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ABSTRACT

Water in which 2 to 1956 of the hydrogen is replaced by tritium decom

poses into hydrogen and oxygen as a result of bombardment by the tritium beta

rays, The decomposition stops as a result of back reaction when the pressure

of gaseous products reaches values which vary from 20 to 600 or more cm., Hg*

depending apparently on the nature and amount of impurities present. The

steady-state pressure of electrolytic gas is generally lowered by increase of

temperature (to an extent varying for different samples) and by exposure to

gamma r&ys, The decomposition continues when the water is frozen and kept at

liquid nitrogen temperature,, He3 formed by tritium decay diffuses through the

walls of fused silica vessels3 but not through soft glassj and the activity

of a tritium oxide sample can readily be determined by collecting and measuring

the pure helium which comes out through the walls of a silica container»
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I. INTRODUCTION

Study of the decomposition of water by alpha rays and by X-rays has shown

a profound difference between the effect of these two types of radiation,, With

alpha raysj decomposition progresses smoothly to yield hydrogen 'j with X-rays,

apparently no decomposition is observed^ K In work done at the Metal.lurgical

Laboratory during the war* we have shown that the apparent lack of decomposition

by X-rays Is due to a rapid back reaction between the decomposition products.,

hydrogen and hydrogen peroxide$ to re-form water'3-L a steady state results in

which very little of the products are present in the water» and without very

careful examination, no decomposition appears to occur With alpha rays, the

back reaction seems to be very much slower relative to the decomposition than

with X-rays, so that the resulting steady state, if it exists at all, must occur

only when the concentration of hydrogen dissolved in the water has reached a much

higher level than that attained in published experiments, The difference between

these two types of radiation is ascribed to the difference in density of free

radical formation along the track of the radiations'^'a With the fast electrons

produced by X-rays, radicals are formed far apart and mostly diffuse out into the

body of the solution where they can react with dissolved product molecules and

thereby induce back reaction„ With alpha rayss where the radicals are formed much

closer together, they presumably react with one another before they have a chance

to diffuse out into the solution, so that the back reaction is much less important.

With radiations of intermediate energy loss densitys one might therefore expect

a s'eady-state level higher than that found with X-rays, but still lying in an
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easily obtainable range,. Indications have been found that this situation holds

for cyclotron deuterons^-'o

The beta rays from tritium possess an average energy of about 5"6 kev, and

the ionization density along their tracks is comparable to that cf cyclotron

deuterons. We therefore, expected that under bombardment by these electrons -t

tritium oxide should decompose to a measurable extent before the reaction

arrested itself<, Information on this point would be valuable to those who are

interested in the handling and transportation of tritium oxide.

A supply of a few cc of impure tritium (contaminated, that is, with ordinary

hydrogen) was available on the laboratory site for these experiments, Because

of the enaQJL quantity, the experiments were done on a micro scale.

II„ EXPERIMENTAL METHODS

10 Preparation of tritium oxide0 The tritium gas was supplied sealed in

pyrex bulbs, each of which contained an amount of tritium of the order of 1

curie. The percentage of tritium in the total hydrogen present, (T/(T ♦ H))

x 100, was 2% for the material used for water ampoule 1, 4/6 for ampoules 3 and 9S

1556 for ampoules 4 and 5 and 19$ for ampoules 2, 6 and 7» The tritium bulbs were

broken inside a vacuum line and the gas passed through a heated palladium thimble to

remove any foreign gases., The hydrogen gas was converted to water by one of two

methods. In the first method, the gas was simply allowed to come into contact

with heated copper oxide, and the resulting water was frozen out3 This method

was abandoned when it was found that the resulting water might be contaminated

with traces of entrained copper oxideo In the second method, pure oxygen derived

from heating potassium permanganate was in contact with the palladium thimble;

as soon as the gas passed through the hot palladium, it was immediately oxidized

by catalysis on the palladium surface„

In both methods the water was condensed into a small fused silica capillary9

connected with a pyrex vacuum line through a graded sealo The capillaries were



0,6 mm inside diameter and were drawn down at one end to a diameter of about

0 2 mm,. After the water nad condensed into the capillary under liquid nitrogen,

the capillary was sealed off,, The resulting ampoule consisted of a wider portion

about 1 cm long and a narrower portion about 2 cm long The decomposition of the

water under its own radiation was followed by determining the pressure in this

capillary by the method described in the next section.

Although every effort was made to exclude stopcock grease and mercury from

the part of the vacuum system containing the ampoule, microscopic examination of

the samples showed the presence of particles of foreign matter., This seemed

impossible to avoid* since any volatile substance present in any part of the

vacuum system would condense into the ampoule along with the water when the

ampoule was cooled with liquid nitrogeno In two of the ampoules9 numbers 9 and

11, water was condensed on the wall of the tube above the ampoule} the tubing

was then sealed off from the rest of the line and the water distilled into the

capillary part The capillary was then rinsed out; it was warmed j, thus forcing

the water back into the larger portion of the tubings then the water was dis=

tilled back into its and this process was repeated several times„ Finally,

about 2/3 of the water was distilled into the capillary9 which was then sealed

off. This procedure probably got rid of most of the impurities,,

Although the inner surface of the fused silica capillary was subjected to

very intense bombardment by the weak beta raysj, no color was noticed in the

glass. The effect of bombardment on the silica became evident in the case of

one ampoule by the formation of large pits in the wall, very readily visible

under low power magnification and having depths as great as several hundredths

of a mm. With the other ampoules y this pitting did not appear0

One of the ampoules was made of lead glass in order to avoid the outward

diffusion of He3 which occurred with fused silica (next section). The inner



layer of this glass turned milky on heating, probably indicating that it had

been attacked by radiation,

The water, or the layer of glass immediately surrounding it^ exhibited a

glow barely visible at room temperature in the dark. On cooling to liquid

nitrogen temperature, the intensity of the glow increased considerably,,

Because of its extremely weak radiation, tritium is considered safe to

handle in amounts up to 1 curie, The quartz capillary ampoules will withstand

very high internal pressures and will not crack under thermal shock| they were

handled with impunity and no breakage occurrede The lead glass ampoule did

finally crack when it was warmed in an oven, but the precaution had been taken

of sealing this ampoule within a larger tube, so that no escape of tritium

occurred-, Glass tubing through which tritium or tritium water had been passed

was found to retain considerable activity by adsorption, and was generally

discarded after it had been used once- Small pieces of a pyrex tube in which

tritium had been stored conveniently yielded tracer amounts of tritium on

heating even after exposure to the atmosphere for several months,,

2o Measurements, The pressure in the ampoules was determined by measure

ment of the boiling point of the water in the ampoule. The method as applied

to larger ampoules is described elsewhere^', la the present case, the water

was first centrifuged into the small=diameter endo A bubble was formed in the

tip by freezing in liquid nitrogen followed by gentle warming with the flame,.

The end of the ampoule containing the water was then placed in a .bath of warm

glycerin while the upper end containing the gas was cooled with icea When the

temperature of the water in the small end reached the boiling point under the

pressure of the gas in the upper end, the bubble began to grow and the water

moved upwards Temperature readings of the glycerin bath were taken when the

meniscus marking the upper end of the bubble reached a distance of 0o25 cm0 from

the end of the capillary and again when this distance reached 0*5 en. The bath
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was then allowed to cool and the temperatures again noted at which these dis

tances were attained; the whole process was repeated several times, and average

values of the temperatures giving these distances were used. The two tempera

tures were usually separated by an interval of about 2°. The fact that the

water did not immediately rise completely out of the high temperature zone as

soon as the boiling point was reached is ascribed to the presence of some per

manent gas in the bubble.: Pressure in the bubble is essentially equal to the

pressure of the main body of gas in the cooled part; but it is made up of the

vapor pressure, Pri plus the unknot pressure of the permanent gas in the bubble,

Pgo If Vi and V2 are the bubble volumes at temperatures Tj and T2« we have for

the total pressures P^ and P2?

pi - pg * pn (i)

?2 • Pg(ViA2) ♦ Pv2 (2)

If we assume that the change in pressure of the main body of the gas (due to

compression when the water slug is raised by expansion of the bubble) is negli

gible, we equate Pj and P2; and since Vjj/V-. • 2, we find

Pi -P2 -2?^ -P^ -P^ ♦ (PVz -P^) '

Thus, the gas pressure in the ampoule is given by the vapor pressure of water

at the higher of the two temperatures plus the difference in vapor pressures at

the two temperatures, In practice, over the small temperature range involved

between T^ and T^, the vapor pressure may be taken as proportional to the

temperature, so that the pressure as recorded was taken as the vapor pressure

of water at a temperature equal to T2 ♦ (T2 ~ T^),, Actually P^ and P2 will not

be exactly equal because of the compression. The true pressure, therefore, may
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be lower than that recorded by a few per cento The vapor pressure of water con

taining 15£ of tritium must be a little lower than the values for ordinary water

which were used in the calculation, but this error is small compared to other

errors,, The relative values of different determinations on the same ampoule are

reliable to better than 5%> but the absolute values may be low by a somewhat

greater percentage.

The volume of the gas and liquid phases within the ampoules was determined by

measurement of the diameter at different points along the capillarys by a micro

scope with a micrometer eye-piece; lengths along the capillary were determined by

means of a travelling microscope stage with vernier

Some of the ampoules were eventually broken open in a vacuum system at

liquid nitrogen temperatures , and an aliquot of the gas obtained was analyzed for

hydrogen, oxygen, and inert gas assumed to be He* formed by beta decay of tritium0

The method of analysis is described elsewhereo The gas was kept at a pressure of

less than 10"3 mm in the McLeod gauge. Low pressures of gas were required to per

mit rapid diffusion between the McLeod gauge and the remainder of the analysis

system. Hydrogen and oxygen were determined by the pressure drop which resulted

from combustion on a heated platinum filament. Excess hydrogen or oxygen was de

termined by adding pure oxygen or hydrogen from another part of the system and

running another combustion, and He3 was finally found by difference^

An attempt was made to determine the amount of tritium activity in a sample

by introducing a small aliquot of the sample in the fozm of water vapor, or of

hydrogen gas, into an ionization chamber; the results were unreliable because of

the adsorption of tritium on the walls of the chamber. The method was not used9

although it probably could have been made reliable by proper use of carrier hydro

gen in the chamber,

A simple reliable method for determining the amount of tritium activity in a



water ampoule was based on the rate of helium formation in the ampoule„ As

described in detail in the next section, it was found that helium diffuses

readily through the silica walls of these ampoules, but was retained for long

periods in vessels of soft glass. After the water sample had been sealed up

for some time in the silica ampoule, a steady state was reached in which helium

diffused out of the ampoule at the same rate at which it was being formed within.

Consequently all that was necessary to determine the activity was to place the

airpoule in an evacuated soft glass bulb and measure the amount of gas produced

from time to time by means of a McLeod gauge. This gas consisted entirely of

helium, since none of it was removed by contact with heated metallic calcium=

The activity in some of the ampoules was determined by calorimetric measure=

ment of the heat generated by the beta decay, These measurements were performed

by G, H, Jenkso A description of the calorimeter and the measurements of the

average energy of the tritium beta will be published by Dr,, Jenks in a forth

coming report. To convert the rate of heat production (measured in watts) to

curies of tritium*, we used the figure 5,6 kev for the average energy of the

tritium beta particle,

IH. RESULTS

1, Diffusion of helium through the quartz ampoule. Analysis of the gas

present in the ampoules showed the amount of helium to be very much smaller than

expected from the activity thought to be present. On reference to the literature,

it was found that the rate of diffusion of helium through fused silica is much

greater than that of other gases, and is also much greater than its diffusion

rate through other kinds of glass^'a A tritium oxide ampoule was accordingly

placed within an evacuated soft glass bulb connected to a McLeod gauge, and gas

which was not absorbed by hot metallic calcium was found to accumulate in the

bulb. The rate of helium accumulation in the bulb was found to be independent

of time after the ampoule had been sealed up for a few weeks. The steady-state
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pressure of helium in the ampoule required to maintain a diffusion rate equal

to the rate of production can be calculated from the dimensions of the capillary

and the literature value of the diffusion constant through fused silica. Various

determinations of the diffusion constant at 25° have given results varying from

0,11 to 0.06 cc at STP, mm sec,,-1 car2 (cm Hg)"1^ , By the formula Q/t »2#*
Bp/lntrj/rg)* where Q/t is the quantity transported in unit time per cm length

of capillary and D is the diffusion coefficient, and taking D * 0,08j we calcu

late for the steady-state pressure in ampoule 2 11 cm, and in ampoule 8 15 cm-

The observed values are respectively 8,2 cm and 12 cm. Thus the escape of

helium in this manner was to be expected, and provides a useful means of accurately

estimating the activity contained within a silica tube:, After a diffusion steady

state has been reached, the rate of helium evolution should decrease gradually

with time as the tritium decaysP One of us is now engaged in obtaining an accurate

value for the decay constant of tritium in this way, and the results should be

available within a few months,

2c The steady state pressure of electrolytic gas in the ampoules. Curves

of pressure versus time are shown for a number of the ampoules in Figures 1, 2

and 3* It is seen that the pressure rises rapidly at first; then the rise comes

to a halt and a slight fall may even appear, and finally a period of relatively

very slow pressure rise is reached. The initial rapid rise must be ascribed to

the electrolytic gas formed by the decomposition of the water as a result of the

tritium radiation. This rise is terminated when the steady state with respect to

chemical decomposition of the water under this radiation has been reached. An

exact value of this pressure cannot be determined, since some helium is also

present, and it is difficult to calculate exactly how much of this helium has

diffused out of the gas, since the steady state with respect to water decompo

sition is reached before the steady state with respect to helium diffusion. How

ever*, the maximum amount of helium that could be present is always considerably
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less than the total pressure at these times. Estimates of the steady-state

pressure of electrolytic gas could therefore be made with an accuracy of

♦ 10 cm or betterc These estimates are shown in Table 1*

The steady-state pressures of electrolytic gas are found to varytremen

dously from sample to sample, ranging from 20 cm for ampoule 5 to over 600 for

ampoule 2 and apparently over 1300 for the lead-glass ampoule 7= The high

pressure in the case of ampoules 2 and 3 is probably connected with the presence

of copper impurity, since a small amount of copper ion was found to greatly

increase the pressure obtainable over water under pile radiationv;pJ. In general ,

steady states are expected to be very sensitive to the presence of impurities

which may react with free radicals liberated in the water by radiation and hence

interrupt the radical-induced back reaction (which is almost certainly a chain

reaction).. Dissolved pyrex was found to increase the steady-state pressure in

the case of irradiation by 1 Mev electrons;*•" and dissolved lead glass seems

to exert a similar influence here0 It is notable, however, that ampoules 9 and

11, in which the greatest pains were taken to obtain pure water, gave somewhat

higher steady states than ampoules 1,4 and 5= The water in number 1 was cer

tainly contaminated with mercury aid stopcock grease,, It may be that the grease

or some other impurity actually has the effect of reducing the steady-3tate level

in radiation decomposition of water<> Indications that organic impurities may act

in this way were found in the study of the decomposition of heavy water under pile

radiation^, We are certainly in no position to state what the steady-state

level would be for a hypothetical "pure" water under radiation by tritium beta

rays. It is noteworthy, however, that all the values found are far above the

values of 1 or 2 cm pressure found in irradiation of water by 1 Mev electrons or

X-raysc Thus, in this respect the expected difference in the behavior of water

under electrons of widely differeng energies ha3 been demonstrated,,



Table 1, Decomposition of tritium oxide sealed in ampoules

Gas Yield

Ampoule
Number

Ampoule
Material

Method

of Water

Preparation
Activity,
Curies

Method

of Activity
Determination

Molecules
per 100 eT

Pressure .
range,

cm Hg

Estimated Steady-
state Pressure of

Electrolytic Gas, cm Hg

1 Pyrex HT ♦ CuO 0,1 Ionization

chamber

30

2 Silica HT ♦ CuO 0.9 ± »2 Same as

No. 6
0.4 0 - no >600

3 Silica RT ♦ CuO 0«60± c02 He3 0.9
0*5

0-27
27-49

300

4 Silica HT * 02 (from
K ttify)

1,1 t »3 Estimated

from 5
30

5 Silica n l.J0t o02 H*3 20

6 Silica Redistilled

from No, 2

0c9 t ,2
ear

Calorimeter 0d3 4-9

7 Lead

glass
Redistilled

from No., 6 0.7 ± <2 Calorimeter > 1600

8 Silica Redistilled

from No, 4
1.1 ± o3 Same water

as Noo 4

440

9 Silica
Fraction

redistilled
from No* 3

0o3 t »1 Estimated

from 3

80

10 Silica Residue

from prepara
tion of No. 9

0o2 % .1

i

Estimated

from No03

11 Silica

i

Fraction re=

distilled

from Nos. S
and 10

0,77 ♦ ,01 1 He3
\

1
r I

80
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The maximum of pressure shown clearly in the case of ampoule 3 and the halt

in the pressure ri.se indicated for ampoules 4 and 5, and suggested in the curve

for ampoule 1, are probably to be ascribed to the complicated interaction be

tween the peroxide and hydrogen contents of a solution at the steady state. The

steady-state pressure of hydrogen under pile radiation has been shown to increase

when the peroxide concentration is increased^',. Peroxide thus not only is a

reactant in the back reaction, but also, like many foreign substances*, acts as

an inhibitor for the back reaction, The decomposition of peroxide to oxygen

always occurs under radiation, and may be expected to continue after a steady-

state relation between the peroxide and hydrogen contents has been reached- By

analogy with water exposed in the pile, we may assume that the peroxide concen

tration in the irradiated water here is considerably greater than the hydrogen

concentration (since hydrogen mostly escapes into the gas phase as soon as

formed, while peroxide remains in the water until it decomposes to oxygen)., The

excess peroxide will decrease the rate of back reaction and cause the hydrogen

to build up to high levels„ After a steady state has been reached with respect

to hydrogen, the peroxide will continue to decompose slowly to oxygen, the

oxygen will escape into the gas phase, the back reaction rate will increase, and

the hydrogen pressure will fall. If the rate of the resulting fall in hydrogen

pressure is greater than the rate of increase in oxygen pressure from peroxide

decomposition, the total pressure will drop* This appears to be the case with

ampoule number 3* After a time the peroxide-oxygen reaction will also come to

a steady state and further changes in the hydrogen pressure will not occur at

any noticeable ratea Such a hypothesis could, of course, be verified only by

determination o# the peroxide content of the water, which appeared impossible

in the present case; the above explanation is based entirely on the known be

havior of water and solutions exposed to pile radiation0
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3° Slow accumulation of excess oxypen. As the tritium transmutes to heliua

in the water, a quantity of oxygen or peroxide equivalent to the hydrogen dis

appearing must build up in the system, over and above the oxygen produced by de-

composition o& the water (which should be equivalent to the hydrogen formed) ,

After the steady states with respect to water decomposition and helium diffusion

are reached, a slow rise in pressure follows, ascribed to this release of oxygen.

Even if this oxygen is originally produced in the form of hydrogen peroxide (as

seems likely), It will soon appear almost entirely in the gas phase as a result

of the decomposition of the peroxide by radiation< The rate of this final slow

pressure rise should therefore be equal to one-fourth of the rate of pressure

rise which would be produced by accumulation of helium£ if the helium did not

diffuse out of the gas phase* In the case of ampoule 5, in which the tritium

activity and volume of gas phase were both accurately known, the calculated ratf

of pressure rise due to oxygen was 3„72 x 10-4 atmso/hr0 while the observed rate

of pressure rise after the first two weeks was 3»8 x 1(H* atmospheres per hourn

Gas analysis showed the presence of excess oxygen (see Table 2)9 For

ampoules 2 and 3> the observed excess oxygen is somewhat greater than that

calculated. This may be due to a diffusion of hydrogen into the walls of the

ampoule, 3ince the normal rate of diffusion of hydrogen through silica is only

a few hundred times smaller than that of helium at room temperature; these am

poules contained high hydrogen pressures, and ampoule 3 before being opened had

been exposed to pile radiation for many days and had been heated for four days

at 145°o In the case of ampoule 6, the amounts of'gas were small and a considerable

part of the excess oxygen may have been tied up in the aqueous phase as hydrogen

peroxidec For ampoule 8, the excess oxygen could be calculated only approximately,

since tritium activity was not exactly known,

4^ Initial rates. Since the rate of pressure rise falls off rapidly with

time, a precise estimate of the initial rate of reaction i3 difficult0 Another

difficulty involved here is that the water must be generating gas during the
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Table 2 Analysis of gas in tritium oxide ampoules.

Gas AnalYsls „Excess 09
Ampoule
Number

Gas

Volume,
Liquid
Volume

mm3

Time,
days

H2, 0p?
mm? mm?

STP STP

He3,

STP

Observed,

STP

Calculated

mm^
STP

2 4>94 1.46 83 26,9 16.4 Oo53 2 9 2,2

3 6,60 3o47 233 9,4 10.2 0.2 5 5 3 5

5 3o73 2U28
-

6 2,31 1.44 11 1„19 0.74 0,39 0,14 0.29

a 150 13 ok 12,5 0.74 5.8

10 300 104 46,8 23.8 1,03



20,

entire process of filling and sealing the ampoule, during which the water may be

froaet for as long as two hours; the proper time to take for the zero is conse

quently uncertain by about an hour or so, In Table 1, values of the rate of

pressure rise between pressures show are given in terms of molecules of gas

formed per 100 ev of energy produced by beta radiation The results suggest

that about 1 molecule of gas is produced initially for 100 ev, This value is

smaller than the yield of hydrogen produced by alpha radiation and greater than

the value estimated for fast electrons„ in agreement with the notion that radicals

which escape by diffusion from the track of the radiation do not greatly contri

bute to the formation of decomposition products. An accurate idea of how many

radicals are produced per 100 ev of this particular radiation could be obtained

only by a study of the behavior of solutionsc We have no explanation for the

low rate shown by ampoule 6«

5o Temperature effect0 An increase in temperature generally serves to

reduce the steady state level in water decomposition, as shown in Figures 1*2

and 3» but this effect was very different for different ampoules. Thuss in

ampoule 8 the pressure dropped precipitately when the temperature of the ampoule

was raised to 145°$ while for ampoule 3 a small effect only was noticed, (Whenever

no temperature is given in these Figures, the aapoule was maintained at 25*0 For

ampoule k- the rate of gas evolution was apparently increased by raising the

temperatui'e to 108°* and wu also apparently increased by reducing the tempera

ture to 0° For aapoule 11, it is clear that an Increase in temperature from

25° to 33.7° slightly lowered the steady-atate pressure The position of the

steady state is determined by the reaction of the radicals with dissolved impuri

ties, which apparently differ from ampoule to aapoule; and it seems that the

temperature coefficient of the reaction is different for different kinds of ia«

purity and therefore shows great variation as between tile different ampoules»

dr Decomposition of iee. Many of the ampoules were cooled to liquid nitrogen

temperature for considerable periods. This cooling was necessary for the calori-
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metric determination of the activity„ It was of interest to find out whether

the decomposition of water to yield hydrogen under radiation continues in the

solid state* At liquid nitrogen temperature* the rate of diffusion of helium

through silica presumably becomes negligible 8 so that to determine the amount

of electrolytic gas formed, one must subtract from the total measured pressure

increase the total amount of helium formed during the low temperature period,

together with the equivalent amount of excess oxygen produced as a result of

the transmutation. Ampoule 8 was frozen for three different periods, with the

gas pressure being measured before and after each period. Results of these

measurements are shown in Table 3» It is clear that some gas was being formed •

by water decomposition during the low-temperature periods. The calculated

amounts, given as "electrolytic gas" in the table, ere lower limits, since some

of the excess oxygen, which was assumed all to be in the gas phase, may have

been tied up in the aqueous phase as hydrogen peroxide,, The yield G (molecules

of electrolytic gas per 100 ev) in this case is smaller the longer the exposures

indicating that back reaction may possibly occur in the solid phase as well as

in the liquid* The pressure rise found during the low temperature period for

ampoule 5 cannot be interpreted, since the ampoule was allowed to stand at room

temperature for 18 hours before pressure measurement was made, and much helium

may have diffused out of the gas phase into the glass wall during this time*

7„ Effect of pile radiation. The best demonstration for the different

effect of slow and fast electrons on the decomposition of water would be to

Irradiate with fast electrons a sample which had come to the steady state under

tritium radiation, and note that a pressure drop occurred, Pile radiation con-

tains a considerable hard gamma component which might be expected to act in this

way. It was therefore of interest to place one of these tritium ampoules which

had come to a steady state pressure in the pile and see whether the pressure

fell* Such an experiment was tried with ampoule 3, and as 3how in Figure 2 the



Table 3* Decomposition of ice in ampoule 8 at liquid nitrogen temperature

Time

at -196°,
hr„

Pressure

increase,
cm. Hg

Calculated

electrolytic
gas, cm* Hg

Electrolytic
gas yield, G,
molecules/100 ev

6o5 9 8 0,27

21.5 17 15 0.15

I 91.5 24 15 0o04
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pressure did fall* In this experiment the ampoule was surrounded with an inch

of water to minimize the amount of energy given up to the water by fast neutrons

and thereby magnify the relative effect of the gamma rays* The total energy

input to the water from pile radiation was of the same order of magnitude as

that from the tritium radiation.

We could not be sure, however, that the back reaction found was actually

occurring in the liquid phase, Helium3 which is present in the gas undergoes

an n,p reaction with thermal neutrons which is exothermic to the extent of Oc75

Mev and has a cross section of 6000 barns. We estimate, taking into account

the geometry of the capillary, that this reaction will deliver about 5 x 10*- ev/

sec. to the gas phase; the pile radiation alone would deliver less than 1% of

this energy to the gas phase It had been shown that the rate of recombination

of hydrogen and oxygen in the gas phase in the pile was negligible^)f but we

could not be sure that the n,p reaction would not increase the rate to the point

where it became important, We, therefore, repeated the experiment with an am

poule shielded with cadmium to stop this n, p reaction, To demonstrate that

the reaction really was reduced by the cadmium shield, a determination of the

cadmium ratio for the reaction was made. Two samples of He3, obtained by

diffusion from an ampoule of tritium water, were sealed up and placed one above

the other in Hole 12 of the pile* The samples contained the same amount of He^

to within 10$. One was shielded with cadmium, the other unshielded., The insides

of the ampoules were lined with palladium foil to catch all the tritium resulting

from the n,p reaction, After the exposures the ampoules were opened under vacuum,

the palladium heated in the presence of carrier hydrogen to extract the tritium,

and activities of the resulting gas were measured in the ionization chamber0 A

second extraction from palladium was run to make sure that all activity was ob

tained. The activities found were in the ratio of 73:1 indicating that 9807#

of the reaction was cut out by the cadmium shieldo
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Ampoule 11 was prepared and allowed to come to a steady state at 33.7°* as

shown in Figure 3- The ampoule was placed in the pile shielded by cadmium and water,

and a definite drop in pressure was observed. The temperature of the water surround

ing the ampoule was measured roughly and found to be 370. Since the observed pressure

drop in the pile could have been due to the higher temperature, the ampoule was

allowed to come to a steady state outside the pile at 38.6°, and wa3 again placed

in the pile A more careful measurement of the ampoule temperature by means of

a thermocouple in contact with the water immediately surrounding the ampoule again

indicated a temperature of 37°„ As shown in Figure 3, another drop in pressure

occurred while the ampoule was in the pile. When the temperature of the ampoule

was maintained at 36,7° outside the pile, the pressure rose to a value consistent

with the steady state found at 38.6°^ Since the rate of pressure drop was approxi

mately the same as found for ampoule 3 bombarded in the pile with no cadmium shield,

it is evident that the observed pressure drop in ampoule 11 cannot be ascribed to

back reaction in the gas produced by the effects of thermal neutrons. This is re

garded as a good demonstration that fast electrons give a lower steady-state de

composition level of water than slowelectrons under the same conditions,
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