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Number of publications referring chemical 

modifications of plastic scintillators and sorted 

yearly (source SciFinder®, 2019) 
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Radiation hardened plastic scintillator 
 

 

Advantages of plastic scintillators (PSC): 

● fast response; 

● sufficient light output; 

● increased radiation resistance; 

● fire safety and non-toxicity; 

● relatively low cost. 

 

In recent years, the growing 

number of publications on 

the improvement of plastic 

scintillators indicates their 

practical importance. 

Matthieu Hamel.Plastic Scintillators. 

Chemistry and Applications © Springer 

Nature Switzerland AG 2021. 

www.pycko.co.uk/products/organic-scintillators/ 

Yu. Hurkalenko, D. Yelisieiev, O. Yelisieieva, P. Zhmurin, A. Boyarintsev 



Flow diagram of energy transfer mechanism in ternary plastic scintillators  

excited by gamma radiation 

M.Sc. Łukasz Kapłon. Synthesis and characterization of 

polystyrene scintillators and their application in positron 

emission tomography. PhD thesis, Cracow 2017.     

In the first step, the incident 

radiation is absorbed by the 

polymer matrix. The matrix then 

transfers energy in a non-

radiative process to the primary 

dopant. The primary dopant 

fluoresces and radiatively 

transfers energy to the shifter. 

Finally, the shifter fluoresces and 

the pulse is amplified by a 

photomultiplier tube (PMT) and 

then analyzed. 
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Decrease in transmittance of polystyrene (PS) with increasing radiation dose 

Anna Pla-Dalmau. Design of Fluorescent Compounds for Scintillation Detection. PhD 

thesis,  Northern Illinois University, 1990. 
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Reference PS: 

A - Non irradiated PS 

B - 1 Mrad 

C - 5 Mrad 

D - 10 Mrad 

E - 50 Mrad 

F - 100 Mrad 

 

A 

B 

C 
D 

E 
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Immediately after irradiation, the 

transmission spectra show a significant 

increase in absorption in the range of 350-

600 nm, the intensity of which increases 

with increasing irradiation levels. The 

samples become yellow and then amber in 

color. The scintillation characteristics of the 

scintillator deteriorate dramatically. 

Nuclear Inst. and Methods in Physics Research B 436 

(2018) 236–243. 



The main ways to increase the radiation resistance  

of plastic scintillators (PSC) 
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  Use of diffusion enhancers      
Designing new polymer 

bases                                   

 Development of radiation  

resistant luminophores       

 Replacement of hydrogen atoms with more 

stable substituents (for example, the F atom 

forms a strong C-F bond)  

 

Increasing the degree of 

conjugation and rigidity of 

the molecule  

Introduction of acceptors 

(–CF₃ ... –NO₂), which 

stabilize the excited state, 

reducing the likelihood of 

free radical formation  

 

 Covalent attachment to a polymer matrix 

- uniform distribution of luminophore and 

its protection from radiation damage  

 

Deterioration of mechanical  

properties :-( 

 

In practice, it's difficult :-( 

It's real !!!  

 



Our strategy: replacing 

hydrogen atoms with fluorine in 

3-hydroxyflavone should lead to 

increased radiation resistance of 

scintillators 
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Excited-state intramolecular proton transfer (ESIPT) process of 3-hydroxyflavone (3HF) 

The main feature of 3-hydroxyflavone is its unique ability to undergo excited state intramolecular 

proton transfer (ESIPT), which results in a significant change in wavelength between absorption 

and fluorescence maxima. The Stokes shift is 180 nm! 
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Transmittance of scintillator samples with additives of POPOP and 3HF in 

polystyrene after irradiation with a dose of 10 Mrad 

A - PS after 10 Mrad irradiation; 

B - POPOP fluorescence;  

C - 3HF fluorescence. 

A 

B 

C 

3-Hydroxyflavone is in some 

cases a more effective 

shifter than POPOP. It is 

used to transfer the radiation 

of the primary additive 

directly to the green region 

of 530 nm, significantly 

leveling the radiation 

damage of the polymer in 

the blue region. 
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Scheme of synthesis of fluorine derivatives of 3-hydroxyflavone 9 

● Reaction of 2-hydroxyacetophenones 

with aldehydes in an alcohol-alkaline 

medium to form 2’-hydroxychalcones; 

● Algar-Flynn-Oyamada reaction: 

conversion of 2'-hydroxychalcones to 

flavonols by oxidative cyclization in the 

presence of hydrogen peroxide.  
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● The introduction of a fluorine atom into the 3HF 

molecule does not have a significant effect on their 

spectral characteristics. However, fluorine in position 8 

of the 3HF molecule slightly shifts the absorption band 

to the short-wave region. 

● The introduction of a fluorine atom into the 4P-3HF 

molecule slightly shifts absorption and luminescence 

to the long-wave region. 

Irradiation was carried out on the LUE-40 

linear accelerator National Scientific 

Center (NSC KIPT). Electron energy – 

41.2 MeV, absorbed dose rate – 135±9 

Gy/s. 

For a correct comparison of radiation 

resistance values, the half-light attenuation 

dose (D1/2, Mrad) can be used :  

D - irradiation dose, Mrad; Lo and L - light 

output of the PSC sample before and after 

irradiation, % relative UPS-923A. 

 

● PS - 96,5%;      

● PTP - 2%;    

● 3HF derivative - 1,5% 

 
 
Determination of radiation resistance 

of scintillator samples 

Composition of scintillators Spectral characteristics of 3HF derivatives 



Initial light output and radiation resistance 

of plastic scintillators after irradiation  

with a dose of 15 Mrad 

 Light output relative to standard scintillator UPS-923A  

 Dose of half attenuation of the light output  D1/2  

100% 

31,5% 34,1% 
40,0% 

21,1% 6,0 

Mrad 
13,2 

Mrad 

20,0 

Mrad 

23,9 

Mrad 

40,6 

Mrad 

23,9 

Mrad 

26,2 

Mrad 

49,0 

Mrad 

34,1% 32,5% 
30,5% 

PS - 97,98% 

PTP - 2% 

POPOP - 0,02% 
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UPS-923A 
(standard) 

 I                     II                   IV                    V                    VI                   VII                 VIII    

The average decay time of a scintillation pulse is 7,6 ns. 



CONCLUSIONS 

● Substitution of hydrogen atoms with fluorine in key positions of 3HF molecules and its 

phenyl derivative has virtually no effect on the nature of the luminescence spectra in the 

region of 530 and 550 nm, respectively. However, the introduction of fluorine into position 8 

of the 3HF molecule causes a slight short-wave shift in the absorption band. 

● The time characteristics of plastic scintillators do not change, while the scintillation pulse 

decay time for all compounds is on average 7.6 ns. 

● The presented data show that the replacement of hydrogen with fluorine atoms in the 3-

hydroxyflavone molecule leads to a significant increase in the radiation resistance of plastic 

scintillators. Depending on the position and number of fluorine atoms in the molecule, it was 

possible to achieve an increase in the radiation resistance of 3HF derivatives by 3 times, 

and for phenyl derivatives - by 2 times. It is obvious that the replacement of the hydrogen 

atom with fluorine in position 8 of the 3HF molecule is decisive for the greatest increase in 

radiation resistance. 
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Thank you for your attention!   


