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I2T..0DUCTION,

The objzct of thls work wos Lo stucy the effz2ct of a
potential o liquid-1llauicd int:rfaces. Hoth the caplllary faa
arop welnt aetilods ware usad to nob2 the chaase of 11per—

aclal toenclioan nrcduced by nobsatlals roeasla; froa sevea aac
. cne half vclts to several huandread thoucand velts. Tils work
1s divided ialo three narts.

The Tirst coasiscts of a study of thes eflfect of vary-
1as poteatials oa Glffersat csaczatraticns of sodilua cleate
eclutlica & alist beawene, abuclly caturated witn each otner
and mecsuria; the change of 1ntarfacial tension thus producead

Tiie second part 1s & study of the behavicr cf atlfer-
et orjsoale linquide a_alist water, autually caturcted with

-~

each other, usin; vcltases as hljh as several hnadred

thcucand volts across the iaterface 1n the canillery.

TH
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third nart is a

]
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firest; tae

crep welj ht methiod Delas usad 1astead of the casilllary

€

aetiiod. It was ctteartad to shiow that the acllecules of an
ealeifyin; azeat such as £odlua cleate were recrieated 10C
fren thelr noracl diractic: of criontztion or the cciacen-

tratica o

=)

the goan acllecules 1 the i1aterfece 1s chwazed
und2r the 1aflusnce of a certalia directica of roteatial.

It was atteanted to show thact the laterfocicl sur
was lacrecced uwader tihe 1nflu=2ace of e certala directica of
pctential aad decreazsed when the potentinl was reverscd. A

stucdy 1c elso ncds cf the iafluence of a roteatial ca the

jen

gpeed cof eaturatica cf a sscond 1iquld such es water 1 a

water-benzeae systen. Thls 1g showar by the dilference of

v

interfrcial surface t=aslocn with aad withiout a roteatiul.



TAZ CAPILLARY MiTHOD WITA POTINTIALS RANSIVG FROL 7 1/2
TO 11C VOLTS.

B2 AGATNST S0DIUM OLAATI SOLUTICHS.
PIGCRIFTION OF ATPARATUS AND ATZXIALS:- The anparatus used
in studyinz the effect of a notential cn iaterfacial tensicn
by the caplllary msthcd coasisted cf tﬁo lar;e 3lass tubes,
one lcnz with a alameter of 2.12 cm., &i1d a snort one with
a dlaaster of 2.C3 ca., coanect2d oy a capillary of fuirly
ccnstant vore. The canillary wos ian an uprisht positicn.
When two fzirly iaaiscible ligquids were rut in the systea,
the menlscus was brouzat scaewhere near the ceater of the
caplllary. Thrcush stoppers at the cneninzs cf the larze
tudes, adjustable platinun electrodes were placed.

Water or aacueous sodium oleate solutlon was placed
1n the lonz larze tube and beazene 1n the short larjse tube
with the me2nlscus 1n the carillary. Two aotor Jeneratiors,
prcduclin; cdirect curreat, were used, the cae nroducing a
notential of 110 and 55 volts, the other prcducing a potential
of 15 and 7 1/2 volts. A millianeter was placed in series

with the capillary appraratus.



JASTHOD OF PROCEDURI:- The 3lass caplllary anparatus was
first thorou;hly cleaned, -Hot cleanin3 solutlocn was first
forced throuzn the caplllary. It was thea riansed well and
then stesmed with live steam for some time and then dried.
The two linulds which were mutually saturated were

vetwesn

N

tnen rlaced in the anparatus sc that the mealscus
the twe liguics was 1a the canillary. The electrodes were
then placed in the twoc liquicds. Becauses of thne aliaost per-
fect ncn conducting liguid ia the short larze tuve, tine
platinum elactrode was brouzht clcse to tne aealscus ia
the caplllary and adjusted coatiaually to keep & coastant
distance Ddetwsea the nealscus aand the electrode.

Benzene a.ld sodlum cleate scluticn were useda with

a pot2atial ranzing froa 7 1/2 volts to 110 vclts.

CALCULATION Of INTIRFACTIAL TInNsION 3Y THE CAFILLARY (ISTUOD.
To calculate the ccrrecticn cf levels 11 the larse
tubes due tc unecual surface tenslcns, the foraula was used-

(dynes/ca. of sol'a)( )(Tiznster) _ 4 (1)
(Density){(s31)( )(r )

which reduces to the foraula-

(dynes/ca. of ecl'n.)(2)
{density) (231)(rndius)

—~
n
—

o

The static surface teisica of anuecus scluticas of sodlua
oleate saturat=d with benzene 1lg found ca sraph (1), aad nay
e substiltutsd ia foraula [2), aid tihe height (H,) due to
surface t2asica of the sodiua cleste sclutlon 1s found at

© 1 ) 1 1 - N -
20 C. The helsat (H‘) of the benzeae 1n thie larze tubde



64

Q

S

()
S

N

Surrace TensSion — dywes per cewxr/merer.

S

of

.02 09 .06 .08

Lercent Sodium Oleate /& Water

/ N

Satutated wirhk bewzewe ax 20°C.

Frg. I




3.

cue to surface tension of tiie beanzene sacturated with soclua
olzazte ald water 1s found Dy substlitutiag the value cf the
surfeace taasicn of benzene saturated witin scdiun clewte and

water at 2C C., winich 1le practically coastant fcr all coa-
D

ceatratlions of sodiua oleate at 23.33 dynss per ca.

To0 calculatz the lLatzrfucial teaslon betwsen the
venzene end sodiua clzate sclution, lat A equal the height
cf the beazene 1a the ceplllary arparatus above the mealscus
i1n centimeters and B the helsht of the sodiua olsate solutlon
above the meniscus 1n'centilebers, then;

(A-H,)(C.37) (3-4,)(1.C) =C

C is the heilzit cf a2 ccluamn cf 1liiuid with a specific zravity
of 1.C thet 1s surmnorted by the 1aterfaclesl teaslon between
the scdiun colz2ate sclutica ead beazene 11 the capillery, aad;

(o)) {r?)(331)

P = Iatzrf:-clal tensioca ia dyaes/ca.
\ \

‘r) 18 the racdius of the caplllary (C.14C3 cn.) aad D tne

dlaneter of the capillary.



C.C5% Sodilua Sleat2 Asalast 3Beazene.

Yolts|Heil ;ht of]|ilelsht of] el sht cf|Columa of Taterfacial
sodlun Tater Sun- Tensica in
3enzene Jleate 2nlacus | ported 7 Dynes/la.
J9luticn., Interfaclal
Ia Ca. In Ca. Ia Ca. Teasicn, C.a.
C 12.07 11.C3 2.1 C.53¢ 226355
15 -12.05 11.C5 5.2C C.158 1C.C4
15 12.C7 -11.C3 Z.3C C.357 24,27
C 11.52 1C, a1 5.5C C.325 22.07
55 11,22 -1C, 31 5.72 c.3¢2 25.1C
¢ 12.5C 11,45 £.13 C.o7 cl1,92
11C -12.57 11.52 4,45 c.C1o 1o
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oleatz sclutica wos rositive and the rclarity of tiiz biaazens
nezative the interfaciel teaslon wos decroaned a4 when tne
pcteatial was reversed, the latarfaclal texclcn wae lacreasszd.
The explanatlon whalch lanedliately sujsests 1teell, 1s that
tiie concentraticn cf the scdlum oleste at the laterface has
chanz2d cr scne cof the mollecules 1a the laterfuce nhave re-
orientea thenselves uacder the iafluence cf tie roteatlicl.

The fact thot tas 1atarfacial t2asion cculd nz2ver He lowerec

=

below zerc {witiila exn:riaontal error) 213 cculd nct be

L

1ncresng2d chove the i1aiterfacisl teasion of water aid venzzie
arzuee for tue fact thot tials chanjze of azalscus wis due
to a chaaje of itaterfocial teasion whilcin was due to a chiznge
of iaterfeaclal teasica wiilch was due to a cuanse of ccoacen-
tration or a reorientatica of tiae mcllzcules of scalua
clzute in the iaterfuce.

If we loo< unoa tne (=-CO0lla) as the aeiatlve ead
cf the sozp mcllecule aad the leciaj hydrocearica chaln as the
nositive end, w2 would exrect wn=2n the rcolarity cof the socdlun
cleate solution wus rositlve and the benzene nejatlve that
tihie interfaclal t=2asiloa would be decre-sec as wiat wae act-
uzlly observed due tc a hizher coiiceantratica of scdilua oleate
mclleculzs ia th2 intarface daue tc the 1ifluence cf the pot-
eatial. t would alsc be exnpected thet whear the poteatlial
reversed taat tiere wculd be a decreass ta the ccncaatration
of the sccdiun cleatz acllecules in tae lat=rf-ce cr & re-

orleataticn of a nar

I_J

[

ncllaculzs 13C froa their

cr
(@]
iy
ct
v
w
.
oo}
N
lal)
o)

original directica cf orientztion thus prcducla; @i iacrease



1a 1nterfacial teaslica as what was actually cbserved.
dcwever, these results are coatrsory to the results cbtalaed
by the cdron weliht methicd whsre the scdlum end of tie soap
mollecule acted as the nosltive e21é instead of the nejutive
end.

One cf the cbjectiocns to tiie technlque cf thils method
1s that whe2n the rlatinuan electrode 1n the Ddezazene 1s very
clcse to the a2aiscus but does aot touch the thin fila of
scdiun cleate sdlution which crawls up the canlllary between
tne benzene and the slass, no results are odbtalnzsd with a
poteatial, or if the menlscus does chanze 1t is so saall a
chanze that it Gould not be notlced. Howsver, if the elec-
trode 1s allow=d to touch tne thain fila of scdiua cleate
solutiocs that crawls un batwsen the slass aad the deazene,
then the results are obtained as showa 12 tne tables. Tue
to tnls =flect we caniot be certalil just what we are neasur-
115 and cennct arrive at cefialte coaclusicins &as to the
changs of 1aterfaclal t2asicn,as caan be whea usiay the drop

welznt method.



THIS CAPILLARY {STHOD WITH AIGH POTIUTINALS, USING FURZL

LIQUIZS AZAINST WATIR.

D=SCRIPTION OF APPARATUS AD IATIRIALDSs- The apparatus

used in thils work wos the same carlllary apnaratus used in
the »revicus discussion. The scurce of pctentlizl, however,
vas obtalaed from an elactrostatic nachlne run by &n electric
mctor. In this way a poteatial of sevsral nuandred tnousand
volts cculda be obtalned nroviasd the lzaking of electroas
was mininlzed dbut in some cases the leakaze throush the
caplllary apnaratus was coasicderable thus decre~siin; the
potential to nossibly 25,CCC volts.

The linulcde usoed ajzalast water in the systea wer

(8%}

beazene, nltrohenzeone, aanylacetate, eayl alcohcl, ethyl
bromices, carbon diculfide and carbeca tetri chloride.

3enzane woes 2lsc used ajalast scdlua cleate sclutlon.

LZTUOD OF PROCIDURI:-  The aethoed was the saae as that 1a
tae rrevious pert. Tae menlscus of the two liguidas wes

adJusted to th2 c=2atzr cf the caplllery aand the chaaaze cf

=
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calculated in dyanes p=r ceatin:tar.
Ia thls case, hewaver, 1t was nct accessary to
orinj the platiaun electrodsz 1a the gecsad linuld near

the interface whea a poteatial was annlied.
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Wa n«\». a .q.s\.\.c. z, bartetr + Ao Warer - Ao water + We Warer - WNo
79 ulds 2wdtg ~ |Povewrial oy g + Porewrial |and. Ly — | Porenrial \and /g + |FPotesrs a/
Sodrum d/eare Soelurion.
Benvzene, —é<. - % = éé. -2. - ¢é. +2. - e, +6
Sevzene. -éé. - 5T - 575" -5 —éé. = -3 -3
NS Probevzene. -/0. ~/0, -/0. ~/0. | —/0- = /0. = /4. —-/0,
Any/ acetate, =23 -3 + 2o0. + 3 -23. -3. t20, +3.
Ao/ alcosal. - /0. -3 ~/0 - 3. -/0. -3. ~/o0. -3
LAy Eromsde +52. + /5. —22s -25 + 52, + 0 -22s -23
Carbow oisa/Fide. 0. o. 0. 0. 0. 0. 0. 0.
Cardon 7etrachforide 0. 0. 0. 0. 0. 0. 0. 0.
Usivg 0\-\\\ ove LFl/ectrode.
WNo Watel + ANo water. = Ao Watrer & Ao watelr, ©

WNaret agarwsr. |Porewrial|lZnd lig. 0 | Porenriallond 1ig. & | Porenrral ond Vg — oppenrial |27 hg. 4
Sevzewe o. 0. 0. 0. 0. - 3 -5 - 5T
Erpyp/ Eromide. 0. +1 +1 + 7 + 7 + + | + 7
Amy/acerare. o. -7 -3 +/. ~/ o. o. o.

ThC wormal Iwrerracia/ Tensions pere wor colculoted bar setr egual 1o zto and 7he
Chawge oF Iwrerraclal Tewsion fecorded 1w dywes per cenrmerer. 7He posiTIVE b\.\.\&\r\.\a&w\
Sigws berore The Nawbers /wvdicarc am swvetease awd SecreaSe or Iwrerracial Tewsson resp.



11.

DISCULSION:-= Tals =ffect Coces not ssea to be a cuanjze cf
1aterfaclel teasica but more of thie nature of attractica
and r2pulsion b:tw2enl uallke ana like caarsed pcales anad
densadiag nartly con tiae dielectrlc coastant and the srecific
naturz of the seccnd lituld satursted with wster. Ia &ll
coo2s th2 mealscus was cocacave to the water side altaoush

it sonstianes tsade=d to flattel out when a hish rotzatial

wns inrosed uroa it. It was calculated that tne cadaze

of 1aterfacial teasica uslaj beazeane as tne second linuid

was abcout 65 dyaes,/ca., less thaa ncraal 2ad tne aoraal

o

~

laterfacial taaslon L oaly 34.5 dyvaes/ca. Tae [iurss

siiowa 1l the taosles sincw rale

\]

Y

bivaely how Ciffereat linulcas

are offscted oy nizh notzatials. Tials saae effect will Le
obgerved by merely touchlal thz platiaua electrodes to the

lass of ths two eids of the conillary apnoratus thoush

471

:';
Aot so jocd. Ia thiz case ol Deazeas aad water, watsr secaws
to ccllscet 1a tie D2a7ens oa the eidzs of the larse tuoc.
Also vloleat asitatica teolkze »nlace ca the surface of the

Denzea2 bub 1ot sc o0a tie wehber surfrce.
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ccrelsted of a nirette withi a
aeter of 4.,51% nlllrseters. Tae tirp was & talck welled

Slass carlllary witah & sronad flat surface, tile ontelcae

beln; nclished. The plnetiz had a voluaz cf 5.22 c.c.,

Datw2en bt srelacticas ¢ elther side of thie eilzrjeaent.
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wear tiiz ten of the nilnette, & nletbtlnun wire was seuled
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a half of the tin. A sccond electrode L2 the forna cf a
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not2atlal cocasisted of ¢ e£acll aotor
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s2azrator wnlch produced z2bsut onz2 half an carers ot
velts dlrect curraat. A switch was arranged eo that the
curr2at colé be 2uasily reversed.

Toaryia; concsatrotions of sodlna o

wals uced agailact Deazeas.  Pure wobar was also used ajaliast

HES AR R IR I R T To B 5t i m
Y

ool OfF DUOSLATURG - ne watar or sodlun oleatz scint

[

/28 <drawvil un 1ato th2 rinette aad tihea »nut

A sariecs »itn

the carillary for lettin; ia alr. The tip of tie nipstte

was nlaced absut cae hall o ca., »Helow thz surface of &
ter of beazeine. It was then aade sure thot tiie goadla

ol2ute solnuticn coveraed all of the Srouad curfuc2 of the

il

pipstte tin but did ant crzawl un the ncliched silde of the

teaslon under thz Lallueicz of a2 noteaticl was due te the

prasence of the soclun oleate 11 tiie iaterface ruas were

nade using pure watzr aad vaamen2.  The followias ruas w

aude aad the cata graphed: -

Tae two liquicds uaszturat:d with e~ch other.

1. odd drcns -zero poteatlal
evel dronsg -Watsr - —
- oznzene  +

2. 24d Grops ~zero potential

. watar +
OY -
even drons venzens —



witn eacn other.

s2ven arons

rons -zero potential
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Volts Polerity cf Pclerity of Tiaz of dron
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TA3LIE IX

C.1% soccian cleate solutloa ajeliact benzene -saturated.

Volts Polarity of Pclaribty of Tiae of drop
soclun ol=znte benzeaae foraztlon 12 s=c.
solution

e C C 114.0

3CC + - 125.C
C C C 11C. 5

3C0 + - 120,5
C C C 115.C

3¢C + - 2345
C C ¢ 112.5

3CC + - 121.5
C c c 112.5

5CC + - 1256.5
C C c 113.¢

sCe + - 123.C
C c c 116.5

3¢C - - 129.C
C C C 116.C

3¢0 + - 135.C
¢ c C 122.C

3¢ + - 122.5
Y c c 112.5

3C0 + - 153.5
C c C 115,0

>¢C + - 135.¢

© c ¢ 122,¢
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C.1,5 sodiun olzate sclutlon ajalact benzzne -siturated.
Volts Polarity of Polarity of Tla= of cdrop
godluna oleate beazele. foraation 12 sec.
solutica.
C C c 22%.C
3CC - + 2146.C
C C C 213.C
3CC - + 210.C
c C C 22C,5
3CC - + 221,C
C C 223.0
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C C ¢ 253C.C
3CC - + 233.C
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30C - + 237.C
c C ¢ 244,C
5C0 - + 245.C
C ¢ ¢ 253.¢C

3€0C - + 25C.C
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TA3LE XI.
C.C15 sodiun oleate solutlon asalast bsazeie -satur:st:d.
‘Tolts. Polarity of Folarity of Tine of drorn

sodium cleste Dbenzeae. foraation ia sec.

sclution.

C q C 2C4,5

3ce - + 172.0
¢ ¢ c 193.¢

3CC - + 179.C
¢ ¢ C 2C2.5

3Cc - + 135.5
¢ s c 217.C

3CC - + 2C4.5
C c ¢ 2156,C

3CC - + 2C3.5
¢ C C 211.,0

3CcC - + 132.¢
0 o c 213,0

3CC - + 2¢9.cC

C c C 21¢C.¢C
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DISCUSSION:- Accordins to Antonow's rule, ﬁhe iaterfacial
teaslion between two linuice Ls enual tc the dilference of
the surface tenslons of th=e two lilnulds nutuzlly satursted
with each other. However, befcore thes2 unsaturated llinulds
in ccntact with each other becoie saturated thers must De

a dlffereat iaterfaclal teasiocn. It 1s showa by tns flrst
two srarns (Fis. 5:8) how the noteatial ao mattar which
dlrectlion 1t 1s directzd sne2ds up tie saturation ci the
watzr by the benzeae, {the »anzeie wos already saturated
with water) ané thus low:rs the 1atsriaclel teaslcn which

- -
aécreas2s Lr

W

siz2 of the drep,&ad thle ian turn G2crzuses

'Y

the leazth of tiae for the drcon tc fera.

The next twc curves {(Fiz. 7 % 2) are exactly tue

sa1e system excent that tiz twe liaquids are antually satur-
ated with sach ctiier. These curves przcibically colacice
wlth each other wiich shows that the roteatlal has 1o in-

flueace cn the laterfacizl teaslons of mutually saturated
li~ruicés.

The next two curvas (Fi;. 9: 1C) are systeas of
C.17 sodlua olente sclution azalast beazens nutuslly satur-
ated with each other. 1Ia the case of the nclarlty of the
sodlun oleate solution beiny nesltive and the benzeae aejsa-
tive, therec is a decided difference in the lzasth of tiae
for the drops to fora (averaziny about 15 seccads). We
would expsct If we consilder the sccdiun as the ncsitive ead
of the scap mcllecule that with this cdirectlca of roteatlial

there would be a tendancy fcr the scan acllecules to re-

orient theaselvas &t 1280 ts thelr acrasl orieataticn in the



intarface or else there would be & tenceacy to decreace the
ccacentration of the scan 1n the ilaterfeace aad thus lacrease
the 1lnterfacial teasicn and thus iacrease the leaztn of

tiaze for a édrop tc fora aad this 1s exactly what narpeas.

I1 the cage of Q.12 sodiua oleate the iaterfaclilal teasicn
12 abcut 11.2 dyaes rer c1. Taus 1If the voluae o tng drop
1s lacrzased abocut (135/12C) the iaterlfacial teasica is
Increnced about 1 1/2 dynes/ca.

Usinj this sane system with the notential reversed

tiiz two lines of the Srarh practically colaclce, tne aero

otential 1ian2 nrcoably belaxy a trifle hisher. With the
notential ia this directica acre scap acllecules saoula be
ccacentrated 1a the iaterface and thus the lnterfaclal ten-

3

(el

sicn lowered and also ths tine of dren foraatica lowers
dowever, the ccacextratica cf coan 11 the iaterface is
few acre

very hlsh &t C.1% soclun cleate colutlon aac i

W

tiaat cculc e crowdzd intc the 1aterface weould act hve a
very sreat effect. In crder tc overccae this a (.C17
sodiun oleate sclutlcn was used aid the last gsranh was
obtained, (13 11,). Ia this grarvh, althou_nh very irrejulor,

there 1s a declded lowerins of the laterfaclal teasiocn by

the pocteatial. As the concantratica cf the soan 11 tie 1ater-

face 1s vaory saall at C.C135 the 1afluence of the roteatlizal

1a conceatrating more scan mcllecules in the 1latzsrface 1is
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1. Thc ecrzed of saturctica of nassoaratz2d sciublcns in

e

ccatact with erch otier is hestoasd Dy tie usz of &

2. Tie 11terfocisl teasica Hetw2enl two aotually gsebareted

liquics cna act »2 ciueaz2d Dy the use of a roheatisal

3. The ccassatratica of sodiun olesate 1a the iaterface

.

ey

De &lter:d or tune clrectlon of orieatatlca cheazed with

. Th=2 scéinm cleate aclleculs 1a the Latsrface Henaves
thicusgh the scdlua eid wer:e £h2 nosltlve end ¢ad tiwe
loas hydrocarosa chiala the a2 ative ead.

This work was r»a2rfcoriec 1a the {a2¢zie Cacenalcenl

Leberatery at Tilehisna State 23llese uider tiae dlrectica
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