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ABSTRACT

The structure ;ensitive properties of palladium metal are found to
change discontinuously in such & way that the hydrogen concentration and
the rate of hydrogen diffusion alter suddenly at a reproducible geométric
series of hydrogen pressures. The data of two low pressure concentration
studies and a number of low pressure diffusion rate studies are tabulated
and plotted so as to show the discontinuities, +The best set of values
for the eritical pressures, obtained by plotting a curve of “breaks",
is: 2.6, 5.3, 10.6, 21.3, 42.5, 85, 170, 340, and 620 mierons of mercury.
A colleetion of absorption and diffusion rate data from the literature
suggests an eitension of this series to complete hydrogen saturation
(Pﬁ4 Hg) at 350 millimeters of mercurye

A tentative statistical theory is proposed of the penetration of
ionised atoms into a crystal which has an intrinsic secondary structuree.
The theory predicts the concentration isotherm in terms of the trans-
mission discontinuities. It describes a secondary struecture which has
finer spacing for each successive higher concentration step and eneables
a calculation of the value of each spacing.

Several mierophotographs of the palladium surface are shown.
Measurements of the photographs are compared with the spacings predicted

by the theory.
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I. HISTORICAL RESUME

Evidence has been accumulating during the past three yeers that gases
are absorbed by charcoal and metals discontinuously with the pressure of
the absorbed gas. These "breaks"™ in absorption isotherms have been accounted
for in ferms of the discontinuous properties of the gas, as the sudden
appearance of Ven der Waal forces at a critical concentration, or by the
comstruction on & smooth surface of the adsorbent of figures of condensed
atoms, whose geometrical properties require that new atoms be added
discontinuously. Benton and Whitel suggested that the effect might be
explained if all the microcrystals of the adsorbing material wers.of the
same size, &and recently evidence has been more and more descriptive of
a structure of the adsorbente

The present paper is believed to be an extension of this work. It
shows a regular reproducible series of pressure discontinuities in the
pessage of hydrogen by hot palladium, and deduces the existence of adsorption
discontinuities from the anomalies or the transmission curves.

The phenomenon or discontinuous adsorption was tirst noticed in 1926
by Allmand and co-workers, and was deseribed fully in 1930.2 Many adsorption
isotherms formerly believed to be smooth curves whose points deviated
because of experimental error have since been found upon more careful
investigation to exhibit discontinuities. The gas-solid systems for which
discontinuous isotherms have been proved are benzene, carbon tetrachloride,
water and other condensible vapors on charcoal;5 carben tetrachloride
and water on silica gel by the retentivity m.ethod;4 nitrOgén eand hydrogen
on various metal adsorbents at -183° C.;5 and hydrogen on charcoal at

6
0° C. As will be set forth in the mein body of this paper, & collection



of data by Gillespie and co~workers? can be used to establish a fair case
for the existence of absorption discontinuities of the system hydrogen=
paliadium at 0° C. These absorption isotherm discontinuities'hava been
accounted for by a theory based on Semenoff's8 treatment of surface
equilibria. As the concentration of adsorbed atoms on a surface reathes
a critical pressure they pass from a two-dimensional gaseous phase to a
close packed liquid state. If it is assumed that the close packed state
begins at certain active points and spreads out in concentric rings
about an 'iSLand,' it may follow that the completion of each ring of
adsorbed atoms will take place at the same critical pressure for every
'islend.®* In the absence of a precise formuletion of this theory, and
in view of the sketchy character of the dats, this explanation has been
adequate for most of the ahove cases of discontinuous sorption.

However, the writer agrees with Ge He Piper9 that this theory should
not be used to account for those systems in which the temperature is
much higher than the critical temperature of the adsorbed gas. These
systems include hydrogen on palladium at 300° C (as described in this
paper); hydrogen on charcosl at 0° C.;6 hydrogen on active copper
at -183°c.;5' and hydrogen on charcoal at —183°C.la

In order to account for discontinuous adsorption in these cases
one must assume9 that the adsorbent consists of regions of different
adsorptive power, and further, that these regions are not distributed
about a mean value, but are of only a lLimitved number of sizes and shapes.
This conclusion, reached by Piper;9 independently of the author and
published since the preliminary report of this paper was written, may

be offered in support of & similar idea concerning the structure of



erystals which has been set forth at length by F. Zwicky on other grounds.13
Discontinuities in other properties of palladium have also been

reported. Since G-raham's14

original papers on the diffusion and absorption
of hydrogen by palladium, workers have investigated practically all aspects
of the metal becsuse the pPhenomena have interesting theoretical bearings

17

- . 15 16
in thermodyneamics, cnemistrylb and crystal structure, and because the

peculiar non-reproducibility of the metal has prowoked controversy.
18

Certain anomalous discontinuities in the increase of volume,” electrical

res:‘.s‘(:annce,l‘9 and magnetic susceptibilityao are of particular interest
because they help to establisn that the discontinuities of transmission
and absorption of hydrogen by palladium are @ body rather than a surface

- effect of the nature of catalysise. ‘he length-resistance studies of
Harding and Smith21 are a demonstration of the proposifion that hydrogen
absorption discontinuities in palladium have to do with phenomena that
take place within the metal., They investigated simultenecusly the changes
in length and in resistance of a fine palladium wire when subject to
hydrogen infiltration during electrolysise. The fluctuations in resistance
of the wire were found to occur at the same instant with corresponding
changes in length. Harding and Smith could not observe the geometric
geries of eritical hydrogen concentrations et which these changes
oceurred because thay had no way to measure effective hydrogen pressure.
These fluctuations were unguestionably due to the same body changes

which have to do with the absorption and transmissién discontinuities
described in the present paper. The writer made an attempt to measure

length and resistance changes simultaneously with the transmission

discontinuities but the set-up proved inadequate.
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Severgl papers have been publishedaz on the passage of hydrogen by
palladium in which apparatus very similar to that of the writer was usede.
The essential differences are probably three. No previous worker hes had
a) so great a pressure sensitivity of a continuously recording menome ter,
in conjunction with b) so large a ratio of palladium mass to volume of
pressure test chambér, and ¢) a palladium tube which was kept immaculate
on the gauge side, while the outside was thoroughly poisoned.

It further appears that no one has previously worked carefully with
transition rates at very low pressures. The greater part of the signi-
ficant data, namely, nine out of a possible eighteen discomtinuities,
occur below one millimeter of mercury (see below, figure XVI,the summary
of transmission and absorption discontinuities).

The only previously observed transmission discontinuities of any
gas-metal system which have come to the writert®s attention are tho;e
of I-Io].'l;.z2 His apparatus consisted of two large chamb;rs separated
by a palladium system whose temperature wqé under control. Each chamber
was equipped with & mercury U-tube mancmeter, and either chamber could
be filled with hydrogen or evacuated at will, One may conclude from
his paper that no special attempt was made to keep either side of the
palladium cleaner than the other. Therefore neither of his manometers
can be said to have measured a quantity which was proportional to the
hydrogen pressure within the palladium metal. For this reason he was
not able to reproduce the pressures at which transitions occurred; he
only reported that the curwes of pressure against time appeared to
consist of two portions in every case. (Holt's data will be discussed

further below, )



One of the accepted resuits of the work on palladium is that the
greater part of the resistance to passage of hydrogen occurs at the

surface. Tammann and S'::hnei.d.erz3

showed that after palladium charged

with hydrogen had been exposed to air the velocity of occlusion decreased.
Firthz4 devised an experiment which made it highly probable that & pro=-
tective film of palladium oxide was responsible fror most of the inactivitys
of *dead' pailadium. Valentiner®® established that hydrogen sulphide was
a poison for palladiumes The effect of merecury vapor as a poison for the
surface of pélladium has not been definitely conf‘irmedz6 but it is probable
that mercury has some effeect on the transmission of hydrogen by palladium,
bqeause Ramsayls found it advisabie to keep his palladium tube free of it.
All of these vapors are -present in most laboratories, so that unless

great precautions are taken, the surface will become poisoned.

On the other hand the resistance to movement of hydrogen within the
palladium is almost nile Coehn and Speehta7 showed by delicate measure~
ments of the change of electrical resistance of the parts ofepiece of
palladium metal that hydrogen can be made to rlow by the application of
very small potential differences. It follows that if a definite attempt
be made to poison one side-of a palladium septum, while the other side
is kept clean of every contamination but pure hydrogen, & gauge on the
clean side of the septum may measure & pressure which is nearly pro=

portional to the concentration of hydrogen within the palledium metale.

This was done in the experiment described below.
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I1. DESCRIPTION OF APPARATUS

The apparatus consists essentially of two chambers separated by
pelladium foil whose temperature can be controlled by a furnace and
measured with an adjacent thermocouple. One of the chambers ( which
will be called the "outside™ chamber ) may be connected either to a
ges mixing panel or to a diffusion pumpe The other chamber ( which
will be called the "inside" chamber) is equipped with a sensitive
pressure gauge, and may be connected through & small mereury valve
to a larger chamber, which,in its turn, may be connected through a
lerge mercury U=-shut-off to & two stage diffusion pump. A schematic

drawing of the apparatus is shown in figure I.
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FIGURE |. SCHEMAT!G DIAGRAM OF APPARATUS.
Legend: 1, palladium tip, 2,. platinum sleeve, 3, graded seal, 4, furnace
5,Pirani gauge tubes, 6, magnetic shut-off, 7, McCleod gauge, 8, ice bath
9, thermocouple, 10, vapor trap.




Ae The gas mixing panel

The gas mixing panel (not shown in figure 1) consists of a battery
qf four 600 cc. storage pipettes and a burette suitably connected through
a capillary manifold. It was used to prepare mixtures of dilute hydrogen
" with air, inert gases, or poisoning agents. Dilute natural gas was also

used in place of hydrogen.

Bs The palladium septa

Two duplicate palladium tubes were used. Their dimensicns were:
outer dismeter, 6 me 3 thickness, .ib mm.; length of palladium tip,
3 Clle 5 length of platinum connection, 4 cme They were purchased
from American Platinum Works on June 27, 1932. No atiempt was made
to treat the inner surfaces of the tubes, but the external surfaces
were activated by the procedure suggested by Ramsay,l5 namely,
electrolysis for'twenty minutes in 0 N sulphuric acid, using alternating

current at 110 volts without a rheostat.

C. The magnetic shut-off

The inside chamber was made as small as possible in order to
inereease the‘sensitivity of the gauge to exhalafions of hydrogen from
the palladivm, The miniature mercury shut-off was made of a 3/8"
pyrex tube, and the small iron armature was enclosed in an envelope
of a 1/4" tube in order to avoid any possibility of error from
exhalation of gas from the iron.‘ A small powerful cobalt steel
horseshoe was used to hold the valve cup off its mercury seat.

This shut-off was inmersed with the Pirani tubes in an ice bath in

order to prevent variations of pressure dye to0 changes in temperature



of the mercurye At all times the palladium tube was kept warm and the
mercury shut-off was kept cold to prevent the mercury from poisoning

the inner surface of the palledium tube. All experiments were preceded
by a short baking period to drive off any mercury from the inner surface

of the palladium.

D. The Pirani gauge

The gauge tubes were made so that the ratio of sensitivity to
volume was as large as possible. The glass walls were pulled to egg
shell thinness from 3/4" pyrex. Several were pulled, and the two most

similar were chosen for bslance. Two G, G,

platinum-iridium resistance wires,
ninety centimeters each in length,
were mounted in each tube,8s shown

in figure II, at a distance of one

miliimeter from the thin walls.

These wires were free from all
strains and were but forty miecrons
in dismeter. OUne tube was evacu-
ated, beked out and flushed with
hydrogen, and sealed off at a

pressure of about two microns.

The other tube was sealed to the

inside chamber as shown in

.figure I, and the pair were

mounted rigidly together in

Y = -
the ice bath. \\\\_,,//)

FIGURE 1l
PIRANI GUAGE TUBE
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Using a heating current from a storage battery of seventy milli-
amperes, these gauges were found to have a sensitivity of one ten-
thousandth of a mieron (1.2 ohms per mieron) and were remarkaﬁly well
balanced thermally. They were wired so as to unbalance all four amrms

of a Wheatstone bridge as shown in the wiring diagram of figure 1II.

[

' )

FIGURE I1l. WIRING OF THE PIRANI GAUGE

oo

-

The gauges were used with about forty milliemperes heating current,
and the galvanometer was shunted down to give a direct scale reading
of 10 em. = 1 micron on the galvanometer scale. The current was always
set and checked with the potentiometer at a definite position of the
balance resistance and with the gauge completely evacuated. The current
was not held constant during the reading but was checked at the end of
each run by again evacuating and setting the balance resistance at the
standard position.

The calibration curve was obtained *on the wing® at approximately
the same speed of exhaustion as in actual operation by recording the

resistance at the instant when mercury trapped off the charge in the



FIGURE (V. DIFFUSION PUMP PANEL.




McCleod gauge chamber. By repeatedly and quickly working the McCleod
gauge a fairly reproducible curve was obtained.

The McCleod gauge was made and calibrated by Sperling, a glass
blower at the Bureau of Standards.

After the disoontinuities of hydrogen trensmission were found a
test was made of the rate of passage of hydrogen through a capillary
in pilace of the palladivm tube in order to verify that the variations
were not ascribable to the gauge. No discontinuities were found in
the absence of the palladium tubes The calibgation curve of the
Pireni gauge was a straight line from zero to nine microns, and quite
Smooth and regular in the upper curved and steep parts. An attempt
wes made to find discontinuities in the calibration curve by plotting

it on semi-logarithmic paper, but no suspicious breaks were found.

E. The pumping system

The pumping system is best described by the photograph of figure
IV. The apparatus of figure I (using an ionisation gauge &t the time)
is at the left. The outéide chamber pump connection is made behind -
between the first and second stages. It is not visible in the picture.
There is no reason to suspect that the pumps could introduce discon-
tinuities of the typé found. *Bumping® of the mercury in the pumps

occurred very rarelye

II1I. EXPERIMENTAL PROCEDURE
The evacueted system was kept flushed with hydrogen which wes
passed through.the palladium tube from outside. At all times the

inside of the palladium septum was guarded against contamination,.
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Before making a run of data, the system was prepared by evacuating
as completely as possible on both sides of the pailadium tube, by
repeated torching of all glass and baking of the tube at the temperature
at which it was to be operated. The.solid Coz-acetone mixture was
applied to the trap to catch any subsequently generated vapors. A
hydrogen-air mixture was admitted to the outside chamber and several
millimeters pressure of hydrogen was permitted to diffuse into the
inside chember. The outside chamber was then connected to the pumps,
flushed witﬁ pure air or nitrogen, and pumped hard to keep it clear
of hydrogen.

A continuous series of measurements was then taken of the pressure
in the inside chamber as the hydrogen diffused outward, using a stop
watch and the Pirani gauge. The resuiting curves were of two kinds,
depending on whether the volume of the inside chamber was large or
small. The small voiume of the inside chamber was obtained by dropping
the magnetic shut-off. The large voiume included the dry ice trap,
MeCleod gauge and the 3/4% tubeé comnecting with the U mercury shut-off,

‘The princiﬁi? difficulty with the procedure was the speed with
which the data ha& to be taken in order to obtain & clear description
of the discontinuities in the logarithmic pressure-time curves, If
the external surface of the tube was very active, the small volume
inside chamber would require a photographic continuous recording
device to catch the changes "on the wing®. It was found necessary
therefore to do most of the workﬂwith the lerge volume inside chamber,
using an assistant observer to write the figures while the principal
worked the Pirani balance resistance and stop watch. The best safe

rate of working was found to be one point every twenty seconds.
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The random errcrs in reading were principally due to the differences
in the state of dynamic equilibrium of the Pirani and galvanometer
system. ‘he observer read the reéistance and time for several positions
of the galvanometer beam as it swept across the scale, then switched in
more resistance to move the galvanometer beam again to the far end of the
scales This slight sudden change of resistance altered the heating
current in the Pirani chamber, and the heat capacity was such that the
dynamic eguilibrium was disturbed. This trouble was particularly
noticeable ét the ten ohm changes qf the decade resistance box used,
but a careful check established that these changes could not possibly
be responsible for the discontinuities that were observed in the
logarithmic pressure curves. This error had the effect of making
the logarithmic curves irregular where they were actually straight
lines. There seemed to be no better way to obtain a continuous
record of pressure over such a wide range than a Pirani gauge read,
perforce, "on the wing."

Wherever possible, auxiliary readings were taken with the

McCleod during the high pressure portion of the run.



IV. EXPERIMENTAL RESULTS
The data are plotted in figures V to XV inclusive and are tabulated

in the accompanying tables.

A. Diffusion out of a chamber of small volume

Figure V shows the discovery set of data. The points were obtained
with the magnetic shut-off in the down position. Fortunately the
palladium was in & state which permi tted the reading of enough points
to establish the steps in the curve, Without these curves the writer
would not have been led to plot the logarithims of pressure of the
more easily obtained large volume data, and hence would not have
discovered the phenomenon.

These data show that a regular series of transition pressure
thresholdsbccur through which the system cannot readily pass, These
thresholds are at about the same pressures as in curves VI to XV
below, It is evident from curves VI to XV that the diffusion constant
does not fall to the low values indicated by the horizontal parts of
the curves of figure V. It must therefore be inferred that the steps
in the profile are caused by a sudden exhalation of hydrogen which
oscurs at the same pressures as the change in diffusion rate, this
exhalation adding somewhat to the mass of gas in the inside chamber,
and delaying the pressure fall as shown by curves of figure V. The
fact that the pailadium loses its hydrogen in this discontinuous
manner suggests that if it were possible to measure the quantity of
gas released, isotherms of the previously reported step-like profile
would be obtained. This quantitative measurement would require new

apparatus and would be difficult to do. However, if the inside volume
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is made so large that the exhalations of gas from the palladium septum can=-
not affect the pressure appreciably, data may be obtained from which
transmission rates can be calculated. 1t is reasonable to expect these ~
diffusion constants to change as the palladium is contracted by its

loss of hydrogen.

B, Diffusion out of a chamber of large volume (Figures VI to XV)

The logarithm of the pressure is plotted against time producing
a series of straight lines, joined at fairly definite angles. It will
be seen that the transitions occur in many cases at roughly the same
pressures, and that these transition pressures form approximately a
regular geometric series.

Along the straight limes it is evident that the diffusiom follows
the simple law whereby the rate of diffusion through the palladium is
proportional to the pressure:;

T = o

or P = o~Pt

At the transitions a change in the diffusion constant J occurs, which
may be ascribed to some change in the metal. The bend is not always in
the same direction and a few of the transitions are missed on some
curves, The cause is probably connected with changes in the catalytic
activity of the surface, induced by a change in the secondary structure
of the body of the metal.

The magnitude of 8 varies at the discontinuities in a regular way
on some of the curves., For example, an analysis of the slopes of the
logaritamic curve of set ¥ 12 (figure XIII) will show that 3 = kp.

This may be the normal mode of variation which is obliterated by other
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variables of the poisoned external surface.

The discontinuities may occur when the hydrogen is passing in either
direction, Set # 10 (figure XII) was obtained when hydrogen was passing
from a dilute mixture of hydrogen in air into the previously evacuated
and shut off small chamber. This curve shows & sudden change in the
catalytic nature of the poisoned palladium outside surface which caused
it to maintain what was apparently a uniform hydrogen pressure available
for diffusion., The rate of passage through the palladium was discontinuous
at the same pressures as had been measured before in the opposite direction.
It is extremely difficult to produce data of the type of set # 10. When
hydrogen is presented to the external poisoned surface it is generally
not absorbe@ or transmitted. It the pressure of external hydrogen be
raised, the passage will suddenly occur with & rush; that is, the
absorption is autocatalytic. 1t is impossible to follow the change
with a Pirani gauge except in rare instances.

Although the "breaks" in these logarithmiec curves are definite
in most cases, it is sometimes a little difficult to decide just where
the "break" oeccurs. The fact that the palladium exhales & bit of
hydrogen at the same time that the diffusion rate changes causes &
slight rounding of the curve, and a displacing of the whole lower
part of the curve by a slight unpredictable eamount. 1t is also apparent
in some cases that the metal did not assume its new diffusion constant
value immediately, but wavered for a few seconds. See,for example,
the 100 micron break of set # 5 (figure VII), and the 11 mieron break
of set # 6 (figure VIIi).

The rule by which the discontinuities are chosen is: draw lines
through the center of gravity of the segments of the graph. The inter-

sections of these lines mark the critical pressures. There are one or
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two cases, however, as in the 39 micron break of set # 9 (figure XI)
where the exhalation is so unmistakable that the local anomely rather
than the intersection of the lines is preferred to mark the points.

It is unfortunate that in some runs, as in set #.8 (figure X)
the changes in slope are so slight as to be almost indistinguishable.
In judging these curves, the critical reader will bear in mind that
these data are rigorously and scerupulcusly free of personal bias,
The observer was unawere of any change in rate at the time the data
were taken; indeed the calibration curve had to be corrected by
MeCleod readings taken *on the wing,®™ and the results could not be
Jjudged without converting ohms to microns and plotting logarithms,
The results of this operation should contain only arithmetic error,
The points of sets # & to # 14 were plotted by an assistant whose
ignorance of the whole matter can be depended upon. It is probable
that some of the curves might be improved in appearance by correciing
for some highly probable sources of error, as,for example, the
correction of the Pirani ealibration curve for the various rates of
change, the state of disequilibrium induced by the changes in the
Pirani balance resistance. None of this has been done. Xt was
thought best to ieave the data in their original state, because the
essential truth of the existence of a regular geometiric series of
eritical pressures can be seen through the random error by means of
a distribution frequency cu®ve (figure XVI).

On the logarithmic chert of figure XVI & short line has been
drawn,for every tramsition observed,on the ordinate corresponding to

the temperature of the tube at the time. It is irmediately apparent



that these l1ines are grouped around equidistant zones of pressure,

The series fits the formula:

The most trustworthy data are in the region between fifteen and one
hundred microns, because the Pirani gauge calibration curve is steep and
untrustworthy above this range and below it there is confusion with
gases other than hydrogen. The distribution of points in the 21,25,
42.5 and 85 micron regions may suggest a variation of transition pressure
with temperature, as indicated ﬁy the dotted lines. These dotted lines
are drawn on a regular geometric series based on the above mentioned
reliable part of the datas Their curvature, determined by these more
reliable data, is such as to include within the series the absorption
curve breaks of Gillespie, Pérry and Hall.

All the data obtained below one millimeter are new and are reported
for the first time in this paper. An attempt to extend the series by
using data previously published is set forth in the joints to the right
of the one millimeter abscissa,

The trgnsition points shown between one millimeter and twenty
gentimeters are all from absorption curves which are discussed further

below, Their authors either do not recognize them,* as in the case of

¥ My justification for picking out absorption curve anomalies which
their authors did not recognize is that the authors were in evéry
case concernsd with the establishment of so-called "equilibrium®
isotherms which they thought should be smooth curves. 1 have reason
for believing that the experimental error which caused those
anomalies was a very real thing, attributable to the effect of the
exigencies of a secondary structure to which the dissolved hydrogen
was forced to conform.

The group of workers which is interested in the thermodynamiec
properties of palladium have drawn smooth curves wherever possible
and as in the case of Gillespie and Hall”have also subjected the
metal to treatment to eliminate what they regard as ¥frozen
equilibrium,®
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some of the points from Gillespie and Parry,7 or they simply point them
out as repsatable transition points without an explanation, as in the
case of Ubbelohde'sag 9 cme pressure transition,

The group of points about the 360 mm. pressure step was obtained
by Holt22 from diffusion curves in substantially the same way as the
new_points below one millimeter were obtainede The points represent
pressures on either side or‘gggg sides of & tube which was probably
equally poisoned on both sides, The average of Holt's points, which
mey be expgcted to be the pressure to which the palladium was sub jected
in the sense meant in the present experiments, will be seen to lie on
the 360 mm, pressure step curve. This may, of course, be fortuitous,
It is interesting to note that the seme temperature veriation is
implied by Holt's points as is suggested by theése data, and by the
relation of Gillespie and Perry's7 0°C. steps to the extrapolation
of the high temperature series of pressure thresholds.

The experimental results of the palladium hydrogen diffusion
study may be summed up as follows. Palladium metal or its hydride
undergeoes a change at a series of critical hydrogen pressures (most
probable values: 2.6, 5.3, 10,8, 21.20, 48,5, 85, 170, 340, 680
microns of mereury if the palladium is at 400° C.). This change
invol¥es a discontinuous veriation of hydrogen cpntent and of the
hydrogen diffusion constant. Each ceritical pressure seems to decrease
somewhat as the temperature of the palladium is lowered.

By combining the results of this study with the results of
previous workers we are able to extend the series to atmospheric
pressure, 1t 1s believed probable that the discontinucus changes in

electrical resistance, length, magnetic susceptibility, etc. mentioned

in the historical resume have the same hydrogen pressure dependence.



T T T _
! ! T T
i £
HHHH :
. an +
] i ,
o : ! ! FEEEEE HEH
a o ,_ Lt : : tH
| L | N | P
1 :
-
w :
T
T
o
o " ™ ]
(o] F #
o
:
i & Basi:
2 :
)
5
3
3 H
(Y] 1 -
53 ammam:
i
o
o
“o o
z2 2
(o] t
a tH
C -
3 +
4
.n-n__ e
20
)
awn
L s
m 1 A
isas :
' T
SSSsEsamaun 25 i
: -
T
i 7 i . 1T
H e HHHHH R m




PALLADIUM=HYDROGEN TRANSMISSION DATA

Set # 1. Palladium tube A.

Temperature - 715° Absolute.

minutes and seconds microns of mercury minutes and seconds

11’
3ar
13’
15¢
16"
18°
19°
19°
19°
20!
21"
221
23!
a3*
24’
25!
26"
a7’
28"

29"

Time

42"

25"

o7

11"
48"

1LY

20"
41n
50"
42"
340
l”
a5
Ban
ZO"
20"
21"
33"

11®

Pressure

256
168
151
128
97.5

80.5

49
44,8
42
29
295
2352
20
13.9
12.1
9.7
75
Se4

4.8

30'
3L
z2e
32
33"
340

54'

Time

50"

as"

6"

31w

20"

4%

27"

=28

Pressure
microns of mercury
375
2.91
1.95
1.71
1.32
1.00

«80

Set # 2. Palladium tube As

Temperature - 724° Absolute.

14

1o°

17!

g

19

&20°

a1

22°

23!

Time

40"

46"

1"

az¢

20"

as"

427

5"

50”

Pressure
195.5
163.4
160.7
144
132
108.1

86
68

45.5



Set # 2 - continued

minutes

24"

29°

25°

26*

a7t

a7

28°*

28°¢

a9

30

30¢

311

a2

337

340

54'

Time

and

oo

20%

30"

2%

10"

41v

10%

54

10"

on

30w

41"

40n

am

50"

Pressure
seconds microns of mercury
43.2 |
337
30.
25,2
23.6
18
15.9

12,5

8.65
7.95
5.60
2,71
1.73
1.01

+48
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PALLADIUM=HYDROGEN TRANSMISSION DATA

Set # 3. Palladium tube B.

Temperature - 646° Absolute.

Time

Pressure

Time

minutes and seconds microns of mercury minutes and

O'

l'

ll

l'

a'

3!

3'

5!

3

At

3'

13*

21"

54”

44"

oo"

on

22"

54'!

46"

51"

19"

ao"

41!'

o0

3%

11w

21"

ag"

37"

48%

92

76

72.3

68.4

66

63.8

61l.4

S0.1

57

55.3

52.4

50.7

46.4

44,8

43e4

41.9

40.7

39.90

"38.9

37

3t

5t

He

8*

6"

(%4

6°

6'

6

VA

oo

e"

14v

39

- 6%

19"

2o

30"

43%

Si»

6"

4”

14"

24"

33"

43"

YA

6w

13%

24"

S8

wRE.:

Pressure
seconds microns of msrcury

35.4
3465
33.8
30,89
292
27,19
266
25.8
25,1
24.3
2380
23+4
2265
21.55
20.9
20.1
19.1
18.4
17.9
1763

16.6



Set # 3 - continued

Time Pressure Time A Pressure

minutes and seconds microns of mercury minutes and seconds microns of mercury

7' 39w . 16.1 11+ 39 | 68
71 49% 1547 11t 47% 6462
7' 52" 151 11t 55 6.43
8r 4 14.7 | 12 g 6.07
gt 15% | 14.15 12+ 20" 5,97
gt 25" 13.6 120 37" 5,57
8' 39% 129 12° 46" 5.50
gt 51" 12.25 12t 52 540
gr o _ 11,65 121 59 . 5.27
9t 18" 10.95 | 13 10" 4,98
gr 29 | 10453 13* 21* 4,80
9t 40" 10.03 13t 32w 4,62
9* Sin 9.45 13+ 3o ' 4.50
10 9.3 13" 55" 4.27
10 9 8.95 SULIN 4.09
10 16" 8475 14° 15" 3.97
10t 22w 8.55 14 30" 380
10 30" 8.30 14" 447 3.62
10° 417 8,00 14 58 3.50
10° 53" 7.81 150 3% 3.38
10 58" 7.6 15t 17¢ 3.23
11t 11" 7.37 157 31 3,08
11* 21" 7415 15' 40" 3,00

11+ 29w 695 15* 49" 2.90



«37=

Set # 3 - continued
Time Pressure Pime Pressure

minutes and seconds microns of mercury minutes and seconds micerons of mercury

16* 1 279 ' H4w 356
16® 15% 2,67 1+ 23w 346
16°® 22 2.61 1t 45% 333
16° 29" 2,55 | 2% 12¢ 319
16* 35" 2.49 2v 56" 301
16 43¢ 2.43 Be 17w 291
16* 51 2.38 4° 4w 271
16t 5o 2.32 4r 27n 260
17 15% 2.20 4% 4" 253
17+ 3o¢ 2.08 5% 9w 244
17¢ 45v 2.08 5 24n 235
17® 56" 1,96 5% 43" 225
g* 5¢ 1,90 6t 15" 204
180 16" 1l.84 B 48% 186
18v agn 1.78 7f 20w . 174
18* 41" 1.72 7t 46" 164
18° 54* 1.67 8r 18" 156
19* gv 1.61 gr 39w 148
19 23" Lo 55 gr 1n 142
18°* 40% 1.49 10° 130.5
19° 59" 1.43 107 49w 12065
: 11°* 28" 113
Set # 4. Palladium tube B. .
12v 19" 105.2
Temperature - 643° Absoclute.
12¢ 59" 99
o* 383
. 13* 45w 93.1

KA 369



Set # 4 - continued
Time Pressurs Time Pressure

minutes and seconds microns of mercury minutes and seconds mierons of mercury

14 20 8749 250 28" 2643
14* 49* 83.2 25¢ 47" 25.05
15¢ 20" 79.4 26 8" 23,85
16t 51 76. ' 267 26 22.7
16 27* 72.8 26t 43® 21.6
16 55% 70, 27t 1 20.55
17t 24 67.5 27v 18% 1955
19 19* 671 | 27¢ 35" 18,6
19* 34 6448 27t 51 17,65
19° 49 62.6 25t 7w 16.75
20 &% 60.2 287 2% 16.
200 19% | 581 o8¢ 38" 15,25
20* 33® 56.2 287 53n 14,55
20t 59" 52.5 | 29t 7 13,85
21 14 50465 29" 22¢ 13.2
21 26" 48.9 29 36" | 12.6
zi' 50" 45,7 29* 50" 12,
2gr ar 44.15 Z0v 19 10.85
22t 33w 40.7 30t 34 10.35
23T 2w 3746 | 3Lt S% 9.35
250 30w 35, - ZLr 18% 849
237 B 22.8 3Lt 34% 845
24t 21* 30.85 31* 48" 8.1

24° 45" 29.2 - B2 36" 7.18



Set # 4 - continued
Time Pressure

minutes a8nd seconds microns of mercury

32+ H2* 6.8

BBt gn 845

3BT 26" 6425
33* 44w 5,95
34t 2" 5.65
B4 21" 5,35
B4® 40" 5.07
b 1® 4,78
3ot 22¢ . 4.48
350 47" 4.20
36* 12% | 3.88
360 39w 3.60
TANCL 3.28
37+ 3gn 2.99
3% L3® 247

Bst baw 2.4

3ot 42% 2.11
40 7m 2.0

40* 30" 1.88
40* 57" 1.77
41 27" 1.67

4%" 1ls00



AYNOHY3IW JO0 SNOYODIN NI 3dNSS3I¥d

e © ~ © =» < =
iR Vv st e L Epme ki _M:.D EE ” e T et = e 3
il o _& | HH | E2sE =
R e e o e EESEEES EESZEE=C gg=ac=
il i ! i o I =t
I ™ =t 11 0t
w ~ Bt M = e
T i 1 ! - S
_ | | . “ i =
L ) = S daa. e e T35 meE S Re i i == e
| ! i | .
-+ I .._,r m | m +
! i |8
i | l‘) ! _
SRt S0 .14\Alvﬁ. - - S - A S ‘3v - m‘.w - - — —
| . ,
e : | E lm ! znm"
g s e ,. 1] CSE! i
b ) ¢ ! w f |
1 i ﬁ i i
L | ,4 | Bnas|
[ i |
ISR
1

AT 5 0,
t
l
I
|
!
I
|
|
|

MINUTES

8
8
8
IN

TION
olL
trr
I ':,j:bﬂﬁmi
i
s
{
!
{

CUA

e

t

RE DURING |EV.

TIME

PR
6

6

6

HOIT PALLADIUM FO
|

SET

b RS SERES EES pl

X f {
o ! *
02 . , !
Jc..m_ | ]
i e RS o e s
o f 1
R . L.
g

5 o @ o o o
S 9o @ N @ o < ©
AYNOH3IW 40 SNOMDIW NI 3¥NSS3dd

<L




PALLADIUM~HYDROGEN TRANSMISSION DATA

Set # 5. Palladium tube B.

Temperature = 597° Absolute

Time

Pressure

Time

minutes and seconds microns of mercury minutes and

Q¢

1t

l’

1°

2

2

3t

3

30

41t

4

He

5¢

5t

20"

40"

oo
1le"
45"
53"
-’
24"
o1*
ig»

32"

17"
oy
39n
oo
20"
40"
48"

a8

244

235

227

219

215

207

204

198

190

180

172

168

164

158

153

150

143

138

135

133

130

b"

6t

7

7

VA

7

8¢

8¢

8t

8¢

gt

ot

g'

ot

10*

10°

10t

11¢

lll

11'

ll'

15%

49

12»

27"

42"

o6

11"

25"

26"

48"

IR

am

S0

on

18%

47

6"

20w

240

Son

-3]_-

Pressure
seconds microns of mercury
127
119
116
112
110
107
105
102,5
100
99
98
96
91
89
85+4
83.2
77.6
7363
7045
6869

6606



Set # 5 = continued

Time

minutes and seconds microns of mercury minutes and seconds

i2°

12¢

12+

12

13°¢

13®

13*

14t

14°

14°

14°

15°

15°¢

15¢

182*

16°

16°

16t

le®

17*

17*

17°

178

17*

an

agn

30"

46"

6"

a7

Sen

11"

24"

3o

oa"

26"

46"

GEL

4n

iz%

30w

46"

o6

11

23"

54!'

45"

Se"

Pressure

6444
6243
61,2
60495
5646
5246
5043
48.4
4647
45.2
4343
3942
37.0

3660

304
29.5
27.8
26.7 -
85,65
4.6

2307

Time

i8* é&"

18 17

18 33%

18+ 42¢%

18* 56"

19* &%

19¢ 22%

19t 42%
19 59=
20t 247
20°* 46"
21T 7t
21t 2"
al* 40v
a1 54
22t 7"
28 21"
22+ 38"
a3* 16"

23' as"

24° 25"
240 41"

24t 59v

Pressure
microns of mercury
28485
28.1
2l.0
20.3
1904
18.85
17.8
1665
15.6
14,3
13.2
12,23
11.5
11.0
1065
10,0
* 18 515)
9.12
8.72
8.0
6093
658
6425

5.92



Set # 5 = continued

Time Pressure

minutes and seconds microns of mercury

250 13" 5.7
25t 35 5e3
251 sgn 4,98
267 41" 4.19
27 3 3.8
27" 30" 3.42
27t 43w 3.24
27% 53" 3,12
23 11" 2,92
230 23" 2,79
281 36" 2.68
281 48" 2,55
29t 4n 2.41
29t 19" 2.3
29 33" 2.18
29t 47 2.07
z0r gn - 1.97
30T 28% le74
30' 46" 1.62
300 He" 1457

3Lt 1l6™ 1.9 -
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PALLADIUM-HYDROGEN TRANSMISSION DATA

Set # 6. Palladium tube B.
Temperature - 647° Absolute

Time Pressure Time Pressure

minutes and seconds microns of mercury minutes and seconds microns of mercury

o* 710 6* 19" 267
3L" 630 | G 27" . 262
45" 600 6 41% 248

1r 8w 571465 6t 57" 236
1* 20" 559,05 7v 17" 221
1+ 3an 546045 7 30" 216
1 43" 536.85 7 QM 210
gr g 514 g8y 1v 198
2 14" 500 g 1av .~ 190
2t 30" 485 8t 3an 178
2 54" 458 80 41" 173
3r 3 445 8v 47" 171
BT 14" 430 gt gw 162
3 42" 410 gr 18" 159
3 bgm 400 g 26% 154
4* 15" 381 9v 3gn 148
4 48" 345 9t 55 142
5 a" 325 10* 15" 134
o 27% 310 10t 27w 132
5% 36" 303 10°¢ 37% 129
5t Han 280 11°* 1® 120

6t 5" 277 11° 24" 112



Set # 6 - continued

Time Pressure Time Pressure

minutes and seconds microns of mercury mipgutes and seconds microns of mercury

11* 47% 109 18t 5w 28
2+ 20 103 18 13» 20,65
IRy 11* 101 18t 41" 22.65
12+ 26" 99 , 18* 53" 2le3
12t 39 95 19t 23 1862
13* 4" 87 19 53" 15.42
13t 24" 8169 20¢ 12¢ 13,85
13+ av 8043 20t 21% 13.2
13! 45" 74,8 201 BgN 12
14 16" 678 21' ev 11.45
14+ 22% 6667 21 24% 9¢55
14+ 29" 60,6 21t 42" 8473
14 38" 63.4 29t 1w 7.98
15 o" 5869 22t 20" 743
15* 19" 55.9 23t 41" 606
15+ 327 5364 22t Hgn 6635
15 50" 50,4 2% 3w 5.94
15t 55 49,6 230 14" 5,68
16 17* 45,3 23 27n 5.31
le* 36" | 42 230 3gn 4,97
le* 52" 392 24 5% 4.3
17+ 9" 36445 248 20" 4,05
17 24" 34 24t 3BEY 3675
17+ 39" 3Le7 24t 55% 3e42

17 52 2802 25¢ 3" 28



Set # 6 = continued

Time

minutes and seconds microns of mercury

25¢

26*

26°

26°

26°

7t

27¢

27°

plold

28°

29°

29°

29°*

29°

29¢

30°

30°*

30¢

30°

Sen

is»

) Ay

39"

o4w

g’

37"

46"

ue

ot

25"

3an

41"

434

11~

20%

29"

3

Pressure

2,55
2.3
2,18
2.12

© 2,00
1.87
1468
1463
1456
1.3
129
1.18
1415
le1l
1.1
1.03
1.01

.99

96

Y
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PALLADIUM=-HYDROGEN TRANSMISSION DATA

Set # 7. Palladium tube A
Temperature - 645° Absolute.
Time Pressure Time Pressure

minutes and seconds microns of mercury minutes and seconds microns of mercury

or 80.0 gr 28" 189
o 277 8t 20% 188
o0w 279 g 35® 187

1t 4% 273 8t 42w 185

1% 2= 268 8'- 46" 183

1® 4g* : 266 gt H4v 181

2t 25w 262 9t gw 178.5

3% 30 283 9% 20% 177

Bt Haw ' 246 : gt 35w 172

4* 1" 244 ' gv 4an 171

4* 11v 241 ge 45? 170

4% 26" 237 | gy 50 169

40 40" 254 9r 55" 168

5* 10" 232 10t 1* 167

5 0% 229 10t 27 160

br S9v 224 107 3én 159

6 31%* 24365 10* 38% 157

6% o8 210 10 43w 158

7¢ 26" 204 “ ' 10 49% 155

7Y 33w 202 10 54 154

7t 3" i99 10* 59 152

gr 2% 194 11t 4% 151



«40-

Set # 7 - continued
Time Pressure Time Pressure

minutes and seconds microns of mercury minutes and seconds microns of mercury

i1* 2g% 145 14t 17¢ 102
11+ 33 142 14 22% 101
11* 39n 141 o 14® 27 99
11* 44% 140 | 14t 39w 96
1L+ 50% 13¢ 14® 45¢ 94,5
11 55¢ 133 14 50" 93,5
12 136 14 54% 92.5
12+ 13" 132 15¢ 13% 88
12¢ 17* 131 15t 23® 85
12+ 20" 130 15* 28% 84
12 24% ‘ 129 15t 3gw 83
12 2% . 188,95 15® Zgw - 82
12 31v 187,5 15t 47w 7945
12v 34" 127 15° 51» 78.2
127 44v 123 16' 8w 7305
12* 49" 122 16t 12* 78.8
12+ 53w 121.5 l6® 29% 693
12¢ g7v 121 16 32" 68.5
137 27% 114 16°® 45% 65.5
13v 33w 112.5 16 50% 651
13* 49% 108 16* 52% ' 6446
13t Hom 107 16' 55¢ 64
14t 1v 106 17+ 8v . 6L.3

14t 7% 108 17t 11% 606



Set # 7 - continued

Time

minutes and seconds miecrons of mercury

17*
179
17
17°
17*
17t
17°
i8°*
1g*
18°*
18°*
19°*
i9°*
i9°*
19°*
19°*
20°*
20*
20°
20°
20¢
20°*
2L’

PAR

a1

25"

piotad

42%

40"

47%

oo

LI

24"
40"
58

ge
20"
32w
41w
oon

g®
0%
26”
39"
48*
g
11

80"

Fressure

08.8
8.4
57.85
S5e4
54.9
54.6
5266
01.75
45,8
45,25
42.6
40.8
391

37.9

28.2
27.1-
80.8
2446

3.7

Time

L]

Pressure

minutes and seconds microns of mercury

aL*

21'

al'

23°*

22°¢

22

22°*

a3*

23°

23°

23*

23*

24 ¢

24¢

24°

24°

as5*

g25°

26°

26°

26°

26°

26°

29"

4%

50w

15"

a7

43"

Son

5%

15"

24"

37

50w

6w

a7

4z
o6"

7w
19"
26"
o3

g
25"
58"
47%

s8w

22.9
21,9
2l.2
19.4
18,6
17.6

16.9

14.65
14.
13.3
12,55
1261
11.8
1l.4
11.15
1l.
10.4
10.1
9.72
9645
863

9.15%
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43

PALLADTUM=-HYDROGEN TRANSMISSL1ON DATA

Set # 8. Palladium tube A.
Temperature - 560° Absclutes
Time Pressure Pime Pressure

minutes and seconds microns of mercury minutes and seconds microna of mercury

or 280 ' 17+ z1* 100
1r g 262 17+ 51% 98
3t gn- 292 18* 10* 26
3t 39" 248 18* 27¢ 94
4° 34" 240 18° 42w 92
St 27% 223 19* 6% 87.6
6t 44w 219 18+ 2gv 83,2
7¢ 1o% 202 18 45% 81
gt 2» 180 20t 4% 79.3
8t 45% 187 20t 20% 7768
9* 19 179 20t 33w 75.8
10¢ 170 20* ol*® 7443
mease . 1eL gle 4w 72.7
12t 14% 147 21+ 18" 71.1
12t 47 142 aL* 30w 6960
13+ 22w 137 21 43% 67.8
13¢ o1* 133 21 oav 64.8
14+ 19" 128 - 23+ 11v 5@
15t Je* 116 23% 23 576
let 22 110 | 23t 6% 5663

17t &a» 102 24¢ 5346



Set # 8 - continued

Time Pressure Time Pressure

nminutes and seconds microns of mercury mimutes and seconds microns of mercury

24* 22% 50¢3 31+ 8w 27,65
24°% 48% 48.6 3l 30% 2667
25' 10% 47.2 31r 547 85,6
25¢ 32w 45.9 ‘ zoe 21w 24.5
207 42% 45,2 32 3o% 23.7
25t 51w 44,65 32t 48% 23.2
26°¢ 44 ZZe g 28,5
26 33% 42 35¢ 25" 2i.85
26" O1L% 4085 3T 458 21.2
27t 11* . 3946 34e e 20,65
27¢ 29% 36O Z4t 3Bo® 19.95
27t 37 379 24T How 19.25
27t 47w 37.35 ZH¢ 28" 18,4
27¢ 58 - 36.8 359 53 17.6
28 16" 35.8 37r g% 15,7
2g* 42w 34.45 Bge 25w 15.25
29t on ' 33.2 Fre 470 14.7
29t 31% 32.1 38T W 146,15
29 How 30.9 38 27 13.75
30 10 3043 age 40w 13.35
30t 23% 29.6 - zQe 13
30t 40% 24,9 3qe 1" 12.6
300 Som 28.3 39* 3% 12.2

3Lt - 39T 49" 11.9



=4 Do

Set # 8 - continued

Time Pressure Pime Pressure

minutes and seconds microns of mercury minutes and seconds microns of mercury

40°* 1o% 11.35 47+ 9w 5.9

40t 49% 10.65 471 26" 5.7
41¢ 3@ 10,35 47+ 38" 5.6

41°* 18% 10.05 ' 48+ 11% .29
41t 39 Be65 481 24v 5.18
41' 59% 9.3 ' 48¢ 41" 5.06
42°¢ 13" 9.0 49t 1v 4,87
42 30" 8,75 49t 16" 4.74
42¢ 9% 8.6 49+ 20% 4.62
42°¢ 50" 8445 49" 44w 4,51
43* 1w 8.3 50t 7% 4.33
43+ 10" 8415 50 24v 4.21
43¢ 2" 7.95 | S50* 41% 4,10
43¢ 37 ' 7.8 50t H7% 3,99
43+ 49" 7.68 51t 14% 3.86
441 ' 7.07 5Lt 33 3.72
44 48" 7.4 oae . 3.54
4o 3% . 7.2 58t 35® 3.31
45 22% 6.96 52t 53% 3.19
4o 42" 6.8 o3 13% 3.01
45¢ og* 6.6 - 53¢ 34 2.78
46 20% 6436 54v 2w 2.65
46°* 40" 6.18 54° 14w 2.59

46" ST 6.0 54t 29 ' 250
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PALTADIUM~HYDROGEN TRANSMISSION DATA

Set # 9. Palladium tube A
Temperature = 545° Absolute
Time Pressure Time Pressure

minutes end seconds microns of mercury minutes and seconds microns of mercury

ot 150 ‘ 6t 49" 5.6
13w 132 71 gn 5.2
3an 119 7 25w 4.95

1r 4" 28 gt 13"  4.42

1t 25" 86 gr 37 4.24

1 39" 73.5 gr o 4,05

1Y 50" 68 g 33w 3,94

ar 3 60,3 ‘ 9t 48" 3,88

gt 27 50.3 10t ov 3.8

2 50" 39,7 10t 30" 3.75

3r g 38

3 21 28.6

3! 56" 19.9

4% 14% 14.6

41 42v 12

5' 18" 9.2

51 32" 835

5 47" 7.6

gt 3n' 6.9

6t 24% 6.4
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PALLADIUM=-HYDROGEN TRANSMISSION DATA

Set # 10. Palladium tube A,
Temperature - 60L° Absolute.

Time Pressure Time Pressure

minutes and seconds microns of mercury minutes and seconds microns of mercury

3t 4% 1.83 ' 19+ 12° 27,7
4% 17 1.98 19t 46" 29,2
4% 29" 2.01 20" 24% 31.0
4 42m 2,04  20v 57* 32.4
St 31 2.14 21t 27 336
5r 53 219 21t S56% 34.9
6% 36% 2428 227 40% 36.8
6® 57 2.33 23t 44® 39,7
gt o7 2.61 24t 50% 42.%
10+ 30" 2,73 250 41% : 43.8
12+ 2a» 3.03 o7v 23w 46.4
12¢% 40% 5.03
Set # 11, Palladium tube A.
13* 20" 9,03
Temperature - 601L° Absolute.
14t O0% 12,53
24 4% 47,0
15 7= 13.2
29 gv 30.8
1ot 4w 16.0
29° 45% 306
l6°* 26% 18.4
' 30¢ 13" 27.0
ler &3% 2061
30°* 35" 24.45
17t 27» 22.1
30t 59% 88,3
17+ 49% 2342
31* 26" 201

18 39% 20.8



" Set # 11 - continued

Time

Pressure

minutes and seconds microns of mercury

31!

32t

oat

33°

83°

340

240

30t

3o°

3B

a37°

37¢

37t

0w

13%

39%

6ﬂ

42%

23%

54w

ag"

50!'

34!’

ow

26"

oon

18.4
16.9
1.4
14.0
12.7
11.55
.10.88
1064
‘985
9.2
8,08
8.29

860

=50 =
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PALLADIUM-HYDROGEN TRANSMISSION DATA

Set # 12. Palladium tube A.

‘remperature - 720° Absolute.

minutes

o'

1

1¢

a2t

2¢

2'

3t

3'

41

4

4

5¢

ot

6'

6t

6'

VAl

7'

3'

Time Pressure Time

and seconds microns of mercury minutes and
| 832 ' g

33% 110 gt 27%
a0 62.5 gt o7
7 | 48 10* 19"
KA 37.5 10* 57
55" 50.5 11v 29"
a7 23.85 11+ 53¢
41" 21.6 18y 37

3* 19.55 13 15"
21" 18.2 13+ 5g»
43" 16.0 14* 48"
10" 15,39 15' s5zv
9" | 14,55 16' 41"

6" | 13.86 17+ 8v
35" 13,30 | 17 42n
54" 13.08 1g' 3on
a0 18.7 19 4
46" 12.48 19+ 5"
16" 12,13 a1' 10"

-52=

Pressure.
seconds mierons of mercury
11.78
11.54
11.41
11.2
10,97
.10.75
10.64
10.42
10.22
10,08
9,83
9.63
9.44
9.34
9.25
9.08
92.00
8.85

8,66



Set # 328 - continued
Time Pressure

minutes and seconds microns of mercury

221 31w 8.48
23 41* 8.32
241 3" 8.17
25 3gn 8.02
26 42" 8.9
270 37n 7.8
280 15w 7,69
29 27% 745
300 20" 7437
31! 11" 7.24
3Lt 59" 7.12

- 33 20" 6.95
340 38N '6.76
35 B7w 6465
36 B4w 6455
370 29% 6.41
38 16" 6.31
By 5L 6427
39 4g® 6420
40t 33w 8415
41v 25" 6.08

42% 20" 6.00
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PALLADIUM-HYDROGEN TRANSMISSION DATA

Set # 13. Palladium tube A.

Tbgperature = 643° Absoclute.

minutes

Q¢

1

1

1°*

l'

l'

2

a2t

PAJ

2y

3'
3¢

KA

Time

and

gn

gan

33"
41w
49"
5"

6"
1L
17=
ao"
36"
45"
51w

e
10"
17

41

an
11"

18"

Pressure

Time

seconds microns of mercury minutes and

680
l550
" 445
385
218
208
260
212
187
168
149
118
104
95A
74

62

30.6
30.8
28.3

263

3¢

2

3¢

3t

4

4t

4'

4'

4°

5t

5¢

5¢

6'

6

[N

7

7t

gt

gt

ot

3%

39"

45%

549

2n

14w

a7

42

57"

12w

56”

o

EAR

34"

50!!

33"

a7

a4n

49%

10%

Pressure
seconds mierons of mercury

2348
22.6
21.6
20.5
19.55
18655
17.65
17.1
1666
16.88
16,00
15.8
15,69
15.6
15.53
15.4
15.31
15.2¢
15.1%5

15.1
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PALLADIUM-HYDROGEN TRANSMISSION DATA

Set # 14, Palladium tube A.

Temperature - 95980° Absolute.

Time

Pressure

minutes and seconds microns of mercury

(924

1
1
1

1
o
o

2¢

3'
3
3

3'

4
49
5
¢
st

(%4

13"
25
46"
le"
2an
30"
S0
3"
g»
28
50"
3”
17
2aw
50%
20"
39%
58"
17"
ag
55"

aan

108

87
6769
47.2
295
226
1663
13.2
11,08

10.

9.3
4.7
4.8
3.92
e 74
3,61
3¢5

Bo4

3e3

=57
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Ve A SUGGESTED EXPLANATION FOR THE RESULTS

Ao The relation of hydrogen concentration to secondary lattice spacing

The present section will anticipate the results of the tentative
theory somewhat in order to summarize the data more effectively and
prepare the concepts to be used inm the more formal section below,.

When hydrogen is absorbed by palladium the hydrogen is distributed
aiong certain egquidistant planesld of low potential which are an
intrinsic property of the metal. 'this peculiar distribution of hydrogen
is illustrated by the heavy line latitice of figure XVII. The possible
surface density of hydrogen along these planes is lLimitede Most of the
hydrogen atoms bear positive charges,27 80 that subsequently absorbed
hydrogen is repelled by the first éet of planes and must form a new
set of planes (indicated by the dotted limes of figure XVII) as remote

as possible fram the first set. it is suggested that the repulsion

-
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exerted by the first set upon the hydrogen which is entering to form the
second set may result in & pressure threshold, which the external hydrogen
must excesd before the internal hydrogen concentration can be increaseds

It is natural to assume that a plane of hydrogen is combined with a
single layer of primery lattice eubes, and it will be shown below that
this assumption beést fits all the evidence.

Each primery face-centered cube is associated with four atoms of
palladiun.7 Those which lie in the hydrogenerich planes bear either
none at all or two atoms of hydrogen, in the form of the partly stable
bydride Pdy 32.7 The proportions Pd4 Hy are established byla study of
concentration pressure diagrems of hydrogen in palledium. NoO evidence
has been found for & hydride having proportions Pd4 H.7

Having assumed that each hydrogen-rich plene is & plane of primary
cubes, and knowing thet each cube must bear two hydrogen atoms ( at low
temperatures ), one is in a position to relate any given eritical hydrogen '
' pelladium concentration to & particular secondary plane spacing. In
turn, each eritical concentration may be related to a corresponding
threshold pressure if one can relate a single concentration to its
respective threshold pressure.

Figure XVIII shows a plot of data obtained from the work of
Gillespie and oollaborators.7 It will be seen that if these assumptions
are valid the set of hydrogen plenes which was established at the 2 mm.
pressure step was Tilled when the concentration reached 1.5 cce per
gram, where the pressure begins again to rise. Hence the ratio of
empty elementary cubes to hydrogen bearing cubes is 35 to one {652.5
ec. per gram = Pd, Hg)e

If all the hydrogen bearing elements lie on a rectangular secondary
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lettice made up entirely of omne thickness of such elements, the spacing
demanded by & solution of the cubic equation involved is 104 primary
eube elements between secondary planes. Applying to this figure the
x-ray measurement 3,95 A°® for the primary lattics® spacing,> it may
be seen that the distance between planes &t the 2 mm. pressure step
is 408 A°,

- Xt follota immediately that if this explanation 1s accepted, the
eritical pressures are related to the secondary lattice spacing in the

scheme of columns A and B below. Column A is plotted on figure XVI.

Critical Pressure Secondary Lattice Photomicrographic
(400° C. ) spacing. measurements of iattice
A B _Speacing. C
2e6 41.0 37.8
93 ) 20,58 18.9
10.6 10.28 95
€1.25 Microns of 014 pMicrons 4.8
42,9 Meroury 2657 24
85,0 1.2864 1.25
170.0 ; 6432
340.0 _ + 3216
« 680 1808,0
1,360 804.0
2,780 402.0
5e44 ' 201.0
10.88 Millimeters 10065 Angs trom
21,76 of Meroury 50,25 Units
43,52 85,185
87.04 12,56
174.0 .8.23
348.0 3.18

1t will be seen that the last member of the series of eritical
pressures (which was observed by Holt) refers to a secondary lattice
spacing which is of the order of, the primary spacing, but does not

agree exactly., It may be comcluded from this that the tentative model
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of structure &gieea with the experimental indications as to the total
number of discontinuitiese It is coneluded that if hydrogen is led
into pailadium &t low pressures it will form plenes in & regular
spaecing which is not an exact multiple of the primary spacing but
instead fits & secondary "verhakung."™ As more and more sets of planes
of hydrogen grow through the liattice, a situation in which the demends
of the primary spacing are such as to make the secondary spacing
unstable for the hydrogen planes is implied. The only available
primary planes willi be too far from the center position of the seeondary
lattice. It may be this incommensurateness of the secondary spacing
which makes it difficult to obtain the discontinuous isotherms at the
higher pressures, for there the secondary lattice of foreign atoms
should break éown and go into solution ohéotically. The only truly
reproducible discontinuities at high pressures (probably) are the ones
a2

described by Holt ~ and perhaps one or two neighboring transitions as

obtained by Ubbelohde.32 These men began with saturated palladium end

studied the dynemic isotherms as hydrogen was drawn from a saturated

lattice.

The fact that the conecentration of hydrogen at the two millimeter
step, es measured by Gillespie and cOdworkers.7 can be used by the
theory to relate the threshold pressures to the lattice spacings,in
such a way that the smallest possible secondary spacing fits the
largest measured pressure threshold, is regarded as confirmation of the

theory. on the other end of the series it is observed that the 41

microns predicted is very near the 1b0 micron thickness of the foil

usede



In all there is room for eighteen pressurse thresholds between the
photomicrographically observed 37.8 micron spacing and the x-ray (3.95 4A°)
primary spacing. There is some experimental evidence for the existence
of all but two of these. The two which have not been observed are in a
region where the theory predicts difficulty because the secondary series

and the primary spacing are inconmensurate.

Bs Quantitative statement of the theory

A homogeneous metal lattice will be everywhere neutral if the
volume considered is large enough to include several atoms. Let a
plane of ionised foreign atoms be thrust into the lattice. It is
evident that as the electrons concerned have a relatively large & priori
volume in which to disperse themselves, there will be an excess of
positive charge in the neighborhood of the plane of foreign atoms,.

A surplus foreign atom, being positive, will be repelled from the
immediate neighborhood of the plamne, and later planes will be spaced
therefore at distances apart that are as great as the volume of metal
permits, being also restricted by the secondary structure of the metal.
From symmetry it may be inferred that such a secondary structure of
foreign atoms will comprise three dimensions, particularly in a
lattice known to be cubicale. -

ILet it be assumed that a set of such planes of hydrogen or other
ionised impurity is formed., What is the distribution of potential
ascribable to these planes and how will this potential affect the
formation of the succeeding sets of planses?

The laws governing the potential distribution will be those used

in treating fthe distribution of electrons near a hot metal surface:
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0" = volume density of charge,

£(V-Va) & = aielectric constant of the
=@ KT palladium lattice when devoid
of the valence electrons.

and the differenmtial equations to be solved (in one dimension)ares

c(zv ) i, — ? e—v-
The boundary conditions used are,(see figure XIX)
vV
at x:o; -3-—;:0, V=-O’ g = g,

The solution is: -

FIGURE XIX.




It is evident that the next set of planses of foreign atoms must
form midway between the planes of the previous set, for there the
potential is lowest, and the critical concentration of foreign atoms
will be built up there first as the external pressure of foreign atoms
increases, The only 1nformt1§n which might fix O is the fact that
at the plane there are two positive charges for every elementary cube
in the plane of cubes, This boundary eonﬁition is hard to use because
at the plane V approaches infinity.

COnsidei' the effect on the original electron distribution of the
formation of the new planes of foreign atams. There will be no mutual
induction effects, for every electron is in equilibrium under the |
opposing vectors of concentration gradient and po‘tential gradient.

Adding directly the solid line potential and the subsequent dotted
line potentials 2ne'n)4, . ﬂ) .
Vo oy con (HET )+ o con (3] K+ )]
nHo

- ?‘%‘1 ‘03. cos 2 {M}‘mx .

KT

Hence, the effect of adding two sets of planes at distance S, to get
a double set having distance 8/2, 1s the same as would have been
obtained if the gpacing 8/2 had been used in the original caleulation.

It is therefore true that the variation of the potential of the
space midway between the planes, as the number of planes is successively
doubled, miv be obtained from the single curve of potential for one
spacing and having a fixed T o Namely, the subsequent lowest potentials

V, are given by:

Vv\ = V5 _52'_‘“5)
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or if the coordinates are shifted so as to make x = 0 at the plane

instead of midway between the planes

2 \/ =~
Vo= Va(§) =~ BTy o (255

As most members of this series are close to the plane

_ _2KT . (2WETVEX
Vo= “%"'“S{—Tﬁ-‘“ ';jﬁ (1)

This formula fixes the height of the potential barrier which the ionised
foreign atoms must pass in order to get into the palladium at the place
where the successive planes form. The successive values of the potential
are indicated on figure XIX, being at the intersections of the potential
graph with abscissae, each of which is half as far from the boundary as
the previous abscissa.

In the process of passing into the interior of the metal, the
hydrogen molecule must be adsorbed to the surface, atqmiséd, ionised
and probably distorted by the forces of the metal. In the case of
hydrogen in palladium all this results in the release of energy as:
H,+ 4 P4 = 2 Pd, H) + 9280 at 0° C., 1 awm.?
It is assumed that these things remain constant with pressure and
their effect is lumped into the constant %X, Thus, if N is the number
of molecules per cec. at the surface of the palladium, the number per
cc. penetrating the potential minimum depends on the potential im this
way P:Ndeﬁ%

It has been shown that the potential takes & series of discrete values

V . Substituting from (1) Y, =3 %%
. X 2 E205) 2 X
- Lo pamape ) = N (R )

Pn: N“o(e.
=\2
c (X\%& .. . .- ..
= NS () )

R )
__zn*ecr.)/
entrets



At a ceritical valus of P , the same for every n, & new set of

planes is formed. By equating f’“ to (‘a4 the ratio of the successive

Ny
“+ 1 X
n S

\'p = prassure.
is obtainede

At a fixed temperature, then, each Successive coritical pressure
is 28/3 times as great as the preceding pressure. This prediction is
fulfilled by the experimsntal evidence given sbove and is in agrpement

with many other discontinuous absorption isotherms in metals.¥

* The pressure steps which Benton5 finds 1n the absorption isotherms of
copper, nickel and iron are generally in a series which is not quite
geometrice It is apparent that in the case of copper, € , in the

formula Pass N 2%42

Pn

is a larger number than 2 and may vary a&s the polarizability of the
atoms varies with the field strength. 1t is probable that the atoms
have different polarizabilities in different directions, so that in
the case of magnetic materials in which the orientation varies
systematically with the secondary structure, the symbol £ will

have to be written as a function of ne.

If the temperature is psrmitted to vary, it would be expected
from formula (2) that each critical pressure would vary with the square
root of the absolute temperaturee There is an indication in the above
summary (figure XVI) of a decrease in Pn with temperature which is

greater for low temperatures.®

* In order to obtain a competent theory of temperature variation it is
probable that one must treat the intermediate processes lumped in
the above constant oKX

The pressure thresholds of the above suggested theory have been



calculated in one dimension., The superposition of two other sets of
orthogonal planes of bound atoms with associated electrons may be
accomplished by direct addition of the potentials, since all positive
charges are assumed to be bounde

It would be expected from this explanation that eritical values
of the hydrogen pressure might be found separately for the planes
perpendicular to each axis. The critical pressure of every completed
cubical secondary lattice would be double the completed cubical
lattice of the next larger spacing, but the possibility of the existence
of two intermediate smaller discontinuities is not exeluded by the
theory. This is seen in some of the recent adsorption isotherms of
Burrage.:"l There are intermediate bends in some of the logarithmiec
curves of the present paper which may be so interpreted. The data are

as yet incompetent to establish a "fine structure."

Co Test of the theory from the general shape of absorption isotherms

The above theory states that a new set of planes of hydrogen atoms
strikes through the metal at every ome of the critical pressures listed.
This definitely fixes the concentration as a function of the pressure,
Having related a particular spacing of the above geometric series to its
respective pressure discontinuity {by an absorption measurement) one is
in a position to calculate the concentration to be expected at all other
pressures.

Thie lew is derived on the assumption that the temperature is such
that every cube element of & plane of palledium cubes has its full

complement of hydrogen (each cube Pdy Hg)e



Let the primary lattice be &, and let the distance between planes of
hydrogen atoms be 8 (see figure XVII)e By & plene of hydrogen atoms is
meant the atoms which 8re contained in a slab of elementary cubes of thicke
ness a, in which each cube holds two hydrogen atoms. The number of hydrogen
atoms per unit area of such & plane is 2 (l/a)a. Gounting all the atoms
on all the planes of a un;t éube independently the figure N_ is arrived at

P
for the number of atoms on the planes.

Nplanes = 3 e 1/8 ® 2 (1/5)2
Along the 1nter§ectiéna of such plenes there are lines of common atoms
which have been counted twice and corner atoms which have been included

three times in the figure Nb. Correcting for these duplications

: 1 2 1 2 1.
Bp=®egem-8.5.g vig
There are four palladium atoms to every elementary face-centered cubse,

meking a to%al of :

N = i 1
Pd 4,‘-‘5.
The ration of number of hydrogen to number of palladium atoms is thus:
1.2 1 2 1
Goncentration:nt.a0-;°-€3-5032oa +2-8-5
4
a®

=158 _15 @+ 5 @5
8 may take a gecmetric series of values based on & secondary spacingTv
which is a fundeamental property of the metal, namely:
8 = TT'Z%E
where n takes & series of integral values, each of which refers to a
particular number of a geometric series of critical pressures as well as

to the spacing involved. Thus,

.E‘.: Z%

n
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where p, is a pressure depending on the degree of ionisation, etc. of the
hydrogen or other impurity involved. This theory is as yet not competent
to decide which pressure threshold refers to which spacing, but if one
pair can be related experimentally, the relations of all the others will
be known. The data of figure XVIII is used to relate the two millimeter
pressure step at 0® C. to a lattice spacing of 402 A°., Because the
microphotographs (described in the next sQetion) are probably more
aceurate than the- position of the dotted iine of figure XVIII this
figure is corrected to 379 microns, which is the cqrregpoﬁding value in
the series extrapolated from 39.5 microns as a convenient mieroscopically
determined base. Also for convenience, 19,5 microns is chosen as the
corresponding pressure base (19.5 = & mme X }2.10 Jo

This results in the following formula for the highest concentrations CP"

at each pressure threshold:

= =3 v -8
395 x 10 P. ; 395 x 10 P, 2
C_. =1.6% ¥ tn - 139 x X -n
P, 3.95 x 10-3 1T 100 3,95 x 10~9 1,95 x 10~°
A8 :
3,95 x 10 1,95 x 10%9
= 1.5z _1.5 ggs)aa--.s {2 . o (4)
- 195
188
P in cms. Hg
C in Atoms of H .
Atoms of Pd

The values of ephare shown on figure XX as cireles. The solid line
rcpresents the memner im which tne} concentration should vary with the
pressure if the secondary lattice persists unbroken into the higher

pressures. The low pressure end of the curve is shown on figure XVIII

as a solid line, The pressures used there are taken from figure XVI.
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Because the secondary iattice and the primary lattice are incommensurate
at the close spacing, it should be oxpeéted that the high pressure range is
metastable, and that the “breaks®™ will be habd to reproduce exactly. Actuslly
the measured points lie all over the region defined by the theoretical curvee

The assumption that every elementary cube of the plane of hydrogen
atoms is saturated is relatively true only for temperatures in the neighbore
hood of 0° Co The cheeck obtained between theory and Gillespie’s points
in figure XVIII may indicate that at that temperature all parts of the
plane of hydrogen not iying on the 1nterseot19ns of the planes are saturated
within 5%

A collection of data on the variation of hydrogen concentration in
pailadium with temperature is contained in a paper by Sieverts,°® The
curves show that as the temperature is reduced there is & sharp increase
in concentration at about 150° C. {atmospheric pressure) where the ratio
of hydrogen atoms to palladium atoms changes from about .06 to 4. As
the temperature is further reduced to 0° C. the concentration approaches
the proportion -5 (sz E) asymptotically.

The work of uillespie, Perry and Hall’ at 0° C. shows an interesting
eheek of the theory at low pressures. At the higher pressures the check
is tenable. Because the secondary spacing is not commensurste with the
primary spacing, the secondary planes cannot penetrate a primary plene
exactly halfway between the set produced at the next lowest critical
pressure, but must iie in less stable positions omn either side. According
to this theory then, the higher pressure steps are not as stable as the
lower steps, but are of the nature of metastable states which might be
obtained by special experimental arrangements such &s perfectly pure

single erystals, etce it may be significant that isotherms which do



extend a considerable way into this metastabie state have been measured

at 0“0.3‘

10 -

The usually accepted generalization is that of Sieverts ho

summarizes all his work, at any temperature, by the equation

C = kTp +kKep
kz is negligibie at the higher temperatures and is about three percent
of k, at the lowest temperature tested {138°® Cs)s By using the lower

pressure portion of Glllespie, Perry and Hall's ?

data to establish the
vaiue of ki in the above equation, & series of points has been calculated
which represent the curve &as Sieverts would have found it; 1i. e., without
the sudden break toward higher concentration {which Gillespie and co-workers
were interested in estabiishing by violent heat treatment ) and at the
required tempergture.

This *®generalized experimental curve® is plotted over the calculated
curve on figure XX. it wiil be seen that the resemblance is satisfactory.
At the lower pressures some parts of the palladium sample, being less
reguiar in structure than others, immediately absorb their €full complement
of hydrogen, so that the experimental curve may be too high at low pressures.
However, Sievert*s law is not valid at these iow pressures. The true
situation is shown by the data of Tigure XVIil. The subsequent course of
the curve shows too small a rate of absorption of hydrogen with pressure
because the proportions are calculated in terms of the total weight of
the samples Actually only a part of tﬁe sample was still absorbing
hydrogen. if the chaotic grains of the absorbing sample had been

separated from the more regular grains the absorption curve would reproduce

the theoretically calculated curve more exactly.
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Sieverts explained his square root relation by postulating that the
hydrogen dissolves as atoms and appealing to the faet that the very small
concentration of H atoms in the gas phase is proportional te the square

root of the pressure. Tnmmannll

objected that Henry's law, used in
Sieverts® argument, is valid only for reversible systems, while in the
case of hydrogen in palladium marked hysteresis had been observed.

The theory presented above shows that the square rootv relation is
only apparent, being the effect of the changing ratio of atoms on
intersections to atoms on planes &s the nﬁmber of planes increases.
The presence of discontinuities in the absorption curve of figure

XVIII definitely decides the issue in favor of the lew of equation (3)

above and ageinst Sieverts® law.

Vi. SUPPLEMENTARY MICROPHOTOGRAPHIC STUDY

If the theory suggested above 1s valid the presence of a 2.5 micron
pressure threshold in the data of figure XVI deme&nds the existence of a
4] mieron secondary structure specinge Since this spacing is within
the range of visibility of the microscope an attempt was made to photograph
it. The results obtained are not conclusive, but are presented here for
whatever significance may be attached to them.

The tubes used in the transmission experiments have been subjected
to a treatment which might be expected to develop a visible secondary
structure., In preliminary activation they were electrolysed in Hg 804
(e® Ne, 60 cycies, 110 volts, withgut a rheostet) and rubbed with fine
emery powder to remove the siime of oxide. ‘They stood for days in the

presence of extremely low concentrations of hydrogen at temperatures up
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to 400° C., and were repeatedly oxidized and reduced at these low hydrogen
pressures during the course of the experiments. A fine grey powder which
will discolor a handkerchief is released at the surface after such treate
ment. The action is entirely analogous to the etching of a metal surface
by alternate oxidatlion and reduction with weak acid. In the absence of a
liquid, however, there is probably a greater tendency for micro=crystals
to flake off completely, revealing the structure in three dimensions, as
the following pictures show.

They were taken with & Leitz-Wetzlar 4 mm. objective using a &x (H)
eye=piece and a bellows setting of 45 cms., A green filter was used. The

magnification is 500x.

Picture no. 1., Tube A. A view of three sides of a cube (Figure XXI)

The observer was ablie to prove to himself that this was a true cube
by shifting the focal plane of the objective. This cube is tipped so
that the edges AB, AC, and AD (scratched on the celluloid cover slip)
make angles wWith the focal plane of about 22°, 30°, and 60°, respectively,
The length of edge AB is measureble on the plate as 17.5 mm. which
sonverts to a real length of 37.8 microns. The larger dark face shows
a regular pattern which is attrioutable to coﬁponent cubes of spacing
just one-eighth of the 37.8 micron spacing. Three dark vands adjacent
to and parallel to AB are clear enough to permit measurement of this
spacing. ‘The distance from the line AB to the third dark band, measured
in the direction of AC (30° with focal plane) is 6.25 mm. The inferred
length of the smaller cube edge is thus 4.82 mierons, which compares

well wWith one-eighth of 37.8.

Extended study of the figures in focus will lead to the belief that
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Figure XXI

Picture # 1
‘The c¢elluloid cover slip bears letters which
are referred to inlthe text. It may be removed

for close inspection.



the whole field of lights and shadows is best interpreted by the mind‘s
eye as made up of cubes and fragmenis of cubes, all having edges
parailel to the large cube in the center.

in the extreme upper left there is an illuminated faee (E) having
a sharp boundary on the right side. ‘lhis boundary seems to be the
upper edge, eorresponding to edge AB in the large cubs. ‘Wo dark lines
parailel with AD mark off the band into three cube fages all made up
of spots of light. Neasurement of the total length along the upper
edge yields an apparent length of 6.8 mm. By using the cosine ratio
this figure is converted to a true edge length of 4.88 microns, which
compares very travorably with the measurement of the size of the
components of the large definite cube ABCDe

The visible part of the middlie one of these cubes is apparently
composed of three rows of light spots having four spots to each row.
The fourth row can be seen but.is in shadow and not truly distinguishable
from the adjoining parts. An obvious conclusion is that this 4.88
micron cube is made up of cubes having an edge of L.22 microns, and
that these are just visible because they are at the limit of resolution
of the microscope. un many of the pictures taken the texture is
determined by these 1.22 micron cubes which seem to be broken apart
everywhere s8¢ that they scatter Light as units,

Thus there is fairly clear evidence in this microphotegraph of
cubes having edges of 37.8, 4.88 (Or 4.2}, and 1.28 microns.

A series of cubgs arranged st#p-wise in the attitude of cube
ABCD and cubes B have definite diagonel distances between top edges

{sueh a8 AB} which are marked by the edge of a ghadow cast by the
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cube in iight which comes from the left. ‘the following sueh *projected
diagonel"™ distances can be measured. 'he lettersrefer to markings on
the celiuloid cover slip drawn over possible such shadow edges.

F -G = 6.4 mne

He= 4 70 mine

J = K = 6.1 mm.

K"’L=5.5m.

Average = 6,33 mme (Implies 4.84 micron cubes. )
In conclusion there is apparent evidence for the existence of cubes
of spacing 38.7, 9.7, 4.82, and 1,22 microns, The fact that lines EF
and AN extend through colinear shadow edges suggests that the whole area

is part of a coherent secondary lattice characterized by the above

spacings.

Pictures no, & and no, 3. Tube A. End view of cubes showing subdivision

in three dimensions (Figure XXII)

The objective was focused on two levels of the seame area; picture 2
was taken at 11.6 microns deeper in the tube wall than pieture 3., This
value is barely within the érror of measurement of & possible true 9,7
microns spacinge

The square ABCD is not very definite but has a measured average edge
length of 19 microns and is subdivided into four roughly equal parts.
Sub=-cubes have been knocked off opposite ends of a diagonal to reveal the
depth, which may be the same as the width of the small cube.

These microphotographs mey be interpreted as & verification of the
theory. The spacings observed are within eight per cent of the spacings

predicted by the theory from absorption measurements.
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Picture # 2

‘ Figure XXII
Microphotographs of two levels of the seme area: picture
2 was taken at 11.6 microns deeper in the tube wall than

picture 3.
g

Picture # '3
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VII. CONCLUS1ON

Ao Experimental results

l. ‘the absorption of hydrogen by clean palladium varies discontinuously
with the preasure of hydrogen at temperatures between 250° C. and 500° Ce

&+ The diffusion constant of the palladium changes discontinuously
at about the same instant that the changs in hydrogen concentration occurs.

3¢ The critical pressures have been resolved into a regular geametric
series such that each successively higher critical pressure is just twice
the 1ast one.

4. A curve of distribution frequency of observed criticel pressures
has been plotted which gives as the most probable values of the eritical
pressure series, in microns of mercury: 2.6, 5.3, 10.6, 21.3, 42,5, 85,
170, 340, 620.

5. Several microphotographs of the paliadium surface are shown with

corresponding measurements of secondary structure spacings.

Be. Discussion and theory

1. 4 study of the literature made, after the experimenis were
performed, has revealed that palladium has many other properties which
are discontinuous with hydrogen concentration. 1t is probable that
these other discontinuities ere associated with the same #tructure
changes which are responsible for absorption and diffusion rate anomalies.

&, No preyious experiment has measured effective hydrogen pressure
eclosely enough %o reveal the reproducibility of the phenomenon or to

establish that the changes occur at am orderly series of pressures.
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3« A compilation of absorption data from the literature provides
considerable support for an extension of the series from 620 microns
to complete hydrogen saturation at 350 millimeters of mercurye

4e An attempt has been made to acoount for the whole group of
discontinuous phenomena by a tentative statistical theory of the
penetration of an ionised impurity into a metal lattice which has an
intrinsic secondary structure.

5 The experimental bases of the tentative theory are certain
measured discontinuities of absorption and the existence of the geometric
geries of critical pressurese From these the theory predicts the whole
range of the hydrogen absorption isotherm for low temperatures, the
nature of the secondary structure of the palladium hydrogen solution,
and the value of the secondary spacingse

6+ The first prediction has been compared with such results as
are available in the literaturee

7« Microphotographs were taken and compared with the second
predictione. The results of the comparisons are favorable but not

conclusivee.

The writer gratefully acknowledges the advice and assistance
of Dre Paul D. Foote, Dre Ee Ae Eckhardt and Mre Re De Wyckoff of

the Gulf Research and Development Corporatione
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