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Abstract: We have found that fluorescence emission of binary films 

composed of fluorescent amorphous molecular materials, 4-[bis(4-

methylphenylaryl)amino]benzaldehyde (BMABA) and 4-[bis(4-

methylphenylaryl)amino]acetophenone (BMAAP), with 

p-toluenesulfonic acid (TsOH) was quenched at ambient dry 

atmosphere but enhanced when we breathed onto their films.  When 

pausing the breath, the emission was again quenched.  Moisture in 

the exhaled breath was suggested to play a role for such phenomena.  

It was suggested that some BMABA and BMAAP molecules were 

protonated in their films as prepared at ambient dry atmosphere and 

that protonation and deprotonation took place corresponding to 

change in surrounding humidity, resulting in modulation of emission 

intensity. 

Stimuli-responsible emitting materials are the candidates for 
practical applications such as visible sensors and fluorescence 
switches triggered by external stimuli.  Creation of such materials 
and investigation of their properties responsible to external stimuli 
to clarify the mechanism are attractive subjects.  It is known that 
emitting organic molecules possessing intramolecular charge-
transfer features often exhibit solvatochromic luminescence, their 
emission color depending upon the solvent polarity.[1]  Recently, 
emission color changes of molecules exhibiting excited-state 
intramolecular proton transfer induced by addition of proton and 
other ions into solutions have been reported.[2]  Several 
photochromic diarylethenes conjugated with emitting 
chromophore have been created to provide photo-switchable 
emitting materials.[3]  With regard to organic solid emitting 
materials, mechanochroimic fluorescence was recently attracting 
attentions.[4]  Aggregation induced emission (AIE) is also the 
recent subject of interest.[5] 

In due course of our studies on creation of photo-functional 
low molecular-mass materials that readily form amorphous 
glasses above room temperature, namely amorphous molecular 
materials,[6] we have found that fluorescent amorphous molecular 
materials, 4-[bis(4-methylphenyl)amino]benzaldehyde (BMABA) 
and 4-[bis(4-methylphenyl)amino]acetophenone (BMAAP), 
exhibited not only solvatofluorochromism but also 
mechanofluorochromism.[6b]  In addition, BMABA exhibited AIE by 
adding a droplet of the ethanol solution into water, and the 

emission color change of the aggregate could be induced by 
vigorous stirring on heating.[6c]  Thus, these materials are 
promising candidates for stimuli-responsible emitters.  Here we 
report the modulation of emission intensity of novel binary films of 
BMABA and BMAAP with p-toluenesulfonic acid (TsOH) in 
response to exhaled breath.  Chemical structures of BMABA and 
BMAAP together with TsOH were shown in Scheme 1. 
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Scheme 1. Chemical structures of materials used in the present study. 

Binary films of BMABA–TsOH and BMAAP–TsOH were prepared 
onto glass substrates by spin-coating method from THF solutions 
of the mixture of corresponding amorphous molecular materials 
and TsOH·H2O with a molar ratio of ca. 1:1.  Although both single-
component BMABA and BMAAP films without TsOH exhibited 
fluorescence upon irradiation with UV light (365 nm), 
fluorescences of binary films of BMABA–TsOH and BMAAP–
TsOH were scarcely observed at ambient atmosphere (ca. 20 °C, 
ca. 20%RH).  Interestingly, when we breathed onto these films 
upon irradiation with the UV light, bright fluorescence emissions 
were observed as shown in Figure 1.  When pausing the breath, 
the emissions were again quenched gradually.  Such reversible 
fluorescence changes of these films were also shown in 
Supporting Videos 1 and 2. 

 

Figure 1. Photographs of (A) BMABA–TsOH and (B) BMAAP–TsOH films upon 
irradiation with UV light (365 nm).  (a) At ambient dry atmosphere.  (b) When 
breathing onto their films. 
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When their films were in the stream of dry and hot air by means 
of a hair dryer, no such enhancement of fluorescence emission 
could be observed.  The fluorescence could neither be enhanced 
when the films were exposed to hexane vapor.  On the other hand, 
the bright emissions of the films were observed when they were 
exposed to water vapor, suggesting that moisture played a role 
for the present fluorescence enhancement by breathing onto the 
films.  In fact, the fluorescence spectra of BMABA–TsOH film 
(Figure 2) showed that the emission intensity at ca. 70%RH was 
considerably larger than that at ca. 30%RH. 

 

Figure 2. Fluorescence spectral changes of BMABA–TsOH by changing the 
humidity.  a) ca. 30%RH, b) ca. 70%RH.  λex: 365 nm. 

Not only fluorescence but also electronic absorption spectra of the 
films were found to change when breathing onto their films.  As 
shown in Figure 3, the electronic absorption spectrum for 
BMABA–TsOH film at ambient dry atmosphere was somewhat 
red-shifted and broader relative to that for the film when breathing 
onto the film.  As a result, the film was pale yellow as prepared 
but the color disappeared by breathing onto the film as shown in 
inset in Figure 3.  The spectrum when breathing onto the film 
seemed to be similar to that for the single-component BMABA film. 

 

Figure 3. Electronic absorption spectra of BMABA–TsOH film at (a) ca. 20%RH 
and (b) ca. 80%RH.  Inset photographs: BMABA–TsOH film (a) at ambient dry 
atmosphere and (b) when breathing onto the film. 

Due to relatively strong acidity of TsOH, BMABA molecules were 
suggested to be protonated to produce BMABA-H+ when the 
BMABA–TsOH film was prepared.  Since resonance structures of 
BMABA-H+ can be drawn as shown in Scheme 2, considerable 
red-shift of the electronic absorption spectrum by protonation may 
take place caused by extension of the conjugation as well as 
change in electronic structure by protonation.  The red-shift of 
absorption band by protonation was also suggested by ab initio 
calculation based on density-function theory at 
B3LYP/6-31+G(d,p) level,[7] the electronic absorption maxima for 
BMABA and BMABA-H+ being 367 and 476 nm, respectively. 
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Scheme 2. Resonance structures of BMABA-H+. 

We have previously reported that binary films of amorphous 
molecular materials based on 4-(diarylamino)azobenzenes with 
TsOH exhibited reversible color changes by breathing onto their 
films and concluded that protonation and deprotonation for the 4-
(diarylamino)azobenzenes took place in the binary films 
corresponding to change in surrounding humidity.[8]  Based on the 
similar consideration, present phenomena of reversible emission 
modulation of BMABA–TsOH film shown in Fig. 1 could be 
understood as follows.  When the film was prepared at ambient 
dry atmosphere, some BMABA molecules were protonated by 
TsOH to produce BMABA-H+, resulting in slight red-shift with 
broadening of the electronic absorption spectrum and quenching 
the fluorescence of BMABA (Eq. 1 in Scheme 3).   When we 
breathed onto the film, moisture in the exhaled breath was 
absorbed into the film and deprotonation by H2O took place (Eq. 
2 in Scheme 3), resulting in decoloration of the film and emission 
enhancement due to disappearance of BMABA-H+.  When 
pausing the breath, H2O evaporated immediately from the film, 
resulting in the recovery of BMABA-H+ according to the backward 
reaction of Eq. 2 in Scheme 3.  Likewise, BMAAP–TsOH film 
exhibited modulation of emission intensity in response to exhaled 
breath. 

BMABA  +  TsOH BMABA-H+  +  TsO-

BMABA-H+ +  H2O BMABA  +  H3O+

Eq. 1

Eq. 2
 

Scheme 3. Plausible reactions taking place in the BMABA–TsOH film. 

Unfortunately, the present binary films were found to have less 
repetition durability.  As shown in Figure 4, emission intensity of 
BMABA–TsOH film gradually decreased during the on-off cycles.  
Since molecules possessing arylcarbonyl moieties often undergo 
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photochemical reactions,[9] degradation of BMABA and BMAAP 
molecules might take place photochemically in their binary films 
upon irradiation with UV light.  However, the present study 
provided an interesting and important concept for creation of 
exhaled moisture-sensitive functional films by using TsOH.  
Further studies are in progress. 

 

Figure 4. Change in emission intensity of a BMABA–TsOH film monitored at 
500 nm upon on-off cycles of the breath. 

In summary, we have created novel binary films that exhibit 
modulation of emission intensities in response to exhaled breath 
using emitting amorphous molecular materials, BMABA and 
BMAAP, with TsOH.  It was suggested that protonation and 
deprotonation of the emitter molecules took place according to 
change in humidity, resulting in modulation of emission intensity.  
Hybridization of TsOH and functional amorphous molecular 
materials with appropriate proton accepting ability is expected to 
provide novel functional films in response to exhaled breath. 

Experimental Section 

Materials: BMABA and TsOH·H2O were purchased commercially.  
BMAAP was prepared by the method reported in our previous paper.[6b] 

Fluoresccence Spectroscopy: Fluorescence spectra were measured in 
a handmade Styrofoam box by means of BLUE-Wave miniature 
spectrometers (StellarNet., Inc.) with a light source for excitation, LED365-
SPT/L (OptoCode Corp.).  For measuring the spectrum at high humidity 

(ca. 70%RH), the humidity around the sample films was increased by 
placing a wet paper in the box. 

Electronic Absorption Spectroscopy: Electronic absorption spectra 
were measured by means of U-3500 spectrophotometer (Hitachi  Ltd.) at 
room temperature.  For measuring the spectrum at high humidity (ca. 
80%RH), the humidity around the sample films was increased by placing 
a beaker with hot water in the sample room of the apparatus. 

Keywords: Fluorescent amorphous molecular material • p-

Toluenesulfonic acid • Binary film • Exhaled breath • Moisture 
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