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- 4 b s t r s c t T h e  advantages of using a secondary solute in plastic and liquid scintilla- 
tors, and the nianner in  which such solutes define scintillation performance, are 
reviewed. Potential secondary solutes of general structure Arl-X-Ar2-X-Arl, where 
S is an oradiazole, oxazole or 5-phenylpyrazoline group, were synthesized and their 
spectra1 and scintillation properties were measured. The relationship between the 
molecular structure of these compounds and their spectral properties is examined. 
It is postulated tha t  anomalous spectral displacements which were observed can be 
explained in terms of the distorting eifect of the heterocyclic groups on the conju- 
gated system. A procedure is outlined forthedirect measurement of the reabsorption 
by a solute of its own fluorescence emission. The contribution of reabsorption to  
light attenuation in practical scintillahrs is discussed and a model experiment is 
proposed t.o determine the extent of this contribution. 

1. Introduction 

X secondary solute is not an essential component of a liquid or plastic 
scintillator and it,s involvement in the mechanism of the scintillation 
process is of a trivial character when compared to the problems of energy 
absorption by the solvent and energy transfer from solvent t o  primary 
solute. Nevertheless the majority of practical scintillators use a second- 
ary solute to provide a favorable spectral distribution of the scintillation 
emission, in spite of the longer decsy time and reduced energy conversion 
efficiency of a two solute system. The optimum spectral properties of a 
scintillator are defined by the following factors : 

1. The spectral sensitivity of the photocathode : until recently a 
wavelength shifter was essential in order t o  match the emission spectra 
of the scintillator with the spectral sensitivity of the photocathode. 
However, increasing use is being made of modern photomultiplier tubes, 
such as the RCA 8575, in which the range of maximum photocathode 
sensit,ivity is extended to shorter wavelengths and corresponds more 
closely to the emission spectra of the common primary solutes. 
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358 ORGANIC SCINTILLATOBS 

2. The absorption spectra of the solvent: measurements on plastic 
scintillators by Blincow and Webster’ suggest that a major reduction 
in the attenuation of the scintillation light can result from the use of 
solutes with emission maxima above 400 mp. To minimise absorption 
of the scintillation light the emission spectra should be shifted to the 
longest wavelength consistent with maximum photocathode sensitivity. 

3. The absorption spectra of the solute: if self-absorption by a solute 
of its own fluorescence emission has a significant effect on scintillation 
performance, then the separation of the absorption and emission spectra 
(i.e. the Stoke’s shift) must be taken into account in selecting the second- 
ary solute. This criteria has not, however, been applied in practice and it 
is still uncertain to what extent self-absorption contributes to light 
attenuation. 

It is in theory possible to incorporate the desired spectral properties 
into the primary solute. The extensive studies of the p-oligophenylenes 
reported by Wirth2 illustrate the extent to which modification of the 
molecular structure of the solute can produce predictable improvements 
in scintillation performance with respect to decay time, scintillation 
efficiency, solubility and spectral properties. However, the incorporation 
into a single solute of all the desired properties poses major problems in 
molecular design and synthesis. By comparison, in a two solute system, 
the structural requirements for either component are less rigid. The use 
of a secondary solute can therefore be considered as a means of reducing 
synthetic problems. The secondary solute is selected to give a long 
wavelength of emission and maximum Stoke’s shift ; these characteristics 
are then superimposed on a primary solute selected for high scintillation 
efficiency and adequate solubility. 

In  the present work an attempt is made to  investigate the effect on 
spectral properties and scintillation, performance of systematic variations 
in the chemical structure of potential secondary solutes. All the com- 
pounds investigated consist of linear chains of homocyclic and hetero- 
cyclic rings and have the general formula Ar,-X-Ar2-X-Ar, where X is a 
heterocyclic ring. Such structures can be formally derived from the 
p-oligophenylenes by replacement of two phenyl groups with two hetero- 
cyclic rings. TVirth2 has shown that, in the p-oligophenylene series, an 
increase in the number of phenyl groups enhances scintillation efficiency 
and produces a bathochromic shift in the ultraviolet and fluorescence 
maxima. However, the magnitude of the spectral shift decreases with 
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OTHER RECENT ADVANCES 359 

each additional phenyl group and the maxima tend toward limiting 
values in the higher members of the series. The compounds synthesized 
in the present work enable a limited study of the effects on scintillation 
and, more particularly, spectral properties of systematic increases in the 
length of the conjugated system in three series of mixed homocyclic- 
heterocyclic structures. The three series are designated as oxazoles, 
oxadiazoles, and pyrazolines according to the identity of the heterocyclic 
ring. 

The oxazoles and oxadiazoles are analogues of POPOP and PDPDP3# 
and may be derived from these parent compounds by replacement of 
either the “central” or the “terminal” phenyl groups by other aromatic 
groups. Examples of these two series of compounds are BOBOB (I, R=H) 
and dimethyl-PDBDP (11, R=H) : 

R R 

R t K =  “MR 0 

The oxazole BOBOB, which is formally analogous to a p-octiphenyl, is 
the most extended conjugated system prepared and, not unexpectedly, 
it is extremely insoluble. However, the two methyl substituents of 
dimethyl-BOBOB impart adequate solubility for evaluation as a second- 
ary solute. For reasons of synthetic convenience all the dimethyl sub- 
stituted compounds which were prepared have the methyl groups in the 
3,3’-positions of a ‘central’ biphenyl group. The positions of the methyl 
groups in tetramethyl-PDBDP, the only compound containing more 
than two methyl substituents, are shown in II(R=CH,). 

To emphasise the common structural features of all the three series of 
compounds, the conventional nomenclature used in the oxazole and 
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360 ORGANIC SCINTILLATORS 

oxadiazole series has been extended to the pyrazoline series by adoption 
of the letter Y to represent the 5-phenyl-2-pyrazohe group. Thus the 
abbreviation for the pyrazoline (111, R=CH,) is dimethyl-PYBYP. 
Pyrazolines of this type were h t  reported by Baroni and Kovyrzinas 
who synthesised PYBYP (111, R=H) and PYTYP.6 In the present work 
the synthesis of PYBYP was repeated and, in addition, dimethyl- 
PYBYP and PYPYP were prepared. 

2. ExperimentJ 

8 p t h i . S  

The oxazoles and oxadiazoles were prepared by the standard proce- 
dures described by Hayes.3 However, in the oxadiazole series, and parti- 
cularly in those compounds having terminal 1-naphthyl groups, the ha .1  
cyclisat,ion required a ten-fold or more increase in reaction time. A 
variety of solvents were evaluated for use in the p d c a t i o n  of these 
compounds. It was found that excellent solvents were dimethylaceta- 
mide for the less soluble compounds (e.g. POTOP), and ethylene glycol 
monomethyl ether (methyl cellosolve) or isopropanol for the more 
soluble solutes (e.g. tetramet,hyl-PDBDP, dimethyl-POBOP). The 
t,hree pyrazolines were prepared by the method of Baroni and Kovyrzina.6 
Correct analytical data' were obtained for all the new compounds with 
the exception of NDPDN. Uncorrected melting points are listed in 
Table 1. 

dbsorption and Fluoreaceme Spectra 

All spectra were measured in toluene solutions, both for reations of 
solubility, and also in order to emulate the composition of a Liquid 
scintillator. Absorption bands below 300mp could not therefore be 
observed. Absorption spectra in the range 300500mp were measured 
in a Beckman DK-1 spectrophotometer.8 A fluorescence attachment to 
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OTHEE RECENT ADVANCES 361 

the same instrument was used for the measurements of emission spectra. 
Concentrations of ca. 0.1 g/1 (1.0-2.0 x lo-* M) were used for the fluor- 
escence measurements wherever solubility permitted. Front face excita - 
tion was by a mercury arc source (254 and 314 mp lines). To provide 
good resolution of the fluorescence maxima a slit width of 0.2 mm was 
used for t,he majority of the spectra. Distortion of the fluorescence 
spectrum by self-absorption was investigated for each of the solutes 
by placing the solution under study both in the 1 cm cuvette of the 
fluorescence attachment and also in a 1 or a 10 cm cuvette which was 
placed in the compartment normally reserved for absorption samples. 
This geometry enables the fluorescence emission of a solution t o  be 
passed through a 1 or 10 cm length of the same solution before being 
detected by the photomultiplier tube. Curve A in Figs. 1,  2 and 3 is t8he 
fluorescence spectrum after passage through 10 cm of pure toluene. This 
spectrum showed a slight, wavelength independent, reduction in inten- 
sity compared to a spectrum obtained with no cuvette in the absorption 
compartment,. This loss of intensity is attributable to scattering of the 
light beam as i t  enters and leaves the cuvette. Curves B and C show the 
fluorescence spectrum after passage through 1 and 10cm. lengths of 
solution respectively. 

Fig. I Fluoresceiice Spectra of dime-BOBOB ( 1 . 3 ~  10-4M, 0.08 g/l) 
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364 ORGANIC SCINTILLATORS 

500 520 540 

Fig. 2 Fluorescence Spectra of dime-PYBYP ( ~ x ~ O - ~ M ,  0.12g/l) 

A O n p Y  
440 460 

A my4 
Fig. 3 Fluorescence Spectra of TPB ( ~ x ~ O - ~ M ,  0.12g/l) 
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OTHER RECENT ADVANCES 365 

No correction was made for variations in the spectral response of the 
photomultiplier tube. However, for all the compounds the most intense 
peak is well resolved and, within any one of the three series of com- 
pounds, t,he shape of the peak varies little. Furthermore the fluorescence 
maxima of POPOP given in Table 1 are almost identical to  values read 
from the corrected spectra of POPOP in benzene which was recently 
published by Berlman.9 

~ c ~ n t i l ~ t ~ o n  pulse height ~ ~ s u r e ~ e n ~ s  

Polyvinyltoluene samples were prepared by polymerisation for 7 days 
a t  125°C in tubes sealed under vacuum. Pulse heights (Cs-137 excitation) 
of 1 x 1” polished cylinders cut from these samples were measured 
relative to  a standard plastic (= 100) of the same dimensions containing 
terphenyl (20 g/l) and POPOP (0.5 g/l). Four independently polymerized 
test samples were prepared for each solute composition and the pulse 
height data given in Tables 2 and 3 are the mean values for the four 
samples. Liquid scintillator pulse heights (Cs-137 excitation) were mea- 
sured with 25 ml. samples contained in a stoppered cell coated externally 
with a titanium dioxide reflector. The samples were bubbled with nitrogen 
immediately before testing. A solution of terphenyl (4 g/l) and POPOP 
(0.1 g/l) in toluene was used as standard (=loo). Estimated standard 
errors of the relative pulse heights were -12% and &4% for the liquid 
and plastic scintillators respectively. 

An EMI 7312 photomultiplier tube with an S-11 photocathode was 
used exclusively for scintillators containing oxazoles or oxadiazoles as 
wavelength shifters. The relative pulse heights of scintillators containing 
the pyrazolines were determined both with the EMI tube and with an 
RCA ‘developmental’ C70109A tube with an 5-20 photocathode. A 
variety of tubes were evaluated for relative sensitivity to  solutes emitting 
above 460 mp. The EMI tube was the least sensitive and the RCA tube 
one of the most sensitive to long wavelength emission.lO 

3. Rosults and Discussion 

Absorption and Fluorescence Spectra 

Spectral data for oxazoles, oxadiazoles and pyrazolines are listed in 
Table 1.  
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366 OBGANIC SCINTILLATORS 

All the oxazoles show three fluorescent maxima though the intensity 
of the long wavelength peak is in all cases reduced relative to that of 
POPOP and is particularly weak in compounds having terminal 1- 
naphthyl or 4-biphenylyl groups. To simplify the following discussion 
only the shifts in the second and most intense of the three peaks will be 
quoted. However, a bathochromic shift in thjs maximum is always 
associated with similar shifts in the other maxima though the magnitude 
of the shift, is slightly reduced for the short wavelength maximum and 
slightly increased for the long wavelength maximum. 

The expected bathochromic shift in the fluorescence spectra in the 
series POPOP, POBOP, POTOP is surprisingly small-only 5 mp for 
POTOP compared to POPOP. It might appear that the emission maxima 
are approaching a limiting value analogous to that found in the p-oligo- 
phenylenes. However the ultraviolet maximum of POBOP shows a 
hypsochromic shift of 1Omp relative to POPOP, associated with the 
disappearance of fine structure and an increase in the extinction coeffi- 
cient. POTOP shows a further small shift to shorter wavelengths. A more 
predictable effect is observed in oxazoles in which extension of the con- 
jugated system is achieved by replacing the terminal phenyl rings by 
4-biphenylyl (or 1-naphthyl) structures. Both the absorption and emiasion 
maxima of BOPOB show strong bathochromic shifts (of 14 and 19 mp 
respectively) relative to POPOP. Similar shifts are observed when 
BOBOB is compared to POBOP. However, the relationship between 
BOPOB and BOBOB exactly parallels that between POPOP and POBOP 
--insertion of a second benzene ring between the two oxazole rings shifts 
the absorption maxima to shorter wavelengths but has almost no in- 
fluence on the fluorescence spectra. The 1-naphthyl groups of or-NOPON 
produce the longest emission maximum of the oxazole series but this 
compound provides LL further anomaly in that its absorption maximum 
is almost the same as that of POPOP. The presence of two methyl 
substituents on the central biphenyl group has almost no effect on spec- 
tral properties. I n  contrast methyl groups on the oxazole rings in di- 
methyl-POPOP cause significant bathochromic shifts in both absorption 
and fluorescence spectra. 

The spectral relationships outlined above can be restated in terms of 
the Stoke’s Loss: in all the oxazoles studied, an extension of the conjugat- 
ed system of POPOP results in an increased Stoke’s Loss. The insertion 
of additional phenyl groups between the oxazole rings increases the 
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OTHER RECENT ADVANCES 367 

Stoke's loss more tha,n does the replacement of the terminalphenyl groups 
by 4-biphenylyl or 1-naphthyl groups. 

The oxadiazoles exhibit spectral shifts similar to those observed in  the 
oxazoles but the anomalous influence of a central biphenyl group appears 
somewhat diluted. Thus, replacement of the central benzene ring of 
PDPDP by a 3,3'-dimethylbiphenyl group produces a larger bathochro- 
mic shift (16 mp) in the fluorescence maximum than that observed with 
the analogous oxazoles, and a smaller hypsochromic shift (3 m p )  in the 
absorption maximum. However, the spectra of NDPDN and NDBDN 
are in the same relationship as the spectra of POPOP and POBOP: 
extension of the conjugated system causes only a small shift of the 
fluorescence maximum to longer wavelengths and a somewhat larger 
shift of the absorption maximum in the opposite direction. 

The most dramatic spectral anomalies are reserved for the pyrazoline 
series. PYBYP exhibits hypsochromic shifts relative to  PYPYP in both 
absorption (12 mp) and emission (7 mp) maxima. The two methyl sub- 
stituents of dimethyl-PYBYP induce further spectral shifts t o  shorter 
wavelengths. Furthermore, though A,,, values are not quoted, the 
spectral curves given by Baroni and Kovyrzina5 show the absorption 
maximum of PYTYP to  be a t  a shorter wavelength than that of PYBYP. 

It appears that, in compounds of general structure Arl-X-Arz-X-Arl, 
an  extension of the conjugated system by insertion of additional ben- 
zene rings between the heterocyclic groupings results in anomalous 
spectral shifts which are most marked in the pyrazoline series and least 
in the oxadiazoles. Thus, extension of the conjugated system in this 
manner causes hypsochromic shifts of absorption maxima in all three 
series but the magnitude of these shifts increases in the order : oxadiazo- 
les < oxazoles < pyrazolines. The corresponding fluorescence maxima 
undergo a hypsochromic shift in the pyrazolines; a small bathochromic 
shift in the oxazoles and in oxadiazoles having terminal 1-naphthyl 
groups; and a large bathochromic shift in oxadiazoles having terminal 
phenyl groups. I n  contrast, an extension of the conjugated system 
through replacement of the terminal phenyl groups results in conventio- 
nal bathochromic shifts in both absorption and emission spectra in the 
oxaeole and oxadiazole series (with the exception of NOPON which has 
an absorption maximum almost identical to  that of POPOP). 

I n  view of the limited number of compounds which have been studied 
no attempt has been made to  develop a theoretical model which could 
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368 ORGANIC SCINTILLATORS 

account in detail for the observed spectral behaviour. The observed 
spectral anomalies can however be explained, in general terms at least, 
as due to distortion of the conjugated system by the heterocyclic groups. 
Replacement of one or more of the benzene rings of a p-oligophenylene 
with a heterocyclic ring causes the displacement of both absorption and 
emission maxima to longer wavelengths. The magnitude of this displace- 
ment is indicative of the ability of the particular heterocyclic group to 
distort the conjugated system and increase the contribution made by 
polar structures to the resonance system. Both the present results and 
those reported by other workers3$ 13 show that, in compounds represented 
by the general formulae Ar,-X-Ar, or Arl-X-Arz-X-Arl, the wavelengths 
of the spectral maxima increase according to the nature of the hetero- 
cyclic system in the order: X=benzene < X=oxadiazole < X=oxazole 
< X=5-phenylpyrazoline. The ability of the heterocyclic groups to 
distort the conjugated system must therefore follow the same order. 

To explain the present results it is postulated that, in compounds of 
the type &,-X-Ar,-X-Ar, , the distorting effect of the heterocyclic 
system may stabilise polar structures in which conjugation of all the 
n-electrons is not possible. Specifically the postulated structures would 
consist, in effect, of two isolated conjugated systems each dominated by 
one of the two heterocyclic rings. For example, the resonance system of 
PYBYP may include structures such as (IV) in which a nitrogen atom in 
each heterocyclic ring acquires a partial positive charge and the residual 

negative charge is distributed on the adjacent carbocyclic ring. I n  struc- 
ture (IV) the electronic character of the molecule is analogous to that of 
two “isolated” triphenylpyrazoline molecules.12 The extension of the 
conjugated system separating the two heterocyclic rings will stabilize 
such isolated structures and increase their contribution to the resonance 
system. Contributions to the electronic state of the molecule by isolated 
structures will tend to displace the spectra to shorter wavelengths. 
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Hence, the overall effect of structures such as  (IV) would be to  reduce, 
or even reverse, the bathochromic displacement normally associated with 
an extension of the conjugated system, when this extension is achieved 
by the insertion of further benzene rings between the heterocyclic groups. 
The stability of isolated structures would increase with increasing ability 
of the heterocyclic ring to distort the conjugated system. Their effect 
should therefore be most marked in the pyrazoline series in which the 
most anomalous spectral shifts were in fact observed. 

Spectral data on a much wider range of compounds would be desir- 
able in order to  provide a more complete picture of the spectral proper- 
ties of molecules containing two heterocyclic rings. For example, pyra- 
zolines such as BYPYB and BYBYB having terminal biphenyl groups 
are not represented in the present work. It would also be of interest to 
know whether the spectral displacements observed in the oxazoles are 
modified in the isomeric series of oxazoles in which the nitrogen atoms are 
adjacent to the terminal aryl groups. One compound of this type-1,C 
bis. (2-phenyl-5-oxazolyl)-biphenyl (V)-has already been reported.l* 

Scintillution perfornzaace 

Tables 2 and 3 give the relative pulse heights of the oxazoles and 
oxadiazoles, and the pyrazolines, respectively when used as secondary 
solutes in both plastic and liquid scintillators. 

Within experimental error, all the oxazoles give scintillation efficien- 
cies comparable to that of POPOP in both plastics and liquids with the 
exception of NOPON in plastics and BOPOB in liquids. Pulse height 
variations among the different oxazoles are too small to indicate any 
significant correlation of scintillation performance wi t,h variations in 
molecular structure or spectral characteristics. However, measurements 
of the scintillation performance of larger volume samples may be necess- 
ary in order to detect significant variations in the amount of light ab- 
sorbed by the solvent or self-absorbed by the solute. 

The oxadiazoles, dimethyl- and tetramethyl-PDBDP and dimethyl- 
NDBDN, were found to have efficiencies equivalent to  that of POPOP in 
24 Horrocks 
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370 ORGANIC SCINTILLATORS 

TABLE 2 Relative Pulse Heights of Oxazoles and Oxadiazoles as Secondary 
Solutes in Plastic and Liquid Scintillators 

In polyvinyltoluene In toluene with 
with 20 g/1 terphenyl 4 g/l terphenyl 

Conc. 0.25 0.50 0.1 

POPOP 
'POBOP 
dimethyl-POBOP 
POTOP 
dimethyl-BOBOB 
BOPOB 
NOPON 
PDPDP 
dimethyl-PDBDP 

tetramethyl-PDBDPd 
dimethyl-NDBDN 

106 
92 
99b 
97 
97 

65 
- 

103 
98 

1 ooa 
101 
99 

96 

88 
71 
97 
56" 

105 
100 

- 

- 

100a 
104 
101 

97 
82 

58 
74 

- 

77, 82e 
64, 66f 

(a) Arbitarily chosen standards (=loo). (b) 0.15 g/l, polymerized at  15OoC. (c) 
Contained 0.1 g/l zinc stearate. (d) 5.0 g/l in polyvinyltoluene withPOPOP (0.5 g/l) 
gave a relative pulse height of 98. (e) 0.2 g/l. (f)  Saturated solution. 

TABLE 3 Relative Pulse Heightsa of Pyrazolines as Secondary Solutes in Plastic 
and Liquid Scintillators 

Photo- In polyvinyltoluene In toluene with 
cathodeb with 20 g/l terphenyl 4 g/l terphenyl 

~ ~ ~ 

0.25 0.50 0.1 0.2 

PYPYP s-11 
5-20 

PYBYP s-11 
5-20 

s-20 
PYP s-11 

5-20 

dimethyl-PY BYP s-11 

58 
93 
G9 
91 
71 

99 
- 
- 

54 53 
89 86 
59c 49d 

75 68 
100 98 
93 90 
- 90 

- - 

56 
91 

- 
69 
94 
- 

(a) Relative to the same standards as in Table 2 (footnote a). (b) S-11 -EM1 7312, 
S-20-RCA C 70109A developmental tube. Relative pulse height values for each 
tube are relative to the standard measured on the sume tube. (c) Undissolved solute 
in samples. (d) Saturated. 
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OTHER RECENT ADVANCES 37 1 

plastic scini.illators, in contrast to PDPDP. The poor performance of the 
latter may be either inherent-due to  poor overlap of the absorption 
spectrum with the emission spectrum of terphenyl, or trivial-due to  
unfavorable matching with the photocathode sensitivity. However, 
compared to  POPOP, the oxadiazoles are poor secondary solutes in 
liquid scintillators. Secondary solutes of this type which, relative to  
POPOP, have a much higher efficiency in plastics than in liquids are a 
relatively common occurrence. However, as far as is known, no solutes 
have been reported that give a relatively high performance in  liquids, 
but, poor performance in plastics. 

Tetramethyl-PDBDP was synthesised in  the hope that it would be 
sufficiently soluble for use as a primary solute. However, the maximum 
concentration which could be achieved in a plastic scintillator was 
5.0 g/l. Even a t  this low concentration, tetramethyl-PDBDP showed an 
efficiency equal to  that of terphenyl when used as a primary solute in 
plastic scintillators containing POPOP as the secondary solute. 

The fluorescence emission of the three pyrazolines (PYPYP, PYBYP 
and dimethyl-PYBYP) falls in the spectral range in which photocathode 
sensitivity is a critical factor in determining scintillator performance. 
Thus the ratio: (R.P.H. with an 5-20 photocathode)/(R.P.H. with an 
S-11 photocathode) is 1.33 for dimethyl-PYBYP (&,,, : 458,480 mp) 
and 1.60 for PYPYP (Amax: 472,498 mp). However, all these solutes are 
candidates for use in large volume scintillators providing tha t  specially 
selected photomultiplier tubes are used and it is probable tha t  all have 
absolute scintillation efficiencies equivalent to  that of POPOP in both 
liquids and plastics. 

Self -absorption measurements 

Self-absorption spectra were measured for all of the new solutes which 
possessed sufficient solubility and also for terphenyl, p,p'-diphenyl- 
stilbene, p,p'-diphenyltolan, 1,1,4,4,-tetraphenylbutadiene (TPB), and 
a variety of oxazoles and oxadiazoles of general formula Ar,-X-Ar, . The 
fluorescence spectra are uncorrected and quantitative comparisons of the 
percentage photon losses through reabsorption are not possible. However, 
it was estimated from the spectra shown in Figures 1 and 2 that 2 5 4 0 %  
of the light emitted by these two solutes was reabsorbed in a 10 cm light 
path at a concentration of 0.1 g/l. Furthermore, in qualitative terms, 
these spectra can be considered typical for all the solutes studied with the 
24* 
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372 ORGANIC SCINTILLATORS 

exception of TPB. The atypical character of TPB is evident from the 
spectra shown in Fig. 3. Even qualitative comparisons show that TPB 
absorbs a very much smaller proportion of its own emission than do any 
of the other solutes. 

If fluorescence spectra are corrected for photocathode sensitivity, the 
procedure used in the present work provides a direct measurement of the 
extent of self-absorption by scintillation solutes. It is evident that a 
large proportion of the total fluorescence emission will be reabsorbed a t  
the eoncentrations normally used for scintillation solutes, but this is 
not, in itself, indicative of the contribution made by self-absorption to 
light attenuation in a practical scintillator. An undetermined, but 
probably very large, proportion of trhe reabsorbed light will be re-emitted. 
Direct measurements of the attenuation of scintillation light are necess- 
ary in order to determine the ext,ent> of light attenuation resulting from 
irreversible self-absorption. It has already been observed15 that light 
attenuation does not obey a simple exponential law in plastic scintillators 
,containing p,p'-diphenylstilbene or POPOP as secondary solutes. Attenu- 
.ation is very high in the first few cms. of the light path but decreases as 
the distance traversed by the scintillation photons increases. This 
behaviour csuld be related to preferential self -absorption of the shorter 
wavelengths of emitted light. The present data suggest that comparative 
measurements of light attenuation in a scintillator containing TPB as the 
secondary solute should enable more definite conclusions to be drawn 
regarding the significance of self-absorption in practical scintillators. 
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