






small size of molecules with relatively low permeation. Recently, "Spacer 

technique" was proposed with a bridged alkoxide, which is one of the 

structured alkoxides and consists of organic functional groups between 

two silicon atoms. In this study, 1,1,3,3-tetraethoxy-1,3- dimethyl disi-

loxane (TEDMDS) was used for purification of dicyclopentadiene 

(DCPD) in C5 fractions from petroleum industry.  TEDMDS-derived 

silica sol was synthesized by hydrolysis and condensation under acetic 

acid catalyst system at 60°C for 24 hours. TEDMDS-derived silica 

membrane was coated on the modified -alumina support, followed by 

firing at 300-450°C in air atmosphere. The pervaporation of mixtures of 

DCDP/CP (90wt%/10wt%) was investigated at 50°C.

Keywords: silica membrane, tetraethoxydimethyl disiloxane, pervapo-
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Characteristics of metal-doped thermochromic BiVO4 prepared 
with various metal by hydrothermal method

(sspark@pknu.ac.kr )

Monoclinic crystalline bismuth vanadate (BiVO4) is a bright yellow 

pigment with thermochromic property. In this study, metal doped 

BiVO4 powdes was prepared from the mixture of bismuth nitrate 

(Bi(NO3)3) solution and ammonium vanadate (NH4VO3) at different 

reaction temperature with the dope of Mg and Cu by hydrothermal 

method. The samples were characterized by X-ray diffraction (XRD), 

scanning electron microscopy (SEM), Fourier transformiInfrared 

(FT-IR), UV-Vis spectrophotometer (UV-Vis), differential thermal ana-

lysis (DTA), and color difference meter. 
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Characteristics of thermochromic VO2 prepared from various 
surfactant by hydrothermal method
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Vanadium dioxide(VO2) powder was synthesized from vanadium 

oxide(V2O5) and oxalic acid dihydrate by the control of temperature, 

time, and surfactant through hydrothermal method. The crystal 

structure, and thermochromic property of sample were analyzed by the 

means of SEM, XRD, DSC, and PSA. With increasing the amount of 

surfactant, the phase transition temperature of VO2 sample was 

decreased from about 70°C to 60°C due to the decrease of particle size. 

The morphology of sample was changed to star-like shape with the 

decrease of particle size by addition of surfactant.

Keywords: Thermochromic, Hydrothermal, VO2, Surfactant

1P-114

Synthesis of Pb precursors for PZT films
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Lead zirconate titanate, known as PZT, was discovered in the late 

1950�s is used as a piezoelectric material. There are many piezoelectric 

materials, but in the aspect of permittivity, electromechanical coupling 

coefficient, and pyroelectrical response, PZT shows high performance. 

PZT thin films are fabricated by sol-gel, MOCVD and so on. Among 

these methods, MOCVD seems to be the best process because other 

methods have drawbacks in achieving constant ratio, limitation of mass 

production, and purity problem. General MOCVD precursors are Phthd2, 

Zr(OPr)4, and Ti(OiPr)4, but Pbthd2 has low vapor pressure, and bad 

decomposition behavior compared with Ti and Zr precursors. There-

fore we synthesized Pb2+ and Pb4+ precursors. In case of Pb2+, precursor 

which used aminoalcohol ligand showed good vapor pressure, so we 

modified aminoalcohol ligand to synthesis better precursor in viewpoint 

of volatility. Next in Pb4+, precursors were synthesized by coordinating 

ligands with two phenyl ligands as stabilizer. Pb precursors were defined 

by IR, NMR, TGA, X-ray crystallography, and thermal decomposition 

and spin coating with sol-gel mixed with Ti, Zr precursors verified PZT.
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Thin film solar cells have been received the great attention for the 

second generation of photovoltaic cells because they have advantages 

including low processing cost, lighter weight, flexibility, and possible 

roll-to-roll process in comparison to the crystalline silicon-based solar 

cells. Cu(In,Ga)Se2 (CIGS) thin film is one of the most promising candi-

dates in the family of copper chalcopyrite materials for the photovoltaic 

application. Up to now, several methods such as sputtering, co-evapo-

ration, electro-deposition, and spray pyrolysis have been reported for 

the formation of polycrystalline thin films of CIGS. In this study, the 

thin films of CIGS were prepared by CFM method. To investigate the 

annealing temperature effects, annealing temperature was varied from 

200°C to 400°C. 
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Hydrosilylation of cyclic alkenes with trichlorosilane
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Hydrosilylation Si-C 

. cyclic alkene HSiCl3 (Pd, Pt) 

hydrosilylation thermal reaction . Pd 

5 cyclopentadiene 30 reflux 84%

, Pt cyclohexene 7 reflux

88% , thermal cyclic alkene 6

250°C, 450 psi 98% . Thermal 

. 

HSiCl3 hydrosilylation 

.
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Preparation of Hybrid Hollow Silica Particles without Using Templates 
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EXPERIMENTAL SCHEME 

RESULTS 

CONCLUSION 

Acidic aqueous 
solution (HNO3) 

Reaction temperature 
(40~80℃) 

Phenyltrimethoxsilane 
(PTMS)  

Silane 
droplet 

Hydrolysis 
(0.5~4min) 

Hydrolyzed 
PTMS 

Condensation 

NH4OH 

Primary particle 
(Hollow parts) 

growth 
(5min~6hr) 

Etching with ethanol Filtration 

Hollow 
Particles 

Methanol 

OBJECTIVES INTRODUCTION 

Prepare hollow silica particles by using template-free methods, unlike typical procedure containing 

template removal process. 
 

Control the size and hollow diameter of particles by varying experimental conditions. 
 

Add various organosilanes to phenyl-based hollow particles in order to control the size and 

morphology. 

Hollow Particles 

• Control the refractive index through t
he particle size and hollow diameter. 

 

• Lower density than general particles. 
 

• Hollow particles can be used in diver
se applications including nanoreactor
s, catalysis, delivery systems, etc. 

Hybrid Silica Particles 

• Applicable to various field depending 
on the organic functional group of sili
ca particles. 

 

• Compared to the general silica particl
es, hybrid silica particles can be easil
y processed. 

Hybrid Hollow Silica Particles 
by Using Template-free Method 

• Hybrid hollow silica particles have bo
th characteristics of hollow core and 
hybrid silica particles. 

 

• Particles can be prepared via simple t
wo-step method. 

 

• Shell thickness and hollow diameter c
an be easily controlled. 

 Hybrid hollow silica particles were prepared through a simple two-step process with PTMS. 

 The longer the carbon chain of additive alcohol, the bigger the particle size. 

 Particle size and hollow diameter were successfully controlled by variables such as PTMS and ammonia concentration, hydrolysis time, and so on. 

 Reducing the concentration of PTMS is most effective ways to minify the particle size. However, less than 10 mM of PTMS concentration, the particles were not formed.  

 Size and morphology of particles can be controlled by addition of organosilanes. 

 Effect of the PTMS concentration  Effect of the hydrolysis time  Effect of the ammonium hydroxide concentration 

Methyltrimethoxysilane 
(MTMS) 0.2mL 

(3-Mercaptopropyl)- 
trimethoxysilane 
(MPTMS) 0.2mL MPTMS 0.5mL 

Vinyltrimethoxysilane 
(VTMS) 0.2mL VTMS 0.5mL 

Alcohol 
additives 

Average 
particle size (nm) 

Methanol 161.6 (±8.1) 
Ethanol 187.2 (±10.6) 

1-Propanol 232.0 (±10.4) 
1-Butanol 458.6 (±6.4) 

Ethanol 20mL 1-Propanol 20mL 1-Butanol 20mL Methanol 20mL 

PTMS 
concentration 

Average 
particle size (nm) 

10.0mM 73.1(±4.5) 

16.7mM 128.6(±6.3) 

33.3mM 161.6(±8.1) 

66.1mM 182.7(±17.3) 

Hydrolysis 
time 

Average 
particle size (nm) 

1 min 161.6(±8.1) 
2 min 147.8(±10.7) 
3 min 130.1(±8.3) 

4 min 109.7(±5.7) 
251.7(±14.2) 

NH4OH 
concentration 

Average 
particle size (nm) 

0.206M 174.1(±15.4) 

0.400M 161.6(±8.1) 

0.583M 125.9(±4.4) 
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 Diameter PTMS 
concentration 

Average 
particle size (nm) 

10.0mM 92.3(±3.4) 

16.7mM 147.4(±4.5) 

33.3mM 187.2(±10.6) 

66.1mM 196.9(±18.0) 

 Effect of the PTMS concentration 

(3-Aminopropyl)- 
trimethoxysilane 
(APTMS) 0.2mL 

Average 
particle size (nm) 

Average shell 
thickness (nm) 

APTMS 0.2mL 279.2(±11.4) 83.7(±3.8) 
MTMS 0.2mL 144.0(±4.6) 38.0(±4.6) 
VTMS 0.2mL 155.4(±4.4) 37.7(±2.8) 
VTMS 0.5mL 130.9(±5.6) 42.0(±7.0) 

MPTMS 0.2mL 163.4(±7.0) 45.2(±4.2) 
MPTMS 0.5mL 229.7(±6.0) 
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Hydrolysis 

time 
Average 

particle size (nm) 
1 min 187.2(±10.6) 
2 min 151.7(±15.4) 

3 min 107.8(±10.3) 
198.2(±10.9) 

4 min 100.6(±7.7) 
256.8(±9.3) 
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NH4OH 

concentration 
Average 

particle size (nm) 
0.206M 190.1(±11.3) 

0.400M 187.2(±10.6) 

0.583M 134.6(±8.4) 

 Effect of the hydrolysis time  Effect of the ammonium hydroxide concentration 

 Effect of the additive alcohols (PTMS 33.3mM) 

 Methanol additive conditions 

 Ethanol additive conditions 

 Effect of the addition of organosilane (PTMS 1mL + Organosilane)  
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