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I.GENERAL I N T ROD U C T ION • 

One of the outstanding problems 

of physical chemistr;-~mlch~ ,as yet, received no 

satisfactory solution,is that of solubility_ The 

work of ~rt't~Hoff contributed largely to the advan­

cement of our knowledge of the subject,but,although 

we have a fairly accurate knowledge of how a substance 

will act in solution,we are as yet unable to arrive at 

any satisfactory ;stimate of the solubility of one 

substance in another. 

Solid solutions are in a still 

less advanced state. The most convenient kind of 

solid solution for purposes of investigation is one 

in uhich the solute is 2_, gas. The existing data on 

the absorption of gases by solids are very vague and 

conflicting. An allied phenomenon, thr;,t of diffusion 

of gases through solids,is also in an unsatisfactory 

state as far as accurate knowledge is concerned. 

Accordingly it was decided to 

investigate tl1orou&hly the absorption and diffusion for 

one particular gas in some one metal. Oxygen and 

sllve!? were chosen as it was known that oxygen Vlould 

"dissolve in silver and would ,diffuse through it. 

Silver has the advantage of bei~c inexpensive compared 

to platinum and metals of that grou~) and is easily pur­

ified,while oxy~en is easily obtainable in a fair degree 
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of purity. 

The diffusion of oxygen through 

silver has already been investigated at McGill Univ­

ersity by Johnson and Larose 1. 

This thesis is concerned with 

the absorption of the same gas by silver. An attempt 

vl1ll be made in 2. later section to correlate tIle phen-
t-

omena of diffusion and absorption. 

+++++++++++ 



II • HIS TOR I C A L I N T ROD U C T I 0 ~ • ----------- -------------

In 1863,Deville and Troost2 showed 

that hydrogen gas can diffuse through red hot platinum 

or iron, but that the cold metals are quite impervious 

to the gas. They suggested that the permeability 

was caused by a kind of porosity. They said that 

this new porosity was entirely due to the expansive 

agency of heat opening up intermolecular spaces in 

the metal. 

In 1866,the experiments of Deville 

and Troost were brought to the attention of Graham 3
• 

Graham could not detect any signs of the passage of 

oJ.ygen,nitrogen,cl1lorine,steam,or several ot~ler gases 

through a piece of platinum at a full red heat. He 

found,however,that when certain metals are heated in 

hydrogen,more or less of the gas is absorbed and re-

tained as the metal cools, forming a l(ind of solid 801-

ution of the gas in the metal. His experimental 

procedure and results were as follows+ 

A small piece of the metal under 

investigation was heated in a porcelain tube,g18zed 

inside and out. The tube was heated to redness 

and exhausted. :iydrogen Vias then allowed to pass 

over the heated metal and the metal was allowed to 

cool in the same gas. The tube was then evacuated. 

It was then slowly heated and evacuated,and the gas 



evolved was collected over mercury and measured. He 

found 

Platinum •••.•......... 4.7 volumes 

Palladium •.••••••••••• 495.5 " 

Copper ••••••••••••••.• O.6 , , 

Gold ••••••.•........•• 0.5 
, , 

Sllver •••.••.••••••.•• O.9 
, , 

Iron •••••••••••••••••• 4.2 
, , 

Palladium,therefore,of all the 

metalsJappears to possess the power of absorbing hy-

drogen in tile highest degree. The volume of gas 

absorbed by the metc_l VIas found to depend on its con­

dition. The gas absorbed by the metal is retained 

very tenaciously and it can be recovered only by l1eat-

ing the metal to redness in vacuuo. 

ham added, 

Hence, Gra-

It appears necessary to recognize in pall­

adium a new property,a power to absorb hydrogen at a 

red heat,and to retain gas at 2, temperature under 

redness for an indefinite time. It may be allow-

able to speak of this 2.8 a power to occlude (shut up) 

hydrogen,and the result as the occlusion of hydrogen by 

TJalladium. 

Graham's results led to a consid­

erablA interest being taken in this new property. At 

first.the majority of the investigators confined their 

attention to hydrogen. 



The fixation of the gas was found 

to be more energetic if the metal under investigation 
~ 

were used as a negative ele'ctrode during electrolysis, 

an~hydrogen thus liberated at its surface in the nas-

cent state. Thus Thomas4 showed that if palladium 

be employed as negative electrode during the electrol-

ysisof acidulated water,the metal may become super-

saturated with the gas and dissolve over 935 times its 

volume of gas,the amount actually dissolved varying 

with the strength of the current. The excess is 

quickly evolved when the current ceases. 

On account of the very large volume 

of gas which it absorbs,palladium has been much more 

thoroughly investigated than any other metal. 

Neumann and Streintz6 found that the 

physical state of tl-:..e palladium had a large effect. Thus 

~Daght palladium dissolved 376-643 volumes 

wire .••••••.••••••••••••••• 930 , , 

sponge •••••••••••••.•..•.••• 680-852 , , 

fused •••••••••••••..•• * ••••• 68-200 , , 

Favre 6 found that the heat of occlus-

ion of hydrogen by palladium was the same for the same 

amount of hydrogen at all stages of the absorptlon,and 

hence he assumes that the hydrogen forms an alloy with 

the palladium. This idea of an alloy was first sug-

gested by Graham7 He supposed that the gas during 

the process of absorption condensed to a solid metal, 
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which then alloyed with the palladium. He gave tb.e 

name hydrogenium" tOr:the hypothetical metal in order 

to emphasize its metallic character. It vIas .. argued 

that the metallic character of the occluded hydrogen 

is shown by the fact that if a plate of palladium be 

charged electrolytically. with hydrogen, and subsequent­

ly immersed in a solution of copper sulphate,the metal 

is soon covered 7[i th a film of mete .. llic copper. 

CUS04 + 2 H 

Solid hydrogen,however,was found 

by De'war to h2.ve rather the ·properties of 8. non-met2,1 

tllan 2 metal - its specific ,C"ravity for ~xample is 

0.076, which is o::11y '1/8 t~1at calcu18tee for the absor­

bed hydro,~en in pe.lladiu.n. 

Graham 7 also suggested fro~ t~e 

chan[e in dens1 ty of palla'ii'J.~r:l 71~len it occlude s l:ydro-

gen, that tl~e compound PdH is forme:t. Troost 2nd 

Hautefeul1le s conclude t:1at the CO:-:1DOltncl P,j.sH 1 S' 

formed. 

HOitsemaO ,basing his opinion on 

the experiments of ~oozeboom and himself, concludes 

tl-:at no compound is formed (on 2.ccount of tl1e slopinc 

character of the absorption isot~erDs)~he susgests 

that a mixture of two different solid solutions a.il@\S 

formed. 

HoltJEdga~".~.nd Firth 1.0 conclude 

from their own investigations t~lat hydrogen is occluded 

by palladium in two VlaYf?, (1) in B.n ac1sorbed layer of 
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high vapour pressure which can b'e ee,sily re~[).oved lJY 

evacuation,2cnd (2). c,S 2.11 absorbed Gas vlhich is n011-

uniformly distributed in the body-::of t~~e metal. As 

.the temperature rises the pressure of the absorbed 

gas increases,whilst the adsorbed layer diminishes p 

Sievertsl.l. has extended measure­

ments up to the melting point of ~oallac1ium and finds 

that on liauefaction t~,-e occlusion fa,lls off to ab01J.t 

one half. 

'}01f12 measured the electrical 

conauct,l. Vl. t,y 01- palladium and decided as folloV1S: 

(a) .T1le conductivity diminishes proportionally to 

t~le .. occluded quanti t~T of hydl"ogen as lone: as t~e 

hydrogen is bein~ merely dissolved. 

(b) • It dimini she s asy~ptoti cally as lonr; 2.8 the chem­

ical compound Pd!H is beinc formed (i.e. between 40 

and 600 volumes of cas per volume of pa.lladium). 

(c) .After this, further hydroe:en dlaao'lves in the 

PdeH and the conductiv~ty diminishes asain proportion­

ally to the additional quantity of hydrogen occluded. 

Holtl. 3 concludes that the rate 

of solution of hydrogen'by ualladium is not a simnle 

function of the concentration of the gas. The rate 

curves consist of two portions which are internreted 

as referring to solution in tV/o different forms of 

the metal. 
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In suite of-the extensive inves-
~ . 

tigation of the occlusion of hydrogen by palladium, 

the problem of the state of the occluded gas is,as 

yet by no means solved. The palladium-hydrogen 

system,however,does not appear to be a typical one. 

Most of the metals which absorb g2.ses absorb only 8. 

relatively small amount. 

In addition to the pure metal, 

several investig2"tions have been made on pal1a,diuli1 

alloys. Graham 3 ,and Berry1.4 :lave measured the 

solubi1i ty of ~1~rdrogen in palladium-gold a:.10ys. 

Berry found that the decrease in the amount of occlud­

ed h.ydrogen is a simple function of the proportion 

of gold in the alloy, but t~at the occluding power 

of the alloy v2.n1 she s when the proportion of pallad-
." 

iurn falls below 25;s. 

Sieverts and Jurisch1.6 have exten­

ded these observations over a greater temperature 

range,viz.138-8200C. They have also employed pall-

adium-silver and palladium-platinum alloys. All 

proportions of platinum were found to diminish the 

solubility of hydrogen in the alloy. Hydrogen is 

comparatively insoluble in s11ver,but the addition of 

silver to palladium raises the solubility until a max­

imum is reached at about 40/~ silver. At 130° this 

alloy dissolves about four times as much hydrogen 2-S 

pure palladium.. The solubility diminishes vlith 

incre8sing proportions of silver above t>is limit and 
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becomes zero wi th alloys cont2.ining over 705; of silver. 

AbsorPtion of Hydrogen by ot~er Metals. 

Platinum has been shown by various 

observers to absorb hydrogen. 

ever,far from consistent. 

The results are,11oVl­

Graham 3 obtained an 

absorption of 3 to 4 volumes depending on the phys-

ica1 state of the metal. Neumann and Streintz5 

found 0.8 to 1.5 volumes for platinum foil, and from 

1.5 to 49 volumes for platimum sponge. Similar 

results were obtained by Annelli~6. Berliner17 

found large values for the absorption of hydroGen by 

platinum,reach1ng as much as 271 volumes,his work,1 ~ 
J 

however,was inaccurate and his results have been dis-

credited. Berthelot18 showed that platinum black 

absorbed large quantities of hydrogen,but that most 

of it was due to the presence of oxygen in the black. 

Mond,Ramsay"and 611ie1ds l.
Q found 

that plat1num foil did not take up any hydrogen or 

oxygen at a white heat. Platinum sponge absor-

bed 2.1 volumes of oxygen and 3.0 volumes of hydrogen. 

Platinum black gave 'up oxygen on heating to 300-~00o 

it also gave some COs. It absorbed 309 volumes 

of hydrogen,of which about 120 were truly absorbed, 

while the rest combined with the oxygen present to 

form water. In vacu_o platinum black still held 

about 35 volumes of hydrogen. 
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Sieverts20 found a very small absorption of hydrogen 

by plati.num foil. Gutbier and I~iai sch S l. obt2"ined 

similar values to those of Mond,Ramsay,2nd ffi~ields. 

Varied results have been obtained 

for the other metals of the platinum group. Caill-

etet and Collardeauss say that iridium and ruthenitw 

can take up hydrogen during electrolysis. Rother23 , 

and Finkener and FisherS4 state that while ordinary 

iridium does not occlude much hydrogen, under a pro­

longed cathode bombardment it can take up as much as 

800 volumes. Gutbier,Ottenstein,and Weise 25 , 

hOVTever,found t~:at finely divided iridiu.rn absorbs a 

considerable amount of hydrOGen at low temperatures, 

113 volumes at -300 ,thls falls off rapidly as the 

temperature is raised and at 49° the absorption is 

only 38 vo~umes. 

'iVilmSS and Erlens7 state that 

rhodium absorbs more hydrogen than does palladium. 

Quenessense,however,finds no absorption. Sleverts, 

Jurisch,and MetzSg find a very small absorption •. 

Other Metals. 

The majority of the other metals 

have been 1nvestlgated,some of them by several work­

ers. The most noteworthy feature of the results 

obtained ls their general lack of certainty and the 

enormous discrepancies between the results of diff­

erent lnvestigators,worklng under apparently the same 
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conditions. 

According to Sieverts and his co­

workers,hydrogen is not dissolved by thallium,aluminium, 

zinc, lead, bismuth, a.ntlmony, cadmium, tungsten, silver, or 

gold,while copper,nlckel,and iron do dissolve the gas. 

Skinner,however,3o finds that alum-

inium absorbs hydrogen in vacuum tubes. Thi S ,however, is 

hardly comparable VIi th the usual Hbsorption process. 

Neumann and Streintz5 obtained an absorption of 1.1 to 

2.7 volumes Vii th sheet aluminium under tl1e usual condi t-

ions. Hodgson31 confirms Skinner's result,and also 

finds that zinc and lead absorb hydrogen under the same 

conditions. Neumann and Streintz find 0.11 to 0.15 

volumes for lead,and a trace of absorption for zinc. 

Streintz l2,ter found t~-lat reduced lead occludes a con-

siderable amount of hydrogen3s • Cantor33 confirmed 

this. Shlelds34 found t~at hydrogen diffuses 

through an iron plate used 2.S ?- negative electrode in 

a cell. He then substituted a lead ulate and ~ot no 
.'- '--' 

depression of t~:..e ;-:~ercury in h1s manometer. This, 

however,is not an 2bsolutel~ definite proof t~at lead 

does not absorb hydrogen. 

same result. 

Boettger35 obtained t;:e 

Ca~on36 confirmed Sieverts result 

and got no absorption of hydrogen by tin even in the 

molten condition. Boettger,hoVlever, found th2~t tin 

when used as the cathode in an electrolytic cell ~bsorbs 

a small amount of t~_e gas. 

Caron found t:1[lJt molten antimony 



14. 

absorbs hydrogen and .spi ts on solidifying. Neumann 

and Streintz,on the other hand, found no trace of absorp-

tion. 

HealdS7 ,contrary to Sieverts, 

obtained a conaidera~le absorption of hydrogen with a 

thin film of cadmium. 

Neumann and Streintz found a 

fairly large absorption of hydrogen by gold,although 

Sieverts was unable to detect any. They obtained 

1.4 volumes with gold leaf and 37 to 46 volumes with 

precipitated gold. 

very doubtful. 

The latter re suIt ,hoVlever, seems 

Carveth and Curry38 report the 

occlusion of 250 volumes of hydrogen by electrolytic­

ally deposited chromium. 

Troost and Hautefeuille s obtain-

ed evidence of the occlusion of hydrogen by manganese~~ 
" 

and also found that the presence of manganese increased 

the solubili ty of hydroGen in iron •. On the oth.er 

hand Wedekind and Veit SQ obtained practically no occ-

lus10n of hydrogen by manganese. 

Wlnkler40 says that ber:rllium, 

manganese,yttriu:n/and zirconium take up hydrogen when 

their oXides,intimately mixed with magnesium,are ·h~atedi", 

but that magnesium alone does not absorb t~~e Co,s. 

The experimental conditions are obviously such that 

this statement is practically Vlorthless as far as 
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furnishing reliable evidence of the absorntion ol[ hyd-

rogen by these metals is concerned. 

Van der Berghe41 finds that 

molybdenum does not absorb hydrogen. 

SievertsSO reports that cobalt 

absorbs from 0.1 to 0.5 volumes of hydrogen, and Boett-
,/ \ 

ger fmnds tl1at a cobalt cathode absorbs hydrogen during 

e le ctroly si s. 

Roscoe 42 states that vanadium 

prepared by reduction) sometime s contains as much 2.S 1. 3~~ 

of hydrogen by weight. Similar results were obtnin-

ed by 1'luthmann, '.1eiss and Riedelbauch43
• 

Bolton44 found that tantalum,pre­

pared by reduction containee hydrogen. He also found 

that niobium absorbed hydrogen. Piriani45 confirmed 

this for tantalum and found 0.3 volumes of hydrogen at 

a red heat and more at higher temperatures. I.=uthmann46 

obtained a similar result. Sieverts and Bergner4 ? 

found that t}:e solubili ty decrec.sed as the temperature 

increased. They obtained an a.t·sorption of 420 mg. 

per 100 grams of metal at 20°C. This fell to 40 mg~ 

The amount absorbed varied as the square 

root of the pressure,pointing to ~n absor9tion as hyd-

rogen atoBs rather than as j(101ecular hydrogen. 

Numetous investigat~1 have found 

no evidence of any absorption of h~Tdrogen b;r mercury. 
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Winkler40 considers i t ,_.~.lnlike Iv 
" 

that titanium absorbs hydrogen. 

Sievert-s and Bergner47 obtained a 

small occlusion of hydrogen by uranium. Their sample, 

however, was very impure and the result therefore is by no 

means conclusive evidence -that uranium absorbs hydrogen. 

The rare earth metals have been 

investigated by Winkler4o,Matignon48,Muthmann46Jand 

All of them have found that cerium and 

lanthanum absorb large quantities of hydrogen. Wink­

ler and Matignon found evidence of the absorption of 

hydrogen by _thorium., and LIatignon by samariUIn,neodym-

lum~and praseodymium. Nothing definite is known 

of tl-le behaviour of the ot!ler rare earth metals. 

Troost and Hautefeuille 8 found 

that,_ -:Jotassiurn and sodium 2-bsorb hydrogen. Lloissan60 

found that 126 volumes of the gas were absorbed between 

200 and 400° by potassium and 237 volumes by sodiUIJ 

between 300 and 421°. In addi tion,,-T.Iey6 l. found that 

sodium and potassium absorb h~~dror~:en ~.·ihen used as c2-th-

odes in a discharge tube. Chri sler5 
S found t~1a t 

sodium and potassium and alloys of t~le one -:r1 th the 

other,absorb llYdrogen vlhen used as anodes in a glow 

current. Newman63 found that a sodiun-potass-

ium alloy absorbed hydrogen when used as either 

anode or the cathode in a discharge tube. 
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Tliatig;non found that 1i t>ium absorbed no hydrogen;O 
~ , ¥ 

Soddy discovered that ca1cilm absorbed large quantities 

of gases and he patented. its use as an absorben~ in 

the p~oduction of hi~1 vacuua~4 

The earlier results obtained 

with nickel are very conflicting. According to 

Troost and Hautefeuille56 0.2 volumes of hydrogen a~e 

occluded by finely divided nickel. Neumann and 

streintz· ,however, find ~ much larger absorption, 

namely 16.9 to 17.6 volumes. Hempe1 and Th~ele5B 

find no absorption whatsoever. BaxterS7 obtained 

~n absorption of from 2 to 10 volumes of hydrogen. 

Meyer and A1tmeyerS8 in 1908 obtained at 360°C an 

absorption varying from 5.5 volumes at 1/15 of an 

atmosphere to 50 volumes at 4/5 at~os, Sieverts59 

found 0.18 volumes at 200°C incre~sing gradually to 

Sieverts -VTas worl~in~ VIi th nickel 

foil ins~ead of finely divided nickel and his results 

are probably fairly close to the true values for the 

More recently,on account of the 

interest taken in nickel as a cat~llyst in hJTdrogen­

ation processes, tl~e adsorption of hydrogen by nickel 

has been studied by Gauger and Taylor60 'and by Taylor 

and Burns61 • They have Vlorked with very finely 

divided nickel,reduced at a low temperature. Th~ 

surface in this case is very lar~e and t~e values 
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obtained, which are considerably higher than those of 

Sieve~ts,are probably mainly d~e to adsorption rather 

tllan true solution. It is also Dossible that the 

nickel they used,which was prepared by reduction from 

the oxide,was not completely reduced and hence chem­

ical action took place,the oxide being reduced by the 

hydrogen. 

The absorption of hydrogen by 

copper has been investigated by SievertsSO who found 

that from 0 to 4.8 volu.rnes were absorbed,the absorp-

tion increa'sing wi th increasing temperature. There 

is a sharp break at the melting polnt,molten co-,per 

absorbing slightly more hydroGen t~1~n the solid metal. 

S1everts and Krumbhaar6s also showed "that the solubil­

i ty of hydrogen in co~)per is not affected by alloying 

the copper with moderate amounts of silver. Gold, 

tin,and aluminium,however,diminis~l the absorption, 

while nickel and platinum increase it. Taylor 

and Burns61 and Pease63 have investigated the adsorp­

tion of hydrogen by co)per. 

Sieverts has also investigated 

the solubility of hydrogen in iron~4 The amount 

absorbed is small but increases regularly to 0.4mg 

per 100 grams of iron at 900°C. On the change 

from alpha to beta iron t~~ere is no noticeable change 

in t:1e curve • Above 9000 the beta change s to tlle 

gamma form and a sharp break occurs. After t:-:.is 



the absorption increases faster than before and is 

1.08 mg per 100 grams at the melting pOint. On 

melting there is an abrup.t change al1.d 2.5 mg. are 

absorbed by the liquid iron at the melting pOint. 

The solubility of h~drogen in the molten iron again 

; ncreases as t:'le temperature is raised. The 

previous history of the iron has no ·appreciable effect. 

The hydrogen absorbed is not all recovered by heating 

in vacuuo. It seems as if there were a chemical 

reaction going on as well as simple absorption. ~e 

amount of gas absorbed varies as the square root of 

th.e Dressure. :Neumann65 used Sieverts method 

and obtained practically the same results. 

finds practically no absorption of hydrogen by steel. 

His work,however,is not very accurate. 

A considerable absorption of 

hydrogen by thin metal films has been reported by 

Heald67
• This,powever,is probably due more to 

adsorption than to absorption since there is a ve~y 

large area of surface. 

absorption of hydrogen by a film of iron under ide~ 

tical conditions. 

HughesS9 found t'.-lat iron wire 

in the presence of atomic hydrogen became brittle, 

On heat,.ng it recovered its flexibility. This is 

apparently due to the occluded gas. 
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Tne results in tDe literature 

on the absorption of hydrogen by silver are very con-

flicting. Graham70 found that silver heated 

and cooled in an atmosphere of hydrogen occluded 

002 volumes of the gas. Silver reduced from the 

oxide occluded 0.9 volumes. NeumaTh~ and Streintz7~ 

were unable to detect any absorption of hydrogen by 

silver. Le Chateiler7s stated that silver absorb-

ea hydrogen at 6000 and that the melting point of 

the metal is lowered 30° in an atmosphere of hydro-

gen. This lowering of the melting point seems 

to be rather excessive. 

Baxter57 found an absorption of 

0.5 to 2.8 volumes of t~~e gas. 

Richsrds and Wells73 investig­

ated the solubility of hydrogen in silver in order to 

determine if it introduced any appreciable error into 

atomic weight work. They found no measurable ab-

sorption. Baxter and Parsons74 investigated the 

problem from the same point of view. They found 

that the total weight ·0:' the occluded gases was 0.00063~~ 

of the we1ght of the silver. Of this a considef-

able amount was hydrogen. 

S1everts20 obtained a small ab­

sorpt10n,but his results are far from conclusive and 

do not show very good agreement with one another. 
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Heald07 found a small absorp-

tion of hydrogen by silver films on glass. Bak-

erSS finds none at all. Soddy and Mackenzie 75 

observed an absorption of hydrogen by silver when 

used as an electrode in a discharge tube. 

Chabrier7s found that silver would readily absorb 

a considerable amount of hydrogen which had been 

made active in an apparatus somewhat resembling an 

ozonizero The absorbed gas was readily given up 

when the action was stopped. 

D.P.Smith77 has classified tIle 

occlusion of hydrogen by metals from the point of 

view of the Periodic Law. Thus if we consider 

Table I we see that there are three distinct types 

of metal-hydrogen combination 

(1) SbHs for example. This·is a non-metallic 

volatile compound. In i t t~1e hydrogen atoms 

are probably positive and the antimony necative. 

(2) KH. This is a non-metallic crystal1ine,volat-

lIe compound. Here the hydrogen is negative and 

the potassium positive. 

(3) The palladium-hydrogen type. This is metallic 

in nature. The composition ls variable and it is 

probably a solid solution rather than a compound. 
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Li 

Na 
0 

K ·Ca Sc 

Rb Sr yt 

Cs Ba 

Ra 

ClASS 
II 

-...-.... 
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TABLE I. 

ABSORPTION OF HYDROGEN BY THE ELE11ENTS. 

Be B C N 0 F Ne 

1vf& Al Si P S Cl Ar 
0 x x x x x x x 0 

Ti Vd Cr ~\lin Fe Co Ni eu Zn Ga Ge As Se Br Kr 
x 

Zr Cb Mo 
x 

Ta W 

- .... ---~-.--, ... ~ 

0 x 0 
Ru Rh Pd Ag Cd In Sn Sb Te I 

0 x 
Os Ir Pt Au H_g Tl Pb B1 

. 

ClASS 
III CLASS 

L 

x = defilute absorption found 

o - no definite absorption found 

- not investigated,or very con­
flicting results. 

+++++++++++++++ 

Xe 

In. addition to the elements 

shown above, some of the rare earth metals have been shovm 

to absorb h~·',J_rogen as previously mentioned. Smith 

uses this periodic classification to connect the power 

of the metal to absorb hydrogen vii th its magnetic suscept-

ibility. Thi s is not very conclusi ve as i t flould c~cree 

equally! well Vlith any other periodic property. There 

seems to be no dotibt,however,from the preceding table 

that the absorntion of hydrogen by metals is a property 

of a somewhat ueriodic nature, 
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Absorption of Gases other than. HydroGen. and Oxygen. 

Various other gases 'are also 

absorbed by metals. i,Io systematic study of t~leir ab-

sorption has been made,~'but a considerable mass of obser-
1\ 

vations exists in the literature 4 

Iron has been more largely 1n-

vestigated in this connection than any other matal,K0n 

account of the importance of occluded gases in the steel 

industry. Sir Henry Bessemer78Ain a paper in the 

Journal of the Iron and Steel Institute in l88~refers 

to his original observation in l856,that large quantities 

of carbon monoxide are given off when iron is heated in 

vacu\\o. Alleman and Darlington 7g also found t:':..a t 

large quanti ties of carbon monoxide and ni trogen 'were 

absorbed by iron alloys. Graham80 found t~'lat meteor-

ic iron contained about 0.3 volumes of nitr·oc;~en. 

:,reumann8 1. reported a considerable absQ,rption of 11i troE~en 

by iro'n, amounting to as much as 21.03 mg. :per')lOO [_'1'"'9E1S 

of iron at 981°C. After this the solubi~ity decreases 

again as the temperature is raised. This is 'OresUID-... 

2,bly a c r- se of che'mi cal action rather than one of true 

solution. Fa~cke82 found -1c,:-:at cc\rbon monoxide is 

absorbed by iron at 500 to 600°C. Ryder66 stated 

t!,~at nitrogen was not absorbed 2_t hiC::1 temperatures. 

ne found that carbon dioxide VlBS absorbed. Carbon mon-

o::ide is absorbed but decomnoses e.bove 900°C. 

Mond,Ramsayand Sb.ieldsB 3 

liscovered t·'''..at platinum black gave up oz~r,sen and carbon 
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dioxide on heating. The carbon dioxide,.h oweve.r,·may 

have been due merely to the oxidation of organic matter 

present in the p~atinum black. 

Sieverts and Krumbhaars2 found 

that carbon monoxide and carbon-dioxide were absorbed by 

copper and that carbon monoxide was absorbed by nicKe~.· 

Nitrogen was not absorbed by «opper,nickel,iron~orsilver. 

Carong~ reported th~t molten copper absorbed carbon mon-

oxide and spitted on solidification. Sieverts and 

Bergner86 observed the s.olution of sulphur dioxide in 

copper and in alloys of copper with gold,silver,o~ plat-

• l.num. They said that it seemed to form CusS and cusa 

Soret66 found that electrol~.'"t~c CO-:J1Jer contained a small 
'-

amount of carbon dioxide and carbon monoxide , ~.7i th a con-

s-iderable 'amount of hydrogen. 

Berthelot97 stated that nitrogen 

712.S absorbed by the rare earth metals. This is a case 

of chemical action,:e.olta:yep-, the ni tride o~ the rare earth. 

oetalbeing formed. 

Bolton66 found that niobium 

absorbs nitrogen and oxycen;...but this is also a case of 

chenical combination. 

A large number of observers have 

found that the rare ge,ses,helilu:l,neon,et.c. ,are no.t absor-

bed by metals. NitroGen also is not ~bsorbed,except 

in cases where a well defined compound is formed. 

In the C8.se of metals used as 
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electrodes in discharge tubes(llOViever)the !D.2.jor~ t.y 

es,including nitrogen and helitun,are absorbed. T~.:.us 

ChrislerSg found tb.at in vacuum tubes the following mete,ls 

absorbed gases : 

Silver ••••••••• H 
2 

Mercury~ ••••.•• H ,He 
. 2 

Sodium ••••••••• H 
2 

Potassium ••• ' ••• H 
2 

,He 

T\T , .... 
e 

1\; , .... , 
a 

• 

Soddy and'Mackenzie 75 found under the same conditions 

that aluminium, silver and sodium absorbed hydrogen,helium, 

carbon monoxide~an~ nitrogen. r.Iey5 1. reDor~ted that 

sodium and pot8,ssilW- absorb ni t:f\ogen abd hydrogen when 

used as cathodes. Vegard90 fotlnd that 0 ,HCl, 
2 

HBr tand He were absorbed by c8.t~:odes of va:''"'IDOUS mater-

ials. Skinner30 observed the absorption of hydro· 

sen and nitrogen,but not he~ium~y altminium and magnes-

ium anodes. Bolton44 found that a tant2.1uD. cathode 

[lJbsorbed hydro€?en,oxygenxand ni trogen. Hodgson3
1. 

found that var'ious gases Vlere absorbed in Giessler tubes+ 

Oxygen •••••••••• by Al,Cu,Zn,Be 

Hydrogen •••••••• by Zn,Al,Cu,Pb 

Nitrogen •••••••• by Al,Cu,Pb 

Helium ••.••••••• by Cu,Al. 

The condi tions in ca.ses of ab-

sorption such as this areihowever,ientirely dJ:fferent from 

the ordinary case s, and t11e re suIts are not compargble. 

The absorption in these cases has been explained in a 
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18 

absorbed by the dlsihte'grated particles of t>.e cathode._ 

Hodgson,and Soddy and Mackenzie explain it on much the 

same basis~-;.." Riecke91 claims it is due to the occ-

lusion of the gas in the cathode itself. 

that the gas'attacks the cathode chemically. Ski~1-

ner~2 Hodgsoryand Chrisler claim th·at the phenomenon 

is due to the chemical er meChanical action of the 

gas on the anode. Willows9S suggests.that the gas 

acts chemically on the gIB.ss. He found that the ab-

sorption was greatest with soda glass,less with lead 

glass and least with Jena glass. Swinton94 sug-

gests the occlusion of the gas by the glass. Hill95 

explains it by the chemical action produced by the for­

mation of active nitrogen due to the discharge. 

The AbsorPtion of Oxygen~ 

In addition to hydrogen and the 

other gases previously mentioned,the absorption of 

oxygen by metals has aroused considerable interest. 

Graham 3 found that the following metals absorbed ox-

ygent 

Platinum wire •••.•.•••• 20 vols.at red heat 

Platinum sponge •••••••• l.48 , , 

Wrought platinum ••••••• 5.5-3.8 vols. 

Gold ••••• some Os given off on heatlng 

S11 ve r vri re . • . . • . . . . • . .0. 75 vo 1 s • 

Reduced s11ver ••••••••• O.54 , J 
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Otl:.er 'silver samples varied, one giving as much 

as 8.0' volumes of·O 

Neumann9S found the follouing 

absorptionsf 

Silver ••••••••• ~ ••• 4.1-5.4 volumes 

Go1d •••••••••••...• 32.8-42.5 , , 

Platinum ••••••••••• 63.0-77.0 , , 
The platinum group of metals 

have been investigated in some detail by Mond,Ramsa~ 

"and Shieldsg7
• They found no absorption of oxy-

gen by plat1num fotl at a white heat. Platinum sponge 

gave up 2.1 volumes of oxygen on heB.ting. Platinum 

black" gave up oxygen and carbon dioxide, the carbon di­

oxide apparently being derived from organic catter. 

Most of the oxygen came off between 300 and 400°C. 

The B.bsorpt1on of oxygen incre8sed w1 th increasing 

temperature and pressure. They also determined 

the heat of occlusion of oxygen by platinum. With 

palladium they found an absorption of 969 volumes. 

This did not come out in vacu\o at a red heat,so that 

it is no doubt due to oXidatlon,probably the oxidation 

of dissolved hydrogen. 

Engler and Wohlerge state that 

platinum probably forms a true compound with oxygen~ 

similar to palladium,or else a mixture of compounds, 

PtO and Pt'O • 
e 

Lucasgg attributes the absorp-



28. 

tion of pxygen by platinum to the presence 01" ~r~d..lum. 

He says that DUl--ae plati num absorbs no oxygen. 

nusl.OO,however,claims that.platinum,palladiurn and 

iridium all absorb oxygen. 

Goldsteln l.O l. says that the plat­

inum electrode of a Geissler's tube ra.pidly absorbs 

oxygen when at a red heat. 

Kern l.02 found that a small am-

ount of oxygen~O.025 to 0.05 volumes~is absorbed by 

steel. This is given up on heating in vacu\o. 

Graham5 obtained 2.8 volumes of gas containine about 

4% oxygen,by heating a sample of meteoric iron in 

vacu\o. 

Rer:nCtul t l.0 3 state s that mercur~.r 
~ ~ 

dissolves a small amount of oxygen. 

however, found no evidence of th1 s betvleen 0 and 1000 

even Pot a pressure of 420 2.tmosnheres. 

and Vogtl.06 say that as silver when molten absorbs 

oxygen and spits on solidifying,and mer,cury does not 

spit on solidifyin,s,therefore mercury does not ab-

sorb oxygen. 

much value. 

This evidence is obviously not of 

Leblancl.OS says that ~olten 

litharge absorbs oxygen and gives it up on solidify-

ing. 

The results with oxygen and 

silver are conflicting. 
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Molten silver has been known 

for a long time to 2..bsorb oxygen from the air and to 

" et"·t t· l·d·~ · sp~ l ou aga~n on so ~ lLylng. This fact 

was first mentioned by Suetonius in the 1st Century. 

Lucas in 1819 showed that it was due to oxygen. 

One year later Chevl11ot107 found that 8 grams of 

silver gave up 7.8 c.c. of oxygen on solidifying. 

Later Gay Lussac found that 22 volumes were given 

out. Levo1109 discovered that if 1/3 its 

wei@~t of gold were added to the silver when molten, 

the oxygen was given up and the silver did not spit 

on solidification. Chevillot found that 15% of 

copper would also prevent the spitting. Haute-

feul11e and perrey 10e found that the metal also spits 

in an atmosphere of phosphorus vapour. 

Sieverts and Hagenacker110 

investigated the solubility of oxygen in molten sil-

ver quantitatively. They found that about 20 vol-

umes were absorbed. The absorption decreases as 

the temperature increeses,beins greatest at the ~elt-

ing :)oint. The amount of ~as absorbed was found '--) 

to vary as the square root of the pressure,pointing 

to the solution taking place as atomic oxygen or as 

Ag O. 
s 

Donnan and Shaw111 verified the results 

of Sieverts and Hagenacker~ 

Dumas l.12 was the first to show 

that a portion of t~l.e oxygen is retained by tl~e metal 

on solidification. He obtained 57 c.c. of oxy-
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gen from 1 kilogram of silver ·in six hours at 500 to 

6000
• No more came out at hi61er temperatures 

even on prolonged heating. 

Braunerl.1.3 showed that the sil­

ver prepared by Stas' method contains very little 

oxygen,(0.04 volumes),and that it had no influence 

on the atomic wei&~t determinations of Stas. 

Richards and Wellsl.l. 4 ,however, 

showed that the silver contained about t~e amount 

which had been found by Dumas,i.e. from 0.6 to 1.8 

volumes of oxygen. 

Plattner from experiments' on the 

action of oxygen on silver made in 1856 concludes that 

at ordinary temperatures solid silver has very little 

affinity for oxygen,but at moderately high temperat-

ures silver is oxidised by gaseous oxyge~,nd the 

silver o:cide which is formed at that temperature is 

volatiletwhile at lower temperatures the oxide is 

resmlved into' silver and oxygen. He adds 

that spitting is more likely to be due to the sol­

ution, of Ag 0 in the silver than to 0 itself. 
2 2 

The,re are three possible case s as pointed out by 

Donnan 8~nd_ 8:t1a 71l.l.l. : 

( 1) • If tlle gas ls dissolved as 0 
2 

and if Henr~r' s 
tJ 

La~'l of Absorption be v2.~id, t:le concentration of t}~:.e 

dissolved oxygen ';;ill be proportional to the -oartial 

nressure of this gas,provided the molecules have the 

same complexity in the gaseous and liquid st~tes,i.e. 
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diatomic molecules, In that case the partial 

pressure of the free oxygen~andtlle concentration C 
1\ 0 <:) 

f'iI 

of the gas in the solut1o'h· vlill be in equilibrium 

when p = K C ,where K is a constant. 
l. Os J. 

Hence 

i.e. the absorption varies as the pressure. This is 

not true. Hence the oxysen is not dissolved as 0 , 
2 

(2). Suppose the dissolved gas is in the atomic 

cond1tion. 'Ve have t}19 e aui li bri tun o 9 2 0 • 
$3 

Then by the la-r.7 of ]Kass Action, 

but Henry's Law is valid for the dissolved diatomis'-

molecules of oxygen. Hence 

where K is 

p - K C 
J. ° 2 

or p 

a constant eoual to K K 
l. SI • 

• 
This ls in agreement YTi th the results of Sieverts and 

Hagenacl{er and of Donnan and Shavl. 

So 

If t:':J.e oxy.:en is pre sent as Ag 0 , we have 
2 

Ap: 0 - 2 Ag + 0 -~2 

and 
0 - 2 0 - • s 

that as before t~1e absorption varies as the . S0uare 

root of the pre s· sure. Hence "'/:e cannot dis'tJ 11-

p:uish betVlee.n conbination to form Ar~ 0 and solntion 
- '-'2 

of oxyc:en in the atomic stctte. 



Donnan and Sh8.VlSU[~(:~e st that 

silver melted in air is a dilute solution of Ag 0 
2 

and is stab1 e in spite of;,:the high dissoci8,tiob pl1:ess-

ure of tll9 oxlde,on account of its small concentration. 

As the metal solidifies, t!-:e silver oxide virtually in­

soluble in the so:J..id silver,is rejected'from solution 

and dissociates explosively,ca.using the mass to sput-

ter. 

Some sUPDort is lent to t~,i s - -'-

view by the comparison between copper,silver~and gold. 

A s Donnan and Sh8,Vl remark, "It is interesting to 

compare the solubil! tie s of oxy€:~en in copper, si1 vel~~n1d 

go;Ld. In the case of copper the solid oxide Cu 0 
- 2 

can separate from the solution, since the dissociation 

pressure of CUeO at the melting point is quite low. In 

t~1e case Of silver,t~~e solid phase AgeO cannot sep­

arate owing to its very great oxygen dissociation 

pressure,although Ag 0 can probably exist in dilute 
s 

solution in molten silver. Finallv in the case of 
"" 

gold,the affinity between this metal and oxygen has 

become so low that even a very dilute solution of 

gold oxide in the molten gold would correspond to 

2.n oxygen I1ressure many times gree,ter than that of 

t~e a tmo snher"e • This comparison may perhaps lend 

more support tm t:te view that th'e oxygen present in 

molten' silver exists as dissolved silver monoxide. " 

The ability of solid silver to 
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talce up oxygen at a red heat was first c1 ted by Gra-

hams in his classical investigation. The ouan-
.;. 

tity.of oxygen occluded varied with the form of ·the 

silver,silver wire occluded 0.75 volumes, silver red­

uced from the chloride O.~ volumes~and heavy rolled 

silver 1.4 volumes. Silver reduced from the ox-

ide took up as much as 6 to 8 voltunes of oxygen. 

For a similar preparation,Neu­

mann5 found 4.1 to 5.4 volumes. 

In their investigations on t2-:.e 

specific gravity of the metal l{ahlbauD. 'and Sturm~l.5 

found t~at a silver wire glowing in air showed an 

increase in \Vel~"rlt due to the 2Jbsorption of ox:ygen, 

but they note that on additional he~ting in vacu\o 

t~e TIeight did not change any further. 

A small absorption of oxygen by 

silver Vias finally established by Berthelotl.1.6 • He 

·he~ted silver foil from 200 to 5000 in a sealed tube 

with.oxygen. 

Guye and Germaln l.l. 7 and Baxter 

and his co-workersl.l.S have measured the occlusion of 

gases by silver from the point of view of their effect 

on atomic weight determinations. Baxter found that 

the gases totalled 0.00063% of the silver by weight. 

The work of LewiS1l.Q shows that 

if the absorption of oxygen is due to the formatio~ 

o.fAgaO,the silver oxide must be rendered stable by 

solution as it is eXisting under pressures f·ar less 

than its dissociation pressure. 
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Sieverts20 obtained an absorp-

tion of abottt 0.3 volunles of oxygen b:r silver. Tlle 

C,2.S came out again on heating in vacu,"o. His 

results,however,are not in agreement wi th ory? a.notr~er 

and are far from c0nclusive. He says It 

seems as if the silver wire used took up botl:. 

een and hydrogen,in either case only a fraction of 

the vo lUJne • ' , 

The Absorption of Gases by Charcoal. 

In addition to metals~it has been 
t 

sho~1n that charcoal can 2bsorb larse quantities of 

gases. The amount absorbed increases ver~r large-

ly as the temperature is lowered. . It is probable , 
that adsorption here plays the principal part. Tl'le 

conditions here are however so different from those 

existing when a gas is absorbed by a metal,tl1at we 

will not deal further wit~ the subject. 

Tl1.e Di ffusion of Gase s throupJ1 l':Ietals. 

Side by side Vii t~1 absorption 

and undoubtedly fundamente.l1~r connected ~:li th it is 

the nhenomenon of the diffusion of gases through 

.L , melJaJ..s. 

The first instance of the diff-

usion of gases through metals mentioned in t;-le li t­

e:::'8,ture is that of hydrogen through platinum vlhich 

';12.S investigated by Dev111e and Troost1.20 in 1863. 

They found that hydrogen diffused through 2. platinum 

tube 1 mm. thick at high temperatures. 
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They also found that tIle same gas Vlould di ffuse read-

Deville) to explain this 

phenomenon assumed that heat c.aused dilatation of 

the intermolecular spaces in the metal,resulting in 

~ 'Dorosi tv. 

Call1etet1.22 noticed that iron 

'plates dipped into sulphuric acid became covered with 

blisters. These blisters were found to contain 

pure hydrogen. This is probably due to the 

fact that nascent or atomic hydrogen can diffuse at 

ordinary temperature~While the molecular form will 

only diffuse at higher temperatures. The effect 

was not .observ_able with zinc. 

W1nkelmann1S3 used an iron tube 

as a cathode in an electrolytic cell and got a very 

great diffusion of hydrogen into the tube. 

Ryder66 has investigated the 

diffusion of gases through iron fairly accurately. 

Carbon monoxide Showed a chw.mical reaction above 

950°C. Argon would not diffuse at temperatures 

up to 1100°. Hydrogen diffused appreciably at 200°, 

carbon monoxide e.t 400° ,and n1 trogen at 600°:. The 

rate of diffusion of hydrogen was much greater than 

in the case of the other gases. The log. of the 

rate of diffusion plo~ted against the log. of the 

absolute temperature gave a straight line. 
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In tI1e me2,l1time tl~e inve sti;-:::.?:t-

ion of diffusion he.d been extended to other metEls. 

Grah.am found the,t ca,rbon dioxide, C?ir, c~~lorlne, 

hydror~:en chlorldeland ~rater vanour would not d4lffuse 

through platinum. Ammonia and hydrogen sulphide 

would not diffus~, but they .were decom~Jose:::l and t~1e 

hy~~ogen pas~ed through. HYdrogen was found to 

diffuse extremely rapidly throug.h. ·pall:-JJ.um. 

Graham considered tl1at diffusion Vie.s ureceded 1-:""£ . ~~ 

liquefaction of t~-:e gas in the metal. 

Ranspy12~ in 1894,also investig-

Cvted hydrogen and pe.1 1adium. He discovered that 

th~ .. hydrogen as it le2ves the met2.l is in an 2.ctiye 

state. 

Ricllal"dson1ss exaDined the results 

of other lnves'tig~tors theoretlcftlly ·and 2_educe"d P 

formula connecting .t:lickne ss, pre ssure, te!"J.p eratur1f, 

and r~te of diffusion. . Together Yll t:-: ~\:icol 

and Parnellyhe investl(~:8ted the diffusion of hydro­

gen t~rough pallrdium and obta~ned results in good 

agreement with his formula 127 The rate of 

diffusion rl2..S found to be proportional to the square 

root of the pressure. 

~~ An extensive investisation on 

tIle diffusion of hydrogen ~throllgh p~11ad1uv. vias made 

by HOlt,Edga~and F1rth126
• The experiments were 

carried out over a ~ide range of pressures. They 

were unable to find any relation between t~':e press-

ure and the r~te or-diffusion. Drying tlle 
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hydrogen had no effect. The diffusion velocity . v 

varied Vlit...lJ. the physical state. of the metal. 

conclude that adsorption ·takes place prior to diff-

usion. 

The diffusion of oxygen through 

silver Vias first mentioned by Troostl.S 9 • 
, 

Troost s 

work was not,hovrever, very accttrate. 

Spencer:l.30 ~1as re cently me2. ~:.:ured 

the diffusion His results are fBirlv accurate 
tI 

and are in good agreement with those of Johnson and 

Larose~ l7hich are discussed later. 

S1everts20 -measured the ra.te of 

diffusion of a numb~r of sases through metals. 

detected the diffusion of hydrogen through copper 

and niCkel,and of oxygen through silver. He 

was unable to detect any diffusion of nitrogen. 

. 
~Te ... ~ 

His apparatus was by no means sensltive~and·h1s results 

can only be taken as qualitative evidence of diffus-

ion. 

Lombard 13
l. and Deeming and Hen­

drics 13s have inve8tigated'h~dro~en and nickel fa1r-

ly accurately. 

The only really accura.te and 

trustworthy lnves~1gat1on of the diffusion of gases 

through. me tal s 1 s that 0 f J ohnson and Laro se :1 .• 

They investigated the diffusion of oxygen through 



silver.of . :various . ~nlqk;nesse s, from ,37~" to 650u C·" 

andp:t:'.essure.s of 15 ,to 7() ems. They found that 

~~rate of diffusion was .~nverse~y proportional to 

thethlckness,proportional to tl1e square root of the 

pressure~and.:.varie.d w1 th temperature according to an, 

eQua.tiQn of the form 

where 

l. _b 
D = A Ta: e T 

, .:.,. . 

A is a constant 

b is a constant 

T is the absolute temperature 

D is the rate of diffusion. 

From their Vlork they~ 'conclude that diffusion is pre-

ceded by dissociation of the gas. Their results .. 
will be discussed in detail later. 

+++++++++++++++++++++ 

From the foreeoing it is evid­

ent that the existing data on the absorption of gases 

by metals are highly inconclusive and contradictory. 

The only metals which have been investigated thorough-

ly are those of the platinum group. The se , how,-

ever, s,bsorb such a laree quanti ty d>f gas ano. behave 

so differently from other metals that the results 

obtained are not co~arable. As the phenomena 

of absorption and diffusion are apparently related to 

one another,lt wa~ considered oflnterest to investig­

ate some metal of which the rate of diffusion had 



Larose on s11ver j th1s metal was chosen for the absorp-

tion measurements. Accordingly. a suitable appar-

atus Ih,as (been dav! sed and the absorption of oxyge.n by 

Sl...l'Ver has been measured under varying conditions ol" 

temperature ~nd pressure. 

1-'t~+++++++++++ 



In principle t~e apparatus is 

extrem~ly simple, A known volume of gas is intro-

~uced into -a bulb of known volume which contains sil-

ver foil and which is connected to a manometer~ 

At any temperature the pressure of the gas in-the bulb 

can be calculated. from the gas lans. If any ab-

sorption talces place,the observed pressure ~7~11 be 

le ss tl1.an the calculated value. and t~l.e cli fference 

between: the '-two pressures v1ill be a measure of tbe 

absorption. 

The apparatus as fin211y used is 

talned in an electric furnaceJF~Which lsdescribe~ 

fully later. The bulb A leads to a t~lermal reg-

ulator~D is part of a constant-volume sas thermometer. 

Both of these are described later. The third bulb-,"R 

contains silver foil.' All three bulbs are of Pyrex 

glass and are connected to the remainder of the appar­

atu~which is made of ordinary soft class, by' means of 

de Khotlnsky cement. The bulb containing the sll-

ver is connected through the tap E with a manometer 

IJ • A l pointer M, ls sealed into the ton of the 

tube.:,J', By means of the taps tH and K le1 ther 

the s1lver bulb or the gas thermometer may be connec-
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FIGURE I . 



41. 

ted to the manometer. The'volumes of the tube;J 

from. the noirtter-Jl:I~rt,o the taU4ElJt~.:e tube from the 

to the furnace, and the bulb containing the silver are 

all know!'l. 

The tube ~J~is connected to one 

arm o.r a two-way ta~O.- The other arm of the tap 

leads through a phosphorus pentoxide tube to the :gaS 

reservoiI R. The tube,S,leads to another two-
t way tap,U. One arm of U leads to a mercury contain-

er W, and the other leads' through three phosphorus 

pentoxide tubes to the gas supply~ZtJ.and the pumping 

The bulb(V ~s inserted to catch any 
v 

mercury which may inadvertently be let through the 

In 'carrying out an experiment, 

the bulb containing the silver is connected to the 

pumping system by means of the taps E~OjU,;and Y, 

and the whole system is evacuated thoroughly. The 

tapskE,ando,are then closed. The taPfu,iS turned 

so as to oonnect S.w1th the mercury reservoirrW~and 

mercury rises in S and completely fills it. The 

tapf.-01--i s then turned so as to connect S to the gas 

reserVOir-rRt the mercury reservoir * lowered and gas 

~ dravm into S. S is then connected to the man­

ometer tube J ·by means of the tap ~·O and the mercury 

reservoir is raised~forcing the gas into J. The 

mercu~J 1s allowed to run up the tube after the gas 
• 

till it takes up the pos1 tion shown in the figure .• 
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The taruO:J.is then closed~K ls opened,~·and the tubeJJ 

is t~nus connected to the manometer. The 

mercury ls brought UP to the lower pointe~~and 

the pressurti is read in_Ire The volume of the tube 

from N to E is knovm (7.175 c.c.),the temnerature of 

the room is rea~.and the volume of the ~as in J can 

be calculated and corrected to Standard Condi tlons'. 

in The tatNEJ'i s opened and the gas 

is admitted to the· bulb B. The mercury level 

Is brought up totl).~ pointer~MJand the pressure read. 
J.!"" 

The temperature of the furnace is determined by means 

of the gas thermometer. The pressure in the bulb 

falls until equ1librium is reached and then remains 

constant. The absorption is then· calculated as 
, 

described later under sample calculat~on 

The temperature is then altered 

and the equillb~lum pressure again dete~ined. In ... 
this way a series of observations can be made at 

different temperatures without changing the gas in 

the bulb. 

Measurement of Temperature'. 

The temperatures were measured 

by means of the ordinary type of constant-volume ~as 

thermometer. The bulb,D,ofknown volume,was 

filled w1th 1nitrogen. The volume of the dead 
• 

space f:f'om the polntert.G+!'o the furnace was deter-

mined. In order to make a read1ng the tapjH~ 



is opened and the thermometer connecter to ~~e man-

ometer. Tl1e mercury level is then brought up 

~o the pointer and the pressure ree,d. The temp-

erature of the room is also read. 

Then if Vd is the volume of the dead space (from the 

pointer to the furnace), 

Vb is the volUme of the bulb,D,and the tub-

ing in the furnace, 

Td is the temperature of the dead space,i.e. 

room temperature, 

Tb is the temperature o~ the bulb, 

we have 
( Vb Vd ) 

p( + ) - K Tb Td -
( ) 

In the experiments made at lower temperatures, the 

bU1br?~~as of Pyrex glass. 

Vb was 13.001 c.c. 

Vd was 1.520 c.c. 

The pressure,p,,~at 2920K was 30.45 ems, 

Whence K = 1.514, 

so that 
+ 1.520) 

Td ) 
) 

1~514 

Hence if the pressure and the temperature of the room 

are known,the temperature of the bulb can be ca1cul-

ated. 

The thermometer was checked at 
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0°0 by means of melting ice,and at the boiling point 

of water. It agreed to within 0.2° at 0° and to 

In the later experiments at high-

er temperatures the bulb of Pyrex glass was replaced 

by one of quartz. For this thermometer the equa-

tion was 
( 9.891 1.197 ) 

p ( Tb + Td ) - 0.8460 -
( ) 

Thi s was checked as folloY/s, 

0° 0 ....... j ce-water .•.•......•••... error - 0.0° 

lOOOO •••. boiling water ••••••.••••• 

444.71°C •• boiling point of sulphur 

, , 
, , 

Hence the temperatures are certainly accurate to 

vii thin 1°. 

• 

In calibrating the thermometer 

at the boiling point of sulphur) the bulb was shielded 

by an asbestos cylinder and the procedure recommended 

by Meissner133 was followed. Unless such precau-

tions are taken)the observed value for the boiling 

point of sulphur may be two or three degrees out. 

!lectrlc Furnace. 

The ordinary type of electric 

furnace consisting of a platinum winding on a por­

celain tube was not found to be satisfactory. The 

space in such a furnace ls usually very llmited,the 

temperature varies considerably along the furnace, 



and also vax'ies from the centre to th.e wall. The 

furnace shown in figure 2 was therefore constructed. 

A 15 inch length of 2 1/2 inch 

iron pipe~ G.~ wi th a screw cap on the lower end, serveq. 

as the interior tube. This allowed ample space 

for the three bu1bsiand the high heat conductivity 

of the iron ensured an even temperature throughout. 

The iron tube was covered with 

a layer of asbestos·paper.on which was wound 18 gauge 

wire the turns being about 1/4 inch apart. This was 

covered with another layer of asbestos paper-.;.J. The 

tube was placed in a galvanized iron containe~ of 

about 8 inches diameter and packed in with loose as-

bestoSJ,H. A sheet of 1/4 inch asbestos board was 

used as a cover'E). After the class or quartz tubes 

used in the expe~iments had been placed in position, 

the top of the furnace was completely covered with a 

layer of'asbestos cement'. This made a practically 

air-tight cover and besides cutting dom1 the heat los 

prevented oxidation of the iron pipe. After two 

years of use the furnace was still in Derfect con-

dition. The furnace would maintain a temp-

erature of 10000C with a current of 6 amperes at 110 

volts. 

Temperature Regulation. 

The the~nal regulator used is 
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FI 

ELECTRIC FUR: ACE . 



shoWn ',1.n FigureIII. The bulb .• ,B_~fl11ed with air, 

is .connected by capillary tubing to a small U~tube 

into which are sealed.two platinum electrodes·.E1and G~ 

The U-tube is filled with mercurY. Vlhen the 

furnace becomes too w~r.mtthemercury is driven up and 

makes contact with the upper electrode. This 

short circuits the two e;lectrodes and curren:t passes 

through the re lay,." J • This pulls"up the contact!) 

K,and the· resistance~ which had been short circui ted 

by the contact~Kithrough the mercury CUPS~~iis placed 

in the furnace circuit,cuttlng dovm the current to 

the furnace. When thE furnace cools dovrn too ~ar, 

the contact at E is broken. Current ceases to 

flow through the relay,the contact~KtdrOps down, 

and the extra re si stance, ~~ 1 s sh.ort clrcui tedt thus 

increasing the current in the:"furnace. The 

extra resistance was adjusted so as to cut out about 

10% of. Jthe total current being supplied to the fur-

nace. 

The res1stanc~~f about 8 ohms, 

was.placed across the terminals of the relay in order 

to eu,t down sparking. Current flows through this. 

continuously. \fuen the relay is in operat1on,most 

of the current goes through the relay and only a 

little ,flOWS through the resistanceJ,I ... due to the 

}ow resistance of the relay (2 ohms). When the 

relay is cut ou~ the entire current goes throU~l the 
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resistance. The.result is\that a spark is not 

formed at E,until the resistance of tbe spark gap 

is less than I,i.e. 8oh.fis. Hence spark1n~ is 

almost entirely eliminated. 

In practlce,the taprJHfiis left open 

and. the furnace is brought. to the requires temperat-

ure. The tap is then closed and the regulator 

comes into ·operation. By means of this regulator 

the temperature could be. kept constant to vTit11in 1 

to 2 degrees 6entigrade. 

Pumping System. 

At the conclusion of an exoer-

iment,the tap.,(K,was shut and E opened'Fi,z.IlThe .two­

way tap,O,was then turned so as to connect t~e tubes 

J and S(and the ta.p)(U~o as to connect S to t'll.e mer­

cury reservoir~w. The reservoir was lowered and 

the mercury in J and S allowed to run out. Both 

two-way taps and the tap~Yf-were then turned· so as to 

connect the bulb containing the silver to the purnp-

ing system,Figure IV. 

The pumping system consisted 

of a first and a second stage Langmuir Mercury 

Vapour. Condensation Pumpi.B~,nd D1..backed up e1 ther 

by a Hyvac PumP:ior"if it vias desired to collect 

the gas pu-T1lped out, by a Toepler P'Lunp~H. A 
, 

I! Leod Ga.uge Vias used to indicate t~1e pressure(L:). 

I f the t·ap F was o-;)ened and J 
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• shv;t "the Hyvac ·Dump served as:~ the forepump. If the 

reverse was ,the case the Toepler PVJllP we~s us~q. By . 

'opening or shut ~ ng K or L· ,the M Lead -Gauge co'uld be 

.connected ei tller to the line on the far side of tlle 

Langmulr Pumps and thus register the pressure-in the 

apparatusvor to the TOeplerPump. 

The !~r' Le od GB-nee .was BOLle t; Ine s . 

used to measure 'the .gas pumped but, TO aCCOD-

plish this the tapU (Fig.I.)'VTB.S left closed.i 

and the system from there over ViP S evacuated ·;li th 

the Langmuir and H:'"vac Pumps. 

turned,cuttinc out the Hyvac Pump_ 

Gauge Vias connected to the .Toepler Pump and th.e 

pressure read. The tgp U (Fig. I ) vla.s then 

opened and the LanSIl1uir Pur1PS VTere allowed to pump 

the gas in the bulb over into tl~e Toeple~ p~:) c"ll.d 

Gauge. Then,knoVl1n: tl:e volu.Ee of the Toepler 

Pump and Gauge,the volune of gas pumped out could 

be calculated. U suall~r Jl~ovrever J the quan-, 

ti ty of cas to be mee .. sured VIas too large to be indic-
. 

a.ted on the M'Lead Gauce. In thi s C8 .. ge t~le appar-

atus described in the next section uas used. 

If it ~as desired to collect 

the gas pumped outlthe Hyvac Pump could not be used. 

In this case the whole,system was first evacuated. 

It was then connected to the apparatus and the .gas 

pumped into the Toepler by means of the Langmu1r 



A sm'all glass ,tub~A'I (FiS.IV),j\filled 

wi th mercury, was then inverted over t}:~e ouen end of 
"'-the discharge tube of the To~pler Pump. The pump 

was operated and the gas pumped o~lt was collected in 

the tube bv disnlacement of mercury. 

By means of the Langmuir PlL~PS 

a pressure as low as 0.000001 m.m. of mercu:ry could 

be obtained. ('fIlis does not include-mercury vap-

our as it would not be indicated on the ~;I' Leod 

Gaugel 

Gas Measur~~Appar?-tus. 

In ~hose cases where the volume 

of gas to be measured was 'too large to be indicated 

on the.M'Leod Gauge,the ~as was pumped out and coll­

ected as described in the preceding section. It 

was then measured in the apparatus shovm in Figure V. 

The apparatus consisted of a 

manometer tube,E,connected through the tap,F,to tl-:e 
,~-

tube,C,which contained a sealed in glass pOinter,D. 

~he-' lower end of th1 s . tube was connected through the 

tap,H, to a mercury re servoi r J Ii. To the upper 

end of the tube,C,was sealed a capillary tubeJbent 

as shown in the f1gure,and containing the tap,B. 

The volume from the~polnter to the tap,B,was known, 

The open end of the capillary 

tube dipped under the surface of mercury conta1ned 

in the reservo1r,A. 
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In order to· transfer the 'sas pur~~J-

ed .out to this apparatus, the o.pen end of the small 

glass tube (Fig.IV) was immersed in a crucible filled 

with mercury. The tube .and crucible were then 

placed under the surface of the mercury in A~and the 

crucible was withdravm, The tube was then 
" 

placed over the open end of the capillary. The 

tube~CJ-and the cap~llary tube weFe at this stage entirely 
. . 

filled with mercury. . The.tap~B~anc1 H ,·were opened and 
\' \. 

F closed and the reservoir I was lowered. The 
. 

glass tube was pushed dovm till the' top touched the 

point of the capillary tube; the gas vias thus suek-

ed over into C. When all the gas WtlS in C" t.l~.e 

tapJB~was closed and F opened. The mercury sur-

face was then brou&~t to the poln~er and the pressure 

wa.s read in E. Then knowing the volume',-pressure 

and room temperature,the volume of the gas under 

standard conditions could be calculated!~ 

At the conclusion of e2:tch expe~ 

lment ·the volume of gas pumped out was' measured and 

compared with the volume of ga.s originally admitted 

to the bulb. In this way any leak could be.:· detec-

ted~and it could be ensured that all the gas absorbed 

by the metal had been removed. If,in any exper-

iment~the initial and final volumes did not agree,the 

results were discarded. 
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Silver. 

The silver used was in the form 

of fOil,cOf a thickness cbf about 0.15 m.m. 

1 and 2 wer€ commercially pure silver. 

Samples 

Analysis 

showed them to contain 0.02 % copper 

0.001 % iron 

0.005 % lead. 

The presence of tin.bismuth~and antimony could not be 

detected-in a 5 gram sample. 

For samples 3 and 4 the above 

silver was rurther purified as follows 134 + 

The metal VIas dissolved in nitric 

acid and the solution. WB .. S di·luted wi th Via ter and all­

owed to settle so that gold,tin~and antimony oxides, 

basic bismuth n1trate,sllver sulphlde,etc.,would coag­

ulate and permit the solution to be filtered. Sil­

ver chloride was precipitated from the filtered sol­

ution by the addition of hydrochloric acid. The 

silver Chloride was boiled with hydrochloric acid and 

waShed with hot distilled water until free from acid. 

It was then reduced to the meta~ by boiling it with 

a solution of invert sugar and sodium hydroxide. 

The precipitate was thoroughly waShed with hot distil­

led water and fused to a button in.a crucible under 

borax. The button was cleaned by scrubbing it 

wi th sa.nd and was then rolled into sheets 0.15 m.m:. 

thick. The purified silver gave on analysis--



0.004 % copper 

0.001 % lead 

with a trace of iron. 

Nitrogen. 

The nitrogen used was the ordin­

ary commercial variety supplied in cylinders. The 

gas was bubbled 'tWice through alkaline pyrogallate to 

free it from oxYgen, then twice through concentrated 

sulphuric acid. It was finally stored in the gas 

reservoir over phosphorus pentoxide. 

oxygen. 

The oxygen was also the commer­

cial variety. It was teeated i~ the same manner 

as the n1 trogen except that the pyrogallate wash bottles 

were omitted. 

Calibration. 

The various parts of the appar­

atus,except the bulb containing the s11ver,were cal­

ibrated by weighing when filled with mervury. The 

silver bulb was weighed when filled with distilled 

water. 



Experiment2 l Procedure. 

Prior to making an experiment, 

the furnace was raised to a. temner2..ture of about 5500 
... 

C in the case of Pyrex glass apparatus,or 7500 with 

quartz. The temperature was kept constant and 

the bulb was evacuated continuously for 6 to 8 hours • 
. 

The tap between the bulb and the remaihder of the app-

aratus was then closed and the silver allowed to rem-

ain in vacu\o over night. The next morning the 

bulb was again pumped out for about an hour.. The 

tap was then closed and gas from the reservoir was 

admi tted to the tube and mectsured as previously des-

cri bed. ~ne gas was then admitted to the bulb and 

after equilibrium was attained,the temperature and 

pressure were read. At high temperatures equil-

lbrium was reached rapidly. At temperatures of 

2000 or less several days were required for equil-. 
i brium •• After equilibrium had been reached 

the temperature was altered,the bulb was allowed to 
. 

stand till equilibrium had again been reached,and 

another reading was made. 

At the higher temperatures~in 
I 

some cases, the temperature was kept constant land­

after each reading more gas was admitted. In 

this way a series of observations at different press-

ures and the same t~mperature VTere made. 

At the conclusion of an exper-
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iment, the gas was pumped out of the bulb and me2,sur-

. ed;and the amount compeJred wi th the amount originally 

let in. 

The long continued pumping out 

is absolutely essential in order to obtain consistent 

results. The last traces of the gas are only re~-

r~ve~ very slowly from the silver. Thi s point has, 

hOVlever,been overlooked by the majority of investig-

ators. 

++++++++++++++++++++ 
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IV • P R ELl l'~r I N A R Y RESULTS. -----....------

The form of the apparatus des-

cribed above is the final form in vrhich it was used, 

and with which the results given here were obtained. 

Preliminary results were obtained with a simplified 

form of apparatus but they were not in good agree-

ment with one another. This necessitated various 

changes. 

(1) • Originally, a quartz, ni trogen filled~'mercury 

thermometer was used. This,however,had a differ-

ent lag from that of the gas in the bulb and thus 

introduced an error. A still more serious error 

was due to the fact that~s the bulb of the thermom­

eter VIas small,~i t registered the temperature at one 

particular part of the furnace only. As the bulb 

containing. the silver was much larger,if there were 

any uneveness in the temperature of the furnace,a 

fairly large error would be introduced. This 

error was serious because an accurate knowledge of 

the temperatu~e is needed in order to calculate what 

the pressure would be if there were no absorption. 

The mercury thermometer was accordingly replaced by 

a gas thermometer. The bulb of the gas thermometer 

rlas made of the"',/same size and shape as the bulb con-

taining the SilverJand was placed next to it in the 

furnace. The result was that if tl1ere were any 
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tempefature variation in the furnace, the gas ther-

mometer would indicate the mean temperature of the 

silver bulb" which is what is l~equired fo~ purposes 

of calculation. The use of the gas thermometer, 

therefore,automatically compensated for any irreg­

ularity in the temperature of the furnace. 

(2). At first only the Toepler Pump was used in eVqc-

uating the bulb. The Langmuir Condensation Pumps, 

however,by giving a much higher vacuum,materially 

decreased the-'I~c,ime necessary to pump all the gas out 

of the silver. 

(3). Originally the tap between the silver bulb and 

t~le short arm of the manometer was· left open during 

an experiment. It was found,however,that there was 

a very slow r, ,steady drop in pressure amounting to a.bout 

1 m.m. per day. The only possible cause 2>ppear-

ed to be oxidation of the mercury. This idea was 

supported by the fact that there was a small reddish 

brown deposit on the walls of the capillary tube just 

outside the furnaca. 

A blank experiment was tried 

with an empty bulb and it Vias found that about 0.1 

c.c. of gas disappeared in 10 days,but no oxidation 

was detectable if the bulb was kept at room temper-

ature. This is presumably due to the oxidation 

of mercury vapour in the bulb. The oxide tl1en 

distills out and condenses in the colder part of t:le 
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apparatus,more mercury vapour diffuses in,and the pro-

cess goes on continuously. By keeping the t~p 

between the bulb and the nercury surface closed,the 

difficulty was overcome and no further drop in uress-

ure was noticed. 

(4). A further difficulty was met with in com1ection 
. 

with the use of tap grease on the tap mentioned above. 

Blank experiments showed a slow but appreciable absorp-

tion of oxygen by the ordinary type of grease,consis-

ting of rubber,paraffin,and vaseline. Vase line 

alone showed no appreciable absorption, but it is not 

sufficiently viscous. A mixture of paraffin and 

vaseline was used and gave satisfac.tory results. 

+++T++++T+++++++ 
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v. SATLPLE C ALe U L A T ION • ..... _------------

In order to illustrate how the 

calculations are -carried out'~one of the tables from 

the next section is given below. 

TABLE XIX. 

Lower Pointer ••••••• 34.40 ems. 

Volume at Room Temp. 3.240 c.c. 

Volume at S.T.P •••••• ·2.985 c.c. 

Room Temp ••...••••••• 24.00C 

Pressure (calculated) at room temp ••• 47.30 ems. 

K ••••••••••••••••••••• 0:.830 

Pumped out •••••••••••• 2.98l c.c. 

T °c Ther. Press TOe TOK Press Press c.c. Vols. 
r ems. ems. calc. diff. abs. abs. 

24.0 66.87 76.56 473 746 81.81 5.25 0.190 0.098 

24.0 60.35 72.27 381 654 76.60 4.33 0.167 0.086 

24.5 54.90 67.99 307 580 72.00 4.01 0.177 0.092 

24.0 L~6. 75 59.45 204 477 64.40 4.95 0.232 0.120 

As shown above,the gas let in 

at the beginning or the experiment was sufficient to 

exert a pressure of 34.40 cms;in the tube from the 

lower pointer to the tap. The volume of thi s 

temperature is 3i640 x 7.175 

Hence the volume of gas at room 1 t 
VM 3.240 c.c. 

was 7.175 e.c. 

Whenee the volume under standard conditions is 2.985 

c.c. 

0' 
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Now the total volume of t~-,-e 

bulb and the dead space (from the upper pointer 

to the furnace ) 'i s 5.222 c. c. ,hence at room temp-

erature the above -volume of $72..S would exert a Dress-
,--' 

ure of 3 240 5:222 x 76 - 47.30 ems. 

We have here a volume of gas 
'-' 

the different parts of Which are at different temp-

eratures,but whi«h is all at the same pressure. 

Now,from the Gas Laws, 

K 

Or,denoting the volume of the bulb by Vb' 

the volume of the dead space by Va 

the temperature of the bulb(OK) -by Tb 

the temperature of -the dead space (room temp.) by Td . 

the pressure of the bulb and dead space by P, 

we have, 
( 

p ( 
( + 

v ) 
_d ) 
Td ) 

K • 

Or,inserting the actual values of Vb and Vd in this 

case, 
1.554 ) 

+ T ) 
d ) 

K. 

This equation will hold for any mass of gas in this 

aunaratus. ,4; _ 

Now in this case at room temp­

erature,i.e. when the whole apparatus,bulb and dead 
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space,is at 24.00 C,the pressure would be 47.30 ems. 

Henee we ean evaluate K for this particular amount 
,~f • 

of gas, 
( 3.668 1.554 ) 

47.30 ( + ) - K -
( 297 297 ) 

K - 0.830. -

Hence for this experiment we have the equation, 

( 3.668 1.554 ) 
P ( + ) - 0.830 -

( Tb Td ) 

In the first line of the table 

we see that when the room temperature was 24.00c and 

the gas thermometer reading was 66.87 ems,the press-

ure in the silver bulb was 76.56 ems. The gas 

thermometer reading is equivalent to a temperature 

of 473°6 (see description. of gas thermometer). 

Henee we have,expressing temperatures in oK, 

( 3.668 
p ( 

( 746 
+ 

1.554 ) 
--) 
297 ) 

0.830 , 

whence the pressure whieh would be observed if there 

were no absorption is 81.81 ems. 

The actual pressure observed is 

76.56 ems.,that is 5.25 ems.lower. So that an 

amount of gas sufficient to exert a pressure of 5.25 

ems.in the apparatus (when the temperature of the bulb 

1s 473°C and room temperature is 24°C) has disappear-

ed. Bringing this to S.T.P.,we have, 
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(1). For the b'l.l.lb (at 746°K), 

5.25 x d.668 x 273 
76 x 746 

(2). For tIle dead snace (at 297°K), 

5.25 x 1.554 x 273 
76 x 297 

0.099 c.c. 

Totrl volume of gas ab-sol-'bed at S.T.P.= 0.190 c.c. 

The weight of silver contained 

in the bulb was 20.315 gr8~S. _ Taking t118 densi ty 

of silver to be 10.5,this is equivalent to 1.93 c.c. 

of silver. Hence the number of c.c. of gas absor-

bed by 1 o.c. of silver under the conditions of tbe 

experiment is 0.190 - 0.098. 
1.93 

That is 0.098 

volumes of gas are absorbed by 1 vdlQ~e of silver 

at 746°K and a pressure of 75.93 cms of mercury. 

The ca1culp-tions may be carried 

out in the same manner for tne o~ler temperatures 

shown in the table. 

At the conclusion of the exper-

iment,the gas was pumped out and measured as prev-

iously described. The volume of gas pumped out 

( at S • T:. P .) wa s 2.981 c. c • The volume let in 

at the beginning of the experiment was 2.985 c.c. 

These agree within the limit of the experimental 

error,so that no leak occurred during the experim-

enttand all the absorbed gas was removed from the 

silver. 

++++++++++++++++++ 
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VI. E X PER I MEN TAL 
-----------~~ 

The first samule used was of 

commercIally pure silver. 

constructed of Pyrex glass. 

It TIas used in a bulb 

The second sample was also of 

commercially pure silver. The bulb used with it 

was of quartz. ~le results obtained did not ag-

ree with those obtained with the other three samn1es. 

The values obtained. were very much higher and the 

absorption was practically independent of temperature 

or pressure. Apparently some oxidisable i~pu~ity 

was present. The results for nitrogen agreed with 

those obtained with the other samples and are given 

here. The results obtained wi tl1 oxygen 11.ave been 

omitted. 

Samples 3 and 4 were of specially 

purified silver and were used in quartz apparatus. 

In Table II are ~iven the volumes 

of the bulb and of the dead space for the various . 

samples. 

TABLE II. 

Sample Vb Vd Apparatus 

I 3.668 1.554 Pyrex glass. 

II 7.335 1.855 Quartz 

III 7.750 1.655 , , 
IV 8.301 1.574 , , 



At t~e conclusion of t!-le exper-

iments \1i t:1 samDle 1 in Pyrex apparatus, t:1e bulb con-

taining the silver was found to be coloured a dark 

brown. Th.is was presumably due to tlle presence 

of colloidal silver in t~le glass. The silver lost 

1.5 milligrams in weight during a period of alternate 

heating and cooling of aQout 4 months. 

The quartz bulbs used with samp-

les 2,3,and 4 all had a milky appearance. In add-

ition to the milkiness there was a deposit of crystal-

line silver on the walls of the bulb. The silver 

after being in use for from 3 to 4 weeks lost from 

0.1 to 0.2 grams. 

No apparent change occurred in 

the silver except tlle development of a somewhat 

crystalline appearance on t~e surface due to the 
~ - ~ 

evaporation. The samnles which were used at the 
-" 

higher temperatures sinteree together to a consider-

able extent. 

Except wi th sample 2 which bellav-

ed entirely abnormally,it is interesting to note that 

identical results were obtained with ~li&~ly pure 811-

ver and with silver Vlhich contained considerably more 

impurity. 

The observations are given in the 

follovling tables and a.re discussed in the next section. 
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(A). RESYLrrS '{ITH NITROGEN. 

TABLE Ill. 

Sample No.l 

Lower pointer readlng ••••••••••....••. 16.62 ems. 

Room temperature ••••.•••••.••.••....•. 2l.6°C 

Volume of gas at room temperature ••.•. l.995 c.c. 

Volume of gas at S.T.P •••.•••••••••••• l.847 c~c. 

P (calculated) at room temperature ••• o28'o70 ems. 

K ...................................... 0.5085 

Volume of gas pumped out {S.ToP.) ••.•• 1.856 c.c. 

Tr Ther Press TOe TOK Press d1ff Vols. 
cms. ems. calc abs. 

21.6 30.70 28.75 22.5 295.5 28.70 +0.05 -0.001 

22.6 49.42 40.94 236 509 40.80 +0.14 -0.004 

23.2 56.97 44.84 334 607 45.00 -0.16 +0.004 

23.2 63.36 47.83 422 695 48.20 -0.37 +0.008 

23.2 72.95 53.07 561 834 52.70 +0.30 -0.006 
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TABLE IV. 

Sample 1. 

Lower pointer reading •••••...•••.......• 5.38 ems. 

Room temperature •••••••••..••..•.•.•..•• 2l.3°C 

Volume of gas at room temperature", •..• 0.9~3 e.e. 

Volume of gas at S.T.P ••.••••••••••••••• O.855 c.e. 

Pressure(ca1cu1ated)at room temperature.13.37 ems. 

K ••••.••••••••••••••••••••••••••••••••• ' •. 0. 236 

Volume of gas pumped out (S.T.P.) •••.•• oO.855- c.c. 

T 
r 

Ther Press TOe TOK 
ems. ems. 

21.3 65.13 22.65 447 720 

Press Press Vols. 
calc. diff. abs. 

22.80 -0.15 0.003 

21.5 56.50 20.65 328 601 20.82 -0.17 0.003 

22.0 48.84 18.75 229 502 18.83 -0.08 0.002 

17.5 30.23 13.17 17.5 290.5 13.28 -0.11 0.003 
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TABLE v • 

Sample 1. 

Lower painter readingo •••.•••••••..••. 8.16 cms. 

Room temnerature ••••••••••••••••.•...• 21.0oC ... 

Volume of gas at room temperature ••••• O.771 c.c. 

Volume of gas at S.T.P •••••••..•..•... O.716 c.c. 

'Pressure(ea1eulated) at room temp ••••• 17.10 ems. 

K ••••.••••••••••••.•••••••.••••••••••• 0. 3036 

Volume of gas pumped out(S.T.P.t •.•••• 0.703 e.e. 

T Ther Press TOe TOK Press Press Vols. 
r ems. cms. ea1c. diff. abs. 

21.0 30.64 17.13" 22.0 295 17.10 +0.03 -0.000 

22.0 46.92 23.43 206 479 23.45 -0.02 +0.000 

23.0 60.63 27.80 384 657 27.99 -0.19 +0~004 

22.0 66.37 29.47 465 738 29.62 -0.15 +0.003 
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TABLE VI. 

Samu1e 2 • ... 

Lower pointer reading .•••.•••.••...••. 24.20 cms. 

Room temperature ••.••.•.•.......•.•••• 21.6°C . 
Volume of gas at room temperature ••.•• 2.284 c.c. 

Volume of gas at S.T.P •••••••.•••••••• 24118 c.e. 

Pressure(ca1culated) at room temp ••••• 18.96 ems. 

K ••••••••••••••••••••••••••••••••••••• 0.592 

Volume of gas pumped out (S.T.P.) ••••• 2.l16 e.e. 

T 
r 

Ther Press TOe TOK 
cms. ems. 

Press Press Vols. 
ca1e. diff. abs. 

21.6 22.52 19.01 21.5 294.5 18.96 +0.05 -0.003 

21.7 39.14 30.76 290 563 30.76 0.00 0.000 

22.4 44~55 :;4.20 388 661 34.16 +0.04 -0.002 

23.3 49.98 37.31 493 766 37041 -0.10 0.005 

24.0 54.20 40.lD 581 854 40.15 -0.05 0.002 

24.0 59.50 43.02 701 974 43.00 +0.02 -0.001 

24.1 65.85 46.29 850 1123 46.35 +0.06 -0.002 
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TABLE VII. 

Sample 2. 

Lower pointer reading ••••••••••..•••••••• 14.77 ems. 

Room temperature ••••.•••..•...•..••.••••• 21.0oC 

Volume of gas at room temperature •.....•• l.394 e.c. 

Volume of gas at S.T.P ••.............•••• l.295 c.c. 

Pressure (calculated) at room temp ••.•••• 11.52 ems. 

le. • • • • • • • • • • • • • • . • • . • • • • • • • • • • • • 0 • • 0 • • • • • 0 • 360 

Volume of gas pumped out (S.T.P.) •••••••• 1.300 e.e. 

T Ther. Press. TOe TOK Press. Press. Vols. 
r cms. ems. eale. d~ff. abs. 

21.0 22.50 11.54 21 294 11.52 +0.02 -0.001 

22.0 35·.49 17.16 227 500 17.18 -0.02 0.001 

22.0 45.48 21.06 406 679 20 0 98 +0.08 -0.004 

23.1 53.91 23.99 575 848 24.05 -0.06 0.003 

24.5 61070 26.62 752 1025 26.72 -0.10 0.004 

21.2 22052 11.53 21 294 11.52 +0'.01 0.000 



TABLE VII. 

Sample 3. 

Lower pointer reading •••••.•..•.••.•••••• 17.90 ems. 

Room temperature •••••••••..•••••••••••..• 24.,0° C 

Volume of gas at room temp ••••••••••.••.. l.690 c.c. 

Volwne of gas at S.ToP •••••....••.••.•••• 1.552 c.c. 

Pressure (calculated) at room temp ••••••• l3.65 ems. 

K •••••••••••••••••••••••••••••••••••••••• 0,.4355 

Volume of gas pumped out (S.T.P.) •••••••• l.543 c.c. 

T 
r 

Ther. Press. TOe 
ems. ems. 

24.0 47.60 26.72 446 719 

24.2 41.41 23.63 330 

23.0 35.00 20.42 219 

603 

492 

Press. Pres~. Vols. 
ca1c. diff. abs. 

26.62 +0.10 -0.002 

23.60 +0.03 -0.001 

20.43 -0.01 0.000 

20.4 22.40 13.53 20.5 293.5 13.50 +0~03 -0.001 
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TABLE IX •. 

Sample 3. 

Lower pointer reading .................. 28.15 cms. 

Room tempe~ature ••••••..•••••....•.••• 23.0oeQ 

Volume of gas at room temperature •••.• 2.666 c.e. 

Volume of gas at S.T.P •••••••••••••••• 2.460 C.C o 

Pressure(calcu1ated)at room temp •...•. 21.53 ems. 

K •••••••••••••••••••••••••••••••••••• 00.685 

Volume of gas pumped out (S.T.P.) ••••• 2.468 e.e. 

T 
r 

23.0 

23.1 

23.0 

22.5 

~De~. Press. TOe 
c~-n s. ems. 

22.50 21.39 23.0 

34.90 31.81 217 

43.02 38.21 359 

49.40 43.21 481 

TOK Press. Press. Vols. 
cale. diff. abs. 

296 21.54 -0.15 0.002 

490 32.00 -0.19 0.002 

632 38.38 -0.17 0.001 

754 43.15 +0.06 0.000 



Sample 4. 

Lower pointer reading.·. ~ .• -••••. -•••••.•..••• • 18.20 ems. 

Room temperature • v •••• e ..... - •• ' e'.'.- ••••••••••• -24.'0°0 

Voluma of gas· at room tamperature ••••.••••• l.720 c.e. 

Volume of gas at S·~T!~P •••••••.••••••••••••• 1. 5tll c.c. 

PI'e-Bsure (~ealcuJ.atedr at 'room temp •••••..•• '13.22 ems. 

l{~~.-.~.* •.•• e·. e.·· •.• ·,.· ••.••••••• " •••••••• ' ............ e •• 0.440 

VolUme of gas pumpe·d out·( s. 'r.P·.,.) ••• -••• ·e ••• '.1.570 e. e. 

T Ther Press.': TVC TVK Press. Pre~s. Volet. 
r· ems .. , ems. ea1e. dirf. abs. 

,,< '" m~-4 
.... -, 

24t~O' 58;.95 31,.58.' 68.S' 961 31.55 +0.03 0.000 

24~f1.· 51.'60 2EJ~13 528 801'· 28.10 -0.03 0.000 

21.2 l.fJ¥.; 25\ . 24.f)3 38~ 655 24'.40 +0.13 -0;.001 

21.0'- 37.90 21'".38 268 541 21/.28 +0.10 -O.e01 

20.0 22.37 13.35 __ ,20 .. _ ~93. 13 • .22 +0.13 .... 0.001 
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{B). RESULTS 7lITH OXYGEN. 

TABLE XI. 

Sample 1. 

Lo'wer pointer read_ing ••••••••••.••••.••••.• 6.20 CD~S. 

Room temperatu~e •.•.....•••••..•.•••••••••• 22.0oC 

Volume of sas at room temperature •.•••••••• 1.000 c.c. 

Volume of gas at S.T.P ..................... oO.924 c.c. 

Pressure (calculated)atroom temp •••••••••• 14.53 Cl~lS. 

K., ••••••••••••• ' .•• 0 •••••• ' •••••••••••••••••• 0.254 

Vo1luJe of 22-S pUTJ~ed out(S.T.P.) ••••••••••• 0.930 c.c. 

T Ther. Press. TOe T°'::-- Press. Press. C.c. -r 1 - ~. ',' 0 s. 
r ems. CZlS. c2 .. 1c. iiff. 

., 
2.C'S· • aDS. 

---
22.0 65.65 22037 4r:::s: 

....) --' 728 24.63 2.26 0.08;: o. C!~ = 
21.0 59.25 20.90 365 638 23.03 2.13 0.085 0.044-

20.0 49.36 17.68 236 509 20.30 2.62 C.l18 0.061 

2200 71.17 22.7'5 :35 808 25.92 3.17 0.113 0.059 , 



TABLE XII~ 

Sample 1 • 

. Lower pointer reading •••••••••.•••••••• 6. 32 ens. .~:;~Sf> 

R · t . t 23 l.i0 rt . oorn . empera ure •••••• 11 .. • .. • • • • • • • • • • • • • • I ..., 

Vo}_ume of gas at room temperature •••••• 1.003 o.c-; 

Volume of gas a.t 
.... 

S.T.P ••••••. ~ ••••••••• O.92b c.c. 

Pressure (c~lculated) at rOOD temp •••.• 14.60 oms o 

K 0 ~~o • .. • • • • • • • • • • • • • • • .. • • • • • • • •.• • • • • • • • • • •• • c.. ___ ' ,..,! 

VolumeD! gas pumped out(S.T.P.) •••• ' ••• 0.926 c.c~ 

Ther. Press. TOe TOK Press. Press. e.e. 
ems. ems. eale. diff. abs. 

23.0 67.83 23.24 486 759 25.62 2.38 0.096 

21.0 53.14 19.68 283 556 21.7·3 2.05 o OO,Q • vU 

20.0 45.81 16.67 192 465 19.57 2.70 0.128 

21.0 ~O.95 21.61 388 661 23.76 2.15 0.C86 

Vols. 
2(:8. 

0.050 

0.046 

0.066 

0.045 
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TABLE XIII • . 

Sample 1. 

Lower pointer reading •••••••.•••.••••••••••• 15.72 ems. 

Room temperature ••••••••••••••••••••...•...• 22.3°C 

Volume of gas at room temperature ••••••••••• l.889 c.c. 

Volume of gas at S.T.P •••••••••••••••••••••• l.748 c.c. 

Pressure(ea1cu1ated) at room temperature •••• 27.50 ems. 

K ••••••••••••••••••••••••••••••••••••••••••• o.486 

Volume of gas pumped out (S.T.P.) ••••••••••• 1.757 e.c. 

T Ther. Press. TOe TOK Press. Press. C.c. Abs. 
r ems. ems. cale. dirf. abs. Vols. 

22.3 71.65 44.85 542 815 49.75 4.90 0.172 0.089 

22.1 62.00 42.28 402 675 45.40 3.12 0.119 0.062 

22.1 55.70 38.83 317 590 42.25 3.~2 0.141 0.073 

22.0 48.34 34.45 223 496 38'.40 3.95 0.180 0'.093 
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TABLE XIV • 
• 

Sample 1,. 

Upper pointer reading •••••••••••••••••••••• 38'.32 ems. 

Room temperature ••••••••••••••••••••••••••• 26.0oC 

Volume of ga.s at room temperature.o •••••••• O.475 e.c. 

Volume of gas at S.T-.P ••••••••••••••••.••.• 0.435 «.e. 

Pressure (ca.lculated) at room temp ••••••••.• 6.92 ems. 

K •••••••••••••••••••••••••••••••••••••••••. 0.121 

Volume of gas pumped out (S.T.P.) •••••••••• 0.428 c.c. 

Ther. Press. TOC TOK Press. Press. C.c. 
ems~ cms. ca1c. diff. abs. 

Vols. 
abs. 

25.1 62.05 

28.0 70.26 

23.0 55.33 

24.5 47.45 

10.64 403 676 11'.32 0.68 

10.93 522 795- 12.35 1.42 

9.33 312 585 10.48 l.15 

7.85 212 485 9.45 1.60 

0;.026 0.014 

0.051 0.026 

0.049 0.025 

0.073 0.038 

NOTE. As the volume of gas used in this experiment 

was very small,it was measured by bringing the 

mereu~J level to the upper pointer instead of the 

lower one and reading the pressure. . The 

volume of the space from the upper pointer 

to the tap was 0.943 c.e. 
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TABIE XV. 

Sa.mp1e 1. 

Upper pointer reading ••••• , ................. 23.35 cms. 

Room temperature ••••...•••••••••••.•.••.••• 23.8°e 

Volume of gas at room temperature •••••••••• O.290 c.c. 

Vo1wne of gas at S.T.P •••••••••••••.••.•••• O.266 c.c. 

Pressure(ealcu1ated) at room temperature ••• 4.22 ems. 

K •••••••••••••••••••••••••••••••••••••••••• 0.0741 

Volume of gas pumped out (S.T.P.) •••.•••••• 0.260 c.c. 

Ther. Press. TOe TOK Press. Press'. C.c. Vols. 
cms. ems. ca1e. diff. abs. abs. 

24.0 65.37 6.15 451. 724 7.20 1.05 0.037 0.019 

23.8 68.65 6.25 498 771 7.42 1.17 0.042 0.021 

24.0 72.50 6.30 555 828 7.66 1.36 0.049 0.025 

24.2 61.55 6.24 397 670 6.91 0.77 0.029 0.015 

24.4 57.48 5.79 341 614 6.61 0.82 0.033 0.017 

25.0 52.68 5.29 278 551 6.23 0.94 0.040 0.021 
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TABLE XVI. 

Samnle J ... 

Lower pointer reading •••••••••••••••••.••••• 20.48 ems. 

Room temperature •••••••••••••••••••••••••••• 24.0oC 

Volume of gas at room temperature ••••••••••• l.935 e.c. 

Volume of gas at S.T.P •••••••••••••••••••••• l.780 e.e. 

Pressure(calculated) at room temperature •••• 28.19 ems. 

K ••••••••••••••••••••••••••••••••••••••••••• 0.495 

Volume of gas pumped out (S.T.P.) ••••••••••• 1.790 e.e. 

T 
r 

24.0 

23.8 

24.0 

22.1 

22.0 

Ther. Press. TOe TOK Press. Press. C.c. Vols. 
ems. ems. calc. diff. abs. abs. 

65.33 44.82 "450 723 48.00 3.18 0.118 0.061 

61.17 42.94 391 664 46.00 3.16 0.121 0.063 

54.83 39.63 306 579 42.80 . 3.17 0.133 0.070 

48.62 35.49 227 500 39.22 3.73 0.174 0.090 

68.79 45.52 5ee 773 49.40 3.88 0.139 0.072 
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TABLE XVII. 

Lower pointer reading ••••.•••..•.••.•••••••• 45,. 70 ems. 

Room temperature .••••••••.•.••••••••••.•.••• 26.5°C 

Volume of gas at room temperature •••••.••••• 4.3l0 e.c. 

Volume of gas at S.T.P ••••••••••••....••.••• 3.930 c.e. 

Pressure(ea1eu1ated) at room temp ••.•••••••• 57.25 ems. 

K ............................................ 1.101 

Volume of gas pumped out .(S.T.P.) •..•••••••• 3.943 c.e. 

T 
r 

26.5 

24.0 

24.2 

24.1 

Ther. Press. TOe TOK Press. Press. C.e. 
cms. ems. calc. di!f. abs. 

68.45 104.00 497 770 110.40 6.40 0.231 

61.40 97.63 394 667 102.70 5.07 0.194 

55.08 90.65 309 582 95.50 4.85 0.204 

45.84 77.95 192 465 83~95 6.00 0.282 

Vols. 
abs. 

0.120 

0.101 

0.106 

0.146 
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TABLE XVIII. 

Sample 1. 

Lower pointer reading •••••••••••••••.•••.••• 40.20 ems. 

Room temperature •••••••••••••••••••••••••••• 28.0oC 

Volume of gas at room temperature ••••••••.•• 3.800 e-.c. 

Volume of gas at S.T.P ••••••••.•.•••..•....• 3.443 e.e. 

Pressure(ealculated) at 'room temperature •••• 55.30 ems. 

K ••••••• f •••••••••••••••••••••••••••••••••••• 0.960 

Volume of gas pumped out (S.T.P.) ••••.••.••• 3.445 e.e. 

T r 

26.5 

25.0 

23.0 

21.1 

Ther. Press. TOe TOK Press. Press. C.e. 
ems. ems. calc. diff. abs. 

68.30 89.70 493 766 96.35 6.65 0.237 

60.55 84.05 384 657 89.00 4.95 0.186 

53.60 75.70 284 557 81.00 4.95 0.208 

47.65 69.49 214 487 74.75 5.26 00247 

Vols. 
abs. 

0.123 

0.093 

0.108 

0.128 
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TABLE XIX • . 

Samnle 1 • ... 

Lower pointer reading ••••••..••••••••••••••• 34.40 ems. 

Room temperature •••••••••.••••••.•••••••.••• 24.0oC 

Volume of gas at room'temperature ••••••••••• 3.240 c.c. 

Volume of gas at S.T.P •••.•••.•.••••.•••.••• 2.985 c.c. 

Pressure(calculated) at room temperature •••• 47.30 ems. 

K ••••••••••••••••••••••••••••••••••••••••••• 0.830 

Volume of ga£ pumped out (S.T.P.) ••••••.•••• 2.981 c.c. 

Tr Ther. Press •. TOe TOK Press. Press. C.c. Vols. 
ems. ems. calco diff. abs. ebs. 

_____ .. 4 ____ .- ____ 

24.0 66.87 76.56 473 746 81.81 5.25 0.190 0.098 

24.1 60.35 72.27 381 654 76.60 4.33 0.167 0.086 

24.5 54.90 67.99 307 580 72.00 4.01 0.177 0.092 

24 0 0 
~ 

46.75 59.45 204 477 64.40 4.95 0.232 0.120 
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TABLE XX. 

Sa~ple 1. 

Lower pointer reading •.•••••.•••••••••.•.••• 39.90 ems. 

Room temperature •••••••.••.••••...••...•• o 

••• 22.4° c 

Volume of" gas at room "temperature •••••.••••• 3.760 e. c. 

Volume of gas at S.T.P •.••••••.•••••••••.••• 3.480 c.c. 

Pressure(calculated) at room temperature •••• 54.80 cms. 

K ••••••••••••••••.••.•••••••.••••.•••••••.•• 0.971 

Volume of gas pumped out (S.T.P.) •..••..••.• 3.485 c.c. 

24-.5 

24.5 

24.0 

22.5 

Ther. Press. TOe TOK Press. Press. C.c. 
ems. ems. calc. diff. abs. 

68.23 90.90 492 765 96.90 6.00 0.214 

59090 84.41 374 647 89.20 4.79 0.188 

53.95 77.83 294 567 82.90 5.07 0.212 

46.30 69.65 198 471 74.50 4".85 0.228 

Vols. 
abs. 

0.112 

0.098 

0.110 

0.118 
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TAB T "C'1 '"'-i"" rr 
~ ,,:~\.. 

Sample 1'. 

Upper pointer reading ••••.•••.••.•••••••••••• 27.85 ems. 

Room temperature •••••••••••...••••••••••••••• 9 3.2°e 

Volume of gas at room temperature ••••••.••••• O.345 c.c. 

VolUJ.'11e of gas at S.T.P ••••••••••••••••••••.•• O.318 c.e. 

Pressure(ea1culated) at room temperature ••••• 5:~03 ems. 

K •••••••••••••••••••••••••••••••••••••••••••• 0.0855 

Vol~~e of gas pumped out (S.T.P.) ••••••••••.• 0.317 c.c. 

T 
r 

Ther. Press •. Toe TOK Press. Press. C.c. 
ems. ems. cale. diff. abs. 

VolSe 
abs. 

21.0 67.65 

22.0 60.16 

23.5 53.77 

24.0 48.45 

7.33 484 757 

6.91 377 650 

6.59 292 565 

5.90 225 498 

8.76 1.43 

8.14 1.23 

7.54 0.95 

7.03 1.13 

0.050 0.026 

0.046 0.024-

0.041 0.021 

0.052 0.027 



TABLE ~XII 4 

Samp1 e 3. 

Lower pointer reading ••.••••••••••••••••.. 6.50 ems. 

Room temperature ••••••••.••••••••••••••••• 24.8°C 

Volume of gas at room temperature •••.•.••• O.6l5 c.e. 

Volume of gas at S.T.P •••••••••••••.•••••• O.564 e.e. 

Pressure (calculated) at room temperatuee.4.95 ems. 

K ••••••••••••••••••••••••••••••••••••••••• 0.1565 

Ther. 
ems. 

Press. TOe' TOK 
ems. 

Press. Press. 
eale. diff. 

C.e. 
abs. 

Vols. 
E'Jbs. 

24.0 55.78 8.63 615 888 10.94 2.31 0.119 0.043 

~n:ore gas added. 
• 

Volume added'T~) •••••••••.•••••••• O.745 c.c. 

Volume added S.T.P ••••••••••••.••• o.687 c.c. 

i\"'ew ~:j . Volume Tr··················~··1.360 e.e. 

New volume S.T o P •••••••••••.•••••• l.251 o.c. 

New K ••••••••••••••••••...••••.••• 0. 346 

Tr Thero Press. TOe TOK Press. Press. C.e. Vols. 
ems. ems. ealc. dirf. abs. abs. 

24.B 59·0B 20.53 621 .894 24.27 3.74 0.192 0.069 

:More gas added. 

Volume added T ••.••.•••••••.••••• 1.875 e.c. 
r 

Volume added S.T.P ••••••••.•••••.• l.704 c.c. 

New volume T ••••••••.•••.••••...• 3.235 0.0. 
r 

New volume S.T.P •.•••••••••••....• 2.955 0.0. 

NeVl K ••••••••••••••••••••••••••••• 0.822 



T 
r 

84. 

TABLE XXII (continued) 

Press. TOe TOK Press. Press. C.o. 
cm s • ca 1 c • cl if f • ab s • 

Vols. 
abs. 

22.0 56.60 51.33 633 910 58.00 6.67 0.344 0.124 

:More gas added. 

Volume added T ••••••••••••••••••••••••• 00785 c.c. 
r 

v 01 ume added S·. T • P. • • • • • • • • • • • • • . .•••••• o. 764 c. e • 

New volume T ••••••••••••••••••••••.•••• 4.020 c.c. 
r 

New volume S. T.P •••••••••••••••••••.•••• 3.719 c'. eo 

New K •••••.•.••.•.•••••••••••••••••••••• 1.020 

T 
r 

Ther~ Press. TOe TOK Press o Press. C.c. 
ems. cms. e&lc. dirf. abso 

Vols. 
"I aos. 

22.0 56.10 640 24 621 894 71.50 7.26 0.374 0.135 

Volume of gas pumped out {SoT.P.) •••••••.••• 3.700 c.o. 



85. 

TABLE XXIII. 

Sample 3. 

Lower pointer reading ••••••••••••••••••• 7.52 cms. 

Room temperatureo ••••••••••••••••••••••• 2l.5°e 

Volwne of gas at room temperature •••••• 00.710 coc·., 

Volume of gas at S.T.P ••••••.••.•.•••••• O.658 c.c. 

Pressure (calculated) at room temp •••••• 5.73 cms~ 

K ••••••••••••••••••••••••••••••••••••••• 0. 183 

T 
r 

Ther. Press. TOe TOK' Press. Press. C.c. 
ems. ems. ca1e. dif!. abs. 

21.8 59.60 9.63 703. 976 13.48 3.85 0.188 

More gas added. 

VolQme added Tr .•.•....•........•...... 0.908 e.o • 
. \ 

Volume added S.T.P •••••••••••••......•• 0.851 e.e. 

New volume T •••••••••••••••••••••••••• 10618 r 

New volume S.T.P •.••••••.•.•.••...••..• l.509 

New K ••••••••••••••••••••••••••••.••••• 0,.416 

Ther, 
ems. 

Press. TOe 
ems. 

Press. Press. 
cale. diff. 

c.c. 

e.c. 

f'f v.c. 
abs. 

Vols. 
abs. 

0.068 

Vols. 
abs o 

21.6 59.60 24.51 703 976 30'.62 6.11 0.298 0.108 

More gas added. 

Volume added T •••••••••••••..••••••••• 1.482 c.c. 
r 

Volume added S.T.P ••.•••••••••••.•••••• l.372 c.c. 

New volume Tr •••••••••••••••••••••••••• 3.100 c.c. 

New volume S.T.P ••••••••••.••.••..••.•• 2.881 c.c. 

Ne VI K •••••••••••••••••••••••••••••••••• 0.800 



86. 

TABLE XXIII (eantinued). 

Ther. Press. TOC TOK Press. Press. C.c. Vols. 
ems. ems. eale. diff. aJ?~.!--~"_os_. ___ 

22.0 59.20 50.37 694 967 59.00 8.63 0.415 0.150 

More gas added. 

Volume added TR •••••••••••••••••..••••••• l.336 e.c. 

VolQme added S.T.P ••••••••••••.•.......•• l.238 c.e. 

Neu volume Tr ............................. 4.436 e. e. 

New volume S.T.P ••••••••..••••••••••••..• 4.119 e.c • 
. 

New K •••••••••••••••••••••••••••••••••••• 1.142 'C: ... 

~ler. Press o TOe TOK Press. Press. C.e. 
ems. ems. eale. diff. abs. 

Vols. 
abs. 

22.0 59.58 73.64 703 976 84.10 10.46 0.504 0.182 

Volume of gas pumped out (S.T.P.) •..•.....•• 4.139 c.e. 



87. 

TABLE XXIV. 

Sample 3. 

Lower pointer reading ••••••••••••••••.••••• 5.31 ems. 

Room temperature •••••.••••••••••••.•••••••• 24.0oC 

Volume of gas at room temperature •••••••••• 0.501 c.c. 

Volume of gas at S.T.P ••••••••••••••••....• 0.461 c.c. 

Pressure( calculated) at room temp •• · •••••••• 4.05 ems. 

K •••••••••••••••••••••••••••••••••••••••••• 0.128 

Ther. Press. TOe TOK ~ress. Press. C.c. 
cms. ems. cale. diff. abs. 

Vols. 
abs. 

24.0 63.80 4.83 800 1073 10.03 5.20 0.2'38 0.086 

T~~ore gas added. 

Volume aaded T •••••••••••••••••••••••••••• 0.694 r c.e. 

Volume added s • T • P • • • • • • • • • • • • • • • • • • • • • • • • • 0 • 635 e.e. 

New volume Tr •••••••••••.....•••.••••.••••• l.195 coc. 

New volume S.T.P •••••••...•.•••••••••••••.• l.096 c.c. 

Ne?! K •••••••••••••••••••••••••••.•.••••.••• 0.306 

Ther. Pr&ss. TOe 
cms. cms. 

TOK Press. Press. C.c. 
cale. diff. abs. 

-' 

Vol s. 
abs. 

24.1 63.81 14.93 800 1073 23.98 9.05 0.415 0.150 

More gas added. 

Volume added Tr ••••••••••• o •••••••••••••••• l.175 c.c. 

Volume added S.T.P •••••••••••••••••.••••••• l.080 c.c. 

New volume Tr ••••••••••••••••••••••••.••••• 2.370 e.e. 

Hew volume S.T.P ••••••••...•...•..••••••••• 2.l76 c.c. 

New K ••••••••••.••••..••..•..•.••..•••..... 0.606 



88. 

TABLE XXIV (continued). 

Ther. Press'. TOa TOK 
ems. ems. 

Press. Press. C.c. 
calc. diff. abs. 

Vols. 

24.1 63.95 33~74 804 1077 47.60 13.96 0.640 04231 

More gas added. ., .. . .. . 

Volume added Tr •••••••••.••••••••.•.•••.•• 1.460 e.e. 

Volume added S.T.P •••••••.••••••..•....•.• l.341 c.o. 

New vollll1le Tr •••..•••••••.....•...••...••. 3.830 e.c. 

New vo1um.e S.T.P •••••••••.••••.••.••.•.•.• 3.517 c.c. 

New K........................... • • • . . . • • . • 0 • 980. 

Ther. Press. TOC TOK 
ems. ems. 

Press. Press. a.c. 
ea1e. diff. abs. 

Vols. 
a1Js. 

24.0 62.77 59.93 776 1049 75.60 15.67 0.720 0.a59 

Volume of gas pumped out (S.T.P.) ••••••••• 3.512 e.e. 



89. 

TABLE. x:r:v • 

Sample 3. 

Lower pointer reading •••••••••••••••••••.••.•.. 25.7? ems. 

Room temperature ................................ 23.8°C 

Volume of gas at room temperature •.••••...•.•.. 2.428 e.o. 

Volume of gas at S.T.P •••••••••••••••••••••••.• 2.233 c.c. 

Pressure(calculated) at room temperature •••..•• 19.60 cmso 

K ••..••...••........•.......................... o.621 

Volume o~ gas pumped out (S.ToP.) ••.•••..•....• 2.246 c.e. 

T r Ther. Press. TOe TOK Press. Press. C.c. 
ems. ems. cale. diff. abs, 

Vols. 
abs. 

23.0 50.20 36.61 497 770 

20.9 43.42 32.57 366639 

21.0 35.88 26082 234 507 

39.72 3.11 

35.00 2043 

29.70 2.88 

0.175 0.063 

0.155 0.056 

0.216 0.078 



90. 

TABLE XXVI. , 

Sample 3. 

Lower pointer reading •••.•••.••••.•••••••••• 48.90 ems. 
-, . 

Room temperature ••••.••••••••••••••••.•.•••. 24.0oC 

Volume of gas at room temperature •••••••..•. 4.610 c.o. 

Volume of gas at S.T.P ••••••••••••••••••••• o4.248 coe. 

Pressure(calculated) at room temp ••••••••••• 37.25 ems. 

I{ ••••••••••••••••••••••••••••••••••••••••••• 1.180 

Volume of gas pumped out •••••••••••••••.•••• 4.259 c.e. 

T r 

24.1 

24.0 

23.3 

24.0" 

Ther. Press. TOCToK Press o Press. C.o. 
ems. ems. calc. diff. abs. 

47.60 68.24 446 719 72.15 3.91 0.231 

53.45 73.44 566 839 79.54- 6.10 0.323 

43.20 62.88 362 635 66.45 3.57 0.228 

35.11 51.50 220 493 55.50 4.00 0.304 

Vols. 
abs. 

0.082 

0.116 

0.082 

0.112 



91. 

TABLE XXVII • .. 

Sample 4. 

Lower-. pointer reading •••••••••••.•• <.' •••••••• 31.61 ems. 

Room temperature ••••••••••••••••..•••••••••• 22.5°C 

Vol1.une of gas at".:-room temperature ••••••••••• 2.982 e.c. 

v 01 u.1Jl e 0 f ga sat S. T • P • • • • • • • • • • • • • • • • • • • • • • 2 • 760 c. c • 

Pressure(ca1culated) at room temp ••••••••••• 22.98 ems. 

K ........................................ 0 ••• 0. 767 

Volume of gas pumped out •••••••••••••.••.••• 2.760 c.c. 

Ther. Press. TOe TOK Press. Press. C.e. 
ems. . cms. cale. dirf. abs. 

Vols. 
abs. 

23.0 58.60 46.45 680 953 54.60 8.15 

23.0 60.80· 45.53 732 1005 56.55 11.02 

20.0 50.91 44.15 513 786 48.15 4.00 

0.411 0.139 

0.539 0.183 

0.229 0.078 



92. 

TABLE XXVIII .. 

Temperature ••••.•••••..•. 3100C 

Calculated Pressure •••.•• 7.55 ems. 

Time Volumes Log S/S-X 
(minutes) a.bsorbed 

1/4 0.002 0.040 

3/4 0.0035 0.074 

1 1/2 0.0045 0.096 

2 0.0055 0.122 

3 0.0065 0.149 

4 0.0075 0.176 

5 0.008 0.190 

7 0.0095 0.238 

9 0.0105 0.272 

12 0.012 0.331 

15 0.0135 0.397 

18 0.0145 0.449 

21 0.0155 0.506 

25 0.017 0.612 

30 0.018 0.700 

35 0.019 0.809 

Final 0.0225 -----
11:ean 

C = 0.10 ;p-- = 
K 

K 

-------

-------

--------

0.011 

0.016 

0.019 

0.018 

0.020 

0.019 

0.019 

0.020 

0.019 

0.019 

0.020 

0.020 

0.020 

- 0.0195 -

140 



93. 

TABLE XXIX. 

Temperature ••••.••... ~ .••••• 310°C 

Calculated Pressure ••••..••• 13.94 ems. 

Time Volumes Log s/s -X K 
(mins) absorbed 

1/4 0.003 0.039 ... ----

1 0.006 o~080 -----

1 1/2 0.008 0.114 -----

2 3/4 0.011 0.162 0.022 

3 3/4 0.013 0.205 0.028 

5 0.014 0.235 0.027 
. 

7 0.017 0.266 0.024 

9 0.019 0.360 0.027 

12 0.022 0.450 0.029 

15 0.024 0.535 0.029 

18 0 0 026 0.640 0.030 

21 0.027 0.681 0.028 

24 0.028 0.779 0.028 

27 0.0295 . 0.870 0.028 

30 0.0305 0.985 0.029 

35 0.031 1.080 0.028 

Final 0.034 ---~ ... 

Mean = 0.028 

C = 0.10 Ip = 133 -K 

----~.---- . --_. ---



94. 

TABLE XXX. 

Temperature ••••••.•••••..•.••• 3100C 

Calculated Pressure •••••••••• 39.55 ems. 

Time Volumes Log S/S -X 
(mins) absorbed 

1/4 0.007 0.042 

3/4 0.015 0.096 

1 1/2 0.021 0.142 

2 0.026 0.185 

3 0.032 0.240 

4 0.038 0.30.6 

5 0.042 0.356 

6 0.044 0.384. 

8 0.051 0.494 

10 0.055 0.574 

12 0.059 0.670 

15 0.062 0.760 

18 0.065 0.875 

26 0.071 1.273 

Final 0.075 

C = 0.10 

K 

------

---_ ... 

------

0.043 

0.047 

0 •. 051 

0.051 

0.047 

0.049 

0.047 

0.047 

0.044 

0.043 

0.045 

------

Mean = 0.047 

IF = 134 
If 



95. 

TABLE XXXI 

Temperature •••••••••.•••.••..•••• 3100C 

Calculated Pressure ••.•••..•••.•• 57~52 ems. 

Time Volumes Log s/s - X 
(mins) absorbed 

1/4 0.015 0.082 
"'" 

1 0.025 0.147 

1 1/2 0.033 0.206 

2 3/4 0.040 0.266 

3 1/2 0.045 0.316 

4- 3/4 00049 0.360 

5 3/4 0.054 0.420 

7 0.060 0.508 

9 0.065 0.597 

11 0.071 0.735 

16 0 0 079 1.036 

25 0.084 1.461 

30 0.086 1.939 

Final 0.087 -.----

C = 0.10 

K 

---=--
_ ...... _-

0.071 

0.060 

0.062 

0.055 

0.056 

0.058 

0.055 

0-.058 

0.058 

0.055 

0.061 

:Mean = 0.058 

IF = 131 
K 



96. 

TABLE XXXII. 

Temperature •••••••••••••••••.••.•. 3l00C 

Calculated Pressure ••••••••••••••• 31.34 ems. 

Time Volumes Log S ,/S - X K 
(mins) absorbed 

3/4 0.008 

1 1/4 0.014 

2 0.018 

3 0.024 

4 0.028 

5 0.031 

6 0.035 

8 0.038 

10 0.040 

12 0.0425 

15 0.0465 

18 0.050 

21 0.052 

25 0.0535 

30 0.056 

Final 0.05e 

C = 0.10 

0.065 

0.119 

0.160 

0.232 

0.286 

0.331 

0.400 

0.462 

0.508 

0.572 

0.703 

0.860 

0.985 

1.110 

1.461 

-----

.... -- ....... -

-----~ 

-----
0.044 

0.046 

0.046 

0.050 

0.045-

0.041 

0.040 

0.040 

0.042 

0.042 

0.041 

0.045 

Mean = 0.042 

IF = 133 
K 



TABLE XXXIII. 

Temperature ••••••••••.•• e. e ••••••• 3100 C 

Calculated Pressure •••••••••••••• 55.18 ems. 

Time Volumes LoS s/.s - X K 
(m~ns) absorbed -----
1/4 0'~014 0.082 _ ... ------
1 0.024 0'.153 0.053 

2 0.035 0.246 0.073 

3 0.039 0.285 0.062 

4 0.045 0.352 0.063 

5 0'.047 0.376 0.055 

7 0.055 0.494 0.056 

9 0.061 0.608 0.056 

12 00069 0.830 0.060 

15 0.072 0.954 0.057 

18 0.07!i 1.130 0.057 

21 0.076 1.211 0.053 

28 0.079 1.606 '0.054 

Final 0.081 ------
M:ean = 0.057 

C = 0.10 ;:P = 130 
K 



98. 

Temperature.' ••••••••.•••••••••••••. 2800 C 

Calculated Pressure •••••••••••••••• 33.64 ems. 

Time Volumes 
(mins) absorbed 

1/4 0.008 

1 0.011 

2 0.017 

3 0.020 

4 0.021 

5 0.027 

6 0.031 

8 00034 

10 0.040 

14 0.043 

18 0.050 

25 0.052 

30 0.059 

35 0.062 

40 0.063 

45 0.064 

60 0.065 

Final 0.068 

C = 0.10 

Log S/S - X K 

0.054 _ ... ---
0.077 ---_ ... 

0.124 .. _---
0.150 0.017 

0.160 0.015 

0.219 '0.024 

0.264 0.027 

0.301 0.025 

0.385 0.028 

0'.434 0.024 

0.576 0.026 

0~628 0.021 

0.879 0.026 

1 .. 054 0.027 

1.133 0.026 

1.230 0.025 

1.355 0.021 

-----

:Mean = 0.025 

Ip = 232 
-K 



99. 

TABIE x:x.x:l. 

Temperature •••••••••..•.••••••• 337°e 

Calculated Pressure •••••••••••• 21.43 ems. 

Time Volumes Log S/S -
tmins) absorbed 

1/2 0.012 0.122 

1 0.016 0.172 

2 0.022 0.259 

3 0.026 0.328 

4 0.028 00368 

5 0.031 0.435 

6 00033 0.486 

8 0.038 0.648 

17 0'.046 1.214 

20 0.047 li.389 

25 0.048 1.690 

Final 0.049 -----

C = 0.10 

X K 

------

0.072 

0.078 

0.076 

0.067 

0.067 

0.064 

0.068 

0.066 

0.064-

0.064 

lJean = 0.066 

/P = 70.2 
If 

- -----~"""-'" ..... --



100. 

TABLE XXXVI. 

Temperature ••••••••••••••••••••••• 375°C 

Calculated Pressure •••••••••••• ~ •• 30.69 ems. 

Time Volui11es 
(mins) absorbed' 

1/lt- 0.007 

1 0.017 

2 0.022 

3 0.028 

4 0.031 

6 0.037 

8 O.Ol~l 

10 0.044 

12 0.045 

15 0.046 

Final 0.048 

C = 0.10 

Log s/s - X K 

0.069 

0.190 

0.265 

0.380 

0.451 

0.640 

0.835 

1.080 

1.205 

1.380 

------

......... ~-

0.090 

0.083 

0.093 

0.088 

0.090 

0.092 

0.098 

0.092 

0.085 

T.1' ean -.1.':.1. - 0.090 

Jp = 61.7 
K 



101. 

TABLE XXtX'lI I. 

Temperature ......................... 3900 C 

Calculated Pressure •••••••.••.••••. 29.75 ems. 

Time Volumes Log s/s -X K 
(mins) absorbed 

1/4 0.009 0.086 -----_ ... 
1 0'~020 0;.222 -_ ...... -
2 0.026 0.319 0.108 

3 O~029 0.376 0.092 

4 0.033 0.468 -0.092 

5 0.037- 0.585 0.097 
... 
6 0 0 040 0.699 0.099 

8 0.043 0.855 0.094 

10 0.046 1.096 0.100 

12 0.047 1.222 0.094 

Final 0.050 ---- ... 

Mean = 0.095 

C = 0.10 rp = 57.4 
If 



'102. 

Tetble XXXVIII. 

Temperature •••••••••••••• o •••••• 4000C 

Calculated Pressure ••••••••.•.•• 32.18 ems. 

Time Volumes Log S/S - X K 
(mins) absorbed -
1/4 0.007 0.065 --- ... -~ 

1 0.017 0.180 ......... _--

2 0.020. 0.221 0.0'30 

3 0.022 0.252 0.030 

4 0.026 0.319 0.039 

5 0'.029 0.377 0.043 

6 0.030 0.39.8 0.040 

8 0'.035 0.522 0.045 . 
10 0.037 0.585 0.04":) 

,./ 

12 0.040 0.698 0.045 

15 0.042 0~796 0.042 

18 0.044 0.920 0.042 

21 0.046 1;096 0.040 

25 0'.047 1.221 0.043 

Final 0.050 -----

].~ean = 0.042 

C = 0.16 /:p , 135 
If ' 



103. 

TABLE XXXIX. 

Tempera ture ••...•........••.•.•..• ,3db 

Calculated Pressure ••••.••.••.•.• ·.30.09 ems. 

Time Volumes Log s/s - X K 
~mins) absorbed 

" > . 

lilt 0.018 

1 0.026 

2 O.03~5 

3 0.033 

4 0.035 

5 0.036 

6 0'.037 

8 0.039 

10 0.040 

12 0'.042 

15 0.043 

18 0.044 

21 0.046 

Final 0.048 

C = 0.39 

0.203 

0.339 

0".464 

0.504 

0.566 

0.602 

0.640 

0.728 

0.778 

0.903 

0.982 

1.079 

1.379 

-----

---- .... -
------

0.037 

0.038 

0.044 

.0.042 

0.042 

0.042 

0.039 

0.043 

0.039 

0.038 

0.049 

lTean -l.. - 0.040 

IF = 139 
If 



104. 

. '4~ 0 Tempera.tv.re. • • • • • • • . • • • . • • • • . • ... . . .• .0 C 

Calculated Pressure •••••••••.••••••. 29.30 ems. 

Time Volumes Log s/s - X K 
(mins) absorbed 

1/4 0.016 0.176 ... .-_--

1 0.029 0.403 .... _ .... _-

2 0.033 0.505 0.027 
~ 0.034 0.535 0.028 :; 

4 0.0355 0.584 0.033 

5 0.037 0.640 0.038 

6 0.038 0.682 0.038 

8 0.039 0'.728 0.035 

10 ,0.040 0.778 0.033 

12 0'.042 0.903 0.038 

15 0.043 0.982 0.035 

18 0.044 1.080 0.035 

21 0.045 1.205 0.036 

25 0.046 1.380 0.037 

Final 0.048 -_ .. _-

L~ean = 0.036 

C = 0.45 IF = 150 -K 



105. 

TABLE· XLI. 

Temperature ••••.•..•..•..••.•.••.••• 4500C 

Calculated Pressure •••..•.••...••••• 2g.44 ems. 

Time Volumes 
(mins) absorbed 

1/4 0.024-

1 0.033 

2 0.035 

3 0.036 

4 0.037 

6 0.038 

8 0.040 

10 0.042 

12 0.043 

15 0.044 

18 0.045' 

25 0.046 

Final 0.'048 

C = 0.48 

Los S/S -

0.30'1 

0;.505 

0.566 

0.602 

0.640' 

0.680 

0.778 

0.903 

·0.982 

1.079 

1.204 

1.380 

...... _ ... -

X T .... 
t· ... '.~ 

-- ... ~-

-----

0.095 

0.040 

o .OltO 

0.034 

0.037 

0.042 

0.042 

0.040 

0.040 

0.036 

:Mean = 0.039 

/ .1: = 139 
K 
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TABLE XLII. 

Temperature ••••.••••...••.....•... 465°C 

Calculated Pressure •••••.• ~ .•••••• 31044 CDS. 

Time Volumes 
~mins) absorbed 

1/4- 0.027 

1 0.036 

2 0.041 

3 0.042 

4 0.043 

5 0.044 

6 0.045 

8 0.048 

io 0.048 

12 0.050 

15· 0.051 

18 0.052 

21 0.052 

25 0.053 

Final 0.054 

C = 0.50 

Lo~ S/S -<..~ 
X K 

0.301 -----

0.486 -----

0.618 0.059 

0.652 C.050 

0.691 0.048 

0.732 0.047 

0.778 0.046 

0'.954. 0.057 

0.954 0.045 

1.130 0.052 

1.255 0.050 

1.431 0.052 

1.431 0.044 

1.732 0.049 

----- .---
M:ean = 0 •. 049 

IF = 114 
If 
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TABLE XLIII. -

Temperature •••..•..••.••.•.•••.• 508°a 

Calculated Pressure •..•••••••••• 29.78 cms 4 

TiDe 
(mins) 

1/4 

1 

2 

:; 

4-

5 

6 

8 

10 

11"'\ _c:. 

15 

18 

Final 

C = 0.58 

Volumes Lo(,o S/S --.....) 

absorbed 

0.029 0.334-

0.038 0.528 

0.042 0.652 

0.045 0.778 

0.046 0.829 

0.047 0.886 

0.048 0.954 

0.049 1.033 

0.050 1.130 

0.052 1.430 

0.052 1.430 

0.053 1.731 

0.054- -----

------------~-.--

X K 
P--.~~-- ___ 
.. ____ -.s 

-_ ....... -
... _---

0.066 

0.062 

0.061 

0.062 

0.057 

0.055 

0.071 

0.057 

0.064 

~~ 0 Orl 1.'lean = • 0 

IF = 89.5 
If 
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TABLE XLIV. -

Temperature •••••••••.•••.•.••••••• sOsoc 
Calculated Pressure •••••..•••••••• 65.85 ems. 

Time Volumes Log S/S - X K 
(mins) absorbed 

~~----

1/4 0;~045 0.352 -----

1 0.063 0.654 -.----

2 0.067 0.761 0.090 

3 0.070 0.866 0.095 

4 0.072 0.954 0.093 

5 0.074 1.062 0.096 

6 0.075 1.131· 0.092 

8 0.077 1.306 0.091 

10 0.078 1.432 0.085 

12 0.079 1.608 0.086 

15 0.080 1.909 0.089 

Final 0.081 -----

Mean = 0.091 

C = 0.58 ;:P = 89.3 
K 
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TABLE XLV. 

Temperature ••.•••••••..••••••••.• 5600C 

Calculated Pressure ••••...••••••• 31.24 ems. 

Time Volumes 
(mins) absorbed , 

1/4 0.045 

1 0.055 

2 0.058 

3 0.061 

4 0.062 

5 0.063 

6 0.065 

8 0.066 

10 0.068 

12 0.068 

15 0.069 

Final 0.070 

C = 0.63 

Log S/S - X K 

0.447 .. _----

0.669 _ .... ..- .... -

0.766 o 0 r",--• 00 

0.890 0.086 

0.942 0.078 

1 0 000 0.074 

1.145 0.086 

1.243 0.077 

1.544 0.091 

1.544 0.076 

1.845 0.080 

-----

I,lean = 0.080 

;::! = 70.0 
K 
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TABLE XLVI. 

Temperature ••••...•••••••..••.••• 605°C 

Calculated Pressure ••••...•...•.• 30.85 ems. 

Time Volumes Log s/s - X K 
(mins) _ absorbed 

1/4 0.063 0.828 -----

1 0:.066. 0.966 0.096 

2 0.068 1.092 0.111 

3 0.069 1.171 0:.100 

4- 0.070 1.267 0.099 

5 0.071 1.392 0.104-

7 0.072 1.568 0.100 

10 0.073 1.869 0.100 

Final 0.074 -----

Mean = 0.100 

C = 0.87 ;:p = 55.6 
K 
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TABLE XLVII. 

Temperature •••.••••••••.••.•••.••. 6900C 

6alculated Pressure •••••••.•.••••• 31.38 ems. 

Time Volumes Log S/S - X K 
(mins) absorbed ------- --~ 
1/4 0.102 1.256 -------

1 0.104 10431 0.141 

2 0.105 1.556 0.133 

3 0.106 1.731 0.137 

5 0.107 2.033 0.149 

Final 0.108 -----

Mean = 0.140 

c = 1.29 Ip = 41.6 
If 
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VII. D I S C U S S ION o F RES U L T S. ---...-------------- -- ------------

CA). SOLUBILITY OF OXYGEN IN SILVER. 

The results obtained for the solubil-

ity of oxygen in silver are given in Tables XI to XXVII, 

and are plotted in Figures 6, 7, and 8. 

Within the limits of experimental 

error the results were completely .reproducible. There 

was no hysteresis effect, the solubility at any temper­

ature being independent of the thermal history of the 

metal. 

Variation of Solubility with Pressure. 

The solubility at various temperatures 

is plotted against the pressure and against the square 

root of the pressure in Figures 6.and 7. The values 

are also given in Tables XLVIII LIV. The values 

given in these figures and tables were obtained by plotting 

the results of each experiment and interpolating, so as 

to be able to compare the results at the same temperat-

ures. It is evident from the results that the solubil-

ity is proportional to the square root of the pressure. 

The value of;-P (where P is the pressure and~;Q the .Q" ,~, 

absorption) is practically constant at any temperature. 

There is, however, a drift at the lower pressures, the 

amount absorbed being smaller than that given f~ by 
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FIGURE VII . 

Absorption plotted against t1_e square root of t 11e pressure. 

: 0 . 1 . .. .. 800° C 

2 •..•• 70CoC 

3 • •••• 2000 C 

4 •. . .. 30 ° C 

600°C 
+++++++++++ 
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the above relgt1onship. This deviation, however, is 

not noticeable at the higller temperatures. 

TABLE XLVIII. 

Temperature •••••••••• 2000C. 

Pressure Volumes IF 
( ems) -absorbed .Q 

7.7 0.040 69 

16.9 0;.063 65 

33.7 Ol.lOO 58 

34.1 0.101 58 

59'.4 0.121 63 

68.0 0.132 62 

69.6 0.118 69 

7900 01.143 63 

_ ... _--------------

TABLE XLIX. 

Temperature ••.•••• 3000C 

Pressure Volumes IF 
, ems.) absorbed -Q -
6.7 0'~021 123 

19f.3 0.048 92 

19.8 0.048 93 

3800 01.071 87 

67.1 0.093 88 

89.6 0.108 88 

--------------~~~ 
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TABLE L. 

Temperature •••••• 400oC 

Pressure Volumes IF 
( ems.) -absorbed Q 

6.2 . 0.015 164 

20.5 0.041 III 

21.8 Oc.045 104 

42.3 0.062 104 

43.0 0.-062 106 

72.6 0.085 101 

85.6 0.094 99 

86.2 0.096 98 

98.1 0.100 99 

----------------------

TABLE LI. 

Temperature •••••••• 500oC 

Pressure Volumes IF 
( ems.) -absorbed .Q 

6.3 0'.021 119 

7.5 0-.030 92 

22.6 Of.050 96 

23.4 0.053 92 

36.6 0.063 96 

43.6 0.074 89 

45-~5 0.072 94 

104.4 0.121 85 

------------------
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TABLE LII. 

Temperature •••••• 620oC 

Pressure Volumes IF" 
( ems.) -absOl"bed Q -_. 

8.6 0.043 68 

20.5 0.069 66 

45.3 0.111 58 

51.3 0.124 60 

64.2 0.135 60 

-~---------------

TABLE LIII. 

Temperature •••.•. 700oC 

Pressure Volumes ;p-
C ems.) -absorbed .g, 

g..6 0.068 46 

~4.5 0.108 46 

48.0 0.153 46 

50.4 0.150 47 

7~.6 0.182 47 

---------------
TABLE LIV. 

Temperature •••••• 800oC 

Pressure Volumes IF" 
( ems.) -2,bsorbed Q 

4.8 O~O86 25.5 

14.9 0.150 25.7 

33.7 0.231 25.1 
59.9 0.304 25.3 

----------- ... _---
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As has been oreviouslv pointed out, - .... -

the fact that the absorption is proportional to the sauare 

root of the pressure me.ans that the oxygen molecule 

dissolved in the silver is broken up into two parts. 

No other inference as to the actual condition of the 

oxygen can be dravm from this fact. 

simply dissociate into atoms, it may dissociate into 

ions, or it may react with the silver to form AgO, or 

some other oxide of silver containing one atom of 

gen in the molecule. 

The variation of the absorntion of 

Bc ga"s by a metal wi th the square root of the pressure 

seems to be a phenomenon af a fairly general nature o 

The relation has been shown to hold for the absorntion .... 

of hydrogen by 'fantalwn47
, 6opper62, Ir,~262~and ni ckel 1.1.0 , 

and for the absorption of Sulphur dioxide by copperS6
• 

I:!ond,Ramsay,and Shields, however,have found that this 

relationship does not hold for the absorution of hy~ro-

gen by ~Jalladium and platlnumg
? 

Variation of Solubility with Temperature. 

The variation of the solubility .. 

with temperature is shown in Figure 8 for oxygen press-

ures of 10, 20 1 40, and 80 ems. The solubility curve 

SllOYlS a minimum in the nei8hboul"'hood of 400°C. The 

solubili ty increases 2"S the temperature is lowered from 

On account of the extreme slovmess 

of the Drocess of solution at loVl temperatures,it was 
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not -)racticable to make any measurements below 200°. 

It appears, however, from the form of tb.e curve tl'..a-t the 

solubility should be considerably greater at room temp­

erature t~lan it 1 S at 200°C. 

The pre sence of t~le minimum in the 

solubility-temperature curve mal{es it virtually imposs­

ible to obtain any general relation expressing the var­

iation of solubility with temperature over the entire 

range fl~m 200 to 800°C. Above 400°, however, it 

was found th~_t the equation l/Q = K ( 930 - t ), 

where Q is the absorpt1on,K is a constant depending on 

the pressure,and t is the temperature in degrees Cent­

igrade, fitted the experimental results fairly accurate-

ly. The recipro~al of the solubility is thus propor-

tional to the number of degrees the temperature is below 

~le melting point of silver is 960°C, but the 

melting point is lowered5.by the dissolved oxygen. Le 

Chateller72 states that the absorption of hydrogen by 

silver causes a drop in the melting point of 30°. If 

t~e drop is as great in the case of oxygen, it seems 

justifiable to assume that t~e reciprocal of the solubil­

ity is proportional to the distance below the melting 

point. The constancy of K in the above equation is 

illustrated in Tables LV to LVIII. 
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TABLE LV. 

Pressure ••..•• 20 ems. 

Temperature 400° 500°. 6200 700° 800° 

Absorption .041 '.049 .069 .097 .175 

K 21.8 21.1 21.4 22.3 22.8 

-------- ... ---------- ..... -

TABLE LVI'. 

Pressure ••.••• 35 ems. 

Temperature 400° 500° 620° 700° 8000 

Absorption .056 .062 .098 .132 .235 

I{ 29.7 26.7 30.4 30.4 30.5 

------- ... ---------------

TABLE LVII. 

Pressure.o •• ,.50 ems. 

Temperature. 400° 5000 6200 7000 SOOo 

Absorption .067 .080 .121 .150 .')78 

K 35.5 34.4 37.5 34.6 36.2 

_ ...... - ... _--------_ ..... _----

TABLE LVIII. 

Pressure ••••• i76 ems. 

Temperature 4000 5000 6200 7000 eOOo 

Absorption .087 -~ .104 0147 .185 .342 

K 46.1 44.8 45.5 42.7 44.5 

------ ... --------- .. .-_--.., 
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Effect of Thickness or Surface on Solubility. 

The samples of silver used were of 

various thicknesses. Samnles 1 and 4 were 0.15 n.m. ..... 

thick, Samples 2 and 3 were 0.30 mm. 

of sample 4 was somewhat irregular. 

The 'thi ekness 

No difference in tl'le solubili tv due 
tJ 

to the difference in,thickness or surface was observed. 

Hence adsorption has no measurable effect at t~l.e tem-o-

eratures us~d. 

Effect of Traces of Impurities. 

It has been already pointed out that 

the presence of small amounts of iron and copper in the 

silver had no effect on the solubility of oxygen in it. 

CB). SOLUBILITY OF NITROGEN IN SILVER. 

As may be seen from Tables III to 

X there is no measurable absorption of nitrogen by sil­

ver. This is to be expected as it has been found by 

a 'large number of observers that ni trogen ls not: absOl"-

bed by metals except in cases where a well defined 

nitride is formed o 
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Some samnle absorption- time curves at various tem:Jeratures 

and ore S 8U1"'e s • 

1 ..... 690°C .•..• 31.38 cms. 3 •...• 5600 C ••••• 31.24 ems. 

4 o •••• 280o C ••••• 33.64 ems. 

5 ••••• 4000 C •••••• 32 . 18 ems. 
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~ C). RATE OF SOWTION OF O:crGEN IN SILVER. 

The rate of solution was also inves-

tigated and the results are given in Tables XA~III to 

XLVII. Some sample absorption-time curves are shovnL 

in Figure IX. 

Equation for Solution Velocity_ 

Consider a block of silver placed 

in an atmosphere of oxygen. Assume that the outer 

layer o.f the silver is immedtately saturated with the 

gas in the dissociated condition. The process of 801-

ution will consist of the diffusion of gas from this 

saturated layer into the body of the metal. As the 

gas diffuses inwards from the surface layer,more gas 

will dissolve in it so as to keen it saturated. Let ... 

S be t11e saturation concentration, and X be tl1e average 

concentration of gas in the body of the silver. 

Then, according to Fick's Diffusion 

Law, the rate of diffusion inwards from the saturated 

surface layer will be proportional to the concentration 

gradient, that is proportional to (S - X). 

have 
dx - KC S - X). 
<it 

On integration this gives 

log 1 
S - X = Kt 

where I is a constant of integration. 

+ I 

Hence we 
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When t - 0 X = 0 , so that I - log l/S - , - • 

Hence 
log S - Kt -

S - X 

or 
I{ - 1 (log S ) . - -t S - X 

That is the rate of solution is proportional to the ratio 

of the saturation concentration to the amount of gas still 

to be dissolved. 

As may be seen from Figures 10,11, 

and 12, log s plotted against t gives a straight 
s - X 

line. The first two pOints, however, generally lie 

below the line, and the line does not pass through vle 

origin as the foregoing equation would require. Auuar-_ .J. 

ently the first part of the gas is absorbed much faster 

than the equation would indicate. The process evid-
. 

ent~y proceeds in two stages. If we neglect the first 

two or three points on the curve and take into account 

the fact that the line does not pass througll the • j. orlGln, 

we obtain a corrected equation of t~~e form 

K log S 
S - X c ~ , 

where K is a constant depending on the temperature arid 

pre.ssure, and C varies wl th the temperature but is inde:)-

endent of the pressure. This equation has been found 

to give good agreement with the experimental results. 
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E'ffect of Pressure on Solution Velocity_ 

The variation wi th pressure of t~1e 

constant K in the reaction velocity equation is shown 

in Tables 28-33 and 43-44. The results of Tables 

28-33 are collected in Table 59 and s~re plotted in Figure 

10. 

TABLE LIX. 

Temperature •••••• 3100C. 

Pressure K IF 
If C 

7.55 0.0195 140 0.10 

13.94 0.028 133 0.10 

31.34 0.042 133 0.10 

39.55 0.04-7 134- 0.10 

55.18 0.057 130 0.10 

57.52 0.058 131 0.10 

------------------------~ 

It will be seen that C is indepen-

dent of tl~e pressure, while K, th2,t is the slope of the 

line in Figure 10, v8Jries as t~e square root of the press-

urea This is to be expected. The nrocess of s01-

utlonconsists merely of diffusion of oxysen into the 

si 1 ver, and i t h2_S been shown by J ohnson and Laro se l. 

that the rate of diffusion of oX~Tgen t~::.rou&11. silve~~ is 

proportional square root of t~ .. -:e l)re s sure. 
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fariation of solution velocity 11th pressure at 310°C. 

1 •.•.•. 57.52 cms. 3 •.•... 31.34 ems. 

2 •••••• 39.55 ems. 4 •••••• 13.94 c~s. 

5 •....•. 7.55 ems. 



~fec~ of Temperature on Solution Ve~ocit~. 

The effect of temperatu~e on t~e 

veloci ty of solution is shown in T2,bles 33-h7- The 

results have been n10tted in Figures 11 and 12 accordins 

to the equation previously derived. 

At, temperatures below 3900 C,(that 

ls below the nositlon of the minimum 'in tl~e solubility-

temperature curve), the value of C in the equation rem-

ains constant at 0.10, while K increases as the temperat-
• -"'- ' 

ure is raised. Between 390 and 440° , C increases rap-

idly while K decreases.' AbovQ this temperature, C con­

tinues to rise as the temperature increases, and K in-

creases slowly and regularly'. In order to eliminate 

the effect' of pressure, the· values of IF / K instead 

of K are given, together with the values of C, in 

Table LX. 

TABLE LX., 

Temp. IF C Temp. Ip C 
°0- - °c If ·K -" .. ~ 

~B.O 232 0.10 440 150 0··45 
, .. 

310 134 01.10 450 139 0.48 

337 70.2 0.10 465 114 0.50 

375 61.7 0.10 508 89.4 0.58 

390 57.4 01.10 560 70".0· 0.63 

400 135 0~o16 605 55.6 0.87 

430 139 Of. 39 690 41.6 1.29 

~~--~-~~----~~-~~~ 
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FIGURE I . 

Variation of solution veloe;ty with temuerature at a 

pressure of 30 ems , (part 1) . 

5 •••.•.• 2800 C 
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PI GURE ./I I • 

Variation of solution velocity with temperature at a 

nressure of 30 cms . (part 2) . 

4 .•.... 508°C 7 •• • • • • 430°0 

8 . ' . . ..• 4400 C 

9 ••• • • • 400°0 



., 1'"\4 

.L.:::: • 

The peculiar beh.aviour of the value of K the nei{~:1-

bourhood of 400°C makes it impossible to obtain any 

pIe expression for the variation o~ the velocity of 801-

ution with temperature. The temper~tture coeffic~ent 

is low, however, as would be expected in a process in 

':,hieh diffusion is th'e predominant factor. 

Effect of Thickness or Surf~tce • . 

Due to lack of time, no investigat-

ion of the effect of thickness on solution veloei tii has 
{, 

been made. As, however, the thickness has no measur-

able effect on the solubility, and as the rate of diff­

usion has been shown to be inversely:proportional to the 

thickness 1 , it is probable that the same relationship 

holds here and tllat the rate of solution is inversely 

proportional to the thickness. 
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VIII. GENERAL D I S C U s"s"r 0 N • --.-..--------

The experimental results have been 

summarized in the feregeing sectien, and the effect ef 

various facters on the so.lubility and the rate of sel­

ution has been discussed. 

The explanatien of the minimum in 

the solubility-temperature curve ls difficult. Breaks 

in solubility-temperature curves have been found in the 

case of other metals, notably the solubility of hydrogen 

in iron. These breaks, however, in general merely 

affect the slope of the curve, and the solubility usually 

increases with increasing temperature" beth befere and 
S~ 

after the break. (Many) substances. however. when dis-

selved inv/ater Dessess selubili ties similar to that 

feund in this investigation. 

The fact that a sudden change occurs 

in the rate ef solution at this temperature, seems to. 

point to a transition of the silver from one allotropic 

form to another. There is also. the pessibility ef a 

change in the manner ef combination ef the oxygen. The 

form of the selutien velocity curve, as has been pointed 

out, shows that the exygen is apparently taken up in two. 
. 

stages. At any rate it seems certain that two. facters 

enter into. the reaction, ene of which decreases as the 
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temperature is raised, while the ot~ler increases. The 

solubility-temperature curve actually obtained .is thus 

the sum of these two effects. It is interesting to 

note in this connection that Holt~36 was obliged to ass-

urne two forms of nalladium in order to exnlnln his res-
~ ~ 

ults on the rate of solution of hydrogen in it. 

Above 4000 the solubility varies 

regularly with the temperature and, as already pointed 

out, can be expressed simply by the eauation 

l/Q, - K ( 9 50 - T ). 

The heat of solution can be calcul-

ated from the rate of change of the solubili ty wi th tem~9-

erature. We knoTI from thermodvnamic considerations ... 

that 
d In C U 

dT • RT e 

where C is the concentration of the saturated solution 

at a temperature T, 

U is the heat of solution, 

and R is the gas constant. 

If we express the above solubility-temperature relation­

ship in absolute temperatures, we have 

Q - 1 
K ( 1203 - T ) 

or 

Q = k 
~~---1203 - T 

Hence Vie have 
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d In ~1203 _ T~ 
dT 

-

u 

1 
1203 - T 

T -- 1203 

U 
RTI 

1'.98 Ta cal. 
T - 1203 

Hence we can calculate the heat of solution at any temp-

erature above 400°C. Thus, for example, at 600°C 

vIe have 
u -

- - 4580 calories. 

At about 400°C the tangent to the 

solubility-temperature curve is horizontal and the l1eat 

of solution is zero. Below this temperature the heat 

of solution is positive. 

From the rapid variation of the heat 

of solution vri-th temperature, and the change in sign which 

ie undergoes at 400°, it is apparent that the heat of 

solution is not merely the heat required to dissociate 

the oxygen molecule into atoms. Lewls119 has calcul-

ated the heat of formation of Ag 0 from measurements of 
s 

the dissociation pressure. The heat of formation 

does not change with temperature nearly as rapidly as 

the heat of solution calculated here. Hence, apparent-

ly, the process does not consist merely in the formation 

of Ag O. 
2 
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The variation of the solubility with 

the square root of the pressure shows definltelythat a 

dissociation of the oxygen molecule takes place on 801-

uti on. The actual condition of the oxygen after the 

dissociation has taken place cannot be definitely es-

tG.bl1 shed. The two most likely possibilities are 
, 

the solution of the oxygen atoms in silver as such, or 

At the temperatures investlg-

ated Ag 0 would be in existence at oxygen pnessures far 
s 

below its dissociation pressure. It is, however, 

possible that the fact that the Ag 0 would be in dilute 
2 . 

solution would render it stable, even under such con-

ditions. 

There is also the possibility that 

the oxygen may be present in the form of ions. Thus 

Hartley 136 found that if gold were heated in oxygen at 

370°C it became positively charged, while in hydrogen 

it became negatively charged. Apparently this charge 

was due to the gas leaving the metal in the form of ions. 

Ramsay137 noticed the activation 

of hydrogen Which had diffused throu&~ palladium. It 

reacted with gases such as nitric oxide. Thl s however 

might equally well be due to atomic hydrogen, rather than 

to hydrogen ionst~ 

Langmulr138 found that oxygen de­

creased the electron emission from a heated tungsten 

filament, while ni trogen was inacti ve". 
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These phenomena, however, might 

all be expla.ined on the basis of adsorption. They 

are all surface affects, and there seems to be no necess-

ity for assuming ionized gas. 

Other electrical phenomena give evid-

ence against the idea of ions. Richards and Richardsl. SO
, 

from the results of their investigation on the effect of 

a magnetic field on iron containing occluded hydrogen, 

concluded that the hydrogen was in the atomic condition 

and was not ionized. Richards and Behr 1.
40 came to the 

same conclusion from the investigation of the E'l]E.F. of 
. 

finely divided iron containing dissolved hydrogen. 

The evidence, therefore, does not seem to support the 

hypothesis of ionic dissociation. 

Che mical affinity plays an import­

ant part in deciding Whether a gas will be absorbed by 

a metal or not. Thus the rare gases which possess 

practically no residual field of force are not absorbed 

by any of the metals. Nitrogen, also, being relative-

l~T inert as far as chemical combina .. t1on is concerneo_, i s 

not absorbed,except in cases such as that of iron where 

a well defined nitride is formed. 

Absorption a.nd Diffus~on. 

The phenomena of absorption of gases 

by metals and of diffusion of gases through metals must 

be fundamentally connected. It is virtually impossible 
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to conceive of a ~echanism for diffusion other than t~at 

of solution on the high pressure side of the metal and 

g subsequent gi ving up of the gas on tl1e low pressure 

side. Apparently then, solution must precede diffus-

ion and a gas cannot diffuse through a metal in which 

it ls insoluble. That this conclusion is justified 

by experimental results is shown in Table 61 1
0 

TABLE LXI • 
• 

GASES WHICH DIFFUSE THROUGH AND ARE ABSORBED BY 

METALS. 

Metal Diffusion No Diffusion Absorption No Absorption . .. - -
Iron H , N Ar , He H , N Ar , He 

2 2 2 s 
Platinum H 0 H 0 

a s s 2 

Palladium H He H He 
e s 

Silver 0 N 0 N 
2 2 2 2 

.. ,. !'Ti eke 1 H N CO H 
e ' 

l\~ 

S' sa 2 

Canner H H 
8 2 

~~~-~------~----~~--~-~~--------

Both tile rate of diffusion of oxysen 

throu&"1 silver, and th.e solubility of oxygen in silver, 

have been found to be proportional to the square root of 

t:'2. e pre s sure. Hence botn phenomena point to a dissoc-

iatlon of the oxygen. The rate of solution of oxygen 

in silver is also proportional to the square root of the 

pressure. This is to be expected as the Drocess of 

CO 

solution merely cQnsists in the diffusion of the gas 
:). 

7 ~,..,., 
------ - - - .. -- ~-.. 

) 

into the metal. 

cy\ 
\ 
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The solubi 1 i ty curve sho'lls c ninirn.-

There is also a sttdden change in the rate 

of solution at this point. It is therefore probt:tble 

that the rate of diffusion would show an abrupt change 

at this 'Ooint • ... Unfortunately no measurements have 

yet been made on the' rate of diffusion below 400°C. 

The case of. hydrogen and iron is somewhat analogous. 

S1everts showed that there was a sharp rise in the abs-
2C\."'tn~ 

orption at 850°C, the transi tion point from '$:1,11 ru to beta 

iron, corresponding to a similar rise in the rate of diff-

usion observe~ by Ryder. 

If {le assume that ::iiffusion is due 

to solution vTe can calculate the actual di stri bution of 

oxygen in a silver plate tllrough which the ga? is diff-

using. 

conc. [I 
. , 

Press.= P Press.= 0 

• x--·. 
4'4-----T-----•• 

Consider a plate of silver of 1 

square cm. cross-section, and thiclcness Terns'., t11rough 

~\7}lich oxygen is diffusing from one side on which the press­

ure is P cms. to the other side which is kept evacuated. 
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Let the concentration of gas <1i8s-

olved in the metal be C at the high pressure eidd 2,n,~1. 
o 

C' at any distance x in from 'this side. 
x 

The number of c.c. of ox:'"gen diff-

using through per second , Q, is given by 

Q • • • • • • • • • • • • • ( 1) 

The amount of oxygen dissolved in 

~le surface layer, C , will be given by 
o 

c k IP 
o ]. 

since the solubili ty varies as t~1e square root of tIle"'.: 

pressure. Substituting for P in equation (1) ,we 

obt.ain 
Q - K C 

o 
T 

•.•••••••. , .•.. (2) 

This amount of gas must cross any plane in tl1e metal per 

second. 

The amount of gas diffusing 

towards the low pre s sure side at xis given by 2" 

similar expression to (2), 

But since the total amount of gas 

crossing ,any plane in the metal per second must be the 

same, Qx = Q , so that 

K C 
o 

T 



Or c 
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= (T - x) c 
T 0 

• •••. " •••.••• (3) 

which gives the concentration of oxygen at any point in 

the nlate • ..... 

'Ve can also calculate t~le e,verage 

veloc! ty forwards of "tl'le,roxygen at,oms in any part of the 

ulate • ... The amount or oxygen crossing per second any 

plane dx, a distance x in from the high pressure side, 

in Et plate of thickness T is equal to the rate of diff­

usion of the· gas throll.g.'! B~ ~)late of t:~is thickness, say 

~ c.c. per square cm. per sec. 

The average translational velocity, 

V, of the a.toms of oxygen ls equal to the number of 

atoms going through the layer ger second multiplied by 

the thickness and divided by the number of atoms in 

the layer, that is 

v ~ dx 

dx.C .8 
1" x c;-

where S is the number o! c.c. of oxygen dissolved by 1 

cc. of silver at the pressure P. Whence we obtain 

v - ~ Co -
• 

C S 
x 

But from (3), c - C (T - x ) - , x o T 

Hence 
V - ~ Co T - ~T - -

eT - x) 
sfT=X) c s 

'" 
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Or, if Z is the rate of diffusion in c.c. per square 

cm. per second through a plate I cm. thick, we have 

Z/T 

whence 
v z 

SeT - ·x) 

From this we can obtain the average resultant velocity of 

the oxygen atoms through the plate at any point. 

Thus, for example, at 500°C 

pressure of 76 ems. we have, 

S - 0.104 c·.c'. per o.c. of silver -

T - 0.0205 ems. -
Z - 2.51 x 10-g c.c. 'Oer sq. cm. per -

Hence we have: 

(1). Velocity of entering gas (x = 0) 

V - 2.51 x lo-g 
0.104 (0.0205 - 0) 

1 18 10-6 • x cms. per sec. 

(2). Velocity at centre.(x - T/2) 

2.36 X 10- 6 ems. per sec. 

and a 

sec. 

This is also the average velOCity of the oxygen atoms 

through the Whole plate. 
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IX. CONCLUSION. 

From th.e foregoing discussion, 

certain conclusions may be drawn as to the mechanism 

of solution and diffusion in the case of oxygen and 

silver. The oxygen molecules are dis·sociated in the 

silver into atoms. These atoms then dissolve in the 

silver or react to form AS O. 
fa 

• 
The process of diffusion consists 

of the solution of gas in t~e meta.l, followed by a move-

ment of the gas throu~~ the plate, by being dissolved on 

the high pressure side and given off on the low pressure 

side. This is accomplished either by the diffusion 

of the dissolved oxygen atoms, or by the handing on of 

the oxygen in Ag ° from one silver atom to the next. 
2 

~le nrocess of solution is similar 

to that of diffusion. The outer layer of the silver 

is kept saturated and gas diffuses from this laver into 

the intermor according to Fick's Law. 

f~lile no definite decision can be 

made as to whether the dissolved gas exists in Wle atomic 

state or as AgeO, it appears to be more likely that it 

is in the atomic condition. 

The effect of temperature on the 

solub; li ty and the .rate~,~of solution points to th.e trans·-. 
ition of the silver from one allotropic form to another 

in the neighbourhood of 400°C. 
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The measu.rement of the rate of diff-

usion is difficult, while the rate' of solution is compar-. 
atively easily determined. It is hoped that future 

work will establish the connection between the two and 

enable the rate of diffusion to be calculated from sol-

ution velocity measurements. 
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x. SUM: ~.{ A R v • ----------

(1). An apparatus has been devised, bY"'J21eans of which 

accurate measurements of the solubility of gases 

in metals mav be made. 
u 

(2)0 The sol~bility of oxygen in silver has beem meas­

ured over a wide ra~ge of temperat~re at various 

pressures. 

(3). The solubility is proportional to the square root 

of the pressure • 

. (4). The solubility-temperature curve shows a minimQrn 

Above this the solubility is express-

ed by l/Q = K(930 - T), where Q is the solubility 

and T is the temperature in °C. 

(5). The rate of solution of oxygen in .silver hgs been 

measured over a consider~ble range of temperature 

and pressure. The equation K - lit (log s/s-x 
- C) has been found to expre s s the ,experimental 

results,where S is t~e saturation concentnation, 

X is the amount dissolved at"'rtime t, and K and C 

are constants. 

(6). The rate of solution is proportional to the square 

root of ..t..~ 

V~l e pre s sure. The variation ":li th temp-

erature is complicated and has not been explained. 

(7). By comparison with diffusion measurements, the con­

centration gradient and the average forward velocity 
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of oxygen atoms in diffusion have been calculated. 

(8). The mechanism of diffusion and of solution has been 

discussed. 

(9). Ni trogen has been' shown to be insoluble in si 1 ver. 

--------------------.---
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