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Experimental results on the radioluminescence efficiency #, of a number of scintillators (solutes)
in two different solvents under gamma-ray excitation are presented. These results are compared
with the Kallmann—Furst theory and the three Kallmann parameters P, Q, R are determined. Linear
dependence of #, on the ratio of P/R is found for different solutes in a given solvent. The physical
significance of the Kallmann parameters is studied.

Introduction

A very large number of organic compounds have been tested hitherto as solutes
for scintillator solutions [1, 2]. FURST and KALLMANN [3] have measured the light
intensites of the solutions as a function of the solute concentrations. The light emis-
sion of the solutions in the case of gamma-ray excitation was referred to the emission
of an anthracene crystal of the same mass and in the same geometrical setting.
Such relative fluorescence intensity values at the optimum concentration were
described by KALLMANN and FURST as the relative physical efficiencies. Since the
gamma-ray results for all the investigated solutions are referred to the same mass,
which means approximately the same amount of absorbed gamma-ray energy, the
number of electrons per gramme (of the solvent excited in unit time) is essentially the
same for all the organic solutions. The experimental results of the relative yield
are in good agreement with the theory given by KALLMANN and FURrsT [3, 4]. In the
theoretical expression three parameters appear These can be determined from the
experimental data (see below).

In this paper we present further experimental data about the physical efficien-
ces for some compounds in two different solvents, and in particular, the physical
significance of the Kallmann parameters is studied.

Experimental

The light intensities of all investigated solutions were measured as a function
of the solute concentrations, using an EMI 9514 S photomultiplier. With this photo-
multiplier, the spectrum from 350 nm to 550 nm can be adequately covered. The
relative radioluminescence efficiency was determined with an arrangement USB—2
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described previously [5, 6]. The solutions were bombarded with gamma-radiation
(%°Co). The gamma-ray results for all the solutions are referred to the same mass
and to the emission yield of an anthracene crystal, similarly as in the investigations
of FursT and KALLMANN [3].

Results and discussion
The results for 2-phenylindole in toluene and xylene are reproduced in Fig. 1,
where the points give the experimental values and the full lines are curves calculated

to fit the experimental points closely by means of the three Kallmann parameters
occurring in Kallmann and Furst’s theory. The theoretical expression found by

03

LN LA A

o1k

R e . . L
10 10° 10° 10
c(mole/l) ——

Fig. 1. Variation of emitted light intensity for various concentrations of 2-phenylin-
dole in toluene (circles) and xylene (squares) for gamma-ray excitation. Full curves,
theoretical curves calculated by means of equation (1)

KaLLMANN and FursT [4, 7] for the variation of intensity J with concentration ¢ is

P-c
! Q@+ (R+0)’ O
where P, Q and R are the Kallmann parameters.

The Kallmann—Furst theory assumes that there is an energy transfer from
the excited solvent molecules to the solute, where the energy is trapped. The parameter
Q is associated with the energy transfer. It is shown in [8] that On,,= 1/« - 7,, where
o is a measure of the cross section for transfer from the directly excited solvent to
the solute, 7,, the lifetime for nontransferring processes in the solvent alone and
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1, 18 the solvent efficiency. A high value of Q indicates poor transfer. The parameters
P and R are

o
P= @
and
el

respectively, where #, denotes the number of electrons of the solvent excited per
unit time, capable of transferring their energy to the solute, § is a constant which
transforms the number of emited quanta into meter units, f a parameter (probability
for unit time) connected with the process of self-quenching at higher concentrations,

Ti the probability (for unit time) of light emission of the solute, and ;1— the prob-
af)ility (for unit time) of internal quenching in the solute. l

From (2) and (3) we get
P n,o
R n @
1+-=
T:

i

According to (4), the value P/R depends only on the number of excited solvent

. T
electrons n, and the ratio of =.

i

Table I
Solution parameters. Solvent: toluene

No Solute 1| (moteln P o) R PIR =

2 | Acenaphthene 0.044 [ 0.039 {0.0465 | 0.00143 | 0.980 | 0.0474 | 15.6
3 | Eugenole 0.054 | 0.00653 |1 0.0053 | 0.000431 | 0.0855 | 0.0620 | 11.68
4 | Methyleugenole 0.052 {0.00438 | 0.00567 { 0.000275| 0.0983 | 0.0577 | 12.65
5 | Isoeugenole 0.061 (0.0164 |0.0183 | 0.000626| 0.2720 | 0.0671 | 10.75
6 | Methylisoeugenole 0.075(0.0356 |0.05245( 0.00202 | 0.626 | 0.0838 | 8.37
7 N-phenyl-2-naphtylamine | 0.093 | 0.0137 | 0.0185 | 0.00100 | 0.172 0.1076 6.32
8 | 2-phenylindole 0.288 1 0.0155 {0.0510 | 0.00130 | 0.148 | 0.3446 | 1.28

Table I and II give the Kallmann parameters, the values of P/R and the physical
efficiencies 5, for different solutes in toluene and xylene. We observed that the values
of 5, corresponding to the optimum concentrations, of the different solutes are
proportional to P/R for a given solvent (Figs.2 and 3). It follows from Figs. 2
and 3 that :

) |
o= o, )
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Fig. 2. Relation between 5, and P/R for different solutes
(for the solutes see Table 1) in toluene

where a=1.27 for toluene and 1.23 for xylene. From the definition of quantum

. . 1 .
yield and equations (5) and (4), we have a=——. Therefore, for a given mass of

n,o
solvent the number of effective excited electrons available for energy transfer is
’ . . . T
constant (@a=const.) and information concerning the dependence of —% on the

solvent can be obtained by comparing the P/R values of a given solute in' different
solvents. For toluene and xylene, n,6=0.787 and n,6=0.813, respectively.

Table II.

Solution parameters. Solvent: xylene

No Solute ns (mcoolgh) P [2] R P[R -

1 2,6-Dimethylnaphtalene 0.044 [ 0.013 0.0081 0.00095 | 0.158 0.0513 | 14.85
2 Acenaphthene 0.048 {0.039 0.0530 | 0.00156 1.020 0.0520 | 14.65
3 Eugenole 0.052 1 0.0065310.0051 | 0.000584 | 0.0835 | 0.0611 } 12.30
4 Methyleugenole 0.054 | 0.00438 [ 0.00556 | 0.000265 | 0.0928 | 0.060 12.50
5 Isoeugenole 0.060 [ 0.0164 [0.0189 | 0.000593 | 0.287 0.0658 | 11.33
6 Methylisoeugenole 0.069 | 0.0356 {0.04438 | 0.00225 | 0.569 0.0780 | 9.42
7 N-phenyl-2-naphthylamine | 0.097 |0.0137 ]0.0180 | 0.00100 { 0.1585 | 0.1136 6.15
8 | 2-phenylindole 0.274 |1 0.0155 [0.0460 | 0.00148 | 0.1380 | 0.3333 | 1.44
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. Fig. 3. Relation between 7, and P/R for different solutes
(for the solutes see Table II) in xylene

In TableI and 1I, also the values of Ze for different solutes in toluene and:

i

xylene are given.

. . 1 1 1 .
If the decay time 7 is known (?=—+—-], the time constants 7, and 7; can be

e 1

individually evaluated from the following equations

n.o
w=Tpg (6)
and
n,0
T = Tm. (7)

For example, the measured value of the decay time 7 for acenaphthene in xylene is
7=10.6 nsec, and from this 7,=166 nsec and 7;=11.3 nsec. It can be seen that if’
the solution is not of the highest efficiency (for acenaphthene in xylene #,=0.04%),
the lifetime t is only approximately given by ;. However, for 2-phenylindole, the
time constants 7, and 7; are comparable (see Tables 1 and 1I).
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NEPEHOC OHEPTUU B ®JIVOPECLIUPVYIOIINX XKUIJKNUX PACTBOPAX,
BO3BYXAEHHAIX TAMMA-JIYYAMU

A. Kascku u T. Bacouescku

IIpuBeneHsl JKCIICPUMEHTANIbHBIE Pe3ynbTaThl 3()GEeKTUBHOCTH PaXHOJIOMHHECLEHUMHA OIS
pAla CHMHTAUIATOPOB (PAacTBOPEHHBIX MOJIEKYJd) B IBYX Pa3jd4HBIX PAaCTBOPUTENAX TPH BO3-
OyxOeHud ramMma-IydyaMd. DTH Pe3yNbTATH CPaBHUIK ¢ Teopueit Kanmana — ®ypcra w onpene-
Jm Tpu napamerpa no Kamvany P, Q u R. ABTOpH HaOiIM JIHHEHHYIO 3aBUCHUMOCTH 3ddek-
THBHOCTH OT OTHOUIeHMs P/R AN pa3jM4HBbIX CUMHTHIUIATOPOB B TOM € CAMOM DPAaCTBOpPHTEIE.
TIpogeneno obcyricaeHue GE3AYECKOTO CMBICHA mapameTpos nmo Kanmany.



