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The fluorescent modes and signs of the circularly polarized 

luminescence of an axially chiral binaphthyl–pyrene organic 

fluorophore were successfully controlled by changing from a 

fluidic chloroform solution to a glassy poly(methyl 

methacrylate) solid film. 

Organic fluorophores have attracted considerable attention as 

organic electroluminescent (EL) devices and optical sensors.1 

Although many organic fluorophores have been developed to date, 

there are not many chiral organic fluorophores that exhibit circularly 

polarized luminescence (CPL) properties with high quantum 

efficiency.2 

 In general, the maximum wavelength of CPL (λCPL) can be tuned 

by synthetic methods, for example, by introducing a functional 

substituent to the molecular backbone. In addition, the CPL sign can 

be controlled by switching the chirality of the starting compounds. 

Therefore, it would be beneficial to develop a novel facile method 

for controlling both λCPL and CPL sign of the chiral organic 

fluorophore without any synthetic methods. 

 Recently, we reported that the chiroptical signs of chiral 

binaphthyl organic fluorophores with the same axial chirality are 

controllable, both in the solution and solid states, (i) by controlling 

the dihedral angle of the binaphthyl units, (ii) by employing the 

neighbouring effect between the fluorescent binaphthyl units, and 

(iii) by manipulating their external environments, in addition to 

using opposite chiral counterparts.3 

 In this study, we investigated a non-classical approach for dual 

controlling the λCPL and CPL sign of chiral organic fluorophores. To 

that end, we used chiral binaphthyl–pyrene fluorophores, starting 

with a chiral binaphthyl–crown ether–bispyrene 14 as the initial 

model (Scheme 1). Herein, we demonstrated that the dual controlling 

of λCPL and chiroptical sign is possible by varying the surrounding 

medium, e.g., by choosing a chloroform (CHCl3) solution as the 

fluidic medium and poly(methyl methacrylate) (PMMA) film as the 

glassy solid medium. 

 

 
 

Scheme 1 Binaphthyl–crown ether–pyrene compounds 1 and 2. 

 

 First, we measured the solution-state unpolarized 

photoluminescence (PL) properties of (R)-1 in CHCl3. Fig. 1 shows 

that the maximum wavelength of PL (λem) is 480 nm, and the PL 

quantum yield (ФF) is 0.20. This feature is typical for the excimer 

emission of the pyrene units.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 CPL (upper panel) and PL (lower panel) spectra of (R)-1 (blue 

line) and (S)-1 (green lines) dissolved in CHCl3 (1.0 × 10−3 M). λex = 

340 nm. 

 

 Next, we obtained the (chir)optical PL properties of (R)-1 

dispersed in PMMA film (Fig. 2, lower panel, blue line).5 Notably, 

Fig. 2 shows that the λem of (R)-1 in the PMMA film shifted 

significantly to a shorter wavelength (λem = 393 nm) along with the 
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fact that the ФF value increased up to 0.46 due to the suppression of 

thermal vibrational deactivation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 CPL (upper panel) and PL (lower panel) spectra of (R)-1 (blue 

lines) and (S)-1 (green lines) dispersed in PMMA film. λex = 340 nm. 

 

 As expected, (R)-1 exhibited CPL signals in CHCl3 and PMMA 

film (Figs. 1 and 2). The wavelength of CPL changed in conjugation 

with that of PL. The degree of CPL was evaluated by Kuhn’s 

anisotropy factor (gem) in the photoexcited state, which is defined as 

gem = 2(IL–IR)/(IL+IR), where IL and IR denote the quantum yields of 

the left-handed and right-handed CPL under unpolarized-light 

excitation, respectively. The absolute gem values (|gem|) are ∼7.8 × 

10–4 in CHCl3 solution and ∼3.6 × 10–4 in PMMA film. Surprisingly, 

(R)-1 exhibits the opposite CPL signs depending on the fluidic and 

glassy states: negative (−) in the CHCl3 solution, and, conversely, 

positive (+) in the PMMA film. To further confirm this finding, we 

measured the CPL spectra of (S)-1 in both the states (Figs. 1 and 2). 

Indeed, the CPL spectra of (R)-1 and (S)-1 are in a nearly mirror-

image relationship. Thus, both λCPL and CPL signs of chiral organic 

fluorophores are tunable by altering CHCl3 solution and a PMMA 

film, as well as the chirality of 1. 

 To clarify these phenomena, we compared these data to the 

previously reported CPL spectrum of (R)-2,2′-diethoxy-1,1′-

binaphthyl, which lacks a pyrene unit, in both the states.3a The 

binaphthyl fluorophore emitted at 365 and 373 nm in CHCl3 solution 

and PMMA film, respectively. In addition, the CHCl3 λem value of 

(R)-1 did not change as the concentration decreased, remaining at 

480 nm (1.0 × 10–3, 1.0 × 10–4, and 1.0 × 10–5 M). These 

observations confirm that this CPL of (R)-1 in the PMMA film 

results from the pyrene unit, and indicate that this CPL is a special 

characteristic of the PMMA-film state of (R)-1.  

 Kano, Shishido, and co-workers originally reported the CPL 

properties of chiral pyrene excimers in γ-cyclodextrin.6 Intense 

excimer-origin |gem| was of the order of ∼10–2 at 474 nm. Since the 

|gem| value of (R)-1 is significantly smaller than that of the pyrene 

dimer system reported previously, the chiral environment of pyrene 

unit in 1 is weak. The excimer-origin CPL of (R)-1 in CHCl3 can be 

attributed to the long-distance intramolecular interaction between the 

remote positions of two pyrenes in the chiral binaphthyl backbone.  

 To elucidate the cause of this CPL inversion phenomenon, the 

circular dichroism (CD) and UV spectra of (R)-1 were measured in 

CHCl3 solution and PMMA film. Several UV bands ranging from 

310 to 370 nm, characteristic of the π→π* transition of the pyrene or 

binaphthyl units in 1 were observed (Figs. 3 and 4). As expected by 

CPL spectra, the CD Cotton bands of (R)-1 and (S)-1 (Figs. 3 and 4) 

are in a nearly mirror-image relationship. Although the CD spectra 

of 1 in CHCl3 are almost identical to those in PMMA film, the |gCD| 

value of the first Cotton CD band of 1 was: |gCD| = ~3.8 × 10–5 at 344 

nm in CHCl3, but ~7.8 × 10–5 at 343 nm in PMMA film. The first 

Cotton CD bands (345 nm) in CHCl3 are a half of those (343 nm) in 

PMMA. The CD amplitude in the film was evaluated as follows: gCD 

= ((Abs(L) – Abs(R))/|(Abs(L) + Abs(R))/2|. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 CD (upper panel) and UV (lower panel) absorption spectra of 

(R)-1 (blue lines) and (S)-1 (green lines) dissolved in CHCl3 (1.0 × 

10−5 M). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 CD (upper panel) and UV (lower panel) absorption spectra of 

(R)-1 (blue lines) and (S)-1 (green lines) dispersed in PMMA. 

 

    For comparison, a chiral binaphthyl–crown ether–pyrene, 2, with 

one pyrene unit was newly synthesized, and its CPL and PL spectra 

were compared in CHCl3 solution and PMMA film. (R)-2 was 

prepared from chiral 2′-ethoxy-1,1′-binaphthalene-2-al.7 Compound 

2 exhibited efficient PL in CHCl3 and PMMA. Fig. 5 shows that λem 

is 393 nm in CHCl3 and PMMA film.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 PL spectra of (R)-2 in CHCl3 (1.0 × 10−3 M, blue line) and 

PMMA (purple line). λex = 340 nm. 

 

Although this PL results from the pyrene monomer only,8 (R)-2 does 

not exhibit any detectable CPL signals regardless of CHCl3 solution 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

-0.0025

-0.0020

-0.0015

-0.0010

-0.0005

0.0000

0.0005

0.0010

0.0015

370 420 470

I 
({

I(
L

)-
I(

R
)}

/2
)

∆
I
(m

d
e

g
/1

4
3

2
0

)

Wavelength (nm) 0

0.2

0.4

0.6

0.8

1

1.2

-12

-10

-8

-6

-4

-2

0

2

4

6

8

310 340 370 400

ε
(1

0
-5

M
-1

c
m

-1
)

∆
ε

(M
-1

c
m

-1
)

Wavelength (nm)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

-0.00025

-0.00020

-0.00015

-0.00010

-0.00005

0.00000

0.00005

0.00010

0.00015

0.00020

310 340 370 400 A
b

s
 (

{A
b

s
(L

)+
A

b
s
(R

)}
/2

)

∆
A

b
s

({
A

b
s

(L
)–

A
b

s
(R

)}
)

Wavelength (nm)

0.0

0.5

1.0

1.5

2.0

370 420 470 520

I 
({

I(
L

)-
I(

R
)}

/2
)

Wavelength (nm)

Page 2 of 4ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name COMMUNICATION 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 3  

and PMMA film. From these results, in CHCl3 solution, a closer 

approach between photoexcited two pyrene moieties is possible by 

reorganization of the pyrenes in (R)-1. On the other hand, in PMMA 

film, although a dinote intramolecular pyrene interaction produce 

chiral environment of pirene units, a closer intramolecular pyrene 

excimer is inhibited because of PMMA glassy solid. The 

intramolecular reorientational mode of two pyrene units is difficult 

to occur upon photoexcitation. That is, it is thought that in PMMA 

film, CPL of (R)-1 is a monomer-like excimer CPL. This also is a 

reason for the increase in fluorescence quantum yield (ФF) in 

PMMA film. 

 

Conclusions 
     

 Chiral fluorophore 1 exhibited PL in CHCl3 solution and PMMA 

film. The CPL profiles and their signs were controllable by selecting 

a fluidic CHCl3 solution and glassy PMMA film. This finding may 

offer the choice of fluidic solution and glassy solid to control the 

CPL/PL characteristics of multiple fluorophore molecules in 

addition to chiral pyrene-based fluorophores.  
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