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Ho Kun Kim

Department of Graphic Arts Engineering, Graduate school

Lukyvong National/ University

Abstract

A number of application was highlighted from the studies on the reversible color change and
other change in physical and chemical properties of the photochromic polymers. The thermally
stable and photostable cyanine dyes of photochromic dyes were synthesized on various
chemical chains salt. Most. of the research was focused on the potential application of
spiropyran—merocyanine systems in optical memories and switches. In this study, we made
much effort to increase the stability of the photochromism in this dye system using the cyanine
dye groups in the polymer matrix.

The polymer system contains the two compoents that can show photocrosslink and
photochromism under UV irradiation respectively. We synthesized three kinds of cyanine dyes
with three kind of salt to investigate the stability of photochromism and thermal stable. The
kinetic behaviors for the chromism of these polymers were investigated to evalute the

photostability which was consifered as the effect of steric hindrance.
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ethylene®} 1.3-butadiene?] #2}#AlE o] W& of7z|o x| H3lol A A4 olsfd 4+ o
ot

A = m = LUMO ' Antibonding

I - Moelecular orbitals

excitation

% excitation j l -
o . Vgt HOMO
|_|C_| Bonding Molecular
. orbitals
| L oToF LUMO
I "-lr' TC 5 _
CH>=CH: CH2=CHCH=CH.
Fig. 8. Ethylene and 1,3-butadiene a restless energy.
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NH2 NHZ C|-'\-I>H3
++§je+
AN N
o O 0o X
S o S} o

NEAHo g de dEd @Al stilbene, benzylideneaniline, azobenzenes < tf &
Efui R gk Al X[ 8l7|e] JEgo R F4uhdo] W)
of AAstE 49t .l ol & Table 1o YE WS

w
S
=)

B

1
rl
K-
>
I

o Iy
|
<

Table 1. The effect of Auxochrome for Wavelength

Substituent
T FORROSek O OO0
H H 305 312 312 318
OH H 316 - - 348
N(CH3)2| H 332 351 379 410
NO2 H 342 346 330 334
NO2 OH 370 - - 386
NOz |N(CHs)2 425 450 422 478
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OO OO O—0

| | |
S :@:mﬁ{>® S :C>:CH*N:®® o :C>:NfN:®®

Fig. 10. The resonance structure.

Table 101]/\1 B A B C D-OJ 7]5 :rLZoﬂ E‘——_}}‘ %oﬂ i]:‘i]'7]7]- ‘:O]E]X] %0]-5
300nmol Aol A el FFE molETh ol | wawe] Txrl g 2L F
TS ey b BAFA ol olFAde ndAE olFo]l foldA
300nmel el M FaE e« o2 4w et

T o AR o]F HAEEC=C < C=N < N=N9| 442 Table 12 & F
At o] T 7| E LA Zo| dimethylamino”] 9F hydroxy”]¢} Z2 ZAGS =9

Ans Had wFGANE) WS Bow wUlA Z42le WG] ey
FHENE U 2o mera A% 1dRel o5 2
4% Aoblth, Ashgel A de] F57F Aejibal A,

(CH3)2N‘©7 — wa (H3C)2N:C>:
.4 ®
OHQ— - OH:®:

Fig. 11. The functional of auxochrome.

HERZIZF AR72 E9Eols thga o] A olgol A dojur] wiel
AR F7t Jbste] dAged i A S dlmethyldmmoﬂg} AAFE
A1) HERZZE 94 AgE o] A8std ndAe] ole o] e AA F4 BT

o gl deojvr] A

S S)
C &P O
!
l\l\\ :C>:N
0o DoH,

Fig. 12. The substitution reaction of nitro gtoup.
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st WAA, 4 H7HA, d71Fe] §7] 55 ned davk o

ojuf o] g%+ wEA A FZAE polymethacrylatel, cellulosel, polyvinylbutyral
Al, polyesterl, polystyrened S ol Z4 A o] &% X9k polyvinlchloride, ethylene-
vinylchloride 3 %A 9} 7 o] halogen®] X8t % Aol A8 %X &=t} Spiroxa-
zineF 9] ¥HE Al AdAANL G2 F7] photochrmic 33 E Ht} HojUA g A&
st Azdud FEsitae & ¢ gl

NickelAl #<dAAE AAZE M 7HAH Gldo] "ol Aol oy
bisphnol %A, hydroxy ¢F2184F %A hindered phenol& 2t 7S phenold 3}

FEe TAoH wA FEE FAAAGL GeA . Qug 4FYe g

oX,
™

b
iy
fl
M

= 2L eF 4] o A
4% 3 APEF FA FH ZHTY o 7HA 557 =4 Heo] v
s 59 FE 24dL EFo=g 3= photochromic filme A %317 A= 7]

] Aol 3 E o]k 3, plastic lens?] A Zol doJA =
@2 91 diethyleneglycol bis aryl carbonate®l spiroxazine#S 78] T A 7= #
WS FHst Atk o]#H 3 film =+ sheetd e A 5+ plastic sungless, ski® SH74,

sunvisor, A5 2 2 &9 FHo AlLEH = film 59 fashion Z4S 73 3=

1) monomerZ ol spiroxazineg H7}3 & =3I A=

o
BN

FogAM ol&T Yt} E3] Fo os] WASF = plastic sunglass® F 7] Alsun-
glassell vl 71H2 $24 FEE FstEn= AT st &8 Ha gt

2-4-2. 7154 AEBEAA &

Photochromic &2 thermochromic 245 AT E A matrixol] £3ste] 3 == &
of o WS frlest=s Buk ofye ol MAE A AFAA VT L
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2 Az3 stdeE dF7F %ol FHa vl Ringdorf ¢ Ikeda B2 LEA}o

photochromic A5 AUAA F7E A2 IS HEFYL. o9 Ho] uF

2ke] AA A3} photochromic 4 2& AFA7IH #7115 wiA], vd8g FujA] L
integrated optical deviceol 9] 38| 7l&stvta & A ).

Ichimura®} Seki & 7] $9l azo benzene¥ spiropyran® %< photochromic

of FxALT W & um FAY nematic FAHY DA /5

Y

45 & Y= d4S 21 o olF “Command Surface”# 3 3t}

Liquid crystalline layer

i y ) © mnolayer

Cls

Fig. 13. Ilusteation of reversible change of liquid crystals induced by the
photoisomerization of azobenzene attached to plate.

SpiropyranAl ol  #x A A7} o] Command Surfaceol| 7FA] 3 L =] 3o
ojgt A Fxpel wjdF AAlo AF At

MO,

Fig. 14. TIllusteation of reversible change of liquid crystals induced by the
photoisomerization of spiropyran.

Krongauz &< Fig. 6°] YEW spiroxazion®] X8 %H 22 TEAE

o MASY W &M $EE 24 Hgor 284 v % 43 nRge g B

M= HEFRE QY
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Fig. 15. Polymer of liquid crystal containg spiroxazine.

2-4-3. A A=t

Photochromic A &E 13} A=t AFrAzt T2 2FAZ o= gol v, 7]
%% © & = photochromic polymer® 1l #=zjeo] 7jdo] F Q3 HIES x|t} o]
n PzE o)Az e screen Sl stEEA o2 7}A] photochromic AEFS 71 &
T At} Screen 24l o3 print, = AAFRHEO] oW T-AM = 2lagho 2 A
dFo] A=A WA g3Es Hepd £ 3tk silk sereen Y2l = A Tl 9
. FHdde mtela2 Hashd o5 JAE Ax Povt HITodes FEHE
A AA polymerd] Bl HA7F Al HA GO nm o5 Ak A, 4 427t
A=A = A}

o] photochromic " Hx= HAE Fgto o) AFxEHH S FAoFA 2 Ao
7~8umo = L&A vt violAdR JeHtl= 714 Wl x: fg
dH4 %= Holuth photochromic A4~ W @atst= W& Al4gdo] Hold Ewk ofye}
AA, Fa5 o), BAAl T 849 JFs WA gomzw o 5

A, Folddl sl o] 8
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3-1. FA4 A%

B oA Ag¥ w2+ N N-Dimethylforamide (DMF)(99%), Ethyl alcohol
(EtOH)(95%), Methyl alcohol (MeOH)(95%), Hexane (95%), Tetrahydrofuran (THF)(95%),
Chloroform (CHCls) (95%). Dichloromethane (CH:Cl2)(95%), Ethylacetate(95%), Ether(99%),
Pyridine(99%) 718} AE 2 Magnesiumsulfate anhydrous(MgS04)(99%), Sodium
hydroxide(NaOH) (99%), Sodium hydrogencarbonate (CHNaQO3)(99%), Potassium carbonate
(CK203) & Junsei Chemical Co., Ltd.9] A|&#S AAglol Atgstdct Agsas
Merck Kieselgel 60 (70-230-mesh AStm)& Ab§etAvt &L Ed2 ALEE Lo
= Al k2 Aldeich Chem.Co¢t Fluka. Chem. Co2] A3 o] Tk,

3-2. 1.1,3,3-trimethyl-5=(trifluoromethyl)-2-((E)-2—-((E)(1,3,3tri
methyl-5-trifluoromethyl)indolin-2-ylidene)methyl)but—1-enyl)-3
H-indolium® 34

3-2-1. trimethoxymethane’t<€9 =43 R'(KI, KPFs, KClO4)salte] 24
I} 1-(4-(trifluoromethyl)phenyl)hydrazine hydrochloride®] %A

NHNH, * HCI
/[::j/NHZ HCI~ NaNO, /[::j/ 2
F3C F3C

Na,SO; 0T

"H NMR(CDCls, pprm) $2.0(d.2H), 4.0(t1H), 6.59(t,2H), 7.37(t.2H)

500mL round flaskell HCl 21mL%} ice 10g ¥ 3L ice-bathE AF&aiA 0CE WH
% 4-(trifluoromethyl)benzenamine 12.9g(0.08mol)E HH3] 2 3}ett. o 7] ice
10gS o #7Fs 3 H.O 12mlol NaNO: 5.8¢(0.085 mol)S =9 HE 0CE FA 5}

ol
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=)
X
w
o
M
()

wolEt Aol & w7 wE3 A F v 0T v o7]

H>O 140mlel Na:SOs; 252g(0.2moD)& =9 Z& s8] H7hghk & A2olA 4A13F

o] wkg-dth @A HAE filterstal HoOZ washingdt §, 1 x3}o] 4.7g(93%)
o =2 FAES AU & AAgle]l oF W&ol vpE AFS g

3-2-2. 5-(trifluoromethyl)-2,3,3-trimethyl-3H-indole®] T A

/©/NHNH2 e CH3COCH(CH), FsC
FsC i i G

acetic acid reflux N

"H NMR(CDCI;, pprm) 60.6(s, 6H), 1.3(s,6H), 7.1(d,1H), 7.3(s.2H)

(4-(trifluoromethyl)phenyl)hydrazine hydrochloride 8.8g(0.05mol) acetic acid
100mlell =9 % 3-methyl-2-butanone 4.3g(0.05 moD= H7}3k & 6A 75t
refluxdt & Wzakth o719 0.IN NaOH=Z TS 95 $ CHChLE FE3u. F
T MgSO.2 A=A filter F AL 5 A5t 32 g87%) A2 gel&
A=tk 2 AR {lo]l tha ¥ES9

=
il
>,
ofo
rol
-

3-2-3. 5-(trifluoromethyl)=2,3,3-trimethyl-3H-indole2] T4

F3C Me| F3C
7
N 110TC N
\
"H NMR(CDCls, ppm) 80.9(s, 6H), 1.3(s,6H), 7.1(d,1H), 7.3(s.2H)

RS

2,3,3-trimethyl-5-(trifluoromethyl)-3H-indole 5g(0.022mol)2 7% flaskel iodome-
thane 3.8g(0.033mol)¢} #o] Y i solvent$lo]l 110TColA 643+ wWkE3ch, A=
M2 HS CHCI3 100mL=Z 343 & filterdttl. thA] CHCb® washingd$ A%
T Ax3H 32g(92%)9] IMAHE A=t
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3-2-4. 1,3,3-trimethyl-5-(trifluoromethyl)-2-((E)-2-((E)-(1,3,3—trimethyl-5
~(trifluoromethyl)indolin-2-ylidene)methyl)but—-1-enyl)-3H-indolium® &4

F3C CF3

Y o
N\ pyridine A~
- -

@ - \

"H NMR(CDCls, pprm) $0.9(s,3H), 1.3(s,6H), 1.49(s,6H), 2.78(s.3H), 5.3(d.1H),
5.64(d.1H),7.1-7.3(m,6H)

—ZZ+

5-(trifluoromethyl)-1,3,3-trimethyl-3H-indole 3g(0.0lmol)2 % H}=t flaskol] %
2% 35mL(0.0lmol)9] trimethoxymethaneS #7}sF WS- A|AFE F 50mL Y
Pyridineg #H7}akod 24178 %ot reflux Al AT LA Ao WstE A AZT. M9
W37t dojuar v TLC Z81F whgF = 8ko] £

3-2-5. 1,3,3-trimethyl-5-(trifluoromethyl)-2-((E)-2-((E)-(1,3,3-trimethyl-5
~(trifluoromethyl)indolin-2~ylidene)methyl)but-1-enyl)-3H-indolium® &4
F3C CF3

'H NMR(CDCls, pp720.9(s,3H), 1.3(s,6H), 1.49(s,6H), 2.78(s.3H), 5.3(d.1H),
5.64(d.1H),7.1-7.3(m,6H)

e A F o 5-(trifluoromethyl)-1,3,3-trimethyl-3H-indole2 cooling*l # F 1L
50mL¢] #®]o] Aol 25mLe FT/FTE ol +rlste] FAT7E of7]e RY(KI, KPFg
KCl1Oy) (1g)S FY 3t}

1A 7Y 7} heatingS A8 718tA @ A2 A wuks AlAECT AT T EFH
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TE ol&stol Akl A filterAlAF L wpA T AA IA A Hexanes ©] 835}
Az

A F=v AAZE v Ui dx271E ol &t AdxAA ok

3-3. 1,1,3,3-tetramethoxypropanert<2 =93 R'(KI, KPFs;, KCIO
Jsalte] AA

3-3-1. 1-(4-(trifluoromethyl)phenyl)hydrazine hydrochloride® T4

NHNH, * HCI
/@/NHZ HCl NaNO, /@/ 2
FaC ; FaC

Na,SO; 0T

'H NMR(CDCls, pprm) §2:0(d.2H), 4.0(t,1H), 6.59(t,2H), 7.37(t.2H)

500mL round flaskell HCl 21mL%} ice 10g ¥ il ice-bathES AFgaA 0CE WHH

% 4-(trifluoromethyl)benzenamine 12.9¢(0.08mol)=S 3 3] 2 3&}3tt). o 7)o ice

10g5 ©l H7lgk = HoO 12mlel NaNO; 5.8g(0.085mol)S =3¢ AS 0CE A3}
WA 3087 BolEth Ao AwAN WeEs A F bl 00R wFa o}
H20 140mloll NaxSOs 25.2g(. 0.2mol)S =81 3-& Hxds| #7beh & A 2o 443t
o4 WEHTh metd BAL fiklrs

At v AAgle]l th=

A B

gk A &

i S |

s
mlo

glo
=
oo
=
jar]
I
ll
>~
Rl

3-3-2 5-(trifluoromethyl)-2,3,3-trimethyl-3H-indole®] A

/©/NHNH2. el CH3COCH(CH3), FsC
FaC ic aci %

acetic acid reflux N

"H NMR(CDCls, pprm) 80.6(s, 6H), 1.3(s,6H), 7.1(d,1H), 7.3(s.2H)
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(4-(trifluoromethyl)phenylhydrazine hydrochloride 8.8g(0.05mol)2 acetic acid
100mlell =91 & 3-methyl-2-butanone 4.3g(0.05mol)& H7}3F & 641 7F% ¢t reflux
g Wzgn 7)ol 0AN NaOH= FA4S %t¢ § CHChzE FETvh 7
MgSO,= AZx&AI7]3 filter & A S FF AxshH 3.4g(87%) Ao gel
=t & AAQle] v& WSl mpE ARG

o
e o

010

3-3-3. 5-(trifluoromethyl)-2,3,3-trimethyl-3H-indole2] T4

F3C M e| F3C
/ /,
N 110°C N+
\
"H NMR(CDCls, pprm) 60.9(s, 6H), 1.3(s,6H), 7.1(d,1H), 7.3(s.2H)

2,3,3-trimethyl-5- (trifluoromethyl)-3H-indole 5g(0.022mol)& 7+ flaskol
iodomethane 3.8¢(0.033mol)2} Zo] ¥ i1 solvent®lo] 110Col A 6A 2t w33t} 3
Ad JAMHAS CHCI; 100mLZ 3143 & filtergttl. thA] CHClIsZ washingdt +
AzxstA 3.2¢(92%)9 RS A=

0
=

3-3-4. 1,3,3-trimethyl-5—(trifluoromethyl)-2-((E)=-2-((E)-(1,3,3-trimethy!
-5-(trifluoromethyl)indolin-2=ylidene)methyl)but-1-enyl)-3H-indolium©)
A

- FsC
F3 m)\)\m
ﬁ >
N Pyridine NN NS N

1
- \
"H NMR(CDCl;, porm) 60.9(s,3H), 1.3(s,6H), 1.3-1.4(m,12H), 2.78(5,3H), 5.3(d,1H),
5.64(d,1H), 6.28-7.28(m,2H)
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5- (trlﬂuoromethyl) 1,3,3-trimethyl-3H-indole 3g(0.0lmol)S % v} flaskol
2% 45mL(0.01mol) 9 1,1,3,3-tetramethoxypropane< 3 7}3} ¢}
i 50mLY Pyridines #H7}ste] Fad$ 2A]7F &<t reflux Al
35 AARG. Ao Wyt dojya vy TLC &% whe-F

E
B K
(T
o
D)
a8
E N g

ﬁﬂi Ji—iN

3-3-5. 1,3,3-trimethyl-5-(trifluoromethyl)-2-((E)-2-((E)-(1,3,3-trimethyl
-5-(trifluoromethyl)indolin-2-ylidene)methyl)but-1-enyl)-3H-indolium
(R'salt)

"H NMR(CDCls, pprm) 60.9(s,3H), 1.3(s,6H), 1.3-1.4(m,12H), 2.78(5,3H), 5.3(d,1H),
5.64(d,1H), 6.28-7.28(m,2H)

e A EA  5-(trifluoromethyl)-1,3,3-trimethyl-3H-indole= = cooling*| # 5 1L
G 50mLe] wlojAe] 25mLe FHFE Heol FHlgte] FAWIE 7]l RU(KI,
KPFs, KCIOs) (1g)&-FHgket. 1213 7F heatings &8 7hstA] @il A Lo A
WS Al AET WAL SRS ol &5k FAkE A filterAl AF L G5 whA
2 AA HA A Hexanes olgate] AAfEt AAZE v Ui dx7]E o &

sto] AxAA Fh

3-4. 2-chloro-3-((phenylamino)methylene)cyclohex—1-enyl)methy!l
ene)benzenaminert< 2 =% I R'(KI, KPFs KCIO4)salt2] A A

3-4-1. 1-(4-(trifluoromethyl)phenyl)hydrazine hydrochloride® &4
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NHNH, * HCI
/[::j/NHZ HCl NaNO, /[::j/ 2
F3C F3C

Na2803 0¢C

"H NMR(CDCls, ppr2) 62.0(d.2H), 4.0(t,1H), 6.59(t,2H), 7.37(t.2H)

500mL round flaskell HCl 21mL$%} ice 10g ¥ 3L ice-bathE AF&siA 0CE WH
< 4*(triﬂuoromethy])benzenamine 12.9¢(0.08mo)E 3] A3} stk o 7)ol ice
10g<s 9 #H7Fg = H:0 12mlol NaNOs-5.8g( 0.085mol)= =< AE 0CE 43t
HA 3027 Boler. Aol H w7hx] WS Al T HA] 0CE Wil of 7]
H2O 140mlell NapSO3 25.2g( 0.2mol)= 591 A& s H7ks & A 2o A 441
o] wrgghth, =g A AL filterdt § HyOZ washingdt & 71Z31o] 5g(93%) 9]

=g A ES UG e AAgle]l g5 WSl ui2 Ag ST

el

3-4-2. 5-(trifluoromethyl)-2,3,3-trimethyl-3H-indole®] T4

/©/NHNH2 e CH3COCH(CH3), FsC
3 /
FsC ic.acid " reflux N

acetic.acid

1

H NMR(CDCl3, ppr) 60.6(s, 6H), 1.3(s,6H), 7.1(d,1H), 7.3(s.2H)

(4-(trifluoromethyl)phenylhydrazine hydrochloride 8.8g(0.05mol)2 acetic acid
100mlell =9 & 3-methyl-2-butanone 4.3g(0.05mol)& H 73 3 64 7F%5 ot reflux
o~

3 & Wzt of7])o] 0.IN NaOHZ FAS w3 3 CHChE F=3bth. B¢
MgSOs= A ZA7]2L filter & o AS F AZX3H 3g(87%) A2 gels AU
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3-4-3. 5-(trifluoromethyl)-2,3,3-trimethyl-3H-indole®] T A

FsC Mel FsC

N 110C N*

"H NMR(CDCls, pprm) 80.6(s, 6H), 1.3(s,6H), 7.1(d,1H), 7.3(s.2H)

2,3,3-trimethyl-5-(trifluoromethyl)-3H-indole 5g(0.022mol)& 7% flask®l] iodome-
thane 4.7g(0.033mol)9} # o] ¥ 1 solvent®lo] 110Col A 6A1%F w33t dAA =
HAMHA-S CHCl 100mL=E 343 & filterdrth. ttA] CHClz® washing?d & A%

g

bel 3.2g(92%)9] FAPAL Aer)

(

ol
™

3-4-4. 1,3,3-trimethyl-5-(trifluoromethyl)-2-((E)-2-((E)-(1,3,3-trimethy -5~
(trifluoromethyl)indolin-2-ylidene)methyl)but—1-eny!)-3H-indolium2 A

y S\, § _
FsC Né\éfN
H
W
N

N isopropanol
~ 1 pyridine
triethylamine

"H NMR(CDCls, pprm) 80.9(s,3H), 1.3-1.37(m,8H), 1.49(d,6H), 2.78(5,3H), 5.3(s,1H),
5.64(1H), 6.23-6.28(m,2H)

5-(trifluoromethyl)-1,3,3-trimethyl-3H-indole 3g(0.0lmol)& % Hv}= flaskel] @
<% 6.3mL(0.0lmol)¢] benzenamine= % 7}3te] RS AlAF $F 50mLe] Pyrid-
ineg H7lstel F1 thA] triethylamine 15mL& Y o]F 1 241 7F EoF reflux Al #
FaL A Ao WstE AAEG. Ao WSy dojuta Ui TLC % vHEF R
sko] Tk
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3-4-5. 1,3,3-trimethyl-5-(trifluoromethyl)-2-((E)-2-((E)-(1,3,3-trimethy!
-5- (trifluoromethyl)indolin-2-ylidene)methyl)but-1-enyl)-3H-indolium
('R salt)

"H NMR(CDCls, pprm) 80.9(s,3H), 1.3-1.37(m,8H), 1.49(d,6H);-2.78(5,3H), 5.3(s,1H),
5.64(1H), 6.23-6.28(m,2H)

e A A 5-(trifluoromethyl)-1,3,3-trimethyl-3H-indole= cooling ] # 5 1L
W$ 50mLe Hlo]Ae 26mLe FTH{HFE _HHolF FH|ste] FATIE o 7] RV(KI,
KPFs KCIOs) (1g)& ¥4 &8, 1A% 71& heatingS A3 7FshA] ko Ao A
WHHS A AFT 1A & SRS E ol8ste] FAEl A filterAl AF L whA 9 A
Al 74 Hexaned ol43ted AAaErh A7 £ua i Ax7E o 43hd
AxAA Foh

=

A E24S AAT CDCloll o] oz vhE v 045um filterE Al-§3}9]

FHE 59tk 400MHz 'H NMR 22 E & (JNM ECP-400 JEOLJt (Japan)) 2 2 =

Aotart S99 ~FHERo|A ztzte] o] ZA3E proton, WMA 3129 proton,
2 allkyl group®] proton & %22 WA HE F& = 9y, 24 FxE g

& = 99t o]% A Eo 'H NMRZ = appendixol 2319t}
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3-2. DSC thermorgram
= 28 gy = A3 v, DSC 60 (SHIMATSU Co., Ltd)S Ab&3te] <
% 20C/min, N» ¥$¢7]olA DSC thermogram< =4 &ttt =4 AL&3

A= Y2 9F 10.0mgeol ot

Al

s b

Q0
L

3-3. %34 54 %7

hl o

UV-vis Absorption =3 Ed UVEF F %= (M-3150, Shiamdzu Co., Ltd.)& ©|

=4
ERS RSP

g3to] =Asact A

glass& ©] 83} 3|4

3-4. W4 A7t
WA R ke

95% =971 st Al 24A13F 7

durance test(SH-641, E CORP)E o] &3l %80T, %

A5
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4 A¥ T nF
4-1. Cyanine dyes? %32 EA

4-1-1. 1.3,3-trimethyl-5-(trifluoromethyl)-2-((E)-2-((E)-(1,3,3-trimethy!

-5-(trb-(trifluoromethyl)indolin-2-ylidene)methyl)but-1-eny!l)-3H-indolium
o F34 54

Fig. 16> methoxymethanes AlEZ =¢ 39S Al HElU= &5 3345 UEY
ATk AFEY Aot FolA @AM FF47F dojd AE &g ddT A &

4942 53nmATh conjugationsh® Al e] o]zt opdowm s @A o] el

Zo] Fol G FF7t dojd Ho R AlnFo] HA HT 1 AES =Y
I 3E Sy FHEE FI UEUE ¥sE golrarxt g
1
‘—537—abs.spc
0.8
06 |
(7p)
O
)
0.4 r
0.2 r
O e
300 400 500 600 700 800 900
wavelength (nm)

Fig. 16. 1.3,3-trimethyl-5-(trifluoromethyl)-2-((E)-2-((E)-(1,3,3-trimethyl-
5-(tr5-(trifluoromethyl)indolin-2-ylidene)methyl)but-1-enyl)-3H-indolium of

optical character.
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4-1-2. 1,3,3-trimethyl-5-(trifluoromethyl)-2-((E)-2-((E)-(1,3,3-trimethyl
-5-(trifluoromethyl)indolin-2-ylidene)methyl)but—1-enyl)-3H-indolium 2]

= = 5 =
3% 243} FRE 574

Fig. 179 Table 2% B3lo] A& Qolo] Wajel w2 §4 sge] WelE sops)
Pom, Salt: AHAALA Saltel FRol we 54 wolojR el Az FA

o Wel7l Qo i ths A& 44 ddth

100 :“"'/_#—_ —537—T.sch
90

80 r
70 1
60
50 r
40
30 t
20

T(%)

300 400 500 600 700 800 900
wav elength(nm)

Fig. 17. 1.3,3-trimethyl-5=(trifluoromethyl)-2-((E)-2- ((E)—(1,3,3~ trimethyl-
5-(tr5- (trifluoromethyl)indolin-2-ylidene)methyDbut-1-enyl)~3H-indolium of

optical character of transmit measurement.

Table 2. The Character changing Salt and Compound-1

Appearance Red powder

Azsay more than 29.8 3%

| ==1.42 ¥ 105 (Lcm™ mol=2

[ [ 'Y ==1.54 H 105 {Lcm~ mol= )
PFg 2=1.83 X 105 {Lcm~ mol-2
kelting Point kdore than 2005
UV —Vis SPEC Abh=, paw=537nm dn keOH)
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4-1-3. 1,3,3-trimethyl-5-(trifluoromethyl)-2-((1E,3E,5E)-5-(1,3,3-trim
ethyl -5-(trifluoromethyl)indolin-2-ylidene)penta-1,3-dienyl)-3H-indolium 2
B}y 54

o]

2] tetramethoxypropane> A}& 2 =3}

Fig. 16014 Ab&¢ AlEH T ®Ho} 71 &g

9e 2% UEihs e WelE vEugon nuh gug How o Fahglon,
A Fig. 1610 o744 9] o/t 438 gad

Aol AolA%E AAL o]Fol AA el Wolk Ao AL A5+ Ao

o, FHo L& 63lnm = LEFFO W

ﬂll

B
ool
&
H

——631-Abs.spc

(abs)

0.4 r

300 500 700 900
wavelength (nm)

Fig. 18. 1,3,3-trimethyl-5-(trifluoromethyl)-2-((1E,3E,5E)-5-(1,3,3-trimethyl
-5—(trifluoromethyl)indolin-2-ylidene)penta-1,3-dienyl)-3H-indolium of optical

character.
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4-1-4. 1,3,3-trimethyl-5-(trifluoromethyl)-2-((1E,3E,5E)-5-(1,3,3—trimethyl
-5-(trifluoromethyl)indolin-2-ylidene)penta—1,3-dienyl)-3H-indolium <)

= = 5. =
Fh=E SAL FFE 54

o APAMSE AR ol mE TFe WMol FsHA thebbA ko
Aol Zolsk Aol A FHES FrhEsk W4 ANEGE A T4 AT
o}

A Fo = &S YEWA g

— 631-T.spc

100
90
80
70
60
50
40
30
20

T (%)

300 500 700 900
wavelength (nm)

Fig. 19. 1,3,3-trimethyl-5~ (trifluoromethyl)-2-((1E,3E,5E)~5-(1,3,3~trimethyl-5-
(trifluoromethyl)indolin—2=ylidene)penta—1,3-dienyl)=3H-indolium of transmit measure-
ment.

Table 3. The Character changing Salt and Compound-2

Appearance Green powder
Assay more than 99.8 %%
| £=1.33 ® 105 (Lem~ mol=)
ClCy £=1.31 ® 105 (Lem™ mol=)
PFs ==1.61 ¥ 105 (Lem~ maol="2
KMelting Point hore than 130°%C
UV—Vis SPEC Abs. jax=631Tnm Un kMeOH)
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4-1-5. 2-((E)-2-((E)-2-chloro-3-((E)-2-(1,3,3-trimethy -5-(trifluoro
methyl)indolin-2-ylidene)ethylidene)cyclohex—1-enyl)vinyl)-1,3,3-trimethyl

-5-(trifluoromethyl)-3H-indolium® %332 EA

benzenamines A}&EZ =Yl Hu I AEFZ 9 dEO HEHS WA S ¥
T AAYY g8 m AAEAA ARG AME Zol o Wzt R Qlste] sAfo] H
o Ao ojBd AL & Aov CVle) EPor Ad A R 3§
T yegton R TE Fig. 16, Fig. 185 M uwa &4 Wb Z o 7149} o) 7)
Aol Fojee s &5 U, 99 =dom Qg 44 AN S 7tAH =
Aom AtgEo] Z47] & de =4 Fol Pl meE 94 545 Hofs] Byt
t}.
‘— /85—abs.spc ‘

0.6

(abs)

0.4

0.2

0
300 400 500 600 700 800 900

wavelength (nm)

Fig. 20. 2-((E)-2-((E)-2-chloro-3-((E)-2-(1,3,3-trimethyl-5- (trifluoromethyl) -
indolin—2-ylidene)ethylidene)cyclohex—-1-enyl)vinyl)-1,3,3-trimethyl-5-(trifluoromethyl) -

3H-indolium of optical character.
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4-1-6. 2-((E)-2-((E)-2-chloro-3-((E)-2-(1,3,3-trimethy -5-(trifluoro
methyl)indolin-2-ylidene)ethylidene)cyclohex—1-enyl)vinyl)-1,3,3-trime
thyl-5-(trifluoromethyl)-3H-indolium® 3% A3 FJx =3

Aezdols waE s FRFAA FHEok delte A& d5 dnow, el

= 2T MM

We wge] wolt YojubA @rath wrh Ao o5 HEol ozl

Fash AA AR ool Polor FA APH AN & Eol
99 FFE spetsuA 9
Gof WE 59 BRAA 54 wok: 98 AgAel slelse Mol 2R Lo}

—— 785-T.spc

300 400 500 600 700 800 900
wavelength (nm)

Fig. 21. 2-((E)-2-((E)-2~chloro-3-((E)-2-(1,3,3~trimethyl=5-(trifluoromethyl)
indolin-2-ylidene)ethylidene)cyclohex—1-enyl)vinyl)-1,3,3-trimethyl-5- (trifluorome-

thyl)-3H-indolium of transmit measurement.

Table 4. The Character changing Salt and Compound-3

Appearance Blue powder
Assay more than 99.7 %
I ==1.31 ® 105 (Lcm~ mal=")
ClO, =154 ¥ 105 (Lcm~ mol=)
FPFs ==1.81 X 105 (Lem~ mol—"2
Melting Point kore than 200°%C
Uv—Vis SPEC ADE. yasx= 7860M (N hMeOH)
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4-2. DSC =44 %

Table 5. DSC Measurement

Compound Name of salt Measurement of value
I” * potassium iodide 297°C
ClO4 . potasium iodide 222°C
PFg . potassium hexafluoro 2A0°C
- phosphate
I * potassium iodide s
FaC CF3 134C
O O ClO, . potasium iodide 152°C
N T e
I | PFg . potassium hexafluoro 189°C
- phosphate
I_ i potassium iodide 220 °C
Cl0O, . potasium iodide 235°C
PFg . potassium hexafluoro 270°C
- phosphate
sgel Qo] Wste] Meldnge s Aok @ABe gt AW Ao
Aate dgo] Wete] oL ulAA oFekEh TEAR AH AL HAG F &
9lo oo o] gRokE sbel FAFiIme] AZA LrHE A4 APHS T
A7 F7b itk 53w Fugel 1 Abs Fxe) Age 98 Fa AVA @
A A Aol wlg oksko] Aol oA Het Fimo 2o Ago] Erbe 3
o fje Anz R4 %ol de] FFH F 53 PR A% 4TE 24 44
= 7HA B FAd. el we €4 dAAN =425 PFe > ClOs > T =42 e
s
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5 AE

Photochromic dyes® 3&}42l Cyanine dyes©o] CF3 indoled §@Aste] &A=
sto] S ¢ o 37HA Fel 2] o2 Ab&E(trimethoxymethane,tetrametho
Xy pro-pane, benzene amine)2 E£¢ 30S A YEh = FEH EAORZE AE
£9 dolo] wE FF Y ARG Ho 7 oled "o TR £ FUt

= S ¢4 Ao, 53] benzene amine 2
B B JAMER g e olgdt timo] o A Fol AAY 53

benzene”| 9] GFo g gt A& HEH & HE F AT 2y Aol 4

oHFE do g kFA-Fol AoE o Qs Ao IAFAE FoluA 3FTFHO
saltZ o] &3tk o) A&o] A& salts= PF6, ClO4, -2 AL&3k3ith 99 salt
E FxE BEYoE 3t EAd e JFS vAA &gey, w7y g
saltE9 F59d0] 27 daAy st gkgron, dol tigk A Ao
77 g8 AES 2ol FUT
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