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Doe to the lanaer la which tlie jaolectuLcs arc arv&ngjttd^

UiQ st-ucly of flists provides a sia^le method of Investigating

the properties of molecules. Tim films ere of one laolecole

In thickness, and the nolectales In the® aasuxw a definite

orientation relative to the surface. The cxpcriiaBntel meth-

od eiiables forces tanfjential to tJi© surface to te laoas-orcd,

aacl direct information is obtainable as to sojae of the

forces between tlw solocules composing the film. By stijdy-

Ing different ©osapounds the effect of ohemloal const! tsjstlon

upon the properties of these fllas can be noted, from whifdst

Information concejradng the strt3otui»e azidl diisenslons of the

isjolecules can be gained.

f&e absorption of food into the blood stream aiMi Its

aaslaliatlon In the body are definitely connected with aur^

face i^eiKaa»na. T}.ie behavior of any caapound at a stirfaee

is determined to a great extent by the structure of its

QK^leeiiles, especially by the prea«xKie of polar groups and

their relation to the retmlnder of the r^olecule.

Thi& function of cerotenolds in aniaals ima been the

subject of considerable investigation In recent years. It

is the purpcMMi «f the present study to investigate the
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Molecular sti?nc1;iire of xantbajiiyll by (Kit^MdLai&g lt« molec-

ular area azul tlie orle&tation of tSm »&loculos in an ftqa&ous

starface

.

HISTOKICAL

fOidBels (14) studied the danplng effect of films on

wives. Site found that stirface filias could be liandled by

pusMng th&s. in front of strips or "bai*riers" extending t!ie

i^ol« width of a trou(^ of water filled to tho brim. By

slidlnc tx40s« barriers alone the tray the area of vater (m

«dliioh a given quantity of oil could spread was varied at

will.

I^MlEels shewed tliat very s-nall anoxints of oil on ttk»

surface of water in tb© troufjli liad no appreciable effect on

the surface tension, but that t!Tte surface teraion began to

doorcase awiaoBly when tixe a;;iount of oil per unit areft was

Inereased beyond a certain definite Unit.

Raleigh (15) repeated these experiisents and clearly

pointed out the la^portanoe of th^ piioaomena in t2ie es^lcuaa-

tion of surface tension. Em raftasured the surface tension

of the contaminated water between the barriers by the Wil-

heliay rjethod; i. c, a thin blade was mounted in a balance,

its plane vertical, and the lower horlaontal edge dipping

uoder the surface of the water. As tlie thickness of the oil



film was varied by shift ixig th» r^osition of one of the bar-

riers, t:io sxirfao© tension ciianged^ Ralelg>i Investigated

castor oil and olive oil, aisKJ foaaO that castor oil begins

to hAve an appreciable effect on the surface tension of

water when it Is pi^esent in sufficient quantity to fona a

layer 1.3 x lO""*^ ca. thick, i^hon the thickness Is increased

beyoiKl this point the aiirface tension falls rapidly and

finally reaches a point itoei^e there is only sliglit further

decrease* &ith olive oil Ralei^ found the thickness at

«hl«^ the tension taegias to fall la 1.0 x 10""''' e®, H» sug-

gested that, at this critical point, the sjolecules are Just

crowded together into a layer one siolecule thick, touching

each other over the whole surface.

deinmx (7) extended this work and developed experimen-

tal csetliods for the study of oil fllcis whldb dUnumstrated

tlie presttaoe of aononolecular oil films. He detertilned the

areas covered by jaonoaolecular filxas front weighed amounts of

oils. Knowing the voluae of oil added and the area covered

by It, he coxild calculate the thicloriess of the fllsj. Devaux

considered t^iat this thlclaawis represented the dlanieter of a

aolecule, and it agro«d -wall with the value calculated frcm

a consideration of the aoieealftr weight and density of tl«j

oil, and Avogadro»8 naaber. He found that the film of tri-

olein was 1.1 X 10-7 ^^ ^^^^^ ^g ccKnparod with the theoret-
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icol vaXu« of XmXS X. 10 en, i'iiia ftgrMBMBt fumlsiMd

o«nol«uiiv« pvoof tliftti tiM aoXaeulea «re in a aottais»l«cular

Lst^pmlr (IS) intaradoomi xum •xptriwntal netbode Into

titw •tady of th9ii« fiXa»* AOaai ftod Josetop (4) and reud {£>

iMrro iBodiHod X^anpmir'e fti^wpAtiuB «id toolmiquo*

Surfioo TwMloii

'SSam Stmt %im% a liquid mxptmoe oontpao&e sptmtanootMlj

iadloiifttta that tlsore is fv«o anorgy •••ociAtod with it «nd

tbftt iraunc ssimt oo oaiponaod to •3ct«sia tlao aurfaco* Xhis vork

i« ^UR& in bvlBgiag »ol«oul0» frosi tbo tntmelot of the liq*

old to tho mipfMo a^inot the invard attractive roroes.

Thifl work or tree energ? of the mtrfaee will be a defInlta

notoit since there will aXvaTO be a definite naiibflr of aM»la*

eulee in the eurfaae* Hm fspae energy of the eorfaoe is

usually rerlaead hy a Iqrpothetioal tension » kaovn ae the

stirfaee teneioa, acting In all direotiens parallel to the

eurfeee. ^!he a«»faoe tension has the eaae dljnsttaioc^ as tha

free imrfaee energy ^oA it hae the aaae naMH^ioal aa^nitude«



SUSWMttUlg of Liquids

When a drop of b liquid ie placed on the surface either

of uaotbffir iaodeclble liquid, or of a solid, it a&j spread

to a flln, or rcssailn as a drop without spreading;, Th» sur-

faeo tensions of the two liquids, and the Interfacial ten-

sion hetxtmaO' tbesES* dbttwealBe 'sgietber or not the liquid

spreads; aaad the a«me holds if the lower phase is a solid.

If a drop of liquid B is placed on liquid A, the aur-

f*ea of A dlaai^ears and the surface of B and the interface

AB ttf^pear. The accompanying freo energy deeveaae is

s = r, - (r + 1^,3) (1)

t**«r© «fabol ^ denotes the surfa^^ tension or surface free

•i3W3a?gy.

Tk» wor. -Vision necessary to pull apart the one

aq, ca, of interface AB is ^vcn by the equation of ikipre as

*AB »
'^z + "^n - ^r, (2)

She mosrit oif coaesion or the work required to broalc a

colunn of liquid B one sq. cm, in cross-section Is

% = 2 K^ (3)

Corateiofttion of (1), (2) and (5) gives

^ =
-

'
.. (4)
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which Indicates tlmt spreading occurs If work of •dhesion

ia graater than cohaslon work of the spre^ilng liquid.

larkina has called S the spreading coefficient of b cm

Jkm ThQ essential condltioai for spreading is simply that

tbe upper liquid isust adh«*e to the Icmer more strongly

than it adheres to itself. (6)

Sodeciilar Orientation in Surfaces

Lan{;!3uir (12,15) and liarkins (9}have indepeoiclontly dev^*

oped the theory of surface tension in iri^ich the orientation

of the molecules in the sxirface is re^trded as the principal

factor in deteznoining the siirface tension. The basis of

the theory is that certain molecules contain polar groups

which are characterized by a strong stray field or residuBLL

valence. These stray fields are due to the non-syaiBetrical

arrangement of the electrons of the at€»ia constituting the

active portion of the njoleculo, ancV jivo rise to electric

or dipole atOBMBta* Molecules such as those of HaCl and

such ^oups as the -OE, -COOR, and -C^^ have high e2«etrio

MflSE^ats, while nolecules such as CH4, CgBg, or the corre-

spcmding alkyl groups have low electric nooients and conse-

quently weak stray fields or residual valences.

If a molecule consisting of a non-polar alkyl group

and a polar group attached to caie end were introduced into
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th« s\3a:*fac0 of a polar llqxiid, tlie laolecule would be exj^sact*

•d to orient Itself with the polar s^oup toward the biilk of

the liquid and tha non-polar eaid outwards toward the 8U3r-

t4smaSiiMg pi asa* Jividance that sueh orientation occurs is to

be found in a canparlson of the surface tensions of the liq-

uid i:g'drocarbon6 of the paraffin series with the surface

tension cf th^ corresponding alcohols. It Is found that the

tensions of all oambare of both series are practically iden-

tical, indicatinn; that the non-polar aethyl groups at the

•ads of the li^fdx^searbon chains form tha surface layer in

both cases, the polar hydroxyl group belns drawn into the

liquid and having little effect on the surface tension.

Evidence is also .gained by coraparing the cork of coho-

sion, or twice the surface tension, of conpounds of related

constitution with their work of adhesion to water. The co-

haslonal work is a seasuro of the intensity of ti» attractloa

between two free surfaces of the sane liquid about to corae

in c<»itact. It is found that the cohesional work varies mudti

lass than the adhe8i<mal work to water; that is, the attrac-

tion of the free sia»face of a liquid such as on alcohol or

acid of mediisa length chain for a slnilar surface is but

little greater than the attraction of one purely paraffin

surface for another. Two -OH or -COOH groups In contact
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would attract each othor strongly; therefore it Is conclialed

that iAm»9 grot^ps are bia»led beneath the hydrocarbon groups
at the surfaee«

F»a?ther evidence of awlecular orientation In surfaces

is darived fr<sn experiments on thin filas of insoluble sub-

stances on water, which will be discussed.

Surface Films of Insoluble Substances

As indicated in a preceding section, if an Insolubla

substaiKse whose molecules possess a greater attraction for
water than for the substance itself is placed on a clean
surface of water, it will spread out into a surface fila.

The filia may be expected to be one molecule in thicimess

,

since the affinities of the aolecules will be better satis-
fiod if every one is in contact with the water.

llam the fila is subjected to lateral compression, the
first point at which the surface tension of the water is re-
duced is reached when the laolecules few a single layer in
contact, and the lateral compression on th^ film is equal to
the diminution of the surface tension of the water. The
latter stateraent is verified by a consideration of the work
done by a aaall displacement 6x of the float separating a
region of surface covered by a film from a clean surface.
If the film exert, a pressure of F dyne., per cm. on the
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float, then the dlaplaceaaent dx does an amount of work Fldz

vjbMNre 1 is the loneth of the float, i^ut the work dono in

replacing an arMt Idx, of v ater of surface tension or stir-

faca froo aoMrgy , by a filra^iovered surface of surface

tension 1^ , Is alao ( f - r'yidx. i^ence, i^ldx » ( r^- ir*;ldx

or F « r - r«

.

T-ypea of lias . Adaa and coworkers (1, 2, 5, 4, 5)

have shown that there are four types of surface films formed

depending upon tJ^ azaount of lateral adhesion hetwean the

filffl aoleculesj. ?hey ar«;

!• Gfftsaous films

2* uondensed films

3* Liquid aaipanded flLss

4. Vapor expanded filas,

flM idMil gaseous filsa would consist of nolecules of

nagliglble size, insoluble in water, and without any lateral

adhesion for one another, thcftigh with sufficient adhesion

for tha water to prev^it their flying off a« a vapor* The

ideal .r^aseous film is unrealizable experimentally, but its

properties are of value fear comparison with actual ,^aeou8

films* She actual films are distinguished by the fact that

they exert a pressure at very great areas per laolecules, and

they follow the perfect two dlnien8ionQ.l gas law fairly close-

ly, the deviatifflMi fraa the law being analagous to the



deviations of &uBmm tvoa ^m perf«et sm %tm*

tbm p«rf«ot &aM lam or tlM t«o fUmnilopal. oquatlon of

stato la

¥A m m (6)

«fti«P* i* '- '*
" " .J A la tba

araa pei cule in s^. ea«| H la tha ®ac ^ant, 1.97& jt

lO**^^ «f»ga p«p aolaauloi a&d T ia tlia at>aolute teeaperatura*

Tba tbawratlcaX baala of afuatlcn (5) Involvaa the fol*

loving aaaantlala* For tit* aqpxiUlirliM hvPmtm a soluta 2

la a aolvoBt 1 and a surface fUsi^ OlbbaU adaorptlon lam

govariiai

In id^loh r ia tha adaan^an la nolaoulaa p«p tmm^» R la

USm X 10-^,A'g a^ an ara t!M t^autlal and activity «f

tiMi aoXuta*

ApfiiTiag Lanyaulr'a klnatle thamry of adaorption* «han

tbt aaaaaBtratloaa and adaovptlona are anally the rata of

aandanaaUae af aolaeules from tlia interior of tlia aiOtaetlatt

on tlia vneant p2«aaa In the fUa la la^estortlooaX to the eon*

eantratlan and nativity in the aoXutlon* the meant apaeaa

ftaiaie pmotieally equal to the t«iole area of the aurfasa*

The rate «f eondanaatlan la lapoportlenal to ag, n : o ci-

lute ada«rl»ed flSa tiM woXaonlaa do not affect eaoh otftMV
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appreciably; tlierefore the average tiae of life oi' each

molecule in the fila is independent of the maiii^«r present,

and the rate at vhich the molecules leave the filxs for the

interior is proportional to the niimber px>esent, that is, to

^g. The rate of COTidenaation on the film is eqtaal to the

rate of leaving the filmj /^2 o*" "^/^ ^^ i5roportional to Sg,

Coanbining vith e<iuation (6) ve Obtain FA « RT,

To extend this reasoning to insoluble filzas^ we naiee

the aaatimption usually c<msidered justifiable by statistical

aeehttaics, that the imaeasurably snail concentratiogos and

activity have a definite nosiorical value,

taoA G«nd«Da«d film is foraied by substances whose mole-

culea have a great deal of lateral adheaicm. ihe laoleculea

foriB ccinpact clumps which they seldcmi leave to travel over

the surface, xliere are two kinds of condensed films as

shorn in the curves below.

Z5

I
Q /O

k 5

Ctirve 1

i
ZO 'XJ ZZ 23

Curve 2 C\arve 3

ZO ZZ Z4 26 28ZO ZZ z-^ Z6

Area per Mo/ecu/e StfA"

Curve 1 is for fatty acids on distilled water; it Is

typical of the "close-packed chain* class of condensed fila,

and is also given by the dibasic esters, anides, and xaethyl
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ketones.

Curve 2 is given by the sattarated acids <m dilute Iiy

drochlorlc acid? ciu?vo 5 is glveo by raiaaturated iso-oleio

acid. Those ciirves are typical of the class of condenaed

£Xla^ kBtMm «a "close-packed heads, rearranged by coenprea-

8i<»l. "

Oxirve e extrapolated to sero prosaore cuta the abscissa

at 2S aq» A per jaolecule, while curve 3 outs it at 28.7 sq.

km It is tlHxs evid«Qt that the areas are dependant upon tlaa

«id groiJip of the zaoleeule, the CHtCBCOOE group of iso-oleic

acid being larger than the UOOB group of the saturated ctf^ite.

Since the molecules are apparently in close contact in both

cases, the differoaace in area nust be due to differences in

the paoklag of thm aoleculea caused by the variations in the

shape of toad forces around the molecules.

The liquid expanded film is characterised by properties

intermediate bet^psen those of gasaoos and condensed fila»«

Ooaqpounds i^ich forra condensed filias at low te^aperatures

usually foz>m liquid cuiEiNauiad filsB at hl^ber tenperatures.

TlM fatty acids, nitrilos, alcohols, asiides, ureas, oximes

and aostamides undergo this transition vith teraperattu^e.

T!im distin^^shing characteristic oi tl^sa films is t^t

they tend to reach a definite limiting area at zero cagprea*-

sion, end have a constant surface vapor presstxre*
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tho vapor expanded flla is similar to the liquid ex-

panded filin^ but differs in tbat thei-e is no definite limit-

ing area or siarface vapor presoure.

Condensation Fhencaaena . At large area and below a

certain temperature, which is analogous in two dimensions to

t^« critical tceperatures of liquids in thrae diruCTisiona,

condensad filas of the fatty acids exhibit a reglcKi of con-

stant surface pressure. Upcai furthar Increase of the area,

tha pressure falls and the curve follows the equation of

the ideal ^saous film fairly closely. The region of con-

stant pressure corresponds to the vapor presstire of liquids,

and it indicates the presence of an aqtiilibriisn between the

two sxirfaoe x^^ses, the vapor film and the islands of liquid

filB in idiich the molecxiles are adhering*

SXFIiiHIMiiNTAL

Apparatus

The instrument used in this Investigation is pictured

in Plate I. The microbalance is stounted in a rigid brass

frsase, desigated to fit a carefully .nsachined brass trough.

The trough is 60 cm. lon^, 15 cm, wide, and 1.8 era. deep.

The float consists of a strip of copper 11.60 cm. long, con-

nected to the fraae by strips of platintaa ribbon 0.003 am.

in Uiickness and 6 ari. wide. In order to adjust the height
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Plate J.. The sxirface pressure balance.
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u
•r tiM vibbcm to vspytag levela of the fito* tho^r «r« coX*

d«r«d to taA j|4*t«s» to «bleh aro ftttaelMd ««r«»a wtioa* eie«

tloD vlsmm oae- Imnan tho ribbons*

Ttm fogpoo eoiBrtfid bv tho fila on tho float is trmiaalt^

tod to tlM coapsl.afi vlx*o S7 rwsns oi" tho tPlMUQilsi> fmuMMBilu

Two pMttgo oC tMs tpmmmovk ontor holos in tbe floot* fho

flpwaopofk is ottochod to tho tersicm vlro lyy s elsaqp sialljur

to thot tvtmA OB tlM Stt loay tonoiOMitop* ^Clus v^por plate

olso oarrlMi ths ootmtirtonloaoo for tbe rogolstion of tho

•ontor of or&vitjr* i^hls orrtn^MMiit pvovod to bo aoro sot*

iofootory thsc soldoring tim trimiglo to the torsion «iro«

•laeo it ftvolds hooting ths torsion «ir« oai ^ihmI^os o gob*

«nl«it nottaod of ohongiag or rsplooiag ths torsion «iro«

Sho horloontol oxns of tho boloaoo oro prorldod with

Ohtrp triongolor notches at o dlstaaoQ of 7*^ era* fros tho

tCM'sion wire* itsamJLJL woi^ts sro o^ppartod in these noconiw

ohsB the torsion wire is eaXibroted« Tb» Yortio&l ors of

the bolsnoo is XO.IO cn« in Incigth*

One snd os: the torsion wire is held in o elonp ottoohod

to o gfoditod eirolo« o^ttifgpod with e vernier* Tho otJwr

end of the torsion vire is hold in o ols^p orrsngMsent iliioh

oorvoo to od|oet tho tsnoion* A ]N>« 98 8 & S 00000 yteoflap*

toonao torsion vire is used for all |?geoeeros ndftovo 0»5

Ainos p^ OS* i^or aeourate aoaooronont of loo prooonroo a



So* 36 or 40 B & a ^uge phosphorbronze wire Is used.

Tlae position of the float is m«pi!»d by an optical lever,

Th« Image of a scale fixed to the rear wall of the cage in

which the instrui!»nt is enclosed is reflected from a mirror

otountod in an adjustable stand at the front of the cage*

This iaago is then reflected by a ssoall mirror attached to

the vertical arm of the triangle of tlw mierobalance, azid

this seccmd reflection is viewed in a telescope focused <m.

tho inage in the soall mirror. Thus, small novements of the

float are highly magnified. Rotation of the graduated cir-

Ole is controlled by a siicrtxiieter dial which has a gear

ratio of 10:1.

The area of the film is regulated by means of paraffined

plate glass barriers, which are moved by the stirrups of a

carrier.

Ifee instniment is aaclosed in a rectangular sheet metal

box, Blxmn in Plate II, in order to keep any duat froea roafdfe*

lag the starface of the trough, and to provide a means of

wsfklng in an atmosphere of inert gas. The barrier carriers

and the raierotaeter dial controlling the rotation of the

gnidnated circle are opM'ated from the outside of the cage.

TiBperature ccaitrol is effected by partial imaralon of

the instrument in a water bath through which tap water is

constantly circulated.
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Plate II. <^ftge for surface pressure balance for
operation In an atmosphere of nitrogen,
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u
A tsBowi ifflcmnt of H»terlal Is delivered on the stsrfiKse

l^ aMns of a special weight pipette. Capa which fit tight-

ly over the «Qds of the pipette minimize evaporation of the

solvent.

Senipulation

fba mmtbtfd of cleaning the trough consists of rubbing

it with mamfj paper under a streasi of tap water until it is

wetted by the water. It is then rinsed with boiling conduc-

tivity water and allowed to dry. A ton per cent solution of

paraffin in b^cisffiie is painted on the trough while it la

still hot.

Tt» ffiicrobalance Is cleaned by iamersing it in toluene

contained in a naall tray. The float, the upper half of the

platinum ribbons, and the and plates are paraffined with the

dilute solution of paraffin in bensene.

The trough is filled with 1800 cc. of conductivity

water and the surface claaaad by sweeping with the i^ass

barriers. Any contamination is reanoved by aaans of suctioai.

tha water removed with suctloA is caught In a trap, and an

equal amount is returned to the trough,

A aero reading of the telescope scale and vernier is

takMi, The torsion wire is calibrated by placing 10, 50,

and 500 lag. wei^ts in the notches on the horizontal lever
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fum* ttm t«X««eep9 «c«|,o is brovi^ttt tmnk to th« toro reed*

lag l»3r r»t«ti«s of the ^^waastsd eirele* T3se foroe in ^fam

per ««• on tlM float corroepowliiig to oa» dii@r»« of potation

is cfacuXstod }ay bwobs of tiso of;usti«ii

Dmm/m^ m mm <W-.* ) ^ 0>9e06 « toi«opt1 l^sr ans
Vortieai Xsvor ana x i^ffeetivo i^i^h of float

31ia offootivo laingtli or tbs float is afual to the

ICBgUi Of tbe float faus otio^hslf tJjo lon^tlj of tfae @ap

fillad by the platimua foil* Tim distanoe betwaaii the ewl»

plates Is 14*89 ea*» tha length of the float 11*C0 oa*

BenQe» tho effeetive lengtli of the float la

11.60 14>29 ^ n,€0 a 1S«344 «n«
2

Ihe vertioal lever mm in xu»iy csi*, tho horlaontal am,

l^tm 9m» in length*

ft»e99 txp to 0,8 d-vnos p«» cei* on ^hfi float aro Eseas-

ured iagr obafisnrio^ t£M «iaii.eotioiis of tho taloeoope direotl?*

She value of ona an* aaflaetloi} of the aoale ia foaod by

placiajT a 10 m^, walflftt on the harigoBtal «n and then not*

lag taie tiUiflootIon.

A 0*05 per oant solution of tlie umpamA hatsj; Snveati*

gated is prmpmt9&0 end free 0,1 to 0«8 gnna are introdaeeid

on the aorfnee hjr use of the weight jptpette. fhe solveat

ttsad mm% he volatile and insoluhle In «at«:*« amt aay be

henaene* jp»eti*olean ether « c^ o2iloz»efom« dapnadtag en the

BolubUity of the oanponad.
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Cale iilations

WvaeaB Area curves are determined by plottlzig tbe

force F in d^nes per csu on the float againet the corre-

sponding ar^i per molecule,

F is calculated by J^ultiplylng the degreea of rotation

of tlie gradtuaited circle by the equivalent of one degree in

dynes per oau on the float* The latter (juantity was deter-

xained in the calibration of the torsion wire.

The area pei* raolecule is calciilated from a considera-

tion of the weight of solution delivered on the surface. A

kaoma aaount of substance is dissolvod in a given weight of

solvent. Then,

height of solute x 6,06 x 10^
=» ^oleculea/gr.

Molecular wei.;5ht solute x Weight of solution of solution

mod,

Molecules/gr. of solution x urams delivered j; 10^
' ' -r" » Area/

Ar^ of surface covered (cbs.*^) BOlecule
(Sq. I)

DISCUSSlOH (W RESQLTB

The cross-sectional area of stearic acid was determined

on v•rlo^ul substrates. Table 1 shows the result of siach

a deteraination on .01 N. mi. Distilled water five day*

old was used to make up the solution.
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liftblft U ¥ A Dvtmgmltimtim of 3t«nrio Aoid*

fttib»tr«tot .•01 B* ]^X
Z«ro of ?9lssem>9 Softisi 70.00.

46OS0'iStro «t v«nil«r
Or* Sol^ution £^liv«r«d o.i^8;s^

Xol«ottXes l>3llv«^6d IG.05 X 10l«

tmaj^mrmtmrn 85© c«

8««1« Lmk^^ .ftra* Vsnaisv atjy— Pytmm
^••idiiiis of of P» HMlAiikg Botil* pw «••
en ^iln i^ila Hois* tion on
llroai^ (ea.) («».«) ottXs ilOftt

50.0 96.5 547 84a S 40<*SO» 00
45,S 89*8 446 27.6 47 00 xo« 0.017
^«5 »9*0 485 27.8 47 06 16 0.045
U«S £©•0 4X9 86*2 47 15 25 0.071
41*0 27.5 4X2 85.6 47 80 30 0,085

40.9 87*0 404 1M*8 47 45 55 0.164
40.0 85.5 807 84*8 43 40 X 50 0.5X0
S9,5 86.0 568 84.5 m 50 6 00 1.X08
59*0 25.5 sat 83.6 ox X2 14 88 2.44
aB,3 85.0 375 85.4 71 25 84 85 4.X6

9e«o 84«6 308 23.0 ax X5 54 85
45 88

7.00
S7.S 84«0 85X 88.5 87 S5 7.75
5W.0 83.5 854 88.x 77 55 55 95 9.48
d6«« 83>*0 547 8X.6 85 00 68 10 11«;:2
86,0 88*8 840 21.2 88 00 01 10 15.75

33*5 88*0 S83 S0«8 40 50 92 40 13.78
9S*0 81.5 8tNI 80.8 87 55 XOS 55 17.98
M«5 81«0 SX9 19.8 X5 00 1X8 10 20.00
24*0 80«5 5X8 19.5 5 00 138 08 23.40
33.5 80*0 505 19.1 X5 80 148 06 2S.00

s^'iUm oolXttpssd

^9mm 2 is tlM dftt« obtaifastf wimn th« stibstrate wis dis*

fein«(i wit«r mm maaOx aXa, to vhleh «»« •dfllM surneient

liSl t9 Mk« • ,005 It. solution.

^
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Fig, 1, PA Determination of Stearic Acid on 0.01 N, HGl
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ISmbU B* ¥ A l)»t«r«il]i»Ucm oT Btmstio AcId,

SDls«tr«tet .vKSS Urn mi
2mrQ of -'oloeaoi^Q ^:^c«le:I /.,oo
ii«po <sr v«nii«r 2O00» h

-
.r-, ^

llfJ^
¥tBip«mtur« ^i<,9P c.

SttU.« iMieui ATM '^^oi«r I>ei@r6«ti D9IUMI
EMiHng of «f itMHidixsg U9^m» par 0a«
on i'll« ' *• tlon <m
TroHfili («u) kiMU

50,0 57.4 661 '.I 2 1.0 SKI. 0.064
48*0 3$,4 531 2.0 0,108
49.0 55,4 501 b

^ 4.0 0.816
44«0 *^1,4 471 47,9 4,5 0.848
4e«o 30,4 441 44*8 4.5 0,848

40.0 87,4 4U 41.8 5,0 0,869
9d«0 83,4 sei 36.0 5.0 0.869
36«0 83,4 381 86.7 5.5 0.886
34*0 81.4 381 38.6 6.0 0.384
at«o i9,4 891 89,6 e.s 0,56CI

90,0 17»4 861 86«6 8.0 0.438
1I6.0 15,4 831 83.5 7«S0»

84®4©»
gOSOf 1#86

87«6 14,9 8^ 88*8 86 46 4«98
«7*0 14*4 216 88*0 48 80 80 m) i;.85
86«? 14.1 SU mu9 64 16 66 16 U,88

26,5 13,9 809 21.8 78 SO 74 30 12.20
86*9 13.7 80S 80.9 80 Od 88 06 13.46
86*0 13.4 801 80.d 94 30 96 ao 15,95
Sd«8 13,& 198 80,8 103 00 icn CO I'-'.P.l
aA»e 13.0 195 19.9 113 00 115 00 ia.55

86*4 18.8 188 19.6 188 16 184 15 80.40
86*8 18.@ 108 19,8 189 46 131 45 81.80
85,0 18*4 186 19.0 146 00 148 00 84.30

Tfa» date of Rubles 1 find 8 ttTd plotted la iri^orM 1

and S,
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:^ii f1 i 1 1 t-i4wtl+4-i i I -i j^ijwtJ4f^4 i i-itfmfill

Pig, 2. FA Determination of Stearic Acid on .005 N. HCl
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It vlXI bo notod that the curves consist of two por-

tloaa which differ in slope. The extrajjolation of the lower

part of the curve to zero compression reives an area which is

ft aeastire of the polar group of the molecule. The curve in

o
Flgui'w 1 -Ivetj an area of 24.4 sq. A; that in Figure 2 gives

ttn arett of 24.5 sq. 2. TfaMMi values agree fairly well with

tba value of 25 sq. A given by Mam (S), Since, however,

wo do not know the orlontatitwa of the end igroups to the sur-

face, tMs area does not Give direct information as to the

real size of the group.

The upper portion of the curves when i^roduced cut the

abscissa at 21.6 sq. A, which is in fairly close agrMBMSit

with Adaa*s value of 20.5 sq. ?i. In consideration of the

fact that the curves were obtain^ at a slii^hl^ly hl^ier tea*

porature. This portion of the ctirve corresponds to the con-

dition in which the loaag chains of the •aolocules aro closely

packed and nearly vertical. X-ray iMMLBurameiits on fatty

acids have shown tliat the cross s«ctlan perpendicular to the

chain is 18.4 sq. a in area. i^Iither, then, the molecules

are less closely jpacked than in crystals or they are tilted

in the fila.

All of the films investigated showed hysteresis or

elastic after working. Upon deoreasii^ the area tJfcwa pressura

rose and than fell to an equilibrltaa value. tVhen the Br&m.
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««• laewMitad tha pp«ssttF« fell loid th^i rcMie to tan aqnillb*

riwi vAluo* Ibe tls!« r«(|uii*«d »«us a<»p«nd«it tqKn tbm pr««<»

•iiip« OQ tite fiSa« and on tbe «ii^trftt«* flw tSa» lag

d«er««Mid «• the aeldity of tha »ulNiti*ttt« «a« inoreaaad*

l^abltii .:: ol-,ov;a fba laafcastaiiaQua and «quillbrluEs valuac on

tJte oanpraaataa curva of atoario aoid on 0«01 B* BOX* flwaa

Inataii^aBaoua ana equlllbrlun valuaa tb plottad as enrtaa

X and £ paapaetlimXy in Flgora 3« Table 4 ^aova tli« varia*

tioR of tlia fsraMura vith ti«e at "Various ioraaa 1b tba datft

of Ikble 3» fhaaa (3«ta are piottati ia ^igara 4*

Adm (8f 3) 2ma notod bgpataraaia In the fllaa of sqrrla*

tie maid, li^'droXaeithin* and «lodM»7l fihtnoS,* In tha enaa of

^TTlatia aold only ooa-balf siiiiuta la raquljpad to el>tain

aqulilbPlua vaXuea* wMXa In tha caaa of tqparolaclthla and

of dadaoTl phmoU tmn slnotaa mf raQairad* Adten apparantly

did not noto mesf hjrateraala In tha fi3am of ataarlc aold*

fia«afvar» Hai^dna and Flaehap (10) find aau^ead byataraala In

tha daa<3«Q;iraaaion ourvo of ataarlo aeid» both mm to proaawpa

and aa to aorfaaa potantlal* It asaa notad that ti^Mta fUiaa

aiJlab ahowad tha laaEtaum ola^tie aftanravkli^ alao aadilbltad

graatar araa par nolooula. It la avldant tliat tba ik^IocuXos

raqulva aa iqpppoalabla lonsth of tliao to raaeD a atabl® coa^

flgnratlaii*
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Fig, 3. Hysteresis in Film of Stearic Acid on ,01 N. HCl
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Pig. 4. Variation of Force with Time in Film of Stearic Acid
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Table o* F A Detenainatioii uj. onthoidiyll.

Substrates 0.01 H. MCI 0.12;.^ Hydroquinone
Z9T0 of TelGSCor.e Scale: 70.00
Zero of Vernier 26^35 » a
Gr«uas Solution Delivered 0.1873
Molecules Delivered 2.52 ;X 10A«»

fwnperaturo 2i^ •

Scale Length Area Area Vernier Degroea Dynes
Reading of of par Reading Rota- per en.
on Film Film Mole- tion on
Trough (cia.

)

(om.2} cule Float

50.0 37.5 565 223.0 \ i 2.0 mam 0.108
48, 35.5 533 211.5 2.5 0.135
46. 53.5 503 19:>,6 3.0 0.162
44. 31.5 473 187.5 3.0 0.162

42 29.5 443 175.5 S.5 0.189
40 27.5 413 1G4.0 4.5 0.242
58 25.5 363 152.0 6.0 0,324
56 23.5 353 140.0 10.0 0.540

54 21.5 323 127.8 32«50« H 6«>15« 1.03
52 19.5 293 116.0 41 50 15 15 2.50
3X 18.5 276 103.9 46 58 20 23 3.32
30 17,5 263 104.0 51 57 25 02 4.10

29 16.5 248 :n.i 56 45 30 10 4.93
26 15.5 233 .L^ dj 63 4 36 29 5.97
27 14.5 218 66.2 70 15 43 40 7.U
26 16,6 203 BO.3 79 07 52 32 6*60

26 12.5 188 74.3 88 41 62 06 10.2
24 11.5 173 Of*. 4 96 33 69 58 11.5
23 10.5 158 C2.4 104 50 78 15 12.8
22 9.5 133 57.5 113 15 86 40 14.2

21 8.5 118 50.5 121 35 95 00 15.6
20 7.5 103 '4.5 129 20 102 45 16,8
19 6.5 88 38.6 137 00 110 25 16.1
18 5,5 73 32.7 148 15 121 40 20.0

17.5 3«0 75 23.7 156 30 129 55 21.3
17.0 4,5 67.5 26.7 144 25 144 25 24.7
16.6 4»3 64.6 25.6 184 25 164 25 30.2
16.3 3.8 22.0 289 00 289 00 47.5
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Fig, 5. FA Determination of Xanthophyll on 0,01 N, HCl
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TftbXe 5 is the result of a Force-Area detemlnatlon

(re-checked) of xanthophyll. The substrate in this case «fts

0,01 lf» BGl with 0,12 p«p cent hydroqulnone , liuf^es and

Hideal (11) thought that this contration of hydroquincme was

sufficient to inhibit the atmospheric oxidation of c and p

elaeostearic acids, rhe determination was carried out in an

atjaosi^iere of nitrogen as a further precaution to prevent

oxidation of the filn. xanthophyll also exhibited hystere-

sis •

T}:« data in Table 5 are plotted in Figure 5, The curve

consists of two portions which differ in slope. The lower

portion of the citrve extrapolates to an area of 118 sq, A

per rolecule at no compreaaion. In this portion of the curve

the film is in the expanded state, the aoleculos lying flat

on the surface. This orientation could be expected froi a

consideration of the structure of tho xanthophyll molecule j

HCHiCiS3MetGIK;H}CHCMesCHCH:GIKIItCMeCHiCHCii:CMeCHtCm»

where R » Cifo-CMeo-^^ *nd R» Clio-CMeo-CH

vJHOH-CKg-CIiJa CHOBCH = CMe

Tha affinities of the OH ,groups and the polar double

bonds aro best satisfied when they are in contact with tb»

water.

The upper portion of the curve has a much steeper slope
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which indicates tluit the aolecules are in close contact and

are very incornpresaible. This portion of the ciinre givea an

area of 50 sq, A at no ootapreeslon, This area ia slightly

greater than the area that wcrald oe occupied "oy one ben««ie

group, but it ia unlikely that the xanthophyll molecule would

orient itself in this laanner. It aeeaBoa more likely that the

chain connecting the two benzene rings would distort and

rise from the surface, and that the OH groups would remain

in c<»itaot with the water.

SUfflSART

The c^istruction of a surface pressure balance was

described* Force-Area determinations on films of stearic

acid were wrndB, and the phencMsenon of hysteresis investi^t*

ed. The ea:. ^rt pigjaent, xanthophyll was investigated

and was found to occupy a limiting area of 118 sq, F^ per

zsoleculo.

COHCLUSIOKS

1. The pb«iifl«enon of hysteresis Is exhibited in films

of the fatty acids. This phenoraencai has api^rently been un-

noticed by sojae of the earlier investigators in this field.

2. Xanthophyll ionsa a moncasaolecular film on the



mmtmf of aQu»oo« soXutlon*, and t«Bd« tovard a Ilaltlais

•XNW or 118 »q. A p«r »ol«eiilo«
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