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Abstract

Perylene-based dyes with methoxy groups at vapas#tions were synthesized to understand the edfettte
methoxy groups on the fluorescence quenching. Aatditly, perylene-based dyes with ethyl groupslace of
the methoxy groups were also synthesized to sesveoatrol. Absorption and fluorescence propertiethe
dyes were measured, and then, density functiomar$h(DFT) and time-dependent density functionalotly
(TD-DFT) simulations were conducted. The methoxgups of terminal-substituents had a lesser effect o
fluorescence quenching than the methoxy groupapfdabstituents. Moreover, only the methoxy groafpthe
para-position of the bay-substituents stronglycéfd on fluorescence quenching. These results shdvee the
fluorescence of the dyes are influenced by thetrelealonating effect of the methoxy groups whenrttehoxy

groups are involved in the main conjugation systefriee dyes.
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1. Introduction

Perylene-based dyes generally show superior thestahility and optical properties owing to the ety
of their molecular structures [1-5]. Because okthadvantages, perylene-based dyes are widelyasseptical
coloring materials for displays among many othefulsapplications [5-11]. Moreover, perylene dyes easily
functionalized through the introduction of subgitts at their terminal- and bay-positions, whichl#es the
modification of characteristics such as their sgcproperties and solubilities [12-14]. Peryleniémite
derivatives having two bulky substituents at theiminal-positions are commonly used, and theseouiés

are often modified for various purposes by theoidtiction of 1-4 substituents at their bay-positions

Previously, we have reported many novel perylereethalyes for use as the red colorants in LCD color
filters [7,8,12-22]. Since the fluorescence of thelyes can negatively affect the optical performeaat the
color filters fabricated with them [21], we have@lsuggested solutions for this problem, in whidhdecrease
of contrast ratios of color filters was inhibiteg bising perylene-based dyes with high solubilityd daw
fluorescence [22]. Based on our previous repdnts efffect of methoxy groups on the fluorescenceenies of
perylene-based dyes and the relationships betwleenfliorescence of the dyes and the position of the

introduced methoxy groups are studied in this papath experimentally and theoretically.

In this study, perylene-based dyes which contamethoxy groups in the terminal-, bay-, or both tioss
were synthesized. The methoxy groups were seqllgntiaced at theortho-, meta-, or para-position of each
substituent. Additionally, the dyes with ethyl stifaents instead of methoxy groups were designed an
synthesized, these dyes have similar geometricéaular structures and conjugation systems withdes
containing methoxy groups [22]. The absorption dlndrescence properties of the synthesized dye® wer
measured and compared. The geometrical structdréseodyes were analyzed by density functional theo

(DFT) calculations, and excitations from the highescupied molecular orbitals (HOMOSs) to the lowest



occupied molecular orbitals (LUMOSs) of the dyes eveimulated with time-dependent density functiaghabry
(TD-DFT) [23,24]. Using these methods, the influenof the position of the methoxy groups on the

electrochemical and the fluorescence propertigsenflyes were studied.

2. Experimental

2.1.Materials and instrumentation

Perylene-3,4,9,10-tetracarboxylic dianhydride, medi sulfuric acid, bromine, and acetic acid were
purchased from Sigma-Aldrich, 2,6-diisopropylareli2-methoxy-6-methylaniline, 4-methoxy-2-methylis,
4-methoxyphenol, 4-ethylphenol, 3-methoxyphenoktt®ylphenol, 2-methoxyphenol, and 2-ethylphenolewer
purchased from TCI. Potassium carbonate anhydmmeshylene chloride, and other chemical solventsewer

purchased from Samchun Pure Chemical. All chemigale used without any additional purification.

Absorption spectra were measured using a PerkineEllrambda 25 UV/Vis spectrophotometer.
Fluorescence spectra and quantum yield data weasured on a Perkin Elmer LS 55 and a PTI Quantadvlas
40 fluorescence spectrometer, respectively. Elemheibalysis (EA) was completed on a CE Instruments
EA1112 analyzer'H and**C Nuclear Magnetic Resonance (NMR) spectra wererded on a Bruker Avance
500 spectrometer running at 500 MHz using chlomofaras a solvent with TMS as an internal standdiatrix
Assisted Laser Desorption/lonization Time of FlightALDI-TOF) mass spectra were recorded on an Agapli
Biosystems Voyager-DE STR Biospectrometry Workstatisinga-cyano-4-hydroxycinnamic acid (CHCA) as

a matrix.



2.2.Syntheses of the dyes

All synthetic procedures were carried out by follogvour previous reports [20-22The dyesPI-4EP,
Pl-4AME, P2M-4EP, andP2M-4ME were already reported in our previous report [Z2le specified
name of the dyeB2M-4EP andP2M-4ME were PM-4EP and PM-4ME in the report, respectively.

The syntheses of these dyes are repeated in {hés.pa

2.2.1. 1,7-Dibromoperylene-3,4,9,10-tetracarboxydhide : Bromination

Perylene-3,4,9,10-tetracarboxylic dianhydride (82@) 81.40 mmoal), iodine (0.78 g, 3.04 mmol) and
sulfuric acid (98 %, 450 mL) were mixed and stirfed 2 h at room temperature. The temperature ef th
mixture was raised to 80 and bromine (8.33 mL, 162.80 mmol) was added diegpwver 1 h. The resulting
mixture allowed to react for 16 h as sealed, updmchvtime, it was cooled to room temperature aral th
remaining bromine gas was displaced by nitrogen Blas mixture was slowly poured into 3 L of ice armaand
the crude precipitate formed was collected by sudfiltration followed by washing several times hvdistilled
water. The crude product was dried at[8Qunder reduced pressure and used in the next steputvfurther
purification. The crude product containing both momnd di-bromoperylene derivatives was separated b
column chromatography in next step, after introdgdbulky substituents in the terminal-position narease

their solubilities.

2.2.2. N,N’-bis(R)-1,7-dibromoperylene-3,4,9,10-tetracarboxydiimide Terminal-position substitution

Crude 1,7-dibromoperylene-3,4,9,10-tetracarboxyidién(8.00 g, 14.55 mmol), ;/H, (45.00 mmol),

acetic acid (4.60 mL) and N-methyl-2-pyrrolidoneMR, 100 mL) were mixed and heated to 120under



nitrogen atmosphere for 96 h. Water was added dontixture and the resulting precipitate was codlddby
suction filtration. The crude product was washedhwvater and dried under reduced pressure. Theecrud
product was purified by column chromatography iicaigel using CHCl, as an eluent. Three bands were
collected. The first band contained a small amafntribrominated diimide, the second band contaittesl
dibrominated diimide, and the third contained thenobrominated diimide. Detailed structural analysess
conducted after the next step. To obtainRheseries 2,6-diisopropylaniline was used agRH,, to obtainPM-
series 2-methoxy-6-methylaniline was used and to obR2M-series and 4-methoxy-2-methylaniline was

used forP4M-series

2.2.3. N,N'-Bis(R)-1,7-bis(R)-perylene-3,4,9,10-tetracarboxydiimide Bay-position substitution

N,N’-bis(Ry)-1,7-dibromoperylene-3,4,9,10-tetracarboxydiimig@e58 mmol) was mixed with anhydrous
potassium carbonate (0.35 g, 2.54 mmoh (1.60 mmol) and NMP (60 mL). The mixture wasteel at 40
under nitrogen and was stirred for 1.5 h. Thin tagkeromatography (TLC) of the crude was repetitivel
performed during the reaction to check the progrégter the reaction, the mixture was cooled tomoo
temperature, and then poured into HCI aqueousisnl{#?00 mL, 5 %). The precipitate was collected by
suction filtration, washed with water and dried endacuum at 80]. The crude product was purified by

column chromatography in silica gel using £ as an eluent to obtain the products as red solids.

Yield : PI-3EP (74.4 %),PI-3ME (73.5 %), PI-2EP (67.6 %), PI-2ME (67.0 %), PAM-4EP (65.9 %),

P4M-4ME (62.1 %)

2.3.Geometry optimization of the dyes

Density functional theory (DFT) and Time-dependdatsity functional theory (TD-DFT) calculations
were carried out with th&aussian 09 prograpackage. We used the 6-311++G(d,p) Pople basiosatl
elements and the conventional B3LYP exchange-aiiogl function. The intermolecular interactions &er

analyzed by examining the core twist angles andite of substituents. Dihedral angles of peryleaén body



were calculated by measuring the distortion andlédbenzene ring in the center of perylene main body.
Calculated lengths of substituents were indicatgdanieasuring the longest lineal distance of the atomthe
substituents. The spaces of the substituents aveay the plane of perylene back bone were assesged b

measuring the inserted angle between the subdtiitaen the plane.

3. Results and discussion

3.1. Design concept of the synthesized dyes

The synthetic route and molecular structures ofsymhesized dyes are shownSnheme landFig. 1,
respectively. Seven dyes containing methoxy graumbsthree without methoxy groups were synthesizée.
methoxy group, a readily available organic substituand powerful electron donor, usually inhibits
fluorescence when introduced into organic colonngterials [22,25-28]. To observe the effects of hory
groups incorporated into bay-substituents, dyedaioimg methoxy groups in thertho-, meta-, or para-
position of bay-position benzene rings were degigf®r comparison, analogs with ethyl groups inticzt! in
place of the methoxy groups were also designedobRerve the effects of methoxy groups on the teain
substituentsprtho- or para-methoxylated aryl substituents were introducethatterminal-substituents of the
dyes. Finally, the dyes with the methoxylated teahisubstituents carried onpara-methoxy- orpara-ethyl-

aryl groups as their bay-substituents.

All the dyes were designed to have similar conjisgatiengths and steric bulkiness, to minimize
differences in the spectral properties and inteemghr interactions. As is widely known, the maapactful
principal factor influencing the fluorescence ofjanic coloring materials is quenching through imelecular
interactions [29-33]. If H-aggregation intensivelgcurs, the excited energy is significantly consdimi& non-

radiative decay accompanied by intermolecular gngansfer, and as a result, radiative decay psssesuch



as emission are inhibited [30,34-36]. Therefores tlyes used in this study were designed to havéasim
geometrical structures and intermolecular inteoactiso that their fluorescence properties woulgtimarily

dependent on their electrochemical properties rattan their physical molecular behaviors [22].

3.2. Geometry optimization of the synthesized dyes

The optimized geometries of the synthesized dyésimdd via DFT calculations are shownFig. 2. The
images as observed from the normal to the perylesi@ body plane are presentedrig. 2. All the designed
dyes have similar molecular morphologies, despigeintroduction of the various substituents. The sif a dye
molecule and its substituents majorly influence digtance between molecules [20], which, in turffiecas

intermolecular interactions and fluorescence prigeer

The dihedral angle of the perylene main body aedctiiculated lengths of the introduced substituargs
listed inTable 1 The dihedral angle of the perylene main body maasured on the benzene ring at the center
of perylene backbone [20]. All the introduced sithents are symmetrically oriented at each suhgiitu
position, but the dye molecules are not three-dsimrally symmetric according to the DFT simulatig28].
Therefore, all values were measured for both safethe molecules and the average values are provide
Table 1 The synthesized dyes exhibited similar valuegtierdihedral angle of the perylene main body, tvhic
principally determines its planarity. The differenm the dihedral angles among the dyes is withioua 1°,
except forPI-2ME, therefore, it can be assumed that the planafityy@ dyes is generally analogous to each
other. As can be observed Table 1, the dihedral angle data Bi-2ME is slightly out of the tendency. Our
guess is that an unexpected error occurred indBe ofPI-2ME, because the molecular structurePé2ZME
dye is less stable than the other dyes owing telthee proximity of the branches of the bay-substits and the
perylene backbone. This would increase the intenieg factor, and as a result, an error would bergbd in

the DFT calculations.



The sizes of introduced substituents are similam@only, the bay-substituents with methoxy grougs a
smaller than those bearing ethyl groups by ~®.2and the terminal-substituents with methoxy groaps
smaller than those without methoxy groups by -AL.Zenerally, bulky substituents that contain sdvaltyl
groups or benzene rings are used to prevent thenmiotecular interactions of perylene-based dyexl[22,37-
43]. From this point of view, the difference of thhysical morphologies of the dyes used in thislystwould

not have a significant influence on the molecuféeriactions or the fluorescence behaviors of them.

3.3. Absorption properties of the synthesized dyes

The absorption properties of the synthesized dyesshown inFig. 3 and Table 2 The absorption
properties of the dyes have been reported in evigus study were remeasured and the measuredsrasdier
this research are provided [22]. As intended, therall shapes of the absorption spectra are sinulaing to

the similar conjugation lengths designed for thetlsgsized dyes.

The dyes withortho- or para-methoxylated bay-substituents exhibit bathochrosfidts of ~4 nm due to
the electron donating effects of the methoxy groups contrast, the dye withmeta-methoxylated bay-
substituents shows a hypsochromic shift compardtid@mnalogous dye with ethylated bay-substituéltiese
phenomena result from the well-known electron diogatbility of the introduced organic substitue{2s-
27,44-47]. The same tendency is observed when megthmups are introduced in the terminal-substitsen
However, the effects of electron donation by thehmey groups appear to be more powerful when theseps
are incorporated in the bay-substituents thanéntéhminal-substituents. The dyes with methoxyldézthinal-
substituents exhibited bathochromic shifts of orlynm compared to the dyes without methoxy groophe

terminal-substituents.



3.4. Fluorescence properties of the synthesized dyes

The fluorescence properties of the synthesized dyepresented iRig. 4 andTable 3. All fluorescence

properties except quantum yield were measured akeitation wavelength corresponding to the wavgierof

maximum absorption. The quantum yield was measateah excitation wavelength of 480 nm. Similarhthe

absorption properties, the fluorescence propedfethe dyes that were reported in our previous \stwdre

remeasured for comparison with the new dyes inghidy [22]. The optical image of the synthesizgdsdin

chloroform solutions are shown fifig. 5. The images were photographed under 365 or 25dfruiv light.

Among the ten synthesized compounds, di¢IME, P2M-4ME, and PAM-4ME show quenched

fluorescence, with differences in quantum yield-20-fold from the highly fluorescent dyes. The dyéth low

fluorescence all bear methoxy groups at ghea-positions of the bay-substituents. Compounds witithoxy

groups at th@rtho- or meta-positions of the bay-substituents show no fluozese quenching. The differences

in the fluorescence of the highly fluorescent dgppear less significant compared to the obviouséntes of

para-methoxy groups in the bay-substituents. As obskmikove, methoxy groups electronically affect the

absorption properties of perylene-based dyes iesm of their positions. However, only the methaxoups

at the para-position of the bay-substituents inhibit fluoresce. Thus, the electrochemical influence of the

introduced substituents on the fluorescence prigsed dependent on their positions.

Methoxy groups introduced into terminal-substitseakerted a weaker influence on the fluorescence of

dyes. Ortho-methoxylated terminal-substituents showed no #soence quenching effects, and those were

para-methoxylated exhibited limited effects on fluoresce quenching compared to the cases with methoxy-

bearing bay-substituents. It is widely known thag terminal-substituents have no or little influeren the

conjugation systems of perylene-based dyes [4184.3@bmprehensively judged with the results of ttisdy,

it would seem that the terminal-substituents eaaréry weak influence on the electrochemical prigeiof the

perylene-based dyes, especially on their spectoggpties, and these effects are very minor contpbtrehe



influences of bay-substituents. However, it is resisonable to assume that the terminal-substituevs no

relationship with the conjugation systems of theyleme-based dyes.

3.5. Molecular orbital modeling of the synthesized dyes

The TD-DFT simulation results for excitation froetHOMOSs to the LUMOSs of the synthesized dyes are
presented inTable 4. For each dye, the excitation system with the ésgloscillator strength among the
theoretically possible excitation systems is pras#n[23,24,49]. The maximum theoretical absorption
wavelength changes along with the electron donadffert of the introduced substituents, although ribsults
are not perfectly correlated with the measured .d8imilar to the results of the DFT calculationke t
simulations of dyes with groups at thetho-positions of the bay-substituents show slight rsrohue to structural

instability and the increase of interference fagtor

The HOMO and LUMO molecular orbital models of tRe4EP, PI-4ME, PI-3ME, PI-2ME, P2M-4ME,
andP4M-4ME dyes are illustrated iRig. 6—11, respectively. The HOMO and LUMO states are basethe
results presented iMable 4, with the highest oscillator strength for each .diyer each figure, images of the
HOMO state are presented in the upper three paaetsthose of the LUMO state are presented beldws. T
images as observed from the direction of x (tertréubstituents), y (bay-substituents), or z (norofgberylene
main body plane) axis are sequentially presenteédoh state. The molecular orbital models oftedldyes are

presented in theupplementary data in larger format.

The PI-4ME, P2M-4ME, andP4M-4ME dyes show inhibited fluorescence and have metlypayps in
the para-positions of the bay-substituents. Dye@s3ME and PI-2ME exhibit strong fluorescence and have
methoxy groups in themeta- and ortho-positions, respectively. In the HOMO states of theorescence
guenched dyes, electron density is clearly visimethe methoxy groups at thgara-positions of the bay-

substituents. In contrast, electron density isatisterved on the methoxy groups in either the HOMQUWMO



states of the highly fluorescent dyes. Thus, théhme groups exert an electrochemical influenceubh
electron donation when they can overlap with thejugation system of the perylene main body, efietyi

resulting in a fluorescence quenching effect.

The structural angles between the methoxy groupedaced in the bay-substituents and the perylene
main body are listed ifable 5 Para-methoxy groups in the bay-substituents are oréeatean angle of 27°
with respect to the perylene backbone, whereasutigge of methoxy groups in theeta-position is ~59° and
that of theortho-position is ~75°. Since the average observed d#t@mgle of the perylene main body is ~13°,
it can be assumed that the structural estrangetee@f the methoxy groups in thara-position of the bay-
substituents are only about 15° when the planbeperylene main body is assumed as a curved Taeeefore,
the possibility that the methoxy groups at tpara-positions of the bay-substituents overlap with the
conjugation system of the perylene main body wdddmuch higher than those of methoxy groups atrothe
positions [50,51]. As a result, it could be conéddhat the methoxy groups differently influenasofiescence

guenching, dependent on their introduced position.

4. Conclusion

In this study, the effects of methoxy groups onftherescence of perylene-based dyes were studitd w
dyes that contained methoxy groups in various jpost To observe the effects of the methoxy grouphe
bay-substituents, dyes beariogho-, meta-, or para-methoxybenzene groups as bay-substituents wergnagels
To observe the effects of the methoxy groups inté¢nminal-substituents, dyes witintho- or para-methoxyaryl
groups as terminal-substituents were designed. tibddily, dyes with ethyl groups introduced instea

methoxy groups were also designed for comparison.



The geometries of the dyes were analyzed by the DEfhod to assure the similarity of their strudtura
morphologies. The introduced methoxy groups shaigaificant relationship with the spectral propestof the
dyes. In particular, methoxy groups incorporatedhe bay-substituents exhibited a stronger infleetian
those in the terminal-substituents. Dyes wiphra-methoxylated bay-substituents showed significantly
guenched fluorescence. Thepara-methoxy groups in the bay-substituents exhibit simeallest structural
dihedral angle with respect to the perylene maityband therefore, would easily contribute to tbajagation
system and affect the electrochemical propertiesofding to the TD-DFT calculations, electron dgns only
exhibited on the methoxy groups at tpara-positions of the bay-substituents in the HOMO estabf
fluorescence quenched dyes. In conclusion, the awgthroups that can overlap with the conjugaticanpl of

the perylene main body influence the electrochehaind fluorescence properties of the dyes.
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Figure Captions

Fig. 1. Structure of the synthesized dyes.

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

Fig. 3. Absorption spectra of the synthesized dyesin chloroform (10 mol/L).

Fig. 4. Fluorescence spectra of the synthesized dyesin chloroform (10® mol/L).

Fig. 5. Optical image of the synthesized dyes in chloroform solutions (10 mol/L) under UV light of (a) 365 nm
and (b) 254 nm.

Fig. 6. Molecular orbital model of PI-4EP at HOMO and LUMO.

Fig. 7. Molecular orbital model of PI-4M E at HOMO and LUMO.

Fig. 8. Molecular orbital model of PI-3M E at HOMO and LUMO.

Fig. 9. Molecular orbital model of PI-2M E at HOMO and LUMO.

Fig. 10. Molecular orbital model of P2M -4ME at HOMO and LUMO.

Fig. 11. Molecular orbital model of PAM-4M E at HOMO and LUMO.



Table 1 Dihedral angles of the perylene main body and calculated lengths of the substituents. 2

Dihedral angle of the Calculated lengths of substituents (A)
o perylene main body (%) Bay-substituent Ter minal-substituent
PI-4EP 13.66954 7.61265 8.91653
PI-4ME 13.65821 7.39409 8.91467
PI-3EP 12.70249 7.22121 8.83280
PI-3ME 12.90190 7.10929 8.90940
PI-2EP 12.82097 7.23594 8.82305
PI-2M E 13.89031 7.11218 8.90961
P2M -4EP 13.58233 7.61336 7.76763
P2M-4M E 13.65405 7.39385 7.76759
PAM -4EP 13.18395 7.50709 7.56291
PAM-4M E 13.57888 7.39411 7.56386

% dihedral angle and calculated lengths are not symmetric for each side of perylene main body, therefore, the

average values are listed.



Table 2 Spectral properties of the synthesized dyes.

a

b

Dye Aabs Eabs
PI-4EP 546 62,050
PI-4ME 550 56,650
PI-3EP 544 59,880
PI-SME 540 54,940
PI-2EP 550 61,520
PI-2M E 554 70,520

P2M -4EP 548 56,510
P2M-4M E 552 60,000
PAM -4EP 548 55,040
PAM-4M E 552 51,940

& haps - Maximum absorption wavelength (nm).

b €405 Molar extinction coefficient (L/mol-cm).



Table 3 Fluorescence properties of the synthesized dyes.

M aximum emission

Dye Aem” intensity (a.u.) Q°
PI-4EP 581 241.82 0.976
PI-AME 586 7.08 0.04
PI-3EP 578 241.62 0.938
PI-BME 576 227.61 0.926
PI-2EP 579 256.49 0.947
PI-2ME 582 24251 0.961

P2M -4EP 580 226.75 0.985
P2M-4M E 582 10.20 0.080
P4AM -4EP 580 215.44 0.880
PAM-4AME 584 6.38 0.040

& Aem - Maximum emission wavelength (nm).

b Q, : quantum yield (10°mol/L in chloroform, excited at 480 nm).



Table 4 Calculated result of TD-DFT for the excitation from HOMO to LUMO of the synthesized dyes.

Dye Definition Transition ei’éfg;t('é’\’/‘) T;ﬁri]tr‘]%a' %ﬂg;g
PI-4EP 252 _, 253 S-S 22911 541.15 0.7918
PI-4ME 252 —» 253 S-S 2.2661 547.13 0.7547
PI-3EP 252 —» 253 S-S 2.2710 545.95 0.7629
PI-3VME 252 —» 253 S-S 2.2861 542.34 0.7632
PI-2EP 252 _, 253 S-S 18731 661.91 0.7067
PI-2ME 252 _, 253 S-S 2.2541 550.04 0.7775

P2M -4EP 228 —» 229 S-S 2.3215 534.06 0.7583
P2M-4ME | 228 - 229 S-S 2.2951 540.20 0.7268
P4M -4EP 228 —» 229 S-S 22817 54338 0.7525
PAM-AME | 228 - 229 S-S 2.2846 542.60 0.7405




Table 5 Structural angle between the methoxy group at bay-substituents and the plane of perylene main body.

Dye PI-4M E PI-SME PI-2ME P2M-4M E P4AM-4M E

Angle (°) 26.287 58.863 74.911 28.109 27.657
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Fig. 1. Structure of the synthesized dyes.
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Fig. 10. Molecular orbital model of P2M -4M E at HOMO and LUMO.



Fig. 11. Molecular orbital model of P4AM-4M E at HOMO and LUMO.



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



0.8

—=—PI4EP
0.7 —— PI-4ME
—— PI|-3EP
0.6 —— PI-3ME
—e—PI-2EP
O 0.5 —<— PI-2ME
g —— P2M-4EP
S 044 —+— P2M-4ME
2 —+— P4M-4EP
8 0.3 —e— P4M-4ME
-1
< 0.2+
0.14
0.0 T — ==

T T T 1 |
400 500 600 700
Wavelength (nm)

Fig. 3. Absorption spectra of the synthesized dyes in chloroform (10 mol/L).
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Fig. 4. Fluorescence spectra of the synthesized dyes in chloroform (10 mol/L).



Fig. 5. Optical image of the synthesized dyes in chloroform solutions (10 mol/L) under UV light of (a) 365 nm
and (b) 254 nm.



Fig. 6. Molecular orbital model of PI-4EP at HOMO and LUMO.



Fig. 7. Molecular orbital model of PI-4AME at HOMO and LUMO.



Fig. 8. Molecular orbital model of PI-3ME at HOMO and LUMO.
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Fig. 9. Molecular orbital model of PI-2ME at HOMO and LUMO.
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Scheme 1. Synthetic routes of the designed dyes.

1



Highlights

Perylene-based dyes with methoxy groups at various positions are synthesized.

Absorption, fluorescence properties and TD-DFT simulations of the dyes are studied.

Only the methoxy groups at the para-position of bay-substituents inhibit the fluorescence of dyes.

The methoxy groups have to be involved in the conjugation system of the dyes for the fluorescence quenching.



