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Optical Properties of Organic Fluorescence Dyes in Crystal Structure
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Organic fluorescence dyes have retained research interests in functional pigment schemes. The
superior performance of some classes of the dyes arises as a benefit from their unique optical
characteristics such as high luminosities, color-rendering properties, and photochemical responses.
The functional pigments have attracted much attention for industrial applications to
electroluminescent devices, sensors, and dye sensitized solar cells. In most cases, the organic
fluorescence dyes are commonly used as solid films in their practical applications. An obstacle to
these practical applications is the aggregation-caused quenching (ACQ) effect: the emission of
fluorescence dyes is weakened in the solid state in comparison to in dilute solutions, due to
aggregation of molecules in the condensed phase. Recently, however, the opposite effect termed the
aggregation-induced emission (AIE) was discovered; i.e., some classes of luminescent organic
compounds are non-emissive in dilute solutions but become highly luminescent when these are
aggregated in concentrated solutions or nanoparticles. In molecular crystal phases, polymorphs, the
ability of a solid material to exist in more than one crystalline state, is also an important
phenomena of fluorescence dyes, because the polymorphism can affect optical properties. And also,
in general, photochromic reactions, a reversible transformation of a chemical species between two
forms having different optical properties upon photoirradiation, rarely occur in molecular crystals
due to steric effects; however, some compounds which undergo photoisomerization reactions in
crystal phases were found. Thus, the intermolecular interactions in condensed phases are
indispensable knowledge for designing useful functional pigments by controlling optical processes.
In this study, we have studied the optical properties of organic fluorescence dyes in condensed

phases using the quantum chemistry calculations.

Keywords: optical property, polymorphs, organic fluorescence dye, quantum chemistry calculation

ERLAM

BHEADFIE. BONERELE - SHLBRATE
HEE BEMERLLTOELEMEEE D0,
ILYROLISRYEVRRZF-BREREKBGEMLG
EDBRAGRAZRNHFIN TS, COLILEHE
KBRS FERRICHEEMMBLLTRATSEE.
BITRESEERRELLTT NI RIETIHEN

Hd, LML, BERTIHBNELEZFOZFH. B
HHRTEEAEFIRENELIBEDLTLESIZEN
ERHBH. — . FEBRPTIEREALGLM, IRHE
BRPOHMBFPTIIBRCREATIAREATFL
BESN TN, SHIC, HRBEDEN (RS
[CEOTEKBLRIFEAE - REM - ABRBTRERY
CELHDH BAMHMOAYMEEERMICH LT, A



BITIG U EE M B E BIEICERE T 50121 B
MHBIZHEFTEHEATOEREFHMICHENTT H-ODFH
FEAEDNFARTH D, ECTRTAD VLTI,
HRBEPICETIARELBROAYEEERMY
ICFAT 20D HEDHEILFBIEL-MREICERYE
ATWS,

SEER ARMLETIANOSVIFFOVEDT
HECTIV—IITUREORYEERASHICTEHIEE
BHELTERNMRICRYEA. ZOFERICKS
TELGDIANIOIVIRIBICOVWTORREZEET-.

BE

IAIBRIXALIE, BFICHERGF S HIETAH
MICBEOEEIEISIRETHS. OT7)—ILITY
B 2R, SRE. SRYBRLMAKEZE T HE
N7+ b0B3IV VL EMTHY . BRALGHEERH B
REINTVWBHOL OP7IV—ILITUHER cisTFLY
DOWEwEIST)—ILIREDL . &5 (UV) RBEIZE-T
RRANSEARMEKICEEL., AR (Vis) XE BT 5
CETAERURRBRIET S, X I1E 1,2-bis(2,4-
dimethyl-3-thienyl)perfluorocyclopentene 0 B &
{K(F 534 nm [CIRIBRZHFOFREDIELEYWTHS
M. Vis XEBHTILETEBIET S HE.CD
TAboOIVOEMEMALT, RICRIELTEIEA
HARBOBEEBEERIVRARIN TSR], OT7V—L
I 725 E /K (1,2-bis(2-ethyl-1-benzothiophene-1,
1-dioxide-3-yD)perfluorocycpentene; de2) (. FIR
{ATlX 1,4-dioxane T 414 nm [TIRIVEBKEFHED
HEDILEYTHY. EAEFREFOr=22THS,
Z M &312, 1,2-bis(2-alkyl-1-benzothiophene-1,1-
dioxide-3-yl)perfluorocycpentene #&®M & F £ FUX
EFEHBNIENHMOEN TV A IAFE, . de2 D
benzothiophene-1,1-dioxide £® 6 H XUV 6'iE T
ZILIRTE#L-FER (1,2-bis(2-ethyl-6-phenyl-1
-benzothiophen-3-yl)perfluorocyclopentene; deb5 )
TIEEXEFIRENOr = 0.87 (A max = 456 nm) &
TY. BIMICR LT HIENRESN TSI, LAL
BAL, OTIV—LVITUEEHMO I+ MOy o
DHEZLOTDOIIGERENRICONT, ZD
DFHFOFEMIIBASHTEEN 1z, OT7)—ILT

(B 200 RRHREE

TUFEIK de2 BELU deb HNERZTANIOIVIH
HEHOREELT. UV B&U Vis ZEBSEZ DR
KEBMBENBEZCELLIIENFEIND, 22
TEAMETIE. de2 $XUV deb D7+ OZVBIEE
BoMTTHIEEHMELT. TNENDFERDE
B-HBRRIEORGEE (RNMTRILF—FE)IZD
WT ANV TEEROTHLMZLE,
AMJUTEFE R IRILF—F B (Minimum
Energy Path; MEP)%##%& 3 5FETHAH[4]. Xk
DUTRICONTIE REHRX 4D, ILARIZEKD
(518 E(ITLD, ARTIE, AN VT EERW
T MEP #R&OIEARNLGHMIBERNT 5. NRFR
[TOVWTRFEAXDEMEEZ R TRL. COEER
[CLEzD > TEARTIRTUIPILIRIILE—%F VIR)
TRT . O VIRDEZFMSV VIR)IE 3N RRT
DU LIRILF—HE LD E RTOIRILT—5
B T#Hd. MEP £RDB-OITIEZRIEDIRERE
ERRD2EEELIC(EAITERMID) BOEER
DEEFRIELT-BE Y 0)EFTIXERT 5. ¢ (0)FE
BEEXMAD2RZ24<C M EBORSIELY., ERlE
BEDRFRE RO XG5, BHILL-RKE
DERY () =RY ZLTUHERES, COTEDREK
YEIRILF—FRV VR)ICLIzA>TREILT S
ET MEP #R$H2ZEIZLES, EEMD. RiBEL
TR E&H MEP &7251=8IZ1&
(VV).(RY) =0
EHEITRENHD. 22T (VY. [IREICHLT
BELARDIRILF—HEDORS THD, LIzh>
TRBEY%E MEP [SiEDF51=0IZ1E., BEIZHLT
BEEARICERTEH
B LR = = (VV).(RD)

[CLEA>TRESE(LTUMELLT >8AEIE
KW, REDOFIETIE., O) . FRDIBETHETE
L, FREDFHE=TMEP 2% T 5:

o ZLIVDEIRILF—HEV VIRDIZLI=A >

ThLEany

o HFRIRELDEIICLTVHELERET

o LEEEFWNKRTHFETHRYIRT
INETICTHR AL MEP FREANMRESNATLSA,
ANV TEEHEDOFHRENLETEL VT ILTHY.



RELHETHS.

1. ANV T FEERAV RN IR —RZRIER

ARRTE. . EFEEHEORKMLGETOIS L
(Gaussian 09) EXNIUTEDT IV X LEWHAE
HEAHIET . BRDIEZRGOR/PDIFRILF—RRE
ERERITDHODEBEEELTD,

CTV—IVITUD2DODFHEEKde2 5EU deb DE
NENOBERKLARKICOVWT. BENBEHCE
(DFT)ZAVTRBEILEEEZBTL-, ABEKIZIETR
EHMEELT B ELZ ST wBI7-XD ALEE%. KR
21X 6-31G(d,p)ZE ALV =, BE2IKREIZDONTIL,
Tamm-Dancoff T {818 A LF-FefEl{kF DFT ZA0)
THEHLT=,

CTV—ILITUREK de2 ARRAENSEHARKIC
E£% MEP IZDWT, So kBB LU S IKEIZEITHT
FNF—ELER2, BELILERIITTT,

120
a) Diarylethene 2

100 —

80 —

X

60 —

40

Energy [kcal/mol]

20 —

-20 —

T T T T T
3 6 9 12 15

Reaction Coordinate
X2 BBREMNSEHBEKICES MEP 12851z de2 M
So HKEE (blue) BL U S1 4K (red) DT RIILF—F 1L

o

(B 200 RRHREE

2 . s
.‘J/V.\’. « ru® \(,v_

B NS r s D 0¢ e nd
:‘I iR ] fb“ 4 V4 :‘9“ by

3. FABRAMEBREZRBLTHERRERIZES
So-MEP [Ziao1= de2 DHEE L L

H2IZREND &SI, de2 TIEREEKREDHERR G
1239 % So-MEP £ 72 kcal/mol DEEEL TR I)LF—
BEEZLD, ARKEFARKERTHIDLILIRIL
F—EEICLY, BRMERRSIUVARRICHAEETS
hd, MERREETIX, SMEP [Z[ETRILX—[EEA
7 BRAN UV B LoThiEShi=& (L. F
BERENPEEMICETITEI. HAEREDOER.
So-MEP & Si-MEP (FA#XZE (C) RTRET %,
Cl m& SIFAREDIRILF—Z(E 14 keal/mol F2E
THY. FARKICVis k2B LI-LEORRKRIGHLE
BIEIYPTLY,

RIZ, OFV—IITUFHEK deb NRARKEALH
RIKIZES MEP [2DUWVT, SoIREEE LU S1IREEICEH
FHRIRLF—ELER4, BELEILERSITRT,

120
b) Diarylethene 5

100
O
80
60 | o
40

20

-20 -

HM4. FRENSFAIRKICES MEP (2i8of- deb D
So IKEE (blue) BL U S1 4K, (red) DT RILF—Z 1L

3 ) )

2 LW L
rhd r A {
W 3 pdd- 4 s r ]
A D a™ a e N4 b
p ;;f-ia e I or ™ ¢ ‘%_, -.{, f - 4 (.Y ) 4 b
e el 4 ] .. YN ¢ Wy
LA Y & L el e ol At AR &

M5. FRAENMCBBIKEZRBALTHRKIZES
So-MEP [Zif>f= deb DIEEZE L

H4IZRENDESIT, deb IZTBLTE de2 ERFRIZ.
HEERETCHIRRIGHAIRIDEEIZIE 84 keal/mol D



BEZELIRIILT—EREEL D, deb DRIERIRETIE.
de2 &IXE#AY, Si-MEP 24 4 kcal/mol BEDH
THLIRIILF—EENRND, LI-A>Tdeb T,
S REIZBVWTELRELRBANELET 5 (de2 D5
BICIE SKRETREAELHARREIEEET. BEW
[CRAIRIRICIERNT ). &BIZ. deb DIFE. CIHES:
FARADIRILT—2(F 27 kcal/mol F2EEL de2 D
BAKYBKRE BARIKIC Vis AZBHLI-EEDMH
BRENEIVIZKWIENHADMZHEoT=,

FLOH, SERDOFEE
CTIV—ILITUFERERREL T, BEKES A
FIURIZFEDLIRDIRIILE—RBOFEEHSH
L1z, TDHER . BEREICET2EEFADOREMH
DEVWHADSTY—IILITUFBEADIAIOIVIH
HEERTHIENBELHIIZEOT,
SEROBELLTC. N FHBERPTRREI LTINS
ASYIMEITDOVNTETT 51O, BEL-7 T
[CE<HEEREZEBELELT, XL REEZRE
ERBHIIAEREHITILENH D, D=0
[C.R7E. TEREICEHLIHBAEEERRI:HD
ETILQMITABEO S FEHLORMICBHEEERE
MEMICEETHELNGETILIMM) IO2DODE
BHIEBMETIILE LFMAEDLEZFiE(QM/MM
FVERAVBIEICEST, ARERMBOLYMET R
EFRBETIHEOEIFBIELTLS,

& 3k

[1] M. Irie, Chem. Rev., Vol. 100, p. 1685
(2000).

(2] #5855 5242847 &

[3] K. Uno, et al., J. Am. Chem. Soc., Vol. 133, p.

13558 (2011)

[4] W. E et al., Phys. Rev. B., Vol. 66, p. 052301
(2002)

(5] WA #s, 7oH>2T )L, Vol. 16, p. 42
(2014)

(B 200 RRHREE



