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Abstract: The reaction mechanisms of H, generation by titanium oxide ions Ti,0,” "

reacting with H,O are stud-
ied by DFT calculations. The results show that the ground—state structures of Ti,0,” and Ti,O, are similar, both
featuring two terminal oxygens symmetrically attached in a trans— manner to the two Ti atoms in the Ti,0, four—
membered ring plane. For the ground state structure of Ti,O, , the unpaired electron is localized on one of the Ti
atoms; whereas in Ti,0, , the unpaired electron resides on a terminal oxygen, forming an elongated radical —
containing (Ti—0+) bond. The reaction mechanisms of Ti,0,"~ in cleaving water for dehydrogenation were in-
vestigated by calculating the reaction potential energy surfaces, considering various possible pathways for the acti-
vation and dissociation of H,0 molecules on Ti,0,” . The results indicate that the anionic and cationic Ti,0,”~
share similar process of H, generation via splitting water: H,0 molecules are firstly dissociated on Ti,0,”~ form-
ing —OH groups; Ti—-H and Ti—OOH groups are then formed by intra—molecular hydrogen transfer; H, is pro-
duced via the interaction of these two groups and finally desorbed.
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Fig. 5 Calculated energy profile for the cis—structure of Ti, O, interacting with two molecules of

H,0, the energies are given in eV and bond lengths are in angstroms.
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Fig. 6 The first pathway for the removal of the first H, molecule by the interaction of anion

Ti,0, with H,0, the energies are given in eV and bond lengths are in angstroms.
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Fig. 7 The first energy profile for the removal of the second H, molecule by the interaction of
anion Ti,0, with H,0, the energies are given in eV and bond lengths are in ang-
stroms.
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Fig. 8 The second energy profile for the removal of the first H, molecule by the interaction

of anion Ti, 0, with H,0, the energies are given in eV and bond lengths are in ang-

stroms.
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% CCSD(T) B iRt smur, HatB g5 R DFT
BB R B (N 2 Fos). SERimSCEic i it
e R AR P 2+ Ti,0, 5 €O, G,H, | C,H,
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Fig. 9 Optimized global minima and selected low-ly-
ing structures (within ~0.50 eV) for Ti,0,
clusters at the B3LYP level. The bond lengths

are in angstroms.

2 BT L0 A ARTE BILYP fRfLfl CCSD(T) H
ST BRI BE B LU
Table 2 Relative energy of isomers of anion T1,0,” in B3LYP

optimization and CCSD (T) single point calculation

B3LYP - CCSD(T) -

OPT (eV) SP (eV)
Ti,0, trans — (C,, *A") 0. 00 0. 00
Ti,04 cis - (C,, 2A") 0.11 0.11
Ti,0; trans — (C,, *A") 0.20 0.22
Ti0, cis - (C,, *A") 0.34 0.36

HE(E110). He /NHEZRAR T 2013 4 LUK 4R Ak
YV 5 v A B E R RO A SR R, B T
TiO,. V,05. Y,0,% Z & )8 kWb B o ik
TESTF BONEPE A AL ) R A A A B I o 1 A
F"7 . Sauer /NHAFFE T NiAL O, 5 CH, 7£SAHH
MO HL, BFSE R ERT, WHen] LAIHT & M 2%
TN, e R A B R SR, X
Tl S 0 B A R A U - AR e e i 3K O -~
TER O+ 8 S o7 A T B A R ik o
B S5 5 7 s AR T Ak AE I R R
(Ti0,), (n=1~5) HEFHfrfesa A 5, JFA
ZRAHBREAREY RIS, TG C-H
G Castleman /N 5 T 1 52 06 FBR 658
FRZE G R JT X BHES 1 Ti,0, 5—F5/hr1-(CO,
C,H, . CH,%) iy e B ALERHEATAF 5T, FE A BH B
¥ Ti,0, " Y Ti-0 - %A Hy B HAT = SO i A
EBEPE . P A R SR A I eR B
S AR R B B Ti,0, 5 H,0 43 U
AT BT, R0 Ti-0 - %0 A 3%
SCRLIREN . 2430k, K AR Ti0,
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Fig. 10 Numerical electron spin density (in |e|) for Ti,0,

clusters (The blue area represents the distribution
of single electrons, and the values in parentheses

represent spin density values)
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or 5 FHE T RCERE TL00 ERT, 15 20 A A
FEAER R Rl Ti,0, (OH) . S BTE TR SR
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AREAFTE R K R B AR O 220, 3 264N [a] A K fift
PRARRERS AT AR ) (9 RIA, DM AE A S A
BRI SBE T . MBI IR R Ti,0, B K
fife =y C o — G AR, T AR 4. 62 eV
SN BETAT B4 o el s TE RGBS, IR, i
Pt o) S

SRR AR (P AR C— 1) B
T TL0) EEA—ATi-0, - F AW, Hmr
TORAFEIF A Ti,0, (OH) " A TARSOG e L %
LEPHATIRARNIE . UNE 3 R, BHE T Ti0,
SR TKER, IREH—4 W0 TR g —
AT, TR IR D 1,36 eV SOV HAE T
(M f R R AE T RIER S . N, 2 AR A 5
KA RN, RELECK P BRI A C
(Ti,0,(OH) /) By Ti* fi b H H B a2, mTLd
PN RS R el 4 . 2l %t e Ti,0,7 BB T
5 Ti05 FHE T LS —4 Hy 0 TRt #ae

#3 Ti,0, [HES T Ti, 0, BB 20 5 KV AT 2 P
A Hy 73T SRR I HE

Table 3~ Comparison of the potential energy surfaces for the

dissociation of two H, molecules from Ti,0, and

Ti,0, anions upon interaction with H,O.

Ti,0; 5 IKAE

Ti 04" Sk

LR S Sl
(g, ov) PR BHEE)
S 0. 00 0.00
FhE A (A) -3.80 -1.57
HEA(A-B) -2.68 -1.55
HE A (B) -3.74 -3.36
HHEA(B-C) -2.61 -3.28
Al (C) -4.62 -4.68
HEA(C-D) -0.30 -1.96
FlE A (D) -0.44 -2.14
WS (D-E) -0.41 -0.13
FEHI(E) -0.49 -0. 14
A (E-F) -0.25 -0.21
Hh ] 4 ( F) -1.36 -0.47
A ES(F-G) 4.62 4.77
T & (G) 4.14 4.43
TS (G-H) 5.39 4. 49
ik (H) 4.05 4.32
A (H-1) 5.09 4.98
FE(T) 4.29 4.22

JBRPH B 1 MBS 5 950 — 2 i A SO R 2L, 4R
SERCEASE (R E R C— A F). 25, M
IR F(Ti,0,(0,) (OH),") B4y 1 i L5 =4
H, 3 TR R — AR, I HT A Ao
AP AR R RE R AR R, — B PEXE LA
A CPTaliA F—r=4 1.

3.5 HBEXHREKERBKRST RN

ATAEEENFRSE LRAE T 1,0, 5
BHES 1~ Ti,0, 9 28 i A ML S 9 5 7 4 R T 13 T 5
SR, DL G AR SR ST TR S 2R K I
A AL K LT T T2 2o R 8 52 )

XF KR AR (RN 1), a7 A ] L ) Bk
SEHAFHLEARML: 158, HO 707 DL O St 2
PR Ti 5T, BRIt aY A; bis, G
JEAEPIAS Ti A7 B8 H Rl 2, 48 HO0 sh—A
H 7 §323) = 0, |, JERL -OH 2E[1 . 7£ H,0 ¥
MR AR R, BRE R R T TG 3d BB R
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A B0 S3F IR, 7200 K L FJE A OH £EA] .
HFITHAAIRERY], g H # I i OH Bl 1)
HFERARSS 5y R AR . SERi i IR HEFE R H,0
Ay FAE TiO, (110) 2 B A BE 22/ 5~10 keal/mol
(0.22~0.43 V)™ EARTHESH, PIEFK
fif i H Ee RS o B 1 RE 2R/ T 0. 10 eV FHE T
W25y ~1.1 eV, FERXA /KSR, BIEFH
PHES T3 i 4. 68 eV F1 4. 62 eV. 55GHTHIE
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1 Ti-OO0H Je A1 ; X P 5E M By H AR HAEH],

AN H-H 85 B2 Hyr+ . Hidp Ti-H A
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