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Abstract

This 1s the report for the second of the 3-year research project
on the computational and experimental studies of the InN/TiO, system
and/or the catalytic conversion of ethanol to hydrogen by Schmidt’s
technique employing the Rh/CeO,; catalyst. Our goals are two-fold: 1.
Utilization of the large scale computation to elucidate processes relevant
to the InN/TiO; solar cell system including quantum-dot and chemical
functional-group modifications of the InN-TiO, interface; 2.
Experimental and computational studies of Schmidt’s ethanol to H,
conversion processes in order to search for cheaper and equally efficient
catalysts.

For the ethanol to H, conversion studies, Schmidt’s Rh/CeQ,
catalytic conversion data have been fully duplicated with up to 115%
conversion from autothermal oxidation with mixtures of C,HsOH and
H,O. Studies have been completed on different nanocrystal forms of
CeO; (powder, cube and rod) on the efficiency of the H, conversion;
conversions greater than 125% have been reached using the rod form of
the catalyst.

Computationally, we have focused on three aspects: 1. Catalytic
conversion of ethanol to H,; 2. Electronic structures of quantum dots
(QDs) attached to TiO, nanoparticles; 3. Development of the
SCC-DFTB  (self-consistent  charge-density  functional  theory
tight-binding) method for large cluster calculations.

For the ethanol to hydrogen conversion related calculations, we
have studied the H,O+CO water-gas shift reaction on the Rh/CeQ,

catalyst. The reaction was found to be obeying the



Langmuir-Hinshelwood mechanism through chemisorption of both H,O
and CO on Rh (for CO) and/or Ce (for H,0) sites, followed by the
dissociation of H,O(a) and oxidation of CO(a) by HO(a). In addition,
calculations for adsorption and decomposition of ethanol on
- Rh/Ce0,-Zr0, and CuQ/Al,0; have been done.

For the QD/Ti0; related calculations, focus has been made on
(InN),/TiO5 (n=1-3) and (Si)/ TiO; (x=1-67). The effects of QD-sizes on
the system’s band gap have been clearly elucidated.

For the development of the SCC-DFTB method, a basic code
for the establishment of elemental parameters has been completed, and
the effort on the conversion of binding properties of key elements such
as Ti, B, Cl, Sy, ....among others is being made.

Aside from the aforementioned large practical systems, we have
also carried out detailed potential energy surfaces for reactions of
In(CHj,3); with HN;, NH;, HO, and H,S in the gas phase. These reactions
may take place in the OMCVD of the corresponding QDs.
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Theoretical Investigation of the Water-Gas Shift (WGS) Reaction
over a 4Rh/CeO; (111) Surface
1. 4Rh/CeO, (111)-(2x2) clean surface

B 7> w9 B Rh R F 8 8 & M £ CeOn(111)-(2x2) 2 B B # A
HH o AT ey S 24 Figure | - 488 B i &30 3% S 4745
FBHABTENBETFRMEH » 445 : 4RWCeOy(Rh-Ce)
4Rh/CeO,(Rh-0,)~4Rh/CeO,(Rh-0y)Fw 4Rh/CeO,(Rh-cluster) vg
> B P Rh B TR A AR MER B 63.8868.95
71.26 Fa 9178 kcal/mol - & b 3t H &% £ T 4
4RN/CeO,(Rh-cluster) 4 i 48 £ 64 Bt & @ - RV ER BB A
& 4 & water-gas-shift reaction &9 3 % - 57 il vo # B K4 4E M 09 7
9% [1 £ Fo Bader charge Pl2a487 Table 1 + o 323 Bader’s
method 9 EFEFHEFEHR ¥R BRMARBARFLE
F 85 (0,04 % 4Rh-cluster) » £ & P48 th 5 A 30 7 P 1%
+0.16~038e] » &K m F & M A Ce B F L ¥ 8F
(4RW/CeOxRh-Ce)) » LA FE M BB AN ET-F34 5
+0.60je| = HMWFT AR bt £ 5] > Hfd —sbia kg
RhBEFRMAXGORFLEFH HORTEARANLR
# Rh RF 0 ATRA g E-Fds Rhoside4x O 3% > MLy O R F
MEMEFECS > REHFELMHEFRERM(back donation)
FZE Rh RFd ek 0 BimE 4 Rh BT 846 Hegs 254
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Figure 1. Top and side views of a monolayer of Rh coverage on a slab model
of a CeOy(111)+2x2) surface. The blue, red and green spheres represent Ce,
O and Rh atoms, respectively. Rh—Oy represents that the Rh atoms are directly
on top of oxygen atoms located at the down-side positions, whereas Rh—0,

are at the upper-side positions.

4Rh/CeO; 4Rb/CeO, 4Rh/CeO, 4Rh/CeO,

T (Rh—Ce) (Rh-0,) (Rh—-04)  (Rh—cluster)
Eaas / keal mol’  63.88 68.95 71.26 91.78
bCharge of Rh/e 0.60 0.16 0.38 0.20

13' Eads = — [E(4Rh/CeO,) — 4*E(Rh) — E(CeOy)] / 4

Table 1. Mean adsorption energies® and Bader charges of monolayer Rh
adsorbed on a CeO,(111) surface

2. Adsorption geometrics and energetics

F£ AR CO Fv H,O B M7 4Rh/CeOy(Rh-cluster) % & &
M BATEETEAGE RSN Figure 2 44
4Rh/CeOx(Rh-cluster) & & » & AP17T 242 & & & Rh R T4 A
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Figure 2. Calculated optimized conformations of CO and H;O on the

4Rh/CeO, (Rh—cluster) surface. The bond lengths are given in A.
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Table 2. Optimized bond lengths and adsorption energies °, E.qs (kcal/mol),
for H,0 and CO on 4Rh/CeO,(Rh-cluster) surface, calculated for the slab

model with VASP. Optimized structures are shown in Figure 2.

species r(Rh{Ce)-C(Q)) 1(O-C(H)) Z{(Rh-C(O)-0(C)) Eaas
/A A /deg fkcal mol™
OC Rhy, 1.83 1.17 177.0 67.44
OC—Rhyg, 1.83 1.17 _ 174.8 61.07
CO-Rhyg, 2.03 1.16 177.5 13.88
CO-Rhyy, 2.03 1.16 175.5 6.98
OC-Rhy-bridge, 1.93(2.13)° 1.18 149.3 (130.6)° 62.66
H,0-Rhy, 2.15 0.98 24.20
H,0-Rhy, 2.17 0.99 16.72
H,0-Ce, 3.53 0.99 17.54
H,0-Ceys 3.57 1.00 13.57
H,0-3Rh-center,,  2.22(2.48,2.94)  0.98(1.00) 13.08

a —
Eads - (Etotal - Emolecule - Esurface)

® differential bond length and bond angle in another site

3. Potential-energy surfaces

i 7> 4Rh/CeO,(Rh-cluster) & & ¥} #> water-gas-shift reaction
AL A 4R BRARE T — KT REAS - HAriad
potential-energy surface $4 4#> Figure 3 ¥ - & 5% » &k o F ¥y
—1{8 O-H ££hi¥% > S & @A HNOMEIL P BRR BT
#1 RN 17.43 kcal/mol » iy R FE A3k 2.12 keal/mol @ 4 g, OH
o H F R Rk mW R @ - 33 - OH st #94 CO 4-Firik o)
R & & £ HOOC-Rhy,) * R EEFALAEEE R F 4.28 keal/mol -
B3k 14.18 keal/mol o kA thd TS2 Fu f Rl & 4y 64 &5 47T 1A
HH 4 TS2 &4 F C.0 BHRERE(2.65 A)Fu PRI A4 C...0
89 86 B 48 14 (2.79 A) - 48 4% Hammond postulate ! » 42 & TS2 &4
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Figure 3. Calculated potential-energies for the reaction COg) + HyO(g) >
COxg) + Hagy on a surface of 4Rh/CeO; (Rh—cluster)
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3. AI]V site 1. Alm site
2. Al[v site

Figure 1

Table 1. Comparison of the adsorption energy in different calculated sites

Site 1. Aly site 2. Al site 3. Al site
STO-3G 191 157 132
321G 168 141 122
6-31G*//3-21G 83 77 49
Kim [1,2] 72 40 17
Unit in kJ/mol

# 2 5|t 7T PBC-DFT 2 VASP 44> F- &Mt £ Sst B 44 -
2 th# 7 PBC-DFT #2 VASP Fr3t B ey T4 £ £ - 31 &
R B A 321G ArAF 8l 8y B fT b A4 45 B VASP Frst
HoER L0 TRMEMERGTE - EHMRMHEH T
(1) » 2L 3-21G Ar4F 69 Al-CO SESBESL VASP 89 & R+ 58 -
VASP #2 3-21G #4942 & (Al-CO)t B o9 £ £ 1% 9~0.004A »
STO-3G #) £ £ RIH 0.0308A - £ CO ey EHE b » 15
B3 2143 cm” > 6-31g* + 2126 cm” > mp2 ~ 2113 cm” >
VASP ~ 2105 em™ > 3-21g ~ 2004 cm™ ~ STO-3G - i35 & T 4&
BEMNFEEL 321G VASP AL £ S thta b o
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Table 2. Comparison of the detailed structure for 1. Al site
e —— R —

D(AI--CO) D(CO)  Abond  Free CO

Kim [1,2] 2.1360 1.137  -0.0083 1.1453
321G 2.1401 1.155  -0.0087 1.1639
STO-3G 2.1668 1236 0.0323 1.2044

Figure 2

f2 HyO B & > i ey 7 X &£ 7 PBC-DFT ey 3t
B -FRACOMBRMITE  ERMAEHAAABEERE X
G948 B ME -

Table 3. Comparison of the adsorption energy in the different number of H,O

nH,0 Digne [3] STO-3G 6-31G*//3-21G
1 240 390.8 214.2
2 191 534.7 282.2
3 141 378.8 190.6
4 88.0 252.7 135.1
Unit in kJ/mol

ey XRD §8an!""a x =05 By~ 0 8
CenZr Oy BA R K E R @ B b £4784 CegsZrys0,(111)
R B AARIER Y VASP 6931 5 - i 3 &9t B RT3
W EE T EE e 2 R R BA& M 0 B A 4 #{E% Rh
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Figure 2
Sites Ce Od Ou Zr Od
Ads. Energy /eV -323.14 -324.48 -324.66 -324.89
Table 4

Rh B4 R LR BRAAER T H Y RHBERLE
R EBFENENEELER - BB CEHETLELAAST
122 Rh RF& R @meym MR IE -

5.38%
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$#CeqsZros0, % @ Lt R BALAE T E -

(Z)J.C. Jiang (s %£3%)

The interaction of Cu and Cu cluster with the a-Al,O, (0001)
surface has been investigated using a periodic supercell approach.
All calculations have been undertaken within the molecular

dynamics and density functional theory. The structural
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identification was determined via the simulation of X-ray powder
diffraction, and structure parameters of a-Al,O; were refined by
the Rietveld method from simulated X-ray diffraction data. The

simulation of x-ray diffraction as depicted in Figure 1 is showed

Comparisen of experimental and simulated
XRD patterns of «-AlLO,.
Ref, Huang, T., et al., adv. X-Ray Anal., 33,295, (1999}
z

w

u

012

| Simulation

‘ﬂ
28 ]
o—__J._JL
¢ 20 40 60
Scatiering angle (deg)

Compututional Chem. Lab. Dopl of Chem. Eoyg. @
Figure 1. The comparison of experimental and simulated XRD of a-Al,O,

Intensity {a, u.}

powder.

in good agreement with previous experimental result by Huang, T
et al. "1, As shown in Figure 2, the a-Al,0; (0001) surface,
cleaved based on the bulk of MD structure, exists two hollow sites.

As far to the study of Cu atoms deposition, our MD calculations

. aQAEZ-O'3 (0001) surface

ol

ce Topol

Compuiationaa { nrm Lav. NIBPL OF L AM S

Figure 2. The MD-optimized structure of a-Al;0; (0001) surface.
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yielded trajectories for the deposition of Cu clusters on the
a-Al,O; (0001) surface. The result, as shown in Figure 3,

indicates the formation of 3D clusters would take place, and

Top view and side view of the MD optimized Cu/A1,0,(0001) surface
O
gﬁui!ibrium Side-view Top-view
e @ Copper

Comprrational (ham, Lok, Dupt of Chom. Trg.

Figure 3. The MD-optimized structure of Cug/a-Al;05 (0001) surface

hollow sites are energetically favorable for Cu cluster deposition.

The preferred surface sites are those in which Cu atoms are close

Table 1. Some MD-optimized structural parameters of Cug/at- Al,O5 (0001)

surface
Atom type Simulated Literatures
Cu - Cu 2.55~2.61A 2.54 A [a]
Cu-0 1.74~2.03 A 1.63 ~ 1.96 A [b]
Cu - Al 1.59+0.04 A 1.58 A [c]

[a] ref. 14; [b] ref. 15; [c] ref. 16.

to oxygen atoms (Table 1). Moreover, the analysis of local density
of states by DFT calculations is used to explain the interaction
between Cu cluster and the a-AlLO; (0001) surface. Figure 4
shows the DOS of Cu cluster. Our results indicate that the

19



| Local DOS of Cu deposited on a-Al,0,(0001)

oHow-ZS.
e Cu c!usE_Tz'er Affer De%
Before Depogition 2 e

d band

Derrsity of Siates (sactronsielV)

i H
Energy {eV)

Density of Stabem {Etectron/eV)
M +

I

Sum

Dunty of States (slactronaaV)

Computationst Chien. 138" B¢ of Cliem. Cup

Figure 4. GGA density of states for Cug/a-Al;01 (0001) surface. Left: DOS of

isolate Cu cluster; right: after absorption projected on Cusg.

(including the DOS projected on Cu cluster and oxygen atoms)
electron density on Cu cluster (d- band) is reduced, whereas, that
on oxygen (p-band) is increased. The analysis of Cu-cluster size

effect is on the progress.

According to the study the reaction mechanism ethanol on
a-Al,03 [0001] surface without and with Cu metal deposition, the
scope of this year includes: determination of surface termination
based on surface energy, calculation of absorbed sites and
calculation of energy barriers of the favorable reaction pathway.
Except the last issue, we have completed the study of surface

termination and absorbed sites.
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InN ~ TiO, kI /M AR EMEGEFREESE > B b
3% A (Ocn2)2-InN-Ticn5 side-on## &, # InN-Ocn2end-on#s &, #
#H B INN/TIO N @ i BB FEATIO - E g i ey it 4 o

F— InN EBRMES B RN Anatase(101)a5BIHAE ~ AEE 8 5 BB
MInN #55&

Monolayer-adsorbed InN on

Anatase(101) Adscrption Energy(eV) Band gap(eV)
InN-O_, end-on 2.52 1.7
(O, o) MN-Ti_; side-on 3.05 23
Multilayer-adserbed (InN), Thickness

on Anatase(101) &)
Doublelayer-adsotbed InN 3.06 26 2.0
Triplelayer-adsorbed InN 3.18 1.4 4.0
Quadruplelayer-adsorbed InN 1.8 5.8
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(b)

— ~ (a) InN-Ocn2 end-on ¥ /& %& M43 5 #1(b)(Ocn2)2-InN-Ticn5 side-on
BERAMBX - ATEEBN B+ it Bhln BT &850 BF -
*eaTi B+ -

2. InN % & 9% ## Anatase(101)89 41 46 2 InN/TiO, ' & & F &
#

#A4TPCB Y 3 st ' 4,48 3 T InN9& 4 # Anatase (101)
T AR 0 B A R AN & 4% T #9(Ocn2)2-InN-Ticn5
side-on#d &, 4 #InN Wiirtzite 288 493 & % X prst E b Ry -
HESREF AL ERAMB A EREENERY
(Ocn2)2-InN-TicnS side-oni & =% & 4o i # £2.6eV (477nm)
RERGOMBRTEEREM LARKEESETHELR
MeyInN -~ TIO, A BHRM M AABRIN T FREETE Bt
B InNE B ATIO A Bz M AG AR EREN R EH
o BT EEMMTASRINNGHAF R E » R
R RMEHE-—FTEITZR - wENSRHHE
BHMFLBE = - K- TR THRIATFNEERMINNZ
BHHAE ~ RETR A NILR ) 5 B InNeY BB - BIMTRERH $
% 4 44 InNF% B #8474 InN Wiirtzite (110)3%& @ 693 8 7 X7 &
T HRM 0 ERMINNE S e LTI F QR
AEEFHFWA oSl R mHAMBRE BT A
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¥ BRI AL

FEHAFTHNHES > KRABAZITHLINNGETIOMNMF AL &
MERTERMAB I I RFEA I AN ERER
S48 & INNR [ 64 56 8 303 8 TR R/ & &y B 89 InN L TIO, 89

Bl = ~ (a)® & % i A (Doublelayer-adsorbed InN) (b) =. & % K &
(Triplelayer-adsorbed InN) (¢) w9 & %& K42 & (Quadruplelayer-adsorbed
InN)

- 30 1N layer A [ Ty I’)n,
1

. .
| nf sk Tkl IS <V I | oo |
' - = anfar by § el Y
' i - = Lo biyer §‘ M - - 02 murfice { l\\
. J Y i - = TiO? bulic
{ i i
S NE st e g . R
E . } r‘,ff;;’?'“"‘”” § <12 E=1 AT Vicamepteds 1
N & / i - ' @8t A Y
N VP A
L4 k] 4 4 4 - -t o t 1 ] 4
EnergyieV)

B =~ (@InN$EERMEXA 5B EEH - R a9 InNETIO & T2
RENTFRENEREZABRSOESR AM AN B R B X o) 5
BEMMTO)FAELERRBRIEHE £ -

(W8]

. InN 2 B % g7 Rutite (110)8548 5 82 InN/TiO, & § F 45
#h

£ InN% Kt #Rutile (110)& @eh=F % & - HIVH3TE%
RBEBT=ZHTRHERE R K > 4 % & InN-Ticn5
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end-on ~ InN-Ocn2 chain-like #£ Ocn2-InN-(Ticn5)2 side-on £
Ko B REEEMH 2 BB w - B19% f 7 Anatase(101)48 40 8 &
L Ocn2-InN-(Ticn5)2 side-ont X BH Eg 8z A (4B & =) M
TR NEETHES LR N A 1.5V(837mm)

L.1eV(1127nm)#22.7eV(466nm) » % 1% 1$ B J & & 48 B7 Rutile
B9 AE 1%.3.0eV 4r 42 45 ] UV/vis §6 [ » InN-Ocn2 chain-like #1
Ocn2-InN-(Ticn5)2 side-on#ft X /& &K fe My L 0 B IR AL 12 &

£ BRI A A8 @ F InN-TicnS end-ond &, & & K | #
BEEFEIANTIOF MR R L -

9 ~(a) InN-Ticn5 end-on & K4 X (b) InN-Ocn2 chain-like & fif 4% A Hi(c)
Ocn2-InN-(TicnS5)2 side-on 2B 344 &, -

F—~InN BRBM S B BMARutile(110) 8B MEE ~ S8 % BB
InN #9 /2 J o

Monolayer-adsorbed IniN on

Rutile(110) Adsorption Energy(eV) Band gap(eV)

InN-Ti_; end-on 1.65 L5

InN-O__, chain-like 2.65 1.1

QO pp-InN-(Ti,,5), side-on 4.35 2.7

Multilayer-adsorbed (InN), on Thickness

Rutile(110) (A)
Doublelayer-adsarbed InN, mode-1 2.95 1.2 2.7
Doublelayer-adsmbed InN, mode-2 3.89 1.8 4.9
Doublelayer-adsarbed InN, mode-3 1.34 — 6.1
Triplelayer-adsorbed InN 3.76 1.3 84
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4. InN % & & F# Rutile (110)69 4288 82 InN/TiO, ) & B F 4
i
HAVARIE & 48 € 89 0cn2-InN-(Ticn5)2 side-on 2 /8 9 43
AT HEERRMBK 5348 4 doublelayer mode-1
# doublelayer mode-2 o 1§ 48 4 & B FH A X 89 AL 4 A8 B
Ocn2-InN-(Ticn5)2 side-on 8 & % Mt 45 X, > | o L % &
1.2eV(1033nm)$11.8eV(696nm) » BB A BET= % A4 $4& %
B R AL A (S BB & =) o £k #23EInN-Ocn2 chain-like ¥ /& %
MEAR R BRIt B T 8 =484 2 B 4 R, > 4% % doublelayer
mode-3: A ML X BRIFFERY TEAER B A I RE
Z o 1k AR IE doublelayer mode-23t B i = /8 InN& i &) 4
WOBLAZHEREXBZ BRI ELEE - BB ES
K # % K InN B # #) 3 Ao (Ocn2-InN-(TicnS5)2  side-on
Doublelayer mode-2  Triplelayer) » & & 228 P & 09 55 [R 25 4
PR fn b A8 E BAke A48 87 % B InN A Anatase(101)
e ME A FEML - 5 BInN £Rutile (110)& a9 T L4 L
ERARMGINNG EF4E 4 28 M Anatase(101) R ) &9 & £
RBGAEEREFMAEELRT S BIN - TiO & HEIRM =%
TTRRENEER THEAKEK £ B InN & Rutile(110)& i &,
T HETF 4R S % & InNfx Anatase(101) 9% B4 45 X, R F) 8 58045 B F
ANINN/TION T B3R AR © ik 0 BAVF AR A 2+ E B 09 R A 2,
ZREMAEUV Rk REARK A EZENINE F 2B M A
TIO kA T 64UV A THeERH8  HAR € -
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(=)B.C.Wang (48 8 ) :
BAIR-—RYEFEDT ERTHAMAR SN EH
ARH e EEE - TR BREBRA XA ERETRGEN
BEFRARTHMYES BB TAHE A5 8B FuE &
o PRBR G 6 Aa SU S SLe B WG S5 B 4B R -
B-20 SR BHBEOFE o4 FHETELRPST AR
REM A 835 AT AR S B3 TR F AR Y
BATH - SERERNE RN AT RRGEA B F R TR
T BRI A AR RA T ik o B TR BT
WAETHEAY LEMRF AL H - 2% T, EH0 Ay 3
TEAEZRMGRGRENRVLHE > mAaLS BN ERRFU
HRAREERENT G RO THNRREHEERTHL
mEBRT REFREFFAGB G EFERTE Laysss

I
B H RGN BB R T EFHS 0 HIR

f T Gaussian 03 SR B2 AT 424469 AM1~PM3 X @B H R E R 5
B IL W P 4 BILYP/6-31GH st B - HMi AR #57 BF
B R 300 Gaussian 03 31 F B R¥E L B 7 7 & $474% B SIESTA
7 % » #58t double-Epolarized orbitals 9 & &8t > SR 1B 49
ERBFL o $B P4y AML ~ PM3 ~ B3LYP/6-31G* % 33k » %
TTHM B E -

2, BR A

HELEMOYETHRERE £ R TE—(BfLeV) -
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b a—————— .
LDA/ B3LYP/ AM1/ PM3// B3LYP

Compounds AM1 PM3
SIESTA SIESTA SIESTA SIESTA /6-31G*

SisHi2 5.96 7.65 9.31 7.3 76 921 17728

Si17H36 4.42 5.98 8.32 6.08 576  8.28 6.09

SizgH36 3.67 532 7.85 5.6 529 7.84 559

Si3sHse 3.56 5.12 7.73 543 5.1 771 541

Sis7Hgo 34 4.94 7.62 5.25 7.62 5.04
SiziHigs 2.75 4.18 7.24 4.94 722 496
SigoH g0 2.52 3.95 7.03 4.66 7.02  4.66

Sijg7Hias  2.22 3.62 6.87 4.42
Sizs1Hi72 1.69 3.06 6.58 4.006

bRV RFIT A K 5 F TR 4 A AR e RS TR R
e FRBRA AL ARAHNRERNERFHGERH
TREERNESRE A FRAFORBR S LTRSS
IR BT HAETRD « 27 SIESTA Azt B ey teTé ¢4
B REAKRAHBREELMLDA)F kA &5 o 3% R4 A
-CH;~-OH~-NH;~-OCH; % # ey B A A dadn sh B 69 & 8 F -
A T84 S35 Kohehwy &-78 0 Prid sl ese s Fo T &
Z(EALeV)-

Compounds B3LYP/SIESTA LDA/
HOMO LUMO  EnergyGap  SIESTA
SissHie -6.80 -1.68 5.12 3.56
Sias(CHs)sg -5.43 -0.83 4.60 3.13
Si3s{OH)36 -5.60 -2.75 2.84 1.48
Si3s{NH2)36 -4.13 -0.74 3.39 2.05
S135(0OCH3)36 -5.66 -2.43 3.23 1.67
Siys(CH;CHi)ss  -5.34  -0.75 4.59 3.09
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BAZEBRTUER 2 EFHAARRETFLAE 4K
B2 & FEEYAETR -

3. &

LB EERF > $H B3LYP/6-31G*$» B3LYP //
SIESTA Frst B #y& Ria§4:30 > B4 £ @5 H ik AMI @
AMI//SIESTA st & R &4 EH 4t - PM3 o PM3 //
SIESTA LA St R o AR E 69K L 0 2% & 8590
B 69 82 -CHy -CH,CHy #5 § F BT B A R K- 2 2 4%
shE 6y & Bk A-OH K-NH, ~ -OCH; » Bl 57 & F 2 64 hE 4 & 15
BRS - BTRARAARTTAAE T ETFUHT T L4
B3k o i &R A4 B3LYP/6-31G* 52 B3LYP/SIESTA
ERELHENEEZSER G ELR TUREHEANY BT
BEGAE I L o AT AR s JL 24 SIESTA R 82 #1578 F 245 &
FTEMER AL - B A& A Gaussian 03 $ha2 4 B Eb3t B
FE2 B B3LYP // SIESTA Fik RIEAM R & FRaEF 4
o FA2T UG B3 oM T U E R Ry B F 8 &4 o

(Z£)Y.R. Tzengand M. C. Lin ( ¥ 454= « k892 )

We calculated the site projected density of state (DOS) for
the hydrogen terminated Si quantum dots (QDs) chemisorbed on
the anatase-TiO, (101) surfaces using the Vienna ab-initio
simulation package (VASP).

As show in Figure 1(a), the adsorption of SiH, has the effect
of filling the electron into the conduction band of the Ti0,, and
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thus modifies the electronic property of the anatase-TiO, (101)

surface from a semiconductor (Eg ~ 2.4 eV) to a conductor.

By keeping the Si atoms in their tetrahedral coordinates and
increasing the size of Si QD to Si;sH;4, we found the condﬁcting
property of TiO, surface remain unchanged. The increase in the Si
QD size, as shown in Figure 1(c) and comparing it to the DOS of
SiH; in Fig. 1(b), mainly add several closely packed Si energy
levels, located ~1.5 eV below the Fermi level. This effectively
reduced the valence-conducting energy gap from 2.4 to 1.5 eV,

allowing optical absorption in the visible light range.
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Figure 1. Optimized geometries and DOS of Si QDs

For the range of Sip<=¢7Hx<=98 compositions, the cffective

energy gap AE (energy difference between the valance band of Si

and the conduction band of TiO,) as a function of the size of Si QD

1s shown in Figure 2.
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Si-QD on the Anatase TiO,(101) surface
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Figure 2. Effective energy gap (Eg) of $i QDs as a function of Si numbers on

the Anatase-TiQ; (101) surface.

Due to the effect of the shift in Fermi energy level, there is a
charge transfer from the SiQD to TiO, surface. As shown in Figure
3, the transferred charge is spread to the conduction band located

on the Ti sites.

‘ l : : : : : 1.00
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Figure 3. Bader Charge Distribution of anatase-TiO, (101) surface

31



= ~ SCC-DFTB #2 & ##¢ (Henryk Witek )

The self-consistent charge density-functional tight-binding
(SCC-DFTB) method!"™*' is a semiempirical computational
technique that allows for fast and rather reliable determination of
molecular structures, energetics, and vibrational spectra of medium
and large-size molecular systems. It considers explicitly only
valence electrons and therefore, allows for substantially larger size
of eigenvalue problems than standard ab initio methods. The
accuracy of SCC-DFTB is rather striking in comparison with other
related approaches like BLYP/cc-pVDZ or B3LYP/cc-pVDZ; at the
same time the computational effort is reduced substantially even by
a few orders of magnitude. SCC-DFTB and other related
approaches, like DFTB® and spin-polarized SCC-DFTB!", were
applied over the last two decades for simulations of various
chemical and physical properties of large number of molecules and
materials. In particular, they were used for modeling surface
properties and characteristics of crystals and clusters containing
gallium, arsenic, nitrogen, silicon, carbon, boron, and aluminum.
They were also used to study properties of some semiconductors.
Another very important field of applications of SCC-DFTB is the
chemistry of biomolecules. DFTB was used for a number of
publications investigating the dynamics and structure of small
crystalline and amorphous carbon clusters. Another field of
applications of SCC-DFTB is computational spectroscopy. This
method was used to a number of studies investigating the infrared

[21-22]

and Raman spectra of various carbon nanomaterials, starting

from fullerenes and ranging up to assemblies of fullerenes and
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nanotubes. To this end, a dispersion correction was introduced in
the SCC-DFTB formalism allowing for treating weak, long-range
van der Waals interactions.

One of the largest practical drawbacks of SCC-DFTB is its
limited applicability stemming from incomplete set of the
parameter files. The existing parameterization of the SCC-DFTB
method is limited to five elements: carbon, hydrogen, nitrogen,
oxygen, and sulfur. For these elements, there exist a unified set of
Slater-Koster files (that can be treated as a counterpart of electron
basis sets in usual quantum chemistry programs) that allows for
straightforward transferability of SCC-DFTB to a very wide class
of molecules and materials containing those elements. There also
exists a number of scattered Slater-Koster files for other pairs of
elements (including gallium, boron, zine, iron, copper, and a few
others) that have been developed independently from the backbone
CNOHS set and therefore it cannot be combined with the backbone
set in one calculation. The main problem here is lack of
correspondence of various atomic radii and confinement potentials
used in these parameterizations. There is clearly an urgent need for
reliable Slater-Koster files for a majority of elements across the
periodic table of elements. Here, we report progress of our recent
efforts to produce a set of such files.

The parameterization process of the SCC-DFTB method is
divided in a number of stages. The initial stage is solving atomic
DFT problem that would produce atomic densities, atomic
exchange-correlation potentials, and a set of valence orbitals. This

step requires numerical integration of radial atomic Kohn-Sham
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problem. We have chosen to solve a four component
Dirac-Kohn-Sham problem. In relativistic regime, the radial
equation can be reduced to a set of coupled differential equations
for the fand g radial wave functions. A solution to this problem is
sought following Desclaux.”®! We have adapted the classical
program of Desclaux (in practice it meant a complete rewriting the
program due to completely changed standard of FORTRAN
programming); new, more accurate exchange-correlation potentials
replaced the original Xa potential of Slater. The adapted program
was also modified in a large part to allow for employing various
ideas and concepts commonly used in nowadays quantum
chemistry programs. One of such modifications was introducing a
functional representation of calculated potentials and spinors for
functions that in the original code are represented on a numerical
grid. This approach gives us many benefits since it allows for
accurate generation of atomic densities and orbitals without usual
finite basis set limitations.

Next stage of the parameterization process was writing a
program to calculate two-center integrals from the previously
calculated atomic orbitals and corresponding atomic densities.
Currently, this step is not yet completed but should be finished
within the next few months. We have derived all necessary
equations and constructed the main part of the code; however, the
code requires serious enhancements and debugging in order to
ensure correct results. This is a very crucial and error-prone step. It
requires frequent justifications and exact control of the intermediate

quantities in order to avoid numerical and algorithm errors.
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Development of this part of code is the main part of our current
scientific activity.

Next stage of the SCC-DFTB parameterization process is
computing repulsive, two-center core-core potentials. These
potentials are meant to account for the atomic nuclei and core
electron interactions. An assumption of energetic separability of
such interactions is well justified through some theoretical
arguments and through actual calculations; presently employed
form of these interactions—namely sum of two-center potentials
over all possible atomic pairs in a molecule—seems to work
accurately for all tested systems. Usually, such potentials are
obtained from auxiliary DFT calculations performed for a chosen

group of chemicals over a broad range of distances. We have

:
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Fig.1. First derivative of repulsive carbon-carbon potential derived from
experimental equilibrium geometries for a large group of hydrocarbons. Dots
denote experimental data and the line, an analytical fit.

shown that this scheme not necessarily leads to best agreement with
experimental findings. An alternative scheme has been proposed,
where the repulsive potentials are obtained directly from
experimental data. We showed that this new scheme can reproduce

the geometrical and vibrational parameters with better accuracy
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than corresponding DFT results. ** Presently, we are working *!
on unifying the potential optimization approach in a way that
includes also the reaction energetics in the optimization process.
The new scheme described here allows for obtaining much better
accuracy with the SCC-DFTB method and can be in practice
applied to any pair of elements providing that a sufficient
experimental data is provided. For elements where no sufficient
data are available, an alternative approach can be used where the
repulsive potentials are fitted to the results of accurate quantum
chemical calculations employing either multireference CI or
multireference perturbation theory.,

Discussion: Development of full set of Slater-Koster files is
of a great importance for the DFTB community. Presently, a new
set of parameters is developed anew for each research project; this
set 1s meant to reproduce well all the physical and chemical
quantities that a given project is supposed to reproduce. This
paradigm leads very often to a situation where many Slater-Koster
files exist for some pair for elements and there is no clear answer if
they can be used for reproducing other properties. Our project is
meant to yield an universal set of parameters that can be used for
molecular structure calculations and that is supposed to reproduce
well encrgetics, equilibrium structures, and vibrational properties
of molecular systems ranging from small, few atom structures
through clusters to crystalline and amorphous surfaces. The
progress reported 1n present report shows that efforts toward
achieving this aim are already very advanced and we can soon start

producing all necessary sets of Slater-Koster files that can be
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universally transferred to virtually any molecular system.

Resulting publications:
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submitted

2. H. Witek, S. Irle, G. Zheng, B. de Jong, and K. Morokuma,
»Modeling carbon nanostructures with the self-consistent charge
density-functional tight-binding method: Vibrational and
electronic spectra of Cys, Cg, and Cy“, J. Chem. Phys. 125
(2006), in press

3. Ch. Mou and H. Witek, “Modeling internal rotation and bending
potentials using the SCC-DFTB method”, in preparation

4. E. Malolepsza and H. Witek, “Optimal repulsive potentials for
the SCC-DFTB method”, in preparation

5. H. Witek, “Relativistic parameterization of SCC-DFTB method”,
to be submitted to J. Phys. Chem. A

TMIn $27K & #i4b &6 R & (Raghu Putikam and M. C. Lin) :

We have carried out studies on the reactions of In(CH,);
with H,O and H,S with the geometry optimization of all the
reactants, products, transition states, and intermediate molecules in
their ground state configurations using the GO3w program. The
optimizations are carried out on all of the possible reactions
between the Trimethylindium (TMIn) with H,O and H,S by the
B3LYP and MP2 methods. The B3LYP functional consists of

Becke’s three-parameter hybrid exchange functional combined with
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the Lee-Yang-Parr correlation functional. Heat of formation (AH)
for the Indium oxide (InO) and Indium sulfide (InS) are calculated
using the CCSD (T)/Lanl2dz//B3LYP/Lanl2dz level.
1. Reactions of Trimethylindium (CH;);In with H,O:

Trimethyl indium has a planar Cs, symmetry, and the bond
length of In-C is 2.157 A with low-barrier rotation for the methyl
groups. The association reaction of the electron deficient In(CHj;),
and H,O can form two van der Waals complexs, i.c.
[(CH3):In:0H, (R1)] and [(CH;),InCH;:HOH (R2)] as shown in
Figure 1. Complexation with a molecule of water yields a most
stable complex structure, R1, which lies 15.2 kcal/mol and 16.0
kcal/mol below the reactants calculated at the B3LYP/LanL2dz
and MP2/lanl2dz methods respectively. The predicted value is
17.8 keal/mol, by both CCSD(T)//B3LYP and CCSD(T)//MP2
methods. As shown in the Figure 1, water is located with oxygen
pointing towards the In atom in the top and middle of molecule at
a distance of 2.294 A (2.319 A by MP2). The complex has C,
symmetry, and the C-In-C angle has changed from 120° to 118°.
Formation of second complex, R2, is very weak and has only 2.1
kcal/mol binding energy. Hydrogen of water interacts with one of
the CH; of In(CHs); with an H-C bond length of 2.484 A by the
DFT method and 2.615 A by the ab initio method. The geometry
of the In(CH;); fragment in the complex shows very little change
in one of the In-C bond length 2.265 A (compared to isolated
In(CHa,)s).

The decomposition of Rl to the most stable intermediate

(CH3);,InOH and a CH,; molecule requires the transition state
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encrgy at TS1 of around 22.5 kcal/mol (or 4.7 keal/mol above the
reactants). The transition vector is dominated by the motion of
hydrogen, which is 1.160 A from the oxygen and 1.515 A from
the carbon. The In-O bond is almost formed (2.106 A vs 1.906 A
(CH;),InOH). The In-C bond is substantially elongated to 2.412 A
from 2.157 A in (CH;);In. Based on the CCSD (T) LanL2dz
//B3LYP/LanL2dz level potential energy calculation, the
formation of the (CH;),InOH + CHj products are found to be most
exothermic 33.7 kecal. Calculations from the MP2 method also
confirm the result with 33.2 kcal/mol exothermicity. Geometrical
parameter of the (CH;),InOH molecule in terms of bond length
between the In-O is 1.906 A and In-C is 2.147 A. On this surface,
we were unable to locate the transition states for the
decomposition and isomerization of the van der Waals complex
(CH;);InCH;3:HOH (R2).

The decomposition of the (CH;),InOH product to CH;InO +
CH4 requires 73.1 kcal/mol of energy; the decomposition takes
place via the transition state (TS2) with O-H and In-C bond
lengths of 1.323 A and 2.550 A re.spectively. TS2 is very similar
to TSI, located at 30.5 kcal/mol and 33.6 kcal/mol above the
association complex of TMIn + H,O reactants calculated using the
B3LYP/LanL2dz and MP2/Lanl2dz level respectively. The
CCSD(T) energy calculated with both B3LYP and MP2 optimized
geometries essentially the same around 39 kcal/mol. In this
potential energy surface, the reaction channel producing CH;InO
+ 2CH,4 is only 0.4 kcal/mol above the reactants. Further

decomposition of CH;InO produces the doublet radicals of InO
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and CHs. In this process, breaking of CH; from indium requires
46.5 kcal/mol of endothermic energy predicted at
CCSD(T)//B3LYP method. Doublet electronic state of diatomic
In-O bond length is 2.061 A which is longer when compared to
intermediate CH;In-O (bond length of In-O is 1.801 A) radical.

2. Reactions of Trimethylindium (CH3);In with H,S:

In this section, we describe in detail the mechanism for the
analogous H,S reaction along the PES’s and try to underline the
similarities and differences between the two ligands. The
calculated structures of intermediates, transition states and
products of all investigated reactions are given in Figure 3 and
relative energies arc given in Table 1. The potential energy
surface has been studied at the CCSD (T) /LanL2dz //
B3LYP/Lanl2dz level of theory and is presented in Figure 4. The
predicted vibrational frequencies for all these species are
summarized in Table 3. The relative energies are calculated with
respect to the reactants, In(CHj;); + H,S.

The gas-phase association reaction of trimethylindium with
hydrogen sulfide can give rise to two van der Waals complexes,
(CH;z);In:SH; (R3) and (CH;),InCH;:HSH (R4) without intrinsic

- barriers. Formation of the R3 is less exothermic when compared
to R1 and has a value 6.5 kcal/mol below the reactants. First step
in this reaction is sulphur atom interacting with indium of
In{CHa); to give the R3 complex. The bond length of In-S is 3.141
A and 3.134 A calculated at the B3LYP/LanL2dz and
MP2/Lanl2dz levels respectively. The hydrogen bonding energy
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between the CH; -group and a hydrogen atom of the H,S molecule
was found to be 1.3 kcal/mol, which is less exothermic when
compared to analogous H,O complex, 2.1 kcal/mol.

Complex R3, (CH;):In:SH, can decompose to give
(CH;),InSH + CH,4 by a cyclic transition state. This reaction
channel is predicted to have a potential barrier of 23.3 kcal/mol,
which may be compared with the value of 13.7 kcal/mol by
B3LYP and 21.5 kcal/mol by MP2 methods. The exothermicity of
the process is predicted to be 36.0 kcal/mol. The transition state
(TS3) of this channel is nonplanar, and the reaction takes place
with the formation of the In-S bond with a bond length of 2.881 A
and bond between the S-H and C-H is 1.615 A and 1.575 A
respectively. The bond length of In-C elongates from 2.157 A in
TMIn to 2.334 A.The intermediate product (CH;);InSH has the
In-S bond length 2.479 A and In-C bond length 2.139 A according
to the B3LYP methods; these values may be compared with 2.469
A and 2.158 A obtained by the MP2 method. From the
(CH;),InSH, the reaction proceeds by the migration of a hydrogen
atom from S to C to eliminate CH4 and the CH;InS product via
transition state TS4. The barrier height of this reaction is about
53.3 kcal/mol which may be compared with the values 45.9
kcal/mol and 51.4 kcal/mol calculated at B3LYP and MP2
methods respectively. In this PES, the formation of products -
CH;InS + 2CH,; is most exothermic with 36.7 kcal/mol
exothermicity. In the In(CH,); + H,S reaction channel, the two
mtermediate products (CH;),InSH + CH, and CH,InS + 2CH,

have almost same exothermic energy.

41



CH;InS has Cs;y symmetry with the In-S and In-C bond
lengths predicted to be 2.244 A and 2.114 A respectively. Finally
the dissociation of the most stable intermediate CH;InS to doublet
InS and CHj radicals is highly endothermic (49.7 kcal/mol). The
final reaction product of this PES is InS + 2 CH, + CH; which is
around 21.3 kcal/mol above the reactants predicted by B3LYP
method and 13.0 kcal/mol by the CCSD(T)//B3LYP method. Here
the energy difference between the two methods is 8.2 kcal/mol. In
the quartet state of diatomic InS and InO, their bonds are very
long and unstable. The InO and InS molecules have doublet
ground state bond lengths of 2.061 A (2.073 A) and 2.608 A
(2.613 A) respectively calculated by B3LYP (MP2) methods.
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Figure: Potential Energy Surface of H,O and H,S with TMIn reactions.
Relative energies (kcal/mol) calculated using CCSD(T) / LANL2DZ //

B3LYP /LANL2DZ method.
Species Reactions Heat of reaction | Heat of formation (0K)
(0K) AH, A,

H,0 + TMIn reaction:

R1 H,O + TMIn— R1 (TMIa-OH,) | -15.98 -20.13

DMInOH | Rl — DMInOH + CH, -16.50 -20.63

MInO DMinOH — MInO + CH; 33.68 29.04

InO MInO — InO + CHj, 42.12 35.53(88.72,10.72,37.7)
H,S + TMIn reaction:

R3 H,S + TMIn—R3{TMIn-SH,) -5.17 43.60

DMInSH | Ri — DMInSH + CH, -27.81 31.786

MInS DMInSH — MInS + CH, 0.63 48.41

InS MInS — [nS + CH; 45.67 58.45 (57.36)

Table: Heat of reaction and Formation of species (in kcal/mol) predicted at

the CCSD (T)/Lanl2dz//B3LYP/lanl2dz level of theory.

The experimental values are obtained based on the heats of
formation at 0 K for (CH;):In=52.97 Kcal/mol (calculated from
298 K value using vibrational frequencies in this work;
H,0=-57.117 Kcal/mol; H,S=-4.204 Kcal/mol; CH,=-16.0£0.08
Kcal/mol; CH3=35.8610.07 Kcal/mol; Experimental values of InO

and InS are given in parentheses.

B~ LEHEAHEH (J.F.Cho/C.S. Lee /M. C. Lin)
(—) Ethanol to H, conversion efficiency on Rh/CeO,:

CeO; nanocrystals of cube and rod shape have been
synthesized under hydrothermal conditions on controlling the pH,

temperature and duration of reaction. High-resolution transmission
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electron microscopy indicates that exposed crystal planes are {110}
and {100} for rods but {100} for cubes. Figure 1a shows a SEM
image of CeO; nanorods as prepared. The result indicates that most
CeO; nanocrystals exhibit a rod shape with diameter and length in
the ranges 20-30 and 100-200 nm respectively. The inset of Figure
la presents a TEM image and a SAED pattern of a CeQ, nanorod
that reveals interplanar spacing 0.28(1) nm attributed to (200) and
(020) planes, indicating preferred growth in the direction [110].
‘This result and other TEM images indicate that the CeQ, cubes are
enclosed with {110} and {100} planes, consistent with previous
report on the synthesis of CeO, nanorod. The CeO, nanocubes as
obtained had a regular cubic shape with a mean length 40 nm
(Figure 1b). A TEM lattice image taken from a single CeQ, cube
clearly shows interplanar d-spacings 0.27(1) nm, which is near that
of (002) planes of cubic CeO, (inset of Figure 1b). This result
indicates that the CeO, cubes were enclosed with {100} planes.
These nanocrystals have been used in the preparation of a Rh/CeO,
catalyst (5 % mass of Rh) on an Al,O; support to test the catalytic

activity for ethanol reforming,

Figure 1. SEM images of CeO; nanorods (a) and nanocubes (b). The insets are
TEM images and SAED patterns for a single rod and cube sample, respectively.
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With GC-MS we investigated the effect of CeO, morphology
on Hj selectivity (Sw.) in ethanol reforming; the setup is according
to literature. Three catalysts using CeO, nanorods (1), nanacubes (2)
and irregular particles (3) were prepared. Figure 2 presents the
effect of the C/O ratio on the catalytic performance of R/ CeQ,
catalysts 1-3 (5 % mass). The C/O ratio was varied from 0.5 to 1.0.
The results indicate that, for catalysts 1 and 2, Su increased
gradually on increasing C/O to reach the maximum values 124 %
and 122 % at C/O = 0.7, respectively, which are larger than the
maximum Sw, of catalyst 3 (Su. = 116 % at C/O ratio ~ 0.6). The
optimized Sw. for catalyst 3 is consistent with the literature value.,
Su, of 1 decreased from 126 % to 100 % upon altering the C/O ratio
from 0.7 to 1.0, whereas Sk, of 2 decreased sharply from 122 % to
60 %. The rate of conversion of ethanol is hence affected by the
morphology of nanocrystalline CeQO,. The poor -catalytic
performance of 3 is attributed to an even distribution of {111},
{110}, {100} and other surfaces for irregular CeO, nanoparticles,
which have a concentration of {100} and {110} facets smaller than
for CeO, rods and cubes. The effect of CeO, morphology on the
catalytic performance of Rh/CeQO, catalysts might reflect the
surface energy and concentration of active sites on CeO,
nanocrystals. These results indicate that the surface activity of

(100)~(110) 1s greater than for (111) planes of CeQ, crystal.

Figure 2. Hydrogen selectivity as a function of C/O ratio obtained over

Rh/CeO; catalysts 1-3.
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The results indicate that these catalysts as prepared show H,
selectivity superior to catalysts with irregular CeO, nanoparticles.
During the reforming, both the shape of CeO, particles gradually
altered and the activity decreased. The {100}/{110}-dominant
surface structures play a crucial role in enhancing ethanol

reforming; this reaction is important for fuel-cell applications.

(=) Ethanol to H; conversion efficiency on Rh/CeOy:

Several catalysts were prepared to investigate their catalytic
activity for ethanol to hydrogen conversion including A: CuO (bulk,
nanoparticle) doped Al,Os; B: CuO doped amount on Al,O; C:
CuO/ALO; vs. Rh/CuO/AL0;; D: CuO/ALO; vs. CuO/CeQy
Al Os. We_ found catalysts of Rh/CuQ/ Al,03 and CuQ/CeO,/ Al,O,

arc more reactive toward ethanol to hydrogen conversion reaction.

1. Synthesis of Metal oxide nanoparticles:
(1) Synthesis of CeQ; nanorods:
A. Ce(NOs); - 6H,O (1.5g) was dissolved in distilled water, and
proper amounts of 10 %NaOH solution were rapidly added
with stirring at about 200 rpm. After about 15 min of stirring,

all of the slurry (the volume was about 35 ml) was then
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transferred into a 50-ml autoclave.
B. heated at 100°C for 10 h. The final product was collected by
filtration, washed with deionized water.
C. calcined at 350°C for 4 h.
(2) Synthesis of CuO nanoparticles:
A. Cu(NOs3); 100ml add NH3-H,O solution and NaOH to djust
pH 9~10, and then get the precursor Cu(OH),.
B. Heat the precursor at 300°C 5hr.
(3) Synthesis of Cu,0 nanoparticles:
A.0.25ml 0.01M CuSO,+ 9ml XM CTAB (X=0.02, 0.04, 0.06,

0.08, 0.1) + 0.5ml 0.1M sodium ascorbate and heat to 55°C

for Smin.
B. add 0.2ml 0.5M NaOH and keep Temp. for 10min.
C. remove the solution from hot-plate and wait for 30min.

D. centrifugation 6000 rms for 15min and get the product.

2. Catalyst preparation:

Metals were then coated on the supports(Al,O;) using an
aqueous solution of metal salts (Ce(NO;);, Rh(NO;);, Cu(NO3),).
The solution was dripped onto the support repeatedly, allowing
the water to evaporate between applications. The monolith was
then heated at 400°C for 6 h in a closed furnace. A calculated
amount of metal salt was used to ensure a 5 wt% metal loading
based on the mass of the monolith. For the catalysts combining
metal with ceria, ceria was added before the metals, using a
solution of Ce(NOs);, followed by heating for 6 h at 400°C in a

closed furnace.
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3. Results and discussions:

(1) Metal oxide:

S min,
15,0V 13 Smem x T80k SE(M)

Figure 4. CuO nanoparticles SEM image

Table 1. Different concentration of CTAB, and morphology change of Cu,O

Conc. of CTAB Morphology of Cu,O
0.02 M Aggregating particle
0.04 M Aggregating particle
0.06 M Cubic
0.08 M Aggregating particle
0.10M Hollow sphere
0.15M Sphere particle
0.20M Hollow sphere

48



B L P Y. A
e [ 1

# Lar 2 R Ty

O 375 o 5, ¥ iy
\ “ ', 4‘:‘ y k, %
y ks
s' A My R 5

oy b o™

i

15 0V 15 3mm x20 0k SE(M

Fig.5(a)0.02M (b)0.04(c)0.06 M(d)0.08M(c)0.1 M(f)0.15M
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(2) Catalysts:

Catalysts

Standard | Schmidt’s catalyst : Rh/CeOy/Al,O;3

A CuO (bulk, nanoparticle) doped Al,O3

B. CuO doped amount on Al;O;
C. CuO/Al,O;5 vs. Rh/CuO/AlLO;
D. CuO/AL,05 vs. CuQ/CeQ4/ AlLO5

A. bulk CuO nanoparticles don’t dope on Al,O; well, and no

hydrogen signal.
B. We found catalysts of Rh/CuO/ Al,O; and CuG/CeOy/ Al,Oy

are more reactive toward ethanol to hydrogen conversion

reaction.

4. Future plan:
(1) Determine Cu, Au, or Ag/CuO H, Selectivity.
(2) Add y-Al,0; and different % ZnO, test H; selectivity.
(3) Use Mteal oxide / TiO, replace Metal oxide / AlO; and

compare two catalyst H; selectivity effect.
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