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7. ABSTRACT iv

The apparatus used by Kazda and Dunn for the
determination of the critical photo electric poten-
tial of mercury has been completely reconstructed.

‘The stop cocks, the grease of waich was the source
of contaminating vapors, have ‘been replaced by
mercury cut offs and the high temperature cement
used in the construction of the photo cell has
been replaced by a greduated quartz-pyrex seal.
Fresh clean mercury was returned tc the still.

With this new apparatus and under these new
working conditions the long wave length limit for
running mercury has been found to be 2735A°. The
conditions within the apparatus nave been found
to be practically free from contaminating vapors so
that the critical frequency has been found for
stationary mercury, namely 2725+ 10A°, which is in
entire agreement with Kazda for flowing mercury.

This impurity in the old apparatus caused the
photo current to increase four fold its original
value in thirteen to twenty minutes after the still
was turned off. It then slowly receded, falling te=-

low its initial value in three or four days. This
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increase in trne photo current was accompanied by
a raise in the threshold to 2850A°, hence falling
}in time to a conétaht value 20680A°., In the apparatus
2s it now stands this same four fold increase 1is
not reached until some eighty hours after the still
is turned off and remains perfectiy constant indef-
initely thereafter. The long wave length limit for
this maximum sensitivity was found to be 2910A°.
The effect of nydrogen, helium and argoen in con-
tact with the surface and dissolved in tie body of
the mercury was found to have no influence whatever
upon tne photo electric benavior of the mercury or
vupon the rate of rise of sensitivity upon turning
off the still except that each had a marked cleans-
ing effect in reducing the concentration of the im-
purity which slowly contaminates the surface.
Nitrogen in contact with the surface was found
to have no effect excert that the maximum threshold
reached when nitrogen was present was 2800A°. Water
vapor at Very low pressure inhibits the action of
the sensitizing impurity and gives a threshold of
2800A° after being in contact with the surface for
seventy hours. Oxygen has a decided reducing effect

upon the threshold value, bringing it down to 2555A°
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in eignteen hours. Another fifty-two hours exposure
to oxygen does not materially cnenge this value. Air,
at atmospheric pressure, in contact with tae surface

gave this same threshold value, namely, 2555A°,




II. INTRODUCTION

The phenoménon'of photo electric fatigue has
forkyears beén the subject of many exhaustive exper-
imental studies. This fatigue has been explained in
all cases as being due to eitner chemical, physical,
'dr electrical modificeations of the surface. In fact,
'~ Hallwacks, WeidemanQ and others maintain that it is
the modified surface and not tne material itself
that exhibits these pnoto electiric properties and if
absolutely clean surfaces could be had they would be
ingengitive to the action of lignt. The Hallwacks
tneory states that photo electrons are due to ad-
sorbed and absorbed gases; the adsorbed layers of
gas on the surface hindering the dischnarge of photo
electrons, while the absorbed gas in the metal
assist the process of discharge of electrons. With-
out going fartner into the discussion of these
theories, it is now generally conceded through the
work of Pohl and Pringsheim, Millikan, Elster and
Geital, and otaers that tﬁe photo electric activity
of a pure ﬁetal is an intrinsic property of that
metal, and taat no fatigue would be observed with a
clean metglic surface in a perfect vacuum free from

all vapors wnich may contaminate the surface.



The greatest difficulty, therefore, in tais
field nas been to realize these conditions. Metallic
surfaces hafe been bfougnt to a maximum of purity by
prolonged heating at nigh temperatures, the surface
again modifying itself slowly as it is brought back
‘to lower temperatures. In 1923 Dr. C. B. Kazdaj, work-
ing in the Norman Bridge Laboratory, succeeded in
obtaining the most satisfactorily clean surface nith-
erto ever had. His measurements were made on a‘flow-
ing surface of mercury which very recently was con=-
densed from the vapor state. This surface was in
contact with the contaminating impurity for only a
few seconds, a time altogether too shortvfor the
contamination to become effective. He was thus able
to establish accurately the critical phnoto electric
potential for flowing mercury at 2735+10A°, and tais
as an intrinsic property of mercury itself. His work
being done at ordinary rcom temperatures was a dis-
tinct contribution to this field of investigation.
Kazde found, however, taat as scon as the mercury
surface became stationary it was immediately changed
either by gases modifying its surface or else through

v arrangement o ) )
gome molecudarfhich was different wanen stationary
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than when flowing. Kazda, therefore, was never
quite sure but that his value of 2735A° for the
critical potential of mercury was characteristic
6nly of a moving mércury surface.

In 1924 Dr. Hugh K, Dunnj, began an investi-
gation with this apparatus to determine the cause
and nature of this surface contamination. He found
by using a radio active leak that thne photo current
was lncreased four times its initial value when
the mercury surface became stationary and then
slowly receded below its i1nitisl value. The threshe
old immediately changed from 2735A° to 2850A°
nence falling in three or four days to 2680A°. He
investigated the‘effect of water vapor, nydrogen,
and stop cock grease upon tne photo electric be-
navior of mercury. The latter becomes of interest
at this poiht. Since stop cocks were a necessary
par@ of the apparatus it was important to know
wha%?fndividual effect of stop cock grease would
be. Bunn, therefore, inserted a small quantity of
this in a lateral tube on tihe cell side of tune

liguid air trap.-He found that when liquid air

&

1. Dunn, Doctor's Thesis, Calif. Inst. of Teca.,
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was taken off this lateral tube the impurity was
present in the apparatus in sufficient quantity to
,attack the running surface regardless of how fast
tne surface was cnanging, giving this same four
fold increase in photo curvrent and this same
threshold value of 2850A°.

According to this then it is possible for the
flowing surface to be modified. The thought, there-
fore, presents itself that the nign temperature
cement wnich was used in the construction of the
photo cell and which was immediately above tae mer-
cury, together with the wapors arising from the
stop cock grease, could also attack the running
surface yielding 2735A° as a threshold value. It
was, therefore, thougnt desirable to reconstruct
the whole apparatus and eliminate these possible
sources of impurity.

‘Furthermore, in view of tane recent work of
SOpnié Taubes, wherein she established 3043+ 20A°
as the critical photo electric potential of mercury

drops suspended in a Millikan condenser, such a

L. Ann. d. Physik, 76. 6, p. 629, April, 1925.



change wouldvbe nighly desirable. With fresh
mefcury returned to the still results then obtain-
ed could be considered an independent check of
Kazda's value. To determine the effect of these
‘changes in the apparatus on tihe photo electric
behavior of mercury and to investigate the modi-
fications introduced winen various gases were
kpresent in the apparatus, the present study was

undertaken.




ITI. APPARATUS

Tﬁe app&ratué used in this investigation was
‘essentially the same as that used by Kagda and
Dunn. It is ghown in diagram form in figure I
and will be described again here. The still con-
sisted of ah ordinary mercury diffusion pump. The
mercury vapor was condensed by means of water cire
culating through the provided water jacket and fell
into a tube below, hence it passed tarough a small
glass tube over into a shallow iron cup about 2 cm.
in diameter in the photo cell. When the cup containe
ed g given amount of mercury it overflowed and
passed back into the still to be evaporated again.
The rate of discharge of mercury from the cup
depends upon the rate of evaporation of the mer-
cury from the still which in turn depends upon
the rate at.whiCh current is applied to the heater.
This rate could be varied at will by means of an
attached rheostat. The iron cup in the old appara=-
tus was held firmly in place by means of high
temperature cement. The cement was eliminated iq

the newly constructed apparatus. The cup was mounted



on a cone of invar so shaped as to fit in the
 ground glass joint. Invar was chosen since its
coefficient of temperature expansion is practically
identical with pyrex glass. A stiff spring passed
/froﬁ its lower end through the glass and held the
cup firmly in place.

immediately above the cup and insulated from
it is superposed a Faraday cage made of oxidized
copper. A small slit in the top of this cage per-
mits the ultra violet light from the illuminator
condensed by a lens to fall upon the mercury. The
cage receives the electrons ejected from the mer-
cury and conducts tanem through a well shielded
wire to the electrometer. The mercury is maintained
at three volts negative potential, three volts
being sufficient to maintain saturation. The quartz
window above the Faraday cage was originally sealed
to the photo cell by means of high temperaturé
cement. This was replaced by a quartz-pyrex grad-
uated seal as is indicated in figure I. The cell
and the mercury leads to and from the still are
covered on their outside by tin foil to prevent
induced electrical charges due to the movement of

the mercury from producing eradic changes in the
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electrometer readings. Both still and photo cell
are éonnected'through liquid air traps to two
stages of Langmuir condensation pumps, these being
supported by a Cenco Hyvac pump.

" The mercury used in the experiment was first
filtered through chamois and allowed to fall in a
fine spray through solutions of potassium hydroxe-
ide and nitric acid and washed in distilled water.
This was repeated a number of times. After this
wet treatment and after being dried by heating,
the mercury was distilled a number of times at a
low pressure and at 125° C, the residue each time
being eliminated from the stock supply. Air slowly
bﬁbbled through the mercury during this process of
distillation. After this treatment the mercury
should be as pure as it is possible to obtain it
and should be free from any impurity of sufficient
amount to modify its photo electfic benhavior. Par=-
ticular care was taken to thoroughly clean every
piece of glass that went into the apparatus. After
it was assembled the whole apparatus was evacuated
~and heated several times to drive off occluded

gases before the mercury was placed in tne sti.l.
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The source of light was a quartz mercury arc,
mounted in an asbestos lined box. The light passed
through a camera shutter hence through a Hilger
monochromator, from which it passed through_a
quartz lens and is focused upon the slit in the
Faraday cage from wihnich it falls vertically upon
the mercury surface without touching the copper
oxide cage. The relative intensities of the lines
from the mercury arc were measured by means of a
delicate vacuum thermopile consisting of a single
couple connected to a high sensitivity galvanometer.
The deflection of the galvanometer was observed
through a telescope on a scale twenty-five feet
distant. The light from the monochromator was
first focused on one junction of the thermopile
for maximum deflection and then focused on the
other junction for maximum deflection in the op=
posite direction. The average of ten observations
on the difference of these two readings gave a
measure of the relative intensities of the lines
used. The results are compiled in the following

table. (Table I on next page)
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Table I

Line in Deflection in mm.
angstroms. or relative intensity
2967 284

2925 66

2894 115

2803 168

2754 58

2700 71

2653 331

2537 524

2483 113

2400 50

2378 39

2345 30

2302 29

It will be noticed that these relative inten=
sities are somewhat different than those in the
lamp used by Kazda and Dunn. This should be expected
as a characteristic of any mercury arc. This arc
was always held a# a constani yoltage between 92 and
94 volts with 1.9 amperes flowing through, thus in-

suring constant intensities.
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"The needle of tne Dolazalek electrometer used
in'measuring the photo currents was kept at a cone
stant voltage of 138 volts. The sinsitivity measured
on a scale of 150 cm. distant was held between 1040
- and 1060 mm. per volt. To obtain a given tareshold
value the monochromator was set to transit a glven
line, tne ground to the electrometer quadrant was
removed, tne shutter then opened for an interval of
8, 16, 24, etc. seconds depending upon the inten-
sity of the light. At the end of one minute after
the snutter is opened the needle nas settled to a
steady deflection. This deflection plus the leak
wnich is measured during tne next minute constitutes
tne deflection.D. As 8 seconds is arbitrarily
chosen as tne unit of time each D is divided by
1, 2, 3, etec. to give &d) deflection per unit time.
(d) is then divided by I, taoe intensity of the line,
to give d, the ‘photo current per unit time per unit
intensity. d is then plotted against A Zziving a
sharp intercept on the wzve length axis. This inter-
cept is taken as tae long wave length limit or
critical photo electric notential, ‘These thresaold

values could be duplicated =zt will on the constant
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surface. Tne uncertainty could never be greater

than + 10A°. A sample table is given here.

Table IIX

A D ot (& 1

2653 109 40 21.8 331 .066
2700 13 48 2.2 71 .031
2537 148 8 148 524 . 282
2483 142 24 4'7.3 113 .418

=2

Giving A, = 27354A°.

The congtant deflection method of measuring
photo currents adapted by Dunn by connecting a
radioactive leak to the electrometer furnished a
convenient method of observing the variastion of -
photo sensitivity with time. This method was used
taroughout these experiments. It will be found

described in detail in Dunn's thesis, page 6.
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IV. DIFFUSION OF HYDROGIN THROUGH MZRCURY

~Most of the summer of 1925 was spent in a study
~of the diffusion of hydrogen through the mercury
and observing the effects produced upon the vhoto
electric behavior of mercury. This was done with the
old arrangement of the apparatus which was admirably
adapted for such a study. Dunn found ihat'hydrogen
present in small quantities in the cell had no
Observable effect upon either tne taresnold of the
flowing mercury or the rate of rise of sensitivity
uson turning off the still and allowing tne surface
to become stationary. However, when hydrogen was
admitted only into thne still and tne mercury was
alldwed to condense for two hours in an atmospnere
of hydregen striking evidence was furnished tiazt
Lydrogen nad entered into solution with the mercury
end passsd over into tne cell where it modified thae
action of the contaminzting impurity upon the sur-
face of mercury. These experiments of Dunn' were re-
peated with the same resulis and are given in curves

A and B, figure 2. B represents normal rate of rise
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of photo cufrent in vacuum when the still is turned
off. A represents the rate of rise when hydrogen is
in solution. In this case the maximum sensitivity
is reasched in 120 minutes instead of 15 minutes as
in B. The rate at which the sensitivity receded was
also much less in A than in B. The maximum threshold
of 2850A° was found to be the same in both cases.
Dunn's experiments on hydrogen were further ex-
tended by observing whether hydrogen could diffuse
from the still through the mercury to the cell when
tne still was not running. Another run was made in
which the hydrogen was not admitted into the still
until 22 minutes after the still was turned off and
the mercury became perfectly quiet. The results are
plotted in C of figure 2. At the time marked X, 1 cm.
pressure of hydrogen was admitted to the still. The
sudden fall of photo current was due to the breaking
up of the surface already formed. It immeciately
rose to its former value. The effect upon the change

of photo current with the time is more clearly represa

ented in figure 3 where B and C are again plotted.

It will be noticed that for the first 24 hours the
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curves are identical. During the next 24 hours the
hydrogen has succeeded in diffusing through the

" mercury and changing the photo electric sensitivity.
The corresponding effect upon thne threshold is

given in Table no. 3&.

Table III

Normal effect Effect with
~ ln vacuum H2 in still
Time Threshold Time Threshold
23 hrs. 2830 24 hrs. 2820
48 " 2782 48 ¢ 2840
72 1 2750 74 1 2820
96 ! 2722 116 v 2785

138 " 2700

These experiments were repeated and showed
identically thne same effect. They furnish very
striking evidence that hydrogen will diffuse
through sucih a small tube filled with mercury, tne
presence of it being detected by the cnange in the
photo electiric behavior of the mercury. The column
of mercury in this case was 30 cm. long and 5 mm.

in diameter.
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V. COMPARISON OF THE CRITICAL POTENTIAL
FOR FLOWINGVAND STATIONARY MERCURY

After the data discussed in section IV were
'ltaken the whole apparatus was rebuilt of new mater-
ials, the stop cocks in the old apparatus were
replaced by‘six mercury cut offs, and tane cell was
redesigned to eliminate the high temperature cement
which was used to hold the mercury cup in place
and to seal the quartz window to the cell. A helical
gpring and a quartz-pyrex graduated seal replaced
this high temperature cement. Fresh clean mercury
was reﬁurned to the still. The only stop cock left in
the apparatus which could possibly furnish contamine-
‘ating vapors was on the high pressure side df the
mercury diffusion pumps. Wnenever air was admitted
to the appératus it had to come through this stogp
cock.

The results now obtained are given in figures
4, 5, 6, and 7. All curves showing tne change of
photo electric sensitivity with the time were
 taken with the line M = 26534°. After the mercury
was placed in tne still the pumps and still were

operzted during the day time for four days before
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a reading was taken. The first set of readings is
-plotted in figure 4A. The photo current is seen to
increase four times its initial value in 6 hours

and then remain constant for the next 34 hours.
,durve B shows the pnange after four more days of
pumping during which time the still was run inter-
mittently for periods of 2 to 4 hours. Curve C is
the same after 16 days pumping and reveals the same
}our fold increase in photo current in 60 hours,
remaining constant thereafter. Curve D shows the rate
of rise after pumping for two months during which
time the apparatus was washed several times by
nelium, argon and hydrogen, these gases being intro-
duced into the apparatus for the purpose of a study
to be discussed in section VI. IT WILL BE NOTED IN D
THAT THE APPARATUS IS 30 FREE FROM CONTAMINATING
VAPORS THAT THE SURFACE REMAINS PRACTICALLY CONSTANT
FOR 24 HOURS AFTER THE MERCURY SURFACE BECOMES STA=-
TIONARY.

During the coufse of this experiment a leak
developed and it became necessary to again change the
mercury in the still., After prolonged pumping curve
givén in figure 4 E was taken and observed for 398

hours. DURING ALL THE TIME AFTER IT HAD REACHED A
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STAADY VALUE THRE BLECTROMETIR DEFLECTION DID NOT
VARY MORE THAN + 20 mm. FROM 390 mm.

Curve F of figure IV is a characteristic cur?e
~always obtained with the o0ld apparatus and is given
nere for comparison purposes only.

Figure 5E is a curve similar to figure IV in
Dunn's tnesis. The surface of mercury has been
stationary for three or four days when the still is
turned on . In 20 minutes the condensation of mer-
cury in the still begins to break up the contaminated
surface. The photo current immediately rises to a

returns
maximum value and in about three hours/to its normal
value. During its return to normal, the photo current
fluctuates by as much as 25 mm. This is shown by the
scattered nature of the points tarough which curve B
of figure 5 is drawn. |

Curve A of figure 5 is the same phemonenon obser=
ved witn tie reconstructed apparatus. It will be
noticed that these fluctuations are entirely absent,
that»all the points lie on the curve, and tihat the

photo current reaches its normal value in one nour

after tine still is turned on as compared witn tiree
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is
hours for tie old apparatus. This/added evidence

that the contgminating‘vapors are present in very
much less quantity than formerly . Figure VI contains
some threshold curves made with the new apparatus.
Curves A and B represent runs made on flowing
mercury locating the critical photo electric potene
tial at 2735+ 10A°, exactly the same as found by
Kazda and Dunn. Curve C was taken at the time of
maximum sensitivity during the early stages of pump-
ing. This gave a tareshold of 2910A°. This was & ways
a reproducable value wnen alr was admitted to tae
apparatus two or three times in immediate succession.
Since this maximum sensitivity was maintained for so
short a time in the old apparatus Dunn was never
able t0 wmake a successful determination of the méxi-
mum tareshold in the usual way. His constant value of
2850A° could reasonably have been 2910A°. In fact,
tnis 2910A° value was observed by Kazda in his meas=
urements with hydrogen in the cell. However, in tae
apparatus as it now stands after prolonged pumping
the threshold for maximum sensitivity becomes con-

‘stant at 2850A° as shown by curves D and G.
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Curve E was obtained when the clean mercury surface
had‘been exposed to dry air at atmospheric pressure
for 30 minutes. This air was admitted tiarough four
lpné drying tubes containing CaCl, and P205. Curve
'F is the same as for E except that the air was left
in contact with the mercury over nignt. The long
wave length limit for a mercury surface thus modi-
fied by dry air is quite definitely placed at 2555A°
units. This fact will be referred to in section VI.
Tne curves in figure 7 were taken at the same time
as the data for curve D, figure 4. Curve A gives tae
- taresinold of 2732A° for the flowing surface. Curve B
gives the value R2743A°for tae surface which been
stationary for 21 hours. Curve C gives tane value
2755A° for the surface standing 46 hours and curve

D gives tae value 2770 for the surface standing in
vacuum 70 nours. A thresnold run taken 10 hours after
tae surface veceauze stationary did not snow any
change in tais critical frequency. These curves were
taken after two months of pumping and wasning with
inert gases. They reveal, togetiner with figure 4D

that the apparatus is practically free from contam=-
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inating vapors taus affording an excellent oppor=-
tunity to study tne effect of different gases in
modifying the photo electric benavior and caanging

tnis critical photo electric potential.

DISCUSSION OF THESE RESULITS

Tnis data taken in hign vacuum have permitted
the following conclusions to be drawn:-

First,- Tae critical photo electric potential
for flowing mercury has been found to be the same
in tae new and old apparatus. This means that tae
impurities in the old apparatus were not present in
sufficient guantities to change its tireshold velue.
Tnis also more firmly fixes Z2735A° as tne long wave
length 1imit for clean mercury since it was done
with new mercury and under new working conditions
and constitutes an independent caneck to Kazda's
work.

Second,- The impurity was present in sufficient
concentration in the old apvaratus to make it uncer=-
tain whether the threshold of 2735A° was unique to
5 turbulent flowing surface and whetner the same

threshold would obtain for an absolute gquiet gurface.
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Threshold values determined two hours and, later,
ten.hours after the surface became stationary sihowed
no cnange whatever in the critical frequency. It

can be stated with certainty, therefore, taat the
'CRITICAL PHOTO ELECTRIC POTEFTIAL FOR MOVING MER=
'CURY IS IDENTICAL TO THAT FOR STATIONARY MERCURY AND
THAT THIS VALUE IS 2735 +10A°.

Tnird,- The impurity in the old apparatus which
caused the rapid rise of photo current to four times
its initial value in 20 minutes is now greatly reduced
in concentration as tnis same four fold increase in
'sensitivity is not reached until about 80 hours after
the still is turned off. This maximum value has been
observed to remain constant for 398 hours.

Fourth,- Dunn did not know wnether tae foliowing
decrease in sensitivity was due to furtaer increase
in the deposit of but one imourity or wanether it was
dque to the action of a second impurity wnich acted
very mucih slower than tane first. These experiments
with thne new apparatus clearly snow that it must have
been a second impurity, probably coming from tae

~high temperature cement, wnich is entirely absent in
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tne new apparqtus. During six montnhs of ovservation
not a single instancé was ever noted when this sen-
sitivity ever decreased. One case was observed for
%98 hours without any decrease occuring.
Fifth,- The increase in sensitivity is due to

<one of two theories. First:- A layer of molecules

of the impurity is slowly adsorbed on tne surface

of mercury, tie presence of which facilitates fhe ree-
lease of the pvhoto electrons from tne surface, taus
increasing its sensitivity. When a unimolecular lay-
er completely covers tae mercury surface it has lost
its power to adsorb more and the photo current re-
meins constant and after prolonged pumping tne surface
settles to a long wave length 1limit of 2850A°. Second:-
Wien molecules of the impurity are adsorbed by fhe
mercury a surface of tne impurity 1is graduaily sub-
gtituted for tne mercury surface and wazl 1s taen
measured is thne pnoto electric benavior of the impur-

ity and not that of the mercury.
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VI. XZFFECT OF GASES ON THIS STATIOKARY

CRITICAL POTENTIAL

Tne gases studlied were hydrogen, nelium, argon,
water varor, nitrogen, and oxvgen. Taey were intro-
duced into tue apparatus in the cbove mentioned order.
Zacn geas generating apparstus could be attacined with-

out permitting air to enter eitner the cell or still

pumped out, tie pumps operating for ithree or four
days, before successive gases were admitted.
ZYDROGEN - The hydrogen weas genercted electro-

11y, the water vapor being tak

o

iytic

o

lating brine and PQOS' Trazces of oxygen were elim-
inated by nholding the gas in an atmosuphnerc of metel-
lic sodium vazor at 110° € for taree or four nours.
-The aydrogen, as well as all other geses except
water vapor, was taen pessed tﬁrough an zctivated
charcoel trap cooled to liguid air temperasture. The

hydrogen, wien in the cell or difolved in the mer-

cury in the still did not chanrge the photo electric
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benavior of the mercury a perticle. Even wien
z ¢m. were left ir contact with the surface for
48 hours and taen pumped off no apparent changes
from tne normal effects were seen . Curves A and
B, figure 8, saow the effect of nydrogen waen
dissolved in the mercury; A being tane normal effect,
B the nydrogen effect. There is not sufficient dif=-
ference to attribute any real effect tc the hydrogen.
Comparing this with curves A and B of figure 2 we
see a noted difference. Tne effect in curve E, fig-
ure 8, would be expected to bé more normal since
the impurity upon which tne hydrogen manifests
itself is practically avsent from the apvaratus.
ELIUM - Helium was taken from a drum of tuae
Texas source purified by circulating it tnrough‘a
trap neld at 500° C containing copper snavings,
which removed tne oxygen; magnesium ribbon, which
removed the nitrogenjand copper oxidey which re-
woved tiie nydrogen. After passing over PsOg and
thhrough activated charcoal at liquid air temper=
sture 1t was sufficiently pure for the purpose of
tne experiment. Figure 9 gives the result of meas=-

urements on aelium. Curve A gives the normal
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rate of rise of ghoto electric sensitivity in
vacuum. Curve B gives the effect when .005 mm.
pressure of neiium was present in tae cell only.
gurve C gives tne effect wnen 1 cm. pressure of
nelium is present only in the still znd the mer-
cury condenses in its nresence for 2 hours.

Argon taken from g flssk furnisned by the
General HElectric Comupany was introduced into tine
apparatus and snowed identically the same ilnactive
effects. No cnange was observed on the rate of rise
nor upon tne critical freguency by tne presence of
tnese tnree gases, namely, hydrogen, anelium, and
argon. The only effect these tares gases had was
tnat of wasaing the’impurity out of the a§paratus
and tnus reducing tae rate of rise of photo electric
gsensitivity.

WATER VAFOR - Water vapor was introduced into
tiie apparstus early in the experiment by joining
a lateral tube between tue photo cell and the li=-
quid alr trap. The tube containing the water vapor

was separated from the apparatus by means of g
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mercury c%ﬁ'off 50 that vapor could be held and re=-
vleésed zt will. To feduce the concentration of water
vapor 5 drops of distilled water were dissolved in
95 drops of concentrated sulphuric acid. An apyrox=
imation from available tables shows tnat the vapor
pressure for such a mixture could not be larger

than .01 mm. at ordinary temperature or .00l mm. at
-20° C, the temperature of a salt and ice mixture.
Tne effect of the water vapor on the photo current
is shown in curves C and D, figure 8.

For the first 40 hours the sulpauric acid, water
mixture was held at =20° C by means of a salt and
ice mixture. The behavior during this time is quite
normal. At this time the cooling mixture was taken
off and the sensitivity tunereafter falls. The £ﬂresh—
old, nowever, remained constant at 2785A°, and is
shown in curve B of figure 10. Curve D of figure &8
was taken for water vapor freed from tae solution
at ordinary room tem .erztures wanere the pressure of
water could be from :01 to .05 mm. The rate of rise
is seen to be very much slower. The tareshold for

this case after 20 hours was found to be 2800A°, and
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remained constant for tne next 50 nours. This
,is‘given in curve C, figure 10. It is safe to con=
clude, tnerefore, that 2800A° is the critical
potential characteristic for mercury in the pres-
 ence of small quantities of water vapor. Kazda's
statement in his‘paper‘ that extremely small quan-
tities of water vapor nad a marked efrect upon
stationary mercury and raised its long wave length
limit, has not been ciecked in this experiment,
but ratuer a conclusion is drawn taat extremely
small gquantities of water vapor do not materially
cnange tne pnoto electric venavior of mercury.
Furtnermore, tiis is concurrent with conclusions
drawn by Ricnardson,for tne action of water vapor
upon a potassium surface. The effect of large
quantities of water va.or as tested in Bunn's
work (see his thesis) was not studied in tihe pres-
ent apparatus.

NITROGEN - Nitrogen was prepared by removing
the oxygen from tihe air by sloﬁly sucking air

four
througn six wash bottles, the first/containing cop=-

1. Proc. Royal Soc., vol. 107, p. 387.
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per trimmings and equal amounts of concentrated
armonium hydroxide and concentrated ammonium chlo-
ride solution. ﬁhe 4t bottle showed no coloration
indicating that all the oxygen had been removed.
Thne last two wash botiles contained concentrated
~golutions of sulphuric acid and removed all iraces
of water vapor.

At tihe time nitrogen was introduced the apparatus
nad been pumpea‘out for two montns and was practic=-
ally free from contaminating vapors. The method
used to determine the effect of nitrogen was to
stop the still and observe the cioange in critical
freguency after 24 hoursiy first, wanen tne surface
stood in vacuum and, second, wnen it had stood in
10 cm. of nitrogen. The effect in both cases gave
this criticsl frequency as 27050A°. After tae sur-
face nad stood for 91 hours in the gresence of 10
cm.kpressure of nitrogen tne long wave length limit
nad risen to 2800. This threshold determination is
siown graphically in curve D, figure 10.

The conclusion is drawn that mercury is insen-
sitive to the action of nitrogen in this moleculsa

form.
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OXYGEN - The oxygen was preared by heating
'potassiumkpermanganate to 400° C. The oxygen liber-
ated was passed tarough a plug of glass wool, nence
over P,0., taen through activated charcoal held at
liquid air temperature. When quantities of oxygen
of less than .005 mm. pressure were added to the cell
no effect was noted on the tareshold for the runming
mercury surface. Wanen the still was turned off and
tne surface became stationary 5 cm. of oxygen was
admitted to the cell and still. After 18 hours
this was pumpea4off and a threshold determination
made. It 1s represented in curve E, figure 10, give
ing a threshold of 2555A°. 5 cm. of oxygen was again
placed in the still and cell without distarbing thais
surface. After anotaer 52 hours the oxygen was
pumped off and a tareshold run made. This is repres-
ented in curve F, figure 10, giving a tarhold value
of 2560A°. If tanese two curves are compared witn
curves E and F of figure 6, which result ed when dry

alr was in contact with tne stationary mercury sur-

face, we find exactly the same critical freguency



40

appearing. We can conclude, taerefore, tnat tne only
element in dry air which attacks the mercury sur-
face is the oxygen and the critical fregquency thus
determined is for a mercury oxide film. This value
“was cunecked on a second determination similar to
the above. Tne critical photo elesctric potential
for a mercury surface in contact witn pure oxygen
can be placed at 2555 +10A°.

STOP COCK GREASE - VWalle no special attempt
was made to determine the effect of stop cock
grease upon tae photo electiric Dbenavior of mer-
cury by introducing it specifically into tae appar-
atus 1t is evident tnat it plays a very important
part. In fact the only way tnat the rate of rise in
sensitivity could be increzsed was by letting air
into the apparatus tarough tae stop cock mentioned.
This air would carry with it small guantities of
grease vayor and thereby increase tie concentration.

of the contaminating impurity.
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VII. SUMMARY

The results of this investigation may be sum-

marized as follows:=-

| Hirsty Hydrogen will diffuse through a column
~ of mercury 30 cm. long and .5 cm. in diameter from
the still td the cell in a time between 24 and 48
hours and modify tne action of contaminating vapors
in the pnoto electric cell.

Second,~ The changes in tne construction of
the pnoto cell and apparatus have (a), eliminated
entirely the impurity which attacked the stationary
mercury surface and reduced its sensitivity; (b)
practically eliminated the impurity whcih attacked
tne stationary mercury surface and increased ité
sensitivity; (c) resulted in conditions within the
nnoto éell so free from impurity taat the surface
remagined practically éqnstant for nours; (d) per-
mitted the determination of the critical pnoto
electric potential for = clean statiomary surface o
mercury. Its value was found to be 2735 + 10A°,
agreeing completely witn the value found by Kazda

for flowing mercury.
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IThird, = Hydrogen, helium, argon, and nitrogen
"have absolutely no effect upon the photo electric
properties of either moving or staticnary mercury.
- The surface is modified the same waen in the pres=
ence of thnese gases as wnen in nigh vacuum.
Water vapor at very low pressure has no effect, at
higher pressure it acts as an inhnibiting agent to
the action of other slight traces of impurity
which attack the stationary mercury surface. Oxy=-
gen and dry air have a marked effect on the photo
electric pfo;erties and reduce the critical poten=
tial to 2555A° in a short ti:te.

In conclusion the author wishes to express
his appreciation to Dr. Robert A. NMillikan for
setting him to work cn this problem, and for tne
helpful_suggestions given during tne progress of ta
experiment. Grateful reccgnition is given to Dr.
Hugh X. Dunn for acquainting him with the exper=-
imental technique of the problem. He also wishes
to tnank Mr. Pearson and Mr. Clancy for the willing
ser#ice rendered in the congtruction of the appar-

atus.



