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Fig. 1. (a) General structure of perylene dye, (b) Substituents
introduced to imide (R;) and bay (R,) positions.
Fig. 2. Geometry—optimized structure of the synthesized dyes.

Fig. 3. 4—point dihedral angles of terminal—substituent (left, blue)

and perylene main body (right, orange).

Fig. 4. Normalized absorption and fluorescence spectra of the

synthesized dyes in CF solution (10™°M).

Fig. 5. Plane A and B to calculate the structural difference between

So state and S; state of the compounds.

Fig. 6. Linear fitting graph of Stern—Volmer equation.

Fig. 7. Normalized absorption and fluorescence spectra of the

synthesized dyes in PMMA film.

Fig. 8. Transmittance of PMMA films with the synthesized dyes

compared to transparent PMMA film.

Fig. 9. Thermogravimetric analysis of the synthesized dyes.
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Fig. 10. Net photosynthetic rate (P,), intercellular CO» concentration
(Cy, transpiration rate (E), and stomatal conductance (gs) of lettuce

grown under transparent PE film and SCF at 35 days after covering.
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Table 8. Photophysical properties of the synthesized dyes in PMMA

film.

Table 9. Changes in spectral transmittance of PMMA films with the
synthesized dyes compared to transparent PMMA film without dye.

Table 10. Weight percent of the synthesized dyes at 200C.

Table 11. Growth characteristics and cumulative yield of lettuce

grown under transparent PE film and SCF.

[Scheme List]
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Scheme 4. Synthesis of PI-TBPO.
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introduced to imide (R;) and bay (R,) positions.



2. A

2.1 Aok 2 )

2.1.1 A<k

ko] o] &% AJek2 Sigma—Aldrich (poly methyl methacrylate:

average Mw ~15,000, Phenol: %> 99%, Propionic acid: s=5> 99%)
TCI (p—Cresol: %> 99%, 2,6—Diisopropylaniline: =%>97%, 4—
tert—Butylphenol: F=5E> 98%), Combi—Blocks (1,6,7,12—
Tetrachloroperylene tetracarboxylicacid Dianhydride: %> 97%),
2HAstst (Potassium carbonate: %> 99.5%) oA F38t5la, Ex9
A glo] Addel o] gakitt. o] 99 &= B Ardststel ik

o3k

2.1.2 %

73

=

A0 2= Felstr] 93 ¥C o 'H NMR & Bruker A}

Avance III 500MHz NMR & A}&3t13, £vl+= chloroform—d %

=

6

SEask



Agei gAE 24

Lo

FA-2 Matrix—Assisted Laser Desorption

ure)
o
i,
i
i)
1o

A
i)

A EAS A3 Y38 UV/PL/Quantum Yield &
=431, Z+zF Shimadzu ARl UV1900i, Perkin Elmer 2] LS55,
Otsuka electronics AFS] QE1100 & o] &3t}

TA instrument ¢] SDT Q600 & o]gst] stAdH &2 o T

A1
~

Hr

(Thermogravimetric analysis — TGA) S 233}t



2.2 =49 9 B 72 24

2.2.1 PDA-Cl, 9] 34

ol

o] o O NHz o N 2

o - 2, 6-Diisopropylaniline ¢l e

cl cl

Propionic acid, 110T, 24h

Scheme 1. Synthesis of PDA—Cly
oo 1L 3 neck Zgk~Fe 1,6,7,12—tetrachloroperylene
tetracarboxylicacid dianhydride (Combi—Blocks A3, A|&HE: QA—
7294) 40 g (75.2 mmol)= ¥ Il propionic acid 500 mL & A&t}
60 CTZ w8 i FHANA 30 FolA 1 A wwkst #H, 2, 6-

diisopropylaniline 66.66 g (376 mmol, 71 mL) <= F%3tx, 110 CTolA

2 A28k

—



reflux 3= ¥, 24 A|ZFs<r wHbskoh Hbg F85 % 25|31 YA 2 L

A EAT B3 gAato g Hd A7 ¥ glass filter o] A AEt
Ay ARvtEIHY] PHOE (CF:Tol=4:1) AAFch (Yield: 91%)
'"H NMR (500MHz, CDCly), 6:8.78(s, 4H). 7.53(t, J=8.0 Hz, 2H),

7.37(d, J=8.0 Hz, 4H), 1.27—-1.15ppm (m, 24H). MALDI-TOF MS:

m/z 848.15659 (100%, [M + HI).

2.2.2 PI—Phenoxy 2] 34

SN

DMF
80°C, 15h

Y

Scheme 2. Synthesis of PI-Phenoxy

9



500 mL 3 7+ &g}~ PDA-Cl, 0.932 g (1.1 mmol) ¥} potassium

carbonate 0.768 g (5.56 mmol)& %1 40 mL dimethylformamide

(DMF) & F93}o] wHkstt}. 30 ¥ 5 phenol 0.62 g (6.6 mmol) <

aL 130 TellA 7 ARE

X

H7veta vk 87] 5 AL 0w vhEo
wRkgey wkgo]  nH™ WhgES WAAIY. W4E whgEl
£ 3= potassium carbonate & A A3F7] $18}9] ethanol & A& 3}
oy s, dojxl oA ] fulE evaporator = FTHAITH {AERAIT]
E4s A9 a=vEIds WY (MCHexane=5:1) 02 A st}
SlE SEA F dxste] H29 IAE F53 (Yield: 60%).

“H NMR (500 MHz, CDCly): 8 =7.43(t, 2H), 7.27 (septet, 16H),
7.11(t, 4H), 6.97(d, 8H), 2.70(septet, 4H), 1.12(d, 24H).

MALDI-TOF MS: m/z 1079.6 (100%, [M + H]).

10
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2.2.3 PI-Cresol &9 g4

oot \@oﬁ@/@/
gopsoact

S G
80°C, 15h

Scheme 3. Synthesis of PI-Cresol

500 mL 3 7+ &g}~ PDA-Cl, 0.932 g (1.1 mmol) ¥} potassium
carbonate 0.768 g (5.56 mmol) & Y1 40 mL dimethylformamide

(DMF) & F<¢8ko] wnkstth 30 ¥ % 4-methylphenol 0.712 g (6.6

mmoD & H7Fm WE §71 URE Ax BPOE WEF:
130 ColA 7 ARF wkgTh whgo] fmEW wWeEe WA

WYztel dHk2-Eo E£A5l= potassium carbonate & A|AS7] $5F]

11



ethanol & A|Z3}H ofFstcy, dojx ofzpelo] LujE evaporator =

WA It AFA7 EAS AgagEvtEgdy WY (MC:Hexane=5:

=

o\

FEan

i

Aol A

rlo

Doz ZATY s AR § Axsk &
(Yield: 62%).
H NMR (500 MHz, CDCl3): & =8.20(s, 2H), 7.42(t, 4H), 7.27(d,

4H), 7.08(d, 8H), 6.87 (quartet, 8H), 2.70(septet, 4H), 2.31 (s, 12H)

1.11(d, 24H).

MALDI-TOF MS: m/z 1136.7 (100%, [M + H]).

12



2.2.4 PI-TBPO ¢ 34

DMF
80°C, 15h

Scheme 4. Synthesis of PI-TBPO

500 mL 3 7+ &g}~ PDA-Cl, 0.932 g (1.1 mmol) ¥} potassium

carbonate 0.768 g (5.56 mmol)= %3 40 mL dimethylformamide

(DMF) & F43Fe mHkstt}, 30 # ¥ 4—tertbutylphenol 0.991 g (6.6

mmol) = F7Fstar ®ks &7 WFE AL

r
do

712 wEo] Fu

130 Colld 7 AlzF muEkgth wRSo] 9%

i)

H RkEEs WA
W7ty Hbg-Eeo EA8k= potassium carbonate = A|ASH] 95k
ethanol & A|Z3}H ofFsicy, dojx ojzpelo] LujE evaporator =

Zuadt. AzA Bde A9 Azekeadgy

A& st



(MC:Hexane=5:1) 2.2 gAgtt} S5 SUAZ & AFste] H249
IAE F5EIH (Yield: 66%).

YH NMR (500 MHz, CDCly): 6 =8.29(s, 8H), 7.42(t, 2H), 7.25 (m,
8H), 6.87 (pentet, 8H), 2.71 (pentet, 4H), 1.27(t, 36H), 1.13(t, 24H)
1.11(d, 24H).

MALDI-TOF MS: m/z 1304.7 (100%, [M + H]).

(PMMA) I9HE ¥ & Y 3 F9 perylene Al 95 (PI-
Phenoxy, PI-Cresol, PI-TBPO) 5% 72} 3 mol% (0.00121 mmol)
Yol g5 £d8 "iEt vk HE £S5 5y 52 73 9

o] Edgol= WY (doctor blade technique) o IEL A Zsic)

Azrst 52 85 TelA 1%t pre—baking & A X1t

b RS

14

&

| &1



2.4 985 Fx° HA3
Gaussian 16 T2 78 o2 DFT ¢ TD-DFT AARS Z8ste] A=

Az FAsE T2 AXATH 6-31Gdp) = 7|2 07 BILYP

|

H 3}
P42 olg3tol ANYT BAE 9] A P} L CF 4 R

FIES vuadorn B4 985 7 Stokes shift A

x

FE So/dEiel S dEHY W HEA A9 twist angle & Pl T O R

Ald Ayl 1l =9

3.1.1 &4 7+x9 gyl

FFI
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=]lE A A 9

Ho
N
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HPAE bay fAl = AgASS 95 UM =2 T AA
Fols T7MIAIT wWEb bay  fAC] EdEl A@Ae] AR

A45S FHR 9 B4 ¢ 9A gel AE: 243 Zolw

M

PI-Phenoxy

PI-Cresol
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23 > 3
n‘ m . ‘J; y 335 J‘;{%J
2 0 g K ° > #" L X AN e ‘}Q'
*S%ha pe sald > e 02 . e? 8 T
AW s o eBH- e e P ¥
o an 5‘,". 4 {ﬂ . ‘
- o5, 297 @ ® , W ’
¢ b4 2 "‘a{ : & -‘,‘3 3 99
F ]
3 9 o )5 "’!
1;‘1 ’:‘ -
5 » &
b wg
PI-TBPO

Fig. 2. Geometry—optimized structure of the synthesized dyes.

3.1.2 &4 +x9 w4

HAgE F%9 dihedral angle AAFS Z3 imide $X°o X 3|9t

Hdd A7) o|F= zh HYd 2Ryt JEY ALE BAY ot

d

e AR BA Atolel gk Al ol ARE BAE] 98l
bay Aol ZQl® AFAE P9 ARES I E Al Table
1 ol imide §X XgAlet AL A7t o]F= Zty ADA EA7}
HAEoxl A5 ¥ 7 98 ¥EE Jehigla, Fig. 3 o ahekd Az}

T4 MO F dihedral angle & AN AR=S 77 BASIIH

A=t 8



ojF, EAZF HEY AE7F °F 29°F olEH (Table 1. =,

W3 A/ vwd 5 vk GRS FIE bay 94 ABAEY 237

AZA4= PI-Phenoxy < PI-Cresol < PI-TBPO o= <7kt

(Table 2). WA, & Afol o] Q1A &l %=+ PI-Phenoxy < PI—

Cresol < PI-TBPO o7 Z7}sttha skgic),

18



Fig. 3. 4—point dihedral angles of terminal—substituent (left, blue)

and perylene main body (right, orange).

Table 1. Dihedral angles of terminal—substituent and perylene main

body.
Dihedral angle of terminal substituents Dihedral angle of perylene core body
© ©)
PI-Phenyl 90.7 29.6
PI-Cresol 90.8 29.4
PI-TBPO 90.4 28.6

Table 2. Molar volumes of bay position substituents and the

synthesized dyes.

Molar volume of substituents Molar volume of synthesized dyes
(bohr®/mol) (bohr®/mol)

PI—Phenyl 761 8,900

PI—Cresol 840 9,800

PI-TBPO 1,252 11,700

19



3.2 FH 54 4

3.2.1 &HelM ] &=, WF 4
FAE Al d:9 1 x 10° M CF €9 AHedAe &5, 43
A~ EY S Fig. 4 9F Table 3o Uetdllth. A€ Al 98 B5F 54 o9
(500-600nm)& ekl A4 49 (600—700nm) & 'WEoto] 24
g4 SCE of ARg7]el Agst ~dEHS Bidn. Al &5 2
PI—Phenoxy 7} 576 nm, PI-Cresol ¢] 580 nm, PI-TBPO 7} 583 nm &=

A Aol & Adle]l FrkEes 9Re & 1dEe sl

TOo %2 F7Fste] PI-TBPO 7} H4 o] US 71 Wo] F3she
A3E Ho, A4 J9e FFAE AF54AY F5F P A2
Aol z HA JoS wo] 4 45 SCF 9 a&& 72 &
9lth. ¥ Stokes Shift & PI—Phenoxy (33 nm) < PI—Cresol (35 nm) <

PI-TBPO (37 nm) <22 Z7}sith

20
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Normalized Absorbance

104 ~——— PI-Phenoxy 3 1.0 —— PI-Phenoxy
~ = Pl-Cresol 8 - — PI-Cresol
—— PLTBPO > —PI-TBPO
0.8 1 ‘w084
e
: £
0.6 4 i - 0.6
7]
o
c
0.4 4 8 044
/- o
7 2
0.24 4 £ g 0.2 4
E N
0.0 . ; . v : T 0.0 . v v eV Y
400 450 500 550 600 650 700 500 550 600 850 700 750 800
Wavelength (nm) Wavelength (nm)

Fig. 4. Normalized absorption and fluorescence spectra of the

synthesized dyes in CF solution (10™°M).

Table 3. Photophysical properties of the synthesized dyes in CF.

Amax (am) A emi (am) Stokes shift (am)  Molar extinction coefficient QY
PI-Phenyl 576 609 33 36,000
PI-Cresol 580 615 35 40,000
PI-TBPO 583 620 37 42,000

3.2.1.1 Stokes Shift &4

Stokes shift 7} 42 979 self—absorption & %o} SCF 2] 8§82

M

ol

0]
=

F Q7] wjEo] 959 Stokes shift & A WE=EE A

flo
wn
O
s
1o,

g 585 Fole dlel ol Fad aiolrh v

21



A 714 dE (SeellA o471 A (S)7F HW intramolecular
charge transfer (ICT) el &l #3&}7} o]& st} ICT o 2Js) A A&7}
WHalalm Agte] dol7f AoAHA 22 27 HEA Ak sAl
ICT ©| 98} vibrational relaxation ©] 2ot} Stokes shift 7} Lojtc}, 20
212228 2 ICT 9F A 722 FAE#, Stokes shift &= 4#aA 7 lkar
g = glor, $E& o] AFolA Stokes shift 7} Aot JEE A+
Tx27F A" ARe ICT 7F Aoy xR 242+ slnx
AFet b, FAE d5E58 bay A ASAC] & AQlo]
FHEes #A9] ICT A%7F S71ste] Stokes shift 7F Z7FthaL
Aol o, Sy state 9 wWje} S, state & w] FxFe] FF x}olr)
Z7V25 989 Stokes shift 7} S7k8 Zlo)ah B *

FE AEEY energy state Aol Fx2 ZolE Al &7 f& 7t
ARTF Sp state F Wl S; state & wW HH A ¢ HWH B 7} o]F= 7
(twist angle—3 " dlo] HEAAZX A%)S wlwste] Akt (Fig. b,
Table 4). ™ A9} B2 F B2 Fig. 5ol BAS Al A9 HuE
ol AR, FH Ao REE WA WEE AAtete] A HE 7
O] F = 7S Ao EMN S, state & Wit S; state I w 7t AE2
2249 twist angle & AAFETE Table 4 & S state & wWje} S; state ¢

o 959 twist angle (<, 6s1)Z angle difference (0 ,= 05—
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0 s0) 5 YERATE 6 4+ PI-Phenoxy (2.0°) < PI-Cresol (2.3°) < PI-
TBPO (3.6) «ox F7ksto] Stokes shift 7} F7kst A& (PI-
Phenoxy (33 nm) < PI-Cresol (35 nm) < PI-TBPO (37 nm))
A&t =, 0,7 5= S, state 4 W9} S state & wjo] A7
T2 Zo)7t AttE AL 9u|slEE, Sy state D w9l S, state U W
A= Fx Apol7F E4°5 Stokes shift 7} S7FsheE A& &1

ICT 7} Wo] ¥rAe=2 A7 9] energy state o WE F5o x4
zfo]7h AA AL Stokes shift 7} F7pgtc) 20 2b =2 = sk E A4 79
ICT A& vluEdstr] g8l AgA=2] HOMO level S Gaussian
16 & F3l AAret 43} phenol (—=6.73 eV) < p—methylphenol (—6.39

eV) < p—tertbutylphenol (—=6.37 eV)E =7}l on, ol= XA
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Fig. 5. Plane A and B to calculate the structural difference between Sg

state and S; state of the compounds.

Table 4. Twisted angle difference of perylene main body between Sy

and S; state.

6so (® 651 (°) 6 4 (°)  Stokes shift (nm)
PI—Phenyl 29.6 31.6 2.0 33
PI-Cresol 29.4 31.7 2.3 35
PI-TBPO 28.6 32.2 3.6 37
24
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Table 5. HOMOs of the bay position substituents.

HOMO (eV)
phenol —6.73
p—methylphenol —6.39
p—tertbutylphenol —6.37

3.3 &3 54 74
FdHHE AEES 1 x 107°M €9 AeoA HgkAe FHurt AdF=

ofh
o

ok} §-8-9°] PI-Phenoxy (0.66) < PI-Cresol (0.87) < PI-TBPO

(0.96) % Z=7}gt} (Table 6). PI-TBPO 7} 7} & 334 2 & #S

gledl, ol 3.1.2 Ao AwFxo] PI-TBPO ¢ XZAJ p—

tertbutyl ] H3|7} 7} 37] wjFo A 9855 = PI-TBPO 7} &4} 7t

JA goli7b 7 2 AEE 7 B2 3 3] 7P wol oAl H317I

HZolehar Ao weEbd, £ 7 A Zeirh A Sl A
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Fig. 6. Linear fitting graph of Stern—Volmer equation.

Table 6. Fluorescence quantum yield of the synthesized dyes at each

concentration.

Concentration (M) 107®  3x107° 107° 3x107° 6x107°
PI-Phenyl 1.00 0.99 0.66 0.40 0.21
PI-Cresol 1.08 1.07 0.87 0.47 0.32
PI-TBPO 1.08 1.07 0.96 0.58 0.43
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Table 7. Slope of linear fitting graph of Stern—Volmer equation

lifetime, and quenching constant of the synthesized dyes

Slope Lifetime (ns) Kq M lns™)
PI-Phenyl 62,800 9.3 6750
PI-Cresol 47,600 13.7 3470

PI-TBPO

31,400 14.7

2140

3.4 A5 A

BTy 21

ul

S =2 B3R

9% SCF o AHgd 5 9t dug Aushs 2
AejelA AA BF SCF o AMgael

=0 33 okzxl 837 & Stokes shift S 7HA=x dAEH A8
5072 AFslel AAAES 1. 5 A w1 2.3 Ao
713k Tk
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3.4.1 -\‘L:J{E /BPEHQJ 5’6]—61- | E/\-] FHA

= = (e} =

=M o &4 34LS PI-Phenoxy 7} 578 nm, PI-Cresol ©] 581
nm, PI-TBPO ©| 584 nm =& EF %4 949 (500-600 nm) 9 W&

ol A2 9o (600-700 nm) 9] HS W=t (Fig. 7, Table 8).

ok

G el vuFe W FAF dEeld F, Hd Jd= 2F Hd 3

nm ASH3EE Hgov, @dE A 9R ®2F 49 g SCF e

AREsEZlol et AHEYS THXAL les SR TE Stokes Shift =

PI-Phenoxy (33 nm) < PI-Cresol (34 nm) < PI-TBPO (39 nm) <%=

S7Fekdth o] A2 3.2.1.1 Held Aol € A dm T

2847} 7FE electron—rich 3 PI-TBPO 2] ¢ ICT 7} 7} @o]

dolrt Sy state 4 W9t S, state A WO PR Tx Aol7t 7 A7

—

o] HAYsk Ao g JFoEn
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Fig. 7. Normalized absorption and fluorescence spectra of the

synthesized dyes in PMMA film.

Table 8. Photophysical properties of the synthesized dyes in PMMA

film.

A max (nm) Aemi um)  Stokes shift (nm) QY
PI-Phenyl 578 611 33 0.46
PI-Cresol 581 615 34 0.71
PI-TBPO 584 623 39 0.86

Photosynthetic Photon Flux Density (PPFD)+ ©@¢ Al7F ©H$] A

g

K

ol Eeshs gAY UEE UEhls @9E ofr]elM e FAk=

FAFA G (400-700 nm) e FAE oulFh 34 gdele] wig

31



ol Fgsta AA gl Hls Wo| FTpE AEo FeHde
T20] ¥ SCFol7] W&ol SCF ¢ 885 H7Ieh=td PPFD+ Q3

Q2olth, T PMMA ZEo] d8E H7}3

m&:l
u{m
33
Hm
o&i
—1m
:i
n.t{o

S AUEE vt (Fig. 8, Table 9).
Feelx AdERZT e (BLUE-Wave
spectrometer, StellarNet Inc, Tampa, FL, USA)¢} A&+ (IC-2,
StellarNet Inc.)E ©]&3ste] SA T S AR FdS A9l -
TR £ o ® UV-A FH (FL20SBLB, Sankyo Denki Co., Ltd.,
Hiratsuka, Japan) 2} UV—-B ¥ (GL20SE, Sankyo Denki Co., Ltd.),
B2ul-g=27 F (SL-FILTER Tungsten

Halogen, StellarNet

Inc.) o2 /3=t
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Fig. 8. Transmittance of PMMA films with synthesized dyes
compared to transparent PMMA film.
Table 9. Changes in spectral transmittance of PMMA films with

synthesized dyes compared to transparent PMMA film without dye.

Green (400—500 nm) Red (600—700 nm)
PI—Phenyl —38.1% 8.2%
PI—Cresol —48.4% 10.3%
PI-TBPO —75.0% 14.9%
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TBPO ¢ T3&2 v 2o v)d] 22zt 38.1%, 48.4% 2 75.0% 2
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Z7h3nh o] Ashe GAR Al 4R F PI-TBPO 7} 54 9o 1
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GO A el v R PI-

rlo

5 HHAY dF A 58
Phenoxy (0.46) < PI-Cresol (0.71) < PI-TBPO (0.86) o=

S7HYt (Table 8). olx= 3.3 oA AW FTol AgAC] Fu7t &

2

=5
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1x107°M €4 Ao 34 oka 283 nugdls u E e
34 A &L f90f nls) PI-TBPO (0.1) < PI-Cresol (0.16) <
PI-Phenoxy (0.2)% A om ol= A drE Sl 53 A
A ettt (3.3.1 ). PI-TBPO + 4 3+ A Foll A7t 718 A
FE7F SAHE A7 g A7 wiEel AT P A e

Boar, AAZ G4 ARG A5 AEHdA SHENE W A

TBPO 7} AF AullAE ke 3¥ P4 A% BA AL B4 2
DA gt 27 dEel AR $AE ERHoz AT

wpoleb B4 ek,

3.5 WA 4
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A WS A5 el £40 &3 ARk EAe] adH=

Q ol M SAE dgE9 23 Ak PI-TBPO < PI-Cresol <

o\

PI-Phenoxy %% %7}y, 452 PI-Phenoxy < PI-Cresol <
PI-TBPO +o & Z7}sth AA TGA =74 Az 200 ColAe A=

W 3k= PI-Cresol (1.4%) > PI-Phenoxy (1.0%) > PI-TBPO (0.4%) =

ekt (Fig. 9, Table 10). o]+ A9 &3 A=e wAF9] F
QA7 HFEAo® A8 Ui 9 737 wolghal w4 ok
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Fig. 9. Thermogravimetric analysis of the synthesized dyes.

Table 10. Weight percent of the synthesized dyes at 200C.

PI—Phenyl PI—Cresol PI-TBPO

200 T wt% 99.0 98.0 99.6

o

-, F AFER, Stokes shift, PPFD, |3 A 38, Wi &
AHPE W PI-TBPO & A4 g SCF o A= 718 At
daE Ak webs, PI-TBPO & A4 ¥4 SCF 2 Al&tste] A
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Fig. 10. Net photosynthetic rate (P,), intercellular CO,

concentration (C;), transpiration rate (E), and stomatal conductance

(gs) of lettuce grown under transparent PE film and SCF at 35 days

after covering.
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Table 11. Growth characteristics and cumulative yield of lettuce

grown under transparent PE film and SCF.

Dry leaf weight (g)  Number of leaves (g) Leaf area (cm?) Yield

PE film 4.02 12.0 10696.8 110.3

Red SCF 4.18 13.2 11589.6 113.8
AEH OS2, SCF o 9] Had HIH2 A5 F3d 5855
FAA AT (Fig. 10). A2 333 SCF oA Aujd A¢9] 33y 5=

g PE AFelA Aud AFHETE 308% v Eston, A
NEARETE 42 14.9%, 16.2% =93, AE Wl COy 5E 4.4%

stk A8 gl W FFYS F CO, wAl Yo g

X] = Oﬂ 7:];31:]_ 33

COLE HRA B5A 247 713E Fatol o U= olFat7] uze,

ISAEES 8 S 2 9F= Y BF o7 VIRARE,
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Abstract

We synthesized three dyes with less fluorescence quenching suitable
for red fluorescence spectrum conversion film (SCF) by introducing
substituents with different volumes at the bay positions of the perylene
dye. The photophysical properties, optimized structures, and energy
states of the synthesized dyes were investigated by experiments and
computational calculations (DFT/B3LYP/6—31G, Gaussian 16 program
package). Also, the thermal stability of the dyes was investigated by
thermogravimetric analysis (TGA). The Stokes shift and fluorescence
quantum yields of the dyes in the solution state increased as the volume
of the bay position—substituents increased. We compared the Stokes
shift of each dye by comparing the structural difference between Sy
and S; states of each compound. Also, we investigated the quenching
constant (k,) and molar volume of the dyes in the solution state to
verify the relation between the degree of intermolecular steric
hindrance and the degree of aggregation caused quenching (ACQ).
PMMA films doped with the synthesized dyes were fabricated, and the

photophysical properties were investigated. The photosynthesis rate
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and growth of the lettuce were measured by the film doped with PI—

TBPO, which shows the best properties among the dyes.

Keywords: Spectrum Conversion Film, Red region emitting dye, Green

region absorbing dye, Steric hindrance, Stokes Shift, Fluorescence

quantum yield.
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