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The Effect of Temperature on Fluorescence 

for Liquid Scintillators and Their Solvents* 

Yoshio HOMMA, Yuko MuRASE and Kazue SoNEHARA 

本間義夫，村瀬裕子，曽根原一江

Since Selieger (1956) reported that the light output of gas-free liquid scintillator 

increases with decreasing temperature, the temperature effect of fluorescence spectra in 

liquid scintillator has been long the subject of discussion and much contradictory results 

have been presented. Laustriat (1960) explained the temperature effect in terms of the 

temperature response of photomultiplier tubes. Earlier reports on the temperature 

dependence of the fluorescence emission from concentrated PPO (2,5-diphenyloxazole)-

solution in xylene (Berlman 1961) and toluene (Horrocks 1970) described a decrease in 

fluorescence with a decrease in temperature. Kaczmarczyk (1969) showed that the 

counting efficiency of 14C and 3H is improved on sample-cooling and concluded that the 

effect is contributed to the shift of the balance-point and calibration curve for external 

standardization, etc. 

In the course of the spectral studies described in the preceding papers (Homma 1985, 

1985), however, we have observed the pulse-height distribution for alpha-and beta-

particles and internal conversion electrons in a dilute PPO solution ( 4 g/1) increases 

markedly with decreasing temperature and suggested that the temperature e百ectmay 

be attributed to the increase of excimer日uorescenceof the solvent, toluene. Since the 

same temperature e妊ectappears to be general in other liquid scintillators of some other 

aromatic hydrocarbons, a further investigation was undertaken to measure the fluorescence 

spectra from several aromatic hydrocarbons such as benzene，。xylene,m-xylene, ethyl-

benzene and cumene (isopropylbenzene), and dilute PPO solutions in these hydrocarbons 

under alpha particle and internal conversion electron excitation at lower temperatures. 

The di妊erentialpulse-height distributions for 241Am and mmxe in PPO solutions of 

benzene，。xylene,m-xylene, ethylbenzene, and cumene measured with the liquid scintil-

lation system at temperatures from -54. 7 to 24. 7°C訂 epresented. Cooling the scintillator 

solution markedly affects the pulse悶 heightdistributions for these samples : The alpha 

peak of 241Am (5.49 and 5.44 Mev) and the peak of internal conversion electrons of mmxe 

(134 and 164 keV) shift from the initial pulse-height position, i.e., the ordinary temperature 

positions, toward higher pulse-height with decreasing temperature. These pulse骨 height

shift observed do not cause an increase in counting rate because alpha-particles and 

energetic internal conversion electrons訂 ecounted with almost 100 % counting efficiency 

＊ 本報告は Int.].Aρρ1. Radial. Isotoρes, (1986）に発表（inpress) 
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at ordinary temperature (Horrocks 1964), whereas, as has been described in the preceding 

papers (Homma 1985, 1985), cooling liquid scintillation samples of beta叩 nittersincreases 

the counting rates, because even the very soft beta-particles from beta蜘 emitterscome to 

be counted. 

Pure benzene，。xylene,m”xylene, ethylbenzene and cumene were measured at a few 

different temperatures under UV excitation and the relative fluorescence intensity was 

plotted against wavelength. Cooling the pure compound dramatically affects the emission 

spectrum: The peak of the fluorescence spectra shifts from the ordinary temperature 

position, toward longer wavelength with decreasing temperature. 

In addition to the red shift, changes in fluorescence intensity also occur when the 

temperature of the pure compound is changed. The relative intensity from the compound, 

which is plotted, increases markedly with decreasing temperature. 

In conclusion, our observations have been that in each aromatic hydrocarbons tested 

the increase in fluorescence intensity at lower temperatures is accompanied by the 

formation of excimer and that the increase in energy transfer between solvent molecules, 

and hence, in light output of liquid scintillator occurs, because the condition of excimer 

formation is the parallel orientation of two adjacent molecules. Since there are the 

compounds which have been observed not to show excimer fluorescence under the 

experimental conditions, experiments are being undertaken to further study the problem 

by observing other pure aromatic liquids as well as the solution of them in greater depth. 
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