[«Bizem/a fRHs 3835 mz Fawa)
[ Quatum Simulations of Solar Energy and Ethanol to Hydrogen

Conversion Processes with Experimental Validations ]

334 %h%h 1 952001 INER 028
XEEPHOAE) R~ F
RIS kPR

PR R AR D) MR
B 7 35 0 03-5731696

E-mail address : chemmcl@emory.edu

JFL pHp 95127 1p



e R R Y e T A St S (A M

EHFRERE - FARGLTARFENTA BRE: L fln

< AR e B A InN/TIO, + B ie 7% en® it 42 InN 2 TiO,
2 A" B3 B2 it YT 2 2 LGB %% L D.
Schmidt 7 Rh/CeO, ¢ figi&dt 2 F ORI A M o TRy FIR

o Fhfhk & o % o Schmidt (W RWCeO, %5 % ¢ % 2
BB ok

AP AERRNCO, 2 FHheFhLE e 23 2y CeO,

\.
Tt
ot 2

3
o
TH
5\3\1
Mig
‘7‘_
34
™
E N
hpaa)
|

(o)
E
o
[E—
Pr—
¥,
N
=%

FEVALZ a0l e lmiEL AR R REAA G E

ARy o2, 384 TiO, # ¢ = 'ihit T E B4 - 3. # B
SCC-DFTB i * *t ¢ fpfk & 2 & F BL/TIO, > & chx J|3+ 5 -

e mEs 2ot o S AR AT R kg T (COHHO

— CO, +Hy) & RW/CeO, + ek s 4]2 i £ - 4 27 ¢ &

Rh/CeO,/ZrO, it &+ erwx ¥t 2 & f% > e 7> CuO/ALO; ¥ 2 fRig 3

T (TS AEE Y o
B3 8/TIO, & shdnt 8> £ & % £ 5 (InN)/TiO, 2 (Si)y TiO,

AELaT g o £ 3 Bhen A B TIOF et e o ¢ B 24

& SCC-DFTB 4258 e B > P 94 § (47 et B > i B2t eh
A BT EE A BEY VASP 2 CASTEP ¢k {84 A 4 3 3%



K}% K ._" Ei“‘:’ﬁ;‘l'-?-; S IH(CH3)3-';’E’ HN3 ‘NH3 ‘H02 5 st E’ﬁ;:f.f #B
FRHZ a2 2822 )t 475F & 2 InN - InOy 2

InS, ik F B -



Abstract

This is the report for the second of the 3-year research project
on the computational and experimental studies of the InN/Ti0O, 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/Ti0,; 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/CeO,
catalytic conversion data have been fully duplicated with up to 115%
conversion from autothermal oxidation with mixtures of C,HsOH and
H,0. 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/CeQO,

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,O) 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,-ZrO, and CuO/Al,O; have been done.

For the QD/Ti0O, related calculations, focus has been made on
(InN),/TiO, (n=1-3) and (Si1),/ 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 T1, B, Cl, Si, ....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(CH3;); with HN3, NH;, HO, and H,S in the gas phase. These reactions
may take place in the OMCVD of the corresponding QDs.





