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Introduction

By investigations carried out to gualify the photomultiplier and to deter-
mine the optimal counting parameters — discussed in a former paper [7] —,
we wanted to clear the limits between which our instruments fulfil the require-
ments of the liquid scintillation counting technique.

In the second part of our work the other main source of the counting
technique problems: the liquid scintillation system. the scintillation solution
and the sample, was investigated. The sample is to be dissolved in the scintilla-
tor solution — except some heterogeneous methods — in such chemical forms
and concentration that are not hindering considerably the mechanism of the
scintillation, that means without quenching effect. Usually the active sample
to be measured does not comply with these requirements, in which case it must
be transformed (with some kind of reactions) into a “neutral”, toluene soluble,
and a well-defined compound.

According to ScmrAM [13] the preparative, transforming operations,
applicable at homogeneous methods, can be placed in four categories.

a) Oxidation or reduction

The methods deseribed in literature are carried out to transform various
biological samples, because in this way the below detailed counting technics of
HTO, 1#CO, or S0, can be used, instead of the frequently coloured compounds
of dubious composition.

b) Salt formation

Several toluene-insoluble substances, liable to form salts, can be dissolved
in that solvent by the use of organic acids or bases of high molecular weight
readily soluble in the scintillation media. Generally two bases are used:
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1) Hyamine 10-X ([p-diisobutylcresoxvethoxyethyl] dimethylbenzyl-
ammonium chloride monohvdrate). It is commercially available in salt (chlo-
ride) form, which is to be converted before use to hvdroxide form. The efficiency
varies as a function of the amount and purity of the Hvamine. It is usually
used in methanolic solution (0.5 meljl), I ml of which is blended with 10 ml
scintillator. Hyamine 10-X is suggested e. g. by Tyxva [14], Rapi~ [11]. At
HCO, determination the efficiency ranges from 33 to 67 9, according to the
amount of the amine. To reduce the selvent losses EiseNBERG [2] applied a
closed absorption vial instead of pressing the active gases through the scintil-
lator.

2) Rapix [12] suggested Primene 81-R (mixture of amines with an aver-
age molecular weight of 191, containing a primary amino group) for the
determination of active sulphuric acid. One mole of Primene will trap — simi-
larly to Hyamine 10-X — about one mole of carbon dioxide. [9]

JErray [5] applied the mixture of dimethylformamid and ethanol. The
use of 2-phenylethylamine and ethanolamine is suggested by Dosgs [1] and
KALBERER [6]. respectively. According to Gorpox [3] the quenching observed
in the presence of the hydroxide form of Hyvamine 10-X is larger as that of
its salt, therefore the H,»S was dissolved directly in tolnene (max. 3 ml
H.,S/40 ml scintillator).

For the detection of gas chromatography curves Popjax [10] proposes to
inject the chromatographic vapor into the scintillator, leading to differential
or integral type records according to the sclubility of the gases.

¢) Synthetic methods

This wearisome procedure is only applied for the detection of low radio-
activity levels, e.g. for radiocarbon dating. (Benzene or toluene is produced
from the test sample by oxidation and synthesis, and used further as solvents.)

d) Modification of the solubility relations

A frequent method —- besides these above mentioned — is hased upon
the modification of the solubility relations. For the incorporation of aqueous
solutions special solvents are needed, as toluene does not blend with water,
and at the same time the quenching action of water cannot be neglected.
Small quantities of water can be added to toluene in the presence of methanol
or ethanol, greater volumes may be dissolved in scintillator mixtures contain-
ing dioxane.

It was shown by Furst that with the addition of naphtalene the quen-
ching action of water can be compensated [13].
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Oxrra [8] suggests the following scintillator for counting samples of
low water content: 20 ml abs. ethanol, 28 ml toluene, 100 mg PPO, in which
2.1 ml solution can be incorporated.

In the mixture of naphtalene, PPO, POPOP, methanol ethylexie glyeol
and p-dioxane 1 ml aqueous solution per 10 ml scintillator can be dissolved.
The efficiency is 10—159%, for tritium and 60—709%, for carbon-14. (It is
worth mentioning that recently the modification of solubility relations
has often been used, instead of salt formation.)

Heterogeneous counting methods (suspension and gel counting, scintillat-
ing plastics, counting with dispersed fluors, or on filter paper etc.) are not
discussed in this paper.

The number and type of these preparatory operations are determined
by the characteristic of the sample. In our case, for the detection of 1C and
%8, the starting point was carbon dioxide and sulphur dioxide. As we wished
to apply some homogeneous measuring method, and 10—20 ml scintillator
does not absorb these gases in a detectable amount, salt formation or solubili-
zation had to be used. The counting of aqueous solutions is disadvantageous, as
water exerts a rather strong quenching action, and the preparative processes
(absorption, neutralization) are tiresome. Furthermore data about solubili-
zation agents were inconsistent and purification difficulties avose, so method
b) was selected.

According to data found in literature. and considering the apparatusjes/
and chemicals at our disposition the use of Hyamine 10-X seemed to he the

most advantageous.

10, counting by the means of Hyamine 10-X

The working solution of 0.5 mole Hyamine in methanol was diluted from
the originally 1 mole solution (product of the Packard firm) in order to reduce
viscosity and to increase the volume of absorptive solution.

For absorption vial the flow system absorption trap — suggested by
Tyxva [14] — was applied, because at a slow flow rate and little gas volumes
the solvent losses were negligible, and the counting pericd was shorter than with
clesed absorption systems. The Hyamine quantity was 1 ml throughout, suffi-
cient to absorb 0.45 mmol of CO,, if absorption efficiency is taken at 909, [14].

1CO, was produced with the combustion of benzoic acid. Its application
is advantageous, as it is a practical model-substance. easy to oxidize catalyti-
cally and the specific activity may also be determined by liquid scintillation
counting technique. (Below a concentration of 3 mg benzoic acid per 10 ml
scintillator the quenching effect is negligible.)

C0,0, and CuO were used as oxidatic catalvsts. The sulphur and halo-
gen impurities were fixed with silver wool, and eopper turnings were applied
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to reduce the nitrogen oxides and the excess of oxigen. The thus obtained gas
mixture was dried with Mg(ClO,), before the CO, absorption. The combustion
was carried out in an air current of 10 ml/min, dried with Mg(CIO,), and
natron-asbestos.

The influence of pure Hyamine on the efficiency was examined before
investigations were carried out with active carbon dioxide. By our counting
parameters without the base (10 ml scintillator/0.1 ml standard®) 679, effi-
ciency was observed®*, which decreased after the addition of 1 ml Hyamine
to 33—37%,. Because of the decomposition of Hyamine this value decreased
to 289, in two weeks. Upon absorbing carbon dioxide (0.4 mmole) produced
by the combustion of inactive acetanilide, the efficiency increased to 38—399.

After these informatory tests, investigations were carried out with
active benzoic aeid in order to determine the influence of the Hyamine's
quenching action on the reproducibility, and accuracy.

The combustions carried out with samples of different activities failed to
give reproducible results, the activities — counted with efficiencies determined
by the internal standard method — did not agree with the true activities.
Deviations ranged from —99%, to -+-179,.

The thus observed 26%, limit of error pointed to the fact. that some
— up to the present neglected — parameters must be taken into consideration.

The error, or at least the overwhelming part of it, obviously cannot origi-
nate in the losses occurring. at combustion and absorption. as no positive
deviation can thus be interpreted. Further investigating into the reason of this
deviation it appeared. that at the same time the efficiency varied between
28—60°,.

For this reason the following step was to clear up, if the free base to salt
ratio i.e. saturation differences are responsible for this efficiency fluctuation.
Therefore its value was determined after saturating the Hyamine with inactive,
dry carbon dioxide. According to our experiences the thus obtained values,
after some initial deviation, were stabilized and remained constant within 24
hours.

Comparing these results with those of Gorpon [3] it can be stated, that
they agree with them, namely the quenching action of the free hase differs from
its salts form. The observed efficiency difference of 329, however cannot be
explained in this way, as in the case of free base, 909 saturation and completely
saturated Hyamine efficiencies of 33379, 38—399, and 37—39%, were
obtained, respectively.

* The data of the scintillators and internal standards are discussed in our former pa-
per [7]. )

** Counting parameters: amplifier gain: 100 9. discriminator: 750 —oo, unless other
data are given.
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For further checking hydrogen sulfide gas was also measured with
Hyamine 10-X. The hydrogen sulfide was produced by the pyrolysis of methio-
nine on platinum contact in hydrogen current. Purification and drying process
agreed with the above discussed. The observed counting rate, however, was
constant at least for four hours. ~289 efficiency was observed without
H,S, which increased to 30—349, after absorption, that is the efficiency
increase, due to “salt effect”, was also but 4—69%,. '

On the basis of these observations it is presumable, that the above-
mentioned initial efficiency deviations are respomnsible for this problem, as

2
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substances other than carbon dioxide were not dissolved in the sample, but
neither the duration of absorption. nor the periods between the scalings were
fixed.

To support this hypothesis Hyamine was saturated with inactive, dry
carbon dioxide, the scintillator and active standard were added directly after
absorption to the sample, and the counting rate was detected in function of
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time. Significant differences were observed between the shapes of the obtained
curves. Figs 1 to 3 are representing the three main types, among which several
transitory forms were observed. The most general and frequent is the form seen
in Fig. 2, and this is the basis of the following reflections.

The curves seen in each figure were simultaneously measured with a
Packard Tri-Carb spekirometer. Curves a. b, ¢ represent the counts obtained in
the ““carbon’, “trittum”™ and ““total” channels, i.e. with discriminator bias:
750 —cc, 50—750 and 50—cc, respectively. Counts detected in channel “total™
differ by 0.3—0.69%, from summarized value of channel “carbon” and *““tritium™
because of adjustment slip.

Examining these data it is obvious that the max. change of counts in
curve ¢ is 1250 cpm.. only 3.79%, (3.5 times the standard deviation), therefore
it cannot be the cause of a deviation about 6.5 - 10® ¢cpm observed on a and b
curves. (The initial efficiency increase in due te the cooling of the sample,
therefore in spite of decaying phosphorescence the counting rate increases.)
Furthermore it can be stated that curves @ and b are antibates, images of
each other.

On the basis of these facts it is unambigous that:

a) the observed phenomenon is not chemiluminescence. Though Scrran
{13] mentioned that in Hyamine solutions chemiluminescence was observed,
but only in presence of organic substances.
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b) the counting rate and efficiency fluctuation is caused by the pulse
height i.e. luminescent efficiency deviation. and not by variable losses of
counts (impulses),

¢) the effect is observed only in the presence of CO.,.

About the discussed phenomena we did not find data in literature. To
interpret it a hypothesis was set up.

The efficiency deviation, up to 30—359,, indicates, that in the beginning,
for 0.5—2.5 hours, the system is in a metastable state. Within this period
some, up to now unidentified process or processes are taking place. Further
on the deviation does not exceed the standard deviation, but the “final®
efficiency value is markedly influenced by the antecedents, and it is badly
reprodncible. In our investigations its value ranged from

curve  a: 28,5 to 36,8%, (*carbon™ channel)
curve b: 32.5 to 36,89, (*tritium’™ channel)
curve ¢! 65 to 70 95 (*total” channel).

According to our conception the metastable state and efficiency fluctuation is
connected with various “chemical bonds™ and compounds of carbon dioxide.
It is not vet cleared up whether Hvamine forms only acid salt, or if neutral
salt is also present. as well as the steps from which the final product originates.
It is possible for example that at first — before some chemical reaction — Hya-
mine acts only as solubilization agent.

The origin of the discussed transitional efficiency increase and deviation
could be explained with the above stepwise mechanism scheme, by accepting
that chemical intermediate or intermediates interact in the energy transfer.
(This last assumption is based on experimental data, detailed in the next
paragraph.)

Summing up the precedings it can be stated that

a) Hvamine 10-X suits for H,S counting, but

b)in the initial 1.5—2.5 hours of CO, counting the scintillation system
is in metastable state, the possible cause of which is some interaction between
Hyamine and carbon dioxide, — up to now unknown for us, and

¢) because of this reason for unambiguous counting rate determinations
three hours “decay period” is needed after absorption.

Effect of gases dissolved in scintillator solutions

For several reasons it became necessary to investigate the effect of
dissolved gases in scintillator solutions.

a) Searching the reason of the efficiency variation of Hyamine solutions
containing carbon dioxide, it was important to clear up the influence on the

%
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efficiency of carbon dioxide dissolved in pure scintillator. Only in possession
of these data can be decided what part of the variation of the quenching action
of carbon dioxide is due to its compounds formed with Hyamine.

b) Gorpox [3] detected H,S trapped directly in the scintillator, and
continuous detectors were worked out by the Packard firm for measurements of
active gases injected or absorbed in the scintillator. For this method, besides
of the solubility data, the quenching actions must be known, especially at the
detection of gas mixtures.

¢) Except for the classical example of oxygen [13] no velevant literature
data are available. However in this way useful knowledge could be obtained
about the mechanism of scintillation too. The investigations were carried out
with the following gases.

a) O,. About its quenching action detailed data are in literature, therefore
it is a practical reference substance.

b) H,, N,. Gases considered neutral from the point of view of the scintil-
lation mechanism.

¢) CO,, SO,. Acid anhydrides.

d) CH,, C,H,. Saturated and unsaturated hydrocarbons.

e) NH,. Base anhydride.

5 ml scintillator was saturated with previously exsiccated gas. Saturation
time and flow rate were selected so as to achieve total saturation. The purities
of N,. 0,. CH,, C,H, and CO, were controlled by gas chromatography. In the
first four gases no impurities were detectable, while carbone dioxide contained
N, and CH,, but ethylene was not observed.

The sample — saturated with gas — had been spiked with 0.1 ml standard,
and after half hour cooling the counting rate was determined, in comparison
with the efficiencies of the unsaturated sample (blank test).

First, toluene-1C was used as standard. The obtained data are compiled

in Table 1.

Sample blank CG, )
Efficiency 9% 49,7 50.4 45.3 49,4 49.6
Standard deviation of the counts: --0,65 9.

Data in Table 1 give answer to one of the questions.The formerly only
presumed fact can now be unambiguously established, namely, that in the
Hyamine system the efficiency increase observed in presence of carbon dioxide
must be interpreted with the presence of Hyamine-CO, complexes.

Apart from the “oxygen’ sample, the some tenth per cent differences
between the others are in the order of the standard deviation. For this reason
further investigations were carried out to examine these efficiency fluctuations
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for which purpose tritium standard (0.1 ml, standard deviation: -+0.49%)
was applied because of its low energy radiation.

The efficiency of the blank test was not constant in the various experi-
ments, therefore the experimental results are grouped according to the investi-
gated gases.

It was discussed in a former paper [7] that “pro anal” toluene was used
as scintillation solvent. For this reason — beside of testing the quenching
action of the dissolved oxygen — the influence on the efficiency of water,
dissolved in the toluene, had to be determined too.

These experiments were carried out in two ways applying: scintillator
saturated with water; toluene distilled from sodium.

Saturating the scintillator with water, the efficiency variation was in
the order of the standard deviation (see Table 2).

- Table 2
Blank 29,295 28.49; 28.59, 29.09% 29.99
Blank saturated
with water 29.69%, 29.09 28.79% 29.79

Applying toluene distilled from sodium metal the efficiency increased to
329%,, and did not vary after addition of water. Consequently the water content
of the toluene does not influence markedly the efficiency, but during the
distillation from sodium some quenching agents are destructed. We wish to
stress this fact, as toluene purified by direct chemical treatment with Reanal
chemicals (e.g. extraction with sulphuric acid, exsiccation with calcium
chloride) is unfit as scintillation solvent.

Data obtained by the use of oxygen, nitrogen and methane are presented

in Table 3.

Table 3
Blank N, 0, CH,
24.69%, 25.0% 19.09, 24.59;
32.0%9), 31.6%0, 25.0%0,

The thus obtained efficiencies are constant for 12 hours. Marked* values
are thHose obtained with toluene distilled from sodium metal.

In accordance with data found in literature we found oxygen to cause
21229 efficiency decrease, but its amount dissolved from the air during
storage does not alter considerably the efficiency. For this reason the removal
of oxygen by bubbling argon or nitrogen through the solution seems to be
unnecessary. It can be stated that methane does not influence the counting
rate, so that in this respect it is a neutiral gas.

On the basis of these results the experimental methods could be simpli-
fied: neither toluene had to be distillated from metallic sodium, nor oxvgen
had to be removed by nitrogen bubbling.
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On the other hand with samples saturated with ethylene considerable
efficiency increase could be measured (Table 4).

Table 4
Blank 24,15, 29.29,  28.49;, 30.09, 32.0%9)
Samples saturated
with ethylene 32.19%,  31.39%, 32.6%, 32.5% 33.5%9,

Within 12 hours and even after addition of water, these data are constant.

From the data of Table 4 it follows that using p.a. toluene as scintillator
solvent (“normal scintillator’”) the efficiency increases to 31.5—32.59%, indepen-
dently of its initial value. The increase is 8—339%,, and thus a saturation
effect can be observed. For this reason it is presumable that the observed
“ethvlene action’ is connected with some impurities of the toluene, their
quenching action beeing compensated. Therefore saturating the seintillator
with ethylene seems to be a possible method to increase efficiency when
counting of tritium in quenched solutions.

By counting samples saturated with carbon dioxide similar anomalies
were observed.

Table 5
glzmk ; 21,19, 20207 29.29) 20,20, 29,20,  30.09,
Saturate
with CO, 29.59%,  29.8%;  30.79%, 30.59, 31.4v; 31.5°,

After an efficiency fluctuation of 12 hours these values are stabilised
with 0.5—19% decrease. Also after addition of water, similar fluctuation could
be observed.

The cause of the detected efficiency increase could be the carbon dioxide
itself, or its possible ethylene (unsaturated hydrocarbon) content. This later
possibility is supported by the fact that efficiencies were increased by increasing
the time of saturation, though no ethvlene content could be indicated by gas
chromatography.

At the same time, however, the system is unstable, the efficiency flue-
tuates, it is influenced by the water content, and even after saturation for
several hours, its value is lower than observed in samples saturated with
ethvlene. (It fluctuates between 102—1229% of the original values.)

Besides the facts mentioned above, it is to be noted that after saturation
with methane, no efficiency variation has been observed. For these reasons it is
rather unlikely that this effect is caused by a possible ethylene content, and
thus it is connected with the presence of carbon dioxide.

Efficiency increase of 1.5—29%; (105—1079%,) was also observed when
ammonia gas was absorbed. After addition of water additional ~1%; efficiency
increment could be detected.
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Saturating the scintillator with sulphur dioxide it discoloured within a
few minutes, and the counting rate decreased to zero.

On the basis of these experimental results the following conclusions
can be drawn.

a) For liquid scintillation counting methane is a neutral gas, as are
nitrogen and hydrogen.

pad 12 ] Packard
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Curve (1): basic state. curve (2): shaken up with water

b) In the presence of ethylene an efficiency alteration of the order of the
oxygen’s quenching action is observed but its sign is positive. This effect
shows a solubility indipendent “saturation value™.

¢) Similar efficiency increase can be observed after absorbing ammonia
or carbon dioxide in the scintillator, but its value is markedly influenced by
the water content and is unstable during storage.

d) For 33 counting sulphur dioxide cannot be directly dissolved in the
scintillator.

These statements are supported by some beta-spectra determined with
a Packard Tri-Carb spectrometer on samples spiked with tritium labelled
toluene (Fig. 4).
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Spectra of samples containing carbone dioxide — are shown in Fig. 5.
The higher energy ranges of these spectra have a similar shape, significant
counting rate differences cannot be observed. Considerable deviation is present
only between the peak heights, and at the same time with growing efficiencies
the peaks are shifted to higher energies. After addition of water only the peak
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height was increased in the case of carbon dioxide while in the presence of
ammonia its position was shifted too. Adding water to scintillators containing
ethylene or prepared with toluene distilled above metallic sodium significant
deviation could not be observed.

These curves therefore support our former hypothesis, according to
which these phenomena can be attributed to the mechanism of the scintillating
process. The efficiency increase is caused by the pulse height increase, i. e. the
“transforming” or quantum efficiency of the scintillator is modified.

After our conception these substances are taking part directly or indi-
rectly in the energy migration, thus increasing the pulse heights. It is obvious
that this increment — dependent on the extent of interaction — could only be
well detected at low pulse heights, that is at low energy radiations.

On the basis of these considerations, the following hypothesis is to
interpret the experimental data discussed above.
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According to the theory of mechanism of luminescence, the radiation,
in this case the beta particles, primarily excites the solvent molecules, and
this excitation energy is transferred — by radiative or nonradiative way —
to the phosphor or scintillator, which converts aportion of this energy into lumi-
nescent light. Even the energy of a weak beta particle of tritium (max. 18 keV)
is higher by several order of magnitudes than that of the chemical bonds.
Thus the scintillator molecules are partly ionized and suffer perhaps permanent
chemical damage, as well as free radicals are also formed. These processes,
however, are inactive, according to the present conception, the thus absorbed
energy is not converted into light.

At the same time within the energy migration several transition states
may also occur, the cross sections of which — and thus the luminescent efficiency
i.e. the light output — are markedly influnced by the experimental conditions.
As electrons excited to higher levels immediately return to the lowest excited
state through a radiationless process, only those lowest energy levels are
solély responsible for the observed luminescence. Thus we may say, that apply-
ing toluene or benzene as scintillation solvents 5—7 eV excitation energy
— 0.5—19%, of the energy of a beta particle emitted by tritium — is needed.

Taking into consideration, that the emission spectrum of PPO (primer
phosphor at our disposal) has a maximum at 394 nm, which corresponds to
~3 eV, it can be stated that substances dissolved in the scintillator may
influence the mechanism of luminescence, if their lowest electronic excitation
energy is between the above discussed values.

This interaction may produce:

a) quenching action, if the molecule hinders the energy transfer: e.g.
the life-time of the excited state is too small, etc. i.e. the molecule acts as an
energy trap.

b) “inverse” quenching action.

On the other hand similar interactions are presumable, if the lowest
electronic excitation Jevel is with a few tenth eV higher than that of the sol-
vent. The excitation energy of these levels can also be moved to the solvent
or phosphor, in which case a cascade process is formed, or the ratio of the
radiative/nonradiative energy transfer is altered. In these cases the portion of
radiation energy converted into light can be increased, as its maximal value
is only about 109%,.

According to our conception the efficiency increase observed in presence
of ethylene can be interpreted in this way. 7.5—6.4 eV energy is needed to
its 7—x* transition, that is the dissolved ethylene — in the case of ideal
solubility 20 mg ethylene/5 ml scintillator — is also excited, and a portion of
this excitation energy may also reach the phosphor. Consequently the pulse
heights, and thereby the efficiency are increased, as the scaler counts only
impulses with pulse heights above the lover discriminator voltage.
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The situation is much more complex in the case of carbon dioxide.
It is an extremely stable compound, its lowest electronic excitation energy
being > 8 eV, furthermore the fluctuation of the experimental data indicates
the presence of some complex phenomena.

After our hypothesis the observed effect can be attributed to the com-
pounds of carbon dioxide rather than to the dissolved gas itself. According to
data found in literature, absorption bands were determined at 6.2—7 eV
(185—200 nm) for carbonates but for hydrocarbonates above 7 eV. The observ-
ed experimental facts should be pointed out that the water content of the
seintillator system sensitively influenced the efficiency but only in the presence
of carbon dioxide., as well as that Hyvamine and carbon dioxide form similar
instable complexes as already discussed in details in the previous chapter.

Our hypothesis is the following. In the presence of carbon dioxide the
efficieney variation is caused by the formation of carbonates and hydrecar-
beonates. In the case of pure scintillator, carbon dioxide reacts with the
water content of toluene, and carbonic acid, carbonate and hydrocarbonate
ions are formed. The varyving amount of water, the fluctuating ratio and
amount of the carbonate and hydrocarbonate ions are causes of the efficiency
deviation and increase.

This conception is in good agreement with the experimental results
discussed in chapter 2, according to which similar effects but several orders
higher could be observed if Hyamine saturated with carbon dioxide is investi-
gated. It can be presumed that the primary pulse height increaseis connected
with the formation of Hyamine-carbonate, besides which Hyamine-hydrocar-
bonate and solubilized carbon dioxide are also present. After this unstable
period hydrocarbonate and perhaps solubilized carbon dioxide remain only in
the solution, and the efficiency decreases to its imitial value. The stronger
effect can be explained with the structure of the cation, because according to
literature data it is probable that Hyamine decreases the excitation energy,
or increases the life-time of the excitation states. Further, the larger amount
of carbon dioxide must be taken intc consideration too, as the scintillator
solution is a poor solvent for carbon dioxide and water, but the present Hya-
mine can at least absorb 0.5—1 mmole of this gas.

According to this theory the shape of the curves and the considerable
instability of the effect may be explained without any difficulty, and in the
“total”” channel the slight counting rate increase and decrease curves, cj in
Figs 1, 2, 3, can be interpreted too.

The efficiency variation observed in the presence of ammonia could be
explained in a similar way.
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Summary

For the detection of carbon dioxide labelled with carbon-14 by means of liquid scintilla-
tion counting technics, Hyamine 10-X was applied. According to our experiences, the counting
system is highly unstable in the first 1.5 —2 hours. the deviation of the pulse heights are in the
order of 30—359,. After this period the efficiency is stabilized at its starting value.

After our experiments some gases: ethylene, carbon dioxide and ammonia, dissolved in
the pure scintillator, are also modifying the value of the quantum efficiency, but this effect is
minor than the former.

According to our hypothesis these gases or their compounds may also be directly or
indirectly excited. and thus they may take part in the energy transfer. This coneeption is
supported by some spectroscopic data.
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