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ABSTRACT

Effeet of Toluene on liquid Mercurys An appapr-
atus is desoribed whieh permits the measurement of
the photo-electrie emission and threshold for pure
mercury sontaminated with pure toluene vapor. It
was found that the vapor from small amounts of tol-
uene held at the bemperature of liquid air produces
no appreciable effect on the photo-electrie behavior
of pure liquid mereury. Vhen, however, toluene
vapor of esonsiderably hijher pressures (6mm and 30
mn) ig introduced into the photo-ecell, the sensitive
ity immedistely lnereases and the threshold immed-
lately shifts 100A toward the red. This shift in
threghold is the same for both of the higher pres-
sures and is independant of the time that the vapor
is retained in the photo-sell.

A meproury surfadge vhich has been eontaminated with
toluene ¢an be brought baek to its normal behavior
for pure meroury amply by ¢onnecting the photo-gell
with the liquid air trap and pumps, and without the
necessity of redistilling the mercury. The time of
return to normal behaviop varies between a few min-



utes and several daysj the time inereases both with
the pressure of the introduced wvapor and with the
time that the vapor is held in the gell before pump=-
ing is begune.

The minimum eell voltage required for a saturated
phote=gurrent is inereased by the introdustion of
vapor into the cell or by the formation of an adsorb-
8d layer of wapor on the meroury.

Effeet of Temperature on Solid end Liquid Meveury:
Apperatus for messuring the photo-electric sensitivity

at different temperatures is deseribed. The range
of tempepstures was ~190° to 26°%  Monoehromatie
light m used and both the sensitivity eand threshald
were determined for various temperatures in this range.
The threshold is independant of temperature. At room
temperature it is 2735 104, vhich is en independant
confirmetion of the velue established saplier by
Kazda and by Hales. At temperatures between -190°
and -39*’, wnere the mercury is in the solid phase,
the threshold is at 2750 25A.
The photo-sensitivity of golid mercuyy is higher

than that of liguid mersury, but it does not vary
with temperature in the region below =39°, The
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inereased sensitivity, without an aceompanying

shift of threshold toward the wed, is attributed
to an inerease in the optieal sbsorptivity, oseur-
ing when the mercury changes from the liquid to the
solid phases No evidence wsa obbained of a change
in the erystal structure of solid mercury in ilje
region of temperatures investigated.
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EFFECT OF TOLUENE ON THE PHOTOWELECTRIC
BEHAVIOR OF MERCURY



INTRODUCTION

" The object of this investigation was to establish
the effect on the photo-electric electron emission of
mercury when the surface of mercury is contaminated with
toluene vapors Dumn (1) end Hales {2) found that merecury
coataminated‘with stopcock grease had a much higher photow
sensitivity and a lower work function than had pure mercurys
Poole (5) observed s similar result when mercury was cone
taminated with bengene. These results and those of other
obgservers working with vérinus retals indicate that certain
organic subsbtances teﬁd to increase the photoessengitivity
of mefals‘and to shift their photowmelectric threshold
toward the ved end of the sneetrum. This lea to the present
study with toluene, CgHgCHz, which 1s the second memberof
the benzene series, benzone 1tself. being the first,

It is now generally conceded that the phoﬁdﬁelectric
activity of a pure metal is an intrinsic property of the
metal itself and that the confusing and contradiéﬁory
results which are so often met with by wmrkcrs_in this
field are due lavgely to the fact that metals have been
used in the experiments which were not entirely free from
contaninabing gases and vapors. The most important

expéﬁimental problem in photo=electricity thon becomes
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that of finding mcans for obbaining very clean specimens

of metal. ~Consequenily, studies like the present one,
where the conbamination of a metal is deliberately brought
about under controlled conditions, are concerned ultimatoly
with the finding of experimental methods for eliminating
conganinations., There is, however, a large possibility
that such atudiea will also have the more direet end of
furnishing evidence vegurding the mechanism oif photowslec=
triclty dtself and-ﬁegmrdiﬁg the pature of adsorbed gaseous
layerss ’

It is fmmossible to snter hse

(&

re into a lengthy digw
cussion of the many cexperiments in wiiich contanination
effects (bthe so~called positive and negative fatigue offects)
have been observed, for there exlsts an abundant 1iterature
regarding such éhenoménat any of the older experiments
are deseribed in the gencral treatlses on photowelectricity
(¢), {5), {11}, end hence brief reference will be made
nere only to some of the most recent works

It should be said here that the use of the term
“raticue” as equivalont in meening to the expression "eone
tamination effect® is confusing and inexasct. Historically
the expression Yphotoe:lectric fatigue was invented to
describe the p&énomenon of a supposed fatiguing or loss
of potency of a pure metal under: the action of light.
It ig now rogarded as certain that this phenomenon does
not exist and thet this so=-called fabtigue of a metal is

a apurious effegt due actually to the presecnce of Impuri-



ties on and in the metel. ‘It is well to Ieep in mind
however, that the terms "fatigue" and "contamination
effecta® ere used interchangeably even in the most re=

cent literature.

BRIEF SUMMARY OF EXPERIMENTAL RESULTS ON THE EFFRCTS OF
COUTAMINATIONS ON THE PHOTOELECTRIC PROPERTIES OF MITALS

A study of literature yields the following general

facts regerding the so~called fatigue effccbss

~

(2) Meny substances do not alter the photo=
glectric properties of a metal. Heliun, argoh (2) and

manthane (8), for example, apperently produce no éffect

Ak

On MEPCUrye

" (b) The action of a given kind of contamina=
tion on a given umetal varies with the temperature, state
of aggregation, time, thiclkness of the adsorbed £ilm,atc.
velo (14) found that the offect of adding gases'after
outzassing platinum by heating is dépeﬂdﬁnt on the partils
enlar sample of platinum in usé‘f“fhe writer has found
that contanination effects in mereury depend upon the
stace of aggrégation of the maycufyg

(¢) A single contaminating substance may

afford more than one mechanism for changing the photo=
electric properties of a metals Thus Leupold (8) found
that the presense of amnmonia cwnsiaerablylincreases the
photcﬁsensitivity of platinun as cmm@ared with the presence

"of alrs but in the region of an absorption band the



ammonia vroduces o marked éecrease in the number of
photo~electria electrons euitted.  From this oné can
see that at 1ea§ﬁ two mechanisms ave operative here and.
that 1t is possible for the work function of a mobal
to be lowered by the presence of a contarinating subw
stance, while at the saﬁé'time the photo=sensitivity of
the metal to certain waveeléngths may be diminished,
Ordinerily, the sensltivity rises when the work func=
tion is lowered.

{(d) & Liwen cuntawinauing substance does
not affect the photowelectric propertiles of 211 metals
in the same ways For example, DuBridge (6) and obhers
conclude that hydrogen strdmgly?ﬁﬁcreages'the phgﬁo#cmrm
rent from platinum, while Hales {2) found thot hydrogen
hes no effect whatever on the photo=electric properties

of ligquid merourys

- CURRENT THEORIES OF THE CAUSES COF bHﬁﬂGE& ZN THE ?Hﬂ?ﬁv
”GTRIﬁ PROPFRTIES G? VETALS

According to Hallwachs, the possible causes for
fatigue, are: (a) direct action of the lights (b) oxie
dation of the surface or chemical action of the surround-
ing gas on the photo-active metal; {(c¢) forming of elecs.
trical double sheetss (4} phvsical changes in the motal
litself, such as a roughening of the surface ccenriing

w*th times (e) adsorption and abserption of gas molscules



and gescous ions. The first Ffour causes given here
unguestionably influence the photavelectria @h@msmena
in many cages, bub, as pointed out by'?redwoditélew
and Witt (9), Allen (3) and others, they cammot be
acéepted as & complete explanations The £ifth cause,
the éffect_of gases, seems to De the one which usualily
explains the whole varlety of so-called fatipue phono=
mens. s | . |

It should be polnted ouﬁlﬁhat in experiments ine
volving the introduciion of a contaminating gas into
a photoeelectric cell, there also arises tne possibility
of a spurious decrease in sensitivity due to a lack of
saturation of the pholoscurrents Ives, 0lpin and Johnsw
rud (15) show that the accelorating potential required
Tor saburatlion depends on the pressure of the residual
oes in the photo-electric cells

Many atiompbs have been made to formalabte explanew
tions of the effects of gases on the vhobto=electric prop=
erties of a metals Predwoditelew and Witt (9) have pro=
pqsed.a theory of fatigue vhich is in good agrecment with
their experiments and vwihleh establisﬁes & connection exw
pressed in the form of an equabion, between the decay in
the phobto=current from & etal and the guantity of ga&
adsorbed.s The theofy is based on these assumptions: (a)
the greater part of the lizht energy absorbed by a metal

is consumed in increasing the averase energy of resonators



and not In the loosenling of elechrons; (b) only the
outer-wost layer of mebal is phata«activej {c) nag a
conseqguence of adsorption of ges there is produced a
situation which is analagzous to that of the formatioﬁ
of a new substance on the surface, this substance having
2 naw mean prctstype of resonators snd different phobo-
electric-wrop@rti93»

Wiednann and Hallwachs (7) attribute the initisl
low gensitivity observed for fresh platinﬂm to  the
presence of anfadsorbed layer of elactro»nﬂgati?e cases
which hinders the escape of Qlectvors, the rapid rise
in gsensitivilty which is observed when the platlnum 4s
heated 1s due then to the removal of this layers They
conclude further that gases which are absorbe & in the
body of the platinum.in gome way ald in the ?e on of
electrons and that the removal of such gases. by heoating
rroduces the observed gradusl lowering of the photo=-
currents DuBridge {(6) has found evidence of m Increase
in sensitivity due to thc Tormation of a surface layep
of pas on a cool flatinam surface which previously had
hoen outgasseds

llendenhall (30), using evidence furnished by the
vhenomens of clectronic bombardment, concludes that
two changes take place during the heat treatment of s

metallbeing,grepayﬁd for nvoto~ﬂ?ee tric purposes;: one



is the oubgassing, which is complicated but which in
general reduces the number of clectrons; the other is
the devolpment of a surface structure, a crystallisae
tion, which tends To increase the number of electrons.
He Delleves that it is the undetermined combination of
these two effects which is respomsible for the Aiffi-
ulty of sgecwvring reproducibﬁe and stable limiting

surface conditionss,
THE VORK OF KAZDA, DUNN, HALES AND POOLE ON LIQUID MERCURY

Kazda {(10) working in this laboratory, made the
first suceessful meoasurements of the the photoelectric
behavioy of mercurys. He made use of a flowing surface
of nercury which had just been con&ensed form the vapor
states A given pabtilele of meroury was in contact with
the residual gascs present in the highiy evacuated photow
electriec cell for less than & second, e time too short
for the surfacé to becoms contaminated to an appreciable
extent. Kazda in this way found the threshold walue
forvliquid mereury at room temperabure to be 2735&104.,
which correspﬁnﬁs to a valus of 4.52 volts for the work
functiones | ’

It was found by Kegda (10) that gs soon as the
mercury surface was allowed to slow dowm and become
statlionary, the threshold value immediately changed.

This effect he atbtributed elther to contamination or



to some kind of change in moleculsar arrangement ocourir=
ing when the surface came to resty With the apparatus

as he had designed 1%, Kazda was unable to show define

itely that the threshold value of 27554 was charnctere

istic of gtationary as well.as of flowing mercury.

The photoselectric cell designed and used by Razda,
and later also used by Dunn, was much like the one
shown in Fige 1+« The photo=clectric cell is necar the
center of the figure and on the right of it is the
mepceury still. The mercury @vapbrataé at & rate which -
depended upon the current applied to the heater. It
econdenged inside the water jacket and fell inko the
tube below, the fall being broken by a perforated glass
plates It then flowed through & smail tube and up into
2 small iron cup, vwhere it presented a surfaces It
then overflowed down an inclined iron tube and reﬁurned
to the boiler of the still, Above and around the iron
cup was & copper oxide recelver, closed above except
for a s8lit to admlt yrediations The receiver caught the
electrons ejected from the mercury, the latier being
maintained at & constant potential of about 5 volts nega=
tive to ground. The receiver was connected by means of
a shielded wire to a Dolegzalek quadrant electrometer,
which was operated at a sensitivity of about 1100 mm
per volt for & scale distance of 1.5 metérs. Excepl

where otherwise mentioned the apparatus was constructed



of Pyrex glass. The photo=electric cell and st411
were connected through 8 liguid air trap to two stages
of .condensation pnmps;

It is of 1m§ofﬁanea to note that in this originsl
apparatus a stgpeock, lubricated with stopcock gﬁaaﬁe,
was situvated between the ligquid alr trap and the pumps,
and thaet the iron cup and quartz window in the photow

¢lectric cell were held in place by a high temperature
cement y |

The source of ligpﬁ HRS a quarts mercury arc, which
wag operated at'canst&mt voltege, current and temperabure.
The light passed through a camera shutter into thé a@llﬁ
imator of a Hilger monochrometors From the manaéhramau
tor the light pasged through an adjuaﬁabie'quartm lens,
by which it was focussed on the slit of the recéiver
in the pﬁéﬁo~élﬁaﬁria calls The relative intensities
of the lines emitted by the arc were measured by meang
of o vacuum thermocouple and a D'Arsenval galvonometer
of secnsitivity ef-@hg order of 19”9;ampere$a

The long wave limit or thresghold was found ﬁy
splotting the photo=current per unid intenaiﬁy against
the wave lengbh. The intay5$ctioﬁ of this curve with
the wave lengbh axis gives thé threshold value, Kazda
took into account sorrections for stray light and for
the details of this procedure his paper should be con-
sulted. | |
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Dunn, (1) working with the same apparatus, found
that 1f the mercury surface was brought to a stands
sbill, the threshold changed in 8 minutes frém tﬁé
value of 273BA for flowing mercury to one of ESSQKQ.”
Elghteen hours later, the surface in the meantime
having been left undisturbed, the threshold hod moved
in the direction of shorter ﬁaye length to & valve of
27704, which is still.sbove the value for the flowing
auﬁfacea After standing in ﬁhe high vecuum for both
66 hours and 114 hours, however, the threshold had
veceded %o 26804, & value considersbly below that for
flowing merourys

Using a vedionetive leak in cenjunetion with the
elec%rometer; Dunn also studied the veriations with
time of the phobowsensibivity to the mercury arc line
2653A. FEight minutes after the mereury surface ih
the photo=¢ell had become stationary, the sensitivity
roge to a maximum of nearly five timea.ﬁnat for the
fiowing surfece. It then began to decrease, rath@r
rapidly for about fifty minutes, and then more slowly.
At the end of 686 hours it was about oneethird the:valuef
for flowing mercury. %hen ﬁhg'surface;was again brought
into motion by &ﬁarﬁing-the sﬁiil, the sensitiviﬁﬁ'quiokm
ly rose to & value cansi&grébly above the normal velue
for the flowing surface, then began to decrease, and

-finally recachad the normal value in several.hbﬁrs after



the surface had been set into motion, @heﬁ this
normal velue was obtained, it was found to be independe
ent of the rate of flow.

Dunn coneluded from these results that there were
at least two stagas to the process of canhamimation of
the nercury surface. Heo suggested that two different
impurities could be responsible for the phenomens obw
sofved, the one acting very quickly and raisingvtho '
threshold, the other acting more slowly and 1owéring
it, Ho also suggested that the phenomena could be
attributed to a single impurity on the mercury surfsce,
a single layer of molecules of this impurity fecilitae
ting the ‘release of electrons from the mercury and
a number of layers of the impurity hindering their
relense., VWhilchewer of these two explanations was the
correct one, it was ceriain at least that the socond
stage of the contanmination was guickly removed wheh
the surface was sebt into motion, while the first stage,
which resulted in an increasevin sensitivity, held nore
tenacionsly, |

Dunn next tried the effect on both flowing and
stationary mercury of removing tho liguid aip from
the liguid air trap, The vresults he obbalned were
rather complicated butb iﬁteﬁ&sting; From them hévwas
able to conclude that the fivefold increase in senéi*

tivity which always cegurred when the mercury was first
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brohght to rest wésv&ue to o substance condensed 4in the
liguid air trap an&'having a melting point nesr 0°C. I%
8l80 sgecned probab;a that the substagce responsible for
the subsequent slow fall in senaitivit§gﬁaé not a sub-
stance condensed in the 11@uid air trap;

Since stopcocks were a part of the apwératus as dew
signed by Eezda, Dunn next tried the effect of introdueing
he vapor of stopcock grease ab room temperature into the
'photOmelectric cell, Stopcock gfease is‘composed of vase=

‘iine and pubber. He found that the inbroduction of the
stopeock grease produess_avvery large inarease'in the senw
sitivity. |

Heles (2) completely vebullt the apperatus with new
materials. In doing so he introduced two important modie
fications:{a) the stopeocks en the 1OWwpressure side of
the diffusion pumps were replaced by mercury cut«offs and
{b) the high tempersbure cement used in the old apparatus
was entirely eliminated from the ncw ones Vhenever, for
one. reason or énoth@r, alr was admitted to the copparatus,
it had %o come through the stopcocks which were still rew
tained on the high pressure side of the diffusion punmpse

After two months of vpumping, this new apperatus was
found to be so free from conbteminations that the photos

urrent fpom the statiénary mereury remained constant Ifop

& day., It was also found that conbamination of the meraury'

resulting when the mercury was allowed



to remaln stationary for several days.could be removed
in an hour, vwherd-as in-the old upparatus it took three
or move hours for the flowing mercury to rid itself of
the contamlination.

From these results Hales concluded thab two impurie
ties had bsen responsible for the effects obbtained with
$tation&ry mereury In the old apraratus.: He bolieved |
that the stopeock srease had produced the rise in aenaié
tivity, foy by eliminating the &ﬁopﬁéckﬁ on the low p?e#a*
ure side of the apparatus, the raﬁe of rise of sensitivity
was reduced to an almost n@giigible ancunts As for the
sﬁbsaquant decrease in sensltlvity vhich always oc urred
in the old apparatus,:iﬁkch did not occur ab 21l in the
new one, bthis he atiributed to the high tewmporature
cements With the apparatus as he+had dosigned 1%, Hales
~was able to obtain Kezda's value of ‘87354104 for a

well as ' .
stationary surface of mercury as,for a flowing surface.
The apparatus as Halea had designed it provided an
excellent means for the study of the effects of contam=
inating substances on the vhoto=electric hehavior of
mercury. In investigeations of the so=galled fatisue
effects 1t is desirable to work with a stationary
gurface and it 1s essential that the starding surface
be free from impurities other than those deliberately
put into the phobo-electric cell for purposes of 3ﬁudyy

The apparetus as designed by Kazda had been used
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by Eazda for the study of the effects of air, oxygen

and hydrogen upon the mercury snd by Dunn for the study
of the effects of stoprcock greasse and of hydrogen.lihe;
resulta which ﬁhey obtained can be lesrned from their
published papers (1D,1). Investigations of the effects ..
of contaminating substsonces were mede with Hales!' :
gpparatus by Hales himself and, later, by Poolé and then
the writers Hales (2) studied the ei'fects of hydrogen,
hellum, srgon, water vapor, nitrogen and oxygen. Foole
investigated the elfects of methane, oxygen,oxygen 111lu=
ninated by wltreviolet 1ight., oxygen combined with watep
vapor, carbon dioxide, carbon monoxide, sir, benzéne

and alcohol., The results obtained'by Hales and Poole

are summarized in Teble X.

EPFECT OF TOLUENE ON MERCURY: PLAN OF WORK AND GENFRAL
PROCEDURE

The plen of study of the sffects of toluene on the
3hote~aleotric behavior of ﬁareurv divides 1o%®1f into
three parbts: :

{a) & study of the relation between the @eméiﬁy
of the toluene Vapot admitted to the cell and the
photo=glectric current ffom the mercury. Gﬁ&nges in
the density were accomplished by changing the temporw
ature of the tube containing the supply of toluene.

The three temperatures used were that of liguid ailr,
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TABLE I.
Pressure |Length of
Substance | Observer | During | Exposure Thggg?glﬁ
Exposure |in Hours
Hydrogen | Hales 350 mm 48 None
Helium Hales «005 ram None
10 mm Hone
Argon Hales None
Water Hales «001 mm None
«05 nm 20 To 28004
Nitrogen | Hales 100 mm 24 None
Oxygen Hales 50 m 18 To BH5bBA
50 mm 72 To 2560A
Poole 20 mm 20 Hone
Oxygen &
Ultra=
violet
Light Poole To 26604
Oxygen &
Water Poole 20 mm k5 4 To 25654
liethane | Poole 4 mm 17 Hone
Carbon
Dioxide | Poole 2 Hone
Carbon
lonoxide | Poole 18 mm 16 Hone
Alr Poole 15 rm 14 Hione
Benzene Poole Room temp4 4 To 28304
Alcchol Poole Room tempv 3 To 258504

The threghold for

¢lean mercury is 8537 10.
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thet of melting ice and room teuwperature. The mercury
in the photow~clsciric cell was infafery.eaae held at
room temperabure, | _

{b) A study of the relation between the photow
electric current and the time that vapor of a given
density was pernitted to remain in conbact with ﬁhe
mercury surface. An atbenpt was also made to doterw
mine the least tinme that the toinene vapor must be in
contact with the mercury in order to produce an‘appre*'
ciable effeet on the phobowcurrent.

{c) A study of the changés taking place in the
photowcurrent as btime progressed after toluene vapor
of a given density had been in contagt with the merw
cury for a given time, the merecury in the meantime not
- being disturbedy
2y The general procedure was to pump>@ut the photow
ezectriéuiggle the nmercury in the eell was being disw
tilled and then, without intfbduaingvany‘ecntaminating
vapor, to bring the mercury surface to a standstiil and
meke a control run over tkeiéame period of timec as
would labter be consumed in making a seriesiof onserva@
tiong with toluene in the cells During the period of
the control run the toluene was in an auxiliary apparae
tus, separated from the main appasratus by 2 mercury
valve or cub=off, and this suxiliery apparetus vas be=

ing evacuated and thoroushly {lushed with tolusne by
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means a gseparate set of vacuum punmps. Afder the conbrol
run the mercury was again distilled. The mercury surface
wag then brought to rest and, with the tube of toluene

at a glven temperature, the mercuyy valve between the
supply of toluene and the photo~electric cell was onenede
In the meantime the tube connecting the photowcell with
the main pumps and liquid air trap was closed by another
cut«off, %tiuils to prevent the condensation éf tolﬁéne vapor
in the mein liguld air traps ﬁftéw 8 predetermined interw
val of time the sawrce.of supply of toluene was disconnects
ed from the cell and the toluene was removed by connecks

ing the cell with the main pumps. and liguid air traps

EFFECT OF TOLUENE ON MERCURY: APPARATUS AND BXPIRINENTAL

HETHOD

The apparatus, FPiz.,l, was essentially the some as
that used by Heles {2) and by Poole (3)s It differed
in desfign from the appafﬁtus devised by Kazda {10) in
that all the stopcocks on éh@ low pressure side of the
pumpg had been replaced by nmercury valves or cubt-offs
and in that the high't@mperatura amm@né in the photo=
slectric coll had been eliminated. The apparvabus and
technique uaéd for introducing the contaminabting subw
gbances differed in minor deteils from that employved
by any of these workers. A general view df the appar—

atus is shown in Fig. 2.
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The photoﬁelactrié cell consisted of a Pyrex
vessel in which a shallow iron cup,2 cm in dlameter,
wag mrunted on a cone of invar so shaped as to it
In a ground glass jeint in the vessel. Through the
bottom of thls cu? there passed a small bore Pyrex
tube connected to the condenser of a mercury still.
When the still was onerated, which was not the case
during the time when the readings were béing  ade,
freashly condensed mercury.overflowed from the iron
cun Inte an inclined iron tube connected to the Doile
er of the still, Tho mercury was kept at a negetive
potential of mapnitude sufficient to produce a saturege
ted photo=current, The receiver of the photowslectric
cell consisted of an insnlated oxidised copper Faraday
cage with a slit in the top to admit the light; the
receiver was located just above the iron cup and was
connected with one palr of Qaadrants of & Dolagzalek-
cléctrometer. Th@ other pair of guadrents of the
electrometer %ﬁs grounded. A guartz window was located
just sbove the slit iIn the recelver, 1t being sealed
directly onto a graded quartz to Prrex seal, Both the
nhotoesliectric cell and the mercurﬁ still were connect-
ed through two me@cury-vélves Vi and V2, Pig.l, and a
1iguid alir trap to two single stage”diffusion punps - and

an o1l pumpe
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The source of 1llunmination was a gquartyg mercury
arc lamp encloged in an agbestoselined box. The light
from the lanp psssed in turn through a camera shutter,
a Hilger menochrometor, an adjustable quartz lens, snd
shen through the guartz window and recelver onto the
mereury in the photo~electric celly The lamp: elways
Cwas allowed to run for a period of one and one=half
hours hefore ovservations were begun, 1t then being
onerated at 91483 volts, with a current of 2.4 amperes
and an amblent temperature of 202*204064

The apparstus used in introducing the toluene
vapor into the cell 1s «lso shown in Figs 1. & mer-
cury valve V3 and a drying tube conbaining phosphorus
penboxide were situated between the photo=electric cell
and the verticael tube containing the toluene. The tol-
nene tube also wasg connected through two mercury valves
¥4 and V5 and a liguid air trap to an suxlliary set of
pumps and an oil pwap. Thus the épparatus containing
the toluecne could hnlevacuataﬁ ipﬁ@p&ﬁkﬂtly of the appa+
ratus conbaining the @hatanélectrie,aeil, The two valves
¥l and V8 were kept closed during such times as the pumps
were not being operated, this being done to keep the
vapor of stopcock groese oub of the main parts of the
apparatus.

The tolucne, Caﬁscﬁg, used in these experiments

was obbained from & very pure souvce furnished by



Drs A, Ko Brewer, of this lsboratorys It was also
distilled twice by the writer..

Measurements of tho photoselectric current were
made by the balliletic method (13} The nmeedle of the
electromeber was kent a2t a consbant potential of 20
volts, the sensitivity for a scale distance of 150 cm
béing about 1100 mm per velts In meking the calculae
tions of the specific Hhétoaeléctric currents, that is,

e evrront per unit intensiby of the 1light, use was
made of the ealibrations of tn@ relative Inten it%es
of the various lines of this lamp made by Hales (1),
Threshold values were detarmined in the usual manners

In every case data first were obduined for the
meontaminated mercury, thig being done just bhefore
the toluene was admltted to the shobtowclectric cell
and under the smme working condltlons as were 1o be
used in studying the effect of edunidting the ponbame
ination. After completing this control run the morcury
wag again distilled so that a fresh surface ol uercury
would be present in the cell. The valve V2 was then
closed and vhen the valve V3 oponed, thus edmitiing
the toluene vapor te bhe cell; the pressure of this
vepor was deternined by the teupe ature of the tube
containing the toluene, AfTer a measured length‘of
time valve V3 was closed snd Valve VE oponed, &hus

connecting the cell with the 1liguid air trap and naln
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pumps and separating it from the seurce of supply of
the vapory - In the Antervals between and efter these
operations, -the photoselectrie currents were measured
in cases where the senglitivities were changing slowly,
these measurements were made for several waveslengths,
so that a threshold curvé‘couid be"plqtﬁed,WEile in
othey sames, where rapid changes of sensitivity were
toking place, the behavior of the sensitivity for a

slven waveslength was all that could be cbserved.
EFFECT OF TOLUENE ON MERCURY: EXPERIMENTAL RESULTS

Topluene at tempersture of liquid air:

the introduction into the phdto-electric cell of the
extremely sméll amountvof vapor given off ffom solid
toluene kept at the temperature of llouid air resulted
in an apparent lowering of the photo-sensitivity of
the meréury to the limes 2B37A and 2653, The vapor
preasure of the toluené‘at this temperature is about
0.005 mmes Some typical results Qre éontained in Table
II,.where the ratios of the photo~currentsg from con-
taminated and from pure mercury are given. The two
values forming a ratio were observed at corresponding
times.

The first two sets of readings in Table II were

made during the same run and without disturbing thé



TABLE IX

Time of ODbservabion

Ratio of Curr@nté—-

25874 20534

Just after the mercury

had been exposed & he %o B )

toluene wapor. 0496 0e94
After 75 minutes of

pumping. .90 087
Just after the mercury

had been exposed for 2

hours to toluene vapor. 0.92 093
After 30 minutes of ‘

pumping. 0.92 0«80
After 8% more of |

pumping. 0e96 097

=




mercury surface by causing it to flow. The last three
sets of readings were obtained during another run, but
under similar conditions. It is to be noted that shut-
ting off the supply of toluene and connecting the photo=
electric cell wlth the vumps and liquid air trap produced
no consistent changes in the ratios of the photo-currents, .
even after 8.5 hours of pumping. This means that it was
impossible to eliminate the cause of the decrease of the
photo~current simply by connecting the cell with the
liquid air trap sand pump.

All of Table II was obbtained with the mercury in
the photo-cell held at a negative potential of & volts.
In order to find if the apparent decrease in sensitivity
was due to a lack of a saturated photo-current, the
negative potential of the mercury in the photo-cell was
increased. It was found fhat the phdto~current.incraas-
ed slightly with an inérease in the cathode potential.
This showed conclusively that the most, if not all, of
the appargnt decrease in sensitivity was a spurious
effect, due to thet fact of. the photo;current being
rendered unsaturaeted when the preSsuﬁe in the photo-
cell was increased by admitting toluene vapor. This
explanation is not incompatible with the observation
that it was impossible to bring the mercury back to

normal behavior by connecting 1t with the pumps and
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liguid air trap. Such conneciion served chiefly to
cause the toluene to condense in the liquid'air trap,
without reducing the pressure of the vapor appreciably.

Thus it is seen that extreme 6are must be taken
to have a saturation photo=-current in experiments which
involve an increased pressure in the photo-cell., This
is a precaution which has not always been observed in
fatigue experiments and such negligence possibly is
responsible for many spurious results. |

In addition to the data of Table II, observations
were made of the effect of the toluene on the photo=-
sensitivity to the mercury arc lines 2700A, 2754A, end
2803A. The last two lines are bézond the %hreshold for
clean mercury, while the first is quite élose to the
threshold; moreowver, these lines, especially the first
two, have relatively low intensities. Because of these
facts and becauss of the smallness of the effect of
such minute qusntities of toluene, the observed changes
Were found to bes within the experimental error. There
~ was some evidence, however, that the toluene produced
a slight shift of the threshold, and that this shift
was toward the red. |

One may ®then conclude that the vapor from toluene
held at the‘temperature of 1iquid air produces no appre-

ciable efrect either on the photo-sensitivity or on the
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the work function of mérCury. Thus e liouid air trap
affords adequate protection against the presence of

small amounts of ftoluene in a mercury photo-electric
cell.

Toluene at 0°C.: The vressure of the vapor

intreduced into the photo-cell was in this case aboutb
6 mp. Pig. 3 shows the effeet of introdﬁcing toluene
of this pressure on the sensitivity of the mercury to
line R6E3As« This saiies of obseyvatlons was made with
the nercury at a constant potential of 3 volts negaw
tive to ground and after the mercury had been Ifreed
from cccluded geses by ropested distillation in e
hiszh vactum foy several days. AL ﬁhe time zero the
heater on the mercury still was disconnegbed and the
agrface of mercury in the photo~cell thus alloved to
come Lo rests Readings of the photowsensitivity of
the clean mercury to line 26834 were then made until
the end of 66 mimmtes (first dotted ordinate), at
viieh time the photo-cell was cut off from the main
punps and liguid air trap and was connegtod withithe»
source of supply of toiuene. The toluene was allbwed
to remain in contact with the mercury for 14 ninutes
(during the interval A, Flg. 3). During this time

two readings were taken which were considerably lower
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in value than the readings wmade before the Holuene

2 e

wags introduced. At the end of the 14 uanubes of

éﬁ» osure %o toluene (seccond dotbed ordinate, ’l: 3
she gource of supply of toluene was cut off and the
phinto=cell was connscted to the main pumps and liguid

air trap. The photo-sensitivity was now found to be

increased considerably above the value for clean ner-
Pt o S

cury, the initial reuding after connecting the rumps

snowing a 7H% increase., Oince there wag necessarily

e
i

gsome delay in taking this roadlmg wmd since the approx=
imate nature of the curve alvays obtained alter with-
ﬂréwing the -sunply of toluene haz been well eétabllshed
Ly many sories of observatlions similar Lo the one shown
in Fig. 3, 1t would scem safe to extrapoliate ithe curve
vaclkrards and to conclude thalt in the case under conw-
sideration thie vhotow-current was at least doubled by
the introductlcon of the tolucne, A further examinee
tion of Fig. 3 shousg that as time progressed alber
commecting the pumps the sensitivity rapidly veburned
to its characteristic value for clean nmercury. It

is importent to note that this was accomplished simply

poxd

N4

connecting the nhoto=-cell with the pumps and liguid
air trap, and without disturbing the mercury surface
by causing it to flow or by heating it. This process

introducing toluene vapor snd then withdrawing 1t
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tas repeated a number of times (B,C,D,B, Fig.3)

without in the meantime disturbing the mercury sure
face. In each case the behavior was the same: upon
withdrﬁwing the tolusne the sensitivity was found to
have increased and as *1me progressed it returned to
its normal value, This occurred even when the vapor

vas alloved bo r@maiﬁ i the vaato*eell only 5B BOC™

onds, the sensitivity at the end of that time again
baing about double thet for tha-unconﬁamznataé meT-
cury: A%t the end of about 525 minutes, Tig.3, &
tendency toward an increase in sensit ivity was nobiw
ced; an examination of the Dewar flask on the main
liquid air trap showed that the san%ly of liguid aip
in.it wes low: when this was rewlen*&h&ﬁ the sengi~
tivity soon bHegan to come down,
Besides the seories of chSEPVa&iens de cribad
sbove, data were alac obiained for ¢sses where the
toluene was sllowed to remain in the photo-csll fopr
periods of conewhalf hour aﬁd one hour., In thege
cases 1t was possible to make observations of the
effects due to six different mercury ave: lines and
thus to debermine the effect of the taluehe on the
long wave«len rbh ?imxﬁ..
As soon as the btoluene vapor was admitted to
the cell, the sensitivity of the mercury to the lines

- R5374 andxéﬁﬁaa began to decrease merkedly, thus ex=-
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hibiﬁimg an effect similar to thet shown 4in ji@#éq
At the same time the gensitivity to 28034 changed
from zero {(this line being well beyond tﬁe threshold
for clean mercury) bo a value such as to glve an

| electrometer reflectiorn of 16 mm pey minute for &
one minute exposare to the light. The sensitivity
to this line then begen to decrease slovly,

‘Upon connectin:z the photo=cell with the rumps
and liquid air traps, a procedure which almost imme-
distely reduced the ﬂ?essﬁre of the tolusne vapor in
the cell from 6ma to 0.005 mm, the sensitivity o

5F7A abhd 2653 4 rose suddenly ﬁo 8 value-aonsid@r~
ably asbove that for clcan mercury, while the electro=
meter deflection for 23034 dropped suddenly to 4 mm
per minute.

In an abtenpt to find the canse of this reduction
in sengitivity to certain lines and & simulbaneous
incresse in sensltivity to another line during the
time that ﬁhe vapor was in th2 eell, the negative
potential of the photo~electrically active merenry
was increased., This wgg‘fouﬂd t0 increase the photo=
current and thus agailn the apparent drop in sensitiw-
vity appears in its true light as a spuricus effect

ue actually to an unsaturated photo-current. The
nresence of the toluene had in fact incressed the

sensitivity of the mercury and had produced a decided



shift of the threshold toverds the m& : that thig
alft $o not due sinply to the olmnge in the applied
ficld 1s cleay from the fegd that the genaitivisy
near the threshold inereases with the admission of
toluene, even when the nppiled £ield 1o held constant,
Upon connecting the photowtell with the pupsy the
affect begine Ho disappesy, tho rate m" Ailsappoaranse
being very rapid during the first £ou moments of
papings  This la partiouleply true of threshold values,
£op the mmaéi;ivﬁ;%ma to linss vory olose Lo the
threshold deerease most rapldiy. Honee 1% appoars
that 4t 18 o vw; Aiffionit natbor to obbolin a tme
Indox of Biw mgnitu&a of a nontaninabion &ffaat by
neking neseurenente altey » w@: dng has begun.
Unfortunately, 1% i alse dAiffienit to obtaln
senglsbent olectronctor readings while the vapor 15 in
the oells Attonpbs w. obbain & saturabed photoesurront
by incressing the sathode pot misi.ﬁ:!. ofton resulited in
leakese and an erratic wleston :&ﬁ&&% needlos  However,
e w’éamm&; the data obtulned under such unfavorable
gorditiong with those oblalned later, when tho coll 46
sornegted with the punps, :‘z%; is possible to meke fairly

pecupate threshold dotorninationsg,
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The shift in threshold toward the ved which

’1

k)

axiste& while the toluene was in the photo=cell

of the ovder of 100A, for both the case where the
vapor remained in the ceell for 30 minubes and the
case wh@fﬁvit remained in the cell one hour. Wheﬁ
the photo=cell wag connected with the pumps and lignid
air both the threshold and the sensitivities hewn

to rebturn to the value for clean mercury, but now

the time of return was as smuch as 6 hours, as comw
pared with phe short times roqu“red in the ceses re-
wresented by Eix. B

lione of the series of observations made for
toluene at thils pressure reveal any dependence of
the magnitude of the rise of sensitivity or of the
shiift in threshold upon the tinme of exposure of the
mercury surface to the toluene. The magnitude of
the increase vas of the same order regardless of
whether the toluene remained in the cell one minute
or several hours.

On the other hand, the rate at which the offect
disappeared with pumping did depend upon the time
that the vapor was allowed to remain in the cell,

. The shorter thé time of exposure of the mercury to
the toluene, the nore quiakly d4id the mercury return

to 4ts J,rmal hehavior with pumpinge.
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Toluene at room temperature: The pressure of

the toluene vopor admiftted te the photo-cell was

FAS

in this case abovd 30 mm.br-fivé timas greator than
vhen the toluene was held at 0°0. Pig. 4 vepresents
a'tyﬁical result obtained vhen the vepor of this
rressure was introduced ihte the eell for a pericd
of 30 mlnubes. AU the time zero the heat was turned
off on the mercury stlll so that the meroury sﬁffac@
in the photo=cell was brought to rest. o roaéiﬁg
wore taken for the clean mercury and then at the
point a, Flg., 4, the photo»éell was cub off from the
maln pumps and liquid air trap snd the toluene vapor
WS adzzz:tt‘&é_@ »

At the peint b, Fig.4, 30 minutes after the
toluene was first introduced, the source of supply
of toluene was cut off from the cell and the latter
was connechbed with the main pumpes and liguid air
trap. The sensitivity was now found to have been
increasod about two and one~half times the wvalue for
clean mercury. As time progressed the sensitivity
decreaged and gradually rebturned to the normal value,
buk the modified mercury surface produced by the conm
tanfnatlion wvas now smch more peprsistent then for |
vapor of lower pressures, In the case of Fig. 4,

22 hours were requiped fer the photo-sensitivity to



rebturn te the value characterigtic of clean méroury.

&

It is significent, however, that finally 48 4id re-

turn té-t%is valve, ard thal this return was brought

abouﬁ'without the necessiéy of pedlgtilliing the mer-

CPF '
Beecanse of the grester persisteney of the elffect

for wvapor of this presgsure, the character »f the songie

tivity curve obiained just,after ocnngctiha the @ﬁmpé

hec mes more evident (b, Pig.4.3s This Tnitisl ervatic

behavior of thS'sensiﬁivitg"pvabﬁkly oocurs also. in

the casge of lover wvapor pressu§eé;-buﬁ it hap@éné~too

qtckly for observation. This gives further wéisht

to thoe centention that data obtained while the gell

is connected with the'yumps may 153& to ervyroneocus

comslugions regerding the magnitude of the effect.

e 5 offers a further illustratisn of this point.
wrve T ois a threshold debormination for slean mer-—

cury. Curves ITIL, IV, snd ¥V, in the order named,

represent threshold determination made as pumping

]

rorressed after g 50 minute exposure to Ltolucne atb
roon tempergture; Surve ITIT wag obtained soom after
the cell was gonnected with the pumps, and Curve ¥
18 hours labers Curve IT, on the other hand, was
obtained immedistely alfter & 30 minute exposure to
toluene at OOC.

During the tlme that toluene of 30 mm pressure



was in the phobto~cell, the mercury showed a shift of
threshold towerd the red of the same order of magni-
tude as that proﬁuoéd by vapor of 6 mm pressure, nanee
1y, 1004A: Changing the tine that the vapor was ollowed
o rémain in the cell apparently had no effect on the
marmitude of this shift, but did change the rate at
vhileh the long waveslength 1imit returned to normal
with pumplings

A comparison of the results obtained for airfevent
pressures shows that the rate at which the effect of
the osntamiﬁa%ion disappears with pumpins varies with
the rressure of the vapor, as well as with the time
of erposure. The greater the time of exposure and
the greateor the'pregsure of the wvapor, the nore persise

tent 1s its effect on the mercury.
CONCLUBIONS

{an? "he presence of swmall amcunts of Holucne
in a 1iquid>air-traw nas no apprecieble effect on
the ﬁhotowelecﬁrio behavimé of meroury.

{) The presence in the photo~cell of toluene
vapor having a pressure between 6 rm aﬂd &0 mm causes
the_long vavewlength 1init of the nercvr* to shift
1004 toward the red. This shift exists when the

potentlal of the mercury 1s only 3 volts negabive,



although 1t is then difficult to measure becauée
of the lack of saturated photcncurrents;

(c) The shift In the threshold occurring while
the vapor is in the vhoto=cell is independent of
the pressure of the vapor, oy the range of proess=
cuvre 6 mm to 30 mm. In this connectlon it should
be said that the work of Frager, Patrick and Suith
{19) showa that the thickness of the adgsorbed film
of toluene on a nlane surlace 4s never greoater than
nnimolecular, even at saturation pressures.

{(d) The shift in threshold is independent of
the time that the vapor is held in the photoecell,
at least for tinmes rancing betveen BS ssconds nnd
several days. The effect seems to reach its mezie
mam value glmost immediatﬁlﬁ.

(e) A mercury surface which has been contami~
nated with toluene can be brousht back to its nore
mal behavior for clean mercury simply by connecting
the photofcell with the llguid alr trap and pumps,
and without the necessity of redlstilling the ncr=
cury. Thus the effcot apparently is due to an ad-
sorbed layer of toluene, and not to an absorption
of the btolusne b? the mercary.

(f) The rate mt which the effeet disappears
with pumping depends both on the nressure 6f the

vapor and on the time that the vapor is retair



in the cell before pumping is begun. The time ro=
guired for the mercury.to reiturn to 1is characters
istic behavior for clean mebal varies betwesn a few
minutes and several days, the time inereasing with
Incrensed exposure to the toluene and wilth groater
VApoYr pressures.

| ‘(g) Poole {Table I) found that aftor o 4 hour
gxposure to benzene ot room temperature, the long
wave~tongth limit of mercury shifts 954 btovard the
red. Thus toluene and bengene produce effects of
she same nature and order of magnitude,

'(h) when vapor is introduced iﬁto the photo=
cell an! when adsorbed layers of gas are present
o the metal, caubion mast be observed to see that
the applied volbtage 1s suf?f @ient for & sabturated

“hotowcurrent; otherwise veﬁy nisleading res

(i} further ¢xperiments of this nature should

e ccnducted with a ?ho%o»eleatric cell so designed
that reliable rgasurOIQntsiaén'be made during the

fime that the conbtaminating vapor is in contact wit

ALy

'3

the metal, The design of the cell should be.such

as to make possible the use of high applied. voltages
without resultant leaksge. Means should slso be
vrovided for moasuring th@ absorption, if any, which

the nlitra~-violet light undergoes when it passes thru

e



the volume of vapar and through the layers of
“yapor adsorbed on the window snd metal of the
rhoto=cell. In this connection, one should

consult the '\:»:crfl, of Leupal&. on the ~K.f-;:f.‘}”.“e(:‘t: of

ammonta on platinum (8).
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EFFECT OF TEMPRRATURE ON THE PHOTO<ELECTRIC
BEHAVIOR OF SOLID AND LIQUID MERCURY



INTRODUCTION

The photomelectric propertiles of mercury at room
temperature have been studled extensively, but with the
exception of some unpublished work by R« Pohl, there has
been no atbtenmpt to study the photo=slectrie behavior of
the metal at low temperatures.

In experimental work on the relation between the
photoselectric effect and temperature, an atbeompt is
mede generally to gain information regarding one or
both of the following points: (a) the question of the
exiéﬁpgpe of & true teomperature effect, that is, “hether
2 cia;h metallic suvrface suffers changes of its photow
gensitivity end threshold with ﬁh&ﬁ@&ﬂAin temperature;
{b) the behavior of the phpto*elﬁatria properties efa
a metel as it pesses thyough the melting point and through
other transition points, such as 8 crystallographic changes,

The general consensus of opinion has been that there
does not exist a true temperature effect of apprecisble
magnitude« This conclusion is based on the vesults of
many experimentss Yet at the same time there is congid~
erable evidence in the literature for the exmistence of
the effects It 1s impossible to give any adeguate sure
vey of the literabture in this paper, but some mention
will be made of the more recent work, with pﬁbtieular'
regord for results which are positive in charscter,

Ives {R20) and Ives and Johnsrud (21) find that the



variation of photo=current with temperature in sédium,
potaaaium and rubidivm is continuous and without abrupt
changes« Smooth surfaces of potassium exhibit a much
greater variation than rough surfaces. With e smooth
surface the effect for yellow light amounts to a varim‘
ation of ten to fifteen times between room temperature
and the temperature of liguid ailr. Hornbeck (22) conw
firms the existence of a considerable temperature effect
for potassium and, in addition, finds a sharp discontine
ulty in the photaadurrent at about «80°C, This he asso=
- eclates with a change in the crystal structure OfvpotaSe~
givm ﬁhich is kniown to cccuy at this temperebure. Ives |
and Johnsrud failed to find such a dlscontinulty, although
they knew of Hornbeek‘avfésulﬁs and attempbed to duplie
cafe the experimental conditions under which he worked.
Hielsen (2&} coneludes that for aluminum the phottw
current due to BOV3A remains sonsta@h yithin 49 as the
metal 18 cooled from 40000, to 100°G; He has discussed
the influence of a chamge of temperabure upon the threshold
© frequency on the basis of Richardson's theory and arrives
at the result that the temperaﬁure variation of the
© threshold is proportional te the Thompson gggﬁfﬁcien§.
According to this, the threshold ffaqueney aﬁbul& be
practically independent of temperature, since the Thompw

son coefficient is alwsys very small. Hall {24) has ob=



tained an éxpression for the work done in removing an
'electron f?améwmetml which indilecates that the work should
diminish with rise of tempeoratures

Wehnelt and Seiliger (28) have observed that the
emission curves for copper and silver exhibit kinks at
the melting point whilch indicates that the emission
work of the llguid stabe 1s less then that of the aoii&w‘
They conclude thet the number of free electrons 1s re~
duced in passing from the solid to the liquid spproxi=
maéely in the same ratlo as the resistances of the metals
increases

DuBridge (6) finds that for thoroughly outgassed
platinum the photos=current is independent of the tenp= -
erature up to 500°C., Beyond this tenpersature the photow
cufrent rises, first slowly, then more rapldly, until
ab 120006 it 4s sbout double the walue et room temperae
ture; at the same time, the threshold shafts slightly
to the reds DuBri&ge concludes that this 1s & genuine
tenperature effect charvacteristic of the metal itself
and due to the incresse in the thermal enersies of the
freeMelectrons which may become appreciable at high tempe
" eratures.

Thermal collisions also become an apprecisble factor
at temperatures between absolube zero and room tempers-
ture, according to Suhrmenn (28).

Werneyr (27), working with btungsten, finds the photo=
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current and threshold fregusncy congtant up to 1@5&&@ _
At this temperature the thermlonic emission b&éomes "
measurable sand at the same time the phetmwemrr@ﬁﬁ Dewm
ging to increase slightly, showing s 14% increase atv
1160K.

Coetz (28) (£29) has made an extensive study of the
thermionle emissisn from Iron, silver, gold and copper
at transiticn and melting polnts« He discusses the
known changes in the electrical properties of metéla
at these points with respect to conductivity and %o
thermal and photowelectric effectss Caldwell (30)
finds that for iron the variation in the photo=current
with temperature ls compliceted. Tn the region 475%
768°C there 1s a decresse in the photowsensitivity with
increase in temperature, ad this 8&1&%@11 recognizes
as & pure temperature effect; there are slso varilations
in the sensitivity which caﬁ be associlated with the
'transiticna_fmam alpha to beta and from beta to pemme
iron,. |

Pohl, of thtingan* found no change in the long
vave=length 1imit of‘mareﬁﬁy as it passed from the
1iguid to the 8@1@& state, but because of the difficul=-
tles inherent in phétmw@&@stri@-&errimants at low tewp=
eratures, he concluded that mercury was not a sulbable
metal for studying veriations at trunsition and melting
Ipointas Consequently he soon berminated the work and

d41d not publish any results{34).
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The probleom of mercury at low btemperature has a

particiular point of interest due to the fact that there

is evidenes of a change in crystal structure somewhers

in the reglon between &?806 and %ilﬁaﬁe Allen and Aminoff
{31) find onc styructure ab *?8?8, while McKeghan and Qlofw
£1 (32) find a different one at-*ilﬁaﬂs Twald and Hermann
(33} conclude from these results that the two very diffw
ervent determinations can be ex?iﬁiﬁ@& by an allotropie

change in the r@@ibn'in aguestions
THE PHOTOSCELLS

Two diffevent types of photo=cells were used during
the courage. of the experiments

PhotosOell Number One: This cell was made of Pyrex

- and was of the design shown in Fig. 6. MNercury entered
' the cell through & side tube and Popmed a pool on the
Pyrex bottom of the cell. A tungsten wire made contact
with the mercury and gserved as a means bf-k@@ping it at
a negative potentials The receiving al@ct#aéa congisted
of a flat civcular disk’nf tungstorn, 3 om in diometer,
which contalned a narrow slit through which the light
could pags. A tungsten rod, welded to the disk with
nickel and wassing out of the eell through a horizontal
side tube 18 om in length, served as a supporht for the

A1ek and ag a conductor to the electrometer. Just above
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the receiver was a quartz window, which was sesled directs

ly onte o graded quartg to Pyrex seal. The outgide of

the window was kept clear of molsture by blowing dry air
uron its The cell was shielded by covering its outside

walls with a conducting layer of povdered zraphite. The
grophlite {irst was moistened with a 1little water glass
and water and was then applied to the Pyrex with a brush.
“hen the cell was baked, the graphite formed a hard layer
witich did not scale or rub off appreciably. The water
glags, which indeed was used very sparingly, apparently
did not weaken the Pyrex, for no breaks occurred in it

s

during two months of continuous evacuation,.

Tenperatures were weasgured by means of a spot welded
sonstanban Ve sbeel thorno-couple and a lodel 3355 Rawson

maltineter, The junction was cnelosed in o glass tube

=
4

placed close to the pooel of mercury, but not touching it..

n Lhhne n

=3

ercoury beecause of the belief,

}<s

It wes not lmbedded
bhased on the experiences of other experimenters, that

a gless tube Imbedded in a very clean llsuid metal will

be frachtured vhen the metal selidifies . Later this was
found not to be the case, at least for mercury. Before
calibrsting the thermomcouple, 1t was subjected ropeatedly
to the lowest und highest temperatures Lo which later it

S iyt

would be exposed.
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Defects In Cell Number One: Experiments with the

cell just described revealed the following defects and

thege were btaken inte account in desisning an improved

{a) =ince the junction of the thermoecounle was

o

not in contact with the nmercury, a temperature dlffore
ence of about BY existed between the nercury and the
junetion., Whille 1t is possible o make an approximate

2. 4

gorreetion for this difference, it is desirable to avoild

AN el WL P laddio Made skl Jatd Ly

4.3 e 5 o e oA IR PR T S I E T N .
the necesslty of 1t by placing the Junction in the mere

+

+
<
Jte
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means of keeping the cell window free from molstu

v wde T E 3, 2 A il b Sy ARE ey e
fmpracticables. Desplie hat the alpr was washed

a1 T ST . e T~ (. .. SR — ] 3
guccessully in potasslum hydroxide snd sulphuric acid,
w SR s34 . g > TR B G
and was passed 8 long dryling tube condaining

caleiwm chloride and glass wool, 1t s3till contelned trmces
of ¢l and wmolisture. Donscquently, continuel care was
roaguired to koep the cold window of the cell clean.

{c) A strong drift of the electromeler necedle
ﬁccwrped whenever the btemperature of the cell was changs
rapidly. Thia drift was not due to leakage butb,as

L

gt ieast pertly to the presence

&
ES)
¢

of thermo=couples in the recolver circult. The receliveyr
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had been Hullt entirely of tungsten for the express pure

pose of avolding therme-clectrie effects, but account

was not taken of the fect that tunssten sheet "nd tunge.

i

i contain different avounts of thorium. It is

sten ro

~

possible tiat the nickel used in welding the rod to the

disk was a factor in producing the effect; alsc, there
is some covidence that the sudden cooling or war:ing of

the glass walls of the cell produce oifects of an electris

‘-‘

cal naturee
(d) ¥when the mercury was first admltbed t- the

cell from the s8till, no elecirometer deflection could

e obitained ur on expogure of the mercury to monnchronatlie

1i-ht, even when the 1lisht was of as short a wave-length
as 2400A, and the applizd voltage was as high as 100 volts.

During this tinme the electromelter woul a stfong drift

Cl‘
Lty
t3 ]

~n 3
i3 & e

cF

K« 3+ 1 o R . 2 2w s
have 1if the anods wore heins

in the diproct: wrorld

-

b

charged positively. Vhen the evidence of a phnto-current
d1d begin to appear, which occurred in a time varying
betweeon 15 minutes and several nours, this current was
very wesk and counld not be rendered saturated by apply-
ing 100 volss to the cathode. The current then rapldly
became stronger and Iinally could be made saturated by

g notential of sbut 20 volts. Experiments showved that

a satirated current could be obtained within o for nine
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ntes of the time of admissicn of the merecury, rrovided
the mercury first wes exposed to the intense polychro=
matic light of a naked morcury arc lamp. The apperont

o

explonation of the effect is that the merecury produced

a large positive Earge or the glass walls of the cell

ta

when 1t flowed in through the Pyrex tube and thalt this

charge caused the clectron currcnt to be deflected away
from the recelver. By exposing the mercury to the ine

tense "white"lizht of the mercury arc s large rhotow=

3

current was produced which soon dissipated the gtati

2

[&]

charge on the glass. An alternative explanation would
be that a pure metal has no photo-electric nroperties

and that tre rhotowcurrent appears after the surface

tta

cither has become contaninated or has been modified in
smme way by exposure to the light. DBut such on oX-
nlonation is unteneble, as many conclusive experiments
have ghown: and besides, there remains the fact, ob=-
served both by Kazda and by the authop, that & pholoe

2

currert 1s obtained immedlately wuvon admitting mere

cury to the cell, providing the mercury is made to
enter through a metallle condulitvs.

The few nminutes delay incurred in exposing the

mercury to the nsked arc is probably of no noment, &s
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experiments showed that the photeoeeurrent alt room tempe
erature was constant over a long rerlod of time. How=
ever, it i1s deszlreble to he gble to make measuremenis
'1mﬁe}iately sPter the metal has been eondensed from

the vapor states

FPhol 0~Cell Number Twot This cell, Fige 7, was designe

ed to eliminate the troublesome featuresz of the first
gell, It differed in the following iwmportant respectss
(1) the junction of the thermo-counle used for measuring
temperatures was imbedded in the surface of the pool of
mercury; (2) compressed air wass abandonsd as e means of
keeping the tell window ¢lear of moisture. Instead, an
additional qurartz window was fastened to the npper end
of the ¢ell, and the space between the two windows was
evaocvated; this arrangement not only nrovented moisture
from forming on the windows, but improved the thermal
insulation of the eathode of the cell; (3) the receiver,
or anode, was made from a single sheet of tungsten, to
reduce thermo=-slactrie forcss, The disk of the anode

-

was lsrger than in the first cell, it being 4 em in

diameter, while the slit in thisz Adisk was made somewhat
smaller; (4) the pool of mercury forming the cathode was
¢ontained in an iron cup 2,5 om in diamster, the mercury

being admitbted to the cup through an iron tube vhich
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passad ont through an opening in the wall of the cells
The merenry was fed into this tube through & delivery
tube from the still., Both the delivery tube and the
iron tube wewe gurrounded by & larger Pyrex tube which
was sealed to the remainder of the apparatuss this
arrangement mede it possible to disvense with & graded

seal from iron to Pyrex.

APPARATUS AND METHOD

Surrounding the phct0~cbll wes & Pightly built
galvenized iron oven. This oven was uszed for baking
the cell., It eontained drying nmaterial and was grounde
ed, sc that 1t also served to retard the collsction of
molsture on the cell vhen the latter was ccoled, and as
an electrostatic shield. The point where the tungsten
lead %o the mercury cathode entered the cell was ¥ept
dry with a small heating coil, The tungsten lead from
the anode to the electrometer ensrged from the cell at
a point outside the ovenj this point was kept dry by
calcium chlorid eonteined in the metal shield leading
from the cell to the clectrometer. Mige 8 is a general
¥iew of the apparatus with the oven removed; Fige © is
the same view with the oven in places

The mercury first was purified by the method of Appen=
I end then was plaged in the etill, Fige 6, which formed
and integral part of the apparatus. It was distilled
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The photoesell was baked atb 35006, after which the
mereury wes admltted to 1t through the mabactigqliy
to remove the mercury from the cell, The latter was
baked until all of the mercury had distililed over into
& sunmp provided for thils purposa.

The photoecell and stlll were connected through
a large liguid air trap to two stages of condensatlon
a Hryvac punpr. Hothing but Pyrex uvaes used in

system end there wers no greased, waxed or

senented joints on the high vacuum side of the pmps.
ATl megsurenents wore made with a vacuvum better ithan
1.0™0 i, a8 indicated by a Mceleod gause.

The freegzing of the mercvry in the cell was accome
plished with a cooling agent conteined in a s specially
designed wideemouthed Dew jar flask wivigh slipped over
the bottom of the cell. When the flask wag filled, the

P

oling agont covered the walls of the cell to a digtance

o
o

of 7 cm above the surface of the mercury. The various

-

wonts employed were liguid air, nixtures of liguid air

and aleohol. snd mixtures of carbon dloxide an’” other,

Liﬁﬁ upon

R
il

zhe temporature and rate of warniag dew=

.

sived.

The soukce of illumination was a quartz mepoury
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are lamp enclosed in an asbestos-lined box. The
lemp was opersted st 91-93 volts and 2.4 ampa. Use
was made of Hales! intensity ealibratioms for this
lemp(2)s The light from the shubtter passed in turn
through a samera shubtter, a Hilger monochrometor
and an adjustable quartz lensy the lens focussed
the 1light on the s81it in the eell ancde.
Photoveurrents were measured in the menner deseribdéd
on page 20 of this reports All gurrents reported
are saturation velues. The mercury ecathode in the
photo-gell was mainteined at various negative
potentials, but for the most pert at 20 volts neg-
ative to ground.

AN INDEPENDANT DETERHINATION OF THE THRESHOLD
FOR MERCURY AT ROOM TEMPERATURE

Although Photo-Cell Wumber One proved %o be
unsuitable for work involving tempersture varia-
tiong, its unique design provided the means for
making an independant determinetion of the threshe-
0old for merecury et room temperature, This ¢ell
differed in several Iimportant respests from the
gells used by Kagzde, Dunn and Hales. Eaeh of these
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previous workers had used apparatus of essentially
the same design, except that Heles' apparatus did
not eontain Btopeocks or cemented Jjoinbs. In eaeh
gase the mereury forming the ¢athode of the ¢ell
was eonbained in an iron cup, end the anode of the
sell was med=s of oxidized copper (Fogel)e In the
present work, on the other hand, the mercury of the
sathode was not in gonbast with iron, bubt with Fyrex
glass and fungsten wire, snd the anode of the eell
was made of tungsten (Fig. 6). )
Using Cell Number Ome (Fig. 6), the threshold
for mersury at room teuperature was found to be at
27356 10A; which is the value found by Kezda, Dumnn
and Hales; This sonstitutes the first independant
thegk of the work of Hales with a stationary sup-
face of mercury. Moreover, it independantly eonfirwms
Haleg! tonelusion that stationery and flowing mereury
have the same threshold.

THE THRESHOLD FOR SOLID MERCURY

Determinations were made of the photo-elsetrie
threshold for solid mercury, for various temper=
atures between «190° and the melting point. For
2ll temperatures in this renge, the solid merecury
exhibited a threshold of 2750 284, as ¢ompared with
the value 2735 10A at room temperature. No definite
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systematie shifta of the threshold were observed,
exeept that mereury held at a low temperature fow
times exoeeding about one hour showed a smaell shift
toward the small wave-length region. The results
given in the aexbt seetion of this report show that
guch shifts are duse to sontamination,

THE PHEOTO~ELECTRIC CURRENT AS A FUNCTION
OF TEMPERATURE

Heasurements were made of the photo-elegtrie
emission as & funetion of temperature, for eash of
the limes 25374, 2653A and 2700A. Results typical
of sbout sigxty eurves made for eath of these lines
ere shown in Pig. 10 The arrows indleate the dire
eotion of temperature veriations The time required
for the mercury ecathode to warm up from the tempera=
fure of liguid air to room temperature, or for the
sooling progesg over the same range of temperatures,
was varied betweem one hour and twelve hours.

The resulte for inereasing temperatures may be
summarizged as followss (a) beginning with the tempe-
erature of liguid air, the sensitivity is practicaljy
eonstant until the reglon sa. -125° is veached, where
a sligrt deerease boging to ogcour. This decrease
is most pronounced near the melting points Belween
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»190° and «126° the sensitivities to 25574, 26534
and 27004 are about 20%, 40% and 60% higher, respect=
Ivély, than the corresponding values at room btempers
atures (b) during melting the sensitiviby decreases
steadily, the pergentage of decrease being about the
same for zll the linesy (c) as soon as all of the
meprcury has begome liquid, the sensitivity becomes
sonstant, remalning so until the region ca. 09 ie
read od, vhere it begins to increasey (d) at room
temperature the value is slightly less than the nop=
mal value for mercury at this bemperature. |
The results for decreasing temperature qualitass
tively are of the same general character as those
for inereasing temperaturess When the fresh liguid
mercury is first e¢oocled the sensitidlsy Jdecreases
somewhat until the freezing point is reacheds The
deerease is not sc largs, however, as for correspond~
temperatures in the warming-up processe During
freezing there 18 a sontinuows ineresse in sensie
tivity of the same order of magnitude és the decrease
in the warming-up proscesse \VWhen all of the mercury
has s0lldified, the sénsitiviﬁy gonbinues to ingrease
slightly until the reglon ea.-100° is reached, It
then becomes gonstant at a value aQMQWhAt less than

the eorresponding temperatures for the warming-up
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Pro¢esss.

The interpretation of Fige 10 1s facilitated
by an inspection of the results eontained in Figs.

1la, 1lb and llc. These letter curves were obtaine
ed by procedures differing in one way or another
from the routine ones

Fige lla shows the effects on the photo-sensie
tivity to line 26534 of repeated and prolonged
¢ooling and warming of the mercury cathode. it
iz &0 De noted that in this figure the phobo-gurrent
is plotted as a function of time, and not of Leupw
eratures Contamination effects are noticeabls,
but 1t is also quite evident that with each change
of the mercury from the liguid to the so0lid phase,

and vige verss, there is assogisted an immediate

change of sensitivitys

The results of Figes 11b were obtained for a ¢ase
where the cell initially contained no mercury. Ab
the time gero the cell wgs at room temperature and
light of wave length 20574 was ineident on the empty
iron cupy no deflection of the clectromeber was then
cbservables The eell, stlll devoid of mercury, wes
then e¢ooled to ~25°5 thirty minutes later a current

was observables It was, however, much smaller than
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the normal value for this line., There is little
doubt but that this current came from mercury
condensed on the eold iron eathode,~-distilled over
from the supply of mercury contained in the still aﬁd
puﬁp. ‘fhis undoubtedly sceounts for & part of the
inerease in sensitivity cecuring when the full cup

of mergury is cooled {(Pige. 10),; Bor this newly con=
densed mereury is net only very slean, but probably
is initially atomie in structurej the surfase vhich
it would form on the so0lid mercury should be'vary
effieient photowelectricallys Ab the point marked
(1), Fige 11b, the mercury in the sunmp adjecent to
the photo~gell was hested with a torchi bubbles of
gas eould be seen esecaping from the sump and at the
same time the sensitivity of the cathode decreaseds
Heating the glass wells of the sppearatus also lowered
the sensitivitys. Thus ab lesst a part of the "fatigue®
apparent in Fige 10 gan be attrlibuted to adsorbed
gasess Ab the point merked (2), Fig, 1lb, the
refrigerator wps removed from the cell, thus bringing
the eathode to room temperatures en increase in the
sensitlvity resulted, The condensed layer of mergury
apparently is gulte stable. The action of contame-
ineting substanges ie seen to be rapid and to be

closely assoeisted with changes in teuperature.



Unfortunately no further study of this effect
was mades. The behavior of condensed layers of
mercury at very low temperatures should be invese
tigated, |

The deta for Pig. lle werc nbbained and plotted
in the same manner as those of Figs 10, except that
sbrupt increases in the temperature of the mereury
cathode and of the cell walls were effected by
lovwering suddenly the surface of the relrigsrating
agent surprounding the cells 3Such a procedure
(points 1 and 2, Fige lle) invarisbly resulted in
a lowering of the sensitivity and gonerally was
accompanied by an observable change in the appeear-
ance of the mercury surfuce, usually from a smocth
dull gray te a rough metallic appearance. Ihis
drop in sensitivity with sudden warming cen safely
be attributed to a combinatlion of two causest (1)

a traunsfer of gas from the cell walls to the relative-
ly &y cold mercury; (2) & change in the photo=electrie
efficiency of the mercury surfece due to changes

in its structure with sudden changes in temperaiture.
Thig change in efficiency might be due to a change

in the optical asbsorpbivity of tho mercurye.
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SUMMARY OF RESULTS AND CONCLUSIONS

(e) 80lid mercury exhibits no variastion of
thotowgsensitivity with tempereture in the region
~190° to «390°; thet is to sey, there is no brue
temperature effect. Slight chenges in the slopes
of the sensitivity curves, Figs 10; in the region
<1259 to «39°, sre not reprodueible st definite
temperaturess Theoy are closely sssogieted with
chenges in the level of the gooling agent surréund-
ing the ¢ell end with changes in the rates of
werming end soolings Hence they are attribubed
to the effects of eontamination released from op
trapped on the ¢ell walls and to éhenges in the
optical absorbiivity of the mereury surfaces

(b) ¥o results were obtained vhich ecould be
attributed to a change in the erystal strugture
of the golid mercurys. Either the structure does
not ghange in the region of temperatures investie
gated or else the phobto-elestriec effects produged
by sugh a charge in the strugture of mercury are
toosmall to be deteected by this apparetus.

{¢) The threshold for solid mereury is at
2750 254y as compared with the walue 2735 104 for

ligquid mercury et room temperetures Thus the
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threshelds for the solid and liguld phases are the
seme, within the limits of error of the experimente

(6¢) The phobto-electric sensitivibty of solid
mercury is higher than that of the liquid, Since
there 1s no accompanyling chenge in thresghold, this
higher sensltivity is abteibuted to a change in the
vhoto~electric efficiency;of the mercury surface
when the metsl passes from the liguid to the solid
vhase, The higher efficiéhay of the solid mereury
may be due to an lnerease in the optical sbsorptivity
of the surface, for pure mercury has a dull gray
appearance when frozen, as contrasted with the wellw
known specular appearancs of the liguid.

It is impossible Lo say definitely what part of
the foregoing increase in gensitivity is due to the
eondensation of frosh mercury on the frozen surfacés
From a comparison of Figs. 10 end llb, it does nob
seen possible o account for all of the inerease in
Sugh a Waye

{(e) Ligquid mercury at temperatures bitween #39° .

and 0° shows great susceptabiliiy to a contamination
whicgh lowers the photo-sensitivity. The effeects of
this contamination begin to disappear whsen the merw

cury is heated to a temperabure above 0°  snd can be

¥
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eliminated entirely by heating the mercury and

¢ell to = temperature somewhet greater then that
of the rooms

{f) Three eomplicating end troublesome faetors
existed in these experiments. The first of these
was the econtinual sondensation of mereury upon
the 20lid mereury cathode, T™his cen be eolimineted
either by sealing off the photo=eell from the
remainder of the aspporatus before beginning obsere
vations or by plasing suitable medhanigal valives
in the ¢ell outleta,

The seeond factor, contamination, iz not easily
elimineted in low-temperature work. The egoocled
photo~nell asects as a trap. Vhen the ¢ell is
gooled suddenly to & low temperature, contamination
gollects on the eold eell walls, and then transfers
to the eold mercury gethode as the cell walls warm
ups The most obwidus vemedy igs to employ & cell so
designed that the eell wells 2lways are at 2 lowep
temperature than the c¢athodes Plecing the liquid
aiy trap very eclose to the photo=e2ll also would
be an improvement.

The third troublezome factor was the presence of
thermo-electric forees. The change from Cell Nuubeyr

One to Cell Wumber Two was 2 considerable improvew
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ment in this respect, but this troublesome factor
¢on never be entirely elimineted as long a&s

temperature veriations are gllowed to coour:c
et the point wherc the anode passes through the
Pyrex wall of the cells Electrostatie effects,
ogeuring in the glass vhen its temperature is
changed, are also & possible source of twoubles
In designing a eell for future work, provision
should be made for better thermal contaecht between
the sathode snd exterior of the cell, in the
¢ase of Cell Fumber Two is was difficult to bring
about rapld changes in the btemperature of the
sathode because ths iron cup was 80 well insulated
thermally from the remainder of ths celle This
modification in eell design can be made without
difficultye
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A HETHOD OF PURIPYING MFRCURY POR PHOTO=ELECTRIC
PURPOSES

Special precautions are required in the prepara=
tion of mercury for use as the active metal in photow
electric experiments. The mercury must not only be
free from other metals, but it must be free from grease
and other contaminations; hence 1t must be protected
from contamination by rubber and by stopecock grease
during the process of distilliation.

The author has used with success the following
routine in the cleaning of mercury. None of the pro-
cesses conbained In this roubtine are nev, élthough it
has been found to advantage to medify them in certaln
details. It 1s considered essential to subject the
nercury to all of the processes in the order in which

they are named.
STHEPS IN THE CIEANING PROCESS

1, ash the ﬁercury thoroucghly in a 10% solution
of potassium hydroxzide.

2, Sheke or mix the mercury for several hours
with an equal amount of three-normal nitric acid., This
is best amccomplished with the ald of the centrifugal
rotator, Fig. 12, which 1s described in detail on a
later‘page.

®

3. Vash the mercury in dlstilled water, run it
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through a mimute pinhole in the apex of a filter paper
funnel snd finally heat the mercury to 110%C. in a por=
celain dish to dry ib.

4, Distill the mercury repeatedly by the method
of Hulett and linchin (12), using a somevhat modified™
form of the still vwhich they describe in theif paper,
This nodified form of gtili, Fig.1l3, 1s described in
detall on a later page of tihis appendix.

5., Pass the mercury through a pinhole in a file
ter paper funnel, repeating this process until all
traces of oxide have dilsappeared from the surface.

6+ Distill the mercury repeatedly in an ordin=
ary still which forms an integral part of the photo=-
cleebric apparatus in which the mercury is finally bo
be used. This process should be carried out in high
vacuum and its purpose lis to free the mercury from
oceluded pases., Distillation in a high vacuum will
ot free the mercury from foreigh metals; it is for

this latber purpose that stop 4 is emploved.

DESCRIPTION OF COFNTRIFUGAL HWIYER
The centrifugel mixer, Pig.l2, i1s easy to cone-
struct and it provides a more effective means of treate-
ing mercury with nitric acid than does the ordinary
feoll® tube, so commonly used in the mercury cleansing

process, or than does the ordinary mechanical stirrver.
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U.B.Bray made use of the centrifugal mixer in prepaprs
ing mercury, but he does not describe tho device in
his paper (183).

The vertical shaft of the mixer consists of a

30 om piece of 7 nm glass tubing wiideh is closed at

55 gl

o

che upper end and opened at the lower ends To the
lower end of the shaft and at right angles to it 1s
sealed a 10 cm piece of the same kind of tubing, sghap-
ed as shown in the photograph, Fig. 12, and drawn out
at each end to 8 2 mm opening. Thig cross-=pilece cone
tains a third opening in its lower center, opposite

the point where the shaft and crosse-viece are scaled
together, The uppeyr end of the shaft is fitted with

a plece of a short tublng having an inside diameter
slightly greater than the outside diameter of the shafi;
his short bube 1s held in place on the shaft by two
perforated corks wWhich £it the shaft sightly. The nix-
er is clamped in a vertical position In a bebtery jar
contalning the mixbture of nitric acid and mercury, the
lower end of the mixer being placed close to the bottom
of the Jar: It is necessary to lubricate the portion
of the shaft between the two corks vith a small smount
of vaseline, bub if the lower cork {its the shaft tighte-
ly, the vaseline will not contaninate the mercury. The

nixer should be operated at high speed by means of a
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small motor abttached to ﬁh@ shaeft with = @iec@ of
rubber tubing or a belb.

Sufficient liguid should be placed in the Jjar to
cover the open ends of the mixer. he best results are
obtained when the height of the mixer is so adjusted
that the mercury and alr altermetely enter the oponing

in the center of the cross=piece,

DESCRIPTION OF A HODIFIED FORM OF HULEIT AND MINCHIN
HERCURY STILL

The still is shown in Fig, 13. It is constructed
in the manney described by Huleitt and Hinchin in their
paper (12}, except for the following changes:

{a) Th@ long tube vwhich extends down into the
distiiling flask 1s held in place in the neck of the

rlagsas Joint eguipped with s mercury

o~

flask by a gromnd

P

gseal. Air is admitted to this tube through a stép cock
and drying tube, the lattor not beling shown in the fig-
ure. It is supggested that the stopcock be eliminated
from the apperatus as a means of controlling the amount
of air entering the flask and that it be replaced by a
capillary opening, the size of wihich will have to be
determined by trial. If the stopeock is used it wmay

be lubricated with a small amount of graphite, bub

stopcock grease should be avoided.
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If phosvhorus pentoxide is used as a drying agent,
one should make sure that it does not contain phosphoe
lover oxides, for these impurilties are likely
to soll the mercury. The phosphorus pentoxide can be
purified sufficlently for the present purrose by stron
ly heating it in a tube, ln a ehrrent of dry air,bef
1t 1s placed in the drving btubes

{(b) The distance from the spherical portion of
the distilling flask to the entrance to the condensing
tube shonld be about 6 ¢m or move; Tthis reduces the

~

possibility of undistilled mercury being thrown into
the condenser.

{c) The receiving bottle is joined Ho the condens=
tube by a ground glass Jjoint, protected by a mercury
seal. Such a joint is much more convernient and less
frasile than the wmercury colum of barometric height
corvionly usod at this polnt. It is, however, nmore diffe
Icult to constructe.

(a) The pump or aspirator connection is equipped
vith a trap and a two~way stopcock « The trap may be
cooled with solid carbon dioxide.

It will be geen that this mercury still preserves

the essential feature of the Hulett and Hinchin appara=-

g o

us in that 1t provides for the passage of a current of

)

alr throuph the mercury during the process of distillaw
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ation; the function of the alr is to oxidize volatile
foreign mebals and thus remove thom completely from

the mercury. The still is s0 constructed that the mer-
eury is protected from such contaminating materials as

rubber, stopeock grease, cork, and water vapor,
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nformation regording R.Pohl's work was commmis

cuted to the author by Dr. A. Goebz, formerly of

Gottingoens





