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uring Vapour Pressure of Liquids

[)Methods of Meas
“Ihe various methods used fof measuring Vapour pressurey

viz., static and

idisallowedto _ Vacuurm

of liquids may be classificd into two categonies,
Thermiostat

dynamic methods, In the statie methods the 1
establish its vapour pressure without being disturbed while in the
dynamic methods the liquid is either boiled or s @ SrEA of
inert gas passing through it

The Static Methods

1. Barometric Method

It involves the use of two barometers as shown in Fig. 3
one of which is used for comparison. The given liquid is intro-
duced into one of the tubes by means of a teat pipette, until the
spaceabove mercury issaturated with vapour, s shown by asmall
amount of liquid remaining on the surface of mercury. The Fig3

difference in levels of mercury in the (o tubes gives the vapour
pressure of the liguid a the given temperature T- Measuremcnts can be made at 1 sries of empemimiby

B elosing the two tubes in a jucket mainiained at differen temperatures by circulating a suiable g

2. Isoteniscopic Method
‘A usefl form of the static method is the isoteniscopic method devised by A. Smith sad AWC

Menzies in 1910

Manometer |

Thermometer +

Mercury

Botle D

Fig4. . 3

ANbA,oflppmxlmllcly 2.cm diameter, isabout half-filled with the given liquid an
nof m‘:i:zlh of2 or 3 cm with the same. qu\lid‘.grhws‘?mm co
er bath ata constant temperature 7. The U-tubeis
D to smooth out th‘;hg Sy h
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i The air in the apparatus is first exhauste 5

hausted and the given liquid in B'is boiled undera f

ssure and the temperature of th
¥ of the condensing vaj 5 3 romel
ressure Pis the pressure at wh g vapos s sofedat T DIE (EHEERER
guydnmw S "‘5'”\\hquldNvll\.nndxhx»xslht\npunrpmsﬂumuflhn‘l:m\ll
3 ging P theliquid may be snade 10 boil at different temperatures and the Vapour pressi
us. obtained. The function of Cis o condense any escaping vapours from

{emperatures are
the manometer
[IEquation of Sts

¢ for Liguids
moleculesis largeas compas

red o thatinsolids or i
that their behaviour can be:

« betweenthe

In gases the dis

behave nearly alike atvery low pressures (strictly speaking P—>0)s0
on of state, PY=nRT-Sol P dliquidsareconsidered ascondensedphises
flects of intermolecular forces 0

molecules, the ¢f ‘
e of these orces tend o vary Wil hE nnture of

or condensed phases would B0t be possible.
"3 can be deduced i terms of cocf

explained by an ¢
of relatively small di
predominant in solids and liquid
or the solid. Thus, & g€ neral equat

An equation of stat¢ ;
expansion (@) and wmpumh.h., {

stances between (he
js. The magni
on of state
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where ¥;and ¥ refer (o the volumes at  and 0°C respectively. Expanding e in the power series,

o ¥ =Vge™

P
e“=ltart ( L“fH
As i very siall, square and other higher order terms may be neglected. Therefore, we can write:

V= Vol +an) e
Equation (3) relates the volume of a substance with temperature. cis constant over a limited femperature
range and is approximately constant for gases. In case of liquids or solids, & is having its own characteristie
value. ais having a positive value for gases and solids while for most of the liquids it is positive with some
exception, e.g., water between 0 — 4°C has negative value of &
Similarly integrating cquation (2) we obiain
Yo

i
4~ [kip
i

0 k(P
Vo e

where ¥ refers to the volume at 1 atmosphere and 0°C
On expanding e#” - 1) in the power series and neglecting square and other higl

terms, we oblain

W=V (1-k(P- 1) o
Like @ kis always positive and is the same for all gases but cach liquid or solid lias its own characterisic
value of k. k is constant over # fairly large range of pressure. Equation (4) predicts that the volume of#
condensed phase geis decreased linearly with increase of pressure. This beliaviour is contrary (0 the

behaviourof gases in which volume is inversely proportional to pressure. Combining equations (3)and (4)
and eliminating V, we obtain

V=V tanl kP 1), - (5)

“The constants &and k in equation (5) depend upon the nature of the condensed phase. Table 1 gives the
values of @ and k for some common liquids and solids.

Table 1 Coefficient of Thermal Expansion and Compressibility at 203 K

= Coeficienis - Coeffcients
l_ Solld ZXI0TK kx 10w Havid 0K kw105
L Silver 0582 100 Clty 124
| Copper 0491 o078 CH,OH

3.00 CH,OH

a8 cly
420
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Jolecules. In terms of the arra

long range order

When a crystal

g |:u,: a crystal melts there i, in geen,

Satermolecular spacings. The mole * & e

surounding e, The ime S avid e e
‘ g i e intermolecular forces tend o deeq mmv.'::"".‘":n b

fcreases. In other words, the short rang cRenpac .

hort range forces exist while thel Inngnn; ?ﬁcmmﬁ,ﬁ,ﬁb\?

oion h:n: {0 introducea disorderia hestructurbuthemotonisnoasrand
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s the temperature s furthe ncresed the{hemmal ool ek i SRS
decrease the order until at the boiling point it completely vanishes. s

|
The s fthe melting pnm\ummMuplamﬂlI\yl(wndilmnﬁinnﬂnndnll’mlﬂwm l

in Fig. 6. Introduction of a small region of disorder into a crystl brings about

and gascs as s
disturbance of the long range order and destroys the sl rrangemen. This explains the
variation in roperties between solids and liquids. J.D- ‘Bernal postulated. that an atom is sur
by five atoms (I instead of normal six atoms &5 i the requi ament fora closest packed
0 les in the figure) are drawn the utmost possible "‘Mm

ning atoms (circ o
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e certain distance. As the temperature of the liquid gets raised, the bands becomy

and the patter rosembies those ofs gs revealing a more disordered arrangement athighee
Vacaney Model for a Liquid : This model for the structure of liquids was giver by Eyr

who a5veumed e iuids more o ess smilar (. gas. In the liquid, most of the space gt

molecules and only a small fraction (about 3% of the total volume at

ordinary temperature and pressure )of the total volume s iee or void.

Thisvoid spacein which the molecules can move s known s the free

volume. This is shown in Fig. 7. The vapours have only a few

molecules moving randomly and thus has large free volume. With a

risein temperature, e concentration of the molecules in the vapour

phase increases bringing about an increase in the vacancies of the

liguid. The deasity of the vapour increases while that of the liquid

decreases until they become equal at the critical emperature. At the

eritical temperature theliguid and vapour become indistinguishable

Eyring further regarded that the free volume gels distributed ran-

domly and the vacancics are of approximately molecular size.

Molceules adjacent to a vacancy would be expected 10 po

-like properties and show maximum disorder. Buta molecule away 5 b

from the vacancy would possess solid-likc properties and possessing 17 EYTg' vactney model

amore ordered arrangement. Based on this model, they were able 0. e

show a fairly good agreement between the observed and predicted value

e particles ofa liquid are held together by intermolecular forces, but their

i

of the properties.

Radial distribution functios

Kinetic energies are comparable to their potential encrgies. As a result, the whole structure is very mobile:

The mathematical description of the average locations of the partiles is expressed in terms of the radial
dist n function g, this function is defined so that g dr is the probability thata molecule will be found’
in the range dr at & distance r from another,
In a perfect crystal, g is  periodic armay of sharp spikes, repres
of defects and thermal imo-
ion) thatpartcles licat defi- a)
nite locations. This regular-
ity continuesouttothe edges
ofthe crystal, so we say that
crystals havelong-rangeor-
der. When the crystal melts,
the long-range order is lost
and, wherever we look at
long distances from a given
* particle, there is equal prob-
ability of finding a second
p Close o the first

nting the certainty (in the absence
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