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¿,BSTRACT

Surface Tensions of the system aniline-hexane, in the

range of temperatures 25" to 6BÐc were d.eterrnined by three

methods, viz, the Stalogmometer nethod, the Drop-lJeight

rnethod and the Capillary Rise method. The method of
capillary rise was used in the temperature range 55oC to
6Boc.

Density measurements on this system were made, using

an Ostwald-Sprengel type pykno¡oeter $O) at 25"C and. a

d.llatometer at higher temperatures (55" 68oCli.

An i.nvestigation of the surfaee tension lsotherms just
above the critical temperature was of primary concerno No

horizontal portion in these isotherms r¡¡as observed,

although thelr slopes were slight.
A convexity in the three isotherms at 66*, 67" and

6BoC was found to extend. from a composition of 39.Zfi to

57.+F' hexane by weight. The rniseibilit,y gap extend.ed frora

35,3% to 56.9% hexane by weight aecord.lng to the coexistence

C1ITV€r

The hydrogen bond.ed aniLine associates into a complexo

Plots of moleeular surface energy versus composition and.

surface heat versus composition lndlcated that this complex

und.er goes d.i-ssoelation.

The excess eoncentration of hexane in the su.rface

layer of the system aniu.ne-hexane rr¡as determined. by means

}V
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of the Glbbs Âd.sorption rsothern Equation and was found. to
be constant at 18"363 Xlo-ll moles .^-'on the high hexane

sid.e 
"

Guggenheimt s relatlon (tc-r)1/3 ræ found to apply

neither to surface tension nor molecular surfaee energy in
a determination of whether the coexi.stence curve obeys a

cubÍc rel"ationship or not.



Gï,OSSARY 0F SYl,ßOtS

Tm the temperature at which the meniseus between liquid
and. gas phases appears to vanish"

Îc the true critical temperature or the teruperature at
rrhich the meniscus actually disappears.

xr the mole fraetion of eomponent A in the phase-prime
a

sol-ution.

xÏ the mole fraction of eomponent A in the phase d,ouble-a

prime solution.

:qi the nole fractlon of component B in the phase-prime
þ

solution.

$tr the partlal moLal entropy of eomponent A in the phase

d.ouble-prime solution,

Y surfaee tension Ín d.ynes /em"

s separation factor for the enrÍchment of the surface

1a.yer in A, the component of lower surface tension.

Zf ,Zz molal surface areas of components 1 and 2 respecti.vely.
n viseosity in eentipoÍse"

a) b enpirical constants"

H the vertieal d.istance between the rowest points of
the two ¡oeniscl in two eapillary tubes.

D density in gm/m!"

R universal gas constant.

X- mol-e fraction of component i in the liquid"1

Vf orthobaric volr¡"rne of lio.uid phase"

vl_
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GIOSS¿-R,Y OF SYMBOTS CCINTTNUED

V, orthobarie volume of vapor phase.

Vf* orthobaric volume of liquid at T*
Vr* orthobaric volume of vapor at T*.

F nunber of d.egrees of freed.om.

ÁS¿ the ehange in entropy of component A when material
Ís transferred. from the more concentrated to the ].ess

conc entrated sol_ution,

4sg the change in entropy of component B when material is
transferred. from the more concentrated to the l_ess

eoncentrated solutiono

fL chemieal potentlal of component A in the primed

sol_ution"

k Boltzmannl s constant"

T absolute temperatu¡€¡

An the heat of evaporation 'oer mole of mixture.

m mole % anLLIne in a solution.
H^ surfaee heat Ín calor1es/cm2.s

fZ excess concentration of hexane in the surface layer
of an aniLine-hexane mixture.

tl'exr.re viseositl of hexane in eentipoise"

4^rrr:lirr" viscosity of anillne in eentipoiseo

l¿rritirr" surfa-ce tension of aniline j.n dynes,/cn.

f'**rrr" surface tensj-on of hexane in d.ynes./cm.
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CHAPIER I

INTRODUCTION

rn this research surface tension has been investigated.

for the system anil-ine-hexane, whieh exhibits partial
miscibility at lower temperatures and. a¡r upper critieal
solution temperatorêo

The purpose of thls work was to determine v¡hether there

is a range of temperatures for whieh an isothern shows

constant surface tensionr or some d.erived. function of
surface tension, for a binary mixture over a range of con-

centrations in a reglon just above the critical temperature.

Rice (1) developed. a theory on the behavíour of certain
thermod.ynamic propertÍes at the criticar soLution temper-

ature, whieh will be described latero

(A) Ap-a"tåçdbq-q[ -üe-eþase -Eu¿e
The system under investigation exhibits partial or

limited niscibllit¡'. If a small quantity of a seeond. liquid
is added to a pure liquid in equilibrium with its vapor, a
bivariant system is obtained from the original uni-vari.ant

system.

1.€, F=C-P+2=Q-2+Z=2
where C is the number of components and p the

number of phases.

The solution is homogeneorl.s and tiuo of the three variables
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{T, P, composition) may alter. rf more of the seeond. compo-

nent (l-iqui¿) is added, the systenr will at first remaj.n

homogeneous r'¡ith its composition and pressrrre rrndergoing a

continuous change, Then* when the coneentration has reached

a definite varu-e (at constant temperature), sorution no

longer takes pl-ace and two lio.uid phases appear" various
poÍnts such as this esçlìr for dÍffe::ent temperatures, con-

stituting what i-s knovm as the coexistenee curve rwhen the

compositions of the equilibriurn phases are plott,ed against
temperatureo

The coexistence curve of the system aniline-hexane,
which dÍsplays an upper critical solu-tion temperatures was

d.etermined by canrpbel.l and Kart znark (r,a) and. is shown in
Figlr¡.'ç 1*

ït is evident' that the rnutual solubi-lity of the tuo

lj"qu.Íds increases rr¡ith increasing temperatu::e, outliníng a

homcrgeneous and a heterogeneous area seþare.ted by the
solubiLity eurve as sho'¿'rl in Figure J_.

(B)

In ord.er to understand. clea.r1"¡r the t,heory of F_ice, the

one component system [ Ë v should first 'be consi-dered.,

Mayer and Harrison dedueed certai-n e-o,uations (z) for
the thermodynamie properties of a liquid system j_n the

neighì:orhood. of the críticaL point, which led to the p-V

diagram of Figure 2" rn this diagram? pressure j.s plotted
a.s a function of volume a-t various temperatures so that the

Ísotherms are reÞresented by solid lines, with the temper-
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atures T* and. T" clearly indicated.. Tm is the temperature

at which the meniscns between llquid. and gas appears to
vanishr while T" is the true critical teroperature or the

tenrperature at r,¡hich the two phases become identical"
The region enveloped. by the solid curve contains lines

which are horizontal, that is çl+¡ = O. Below T* the( I v)r
Ísothernal lines have zero slope, within the area of hetero-
geneltyr md between T* and. T" they have a continuous change

of slope only outside eu.rve b"

Mayer and. Harrison state that at r* the surface tensíon

of the 1lquid is zero and above T, no interface between

liquld and. vapor can be d.etected" .å.t Tc the isothermal has

a horizont'al tangent at only one point, vç¡Fs. Above Ts the

lsothermal lines are never horizontal-" Mayer and Harrison

belleved. that the area between T* and r" would. have certain
unusual properties" Beloit¡ T* compressÍon of the system

through the volurse region v, and. v1, was accompanled by the

separation of two distinct phases of density ¿ and f 2v¡ vs
where v, (Figure 2) is a poi.nt on the right,-hand. boundary of
the - . 

"*o"hrepresenting the voLu¡ne of the saturated

vapor, and vg the correspond.Íng point on the left-hand
boundaryr representing the volurae of the eondensed phase.

Between T* and rsr however, there is no surface tension
between the phases and correspondÍng to this, the isothermals
pass smoothly through this region. rndeed. all nicroscopi.c

d.ensitiesr within the area of the solÍd curve, in the region
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between T* and T" correspond to the same pressure (at the

same temperature) and. to the same Gibb¡ s free energy.

After a certain length of time, due to the higher

pressure at the bott,o¡n and the gravitational gradient, the

system will have a higher density at the bottom than at the

top. The gravitational pressure grad.ient, horuever, amounts

to only about one part in 1O5 per cmo of heÍght and it would,

therefore, seem that uniform density itrould be maintained for
weeks"

Vari.ous experimenters have observed discontínuities Ín
d.lfferent properltles of the condensed. phase near the

critical temperature T* (tne temperature of disappearance of

the meniscus). These results are summarized by 0. Maass (3).

SolubilÍty, dieleetric constant and. adsorption values have

been found. to change rapidly at this temperatur€" The most

striking change is in the reactivity of HCI r,¡ith propylene,

which shows the usual lncrease in reaction rate v¡ith tenper-

ature as long as the HCl is liquld, but the rate drops

sudd.enly to zero as the critical temperature (Tm) of HCI is
exeeed.ed. (l+).

(c) Ricels Tþeorv

Rice di-sagrees, in some respeets, with the theory of

states that there 1s no constant-

lsotherm above the temperature T*.

Mayer and. Harrison and.

pressure portion of an

Rice contend.s that in the theory of Mayer and. Harrison there
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appear certain cl^uster integrals r+hich are assumed to be

vol-r:me ind.ependent" The integ::als, however, ruhieh i.nvolve

large numbers of molecules become vol-ume dependent when the

vol"r.r-me aetually fi"Iled by these molecules j-s comparable to

the total voll"me, Since these integrals are an imoortant

basis of Mayer and Harrisonrs equations, their theory breaks

dor¡.m" According to Riee, the brea"kclor¡rn occurs when the

spongy mass, lrhich wÍl-l be described shortlyn is formed..

The three-phase two*component system (tl+t2+V) of

two partially miscible liqu-iCs is similar to the two-phase

one-component system (t +V) alread.y described."

For the tr'¡o component systemrF = C - P + 2 = 2 3 + 2 = L.

For the one component systemrF = I - 2 + 2 = L
B;'the apnlication of the phase rule to the two casesl

the same varianee is obtained.

The crítical ph.enomena of such a systems upon r^¡hich the

present work is based, are described hy Ríee as follov¡s"

Aecordi.ng to van der l¡faals theory, the coexistence curve has

a rounded., parabol-1e shape in the neighborhood of the

critÍcal point" Careful study and observatj.on by Rice,

hol¡ever, indicate that for a plot of either pressure or

tempera.ture e-s ord.inate against concentratj.on as abscissa,

the coexistence curve frequently has a fl-at top" This means

that there is a ran.ge of concen.l;r.ation over which the

menisclrs disappears, within the linits of errorr at the

temperature designated âs T*"

Data on carbon dj.oxide {5) o hor^rever, definiately indicate
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that the horizontal portion is of finite length on the

critical isothern, whieh has a horizontal porti-on, while only

O"L|o above the crÍtical temperature, the isotherras have

everyrrhere a flnite slope.

Ricets theory considers two questions:

(1) Does the eoexistence eurve have a horizontal- portion
(eonstant temperature over a range of concentrations) at the

critical tenperature?

(2) Just above or below the critical temperature, in
the region where there is complete rniscibilitlr is there a

range of tenperatures for rn¡hlch an isotherm shows a constant

fugacity or chemical potentiar for a liquid mixture over a
range of coneentrations?

To ansrrer these questions from a theoretical point of
vi.ewr Riee derives the followÍng thermod.ynaruic equations

which determi-ne the coexistence eurve:

dlnxå
dT

= asb Ag
d̂"

dT ArI RT (xl xlltcLV

)x.t xto\þ a

where x! = mole fraction ofa

prime soLution (as shown in
of component A in the phase

( xll)
= osa ( q) as¡

I o1þ 1(
ì*å "ä j

)
1)

)

component A

Figure 1) x[
double-prime

(1)

(2)

in the phase-

= mole fraction
solution"

and.

( xl)( #)Ãþ
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xå and x[ have a simi-']"ar meaning except that they apply

to component B"

AS, is equal to Bffi - Sr

wfrere Ël is the partial molal entropy of componenta

A j-n the phase doubl-e-príme sol"r-ltion and,

õl is that in the phase-ori.me soLutlon,
.1

AS,_ is equal to Sl Sï and refers to component R,þ-bþ
but has a simi.Lar meaning as above"

Ar ís -J
RT

I
RT

rFÐ¿t¡

the formula

[-'#qi,,,

) aso

Rice then derives

orrK
\rf /'a/

J
RT

fF ]fL 7'

(3)

(+)

(5)

AÊt is

a

=- 2 

|
,(tr)

anto determine whether the coexistence curve has

lor,¡er critical- temperature" n is equal to AS, -

T
upper or

jË 4to'
xI

n = O a-t the critical- point and nust be negatÍve in the

neighbor"l.rhood. of an upper critieal solution point" o-Sinee

-d4*=: is aLso zero at, thed¡"t\
[#rJ\ A/

critical point, the second derivative must also be negatíve.

Sínc* *t increa"ses on leaving the critical point along the
F

d

E+k*".r:] 
,,,
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coexÍstence cu.rve, it is seen that this requires that 4S¡
inerease also. Since A S¡ starts at zero, it rnust be

positíve near an upper critical solution temperatü?€o

This discussion is for a rounded coexistenee eurve¡ rf
the coexi-stence curve is fl-at at the critieal temperature

then, d ln xj and g ln xfi are Ínfinite for a range of eon-

eentratÍons so that r+e have *å = x[ and *t = *Ë at the

critical temperatrlrec

A theoretical ansïrer by 0. K. Rlce to the questi.ons

put forward. earlier, is based. on the point of view of
associating nolecul-es (6-8). He considers equilibrium
betro¡een single molecules, double molecules, triplets, ffid

higher clusters or droplets and states that these moleeules

are held together by van der i{aars or dÍpole forces, As the

system is cornpressed. to smaller volumes, more and. more of the

larger clusters are formed., rf suffieient compression is
exerted, elusters of macroseopic size sudd.enLy become stable,
i. e. eondensation begins.

Nevertheless, events w111 proeeed. in this way only 1f
the surface tension of the droplets is positive. since the

surfaee tension of a liquid deereases with increasing temper-

ature (9) and will eventually approach, zero, the sud.d,en shift
of stabÍlity to the large clusters will not occur¡ rnstead.,

the m¡.mber and average size of the large clusters will
gradually lncrease until finally, when the free volume of
the large clusters ls reduced. to z,ero1 they coalesce into
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,one' Here the free vol-ume is determined by the limits
within which the cluster as a whole can move without beeoming

joined. to other clusters. The coaleseenee of the droplets
will then produce a spongy, complexly intercorurected mass

of varlable density. condensation will no\rr compress the
spongy mass, and. there will be a decrease in the surface, but
there wÍll be no resistance to the compression, sj_nce the
surface tension is zero" The pressure wíll remaj-n eonstant
until this process is finished; further compression requires
the actual squeezing of the riquid. This proeess which

takes place at eonstant pressure corresponds to the change

of concentration across the flat top of the coexistenee curve
in question"

Above Tpr Rice states that the surface tension will
beeome negative and the spongy mass, once forned., will require
a small but steady increase in pressure to squeeze out the
lnterstices, because this requires a d.ecrease in the total
amount of surface which is now resisted. by the negative
surfaee tensj.on. Therefore, aecordÍng to Ricer s theoretical
view, there will not be any horizontar- isotherm above T*.

It was the purpose of this research to determi-ne whether

the same applies to surface tension isotherms.

The manner in which interfaciar- tension vanishes is
governed by the equation,

Y=n-To
where n and 6 are, respectively, proportional to the
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enthalpy and. entropy.

ïf n and c are positive, then at a sufficiently high
temperature f vanishes¡ giving an upper eritical temperatür€o

rf they are negative, then at a sufficiently 1or,r temperature

I vanishes, giving a l-ower critical temperatu.têr

The interfacial tensÍon is of interest because it is
related to surface tension viz: the interfacial tension of
two mutually saturated liquids is equal_ to the differerìce
between their surface tensi-ons, measured. l¡hen eaeh liquid
is thoroughly saturated with the other.

rn the interfaeial tension equation, if there are no

special forces betr,¡een the mol-ecules of the trr¡o eomponents

of a binary system, then € is expected to be positive,
because the interface is then a place v¡here the two specles

of mol-ecules mix, with more disorder than in the bulk of the
soLution. as1 and as2t the change in the entropies of
both speeies, will be positive and. an upper eriticaL temper-
ature will result. 0n the other ha¡dr if speclal forces
between the molecules of both eomponents exist, then there
is a tendency for these mor-ecules to be bound. to each other
at the interface. This lead.s to a negative 6 and. a lower
critical temperature i,riLl be evid.ent.

Extensive experimental evidence on the shape of co-
existence euïves is given in the Landolt-Börnstein tables and.

it i.s found that many of them are extremely flat at the
critical- temperature as shor¡n for example by woodblTgn, smith
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a¡rd Tetewsky (10). There is, hoin¡ever, sti1l sone doubt about

this because one may be dealing with an extremely flat
maximumn ExperimentaL evidence aLso shows that there are

coexistence eurves with rounded tops and that impurities
have an appreeiable effect in determining t,heir shape (11)"

Zimm (tZ¡, for j-nstance, found. no evid.ence of a flat top in
the system perfluoromethylcyclohexane-carbon tetrachloride
because his samples hrere posslbly not extremel-y pure. Gopal

and. Riee (f¡l Later found evid.ence of a flat top although

the amount of the tnncation rnras r¡¡ithin experimental êrroro

Thompson and Riee (1+) here suggested an equation for
coexistence curves of both binary llquid systems and liquid-

I/n
vapor systems: of the form, Xl - X.Z - i<(Tc - T) in the

imnediate vicinj.ty of the critical region, where Xt - Xe is
a measure of the difference in composition between coexisting
phases' Te is the eritical temperature, T is the temperature

at which the phases are in equilibrium, K is a proportionality
constant and, n is very close to 3,

l¡Ihen (T" - T)1/3 is plotted versus some function such

as density, the resultant graph will have the forn shown in
Figure 3. rf the two lines meet at the base: âs shor¡¡r, then

the coexistence curve will have a rounded., parabolic shape

at the critical temperature and will- obey a cubic rel-ation-
ship. If the two lines do not meetr âs in Figure 4, and

intersect the base of the graph at points a and b, then the

coexistence cu-rve wi.|l not oþey a cubic reLationship and will-
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have a fl-at top extending over a distance of length a_ b"

similar plots \rere made to determj.ne rr¡hether this aþpfies
to surface tension.

(D) Teruperature Dependençe of , Surface Tension

surfaee tensi-on is very dependent on temperature. The

following atterapts have been mad.e to correlate it with
temperatu,?€o

One of the earlier empirical relations is that of
Katayama Ã5), who mod-ified Ebtvost ecluation

t/a\/ Lr J
Y uu' " æ. (t-r,zt") to get

v u-2/3 ¿ e-r/rc)
where y is defined as 1 I

"*%
v2 is the molar volrxne of the liquid at temperature T and.

vc is the molar volume qf ttre eritical temperatu?e T".

Another well-known rel-ationship betr.¡een surface tension
and tercperature is that of Ramsey and shielc.s (16¡, which is
based on the equation of Eötvos"

* 2/?tIhl -k(rc t b)

where f is tfre surface tension at temperature t,
M is the moLecular weíght

dl ib the density of the lÍo.uid ædr

tc is the critical temperature of the liquid.
The left-hand side of the equation represents what is knor,rnr
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the moleeuLar surface energy.

Guggenheim QT) suggested the enpiri_eal rel_ation
r = Yo (r r/Tc)f*"

where T" is the critical teraperature

T is a eonstant and.

Y is the surface tension of the licluid at the temperature T.

lo Ís an arbitrarily assr.imed. eonstant for eaeh substance.

(E) Surf ace Tensjon_ of Bjnaly I,ioui_d -Mi+Sures

Schmidt (lB) proposed a theory known as rçThe Surface

ltiod.elrtr whieh treats the lictruid-vapor interface in the manner

of Bakker (r9), verschaffelt (20), and. Guggenhein (el). This
theory shows that surface tension d.oes not obey the simple

mixture rul-e which is of the form

f =rAFA + vnl
where tr is the surface tension

ln and. rg are the mole fractions of the two Liquids in
the surface layer and,

0-¡ and dU are the surface tensj-ons of the pure components.

Schnidt contends, hoinrever, that surface tension is not
a l-inear functj.on of the bul"k mol-e fraction but is possibly
a Línear function of the surface mol-e fra.etion. By a therno-
dynamÍc trea-tment he derived. a nerr equ.ation for the surface
tension of a mi.xture, which is expressed. in terms of the
bul-k lio,uid. composition of the mixtltrêo

[ = s *¿ {¿_1 Ts fBS*A + xB
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where xA and xB are the mole fractions of the tr¡¡o

lio,uid conþonents,

S is a separation factor for the enrichment of the
surface layer in A, ihe component of l_ower su_rface

tension and is defined âsr

S=tsA = bA /% = & /f_l . yA /yKB bB /' aB în /' ðB yB // xg

where f and Í are surface Layer and bul-k licluid activity
coefficients, respectively.
K^ and KU are distributÍon constants d.epending on

temperature onlyr T,Iith r*brl and- fiart representing the activities
in the surface layer and bulk liquid z respectively. For

mixtures with components of similar properties betvreen two

bulk phasesr or one bulk phase and one absorbed phase, it is
assumed that

[o / (¡
(" )/ (' ) =fóB / OB

so that S becomes yA ,/ *U

wl'"B
Closely related to Schmidtrs formul-a (ZZ) is an equation

relating the surfaee tension of a mixture to pure eoroponent

properties and. properties of the bulk and surface phase of
a mixture, proposed by Belton and. Evans (23).

6=õ-L*S ln als =62+RT l-n azsrrÐ2zãã-
where f is the surface tension of the mixture
OL and 6, are the surface tensions of the pure
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componentso

)1 and 2 Z are the molal- surf ace areas of the pure

comÐonents and.,

ais and a1 are the activities of component i in the

surface phase and buik phase, respectively.
The combined ratj"o of the surface and bulk-phase

activities ean be expressed in terms of pure component

parameters as

.âr s. ./ .a2"->L/; ,/h:Q- " 7(f) ./ (Ç) 22 = exp /--ffi* 2t /J / ¿ L *J
By assuming (a) equ-a'l surface areas , 2L = lZ = ) and

(b) the ratio of the activity coefficients equal to unity,
i' e' 

1Á.u¡ // (-rt.) = lf1 ,/ {2

where a ti f x ana lrr the aetivity eoefficient of the

component in the respective phase, the equation is then

sol-ved. for X1, in terms of X, and Xr.

i.€. f= a-- RT
s

ln (X, + X, C)

ït is not possÍble to calculate su¡face tension by this
equation in the present research because the activities and.

surfaee areas have not been determined.

(F) Surface Tensio¡-Visco-.il-ity R-e-l.aii-on jflor Liquid €

Several relations have been postulated (2Ll) relating
surface tension of a lictuid. in afr to its viscosity. sil-ver-

where C = exp [tr, - ,]'ù / mJ2 (an empiriat parameter)
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man and. Roseveare Q5) suggested. that,
Y-Ll+=Í^,/q+n

where f i. the surface tension

rì Ís the viscosity and,

A and. B are empirical_ constants for a gi_ven substance.

Mrurkerjee (26) proposed the fornula
v L/3o _11 rl

where K is an empirieal eonstant.

Sanyal and Mitra QZ) derived the folloirj-ng rela_tions¡

Associated lio,uid.s: T fog,Q - a Y 5/6 - b

Non-associated Liqulds¡ T loge - a I = b

where a and b are empirical constantso
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NATIIRE OF THE PROBLEM

The present research i¡¡as carried out to test the theory

of Rice, which states that slightly above the critical
tenperature there is no range of temperatures for which an

isotherm can show constant fugacity or ehemical potential
for a liquid mixture over a range of concentratj.ons. This

lras extended to the property of surface tension in ord.er to
d.etermine whether there l/¡ere horizontal isotherms above the

critical- temperature, in a plot of surface tension or some

derÍved. fr.l¡ction versus composÍtj_oll.

The systen aniline-hexane was chosen because the co-

existence curver whl-ch was used throughout this research,

had an upper critical solution temperature and. was already

d.etermined by Campbell and l(art zmark" It v¡as found by

CampbeLl and Kartzmark that the top of this coexistence eurve

was horizontalr or approximately so"

Iüo surface tenslon data have been reported. in the liter-
ature for the system anll-lne-hexane in the area of the

critical temperaturen The only investigatj.on of thís system

is that of Keyes and Hildebrand (eB), who mad.e six surface

tension d.eterminations at 25"Ç, in the compositi-on range o

to 100 r'reigffi % hexaner by the method of capillary rise"
Some surface tension r+ork has been done on the pure

components. Jasper, Kerr and Gregorich Q9) measured the
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orthobaric surface tensions of n-hexane at Loó interval_s

betioreen Oo and 60"C, by the capillary rise method.

Jasper and ?fuing (3o) deternined the surfa.ce tension of
n-hexane orthobarically, in an atmosphere of äitrogên: over

a tenperature range oa to 6ooc by means of a capillarimeter
(a eapillary apparatus) connected to a pressure-regulating

manometer.

The surface tensi-on of hexane between roo and 2oþc was

measured. by versehaffelt (31), by the lifting of circular
disks from the llquid surface.

Teitelbaum, Gorta'iova and Ganelina (32) determined the

surfaee tension of anil-ine by the method of maximum pressure

1n bubbles, between the tenperati-rres ZOÐ and. l+OoC.

$wfqce T-ensj.on þy th-e- D¡on-Weieht Melhod

The theory for su-rface tension neasurements by the rrdrop-

welghtft method is basecl on the Lal¡ of Tate (33).

* = mB = ZTrrX (6)

rrrhere w is the weight of the dropr m is its mass, g is the
acceleration due to gravity, r is the radíus of the eapillary
tip and Y is the surface tension"

If a drop v¡hich hangs at the end of a tip were

cylindrieal and of the same diameter as the tip, it is evídent

that the maximum welght of drop whieh could be supported.

would be exaetly equal to the r,reight of the liquid upheld in
a capillary tu-be of the sane diameter. Thi-s is because, in
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both cases, ihe foree of surface tensj.on acts orr a l-ine 2nr

longr So that the force is 2rrrlas in equation (6) above

(Tates Law).

Both observatj.on and. theory indleate thatr oh tips of
ordinary size, only a fraetion of the drop fallsr so the

weight of the drop which fall-s must be less than that given

by equation (6). Hol,¡ever: âs the tip is mad.e smaller, the

fraction which fal-ls beeomes larger and larger, and extra-
polation of the curve to zero diameter índ-icates that here

all of the drop fa11s, or the hanging and falling drops have

the sane weight. Both t,he theory of the preceedÍng seetion

and the extrapolation of experimental values shoru that
equation (6) gives the correct lreight of the d.rop r^¡hen r,/a

o, ,/ul/3 is zero, where rrars Ís a capillary constant and rrvrr

is the volume of the drop.

The weight of a drop nust, therefore, be a function of
the shape Ì of the drop. The shape depends on the ratio
between sorue lÍnear dimenslon of the tipr such as r, and. a

linear dincension of the drop !,, or

lrl=mg=2'rrY fG/L).
Itiow, the cube root of the voLr:me of the drop \rl/3 varies as

d.inension of the d,ropr so

ms= 2nr f ,r-k/u7/3) - zrr{þ =27rr
W = m I the surface tensÍon equation is of

a linear
lrf =

and since

=??l t
aiå--b-
2tt r

Y t rî/a)
the form

. r.(r,/v7/3¡ = ffi o rzft/a) = ä*?É- = rn;E . F
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If the vapor is dilute, it is simplest to let tËmtr represent

the'rreight i"n grams of one drop as weighed. in aisu

,-Sl¡Iiac q-!eqÊ

The theory of the capillary tube has been d.iscussed. by

the late Lo¡t1 Rayleígh (34). For å, mâtror¡r tube of radius r
in ¡,'¡hich the meniscus stand.s at a height ttht$ above a plane

surface of lic1uir1, Rayleigh gives the eo-u-ation:

^2 = ?d2 = r( h. + r/3 o,12BB t7/n + o.l3l2 ,3/n2) (T)
aD

Here a'¿ = 2o<¿ = ?{ --
s(D - d)

r¡¡here { is the surfaee tension, g the aeceleration d.ue to

gravity, D the density of the liquidr and d ihe densjty of

the vapor or air and vapor if the surface tension is measured

against air. This formul a holds accurately as long as v/h

is small- compared wi-th r, for example, for water in tubes

of I mm. radius or Jess"

ft was shown by Riehards and Coombs (35) that the r,iide

tubes employed by many workers were not large enough to

give a plane surface from which to measure the rise in the

narrovr tube and that a considerabl-e correction for capillary

rise in the r,¡ide tube vlas necessary. To calculate this

correction, Rayleigh gives 'bhe forinula¡

r/æ ,-oge Åln = o.B3B1 * oo27gB //r + I/2 log, r/* (B)

The correction in h is calcul-ated by suhstituting the

value of e( from equation (7)"

The range of application of these formulae limits the

slze of tube (36) whieh may be used for aceurate measure-

ment of surfa-ce tension" It coul-d be much facilitated if
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tubes of intermediate size could be employed. and the surface

tension ded.ueed. from neasurements of the difference in
height between two menisci in comparatively smal1 tubes.

The general equation for such a case, given by Samuel

Sugden ß7) is:

ÚÍI- + ¿-ì =82 (D-d) *aconstant (9)*Rr Rz)
whieh applíes to the free surface of a liquid in equÍlibrium,
under the influenee of surfaee tension and gravity at a

particular point P on the menÍscu.s of the liquid..
Rl and R, are the princlpal radii of curvature of the

surface at P. z is the vertieal distanee of p above the
l-owest point of the meniscus o. By eonsidering the case of
Z = O, the constant is seen to have the value 2 l/U, where

b is the radius of eurvature at O" Further, since the

meniscus is a surfaee of revolution, one of the rad.ii of
eurvature is PC = x/sinþ , where þ i, the angle substend.ed,

by lfnes joining 0 and P from the eenter of curvature C.(Figure Lra)

rf P is the second. rad.j.us of curvature, then equation (9)

becomes:

+sind=2+o(D-¿r¡2.2/b
xlb Y

(ro)

This equatlon represents a family of curves wh-ich are

determlned by the value of the parameter B, where

B = e(D.- d) b2r
rt then follows, fron the general equation to the free

surfaee of a lio,uid. that:
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Figure 4 az Cross Section of a Meniscus
Vertical Cylindrical Tube

Ina
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2YQ L-) = H s(D - d)(br bz)

where H ls the vertÍcal d.istance betirreen the lol¡est
polnts of the menisci in two verticaL tubes of rad.ii 11

and. rr, bl and b, are the radÍi of curvature at these

points,



CH.APTER III

EXPERI¡.illl'lT.A,L

.4,. Purj.fieation of Mate¡ial_s

He_xane

Spectroanalyzed Hexane (A.C.S.) from the Fisher Scientific
company was used without further purification. The refraet-
ive lndex observed for this hexane is conpared with liter-
ature values in the foll-owing table at Z5r,'

TABIE

Refractive Indices Pure llexane

1

of

ReJevant Inve stí gations Refractive Index Dnz

1)

2)

3)

This Researeh

Lama and. Lee (38)

Dow Chemieal Co. (39)

L"3?536

L"37230

L.37226

since all hexanes are distillation products, the results
of this researeh are only good for the prod.uct used..

Ani_line

Aniline obtained from the Fisher scientific company was

purified by distillation over zi.nc dust. New samples rdere

distill-ed eaeh week, because aniline is d.ecomposed. by light.
rhÍs decomposition was minimized by placing the sample Ín a
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brown bottle, which was stored in a dark eompartment. Care

i.¡as taken to avoid. unnecessary exposure of the aniline to
a1r. A eornparlson of the refractive index of my product r,¡ith

the literature is shown in the table below.

TABTE 2

Refractive Indiees of Pure .Aniline

Rel-evant ïnvestigatÍons Refractive ïnd.ex ,ru
, 2lo

1) This Researeh r,5837

2) Dreisbach and Martj.n (hO) 1.58318

3) Smith, Foeekfng & Barber (I+1) t"5Bl+O

4) Hou"gh, Mason & Sage (42> L.5826

Benzene

Thiophene-free benzene (4.C. S. ) from the Fisher Scien-

tific Company trras frequently shaken lulth conco H2S0I+ until
the yellow color ln the acid. layer disappeared. It was then

washed with a solution of sodium bicarbonate and the product

dried by anhyd.Fous sod.ium sulfate and metallic sodium. Finally
1t was distilled twice from sodium metal-.

Water

ttrater was purifled. by distiLlation from a Barnstead

electric, water stj.ll. At ZJÐC tlne specific cond.uctivity

of this water was SxLO-6 mho/cm.



Bn Experimental Pr_ocedure

DetermÍnation of Surface Tcnsi_ons

In thls work, three methods have been enployed for
measuring surf a-ce tension, viz.

1) The Stalagmometer Method

2) The Drop-t{eight tlethod

3) The CapÍllary Rise Method

This research r^¡as begun using the l+e1l-knorv:r stalag-
mometer method. ()+¡l of surface tension d.etermination" rt
was fcund, however, that this method required 45 to 6O

minutes for each deterr¡rination and this ind.icated that ¡ at
temperatures hfgher than 25"c, a large amount of evaporation
r,¡ould take place in this period of time and. the sample

composition would. not remain constant.

The Drop hle:ight Method was then tried and found satls-
factory at 25oC but, again, excessive evaporation of the

fiquid sample at higher temperatures introduced. eonsiderable

errorr so that the capillary Rise I'lethod. had. to be employed

for temperatures above 25'C"

Drop-Tfei.eht l{etho_ë

The drop-weight apparatus used. v¡as that devised by

Harkins and Browr (41+) and. was d.esigned to give a precisj.on

of o.3fo.

The aoparatus, shown in Figure 5, hras supported by a
heavy iron rod, heLd upright þy a secu?e clamp, During a

28
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FIGIIRE t" Drop-?leight Lpparatus,
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d.eterrnination, it was suspend.ed in the water of a th.ermostat,

r.uhich r¿as constant to 1 O.O}ÐC,

The funda¡rental part of this appartus consisted. merely

of an inverted U of heavy walled, pyrex, capillary tubing,

one end of which l¡as ground. until it i¡¡as perpendicular to

the lengih of the tube. The diameter of the tip ruas then

measured by means of a travellÍng microscope; it was found

to be 0.674 cm.

The outside casing, B, was constructed of glass in¡hil-e

the water-proof lid was maile of brass. The supply bottle,
S, which contained the liquid irnd.er investigation, was made

adjustable in height by using a stand r*rith a ratchet and

pinion, P, from an old microscope, The supply bottle was

heJ.d by a metal support, K, whieh was fastened to a metal

rod, R, by means of connection piece C. Rod R was fastened.

to a moveable bar T, By turning P, a pinion wheel, T, was

raised. or lowered and the height of S thus regulated. By

ad.justment of the sup;c1y bottle, S, and by suetion applied

at A, the rate of fornation of the drops fron the capillary
tfp '¡¿s eontrolled, These drops were colleeted in the

colleeting bottle, V, and. weighed" Several d.eterninations

on each sample 'hlere mad.en

Control o_L the Þ¿op -

The drop was controlled by the method of Harkins a¡d

Brovm (t*5) " Gravity alone r.¡as alloiued to eontrol the

fornation of the last tenth of the drop. To accomplish this,
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the level of the liquid. in the supply bottle r,¡as mad.e just
a l-ittle higher than the level of the capÍllary tip and. by

applying suetíon, the d.rop was d.rawn over to as nearly fuIl
size as possible without eausing the drop to fall under the

influence of sucti.on. Then the drop was allol¡ed to complete

its growth and fall under the influenee of gravity. Thirty
drops, whieh rdere allowed to form in this manner, were

collected"

Qo-lle cJ ans*egd_J^Ip i Ehi ne_t h e !s.o p s-

The above method. of drop control was used rather than

a11oruÍng three ninutes for the natural formatÍon of eaeh

drop (46), because the possible errors due to evaporation

wouLd have mo?e than compensated. for the accurae¡' gainerl by

slolu formation" The method. of maklng a run was as follows:
The capillary tube was cl-eaned (wÍth ehromie acid., d.istilled
rn¡ater and. acetone in this ord.er, follor,rred by several washings

with the liquid und.er lnvestigation), the level in the

supply bottle was adjusted slightly above the caplllary tiÞ;
a clean weighing bottle was placed. in position and the

apparatus hras suspended. in the thermostet for 3o minutes in
ord.er that thermaL equilibriun might be attainecl. The

first drop was then d.rawn over and kept at full size for
five minutes 1n ord.er to saturate the space in the collec-
ting bottle wÍth vaporr so that each drop wouLd fal] in its
0r{1L saturated. vapor. Thirty such drops T¡rere drawn over.

The apparatus was removed. from the thermostat and. the collec-
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ting bottle was eool-ed with aeetone to prevent loss of
vaÞorc The eollecting bottl-e, with the drops, was weighed"

A blank run lras then mad.e exaetly as before, except that
only five drops lrere allowed to be formed. and. col_lected.n

Therefore, the weight of the bottle and lO drops, d.iminished

by the weight of the bottle and five drops, gave the weight

of 2f drops. The distillation from the convex drop to the

coneave surface in the bottle, the welght of the vapor in
the bottler æd all other causes for l-oss or gain in ueight

were nearly the sasne in boih eases and rnrere, therefore,
approxinrately eLiminated by this proeedure.

The drop-r+eight apparatus was checked. against benzene.

My value for the surface tension of beirzene at ZJêC was

a8.19 dynes/cm, against a literature value of 28" 25 dynes/

cm. (t+7).

capiuary Bi_se_MeËhqd

A diagram of this apparatus, as d.esigned by Sugden (t+B¡,

is shown in Figure 6. The essential feature 1s the use of
two heavy-wal-1ed. capíIlary tubes mounted. close together r,¡ith

the junetlon of the tubes sealed. on to a small glass rod, A,

tothieh slid easily into a soeket, B, formed, of narroru glass

tubing joined. on to the loin¡er end. of the rr¡ide tube C" This

allowed. the capillaries to be re¡ooved readily for cleaning

and. by this arrangement, both menisci could be seeil sinul-
taneously in the field of view of a travelLing microscopes

The tube, C, was fitted with a stopper, D, l¡hieh was eonnected
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CcpÍllory

Tubes

FIGURE 6. Capitlarineter and. Filling Flask.

Flo sk F
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to a teflon stopcock, E, for regulating the filling of the

apparatus.

The vertical distance betr¡een the lor+est points of the

two nenisci. was neasured for each solution.
S ef ect iorr o-f __C Aj? i llary_Jub_e s

A number of capillary tubes trere tested for constancy

of rad,iu-s by the mereury thread length method. Two capil-
laries were found, each with a length of approximately six
cmso of constant bore, Th^e ::adius of the capillary of

smaller bore was found. to be 0,01-OO9 cfllu i,¡hil-e that of the

larger bore r,¡as f ound to be O, O4gg6 cmo

Such an arrangement, using two eapiltary tubes, mad.e it
possible to read both menisci more accurately, since the

bulk solu-tion did not have to be used. as a reference point"

Filline -o_f _Lk)- Ap-rra.ratqs

The sample solution was mad"e up in a flask simil_ar to

F, of Figure 6, and. was connected. to the capil-Larimeter by

means of teflon tubing and a stopeock H, After placing the

apparatus in the thermostant for 30 minutes, the solution was

forced, by l¡ay of stopcock E and H, into the capiJ-larimeter

by the vapor pressure in flask F" The air in C i'¡as dis-
placed through crucible, G, which i,¡as half-filled with
mereury. Ì¡{hen a. sufficient amount of sol-ution was trans-
ported, stopcocks E and I r,rrere closed. to prevent evaporation

and to maintain constant coniposition of the solution. The

ca-pillarimeter was then tilted so that the liquid. in the

capillaries woul-d, rÍse above the equilfbri.um l_evel. -âfter
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ad.justment to the verticaL position, the distance between

the lor¡¡est points of the tl¡o menisci rras neasured.. Several

trials were made for each solution and the mean height r,.ras

taken.

The capillarimeter rn¡as cheeked. against benzene and

hexane in ord.er to test its aecurâcr¡ The experimental

val-ues for benzene and. hexane at 25"c hrere zB.lT anð. 17.98

respectivelyr which corresponded. well with the l-iterature
values of 28.2J (47)an¿ !7.93 (AÐÁynes/e,n.

C].eani¿g, of _the, ÂppqAtus

Before each set of measurements, the capillaries and.

apparatus Tdere thoroughly eleaned with a hot mixture of
chromie and. nitric acids, then l,rashed with d.istirled. water.
This v¡as followed by rinsing rrit,h aeetone and. drying with
vacu.utn sueti.on"

Pqppgnati o¡ -of Sglut içng
solutions rangÍ.ng from o to Loo% Hexane by weight v¡ere

prepared in the ZJO ml.-. flask, F, shorr¡r in Figure 6. ^4, tr,¡o-

pan balance was used for weÍghing both eomponents at room

tenperatü.Têc The weighings i,rrere aecurate to two r¡nits in
the fourth decimal plaee.

DeJrsitu- Meastreqent

The Ostwald-Sprengel type of pyenometer d.escribed by

Daniel-s et al (5o) was used for d.ensity measurements at zr*c.
A buoyancy correction was employed. ¿.t htgher tenperatures,
a dilatometer method. was employed, (see Figure T),
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ffercuny

Constricf ion

C s p!llory

t/i\

L

Fl osk F

D iloto mete r

and.FIGTJRE 7. Dilatometer Filling Flask.
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Callblatlon of .-lhe Ðilq[Uometer

After thorough eleaning of the d.ilatometer with chromic

acld and distilled water, it was dried and. filled. with

el-ean nercury by means of a hypod.ermic syringe" One clt.

above the neck of the di.l-atometer flask, a mark was etched

on the capllIary tubing, behind tr¡hieh was fastened. a scale

taken from a broken Beckmann thermometero It was arranged.

so that this mark coineÍded. with a speeific mark on the

Beekmann scaLe, The apparatus was then inmersed, in the

thernostat, to t¡ithin â. ctnc of the top of the capillary,
for thirty minutes"

Using a syringe, the mercury meniscus was adjusted to

coincide with a speclfic mark on the Becimann seale. The

d.Ílatometer was then removed from the thernrostat, driedr æd

rr.reighed without the Beclmann scale, This r¡ras repeated for
each of the main marks on the Beckmann scale and the vo}:me

per unit mark of the scale was cal-culated, using the density

of mercury at the appropriate temperature.

The solution was made u;o in flask F shown Ín Figure 7.

It was then connected to the d.ilatoneter and placed in the

thermostat eonstant to t O.O2oC. "å.fter thermal equilibrium

was attaÍned, stopcocks K and J were opened. and the dila-
tometer was fill"ed v¡ith solution, The crucible, L, and the

teflon tubing M, were removed and the excess solution at

the top of the capillary was v¡ithd.ravrn by neans of a syringe

in ord.er to prevent drops of heterogeneous solution, formed.
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in the lower temperature part of the capillary protruding

oui of the thermostat, from falling dor,mward. inio the

horuogeneous portÍon, A constrÍction at N aid.ed in removing

the heterogeneous drops at the top of the caplllary when the

teflon tubing was removedn

As before, the solution was brought to a partieular

mark on the Beekmann scale by using a syringe and. the portion

of the caplllary above the menÍscus was d.ried. with a pieee

of filter paper" The capillary opening rras then sioppered.

r^ri-th a crucible half-filled with mercury. For each tenper-

ature, a reading on the Beclsnarun scale was made, after
thermal equilÍbrium was attained-. The dllatorueter was then

removed. quickly from the thermostat, sprayed with acetone to

cool it, and. wiped dry. After allouing it to reuain in the

atmosphere for a few minutes, it was weighed." Values for the

same solution were reproducible to the extent of one unit
in the fourih d.eci.mal.
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CHÁPTER IV

EXPER]MENTAI RESUITS

TABLE 3

"iurface 
Tensi-ons of Pure Lio,uids by the

Stalagmometer Method at 25*C

Liquid
Density

(gm" ml-t)
Surface Tension

t - -l .{ rl\rYrêq r¡m 4l

Benzene o"8735

Distilled. hla.ter 0"997],

27.19

7l'"\-9

L7,+7

42,52

Pure Hexane

Pure Aniline
o,6623

J-"Or75

TÅBIE LF

Surface Tensions of Pure Liquids by the
Method of Caplllary Rise (zs"c¡

H Density Surfaee TensionLiquid ( cm' ¡ ( em. mt-f ) ,(rlvnes .*all
Benzene 5.18L 0.8735

Distilled
hlater l-1"565 o"gg7l

Pure Hexane +Å95 0.6610

Pure AnilÍne 6"615 I"oL75

28,t7

7L"58

T7 "97
+r,79
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TABI,E 5

surface Tensions of the system Aniline-äexa.ne
by the Drop T,leight Method at Z|"C

¿_-lleight "þ ITexane Mole /' Hexane
Density Su-rface Tension

a)

1" 00

Doo1a ./ /

3,77

5 "o5

5 "r?
5 "8L

5 "97
cLL
/o I I

93"03

95.o6

95 "o9

96"02

o ry olr-
./la./l

100

o

1"08

1D^
JøL\J

4"06

5' 4Lr

5 "5t
6 "23
6 "42

7,gg

93 "52

95 ")L
o < )'Lr./-/A | |

96 "3L
gB.og

l-oo

r. oL73

r"oI25

L.o062

a.ggjg

o "9927
o.gg2+

o" 9B9o

o, gBB2

o, gBl-o

o 
" 
6BLz

o.6725

o .6T24

o'67o2

o "6657

o " 66Lz

\-z"Bg

39 ,57

35 "go

3L,47

^a) ,/ /¿o" o0

zB,49

27.L2

26"54

z4"JB

tB,4t
18.32

L8"59

l-8,19

lB.20

tB" l_3
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t¿¡r,n 6

Surface Tensions of the Systenr .Arriline-Hexane at 55"C

\teieht %
Hexane

MoIe %
Hexane H (cm, )

Density Surface Tension
(En. rÉi (dwres .r--f)

100

go.07

79.97

9.99

o

100

90.74

81,13

LO "7L
o

3.803

3.832

3.778

3. t13

6 åT9

0.6331

o "655+
o" 6833

0 "g+25
0"99t+

1)+. 83

15 "+7
15. BL+

20. 4tf

39.13

Results Ín Tables (6) to ftí) ï¡/ere obtained by the
Method of Capillary Risen

TABTE 7

Surfa.ce Tensions of the Systen Anifine-Hexane at 60oC

Weight, % Mole fn Density Surface Tension
Hexane . Hexane H (cm" ) (gm. mI-a) (dorr*. **.-l_
100 , 100

go"o7

79 "9r
9 "99

o

go "7)
Bt. 13

LO.7L

3.710

3"753

3.703

3.618

o.628+

o.6526

o.6790

o.9392

o.9869

14'35

l-5"O7

15.48

21"20

38.5to 3"713
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T^A-BIE B

Surface Tensions of the System Aniline-Hexane at 6L"C

'u[ef1ltt F,

Hexane
MoLe 16

Hexane H (cm")
Density

( sm. mt-l)
Surface Tension
(dvnes n*--1)

10c)

90,A7

79.9r

70.27

20 "63
ooo
.,/ o ./ ./

ô

100

go 
"7+

81.13

7r.87

2L,93

lo "7L
o

3.682

3.729

3.688

3, 581

3 "O22

3.688

3 "729

o.6278

o.6517

0.6783

o.7o5t

0.88go

o"9366

o.9862

]4"22

t+.95

15.+o

L5 "62
L6.56

2I"32

38.I+e

TABTE g

Surfaee Tensions of the System Aniline-Hexane at 62"C

Þ'Ieight Ø i{ole /' Density
Hexane Hexane H (cm.) (Em. rnl-a)

Surfaee Tension
(dvnes cm.-f)

100

go.07

79.91

70.27

20.63

9 "99
0

L00

90.74

81.13

7r.87

2L"93

LO "7\
0

3 "66+
3 "7L2

3.673

3.577

3.031

3 "7oz

3.7r2

o,6264

o. ó5ol

o.6772

o" 70+3

o.8BBo

o,9357

o" 985+

l+.12

14. 86

15.31

L5.54

L6.59

21,38

38 "29
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TABIE 10

Surface Tensions of the System Aniline-Iïexane at 63"C

Weíeht% MoIe% Density
Hexane Hexane I1 ( cm. ) ( sm. mL-I)

Surface Tension't
( dl'nes cm. -¿)

100

90.07

79.9L

70.27

20.63

ooo./o././

o

100

90.7\

81.13

D1 02

10.71

3 "65o

3.692

3.658

3.O+O

3 "7t9

o "625+
o.649z

o,6759

0.7038

o "8872
0.931+9

o" g8tl3

t4.ol+

L+.76

14. z3

]-5.\7

16 "62
2l_"+6

38" l_9

7t.87 3,563

o 3.692

TABIE 11

Surface Tensj.ons of the Systeno Aniline-Hexane at 6l+oC

I{eight "/"

Hexane
Mole %
Hexane

Density
H (em.) (En. mt-l)

Surface Tension
'¡

( dvnes ,rr^ -t)

100

90"o7

79.91

70,27

25.06

20 "63
ooo./a././

o

100

go "7+
81.f3

7a"87

26.5+

2L.93

ro.77

0

3"638

3.673

3.642

3. 5+B

2"993

3.0+g

3.2+3

3"673

o.62+5

o.6487

o"6757

o.7036

o "867t
o, 8863

0.93t+3

o.gB35

L3.97

t4.6?

L5.16

75.39

L5 "98
16 .66

2r" 59

37 "9r
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TABLE 12

surface Tensions of the system Anirlne-Hexane at 65Ðc

eleht

100

go.07

79 "gr
70.27

29.36

25.06

20.63

9.99

o

100

90.74

81" 13

7r.87

30.99

26.5+

2r.93

LO.7T

0

3.638

3"660

3"625

3 " 53I+

2 "962

3.003

3. o71

3.763

3 "66o

o" 6234

o " 6473

o.674l

o " 7023

0" 8\-7tr

o "8662
o. BB55

o"9337

o.gB25

13,86

Ll+" 58

L5.O5

15.30

t5 "49

t6.oo

L6"76

zL.69

37.52

Density
-- If^ñt4

Tenslon
^* -lr
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TABTE 13

Surface Tensions of the Systen Aniline-Hexane at 66oC

þlei1ht 6Á MoJ-e tÁ Density Surflee-Ten-rton
Hexane Hexane H ( cm. ì ( en. ml-_f \ (dwres cm, -1\

100

90.o7

79,9r

70"26

57.21

5+.og

49 "37
trt+.3 Z

4o.79

39.2t+

33.16

29.36

25.06

po.63

9.99

0

100

go "7+

81.13

7r.87

59.1o

56 "+6

51"3f
t+6" 63

42.68

41.l-o

3h"9o
?^ oo

26.54

2t.93

l.o.7l

0

3.588

3.637

3.603

3"520

3"337

3.258

3 "r97
3 "Lzz
3 "082

3, o78

2.99o

2-978

3.013

3, oBLt

3.776

3,637

o.6z23

o.6tr61

o.67z9

o.7009

O.7l+3tr

o .752+

o.7703

o.7887

o. Bo2l

o. BoBl

o" B3tZ

o, BhZ3

o" Bó51+

o" BBh6

o.9330

o,9816

13. 73

tlr.46

1[.93

L5.2r

15 "27
15.08

L5.TO

L5 "t6
L5 "22
L5 "32
15.3+

l-5.5+

t6.oT

16" 8l-

2L.75

37.31
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TABIE lLI

Surfaee Tensions of the System Anlline-Hexane at, 67ÐC

Wej-eht F'
Hexane

MoLe f,
Hexane H (cm. )

Density
(em^ mt-l)

Surface Tension
(d¡mes 

"to.-f)
100

go"o7

79.9r

70.26

57.2t

54"o9

\g "37
4k.37

40 "79

39.24

33.16

29.36

25.06

zo .63

9.99

0

100

ga "74
81.13

7L"87

59 "to
56.+6

51.31

\.6 "63

42.68

)+1. LO

34"90

30. gg

26"fu

2L"93

lo.7l_

o

3.566

3.6t8

3"59o

3"508

3 "327

3 "246
3.178

3.121

3.082

3. o8o

3.018

2.986

3"o40

3,Og+

3. Bi-l+

3. 6tB

0.6211

o.6455

o.6727

o. ZooB

o,7425

o.2516

o.7697

o"7879

o. Boi-3

o. BoZ3

o. 83le

o. 8l+62

o. 86l+7

0.8838

o.93zl+

o.g8o7

t3.62

t4"37

ll+. BZ

15 "T6

I5 "2L
].5.oz

L5,A6

15.l-l+

L5,2L

15.31

L5.45

a5 "57
L6. zo

t6.85

2L.95

37.t9
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TÂBIE 15

Surfaee Tensions of the System Aniline-Hexane at 6BoC

t¡[elght 6/o MoIe % Denslty Surface Tenslon
Hexane Hexane H (cm') (sm. ml-1) (dynes .r.-f)
100

90"o7

79.91

70 "26

57 "2r
5+.og

49.37

4l+.3 7

40.79

39 "2+

33. f6

29 "36
25 "06
20.63

g "99
o

100

90,7\

81,13

7L.87

59.Lo

56 "+6

5L.3I

46.63

42"68

41.10

3l+.90

30.99

26,J4

2I.9_1

LO.7L

0

3.5+6

3"602

3"581

3.492

3"32f

3 "236

3.r55

3.118

3.o81

3.089

3.030
D OO?

3 "072

3 "t29
3.828

3.60e

o "9202
0.641+6

o .6Tt8

o.69g9

0.7+16

o.7ro7

o"Z69z

o"7869

o.8ooh

o. 8o63

o. B3oz

o.8457

o.863T

o.BBzg

0.9313

o.g7g8

13 .52

r+.29

14. 81

L5.O7

15 "L6
r+"95

t4,9tl

T5.LT

15" 18

15.31+

J.5.49

15.59

L6 "35
L7.O3

22.O!

3 7,10
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Denqlty -Ð"ata

The graphical method of representing density versus

composi.tion v¡as not suitable beeause of the large differ-
ence 1n the density between pure aniline and hexane"

Density was, therefcre, expressed. as a funetion of
e molar concentration of aniline at constant temperature

the equation,

D=a+b¡l

th

by
.2fcm

where a, b and. e are constants; m is the mol-e % of anil_ine and

a is the density of hexane at a particutar temperature, b and

c t^/ere determined by the,method of averÐ"gese

These equations at different temperatu.res are as follov¡s:

TABTE 17

Density Equatiens at Different Temperatures

Temperature Density Equation[1c)_- _.. _ 
-*_lru'lqlt__-62

6l

6+

65.5
/( (\
o?c o

66

6Z

6B

D = 0.6264 +(2.450 x to-3)n + (t.14ox1o-5)^z

D = 0.625, +(z.+Boxro-3)m + (1.108x1o-r)nz

D = o,6z)5 +(2.509*ro-3)ra + (t,o81x1o-5)*2

D = o.6z29 +(2.5roxro-3)m + (f.o8zxto-5)^2

D = o.6zz6 +(z.5t3x1o-3)m +(l.o8trxlo-5)^,

D = o.6zz4 +(2.5zoxto-3)n * (1.o7l+xto-5)^2

D = o "62:12 +(z,5e8xro-3)m + (t.o7oxf o-5)^2

D = 0.6202 +(2"533xr0-3)m + (t.o65xlo'5)n2



lo

The precedlng formulae have an accuracy

3xfo-4 for various concentrations.

of J kto-þ
.+ïo-
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CI{APTER V

DISCUSS]ON

ExperimentaL surface tension data, when plotted against

composition, show that there is no renge of ternperatures

for which an isotherm has a region of constant surface

tension (or some derived function of surface tension) for
an anil-ine-hexane mixture" Figures (10) and (ff ), which

show isotherms at 66" and 6BÐC, show clearly that there is
no such horizontal above the critical- temperature? although

the slope is very slight, The deviation or convexity in the

curve is found to lie between the compositions 39"2% and

57"+% he:la,ne b;i r.r,eight (determined by inspection of Figu.re f2)

fo-.r ea-eh of th.e th::ee isotherms at 66o u 67" and 6BoC, The

rnlscÍbility gap extends over the composition range betr.'ieen

35.3% a.nd. 56.9% hexane by weight"

The isotherms throrr-ghout. the temperatu.re range 55* Lo

6B"C r,rere found. to lie very close together, making their
representation on one gra.nh impossible. Since the 66Õ and

6BtC isotherms ere char¿eteristic of the shape of the others,

they are shor^¡n in Fi-gures (10) and (11). The 2JÐ and 61ÐC

isotherms are also shorurn in FÍgures (B) and (9).

Surface tensi"on determinations eoulcl not be carried. out

aL teraperatu-res higher than 6BoC beeause hexane boils, und.er

a,tmospheric pressurer at 68"-69ÐCe nor coul-d they be carried

out at the critical solu¡.tion tempera_ture (65,6'eÇ) becanse

the solution becomes heterogeneouso
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A fundanentaL characteristi c of these isotherns is that
the ad.dÍtion of hexane to anil-ine causes a large d.ecrease 1n

surface tension, ieo, in the range from a/, to 30% hexane by

weight ¡ while the ad.dition of anil-ine to hexane increases

the surface tension very slightly, ié., in the range 6O% to

LOO% hexane by weight" The sane effect is found, with the

viscosity measurements which were ¡nad.e by luÍr. s, Anand (5L) t
working in this laboratory. Keyes and Hild.ebrand. (eB) also

found this to be eharacteristÍc of their 25"C isotherm.

This phenomenon can best be explained on the assr.roption

that on the anil-1ne rich sÍd.e, the aniline mol-ecuLes have a

large attraction for each other, pushing the hexane molecules

toiorards the surfaee to form a pseud.o two-phase region. rn

other word,s, the anil-ine morecules resi.st d.ispersion into
the hexane molecules and the hexane molecules are pushed. to

the surface formlng an almost pure hexane surface.

0n the aniline rieh side of the graph, the highest

surface tension is that of pure aniline at 25ÐC, while on

the hexane rich sid.e, the lowest surface tension Ís that of
pure hexane at 6BoC" There is a difference of 29.3? dynes/

cro. between the truo extreme values.

In the reglon between 39"8% and. LOO% hexane by weightu

surface tension lncreases with decreasing temperature, while

in the range from 4.Of, to 39.O%t the surface tension decreases

slight'ly with decreasing temperatu.re. The three isotherms
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at 66o, 67" and 6BÐC, therefore, cross a-t a composition of
29,2'Á h.exane hy rrei-ght, as shor.m in Figure (fZ¡, (which is
an enlargement of the region above the gap) and. at a- eom-

pcsition of approximately 4,O'Å herane ìry weight, The point

of intersectj.on near 4"O"Á could not be accurately determinecl

because the isoiherms were superimposed upon each other

over a range of corûpositions,

No indication in the literatu-re of hyd_rogen bond for-
mati-on betr'¡een anil-ine a,nd hexane has been reported _: hexane

is considered to be an inert solyçp¡, A possibJ,e exple.nation

for the phenornenon just described- is -r,hat of Pannetie:: et al
(.52) and Lutsker et al (13), who suggested that the aniti-ne

itself is strongly associated, by means of hydrogen bonds,

to fo::m a complex lrrhieh j.s not very stable,

The decrease in su-rface tensj"on r,¡j-th d_eereasing temper-

ature: oh the high anilj"ne side, can be shol'n by comparing

the surfa-ce tensj-on of a eertain solution at Z|ôC and. at 55*C"

The valu"e for a sol-u-tion of composition ?.+r% hexane aI Z5"C

is 24"58 dynes/emo âs plottecl on Figure (13)" The value foÈ

the same solu"tion at 55"C is 24"83 as obtained- fron the

55"C j-sotherm, ind-icated a clistinct d.ecrease in surface

tension with a decrea-se in temperature"

A olot of molecul-a-r surface energy against composition,

i'¡hi.ch is shown in Figures (1+) and- (15) and tabulated- in
Tables (f8) and- (19), is similar to that of surface tensìon



e, tt n t } Ð :: y -a D .¡ * J )

¡-
IG

LI
Ì]Î

 .
-1

"3
" 

lì'
.r

-s
¡r

.u
 T

en
si

on
 V

er
sr

.r
s 

ile
iL

gh
t

f6
 in

:i.
).

i_
ne

 f
o:

: 
th

.e
 S

y"
ie

*-
-'"

-
A

n.
i-l

.in
e*

H
e,

ça
.n

e 
at

 ?
_5

"C

O

"*
*[

*-
'*

*-
fi2

ø
Q

/
,/

.(
j

g
./

/
/

Ø
¿

'

(O

a5
0û

,r
^¿ (-
J.

'li
f*

iç
ht

 "
/"

 Ê
;n

[[i
rì

e

{
ñ,

n
t' 96

--
-t

*" s8

\J
1 \o

0t
i)



I o f: \ -r
]

f) () \ U
ì

a) l"r
J c,
, () () :] U
) i: :J () C
) o

F
X

G
I]R

E
 1

4.

'i 
ôi

'l-

l'.
{o

}e
cr

:"
14

.:r
 S

u"
rf

a-
cr

} 
:lì

ne
rg

y 
V

er
su

s
C

oi
nc

os
i''

cÍ
on

 f
or

 b
he

 S
Y

st
em

rl.
ni

l.Í
ne

-.
H

ex
an

e 
at

 V
ar

io
us

T
er

np
e:

ra
tu

re
s

'i 
â¡

lì

o

\r
"g

30

i\4
 o

le
 %

 l-
le

xo
ne

50
¡ 'to

\t) ,k
5

ì¿
)

rl 
I ') rl \1
)

IP r) ç) r) t- 90
c\ O



T
A

B
üE

 1
8

M
ol

ec
ul

ar
 S

ur
fa

ce
 E

ne
rg

y 
(c

aI
s,

 r
o1

.-
1)

 a
t 

D
iff

er
en

t 
T

er
np

er
at

ur
es

T
em

pe
ra

tu
re

-l:
S

L-
*-

--
90

.2
+

- 
- 
. 

&
1.

Ir
 å

*8
-Z

 - 
--

lg
-"

J0
-.

-3
a,

"g
g 

-.
 ì

ì+
"9

0 
--

 .+
La

-L
o-

- 
1L

".
31

34
g.

 g
o

37
.o

"2
9 

35
.L

.o
6 

35
o.

16
 3

55
 "3

5 
35

9 
"7

2
3q

?,
83

 3
51

.9
0 

35
2.

81
 3

55
.3

5 
35

8,
95

36
8,

 g
1 

35
2.

63
 3

5+
.0

1 
35

6.
3+

 3
56

.2
+

O
t

ts

37
6"

93
 k

ol
. 

85
36

8"
23

 3
9t

+
.9

1
36

5.
63

 3
93

.1
+

 3
90

.
3é

4.
03

 3
gL

.z
T

 3
B

B
.

36
1,

91
 3

89
"7

2 
38

7.
35

9.
89

 3
88

.0
1 

38
5"

35
B

,L
g 

38
5.

79
 3

83
.

35
5"

69
 3

B
3.

tB
 3

B
t.

35
3.

69
 3

8r
.7

2 
38

0.
3J

2.
A

5 
38

O
"5

2 
37

8.

4s 79 4¿ 20 5t çf
-

6L

35
1r

.4
9

35
4.

5o
35

4"
o7

43
4'

 5
t+

+
5L

.7
5

36
3 
.9

8 
45

5.
15

36
4.

91
 4

16
"2

2
36

5,
79

 4
58

"6
9

36
6.

9?
 4

61
..6

7 
31

6 
"2

9
36

9.
3t

r 
46

tr
.o

1 
15

6,
98

37
o.

69
 +

65
.5

2 
35

8"
76

 3
63

 " 
94

37
1.

80
 +

7o
.o

J 
36

t.8
6 

36
2.

75
37

6.
03

 4
7t

"6
6 

16
5 
.+

g 
jít

Å
i

35
6,

 t
r3

3j
6,

Lg
31

5.
79

5' 6o 6T 6z 6r 6+ 65 66 6r 6B

5 o 1 2 3 + 5, 7 B

1 b 6 6 6 6 6 6 6 6



6z

TABrE 19

Molecular Surface Energy at 25*C

Molecular Surface EnergY

o

1.OB

2.L3

\.oT
2"+7

6.42

6"24

t.td+
ryoo

95 "\t
93,52

96 "30

98.09

100.0

871.10

8o5.65

Z4T.4t

645 "+5

733.+l+

552"9o

559 "+9

59o.4o

5o9.3o

466"79

465 "\L
+57 "rL
Lr66.lo

t+65.76
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6l+

versus eomposition, 0n the aniline rlch sid.e, the molecu.l-ar

surface energy d.ecreases shar;oly with the addition of

hexanen At a composltion of 30.9 mol-e /o hexarte, a minimun

is reached.. In this region, extend.ing to 30.9 mole fi h.exane,

the mol-ecular surfaee energy decreases with decreasing

temperature, while on the high hexane side the moJ.ecuJ-ar

surface energy d.ecreases with inereasing temperature ln the

region 44.9 to 100 mole % hexane, exhibiting a maxlmun for
each lsothern in the range 78 to BO mole % hexane, The

change in moleeular surface energy on the high hexane side

is less pronouJlced. than on the high aniline sfrl.e"

Pure Anillne has the highest molecular surfaee

energy ai 25ÐCr âs shown in Table (J9) while pure hexane has

the lowest moLecular surfaee energy at a tenperature of 6BoC"

This shows that the inter¡ooleculer forces between the aniline

molecules are much higher than those of the hexane molecules"

As before, no horlzontal isotherms occu.r just above

the critical temperature, indicating that no isotherm has

constant molecular surface energy over any range of con-

positions in this region. Just above the gap of the co-

exi-stence eurve, the isotherms curve in a convex fashion and

ihen cross at a eomposition of 4l+.2 mol-e fo hexane.

Surface heat, defined by the formula I{, = f -T 4 ,-dT
and tabulated. in Table (ZO¡ , has a cu.rve of the form shown

in Figure (t6¡. Since it 1s not affeeted. by temperature,
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TÂB&E 20

Surface Heat of the System Aniline-Hexane
at Different Compositions

rface Heat x10-
Ir{ol-e 16 Hexane (eals. 

"*-2)
100

90 "74
81" t3

7L" 87

57.2t

56 "46

51"31

46 "29
42"68

trl" lO

34.90

26.5+

21.93

Lo.7L

þ,899

h,894

4" 836

4.879

4"5tT

4.63o

4 "877
4.0L9

3.9î+

3.trel
2.486

2Å94

2"967

3,311
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only one value ta¡as obtained. for each cornposition over the

entire temperature rarrge zl9 to 6BoC,

A nÍnirnum is exhi.bited at 3O.5 mole % hexane. Such

a minÍmr¡m was obtained by }tr" S" Skrynyk (54), working in
this laboratory, i.n a plot of AH (tne heat of evaporation

per nole) versus composltion, in the high aniline region of

the system aniline-hexane, According to Yaryro-Agaev (55),

a minímurn in AH shows that compound. formation has taken

place. Since a survey of the literature has shown no

evidence of compound. formation or hydrogen bonding between

aniline-hexane molecules or hexane-hexane molecules, the

only compound that ean be formed. is a hyd.rogen bond.ed.

anillne complexn

The surfaee heat reaches a constant value at 7L"B

mol:e % hexane and. remains constant at a value of 4,89 xko-7
¡t2cals./em', to 1OO moLe /o hexane"

The Gibbs AdsorptÍon Isotherm Equation
at-t| ')LRT was used to calcul-ate the excess eoncen-

tration of hexane in the surface layer of an anÍline-hexane

sol-ution at zrÐC. Tire d.ata of Table 2I are represented in
Figure QÐ, in which i] is plotted. agalnst nole /o hexane on

the high aniline side. The exeess concentration of hexane

in the surface layer increases r,¡ith the addition of hexane

to an aniline rich solutlon until a val-ue of 5,1+3 mol-e %

hexane 1s reached, At this pointl â corrstant val-ue of

dtr
d1nX2
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T^ABLE 2].

Excess Concentration of Hexane in the
at Different Compositions (0n the HiSh

Surface Layer
Anil-ine Side)

Surface Tensi-on
(dynes em-l) 1og X2

l-2 XlO-1t^
(mõles cm-')

Àn¿(x10-r)

39.57

36.62

35 "9o

31.1+7

28 "66
27.I2

2t+.58

1. OB

2.!2

2"47

4"oT

5.1+3

6"25

7 "99

-L.967

-t.674

-r" 607

-1"390

-r"265

-1,20+

-1. OgB

1. OB

2.25

2 "gg

3 .71

4. )+6

Ll" +6

+" +6
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4.459 x1o-11 moLes/cm2 i" maintained up to the heterogeneous

region of the coexisteneê cltrvêo This constant value of f2
indicates that the surfaee layer has been saturated. vrith

hexane between the values of Lr.l and 8.l-6 mole % hexane.

0n the high hexane side, the exeess concentration of

hexane in the surface layer remains constant at 18.363 X1o-11

^moLes/cm', throughout the compositi-on range, as shown in
Table (22).

Guggenheimr s relation (re-r )rß Ìüas f oi;nd. to apply

neither to surface tension nor molecular surfaee energy

si-nce straight line plots r{ere not obtained. for (t"-t)1/3

versus I or for (rc-t )I/3 verslrs t W)2/3 as shown in Figures
(d)

(fB) and (19) r which are tabul-ated in Tables 23 and. 2)+. It,
was, therefore, not possible to d.etermine whether the

coexlstence curve obeyed a cubic rel-ationship or not. As

mentioned in the introduction, if Guggenheimrs relati-on had.

applied, then it woul-d have been possible to determÍne

in¡hether the coexistence curve had a flat or round.ed top"

Accord.ing to Campbell and Kartzmark (1a), the coexistence

curve for the system aniline-hexane is horizontal at the top

or very nearly so,

The viseosity data of Mr. Sn Anand $L) were used. in a

plot of log f versus 1,/n (l^rhere n = viscosity). Straight

lines were obtained for the pure components aniline and

hexaner âs in Figure (2O), on the scale used by Pelofsky

(2+), but for an enlarged scale no straight line coul-d. be
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T"ABIE 22

Excess Concentration of Hexane i-n
at Different Compositions (0n the

the Surface Layer
Iiigh llexane Side)

Surfaee
( clynes

Tension
cm-1)

re
(xro-1)

j-og X2

{xro-2¡
l-r xro-ll.)

-1,(moJes em

18,20

18.19

18"32

18,1,'1

g" 81

9,63

9.5+
o ?(

-0. B+0

-1.640

-2,O5O

-2"gl.]

18.36

l_8,36

18"36

18"36
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TABTE 23

Surface Tensíon and. (tc-l )L/3
in the Heterogeneous Region

Tem'o
(

eratrr-re
Ðc)

Surface Tension
(d.vnes 

"or-1)
(rc-r) (t"-r) 1/3

65

6+

6:

6z

6L

6o

55

25
High Hexane Side

/¿o2

6tr

6l
/ao¿

67

6o

25

15 "39
15 "+g
t5.5+

15.57

15 "6L
L5.65

rl.go
18.41

L5.+6

L5,74

15,98

76 "r7
16,)+o

L6"58

cLL <D

o.60

l-.60

2.60

3.60

4,60

5,6c

10,60

40.6o

o.60

L.60

z"60

3.60
)+.60

5.6o
l+o-60

o" 8431+

r.1696

r,375r

L.5326

1.6631

7"7718

2,L967

3.+369

o, Bt+34

t"t6g6

TÅ75A

L.5326

L"663r

r.7758

3 "+369
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TABIII 2l+

j,folecular surfaee Energy and. (rc-r )r/3
in the líeterogeneou-s Region

Temperature
(oc)

Molecular
Surface Energy
(cat s. rot*-í) (Tc-T) (rc-t )r/3

tr
6>

6+

6Z

6z

6T

6o

High Hexane Side

65

6+

6l

6z

6L

375.6

3BO,o

383. B

386.9

389"3

391, B

o,60

1.60

2"60

3.60

4.60

5.6o

o" 60

1. óo

2,6e

3.60

4.60

o. B43l+

t.t6g6

L"375L

r.5326

L"663L

L"77lg

o" 8434

r,a696

L"375t

r.5326

t"663t

3 50"0

3 53.8

356"9

359 "5

362.t
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drannm, This relationship was a]-so plotted for various

compositions as shown in Figure (2O) and. tabulated in
Tables Q5 - 28) .
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TABTE 25

Surface Tension-Viscosity Relation
for the Pure Components Aniline and Hexane

Temperature ll"*m* lH**** 4arrilirr" f¿rritirr*
1oC) ( een-tin-qi-çe) (dys-es/eqr'ì ( c€¡rlipof s-ellÄynes/-cm)

25

55

6o

6L

o¿

6Z

64

65

66

6r

6B

o.302

0.23O

o "222
o.2l-9

o "2L6
o" 2LI+

o.213

o" 211

o .2o9

o.208

o "2o7

17.94

th.8o

tlr'35

]4"22

14" le
th, c4

l-3"97

13.86

]3.73

L3.62

L3"52

3.778

r"722

r^557

r.552

L"5O3

L"475

1.\49

l.\-23

1,1+o3

1"384

r"36,

+1.79

39"13

38.5f

3B"l+2

38"29

3B"oB

37 "91

37.52

37.31

37 "L9

37.10
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TABI,E 26

Surfaee Tension-Viscosity Rela,tion -for the
System ¿trititt"-i{exane at 9.32 lviole /' Antline

ffi Viscosity Surface Tension---Tact - 
- - 

(centipoisê-\- .(dvnes'/eml ---

5t
6o

ot

6z

63

6+

65

66

67

6B

o,25L

0.2Ll1

o.237

0,233

o" 230

o "227
o.225

o "223
o.220

O" 218

tÉ l-j-rlL-/a t I

15 "o7
r+"95

14.86

t+"76

t4.67

lLl.58

1)+"46

1l+.3 7

L4.29
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TABTE 27

Surface Tension-Vlscosity Relatj-on for the
System Aniline-Hexane at 28.40 Mole /, anittne

Temperature Viseosity Surface Tension
("Çì- 

- 
- -(eent1-pqise) (drnes/es)

6L

62

6l

64

o2

66

6Z

6B

0,313

o" 310

0.307

0.305

0"301

o "2gB

o "294
o.29r

t5 .62

l-5.53

15.1+8

r5.ko

15 "32
15 "22
15 "L6
15 "06
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TABLE 2B

Surface Tensi on-Viscosity-Relation for the
System Aniline-Hexane at 78.73 Mole /, }inittne

Temperature Viscosity("c) (centiooise)
Surface Tension

(dynes/cm)

6o

6L

6z

6Z

64

65

66

6Z

68

o.876

o.86?*

o,84Lt

o.834

o.824

o.812

o.7gB

o.7gL

o,78t+

17.20

17 "lo
L7.06

t6 "94
16.80

L6 "74
L6 "68
t6.6+

16.60
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