T A2 ERESHEOF ReEd £1 1P BERET P e RES %
PR TR RIS CBRRFRERES SHBRERT
Podoz GBI PSS  UFEOHRES  TRARES  THAERES 2 THR
BIHPARBEOGTEE FE B BBREI P rERES  TAR
B LTARRESZTHEEILEFT LBRF BAER fi?’%ﬁd T F R
FIRER L 5T URFR TR EIRNE G RF R DB I ERID D N o

oo 22Tt RS A - B JINEIES  FTEBTARNSE
FREFCRRF RO INER AR T I Rk Fasmd £F 3
TR 13 & cnT 3 258 £ 5 a4 e * gaussian 09 #ilant B %
FONTEBRLTABRET ZARPRET I A Rl aiRe o
kY o I NMBROBGHLEHNTT CRRF A A JLEPF CRRF BZ S
-k & $# (Hexaaquairon(l11)) ~ 4%-k & $ (Hexaaquachromium(l11))if »* g 4. 3% 3
T RYRImT AR & FBEAES (ferrate) B BRT KR oY

AR R ARBR BB RF R PR T RAR T R HER SRR
S# s BILYP/6-311++G** > EB R FI¢ it ¥ - § ¢ tilwenfzf® o

112 BB~ %R

32



hor e A RFAOFT AR EERFSED B ARIKFRE I RS
YV BREGED > FEFAEIATVEER XS ABRBEIRESY £ 4
BB G EHIFALARR I FPHAIRFDERARSALEEAR - F
NEwE AN KSR LIS AT L LR & £ B R
44 \ﬁb\ff{\é‘g\ﬁg-l-ﬁ_iﬁ%o_‘gd)\yjﬁ'\ﬁé\élr:\@\ﬁii’:j-ij}ﬁ;
BEAGTEL cTRPFEHIBIVRI S BAEAM & B AR
i H A

MmAg . AMFEPLIELA B3 HEH 1KV -fELIEE D

ARTRT LRGBS PR AR ARAG RBAZ B 25 United
States National Academy of Sciences &%= 3 #;] 21 Bg 5T W —*Ff end pat {8 *‘ﬁ GeE N
B 7100 > P harsenite chF 5 arsenate # +3 1 60 R - B i £
ERARNFRE A -H% Figll £ A pRAF LML EF > B RA
i 2 EAF BREFEFAL LAY SRR RGBT A AB FRT
kERE P AP AFEY -

33



(8] As

1l

AT EnELE
| dax (Wb}

CH,

TH 5 i

=l

LI
D= p byl armensr sl
LIRS ET

|

TH 3 Bin -

-!'H:I'l'!—ﬂ-

ZH
Aol 0 ain e
[AH]

CH 5

CH o

et ] CHU RN
CH

TR R T ]
{ACp

(]

{CH g he—CH,

CH 5
OH 1] H CTH —— A il
oH CIE]
Sureembe Xlozemwibylarvanic arid
{ oo (TINF } i LA )
H , i‘i'
CH 5 Py CH O, —— As CH 4
CH CH 3y
Totrasa el Lo saidimm fon Triwsilsboarsioe: oo de
[ TelLs s CIRAAY
OH
CH 3 LY T TH (O H
CH 5
Lt thelar st o pas o sl veiii e
FAR2]
[n]
| . o
CH Ay

CH 5
T R i i sy B il
{TATAE ]

OH

F—CHJOCH CH W

(4]

Ol OH

P i s sl

Fig 1-1 Natural compounds of arsenic

B oo ga 3

R L - PR EE A S R TARBRFER

ER G MR AP FRA NI LT IHT L F A TREBT CFT
e it S Foorlipg ¥ o B F(FHEESTRITI BRR OB S F
FRLBF CFRIEY SRRABRF P LF R AR L B4

RS

S5 d o B ToRaR S R BA -

Bt AV ERIPLALH LERIPAF A1 EIF AT R I ol

REBEL A G LRF L HEAF ALY ES F 2=
health research institute of R.O.C &% 3
EABE GG REIHIFHG TR

34

#k‘
-

# > $23% National
SRR DL A8 A LA



¥E Al A3 I RSG5 ?E%"ﬁ&%rfj:__ B hEe L REHERL
N V-Tol U Y

FAdl ANERP AT E6A % WIRE G 3 L@ (acio

deposition) - i *# (acid deposition) € i¢ = 2 fi F 3B T FRAR UK - B
farnd g > H3 ek Tk Ea 3 o Ei'E (acid deposition ) § -3 e T
BRI FAIETESFAHN IS §RAAPIFANIZ? FELERFIR
st *% (acid deposition )@ A3 f# ke » S S 2 FiER E T &
A BEINEBIB TR S BI W TRDREFTIFRER o

Brd. AERP L E5A o BRI G T LELN BRI ER

; :“a*ﬁFrﬁEzizéﬁ”'T FERB AW P RRCEF A RBHEIAI P RS
B AFEHE 2 SR A -

BHESBED RS HORBIIZ RS ARSI P AT G

113 £ & hud 8 & BHlHFH

BNEERPEIROIRY I EFTLE-BRB A LEEFRER A G
ﬁﬁ%wéi’mmﬁﬁﬁ&mﬂubfTﬁ#ﬁ&ﬂ%ﬁ;?@ﬁaﬁ@;ﬁ
B L SR LA RY BES LR AR Plan)R PR B E R £
ERPF eI R B RLE X ;t-g’ﬁ Bt RisERED AT
B Al T4BRIE P FEBEN A 1H4 B F E e o

m%ﬁﬁ%ﬁiﬁvwmﬂ*ﬂkufkﬁ**% gt (DF 5w

P EERMIFEEA AR HERRF LA A REFLnET
Qmrie® : tad k4G HEEPRI hF R QKT - L&A
FEFEF DI EY PRI €A T B RAARE b RE
G4 ;AR riEr: EL2REIRPFPUNTREIE R EFHT SR
T R 2B ELA- PR EFRA; O)F PEBRF R

TR E R EBFL & BRI BT AL,

L1ARE & hG Mg Mind HILF

BB PHE: pH <5 2 BRBRFPLE BB RRARE ; (2 ML HA:
IR HRARL > R Lo Tk A Ak (%2 )(Clay) 4% % hld
BoANFZIEERIHARAR ON GERLF ARRARIEF KT 2SS

35



Bifer TR AEF I EhESF LS = AL BE Clay ~Silt ~Sand - &
ZH LT T e L o LR KA

=and it Clay
® - -
T > T T

0.05 mim to 2 mm 0.002 mmto 0.05 mm  less than 0.002 mim

Fig 1.2 Particle Size of Clay -~ Silt - Sand

Source : Michigan Environmental Education Curriculum Groundwater Supply
Website

1235 Fig 1.2 Particle Size of Clay - Silt - Sand w2 < ] ¢ & B 1—%— LCE o
F3 0 fRIpRAIT A3 005 ~2mm i3 REpfE2 3 Sand ;@ RERRUE A 3
0.002 ~0.05 mm -3 3gfE2 3 Silt; & ts EIRAA-] 3 2mm f 3 3F
# A2 5 Clay ; (3) Types of Clay mineral : % I ehgbd FHf 55 3 I s i

BforrginE > FIL e R FLE BTG EfRET A -

N EEEBRI R hE AERPETE S Rt T £ 4 pRT i
NEIRB AR A dep ok P s R E g R4 R

MBiﬁ%&*ﬁﬁF%@ﬁ#ﬂ

LIAd®enE L SR 4507 PRBGHH > 5 2FHREE Pk 4
¢ @ EBF] > 43 (1) Retardation Effect: R % 3 £ & B § fok @ AR
e BEFFEF R AEFRH OER @ii..?lm;i)i,ﬁ\[i ; (2) Chemical reaction:
FRF AR RSN EF R SLIRC oS CBRE A ;5 (9)
Biological reaction: Z-k&® 5 & & kerkd > 2@ FHix 2T > KL HF
17 £ & BB R -

REEBA PG NP SRS T RS IR SR A B T

36



KEE BT FAIBHHIET

116 # 7 K £ &= f ARSI

$¢$%f?“®€£%¢b1Lﬂm}#&ﬁ**’ﬂ)m&é SIERTE &
HEABRREFTF28) o WE SRR S ABIRGLARE HF|E L #
f‘g@;ﬂ" .ng;}&. f*}@“’:’k AR E £ — fﬁd PR B & ﬁ'&#‘ﬁ 22 HHs
— BITANPFERILRABRER - 23 DB T IR EE DR Rk
(2) Fo2: 2 L REBFEERLSBRPFEGF > A3 2 BRIV URE S
Bfe kS A ICAA B B ES G R FURZLART > 2 FH, € FIRE
RAE EBRIPILA ) A F R Hed T ()i MR T
BERY > RERZREERTHAEGEIRG A ERRPRR > 23 E P
PR ERE - FRET UL &Rk A SRR S B A R R TR ¢h
u¢¥“?ﬁ$m€£%k&ﬂ*#éu¢ FRME & BT IR RIE L
Fel22 A7 g - X7 %4) 3237 FREI AP 5
B RAEFRPEC I FHBRIRIIFERGTNEL > T
ToELVROR T E RIS AE R E SRS R APRIAT - )
F2 ¢ HHEE /AR I RHNT PRt ) FE: &

117 2 B E &R P iR P

~BATEFLEERFAIRONIE - B RAT AN T D RAIE S 3
(1R 3 = F i3 - (2) Soil - Flushing(Z ¥ € * k2 kKM i 24
ehd 3¢ enE £ AT ) - In-situ Solidification(d+ F = & F AR F & Pl > 3
ATJH & ® *) -~ (4) Chemical Oxidation-Reduction treatment > 14 = #-$+ & ¥
T REFEEBIEAFLNAEIIENT R IR ESPAEH A o p BRI
IJFRFIHEIAES T Z BN A NE (1) Ry IRFRFEIE 2
R BEE T LY "ﬁ'ﬁ’]éﬁ* *o FIREERLBALF FEHRAIY  F BRI
BAAFTRESFRFEERB S Q& 23 R Fic s - Solidification
Oxidation-Reduction treatment »(3) &t 2 3= % &5 P Off-situ treatment
of soil pollutants ) HgEBEF NFF ¥ NI EF 2P| -7 %> BB H
WAAT R ARG P N2 BT

118 2 E =&

AATRAFELARBE AT EH
EZFBRBETEEFF R > FBET :%Jﬁfl:—?mfw?" ’ ﬂ\ﬁv pii{piii’.—*
RS TARPRBEISTER - ERPR



BIehdESp TARATIIL FORE(Y »hkay‘;',ﬁ% M) PR ELARRERY
F:%’a&%:—’*ﬁﬁé—?fi-‘ﬁ AR ImERae > PR Fagh o 9N
FEFFRRBEUP 5T P RAEFRBIENT —*ﬁﬁ“'lrﬁﬁl% » B P fa g
FEET R M2 s> R4 80 35 R - 5 B8 &2
PookA S FRRA-A2PREF +€’#ﬁﬁ‘ﬂéﬁ X S0 8 1 AR L
ERAL4eT BN .  PI L PRA . BREB - LRB SmibPH
BER - ARAELEG: B é;s GRER~R) FRBFEE F
B FEFABRE G BFAE RETERIBDRBE/ #&iﬁiwa\b ’
FURETIREY EArhEL AR TR T -F F Bz E4LRER
SR RS S LA FE L PN f“iﬁﬁzﬁ%{%*%—*ﬁﬁﬂ‘lrﬁ
R > PR IREY c NTEIRY LBARSET AT IR
EEHE- Sk —*ﬁﬂ'—i‘ P RAPFBRCEFS G PR b §
¥ o oTEFERE G q’.‘*ﬁ'k-‘*mﬁf%
CsH1,06+6H,0—6C0O,+24H*+24e ... ... (1.1) > (L1 Fe(VI)O,F & # & 2 8 eh
23IEB 2N L (1.2): CeH1p0e+30H,0+24Fe(V1)04% — 6CO, + 24H;0" +
24Fe(VOL> ... 12); § : §7uFTFREFOFGFLOLIBRE
2H,0—-0,+4H"+ 4¢e"...... (1.3) ¥ (1.3)¢ Fe(VI)O42 EEEY TILES TR
25 @2 1258 (1.4): 6H,0 +4Fe(V1)0, —>0,+4H;0 +4Fe(VI)O4*...... (1.4) ;
FIEAFAR AT FRTERBYTIREY > mEgd § R 0AF
v 2 g v 5% L ANO, NHJ;&,}/«;? RS EBE o T ES F A
23 hF 5 NO, +H,0 ->NOsz+2H ™+ 2e7...... (1.5) % (1.5) é"'Fe(VI)O42 &
SR ERT S A AN T 02 4255 (1.6): NO, + 3H,0
+2Fe(V1)0,7 5>NO3+2H;0"+2Fe(VI)O,> ...... (1.6 ) ;A NH, B £ 3 ¢hF B3
4 NH;" +3H20 5NO3+10H ™+ 8e™...... (1.7) 2Fe(VI)O,* & # & 2 Fehd 3 &
vl i

(1.8) % : NH," + 13H,0 +8Fe(V1)0,> —»NO3 +10H;0*+8Fe(VI)O,*...... (1.8) ;
- #NH, B 8T 3 5 B 5 2NH, — No+8H™+ 6e...... (1.9) &
Fe(VI)O, & # 2 2 Behd 5 8 2 255 5 : 2NH, + 8H,0+6Fe(VI)O,* —
Ny+8 Hz0™+ 6Fe(V)O,>...... (1.10) ; #u: S ¥ L5 a2 A2 ¢ » 44
P12 g NSO MR H P WERET I FSOMERS TMEIT MAT -
FLRBERNT ISR REI L NEI NI/ SO +H,0 —
SOZ +2H"+ 2e...... (L11)& Fe(VI)O,F & # A 2 B ehd 3 4 > 255 (1.12) 5
SO5% + 3H,0 +2Fe(V1)0,% — SO4% +2H;0 +2Fe(VI)O4* ... (1.12); S+ 4H,0
— SO, +8H + 6e ... (L.13)&Fe(VI)O~ L i A 2 EehE I B BN 5 : S+
11H,0 +6Fe(V1)0O4* »S0,% +8H;0"+6Fe(V1O,>...... (1.14); £ 4 B - &4
TIARAFERFELRFAL doidE B FEER o NTENGAZAS
3 ek BiEARL 3 > Cu—o Cu®+2e ... (1.15) 22Fe(VI)O,~ & # & = £ eh

38



T3S SN L Cu2Fe(VI)O,” —>Cu™+2Fe(VI)O,™ ... (1.16)

119 # #ipkas

Fig 1-3 structure of ferrate

ferrate > ¥ % % 5 R 4B > B £ chP &5 potassium ferrate (KoFeOy)

4k B 4Efk4 (Potassium permanganate) 3 48k~ ML 3 % § L and o
FURY AFSH G o FREERIE ATERRFGRET > 2 RFS
B W45 TRak K SRRV AE 0 RFET S Rk Ry 910 2050 # 23k 4 okt
HA - RACEEFFALE L A T RRRT Y SRR EEAFER
Flax k< RFIR A g1 £ o

BHERAYFIAS CHAF R AN

2 Fe(OH); +30CI +40OH — 2 FeO,” +5H,0 +3Cl (= 4§ ©
%)

BBEEI LR AEFIZA L T RURTUTARSIZ LA Y TH IR

% p Diwakar Tiwari, Seung-Mok Lee E-BOOK:Ferrate(VI) in the Treatment
of Wastewaters: A New Generation Green Chemical
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A. B B4 308§ 1Y 2 (Dry oxidation of iron at high temperature)

PANATEROHHEZ AT (D) BRETEERETARPESF R QR E
THE P L ARRI R TEFF R LYY 22 52 FeO,” g8 F
R4 v i(reagent ratio) 2 * i & (reaction temperature)j B -

B.  *E &3 1995 % fe (%% < gt Diwakar Tiwari ~ Seung-Mok

Lee E-BOOK:Ferrate(Vl) in the Treatment of Wastewaters: A New
Generation Green Chemical a‘"c;“ - % A FiFLE X FeO,” E 41841
ORI BHORTL AKRBIBRR T ENMER B FeO, LA Mk > T R
* B RF REARE BT B TRA F 2 N ke FeO, W
B B 4B iz § v ;2 (Dry oxidation of iron at high temperature) i I} %
FeO, ch™ R B o

Anode Reaction: Fe*" + 80OH — Fe(VI1)O,* + 4H,0 + 6¢
Cathode Reaction: 6H,(+1)O + 6e" — 3H, + 60H"
Overall reaction Fe** + 20H + H,0 —Fe0,* + 3H,

1 [+

Power supply

1%
W
JTFHLEIE \.1[”\-’

Eos
LR
Voltmeter
L*] -
9 al e OH
o ]° FeO,”
s

s

Fe,?
OH $

\I'ct J‘h‘-{ }*.:

OH gy

-
=
-

APOIIED (ALY
L ApOuR ey

OH
Feld, "

o
-

OH ' OH

Fig 1.4 Electrochemical of ferrate synthesis

dONBBAIRAKE KBRS EH O ARBAY BaRRY > AR
Bjaggs Fe* o g R EERE ks B4R - Tablell 3 2 # -k
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2ferrate chEITIL R A R

Table 1.1 Summary of water purification agents

ikl [ 3 Bk
Potassium alum E - Rk% E-RERT N T AP
BopTAF mﬁfs (P %%
B )
Sodium hypochlorite qE (1) w67 & §
(2) *» =

B) Vit & R

Ozone Firdag >3 EFT (1) 2% &= 22 5%
3
(2 !‘p%
B) BERRT i X%
Ferrate E "#é&= > 2t (DY piEFEes s
PREGIHE HFAKL f2
%

HUEPRBBEAG Y BARRERTRAT CBRF B RRE BPF
Hp (T~ %’c. Gary Wulfsberg (1991). Principles of descriptive inorganic chemistry.
University Science Books. pp. 142-143)4p 1 » B4 v B BB BB TRFF B
RFRERAT VERTEAE 422V  BABEE RARBRRT R
FULrERFR A AREIRER REREFT CBRFRTT R T LER
%T;f* FF+0.7V s v Nl P ABHBERRT fIa? BEBERR TGS
T RRF RBORF] o

N BBERFIZHET CHEOM G U ERBBED 2 fBRS aﬁﬁé)ﬁ
FH#Y.Y.Eng, V.K. Sharma, A. K. Ray, J. Chemosphere, 63, 1785-1790 , 2006

RERIIrERERATF Y kB RIF X A FEIESRO O RRER
PR E B des TR K en A B REHEL S AR B - RBGR.
Xu, Y.P. Zhang, G.B. Li, J. of Hazardous Materials, 161, 1299-1305,2009 - %

VJ,?%P\ R RN B BRER T RB U RARR ARER SR EARL  F
Pt H-B BT T APHY 292 ~04k 5 ¢ 225 BT o SR PE U0 L
e B 'f’%"%ﬂ?«g’ - BRAIZEBEFT VRELRARZPORFTRRELY A
@uw”a) BE 1 FRokend RIE d R BRI 5 TR
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WEIL-RF R AR P ¥ ¥ NIRRT RO RS B R
#% Cotton, F. Albert; Wilkinson , Geoffrey ¥ % % ¥ s»Advanced Inorganic
Chemistry (5" edition )— # 43 91 % & B4+ AiHBE T hf CBRN2 H T
*%:CIO+H,O0+2 —CI +20H ,E° (V) =089V » & B 4B g L7 B
T CERETEAOTVIVRESTF NERIEBE VIS EBRET 2R BEBRT (F
LECIE LD R

1% YUNHOLEE, IK-HWANUM,JEYONGYOO %A% 4
Arsenic(l11) Oxidation by Iron(VI1) (Ferrate) and Subsequent Removal of
Arsenic(V) by Iron(111) Coagulation— % = )‘Hﬂ ' # 7 Arsenic(l1)= & egg-k 7
B AR IERET NG M z;stFe(VI)O4 § 1t R Arsenic(V) > s enTRE
Fe(VI)O.7if & % etk » F15 5 K p Y ECE Fe(V1)Os i & 5 2.9.2
~9. 4Tk B > PT I EP D Fe(VO, AR 5 7 Arsenic(111) 2 & ege-k 8 5 i & ehe
2L RBFFOFERL - LR RNOKHBRRLY F TR AF L ARSR
Bend g2 ¢ > 129 Donald L .Sparks Environmental Soil Chemistry - % &
Table 2.2 (P46 )4y i+ 1 Hehdpd % 5 ME5 7 AL L L BgS
doFig 1.5ehp Z AT B BT 3 7V Fli TR A R HF L o
A F PR IBENE L fHrck o I ER R T Fe(VO, AUR t )k ¢ hE
EBFTIEAPHEAZLY 2P RPBRBI LS 07 LFLI AR

1.1.10 § * B R F B

FLERFAE TRZAHLINFILERMDFR AV -BECRRF R
PERRFCLFI AL RRRL S RED L CALF XA RZIBREF R
R pEE o

A ESHe BAR RO CRRF BBFIRGERSA S A
QF AR+ EB T RRF R
DFRIABFCBRF B
COT+EBI T RRF B
R&FFRBRRFEB

ANERFEBFCRRFE

TRAEBIFCRRIFBELLEZITERFORB REFTE L RRDF
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https://en.wikipedia.org/wiki/F._Albert_Cotton
https://en.wikipedia.org/wiki/Geoffrey_Wilkinson

B MTFE BN EBF
Fe(V1)O,> +HS(IV)O3 — HFe(1V)0, >+ S(V)O5

B enE R % F & GREIHSOs ) d Tampnd - BFF A A2 dp
SR R hE RIS TR BRET (FeO,”) - #F BT (FeO,”)
BT BHEET (HFeO,Y) » p PrFechi i i FeO,” eht6 % 2 HFeO,” ¢
+5 o F|HF L TE > 970IFe0, 5 § A 3 A HSO3 KR & ehF 1t ficehd

XSO 75 > F bt > UHSO; 2B ARA o d NI RIBHT A

BHDNEFIES > PRI IAEFTELIFLEE B2 FR TN EFK
* %

B)f R+ @B 5 “RRF B

FRAIEHBFFCRRFE BELEZP*FRIEB REFF LR R
Fl > UTF RS 63

Fe(V1)O,” +S(1V)05* — Fe(1V)O3%+ S(V1)O,*

*EREP SR BEFO,S) e ML ¢ ohf RS S I L AEIY(SOST)
L1 inig FeO, %A ferrate (IV) (FeO3?) » o prFern§ v #icig FeO,” e+6 %
X FeOs er+4 > d 3 +4 ihFeO;” 4 BT §rt ¥ 2 8> SURBEn
- B R3A52 ferrate (1) (FeO,?) & £ B~ F 3 a3 X ferrate (111) (FeO5*) -
AERS FrE RIBHF B- BEAXEIHFTIEB PRI A EFHLAIR
R T FER R

CRE+EBIFRRF B

TIRBIAFCRRFBELLEIHN AT ARBREFTF CRROF R
TR B3t R 5

Fe(V1)O,* + S(1V)037— Fe(V)O,* + S(V)O3~

AF RBEP 5 TAER (S057) St B89 e 5 8 7 3 5 (FeO,”)
L1 R FeO %2 B4R (V) (FeO,Y) - w rFechi i #icii FeO,” 46 %
X Fe0, erH5 > d 3t +5 ehFe0, fr+4 ehFeOs” - > a4 FT gt ¥ 3 48
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R0 TR R - BF RT SRR (1) (FeO:%) » A HAAEHI(SO5”)
JEE SN T A EECAECCRESD LIFE S RS TR E T 22
£ MW TIEBEH- 7 o R 5 L 1956 e £ 4 - FRA Marcus Tk
Moo dR R RIRENED I RS AERE R iR 3 B R T
EREBIRIABAERL L IFD LRI EBERL Rk erFEE - F 3
RIS IEALR O R B AR R IB AL EBE R
A A -

D) RE{AF L BARF R
REFFLBRFIFBMLILEALZFE@O)C=Z B ) &FenF P F L0 A hf
CRRE BN 0 MNTERBRNEHT:

FeO,% + SO3%— FeO,> + SOz ++-+-- (F3@gBrfBRFAR)
FeO,*+ SO; —FeO, ¥+ SO5-++-+- (23@B1F BRFR)
FeO,* + SO3°— FeO3> + SO 7+ -++- (§ RIEBBTBRFR)
FeO,* + SO35— FeO3> + SO 7+ -++- (§ RIEBBTBRFR)

MARBRR?P D CRRFEAT CRENF VRRF BRI RY BDfEN -

R AG{2 P SRR ERIR T AL P RARAERARTERN G
FRFRHOLFI R EIPRNL F A2 TR ERFARELT F AEHR
FRB A/ F P RRERLRRER LY A ERTARE DT F LR
FamxPi§rRRrAH1  ABEFF 7 PRLIHE ER A F D
BRSNS FIFERRFF MU ARBZIREI e B EF IR MR 0
BRBE? - TRRFERBRERE TUFRELNRHZREBEP 2K ORFE
FTERFEEEHRESR

MA@y T ER DL IBERET o A B - &0E § 37 (oxyanion )
MR F LRRERTFENAL I AR IBBREI o B om0 &
Ny F IR CRRERET X FEKEPpe (RFEH) CPHE
7% ¥ (dissolved oxygen) ¥ZE B FF > CARFIEBRY F L RREEF
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Fid X I EEnpe(TFER) PHE 3§ (dissolved oxygen) X Ik3R F]
sl 2 L PP LFEZ&Fﬁ BT fort P - B 07 F I RTINS T
BRFAEANP E R HRBPFETE R pe-PHE -3 ERRFF5>F
&’ﬂ%wﬁﬂ+@€%$$ﬁ&$+#ﬁ B gand F S ARERE
viERchy LB RF RDER -

1.2 % fedF st

%*?%ﬁ’$ﬁﬁ$°“$*ﬁupi’"#ﬂﬁﬁ‘“ﬁﬁﬁﬁ

WAREP P EFRFTES ferrate & F 0% 5 VK.Shrama - # @ % journal of
Environment and technology 4 %3 % 2 B3y MPm L -

Ry V.K.Shramanrg £ R R4 > 1T 5 # ATPF RenB B 1. $ ﬁﬁi”
CERE X LS 900 WP R A € EE L T E RS S8 T
sharma, J .S mith,F . M lillero J. Environ. Sci. Technol. 1997, 31, 2486-2491

@ A. Karlesa, G. Andrew D. De Vera,Michael C. Dodd, J. Park, Maria Pythias
B.Espinoand Y. Lee ¥ A FRBBEN 57 203 RIZRL F FRR Y ¥ Ly
WE P o2 )f& #L % . A Karlesa, G. Andrew D. De Vera,Michael C. Dodd, J.
Park, Maria Pythias B. Espinoand Y. Lee, J. Environ. Sci. Technol. 2014, 48,
10380—10389

13 # X 2%

*E S & FHenA AP g * Gaussian 09 it LEZ IR E R BOTR
® Pleh- B AR A T

1.3.1 A& & 2% (Transition State theory)

1.3.2 H g3 ¥ (single point calculation)

1.3.3 B i BiF (geometry selection )

134 {4 ¥ 38 (simple harmonic frequency calculation )

135 #4238  (Abinitio Calculation)

1.3.6 % B £33 % (Density Functional Theory)

1.3.7 g & F B3 2 &1 1 87 ( Self — Consistent Reaction Field and
Polarizable Continuum model)
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60 -
FeO,?...0...50,%

50 f T.S.

40 +
30 -
45.84
20 +

10 | FeO,>+S03>
Reactants

71.91

Kcal/mol

_10 L
FeO.2 +S0,%
20 1 Products

-30 ~

Fig 1.5 Transition state of Chemical Reaction

Figl5 5 - sRiGR G F KW - ¥ 11 &5 338 & & % (transition state
structure) =i £ E P v F R4 (Reactants) 2 2 = $= (products)eis: £ B8 kep
B ORBEATUED- BRHLF-BLEF RRLREERF S kMg g
RiLEF GRS N KSR D - BB fﬁféflz’ﬂ L R
EER Lﬁ_m%ﬁ*_i ¥ ﬁlr:{iﬁ-;&ig.%ﬁ(Transition State Structure) - 2_ s ,Tlr‘.,u
PRBIFR I TRIFREF N EE AR AR T ENN I RN EELR
it £ 4 > £ 5 75 v i (Activation Energy) > * §£3% F B4 & it (Reactants
ActivationEnergy ); a k<t E EF2 AR EELZ R 4 > 325
%1 it (Products Activation Energy ) » i ¥ iS5 (b st A% > * B F RARF (T >
FEF PG E PR R RER AR O EF R R TR I F
FREF o &®? Gaussian09 =751 5 .?%f;’#}i PO R
T E k28 B £ F 5 A & B (Transition State Structure) » e+ 7 %
223 3 A KR & B H(Transition State Structure) - B3K ¥ %f#?u{:ﬁ p: 3
# % #(Transition State Structure) » ¥ & B H g 3+ ¥ (optimization
calculation) = =1 - € ¥ BHE 74 F £ 47(frequency analysis) 4 | #7ig
PRSI RLEAESH LN - BRRLERE S AR IR B
fEon @ R Eop RERBBHAEFNRS BRI L 5 enf >
7RI B %f#i}‘éﬂ & A& & % (Transition State Structure) -
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132 B g3t

PARARTLE L-’I‘”‘ﬁp/él}:*ﬁfé’;w@éﬁ)"‘ié s o F ’;“';f#_ﬁ—:}'i;z B2 TRF
FoOod¥ERI R oan IR LARRH FRFNECBHE MF JE.
FARBEYE > rHY ARFRBRBFVERG R IIEEFE 2 -

1333 miBEE

AR ADEFREY 6 b By gh(stationary point)} h e g o F 355 3

Yo

(1) %2 SCF #24

(2) &aan &2 2 S8 (wave function)

(3) 4 it S dc(wave function)it 7 f3 5% £ - A
(4) $ A fan £ - CHA FRARTE F AR

134 Mi#ESE

R P B RemhP S a3 S AP FREVE 8 L3 2t s
-4 3 e iBaE (Geometry selection)en % » Rt A AN B R ORLT R
(stationary point) - 2% £ %5’,7*‘-{3: £ & i< 2L ¥ & global minimum) - 3§
¥ it &_local minimum > Transition State £ £_saddle point - R *tig— Bhid ¥
£ [ gt B an S R 2§ 18 e % £ 57 gk (stationary point) &%
- -

MM B ? ARRBE LI ERAEI 2 PURBEF SRS 8
(thermodynamics) 2 & +4 £ (Kinetics)tp i cnF i (R3/ 2 P L 1 1)

135 d=4nid 3 &

&% " #4258 (Schrodinger equation)snpFiz » — #m 3 € & * 42450 ?l,%:
(ab initio calculation) & & %23+ ¥ i (semi-empirical method) = #3+ ¥ #;¢
7 RfFET 2 4258 (Schrodinger equation) © 4 4% 3+ 8
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(ab initio calculation)- # 2 & % AR RN R *FIRFIBZ AF ¥ &
A X g3t ¥ (semi-empirical method) B B3 S r@ 3l chlkciE %~ A f§
Hamiltonian operator %% F#L% g W.J .Here, L. Radom, P.v.R Schleeyer,
J.A.Pople, Ab initio Molecular Orbital Theory 2 L.P.Dauvis et.

al .,J.Comp.Chem.2. 433, 1981

Rm TR POPREASELZHEIEEFZIHSHTIFIRR(p) REX - H-B
NBEFenista 3 arzF(ropace) «r L+ %R L p(r) %2 H Sndkp(r)
:]‘t"‘-?: KEFTI RAYHBONEE PBFE LTI RARLIE U Ep) &

K0S S SRR RIS R RS o ik e R AR
LIS ’&r': N2 EIRRREFFESER* T IBRRPFARASIZE T ¢y
Rt R LS IR e % frHtaree — Fock method R & @ 4 B ) enhybrid density
functional methods - density functional theory$ %]+ Htaree — Fock method £_
density functional theory#t & = X 8 7 & # & 38 (wave function) - & £ i #
TR AR kR E > %% T4 % p James B.Foresman and Eleen Frich ¢h
Exploring Chemistry with Electronic Structure Methods , 2" edition— 2 #p

b3

5 o

1.3.7 p & F BH-Z &1 i FHT)
B IS5 B35 - fhgaussian 09 Al (T3 Mo p/AdRen 2 > ¢ & 77 A MK
Ao s E

(1) Onsager model : Gaussian input % SCRF = Dipole
(2) PCM model : Gaussian input % SCRF=PCM

*mv Lig * i@ FHCI(PCM model) % a3 Mac el e ¥ - &
i ¥ #-3) (PCM model) £ & Polarizable Continuum model - £ Onsager model
% F e%_Onsager model F_BE& 2 A E % a3t kA3 B > @ Polarizable
Continuum model . BXBZHEs Rz B 46 > 2 UTHZH3 0K
#:

(1) Solvent Excluding Surface : #3]ehz B d IchR I Ry hzFE
Bt RiaTF -
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(2) Van der Waals Surface : # ez B d 323 & 3 ¢7Van der Waals & 45_*#:* )
B hZTEAE P BHEM o

(3) Solvent Accessible Surface : #B R X E 5 & 7 g Iz FHI -

12 + g *+ Polarizable Continuum model £ Onsager model kit < f’e Rikkp
S.Miertus , J.Tomasi, “ Approximate Evaluations of the Electrostatic Free
Energy and Internal Energy Changes in Solution Processes ”
Chem.Phys.65.239.1982 ~ J.G. Kirkwood , J.Chem.Phys. 2,351, 1934 ~
L.Onsager , J.Am . Chem.Soc, 58,1486, 1938 = % ~ f%??%}ﬂ@j HIph g o

123xJames B.Foresman and Eleen Frich érExploring Chemistry with Electronic
Structure Methods , 2" edition é% L %7 % > BB F ReHf 1 b e 80 A
A= SEREE L= R E

(3) IPCM model : 2 % % isodensity Polarizable Continuum model - %33 I
PERANERERRAYATF TR AL F AR B A @ (isodensity surface) 3§
HREAEE - B DI 5 AR 7 £ iz e ez B> Gaussian input 3 SCRF
=IPCM -

(4) SCIPCM model : 2> # 3 Self - Consistent isodensity Polarizable - %3
)3 ¥ $503) 2% 22 isodensity Polarizable Continuum model 4p > v&— % F &5
A RABBFREAE T RINBBALA T HAF PR B R G (isodensity surface )
B % > Gaussian input % SCRF =SCIPCM -

titAL & 4w R 8 Onsager model i § #4235 i3 B4 F iy f&EE(dipole
moment) £ % 3k - Onsager model € #-2 AR5 §F BHEBZE® F ¥ g I @ iz A
g o

¥+t IPCM model ~ SCIPCM model & &3 #3+ 8 #°3] 3% < %’%%%}ﬂ% T.A

Keith , M . J. Frisch “A Fully Self — Consistent Polarizable Continuum Model of
Solvation with Analytic Energy Gradients” , in preparation 1996

1.4 & & &k

#3t ¥ it & (Computational Chemistry )¢ > € # * A & Shdceha it e & k#0358
A g RBT ik 5T
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¢i - Zszl Cis Xs

H P uX 5 &K Sdk(basis Function) > Cis3 thdk- - &a T ¥ * AR I
3 » & - — fa&Slater type orbital (STO) - ¥ - ﬁ_{Gaussmn type orbital
(GTO) - r27™ & Slater type orbital (STO) & #c12 # 5 £ 7 e 3¢

Xf,n,l,m(r ’ 0 y q)) = NYl'm(O , q))rn-l e—fr/ao

K 387 A Slater type orbital (STO) & # 3 & §_r2normalization constant , N
Radial function, r"* ez spherical harmonics Y |.m (0, ®) Apsk @ & - ¥ ¢b > r

LR 3 3R+ frerpede > nL principal quantum number > 2§ %P LG M

dg®EBohrradius - |~ m& % & £ ehf_Angular momentum quantum number

2 Magnetic quantum number - Slater type orbital (STO) & #iZ ¥ € * %3 ¥ %
T3 R 2 #R3 A3 > 72 ESlater type orbital (STO) &3 & $ 23+ R 2
%)ﬁ' F L F '— 59; ﬁ,L 13

@ Gaussian type orbital (GTO) &i#c/! &5 £ 57 eh2a ;% §
Xf,n,l,m(r ) 0 ) (I)) - Nyl,m (0 ) (I))an—Z-I e_frz

Gaussian type orbital (GTO) éigse 83 5 R+ 52 Bk e g
FRZ2HERT PBHIT2 ) Sk FAen> N U8B 2 F ¢ Gaussian type
orbital (GTO) st e & k#i# — ® Slater type orbital (STO) 3 #&

141 A Z AR Sk

B 02 3-21G - 6-311G kAR A HARSKPLL 3 ERFBAET I 0
#ug £d =  Gaussian type orbital (GTO) stz & a &> 21 R F B p kR
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FenfE A S S BRAIEA NI 2 B2 1B Gaussian type orbital (GTO)

MPELa s d 631G Fa v LERIHFRRET I F I 2 B

Gaussian type orbital (GTO) #lte é&m S m itk Bp R T+ i~ €44

A== &uﬁnﬁch\ uld 31 > 1 > 1 Gaussian type orbital (GTO) s+t &
@ PR L

1.4.2 #ic i

¥ Hpicddehd d 305 T8 F ¥ ol k fud B0t KA 3 0 B S

iAo 5T - BSHBURS PRSYBEL ke T F b ek
BAFRBEF LA PIFET T R T ¥ 7 HITHEOE R TET LT *
A5 RHDIHAS A LT ﬂnaﬁiﬁmmﬂ%m“%

1.4.3 &1 S8k

B Sl LEHF BRI PSR e RB B E S AR
2 HBBEE O BBRY BRI EERLBT R SKY kP EHBRIT AR
FEEE A FAR TP I B L ¥ 3k ? AP FRITIBRREPAE @ 2

FRA T NS o

14~1432 B/ §ehp 3 53 f& % B, A. Szabo, N.S. Ostlund, Modern Quantum
Chemistry pp.180-190

14435 32

EI3I 4 BT BB RANRET L NBR I TUTHRAIFERS A
TRESFIRNT A AR
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(D) +ERFATIFTRSAL G %
(2) 57 FIRF F el 3 et o RS T R S S

Arl o IBFEHTEERIBEVLAINTHED

(LE g ¥
Q)i % ’f#.%s%
OF ki Rk

$oF BEEHE - SBENES PARNRET TR
RS TARRET 2 DARRET f VBRE BB

ARG LA B SR 0 AFT
2-1 EBARIEK

BFBRET A CBRF RBHA R
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2-1 FH AR I K

AEFEEIE W > A2 LK _Gaussian 09 ik B ehR S TR R ¢

Nl - BEEPREIKITL AB AEBTE MR chl Sk o

B7rL 5 AT 1A Fe0,7+503% - FeO37+S0,7 (2 Ak FH P ¥ ehA ok o

Table 2.1a ~ Table 2.1e % FeO4>+S03% — FeO3*+S0,% & * % | ch B 5.5 h
St ki B4t 0 2% 7 BHandHLYP/6-311++G** -
B3LYP/6-311++G** « B2PLYP/6-311++G** « B3LYP /6-31G* - B2PLYP /6-31G*
GRS E PR D kel BEdh 0 P oeRd T fRR Y
BHandHLYP/6-311++G** « B3LYP/6-311++G** » B2PLYP/6-311++G** + B3LYP
/6-31G* ~ B2PLYP /6-31G*#++FeO,*+S05” — FeO3+S0,7 ¢ tha 3 it £ €
FRAEKGOLE 2 BAITI BF PR SEnE kA P E% 5 Table
2.la~Table 2.1eshfé @ -

Table 2.1a B3LYP /6-31G* Energies For Reaction FeO,*+S03% — FeO3%+S0,*

(Unit: a.u.)
Items E, (0K) E.,+ZPE U° (298K) H® (298K) G° (298K)
S0,% -698.93202 -698.91672 -698.91264 -698.91169 -698.91169
FeO4” -1489.12929  -1489.12182  -1489.11719  -1489.1162  -1489.1502
SO5” -623.64819 -623.63848 -623.63477 -623.63383  -623.66409
FeO,” -1564.33847  -1564.32703  -1564.32201  -1564.3210 -1564.35447
FeO3..0-- -2187.56102  -2187.54098 -2187.53052 -2187.52958 -2187.58139
SO;*
(T.S)
Total energy -2187.98667  -2187.96552  -2187.96181 -2187.95490 -2188.01857
(Reactants)

Totalenergy ~ -2188.06132  -2188.03854  -2188.02984  -2188.02795 -2188.09218
(Products)

Table 2.1b B2PLYP /6-31G* Energies For Reaction FeO,*+S03* —
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FeO3%+S0,% (Unit : a.u.)
Items E, (0K) E.+ZPE U° (298K)  H° (298K)  G° (298K)
SO,* -698.53511 -698.51962 -698.51557 -698.51462  -698.54480
FeOs* -1488.61887  -1488.61038  -1488.60584 -1488.60490 -1488.63875
SO5% -623.30666 -623.29682 -623.29313 -623.29219  -623.32242
FeO,* -1563.76216  -1563.74527  -1563.74077 -1563.73983 -1563.77225
FeO3%..0 -2186.62685  -2186.60317 -2186.59314 -2186.59219 -2186.64311
SO5*
(T.S)
Total energy -2187.06883  -2187.04210 -2187.03391 -2187.03203 -2187.09468
(Reactants)
Total energy(P) ~ -2187.15399  -2187.13000 -2187.11953 -2187.11953 -2187.18356

(Products)

Table 2.1c B3LYP/6-311++G** Energies For Reaction FeO,*+S03> —
FeO3%+S0,4% (Unit : a.u.)

Items E, (0K) E,+ZPE U® (298K) H® (298K) G° (298K)
S0.* -699.11590 -699.10147 -699.09729 -699.09635  -699.12672
FeO,” -1489.37262  -1489.36554  -1489.36104 -1489.36010 -1489.39454
SO5* -623.83734 -623.82829 -623.82450 -623.82356  -623.85497
FeO,” -1564.58619  -1564.57534 -1564.57022 -1564.56928 -1564.60284

FeO;”..0.80;*  -2188.07155 -2188.05069 -2188.04057 -2188.03963 -2188.09149
(T.S)

Total energy -2188.42354  -2188.40364 -2188.39473 -2188.39284 -2188.45782

(Reactants)

Total energy(P)  -2188.45782  -2188.46702 -2188.45834 -2188.45646 -2188.52127

(Products)

Table 2.1d B2PLYP/6-311++G**Energies For Reaction

FeO,>+S03% —

FeOs”+S04% (Unit : a.u.)
Items E, (0K) E,+ZPE U® (298K) H° (298K) G° (298K)
SO.” -698.73098  -698.71643  -698.71227  -698.71133  -698.74166
FeO4” -1488.88470  -1488.87597 -1488.87172 -1488.87077 -1488.90371
SOs* -623.50488  -623.49582  -623.49203  -623.49108  -623.52145
FeO,” -1564.03782  -1564.02112  -1564.01666 -1564.01572 -1564.04806

FeO;%..0.50;*  -2187.17412 -2187.15050 -2187.14041 -2187.13946 -2187.19302
(T.S)

Totalenergy ~ -2187.54272 -2187.51694 -2187.50870 -2187.50681 -2188.45782

54



(Reactants)

Total energy
(Products)

-2187.61569

-2187.59241

-2187.58400

-2187.58211

-2187.64538

Table 2.1e BHandHLYP/6-311++G** Energies For Reaction FeO,*+S03* —

FeO3%+S0,% (Unit : a.u.)
Items E, (0K) Eo+ZPE U° (298K)  H° (298K) G° (298K)
Soka -698.93405  -698.91836  -698.91438  -698.91344  -698.94346
FeOs?> -1489.08139  -1489.07409  -1489.06969 -1489.06875 -1489.10192
Soka -623.68247  -623.67248  -623.66885  -623.66791  -623.69799
FeO,> -1564.26425 -1564.25727  -1564.25065 -1564.24971 -1564.28914

Fe0;>.0.S0s* -2187.60972 -2187.59115 -2187.58079 -2187.57985 -2187.63014
(T.S)

Totalenergy ~ -2187.94673  -2187.92977 -2187.91951 -2187.91762 -2187.98714
(Reactants)

Totalenergy ~ -2188.01546 -2187.99246 -2187.98408 -2187.98219 -2187.04539
(Products)

4 *Table 2.1a ~ Table 2.1e3 3+ ¥ FeO42'+Sng'—> FeOs"+S0,” e it 1

)‘L ‘E“/ Qe
43 ;E'rlr' ibs >

(Structure of Transition State ) # Table 2.1f% 3 Table 2.1a ~

Table 2.1e ehEi -t #&E£ % -

Table 2.1f Activation Energies For Reaction FeO4>+S03% — FeO3%+S0,% in
different DFT method (Unit : Kcal/mol )

Basis functions E, (0K) E,+ZPE U° (298K) H° (298K) G° (298K)
B3LYP/6-31G* 45.84 45.82 45.68 45.83 45.18
B2PLYP/6-31G* 55.43 55.15 55.72 55.90 55.77
B3LYP/6-311++G** 39.84 39.77 39.91 39.92 39.81
B2PLYP/6-311++G** 47.78 47.35 47.08 47.25 47.60
BHandHLYP/6-311++G** 39.13 39.33 39.51 39.51 39.83

1343 Table 2.1f &5 1 &%

(Activation Energy) %z
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F @& * BHandHLYP/6-311++G**ir 33+ Eenf R S H o3t B )

e

b, 22 2z
% s fL

B I AARIMK (FE Table2.1la~Table 2.1e #1i¢ * ek & Sndk) #r3- 8 )

KerE it ¥ B e

Table 2.1g. ~ Table 2.1L % FeO,*+S03* — FeO3*+S0,% & * B3LYP/QZVP -

B3LYP/CEP-31G -

B3LYP/DZF2_QZVPPD #fh & SHcit 73+ ¥ it R 8@ -

B3LYP/CEP-4G - Aug-cc-pVQZ -~ B3LYP/DZP -

Table 2.1g B3LYP/QZVP Energies For Reaction FeO,”+S0;* — FeO3*+S0,*

(Unit: a.u.)
Items E, (0K) E.+ZPE U° (298K)  H° (298K) G° (298K)
SO, -698.93482 -698.92382 -698.91887 -698.91793  -698.94982
FeOs* -1489.45245  -1489.44529  -1489.44078 -1489.43983 -1489.47332
SO4* -623.72669 -623.71967 -623.71538 -623.71444  -623.74593
FeO,* -1564.66706  -1564.65643  -1564.65123 -1564.65029 -1564.68404

Table 2.1h B3LYP/CEP-31G Energies For Reaction FeO,*+50;* —

FeO;*+S0,* (Unit : a.u.)
Items E, (0K) E.+ZPE U° (298K)  H° (298K)  G° (298K)
S0,* -73.70224 -73.69140 -73.68636 -73.68541 -73.71755
FeO5* -171.16469 -171.15736 -171.15286 -171.15191 -171.18646
SO4> -57.77073 -57.76357 -57.75928 -57.75834 -57.78987
FeO,* -187.10398 -187.09315 -187.08799 -187.08705 -187.12074

Table 2.1i B3LYP/CEP-4G Energies For Reaction FeO,*+S03* — FeO;%+50,%

(Unit: a.u.)
Items E, (0K) E,+ZPE U° (298K)  H° (298K)  G° (298K)
SO.* -73.70224 -73.69140 -73.68636 -73.68541 -73.71755
FeO3* -171.12086 -171.11333 -171.10875 -171.10781 -171.14264
SO5* -57.77073 -57.76357 -57.75928 -57.75834 -57.78987
FeO,* -187.04351 -187.03239 -187.02727 -187.02633 -187.05995
Table 2.1j B3LYP/Aug-cc-pVQZ Energies For Reaction FeO,*+S0;* —
FeO;*+S0,* (Unit : a.u.)
Items E, (0K) Eo+ZPE U° (298K) H° (298K)  G° (298K)
S0,% -699.22687 -699.21191 -699.20782 -699.20688 -699.23707
FeO,> -1489.49606  -1489.48853 -1489.48413 -1489.48318 -1489.51637
SO,% -623.92157 -623.91218 -623.90845 -623.90750 -623.93878
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FeO,” -1564.71470  -1564.70381 -1564.69870 -1564.69776 -1564.73130

Table 2.1k B3LYP/ DZP Energies For Reaction FeO,>+S03% — FeO3*+S0,*

(Unit: a.u.)

Items E, (0K) Eo+ZPE U° (298K) H° (298K)  G° (298K)
S0,” -699.02396 -699.00945 -699.00526 -699.00432  -699.03475
FeO4” -1489.31960 -1489.31189 -1489.30755  -1489.30660 -1489.33970
S0O5” -623.73740 -623.72831 -623.72451 -623.00432  -623.03475

FeO,” -1564.54581 -1564.53460 -1564.52959  -1564.52864 -1564.56200

Table 2.1L B3LYP/DZF2_QZVPPD Energies For Reaction FeO,*+S0;* —
FeO3;*+S0,% (Unit : a.u.)

Items E, (0K) E,+ZPE U° (298K) H® (298K) G® (298K)
S04* -699.25049 -699.23534 -699.23128 -699.23034  -699.26047
FeOs” -1489.49127 -1489.48394 -1489.47950  -1489.47855 -1489.51291
SO,;* -623.93959 -623.93006 -623.92635 -623.92540  -623.95559

FeO,” -1564.71673 -1564.70583 -1564.70072  -1564.69978 -1564.73332

R Table 2.1g. ~ Table 2.1L #Fe0,”+S03” — FeO3”+S0,” i *
B3LYP/QZVP - B3LYP/CEP-31G - B3LYP/CEP-4G - Aug-cc-pVQZ - B3LYP/
DZP - B3LYP/DZF2_QZVPPD #i3+8 d kel 3 it Bicie » 3+ 5 9 kehlt %
% B.B3LYP/CEP-31G~ B3LYP/CEP-4G5 & A S8 it B 3 hend 3 i £k
ERHU A RIETPFE N ReRBEE L L% > 2% gaussian 09 9
molden #2;%#.241* B3LYP/CEP-31G + B3LYP/CEP-4G # i & S dkcs i+
T ke BA IR AT EH R pRARSEIRT LA L] bR Pt
AB e B RS - oo ST B4EE «h% L 1 S B3LYP/CEP-31G -
B3LYP/CEP-4G% e R S#cit 5 Mk ehh 3 chit B G20 H 8 hfh R Slesrit
Ed ks3I B - ¥ iea $5 BLYP/CEP-31G + B3LYP/CEP-4G
G AR SdkehF i £ L& -

Table 2.2 # FeO,*+S03* — FeO3>+S0,* # * B3LYP/QZVP~B3LYP/CEP-31G-
B3LYP/CEP-4G - Aug-cc-pVQZ - B3LYP/DZP - B3LYP/DZF2_QZVPPD -
BHandLYP/6-311++G** « B3LYP/6-311++G** + B2PLYP/6-311++G** « B3LYP
/6-31G* + B2PLYP /6-31G*¢hF fis & £ ehd m o

Table 2.2 Reaction Energies For Reaction FeO,*+S03% — FeO3%+S0,% in different
DFT method (Unit : Kcal/mol)
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Basis sets AE,(OK)  AE+ZPE  AU(298K) AH(298K) AG(298K)

B3LYP/6-311++G " -39.77 -39.78 -39.91 -39.95 -39.81
B2PLYP/6-311++G™ -47.79 -47.35 -47.25 -47.29 -47.60
BHandHYLP/6-311++G™ -39.12 -39.34 -39.34 -39.51 -39.55
B3LYP/6-31G” -46.84 -46.82 -46.68 -46.84 -46.19
B2PLYP/6-31G" -54.43 -54.15 -54.90 -54.91 -54.77
B3LYP/QZVP -40.64 -40.93 -40.70 -40.37 -40.85
B3LYP/CEP-4G -5.55 -5.50 -5.36 -5.33 -6.50
B3LYP/CEP-31G -4.88 -4.99 -5.05 -5.91 -4.14
B3LYP/Aug-cc-Pvqz -53.38 -53.99 -53.21 -53.24 -53.30
B3LYP/aug-cc-PVQZ -54.04
/IB3LYP/ 6-31G”
B3LYP/DZP -36.86 -36.66 -36.84 -36.20 -36.20
B3LYP/DZF2_QZVPPD -53.61 -52.33 -52.52 -52.55 -52.00

#Table 2.2 FeO,*+S03* — FeO3*+S0,% # * B3LYP/QZVP - B3LYP/CEP-31G -
B3LYP/CEP-4G - Aug-cc-pVQZ - B3LYP/DZP - B3LYP/DZF2_QZVPPD -
BHandLYP/6-311++G** ~ B3LYP/6-311++G** + B2PLYP/6-311++G** -~ B3LYP
/6-31G* + B2PLYP /6-31G*¢hF it € £ ¢hf I 5 BB2PLYP/6-31G" #73- § 4 %k
ik % £ A Mdvs 2B2PLYP/6-31G A it At E 3 2 vaﬁbﬁa* BLAUPEE:
TF PR BEBILYP/6-31G > e F LK MR 5 KT BRE LR
F 5 #rriE * B3LYP/6-311++G T iF L i et B A R Sk

¥ # » B3LYP/aug-cc-PVQZ //B3LYP/ 6-31G” 4+ EBEFAI FEP
B3LYP/aug-cc-PVQZ //1B3LYP/ 6-31G e}, & A4 6-31G " #r & i:m..:%ﬁ:fl]
#* B3LYP/aug-cc-PVQZE =& {738 o d 3 RIFFEEZ 71 BEHE B EL
FERFF AR TR A TRILT B B g
R BRI EIE FHBRIFE -

Fig 2.1 ~Fig 2.25 &_t%.# * B3LYP/6-311++G" - B2PLYP/6-311++G"
BHandHYLP/6-311++G™ ~ B3LYP/6-31G™ ~ B2PLYP/6-31G & & # ™ $+AE, ~
AE+ZPE  ~ AU(298K) ~ AH(298K) ~ AG(298K) #r #lchis R #1“H ©

Fig 2.1 B3LYP/6-311++G** Reaction Energies E, (at 0K) For Reaction
FeO,+S03* — FeO3*+50,4% (Unit : Kcal/mol)
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Fig 2.2 B2PLYP/6-311++G** Reaction Energies E, (at OK) For Reaction
FeO,+S03% — Fe03*+S0,% (Unit : Kcal/mol)
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Fig 2.3 BHanbdLYP/6-311++G** Reaction Energies E, (at OK) For
Reaction FeO,%+S03%— FeQ3%+S0,% (Unit : Kcal/mol)
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Fig 2.4 B3LYP/6-31G* Reaction Energies E, (at 0K) For Reaction
FeO,+S03% — Fe03*+S0, (Unit : Kcal/mol)
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Fig 2.5. B2PLYP/6-31G* Reaction Energies E, (at 0K) For Reaction
FeO,2+S03% — FeQ3%+S0,* (Unit : Kcal/mol )
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Fig 2.6. B3LYP/6-311++G** Reaction Energies E, +ZPE For
Reaction FeO,%+S03” — FeQ3+S04* (Unit : Kcal/mol)
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Fig 2.7. B2PLYP/6-311++G** Reaction Energies E, +ZPE For
Reaction FeO,%+S03% — FeQ37+S0,% (Unit : Kcal/mol )
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Fig 2.8 BHandHLYP/6-311++G** Reaction Energies E, +ZPE For
Reaction FeO,%+S03% — FeQ37+S0,% (Unit : Kcal/mol )
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Fig 2.9 B3LYP/6-31* Reaction Energies E, +ZPE For Reaction
FeO,+S03% — Fe03*+S0, (Unit : Kcal/mol)
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Fig 2.10 B2PLYP/6-31* Reaction Energies E, +ZPE For Reaction
FeO,%+S03% — Fe03*+S0,% (Unit : Kcal/mol )
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Fig 2.11 B3LYP/6-311++G** Reaction Internal EnergiesA U° (298K)
For Reaction FeO,%+S03% — FeQ3*+S0,% (Unit : Kcal/mol )
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Fig 2.12 B2PLYP/6-311++G** Reaction Internal EnergiesA U° (298K)
For Reaction FeO,%+S03% — FeQ3*+S0 ;4% (Unit : Kcal/mol )
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Fig 2.13 BHandHLYP/6-311++G** Reaction Internal Energies AU° (298K)
For Reaction FeO,>+S03% — FeQ3%+S0,%(Unit : Kcal/mol )
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Fig 2.14 B3LYP/6-31G* Reaction Internal EnergiesA U° (298K)
For Reaction FeO,%+S03% — FeQ3*+S0,% (Unit : Kcal/mol )

60

B (0]
o o

w
o

[uny
o

Reaction Energies (Kcal/mol)
N
o o

KN
o

45.68

FeO,>+SO5*
Reactants

FeO,?...0...50,%

T.S.

56.71

FeO,2 +SO %

Products

Fig 2.15 B2PLYP/6-31G* Reaction Internal Energies AU° (298K) For

Reaction FeO,%+S03% — FeQ3*+S0,%(Unit : Kcal/mol )
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Fig 2.16 B3LYP/6-311++G**Reaction Enthalpy AH° (298K) For
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Reaction Fe0,%+S03* — FeQ37+S0,%( Unit : Kcal/mol )
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Fig 2.17 B2PLYP/6-311++G** Reaction Enthalpy AH° (298K) For
Reaction FeO,%+S03% — FeQ37+S0,% (Unit : Kcal/mol )
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Fig 2.18 BHandHLYP/6-311++G** Reaction Enthalpy AH°® (298K) For
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Reaction Fe0,%+S03* — FeQ37+S0,%( Unit : Kcal/mol )
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Fig 2.19 B3LYP/6-31G* Reaction Enthalpy AH° (298K) For
Reaction FeO,%+S03% — FeQ3;%+S0,* (Unit: Kcal/mol )
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Fig 2.20 B2PLYP/6-31G* Reaction Enthalpy AH°® (298K) For
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Reaction FeO,%+S03* — FeQ37+S0,% (Unit : Kcal/mol )

Reaction Energies (Kcal/mol)

60

(%)
o

N
o

w
o

N
o

[any
o

o

KN
o

N
o

FeO....0...502
TS,

55.90 64.73

FeO,>+S0O,%
Reactants
FeO,> +SO,*
Products

Fig 2.21 B3LYP/6-311++G**Reaction Free Energies AG° (298K) For
Reaction Fe0,%+S03% — FeQ37+S0,% (Unit : Kcal/mol )
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Fig 2.22 B3LYP/6-311++G**Reaction Free Energies AG° (298K) For
Reaction FeO,%+S03% — FeO3%+S0,* (Unit :Kcal/mol )
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Fig 2.23 BHandHLYP/6-311++G** Reaction Free Energies AG® (298K) For
Reaction FeO,%+S03% — FeQ37+S0,% (Unit : Kcal/mol )
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Fig 2.24 B3LYP/6-31G™* Reaction Free Energies AG® (298K) For
Reaction FeO,%+S03% — FeQ37+S0,* (Unit : Kcal/mol)
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Fig 2.25 B2PLYP/6-31G* Reaction Free Energies AG° (298K) For
Reaction Fe0,%+S03% — FeQ37+S0,% (Unit : Kcal/mol )
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2-2 BABEIARI SEMNES DRSS  TABN
B2 TR RRF BB

THEREBERES mmmw 2 LB LTABRRES
%&ﬁ$+ £&&ﬁ$+ BFi PRRF BRBEEF- KSR
*F i‘f—«é} T TR SR
2-2-1 BBBE T ML & TABRRES F L BRF BISHIE
222 RBEA T AEZ § TABISES BEPREI T CBRF BIBHEFE

223 RMMA LML § TREIERS DRI o CBRF RBTIE
#

224 B BPME LA § TARIES - DHARIES f CBRF BB
st

2-2- 1 RBBELTAES & TABRRES 0 R RF BB
FIF+

FRE 0 RPRHR SRR ZLABRNRES 2§ TRBRRRS TR
ek R RN 0 AR BBRNES B TARRET 2 § TRRIES
FATISEF B 0 3E 32 - 5 B3LYP/6-3L1++GrrE T3 E 1 (%!

) FRIBBAFCERFB

(I 2+@BBLF RRF B
() §RIEBRCFIRBBIFCRRFR

() FRFIBBIFTCRAEFR

Fe(V1)O,* +S(1V)03% — Fe(IV)O37+ S(VI)O 7 weereeee (2.1)
%ﬁ%ﬁ&ﬁ%:#F%{miﬁéﬁﬁﬁﬁy&ofaﬁwﬁi#%i&m
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Otk #— BF RIEHI| SO L+ » phpreiFef L F_+6 > +4 > @
SO FIFE] 1 § B3 > #2507 - g prenSF AL +4 — +6 - {3k gaussian
09 erf 3 B 4 % v o' F ik fi B Herf 47 5 = %-365.090 cm™ehiz § -

Fe(1V)O3%+S(1V)O5”— Fe(11)O,%+ S(VI)O, 7w eeeee- (2.2)
BBt AF S AR RIEBF B 0 FeOs o X R0

Fer--Obttd— B R E#H T 3032‘j/_L s P EEeFeF R K_+4 - +2 o R

$goaussian 09 eFE F 3 B % % > B F )ﬁ;mxﬁ,&@’%f#mﬁ #F & 1> %.-189.690 cm™

e g o

Fe(1N0,*+4H;0"—Fe(I1) (H,O)g"™ +++ee+-- (2.3)
BBkt s AF BEBKEF B FeO hm i e B 2 A

Fe(H,0),” » 2 14 % ##fre BH,Ofe =2 & 3 2 Fe(H,0)¢"" >d % k&5
3EFCBRE B T RF R RS S RE2 thf

Fe(1N0,*+4H;0"—Fe(I1) (H,O)g"™ +++vv+-- (2.3) £4 (2.4)~(2.11)
Fletik o

Fe(I1O, "+ H30" —»Fe(1O(OH)+ HyO «evveeee (2.4)
Fe(11)O(OH)+ H3O" —Fe(I1) (OH),+ HyO «+eeeeees (2.5)

Fe(l1) (OH), + H30" —Fe(I1) (H,0)(OH)" + HyO +-vveenee (2.6)
Fe(l1) (H,0)(OH)" + H30" —Fe(Il) (H20),>" + HyO --------- (2.7)
Fe(l1) (H,0),°" + H,0 —Fe(ll) (Hy0)5%  -eeeevee (2.8)

Fe(l1) (H,0)5° + H,0 —Fe(Il) (H20),>-------- (2.9)

Fe(ll) (H,0),>*  + H,0 —Fe(ll) (Hy0)5™" =w-veeee- (2.10)

Fe(ll) (H,0)s>"  + H,0 —Fe(ll) (H,0)g"" =+------ (2.11)
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4 3 H;0" EH0 3 M ehdd o #TIFe0” 3 8§ K% d HOL ¢ 4538
k3 F 2 FFe(H20),° 0 #111(2.12) ~(2.14) F R Fe(I)0" # £ 4
HO% + & #:8 kehff 3 F a4 $Fe(H0)" e 27 s -

Fe(1N0,%+ H,0 — Fe(INO(OH)+ OH™ ++eeveeee (2.12)
Fe(I1)O(OH)+ H,0 —Fe(I1) (OH),+ OH ™ «eveesee (2.13)

Fe(I1) (OH), + H,O —Fe(I1) (H,0)(OH)* + OH +++sevee (2.14)
Fe(I1) (H,0)(OH)* + H,O —Fe(I1) (H,0),% + OH™ ++svveee (2.15)

Overall:Fe(11)O,*+ 2S(1V)03%+ 4H;0" — Fe(11) (H,0)¢ +
2S(V1O,*

Table 2.3 £_F i#F f(2.1)~(2.11) ¢ e § e F I * B3LYP/6-311++G**
L F i R > Table 2.4 £ Fe(11)0,7+ 2S(1V)03%+ 4H;0°
— Fe(l1) (H20)6 2 +2S(VI)O,” ¢hF Jyit £ £ chlicdp 12 -

Table 2.3 Molecular Energies For Reaction Fe(11)O4%+ 2S(1V)03%+ 4H;0" —
Fe(I1) (H20)6 2+ 2S(V1)O4% by B3LYP/6-311++G** ( Unit : a.u)

Species E, (0K) E.+ZPE U° (298K) H® (298K) G° (298K)
H,O -76.45853 -76.43724 -76.43441 -76.43346 -76.45489
H,0" -76.73123 -76.69694 -76.69401 -76.69307 -76.71505
SO~ -699.11590  -699.10147  -699.09729  -699.09635 -699.12672
SO5” -623.83734  -623.82829  -623.82450  -623.82356  -623.85497
FeO4”* -1489.37262  -1489.36554 -1489.36104 -1489.36010 -1489.39454
FeO,” -1564.58619 -1564.57534 -1564.57022 -1564.56928 -1564.60284
FeO,” -1414.11197  -1414.10784  -1414.10427 -1414.10332 -1414.13422

FeO(OH)) -1414.80606 -1414.79280 -1414.78878 -1414.78783 -1414.82027

Fe(OH); -1415.37467 -1415.34954  -1415.34436 -1415.34341 -1415.34341

Fe(H,O)(OH)" -1415.96651 -1415.93018 -1415.92428 -1415.92334 -1415.96012

Fe(H,0),** -1415.82486  -1415.77521 -1415.76919 -1415.76825 -1415.80445

Fe(H,0)5** -1492.39165 -1492.31599 -1492.30758 -1492.30664 -1492.34791

Fe(H,0),* -1568.93198 -1568.83119 -1568.81972 -1568.81877 -1568.86700

Fe(H,0)s™" -1645.45916  -1645.33309 -1645.31874 -1645.31779 -1645.37259

Fe(H,0)6™" -1721.97236  -1721.81849 -1721.80285 -1721.80190 -1721.85716
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FeO;*..0.80;*  -2188.07155 -2188.05069 -2188.04057 -2188.03963 -2188.09149
T.S

FeO,*--0--S0;*  -2112.87036  -2112.85242  -2112.84331 -2112.84236 -2112.89113
T.S

Table 2.4 Reaction Energies For Fe(11)04%+ 2S(1V)O3%+ 4H;0" —
Fe(I1) (H20)s 2*+2S(V1)O4* by B3LYP/6-311++G** ( Unit : Kcal/mol)

Reaction AE,(0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)
FeO,* +S03% — FeO3%+ SO,* -39.77 -39.77 -39.91 -39.90 -39.82
FeOs2+ SO3%— FeO,%+ SO, > -11.24 -11.42 -11.68 -11.64 -11.79
FeO,%+ H;0" —FeO(OH)+ H,0 -166.42 -166.85 -166.63 -166.68 -166.25
FeO(OH)+ H30" —Fe(OH),+ H,0 -185.68 -185.39 -185.72 -185.70 -185.02
Fe(OH), + H;0" —»Fe(H,0)(OH)" +  -143.25 -143.39 -143.01 -143.03 -143.73
H,0
Fe(H,0)(OH)" + H30" -160.00 -160.20 -160.22 -160.26 -160.93
—Fe(H,0),%" + H,0
FeO,%+ H,0 —FeO(OH)+ OH -153.11 -153.99 -153.60 -153.63 -153.46
FeO(OH)+ H,0 —Fe(OH),+ OH' -139.21 -139.65 -139.08 -139.07 -139.61
Fe(OH), + H,0 —Fe(H,0)(OH)" + -124.63 -14.65 -124.81 -124.84 -124.90
OH"
Fe(H,0)(OH)" + H,0 —Fe(H,0),**  -185.90 -185.25 -185.03 -185.06 -185.57
+OH’
Fe(H,0),”" + H,0 — Fe(H,0)5* -167.93 -167.96 -167.24 -167.84 -167.57
Fe(H,0)s*" + H,0 — Fe(H,0),* -158.32 -158.91 -158.77 -158.36 -158.28
Fe(H,0)4*" + H,0 — Fe(H,0)s*" -109.07 -109.57 -109.54 -109.13 -109.80
Fe(H,0)s%" + H,0 — Fe(H,0)*" -100.30 -100.21 -100.18 -100.77 -100.62

#Table 2.4 %% > FeO,”+ H30" »FeO(OH)+ H,0 ~ FeO(OH)+ H;0"
—Fe(OH),+ H,0 ~ Fe(OH), + H30" —Fe(H,0)(OH)" + H,0+ FeO,*+ H,0
—FeO(OH")+ OH" ~ FeO(OH)+ H,0 —Fe(OH),+ OH ~ Fe(OH), + H30"
—Fe(H20)(OH)" + H.0% th% * 217 5 f& > % 7 Fe(H20)(OH)" + H;0"
—Fe(H20),"" + H,0 » % F erk it £ £ & Fe(H20)(OH)" + H,0
—Fe(H0),”" + OH %% % > # 415 25 Kcal/molhit £ - @ Fe(H20),”" + H,0 —
Fe(H20)5*" + Fe(H20)5*" + H20 — Fe(H20),”* Fe(H20)4*" + H,0 —
Fe(H,0)s™" ~ Fe(H0)s5°" + H,0 — Fe(H,0)¢™" » # g § -k ehip ik $ - &
B BLES €23 S PREFEKAF I LR AN AEAI TR TSI
HET > S F BRI Rk BEERS F RN B LES £2F PR
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] o

fi* Table 2.4 p e + Bc3h > 7 12355 SFe(11)0,7+ 2S(1V)037+ 4H;0" —
Fe(I1) (H,0)6 > +2S(VN)O, 2 38 5 far £ £ (Table 2.5) » F|*t 4 fa ek o} > 9512
r1S(1) e 88 1% 4 Fe(11)047+ 2S(1V)O3%+ 4H;0" —Fe(I1)
(H,0)6%" +2S(V1)O,? -

Table 2.5 Total Reaction Energies For Reaction Fe(11)04%+ 2S(1V)O3%+
4H;0" —
Fe(I1) (H20)6 2*+2S(V1)04% by B3LYP/6-311++G** (Unit : Kcal/mol)
Items AE,(0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)

S(I) -801.10 -801.60 -801.86 -801.35 -801.84

Fig2.26 &4]* Table2.5 p el rg /W ket R W > F15 Table25 p
eh B FRBEFILF S nlRT o @ Echlkipiat o

Fig 2.26 B3LYP/6-311++G** Reaction EnergiesAE, at OK For Reaction
Fe(11)04%+ 2S(1V)035%+ 4H30" — Fe(I1) (H20)6 #*+2S(VI1)04% (Unit :Kcal/mol )

60

50 ¢ FeO,?...0...S0.>

T.S
40 r

FeO,?...0...505>
30 + TS.

39.84
20 L 49.50

10 - FeO,*+2S0,* 37.24 47.94

Reactants

0 +

-10 ~

FeO,> + 250,
Feosz_ + SO42_"' 5032_ Products

Reaction Energies (Kcal/mol)

20 +

-30 -
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0 FeO,> + 4H,0* (Reactants)

~-100 | 166.42

(@)

£ (FeO(OH)) + 3H,0*+ H,0

= -200

v

\5_300 i 185.68

> Fe(OH), + 2H,0*+ 2H,0
[<5]

c -400

L 143.25

c

% -500 (Fe(H,0)(OH))* + H,0*+ 3H,0

©

[}

£ o0 | 160.00

-700 - Fe(H,0),**+ 4H,0
0 Fe(H,0),2+ 4H,0

—~ 100 167.93

£

< 200 Fe(H,0)42 + 3H,0

X 158.32

» -300

g Fe(H,0),2* +2H,0

1.

E 400 109.07

Fe(H,0)s2* + H,0

S 500 (FLO)™+ 1 100.30
5]

S

@ -600 Fe(H,0)¢?* (Product)

-700
(I L+IBBEBFFCRRF B
Fe(VO,* + S(IV)O3”— Fe(V)0,> + S(V)Og +-+--- (2.16)

BHB L B RE - BRIEHBF A FeO, B 1 S0 A3 4R

HE T BAFe0, o PpEFef M BEK_ 6 > 45 > @SOS F4 4 T FF
IS0 - BALBETALT > LK REART AU+ £ 46 £ RFE T T
i sog-f'-;.p.—,?ag EE RTCYNERTE S W
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Fe(V)O,* + S(V)O3 ™ — Fe(V)O,* + S(VI)Og ++++-- (2.17)

PHBEL: MHBRO G- BRIEBF B Do G T AR RN
+4 846§ R BRLRLAFO, KL 1503 AT HEHTI  #A
FeO,> > @SO; F4 4 7 23 » $2S0; » - BREPAT o

2Fe(V)0,* + 2S(1V)037— 2Fe(111) O3+ 2S(VI)O 47 -+ -+ (2.18)

BHFSE R LHRE- BT RIABF B J ¥ 1553 EFed 8
L bt e BT R BT 4% BF RIS SO L E
prpFehbef MRS > +3F A3 B4R A P RBRY P RFREK S hy
o o Feoss'f"‘-"f gLieF§ “BRF B - {94p0aussian 09 g F 3-8
BE O ONAF il S F = 2410430 cm Rz -

2Fe(111)O35*+12H;0"—2Fe(111) (H,0)6> +6H,0¢---- (2.19)
B Frengcit B 2t BegR B B H BBk £ e inF RFeOs 1% 6 mole

Hs0"# & 6 mole H,O » 4 = Fe(H,0):* 2 14 £ #_6 mole H,O3# 3 mole H,0
fie (= % Fe(H,0)6> > ¥1% 6 mole H;0"4 & 6 mole H,0fe Fe(H,0)s> 4 & i 42
F 3B~ 3mole H,O > %15 24 % €3 3mole H, O R -

S(V1)O3+ H,0 —H,S(VI)Oygeeeee (2.20)
B Fengeit 30 SO R F G-k® AP -

H,S(V1)Os —2H" + S(VI)O, 7 +++ - (2.21)
s Bengeit 50 HoS(VIO, 58 ¥ fadgs 2H™ (F5)+ S(VI)04” -

2H" + 2H,0 —2Hz0" -+ (2.22)

B Brendcat 5 2H (F3)af ke 2H,0" -

(2.23) ~ (2.31) £_2Fe(111)05¥+12H30"—2Fe(I11) (H20)s> +6H,0x++++ (2.19)
Fin ) BE AL

Fe(111)O5*+H;0"—  HFe(111)O3*+H,0-++-- (2.23)
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HFe(111)03%+H30" — HaFe(111)O3+H,0++-++ (2.24)
H,Fe(111)05+H;0" — HaFe(I11)O3+H,0++-+ (2.25)

HsFe(111)05 +Hs0" —Fe(l11) (H,0)(OH), " +H,0-+++++ (2.26)

Fe(l11) (H,0)(OH)," +Hs0" —Fe(l11) (H,0)(OH)* +H,0--+-- (2.27)
Fe(l11) (H,0),(0H) > +H;0" —»Fe(l11) (H,0)5* +H,0¢+--- (2.28)
Felll) (H,0)5*+H,0 — Fe(l11) (H,0),**++---- (2.29)

Fe(111) (H,0),**+H,0 — Fe(l11) (H,0)5>*--++-- (2.30)

Fe(111) (H,0)s* +H,0 — Fe(l11) (H,0)g>*-+++-- (2.31)

Overall : 2Fe0,*+3 SO;*+10H;0" — 2Fe(H,0)6°" +3 SO, +4H,0

4 #H;0" £H,0 F3 L tsehd $ 0 #1uFeO” § B E R 2 d H,0L 8
Wk PFF E B2 AFe(H0)5% 0 #714(2.32) ~(2.37) ik R Fe(lll) O £
3 H,O% } ##i8 kin 3 F g2 S Fe(H.0)5% e 25 Ji

Fe(111)05*+ H,0 — HFe(I11)O3%+ OH «+vvee (2.32)
HFe(111)03%+ HyO —H,Fe(111)O3+ OH «eveesee (2.33)
H,Fe(111)O5+ H,0 —H3Fe(111)O3 + OH «oeevvee (2.34)
HsFe(111)03 + H,0 — Fe(111) (H,0)(OH), ™+ OH -+ +-- (2.35)

Fe(111) (H,0)(OH)," + H,0 — Fe(I11) (H,0),(OH)?"+ OH" -++(2.36)

Fe(111) (H,0),(OH) > + H,0 — Fe(111) (H,0)3*+ OH -+ (2.37)

Table 2.6 &_t i F f5(2.16)~(2.31) ¢ ch#7§ el 3 i # B3LYP/6-311++G** 3+
¥ el &= > Table 2.7 £_2Fe(V1)04”+3 S(1V)037+10H30" — 2Fe(l11)
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(H20)6*" +3 S(VI)O,” +4H,0:hF it £ £ cnicdf r s -

Table 2.6 Molecular Energies For Reaction 2Fe(V1)04%+3 S(1V)03%+10H;0" —
2Fe(111) (H,0)6*" +3 S(V1)0,4% +4H,0 by B3LYP/6-311++G** ( Unit : a.u)

Species Eo(0K) E.+ZPE U° (298K) H° (298K)  G° (298K)

SO3 -623.85647  -623.84484  -623.84123  -623.84028  -623.87028

SOz~ -623.83189  -623.82146  -623.81781 -623.81686  -623.84764

FeO,™ -1489.1746  -1489.1666  -1489.1623  -1489.1613 -1489.19578
4 6 1 7

FeO,” -1564.3724  -1564.3616  -1564.3565 -1564.3556  -1564.39181
6 8 5 1

HFeO,* -1490.00119 -1489.9837  -1489.9781  -1489.9772  -1490.01527
6 6 1

H,FeO;3" -1490.72611 -1490.6989  -1490.6924  -1490.6914  -1490.73006
1 3 9

H3FeO; -1491.2784  -1491.2391  -1491.2325  -1491.2315 -1491.27033
6 6 1 6

Fe(H,O)(OH)," -1491.6024 -1491.5513 -1491.5440 -1491.5430 -1491.58303
6 4 2 8

Fe(H,0),(OH)? -1491.7024 -1491.7513  -1491.7440 -1491.7430  -1491.78303
* 6 4 2 8

Fe(H,0)5* -1491.7996  -1491.7603 -1491.75114 -1491.7701  -1491.79963
1 3 9

Fe(H,0),* -1568.2456  -1568.1451  -1568.1352 -1568.1342  -1568.17932
9 3 4 9

Fe(H,0)s*" -1644.8003  -1644.6736 -1644.66119 -1644.6602 -1644.71019
8 0 5

Fe(H,0)s*" -1717.8773  -1717.7669  -1717.7580 -1717.7567  -1717.24403

5 4 5 8 2

FeO;™:+:0-+-S05* -2188.7238  -2188.3489  -2188.3382 -2188.3372  -2188.38870

TS 5 5 0 5

g # 2Fe(V1)0,%+3 S(1V)037+10H50" — 2Fe(111) (H20)6>" +3 S(VI1)O,*
+4H,0F o2 ? § 3% 5 & 3 chit R dchp e hTable 2.4 g i§ 471 Table 26 j
PREE B A R

Table 2.7 Reaction Energies For 2Fe(V1)0,%+3 S(1V)03%+10H;0" — 2Fe(l11)
(H,0)6** +3 S(V1)0,* +4H,0 by B3LYP/6-311++G** ( Unit : Kcal/mol)
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Items AE,(0K)  AE,+ZPE AU@98K)  AH(298K)  AG(298K)

FeO,? + SO;*— Fe0,* + SO5~ -120.61 -120.24 -120.18 -120.17 -120.25
FeO,”+ SO; —FeO,*+ SO, -197.61 -197.51 -197.48 -197.46 -197.33
FeO,> + SO3*— FeO;¥+ SO,* -49.67 -49.04 -49.29 -49.25 -49.16
FeO,> + SO3%— FeO;¥+ SO,* -49.67 -49.04 -49.29 -49.25 -49.16
FeO;*+H;0" ->HFeO;%+H,0 -147.54 -147.77 -147.03 -147.13 -147.98
HFeO;%+H;0" -H,FeO; +H,0 -185.77 -185.80 -185.31 -185.35 -185.28
H;FeO3+H;0" —H;3FeO3+H,0 -175.48 -175.04 -175.87 -175.81 -175.77
HsFeOs + H;0" — -132.19 -132.93 -132.57 -132.37 -132.97
Fe(H,0)(OH-),+H,0

Fe(H,0)(OH-),+ -162.12 -162.97 -162.91 -162.61 -162.25
H30" —Fe(H,0),(OH)+H,0

Fe(H0),(OH)+ -150.41 -150.65 -150.77 -150.37 -150.16
H3O" —Fe(H,0)5*+H,0

FeO3*+ H,0 »HFeO,*+OH" -101.57 -101.07 -101.46 -101.46 -101.17
HFeO;*+ H,0—H,FeO3+ OH’ -160.88 -160.74 -160.50 -160.54 -160.66
H,FeO3+ H,0 —H3FeO3+ OH -148.40 -148.99 -148.81 -148.87 -148.85
HsFeO; + H,0— -122.69 -122.11 -122.23 -122.26 -122.65
Fe(H,0)(OH),+OH"

Fe(H,0)(OH),+ H;O—Fe(H,0),(OH)+ -157.01 -157.06 -157.74 -157.71 -157.88
OH"

Fe(H,0)2(OH)+ H,O —Fe(H,0):*+ -146.29 -146.69 -146.57 -146.59 -146.78
OH"

Fe(H,0)3> +H,0 —Fe(H,0),* -148.81 -148.08 -148.74 -148.15 -148.36
Fe(H,0),*+H,0 —Fe(H,0)s>" -132.34 -132.07 -132.24 -132.66 -132.68
Fe(H,0),*"+H,0 —Fe(H,0)s*" -112.22 -112.53 -112.39 -112.36 -112.05

#Table 2.7 %% > FeO3*+H30" —»HFeO;"+H,0 -
HFeO3” +H30" —H,FeO3+H,0 + HoFeO3 +H30" —H3FeO3+H,0 ~ HiFeO; +
H30" — Fe(H20)(0OH),"+H,0 ~ Fe(H,0)(OH-),+ H30" —Fe(H,0),(OH)*+H,0 -
Fe(H,0),(OH)** + H30" —Fe(H,0)3* +H,0 FeO3*+ H,0 —HFeO3” +OH" -
HFeO3”+ H,0—H,FeO3+ OH + HoFeOs+ H,0 —H3FeOz+ OH” ~
Fe(H20)(OH),+ H,0—Fe(H,0),(OH)+ OH" ~ Fe(H,0),(OH)+ H,0
—Fe(H,0)3*+ OH’
keng B RFF o b & 4 FeOs  SFe(H20)™ i b8 ™ £ R F &
e {7 » @ Fe(H,0)s° +H 0 —Fe(H,0),>" ~ Fe(H20)4>+H,0 —Fe(H,0)5°" -
Fe(H20)4*"+H,0 —Fe(H,0)6* ¥ 11 % RArFe(H,0):" +H,0 —Fe(H,0),*"
Fe(H20),*"+H,0 —Fe(H,0)s™" + Fe(H20)4*"+H20 —Fe(H,0)  4p I » % fie 3
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R+ Herkak s > F R E LS 4R o

41 # Table 2.4 2 Table 2.6 p ¢4+ #cdf > ¥ 1035 1) 2Fe(VI)O,7+3
S(IV)03%+10H;0" — 2Fe(l11) (H,0)6%" +3 S(VI)O,* +4H,0%. F x5 £ £ (Table 2.8) »
F3 & et o) o 2 S e BRI & 2Fe(V)0,7+3 S(1V)0;3%+10H;0* —
2Fe(111) (H,0)6* +3 S(V1)O,* +4H,0 ©

Table 2.8 Total reaction Energies For Reaction 2Fe(V1)0,*+3 S(IV)O5;*+10H;0" —
2Fe(111) (H,0)6* +3 S(V1)0,* +4H,0 by B3LYP/6-311++G** (Unit : Kcal/mol)
Items AE, (0K) AE,+ZPE AU(298K) A H(298K) A G(298K)

s(i) -4482.32 -4482.68 -4482.07 -4482.51 -4482.93
Fig2.27 £41% Table2.7 p chlicf i @3 kenit LR H > F1% Table 2.7
PRI BE A FERBARVAT FhFRT > R E kgt A o

Fig 2.27 B3LYP/6-311++G** Reaction Energies A E, at OK For 2Fe(V1)O,*
+3 S(1V)037+10H;0" — 2Fe(111) (H,0)6*" +3 S(VI1)O,* +4H,0 ( Unit : Kcal/mol )

or 2Fe0,% + 350,> (Reactants)
- -50
E 120.61
=0T FeO,> +Fe0,2 + SO, ~+ 250,
O
X 150 |
3 2 X (Fe033'...0._l._ .2032-)
£-200 191.61 —
1T
-250
= 101.34 12458
5 300 | 2FeQ,% + SO, + 280,
[B)
o 350
’ 2Fe0,%* + SO4+ 250,
-400 -
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Reaction Energies (Kcal/mol)
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—— H,FeO,+3H,0*+2H,0
132.19
Fe(H,0)(OH?, +2H;0*+4H,0 ——
162.12
Fe(H,0),(OH") +H,0*+5H,0 ——
150.41
Fe(H,0),3+6H,0 “emmem

Reaction Energies (Kcal/mol)
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Fe(H,0),3*+3H,0
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Fe(H,0),3+2H,0
132.34
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Fe(H,0)¢*
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() FRIFEHBARABIRIEBAIVBRRFR

Fe(V1)O,* +HS(1V)O3 — HFe(V)O,%+ S(V)Og seeeeeses (2.38)

P E A HIE - BERIEHBF R FeO, % 1 HSOs A 5
#ehd B3 > BAHFeO,” - ppEeFe§ it B_+5 — +4 > @ HSO3 Fl4 4
TERTEASO; T - B AFELPL T 0 B F KRR T A +4 R 46 § 1
FAE T T SOg‘f%.'}#,T&g BHU LTI RER - ﬂ}";}f;gaussmn 09 eig 3+ &
BE o M F Rk i o0 f 4 3 i %-565.490 cm e § -

HFe(V)0,%+ S(IV)O3” —HFe(111) 037+ S(VI)O 47 +eeeeee (2.39)

Boh RS 0 HRE - B RIEHBF K SO £ 1 HFeO, 4 3
% hf BRI > @ HFeO,” % 2 HFeO3> - p prehFe§ v fif8_+5 — +3° @ SO5%
FIEF T ERF  BASOS 0 HEGEIRT § L B +4 — +6 - {3 gaussian
09 erf F 3 B 4 % v o' F el i B Herf 45 = 2-333570 cm™ehiz § -

Fe(V1)O,* + S(V)O3 —Fe(V)O,> + S(VI)Oz «eeeveee (2.40)

wﬁgfﬁ”#i”‘{ EHHE-BRIABF Ko Ewp 3FER () 38
BREIBBESBNY CBRF Rkt o

Fe(V)O, o+ S(IV)O3>  —Fe(I1O3> + S(VI)O,7 weeeeeee (2.41)

PHBROKEZ B H R - BFRIBBE R Fwp FFNEE (DF R
IEBLEIRIESNF VRRF Bkt +":}7§.gau35|an 09 eriE F 3-8 B % »
PF B R fb BHenf 4 F = -419.430 cm e B o

HFe(111)O3%+5H;0" —Fe(111)(H,0)6* +2H,0x v v+ (2.42)

B Berst b 0 HBE KSR EF &> HFeOs” 4]# 5mole H;0™2 & 5
mole H,0 » 2 & Fe(H,0):* 2 14 £ #%_5 mole H,O 3 3 mole H,O fe ==
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Fe(H20)6* > 1% 5mole H30'4 & 5mole H,O Fe(H;0)s* 4 & i§ 42 F #iB 3
mole H,O » F]13 A4 & €3 2 mole H, O R -

Fe(111)O5*  +6H50" —Fe(111)(H,0) +3H,0-++xx++-- (2.43)

$HBOSCE S LN BB KGR RF B R BT UER ()RS R
BRI EBEBAT O BRF it -

Overall :2FeO,%+ 25032 +HSO; +11H;0"— 2Fe(H,0)6* +2S0,% +
SO; +5H,0

R A(INEIRBUIIEBEBT P RBRF BT RFISO € B3 mpt
egzit > AP e F U SE (INRFBBLRTIR/BELIT CRRF B
S REUEYS YT TRSEE VY S LR

Overall : 2Fe(V1)O.,%+ 2 S(1V)O3+HS(V)O;3 +9H;0" —
2Fe(111) (H,0)6*" +3 S(V1)O,* + 2H,0

Table 2.9 #Fe0,* +HSO; — HFeO,*+ SO5 - HFeO,*+
SO;*—>HFeO3%+ S0,% ~ FeO,* +S0;5 —FeOs* +S0; - FeO, +
SO3* —Fe03* +50,% ~ HFeO3%+5H30" —Fe(H,0)6* +2H,0 -
FeO;> +6H50" — Fe(H,0)s* +3H,0
F R® endig end 3 4% B3LYP/6-311++G** 3§ chilicdg 32 > Table 2.10 &
2Fe(V1)0,%+ 2 S(1IV)037+HS(V)O3 +9H;0"—2Fe(l11) (H,0)6%" +3
S(VO4* + 2H,0% 2Fe(VI)04*+ 2 S(IV)O3>+HS(V)O3 +13H,0—2Fe(111)
(H20)6*" +3 S(VI)O4,Z+110H + 2H30" ek fac £ £ eniicdp K2 -

AN AERIAIZF BN BEEL A S A(NE I RBUT I HBRABNF
BREAE DFRIBHBETRIBHBIFT CBRF RHL IR L2 F AR
PAKPEAC%EF U RNRERF AL I HRBEFANEL -

Table 2.9 Molecular Energies For Reaction 2Fe(V1)0,%+ 2
S(IV)03*+HS(V)O3 +9H;0*—2Fe(111) (H20)6>* +3 S(VI1)O4* + 2H,0 by
B3LYP/6-311++G**( Unit : a.u)

Species E, (0K) E,+ZPE  U° (298K) H° (298K) G° (298K)
HSO3" -624.59033  -624.57038  -624.56565 -624.56470  -624.59805
HFeO,* -1565.23072 -1565.21103 -1565.20438 -1565.20343  -1565.24290

85



FeO,”++H--SO5"  -2189.01964 -2188.99169 -2188.98112 -2188.98017 -2189.03411
TS

HFeO,*--0--SOs*  -2188.72722 -2188.69751 -2188.68596 -2188.68501 -2188.73984
TS

Table 2.10 Molecular Energies For Reaction 2Fe(V1)O,%+ 2
S(IV)03*+HS(V)O3 +9H;0"—2Fe(111) (H20)6>* +3 S(VI1)O4* + 2H,0 by
B3LYP/6-311++G** ( Unit : Kcal/mol)

Reaction AE,(OK) AE,+ZPE  AU(298K) AH(298K) AG(298K)
FeO,” +HSO; — HFeO,*+ SO3° -6.43 -6.05 -6.76 -6.74 -6.87
HFeO,”+ SO3*—>HFeO4*+ SO,* -30.76 -30.81 -30.23 -30.26 -30.34
FeO,” +S0; —FeO,> +S0; -197.61 -197.51 -197.48 -197.46 -197.33
FeO,*+S0O3* —FeO;> +S0,” -49.67 -49.04 -49.29 -49.25 -49.16

§1* Table 2.4 2 Table 2.6 2 Tablez 2.9 p ths 3 #df > 7 1138 3 2Fe(VI)O, 7+
2 S(IV)O3%+HS(V)O3 +9H3;0*—2Fe(111) (H,0)6>" +3 S(V1)O4Z + 2H,08%. F s
it £ £ (Table 2.11) » T3+ 4 #.¢h4 o] > 91 AS(I) e 88 % & 2Fe(VI)0,%+ 2
S(IV)O3%+HS(V)O3 +9H3;0—2Fe(I11) (H,0)6>" +3 S(V1)O4% + 2H,0 -

Table 2.11 Total Reaction Energies For2Fe(V1)O,%+ 2S(1V)03*
+HS(V)O3 +9H30"—2Fe(111) (H,0)6* +3 S(V1)0,4* + 2H,0 (Unit : Kcal/mol)
Items AE,(0OK)  AE.+ZPE  AU(298K) AH(298K) A G(298K)

S(1T) -3725.42 -3725.75 -3725.04 -3725.91 -3725.64

Fig2.28 £41% Table2.10 P shlicih e+ 2 deerit £ R -

Fig 2.28 B3LYP/6-311++G** Reaction Energies AE,at 0K For 2Fe(V1)O,*+ 2
S(IV)O3*+HS(V)03 +9H;0"—2Fe(l11) (H,0)6** +3 S(VI1)0,* + 2H,0 (Unit : Kcal/mol )
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60
HFeO,% ...0... SO,
FeO,%...H...SO; T.S.
10 | 6.45 1557 3077 45.63
S PFeO, +HSO; HFeO.* + SOy
= 4 3 HFeO,* + SO; +S04% +80,>+Fe0,>
c:g .40 #2S04% Reactnats +2803%-' +FeO432' 3 4 4
X
g 90
5 197.6
& 140 | FeO,>...0... SO,z
L T.S.
[
S
5190 HFeO2 + SO, 50.67. 62.29
g +503% +S0,2+Fe0,% e
-240 - HFeO,? + SO;+2S0,>
+FeOz*
-290 -
d *HFe(111)03%+5H350" —Fe(l11)(H20)6> +2H,0x+++++ -+ (2.42) %
Fe(11)O5*  +6H30" —>Fe(111)(H,0)6% +3H,0x e+ exe+- (43 E R W B
Fig 2.27 % % & #7121 HFe(111)O3%+5H30" —Fe(111)(H20)6 +2H,0¢ v vvvee- (2.42)
2 Fe(I111)03% +6H30" —>Fe(111)(H20) +3H 0w e e e+ (243) thit R FF
£ B Fig2.27 -

F

’
‘QQ 5 .

o

F235(1): Fe(11)0,7+ 2S(1V)037+ 4H30* — Fe(l1)(H20)6 2 +2S(V1)O 4> ~
S(I1): 2Fe(V1)04%+3 S(1V)03%+10H;0" — 2Fe(111) (H20)6>" +3 S(VI)O4*
+4H,0 ~
S(11): 2Fe(V1)O4”+ 2S(1V)O5* +HS(V)O3 +9H;0"—2Fe(l11) (H,0)6*" +3
S(VNO.* +2H,0 i 7 it £ £ ehlicdy 7 U= F enlicip - B ARk
P

Items AEo(0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)
S0) -801.10 -801.60 -801.86 -801.35  -801.84
SU)) -4482.32 -4482.68  -4482.07  -4482.51  -4482.93
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S(11T) -3725.42 -3725.75 -3725.04 -3725.91  -3725.64

3+ & S(I): Fe(11)04%+ 2S(1V)03%+ 4H30" — Fe(I1)(H20)6 Z+2S(VI1)0,4* -
S(11): 2Fe(V1)04%+3 S(1V)037+10H50" — 2Fe(111) (H20)6>" +3 S(VI1)O,*
+4H,0 ~ S(111): 2Fe(V1)O4%+ 2S(1V)03* +HS(V)O3 +9H;0*—2Fe(111) (H,0)6>*
+3S(VI)0,” +2H,0 ehh F fsit § L enledp ™ 4 4 - 7 L FRS(11):
2Fe(V1)0,%+3 S(1V)03%+10H;0" — 2Fe(111) (H20)6>" +3 S(V1)O4* +4H,0:3,
FREEBELZAR-=BHANI LRBRRFBY R d WV B R e im o - &
TAF it BARMARE > B BRINES L FTARRES cREF 03
RF B 5@ e g #3858 S(I1): 2Fe(V1)0O4*+3 S(1V)O3*+10H;0" — 2Fe(l11)
(H20)6* +3S(VI)O,” +4H,O (R + B § M BRF ) (v 5 1 & ehf I BR
FEgE -

2-22 MBI ALFFEE § TABIES BMig

B R F BB HIEFE

4y
:3:
Sy
=
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el b - FHHRE AR ARSI ZHERPET - TARERHES
iﬁﬁﬁﬁﬁ*ﬂﬁﬁ%ﬂﬁ$+ﬁﬁ~§&4ﬁﬁaﬁéﬁgmﬁﬁ
A} FeriEdeng B RABHT

T+ EBBALERIEBNT CRRF B

(INFR-BHEHB T CRERF R
(INERFBHBARABTFRIABIFTICRRFR

NESHEHBREFRIBEBIT VBRF A

Fe(VO,* + S(IV)O3”— Fe(V)0,> + S(V)Og +-+--- (2.44)
P FAE R B - BRI IRBE R FHeAEF R 22221(0)

FEBEBLTIRSBEBIT CRRFRDF - BF RBP F st o

Cr(V1)0O,” + S(V)O3—Cr(V)O,” + S(VI)Og ++++- (2.45)

PHIELE S B HRE - BRIEBE BB nF A RO AF R
P FRIFIEBRES O EEBEIRIIS(V)O0s L G HTF AR
Cr(V)O,¥ » &£ R 3 thf “ &€ R % +6>+5 > @ SOz — SOz > FR 3 ehf 1
BIER A 546 0 § it A

Fe(V1)O, 2+ S(IV)O3* —»Fe(IV)O37+ S(VI)O 7 ++-+-- (2.46)

PHBOREZ B H L - B RIBBE R FwAEF R 2-2-1()
FRIBEBLTRIBUBEBNT CBRF BeO% - BF RP Fehsid-F3 4
FRADG & AREAIIRT ipi¥r b F RiER S SRS -

Cr(V)0.,*+ Fe(1V)O3> -Cr(111)O5*+ Fe(V1)O,* -+ (2.47)

P Bpengcit Bl HBE - B RIEBE K Cr(V)O sofeit R4y
Cr--Oehigs > RCr(V)O,S i 54— BF RIEH T Fe(IV)O7 £+ > pp
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Creng it #i+5 —> +3 > & Feeni it k& 8+4 — +6 > Feeng bt 2 o
F¥ggaussian 09 s 3+ B B % o o4 F el R i B HEeh | 4 & i 2-565.490
cmltie g o

Fe(V)O,* + S(IV)O5” —Fe(111)O3*+ S(VI)O, 7 +++-++(2.48)

&ﬁ%ﬁ%ﬁ{'“ﬁ%%—%iﬁéﬁﬁﬁ@ #m&ﬁ#;ﬁzzum
PIBBLUTIRBEBIT BRI BDS e BE R, Febct-FERAF R
BRG R EF ARFENIIRI BB P F BER B SRS

Cr(11N03>+6H;0*—>Cr(111)(H,0)6° +3H,0-+++++ -+ (2.49)

Bl et B KL R SRR o B EARE Y
Fe(111)O5¥+6H50" > Fe(111)(H20)6> +3H0¢ v v v e+ (243) > ¥ gk & e iz
FRFECr(N0:% #4 A i meriBfe™ 1 24 221 (INR S /B HE T I /B
BHNECBRF RS e BE RBP F ehskt o

Fe(111)O5*+6H;0"—Fe(111)(H,0)6> +3H,0xwvxx e (2.50)

PR S B H BRI R EREE B Hwp FFUEE 2221(IDRF
BT T RBEBF CRRF ROF e BF RPN Fehscid

Overall reaction : Fe(V1)O,%+ Cr(VI)O,*+
35(1V)037+12H;0 > Cr(111)(H,0)6* + Fe(H,0)* "+ 2S(V1)O,+
S(V1)O;+6H,0

d3d WE22-1() F RABHB AT BB T CREF BT HIISO;
¢RI mpengt > Mgk T IIEE 2221(11) F RIABRUETIHAS
RFCBRE RPN 0 U ANT T LB R Fe(VDOS+
Cr(V1)04Z+3S(1V)03%+9H3;0* —Cr(111)(H,0)6* + Fe(I11)(H20)6* +
3S(V1)O4*+3H,0 -

Table 2.12 £ Fe(V1)O4*+ Cr(V1)04>+3S(1V)03*+9H;0"—

Cr(l11)(H20)6>"+ Fe(111)(H20)6**+ 3S(VI)O,*+3H, O p A F iy £ 834 >
FHPEAY dNRAFRP T2l BBBAGTAMRE § TABRET S
FoRMKRET T CBRFRBAINERCFH - ROL I > TUEHI A F
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ATJH £ 3% > Table2.12 -

Table 2.12 Molecular Energies For Reaction Fe(V1)0,*+
Cr(V10,#+35(1V)03*+9H;0"— Cr(111)(H,0)s*"+ Fe(111)(H,0)¢* + 3S(V1)0,*+3H,0
by B3LYP/6-311++G** (Unit : a.u )

Species E.(0K) E,+ZPE U° (298K) H° (298K) G° (298K)
Ccro,* -1345.13923 -1345.13075 -1345.12541 -1345.12446 -1345.16135
CrO,* -1345.34129 -1345.33278 -1345.32744 -1345.32650 -1345.36312
Cro;* -1269.99039 -1269.98447 -1269.98027 -1269.97932 -1270.01358
HCrO,* -1270.84850 -1270.83073 -1270.82528 -1270.82433 -1270.86105
H,CrO3 -1271.56437 -1271.53716 -1271.53074 -1271.52980 -1271.56844
H3CrOs; -1272.10033 -1272.06143 -1272.05491 -1272.05397 -1272.09173

Cr(H,O)(OH)*, -1272.42317 -1272.37217 -1272.36474 -1272.36379 -1272.40446

Cr(H,0),(OH)** -1272.56240 -1272.49890 -1272.49141 -1272.49047 -1272.53087

Cr(H,0)3* -1272.31433  -1272.24082 -1272.23339 -1272.23244 -1272.27272

Cr(H,0),* -1349.07198 -1348.97217 -1348.96170 -1348.96076 -1349.00815

Cr(H,0)s* -1425.63839 -1425.51154 -1425.49912 -1425.49818 -1425.54825

Cr(H,0)¢* -1502.19399 -1502.03991 -1502.02564 -1502.02470 -1502.07762

Cro;*.-0--FeO3”  -2834.19484 -2834.17542 -2834.16490 -2834.16396 -2834.21804
T.S

Table 2.13 €_Fe(V1)O,%+ Cr(V1)0,#+3S(1V)0;*+9H;0"—
Cr(l1)(H,0)6*"+ Fe(l1)(H,0)s™ + 3S(VI)O,*+3H,004 2% 2 F ity £ £ #df
B e d #+Fe0,” + SO3”— FeO,> + SO3 ™ ~ FeO4”+ SO3” —»FeO3”+ SO,*
+ FeO3¥+6H30"—Fe(H20)6> +3H,0 % &2 % & & & & 4 #7)4 Fer £ EAF ¥
= BF Behin € £ Ea £32%CrO,2 + S03—>CrOs> +S0; ~ CrOs S+
FeO3” »CrOs*+Fe0,” 2 CrO5*+6H;0"—Cr(H,0)s> +3H,0 4 124 2 5 Jis
i £ £ By o

Table 2.13 Reaction Energies For CrO,> + SO3—Cr0O,* + SO; - CrO >+
FeO3> »CrO;¥+Fe0,>and CrO;*+6H;0*—Cr(H,0)¢>*+3H,0 detail reactions
by B3LYP/6-311++G** (Unit : Kcal/mol)
Reaction AE,(OK) AE,+ZPE  AU(298K) AH(298K) AG(298K)
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CrO,* + SO;—Cr0O,* + SO -116.78 -116.39 -116.28 -116.24 -116.35

Cro, >+ -40.61 -40.85 -40.18 -40.21 -40.97
FeO;” »CrO;*+FeQ,*

CrO;*+H;0" -HCrO;%+H,0 -120.78 -120.01 -120.42 -120.45 -120.51
HCrO;*+H;0" —H,CrO;+H,0 -179.09 -179.32 -179.78 -179.73 -179.63
H,CrO;+H3;0" —H;3CrO3+H,0 -166.19 -166.02 -166.01 -166.11 -166.11
H;CrO;+H;0" — -171.46 -171.03 -171.51 -171.41 -171.98
Cr(H,0)(OH),+H,0

Cr(H,0)(OH),+H;0" — -183.75 -183.43 -183.41 -183.46 -183.92
Cr(H,0),(0OH)+H,0

Cr(H20)2(OH)+H30" — Cr(H20)s*+H,0 -126.79 -126.90 -126.81 -126.61 -126.24
Cr(H,0)3*+H,0 —»Cr(H,0),* -184.70 -184.55 -184.42 -184.01 -184.04
Cr(H,0)4*+H,0 -Cr(H,0)s* -164.69 -164.08 -164.63 -164.23 -164.46
Cr(H,0)5*"+H,0 —»Cr(H,0)s** -157.91 -517.17 -157.79 -157.39 -157.73

#¢Table 2.13 %% CrO4* + SO —CrO,> + SO3 ~ CrO,*+

FeO3” »CrOs*+Fe0,” » CrOs*+6H30"—>Cr(H20)6* +3H,0 & 4 f 4 F F e
REAEN RPARFAAPLE s RAPLIBLTEBE BenF R B AL
WEF L RENFRROBRSCRFIT R ES B F R E SeEnite > 9
F iR £ € .3 - 1RHCr(H.0)*+H,0 —Cr(H,0),* ~ Cr(H,0),*+H,0
—Cr(H,0)5*" ~ Cr(H,0)5>"+H,0 —»Cr(H,0)6> = ® F g 2-2-1 & ek & i F
& (Fe(H,0):* +H,0 —Fe (H,0),** ~ Fe (H,0),**+H,0 —Fe (H,0)5*" -

Fe (H20)5° +H,0 —Fe (H,0)6™ )81 > $mE gtk A 3425 > F RN £ L
v AREB o

Fig2.29 2ffd Table 2.13 p ¢ F o £ i 73 W ko Fe(V1)O4+
Cr(V1)04>+3S(1V)03%+9H30"— Cr(I11)(H20)6> + Fe(111)(H,0)¢>* +
3S(VI)O,2+3H,04%: & % 1 @ -

Fig 2.29 B3LYP/6-311++G** Reaction Energies AE, at 0K For Fe(VI1)0,*+
Cr(V1O,#+35(1V)05%+9H;0*— Cr(111)(H,0)6* + Fe(111)(H,0)* + 3S(V1)0,*+3H,0
(Unit : Kcal/mol )
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-100

Reaction Energies (Kcal/mol)

2FeQ,% + 350,% + CrO,% (Reactants)

120.61

e Fe0,2 + FeO,+ 250,2 + SO, + CrO,2

FeO2...0...Cro>

TS.
0. ...0...50,>
116.78°°" : FeO,>...0...50.%
2200 e I X : ?
89.65 =i
39.84 49.50 '
50.67 62.29
_250 | FEO42_ + FeO43_+ 28032_“‘ —
_ 2- 3-
SO, + Cro,? 5?00332-:5'33(): " Fe0p + FEBT  FeO2 +FeO+
; i SO+ SO
Cro+ 50,2 ’(r:r033_: 303:- SO, + Cro;*+
-300 o 250,%
0 CrO2+6H,0"
100 | 120.78
. . HCrO;#+5H,0*+H,0
S 200
= 179.09
c_é -300 = H,CrO;+4H,0*+2H,0
= 400 166.19
ch 171.46
W -600
'S =700
3 183.75
$ -800 | —
o Cr(H,0)(OH")2+H,0*+5H,0
900 | 126.79
1000 - Cr(H,0),* +5H,0
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0 ——— Cr(H,0)*+3H,0

~-100 184.7

o

£

T 200 | Cr(H,0),**+2H,0

=5

® 164.69

é—; -300 f

é Cr(H,0):3+H,0

&0 1 157.91

3]

©

W 500 |- —
Cr(H,0)s*

-600 -

41* Table 2.4 2 Table 2.6 2 Table2.9 rTable 2.12 } 4 3 #cdg > 7 1135 !
Fe(V1)O,%+ Cr(V1)044+3S(1V)03%+9H;0"— Cr(111)(H,0)¢>"+
Fe(111)(H20)6% + 3S(VI)O4>+3H,0 8. 5 it £ £ (Table 2.14)> ¥+t 4 .04 )
#7152 1A Cr(1) i 85 8% & Fe(V1)04%+ Cr(V1)044+3S(1V)03*+9H;0" —
Cr(111)(H20)6*+ Fe(I11)(H20)6* + 3S(V1)0,%+3H,0 -

Table 2.14 Total Reaction Energies For Fe(V1)O,*+
Cr(V1)044+3S(1V)037+9H30"— Cr(111)(H20)6>*+ Fe(111)(H,0) 6%+
3S(V1)0,%+3H,0 (Unit : Kcal/mol)

Items AE,(OK)  AE,+ZPE  AU(298K) AH(298K) A G(298K)

Cr(l) -4692.45 -4692.04 -4692.66 -4692.89 -4692.51

(I FR-FHBFRRF B

2Fe(VNO,“+ 25(1V)03%  —2Fe(1V)O3%+ 2S(VI)O 7 weereeees (2.54)
BB L HBE - BT RIEBE R AR 3R 2-2-1())

FRIBBEIFRIBHBESNF CRREF BT - BF RP FeiskifoF3 4
FRaha k& :".Iﬁ,s‘ﬁv’h’r,ufru BIEALE N B F iR e -
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2Cr(V1O,5+ 2Fe(IV)032 —2Cr(IV)Os7+ 2Fe(V1)0 2 «eeverees
(2.51)

Cr---Oedg: > #Cr(VIO, i i #%— B§ R ®ES I Fe(IV)OsZ £+ 5 @
FECreng i #4+6—+4 > @ Fern§ V3 44 - 46 > Feen§ @ F 2 o
Ryggaussian 09 cHE F - B 8 % > o4 F eeni§ B B B 0§ 47 5 2 %-97.320
cmlehi g o

Cr(IV)O3”+S(1V)03*  — Cr(I1N)O3 +S(V)Oyg s eees-- (2.52)

BohBagE S S H B - BEIRBE K SIV)O H— BRI B
ZCr(IV)Os™ > Cr(IV)Os™#:£ 1 &3 % B S(IV)Os” #h% 3 453 Cr(11)05% » 4
ECreng i frd— +3 0 § (VHT % 0 @ Feehi v BB jg+4 — +5

Cr(IV)Os”+ S(V)O3" —Cr(111)O3¥+ S(V1)Ogeeeeesees (2.53)

AR LZ B HRE - BLIEBE R S(V)Os #- BT IEBZ
Cr(IV)Os% > Cr(IV)Os% 4% 7 23 % p S(V)O3 ¢hg 3 a5 2Cr(I11)05% » p
Creng " B +4— +3 > § “ B ™ *% > @ Feeng i B § €45 +6 -

Cr(11N03>+6H;0*—>Cr(111)(H,0)6° +3H,0-+++++ -+ (2.54)

B BAR S R H B KGR E o 2-22() RIRBLETES
BB LBRFAAS 2N R '-"'1","1,‘]21&,1 izt eiag o
Overall: 2Cr(V1)0O,+3S(1V)03%+12H;0"—2Cr(111)(H,0)s* +
2S(VDO, 7+ S(V1)O3+6H 0+ =+ (2.55)

g3 a22-1() TAIHBLELIRBEBNT CBRRF BT HFISO: € #
XN ERpp gt o M endciE T U %Y 2-2-1(1)) RIRBUTIRBEBNS
BB RR SRR RS
2Cr(V1)0,2+3S(1V)03*+10H;0"—2Cr(111)(H,0)6* + 3S(V1)04*+3H,0 -

AAFFE Rena 34 52 AR g &or iR 3 £45 o '-‘"fJ‘lI]*L’c‘J T iE



REWA S P B KRB R S EH — Cr(IV)Os” a B &
#}O

Table 2.15 Molecular Energies For CrO;%of by B3LYP/6-311++G** (Unit :a.u)
species E,(0K) E.+ZPE U® (298K) H® (298K) G°® (298K)
Cr032' -1270.22714 -1270.21883 -1270.21441 -1270.21346 -1270.24789

Table 2.16 £_%. & 2Cr(V1)0O4>+3S(1V)03%+10H;0"—2Cr(I11)(H,0)6> +
3S(VI)O,7+3H,0 #% thF Rk L B Em > e d 3
Cr(111)03%*+6H30" - Cr(11)(H,0)6> +3H 0« ++++++- (2.58)crdgcdf o %2-2-2(1) %
FEBFFOBRE BEE M BT 2 2Y Table 2.13 » ¥ FeO,”+
SO5” —Fe03”+ S0, % &% & £ & €4 » #7)4 ¥ 3 » CrO,*+ FeO3” — CrOs”+
FeO4* ~ CrO3*+S03” — CrO3*+S03 ~ CrO3*+S0;3  — CrO3*+SO;thiic#f -

F

Table 2.16 Reaction energies For CrO42'+ Fe032' — Cr032'+ FeO42' .
CrO;*+S03* — CrO3*+S03 and CrO3;*+S05;  — CrOs*+S0; by
B3LYP/6-311++G** (Unit : Kcal/mol )

Reaction AE,(OK) AE,+ZPE  AU(298K) AH(298K) AG(298K)
CrO,*+ FeOz* — CrO;*+ FeO,* -60.38 -60.13 -60.37 -60.33 -60.39
CrO;¥+S0;* — CrO;¥+S0; -151.98 -151.34 -151.12 -151.16 -151.98
CrO;*+S0;” — CrO;*+S0, -136.55 -136.67 -136.42 -136.44 -136.77

B {8 ¥ 1 4 * Table 2.16 3 % & 2Cr(VI)0,7+3S(1V)03>—2Cr(111)03*+
2S(VNO,Z+S(VI)Osehis £ R B > o *
Cr(11)03*+6H3;0*—Cr(111)(H,0)**+3H,0% #.2-2-2 (1) &+ ##

T F YBREORTE T 1‘5@_,7&2 £ 3%
Cr(111)03¥+6H;0"—Cr(111)(H,0)* +3H,0 i € % i B
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Fig 2.30 B3LYP/6-311++G** Reaction Energies AE, at OK For

2Cr(V10,Z+3S(1V)037—2Cr(111)03s¥+ 2S(V1) 044 +S(V1)O3 (Unit :Kcal/mol )
150
2X FeO,2...0...50,% 2 X FeO,2...0...CrO>
100 TS T.S
E 50 - 79.68 99.00 107.54 134.84
g O,
O 2Fe0,>+2CrO,> 2Fe0,%+ 2CrO,*
Y .50 . 2Fe0,2+ 2CrO,% + 4 .
\U_: F3SO,* Reactants SO +250,2 +S04% +2S0,,
2 -100 |
> 151.98
@ -150 |
L 2Fe0 >+ CrOz% +
= -200 - CrOz* +S0, 4250,
5 -250 |
o 300 136.55
e - i
350 | 2Fe0,2+2CrO,%>
+S0,+250,*
-400 -

Table 2.17 & 2Cr(V1)04*+3S(1V)03*+10H30"—2Cr(111)(H,0)¢>*+
3S(V)O, 7 +3H, 08, F Meit £ £ erlicdf > d 44 ## * Crll) & 4
2Cr(V1)0,Z+3S(1V)03*+10H;0"—2Cr(111)(H,0)6* + 3S(V1)04*+3H,0 -

Table 2.17 Total Reaction Energies of

2Cr(V1)0,%+35(1V)03%+10H30"—2Cr(111)(H,0)6* + 3S(V1)0 44 +3H,0

(Unit : Kcal/mol)

Items AE,(0K)  AE.+ZPE  AU(298K)  AH(298K)

A G(298K)

-1006.78 -1006.01 -1006.10

cr(il) -1006.26
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() g R+EH 5 RBRF R

Fe(V1)O,* +HS(1V)O3 — HFe(V)O,%+ S(V)Og seeeeeses (2.56)

BBk BB - BE RS RS F it ERT £8 2-1-1 (1)
TRIBHBLETRIBBIT CRRF Rep 3-Fl2AF pada f 8§ IR
ﬁ#uﬁliﬁﬂﬁﬁﬁﬁ%%ﬁﬁﬁ%ﬁﬁﬁ$o

HFe(V)0,%+ Cr(V1)O,“—HCr(V)O, + Fe(V1)O % ++reenee- (2.57)

B FenscE S H IR - BERIESF R Cr(V)O, S Fld e
HFe(V)O, & ehg 3 m 8 § 1“8 ™ % > §+6 > +5 @ HFe(V)O,2 %14 4 7 &
R3a @ F (il 2 45— +6 - 18Fpgaussian 09 srHE F 3B B % > B K in
WA AR HE A = A-1768.640 cm et} -

HCr(V)0,+ S(IV)Os”  —HCr(I1N)Oz%+ S(VI)O,> +-eeeeeee (2.58)

BB L HBE - BE RIESBF K HCr(V)O,” A7 i £ 47
WERTHF R AR BB - BF RIFSIV)O A # § L T
%5 545> +3a S(IV)O " FIEF 1 § h3 @ § 8t 2 +d— +6 1935
gaussian 09 =47 33+ ¥ 2 % > B F iR B0 f 47 F = 2-473.120cm ™ ¢h
*E -

Fe(VDO,“+ S(IV)03  —Fe(IV)O3” + S(VNO 4% +oeeeeee (2.59)

BHIORE S HBE - B RIEHBF R AR ERT SR 2-2-1(1)
FRIBHBUIRIEBIT BRI PR F - FEAF BAada RGN
RAF AR BB P F iR AR

Fe(IV)O3%+ S(V)O; —Fe(I1NO3> + S(VI)O3  weeeesees (2.60)
BBk BB - BREIEHSF R kb ERT 28 2-2-1(1)
TIRBUTIRBAT CRRF RePp § -

HCr(111)03%+5H;0" > Cr(111)(H,0)6> +2H,0x+xxx - (2.61)
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B B, ISk S e F o B AR
Cr(111)0s>+6H30"—Cr(111)(H,0)¢> +3H,0 » & gk & fie i
F e EHCr(11)0s% » o0 B i meni§ /27 11 4%
Cr(111)03*+6H30">Cr(111)(H,0)6* +3H,0 7 % -

Fe(111)O5* +6H;0" —Fe(111)(H,0)6° +3H,0¢-++x---- (2.62)

BBkt fh I K S F o iR BT UER 2-21(11) 3%
BUTIRBAT CBRF RPF e BF RN § kit -

Overall : Fe(V1)O,* +H(V)SO5+2 S(1V)O3% +
Cr(V1)O,+11H;0*>Cr(111)(H,0)¢**+ Fe(111)(H,0)* + 2S(V1)O ,~+
S(V1)O;3+5H,0

d *+Fe(VI)0,% +H(V)SO3+2 S(IV)O57 +
Cr(V1O,+11H;0*>Cr(111)(H20)6**+ Fe(111)(H,0)6* + 2S(V1)O 4+
S(VI)O3+5H,0% eS(VI)Os ¢ %+ At idmbcit i34 2-2-1 (1R 5 ## 5
FRBRE BOP F o LR NI T 2B 2 Fe(VI)0,Z +H(V)SO5 +2
S(IV)03%+ Cr(V1)0,>+9H350*—Cr(111)(H,0)¢>*+ Fe(111)(H,0)* + 3S(V1)O,*
+2H,0 -

A AIE RS F A S e AW G vk BT I RIS F LA 0 IR K
R EATA T i B 0 B R A F Renit 4 dck(Table 2.18) 2 d
FHCr(111)03*+5H30 > Cr(11)(H,0)63 +2H 0+ +e v e (2.65) ehikdh e f2-2-2
(N E3@B T BRFR%E > PMERT L E2E Table2.13 > #7502 B3 x
HFe(V)04%+ Cr(V1)0,*—HCr(V)0,>+Fe(V1)O4* ~ HCr(V)O, >+
S(IV)03* —HCr(111)03%+ S(V1)0,* chiicd

Table 2.18 Reaction Energies For HFe(V)O,*+
Cr(V1)04>—>HCr(V)0, +Fe(V1)04* ~ HCr(V)04*+ S(1IV)O3* —HCr(111)0O5%+
S(V1)O4* by B3LYP/6-311++G** (Unit : Kcal/mol )

Reaction AE,(OK)  AE,+ZPE  AU(298K) AH(298K) AG(298K)
HFeO, %+ -74.59 -74.25 -74.31 -74.35 -74.42
Cr0O,*—HCr0,*+Fe0,*
HCrO,%+S0;* »HCrO;+5S0,>  -45.36 -45.03 -45.23 -45.27 -45.24

B 5 7 r14] 7 Table 2.18 #cd % & Fe(V1)0,” +H(V)SO3+2 S(1V)037+
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Cr(V1)O4Z—>HCr(111)03%+ 2S(V10,Z+S(VI)O3thia € % 1 H(Table 2.31) »d %
HCr(111Os*+5H;0*-Cr(111)(H,0)¢* +2H,0% #.2-2-2(1) £ #&# 1§ 8
&F%ﬁﬁﬁ#uﬁﬁ%z;ﬁ»
HCr(111)O5*+5H30*—Cr(111)(H,0)¢> +2H,0 s £ % 1 W) -

Fig 2.31 B3LYP/6-311++G** Reaction Energies AE, at 0K for Fe(V1)O,*
+H(V)SO3+2 S(1V)O3%+ Cr(V1)0O4s“—HCr(111)0s%+ 25(V1) 04 +S(VI)O4
(Unit :Kcal/mol )

100
HCrO,2 ...0... SO
50 | FeO42'...H...CrO42' T.S.
TS. .
FeO,% ...H...SO, 65.74
T.S. :
e FeO,2 +HSO, + — FeQ,? +SO, + SO,2+
L o . HFeO, +SO, + (S
2 2-4 2 4 3 2- 2-

§ 7047+ CrO; 250,2+ CrO>  Fe(VI)O2 + 05"+ 50y
S 5o - S(V)O, + 2 S(IV)0.Z
X + HCr(V)0,>
(%2}
2
©-100 r 197.60
(B}
c
w
S -150 +
= FeO,* ...0...S0.%
S Is
&

-200

50.67 62.29
FeO,* +SO; + —
2250 + SO,2+ HCrO,2 + FeO.% +S0O, +
SO~ HCro,2 +2 SO
-300 -

Table 2.19 % Fe(V1)O4* +H(V)SO3+2 S(1V)O3% +
Cr(V1O,Z+11H50*>Cr(I111)(H.0)* + Fe(111)(H,0)6> + 2S(V1)O,* +
S(VI)O3+5H, 08 F Msit £ £ erlicdf - d * &4 [ #0002 Cr(ll) & £
Fe(V1)O4* +H(V)SO3+2 S(IV)O3%+ Cr(V1) 04 +9H;0" - Cr(111)(H,0)6> +
Fe(111)(H,0)6>*+ 3S(V1)04* +2H,0 -

Table 2.19 Total Reaction Energies For Fe(V1)O,* +H(V)SO3+2 S(1V)O3%+
Cr(V1O,Z+9H;0">Cr(111)(H20)6**+ Fe(111)(H,0)6* + 3S(V1)04* +2H,0
(Unit : Kcal/mol)

Items AE,(0K)  AE.+ZPE  AU(298K)  AH(298K)  AG(298K)
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Cr(l) -1529.52 -1529.73 -1529.86 -1529.91 -1529.60
R PH-BLBANBEI AFISRIEILFT BRF RoidE > AP
TR KIR AT 54 R

Cr(1): Fe(V1)O,Z+ Cr(V1)0,+3S(1V)05>+9H50*— Cr(111)(H,0)* +
Fe(111)(H20)6* + 3S(VI1)O44+3H,0

Cr(11) : 2Cr(V1)04*+3S(1V)03>+10H;0*=2Cr(111)(H,0)6* + 3S(V1)04*+3H,0

Cr(111) :Fe(V1)04* +H(V)SO3+2 S(1V)O3* +
Cr(V1O,Z+9H3;0" > Cr(111)(H20)6>*+ Fe(I11)(H.0)* + 3S(V1)04* +2H,0

Items AE,(OK) AE,+ZPE AU (298K) AH (298K) AG (298K)
cr(l) -4692.45  -4692.04  -4692.66  -4692.89  -4692.51
Cr(ll) -1006.78  -1006.01  -1006.10  -1006.26  -1006.13

Cr(lll)  -1529.52  -1529.73  -1529.86  -1529.91  -1529.60
(Unit :Kcal/mol )

Rt P2 RET  LENPIAIBENPTI 0 CERF REZ B E
EECr(l) T3EBATCBRFRE ACI(INF RAFINTCRERFBE =
FrERBEY FRREERR S A3 ALEEI BRI ] CRRFR
BREBOEFTIN > ¥ - BUFF B 7R B £ARNARE -
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223 BBME TAME § TAMRRES TR BITET F
B RF RIS

A ESFEBEBNEF e ARPES HF CRRF BR- ANER > £
FNT AR EFRF L AR BBIERRE

N ERIBHBARLIRIBBFCRRFA R
(I LFRBALITRIEBITCRRFIA

() §RIEHBREFRIBBIICRRF B

Fe(V1)O,* +HS(1V)O3 — HFe(V)O,7+ S(V)Oy eeeeses (2.63)

B Bk A HRE - BE RS EBF R it ﬁ—;‘:éj 210105 &
—’J—ﬁﬁfﬁi)ﬁ—?ﬁﬁ;\?if“iﬁ)ﬁzﬁ)%Oﬂ?;ﬂ\F)%ﬁ_ﬁ\i "ﬁ:' '-“1"11!:‘2
BN B F R B B -

HFe(V)O,%+ As(I1DO3  —>HFe(111) 037+ As(V)O, > +eeeerees (2.64)

B Fegc 0 AR - BF RIS F A HFe(V)O,” Bl £ 4 ¥4k
FRIFL B4 - BF RIEBI A0+ & & > BHASUINO> %
LXAS(V)O,> > §F 1 jE+3 —+5 > BHEAPRIAFT > A HFe(V)0.Z F 3
44 - BFRFIRIHF(INO > § 45 >+3 > BHE A LB BR - 1935
gaussian 09 =47 33+ ¥ 2 % o B F Rl B0 47 F = &-111.280cm ™ ¢h
*E -

Fe(V)O,* +S(V)O3" —Fe(V)0,> +S(VI)Ogz wweeesees (2.65)

PHIDRE S HRE - BEIRBE R Fwp FE R 2-221(11) R
FEBLBIRIEDNT CBRF Rkt o
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Fe(V)O, o+ S(VO3>  —Fe(I1NO3> + S(VI)O,7 «eeeeeee (2.66)

BHBORE L HBE - B RIEBE R Fwp FF SR 2-2-1(1)
FRIGEH:FCRRF Befd-FI3 A F paBe T &G AREFFUIRI &
i3 A LLLF)%ﬁviﬁs}iigﬂ%f#_mg: o

HFe(111)O3%+5H;0" —Fe(111)(H,0)6* +2H,0x v x - (2.67)

BB S HHI R EREF o P FEOLER 2-2-1(11) & R
BHREFRIEBT CRRF Rehpid -

Fe(111)O5* +6H50" —Fe(111)(H,0)6° +3H,0-++++++-- (2.68)
t“iﬁ,?ﬁﬁﬂ#iiii:% :t“ﬂ},?ﬁ%. KEREF B FEmp FFILERE 2-2-1(1H1) & B3

BHRCF RIBEHBNE CRRF Renscid -

Overall : 2Fe(V1)O,* +HS(1V)O5+ As(111)O3¥+ S(1V)03*+11H;0"—
2 Fe(111)(H,0)6>" +As(V)0,¥+ S(V1)O, 5+ S(V1)O3+5H,0

3 $S(VI)Os & B2 S(VI)0,” » 3#-miEA2 2 %9 & § & Ak r1U B
£ £ sk o #12 2Fe(VI1)0,% +HS(IV)O3+ As(111)O3¥+ S(1V)035% +11H;0"— 2
Fe(111)(H20)6>" +As(V)O0,¥+ S(V)O,7+ S(V1)O3+5H,0F 12 i B & 2Fe(VI)04*
+HS(1V)O3+ As(111)O3¥+ S(1V) 037 +9H30"— 2 Fe(111)(H20)6>" +As(V)O 4+
2S(VI)OZ+2H,0 » & F Jx® chAdh 3 4 59 5 £ & €4 > v As(111)05¥ -
As(I11)O,> &% & § & #7123 ¢ #71u Table 2.20 3 As(111)03> ~ As(111)0,> e3>
¥

Table 2.20 Molecular Energies ForAsOs> + AsO,¥ by B3LYP/6-311++G** ( Unit :

a.u)
Species E, (0K) E,+ZPE  U° (298K) H° (298K) G° (298K)
AsO3™ -2461.24417 -2461.23777 -2461.23321 -2461.23227 -2461.26496
AsO,* -2536.51741 -2536.50778 -2536.50243 -2536.50149 -2536.53474
HFeO,;*+-0-+AsOs™  -4026.11457 -4026.08630 -4026.07434 -4026.07339 -4026.12861

TS.
Table 2.21 &_2Fe(V1)0,* +HS(1V)O3+ As(111)O5¥+ S(1V)03% +9H;0* — 2
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Fe(111)(H20)6* +As(V)0, ¥+ 2S(VI)O, 7 +2H,0 & F ReinF it £ £ Scdp 2
d *HFe(111)03%+5H3;0" —Fe(111)(H20)6*"+2H,0 ~ Fe(111)03* +6H;0"
—Fe(I11)(H20)6¥ +3H,022 2-2-1 (11N BRI B H R 5 RIBH N B R
FRseop B EAF LS 32 % > 2Fe(V1)0,Z +HS(1V)O3+ As(111)05*+
S(IV)O3Z—HFe(111)03%+ Fe(111)O5¥ + As(V)O,¥+ S(VI)Os+ S(VI1)O4% hF s
1 o S

Table 2.21 Reaction Energies For HFe(V)O 4> +As(111)03> —HFe(111)05*
+As(V)0,4* by B3LYP/6-311++G** (unit :Kcal/mol)
Items AE,(0K)  AE+ZPE  AU(298K) AH(298K) AG(298K)

HFeO,+AsO3*—HFeO;*+As0,> -27.42 -27.82 -27.98 -27.95 -27.45

o Table2.21 thF i E L3 > 7 U FE N 2Fe(V1)0,> +HS(1V)O5 +
As(111)O0z*+ S(IV)O37—HFe(111)05%+ Fe(111)03* + As(V)0 4>+ S(V1)O3+ S(VI)O,*
s R W I *HFe(111)03%+5H;0" —Fe(111)(H,0)6* +2H,0 -
Fe(I1)0s> +6H30" —Fe(l)(H20)*+3H,0 & % i £ g M % & § &
LA 0 AL R R HFe(111)03%+5H50" —Fe(I11)(H,0)¢>*+2H,0 -
Fe(111)03> +6H30" —Fe(I11)(H,0)¢> +3H, 0 E R H > R s £ HF £

F2221(N) E§RFIFABARABI RIEB]FT L RRePPF -

Fig 2.32 B3LYP/6-311++G** Reaction Energies AE, at OK For
2Fe(V1)O4% +HS(1V)O3+ As(111)03*+ S(1V)O3*—HFe(111)03% +
Fe(11)O3* + As(V)O,>+ S(VI)Oz+ S(V1)O,* (Unit : Kcal/mol )

60
) ~ HFeO/...0... AsO*
FeO, %.SH...so3 Ts.

_ o 045" 1557 26.83 38.45
~ . : HFeO,>+S0O;, +
2 2e0f +HSO, HFeO2 +S0, +SO2+ === 'S0 21 AsO>
£ 407 PO+ ASOs ASO.> + FeO 2 ’ ‘
S
XY
% 90 |
D 197.60
(@]
|-
(B}
C 140 FeO,% ...0...50,*
'-'CJ TS.
8
© -190 | 50.67 62.29
© ' '
& FeO,* +SO; +

240 | SO.Z + AsO, 2 S

Fe(111)O% +SO,
+50,2+ AsO*
-290 -
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Table 2.22 £_2Fe(V1)0,% +HS(1V)O3+ As(111)0O5¥+ S(1V)O5%+9H;0"— 2
Fe(111)(H20)6* +As(V)O, ¥+ 2S(VI)O, 7 +2H,0 5 it £ chlicdf 4 42 0 d *t
Bt op o iz As(l) k& £ 2Fe(VI)04Z +HS(IV)O3+ As(111)05¥+
S(IV)O3%+9H30*— 2 Fe(111)(H20)6% +As(V)O, >+ 2S(V1)0,*+2H,0 -

Table 2.22 Total Reaction Energies For 2Fe(V1)04% +HS(1V)O3+ As(111) O3>+
S(IV)037+9H30"— 2 Fe(111)(H20)6" +As(V)0,>+ 2S(V1)O4*+2H,0
(Unit : Kcal/mol)
Items AE,(0K) AE+ZPE  AU(298K) AH(298K) AG(298K)

As(l) 349853 -3498.61  -349863  -349891  -3498.47
(I TFREBREF RIEBIF CRERFA B

FIMERIBBRETRIBBIT I RRF A TPERS HF 1R
FRAFVFREFTIRBRUTIRAIAFCRRF BESHF B2 F BiSH

Y .
& .

Fe(VO,* + S(IV)O3”— Fe(V)0,> + S(V)Og +-+--- (2.69)

B S HRE - BT IRBF o Fwp FEUER 2-2-1(11)
FREBSF CBRF Rt

Fe(VO,* + S(V)O3; —Fe(V)0,* + S(VI)Og +++--- (2.70)

BHFEE L HRL - BLIEBF R Fep FEUERE 221 (DT
FEBE CBRF st -

2Fe(V)O, ¥+ 2As(111) 03— 2Fe(11D) O3>+ 2As(V)O, > -+ (2.71)

BBt L H R - B RIEHBF B Fe(M)O T H- BE RIAH
As(11NOs> > Fe(V)O, 8 2 Fe(I11)05% » § "B R 45 —>+3 > R4 BRF
wF o A A0S FlHge T - BF BRI REA(V)O, » § 1 Fi R * 9943
—+5> KA M BRI HABRR *F';}f}gausman 09 e+ B 2% » ' F ReBR G
MHpenf 4 & = -248510em e §
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2Fe(111)05* +12H3;0" —2Fe(111)(H,0)6> +6H O+ +++--- (2.72)

BBk S S H IR SRR o FEmp F T ER 2221(10) &
RIBEHBRETRIBHSF RRF Rt -

Overall: 2Fe(V1)O,7+ S(1IV)Os%+ 2As(111)03%+ 12H30"—2Fe(111)(H,0)>*+
2As(V)0s¥+ S(VI)O3 + 6H,0F1 4 S(VI)Os § & {7 1 B F 8 2 S(V)0” » #7114
27 2 2Fe(VI)0, 2+ S(1IV)O37+ 2As(111)03%+ 10H30"—2Fe(111)(H,0)6>*+
2As(V)O,>+ S(V)0,4> + 3H,0 -

3R AF BRI BB ALT RIEBRT CRRF R AL I 2

EA %7 @R B0 0 ASO il Rl 0 TR E RMH SR BT
IBBRETRIBBAT CBRRFE RenF a £ L8 0 27 3 FeO,”
+ 5035 > FeO,¥ + SO3 ™~ FeO, %+ S03 —»Fe0,> + SOzt £ £ 715 & BF Beh
EHheadvaFHELAH -

Table 2.23 Molecular Energies For FeO3%++:0+-+AsO5>  (Unit : a.u.)

Species E,(0K) E.+ZPE u° (298K) H° (298K) G° (298K)
FeO*+-0-- -4025.00869 -4025.99094 -4025.97990 -4025.97896 -4025.03430
AsOz*

Table 2.24 Reaction Energies For Fe(V)O,¥+ As(111)Os*— Fe(111)03*+
As(V)0,* (Unit : Kcal/mol)
Items AE,(0K) AE(+ZPE AU(298K) AH(298K) A G(298K)

FeO,*+ AsO>— FeO3¥+ AsO,* -47.33 -47.05 -47.05 -47.09 -47.27

2Fe(111)05% +12H30" —2Fe(111)(H,0)6> +6H,0¢F it £ £ 8cdf 3 % »
Table 2.24 j FlE p #enr s R L8 R echF & £4F > o4 % T E R
i £ L83 7 % Table 2.24 # > 2Fe(111)0;* +12H;0"
—2Fe(I11)(H20) " +6H,04 £ 81 Fl4 7~ % 7 3% x o
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Fig 2.33 B3LYP/6-311++G** Reaction Energies AE, at OK For
2Fe(V1)O,%+ S(1V)O3%+ 2As(111)03 —2 Fe(111)03%+ 2As(V)0,¥+ S(VI)O3
(Unit : Kcal/mol )

0 - 2Fe0,> + SO2+2As0O,* (Reactants)
—~ -50 f
g 120.61
= -100 |
< FeO,* +Fe0,> + SO+ 2AsO,%
3 150 |
=
L 500 L 2X FeO47...0...AsO*
L T.S.
S 197.60
2 -250
= 104.58
& 94.13
[B)
i ) . 2Fe0,%* + SO, +

. -300 2Fe0,> + SO+ 2As0;2 gPYNe

350 -

B 4 Table 2.25 &_2Fe(V1)O,%+ S(IV)Os”+ 2As(111)05*+
10H;0"—>2Fe(111)(H,0)6> + 2As(V)0 4>+ S(V)0,% + 3H,0
BF R BR LB A d A end ) o i As(ll) k&4 2Fe(VI)O, S+
S(IV)03%+ 2As(111)O5*+ 10H;0"—2Fe(111)(H20) 63 + 2As(V)0 4+ S(V)0,* +
3H,0 -

Table 2.25 Total Reaction Energies For 2Fe(V1)O44+ S(IV)O3%+ 2As(111)05*+
10H;0"—>2Fe(111)(H20)6> + 2As(V)0 ¥+ S(V)0.* + 3H,0 (Unit : Kcal/mol)
ltems AE, (OK) AE+ZPE  AU(298K) AH(298K)  AG(298K)

As(l) -3585.02 -3585.96 -3585.83 -3585.11 -3585.70

R PHIATPREI RIHREI LT CBRF R A Y
£
As(l) : 2Fe(V1)O,% +HS(1V)O3™+ As(111)03%+ S(1V)O37+9H;0" —

2 Fe(111)(H20)6*" +As(V)0,¥+ 2S(VI1)0 44 +2H,0
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As(11) : 2Fe(V1)O,5+ S(IV)03%+ 2As(111)03¥+ 10H;0*—2Fe(I11)(H20)6> +
2As(V)0,¥+ S(V)0,% + 3H,0

NPT R R TR

Items AE,0K)  AE.+ZPE  AU(298K) AH(298K)  AG(298K)
As(1) -3498.53 -3498.61 -3498.63 -3498.91 -3498.47
As(1) -3585.02 -3585.96 -3585.83 -3585.11 -3585.70

AP ER RS R FEL T T E RN T L A P
BFFCERF R RBBFEER AN T EHBRET AL
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224 BBEA TRMEE § TRENRS  THEIRET F
B RF RIS

A EHROLTBRERNRES R SRS OF CRRBFY - A PBHIHE
FirAdaR &p 347 5 P2 FHp hl TP - %8 - TP hHAF 0
FRaEapEim-

T A LTARRES o3RS hf LB RIBIIT N R T oL
MNERIBHBABIRIBHI T CBRRF R

(INF rR-@H5 CBRF E
(I R BBRLTIRBFTRRAB

() § RIBHBARLT RIBBRFVBRFR

Fe(V1)O,* +HS(1V)O3 — HFe(V)O,%+ S(V)Og eeeese- (2.73)
t”’ﬁﬂfﬁ"#i*i‘:t“ﬁ'?ﬁ% -BEIRIEDF )ﬁ;"ii&m#&ﬁ%ﬁ—é‘»{ 2-2-1 (11D & &

FRBRCTRIBBIT CRRF BoFIEAF B d FEF ARETIR

P RIPER N P F RER G B AUR S -

HFe(V)O,%+ P(111)O5* —HFe(111) 037+ P(V)O 4 weereeees (2.74)

B FenfcE St H IR - BE RIEBHF R HFe(V)O, " it £ 4 4745
FRIF- B4 - BF RIESF PUIO> > BP0 R 2 P(V)0,* >
FULB3 o+5 BERABBT M aHF(V)O S Fli 43 - BF A3 B
HFe(111)O3* » § 1 f5+5 —+3 > i&H = 4 4848 R - 193fgaussian 09 =g 3 3+
B35 0 F Rk B Hen g 5 = 2-108.870cm™ ehiz § -
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Fe(V)O,* +S(V)O3 —Fe(V)0,> +S(VI)Og +weeesees (2.75)

BB ESE S KIS - BESEBE B R T IRR 221 (INF
FEBIF O RRF Rk -

Fe(V)O, o+ S(VO3> —Fe(11N03> + S(VIO,7 weeeeeee (2.76)

BHBOEE L HBE - B RIEBE R Fwp FF R 2-2-1(1)
FRIGEH:FCRRF Befd-FI3 A F paBe T &G AREFFUIRI &
i3 A LLLF)%ﬁviﬁs}iigﬂ%f#_mg: o

HFe(111)O3%+5H;0" —Fe(111)(H,0)6* +2H,0x+xxx - (2.77)

B Bkl AR SR F o e FE OUEE 2-2-1(1) § R
FEBRLBIRIESBNT CBRF Rkt o

Fe(111)O5* +6H50" —Fe(111)(H,0)6° +3H,0¢-+++x---- (2.78)

P e R BE KR o Fep FE LR 222-1(11) &
RAzFEHBRET RIESBT VR RF Ronsaid o

Overall : 2Fe(V1)O,4+ HS(IV)O3+ P(111)05*+
S(IV)03*+11H30"—=2Fe(111)(H,0)6> + P(V)O ¥+ S(VI)O3+ S(VI)O 44 +5H,0

4 #S(VI)O3 € B 2 S(VI)O,” » #1rt & 2 ¥ 113 B & 2Fe(VI)O4”+ HS(1V)O3'+
P(IINO3>+ S(IV)O03%+9H350"—2Fe(111)(H,0)6> + P(V)O,* +
2S(V1)O4¥+2H,0 -

AERHFALIASAREFE LY - H0 R FIP(N0 - P(V)O, 4
A3 2 i§R B A F HFeOs” +-0-PO: " thit £ #ichf -

3

Table 2.26 Molecular Energies of PO3> ~ PO,* (Unit : a.u.)

Species Eo(0K) E,+ZPE  U° (298K) H° (298K) G° (298K)
POs* -566.77944  -566.77052  -566.76652  -566.76557  -566.79636
PO, -642.08737  -642.07484  -642.07031  -642.06937  -642.10040
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HFeO,*--0--POs"  -2131.68721 -2131.65596 -2131.64465 -2131.64371 -2131.69768

TS.

Table 2.27 3% & % 5| 2Fe(V1)O,%+ HS(IV)O3+ P(111)O5* +
S(IV)O3%+9H30"—2Fe(111)(H20)6> + P(V)O, + 2S(V1)0, 2 +2H,0 .8 & e
FRGELER > d 3HFe(111)037+5H30" —»Fe(l11)(H20)6> +2H,0 -
Fe(11)O5* +6H30" —Fe(111)(H,0)6* +3H,0 ~ Fe(V1)O,* +HS(1V)03 —
HFe(V)04%+ S(V)O3 ~ Fe(V1)O4% + S(V)O3 —Fe(V)0,> + S(V1)O3 ~ Fe(V)0, >+
S(IV)03* —Fe(111)03% + S(VI)O, 7 ehF it R L B @ v a £ & €4 1 3
EE£4%E > ¥ % xHFe(V)0, 5+ PO SHFe(111)03%+ P(V)0, ¥ e
F R & £ 8y

Table 2.27 Reaction Energies For HFe(V)0,*+ P(111)0;*—HFe(111)05*+ P(V)0,*
(Unit : Kcal/mol)
ltems AE,(OK) AE +ZPE AU(298K) AH(298K) A G(298K)

HFeO,%+ PO;* >HFeO;%+ PO,* -49.71 -49.46 -49.85 -49.88 -49.61

Fig 2.34 B3LYP/6-311++G** Reaction Energies AE, at OK For
2Fe(V1)O,%+ HS(IV)O3+ P(111)O3%+ S(1V)O3> —HFe(111)03%+ P(V)0, ¥+
Fe(111)03* + S(V1)O4%+ S(VI)O3 (Unit : Kcal/mol )

100
HFeO,>...0...PO,>
— 50 | , T.S.
S FeO,2...H...SO; —
= 6.45_ TS 49.20 59.38
= 0| e 1557 FeO,> +HFeO2+S0,+PO,*
v - - — 2
V; 2Fe0,% +HSO, FeO,? +HFeO,2+S0,+ +50;
~ +P033'+SO32' PO.3+S0O.2
$  -50 [ Reactants s ®
=)
|-
[«b]
c -100 F 197.60
L
S FeO,*...0...50,%
5 -150 ¢ T.S.
(4]
4 50.67 62.29
-200 - FeO,* +HFeO2+ '
SO+PO+S0> =
oo T FeO.% +HFe(7+50,+
-250 - PO2+S0O,*

3 4 Table 2.28 &_2Fe(V1)O,%+ HS(IV)O3+ P(111)05*+
S(IV)037+9H30"—=2Fe(111)(H,0)6>*+ P(V)04* + 2S(VI1)0 44 +2H,0
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BF R R LA o d WA gkend ) o 22 P(I) % ® 4 2Fe(VI)O, S+
HS(1V)O3+ P(111)03*+ S(1V)037+9H30"—2Fe(111)(H,0)6> + P(V)O,* +
2S(V1)O4¥+2H,0 -

Table 2.28 Total Reaction Energies For 2Fe(V1)O4*+ HS(1V)O3+ P(111) O3>+
S(IV)037+9H30"—=2Fe(111)(H20)6>*+ P(V)04* + 2S(VI1)0 44 +2H,0
(Unit : Kcal/mol)
Items AE,(OK)  AE.+ZPE  AU(298K) AH(298K) A G(298K)

P(I) -1900.43 -1900.37 -1900.36 -1900.41 -1900.29
(I FRrRIES]FCRRF A

Fe(VO,* +P(I1DN03> — Fe(1V)O37+ P(V)O ¥ weeeeeee- (2.79)

BB A HBE - BE RIESBF o Fe(VI)04” sicit § 7 8748
FRIFPh B4 - BF RIES D PUINOS > HPUNO R 2 P(V)0O,* >
FULB3 o456 BEAABBT L aFe(VNOL Fli24 - BF RI B
|:e(|v)o3 T FVEH6 o+ B ERAZERER - ﬁﬁgaussmn 09 g 3+ X
B 05 iR B S H A S 2 2-106.230cm e B

Fe(1V)O3%+ P(I1DO3* — Fe(I1O,%+ P(V)O, ¥ e eeeeee (2.80)

BB A HBE - BE RIEBF R Fe(IV)Os s feit B 8148 5
RIFenic 84> - BF RIEBIPUIN0S > BPINO>$ AP(V)0,* >
FOBE+3 045 0 BEHAEBRTM CaFe(IV)OSSFE 43 - BRI B
Fe(INO,” > § i f5+4 —+2 » A2 BB R - #":bigaussmn 09 &g & 3+ &
BE o PF BBk S F = 2-128470cm™ i § -

Fe(1N0,%+4H;0"—Fe(11)(H,0)g" - +++--+- (2.81)

BB S HRE K EREF o Hmp 3T AR 221() § RS
BHAF CBRE R o

Overall : Fe(V1)O,* +2P(111)O3*+4H;0*—Fe(11)(H,0)* +2P(V)O,*
BN EERE BA I L SR G £ J o ST E Bk r AR i £ £ By
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> 515 Fe(11)0, +4H30 > Fe(I1)(H0)67 oo+ (281) £ % & £A T 117
% x Fe(11)0,% +4H30" > Fe(l1)(H0) g2+ vee e (2.81)ehF i Bz L 2R
W @ 25 %> Fe(VI)O,” +2P(111)0s> — Fe(IV)0, " +2P(V)0,> #hF it £ #cih
Ea RRTW -

Table 2.29 Reaction Energies For Fe(V1)0,% +2P(111)0;* — Fe(1V)0,%+2P(V)0,*by
B3LYP/6-311++G** (Unit : Kcal/mol )

Items AE, (0K) AE+ZPE AU(298K) AH(298K) A G(298K)
FeO,” +PO,¥ — FeO,%+ PO,>  -59.20 -59.31 -59.33 -59.36 -59.08
FeO;%+ PO — FeO,%+ PO,* -23.91 -23.60 -23.27 -23.29 -23.40

Fig 2.35 B3LYP/6-311++G** Reaction Energies AE, at OK For
Fe(V1)O4* +2P(111)03* — Fe(1V)0,%+2P(V)0,4* (Unit :Kcal/mol )

70 FeO,>...0...PO*

60 IS FeO,7...0...PO

T.S.
50 |

40 |
30 L 59.20 70.65

20 61.45 75.92

10 | FeO2 +2PO.

Reactants
0 -

-10 ~

2- 3 3
20 L FeOz2 +POS+P(V)O, FeO, +2PO>

-30 ~

Reaction Energies (Kcal/mol)

40 L

% t2 Table 2.30 £Fe(V1)04* +2P(111)03>+4H;0"—Fe(11)(H,0)6* +2P(V)0,*
RERSEL AL 4 Aol e PU) ki
Fe(V1)O.4* +2P(111)05¥+4H30"—Fe(I1)(H,0)6* +2P(V)0,* -

Table 2.30 Total Reaction Energies For Fe(V1)O,*
+2P(111)03* +4H;0"—Fe(11)(H20)6**+2P(V)04% (Unit : Kcal/mol)
Items AE,(0K) AE.+ZPE A U(298K) A H(298K) A G(298K)

P(IT) -3787.90 -3787.87 -3787.86 -3787.83 -3787.94
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() § A3 @fBRLEIEBATICRRFA

Fe(VO,* +P(I1DN0;> — Fe(IV)O3%+ P(V)O ¥ weeeeeee- (2.82)

P IR B - B RIEBF K FEwp 3V LRR 224 (1)
FRIGEH:FCRRF Befd-FI3 A F paBe T &G AREFFUIRI &
i3 A LLLF)%ﬁviﬁs}iigﬂ%f#_mg: o

Fe(1V)O3%+S(1V)05” — Fe(111)O3%+ S(V)Og +ereerees (2.83)

B FenscE S H IR - BRIBHBF B Fe(IV)OHS(IV)05™ & + #3]
~ T A R2Fe(111)0:> o ErFeshi f B +4 — +3>Feit B & @ S(IV)O57 7
447 -TIARISV)0y > MERRT hf B > 45 RIS

Lo

Fe(1V)O3* +S(V)O3 — Fe(111)O5¥+ S(V1)Ogereeerees (2.84)

B BegR A HBE - BEIEBF K Fe(IV)OsKS(V)Os & ¢ # 3]
~ T A R2Fe(11)0:> 5 B EFFecnF i K +4 — +3 > FeitiB R @ S(V)O3 F
247 -32F A RAS(VNO: > P EMRT chf P BEIS > +60 MR RE

Lo

Fe(111)O5% + 6H30"—Fe(111)(H,0)6> + 3H,0+++x -+ (2.85)

B Bagck G HRE R EREF o N BT UER 22-1(INT S &
BRF BRF gt -

Overall : 2Fe(V1)O,* +2P(111)O3*+S(1V)O5”+
12H;0"—2Fe(111)(H,0)* + 6H,0 + 2P(V)O,*+ S(V1)O4
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4 #S(VI)O3 § 8+ A& 2 HS(VIO,” > #r & F B 113 B <&
2Fe(V1)O.,Z +2P(111)05¥+S(1V)03%+ 10H;0*—2Fe(111)(H,0)6* +
3H,0 + 2P(V)O,*+ S(V1)O,* -

dNEBAE BT SR HE EA *—""i'."l'{r’%_i_ﬁ-*i)‘ *F e B A

&4 > F15 Fe(111)03% + 6H30" > Fe(111)(H20)6> + 3H0---x0+++- (2.85)

GRER T Rl L Fe(11NO3% + 6H30"—Fe(111)(H20)6% + 3H,0+ -+

(2.85)ehF Ruit BEcip 2 s £ R F 0 F Fe(VI)O,” +P(111)03% — Fe(IV)O3%+
P(V)O, >4 213 & £ & &4 9714 ¥ % » FeO3? +S03” — FeO3¥+ SO3™ ~ FeO3”
+S03” — FeO3>+ SOz¢h5 fyit £ & -

Table 2.31 Reaction Energies For Fe(1V)O3% +S(1V)03* — Fe(111)05*+ S(V)O3™ -
Fe(IV)O3% +S(V)O3 — Fe(111)03¥+ S(VI1)O3 by B3LYP/6-311++G**
(Unit : Kcal/mol )

Items AE,(0K)  AE,+ZPE AU@98K)  AH(298K)  AG(298K)
FeO3% +S03% — FeO3*+ SO5 -105.72 -105.97 -105.80 -105.87 -105.55
FeO3;* +SO;” — FeO3¥+ SO; -188.72 -188.23 -188.19 -188.10 -188.63

Fig 2.36 B3LYP/6-311++G** Reaction Energies AE, at OK For
2Fe(V1)O4 +2P(111N03¥+S(1V)037 —2Fe(111)035> + 2P(V)04¥+ S(VI)O3
(Unit : Kcal/mol )

150 - 2X (Fe04%...0...POS* )

100 *

o | 118.40 141.30
0 -
PFeO,> +2PO+ -_—
-50 80, Reactants

100 | 105.72

2Fe04> +2P0O,*+S0O>

150 FeO,2+ FeO,+2P0,+S0,
200

-250 | 188.72

2 FeO,#+2P0,%
+S0,

Reaction Energies (Kcal/mol)

-300 *

-350 -

B 5 Table 2.32 &_2Fe(VI)0,* +2P(111)05*+S(1V)05%+
10H3;0"—2Fe(I11)(H,0)6>"+ 3H,0 + 2P(V)O,*+ S(VI)O,~ . F it & £ ehiicif & 2 -
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d & et oo 2 P(I) %&£ 2Fe(VI)O4Z +2P(111)03%+S(1V) 057+
10H30"—=2Fe(111)(H,0)6>*+ 3H,0 + 2P(V)0 >+ S(V1)O,% -

Table 2.32 Total Reaction Energies For 2Fe(V1)04% +2P(111)03>+S(1V)03% +
10H;0"—>2Fe(111)(H20)6> + 3H,0 + 2P(V)O, >+ S(V1)O.*
(Unit : Kcal/mol)
Items AE,(0K)  AE.+ZPE  AU(298K) AH(298K)  AG(298K)

P(11) -3794.39  -379433  -379431  -379430  -3794.51
REY SH-ZATHARNETI AF BRI EFT BRF APER > A
i

P(1) : 2Fe(V1)O,%+ HS(IV)O3+ P(111)O3>+
S(IV)037+9H30"—=2Fe(111)(H20)6>*+ P(V)04* + 2S(VI1)0 44 +2H,0

P(I1) : Fe(V1)O4* +2P(111)O5¥+4H 30" —Fe(11)(H20)¢* +2P(V)O 4™

P(111) : 2Fe(V)O4* +2P(111)03¥+S(1V)03%+ 10H;0*—2Fe(111)(H20)6>"+ 3H,0
+ 2P(V)O, ¥+ S(VI)O,*

AT -2 AT

Items AE,(0K) AE.+ZPE  AU(298K) AH(298K)  AG(298K)
P(I) -1900.43 -1900.37 -1900.36 -1900.41 -1900.29
P(I1) -3787.90  -3787.87  -3787.86  -3787.83  -3787.94
P(I11) -3794.39  -3794.33  -379431  -379430  -3794.51

Rpi2iP s Ea B Lokt F TARRESI A3 SRRBT -
FRERFRE RIBIEEBPIING RIABALEIABAT VBREF
BicsiBenf CBRF RPL BBE
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() IRBFCBRRF B
(1) §RIFHBFCRRF T

N FRIEHBFVRRFB
Mt AWML chF BBHF BT LY 2-2-1(N§ R38R CBRAR -

Overall: Fe(V1)O,%+ 2S(1V)03*+ 4H;0" — Fe(I1)(H,0)¢ *+
2S(V1O,*

d bkehE aF - R ARk T g E 22-1(1) F RI RSN
L3RR F Bep B ’b’“’rﬂi%*;'—'_%‘ﬂiiw‘f#iii* T)" B3 r AF B ioRiB R
BTt IR R F RN E L8 -

Table 3.1 Molecular Energies For Fe(11)0O,*+ 2S(1V)O3%+ 4H;0" —
Fe(I1) (H20)6 2"+ 2S(V1)O4% by B3LYP/6-311++G** in water of PCM model
(Unit: a.u)

Species E.(0K) E,+ZPE U® (298K) H® (298K) G°® (298K)
H,O -76.46647 -76.44528 -76.44244 -76.44150 -76.46293
H,O" -76.85522 -76.82033 -76.81745 -76.81650 -76.83842
S0~ -699.46830 -699.45385  -699.44968  -699.44873  -699.47908
SO5” -624.19983  -624.19073  -624.18696  -624.18602  -624.21737
FeO,” -1489.72788 -1489.72034 -1489.715966 -1489.71502 -1489.74920
FeO,” -1564.93079 -1564.92026 -1564.91499 -1564.91405 -1564.94791
FeO,” -1414.43703 -1414.43334 -1414.42957  -1414.42863 -1414.45984

FeO(OH) -1414.91100 -1414.89747 -1414.89361 -1414.89267 -1414.92374

Fe(OH), -1415.38876 -1415.36412 -1415.35902 -1415.35808 -1415.39232

Fe(H,O)(OH)* -1416.03921 -1416.00554 -1415.99893 -1415.99798 -1416.03665

Fe(H,0),”*  -1416.27160 -1416.22108 -1416.21579 -1416.21485 -1416.249425

Fe(H,0)5** -1492.77444 -1492.69766 -1492.68929 -1492.68835 -1492.72952

Fe(H,0),** -1569.27218 -1569.16846 -1569.15816 -1569.15722 -1569.20204

Fe(H,0)s™" -1645.76834 -1645.63965 -1645.62653 -1645.62558 -1645.67623

Fe(H,0)™" -1722.26176 -1722.10675 -1722.09133 -1722.09039 -1722.14546

FeO;*.0.805>  -2188.07155 -2188.05069 -2188.04057 -2188.03963 -2188.09149
T.S
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Fe0,*-0--S0*  -2112.87036 -2112.85242  -2112.84331  -2112.84236  -2112.89113
T.S

Table 3.2 & Fe(11)0,%+4H3;0" — Fe(11)(H20)¢*" in waterit-im* =it £ £ #&
o ® o E N Fe(11)0,7+4H30" — Fe(l)(H,0)6™ Ak ehsk 5 ™ ek it d A
R Table3.12 p ihF fuit £ £ 2B > Fe(H,0),”" + H,0 — Fe(H,0)3%" -
Fe(H,0)3%" + H,0 — Fe(H,0).%* ~ Fe(H,0)4*" + H,0 — Fe(H,0)5°" ~ Fe(H,0)s**
+H,0 — Fe(H20)6™ 5 fsit B £ 88 § F15 kA5 chilc #4e @ 4 > T8
R§ & F T & FFe(H20),” + H,0 — Fe(H,0)5%" ~ Fe(H,0)5%" + H,0 —
Fe(H,0)4%*~ Fe(H,0)4*" + H,0 — Fe(H,0)5° ~ Fe(H,0)s** + H,0 — Fe(H,0)¢**
E"ﬁl:'l?ﬁ%"ﬁ - el MU T BB N RS I RIEF )%g Fl 5 ko F il g 3 4
ARF RN EAEKEN Y AHALFEBRBERIRZIRELT -

Table 3.2. Reaction Energies For Fe(V1)O4%+ 2S(1V)O3%+ 4H;0*
— Fe(11)(H,0)6 *+ 2S(VI1)0,4* in water by B3LYP/6-311++G** of
PCM model ( Unit :Kcal/mol )

Reaction AE,(0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)

FeO,” +SO3” — FeO3”+ SO,* -39.14 -39.65 -39.96 -39.98 -39.53
FeOs2+ SO3%— FeO,%+ SO,> -14.04 -14.97 -14.85 -14.89 -14.34
FeO,+ H;0" —FeO(OH)+ H,0 -166.85 -166.89 -166.87 -166.73 -166.47
FeO(OH)+ H30" —Fe(OH),+ H,0 -185.88 -185.48 -185.72 -185.73 -185.41
Fe(OH), + H;O" —»Fe(H,0)(OH)" +  -167.21 -167.14 -167.23 -167.23 -167.69
H,0

Fe(H,0)(OH) + H;0" —Fe(H,0),*  -199.11 -199.09 -199.23 -199.28 -199.10
+H,0

Fe(H,0),%" + H,0 — Fe(H,0)5%" -168.81 -168.63 -168.52 -168.12 -168.85
Fe(H,0)3%" + H,0 — Fe(H,0),* -160.71 -160.69 -160.56 -160.19 -160.83
Fe(H,0),%" + H,0 — Fe(H,0)s*" -121.63 -121.25 -121.30 -121.89 -121.10
Fe(H,0)s°" + H,0 — Fe(H,0)%" -119.90 -119.69 -119.07 -119.66 -119.99

B 15 £ Fe(V1)O,7+ 25(1V)03%+ 4H30" — Fe(11)(H,0)6 '+ 2S(V1)04* in water
i F it B L8 0 9 A ehd o #rr e S(1) water 5 & Fe(VI)0, 7+
2S(1V)03%+ 4H30" — Fe(I1)(H,0)s %'+ 2S(V1)O,? in water ©

Table 3.3 Total Reaction Energies For Fe(V1)0,%+ 2S(1V)03%+ 4H;0" —
Fe(11)(H,0)6 *+ 2S(V1)O4* in water of PCM model  (Unit : Kcal/mol)
Items AE,0K)  AE,+ZPE  AU(298K) AH(298K)  AG(298K)

S(1) water -2801.52 -2801.71 -2801.07 -2801.44 -2801.48
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dR RGP i RPROF BRAKBRE FABRRT hit B LhL B
fr o UL AEAL R AS(1) water Fe(V1)O4%+ 2S(1V)03%+ 4H;0" — Fe(11)(H,0)g *+
2S(V1O4> ~S(1) Fe(V1)O4%+ 2S(1V)03%+ 4H30" — Fe(11)(H,0)6 ¥+ 2S(V1)O 4%
FRFRE kB R

Table 3.4 Activation Energies For Reaction Fe(V1)0,%+ S(IV)03*—
Fe(1V)Os%+ S(V1)O.% in Different Phase (Unit : Kcal/mol )

Items E, (0K) E,+ZPE  U° (298K) H° (298K) G° (298K)
Gaseous 39.84 39.77 39.91 39.92 39.81
Aqueous 39.15 39.66 39.63 39.91 39.53

Table 3.5 Activation Energies For Reaction Fe(IV)O3%+ S(1V)03%— Fe(11)0,%+
S(V1)O4” in Different Phase (Unit : Kcal/mol )

Items E, (0K) E,+ZPE  U° (298K) H° (298K) G° (298K)
Gaseous 37.24 37.22 37.68 37.65 37.80
Aqueous 34.04 34.98 34.85 34.80 34.35

#Table 3.4 ~Table35 %% - HH& &-kig R HmT ehF BFe(V1)O, +
S(1IV)037— Fe(IV)03%+ S(V1)04* 2 Fe(1V)O3%+ S(1V)0O3% — Fe(11)0,%+
S(VI)O,” #+ % & ehig v it (Activation Energies)s & f i ™ ehlim or g ohid it i
fenih o AFBFRET ARPRE S RFRBAF BEERELE 0 uflE
FFR-

Table 3.6 ~ Table 3.13 ¢4 # & Fe(11)0,” +4H30" —Fe(I11)(H,0)s> e 2 #
FERBIRBREFHERET N EL AR -

Table 3.6 Reaction Energies For Reaction Fe(11)O,+ H30" —Fe(11)O(OH) +
H,O in Different Phase (Unit : Kcal/mol )

Items AE,(OK)  AE,+ZPE  AUQ98K) AHQ98K)  AG(298K)
Gaseous -166.42 -166.85 -166.63 -166.68 -166.25
Aqueous -166.85 -166.89 -166.87 -166.73 -166.47

Table 3.7 Reaction Energies For Reaction Fe(I11)O(OH) + H30" —Fe(11)(OH),+
H,O in Different Phase (Unit : Kcal/mol )

Items AE,(0K)  AE.+ZPE  AU(298K)  AH(298K)  AG(298K)
Gaseous -185.68 -185.39 -185.72 -185.70 -185.02
Aqueous -185.88 -185.48 -185.72 -185.73 -185.41
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Table 3.8 Reaction Energies For Reaction Fe(I11)(OH),+ H30"
—Fe(I11)(H,0)(OH)"+ H,0 in Different Phase (Unit : Kcal/mol )

Items AE,(OK)  AE,+ZPE  AUQ98K) AH(98K)  AG(298K)
Gaseous -143.25 -143.39 -143.01 -143.03 -143.73
Aqueous -167.21 -167.14 -167.23 -167.23 -167.69

Table 3.9 Reaction Energies For Reaction Fe(I1)(H,O)(OH)*+ H30"
—Fe(I1)(H,0),%+ H,0 in Different Phase (Unit : Kcal/mol )

Items AE,(OK)  AE,+ZPE  AUQ98K) AHQ98K)  AG(298K)
Gaseous -160.00 -160.20 -160.22 -160.26 -160.93
Aqueous -199.11 -199.09 -199.23 -199.28 -199.10

Table 3.10 Reaction Energies For Reaction Fe(I1)(H20),%"+ H,0
—Fe(I1)(H,0)s** in Different Phase (Unit : Kcal/mol )

Items AE,(OK)  AE,+ZPE  AUQ98K) AHQ98K)  AG(298K)
Gaseous -167.93 -167.96 -167.24 -167.84 -167.57
Aqueous -168.81 -168.63 -168.52 -168.12 -168.85

Table 3.11 Reaction Energies For Reaction Fe(I1) (H20)s*+ H,O —Fe(l1)
(H,0)4*" in Different Phase (Unit : Kcal/mol )

Items AE,(0K)  AE,+ZPE  AU(298K)  AH(298K)  AG(298K)
Gaseous -158.32 -158.91 -158.77 -158.36 -158.28
Aqueous -160.71 -160.69 -160.56 -160.19 -160.83

Table 3.12 Reaction Energies For Reaction Fe(11) (H,0)4**+ H,0 —Fe(l1)
(H,0)s*" in Different Phase (Unit : Kcal/mol)

Iltems AEL(0K) AE,+ZPE AU(298K) AH(298K) A G(298K)
Gaseous -109.07 -109.57 -109.54 -109.13 -109.80
Aqueous -121.63 -121.25 -121.30 -121.89 -121.10

Table 3.13 Reaction Energies For Reaction Fe(l1) (H,0)s%*+ H,0 —Fe(l1)
(H,0)6*" in Different Phase (Unit : Kcal/mol )
Items AE, (0K) AE +ZPE AU(298K) AH(298K) A G(298K)
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Gaseous

-100.30

-100.21

-100.18

-100.77

-100.62

Aqueous

& Table 3.6 ~ Table 3.13 e & >

-119.90

-119.69

-119.07

-119.66

TOLE R oK R TR ¢

-119.99

Fe(10,% +4H30" > Fe(l)(H,0)s™ eha j2 % B F e g bf BBRBRTEFF &
R BL RGN HUEBP T CRRF BARBRBEREV R LIEF

(I T+EBFCRRF R
Mo AL hE BB F BT Y 2-2- 1IN BB F CRRF -

Overall:2Fe(V1)0,%+ 3 S(IV)03*+12H350" — 2Fe(I11)(OH)s ¥ +2S(V1)0,*
+S(VI)O3+6H,04d +S(VI)O3 € ¢ 1 & 5 o & KA ZHS(VI)O,S » #10 &
A7 B 2 2Fe0,7+3 SO +10H;0" — 2Fe(H,0)6%" +3 SO4% +4H,0 -

B b E RAS - F ARkt > g 2-2-1(11) RIEBET
FIRBEBFCRRF RPPTF RERE -~ S £ it ,,?ay:-g;—.» *
B2 F RN EAEG -

F R bokip iR B iR

2 as

=+ At

Table 3.14 Molecular Energies For 2Fe0,%+3 SO3%+10H3;0" — 2Fe(H,0)¢>" +3

SO4% +4H,0 by B3LYP/6-311++G** in water of PCM model ( Unit : a.u)

Species E(0K) E,+ZPE  U° (298K) H° (298K) G° (298K)
SO; -623.86372  -623.85222  -623.84859  -623.84764  -623.87767
SO3 -623.99996  -623.98986  -623.98618 -623.98524  -624.01708
Seka -624.19983  -624.19073  -624.18696  -624.18602  -624.21737
Seka -699.46830  -699.45385  -699.44968  -699.44873  -699.47908
FeO,> -1564.93079 -1564.92026 -1564.91499 -1564.91405 -1564.94791
FeOs> -1489.81226 -1489.80632 -1489.80142 -1489.80048 -1489.83625
FeO,* -1565.03459 -1565.02594 -1565.02006 -1565.01912 -1565.05703
HFeO,> -1490.34652 -1490.33020 -1490.32445 -1490.32351 -1490.36083
H,FeOs -1490.82332 -1490.79606 -1490.78953 -1490.78859 -1490.82814
H3FeO; -1491.29610 -1491.25621 -1491.24992 -1491.24898 -1491.28653
Fe(H,O)(OH),* -1491.72815 -1491.67670 -1491.67025 -1491.66931 -1491.70704
Fe(H,0),(OH)?* -1492.13682 -1492.07283 -1492.06513 -1492.06418 -1492.10430
Fe(H,0)s>"  -1492.48912 -1492.41091 -1492.40363 -1492.40268 -1492.44199
Fe(H,0),%"  -1568.24569 -1568.14513 -1568.13524 -1568.13429 -1568.17932
Fe(H,0)s>"  -1645.50563 -1645.37324 -1645.36210 -1645.36115 -1645.40786
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Fe(HQO)63+ -1721.01153 -1721.85610 -1721.84294 -1721.84199 -1721.89290

FeO,*---0--S05*  -2189.18536 -2189.16712 -2189.15643 -2189.15549 -2189.20630
T.S.

Table 3.15 Reaction Energies For 2Fe04%+3 SO3*+10H3;0" — 2Fe(H,0)6*" +3
SO4% +4H,0 in water by B3LYP/6-311++G** of PCM model ( Unit : Kcal/mol )

Reaction AE.(0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)

FeO,” + SO3”— FeO,* +SO;  -128.25  -128.63 -128.97 -128.93  -128.45
FeO,”+ SO; —Fe0,¥+ SO4 -197.77  -197.52 -197.51 -197.62  -197.45
FeO,* + SO3”— FeO3¥+ S0,  -49.95 -49.29 -49.65 -49.67 -49.68
FeO,* + SO3”— FeO3¥+ S0, -49.95 -49.29 -49.65 -49.67 -49.68
FeO3¥ +H;0"—»HFeO,2+ H,0 -193.30  -193.38 -193.88 -193.85  -193.55
HFeO,Z+H;0*—H,FeO; + H,0 -185.81  -185.98 -185.52 -185.57  -185.61
H,FeO3 +H;0*—H;FeO5+ H,0 -183.73  -183.40 -183.58 -18355  -183.01
HsFeOs +HyO'—Fe(H,0)(OH),+ H,0  -133.17  -133.50 -133.44 -133.45  -133.24
Fe(H,0)(OH),+H;0"—Fe(H,0),(OH)+ H,0  -168.81  -168.63 -168.52 -168.12  -168.85
Fe(H,0)2(OH)+H;0"—»Fe(H,0);*"+H,  -152.87  -152.20 -152.90 -152.67  -152.72
(0]

Fe(H,0)s™ + H,0—Fe(H,0),* -149.47  -149.20 -149.05 -149.46  -149.32
Fe(H,0),*+ H,0—Fe(H,0)s> -132.90  -132.23 -132.30 -132.82  -132.79
Fe(H,0)s*+ H,0—Fe(H,0)> -124.73  -124.57 -124.09 -124.68  -124.87

B 15 H_2Fe(V1)0,%+3 S(1V)037+10H50" — 2Fe(111)(H,0)6>" +3 S(VI)04*
+4H,0 in water 3 F fat £ L 85cdg 0 A& ehk o arraw S(I1) water & £
2Fe(V1)0,%+3 S(1V)03%+10H;0" — 2Fe(111)(H,0)6*" +3 S(VI)04* +4H,0 in
water -

Table 3.16 Total Reaction Energies For 2Fe(V1)O4*+3 S(1V)03*+10H3;0" —
2Fe(111)(H20)6>* +3 S(V1)O4* +4H,0 in water of PCM model (Unit : Kcal/mol)
Items AE,(0K) AE,+ZPE A U(298K) A H(298K) A G(298K)

S(Il) water  -4868.01 -4868.12 -4868.41 -4868.98 -4868.47
Table 3.17 ~ Table 3.28 €% S(11) water 2Fe(V1)0,%+3 S(IV)03%+10H;0" —

2Fe(111)(H20)6>* +3 S(V1)O4% +4H,0~S(I1) 2Fe(V1)O,%+3 S(1V)03*+10H;0" —
2Fe(111)(H20)6>" +3 S(V1)O4F +4H,0% B 7 B £ %tk foehd £ o
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Table 3.17 Reaction Energies For Fe(V)04% + S(1V)03%— Fe(V)0,* + S(V)Os
~ in Different Phase (Unit: Kcal/mol)

ltems

Eo(0K) E,+ZPE  U° (298K) H° (298K) G° (298K)
Gaseous -120.61 -120.24 -120.18 -120.17 -120.25
Aqueous -128.25 -128.63 -128.97 -128.93 -128.45

Table 3.18 Reaction Energies For Fe(V1)O4*+ S(V)O3 —Fe(V)0,+ S(VI)O3 in
Different Phase (Unit: Kcal/mol)

Items

E,(0K) E.+ZPE  U° (298K) H° (298K) G° (298K)
Gaseous -197.61 -197.51 -197.48 -197.46 -197.33
Aqueous -197.77 -197.52 -197.49 -197.62 -197.45

Table 3.19 Activation Energies For Reaction 2Fe(V)04* + 25(1V)03% —

2Fe(111)03*+ 2S(VI1)0,4? in Different Phase (Unit: Kcal/mol)

Items E,(0K) E.+ZPE  U° (298K) H° (298K) G° (298K)
Gaseous 50.67 50.04 50.30 50.33 50.17
Aqgueous 28.95 28.30 28.66 28.65 28.68

A Table3.17~Table3.19 = B+ B L L& H %7

=R P SR EINS
TR R BN E R TS AKBR GRS R R L2 EC N ki
HEE OF S TE TRr A S

Table 3.20 ~ Table 3.28 ¢4 # £ Fe(111)05*+6H3;0"—Fe(111)(H,0)6* +3H,0
A R IEE RATRB R A F BB T hil B L e

Table 3.20 Reaction Energies For Fe(111)O5*+H;O0*—HFe(111)03*+ H,0
in Different Phase (Unit : Kcal/mol)

Items AE,(0K) AE +ZPE A U(298K) AH(298K) A G(298K)
Gaseous -147.54 -147.77 -147.03 -147.13 -147.98
Aqueous -193.30 -193.38 -193.88 -193.85 -193.55

Table 3.21 Reaction Energies For HFe(ll I)O32'+H30+—>H2Fe(l 1NO; +
H,O in Different Phase (Unit : Kcal/mol )

ltems AEL(0K) AE,+ZPE AU(298K) AH(298K) A G(298K)
Gaseous -185.77 -185.80 -185.31 -185.35 -185.28
Aqueous -185.78 -185.98 -185.52 -185.57 -185.61
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Table 3.22 Reaction Energies For H,Fe(111)O3” +H3;0"—H3Fe(111)O3+
H,O in Different Phase (Unit : Kcal/mol )

Items AE, OK)  AE,+ZPE  AUQ9K) AH(Q98K)  AG(298K)
Gaseous -175.48 -175.04 -175.87 -175.81 -175.77
Aqueous -183.73 -183.40 -183.58 -183.55 -183.01

Table 3.23 Reaction Energies For HzFe(111)O5 +H;O0"—Fe(l11)
(H,0)(OH),"+ H,O in Different Phase (Unit : Kcal/mol )

Items AE,(OK)  AE,+ZPE  AUQ98K) AHQ98K)  AG(298K)
Gaseous -132.19 -132.93 -132.57 -132.37 -132.97
Aqueous -133.17 -133.50 -133.44 -133.45 -133.24

Table 3.24 Reaction Energies For
Fe(111)(H,0)(OH), +H30"—Fe(111)(H,0)2(OH)**+ H,0 in Different Phase
(Unit : Kcal/mol )

Items AE,(OK)  AE,+ZPE  AUQ98K) AHQ98K)  AG(298K)
Gaseous -167.93 -167.96 -167.24 -167.84 -167.57
Aqueous -168.81 -168.63 -168.52 -168.12 -168.85

Table 3.25 Reaction Energies For Fe(111)(H,0)2(OH)**+H30*—Fe(111)(H,0)3>*+
H,O in Different Phase (Unit : Kcal/mol)

Items AE,(0K)  AE,+ZPE  AU(298K)  AH(298K)  AG(298K)
Gaseous -150.41 -150.65 -150.77 -150.37 -150.16
Aqueous -152.87 -152.20 -152.90 -152.67 -152.72

Table 3.26 Reaction Energies For Fe(111)(H,0)3**+ H,0 —Fe(111)(H,0)4* in
Different Phase (Unit : Kcal/mol )

Items AEo(0K)  AE.+ZPE  AU(98K)  AH(298K)  AG(298K)
Gaseous -148.81 -148.08 -148.74 -148.15 -148.36
Aqueous -149.47 -149.20 -149.05 -149.46 -149.32

Table 3.27 Reaction Energies For Fe(111)(H,0)4*"+ H,0 —Fe(111)(H,0)s*" in
Different Phase (Unit : Kcal/mol )

Items AEo(0K)  AE.+ZPE  AU(98K)  AH(298K)  AG(298K)
Gaseous -132.34 -132.07 -132.24 -132.66 -132.68
Aqueous -132.90 -132.23 -132.27 -132.82 -132.72
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Table 3.28 Reaction Energies For Fe(I11)(H,0)s*"+ H,O —Fe(111)(H,0)¢*" in
Different Phase (Unit : Kcal/mol )

Items AE,(OK)  AE,+ZPE  AUQ98K) AH(98K)  AG(298K)
Gaseous -112.22 -112.53 -112.39 -112.36 -112.05
Aqueous -124.73 -124.57 -124.09 -124.68 -124.87

#$Table 3.20 ~ Table 3.28 % - -k i3 % &8 erFe(l11)05° +6H;0"
—Fe(ll)(H20)6 " +3H,0 4 ja#h FF RenF it £ 40 2F %48
TR a4 ke o

(M) §RIBHRET RIBEBIT VBRERE

Mt k34 e BB HIE BT 122 221 E RIBBRLT RSB AT O
BRF RIS P it -

Overall: 2Fe(V1)0 %+ 2S(1V)03%+HS(1V)0; +11H;0"—
2Fe(111)(H,0)6* +2S(V1)O,* + S(V1)O3+5H,0

4 WS(VI)Os § frdl # ehit 843 RHES(VI)0” » ¥t d X7 U B &
2Fe(V1)O,5+ 2 S(IV)O37+HS(V)O3 +9H;0—2Fe(111) (H,0)6*" +
3S(V1O,* + 2H,0 -

FEREF R IR & T RS 221(1) FRIBHRES
RIGHIF CBRF BOPF o LR L EA AR RERK AF
B kFRAETOLINEE F L ELER -

Table 3.29 Molecular Energies For 2Fe(V1)O,%+ 2
S(IV)O3%+HS(V)O3 +9H;0—2Fe(111) (H,0)6*" +3 S(V1)O,% + 2H,0 in water
by B3LYP/6-311++G** of PCM model ( Unit : a.u)

Species E, (0K) E,+ZPE U (298K) H° (298K)  G° (298K)

HSO3" -624.68757  -624.66749  -624.66288 -624.66194 -624.69488

HFeO42' -1565.57102 -1565.55151 -1565.54472 -1565.54378 -1565.58386

FeO,”--H--SO;"  -2189.55406 -2189.52386 -2189.51337 -2189.51149 -2189.58030
TS.

HFeO,*--0-+S0,*  -2189.73915 -2189.71078 -2189.69895 -2189.69801 -2189.75216
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Table 3.30. Reaction Energies For 2Fe(V1)O4%+ 2
S(IV)03*+HS(V)O3 +9H50*—2Fe(111) (H20)6** +3 S(VI1)O4* + 2H,0 by
B3LYP/6-311++G** in water of PCM model ( Unit : Kcal/mol

Reaction AE,(0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)
FeO,? +HSO; — HFeO,*+ SO3 -7.33 -7.88 -7.24 -7.27 -7.69
HFeO,*+ SO3>—HFeO;%+ SO,* -26.58 -26.23 -26.63 -26.67 -26.27
FeO,% +S0O;" —FeO,* +S0, -197.77 -197.52 -197.49 -197.62 -197.45
FeO,*+S03;* —FeO3;* +50,% -49.95 -49.29 -49.65 -49.67 -49.68

B 12 H_2Fe(V1)O,Z+ 2 S(IV)O3+HS(V)O3 +9H;0" = 2Fe(111) (H,0)6>" +3
S(VI)O,* + 2H,0 in water of PCM model i 5 fsic £ £ 835 > o & feh4 o)
#1120 % S(I11) water % % 2Fe(V1)04%+3 S(1V)03*+10H;0" — 2Fe(I11)(H20)6>*
+3 S(V1)O.4* +4H,0 in water of PCM model -

Table 3.31 Total Reaction Energies For 2Fe(V1)O4%+ 2
S(IV)O3%+HS(V)O3 +9H3;0—2Fe(111) (H,0)6*" +3 S(V1)O,4% + 2H,0 in water
of PCM model
(Unit : Kcal/mol)
Items AE,(0K)  AE.+ZPE  AU(298K) AH(298K)  AG(298K)

S(111) water -4480.74 -4480.15 -4480.73 -4480.88 -4480.50

d #Fe(V1)O,2 +S(V)035 —Fe(V)04¥ +S(VDO; ~ Fe(V)O, ¥+

S(IV)0O3*  —Fe(111)03* + S(V1O4Z ~ HFe(111)03%+5H30"
—Fe(I11)(H;0)6*+2H,0 ~ Fe(111)03* +6H;0" —»Fe(111)(H,0)¢**+3H,0¢ % &
EBEA IR T BB RKRRE FERRT AR E L R
@ E_E %4 1Fe(VO,Z +HS(1V)O3 — HFe(V)0, %+ S(V)O3™ ~ HFe(V)0,%+
S(IV)037—HFe(111)037+ S(VI)O, 12 {7 ki i 2 § kB T chir £ £ et
o

Table 3.32 Activation Energies For Reaction Fe(V1)04* +HS(IV)O3 —
HFe(V)O,%+ S(V)Oj3™ in Different Phase (Unit : Kcal/mol)

ltems AE (0K) AE,+ZPE AU(298K) AH(298K) A G(298K)
Gaseous 6.45 6.06 6.76 6.70 6.87
Aqueous 5.35 5.31 5.71 5.75 5.74

Table 3.33 Activation Energies For Reaction HFe(V)O,*+
S(IV)O3*—HFe(I111)03%+ S(V1)O4% in Different Phase (Unit : Kcal/mol )
Items AEo(0K) AE,+ZPE  AU(98K)  AH(298K)  AG(298K)
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Gaseous 30.77 30.81 30.33 30.23 30.34

Aqueous 27.59 27.24 27.64 27.63 27.27

#%Table 3.32 ~ Table 3.33 %5 - -ki% ik % & erFe(V1)0,” +HS(IV)O5 —
HFe(V)04%+ S(V)O3™ ~ HFe(V)04%+ S(IV)03>—HFe(111)O3%+ S(V1)O,Z & f* it
FRERE T aviE vy ke o

F

%,

N

4

F#S(1) water: Fe(11)0,%+ 2S(1V)03°+ 4H30" — Fe(I1)(H,0)s
2*+2S(VI1)04%in water of PCM ~ S(I1) water: 2Fe(V1)04*+3 S(1V)03*+10H;0" —
2Fe(111) (H,0)6* +3 S(V1)O4> +4H,0 in water of PCM ~ S(111) water :
2Fe(V1)O4%+ 2S(1V)03% +HS(V)O35 +9H30" —2Fe(I11) (H,0)6" +3 S(V1)O,> +
2H,0 in water of PCM e & Roat € £ éndicdy > 7 1 H#-= *‘ﬁ iy - B4 B
Febb i o

Items AE(0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)
S(1) water -2801.52 -2801.71  -2801.07  -2801.44 -2801.48
S(I1) water -4868.01 -4868.12  -4868.41  -4868.98  -4868.47
S(I11) water -4480.74 -4480.15  -4480.73  -4480.88  -4480.50

(Unit : Kcal/mol )

RH# 1+ & S(1) water: Fe(11)0,%+ 2S(1V)037+ 4H30" —
Fe(11)(H,0)6 2 +2S(V1)O,4% in water of PCM ~ S(11) water: 2Fe(V1)O4*+3
S(IV)03%+10H350" — 2Fe(111) (H,0)6%" +3 S(VI)04* +4H,0 in water of PCM -
S(I11) water : 2Fe(V1)O47+ 2S(1V)03% +HS(V)O3 +9H;0*—2Fe(I11) (H,0)6**
+3 S(V1)0,* + 2H,0 in water of PCM el F it £ £ chicdp R 4 4> 7 g
.S(11) water: 2Fe(V1)044+3 S(1V)03*+10H;0" — 2Fe(I11) (H,0)6>" +3
S(V1)04* +4H,0 in water of PCMen F it B £ 8= B8 chf L BARF B
PR d W ER BT - SRS BN BARKARE S ST BBRE
FERIeTABRET ARBARPLEEFTCRRIB AR OBEREER
2Fe(V1)0,%+3 S(1V)037+10H50" — 2Fe(111) (H20)6** +3 S(VI)O4* +4H,0 (&
IEBNFCBRFRB)TLARNT CBRRF BBRE

3-12 BABHE T2 § TABIRES KBRS k3
RER P NF B RF IR
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ot - R&FHRF 0 AR FEHOIBERES - TARRES
E TABRREIrEEET 2RBRFRTHERIES - F AT ES
2R AHEB HEFER

MEFIRBBREFRIEBIICRRAFR

MR nF BB HIFE BT 1 3Y 2-22 L3 WBRET RIEBES S
FrERFR-

Overall reaction :

Fe(V1)O,”+ Cr(V1)O,“+ 35(1V)03+12H;0"—Cr(111)(H,0)s* +
Fe(111)(H,0)6*" + 2S(V1)O 4+ S(V1)O3+6H,04 ++S(VI1)03 —>S(V1)042 >
w0 2T g+ Fe(VDO, + Cr(VI)0,7+35(1V)057+10H;0" —
Cr(111)(H,0)6* + Fe(111)(H,0)¢> "+ 3S(V1)O,*+3H,0 -

AEBEF R IR P Fensaid > FURY 2:22() RIEBRIEFS
BB CRRF RPN G BB L LA BREN RS R
Aok RRETHLAIREEF BN R L8

Table 3.34 Molecular Energies For Fe(V1)0,*+ Cr(VI)O,~+
35(1V)03%+10H;0*—>Cr(111)(H,0)*+ Fe(111)(H,0)6** + 3S(V1)0 44 +3H,0
by B3LYP/6-311++G** in water of PCM model ( Unit : a.u)
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Species Eo(0K) E,+ZPE  U° (298K) H° (298K) G° (298K)
Cro,* -1345.68364 -1345.67568 -1345.67088 -1345.66994 -1345.70555
Cros* -1270.61588 -1270.60964 -1270.60493 -1270.60399 -1270.63923
Cro,* -1345.78897 -1345.78191 -1345.77691 -1345.77596 -1345.81225
HCrO,> -1271.15158 -1271.13499 -1271.12944 -1271.12849 -1271.16540
H,Cros -1271.66975 -1271.64247 -1271.63624 -1271.63529 -1271.67346
HsCro; -1271.94344 -1271.90459 -1271.89824 -1271.89729 -1271.93498
Cr(H,0)(OH)," -1272.54912 -1272.49793 -1272.49062 -1272.48968 -1272.52924
Cr(H,0),(OH)* -1272.95298 -1272.88873 -1272.88115 -1272.49047 -1272.53087
Cr(H,0);*  -1273.13613 -1273.06066 -1273.05261 -1273.05167 -1273.09262
Cr(H,0),**  -1349.61614 -1349.51376 -1349.50364 -1349.50270 -1349.54770
Cr(H,0)s*  -1425.38818 -142595499 -142594267 -142594172 -1425.99172
Cr(H,0)¢®  -1425.38818 -1425.95499 -142594267 -1425.94172 -1425.99172



Cros™..0...FeOs”  -2835.56438 -2835.57989 -2835.56874 -2835.56936 -2835.58993

TS.

Table 3.35 Reaction Energies For Fe(V1)O,*+ Cr(V1)O,*+
35(1V)03%+10H;0*—>Cr(111)(H,0)*+ Fe(111)(H,0)6**+ 3S(V1)0,4*+3H,0
in water by B3LYP/6-311++G** of PCM model ( Unit : Kcal/mol )

Reaction AE,(0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)
FeO,” +SO;%— FeO,> +S0O;  -128.25  -128.63 -128.97 -128.93  -128.45
CrO,” +S0;—Cr0O,* +S0;  -127.06  -127.92 -127.17 -127.29  -127.59
FeO,”+ SO;* —»FeO5;”+ S0, -39.14 -39.65 -39.96 -39.98 -39.53
CrO,*+ FeO3* »CrO*+ FeO,>  -41.84 -41.24 -41.03 -41.90 -41.88
FeO,> + S0;% —»FeO;¥+ S0 ,> -28.95 -28.29 -28.65 -28.67 -28.68
CrOs%+ H;0" »HCrO+ H,0  -194.21  -194.31 -194.81 -194.87  -194.54
HCrO;*+ H;0" —H,CrO;+ -183.21  -183.09 -183.70 -183.79  -183.18
H,0
H,CrO;+ H30" —H3CrO4+ -167.74  -167.60 -167.70 -167.78  -167.75
H,O
HsCrOg+ H;0* 5Cr(H,0)(OH)+  -172.12  -172.97 -172.40 -172.46  -172.27
H,O
Cr(H,0)(OH),+ -193.48  -193.88 -193.74 -193.82  -193.59
H;0" —»Cr(H,0),(0OH)+ H,0
Cr(H,0),(OH)+ -127.01  -127.45 -127.72 -127.83  -127.87
H;0" -Cr(H,0);*+ H,0
Cr(H,0)3*+ H,0 — Cr(H,0),°*" -185.49  -185.89 -185.38 -185.97  -185.92
Cr(H;0),*+ H,0 — Cr(H,0)5*" -165.76  -165.53 -165.14 -165.55  -165.86
Cr(H,0)5*+ H,0 — Cr(H,0)> -158.83  -158.70 -158.68 -158.67  -158.81

B 18 H_Fe(VO,Z+ Cr(VNO,*+ 3S(1V)05*+10H;0* —Cr(I11)(H,0)6* +
Fe(111)(H20)6*"+ 3S(V1)0,*+3H,0 in water by B3LYP/6-311++G** of PCM model
g s Rt £ L8 0 9 3 & ehk o) #r# Cr(l) water & & Fe(VI1)O,”+
Cr(V1)0,4+ 35(1V)037+10H;0*—Cr(I111)(H,0)6* + Fe(l11)(H,0)* +
3S(V1)0,44+3H,0

in water by B3LYP/6-311++G** of PCM model °

Table 3.36 Total Reaction Energies For Fe(V1)O,*+ Cr(V1)O,*+
3S5(1V)03%+10H;0* > Cr(111)(H,0)¢**+ Fe(111)(H,0)6* + 3S(V1)0,*+3H,0 in water
by B3LYP/6-311++G** of PCM model (Unit : Kcal/mol )
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Items A E,(0K) AE,+ZPE  AU(298K)  AH(298K)  AG(298K)

Cr(I) water -4804.45 -4804.73 -4804.42 -4804.26 -4804.62

Table 3.37 &_Cr(l) water Fe(V1)O,%+ Cr(V1)O, %+
3S(1V)03%+10H;0"—Cr(111)(H,0)6*+ Fe(l11)(H,0)¢** "+ 35(V1)0,*+3H,0 in water
by B3LYP/6-311++G** of PCM model4=Cr(l) Fe(V1)O,*+ Cr(V1)O,*+
3S(1V)03%+10H;0"—Cr(111)(H,0)6*+ Fe(l11)(H,0)¢** "+ 35(V1)0,*+3H,0 in water
by B3LYP/6-311++G** & F it £ £ B - d 22 F BB aiBiEy - £ &
wa § LA E ),%j]%ﬂ HIPNILE 4

Table 3.37 Reaction Energies For Cr(V1)0,* + S(V)O3 —Cr(V)0,¥ + S(V1)Os in
Different Phase (Unit : Kcal/mol)

Items AE,(OK)  AE,+ZPE  AUQ98K) AH(Q98K)  AG(298K)
Gaseous -116.78 -116.39 -116.28 -116.24 -116.35
Aqueous -127.06 -127.92 -127.17 -127.29 -127.59

Table 3.38 Activation Energies For Reaction Cr(V)0,*+ Fe(1V)O3* —»Cr(111)05*+
Fe(V1)0,* in Different Phase (Unit : Kcal/mol )

Items AE,(OK)  AE,+ZPE  AUQ98K)  AHQ98K)  AG(298K)
Gaseous 76.64 76.90 76.60 76.69 76.64
Aqueous 60.71 60.35 60.97 60.98 60.12

R Table 3.37 ~ Table 3.38 & B £ #7 g R Cr(VI)0O,” +
S(V)03—Cr(V)04* + S(V1)O3% Cr(V)0.>+ Fe(1V)03* -»Cr(111)05*+ Fe(V1)0,> ¢
FRaBABZEVR D e & 9EInEHhak B9 d 873 bend B4R
BRI BPEIEFF CRBRF BT RFIRV 3ERET T AR
BRI TABRREIEFICRRE B EMA BRSO R LA BB RES R
fre BT LFFCRREPIEFRIPEEANEFTF K-

Table 3.39 ~ Table 3.47 £.Cr(111)05*+6H30"—Cr(111)(H,0)6> +3H,03% 30 &* 12
HFeF i B LB R

Table 3.39 Reaction Energies For Cr(111)03>+H3;0"*—HCr(111)0O3*+ H,0 in
Different Phase (Unit : Kcal/mol )

Items AE,(0K)  AE.+ZPE  AU(298K)  AH(298K)  AG(298K)
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Gaseous -120.78 -120.01 -120.42 -120.45 -120.51

Aqueous -194.21 -194.31 -194.81 -194.87 -194.54

Table 3.40 Reaction Energies For HCr(111)O3%+Hs0*—H,Cr(111)O3 + H,0 in
Different Phase ( Unit : Kcal/mol)

Items AE,(OK)  AE,+ZPE  AUQ98K) AH(Q98K)  AG(298K)
Gaseous -179.09 -179.32 -179.78 -179.73 -179.63
Aqueous -183.21 -183.09 -183.70 -183.79 -183.18

Table 3.41 Reaction Energies For H,Cr(111)03"+H30"—H;3Cr(111)O3+ H,0 in
Different Phase ( Unit : Kcal/mol )

Items AE,(O0K)  AE,+ZPE  AUQ98K) AHQ98K)  AG(298K)
Gaseous -166.19 -166.02 -166.01 -166.11 -166.11
Aqueous -167.74 -167.60 -167.70 -167.78 -167.75

Table 3.42 Reaction Energies For HsCr(111)03 +H30"—Cr(111) (H,O)(OH), "+
H,O in Different Phase ( Unit : Kcal/mol )

Items AE,(0K)  AE.+ZPE  AU(298K)  AH(298K)  AG(298K)
Gaseous -171.46 -171.03 -171.51 17141 -171.98
Aqueous -172.12 -172.97 -172.40 -172.46 -172.27

Table 3.43 Reaction Energies For
Cr(111)(H,0)(OH), +H30"—Cr(I11)(H,0),(OH)?**+ H,0 in Different Phase
(Unit : Kcal/mol )

Items AEo(0K)  AE.+ZPE  AUQ98K)  AH(298K)  AG(298K)
Gaseous -183.75 -183.43 -183.41 -183.46 -183.92
Aqueous -193.48 -193.88 -193.74 -193.82 -193.59

Table 3.44 Reaction Energies For Cr (111)(H,0),(OH)**+H;0*—Cr
(111)(H,0)5*+ H,0 in Different Phase ( Unit : Kcal/mol )

Iltems AEL(0K) AE,+ZPE AU(298K) AH(298K) A G(298K)
Gaseous -126.79 -126.90 -126.81 -126.61 -126.24
Aqueous -127.01 -127.45 -127.72 -127.83 -127.87
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Table 3.45 Reaction Energies For Cr (111)(H,0)5*"+ H,0 —Cr (111)(H,0),% in
Different Phase ( Unit : Kcal/mol)

Items AE,(0K)  AE.+ZPE  AU(298K)  AH(298K)  AG(298K)
Gaseous -184.70 -184.55 -184.42 -184.01 -184.04
Aqueous -185.49 -185.89 -185.38 -185.97 -185.92

Table 3.46 Reaction Energies For Cr(I11)(H20)4*+ H,O —Cr(I111)(H20)s>" in
Different Phase ( Unit : Kcal/mol )

Items AE,(0K)  AE.+ZPE  AU(298K)  AH(298K)  AG(298K)
Gaseous -164.69 -164.08 -164.63 -164.23 -164.46
Aqueous -165.76 -165.53 -165.14 -165.55 -165.86

Table 3.47 Reaction Energies For Cr(111)(H,0)s°"+ H,0 —Cr(l11)(H,0)6*" in
Different Phase ( Unit : Kcal/mol )

Items AE,(0K)  AE.+ZPE  AU(298K)  AH(298K)  AG(298K)
Gaseous -157.91 -157.17 -157.79 -157.39 -157.73
Aqueous -158.83 -158.70 -158.68 -158.67 -158.81

134 Table 3.39 ~ Table 3.47 thF it £ L BIpBa7 ki3 R&E T fI%
Cr(11103¥+6H;0*—Cr(111)(H,0)**+3H,0 ¢t i7 -

(I F RA3@&B ' RRF &

MRS hFE BB F BT U EY 2-2-2(11) §RAIEBINTVRBRFR -

Overall: 2Cr(V1)0,*+3S(1V)03*+12H;0"—2Cr(111)(H,0)s* +
2S(VN)O, 7+ S(VI)O3+6H,08 *+S(VI)Os% 8 ¢ % +S(V0,2 > st1u A X+
m g 2 2Cr(V1)0,7+3S(1V)037+10H;0* —2Cr(11)(H,0)6>* +
3S(VI1)0,4+3H,0 -

AR SRR L E RS Rt R € H R S
R H} PBREASFCroz"0FeO " A3 i F 2 F AR B L -

Table 3.48 Molecular Energies For CrO3;*---O---FeO3? in water of PCM model
(Unit : a.u)

Species E, (0K) E,+ZPE U® (298K) H°® (298K) G® (298K)
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CrO;*+-0- -2835.56438 -2835.44812 -2835.43764 -2835.43670 -2835.48869

¢ *Cr(111)05°+6H30"-Cr(I1)(H0)s" +3H,0% % & e} & 144 8 ¥
rLkp § 33 £ % Cr(l1)0s +6H,0"—Cr(l1)(H,0)6* +3H,0¢% it £ 4
F ¥ 3%~ 2Cr(VI)0,Z+35(1V)052—2Cr(111)05%+ 2S(V1)0,5+ S(VI)O3h 5 it
£ & -

Table 3.49 Reaction Energies For 2Cr(V1)0,%+3S(1V)03*—2Cr(111)03>+
2S(V1)O44+ S(V1)O3 in water of PCM model ( Unit : Kcal/mol )

Reactions AE,(OK)  AE,+ZPE  AU(298K) AH(298K) AG(298K)
FeO,”+ SO3” —FeO;*+ SO, -39.14 -39.65 -39.96 -39.98 -39.53
CrO,*+ FeOz* — CrO;*+ FeO,* -41.84 -41.24 -41.03 -41.13 -41.88
CrO;%+S0;> — CrO3*+S0y" -152.42 -152.18 -152.43 -152.48 -152.04
CrO;+S0;3” — CrO;¥+S0, -174.55 -174.69 -174.94 -174.98 -174.73

B 18 £_2Cr(V1)0,#+3S(1V)03+10H;0"—2Cr(111)(H,0)**+3S(V1)0,*
+3H,0 in water by B3LYP/6-311++G** of PCM model s34, F it € £ #kcdgz » d **
# $enk o] oorra 2 Cr(ll) water & % 2Cr(VI1)0,*+3S(1V)0;%+10H;0"—
2Cr(111)(H20)6**+3S(V1)0,%+3H,0 in water by B3LYP/6-311++G** of PCM
model °

Table 3.50 Total Reaction Energies For 2Cr(V1)0,*+3S(1V)0;*+10H;0"—
2Cr(111)(H,0)6**+3S(V1)0,* +3H,0 in water by B3LYP/6-311++G** of PCM model
(Unit : Kcal/mol )

Items AE, (OK)  AE.+ZPE  AU(298K) AH(298K) A G(298K)

Cr(Il) water -4660.75 -4660.42 -4660.89 -4660.73 -4660.76

Table 3.51 ~ Table 3.53 &.Cr(VI)0,*+ 2Fe(IV)03* —2Cr(1V)0s*+
2Fe(V1)O,Z ~ Cr(IV)0s2+S(1V)0s> — Cr(111)03*+S(V)O3™
Cr(IV)0O3%+S(V)O3” — Cr(lIN0:*+S(VI)Os-kia e 2 § G RBE T ehi £ £ 8
Fite R FA TR RFRRFIAE S F REVR R EEH -

Table 3.51 Activation Energies For Cr(V1)O4*+ 2Fe(IV)03> —2Cr(1V)0s*+
2Fe(VI1)O,? in Different Phase (Unit : Kcal/mol )

Items AE, (OK)  AE,+ZPE  AU(298K)  AH(298K)  AG(298K)
Gaseous 53.77 53.08 53.35 53.38 53.69
Aqueous 41.84 41.24 41.03 41.09 41.88
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Table 3.52 Reaction Energies For Cr(IV)O03+S(1V)03% —
Cr(111)03*+S(V)Os3”in Different Phase (Unit : Kcal/mol )

Items AE, OK)  AE,+ZPE  AUQ9K) AH(Q98K)  AG(298K)
Gaseous -151.98 -151.34 -151.12 -151.12 -151.98
Aqueous -152.42 -152.18 -152.43 -152.48 -152.04

Table 3.53 Reaction Energies For Cr(1V)O3*+S(V)Os — Cr(111)03*+S(VI1)Os3
in Different Phase (Unit : Kcal/mol )

Items AE, OK)  AE,+ZPE  AUQ9K) AHQ98K)  AG(298K)
Gaseous -136.55 -136.67 -136.42 -136.42 -136.77
Aqueous -174.55 -174.69 -174.94 -174.98 -174.73

1343 Table 3.51 ~ Table 3.53 eh& ¥ N FERF 2 T I HBF Beh
Cr(1IV)03%+S(1V)03* — Cr(111)05¥+S(V)0O3 ~ Cr(1V)03%+S(V)0; —
Cr(11)0s¥+S(V)O35 B F 2 ¢ Cr(1V)03%+S(1V)05% —
Cr(lIN03*+S(V)Os ka2 § i kB Tehis L LR N B LA YA
0.44 kcal/mol 2% » & Cr(IV)0O3”+S(V)O3"  — Cr(l11)0O3*+S(VI)O3-ki% % 2 §
BRBETR ELLENRL > S ELEEX ¥ E 38 kcal/molz+ -

() §RIFEHFFCRRF B

B R IL hE BRI F BT 15 2-2-2(111) FRIEHBINFAOBRFRE -

Overall: Fe(V1)O,* +HS(IV)O3+2 S(IV)0z%+
Cr(V1O,Z+11H;0*-Cr(111)(H,0)¢**+ Fe(111)(H,0)¢* +
2S(V10,%+ S(V1)O3+5H,0

4 3S(VI)Os § 8 FS(VI)04” > #7122 7 w3 Fe(VI)0,” +HS(1V)O5+
2 S(1IV)03%+ Cr(V1)O4#+9H30 - Cr(I111)(H20)6* + Fe(111)(H20)6*"
+3S(V1)O,%+2H,0 -
A RE BHFEL T X S BHG R ﬁf‘*;‘i‘.ﬁﬁ”"i’!‘l?ﬁ.? 5|
HCr(V)04* ~ HCr(I11)0O3* ~ HCrO3%+--0---Fe03* + FeO,*+--H---CrO4*
el 3§ kAo

Table 3.54 Molecular Energies For HCr(V)O4% ~ HCr(111)O3* ~ HCrO3*++-O---
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FeO3> ~ FeO4%+-H---CrO4* by B3LYP/6-311++G** in water of PCM model

(Unit: a.u)

Species E, (0K) E,+ZPE U° (298K) H° (298K)  G° (298K)
HCroO,* -1346.34889 -1346.33019 -1346.32409 -1346.32315 -1346.36141
HCrO3* -1271.15158 -1271.13499 -1271.12944 -1271.12849 -1271.16540
HCrO,*--0--Fe0s*  -1970.56413 -1970.53506 -1970.52353 -1970.52258 -1970.57579

T.S
FeO, --H--- -2911.36835 -2911.34047 -2911.33063 -2911.32969 -2911.37909

Cro,*

T.S

Table 3.55 £ HFeO,*+ CrO,*—HCrO,7+Fe0,* ~ HCrO, >+
SO3" »HCrOs"+ S0,”¢hF it E £ 8cdf > 9 ¥ & F s a § & €497
R E ¥ S

Table 3.55 Reaction Energies For HFe(V)O,%+ Cr(V1)0O,*—
HCr(V)04* +Fe(V1)04% ~ HCr(V)0.,%+ S(IV)03> —HCr(111)0s%+ S(V1)O4* In
water of PCM model ( Unit : Kcal/mol)

Reaction AE, (0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)
HFeO, %+ -84.69 -84.59 -84.73 -84.73 -84.49
CrO,*—HCr0,*+Fe0,*
HCrO,*+ S03* -HCrO;*+S0,>  -42.65 -42.62 -42.70 -42.70 -42.22

3. 14 £ Fe(V1O,Z +HS(1V)O3+2 S(1V)O35%+ Cr(VI1)0,Z+9H3;0"—
Cr(111)(H,0)6>+ Fe(111)(H,0)6* + 3S(V1)0,*+2H,0 in water
by B3LYP/6-311++G** of PCM model ¢h8, 5 it £ £ ¥ -
d ¥ 4 #enk o) o Cr(l1) water £ £ 2Cr(V1)0,2+3S(1V)03*+10H;0"—
2Cr(111)(H,0)6*+3S(V1)0,%+3H,0 in water by B3LYP/6-311++G** of PCM
model °

Table 3.56 Total Reaction Energies For Fe(V1)O4* +HS(1V)O3+
2 S(IV)O3%+ Cr(V1)0,Z+9H;0"— Cr(111)(H,0)6* +
Fe(111)(H,0)¢>*+ 3S(V1)O4%+2H,0 in water by B3LYP/6-311++G**
of PCM model (Unit : Kcal/mol)
Items AE, (OK)  AE.+ZPE  AU(298K)  AH(298K)  AG(298K)
Cr(111) water -1535.52 -1535.73 -1535.86 -1535.91 -1535.60
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Table 3.57 ~ Table 3.58 £ HFe(V)0.,*+ Cr(V1)0,“—HCr(V)0, +
Fe(V1) O, -~ HCr(V)0., + S(IV)O;* —HCr(11)0O3*+ S(V)O,* 3 &
FReEL BB RBRBEZ §F BRI L 0o

Table 3.57 Activation Energies For HFe(V)O4%+ Cr(V1)04>—HCr(V)0,*+
Fe(V1)O,? in Different Phase (Unit : Kcal/mol )

Items AE, (OK)  AE.+ZPE  AU(298K)  AH(298K)  AG(298K)
Gaseous 39.29 39.85 39.14 39.17 39.91
Aqueous 36.70 36.60 36.73 36.79 36.62

Table 3.58 Activation Energies For HCr(V)0,%+ S(1V)O3> —HCr(I111)03%+
S(V1)O4* in Different Phase (Unit : Kcal/mol )

Items AE, (OK)  AE.+ZPE  AU(298K) AH(298K)  AG(298K)
Gaseous 65.28 65.27 65.26 65.29 65.29
Aqueous 44.65 44.62 44.99 44.09 44.22

R¥pTable 3.57 ~ Table 3.58 & v it g X F - Hwm & I - Fo#-
HFe(V)04%+ Cr(V1)0,Z—HCr(V)0>+Fe(V1)O4* ~ HCr(V)O, >+
S(IV)O3* SHCr(I1)03*+ S(VI)0,* 3 B F g it it kcp kA R BB 2 §
BB L RF BHFe(V)O, 7+ Cr(VN0, S —HCr(V)0, 2 +Fe(VI) 047 trkia
RERZFARBRECSEL 9L 259 Keal /mol i £ @ HCr(V)0, %+
S(IV)O3” SHCr(INOs*+ S(VI)O, " kAR BE 2 F G RBEE LN LB Y
£_20.6
Kcal /mol £ g+ o

123 Cr(1) water: Fe(V1)O,”+ Cr(V1)O,”+ 3S(1V)03*+10H;0"—
Cr(11)(H,0)6*+ Fe(I11)(H,0)6* "+ 35(V1)0,*+3H,0 in water of PCM
model -~ Cr(ll)water:

2Cr(V10,Z+35(1V)03%+10H;0"—2Cr(111)(H,0)6** +3S(V1) 0, % +
3H,0 in water of PCM model 2 Cr(111) water : Fe(V1)O4* +HS(1V)O3 '+
2 S(IV)O3%+ Cr(V1)0,Z+9H;0*— Cr(111)(H,0)6* + Fe(111)(H,0)6>*
+3S(V1)0,*+2H,0 in water of PCM model ¢35 i £ £ chiicdg -
¥Rz -"Ff el - BAR R R o
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Items AE, (0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)

Cr (1) water -4804.45 -4804.73 -4804.42 -4804.26  -4804.62
Cr (1) water -4660.75 -4660.42 -4660.89 -4660.73  -4660.76
Cr (1) water -1535.52 -1535.73 -1535.86 -1535.94  -1535.60

(Unit : Kcal/mol )

14+ & Cr(l) water: Fe(V1)O,”+ Cr(V1)0,”+ 35(1V)05”+10H;0"—
Cr(111)(H,0)6*+ Fe(I11)(H,0)6* "+ 35(V1)0,%+3H,0 in water of PCM model
Cr(I)water:2Cr(V1)0O,*+3S(1V)03*+10H;0*—2Cr(111)(H,0)6**+3S(V1)0,*+3H,0
in water of PCM model Cr(111) water : Fe(V1)O4* +HS(1V)O3+

2 S(IV)O3%+ Cr(V1)0O,Z+9H30*— Cr(111)(H,0)6* + Fe(111)(H,0)6>*
+3S(V1)0,*+2H,0 in water of PCM model &3t 5 it £ £ chiicdp m

%% ¥ g R)Cr(l) water: Fe(VI1)0,%+ Cr(V1)O,7+ 35(1V)0;3*+10H;0"—
Cr(111)(H,0)6*+ Fe(I11)(H,0)6* "+ 35(V1)0,%+3H,0 in water of PCM model
PR FRBUBRL A BT LRRFERY Bk d WILEE R o
- RERE B RARMARE > TR BRIV B R o BT ARB RV
BEFCRRE B AR B E R EER Fe(VI)O,HCr(VO

+ 3S(1V)037+10H;0"—Cr(111)(H,0)s* + Fe(111)(H,0)* + 3S(V1)O,*
HBHO(RFBBAFCERFBE) FL1L80F LBARF BRE -

FI3RBBALIMEE & TRAERES TAERES ok
BREBEY hf CBRF BHEFEH

R EE S RS R TR YTt

() ERIEBBREFRAIESBIT CRRF &
(I E+R/BARABI RIEABEDBNT P RRF R

() ERIBEBRETAIBBITICERIR

MAA;MLehFE BBHF BT ST 2-23NERI BB RIABN
FILERIAB -dIWARE B2 Y AR BLIFIEZFERATL S HERG
FEEH U RN DE R ERT PASV)O,S - As(111)O5 -
HFeOs*---0---AsOs” eh & + it £ #& ¥ 2 HFe(V)O,+As(111)05%—
HFe(111)03*+As(V)O,* F & &t & £ ¥
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Table 3.59 Molecular Energies For As(V)04* ~ As(111)03> ~ HFeO3*++:O---
AsO3* by B3LYP/6-311++G** in water of PCM model ( Unit : a.u)

Species E, (0K) E,+ZPE  U° (298K) H° (298K)  G° (298K)
AsO,* -2536.51741 -2536.50778 -2536.50243 -2536.50149 -2536.53474
AsO3™ -2461.97951 -2461.97321 -2461.96870 -2461.96776 -2462.00137

HFeO,*--0+AsO;*  -4027.54249 -4027.51524 -4027.50347 -4027.50253 -4027.55624
TS.

Table 3.60 Reaction Energies For HFe(V)O4,*+As(111)03*—
HFe(111)O3%+As(V)O4* In water of PCM model  ( Unit : Kcal/mol)
Reaction AE, (0K) AE.+ZPE  AU(298K) AH(298K) AG(298K)

HFe0,%+As0;¥ >HFeO,>+As0,° -37.18 -37.65 -37.88 -37.89 -37.82

B 12 £_2Fe(V1)O4* +HS(IV)O35+ As(111)05¥+ S(1V)O37+9H ;0"
— 2Fe(111)(H,0)6% + As(V)O,¥+ 2S(V1)0,%+2H,0 in water
by B3LYP/6-311++G** of PCM model th, 5 Ris £ £ 83 © d & fehd o)
#1120 % As(l) water & % 2Fe(VI1)04% +HS(IV)O3™+ As(111)03*
+ S(1V)037+9H350"— 2Fe(I11)(H20)6>" + As(V)O,*+ 2S(V1)0,%+2H,0 in
water by B3LYP/6-311++G** of PCM model

Table 3.61 Total Reaction Energies of 2Fe(V1)0,* +HS(1V)O3”
+As(111)03¥+ S(1V)03%+9H ;0" — 2Fe(111)(H,0)6>" +
As(V)O,¥+ 25(V1)04%+2H,0 in water by B3LYP/6-311++G**
of PCM model (Unit : Kcal/mol )
Items AE,(0K)  AE,+ZPE  AU(298K) AH(298K)  AG(298K)

As(l) water -4592.86 -4592.00 -4592.23 -4592.83 -4592.58

(1) T-BBARALIRIEBITCBRFB

%) ERIMBACT RIMBIT CRRF B > TRRIES D ©
BREBS FTREAATIRBART BB OF B> A5 RBHT 23 F
3¢ ) RIBBRUIRIEBITCBRF A
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Overall: 2Fe(V1)O,*+ S(1V)O57+ 2As(111)05* +12H,0*—
2Fe(111)(H,0)6¥ + 2As(V)0, >+ S(VI)O3 + 6H,0

g+ S(VI)O: % & A& 2 mS(VI)0,” > &7 11 B & 2Fe(VI)0, 7+
S(IV)03%+ 2As(111)O5> +10H50"— 2Fe(111)(H20)6> + 2As(V)O,¥+ S(V1)O4* +
3H)O o $B R F R I X S %G RS E4 0 a] FBARELT
FeO3>...0...AsOs* £ & § & #1i2 § ¥ R 32 » FeO;3>...0...AsO & 3
2 Fe(V)0, 5+ As(111)03%— Fe(111)03¥+ As(V)O > it € #c#p -

Table 3.62 Molecular Energies For FeO3¥...0...AsOz* by B3LYP/6-311++G** in
water of PCM model ( Unit : a.u)
Species E, (0K) E,+ZPE U® (298K) H° (298K) G° (298K)

FeO;*...0...AsO;*  -4027.00805 -4027.99222 -4027.98072 -4027.97926 -4027.03712

Table 3.63 Reaction Energies For Fe(V)O,¥+ As(111)03*— Fe(111)O3¥+
As(V)O,% in water of PCM model ( Unit : Kcal/mol)
Reaction AE, (OK)  AE,+ZPE  AU(298K) AH(298K) AG(298K)

FeO,*+ AsO;*— FeO,*+ AsO,* -47.33 -47.65 -47.05 -47.90 -47.27

B 12 £_2Fe(V1)O,Z+ S(1V)O3%+ 2As(111)05> +10H;0" — 2Fe(I11)(H,0)6*"
+ 2As(V)0,¥+ S(V1)O,%+ 3H,0 in waterby B3LYP/6-311++G** of PCM
model e F fsis £ L85 0 d A& fenk ] ot r As(ll) water
& 2 2Fe(VDO,5+ S(IV)03%+ 2As(111)03¥ +10H;0"— 2Fe(111)(H,0)6>*
+ 2As(V)04¥+ S(V1)O,%+ 3H,0 inwater by B3LYP/6-311++G** of
PCM model

Table 3.64 Total Reaction Energies of 2Fe(V1)0,%+ S(1V)O3%+
2As(111)03> +10H30"— 2Fe(111)(H,0)6% + 2As(V)0 4+ S(V1)O,%+ 3H,0
in water by B3LYP/6-311++G** of PCM model (Unit : Kcal/mol )
Items AE, (0K)  AE,+ZPE  AU(298K) AH(298K)  AG(298K)

As(I1) water -5319.52 -5319.70 -5319.39 -5319.63 -5319.23

RE SHIATARPRREIRAT CBRF RouEe 0 Ay A

As(l) water : 2Fe(V1)O4% +HS(1V)O3+ As(111)03%+ S(1V)037+9H;0"
— 2Fe(111)(H,0)6% + As(V)O,¥+ 2S(V1)0,%+2H,0
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As(11) water : 2Fe(V1)O44+ S(IV)O3%+2As(111)03* +10H;0*
— 2Fe(111)(H20)6> + 2As(V)0 ¥+ S(VI)O 47+ 3H,0

FURA BE RARF RS BELAEREAT AL

Items AE, (OK)  AE.+ZPE  AU(298K) AH(298K)  AG(298K)
As(l) water ~ -4592.86 -4592.00 -4592.23 -4592.83 -4592.58
As(Il) water ~ -5319.52 -5319.70 -5319.39 -5319.63 -5319.23

(Unit : Kcal/mol)
g2 o F B L Lenlplfr 0 § PR o3 SRR

BkBRBREFF CRRF BF RIS EER As(ll) water: T3 @B
BERIEBITICERFIFBIFZLENFLPRARAFBDLERE -

- ARBBAEL AL § TABRRES LTHBRES K
ARBRY T CBRF BSHIEN

Wh - R BB AFBREFT PRREY AFE R LT - F ol
FIAFHREFT CRRIET P B ECAAG WA RSB REAEFP
F o 23 BB T AR BREI LT CBRF ROOAET 0 A A

(INF R+F5 - BRFRE
(IF R+ @BRET IS T ERFA B

NERIBHBREFRIEBHBAT VRAF A

MA AWML hFE BB F BTN EE 2-2-4(1) § A3 EBR ST RIBABN
FBRE Rep B oo
Overall: 2Fe (V1) O,Z +HS (1V) O3 + P (111)03*+ 2S(1V)03*
+11H;0" —2Fe (I111) (H,0)6*"+ P(V)O, +S(V1)O,*
+S(VI1)O3+5H,0
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d WS(VI)Os gk RS mpt - £ $2S(VNO,Z > o F BN w el =
2Fe (V1) 0,7 +HS (1V) O3 + P (103> + 2S(1V)03*
+9H;0" —2Fe (111) (H,0)>"+ P(V)0, +2S(V1)O,* +2H,0- % % & &
w G F &3 HPUINO0T PO, - HFeO3”+--0-+-PO Y eh & + it £
# 3 2 HFe(V)0,7+P(111)03¥— HFe(111)0:*+P(V)O,* F M5t it & £ &3 -

Table 3.65 Molecular Energies For P(111)O3* ~ P(111)04* ~ HFeO3%++-0+--PO3> by
B3LYP/6-311++G** in water of PCM model ( Unit : a.u)

Species E, (0K) E,+ZPE  U° (298K) H° (298K)  G° (298K)
PO;> -567.51983  -567.51139  -567.50748 -567.50654  -567.53818
PO,> -642.85991  -642.84655 -642.84217  -642.84123  -642.87199

HFeO,-0--PO;*  -2133.11968 -2133.00087 -2133.08033 -2133.07845 -2133.14830
T.S

Table 3.66 Reaction Energies For HFe(V)O,*+P(111)03¥—
HFe(111)O3%+P(V)O,¥ In water of PCM model  ( Unit : Kcal/mol)
Reaction AE, (0K) AE.+ZPE  AU(298K) AH(298K) AG(298K)

HFeO,*+P0O3*—»HFe0;*+PO, -72.57 -712.52 -72.86 -72.88 -72.71

3-

B 18 H_2Fe (VI) O,7 +HS (IV) O3 + P (111)05%+ 2S(1V)05”

+9H;0" —2Fe (111) (H,0)6*"+ P(V)0,¥+2S(V1)0,* +2H,0 in water by
B3LYP/6-311++G** of PCM model ehg, & it £ £ #c3g © 4 ¢4 fent )

s P(1) water % % 2Fe (VI) 0,7 +HS (IV) O3 + P (111)05%+ 2S(1V)05”
+9H;0" —2Fe (111) (H,0)6*"+ P(V)0,*+2S(VI)04* +2H,0 in water
by B3LYP/6-311++G** of PCM model °

Table 3.67 Total Reaction Energies For 2Fe(V1)0,* +HS(1V)O3 + P(111)O5*+
2S(1V)03% +9H;0" —2Fe (111) (H,0)¢*"+ P(V)0,*+2S(VI1)0,* +2H,0 in water by
B3LYP/6-311++G** of PCM model (Unit : Kcal/mol )

Items AE,(0K)  AE,+ZPE  AU(298K) AH(298K)  AG(298K)

P(I)water ~ -210682  -2106.90  -210685  -210681  -2106.78
(INF R-EBFCBRF R

A6A hE RBHE BT N EE 2-2-4(1) F RIBHB AT L BRF R

o

r

N
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Overall: Fe(V1)O,* +2P(111)O3*+4H;0*—Fe(11)(H,0)* +2P(V)O,*

*FH R FeO3%+-0---PO3* 2 FeQ,%+++:0-+-PO T th A F it T #d
2 Fe(V1)O4Z +P(111)05* — Fe(1V)O3%+ P(V)O, ~ Fe(1V)O3*+ P(111)03*
— Fe(INO"+P(V)O,* F M58 it & £ 83 -

Table 3.68 Molecular Energies For FeO3%++:0+--PO3> ~ Fe0,*+-0---PO3> by
B3LYP/6-311++G** in water of PCM model ( Unit : a.u)

Species E, (0K) Eo+ZPE U° (298K) H° (298K)  G° (298K)
FeO3*++-0--PO3*  -2132.45768
TS
FeO,”+:0--PO;*  -2057.24804 -2057.23047 -2057.22295 -2057.22201 -2057.26673
TS

Table 3.69 Reaction Energies For HFe(V)0,+P(I111)05*—
HFe(111) 037 +P(V)0,¥ ~Fe(1V)03% +P(111)03* — Fe(11)O,%+ P(V)O,* In water of
PCM model ( Unit : Kcal/mol)

Reaction AE,(0K)  AE,+ZPE  AU(298K) AH(298K) AG(298K)
FeO,* +PO5* - FeO;%+ PO,> -86.08 -86.86 -86.13 -86.17 -86.78
FeO;* +PO3* — FeO,”+ PO,> -30.89 -30.22 -30.31 -30.89 -30.97

Table 3.68 ¥ ¢l fi & 3 FeO3”...0...POs> ¢ * &£ PCM model % &5
REEHE o #pre i * B ghit B (single-point calculation ) i {7 R E
@@L e £ BIRLF Eo+ZPE ~ U (298K) ~ H° (298K) ~ G° (298K)7E P
it -

B 12 £ Fe(V1)O.,Z +2P(111)05¥+4H30 = Fe(11)(H,0)6* +2P(V)0, in
water
by B3LYP/6-311++G** of PCM model th, 5 Bis £ £ 83% © d & fehd o)
#1120 % P(11) water & % Fe(V1)0,Z+2P(111)03* +4H ;0 —Fe(11)(H20)6**
+2P(V)0,% inwater by B3LYP/6-311++G** of PCM model -

Table 3.70 Total Reaction Energies of
Fe(VDO4Z+2P(111)03¥+4H ;0" —Fe(11)(H20)6* +2P(V)O,*
in water by B3LYP/6-311++G** of PCM model (Unit : Kcal/mol )
Items AE,(0K)  AE,+ZPE  AU(98K) AH(298K)  AG(298K)
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P(Il) water -3790.38 -3790.13 -3790.40 -3790.78 -3790.96

() § A3 @fBRLEIEBATICRRFA

AWML nFE B4 F BT LET 2-2-4(IN5 R3-BHRBTIBBF
BRE ROpF o

Overall: 2Fe(V1)0,* +2P(111)03*

+S(1V)03%+ 12H30 - 2Fe(I111)(H,0)6* + 6H,0 + 2P(V)O,>+ S(V1)O3

4 3+S(VI)Os € B AS(VI)O, #5127 113 B & 2Fe(V1)04” +2P(111)05*
+S(1V)03%+ 10H30"—=2Fe(111)(H20)6>*+ 3H,0 + 2P(V)0, >+ S(VI)O,* - %
FARATBERE AN FEH 0 2 EE R % Fe(IV)O3” +S(1V)035”

— Fe(111)05¥+ S(V)O3 2 Fe(IV)03> +S(V)O3 — Fe(111)O5¥+ S(VI1)O3
FRse i £kl -

Table 3.71 Reaction Energies For Fe(IV)Os* +S(1V)03* — Fe(111)O5¥+ S(V)O3™ -
Fe(1V)O3* +S(V)O3 — Fe(111)O5¥+ S(VI)O4
in water of PCM model ( Unit : Kcal/mol)

Reaction AE, (OK) AE,+ZPE  AU(298K) AH(298K) AG(298K)
FeO,? +SO,%* — FeO;*+S0,  -118.08 -118.87 -118.13 -118.18  -118.55
FeO,2 +SO;” — FeO,¥+ SO, -153.24  -153.60 -153.48  -153.46  -153.73

B 12 H_2Fe(V1)O4* +2P(111)O5¥+ S(1V)O3%+ 10H30"—2Fe(111)(H,0) > +
3H,0 + 2P(V)0,*+ S(V1)O4% in water by B3LYP/6-311++G** of PCM model
i F g £ L 8dp 0 d A& ek et P(HI) water & £
2Fe(V1)O4” +2P(111)05¥+S(1V)03%+ 10H;0" —2Fe(111)(H,0)6>*+ 3H,0
+ 2P(V)0,*+ S(VI)O4% inwater by B3LYP/6-311++G** of PCM model

Table 3.72 Total Reaction Energies For 2Fe(V1)O4* +2P(111)05*
+S(IV)03%+ 10H3;0—2Fe(111)(H20)6>"+ 3H,0 + 2P(V)0,>+ S(VI1)O4*
in water by B3LYP/6-311++G** of PCM model (Unit : Kcal/mol )
Items AE, (0K) AE.+ZPE  AU(298K) AH(298K)  AG(298K)

P(IIT) water ~ -4600.73 -4600.39 -4600.37 -4600.55 -4600.01
;AL
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BHZ D PRI o} BRITRT F LB RF BRE LR AN
MTREFF BN T L > FOLRT PEREST R AR

P(I) : 2Fe (V1) O,% +HS (1V) O3 + P (111)05%*+ 2S(1V)05* +9H;0" —2Fe (111)
(H,0)6*"+ P(V)0,*+25(VI)04* +2H,0

P(11): Fe(V1)O4Z+2P(111)O5* +4H3;0 > Fe(11)(H20)62 +2P(V) O,

P(111): 2Fe(V1)O4* +2P(111)05*
+S(1V)O3%+ 10H30" —2Fe(I11)(H20)6* + 3H,0 + 2P(V)O,¥+ S(VI1)O,*

Items AE, (0K)  AE.+ZPE  AU(298K) AH(298K)  AG(298K)
P(l) water  -2106.82 -2106.90 -2106.85 -2106.81 -2106.78
P(11) water  -3790.38 -3790.13 -3790.40 -3790.78 -3790.96

P(IIT) water ~ -4600.73 -4600.39 -4600.37 -4600.55 -4600.01

Rt 6 i BT § THABRRET PR SRERT LkRRBREHFF
BRFEE > REBFEEEP(I)water: §F AIBBARAUTIFBSF 03
RE RS ARMT CARF BnL REAE - 2F - FAWE - A% AT
$6EEF LY KT AR R F LA AP AT - FEHRE - 3
orik 2 ﬁﬂﬂfﬂﬁ_ﬁfﬂ’ A kIR E L 7"%‘{?%@&%&—1 GF AIER
BE PGS F ok BV RO RGP R R AP RG FHR RN ok
PRI EETE CRRBAITE i EfrB SRS ’é’—‘ff'ﬁ'ﬁd'ﬁfigﬁ.:* wEg
BRBFIATE B Ot R -

SIS TARBEIARBEPEIZLILFIFERAF BB
L3 A

AR BB PR ERT CBRBIAFANEL LT e
GRRESEFT CBRBITFTONBRR DR BRRET LR
BIEEF CRRBITEAN R AV REEHBRE KL f
LTRBRETEF CRRBIIP LT FF2LFATARBEFIRENER
i A tF % (Table 3.73) % % ji % 3 (Table 3.74)F et & #cdf -
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Table 3.73 Molecular Energies For O,+--0+-+AsO3> ~ O3 ~ O, by
B3LYP/6-311++G** ( Unit : a.u)

Species E, (0K) E,+ZPE  U° (298K) H° (298K) G° (298K)
O3 -225.48056  -225.47332  -225.47036  -225.46942  -225.49643
0 -150.30895  -150.30526  -150.30289  -150.30195  -150.32418

Oz--0---AsOs> -2686.89391 -2686.88066 -2686.87231 -2686.87137 -2686.91691
TS

Table 3.74 Molecular Energies For O,---O---AsO3> ~ O3 ~ O, by in water by
B3LYP/6-311++G** of PCM model ( Unit : a.u)

Species E, (0K) E,+ZPE U (298K) H° (298K)  G° (298K)
(O] -225.48258  -225.47541  -225.47244  -225.47150 < -225.49851
(O]} -150.31000  -150.30630  -150.30393  -150.30299  -150.32522

O,+++0--AsO;>  -2687.50726 -2687.58253 -2687.57520 -2687.57425 -2687.61491

HYRBRRPI L ARESLFF P ERPHHNTOF BRELZ LF
TABRRIEFTCERPHTTORE AT AZ RARR LA ERER
* Table3.75 % Table3.76 2 # -

Table 3.75 Total Reaction Energies For Fe(V1)0,* +As(111)03™>
—Fe(1V)03% +As(V)04> ~ O3 +As(111)03>—0; +As(V)0,*
by B3LYP/6-311++G** (Unit : Kcal/mol)

Items AE, A A A A
(0K) Eo+ZP U(298K H(298K G(298K
E ) ) )
Fe(VI)O,+As(I11)0;* —»Fe(IV)O*+As(V)O  -37.4 -37.78 -37.67 -37.68 -37.58
e 4
03 +As(111)03%— -63.7 -63.97 -63.84 -63.84 -63.20
0, +As(V)0,* 7

Table 3.76 Total Reaction Energies For Fe(V1)O,* +As(111)03™>
—Fe(1V)03% +As(V)04> ~ O3 +As(111)03>—0; +As(V)0,*

146



in water by B3LYP/6-311++G** with PCM model  (Unit : Kcal/mol )

Items AE, A A A A
(0OK) Eo+ZP U(298K H(298K G(298K
E ) ) )
Fe(VI)O,“+As(I11)03* —»Fe(IV)O,*+As(V)O  -51.6 -51.00 -51.16 -51.24 -51.40
& 9
05 +As(111)05* — -70.7 -70.34 -70.31 -70.33 -70.35
0, +As(V)0,* 1

#_Table3.75 % Table3.76 th3 B8 L MBI 7§ L BRIV E
E R BEZ LE L PRBEI LA P RRBHTE N EAFEZ R
BRRDE LN TUFRLT L BB EEF CBRBATR DL L
L BBBRRET P EARRET AT CRRBHTE F A L ko) R
AafFEEBRERLAREBRBE TORE > TURREIERRIBE AP E L
B LFIEZFCRPRT) - d WRBRBPI T PABRES 2 LF o

TRBETIOERE AT ERET R EEF P E N L T PR
'%'ﬁm/‘c"";bf %-”,—?» %% o

Fig 3.1 B3LYP/6-311++G** Activation Energies AE, at 0K
ForFe(V1)O,Z+As(111) 03> —Fe(1V)037+As(V)0,* (Unit:Kcal/mol)
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Fig 3.2 B3LYP/6-311++G** Activation Energies AE, at OK for
O3+As(111)03* —0,+As(V)O,* (Unit:Kcal/mol)
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 Fe(VI)O,7 ~ As(IINO;¥ =z 84 5 > RIAS(NO: B L EH 20z 17
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SRR RN L AR
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(1) FRBH: TIBBLIRIEBATCRRIB

(2) BH (@ FE@ T+ i)
(b) -K(F+ 1 i)

(3) PCM model

d 3 (b) (R(F 31, &) £ #cdp e & chapter3 %} i

».u’r_u-i&y: wr(@ AR CEFI B il Bdkdg 0 YHERTS
BHETRIEHNT CBRF RLF L8R L BHFO:...0...505" &
SARAEET RATOFHBE S AURERT IIRBLT RIEB S
FUBRERIEEFSDRBRE - WOKZ AW BARS F A
Bia M R AFTIHEAFTI LN UTHRETF AT e
BRITTLE

(1) 243 deyg# (aproticsolvent) : 437 § EPZER TS (B A B -

BB AT Rl A ¥ BAMEL o e
Dimethylformamide » Acetone ««+--- £

(2) ¥+ eip Al (proticsolvent) : 45 § X FIZ/RFF (iR - B4 &
BB R )FER f2igz ® > 4o:water > methanol «----- k4
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Table 4.1 Molecular Energies For 2Fe(V1)0,%+3 S(1V)03%+10H;0" — 2Fe(l11)
(H,0)6>* +3 S(V1)O4% +4H,0 in acetone by B3LYP/6-311++G** of PCM model

(Unit: a.u.)

Species E, (0K) E,+ZPE U° (298K) H° (298K) G° (298K)
H,O -76.46602 -76.44482 -76.44199 -76.44104 -76.46247
H;0" -76.850630 -76.81577 -76.81288 -76.81194 -76.83386
SO; -623.86328  -623.85178 -623.84814  -623.84720  -623.87722
SOj5 -624.04591  -624.03590 -624.03221 -624.03126  -624.06209
SO5% -624.18628  -624.17722  -624.17343  -624.17249  -624.20387
S0,* -699.45524  -699.44083  -699.43664 -699.43570  -699.46606
FeO,” -1564.91794 -1564.90771 -1564.90229 -1564.90135 -1564.93552
FeO,™ -1489.78338 -1489.77731 -1489.77250 -1489.77156 -1489.80704
FeO,> -1565.00635 -1564.99771 -1564.99182 -1564.99087 -1565.02880

HFeO3* -1490.33300 -1490.31657 -1490.31089 -1490.30995 -1490.34710

H,FeO3 -1490.82257 -1490.78879 -1490.69243 -1490.78785 -1490.82547

H;FeO; -1491.28867 -1491.25082 -1491.24446 -1491.24352 -1491.28178

Fe(H,O)(OH)," -1491.72112 -1491.67043 -1491.66438 -1491.66344 -1491.70053
Fe(H,0),(OH)** -1492.12035 -1492.05635 -1492.04860 -1492.04766 -1492.08838
Fe(H 20)33+ -1491.64054 -1491.56636 -1491.55906 -1491.55812 -1491.59750
Fe(H 20)43+ -1568.72937 -1568.62397 -1568.61502 -1568.61407 -1568.65673
Fe(H 20)53+ -1645.20266 -1645.06999 -1645.05901 -1645.05807 -1645.10459
Fe(H 20)63+ -1721.67650 -1721.51705 -1721.50394 -1721.50300 -1721.55381
FeO;*++0-+-505* -2189.12135 -2189.10267 -2189.09227 -2189.09133 -2189.14110
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Table 4.2 £_2Fe(V1)0,%+3 S(1V)03%+10H;0" — 2Fe(111) (H20)6>" +3 S(VI1)O4*
+A4H, 0 & F ek s £ B e .

Table 4.2 Reaction Energies For 2Fe(V1)0,*+3 S(IV)03*+10H;0" — 2Fe(I11) (H,0)6*"

+
3 S(V1)O4* +4H,0in acetone of PCM model  ( Unit : Kcal/mol )

Reaction AE, (OK) AE,+ZPE  AU(298K) AH(298K) AG(298K)
FeO,* + SO3;*— Fe0,* + SO5~ -127.61 -127.20 -127.45 -127.46 -127.43
FeO,”+ SO; —FeO,*+ SO, -197.71 -197.51 -197.50 -197.58 -197.42
FeO,* + SO3*— FeO3*+ SO,* -49.86 -49.11 -49.54 -49.56 -49.37
FeO,* + SO3¥— FeO3*+ SO,* -49.86 -49.11 -49.54 -49.56 -49.37
FeO3*+H30" —HFeO;%+H,0 -150.54 -150.62 -150.10 -150.18 -150.84
HFeO;*+H;0" —H,FeO3+H,0 -185.79 -185.85 -185.42 -185.46 -185.47
H,FeO;+H;0" —H3Fe0;3+H,0 -180.14 -180.15 -180.66 -180.19 -180.28
H3FeO; + H30" — -133.01 -133.47 -133.35 -133.38 -133.23
Fe(H,0)(OH),+H,0
Fe(H,0)(OH").+ -165.17 -165.40 -165.36 -165.35 -165.32
H30" —Fe(H,0),(OH)+H,0
Fe(H0),(OH)+ -151.42 -151.24 -151.93 -151.93 -151.07
H30* —Fe(H,0)5*+H,0
Fe(H20)5*"+H,0 —Fe(H,0),*" -149.35 -149.02 -149.01 -149.26 -149.27
Fe(H20).*"+H,0 —Fe(H,0)s™" -132.56 -132.17 -132.29 -132.81 -132.76
Fe(H20).*"+H,0 —Fe(H;0)s™" -122.90 -122.40 -122.84 -122.43 -122.32

B {8 ¥ 1141 * Table 4.2 edicdy - K18 2Fe(V1)O,7+3 S(1IV)O5™

+10H;0" — 2Fe(I11)(H,0)6*" +3 S(V1)O,* +4H,0in acetone ik £ £

d 44 o)l 2 2Fe(VDO,7+3 S(1V)032+10H;0" — 2Fe(111)(H20)6*
+3 S(V1)O,> +4H,0 in acetone 12 S(I1) acetone #a i % -

Table 4.3 Total Reaction Energies For2Fe(V1)0,*+3 S(1V)05*
+10H;0" — 2Fe(I11)(H,0)¢** +3 S(V1)O,* +4H,0 of PCM model  (Unit : Kcal/mol)
Items AE, (0K) AE,+ZPE  AU(298K) AH(298K) AG(298K)

S(11) acetone -4867.55 -4867.74  -4867.36  -4867.88  -4867.59
#Table 43 E N KRANT I BB LT RIBBAFT CRRFREFRY OB F

Bl £ LEHR IR FA AT CBRF Bhok? s el £ L Ep AR
Tfl]%‘ﬁl,;
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Items AE, (0K) AE,+ZPE  AU(298K)

AH(298K) AG(298K)
S(I1) acetone -4867.55 -4867.74  -4867.36  -4867.88  -4867.59
S(I1) water -4868.01 -4868.12  -4868.41  -4868.98  -4868.47

R RALDENEERBAF LI BBLIR BB TERFA R
By ch s il L8R RO CBRE Bk R F Roul §

LRR hehB o d SORPBEE W[ R KRR AR A F B AR
FrBRF By RFEEF -
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IR BFEEH -RBREHLS I RE g
LFF e
AFRF - F FRUBRINGFRE CZBBIBFRELRLSFLSFIAFLER

BT RBRET R HEL L ARE . A HEROF NS 3 BERRS
2 AR GF BRRT CRERET ¥ TS HEE st bR P ]

51 REEPT 2 TABPRPIAFERRT " RABRRTIFFH

g - g i Pants
AL ERREFER LT

A. F & Fe(VDO,+S(1V)03* — Fe(1V)O037+S(VI)O,”
B. # % RAEZRBKPCMmodel) »aH:k | §F BHRE

C. # & &#k: B3LYP/6-311++G**

Table 5.1 ~ Table 5.4 £Fe0, +S03” — FeO3°+S0,” %43 814 3 hit i
BT ekt 4R fdy

Table 5.1 B3LYP/6-311++G** of FeO4% in bond length and angle of PCM model
FeO, % (in aqueous) length FeO, % (in aqueous) angle

1.652 109.5

Table5.2 B3LYP/6-311++G** of FeO3* in bond length and angle of PCM model
FeO3 % (in aqueous) length FeO3 % (in aqueous) angle

1.655 120.0

Table5.3 B3LYP/6-311++G** of SO3% in bond length and angle of PCM model
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SO5% (in aqueous) length SO5% (iin aqueous) angle

1.782 107.7

Table 5.4 B3LYP/6-311++G** of SO,* in bond length and angle of PCM model
SO.% (in aqueous) length SO.% (in aqueous) angle

1.730 109.5

Table5.5~ Table5.8 £Fe0,”+S0;” — FeO3”+S0,* (Sulfur series) #$ %
BT RF BT g E L B

Table5.5 B3LYP/6-311++G** of FeO4% in bond length and angle
FeO,4 # (in Gas) length FeO, % (iin Gas) angle

1.642 109.5

Table5.6 B3LYP/6-311++G** of FeO3” in bond length and angle
FeO5” (in Gas) length FeO5% (iin Gas) angle

1.651 120.0

Table5.7 B3LYP/6-311++G** of SO3% in bond length and angle
SOs% (in Gas) length SO3% (in Gas) angle

1.566 107.7

Table5.8 B3LYP/6-311++G** of SO, in bond length and angle
SO4%(in Gas) length SO4%(in Gas) angle

1527 109.5
Table 5.1~ Table 5.8 & A% thit & cdh @ % £ Fe(1)....0(2) & £_S(1)....0(2)

AN RURE o A R A EBdga Y A (3)0... .Fe(1).....0(2) & &
(3)0....5(1).....0(2) 3] N iRl £ -
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BI) frsmntt LT LRRF BN TIRBLTIIBBEBNS
fTERRERBFEY C(NERIABET IRBNF VBRF B €7 S(V)0s”
A3 A4 4 FFPRFLEINTE +ﬁf%fé?.+ﬁﬁﬁﬁa FLBRF B- B
PR S(V)03 13 - 2 g #-E Hen I @B IFe(VNO, 0 2 F G 8¢
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DL RS C AN
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