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Noi dung

1. G161 thi€u vé mon hoc

2. Cac van dé xu Iy nudc 6 nhiém hiru
co va xu ly khi

3. Phan ting quang xuc tac

4. Céc yéu t6 anh huong dén kha ning
quang xuc tac

5. Cac vat li€u quang xuc tac mo1
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NS AW

PE CUONG MON HOC

VAT LIEU QUANG XUC TAC

THONG TIN CHUNG

Tén mon hoc tiéng Viét : VAT LIEU QUANG XUC TAC

Tén mon hoc tiéng Anh : PHOTO-CATALYTIC MATERIALS

M3 s6 moén hoc: KVL347

Thudc khoéi kién thire (dai cwong / co s nganh / chuyén nganh):

La hoc phan: [{. Bat buéc:  B. Tu chon dinh huéng; C. Tu chon tir do
Tén giang vién: Pham Van Viét

S0 tin chi:

7.1. So tiét Iy thuyét: 22.5
7.2. So tiét bai tap: 15
7.3. S6 tiét tir hoc

Cac mon hoc tién quyet: Co so Khoa hoe Chat ran (KVL104): Luong tir hoe (KVL103).
Vat liéu kim loai., ban dan va dién moi (KVL105)
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010

Background — Why hydrogen?

=Clean — no greenhouse gases
"Energy security — can be produced
from abundant sources

="Economic growth

sEfficient — fuel cells ~75% efficiency
=Portable: Car tanks, micro fuel
cells...

Honda FCX Clarity
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010

Problem

=Need to build up
infrastructure

=Safety concerns
=Production today — 95%
from natural gas which is
not renewable and
produces CO, as a
byproduct

mSolution — Split water

with renewable energy
sources
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* Hoa hoc
* Str dung carbon hoat tinh
e Xur ly Clo hoa
* Su dung tia UV hoac O,
e Sinh hoc
» Dung vi khuan dé phan huy hop chat ban
e Su 6xi hoa ctia cic hoa chat
 Co hoc
. Léng can
* Loc béng cat hoac cac vat liéu tuong tu

Str dung cong nghé nano
=> cac mang loc nano hoic dung vt liéu nano xir Iy chat ban trong
nwoc

7
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Phan rng quang xuc tac va cac yéu to anh huwong

Phan (g quang xtc tac 1a mot qué trinh bao gom nhiéu budc.

CATALYST reaction
make radical hydroxyl (OH") and

radical O, with very strong
Oxidation POWER
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010

Photocatalyst material requirements

="Band gap: Band gap>1.23eV
and sufficiently small to make
efficient use of solar spectrum
(~<3eV). Band levels suitable
for water splitting.

=High Crystallinity: Defects can
act as recombination sites.

=Long term stability: Charge

transfer used for water splitting
and not corrosion.
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Domen et al. New Non-Oxide Photocatalysts Designed for
Overall Water Splitting under Visible Light. J. Phys. Chem.
2007

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Phan rng quang xuc tac va cac yéu to anh huwong

Téi hop e - h

gelive Quang B& mit -
cchyd;oxyln X‘lflc téc kiCh thlIOC

Két tinh —

Pha tinh thé
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010

Process

H,0->2H,+0,

sStep 1: Photon with energy
above 1.23eV (A<~1000 nm) is
absorbed.

=Step 2: Photoexcited electrons
and holes separate and migrate
to surface.

=Step 3: Adsorbed species

(water) is reduced and oxidized
by the electrons and holes.
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Domen et al. New Non-Oxide Photocatalysts Designed for
Overall Water Splitting under Visible Light. J. Phys. Chem.
2007
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010
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aTi%: Ti0,, SrTiO,, K,La,Ti;O,,
nZr#*: ZrO,
sNbS*: K,Nb.O,-, Sr,Nb,O,

=Ta>*: ATaO;(A=Li, Na, K), BaTa,O,
=W6*: AMWO, (A=Rb, Cs; M=Nb, Ta)
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Domen et al. New Non-Oxide
Photocatalysts Designed for Overall
Water Splitting under Visible Light.
J. Phys. Chem. 2007
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010

d? and d1° metal oxides

d° d1o

+ +

=l ayered perovskites with reaction =Conduction band with disperse s
sites between the layers. For and p orbitals gives higher mobility.

example: K,La,Ti;0,,, K,Nb,O-,

ATaO,4(A=Li, Na,

K)

=Still usually a large band gap

=Band gap between 0% and d°

usually too big.
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Fig. 3. Schematic structure of A[M,_Nb,Os, 1] (r=3)
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010

Solution 1: Introduce Nitrogen

Ta5d (+ N2p)
——y
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Metal-oxide Metal-(oxy)nitride
(NaTaO,) (BaTaO,N)

Domen et al. New Non-Oxide Photocatalysts Designed for Overall Water
Splitting under Visible Light. J. Phys. Chem. 2007

*N replaces O in certain positions, providing a
smaller band gap.

=Currently problems with getting the nitrogen
there without too many defects.

=Oxygen free options: Ta;N;, Ge;N,
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010

Solution 2: Introduce Sulfur

Sm,Ti,S,0;, Ruddlesden-
Popper layered perovskite

»Introduce higher S3p

-s

bands A Yol YooV AV
_ B_E_E_E)

*Band gap: 2.1 eV (A= PRADAD
Soonr) RS
=Stable during Foa Voa V aeV ge

L WL qP.
I ava eva sva

photocatalysis
=Still only 1.1% quantum
efficiency

(A)

Domen et al. Novel Synthesis and PhotoCatalytic Activity of Oxysulfide
Sm,Ti,S,05. Chem Mater. 2007
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010

d19 (oxy)nitrides

*GaN-Zn0O (Ga,_Zn,)-(N,,0O,) |

SOIid SOIUtion W|th RU02 0 ?o Domen et al. Overall Water Splitting on (Ga1-

. Tty Znx)(N1-xOx) Solid Solution Photocatalyst:
nanoparthIGS GaEn )I(?elationship between Physical Properties and
- H H i Photocatalytic Activity. J. Phys. Chem. 2005

Waurtzite structure with similar .
lattice parameters T T hNo
»Band interactions give smaller
banq gap than for the individual onn]  [Gwmw] [Cews
semiconductors. =t i, [..
»Bandgap 2.4-2.8 eV ey i
VB ¥ Tl mep pr
=Similar material: ZnGeN,-ZnO NZp 030, O2p o
GaN (Gay (N0, (Bay Zm )Ny O
with x = 0.05 with x = 0.22
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Table 1 Oxide photocatalysts based on d” metal ions for water splitting under UUY irradiation

Activity/pmol h™'

Light Reactant Ref.
Photocata lyst Crystal structure BGjeV  Co-catalyst source” solution H- [ 0% (%) (Year)
Ti photocatalysts
Ti Anatase 2 Rh Hg-Q Water vapor 449 29 43 (1985)
T, Anatase 32 NiQ, Hg-P 3 M NaOH f 2 54 (1987)
T, Anatase 32 Pt Hg-Q 22M 568 287 35 (1997)
Nﬂ.j'[ﬂg
Ti Anatase iz Pt Heg-Q Pure water 106 33 00 1995)
B/Ti oxide Anatase iz Pt Heg-Q Pure water el 11 3T (1998)
CaTiOy Perovskite s NiQ, Hg-Q 0.2 M NaOH 30 17 38 (2002)
SrTi0; Perovskite 32 NiQ, Hg-P 5 M NaOH 40 19 46, 59-63
(1980)
SrTid; Perovskite iz Eh Hg-Xe-P Pure water 27 14 42 43, 64
(1980)
Sr3Ti0, Layered perovskite 3.2 M0, Heg-Q Pure water 144 72 65 (2006)
Sraliz0 g Layered perovskite 3.2 M0, Heg-Q Pure water 170 4.5 (at 360 nm) 66 (2002)
K:LaaTiz0yg Layered perovskite 34-335 NiO, Heg-Q 01 M EOH 2186 1131 67, 6B
(1997)
R baLa-Tiz Oy, Layered perovskite 34-335 NiO, Hg-Q 01 M EBDH 269 430 5 (at 330 mm)y 67 (1997)
CsalasTigOy g Layered perovskite 34-335 NiO, Hg-Q Pure water TO0 340 6T (1997)
Csla-TiMbO Layered perovskite 34-335 NiO, Hg-Q Pure water 115 30 6T (1997)
LasTi0, Layered perovskite M, Hg-Q Pure water 442 6O (2005)
La;Tiy0y Layered perovskite M, Hg-Q Pure water 386 6O (2005)
La;Tiz0y Layered perovskite 3.8 M, Hg-Q Pure water 441 12 (=360 nm) 69-T8
(19949)
LasTiv0:Ba Layered perovskite M, Hg-Q Pure water 000 30 GO (2005)
KalaZr, 3 Tig704 Layered perovskite  3.91 M, Hg-Q Pure water 230 116 12.5 79 (2003)
LaCaTiO,, Layered perovskite 3.8 NiO, Hg-Q Pure water 499 20 (<320 nm) 70 (1999)
KTiNb(; Layered structure i6 Ni(, Hg-Q Pure water 30 10 RO (1999)
MNaaTiz0 5 Tunnel structure Ru(- Xe-() Pure water 7.3 i5 B1-84
(1990)
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New Materials for Photocatalytic Water Splitting,
Fredrik Skullman, MATRL 286G, 05/26/2010

Conclusions

=Clean, cell-free hydrogen 3 .
production possible - atinum nanoclusters
=State of the art: A few vl 4 F ) —
percent quantum efficiency S :

»Plenty of room for
improvements scon AsCres
= arge area and a lot of

catalysts needed—

expensive

=Other water splitting

options currently far more

efficient

i* Cytochrome c,
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Bruce et al. Self-organized
photosynthetic nanoparticle for cell-
free hydrogen production. Nature
Nanotechnology. 2009
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