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At low conccntratiollS, nll,yJaml1lonium ions affect thc .t-potential of quartz in Ilcnrly
the Harne \\'ay ag do gouillm iOlI:;; /ltlt (~crtaul concclltration of alky.1ah1mollium ions there
iRa suddell chanJ!;e ill the rl('ctr(;ki"etic potemi:u. Tllis has l)c(~11 attributed 10 the forma-
tiOl1 of "hell)ill)icellt~" 01' t \\'o-dimen~ion ug;grel~atcs of Ole 1(H-lf!i'-enuill iOllH. 1\8 ill micelle
formntion, thc coh(~:;;ivc 01' van dcI' ,V nrJs inl('l'fictioll bct\VC(~11 Ilydro(:11roOlI cll:-lills reducc~
ihe \\'ork of bringinJ!; 1he poutr grol1pstogeth(~r intoag!!;r(~!I;at..es.attJ1e solid-.1iquitlintcrface.
We have l~lea8ured th(~ t-pott'IIUfu-concelltratiOlI Cllrves for quartz ill the preSl~n('c of
alkylamilionillill nc(~latcs of rl..aill..]ellgth frolll 10 to J8 Cfil'bOlIS. 1"1"01\\ tIle variation \vith
chain length of thc (:one(~ntr:tij()n of sUrftlctttllt at zero r-potciltilll, it is possible to deter-
mine the val.nc of tile van cler "'aa.!;; rohesivc cn('xKY. OIU' value of 0.!17k'J' or 580 cal./
mole, in good agrcclncllt \\'itll litcrat\lrc ,'alues, subf;t.'tlltiates tIle IlcmiI11icell(! hypothesisalld strength('l1s Ol~c~{uidjty of cl.uctrokinet ic techniques. .

SO1\te<! for the syst,em <1uariz-doo~'cyl:tITll\lollium
ncetatl1, both in t(~rnlgof tIl(~ pII (~fTC(\t3 tJIIO ill ternlS of
th(~ effect of th{C'; C()IIC(~lltra(iol1 of uodecylftll1lllOluUJI1
ncctntc at fix('(1 pH.4 COllt:a(~t angle stuJies by ~iSI\1lJ,11
for the adsorptio\l of ~ll\il1~f; UllcI tltrboxylic Ileids 01\
plrltil\um" Illsosugl!;(~t tJ\at littoral illt l..rlt(~ti()ll ',~t w{'cn
~lusorb('d surfDc(al\t 8p(,(:ics tak(~s place Ilt a Cl'l.t..IUII

criti(:al COJI('(~I1(ration.
'J'II{~ 1J,(1~,()rpl.i()Jl jsotllerm of aikyrsmfactullts fit t hp

solid'\vater illt('rf}lc(~ for l-;\.Ich solids as siliell IlllU 111,1"
Illilln, \vhill~ 1101. (~xtcllsivcly mvl':c;t i;!;llt(:,d, JO('S ~ho\v :l
gellernl P!ltl('Ylr,-8; tIl{~ i.-;ot!Jerlll cotl~i~t~ of two rl'girliis
\vlli(\h join fit It distinct poil)t \v!Ji(~.l1 \Vl\)IIJ,V(~ tprlll(,(1
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Introduction
In a previous publirntion,1 cvidcl\c(~ WItS pr(':';('111cd

for tbe oc('urrence of lateral illteraelioll bC't\vc('f) IIY-

drocm'boll chains of 31kylrll1.1monium ions DcI~orb('d at

the (!llarl z-aqlli~us solution interface: It \vas COI1-

rJudL'(1 thnt ill dilule ~oluliOJls alkylalll111ollium ions

arc ncisorhc(1 35 incliviclllnl imls; OIlCC the adsol'bt~d

iol1.'; rpnch a cerl nin ('ril i('al COII(~('llt ralioll at the

solid-licjllid iI11crfac(', 111(';'1' h(~gill to as~oc~i:llp illto t\V()-

dimc~lI",iOJJaI patc:11es of iulls in mu(~11 I Ilc I'.rlmC ,vny as

1h('y n:,;~O(:inle Hlt.O thrl'c-clilllrnsiollrll uggrc'gflll'H to

form mi('(~II('s inl)ulk Holu(ioll. 'fllc forcc!s r('gponsiblc

ror11li~ associatitl\1 f1t tIle 8urfILc~(~ \vill 1)(' (.lIP I'tlmC fiS

tho~(~ (.\Ieratillg iill th(~ bulk, excppt tllat colllomhic

aii:racti(1I1 fOJ' tht~ surfnc(' ut.!8orptiml sitpg \vill 3id tile

Bs.~ciation.
R('C':luSI.' oftfil' pl'()p()~('{1 nppl'r\rnll(~l~ of 1 heg~ nclsol'b(~1

t;llrCn('I:ull hms, till' pnff~.lll'~ of U~~O('ifl.l('t.! ioll~ 1Iav('

~t'll (Pl'IIIl'fl "!I('11IiI1Iirl't!t's."2 TII(' ('.rilic'.rlJ. COllren(rtl-

tmll al \vllicll 111(' a8~ori:ltioll i:,; ol)~l'rvpd i:,; l'l1prrl'd to

as tIlt' 11('llliI11i(.'('fu' rOlI('.'111r:llioll, ('11:11, ill 1110!t's:,'Jitl'r.

1:ll'ctrokil)l.'tit~, uosorptil'll t.!I'llsity, ('Ollllll'1 ml~lt"

~Jld J!ottLT\(}II-r:\le Jal:. :ul ::;1111\\' ':111 :I!)rllpl cllun~(~ ill

tK'ltaviol' :11 till' !I('millli('(,jl<' C{)II('('ltlra1ioll, Sllr!1

("()rrplat ill II of int'~rftl('itll Il:lrtl"l('l('r~ JltlH 1)('('11 dl'IIIOII-
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1',,-1- = 6.1)( lO-iiyC[(cxp -19.,mf.) -- I) {2)

wh('rc fa is ill volts UtIli C is the blllk COllcclllratioll ill
hlull'sjcm.3.

(~111hal\IC'S I ..,'at Illcnt of the CUlllpt\Ct double layer, 12

bus('d 011 St~rn'!; origillal COl}Ccpt,1~ II'ad!; to an cxprl'8-
gion for the ndR()rpt iot} of positivc Collntl'rions at. the
planc6, \vllicll il' of the form

Ih.' "lll'i\11mi.,.,II.., COIIC.'III r:\1 iol\." ! 1\080rpl jolt Is Ilioh~
cxt"'IIHivl~ for C'OlIC<'III r:ll iolls ~r<,nt(~r thUll I lIe 11..~mi-
m1cell(~ emll'('III rltl iOlI. K II .lllnlltiltll iVl' ul's.~l'ipl iOll
of I III! adsorpl io!1 prOCI'~H lIas bl'CII prt.~t'lltl'U t!lat
acc:()lmts for the bl'euk ill Ih.,! iso(hl'rm I.\IIU th(~ COll-comitmlt C'hmlge 1111)1opc. '

III tIle illve~ligntiOlI rcport. ~l ill tllj~ (>:l1)I'r, (1Ilnllti-
1ativc (~vill('llce of tIll) O(:curll' ice ()rlalt'r~tl 111tt'I':\ctiou
oot.\VCt'll nu8orl)ctl alkyl 811r claht ioug, -i.c., hcmi-
mic~lle fOrll\aliolt at "tIle ~)'i(l-li(lllid ultC'rfllce, has
bl't'll olltailll'd flUII\ Ill,tl'rmimal ions of the rlTl'ct of

I

cl.ail\ Iruglh 011 I he t'1,,'ctrokill('lic Ilhlclllia.! of silica ill
:\qucous soluuOIls of alkyJ:"1111~1011Ittm acelut.'I!. B~lSl'tt
On tho. St.erll-Grah~u\1c mc~ul'll of ~lll' C'!ectricul uouolc
lay.~r, It hl1;:\ also b.~ell pof,;.~lbll1 10(t~nlllllle I he rnl1g.' of
appliclItioll o( r-poleI1ti:u dal

t' aut. 10 U~l' thl.'~e dala

to iuterpr,,'1 (~.~rluil_l_proP'~rlif's of ~u~ol:Ptiou isot hC'rm~
(or the 8yslem 8Ill.~a-uodl'C) llll1ftlOllllllll acetate at
ncull'al pIt,

Theory
j"'or the eXtllllillaliOlI of t f e eIT(~cts of surfactant

sper.:i(~~ :It wl.id--li(jtlid ilrlerfa es,.tIle follo\\'~lIg Illodel
of l h,~ eJe(..trlcal uo\\bll~ lay(~,' wul lie llppllCd. IIy-
drogf'tt find hydroxyl ions aj.c potcntinl-dt~terminiIIK
iOllS for !'!ilica,9--1t and the surface cllargc of silicn Illight
h(~ l:Ollsiucroo lo reslllt from ausorptioll-dissociation of
water 111~)Ii.'Cltll's at brokcll ~ilicOll-()xygcn bOltds,
depicted scht~lnatically 11$

H" Off
Si-OH2 -f- 8i-on ~i1Si-O' + 1f-zO

Let the closest approuch of pusitivc countt'riOl\s to
Olis negative surfaee be at the plane distance 8 out
from the surface. In accordance \vith the Stern-
C;rahnme nll){lel, OIC Jiffllse layer rhllrg() can be cx-
pre:,;scd by th(' pxact fOrll\ of the Cuoy--Ch:1.pman
Cfluation for the potential ut plat\e~, i.e., \!Ia. 1'he diffuse
lay('r charge, exprc~8ed as charge \vithin a colUI\\ll
out from Ole plane ~ RIIJ of u~lit area of cross scction,
is givcn by

r. i- == 2rC CXp( - nr ,/kT) (:1)

,vhl're r i~ the rtloiu~ of the aosorb~l ion ut the pI aIle a
nllU JJTa is th(~ '\'ork to bring the ion fl't)m the bulk of
the 80111t iol\ up to Oll~ plmll: o. 1.'01' Oll' purpOSl'S of
this pupl~r it is Ullll('Cl's~:\ry to ~ublliviol~ Ole pll~ne 0 iuto
illner 11tlll miter IIl'llllholtz pl:~lll'S as docs Grahame il\
his dl,tailpd treat ml'llt 01' tIle double It\yer.l:!

'rhe ,york fJT a call be cliviul~t mto electrostatic al\d
chelllical \\.ork t~rll1S, so that for cation nusorption

lVa = Z+el/l. - ~ (4)

where for tl1e case of :'lusorptloll of alkyl surfuctunts,
such as uocl('cylall1mOllmm ion, rf> is t he Vall cler 'Vaals
energy ill \lllits of k1' associate<! ,viOl removal of tll\~
:.\Ikyl chaill from itM :~4111:0US 1~llvirOlllllcllt.. "'or all
alkyl chnill of n carbo II atolllS, USSUI"jllg that

rf>/kT = 1~' /kT

the" ~' is the Vl\1\ uer \V aals Cllcrgy of ult('l"fictioll per
CH2 group bet\vcell aujacellt, chains of nosorhccl sur-
fuctullt moll'c\\les. This illteraction takes place at
Ulc bulk Collcclltratio" rcferrl~1 to as O\C hemimicclle
(:onc('l1lmtiol\, C = GliAl, by unalo~y to the critical
micpllc COllcclltratiol\ of surfactant solutions. i\t
surface covcrngcs ,vherc Ulis aswciation bet\veell the
chams takes place, th(: adsorptioll isothcrl\1, for C >
CUM, is described by

r,+ = 2/-G cxptZ..el/l, + Ilt/>')/k1' (5)

E:quatio\ls oj in logarithmic form can be differentiated
u) give

dlnr dll11',+--- = =
d ltl C d In C

dy f/>' ( dn dh1C + kT ~.
(6)1

{1)O'd where r is tllC cxpcrilllcntal value of tho ttdsorptiou
density and

\vh('re E i8 the diclt'clric COllstmlt, /., is noltzlll~1.lm's
COI\stallt, Tis the nboolute t('II\p('ratur(', Z is th(~ valellce
iIlcludillg sigll, e i.~ Ih(~ ('Il'ctronie chm'gp, tllld llu is the
numhcr of ions:I'ce. ill th(' bulk. for 1-1 valellt elec-
trolytes, the adsorption u('llsity of positive COUIlt.('I'-
ions, l!xpresscd as molesfcm.2 of 8uI'fucc at 2;}0, cq.
1 becolucs

(9) E. J. Ver,,"ey. Ric. /rav. chim.. 60,625 (19-11).
(10) D. J. O'Conn{'r :tllri ,\. S. 1lI,,'h:m:tII, Trana. ~'ar"dIJU .~OC". 52,
39i (195(;).
(11) ..\. ~(. G:,udin ".,d D. W. Yuerstelu,u. Tran8. AIAIE. 202, 611
(1955).
(12) D. c. (;r:,h"mc, Ch"".. RCIJ.. 40, 441 (1947).
(13) O. Stem. Z. Elektrochem.. 30, 508 (1924).
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z~c~~11 = -k1'
tanto If 1/16 = 0, tI)(~n r must bc z('ro, and there is
probal.Jly n('~li~ibl(~ (~rror illvol,l'd ill n",suming thnt at
10'" iOllic strcngtlls 1/16 iszpro ,vhcn r is z('ro,

I~xpcrim(~ntal
]~razilian (!\1urlz, 48 X (i;; tliid 28 X :'l:> Illcsh, ,vas

usl'd ill this inv('~tigatioll. Ir,va8 pr('par('d hy leaching
,villi cOIlcl'ntrall'd hydrochloric (Lcid, ,vashing free of
chloridc' iOlIS, alld tllen stor('d in distill('(1 ,vater. 'rhc
alkyl umincs ,vere ohtllilll'(l f1'om ,\rlll0\1r Il1d\1strial
(~lll'mical Co., Chicago, Ill. 1\11 aminI's were dissolved
ill (,thc~r (lllhyclrou~, thpII addl'd 10 the ('fJuimolar
qumltit~T of glacial acetic acid, tLnd tlJC a(~ettLtc obtaillcd
,vas rt'c~ry~1 fillizc,d frOll1 etlll'r fulhydrOlls, dril'd at rOOl11
tcmpcrflillr(~ Ul u d('Rircalor, I"tnd slo)"('d ih a (:001 plac:c.
'rho col1dur.tivit~, ,valt'r U~('<l Cor making reagent solu-
tions was prepared in a quartz Rtill CrOin laboratory
disiill('cI ,vater. Conductivity ,vas 1(':;~ tllall 8 X 10-7
ohm-I CIII.-I. Thc wutc~r was st6r(~d Itlld di:;p('.,scd
ill a carom I dioxidc-Crt'c al.1110sphere. ;\11 mpasurc-
mentR ,v('r(' conducted at pH val.uPs rangillg Croll)
6.5 to G.~).

Thc apparatus \\scd rorstreamill~ potclltial sludi('sI6
is bn~(~1 011 the Sil,.ll(~ prulciples and tLsSt'nlbly described
('ftrlicr willi fe,,' .llodifie.ations. TII(, ('t~1I asscllluly
Illaully {'ol)sisls of II, porous plug filled ,,'it II ,.18 X (;;)
IIIC~h q\1artz pal1 i(:It'R. A l:1.y()r of 28 X :~;j 111('8h
pnrt i(~It's plarcd 1\ t thc t ,vo ends prcVt'lIts any of thl!
48 X II:> I1Ic~h pr~rt i(~I{'f; Croln p~1ssillg tllrougll I 1lc'lloll~
in tIlt' ('lc(:lrodl'. Th(~ potential dcv('loped ig fed illto
lill E-II J~aoor:Ltory ~1odcl 21;) ('lcctrOI1\('t('r, ,,-it)1 an
Ulpllt impedm1cc ill (~XCI'SS of .10140111118, IIIIU Ih(~ output
is fed to a Bcckmall rt'cordcr (ryp(~ !);~,)OO) t hl"()u~h a
Cahn I'ccord(~1' control. },'or I11C3Hur~lIll'uls oC rc8ist-
ance l(.ss thnn 10' ohms, II. Clcnc.)'ul I{uuio Co, (l)'pe
IG~O-A) imp(~dtlnc{~ bridge was u~l'd. For lllt':!.~llr('"
ment8 of hight'r rcsisla\1cl's, a pl'l'(:i~i()11 rt'~i.-;lor of r(~
f'i~ttLllce approximat(~ly (~qllnl to Illat of 1111~ Ip:,1 ~Jl\1-
t ion 'va.~ pInero in p~\.rallel wil II t 11(' l'I('cll"(ldl'~. 'flll~
resisl:1.lll:e oC tile plug with Ole U'8t ~olulio"l is ihl'll

I?;iv(~uby thl~ rcl:lt ion

The uifT('relltial (dnf/d In C) ('Xpre8f'eS th(' fact that the
<,fTe(~tive Ilumber of carholls that call h(, r('movcd
totally from an nqllcollS ('..vu'onmcnt. by hyurocarlJoll
chaill llssocintion incr<'ll!;('S 11S t \1(' Hllrf:1c(~ ('ovcragc
increast'8, J\t the ('11M, the e/Tc(,ti,-t' vultlc of n is
zero; lit n monolttycr, n = 12 for dof!('('ylammoI1ium
ac('tatc. That the l'fTCct ive valu(~of n illCrCaS('s lulcarly
,,'itlt In (' ov~r thiH rm1gc has been v~rifi~d hy l'\I~r-
stCllatl alld ~Iodi f()J' alkyl sulfates at the alumula-
,vat(~r illt(~rfac~,14

If after associat iOll of t11C alkyl chains the p()t(~ntia1
i.~ reduced to zero, it follo".s from ('q. ;) that

h1 Co = -n(q,' /1,:7') - In (1'6+)0 - III 2r (7)

,vhere C = Co at ¥-. = o. If the ratio of the auHorpt ioll
dCllHityat '/16 = 0 to tlw factor 2r is rclativcly indepf~nd-
ent of chain lellgth, tllen the natural logHrithm of the
concentration of alkyl surfactant ions at ff == 0 HIIOIIIf!
be a lineilf function of tIle I1lkyl chainlcngt h ,vitlll\ Rlope
equal tQ - 1/1' jkT.

In obtaining the abovl~ cquatiollH, IlO simplifying as-
sumptions have bee)) made oth('r tllRn to R8SUlll(~ th(~
St(~rll-Grahamc Illo<lel of the uol.lbl(~ luycr. The
potential ¥-. is the potential of thp St('rll Jay('r, allu
for suc(~~~sful use of eq, () and 7, nil ~slim[lte of ¥-o is
requircd. J\ convelli('nl, nlCIlSllre of the potclllial
at plm1c ~ is the ~l£'ctrokinetic or r-Po.t('lltial, defined
as t11(~ potl'nlial at Ii plml(~ (or Iny('rlo) at ,,-Jlich shcariug
oceurs ,vithill "h~ doubll~ layer. We feel that. .\-
potclllini Rtudi(~s can be us{~d 10 juterpr£'t thcHC phl'-
nOm{~lla because (1) the potcut illl di[crcnce bet\v('en
plallc ~ and the shem" plan(' is solan rOlupar(~d to the
total potential difference Il(~r()&" th(~ double layer,
providt'd Ihc ionic 8trcll~tlt is 1('$8 Ihml about J.O-I aT
anu (2) .\-llOt~ntiaI~, "'hell ~Xr1'('~SCU as It (~hallgc in
t ,vith rt'Sp~.t to :l C.Jltlllgc in some olh('r parmllCI('r
as illu~!.rnt('(l by t'(i. 6, do ill fact giv() agreement bc-
t"'een theory 8110 t'xperilllf'ut. 'fIll'S(' agr('t'm(,1l1s ,viII
be prescutt-d 1:\1('r ill tI1(~ p~lp('r. TIle folJo\ving formal
5ub~t.itution8 arc sulIJ:!;estcd /']... J!J2

flotM R2
r~,

d1/l...~._- =d In (~ -
dr

cI III (
",hpr(~ RI is rcsi~taw~(~ of plug ",ith t he (I'~I !;llllltiOlI,
/l2 iH Ole kllOWlt r(~i~;ltll}Cl', 1~'1 is tlll'Hlrl':llllilll! !}(}II'II-

tial wil11011t \1Sillg R2' uno J~'2 i:,t Illt..t "illl If: ill!):II':tlh'l.
A (~}rl'('(~1 iml for ,'arh..1 ion of dil'll,(~t lie ('011:-;1:1111 I,f I III'

(S)

ill L'q. G, and in eq. 7

=0 (9)(~~', t=O

J~quatiOlI 9 call SilllilarJy 1)(' ('xprl'R.';('fl us: at. t = 0
(i.c., (~xp('rilllt~lItlllly ol)~prv('d)J t IIprp i:; 110 rllml~p ill
1/1. \viili challge in rll:till 1('Jig11J ()f IIIP llo:"orJH'd SII..fll(~-

T~Jolll'",1l of PA¥aic:ul {.".e,ni81ru
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]j (II'V25)1 Xl.. (t1)[~).(i!) + O.Ooi(l

\vlll.'rl\ ,{" i~ t-putl.\lltilll in mv., 'l is tpllJperaturc of t~IC
solutiOlI il\ o<.~., J:.' is lhl\ Hlrl'amillj!; pot(~llti:ll in volts,
P i:i t liP urivill~ pre~liurl.\ in CIII., mlu X i~ the 8p(~citic
comilict ivitv of t1le 8o!tlliOlI ill ohm --1 em. -I.

. !

Results i
I

'fhe t -'pot(\lltial--Collcl'ntrntion curves for Iluart?:

ill Ih(' preseli.(~e of 101111; chaill nminPH Ilt pI! 6.;,-(j.!)
and al 22-25" 1\1'(' ~i'('11 in fig. .1 for alkyl (~hailll(,;n~ths
from 10 to 18 carbon IltmJIS. Inclmleu in this fi~1re
is the t-potelltial-'collcl'lltrt~tkm curve for qunl'tz in the
prcsencc of nmmonium acetate und(\r the samc condi-
tions.

All nlkylaml11O1lium ions challgc the sign of the
t-potl\ntinl, but ammonillill ion itself does not. The
efT I~C" of lll(~rl\tlf;l~ in alkyl chain Il.'Ilgt h is to lo\vcr
~ucl.~pssively thl! henlllllicplle concentration, -i.e., tho
bulk conccl1trution at \vhich vall uer Wa:tls interaction
takes place bet\:\.ccn adsorbed iotls at the solid-liquid
interface.

For I:mnptlrison, the critical micI'lic concentrations
for tllC ulkylammonium acetutcs arc Co, 4 X 10-2 1.1/,.
CI~, 1.:3 X 10-2 "1!,. Cu, -1 X .10-:1 J[,. CIs,8 X 10-4 ,1[,.
anti CI8 :j X 10-4 ill. .t\lIm~ljor challges il\ the elec-
trokinetic (~UrVC8 OCC\U' at col\celltratiol1s far belo,v
t he respect ive c. -'1.C. values.

Discussion

The concelltr~tion ('0, at \vhich the t-potential is
reduced to z(~ro is plot t(~d in fig. 2 as tl fwlction of the
nlkyl (:Jlam length (n) of th(~ ammOlJiwn acetate. Tho
linear rclation het\vecn log Co :\nu "' u~ pn'uict('rl by e£(.
7 i~ verified; the slop(~ of thi~ line in terols of the val\
ucr "fials cohctlive en~rgy per CIft ~roup is O.97k'f'
or 580 cnl.,/lnolC'. This V~IUl' is il\ excellel\\' agreement
\vith valll(\s of '<p' deterlnin~u from H()lubility u~tta 17

or from !;tudi('s of Illicl'll(~ formlttiol\ u~ u fllnctioll of
alkyl chttin .lcll~t.h of 11101lOfullctional surfactants.'k.19
Values of <p' dl,t~rnlined from propert i~s of surfactant
solutiol\s vary ftoln 1.0 to 1.lkT. That al\ acceptable
valul' of <p' ha$ hl'l'\1 obtail1l'fl from this al\alysi~ is
sub~tlwtlal evidcnc(' ill favor ()f till' h('minlicl'lIe
hypotll('sis. It is th~ opl'rlttion of thiR ,an uer W:~aJs
u\telllctioll cllergy tllat is the fulluaml'lltal postulu.tc
of the h(~mullic('lIe th~ory. It is si~llitical\t that the
valuc of <p' obtailleu for hydrocarhol\ chain nssociat iot\
ata S()lid--liquid mtl'rftl(~e is slightly lI~ss thau the \lsu~ll

value of fiOO-fi2;') clll,/mole deduced from micelle
ph('IIOmCll!\, 'fhis is probably due to the fact that com-
plcte associatiOli into a hydrocarbon liquid state is pre-
eludf'u on stf'ric groullus for hemimicellcs, SitiCC van
(Ier Waals interaction is rcstrictl'tl to t,vo dimensions,

The observed linear relationship hct,,'ecn the loga-
rithm of thl~ cOIicentration of surfactant at '( = 0 and
the chain Icilgth (eq, 7 and l:ig, 2) means that (r.+)o/2r
is illdcpCilucnt of chaiti leligth, \,'hcrc (r.+)o is the /1(1-
sorption uelisity of cations at plane & at t = 0 aliu 21'

(17) ,\. \\". J{:llsu)lI, "rntt.v .\(.j(l:i nlld Tlleir Deriv'ltives," Johll
\\\ley ulld SOli". 111("., ~e\\' rork, N. Y., 19!8.

(18) D. Stil(ter 'Illd J. Th. G. Overhee~. Proc. $nd [nlern. Congr.
,5urf(l("t: .tIc/icilY Lo"don. 1. 311 (1!15~).
(19) K. ShillOdu, IJull; ('h",n. Sac. Ja~n, 26, IDI (ID55); J. Chi'm.
I'hll#., 58. 1\:!6 (\954).
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IIIl,JiulU ,\,ith tt'mp.'r:ltllrt', .'VMl thoulI;h ~h1rtlt, \\':\8
111t\111~. 'fIll' forllmln u:;.,J ill (~lI.lcul:\t illg r -potcllt.ial:i
~\ft l'r~ll>l>lyillg t hl' rorrl'(',iot\ is
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Noticc that at lo\~ surface COVt\rngcs before as80ciat inll \
of the f~lkyl chams, Guo)'-(~hapnmll tllrory, ell. 1, i
predicts a maximum limit illg slop" for tile logarithlnic
adsorption isotherm of O.;}, but as the pot(\lltiuI (~hallgc's
\vith concentration and approach"s C = ('II~I, tile I;lol>C

\\'ill become less thall O.;j,
Th('se agreements bet\vet~11 th(~ t~xperililelitully dc-

ternlillcd ud"orpt ioll parallle.tc'l'!\ and those deduced
from t-potcntialH \vit II tll" aid of Sterll-(;l'llhamc
double laycr theory are of considerabl" illterc'st. l>ri-
marily, LIley strcnp;th"l1 th(~ asf;unlptioll of the equiva-
lence bet\v('en elltwges in t anu cllung('s ill '/I, and,
tllcl'Cfor(\, of the utility of l'lcctrokin<~tj(: rt'sulls \vllcn
ana.lyzecl ill tC1111S of diJTerclltiuI qualltitil'~.

1'l1(~ above mouel of the adsorption proccl;s of nlkyl
surfactants Call be collsid"rl'd appropriate for 8.vSt(\I\IS
\vhere the adsorption is purt~ly pllysicnl ad~orpt ion,
Alkylammollium ions on quartz fulfill t hiK cOIldit ion,
Cflses where the ad~orptiOlI is clearly a c.lll'.nisorptioll
phellomcna, whl~re besid('R t he van der '" flaiR COllI ri-
but ion to th(~ work of ud8()rpt ion t here is tt 81,>(~(~ific
chc~mical interact ion tel'ln, ,viII rcquiI'e a moro d(~tailed
trentment, Such s)'stems ItS oleate 011 hemal it(~ appear
to be of this (:atcgol')',

Ac1.~nowlcdgmcn(.~. The authors wish to tllitll), tIle
Natiollal Science 1,'oulldation, Washillgtoll, D. C.,
for support. of this ,vork, and Arlll0ur 1l1du~trjnl
Cllcmical Company for the lugh-purit), alllil1l'S us"u ill
this illvcRt igatiol1.

is the VOhlll1l~ of charge at unit <,r08~-sl'ctionnl art'a
through planc~. This findillg impliC's that the clcc-
tro~tatiC' C'olltribution to the energy of t.dsorption is
located entirt'ly witltill tile cllfir~cd polar hC't\d of thc
5urf3<,tnnt ion and is not t\fft'ctcd by hYllrocarbon chai.I
&,,;H(lciation. U~ of eq. 0), other thnl1 ill dif}'('r{'.tltial
form, ,,'ould thereCore r{'quire the value of the radius
of the char~Nl polar ht'ad grollp and not tllt~ "radius"
of thc ",hole surfl\1tant 1110Iccult,. j\ possible canC'{'llml!;
oC the elTect of (r~+)o and 2,. should nol he overlooked
and wilillavc to b~ evaluated in subS()quellt. resC'lIrch.

Use of cq. 6 rfquires cstimatcR of both tile hcmi-
miccllc conc('nt rat;~on tmd t he concelltratioll COI'l'('spolld-
ing to monolayet cov{'rugc. I.,ocation oC the h('mi-
micC'llc concclJtl'ation is partly obscureci by the inter-
fercnpc of surfacc condllctanre elTee,ts wilit~h, for
cxamplc, art' r{'~~n8ihle for thc maximum il1 the
r-iog (f data of J..ig. 1. Surface colJductancC' cfft'cts
tilat art' observN! iu RI r('amiIJg potent ial ('xp('ri'Ilcnls
on porous phlgs are IJot obRervcd if the t'xp('rilllcnts
are carried out jf\ capillary "yslcm8. Tllt~ validity of
the extrapolation oC the alkyl»mmomum C,UJ"Vt'S up to
the ammonium acetate curve to lor,ate th(~ hemimic('llc
cO11centration h~~ bt~I'IJ disc\l!;~1 by ])avi('s and
I~jdcal.21' I

The pre8ent. ~lCj trokil1ct ic data for the systCJ1J (luartz-
dodecylal11J1Joniul 1 acetate It'ads to a val1lt' for the
slope oC the log:1'ithJ1Jic adsol-ption is()therm for (' >

(filM of apprOXilll j 1('ly 2.;)-3,0 to be compaJ'l~d ",jt.h the

ex~rim("ltnlly ctermil1cd value of t ,6-2,~,6 Th(~

C"~I vahlcs obtai ed CrOl11 the previous adHOfl)t.ioll datn
Rltd t hc pres(~lIl 'I~ct.rokill.t~ti(: exlx'rinlt~nl R llr(~ 1:T> X
10--4 M I!,lld nppr xlmately 10-4 M 1>]))\, rcspcct.lvely,

(20) .T. T. J)"vit", "nri 1~. K. I!.irll'nl. "ll1lcrr",'i:.1 1'I,cIIOIneml,
]-;,1.. Aclldelni(' I'rt"'!!. New './lrk, N. '"., 11161, I). 121.
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