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9m t u ,  .%qK obt"*)###
gmllAdl—  la  feaaa I w  ? eaa « . « d  w: aaoII—ità a  # f  

ÊLm in  ita Invo itlgatloa  of tho ma#nne^T%
Mâ«g %h# lafluanoa of the induQtioa OoU 31 a@

in  an inveatigutlon of the axoltution of hydrogen by 
oleotronlo bombwrdoent, frof.f.H orton and Dr.A.G.Devi^ 
found th a t a t a potential too low to exolte the halsier lin es  

and the aeoondary epeotram, a blue glow poreleteds and on 
speotroeoopio examination of th is  blue glow, a oontinuoas 
spectrum extending from the orange-yelliw to the v io le t was 
observed. i t  was su gested that th is  oootlnuous speotrus 
might be due to the combination of atomio hydrogen to form 
molecular, or perhaps triatom io, hydrogen. H.h.iemom

coitttnuous .  _ttlao dMaribM th# appe%trwnoe of s oootimw*»Aoe apootfua in 

hydrogen when the diaoharge was bright blue.
how hydrogen is  known to bo oooluded by palladium to a 

oonsiderable extent, nod probably the gns is  oontuined in 
the metal in the atomic form, or a t le a s t i t  may be given up 
in the atomic foSm, since hydrogen from puliation  ie  found to 

be eepeoially eotlve for a limited period of time. In 1909 

the Hev.U.V.Oili^ published an aooount o f a blue glow

(1) m i .  4ag. x lv i. 19M.
(e) flature, Jen. s6. 19B4, p. 127.
(3) froo. lioy. ioo. 1909. p. 464.
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obt*in«d by hbHtiag palladium uad«r oertaio oonAltioiaa. . 
from th* wboTo oxporlmonta la  hydrogen I t  aeemed poaalblé 
that th la  blue glow might be doe In aoae way to «toalo 
hydrogen from the palladium: ao I t  vaa deolded to re-lnvee- 
tlgate  the glow given by palladium when heated*

from the expérimenta, i t  aooa beoeae apparent tha t the 
blue glow obtained from palladium oOuld not be due entirely  to
hydrogen In a apeoiàl form. I t  waa then deolded to make a
thorough Inreatlgatlon of the obroomatanoea In whieh the glo*
would appear; end on aooount of the expérimenta made la  given
in the fo il vrlng pugea.

appurntua.
The apparatua vaa oonatruoted ao that palladium f l lamenta 

Muld be heated e leo trioally  In varloua goaeu a t a low preaaure, 
io the prlnoipal part of the anparmtua eaa u glnea bulb A, 
about 6 am* In diameter. Into whloh were aealod the palladium 
fllAmenta f ,  whloh were about t  om* long and t  mm. wide,and 
a platinum plate p. The f l lamenta were heated eleotrloully  
In the varloua gaaea with whloh the bulb oould be f i l le d , ihe 
platinum plate enabled an/ elcotrlo  diaoharge to be paaaed 
aoroaa the tube by oonreotlng I t  and the fllomenta to an 
induction oo ll. Ihe apaotrum of the diaoharge in the varloua 
gaaea wua examined by a Hllger oonatant-devlatlon apeotroaoope.
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So obtain the glow I t  wo# oeoeaeary to he«t the palladium 

almoat to i ta  meltimg-point, ao that frequently the filament#
were burned out. üenoe two fllomenta were mounted together;

tk-eyand to fa o ll l ta te  the mounting of new filaaon ta  t hat  were not 
aealod into the gluaa, but were attaohed by aorew# to the end# 
of three atout braaa lead#; the f i lamenta had one oommon lead, 
but oould be heated aeparately. Ihe three lead# paesed through 
hole# io  an ebonite plug, und th la  wee aealod by high melting- 
point aeallog-wux Into a alde-tube B of the bulb, Ihia elde­
tube waa about h 0 om. in dlamoter, and XO om. long: the
braaa lead# were uade th la  length to enaure tha t there w«a no 
poaalbillty  of the hent of the f l  lamenta affeoting the aeallng- 
wax.

Sealed to the bulb waa a vertloal aide tube 0 whloh 
oould be aurrounded by a flaak of aolld carbon dioxide or 
liquid  a ir  i f  required to free ie  out wster-vupour eto .

Ihe palladium pputtered oonalderably on being heated,
80 that gradually the glaaa became blackened. iienoe two 
oxtenslona were made, one on eooh aide of the bulb: theae
did not get aputtered ao that i t  waa a t i l l  poaalble to aee 
the glow when the reat of the bulb waa blackened.

Ihe complete dlaoharge-tube waa oonneoted by a alde-tube 
D through a tap to a AoLeod preaaure gauge. Ihia tap waa 
alwnya oloaed during expérimenta ao that the dlaoharge-tube
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waa laolttted, Tha praoaora-gauge wua oonnootad through 
aoothar tap to a maroory dlffoaloo pump whloh w«a hnohad by 
» iSaryh oll-punp: th la  ay at am would avwouata to a  praaaura 
of 1/100,000 mm. or laaa.

Batwaon the goage and the upparwtua w«*a a U-tuba 
oontalnlng aoae gloea-wool; th la  waa «Iwuya aurrounded by 
aolld Oarbon dioxide before opening the tap into the apparatua, 
ao that no meroury vapour from the gowge ever entered I t .

During the oouraa of the ex périma-ta I t  waa deairad to 
f i l l  the appuratua with oertaln gaaea: ao there were sealed on 
near the preaaure-goage a amall bulb oontulnlng potaaeium 
permanganate to give pure oxygen on gentle heating, a bulb o f 
pure hydrogen, another amull bulb oontulnlng a mixture o f 
potaaalum blohrooute and anhydroua sodium oarbonata to give 
pure oarbon dioxide on heating, and a bulb oontalnlng pure 
ottrbon monoxide: alao there waa a bulb of phoa^torua pentoxlda 
to dry the ourbon dioxide.

Ihe ourbon monoxide wua prepared by dropping oonoantrated 
aulphurlo aold on to sodium formate, and heating gently . She 
gas wus passed through a solution of ouustlo jotaah to remove 

traoes of sulphur dioxide, and wua than oollaoted over d is­
t i l le d  Water. I t  waa dried by passing through a W-tube 
Imaeaaad io liquid a ir  before i t  entered the storsge-bulb.

Thus the diaoharge-tube oould be f il le d  with u lr .



7'*

oxygen, hydregeo, oarben monoxide or ouxboo dioxide, or *ny 
required mixture of these guoea to any deaired preaaure*

' ' '  taoh t i r e  tlm t new f i lamenta ware needed, the uoperaton 
'w aa out down e t  the aide-tuhe 9, with the tup oioaed ao that 

# ir  did not enter the nreasure-ga«ge* She ebonite plpg wua 
ucsenled end removed: then the gluaa wa# well wuahed with 
oonoentreted ohroaio said to remove the aputtered palladium, 
rineed with tup and d ia til le d  water, and thoroughly dried* ' \
Two new f i lamente were mounted, and the ebonite plug eouled 
in: then the appuratua vna sealed On again, sOd wns pumped for 
a day to dlsoover i f  there were a leah*

f  ̂ -

^ixperiaentwl Results.
Under oertain oonditlons, when the palladium filament 

was heated eleotriew lly «ftaost to i t s  m elting-point, them a 
bright blue-purple glow appeared. The g l ^  waS about h om.

I wide, and followed the shape of the filam ent, but i t  wuS 
separmted froa the filament by a d is tin o t dark spsoe. ii

•  - i -

a number of experi eats were made io  the s i r  reasining

in the apparatus a f te r  evaoustlng i t  to a preaaure of about 
1 mm* The range of pressures used was I tO  to 03 am*
The palladium filaments were kept wt a dull red-hsat for 

some time in order to e.;pel the oooluded g*»aes, and were them
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raised almost to msltimg-point to te s t  whether the glow ooald 
now be obtained. But on no oooasion w*e n gluw obtained in
a ir  merely by heating the filament*

Then am eleo trio  disohmrge was pueaed aorosa the tube 
for so ie t ia e , i t  being passed in both d irestions. At f i r s t ,  
the nppearonoe of the disohurge was a deep purple and pink,

I

and tho apeotrua oontained the usunl nitrogen lines of the 
o ir speotrum and also the hydrogen lines and . But ' 
when the filaments were funotloning as the oathode, the 
luminosity orept righ t up the brnss leads, and then the 
appeeranoe beoame gradually w hitish. Shis was due to the 
produotion of oarboo monoxide or oarbon dioxide, the presenoe 
of one of these gnses being shown by the appeironoe of the 
oarbon monoxide bands in the diaoharge speotrum. &eadings 
of u typiool discharge-speotrum in a ir  ere given below.

1 . dneetrua with filament »s Anode.
«663 very bright
6660 very fa in t due to B,
6X07 fa in t
6003 fa in t due to
4661 «a very bright
4709 bright due to
4X77 bright
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&61X ■ fa in t band due to 00̂ ^
6199 very bright bund - due to 00

4861 bright
483.8 very bright bund - due to do
4709 fuint_ - doe to »a
4666 very fu in t ■'

4618 e# ,

\

very fa in t bund - due to CO

(tnkM nftev 1 ) .
•  - ■  -

W A #
' '

- r .'■ . '

S.B. The 00 bands were sbapp oo the red aide und diffuse on
.  ,-  ̂V

the v io le t, 30 the raadinge were taken on t.< è sharp " 
red side .

Thus the disokurge-tabe, a f te r  the paosuge of the 
diaoharge in re s iio n l u lr ,  oontaioed hydrogen end ourbon 
monoxide or dioxide in addition to oxygen und nitrogen.
When ourbon monoxide or dioxide hud been produoed in the 
tube, then onJ#euting the fi&aaent, the glo* appeured.
This suggests th a t ourbon monoxide or dioxide is  required 
in the oroduotion of the glo*.

In th is  mixture of gns, i f  a flush  of solid  ourbon 
dioxide were pluoed on the side-tube 0 of the uppuratus, 
u fte r  ten minutes i t  was som etl-es found th a t the hydrogen

n
lioea hud dlMpptafod from tho d 1 #ohd»rge*#peotrurn# when th la
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WttS the ease, oo gl^w oould be obtained oo heating the f i l a ­
ment while the solid  CO ^ was on the alde-tube• On removing 
the solid  CO X »hd allowing the tube to - arm up, the glow was 
again seen oo beating the f n'ornent, and was again present 
in the disoharge-speotrom* bhen however, h^ was s t i l l  to be 

seen in the disobarge-speotrum while solid  COx was on the 
side-tube, then the glow s t i l l  appeared on heating the f i l a ­
ment, fu rth e r, the behav our was sim ilar when liquid a i r  
Instead of solid CO  ̂ was pluoed oo the side-tube of the 
apparatus,

These experiments seem to indloate that hydrogen is  
neoessary for the produotioo of the glow, Ihe fac t th a t the 
eooling of the side-tube eometi aes eaused the dis*ppear%noe 
of the glcw, and sometimes did not, oso be nocounted for i f  
the hydrogen were someti^.es present s i nply as a  oonstituent 
of water-vapour, which would be oondonsed out by the oooling. 
But water-vapour i t s e l f  io not neoessary, since the glow ouo by 
obtained when liquid u if  is  on the side-tube, provided that 
hydrogen is  present in a non-oSndeosible form,

Aooording to W ill's explunation of tho production Of the 

glow, Water-vapour is  neoessary as well as hydrogen. But 
there is  no evidence that he attempted to obtain the glow 
when hydrogen was present, but w ater-vupour was absent.

In his experiment when liquid o ir rocs removed the water- 
vapour and Caused the glow to fade, i t  was the reaoviil o f a l l
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tho hydrogen whloh wus only present us a oonstituent o f . 
wator-Tupour, und not merely the removal of the waier-rupour 

i t s e l f ,  whloh prevented the uppeuraooe of the glow,
from the OAperi^ieots in u lr  i t  therefore appears th a t 

hydrogen is  neoesaury for the g&ov, and ulso probably o«rbon 

monoxide or ourbon dioxide. io  order to dlsoover whether 
e ither of the gnseo oxygon or nitrogen, whioh were of oouroe 

prssent io these experiments, i s  neoesaury, i t  «as deoided to
exolode the nitrogen, end f i l l  tho upperatos with oxygen.

‘ %

Oxygen.
^ p e rim o n ts , s im ila r to  those in  a i r ,  were made in oxygeh, 

the prwseure usually  being about lorn., but Varying on oooasions.
A

from g‘SO to «77 mm. She glow was never obtained merely by 
boating the palladium filam ents; but to obtain i t ,  i t  was 
always oeoessary to pass the e leo trio  diaoharge for some tiiue. 
At f i r s t ,  the disoharge-speotrum showed a few oxygen lines 

ttnd h ^ : but, aS xxlhxws above, during the pa sauge of the
dieoharge with the filaments as cathode, the oarbon monoxide

%

bands appeared os th is  gas or oarbon dioxide was produoed.

In jeveral experiments the glow oould not be obtained 
when solid 00 or liquid a ir  wus biased on the sideatubo of 
the apparatus. But d fi was now missing from the disoharge- 

speotrum, eh wing that the neoesaury hydrogen had been present 
only ns » oonstituent o f wuter-vapour, and wus thus frosen out#
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ibea » l i t t l e  hydrogen «us admitted to tb s  apperetos, then
neither solid 00 ^ nor liqu id  u ir had any e lfeo t on the glow.
henoe water-vapour, as suoh, is  not neoesaary for the glow.
In fa s t the presenoe of an exoess of water-vapour tends to
prevent the appearaooe of the givw: for eometi es when the 

glow
ys3 Was not very b righ t, i t  was found that the plueing of a 
flask  of so lid  CO X' os the side-tube oaused a deorease of 
pressure, showing tha t wuter-vupour had boon froeen out, and 
the glow now appeared very brightly oo heating the filam ents.

y innlly , sinoe the glcw sun be obtained in oxygen with­

out any nitrogen being oroaent, nitrogen is  not neoesaury for 
the nroduotion of the glow.

SJClrofiin.
Other experiments were made with hydrogen in  the apparatus 

a t Various pressures betwem 1 h? and « 91 mm. The glow did 
not appear merely on heating the palladium filam ents: but i t  
appeared, usanlly quite quiokly, on heating the filument a f te r  

passing the e leo trio  diaoharge. At f i r s t ,  the disoharge-speo- 
trua oonsisted of a gre>»t nSaber of sharp lin e s , the brightest 

being and . But as oarbon monoxide or dioxide

Was produced, the oharaoteristio  bunds appeared in the speotrum, 
and then on heating the filu aen t, n very bright glow was 
obtained.

Ihe placing of o flask  of solid CO ^  or liqu id  a ir  on
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the side-tube o f  the apparatus bad so e f fe c t  oiu the glo* . Ib is  . i  
vus to  be expeoted sinoe hydrogen vus not present merely &s

oonstitu en t o f water-Vapour* t : .  • - -■
T'

Cn one oooasion some oxygen was admitted to the uppuretus
a f te r  the glow hod been obtained: but the glo* «es not thereby
improved, io feet the gloxMobtained when most of the gas present - 
was hydrogen, were some of the b righ test ever seen. -- Gi)

i t  oxygen is  required for the glo*. then in  the experiments 
in hydrogen i t  must have oone from the palladium filam ents.
Bo* oxy&oo and hydrogen in the presenoe of a red-hot filament 
would ocabine to form water-vapour, and i f  th is  were frosen 
out by liquid a i r ,  gradually a l l  the oxygen would be removed, 
hydrogen being present in great oxoeus. #  in  one orpériment 
the filament wo# kept red-hot fbr three hours while liquid  a ir  
Was on the side-tube, so that any oxygen present must hues 
ooabined with hydrogen to form water-vapour, and have thus 

been frosen out. but a t  toe end of the three hours, the glow 
s t i l l  appeared when the filament was heated more strongly ._ 

io  aoothsr experiment, new palladium filaments were 

heated in the svneunted apparatus, and the gas whioh they x r:

gave o ff  WHS pumped away, so th a t any oxygen would thus be 
removed. Bat on f i l l in g  the ap,)aratus with hydrogen and 
passing the dieoharge with the filaments as oathode to produce 

Oarbon monoxide or dioxide, a bright glow was obtrtined on M-'i

à
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heating the fil*Laeot. Henoe oxygen le not neoeesaiy for the :  ̂
produotioo of the glow*

I

Sow the h e r .6111 suya th a t i f  hie tuba hud been f ille d  
with hydrogen before being e%h»ueted, then the glow oould not 
be obteined in the ordinary way, le .  by merely hurting the 
filement: but tha t the paeeage of the dieoharge with the 
filaisent «8 Oathode oaueed the glow to appear* Thie is  to be 
expeoted for the neoessary ourbon monoxide or dioxide ia 
prod^oed by the dieoharge*

he further atetee th a t an exoeaa of hydrogen in te rfe res  
with the produotioo of the glow, however,an exoesa of hydrogen 

in h is expérimenta would mean an exoeaa of water-vupous, since 
oxygen wue present, henoe i t  would be th is  exoeaa of water- 
vupour whioh tended to prevent the eppearanoe of the glow, and 
not the exoess of hydrogen i t a e l f .  ^
Carbon #ioxide.

devernl t i  les the upparntua was f i l le d  with pure dry 
oarbon dioxide a t a pressure of about i  am. lo  glow appeared 
merely on heating the palladium: but on pusaing the diaoharge 

with the fiIwmmta as oathode, the glow quiokly appeared. Ihe 
speotrum of the diaoharge now oontained tbo bright hydrogen 
lines d j  and H ^ in addition to very bright oarbon monoxide 
bands. On several oooasions i t  was found tha t the pressure ' 
measure# a f te r  the passage of the diaoharge was greater than
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the pteeaure before peselng the diaoharge: th la  would be due 
partly  to the obaBce of oarboo dioxide into oarbon monoxide . 
and oxygen under the influonoe of the dieoharge, and partly  
to the lib era tio n  of hydrogen from the palladium.

A# ueual, a flask  Of solld CO On the aide-tube removed 

and U fi from the diaoharge-apeotrum, and oauaed the glow 
to fade. Thus the neoesaury hydrogen had been present only

solid.as n oonstituent of xater-vapour, and so was removed by a l 1 »
Oo  ̂ • The foot tha t the neoessary gag whioh is  removed is  
hydrogen is  further proved in th a t, when some hydrogen was 
udmirted to the oarbon dioxide, thon solid  GO  ̂ had no / efxeot 
oo the glow.

In a mixture of hydrogen and oarbon dioxide, a b r i l l ia n t  
glow appeared on heating the palladium, without i t  being neoes­

sary to pass the dieoharge. Henoe the glow is  not due to some 
d ireo t action of the diaoharge; and io the experiments pre­

viously desoribed, the funotio;* of the diaoharge has been only 
to produce one of the ooueusary gmses from the brass leads or 
the eleotrodes.

-he glow vns obttiir.ed in mixtures o f hydrogen and 
ourbon dioxide a t pressures between it'6c and Oh mm. 'Various 
pressures and proportions of the two gases were tr ie d , und i t  
Was found that the b righ test and most extensive glow was 
obtained when the pressure w.ts ju st over 1 am., hydrogen being 
present e l i t t l e  in sxoesa of tho oarbon dioxide, ihe presenoe



(14)

of so lid  00 a on the side-tubs of th« apparatus had no sffso t 
on/ the glow io those mixtures, This was to  be expeoted m 
beoause solid CO  ̂ ounnot free se oarbon monoxide or dioxide, ai, 
and hydrogen «us present in a oon-oondeosible form, so that 
both the neoessar,. gases remuinod nhen the solid CÔ was on*
Perbon honoxlde.

The apparatus «us several times fille<^«ith yure dry 
osrbon monoxide to various pressures between < 99 and * 70 mm, 
There vus no glow on heating ihe palladium, but oo passing 
the e leo trio  discharge with tho filaments us oathode, 
appeared in tho disoharge-speotrum, and a bright glow was 
obtained. i^luoing a flash  of so lid  COo n  the side-tube of 
the apparatus bed no efleo t oo the glow, showing that hydrogen 

was not present as a oonstituent of water-vapour. This might 
have been es pectod alnoo tho only possible aouroe of oxygen 
was the pullndiua filam ents.

dome oxygon was Introduced into r, mixture of hydrogen 
end oarbon monoxide in whloh n bright glow had been obialned; 

but i t  «S3 foutd th a t the oxygen did not improve the glow.
As some carbon dioxide would be produoed in these olroumstnaoes, 

th is  seems to show tha t oarbon dioxide is  no/ more e ffic ie n t /( 
than oarbon monoxide in produoin,^ the glow. However palladium 
is  known to  occlude oxygen in addition to hydrogen, so possibly 
a trace of ourbon dioxide is  prssent even when only ourbon

1
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moyoxld* Is  admitted. In order to dlsoover whether the 
possible amull trooe of ourboo dioxide, due to oxygen from the 
pullad&nm, is  neoeaaury for the glow, new pultudiua f l lamenta 
were raised to rod-he«t in vnouo; the pressure rose to about 
•OOn mm. Shis gns wus then pumped owuy and the apparatus was

.v;

f i l le d  with oarbon monoxide. On now admitting a l i t t l e  

hydrogen a very bright glow was obtained. Ihia shows th a t i t  
is  the hydrogen, and not the oxygen, from the palladium whloh 
is  needed for the glow; and that oarbon monoxide, not onrbon
dioxide, is  required io the produotion of the glow.
»

9

@111 s ta te s  th a t palladium whioh hr.dL been heated for 
some tli&e lo s t the power to produce the glow: and that even 
i f  i t  were saturated with hydrogen, and were made the eleotrode
in a vaouom-tube discharge, the power of producing the glow 
was not restored . But i t  is  not oertuin th a t carbon monoxide 
wus present in those oirournstances, so that the fa ilu re  to 
obtain the glow ixiy have been due to tho absence of th is  gas.

« ;  f

Ue also says tha t the o ily  means of restoring to palladium
the power to produce the glow, was to leave i t  exposed to the

■ • ,  * • ’ ,

s i r  for about six weeks. During th is  time the palladium may 
hqve io some way acquired o&rboo monoxide in some form, and ksK

♦  V

henoe i t  would produde the glow on being heated.
i t  was found during the experiments desoribed in th is
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paper th a t, i f  on heating palladium ne glow then oa
admitting e ither hydrogen or oarbon monoxide, aooording to 
whioh Wua needed, the gl w oould always be obtained.

Prom these expérimenta with palladium in rnrioue mixtures 
of gases, i t  waa oonoluded tha t hydrogen nod earbon monoxide 
are the only gnses required in the produotion of the glow.

Then i t  wns thought that the produotion of the glow 
might not be due to u peoulior property of palladium, but 
merely to the heating of the geaes in the neighbourhood of a
hot metal filament: so i t  wns deoided to See i f  platinum 
would give a glow in sim ilar oiroumetnnoes. 

j ’la tin u a . ,
Xbc upporutus was thoroughly oleuned to remove a l l  

sputtered pulladiuo: and then two filaments of very th in  

platinum fo i l  were mounted. All possible mixtures and 
pressures of the various goaes were tr ie d , and the eleo trio  
diaoharge was passed for a long time io every mixture. During 
ten days, experiments were made with the platinum filem eots, 

but no sign of e glow wua ever obtained, even io the oonditlons
k«d ■

whloh been shown to be most favourable for the appe»r«noe, 
of u glow from palladium, jinoe the platinum oould obviously^ 
be raised to a muoh higher temperature than the palladium, 
owing to i t s  higher m elting-point, the feet th a t the glow was
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not produood with a platinum filament eeeme to point to the '

oonolueion th a t the function of the hot palludiua wa# aomethlag
1

more fondamental than a mene temperature effeot*
I f ,  however, platinum ia  exposed to the sputtering  dfoa 

palladium, then i t  gives a good glow on being heated. One 
platinum and one palladium filament ware mounted in the 
apparatus, whioh was f i l le d  with hydrogen and oar&on monoxide 

a t 1*46 am. pressure. Ihe platinum was raised to white-heat 
several times, but no glow apneesed. Then the e leo trio  disohalrgs 
wus passed in both d ireotions for some time: but ho glow «as . 
obtained from the platinum. Sext, the palladium was heûted, 

and immediately a very bright glow appeared. Now on cooling thn 
palladium and heating the platinum, n fa in t glow appeared.
On continued heating, th is  glcw became muoh fa in te r showing 
th a t as the platinum lo s t the sputtered palladium, i t  lo s t 

the power to produce the glow. The palladium was heated
again, so that more of i t  sputtered on to the platinum, and

»

now on heating the platinum, a brighter glcw appeared : and as 

the experiments uontinued, the glcw from the platinum became
 ̂ I - .

quite bright us oose palladium sputtored on togi i t :  - : x
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m w m  « » # # * & » -
In a l l  the alxturos of g'isoa. oxperimonted upon. I t  waa 

found th a t I f  » bright glow oould bo obtuinod, thon a f te r  the  
paeenge of the dieoharge with the f l  lamente as anode, only a 
very fu ln t glow, or pt^rhape none,.was obtained on heating the 

filam ent. However, the e ffeo t was only temporary, for i f  the 
ware filament were heated ag%ln about five minutes a f te r  the 
oessation of the dieoharge, then the glow appeared us usual.

I t  may have been tha t one of the neoejsary gases was driven
into the filam ents, or in to  the platinum p la te , by the action

*of the diaoharge, and th a t th la  gus only returned u fte r  the d A  
charge bad stopped* v> -I

jpeetrum of Jlow.
‘ L

The speotrum of the glow was observed twiomy on each 

oooasion the apparatus oontaininga mixture of hydrogen and 
ourbon dioxide* when observed by means of u small d ire c t-  

wision speotrosoope, the glow speotrum consisted of a fa in t 

continuous background and one bright lin e  in  the violet*  With 

a Hilger constant- devintloo speotrosoope there was se«n a 
fa in t continuous speotrum stre to h in r from about &6£0 to 4616 
where there was a dark region: th is  continuous part was pro-

t  ■ ■ ■

bubly there before the glow upneared; and was due to lig h t 
from the hot fllament reflected  by the glass walls* when the .

. . .
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glow appeared, u fa in t blue band «un seen, extendiog from ? 
4407 to 43B6 approxlautely, the oettlng  for the middle of the

band being 4370.
Below ore given my reedinga of the glow-speotroa, ond 

a lso  a m * #  for oomparison.
0111*0 reading#.

6880

4697
.  -'1

4419
'  j

4380
4343

Beginning of eontinuou# «peotrua OOhO 

" " dark region 4816

Hod end o f blue band 4407

aidd le  " 4370

Violet end ** " 4380

d i l l  a ttr ib u te#  th is  blue bund en tire ly  to ourbon 
monoxide, but give# bo explanution for the non-appearanoe of 
the other Ourbon monoxide bcmda. Now th ia  bund auy oorreopond 

to the oerbon monoxide band of whioh the ehurp r«d end ia  a t  

4394, eeoeoially ae oarbon monoxide ia  undoubtedly neoeeeary 

for the produotion o f the glcw.
I t  ie  an eotabliahed oheaioul fao t th*t palladium, 

ohatged with hydrogen, in the prosenoe o f w^ter-vapour ouuee#
otnA Oxjg&m.

ourbon'monoxide^to oombine to  form oarbon dioxide. Will 
explains the production of the glow by auppoaing i t  to be due 
to the ooourrenue with luainepaecoe of the above re a c tio n .- 

But i t  h&a been proved in  th is  paper th a t oxygen and water- 
Vapour are not neoeeeary for the production of the glow.
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fu rth er i t  hua been shown th a t @111'• fa llu t*  to obtain the 

glow is  tho bbsonoo of water-vapour wa# moat probably due to 

the ubaenoe of hydrogen, not of water-vapour l t# e l f ;  and he 
do*j not appear to hive e;pwriaented in  the obaenoe of oxygen. 
Henoe i t  1# not poeaible to uooept @111'# explanation of the 

produotion of the glow,
Ihe ezMOt explunntion of tho orig in  of band apeotr'a i i  

not known, although i t  ia  generally thought that they are due 
to moleeule# in a disturbed oonditlon, as d is tin o t from atous 

In a disturbed oonditlon.
There is  vary l i t t l e  evidence for the explanation of 

the origin of the oarbon monoxide bund speotrum. from **n 
inveetigaticn  o f the speotru of 'isohurge&in üeiealer tubes 

f i l le d  with oarbon monoxide or ourbon dioxide, Hulihra^^ 

oonolude# tha t the bonda 6610, 1198 and 4830 belong to the
• I

#uae ooomanoemwnt condition of tho molooule, while the band# 

4036 and 4394 belong to the anmo end oonditlon.
However, Duffieuz^from a oonaideratiou of the i i  i t#  

o f in terférence ootqined frum tho bands of earbon monoxide, 

a ttr ib u te s  these bmds to the free atoms of oarbon and oxygen: 

but he does not mertion the b&nd 4394, einoe the above 
evidence i s  to a ce rta in  extent ooniradietory, i t  is  not

(1 ) . g.Httlthen. Ann. d . Bhya. 71. 1983. p .41.
(E). H.Duffieux. Ooapt. hend, 176. 19Ex. p .l69 .
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peatlblle to givo aa oxaet oxplonatlOD o f tho o rig in  of tho 

haaft 4394 In tho aoootrua of the glow.
::r Now, I t  has been shown In th la  paper tha t only palladlnm, 

hydrogen »ad ourboa ooavxide are required in  the produotion o f
tho glow, T>alla4iua oharged with hydrogen la  known^to wot a#
a o u ta ly a t. Henoe i t  may be th a t palladium oharged with hydrogen 
pfOduoM toao dlmtwbwiooe in the condition Qt the oarbon raoo- ^

o%14e Qtoleoulee.poaeibiy without o^oeiog iODleatlow# un& th a t
.  ' '  '

the glow ie  due to the weturii of the oarboa moaowlde to the

ooraol ooaditloa*  ̂ r

4r

-̂•>r
I  -  I *' -  -  _  '  -  .  4 _  T

c. •*

- ,•■ ' ' ' j .

■y t r -  >1)3
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Aotlon Qf t u  indttotlon @oll Dlaobarae lai

o_f 6a> in Breeepc» o f wogll#» 4m»nt. ^
Xn tho uc*;uao o f tho invoatig(*tioo of the olroumatf«noe# 

in whloh tho blue glow oould bo obtuinod on hoatlng palladium, 

tho of foot of oooling u tubu uttr^ohed to tho main part o f  tho 

nppaTutus, in u vooool of so lid  00 ^ , wos frequently ten ted . 

in  these ooses tho effeotlvooosu of the oooling agent in
WGL&

removing gueeo frou the spyeratos «e»o- tested by pseaing the
induetion oo ll diseharge through the remuiniog gas end eiumln-

\

ing i t s  speotrum for ohangoe duo to the so lid  @0  ̂ ; I t  wuo 

notloed that f  the diaoharge were pt-aaed for a fee oinutee, 
the eharaoter of the luminosity okangeg, the whiteness 

ok^oging to deop purple and pink, while the oarbon monoxide 

k«nds faded from the speotrum, This wus f i r s t  notloed in n 

mixture of Ixydrogon r.nd -n small amount of oarbon monoxide, 

but i t  was iubesquentli' found to ooour in  a l l  the mixtures 
of g'laes in  whioh the glow h d bq>>o obtained. On heating the 

p a lltili va filament a f te r  stopping the disohurgo, i t  was found 

th a t the glow oould no/ longer be obtained, a f*ot presumably 

to  be u ttrib a ted  to the disuppoerunoe of the oxide of oarbon

tnfler the Influeuoe of the induotion oo il diaoharge in  the 
presence of the ooolin& agent (so lid  0 0 ^ ) .

A great deal of resecroh has been carried out on the

(1) Heseuroh s ta f f  of the @entr»\l S lootrio  ioapany, ;^hll,H&g, 
liov,X980,. 4ay,IdkX. Brodetsky ft Hodgson. I 'h il.ia g . Hay. 1916.
V eqard. A i v t i .d . f t y t ,  l^ } o c k e i t2. i e  . R -o c  . . i>oe.. A .  / ^ o 8 .



. (fad)

•otiOB o f tiB o lootfio  diaoBureo in OwuaiBg the dioappeofunoo 
of gaa from e TuOauit-tuba: and a«By expl&autloaa h*ve boon 
put fowbrd to uooount for the roaulta obtained in  the varioua 
geaea. M t m f u l l  and o a rt/lo  #j(platk*tion of a l l  the oiroum- 

ateaoaa hue not yet been arrived a t .  large part o f the 

«oth haa been oarrled out^h^ uaing tungaten and platinum 
filaaen te  in  siag le  gaaea. She olrouautaBoee of the preaect

obeerration of the phenomenon o f the diaoppeeranoe of gua 
under the influenoo o f the diaohnrgo appeared to d if fe r
oonaiderribly froa any employed in the in reetigationa by other 
«orkoia, referred  to above.

Moreover, the :Â a9ib illty  o f taking udvaatuge of the xnof 

api'aeranoQ or non-app*ar noa of the glow on heating the 

pall-idiost filam ent, ua an indioation of the praaenoe or 

abaenee of aerte in  d e fin ite  g.>aea (hydrogen and oxide# o f 

oarbon ) a f te r  paaeiag the diaohurgo in  d iffe ren t olromaetaooe# 
Introdaoed a new feature into th is  type o f Invcatigation , and 

fu rther exoerlmenta were therefore ourrted out to in ree tig a te  
the botion of the diacharge in  the praaenoe of a dooliag agent, 

.ioiae «ooount o f the résu lta  of th ia  inveatigation  ia  given 
below.

I

j%perimant'*l hoau lte . \

glow ws'a obtAired in hydrogen by pHoaicg tbo e leo trio  
diaoh&fge 00 thu t o^rboo monoxide whs pro&uood. Lhon jo lid  30^
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wns Tlitioed OS the alde-tubc of the wppuvutae: siooo both 
hydrogen «md eurhon moBoxlâa are pzeaent io a hoo-ooadeesiblo 

ooDdltion, thn glow could a g ii l  be obtuineO* ïho o tec trio  
dloohwrgo fh.o moored : graduelly the appearaooe of the d la- 

ohgrge obeoged from » w hltith  to % deep purplleh oolout, and 
the 0»rbon tsocoxld* bnode feded from the epeotrua* Shen, on ki 

heating the f i l s  sent, ho glow oould be obtaloeo. ii#eever, when 

the ooliS 30 2. VAO removed and the olde-tabe &ll wed to warm 

up, tt b rl(h t gloA could ngv-ln be obtnined. and I t  rea-ilned 

when the aolld 0<j2_«BS replnoefi on the aide-tube.
In a l l  the gneee and alxtuzee, i t  wee 1sponsible to 

obtain the glow n fte r pusuing the discharge while eolld  0 0 2_ 
wpe op the aldoetube. £ut gonor^lly, e .g . In a olxture of 
hydrogen end ojirhoo nonoxlde, only a very f«lc> glow returned 
on the roaoviil o f the solid COj,. ÿ'urther^whether or not the  

rooleolnp of the uolld COi_ caueed the glow to fade again de 

upon the 0>ve present: e .g . In hydrogen the glow rearined when 
the aolld CO 2 wrg re r ly c e l, but in ourbbn aonoxide, the glow 
faded* Tkle euggeeted that the dieoharge kid oh^oged the 
oondltion o f one of the neoooanry g&ees into % form eaadonalble 
by aolid  CO .

Sow I t  wua found that the oaacnge of the dlsohurge while 
aolld OO^wua on the alde-tube, oauaed a decreuae of preaaure 

in the apiinrntua; e .g . in< one oaue, the preaaure deoreuaed 
from ■ye to 68 on. henoe e t le sa t one of the gaae# neoeaaerj
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for the flow auat have been removed from the apporatue by th is  
aotioB* do, when only e fa in t glow returned on the removal of 
the solid 0^2 a f te r  the pfiasage of the diaohurge, i t  was decided 
to te a t i f  the admisaion of one or other of the neoeea&ry ganes 
oould restore the glow, in  a mixture o f hydrogen and oarboh 
monoxide, the discharge wo a passed with solid  CO,, on the aide- 
tuba, and the glow oould no longer be obtained, ^n rmaoving the 
oolid CO ^only a filing glow returned. Carbon monoxide was then 
admitted, end the glow was then bright^and remained so when the  
aolid OÔ waa roplaood. The diaohurge was again passed, nnd the 
glow disappeared. On removing the so lid  CO,. , no glow oould be 
obtained, dome carbon monoxide was admitted, b tt  s t i l l  no glcw 
oould be obtained, shen, however, some hydrogen was admitted, 
then a bright glow appeared on heating the filam ent. I'hia showed 
tha t both hydrogen and oarbon monoxide were rwaoved io some 
degree, one being oomplotoly removed, and the gaa idiieh was en­

t i r e ly  removed seemed to depend on whioh gas had been present in 

excess.
Xext i t  was decided to condense a considerable preaaure of 

gas by the passage of the discharge with solid 00,^00 the side- 

tube, and then to experiment in th is  gas.
She apparatus woe f i lle d  with hydrogen and oavbon monoxide 

in about oqunl proportions, nnd solid 00,_wae placed on the 
side-tube. On heating the palladium a very bright glow was
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obtalBed* Then tbs dlsoharge was passed: gradually the whiteness 
of the disohurge disappeared, and i t  beoame purplish , while the 
onrboa ooaoxlde bands Ceded from the spMtroa* Bow, oa heating 
the palladium, no glow appeared. She apparatus was Opened to 
the pressure-gauge, and the pressure was found to have deoreased 

by about *1 or *C am. dome of the o rig in a l mixture of hydrogen 

and oarbon monaxide had remained in the preasure-guwge, so th a t 
on opening the apparatus, some of the* gas entered i t ,  and now a 

bright glow appeared on heating the filam ent. She disoharge was 
again pedsed and i t s  appearance changed as above. Kihen the glow 

oould net be obtained, the pressure w^s again found to have 
deoreased, and the entry o f more gas again gave a bright glow, 
io the disoharge was pttssed repeatedly io  both d ireo tioos, and 
more and more gas was admitted. ' Shat both gases were disappear­
ing Was shown in th a t sometimes oarbon monoxide was needed, and 

sometimes hydrogen, to restore  the bright glow, f in a lly  when 
about I  B CMS. pressure of goS had disappeared, the so lid  00^ 
haying remained on the sidedtube a l l  the time, then the residue 
of gas was quiokly pumped aw«y to a pressure o f about ' OOh mm.

I t  seems probable t h a t  th is  small tuaount of g*s w a s  hydrogen or 
oarbon monoxide aooording as hydrogen or oarbon monoxide hug 
been in exoees before pumping out the gas: but i t  was found th a t 
the re su lts  obtained when hydrogen had been in ezoess did not 
d ifzer from those obtained when oarbon monoxide had been in 
exoess. Then the apparatus being shut o ff  from the goage, the
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•o lid  00 removed from the eide-tohe* White potohee were 
teen on the inside o f the tube, but these gred;mlly disappeared 
ae the tube warmed up. I t  was l e f t  for some time to allow a l l  
the ooodensed gas to evaporate, in  order to disoover i f  the 
gas was s t i l l  in  a eondition to  be ooodensed, the solid  CO 
was replttoed. A fter some time the apparatus was opened to the 
prossaro-gouge, hat the r ise  of pressure was Inuppreoiebie, 
e .g . from OvaW to *0061 am, so th a t almost a l l  o f the g»s had 
been re-oondMsed. Again the solid  00i.v«s removed, and the 
side-tube allowed to warm up. then the fslladium was heated. |

V

At f i r s t  there was no sign of any glow, but g fte r  heating the 

filaments many tim es, a fa in t glvW appeared. to te s t  whether 

the hot filament had restored any o f the gas to  a non-oonden- 

s ib le  eondition, the solid  CO ^̂ was replaoed. In ten minutes, 
no glow oould be obtained, the apparatus was than opened to 
the pressure-guoge, and there was found to  be a small, but 
d e fin ite , inorease in pressure, e .g . from 0061 to *104 asa. ^

Pi?
donee the hot palladium hud ohanged some gas from a oondensiblei 

into a non-oondensible form, hut e ith e r hydrogen or oarbon 
monoxide, or both, was s t i l l  io a oondecsible form, sinoe the 
glow oould not be obtained with solid 00 ^ on the side-tube, 

Vith^ a view to disoovering whioh gas was missing, some 
oarbon monoxide was introduoed, solid  00 ^ being on the side- 
tube: but the glow s t i l l  oould not be obtained, Henoe hydrogen 
must huve been missing. I t  woe thought th a t the diaohurge miggj
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huve the power to reetoro the hydrogen, ao the aolld 00 a. 
removed, end the dieoharge wee i^need with the f i le  ..ente on 
uMde, Ihen the aolld 00 2 . was replaoed, and now the glow ddft ^  
appear 00 heating the palladium. Henoe the uotion of the 

dieoharge must have been to restore  the hydrogen, moreover, nm* 
even i f  no additional oarbon monoxide hnd been admitted before 
passing the diso arge, then a f te r  the passage of the diaokarge 
with the filaments us anode, solid 00^.00 longer removed tho 
glow, so tha t both gases neoessaty for the glow were present. ,
Henoo both oonstituents ore in  a non-oondensible form a f te r  the 
passage'of the dieoharge. I t  was shown above tha t tb s disbhargS 
Was neoessary to restore the hydrogen to th is  form, but i t  is  
not known wheghhr the oarbon monoxide was in a su itab le  form 
before the passage of the dieoharge. therefore to see whether 
the disokarge bad restored the oarbon monoxide, unother experi­
ment was made in the gas which evaporated u fte r  being ooodensed 
out under the ioflueooe of the dieoharge when the stde-tube was 
oooled. After obtaining a fa in t glow by heating the palladium 

th is  glow WAS removed,as usual, by replaoing the solid  00 ^  : 
then hydrogen was admitted, <md the glow oould now be o b tu in e ^  

with so lid  00,. s t i l l  on the side-tube. ïherefere the d is o b a r^  
was not neoessary to restore  the ourboo monoxide to a non-oon- 
densible form: but th is  oonversion must huve been brought

about by the heating of the p a llad ii» .
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l a t e r ,  ga# froa a mixture Of hydrogen and oarbon monoxide van 

oondeneed oat by so lid  00 tad or t i e  laH aenoe of the e le o trio
MOW

dlsehargo as desoribed above, there^being one platinum and one 

palladium filam ent mounted in the apparatus, She f in a l residue 

of gas having been pumped away to a pressure of about *00S mm,, 

the solid  00 xWas removed to  allow the oondeneed subatanoes to 

evaporate, and then i t  was replaoed.ds above, the Inorease o f 

pressure was inappreoiable: so the so lid  00 ^was ag*in removed 

and the filam ents were heated. I t  was found that i t  wâs not 
neoessary to heat the platinum filam ent fo r so long a t ia e  as

KokL (rcd.fv
i t  «aw neoessary to heat the palladium filam ents before the 

glow appeared, th is  «as probably due to the faot th a t the 

higher tempetature of the platinum would more ,*uiokly bring 
about the neoessary ohange in  the condition of some o. the gas.

As before, on now replaoing the so lid  , the glow oould

not be obtained, though a pressure of #6 am, remained, showing 

th a t tho hot filam ent had ohanged some of the gas into a non- 

eondensible form, but that a t  le a s t one of the nesessary gases 

was s t i l l  absent,

i t  hnd been fonnd in the case with tW  two pollodiua

filam ents, th a t the passage of tho dieoharge with the filam ents 
as anode restored the hydrogen: so i t  was decided to s e e if  the 
discharge would have a sim ilar e fleo t in  th is  oaso, there being 

one platinum and one palladium filam ent. Henoe, a f te r
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obtaining « fa in t glow by heating the filam ents in  the gas,
r

whioh had been Ovndensed out under the Influence of the d is ­
charge, and a f te r  finding tha t so lid  00,^ OaWed the* glow to 
fade, then the disorarge was passed with the filaments as 

anode, no so lid  CO ^ being on the side-tube , was quite  '  
b r i ^ t  in  tho diso#srge speotrum. Ihen on rep&aoing the holid 

00,. , no glow oould be obtained so th a t one a t le a s t o f the 
neoessary gosos was s t i l l  in a oondehsible form. The reverse 

dieoharge was then passed, the so lid  CO  ̂having been removed:
Che oarbon monoxide bands were fa in t in the disoharge-speotrum '| 

and undoubtedly carbon monoxide was produoed by the discharge. , i  

~ fte r  th is ,  placing so lid  CO,^on the side-tube only made the 

glow fa in te r ,  i t  oould not en tire ly  remove i t .  Jo the neoesiwr] 

hydrogen hnd been restored by the (Assage of the dieoharge w ith ' 

the filam ents as anode, but the orrbon monoxide bed s t i l l  been 

In a oondenalble condition, even a f te r  heating the filam ents 

and passing the dieoharge in  the f i r s t  d irec tio n .

In another oxperiwsnt the filam ents were heated in  the W  

gas whioh had evaporated a f te r  having been oondeneed out under 

the influence o f the disohurge with solid  CO,, on the side-tube, 

and a fa in t glcw was obtained. ïïlthha view to  discovering i f  
e ith e r of the necessary gases had been restored to  a non-oon-
densibie form by the heating of the filam rà ts , i t  was decided %%
to  introduoe each of those gases in turn to the evaporated gus.
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do, Instoad of paoelmg the dteohnrgo, «ono hydrogen «an 
admitted, dolid 0 0 e t l l l  removed the glow, This supporte the ; 

oonoluaion reached above tha t carbon monoxide muct e t l l l  have 
been in a oondennlble condition, Shis behaviou# i s  contrary

Hie
tc  that with two palladium fila a e n te . After th is ,  th lw dieohm r^

was passed with the f i lamenta a# cathode ; a# above, i t s  appear^ .
I

anoe whitened, and the carbon monoxide bonds appeared b righ tly  

in  the opeotnua. Bow placing so lid  00 ^on the side-tube only 
made the glow fa in te r , but could not en tire ly  remove i t :  th is  «>, 

was to be expected sinoe both hydrogen and oarbon monoxide were 

now present in non-oondensible form.
Then in  another experiment, some carbon monoxide was 

admitted to  the gas whioh had evaporated, a f te r  having been con­
densed out under the Influenoo of the discharge when the side- 
tube Was cooled, JOlid 00 2. oould s t i l l  remove the glow, henoe 

hydrogei as well as carbon monoxide was not in  a su itab le  fo ra .

On now passing the discharge with the filam ents as anode, the 

glow could be obtained with so lid  00_ on the side-tube, so th a t 

the discharge had restored the hydrogen, as bhd been the case 

when both filam ents were palladium,
\ *

I - : '
■

Discussion of Above .eeu lta .
In the experiments ju s t described, some of the re su lts  

when both filaments are pal&edium d iffe r  from those when one 
'filam ent i s  plntinum and one i s  pcllodium.
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In both oasoa, a f te r  having oondensed out some gaoee by 
the paeeage of the dieoharge in the presence oftkeoooling agent, 

those gases were a l l  wed to evaporate by removing the so lid  00,.. 

These guaes (hereafte r called the evaporated gases) are not in 

a su itab le  condition for giving the glow, heating the filuments 

fo r a s u f f ioiently long time resto res some of the gas to a 

su itab le  condition, but a t le a s t one of the neoessary consti­

tuents is  l e f t  in u ocndenaible form, us evidenced by the fac t 

th a t the replacing o f the solid  00 7, removes the glow.

Bien both filaments are polludium, only the hydrogen i s  
missing when solid OO^la replaced on the side-tube, since 
admitting hydrogen, a f te r  the treatment outlined above, enables 
the glow to be obtained even with solid  002_on the side-tube.

A sim ilar s ta te  of a f fa irs  i s  reached, i f  instead o f admitting 

hydrogen, the discharge is  passed with the filaments »a anode 

befOro replacing the so lid  OO •

Bow i t  has bees found '̂) th a t muqy gases cun be made tc  lÉNlj 
adhere to glass under the ioflueooe of the e le c tr ic  discharge: 
the amount adhering depends on tho gas and on the s i i i e  o f the 

g la ss , e .g . whether i t  i s  oooled, or not*, fu r th e r , th is  

adhesion is  not due prim arily to chemical reac tion , although 
suoh reaction may aid adhesion by producing c gas which adheres 
more easily  than thatrorlgioally present. In  general, most o f

(1 ). ^ n e r a l  S leotrio  Company's desearch j t a f f ,  phll.Msg.Muy# X'9laX «
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of the g»a whioh haa diiMppoavod owing to adhesion oan be 
restored byjthestiag the glass vessel: but i t  has been found 
th a t part of the gas onnnot be restored by heating the g lass , 

but only by the passage of a dieoharge. This notion o f the 

discharge is  probably due to  the bombardasnt of the glass by 

charged p a r tic le s .
Hence, the above suggested uotion of the discharge in  

restoring the hydrogen would be the lib e ra tio n  , by the d is- 

oharge^of the hydrogen from the glass w alls.

khen One filament Is  platinum and one is  palladium, 
hydrogen is  not the only oonstituont whioh remains in a  form 
oondensible by so lid  00, a f te r  heating the filament in the 

evaporated gases. This is  proved by the fac t tha t steps have
Co (hC '

been taken to produoe both oarbon monoxide and hydrogen before 
the position is  suoh tha t a glow cun be obtained even on 

replacing the solid  0 0 , on the side-tube.
diccc there is  e palladium filament present in  both cases, 

the différence in the re su lts  obtained in the^ two oases must
X

be a ttrib u ted  to the presence of the platinum fllument in  the 

second Ouse. There «re two possible ex lanations o f the 
difference. Hither the gss, th a t evaporates when the so lid  00^ 
is  removed from the side-tube a fte r  the passage of the discharge 
is  the earns in  both cases, but the action off the hot filament
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la  d iffé ra n t In the two ouest: or there ie  a difference in  the 
two #a#e# io the manner o f disappearance of the gases under the 

influence of the discharge when the side-tube is  oooled.
On the following oonsideretlon, the f i r s t  a lte rn u tiv e  can 

be ruled o u t. In  both cuses, a palladium filament whs heated ih 

the evaporated gases; and yet the re su lts  obtulned from the 

subsequent treatment were d iffe ren t in  the two oases. Thus 
the difference could not have been merely due to « d iffe ren t 

action o f the hot filament in the two cases.
Hence i t  seems th a t the second u lte rn a tiv e  must be the 

explanation, iinoe io  both oases a glow could be obtttinod by 

heating in the evaporuted gases, th is  glow being however 

removed by so lid  0 0 , , the oarbon monoxide and hydrogen must 

have entered in to  chemical ooiblnations to form substances
ioLlÀ.

oondensible by^OO,., although one substonoe onn be used 

instead of carbon monoxide io the production o f the glow.

I t  Was found th a t d iffe ren t steps hnve to be taken, in  

the two Cases, to resto re  carbon monoxide so tha t a glow can 

be obtained with so lid  COo n  the side-tubo; henoe oarbou 

monoxide must have been removed under the influence vf the 

diccharge io a d iffe ren t mannor io tho two oases, in  addition  
to the removal by the formation o f e oondensible aubstanee, 
as mentioned above.

When both filam ents are palladium, the other means of
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dItMPpeamBO* of oatbon monoxide omy be by odhealon of th is
gas, or o f oarbon dioxide, to the ginna v u lls  under the in f lu -
enoe of tho diaohKtgo when the aide-tube i s  oooled. Jinoe
replaoing the so lid  Cu,  oaused the re-oondeosation of neatly
a l l  the evaporated gases, »s shown by pressure measurements,
the fas whioh has disappeared by adhesion is  not restored in

any degree merely by warming the oooled side-tube. However.
i f  hydrogen was admitted to the evaporated gooes, then a f te r

l i t t l e  heating Of the filam ent, a glow was obtained whioh

would remain when the so lid  00,. was replaoed. Henoe the

heating of the lilam ent must have restored so e of tho oarbon

monoxide whioh had adhered. That a l i t t l e  heating of the

filament resto res eonbom monoxide while much more heating is
neoessary to resto re  some of the hydrogen to a form su itab le

for the produotion of the glow, i s  shown in  tha t eons1doruble

heating o f the filament is  needed to obtain a glow io  the

evaporated gases, unless hydrogen has been admitted, but the
hydrogen, restored by heating the filam ent, is  s t i l l  in a form

oondensible by so lid  CO,., probably water-vapour, sinoe the

glow oannot be obtained when the solid  0 0 , i s  replaoed.

ahen one filament was platinum and one was palladium,
none of the oarbon monoxide was restored by heating the
filaaen ts  to a  form non-oondensible by so lid  co2_: so th a t none
of the oarbon monoxide own have disappeared by adhesion to the
g lass W alls , as was supposed to have ooourred waen both
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filaaen te  were palladium. SMe reaotion would only f a i l  to 
oooor i f  the ourhon aonoxide were being used in eome other 
reaotion, oonneoted with the presonee of the platinum. I t  has 
been found ^Hhat the dimmppearanoe of eome of the gan during 

the pansage o f an e leo trio  dieoharge is  oonneoted with the
sputtering o f the oathode. Jo in  the seoond ease, the din-

\
appearamee o f none of the oarbon aonoxide may have been due to 

the binding of the gas by sputtered platinum, th is  rwiOtion 

ooourring to the exoluoion of the adhesion suggested above in  

the Ouse when both filaments were palladium, fu rther i t  ban 

been found in the previous experiments, th a t the oarbon 

monoxide, whioh has been removed by the n # n  spattering  of the 
platinum, is  not restored by the removal of the solid  00 j. from 

tho side-tube, nor by the heating of the filam ents: but there 
ie  no reason for oxpeoting tha t i t  would thereby be resto red .

jnme o f the gaa produoed by oonsiderable heating of the 
filaments in the evaporated gases is  inoondensible by so lid  00^ . 
as shown by the small pressure remaining when the so lid  002. 

replaoed. But th is  gas la  unneoessary for the produotion of
to ( ft

the glow sinoe steps have been token to produoe both oarbon 

monoxide and hydrogen before a glow oun be obtained when so lid  
0 0 , is  on the side-tube, in the oase with one platinum and one

(1).  Vegard. Ann,d.Phys.1*16. Brodetsky s  Hodgson, ^ h ll,

Zog. xxxi. 1916.



m y  ■ a

palladium fllamant. fu rther. In the oase when both filaments
were paliadlm , the amount of gus, non-oondensible by solid 00, , 

ebioh
was produoed by heating the filuasots io the evaporated gases, 
was aotualiy larger than io the other ease: th is  extra amonnt 
ef gas would probably be due to the oarbon monoxide whioh had 
been restored, by the heating of the palladium, afte r having

12̂ adhered to the glass w alls.
Sew i t  has been suggested that oonsiderable heating of 

the filaments is  neoessary to restore some hydrogen to  a form
.  \

suitable for the produotion of the glow, although s t i l l  oon­
densible by solid 00, : and i t  a»y be tha t during th is  ohange, I
the non-oondensible gas, which is  unneoessary for the production 
of the glow, is  nloo produoed. Hydrogen and oarbon monoxide 
were the only gasea originally  present, and i t  seems unlisely
that th is  non-oondensible gas oould be a ouopound of hydrogen

\

and oarbon; and i t  cannot bo carbon dioxide sinoe oarbon dioxide 
M

is  ouitable for use in the production of the glow, i t  mightI
possibly be oxygen which haa boon set free as the final resu lt 
of a serlee of oomplio*ted reactions: or i t  might be due to 
traces of various gùaea whioh the dlsoharge hud probably, 
liberated from the walls.

The action of the discharge in causing both absorption 
and liberation of various gases is  s t i l l  an unoertaln mutter, 

and investigators ^ v e  very often found that they were unable
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«•sp letely  to «ooount for tb o lr ro o u ltt ,
AO Attempt hu# hero boon aado to uocount for tho re su lts  

observed io a general way. I t  i s  oooolodod tha t io the presenoe 

of palladium, aod in  the presenoe of platinum and palladium, 

both hydrogen and oarbon monoxide are ouused to disappear by 
the passage of an e leo trio  dlsoharge when Solid C O ,is on the 

side-tube. In both oases some of the gases probably disappear 

through vmdergoing ohemloal oombinatioos to form substaooos 
ooodensiblo by so lid  CO, .  Bheo both filaments are palladium, 

some of the oarbon monoxide seems to disappear by adhesion to 
the glass wnile, while when a platinum filament is  employed, 

tho sputtered.platinum  may in some way remove some onrbon 

monoxide.

#

Oensrvl Ju ■aarr.
In  the f i r s t  part of the paper i t  has been shown th a t a 

blue glow is  obatrtlned on heating a palladium filam ent in the 
presenoe of oertuin gases a t  low pressures, the only neoessary 

gases, however, being hydrogen end oarbon monoxide. I t  is  

sugf ested that palladium oharged with hydrogen produoe# a

disturbtinoe of the oarbon monoxide moleoules, and th a t the 
glow is  produoed by the return of the moleoules to the nommai 
oonditien.

In the sooond part of the paper, an investigation  was
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mad# o f tho dloappearoaoo o f hydrogen and oarbon aonoxide, from 

a mixture o f  these gases, under the iafluenoe of the induotion(̂ solfd COj)
o o il dieoharge in  the presenoe of a oooiing agwt/^- An attempt 

has been mads to determine the manner o f disappearanoe o f these 

gases. I t  i s  sug^ ested th a t both gases disappear as e re su lt  

of having entered in to  ohemiool ooabioations whioh produoe 

substanoos oondensible by so lid  C 0 ,{  and th a t ,  in add ition , 

ourbon aonoxide may disappear by adhesion to the g lass w alls , 

or i t s  disappearanoe m»%y be in  some way oon eoted with the 

spu ttering  o f the metal oathode. The aotual oiroumstanoe# o f 

the experiment determine whioh o f the two lu t te r  means o f 

diaaopearonoe oauses some o f the oarbon monoxide to disappear.

- V i
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