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A Fluorescent Turn-on Low Dose Detection of 
Gamma-Ray Radiation Based on Aggregation-
Induced Emission 
Xiaobiao Dong, Fang Hu, Zitong Liu, Guanxin Zhang,* Deqing Zhang* 

A new sensitive fluorescence turn-on detection of gamma-ray 
radiation is reported by taking advantage of aggregation 
induced-emission (AIE) behaviour of tetraphenylethylene unit 
and the cascade radiochemical and protonation reactions. 

    Gamma-ray radiation as one kind of ionizing radiation exists 
in many areas such as nuclear science, medicine, metallurgy, 
the food industry, and the environment.1 However, it is well 
known that gamma-ray radiation can be very hazardous to 
human health. Currently, the growing violence in terrorist 
attacks leads to greater awareness of the threat of nuclear and 
radiological terrorism.2 Thus, to develop facile and easily-
operated methods for sensitive and quick detection of gamma-
ray radiation is highly desired and urgent. A number of 
detection and measurement devices have been invented, 3-9 
including mainly ionization chambers, scintillation, and 
thermoluminescent detectors as well as film badge dosimeters 
and semiconductor detectors. However, some of these detection 
methods are required to be operated at low temperature and 
exhibit low sensitivity to non-charged radiation, and for others 
the instrumentation is complicated and voluminous. Swager and 
his coworkers have recently reported a new sensing scheme for 
gamma-radiation by using a polymer/multiwalled carbon 
nanotube (MWCNT).9 But, the detection sensitivity is not high. 
In fact, low dose detection of gamma-radiation remains 
essential in medical radiation treatment of cancer and for 
nuclear relevant security. 

Fluorescence detection is characteristic for its sensitivity and 
easy operation.10-12 Thus, fluorometry for gamma-ray radiation 
has caught more attentions recently.13,14 Some of us reported 
previously a fluorescence turn-off sensor for gamma-ray 
radiation by combination of the aggregation-induce emission 
(AIE) behavior of silole molecules and the fact that polymers 
with –SO2 groups in the main chain can be degraded upon 
gamma-ray radiation.13a Zang and his coworkers have very 
recently described a remarkably sensitive detection of gamma-

ray radiation via fluorescence quenching mechanism.14 
Generally, fluorescence turn-on detection is advantageous by 
considering its high sensitivity and easy-operation. In fact, 
fluorescence turn-on detection of gamma-ray radiation is still 
unknown to the best of our knowledge. 

 In this paper we report a new fluorescence turn-on detection 
of gamma-ray radiation based on the AIE feature of 
tetraphenylethylene (TPE) derivatives. The design rationale is 
illustrated in Scheme 1 and explained as follows: 1) compound 
1, a tetraphenylethylene derivative bearing a conjugated 3,3’-
dimethyl-3H-indole, is expected to be soluble in common 
organic solvents such as CHCl3 and CH2Cl2. Thus, it is 
anticipated that 1 is weakly emissive in these solvents 
according to previous studies;15-21 2) However, the 3,3’-
dimethyl-3H-indole unit in 1 can react with HCl easily to afford 
indolium moiety to generate 1•HCl (see Scheme 1) which is 
expected to show low solubility in CHCl3 or CH2Cl2; thus, 

 

Scheme 1. Chemical structures of compound 1 and 1•HCl and design rationale 
for the fluorescence turn‐on detection of gamma‐ray radiation. 
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aggregation will occur and the fluorescence of TPE moiety can 
be switched on based on the AIE feature of TPE molecules. 
Moreover, the emission is anticipated to be red-shifted owing to 
the electron-withdrawing effect of indolium moiety in 1•HCl 
based on our previous observations.20b, 21 3) Under gamma-ray 
radiation, the halogenated solvents including CHCl3 and 
CH2Cl2 decompose into free radicals. Due to their instability, 
recombination of these radicals occurs easily to yield some new 
compounds including hydrochloric acid. 22 Therefore, 
compound 1 can be employed as a fluorescence turn-on probe 
for gamma-ray radiation in halogenated solvents including 
CHCl3 and CH2Cl2. 
   Compound 1 was synthesized via the condensation of 
compound 2 23 with the 2, 3, 3’-trimethylindolenine (see 
Scheme S1).The chemical structure of 1 was characterized with 
1H NMR, 13C NMR, and high-resolution ESI-mass spectra 
(ESI†). As expected, 1 can be well dissolved in common 
organic solvents including CHCl3 and CH2Cl2.  

Firstly, we investigated the variation of absorption and 
fluorescence spectra upon addition of HCl. Figure 1a shows the 
absorption spectrum of 1 and those in the presence of different 
amounts of HCl. It is obvious that 1 exhibited a strong 
absorption band in the range of 300-450 nm, whereas a new 
absorption band centered at 460 nm emerged gradually after 
addition of HCl and the absorption around 378 nm was reduced 
simultaneously as depicted in Figure 1. The appearance of the 
new absorption can be attributed to the intramolecular electron 
donor-acceptor interaction between TPE and indolium that is 
generated by protonation of 3, 3’-dimethyl-3H-indole unit in 
1.20b, 21  

As anticipated, the CHCl3 solution of 1 (10 μM) was almost 
non-emissive in the absence of HCl. However, after addition of 
HCl the fluorescence intensity at 640 nm of 1 increased 
gradually as shown in Figure 1b. For instance, the fluorescence 
intensity at 640 nm increased by more than 100 times when the 
concentration of HCl reached 25 μM. Indeed, such fluorescence 
enhancement can be distinguished by naked-eye as shown in 
the inset of Figure 1b, where photos of solutions of 1 in the 
absence and presence of HCl under light (460 nm) illumination 
are displayed. As illustrated in Scheme 1, such fluorescence 
enhancement is attributed to the protonation of 3,3’-dimethyl-
3H-indole in 1 to generate 1•HCl which is expected to show 
low solubility in CHCl3 and aggregation occurs accordingly.24                        

The formation of fluorescent aggregates was confirmed by 
confocal laser scanning microscopic (CLSM), scanning 
electron microscopic (SEM) and dynamic light scattering (DLS) 
studies. As displayed in Figures S2 and S3, there were almost 
no fluorescent aggregates for the solution of 1 before the 
addition of HCl; however, fluorescent aggregates emerged after 
addition of HCl based on the CLSM and SEM images. DLS 
data (see Figure S4a) also indicated the formation of aggregates 
of ca. 60 nm for the solution of 1 (10.0 μM) after addition of 
HCl (35 μM). 

 
In the following, we will demonstrate the application of 1 for 

the detection of gamma-ray radiation. As reported previously, 
halogenated solvents exposed to gamma-ray radiation can be 
decomposed into various radicals, including hydrogen and 
chlorine, which then combine to produce hydrochloric acid 
(HCl).22 Therefore, it is anticipated that compound 1 can be 
utilized for the detection of gamma-ray radiation by taking 
advantage of the cascade radiochemical and protonation 
reactions. The solutions of 1 (10.0 μM) in CHCl3 were 
irradiated with different dosages of gamma-ray radiation. Then, 
the fluorescent and absorption spectra of each solution were 
measured as shown in Figure 2 and Figure S5. Both the 
absorption and fluorescence spectra of 1 after irradiated by 
gamma-ray radiation underwent almost identical spectral 
change as those for 1 upon addition of HCl (see Figure 1). As 
expected, red emission was observed when the solution radiated 
with gamma-ray irradiation (see inset of Figure 2a). As 
depicted in Figure 2a, the fluorescent intensity of 1 increased 
gradually with the increasing dosage of gamma-ray radiation.25 
For instance, the fluorescence intensity of 1 at 640 nm was 
enhanced by more than 100 times when the dosage reached 8.0 
Gy. As shown in Figure S5E, the fluorescence intensity of 1 
became saturated when the CHCl3 solution was exposed to 12.0 
Gy of gamma-ray irradiation.26 Figure 2b shows the variation of 
fluorescence intensity of 1 at 640 nm as the function of dosage 
of gamma-ray radiation. As depicted in Figure 2b, the CHCl3 
solution of 1 can be utilized to detect gamma-ray radiation with 
dosage as low as 1.0 Gy, which is the lowest dosage with our 
gamma-radiation source. Note that the solution of 1 is more 

 

Fig. 1 a) Absorption and b)  fluorescence spectra  (λex. = 460 nm) of  the CHCl3 
solution of 1  (10.0  μM)  in  the presence of HCl  (from 0  to 35.0 μM);  inset of 
Figure 1b shows photos of the solution of 1 (10.0 μM) before (A) and after (B) 
addition of 35.0 μM of HCl under 460 nm light irradiation. 

 

Fig.  2  a)  Fluorescence  spectra  (λex.  =  460  nm)  of  the  CHCl3  solution  of 
compound 1 (3.0 mL, 10.0 μM) recorded under increasing dosages of gamma‐
ray radiation up to 9.0 Gy;  inset shows photos of the solution of 1 (10.0 μM) 
before (A) and after (B) gamma‐ray radiation under 460 nm light irradiation. b) 
A plot showing the fluorescence intensity at 640 nm vs. the dosage of gamma‐
ray  radiation  for  the CHCl3  solution of 1  (3.0 mL, 10.0  μM);  the data  in  the 
range of  0.0‐8.0 Gy were  fitted with  the  following  equation:  Y=  46.37351X‐
6.48515, R2 = 0.991.  
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sensitive toward gamma-ray radiation than most of the reported 
sensing system. 9,13 Interestingly, the fluorescence intensity 
increased almost linearly with the dosage of gamma-ray 
radiation in the range of 0.0–8.0 Gy. Based on this linear 
relation, the limit of detection of 1 for gamma-ray radiation was 
estimated to be 0.023 Gy.   

Such fluorescence enhancement was also ascribed to i) the 
protonation of 1 by HCl that was formed after gamma-ray 
radiation and ii) the aggregation of 1•HCl in CHCl3. In fact, red 
fluorescent aggregates were detected for the CHCl3 solution of 
1 after gamma-ray irradiation (dosage = 8.0 Gy) with CLSM 
and SEM as shown in Figure 3 and Figure S3. Moreover, DLS 
studies manifested that aggregates with size around 110 nm 
were formed in the CHCl3 solution of compound 1 (10.0 μM) 
after gamma-ray irradiation (see Figure S4b). In comparison, 
almost no aggregates were observed based on the DLS data (see 
Figure S4b) before exposed to gamma-ray radiation.  

To further prove the important role of the halogenated 
solvents in the radiation induced fluorescence enhancement of 1, 
the same experiments were conducted in CH2Cl2, 1, 2-
dichloroethane, CCl4 and non-halogenated solvents including 
benzene, ethyl ether, DMF, DMSO and THF. As depicted in 
Figure 4, fluorescence enhancement was also observed for 1 in 

CH2Cl2 after gamma-ray radiation, but the degree of 
fluorescence enhancement was smaller compared to that in 
CHCl3. However, no detectable fluorescence enhancement was 
detected for 1 in 1, 2-dichloroethane, CCl4 and non-halogenated 
solvents. This observation further supports the hypothesis that 
the sensing of 1 toward gamma-ray radiation relies on the 
radiation induced generation of HCl. 27 

In summary, we report a facile and convenient fluorescence 
turn on detection of gamma-ray radiation based on compound 1. 
This new method is designed by the combination of AIE 
behaviour of TPE compounds and the fact that CHCl3 can be 
degraded upon gamma-ray radiation to form HCl which will 
protonate 1 and result in aggregation. This fluorometric turn-on 
detection of gamma-ray radiation possesses the following 
features: 1) compound 1 is easily synthesized; 2) the limit of 
detection for gamma-ray radiation is as low as 0.023 Gy; thus 
the solution of 1 is much more sensitive toward gamma-
radiation; 3) the solution of 1 after exposure to gamma-
radiation can be distinguished with naked eyes. 
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