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ABSTRACT: Fluorescence (FL) properties of a novel donor–
acceptor dyad, comprised of mesitylene and 1,4-dicyano-2-
methylnaphthalene (DCMN) subunits connected by an ether linkage, 
were elucidated. The dyad in cyclohexane exhibits FL arising from 
an intramolecular exciplex. In the crystalline state, the dyad does not 
emit light from intra- and inter-molecular exciplexes but rather 
displays FL that is nearly equivalent to that of 2-methoxymethyl-
substituted DCMN. However, the emission spectrum of the 
crystalline dyad contains a shoulder in the long wavelength region, 
suggesting that weak intercolumnar charge-transfer interactions take 
place between columns consisting of the mesitylene and DCMN 
subunits. 
 

 

An exciplex is an electronically-excited state complex comprised 
of two different molecules.1 Mechanisms for inter-2 and intra-
molecular3 formations and the photo-physical4 and -chemical 
properties5 of a number of exciplexes in solution have been studied. 
On the other hand, exciplexes in the crystalline states have gained 
much less attention. 

In a previous effort, we studied the fluorescence (FL) behavior of 
dyads containing a 1,4-dicyano-2-methylnaphthalene (DCMN) 
electron acceptor tethered to 4-methyl-, 4-methoxy-,6 and 4-N,N-
dimethylaminotoluene7 donor subunits by an ether linkage (1a, 1b, 
and 1c, respectively, Chart 1). In the crystalline states of 1b and 1c, 
intermolecular exciplex (Fig. 1a)-derived FL occurs with respective 
maxima at λFL,C = 456 and 567 nm that are longer wavelengths than 
those in cyclohexane solutions. Intermolecular exciplexes of 1b and 
1c were shown to have columnar structures in which p-substituted- 
toluene donor subunits are alternately stacked with the DCMN 
acceptor subunit of neighboring molecules. 
 
Chart 1. Molecular Structures of Dyads 1a–c and 2 and the Acceptor 
Model 3 
 

 
 
 
 

Table 1. Absorption, FL, and DR Properties in Cyclohexane 
Solutions (λAB,S, λFL,S, τFL,S, and ΦFL,S), KBr (λDR), and the 
Crystalline States (λFL,C, τFL,C, and ΦFL,C), and Stacking Manner of 
Donor and Acceptor Subunits in the Crystalline States of 1a–c, 2, 
and 3 

  λAB,S  λFL,S  τFL,S  ΦFL,S  λDR  λFL,C  τFL,C  ΦFL,C  Stacking 
Manner nm nm ns nm nm ns 

1a 

 

314 
335 

 

363 
417 

 

1.4 
12.1 

 

0.25 

 

368 

 

401 

 

5.9 
12.4 

 

0.29  Independent 

1b 350 
361 

361 
456 

6.5 
33.7 

0.22 368 456 17.9 
58.6 

0.39  Alternate 

1c 347 
353 

353 
550 

3.7 
13.7 

0.05 333 
550 (br) 

567 25.5 
69.5 

0.09  Alternate 

2 318 
334 

362 
407 

0.6 
8.2 

0.25 335 443 
500 (sh) 

5.2 
26.2 

0.10  Independent 

3 317 
332 (sh) 

362 3.0 0.29 335 435 5.1 
20.8 

0.09  – 

 

 
 

Figure 1. (a) Intermolecular exciplexes of 1b and 1c. (b) Locally-
excited monomer and (c) intramolecular exciplex of 2. (d) Excited 
crystalline 2 involved in possible weak intercolumnar CT interactions 
and excited crystalline 3 in which CT interactions cannot take place. 
The mesitylene, DCMN, and ether subunits are shown in pink, blue, 
and orange, respectively.
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Dyads, comprised of the electron-donating arene and electron-
accepting DCMN subunits, which exhibit exciplex FL at long 
wavelengths, have the potential of serving as crystalline emissive 
materials. However, when a dyad of this type contains a strong 
electron-donating moiety, FL quantum yields in the crystalline state 
(ΦFL,C) are low as a consequence of electron-transfer quenching of 
the emissive excited state that affords radical ion pairs. This 
phenomenon is exemplified by the observation that the ΦFL,C of 1c is 
only 0.09 while that of 1b is 0.39. 

As part of studies exploring the design optimal dyads that exhibit 
long wavelength crystalline exciplex emission and high ΦFL,C, we 
investigated the FL properties of the novel dyad, 1,4-dicyano-2-(3,5-
dimethylbenzyloxy)methylnaphthalene (2, Chart 1), which contains  
the low electron-donating mesitylene as a donor and DCMN as an 
acceptor. The design of 2 took into account the expectation that the 
electron-donating ability of the mesitylene subunit is higher than that 
of the 4-methyltoluene subunit in 1a yet lower than that of the 4-
methoxytoluene subunit in 1b and the observation that the 4-
methyltoluene and DCMN subunits in the crystalline state of 1a do 
not stack alternately but rather are independently aligned in columns 
(Table 1). As a result, crystals of 1a exhibit FL at λFL,C = 401 nm, a 
wavelength that is shorter than that of 1a in cyclohexane. This 
observation indicates that FL from 1a does not arise from an 
intermolecular exciplex. 

Dyad 2 was synthesized using mesitylene and 2-
methylnaphthalene employing a method that is similar to that used 
for preparation of 1a–c.8 The results of cyclic voltammetry 
measurements show that 2 in CH3CN is oxidized at Eox

1/2 = +1.98 V 
vs SCE, showing that the electron-donating ability of the mesitylene 
subunit in 2 is approximately halfway between those of the 4-methyl- 
and 4-methoxytoluene subunits in 1a (Eox

1/2 = +2.04 V) and 1b 
(+1.64 V), respectively. This conclusion is supported by the results 
of density functional theory calculations (B3LYP/6-31G* level), 
which show that the energy levels of the HOMOs (EHOMO) of 1a, 1b, 
and 2 are –6.38, –5.91, and –6.26 eV, respectively.8,9 

The UV–Vis absorption spectrum of 2 in cyclohexane contains 
absorption maxima at λFL,S = 318 and 334 nm (Table 1 and Fig. 2a), 
which are nearly the same as those in the spectrum of 3, a model 
DCMN acceptor (Chart 1). This finding indicates that charge-transfer 
(CT) interactions between the mesitylene and DCMN subunits in 2 
do not occur in the ground state. In contrast to 3, which has a FL 
maximum at λFL,S = 362 nm (excitation at λEX = 320 nm), 2 has an 
emission with a major and longer wavelength band at λFL,S = 407 nm 
and a minor band at 362 nm (Fig. 2b). Moreover, the FL of 2 does 
not show a significant dependence on concentration, suggesting that 
the respective FL bands at 362 and 407 nm are associated with a 
locally-excited monomer (Fig. 1b) and intramolecular exciplex (Fig. 
1c). 
 

  
Figure 2. (a) UV–Vis absorption and (b) FL (λEX = 320 nm) spectra 
of 2 (solid) and 3 (broken) in cyclohexane (5 × 10–5 mol L–1).  
 

Crystallization of 2 from CH3CN gave single crystals that exhibit 
blue FL under 254-nm light (Fig. 3a). The results of X-ray 
crystallography8,10 show that 2 adopts an extended molecular 
geometry (Fig. 3b), suggesting that it cannot readily form an 
intramolecular exciplex upon photoexcitation in its crystalline state. 
Additionally, molecules in crystals of 2 are aligned in a columnar 
structure (Fig. 3c), in which the mesitylene and DCMN subunits are 
independently assembled in respective columns. No face-to-face 
overlap between the mesitylene and DCMN subunits exist in crystals 
of 2, indicating that 2 does not form intermolecular exciplexes in its 
crystalline state. The observations suggest that more effective CT 
interactions than those that exist between the mesitylene and DCMN 
subunits of 2 would be required for creation of a packing structure 
with alternately-stacked donor and acceptor. The threshold strength 
of the CT interactions could be an important consideration in 
designing organic semiconductors based on CT crystals.11 

 

 

 
 

Figure 3. (a) Photographs of a crystal of 2 under room and 254-nm 
light. (b) ORTEP plot of the crystallographic data for 2 (30% 
probability). (c) Packing structure (the mesitylene, DCMN, and ether 
subunits are shown in pink, blue, and orange, respectively) of 2 in 
crystals revealed by X-ray crystallography. 
 

The diffuse reflection (DR) spectrum of 2 in KBr, obtained after 
employing the Kubelka–Munk transformation, contains a peak at λDR 
= 335 nm (Table 1 and Fig. 4a), which is similar to that in the DR 
spectrum of 3. This finding shows that the DCMN subunit does not 
participate in electronic interactions with the mesitylene subunit in 
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the ground state of 2 in its crystalline state. The FL wavelength of 2 
in the crystalline state (λFL,C = 443 nm) is similar to that of 3 (435 nm, 
Fig. 4b). Moreover, 2 and 3 have nearly identical FL lifetimes (Table 
1, τFL,C) and quantum yields (ΦFL,C). Thus, it appears that the DCMN 
fluorophore is the major contributor to the FL of 2 in the crystalline 
state. Although the crystal packing structure of 3 has not been 
elucidated, FL from crystals of 2 and 3 likely originate from excited 
species that exist in independently-stacked DCMN columns (Fig. 1d). 

As noted above, a shoulder FL band at λFL,C = ca. 500 nm exists 
in the emission spectrum of 2 but not 3 in the crystalline state (Fig. 
4b). Because the DR spectra of 2 and 3 display no significant 
differences, the shoulder in the FL spectrum of crystals of 2 could be 
associated with weak CT interactions between the mesitylene column 
(donor) and the adjacent photoexcited DCMN column (acceptor) 
(Figs. 1d and 3c), which we refer to as intercolumnar CT interactions. 

  

 
Figure 4. (a) DR spectra (1 mg of 2 or 3) in KBr (300 mg) and (b) 
FL spectra in the crystalline state (λEX = 320 nm) of 2 (solid) and 3 
(broken). FL spectrum of 2 contains shoulder band at around 500 nm 
(green) that is not included in the FL of 3. 

 
In summary, 2 in cyclohexane exhibits FL from an 

intramolecular exciplex while in the crystalline state it emits from a 
locally-excited DCMN monomer. Owing to its crystal packing 
structure, which contains molecules arranged in independently-
stacked columns of the mesitylene and DCMN subunits, 2 does form 
an intermolecular exciplex and, as a result, it does not show FL in the 
long wavelength region. However, the FL spectrum of 2 contains an 
interesting, long wavelength (λFL,C = 500 nm) shoulder that could be 
associated with weak intercolumnar CT interactions. While this 
shoulder might be caused by lattice defects in the crystals, a similar, 
more distinct FL band has been observed for the dyad consisting of 
3,5-dimethoxytoluene as a donor and DCMN as the acceptor.12 The 
possible intercolumnar CT interactions operating in 2 could lead to 
reconsideration of the conventional wisdom that CT interactions 
occur between donor and acceptor subunits that are stacked in a face-
to-face manner. Additional verification of the existence of such 
unique interactions could result in a new strategy to design novel 
emissive organic crystals. 
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