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i "ut) Differential manometer method (static
miethod) : In this method, the difference in the
vapour pressures of the solventand thesolution,

¢ -Le, (p°~p,) is measured by a differentinl manometer
' {Fig- 12). The manpmeteris filled with a suitable
liquid of low density. Pure solvent is taken in

\ one bulb and thesolution is taken in the other.

.- . . Theapparatusiskeptina thermostatatconstant

: temperature. Taps T; and T, are opened and the
«apparatus is congnected to vacuum pump. The

air present in theapparatus s slowly evacuated

and the taps are then closed. The difference in
the levels of the liquid in the two arms of the Pl B ol

secifcecthy & o
e Q. ﬁ.w. Flg. 12. Ditterentlal manomaeter
A-w.u Ostwald and Eu._._—_nﬂ‘u Method (dynamic method or transpiration method), Ty
~° "method is also named as Gas saturation method. It is most widely used method for
,  measurement of the lowering of vapour pressure. The apparatus, as shown in Fig.13
"7 ! tonsists'of a set of blilbsiand U-shaped calcium chloride tubes.

Anhydrous CaCl,

: Fig. 13. Experimental sot up for Ostwald and Walker's method
Tostart the experiment, the weight 6f bulbs containing solution and solvent and calcum |
&oﬂnm.g.w is taken. The solution and solvent bulbs are placed in a thermostat to maintain |
the required temperature. A stream of dry air is passed through bulbs containing solution, |-
then through bulbs containing solvent and finally through anhydrous calcium chloride whid .
can absorb the mo__.m_..m. As Em alr passes through the solution, it absorbs the amount of vapour
present over the solution tll its pressure becomes equal to the vapour pressure of the solution |
bm_ a EE-. a loss in weight of solution bulbs takes place. Thus, ]
Loss in the weight of solution bulbs (wy) = vapour pressure of solution Py “
M”_n i w oxp . .(16) w

moist air passes through solvent tubes and takes Jvent

tubes show loss in'weight. Here, - . AT vy 08 ot
Lossin snwE of solvent bulbs (w,) « vapour pressure of solvent~vapour pressure of solution

il Aol . ,Hmum ©-p) .17 ”
equations 16) and (17) we can write
Total loss of weightof séhition bulbs and solvent bulbs
LOHY IR .‘..ﬁ_ﬁu & ﬂ.ﬂuaﬁ Fh.ﬁlﬁt = : . .:25
of LW dmy P ! .’ )
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Lossin wggndsdvmb\dh

tw;+1w,; Totallossinweight of salution bulbs and solvent bulbs

As already mentioned, if water is used as solvent,
ibsorbs the entire solvent in the end. Then,

W

=

PP
P’

From equations (17) and (19), we can write

ther, anhydrous calcium chiorid

~A20

The increase in weight of calcium chloride tubes () = p*

The combining equations (17) and {20) we can write,

s pavveds 13)

Loss in weight of solvent bulbs
Gain in weight of calcium chloride tubes

Wy
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of $.1B13Expenimental detarmination of Osmotic pressure
Berksley and Hartlsy’s Method
The principle of this method is to apply an
external pressure on the solution which is just
sufficient {o prevent the entry of the solvent inta the
salution through the semipermeable memnbrane. The
appargtus used for measuring osmotic pressure
is shown in Fig, 18.

- It-consists of a porous tube (A) lined with
semi-permeable membrane of copper ==
fervocyanide. The porous tube is fitted into an .
outer gun metal vessel which is fitted with a |
piston and a pressure gauge. The porous tube
is fitted with a water reservoir on one side and gy
a capillary indicator T on the other side. Solvent membrane (A)
isput in the porous tube and the outer cylinder Fig. 18. Berkoloy and Hartloy apparatus for
is filled with the solution, the osmotic pressure measuring osmotic pressurs.
Eéwﬁfggéﬂg?b—né tube tends to pass into the solution
through the semi-permeable membrane due o which the level of capillary indicator moves
mﬂﬁnﬁ__&.mﬁg& pressure is now applied on the pistan so that the solvent level in the
capillary indicator remains constant. The pressure which is equal to the osmotic pressure i
recorded from the pressure gauge.

This method is an improvement over the other fwo methods in the following respects:

{0} In this method the external pressure balances the osmotic pressure, as a result the
strain on the membrane is not so much as in other u._mEomM ’

(i) Thee uilibrium is reached more quic so the time taken fo; ; ;
Pressure is lesser than other Hn_.rommv, I measurement of osmolic

| (i) The concentration.of the 8_:.:8. does not change during measurement because the
m—o_uva by applying external pressure.

solute, then, the number of B.\uﬁ of mowc.wm is mmmﬁn: as, L

nN= —

M
Substituting the value'of  in equation ;= w,w_ﬁ. ,

calclated. The vag o R = 0.0821 ltre atm degree-i
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thermometer is used. = ture
‘tis designed to measure small changes o
inﬂ&ﬂn.ﬁiﬁ%:ﬁ&%&ﬂ.&ﬁ&%&»
It consists of a large bulb B at the bottom of  fine 078
capillary tube A. There is a small reservoir R of mercury
the top, The amount of mercury in
-increased or decreased by tapping the thermomelter gently:
Asthebulb Bis large soa small change intemperafufe causes
appreciable movement of mercury in the capillary, hence
measuring the temperature changes with precision. et
complete scale is callibrated from 0 1o 6 K and each small
division can read upto 0.01°.

The thermometer is gently tapped to increase or
decresse the amount of mercury in the reservoir. In this
éaﬂ%»ﬂnﬁﬁ?ﬁﬂﬂvﬂmﬂﬂ:gw&n&%

" any desired point on the scale when the thermometer is
E&?%ng&aoﬂmo?mg.
gﬂ%ﬂnﬂﬁﬂuﬁ%ﬁ&ﬁmﬁ&u
for determination of elevation in boiling point.

(i) Landsberger's Method
W.‘_.,‘ This method is based on the principle of heating the solvent or solution fo ifs boiling pointh |
passing hot vapours of the pure solvent into it. The heating is done slowly so that superheatingd |
the solvent or the solution does not take place. !
The Landsberger's apparatus used for this
purpose is shown in Fig. 21. It consists of
following paris :
(i) A round bottomed boiling flask A
in which pure solventis boiling.
(if) A delivery tube B which hasabulb ¥
attheend with holesknownasthe  H Hole (H)
{rosz-head) C to carry out uniform | d S
heating. 2 " ube !
-2 (fifyvAn inner boiling. tube D which is \vapd
" gradpated in ml and has a hole H. TR
.-, _Itholdsthethermometer T reading SR
; correcily upto-one-tenth of a | < RS Ros®
degree. The middle portion of the E A
tube is blown info bulb E.
(i5) Thehotvapour Jacket Fhurrounding et
L _:wuﬁsﬁrééa?asww : o cond®
- 2545 wessel has'a side tube G which is -
s 5 Y . Fig. 21, for
B womanw@% to condenser, . &fa_igor.._.u_-wﬂn.} -_..ﬂ..ﬂ_o__JH ool

iGamScanner

Fig. 20. Beckmann thermomstar |




"

(h Sonall amOUnt of the pure sotyeng g taen in the inner boiling tube D:

(i) Pure solv .u_mrmmsn to its boilj ﬁomaw.%wom?wmwmfr fo geta steady flow
of salvent 2pours. The hot vapours e bubbled into the nmer boiling tube D through
the rose-headl R which efisures the uniform heating of the solvent. As soon as the
solvent begits to boil, the temperature becomes constant and the thermometer
E&:w?zcg..d.% gives thebboiling point T, of the pure solvent. The uhcondensed
%oha Gmw.vo Into the outer Jacket B through the hole H.

(i) Ehe *o% Of Vapours through the solyent is stopped for a while and an' accurately
weighed amount of solutejs introduyced into %ﬂ:ﬂ% D. Vapours of the boiling
L sia o oo passed into the solution and its boiling point (T;) is noted. The
=1y oF the two temperatures (T, - T,) gives thé elevation in boiling point

(iv) The volume of the solution

(V) is noted directly from the graduated tube D. The
mass .wm the solvent (W) is calculated by multiplying this volume by its density.
WMW».EMM%@WKE»:E&Q of solute (W,), and the solvent (W,), the elevation in boiling

molecular mass : . .
equation ' of solute (M,) can be. calculated using following
_ mﬁe xsu X1000
Sources of error

mosmgﬁwnﬂnoﬂﬁﬂm_wsmganﬂm
(i) There are chances of superheating of solvent and the solution,

Ahs Itis difficult to know the composition of the solution at its boiling point,
iii) The boiling points measurements are made at a surfa ic
oo Bl dce 34 cm below the liquid

an error may occur due to

hydrostatic pressure of this liquid column.
Theboiling points measured by this method were
about 0.1 higher than expegted values.

(i) Cottrell’s Method 3

To eliminate the sources of error in landsberger’s

Method, Cottrell designed the apparatus shown in Fig. 22,
s The Cottrell apparatus consists of/a boiling tube in
AE& Puresalvent is taken. To maintaina continous stream
gg‘ asmall pieces of porcelain are put into the liquid,
g Mverted funnel with side tubesis placed in the liquidin
»Ew that its side tubes open above the lével of the liquid.
* hermometer that can read accurately.iipto one-tenth of *
m@ﬂwaﬁ in the boiling tobe in a way that the vapours
__osm liquid are sprayed on the bulb of the thermometer.
Side tube of ¢he boiling tube is fitted with a condenser.
Aknown mass W, of the solvent is taken in the boiling
% and jg gently heated and the liquid boiling: The

i bollipgtselvent rise through the furmel and-
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S

i

i
W

w

.W..
¥
M
i
-
K
:
:
g
w
¢
Mﬂ!

W Soaonry weod upog

-~
TR U OGN RY] ARUAQ SR PO

S

Bl

"By
* 2y mucwminy) AP0

i spuswsinsaIu 20040

I

‘aumyosadueay

o umod Fumog xp seepn
LM MR U0 paseads e

vy apes M1 yENORA Furssed JaUT LARMDOL

‘! MNOS .a‘ -—mu \-LW \'

-

v-

(1) nERAeS WY

s

-24nyouadiinay amo] v 3

posp § 1 jo Frempe

aqy *y pue!

1) sumd S

SIQN] IPIS A PUT AT
qmapwpﬂrxkpnpmbq

Sugeayadns popaen sag o] 71

]
-
5
¢
&
3

£
)
-
)
F
W
;
B
L

uognjos ag jo uonrsodwed ] ()

d aye Y0u S0P

rod 3ujioq e
E JUD A0S AR O PIPPE ST

d 1xyr 1gawmounay jo

= e
& LN E
s S Yl

-

ajnjos R Sl IP]'n.\w

1 JU7

'

IR
id g

B POGARTII BT M "Pasn S1 A2y S uLvII9g

U SR pdurydun suiewal ju

PUR JONURTUND Y] Wl DAsU

mq A O S.I“!"vd!‘-‘t *n 2SN PO 0]

pagsa v ue ylnang Bursse

a2 14 » \'r
AL LT ‘Hf_nl' ‘.-"!:‘ T L ek

Pt 2|0 N UED




"3qny Jetur a1y

1 B WM Pa18A0d ( fassan sspif v (1)
002 JO 8381 UIIo

Papraoxd st 11 ‘amyxua Surzaay

~fig

IBINS € ym

Surejuod pue p
ur pmbry atpy Jo'Suy

W
ve By

J i

WOPOPPIVPoOVRoPIPIHE ] ,

b Bt
]

1Za5y)
OREUjwIaap 5

jod By
Piou
s.uuaumoa

de
de

wnj
Ow W
Sﬂﬁmd

.

=

1 e—

@ Alknown weight of solvent is taken in freezin, d its approximate freezing

etermi g tube A and its approxima

(@ M#&M”hﬂ wo?asﬂm _ug piacing e gibe K directly i Emﬁ?ﬂﬂ:ﬂ:ﬂcgwma by

i i r e

(i) eliquid ia allowed : falls to approximately 0.5° below

m.ﬁ approximate %&ﬁwnﬁmﬂﬂ?hﬂrw ﬁBﬁnﬁHm the mo_<nw-= has been
s led without undergoing solidification.

{iv) <._m9.d=m stirring of supercooled liquid is done to introduce solidification. When the
solidification starts, the gvﬂm:w.m rises and then becomes constant. This is the
accurate g:m point of the solvent (T,). This temperature is taken using a thermometer

,_ that can read upto one-tenth of a degree.
() Now one-tenth thermometer s replaced by Beckmann thermometer. The
{ thermometer is set such that atthe freezing point of pure solvent, the mercury thread
in the capillary stands at the top of the scale. .
. (o) The freezing tube A is taken out and the solvent is remelted. A known quantity of
| solute is added and dissolved by stirring to obtain a solution. Now the freezing
point of the solution is determined in the same way as that of the solvent. .ﬂﬁ
difference between the two freezing points gives the depression in freezing point.
Knowing the weights of the solute and the solvent and the depression in the freezing
point, the molecular mass of the solute can be calculated by using the expression

M
I

|

w Ky X W, 1000
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To obtain accurate results following precautions should be observed :
() The temperature of cooling vessel should be 4° to 5° below the freezing point of the
liquid.
(i) The stirring shonld be uniformly done.
(i) The supercooling should not exceed 0.5°C.

{ Rast's Camphor Method

The depression in freezing point is directly proportional to the value of molal depression
constant i.e. K,. Rast's method is based on the fact that the value of K for camphor is 40, so a
solution of a mﬂ#mgon in camphor will show large freezing point depression which can be
read easily using an ordinary thermometers. This method is _Gmn. for determination of molecular
mass of salutes which are soluble inn molten camphor. The procedure involves following steps :

(i) Pure camphor is powdered and filled in a nmﬁE.wq tube sealed at the lower end.
This is tied along a thermometer and suspended in a glycerol bath or concentrated
u&.ﬁ#ﬁo acid bath. o o ) )

-~ {fi) The melting point of camphor is anmﬁmm. This is the melting point of pure solvent

(T - . .

. nweigh i ed with a known quantity of camphor and is melted

% = NMMMW %ﬂuﬂﬂé is then 8&&.@0:. NEEBMM% the mixture is

L powdered and introduced into a capillary tube and its melting point determined.

* * "Ihe difference in two melting points gives AT, Now-a-days, the electrical heating
is used for determination of melting points of camphor and its mixture

F Sca en-salute.
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Flg. 2. The phase diagram for water system
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3 1. Curves :
c 3 ) Curve OA, the vapour pressure curye of water. Curve OA separates the liquid water
c from water vapour region. It represents equilibrium between liquid water and water vapour
| - Y atdifferent temperatures and is known as vapour pressure curve. Above this curve liquid water

- 3 dlone exists and below it only water vapour exists. At any point on this curve, the two phases
-m - water liquid and water vapour exist in equilibrium. The curve starts from point O, the freezing

I - ? point of water and terminates at A, the critical point above which the liquid does not exist. At
2 J this point A, the critical temperature is 374°C and critical pressure is 218 atm. At point A the
¢ liquid and vapour phases are indistinguishable and there is only one phase. The degree of

edom of water system as given by phase rule is one.
o F =C-P+2=1-2+2=1 _

.mm.b be well explained by considering any point on curve OA. Note that for a given
: there is a fixed value of temperature. That means if pressure is kept constant

sure,
w.w. ...E.E.m is raised, then vapour phase will disappear. Similarly if temperature is
qiquid phase will disappear. So to define the system completely along this

o mention pressure or temperature of the system, or we can say if pressure
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% rature becomes automatically fixed. |
our system along curve OA is univariant as predicted by the phase rule.

A 4P, . . \
~Theslo : QA i.e. dP/dT is positive which indicates that vapour pressure of water
he slope of FUE ture. This fact can be explained by Clausius-Clapeyron equation.
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> |
where — mxi T
DI.s = Molar heat of fusion of water )5% ™
Vg =Malar volume of 1"Dsidaot
¢ water vapour tbove
<~ . P c thet the mely €Xpression is negative, Hence dT/AP has a negatioe sign; the negayive o1 |, dic
. s = Molar valume of ice c e At1 8 Polnt of it decrenses by Increase of pressure e
< a
Since AHyis +ve and V, > v, . V=V, is +ve ¢ [yineh et :E_,exya POl O e e Uemperture s meet the fusion curve ot
o < | \0isless than an.vor_- of ice while at a higher pressure P, the melting point is T,°C which
. There
. T +ve ¢ _ CE» ﬁ.—”“ﬂ%ﬁ =3Wo”n the curve OC. At higher pressures different structural forms of
i @) Curve OA’, the metastable curve vapour pressure curve for supercooled watg, ¢ | cvzhﬁggnoga:s—nﬂﬁggig T wepsessaai.
quid water on the curve OA is carefully supercooled, then it is possible that the ice m,

appear at triple point O and we may get liquid water below its freezing po

Eﬁﬂ _

to exist at pressures above 2500 atmospheres and
C.Evnﬂ?ﬂlnnﬁ?a:wvo_agﬁng 5 i

rve OC, there are two phases ice and water are

. int. The wag,, . present. Hence the system js univari

then said to be supercoaled and the curve QA'’ represents the vapour pressure QQ_MMn _ v > F anﬂn w”.uwquﬂncw wr um w e
Supercooled water, the curve OA’ represents the metastable equilibrium between liquiq Waley @ — CN Areas AOC, AOB ;

2nd vapour phase. Ifa small rystal of ice is added to the supercooled liquid, the liquidatgy, = | W S

solidifies and changes into ice and the curve OA’ merges into curve OB. It is seen in the phy,, ¢

diagram that the curve OA " lies above the curve OB. Co
system is higher than that of the stable system (along

{ii7) Curve OB, the sublimation curve of
and vapour at various temperatures and pressures,
point of water and terminates at absolute zero -

shows that as the temperature is lowered the

s?gmﬁmﬂ:goﬂ@oﬂnqﬂﬂmavﬂﬁﬁnmﬂmﬁﬁn temperature and vice vers,

or we can say that the system is univariant along curve OB. It also follows from the phase nuk
mﬂ:mmnn

curve OB) at the same temperature,

y

F=C-P+2=1-242=1

The slope of curve OB is positive indicating that the vapour pressure of ice increases wih
temperature. This can be explained by Clausius-Clapeyron equation

dP

AT

Ay _tee_
T(Ve=Vi) 4o

that the melting point of ice is Jowered by inc®
..”.w pressure. This fact follows from Clausius-Clapeyron equation, which is
y
B _‘ - NN _ b:\ - F\M _ H.ASICL —-ve~ tive
AOTG-V) T @ TR e |
mnm#% md« nﬁ.@d& ice <u is less than the Q_Dgﬂ of $5§ <~‘ ?H&Qﬂﬂs the term on lm.r »w_wl

nsequently, the vapour pressure of the melastay,

ice. Curve OB represents equilibrium between g
qm_mncncmmﬂamdavaao.mﬁg
273°C) where vapour phase does not exist |
vapour pressure of ice tends to be negligible. Al

: | €

_c The areas AOC, AOB 4nd BOC in the

hase diagram show the conditions of pressure and
temperature at which a sin P 04 2

.. mumwrmmmmnm.im”naow <mvo:—.nwumxmm..5m_.nm>0nEmmwbm“m
— s_._mmm rAEm_ water is present. In area BOC there is only ice whereas the area below the curve
¢ — .v>0w contains ow&. imnﬂ,a.vmvoﬁ. It is necessary to specify both temperature and pressure to

define a system in these areas. For example, in area AOB, point d can be completely defined if
ﬂ — g.wwmbm temperature T, are stated. Thus, the system has two degrees of freedom (or it

JVG bivariant).

c — 9 Similarly, within single phase areas AOC and BOC the system is bivariant. In other words,
c — We can say that in these areas pressure and temperature can be independently varied within

— Othe area without any change of phase taking place. Hence, these areas are bivarian systems. It
C | \dlsofollowsffrom phase rule equation,
o I’ _ F =C-P+2=1-142=2

— Y  Thusto specify the system at any point in these areas, both the temperature and pressure

S Jnust be fixed. In other words, the System in these areas has two degrees of freedom i.e. it is
< — bivariant.

—o
S °: Triple point ‘o’

¢ -.U Point ‘O’ in the phase diagram represents triple point of water system. The curves OA, OB

[ — d OC meet at the triple point. At this point all the three phases ie. ice, water and water
-.u”vo:n exist in equilibrium only one such point is possible.

@ It represents a non-variant system i.c, zero degree of freedom. It is not necessary to specify

UwE.ﬁm temperature or pressure under these conditions _uwnm:um. there is oa,w. one temperature

and one possible pressure at which all the three phases can exist together in Q.N.Ebst:.

~ This point corresponds to a definite temperature 0.0098°C and a mm.mE.wm pressure of

.58 mm. If either pressure or temperature is changed, one of the phase will mﬁwgm&. Thus

] “on changing the condition of temperature or pressure, one of the three phases will disappear.

at friple point O, there is zero n.nmnnn of freedom hence, the system is invariant or non-
._Eum:n at triple point O. According to phase rule equation,
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Fig. 4. Phase diagram of sulphur system

g of four phases. The four phases are :

,-=‘:—1':
=0and C

1
LA e

—_—
-
7

L

hur namely rhombic sul
P£2.

ﬁhases of

PV UWVVWVVWI VWV VLYYV YLLLLLLECL Lo o

MU

g —I56C
R A
=47 A
1-4+2
enF

P
3

mt shows six equilibrium curves AB, BC, CD, BE, CE, EG and four metastabk

= | 40

r.pm.@.wm‘an,:amO.gmntém&.&un%n phase diagram into four aress.
the sublimation curve of rhombic sulphur. It shows the variation of vapo¥
OfSgwith temperature. Along this curve two Phases Sy and S, are in equilibriu™
i curve starts from point B, the transition temperature, (95.6°C) of Sg and Sy and
ferminates at A (50°C). Below point A the Vapour pressure of rhombic sulphur canno! k.
measured. As there are two phases Sy and Sy in equilibrium along this curve so it represen®®’
univanant system as predicted by the phase rule equation .
e . F=C-P+2=1-2+2=1, |
(if) Curve BC, the sublimation curpe of monoclinic sulphur., It shows variation of vap? |
pressure of. Sy, with temperature, Alang this curve two Phases 8, and S, are prese™ *
- equilibrium with each other. The curve starts from point C (120°C) and terminatesat B @569 |
SRR i Eﬂgommn.dﬂmmwmgm_gmggmﬁﬂa<§=r |
. ) Curve CD, the oapour pressure curoe of sulpiyur liquid. It shows the variation aﬂm
Sedned with phurliguid with temperature. S and S, are i equilibrium alo$
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gﬁ—hﬂ ; - e JS, ee Lh Y R A .
_ . i starts at point C (12 i —
; n..&n—_unﬁqﬂ #ﬁvﬂ? critical point after iﬂnanrﬁ B.__Aw ﬁ”ﬁnﬁﬁﬁvﬂﬂ
Curve CE, g g pe .
int e
s a.w....>._§mgﬁuﬁmﬁsﬁt:&g?mgaugs?sm_.
it s, e o S 10 5, it n e, T v
exist. BY the inctéase in pressure. 2 from thepressure axis showing that the meltng
5 . . The curve ends at E, beyond which Sy, does :om
are in equilibriyy, H._ﬂuanunnnh Point curpe for Sg. Al .
.Eunﬂncawmnu.gho@aﬁswggnﬂ. a:m:..mnnﬂéﬁm:eov_._mmmmwgnm_.
5 2
T e o ST e s e g
change revergpi %, CTPerature and o allotropes Sy and S,,. Each poin el
=1-24 Hv.s_oo#nm.:o:._ﬂ.. pressure at which the two = o (his Curve
2=1) g .ﬁ:._dnwmndmu £ & un n_.”ua—m::._mhoam Sgand S,
: variant system (F = C - P + 2

- PHASEBouwsRIM o

a2 univariant system.
(viii) Curve BF, the .
e s
o?:v:@ﬁmonﬁ&.ﬁ?onmhwmmhn M&w OUr pressire curve of 5, ©
ME% not appear at point B (the b m“_m:nmn_bvﬁ is rapidly ___...M.&Mm_dnm BFisa continuatipn
| Curve BF represents the metastable equrs <) "4 W en thombic sulphyy
_w_.“._.—qmanﬁ system. - e equilibrium between § M“ﬂmﬁ Supercooleq. S\
: o) ol - - . i . i« 5 : .
z&.wquwﬂ CO, the metastable pagsiabtsaic M 3N Sy It xepresents 5
iquid the ciarve CO on curve _
supercdoled S anid Sy, mn_nosm.w hwﬂ.a&. Tt représents the metastab],
, & .~ metastable vapour pressure gmﬂmmw”:_..vﬂ:ﬂ betiveen
at point Q.

Au..vﬂ_m-..ﬂn EO; ﬁnguui ;

I/é

27.

o, -

ceccecoeTE®ECC

nNNOOHEO OO0 000

f; _'t! _Tfp- N

Y univ .mﬁ.zﬁﬁnﬁngog of Sg Is increased with increasing prdssure, The system
e atiant, If liquid sulphur is cooled rapldly at a pressure higher 40,1290 atm, then we ¢,
\) getsolid thombicsulphur without the formation of Sy Th demt B where the metag

disa fable

' Sg disappears. .

2./Areas iy kg

The phase diagram of sulphiur sydtem has four are
Sy-. There is only one phase present in these areas so they represent bivariant systems whig,
have two degrees of freedom. L

- These areas show the conditions of

qaisli
by
L3
@‘r

15 thy,

ecurve en
BRI TR T oo U
P

as. These regions contain S, Sy, S 44
i

F= C-P+2=1-1+2=12

; pressure and temperature 2t which a single phase 5,
"V 'y LU )

1

SwSorSyiapreent o ..
'’ (i) Below ABCD the region of sulphur vapour Sy is presént (bivariant system).
is present (bivariant sysetm)

(i) To the right of GECD, The region of liquid sulplure. S
(iif) To the left of GEBA, the region of thombic sulphur, S is present. (bivariant system).

* (iv) Area enclosed in EBC, the region of monoclinic sulphur, Sy is present (bivariant
systen). )

3: The Triple Points B, C, E-and metastable triple point O

C and BE.meet. At point B, the three phases in equilibrium
if temperature or pressure is changed, one of the phases
t this point. Thus, it represents a non-variant system.

Triple Point' B
- At this point, the curves AB, B
are Sg, Sy and Sy. At this point,

disappears. There are three phases a
-7 . F =C-P+2=1-3+2=0.

_ At point B, Sp is changed to Sy and this process is reversible. So the temperafur
corresponding to point B represents the transition temperature (95.6°C).
Triple Point C . :

s, atemaigtn A 2 ALy L b P s 3 e
S 5 CB inee ot this point. The thuee phases, Sy Sy Sy 070
_equilibnum atEnls POIT, A ﬁ%«.ﬂﬁnﬁﬂmﬁﬁmﬁ\ the poift C represents anon-variant system

oy it dica J.b,w Tule mﬂ:mmou. '

GRS R S m.nlwim.ml.“r.nw.b,nno

phase diagfan, the teperature correspondirig to point C is 120°C
OUTT B ST T |

iEnvw%

mgltingpoint of Sy v

?@ﬁwﬁm. B T . i

- gyhisjs he melting pojnt o three curves CE, BE and EG,

iR el mﬂﬁ: at point E, The system is non-variant at this point. This point ¢0 45

b eratute 15°C and 1290, atmosphere pressure at which the three phases S S

* aexist If qne-bt the variables i.e. temperature or pressure is changed at this point o
T Eo&asoaums&assgsa degree of freedom.
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ks .l..q,.;.




%

I
Aqeseapy

b e Ag pue g
U Jurad

PoReas 5

omy
\

$ Jo yutod 8y,

pun ¥

oVL1 JO angers

duIS]. ®Je
Pareay Apprdex g g uaym

SUOIIPUOD 31qmsmiaw 4
ST0'0 pue

SN ;‘IEOCI Sl'q} W

urur

saseyd siqeysersuwr o

ﬁ. EQUILIBRIUM
N s s -
y isa fwo-component sy »

3| o and silver are the tudy ¢ IVOIVing solid.fiquid equilibrium and forms a simple eutectic.

5 solid lead (i) solid sifyer (oS- The possible phases are :

lt_v The effect of pressure op, Smmﬂ solution of molten lead and silver (iv) vapour

%« o solid lead and silver js v, Hiquid equilibrium is negligible because the vapour pressure

f/vw. condensed system gEﬂW_”&F Therefore, the vapour phase is ignored. Thus, lead-silver

W‘%«ﬁ:ﬂﬂ The tem Phases. Hence reduced phase rule equation F' = C - P + 1is
nFg 11 Perature composition phase diagram of the lead-silver system is shown

)
A | &.J
"9
v l_v F.pt Curve of Pb
.y 4
L 2 .‘ m 3zr°c

w s

2

o | £ T e o)
-3y o
N /U 88” u.a._‘. M
.3 % vnn E..ﬁ»%.. 100% &b
-y Fig. 11. Phase diagram of lead-sliver system.

& 0 Main features of the diagram are :
[T @ Curves AO and BO _

J.—“, (i) Eutectic point O
(ii)) Area above AOB, area below AO and area below BO.

»pY e Curves >
-;0. (i) Curve AO, the freezing point-curve of silver
. pointof silver (961°C). Curve AO shows that addition of Pb

’ - - Po th i P g

= - =) o >MMM“ _.mvwﬁnrwwﬂ .m.wmn._”pmn ofiAg Thus; m..au.munﬂ”ﬂm Wuwﬁp ”& %’m mmw—wwm_osm tne curve

A 0 o e o sl A it i UL with liguidsoluion o P in Ag

rgd 0 Along thispuree elc & rionto AurveAO=C-P+1=2-2+1=1

! 5 : rw-v. ¥ Hnw.m_mns that M—onm "Eu curve the lead that is

! nn Y3 if. The separation of silver continues till poi

- Sl e g L G v separes oo T sparaionofsive conines l ol
E4fiirated With respect to lead and no more lead dissolves

5 0 &.Oﬂ nmﬁn fall any further.
tof silver i, 974% Pb and 2.6% Ag, A fixed eutectic

at; is
e coposion.




(i) Curve BO, the freesing point curve of lead , ’
4 m— .
Paint B represents the freezing point of solid lead (327°C). It aé:u.ﬂﬁn aﬁm.m_ w,,qw., of
lead is gradually lowered by. the addition of small amounts of m:enm.. wmmm?nn Therek the
silver which s added goes into solution while the separatian of solid lead taes FIAeh, “hercfore
along this curve, solid lead is in equilibrium with liquid solution of silver in g
compasition.
Applying reduced phase equation,
F' =C-P+1=2-2+1=1
Thus, it is a univariant system.

(iii) Eutectic Point O ) .

The curves AO and BO meet at point O which is called the eutectic Ha:M. .\Ww this point
solid silver and solid lead exst in equilibrium with  the molten solution or melt. Hence ther
are three phases present at point O, therefore there is no degree of freedom at this point.

Applying reduced phase rule equation
F =C-P+1=2-3+1=0 _ .
Hence, the point O is a non-variant system. It represents the lowest possible temperature
(305°C) below which liquid phase cannot exist. Below this point liquid phases cannot be enriched
In any component by freezing out the other component, Such a liquid mixture of two components
(here Pb and Ag), which has the lowest freezing compared to all oflier liguid mixtures is a called the

extectic means easy melting. No miixture of lead and silver has a melting point lower than the eutectic
temperature (303°C).

Ateutectic point the mixture freezes out completely ata constant temperature to form solid
mixture having the same composition as in the liquid phase.

At this point the eutectic has fixed composition. At point O, an alloy composition 97.4%
lead and 2.6% silver melts at 303°C, :

o

v

9

It may be noted that eutectic is not a chemical compound of Tead and silver. It is a m
and silver and its composition depends on temperature.

It the temperature is raised above the eutectic temperature, one of the ill di
. : C 3 phase will disappear.
Whereas cooling below this temperature results in the simultaneous crystallisation of a LWWME
of silver and lead in the composition corresponding to point O,
(i) Area AOC
" In this region, solid Ag and liquid melt b/Ag) exi i s
ie.P=2,F=C-P+1=2-2+1 Mp._m :m:omcu. mvmnﬁm.w. g phitses m..mvnmvm.a

ixture of lead

d, almost pure Ag is

component is liquid melt (Pb/Ag). However the comp

Present and at point b almost all the
Le, '

osition at point ¢’ js given by lever rult

Amount of silyer ad
. T —
e Scanned with Amount of melt — g
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M mM in the area marked éutectic + solid Pb, fine lead crystals are pr

| | Q||\||“¢%
1% m_ﬁ._ Area BOD :
{n this region solid lead.ang liquid melt (Pb/ Ag) exist. The composition of the liquid mel

fn this area, two vmabwr..wna Present

i p=2"F=C-P+1=2_94 =1

Hence, this area represents a univariant system.
(oi) Area below line COD

3 ~P=2
In this area there are two phases, solid silver and solid lead are present
F =C-P+1=2-241=1
Hence this area represents univariant system. < solid eutectic crystals.

- In the region marked exitectic + solid Ag, there are silver crystals esent alongwith eutectic

|ead)
} Desliverisation of
on of lead-silver system Pattinson’s Protess { oo

" ilver. s
* Galena, an ore of lead is usually contaminated with 0.1 percent cls tiferous lead is hgated

: gy , the argen ¥ s
alled argentiferous lead. For wm_u.n.m..ﬂanwm ﬂrﬂ.‘—. ”_.m“.n,mnmmw&““w Mosuwmﬁ_.mo_ only the liquid phase
2 . joint of lead so thal
siuch above the melting poin

Wﬂgﬁm by the point x, in the phase diagram (Fig: 11).

*

52%,
3 = > 100%
) .Jno:A#.QJnono.ml...eo:
i pinte diagram for KO system &
Fig. 11. Phase ture of liquid melt falls along the

e ly, the temperaiill
: o it xis copled m_wi.mn start crystallis

as. E.d.mﬂ. —.m.nsgumm remoy
separali e richer insilver
of removing S1Ver 3
. . 408 \'s ﬁnﬂn& fér. jncreas 08

ing. As a result the residual
legs.} 2 the system shifts along the curve
oy = Bnﬁ:ﬂ? mﬁu.rm_v of ladles. As cooling Is
»r until at point O, the percentage of
called desilverization of lead. This
the concentration of silver in the



