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The Effect of Alkali Ions on the Photoelectric Ernissivity of Tungsten
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Known quantities of Na+, K+, Rb+ and Cs+ ions were
deposited on tungsten and the changes in the photoelectric
current measured. For wave-lengths below 2800A the cur-
rent increases proportional to the fraction of the surface
covered as long as f is small. The emissivity for longer
wave-lengths is low at first, and then rises sharply beyond
some critical value of f, which increases with the wave-
length. The results indicate that the work function is not
uniform over these composite surfaces; this makes it im-

possible to fix a definite threshold for the various values off.
The emissivity increases with temperature to about 500'C,
where fatigue becomes appreciable. As the filament' fatigues
for photoelectric emission the positive ion emissivity in-

creases, reaching a maximum when the threshold returns
to that for clean tungsten. The results show that the alkali
dissolves so rapidly in the tungsten that the dependence of
the work function on f cannot be determined at tempera-
tures above 500'C.

N a previous article the eRect of small meas-
ured amounts of potassium on the photoelec-

tric emissivity of iron was described. ' In the
present paper a similar study is made of the
eRect of small deposits of various alkali ions on
the emissivity of tungsten.

APPARATUS AND METHOD

The technique employed in depositing a known
amount of alkali on the tungsten was to pass a
positive ion current for a definite period of time
from a catalyst ion source' to the tungsten. The
fraction. of the tungsten surface covered by ions
was obtained by dividing the surface area by the
cross-sectional area of the ions multiplied by the
number passed. '

The experimental setup was essentially the
same as that used before except that the photo-
current was measured with an FP-54 Pliotron in
place of an electrometer.

The tungsten emitting surface was a ribbon 6
. cm long, 3 mm wide and 0.01 mm thick placed
edgewise to the positive ion source. The sources
were iron catalyst impregnated with the oxide of
the alkali desired. The catalysts were thoroughly
reduced in hydrogen at a temperature just below
redness; the tungsten was glowed in hydrogen at

~ A. Keith Brewer, Phys. Rev. 38, 401 (1931).
' C. H. Kunsman, J. Frank. Inst. 204, 635 (1927).
' The radii given by Pauling, J. A. C. S. 49, 765 (1927),

;are: Na+, 1.10A; K+, 1.30A; Rb+, 1.5A; Cs+, 1.75A.
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approximately 1500'C and subsequently glowed
in a vacuum at 1800'C until gassing ceased.

Since the positive ion emitters always gas
slightly in operation, it was necessary to keep the
pumps running continuously throughout each
experiment. The pressure was maintained below
the limit of a McLeod gauge, no other precaution
being taken for extremely high vacuum.

In operation the tungsten was first glowed until
a just detectable emission could be obtained with
)2483. A known positive ion current was next
passed from the catalyst to the tungsten for a
given time. The photoelectric emissivity for the
various mercury lines was then measured. The
original threshold of the tungsten was restored by
glowing a few minutes at bright redness, after
which the process was repeated as desired. Sub-
stantially the same results were obtained when
the alkali was deposited in successive amounts
or at a single time.

The contamination of the surface by the depo-
sition of atoms was measured by the difference in

the photocurrents after an accelerating and a re-
tarding potential for positive ions had been
placed upon the tungsten for the same catalyst
heating current and time. The emission from
atoms exceeded that from ions for fresh catalysts
but decreased rapidly with time. The results
given were taken when the enhancement of the
photocurrent due to the deposition of atoms was
less than one percent of that due to ions.
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The effect of the fraction of the surface covered
(f) by the different alkali ions on the emissivity
for the various mercury lines is shown in Figs.
1, 2 and 3.

Readings were taken for difference in f of
0.0025 up to f=0.02, and for differences of 0.01
thereafter. The points all fell closely on the curve,
the curves in general being drawn through the
points. The results obtained with rubidium lie
'intermediate between those of potassium and
caesium. The temperature of the tungsten fila-
ment when these results were taken was about
250'C, chosen because it was below where
"fatigue" became appreciable and yet was suffi-
ciently high for the emissivity of the surface to
become constant within a few minutes after the
alkali was deposited.

It will be noted that results are given only for
small values off; above a specific fraction covered

0 .OZ .04 .06 .08,/0 ./Z ./0 ./4 ./8f= fraction og surface covered
Na+ on 7ungsl"en

FIG. 1. Effect of fraction of surface covered by sodium
ions ori the photo-emission of tungsten under excitation
by various mercury lines.

/6

/4

q, /2

I

~
IO ——

X'

ll

J

Z653

DIZZ
'

zoz

Z800

.Z7IIO

z&oo
Z9H

~

0,02 0.04 0.06 0.08 0 l0 0./2 0./4 0.IE 0./8

f = fraction of surface covered
N~ on Tungsten

FIG. 2. Effect of fraction of surface covered by potassium
ions on the photo-emission of tungsten under excitation by
various mercury lines.
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FIG. 3. Effect of fraction of surface covered by caesium
ions on the photo-emission of tungsten under excitation by
various mercury lines.
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for each ion the emissivity no longer increased
with the deposition of more ions. This specific
value is about f=0.16 for Na, f=0.13 for K and

f=0.05 for Rb and Cs. It is possible that the in-

ability to build up larger layers by this method is
due both to evaporation and to an increased
solution of the alkali in the tungsten at the higher
concentrations.

The results show that for X2700 and ) 2800 the
photocurrent increases linearly with f For.

shorter wave-lengths the, curves are only slightly
concave downward; for longer wave-lengths they
rise sharply above a certain critical value of f

The effect of the chemical nature of the ad-
sorbed ions on the intensity of the photoelectric
current is comparatively small. The relative effi-

ciency is in the order of caesium, rubidium,
sodium and potassium. The fact that sodium
showed a slightly greater effect than potassium
is surprising but several check experiments in-

variably gave the same results.
The effect of temperature on the photocurrent

is similar for the different surfaces. From room
temperature to 300'C the current increased by
about 50 percent. Above 300'C the current
rose more rapidly to about three times the
original value at 500'C; at the higher tempera-
tures the filaments fatigued badly. Caesium on
tungsten (f=0.01) showed only a, few percent
fatigue in an hour at temperatures below 300'C;
at 500'C the photocurrent dropped to a small
value in the course of several hours, while at
700'C it dropped to that of pure tungsten in a
few minutes. The other filaments behaved sim-

ilarly.
Since the photocurrents respond only to alkali

that is on the surface, the fatigue effect just de-
scribed must result either from an evaporation of
alkali off the surface or from a solution in the
tungsten. A test of these two possibilities was
made by studying the positive ion emission of
the tungsten, before and after the alkali was de-
posited. In these experiments the tungsten
filament was glowed until no positive ion emission
could be detected below 950'C to 1000'C. A
quantity of alkali was then deposited on the
tungsten and the temperature determined where
a positive ion current could be detected, after
which the photoelectric emissivity for the various
frequencies was measured. From time to time the

change in the positive ion current as well as the
photoelectric current was measured, the filament
temperature being kept practically constant.

In Table I are the results obtained from
rubidium on tungsten at 560'C. The interval of
time between successive readings of the positive
ion current varies between twenty and thirty
minutes.

TABLE I. Positive ion and photocurrents from rubidium
on tungsten.

4.0 X 10—"amp.
11.0
12.5
17.5
27.0
34.0
41.0

125K

18 5X10 ~'amp.
9.0
8.2
6.7
6,2
5 2
2.3

I2y00

2.0X10 '" amp.
9
.8.65
.5
.3

0.0

These results, typical of all the alkali deposits,
show clearly that while the photocurrent
fatigues with time the positive ion current in-
creases to its greatest value at the point where
the photoelectric threshold reaches that for pure
tungsten, i.e. , where the surface is free of ad-
sorbed alkali. This, in light of the fact that an
equivalent positive ion current would not be ob-
tained from the tungsten previous to the deposi-
tion of the alkali at a temperature 500'C above
that used in these experiments, is a direct indica-
tion that the photoelectric fatigue observed at
temperatures above 300'C must be due to a solu-
tion of the alkali within the tungsten. This con-
clusion is not surprising since such a solution
should be expected from the chemistry involved.
The evaporation probably does not contribute
materially to the loss of alkali from the surface
until much higher temperatures are reached. It
seems apparent, therefore, that the effect of
adions on the work function cannot be obtained
by any method necessitating the heating of the
tungsten appreciably above 300'C.

An attempt was made to determine the frac-
tion of the deposited alkali that could be evapo-
rated from the tungsten in the form of positive
ions. After the tungsten surface became free of
alkali the positive ion current remained nearly
constant for an appreciable time, then gradually
fatigued to a negligible value. This fatiguing
effect made an accurate estimation impossible al-
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