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1.2+ Cyanine dye

——BODIPY dye

1.0 —— Squaraine dye
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Fig. 2. Representative absorption spectra of cyanine dye,

BODIPY dye, and squaraine dye
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Fig. 3. General structure of polymethine cyanine dyes

A A cyanine® &% AHEHS AT o= ] main

J'x-! _CI:I_ 1—l| ._.fJ]_ T]-'_



peak®} main peakel] ol U= shoulder peaksS #2234 Q11
main peakt A7} monomer FE|ZE =41 w o] 533 AHAET
< YER Y shoulder peaks wA7F A2 -5F 38t dimers ¥4
sk u o] AAEZHS e [12] Cyanine ¥4}2] dimer7} &4
2 ¢ dipole—dipole moment interaction®] WA sro) ujz} + &
A} AFol ] van der Waals energy 2} dipole—dipole interaction
energy 7} &3 monomer FE| ] AUA R} FA7F F4E S5
U= A7IAH oA #le] Frkske o] 2 18 main peakX T

G JgelA dimer peak”’} WERUGA ®th [13] Shoulder

o

peak® A= f59 53 AHER S WX E S ST AR
& o7 Hil cyanine §E7F F& WHAEH gs Zb7] SlsiA =
shoulder peak? intensity® ZAaA|AHoF & HAQ7F it
Shoulder peak+= Al T 2} AFo] €] §-F ol 2]k dimerel £
3 et Al w22tk S4del o # dod = shoulder
peak? intensity7} 57}kl ®t}. Cyanine> &N = 4}
ol Aol AA o FL WhAFH & JHAAIRE AF 3 o] ARt
o] kAol FobAA ¥ o A interaction®] F7FsH ¥ = @
2

Aol X dimer B430] 41914 shoulder peak?} %7}l

b

o] & HkA|F go]l S8kl ¥t Cyanine w45 A& 2 2

e

| 3 5 ]

11



N

Foll A&7 Y= olgst #2179 interactions A

d
o:

Cyanine? dimer peak™= ¥ 719 cyanine 27} & wsko g
M ds  H-aggregation @Hel el YEuA  Hedl H-
aggregation JEH 2 §HE E°]7] 91314+ cyanine Akl bulky
sk x| 3Al| & H7teko] 7 FAFEE] steric hindrance® S7HA71& %
He 2d¥ 4 vk [14] Cyanine &2 7F&del  f1x8k=
polymethine chain® meso position®l alkyl group& % 7}sh+= 3 S
2 FAZEE] steric hindrance® S7HA1ZA 4 lom X33 alkyl

group®. Z ethyl group= 41743t}

Cyanine #2+2] meso position®l alkyl7] & H7}sl= A& &34 ~

AEGo] HAEL Folt 2 ol9ow BY AVNE FAAIE A
2 1% Bk L BAT} AN UAE Wol of7)H F, 2

A Rgolt A Al B FHE i oy A S HEshHA TSt
Cyanine 9352 polymethine chain®] 3]7o] o]5 7] wj&of &34
S E8 WYH oy AE W=E3=4 meso position®l alkyl group©]
HA7Fel cyanine AEL  alkyl group? Ao 23k steric
hindrance®ll ]3] chaine] 3] 3}7] 9% energy barrier7} Ro}A] A

L AR 33 sel] golsA 7] el 24k Es E 8 ol

-10 -



AE WESH Ha FFe] AVI7E okl A= dde BolAl " [15]

Cyanine< Wl5+/4do] oFst dx =z Aoy} Hof o3 A 357
w ol ol dAE7F dast 3o AMEshr] o= A gekA] STk
[16] Cyanine©] o] &4 @EQl Aol F535t4 3812 IS 7}
A1717]1 918l weakly coordinating anion (WCA) ¢! TFSI anions X

sl A /b Bl WA = SxA171 AR Sl

Counter anion® S33l+= coordinations ©¢]F ool

rlu
e
12
o,
o
N
L
X
o

2
Er
Mz
>
)
2L
M
ke
1o
¢ =l

AA Aok 1o wkell, 2 $3] 9] anion s A Aol H A
A7) wFel W AAd el v 1S JhR[17] Todide
TFSI anion B —17Fe] AstE 7FA A WF TFSI= iodide .o -

7F A A7) wiel o 42 w9 AAULES ZRoh TRSIS =



2. A
2.1 Alek 1l #n)

1 =X ©

2.1.1 Aok

o

Ao AFgE AlekS Sigma—Aldrich  (Pyridine, triethyl
orthoformate, acetic acid, polysulfone (average MW ~ 35,000)),
TCI (Lithium bis(fluorosulfonyl)imide, 2—methyl benzoxazole,
2—methyl 5—phenyl benzoxazole, 1—1iodo hexane, triethyl
orthopropionate) |4 135k 3L Ex= 2] A Flo] Aol A3
o 71 €2 AF8¥  acetonitrile, acetone, chloroform,
dichloromethane, diethyl etheri= A }eholA] F-918Fe] AFE-31S]

.

2.1.2 7]

S 7o 22 Fesly] 9@ NMR, MALDI TOFTOFZ
A28tk 1H NMR<S BrukerAlb2] Avnace III HD (850MHz) &
ARESF o gl 2= Chloroform—d, 7|53 02+ TMSE A

ST dB ol Eapss A7) 93 MALDI-TOFTOF #b|+&=
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r

Scheme 1. Synthesis of 3—Hexyl 2—methyl benzoxazole

2—methyl benzoxazole (1.18 ml, 10 mmol) & magnetic stirrer
7} 9l+= 50 ml 2—neck round bottom flaskel] &1 1—iodo hexane

(1.77 ml, 12 mmol) S A 7}s}1L acetonitrile2 10 ml €& & Hk-&

e
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o 3
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¥ 24 EE glass filters o] &3t 7 oA A 91 FEjo A

of

AES A1 80 T LEAM 24A17F AF AZA7| 1 A 345

2.2.2 3—Hexyl 2—methyl 5—phenyl benzoxazole?] &4

)
- >
G N Acetonitrile, 120°C, 24h

Scheme 2. Synthesis of 3—Hexyl 2—methyl 5—phenyl

benzoxazole

2—methyl 5—phenyl benzoxazole (2.09 g, 10 mmol) &
magnetic stirrer7}F 21+ 50 ml 2—neck round bottom flaskel &

1—iodo hexane (1.77 ml, 12 mmol) & 3 7}8t1 acetonitrile= 10
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2.2.3 Cy3-13%4

o
oo~

Triethyl orthoformate (TEOQF)
Oy oy
+
Pyridine, Acetic Acid M‘
I

(o]

Y/

N o .
T ; “ U120, 1h

Scheme 3. Synthesis of Cy3—1

Cy3-1

50 ml 2 neck flaske] magnetic stirrerE Y3 3—hexyl 2—
methyl benzoxazolium (2.18g, 10 mmol), triethyl orthoformate
(3.32 ml, 20 mmol), pyridine (5 ml), acetic acid (1 ml) & % 7}3%+

T wre-5o] t} =& wj7}A] sonication A7 = silicon oil batheol A

f

100 CollA 1A17F E<F Hk-gA| 71t} HE8 =8 $ dichloromethane

= 7FekaLl sonications F3 A=) ¢A35] BaH =S 3 F Ut
A& A3t} 2 L 47 ZEkA Ao diethyl etherS HH-Eof 13|

o w Fal wRkE R8sk & WhEES dropAlA A =0l A
55 3t JAdE WeES glass filters o]&3ste] ¢ o ¥t
diethyl ether@ o]+ 3 oytd HF24 AAHES 80 T LEA
1271 7Hs <k A2 (Yield: 55%)

=17 -



'H NMR (850 MHz, CDCly): &§=8.50—-8.48(t, 1H), 7.47-

7.46(d, 2H), 7.37—=7.36(t, 2H), 7.32—7.29 (quartet, 4H), 6.40(s,

1H), 6.38(s, 1H), 4.20—4.18(t, 4H), 1.88—1.84(qu, 4H), 1.45—
1.41(qu, 4H), 1.31-1.28(qu, 4H), 1.27-1.25(qu, 4H), 0.83—

0.81(t, 6H).

MALDI-TOFTOF MS: m/z 445.13 (100%, [M —I]).

GC—HRMS MS found: m/z 445.2858. Calcd for Co9Hs7NoOo 1 M

-1, 445.2855.

2.2.4 Cy3-29] &4

»
0] Triethyl orthoformate (TEOF)
SE: )\,(,L
N P\nd.me -\cehc Acid S X

r

Cy3-2

Scheme 4. Synthesis of Cy3—2

50 ml 2 neck flask®] magnetic stirrerE Y1 3—hexyl 2—
- 18 -



Y3 triethyl

E RESA]
BdEo

5 kg Eo]
<k
| ¢

methyl benzoxazolium (2.18 g, 10 mmol) &
orthopropionate (4.02 ml, 20 mmol), pyridine (5 ml), acetic acid
S wl7}A] sonication A7l ¥
A wbs T8 %
] &

(1 mhDE H7hg

silicon oil bathelA 100 C, 1A%+ &

dichloromethane % 7}3}3l sonications &3
13)3stc}, 2 L A7) Z2kA Aol diethyl ether

3]

3N

A EE 3t F /A S 7
S WSEo vle) HFoE Fu wike 18
Aol AN ES I FAE vEES glass filterE ©] &
ek ol #skal diethyl ether® Aol § of3d #F24 &=
QF AZAIZIT}. (Yield: 31%)

80 T M 1247+
'H NMR (850 MHz, CDCly): 6=7.46—7.45(d, 2H), 7.38—

7.37(t, 2H), 7.31-7.29(t, 1H), 7.23-7.22(d, 1H), 4.43—-4.41 (4,
1.94-1.92(qu, 4H), 1.57—1.54(qu, 4H), 1.38—1.36(qu,

4H),
4H), 1.35—1.30(qu, 4H), 0.87—-0.85(t, 6H).

MALDI-TOFTOF MS: m/z 473.15 (100%, [M — 11).
GC—HRMS MS found: m/z 473.3172. Caled for Cs;Hy1NoOs ™t M

-1,473.3168.
.-_:I'x;! ":I: ok
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2.2.5 Cy3-39 &4

»
oo~

:,?_ Triethyl ortloforste (TEOF)

Pyridine, Acetic Acid
120°C, 1h r

Cy3-3

Scheme 5. Synthesis of Cy3—3

50 ml 2 neck flaske] magnetic stirrer® %3 3—hexyl 5—
phenyl 2—methyl benzoxazolium (2.94 g, 10 mmol)S Y
triethyl orthoformate (3.32 ml, 20 mmol), pyridine (5 ml),

acetic acid (1 ml) & F7}st 3 HF-g &0 =2 u|7}A4] sonication

ofX

AlZ1 % silicon oil bathellA] 100 C, 1A17F &<?F RES-A| X1t} HE-S- &

T % dichloromethanes 3 7}3}1l sonications £33 A Eo] -4

ol

] ElH =S 3 & 7tdS APt 2 L Az EekAAe] diethyl
etherg WHS-Eo| w3 HFoz Fu wuke AP & NhgES
dropAlA A Eo] FAFEE sty FdE HbgE5 glass filters
o]-&3to] 7St o #3tal diethyl ether® Aol o 34H H24 A

d=3 80 T 2&ollA 1243k-s<t A=At (Yield: 65%)
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'H NMR (850 MHz, CDCly): &=8.47-8.44(t, 1H), 7.59-—

7.57(t, 4H), 7.56(s, 2H), 7.563-7.52(d, 2H), 7.50—7.48(t, 4H)
7.43-7.41(t, 2H), 7.39(s, 2H), 6.82(s, 1H), 6.80(s, 1H), 4.32—
4.30(t, 4H), 1.96-1.91(qu, 4H), 1.54—-1.51(qu, 4H), 1.38—

1.35(quartet, 4H), 1.34—1.31 (quartet, 4H), 0.89—-0.86 (t, 6H).
MALDI-TOFTOF MS: m/z 597.21 (100%, [M — 1]).

GC—HRMS MS found: m/z 597.3481. Caled for C,HysNoO, 1 M

-1, 597.3481.
2.2.6 Cy3—4° &4
/\Q’b}""\
O Triethyl orthopropionate ([E:}_P_] Q Q : s O
@ \ Prridine, Acetic Acid o I
120°C, 1h

Cy3-4

Scheme 6. Synthesis of Cy3—4

50 ml 2 neck flask®] magnetic stirrerE Y1 3—hexyl 5—

phenyl 2—methyl benzoxazolium (2.94 g, 10 mmol)S Y1
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triethyl orthopropionate (4.02 ml, 20 mmol), pyridine (5 ml),
acetic acid (1 mD) & 7}t & ¥k-§-&Eo] t} 55 w7hA] sonication

Al 71 & silicon oil batholl4 100 C, 1A 7F =<F HE&- A 71T}, WH-S- £

T % dichloromethanes % 7}8t1l sonicationS & A Eo] &4
3] SAlHEE & 3 719S Qs 2 L A7 Z2ka A0l diethyl

dropAl#A A Eo] HAAHES st} FdH WH-SES glass filters

e

o] &-3to] 7St o 73St al diethyl ether® A ojF § o 7 ¥ FH24 A
AES 80 T LENA 1247+ 5¢F AZA 71}, (Yield: 34%)
'H NMR (850 MHz, CDCly): &= 7.60—7.57(t, 4H), 7.50—

7.47(, 8H) 7.43-7.40(t, 2H), 7.34(s, 2H), 4.49—-4.44(t, 4H),
1.98-1.95(qu, 4H), 1.54—-1.51(qu, 4H), 1.41-1.38(quartet,

4H), 1.34—1.31 (quartet, 4H), 0.88—0.85(t, 6H).

MALDI-TOFTOF MS: m/z 625.25 (100%, [M —I]).

GC—HRMS MS found: m/z 625.3799. Caled for CysH4oN,O, 1 M

-1, 625.3794.
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2.2.7 TFSI % 3kA4 9] &4

L""

Qa s O e [ o

Dichloromethane and
Acetone, 1t

o N2 _]°
Fs NS F
Sgths

Cy3-1T: Ry =H R;=H Cy3-2T: Ry =H Ry = CH,CH3
Cy33T: R, = @ Ry=H Cy3-4T:R, = © R, = CHyCHs

Scheme 7. Synthesis of TFSI substituted cyanine dyes.

st ® cyanine (Cy3—1, Cy3—-2, Cy3—-3, Cy3—-4)& Z+ZF 0.2
mmol® 70 ml vialdl B3 LiTFSI (0.072 g, 0.25 mmol) 2}
dichloromethane®} acetone <39 30 mlE 78t A2 oA 14]
2 kA e 9 A2 cyanined AEEHA il He o] &S5 A
Ast7] 98] ZF59 dichloromethaneg H7}8t & separatory
funnels ©]g3ste] 28kt FAlE €N°] dichloromethane
rotatory evaporators ©]-&3to] SEAIA A AL F7HH ] @&

AM AxE Tl 24= €2 5 At
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2.3 A4 IE Ax

4 %9 cyanine @& 9} TFSIZF X34 4 %9 cyanine &2

=22 PSU (polysulfone, (MW ~ 35,000)) TEAZ o] &-3}o]
#| 23}t Dichloromethane 9 gofl PSU 1 g& 29l 10 wt%=
b= R S A 2sty Z 92 0.01 mmols H7lsle]l A=

EAE Az ol IF 95 20 mm x 20 mm x 5

%3t 80 T AN 387 F7F Axdte] HE9 crackingS W
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3. 4847 4 =9
3.1 g5 54 &4
3.1.1 9u9 T2 ¥4
S T PO L VR T P 71 & P PR T cibbed ohg s
2d < + @ : X + 2
3 o3 3 < ; .
_3_' LUMO
< 3 + )< 2~ A 4 55
E 4 - {E\A}-@‘ F = Cf{%!?j‘,»
5 ] -
L
T AE = 3.13 eV AE = 3.08 eV AE = 3.08 eV AE = 3.02 eV
< 6 —_— ———— HOMO
"-‘E 1 .ox ) T\ 0o i oG8
7 o\ SO\ Y TR (YA S e
o | Heed ')2"%“ >)'.".} . owills:
.. ’, < : > . 4 4
-9 Cy3-1 Cy3-2 Cy3-3 Cy3-4

Fig. 4. Optimized structures and frontier molecular orbitals of

synthesized cyanine dyes.
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Table 1. Calculated HOMO, LUMO, and energy gap of cyanine

dyes.
Dyes HOMO (eV) LUMO (eV) HOMO - LUMO gap (eV)
Cy3-1 -5.92 -2.78 3.13
Cy3-2 -5.85 -2.77 3.08
Cy3-3 -5.88 -2.80 3.08
Cy3-4 -5.82 -2.80 3.02

Gaussian 16 X2 7133} B3LYP/6—31G+(d', p’ ) basis set=
AFE3Fe] 459 cyanine Ao o3t density functional theory
(DFT) AAbs Al §vf &asE agfstr] 98] IEFPCM
solvation model& AFE& 11, 8] x71 © 2 dichloromethanes A9

ANy, 1% 29 cyanine A9 optimized structure, frontier

molecular orbitals, 18] 1 energy gap (AE)Z e

Bzkol X387 5o wel DFTE £3)] A2kE HOMO-LUMO

- 28 -



energy gap®| ZrAs}

rlr

o ol
e g 5 AT A5 meso

_I

position % side position® ethyl, phenyl group® <A 2%t
energy gap® #A+ conjugation® %ol 9%t molecular orbital
o] MEstE ] BAstohy A Q. & AFel A= DET At

= ool AgA Y =del w2 9528 HOMO-LUMO gap?| W3=

et AR A FF 3FY ol AFE S Fetstaak seint.

b gl 7 9] 29 wet 45hd el ok 6 nme] &
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Fig. 5. Absorption spectra of (a) synthesized cyanine dyes and

(b) TFSI substituted cyanine dyes in chloroform (5x107° M).
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Table 2. Maximum absorption wavelength, corresponding
extinction coefficient (&), FWHM (full width at half maximum),

and fluorescence quantum yields. ([a] Measured in CHCl;

(5x107° M)).

Dyes A__ (nm) g(L-mol -ecm )  FWHM (nm) QuantumYield *
Cy3-1 494.5 97,800 39.5 0.175

Cy3-2 502.5 122,000 29 0

Cy3-3 507 118,300 425 0.285

Cy3-4 514.5 130,400 29 0.055

Cy3-1T 493.5 154,600 37.5 0.185

Cy3-2T 498.5 139,900 255 0.021

Cy3-3T 505 191,500 39.5 0.392

Cy3-4T 510 133,900 26.5 0.062

i

A 8F 2 dre Fshs 545 +A8H7] fldl chloroform=
g2 &9 5x107° M FEE zZte g9 Axsa UV-Vis
spectroscopy ¢} fluorescence quantum yieldE =743ttt 2+ &

29 EY 2AEYL B A IR (4, ), B FIE (), F

ol

F AfEH) MAE FWHM) g 9% 5 Ao 3% 33

=31 -



& 4715 F3l 95 ¥ A7 (Quantum Yield & S4E = 3l

F9E FHEL 490 nm ~ 520 nm Al M A FF 9 ke
7F8 e &2 %ol phenyl group¥} ethyl group®] F7H %
o) &% 9% 9] bathochromic shift7} 243 o, TFSIO] 712 7
<9 hypsochromic shift7} 2RIt A5 5L FEAOSZ 90,000

L/mol-cm ©|49] &2

e
oo
o

TE 7}A 1 TFSI 7} 719 859

A= iodide7F A ke AR S vlwste] & FFE 7R &)

AT E9 HEXE kS meso position? ethyl group® phenyl
group®] F7tell olafiA Wakglth. Meso position®l ethyl group©]
A gkE Fxo] A, AgE A 2 FFxo v]§ Aol A S &2 shoulder
peako] ZrAastAA WEX]FE Zho] 7HAF T o]t shoulder peak]
72 ethyl groupell 2%t steric hindrance 5 7F= #A=3HY §

Aol Aag7] "oz A7tk Phenyl group®] H7bel oM =

rE

A #o] F7bekdl side group®l A717F AAHEAM EAE S-S

T e ol AAY Aol ¥ & dojuA Ho] et Jlow B
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Cyanine® meso position® *|3#|:= cyanine? 33 FAF &

Aol 2l8] cyanine?] methine chain®] bond rotation®] 7}s 3%
rotation®l oJ&l E2} U X7} vdgid 0% WEE o] e

Ao 7 yelrh [19]
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Wl , it LAY
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Fig. 6. The number of fluorescence photons per lifetime
of (a) Cy3—1 and Cy3—-2, (b) Cy3—3 and Cy3—4
measured by TCSPC.
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Table 3. Fluorescence lifetime (7) and rate constants of

radiative (k) and non—radiative relaxation (k,) of synthesized

cyanine dyes.

uantum 9 9 9
Dyes Q . 7(ns)  kr(10) kr+kwr(10) kor(10)
Yield
Cy3-1 0.175 0.385 0.454 2.60 2.14
Cy3-2 0 0.157 0 6.36 6.36
Cy3-3 0.285 0.650 0.438 154 1.10
Cy3-4 0.055 0.280 0.196 3.57 3.37

Agr} o719 T o)y 71714 lifetimed] W= 33 Fx}o)

=
il

ftlo

Time—Correlated Single Photon Counting (TCSPC) =

o
T
o

Z3 S45H . 959 meso position®l ethyl group]

)
r (
Jdo
-

of u}

W

IS Y& 3 98 9 fluorescence photon 52 =74 A3}

il

Hl w3t =, 7 2% 25l ethyl group] = gkel okt o i

=1

27 fluorescence photon® 7} 7F4AsHS #zksk 4= 93t}

TCSPC 28| 7] 275 ©a3st A3} ethyl groupe] X $he =] &

S ARENT AT ARBIA o W P 5 it st 9
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o2 FQldk 4= ). UWkA © 2 non-—radiative©l] 23t relaxation

ftlo
A

o] radiative©l 2]3} relaxation®.tF W2ty 244 et o= &
3l ethyl group®| "] X|3H &5 =9 A += radiative emission®]| ¢J 3t
USS =3 ¢ 919lal ethyl groupe] 8

relaxation ©] % Yoj

H A G oA+ non—radiativeol] 23t relaxation®] F= A TH

A5 59 TCSPCE %3 =49 radiative®} non—radiative?] &

gk o Wi AA AT HA ST non—radiative rate
constant®! k< ethyl group?] x|3tel] ol&] I A S7FsHS HoFS]
. o]E &3l ethyl groupe]l A #¥ AEelA+= non-—radiative
relaxation®] radiative relaxation ®.t} ] w}=2 7] wA4H-S gelsk 4=
A webA radiative relaxation®] A&7 o] He FEA}9)
motion®l] &% relaxation®] WAsto] FFo] WS SAleHA w3
tF. mebA ethyl groupel X8 5ol A = mi-¢ 22 <] photon
3l fluorescence quantum yield7} #] x| g8 95

&=
=oll Hlal w2 gk BolA Hlv [20]
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Fig. 7. XRD patterns of the microcrystals of (a) synthesized

cyanine dyes and (b) TFSI substituted cyanine dyes.
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Fig. 8. TGA analysis of synthesized materials over a range of
30—500 C. All samples were heated under a nitrogen

atmosphere at a heating rate of 10 C -min .
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Table 4. Thermal decomposition temperature of cyanine dyes at a 2%

weight loss.

Thermal decomposition

Thermal decomposition

Dyes temperature (T4, °C) Dyes temperature (T4, °C)
Cy3-1 195.2 Cy3-1T 254.6
Cy3-2 201.7 Cy3-2T 254.8
Cy3-3 259.3 Cy3-3T 280.6
Cy3-4 191.8 Cy3-4T 246.0

AedE o] AHgE7] A8 ARt 1 FARIL A 99

Fo gl eTEh FAE YRS oleld Y 27S WEe

thermogravimetric analysis (TGA)Z % 3}o]

o 51 500 CT7FA 10 C/ming &

B o
Tl:}ﬁu’é‘

TGA

2% weight loss7} &A3%h

temperature (T E AAsla o] = vl wdl=

F83td . TGA 4 A3 cyanine

EE2 AL B9 skl s

ozt o

- =2

A ol A

_QA_E_

255 thermal decomposition

7)—\13§ cgfj"g] ol olA
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Fig. 9. Change of relative absorbance of cyanine dye solutions

according to LED light irradiation time. (Measured in toluene

solvent at a concentration of 5 x 107° M).
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Table 5. Relative absorbance of the synthesized cyanine dyes

and TFSI substituted cyanine dyes after 1hour LED irradiation.

Dyes 11, Dyes 11,

Cy3-1 0.354 Cy3-1T 0.987
Cy3-2 0.116 Cy3-2T 0.980
Cy3-3 0.111 Cy3-3T 0.986
Cy3-4 0.162 Cy3-A4T 0.984

Zbol AojAAl B}, AfdE e ARgE = AR 3 o5 gl e
d 49 959 F el @l % FF A gat v
AYEH o 54 Ao A7 ddo] "k webA

=
e} 3% @87} o9 teisA detela dgel 1

Cyanine 9829 H9 x=Zo o Fd% W= 2487 $13)
cyanine @85 %<9 §do] LED lampE H|F 3% W3E #23)
= AYS AYsSiet. &= ¥4 2l toluenes ©]&3H%laL

. 1 O
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Fig. 10. Absorption spectra of fabricated PSU films made with (a)

synthesized cyanine dyes and (b) TFSI substituted cyanine dyes.
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Table 6. Positions of the maximum absorption peak, and FWHM
of fabricated PSU films.

Dyes Amax (NM)  FWHM (nm) | Dyes  Amax (nM)  FWHM (nm)
Cy3-1 497.5 44.0 Cy3-1T 495 425
Cy3-2 503.0 35.5 Cy3-2T 502.5 32.5
Cy3-3 508.5 46.0 Cy3-3T  508.0 46.0
Cy3-4 514.5 41 Cy3-4T 513.5 36.5
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Fig. 11. Transmittance spectra of fabricated PSU films made

with (a) synthesized cyanine dyes and (b) TFSI substituted

cyanine dyes.
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Table 7. Transmittances at Anx 0f cyanine dyes in fabricated

PSU films.
Dyes Transmittance at Apay (%) Dyes Transmittance at Apay (%)
Cy3-1 4.8 Cy3-1T 3.4
Cy3-2 5.2 Cy3-2T 5.8
Cy3-3 3.3 Cy3-3T 1.3
Cy3-4 5.6 Cy3-4T 2.6
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Fig. 12. Normalized absorption spectra of fabricated PSU
films made with (a) synthesized cyanine dyes and (b) TFSI
substituted cyanine dyes before and after the post—baking for

150 C, 3h.
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Table 8. Relative absorbance of PSU films before and after

the post—bake.

Relative Absorbance Relative Absorbance
Dyes Dyes
Pristine Baked Pristine Baked
Cy3-1 1 0.75 Cy3-1T 1 0.99
Cy3-2 1 0.77 Cy3-2T 1 0.98
Cy3-3 1 0.83 Cy3-3T 1 0.99
Cy3-4 1 0.84 Cy3-4T 1 0.95
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Abstract

In order to improve the color gamut of the display, the
light emitted from the RGB luminescence of the display must
express light close to the primary color. When the main RGB
colors overlap, the color gamut of the display decreases. In this
study, in order to increase the color gamut of the display, we
tried to develop a color filter that absorbs light in a color
boundary region where overlapping between blue and green

colors of RGB occurs.

In this study, dyes to be used in color filters were
synthesized based on cyanine—based dyes. We observed
changes in the maximum absorption wavelength, full width at
half maximum (FWHM), and fluorescence quantum yield of the
dyes according to the introduction of substituents at the side
and meso positions of the dye. In addition, the synthetic dye
was substituted with bis (trifluorosulfonyl) imide (TFSI) anion, a
weakly coordinating anion (WCA) that can improve the stability

of cationic dyes. The changes in thermal stability of TFSI

-61 -



substituted dyes was measured by using TGA analysis and the
changes of photostability of the dyes was also measured by
comparing the intensities of absorbance before and after light

irradiations.

In order to observe whether the synthesized dye
maintains properties similar to those of the solution phase and
the powder phase even on a polymer film, optical properties and
heat resistance properties were measured through a film
prepared using a binder. Even on the film, optical properties
such as wavelength shifting and decrease of the FWHM were
confirmed according to the introduction of the substituent as in
the solution state. It was observed that the thermal stability of
the dye on the film was also improved by the addition of TFSI

as in the powder state.

Keywords: OLED color filter, trimethine cyanine dye,

bis (trifluorosulfonyl) imide anion

Student Number: 2021—-23228
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