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Efficient room temperature phosphorescence (RTP) is rarely observed in pure organic luminogens. However, we have newly 
observed that benzil and its derivatives are nonluminescent in solvents and thin layer chromatography (TLC) plates, but be-
come highly phosphorescent in crystal state at room temperature, exhibiting typical crystallization-induced phosphorescence 
(CIP) characteristics. The CIP phenomenon is ascribed to the restriction of intramolecular rotations in crystals owing to effec-
tive intermolecular interactions. Such intermolecular interactions greatly rigidify the molecular conformation and significantly 
decrease the nonradiative deactivation channels of the triplet excitons, thus giving boosted phosphorescent emission at room 
temperature.  

crystallization-induced phosphorescence, room temperature phosphorescence, benzils, intermolecular interactions  

 

 
 

1  Introduction 

Room temperature phosphorescence (RTP) has attracted 
considerable interests due to their fundamental importance 
and potential applications in optoelectronics, sensors as well 
as bioimaging [1–5]. Currently, most RTP emitters are es-
sentially inorganic compounds or organometallic complexes 
[3–5], such as rare-earth ions doped inorganic phosphors, 
platinum and iridium complexes. For pure organic com-
pounds, it is generally believed that they are unable to emit 
phosphorescence at room temperature due to the spin-      
forbidden of triplet exciton transition, thermal deactivation and 
chemical quenching during the long lifetime of triplets [69]. In 
2010, we reported a new phenomenon of crystallization-   
induced phosphorescence (CIP) of pure organic luminogens 

at room temperature [8]. While the luminogens are non-
phosphorescent in solutions and amorphous state, they emit 
efficient phosphorescence in the crystalline state. The dis-
covery of CIP not only facilitates the fabrication of efficient 
pure organic phosphors and investigation of their triplet-      
state involved processes, but also paves the way for their 
potential applications. Later, Kim and coworkers also found 
similar CIP phenomenon at halogenated aromatic aldehydes 
[9]. 

We endeavored to create more CIP luminogens and to 
decipher the general design principles towards CIP com-
pounds. Based on our previous work on aggregation-        
induced emission (AIE) [10–12] and CIP, we newly dis-
covered CIP-active compounds of aromatic acids and esters 
[13], as well as benzil and its derivatives (Chart 1). In this 
communication, the CIP behaviors and photophysical prop-
erties of benzils are discussed. 
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Chart 1  Chemical structure of benzil and its derivatives investigated in 
this Communication. 

2  Results and discussion 

2.1  CIP phenomenon of BZL 

Generally, carbonyl group and non-planar conformation are 
favorable for effective spin-orbit coupling and thus the 
phosphorescence process. As previously reported, benzo-
phenone (BP) is a prototypical CIP-active phosphor [8]. In 
view of the molecular structure, BZL contains more car-
bonyl groups and even more twisted conformation than BP, 
therefore it is expected to be also CIP-active. We first 
checked whether it is luminescent in oxygen-free organic 
solvents. Different nonpolar and polar solvents, such as 
n-hexane, toluene, dichloromethane (DCM), tetrahydrofu-
ran (THF), and acetonitrile (ACN) were utilized. However, 
none of these solutions is luminescent at room temperature 
(Figure 1(a)). We then continued to examine whether it is 
emissive in emissive in a thin layer chromatography (TLC) 
plate, but still with negative result obtained no matter 
whether the TLC plate was placed in nitrogen or not (Figure 
1(b)). However, when the solutions cooled to 77 K, bright 
green light was observed (pictures are not given here). It is 
understandable that in both solution and TLC plate, due to 
its highly twisted conformation, BZL may rotate freely, 
which favors nonradiative decay of the excitons, and no 
emission is thus observed. However, at cryogenic tempera-

ture, they dye molecules and the solvents are frozen, which 
greatly restrict the intramolecular rotations and other ther-
mal deactivation channels of the luminogen, thus boosting 
the light emission.  

We further checked its crystal emission at ambient con-
ditions. As depicted in Figure 1(b), the Chinese character 
“he” consisting of BZL crystals emits intense green light 
under 365-nm UV light irradiation. The result implies that 
in the crystal state, the intramolecular rotations of BZL 
should be impeded or locked by ordered molecular packing 
and specific intermolecular interactions, which thus turning 
on its emission. 

To get more insights into the system, photoluminescent 
property was investigated. While the THF solution of BZL 
shows a maximal absorption at 260 nm, which is ascribed to 
the -* transition, it gives two excitation peaks centered at 
260 and 284 nm. When excited at 270 nm, it is weakly flu-
orescent with an emission maximum of 314 nm. However, 
when excited at 370 nm in its crystal form, BZL emit dis-
tinct green light at 521 nm. Meanwhile, with a delay time of 
0.1 ms, almost identical emission profile is obtained for the 
crystals, thereby indicating their phosphorescence nature 
(Figure 2(a)). To confirm the crystal emission of BZL is 
phosphorescence, time resolved emission decay experiment 
was carried out at room temperature. As shown in Figure 
2(b), the lifetime of BZL crystal emission is as long as 
142.02 s, thus verifying its phosphorescent inherence. 

2.2  CIP mechanism of BZL 

To understand the CIP mechanism of BZL, its crystal 
structure and molecular packing are examined. Figure 3 
gives the fragmental molecular packing arrangement of 
BZL in crystals [14]. Clearly, there are eight intermolecular 
C–H···O (2.416, 2.417, 2.482, 2.483 Å) non-classic hydro-
gen bonds between one BZL molecule with six adjacent 
cousins. The benzene rings and carbonyl groups of BZL are 
fully locked by such intermolecular interactions, greatly 
hampering the conformational changes through intramolec-
ular rotations. It is also noted that the highly twisted con-
formation of BZL, on one hand makes it undergo active 
rotations in solutions and even in amorphous solid state, 
consuming the exciton energy nonradiatively; on the other  

 

 

Figure 1  Photographs of (a) BZL in varying oxygen-free solvents, (b) its solid solution in TLC plate, and (c) crystals with [a, b (bottom) and c] 365- and [b 
(upper)] 254-nm UV light irradiation. 
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Figure 2  (a) Normalized absorption, excitation and emission of BZL in THF, and normalized crystal emission with delay time of 0 and 0.1 ms, respective-
ly; (b) time-resolved emission measurement of BZL crystals. Concentration = 2 × 105 M. 

 

Figure 3  Molecular packing of BZL crystal with exampled intermolecu-
lar interactions for one molecule (in magenta color). Intermolecular inter-
actions for other molecules are omitted for clarity.   

hand, it prevents the formation of detrimental species such 
as excimer or exciplexes, thus making BZL highly emissive 
in the crystalline state. 

2.3  CIP behaviors of the BZL derivatives 

It is well-known that heavy atoms are helpful for the phos-
phorescent emission. Thus, we checked such halogen-      
substituted BZLs as DFBZL [15] and DBBZL [16]. Other 
substituents {–CH3 (DMeBZL) [17], –OCH3 (DMeOBZL) 
[18]} and more carbonyl groups (BBZL) [19] were also 
introduced into BZL to evaluate the substituent effect (Chart 
1). Similar to BZL, all these compounds are practically 
nonluminescent in both organic solvents and TLC plates, 
but generate strong emission in the crystalline state at am-
bient conditions (Figure 4). While the substituents of F, Br, 
CH3 and OCH3 do not significantly change the emission 
color (500, 526, 505, and 517 nm for DFBZL, DBBZL, 
DMeBZL, and DMeOBZL, respectively) due to their rela-
tively weak electron donating or accepting ability, incorpo-
ration of carbonyl groups (BBZL) red-shifts the emission  

 

Figure 4  Photographs of the crystals of (a) DBBZL, (b) DMeOBZL and 
(c) BBZL irradiated with 365-nm UV light at ambient conditions. 

color to orange (~584 nm) owing to the extended effective 
conjugation length, and moreover the greatly enhanced 
spin-orbit coupling and lowered energy gap between the 
first excited triplet state (T1) and ground singlet state (S0). 
Time resolved emission measurement suggested the long 
lived excitons, thus testifying the CIP feature of these lu-
minogens. Detailed emission behavior, photophysical pro-
cess and structure-property relationship of these CIP phos-
phors will be thoroughly studied and reported in near future.  

3  Conclusions 

In summary, BZL and its derivatives show typical CIP 
characteristics at room temperature. The nonluminescence 
of these dyes in oxygen-free solvents and TLC plates is as-
cribed to the active intramolecular rotations, which effec-
tively dissipate exciton energies. However, in the crystal 
state, such rotations are greatly restricted by the ordered 
molecular packing and effective intermolecular interactions; 
meanwhile, highly twisted conformations of these lumino- 
gens prevent the formation of detrimental species in crystals, 
thus giving boosted phosphorescent emission at room tem-
perature. Considering the highly twisted conformation and 
effective intermolecular interactions, these CIP phosphors 
are expected to show mechnochromic solid state emissions 
[20]. Further study on such properties and potential applica- 
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tions of these CIP compounds will be conducted in our lab, 
and the results will be systematically reported in due course.  
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