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1,2-Bis(2,4-dimethyl-5-phenyl-3-thienyl)-3,3,4,4,5,5-hexafluoro-1-cyclopentenes
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Abstract: Organic-inorganic hybrid coating film using 1,2-bis(2,4-dimethyl-5-phenyl-3-thienyl)-3,3,4,4,5,5-hexafluoro-1-
cyclopentene (BTHFC) as a photochromic material was prepared under various reaction conditions such as the
amounts of tetramethoxysilane (TMOS), various silane coupling agents, and solvent. It was found that color-fading
speed and absorbance of the coating film was strongly dependent upon the polarity of silane coupling agent and
solvent. In addition, the mole ratio of TMOS and methacryloyloxypropyltrimethoxysilane (MPTMS) was an important
factor to determine color-fading speed and absorbance of the coating film. With increasing TMOS contents in coating
film, the pencil hardness was increased. On the other hands, the transmittance of coating film was relatively decreased
with the increase of TMOS.

Keywords: photochromic, 1,2-bis(2,4-dimethyl-5-phenyl-3-thienyl)-3,3,4,4,5,5-hexafluoro-1-cyclopentene, sol-gel,
organic-inorganic hybrid coating.

Preparation and Characterization of Photochromic Organic-Inorganic Hybrid Coating
Using 1,2-Bis(2,4-dimethyl-5-phenyl-3-thienyl)3,3,4,4,5,5-hexafluoro-1-cyclopentene
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Figure 1. Photochromic reaction of BTHFC.
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Table 1. Effect of Chemical Compositions on the Properties of Coating Film

run. Matrix State of coating solution Pencil hardness Adhesion
TMOS(mol) Silane coupling(mol) Solvent(polarity)
T1 1 MPTMS(1) THF(5.7) Blue transparent TH 5B
T2 1 GPTMS(1) THF(5.7) Blue transparent 3H 5B
T3 1 VTMS(1) THF(5.7) Blue transparent 7TH 5B
T4 1 MTMS(1) THEF(5.7) Blue transparent 7H 5B
TS 1 MPTMS(0) THF(5.7) Blue transparent 3H 5B
T6 3 MPTMS(1) THF(5.7) Blue transparent 7H 5B
T7 1 MPTMS(3) THF(5.7) - - -
T8 0 MPTMS(1) THF(5.7) - - -
T9 1 MPTMS(1) EA(5.3) Blue transparent 6H 5B
T10 1 MPTMS(1) EtOH(8.8) Blue transparent 6H 5B
T11 1 MPTMS(1) Acetone(10.4) Blue transparent 6H 5B
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Figure 2. Absorbance of coating films prepared with different silane
coupling agents after UV irradiation.
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Figure 3. Color-fading speed of coating films prepared with different
silane coupling agents after UV irradiation.
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Figure 4. Transmittance of coating films prepared with different
silane coupling agents before UV irradiation.
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Figure 5. Absorbance of coating films prepared with different organic
contents after UV irradiation.
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Figure 6. ATR-IR spectrum of coating films prepared with different
organic contents.
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Figure 7. Color-fading speed of coating films prepared with different
organic contents after UV irradiation.

100
/_/__*ﬂ —— e
80 Py
P
60-
S |
= |
40- %
|
20- ¥ T
£ - T5
4 T6
¥
4

xxxxxxx

200 300 400 500 600 700 800
Wavelength(nm)

Figure 8. Transmittance of coating films prepared with different
organic contents before UV irradiation.
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Figure 9. TGA thermograms of coating films prepared with different
organic contents before UV irradiation.
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Figure 10. Absorbance of coating films prepared with different sol-
vents after UV irradiation.

0.12
b . T
v T9
0101 3 m T10
N o T1
o 008 .
o
3
2 0.06" v e,
§ \III L] 2 ¥ 0w ; a L
< 0,04 5
0.02
0.00
0 10 20 30 40 50 60

Time(min)

Figure 11. Color-fading speed of coating films prepared with different
solvents after UV irradiation.
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Figure 12. Transmittance of coating films prepared with different sol-
vents before UV irradiation.

oX
o
N

=0 3 9, obAE ]
FHEE JERAT. ol2E gule] FAo]
Eol YL FE& ol

=2 o k1

o 8

Jo 1
Hir
rlo
Joi
o
ki
i
)
iu)

£ o
32

N O

o, Ho 3% o
Ir
AL
4 rlo

o
1)
o7
ot
o

T K o ofo oo
£ K o o
it o y
=
BN
>
o
R
[ ol
o, 12

UVE ZALsA] @ 3H "o E3x Agdse
Figure 120 YE}=0], o822 &r|2 AFES I8 B
EAoA] 85%9] dHd oz e g YeER3l o
2] 9] 87%% AUt Axd ZY o
AT @ BHE O Taple 13} o] THFE ARSI of
e 7ME £ 7THE Yellon 2a8e ne

d&tA sBE YER AT

O!

O -
BSE

g E

B AT E B WA 7122 BTHFCE AHS-& f-1
: 59 gl QoA f-27)8e) =],
AT ASIA P gl F WA 5, TR, FRE,

AzE FH v FollA FHF o2 =54 MPTMSES
<, 3% WA f7]E9] BTHFCE A 8o g ¢
T 9 2AEEE e ol AT AE
YA o] F4Jo] BTHFCS] 3 HA EAo JTS T3 U



BTHFCS AH&-3 f-F7] &

_% ol X 40]1:} zqqo] TMOSs’Jr MPTMS-J % H] 7}
AR %‘UH < THF
& UrEM?iE}.

H

e
N
Ny

k

%)
E]")*‘:]' 73;7“ o= W-T7] %”‘o 1
WA 67159 BTHFCE H] 5491 Al 71%3111] 7‘4@?&
F-F7159] 2440 9 54 S s
FHA B E FHEAS

A54S Uehdt= A&

°

=}
=

o

L

1. H. Cho, S. Y. Cho, Y. M. Kim, D. J. Jeon, and E. Kim, J.
Kor. Soc. Imag. Sci. Technol., 8,29 (2002).

2. N. Sanz-Menez, V. Monnier, 1. Colombier, P. L. Baldeck, M.
Irie, and A. Ibanez, Dyes and Pigments, 89, 241 (2011).

3. M. Irie, Photo-reactive materials for ultrahigh-density optical
memory, Elsevier, Amsterdam, 1994.

4. J. C. Crano and R. J. Guglielmetti, Organic photochromic
and thermochromic compound, Plenum, NY, 1999.

5. E. K. Kim and M. H. Lee, Polymer(Korea), 29, 25 (2005).

6. M. Mening, K. Fries, M. Lindenstruth, and H. Schmidt, 7Thin
Solid Films, 351, 230 (1999).

11.
12.

13.

14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

21

. J. K. Kim, M. J. Kim, S. J. Park, and B. K. Ryu, J Kor.

Cer. Soc., 43, 28 (2006).

. R. Pardo, M. Zayat, and D. Levy, C. R. Chimie, 13,212 (2010).
. D.H.Kim and K. C. Song, News Inf- Chem. Eng., 26, 534 (2008).
10.

J. Biteau, F. Chaput, K. Lahlil, and J. P. Boilt, Chem. Mater.,
10, 1945 (1998).

S. H. Jang, Polym. Sci. Tech., 12, 676 (2001).

S. E. Yun, H. G. Woo, and D. P. Kim, Polymer(Korea), 24,
389 (2000).

M. J. Han, J. Y. Maeng, and J. Y. Seo, Polymer(Korea), 34,
405 (2010).

A. lJitianu, M. Gartner, M. Zaharescu, D. Cristea, and E.
Manea, Mater. Sci. Eng., C23, 301 (2003).

Y. Y. Yuand W. C. Chen, J. Mater. Chem., 82, 388 (2003).
J.D. Lee and C. H. Lee, J. Ind. Sci. Tech. Inst., 23, 7 (2009).

D. Levy and D. Avir, J. Phys. Chem., 92, 4734 (1988).

D. Levy, Chem. Mater., 9, 2666 (1997).

M. Irie, Chem. Rev., 100, 1685 (2000).

K. Matsuda and M. Irie, J. Photochem. Photobiol., CS, 170 (2004).

M. Irie, Supramol. Sci., 3, 87 (1996).

C.J. Yun and E. Y. Kim, NICE, 26, 526 (2008).

H. Cho, S. Y. Cho, Y. M. Kim, D. J. Jeon, and E. Kim, J.
Kor. Soc. Imag. Sci. Technol., 8,29 (2002).

N. Khummalai and V. Boonamnuayvitaya, J. Biochem.
Bioph. Methods, 99, 277 (2005).

Polymer(Korea), Vol. 36, No. 1, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


