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Apparently no side-reaction occurred, such as urea
formation, because the amine produects, which were solid,
melted sharply within two degrees of the reported melting
points’ without recrystallization. Those amines which
were liquids were also uncontaminated because their
infra-red curves® were identical to original samples.

It appears that urea formation is decreased to a con-
siderable degree when the Schmidt reaction is run at
room temperatures. Furthermore, the increase of yields
in polyphosphoric acid over conventional methods seems
to imply the formation of the more reactive oxocarbonium
ion in this medium.
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Effect of Naphthalene on the Quenching of
Liquid Scintillation Solutions

Ix liquid scintillation counting the passage of 3-particles
through the phosphor solution results in a complex series
of events, the useful ones culminating in the emission of
photoelectrons at the photocathode of the photomulti-
plior. A number of parasitic events occur concomitantly
that lead to a lowering of the yield, or total loss of the
photoelectrons, that is, quenching. Possible sequences for
these events, which oceur during a time-interval of approx-
imately 10-? sec, have been outlined by several authors?-s.
The addition of naphthalene to some liquid phosphors
improves their counting characteristics. The enhance-
ment in counting efficiency has been ascribed by Fust and
Kallmann? to the ability of the naphthalene to act as an
intermediate solvent that is capable of transmitting the
energy from the primary solvent to the scintillators,
thereby by-passing the quenching agent. If this is true
the series of events leading to photoelectron production
could be outlined as follows: (4) emission of B-particle;
(B) excitation of primary solvent molecules (toluene);
(C) excitation of secondary solvent molecules (naphtha-
lene); (D) excitation of primary solute molecules (PIP0);
(E) excitation of secondary solute molecules (POPOP);
(F) production of photons.

I have found that the addition of naphthalene to some
liguid scintillator systems containing tritium can have a
marked effect on the quenching curves. The effect depends
entirely on the chemical nature of the quenching agent.
With some substances the quenching effect is almost
ontirely removed; with others, it is enhanced.

Thoe continuous curves shown in Figs. 1 and 2 were
prepared by adding inactive benzoic acid and methyl
benzoate to a liquid scintillator (4 g/l. PPO and 0-04
g/l. POPOP in toluene) containing approximately 10-% g
of tritiated benzoic acid. The broken curves were pre-
pared by repeating the experiments with the same liquid
phosphor solutions containing in addition 100 g/l. of
purified naphthalene.

It can be seen from the results that addition of naph-
thalene to the liquid scintillator containing benzoic acid
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Counts/min (x 10%)
Counting efficiency (per cent)

100 300 500 700
Mg of inactive benzoic acid added to 9 ml. of liquid seintillator
Fig. 1. Graph showing the effect on the count-rate of adding inactive
benzoic acid to liquid scintillators containing a very small quantity
of tritiated benzole acid. x, Normal scintillator solution; 4, scin-
tillator plus naphthalenc
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Mg of inactive methyl benzoate added to 9 ml. of liquid seintillator

Fig. 2. Graph showing the effect of adding naphthalene to the scin-

tillator on the tritium-methyl benzoate quenching curve. The small

increase in_count-rate recorded on the broken curve for very small

amounts of methyl benzoate is due to desorption of active fritiated

benzoie acid from the walls of counting vessel (ref. 5). x, Normal
seintillator; A, scintillator plus naphthalene

results in a small increase in counting efficiency at low
concentrations of benzoic acid, and a decrease in efficiency
at high concentrations. The addition of naphthaleno to a
benzoate-quenched solution, on the other hand, results in o
considerable increase in counting efficiency at all quencher
concentrations.

These results would seem to indicate that the quenching
effocts of benzoic acid and methyl benzoate are basically
different. Two possible explanations are: (a) that the
quenching phenomena for the two quenching agents occur
at different points in the chain of events outlined hore;
or (b) that the quenching phenomeona operate at the same
stage in the scintillation process (between events B and D)
and are the result of different rates of energy transfer.
Thus, if quenching occurs between events B and C the
rate of transfer of energy from the primary solvent to
benzoic acid is greater than its rate of transfer to naph-
thalene, which in turn is greater than the transfer rate to
methyl benzoate. If, however, quenching occurs betwecn
cvents € and D, the rates of energy transfer from naphtha-
lene would be in the order benzoic acid > PPO > methyl
benzoate.
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