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Fabrication of 7-Diethylamino-4-methylcoumarin-based Scintillator
for Gamma Radiation Detection
Sujung Min', Changhyun Roh', Bumkyoung Seo' and Sangbum Hong"*

'Decommissioning Technology Research Division, Korea Atomic Energy Research Institute, 111, Daedeok-daero,
989beon-gil, Yuseong-gu, Daejeon 34057, Republic of Korea

Commercially used organic scintillation materials (1,4 di[2-(5phenyloxazolyl]] benzene)
have low solubility in solvents and a wide emission energy range, which causes a decrease in detection
efficiency. In this study, an organic liquid scintillator with improved detection efficiency was developed
using 7-Diethylamino-4-methylcoumarin material to compensate for the disadvantages of existing organic
scintillation detectors. And to evaluate the applicability of radiation measurement, the performance
of a commercial plastic detector was compared. As a result of analyzing the *°Co detection characteristics
by applying 7-Diethylamino-4-methylcoumarin as an alternative to 1,4 di[2-(5phenyloxazolyl]] benzene,
the detection efficiency was improved around 2% compared with commercial scintillator when the
7-Diethylamino-4-methylcoumarin content was 0.04 wt%. Based on the results of this study, the
possibility of improving detection efficiency through scintillator material modification was confirmed. In
addition, since it is possible to discriminate nuclide through the spectrum correction algorithm, it will be
possible to inspect and classify various decommissioning wastes generated during the decommissioning
process.
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Fig. 1. “°Co measurement results by 7-Diethylamino-4-methyl- Fig. 3. Normalized EWA-based energy spectrum.
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Fig. 2. Energy spectrum applied with energy weighted algorithm

Fig. 4. Relative efficiency and detection efficiency calculation
(EWA).

results using EWA-based energy spectrum.

OJu]SH, POPOP= 1,4-Bis(5-phenyl-2-oxazolyl) benzene 2ol
< oJugict B AL 60024 sH SHEN o, g0 El
2 AR85[0 2= 1,4 di[2-(Sphenyloxazolyl) ] benzene &2 7]

3} 7-Diethylamino-4-methylcoumarin &3 34713t 4|

o or TAHEY. o B YAekE 2
E A siAl oA A= =
F 80% o= Abx|Rtth. WANSHE ZHEES A

4= R gotd FE HF2 “Coolth TR &
AEA AMES v e A3 0.04 wt%2] 7-Diethylamino- o W HppslE ZIEE H7| 2R oflel ARl
4-methylcoumarin7} &% 7% 1,4 di[2-(Sphenyloxa- A 5 Ecfolu} 2|alLo| . AZEL) B A
zolyl)] benzene BT} 29 HEAEO] FIA AR F45 oML Ao AT QI PEA Gt 4

rl

A & Agst] AEEE P ATE JAstAor, Hhrd
Felz W= At 7Fs e AAldg A= Atskit 1

4. JE:i % 2|31 ooFRt 9FeFO] 7-Diethylamino-4-methylcoumarin =
A3} 1,4 di[2-(Sphenyloxazolyl)] benzene 7|8F WA 43

AAEAIE A FHgolM B2 el 22 E H7] AIE olgste] AEEHS Aglon, 74 HlolF o ofd

72



A A HE Y SAs HES LY

N

| 715 SueEL A8l “Co FE L HE WA 4

T2 7k h AEA ele olUAE &53h= 134
AAFEA 3} o 0] (shifter) G2 o= 22 A=A
o] 23 E|o] gt} " aof whet 27) ool dFE4dol =
ohd & Stk AFEAE 719 olUAl= FRET @42 &
of Mg, 12t 249 W ot 22 49 5 ot
o] A T= HdgEo] FHHH 8 o= AHRE

&0] Eoliith= Tlo] Ut whetA, o] & Hekstaat 2
2t 43324 7-Diethylamino-4-methylcoumaring AHg-
Sttt 1 A3t 1,4 di[2-(Sphenyloxazolyl)] benzeneE.Th
“Cocl tigt AER-&o] =2, 7-Diethylamino-4-
methylcoumarin®] 2§ EF3/3S 453ttt ol+= A7)
E4-8°] 1,4 di[2-(Sphenyloxazolyl)] benzene®] 1/2°]2}
i} 7. Diethylamino-4- methylcoumarmJ S of g X]
F= oo olgl A&ago| skAE Zo 2 mtEc)
2h 0.04 wt%2] 7-Diethylamino-4-methylcoumarin 2}
A Aoz gRlEint. 5 eE dErsds
&5to] siAl T ol EAshE H7lE LAEe] e
A B8Rl 48 7He T Ao m deE.

[ ok i‘ll‘ EI

o 9

S

Ab AL

2 ATE AR (H|eHBEAR) o Adez gt
AT (NRF) 2] A9 ot 4238 (2022M2E9A206
33962F RS-2022-00154985) = A5 U T

1. Lee BS. 2015. Management of decommissioning waste from nu-
clear power plant. Autumn Workshop of korean radioactive waste
society. Pusan, Korea.

2. El-Daly SA, El-Azim SA, Elmekawey FM, Elbaradei BY, Shama SA
and Asiri AM. 2012. Photophysical parameters, excitation energy

transfer, and photoreactivity of 1,4-Bis(S-phenyl-2-oxazolyl)ben-
zene (POPOP) laser dye. Int. J. Photoenergy 2012(458126):1-10.
https://doi.org/10.1155/2012/458126

3. Skorotetcky M, Borshchev OV, Surin NM, Odarchenko Y, Pisarev
SA, Peregudova SM, Tornroos KW, Chernyshov D, Ivanov DA
and Ponomarenko SA. 2017. Synthesis and photostability of 1,4-
bis(S-phenyloxazol-2-yl)benzene (POPOP) structural isomers
and their trimethylsilyl derivatives. Dyes Pigm. 141:128-136.
https://doi.org/10.1016/j.dyepig.2017. 02.006

4. May B, Poteau X, Yuan D and Brown RG. 1999. A Study of a highly
efficiency resonance energy transfer between 7-N, N-diethylamino-
4-methylcoumarin and 9-butyl-4-butylamino-1,8-naphthalimide.
Dyes Pigm. 42(1):79-84. https://doi.org/10.1016/5S0143-7208
(99)00011-X

S.Yip RW and Wen YX. 1990. Photophysics of 7-diethylamino-
4-methylcoumarin: picosecond time-resolved absorption and
amplified emission study. J. Photochem. Photobiol. A: Chem.
54(2):263-270. https://doi.org/10.1016/1010-6030(90)85039-Y

6. Tolba MS, Abdil-Malik MA, Kamal El-Dean AM, Geies AA, Rad-
wan SM, Zaki RM, Sayed M, Mohanmed SK and Abdel-Raheen
SAA. 2022. An overview on synthesis and reactions of coumarin
based compound. Curr. Chem. Lett. 11(1):29-42. https://doi.org/
10.5267/j.ccl.2021.9.007

7.Ramanlingam A, Sivaram BM, Palanisamy PK and Masilamani V.
2000. Photophysics of TICT states of 7-diethylamino-4-methyl-
coumarin dye by energy transfer techniques. Spectrochim. Acta-A:
Mol. Biomol. Spectrosc. 56(6):1205-1210. https://doi.org/10.1016/
S1386-1425(99)00222-X

8. Sastikumar D and Masilamani V. 1997. Influence of solvents on
amplified spontaneous emission characteristics of 7-diethylamino-
4-methylcoumarin. Proc. Indian. Acad. Sci. 109:325-331. https://
doi.org/10.1007/BF02875974

9. Shin WG, Lee HC, Choi CI, Park CS, Kim HS and Min CH. 2015.
A Monte Carlo study of an energy weighted algorithm for radio-
nuclide analysis with a plastic scintillation detector. Appl. Radiat.
Isot. 101:53-59. https://doi.org/10.1016/j.apradiso.2015.03.014

10. Lee HC, Shin WG, Park HJ, Yoo DH, Choi CI, Park CS, Kim HS
and Min CH. 2016. Validation of energy-weighted algorithm for
radiation portal monitor using plastic scintillator. Appl. Radiat.
Isot. 107:160-164. https://doi.org/10.1016/j.apradiso.2015.10.
019

11. Hamada MM, Rela PR, Costa FE and Mesquita CH. 1999. Radia-
tion damage studies on the optical and mechanical properties of
plastic scintillators. Nucl. Instrum. Methods Phys. Res. A. 422(1-3):
148-154. https://doi.org/10.1016/S0168-9002(98)01091-2

73


https://doi.org/10.1155/2012/458126
https://doi.org/10.1016/j.dyepig.2017. 02.006
https://doi.org/10.1016/S0143-7208(99)00011-X
https://doi.org/10.1016/S0143-7208(99)00011-X
https://doi.org/10.1016/1010-6030(90)85039-Y
https://doi.org/10.5267/j.ccl.2021.9. 007
https://doi.org/10.5267/j.ccl.2021.9. 007
https://doi.org/10.1016/S1386-1425(99)00222-X
https://doi.org/10.1016/S1386-1425(99)00222-X
https://doi.org/10.1007/BF02875974
https://doi.org/10.1007/BF02875974
https://doi.org/10.1016/j.apradiso.2015.03.014
https://doi.org/10.1016/j.apradiso.2015.10.019
https://doi.org/10.1016/j.apradiso.2015.10.019
https://doi.org/10.1016/S0168-9002(98)01091-2



