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THE CHEMISORPTION OF OXYGEN AND OXIDES OF CARBON ON

. AN ACTIVATED CHARCOAL SURFACE.

‘ IntroductiOn; o

For SOme.yearskit has been generally~conceded~that~
Oxygen adsorbes on a charcoal Surface to produoe an exoeed~
1ngly stable complex. The System has in fact become recognized
~as perhaps one of the most convinolng arguments;for chemi-
sorptiod. & greét‘dééiédf*wbrk'has~been”pﬁblishédxon this
,subject, a recent survej'of which méy,be foﬁndfin,the thesis
f bffR{‘A; Find1ay¥ R
- The oxides of carbon have always'been be1ievéd to adsorb
in theyérdinAry physical méﬁnef, involving only the so-called
‘Van'der‘Waal(forces; The heats bf'adsortion of thé oxides,
even for guite small concentrations are wellkwithin ﬁhe limits
ﬁsuaily set for "physicél” processes. Thé present Ihvestigatidn[
 -wi11 show that despite popular opinion with regard to thls
r:point 002 and perhaps GO as well, will adsorb on some:. charcoal
‘k'surfaces to form a chemical complex hav1ng very peouliar

properties.,

’UApparatus;
The main features offthé:apparatus ha&e'beén;described
- by R. Al Findlay and others, but'théreVare gseveral additions
and changes Which were found to be neCessahy%throughout this

investigation.



Cafbonemonoxide Was pfepared‘by allowing formiooacid to
drip through warm concentrated and‘thoroughlyioat;gaeséd ,
anhyd%ous‘,sulphuric acild. The CO was passed through a liquid
d%ir‘trap to,remove any condensablekmatefial’and was pheﬁ stoped
over fresh PgOs for future use. ﬁsual pfeoautions‘were observed |
‘ such as‘thoroughly flushinggoutjthe apparatus before oo&leoting"
- the final samplea | ‘

Carbon dloxide was prepared by suooessively subllmatlng
and free21ng out solid COZ which was . obtalned in its commercial
form. from a looal flrm. Thls method proved to be very convenlent‘

land no evidence of impuritles ex1sted after three or four treat~

fments in the above manner.kLiquld air was used to freeze out the
| o solid GOy and the diffusion pump was allowed to pump dlrectly :
:on 1t for about 36 minutes, to ensure the removal of" all
volatile impurltles. The 002 was stored over P205 and was
measured out with the same plpette as was used for the CO and 02.

- Figure I shows the m1cro~gas analy81s apparatus in detail

and II,ehows,the Whole gas reooveryesysteme Two major changes
/‘Wefe made inethe gas analysis apparatﬁs; The Dekhotinsky'join’
was replaoed,by a2 graded pyrex‘tO’SOfthlass seal about. 1:5 mm.
1in dlameter and l cm. 1ong. Apelzon-L grease was used tnrough-'
out the entlre apparatus, end this, together with the graded
seal effeotlvely»elimlnated all forelnn organic vapors,ethus
k‘llncrea51ng uhe rellability of the analyses. |
~In figure II, "M" is a manometer capable of measuring

B large pressures and "F" is aleOO cc. flask for storage purposes.






nkA'liQuld‘air~trap“"L" was introduced to make'pOSSible large
'pressure Coy determlnatlons, The follow1ng callbratlons of bhe
varlou;'volumee were determined in the accapted manner.
Volume "A.C"aof the~McLeod’gauge....;....,.... 134.6700.
Volume "A.B" of the McLeod gauée;;g.....,;.f.& 0.0587 ".
cGauge‘ratio Ceviiaae. 4035 x 10725, |
k "External" volume ;,.l.....;.};;.{...,;;;.;,. 52.4 ",

Volume of storage flask "F" ,.,.,..;.......... 982 "

 Oxygen as‘Adsorbate;‘ UL
: fThelexperimeﬁtal‘procedure purSuedkin this Wovk Was

necessafily determined by the nature‘cf the results obtalned
‘wccusequentlykthe,éroceduﬁe‘aud results Will'be treated togethert

uin'the following eectlons, in their natural chronologiCal order
o as this is thelr best ordered arrangement.e |

| 'c;After out—gassing the charcoal for a period of lehours‘

at appfcximately lOOOOC.; the'furnace was allowed to cocllwith\
the’pumps still operatiuﬂ;‘The presSufe at'r00m temperature was
of gourse unreadable on the 1076 ratlo ofithe McLeod gauge. The
'dlffusion bumo and collectlng system were then operated for an
*1ntermittant period of about 40 hours 1n order to determine
What quantlty of gas could be expected to accumulate from. stray
‘ sources. Durlng thls tlme, which was approx1mately one week,k
only abcut 1 cu. mm. of gas was accumulated. The ana1J51s of the
t«gas showed 1t to be 33% CO, 3/7 N2 and 307 of either COy or H 0.

It is likely that these gases. were llberatea by the glass walls.



ﬁpprOximately 5 cm. of Oé Were'thenkmeasured out on the
gas pipette and allowed t0 adsorb on the charcoal surface.
,Wlthlm a fow minutes the pressure had fallen to an immeasurably
'small value, the surface concentratlon of the 0g being 0.66 x 10

’_molsoper gram of charcoal ( 0.66 micromols ) . Every abtempt to
~ recover gas frOm thersurfaee‘by pumpingpforflarge periOdskof
time withcthe diffusion,pump‘was cOmpletely futile,

The temperature of the system was then raised slowly,
flrst in a thermostated 011 bath and then 1n the electric furnece:
,At 1ntervals of about 500 the temperature was kept oonstant for
an hour or more, during Whlch time the pressure varlation was

~stﬁdled. From~room»temoerature to approx1matelyv4OO°C the

R general trend seemed to be a more or less contlnuous rise in

;pressure, but the magnltudes were so small that the measurements
are probably not reliable. Thus, at 41406 the pressure Was only
about‘lo,x lO,fmm and it waskquite_lmpossible to,recover as little
as l'xilo“s‘ce of gas~OVer a:period~of several hours. It is a
matper of coﬁjecture whetherathis small pressurelwas the resulﬂ
" of the adsorbed layer or Whether it came from the heated qﬁartz,’
| Upon ralsing the temperature from 4140 to 500° and theni
'keeplng 1t constant it was found that the pressure rose from

17 x lO"b to ll/ X lO ~Gmm durlng the first 20 mlnutes and then
’prooeded to fall off logarithmleally with’ respect to time;
approachlng an equilibrlum value of 20 x 10 6mm When the
‘temperature was again,ralsed from 5000 to 542°,$the;pressure
rose to 150 x 10=6mm within lE‘miﬁuﬁes aﬁd;upon mgintaining

the temperature constant,'it,again fell off to 30 x 10-Ggm.






The measured values, corrected for "thermal transpiratlon

“are recorded in GraphI. The diagonally shaded areas are perlods
: of‘heat}ng and the spaces in betweenyrepresent constant temp-
»3eraturefperiods; These curves must be taken as individuel‘aud
qualitatlve examples only. For a more detailled account of the
4work, the orlglnal 1aboratory record must be consultedo Therek
must necessarlly be a 1arge time lag® between the pressure over
the chercoal and that recorded on the gauge, hence the results
are probebly re}liable only as a qualltatlve descrlotion,~

| When the furnace was cooled down to room temperature

 and was again raised slowly in steb5~of 50°% with the object of
trylng to reproduce the efrect, 1t was found that uhe phenomm
enon oould not be repeaued throughout the temperature rangs
prev1ous1J studleds Upon reachlng the upper 11m1t of 618°the
pressure, however, rose to the equlllbrlum value to which it
had last fallen and a further rise in temperature caused a
‘kduollcatlon of the r181ng and fa.llng efzect ThlS procedure

_was contlnued up to 800009 The uemoerature was then allowed

to drop to 20° 5 ~and the whole process was repeated, ‘the

results of which are graphed in T (b) It 1s interesting to

’note that even at 10000 the gas showed a tendency to readsorb;

back on the charcoal.
Small quantities of gas Were drawn off the charcoal
wed to be

"jfrom time to time and in every case the analysis pro

1004 O .with no trace of COy or O,
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As added confirmation as to the 1dent1ty of the gas which
was exerting these pressures, small quantities of CO Were gen-
‘perated and,added at various temperatures. In every case tne ,
}preSsure,fell rapidly to the Corresponding equilibrium value.

Discussion of Results fd*Oxvaen.

T The follow1ng concluSLons are a direct result of the above
observations.‘small quantities of 02 adsorb on activated char-
coal at room temperature to. form Lan exceedingly stable complex
Whose decomposition pressure is well below 10“6mm This complex -
is 51m11ar in nature to one which would be formed by allow1ng
eGO to adsorb on charcoal at a~temperaturerin,the region of
400 - 500° ¢ , so we may regard it asfpotentiallykadsorbed”CO.‘

' Upon raising the temperature, a point is at length reached
where the 1east tena01ously held CO escapes from its seatings
.and the. pressure builds up by v1rtue of the Clapeyron—Clau51us

»relatlon. Upon holding the temperature constant the pressure
'pdecreases. The readsorbed CO must certainly have found more
jactive spaces than those which it 1eft and which are now
"impoverished of CO. As the temperature is again raised the
:effect is repeated and we must assume that the CO is expelled
from a- slightly more stable range ( again by virtue of the
Glapeyron Clausius equation ) and is readsorbed by a more
‘stable range of spaces than those which were responsible for‘k
the previous readsorptlon. The~effect may be repeated
~.again and again and each 1ncrease Ain temperature causes

a rearrangement of the; surface complexes



necesserilj resultiﬂg‘in the formaﬁion of’a product of‘greater
létability‘than any. preceding one.'A questionywhiCh immediately“
suggéste itself is this: why does the CO not fofm iis’more
*stable complexes at the lower temperaturesf'why should it‘refuee
oto adsorb on the ‘more active centres in preference to the less
actlve ones ¢ The answer’must evidently be’that the rate of
adsorption onythe‘more eotive centres is extremely slow at
moderate temperatufes'and moreover; wermay say thatlthe ratehof_
"adsorption‘seems to vary in an inverse'manner,WithufeSpect to
the stablllty of the comolex produced. It Would then appear to
be reasonable to-asgume that the greater the stablllty of an-
oadsorbed CO molecule, the greater is the heat of~adsorptlon
~1and also the heat of actlvatlon. Burwell and Taylor were |
"dlrected towards this same conclu81on When studylng rates of
’adsorptlon of Hz on metalllc oxides. "The data points to a
= 1ower heat of adsorptlon'for the process with the lower'energy

‘ offeotivation“,’ z o |

| Wefmayethen picture the chafcdal surface as being a

‘eontinuum‘of‘spaces of varying degrees of eotivity‘each“having
& heat of activation which is higher~for the more active spaces,
This pioture expleins‘the‘experimental results of thie paner,
‘moreover, it offers an explanatlon for the manner in Whlch the
~differential heat of adsorotlon of O2 on oharcoal ‘was found to-
1ncrease~witn,increa81ng temperature 88 shown by G aarnerg.
Tv1denoe has been obtained in thls investigation, as'well as'
‘many others conducted on adsorption systems4 ‘that an adsorbed

layer undergoes a very slow "secondary reaction" known as "drift'.
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Thls mlght well be taken a8 an 1ndication thet the adsorbate
1s findlnﬂ more  and more stable seatwnds but that the rate of
j/reac?ion at these more stable spaces is smallkdue to the higher

T’aoﬁivation energy. Thus it is seen that‘the surface ooﬁoept

. which offers the most reasonable explanatlon to the daua

presented, is also in accordanoe with the work of many other

o 1nvest1gators. - P .

Carbon Monoxide‘As AdsOrbate Part I[

- In vieW‘of the intereSting rOle playéd by\CO in the previous
 secti0n, it was belleved that pertlnant 1nformatlon could be
by adsorblng CO direot]y on the charcoaL %urface at room temp-
‘:~gpature. About 10 cm:of‘theggas Was_measured out on thekpipetté
 énd alloWed to‘adsorb onfthé previously outl-gassed charcbai. A
volume doublé‘that'of 02 Was:usedvin ofder that the effective
oxygen COﬁbeﬁtratiOnyweuld be the‘Same’as‘befOre\( 0.67 micro
mols per gram offéharooal‘). |
‘:The adsdfption of the CO‘Was of courSé‘muoh slower thén'the

09 and the equilibrium’pheSSuré was 13‘x'10'6mm.:That an" |
'equilibfium actually existed was demonstrated by pﬁmping small
quantities of gas off the charcoal and noting that the pressure
’ built up élmdst inStintaneously to its origihal value. This
equilibrfﬁm underWent a very gradual "Brift" and it Was‘noticed
' tbat the rate of iiberation,of gas into the diffusion pump 7
‘decreased‘slowly With'time even though the surface concentratign'
kwas not changed'appreciably.fAfter’two or three days no gas

could be recovered.
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dTheptemperature of the System was now raised as‘in’the
upre?ious Section and the pressure was plotted~against time,
Thus at 52°9C theypressure rose from;lZ;pr 107° 4o 8¢x10-5 .
‘eveﬁfa,period cf about‘oneyhour and then‘fell slowly,‘requir—
: ing 2 period;ofkabout‘échours te fall~to 34’X 10"5 mm. ( sse
graph Ii(=a). ). | |

From 52° to 104° the pressure rose rapidly to 545 x 107%mm
,}wlthin 30 mindtes and,in 2 hours itjhad fallen to 56 b4 10'5mm
‘aS'ehown in graph II (b), Upon coollng the system to room .
temperature, the pressure decreased to zero and no gas could be re
krecovered by pumping for several hours. When the temperature
was agaln raised,'no CO was produced untll 104° was approaohed
[%and at this temperature the pressure~rose to 1ts equlllbrium
’value once acain.’A further rise in temperature caused the
pressure to behave in tne same manner as outllned above. Thls

proeedure was carried on: to approx1matelj 400963 and above

this temperature the system behaved Just~asfthe Og ccmplex did.

Carbon Menoxide'as Adsorbate = Part IT

The first experiment with co offered no new information'<
reﬂarding the charcoal surface other than a conflrmatlon of the
khypothe51s already presented. It did, however suggest another
Vmethod of attacking the problem. |

“If it is true that +he spaces of aidherkact1v1ty become .
avallable for adsorption only at hlcher temperatmres, and 1f
this 1s the redason for the readsorption of the gas expelled

from the less active spaces; +hen if these more active seats






Icould‘be;filled in some manner, and‘thusyelimineﬁed, the
ﬁressure—decrease phenomeuOnlcould be stOpped.]With this point

:of,vfewyin mind the following experiment Waeaconducted.

’ ~'}Thelcharcoal was heated to:SBOQ end was then allowed to

‘cool qulte slowly in the oresence of an excess of CO. Wlthlnk
about 5 hours the furnace had cooled to roonm temperature and

a total of 20 ‘cm. on the pioette had been added. ThlS corresp—

' onds to a surface concentratlon of 1.2 mlcromols of oxygen per

gram 0f~oharcoal. This value is about twice\as much as that

used in the precedlng experlments, yet it he equilibriumkpressure ’
kfwas just as small as before, thus indlcatlng that the ‘effective"k

l‘ surface had been lncreaeed by lOOﬂ.

‘ The temperature was now . ralsed slole from 230 to lOO6 Where ;

:it was held constant for several hours. The pressure rose fairly

' raoldly and in 45 minutes had attalned a value of 90 X lO

kDurlng the following 30 minubee there Was a sllght decrease the

~’f1nal being 85 X lO mm See graph III (a) From lOOO to 126
dthe pressure rose continuously to 63 x lO mm and showed no
»tendency to fall off

Upon coollng the charcoal and repeatlng the measurements‘
agaln and again, the curves were found to be very nearly reproducer
able, in marked contrast with all previous results. Vven at 1700
:the pressure rose to 600 x 107 Som and showed absolutely no eigns
of any decrease after standlng for 4 houre‘ At higher‘temperatures
the pressure was far too great to be read on the gauge; but as

SOQn,aS'$803§Was exceeded the gas began to readsorb at a great
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rate -and was soon down to normal pressures again. Above thls
L'temperature the system behaved Just as though 0o bad been
adsqrbed at room temperature.

. The results outlined in this section present a powerful (
'argument 1n favor of the hypothesis in questlon, partloularly
3 in.v1ewfof the,fact that thls behavior was actually predicted

prior to doing the experimental work.

Garbon Dioxide as_ Adsorbate - Part T

J The obJect of the followinﬂ investlﬂation was to study in
’more detall ‘the nature of the charcoal surface and to try to
obtain some~inf0rmatloniwith regard’ to,the degree ofkactivity
wofthe"féotive‘ centres" arailable fer roemgtempereture ad-
serptiOn,’and elso the relative'abundence of’such~eentres.
| An amount of 002 equlvalent to a ooncentra+ion of 0.66
'micromoles was measured out on the gas pipette and admltted
‘ }to the charcoal. The adsorpt1on was fairly rapld and in 1 hour
the pressure had fallen to 6.4 x 107 5mm Pumplng with the
;diffu51on pump for several hours served to remove only a very
small quantity of gas = t0o small to analyse; although there
was an indlcatlon that the gas was larvely 002. | |
The temperature was raised as usual to 540 end was then
held constant. The pressure rose from 17 x 10~6 to 60 x 10”6mm;
iln a period‘of'éO minutee’andktheh fell slowlyvto 27 x 10~ %mm
as shown in graph IV (a). A small guantity of:gaskWas pumped
offwat the eﬁd’ef 1 hour and'it‘proved’to bejloo%eCO with no

treoe'of‘Cog.
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Agein, upon raising the temberature there was the usual
rise and fall in ﬁrESsure“until, above 400°ethe system be-
Nhhaved Just as though 02 or CO had been adsorbed. There was
~ never - any 1ndlcatlon that anything but CO ever 1eft the 002
complex, thus def1n1tely establishlng the fact that the~

iadsorptlon of 602 involves chemical forces.

%arbon Diox1de as Adsorbate - Part II

Many investigators have studled the adsorption of 002 on

ocharGOal and in no casern record,has the System showed;kany

utendency to reduce‘the COg. Possibly the‘refiﬁemenss of method
and apparatus are respons;ble for its detection in this 1ab-

. oratory, but it seems more 11kely that the charcoal used in’
this work'is unique; In'view of the results obtained in,the
previous sectlon, it became a matter of vreat interest to know

,Just how 1arge an amount of CO2 could .be reduced in this manner.'

The charOOal Wasrout~gassed as before and fresh‘CO2 was

- generated and purified, special precautions being tekenfto

‘ obtain~a very pure,product, The temperature of the system Wes
;maintained,at 25,500 by meens of a speciaily designed therm-

_ostat. | o ’ | | |

, Carbon dioxide was then added to the system in 1ncrements

:_iof about O 66 micromols per gram of charcoal. The pressure

decreased after each addltlon comparltlvely slowly and several

hours was usually necessary for the pressure to become

‘Hsensibly constant, although a slow drlft per31sted for several

' days in many cases, part*oularly at the lower concentrations.
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;Smallteuantitles wereupumped offgfusually at intervals of 10,
30~and 60 minutes,»and in SOmefcases'lZ‘Or more‘hours after

. additaon. The rate of desorptlon and analysis: were noted in
-each case.‘n‘

Between 002 concentrations of zero and 13.2 micromols per
gram, atotal of 0. 112 micromols per gram of CO was recovered
and analysed. The 002 was added in 14 increments and during
this tlme 30 samples of gas were Wlthdrawn from thHe charcoal.
,In every casefthe sample»proved‘to be 100% CO with only an
, koccasional trace ofecoz.’TbefGOQ_Was'found toego onto'thefchar;
,cOal atka surprislngly'highkrate and'in many casee;rone,minute
- was sufflclent to completely deplete the gas phase of G02 and
replace it with a high pressure of CO Whlch was in turn slowly
readsorbedé By removingia comparitlvely small quantity of~CQ
~the~equilibriumrpressure could be'decreaSed almost~to zero; and
this effect was found to be even more pronounced at the higher
concentrations of Cozo»When a. surface concentration of 13.2
had been - reached the equillbrlum,pressure of €O had risen to,'
lOO X lo‘4mm. It was shown that the equllibrlum pressure of 002
at thls concentration was below the vapor pressure of SOlld COZ
~at llquld oxygen temperature ( about 5 % 107 mm), by coollng a
portion OL the apparatus and noting that no 002 was frozen out
even after 12 hours. | |

wFor.concentrations above 13.2 micromols per gram of char-
icoal‘it~was"found’necessary to modify tbe:procedure slightly

on account of the unweildly pressures of CO which developed.
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The procedure followed ipythe present section was'aS'follows.n
The McLeod gauge Wesfeut off‘frOm the oharCoal,end,evacuatedg
“ efteruwhich,a~mea8ured quantity;Of’CO2 ras\admitted to the
,adsorbent;'At a:certain,time“later,,(“usueily sboup 10 min. )
the gaugerWas opened and the gas“was'alloﬁed,to expsndEOTf the
¢harcbal into ite Then, after another periodkoffabout 10 min-
,utesythe‘gaﬁge%system was cut off from the oharobalpand the
| Qoz~conten£ of the gas wasfdetermined° Thiskprocedure of first
_evacﬁating the gauge.makesfoertain that the samplewdrawh off
,is really representative of of the true equllibrium mixture
and is not diluted with gas whlch would otherwise be still 1n
the gauge. v‘ |

‘Using the methods outlined above, the surface concentratu
ion was extended from 13;2 to 16 6 mlcromols of'COg pér gram»
The equillbrium pressure of CO rose from 1OO x 10~% to 440 X

«4 mm Wlth still no trace of COZ H and since thls pressure

10
wes near to the readable lim1+ of the gauge, it was. dec1ded to
’*pump off all the CO Whlch ‘could be recovered.

Pumplnv for e 5 hours served to recover only 3. 25 micro-~‘
mols of CO per gram of charcoal and- pumplng in excess of this
’tlme was totally useless as the rate of desorptlon becomes |
,zvery small even after the second hour.p ' |
Between the concentrations of 16. 6 and 43.3 m-m / gm 5 coz
. was added in 3.3 m-m / gm correspondlng to 25 cm on the gas

‘ pipette. After about an hourfthe resulting CO was pumped off

and measured.
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Table I contains the record of the results of this section..

cThe'first column lists~the‘t0tal initial concentration of'COz

expressed in micromols of COg per gram of charcoal (m-m / em )g

The second column contains the amount of 002 added in the same

J,units as the first. Column three shows the pressure of COfafter
o period of 20 minutes. The fifth column 1lsts the quantitJ of
€O which could be recovered by pumping for the length of time e
’ recorded in uhe fourth column. The quantlty of gas recovered
was - measured with 2 cathetometer and 1nvolved the measurement

” of-twokmercury columns whose height~differed by_about 1 = 2 cm.

 Tor this reason, these results are to be looked upon as having

i énfinherent-errOroof,aboutd5 aklbt%'due to stiction of the Hg.

 IABLE I
_Init;al~eonc VAmountﬁof ‘freSSure TimekOf [ Amount of GO
of COg | COg added | after 20| pumping | recovered
-~ |m-m /ugram/ t}m-m,/ gr.”min xLO4, “hours m-m / grem
1| 166 3,30 | 120 | 7 ol 1.96
2l we | s |1 | e | 1er
,3d,,23,2 B - T e | Tos {vlnsQ
a| 26.5 | =38 | 3 | 8 | 1,92
'5, 29.9 | .38 | p400 | ?.8 : ‘7t' .81
6| 33.3 34 30 i p>5oo | a5 L
7| 6.6 | 3.35 p<1000 | 6 e 1.82;*
8 o‘4o.olv | Bess ;_<n»iooo ey ;" 1.89

% At the concentratlon of 36,6 -1 / gm , the system was

' exerting an eqyilibrium pressure of 002 of approx. 5 x lO’snm., |
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This was shown by coolimg‘the 602 tip and'noticing that‘even
after 18 hours in contact w1th liquid oxygen, only a very
smalI amount of 002 was frozen out ( Just large enough to
k,reglbter on the lMcLeod gauge. )

* The above uable brings to llght a very baffllng property
of the system.,Apparently each new additlon of 002 Whlch is

d adsorbed on the surface causes the formatlon, or at least the
klloeration of a llttle more than one. half as many mols of o s
“and this appears,to be_lndependent ofvthektotal conCentration
of GOy between~16 GVahd‘43¢4'mém~/'gm;, The. pressures of these .
equal quantlties of CO whlch are ‘produced, increase very

rapidly with respect to the COg concentratiOn,

Carbon DlOdee as Adsorbate - Part III.

When the surface concentration of COy was 1ncreased beyond .

the value of 45 4 m-m / gm » the rate of dlsappearanoe of 002
became measureably small and after many hours the comp031t10n
rﬁof the gas phase became constant. The experimental procedure
used was essentially the same as that in that of the preceding
section, with the exceptlon that the gauge Was evacuated and
‘allowed to refill several timeskduring one runyln order to
obtain data relativectO‘the rate of conversion of @0z to CO
Table 11 is oompiled from the resulte of this section.
cGolumn I as before, shows the total 602 added up to the time
in questlon in’m—m / gram, Golumn TIolists the quantity of COg4

‘added for each run end III , the pressure aftér 20 minutes,
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'The fourth column was obtained by ploutina peroent composition
k of the gas phase against time, zero: time being taken when the

’002 wés admltted to the charcoal. The tlme required~for~the

| composition to fall to. 507 002 was then measured off the graph
; and this is the value whlch appears in column IV & The oolumns
V and VI contain the amounts of 002 and CO respectively which

could be recovered by pumping for aoprox1mately 6 hours.

Table II

1 1I L 1w v vI
[Conc of | €O, [ Press [Time for | CO5 | GO
COp | added | after |B0% conv. | recovery |recovery
mm /gr {ma/g| 20 min | min. | m-m /gn | men /g% |
A33E | 1.66 | 516 | 11 T 0.53 ¢ | 1.05 ¢ |
45.1 | 1.68| 590 | 39 | o s | 0.6
46,8 1.22| 867 | 112 | 0.43 | 0.60
| 8.0 | 1.48| 538 |209 | o.7z2 | o0.48

An eXaminatiouiof tﬁe data brings to iight a number of
- very interestingopOinﬂe} Firstly it will be hotioed thaﬂ |
; betWeen'the comparitively oloseklimits of 43. 4kand'48 o, theu
rate of conversion of 002 undergoes a very drastic ohange.
‘This fact is perhaps shown more clearly in graph Ve ,'in“
'whioh the’tlme taken for the gas phase to beeome 50% CO‘is
 £fotted againsﬁ the total quantity of COy on the chaeralg It
is'quite'obvious that‘ﬁhe’number of epaces.capeble of accept-
ihg COg chemically at 23.5°C oannoﬁ bekgreater than’abouﬂ

50 m-m / gram , as the rate of conversion becomes zero .
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~~This‘limit is vefy interesting, particularly in view of‘the
‘ facc that this is very nearly the same range over which the
;tdifferential heat of adsowption of 02 on charcoal has a con=-
'jstant value of 72 0 Kcal5 It is possible that a fundamental
relation/ggtszzn these two SJstems ‘and an 1nvestigatlon

' conducted w1th the obJect of determining this relatien would

“probably be verykproduetiveo

oummarv of Results for Carbon Dioxide.

 The experimental facts recordéd in: the prev1ous sections
may be briefly summarized as, follows'-

(1) 002 adsorbes on activated charcoal chemically and
dissoc1ates in part at least to produce two molecules of CO
Whlch_may or may not_be~held with equal tenaoity.

3 (2) Some of the‘COtwhich'is pbodﬁced is held so ldoSely
that it is allcwed to escape and it may subsequently be -
readsorbed or it maykbe pumped'Off, The“humber of,molskof»
kthis type of CO seems to be approximately one half of the
'number of mols of COZ adsorbed, and this faot seems to be‘
independent of the total~quant1ty of Coszhich has been
"added. | ‘

(3) There are a definite and limited ﬁumber of‘spaces
able to accept COZ chemically and this is rougbly the Same
i~as that number which will accept 02 chemically.

(4) The coeff101ent relating pressure to surface concen-

tratlon, i.e. (ag)c T for phy81cally adsorbed CO increases

for higher concentrations of'chemically'adsorbed COZ.; ‘
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This indicates that some of the spaces which will hold
CO physically are ablse to accept CO, chemically, thus
accéunting for the fact that the COo has the effect of
’decreasing the avallable surface for the CO.

Much more data is neceasary before it will be possible
to come to any conclusions regarding the mechanism of this

obviously complex system.



=20 =

Bibliography

R. A. Pindlay , Thesis , University of British Columbisa

( 1935 ).
Burwell and Taylor , J. Am. Chem. Soc. 58 , 697 , 1936.
Blench and Garner , J. Chem. Soc., 125, 1288, 1924.

also

W. E. Garner , Nature., 128 , 583 , 1931

- Bull, Hall and Garner , J. Chem. Soc., 837, 1931.

" Marshall and Brampston-=Cook, J. Am. Chem. Soc. 1929



