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1.

ÊoRPfIm 0F eÂÊEs ¡r s0litB.

1,. ElÊtofle¡l Survey.

Sotptlon EsË first nq¡tlonoit by t. W. Soheslo X,a 1??5,

ileeorlbiag gaseË €aposê¿L to obetês¡l. Tn Lltltt, the åbbe !.
Sonta¡a atcserlbc¡l thc erperinoat ln Fhloh glortng obeuoeaL le
pluageil r¡adte¡ neroury anô ls sllgwêð to rlee lato an lavelteti
tube ssatainlng ges, whieh rosuLts in the tliEsppearaaoê gf

ê11 er the greater Dsrt of the gee.

$o.rptlor sås elso invaetlgeteit by pttestly, ile 1loryeeE,

Molos¡o antl Feraetey. Fafadey beLiêvo¿ tbat tt was a É¡nrfage

Bhen onetr on ilue to the et t¡ao tl.ve f o¡oes drertetl by the eubstaneeE

rlðê,ilr esB€oialþ tåe soli.ils. lghie coacepttoa of tbe superfleler.
aoti€n of natter *as repLaoed by the hypothesle of eaÞillary
etuiletlsetioa whish ex¡rlalneit adtsor¡rtlm ia terne of ltqulit
ooBd€Rgêil la poles of, the solldt alue to the LoEerlÞg of tho
vspont IË eËsüt€ oauEodl by surfaoe te¡lsiqr ef:feete. If thie
oouaegtlon le true, then it wor¡Lè bo laposslbLe to obtaln
¡(lsorDtle qt I'lqne eurfaeeg eueh as Er6 ¿ffordeit by Bloa, bo!
Eoulal Bagcs bê aal$orboat a-t temperatnres blgàer th*r the oritioaL
tæperatures. In splte of tho aaa¡r erguecnts against tho
hypotbeets of ¡¡orostty, Í.t etll1 polslêts ln ee¡tain quarters.

De Se¡geure aaiL rtoulltl bollovoa that ¿ôËo!tr)tion took pleoe
in thiek' oompreËseô leyofs dtrê to Long ,ra¡lge attraotlve foreos
rbleh extenðeit fron the s.,rfeee of, the soLiil wlth progressively
lelllag pote.ntial. thts hJ4letheals le h.os,1 to-aLay as the
Polanyi sr egmÞr€aseil ftLn hyBothesis. De g&ügs¿rê anil .loul-in



2.
aotloèitr eIso, tbet they were d,ealing wlth true equiLlbrla iE
the aatÊofptisn sf gasee by so¡'l¿s. thernodJ¡nsnlo polnts of
Yiew e otrLtlr tberefore, be applioat, einse we hsys pufe ly !€rvêrsible
obanges gf peesørûo lu a tro-phese systen.

In 1915, trenguuir proposed the h¡potheslE of tbe u¡i_
noLeouleE eôsorptloa rcyor, whish wrLl be alssorfbeat lD alct¿il
later. Sstb the oampreÊEêô fir.n hypothêais aôô tbè unåþo16ou1ar

lcyer hypothesie stiu heye thotr arl"berente, elthough the ktnetise ,

IËo'vLilo¡l by r.84grord.r ettal bsseal on hls àylrothosiË n8y be Ealê to
have gala eil un tve¡ sal aooeptance.

å. tha glaððtoel Sorptioa leothera.
llhe clsssiesl Êorptioa isother* ic geaerqlly howa, although

e"' or eousl¡r 80r, 8ê the Freu¡dlioh exponentrel rsother'. rt waE

tÞe firEt etteunpt to obtelu e proportionelrty bet-woen the pressr¡¡Fe

of the geË or the ooaoent¡atlon of the soLotlor¡ antÌ the
eoBo€qtrettør of tbè sorlir.. Ehu.s if r grae' of, a enbstaa.re q!ê
sorbeal by n gras of a so![d, the proBortlonel.ity woulô be

represeateä by t/a - &p or ko, wherc p repreeenta the preseure
of the gas anit o represeatE the cono.atratron s! the sorution,
rf aeeooiatio' had. to be tc"Len rato eccount, p antt o eourit be

raleeê ts s ome lntegral power.

It ras foun{lr howeyer, thet the erperlneutal fapts ,,

o oreesp on ile(l ts s no(ilffêô fofnuLe whioh nay be c¡ltten aE

follows,

x/ø e 4h
ü, x/n -- :rø!
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where {n, ltrstêa¿I of being æ iateget, ls æ irretionaL
frsotio'n valylng witb etsouesteoêE fron I to {1O.

lhis lsothem glveE a gooil atsserilltiôlr of the a¡prorlnata
qu.aatltatire behavi our of eorption.

5. fhe tranguuir Fornula.
lEbe olaseåeel equatlon mqy be ap$'].ieð ovo! a linit€è

ræge of plessurg fos whlch a ?q1ae s! a Þty be fo¡¡n. wåloh
aiteguately €lrrlrêÊaes the cperlneat¿l obcervati GnÊ. over I l¿rge
ltogsuro lange ao gueh value gf a ean þe obtaiaEa, en¿ tbe
eguatlon ilert?od by langnulr for a unifsm surf¿e e oa the beels
of hrs a oaoept of ua inolecrxr.af aals orpti qr ney be substttuteat.
lhis equøtloa le axpresseal ¿E fo].lows,

I

ã'#fr
where { aEaL b ere ooastæte, aail tbe othe! c¡mbole åave tbe
*lga{fleenoe glven above. lhe trangøui! equatloo iE a nush
¡aolo øaot formulatlon of the eorptton of geses bJr soliôs
tbæ the olesstoal isothom.

4. Reversiblo Ë{EttlbriËe.
Ln every ees¡6 of aorption lnveetlgateil, the treg¡rlts

observeê repreeort tfue revefeible oqütllbrluxû. lhis n¿y bo
lnferre¿t f!@ th€ fast tå¿t ouly a few seo oad.E are reqnlreô
for tbo greeter Bsrt of ¿þy gas to be takea up. gbe beet wey
of preving tbls polnt, however, ts to approaeh tbe €gr¡illbrLr¡a
fron bot'b .r.ilês' tåat of Supelseturatræ and 0f üratefsata¡at'o¡r.
¡Ioul'a fouad that ia both caõe' tho sên6 

'.naltioa rE atterueê.

5 ' ll,ne.

¿lthouah e xnl.tiel @qailrbrr.Ea tE ¿ttainedt ia the firet
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f aw soe oa ale, f t Ls f sna¿ that fr¡.rthe¡ aoEonts of gee aro t akea

ttr¡ Evef 10rtg letloals of tiue. McBetn haa o&ral,eal ou.t exper laeate
rith eårbon Enil soluttøe of loilíne whieh laste(l for sÊ long
aE eloven yoars, d.uf,i¡g which tine the amou¡t of eor¡rtion wae

êoubl.ecL withsut sny eyiatêÞee of obentoal reaotlotr havlng taken
pla.ee. EhiÊ slow proeeÉ¡Êr le prob*bly itue te tllfârsion, absorptlon
or soLial go1ut100. in oert¿fn o¿sôs, lt Eay 81eo b€ attrlbnted, to
aetivateô aalsorpttqâ as nll1 be sh oFa later.

6. Seupeaaturô.

lfenpereture !0€ð¡ ehange th6 tytr,E of aiLeorptloa obeerveil.
q

Dewar- fsunrl that øygen adlsorbedl by abereoal at -Lg5o, ncy be

lårgè]'y remove ö. fron the ohareoal by evaouatron. 6s1ve¡t fouha
tbat betweon Oo and lFOo, tho orygea sorbe¡l oa eþafsoel tE not
tts¡lily rôe€'ve!oô. 4t higher tæpereturas, yely ltttre oxygob
fs roo oyeretr as aueh on evaonatlon. ghe gas whieh åe rea¡ov€ar

lE foubat to be largely q rûi¡turê of oafbon eonoaialo andl oårbm
tll oaL¿le.

trI. ly¡ree ol $orptlon aail Releteil pbeaomena.

1. Introôuotåft.

MeB¿in5 ¡yas the flfst to ehow that BaEeE eay be taken up
by soüals ln many wqys other tben by eauslng tben to aclhere to
tbô gut6r suf,faeo. rtr order to inelüôe ar1 the proeesse*¡ by whioh
a gérE m8y be heki by a soliE he introduoeil tbe general t6!m
rsorptiouã. It is now geaerêl,Iy oonseiloè that there are th¡ee
typee of sorption, Tiz.' phj¡'ical aileorptlon, aetf.v¿tod aarssrptron
or ohemisorptioo, enil itiffuet ob or solution.

Ê. Phyð¡.oal .å,alsorDtton.

phyFteal 8*ssrptloB lE ìrsu811y ettributear. to the vaa tÌat.
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feel-s¡ f,elo€s. It takes pleoe at low teuoper¿tu¡es ütd fE
aoooopanleil by eoal1 heats of aitsor¡rtion. Beatm fq¿nal th¿t
hydrogên wae phyelealS,y eilsorbsal by irol, whlah was tr}repaEeal

by tôaluetiqt sf firaeð ferro-ferfts o¡riae with byttrogen et
445-4500, at -195 anit -L8go; anû the beat of ailsor¡ltlon wae

oatoulatêit to be about 1600 saLs.4 phyetoel erteorBtfoa of
earboa Eono¡ide by iron preparett by the saqo mgthoat wa,f¡ fourrd

to take pLaoe at .rr85o 5. For the pernaue4t gÊsôs aalsorbeô o¡3

ulee bstweoa -18o aaô -8000., tbe beats of adsorDtron r¡rîrge

betweea 500 auif POOO oelortoÊ per no1. Benton aÈil {btte6 ÊhoçoaL

tbat phyeteel ¿d.sorptiqr took p1str6 bol.ow -Eoooc. whon hy(tlogotl
ras *ilsorbed. by nlokel. åbove this tompereture physieal-

srrè aettyatcil *il.sorptton tgok pl.aoe sluultåneouely.
the geees whieh aro helå by tho v¿n Ë16r Waatsr foroos

ere not Êtrongly boünd by the soLtit, aaô uay ueuÊlty be

rgooveag{l by evaouatlsl wfthout heattng.S DewarS rêooyôleal
uost of the oorygea ad€orbefl by oharsosl at -lBEo Þy qeeaE

of evaeu.atf.on, ¡orefy arrû EulcttT åhowgè that otrly 50$ of the
ctygen qûsorbed. by oharooal et rosn tæpeteture soul_d bo

rooor¡er€al as ffiygêtr by evaouation. rhis g€grs to inillsato that
Et 1eaet two types of sorptioa hatt t¿ken ¡Iaoe at thet
temperature.

rn 19P8, loÞnard.-Jû''ee anal Þeat shoueel tb¿t the attraetion
of a orystãl of potegÊiue ehlq¡l{te on q.n srgoût ¿too outeiùe it
ilue to tbe van Ërer taar.er foroos wag suffro ient to gtve e heat
of åd.sot ptioa of tho oriter of å000 ealorleÊ pef gran aton.
&perineatal dete¡nfnations of the heat of aalsorptton of aû

lnert gac sneb as af,gon' on * ery*tel of the potaseluu ehlgrrðo
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type oan onL¡¡ be na,ite with great ôffflorlty, beoauge of the

ÊdaLl surfaoe ar6a pre6oat6al by m,ob a crystaL per ïurlt nasõ.

f¡enaarå.-Jones8, therefore, oalorLâ,têû tbe hcats of, aqsorption
ior systens rhlah ooul-d. be er¡rerfuentall¡¡ üeternlueai. lhe
êã,l,ct11a.tloas for nltrogea o! oopp er gave a re$¡It of aboet

å60O oalories lror gtra¡û rnol, aaô that for hyiÞogen on coppêr

a reÊult of 1500 oalorleE per gran mol.. [hesô aa].eulateit reÊtrltg
agfeeÕ very olosel¡r vitb the 68l,ôrtnentaL results obteinorl by

Seaton who fouad that the heat of ailsorptlon of aftrogen oa

oopper, ptepa¡oil Þy tbe ¡e&l'otlsa of tbe srf.tle wlth hyêrogea,

oataly at 1L6o auð. ftaally at J.40o, nas tu the nolghbourhoed¡.

qf, 4000çâ009 oal.orf.ea, aaê that the heat of aelsorBtloa of
hyttrogen on ooppor pr qra.r€tl ta the ga.rne mar¡.er was about

L900 oalo¡ies ¿t -195 ts -1850.

lhe tem¡rerature range over shloh pþaleal" ailsorptioa
ooour:s alose va,r f es for all.ff,ereat systone 0f not8,I sJað g&ð.

Bento¡6 ehoçei! that la the oase of nltrogen oa iron, pþsteal
ailsorptlon ls the oaþ preceee tnvolveð fron -L91.g0 to OoC.

Xn the oaae of carbou Boao¡l.ilo on ironf ph¡reiaai" aèsorptfon
was fouad. to take plaoe fron -l8,5o to -?9.600. At -?g.öo a
raplõ aôeorptlon took plaoe followeil by a slow pÍo6êÊ8r ÀIthough

tbe rapld IrrooeÊs ls unêoubtedþ gh¡rstcal aeloorption, Benton ðoes

not expJ.aln the aatu¡e ef the aloø Brooess that fo llows.
[he çriter 1s of ithe opinfon that the olow grooeos ie one of
aotlyatetl aôsorptfon. Ehts vlow ls atlopteô aftor å survey of
the followlng faots. [he prooess o:E aotlvateð aèsorptioa f.s

relativery olow. Inôeetl, th6 slouûegs with whioh equtllþrtu.q
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iE aeaehetl bas ledt Ward9 to beliêve that aotlvateil ad.eorptto6

1Ë aon-existant anê ie being mistaken fof alfffusi on. Moroovêr,

oertain tJrpes of eotivateel edsorption are hr own to take p]'ac 6

at relatlvely 1ow tenperatu.res, and arê &ssool.êtort wlth
e ouparatively low-btþôing energiee. Itexte eL aaê Eaesidlo heve

sboçn that ln the oase of adaorptioa of hydrogen by alekel,
only prieary ealÊo¡ptlon takes plqoe from -].9O tg -?goe" Åt -?9o,
ã,10 e.e. of hy¿t¡ og en are atlÊorbed by ? grans of nLckel ttne

to physf ea1 arlsorption, and 0. ?,4 a.a. is a€lsorbea by neans of

¿ Eee onðary aaLE osptloþ. tsho o u.f,"e obtalneci by Mâxteê å?r ¿ ÉåÊslai

ls sho¡ra in Flg. L. ShiE anouat 1s too greet to b€ ttue to
solntion. Extrapolating the tlata of $leverts for the eolution
of hyaÚogen i.a aiokêl, it is founal that about 0.1 0.6. of
hydrogea ie ðiesoLved. in 100 grans of nlshê1 at -?9oË. end

?60 @. the anoqrt of by¡irogen aåõorbeû by IO0 grå¡ls of niekêl
t[u.e to the seaoEitaf,y proooss obËotrveil by Maxtett an iL EåËslA ig
about ð,4 e. o.

A¡othor eåse of ovofl-a¡lt¡ing of physleal anrl aetivateiL

atlsorption at low teraperatures wås obsêf,veê in the ailsorption
of hyclrogea by iron, Benton5 founil. th¿t physioa}. atlsorption
an il sheetsorpt iør took p1êee sinu3taneou.sly at -?g.5og.

5. ÅetlvateaL Å,d.Êorption.

Benton anô $bite6 fountl that hyilrogen was strong1y

eitËorbêd. by nlekel et very low tenperatu¡es of tho or¿l^ef of

-e00oc. 0n relsing the terEü'erature, tho aalsorptlon dlnlnlEbed to
å Etntsun at about -18O9e., then lt rose to s n¡¡xi¡Èr¡s at -3.06o9.,
åEå after thet, Lt fgLl" off steaitlly wtth fnrther ri$e in
temperature. [à€ saee results ürere obtaiuerl by Iaytor
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anê Hllllaneonll sê 8eylor *rit HoKtnneyl?. fhs beete of
ailsorptloe at the btgber tenper etures rero o onsièerably greater
tban tbsse obsef"eil at the ertrenel-y J.ou tenperatures.

the seeouð type of aatsorptlon, the saot aature of
which le not yet hown, was oalle¿ aotivated adsorption by
E. S. l[qylo¡lã euù Gh€rgl.sorptim by Beatoa anil Hhita4. îhgy
suggeot that the alokel surfaoê et the hlgber tenperautes fs
qgre¡eal by aetlvatèd. byilrogoa, wbloh ts probablx 1e tbe atonio
state, anù ie helit by ohætoa]- forees.

lhe bindÍng eaergros invorvear in aetrvateê aitsorptish are
eboat ten tlnês as largê sÊ tboEe iovoLveð rn phyeteal eêsosptr.o'.
Seebe ætt reylo¡I4 for¡ad that tbe heEt of aiüeorption of hytlrogea
on ale&e1 at htgh temperatures was p0, o0o Eerg'i€s. e. B. r[eyror,
&totlatcorsky aad. Perry$ founit that tho heat of sorptloa
9f hyilrsgon on pletlana bleok was betweea gl,000 anð E5r 000

e*lo*tog' ilepernð.tng oc tbe tJrrre of pLatiaun blcok useiÈ; a¡rcl the
heat of sorptfon of sygea on platlnum black wes betweea
60'000 antl 85r0o0 c¿rosr6s. Íhe beat of adsorptrotr of bydrogea
on nerganotle olßlûo ih¡e to the vêE Aes Waa¡.| 6 foreêe rce
eonputet¡. ts be l_.9 Sg. êels. by E. S, $êylo¡ aail å,. Sherroanl6.
trr@ OoC. uprvafd, the eat€rg¡¡ of aottvatlon for tåe sane systôn
ras founal to be 19 rg. êsrs. rEhey ar.so found. that the aat!.vetion
on€fgJ¡ of hyiþ ogeb on alunia a wes p5,000 oa1s.

8åe amsr¡ntE of gas salsorbed by meure sf activated,
ealsoaptioa ere greater thaa those aarÊorbe(i! ta phyaicel aôFoaptron.
Bent on5 founô tbat ¿b su.t 4.0 o.s. of oarbon itioxiåe w€re
etlsorbeil by ospper at âoooE. atrit ã0o ûts. ôue to physleaL
aitsofptloä anrt that ¿bout 15 o¡o¡ of tbo gae were aèsorbêtl
by oopper at tbe eæe temperatufs anil pre{¡Eure ðue to aetivatedt
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aasorption. Eo aLéo foua it that in the e&se of hytLrogoE on

{rôpper, abor¡t 0.4 €oo. of hyat¡ogetr was etlsorbôè st I90oK. antl

500 nûb. äue to phyË1e41 aaËosptlot!' âatl sboBt 8.7 e.e.

wore a{ilÉ¡orbeð by nesre of cheú0lsoaptfo! et the eaae t empereture

aBô p¡eßtsrae. lEhe na¡imum qusatity of hyalfogen at[sorbeal by

ooppor i1ìr6 to pbysioal aasoaptl,on we€r 5 e.e., aaô this r¡Botrrt

weÉ¡ et!Ëotbeù et 6OoK. anat 500 @. ltbe naxiump quantlty of

hyalr ogen ¿ilso¡beå ôue to activatêð ailsosptlon weÊ 8Ç? e.o.

at about L90of, êntt 5OO @.

4. S ollrt lon.

It haE eÞeeity beea m¡ntlone¿ tliat Wsf,al enat others il.o

aot belieyê in the €aistênoo of aotlv¿tea aiÌËorptio!, and thoy

e[å eonviheeil tb at åt te beiag nlstakea fo¡ solutíoa of the

gas iÈto tbe eoIlal. Íhet e gas nåy be eolubLe in a netal wes

shôwu by Slevertel?, sho af,.so observeð that the rate of

solutloa inoroages with ¿ rise ln t enporatu re. Åoooratlrtg to
8arè18, tberefore, it oou'Lð be expectetl tbat dtffirsien
of the ga*r into the sol-ltL wou.lð be a dttsturbing faetor in
atlsorptloa exper lnants. åt l.ow tonperatnaes, shere tbe rate sf
dlffuston is nogltBib1e, faetsrtaneoug adsorpttoa only wotúil

be oþsery€il; and, wtth inarease in tem¡reratule, slgw solr*tfotr

woE1al tetse I)1êea simnltaneouely with the aileolptioa, cuil

e{r1illbrltre wglrl-al be epprosehe(l very sLow]'y. Àt suffiolently
hlgh tenperatures atlsorptlon Eol¡Id. have ileeseeËeti antl the

¡ate sf itltfusloa Eou.3.il beeone Euffieiently fast ts neke

Ëolutlm the ohlef faotor.



10.

Steaoiel9 1"erds suppoet to Werdts hypothesls. Be ehows

that ln nost oases quoteal by ßay].or in support of tbe aotiveter!

atleorption theor¿ the experiloeat¿l dtata caa bo eÊIplaitreð by

thê lalowî. solubllltLês of the gaseg er!¿L õoLi(tË o orisialef,eil,

Ebat thls le not the oase ån the aôsorptlon of hytlrogen by

nickel has al¡eaaly boen ghowt by the sslter by neavre of a
ûo&pa.rison of the d*ta obtaineil by Maxteil åttti Eesqid with

that of Sievôtts.

Å ges uay ittffusê into a sgli(L in tto uayg,

(a) throu€h the l-ettios sf tbe solial,

lb) ê1ong grain bsorlaleri.oÊ.

In the flrat oassr tbe atons of the eoLid nuet be suffielentþ
fat epart to allow the etoms of moL€oules of the gae to

p*so betwoøn. Aç the tempefature ls f¡oreaeed, the enpi. ttud6

of the vlbration sf, tha atons of the Êo1fat bôoonôE greater.

Å point wtl.l be reaoh€al eventuaLly when theEe atome ere

(liãpLeoêit fron eaoh othe¡ to en €xtent great en ough to pernft

tbo g*Ë to påss through. {hls type of soLutlon ne¡ be upeote<l

to beaomo neagurabLe at gome ortttoa]. tenpereture, a,n cI to

ibofËaso ia veloolty ox fuf thor h eeting.

$he tttstânse b etws€'tr the at one fe greater. at the $nêkal

orqqkg, aEð plaBes of weehless, For thlÊ ressoa, sp*tial con-

sialoratf ons e]-one ere not so laportant la the oêsê of d.iffust ûr1

along grein bouÐalarLes. Such ittffusion shou-lal, therafore,

beeou¡e apparent et lorer temperatures, ånð onofgy of aotlvation
wilJ" be necessârT¡ for tlre J-atera1. d"iffirsion along tne surfå,ce.
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In the esseg where gâs ttiffüsos along tho lnterôaL

sr¡^Ffae e of fissuFes ia the metal, the gas atoBs or nolêsuIes

efe" strletly speahLng, on tbe surfaee, A cllstlnatton betweea

the two types of surfaces must be tlr anr. Flrstly, there ls the

type of su¡faoê. mentioaeè above; an al sgeonally, tbe surface whloh

1s eãposêA to tbe bonÞatðn6bt of the gas phase. She tern
raileorptloaE is linlted. to the seoonô type of su.rfaeo.

Wa¡¿lê, ir * quantltetive stuily of solutlon, bas shown

that { 1) for a -gJ.ven t enp er etu,r e å¡ral lrresõure, the anount

of gae ebsotbeal is pro¡rortloasl to the equare ¡oot of the ti"ne,

få) fo¡ a glven ta¡qfsr¿ture, the amouat abeorbed. divlêêtt by the

Equare root of the t i-me ls proportional to the o oneentratioa

on the guter Eu¡fao e, aad (5) the proeêss of satsorptLon d.öpen dLs

oa temperatnre Eos orall¡g to an exponentlal faotor 6-E/8, where

F ls a eoaotaat, via., an astlvatloa en6rgy.

õ. À{,obiLlty of ¿atgorbeô Moleoules.

Yel.net antt Eeternawr20 alloweô mercury at -16o6. Xu

vapofiae aofoes ¿n evapuateal spaoe to a glase surtao e whioh was

kept at -66oC. they fouatL that alnute crJ¡sta:.s of ûefoary for¡¡erl

0n the gLees eurfeee. llhese orystels wor6 flet aaè their
tblshroes was not over 1/10,000 part of thetr wtðth. fhe flat
portioö of tbe eryste1 êlit aot g¡os Érs fast as it soeelyeil

the nereury atong. llb€ sid.ås, however, were foundl to grow

a thoue&r al tinas faster. than the aunber of roercnry at on$

¡ðaehing tben atfr oo tly ff or8 the vap orr woulal warrant.

tenee, Y ol¡ner andl llstermann eonoLualetl th¿t the mereury

atoms whioh arfived at the fLat su¡faoe traveLLed al,ong that
Êuffaqe aþd fea the raptdly grow5ng Eiates. thus tt may be seen
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that atone or moleou1ee etrihing a eryetal of the sane mate¡Íal
üray r¡ove abou.t on the eurface unttl tbey €vaporate agaib or asø

buílt into tho epaoe lattlee.
In a¡ other sperlnent Þy Voleer antt Arthika¡i21, lt was sh own

that oryetal's of bonaophenone arletng ln a drop of the liquid.
ô oulal grow tbr ough the su¡faee to an extent of about 0,L pn.

llhe naterleL f6t the growth of that part of cryÊtal above tl¡e

1lqa¿è is srllæLiêô by the morement of tho aalsoEbeal mol"eonLes

of beazgph€r¡one alotrg the sutfao o of the erystal. VsLnc¡Ê8

suggests tho follo$itrg âs en explanatlon of the ueehanim of

the spreeêiagf''of aêsorbetl ooleoul-êE over å soli(t surfeee.

llh e aasorbeil noLoar¡].êÊ, at trow tepperatures, atr6 nostly
tigiilly flxed to atsr¡s of the so].tal, a¡l{il a¡e aot noblle. îhey
sseillato only eroun(l their €quillbrluts posltlons. On Ealstag

the tenperetr¡fe, howeve!, the ar¡rtitr¿ile of tho osolL1atlsns

is iEos6êsêal.; an al mof e antl ao¡e sftetr sa ådtsorb€at üo1eou16,

beoause of an geeggional" 6loEgati on uf11 junp into the

üaoesupieè fiêld. of gn aéLJaeEnt atsn. l!Þe prooess fgqulres a

clef ir ite êEorgy of activ¿tton, anû lts ve].oolty wíll lnorêase as

tàe tenperature riseE La ase ortlenoe wlth an exponentiål 1pw.

lhe eaergy of aÊtivation for thle prooess has beca

oeliolr]'atea by E. e. Rtêea126 for the oxlalêtlea of sop?er.

the value obtaiaeô Fas LÊ,4OO e¿LofioË Bor gs8,n r¡o]..

6. Ðlssontlnnitlee ln åilsorption Srooasses.

À1Lnaai1 anil êhaBifn% fi¡st noti€6il ðieeoatinulties iB

the ieosterss of aL1 oarbon tetraahloriAê - ohåreoal systens

tlot€Enlnôtl ovet tæperature tangee betweera, 0 and, 9Ooê.,

rheneve¡ the earbqr têttaohlorlèe prgÊauro exoeeile€l 0.1 Rm.¡
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tbe heat of salåoEption, o onstant up to that psessure' untlef went

a srrtlatêa rilecr€aËê. In 1951, .Ê,1Lnan al anrÌ BuraegezS sbtaineê

ðlso ontlnuous lsothems fof, thê aôsorptton of tbê vapoü.s$

of oarbon tetraohlo¡lôe, benaeno, wêter, oålboB bisulphitte,

and earbon aLiqiilo oB ve[lous types of eharooal. In two

es{¡es, the broken isotbernal"s fof oafboa têtfaoh].orlôe wore

f oun a! to þe ¡eversible.

Senton anil llhite4 observeü' that tbe aèsorption of hyatrog€a

by niokel at low temperatureg inoreêsed. with preesure fn a

èise ob tlausuË raarrêr. Ehey elso obtaineal åisoontinultl€s for
the adtsorption of hyttrogea by oôppes at -185 arrû -195oÊ.,
byd.rogea by 1r oE at these sane tenperatares, anõ nltrogen
by 1r oa at *?8.5ot. Isothe$ûs for Eyelrogen on lroa afe glvsa in
8ig. 2.

ilhese êisooutiauttLes oan only be &s{rttbe.l to å largê
aumber of partleles takfng up a ea1l quantity of gas abruptty

snal nesrly slnultaaeously. Ehe posstblllty that the oteps

nepresent the gueoecsive fornatton of ooaplêt€ layêss over tbe

surfa6e of tbe sofbfÞg nateriaL oan be elinlnateü ginoe Bentoa

aail Hhite show that neêsI.y a ðoaea steps ooeur wlthout coveriþg
tbe sorbiag ffrrfaêo wlth a uaitso16ou1ar 1ayer.

llo êxBlsin the ttiso ontinultiee, Benton4 propoeeil the

hypotbesie of coaeêntrlc rows. Eê believôs that the surfaoe

of notelltg ailsgrb€Dts are composê¡l of planê crystel faoes, anil

that all the faoes of gfvon iadfoes are ¿l.ike f.n propertiee,

but nay be tLiff€reat iB slae. Sor a given faee, a step ia the
i sother!Â represeats the nearly si¡rultåneous eonpletion on all
sueh faces, of a aow of aasofbèil nolscr¡lês parallel to the.

ed,go. flhe firet roç is beliereaL to be at thê oal€es themeelvea;
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thereafter, eôalitioþa1 ! or¡r fsrm inElilo eaal eauaoent to ob.

anothet, uattl at ].egt the ¡orB resÞb tha oeat¡e sntl the feee

beo o¡¡eg a oßp3êtoly eweroal.

Å Ëtlrilsr hypotheeie çsÊ forElrleted. bS ¡,l.lnand, Burrago,

anit tha¡L1a?6 n¡"y thsught that the åatsorptlon on ohatroo&I

startsat sut fro¡¡ Êotlve oabtles, froB wbish n lelanalEü of

sofbate Eproåal oìrt. 4n nlslan# corrÉ¡lst-s Ef e eertes of
conoentfl.o riags. the e@pletton of, a Eing 8l¡A the stast of a
ttsw ons fs Earkea by a bresk la the Eüfyso ghe Strr¿tlel

arrangenent of the rlngg ln leLstlon to the aotlve ooatres

It yâalsble. llhe ringa are elog€r in at htgh tempcratnres

âað xlth lgr-bgf]-lng sorbatês thsr at ¡-or tenpereturss oF

wlth high*bollfng sorbctês.

7. Eeetc of Sorption.

1.. üonperieo¡ of Eeats of SorBttorn çlth !¿tent EêatË of
Taporitatioa.

Íione neatio¡l hss alr êåaly beea naôE to hcatE of sorption

ln the ittsouÊston of ¡lhyelssl' ætl aetlveteù aileor¡ltloa. It
B8y brl of inte¡eet to extendl the data alreað5r givon ln oraler

tg i¡sluate a o@patlaon of tho heats of eorptloa wlth boatg

of, vaporiaation. $enatuF?gfveg tabl-e L, the valrêe roeoralêal

belag obtaiaeel. by Derar for the heat of sorption by ohåreoaL

at -I85ôê.
Eebte l.

0on¡larieon sf Eeaie of Ëorptionr {r of eases by

Cha¡oo¿]' aatt tbeir !¿tent Eeate of Va}grlaÐtion, p.

eac g (eals. I

Eeliun ...5,000
p foelð.)

?A



êag.

Eyrlicogea

Fl.trogeq

orygeB

Argon

Tepour

gthyl chloride......
te¡bon bisulphiite ...
Eothyl eleohol .... ..
Ethyl brootðe .......
Ethyl lod.idê ¡¡oe ¡rr¡

q (e¿ls. )

lr 600 .. r. ..
5r684 ..............
6r144

9,656

leble 2.

q (ae1E.)

18, OO0

19,600

15, L00

15,9Oo

14,0Oo

16.

? {se].È. )

e58

L,672

l,664

1, õ00

l,4o0Carbon uqtgxiil€....... 8r4].'6

EleotsolytlE gâB ..... Zr4].4

Ês¡bsn noasxLalo æe[ oxygeu ãr 960

cafþoa èioxtae at ¡?8o 61100 5,000

Xt le seen ff,s¡¡ the âbovo th¿t ia easb sn¡¡e the heat of
eorptlon le eoneLd.ers,bly gleater th€lr the beat of yêÞoslaåtion.

Lt is of tate¡eet to noto, atso, that the valnog for Bitrogon,
srygon anal stgon bea¡ ao osgðatl4l ilifferense. lhis t$ of s o!ûe

signifloanee shen so ooêsr.ar€r tåat orygen at row temperatnres,
ãltrogea an iL ar6 oa arê a(lsorbsil by ohareoa]- in ¿ppro:rinately
equaL anouuts.t8 It olearLy EhowE e [olatlonship between tbe
heate of aôEofptlûa a.nal the ansunte a,ðÊofbeal.

l*qÞ anô Cooliageåg ebtelnoril the seeults glvên ia teble 2.
ßhêy useal â Etea.B aotivateil osco¡ut qhareosl at Oo0. ¡rtth the
våpourË of grgelrie ltquid.s. e and p have the Eanê stgalfl.osreE
glven ahove.

p (sålE.)

6,8e0

6f 850

I,g5O

6,850

7rgl0



Yapour t (cals. )

€!åloroforn ........... 14r500

$tbyl fomate . .. ..... 14,500

Bea¡ene . 14, ?00

gthyl al.sohol . ....... 16,000

Carbon tetraehloriite . 15,500

Ethyt ether . . . .. .. o. . 15, 5OO

laub anit gooltd.ge oaL]- thê eaoess of heat of sorption
over tho lateat boet of vaporiãafion d.lvlateê by the noleoular
ygluloe of the qorresponallïrg freo ltqlrid at Oot, the net
beat of sorptlon pê! oroo of lfqulè Forbea. Ehey fiait that
It ie lalentioeL for the eleven Lt$lide st¿ilteô. Ehey wrlte,
tllhts ie a vefj¡ illuulaatfng fact. It tnd[iaateg that the he¿t
of, aôsorptf.oÈ ls iad.eeit ihra to ettreetive foaoês of the
oheaeo¿l upon the Ltquid., encl thet for a girea volu¡Bê of
llqnlô, that Íen for e glven 1¡01uüe of filteil oqptltary spaee,

the heet ]-ibêrêtêtt ie iiloutloåL or aearl,y Eo for ¿ll the Ll*ut(ls
Etudleè.8

li. bperlraentEl trdethoatË of Stuilylng Eeate of öorptlon.
Ðewar89 ugeð a liquld, air o¿l-orineter at -Lg5o0., the

he¿t evolvaat on the iatroiluotioa of th€ gåS to the eharooal
belng oeosuroð by the aoount of ]-tqutð alr evåporateat ff oB al
lnsu.Leteal eoataiaer sulroundlng the ohareoal_.

la¡ab an il. tgolt ègeõoüsêð aa Le6 e&Lof imetor 1a their
80f,J. on the atlsqgr)tr,oa of vepours of o*ganro liqì$als by ohelooal.
Earne"5l ueeél q thermoeou¡3e wbiab he llqeed in the attldle
sf the shareoeL apal salog.latqal the hoate of, sorptlon by the

16.

p {cate.)
8,000

8,580

7,8L0

Lo,660

I,000

6,900
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rise 1n teurperature of the Eorbtng ¡¡ate¡le1.

tti. &quationê Itseil ts taloulate the Eeate of SosDtlo¡r.

lhe fornu1å ueed by 8ay1or aað iYi1llam*urtl iu uu

foL].ows: -
10s !: = g/1 Ilt, R \lz fl

wheee t} antl tp êrê thê t lnes t akeR fsr the EaÍ¡o volunûo of

gaç¡ to be atlsorboa! at temperatute¡¡ ll' anð |!, reepeotively.

Q, 1e the heat sf sorptioþ, ar¡it B ie the gas oonetent.
. ¿.4

E. Eüokel'- glves a fgrau}'a Eht6h is as follonð!-
q¡'REA1¿torpl -R!\ àî ,/¿

q iÊ tb6 d,iffor€rlttel heat of eêËortr,tion m€&suteal at a eoaetant

volumo, ene / ¡log ¡l ts the tenperatule ooeffioi€nt of thc
\ àE la

l ogasith8 sf the eqBtl1bt lu¡o prossure unde! isoetoríe aonilltions.

Ia 1954, g. f¡¡ Eaylo! anè g. Ogðen& usetl the fo11ow!¡g

forßula:-
logpt_]'ogpa = ^ ft tl:1:6'õ- LE? F,J

À iq thê heat of adtsorption. p1 aatt pe are the eqtllJ-lbtiun

pressu"res fot a giren adlsorptiêa at f, aað î¿.

8. îhð fhioh€Ês of Åilsorbetl Filns.
llbero efê three polnts of view nith regarct to the

thiEhress of the aðsorbeð layer. ghiefl-y through the iafLuenoe

of lanpuir, lt ls w1a161y helð that ell sorbe{l EoleouL€E are

ia eoataot with the aol.eou]'ês o¡ etoms 0f the solidl. laDgntrit

hlneelf sslnteiãs thet unater htghly f,avou¡able oonðltLoaq

$¡sh es aa envir onment sf nearLy saturateð vâp qr^r, a sesonal

le¡¡er nay be oapturerl" by the fl¡st ahal q thisð by the soooaal
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eEê Bo otr ûf,th pfggreesir¡ely woskeÞj.ng fgroe. $û6h b1rilt-ep
pglyaolêcËl-ar l.ayors riiffe¡ ia priuelpLe faon th6 thirat aoncôption,
thet of tbê al'ðer physioe, tbet ell the soLeouSeE ooni¡g witbln
å eertain aa¡rgê of, tho solfð aro tÉreotly attraated., tbue

c or¡stltBttEg a reglør of dåreat egaptiori 
'¡cb ose thiebê6s ls

very nerly tfnee gr eater than a solecuLer ttiq¡oete¡ ¿ail whieh is
aot aeoessarily 01oðe peekeal witb sorbea neterlaL.

Muoh erpertrBôata:L work haÊ beel1 (LoÊe to ilistinguiah
betreea the thirô or el¿ssloal bypothesis anal. the ftfst sr
EoaomolôouLar ooaeêption. ra thls type of work lt is l1000ssêry,
flsst' to measu¿e th€ aotuar anoüBt of sorptro,nr asrt to ¿ece*tain
tàe ¡ea1 aaeê of the surfaso lavolveil., antl finally to èletiagutsh
a thåe\ allreot]y att¡setear. frln fron a bu{Lt-up Etsuetu¡e sf.
naûry ]-åyefs.

ål.tbongh it ls founð thet eorptlor by gless usually
eofresponalE at most to a neûomo16eu.1êr 1êyes, Ëineeõ5 obtained.
s futs absut 66? noloou'es thiak or r.r4o0 å tn hiE er¡rertnent oa

tho sorpti@ of mercu¡re iottlcle on hlgh neltiag ,re'e oombustroa
gl¿Es blomt tÞrough a tube contalaing phoephorus poat6id6
ênd heet€.t ia e streån of dfy qfygen t111 the gl.aes softenett.
r'augrmlcr e experinents witb nr.sa56 gaye 16sa thea æ ough fo! oao
e .BIrletê trotroroleet¡}a' ¡,aye r, ueiag gases at very low paeEsuler¡

åual vêpours ¿t sonewhat bigher ¡elative paèÊsurêa. Els experrneats
witb ptetiuu' aad hie study of eleot¡onio €ü.r.sloa :Êroa tho¡ieteai.
tungeten also iaaioate that tbe fl1ae alo üoEonoleoule¡ o¡ r.eEs.å?

It iE êvið€|lt that unLess tho ar€a of the Eoli{t is
eeeurately ¡¡onnr the thio&rees of the êasorbea. flIq oenaot be
oorreetl¡r èeter'iaêat. rt is rroubtful that roioroeoopio nethoùa
e¡e su.ffloiently eraet siuoe tboy do aot tske lnto ascount the
netvork of ereeks that orystale spontaneous1.y ¿eyelgp owiag to



ooaetreettø aue to uabal"anoêal fof,eoE at the õurfaoe. 
tåí""u

otaekÊ, spêeoal about 100 atone epart, will a1llrf,ec i&bly ino¡e¿oe

tho area evait.abl-e for thê eorptlo,a of smaLL moLeeul.oÊ.

lrwo neth oils fo¡ rl.et or¡q in iag the true surfaoe å,rea of
solttls afe d.oseribed. by MeBelng8. In experfuoeats witb flae]'y
illvttieil lestl Êulpbate, tboriun B wes êmBloyeti as a E¡eilioaotive

intlisator.r Ður tng aèsorÞtf on the isotope replaoêE some of the
].eeal et oms on the Êulfa'ê of the leadt suJ.phate, those rðaê at orE

entoriug the solution uatil tbe [atio of the quaatity on the
surfaee to that ia the eolutien ls the ea¡no fsr the 1eaô atese
ånil foE fts leotope. ReversiþLe equil-ibriun eetab1iel¡es itsolf
eo qntckly that it lê Eafe to as$rae that tbe reauangement
ls llniteit to the expogêd ato4s on thê 6urfÊs ê of the oryetar,
altbough it wou.tê iEgLuile eraaks *EaL orôvLeeg. lhe d.lðtrihrtion
of the leotope ls fsunil by meaas of ar o1€otfosoope, ar¡ü the

lnenttty of learl ln solutlotr ls deternlaetl ena1ytieally. Eer¡oe

thê exposeù Eurfase of the Loêê sul'I}bete beoomes hrorn. For
leed sulpbate tt was fou¿d to be twåeo that eetrnatear. ff,oE
nlotoseoplc observatloþ.

llbe eeeondr aethoct rhiob Båy be 6nploJr6at la the deterninettsn
of arot iË hrswn aE the nêthoil of eleot'olytts polerl¡¿tLsn.

Â netal is neôe tbe cathoile tr a èi].utê aeid aatt the
quabtity of eLêotrisity, ^q, shioh nust psqs aolosrs the taterfsce
to sause e given ehange ln the eleotroùo potetrtleI iË
measurêa!. Ebie quantity is founa to be indopenrtent of tbe
ohe¡¡leaI aeturê of the aetal eupLoyoû; anð, tberafole, apDearE
to neaEu¡e the aoeeEsiblê erea of the metaL.

n¿bl'e & givee the ¡atio bot¡ceea the t¡ue surfaee anê tbe
appatent su¡feoe as fonnô by tbe nothûê of eleotegl¡rtie polgr:
laatfqu. the true Êurftsa lE be¡e itgfl-r¡sat aE the su¡feês



ÊvaiLabre to b¡rilrogen atoms. rf a inueh trarger u" *,rffl'"rurr""
objeot tbm the hyitrogen ¿t En wes ueoit, the val¡ro for the aree
wouS d. obånge.

l[åb1ê 5.
Ehe Ratlo botweea nrue suçf*ee anrr the Âppare4t guafêsa ee founû
by the Methodl. of EleotroLJrtie polarization.

Su¡fae e

Platinurnr bright fotl
Pletlnuu, bright fotl,

heaterl la e flaqe
?1etlnum, pLetlniled

Ntekef pollsbsd, riew.. ......
Nickel poliËhed., olat ..
lfieke]r eotivatett,by a1teuaate oxittatlon anal

reêuotlon, new . . .. . ¡f .
Iliokel, aetivated by alternate oxial^etlon an dI

reiluction, old o......
Silver" f¡.eshty etclred with d"ilute uitrle eofð..
Silvê!, etaheô with ttllute nitrio eaiê, eftef

twen ty hou-n e

$ilYor, ftnely senðpapêfed. 16

&.1aborate apperetus was requifed. to obtain tbe reEu1-ts

Listed" ln tabLe ãr siileè the quantitLea of eleetristtJ¡ an.t the
tfne involyeð in eôesu¡emeat afe both erseeilingly snell. ft
cobÉieted eessntiqlly of En Er.nthoven strlug galvoaoneter with
e moviag flLn oame¡ê to photogfa¡,l ite tnitie¿tlons. gb6 tota].
quaatity of elootrioåty requfred. to chenge th6 hyùsogea

eleetroale potetåal oÞ plåtfar¡n to e oxygen potertial is ogual
to that aêoessary to ¡move ore hytlr ogen ston from eaeh ¿tom
of tr)}åti,nue on tbe aosesslble su¡faoe Enð rep].eoê tt þy en

oloenerl in ao iil antt

Ratio

2.2

5.þ

r,8s0

?5

9.1

46

29

51.

51
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orygeB etor¡.

III . Sorptioa of eases by ¡[etals.
rn orarer tô håve ¿ bastg of oonperison, tbe writer bor.reves

it advlsable to lneluate a Ehort suavey of the work whloh has

boen Aorìe oa the weËl.- kl ouÈ¡ qorblng agents, platlnum anct

pal-latllun; ao tl, also, a rêyLer of the rôEìrlts oÞtalaoù in tbe
aatsorption of nltrogea by netal-s.

I. $orptton of 6:aseÊ by pletlnun.

Laagnuirãg uee il. platiaun cu¡faoee whieh werê Batle

eatalytloally actlve by oontaet wltå a mixtu¡e of øxygen aaê

hydrogen at 30000. arð then cvacuateô at a50oe. Ee thea ¿dnttted.
ËneLl anou¡ts of orygea, anð foanÉl that the oxygea êlsêppearêA

aLnost lnetaatry unttr the qu,aatity ¿t!.eorbear. oorregpoEùert to e

nonholeoular filu. I{o fu^rttrer quaotlty of û¡ygen wae then
aalÈoabað, even wl¡ea the preesure was gteatly inoFeaEêal. lPha

qygort was vêfJ¡ ftgrary hol{it aE is evratênoeê by the faet that
evaeuatlng at g6oot. ¡lroiluoeê ns t¡aee of qãygen, e¡.ril treatnent
uith hydr ogea or eblsrlRe was EðeôéA to remove the sorbeê gae.

Pl¿ttuun blåets altfferg ffoa platiauo ia heviag aa

€xeeeatingly large suff,aoe. MoniL Raneey anil $hle1i1s40 earrle¿

'ut experiaeats wltb this êubst*roe. lhey foütd that st roon
tenperature approafnatoly oçuel volueos of hyctEog€a, *ggêrr,
eêrbs' ¡ûoboxr¿ê ân al s'r.phur insxlde wef,e eosboal by the llatinun
blask.

3qton41 fouad. that pletlaun btaek sorbedt o$¡eI volumes
gf hyalr ogea ¿nð oarboa Eoaotriale at 25oê. Ehe aoouat of orygea
ËErbeè by tbe platinun bLaok waË aore tbau hal.f aE greet ae
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tha anouat of hyctr ogen sorbed.. Ee a ould. ast remove tbe orygen

by evaeuation aatl heating to 1100C. Oaê yolrne of tbe platlaue
b}aek was fsìrrltl to sorb ã6.? vollees of hyd.rogar¡ ânal ã?.g
rroluees of 6êrb@ &oEB¡.dô at g5og. anil ?60 m.

Þ. o. shiê1s42 foul¿ that otre voLur¡e of platiaun bLaot
sorbed 84 voluses sf sËlphæ {l,ioxièe at A506. OaLy å0 voluees
of the gag nas renoved. by beating for eight q'(l a half hsurs
at a5oot.

L Sorptlotr of gåses by påLlêdtiun.

Ho1t, Eêger anit Fi¡tb45 sorkeat slth a freeh Bteoe of
psllaôlun fo1l. lhey foundt th¿t the foil öitl aot sorb any

hyirrogen uâtil lt wa* activated. by heattng la air fol16we.it by
f ôahretioÞ or by beatlag in a y&6aum os ia an atnosphere of
hy(lrogea rrhq it took up ILZ to 969 voluees of tbe gae.

In the forn of b1aek, pallailiun wes fou.aê to take up ??g to gl_z

vsluË¡ês of hyclrogen.g paal antt êerum45 fûunit that l¡åLlaaltüð
tn oollof(l' solut!,on toots up 996 to u,gãa volüDes of by¡r¡rogêNr.

the isothêFDre for the eorption of hyêrogeyr by ï'aLlaaiue
at 0o, ãoo, Boo, 1600, eariL lÊooû, Éhou thaêe well_definedl poutione.
Ehe fi¡et portioa shovs å sapial lnofêase la proÊst¡f,o with a
celatively s¡0a11 voLuue of hyeÞog6û sof bed[. llhe oee sntt påf t thowg
a lasge ?oLomê of gas sorbeat wlth ao appareat ohange ia pfessare.
tho thirð portioþ hae a srope vêry enoþ cr¡ErlÊr to tbe ftrst46

ã, $orption of tritrogÐ by Metåls.

SentEaS fgunè that about g o.s. of aitrogea weÌ€ ealsorbed
by 5*.b gFa&gs of åron at -l8õot.antt ZO0 EE. fhe sånptra sf j.rsn
¡180ð wâ,s preparedr. by the rêðu'tton of fusetl fe*o-ferri. qiate
ritb hyd.rogon at 4?5 to 460€0. Ât r?g.50Ê. anal p00 ¡¡m.n aboüt
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0.8 I 'o. of the gas !Ías ailsofboit. Beaton algo founil that

51.51 gtsns of oopper, proparoè by the reêuetion of the

oxlale wlth byal¡ogên at L15 to l40e0., aalsorboð about ?8 s.c.

at -IBgo0. aael 800 mm. îhe LsothettsE obtã,f.a6it by hia for the

sats orpt ion of aitrogen by copper ant! iron *rg roproatuoaa ia
figu¡ðË ã enrl 4, tu¡ve La in figute 4 1s q Flot ot} e reihrceô

soal,e of the eonpt-ete Lsotherm at -1950, the firet pert of whleh

ls gl"on by Cufv€ 6. In theso figufeË pofnts ttestgnateô by osô-

Xnary otr8Lea wero obtalneð by proooôating fron lower to highgs

ÞrôËsr¡fes¡ bLåck olrol,es iadtXaate the reveìse oralef, of p[ ooð¿lurrê.

Si.we¡te4? foun¿ thet nitrogen is aot sorboal by silvêr,
sailelsm, thåf.Liun, 16ad" bls4lrth" tfut, antimony, gol.il, aLBe¡

tboûiuu or niokel . layLor ud ÊrrsgELl48 fuuoô that nltrogên was

aot me¿snrably egrbeal by Riok€]..

Gl. Valaaskl,# s tud.led. the aotion of nitrogen ot! lengãrêse

arrô obf,o!ûiun. |[he nete].s were proparêil by s, verlêty of tsethôals,

enai hig reÍ¡ulta shswetl that the anoi¡nt of æbsorption itêpoads

to a la.Fge Grtent on the orlgfn of the netal. Ee useil &ægatreÊ¡o

ãntl el¡ronturû $€mples trSêperêtt by the thermlÈe pooess, the

I[9iEs8Ë nethoq arrå pyËo[rhorlo naaganese snrl eh¡onlum. Worktng

at tenpeeaturês of about 5O0o to L5009û., be foulril thst the

måþgsnes{¡ Eaüp}es starteal to absorb nitrogea at 460o, whtJ.e

tbe therutte cb¡onirm stãlteù ts absorb at 5g0o ant! tbe
¡Eolssa¡! eh¡omiru at ?LOo.

Ee obtalneê altriiles of the ¡oet*].s. lhe arnount of Eltrogen
ab.orbeil by the maagaaose êg¡ees beet with tlre fornula Mng$¿

shl1e for. the obroratuq the fornation of the sompounô C.r$ lE thê
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!ûost probeble. Valeaskt fourrè tb*t at 590eê;n 1ã.4 grarne of

altrogðn attaebed iteelf to 100 grêr¡s of Êêîganêsor Sbte

amount d.ocreåsês witb ¡ise ia temperatuf,o; and, at 10500 only

6 graüs of nitrogen ere bel-al by the same weåght of the met¿l.

In tbe oaeo 0f shr omluu, the quentlty gf nltrogen absstbed-

between 5000 æd 8?OoC, is fjjreå a+ Zgfo of the wefght of tbÊ

netal-. Setweea 950 aad 9?Oo, it doe{êêEes slowL5¡ to 2?S whioh

eraotJ,y corresponils to thE fosBula grff. 3êtresa 1050 aad leooo,

it d,ôcrêases refy raplôly to J:f,.6tþ.

VeLeaskits ! eguf-ts are given by the eufvos ta fig¡¡f,eg 5,

6, 7r 8, I aail 10,

IY. Eypotlreses ånd gbeory of Sorption.

1. eapiilery conùensetion49.

Sinoe porous bodlês gôl¡erslly sorb groat Eoouats of gaseË

9ûð vapourg, an ettelllpt wae ne([e to fslête sorptLon to the

behavlour in eeplllary tubeei thfs was ¿gEe by UsigBoEAy in
LSl.l f0¡ siliclo eold. Jolllog. He showeè that suoh Jellies
eotrsi{¡t of uLtranicroso o¡rlo partleLes iE loosê oonteet wlth
a greøt numþer of ¿rroguI.ar Ëpaoos betweer¡. åstgrc,onaly oonsidêf edl

tbat eaeh partiole E&Í¡ oovereè wltb En åaLsorbêtl layer of wat er

no].esnlesr but that r¡n tte¡ Eu.ltable Eond.itious the water noresnlee

eou]'d. eG'Ba[€nee in the porog as liÈuid. water. It is Êôeû, tbere_
fore, that h6 iliffef eEtls,ted between aôsorbeô and oapillary oonÈ

èeneôd liquids. lfl.a'P*trleþ oa the other hanè, beltovedt that elL
the nateriel Eorbeè by a porous body is in the fo¡n of a liqeid.

llhe guantåtatlve r€Latf0E bêtwèeÊ sepill'arity ead vêpou¡
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å5r
preEsuf,o seB giv6n by t. thonson. Flgurê 11 sbowa 4 liqülal nhiah

Fig. L1,

hes rie6a ia e ope?r aaptllery tübe. [be eoneave monisouê at tho

to¡r of the oapillary tube is in equilibllüln with the vapouf, of

appreolably .l.ower prôsaure than that in oqu.llfbriuû wltb the

pl&n€ sarfâoð o:f the l-fqEtô in buLk.

fhe relatloa betçeen suafaoö tension anit the two vapou.r

p¡egsaseç¡ iõ giv€o by the fsfEule¡ -
Inp -r-r

F" - F"É--
where p ts the prôÊ¡sure at tbe oonoave aurfa€e, ps ls the

pros$Ëe of the gatu¡ateil Têtrrour of, the liqutð in bulk et
tbat tenperatute, 6-in tho volune of 1 gta,n nol of e onalease al

Llquiil, r is tho rêtllüs ef, the oe})ilLa¡ry, R the gae oonetant in
ê!ge, :[ tbe ¿bsolu.te terperetu!6, ån il l-n .tepreseats the netnr¿l

Logarltbn to the b¿se E. llho railiue, r, m&y be oal.enlatetl from

tbe f ornul¿

r - 2Çd.ry . l¡r pí.:ll-"r,
where ùn represoats tho itenstty of tbe vepûEf aail û7 repleeents



the d.enslty of the Ltquid, "a&"

Fq¡ l-iEu.iils wlth the surfaoô tênslob of water. lf
r/e* : 0.5, the lsrgoEt laaLfirs of tbe pores holtttag water ls
t5 ¡å or 15 x 10-8cn. Ef p/ps : 0.1, tho råd.fu.ã of thê J.ergest

¡rore ln whioh ¡rater ra¡r sondonËe woulil be about 4,6 Å. ghis

tlô(tuation is oeaüiEglega sinoe this ¡adtlus is d"onâ to moLeeular

ði6easiob s.

À eorg].lary to the oâpill¿by oon(lensatlon hyI}oth€sis is
tb¿t the sane epeot uens shsü.Ial õorb thô Eaûo yoLueo of yÊrl ouÊ

Llq¿fals laileperèent of their ehentoal" tratüre. lhle requlrement

raÊ satisfletl for tbe orlginel sillolo eotð Jellles usôA by

Astgoondy. MeSaln, luces anô ChapmanSo founat that thls ras not
the oase for toluenê anat åoetiq ec iit wlth ohara oå1..

Ålthough tho oêpiL1af,y conteteation hypothesls brêaks

alo'¿rn in sone inÊtanee¡, it oalrnot be eatirely reJeotett.
Âoeorellng to ücBaln, Ëush soaate¡lgation ðoês tåke p].ac e r¡hoä

êspt]'lsr¿eÊ of sui.teble ðlqoneioBe are expogod to nesrly
såturatêil vå.p gurs of ll{utds wbtch wat then.

A. tho Ey¡rothesis of tho Ehlsk tßnprEesed. Ft1n.49

fhe hypothesls of tbo co¡opreËseil fllu rae prgpoÊeê by

tle s¿usEur e tn 18r.4. rt assu,see L otrg ralrge attraotive foroeB,
anil postuJ.atee the attfêetion betweea ¿Êllke noleellleg. By

virtue of thfe att¡aetlon towarôs thô eolfiL su^rfåeo, the gae

or våp o¡r8 la assurûeal to be un der €normou.s pfgÍrÉrure. Mltsoheflisb
oaLaulatêrl thlq plessu"re to be at leaet 94.4 atnosphêres.
chapÞtus obtErneit e valr.e of, 6rlbo etaoepheres. Bünsen foubal

the Beeseure to be 100 atnoepheree. polenyl found it to be

6'000 atooepheres. Earkt'ð anè Ewrng de¡ruðså a value of r.Ero0o

atnospheres. rfbe p$êgsuro oa the gas fa3.rs off with rnoreasing
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clåstshoe fron the so1ltt. [hue, tbere ls I Eorptl.on r€giotr
extentling from the sìntsf ee o of the so].id to an out6r Li4tt
whefe the attraetion between the so1ial æd the va1lour or gas

lE iaatrt,reoleblð.

Polanylol ligts th6 assurnptlone in thie theofy of
êdsorption as follows:

I. [he arlsorptl on fs ln tlepen eten t of tenpereture.
Ê. Sbe pototrtlal at evety poiat ie indepsndôþt of wheth€r

or not the neighbourlag. spaoe ls gopty or ooenpleð by a noloouI.o.
å. fhe ¡aoleeüJ'às whleh ¿re ia the atilsorboal Etate exert

appfoxl¡rat€ly th6 sane forse on obe anothef ae they do when thoy
aEê freô. ru otber wo!ôs, thê vaa ðor realrs forcêÊ, or fors6Ë
of @oheelen, are unêffeeted by the eor¡rtlon so that th6 ord.inary
equatlon sf, etate wt3.L spply even uithln thê sorbeat layos.

MoBsla ÞoiatË ont that the asouuptioas of pol'eayi negtsot
the noleeutrar êonstltution o:f natter, ¡rhiolr neoeesltatos
losallseil foroeË oa the gulfese, aoaterlng asaÈrô the inili,Ttalusl
qolôoulôÊ of the surfase whloh oannot bo t egarilsrl ¿e oontinuoue.

õ, lhe Uolrono1eoular ¡,ôsorptlon Eheory.

lßha ¡oon o¡ooleoular ailsorption theilry vas ttevo]-opett by

E. &¡yso! ia 1881. Ea staFtetl frots thê f,eot tbat the se].lôs
bol-itr togethsf' proving thereby tbe exrsteuee of oqheslve f*oes.
'a noreoul-e in the interror of the soriè iê agtoar upga by tbeee

f,o¡oag f,¡ oa eIr. sr.ares. Moleoureg sn the öu.rf8.o, ho'ovof, heve

mo free sl'a[e' snð thfs si.d.e r.s oapable of holôiag mor.e.ures
of e lfqtllû. or gas, er¡il thuE forn a noaomo].eo¿1a! layor. Ehig
Layer ¡¡B,Ir holô eaotber I¿yêf, less fimLy oe oouptretely, a¡rù so
on. Sorptig¡r of thlg natu¡6 ls faroure€l by preseuro, but the
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f,srçes opêrètlve erê ollp osrêd. by thermal vf.bfetioas; anô,

therefore, thê sgrptLon will tllninish wlth rising tenperature4g.

T'anpuir fe¡ther ôevelopotl'this ]-1ne of thou.ght. Ee suggesta

tbat the ttne whleþ eXapsee between th€ e ontlenEation of a moLeculo

anti its subeequent evaporetl,on d openals! upon the lntenetty of
t.be surfaoe forses; s,nd. thet adgorptf,ob le the direet Eesult

of thiô tfne tag. If the suffee e foreee &!6 selettvely intense,
tbe rate of evaporat i on of the mo1ecu1oe ie ¡ogligiblÊ, anù

the eurfec e wi1l beoome e o!ûpLet ol_y oovêrêô with a ley€! of
n0Loe?¡l-es. In tl¡ e saËe of trlre ådsorptton, thia 1âyeF uflL Eot

be moge then oae molequle il.eep, beoeuso aÊ aooa aq tbð Ëurf&e e

is o overodl by a stng3-e Laye¡, the sÌ¡rfao e foroes are ohenfoally
satu.Eateal.. 0n the other hand, where the forees ele weaq the
êvåporation mqy ooeur Eo Eoon Eftee e oa d.en ôeti oR that oaLy a
gnall f¡¿otioE of the surfaeo becomes oovefeô by q glnglê Lêyer
of ed'sorbeô nor.eouleâ. ra ðgreeneat with the ohemrcar nature
of tbeee folresr ther' rango hes bee' fonnd to be very seaLli of
tbe osd'ê¡ of r04 en. rEhet is, the effeottve range of the su*f,aeo
foreee is usually mush ress thaa the äiemetêr cf the moleoules.
|!be nolsenr.ee thue usua 1ly o¡ient thenserves in iteftnite ways
tn the eurfece 1ayêr slnoo they ero heLat to the eurface by
forocg aotiag betweea tbe surfese anå the pêrtieuLar et@a or
Sroups otr atoms in the eèÊorb6ù nsleoule.SS

Moleoulês str itiag a surfêoe wbioh iÈ aLrêeily Govoreal

&et elso o oðè€nse, but tbey usuaL3y evaporete mueh ¡aore
toåatily than fr on tbe first l&yef. gheËefore, exeept u¡hen a

"å.pout 
is neerlJ¡ aeturated' the anount of matêrlal attsof,bed

o¡r E p1a¡xê su¡faee sareLy exeeed.s thet eoqtalnsd Ln a layer
ose atom oa eoLêsule thiet.55 l[eagnulr5¿ ¡teveloped. the
qu.antitåtiy@ f ofnul_at i or: of the theory of ¡rs¡aono'eculaf
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ettsorptloE whioh fol.]-ows.

the ¡ate at whtoh EolesuLeõ fron a gag ooae into eoataot

wlth an erl) osetl surfao e iÊ gtyêa by the e{aati oÞ for tbe rate
of effasl ûn of geses throìrgh smaLl opeaiags

18:p

vhE¡e m ls tho aumber of gr åEe strlktng the surfaoe Ber s{1. ono

pef sâcona, M is the Eoleoul8F vcight, l! the absolute tenperature,
p the pressure ln bare, and R the gas aonetant iB oEgE. If we let
¡ lepresent tbe ar¡nber of gtan molecules of ges atriking êaeh

sq. am. por seo ooal thea 7 s or/n whenoe

=tãTtfur

= 43.75 x L0-' D

J ![f
l$eerly all theso noleer¡les wll1 strfke Laè1astloa11y. llhe ¡ate at
whioh gas o onat6na('E on e b¿¡e surfaoe wl1]. thus be<y, wheto<Ls
olose to unlty. rf ø i.E the fraotloa of the surfege îrblch iE båro,
the rate of oontlgnsation begoßês<f., beeaus€ molecules strikrbg
aa eL.Þeaqy ooeupleå eleneatary 8tr!êc6 wlll be ¡efloeteat eleetioaLly
sr víll. evaporate eo quick3-y that the effeat wiLl be tbe eame.

ËlEil.sr1y, tbe ¡ate of evaporatloê n¿y be set 6qu.al to , for a

o onpletêIy oove¡edl su^[faee anttùro, for the fraetion of the su¡faee
alrsaaty eo.''ered.. For the equiLlbrlua, the r¿te of eveporation

must equal. tbe rate of êorralensatloî, 4A/þ =1t et

Surtberno¡e, 0+0, = ¡

whenee, 0,= ay' 
.

/ l' +ql
If we set 4/¡ =q thls beoonest"l

A: 6l ,AUl --
t +Çl
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f? rri be tbe ¡unb ar of gren no]-eeuJ.es of gas såsosbaat p6r ünlt
erqa of sulfåse, thêr. ,l is glYen Uy tt/rl" / = u, : ? 1' l+6V
çhofe Fa fs the nu¡nbe¡ of e1êm6ntaly spaoeô pgr Eqìff¡f€ oentlmet¡e

of surfaoe anat IV tE the .ÀvogeaLro auobé¡, 6.06 x lOâ5 noleouleE

ln a gram Eolêau.l'e. SLneøV is proportionel_ to the preseure

p, the above eguation iE equlvalent to the ex-IËessign

x kb¡
u¡ - lrbp

uhe¡e A aail b are oonstçats. K tc proportlo¡a]- to Fo^ç, tho

sêtio of the nunbe¡ o! ngleoules¡ åilsorbeat pes sqxrqee seatinet¡o
uhea the Eurfaoê fe sÊtlr.Fetêit to the åvogaalr o annber. b fÊ
proportlonal to F/S'" anð to r/ JZlrnA+ Eåere "- is the aversge
Llfâ of ¡}.L tho notêeüJ'os whioh etrlks the e¿rfase*V1ç D, uc

lq. ç/¡r. Ehls ls ittsttnguleheit fron tbe quantttyqwbteh represente
tha average ltfe of all thê noleouLeË vrhieh aonûense upon thc
eu:rf*ce Vrl .

We get, o1 = -Ìk ,' I +q/.-
at Euffie ien try l-ow Brêssurês, whe¡e the êErnonrnator approashes
unlty, ?:rl ov xfm = kbp. At hfgh prosgureE, whcr.eql
beoones Lafge fn o ompar lson to uulty, tbe amount adglolbed. T
e¡proaohee ¿ gatüf,ati or¡ valu.e

.4:r-No/a E- N
wbere every eleuentary spsce le oosupieal by one attsa¡bodl

ngleou].o.

Sangmutrr s vlew that thê €olLtslou of a t¿eoous ltoleouJ'e
with a surfaoe ie inel¿stlo, an rl that aèsosptior¡ erises from
tho tlue I'eg between eôlrè€nsetloo arta! evaperetloa p!êËu.trposea

thåt âotiyatton ts not ¡s66Es.ry for thtÊ pslnary arteorptloa.
llhis, howevor, èoeÊ not oppose the vlerpotnt aôoBted by E. g.
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8eyI.or, Êlaoê the aðsosbed. no16ou1e or aton nay aet in
ê yÊriety of ways. It nay evapoaâte, or it may altffuse into
the co].ld, o¡ esmbfne wlth aClJaeeat êdsorbêA aton*ç or Lt

may oonbfne wlth oth€s naoleollleõ o! atoms strtklag the surfaa o.
soae of theee prooesÊaê wil-1 have a higb t emperatu¡ e oooffialent
aaal Bay, tberefore, be f.nt erpr eteil. as reguiring aetfv¡tioa.
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¡PlÂRAntS ASD ¡[ÂtmlÀ¡rg.

the app$ratos rxËêA Ín thlÊ 64' €r lment conalstetl of
three flaskg¡ e goltl-leaf mersury vapour trap, a Mol¡eoô

Çauge, aa opea aa€l o].o6ed. üa:nonêter, a ner orny vapotur d.tffi¡.ston

pur¡r baotseê by a ËIfighvacü, pu¡q', a puqtfi¡lng traia anè aa

oI€otrlo bell.
lhe flasLs trere !¡a,ûe of soft glass, as rÍas the ¡ost

of the sycten prolrerô lhe êlffuefoa ¡luqp wa6 of barô gleas.

FLEsk À lttære L8) haù a volu!ûe sf, 54.45 c.c. flhls volu¡ûe was

ôete¡mlnetl by velghlag the flaots, firet enrrty antt th€u filLéô
wlth wa,ter, aû{t nakfng suit¿ble eor¡êctlgns for the t enperatere

of, tbe tater. F].aets B hatl a volume of 63.I? o.o. this volune
rras fouaal b¡r the sams nethotl usedt aÞove. Flaets C hatl a vo lr¡¡ce

of l.Ê9"?? o.o. lllre nrlter, r11I hereafto¡ refer to theee f1asle
aÊ the l'ìe{rganese ft"s,6k (f,Lesk À), the bJ.ank (flsak B}, anê the
reeervol¡ ( flask C).

fhe blaak anô tho ña'ngarege flas&,s ooagtitutea wbat

na¡r be te¡moô the lpner syÊte¡n. lhese flesks rere separated.

f¡on the reEt of the syeten, or outel syõtêm, b¡r neaas of
Ftop-çs6¡s. Ehe vo}¡ne of, the tubee lead.ing fron the etop-cooke

to the bleak aaê menganese flastsõ Ías.fouÊd. by fflllng the
gLaee tublag irtth mercÌrry a¡rè thea relghiag the merør:cy anð.

Baktng the approprtate oorrectfoas. Íhe vo lu¡¡o of all narror
glass tublag ern¡rloyeê ln thls apparatuo vas êeternlaed by thte
nethotl" Fhe volume of the naagaßeso f,Iests to the stop-cooL
nas founô. to be 6?.10 o.e. Ehe volune of the blaak to the
stoptcook was aleterml.neê to be 65.56 o.o.

. Eh6 voLuee of the o¡lter Êysten, the M@I¿eot[ Gauge, E.
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ôxolrrd.ed, wa.E found' to be 197.8 c.c. llhe voll:me of the

MoÊeoil Gauge to the orut-off ras foìlnè to bo 1å1.5 o.o"

fhereforen the vo lu.me of tbe outer sJ¡Êtem rtth the nerctry

la tbe Moleocl Gauge at tho aut-off wae 919.5 c.a.

Gold.-loaf lra'¡.
tsho golô-laaf trap, D, tras ettr¡loyêd. to proteot the

menga¡0eð e fro¡n the meroury Yapour pres ent ln the syõten.

lbe trap sas coûstreoteô la two ¡rarts, 1û ord.@r that the

votune n16þt flrst þe Gletermfaeè arû.t! the gotð leaf then

lntroårroeil. Moreover, build,lng th6 trap ls two pa,rts maèe thê

golè leaf êesfly aooesÊlþlô shoulö it þeoome aeceËãary to

reple,oe the o!.il, oontanlnate<L Leaf by new. llho two parts

of the trap were Jolnett together by means of a grounô glass

Joiat. 0n the gfgua{l surfaees plelen oenont was eproað, aÊel

the ttro Bortloae of the trap rere sealeil in this mar$Ìer. lhts

Jolat vas then oovered wlth frlotfon tape, an& a layer of plelen

tas applieil over the ta,p6. fhe golè 3.êaves, three ln aumb er,

n6re Írapp6it a¡ounê the tu.b e exÊeaèfng lnto the outer Jacket.

fbe Mo¡eotl Êauge.

ôhe ¡¡aleoô Oauge, E, ças of the usual msveable reservol¡

type. It was oapable of measurlng to l0-5 m. the volu¡ne of

tt¡e trÍof¡eotL to the orrt-off has aLreaðy been nentioned.

l8he Manoneters.

îws nansnet ers wer€ euployeè ln this ex¡reriuent. Oae

of theEe rÍa,s an open manonetôr of the ty¡e oonmonþ k¡xota as

the oonstant-leveL nanometer, F. [h6 oth€r was ã,¡r ord.lnaËy

oloseð maaonreter, Ê.
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fhe constaat-l-evel raa¡,ometer ooÞsisted- of a ll-tube, the
a¡¡¡s of çhfoh çere longer tban ?60 @.; aJßd. a !-tube cenfng
out of the b er¡ô of the U-tube. å, reeervolr nag connected.

to the f-ù¡be by neane of presoura tubing. By raislag or
lonetLng the nercury reservoJ.tr, ft was poesfbLê to ¡eai¡taln
the level of the neroury eo lumn at a fixed. polnt in tbe
nano¡oøt er tubo loaatfng lnto the õysten. lhe vo lume of the
na¡ronet er ras Ëlot o¡¡qf net! f,¡om thfs ¡olnt. Changes tn tho
volume of the syetelr ctue to the ohanges ia the height of
tbe neroury oo luum were avolðoit by thtê meaßs.

the othor arn of the oonstant-tevel naaometer wa6

Joi¡led. to the al.oeeril manomoter. .À efêe arn, bearlng the
Êtop-o6s¡, e, wâ,8 attaoherl betreen tho tro manonetero n By

Þumping out the ologe{l naaonet er syaten, f.e.o the e}osed.

nanomotel, the outer ltnb of the oonstant-level ma¡oneter
aa€t tbe oo¡,'eotlng ttblng, the ooastãnt-Level na,nometer coulê
be oonvertett lnto a eroõed. ma¡roneter " rhfs elra'€emont wse

ailoBteti fn ortter to gafn greater eo eulac¡¡ ove¡ the relatfve3.y
wfule range of pressures ernployeô ln thts ex¡rerfnent. When

hlgh preseur€s Fere r'e*sureô, tbe oonsta¡nt-revet nanometer
lvas ueeô es afi op erx manometer by opening the stop_eoch, e,
to the atnoaphere. fn ord.er ts neasure pressuros of, the
or el6r of 1-å0 ¡ûst. r the constant-level naaometer was uaeð aa

a olos€d. ma.no!ûeter. . By thls nsans, the d.iffe¡eaeê trr the
helghts of tho two meroury oolumns Ìras kept e¡ûaLl çht1e
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mea$rling reLatlveLJ¡ Ë¡nãlLL pressu¡es; t¡d, norêover, ths
ptessure mêasrûements wsle now ind.ependent sf the åtraoë_

pherlê 3r es$rrê.

llhê aLose(t m¿nomte¡ rsE eeBloyêdl. to inaicate tbe
d.egrea of vaeuue ln the oLoeeè sanonet er eyetæ. If the two

meE cuty G ol_lnme in the oLose¿l manonotef were at the sane

belght, it wouLd lnctioate th at the naûometo! eysten wae

ptnpeal doür bêyeal the rprge of the oathetoneter, trril the
tllff er qro e in the hetgbts of the molsu^ry o o1üllnÊ in the
a oastênt-Leve1 man omEt er woul(l d!.reotly glve the paessure

ln tbe systeu. 0n the other hand., if the ooLu@s la the
ol'ogêal meÞ onôte! Ìrcae Eot at the såno r.6ver, the ¿lffet etâs e

lo thei¡ heights would havê to be êèatetl to the èiffe¡anoe
ln the heights of the tso eolrnns ln tbe eoastsnt-Ievsl
rnæ onet ee in or ô€! to tteternin e the preesure itr tho ayoten.

tathetoneters.

r[wo eathetøetels were u*ed to nea$u¡e the dnff er er¡s es
la the heigbts of the rersu¡y eoluryrs. O,ne of, theEs haal a
¡eage of L0O0 m. lhe sther hå,al a senge of gO m. aaat

weg e{¡u ipl,e il with a mleromete! screw. llhe eathetsneter
åaviug the r"êrger rang6 tlitt ri of heve a mio¡oneter so¡êw.

Stop-Ëocke.

Str stop-eoo&E uere êeployeai ta the apparatue at fi¡st.
Iater, a seventh stop-ooot wês inc orporateô. Fig. 12 shows
the flfst systen of stop-eoeb onployeat. llhe etop_oookr
a, b, o atrd al, nqy b e Eaid to be in th6 system proper; anit"
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th6rêforê, it wes nôoê{¡aary that they shou.lô be highly
effioient. A l.eak in s¡y oþe of thosê woulal entireþ
vitiate tbe restl]-ts. lÍbe tap, e, wâs ênI)Ioyeal to eontrol
tbe pressaro ia the ma,r¡ @ot e[ syetenr. ghê stop-ooog f,
was userl eÊ an oü.tl€t for nitfogen whtle flush ing out the
purlfytng tråia.

lhe ftrst set of etop-ooeks ê¡cpLoyo(i were of tbe
oaalfaeüy, ho¡izontaL boro veflety. llhey were aar€fuIly
tegrour¡al, uslng a ml¡ture of ve¡y f,lne carborunðun aod

watêf. llh ey wore gFêaseaL wltb a special vacuua greagô

obtelnetl frsm the êent¡er Ecieatifio ëo. rphey w6re foutld
e epable of hoLiltag I veouuta for varylng peEloûs of tloe,
afÈet ûhish they t!ôyeL opetl leaks. îhls neoeesit¿teil re_
grindtng sntL fr equênt applioationE of grease. Å three-
way etop-sock was tbea tneorporateô into the apparatue, !m il
the atop-oooks, o anit al, weee rrse al t9 beok th6 thfea_way
têp.

l[he ehanges ta the volu¡0e of th6 outer system êue to
the elteratioa o.F the stop;coek systen wir.l be inôieateit in
the rlata. $bê y olune of the outer syet em alaeaay etateal
waE the volr¡se obtalneit wben tbe syeten oontained the fl.rst
set of stqr-o ooks.

ëonneeting fublng.

$lnee the eoanöetiag tubes, tbat is, tho tubes leaêlng
from the fLaskË to the va¡ioug LnEt¡umentg, wefe expoeeå

to the atnosphere throughout the experlment, it wês nêeessary
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to uEE narEow glase tubing. lhe tub tEg ornployedl hað. an

internel ilioa et o¡ of 4 m.

Purffyiþg l¿ai¡r.

llhe pu"rpose of the pütfylng train ras to reuocve any

ooåstìrfe sn iL üygen whioh ntght be preeent ia the nitregen.
Ebe nltuogeu was passed throagh two trape o ontaia ing oonooÞ-

trate<t sü.lphuflo ao ltir $he oxygea wes renoyeð by passiag the
gåÊ oyor e bot ooppsf gêuse, contalneð la ê e onb¿stloa tube.
llbe ooppor ûas heated, by near¡s of an eleetf,io fu.rn'åoe whlob

ô qrgistetl" of two 1ay6!ê of niolr.rorqe wlre wrappo d. a¡ ountt tbe
e mbu.stf on tubô. :fhê wire was inÉu¿ateð by meene of asbestos
p¿ùpêf . rbo nltrogen wae thqr peõseè through e ü-tr1be aontalnlng
selei@ ehloride, andn finel].y, thr oegh a tube eontaiaing
phospboroue petoride.

Yaguu& Puups.

Ehe ¡nrnpe snp].ðye è ln thie €xporl¡û€iüt ç610 a loepler,
a ôfffirelon pu,np, antt a nHighvgsü puul¡. fåe Íoopler wss a
hanô-oper etetl. pBmp, sd¿t punptng by n6ans qf it wae f sllEô to be

s]-ow. lt was replaeeal by I üerouf5¡ vâ,pouf, dltffasl oi punp,

bsoþd by the EEigbvacn ¡mnp. Ehie eonblnatton of 3ur¡Ds waÉ

calablo of $reping dtova to at ]-êsst I r L0*5 mrn. $ha nEighvaeu

aLoae was eapable of punplng tt gwn to about 20 x l0-5¡on.

&têthoê of Agitati.oû.

Án el,eatrl,o bêLl iras useil ts agitate the nangaaese. Å
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br4ao etrlp was *l.reô to the ¡¡e.n€anes e flash, snÔ the hFñ¡e!

of tbe bell was oo placetl e.Ê to strlbe the brasa. lhe flask

was raptallJ¡ shaken by this meaaÊ anû tho nangarxeee agitateð.

îhe Manga.raee e Sanp1e.
' fhe taanga;t1es e enp3.o¡t ett 1n thlg ex¡rerlneat wae purebas eð

from the Joh¡eoa Matthey 0o. It Ía,s ln the forn of a fine

Forftlorr. rnafysfe of the sauple showeô lt to oontaLn 96"84$

naaganeee, L.14fi lton, A.6Ld¡o ølJ.løoa. s.Bd O,LS gatbør . lhls
anaþsls rs.s oheokeal by ðetermlnlng the total netallio ooatent

of tho saÃple. Ehe tço tlete¡ntnatioaa gave the fell.awlng

reeults¡ (Ð se,øl$ anô (e) 98'-19{0.

Ibe su¡f,ace a,rea of the rnângaaose w&Ê ileternlaeë

nicroocoploal\r. Íhe tlfnensfoaÊ of the Lar6eet ms;ûgûn€s6

partiale obtalnable wE:re moasured.. fhe loagth was fou:aal to bo

0.€018 m. a¡xtl tt¡e wiilth Or00I18 ¡om. EaIf these ttlmenslons

ma¡r be oonsiêere{l to be thoee of, an average partfoLe.

llberefore, thê tllBônsioas of the avorage partio]e, nhloh le

taken to be eyllsêrlo&l, a,?o ag foLlows:-

length : .e618 3 0.0009 mn.-r
illa.neter A .0011e ã 010006 nn.

fbe volune of the partfole ¿rtaL: ã.14: (0.0005)8 x 0.0009

r 454 ¡ç lO-18 o. mn. Sfnoo I €fan of merrga¡¡.eãe oocuples

1OOO - 1ã4.8 o¡ ¡ûB¡, the aunber of mean partfcles per
TÃ2,

gra.:o of nsaganeso ¡ L55 x lolê = E.gz ¡ 1011.
EF{
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llhe area of the r¡ean partlelee I area of thê ourved. su¡faoe

+ tbe area of thê two eaôó.

Àre,a of the aurveê surfaoe 2r rL x ø.L4 s. .0005 x .0009 
=

1.696 x 10-10 eq. nn.

Area of tho tno eûès: Lnrz= zx3.L4 x (.ooog)P = 5.65 x

to-g sq. nm.

thetefore, a¡ea of nean partloLe : L6.96 x 10-9 + õ!65 x I0-9

= ?,,â,à x þ-19 sq. ¡nn.

lhe a¡ea trrer gra¡lr of nangacese - 2.å6 x 10-10 x 5.52 r 1o1l e

1ã1"9 sq. nm.

Íltrogen.
lho nitrogen en6r loyeô ln thts eÉper lnent was orölaary

nXazrt¡n nitrogea obtalneû fro¡o the Cana,èlan llquid. Âir Co.

|Ihe nethoel of purifytng it hao alreað¡r boen mentlonetl.

lbe areE of the oross seotfon of a nitrogen noleoulo

waE ealculat ed. as follo$sr-
Dlameter of a aitrogen moleeule : 6.15 x lO-8 cm.

Area of the cro6s sectlsn szfrT z 7"72 z t0-16 sq. cra.

ot llz x L0-16 É{1. mm.
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¡aEsEt' .¡úsD ËE$Ìt¡rs,

ÏretlmiÏtary llresfueat of the Mangæeee.

Iuto the maaganese flask, 54.9i16 glaüûs of nangeneso

wêFe introalu.csit throü€h the ¡eek of the flesk. îhe opeuing

wâS thetr geelêd.

Bofore the erlsorptlsn neasurements soulal be meale, ¡.t

råE neeegÉrary to rld tåe nangaaese snr faoe of the gaeos whieh

it alrea{y betrd.. 8wo nothoile of outgasslllg *ere tf,teal. In
tbê fif,st nethoÇ tbe syst€u weË punpe ¿ d.orpn; a¡rd. hy(l^r ogeE,

obtsineð by the eLee tr ol¡rsis of e conoeatratear so allr¡B byttr oxitt 6

s olu.ti on, was intrsdueed lato the systân to atnosphoric
pregsufe. l$le eysten ras. tb en puepe ù alolrrr to 0.506 mn.

Hydr ogen was agala sdnûitted, anil the syEten pu¡ûpe it û om, to
0.ð?6 @. Íhe hydrogen wes thea aLJ.owêd. to etfêåu through
the syst@ for 26 honcs. Sanplee of tbe hydtrogen leaving tbe
atrDaratus weae eolleetêð ov6r water, anô wetre fsunû to bu¡a
quietly. lhe nanganesê f18sk Eras pla*eô in æ oLeetrio furnaoa,
antl heateti at õ20 - g5oot. for ?5 hours. .å,t tbe erìä of this
time, the syetem was puq) e a[ d.o.!rrr to 21 x 10-5 mm.r ånd the
heatlng was e qetinu.ù foa ¿o hours. [he pressure w*a found. to
have riseR to 15. I 'o. ttuf,ing tbrs tlno. rlhe systen was then
püepe iL ðorirr to g5 x 10-5 mm. eact 1êft to stsnal for ¿O hou¡,s.
¿,t tbis time, the p! ôsst1r6 was f ouEd to be 1.0 Em.

llhe pr oa ess of Sunping out the syetem anil^ Letttng it
stant for Ê0 hou¡s ryas ropeateô four morê tiÀ€Ê. îhe initial
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prêssuros ånd. tbe flnel prê'ssures after ¿O hours of stsnaLlng

a.re giYen in table 4.

labLe 4.

Initial Sf,esslxre(m.)

21 x 1o-ö

9á x 10-5

å1.5 x tO-ã

åo x 3.0-5

L1 x 104

10 x 104

Pressuro aftêr ?O Eours.
f ¡nm. )

15. 1

1.O

L55 r 10-ã

2o x l0-5

15 I 1o-4

L6 x L0-4

$iaee the iacrêase tn preesurê on sta,llaltBg ls alue

to the al6s orptl on of the gêË from tho uotêIr 5.t fË sêen

fron the XDtêoôtllng teble thet a lafge æürnt of hydrggon is
sorboal by the ûsngangse at the tenper ature of the oatgasslng,

via,, 52O - 55Ooö.

ån unf of trm at e aosl.ileat, in whlch it uas belleveù that
roolou"f,y ente¡et the manganese flasq ooou¡re(l ¿t this point.

It qas nê6osË&ry to tairo at oÌm the appar atue, oLean the

sùneÊting tubes of resoury, latroûuee e neu, saeple of

m{yrg*}rre se, en tl agåin aseemble the apparatus. ¿,t thls point,

the goLd-1eaf trep was edlðe¿l to the system. the freEh

s anple of nênÊaneso, weighing 4.4.4001 gf;eÉr was outgasse{.,
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ûas punpe t] tlsrvn to 10 x 10-õ mm., æ<l hytlrogoa was

êlloweil to stlrêae thr ougb the app arattE for slx hours a,t

roon teaperatu¡e. Åt this tiue, tbe byttrogen was euffioieritLy
free of oxyg€a to eJ.lorry the heatfng of tbe flasks. llhe three

ftaeke ¡re¡e heeteô at ã00oC. fhe streâ&ini oe tle hyd.rogeyr

ree eoatLnaeel for L0 hours. Ehe hydr ogen geaerator was

then stoppeE eoð the systao ¡rås left to Etanil for 55 hou.rs.

Ât the enal of thie tlmo, tbo eysten was pumpeiL to 146 x L0-6pn.

åfter 2O banrê, the pr eesure was fouoê to be Ê.0 m. |!he

pluping wå.s fegtmetl, dti]e tÞe boatlag ìras ttlssontinueð.

lfhen tbe natrganêse oooleå to roon tørperature, nitfogen was

atlnitted. lnto the syÉtênr aaô uas 1.eft to staod. for about

L5 hours at atoosphenie p¡eÊsuro. ¡{ raptd st¡eå@ of
nitfogen wae then Båssed thror€h the eyoten for an hou¡.
Ehe systø wes plelÞal alom to 1? s L04 &m., aûtl ].eft to
etanal for about B0 hours at 2OOot. fbe pressura rose to
25â x 10-5 mc. llhe ¡xesoure wag bf,ou€ht ðoüB to 14 x ].0-þ m.,
¿lra tbe eyet em wes Lsft for foua AaJrË. the pr eesu:e rose to
841 x tO'5 m. in thLo tlne. Ebo eysten wss puxÁpe& alomt to
58 ¡ 10$ nn. lhe nanganese fLask waÊ Ëhut off, anô the
purpir¡g wBs tlisooatfuiuett foa 15 hsurs. Duriüg thfs tiBe,
the pf,gõcure in the outer eysteu anil in the bLa¡t rose to
6 x LO4 mn. fhiÊ inoîease in p.Fe¡¡sure w.le þfobably dua to
Eolstufe on tho wal1s of the fLaekE anô the eonnee ting tubes.
0n open ing the nanganoso fJ.ask, there ¡vas a further iacrease
io prassure, the reaiting for the total systen being Êl x 10-ã m.
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fhe heatlng ¡rae êLscoatlnuetl, aå.d. the syst en nas pumpeal

to 5 x 10-4 mn. Àft er 15 houle, thls preseure was fou.ai!

to be unahangeô.

.Àtlsorption of Sltrogea by Manganese at OoC.

[he nanganeae rras non oolsialereil sufflolentþ outgasseti

to pernft the aoourate neasr¡r eneat of the aôoorBtlon of
nftrogon by the netal. lhe nanganeee flask, the resorvolr,

the b1a¡k antl the go1d.-!6¿g trap were plaoeè fn a,n loe a¡ËI

wat er nlxture. lfhe systen was pr¡EIr eat ttorn to I x L0'5 m.,
and. the mangan ês ê flesh was shut off. l{ltrogea was then

1nt¡oôuceê tnto the outer systen anô lnto the blank. Ehe

preEËu.re la thts part of the eyeten waÊ 4I x 10-4 mm.

lhe nanganese flask wae openetl, aaè the tino note&. lressuxe

roaallags for the total system nero aow taken, a,ail the t lne

of eaoh read.lag ¡¡as obge¡veð.

Ehe vo lume of nftlogen aûsorbetl was oalculate& by

a netboti uht aù. !1111 be ôesarlbett IaÈer. Eb.e rosults

obtained appe! r 1n table 5.
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(ni:rutes

â

4

õ.5

9.5

12

L4

L7

24

50

¡zE

60

$ab1e 5.

P!êssllre of fotel
Systm.(m.)

3g a ]:o-A

zB x l0-4
?6 x 10-4

25 x t0-4
å5 x 10-4

?'6 r 1o-4

e5 x Lo-4

z5 x tO-4

Ê5 x 1o-4

25 x t0-4
25 x L0-4

Tolu¡te of lçitrogêa
Åtlsorbed by 44.4
Çrens sf Mêngarrceê.(e.s. at S.8.?.)

5.61 x 10-4

6.92 x LA'4

?.46 x LO-4

8.06 x Lo-4

8.06 x 10-4

8.06 x 10-4

8.06 x 10-4

8.06 x 10-4

8.06 x I0-4
8.06 x 10-4

8.0ô x l0-4

Pig. 1ã shows the aarve obtained. by plotting the
yolume of altrogen aarEorbeû agaiaet the truo. rt rs e ênootb
cu^rve whlsh beeoneE êsy¡ûptotia to the t ine axis at ebout
9.5 ni.nntes. , Åfter tbi* tine, the equtlibriun pfessure ls
attaineil, and no firrtbe¡ adsof,ption t akeo place.

!t was intentleel to ino rease tbe pressure in the outer
syetem prqressiveLy to et!ûosplrer ie pf essure whi1.e retelnlng
the êquülbriurn prêÊeuree in the nangeneee fLssk. At eaah
proasure interval, the vo1u8e of nitrogea aatso[bêtt by the
metel was to bo ¡leterniae ù. By aèåing tbe volu.ues ailsorbêal
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fron l- x ]-0-5 ûû. to atmospherie ptessuf,e, the total
¿noux t of gas atl.sorbett by the ûurngansse eouLaL be esloulateal.

Uafortunatel-y, å Loeh ôeveLoped. in the apparatue, thereby

lnv¿li(Latfng any furthe! me¿suremen ts.
Ehe laalr was t¡ae€ð to a åtop-oook. B¡¡ regrinaHng enat

.negreaslag lt,;tha syoteo wâs again fourrd to holð pressuree

of tho or ôor 1 x 10-5 mn Sinee sorûE afr beal entorecl the
ap¡r aratue, it was dooiileè to repeat the hyêr oge¡ treatment

of the meng*tese. EyaLrog€u r*as stred¡eat thr ough the

apparatus for oevø hsurs. å,fter tbts tine, the streeniag was

rliseoutinueð, Fad tho manganesê flssk was heateê at F00oê.

f of ?5 bours. Sbe systen ¡vas th ea 1lr¡eped rlornn to ?È x 1.0-3 nno.,

anal lsft for 20 houre. l¡he pr eËsure rose to about l m.
d.uri"trg tt¡ is tine. [he syeten was evaouateil to ?4 x 1O-4 rnn,,

ancl was €ein left to Etanû for å0 h otrrs. ghê prêssuf,e

Lnereageal to l?2 x 10-5 nn. lfhile tbe evaou¿tlon of the

¡¡J¡Ê ten ms being r epeatotl, the rE5.ghvaon puup broke down.

Oxygen entêroô the systen; *rd, slace at thie tlroe tho

margeuose weÊ. being heatetl at 50006., tbe mæganea6 waõ

oxiðlãeal f ofting neBgå.nese d ioxittê. llhe oxiôiãôè mangaaese

ças teplaoed. by a fresh sarpLe of menganege of the eamo

weight, vl¿,., 44.400? grans.

I¡ the prêLinlnêfy outgassing of thê new aamplê, lt
ûas Aeotaùsal to êltniaête the hydrogen treatrneat, beoaase of
the lengt'hy tit!Ê requlreil to renovê the hyar.rogen sorbett by the
Bêng&reso. lbe d.isplaoe¡nent of the gaees hel_d. on the surfaee
of the metal Has effeotett by treatiag tbe nanganese with
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aitrogêa instead of hyd.rogsn.

the system was pueDe d. tlown to 15 ¡ 1O-4 mmr and ].êft
to staaô for 48 bours. Duf ing this time, the pressure rosle

to 88 I 10-5 nm. fbe systen wâs agaio evacuetedl, the final
pfêssufe being 5 x LO-5 nn. fbe puryring weË d.ieo ont i,r¡ueð, and

the eyoten was Left for 15 hours. fhe pressure tnoroased to
?O r L04 mm. tlurlng this tlnÞ. fh€ evaeuation was resu¡ûed.

tflt the preÊsufe fel.tr to õ? x IO-5 mn. Sbis pressule weE

bu.t Êlightì-y ohanged. after ã0 alautes. l?he relatlve c oaotaney

of the pressuf,e lnitioate ct that the gaøes sûrbeð by the
na¡rgånese had boen aenovetl to a large extent by th€ evaaueti on.

Â Eteêtly E tr eem of aitrogen was now peËsed- thr ough the apparatus

for 15 hor¡es. flhe systen was p¡mped, d owrr to õ0 x lO-5 rn,n.,

anû nitaOgen wes again lntro&reêd to atoosphefie prêssü"re.

she Bressure u¿s tben loweleð to 26 x 10-5 m., and nltrogen
wes again arlnitt eð lat o the s¡zst em.

. fhe marigarxe se wag uot heetet! åu.r ing this pf,ooess of
ontgaesing; Êfnce, frou the atate of f. E. Msrttn, worklng ln
this laboratory, ft wes lêarneê that the formatlon of a
n itråd.a of nmgauese stsrted at about 3g506.

Ðes grpti on of lfLtf ogeu fr om Mægene se ¿t 0ot.
8bê pf,obl@ of ffnding the æountE of aitrogên ad.Ëorbsd.

by the nangsnese wag non studlied from thê polat of view of
eupefsaturati qt, í.e., the ano*nts of n itrogea tlesorbed. from
the mergene{te q¡er€ neasuroô. l[l'is pr ooedu.re was aôopted fn
ord.er to save time. fhe o onpletlon of thê d.esorptios



lsothsrnar ueoeesarlþ 16avos the naaganeu" ""*r"nÏ ,n"
prop or conðitloa for the Etart of a aaw adserptlon lsothe raal.

lho nethoil oouslsted. of kaaplng the preosure in the

nengaûes e fl6.sts. at a eertaln Talue" anü pumping the outer

EJ¡8ten to about half thls va1ue. By ope¿1ag the etop-egçtrn

a, (trig. 1Ê) an e4pans ion takes ¡laoe froq the nangpnos e

fl"ask to the outer system" .& Éôw pressure is establlsheel

ln tbe total eyeteû Ghfoh Ls peaessartly highef, thaa the

lnt'ttal preosruro of the outor syoten. lhe tllfÊerenoe bstwes¿

tho presrnre of the total syaten abô tho pres$r¡€ of the sut er

Ëyst€m is alue to the elpancioa of the nltrogen snrl to the

iLeoorptlon of the altrogen from the ¡aanga;nes e. 8y sulteble
oaloulatioas, th6 aJnor¡Jxt of aitrogen aêsorbotl by the nangs^ac'Ë e

na¡r be d.eternlneil.

lhe tcmperature of the eyetem Ea,6 Ealntaineô at 0oC.

throughorrt thig run. thfs was cloae by plaofng the nangares e

fJ,ask, th€ blsnk, the reservoir anal. the goltl-leaf trap fa a,r.

loe arûd water nirture. Ilnfortuuatoþ, a oertaln portlon of
the systen ooulti not bo plaoecl 1r a ther¡nostat. Ehls part of
the apparatns lnolrrèeil the Moleoit (iauge, the ooaaeoting ä¡bes,

anq a Ênã,Il I¡ortlon of the open naooneter. It ¡ras aecesôa¡y,

thenefore, tor maÈe a oorreotl.orx fot thlõ part of, the apparatus.

It çaç prtnarfþ for thls roasoa that the blârk uao inclueLett

la the systen¡. By nakiag ôxpanofoas fron the blank to the
outer syotea, a,nal fron the outer systen to tho bìank, the
effeoti"e vo lr¡mes of the outer syet en a¿tt of the nanganeee

flas& aoaltL be ôeternfaodl. fhfs nethoô, bowever, was aot
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eml¡loysal. It rqas bo].iovêal. that a htgher tLogreo of eoouraoy

veÛl1I¿[ bo attain eit by d.eternining the volumo of the

uathemost¿têtl porttolr by wetghång, ar¡ô eof,Þêoting this
vol.ì e to the wor klng teoperature.

tbe nean roca tenperatu¡e was ?OoG. îbe voLu¡ae of the
out er systø ex¡l osetl to the ataospbere was I4?.9 o.o. åt
Oot. thfs votumo = L47., " ffi = l5?,g o.a.

Ehê ùifforeao e between the true "vo1u¡oe anå the effee tivo
vo1ume at Ovg. = l4|.g - Ag7 g = 1O.5 o.o.
thê offêatlve vo 1u-Be of tbê orter system at 0oC.

¡ 5L9.5 - 10.5 = ðog.g e.o.
A1though êvery posslbl'e preoeutloa was teken in the

cqîstfirotlou of ths pllFifjrtng traln to nake it alr tlght, it
was thought ¿dvåsab1.e to flush out the traln thoroughly
before aêroi,tttng nltrqon lnto tbe Eyoten. fhis was ÉLone by
passfng a raplei strean of nitrqgen through the t¡ain for an

hour or nor e Ìùi1ê aL to vrtng tbe gas to eseape ints the
atnoophere threugh tåe open stop-cook, f, (F!'C. 1Ê). fhe
rate Etr s trearoing was then tleeteesê¿L; tbe stop-aook, f, sbut;
stop-oook, E op€aeat slightj-y¡ eacl the geE slow1y adtnitted
lnto the evacuatecr. syst ø untir a prêsEure oî 752 rùtr¡ w€rs

at tain ed.. Ehe nengarese flaek anû f,h o blauk were thea Ehut
off, aral tbe outer qyËte8 waÊ puapeê dolrï¡ to ã69 nm. lpherê_

u.Bon tbe ¡n¡rnåan e $e flask was gpeued.r aaÉ an expansion from
the nargaaesê flaêk to the outer system too& plaoe. |!he
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tr)reg{rure feealings of tbe totaL sys tea¡ were teketr at

sultåb3e intecve]-s of ttne, till e$ri].tbtiun w¿s €stab1.isheil.

Åfber equili.btt@ was attalneð, the gas was aLl" owed" to tr omeia

in oontaet with the nangarìeso for perlocls varying fron 6 to

15 houFg. nhis trtr oo€Étu¡e mE founû EeoeEËa¡y slnse tb€ae

waÊ a lik€l fhooat of I aec qr al, ÊLower alesorption taki¡g pl¿oê.

fhe equillbtir¡B ptesÊure @Ë foünal to be  PI.I. nn. Íhe

mqr¡g¿Re s€ flask w*s then shì¡.t off, anrt the outer system was

tr)l)npeå ôou¡r to ?10.7 m. Ihe €alEnqlsn riras repeatetl, æ(l

the eqr¡illbr r!'m lrËeËsufe was again aotetl. Ia thlE ¡¡atrne!,

tbe pr essurê s wetrB progreeslvely lowegeð uati]. pressureg

of 0. 0099 ünr¡ fÍr the neaganese flssk ed O.00Pe r¡rr. Ln the

outer eya,ten wer6 attalaeð.

Ehe methocL of o al-eulating the amoont of nitrogen

adsorbetl by the rångqr¡eôe can best be sh ov¡tr by a ôetêrfüinattoa
'nslng aê tu.al expe¡ieoat al èata, In one 1n*tanoe, the

pressu! o ln the u¡ângeaês e f;Laek was 420.5 nn. (eeoond

exp&8f.cn, tebLe 6). lhe lroSume of this flas&, after a

o o*estion haè bêqr üaale for the spaoe oooupiecl by 44,4 gra8s

of mnganesêt vras folh tt to be 50.94 e.a. llhe voLune of

altrogen i¡ this flask at OoC. €¡td ?60 m.
. : é3&é x 50.94 = 28.1? o.o.

760

fbe effective volusô of the outer system et Ooe = 50g.g e.s.
l¡he volune of nitrogen la tùe outer systeo at 0oü. E¡rô

?60 Ðln. s Ê10.? x 3OB.B : 85.61 o.o.ìt'6õ-
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lbe totaL vol$.lae of aitrogen in the eyetem befors tho

expxrsim
= ã8.I7+ 85.61 g LLå.?B €oo¡ €Ìt S. f. p.

.å,fter thê eÍpe¡sf.on, the pressure ln th€ total systen was

f arntt to be ?,42.9 nn. fhe voIlnê of the totêL eyste4, the

b lank exo luôe d, -- the vo ¡rne of the naEgeaesê fj_as&, + tho

Yol.ume otr tbe outer systeuo

= 50.94+508.8 = 'ó59.14 a.a.

fbe voJ-ume of trltrogen in the tota]. syeten sftet the

expans i 0n

lhe incre¿Ee i¡ the volumê of nit¡ogen in the systen after
the expøaeign is ahtê to the gas bei¡g glvon off by the
metganoso. fhofðfore, the vo 3r¡"ue of nitrogen d.ogo8bett

= 114.9 - 115.78 s 1. le s.d. et S.l!,?.
tsbê s@e ¡aethoê 9f oaleuLattott Eas enpLoyeð in the

fi¡st rþ ter¡o iüê ti on of aatsortr,tl on. Ia the os.se of atlsorptlon,
honevee, the rolune of geg la the tot&3 systen wiLl be L€ss

after the expèaÊf on takes pl,ae ê tban befo¡e. îbe tliffe¡enae
between the two volumeE ie & meg$tre 0f the gaÊ adtsorbeè.

Íbe nur¡ber of 1eyefs of nitf ogen Leêviag the manganese

nqg be ileternlne ô tn the followi¡g r¡aaneE. ItÊing the sa¡0e

atets enployed tn tbe preoêdtr¡g oaleulatio'n, it is foutrrt thet
t"be wetght orf nttrogen ttesor beat fa oe l.O grem of ¡n€ànganêse

= W.2. r ã59.74 : 114.9 e.s. at f .f.?.
760

-- 1.12 x ZB . = aJ.15 x lO-5 grås¡s.Tã,Uõ'õ'xæ--



She ¿umber of Eol êouL es of nitrogen fut 3.g6 r 1O-5 gf,s,ü¡Ê of

tbe gas

: 5.15 * 6.0g =jsn _ 6.BL x Lol?.---.-1-
3y nethode elreatly aþssriboð, tho ar oa of the sross saetion

gf å aitt ogôn moloeulo was o âlou:- at ed. to bo ??2 x 10-6sq. û¡¡.,

antl th e $rr:f åc e etr èa pef g.f, ant of m{ igatroso was d.êtefminotl

to be 1"23.9 !t![ r rrEl o llherefo re, thô area of tbe oross seotion

of 6.8L x 1017 naol,eouJ-ñ of nitrogen

= ô.81 r 101? x ??Ê x 10-16 = 5?,500 sq. rm.

the nunbes of lsyerå of nltrogen lêaviag the nanganece

fhe totsl nunber of ].6yers of nitrogen leavlng tbe

nãrgarrêse was saleuLate il ts be 654, aatl the totaL volume of
attrogen åesorbêô was foünd to be l-.69?6 a.a. fhe resu]-ts

for thê tLeeorptlrr ere given in table 6. Figu¡e 14 shows

tho surve obtainect by the logartthne of thê e$lilibalüe
preÊr$xres + ã agaS.nst the l-ogarithns of tha volumea of nltf ogen

d€Êorbêd. (o.o. at S.[.P.] +¿. F¿eure 15 shows the lsothemaL

at 09e. obtainêtl at the low pressures.

.åtilsorptlou of Nitrogen by Mangaaese at Oot.

fhe iles orptton experi.nent left tho manganese in a

suttablo eonctltion for the etudy of aileorption from t.he point
of vi ew of ur ôe rs8tur atioo. Sofore the anounte eôsorbeû

w6re &eaguredn however, oertaln changes ia the apparatus were

oaile .

*
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.& three-way stop-eooE lrhi ah was speelalþ grourd

for higlr vacuum work was lnserted in the pooltion ocoutrlfed,

by stop-çssks, c anè d, (Fig. 1¿). fhese stop-eocks we¡e

thaa Joinetl. to two of the arms of the three-way coek. lhe

stop-coch, f, whl eh was used. ia flushlng out the purlfying
traln was also retalaed..

$lnoe tho three-way oook was maô-e of har tt g1ass, glass

to g3.ass Jofnts oould- aot be natle. the renaind.er of the

apparatus bei.ag of soft glaeo, fro arms of the threo-way

stop-6e6¡ were conneoteû to the stop-coeks, o anô d., by neans

of pressure tubing over whlch pioien oemeat was spread.. lhe

thlrd. arn of the thr ee-ltay tap wae conneoted to the systetr

by a methodl frequentþ enployecl in vacÈum worh.

A pieee of soft glass tubing of thê same exterRal

dla¡neter as the arm of the th¡ ee-waü otop-ss6k. was ooateö.

wlth Ê, thln layer of ploien cement, ånd. wes sllpped hal.f wa¡

lnto a snu.gþ flttlng brass tube. fhe arm of the three-way

Ëtop-sq6¡ ltas then slmllarly eoatetl with plcien, anû pushed

lnto the brase tube from the opposlte entl r¡.nt 11 1t touchsd

the soft glass tube. .A.ft e¡ the oement had hard.ened, the
joint was ooyered. wlth friotion tape and" a layor of plclea
was spr eað. over the tape. fho soft glass tube attached. to

the three-way Êtop-eoek was then Joiaed. to the systen by

fu.ø i on .

lhe volu¡ne of the out er syeten w&Ë sllghtþ altered by

the atld.ltion of the new stop-oock. Ehe vslumo of the onter
qygten sas now fou¡è to be ã18.5 o.o., or 0.8 c.e. lese t haJl
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ths fo¡mer vslume. lhe volume of tbe unthernostated portloa,

thereforo, bsoame Lål a "e.
Êfnse the vo lume of nltrogen aôsorbeû by the

msnga,neE ê ïa.s foì¡¡d, to be mueh snaller tha,n was flrEt
aJûticlBat€t, it as reoessary to refiae the aor¡eetfsns naale

for the uatherrnostated portlon of the ouüer syeten. fhle
tas tlone by nr¡pping tbe exposeô tubing wlth ootton wool,

anô the Þulb of tbe Moleod êauge wlth ootton çoo1 a¡d fe1t.
8y thla moanÊ, rapid oh,anges in th6 tenperature of the

rrll-thernoetated portloa ¡rer e eLlninateal. A thornonster, haviag

€r raûge sf 600 a.nr[ gratluat erl f n 0.1o, was pleeeil agalnst 
.

the bulb of the Moleoå, sfnoe this bulþ oonstttuted. about

|CIfi of the er¡rosoil Bart of the eyetem oontalaiag gaË. At
the ti¡oe of eaoh ¡êa,ú1ng of the lnitial pressure in the oute¡
ñysten anô the egulllbriu.n ¡¡lessure, the temperature tree

noteô antl the effective roluße of the ont er systen was

cal-oulat erl.

Íhe nethotl enploy eð. to measu¡ e the vo lunE of nltrogea
aiteo¡beð by the nanga¡ese was tho reyerge of the prooees

useö to eeasure the itoserptloa. In this fnatanoe, the
preð$r¡e ln the manganese flask ras lower, before the
eq'rlîolon, than the ptregsuro la the outer eystem. 0a

openlng the stop-ss oh., I, aa ex¡ransfoa took plaoo fron the
outer oy$te¡o to the tna;ngâñês e flask; antl a aew preseure for
the total system was set up. l[hfð pres su.r e was lesE thsß

the lnttlaL pressuro ln the outer eyeten. lhe d6orea,Êe rras

ðue to the expaasion âJrd to the aalËorptlon of nltrogen by

the netal.
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By obserying the fnitlal pressures in the maaganeÊ e

flask anô in the outer syeten, aåd, finally, the equlllbriuo
pres$rre, ths vo }¡me of gas atlsorbeô ma¡r be ealeu3.ateè by

the nethoû alrea{y alêEorlbeal.

fhe results for the aôsorptioa of nttrogen by

na.nganese are glven fn table ?. Ího lsothernals obtaineû are

ehoma 1n figureo 14 anô 16.
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ÐI5git3sI01C G REf¡I,¡SS,

Bhe volnme of bitrogeE ealsoFbed by the 44.4 glees of

rna¡rgênese et ooc. wes f ûoaè to be 1.ö9?g ø.a. at S.î.?. by the

(lesof ptiofi $pêFlnetrt. [bts euouat 1s neo es8ef i]'y tos sna.11

Ëlnoe at the ftnel p¡ressure of thê tleeoeptlon, SÊ x 104 nn.,
tbere w111 stil1 be soo6 EeËtaluel nitrogen held. by the

o¿EgaEese surfaGe. Êbe vo lu!ûo of thê reEiilucl gas, howevef,

wILI bo very sro*J.I-; ead., therefgrer it wftL nst ohaage the

total yolurûe to my slrptooteþle Extect. Sbås wlLl aLso be true
of the volune of nltr ogon ¡ûeågu¡eû by dtiteet adlsorpti oE.

Sronû SiguEeE L4 an{i 15, lt is soèn th8t the ourveq for
the arlsorptlon etrê tÌesorptlon ito not ooinoiale. qhj.s is psobeb].y

ðue to 6û.pef fuì¡eetal error. rt haÊ alr eadg bem seatl oneil that
a0 speoiel pr eo aati or wag tã&e¡ ln aorreoting for the uather_
ßostateil Borttor of t&e systen orntsintng ges ¿ü¡tag the
dosorption rrü. EhiE ney øÒoount for the alevf.atlon of the
two 0ufveg.

Manganesen ohr otriì¡¡û ffi¡û iËon beve oany Êiütlâf, propertx.e$.
nt woulit be of rntesest, therefore, to oonpare the anountE of
aiteogorr ådsorbeir. by those metels. gentonS fou¡il tbet about
0.4 o.c. of Eitt oger¡ m¡s et¡.sorboal by 54.6 gle,as of lren at ooc,
fFig.6). fbuê, 44.4 greE of iror¡ wourat aarsorb o.5a o.o¡ of
nitrogen' llhis vo1'ae is of tbe seûe oraler ee tbat obtatned.
wåtà oangeneee. Ifo ê¿ta efe avarrabrô on eêsorption of aitrogøn
by oh¡@lue at o06.

Ehe totaL nüeb€! rf layôIÉ of nltrogen eûsorbed. by the
ue?ìg&ûos¡ô lrep f.und to be 659. Ehts nu¡.ber r.e too lerge if the
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rB ononoLecã.ler satsorptlon theory of lengmuif is asceptoil.

lhe reeult, howoyer, oan be expl¿inod by eoeepting polenyi¡ s
theory of thiok eomtr'aoEsod fllms, or, bJ¡ es$¡üing tbat the

are€r of tbe uanganese surfao€ €¡s alêt êrIßfu¡ eil by the nlafosorpio
Bothoð ls too Eúå11-. fhe lrtter is the nost probable

êapJ-anetton, aXnoo th€ miofosaopio nethod. Aoes not t¿ke ínto
qosount the netrork of oråoks wl¡ish ttevelop in the môtal.
Eheee sreo¡rs wil.l gËêatly inoreese thê Êr"Ffae e avEil_able to
the gas no1soules.

l8he ecoeptability of eltbor the l"engnufr thôory or the
¡oLåWi theopy aannot be ilisouseed. et this tine. gho

edsolptlon of ttltrogân by nmgenose wiLl h¿ve to bâ Aotsf,üine(t

¡t other tenperatures fifët. If tt iÊ found that the

åilsorption ie la{Lependlent of t enper atur e, tben tt sill eppôar

thst Po1anylt$ theosy'is the noro aoeepteble onê. laagroulrrs
theory lnttioates that adsorpttor is d.epenilent on the
tenperaturce. If by fu¡the¡ work this is founat to be the oase,

åt nay be supposerr th*t only a nqromolecular layor iq foreoit.
Ln this sEse the vå1uo obtalneè fo¡ the surfase area of the
nang.¡neËo F13.3_ etrpeer to be about 650 tines too snaLL.

Io thç neantlne, the work te belng contlnued.. llho
acteorption of ni-trogen by nanganese wll1 be inveetlgatett et
other tenBorêtufeon asìal the heat of eðsorltlon oero¡Èêtêd. fbrs
süalttl onel atatå wil-I leear to e o lêår êE unðersten.ting of the
v&al. ous t¡¡pes of eaLsorptlorl whioh roay take plaoe ln the syston,
nltrogêa oE nangênege.
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Ão

smd¡[AHg.

1". Íwo nethoôe of outgs,osiag of the mangaaos e rlere enployetl.

å. lho velosity of êtl€orptlon at a relativeþ Low pressure

ïrag ðet e¡el,reè.

5. lbe tlesorptlos of ûitrogeû f,rom manganðs e nas stuèletl

at ooc.

4. fhe aùsorptlon of altrogen by nangaaeoe was stutlleô at OoC.

5. []re nunber of layers of nltrogen atleorbeô by the

maJoganog e çaÊ åEternideÔ.

the v¡rlter wlshes to acEnowleöge hle lnôebteöness to

Ðr" !. $lotla for the Þu1Lôtng of the Eoegler prrn¡r,

ihu ru"o.rry ttlffirslon pump, aad. his asslEtsaoe fn

asoombl"lng tbe appalatrs,
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