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ICNOTOOTION

Shis vorl vos concornod with tho adoorptlion of vorlous
orpontae compornds ookl thetr effoct on tho hydeegen olectrodo
whioro odsorption I dofined os tho cocurnlation of o chonlond
gubstones ob tho bowdlary soperoding €uo phasoss In thia
pano, tho tuo phasos were tho oleotrode and tho lople solus
tlon suerommding 2.

his worl was aetuelly o continuotion of work bogun LY
Ts Cs Pronslin ond Oe Dy Dothorne Peantlin and Sothom
ntudiod tho cormotlitive adoorpdion of hydropan tnd nitzdilos
on the platiniged platinun cloctzodo Ly momns of o olero-
cotlomotelic teohnicuo which thoy dovolonods Thoy notods
{1) that tho cotlvo oroa of the hydeoren clootzodo was
poloanod by niteilosy {2) that tho Log of tho fraction of
the cotlive area polsoned Ly tho nitelilos wog o strolipht 1ino
Sunetion of tho log of tho conoentration of nitrilos prosont
in tho soluticn azotmd the hdrogen clootzodo; (3) that tho
Tomnet potenticd of tho Iydrocen cloctrodo in acid colutlon
wag o sbrolipht ine Nmoetlion of the log of the anount of bLyy-
drogen adsorbed on tho olootrodo; (B) that tho Intoprsl hond
of adsorption Lor hydregen on plotinun obininod was OO

odlorlon/olo; (U) thet tho ootivo orea of tho hydvoren



Do

eloctrode fnarposed with dncroosing bydropon proscuso above
the gystong and (6) fhot the polsondnn offect of thw nitelle
dnereased vith incronoe in molocudor wodchts Howvovor, somo
of tiw data collcebed by Foonhlin and Sothorn shoed tuch
seabtor whon grophod, This wos porticulonly touo in tho casa
of the date for tho potontlial ag o functicn of the hydrogen
adsorbod, Thorofore, tho nlops of tho curve of tho potanbiod
vos tho log of the amzmi. of hydrogoen odsorbed ms not Gofiw
nitoly eptablishads IL was aloo not dofindtely provon thal
data for two differant cloctrodos comld be superioposods
Thoratora, this prooent fovostization wao & contimuabion of
tho worl: slortod hy Franilin ond Sothorn usling tholr oo«

- contormtrio toatmdato.

Tho objoetives of this wrll wrer €1) to ropent o
exparinents of Feonldin aed Sothown o polsoning the hydrogon
clootrode with oootonitedlo dn 2 U sldpinede acid ad to dofie
nitaly ogtobllch tho slope of tho stralehi 24no of potandicd
Vae 108 of the onomt of hydropen sdsorbod o the eleotrodoes
(2) to dotormine vhother tho dote for two (ifforont olootrodes
could bo superlrposeds (30 Yo eztend the lovostization to tho
study of tho adoorotion of oodnes on plotinized plotimm ond
the offoot of this odoorptlion o tho potentiol of ol anount
of hydrogon on the hikirogen oloctrodoy (M) to detorming how
tho molootlar structure of tho ardnos affocted tholy adsorpticn




nooporsios on tho hydvogon olectyrodos (9) to determino hov
¢t pif of the solutlon arowmd tha hyirogen olectrodo nffectod
tho aodsorption of andnos on tho hydrogen cloatrodes; cnd {6) o
dotemine how pil alfectod ¢he Tlernst potontiol aa a fonetlon
of tho onmowunt of adsorbed hydropan cn tlw oloctrodo,
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The phaenorana of adacrntion has boon Imon sinco tho
late 100%s whien Ce ¥, Golicolo™ studlcd the adsorption of
eatorlals by chorcotl. Ao Zor o Uho rolatlon of adoornw
ticn to eloctrochundstry and tho oloctrode, this was not
cenoidorod 11 rmch Zoters but the oiundy of oloctyow
chenlstoy olone storted about the sarp ting thaot adsorptlion
on charcond s dlocovored, thal ls, &n {he loto 1700'3.‘

Golvanie olocteicliiy was discovered by Luigl Golvond
in about 1700, Lo cloctzde coll 4tsolf wnos not discoveroed
mtil tho onriy 100GYs. 20 wvas ot mtil aftor 1890 thet the
thoory of ocloctrocheristyy ond tho pgolvanic eoll wore dovoioped,

It was fn 1000 thot Tormot? sub forvand his thoory cone
corning electrodo potontisls. Iio proposed that tho potontial
difforcnco botiem a patoriol 4n o colution contalning ite ions
wag olndlor o tho phonenana of solubdiidy of noutral oube
stanooss In 1016, L:mg:ﬁrg pointod out £ron discovorics that

thorae wos conclusive ovidoenes to prove thnt tho oxistonco of

Te Ezassﬁme, wee PLoutDOCl Of Physicol Chorlotoyh,
D, Vo lostrand CO., incs, lew Yorin T, Te (1040)

D, Hornst, Ze physiicle Chore, &, 279 {1989)

3s Longmuir, Yronice Avors Dlectrochon. SoCey 20, 125 {10163
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lorpe potentinl difforences at tho mborisl junetlons of a
golvenic coll vors of the pore ordar of mognitude ns the
eiectranotive foreo of tho whole coll

Sho sarliont thoory of significonco concorning
electrical doubile loyor wao proposod by i‘ﬂi:ﬁmika!"ry botwoon
1679 ond 1001. | Tho oloctricsd double doyor thoory is oo idon
thot the dans at the jJunction of tho cleotrodo 4n the sol: ntdon
uill distribute thomsolvos in such o ponner &s to achiove a
stote of equillivriun,  In ochioving thls stoto, the lons

dissolve dnto solution £rom the cloctrode o continmve to
dlosolvo wtil the forcos of tho oleotrleal double lnyor are
gufficiont to pxmi: the dissolution of ony moxo iens fron
o gloctrode, or wion tho vork dane by on lon pansiig navoss
the double laver ic cufficiont %o balanco the tondancy to dloe
solve bocousa tho solution prossurs of tho polal bocorws ogunl
to tho oomotle proscure of tho dong 4n snluﬁimga The emir
ploture of the Jdonblo loyor proposed by rmwmw‘*‘sg was o
concider tho doublo Jayor @5 o sirple condenoers This was
tamp&aﬁmaﬁﬁmﬁmﬁﬁawzzﬁmﬁ 2% was pointod out
by Gouy? 2987 that tho oo of o doulile dayor could not Bo
T ESE TN o
Gs. Dutlor, TeheVey *’necﬁz:iem xzmnma a’fz Intoriocosty

The IociRllm ¢ Hour ?Q“L He %o ‘A
chy ds do ﬁzmiqm (ke é%ﬁ? (293.65

Awmalos do piys
fiimmmj s plgs* Chiotiey ..ga 378 €1933)




eoncentrotod o o definito distanco fron the gurfaca of the
electrodos 1o proposed a diffuse loyer theory, bub 4t wns
not wmtil 1975 that o good pleture of tho doulile loyor thoory
and phenorona partaining thoroto vas brought out by StorniOs
o sogrostad 8 typg of double loyor vhich 4o o conblmbion
of tho Holnholty £4wed layar nxl tho Gouy dlffuse loyors I
was aftor the dovolopnond of thaoo thoorfos (the Storn thoory
of the double loyor, tha NHorngt theory of the potontinl of
8 pevorsitle aloctredo ond othor theorles oxplaining tho
phononeng coourping at the function of the potal in tho oolue
tion whioch mete up on olostrode) thet invostipation of ode
sorption on the olootrodo bogons

This biotory o pricapily comoorpod with glving o roviow
of the inportant npticlios proviously writion portaining to
those dnvestigotlons and articlos rolated thorotos 0O pore
ticular concomny wore otillos pode on tho adnorpiion of
potorial en the hydsogen oloctrode ond tho offoct of thoso
ohtoriols on the Hornot potenticl of tho ¢lootrodes Tho
othor rolatod £ields of invostigation wiich aro of intorost
aves (1) odsorption studios on tho ourface of hotoroponoous
catolystoy {23 tho effoat of orpande inhibitors oh ovals
potontialy and (3} tho effcots of the sdsorption of polas
organie dnhibitors in acid danoivtion of mﬁa& or dn
corrosione In this higtoricol rovioy, the toples of intorost

 Gm S&aﬂ:@o&?&m; ‘
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i1l Do roviowod 4n tho foliowing ordors (1) tho ndsorpiion
of o substareo oan tho hydrogan cleetrodo and its offoct unon
the Hornst potontinl of the olcetrodos (2) odsorptlicon studiocs
on tho mwface of hotorogonoous c:amzms{:s; (3) tho offoct of
orgonic mﬁbi*’som o overpotontioly ond () tho offocts of
the adoorption of polor orponic inhibltors In peld dlosolne
tion of rotnls in corrosion.

He Ae Zoporisiow ond B %Zﬁlé&ﬁémm studied the roisonous
offcets of potasciun oyopides arconious oxldo, hyxdrogos
suiflde, quinine and brucine on the hdrepon cloctrode in
both stiphmric acld solution and potasslun pdronido solubicne
Thoy pointed out that those polsons louezed the lemnst nobential
of the roversible hydrogen olectrodo bub they oluoo notod that
tho Ternst potonilal roturned to ite oripinol voluo oftor
soveral hourse They concluded that e louvoring of the ogule
1ibrdum potantial wnsn due to tho tnlon of tho platimm with
the poisonous corpowdos, Tho wmstebleness of thogse compowunds
in oeld solution rosited in thelr rerovel fron the platimm
after o reriod of timos cousing tho potentind o riso ocoine

Tho use of ammonlia, hydrogen sulfide, cyenidos and morcury
cults ag poloons on the hydrogen clectrode was Inwostisated
by Ae I, Atong ot el““’”agc Thoso noicons were fomd to

11, ;;,a::"* xezz J..e‘s. Nt a’lfi.‘u@m, Bay 2. Lloctrochory

12, zﬁmﬂf}. g.a’.)g %&?gmi Pe cnd Dolongo, Wey Toce Trave Chilm,
13e ﬂtm’:’g{, “AuL ord Zic crren, Hey foce Trave Ching k3, obhwohd
(1929
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docrease tho coullibriun potontiol of tho olectrodo ond thels
affoats wore found o bo nocoloratod by tho rroscneo of onyoon.
Tvo typos of polocning phonormea word discovorod, oo in which
the olectrodo rocovored aftor o chort $4mo and tho othoy povw
panonts  Shoy olse ptudiod orsonicus oxlido oo o poloson and
found thot 3%o poisoning offects dopended one (1) the curface
cenditions of tho olactrodo; (2) tho aren of the cloctrodos
(3} presenco oy aboonco of oxygen in the oystong (b)) the
gitation of tho soluticn; cod (5) tho noturo of the cloctrow
iyto arownd tho clectredo. AT @ dater dato, mrﬁm@ stulles
ware conduated by this pro 33" ot42) uoing am&nmw oxido
03 6 polcone It wao found that resctions prococded very
olowly ot tho polsonod hydrogen oleetrode and tm‘a £ho QLoeCw
trode pocovered from polaoning by onodic mlarimtﬁw.

Je Li&&mtﬁw Invoatipated the offoot of o A1chloPow
ehreriun corplor on tho hydeogon cloctrodo and Lound that tho
hy«}mgm vloctrado Lo doenclaricod ord pornanontly poloencd
wAth tho pbhove corpoundy

Parthor studios of the adsorption of hydrogen sudfide
o the bydropon oloctrodo wore rodo by Iy Jabllioynoifie
m@amjmizawvl?smg Tho olactrode was fourd to bo

icoumy) &? Efi‘, T TAGTTGNy ey 250N0s A0 Blootrochons Soc,

154 4@@31.1. Toomnatd c“mz‘ 650500 (20933)
16, Jaﬁi::y% J&ﬂﬁiﬁﬁmax 10y Heg toomnil:d Chooe G,
3&::6—313 (1936)
17: Jobiimmotowlodrigojousin, fey Nocmild Chom, 16,
G750 (19363
10. Jaﬁﬁ.ismsmmeéﬁ sojoudim, My Noconili Chom, A8,
GGG (20302
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poioonod by tho hydrogon suifide oven whon it was in low
conconiratione Tho r::-.té ¢t polsoning increased with dne
c¢roasing coticontration of hydrogen mifide and docronsed
uith fncronsing concentration of seld in tho solution.
Tha polscning offoct cowld not bo dcstroyod by hydrogn or
concentratod saipric aecid end thorofore wng concludod to
be perzanente lidle hydrogen sulflde was found to poicem
the hydroge clectrode In a stable munnor, potassiun cymnido
and cuiphur dlozido did nots In cach caso, tho polocning of
tho ¢loctrode was ranoved by tho addition of oxypron to tiv
systons The potonticl of the hydrogen clioctrode was inw
vootigated os a function of the concentration of hydropen
sulilde added and it wos found to docroase with Inercasing
concentration of hydrogen sulfido, Anof;hér Lact vhich was
dotormined was that tho volocity of polsoning docroased with
incroasing thicdmoss of ploatinunm bloalz,.

lcagurozants woro nodo by Slypin and Eraitort? an tho
aoowt of hydrogen adsorbod for Loth smooth md platinizod
platinun cleoetrodos using norcury end aracnic as tho noisona,
It was found that scoll amounbs of rorcury and arsonic woro
adsorbod on tho oot activo spots of tho platﬁnm. ho Cact
was notod thoat tho nurbor of atoma of hydrogen dZonioced by
‘ono poloculo of arsanic, potassium cyanide ond morolity aro

b v e dvaedit . i3
i?\}."slﬁi)r, iJey H0LOe Fhyysioci:ln, UslieSeSe



4, 20 and %0 In tho case of o A1lubo colutian, Tho offects
wore duo not only to o blocking of the cloctrode oUrfsco but
aloo to & specific intorootion offocts

Studios wire :ﬁtﬂé on the adsorption of ocotle c2dd en
tho platinun oleetrodo by M. Oltmwn and Te Baledbo™, Tho
amount of adsorbod scetic acid tao measured as o function of
- tho doercasing odsorbed hydrogen with tho spount of adsorbod
iydropen being dotermined by roms of on oselllographic pow
tontial » tiro curvos A Froundiich adsorption isothornm
pgrocsent was obtainods
The lnst articlo wdor tople (1) to bo nentioned s that
- of Frooiin and ﬁo%mcm&e Thoy otudlied tho edsorption of
mitriles on the bhydrogon gleoctsoda oand the pogtltont ai""ccﬁ
ont tho Nornst potentlal of tho aloctrude, tho rosults of uhdch
wre disounocod dn tho introductien to this thosin,

Tho work: of Fy Hs Pol260dR2 4n the £10ld of misarptim
on hoeteronenooun cai,alyf*tn uas on the adsorption carbon
- ronorddo end hydrogon on plabindzod asboctos, It vos fourd
 that corbon ponoxide w3 disploce hydrogon almeady odsorbod
on platinizod asbostos nnd 1t woo concinded that this foob
accombad for tho polconing offoct of carbon monozido on
platinum used ag o catalyst 5:; hydrogonation.

204 Os.Lan T, and Iaiboy Tey Je Dloctrochor:, Soce Jopan
oé-r"?z (15 5’*)

b2 X A9 FSZ’C‘.I}}\ .Lgc. n Oﬁ)@"n; m, Je Phyca Cﬂ’.}ﬁ-’ ﬂ,
ok

1951
23y Pollapdy Palley Js Phyoe Chose, 22y 356 (1923}



In catalyble poluaning, Mastod and eovorbers hove done
sono very outstonding worls (no of Yaxbod's arblcles® was
o study of tho effget of Zosd apd novoury galts on ;mi:ﬂnmﬁ
fio found tho adoorption of lead snd roveury fone fo bo o
1inoar fuction of tholp conccrtvations up %o the point of
gaturatlion of tho plabinun vhore 4% thon bocnro iﬁtﬁiﬁﬁmﬁé
The catalyvie activily of platinun vas fomd to deoroace an
a 1incap funotion of the concontration of polsans  An labor
investizations by Nawted®29, by noted that cotpounds cone
adning oloponts uhich-hed a froeo palr of oloctrans which
could bo donatod to forn o coondinnte covalmt bond vore
catelytie polsonss o noted thot those olonants contoining
8 £yeo palir of olegtrons occurrod in grouns Vb ond VIb of
the poriodlc tablos ﬁmmmmfa containing thoso olenents
wro particilazrly offoctive o platinum and niclol catelyotos
e conpound tmim} was steangly cherdsorbed on tho notnl
gatalyst and tiad up tho solive oiton of the catalycts It
g notad by Lin thot rotel cotolysts that were poiconed by
thoce compoumnds containing olomonts hoving o froo oloelron
paly wire rotedls vhich hod o desholl vhich cowld whillzo o
elootron paly fron the coopoundg ﬁwmmm, a bond could b
formed botvoon tho potnl cotalysts and the tomic compound

234 zmwi} "ol s Jv C:m’.:; 500 ?@ ?3~ 1925)
tm g ?MGQ LJQB& gi ..Qmj; ,,’ * b
&_}i Em&; ugﬁﬁ, and h@&ﬁ; 4 Jm, Ja sz'am Soca m’ 21?1
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sadth the compomd Dunlching an oloetron palr to the ﬂ»mnll
2 o motel cotelyste Comvomndg without ¢ froe eloctron
noly showed 24t0lo or no polooning effects Copoimds with.
wneabieatod & *:,i:s vore noted Lo be noivcns sinco Thay how
a oo 01 0(3"*”*@;1 "}am o donato *Ls o catolyol dechell, The

ool ecatalyots vero fowmd to Do pmimo ”ﬁl?f loranta of group
VIii in tho porlodic toblos

The rolatlon of adsorntion of ecormoinds on on dlectrode

o overnotentinl 121 nov bo reviowoed, cvorpoteoniinl boing
delined as the difforonce In potentlal botuweon an oloctrode
aeross whilchl passor a cortaln current and the sore cloctrode

26
geting revercibly in tho saro solution o

iy

The offoet of oilaledds on the hydrooon overpotontial
was = investipated by 3,0%, Doclzis ond Be B L‘zﬁnmyw. hlle
it s Inowm that polsons cuch g arsenifons oxido Incroaso tho
hydronon ovorpotontliald vhion added <o o colution cmﬁ:&in:}.w
the hydrogon clectrodo, certoin prowns of al"““lnim. such asg
the culnoline proun Suncetion oo ootivators ﬁccm&zﬁ:z; tho
hiydropen mwvoﬁ:age. On npleotinlizod platimun, 01l the
allaloids wore fotnd to et os polsonss

Apain roforping to overp potontinl invostigations, P Je
23

12 son”

investigotod thoe strangth of adsorption of hoxyl

30y Tortizy o a:a DoC 70y d+0iley "Tomtbock of Dloctrom
oh %Ns(ﬂg' : jole IY, Btsovior Publishing Co,, low Yorl,
# Ap L .J» . ‘ v
27, 1?8{0}%:%’%39 J0, and szm;f, B.Eng Mature m, ?2-3."'712
28* MSOEI, PQJ‘, JQ Clllu' lh‘ g Eﬂ, 88"‘,?6 (2.952)
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rpods o vagions olectrodos and tholy
effoots on tho overvoltaso of thess clectrodos. Tha OveTe
woltuge uoo of the olootvode wan donsidored to ba duo to
tho forvntion of an adsorbed £Alnm of tho orgenie compound
wiloh fnhibits tho Mschavping of hydropon icns on tho

alechol ond othor corpou

apvoltage wore oods by
e Doonotay©Y . 3 o8 plabdnd oo ;M;ﬁm oleotrodas
mwmmm o modos An tho oloctroly %
ohlords am* mnder conditions ovolving ehlerino, Mo ;mwaaa
thats tho ochaning of polaoning may boe duwe to the mmﬁm
o0f o f.i..”‘ﬁf{m sitos on th platimon by ahlor bhe 4
charpe of hydrogan oon only ooour vithout adsorntion,
In comnestion wth corrosiony 4t Io Imown that the
' wnda conpounds on mobtals roducos o dnkibds
the ruto of amwcazm oz solution of retalos Yook by z}gmw
13%°, Choppatl, Rosthold and teCartiyt, Possest,
fobostn ad Pootin1dd? and Axdnsh, Doon and Ovem33 shoved
orgends basos of aminos vore wory pood dnhitdiors, It woo

m 'f ez* %Lém gﬁ“ﬁ?&éﬁ"'g - “!*wf:ﬁ %aljsa  G5er)
. T ol ve 417

3. chop i;, floothodd o THCartiy, zna?&:.gf

32,, §c§ma gn‘i:wta ond Dootlnlls Inde g Ckmn m;

3¢
”369{ 50333 and Oy Inde Oop. C...emq y 2136 {1933)




notod that the highor tho noloomiar wolght of the aring, tho
stronger the inhdbitor it wase It was fowmd by Mam, Lanow
ond Tratind* that s1iphatic amines vose very good Anhiditors,
oopocially trie-tutyl and triearyd acdnoss Rocontly, rmm?ﬂ
studicd the offoct of vardous andnes o z:«n‘*am:«am X
and fourd thed maedion stwprossion rosaltods  He suggar"m timt
corrogion dntdbitors night Do ovalunted by ttmir affoct on
polerogranhic rosinn. The astlcle uhich 1o eapeciplly notoe
worthy in cemoection wvith the vork dncluded in this ﬁmm 4o
mﬁﬁ. Yind ®Action of Polax Orgondo Imbdbitors 4n Acld Dissolntion
stals" by Tornon Dockorron d As Ce. Molwttes3O, Various
thooriod of oluctrode corvosion fridbition ave Macussed in
thio articlae, tho Dirst of shich o the thoory of sathodle
eorrosion Anhibition by organde coppounds proposed by Yorm37,
The nadn fonturas of this thoory aros (1) o orponde Inhible
tors exlot dn oold solution as cotdons; (2) those snhibitors
ore adoorbod by toann of clostrostatio obiractions oo (3) 4w
poouitant adoorbod £1in of orgonle dnhibitor on the eathods
stops the hydvrogon ens from veaching the surface of tho
oathode, tins incroacing the dntorfocial resictwnoo. It io
ascured Ao this thoory that tho nature of tho cothodo doos not

4 Gsm. e ‘
3% € ﬂmsi %'%éw "Waaﬁm Inkititors ﬁ.u i:m Polaronrophico
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channos Hoclorpon and Mateldos polntod oul piny dlocrope
anclos In lozm¥s thoosyy such 0o tho faot thet his thoory
doos not nocount for (3) phosooone osourring slmltomeously
od %:Ew catiiodo and anodog and (2) corpownd siructural group
of0ccts puch o tho foct that sulphur contolndng compounds
aro bottor inhibitors thon cerresponding nitrogen compoundss
Tha ovidenco aveileble in this articie from voscarch wiich
hos boon doemo iniicatos 4n iho odoorpticn of crponic conpownds
tmt thoro are othopr adocoption forcon aoting in tho odoorpw
tien of thoso orgonie dnhibitors bosidon dho clestrostatio
fopcany which oro tho only cnos in larn'o theory. Incloroon
ond Naleddos pootulotod thnt tho odoorpbion of polor orponie
inhibitors 18 gonoral end not rostricted to tho oleoctrostetie
typo of advorptica of Nonnlo thoorys This ponoral odscrpiion
of orgondle Inhvibitors 4o both whivslcnl and chonloal in noluros
Tho physlecl edsorption rosults froms (1) tho von dor toals
forcony ond {2) the clostrustabic internclion cecurring ob
the cothodos Tho chondeal adsorpilon is proposed to bo the
Sypo postulated by tosted 157 whore thore 48 0 cocrdiato
covalont bond formed botucon the motnl oloctrods and tho
orgenic inhitdtor Ath tho orgmnice dnhibiter fumiching a
fros pole of olcobrons 0 tho desholl of tho notal oleolirodn.
Tho chordsorption could couso inhibiticn by decreasing tho
dlosolution tondonoy of tho wofal ab tho anodd or by ine
eronsing the ovorpobonilol for Iyxdropon Cischorpo ot the
cathots (polooning the cathodods I% cicht bo potod that
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alshoush rocicusl valences ot tha sirfocs of the motal
olociroda entor into o chomisozplion, those alone are not
sufticiont for atrong chondsorpilon and thorefore the wililled
atocte ordits ere roquived, principally tho decihelloe Trom
this chrmisorption postuleta of Daskormen omd laixrides, thoy
drov the concluslon that iron ohould cdoord tha organic inw
hibtitors more cflootively Whan oines Indeed; this wos fomnd
o ba troe  Tho moalyindon of Intdbltion by ciirzhatic omine
is considorod By Dachorman and laleides to bo the folloings
MMy (sol.) & M+t o, — v
uwre Hilly~4rm devotos chordsorbod ardno,:
Othoy foets prooanted 3n thdo articlo Dy Hactoroon and
Intxidos woro that oliphatic amdnes oo botior inhibitors
than sraentic aminos thorofore piporidine is o bottor inhible
tor than pyeidine since piporidinoe ic loss aromatic thon
py-idine, It wvas aloo notod by thon that tho Antrocductlion of
motiyd groups anto the pyridine ring incroasod pyoidine!s ine
hidlting powers It thoroforo was conclndod Cram thic that
Xepicoling 18 6 strapoer dnhibitop than pyridine, This
comlotos tho ourmary of facts of irportance nontdoned in
the apticie by Hnckorpon aod lilzides as rolated to this thools.
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A PATCNEAL
$ho gordcs of organlc corpownda studied m e hwdrogen
cloctrods an compotitive ndsortotos with hydvogon wore teotoe
yeldinoy mﬁm oring, nepropyl amine, nebutyl
, » socondory Wbyl ardno, allyl andno, piperddine, pyrrolo
mao(-@laﬂinm he Wﬁmﬁs ugod An this rosooveh wore
20 gongo wiro mnd sbood two contincters in longth. The ologw-
trodos wore soalod Into pyree {ubing 15 sentinotors in :i_eggm
hich vore than 91104 with moroury to nahe contact WAth the
platmm e eloctrodes word nost clsonod e&aa%rammwm
o eleandng, cach of tho oldetrodop wvas platinizad for
oo z:ﬁm%a sz:im o opplied wltano of thwes wils in o
solution of chloropladinie gold whieh contained 0,3° load
acotatos The cleotrode was thon ramoved and washod dn diow
41304 waber, altor which 18 wao goged in o soluticn which
wadd be the type used durdng the exporizent for tls clots
tredoe W sotrods ws agod dn this sclubion for e daye
doctrode m roroved £ron the aging m&um
‘ Aoeve (Flguve A) of tho celi.




fhe ooll shown 4n Flpure A fp basically o hydropon
olootrode tonnocted by & solt Leldge $o & saturated calomol
olootrodo (atandapd cleotrode)s This coll (Pigurs A)y cob
sisting of tin tw cloctrodon | %ﬂimaﬂ abaw, vas opt ot

turo wolor bathe Al z“?&bmx' oo vood In this eold wore
boiled in sodlunm hgamﬁ&a £o rorovo sulphur inprritiose
Expardnontal chatgon oocurping in the ¢oll waro recondod by
roons of o Borgont, Hodol ZXT polavogzaph, vhich os ﬁﬁ@a
an & niorocoulonoer and o Loods end Northrup Studomt Typo
potentionoter, stvloh s vsod t0 oasw tho equilibriun pow
tentinl of the oolls Pho solutlions wood in tho hydrogen
oloctredo during thood duporizonts wire tho follouing for

tho various pitat for pi's @ 4.3 ond 13.5; 8 nolution of
soddu: hydroxide was voody for pi 2 10,1, o colution of

soddun hydroxide with potossiun hydvopen phospbate vas usods
and for 831 poid plitsy oulphurds acld solutions wory uacds

The sol§ Loidpe used bobtuoon the hyldrogen elootrodo md the
saturatod ealorel olostrode 4n the oall contalmod agar
sofuretod with sodiun chlorido shon the hydropen elsatrods
contndnod o bacle colution ond spedr coluwoted Ath coxondun
sulphate whan acld soludion ws uwed du tho hdropen olootrodos
Ihig wos dono fo roduco {ransfolencs orrore
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otrodo sleove (1) and
oda (2) for throo mimutes,
, ho hixdrogon predssure above (L]
hydrogen mmm (5) ws odjustod to
e amsm' -s»’w- E Tire wos allowed Zor the plotimm
: T B : oqdlibelon wvith Sts soluldons ‘im mw
_&tmmw ﬁm eoll wan than mammm Aftop tho zm

and tho hsﬂs-wa aﬁswm on tho @mmm dlectrode {anode)
eurront tﬁm curve for the s;mn vﬁ%ﬁ im va...ﬁaga e
croasing over 6 amall prongo. The aron under tho curvoe wos
n poacure of tho quantity of clectricity nocoasary 0 ozidice
tho adsorbed hydrogen, Tho procodure was repontod giz to
soven ﬁmﬁ; Thon 4 wolphod eoownd of the argaaiﬁ sorpoend
‘ "'} was addod foom o nlovoburat (5}
aeond the mﬁmm clootrode

Ve 105 mama oz to soven




wore meamwod by moana of a Dietisan Tlos 232 planizoter both
for tho curves before an orpmnic corpomnd wes added and for
the curves represonting dnerensing snounts of orgonie conpoun
oddeds These plenirotor roadings wore rocorded os shown in
Zobles L thoough L, Thony tho initdal neon pliminotor
reoding Ao, that 1o, the plantrster roading ropvosating the
ooan areag of the curvos for the hwdrogonr odsorbod bofore oo
organic corpoted wes 6aded, hnd oubtracted fron it the mom
piandrotor renddng Ay Poprosanting the moan of tho &m& mmer |
tho curvos for a piven copcontratlon of %.’:xa orponda tms:mmﬂ.
This dieforanco botuoon tho tvo readings wao Avided by to
Indtinl roon plonicctor fooding Aoe Thds frecticnoel quontity
%&_ 45 aonlogous to Prowndiich's w/n in the Prowmdlich
oquation: mﬁm lop =/ w Jog & £ (1/n) dog ¢ whoro ¢ s

tho concenteation of adovrbad mﬁo"iah Sinea 1% is soan
£ron this countion that dog i Yos dopg ¢ shotlld oo
stralght ne to otey Uils equation, 1t ws declded to plot
dop % m tho log of concontrntion of orgonic com |
nddeds This vos cno-of tho prophical plots that wap Kodde
Plots of the changing potantial readings Vo. the logarithn
alonbs mmasaw 0 romove the

ﬁw sation chow in ?ab&.e LI,



DISCUSSI OF mNULED

The mornlls of the fnvostication of acotonitorllo os a
polisen oo tho hydropon olootrodo 4n suiphuric celd golution
at plf = ¢ dro shown 4n Ppures 4 ond 2, Figwro 1 shows tho
potentinl to bo o stoeight Jino Supetion of tho log of tho
aount of hydrogen edsorind (log microcoulonbo) cn tho olotw
trode In the cuso whore pcetoniicile wau used to poison the
Bctive ores of the oloctrode, Miguro 2 shows tho log of tho
froction of tho botive ares polsaned by onetonitrilo to bo
o steatpht 3ino funchion of the log of tho concontzation of
acotondteilo procond In the solution arcund tho hydzogmm
oloctrodt. Thoso two foots ave In dgroarent wAth the vork
proviously voported by Frosiiin and Sothormer, Tho data dn
Mouros 1 and 2 ghows mich Joes seotior than tio carlice
ozt of Franldin and Sothomn®™ ond tho olopes of tho GEves
vore definitoly ostablisbod, Tho slopo of the cuve of
Plguwre 1 wio fourd to bo 0.0507. Thio valw iz chomn to
oounl 2,303 2% in tho Darmot oquation
Baif el 2 & dog &3}"‘,}

0% » eoltapa of saturatod oenlorol oleckrode
ancinct o hydrogon olectredo 2n o solubion
of wmit activisy of hydrogen iono

¥ 2 netivity of tho hydrogon dons



2w prossure of the hydroga

= 1d0al gas lov constant « 8,31 Joulos/degreo mole
a 10, of dloctvong tranoforred = 1

= o forndoy = 96,500 coulonbs

= tomporaturd = 205,208 (22,74°0)

Valuos of tho slope of Pirure 1 35 00507, Tho scatter was
alicdnatiod booousy tho oloctrodo wos allowd to0 come 40 ogule
Libedur with tho solufion containing thoe polson bofore tho
pobuntial ronding wno tolon, Thw erraticnoss noted by provious
wsiors™ in polmtisl menmworents o the hydrogm dloctrode
vith g poloon In the solublion dromnd 4 wes coused by the
tubbiing of tho lydvogen over tho electzodo won o nossuro=

ot vas talzine Thweefore, dnstontoneous precowre veristion
oeourzed over tho systen oavsing oquilidotun not to be dofie
nitoly ostabiichad, tho result being tho pobontial meamwod
08 orvatic and varded with tho rato of bubbling. Figure 1
aloo ahove that tho dota for tuo difforent oloctrodes {fono 1
and 2) 1le on tho some otroight line curve of polntlol wou
log of tho £racticn of the activo aroa polnonod, indicating

that the data for two different hydrogen clootredos oro
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guporirposalise  I6 28 noted thot tho mlones of the stralghb

line caves of e log of Hho froction of Hio ootive azen

by oocbmitolle v, the log of Hhw concontontion
Gloniteilo prodent ave seon to o tho soe fn Pigure B

Lor e Eferant forporeturos and oloctraden, Whis wm’an

oy indicotos ¥he rodenim of alsorntion to bo the g

' lopen e U0 stuoe T wouwld nocossordly follow

ainoe ho &
sinco B0 podsen dnoonoh oasd Lo e oone coopounds X% fg
Hbendse noted that the throe cuvos dhISt to the Jeft as
temporators Ancrocotss I8 s probedly true thad tho datn

42 the toporatuzy hold oo conubonts
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A - Acetonitrile (Table II)

8 EJ - Acetonitrile (Table I111)
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() - Acetonitrile (Table I) Temp. 26.85°C
A- Acetonitrile (Table II) Temp. 22.74°C
m- Acetonitrile (Table III) Temp, 21,71°C
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0,800

0,600

(o)
S FIGURE 2
°© THE EFFECT OF ACETONITRILE
ON THE ACTIVE AREA OF THE HYDROGEN
ELECTRODE
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Pobla IT |
Tho Bffoct of Acobnitrdlo 6s & Poluon

Torporatore w 22,400
Dfforod 06 plilm O
Biectrodo potential chongod
with adoorption of poloomn

Toe

' loon  Topenfore Iog f0x4  Log of concs - Neon potonbisl
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| log milidrolen/ solutlon
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ablo IiZ
Thoe Befoet of Acotonitriio ao n Poloon

Sarmoraturo = 21,7190
Dufforod ot o w O
Bloatrodo potentin, changed
with adoorption of poloon

Ilos  Plandroter loon lLogenloro log fo=A Log of cono, toan potontial
voading value goulonbs fi¥e: of acotonitrile nmoasurod in
3.03 rilliroles/  solution
b i N

1 3D u;gg 1161 3897 - 0,3021

o 2D 9000 0,07 3.7600  0a3728-1 0422994 042978

3 3D 5i08  %,03 34102 0,061 0,0100% 0,26

L3 3..533 1,30 249263 Ouhlel 0412693 0.2




1% wa docldad Yo cormare tho polsoning offocd of coctow
nitrdle 4n actide {odiphuris acld soluiden) and boste {eodium
pdroxids solution) solutionss Figure 3, uhleh s 6 plob of

craotion of tha tetlve open polsanod Dy acotoe

trodoy ohous that tho data for o hydvroged olootrodo In bosie
golution o pif & I3 polooned by cootonitelle 1los on the
gteaight curvo of the dats for tho cleotyodo poluoning dn
acid solution ob pl g O, 0o chows that tm polsmuing ablilty
of geotanitelio s wudfoctad by the Iydrogan Zon conoantration
In the coluticn around tho oloctrodo. 1% wos poted that tho
clooping by geobdndtrils in oodd colotdon ot vl » O affocted
the potentinl of ¥hw cloctsrodo seoopding o the rolotim cgtabe
2ished in Ploure 1 tat o polooning In bosle solutlom ot pdd "
M3 had no e0f6et o the potontdal of the hgﬁmn*m dloctrodoy
hod oy 6 polanilad roondned constont 4h the addition
t)‘i’ acobaniirilo Won the hpdvoson oloctrode uts In Boslo soite
tion ot o7 = 2.3
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A - Acetonitrile (Table II) pH = 0
(@ - Acetonitrile (Table IV) pH = 14.3

0,800 1.000

0,500

FIGURE 3

0,400

THE EFFECT UF ACETONITRILE ON THE

ACTIVE AREA UF THE HYDROGEN ELECTRODE

WHEN ITS SOLUTION HAD DIFFERENT HYDROGEN
ION CUNCENTRATIONS
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1.400 1.600 1.500 2,000



“«32%

Boblg 1V
bordtadiin an o miaf:an

'awmw&
Qmﬂmﬁ 'hh W*m of
polotn

1Soom S foed Log of cont,
walne _ m fite 3 ol am%miﬁ%m_

2 93 5439 0. 2450%1 070955

3 30 3030 0.6000s1  OMoSGh




“33e

Tho invostigation waa nazt earriod to a corios of andnos,
Thono ooines wore studied in o basie coluticn (ocodivn hydroride
polution) ot pll e M3, Tigiro & shows that tho olopo of tho
curvg of tho log of tho fraction of tho cotive aroa poisoned
by tho anino wse tho log of tho concontration of tho onino is
tho sace for tho variocus ondnos considored, uich ixire neotiyl
acino, nenopyl amdng ond nebutyl anince %ho fact that the
glopag of those curves for tho throo asinos oro tho sao
probahly indicatos thot tho rochanien of polooning for ozoh
of tho throo 15 tho ponos It 45 coon fron Tigure b that tho
curve for nebutyl onino 4o hichor (Qurthor to tho 2oft) an
tho groph than tho curvo Zor nepropyl amdno ond 14toviso the
oupvo Corf nepropyl acdno s hichor thon tho curve for neothyl
aoingg indienting that tho polconidng effoct of nebutyl ardno
48 greator than that of nepropyl amdne on tho hydropan Qlote
trado and alco that pepropyl) ardno 4o o stromgor poiocn thon
n-othyl axine on tho hydeoopon oloetredo, This rosult lod to
Piguro § thich shous a plot of tho ml22imclos of asino ndded
to produco tho caro dogroo of poloaning vae tho moloouloy
wichts Figure 9 indicatos that the grootor tho molccular
wolcht, tho groator the polsoning olfoct of tho mim, This
rocuit 40 notod to agroo vith ¢ho carlior wrt: of Franllin and
sothom' + in 4ha caso of nitrilose Litmrso, 4t 1o notoed that
this rooult corrasnonds to rosudio of oarlior verl:oro30s31y32433
vith oninos aa conrocion inhibdilorss Agoin soturning o Fipgure
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1,000

~ n-Bthyl Amine (Table V)

n-Propyl Amine (Table VI)

- Purified n-Propyl Amine (Table VII-a)

eTvlb

n-Butyl Amine (Table VIII-a)

0, 800

0,600

| FIGURE 4

" [HE EFFECT OF AMINES INDICATED ABOVE
ON THE ACTIVE AREA OF THE HYDROGEN
ELECTRODE
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MILLIMOLES OF AMINE
ADDED TO PHODUCE SAIE DEGREE OF POISONING
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FIGURE 5

10,0

THE EFFECT OF INCREASING MOLECULAR WEIGHT
OF ALIPHATIC AMINES TO POISON THE HYDROGEN
ELECTRODRE
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A%tor tho invootigation of tho poistoing offest of the
amdnos os o function of thoiw moloculay wolght; 4¢ wus doclded
to fnvostipate m ooing with tho oo poloculor woight ud
noving difforand structuross Tho aoine ohogon fo@ this we
netutyl acdne, tho threo forss of whilch e loohutyl ohino,
socondary utyl anlne and pebutyl aodno,. Sho rosults of thilo
Invostication aro showm 2 Ploguoe 6, It 25 soom fron Piopwro 6
that tho slopoo of tho cupvos of tho log of the Sraction of
tho potdve aros polooned woe Lo log of tho capcontraticn of
tho anino for onch o7 tho throo Zorng of Wbyl acing ave
practioully tho oocoy indioating thoat ¢ho pechanisn of ode
gorption fop coch of the throo fortw ccnslidoved 4o identicnly
tat 1t 23 notod fvon Pigure 6 that tho otralght iine curves
0f nebutyl aodco and sobutyl exdng 140 olmcst on top of ooch
othory imiéa%m thely polooning mm“m:y to bo approzinately
tho aomos bub 48 42 soom ihot tho ousve for ceomndnry dotyd
aning 48 bolow that of isolutyl ontro and n-hutyl cring,
chouing 4% $o b wontor 4n its polcondng offuet than tho othor
s Thooo rooulés indlonte Ehat tho vnrintlonn 4n tho ponle
tiono of the carbons in the butyl chalny as in tho cond of
foobutyl axing, has no offect on tho ability of the anine to
polson tho olegtrodey bud 42 tho positliocn of the aulno grop
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COCLULIAN

Tho rosuits of this rosoarch con bo intarprotod as being
in agraonent wAith tho gonoral adsorption thoory digeussod by
Macl-arman and lalrides in thoir n:'ticloy‘, whileh utilizos tho
Mabod thooryh2% of chomtzorpticn, sinco the adsorbmt
(plotimmy) 4o tho laxted typo, that iay ono thich can vocolve
a polr of wnohared oloctrond into 4ta desholl and tho adcorbaton
(nitrilos, oudnos) oare tho type which havo o palr of dloctrans
thdch can bo furnishod to tho adgorbant. In tho conclusions
drawn fron tho rosults, tho ogroemont of thase rostits Ath tho
gonoral adsorption thoory 141l bo notod, The fact that oootow
nitrile was notod to poison tho hydrogan cloctrodo 4n acid
colution and bagsie solutlon is in sorocromt Ath thoe ganoral
odcorption thoorys It 15 concluded thoraforo thnt acotonitrilo
furnishos a palr of olectrong o0 tho denholl of tho platimun
oloctrodo, displacing the hydrogen fron tho bond botuwoon it
and the platimm, Doting tho results that o2l iho arndnos
poiconad the hydrogen olcotrode An basic solution wvith tho
axcoption of o =plooline and pyridine, it ic condiuded thot
those arninogy o:copting «-plooline and pyridine, farn tho
dative bond vith pletimun in agrecncent vith tho gonoral ode
gorption theory.



It 15 coneludod that pyridine mddspicoling disogreo
with tlo gonoral adsorption thoory sinos thoy oppoor $0 Bow
tivata the olooteods in basto solutdon, IS 45 posaitle thab
pyeidine forms o corplow vith hydrogen by utilising cortein
catalytic proportics of plotimm, dhorefore piving mn oppavent
ingrosso in avon of tho olostrodo due to tho fact that hydrogon
fo not anly adsorbod on the hydropen dlogtvodo but nlco maa
with pyridine to forn & vesk bonds Tho Toot thot pyridine
wng found to poison the hydrogon electrode 4n m pold salution
noos 4% appoer that pyriding 4o soting 4n pocordanos with tho
gonornal adsorption thoorye Tho rosult thot pyeidine 45 o
vodconoy of tho clootroda In nodd solntion 4o indoed 4o OCTOOe
nant 1vAth tho rosuits polnted out by Haclorom ond Nokrades3
o pyridine 4o mm AohiMitor in corrosions

Tho result that the pofsoning obility of the aliphotio

oino fncroasod vith 488 moleouldr wicht o Sn corromponding
f nt Ath gariion wortg02 3093233 4 aliphatic oxines
ao corrosion ntdbitors, This rooult 4a olso 4n agresnmnt
witl: the gonoreld sdoorption thoorys Sinco nelutyl oodne vas
fomd to be o stronger polson than soccndary butyl omino, ib
is concinded that primary amdnng havo 8 groator polsondng
abAlity thon socondaxy Srdnoss meDotyl amine boing o steonger
potgen in boslo solution thon piporidine, inalcatos that cyolls
arinos oro woaler polsons than corresponding aliphatic ardnoess
Tds rogult apreos vith corrosion studles by Daclwrran ond




0w

Halwddoa3Sy whioh potnted out that cliphotic ardnes ore
ctrongoy corrosion inhdbitors than tho oyolic anines ond,
1wuisn, cyelio anines aro stronger than the cromtlo
0N,

Tho rosult thot nebutyl aodno decreased in ito polsoning
abitity with incronsing lydrogen dan concentration {docronsing
i) would sppooy to be in agreotond \vAth the goneral adsorps
tion thoory, sinco the froe pale of oloctrons on tho andng
group would fond to b tiod vy by tho hydrogan ims as tho
hydrogon fon concontration incroased, tharefore, decroasing
tho ovailobility of tho £yoo pady of cloctrons to the platinum,

Tho fact that pyriding fncrcased In 1ts apparont activos
tion offests vith ineroasing pn*a'abow pil & 7 ond becoro a
poison at pilfs bolov pil w 7 with dncvoasing poisoning ability
vith docronsing pits belov pil » 74 appoors o complotely dloe
ngroo with the gonoral odoorption theory cince the goporal
adeorpticn tiwory would predict that pyridine would bo &
strong poloon ot pllc chove pi o 7 with incroeasing polsoning
obility ao tho pil yaluos Inoroonos It 33 soan that pyridine

doao tho omot opposito. It appoars £o agreo with tho goneral
adoorption theory bolow pil'a of 7 oinco 4% ic o polomm in this
pif Yongo tat by the goneral sdoorption theory, itc poisoning
ability should degrencd vith decrogsing plifs bolow pi u 7 ut
pyridine docs Just tiw oppositey 4ts poisoning abliity ine
croagos in this direction,




Sinco o dlopes of the stroight Line cueve potontiol of
the kydeopon oloctzode Vos W0 Zog miorocouionhs
to bo the yvoluo of tho Nornst oguation constant when the !}@ﬂmﬁm
alectrode vos in acld solublon md acotonitell ,

*‘**m progoure of %iw 17 fa Lo corm 24
0t on the aemnt of Lydrogon mm‘im& on the hgﬁ.%gm slot } rodo

vhan in aold m&z&m hoge tuo slatoronts goo mﬁmﬁ&y ot

gamm oince Pranliin and Sothon™ hove shoon ot $ho gnomt

of hydropon odaorbed 4o 3 j*&; propoetioned to the prossuroe

of the hydvopans Sinco 3% was moted thet the potantlnl &id

not chonge with the ot of ydvogen adsoebed vhen tho hys

dropon clocteodo wvas in bosic solutdon, 4% 45 concitded thot

tho potontlial of the hydvopon cloctiodo dn basic coluticn in

not govorned by the aoount of hydtogon sdsorbed as 4n tho case

vhan the hydeogon olvstoodo fo In oodd solubion. ‘.i’m fact that

tho alope of tha stralpht ilne cupve of potentinl vo. log

rorocoulorby for tho hydropgon clestrode in acld polution

vhan pyedding wae used an & podomn 1o cpproxdmatoly five tircs

the valun of the Horpot aqunticn conotont, pofnts out that this

tromandons dnotonos in tho constont is dvo o tho tnucucl, intore

nmochenion bobweon the platioun, hydrogon and pyriding, uhich

hos Docn showm to be conlirced by othor rooults in cormeotion

with tho adeorptlion of pyridine on tho hydropan dlootrodoy

Indteating that pyridine doos not et Ydle the normal poloonos
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Tho odoorption on the hydeogon slootroda of tho orpanic

eorpotnda studied was fomnd to agreo with tho Frowmdiich
oquntdone It wos notod tiwnt e dats for tuo AiCforent
olacteodos was suponimosoble. Tho Hornot potantlisl of the
hpdeopen dlostrodt doorosson ith ﬁamzm aovnts of hyw
solutions thillo, on the other honds tho Tk % potantial did
ot a{mg@:u&‘m tmmﬁs o hj’ rogen odaaybod on
o olectrode when the hylropen cloetzodo wao dn basic nolue
tlome Tho olopo of tho otrolpht Aing cupve of decvoocing
potantiol voe the log of tho anomt of hydvopes ndoorbod
{log lerocouldonbs) wag fousl $0 Do omial o 0.0507; which
1s tho constant dn tho Uomst oguatdon vhon adebonifeilo wao
used &s o poloane  On the othor handy the siope woo fotnd o
b approsisatoly £2vo tinos 4ho obove valuo win pyridine

wag used 4o o poloote 431 tho andnon thal wore otudio
wore fozxd o polsco o bpdvogen olootrode in basie solotion
wlith the emoption of pyridine and Aeplcolingg shich sppoored
to activate thid olectrodos Tiw polsoning abAlity of tho
sliphatie amines has hoon shoun to ficoronse wWith dodroasing
polocdlar volght of tho amino, neDutyl oodine wss shomn to




be a stromgor poloon In basic golutlon thun socondary bubyl
ordno, wWhiile dsobutyl onine appooved to hove the samg polooning
obrongth af netntyd sodnoe Piporidine wvog found to oo
voalkop polsan thon nwbubyl ondng, Tho polsoning ablility of
nebutyl anine woo fotnd to deorosss wth dogvonsing P X%
appears to rerain o nild polcon ovon in the seld pio panpos
Pyridine vag poted to dooronso in its apparent sotivating
abliity with decrensing P wtdl & T of ¥ hoo boon roachody
vhoro ot this pily pyridine appesrs to act noltlor uo o aow
tivator por on inhidltors Pyrlding cppocrs oo o polson with
113ty with decroauing pi valiws bolow

incroncing polsching &
tho o valus of 7
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