CALIFORNIA INSTITUTE OF TECHNOLOGY.

sGDIUG BY

FLECTROLYSIS

THROUGII GLALS

A Thesis
submitted to the Faculty in partial
fulfillment of the requirements of

the depgree of

Doctor of Philosophy

NDevartment of Physies.

by
Robert Cady Burt.

1726,

2%
W
PTIY
I

ate
ped



SODIUM BY ELECTROLYSIS

THROUGH GLASS.



LrTey L e
EEE RIS S R o

Lo B0 cavr-

ned phono

sevved dn the rolatirg hetween

have been produced which show

photo~current with change 1in

tenperatire frow 29 €, te <100 0, anli

\ .
tominat

b

,
o
v
%
-
-}
Jowed
o

5

selves to 1 part



per

i
o oped
5 flon &L & 193] =N
=y " ° ﬁm [ apud
o o i opai Sy $oi o] it
&= e o e T o3 [ i
] [ i sy el ot e
&3 ] G el faet Pt
o o e A o o
& L&) - - <
o = o [ o
=3 ] e ] o s
] hed St [} T o« &
opel j) <] jan] G o
0 [uM] Bt o) Gy i)
ey N i o] ¢
o %] o3 op=d o O] o
L2 or=d & < T [ Lol
+ w e el K
o o ¥ e o =) F
- o o3 3 et &
- iy = - > o) i B
< & M - poosi a4
e o [ 0 D (i L =
¢l = . Wow B
$ue e e = < b %
= &) 4 oo
o e [ et 3] g i b
< i i = o - £2
E > o3 o w8 sl b
e, 5 W 4 Rl £a [#5] *
3 = b i ol e s
e b (] o . s [ & [}
P ) " Ee O] 4= i) el
i > 0 5o 4 a3 P =
0] 4 et o w fe o el ¢
S| e e S e © oy o s
o & 4 ® of =i v’ w o] s ] ol = 2
£ 1 o o » « ] s c o
[4s] G @ [ &

&
5

-
Vil
Lo
T
e

= o opd oo o ) Hr = St Y w
oy e > 4 o fot <l b [ ! Lail
St o e A & [ e an * i
o B o T [ e o o @ o 5]
o o) e e < ok IS e e )
48] = jo) = fes} s e ® [
p U € a9 it = [ [ ol e o] P
= P [H] R i & § 4] [ o &l
@ - (6] (¥ 2 =t S 4] o . n ot ]
- +2 al et < [+ 1] g ™ a jax) ows < Gt
o Q@ @ 13 = o o s [ g e Lid K o




VI

VIE.

continued

Time an? current ebservations o
voltameter.

«

=N

PDeotassium nitrate in the bath.

b

Composition of lamp bulbs.

The sodium cathode sodium voltam
Compared with silver.

Accurate tise!-~ yadio and pendul

Beversal of scodium voltareter

Resdistance of solium voltancter.

.a

Bibliography.

silver

oteyr.

Um.



I.\ ITntroductice.

isterical Review. o
First Zlecirolysis of Sodium Through
hy Varbirg.

ic)
s
]
bk
n
w
~

Iit. New Experiuents on Electrolysis Through Glass.
Elegtrolys i& of Codium inte Light Lulbs.

Variocus Ceonnecticns.
Tlectrelysis of Potlascsiuwe and Lithium.
Tonization wilthin the bulb .
Test of the Puritity of Upectral Lines.
Rkesonance hadiztion Experiment.
Tlegtrolysis curvent vs. Filament Current.
IV. Voltage vs. Photo-Current curves.
Constancy of Total Photo-Current from Sodium
with TP“ﬁe ature Change
Me C.to -100 C:
cgilusl cas contamination.
Photc—cell on Vacuum Pumyp.
Scattered Lipht into Photo-(gll.
Neliberate Contaninatiocun of &Sedium Surface.

V. The Light Lulb Sedium Voltameter.
' Time and Current Observations.
Tests of Salubillty of the Glass.

Lodiwn voltametergin Series.

Compaflﬁtm with Silver Veoltameter.

Time and Current Obkservations on Hilver
Volitameter.

Potassiun RNitrate dn the bath.
Compositien of Lamp Sulbs.

vI. The Sodium Cathiode Sodium Veltapmeter.
Compared w1th siiver.

rouraite time:- Radio and Pendulum,

u=¥€?€ml ot Soddium Evltau“tpr:

o

Resistance of Solium Veltian

VII. Bipti



INTRODUCTTION.

The #ollowing work was the out-zvouwih of

"y

a search for a source of clectrons at low temmeratures
to be used in ionization wnetential work. I have

'y

in the theory of clec-

peond

tereste’

e

not bheen primarily ix
trical conduction through glass, hut have merely
used it as a means of oktaining sedium for various

experiments. I shall, therelore, quoie somewhat

from a splendid paper by V. J. Sutton, and A. Silverman;

(see Libliography at end),

T have used this wethod of »rndueing sodius
for vpheoto-electric work, f@? resonance radiation
experiments, and also for the sodium vn]t meter; as

explained in this paver.

i

HISTONICAL REVIEW.

e

Glass, which is ordinarily classed as an

insulator, was shown by Buff to be a conductor at

)
100 €., as early as 18584, Tarburg, in 1884, using

60 volis and mevcury electrndes, passed current
th?sugh a glasgs tvube, and found the resistance of
the glass increased rapidly teo one thousand times
its original valus. lie found sodium in the mercury

cathode and a white, ponrly conducting, layver in the

glass at the anode surface.



Using a sodium amalgam anode, the resistance

Fed ey . - ]
r Tornm. Several in-

‘Q‘
*Tﬁ

did not change nopr the white lay:

vestigators, incluling Varburg and iiraus, have shown

that only the positive metal ions take part in the
electrolysis which okeys Faraday's

5 laws. Heydweiller
Kopferman, Zraus and N@rby bave electrolyzed slass,

thiuwp, bHodium, peias-

e

using molten salts as anndes. L
siwm, copper, zinc, lead, silver and others can be
electrlca113 driven inte glass, bui the intreoduction
of anything but sodiuwm inteo soda Jime glass, results
in glass which eracks after, if not belore ceoling.
Foussereal: has shown that glass conducts
better when tempered than when it is annealed and por-
celain has tveen reported by Haber and otliers to act
like glass at high temperatures anld to obkey Faraday's
laws. Sutton and Silverman used a Vreelanﬂ esclilla-
tor and the improved method of Hohlrauch for determin-
ing the conductivitly of melten glass, while Hraus and
Darby have made measurements on the rate of migrati@ﬁf
of various iews threough glass from molten salt
electrodes, and J. 4. Barth has described the clectrol
of glass into a bulk erntaining a hol cathode. uch
light has been thrown upen the mechanism of this

+#
phenomenon by Joflfog

&t



NEW EXPErIIIFNTS ON E “CTH?LYS”S THROUGH GLAS

E. Warhurg electrolytically introduced sodium
into Geissler tubes. At the international convention
in Heldelherg in 1889 such tubes were shown. Ilie de-
seribes a method of introducing sodium electrolytically
(through the glass in a gas discharge tube, but this
.meﬁhod requires the use of a 1000 to 1200 volts direct
current and is possible only in tubes centaining gas.

With the advent of thermoiohnic discharge it

‘became possible to adapt the method to the introduc-
tion of pure sodium into a very high vacuum at a
rate as high as one-fourth gram metallic sodium per
hoﬁr and without the use of high voltage. The use
of the incandescent lamp bulb for this purpose was
brought te my attention by Dr. A. ¥. Huil, who, T
believe,was the first te use thermoioniec emission to
this end and whose suggestions I wish to acknowledge.

The simplest arrvangenent of this electrolysis
is shown in Fig. 1. The most common material used in
the manufacture of the vacuum-iyne incaundescent lamp
is a soda lime glass in which 892 percent of the
sodiwn ions are mobile. The method is not limited
to vacuum lamps, as the authoer has succeeded in put-
ting as much as 1/2 gram of sodium through the wal
of a gas-Tilled lamp of the kind kunowvn as 50 watt

mill type. However, most of the gas-filled lamps
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:éfe made‘nf a glass such as pyrex, for instance, in
‘which the sodium ion is not wmobile.

‘ Referring to Fig. 1., C is a common 40 or 69
1Wétt metal—filamen%llamp from which the base has heen
}eﬁoved by heating. The filament is lighted from a
110 volt source through a resistance R. The bulb is
ﬁaftly imnersed in a bath of molten sodium nitrate
which is kept molten in an iron cfucible F by a Bunsen
‘ﬁurner B. An electrede E, (a carbon rod or a heavy
‘copper wire is satisfactory) is also introduced into
the molﬁen‘salt and connected to the positive wire of
the 110 volé source through a milliameter MA or a
lamp.

If now the resistance R be reduced until the

_ theze electrons
filament of C begins to emit electrons,will be carried

A
to the glass wall opposite the molten salt by the
field, These electrons neutralize sodiunm ions in
the glass which thus become atoms. These are evaporated
by the heat at the hottom of the bulb, and condense at
the top of the bulb where the glass is cooler.
“deium ions from the molten sz2lt replace those of
the glass and wmigrate throuch it, being in turn neu-

tralized at the inner surface. In this way we are

driving sodium electrolytically through the glass



i7;511, NO3 has keen observed coming up from .

of course, any source of sodium ions might
1erpiace the molten nitrate. Varburg usecd 172 rer cent
’fsodium amalgam. However, as the mobility of the ion

'in the glass increases rapidly with increase in temw

(7]
perature, the nitprata whlch melts at 312 C, is very
o
convenient. The tewperature 212 C is well below the

melting point of the glass and yet sufficiently high
to allow a large electrolylic current to vass through
the glass with a swall potential drop in the glass,
Alternating-current can, of course, be used in place
of direct in the arrangement of Fig. 1, for the fila-
mént itself acts és a rectifier.

The field in the case of Fig. i, is due to
‘the potential dro» in R and in part of the filament
and the objections‘to be urged against the simple con-
nections of Fig. 1 are:-

(1) One end of the filament carries much more
current than the other and becomes overheated, especial-
ly if the electrolytic current is as large as 0.1
ampere.

(2) If the entire bulb gets hot and so in-
creases the pressure of sodium vavorsionization is
‘likely to start between the filament leads, bhurning

- them out and spniling the cell.
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" Te overcone these‘faults, I have used series
pesistances (lamp bulhs) to limit the ionization cur-
;‘réﬁﬁs; also, I have applied the electrolytic field
i £etw§én‘the midpoint of the filament and the molten
i’séit; ThiS'iS accomplished by the arrangement shown
‘ ih:Fig. 2, The cell C is comnected in series with a
similar light bulb Liand both filaments are lighted by
22b'v01ts A. C. through the resistance B. The resis-
"féaﬁge Lynow prevents too large a current through C,
ﬁ'thereby removing the second cobjection given ahove. To
obtain the midpoint of the filament four light bulbs
"#11;§11kea Ly» Ly, Ly, and Lg are connected in series
ééfoés the terminals of Ljand €. The connection be-
tﬁeen’Lgénd iLLg then is the potential of the widdle of
‘ﬁhérfilament in buld C, and by applying the source of
direct current to this point, local heating of the
filament is greatly reduced. Other eXperimenters have
"ﬁritten‘me about using wire resistances instead of
iaﬁp bulbs, but I prefer lamps because they automati-
cally show any external connection between the direct
and alternating current sources. 4 transiormer with
220 volts secondary and 55 volt téﬁ is also very satis
faCtopy, Lglike;Ll, is a lamp used as a stabilizing
resistance to vrevent destructive ionization current
‘between the filament and the glass wall. A is again

a current measuring device.



By the use of the connections of Fig. 2, currents
#s large as 0.3 amperes can be used, which ?esults in
aadeposit of 257 milligrams of sodium in an hour, using
a 60 watt 110 volt lamp.

Apparently potassium ions will not pass througzh
the glass although one woulld expect them to replace
the sodium easily. [ have repeatedly tried using
potassium ﬁitrate insteadl of sodium nitrate around
the bulb in order to get pure potassium into the bulb.
The ele ctrolytic current,at first comparable to that
obtained with sodium nitrate, decreases in only a few
minutes or even less, nearly to zero. If the voltage
is maintained at a high value, a very small current
will continue until the glass fractures. This break
always occurs at a numherlof points in the plane of
the interface between the air and molten nitrate,
and the glass has the appearance of heing etched all
over the part in contact with the nitrate and is an-
parently strained. Thus it flies to pieces when put
in a flame.

If the nitrate of lithium, a smaller ion than
sodium, is used in place of sodiur nitrate, the glass
of the bulb in a few minutes closely resembles a
white egg shell; it is very weak anl will net held a

vacuum.
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Akword of caution should be given on melting
Vggaiuﬁ'hitrate. Because of its mechanical strength
'ii§§£ééiﬁéing once fused), and its large thermal expan-
 %15£;;a>geyser.wi11 be formed if it is melted at the
fﬂﬁbtfom first whil® the surface is encrusted. To avoid
M%ﬁié; it is desirable to melt by placing the flame
dgainst the side of the crucihle. Purthermore, no

, watér should be allewed to drop inte the melten salt
:ﬂvbecause stéam forms quickly and spatters the nitrate
" which burns rather badly.

. " This arrangement of apparatus is alse goed
for a lecture room experiment. Light bulbs are
familiar to all. The sodium appears to go through
the glass very quickly, a deposit visihle to everyone
in a large room apvearing in a few minutes.

ITonization within the bulb has been mention-
ed before. It mway be inereased by raising the tem-
rerature of the bulb, which is easily accomplished
by putting a metal hood (¥ of Fig. 3), or an asbestos
cone, over the bulb; the connections of Fig. 2, nust
be used for safety anl stability. Vhen the vapor pres-
sure of the sodium is thus raised, the arc wili be-
come guite. brilliant. The lines are, of course, very
narrow on account of the low pressure of the sodium
vapor at the highest temperature possible in soda

glass.



The narrowness of the lines in this arc make
it a useful source, particularly for resonance radia-
tion studies. No reversals have been obsefved. Striking
evidence of the purity of the sodium is obtained from
spectroscopic examinatien of this arc. It shows
sodiun lines of the prineipal series and also many
pairs of lines of thé first and also of the second
subordinate series, all very distinetly, and at. the
same time no trace of any other line even potassium.

In all 18 lines can be seen in the visible with a direct
visien spectrossppe. With icendization strong enough to
give such a sodium spectrum as this and no®iher lines
at all, Dr. William R. Smythe, after observing it;
tells me this is splendid evidence that potassium is
not present as an impurity in cuantities larger than
one wart in 500,000. It is worthy of note that all

of the foregoing results were obtained without taxing
any precautions whatsoever to have pure sodium nitrate.
The iron crucible was not cleaned, nor was the copper
electrode, and the salt used was only commercially
pure.

On account of the fact that the lines which
are emitted by the glowing vavor are very narrow and
are anvarently unreversed, it occurred to Dr. U, H.
Kurth that these hulks might prove to be a particular-

ly efficient and convenient scurce of radiation for



resnnance-experimengs, The arrangerient which was em-
ploved here recently to demonstrate the resonance of
sodium vapopy in a large lecturc room is shown in Fig.

3. Light coming from a small hole i, in the arc con-
tainer was focusedl on a seceond bulb S, into which sodium
ha1>previous1y treen electrolized. When this bulb was
warmed by the burner B, the resonance radiation was
evident at once as a strongly illuminated column along
the path of the incident light.

As has been previeusly stated, potassium and
lithium will not zo through soda glass, With a
svecial potash lime glass made by the Corning Glass
Works, we did succeed in getting quite a deposit of
potassium, perhaps 1/1G gram, and the arc in this sgave
six potassium lines as well as the D lines of sodium.
The sodium may have been in the bulb before the elec-
troiysis, as it was not especially clcaned vrior to
the electrolysis. Nothiung more has been done with the
electrolysis of petassium through pglass, althouxgh it is
contemplated to examine its photo-electric current at
low temperatures.

If dvring an electrelysis the filamernt current
is increased, ig. 2, the bulbd will suddenly show
strong sodium ionization and the elcetrolysis current
will dincrease 10 to 50 per cent. wuraphically this is

shown in Figure 4., The filanent currecnt at which this
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oceurs decreases if the entire bulb is hecated so as
to increase the pressure of the sodium vapor.

I{ the filament current is reduceé, the ioni-
zatirn persisis to a smaller value of filament current
than that at.which it started. Similar curves wvere oh-

tained, fig. B, between applicd voltage and phote-

it
current, with some photo-=cells not having the hichest
vacuum. The difference in the case ol the pheto-cells
of the critical voliuges going up and coming hLack was
in various cases 9,20 and 53 volts. T am not prevared

a3

te oi{ler any explanation of {hese phencmena.
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In gvier te obtaln uncontamina
faces, Lh?‘ﬂﬂlls used in ihis experiment were propared
by lIriving sodium electrolytically through the walls
izhly evacuated bulb. [ have ased wolteon sedium
omelts ot 2312 €. This is well uelew

temperature which had previcusly been

wovre than 24 licdrs. At the terrpera-

ture of D12 €, Lhe sodlwe evaporaics and col

in-
. Fa - 3.3 ) T - T =y By g v 3 ) ¢
at the tow-side of the bulbh abeve the level of ihe
A

hot surroundiing sodium nitrate. However, it can be
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Ciom when 16 de eoncee insgide,.

The filameont when not lighted 1is used as a collectnyr



for the photo-clecirnis. rated during

ziitidletion no sodlivn can condense upnn it.

During the redistillaticn the pr f sodium

vapor wust not become too high else a sodium are wilil

form and Lurn out the filament.

{he

¢ was {found

had boeen sealed off ihe vumss was not sufficient-
1y nerfect to keep Lhe sedium supiace clean, evon

with the use of charcpal sidce tubes,. The godiuaw in

sculel ol pheoio-cells was

f'ul and extiy

1y cloap. ‘nrecver, 1t G101 net turs

rlags brown though vredistilied from sidce tn si:
many times.  Ii alse lelt no trace of pesidue unon

the cvaperation ol a drope. FPor thiz reason

tihie restdils renortedl Here vwere ohtained with cells

which were attached to the mcreury pumps, although

sulis similar to those given Licre on contarinated

surfaces were ovtained in cells whieh had been sealcd

'uu

0
In the center ol iFig. 8, is shown the cell
which is connected throuszh twe liouvnid-air trape e two

.

fusion pumps. Light is iucident {rom abeve on

P [ Liaeadtoy vy on D . Fom d o p R RN S .
cite sodium surface ab the Letinm of the Lulh. With a

nitial (measused Ly o YVeston medel 45

s
B

i thie collector the total photocuryent

is weasured (by wrans of 2 Pawson unipivel milliaveter.
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type 501) while the illuwinatien is held censtant
At tuae tpp of Pig. A, have Licen plotied
vhoto-currents against tirme. Under the influence
of the lipht the photeo-current was consiani atl 12.6
‘micro-~amperes. But when the empty beaker was put
in place aboutl the ¢ell there was 2 small inercase

in the cuwrrenl as shown and when liguid 2ir was nut

in the lkeaker there was a greater increzsc. The

s

photn-current decreased as the liguid air evaporatos
Vhon the aiy was removed, the current feturﬁeﬁ te
12.¢, and when water was placed in iLhe beakcer, the
current incrcased to the value shown in the second
naximum. A full beaker of liquid air gave the 1hird
maximum, but the current peturned to its original
value when the air was remnved; when again dipoed in

air, the Tourlih prominent maximus

water al rneom temoeraiure the nexi maximon was

found. A beaksr of ecarbon tetra-chloride raised

about the cecll gave the last maximum. The varia-
tion when the liguid air is romoved is Jue probably
to fog or mist in the aiy and on the elass imme-

diuvtely after the removal of the licuid adir. The
constancy cof total currernt at 12,68 x 10 ampere
from this cell at room temperature over such a long

pericd as ithal shown on the curve when ithe coll is



subijected to such intewpse lisht as required to give

this curvent is, T thinz, werihy of note. Yhen

.

surrounded by lidguld the fluctuaticns arc without

1. LF
1

b effeet of Lhe phoin-

ke

any doubi duc Lo scaliered iz
electric cell.

To tese tbls more thoeroughly, blackoning
the bulb with paint, lamp=black, and other things
was tried. Cracked cells and cracked paint were

the usual results, but finally a cell with the bot-
tom wrapped in black paper gave the results shown in

Fig.7. The light used in this case was a 250 watt

o

gsteprecpiicren lamp. Fig. 7, shows currcnt plotted
against time. The cell was at room temperature ex-
cept Tor the Ulime embraced by the double arrows. [i

will be scen from a glance at the points mavked A that

g

when the bulb was immersed in ligquid air no asnre-

Yoo

ciable change in the value of the phete-current ro-
sulted. This seems (Lo show quite conclusively that

if there is any temperature effect upon the photoe-

ss of sodiur between liguid air and room

4%
o]
=3
63]
o
pede
wt
D
ot
g

temperature, it must be an exircmely small one.
During the timeg-intervals indicated in

Fig. 7, by I and [I, itwe cowbdloic pheto-current potern-

[

tial curves were takene. These curves are shown in

Figo 9, thﬁ &

o
&}
o
j€a

renresenting the curve taken at
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o )]
o0 ¢. anl the arrowheads that at -1207C. It will be

seen that the twe curves are everywherce praclically
coincident, though there are [cur points which show

a systermatic difference all in the sawe direction.

w

The actual readings in the case of both curves are
shown in Table I.

These obzervations arve taken in the same way
ac thnse‘recently published by . V. Ives, but fail
te show any such variations with temperature as he
found.

Fig. 0 is a continuation of the photo-current

1

b 3

time curve begun in Fig., 7. At the time marked "Air
off 2Znd trap" the pump was disconnecled from the
system by a mefﬁury cut-off close to the pump, and
at the same time the liguid air was remcved from
that ene of the t&e liguid=air traps in secries which
was nearest to the bulb and which had been cocled a
considerable time after the first liquideair trap
had been functioning. The ohject of removing this
licquid-air trap was to allow a very minute amount of
impurity te flew back inte the bulb, The effect of
this impurity was observed instantly by an increase
in current as shown by the arrow in Fig. 9, above the
comment "Air off 2nd trap". A voltage~current curve

was taken at TII, and then the cell was coeled in
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liquid air and a large increase in total currcnt occ-
curredi; another veltage-current curve was taken at

IV. These last twe are shown in kig. 16. Liguid. air
was then removed and other similar curves were taken
‘at V and VI, and they are plotted in Fig.11. The
saﬁe current curve, taken the folleowing day, is con-
tinued at the bottem of Fig. ©. Voltage-current
curves were taken at VII and VIII, the {irst at room,
the latter at liguid-air temperature. These last
two curves are not reproduced since they were vrac-
tically ilentical with V and VI.

At the point marked "Air off 1st trap", the
liquid air was rcemoved from the trap nearest the
pumv. This wag the Tirst trap to be coeled during
evacuation and hence contained much more condensed
vapors With i1llwrinatien and the collector veltage
constant, the photo-current at first doubled, then
dropped to about one-third its former value, as shown
in Fig. ¢. Vhen it was believed constant at IX,
another voltage-current curve was taken. Next it was
coolet in liguid aiy, znd this time a decided drop
in the teotal current occurred. At X a voltage-
current curve was again taken (Fig 12). Remcoval of

the liguid air caused an incrcasce in tetal curront.
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furtvher gxyerimeﬁting on this cell was pre-
ventel by a craci whiel develeped at this peint of
the buib.

The question as to whether there may be
minute traces of impurities in the sodium within the
bulb of the sort not dependent upon residual gases
or vapours has no‘bearing upon the main conclusien
which is drawn below. For the sake, however, of
obtaining evidence as to the possible existence of
impurities coming through or cut of the glass the
following tests were made:d-

1. An effort was made to drive both potassium
and lithium through this glass without any success
whatever.

2. A bulb of this kind has been used as a
sodium veltameter and the correct atewic weight of
sodium to one part in 2000 was obtained. This limit
of accuracy was set in this experiment simply by
the uncertainty in the measurement of the cuantity
of electricity preducing the depesit of sodiwr.

3. A sodium arc was formed in the bulb, and
no trace of lines other than sedium obtained. The
last test presumably meéns a purity of at lecast one
part in 500,000.

Dr. Ives appears to find a temperature effect

upon phote-currents from both sodium and potassium



between these temperature limits. In the foregeing
cxperimenis it appears that when the utimest precat-
tions are taken against contamination no femperature
ef'f'ect on photo emission {rom sodium is found. By
contaminating the surface, however, both of the types
of temperature effects which Mr., Ives obtains, name-
1y, an increase inbone case and a decrease in another,
are found.

It is believed that the above evidencce is
convincing that: (1) The teotal plioto=current of soliiun
is constant, within a few per cent at most,vover a

o 6

temperature range 20 ¢ to -190 C., if the surface

is sufficiently pure; (2) if the surface is just
slightly contaminated, it may be much more sensitive
at low temperature than at room température; and

(3) if slightly more contaminated by sorme unknown
vapour, the surface may be several times less sensi-
tive at liquid alr temperature than at room tempera-
ture.

That the change of total plioto-eclectric
current within the temperature limits noted should
be less than 1 per cent for a pure surface is sup-
ported by some theoreticél work cf Dr. J. D. Nielsen
in this lakratory. This work has been submitted

for pvublication in the Physical Review.



TH LIGHT BULE SoDIU. VOLTALETIER.

About the irsi of October, 1724, 1t was de-
cided to investigate how closcly the electrolysis of
sodium through glass follews the Faraday lavs of

‘eiectrolysia.

T the Tirst sedium voltameter experinment, Fig.
one hour of electrolyseis showed an inerease in the
weight of a bulb of 55.8 miiligrams, while the theoveti~
cal gain from the tirme and current, as measured on
a2 Veston type 280 millameter, was 55.55 milligrams.

As n;\special precautions were taken to clean and

dry the glass or to correct for bouyancy, this was
considered a gnod check. A bulh was next cleaned

aﬁd weighed, using a similar bulb on the other side of
the balance to eliminate bouyancy. After being in the
molten nitrate for three hours, its weight was found

to be unchanged by more than 0.1 milligrams. kence the
glass dissolves little, if any, in the molten bath or
cleaning.

I next made a run against a new VWeston type
45 millammeter and a good watch, getting a Jdeposit
of 1394 grams of sodium against an indicated deposit
of 158972 grams from the current and time. This is a
check to .2 per cent which is as good as the meter.

An attempt to measure the electrolysis current

accurately by a potentiometer failed because the currcnt



had szall variations of 1 ver cent probakly due to
the ionization hLefore meﬂtisnéﬁ. wven though we
supnress this ionizaticn by keeping the fop of the
bulb'co91 and s¢ reduce the wressure of sodiwr vapor,
we still get 2 slightly varying current. An attemnt
to use 80 per cent snﬁiuﬁ nitrate and 2¢ per cent

of vwotassium nitrate resulted in a cracked bulh
after about one hour.

An dinsulatien transformrer was ohtained and
tested Tor insulation leakage bhetween secondary.and
ground. Its leakage current at 200 velts was found
to be less than 10"6 amperes. The connections eof
Fig.13 were then used to check two sodium veltawmeters

against each other. 1In this figure the circles

represent light bulbs. The result of this was a

To

cain in weight ef #1z .43207 grams
#27  ,a3284 "

This is a check of ecne part in 30059 of one =odium

voltamcter againsi another.

T'er the next experiment two silver voltame-
ters were set uyp, designed as shown in Fie. 14, The
cathodes were platinum c¢ylinders of diaroter 2.5 cni.
and hight 2.5 em., weighing about 5.7 graws. The
anozes were silver cylinders, diameter 6.5 em.,
height 4 cm. These wére about 1 mm. thick and were

covered with silver by electrolysis to increase
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their weight 50 per cent. The anode and cathode
chanbers were separated by a ground glass trap
(shown closed) of pyrex and the beaker was also
pyrex. The silver nitrate was crystallized and
fused as descrikted in the Bulletin of the bureau ef
Standards, Vel. 13, and was tested for acidity using
methyl red, (#bid, Vol. ©). These two silver
voltamreters were connected in at 8 in Fig. 132. The
two silver veoltameters gave depeosits of 1.04404

and 1.9440% gpramrs respectively while the two sodium
veltameters increased in weight .41332 and .41383
grams, respectively. This gives a silver equiva-
lent of 1.938656 and 1,9401C grams respectively.

This would indicate that the sodium veltameters werc
running light by 1 part in 400 or 500 and that the
sodium voltameters checked each other to 1 part

in

in 1200. However, we had,this run deliberately con-
taminated one of the nitrate baths by 1 per cent

of potassium nitrate.

A Leeds and Northrup potentioncter, a cer-
tified standard cell, and a 19 jewel liamilten watch
(calibrated by radio time signals) were used to
éheck the silver voltameierk. The agreement bhetween
the two silver voltaseters was about 1 in 20,0600,
but the agreement between theoretical and actual

was about one part in 865, the silver voltameters



heing too heavy, which reduces the discrepancy in
the preceding paragraph. It is to be noted that

the silver veltameter is most apt te run‘heavy.
Slight traces of acid, organic matter, or colloidal
~silver being sufficient to cause considerable devia-
tion.

Next, a careful exarinaticn of the scluibility

of the glass in various solutions was made. FPive
40 watt lamp bulbs were weighed against a similar
bulb and 5 gram weight as tare. The weights were
placed on the pan under the bulb to be weighed,
hence increase in balance weights means loss of
weight to the bulh.

Bulb #2 was treated by being over half submeprged

in molten sodium nitrate containing 1 percent of
potassium nitrate.
Bulb #3 was treated by submersion in distilled water.

B:1t #4 was treated by submersion in cleaning solu-
tion (Hy50, and K20h03)

Bulb #5 was kept in a desiccator.

Bulb #6 was treated by 'alf submersion in molten
nitrate.

Bulb #2 was new, while all the others had had sodium.
electrolyzed inte them. The results follow, omit-

ting first three figures:

#2 #3 #4 #5 #6
H.76281 4.64002 2.88422 4.80°1530 3,01260
forty hours

treatment 275 0903 416 242
four days
treatment 280 910 433 133 260

9 days treat-
ment 208 420 255



This would dindicate that the glass is solulkle
to a smaller extent than the accuracy of welighing would
discleose. The analysis of standard 1imé bulb glass 1
used in lamp manufacture as given to me by C. D.
,Spé@er of the glass technology labratory of General
lectric Comnany at Cleveland, wasti-

5105  77.75%

NaO 17.28
Cal 5.28
kg 3.40

Alguog 1.11

96203 0.18
W¥e may conclude that the light bulb secdium voltameter
is precise to 1 part in 1,000, and is & mest con-
venient instrument to set up and use. It will carry
a current of .2 to .3 amveres but its resistance is

sorevhat variablee.

THE S00IUL CATROTE S0DIUNM VOLTALETIN.

Work was now started on the development of a
sodium voltameter without a filament, but using in
its place a molten wmetal in contact with the plass.
The type of bulb is shown is Fig. 15, The metal is
introduced, the hulb is evacuated and sealed off
with a lead wire running inte the metal cathode in

contact with the glass. Vorious metals were tried,

sercury - which beils maliing the current unsteadv -

. N4
Lead - which breaks the zlass on cecoling - 8"

solder - which also breaks the glass on cooling - and
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metallic sodium which has finally been used inside
the bulbs with gocd success.

Onc of these cells in series withhtwo gilver
voltameﬁers gave a deposit of ©.10 percent lighter
than the equivalent silver depoesit when the same
electrolyte was used again. %hile the silver voltam-
eters were consistent to 1 part in 27,000, it will
be rccalled that they formerly ran about 1% percent
heavy against the standard cell which might indicate
that the sodium voltameter was abeut .0bH percent
heavy. This, however, 1is abceut the accuracy of our
weighing.

It has been found that these voltameters with
metal cathodes can be more conveniently weighed and
connected in series. Also the current through then
is much steadier and can be measured by a potentio-
meter.

Because of the difficulty in obtaining'suf—
ficiently accurate time, I have developed & high
vacuum pendulum, weighing about 40 grams and of 30 cm.
length which has a life to half amplitude of about
ten hours. When this development has been completed
we should have an accurafe source of time for an

absolute determination of the atomic weight of sodium,



The sodium Voltameter, with molten sedium
insile, has been run backwari. That is, I have
electrolyzed the sodium out of the bulb iﬁsteaﬁ of
into it; Ve have run two sodium veltanmeters in
~series, one with sodium running into the bulb, the
other wiith seolium running out. The result checked
to 1 part in 1,000, which is aboutl the experimental
error of this run.

The next investization was te vary the
voltage across andl read the current threugh one of
the sodium cathode sodiwm voltameters like that
shiown in Fig. 15, at various temperatures. The
results are plotted in Fig. 16. These lines micht
be called voltage current isotherms. From the con-
ditions of the experiment it was 4difficult to keen
the temberature exactly uniform. The variation
prokably did net exceed 3 degrees, however., I
would not care to say whether Obms law holds rigorous-
1y or not, but it is certain that there is an
initial potential of 4 to 3 volts, depending upon
the temperature, this voltage being due to the action
of the cell as a primary voltaic cell. There seems
to bhe a tendency for the.curvent isotherms to bend
down at the upper end. This may be Jue to local
‘heating of the glass by the electrolysis current

and its subseguent change of resistance. Derived
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from Fig. 16, is the curve of Fig 17, which shews,
in a general way, the change of resistance with
temmerature. These measurements were not rade pre-—
cisce as the conditiens of the exveriment would not
warrant it.

We now come to the final test of the sodium
voltameter. Fresh electrolyte for the silver vol-
tameter shown in Fig. 14, was preparedl from chemi-
cally pure silver nitrate. This nitrate was re-
crystallized and fused with all the ritual vprescribed
by the Eureau of Stamndards. ierc I wish to extend
my sincereest thaniis to Dyrs. Raymeond and Eateé for
their assistance in the matter. Conductivity water
was prepared and used to dissolve the nitrate, 1F
grams nitrate per 159 ce. of water. The prepared
nitrate was’testei &ith methyl red and found acid
by about cne part in two million.

Four seodiwn voltameters were set up in series
with a silver voltameter with the results shown in
Table 2. It will be secn that the maximum deviation
from the average ameng the sodiur voltameters was
one part in 2,090, [t will a2lso be seen that the

: , 1
silver voltaweter was heavier by.part in 2,000, The
current for this run'was about .24 amveres and the
‘temperature of bath about 380ﬁc. The ctomic weights

used in the conversion were Eg. 107.880 and Na 22.997.
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TALLE Z.

change of weight equivalent
grams sodium
silver voltaretey 1.50838 e 35435
sniium voltarmetoer
C. P¢ Seoddium nitrate . 38464

Sodium voltameter

Comm. Soliuww nitrate « 384587
average
Sodium veoltameter « 384868
Ce Po sodium nitrate

17 potassium nitrate . 38460

s Wesest” S N i’ vt ot s

sodium voltammeter
sodium remeved from
bulb £ 28470



The eléctrolyte was not iisturbed at the end of this
rin, the'platinum cylinders were simnly lifted out,
washed in conductivity water anid driecd. The electrodes
were next cleaned and returned and a new run started
at «1 amperes, temperature about 380 C.

The silver deposits in cquivalents of silver
were 809219 and 30224 grams, while the sodium voltam-
eters gave deposits of 59181 and 39120, the latter
being from the NaNog with 1 percent of KNOS. These
last agrec to about 1 part in 1,599, while the silver
voltameters are now heavier by about 1 part in 1,200
with this twice usedl electrolyte. The agreement
between the silver voltameters in this last case is
seen to bhe about 1 part in 6,000,

While much work remains to be done, I think
from this work we may conclude:

1. The sodium voltameter is limited to
currents of about 0.1 ampere where metal cathode is
used, due to local heating and breaking of glass.

2. The sodium voltameter is known to agree
with the silver voltameter to 1 part in 2,000,

3. Purity of electrolyte is of no importance
to the scdiumrvoltameter‘ Two of: them in series,
one using chemically pure Nal(q, the other using

crude commercial salt petre or NaNp, Plus 1 percent
of KNOg agree to within 1 part in 3,000, with deposits

of only 4 grams.



‘4, No damage can be done to the sodium de-
posit after it has been electrolyzed through the glass
buldb.

H. The small glass bulb inte which we in-
troduce the sodium is a very easy thing to clean, dry
and weigﬁ, both befnre and after electrolysis.

5. Large fluctuation and evem.- reversal of the
currcnt make no difference to the sodium voltameter.

7. The glass used does not dissolve dppre—
ciably in the molten nitrate even after many days.

8. My difficulties with the silver voltameter
for the past year have been so large that it seews
easier now to make an absolute determination against
a standard cell, standard’time and potentiometer than
to go on witk.the silver comparisen.

N, Any freshman can run the sodium voltamctier
and the accuracy of his results wil? 1e§end upon the
care he exercises in determining the increase of weight
of a small glass bulb.

10. No special equipment, ohemicais, or
technique are required te set up and operate the
sodium voltameter.

11, The sodium voltameter has no specific ten-

dency te run heavy as does the silver voltameter.
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