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INTRODUCTION

It is now believed that
high-Z liquid sclntillator are

the properties needed to make a
known. In an earlier studyl it

was demonstrated that a close encounter is a prerequisite-for a
heavy atom to quench an excited molecule. More recentlyz It was
shown that a very fast scintiilator may be obtained by selectively
quenching the solute by strategically substituting a relatively
heavy atom on the solute chromcphore.

In the present experiment, an attempt is made to raise the
average Z of a scintillation solution with as little attendant
quenching as possiblem Since high-Z atoms quench by means of a
close encounter, as stated above, such encounters are minimized
by the use of alkyl groups substituted on the solvent, solute,
and heuvy atoms. The aromatic compound 1,2,4-trimethylben:ene
(pseudocumene) Is used as the solvent; 4,4’’-oi(tridecyl)lp-p-
terphenyl (SG-180) as the solute; and tetrab’ltyltlnas the high-Z
material.

*This work was performed under the auspices of the U.S. Depart-
ment of Energy under Contract No. DE-ACO8-83NV1O282. NOTE: By
acceptance of thfs article, the publisher and/or recipient
acknowledges the U.S. Government’s r?ght to retain a nonexclu-
sive royalty-free license in and to any copyright covering
this paper. Reference to a company or product name does not
Inmly approval or recommendation of the product by the U.S.
Department of Energy to the exclusion of others th,ltmay be
suitable.

●*Presently at Hebrew University. Jerusalem. Israel.



To establish the validity of our Ideas, various experl-
.ments have been performed with less protected solvents, and heavy
atoms. These include benzene, toluene, p-terphenyl, bromobutane,
and bromobenzene.

PROCEDURE

Various solutlons of p-terphenyl or 4,4’’-dl(tridecyl)lp-p-
terphenyl (SG-180) in benzene, toluene, or pseudocumene, were
tested. To these solutlons various amounts of a quencher such as
tetrabutyltin, bromobenzene, or bromobutane, or of a diluent such
8S 2,2,4-tr)methylpentane (Isooctane)were added....

When large quantities of tetrabutyltin,were added, there
was a diluting of both the solvent and solute. An attempt was
made to separate the quenching effect from the dilution effects
by substituting isooctane for tetrabutyltin. In addition the
decreases in pulse height are measured with a straight dilutlon
of just the solute by addition of pure solvent.

Before tne solutions were tested in a Suprasil spectrometer
cell they were placed in an ultrasonic bath first to dissolve the
material and then to outgas the solution.

Each sample solution was evaluated by exposing it to 50-Ps
electron pulses from the DOE/EG&G electron linear accelerator
(linac) and measuring a number of parameters of the resultant
fluorescence pulse. These included the 10-90% pulse response
rise time (PRT), the pulse full width at half maximum (FWHM), the
decay time from 0.7maxlmumto@ the integral rise time (IRT)
(i.e., the 1O-9OZ rise time of the inteqral of the pulse). and
the integral of the fluorescmce pulse (yield). Figure 1 shows
a schematic diagram of the experimental arrangement.

Standard solutions weretested each day to assess variations
in detection efficiency of the system.

RESULTS

In one set of exper~ments our standard was a solution of
pseudocumene, as solvent, and SG-180 as solute, at a high concen-
tration ofO.14 M. To this solution various amounts of tetra-
butyltln were added, and the resultant fluorescence characteristics
were masured. The data are assembled in Table 1.

When tetrabutyltin in a concentration of 75% by volume is
added to the standard solution, the averagf pulse height ~sdecreased
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Figure 1. S-hematic diagram of test configuration used for scin-
tillator evaluation. Linac was operated at 6 MeV with
50 ps (FwHM) electron pulses at 360 Hz.

Table 1. Quenching by tetrabutyltln in a high-concentration
solution of SG-180 in pseudocumene (see Glossary
for abbreviations).

SG-180 II T8SN PRT
(moles/liter)* (volume %) (ns)

&

Decay
‘wHt’ Time ~::\
(11s) (ns)

Yield**

2.0 1.7 5.9 0.0
1.4 4.1 0.3

;:: 1.6 3.8 0.2

●Takes into account dilution by quencher. Effect of dilution
with izooctane is shown in last three lines of Tnble 4.

●*Yield values from different data sets are not directly
comparable due to slight day-to-day variations in detection
efficiency. .

only by a factor of three. This Is just a llttle more than wh~t
would be expected from a pure dilution effect where the dlluent
cluesnot transfer excitation energy to the basic solution. It is
of Interest to note that th~ decay time remains essentially



unchanged at about 1.6 ns, a result that would indicate that
alnmt no quenching @f the solute takes place. Part of the
success of this experiment is due to the large solubi?ity of
the solute since it does not precipitate out on addition of

/such large qu ntities of quencher.

In a second set of experiments the effectiveness of alkyl
chains on the solvent in reducing the quenching by heavy atoms
was tested on less concentrated samples than those mentioned
above. The data are assembled in Table 2. Host of the pulse
parameters sh6w little dependence on TB5N concentration or on
the degree of methvlation df the solvent. However, the decav
tim aid integral }ise timeincrease somewhat as ’tetrabutylt~n
is added. This ‘is”pFobablydue to the increased contribution

Table 2. Fluorescence characteristics of some scintillation
solutions with low solute concentrations quenched
byTBSN (see Glossary for abbreviations).

Concentration ~o,vonc TBSN Pnl Flmfl y:: IRT
‘“’ute (nmles/lltcr)* (volume “:) Yield**

(ns) (tis) (n~) (ns)

0.025 0.73 2.7 1.6 4.7 0.52
J 0.018 II 2;:6 -- 2.C 1.7 4.6 0.19
TP 0.013 B 50.0 -- 3.0 2.0 5.0 0.10

TP 0.025 T 0.69 2.4 :.; 4.5 0.37
TP 0.018 T 2i;6 0,71 2.6 4.4 0.15
1? 0.013 T 5n. o 0.65 2.9 2:0 5.5 0,C6

TP 0.025 Pc 0.73 2.6 1.7 :.: 0.63
TP 0.010 Pc 2i;6 0,75 2.B 1.0 ‘. 0.29
TP 0.013 Pc 50.0 -- 3.3 22 5.5 0.16

SG- 100 0.025 T 0.01 2.5 4.5 0.49
SG-180 O.olcl T 2i~6 0.01 2.5 H 4.5 0.22
SG-ltlo 0.013 T 5J.O 0.77 2.9 2.2 4.9 0.11

SG-130 0.025 Pc 0.75 2.4 ;.; 4.7 0.46
SG-120 0018 Pc 2i;6 0,03 2.6 4.6 0.30
SG-luo oio13 Pc 50.0 0.71 2.9 2:2 4.9 0.17

4-Or-TP 0.025 Pc 0.51 ?.5 :.: :.! ‘ 0,12
4-8r-TP 0.018 2i~6 0.55 :.: 0.06
4-Or-TP 0.013 E 50,0 0,41 . 1:9 4:i 0.04

3-Or-TP @.025 o,~3 1,6 1!2 ;.: 0.17
3-Br-TP 0.018 !:
3-Gr-TP

i~b =- :.: ;.; 0.09
0.013 Pc 50.0 -- . . 4:4 0.05

●lakes into iccnunt dilution by quencher,
●*vteld VtlUOS fronl diff?rent data sets are not directly com!mrsble due to day-to-day

vtrlations In d.tcctfon efffc(ency,



Table 3. Fluorescence quenching by bromobenzene and bromobutane.
(see Glossary for abbreviations).

rpcy

(ns)

Concentration*
(nmlcs/llter)

Concentration
(Volm :]

~ PRT
(ns)

nllm
(ns)

IKT
(ns)

Solute Solvent Wencher Vield-

TP

%

TP

;;

TP
TP
TP

TP
TP
TP

0.025
0.025
0.025

0.025
0.025
0.025

0.025
0.025
0.025

0.C25
0.025
o.r25

:
B

B

:

T
T
T

T
T
T

0.73
:.;;

.

0.73
.0.57
0.49

0.73
0.71
0.71

0.71
0.57
0.57

0.73
0.73
0.71

n.73

2,7
2.6
2.6

;::
1.6

2.7 1.7
}.:- 1.4

. 1.2

2.5 1.6
2.5 1.6
2.5 1.6

1.6
::: 1.4
l.e 1.5

1.7
;:: 1.6
2.4 1.6

4.8 0.47
4.B 0.40
4.6 0.37

4.8 0.47
0.16

.:;7 0.09

4.6 0.57
4.7 0.48
3.8 0.43

4.5 0.56
3.3 0.23
3.9 0.16

4.9 0.40
4.4 0.35
4.5 0.29

.-
BrBt
BrBt

. .
BrBz.,

.@rOz

-.
BrBt
OrC!t

. .
BrOz
BrBz b

;; I 0.02s
0.025

TP 0.02s II
1

Pc -- . .
Pc BrOt
Pc Omt :

TP I Ci.025 I I --Pc -- I2.5 1.7
1.5

4.9
I

0.40
3.9 0.22

s6-Ieu
SG-ICO

0.025
0.025

BrBt
BrBt

6.77
0.75

2.s
2.5

1.6
1.6

4:s
4.5

oi3s
0.31

SG=1OO
SG-I00
SG-1~0

0.025
0,025
0,025

0.77
0.61
0.55

2.6
2.0
1.7

1.6
1.5
1.2

4.6

::;

0.40
0.17
0.09

-.
BrBz
Br6z

SG-1130 0.025 Pc n.71 2.4 1.6
1.5

4,6
4.1

0,49
0.41

. . .- -.. .
0.G9 Ili

: 0.71 2.3 i.5 4:0 o~i5

.- 0.71 24 1.6 4.6 0.49
0.G7 2.1 1.4 3.8

;
0.2B

0.61 1.9 1.4 3,4 0.20

SG-100 0.02s
w 1so 0.025
sG-loo 0.025

. .
BrDz
DrDz

.-. . . . .
‘TakOs Into account allutlon by quencher,

•*yi~ld values fr~ different datt sots are not directly comparable dlle to day-to-day
varlauions in det~ctlon eff{ctency.

yield if both the solute and solvent are diluted by an inert sol-
vent. Curves above the dashed line represent varyfng degrees of
~nergy transfer; curves below the dashed line indicate qu~nching.

Isooctane is seen to be an active diluent for both
p-terphenyl and SG-180 In all solvents. The effect is grGatest
in the case of SG-180 in pseudocumene and is least with p-terphenyl

. .
. . d



Table4. Modification in fluorescence characteristics induced by
dilution with isooctane (seeGlossary for abbrevia2$ons).

0w4y
Solute COncentrftion S01 vent Isooctane

(moles/llter)* (#olurr@ %) ‘RT ‘w” Time &
(ns) (ns) (n~)

yield**

TP 0.025 0.73 2.7 4.8 0.54
0.018 ; 2;6 0.81 2.9 !:: 4.8 0.40

:! 0.013 B 50.0 0.81 3.3 2.2 5.5 0.29

TP 0.025 ‘1 0.71 2.4 1.6 4.8 0.41
0.018 T 2~;6

;!
0.79 2.7
0.91 3.1 ;:; ;;;

0.33
0.013 T. 50.0

\ 0.26

TP 0.025 Pc “- “ 0.73 2.7”’ “1.7 5.0 0.61
0.018 “ .Pc 2;~6

: I
0.79 2.9 1.9 5.0 0.52

0.013 Pc 50.0 0.91 3.$ 2.4 5.6 0.42

SG-180 0.02s 8 0.77 2.8 1.6 4.5 0.72
SG-1OO 0.013 2~~6 0.77 ,3.3 2.2 5.3 0.46
SG-1OO 0.013 : 50.0 0.71 3.9 3.4 6.7 9.26

SG-180 0.025 0.73 2.5 1.5 4.3 0.87
SG-1OO 0.018 : 2;;6 0.83 3.2 2.0 5.2 0.60
SG-lLIO 0.013 T 50.0 0.05 3.9 3.2 6.4 0.36

SG-1OO 0.025 0.69 2.5 1.6 4.5 1.04
SG- 180 0.018 % 2;~6 0.01 3.1 4.0
SG- 180 0.013

0.75
Pc 50.0 0.89 3.8 H 6.7 0,50

SG-lCIO 0.140 Pc 0.51 2.0 1.7 5,9 0.84
SG- 100 0.070 5;:0 0>57 2.2 1.6 0,72
SG- 130 0.040 :; 75.0 0.65 2.5 1.6 ::; 0.52

—
●Takes into account dilution by isooctane,

●*yield values from different data sets are not di~ectly COmPdrab~@ due to @-to-
day variations in detection efficiency.

in benzene, where the diluent is nearly inert. These results sug-
gest a selective interaction between the isooctane and methyl
groups on the solvent. In fact, addition of only 2% pseudocumene
to an isooctane solutiot)of SG-180 increased the yield by 50%. If
the yield had varied linearly with the composition between pure
pseudocumene and pure isooctane, only a 12% increase sho~ld have
occurred. It is also noted that the tetrabutyltin quenches the
benzene and toluene solutions to a greater degree than those with
pseudocumene. The SG-18flsolution in pseudccumene was quenched
the least. While 50Z added tetrabutylt!n caused about 80?(reduc-
tion in the yield of p-terphenvl !n benzenej only 1% added bromo-
benzene produced the same effect. Thu~ the combined shielding of
the butyl groups on the tin and the tridecyl groups on SG-180
essentially eliminate quenching by the tin.
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FlguPz 2. Dilution and quenching effects co light yield of initidlly 0.025 M solutions
of p-terpheny? in benzene (2a) and pseudocuqene (2b). Solutions were diluted
with benzene (2a-circles), or pseudocumene \2b-circles), isooctane (squares),
and tetrabutlytin (triang?es) and irradiated with 50-ps burst of 6-MeV elec-
trons. Dashed curve represents effect expected from diluting both solvent
and solute with an inert solvent.
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Dilution and quenchin effects on the light yield of initially 0.025 M solutions
?of SG-180 in toluene 3a) and pseudocumene (3b). Solutions were diluted in

toluene (3a-circles) or pseudocumene (3b-circles), isooctane (squares), and
tetrabutyltin (triangles) and irradiated with 50-ps burst of 6-bleVelectrons.
Dashed curve represents effect expected from dilutb both solvent and solute
with an inert solvent. /
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FI ure4 shows a pulse height spectrum (and associated
!‘.photopeak that was obtained when a solution consisting of

0.035 Mof SG-180 in 25% by volume of pseudocumene and 75% by
volume of tetrabutyltin was exposed to a ‘7C0 source. For com-
parison, the pulse height spectrum froma 0.14 M SG-180 solution
in pseudocumene without added tin is also shown. The enhanced
photoelectric interactior~resulting from the tin is evident and
suggests immediate applications to-x-ray diagnostics.
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FiSure 4. Pulse hei ht spectra from irradiation with “CO (122-keV
7ganm-ray of (a) 0.035 M SG-18C in a solvent of25%

pseudocumene and 75% tetrabutyltin (19% tin by weight)
and (b) 0.14 M SG-180 in pseudocumene without added tin.
Abscissa is not energy-calibrated.
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GLOSSARY

SG-180 -4,4’’-di(tridecylyl )-p-terphenyl
-pseudocumene

kN -tetra!wtylti n
T -toluene
TP -p-terphenyl
3-8r-TP - 3-bromo-p-terphenyl
4-Br-TP - 4-bromo-p-terphenyl
B -benzene
BrBt -bromobutane. “ ~ . -
BrBz -bromobenzene ..”
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