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1

I .  IHTRODTJCTIOH 

A* Spi*©adlsig Oaaffialaat*

Although tb® phm m m m  of a liq u id  spoataaaaaaly  spread-

tKg upon a horisonf&l n v f w t  has bom fam iliar for a long
1*11,5

tim©. fjawirtae fiyid oo-workors appeal? to have been theWiFpMfcPa,*̂ j* TIB *pF *W' «**̂F a** If W « •̂ ! *w:

f lo a t  to  present a attqpeofeiMiaiv* theory treating th is  behavior,
#***_. i<4̂ rail J1i — W I »rf V-. -■. û. %— ■»*■  ̂-ar-l ' - , -» . — JSi j£ 3̂|t JP iM J9 —-a -W 1̂ 1*1*1' Jm -~- — ̂ '<3» .iU, jS fcfcl — ■■ - TOFîifc jttlflA ilj3ThiB wioory tuns been modified ana ®Et©nd#d by Harkins am  

■ 4 ■§,.§»? §
0£n#b®rg, Harkins, and H iller  to  cover a l l  degrees -of

aaraadimm of any liem id or so lid  moon any uniform surface*

qpwlltatfcr# atatMMMta

lag  had been given jrewletisljr, but non© had b««a generally
' f

accepted* Vfe* Vdunam triangle o f ft**** led  to th» ©oa- 

elusion that a liqu id  B © ill  spread upon a liq u id  A i f  

SfA > i-tg ♦ wher® f f ^  represents the ia ter fa o ia l

tension between the two liq u id s , m& SfA sad STB the respec­

tiv e  surf*** tana Iona* fh# condition for mm-spremdiitg was

St.. < s» # !*»«♦ '$hi* aaaaaad th* surface tension of the A B AB
sub-phase to b# equivalent t*  a for*# la  ©a© d irection , sad

fee surface tension of the spreading liquid* together with the

i& tarfaalal tension , to be equivalent to  far**#

s i t e  d irec tion*  An «rib*l*a*#4 far** was assumed

tto© edge o f Mi© added drop o f liq u id  B* th is  f@ *»iatiok  was
*h - -a*. A** **3 nr* rfc-i*—ff «*«** >*!*&•* '* M3n . ̂  ■— Sti* *-■ imi an̂- Mh| *b Js S m* <■ ?% * Mfriconcemed « a y  with m iethsr or ̂ not spreadiag would oaeur*

Stadia* by £*rd laylei^ h  led  him to the c@a@lusi« 

that a l l  liq u id s spread on the surface of ©lean water*. 1© 

concluded that whenever th*r* was aj^ereaily a ease of

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

 
 
 
 

 
 
 

PREVIE
W



ft

i t  was caused by eentasfttoatlea on f e e . surface*.

‘ 'feather gonerslisu'tien c oncoming spreading 'and nen-11*12
to th is

vlew''<»Xy those- liquid®. Whose molecule#: are;polar 'or -contain

polar groups* spread m  water* m e « *  lamgsalr claimed that
IS

par# hydrocarbons would not'-spread upon water. ■ 'Hardy- '.bad

-previously 'reported that pure saturated hydrocarbons did not

spread "upon water iwrfaees*
'1

She -theory' of' SSa^kib# defines - a s in g le  -quantity- for' 

each liq u id  Which- i s  a  measure o f i t s  tendraey to  spread upon 

a given surface, This ©ferae t e r l s  t i e  •quantity , dovolopod 

e n t ir e ly  fro® fee  ttew o^& oai## . o f surface-#* i s  -called the 

spreading c o e ffic ie n t o f  -the .gif-on l iq u id  upon the given 

surface* ■ Fortunately*. i t  bears- a stasple relationship  to  ‘fee 

su rface  ten s io n s-o f fee spreading ® aferi« l and fee sub-phase 

and the- I n t e r f a e i a l ' tension  feetm m  fees# .■substances*. I t  

can* therefo re*  be eolsulntod fo r any system for Which fees# 

-feree boundary t  an*lour are  known or can be as soured* Th© 

f a c t ' t h a t  no- -sa tis fa c to ry  jweOeduro ha* y e t bean devised to  

measure - boundary teas-leia* involving so lid  surf aces*. limit®, 

th i s  .theory only in  its . .oxpor&MOtol a p p lle a tio ss  to -fe e s#

; materials* -dcasiderlng fee great abundance and iaportm ee
*■*. wc«* Bt*. I—. **. *F M'WwW*- m j ̂*Hk *£*-.** at. .£**#' .*?* a* iS ** MB I*, ffcat'tf j t 'of processes savoiving film# ana film  i.erm&tf.om upon so lid  

surfaces* fe ia  expirlaembai lim ita tion  i s  indeed a very 

serious one but doe# not a ffe c t  fee v a lid ity  of the feeery*.

Harkins1 method o f predicting fee-' tendency of a substance 

to- spread i s  based on fee changes in  free  energy involved -in
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a

feu® sproatiiig  and the u n iv e rsa l tendency of a l l  ays teas to  

approach ft s t a t e  o f minimum f f t t  energy* tthen ft l iq u id  B 

spreads over ft l iq u id  A w ith  eh ieh  f t  has a four mutual selu*» 

to lllty*  the l iq u id - a i r  in te r fa c e  o f A I s  r©placed toy fee  

l iq u id - a i r  Interface o f ». and the l i q u id - l iqcd4 Interface of 

A and B# fh© chenges f a  area  of the  fere#  in te rfa c e s  a re  ■ 

approximately equal* Since su rface  tension i s  the mathe­

matical equivalent of the fre e  su rface  onergy per u n i t  .area 

of surface* the  met change in  fre e  su rface  energy. te e  to  

each square centim eter o f spread!ag ( A P IS 1) is 'g iv e n  toy 

the •xpreswiea*
APSE’ * Sf4 - #fB - (1)

where* sad §fB represent the respective surface tensions 
of the underlying: and the spreading liquid and is the 

tot@rf®#iftl tension 'toetween these liq u id s -as toulk phases*

She requirement for spontmeene spreading s ta r t tog fresi 
any given condition is#

A  FSB* < 0* (2)

mm.» A im s* >  o , cs)

spontaneous spreading w il l  n o t occur*

wiJrai d@si.pift ted the deer ease • in fre e  surface energy 
per square ee tttto te *  of spreadtoi a* the spreading coeffi­
cient.* sc» . Markins* spreading coefficient is* feereforei,. 
givens, toy fee. equation*

§ 0  «  SfA -  f i f s  + I f AB), <4)

£h* value of fee spreading coefficient is calculated toy 
this equation fro*. measured surface and iaterfaciel. tensions*
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4

There .mi*® a t present a® experimental a e to d t  for  measuring 

spreading s u f f i c i e n t s  d irectly*. A large 9001*1*0 value 

for the spreading c o e ffic ien t indicates that fee ra te  o f  

,change o f t o  free surface- energy with t o  area. of spreading 

hao. a large negative. value and* therefore# t o  .tomodynaai®  

spreading p oten tia l ' t o  sub-stance 1 upon surface A i s  large» 

then 86 1® equal to. or le s s  t o n  sera* » w ill, not spread 

upon A.

Stnce- su rface o a t ln to rfo o lo l tensions are  c h a ra c te r ise  

tie #  a t  any -given te a se rs  tune# of. t o  substances foradag to -  

phase tKmodorleft* i t  .is  apparent th a t  spreading co e ffic ien ts  

. c a lcu la ted  by equation (4) from th ese  p ro p e rtie s  are  oloo 

c h a ra c te r is t ic  o f a p a r tic u la r  liq u id  spreading upon a given 

surface a t  any. given temperature* t o  spreading c o e f f ic ie n t  

i s  derived  e n t ire ly  frost su rface  and In te r f a c la l  tensions 

and# hence# may likew ise  be 0x9 0 0 0 0 0 8  in  dyne# per ooatlaotor*

B. Spreading tre a su re s

lito t e r s .'^spreading pressuren designates tfo# fo rce  per

. oeatlna bar len g th  of r e s tr a in in g  b a r r ie r  exerted  as on# sub*

stance spread# upon t o  su rface  of -an©tor* f t  i s  u su a lly

expressed in  dynes -per' oeatfcooter* t o  same dimensions as

.used tm  t o  spreading co e ffic ien t*  Unlike t o  spreading

ooofflatent* I t  i s  measured d ir e c t ly * . I t  has been f©sand th a t

the  spreading p ressu re  of a l iq u id  upon a p a r t ic u la r  su rface

a t  a given, tem perature i s 'a .d e f in i te #  c h a ra c te r is t ic  and
-S*9#ll»14#l§#16*t?#18 

reproducible property* t o  aqproodlng
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i

© ©efficient and t fee *jr**diag pw isw ®  o f a substance a** 

tadftpmAtmfc epaatii& tlr®  expressions o f the tendency ©f th a t  

sub*tea** to  spread upon a g iv en ' surface a t  a spwelffed 1m *  

per star©* .

Soon a f te r  the  idea  of tension  became e s tab lish ed ,

I t  m s  »©bi>d that o i l  p laced upon water lowered i t s  surfs**
i t  '

tension*. isy le tg h  appears t© hay© been the f i r s t  t© make

accurai® a***tr«i*ttt* of the lowering o f the su rface tension
20

of water by film * o f o il*  fools©!* mad© 1to® im portant

discovery th a t  surfs** film * ©an b© handled by pushing them

la  f ro n t o f s t r i p s  m  b a r r ie r s  extending the stool© width of

a tr@«#t o f  w ater f i l l e d  to  the brim , th u s , not only ©mid

the film s fee *onfi»*d t#  any d es ired  a re s  b u t the  surf*** •
' ' 2 1  

oould a lso  b* ©leased by sweeping# H&ylelgh th i s  used th is

teO'halifU© to  lu re s  M oat# the r e la t io n  of the su rf  see teasicaa

decrease caused by o i l  film s up«i water to  the  degree o f

©.mpressiott of the film s* l a  these s tu d ies  i t  was found

that I f  the area  av a ilab le  to  the film, exceeded a e e rtf tia

« * 1  t i e * 1  aaraagmt fo r  a  given q u an tity  of ©1 1 ,  th e  -surface -tea-

*1 ** of the w ater was n o t lowered ami movements of the b a r r ie r

had a* e f f e c t ,  i u t .  I f  the -area was dim inished below th is

o v itl« * i amount, the  turft** tension  f e l l  rapidly*. Rayleigh**

*«&*ttlstl«n* of the th ickness of th* o i l  film s a t  th i s  © rf ti-

e a l area showed, the  film s to  be *** aoleoul© deep# Many
9.11.22

o th er in v e s tig a to rs  ■ * have found film s ©f a - la rg e  num­

ber o f organic *dmp*HBd* u p *  water to  fee nonomolecular. Ho

***• appears to  have been found where pure ©heaieal substances
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to w  formed umif©ns f t la s  »©r# than on© molecule deep*

to© f i r s t  d irec t »©a»».iw©at© of the outward surface
I I

pressure exerted by a sp»«dimg. liq u id  were mad© by toagtoto? 

la  .1917* I#. used a tray f i l l e d  to  toe brim with water and 

paper barriers for cleaning tee surface and doaprwciag. to©
*SV4f 'V ...... at* .-■■ j* . . . J t  >*% gift ftiiMi iS* ■ Kt'-Jifci •L u , i a -—■• — ------.' -■ -.-i AiimiimT *i 4Mb, JU .».• .Jffl* -*■ -■ *■ ■ -■ -- y,film s s i s i l v  to  pookels, arrange®® nb* in© new r  eatur© ©c 

M s apparatus was a, f lo a tin g  b a r r ie r  la id  across to© water 

su rface  t o t  n o t quit© teudhiag e i th e r  edge of t to  tray .,, 

to#  fU st was leapt frcta flowing around the ends of th is  f lo a t  

by two Jo ts  of a ir*  to la  f l o a t . pressed  an two n e a rly  w r~  

t i e a l  rods, a ttached  t o  an tafdinary balance, f t o  force 

exerted  upon th is  f lo a tin g  to r r lo r  couM thus bo measured. 

Drops ©f a aoB«v#latHo spreading l iq u id  whoa added to  a 

H a lted  ar#a of the smrfa#©* .trapped between a fixed  b a r r ie r  

said too f l o a t ,  spread out to  co rer too av a ilab le  area  w ith  

a  »©a«©le©ular film*. .totm to® spreading, fo rce  was t ra n s -  

o itte d  to toe .float fey th is  s ta b le  nonoatlecular, f l l a  of the 

spreading liquid*: . f M s, fere© per cen tim eter length of toe 

b a r r ie r  I s  the  spreading preset®# of to© liqu id  upon water* 

toough M s separates , has been, ex tensive ly  m odified, toe aw e 

p r in c ip le  i s  s t i l l  genera lly  used l a  measuring sh e a d in g  

pressures*

to® a© tea l spreading pteeewres for several ..non-volatile

liq u id s have been measured and compiled' t o ' the spreading
8 ,l&f3&*ad**8 '

co e ffic ien ts  ©aleulatod fey Barkins*

M  iapdrtesfc extension. of toe use of toe surface film  

to«l«ce in  measuriag spreading pressure® Is due to Wteltour®,
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I f
and Kalis* ©iese Im rcctiga to rc introduced a  technique fo r  

measuring. the spreading. pmmwtrn of v o la t i le  liq u id s  «  water*' 

Xu th is new procedure* a  moMnlwtt&ev film  of soma lemg«eh*i& 

substance Mitftlitlmg both a t o l a r  sad a. »©»*p@iar group (such 

as s te a r ic  so id ) was H ea ted  upon Mia surface of water l a  

Mia tra y  o f the surface film  balance. 'fhis film  was a * *  

pressed  by moving a b a r r ia r  along on the surface o f 'Mia water, 

f© mite® a detaraimatloa Of spreading pressure, Mia film  m i
-û 4K'A: ĴW1 M *&*&!*-*&. X* ~*ftk*Mfe.,a*r tI ^  # ****** JML AUM, *2 ■ M >■ jpfi W W| *ll**l. rtiil 1* ■ i*igi CTT*placed under s l ig h t  l a t e r a l  ecaprossioa and a sm all mount 

o f the l iq u id  whose spreading was being studied was added to  

the s u r f  ace* th e  added liqu id  pene tra ted  the. film  and spread 

u p *  the water* thus fu r th e r  compressing the re s tra in in g  

aomofilm* I t  was found th a t the maximum fo rce  exerted  upon 

the f lo a t  of the balance as the l iq u id  spread was independent 

of the i n i t i a l  sta te  o f compression of the re s tra in in g  film* 

She magnitude -«f th is  spreading fo rce  was sis© the s mm 
whether s te a r ic  acid* palmiti© sold* or b rls te& rta  monofilms, 

wore used to  transm it i t  to  tea f lo a t*  The fo rce  exerted, 

per centime t a r  length, of the f lo a t  ( la  dynes/cm.) while the 

spreading v o la t i le  l iq u id  remained upon Mho water was 

e.h*rs«t® rlsti# of the l iq u id  sad the temperature and was eon* 

a lte re d  to  be the spreading p ressure value of that l iq u id  

upon water a t 'the given teaporsture*

The spreading p ressu re  values ( a t  S i#S*) o f W&thtours
" I f ........................................................

and Kcia* ' w ith  the exception, of Iso-amyl chloride, d id  not

d if f e r  by more than  about one dyne per centim eter from spread*

lug © ©efficients which Harbins end Feldman, had prev iously
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a

calculated tm  fe e  same liqu ids on water (a t £0 *C«.K :
m

Eahler u s e d ' t o  v e r t ic a l  p i l l  type film  balance to  

measure t o  ■ spreading p ressu re  of. v o la t ile  liqu id s by re*
imM A-.*..-a. W ... j. gm* ̂.-v.. —•■*■ -*— a*. m# j3l St JK S##**. —■* .—■ . —- — 4®*̂' —»*■ .am ’ Jeb #w —*£sfesin ih g  feCir spending w ife  aonoaole oul&r film s or fajuai**

t ie ,  @1* stear ic  acid#
' ' • IS
. Washburn, ftnuura* and K&hler . mm  to ' f ir s t , to  make a 

careful of spreading 'pressures, measured d irec tly

by ' to  method of Washburn.sad. Eeiai*. to  t o  spreading c o e f f i­

c ien ts esXetilftted from surface and im terfaeial tension  

values measured upon. t o  same samples o f  v o la t ile  liqu id s a t  

to -  same tea fo ra to e*  .for carefu lly  purified  samples o f  

benzene, toluene, aeetopheaoa# and iso-amyl chloride, t o s e  

workers found -feat fee spreaud£ag; .pressures onerted by fees* 

liqu id s as they spread to  form aon©molecular layers on water 

agreed within ♦ 0.1 to. ♦ 0*8 dyne s/cm* w ife t o  spreading 

co e ffic ien ts  ©aloulated from surface and ia te r fa c ia l tensions 

measured upon fee bulk phases•

I t  has been t o  primary purpose ° f  th is , in v e s tig a tio n  to  

ismk® m  accurate  comparison of. fee spreading p ressu res and 

spreading c o e f f ic ie n ts  of several purified  hydrocarbons of 

varying v o la t i l i t y  upon w ater, in  o rder to  determine w ife what 

accuracy spreading c o e ff ic ie n ts  a c tu a lly  -predict t o  spread­

ing tendencies# the  experiments performed la , f e ls  re search  

a lso  served to  fu r  t o r  eva lua te  fee method of Washburn an t 

Keia for. t o  d i r e c t  n ee su rsasa t of spreading p ressu res upon, 

water# Spreading pressures' have'been measured by Washburn 

and Seim*® procedure# Surface tensions and i a te r f a e ia l  tensions
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have bean determined by t o  cap illary  rise a # to d s  s ince  these 

are th e  wm% accurate  methods known and t o  most sens It It© to  

su rface -ac tiv e  im purities  which i f  present but undetected 
would west U k A j  InTalldat® t o  intended comparisons* A ll 

t o n e  measurements have bees made spaa identical samples o f 
t o  liquids end at t o  same toper®toe*.

Beaeme was t o  f i r s t  liq u id  studied in  e l l  three o f t o  

basic  sMMunar«HMftta* S ellab le values for I t s  su rf  a©# ten sio n , 

ia te r fc e la l 'tens ion , and spreading pressure had a lready  been 

reported* #o#4 agreement between t o  measurements by tide 

author and l i t o a t o e  da ta  were considered to in d ica te  a 

s a tis fa c to ry  eondibi©» o f t o  apparatus and t o t  t o  tech* 

nlque of performing the- measurements was also  sa tis fa c to ry *  - 

t o  alhylbeasenes were se le c te d  fo r  study in  order to  do* 

tem lne t o  e f fe c ts  of various s tru c tu ra l  changes in  -the 

a lky l s id e  s te in s  upon surface and .in te rfa c ia l tensions -and ' 

th eir  spreading pressu res upon water#
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II*  KMESRXUfS

AH o f  th# liquid®  u a t d  l a  th is  In v e s tig a tio n , w ife f e ®  

except i®»* of benx®n® and te tr a lin , w®r® of fe® w h ite -lab e lle d  

highest p u rity  grad® of fe® la s  tanas Kodak Company. I t  was 

therefor® expected fe a t  jm&nps some of fe® l iq u id s  would b© 

used m  obtained, Im ad d itio n  to refractive index sad density,
■Wt-fi jm. I.II B .-in m IF* —■ *■■ —- Ma A* Mk ,*k. ik'Ut JU iLimW 'athtmm M, 40- Inin. A» j*. -j. ̂fe® surra#® tension warn®® and fe® cons taaoy or fe® fe te r -  

fu o la l t o n s i l s  o f fe® liq u id s wen® used as c r ite r ia  of parity.* 

Sis## m m  s lig h t  amosats o f many impurities cause marked 

changes in  surface and is te r fa c la l  tea#loss,, as measured by 

fe# cap illary  r is e  asfeod* w ife time, fee constancy .and r e -  

p red u sib iiity  o f these were oojtsidered. to be

excellen t ln&leat&oiui o f purity, Therefor®, la  surveying 

. these m aterials, fe® ir tefraotiv®  ladle** and d en sities  w®r© 

f i r s t  d«t#3».ia#d..and scnqpsrsd to  litera tu re  values* I f  fees® 

checked, -fecir surface tension® were measured and compared 

to litera tu re  data where reported* I f  a liq u id  met a l l  these 

tests*  i t s  ia ferfacia l. tension was investigated* In general, 

feterfacl:al ■ tension i s  a. none sen sitiv e  Indicator of a sur- 

face-active  imparity than stivfnss tension  so- that i t .  was some­

times necessary, even though a. liq u id  gave' excellen t surface 

tension  valu®®, t o .  e x t r a c t 'th e  l iq u id  w ife water or f e  r e s o r t  

t#  air® e lab o ra te  p u r if ic a tio n  before reproducible in te r -  

faolal. 1 ensl fe mssisNsHHBts wore possible* . fh« extraction®  

were c a rr ie d  cu t by  v igorously  shaking fe® -liqu id  in. question  

w ife sev era l m il l i l i t e r s  o f f re sh ly  d i s t i l l e d  w ater, snow ing 

I t  to  s tead  fo r  severa l hours, th an  pumping o f f  f e ®  l iq u id
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1 1

frost the ce n te r o f the organic phase without d is tu rb in g  the 

in te rfaces*

A, Benzene

A naly tical reag en t grad® benzene {thlophene fre e )  was 

p u rif ie d  by fo u r  f ra c t io n a l  crys t& lllza tio a s. in  each 

erp* t i a i i s » t i e a  atee-teath®  of the  liqu id  was frozen in  a
*9 —■ M A'-*.- L 4̂. ‘Ijk -® ■« JS .Jf M XMk ilk IM II n —-■» JB* n Uk jm Xft .JflNfafe «*t A Wk <*L jScalcium ch lorid e-ice oath  ana the  reiatth lag  te a m  drained 

o f f ,  The range of freez ing  p o in ts  fo r  Mils purified  beaieae 

was 5»S4 to 5.52°C. Wo detectable co lo ra tio n  developed a f te r  

twenty-four hoars c o s ta e t w ith concentrated su lfuric  acid* 

the benzene p u rif ie d  l a  th is  meaner gave sa tisfactory  surface 

tension  values* However, i t  was necessary to  e x tra c t  the 

benzene with w ater sev e ra l times before constan t in ter fa c ia l  

tension  values could be obtained, The physical p ro p e rtie s  

of th is .purified  benzene a re  l i s t e d  in  fab le  X*

1* Sbhylbeiizeae

The b e s t  grade ob ta inab le  fro® Sestusa Eodsk Company was 

used a# rece iv ed  a f te r  i t  was found th a t  i t s  re f ra c tiv e  index* 

d en sity  and su rface  tension  values compared favorably with 

those rep o rted  in  the. l i te r a tu r e *  I t  waa necessary  to  ex-* 

t r a c t  the l iq u id  with, w ater severa l t in e s  in  order to  obtain 

in te r f a c in i  tension  values' th a t  were reproducib le and constan t 

w ith  time* fab le  X allows a comparison of the physica l 

p ro p e rtie s  of th is  l iq u id  w ith litera tu re  values*
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12
0* n-frepylbeaseae

to ^ b e s t  grade from S e a to n  Kodak 0ei&p®iiy was obtain®d 

but' a study  of I t s  physical profMsniie# showed that I t  could 

a c t  be used' sia received* th is  l iq u id  was'p u r if ie d  'by two 

careful f r a c t io n a l  d i s t i l l a t i o n # ' under reduced pressu re  l a  

a s  a l l  g la s s ' appsm ato employing a 24-Inch Vigreux mtmm* 
'Since t h i s  l iq u id  was sp its ' expensive the following scheme 

was. w ed  to fo llow  the progress of the fractionation . The 

d i s t i l l a t e ' « u  © ollected i s  4-8~al« portions and 'the re­

fractive  ladle** of the -balk o f e&oh f r a o t io s  end of the 

l a s t  drops of each d is t i l la t io n  taken from t o  condenser 

tube were measured* The re f ra c tiv e  index of the o r ig in a l 

•«*pl* was about 0*0010 low b a t  the re f ra c tiv e  Ind ices of 

the e a r l ie r  fra c tio n s ' were much lower than that o f t o  o r ig i­

n a l liq u id . A fter a few sm all f ra c tio n s  had been removed, 

t o i r  r e f r a c t iv e  ind ices began to  climb* ' Whwi t o  re f ra c tiv e  

index had thus r i s e n  to  w ith in  '9 .in t o  fo u rth  p lace of t o  

l i t e r a tu r e  value , a la rg e  fra® tie s  was taken* A fter th is  

la rg e  f ra c t io n  was' removed* small free bleat were co lle c ted  

again as long as the  re f ra c tiv e  index was equal or Just" 

s l ig h t ly  below to -  c o r re c t  value and a l l  these portions having 

re f ra c tiv e  ind ices w ith in  <§ i s  th e 'fo u r th  decimal p lace of 

t o  c o rre c t value were combined fo r  a second frac tio n a tio n *  

l a  a l l ,  a t o t a l  o f  1 2  fra c tio n #  were taken i s  to .  f i r s t  d is ­

t i l la t io n *  The second frmoldea&tiea was c a rried  out in  a 

s im ila r  au n a tr except t o t  fewer fra c tio n s  were required, be- ' 

fore the r e f ra c tiv e  index in d ica ted  the  'l iq u id 'to  be o f
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1 3

sa tis fa c to ry  <P&1Ity* S is  f ra c tio n  that was co llected  for  

sa^psrlnsmtfttlom d i s t i l l e d  a t  a temperature of 46*2® to  

48,4°C. a t  a ^ f » w i  o f 10.0 to  10«1 aaa# The physical

propcrti•«  of the s«pr©pylb#ss«sa% purified  In th is asuat** 

a re  v w « 4 a d  In  Table 1*

B* is#*»opylfeeiis#ae

She b e s t grade obtainable from lastaan Kodak Company 

was used as received  nine® i t s  re f ra c tiv e  Index, density  

and surface ten sion  agreed well w ith  litera tu re  values»

She den sity , r e f r a c t iv e  Index and surface tension  of th is  

iso-pfopylbenwiiie are given in  Table t*

1 * a -aa ty lbm sene

o r ig in a l sample of th is  l iq u id  was la s  t a i n 1® b es t 

grade« Bam need fo r  fu r th e r  p u r l f l e a t im  was in d ica ted  by 

the f a c t  th a t  the  measure! d en sity  was 0 *0 0 1© too la rg e  and 

the Im p o ss ib ility  of g e ttin g  in te r fa o la l  tension  measurements 

which were constan t w ife time* A fte r f i f te e n  extractions 

w ife -water, th is  liq u id  s t i l l  d id  no t g iro  constan t in te r*  

f a c ia l  tension values* f re l ia is f try  attem pts fe  p u rify  th is  

l iq u id  fey drying -over sodium and fey ex tra c tio n  wife cones®** 

trafed s u lfu r ic  ac id  only gave poorer values for d en sity  and 

re f ra c tiv e  index.*

th is  l iq u id  m s  p u r if ie d  fey two successive fraction al 

d is t i l l*  turn* under reduced p ressure using the same apparatus 

and th e  mum- general procedure as described for a-p ropy l- 

benzene. About 300 ml* of l iq u id  were taken for'' p u r if ic a tio n
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14

and about ISd'-ial# were co llec ted  4a fee feeai* fraction  o f the

s e c o n d 'd is til la tio n *  f ills  selected  f ra c tio n  d i s t i l l e d  at &
$toaporatar©' o f ©7»i '0*. under a-'pressure of 11*#-mu ■ and fe© 

r e f r a o t l f ©' i a t « -  o f fe© f i r s t - and l a s t  drops of the d i s t i l ­

la te  d iffe re d  a© more fesa  S in  tbs fo u rth  decimal place.

A fte r: th is  p u r i f ic a tio n , fe© n-buiylbeasan©' exh ib ited  'fe© 

physical projwrtlss 'recorded i n 'f a b le 'X*

P« a s c-Butylbenxen®

lasfeisi*'® b ee t grad© m s  used-as nee©Ivcd sins© measured 

d en sity , swfpftotlv© index a d  su rface  tension  agreed s a t is *  

f *• f e r i ty  wife, l i t e r a tu r e  values* fe® physical p ro p e rtie s  

of th is  am t e r i s !  a re  given la  fab le  1* A fter several ex* 

tractions w ife w ater th is l iq u id  gave reproducible la te r*  

f a c ia l  ten s io n  measurements.

0 * fert*Sbtyl)Mms«tti

fe© t e s t  grad® of te r t ia r y  hmtylbenaeii©" obtainable fro® 

Baa feast Eodak Company m s  used as received* fe® density* 

re f ra c tiv e  index, .and - su rface  fen* iota agreed w e ll'w ife  

l i t e r a tu r e  values as shown in  fab le  1 * F urfeeraore , th is  

liq u id  gave eonstea t in te r f a c ia l  tension values which war# 

no t ohftttgftdt by e x tra c tio n  w ife water*

H# fe feaH n  (X*£*3t 4«fetfediydronftphtiMl«o©)

■ .irm oticia grad®, t e t e a l l a  was ■ purchased fro* fee Sasfean 

Kodak OcMpany* tee  kilogram  of th is  l iq u id  was taken fo r
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i n

ymrlflafttlott* I t  was slow ly tw m m  with occasional shaking

la  a slash  ©f dry is #  and al@©h®l* After two fra©ti©Hal 

e r y s t s H i » t l « s g. la  #a©h of about o f the
<im ̂im dS Mm ̂  .««*. t* ft ,m ■ ■ ■* i** ‘—- S * 4tfb. -'•— *■* *3- -Ufa -a. -■— S' ’~-~ JLt AMk X» jkk “ — .̂*4 JftOX̂3.̂ î »̂3* Ŵ3*̂JEEÊ W€&.S HJ&l*. wlHl 3̂0!0i©,vtSM^iwlX

©ff#, the. refrso tiir®  index and d ensity  showed only s lig h t  

improvement, ' E ffo rts  were thorn 'd irec ted  to  pu rify ing  th is  

l iq u id  by reduced pressure  frm e iio asl dls f i l ia t io n  '..from 

fr#shly»©mt sodium, fhese  d i s t i l l a t i o n s  wer® carried oat l a  

the ssea® apparatus sea# follow ing the  same prooedur® desoribed 

fo r  a*pr©pylb®iiii®is©# Vbt t e t r e l i a  a f te r  two such suoeessiw® 

f ra c tio n a l d i s t i l l a t io n *  had th© physical properties l i s t ­

ed in  fa b le  1# fh# f ra c tio n  co llected  f »  further study 

d i s t i l l e d  a t  a  torporstur©  of 8®*S# to  8? .1 0 G* under a 

p ressu re  of l3«-0 ♦ 0 *& ms*

During .the ©ours© of Hals *•••«*©&» i t  was discovered 
Hast th is  purified  sample «mffared peroxidation upon ox* 

p©sixr» to  ligh t*  I t  was the?©for# necessary to r©~purify 

th is  liq u id  bof«r« a l l  measureissats* ihes® p urification s  

are described 'la th» "ExperimentalB s s s t ls n  o f th is  thesis*

X* iso-Dot®®® C2gI|,.4*tria©thylpeat®ae|

fh© sswpl® of i*©»©©tiS3i© used la  th is study was Hant­

aan’s Sp«stv© grade* I t s  physical p ro p e rtie s  are  c ompared to  

l i t e r a tu r e  values l a  fa b le  I* th is  l iq u id  gave surface te n ­

sion  values whieh were constant with time and a f te r  a few 

extraeti©&§ with water gave reproducible in te rf& s la l tension, 

value® also*
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J. Stearic Acid

■ to  best grad* (fetainabl*' fro® Eastman Kodak- Qmpmxf was 

used* '■ "Mirny worker# in  . th is  laboratory have found th is  sample

to -he  su ffic ien tly *  pur# fo r 'u s e  ..as the r as training f lM  

m a te r ia l ' f  or bydM^h&l belli®©® measurement s .  ' fhe  i  bearl© 

ac id  was app lied  to' t o  water «m tm m  mi t o '  film  balance as 

& d ilu te  so lu tio n  'in bans*** (about 0.0005 g* shear!# so ld  

per oo*. of b©as#®«J* Applied i s  th is  way to a su ff ic ie n tly  

la rg e  area#.'' th e -tornnzmm fu lck iy  evaporated leav ing  a  mono- 

»©l®oular fl'M  of steari©  **14 •

E* w ater

$b© w ate r-used i s  th is  ■ investigation . was obtained tram 
two d if fe re n t  source#* fh&t used i s  t o  hydrophil balance 

and fo r is te raed i& te  rin s in g s  i® ' t o  ©leaning of glassware 

was ob tained  by 'd ls t i l la t io m  of tap- "water from a  continuous 

overflow type" o f a ll.-« ih a l s t i l l *  t o  water was s to red  l a  

a tw eaty* liber b o t t le  which ■ had "boss "'used fo r  th is  purpose 

fo r  seve ra l y ea rs . ' th is  w ater has bees found la  t o  course 

o f meay »asur«ffl»«ts to be s a t is fa c to ry  f e r  th is 'u se *  I t s  

su rface tension ah E5.oo°G* as measured by c a p il la ry  r i s e  was 

72*11 h ©*.04 dpt®#/©®* - Meaeurenettts ■ of i t s  sp e c if ic  resis** 

to te*  a t  2Stte* varied  between 640,000 and 700,000 ©ha' ©@ntl«* 

sabers*

St® w ater used for  a l l ' Interfa©  i s !  ten#!©® work and 

fo r  f in a l r in s in g s  of a l l  glassware was Obtained frost the
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