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The Search for the Isotopes of Hydrogen and Helium of Mass 3 

By The Right Hon. Lord Rutherford, O.M., F.R.S. 

AFTER the discovery by Urey of the isotope 
of hydrogen of mass 2 (deuterium) and its 

concentration by electrolysis, it was natural to 
examine whether any other stable isotopes of 
hydrogen, and particularly 3H (triterium, symbol T), 
are present in ordinary hydrogen. In this article 
an account will be given of the chequered history 
of the many investigations to throw light on this 
question, and incidentally also of attempts made 
to detf)ct the presence of the helium isotope of 
mass 3, which is believed to be produced in certain 
transmutations. 

It was natural to suppose that the concentration 
of deuterium by electrolysis of water should lead 
also to a concentration of triterium to a con?ider
able extent. Using a direct spectroscopic method, 
Lewis and Spedding1 in 1933 looked for the 
presence of a spectrum line corresponding to 3H in 
hydrogen released from a rich sample of heavy 
water, but with negative results. They concluded 
that if triterium were present at all its concentra
tion was less than 1 in 6 X 108 , compared with 
ordinary hydrogen. 

Experiments with a similar object were carried 
out in Princeton University in 1934 by Lozier, 
Smith and Bleakney•. A sensitive form of mass
spectrograph designed and operated by Bleakney 
was used to detect the presence of charged mole
cules TD of mass 5. They estimated that the con
centration ofT was about 5 in 108 after the initial 
volume of ordinary water had been reduced to 
l part in 225,000. The experiments were continued 
by Prof. H. S. Taylor and his collaborators" until 
the volume was- reduced to 1 part in 150 million. 
In these experiments about 75 tons of ordinary 
water were electrolysed down to 0·5 c.c. 
The concentration ofT /D using Bleakney's method 
was found to be about 1 in 104, and they concluded 
that the abundance of T in ordinary water was 
about 7 in 1010 • 

In the meantime Oliphant and Harteck • in 
Cambridge had found definite evidence that the 
bombardment of a deuterium preparation by fast 
deuterons led to two types of transformation, in 
one of which an isotope of hydrogen of mass 3 
was liberated, and in the other an isotope of helium 
of mass 3. From the energies released in these 
reactions, it was deduced that the masses of these 
two isotopes are nearly the same, namely, 3·0171 
when the mass of a hydrogen atom is taken 
as 1·0081. The general evidence suggests that 

both these new isotopes are stable under normal 
conditions. 

It was clear that it was matter of much scientific 
importance to obtain sufficient quantities of these 
new isotopes not only to determine their masses 
with precision but also to investigate the interest
ing transformations which might be expected to 
occur when the ions of these isotopes were used for 
bombarding purposes. An account will be given 
later of attempts to obtain detectable quantities 
of these gases by direct transmutation, but I will 
first deal with experiments to obtain detectable 
quantities of triterium by continued electrolysis 
of heavy water. Before the completion of the 
Princeton experiments, the feasibility of large
scale electrolysis was discussed by Prof. Urey with 
Prof. Tronstad and Engineer J. Brun of the N orsk 
Hydro-Elektrisk Kvoelstofaktieselskab of Oslo, 
Norway, which was producing heavy water in 
quantity by the electrolytic method. The most 
suitable methods to employ for the concentration 
of triterium were discussed by Dr. Farkas and Dr. 
Oliphant of Cambridge with the representatives 
of the Norwegian company, which very kindly 
agreed to carry out the elaborate research pro
gramme required. A brief statement of the 
methods employed, given by the Company, is as 
follows: 

"If ordinary heavy water containing a small 
quantity of triterium oxide is electrolysed to a 
small volume, it is to be expected that, in aU 
probability, it will become rich in T20. The· 
object of the experiments was to try to accomplish 
this by electrolytic means. 

"The basis used was 43·4 kilos of heavy water 
produced electrolytically and having an average 
D20 content of 99·2 per cent. During the course of 
nine months and a half, this heavy water was 
electrolysed to a volume of ll c.c. 

"The electrolysis was carried out under con
ditions that ought to be considered favourable for 
the concentration of any triterium oxide that might 
happen to be present in the heavy water. During 
the first part of the electrolysis nickel cells pro
vided with iron cathodes were used, but during the 
last part of the process glass cells with electrodes 
made of platinum were employed. The cells were 
constructed in such a manner that there was 
excellent communication between the anolyte and 
catholyte. In addition to this, provision was made 
for efficient reflux condensation of the water 
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vapour, so as to ensure the purity of the gases 
developed by the electrolysis. 

"The electrolyte used consisted of heavy 
potassium hydroxide-KOD. In order that the 
concentration of the electrolyte should not increase 
too much during the electrolysis, the potassium 
hydroxide was gradually eliminated from the 
electrolyte by distilling off the water. The D 20 
content of the dry potassium hydroxide obtained 
by this process was regenerated by being first 
treated with dry co21 the water liberated thereby 
being then distilled and passed back to the cell. 

"The density of the cathodic current during the 
electrolysis varied from 0·2-0·4 amp./cm.'. The 
temperature of the electrolyte varied from 30° to 
.50° c. 

"After the electrolysis had been completed, the 
contents of the cells were treated with dry C02 

(for the purpose of converting the potash into 
carbonate), and the heavy water was distilled off. 
No further purification was effected." 

Part of this concentrated material was handed to 
Dr. F. W. Aston to examine in his precision mass
spectrograph whether any triterium was present. 
The following statement of the behaviour of this 
material has been given to me by Dr. Aston: 

"The vapour of the concentrated heavy water 
was allowed to pass continually through the dis
charge tube which was in a very favourable state, 
the diatomic molecular lines being about 1,000 
times as bright as the triatomic. The line 5 was 
examined by a 40 minutes exposure and the limits 
of detection estimated by very short exposure of 
line 4 (D2 ) down to 1 second. Line 5 was un
questionably D2H and no trace of a companion 
in the position expected for DT could be detected. 
This would have been about 0·5 mm. away and 
easily resolved. A second test was made with an 
exposure of 50 minutes with the same result. As 
line 4 could have been detected with an exposure 
of 1/20 second, it follows that 

DT 1 
-<-
D. 50,000 

The conclusion of Dr. Aston, that no trace of 
triterium could be found in the concentrated 
sample by his very direct and simple method, is 
very disappointing after the time and labour spent 
in Norway in preparing this material. While it is, 
of course, difficult to make any certain comparison 
of the concentration ofT to be expected in these 
two large-scale experiments, it does not seem 
likely that the concentration of T would be less 
in the Norwegian experiment. I am informed by 
the Norwegian company that, in all, 13,000 tons 
of ordinary water were used for the production 
of the 43·4 kilos of heavy water employed by 
them to concentrate the triterium, while Taylor 

and his collaborators started with 75 toii8. 
The rather low yield of heavy water in the Nor
wegian experiments was due to the fact that. the 
cells used were ordinary technical electrolysers for 
the production of hydrogen and oxygen, heavy 
water being regarded as a by-product. In any 
case it is to be expected that in the earlier stages 
of the electrolysis the triterium would be enriched 
at least as much as the deuterium. 

There is thus rather a conflict of evidence with 
regard to the concentration of triterium in the 
two similar experiments. The American observers 
obtained a positive result indicating a value of 
T/D = 1/10 4 in their enriched sample, while Aston 
by a more direct method could detect no triterium 
at all in the Norwegian preparation, and concludes 
that T/D must be less than 2 in 105 • Unfortunately, 
an intercomparison of the samples is not possible, 
for Prof. H. S. Taylor informs_ me that their 
enriched sample has been lost. It is hoped, how
ever, that it will be possible to arrange to test 
the Cambridge sample in Princeton by the sensitive 
method devised by Bleakney. It is important to 
decide that the ions of mass 5 shown by this 
apparatus are in fact due to molecular ions TD. 

It was felt desirable, however, to confirm the 
negative result found by Aston by a transmutation 
test. This is in some cases a delicate method of 
analysis, as is shown by the fact that the presence 
of the small amount of deuterium in ordinary water 
can readily be observed by its use. Experiments 
were consequently made by Kempton and Miss 
Maasdorp in Cambridge, to test whether hydrogen 
separated from this concentrated material showed 
any characteristic difference from ordinary deu
terium, when the accelerated ions were used for 
bombarding purposes. The ion beam was analysed 
by a magnetic field, and the part of mass 3, no 
doubt mainly due to charged DH molecules, was 
allowed to fall on a target consisting of a deuterium 
compound. The intensity of the beam of mass 3 
was very small compared with that observed for 
the D ions. From general considerations, we might 
expect the following reactions to occur for fast 
ions corresponding to •H and •He : 

•D + •H ..... •He + 'n 
•D + •He __., •He + 1H 

(1) 

the energy released in each case being about 20 
million volts. Owing to the copious production of 
neutrons from the ordinary D-D reaction, it is 
not possible to distinguish the small number of 
neutrons or protons to be expected from the 
above reactions. On the other hand, the ex-particles 
arising from these reactions should have a range 
in air of 2-3 em., and should be readily dis
tinguished from protons, owing to their greater 
ionizing power. Careful search failed to reveal any 
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such «-particles, and the number must have been 
less than 1/5,000 of the protons arising from the 
D-D reaction. Assuming that these reactions are 
all equally efficient at the voltage usep, it follows 
that 

T/D < 1/5,000. 

While the limit of detection of T by this method 
is 10 times lower than that deduced by Aston, 
this conclusion nevertheless affords a useful check 
in indicating that very little if any T can be present. 

It is desirable to add a short statement of 
attempts made to detect the artificial production 
of •H and •He in the D-D reaction already 
referred to. Since these transformations are highly 
efficient, and take place for very low bombarding 
energies, it is to be expected that both 3H and 3He 
should accumulate when an ordinary glow dis
charge is passed through heavy hydrogen. Accord
ingly experiments were carried out in America and 
in Cambridge to produce these new isotopes by 
passing heavy hydrogen slowly through a discharge 
tube across which a potential of 60-70 kilovolts 
was applied. Samples of the gas obtained by this 
treatment were tested in America for the presence 
of 3H and •He by the sensitive method of Bleakney, 
previously mentioned. At first, evidence5 of small 
traces of these gases was found, but we understand 
that later work has failed to confirm these con
clusions. 

In the Cambridge experiments made by Oliphant, 
the treated gas mixed with an excess of helium 
was passed through the discharge tube, which 
produced a beam of fast ions for experiments on 
transmutation. Mter acceleration, the beam of 
ions was analysed by passage through a magnetic 
field, and the ion beam of mass 3 was found to be 
very feeble compared with that of mass 2, owing 
to the presence of helium, which has the property 
of dissociating the charged molecules produced 
by the discharge. The method of detection of 
1H and •He was similar to that already described. 
A search was made for «-particles which might 

be expected to arise from the reactions (1), when 
the ions of mass 3 fell on a target containing 
deuterium. No such 0(-particles were detected, and 
the number was certainly less than 1/20,000 of 
the protons liberated from the deuteron beam. 
under the same conditions. Assuming as before 
that these transformations are all of equal efficiency 1 

it is evident that 3H and 6He cannot be present to 
the extent of 1/20,000 in the deuterium gas. 

Attempts have been made by G. P. Thomson 
and F. A. Paneth in London to produce •He by the 
D-D reaction in sufficient quantity to be de
tected by the extremely sensitive micro-methods 
developed by Paneth, but so far without success. 
It may be that the reartion of •H and •He with D 
takes place very easily, so that a stage is soon 
reached when these isotopes are destroyed in the 
discharge as fast as they are produced. 

The rapid disappearance of •H and •He by 
transmutation would account for the very small 
abundance of these isotopes in the earth and 
presumably in the sun. A number of experiments 
have been made to detect the helium isotope of 
mass 3 in ordinary helium by direct spectroscopic 
methods, but with entirely negative results. This, 
however, is not surprising when we consider that 
terrestrial helium is probably derived from the 
0(-particles of mass 4 expelled from the radioactive 
substances present on our earth. 

It is a striking fact that while in transmutation 
experiments using counting methods the D-D 
reaction is on a marked scale, giving rise to very 
large numbers of •H and 3He particles, yet it does 
not seem feasible at the moment to obtain sufficient 
quantities of these two interesting isotopes to study 
their properties by ordinary physical chemical 
methods. 
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Social and Political Application of Nutritional Science 

THE historical development of any science is 
twofold. First come the discoveries of 

natural principles and facts of theoretical interest. 
These are followed at varying intervals of time by 
their application to practical life. The history of 
nutritional science offers no exception to this rule. 

Recently, the trend of nutritional investigation 
has undergone a marked change. While dis
interested studies of a purely theoretical nature 

will always bulk large in the pages of scientific 
journals, there is clear evidence that pride of place 
is now being given to researches which will hasten 
the practical application of the new nutritional 
teaching. In short, there are welcome signs of a 
lessening gap in the relations between those who 
are engaged in ascertaining the facts of nutrition 
and those whose duty is the application of that 
knowledge to the practical affairs of public health. 
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