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Photoelectric Sensitivity of Magnesium

R. J. CAsHMAN AND W. S. HUxFORD, Northwestern University

(Received March 10, 1933)

The photoelectric sensitivity of gas free surfaces of mag-
nesium deposited on glass has been determined in the vis-
ible region of the spectrum. The long wave limit for all such
surfaces deposited in vacuum is approximately 5100A. Air

or oxygen. in small amounts, or nitrogen activated by a
glow discharge, sensitizes the surface to light of longer
wave-lengths. Further oxidation of the surface causes the
threshold to shift into the ultraviolet region of the spectrum.

appear to confirm the hypothesis that the
thresholds usually assigned to magnesium, which
lie between 3300A and 3800A, are not those
characteristic of the pure metal, but are due to
contaminated magnesium surfaces.

A DEPOSIT of magnesium metal on glass is
commonly used in the manufacture of

certain types of commercial photo-cells. The
cathode is prepared by condensing a small
amount of the vapor of an alkali metal, which has
been carefully purified by distillation in high
vacuum, upon an undercoating of magnesium.
Caesium cells constructed in this fashion are
especially suitable for use in the visual region of
the spectrum. ' In most reports on the use of
magnesium undercoatings po mention is made of
the photoelectric properties of the magnesium
itself, and no extended investigation seems to
have been made of the effect of possible vari-
ations in the surface structure of the under-
coatings on the spectral response of the sensitized
cathode in such cells.

In the course of a preliminary investigation of
magnesium coatings upon which other metals
were to have been deposited, it was found that
the magnesium itself was sensitive to visible
light. The effect was reproducible and the
thresholds the same for all coatings formed by
slow vaporization of the metal, although previous
coatings "Hashed" by means of an induction
furnace had not responded uniformily to visible
radiation. An extension of the study to include
the effect of various gases has shown that small
amounts of oxygen render the surface more
sensitive to red light, while a thorough oxidation
of the surface destroys its response to visible
light. Nitrogen, on the other hand, exhibits no
effect except when activated by means of a glo
discharge within the cell. The results obtaine

ExPERIMENTAL PHQTo-CELLs

Fig. i shows one form of cell employed in the
present experiments. Pieces of chemically pure
magnesium ribbon, or magnesium turnings, were
packed into a small nickel or molybdenum
cylinder, usually about 12 mm long and 5 mm in

FIG. 1. Experimental photo-cell.

'Zworykin and Wilson, J.O.S.A. and R.S.I. 19, 81—89
(1929).

diameter and closed at one end. This was at-
tached to an isolantite heating element through
which passed a hairpin tungsten filament. 3II is
the cylinder containing the magnesium, with
opening at 0. A is a nickel wire loop which
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serves as a central anode, and which can be
separately heated. W is a plane Pyrex window
sealed to the bulb, through which light is admit-
ted to the cell. C is the cathode lead, and is a
tungsten wire sealed through the glass wall and
spot welded to a platinum wire which was
fused to the inner surface of the bulb for the
purpose of making intimate contact with the
magnesium coating.

After a cell was sealed on to the pumping
system, the metal parts were heated by means of
an electric current, and in the later cells, hydro-

gen was allowed to circulate through the system
for about one hour. Each cell was then baked for
a period of from 12 to 36 hours in an electric oven
at a temperature of 400'C, and evacuated by
means of a single stage mercury diffusion pump
and Cenco backing pump. Tests for residual gas
were made by means of a spark coil, and by
observation of the photoelectric emission from
the deposited coating. The system contained two
liquid air traps and a mercury cut-off in order
that a cell could be isolated and observed over a
period of several days or weeks.

Magnesium was distilled slowly from the
cylinder after the outgassing process was corn-

p'eted, until a heavy mirror coating was de-

posited upon the Pyrex bulb. All coatings formed
in this manner were sensitive to visible light. A

spectral response curve was determined for each
new surface formed, and the distillation was
repeated several times. Sensitivity readings for
surfaces which had remained under high vacuum
conditions for periods up to fifty hours showed no

observable change in the threshold. In some cases
the total emission increased slightly with time,
finally settling down to a stable value.

APPARATUS FOR DETERMINING PHOTOELECTRIC

SENsITIvITY

Photocurrents obtained when the magnesium
was illuminated by a Mazda test lamp were
measured with a Leeds and Northrup galvanome-
ter having a sensitivity of 2.05&&10 " amp. per
mm. Emission currents obtained with resolved
light were measured by means of an FP 54
Pliotron amplifier, ' a Weston microammeter
being used in the plate circuit. The approximate

value of unit current on the scale used for most
of the photoemission plots in this paper is 1 g 10 "
amp.

A Hilger glass monochromator was used in
determining the spectral sensitivity of the
magnesium coatings. Light from the linear spiral
filament of a 68 watt tungsten lamp was focussed
on the collimator slit of the instrument. A slit
width of approximately 0.5 mrn was used through-
out these tests. The energy distribution of the
resolved light was determined by means of an
improved form of Nichols radiometer. '

LoNG WAvE LIMIT FoR MAGNEsIUM CQATINGs

DEPOSITED IN VACUUM

Currents obtained with cell I were originally
assumed to be due to impurities on the magne-
sium surface, a maximum in the total emission
plot occurring at 4500A. The results obtained
with a second cell, however, were substantially
the same, as were those of all subsequent coatings
deposited under conditions of a high vacuum in
bulbs which had been thoroughly baked and
outgassed. The variation in photoemission with
wave-length for magnesium coatings deposited in
cell II is shown in Fig. 2. Readings of the
microammeter in the Pliotron circuit are plotted
as ordinates, wave-lengths of resolved light as
abscissae. This cell was baked for 36 hours, but
was not treated with hydrogen. A window was
formed by applying a small Hame to the bulb.
The long wave limit lies at approximately 5200A.

The second set of emission curves for mag-
nesium coatings deposited in vacuum is given in
Fig. 3. Two separate coatings were made with the
cell continuously on the pumping system, and in
each case the vaporization of the magnesium was
allowed to proceed very slowly over a period of
from two to three hours. This cell was not given a
preliminary hydrogen treatment, and windows
were made by Haming the coating from a small
area of the bulb. Within the limits of experi-
mental error the long wave limit for these
coatings falls at 5100A.

A large number of observations were carried
out by using cell V, the construction of which is
shown in detail in Fig. 1.Since a side window was
provided upon which very little magnesium was

~ L. A. DuBridge, Phys. Rev. 37, 392-400 (1931). ~ B.J. Spence, J.O.S.A. 6, 625-28 (1922).
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deposited, it was possible to repeat the distil-
lations many times. Spectral response curves
were determined for each of six new coatings
deposited at intervals while the pumps were in
operation, during the course of several weeks of
observation. These curves are shown in Fig. 4,
ordinates being adjusted so that the value of
maximum emission is the same for all. The long
wave limit for each of these coatings is approxi-
mately 5000A.

It is to be noted that the thresholds for the
earlier cells lie some 200A farther to the red end
of the spectrum than those for cell V. This
discrepancy is larger than the estimated error of
measurement, and is probably due to the fact
that in the previous cells traces of gas were
released when the windows were flamed. On the
whole, the measurements taken on ten mag-
nesium coatings are in fair agreement in fixing
the long wave limit at about 5100A. Additional
information as to the nature of these freshly
distilled surfaces is furnished by the tests de-
scribed in the sections below, which deal with the
effect of gases on the photoelectric sensitivity.

EFFEcT QF AIR QN PHoTosENsITIvITY

That alkali metal surfaces may be sensitized
by the application of various gases and vapors
has been known since the time of the early
experiments by Elster and Geitel. In order to
test the possible effects of poor cleaning and
evacuation, a cell was made through which
hydrogen was not passed, and which was not
baked in the electric furnace. After pumping and
sealing off the bulb, magnesium was vaporized by
heating the cylinder and a heavy coating de-
posited upon the walls of the tube. A window was
formed by flaming a clear spot on the side wall.
Tests on the variation of photocurrent with
potential showed that the cell was gassy. Fig. 2

shows a spectral response curve for this cell (cell
III) with an accelerating potential of 240 volts.
Although the long wave limit lies at about
7500A, the efficiency of the cell is very small by
comparison to a Cs-Mg gas photo-cell. Dupli-
cation of this type of surface by direct application
of gases, or by means of glow discharges set up
within the cell, has so far been impossible, and it
is believed that this extreme sensitization to red

light is due to the release of air and possibly
water vapor from the unbaked glass walls.

An attempt was made to determine the effect
of air upon the sensitivity of the second coating
deposited in cell IV. The admission of air at a
pressure of less than 0.5 of a micron resulted in an
initial increase in the emission, followed by a
considerable decrease, and the cell was immedi-
ately evacuated by means of the diffusion pump.
The spectral response of the coating was then
measured, the readings being shown in the third
curve of Fig. 3. When air was admitted a second
time, the emission fell to a value too small to be
detected.

The study was continued by admitting still
smaller amounts of air to cell V. The oxygen
content of the air was considerably reduced by
bubbling it through a solution of pyrogallic acid
and potassium hydroxide. The results are shown
in Fig. 5.

Curve A, of Fig. 5, gives the emission obtained
from the second coating of magnesium plotted as
a function of the wave-length of incident light.
Curve 8 indicates a similar test after air had
been admitted and pumped out. Curve C shows
the increase in emission and in red sensitivity of
the coating produced by admitting a second dose
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FIG. 5. Sensitization of a magnesium surface by contact

with air. Curve A shows sensitivity of the coating as
deposited in vacuum; B, sensitivity after first dose of air;
C, sensitivity after second dose. D shows the effect of
depositing a minute amount of magnesium upon the gas
contaminated surface, C. 8 and Ii show the e6'ects of
further heavy magnesium deposits. The amplitudes shown
are only rough approximations of the relative response of
the various surfaces.
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of air and leaving it continuously in contact with
the surface for a period of 72 hours. This test was
followed by a very slow heating of the magnesium
cylinder in an effort to determine the effect of a
deposit of a thin film of the metal upon an
oxidized undercoating. Curve D shows the result
of what was regarded as the maximum sensitiza-
tion procurable by this process. A fourth deposit
of the metal resulted in an immediate decrease in
total emission, and response curve E shows that
the long wave limit has shifted from a maximum
at 6300A to about 5300A. Further deposits of

magnesium in the presence of the residual gas
indicated that the new surface was similar to
that formed by initial deposits in high vacuum,
the long wave limit finally decreasing to 5100A,
as shown by curve F. The gas pressure likewise
was found to be decreasing somewhat during this
time, and a glow discharge indicated the presence
of nitrogen only within the cell.

tion. The data on the spectral sensitivity
produced are given by curve B of Fig. 6. The
cut-off was permanently lowered, and curve C
shows the spectral response obtained after the
surface had been exposed to the action of
the oxygen for a period of 36 hours, after which
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EFFECT OF OXYGEN ON PHOTOSENSITIVITY

The inHuence of small amounts of oxygen
admitted to cell V is shown in the plots of Fig. 6.
Curve A shows the response for a freshly
deposited surface formed after the cell had been
thoroughly evacuated following the tests with
air. The vacuum system up to the mercury cut-off
was Hushed several times with thoroughly dried
tank oxygen, and the pumps allowed to operate
until the pressure was very low on the high
vacuum side of the diffusion pump. The mercury
cut-off was then lowered, but no effect was
observed in the photoemission.

A small amount of oxygen gas at approxi-
mately 001 mm pressure was trapped in a
volume of about 100 cm' in the tube joining
forevacuum pump and the mercury pump. The
diffusion pump was then shut off and the gas
allowed to diffuse up to the mercury cut-off. The
cut-off was then lowered slightly for an instant,
the result being an immediate increase in the
photoemission produced by the test lamp.
Readings taken with resolved light showed some
increase in red sensitivity. A second momentary
opening of the cut-off resulted in a three-fold
increase in photocurrent, and it was evident that
more than enough oxygen had been admitted
than that required to give maximum sensitiza-

oooo ~soo vooo a
FIG. 6. Effect of 02 on sensitivity of magnesium coating.

A, coating deposited in vacuum. Curve 8 shows effect of
admitting a trace of 02, curve C indicates the effect of a
second dose of gas, while D shows the decrease in sensitivity
produced by a third treatment.

time spark coil tests showed that the oxygen had
been completely cleaned up.

The entire procedure described above was then
repeated, the final result being illustrated by
curve D, the response to visible light now being
very small. A third dosage of oxygen lowered the
response to visible light to such a point that no
emission could be detected. By placing a quartz
mercury arc directly in front of the cell window,
however, it was found that the oxidized surface
responded to emission lines in the ultraviolet
which were not absorbed by the Pyrex. A
deflection of about 7 mm with the high sensitivity
galvanometer was obtained in this manner. It
thus appears that an oxidized magnesium surface
has a threshold somewhere below 4000A, the
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Fr| . 9. Current-potential plots for a vacuum cell (II), and
for cell V after admitting nitrogen gas.

~ Pohl and Pringsheim, Verh. d. Deutsch. Phys. Ges. 14,
546 (1912); 15, 111 (1913).

DIscUssIQN oI- REsULTs

The deposition of magnesium by careful
distillation in a good vacuum, results in a
surface which has a long wave limit of approxi-
mately 5100A. If the photoelectric properties of
such coatings are determined by the formation of
a compound surface, or by the adsorption of a
gas layer, then these properties might be
expected to vary considerably from cell to cell as
conditions of heat treatment and evacuation are
varied. But within the limit of error of the
measurements the same threshold was found for
repeated distillations in the same cell, and for
new deposits from diferent magnesium samples
in several cells. Moreover, if the active surface
layer is one formed of a stable compound the
repeated formation of which is not hard to
attain, then one should not expect slight addi-
tions of 02, or of active N2 formed in a glow
discharge, to further sensitize the surface as has
been found in these experiments.

It is interesting to compare the results of the
present experiments with those obtained by other
investigators. Pohl and Pringsheim'" found a
continual increase in photosensitiveness of dis-
tilled magnesium surfaces with time over a
period of 24 hours, the long wave limit in one
instance increasing to approximately 7000A. In
the present investigation the increase in photo-
emission under standard test conditions was less
than 12 percent over a period of 54 hours in the
case of cell V, and there was no appreciable

change in the long wave limit while the cell was
isolated with liquid air trap between cell and
mercury cut-off. Moreover, no decrease in emis-
sion was noted in these freshly deposited coatings.
Absence of fatigue may be taken as indicating the
absence of gas layers on the metal surface. ' It
has been the experience of many investigators
that denuding a surface of gas shifts the long
wave limit to the red end of the spectrum.
Others have shown an initial sensitization to red
light, probably due to the adsorption of a
monomolecular layer of gas, and an eventual
shift of threshold to shorter wave-lengths (or at
least a marked decrease in emission) with
additional adsorption of gas.

The authors believe their results on the effect
of gases are to be explained in terms of the
formation of a surface compound of magnesium.
If this is true the early results for magnesium
metal scraped with a steel tool under vacuum
conditions which were obviously poor in all
probability gave a long wave limit not charac-
teristic of a clean magnesium surface, but one
which is characteristic of magnesium oxide. This
contention is of course supported in a definite
way by the present tests on the response of an
oxidized surface to the radiation from a mercury
arc.

Recent reports on the photoelectric properties
of magnesium deposited in various ways seem to
lend support to the above interpretation, when
account is taken of working conditions and
methods used. For layers sputtered in an atmos-
phere of inert gas, it is quite certain that the
coating formed will contain most, if not all, of
the magnesium compounds existing in the origi-
nal sample. Results obtained by Rentschler,
Henry and Smith' for magnesium surfaces pre-
pared in this manner indicate a threshold at
3700A in good agreement with that obtained by
many observers for the bulk metal scraped in
vacuum. Locher, "not attempting to work under
conditions of a high vacuum, found a long wave
limit for MgO on Mg somewhere between 3400

6 L. W. Morris, Phys. Rev. 37, 1263—68 (1931).
7 R. P. Winch, Phys. Rev. 37, 1269—75 (1931).
8 S. Rijanoff, Zeits. f. Physik 71, 325 (1931).
' Rentschler, Henry and Smith, Rev. Sci. Inst. 3, 794-

802 (1932)."Locher, Phys. Rev. 42, 534 (1932).
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and 4000A, again in approximate agreement
with the results of previous workers.

When great care is taken to obtain a pure
surface in high vacuum, it has been shown by at
least two recent observers that magnesium re-
sponds to visible radiation. For relatively gas-
free magnesium surfaces deposited upon thor-
oughly outgassed tungsten, Kenty" reports a
work function of less than 3 volts, or a long wave
limit which is greater than 4100A. The threshold
was located approximately by the method of
filters with quartz mercury lamp as source.
De Laszlo" has investigated the photoelectric
sensitivity of magnesium films deposited on glass
from samples of the metal which previously had
been distilled in high vacuum. A quartz mono-
chromator was used with a mercury arc as
source. His sensitivity curve indicates a long
wave limit for magnesium lying somewhere

"Carl Kenty, Phys. Rev. 43, 776A (1933).
'2 H. de Laszlo, Phil. Mag. 13, 1171 (1932).

between 4500A and the long wave limit for
lithium, which falls well beyond 5000A. He
concludes with the statement that the photo-
electric efficiency of magnesium is exceptionally
high between 2800A and 2400A, and that it
would be of practical use as far out as 4000A.

CONCLUSION

These experiments on magnesium coatings
show that the photoelectric threshold for layers
deposited by slow distillation in high vacuum
falls in the visible region of the spectrum. The
measured long wave limit lies in the range 5000
to 5200A. The formation of a light surface film of
magnesium oxide, or nitride, sensitizes the metal
to light of longer wave-lengths, a result which has
been observed in the case of the alkali metals.
With continued oxidation the sensitivity of the
coating to visible light decreases, and tests show
that for well oxidized magnesium the threshold
lies in the neighborhood of 3800A.


