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Abstract — Organic-inorganic hybrid coating solutions were prepared starting from colloidal silica, lanthanum nitrate
and y-glycidoxypropy! trimethoxysilane by the sol-gel method. Also, spiropyran-doped hard coating solutions were pre-
pared by mixing the spiropyran solution, obtained after dissolving spiropyran dye into tetrahydrofuran solvent, with the
organic-inorgnic hybrid coating solutions. The spiropyran-doped hard coating solutions were applied as a thin layer to
polycarbonate sheets, and their photochromic properties were investigated. The effect of amount of colloidal silica added
into the coating solutions was investigated on the photochromic properties of coating films. Both decoloration rate and
pencil hardness of the coating films were increased with increasing the amounts of colloidal silica.
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Fig. 1. Photochromic transformation of spiropyran.
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Fig. 2. Experimental procedure for preparing photochromic hard
coating films.
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Fig. 3. Maximum absorbances of coating films prepared with dif-

ferent amounts of colloidal silica after irradiating UV light at
365 nm for 1 min.
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Fig. 4. Thermal bleaching of coating films prepared with different
amounts of colloidal silica after irradiating UV light at 365
nm for 2 min.
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Table 1. Recipe for the preparation of photochromic hard coating solutions

Feed
Organic material Inorganic material Solvent Catalyst
Sample code - p e
6-NSP GPTMS Lanthanum(IID)nitrate hydrate Colloidal silica H,0 THF HNO;
mol mol mol g mol ml mol
CLO1 0.00025 0.01 0 0 0.04 10 0.0001
CL02 0.00025 0.01 0.0005 0 0.04 10 0.0001
CLO03 0.00025 0.01 0.0005 3 0.04 10 0.0001
CL04 0.00025 0.01 0.0005 5 0.04 10 0.0001
CLO05 0.00025 0.01 0.0005 7 0.04 10 0.0001
CLO06 0.00025 0.01 0.0005 9 0.04 10 0.0001
CLO07 0.00025 0.01 0.0005 10 0.04 10 0.0001
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Fig. 6. (a) Plot of -In[(A-A)/(Ay-A)] verse time of coating films pre-
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fading process.
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Fig. 7. Transmittance of coating films prepared with different amounts
of colloidal silica before irradiating UV light.
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Table 2. The effect of the amount of colloidal silica in the coating
solutions on the properties of coating films.

Adhesion
5B
5B
5B
5B
5B
5B
5B

Sample Code Pancil hardness
CLO1 F
CL02 H
CL03 H
CL04 H
CL05 2H
CL06 2H
CLO07 3H

o} FaEE et
ﬁjé 45+ colloidal silica

7 ZUVeh= Aeke B9t
ul— LHoﬂ)\_1 1:1:!1/] 7:]1:E 61:
JJr FH colloidal silicaS 37}
A7) 5 9SS o) 2= 9
"r*-/Fd' AZE B3t o]
el THF7} 71A4Q1 PC
77171 Wil

Z¥ 3 i e Y 259 @
Table 2] AN H ZAH )
o] H7kgol T gkl wt Fellx
o= “’7]“
)\]—/\

24 g r-l-l-:
K il
L oY,

omwm

OJ colloidal silica”

nﬁ

lo X
<
g o
d
L5
F_Q.
m&a\
oE
bt -
w2 —-
[
é
001’

A
i)
rlr
ol:o i)
> 2
N
i
ox,
<

( OFO

rr 3
v
o
r'l
k1 K
o
P
< I 4
= 1o
n\i
—z
)
% 1
Mo
é w
To ox [
o, 1_1:1
i) -1(1
N
i) :n:

&

o ;L

AFAZHAL v- glycidoxypropyl trimethoxysilane(GPTMS)2}
F71E2] lanthanum nitrate 2 colloidal silicag A-317 sol-gel "]
sl 71 B4 e Azl o] el spiropyranl] 3
WA B2l 6-NSPE H]=A) 29l tetrahydrofurane]] 234171 3
d7vete] g A sk 3R §AS AlEsIivk. 71 5 7]l PC
AE floll 2~ s1RA17) 5L, A7gstete] 3 WA ek aE 2hE A
Z313dt}. o] Y F colloidal silica®] 7} s}l wbE FH uh
o F WA SA3 AFA e 9 FA o) vl &l tisl A

ao] Thevt 2E AES A

(1) 78 £ Yol colloidal silica®] 710] S71e<= UV
FAF A Al 78 e 3T STk A & S sl

(2) Colloidal silica®] 71 T7H= &4 Wl EE A Ujela €] 7]
o] A7)k FE STMITIER, B A AEQ) 6-NSPY] 25
o] T7k=o] IH whe] A AlRto] WA= S BT

() AlxE B 78 T T2 90%E 71A1Q1 PCe) -

!
7} 8523k O, lanthanum nitrate? 371 F9-oll= I8 2R

Korean Chem. Eng. Res., Vol. 49, No. 5, October, 2011

X35 - S
oF 819%2] W& Fohg-2 MAr

E]
Ak

—_—

10.

Z7Kge] mieh P 3HE S71Re A% Bt

@) Az 78 952 AEH T colloidal silica®] 4 7180]
o] Azj=Z

colloidal silica® #7I3tel| oJsl ZH 9e] ALAHEE A

A T odEe & 5 3lSinh

s

o2
o

. Pardoa, R., Zayata, M. and Levy, D., “Effect of the Chemical
Environment on the Light-Induced Degradation of a Photochro-
mic Dye in Ormosil Thin Films]’J. Photochem. Photobiol. A:
Chem., 198(2), 232-236(2008).

.Mennig, M., Fries, K., Lindenstruth, M. and Schmidt, H.,
“Development of Fast Switching Photochromic Coatings on
Transparent Plastics and Lens’ Thin Solid Films, 351(1), 230-
234(1999).

.Kim, D. H., Shin, Y. T,, Lee, J. Y., Hong, W., Lee, B. S. and
Song, K. C., “Effect of Solvents on the Photochromic Properties
of Spiropyran in Hard Coating Films Prepared by Sol-Gel Method;’
Korean Chem. Eng. Res. (HWAHAK KONGHAK), 47(4), 430-435
(2009).

.Jeong, S. H., Cho, K. 1., Park, J. Y. and Song, K. C., “Photochro-
mic Properties of Spiropyran in Hard Coating Films Made by
Sol-Gel Method’ Korean Chem. Eng. Res. (HWAHAK KONGHAK),
46(2), 310-315(2008).

. Irie, M. and Takami, S., “Photochromism of Dithiazolylethenes
Having Pyridyl and N-methylpyridinium Groups]’ J. Phys. Org.
Chem, 20(11), 894-899(2007).

. Pardo, R., Zayat, M. and Levy, D., “Photostability of a Photo-
chromic Naphthopyran Dye in Different Sol-Gel Prepared Ormosil
Coatings;’ J. Sol-Gel Sci. Techn., 40(2), 365-370(2006).

. Hou, L., Schmidt, H., Hoffmann, B. and Mennig, M., “Enhance-
ment of the Photochromic Performance of Spirooxazine in Sol-
Gel Derived Organic-Inorganic Hybrid Matrices by Additives]
J. Sol-Gel Sci. Techn., 8(1), 927-929(1997).

.ASTM D 3359, “Standard Test Methods for Measuring Adhe-
sion by Tape Test)” ASTM International., 927-929(1997).

. Zayat, M. and Levy, D., “Photochromic Naphthopyrans in Sol-

Gel Ormosil Coatings;’ J. Mater. Chem., 13(2), 727-730(2003).
Jeong, S. H., Cho, K. I. and Song, K. C., “Preparation of Photo-

chromic Coating Films Containing Spiropyran by Sol-Gel Method;

Korean Chem. Eng. Res. (HWAHAK KONGHAK), 46(1), 112-117

(2008).



