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A Study of Photocatalytic Decomposition of Methyl
Orange over Perovskite-type Oxides

under Visible Light Irradiation

Man Woo Ha

Abstract

Photocatalytic .decomposition of methyl orange over various
catalysts has been investigated. The catalysts have been prepared by
malic acid method and microwave irradiation method. These catalysts
were characterized by XRD, BET, TG/DTA, TEM, DRS and XPS in
order to determine the properties of various catalysts. In addition,
their catalytic. activity on photocatalytic decomposition reaction in
the presence of oxygen was also examined in - terms of different
catalyst composition and- synthesis -method and the following

conclusions are drawn.

In this study, we have investigated the photocatalytic activity for
the decomposition of methyl orange on the LaCoQOs perovskite-type
oxides prepared at different conditions using malic acid method.
From the results of UV -Vis DRS, it was found that all the

catalysts have the similar absorption spectrum up to visible region.

- viii -



The LaCoOs catalyst prepared with 1.5mol of malic acid shows
higher activity than LaFeOs and LaMnOs; The extent of photo
absorption in the visible region is correlated with the photocatalytic
activity. In addition, the chemisorbed oxygen plays an important role
on the photocatalytic decomposition of methyl orange and the higher
the contents of chemisorbed oxygen, the better the performance of

photocatalyst.

We have investigated the photocatalytic-. activity for the
decomposition .of methyl orange on the LaCoOs" perovskite-type
oxides prepared at different conditions wusing microwave process. In
the case of LaCoQOs catalysts calcined above 500C, the formation of
the perovskite crystalline phase was confirmed. From the results of
UV - Vis DRS, it was revealed that all the catalysts have the similar
absorption spectrum: up to visible region. Thé chemisorbed oxygen
plays an important-role on the  photocatalytic decomposition of
methyl orange and the higher the contents of chemisorbed oxygen,

the better the performance of photocatalyst.

Nanosized lead-substituted perovskite type oxides, La1-xPbxCoOs,
were successfully synthesized using microwave-assisted method and
characterized by TG/DTA, XRD, XPS, TEM and DRS. We have also
investigated the photocatalytic activity for the decomposition of

methyl orange on these oxides. From the results of UV - Vis DRS, it

_iX_



was found that all the catalysts have the similar absorption spectrum
up to visible region and the absorption band moves to the higher
wavelength on the lead-substituted LaCoOs perovskite oxides
compared to the lead-free LaCoQOsz oxide. From XPS results, it was
found that chemisorbed oxygen plays an important role on the
photocatalytic decomposition of methyl orange and the higher the
contents of chemisorbed oxygen, the better performance of

photocatalyst.
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Figure 2-1. Schematic illustration of photocatalytic reaction mechanism.



Table 2-1. Photocatalyst’s Various application areas

Basic filed

Primary effect

Practical examples

Air cleaning

*Deodorization
*VOCelimination
*Noxelimination

*Aircleaners,airconditioning
*Roadasphalt,crosswalkbrick
*Blinds,curtains,wallpaper

Water cleaning

+Eliminationofharmfulsubstanc
es
*eliminationofpersistentbiologi
calsubstances

«*Watercleaningdevicesforpools,ho
tsprings,etc.
«Nutrientsolutioncleaningsystems
forhydroponicagriculture
«Watercleaningdevicesforrivers,la

+Killingbacteria kes,efe.
i i tKillingviruses *Operatingrooms,interiorsofhospit
?nalg?:z%f g;lsal and *Sterilizationandantibacteriala .| alwards,etc. (wallsandFloors)
Sggilization ction *Catheters

*Moldprevention

*clothingsuchasuniforms,masks

Anti-soiling,
antifogging
applications

*Qilcontaminationelimination
*Preventionoffogging
x*Self-cleaning

*Exteriorsofbuildings,homes,etc.(
tileandpaint)
*Tentfilms,windowglass
x*sidemirrorsforautomobiles
x*Soundbarriers,tunnellightingcov
erglass
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Table 2-2. Comparison of Photocatalysis with Thermal Catalysis

Thermal catalysis Photocatalysis
(Metal or metal oxide) (Semiconductor)
Input energy KT hv
Free energy change AG<0 Even AG>0 is possible

Enhancement of reaction| Generation of electrons
rate or change of and holes by excitation

Main factors reaction path| through of photocatalyst and

interaction with catalyst | their electron transfer

surface reaction

_‘]0_



Table 2-3. Energy of an einstein of photons vs wavelength

E
Domain Anm] As™] Vlem™]

[kJ-mol '] [eV]
y-rays 10° 3.0x10% 10 1.2x10° 1.3 x10°
< 10! 3.0x10' 108 1.2x10° 1.3 x10*

—rays
Y 30 10 333333 3984.8 41.3
200 1.5x10" 50000 597.7 6.2
Uy 250 1.2x10" 40000 478.2 5.0
300 1% 33333 398.4 4.1
350 8.7x10™ 28571 341.5 35
400 25 10 25000 2908.9 3.1
450 6.06x10™ | 122222 265.4 2.8
500 6.0x10" 20000 239.1 25
Visible 550 5.4x10" 18182 217.4 2.3
600 5.0x10™ 16666 199.4 2.1
650 46x10" 15385 183.9 19
700 4.2x10" 14286 170.9 1.8
1000 3:0%10' 10000 119.5 1.2
IR 5000 6.0x10% 2000 28.8 25 x10°!
10* 3.0x10% 100 12.0 1.3 x10!
A 107 3.0x10" 1 1.2x10°? 1.3 x10™*
1CT
crowaves 10° 3.0x10° 102 12x102 | 1.3 x10°
Radio waves 101 3.0x10° 10 1.2x10°° 1.3 x10°®
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10 *
A

E= NO%: 1197 X [kJ/mole] or [kJ/einstenin]

o714 Ny = Avogadro’s number

olg A FFE dYAE= YAUE u(valance band)ol A A E=u](conduction
band)Z AA}7F o]7] @t o]HA A7]H HAA=E eSS dod F s W
Fo dUYAE At} olg A 5= A A= 3ANESS d oY)

o] Zol s A= Aol ofsf Abs; wkgo] dojut
K

& 55 (space charge region)o] HAFth[23] o] #2 HH§S2 FFvjr}

=dd &doAH & dejusd dojus BEeo] FR= | Table 2-49

olg} 2 AAS Tl AAHE DAY AT(h)= A S T & UL

(Aaas)” + (Bags) — A&
(2) A7 W3}

h™ + A2 — (A3

(AR —>AAEE A&
(3) AArel dgo AAd

h" + e — 4oy XA
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Table 2-4. Standard electrode potentials of some reaction involving water

and it s fragment in aqueous solutions

No Reaction E° (V) AG 99 (kcal/mole )
1 e =€ -2.7 62

2 H =1/2H; + € -2.251 51.9
3 H- = H + ¢ -2.106 48.61
4 0 = 0% + e -1.8 42

5 H =H + 2¢ -1.125 51.93
6 HOZ_ + 1/2H2 = HzOz + e -1.0 23

7 20H + H,; = 2H,0 .+ 2e -0.828 19.1
8 0Oy =0y + € -0.32 7.4

9 HOz-= 0, +H + e -0.13 3.0
10 Hy = 2H" + 2e 0.000 0.0
11 O:(g) + HO = Oy +2H" + 2e” 0.037 1.7
12 HO; = O3 + H" + 2e; 0.338 15.6
13 20H" ='H;0 +1/20, + 2e” 0.401 18.5
14 HzOz = Oz + 2H" + 2e” 0.682 315
15 OH + H)O = HyO, + H' + e 0.72 17
16 2H,0 =0, + 4H" + 4e 1.228 113.4
17 Oy + 20H = O3 + H,O + 2¢° 1 P 57.2
18 HzOz = HOZ + H* + 2¢° 1.5 35
19 3H,;0 = O3 +-6H -+ 6e 1.511 209.3
20 OH + H,O = HO," +2H" +2e" 1:706 78.76
21 2H,0 = Hy,0y + 2H" +.2¢7 1.776 81.72
22 OH = OH- +e” 2.02 46.6
23 Oy + HyO = O3 + 2H" + 2e” 2.076 95.56
24 Hy=H- + H + e 2.106 48.61
25 H,O = 0-(g) + 2H" + 2¢” 2.421 111.7
26 H,O=OH- + H + e 2.8 65
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Figure 2-4. Thermodynamic constrains for interfacial electron

transfer at illuminated semiconductor surface.
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Figure 2-5. Structure of provskite.
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Figure 2-6. High pressure.phases of ABO; compounds (A=Ni, Mg, Co, Zn,
Fe and Mn; B=Si, Ge and Ti) on the Ro-Rg plane (R : inoic radius in

sixfold coordination) with their stability ranges at ca. 1000°C.[48, 49]
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Table 2-5. Microwave frequency range(GHz) [104-106]

Designation Frequency Range (GHz)
HF 0.003-0.030
UHF 0.030-0.300
VHF 0:300-1.000

I band 1.000-2.000

S band 2.000-4.000

C bhand 4.000-8.000

X band 8.000-12.000
Ku 12.000-18.000

K 18.000-27.000

Ka 27.000-40.000
Millimeter 40.000-300.000

Sub-millimeter >300.000
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Figure 2-7. Behavior of microwave in the material:(A) transparent
(nonpolar polymer, low-loss insulator and ceramics), (B) reflect(conductor
polymer, metal and conductor materials), (C) absorber (polarpolymer,
dielectric ceramics, FeO, ZrO,, SiC etc.) and (D) selective absorber (matrix

= Jow loss materials and fiber/particles/additives=absorbing materials).
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Figure 2-8. Polarization mechanism by microwave heating: (a) electron
polarization, (b) atomic polarization, (c) orientation polarization and (d)

space charge polarization

_37_



Radio

MlGl‘DWVB
ntrored. i ipie-uy
P ‘\
= |3
r— \
5
N Winterfacial
| . e
SO
@]
a

crystal as a

function of electric f1eli frequency. [110]

%[ﬂﬁd@

_38_



L9 wE AEo] Jheetth o]yd TR AT AR §7] AEY dXER
of eJEetA &7] wiitel 7hee Ao, I Ax A3 e o2 A
=2 #Z83E E24S A% A 7Y (superheating) ¥ttt o] 2 21le] wlo]=
23t udd gHrp BAEA "ok {FU)HSel A vdAd gE 58
of ogh A EAe] v d FE 3o FUFE Qg dE
T @43 YA AR WgEHEr TSt B E gl
nfol A muke] HlAA FI= ofgol Folxl A A@)d o 2" & <+
A

k = A exp(-G /RT) (1)

AG =AH -TAS (2)

o971A, ki WMEEE, AR A4, AGE| BAF ouX, Re 7IAAS, T
L ASE AERAE grhuch e SEe FhE A
o F7h EE aGe gaE gndn Helarae s A Y BA
Eo 3BS FAER 35 AL FAEAL BAAES AsHoR ¥

A7 2R TASTo| St sy AG7H FAHT.

2.35. Aol ZEH A

stegbgol A REg Aol wel TS 912 7F Wsk= Hammond 7HAE[111]
E 2 sto] whg dAle WA= mlolaRm s FEY F Ak Fox
Figure 2-10¢} Figure 2-11°14 & 4 1ol wkef vre &3} o1x|7} o
TE = shetukgo] Ag-el= TS=GSe xxlo] H7| witel etutgo] g
He= B TolA TS GS Ateloll A SA o] 2w Wz 3kekRkgo] 3

_39_



AG. 1

AG,T < AG?

Figure 2-10. Relative stabilization of more polar TS than GS.

_40_

AG

=

MW



TS
I AGH
GS

(a) GS (b}

Figure 2-11. ‘The position of the transition state along the reaction

coordinates

_41_



‘umo
o
ol
e
or

G

)

14

)

o] Al v

F

%

nfo) 21 2 3}

g ol

=

34 o
EERER

-

1

ol

]

]

S
i

A] gt} [110]

LOEEE L

=

T

2.3.6. &9 FFol

3} whola

A5

=]
LY

3

=4
=

i

.
fite)

il

2 ool
tetrachloride,
& ol A =

o<

A

T
3

L=3
L
=

=
5

CENECE!
carbon

toluene,
npol 7 a7}

=

=

o

-

&l

(Xylene,
o) A

=
=i
o
k-3

=]
i

Sl
S}

T, TR = s)
&7

3
e

S

CRIERN LTS
w5

AL

=

URECE ]

-

1

F&-E ol

R

& =oH111-113].
hydrocarbons)

=]

Gl

il

)

il

olo

%

=3

L
=

=

=

7}

3

EREREEE!

=

el

=

=

nfo) 21 2 3}

o

o

)

—
fite)

el

A3t 3}

=25
=

Al ol

=25
=

F7F a4

_42_



Solth[113]

h
oo

1|

&

2.37. ulo] A2 ¢ o]

o
Elacy

Kige:

7]

(]
T

2.3.7.1.

—r

<a
¢+
|

)

&2 Ay~

s

g mpeba vlolazs

1L
=3

AlZro 2

o
Uk

g

, AR ES A AN

j
a-

g

s

il

oA 4

N

™

o)
=S

3} A

M

= 8 "rh[114~115]

2.3.7.2. Green Chemistry

, 214171

9 Aok RO

Green chemistryz}

=
=

o ¢loIA green chemistry,

3t
5)

33t

Z| 8

[e)
T

foFrt SRt

9|

R

402 A

3|
A

el

o

)

ﬁo
B

ol =1

st

o

o]

K

)

™,
fite)

ol
olo

a
el

Ton

ol
Hlo

vl
=

Jk-g- vl A

w

312 &3

B A

KeX
=

ﬁo

e

A afel

o

+
g

s

=}
o
ToR

p—

0

o

°o]-§3

71 &=

[e)
IT

A s el

37

A7 HE T

=
=

o] ®-golitt. i

A

a7k

A3

KeX
=

_43_



HE Sl g4 AA

T -
e

nu, A7)

)

o

olo

&

el

nfo]l AR IS AL

= rh[116]

=13
=

237387 A5 &4

Hi

s 7]

[e)
T

3

AL} E=mlo)| 2 b)of 9]

ToR

o

R SR

)=
3=

A [117-119]

2.37.4. 7|8 AL Bo}

=K
iy~
<

—

—

el

—

ﬂ
oy
Mo
Hi
or

o)

oy
Mo
Him

<

BE

=
T

=]
=

7FA 3L Tk [120-125]

_44_



A 3 A AF

1. ¥4E2
HEa7olE Eujs F523E(LalNOy)s-6H,0, Mn(NO3)s, Fe(NOs)s,
Co(NO3)2)& o] &3tdAY F5435 (Lax0s, Co0)S o] &38to] S A %3}
Rnow, AxAZ FFAHHOLCCH,CHOHCOH)S o]&3le] & A1 %39
th Erje A4S FUAI7I7] S8 A sitedl Pb(NO3):E AHEsHe] EulE A

3.2. ZvidA
LaCoOs ¥ E27F0lE FFule] AxHL thea o]l WeAAZHT WA
La(NO)36H,09F Co(NO)36H:0 = 1112 ¥il 534S E181(05~15 mol)ol
el Frietdck olul E8d WS E2 kA uwnksie] EnlE

o 160CANA, dE=AAT. AxE Faf= 350Teol A 30iL,/500Cl A 302,

)
o

A 2813

650C el A SAIZHEAdeke] Sl E A x5k 3lH. E 2% Figure 3-1
of YJefATE B site Fud 24 BlALE 918 Fell Mno AAbstES o] &
ste FulE Al x5

&

B w7 & Last Co AAtstEs e EFAIH e 342 1.5 mol
v Yal E@ekh. £ Al FAREE mlo]aRgjol B ke 39l 300W =

agsklom FA AR 5 RO R st s AxdAY. £ 2 =
W AlE= 160ToAM AxE Azem sait Wik viz7kA = 350, 500, 65

0CAA 2Aste] FHulE AxsAt. 4 EA%E+E= Figure 3-2¢ e

_45_



At

TES ASAA Az Fuje] Ag vlo]A R o) B P npRIFA R A 28}
dom A site?] Laol F2AEE(Pb)S 448E&Z (0.05~0.2 mol) EFAA
L5 FASHATE o] wl wiolAR ol B 9= 300WE aFom FARAIE
S 5708 1A AP APAHT A3k Fu] Al 350T, 500C, 65
0CToz AAAANAY. 2AFexe wE ¥aE 27 fa 750T, 9007T ol A

2445 AlA FulE FASA T EA == Figure 3-39 YER QLT

_46_



| La(NOj3)36H,0+M(NO3)s-6H;0+Malic Acid in Water

i

\ Drying at 160°C

;

Calcination at 350°C(30 min), 500°C(30 min),
650°C(5 hr)

M= Co, Fe, Mn
Malic Acid ratio = 0.5, 1.0, 1.5

Figure 3-1. Schematic synthesis process for [.aMOs.
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La(NO3)3:6H,0+Co(NO3)3:6H,O+Malic Acid + Water in

Microwave

i

\ Drying at 160°C

Calcination at 350°C(30 min), 500°C(30 min),
650°C(5 hr)

Malic acid ratio = 1.5
Microwave Radiation Time = 5
Microwave Radiation Power = 300W

Figure 3-2. Schematic synthesis process for LaCoOs; by microwave

Process.
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La(N03)3'6H20+CO(N03)3'6H20+ Pb(N03)3 +Malic Acid +

Water in Microwave for 5min

)

\ Drying at 160°C

i

Calcination at 350°C(30 min), 500°C(30 min),
650°C(5 hr)

Substitute ratio = 0.05, 0.1, 0.15, 0.2
Microwave Radiation Power = 300W

Figure 3-3. Schematic synthesis process for La; xPbxCoOs.
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Figure 3-4.

4 /Focusing lens (Quartz)

Schematic diagram of reaction experimental apparatus.
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O 33.1°
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LaCoO3

Figure 4-1. XRD. patterns-of various perovskite oxides.
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LaCoO3 1.5 Malic Acid

LaCoO3 1 Malic Acid

Intensity (a.u.)

! i
i koo A L2

LaCoO3 0.5 Malic Acid

10 20 30 40 50 60 70 80
2 Theta (degree)

Figure 4-2. XRD patterns of LaCoOs3 catalysts prepared using different

amount of malic acid: calcination temperature=650.
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Table 4-1. The results of physical properties and photocatalystic activity

of LaMOs at different synthesis condition

Particle size Band gap Catalytic activity

Catalyst | 3

(nm) (eV) k'(min™, X107)
LaFeOs; 70.03 1.95 0.4
LaMnOs 15.03 1.48 0.6
0.5 Malic acid 52.68 1.41 2.2
LaCoOs; 1,0 Malic acid 35.09 1.38 4.2
1.5 Malic acid 35.08 1.26 5.2
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LaCoO3 1.5 malic acid method
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Figure 4-3. Thermogravimetric analysis and differential thermal analysis

curves for the precursor-of LaCoO:s.
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Figure 4-4. TEM images of LaCoOs; catalysts- prepared using different

amount of malic acid: (a) 0.5 mol, (b) 1.0 mel, (¢) 1.5"mol malic acid.
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Figure 4-5. UV-vis diffuse reflectance spectra of various .perovskites.
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1.5 mol Malic acid

1.0 mol Malic acid
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Wavelength (nm)

Figure 4-6. UV-vis- diffuse reflectance. spectra of LaCoOs; catalysts

prepared using different amount of malic acid.
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Figure 4-7. XPS. spectra-of LaMOs perovskite oxides.
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LaCo0O3 1.5 Malic Acid

LaCo03 1.0 Malic Acid
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Binding Energy (eV)

Figure 4-8. XPS spectra -of LaCoQj3 catalysts prepared using different

amount of malic acid.
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Figure 4-9. Photocatalytic decomposition of methyl orange over various

perovskite oxides.
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Figure 4-10. Photocatalytic decomposition..of methyl orange over LaCoOs

catalysts prepared using different amount of malic acid.
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Figure 4-11. XRD patterns of various perovskites prepared using different
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Figure 4-12.. XRD patterns of LaCoOs catalysts calcined at different

temperature.
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Table 4-2. The results of physical properties and photocatalystic activity

of LaCoOs prepared by microwave method.

Particle size Band gap Catalytic activity

Catalysts , . -3

(nm) (eV) k” (min™', X107)
Solid method 84 4.65 0.2
Malic acid method 35 1.27 5.2

Not
L - 1.39 0.3
Microwave Ccalcination

method 350°C 71 1.30 4.9
500°C 26 1.22 6.4
650°C 21 1.05 8.7
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Figure 4-13. Thermogravimetric analysis and differential thermal analysis

curves for the precursor of 1.5 mol malic acid LaCoOs prepared by

microwave irradition method.
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Figure 4-14. TEM images of LaCoOs perovskite oxides prepared at

different calcination temperature: (a) 160°C, (b) 350C, (c) 500C, (d) 650C.
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Figure 4-15. UV-vis® diffuse.reflectance .spectra. of -prepared LaCoOs; by

different synthesis method.
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Figure 4-16. UV-vis_diffuse reflectance spectra of L.aCoOs3 prepared at different

calcination temperature.
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Figure 4-17. XPS spectra of LaCoOs; perovskite oxides prepared by

different synthesis method.
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Figure 4-18. XPS ‘spectra.of LaCoO;3 .catalysts calcined at different

temperature.
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Table 4-3. The results of XPS spectra of LaCoOs prepared by different

method

Banding Energy of O

Catalyst LaCoOs Oads/Orat(%)

(ev)
528.0

Microwave method 31.6
529.9

. . 528.1
Malic acid method 28.2
530.3

. 528.7
Solid method 11.6
531.5
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Figure 4-19. Photocatalytic decomposition of methyl orange over LaCoOs

prepared by various synthesis.methods.
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Figure 4-20. Photocatalytic decomposition of methyl orange over LaCoOs

catalysts calcined at different temperature.
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Figure 4-21. XRD patterns.of lead-free and " lead-substituted LaCoOs

catalysts at calcination 650C.
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Figure 4-22. XRD . patterns of LapgsPboisCoOs7 catalysts prepared at

different calcination temperature.
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Table 4-4. The physical properties and photocatalytic activities of lead

substituted LaCoOs; perovskite type oxides

Particle size Band gap Catalytic activity
Catalysts s o
(nm) (ev) k” (min™', X107)
LaCoOs3 21 1.05 8.7
Lao_95pbo_o5C003 70 1.03 12.7
Lap.gPbo.1Co03 35 0.98 16.1
650°C 13 0.90 22.9
Lao_g5pbo_15C003 750°C 35 1.11 8.3
900°C 69 1.45
Lao_gpbo_2C003 12 0.95
Lao_7pbo_3COO3 35 1.00
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Figure 4-23. Thermogravimetric analysis -and differential thermal analysis

curve for the precursor of LaggPbeisCoOs-catalyst.
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Figure 4-24. TEM

images of lead-free and lead-substituted LaCoOs
catalysts: (a)LaCoOg, (b)Lao,95Pbo,o5C003, (C)Lao,ngo,lCOO?), (d)Lao,%Pbo,wCOOg,
(e)Lao,ngo,zCoOg y (f)La()ijo,gCOOg,
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Figure 4-25. UV-Vis. diffuse reflectance spectra: of lead-free and lead

substituted LaCoOs catalysts:
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Figure 4-26. UV-Vis diffuse reflectance  spectra of LaggsPboi5C00s3

catalysts calcined at different temperature.

_95_



Zbstel BEole] W Aol SeaAL AoE etk XPS Ao

ZPAE A gE Pbel kel 015 wW Fvie] FRLrF MY i Aom o

Bk

Ao A B 4 glo] Zujo] AA Lt FUMEFEE ARA o] FUkEte] &

e ol Evlel A=s)h AR Wk FREst 7

Table 4-4°] Yeld Band gapd ¥W3lE 23w A-¥W DRS ZA3e} #&

Fde BAY. PbE g Zvie] Band gaps A¥EW, A3 P

o,
o
o
o

o
it
rE
oty

] 0.15¢ w Band gap°] 7} @2 Ao & UENTH Ao o}
% )\El'v‘ﬂ Eﬂ] -C"]% 6500(: oﬂ}ﬂ ,/11}‘5]—‘:51’ Lao,85Pbo,15C003 é—uﬂ-‘ﬂ Band gapO] 7]’@'

voron A% 244 S Band gap®l SUste RAo=Z HENY

4.35. XPS A3

Figure 4-27°] XPS-ZA¥}E Yedck Alxzd oo O I 3E A
T A YER S Phrl X 3kE Sule] A9 528.0-525.8 ev F-t9] APk
2

(Or) 912 B 529.9-530.5ev -2 F2qtA 9] A (Oha)7F WEFSETE Sl

lo
o
oX,
ea
of\
~
i)
.
Jhu
JI[O{1
Y
e
B>
1r
ry
o
&
H
~
=
2
N
rlr

As deEA lom,
2 g¥ Pbe] H]&o] 0.15¢ ERA A A A BEA e o=

o
&3l LaggsPboisCoOs o] &Ado] 71 -3 Ao 2 e

_96_



Lag 7Pbgp 3C003
.v-~v“‘/
/ Lag gPbp9Co03

-~ Lag g5Pbg,15C003

Lag gPbg 4Co003

Lag g5Pbg.05C003
FAT w WA | )

LaCoO
FTARISF; 7/  a s W\\aul

526 528 530 532 534

Intensity (a.u.)

Binding Energy (eV)

Figure 4-27. XPS _spectra of lead-free and -lead-substituted LaCoOs

catalysts.
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Figure 4-28. Photocalytic decomposition ‘of methyl orange over lead-free

and lead-substituted LaCoOs catalysts.
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