Supplementary Materials (SM) for

Questions of Mirror Symmetry at the Photoexcited and Ground States
of Non-Rigid Luminophores Raised by Circularly Polarized
Luminescence and Circular Dichroism Spectroscopy.

Part 2. Perylenes, BODIPYs, Molecular Scintillators, Coumarins,
Rhodamine B, and DCM

Michiya Fujiki,* Julian R. Koe2* and Seiko Amazumi !

1 Division of Materials Science, Graduate School of Science and Technology, Nara Institute of Science and
Technology (NAIST), 8916-5 Takayama, Ikoma, Nara 630-0192, Japan; amazumi@ms.naist.jp (S.A.)

2 Department of Natural Sciences, International Christian University (ICU), 3-10-2 Mitaka, Tokyo, 181-8585,
Japan

* Correspondence: fujikim@ms.naist.jp (M.F.); koe@icu.ac.jp (J.R.K.); Tel.: +81-743-72-6040 (M.F.);
+81-422-33-3249 (J.R.K))

0.5 L L L L 2.0 0.5 L L L L 2.0
Perylene Perylene
CcPL (a) (b)
- ot P 15 - 1.5
e N e N
T = ~y 3
i 1.0 + = 1.0 +
\4 :“ \J ;\l
I 1] 1] ! 1]
< Lo.s < Los
PL PL
n-PrOH
EtOH, 25°C, 2.0x10~-5 M
A5 25°C, 2.0x10%5 M 0.0 15 (2018/06/25) 0.0
. T T T T T . - T T T T .
250 300 400 500 600 700 250 300 400 500 600 700
Wavelength / nm Wavelength / nm
0.5 1 L L L 2.0 L L 2.0
Perylene (
<—| c) (d)
CPL
- 00 N S 15 - 15
S W S W o
~ \vx ~ \L’C
~* .05 L10 + il L1o +
1 =] ' ~
-~ = - =
I U 1] 1
< 10 L Los < i Los
PL PL
C11H230H, 13-propanediol,
25°C, 2.0x10"-5 M 25°C, 2.0x10°5 M
1.5 . , ; . 0.0 1.5 . . . . 0.0
250 300 400 500 600 700 250 300 400 500 600 700
Wavelength / nm Wavelength / nm
0.5 1 L L 1 2.0 0.5 L L L L 2.0
perylene =y (e) Perylene e (f)
0.0 e e e 1pper 15 \A N 15
© WW"" © v
2 fo o =) o
~ \DC ~ \L’C
~* 05| 0 0 10 + S L +
P ; 1.0
RSy I %
1l WO [l 1l [ 1]
-~ -~ -~ % -~
< 10 Lo.5 < o5
PL PL
CHCI3, 25°C .
g g p-dioxane,
1.0x10"-5 M 25°C, 2.0x10°5 M
-1.5 . . T . 0.0 -1.5 . . . . 0.0
250 300 400 500 600 700 250 300 400 500 600 700
Wavelength / nm Wavelength / nm

S1



3
I -1.110

A/=L

3
I -1.110

Al=L

3
I -1.110

Al=

R

- -3
AI—IL-/ /10

R

al=1 -1 /10°

1.0 L L L L 2.0
ttBuperylene
0.5 e (9)
0.0 ~ 1.5
05 W
-1.04 1.0
-1.54
PL
-2.0 0.5
-2.5 4
EtOH, 25°C, 1.4x10%-5 M
-3.0 . . ; . 0.0
250 300 400 500 600 700
Wavelength / nm
0.5 1 1 1 1 2.0
ttBuperylene :
|
CPL ®
0.0 a0 1.5
HyC, :CHS HyC, :CHa
HayCm ~CHj
-0.5 1.0
Mo Non PL
-1.0 H,C' CH, HiC <:r-<3a 0.5
n-C8H170H
-1.5 . ; . T 0.0
250 300 400 500 600 700
Wavelength (nm)
0.5 L L L L 2.0
ttBuperylene (k)
1.5
1.0
0.5
C16H34
-1.5 . : . T 0.0
250 300 400 500 600 700
Wavelength (nm)
0.5 L L L L 2.0
BTBPTCDI (m)
CPL
0.0 \ 1.5
-0.5 4 1.0
-1.04 PL 0.5
C11H230H,
25°C, 1.4x10-5 M
-1.5 . , , . 0.0
250 300 400 500 600 700
Wavelength / nm
0.5 L
PTCDI-C8
0.0
-0.5
-1.0
n-C12H26
-1.5 . . ; T 0.0
250 300 400 500 600 700

Wavelength (nm)

1= (1, + 1 )2

R

1= (1 + )2

R

1= (1 + )2

R

1= (1, + 1 )2

1= (1 + )2

S2

R

Al=1 -1 /10

R

Al=1 -1 /10

R

Al=1 -1 /10

R

Al=1 -1 /10

R

A= - /10

05 1 1 1 1 20
ttBuperylene (h)
CPL

0.0 1.5
-0.5 1.0
1.0 s PL Los

C3H70H,
25°C, 2.0x10"-5 M
-1.5 T T T T 0.0
250 300 400 500 600 700
Wavelength / nm
05 1 1 1 1 20
ttBuperylene B
CPL (J>
0.0 I\ 15
5
1.0
PL L 0.5
13-Propanediol,
25°C, 2.0x10°5 M
-1.5 T T T T 0.0
250 300 400 500 600 700
Wavelength / nm
05 1 1 1 1 20
BTBPTCDI CcPL (I)

0.0 1.5
-0.5 1.0
-1.0 PL 0.5

n-PrOH,
25°C, 1.4x10M-5 M
-1.5 T T T T 0.0
250 300 400 500 600 700
Wavelength / nm
0.5 L 1 L 1 2.0
BTBPTCDI CcPL (n)

0.0 1.5
-0.5 1.0
-1.0 PL 0.5

1.3-PropaneDiol,
25°C, 1.38x10-5 M
(2018/09/28)
-1.5 T T T T 0.0
250 300 400 500 600 700
Wavelength / nm

0.5 | 1 1 1 | 1 2.0

iPrPh-PhO-perylene

0.0

wp, 8
‘Wo,
0sf X0
N P
-1.0
chel3
-1.5 T T T T T T 0.0
250 300 400 500 600 700 800 850

Wavelength (nm)

1= (1 + )2

R

1= (1, +1 )2

I=(1, +1 )2

R

I=(1, +1 )2

)2

R

(! +

/



0.5 L L L L 2.0
iPrPh-PhO-perylene <_|
CP
o 0.0 \“v‘ 1.5
= oxe
- ) (\D d e on
~* 05| (l\ O «§—> L1.0
- : /;,MOHU\H\ )~on h
M wd oy od e b
S -1.04 <\F> <\/—> 0.5
EtOH,
25°C, 2.0x10*-5 M
-15 T T T T T 0.0
250 300 400 500 600 800 850
Wavelength / nm
0.5 L L L L 20
iPrPh-PhO-perylene
CPL
. 0.0 - A\ 1.5
o
-
-
~* 05 1.0
—
1]
-
< 10 Lo.5
C11H230H, 25°C, 2.5x10%-5 M
A5 (zowla/oe/zs) | | | 0.0
250 300 400 500 600 850
Wavelength / nm
2 ! | 1 80,000
Perylene
1 ‘C—D|
P s B s o |-60,000
N
£
o
N |-40,000
=
-
=
|-20,000
-5 4
-6 T T T
250 300 400 500 700

Wavelength /nm
Figure S1. CPL/PL spectra of perylene and its five derivatives in alcoholic solvents at room temperature (path
length: 10 mm, cylindrical cuvette, conc.: (1-5) x 10> M. CPL/PL spectra excited at 390 nm of perylene in (a)
ethanol, (b) n-propanol, (c) n-undecanol, (d) 1,3-propanediol, (e) chloroform, (f) 1,4-doxane. CPL/PL spectra
excited at 395 nm of ttBuperylene in (g) ethanol, (h) n-propanol, (i) n-octanol, (j) 1,3-propanediol, (k)
n-hexadecane. CPL/PL spectra excited at 470 nm of BTBPTCDI in (l) n-propano, (m) n-undecanol, (n)
1,3-propanediol. CPL/PL spectra excited at 470 nm of PTCDI-C8 in (o) n-dodecane. CPL/PL spectra excited at
525 nm of iPrPh-PhO-perylene in (p) chloroform, (q) ethanol, (r) n-propanol, (s) n-undecanol and (t)
1,3-propanediol. CD/UV-visible spectra of perylene in (u) chloroform. CD/UV-visible spectra of ttBuperylene in
(v) methanol. Measurement conditions: path length: 10 mm, cylindrical cuvette, conc.: (2.0-5.0) x 10-°* M at room

temperature.
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Figure S2. CPL/PL spectra of BODIPY 546 excited at 460 nm and BODIPY 597 excited at 490 nm in several
solvents at room temperature (path length: 1 or 10 mm, cylindrical cuvette, conc; (1-10) x 10-> M. BODIPY 546 in
(a) n-pentane, (b) ethanol, (c) n-hexadecane and (d) 1,3-propanediol. BODIPY 597 in (e) p-dioxane, (f) ethanol, (g)
isopropanol and (h) squalane.
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Figure S3. CD/UV-vis spectra of BODIPY 597 and BODIPY 546 in several solvents at room temperature (path
length: 1 or 10 mm, cylindrical cuvette, conc; (1-10) x 10-°> M. BODIPY 597 in (a) ethylene glycol, (b)
1,4-butanediol and (c) n-hexane (raw spectra). BODIPY 546 in (d) n-pentane (raw spectra), (e) 1,3-propanediol
(raw spectra), (f) 1,3-propanediol (processed spectra), (g) 1,4-butanediol (raw spectra) and (h) 1,4-butanediol

(processed spectra).
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Figure S4. CPL/PL spectra of Stilbene 420 in (a) ethanol, (b) n-propanpl, (c) n-butanol, (d) n-pentanol, (e)
n-hexanol, (f) n-octanol, (f) n-decanol, (g) n-undecanol, (i) ethyele glycol and (j) 1,3-propanediol at room
temperature. CD/UV-vis spectra of Stilbene 420 in (k) methanol and () ethylene glycol. Path length: 10 mm,
cylindrical cuvette, conc; (2.5-5.0) x 10> M.
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Figure S5. CPL/PL spectra of Bis-MSB in (a) diethylether, (b) p-dioxane, (c) chloroform, (d) ethanol, (e) n-hexane,
(f) n-decane, (g) n-tetraadecane, (h) n-hexadecane, (i) hexamethylnonane, (j) n-propanol, (k) isopropanol, (1)
isobutanol, (m) isopentanol, (n) n-hexanol, (o) n-octanol and (p) n-decanol at room temperature. CD/UV-vis

spectra of Bis-MSB in (q) methanol and (r) n-propanol at room temperature. Path length: 10 mm, cylindrical
cuvette, congc; 2.5 x 10-° M.
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Figure S6. CPL/PL spectra of coumarin 6 and coumarin 545 in various liquids at room temperature (path length:
10 mm, cylindrical cuvette, conc; (2.5-10) x 10-> M. Coumarin 6 in (a) p-dioxane, (b) ethanol, (c) n-octanol, (d)
n-undecanol, (e) n-hexadecane and (f) squalane. Coumarin 545 in (g) ethanol, (h) n-hexanol, (i) n-undecanol and
(j) n-hexadecane.
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Figure S7. CPL/PL spectra of coumarin 466 and coumarin 6H in various liquids at room temperature (path
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Wavelength (nm)

R

- -3
Al=]-1.710

R

- 3
Al=1-1.710

R

- -3
Al=1-1./10

0.5

2.0
Coumarin466 (b)
0.0 ’ A,
15,
CPL H o
4 " m .
o
N o0 +10 T
1.0 A -
B CHj3 I
S
15 0.5
PL
n-C11H230H
20 . ; . . . 0.0
200 300 400 500 600 700 800
Wavelength (nm)
0.5 1 1 1 1 1 1 1 1 1 1 1 20
Coumarin466 (d)
0.0 \
15 @
cPL =}
0.5 hac P N =
Sy oo [0
1.0 U ~
CH, I
S
15 0.5
PL
13-PropaneDiol
-2.0 T T T l T T T T T T T 0.0
200 300 400 500 600 700 800
Wavelength (nm)
0.5 1 L L L L 2.0
Coumarin6H f)
0.0
F 1.5
cPL [
-05 Z
x
N o o 10
1.0 ~
n
S
15 0.5
PL
13-PropaneDiol
-2.0 T T T T T 0.0
200 300 400 500 600 700 800

Wavelength (nm)

ethyelene glycol and (d) 1,3-propanediol. Coumarin 6H in (e) ethyelene glycol and (f) 1,3-propanediol.

S11



0.5 1 1 1 1 1 2.0 0.5 1
Coumarin481 Coumarin481
0.0 0.0
) 1.5 )
S N\ S
~ -05] “x ~ -05]
\II T \II
) F10 * )
~ .0 = ~" .10
! 7 1] 1] 7
2 0.5 h 2
-1.5] iy ’ -1.5
PL
n-C5H12 n-C14H30_r2
-2.0 . ] . . - 0.0 -2.0 T T T T T 0.0
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
0.5 1 1 1 1 1 2.0 0.5 1 1 1 1 1 2.0
Coumarin481 (C) Coumarin481 (d)
x5
0.0 \ AVA 2 AVA“F 0.0 ) I\ AV’VA"
Y cPL r1s Y cPL Vﬂ r1s
- o - o
~ -05] “x —~ -05] E “x
\Dﬁ N \Dﬁ N
) 10 * ) h 10 *
o - o H -
=" 1.0 ~ =" 1.0 ~
n 1 n 1]
2 05 h 2 H 05 h
-1.5 ’ -1.5 ’
PL PL
p-dioxane_sm C2H50H_sm5
-2.0 T T T T T 0.0 -2.0 T T T T T 0.0
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
0.5 1 1 1 1 1 2.0 0.5 1 1 1 1 1 2.0
Coumarin481 (e) Coumarin481 f)
0.0 0.0 "
© 1.5 © cpL 1.5
e Q e o
~ -05] “x ~ -05] “x
\m n \m i
) ! F10 * ) ¥ F10 *
-~ 210 H N ::‘ -~ 210 H H ::‘
[ I U !
~ g -~ = 0 ~
< < N o
154 0.5 15 U w 0.5
CHs PL
n-C6H130H n-C11H230H
-2.0 T T T T T 0.0 -2.0 T T T T T 0.0
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
0.5 1 1 1 1 1 2.0 0.5 1 1 1 1 1 2.0
(g) Coumarin481 (h)
0.0 0.0 \
@ F1.5 @ F1.5
= o e crL o
~ -05] “x ~ -05] “x
\II T \II T
: F10 * : F10 *
~ .10 = ~" .0 =
[ I o !
2 0.5 h 2 0.5 h
-1.5] -1.5] ~
Ethylene glycol 13-PropaneDiol
-2.0 : . . . - 0.0 -2.0 T T T T T 0.0
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
0.5 1 1 1 1 1 2.0 0.5 1 1 1 1 1 2.0
Coumarin153 (I) Coumarin153 CPL (j)
0.0 o Ao 0.0 -,
o AV 15 o e 1.5
o 1 o
- o - o
~ -05] 1 “x —~ -05] g H “x
& X =~ x ~
- 10 * ) . r1o *
o g ! o o -
=" 1.0 ~ =" 1.0 ~
n > 1] n Py 1
2 0.5 h 2 0.5 h
-1.5 ’ -1.5 ’
PL
n-C5H12 13-PropaneDiol
-2.0 T T T T T 0.0 -2.0 T T T T T 0.0
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Figure S8. CPL/PL spectra of coumarin 481/35 and coumarin 153 in various liquids at room temperature (path
length: 10 mm, cylindrical cuvette, cong; (2.5-10) x 10> M. Coumarin 481/35 in (a) n-pentane, (b) n-tetradecane,
(c) p-dioxane, (d) ethanol, (e) n-hexanol, (f) n-undecanol, (g) ethylene glycol and (h) 1,3-propanediol. Coumarin
153 in (i) n-pentane and (j) 1,3-propanediol.
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Figure S9. CPL/PL spectra of coumarin 1/460 and coumarin 102 in various liquids at room temperature (path
length: 10 mm, cylindrical cuvette, conc; (2.5-5) x 10> M. Coumarin 1/460 in (a) p-dioxane and (b) ethylene
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Figure 510. CPL/PL spectra of coumarin 7 and coumarin 30 in various liquids at room temperature (path length:
10 mm, cylindrical cuvette, conc; (2.5-5) x 10-* M. Coumarin 7 in (a) p-dioxane, (b) n-pentane, (c) n-hexadecane,
(d) squalane, (e) p-dioxane, (f) ethanol, (c) n-octanol and (d) n-undecanol. Coumarin 30 in (i) p-dioxane, (j)
n-pentane, (k) n-octane, (I) n-hexadecane, (m) ethylene glycol, (1) squalane, (0) sulfolane and (p) 1,3-propanediol.
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