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Motivation: It's Imaginable

Solar Energy Potential
US energy consumption ~ 3 x 1012 Watts
200 W/m2 @10% efficiency — 390 km x 390 km area
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Reactor

< Br- uninhibited oxidation
«* Br, is valuable

« Simple, low cost and easily modeled
« *Night time chemistries if necessal

%I_ﬁ HBr in




H,S + 20H™ =87~ + 2 H,0

jor H,S + OH™ = HS~ + H,0)
2¢” +2H,0=H,+20H"

$ mB0+2e”

A LINKOUS @ o

Fig. 1. Schematic of generabzed scheme for light-drives H .5 decomposition using as immobsleed photocatalys)
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jlals “Issues”

Bulk
Particulates

h+

ve and Durable
Juctor Materials
400km =>~105m3 + Lots of it!

als must be inexpensive
se -> ROCKS (metal oxides)
eactor/materials must be
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Inductive Approaches to Materials Discovery and Optimization

Countless Unseen Details Are Often the Difference
Between Mediocre and Magnificent

".if our black and nervous civilization, based on coal, shall be
followed by a quieter civilization based on the utilization of solar
energy, that will net be harmful te pregress and te human

happiness.” G. Ciamician, Science 1912
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bce Plato, Socrates - Inductio

) Sir Francis Bacon

)'s Thomas Edison (G.E.)

) Ciamician (photocatalysis)

)'s Dupont, 1BM, and Sarnoff La

Joe Hanak Phys. Lett. 30A 201-

Sawatzky and Kay, 1BM Report
ilang et al Science

16



Generalized Electrosynthesis Chemistries

Aqueous: M* 2 MC

1. MO Deposition
electrode: 2 H,0 + 2 e
M" (ligand)] + n(OH ),
ligands (acidic) = perox

MO+2H +2e” (basic) = lactat
MO ethyle

2. Dehydration/Anneal

M(OH), > MO, +"

Non-Agueous: M*
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Photocatalyst Screening

EE

uv
1 Cut-off
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oelectrochemical characterization of each
library under computer control.
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Zinc Oxide Photocatalyst Host

As-deposited
After calcination 300 deg. C, 2 hrs

metal hydroxide does not take place.
Sition temperature — improved crystallinity.
ylsulfoxide (DMSO) boils at 189°C)

e transparent films with very low
n of defects.

ition of ZnO in DMSO

on :
Cl, or Zn(NO,), + dissolved O, .,
+2e- > ZnO

Ag/AgCl reference
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Problem #1: Improve visible band absorption (doping)

D E F G
5% 10% 15% 20%

SO (saturated O,)
-reference (-1.0 vs. Ag/AgCl)
osition onto 1TO-coated glass

Average Average Excellent

Poor Poor
rations (typically Excellent Poor
OmM in solution) Poor Poor

Poor Poor

Poor Poor

Good Good Average

Average Average Good

Poor Poor

Excellent Excellent Average

Poor Average

Very Poor Very Poor

ZnO showed
mise for visible E— Poa
ThUS, the ne?(t Excellent Excellent Average

explore this Poor Poor

Poor Poor

2 menge | A | Gow |
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trochemical Deposition System (RSEDS)
12 array) 27 dlfferent Zn:Co ratlos w1th 4 replicates each.
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(a)

as determined by the ratio of integrated peak areas ass
rmalizing areas with Scofield sensitivity factors. Graj
in the films to Zn:Co ratios in the electrochemical dep:
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(©)

Binding Energy & FWHM

Assignments

780.9 eV (3.1)
786.4 eV (5.7)

Co?* multiplet splitti
Co?* shake-up satell

796.8 eV (3.2)
802.4 eV (5.9)

Co?* multiplet splitti
Co?* shake-up satell
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c:ci c
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3.2eV £
7,
(4) ‘t-
VB ¥ ——

chiometries are well-controlled with Co mol-% < 7 %

dominant valency of cobalt
ite structure is observed by XRD: No evidence of Ro

0304 or ZnCo204
n is formed, with Co(ll) most-likely substituting Zn(
n band edge changes negligibly as a function of co

alt range under exploration (< 7%).
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electrolytes

romic ([Cat+])

CBM

y Temperature(°C)

Current Density (mA/cm?)

rrrrr B As Synthesized

rrrrr @ 100°C annealed

A 200°C annealed

-4 400°C annealed
B

Voltage VS S
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WO, libraries doped with transition metals
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Tungsten-Molybdenum Mixed Oxides

ﬁﬁ'
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Formation of isolated nuclei
Growth to larger particles
Coalescence of larger particles
Formation of a linked network
Formation of a continuous deposit

Voltage (v)
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Electrodeposition of nanocrystalline WO, by pulsed deposition

Omsec T, =100msec T e

Film prepared by continuous met| —— Normal WO, on ITO
[ ——Nano WO, onITO
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ssful electrosynthesis of WO

actrodeposited Mo substitution prese
table monoclinic phase to high conce
=> metastable materials are useful.

PC !
reased cation intercalation
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>

Intansity (a.u.)

trolyte.

Sample 1- FeCl3
Sample 2-FeCl3-doped Ti
95 °C, 22hr growth

FeCly-Doped Ti was unsuccess
->Can we use electrochemistry 2
Methods together??

Film Characterization by XPS

(B)

(@

Intansity (a.u.)

Intwnaity (.u)

" Binding Energy (eV]
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photocurrent was measured under UV-vis and vis-only r.
. ——Zn doped Fe |

WISIBLE LICHT UNSMWASIBLE LIGHT

mz)

Photocurrent (pa/c

Time {a.u.)

om iron oxide doped with Zn (30%) deposited by spray pyrolysis (~ 1 W/c

PO-Sol Gel PVP- Sol Gel

e of control based on
d solvent evaporation

limitations (>1 um) on
ocessing step

stry method

e compared to other

inimal investment
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—— Control Sample
5% Ti
——10% Ti

Absorption

-0.10 T T T T T T T
400 450 500 550 600 650 700 750 800

Wavelenght (nm)

-Photoelectrochemical Performance

10% Ti doping
0.5M K2S04 ph 4.5 0.5M K2504 ph 4.5

Control Sample
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——Fe,0,2%Al
#-FTO substrate
H=a-Fe,0,

Intensity (a.u.)

0.5 MK2SO45mM Pyrogallol pH 45

L}
I
e 2 o ¢ ¢ |

s BEEBUSBEE
Normalized Response

Photo current (UA cm? um™)
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TiO2 <1

rrent (Y
n
8
S

Type Type Improved Improved Best

Dopant Expected Obtained CT!? Comp.

Ti N Yes X=0.05-0.09

Al Yes X=0.04-0.075

Ca No

Li No

No

No

No
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——900°C 80nm
———500°C 37nm
~——350°C 36nm
250 °C 32nm

h(202) h(116)

h(214) h(300)
(113) h(1,0,10)
h(}ZZ) h(208) L

— Quartz/Ti/P/PVPC-4/500C
—— Quartz/Ti/P/PVPC-4/700C
— Quartz/Ti/Pt/PVPC-4/900C

Current Density (mA cm®)

T T T T T T T T
-06 -04 -02 00 02 04 06 08

Voltage vs Ag/AgCl

0.5M NaOH 400nm-1000nm 500 mW/cm?2

1.0

Intensity (a.u)

h(012)

Samples calcine
have the best p
samples calcine
show Fe;Ti;0;,
renders the pho
inactive.
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—=—800 mV vs Ag/AgCI
—8— 600 mV vs Ag/AgCI
20060802_PVPC-4-3 700C_Q/Pt_0.1M NaOH

~1.7%
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E(%) = =
QE(%) #photons  e;1,(4)

#electrons _ J,(4) ;0

Efficiency (%) =

Current Denisty (UA cm?)

0

520 % increment

J —— PVP3W3-NaOH-G
1 —— PVP3W3-NaOH
52 uA

j,(1.23—Eapp)
I

*100
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ia. PCl; + hv - radical chlorination

H

H H

ated via. CHLi

position
ally

o defects in CH, termination*

0 be confined to defects
on first, followed by methylation

passivation
el Process (SSP)™
of virtually any metal oxide with monolayer control
uires OH — terminated surface /
active deposition on Si vs. NP surface OH-termination
ganic passivation layer for long term stability
assivation

Active NP sit

ill determine the eventual success of PEC in the

r.

suitable materials or forms have been identified

H,0> H,+0,

H.C.O, = H,+CO,

HBr = H, +Br,

HXy, D> Hy+Y 2
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