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| INTRODUCTION

Adsorption is the acoumulation of & chemical substance
at the interface separating two phaeesl. }These phases may
consist of two liquids, a liquld and a gas, a liquid and |
a solid, two sollds, or a solid and a gas., The substance
adsorbaed at the intorface is known as the adsorbate, while
thévphaae upon whose surface the sdsorbate concentratas is
called the adsorbant. Special techniques have been devel-
onad for each of these systems. The system involved in
the present research was of‘the typo liquid- solid.
' This work was begun with the intention of studying
the adsorptlion of organic compounds upon the hydrogen
eloctrode. The faoct that certain substances, even when
pregont in-extremely low concentration, will polaon the
elactrode éith which they are in econtact shows clearly
that these substances must be strongly adsorbed on the
2120trode surface, Tha problem of determining the amount
gﬂsnrbed at various conoentrations, temperatures, and
presaureé,_however, fequlved a mathod ocapable of detecting

quantities of adsorbate in the ordor of 10”11 moles,
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" 8ince the usual titrimetric and gravimetric methods could
not be expected to be apolicable in this situation, the
problem was raesclved by developing a miorocoulomstric pro-
cedure, This method, described in more detail in the chap-

2, depends upon

ter dealing with exverimental techniques
tho compaetitive adsorption of hydrogen and the organic ad-
sorbate upon the electrode,

This method was then applied to the study of the ad-
sorption of varlous nitriles ﬁpon the hydrogen slectroda.
Inoluded in the objectives of this work were:

(1). The determination of adsorption isotherms for the
nitriles studlied.

(2). The corralation of the potential of the raversibdle
hydrogen olectrods with the amouﬁt of hydrogen adsorbed
on it.

(3). The determination of tho heat of adsorption from
the effect of varying the temperature,

(4). A study of the effact of prassure upon the amount
of adsorhed hydrogen,

(5)..A correlation of the adsorption of the various

nitriles with steric and structural factors.

1. R, J. Hartman, Colloid Chemistry, 24 ed., wp.1l7, 18,
. Houghton Mifflin Co., Ine., New York (1940),
e DP9




HISTORY

The stuly of adsorption cén bo tradeﬂ back at least
to 1?733, whon €. ¥. Schosle observed that wood oharconl
nonaeassed tho ability to adsordb pgases., In 1785 T, Lowitz
noticad ithat aoloring matter aould ba removed ffom goiu=
tion by adsorption on charcosgl. 81nc§ tha methods used in
ths measuremant of adsorption of gases are woll known, and
aince thoy have no diredt b@abing on thé work dlsaussed in
this paper, thero would be nothing gained in a diaouaaion‘
of tham. - | |

Tha overvholoing bajorlty’of énrk done on the‘aﬂsorp~
tion of substances from solution has dsponded ﬁmun tha
mansurament of coneentration changes of the adsorbate in
solution caused by tho addition of an adsorﬁant to the
nolution, In ordor that the goncentration changs be moas-
urable, adsorbates with large aative surfacos havae been
unod « Surface area is maximizoed in porous or finoly d4i-

 vided solids such as activated oharaoalA and silica gefs.»

3. f. Olanntono,tloxtbook of rhvaloal Chomintry, p.1172.
D. Van Nostrani Co., INc., 10w YOrk (1940).
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Connequently, these and similar matorials have rocelved
mont of tho attention of those investigating adnorption
from rolution,

However, thore has baon somo work 4dono more recently,
more as a sidelino to the problem of the kinotles of oleo-
trode roactions than for its own intrinsio value, relating
to the atnorption of substancos from solution on elestrodes,

6

Bowdon~, in meanuring the amount of eleoctricity passed in

ohanging the electrods potential from that of hydrogon to
that of oxyran on a ylatinum olectrode, foun? that 9 X 10’“
aoulomba pannad, From his caloulations 8,1 X 10™% coulombs
nhould hava bgon roquiroed to replace a monolaysr of hydro-
Fen with one of oxyren. Mo conocluded that the lavor of
hydrogan wan Alascontinuous and aonnisted of Aintortod
orionted Aipolas on the surfaca of the platinum elootrode.
Dutlar anA Armﬂtrong7 later achlioved ensontially tho samo

™maultn,

4, F, 7, Partoll and =.J, "illeor, J. Am. Chom. J0c0. 44, 1066,

Se¢ Nee Holmas anA J.A. Anderaon, Ind. ©ng. “home 17,25,(1925),
Ge F.P. Domlon, Proc. Foy. “oc. {.ondon), A125, 446, (1929).

7e JeloVe Rutler, and G. Armstrong, ibid., A1’7, 604, (1922),
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fTome of the most pertinent research dearing on thin
preasnt projoeot waa that carried on dy Frumkin and his
asnoeintenBe9,10,11. 1 thatr rather thorough investipn-
tionn of the kinetiasn of eleatrods reactiona, Uaing slon-
oharring gurvon for ths mont part, thin group inventiratoed
ths ohanpoes oocuring at smooth or platinised platinum
alaatrodes while ohanging batweon the rovernible hydroron
and tha ravorsidle oxvegsn natentinls, In running tho chnrp-
ing ourves from the raovarsible hvdropon notential to tho
revoraible oxyr n potantial in acid midia, thron Alntinot
reriona wore obAarvaed ocorreanoriing to the following thrao
pronanaent (1) oxidation of ammroximatoly a monolayor of
hydropren, §2) the bBulldine up of a doudla lavor, and (3)
formation of a lsyer of oxyren, In the firat rogion tho
potentiasl was obnorved to vary lincarly with tho numbor
of ocoulomhs pannod, indlcating that the Aiffarontial hoat
of adrorntion Aeocreanas as tho fraotion of surface o2oup=-

1e4 by nrorbed hydrogen inoroanss,

7« Dutlor and Armatronn, loo. Clt,, p. 604,
e Ae Zlyrin, amt A, Frumkin, Acta. Phynlcoohim, .R.%.%.,
A, o11-023, (1926),
9%, A. FrUQVIn. ant A, Tlyrin, idi4,, 5, M9,
10, P.Dolan, B, =rahler, and A, FruztIn, ibia, 17, 779,(1540),
11, B, “rahler, Trans, Far, %og, 42, A, ‘(147).



6
Bruns ant Maidanowekajala in t»mir moasuromont of the
differontial hot of adaorption of hydrogen gas on platinum
dlack have shown this to be the care, Further confirmatory
wnrk13 has shown tha haest of adsorption of hydropen on
rlatinum in 0.0l normal sulfuric acid to vary apnroximately
linearly with the degraa of saturation, ranging from 23,600
to 10,100 Xoal./mole. This could be interrroted as indlecat-
ing timt the murface 1s hotaerogenaous.

rlk invantigsnted the effacta upon the

Slygin and R[yrshlo
amount of hydropren adsorbad on smooth and platinized platinum
alactrodaos when moroury nd araenic were used as noisons,

The numbaer of atoms of hydrogon dlnplucod'by one molecnle
of araenic, notaanium cyanide , md marcury, ench in Adllute
nolution, wns 4, 10, mmd 40 respectively, Tho effocts woro
found to be due to g typo of interaction rather then toa
marae blocking of the slectrode surface.

Aten15 has noticed the effoct of polnroning by ammonia,
hydroran sulfide, eynnides, and comnounds of arsenic am
morcury uvon the ~otential of ths revornible hydroren olec-
trode. It was noticed that when arsenlous oxide was the
noiaon, noisoning bacame comnloeto only nftor t~o or three

v30kas. Aton nfleo notliced that the eloctrode could he

danolarizaed by anodle polarization,
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9ince this rosearch was bagun, soversl npapers deale-
ing with the adsorntion on metal alectrodos have appearod,
two of which are aesnselally noteworthy., Tho first is

that of M1laont®

, in shigh thg strongth of adsorption
of hexyl aloohol and asveral othor aqmpoﬁnaa on various
motal olootrodon waé dotarmined by studving their effoots
‘upon tho overvoltagas and §épacities of the alaaﬁroﬁeg.
The raiaing of tha ovarvbliaga nas oonnsldered tc’have baen
dus to the formation of a eontlnuoﬁa ndvafbed fil&, which
inhibited tho discharge of bydhogen ions 6n the elsctroda,
Tho secon? is that of Olkaws and Qukaibol7,~1h vhiah
tha amount of acetlc acid sdsorbed on a platinum élactr§ae
=na measurad as a funotion of the deerease'of adgorbed
hyd-cgone Tho amoﬁnt of hyﬁ%ogan adzorbad was dabarminaed
from an onoclllorraphic potanﬁial'- time ourve. The rosults
‘obtained woro in agraosment with tha Freundlioch aﬁsovption

1aothorm.

12, Aota Phyaleochin, 1.R,.%5.%., 9, 927, (1938),
13 Ae ¥Yrumkin and A, Slygin, 2, 173~ 179,(19%4) Compt, rend,
l4e Ae Slyzin, and B, Zrshler, Aota Physicochim.!l.R.".0.
11, 45~ 58, (1939), |
15. A.i1,%, Aten, and 2ias ¥, Zliaron, Trans. Am. Sloctrochon.
. 00, ﬁ_ﬁ, Ce A 2&, 1256.
Aten,P. Tiruln, and ¥, Dolangs, Rae, Trar, Chim,
4h, M7~ 429, (1927), C.A. 21, 3577,
16, P.J. Hillnon, J. Chime Phya. 49, off-06, (1952),
17. s Cikawn, and 7, Hukalbo, J. Tlactrochom. S0c. Japan
20, 56%-71 (1952) '



APPARATUS AND EXPERINENTAL TECHWIQUES

The adscorbants in this series of experiments cone
sisted of platinized platinum wire microelectrodes. The
nuzher 20 wire was cut into leongths averaging 2 cmey and
- sealed into 16 cm. lengths of pyrex tubing. These elece
4trodes were then platinized for sbout three minutes in a
solution of chloroplatinic acid, using an applied poten=-
tial of 3 volta. The elactrodes were thon washed briefly
in ¢istilled water, conceatrated sulfuric acid, amd finally
allowed to sge for several hours in 2 N sulfurde scid. Just
prior to use these electrodos were anodically polerized at
ax:;rgen evolution for twenty %o thirty minutes. ‘

. The electrofle compartments first used wém constructed
fmm 125 ml. erlenmeyer flasks to each of which had been
sealed & oide-arm. The electrode 1tself was inserted in a
slcave of pyrex, through which hydrogen could be passed down
onto the electrode., This assembly was immersed in thev elege
trode solution through a stopper in the nesk of the finske
Figure 12 12 a schemntic dingram of the apparctus. The sidee
arm necomodated a salt bridgey throuszh which was established
contact to the calomel cell.
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The terperature of tha cell was re;ulated by placing
1t in a thermostatoed constant terporature bathe The cell
wnp connectod to a Fisher Type S potentiometer, and to a
Sargent !"odel XXI polaropraphe

Tha platinum electrode coopartment contained € normal
sulfurie acid as the electrolyte, The salt bdridge contained
saturated armonium sulfate in ngare.

The procedure was to rass hydrogon over tho electrode
until a ateady rotontinl was attained, then to allow suffie
cient timo for equilibrium to be aprroached between lydrogen
disnolved in solution and that adsorbed on the alectrodas,

A rolarogrem was then run in order to detormiing the rotentinl
range in which complete oxidation of the hydropan could be
achicved without introducing undssirable electrode roactions.
Furthor runs were node at the potentinl so detsorminoed, plote
ting current egainst time by monns of the Brown X=Y pen ree
cordor of the rolarographe The puiber of coulomds passcd
was determined from the rree under tho ciaves.

~rfter raking several deterrminations of the grount of
Indrosen adsorbed when no poison was ;resent, a moasurcd
quantity of poison wag then akled and the &wount of hydrogen
adscrbod gpnin detarmineds Tho decreass in aren under the
curvas wag taken ns a ceasure of the amount of polson ade
sorbed. This procedure was ropeated for each poison atudied
at eeveral different concentrations of poison.
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irelininary work was cariiod out W daterine a 11voo=
dure which would yiold re;roducible results, "rechly platise
1204 eloctrodes were founl %0 docrense c-yrecin. ly 4in activie
ty in concecutive runs, but scoowhat Lrresularlye Volng
electrodos soasoned by soaking in 8 rorwal suifurig acid,
three mathods of adscrbing hydrozen we:we imvooticated, First
was the dubbling of hydro en inte tio solution nnd onto U
elactrods for vardous longzihis of tire, Jecord was Uw [Toe
polarization at lydrogen evolution, and third was rrerolare
ization at & less ne,ative potential than lydro on ovvolutione
Very good reproducability waa nttained by thoe third =etlcd
when no pcison was present, but in the prapsence of o poison
both cethoda two and threa ¢nisod Ue polocnis to Lo 4is; lnced
fron the electrods and only slouly readsorbod, liosovar, ree
rroducibility of reasults by method o was reaschadly satipe
factosy on still elactroden anxl Quite satisfactory on rotate
in; olectrvdes, 'ost of tUw work hos bean with ctill elocw
trodes for ths sake of convenience.

The cwrrent~tire curves mere run first ot a conatant
appliod rotantial, but irreularities in te tnils af the
curves 1in{tod the rrecision in reasuring the arsas under
Lhese curves. This ghorteoning waa avoided by a cecund
rethod using an increnoing elecirc otive forca over a ahort
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srany 0.6 ve to 0,7 ve since tho latter mothod recultod in
greater duplicabflity, the formmer mati.ol was abandoned in
favor of it.

Tho areas under tho curves were rwasured by a planimctere
The quantities of electricity moammod hnvo Leen boimcon 6
and 2000 microcoulombs. This reprosents from 3 x 107t ¢o
1lx 10‘8 moles of hydrogen alcorbed. Jemnllaer quantities
than this could be menzsured mithout modification of the
arparatus.

The arparatus dgascribed aove wos used without rodifie
cation to doter-ine the effoct of terpernture on this amount |
of materinl adsorboed,

Homevor, to deterninge the effoct of pressure a more
olaborate cell was requirede The clectrods cormpartrents
consisted of two 200 nle. round botton flacks into which side=
arms and sto;cocks vore sonled as showne The tmo aloctrode
cormariments were connacted by maons of a salt 1Tidve coom
partment. 7The a paratus is shown cchoematically in Tigure 13,
The diasran also shoes the connoctions to the ranocoeter,
b2llast tank, aspirators axd hyxircgen.

Flate I is a rhotoyra-h of the arparatus uscde The
curves visible on tiic roliro. a4 ohe Giiruonn axidgtion
curves of ‘thé e frequoantly encountered. Iheo el-tive pro
~rominence of tha two penks varies considerably, the second
renk often disaryearin: as thoe electrode bacumoa more roie-
sonocl,

Thae nitrilaes uscd
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sonede.
. The nitriles uced in this rescarch were ramifactured
by the Sostoman Kodak Conpany, and were the best grade

commercially availaoble.
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PRINCIPLES AND PROCESSES

Before presenting and discussing the data, & short
digcussion of the processes oceuring on i aurizee of the
electrode and the region imsediatoly around it would, perhaps,
o in order. The hydrogen electrode is the very heart of
this investigation. Upon its surface are the organic ade
sorbate, hydrogen, and solvent molecules, all held vby the
famai; of adsorptions. 4#An explanation promulgated by HaberlS
attributed these forces to "residual valencies" rosscssed by

atoms on the surface of a mass. These residual valencics

- were ﬁxaught 40 exist aince sn atom at the sriace interacts
cohesively only with atoms in the buik of the medium, thus
leaving unsatisfied half of its cohesional eapacitys It
follows from this that the amount of residual valencs at any
roint is a function of the curvature of the surface at that
points Such a situation ohviously would not give rise to a
resular stoichiometric ratio of ndsorbate to adsorbant.

18, Haber, %. Blectrochem., 20, 521 (1914).
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A gecond factor influencing adsorption is the clectro=
otatie attraction of adsorbste and ndsorbant rolecules.l9
The polarfzabilities both of adsorbate and edsorbant are
1nvolved to_t:c&hér with the permanent dipole moments. In
addition to thece fieldg, flelds rroduced by rotaticn of
clectrona within the molecules contribute significantly to
the forces of adsorption.

flowever, it is not necassary to consider the actual
"rmmm of the ferces acting to develop a theory wiich can
be quantitatively tested. The thermodynanmic theory merely
postulates an "adsorption potential® holding the adsorbate
in such a way that the equation of stata and the laus of
thervodynamies are applicabla.

similarly the molecular kinetie theory of adscrpiion as
proposed by Langmmir2O meroly vostulates that ofter an ad-
gorbate molecule strikes the curfece of the adsorbant, it
will adhere for an arpreciable length of time before leaving
the surface. A simple kinetico treatrent, when arplied to
this problem gives rise to Langmuir's adsorpticn isotherm:

k

Sinca ths derivation of t.is isctherm provides a very lucid

19, Hartman, H. 3-0132&0’13%.
20, Glass t.ole, 5. 1oce gites P 1176,
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picture of the kinetics of adsorption, its consideration
at this time is in order. |

Consider first the electrode surface, at which adsorpe
tion is occuring, Let @ represent the fraction of avnilable
surface covered by adsorbate at any time, Then 1 -« Q will
be the fraction of avajilable surfnce remaining bare. The
rate of adsorption willi be proportional to the amount of bare
surface (1=Q) and to the concenmtration of adsorbnte in soluw
tian, C, Furthﬁrmore, the rate of desorption will be pro=
portional to the amount of surface covereds The process of
adsorption will proceed until, at equilibrium, the rates of
adsorption and desorption will become equal. Thus

ki(l-%)c TQ,or Q= T‘;‘f‘:‘{é‘ .

But since the fraction of suriace covered, O, 1s rreopertional
t0 x/a (the omount of adsorbata per unit area),

Thorefore |
k k?c

4 3
a= %; 1€

This derivation is strictly valid only for adsorpticn of a
single sdsorbate on a homogeneous surface. The aysten
studied in this work involved the competitive edserrtion of
hydrogen, solvent, and ofganic solute. Tn addition to this
fact, it must be remembored that the platinized platinum

surface 1o not entirely homogencous. vome de arture of the
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data from prediction based uron this simple theory might
therefore be expected,

An additionnl consideraticn which should be discussed
briefly at this time iz the relationship of elecircde potan-
tial %0 tho proceases cccuriing at the electrode-soluticn
interface.

fhanave:A§ sibstance capable of existing in colution
in an icnized form shares an interface with a rolar liquid,
there i a teniency for that sutstance to form solvated long,
which then pass out into thae bullk of the solutiovne when
this substance is an icolated metal or hydropgen electrode,
neutral atoms on the electrode surface pgive rica o rositive
solvated ions in solution.>* This mcans thct ono or m re
electrons wore left behini at the electrode, Iif thore is
a0 easily reducible substonce in solution, the electrons
will accumulate on the elactrode, where their chrge will
induce a double layesr in the sclution adjacent to the elece
trodee. The charge density of tiis double layer contributes
lar;ely to the electiroda rpotential. licviever, the presence

of adscorbed hydrozon atoms on the suriace of the platinua

2l. Glasatone, Sey LQ_Q_. m.' P 810,
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eleetiroge in a deformed stale also contributes to the elece
trode rotential, since the ditswrﬁm introduces a separation
of charge, or dipole charactery to the adsorbed hysimgen.az
Frumkin®has shown that in the case of plf; vinumy both of the
abova factors ave importsnt in esmblishmz the alem'g}de
rotential. | |

The actual potentials mensured on the rotentiocreter
are the sum of three separale m%ntials. Two of these are
the elactrode 3:&%%&31&, whlile tho third is the licuid
Junction potentiale Upon addition of organic poisons to
the hydrogen eieét,rede cammrtmn‘&, there will be an equie
1icrium established betwean poison adsorbed on the platinum
surface and ﬁissolve& in the soluticm. This adsorption of
the gmiaan ::x'z‘i the electrode surface vsi}.l cause a dininution
in the emount of adsorbed hydrogen, thus altering the poten=
tiol.

22, Bowden and Rideal, Froc, foye: Soce 1204, 59 (1928) .
- &3¢ T0Ve ThySs 4y 260. (3.9{}0}-



13

DISCUSSICY GF DATA

The tables am praphe inelmdad in this ssotion summa-
rige dnta taken ovaer a ¢wo yoar nperiod, Hont of tha tnbles
and figuren have deon placed in with the dincusecion of the
Antn whieh thoy ronronont,

The variation of the nmount of hyiroren adnorbed with
the gunantity of noolonitrils added 1g ohown in Fipure 1.
Ay rovrasonta the amount of hydrogon adnorbed on the
surfaoce of the oleotrodo in tho aboonoo of a nolacn, A 1o
tha amount of hydroren adaorbad nftor the olectrodo has
‘bseoma ~olnoned, The Aserapse in tha smount of hydvogen
ataorbod, Ag=A, results from the adsorption of acdtonitrile
on aitan nraviously ceocupied by the hydrosons If oounl ine-
oremonta of nitrile are succannlivaly added to tha aslutlion,
each ineramont has a elirhtor rolnening effsot than the one
hafore it. This 1a shown Ly ths curvnture of the graph in
Fizure 1, whieh rosemblas the sirnle Froundlich isothorm,

A furthoer toat of tha dnts ta‘shaw that 1t actually
ndharad o tha FProundlich squaticon wae to doterming the

variation of the lor of Ag=A with conoentration,
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feasuns the active ares of tha'alsgtroda may ehsngo from
one rmm to another, the factor A5 1s introduced into the
denoninator to reduce the nonarate runs’tc & occoparablo
haso,. (Acna)/hé‘is then aﬁalogoua to Froundllots x/m.

™a logarithmlie form of the Frounilich oquation may
ba writton log x/m = lom k £(1/n)log 0.  From this
1t iz obvious that a plot of log %/ asainat log ¢ should
bs a atralzht line. The gravhs of Flgure 2 show this to |
b3 tho ecane. Sinco ths Froundlich equation is an emperionl
ona, no sisple physiocal masning con ba attached to tho
slopen of thepe granhs, rovrassntod by tho omparieal factor
1/n. It will bs noticed that althouph each of tho nots of
data follow tha Frewmdlich aquation, rune taken in aiffer-
ent nolutions do not duplicatso each othar. Curvaes ﬁFé In,
and J7 afa not duplicataé , an ona might axpact 14%am to ba,
but shom a dacroaze in slooe #ith succesnive rund. This
may bs attributed to a slow asing prooess occurring on
the elactrods.

. The Aata upon vhich the graphs wefe bacad 1is tabulatoed
1n‘?ab1éa‘1'ah8 11, Tha samé data is rreconted in an altered
form in Table III for tho 9urao§e of determining whathor it
alsgo adhores to the Langmuir adsorvtion fsothorm. This

aguation may ba #ritten in the form:



20

i?m - by ltn Ry *
™o lincarity of Fipure 3 shoma that thils eqntion s ~atiae

fi08. The 4larlac-mant of curve J9 from JA ohown thet the
activo araa wat groator in run J%. The 0loilarity of alope

showa that the natura of ¢ o surface ao not chanrol, Curve
AF hne a 1iffarant slope, indienting tmt the aring proeesn
ahansed tha naturg of the nurface Dotuaon tha ti~-o !F and
JA ware ™rle

fdnorntion laotharma wors alno dotornined for nronio-
nitrile, dutyronitrile, n-eanronitrile, ico-ecarronitrile,
nnd ohenglnastonitrile,

Throughout tha work i1t =ms founld that the treatmont
of ths olectrods wan o vital faotor in tho ronroiucibllity
of the roasults. Yuch of tha sentter in tho atn oan ~rob=-
atly bs tracoed haslk to nlicht varistioma in olactrede tronte-
mant, Az an 111ugtrstion‘ot thin Firure 4 and Tatle IV
a%ow t¥o adgorption iaotharma for crooionitrile. “xpori-
mantnl oconditliong woare the some for curvaa A and T oxcont
tha!l theo olactrode waa nnoficonlly rolarizo? for nhort
#aricds of t1ma baford ench run on curve N, THirc oclarie-
zation markedly radueed the molacning offoot on tho oloe-
trode. It 18 vary 1ikely that thin aennitivity of theo

oloztrodn to oxiizing curranta ia ronqonsible for rcuch
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A  PABLE X )
ADSCRPTION ISOTHERMS OF ACETONITRILE
ON PLATINIZED PLATINUM

RUN# CORC  AREA AREA ABg 10410 A
g/ 900 ml 60, Ag.1og CONC
i o8 1ao - a4 - 1
. 111 58 .53 1.53
JE . 111 58 34 53 "
JF oo 86 83 A9 69 "

- JG " 99 J70 Al 61 ME
JH 20.8 75 194 56 75 1.84
JI " 66 103 61 79 0
JIY " 62 107 67 83 "
JJ 34.8 39 130 .78 .89 2,06
JK " a7 132 96 89 "
JL 60.8 6 163 87 o8 2,30
Ju " 22 147 89 94 "
JN " 18 151 «99 K1) "
JQ » 1l 168 «89 1,00 o
J3 0o 218 ave. -

J’T 0 " .

Ju 0 "

Jv . 0 "

BY} 0 "

Jx 0 134

JY 0 11

KA 0 "

KB o n

KC 39.0 50 1168 .77
KD " 57 1.61 .74
KB n 45 1.73 «79
KF " 32 1.86 .84
KK " 57 1.61 74
KL " 63 1.55 .71
KM " 53 1.65 «76
Kg " 129 t89 '41
KO o 106  1.12 +51
KP " 24 1.84 .7
KR " 65 153 70
XS " .30 188 86
KT " 41 -I? . 081
KU n 63 1.65 «76
KX 95.2 44 1.74 «80
K2 n 12 1.06 «96



TARLE X

ADDOTPTINN INGTHRRNS OF AQETORITRILS
O PLATIVIZED MATING <

Uy soupAUTATION  AMRA A
2e/990 ol. | e

%] -
’3"3553 1.2
1..56] o PG

£128 0.8 A
k2 3

R
t
O I B O |

BRI B2 IR
‘ -

el

[ ]

K

e

B

18 .o 5.5 1N
e ’ D -

2y - T4 120  «59
1743 7.4 1,27 .2
bed 150,.5 . 1.1% o505
jin o 150,5 D46 0’:9';
15055 0.72 T
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TABLE XII

ADSCRPTION ISOTHERMS OF ACETONITRILE

ON PLATINIZED PLATINUM

RUN # CONCENTRATICH ChA
¥g /900 ml. ‘
1 0 -
1) 0 -
HH 0 -
HI 0 -
0T 0 -
HEK 22,8 20
HL " 30.8
R " 32,6
HN a 21,7
HO 61.8 31.6
Ly " Saes
]
% " 29.3
HS " 34.4
m " gg‘g
" L ]
= . 206
HY o 29,7
‘ g 11.8
JD o8 .
JE 0.8 14.0
JF 9.8 22,1
JH 20,8 19,5
Jx ) 26.7
JIt " 26,5
JF 34,8 36.9
JK a 40.8
JL 60 30.8
m LU 35-8
Jg "t 35.8
JQ
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CONTTIIURD
 ADSORPTION. ISOTHIRNS OF ACETONITRILE
OF PLATINIZED PLATINUM
RUE # CORCENTRATION c/ea
JS= KB | -

KC 39,0 23.2
Ri - . " 24,2
KF " 22,6
EX B 21.0
KL n 24,2
Kl n 2503
Kl . 23.6
XQ 69,4 37.7
KT o 37.0
KU . 39,3
KV " 42.1
X 9552 53.7
- 4A "
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TABLE IV
ADSCRPTION ISOTHERMS OF PROPIONITRILE
ON PLATINIZED PLATIHUM

CRUN # CONCENTRATION A%
RR 0 -
RS 0 -
RT #8631 +666
RU# . 174
RVs " 087
RW . n «597
RX 1.437 <539
RY " 714
HZ " «806
SA " '.866
SB 3.011 « 046
sC - « 202
sne u +624
SE#* " +«556
8F " «811
506 " «811
sH 4,793 °757

& THESE RUNS WERE ANCODICALLY POLARIZED JUST
PRIOR TO THE PASSAGE OF HYDROGEN OVER THEM
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TABLE V
ADSORPTION ISOTHERMS OF NITRILES
OF PLATTNIZED PLATINUYM -

RUN # CONCENTRATION 10x ‘Aa‘&
5H - -
SH - -
50 - -
sP - o -
59Q 0.130

£R " 1,04
88 0.302 0
8T " 1.02
5U 0.686 «39
SV i 8 2.67
5¢ 1.454 1,17
BX " » 2,18
SY - 3;79
5z con 3.74
TA " 3.77
B 2.85 3.22
A . 4,22
ID | " 4,84
TE n

TF 4.68 6.07
TG " 5.27
Y " 5.47
T 7.33 6456
Td n 6.62
TK 10.39 8.10
TL w 634
i " 6.50
R "

0 " 8,77
VU - -
Vi 3.0 3,51
VX n. 3016
vY 18.9 8,21
VZ " ) 8;72
WA | " 8465
a ge 0f butyronitrile in 175 ml. of solutiop.

b ¥ " phenylacetonitrile in 175 ml. of " .
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TABLE Vg
ADSORPTION ISOTHERMS OF MNITRILES
ON PLATINIZED PLATINUY

a4

RUN CONCENTRATION 10x-HB~
UA - -
UB - -
ue - -
UD - -
UB - -
UF - -
vG - -
UH 2,352 «338
m It
UJ " :
UK 4.65 3l23
Ui, " 2 11
Ut S5e83 2,36
Uy o 4,40
Uo n 1.97
up 7,65 3.61
m " ’ 3.82
YR 12.45 4.58
Us " 5,09
UT i 5.29
Uy " 5.73
uv w 7.81

" .
'g'yx n 8,77
VH -
VI 4.2° 1.70
VA u ‘ 1.66
VK n 1.45
Vi, 10.8 2.84
it " 4,53
' S " 4,356
Vo 62.2 6.63
vP ) L34 7.18

a n-eapronitrile, mg. per 175 ml.
b iso=capronitrile, " o
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FIGURE 5.
ADSORPTION ISOTHERMS
LEGEND
SYMBOL | RUN NITRILE
v JA | ACETO
° SL BUTYRO
A VA 1ISO-CAPRO
o UA N-CAPRO
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] 1 4 [l
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TABIE VI
VARIATION OF POTENTIAL
WITH AMOUNT OF
ADSCRBED  HYDROGEN

RUN # _TEMPIRATURE POTENTIAL AREA
37 270 ¢ . .2842 0.39
JM " «2873 0.22
aN " «2871 0.18
Ka " .2858 0.50
KB n »2888 0.57
KF " «2860 0.45
KK " .2852 0.32
KL " <2853 0.57
KM " <2872 0.63
KN n «2840. 0.53
1Q ¢ 20° 2946 2,56
IR * " «2046 2.48
LY » 40° «2853 2.22
?J!B u .2788 0.22
5 " « 27798 .62
»D 20° «2899 0.39
NE w ,2912 0.46
113 400° »2807 0.85
¥0 " 2792 ' 0.52
MP " ,2807 0.86

* These runs were made on freshly prepared, unpoisoned
electrodes,
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of the ahnerved geattare.

Tha remaining nitriles have boan ~lotted with acato-
nitrile in the logarithoio Elﬁt of the Fraundlich oguation
in Figure 5 in ordor to point up the similaritios in these
gurves aml thelr falativakpbaitiens on the graphe. It will
ba nata& that tholy glones ars nearly tho same, indleating
that the sads typo of squilibrium ragulates tholr adsorpe
“tion ronulting in simllar velues for 1/a in the Froundlioh
_aéuatianﬁ_ The daparturs of the curves from linsarity in
the ragions of low aonacntration shows that tha amount of
hyﬁiagan aispgaeeﬂ by the first small addition of nitrile
10 less than that nraticted by the Freundlleh squations
s@vami fastors could ba contribuling to ithis. Thore may
be aporaciable agcﬁntsgf hydrogen adnorbod and ateorbod
in ragzaﬁa nﬁﬁ aegasnibia to tha‘ﬁitrila. Another wposaible
sxplanaﬁian for thia is tint the nitrile 1ls adoorbed to
soms axtent'cn tha‘liquiﬁnglass and 1iquidealr interfaces.
Thin then reduces the amount svallable for edcorotion on
ths alﬁcﬁtaﬁe¢

It wan volntad out areviaﬁsly (pe 17) that:tta amount
of 5yﬁr§gﬁﬁ adnorbed on tha aleatrede hag an offoct unon
tﬁs aléctreﬁg notantisl, Tho pgreatar thé concontration
of adasorbed Eydrqgan on tha algestroda gurface, the greater
w11l b@.tﬁa tendency for them to loava the elootrods sa

aolvated ionas. Thiz is in agresmont with Le Chatsller's
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vrineiple. From thormodynamte sonsidorntionn tﬁa»rﬁlatioa~
aship shoul? ho of the form |

7 - :BéL.x'Jn 8

whara & 1s the olactrode rotentisl

? 1a thy pae Inw conatant

T 1a tho alnolute tomparaturs

F 1a tha ‘araday

a 18 the getivisty of the hydromon on tha olsotrode
surfnog,
Figure 6, in snite of congiderable aéatterg intloatas thaﬁ
this rolation 1s valid, rirat of all there is a linenr
™Mlat lonehlo betwasn tha voltnre and thﬁ loperithm of the
aroa, "hich ia pranortienal to ths astivitr of tha &yarogeﬂ.
In a1°itlon, as the temomrature incroasocs the slope in- -
orennos,

Tha aame kind ot'ﬁaté can be vlotted for the polison=-
ing wa %o the othor nitriles. This ig done 1n Figure T.
In th1s oono the runs ware made using a Aifforent nitrile
for sach mme. Arain thors is a pgront denl of sentter, |
Probrbly thin neattor ia thae asnung of the anvaront curvae
ture odbasrved in somne of the lines, -

™e nlonas of thono isotherms are aesn to vary with
tomnoratira, To doterming tho offect of tamwar&ture en

the gmount of ndnorbed hylrogen, 1ot us considor the Van't

off lsochoros

é‘lmﬂ E,l,_ = "‘""“2"’4“

art - n7
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TABLE VIX

VARIATION & FOTENTIAL
WITH AMOURT OF
ADEORBED HYTHOGEN

HUH HIGHILE

o8 HUTYRY

ST ”

&0 "

’I‘: &t

0 u

iy u

T3 n

TH "

m b 4

T4 b

T n

O "

9y n=-CAFRC

Vs 4]

Ta ﬁ'

s a

ur £

14 1]

uy " 02475
us " .2&&8
8X 1 . £ ¢
VG 150=CAFHO « 2486
Ve b « 2483
Vi hid « 2457
vy " #2434
VO ® 2398
V? . ] » 5395
vy PHENYLACETO « 28463
vV b «2453
Vi " «2445
vX b « 2446
VY i « 2405
VZ b4 « 2470
WA o « 2451

377

224
820
878
704
448
437
273

6G0
437

451 -

120
90
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It 1s apparsnt that the ARl of tho adnorotion will detormine
the varintion of ths oquilibrium constant with temnerature.
IfAT is asnuned to o conntant over dha small faoperature

range conanldarsd, the equation 1ntmgr&ﬁeﬁAtc
41
m °

p arainot 1/T s=hould be a straight

"1ine of nlone -4H/R. In the ense of hydrogen slone, tha

Thus the nlot of In ¥

aquiiibrlum involved ie simply of the forms

hyﬁrageh ginorbad = hgﬁ?eg&n, gos £ platinum
neo the ecnaanirmtien'af sdnarntion sitos may bo conside
ared large with reaspgat 40 the nunber occoupled by the ade
sorhad hydropen, the aﬁpraximgtian may ba asde of A for Kp.

The aquation then bacomon

Thin is plotted in Figure 8 fsé hy@roron in the abnmaenoe of
addad noloon,

™o hant of sdasorntion wnn asleulsted from ths gravh
to he 4,000 enloriss/mole. Thin valuo 1o lower than thons
ranorted in the literaturae. Thies may be accountad for by
a nrobable nartial nolsening of the alectrode,

™o linoar variation of the rotontial of ths hydrogon

‘elactrode =ith prossurs han baon woll entaﬁllahcﬁgs The
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TABLE VIIX
HEAT OF ADSCGRPTION FOR HYDROGEN

RUN 3 AREA _____ 1n 10A 1/t )x 10%
115 3.19 5,766 34,8

7 2456 5,645 - 34.2

LU -'

vV 2,52 5.529 33.1

L] . 2,22 5.403 32.0

The values recorded above are averages of all the data
at each temperature.
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granh in FTipuro 10 shoma this to ba the cnoo,

Thae anownt of hvidropen adaorhed annenrs from “irure 9.
to h a linonr funation of tho hvirarsn proasur) ovor the
range of presauraen atudied., Thls shows that the elootrede
in not noenring saturation., This dnta alno norvons an a
chank on tho dnta in Firuran 6; T, and 10, ninocoe 1if rotone-
tinl ia nronortional to tho log of aras and nroa 1is Ai-
ractly mronortional "to nrannure, than notentinpl munt alaeo
ba Airaetly nronortional to tho log of rrasrure,

Finally, ths volnoning of fnaet wes ctudied as a funotlon
of the molaocular woight. It 1o to bo oxnected that the
1arror molacules ahould oocuny a Inrror srea on the olec#
trode surfase than tha nmallar molooulens, Thin offoot haa:
bann shomm to a gortain extent in Firure 5, !lo7nvnr a more
dlract aomoarlaon of #1in 18 shown in Fifure 11, in which
tho ouantity of nitrilo naeconnzry to rrofuce tho seme 4dg-
rrae of nolaoning of thae aleotroda is nlotted as a funotion
1f moloonlar ~airht, "Tho data wan token from tho lavol
nortion of tha adnorntion linotherme and 1o lintnd sorsrate-
1y in Table XI, The rapulnr ineronne in the roinoning
offr0t na moloeculnr welpht ineronron ahown that the lnrgor

molanulan are mich morg effrotive in bloorinr the alsotrode

24, Glanatona, S., An Intrednotion o Zioctrochomintry,
p p 221, D, Van Nostrand Tomrany, Inge ‘o7 Vorks
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or that the equilibrium favore sdaorntion in the higher
nitrilen,
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TADLE IX
VARIATION OF PRESSURS
SITH AREA

s 2900 76.5 em Hg
(97 2800 "
PA 3130 .
PH 1610 : &3l
¥C 1370 %
¥ 570 ' 5045
¥a &80 "
PP 2680 7645
g 2800 b
PH 2800 "
PI 25880 ' 86.56
¥K 3620 »
FL 3860 hid

P 3580 "
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Table X
RUN 4 POTEITEIAL PRESSIEE

oS 02422 7G5 en Hg
X ¢ 2450 | "

97/ 24258 "

PA 2447 n

FB 24237 6645
¥C » 2448 "

D «2486 6645
F2 2456 . "

7 «2472 7Ge5
PG «S486 . om

i « 2480 n

PI 2487 8GeH
PK e 2423 u

PL »2488 "

1]
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Table X1
STRUCTURAL EFFECTS
UPON DEGHER F POISONING

NITHILE BOLICULAR WEIGH? YOICHT TO PRODUCE

SAME DEGREE OF

P‘L’ISQJE‘(KE ‘
ACETOWITRILE L 150
RIONTTRILE 5561 7%
Lzr:mm%z:»ﬁ:cw 5841 62
n=CAPRONTTRILE D7.2 14
1830-0APRORTIRILE B7.2 14

FPHENYLACETONIERILE L16.1 3
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SUMTAARY

& microcoulametric mthéﬁ has i}eséx developed for the
moasuresent of the cosmparative adsorption of Organic edsorbe
ates and hydrogen on the !@ﬁmgan: electrode. This moethod has
been apriied to the s&zﬁ; of the adsorption of nitrilos.
The work has shown the the adeorption adheres both to tne
%*rezim‘ilieh end Langmuir fdsorption equations.
| ‘he #ot.ential of the electx*o&é ?éaez found {0 vary linearly
with the amount of adsorbed hydrogen as well as to the loga=
ritim of the hydrogen pressure. The integral heat of adorpe
tion was measur*éﬁ to be 4,000 calories/imwle. The p isoning
eapecity of the various niﬁrnea wos found to increnge Tegue
iarly ssith the molecular weiyht.
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