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Q.. Derive an expression for the variation of W

gnd pressure for a process, ‘ 2Y with ey

s, Varintion of¥ n\.c.l"“wg}’ Change with Tempery (2017

~ The variation of free energy change wip Vuriulinur“,““‘l Pressure..

pressure may now be considered. According 1o Eq. 67 n of lemperatyre and
G=H-T§ :

Gince H=U + PV, hence G=U+PV-TS

Upon differemiatiml'.. d(? = dU‘+:’d‘V +VAP-TdS.gqp :u
| ' equation for an imial fhowes o e 1l

o FWi} ]f\:l'jq dw titesimal change may pe Written ag ]

If the work done is only due to expansion, then, -dw = pgy coonee (111
dq=dU +PdV |

Forareversible process. e (iv)
dS=dqTor TdS=dq=dU + Pdv

Combining Egs.(11) and (v) we have ' V)
dG=VdP-SdT

This equation gives change of free energy when a system u“derg;; Ev:ivm-
ibly, a change of pressure as well as change of temperature.
If pressure remains constant,i.e., dP = 0, then, from eq.(vi)

dG=-3dT or (8G/aT),=-8 e Y (vii)
01_1 the other hand, if temperature remains constant, i.e., dT =0, then, from Eq.
(v1).

dG=VdPor(9G/aP),=V .
Letthe free energy of a system be G, in the initial state and G, in the final state
when an appreciable change in pressure has taken place, at constant tempera-
ture. Then, integrating Eq. (viii), the free energy change, AG, is given by

AG=G,-G,= [ VdP ()

Where P and P are the initial and final pressures, res_pective!y.
If one mole of an ideal gas is under consideration, then PV = RT.
P

mdP _ ) _RTISE (x)
AG=RT |, ?—RTlnE-RTInv

2
Where V, and V. are the initial and final volumes, respectively
_For n moles of the gas,

AG =nRTIn (P, /P)=nRTIn(V,/ V)

(2017)
. - nce-
Q2 Define entropy and mention its physical significa
Other Realated Questions - _piication.in

om
(_Visit us for more detail at: WWW.WINS
“
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Q.  Write short note on entropy und its physical significance. (2017)
Q.  Whatis physical significance of entropy 9 §how that for Idenl gas
As=C_InT, /T, +RInV, /V,
(2011)

All terms have their usual meaning.
Q.  Deduce an expression for change of entropy fo
perature and volume.

r an ldeal gas with tem-

: . it nge assoclated with the change in
Q. Derivean expression for entropy chang (2012, 09)

temperature and pressure of an ideal gas.

dvol
Q.  Deriveexpression showing variation of entropy with presise a?lﬂlﬁ)

:
ume.
Ans. Conceptof Entropy: - 0
y T =q.,/T, .
; : = E(_ll].l:i] has been derived by giving positive SIgn to tl'{c heat absorbed {q.,)
d negative sigh (0 the heat lost (q,) by the system. Describing q, apd q, merely
& heats exchanged (T2 be cvolved or absorbed), Eq. (i) may be written as
as X
f T,=0 ek i)
q,/T,* T

Th “he[fthé isothermal and adiabatic processes in a Carnot cycle are
us. W
 infinitesim

s ally slowly (i.¢., reversibly), the summation of ¢/T terms
ca
is eque’ 10 ;{?rgiic process, if carried out reversibly, can be shown to consist of
. :5‘ ;?g:mm cycles. Consider a cyclic process in k’:fhiCh the change from
‘:hs:sm{e Atostate B and back to the Stafe A(Fig)is C_arrled out reversibly. The
path ABAMAY be considered to cOMPrISC pf a number o_f small Carnot cycles,
i e of aseries of isothermals and adiabatics, as shown in the figure.

" The lines slanting horizontally stand for a diabatics and those slanting

vertically stand for isothermals of the small carnot cycles.

Y
N,
\

'\1

; X
0 A
O -
B
———
Volume -~

Fig. - Entropy change in a reversible
cyclic process -

If'each isothe iabati ' ot
rmal and adiabatic change is made cxtl'ﬁnm!y e er, the

cach Carpof ¢ '
yele is made e byi ' ume
— Ut Lycle s 1 xtre their
mely small by increasin e
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paths inside the Toop cancel one another and the oycle corrasponds
(

continuous isothermal curve ABA. Thus, any reversible cyele can he reparde
qs being made up of infimte number of small Carnot eyeles

Knowine that for each Camoteyele, q /T 1 T =0 it follows the
ase of the reversible eycle ABA, COMPrSIng nl':| H.r::'riuf-;.nl'( arnot cycles

1L

the €
the summation ferm tnkes the torm

Zq r =) ”“”““'“']

_the sum of all the g/ T terms of the Carnot cycles involved i1 zero. When the

1.e.
changes arc infinitesimal, the above equation may be put as
qu IT=0 i)
gince the cycle 1s performed in two steps, viz., from Ato B and back from B10
A. it follows that
I e I
Z_'IT —Ia"l'_+j|g. T:n (V}

Bdq . , dq
s the summation of all the T terms when the systen

The integral L T

ad
changes from Ato B along path 1 and L] -1? is the similar summation when the

m returns from state B to the original state A along path 11.

sysle
FromEq.(v),
B dq ~ *"‘Qﬂ
L Tr_ - -La T
B dq E H_d_q _
Or L TF—(pathl) —L T (pathll) | (V1)

Bd
It follows from above that L 7[{1 is a definite quantity independent of

the path followed for the change and depends only upon the initial and final
states of the system. This quantity, therefore, like AU and A H, should repre-
sent the change in some single - valued function of the states A and B of the

“system. This function is called entropy and is denoted by the symbol, S. II'S |
tial state Aand S, is the entropy in the final state B, then

is the entropy in the ini
the change in entropy: AS, is given by the equation
Bdq .
ﬁs:sn'—sﬁ —IA—']T r---r---{\""}
For each infinitesimally small change,
ds =dq/T - (T

Al constant temperature, for a finite change, dS becomes AS and dg becomes
GOk,
AS=q/T cerrl(1X) |
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1t may be emphasised that since entropy is a function of the state only,

the change of entropy ( A S) for the change of state from A and B will invariably

be the same whether the change is reversible or not. However, mathematically
it will be given by the equation

B8 dq 4y
as= | = )
! only when the change has been brought about reversibly. This is because the
above equation has been derived from Carnot cycle in which all the changes
are brought about reversibly.

Thus, the entropy change for a finite change of state of a system at constant
temperature is given by

AS=gq o 00 e (xi)
Unit of entropy : -

Since entropy change is expressed by a heat term divided by the absolute
temperature, entropy is expressed 1n terms of joules per degree Kelvin (J K').
This is known as entropy unit, e.u.

Entropy is an extensive property. Its value, therefore,depends upon the
amount of the substance involved. It is necessary, ti_lerefore, to make a mention of
the quantity of the substance taken. This qqan‘ﬂl'y 15.11511311)’ taken as one mole.
Calculation of Entropy Change of an Ideal Gas with Change in P,V and T: -

Since entropy of a system varies with the state of the system, its value
for a pure gaseous substance will depend upon any two of the three variables
T. P and V. Since T is taken generally as one of the variables, the second
variable to be considered may be V or P. Thus, the two variables to be consid-

ered are either T and V or T and P.

When T and V are the two variables: -

The increase in entropy of the gas for an infinitesimally small change is
J given by the expression
ds =dq /T )

where dq_ is the small amount of heat absorbed by the gas (system) revers-
ibly from the surroundings at temperature T.

According to the equation of the First law of thermodynamics, viz, AU
=q *+w, we have !

dg_=dU-dw .. (xiil
Ifige work involved is due to expansion of the gas, then, for
increase in volume dV against a pressure P,

-dw=PdV (xi¥)

o
........
"

e X
I;Substimnng the value of dU from C,=(aU/oT), and- dw from eq
ave v

F 4q,,~C, dT +Pav -~ i
Or one mole of an idea] gas,
dq_ = C,dT+RTdv/V
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dq,/T=dS=CdT/T+RdV/V e (X V)

For a finite change of state of a system, the entropy change ( AS) 18
obtained by integrating the above equation between the Timits o the initial
state | and the final state2. Assuming C,, to be constant within the femperattre
range T, and T,, for one mole of the gas we have

" T; dT vy dV ,
AS=8, 8,=C, J'Ti = + RLI e (xvi1)
Thus, AS=C, InT/T,+RInV/V, i (XYl
For n moles of the ideal gas, the above equation may be wrilten as
AS=nC,In(T,/T )+nR In(V,/V)) e (x1x)

e of an ideal 838

It is evident that the entropy change for the change of stat i
na

depends upon the initial and final volumes as well as on the initial an
temperatures.

When T and P are the two variables: - .
IfIP, is the pressure of the ideal gas in the initial statc and P, 10
final state, then g
PV, =RT, forone mole of the gas in the initial staté
P,V_=RT, for one mole of the gas in the final state.
b v,V =P T,AP,T) ()
Substituting in AS=C, InT, /T, +R nV,/V, forone mole of the gas, We
have
AS=C. InT/T +RInT/T -RInP/P = e (ii)
; v b | it A
Remembering that C, - C, = R
_ AS=C,InT,T,-RInP/P o (iii)
For n moles of the ideal gas,
AS=nC, In(T/T,)-nR In (P./P.) R 1
s el "the entropy change for the change

It is evident from the above equations that t
of state of an ideal gas depends on the initial and final pressure as well as on
the initial and final temperature.

Physical Significance of Entropy: -
1. Entropy as a Measure of the Disorder of the System - It has aiready been

shown that all spontaneous processes, such as flow of heat from a hot end to
a cold end of a conductor, flow of electricity from a point at a higher potential
to a point at a lower potential, expansion of a gas in vacuum, diffusion of a
solute froma concentrated to a dilute solution, are accompanied by increase i
the *disorder’ of the system. Spontaneous processes are accompanied bser In
crease in entropy as well as increase in the disorder of the g Step ¢d by in-
It has also been shown that melting of a solid or evy oy s |
is accompanied by increase of entropy. At the same {; PF fi_ithp ot a liquid
solid has a definite crystal lattice, i.e., the atoms of ; me, it is known that 5
are arranged in a definite order. The order s much ons or molecules in a goljq
uchlessing liquid and least ;
: Ina

[ Visit us for more detail at : www i
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- olies increase in disorder.
gas. Thus, increase of entropy implies incre nm..‘-i |I*T:1:, i AR
' S A mensure | § :
Thus, entropy is regarded as

: ; ; sure of the “mixc
great thermodynamicist Gibbs described entropy as & measur

up - ness” of a system. i i

Measure of Probability - ) : o
izt;clf:at:: :fe::mp}- and also to increase in disorder. A hﬂ.lc. cnn.*;l::!et;lii_:ﬂﬂrr':-;ll I
show that when a process is spontaneuous it means that it 1§ procee tL:;e ¥ t'
a less probable to a more probable state. It appears, th:ereforc, t!'@ : m'thd
close relation between entropy S and the thermodynamic ]Jrubal?illty V OF the
state of the system both of which increase at the same time. This relationship
was expressed by Boltzamm as

S =k In W+ constant e (XX)

where k is Boltzmann constant, i.e. gas constant per single molecule (= R/N N
Boltzmann defined thermodynamic probability of a system as the ratio of the
probability of the actual state to the probability of the state in which there is
complete order for the same energy and volume.

According to Planck, the constant in Eq.(xx) is zero. Hence,

S=kInW woneen(XX1)

Eq.(xx1) 1s called the Boltzmann entropy equation. A solid at absolute zero
temperature is considered to be in a most ordered state. In this case, evidently,

W is unity and hence S, = 0. The entropy of crystalline solids at absolute zero
is, therefore, taken as zero,

All spontancous processes lepd t,

Q.3 Derive the concept of entropy from the second law of thermodynamics
and show that change in entropy is a state functions. ' (2010)
Ans. The second law of thermodynamics states that the total entropy of an
isolated system can never decrease over time, The total entropy can remain
constant in ideal gases where the gystem is in a steady state (cquilibrium)l_q; is
undergoing & reversible process. In all spontaneous processes, the total en-
tropy always increases and the process is irreversible. The increase in entropy
accounts for the irreversibility of natural processes, and the asymmetry be-
tween future and past,
. The second law has been expressed in many ways, Its first formulation
18 credited to the French scientist Sadi Carnot, who in 1824 showed that there is
an upper limit to the efficiency of conversion of heat to work, in a heat engine,
The first law of thermodynamics provides the basic definition of inter-
nal energy, associated with all thermodynamic systems, and states the rule of
conservation of energy, The second law is concerned with the directjon of
natural processes. It asserts that a natural process runs only in one senge, and
is not reversible. For example, heat always flows spontancously from hott‘er to
colder bodies, and never the reverse, unless external work is performed on the
System. The explanation of the phenomena was given in terms of entropy.
Total entropy (S) can never decrease over time for an isolated system because

:
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the entropy of an isolated system spontancously evolves toward thermody-
namic equilibrium: the entropy should stay the same or increasc.

In a fictive reversible process, an infinitesimal increment in the entropy
(dS) of a system is defined to result from an infinitesimal transfer of heat (dQ))
(0 a closed system (which allows the entry or exit of energy - but not matter)
divided by the common temperature (T) of the system and the surroundings

which supply the heat:

0Q . : i
dS = T (Closed system, idealized fictive reversible process)
Different notations are used for infinitesimal amounts of heat and infinitesimal

amounts of entropy because entropy is a function of state, while heat, like
work, is not. For an actually possible infinitesimal process without exchange of
matter with the surroundings, the second law requires that the increment in

system entropy be greater than that:
oQ

dS > T (Closed system, actually possible, irreversible process).

This is because a general process for this case may include work being done
on the system by its surroundings, which must have frictional or viscous
effects inside the system, and because heat transfer actually occurs only irre-
versibly, driven by a finite temperature difference. Indroducing a set of internal
variables & to describe the deviation of a thermodynamic system from the

equilibrium state, one can record the equality

as=2 LYz 8
TR =68 (Closed system, actually possible, irre-
] ;

versible process)
The second term represents work of internal variables that can be per-

turbed by external influences, but the system cannot perform any positive
work via internal variables. This statement introduces the impossibility of the
reversion of evolution of the thermodynamic system in time and can be consid-
ered as a formulation of the second principle of thermodynamics - the formula-
tion, which is, of course, equivalent to the formulation of the principle in terms
of entropy.

The zeroth law of thermodynamics in its usual short statement allows
recognition that two bodies in 8 relation of thermal equilibrium have the same
temperature, especially that a test body has the same temperature as a refer-
ence thermometric body. For a body in thermal equilibrium with another, there
are indefinitely many empirical temperature scales, in general respectively de-
pending on the properties of a particular reference thermometric body. The
second law allows & distinguished temperature scale, which defines an abso-
lute, thermodynamic temperature, independent of the properties of any par-
ticular reference thermometric body.

State function -
[ Visit us for more d
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Go through Q.2
Q.4 Derive theromodynamically the Nernst distribution law and E“{l;[l}‘er'
ate its limitations and application. )
Other Related Question - _
Q. Write short note on Nernst distribution law. ' (2"1'5‘]
Q State Nernst distribution law. Derive this law thermodynamically. Mep_
y i icati law. (2'[1]])
tion two important application of the W |
Q.  What are limitation of Nernst distribution law. (2012
Q.  Explain Nernst distribution law. . (2009)
Q.  Derive the distribution law thermodynmlcs?lly.‘ - . (.2{] }3}
Q State distribution law and describe its applications. Discyss the limita.
tion of this law. _ (2014)

Ans. Nernst Distribution law: -

In 1872, Berthelot and Jungfleish found that when solutigng of iodine
in carbon disulphide, of different concentrations, were sha‘ken with distilled
water, the iodine distributed itself between the two solvents in such g way that,
at a given temperature, the ratio of its concentrations in the two lay
constant, irrespective of the amount of iodine. In other words .

(L]

Tl——-:clchZK” ......... (1)
H,0

The constant
cient.

€IS was

K, is termed as the partition coefficient or distribution coeffj-

Nernst, however, showed that the ratio ¢,/c, is constant only when the
solute has the same molecular conditions , 1.e., the same molar mass in the two
solvents. If a solute partly associates to form double molecules in one solvent

but not in the other, the law is valid only if the ratio of concentrations of singk

molecules in the two phases is taken into consideration.
The distribution of oic

taken as a typical example. In water,
1.e., as C.H.COOH, In benzene, h

molecules, ie., ag (Cﬁ}-l,‘COOH),* a
molecules. The Nernst distributio

ter and benzene may b
the acid exists mostly as single molecules
owever, benzoic acid exists ag associated
long with only a small proportion of single
n law is valid only for concentrations of
‘ Therefore, if total concentration of benzol¢
acid in benzene ig taken, the law w;i

ular species, at a giv®"
ween the two solyents iMt”
Spective of'any other mole?"
Conditions for the validity of the distributigp lawy:

olute ang irre

- The two essential prered
| Visit us for more det

il at: [
ail at: www.wmsﬂme ublication.in '
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pisites for the validity of the distribution law are:
1. Constant temperature and
2. Existence of similar molecular species in the two phases in contact with cach
other.
In addition, the following conditions are also necessary
1. The solutions are dilute. The departures usually set in'at higher concentra-
tions. Generally speaking. the higher the concentration, the larger s the devia-
tion. In an extreme case, both the solvents may be saturated with respect to the
solute. Then, the partition coefficient, K . is given by

B, = s./s, sosesccsss 11)

where s, and s, are the solubilities of the solute in the two solvent layers. The
above equation will be strictly valid only if s, and s, are not large, Le., if the
solute is sparingly soluble in each solvent.
2. The two liquids are mutually immiscible or only very sparingly miscible
(e.g..benzene and water) and their mutual miscibility is not altered by the pres-
ence of the solute. -
Thermodynamic Derivation: - Suppose a solute A is present in two immiscible
solvents 1 and 2 in contact with each other, Suppose further that its chemical
potential in solvent I is K, and in solvent 2 is 1. When two phases are in
equilibrium. their chemical potentials will be equal to one another, Tk,

Ho=H, _ eeeereees (111)
Since H=H"+RTIna, o asusmapnesns (IV)
therefore, po=HOoF RT In a, for Phase | T 6 )
and  M,= 1 '+RTIna, for Phase2 . SO -,
Hence, w4+ RTIna =n +RTIna,
Or RT In(a fa,)= M, - K st VL)

Now, at constant temperature, the standard chemical potentials | “and M
are constant. Since R is also a constant (being the gaseonstant), it follows that

a /fa, = constant (at constant temperature) cerereenees (V1)
Since the solutions are dilute, they behave ideally and hence Henry's law,
according to which activity 18 proportional to mole fraction, is obeyed in each
phase. : ‘
S afa,=kx /kx, = constant (at constant temperature) oo (%)
where x and x, are the mole fractions of the solute in the two phases and k, and
k, are the Henry’s law constants for the solute in the two phases.

X /X, = constant (at constant temperature) e (X)
F_Uﬂhﬁr, since the solutions are dilute; the ratio of the mole fractions is almost
the same as the ratio of the concentrations. Hence,

S x/x,= ¢fe,= constant (at constant temperature) A (x1)
Thus, if a substance is present in two phases in contact with cach other, then,
at equilibrium,

¢ /c, = constant (at constant temperature) = K |

‘ [_l Visit us for more detail at : www.winsom epublication.in ]
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This is the Nernst distribution law. | e
Let us consider cases in which a solute may associate or dissociate of ¢
into chemical combination with one of the solvents,
1. Association of the solute in one of the solvents: - o

Let X represent the molecular formula of the snlute._ Lc.t It rem,
such in the first phase marked 1(Fig.1) in which its .cnncentmlmn I8¢, -SUDp{.fit
itis largely associated to give the molecules (X), in thel secpﬂd phase Marky,
II. The associated molecules will exist in equilibrium with single molecule, %
shown . Let ¢, be the total concentration of the solute in this phase.

|'H;_-l

X Phase I no
k Change
Phase ]

\n_){ == (X), Association

Total conc.c,

Fig. Association in one of the phases,

Applying the law of chemica] equflibrium to the equilibrium between the asso.

ciated and single molecules, viz,, (X), == X, in the second phase, w:

have

K= Xy (xii)
or [X]= {;‘Kx[{}()“] = cunsmntxﬁ"f[(x)n] --------- (xiii)
If the solute exists largely as associated molecules, which is generally e
except at large dilutions, the concentration of the associated molecules, [(X )
may be taken as equal to c,, the tota] concentration, j.e

Wld=sy =TS (Xiv)
From Eqs. (xii) and (xiy) [X]=constan ey (xv)
Since the distribution Jaw i valid only for concentrations of similar mojecl
SPecies in the twq Phases, hence |

¢/[X] = constant (xvi)
From Eqs (xv) and (xvi), C, f{/g =constant = K

.......... XVii
Eq.(xvii) hag been checkeq by ' i e
tween water ang benzene.

The acid exists almosgt entirely a5 (CH COOH) in benzene b
in water, g2 2

2. Dissociation of the sojyqe in one of the solvents;

Let X, as before, TCpresent the norma fo
does not dissociate in the solvent Marked | (f

in the solvent marked IL Let ¢, be iis Concen
the total concentration in the secon

ut in normal sé*

OTmula of the solyte, Suppu-‘f'g
&) but dissociates into A and!
lration jp the first solvent and ¢

d solvent. The distribution law is validi’”"\
L_Visit us for more detail at- WWWoWi
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for the ratio of concentrations of similar molecular species in the two solvents.

e Phase |
‘ one.c, No dissociation
\“ Phase 11
X Dissociation
c(l-a) = A + B
c,a ¢,
| Total conc.c,

Fig. Dissociation in one of the phases.
Suppose, o is the degree of dissociation of the solute X in phase I1.
Then, the concentrations of the various species would be as shown below:

X == At B
c,(l-a) c,o ¢,
Therefore, according to the distribution law,
¢ /[e(1-a)]= Kk, 0 e (xviii)

3. Solute enters into chemical combination with one of the solvents. When the
solute enters into chemical combination with one of the solvents, there 1s no
change in the general equation of the Nernst distribution law, as shown below.

Let c, be the concentration of the solute X in one of the solvents in
which it does not undergo any chemical change (Fig.3) and ¢, its total concen-
tration in the second solvent with which it enters into chemical combination

forming complex molecules, as represented by the equation

X+nS ;—\‘X.IIS ........ (xix)
| Phase I
i‘f\ Conc.c,
\“ Phase I
Combination
X £nS =X With solvent
Total conc.cC,

Fig. Combination with the solvent.

If o is the fraction of the solute that enters into chemical combination
with the solvent, then the concentration of the various molecular species would
be as follows:

Concentration of uncombined solute molecules =c,(1-a)

Concentration of the complex molecules formed = ¢, ot

Applying the law of chemical equilibrium to the equilibrium represented by Eq.
(x1x), we have :

" Visit us for more detail at ww.winsomepublication.in ]
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- a)solvent ]
Sinee the solvent is in large excess, its concentration may be taken ag Consty,
C,a/le, (1-a )] = constant o (XXI)

Since the distributjon law is valid only for concentrations of similar molecy,,

species. e, single molecules of X, in both the solvents, hence,

¢/le(1-e)]=constane (xxii)
Dividing Eq.(xxii) by Eq. (xx1), we have
¢/¢a =constat (xx111)

Now. q . the fraction of the solute that combines with the same solvent, is a;,
constant at a given temperature. Eq. (xxiii) may, therefore, be written as
¢/c, =constant T U (xxiv)

Thus, the combination of the solute with one of the solvents does not
make any change in the fundamental equation afthe: distribution law exceptin
changing the numerical value of the partition coefficient.

Applications of Nernst Distribution Law: -

I. Study of Association of a Solute - As shown above, if a solute associates jn
one of the solvents in which its concentration is ¢, but not in the other in which
Its concentration is c,.then -

¢ /i, =K,

n being the number of simple molecules which combine to form one
associated molecule. It has thus been possible to show by studying distribution
of acetic acid and benzoic acid between water and benzene that these sub-
slances exist in benzene as doyble molecules (or dimers), the value of n being 2.
2. Study of Dissociation of a Solute - As has been shown earlier, if a solute
undergoes dissociation in one of the solvents in which its concentration is
¢,but not in the other in which it concentration is ¢, then

c/le(l-a )] = K,

Thus, if the degree of dissociation ( ¢ ) of a solute is known at one concentr-

3. Distribution Indicators - It j5 5 common experience that jodine distributés
itself considerably more i carbon disulphide than in water when both
solvents are in contact with each other. Therefore, an extremely dilute solutio®
of iodine in water can be successfully titrated by adding a drop or two ©!
carbon disulphide. The concentration in the carbop disulphide layer becom¢s
- large enough 1o give a distinct violet colour,
4. Study of Complex Ions - The Nernst distribution law has been successfull)
applied in determining the formula of the complex ions formed between h'rﬂ'
mine and bromide ion as well as between iodine ang iodide ion. The followi"®
example will illustrate the method. |
~ On shaking a solution of iodine in carbon disulphide with water, th¢

iodine distributes itself between the two solvents in accordance with the dist"
Visit us for more detail at : www. nsSemepublicationin
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bution law. Knowing the concentrations ol wodine m the two layers, the parti

tion coefficient, Kn.f‘an be determined. Now, suppose o solution of wodine

carbon disulphide containing X moles o todine per litre 15 shakon with an
-aqueous solution of potassium odide contaming A moles ol potassinm odide

r litre (Fig-4). The total concentration ol todine i the agqueous layer will now
be much higher due to formation of the soluble complex K1 Let this concentra
tion be B moles per litre. Evidently. the concentration of todme i carbon
disulphide layer will fall to (X -B) moles per hitre. The concentration of free
iodine (as 1,) in aqueous solution. according to the Nernst distribution faw

shouldbe = K (X-B) =D moles per litre (say)

Aqueous layer
I, +KI+==KI,
1
I
I,
Carbon disulphide layer

Figure - study of complex ions
Suppose the complex ion formed is |, Then, the following equilibrium
will exist in aqueous solution:
I'+ Iz.—r-—*‘ L=
Evidently, B-D moles of iodine must have combined with B -D moles of iodide
ions (assuming that potassium iodide is completely ionised) to give B - D
moles of iodide ions (assuming that potassium iodide is completely ionised ) to

give B - D moles of the complex ionl.
Therefore, the equilibrium constant will be given by

K=[L,1/(L]0])
The concentrations of the various species in the aquec s layer wi' be as
follows :

[I,]=B-D mol dm?; [L,]=Dmol dm*
The results of determinaions carried out at 3

. [I]=A - (B -D) mol dm’
0°C are given in Table.

Study of Complex lons
A B p | K
(Mol dm") _ (Mol dm™) |(Mol dm’) | (dm' mol’)
0.250 0.1111 0.0261 19.72
0.125 0.0686 0.0259 20.04
0.0625 0.0625 | 0.0257 | 2040 |

The fact that K is reasonably constant, in spite of variations in A an:.'\B.

shows that the formula of the complex ion is I';
5. Solvent Extraction: -The most important app

[ Visit us for more detail at : www.winsomepublication.in |
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18 in the process of Extraction, in the laboratory ns well as in industry, 1y,
labnra‘tﬂr}'. tor instance, it s frequently used for the removal of :Ijlv.*mlw-l:;
organic substance from aqueous solution with solvents such as benye,,,
ether. chloroform, carbon tetrachloride, ete. The advantage 18 taken of the fy,,
that the partition coeflicient of most of the organic compounds is very large)
in favour of organic solvents. a
The same principle applies in the desilverization of lead by Parke',
process. The argentiferous lead is melted and heated to 800°C. Molten zing i
then added. Molten lead and molten zinc behave as two immiscible liquids i,
contact with each other and silver behaves as a solute which is more soluble i,
zinc than in lead, the partition coefficient being of the order of 300 at 800°c
Silver, therefore, passes readily from the heavier lead layer into the [ ghter zing
layer which is separated. By repeating the process three or four times, almost

the entire amount of silver passes into the zinc layer.
We can derive a general formula which enables the calculation of the

amount of the solute that is [eft unextracted after a given number of operations

Let V ml of a solution containing W gram of solute be repeatedly exracted with
v ml of another sclvent which is immiscible with the ﬁrstJ Let w, be the mass of

the solute that remains unextracted at the end of the first-operation. Then, K,
will be given by
K,V
w,/V - : W, = WD
(W—-w,)/v K,V+v

Similarly, at the end of the second extraction, the amount w, that remains
unextracted is given by :

~ K,V :w'( K,V J

M =NR oy
pV+v KpV+v

In general, the amount that remains unextracted at the end of n oper
tions, w_, will be given by .

o
k,V+v

It is evident that in order to make w_as small as possible, for
value of K, n should be as large as possible. But n x v is equal to th o
volume of the extracting liquid available, i.e., it is constant. Therefore, I[hf
better to keep n large and v small, rather than the reverse. In other Wor ds, ! |
efficiency of extraction increases by increasing the number of extractio
ing only a small amount of the extracting solvent each time. -

For the same reason, in the washing of precipitates it is more eﬁﬂcﬂﬁmcsl
a small quantity of water at a time and to repeat the process a number of i

3 > : - : in
[ Visit us for more detail at - www,wingnmenubllcaﬂo”" J
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Q.5. Derive Gibbs - Helmholtz equation. With the help of this equation
show that in the case of galvanic cells evolved (- A H) only when (DE/T), =0
. r "

(2016)

Other related question -
~ Write short note on Gibbs and Helmholtz free energies. (2014)
Q. Whatistheconcep of free energy, Deduce the Gibbs - Helmhotz equa-
o (2011)
Q. Write notes on Gibbs - Helmholtz equation work. (2011)

Ans. Work and Free Energy Functions: -
The sum total of the entropy change of the system and the surround-

ings (viz., AS__+ AS_ ) serves as a criterion of spontaneity or feasibility of a
process. If the total entropy change is positive, the process is feasible. If it is
zero, the system remains in a state of equilibrium. However, in order to decide
about the feasibility of a process, we shall have to know the entropy change of
the system as well as that of the surroundings. This is not always convenient.
We, therefore, consider entropy change in terms of other state functions which
can be determined more conveniently. Two such functions are the work func-
tion and the free energy function represented by A and G, respectively. These
are defined by the equations

A=ET8  C T e i)

G=H-T&% ' - 7 sl (i)
Since, U, H and S depend only upon the state of a system (the temperature is
included in the state), it is evident that the functions A and G also depend upon
the state of the system only. Let the three functions in Eq.(i) at constant T, be
AU and SJ so that '

A=U-TS, el (iii) -
Let an appreciable change take place at the same temperature T so that the
three functions in another state of the system become A,, U, and S,. Then,

A=U-TS, e (iv)
Subtracting Eq. (iii) from Eq. (iv), we have

A,-A =(U,-U)-T(S,S)
or AA=AU-TAS cevenee(V)
where AA is the change in the function A. AU is the corresponding change in
internal energy and AS is the change in entropy of the system.
Suppose the change under reference is brought about reversibly at the con-
stant temperature T and that the heat absorbed is equal toq_.
Since AS =gq_ /T, hence, substituting in Eq. (v), we have

- AA= AU-q,, —

From the equation of the First law of thermodynamics, ViZ., AU=q+w,it
follows that . .
wrel.- e qm,- ....... {V.'ll}

[f work is done by the system, it is negative so that
Visit us for more detail at : www.winsomepublication.in ]
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-w  =AU-q_ e VAD)
Comparing Eq.(vi)with Eq. (viii), .
A — (1x)

Since the process is carried oul_reversibly, w represents the maxin,,
work. It is thus clear that decrease in the function A (i.e., -~ AA) gives 1,
maximum work that can be done by the system during the given change. T,
function A is. therefore, termed as the work function. This is also referred to a
Helmholtz free energy or Helmholtz function: -

The German physicist Hermann von Helmholtz (1821 - 1894) was a ve,
satile scientist who made contributions to optics, thermodynamics, acoustic,
and physiology. ,

It G,. H, and S, represent the thermodynamic functions in the initis|
state and G,.H, and S, in the final state, the temperature remaining constant |
T. we have from Eq. (i1), :

G,-G,=(H,-H))-T(8,-8)orAG=AH-TAS .
But at constant pressure :

AH=AU+PAV
- AG=AU+PAV - TAS g caisl kL)
Comparing with Eq.(v),

AG =AA+PAV PIRRAE i 1)
Since AA is equal to - w Eq. (ix), hence |

AG=-w+PAV :
or -AG=w-PAYVY % e KT

The quantity PAV is the work done by the gas on expansion against the cor
stant external pressure P, Therefore, -AG gives the maximum work obtainabk
from a system other than that due to change ot volume, at constant tempers-
ture and pressure. ‘The work other than that due to change of volume is called
the net work. Thus, '

Network=w-PAV=-AG (x1v)

Hence, - AG is a measure of the net work that can be obtained from!
system at constant temperature and pressure. The quantity G is called ¢
Gibbs funetion or Gibbs free energy or merely free energy. Thus, AG is m¢
sure {i:f the decrease in free energy. The net work that it measures maytf"
electrical work or chemical work, This quantity is of great importance in phy®’
cal chemistry; itis named in honour of the great American physicist, ].W. Git"
(1839-1903).
The GlbbSFHf‘lmhﬂlE Equaﬁun: -

Let G, represent the free energy ofa sysiem i its initial state at tempe”
ture T. Suppose the temperature rises to T 4 dT where dT is infinjtesima”
small. Let the free energy at the new temperatyre pe G. +dG . )

Now suppose that when the system ig in its ﬁnall state: its free energ) lj
given by G3 at the temperature T and by‘(]gq-dGa at this femputaturs THT. e
Jressure remains constant all alc:ﬂ& CjiG :—'-S_g,iiil?jﬂitabie, i,

[~ Visit us for more detall al: www.winsomepubiication.in Yy
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d{;i]'—‘«S]dT e XV)
and db::-gsz _ T (%vi)
where S, and S, are the entropies of the system in the itial and {inal states of

the system, respectively.
Subtracting Eq.(xv). from Eq. (xv1), we have
d(G,-G)=-(5,-5)d1

d( AG)=- ASdT sk X¥H)
As the pressure is constant. therefore,

(8(AQ)/2T),=- AS (xviii)
Also, since from Eq. (X), - AS=(AG-AH)T, heuc.e} Eq. (xviii) becomes

(AG-AHYT=(a(aGYeT, e (xixJ
Or AG=AH+T(a(AGYET), e (xx)

This equation i1s known as the Gibbs - Helmholtz equation. It is appli-
cable to all Processes occurring at constant pressure. It has been used for

calculating the enthalpy change AH for a process or a reaction provided the
values of free energy changes at two different temperatures are known.
For a reaction at constant volume, the corresponding equation will be

AA= AUST(8(AA)SET),

Q.6. Write short note on entropy of mixing of ideal gases. (2014)
Ans. Entropy of mixing of Ideal Gases: - :

[n order to calculate the entropy of mixtures we can first calcutate the
entropies of the pure components of the mixture and then add the entropy
change of mixing to the sum of these. Entropy of mixing is most easily calcu-
lated for ideal gas mixtures. Because ideal gas molecules.do net interact, their
mixing is at constant temperature. Probably the simplest way of thinking about

mixing two ideal gases is two have them in separate containers at the same

pressure and then open a valve connecting two containers. In this case, we

are mixing the components from th eir partial molar volumes in the final mixture
to the total volume of the mixture. Because this process involves no heat, we
might think that it has no entropy change. However, this is not correct, be-
cause this “mixing at constant pressure” is not reversible and the entropy

change for this process cannot be directly calculated.

Q.7. Derive clausius clapeyron equation. How this equation is verified?
(2014, 16)

Other related question
Q. Derive clausius clapeyron equation. (2011)
Q. Derive the integrated form of clapeyron clausius equation for liquid

===vapour and solid z== liquid equilibrium. (2010)
Ans. Integrated form of Clapeyron Equation for Liquid s==vapour Equilib-
rium:; -

[ Visit us for more detail at . Www.winsomepublication.in |
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Clapeyron Clausuis Equation:-
The Clapeyron equation

oo (i)
vrrageer- J i
dT  T(V,-V))
as applied to liquid == vapour equilibrium, can be easily integrated. Th
molar volume of a substance in the vapour state is considerably greater tha
that in the liquid state. In the case of water, for example, the value of V at 100°C
is 18 x 1670 =30060 ml while that of V_ is only a little more than 18 ml. Thus, v,
-V can be taken as V, without introducing any serious error. The Clapeyron
equation (i), therefore, may be written as '
dp _AH,,
, dT TV,
Assuming that the ideal gas law is applicable, i.e., PV =RT (per mole), Vg =RT/
P. Hence, _
dpP _ AH., P p AH .

g
dir T RT RIT* = (it1)

1 dp_AMH,  d(P)_AH, |

or P 4T RT or aT RT2 (iv)

Assuming that A H_ remains constant over a small range of temperature, we
have l

AH,_ dT Al 1
| jd(lnP): R““J'F_or P=- R"[?}C ......... (v)

where C is infegration constant. -
Eq. (v) is, evidently, the equation of a straight line. Hence, the plot of In P

against 1/T should yield a straight line with slope = - A H /R and intercept =
C. This enables evaluation of AH, . Eq. (iv) can also be integrated between
limits of pressures P, and P, corresponding fo temperatures T, and T,. Thus,

5 AH T dT
_ 2 vap '
—[P; dppl= R L; T? SR (vi)
SN N T
P R [Tk R |T T
_AH_[f7 -
R LET 1,

The integrated form of Clapeyron equation is known as Clapeyron - Clausis
equation.

A ppﬂl:a!.i:{ll.l:‘i of (,: lapeyron - Clausius Equation for Liquid = w.;apour Eq uiliP
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ria:-

Eq. (vii) can be used for caleulating the molar heat of w,pm.nﬂnli:m.
f?\Hup‘ _ot a liquid if we know the vapour pressure af two [emperatures. [further, i
AH, 18 known. x'apm‘n' pmsmu‘cs at a desired temperature can be caleulates
from the knowledge of a single value ol vapour pressure at o given [emperaturc:
The Clapeyron - Clausius Equation for Solid g== Vapour Equilibria:-

The Clapeyron equation for sohid =2 vapour equilibrium may be put
as -

dP AH

S N . L

ar  T(V,-Vv) e (viil)

where AH_, stands for the molar heat of sublimation of the substance. Since

ihe molar volume of a substance in the gaseous state is very much greater than
that in the solid state, V_-V_can be safely taken as ‘v‘g. Eq. (viii) can thus be
casily integrated, as before, to give the following expression:

In i = é‘Hmh {Tz -_'Ti }
P, R TE
Eg. (ix) can be put to the same use for solid == vapour equilibria as Eq.(

liquid == vapour equilibria: _
Application of Clapeyron - Clausius Equation for Solid== Liquid Equilib-

ria:-

vii) for

The Clapeyron e uaﬁon AL — —Migi— for solid -—"' liquid equilib-
peyron €q dT  T(V,-V,) =

rium cannot be integrated easily since V_cannot be ignored in comparison with
V.. Also the laws of liquid state are not so simple as those for gaseous state.
However, this equation as such can be used for calculating the effect of pres-
sure on the melting point of a solid and also for calculating heats of fusion from

vapour pressure data obtained at different temperatures.

Q8. Write short note on Maxwell’s relations. (2014)

Ans. The Maxwell Relations: - o
The various expressions connecting internal energy (U), enthalpy

(H), Helmholtz free energy (A) and Gibbs free energy (G), with relevant param-
eters such as entropy,

Pressure, temperature and volume, may be put as

(1) dU=TdS-PdV

(i) dH=TdS+ VvdP

(i) dA=-SdT-PdV

(iv) dG=-SdT+VdP

If'V is constant so that dV is zero, then, Eq. (1) yields the result

(CVisit us for more detail at : www.winsomepublicam
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[f'S constant so that dS is zero. then Eq. (1) yields the result
(eWov)y=-p (2)

Differentiating Eq. (1) with respect to V keeping S constant and dif]‘?zr»e:r'ltialihfz
Eq. (2) with respect to S keeping V constant, we get i

d*UNaSNaV)=(8T/aV), ceeeenend(3)
and  g*UNaVXaS)=-(aP/8sS), e (4)
It follows from Eqs.(3) and (4)that

(8T/aV),=-(8P/88). (5)

Following the same mathematical procedure as above, the following expres.
sions can be easily derived:

(6 T/8P),=(pV/o Sjlp from(u) .. (6)
(88/éV);=(gP/gT) from(iiiy @ = .. (7)
(85/6P),=-(8V/oT), from(ivy =~ ... (8)

Egs. (5)and(8) known as Maxwell’s relations.
Another set of Maxwell’s relationship, which can also be derived from (i) to
(1v), are as follows :

(eU/@/S) =(aH/8 S), from (i) and (ii) - —. 9)

(aU/8V) =(aA/gV),. rom@i)and(iii) ... (10)
(0H/0P) = (8G/gP), from (ii)and (iv) OIS 1 Ci
(6A/8T), =(8G/gT), from(iiiyand (iv) .. (12)

Q.9. What are the limitations of first law of thermodynamics. (2011)

Amns. Limitations of the First law:-

The First law of thermodynamics, though exact, has certain limita-
tions-

1. The First law establishes definite relationship between the heat absorbed
and the work performed by a system in a given process. But it puts no
restriction on the direction of flow of heat. According to the first law, for
example, it is not impossible to extract heat from ice by cooling it to a low
temperature and then use it for warming water. But it is known from expe-
rience that such a transfer of heat from a lower to a higher temperature is
not possible without expenditure of energy, i.e., without doing some exter-
nal work. It is known, on the other hand, that heat flows spontaneously;
i.e., of its own accord, from a higher to a lower temperature.

2. According to the First law, the energy of an isolated system remains con-
stant during a specified change of state. But it does not tell whether
specified change or a process including a chemical reaction can occu!
spontaneously,i.e., whether it is feasible.

3. The First law states that energy of one form can be converted into a0

L Visit us for more detail at : www.winsomepublication.in |
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equivalent amount of energy of another form, But it does not tell that |1L'H|‘
energy cannot be completely converted into an cquivalent amount ol
work. There is thus need for another law, viz., the Second law of thermody-
namics.

The Second law helps us to determine the direction in which energy can
be transferred. It also helps us to predict whether a given process or a chemical
reaction can occur spontaneously. It introduces a new concepl of entropy. It
also helps us to know the equilibrium conditions.

It 1s known from experience that although various forms of energy can
be completely transformed into one another, yet heat is a typical form of energy
which cannot be completely transformed into work. The Second law helps us
to calculate the maximum fraction of heat that can be converted into work in a
given process. Entropy can be thought of as arising from the dispersal or
degradation of the total energy of an isolated system.

Q .10. Show that (2013)
)
— | ==§
® [ at )y
o — 1 =%
(ii) [EJ‘P i
Ans. We know that
dG=-SdT +VdP .
Dividing by dT, keeping P constant, we get
%) -
oT Jp
And dividing by dP keeping T constant
oG
)
oP J;
Q.11. Show that decrease in Helmholtz free energy gives maximum work

obtained from the system.
Ans. Helmholtz Free Energy Function A=E - TS: -

_ He_lmhaltz free energy function (A) is sometimes called work func-
tion or maximum work content of the system. At a constant temperature, the

maximum work obtainable from a system is at the expense of decrease in
Helmbholtz free energy of the system.

(2013)

AA= AE-TAS or AA = AE- T3
= Il
AA=AE.q AE=q+W
(“Visit us for more detail at : www.winsom epublication.in |
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In case of work is done by the system, then sign is - ve
-w_ =AE -q
-AA =w

e s o
where w__ represenits maximum useful work done during the reversible Pro.
cess. Hence, decrease in

Helmholtz free energy gives the maximum work obtained from the System

oy

Q .12. Describe the working of carnot cycle. Show that the thermﬂd}'nami{

efficiency n of the cycle is given by.

e Tz ‘T1

. (20121
1 i

Ans. Carnot cycle: -

Carnot employed a reversjble cycle to demonstrate the maximum cop,
vertibility of heat into work. .
The system consists of one mole of an ideal gas which is subjected tg ;

series of four successive operations, commonly termed as four strokes, s
given below.

Ul

[ | s P}_pvz

P 1

z !

E .

°‘ ;
' D'
. . Pa¥
: . : 1
1 u i [
] " i 1
] : v 1
V, V e
"' Volume — Vo V,

Fig. - The four op
L. Strokel. Isothermal Expansion: -

The gas is allowed to e¢xpand reversibly and isothermally at the e
perature T, so that the volume

increases from V|, represented by the point A
10V, represented by the point

B (Fig.). Since in the isothermal expansion 0f &’
%ﬂl‘ more detail at: www.mﬁnsumepublication,inj
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idealgas AU=0.1 follows from the First law equation (viz., ALL=q I w)ithat

— _w. i.e.. the heat absorbed is equal to the work done by the system on the
{ absorbed by the system at the temperature T,

surroundings. Let q, be the hea
¢ system on the surroundings. Fhen

and w, be the work done by th

g, == = RT,In (V,/V) 0
I1. Stroke 2. Adiabatic Expansion: -
The gas is then allowed to expand reversibly and adiabtically from the

volume V, to V_.i.e., from the point B to C.
by the system adiabatically, it is not in a position to

Since work 1s done
absorb heat. The temperature of the system, therefore, falls from T, to say, T

As q is equal to zero in this case, it follows from the First law equation (viz., AU

{ AU = w. Since the process involves expansion of the gas,

=q+ w ) tha
n the surroundings. Hence, by conven-

therefore, work is done by the system ©

tion, w is negative soO that AU=-w.

Now, by definition, C, = (8 U/ 6 T), s i)
AU=C, AT=C, (T-T,)=-w i)
(change in temperature, A T = final temperature - initial temperature)
o ~w=C,(T,-T)=-C(T,-T) i)
If the work done in this stage is denoted by w,, then
V)

-w,=-C (T,-T)

l.]-] _Stroke 3. Isothermal Compression: -
After this, the gas is subjected to a reversible and isothermal compres-

sion at the lower temperature T, so that the volume decreases from V, to V, (i.e.,
from the point C to D). In this case, evidently work is done on the system.

Hence, heat will be produced and given up to the surroundings. Since com-

pression takes place isothermally and reversibly, A U=0. Therefore, if q, is the
the temperature T, and w, is the work

heat given out to the surroundings at
done on the system in this process, then remembering signs of q and W,
-q,=w,=RT,In (V/Vs) )
IV, Stroke 4. Adiabatic Compression: -
Finally, by an adiabatic and reversible compression, the gas is restored

to its original volume V, and temperature T,. Thus, the gas is compressed

adiabatically from D to A. In this case, work is done on the system. Hence, w is

p{_}sitive. According to the First law, AU=q+WwW

Since in adiabatic process, q = 0. Hence,

AU=w=C AT=C,{T,-T,)

Let w, be the work done in this stage. Then,
w,=Cy(T,- T])

where T, - T is the increase in temperature prod

sion.

(Vi)

uced by the adiabatic compres-

The net heat absorbed (q) by the ideal gas in the whole cycle is given by

[ Visit us for mﬁre detail at : www.winsomepublication.in |
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4=9,+(-q)=RT,In(V,/V )+ RT In(V V)
=RT,In(V,/V)-RT In(V V) ea( Vi)
In the light of adiabatic expansion of an ideal gas, the following e,
tions can be written:
C In (Tzr’TJ =R In (V/V) (Forstagell)
C,In(T,/T)=RIn (V/V)  (ForstagelV)

or  V./V,=V/V orV/V =V /N, (1)
Hence. the net heat absorbed, according to Eq(viii), may be put as
9=9,-q, =R(T,-T)In(V,/V) : sz 30)

Similarly, the net work done by the gas is given by
W= O e b
=RT,InV/V-C (T,-T)+RT,In(V,/V )+ C.(T,-T)

=RT,In(V,/V))-RT In(V,/V,) . (xi)
since V.V, =V./V, , ' ' |
Hence, w=R(T,-T)In(V,/V) -.{XI1i)

It follows from Eqs. (x) and (xii) that g = w. Thus, the essential condition :
for a cyclic process that the net work done is equal to the net heat absorbed is I
fully satisfied.

The relationship between w, the net work done by the system and q.,
the quantity of heat absorbed at the higher temperature T,, in Carnot cycle, can |

f

be obtained from the following two.equations : ' z
w=R(T,-T)In(V,/V) (Eq.xii)
and @,=RT,In (V/V) (Eq.1) |
Hence, dividing Eq. (xii) by Eq.(i), (
wW=q, (TE-TI}TZ L(xi) }

Since (T, - T )/T,< 1, it follows that w < q,.1.e., work done is less than the
heat absorbed. This means that only a part of the heat absorbed by the system at ¢
the higher temperature T, is transformed into work. The rest of the heat q, is given e
out by the system to the surroundings which is at the lower temperature T. . U

Thus, Kelvin stated the second law of thermodynamics as follows : D
It is impossible to use cyclic process to extract heat from a reservoir and 0 f
convert it into work without transferring at the same time a certain amount ' §
heat from a hotter 1o a colder part of the system. s
Efficiency of a Heat Engine: - | _

The fraction of the heat absorbed by an engine which it can conyert int
work gives the efficiency (1) of the engine.

From Eq. (xiii), it is seen that | : Q
Efficiency, n = w/q, = (T, - T, : L Axiv) e
Since (T,-T)/T,is invariably less than |, the efficiency of a heat engif® oe

1s always less than 1. No heat engine has yet been constructed which has 27

CfﬂCiencii equal to unity, Maj[hematically, however, if T, =0, efficiency = |. 'O
It, ollows from Eq. (xiv) that the efficiency depends upon the differenc® j,
between T, and T, Thus, the greater the difference between the temperature ©! ¢
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the “source” and the ‘sink’, the greater is the efficiency. ;
superheated steam is used in a steam engine.

The net heat absorbed by the system. q, is equal
to the First law of thermodynamics, this must be equ
done by the system. Thus,

Lo T
Combining this with eq.(xiv) we get

(4,-9,)/q, = (T,- T )T,

-9 _T,-T

Thus, efficiency, n = Q. = _T: . xvi)

This explains why

104, - q and according
Ivalent to the net work

~(XV)

Eq. (xvi) has been arrived at by assuming that the series of changes in
' the cycle are brought about in a thermodynamically reversible manner so as to
obtain maximum possible work. But, in actual practice. it is not possible to carry
out the process infinitesimally slowly so that the efficiency is even less than
that given by the above equation.

- Carnot Theorem: -

According to Eq. (xv1), the efficiency of a machine working reversibly
depends only on the temperature of the source and the sink. It is independent
of the nature of the substance or substances used for operations. The same
idea may be expressed by saying that all periodic machines working reversibly
between the same two temperatures have the same efficiency. This statement is
commonly known as the Carnot theorem, in honour of S. Carnot (1796 -1832), the
brilliant French physicist, known for important contributions to thermodynamics.

It may be noted that while the First law states that when one form of
energy is transformed into another, the amount of energy that disappears is
exactly equivalent to the amount of energy that is produced, it is silent about
the extent to which such conversion can take place. The Second law of ther-
modynamics gives information about this point. It tells us that while all other

forms of energy can be completely converted into heat, the complete conver-
sion of heat into any other form of energy cannot take place without leaving
some lasting change in the system. This has led to the following enunciation of
the Second law of thermodynamics : 1
Itis impossible to convert heat into work without compensation.

Q.13. Write short note on thermbdy namic potential. (2012)
Ans. A thermodynamic potential (in fact, rather energy than potential) is a
scalar quantity used to represent the thermodynamic state 0.1" a system. Tl'lle
concept of thermodynamic potentials was introduced by Pierre [?uhem In
1886. Josiah Willard Gibbs in his papers used the term fundamental functions.
One main thermodynamic potential that has a physical interpretation is the
internal energy U. It is the energy of configuration of a given system. of
conservative forces (that is why it is called potential) and only has meaning
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with respect to a defined set of references (or data). Expressions for all oth,,
thermodynamic energy potentials are derivable via Legendre transforms frq,,,
an expression for U. In thermodynamics, external forces, such as gravity, .

' typically disregarded when formulating expressions for potentials. For examp|e. ¢ )
while all the working fluid in a steam engine may have higher energy duc y,
gravity while sitting on top of Mount Everest than it would at the bottom of the C
Mariana Trench. the gravitational potential energyterm in the formula for the
internal energy would usually be ignored because changes in gravitationa] A
potential within the engine during operation would be negligible. In a large
system under even homogeneous external force, like the earth atmosphere un- 9
der gravity, the intensive parameters should be studied locally having even in 1
equilibrium different values in different places far from each other. a
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Q.1 Write short note on phase vule and its application to sulphur system .
(2011)

Other Related Question -

Q.  Discuss phase rule application to sulphur system, (2007)
Ans.  Sulphur System: -

Sulphur exists in two crystalline forms, thombic and monaclinic, with
95 6°C as the transition temperature at one atm pressure al which they can be
transformed into one another. Below 95.6°C, rhombic is the stable form while
above it. monoclinic is the stable variety. At 95.6"C', both forms are in equilib-
rium with each other. Each form has its own characteristic melting point. Thus,
under a pressure of one atm, melting point of rhombic sulphur (S,) is 114°C
while that of monoclinic sulphur (S,,) is 120°C. The liquid form of sulphur (S )
undergoes notable changes in colour and viscosity when heated and ulti-
mately boils at 444.7°C. Thus, sulphur can exist in four possible phases, two
solids (S, and S,,). one liquid (S, ) and one vapour (S, ) phase. However, all the
four phases cannot coexist at the same time since the number of phases coex-
isting 1n a one - component system cannot exceed three.

The phase diagram of sulphur system is represented in Figure.

The curve AO is the sublimation curve of rhombic sulphur and gives
the vapour pressure of rhombic sulphur at different temperatures. The two
phases in equilibrium are rhombic sulphur and the vapour. The equilibrium
(S,==S§8, ) is monovariant. Therefore, at one temperature, there can be one
vapour pressure only.

The point O is the transition temperature (95.6°C) at which rhombic
sulphur changes into monoclinic sulphur. O is thus a triple point at which three
phases. two solids and the vapour (S, -S,,-S,) coexist in equilibrium. This 1s a
non - variant point.

The curve OB is the sublimation curve of monoclinic sulphur. It gives vapour
pressure of monoclinic sulphur at different temperatures. As the number of
phases is 2, the system is monovariant.

The Clapeyron - Clausius equation can be used to study quantitatively
the variation U['uapgur pressure of sold sulphur {SR Or S“} with temperature.

The point B is the melting point ( 120°C) of monoclinic sulphur. This is
another triple point at which three phases, viz., sulphur monoclinic, liquid and
vapour (S, -S -§ ) are in equilibrium. This IS & non- variant point.

The curve BE is the vapour pressure curve for liquid sulphur. The two -

phase equilibrium (S, == S, ) is monovariant,

The curve OC is the wransition curve which gives the effect of pres-
sure on the transition temperature of rhombic sulphur into monoclinic sulphur,
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.« —>§_.Both the phasey
The equilibrium involved along the curve ""‘hﬁ "',__n ::[‘rhtimhic into moy,
solid. The system is monovariant. Since transforma®o the increase of pregg,

' i : v * L] 3 mcl . e ot
clinic sulphur is accompanied by increase aw! vfﬂ: be oredicted with the hely
causes a rise in the transition temperature. This o2

i _ g equilibrium, may be py
Clapeyron equation which, when applied to Syv— Sy €4 ’

D
150", 1290 atm

5

S| Solid (S

g

g

Z

v

=

3

(=)
Qi o
curve of S;

95.8 114 120

Temperature, "C (Not to scale)
Figure - The phase diagram for the sulphur system

dP _ AH,

dT — T(V,-V,)
where AH, is the molar heat of transition, Since d
(1.95 g em”) is less than that of thombsic sulphur (
V,,-The right hand side of the above equation is, therefore, positive. Hence, df

dT should also have a positive sign. This means that increase of pressuf

raises the transition temperature. The curve OC therefore. slo fror
the pressure axis. » Slopes away

The curve BC s the fusion curve for mop
effect of pressure on the melting point of mong

ensity of monoclinjc sulpht
2.05 gem?), V. is larger th?

GFlinic sulphur, This gives th
clinic sulphur, The two -pha®
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equilibrium (S,,==5,) along the curve BC is univariant, As the melting of
monoclinic sulphur 1s accompanied by a slight increase of volume, it follows
from Clapeyron - Clausius equation that the melting point will rise slightly by
the increase of pressure. The curve BC, therefore, slopes slightly away from
the pressure axis. As the slope of this curve is much less than that of the curve
OC, the two curves meet at the point C.Thus, C is another triple point where
three phases, viz., thombic sulphur, monoclin ic sulphur and liguid sulphur (S
S,,- S, ) are the equilibrium and the system is non - variant. At C, the tempera-
ture is 151°C and the pressure is 1290 atm.

The curve CD is the fusion curve for thombic sulphur. The equilibrium

along this curve is S, == S, . As the number of phases is 2, the system is

monovariant.

M etastable Equilibria: - _
In addition to the stable equilibria discussed above, there are also some

metastable equilibria indicated by the dotted lines in Fig. 4. Since the conver-
sion of one solid into another solid, as that of rhombic sulphur into monoclinic
sulphur, at the point 0 (95.6°C) involves molecular rearrangement necessary for
bringing about the change in the crystalline form, the process is naturally slow.
Therefore, unless heating is done extremely slowly, there is a possibility that the
first solid may not change into the second solid at the normal transition point .
The first solid, therefore, will exist in metastable equilibrium with its vapour.
The possibility in sulphur system is represented by the dotted line OA’
If the temperature of rhombic sulphur is allowed to rise rather quickly at about
95.6°C, it will persist in equilibrium with its vapour phase without changing into
monoclinic sulphur for several degrees above the normal transition tempera-
ture. Thus, along the dotted curve OA’ which is the extension of the curve AO,

the metastable equilibrium, S, —1_-—_’ S, exists. The vapour pressure at each tem-

perature, as can be seen, is higher than the vapour pressure of onoclinic

sulphur which is the stable phase in this range.
Similarly, if liquid sulphur is allowed to cool along the curve EB, the

solid phase (monoclinic sulphur) may not separate out at B unless cooling is
extremely slow. The line BA in this case represents the metastable equilibrium

between liquid sulphur and its vapour (ie., S, ==35,) The point A, there-
fore, represents the melting point of the metastable rhombic sulphur. This is
another triple point where the three phases,S_-S, -S,, coexist in metastable
equilibrium. The temperature A’ has been found to be about 114"C.

The curve A'C, evidently, gives the effect of pressure on the melting
point of metastable rhombic sulphur. In other words, this is the fusion curve of
metastable rhombic sulphur along which rhombic sulphur is in metastable
equilibrium with the liquid.

Areas: - '
[ Visit us for more detail at : www.winsomepublication.in ]
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As the curves AO and OC both involve rhm'n.l'li.l: Hllllll"lll” ".'l" Ulill.li“bl'iun,
S phase in one case and solid monoclime sulphui m:I ¢ other
with the wﬂf1 that the area bounded by these lines fowards 1htf_lclll represey),
" existence of rhombic sulphur ﬂlm.“.:' §l1“1|1‘}'|}’~ a8 the
as common, in equilibrium with vapq,,

can be
conditions for the stable

: * both have liquid phase
curves BE and BC be e ‘ ! ’
in the first case and with solid monoclinic sulphur in the second case, the argy

bounded by these lines represents liquid sulphur as the stable pha&;e. Slm1|ai-‘1}-1
as the curves AO. OB and BE have the vapour phase as common, the area ]j,‘rmg
below these lines represents only vapour as the stable phase. Lastly, as t.he liney
OC. OB and BC have monoclinic sulphur as the common phase, the triangula
area bounded by these lines represents monoclinic sulphur as the stable phase. Th,
existence of this form of sulphur, evidently, is limited on all sides.

Q.2. Calculate number of phases components and degree of freedom for
CeCO,, = Cal, 00, (2009)
Ans. The number of components will depend upon the method used to pre-
pare the system and the final status of the system. Thus, if we are given a
mixture of three species, C=3. Since P=3,hence F=C-P4+2=3-3+2=2,
Thus, we need to specify two variables such as T and P.
[f we are dealing with a mixture produced by the decomposition of CaCO,, only
two components need to be specified since the third can be calculated from the
stoichiometry of the reaction. Thus, C =2 and since P =3, therefore, F=C-P+2
=2-3+2=1so thatonly T or P need to be specified.

Q.3. Discuss and apply phase rule to potassium iodide - water system. (2013)
Ans. Potassium jiodide - water system:-

~ The potassium iodide - water system is a typical example of a binary
system involving a salt and water which form a eutectic mixture,

Qne essential feature of a salt - water system is that the melting point of
1h§ salt is usually very high, even higher than the critical temperature of water.
It is, thercfnre, ggt r:lussible to represent melting points of both the compo-
nents in ﬂw equilibrium diagram as has beep done in the case of the binary
systems involving metals, |
5 HSThB :Clllilthbrimn diagram of potassium iodide - water system is shown in

. Its res 1 i ;
g mblance with the genera] diagram for binary systems forming ew-

tectics 1s quite evident However, th ) )
: ' » the melting point i : ot 5
expected, is not realised in & point of potassium iodide,

A 1s the melting point of ice (or freezin

ves
with ice. The number of componentg rises

erally conducted at atmospheric pressure,
neglected in comparison and hence the Vapour phase
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system, therefore, may be t.'l‘rl‘l:iif‘l.t-l'l.td (o hm:'v Iwo phases, viz., ice and solu-
ion. Accordingly, the degree of freedom of the system at constant pressure,
will be 1. Thus, corresponding to each temperature, there will be a definite
composition of the solution. In u!lu‘lrl\mrds. i the temperature changes, there
will have to be a change in composition (concentration) of the solution and if
the composition of the solution changes, there will have to be a corresponding
change in temperature.

g

Solution

(=]

Temperature ('C)
=

Snlption + Solid KI

Eutectic + Ice C Eutectic + Ice
Solid KI + Ice
0 Composition (% KI) 100

Figure - The phase diagram for the potassium iodide - water system

If the addition of potassium iodide is continued, there will be a change
in the concentration of the solution and there will be a corresponding change
in the temperature of the system. This is represented by the curve AC which is
known as the freezing point curve of water (or fusion cu rve of ice). Alqng thls
line, the solution (containing potassiumiodide in water) is in contact “.'lth ice.
At the point C, the solution becomes saturated and, therefore, potassium io-
dide also separates out as another solid phase. The system now consists of
three phases (solid ice, solid K1 and solution) in equilibrium. The point C,
therefore, is invariant at a constant pressure. This is the eutectic point of the
system. The temperature at this point is -23°C which is the lowest temperature
that can be attained in this system. g ;

Ifthe system at C is heated, ice will melt and solid potassium iodide will
Pass into solution in the same ratio in which it is already present in the solution
so that composition of the solution remains unchanged. The temperature of
the system does not rise so long as the number of phases is 3. The heat
supplied to the system is utilised in bringing about the change of state of ice
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into water, 1f heat continues to be supplied I}’n the HB’NI"}'“‘ and if I“l"“fﬂlilu-”
iodide is present in excess, ultimately ice will disappear. Pho system will hl‘. ey
with two phases (solid K1 and solution) and will become u.mvnrmnl. e
temperature will now rise bul there will 1::: i cnr.l‘cH["”‘df“E F*‘*f"gf:‘ In
composition. The curve CB will be traced out. Simce nq‘iui pn}un‘.-mun 1odide is i,
contact with its solution in water along the curve ( B, this is known as (he
solubility curve of potassium iodide. The steep ri.s!: of }hc curve shows that the
so\ubiiiﬁf of potassium iodide increases slowly with rise of tempcralur?.

It may be noted that along both the curves AC and CB, the solutions of
potassium iodide of varving compositions are it equilibrium with a solid phase,
the solid being ice along AC and potassium iodide along CB . The two curves
meet at the eutectic point C, which has been discussed above. In the area lying
above the curves AC and CB, only solution phase can exist.

The existence of various phases in different regions of the equilibrium

diagram is shown in the figure.

If a solution represented by the point a is cooled, the temperature will fall along
ab without any change of composition as the system is bivariant. On reaching
b. ice will separate out. The system will now become univariant. Therefore, the
composition of the solution will change with temperature. Accordingly, on
continued cooling, the composition of the solution will move along the freez-
ing point curve AC until the eutectic point C is reached when potassium iodide
will also separate out. The number of phases now rises to 3 and the degree of
freedom at constant pressure falls to zero.Ultimately, the whole of the solution
will freeze to give the eutectic mixture at a constant temperature. Ifa solution of
composition, say, 2’, lying on the right of the eutectic poin, is cooled, potas-
sium iodide will begin to crystallise out as soon as the point b’ is reached. The
composition will henceforth change with the temperature along b’ C and more
of potassium iodide will continue to separate out unitil at the eutectic point C,
ice also begins to deposit. Ultimately, as before, the whole of the solution will
Fteggc to give the eutectic mixture consisting of 52% potassium iodide and 48%
Ice at a constant temperature.

‘ Finally, consider a solution of composition represented by ¢ which lies
vertically above the eutectic point. When such a solution is cooled, the tem-

perature will continue to fall along cC without any chan ge in composition until
the eutectic point C is reached when ice and potassium iodide both begin to
separate out simultaneously. It will be seen from the above discussion that a]l
solutions on cooling ultimately show an arrest or halt in temperature at the
eutectic point. Further, when a solid mixture of the same composition as the

eutectic mixture is heated, it melts sharply at the eutectic temperature. Hence,
the mixture of potassium iodide and ice deposited at the eutectic point was at
one time considered to be a definite compound of the form of a salt hydrate.

This was given the name cryohydrate. However, a closer examination showed
that physical properties such as density and heat of solution of the eutectic

[ Visit us for more detail at : www.winsomepublication.in_!

.



B.Sc. 1" Year - Chemistry 111 - Unit 1T - 33
solid were almost exactly equal to the mean values of the two constituents;
namely, potassium iodide and ice, indicating that it is a mixture, Further, when
the solid was examined under a powerful microscope, both the constituents
were seen to lie as separate crystals. There is hardly any doubt, therefore, that
the eutectic solid is a mixture and not a compound. The constancy of compo-
sition and melting point alone cannot establish a chemical compound.
Freezing Mixtures: -

The well known observation that the addition of salt to crushed ice
produces an appreciable fall in temperature can readily be explained by means
of a phase diagram of the kind shown in Fig.. Suppose, some salt, such as
potassium iodide or sodium chloride, is added to ice in contact with a small
amount of water at 0°C (point A). As some of the salt will dissolve in the watef,
there will be three phases, viz., salt, ice and solution in contact with one an-
other. Now three phases can coexist in stable equilibrium only at the eutectic
temperature. This temperature, in most cases, is considerably below the normal
melting point of ice. Hence, ice will melt and the salt will dissolve in the water
thus produced so that the composition varies along the line AC. Now, melting

Eutectic Temperatures and Eutectic Compositions of

Some Common System
Composition Eutectic Temperature

A (% salt in the eutectic) ('C)
NH,Cl and Ice 20.1 -16.0
NH,NO,and Ice 43.0 -18.0
NaNO, and Ice - 333 -18.1
NaCl.2H,0 and Ice 23.0 -22.0
KI and Ice 52.0 -23.0
CaCl,.6H,0 and Ice 152 -55.9

of the ice as well as dissolution of the salt are accompanied by absorption of
heat. If the system is not in a position f0 absorb heat from the surroundings, its
temperature will fall. This fall, which takes place along the line AC, will continue
until the eutectic point is reached or until either salt or ice is used up com-
pletely. The lowest temperature that can be attained in the presence of excess
of a salt and ice depends upon the eutectic temperature qf the system.

The eutectic temperatures and eutectic compositions of some of the
common systems are given in table. .
Aceton -Dry Ice Freezing Mixture: - ' N EPL

Another freezing mixture, based on an entirely different principle, is the
acetone - dry ice freezing mixture. _

Dryice, viz.,solid carbon dioxide, cha}nges directly to the gaseoyg
state under atmospheric pressure. When dry ice is added to acetone contained
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in a Dewar flask, it sublimes rapidly producing inlicrlmc cold since lhclht;,|
required for sublimation is taken from acetone. !!'sul ficient amount of dry jc, i
added. the temperature of acetone can, theoretically, go down to approachiy,
-95°C, the freezing point of acetone. This exceedingly low temperature can
maintained as long as sufficient amount of dry ice is present in acetone. Hoy,
ever, due to radiation factors, etc., the temperature actually attained remin,
around - 60°C which is a sufficiently low temperature indeed.

Q4. State Gibb’s phase rule. Draw and discuss the phase diagram of Water

system. Can all the three phase solid, liquid and gas coexist. (2017
Other Related Questions -

Q. Discuss phase diagram of water system. (2019)
Q.  State phase rule and discuss its application to water system. Draw the
phase diagram. , (2012)
Q. Define the term involved in phase rule, (2015
Q.  Explain with examples, phase component and degree of freedom. Dis-
cuss the application of phase rule to water system. (2014)

Ans. The phase rule is an imp

ortant tool used for the quantitative treatment
of systems in equilibrium. It en

ables us to predict the conditions that must be
specified for a system to exhibit equilibrium. J.W. Gibbs enunciated the phase

rule in 1876 while investigating heterogeneous equilibria. According to the
phase rule, for systems in.complete internal equilibrium.

F=C-P+2, o weea()
where C is the number of components ; p is the number. of phases and F is the
number of degrees of freedom,
Phase:-
A phase is defined as an

y homogeneous and physically distinct part of
a system which is bounded by a surface and is mechanically separable from

other parts of the system, Examples of various types of phases are:

(1) A gas mixture constitutes € phase since gases are completely mis-
cible.

(11) Immiscible liquids constitute different

{f_,‘jCl o) and water (H,0), whi hother, form two phases.

(1ii) Completely miscible ligu;

cﬁlorofonn constitute one - phase systems,

(v) Consider the decomposition of calcium carbonate into CO, and Ca0O
_CaCOz_ ()= Ca0 (s)+ CO,(g) 2 |

Here there are two solid

a singl

- 501t is a three - phase

independent] @ System at equilibrium is defined as th;‘
7 Variab ; :
the composition of ¢ach phase car}; be e le constitutents by means of whic

: Xpressed either directly or in terms of
ws't m fﬂr Mars - 1 =3 - y
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chemical equations. We may consider a few examples:
(1) Water exists in three phases, viz.,
ice = liquid == vapour
However, the composition of each phase can be expressed in terms of 1,0
Hence, it is @ one component system.
(ii) Sulphur exists in four phases, viz., thombic sulphur, monoclinic sulphur,
liquid and vapour. But since the composition of each phase can be expressed
in terms of sulphur only, it is a one component system.
(iii) Consider an aqueous sucrose solution. The composition of the solution
phase can be expressed by specifying the amounts of sugar and water. Hence,
it is a two - component system.
In a chemically reactive system, the number of components is given by
C=N-m-n-R ....(ii)
where N is the number of chemical species, m is the number of independent
equilibrium conditions, n is the number of relations between concentrations
due to initial conditions and R is the number of independent chemical reac-
tions. We can also write
C=N-E T e (iit)
where E is the number of independent equations relating the concentrations of
the N species. Each independent chemical equilibrium involving the constitu-
ents counts as one equation. The condition that a solution be electrically
neutral also counts as one equation if ions are considered as constituents.
Degree of Freedom (F): -

The degree of freedom of a system is defined as the number of indepen-
dent variables such as temperature, pressure and concentration ( or composi-
tion) which must be specified in order to define the system completely. Thus ,
the state of a pure gas can be specified by two variables Pand T or P.and V,
since the third variable can be calculated from the equation of state. This
means that a pure gas has two degrees of freedom.

Consider now a one - component system having two phases. The ex-
ample is furnished by water (liquid) in equilibrium with its vapour. The system
will have only one degree of freedom because at a given temperature, the
equilibrium vapour pressure of water can have only one fixed value. Thus, if
temperature is specified, pressure becomes known automatically and vice-
versa. We have to mention only one variable, either temperature or pressure.
The system is, therefore, monovariant.

Finally, consider a one - component system having three phases. The
example is furnished by ice, liquid water and vapour coexisting at the freezing
point of water. This system will have no degree of freedom. The reason is that
these three phases can coexist only at one particular temperature under one
particular pressure. The mere statement that these three phases coexist defineg
the system completely. ‘ : |

Thus, if F = 0, the system IS called invariant; if F = 1, univarjant
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(monovariant), if F = 2, bivariant and if I = 3, trivariant, efc.
We thus conclude that
1. The greater the number of components in & system,

of degrees of freedom for a given number of phases. ,
2. The greater the number of phases, the smaller i8 the number of degreey

freedom, such as T, P and composition, required to specify the system completel,
3. For a given number of components, the number of phases is maximum whey,
the number of degrees of freedom is zero. Thus, for a one - component system,
the maximum number of phases is three and for a two - component system, the
maximum number of phases is four.

Water System: -

Water can exist in three phases, namely, solid, liquid and vapour. Hence,

there can be three forms of equilibria, viz.,

1- Liquid = Vapour 2. Solid == Vapour 3. Solid — Liquid.

Each equilibrium involves two phases. The phase diagram for the water sys-

tem is shown in Fig.

The curve OA represents the equilibrium between liquid water and
vapour at different temperatures. It is called the vapour pressure curve of water
as it gives the vapour pressure of water at different temperatures. It can be
seen that, for any given temperature, there exists one and only one vapour
pressure. Similarly, for each vapour pressure, only one temperature can be
maintained. Thus, the degree of freedom of the system is one, i.e., the system
is univariant: -

F=C-P+2=1-2+2=] |
At 100°C, the vapour pressure of water equals the pressure of the atmosphere
(1atm = 760 mm Hg). This is, therefore, the boiling point of water. The curve OA
extends as for the critical temperature of water (374°C) since above this tem-
perature liquid water cannot exist. :

The variation of vapour pressure with temperature is quantitatively
given by Clapeyron equation or Clapeyron - Clausius equation, viz.,

L =_—_—ﬁH"“" or ln& = T {Tz . }

& TV, ~V) P, R T,
The curve OB represents the equilibrium between ice and vapour, It is called
the vapour pressure curve of ice or sublimation curve of ice. Its lower end B
extends to absolute zero. Again, as can be seen, for each temperature there can
be one and only one pressure and similarly for each pr;ssurc, one and only on¢
temperature can be maintained. In other words, the degree of freedom is 1.
+ The variation of vapour pressure of ice with temperature, is quantita-
tively given by Clapeyren or Clapeyron - Clausius equation;viz.,

d'r AHILII! I ].TIPE Milub {T ""T}

the greater is the nump,

e 0 —= = i I
dT T(VE—V;) P R | TT,
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Fig. The phase diagram for the water system.

Since, along OA, the two phases are liquid and vapour and along OB,
the two phases are solid and vapour, at the point O, where the two curves meet,
three phases, namely, solid, liquid and vapour, will coexist. Such a point is

- known as the triple point. The temperature and pressure at the triple point of

water are 0.0075° C and 4.58 mm of Hg, respectively. According to the phase
rule, O is an invariant point:
F=C-P+2=1-3+2=0

The curve OC represents the equilibrium between ice and water. It is called the
fusion curve of ice as it indicates the temperatures and pressures at which the
solid (ice) and liquid (water) can coexist in equilibrium. In other words, this
curve shows the effect of pressure on the melting point of ice. As can be seen,
the line OC is inclined towards the pressure axis which indicates that the
melting point of ice is lowered by increase of pressure. This follows from

. . il,)_ — ___M_{._ﬁ’s_nr iT— = M
Clapeyron equation, ViZ., qr ™~ T(V,-V,) dP AH,,

Since deasity of ice is less than that of water, V_ is greater thgn V.. In-other
words, the expression on the right hand side of the above equation is negative,
Hence, dT/dP should also have a negative sign. This means that the increase
of pressure must lower and decrease of pressure must raise the freezing point

(Visit us for more detail at : www.winsomepublication.in ]
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of water. It can be easily shown with the help of the ‘f"b“""“ Eq‘ualufn thy
freezing point of water is lowered by 0.0075°C by 1 atm ’“C"“'_Efﬂf’ (;nnpr”*‘:ﬂur. :’
Thus, while the freezing point of water at a pressure 01'4.5{3; mm is + 0.007 51

a higher pressure of 760 mm (i.e. 1 atm) it is reduced to 0°C.

A

Q.5.  Define cooling curves in a two component system forming a Cutectje, -

Other Related Question -

Q. Define reduced phase rule equation and with the help of a Benery) (

phase diagram discuss simple eutectic in a two component syste.m.. (2{}11;} :

Q. State the phase rule and discuss all the terms involved in it. Apply

phase rule to lead silver system, (2010,
|
]

t
S
5
I
I

Ans. Two- Component Systems :-

For a two - component system, the phase rule becomes F =4 - p
Since the minimum number of phases, P, in any system is 1, the maximun
number of degrees of freedom, F, is 3.Thus, three variables would be necessary
to describe a system. Since three variables are difficult to graph, it is customary
to hold one of them say, the pressure, constant on a diagram of temperature
plotted versus concentration. This reduces the degree of freedom of the sys.
tem by one and the phase rule equation is then written as F'= 3 .p
This is known as the reduced phase rule equation.
For the two - component solid - liquid e
|= cases: 1. The two components are m
components are only partially miscib
ourselves to the former case, Under th
Ing cases: .
A- The two components are not
mixture.

quilibria, we come across the following
iscible in the liquid state. 2 -The two
le in the liquid state, We shall restrict
is category, we shall discuss the follow-

miscible in the soljd state and form a eutectic

C - The two components form
Some of these systems are -

Type A. Simple Eutectic Systems :-
The general phase diagram of sych a System is presented in Fig.(a),

The points A and B Tepresent the melting points of the componenté A
and B. As increasing quantities of B are added to A, the freezing point of A falls

‘A 1s in equilibrium with the solution (liquid) of the co
called the freezing point curve of the component A. Similarly, along the curve
BC, the solid B is in equilibrium with the solution (liquid).of the component A in
B. This represent the freezing point curve of the component B. The number of
phases along AC, as well as along BC, is two. Since measurements are made 2!
atmospheric pressure (i.e., at constant pressure), we may apply the reduced

[__Visit us for more detail at : WWWwW.winsomepublication in ] )
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phase rule equation. Thus. we have F' =C-P+ | =2-241 =1, Hence, the system
is monovariant. The composition varies with temperature along AC or BC, a8
the case may be. The two curves intersect at some point C where both the
solids A and B must be in equilibrium with the liquid phase (i.e., the liquid
solution of the two components). The number of phases is 3. Applying the
reduced phase rule equation, F' = 0. Thus, the system at ' has no degree of
freedom. It is invariant. This means that under a given pressure, the system
consisting of two solids and their liquid solution. i.e., A-B -L, can exist only at
a definite temperature and that the composition of the liquid (solution) phase
also is definite. The point C, as can be seen, is the lowest temperature at which
liquid can exist in equilibrium with the solids A and B. Since the mixture ofAand
B of composition corresponding to point C, has the lowest melting point, the
point C is known as the eutectic point (eutectic means easy melting).

Liquid melt
a e 't B
A :
|
o b feme=-- ]
8 Solid AL+ :
g ¢ b-Selutiof...- b
g : h Solid B +iSolution
2 : E :
D ; : - : D
Solid A ¢ i Ci 1%otid A
+ 1 Solid A+iSolid B s
utectic ; (Eutegtic) ' Eutectic
100% A 3 v T00% B
Composition

Fig.(a) - A simple eutectic system at constant pressure.

In the area above the line AC and BC, the two components are present
only as a homogeneous liquid solution. As the system consists of only one
phase in this area, it is bivariant. Therefore, in order to define any point in this
area, it is necessary to specify the temperature as well as the composition. lt is
understood that the pressure has been kept constant.

Suppose, a liquid mixture of composition represented by point a is cooled
at a constant pressure. The temperature will fall without any change of compo-
sition until the point b on the freezing point curve AC is reached. At this
temperature, which corresponds to t,, the solid A separates out. The system
now consists of two phases and is, therefore, monovariant (assuming pressure
to be constant). The temperature will fall only with change in composition of
the liquid phase. Therfore, as cooling continues, the component A keeps on
separating out and the solution becomes relatively richer in B. The temperature

[ Visit us for more detail at: www.winsomepublication.in |
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and the solution composition both change “1“"1{”“’ U'_“.“: b, ,::}T‘Kd: l":l”l
peraure 1. solid A is in equilibrium with HHIIIII.{HI ol COMpPOos! '“ " c\:-'nli- .
tmnpcra!ur!c (it is in equilibrium with solution n! i"““'_“l’ﬁ'“{‘m ‘Y-m‘ :..fv':: s
therefore, that in area ACD, solid A is in equilibrium with 50 ||tm' wol afYing
composition given by the curve AC depending upon the “""ﬂ'pcr]”li"'r;f('] 5
When the eutectic temperature 18 reached at d, the second solid 13 i)
begins to crystallise out. The system now has 3 Phﬂf*ﬂﬂ and, thcreﬁimrfl Al
constant pressure, it becomes invariant. On Iur‘thcr cooling the system, """_ Id A
and solid B separate out together in a fixed ratio so thgt the composition of the
solution remains constant as indicated by the point C. The temperature als,
remains constant, When the solution phase has been completely solidifieq
and the system consists only of a mixture of solid A and solid B, it become;
monovariant and continued cooling results in fall of temperature below the line
DD’ into the area within which only the two solids coexist, as shown.
Similarly. if the composition of the original liquid is on the right side of
the eutectic point, as represented, say, by the point a’, similar series of changes
will be observed on cooling. In this case, however, on reaching the point b’ on
the freezing point curve BC, the solid B will separate out. As cooling contin-
ues. B keeps on separating and the solution becomes now richer and richer ir
A. The temperature and the composition both change along the curve b’ C

Thus. in the area BCD', solid B is in equilibrium with solutions of varying
composition. Again, when the eutectic temperature is reached at the point d’,
A also begins to separate out. The system now becomes invariant. On with-
drawing heat further from the system, the temperature remains constant and
sohd A :_u?d solid B continue to separate in the same ratio so that the solution
composition also remains constant. Ultimately, the solution phase solidifies
comp}ewlylas before and thereafter the temperature of the system can fall
below ?:le llf"; DD’ into the area of coexistence of two solids A and B |
onsider ' iaui '
Y B ;ﬁiﬁl;;ﬂic{;ﬂriﬂs :12:3 t'?: liquid has the same composition as tha
S€parate out unti] the

_ thg point ¢. On cooling, no solid will
i eulcf:nc temperamre Is reached. At this temperature, both
! : B crystallise out s1mu1taneuusly The tem ,

tion of the solution réemain ¢cons l R

tant until th . o
Thermal Anafysis, Cooling Curves: -1 e PR
' It can be seen op referenc
consisting of Aand B ig allowe
Out as soon as the temperature fals 1, in :
case may be. The number of phages i e e [l AT or BC). as

i : . . 1S now tWO, ViZ., the | : . ;
solid A or B. If cooling is continyed thereafter, the gj liquid I.mxt“re_ and thcl
deposit with the correspondin » 7' Biven solid continues &

_ g fall in lemperature "
(point C) is reached. At this point both i tlE:{:‘::g:ﬁ“tmd“’:lpemt;:
and the num

the solids se

. P

of ph?ses rises from two to three, The System now becomes j : i

therefore, the temperature remains constant. RIS
[__Visit us for more detail at : www.w
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(_}ne ll?portant_ point to be remembered in this connection is that the
separation of the solid A (or B) from the liquid solution is an cxluihcrmi-.:
process. The heat evolved in the process 1s similar to the |‘lc11;. given ﬁ,m when
the same subfstancc changes from liquid to solid state at its freczing point. As
a result of this, the rate of cooling is diminished as soon as the ;icpumlin;i of
solid A or B commences to take place. The rate of cooling ,5 1|1E,:¢|'0,-L- slower
than that before till the eutectic point is reached. After lhi.5 | lemperﬁ‘llurc ré-
mains unchanged. ’

The above facts can be represented by ploting fall of tcirlpcfalltrc with
iime as in Fig.(b). Such a graph is called a cooling curve. In the figure, the rate
of cooling along ab is quite rapid. This is when separation of a solid has not
yet commenced. Atb one of the solids begins to separate. The rate of cooling
along bd, therefore, slows down. The cooling curve thus shows a distinct
break at the point b. At d, the eutectic point is reached. The temperature,
therefore, remains constant along dd’ until the solidification has taken place
completely. With the disappearance of the liquid phase, the system now con-
sisting only of solid phase, becomes univariant and further cooling results in
fall of temperature along d'e. Thus, there are three breaks in the cooling curve.
The first one eccurs at the freezing point of the mixture where the solid first
commences to form. The second break occurs at the eutectic point and the

third one occurs when the mixture gets completely solidified.

a Freezing Point

b

d d’
Eutectic

TEMPERATURE

TIME
e in a twWo component syste
sis for the principle on which the

Fig.(b) - A cooling curv m forming a eutectic

The above discussion provides a ba he prin ch th
method of thermal analysis used in the study Of{-}.{}lld - hqulvd phase equilibria
involving metals, is based. In actual practice, a number of mixtures of metals A
and B of different compositions lying between 10{]",_6 A a“Fi 100% B are pre-
pared. These are heated above their respective melting points $O that there 1S
only one phase (i.€-» liquid phase) in every case. Each llqu.:d is then allc:wed to
cool slowly and the temperature 1S recor(_ied after small llnterf«als of tll’I‘lE; In
this way several cooling curves are obtained, as shown 10 Fig.(c). The first

break in each curve occurs at the freezing point, that is, at the commencement of

ilat: www.winsumeublicalion.in

Visit us for more deta



B.Sc. 1™ Year - Chemistry - Unit 14,

- - -

TEMPERATURE

LV (. - -
[ W S L LT Ay p——"

100%,
COMPOSITION

Fig. (¢) Cooling curves for different composition in a two-component
system forming a eutectic.

the freezing of the mixture of that particular composition. As the mixtures
differ in the compositions, their freezing will commence at different tempera-
tures. The second break occurs at the point at which the temperature remains
constant. This gives the eutectic temperature which will be the same in all the
muxtures irrespective of their initial compositions. The freezing points of pure
Aandpure B (i.e., 100% A and 100% B) are also determined in a similar manner
The equilibrium diagram for the system of two metals (A and B) under exami-
nation is thus determined. This is illustrated in Fig.(c).

There are many two - component systems which follow the general
behaviour as depicted in Fig.(a). They include pairs of metals, metallic alloys,
organic compounds and a number of salts and water. Two representative

cases, one involving metals and the other involving a salt and water will be
discussed here.

Lead - Silver System: -

These metals are completely miscible in liquid state and do not give rise
10 any compound formation. The equilibrium diagram, therefore, is similar to
that shown in Fig.(a). The various features are illustrated in F ig.(d).

. Pure lead melts at 327°C and the addition of silyer lowers its melting
point along AC. .Thus, AC is the freezing point curve of lead containing vary-
ing amounts o_f silver. Pure silver melts at 96 1°C and the addition oflead lowers
its melting point along BC. Thus, BC js the freezing point curve of silver. Along

AC, solid Jead and solution (melt) coexist while along BC, solid silver and
solution (melt) coexist, The system, at constant pressure, is monovariant along
AC as well as along BC, ’ 5

F? i.s tl?e eutectic point where the three Phases, solid lead, solid silver
and their liquid solution (melt), coexist. It s an invariant point, The’temperamrf

of the eutectic is 303°C and the composition of the solution phase is 2.6 per
cent silver, as shown In the figure. The phasgs coexisting in the variuus_arcﬂs
or regions are also shown in the fig:(d).

[ Visit us for more detail at : www.winsomepublicatiori=
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Liquid melt

o 3
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% ] b Liquid + Solid silver
E Liqd+ \s
< . b
~ solid lead
fu il ¥
% i
= 303 X 303
E _ ¥ EC Solid silver +

Solid Eutectic

lead+ 3

Eutecrici

L]
100% Pb 2.6%Ag 100% Ag
COMPOSITION

Fig.(d) - The phase diagram for lead-silver caption system

The phase diagram of lead -silver system has a special significance in
connection with the desilverisation of lead. The argentiferous lead consisting
of a very small percentage of silver is first heated to a temperature well above
its melting point so that the system consists only of the liquid phase repre-
sented, say, by the point a, in the fig.(d). Itis then allowed to cool. The tempera-
ture of the melt will fall along the line ab. As soon as the point b is reached, lead
will begin to crystallise out and the solution will contain relatively increasing
amounts of silver. Further cooling will shift the system along the line bC. Lead
continues to separate out and is constantly removed by means of ladels. The
melt continues to be richer and richer in silver until the point C is reached where
the percentage of silver rises to 2 6. Thus, the original argentiferous lead which
might have contained 0.1 percent (or even Jess) of silver, can now contain up to
2.6 percent of this metal. The process of raising the relative proportion of silver

in the alloy 1s known as Pattinson’s process.

Type B. Systems in which two compo nents form a stable cumpoynd -
There are again numerous systems including metals, organic compounds
and inorganic salts dissolved in water, which fall under this category. The two

components of the system at 3 certain stage enter into chemical _combinati{!n
with one another forming stable compounds. Thus, number of 'mt.ennetalhc
compounds when the two components are metals, are formed. Similarly, sev-
eral double compounds are formed when the two components are organic
compounds. In the case of system involving salt and water, a number of salt

hydrates are formed.

Such systems are of two
formed has a congruent or an 1nC0

[ Visit us for more detail at : ww
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There are two eutectic points in such a system as represented by C and
E in the fig.(e). At C, the solids A and AB are in equilibrium with the liquid phase
while at E. the solids B and AB are in equilibrium with the liquid phase.

It can be seen that at a certain temperature, say, i, the liquid phase can
have two compositions, X and x, in equilibrium with the same solid AB. In other
words. the compound AB can have two solubilities at the same temperature.
This paradox can readily be explained if the diagram is looked upon as made up
of two parts with DD as the dividing line. The left half of the diagram shows
two-component system: A and AB while the right half shows the two - compo-
pent system: B and AB. On the left hand side, the curve DC represents the
usual depression in freezing point of the compound AB on the addition of A
while on the right hand side, the curve DE represents the usual depression in
freezing point of the compound AB on the addition of B.

The names of the various phases in different areas of the diagram are
representad in the fig.(¢). The two component systems which form one or more
compounds with congruent melting points include zinc- magnesium, aluminium
-magnesium, mercury - thallium, gold -tinand phenol - aniline systems. Amongst
the salt hydrates. FeCL - H,O system falls into this category.

Case II. Formation of Compounds with Incongruent Melting Points: -

In many systems, the compounds formed by the combination of two
components, instead of melting congruently, decompose when heated giving
a new solid phase and a solution with a composition different from that of the
solid phase. Such a compound is <aid to have an incongruent melting point.
Its decomposition at this temperature is known as transition reaction or
meritectic (or peritectic) reaction and may be represented by the equation.

S;=— B, + solution (or melt )

original sohd new solid .
The incongruent melting point is. therefore, also known as transition tempera-

ture or meritectic or peritectic temperature.
The incongruent melting point is, therefore, also known as transition

temperature or meritectic or peritectic temperature.

Since during the peritectic reaction, as represented by the above equa-
tion, the number of phases is 3 (two solids and one liquid), the system is
invariant (j.e., F' = 0) as the pressure is fixed. Hence, the temperature as well as
the composition of all the phases remain fixed.

The general phase diagram for this type of systems may !:}e reprcsgnted
graphically as in Fig.(f). Let A and B be the two components whilch :::umbme to
form a compound AB,. The points A and B represent the respective melting
points of the two pure {;omponent_s while D represents the incchngr.uem mélting
point (or transition temperature) of the compound AB,. Here this ‘Cﬂmpﬂund
breaks down to give a new compound. This point lies below E which may be
taken as the hypothetical congruent melting point of the compound AB,. AC is
the fusion curve of A along which the solid is in equilibrium with the liquid. BD
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is the fusion curve of B along which the solid B is in equilibrium with the |, i

B
Y g ous
Liquid v/ Liquid +
! A SolidB

§ 1X YN,
E [\l
% i . lid B
= : Liquid + | Soli
; Solid A Compound| +
<1 AB, Compound
= Liquid AB,

Solid A +

Compound AB,
100% B

A Molar Composition

Fig.(f) - Formation of compound with
incongruent melting point

On cooling a liquid of composition x, A is the fir

st solid to separate (
at the point x' . Further coolin

g then proceeds with change of compositi

the system at C is non - variant. If a liquid
composition y is cooled down, the first solid to Scparate out will be solid B at |
point v’ . Further cooling will proceed along y

"D. At D, the meritectic reactic
Solid B + solution —— E‘.{:ulicl.eﬂsl?:2

takes place and the compound AB, separates out. Since the system will n
have three phases, it will again become non - variant. The transition of solic
into compound AB, will take Place at constant temperatyre till the whole of
solid B disappears. Point D is, thus, the peritectic point,

Picric acid - benzene, golq - antimony and g
€xamples of two - Comporient systemg Which gj

mconga-uent melting points. Amongst the g
of sodium sulphate - water system.

Calculation of Eutectie Point ang Eutectic Cnmpositiun' -
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given by the foliuwing expressions:
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and x, are their mole fractions. Assuming that the components A and 13 behave

ideally and AH, is independent of temperature, we can integrate Fq.(i) and (i1)

for the limits T =T _, the melting pointand T = T, the eutectic point, to obtain
AHgoa [ I 1
-In (xh)‘_‘ = R *_IT' Tm.-\ ...... (1)
AH fus,B 1 _ ]
and -In {XH)E_ R 'Tc Tm,,u (W’)

Using Eq. (iii) and (iv), we can calculate T , the eutectic point as well as the
eutectic composition, viz.,(x,)_and (x,).

Q.6. Write short note on Eutectic mixture.

Ans. A eutectic mixture is defined as a mixture of two or more components
which usually do not interact to form a new chemical compound but. which at
certain ratios, inhibit the crystallization process of one another resulting in a
system having a lower melting point than either of the components. Eutectic
mixtures, can be formed between Active Pharmaceutical Ingredients (APIs),
between APIs and excipient or between excipient; thereby providing a vast
scope for its applications in pharmaceutical industry. Eutectic mixture forma-
tion is usually, governed by following factors: (a) the components must be
miscible jn liquid state and mostly immiscible in solid state, (b) Intimate contact
between eutectic forming materials is necessary for contact induced melting
point depression, (c) the components should have chemical groups that can
interact to form physical bonds such has intermolecular hydrogen bonding
etc., (d) the molecules which are in accordance to modified VantHoeff’s equa-
tion can form eutectic mixtures.

Q.7. Define reduced phase rule equation.
Ans. Reduced Phase Rule Equation: -

In the study of two-component system, usually, one of the three
variables is kept constant and therefore, the degree of freedom is reduced by
one.

Hence, the phase rule equation for two components reducesto F=(C . p
*+1, and called reduced phase rule equation.

This condensed phase rule has two variables, namely temperature ang
concentration (or composition) of the constituents. Therefore, the snlid-liquid
equilibria are represented on temperature composition diagram.

&
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Q.1. 'What do you mean by reversible electrodes? How are they cla s: izfil;:rj !
Give their example, 17
or Related Questions -
gt.hll' ‘l:’rite sh(;n't note on reversible and irreversible electrodes.  (20j¢,
S. trode Composition: - o
" Elgeclmdes arlt: composed of variety of metals. While silver and gojq
have been traditionally used, a variety of other metals are used.‘ Elec.tmdes are
reversible or irreversible. Reversible electrodes include the typical sal.v;:r chlo.
ride electrodes. Reversible electrodes have easy bidirectional chemical reac.
tions accounting for the movement of charge. Non - reversible e]cci.:rodes ha\’ft
difficulty with electron flow in one direction, essentially conducting electric
charge mainly in one direction well, and the opposite direction less well. 4
junction potential can be developed across interfaces, which can create elec.

trode pops and distort the frequency response of the recording system.
Reversible Electrodes :-

1- Metal - Metz! lon Electrodes: -

An electrode of this type consists of a metal rod dipping in a solution
containing its own ions, as, for example, zinc rod dipping in zinc sulphate

solution or a copper rod dipping in copper sulphate solution, as in the Daniell
cell.

If the metal is univalent. the electr

M'(ag) + & = M (s)

If the metal rod behaves as positive electrode (i.e.. the reaction at the electrod:
nvolves reduction), the equilibrium will shifi towards the right. The concentra-

tion of M* ions in solution will, therefore, decrease,

If, on the other hand, the meta] ro

ode reaction may be represented as

I s, © me dbehaves as negative electrode (1.¢.,the
f:]ﬂfl“? ‘f‘r 'hcﬂctl on involves oxidation), the aboye equilibrium will shift towards
¢ left. The concentration of the M* j ; . Bl Y
Ons in solution ‘rease
The electrode 15 th i i Will, therefore, incre:

, 1f the valency of the m
M*(aq) + ze- = M(s)
)4 The electrode, in general, js r
M(s), M= (ag)
2. Gas Electrodes:-
a. Hydrogen Electrode -
~ Hydrogen gas bubbling in
acid) forms an electrode of this
as

Epresented ag

11M Sﬂiulinn of an ac; -
, acid (s ‘drachlort
type. The equilibrivg (say, hydrochlor*

.- | N in this case g represente’
Visit us _for more detail at :
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!
H(ag)+e &= 5 H(®)

The electrode is reversible with respect to hydrogen ion,

gince hydrogen gas is nonconducting, platinum or some other melal
which is not attacked by the acid and easily comes into equilibrium with hydro
gen, 18 used for making electrical contact in the eircuit (Fig. 1) The clectrode 14
[-eprescnted as Pt; H.(g).H". Itis called standard hydrogen electrode (SHE).
b. Chlorine Electrode -

In this electrode, chlorine gas at a given pressure is bubbled into 2
solution of hydrochloric acid. The electrode, is represented as

Pt CL(g). Cl{aq)
and the electrode reaction is written as

12CL(g)+e = Cl(ag)

The electrode is evidently reversible with respect to chloride ion.

¢. Oxygen Electrode - :

In this electrode, oxygen gas at a given pressure is bubbled through a solution

containing hydroxyl, OH", ions. The electrode reaction is written as
0,(g)+2H,0+4e —— 40H(aq)

But, since equilibrium between oxygen gas and hydroxyl ions in solution can-

not be established quickly, oxygen electrode does not behave as a truly revers-

ible electrode.

3. Metal - Insoluble Metal Salt Electrodes: -

These electrodes consist of a metal and a sparingly soluble salt of the
same metal dipping in a solution of a soluble salt having the same anion. An
important electrode of this type is the calomel electrode.

Calomel Electrode :-

Calomel electrode consists
of mercury, solid mercurous chlo-
ride and a solution of potassium
chloride. The electrode is repre-
sented as Hg, HgZCIQ(s);KCl (so-
lution).

It can be easily setup inthe  Hill ﬂlm)—*='ﬁ\
laboratory as follows: Mercury of
high grade purity is placed at the
bottom of a glass tube having 2
side tube on each side (Fig.2.)
Mercury is covered by a paste of
mercurous chloride (calomel), as

shc-w_m A solution of potassium
chloride is introduced above the Figure - The hydrogen electrode
paste through the side tube shown

[ Visit us Tor more detail at: www.winsomepublication.in |
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decinormal, nor

lls the side tube
be serves 1o

on the right. The concentration of the solution is either

else the solution 1s fully saturated. The solution also fi
in a jet on the lefl. A platinum wire sealed into a glass U
electrical contact of the electrode with the circuit,

If the electrode reaction involves reduction, the Hg,'" 1ons furnis
luble mercurous chloride would be discharged at th
of calomel would pass into solution. The r
{ chlonde 10ns. The reactions may be

the sparingly so
trode. Hence. more and more
an increase 1n the concentration o

sented as follows
Heg.” (aq) - b —— 2Hg (1)

Hg.CL(s) — H,*(aq) +2Cl (aq)
If. on the other hand. the electrode reaction involves oxidation, it woul
ate electrons and send Hg:" ions into solution. The ng‘“ ions would ¢

with Cl-ions (furnished by KC)) forming sparingly soluble HgZCI2 .The:
a fall in the concentration of chloride ions in the solution. The reactions
represented as follows :

2Hg(l) == Hg,”"(aq) +2¢

Hg *(aq) + 2Cl(aq) == Hg,CL(®)
Thus. in the case of the calomel electrode, the electrode reaction may b
sented as

Hg CL(s)+2¢ —2Hg()+ 2ClI(aq)
The electrode, therefore, is reversible with respect to chloride ion.

: e

"\I

e

Platinum
wire

‘

r f—] -
! - -

KCl solution —:({ |-

HeCl, |
Paste
Hg —

BN

Figure - The calom
An , el electrode
;i pl;lller cn@non elef:trode of this type is the silver -silver chlori
whic ccz-ns:sts nf a silver wire coated with a layer of sily : 1: l'ld.e
inserted in a solution of KCl or HCl of a known mmentratiz:; CTL{}ni[.
. The el

[ Visit us for more detail at : www.winsomepublication,
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" can be determined with the help of

schematically represented as P-SC- 1™ Year - Chemistry 111 - Unit iy - 5!

Ag, AgClI(s); Cl(aq)
The iliectr'odc is reversible with respect to Cl" ion
4. O t}l_::]nnn -Reduction Electrodes: - |
e term oxidation -reduction electrode is used for those electrodes in

- which th PR
¢ potential is developed due to the presence of ions of the same¢

z:tbit;nlf; Iii:rz :ﬁf:r:ent valence (i.e.,oxidation) states. Such an electrode is
solution. Thus Jhg unattackable metal (e.g.,platinum) in an appropriate
F it =f when a Plﬂtlnun:l wire is inserted in a solution containing Fe*’ and
2y 1::1 ati;f mzui?r;h_at the wwc-acquires.a potential. The same thing happens

o s is inserted in a solution containing Sn*+ and Sn*" jons of
QS @d Ce ions. The potential at the electrode arises from the tendency of the
ions in one oxidation state to change into the other more stable oxidation state.
The electrode reactions may be represented as follows : |

Fe’'(aq) + & —— Fe*'(ag)
Sn*"(aq) + 2 — Sn**(aq)

Ce*(aq) + ¢ —— Ce*(aq)
The function of the platinum wire is to ‘pick up’ the electrons and to

provide electrical contact to the electrode.

Another important but a slightly different type of oxidation - reduction
electrode is the so called quinhydrone electrode which consists of a platinum
wire placed in a solution containing hydroquinone (QH,) and quinone (Q) in
equimolar amounts. The electrode reaction in this case is represented as follows:

Hydroquionone

may be represented as Pt Q, QH,; H(aq), is
t to H' ions.

Quinone

This electrode, which
evidently reversible with respec

solubility product of sparingly soluble salt
EMF of thecell. (2015)

of solubility of sparingly soluh!e salts:-

solubility product of sparingly soluble salts like
d by measuring the EMF of a suitable
¢ investigation. For example, if it is
lubility product of AgCl the follow-

Q.2. Show how the solubility and

Ans. Determination
The solubility and
AgCl, PbSO,, Agl, etc.. can
concentration cell composed of salt unde
required to determine the solubility and sO
ing cell may be constructed |
b k) Sanarsed NHNO.0 0 R e conceniri
by placing one Ag electrode in CDﬂtEtCt with AgNU,; OF e n
ith 0.0IN KCl solution containinga drop

i tact W . :
(o LR aelpe 2, T}C?;;OE:J will produce @ small amount of AgCl which
3

of AgNO,. The added AgN e
[ Visit us for more detailat: wwyu.winsome Ublication.in
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‘will be sufficient to give its saturated H{}lutil)l'!. The two sul}l.tlc?nﬂ‘arelu.n.
nected through a saturated NH ,NO, salt bridge n.n'd!::r tﬂ‘ iliT(?ld Il'ql“d* liquj, -
junction potential. The EMF of the above concentration cell 18 given by
2.303RT, 0.01
2 i log——
1xF C . .1 | .
where C = concentration of Ag' ions furnished by AgCl in KC] H-(Jlutlr.}n, i,
measuring EMF. E. of the cell the value of C can be calculated. IF0.01K() ;.
assumed to be completely ionised, then [CI']=0.01.
K . the solubility product of AgCl = [Ag"][C]]
“ =C x 0.01

Then solubility of AgCl, S = /K,

— JCx0.0] gmole/litre

Q.3. Show that equilibrium constant K_can be calculated if standard emf of
the cell is known. e (2015
Ans. Standard EMF and Equilibrium Constant :- ,

If the standard EMF (E®) of a particular cell is known, the equilibrium

constant of the cell reaction can be calculated straightaway by making use of
the relation '

i
- AG'=RT i K =nFE* whence In K = ‘I E
RT .
o — nFE"
f O8RS 303RT

Q4. Show that equilibriﬁm constant of
knowing EMF of the cell and cone
the cell reaction.

Ans. EMF of the cell and equilibrium constant of a cell reaction:-
Consider, the general electrochemical cel] reaction

aA +tbB——cC + dD

the cell reaction can be calculated by
entration of the reactants and products ¢!
(2013)

equation, A G for the process is given by thermodynam"

-AG=-AG'-RTIq
| zh_are ~AGe = decrease in free ener
their standard stateg of unit activity,
Q = Reaction quotient
o [CrDy
- [AT[B}

[ Vieit e fric————

gy of system when the substances ar ?
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The electrical energy produced during the reaction by the cell in nEF volt.

-.AG=nFE
nFE=- A G°-RTInQ (i)
we know that - A G°=RT InK

where K is the equilibrium constant for the cell reaction.
Substituting in eqn. (ii), we get
nFE=RT InK -RTInQ

[CI'[DY'

aFE=RTInK-RTIn —=
[AT[BY

Changing In to log 10, we get

2303RT 2.303RT _ [CF[D}
R L1111
¥ - log K = log (AT [BT (ii1)

2.303RT .
At 25°C, the value of ——— is

nF
2.303xR8.313JK 'mol™ x 298K  0.0591
~— = Vv

(n)x 96500 Cmol™
Putting value in eq.(iii)

olt
n

0.059 0.0591, [CJF[DY’
E "= ; h:]g = iD L 2 b

= o [AT'[B]
The equilibrium constant of the cell can be calculated from this equation

if we know the Emf of the cell and the concentration of reactants and products
of the cell reaction.

Q5. Write short note on calomel electrode.. (2013)
Ans. A calomel electrode is a reference electrode that is » .d on reactions
between mercury (I) chloride (calomel) and elemental meicury. The aqueous
phase in contact with both the calomel and the mercury is a saturgtcd solution
of water and potassium chloride. The Jinking of the electrode is through a
porous frit to the solution that contains the other electrode.

Its structure consists of an outer glass tube that is fitted with a frit at the
bottom. This permits electrical contact with the solution on the ?utside. An-
other tube is fitted on the inside of the first tube. The bottom of this inner tube
has glass wool at the bottom to allow for further connection of electricity
between the contents of both tubes.

In calome] electrodes, mercury paste is packed on the inner tube, with mercu-
rous chloride being dispersed in a saturated potassium chloride solution. This
¢an be represented as:
 HgHg CLKCI (xM) saturated
he electrode reaction is:
[ Visit us for more detail at : www.winsomepublication.in |
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1, == g+ 2CI .

}\:fghfr::t:ﬁ-ez:l:{cﬁgd:e s immgerscd in a solution, tlar::re: is nn.clcutru: CONty
made between the electrolyte and the sample at a ccr}mn opening located n,
the end of the electrode. This forms a conductive bridge between the Siimpl
the reference electrode and the indicating electrode. o |

The glass body liquid-filled types include th‘? POLOVE CRIRime JUbetit,
used for routine applications. Cracked bead junctions are used for sampje,
that require slow electrolyte flow, while sleeve junctions require fast electr,
Iyte flow. The polymer-bodied types of electrodes include eleutrodr:as such g
the liquid-filled with a junction, ceramic junction and the geljﬁ[led with poroy |
polymer junction. The permanent gel-filled type do rfm 1'_equ1re alot of maing,.
nance and can be applied to numerous routine applications.

The electrode potential is reported with the concentration of potassium
chloride, because the electrode potential depends on the potassium chlorids
concentration. The common reference voltage for a saturated calomel elec.
trode is +0.244 V. Mercurous chloride can disproportion to mercury and mercy,.
ric chioride if supplied with a temperdture of above 80°C, thus restricting the
operation of the calomel electrode below 80°C. Its design and thermal charac-
teristics make the rate of change of progress slow. They can be used in pH
measurements and general aqueous electrochemistry.

v
t
f
y
(

Q.6. Derive Nernst equation for emfof g cell involving reversible chemica]

reaction. . (2009
Other related question - : |
Q. Derive the Nernst equation for the cell emf, What is the emf at equilib-
rium. : '

(2012)
ﬁ Effect of Electrolyte Concentration on Electrode Potential: Nernst Equa-

nergy accompanying the electrode reactinh is given

A
H'FE:] = IlFEd':'- RTIn _a_""“

7.'[12‘

RT

E,~Ej-—Inla _p ,RT a,
el I oF 2. el T oF In i
_ g RTlrl
ST pma, (.- for solids a=1)
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o _RT 24
= E4 ——?-Fln[Zn ] as an approximation, e (i)

where E_ is the electrode potential of zinc electrode under the operating condi-
tions and E/’ is the standard electrode potential of zinc clectrode i.e., the
otential developed on the zinc rod when it is in contact with a su]u'ti{;n of
Zn*1ions of unit activity (or to be approximate, unit molar concentration).
Consider the half - cell reaction
Ag'(aq) + & T=Ag(s),
the electrode potential of which is given by

E,= Ej~ & In { - [Ag(s)]taken as unity}
F [Ag'] '
. RT ) |
=Ej, +—F—1n[Ag | (iii)

Hence, the general expression for the electrode potential of a metal M in con-
tact with M™" ions, involving the electrode reaction
M™(aq) + ne’ = M(s),

may be written as

., RT, 1 . :
E = Es~ —F—In m {--[M] is taken as unity}
=B+ Bt 11 s A (iv)
nF
siael ¥)

effect of the concentration of M™ ion on the potential

Nernst equation.
he equilibrium is represen

“Eq. (v) which gives the
of M™ M electrode, is known as the
In the case of hydrogen electrode, t

ted as

]
H'(aq)+ e = P H,(g)

] atm
l 5
| Hence, E, = ES ——Finm (- activity of H, gas at | atm

pressure is taken as unity)

RT .

_ g+ Rl pqt) = = In[H]
= B F

rarily taken as Z€ro-

librium 18 represented as

epublication in

because E ! for hydrogen electrode is arbit
In the case of Fe**, Fe*’ electrode, the equ!

Visit us for more detailat: www.winsom




o

Q.7.  Write short note on ko
Ans. Kopp's law can

B.Se. 11 Year - Chemistry 1 - Unit 11 - 5,
Se.

Fe' (aq) + € == Fe'' (aq) B
Fe'! ] RT |_1_"1‘_1

RT |__t———— £ : i I 2 “_' [“ ]1I I-!'

T In [I:Ch] ol | | ¢

=
‘\'ﬁ. E = E ¥ = L] 1
Hence. B, = Ea write the electrode reaction

1SCUSSL i we
It follows from the above discussion that tf

general, as
Oxidised state +ne
the potential of the electrode is given by } t
[Re duced state] -y RT " [OKIdlSE: state}
E,=E,- -F—ln [Oxidised state] =Ea T g 7 [Reducedstate

. +d state,
— Reduce

In the case of a chlorine electrode, in which chlorine gas i bubblcd. ata pres-
sure of 1 atmosphere through a solution containing CI' ions, the equilibrium js
represented as

%Cl:{g} +¢ — Cl(ag)

(1 atm)
The potential of the electrode is given by
RT [CI] RT =
=E 0. — |n ——=E; =—In[Cl :
E=ES- gy~ Eea [CI'] cead(ix)

(since activity of chlorine gas at 1 atm pressure is taken as unity)
For the calomel electrode, the electrode reaction is

Hg,Cl,(s) +2e" = 2Hg(l) + 2Cl(aq)
The potential of the calomel electrode is given by

E =F o RT [CI'P[Hg)

el el 2F {H31Ciz]

RT RT
B 2F mICIT=E - — In[cI)
{[(Hg(l)]and [Hg,Cl,(s)] is also taken as unity each}

PP’s law.

GerT(a; Ch:'minemm Franz Moritz Kopp (T;l?;lfll];;izgs discovered by the
pp found “that the molecular heat capacity of I
sum of the ato a solid compound is !

than those required by the
| ' ese lower ; : equired b}
In studying organic compounds, Ku;:h;‘z 'n their compounds.”

(_Visit us for more detail at nd a regular relationship ™
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tween boiling points and the number of CH, groups present.

Kopp — Neumann law: - .
The Kopp — Neumann law, named for Kopp and Franz Ernst Neumann,

states that the specific heat C per unit mass (in J'kg'-K'") for alloys can be
calculated from the following equation:

N
C= Z{C1 r‘: )
i=1
where N is the total number of alloy constituents, and C. and { denote
the specific heat and mass fraction of the i-th constituent.

Q.8. What are concentration cell? Discuss and describe a cocentration all

without transference. - (2010)
Other related questions -
Q.  Write short note on concentration cell.. : (2012)

Q. Discuss and describe concentration cell without transference. (2017)
Ans. Concentration Cells:-

In the case of galvanic cells, the electrical energy arises from the
chemical reactions which take place in the cells. There is, however, another
category of cells in which the EMF arises not due to any chemical reaction but
due to transfer of matter from one half-cell to the other because ofa difference in
the concentrations of the species involved. These are called concentration cells.

Concentration cells are of two types, Viz., ,
1_Electrode- Concentration Cells and 2. Electrolyte- Concentration Cells.
1.Electrode - Concentration Cells: - ‘

In these cells. two like electrodes at different concentration are dipping
| the same solution. Two hydrogen electrodes at unequal gas pressures im-
mersed in the same solution of hydrogen ions constitute an electrode-concen-
tration cell. This may be represented as follows:

Pt; H,(p,) [ Solution of H" ions , say, HCL solution | H,(p,) ; Pt
The reactions occurring are:

RHE.: 2H* + 2e- == H,(p,) (Reduciion)
LHE: H.(p,) = 2H +2e (Oxidation)
Overall reaction: H,(p,) == H.(p,)

I his reaction is evidently independent of the concentration of the elec-
trolyte.

A1 moderate pressures, H. can be considered to an ideal gas so that the
ratio of the activities can be considered to be equal to the ratio of the gas
pressures, Hence. the Nernst equation may be written as

: b
E=E"- Ll log P: \at25°C
2 AP

|_Visit us for more detail at : www.winsomepublication.in ]
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definition, .~ 0. we have

n,)
E= 002085 108 (,/p,) = 0.02955 log \P/P, 0CEHS 18 8PONtinee,
When p, < P, the EMF i l-ﬂ,;u-f\,-c s0 that the whole process iy sp Oty
being equivalent 1o the expansion of ; B0,

ther example of the electrode- concentration cell is that of an amalgarm v,
™o differen concentrations of the same metal :
He-Pbic,), Pb S0, (soln), Hg- Pb(c,)
de reactions are :

Since, by

The electro

RHE. - Pb + e = Pb(c,) (Reduction)

LHE . Pb(c,) = Pb¥+2e {Oxidatinn}
T 1

Overall reaction : Pbc) = Pb(c,)

The EMF of the cell

I given by

; -

0.059] 0.0591
E=E,-E = [Eﬂb-————lagci)-—(E';b ; ugcl}

0.0591 ¢
= -———_](}g-_

= 002955 log &
2 CI . cl
Here, too , if C,;<c¢,, the EMF is Positive 5o that the whole procegs 1S sponta-
Deous., i .e.. lead will 80 spontaneously from, the higher concentratiop amalgam
to the lower concentration amalgam,
3 Electrolyte - Concentratigy Cells: -
In these

cells, the wo electrg
tions of metal |

1005 of differepg cone
One such cel] is Tepresented bejgy:
Z

0,70 (a) | zy (
this case, both the electrodes are of g *4Me metal (Zn) and these arc
In contact with solutions of (e Same long (72 - The concentrations an
fEnce activitigs Dflhe ipns are, howevyer  differeny Let (3 ), and (a), be the
vt of 7in ions in the WO electrolytes Surrounding ¢he electrodes, The

neral,llf ZHSO4 lifms , dre Separated from
S represente by the double line put in betwee!

are dipping in solu-
entration and hepce of differen; activities

yabrdge Thic;

The reactions OCCurring are -
R.H.E. :

n* (3 )
L.HE.:

|'|-+ 2'&' -'_"—-l r

, s

Zn(s) I+ 2
- Fods o ]

Overall reaction - Zn

The net process thus Involyeg
~ solution in which the activity is (g

According to Nernst e
L. H. E. are given by

J?m llh': 50

lons from l|IlI4L
: NI whie activity is (41
Quation, the Feducyj, the ACtivity

. L
" Potentials or g 1y E. 4

| Visit us for more detail at: WWW o
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ER —; EE --.].{Iln I =E" +EI] .
T R, ik i)
and g gt R, 1 _po RT ,
_ L=E, = In ™ =E, +E!n(a+)r (1)
o RT. (a,)
E. =E=E, ~E, =——In-—*22 .
I RTELT g n(ﬂ+)| ...... (iii)

For th_e pirncess' tQ lbe feasible , EMF should be positive . Hence , (a,),>(a,)
. Substituting aqtmnes (a,),and (a ), by molalities m, and m,, in Eq.(iii), we hav

RT o Yoy

E EE:—
Tym,

rere(iV)

cell

where v, and y, are activity coefficients of the electrolytes in the two solu-
tions. Consider another similar concentration cell reﬁrescnted by

Pt,H,(g),H"(a,), | H' (a,),,H,(g). Pt

latm 1
In this case, both the electrodes are hydrogen gas electrodes which are in
contact with hydrogen. ions of different activities. The two solutions which are
generally solutions of hydrochloric acid, are separated by a salt bridge.

The following processes take place at the two electrodes:
RHE. : H*(a,), te —= T2H R (Reduction)

LHE. : 12H(gy=—H (a), + €& (Oxidation)

Overall reaction : H'(a,), =—H (a),

The EMF of the cell will be given. By reduction potential of right hand elec-
{ left hand electrode. The reduction poten-

trode minus reduction potential 0 :
tials of the two electrodes and the EMF of the cell are given as follows:

RT I o RT. | J
0 - |-|E! ——Ih—
R R A Gy

F .
F ,(a{.)l
greater than (a,),-

), should be

11 consis connected back to back

For E to be positive (2,
We shall now consider a €€

thr i trodes: 4
c:-ug]l:ts.ltlfer }:gl‘za ), AgCIE), Ag, |Ag AgCl(s), HCl(@,).H,; Pt
* L 147 )

The electrode reactions are - o S e —
R HE Ao+ H'(a,)+Cl@) e 2 _  Oxidatic

_ £ ? 1(s) A Ag'+H+{al)+Cl (a)te (Oxidation)
p-H.E.: 112 H?”aﬂnﬁAgC (.5 “www.winsome ublication.in
N F T far more detail at:

ting of two cells
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_H@) e on ts only of the
gionHL 'HCI i chemt al ch f ctivity &,
iy erall reaction involves N0 coluti a 3
Thtﬁ%et:l 2? ;;:Cl msoh:ltion O.f activity &
ﬂ]‘iTEMF of the cell 18 given 0Y
E;_r’] = E = ER e E]_ l
| | Eﬂ _Fl_{_:r_ln’_f____f‘““_))
Efl ___Eln___,—-——"—-‘-_r_‘ el F (EH— )1 (afr |
- F (aH. )3 (acr )1
5
RT]nlarr );(an )1 _EF_T;]II( i;i
F a
F {aI-r )|(3CI )| ( /2
a; ) .
-EEImK?ili:{}_“gzmg(_}_);mzs C
= F (ai }l a‘)l

ties of the HCI solutions in the

where (a.),and (a.),are the mean ionic activl

two cells. _ - _ ‘
Here. too. we see that whena>a,, E is pus:t;we_sn that the process {s .sponta
he dilution of HC1 from activity a, to

neous from right to left and consists in t |
activity a, even though the two solutions are not in contact with each other.

Types of Electrolyte-Concentration Cells: -
Electrolyte - concentration cells in which solutions of the same electro-

lyte of different concentrations are used are of two types. In one of the types,
the two electrol?“tic solutions are not in direct contact with each other and the
, transference of ions from one solution to the other does not take place directly.
i . These are called concentration cells without transference. The two solutions
Z:e bs;eizratgl frod;n ;acliuther by means of a salt bridge or by some other means
nsidered shortly. In the second type, th i
, , the two soluti in di
contact with each other. The transference of ions fr oy al'f‘: Ly
om one solution to the

oth '
er takes place directly. Such cells are called concentration cells with trans-

ference. We shall consider he
: re both the \
Concentration Cells Without Transfererzl:?‘f of concentration cells.

_ The two concentration cells discusse
tions are separated from each other through a salt br;
But, more often some other means are employed rid
?nd bring about the transference of ions indirgzl to
n order to understa i Y-
e Ssilydomenen afsld the setting up of such 4 cell, consider a simpl

mple electro-

Pt, H,(g) ,HCl(a)) |AgCl(s), Ag

| atm

Let the activity of H* ions in the solution be (a) a
+ : I]:

{_ v " -
Visit us for more detail at WWW.Winsom epub; n .
Cation.in

ge fall in this cate gory .
keep the solutjong apart
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Ince reduction takes place at the right hand elecq ro

hand elfactmde, the two half-cell reactions will be
Reduction half-ce]] reaction:

AgCl(s) + & == Cl(a) , + Ag(s)
Oxidation half-cell reaction:

/2 H(g) & H'(a,) +e
The net reaction taking place in the cell for one f
tained by adding equations (i) and (ii) . Thus,

I_f2 H, (g) + AgCl(s) — H'Q), HCl@), +Ag(s) ... (iii)
Now consider the same cel] with the difference that the activity of HCl solution
in now a,.

Pt, H(g), HCl(a,) |AgCl(s), Ag

laim
The net cell reaction for one faraday of electricity will now be as follows:
. 172 H,(g) + AgCl(s) — (a,),+Cl(a), +Ag(s) .....(iv)
Finally, consider the situation when the two cells are connected to each other
in such a way _that they send current in opposite direction. Thus,

Pt, H,(g), HCl(a)), AgCI(s), Ag | Ag, AgCl(s), HCl(a,), H, (g) , Pt

latm Tatm

~Chemistry 11 - Unic 11 - 61

de and oxidation at the left
as {ollowsg:

araday of electricity is ob-

The overall reaction of the combined cell for the passage of one faraday of
electricity will evidently, be obtained by subtracting equation (iv) from

equation(iii), 1.e. ,

H'(a,), +Cl (a), — H*a). +Cl{a),
Thus, for the ﬂ'ow of one faraday of electricity , the overall reaction is the
transfer of one mole of each of H* and Cl ions or one mole of HCI, from a

solution of activity a, to that of activity a,.
Hence, EMF of such a cell would be given by

RT. (a,), _E;r_n_(f__l,__:RT]n(ai-)g
Bens = G) T F @), F (@)

the mean ionic activities of the electrolyte in the

Where (a a,),are ;
( *)1 e ( 1)2 for without transference. Apply-

| two solutions and the subscript w.0.t. stands
ing eq. we have . -*a~(ai)21
| E,  =(RT\F)In(a,a)
\Where a_and a_ are the activities ©
| ' will b hat the ¢
It will be obsen’eé t t
Electrolyte from one solution 10 lhf‘—e IC; ps
U1 thersfiste giooncEnTE T 4, AgClfs). Is W

If the middle electrode. V! ~winsomepublication.n ]

Wl e s T .I"]P_tail al..:—ﬂ'_'_ o ey

f hydrochloric acid in the two solutions.

i reaction does not involve transfer of
L . L -
her directly. It takes place indirectly. The

out transference.
thdrawn, the two solu-
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tions of HCI will be in direct contact with each other, The cell will then becomy
a concentration cell with transterence. A little reflection shows that a. c{mcgn
tration cell with transference in which the two electrodes are rcvclrﬂlhlc with
respect to cations (H' jons in the present case) can be converted into a con
centration cell without transference by interposing in between another elec.
trode which 1s reversible with respect to anions (Cl- ions in the present.. case)
Another example of a concentration cell without transference, in which the
electrodes are reversible with respect to a cation, is given below:

Zn, ZnS)‘i(a‘}‘ PbSO (s), Pb, PbSO,(s), ZnSO (a,), Zn
Conmcentration cells without transference in which the end electrodes are re-
versible with respect to an anion and in which an electrode reversible with
respect to a cation is inserted in between, are also known. One such cell is as
represented below: ' '

Ag, AgCl(s), HCl(a,)), H (g), HCl(a,), AgCl(s), Ag
The end electrodes are reversible with respect to Cl° ions while the intermedi-
ate electrode is reversible with respect to H* ions.
Concentration cells with transference:-

Now consider a concentration cell formed by combining two hydrogen
gas electrodes in contact with HCI solutions of different concentrations. The
two solutions are in direct contact with each other, as shown:

Pt H,(g),HCl(a)) | HCl(a,), H,(g), Pt

latm laim

H —
«— CI”

The reaction on the left involves oxidatio

: n and that on the right involves
reduction , as usual. The following change

are involved for the flow of one
faraday of electricity: t
Left Hand Electrode:
5 2(B) = H'(a,) +e S 1)
Right Hand Electrode -
1
4 T o—
H(a,),+e = 5 Ha(g) i)

‘ Thus, H' ions are generated at the Jef hand electrode and consumed al
the right hand electrode as the current folloys, Since the solutiong are in direct
contact with each other, the ions are free 1o move from one solytiog to the other
when current flows through the cell . [ th

. Sel cvld ko 5
move from the solution on the left hand gj ently,H" ions

migrate from right to left , as shown in the cel] above, '

[__Visit us for more detail at : www.winsomepubicai=———
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et t_be the transport number of Clionand t (= 10 Yy that of H' jon in HC

Then . for one faraday of electricity passing throngh, 1 faraday will e carried
by Cl ions and 1 faraday by H'ions. According fo Faraday's second law, f
equivalent of CI' ions will be transterred from the solution of activity a, to the
solution of activity a,. This may be represented as

LEF ), &= &Il i (i)

At the same time, t_ equivalent of H ions will be transferred from the solution

of activity a, to that of activity a, which may be represented as
t.Hi@E) =1 H (a,), (V)
The net result for the flow of one faraday of electricity is summed up below:
Left Hand Electrode:- The Following operations occur at this electrode:
Gain of 1 gram equivalent of H 1ons by process (1)
Loss of t_gram equivalent of H' ions by process (iv)
". Net gain of H'1ions = (1-t_) gram equivalent=t_gram equivalent
At the same time,
Net gain of Cl"ions = t_ gram equivalent by process (iii)
Fjght Hand Electrode:- The following operations occur at this electrode:
Loss of 1 gram equivalent of H* ions by process (ii)
Gain of t_ gram equivalent of H" ions by process (iv)
Net loss of H" 10ns = (1-t,) gram equivalent =t_ gram equivalent
At the same time ,
Net loss of Cl ions =t_ gram equivalent by process (iii)
F‘hus. for every one faraday of electricity , there i1s net transfer of t gram
squivalent of H™ ions and t _ gram equivalent of Cl ions from right to left , i.e.,
rom the solution in which activity of HCl is a, to that in which activity of HCI
52,
‘hese changes are represented as
t_ H(a), = t H(),

t Cia), = t CHp)

'he EMF of concentration cell with transport is given by
a RT (a_ )
Ewl =1, RT]B{ ) +1 = {V}
YTUF (a), "),

If (Hi )I and (a ) are the mean ionic activities of the two hydrochloric
tid solutions

. = .
(5.) =(a.), (), a0d(a, = (a.), (a), [“(a8)" =22 ]
4(v), therefore may be put as

2
RT, (2.),

,=t.—In -

(ai )r I
Visit us Tor more detail at: www.winsomepublication.in_]
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fe
G et s given by a =(a )’
knowing that the activity of a uni-univalent clectrolyte is given by a = (a )"
Eq.(v1) may also be written as
- ) b
E, .=t Eh‘lE (vi1)
w1 -

a

/ / ctivities of HCI solutions of the right
where a,and a, as already stated, are a
and the left hand electrode, respectively.

Eq.(vii) is used for calculating activity of an electmly;e ata given con. 3
centration from the experimental value of E_ . One of the solutions used

{
should be of known activity. I
Q.. Describe the application of EMF measurement for the determination of| ¥
solubility product and dissocaition constant of an acid. (2010)f0
Other related question - ' C
Q.  Write short note on application of e.m.f. measurements. (2009,19)}
Ans. Applications of EMF measurements:-

The EMF measurements find a number of useful applications. Some of

these are given below.

1. Determination of Activity Coefficients of Electrolytes: -
Suppose we want to determine the acti

acid. Consider a cell without liquid junction containing HCI. The two elec

trodes are so chosen that one is reversible with respect to the cation of thejc

electrolyte (in this case, the H*io

lyte n) and the other is reversible with respect tofl
the anion (i.e., the CI- ion). Evidently,

trode and the oth be th the first electrode is the hydrogen elec
nd the other can be the silver-silver ch loride electrod : '

cell arrangement is as follows: €. Accordingly, t
PG H, (2)(1 atm) | HCl(m) | AgCI(s), Ag(s)

where m is the molality of HC) solution,
The cell reaction is

1 112H (g) + AgCl(s) = Ag(s)+H*
The EMF of the cel] 4 25°C is given by

vity coefficient of hydrochlori

(m) + Cl(m)

. ~E-Dosst loga, +a N

because activity ofeach of Ag () poeq s . e (ii)
B(s), AgCl(s)

as unjt}-’. ) g l(S} and Hz{g) at | atm pressure is takef

As we know,

ﬂ||'E|t| :(H i )_ :(th}l =3'Lim3 I

|_Visit us for more detail at-
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vhere ¥ 4 and m are the mean ionic activity coeflicient and the molality ol H¢ | 1
espectively. Substituting in Eq. (i1), we get
E=E’-0.0591log y:m* .. (111)
—E°-0.1182log v,-0.1182logm ... (iv)
R earranging,
E+0.1182logm=E*-0.1182logy, .. (v)

The two unknowns E° and y, in Eq. (v) can be determined by measuring the
“MFs of the cell over various concentrations of HCI, including dilute concen-
rations. At infinite dilution,m=0and y, =1 So thatlog y, = 0. Thus, a plot of
=+ 0.1182 log m versus m, extrapolated to m = 0 gives E° as the y - intercept.
(nowing the value of E°, the mean ionic activity coefficient y, of HCI at any

sther concentration can be determined from the EMF data of the cell at that

‘oncentration.
Alternatively, we can use the Debye - Huckel limiting law (DHLL) equa-

ion, viz.,
log vy, =-0.509|z z| I'? ceeee(VI)

o substitute for the log 7y, term in Eq. (v) giving :

E+0.1182 logm=E"+ 0.0602 creeee(V11)
Thus, a plot of E + 0.1182 log m versus I'* will give a straight line at low
oncentrations where the limiting law is valid. The extrapolation of this plot to
12 = (0 gives E° as the y - intercept of the line..

E(V)

m(mol kg")
Figure - Determination of E’

In practice, however, an extension of the DHLL is needed to make a
atisfactory linear extrapolation. For a uni-univalent electrolyte in dilute aque-
s solution at 25°C, an empirical extension of Eq.(vi) is
logy,=-0.509m'>+bm  .....(vii])

“here b is an empirical constant.
.ubstit:uting this equation in Eq.(v) and rearranging the terms, we obtain

E+0.1182 logm-0.0602 m"?=E' =E°-(0.1182b)m ... (ix)
[ "Visit us for more detail at : www.winsomepublication.in |
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This equation shows that the left hand side whichlwe have dem_g:;ﬂ?c?.:m I
when plotted against m, will give a straight line whose intercept at m =0, i 20 Fig |
2. Determination of Transport Numbers: -

The EMF ofa concentration cell with transference, represented by |

fif

which the end electrodes are reversible with respect to cation, 18 given

hy,
E, =t (RT/F)in(a/a)

il X)
The EMF of the same cell with the same solutions but without transferenc,
denoted by E_,.Is given by, _
E,. =(RT/F)In(a/a) e (X1)
Dividing (x) by (xi), we have B
i=E. &y [‘XIU
Thus, the ratio o

f the EMFs of the two concentration cells, one with transfer.
ence and the other without transference, gives the transferenc

e number of the
anion, if the end electrodes are reversible with respect to the cation.
If the end electrodes are reversible with respect to the anion

ion of the EIECTID]}TEI
. Determination of Valency of Ions in Doubtful Cases: -

The valency of mercurous ions was in doubt
was finally established b

y determining the EMF of
Type given below:
Mercury, Mercurous nitrate solution (c,) || Mercurous nitrate solution (¢,
Mercury '

for a considerable time. [t
a concentration cell of the

greater than ¢,.Thus,
0.0591 ¢,

Cuustants: 3

of a Sparingly soluble salt ; cind of
i alt is a kinc
- Lonsider the ¢ : Gzl 2 :
Salurated solutiop " the salt MX in ®quilibrium ;i its ions 4
MX()T=2 M (aq) + X (aq)
he solubility progycy of the salt is gjyen by K, =a_ xa - M- ][X I
4SSuming g ideal solyy; "o M Ty -‘[ :
gl 10N 80 that activities equal COncentrations. The abo"*
wing cell:

I
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The half - cell reactions are : : Yeur - Chemistry 11 - Unit 111 67
R-H-E- . ' MX(s)+ e X
LHE: M = M'(aq) +¢

overall reaction : MX(s) = Mf(aq) *+ X(aq) E'=g"-E"
It 1

owing the va 0 fi g
g lue of E° for the cell under consideration and using the rela-

Kn
. oo A G?=nFE’; ¥ -
tion nFE®and - A G®=2.303RT logk_ we get
-0
logK_= BEE
s> 2.303RT
2.303RT 0.0591
i (i, s '
ie, E oF logK = logK, at25°C

Thus, K, can be calculated from the known value of E°.
5, Determination of pH:-
 a. By using hydrogen electrode:-
o The_potential of a hydrogen electrode in contact with a solution of H'
ions involving the reaction. '

H*+e — 1/2H, (1atm)
is given by Nermnst equation, ViZ., .

e (X111)

E,= E % 2.303(RT/F) log [H']
] of hydrogen

By convention, = E{C,}“, j.e. , the stan

electrode, 18 zero
.303RT '
& _%_____4 log [H']= —0.0_591pH (at25C) o

f a hydrogen electrode depends upon the pH of the
his can be determined by combining the
de, say, calomel electrode. The

dard electrode potentia

el

Thus, the potential 0
solution with which it is in contact. T

hydrogen electrode with 2 reference electro

complete cell is represented as
| KCl (sat. soln.), Hg,Cl, (s), Hg.

Pt.H, (1atm), H(c= unknown)| : ), He.
: e cell is determined potentinmetncally. This is given by

The EMF of th
E=E,-E, = 02422 - (-0.0591 pH)
or 0.0591 pH=E- 0.2422
E-0.2422
or  PH= 70,0591
i inhydrone¢ electrode:- +
Bt hydroquinone system involves the following equilib-

The quinon€ -
rum
CHO,
Hydroquinune

Quinone
Q) (QH,) _
—iF it LIS f;:aMﬂﬁﬂ:l ublication.in

CHO,+2H +2¢ —
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atial developed on a platinug,
For the reduction reaction given above, the Imhmmrlqdl::'qt cr;untinn as
'”.. ‘ \ W ¥ A A &l :
;L;u-m!r immersed in this system i given by the Ne
Lu %, :

2303RT | 1QW, ]

ot ep il (xv)
S T TH IO
0, 2303RT QYN Y Axvi)
:]‘n1+hﬁ:— - lg IQI.I;I:I
3] il 23(}31{1’ }
= F:I AB LEﬂER.l lo IQ] g —-](‘}g H

...... (xvii)
2FY[QH,] F

: inhydrone,
Instead of taking quinone and hydroquinone, E; Sl]na!ldﬁr;(él::;s{nil:m [é]-]] ;
' il Inone an g0 18
which is an equilimolar compound of quinor <) and‘hydroquine i
| i i k acid, its ionisation is very sm
taken. Since hydroquinone (QH,) is a wea y _
particularly if the pH of the solution is less than .?. Therefore, the conce?tratmr:
ol hydroquinone [QH.] is the same as that of quinone [Q], i.e., the quantity [Q]
[QH ] 1s unity. The middle term in Eq.(xvii) therefore, reduces to zero. Henc

Egi—ﬂ [H]=E + 0.0591 log [Hj*]atZS"C.
=ES0S%pH. - - . (xvii)
The standard electrode potential of the
CE"=+0.6996-0.0591pH

Thus. the potential of the quinhydrone electrode, Just as that of the hydrogen
vlectrode, depends upon the PH of the solution with which it is in contact, i.e.,
the quinhydrone electrode behaves as a reversible hydrogen electrode. Con-
sequently, this electrode can be used for measuring pH values of solutions.
This electrode js preferred to the hydrogen electrode a
by merely addin '

and iserty

eﬂ
E =E >+

-th o

: ith a saturated calomel elec-
comb i
e Hg (] (s), K(C) (sat,

; (unknow ; :
Fhe EMFEF of the above cel] is given by e )Q,QHP =
|- 'lEH <E, ‘-m‘n.h‘;‘%-ﬂ.[}SglpH}-U.2422 at25°C
or 0.0591 pH = 0.699¢ - 0.2422-F

0.6996-0.2422 -
___'-___——r-—_______

ph = 0.059]

[ Visit us for more detail at: WWW.Winsome ublication in
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| ‘ Unit IV ]

Q.1. Write short note on Gibbs adsorption equation. (2011)

Related Question -
glher Differentiate between physical and chemical adsorption, (20 10,15)

Q. Differentiate between chemical and physical adsorption. Derive Gibhs's
adsorpﬁ'm eqllliﬁﬂl‘l. (2009,1 6)
Ans. Adsorption: -

Adsorption is to be carefully distinguished from absorption. The
latter term implies that a substance is uniformly distributed throughout the
body of a solid or a liquid. Thus, while water vapours are absorbed by anhy-
drous calcium chloride, these are adsorbed by silica gel. Similarly, while ammo--
nia is absorbed in water, it is adsorbed by charcoal. When a hot crucible is
cooled in atmosphere, a film of moisture collects at its surface. This is a case of
adsorption of water vapour on the material of the crucible. Charcoal when
mixed with a coloured solution of s ugar, adsorbs the colouring matter and is used
as a decoloriser. McBain suggested the use of the term sorption to describe a
process in which both absorption and adsorption take place simultaneously.

Adsorption is not necessarily a physical phenomenon always, It may as
well be a chemical process involving chemical interaction between the surface
atoms of the adsorbent and the atoms of the adsorbate. This type of adsorp-
tion is known as chemisorption. For example, oxygen is chemisorbed by carbon
and hydrogen is chemisorbed by nickel under suitable conditions. In each case,
astable surface compound, frequently referred to as surface complex, results.

Chemisorption differs from physical adsorption (or physisorption)in the fol-

lowing respects:

L. Physical adsorption occurs appreciably only at very low temperatures
falling below the boiling point of the adsorbate. Chemisorption can occur
atall temperatures.

2. The magnitude of chem Isorption increases with rise in temperature. This
is just as the mgnitude of a chemical reaction in a given time increases with
fise in temperature. Physisorption, on the other hand, decreases with rise
intemperature.

3. The heat evolved in chemisorption is very high, varying generally b'.e'
tween 40 - 400 kJ mol”', as in many chemical reactions. The heat evolved in
Physisorption, on the other hand. is quite low, varying generally between

i 4-40k] mo]-!, '

Chtmisnrptinn is irreversible as the gas adsorbed cannot be recovered
fom the adsorbent as such on lowering the pressure of the system at the
Same temperatyre. Physisorption is, however, rf:versiblc‘as the gas adserbed_
“40 be recovered from the adsorbent easily on lowering the pressure of

m at the same temperature. ——
Visit us for more det;’" at: www.winsomepublication.in
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y short distances only, chcmimrpli[m

5. Since chemical forces operate withir
r of gas molecules or aloms on the

does not extend beyond a monolaye
surface of the solid. Physisorption may extend beyond a monolayer gy,

6. In physisoption, the adsorbate molecules are held by Cf"ﬂpﬂrﬂ‘i"f’“l}‘ Weak
van der Waals forces. Hence, the activation energy of desorption, in thj,
category, is very low. In chemisorption, the adsorbate molecules are hejg
by comparatively strong valence forces. Hence, the activation encrgy of
desorption 1s very high.

The Gibbs Adsorption Isotherm for Adsorption From Solutions: -

The concentration of a solute at the surface of a solution is, in general,

markedly different from that in the bulk. 1 the surface tension of the solute ig
lower than that of the liquid, it tends to accumulate at the surface of the liquid

thereby decreasing the surface tension (Or the surface free energy per unit
area) of the liquid. A quantitative treatment of the thermodynamics of adsorp-
tion of a solute at the surface of a liquid was given in 1878 by J.W. Gibbs (1839
- 1903), the greatest 19th century American mathematical physicist.

For a system containing two components, the Gibbs free energy can be

written as

G=np, Snp, NES )
Where n, and n, are the amounts (number of moles) and pt and M, are the
chemical potentials (i.e., partial molar Gibbs free energies ) of the two compo-
nents, respectively. Since we are dealing with the adsorption of one of the
componerits on the surface which results in changing the surface free energy,
Eq. (i) 1s modified to -

G=n M +n MK, +yo (1)
Where Y is the surface energy which is numerically the same as the surface
tension and o is the surface area.

The complete differential of Eq. (ii) is written as

dG=ndH{ + K dn +ndp + p.dn, +Ydotody ... (ii1)

We see that free energy G now depends upon.five independent vari-
ables, viz., T,P,n,n,and o .

Thus.
G=f(Lhnpnoe) .. (1v)
dG:{EJ dT+{@] dP+(§9—J dn, +[-a£ |
a.T Py Ny 0 opP T.n;,n;,a an! T.P.n, 0 an? T.P.n .o
: oG
dn, +| — d
3 (6‘0 )T.P.n“nz G i (v)

According to thermodynamics, the partial derivatives

5, B, (8, @
ar p.nyny o oP T.n.n,,0 On] T.P.ny.0 and oo TP in E‘Q(V)

[ Visit us for more detail at : www.winsomepublication.in ]
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are, respectively, equal to S,V, i , 1, and ¥ .
Hence, dG=-SdT+VdP+ i dn + H, g+ Ydege 0 s (vi)
At constant temperature, dT = U and at constant pressure, dP = 0. Hence, EQ-

(vi) reduces to

(dG) ., =H dn, + H,dn, + 0 1 » U (vii)
From Egs. (111) and (1v),
ndi, +ndp,+sdy=0 .. (viii)
The corresponding expression for the bulk of the liquid is
..... (ix)

aldh, +nidy, =0
where n ° and n " are the amounts (number of moles) of the liquid and the

solute, respectwely, in the bulk phase.
Since the system is in equilibrium, the chemical potential of each com-

ponent in the bulk and the surface phase must be the same. The system, 00l
being disturbed, attains a new equilibrium so that the changes in the chemical
potentials must be identical in both the phases, i.e., d and d U, in Egs. (viii)

and (ix) must be identical. Elimination of d M , from these equations gives
n[-(nn%du,]+ndp +ody =0 ... (x)
or (n,-nn’n%dp +cdy=0

dy n, (n nd /n; ) .

dy, = i i SENPCECIE (x1)

The quantity within parenthesis of Eq. (xi) gives the amount n,° of
solute 2 associated with the amount n’, of liquid 1 in the bulk phase. On the
other hand,n, is the amount of the solute associated with the amount n .of the
liquid at the surface Thus, the numerator on the right hand side of Eq (xi)
gives the excess amount of the solute present in the surface of the liquid.

Evidently, the right hand side of Eq. (xi) gives the surface excess, i.e., the
excess concentration of the solute per unit area of the surface, designated as

r2, ie,[n-(nn’n%)/c=1I2. |
Thus, from Eq.(x1), }
r2=-dy/dH, :
The chemical potential of solute 2 is given by
p,=n,(D+RTIna,
where (l) s the chemical potential of the pure solute in the liquid phase.

or

Hence,
du,=RTdlIna, [-dK, =0 .. (xiv)
Substltutmg for d 1, in Eq. (xii), we obtain |
L i = ‘—al[ﬂJ ...... (xv)
l“2=-ﬁ_f(alnazl RT\ da, ),

otail at : www.winsomepublication.in ]
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When the solution is very dilute, it behaves ideally so that the activity a, of the
solute can be replaced by its concentration ¢, Thus,

r2=

1 o } _ & ﬂ'}
RT{ dlnc, | RT\ dc, ),

| S.No. Physical adsorption

“Chemical adsorption

1. Force of attraction are weak
vander Waal’s forces.

The forces of attraction
involved are similar to those
of a chemical bond.

3 Low enthalpy of adsorption | High enthalpy of adsorptmﬂ n

| - usually in the range of 20-40 kJ | the range of 80-240 kJ mol™.
mol ™. .

3. Reversible Irreversible. e

4, | Physisorption usually takes | It takes place at high
place at low temperature and temperature,
decreases with increase in
temperature.

A It is quite general phenomenon. | It is highly specific. N

6. It does not require any | It requires activation energy.
activation energy.

T It forms multimolecular layers | It forms unimolecular layer.
of gas molecules on the

| surface. '

Eq. (xvi)

dependence of ¥, I" 2 can be calculated.

For a solute that lowers the surface tension

tionI" 2 is positive and for a solute
tive. Soaps have a higher
l than in the bulk aqueous p
tions in the neighbourhoo

ketones, etc., and capill
of organic acids and bases

pounds such as sugar and glycerol.

Q.2.  Derive I angmuir’s adsorption theore

or the aqueous solution-

ary - inactive solutes are ino
of lower molar mass and ¢

is called the Gibbs adsorption isotherm. Knowi ng the concentration -

, the surface excess concentra-

that raises the surface tension, I 2 is neea-
concentration in the nej

hase whereas inorg
d of the surface than in the

ghbourhood of the surface
anic salts have lower concentra-
bulk aqueous phase.

apillary - inactive on the
air interface,
» ethers, esters, amines,
rganic electrolytes, salts
ertain nonvolatile com-

m.

_ L. Discuss its applicability at:
f!j‘ Low pressure (i) ng_n pressure (Ili) Inte .

Other Relaie: uestion -
Q. List i assumption on w

rmediate pressure, (2017)

hich Langmuirs theory of adsorption is hased
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and denve the Langmuir’s adsorption Isotherm. (2010)
. Write note on Langmuir theory of adsorption,
Ans. The Langmuir Theory of Adsorption: -

In 1916 Langmuir proposed his theory of adsorption of a gas on the
surface of a solid. He considered the surfuce of the solid to be made up of
elementary sites each of which could adsorb one gas molecule. It is assumed
that all adsorption sites are equivalent and the ability of the gas molecule to get
bound to any one site is independent of whether or not the neighbouring sites
are occupied. It is further assumed that a dynamic equilibrium exists between
the adsorbed molecules and the free molecules. If A is the gas molecule and M
is the surface site, then

A (g) + M (surface) % AM

where k_and k, are the rate constants for adsorption and desorption, respec-
tively. The rate of adsorption is proportional to the pressure of A, viz., p, and
the number of vacant sites on the surface, viz., N(I - 8) where N is the total

number of sites and @ is the fraction of surface sites occupied by the gas
molecules, i.e., |

_ Number of adsorption sites occupied

Number of adsorption sites available

Thus, the rate of adsorption =k p, N(1-8) .o (1)

The rate of desorption is proportional to the number of adsorbed molecules,

NO.

Thus, the rate of desorption=kNO e (11)

Since at equilibrium, the rate of adsorption is equal to the rate of desorption, we

can write from Egs. (1) and (11), .
kp,N(1-08)=k,N#B ...(111)

or Kp Ll=g)=8" > = e (1v)

where K=k /k .

Eq.(iv) may, thus, be written as

- !
6 Kp,
LI
or 0 KP,;. ...... (\-’)
1 1 1+ Kp
—= e & (vi)
8 Kp, Kp,

Visit us for more detail at : www.winsomepublication.in ]
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= Kpﬁ. ...... (Vii}
Hence, 1+Kp,

o ; R
Eq. (vi1) is called the Langmuir adsorption isot _ o
i 'ghe following assumptions are involved in the derivation of the
Langmuir adsorption isotherm: .
1. The adsorbed gas behaves ideally in the vapour phase.
2. Only a monolayer is formed by the adsorbed gas. S
3. The surface of the solid is homogeneous so that each binding site has the
same affinity for the gas molecules.
4. There is no lateral interaction between the adsorbate molecules.

5. The adsorbed gas molecules are localized, i.e., the
on the surface.

The first assumption holds at low pressure, the second assumption

breaks down when the pressure of the gas is increased. The third assumption
is not strictly true because the real surfaces are quite heterogeneous so that
affinity for gas molecules is different at

different sites. Crystal imperfections
and cracks lead to the creation of differe

nt sites on the surface. The fourth and
fifth assumptions, too, are not strictly valid.

Now, let us consider

y do not move around

Eq. (vii). At low pressures, Kp, << so that

pressure of the gas molecules, TH ponds to first - order

reaction ant_i is depicted by the initia] Steep rise of the isotherm (Fig.).
Athigh pressure, Kp,>>1 So that Eq.(vii) reduces to
=1

1.0
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ing the reaction rate independent of the pressure, Thus, the reaction is of the
sero order (Fig.).

Combining the results of Eqs. (vii1) and (ix), it is evident that according
to this thf_:ory’ the n’_lagnil'ud:-: of adsorption at a given temperature should first
.ncrease in proportion to increase of pressure and finally tend to attain a cer-
(ain limiting value.

Since at low pressures, adsorption is proportional to pressure, i.c.,

p=Ki(p,) (from Eq.viii)
and, at high pressures, §=I=(p,)’ (from Eq.ix)
it follows that, at intermediate pressures, the following expression should hold
good:

6 = K(p,)" where n lies between0Oand 1. ... (x)
Since, according to Langmuir’s theory, only a single layer of molecules is
adsorbed on the surface of the adsorbent, the fraction § gives the amount of
the gas adsorbed per unit mass of the adsorbent, thatis,acc g ora=k, 6 where
k, is another constant. Thus,

a=k 8 =kK(p,)"=k(p,) ceeeen(X1)

Eq. (xi) is the same as the Freundlich empirical equation. This agreement was
taken as a proof for the theory of monomolecular adsorption advanced by
Langmuir. Irving Langmuir (1881 - 1957), the American chemist, was awarded
the 1932 Chemistry Nobel Prize for his contributions to surface chemistry.
Research in surface science has now acquired tremendous importance and a
research journal called Langmuir is exc]usi‘vely devoted to contributions in all

areas of surface science.

Q3. Discuss BET theory of multilayer adsorption. (2011)

Other related questions -
Q. Explain BET theory of multilayer adsorption. With the help of BET

equation show how surface area of adsorbent and area of cross section of a -

molecule can be determined. (2016,19)
Q. Write short note on BET Theory. (2010)

Ans. BET Theory of Multilayer Adsorption :-
The Langmuir theory of adsorption is restricted to the formation of a

monomolecular layer of the gas molecules on the solid surface and disregards
the possibility that multilayer adsorption may also take place. The theory of
adsorption proposed in 1938 by Brunauer, .Emrnett and Teller (kgown as the
BET theory, after the initials of these scient:st§} assumes t.hal physical adsorp-
tion resulting in the formation of multilayers, is the true picture of adsorption.
In the BET theory, it is assumed that the solid surface possesses uniform,
localized sites and that adsorption 2 ; )
neighbouring sites, as Was assumed in.the Langmu{r theory. It is further as-
sumed that molecules can be adsorbed in second, th ird, ..... and n" layers, the

[ Visit us for more detail at : WWW.win somepublication.in_]
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Dth layer. The energy of
constant and the e
the same as F,‘
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ayer being equal to the coverage of the (p,
adsorption in the lirst layer, B\, is assumed i, he
hergy of adsorption in succeeding layers ig assumed g b,

- the energy of liquetacation of the gas. Based on the aboye
assumptions, Brunauer,

Emmett and Teller derived the
known after them

fnllnwing Cquation_
asthe BET equation:
p 1 c =1 p ,
. =— RN i) | S (1)
A Toral (pt\ - p‘" L § mono © 'mn!m(" p”‘
where v

o 18 the volume of the

gas adsorbed at the pressure p, Vo
volume adsorbed when the surface of the solid is covered completely with 5
cules of the gas and ¢ is a constant depending

Its numerical valye is given approximately by the
expression ¢ = exp(E, -E )/RT in which E, is the heat of adsorption in the first

layer and E, is the heat of liquefacation of the gas. Since ¢ is a constant for a
given gas and Voo 1S @ CONstant for a given gas - solid system, the plot of p/
Viu'Py -P) against P/p, should give a straight line. This has been checked in
the case of adsorption of a number of £Ases on various solid adsorbents. The

results obtained in t itrogen on silica gel at - 183°* are
' an be seen, the plot obtained is a good straight line. Fairly

g as pressure p
ion pressure Pys

L.e., the pressure
state at the Prevailing temperature.
owever, deviations set in.

upon the nature of the gas.

At higher pressures, h

. c-
Slope of the line = V. o
| G|
=l =
£

Intercept = ;—l——

[RelPT1T0] C

P/p, h
Fig. - orption of N, on silica gelat - 183°C
The slope of the linear plot, evidently, gives the value of (¢ - | Y(v__c)
while the intercept yields the valye of 1/(v,..c) . Thus, from the s]

ope and the
inIen‘.‘ept, both me" and ¢ can be (:Valuated.
Determination of Surface Area: -

[ Visit us for more detail at: WWw.winsomepublication in I
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Determination of Area of Cross - Section of a Molecule:-

The area of cross-section a of the molecule can be determined from the
Jensity of the liquefied or solidified absorbate. Thus, ifp is rthe density and
M_is the molar mass of the adsorbate, then the volume v occupied by a single
mglecule, assuming the adsorbate to be closely packed with no void volume,
is obtained as follows: _

p=M_/V=M/N,v)

v=M_/N,P)
Assuming the molecule to be spherical with radius r, we have
v=@3)nP=M_/N,P) . (i)
i IM_ 13 |
2o 4nN,p e (111)
_ 2| Mg =T : .
Hence, =TI =T N 0 0 . e (iv)

Eq. (iv) is only approximate for calculating the area of cross - section of
a molecule since it does not take into account the nature of packing at the
surface of the adsorbent. Also, the presence of void volumes in the crystal
lattice has been ignored. The areas of cross-section of some common mol-

ecules are given in Table.
Areas of Cross-section of Some Common Molecules

Molecules | Temperature(’C) | Liquid Density (p) (g cm) * | a(nm)”
Ar _183 : 1374 0.144
N ~196 0.808 10162
0 _183 1.140 0141
e [
CO 183 0.763 0.168
Co, -57 1.179 0.170
CH., _140 : 0.392 0.181
NH, 36 0.688 0.129
-_‘_-_'_'—-—-_

Derivation of the BET equation: -
In 1938 , Brunauer, Emmett and Teller proposed a model, known as the

BET isotherm, for multilayer adsorption. According to them, the first step in
adsorption ig

A(@+s =—AS;K,= 6,/6p (V)
Where A is the gaseous adsorbate, S is_a vacant site on the surface, AS repre-

mus for more detail at : www.winsomepublication.in ]
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sents an adsorbed molecule of A or an occupied site onl the surface, K is the
equilibrium constant, @  is the fraction of the surface sites covered by single

molecules §  is the fraction of vacant sites and p is the pfressure of the gag.
They further assumed that additional molecules sit on top of one ap.
other to form a variety of multilayers. This process was ll“rtf.‘«r]}_r eted as a g¢.
quence of chemical reactions, each with an appropriate equilibrium constant:
AR +TAS = A S K, = 0,/0p
ARQ) *AS =AS; K,= 6,/ 0,p
AQ+A ST=AS;K =0/6_p

where the symbol A S indicates a surface site that has a stack of n A molecules

piled up on it. The § s the fraction of sites on which the stack of A molecules
15 i layers deep. The interaction between th
site is unique, dependin

e first A molecule and the surface
surface. Howe

g on the nature of the particular A molecule and the
ver, when the second A molecule sits on the first A molecule, the
interaction cannot be very different from the interaction of two A molecules in

the liquid. The same is true when the third molecule sits on the second. All of
. these processes except the first can be re
l

garded as being essentially equiva-
lent to liquefaction. Hence, they should have the same equilibrium constant ,
| K, Thus, the BET treatment assumes that
LEK=Ke==K=K "~ v (vi)
-' where K is the equilibrium constant for the reaction A (g) T=—A(liq). Obvious! A
K=1/p*
where p° is the equilibrium vap
WE can use the equilibriy
various§ \We have

|

...... (vii)
our pressure of the liquid.
m conditions

to calculate the values of the
.0 Kp. 6,=9 Kp, B.=0. K.

...... (viii)
Combining the first two, we have, g = 0, (Kp)

Repeating the Operation, we find that

B.I= 9 '{Kp)i—l
The sum of aj] these fractions must be e

=0 28,20, + 30, (kpy
i=| n

eveass(X)
where we have used Eq.(ix) for § Let

qual to unity:

J:9~+9|“+x+x3+x3+ ....... )
Assuming that the process can g0 on inde
1s simply the expansion of 1/(1 -X)

el . N 5
Using the equilibrium condition for the first adsorption, we fing that 6=
/(cx) and Eq.(xi)

finitely,

then n — o and the series
=1 + x+x2 + ...Th

us,

0 /K, p. Defining a new constant, c =K /K, we have g =0,

-

[ Visit us for more detail at : WWW.winsomepublicationin )
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becomes
| | 0 ex(]—x)
=0 —4 | o "ol (e Dy vl
Lex  1-x,
Let N be the total number of molecules adsorbed per unig MAss of acdgor
R = ( i |"| T +

bentand ¢ be the total number of surface sites per unit mags Ihern C, 0 s the
number of' sites carrying one molecule, ¢, 0, 18 the number of sifeq CArrying twq

molecules. and so on. Accordingly,

N=¢(8,+20,430,+.)=¢c, Y6, .. Ll
From Eq.(ix) we have g = 6 ,x""'s0 that

L |
ERGIZIK =€ 0 (1+2x+3x3+..) en(XiV)

This series is the derivative of the earlier one. Thus,

d d 0 T
H42x+3x2+ .. = —‘(1+x+x3+x-‘+...)= 'a; - (l—x)z ...... (xv)

dx 1-x
Using this result, the expression for N becomes
S L . A R (xvi)

adsorbed so that N = ¢_and

mono

N=Ne /=y - . - (xvii)
Substituting the value of g , from Eq(xii) , we have
N _cx
N = m
A=x)1+(c-Dx] (xviii)

The amount adsorbed is usually reported as the volume of the gas
adsorbed measured at STP. The volume i1s, of course, proportional to N so that
we have Nmem = viv

e v, CX _
or Lota] (] - X){.I + {C _ ])x] .....1?{1}{)
Where V.. stands for Ve -

Recalling that x = Kp and that K=1/p°,we obtain the BET isotherm:
vV ¢
Viw =V = P (xx)

(P’ =p)[1+(c—1)(p/p°)]
The volume V. 18 Measured as a function of p. From the data w;: cafl
':"blain the value of Voo @0d ¢. Note that when p = p° the f:quatmn Fais;;
Smg”larit}* and v— oo . This accounts for the steep rise of the isotherm (Fig.

| 4 the Pressure approaches p’
- ication.in
ﬂus for e detail at : www.winsome ubhpatmn
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Mass adsorbed

D ]J."Ip“ —

Fig. Multilayer physisorption.

To obtain the constants ¢ and V.o We multiply both sides of Eq. (xx) by
(pl__p }.fp

Vo' -p)_ ve

P l+c~l)p/p)
Taking the reciprocal of hoth sides, we have

p 1 c=-14 p l
0 T e
vip  —p) L Vot I\ p
This is the well known BET equation.

The left - hand side of this equation is expe
plot afpa’[v{p“-p)] VETSUS p gives a straight line.Frox
the slope, [c-l}»’{_vm-::p“), Wwe can calculate the valye
From the valye of oo HESTP N

N.".mem

\Vmono
0.022414m’mo] !

svenn(X1)

ey A0 )

rimentally measured. The

n the intercept, ['lfvmc) and

ofv Jiev
m TG

can be calculated:

mono i

T

area, a, covered by a
calculate the area of unit mass of materia]-
Area/unit mass =N 4

. TN WG
In this way the surface area of a fi

note on Freundlich adsorption iIsotherm, (2009, 14)
Ans. In 1909, Freundlich gave an empjir i
thermal variation of ad

solid adsorbent with p
tion Isotherm or Freu
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pressure P and k, n are constants whose values depend upon adsorbent and

gas at particular temperature.
Explanation of Freundlich Adsorption equation: -

At low pressure, extent of adsorption is directly proportional to pres:
sure (raised to power one).

X
—#ucP]

m
At high pressure, extent of adsorption is independent of pressure (raised to
power zero)
2 «p?

m-

Therefore at intermediate value of pressure, adsorption is directly pro-
portional to pressure raised to power 1/n . Here n is a variable whose value is

greater than one.

X i
_O:PI.II
I i

Using constant of proportionality, k also known as adsorption constant we get

R Kpl/n
m

The above equation is known as Freundlich adsorption equation.
Plotting of Freundlich Adsorption Isotherm:-
As per Freundlich adsorption equation

=kp'"

Slope = 1/n

513__'__.

-

Intercept = logk

Log P
Taking log both sides of equation, we get,
1
mg(i] ~ logk +—logP
m n

[ Visit us for more detail at : www.winsomepublication.in )
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parable with comparable with equa-

The equation above equation is com ats slope of the line and ¢

tion of straight line, y=mXx + ¢ where, m represe
1 ’ ; |
' axis. ' o
mpme;tsr?:r;e;;gg getween log(x/m) and log p, we w:iltget a straight line
o is intercept.
with value of slope equal to 1/n and log k t;:.s y-?xls intercep
Limitati lich Adsorption Isotherm: - _ o
5 ﬂfF;l:;?:?t was dl::ennined that extent of adsnrptmg :har:esﬂq;t
1 ige;;sure till saturation pressure Ps is_reach_edi BEyonsur : $ hlus
:::teyuf adsorption saturates even after japply_mg higher pressure.
Freundlich Adsorption Isotherm failed at higher pressure.
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Q.1 Write note on clausius - Mossotti equation,

Other related guestion
Q. Explain clausius - Mossotti equation. (2009)
Q. Derive Clausius - Mossotti equation for molar pola rization.  (2014)

Ans. Clausius - Mosotti Eq uation: -
Suppose that several molecules of a substance in the solid, lgpunel or

gaseous state are introduced into the space between the plates of a condenser
which is charged by applying a constant clectrostatic field. The substance 15
called a dielectric and is assumed to be an insulator. The charges on the con-
denser plates are partially compensated by the induced charges on the hound-
ary of the dielectric (Fig.). The clectric field strength in the dielectric 1s. there-
fore. reduced to a value E from its value E_ in vacuum, the two quantities being

related by the expression

OO
OO IDE2
oD
DD
DO DT 2E2
OCoCE 2 DED 4
2
oI
l<aJ <ot lcms I L)

Fig. - Orientation of polar molecules
in an electric field.
E=~E+4nP
.where P, called the dielectric po
volume of the dielectric. Thus, p = NH
per unit volume of the dielectric.
From Eq. (1). E/E=1 +4nx(PE)y=1+4 n (NP JE) wsrl k)
g =1+4nNa,
where the quantity ¢ (= E/E) is called the dielectric constant or relative
permitivity. Here we have made use of the fact that a ;= H JE where a ; is the

distortion polarizability. The relative permittivity of the medium can be mea-

sured experimentally by using the relation
virsai IV}

e =C/C,
where C and C, are the capacitances of the condenser with the medium and the

vacuum, respectively, as the dielectric between the plates.
Suppose that one mole of a substance of molar volume V _, density p

and molar mass M is used as a dielectric. Then,
[ Visit_us for more detail at: www.winsomepublication.in |
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Where N is the A\’ogadm number. Hence, Eq (lll) can be written HB(

. =N . 000U v

(e -DM/p=47aN, a, - ' ) ‘
Evidently, the ratio (¢ _-1)/P is independent of P since a ;15 a constant for ,
substance. e _ 1
Eq. (v) holds for gases at very low pressures when the mtler.actmr} of the dipole
moments between the neighbouring molecules is negligible since the mo|.
ecules are far apart. However, at high pressures and for condgnsed phaseg
(solids or liquids). this relation does not hold since now mter.actlons between
induced moments have to be taken into consideration. Clausius and Mosottj,
taking into consideration these interactions for condensed phases, introduced
the following relation:

€ —-1

= L v = 4 f3N Q. I 1
P. Er+2m(ﬁ)ﬁd (vi)

where the quantity P_is called molar polarization. Eq. (vi) is known as the
Clausius - Mosotti equation.

Relative permittivity, ¢ ,isalso defined as ¢ .= e/g  where ¢ isthe permittiv-
ity of the medium and ¢ o 18 the permittivity of free space. In SI system, the
Clausius - Mosotti equation is written as

g —1
b= E,+2vm =(N, ’{_350)‘1:1

Since a , (viz., distortion polarizability) is a characteristic constant of mol-

cculg, hence P_, according to Eq. (vi), should be a constant, independent of
density or temperature. This has been verified experimentally for non - polar
molecules such as H,, CO,,CH S

_ s ®tc., which do not have a permanent
dipole moment. The Clausius - M

osotti equation is not obeyed by polar mol-
ecules such as HCI, H,O, NH,, etc., which POSsess a permanent dipole moment.

Q.2. Define molar refraction

and explain its role in determining the chemi-
cal constitution. ; (2010)
Other Related Question -
Q. Define molar refractiopn and its additive and constitutional nature.
2015)
Ans. Molar Refraction: - -

! f di I jon to
their moleculer structures, it e
To eliminate the effect of these factors, ]

! » H.A. Lorenz (1880) from the
electromagnetic theory of light, and L.V, Lore ( ;

y ; Orenz (1880) from the wave theory of
ight, independently deduced the following theoretjca] relationship betwee?

WWWw.winsomepublication.in
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refractive index and density, which should be constant all temperatures:
w1 1
| n' -2 d
| where W is the refractive index of a liquid and *d’ its density, R is a constant

called the specific refraction or refractivity. Multiplying the above equation by,
the molecular weight of the liquid on both sides we get,

| _wW-1M_ ;
R"‘M_uz__z"d_‘Rm ..... (1)

The product R x M is denoted by Ry, and is calle the molar refraction or

| molar refractivity. R, is characteristic of the liquid and remains constant at the
given temperature.

The molar refraction is independent of temperature and pressure, but as
is the case with refractive index it varies with the wave-length of the light used.
| Generally, the D-line of sodium is the light source. If any other source is
employed (e.g., the D-line in the hydrogen spectrum) it should be specifically
mentioned. :

The molar refractivity of a solute, solvant and solution can be
. detemined as follows: '
| A known weight of the solid is dissolved in a know weight of a suitable
solvant. The refractive index and density of the solution are determined in the
usual way. If R’ is molar refractivity of the solution, it is given by,
2_1[NM, +N.M

R'=:t2_2[ L 2} i)
where W is the refractive index of the solution N, N, the mole fractions of the
solute and solvent respectively, M, and M, are their molecular weights and ‘d’
and density of the solution. The molar refractivity of the solution R', is related
to the molar refractivities of the solute and solvent respectively ad N, and N,
have the same meaning as before.

The refractive index and density of the solvent are now determined and
its molar refractivity R, is calculated with the help of equation (ii). Substituting
this value is equation (4). R, the molar refractive of the solutes is calculated.
Molar refraction or refractivity as an additive and constitutive property: -

It was found by comparing the R,, values for different substances that
it is both additive and constitutive property, i.e., it depends upon both the
number and arrangement of atoms in the molecule. Thus from a study of molar
refractions of a large number of compounds the constants for different atoms
and types of linkages were determined. For example, in a homologous series of
aliphatic compounds of difference of CH, in composition makes a difference of
4.618 in molecular refractivity. The contribution of other atoms and structures

can be calculated like molar volume as follows:
‘ RM for C_H, = 34.54 cm’ mol"

[ Visit us for more detail at: www.winsomepublication.in ] |
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RM forCH  =29.92 ¢cmi' mol!
Difference (=CH,) =4.62 om" mol"!
Thus, CH, = 6CH, +2H

2092=6x4.6242H
~ R, forHatom= 1.1 cm*/atom

Catom =4.62-2 »1.10

=242 em’/g atom

The molar refraction values for some elements and groups based of the
refractive indices measured with the D-line of sodium have been included jj,

table. ;
With the help of molar refraction contributions, given in Table the molar refrac.

tivity of a compound O the basis of its assumed structure is calculated ang
compared with the value obtained experimentall

y. This can be understood from

the following examples,
Table: Molar refraction contributions of atoms and bonds (Vogel 1948)
| Atom or structure | Ry(em’) | Atom or structure | Ry(em’)
\ﬂ 1.028 C-0 4.601

C 2.591 -OH 1.546
I 5844 | -COOH 7226
| Br 8.741 - NO, 6.713
L1 13.954 1.575

00OC=0) 2573 1.977
E{R -0-R) 1.764 6 memberedring | - 015
_O(-OH) 1.518 5 membered ring - 9.89

C, radical 5653 | 4 membered ring 0.317

CyH; radical 10.300 i |
1. Structure of benzene - ke

kule’s formula for benzene is:

atoms, 6 hydrogen atoms, 3
X carbon atom ring,

There are six carbop
double bonds and one si
. Molar refraction due 10 6 C atomg = 6 x 2.59] = 15.546

Molar refraction due to 6 Hatoms =g, 1.028 =6,168

Molar refraction due to 3 double bonds =3 x 1.575 =475

Molar refraction due to one gix membered ring = ] (-0.15)=.0.15
=25.289

The experimental valye 25

95 is fairly cloge to the above calculated
value. Hence the Kekule’s structure for benzene is correct.

| Visit us for more detail at : www.wins%
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2. Structure of acetylene dibromide - The structure of ncetylence dibromide is

BrCH=CHBr
2C =2%2.591=5.182
2H =2 1,.028=2.056
_ 2Br =2y 8.741=17.482
One double bond =1x 1.575=1.575
Total =26.295

The observed value is 26.30. Hence the formula of acetylene dibromide
is verified. Thus molecular refractivities have been useful in deciding between
the alternate structure of the various isomeric compounds.

3. Structure of acetic acid - The correct structure of acetic acid can be either (I)

or(II).

0
CH, - & . on CH,COOH
(1) - R
2C 3 % 2.591=5.182 CH, radical =5.653
4H. 4 % 1.028=4.112 _COOH =7.226
O(C=0) 1x2573=2.573 Total =12.879
-OH Ix1.518=1518
Total ~13.385

Observed value of R, = 13.021.
As the calculated value of R, of structure | has been found to be very close

to observed value of R, , the structure | is the correct structure of acetic acid.
4. Keto-enol tautomerism - Molar refraction can give an approximate indica-
tion whether one or the other form in keto-enol tautomerism of a compound

predominates in its normal state.
The enol form is having d

posses different values of R, The

enol forms of acetoacetic ester are

ouble bond and therefore two forms should
calculated molar teiractions of the keto and

31.57 and 32.62, respe i:vely, hence

OH
CH3.CO.C Hq.ll",‘i{)(ClCZH5 o1 o
- ('H,C=CHCOOC,I,
31.57 32.62
Keto enol

g conjugated double bond and therefore, an
nd. The molar refraction of theenolic form

lar refraction of the acetoacetic ester in 1ts
fenolic form should be given as follows:

The enolic form is havin

optical exaltation equal to 1 .8 is fou
should be 34.42. The measured mo
normal state is 32. The proportion 0

32.00-31.57 100 = 15%
34.42-31.57

Molecular refraction values su

tion the chemical constitution. Event

ch as parachor can be used for elucida-
hough the calculated and observed val-
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ues of molecular refraction closely tally in nlmlly Cﬂﬂcs.lhllt anomaloysg resuly,
are also obtained. This is ascribed to the optical exaltation,

Q.3. Writeshortnote on parachor, (201 6)
Other Related Question -

Q. Define parachor. (2017, 0)
Q. Explain the meaning of parachor. . {2"]2}
Ans. A numerical quantity (found empirically to be .corl]stant OVer & wige
range of temperature) equal to the molecular weight of a 11qmd multiplied by the
fourth root of its surface tension and divided by the difference between the

density of the liquid and that of its vapour.
P =y“M/d

Q.4. Write short note on optical exaltation. (2017
Ans. Optical Exaltation:-

It is observed that when a comp
bond, the molecular refractivity depends
bonds but on their position also. Thus inc
bonds i.e., alternate double bonds there 1s

observed molecular refractivity than the value calculated from the atomic ang
the structural constants. This behaviour is known as optical exaltation.
For example, the observed R,, ofisodially,
CIHj-Cl-I=CIL![-CH=CI-I-Cl’rl3 :
having conjugated double bonds, is 1.76 units hi gher than the calculated R,
whereas for the isomeric dual ly,

,CH,=CH- CH,- CH,-CH= CH?_, in which the
double linkages are not conjugated, the observed value of R,, is smaller by
about 0.12 unit.

It has also been found that carbonyl group, if present along with a
double or triple bond, causes optical exaltation,

Hence, the experimental value
of molar refraction of phorone, '
| (CH,),C=CH-CO-CH=C (CH,)
1545.39 while the calculated value is 42 85,

Optical exaltation=45 39 . 42.85=2 .45

ound contains ore than on doube
not only on the number of doube
ase of conjugated system of double
a marked increase in the value of the

23

1
If there ¢
Exaltatio is pre

. | 11
XISIS 2 gap in the 1 :
sent.
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5, Write short note on dipole moment. (2017)

Qﬂﬂ_l{elated Questions -

. Explain the meaning of dipole moment. What Is its unit? Write down
the Debye equation for the dipole moment and explain the meaning of each
term. How dipole moment is determined ? (2012)
Ans. Dipole Moments and Molecular Structure: -

The linear triatomic molecules of the type B - A - B (e.g.. (.'UQ have no
dipole moment. not because the individual C = O bonds are non - polar but
pecause the two bond moments cancel being equal and opposite. Again, angu-
lar triatomic molecules (such as H.O) and linear asymmetric molecules (such as
N.O) have dipole moments because their bond moments do not cancel. For
polyatomic molecules, the situation becomes increasingly complicated. For
instance. in the case of the planar symmetrical molecule like AB,, the three bond
moments cancel to give a zero dipole moment. BF, belongs to this category.

On the other hand. the vector sum of bond moments of NH, does not
cancel so that the molecule possesses a dipole moment. This indicates that the
three hydrogen atoms do not lie symmetrically with respect to the nitrogen
atom. The high value (1.40D) of the dipole moment of NH, can be explained by
assigning a triangular pyramidal structure to the molecule in which the nitro-
gen atom is situated at the apex of the pyramid and the three hydrogens lie at
the three comners of the base. '

Symmetrical polyatomic polar molecules do not show dipole moment if
the vector sum of the bond moments cancels out. Examples are
CH,.CC!_.SF,.CH, and [Ni(CN),]*.

H—C—Cl H—C—Cl
Il Il
H=—C—CI Cl—C=—H

cis form trans form
(i5=:1.86 17} '(M:U“J

Dipole moments are helpful in distinguishing between the cis and trans
isomers. Thus, the cis isomer of 1 2-dichloroethane has a dipole moment whereas
the trans isomer does not. The zero dipole moment of the trans isomer is due to

" the fact that the vector sum of the bond moments of the two C - Cl bonds
cancels and the dipole moment data can also help in the indentification of cis
and trans isomers of square planar PiA B, complexes. The trans isomer should
have a very small dipole moment whereas the cis isomer should possess a
fairly Jarge moment. This factis corroborated experimentally.

It may also be noted that the experimental measurement can yield only
the magnitude, not the direction. of the dipole moment. In most cases i-is
possible to have a fairly good idea of the direction of the dipole moment by
considering the difference in electronegativities and by making comparison

' with similar molecules. However, in several cases, it is difficult to predict the

- direction of the dipole moment. A well known exam le is furnished by carbon
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monoxide, CO, which has a small value of £ =0.10D.

ation: -
i ?1‘?111912, Debye considered the behaviour of polar m{}le_cuk?g plag,
between the plates of a condenser. In the absence of the electric field, 4
result of thermal motion, the molecules are randomly oriented so that the,, |
no net dipole moment in any direction (Fig.(a)) However, on the applicaqy, "
the electric field across the plates of the condenser, the molgculeslunder th
combined influence of the electric field and the thermal motion orient the,
selves as shown in Fig.(b).

0,0 @

(}%O

(a)

GANYY,

Q0 L
070
a,

%
o0

Fig. Orientation of molecules : (a) in the absence of an electric field
(b) in the presence of an electric field.
Debye calculated the average component of the permanent dipole moment |
of a molecule in the direction of the electric field as a function of temperatur:
For arandomly oriented dipole in the absence of electric field, all orier
tations are equally probable. This means that the number of dipole moment
directed within a solid angle d w is Ad ¢, where A is a constant which depend
on the number of molecules under observation.
The potential energy, U, of a polar molecule with mole
ment U ortented at an angle @ to the
U=-UEcos ¢
According to the Boltzmann distributi
within the solid angle d @ is given by
IN=Aep (UkDdo (i)
=Aexp(HEcos §/kT)d o

....... (iii)
Hence, the average value of the dipole moment in the direction of the field |
given by

cular dipole me
electric field of strength E is given by

(1)

on, the number of molecules oriente

JA eXp (LE cos8/kT)ucos Bdoy

Hia = J‘A exp(PE cos0/kT)dw

where the integrals are taken over all the possible orientatjons.

=x and cos § =y (so thatdy=sin §d@), we have _
do=2nsin gdg =2mxdy (v)

[ Visit us for more detail at : www.winsomepublicationin
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Thus, Eq. (iv) takes the form,

=k xy
B _ ), &Y |
- - w0 (v1)
ey
Using the standard integrals,
J‘_:: eVdy =(e*-e*)/x e (vit)
and _f_:l e®ydy =(e* —e*)/x—(e* —e*)/x’ Vi)
oy X+ =X 1
WSO s o BT TS, ¢ - S (ix)
u e-e X X

where L (x) is called the Langevin function.The Langevin function is plotted in
fiz. Atroom temperature, X <<1 so that on expanding L(x) as a power series,
only the first term needs to be retained,giving L (x) =x/3 so that

Ra=(a03TE e (x)
Notice that fi,_, decreases with increasing temperature; also, [, 1s
directly proportional to E. It must, however, be pointed out that the proportion-

ality between pi,,, and E cannot be maintained if E is large since in that case
saturation occurs. Thus, if all the molecules are completely oriented, further

increase in E will not increase p,, .

1.0

0.8
_06
.
Z0.4

0.2

0

X =——l
Fig. - Langevin function
L(x) = cothx - (1/x)

Defining the orientation polarizability o, as o, = [i,,,/E, we find from

Eq. (x) that

[ Visit us for more detail at : www.winsomepublication.in ]

A



B.Sc. 1™ Year - Chemistry I11 - Unit v _ .,

sl X1)

a, =p"/ 3kT
Hand the tep,

at o, depends upon the permanent dipole moment
asing T. At higher temperatures, thermal

in the field.Thus,

We see th
erature. It decreases with incre

s the dipole orientation
| [co=o,ta]

tion reduce
_ , u= a, + p’/3kT

ation, the term O, had been ignored. Debye, hoy.

In Clausius - Mosotti equ
oth o, and O, when Clausius - Mosotti equa.

ever, took into consideration b

tion takes the form

g -1
p = o X e e X111)
n-'E
Non-polar molecules,u=0
I/T
) -
Fig. Plots of P_versus 1/T for gaseous
. polar and non-polar molecules.
In SI units, Pa :Er—_—l-vm [ Na a 1
g +2 3, )l " +ﬁ '
o G ceerne(X1V)
2 tion, P varies li s called the Debye i '
plotare (4 tes linearly with 1/T. The slope};nzq tll:: tion. According to this eq"™
e(4/9)aN, n¥kor(1/9¢, N Wk o eehp e B o
0
ab/kand (4/3) N, a, or (1/3 ¢, )N, %4’

respectively, Fr,
om the slope and the intercept, W and
. o, of the molecule ¢&"

be determined. 1 e ded
. The Dutch hysici 88 aw
1936 Chermie p sicist, Peter Deby 4-1966)w
Chem try Nobel Prize for contributions to(ml Gle;:ll oo Etrhr t;];
ular structure throd
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his work on dipole moments.

Fig. shows the linear plots for a gaseous non -polar molecyle il an
CH, with 1= 0) and a gaseous polar molecule (such as HC| with p #0). Fbra
non - polar molecule, since U =0, the plotof P_versus |/T yields 4 straight line
parallel to the 1. T axis.
Remarks on units -

Since E is expressed as V m™ (volt permetre) and p_, is expressed in C
m, hence from dimensional analysis.

e B R S
E  Vm' JC'm’
Itis customary to define polarizaibility volume (a') as (o!') = o, /4ne,. Thus, o’
has the units of volume

% _ I'Clm?

¢« = e,  JCim ! =m’ (The units of g, are)'C2m).
Q.6. Define specific rotation and molar rotation. : (2016)

Ans. In chemistry, specific rotation ([a]) is a property of a chiral chemical
compound. It is defined as the change in orientation of monochromatic plane-
polarized light, per unit distance—concentration product, as the light passes
through a sample of a compound in solution. Compounds which rotate the
plane of polarization of a beam of plane polarized light clockwise are said to be
dextrorotary, and correspond with positive specific rotation values, while com-
pounds which rotate the plane of polarization of plane polarized light counter-
clockwise are said to be levorotary, and correspond with negative values. If a
compound is able to rotate the plane of polarization of plane-polarized light, it
i1s said to be “optically active”.

Specific rotation is an intensive property, distinguishing it from the
more general phenomenon of optical rotation. As such, the observed rotation
(o) of'a sample of a compound can be used to quantify the enantiomeric excess
of that compound, provided that the specific rotation ([c]) for the enantiopure
compound is known. The variance of specific rotation with wavelength-a phe-
nomenon known as optical rotatory dispersion-can be used to find the abso-
lute configuration of a molecule. The concentration of bulk sugar solution is
sometimes determined by comparison of the observed optical rotation with the
known specific rotation. '

The CRC Handbook of Chemistry and Physics defines specific rotation as:

For an optically active substance, defined by [a]*, = a/yl, w‘he ;e aisthe
angle through which plane polarized light is rotatgd by a solution of mass
concentration y and path length . Here 8 is the Celsius temperature and A the

wavelength of the light at which the measurement is carried out,

(™ Visit us for more detail at : www.winsomepublication.in |
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Values for specific rotation are reported in units of degml-ghdim,

which are typically shortened to just degrees, wherein the other t-:u'lll'"lliu.mu
of the unit are tacitly assumed. These values should always be accompanied
by information about the temperature, solvent and _-..vuvclt:njg.lh of light useq,
as all of these variables can affect the specific rotation. As nuicd'uluwu, tem.
perature and wavelength are frequently reported as a H.U]JBI'HL‘I“Ipl a_ml rm'ful
script, respectively, while the solvent is reported parenlhchcally, or omitted if i
happens to be water.
Measurement: - _
Optical rotation is measured with an instrument called a polarimeter,
There is a linear relationship between the observed rotation and the concentra-
tion of optically active compound in the sample. There is a nonlincar relation.
ship between the observed rotation and the wavelength of light used. Specific
rotation is calculated using either of two equations. depending on whether the
sample is a pure chemical to be tested or that chemical dissolved i lution,
For pure liguids
This equation is used:

o] =4

--_Fx.p

In this equation, « (Greek letter "alpha") 1s the measured rotation in
degrees. / is the path length in decimeters, and p (Greek letter "rho") is the
concentration of the liquid in g/mL, for a sample at a temperature T {given in
degrees Celsius) and wavelength % (in nanometers). I the wavelengzth ol the
light used is 589 nanometers (the sodium D line), the symbol “D™ is usced i
sign of the rotation (+ or -) is always given.

[u]l‘;ﬂ 4B
For solutions -

For solutions, a slightly different equation is used:

T_ o
o =2
* Ixc
In this equation, a‘{Grccg letter "alpha”) is the measured rotation in degrees, !
1s the path length in decimeters, ¢ is the concentration in g/ml., T is the tem-

perature at “:hl(:]] the measurement was taken (in degrees Celsius), und 7. is the
wavelength in nanometers.

For practical and historical reasons, concentrations ar

. : e often reported in
units of g/100mL. In this case, a correction factor in the num )

eralor 15 necessary.
[ ]'r _100xa

2 Fx(

When using this equation. the concentration and the solvent e oo srovided
in parentheses after the rotation. The rotation 15 reporicd u:.,;”u; deurees. and

(Visit us for more detail at: www.winsomeoublication in |
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no units of concentration are given (it is assumed to be g/100mL). The sign of
the rotation (+ or -) is always given. If the wavelength of the light used is SH.U
nanometer (the sodium D line), the symbol “D™ is used. If the (emperature 1
omitted, it is assumed to be at standard room temperature (20 °C). |
For example, the specific rotation of a compound would be reported in

the scientific literature as:

[a]2) +6.2° (¢ 100, EtOH)

. Q.7. Write short note on molar volume. (2018)
| Ans. Molar Volume: -
The molar volume, symbol V _,is the volume occupied by one mole of
- asubstance (chemical element or chemical compound) at a given temperature
and pressure. It is equal to the molar mass (M) divided by the mass density (p)-
It has the S unit cubic metres per mole (m’/mol), although it is more practical to
- use the units cubic decimetres per mole (dm*/mol) for gases and cubic
centimetres per mole (cm’/mol) for liquids and solids.
The molar volume of a substance can be found by measuring its molar
mass and density then applying the relation,

i oM

m
P
If the sample is a mixture containing N components, the molar volume is
| complex. It can be simply the sum of the individual components, and calculated
using:

| N

Z XM,
‘ Vm — i=l
. ’ - Pmixture
| But this is violated by many liquid-liquid mixtures. For instance mixing
 pure ethanol into pure water causes a decrease in the volume calculated by this
| formula. This effect is called "excess volume".

:I Ideal gases -
For ideal gases. the molar volume is given by the ideal gas equation;
[ this is a good approximation for many common gases at standard temperature

and pressure. The ideal gas equation can be rearranged to give an expression
| for the molar volume of an ideal gas:

|| V RT

Vm S ST
| n P
Hence, for a given temperature and pressure, the molar volume is the same for
All ideal gases and is known to the same precision as the gas constant; R =
e‘i’-ﬂﬂl 057 338(47) L atm K" mol". that is a relative standard uncertainty of
S 10 according to the 2014 CODATA recommended value. The molar vol-
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ume of an ideal gas at 100 kPa (1 bar) _is

0.022 710980(38) m'/mol at 0 °C,

0.024 789 598(42) m'/mol at 25 °C. ‘ -
The molar volume of an ideal gas at | atmosphete of pressure 15

0.022 414 m*/mol at0 °C, '

0.024 465 m*/mol at 25 °C.
CWS‘“S;:;‘::;T{M solids. the molar volume can be mr-:asurf:d by }(—ra}a_u-}.g_
tallography. The unit cell volume (V_,) may be cglcu]atgcl from the umit cel|
parameters, whose determination is the first step in an X-ray crystallography
experiment (the calculation 1s performed automatically by the structure deter-
mination software). This is related to the molar volume by

— NA.VCEII
where N, is the Avogadro constant and 7 is the number of For.mula upits
in the unit cell. The result is normally reported as the "crystallographic density"
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[ T unitVvi N

e

Verway over beck (DLVO) Theory of the

Q.1. Discuss Derjaguin, Landau,
(2015)

stability of colloids. What are protective colloids.
Other related questions -

Q. Describe the importance of zeta potential in stability of colloids. (2009)
Q.  Writeshortnote on zeta potential. (2016, 17)
Q. Write short note on Electrokinetic potential. (2014, 19)

Ans. DIVO Theory of the Stability of Lyophobic Colloids: -
This theory. involving the concept of zeta potential, was developed by the
Russian scientists . Derjaguin and L.D. Landua, and independently, by the
Dutch scientists E. Verway and J.T.G. Overbeek. According to this theory, there
is a balance between the repulsive interactions between the charges of the
electrical double layers on neighbouring particles and the attractive van der
Waals interactions Between the molecules in the particles. The repulsive po-
tential energy of the double layer on particles, each of radius a, is given by
w =D ey (i)
- B : T R =
where A is a constant, C is the zeta potential, R is the separation of the centres,

s is the separation of the surfaces of the two particles (s = R - 2a for spherical
particles of radius a) and r, is the thickness of the electrical double layer, Eq.(ii)
holds for a thick double layer (a<<r,,). For a thin double layer (a>>t1,),

Aal? : p
= > In(l+e ¥™P)a>>r, | ceen(11)

rcp

The potential arising from the attractive interaction is given by

v, =-Bls e (i)
where B is another constant.

Treating the electrical double layer as a simple electrical condenser, the
zeta potential C is given by the expression,

g =47 ulk, eIV
where M are ¢ are the viscosity and the dielectric constant, respectively, of the
dispersion medium and u is the mobility of the colloidal particles.

For water as the dispersion medium, ¢ is found to lie between 0.03 and

0.06 V. The value of C decreases when an ion of opposite charge to that of the

colloidal particle is adsorbed. This reduces the mutual repulsion between the
similarly charged colloidal particles. As a result, thg colloidal particles easily
come closer to one another to coalesce and form blgpger aggregates which lie
outside the colloidal range. This phenomenon of changing colloidal state to a
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suspended state 1s known as coagnlation, flocculation or precipllulh;n of
colloidal solutions.

In the case of Iyophobic colloids, the stability is due to the electricy) charg,
present on the colloidal particles whereas the stability of the lyophilic colloy,
depends upon both the electrical charge and solvation. In order ¢ Caug
precipitation of the dispersed particles, it is nccessary that they coalesce Inte,
large aggregates. Since in a lyophobic sol, the charge on all the collojda| Par.
ticles 1s of the same sign, the repulsive forces prevent the particles from ap-
proaching sufficiently close to one another and to coalesce and coagulate
The magnitude of the repulsive forces depends upon the magnitude of
surface charge and the thickness of the electrical double layer. These factoy,
also determine the value of the zeta potential which actually governs the stab;.

ity of the colloidal system.If C is small, the resultant potential energy is nega.

tive so that the van der Waals attraction predominates over the electrostaic
repulsion and the sol coagulates rapidly. :

On the other hand, in the case of lyophilic sols, solvation plays a very
important role. Since the colloidal particles are enclosed in a solvent ‘cage’, the
cage serves as a barrier preventing the particles from coalescing to form aggre-
gates. Thus, whereas in the case of Iyophobic sols, removal of electrical charge
may easily bring about coagulation, in the case of lyophilic colloids, the charge
removal may not necessarily result in coagulation though it may decrease the
stability of the sol.

When a lyophilic colloid is added to a lyophobic colloid, the latter is
rendered less sensitive to the precipitating action of an electrolyte. This is
expressed by saying that the lyophilic colloid protects a lyophobic colloid
from precipitation by the action of electrolytes. That is why substances such
as gum acacia, gelatin, tragacanth, etc., are known as protective.colloids. They
probably function by getting adsorbed on the solid surface in the form of
loops wherein water gets trapped. These loops prevent the approach of par-
ticles to cause coagulation

Zsigmondy gave quantitative treatment of the stabilizing action of the
protective colloids. He introduced a quantity called the gold number of a pro-
tective colloid. The gold number is defined as the largest number of milligrams
of a protective colloid which, when added to 10ml.of a special standard gold
sol, just fails to prevent the colour change from red to blue upon the addition
of one ml of 10 percent sodium chloride solution. It must be emphasized that
the protective action of a lyophilic sol depends upon several factors such 2
sol dispersity, the molar mass of the lyophilic sol, the pH of the solution &
which thf: experiment is carried out, and so on.

s customary to use sols other than gold sols to determine the proteciV®
action of a high molar mass colloid. Thus, silver, sulphur, prussian blue, €t
sols have been used and the corresponding ‘numbers’ determined accordingly

[ Visit us for more detail at www.uﬁnsmnepublicationm
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Protective Action of High Molar Mass Lyophilic colloids on Some Hy-
drophobic Sols

Protective - Numbers
Colloids B . S
B o Gold Silver | Sulphur | Iron Rubin | Prussian
oxides | blue |
Gelatin | 0.01 10.035 | 0.00012 |5 2.5 | 0.05
Dextrin 20 100 0.125 20 250
| Saponin 115 35 0.015 TIa | 35 |
Potato Starch | 20 | . | R B P
Hemoglobin | 0.03-0.07 | .... ... 108 |..
Eggalbumin [ 25 [ 1.5 | 0025 15 2.0 25
Gum Arabic 0.5 | 1.25 0.125 20 5 i

Note - Zeta potential is a scientific term for electrokinetic potential in colloi-
dal dispersions.

Q.2. 'Writeshort note Donnan membrane equilibrium. (2011, 13,14, 15)
Other Related Questions -

Q. Discuss Donnan membrane theory. (2017)
Ans. Molar Mass of Charged Macromolecules: -

Donnan Membrane Equilibrium: -

The molar masses of charged macromolecules (e.g., proteins), deter-
mined by osmotic pressure measurements in electro!ytic media were found to
be considerably smaller than those determined by other methods. This was
found to be due to an electrical phenomenon, known as Donnan membrane
equilibrium, which occurs when a large. non - diffusible, charged ion (e.g., a
protein ion), is separated by a semipermeable membrane from a diffusible salt.

Suppose a solution of a salt Na'P- of concentration ¢, (where P~ is a
protein particle carrying a negative charge) is separated by a semipermeable
membrane from a solution of sodium chloride ol concentration C, (sce the
initial state shown below). During osmosis, the chloride ions tend to diffuse
from a region of higher concentration ¢, on the right to a region of lower
concentration ¢, on the left. However, the protein ions P~ cannot pass through
the membrane. In order to maintain electrical neutrality, an cqual number of Ny
ions would pass from right to left across the membrane (see the equilibrium

state shown below).

Initial State

Na’' P Na Cr
c, < a5 = ¢,
Ef.,]l.li“hi-'i-u!]" State
Na’ P CI Na' CI
e C, X Sl C,- X

| “Visit us for more detail ai - "ww.winsomepublication.in )




B.Se. 1M Year - Chemistry HT=Unit VI - 1o

The osmotic pressure measurement would thus gﬁl complicated _by !_hc
additional number of particles present on the left side, i.¢., on the protein siqe
of the membrane. Let x be the concentration change due to th.e diffusion 'n[‘
NaCl across the membrane. In both the compartmcnts,‘e.lect_ncal neutrality
must be maintained, i.¢., the total concentration of positive ions should be
equal to the of the negative ions in each solution. o

At equilibrium, the chemical potential of NaCl which is present on both
sides of the membrane, must be the same on each side. Accordingly,

“0 +RT ]n{amac|)1=Hﬂ+RTln e P (1)

where a,_, represents the activity of sodium chlaride and the subscripts | and
r refer to the solutions on the left and the right of the semipermeable membrane,
Thus, we have for the left compartment,

(A, = (2. ) (B =), =-(Yt]$(Na+)I(C1F)[ ------ (11)
and for the right compartment,
(aNaCI)r :{aNa' ]r (a(‘l_-}r :(Tt}f (Na+ }r(C]_)_r """ {ll.i)

Assuming that the mean ionic activity coefficients in the left and the right

compartments are equal, i.e., (Y ), =(Y ). which is usually the case since
the ionic strengths are equal, we can express the Donnan equilibrium as

[Na'), [CH, = [Na'] [C1]
or (¢, +x)x=(c,-x)(c,x)=(c,-x)’
or cxtx'=cl+x-2cxorx(c,+2c)=c?

x=6 (g * ey @ v (iv)

Itis evident from Eq. (iv) that the magnitude of x depends on ¢,, the concentra-
tion of salt, as well as on ¢, the concentration of the protein. This means that
the extent of diffusion of sodium chloride, viz., X, is distinctly affected by the
presence of the non - diffusible protein ion P, If the solution behaves ideally,
the osmotic pressure can be calculated with the help of the van’t Hoff

eg‘uation,viz., I1=RTec; the concentration term ¢, in the present case, being the
difference in the molar

ence concentrations on the two sides of the membrane. Thus,
at equilibrium, '

y nzm{[[Cier}Jr(“J+K)]-[{ﬂa'1)+(c2-x)]}
=2RT (¢, -¢, +2x) S TR ")

If the concentration of the salt ¢, is small as compared to the concentration of

the non-diffusible ion, ¢, the osmotic pressure would be given by IT =
2RT(c +2x). Since this pressure is higher than the actyal pressure which should

have been given by I1 = 2RTc , the molar mass determined from osmotic pres-
sure measurement would be smaller thap the actual value,

I the concentration of the salt c, ig large as compared to the concentra-
tion ¢, of the non-diffusible ion, then, according to Eq. (iv). 2x i equal to ¢, Eq:
(v), therefore, takes the form

IT=2RTc, oo (V)
[ Visit us for more detail at : www.winsomepublicationin
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This equation does not involve the concentration of the chloride ion. In '{!III{.‘I'
words, the effect of Donnan equilibrium on osmotic pressure 18 pmclllcnlly
eliminated by using a high concentration of salt in the solution, This i1s pre-
cisely the condition under which molar masses ol such macromolecules should
be determined from osmotic pressure measurements.

Q.3. Describe any one method for the determination the method of colloidal

particles. (2016, 19)
Other related Question:-
Q. Determination of size of colloidal particles. (2014)

Q. Describe a method for determination of size of colloidal particles. (2009)
Ans. Determination of size of colloidal particles: -

There are a number of methods for the determination of size of colloidal
particles. Some of these are given below.
1. By Using Ultrafilters: -

An approximate idea about the size of particles in a colloidal system can
be obtained by the use of ultrafilters. These are prepared by impregnating filter
papers with collodion or gelatin which are subsequently hardened by immers-
ing in formaldehyde. The pores can be made small enough to retain particles of
colloidal dimensions. The size of the pores depends upon the particular filter
paper employed and the concentration of the colloidion or gelatin solution
used for impregnating it. It is thus possible to obtain a series of graded ultrafilters
by means of which a colloidal solution may be separated into fractions con-
taining particles of different sizes. An approximate estimate of the size of par-
ticles can be obtained from a knowledge of the dimensions of the pores of the
ultrafilters. The latter parameter is determined from the pressure required to
force air or water through the pores. The results obtained by this method are
only approximate because pore size is by no means the only factor which
determines whether a given particle will pass through an ultrafilter or not.

2. From Brownian Movement: -

Colloidal particles suspended in a liquid medium are subjected to Brown-
ian movement. They also tend to settle down due to gravitation. Under the
influence of both these effects, the particles distribute themselves in a vertical
column in accordance with the equation

(RT/N,) In(n,/n,)=(4/3) nt* /(h,-h)(P-P’)

Since the number of particles n, and n, at two depths h and h, of the vertical
column can be counted with the help of an ultra - microscope and densities of
the particles and of the liquid medium, p and P, can be determined by the
usual methods, the radius of the particles, r, can be easily calculated. Brownian
motien of colloidal system was investigated by the French physicist Jean
Perrin (1870 - 1942) to determine the Avogadro’s number. Perrin was awarded
the 1926 Physics Nobel prize for his work on the discontinuous structure of
matter and especially for his discovery of the sedimentation equilibrium.

[ Visit us for more detail at : www.winsomepublication.in )
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3.From Seattering of Light: -

Zsigmondy used the ultra-microscope for determining the Size
particles of colloidal dimensions. Each spot of light viewed in ultramicr,
corresponds 1o a particle. The number of particles in a given volume of
tion, therefore, can be counted. The observation is repeated several timeg
average is taken. The length and breadth of the field of vision are measured iy
the help of an eye-piece micrometer. The depth is determined by rotating the slit
through 90°. From these dimensions, the exact volume of the solution Containip,
the observed number of particles can be obtained. From this, the number o
particles n, contained per unit volume of the solution can be determined,

Next, a known volume of the colloidal solution is evaporated to dry.
ness. From the mass of the residue, the mass of colloidal particles per unit
volume can easily be obtained. Let this be m. Now two assumptions are magde.
Firstly, the particles are spherical. Secondly, the density p of the colloidal
particles is the same as that of the material in the bulk state. The volume of
colloidal phase is m/p and, therefore,

M/ pP=(4/3) nr'xnorr=(3m/4r p iy

Richard Zsigmondy (1865 -
of the 1925 Chemistry Nobel P
nature of colloidal solutions,

Of the
Tﬂcnm
o S()Ilj.
and gy,

1929), the German chemist, was the recipient
rize for demonstration of the heterogeneous

Q.4. Explain the stability of colloids and des

cribe their optical and electrical
properties, :

(2010)
Other related guestion -
Q. Write short note op stability of colloids, (2013)

Ans:- Stability:- Go through Q.1.
Optical Properties: -

It was obseryed by Tyndall, in 1869, that

through a true solution, it cannot be seen unless the eye s placed direclty in its
path. However, when the same beam of light is passed through a colloidal
dispersion, it becomes visible as a bright streak. This phenomenon is known i
the Tyndall effect and the Hluminated path (streak of light ) is known as Tyndal
cone (Fig.1). This phenomenon is dye to the scattering of light from the surface
of colloidal particles. |y, A true solution, there are no particles of sufficient!y

large diameter 10 scater light and hence the beam is invisible.
The visibility of dusg particles in

when a beam of light is passed

a semi - darkened room when a su!
beam enters or when lightis thrown from 4 light projector, are familiar example®
of Tyndall effect. The dust particleg are large enough to scatter light and thus
render the path of light visible. :

The intensity of the scattered light depends on the difference betwee!
the refractive indices of the dispersed phase ang the dispersion medium: v

a . 15 . - h .!
Iyophobic sols, this difference is appreciable and, therefore, the Tyndall el

[_Visit us for more detail at WWW.winsomepublication.in
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is quite well-defined. In lyophilic sols, the particles are largely solvated. This
lowers the difference in the refractive indices ol the two phases and hence the
Tyndall effect is much weaker. Thus, in the sols of freshly prepared st
blood serum, albumins, etc.. there is little or no Tyndall ¢ffect.

| |

Bright Microscope

licic acid,

Tyndall cone >

ot

Intense —_— A= == ===
converging e — — = = =
light beam ~—P—aaae wa_ _
from an el ——_ = ol Darkness
arc lamp —F - == T ===

‘Colloidal solution _
Figure 1 - Principle of ultramicroscope

The Tyndall effect has been used by zsigmondy and Siedentopf 1n
devising the ultra - microscope. A strong beam of light from an arc lamp or any
other source is condensed by a system of lenses and passed through the
colloidal solution. The scattered beam (Tyndall beam) is viewed through a
microscope placed at right angles to the beam (Fig.1). In this way, the colloidal
- particles which are too small to be seen under an ordinary microscope, can be
detected as spots of light moving irregularly. It may be emphasised that we do
not see the actual particles; they are too small to be visible. We see only the
light scattered by them. Our eye pictures various spots of light as round or
spheical particles.

Electrical Properties: -

Charge on Colloidal Particles: -
The most important property of hydrophobic colloidal dispersions IS

that the particles carry electric charge. All the particles in a given hydrophobic
colloidal system carry the same charge and the dispersion medium has an
opposite and equal charge, the system as a whole being electrically neutral.
The presence of similar charges on colloidal particles is largely responsible in
giving stability to colloidal systems because the mutual forces of repulsion
between similarly charged particles prevent them from coalescing and coagu-
lating or aggregating when they come closer to one another. Metallic hydrox-
ides, some metals (such as bismuth, lead, iron), methyl violet and methylene
blue, are electropositive colloids whiie metallic sulphides, prussian blue, many

(_Visit us for more detail at: W-winsomepublication.in ]
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metals (such as silver, gold, platinum). silicic acid, tannic acid and mastic are

electronegative colloids. o
The Origin of Charge on Colloidal Particles: - N
TEE origin of charge on colloidal particles has not been completely

understood. However, it has been observed that sols arc invariably associated
with minute quantities of electrolytes and that if the latter E.Im co_mplﬂtc]}“ re-
moved by persistent dialysis, the sols become unstable. !t is b?lleveq, the;rc-
fore, that the charge on the colloidal particles is due to preierentlal adsorption

of either positive or negative ions on their surface. If the particles have a

preference to adsorb positive ions, they acquire a positive charge and if they
a negative charge. According to

prefer to adsorb negative ions, they acquire '
this view, positive charge on ferric hydroxide sol prepared by hydrolysis of
ferric chloride is largely due to preferential adsorption of Fe** ions on the
surface of particles of ferric hydroxide. The ferric ions come from ionisation of
ferric chloride which is always present in traces in the sol.

Similarly, the negative charge on arsenic sulphide sol is due to preferen-
tial adsorption of sulphide ions on the surface of arsenic sulphide particles.
The sulphide ions are furnished by ionisation of hydrogen sulphide which 1s
present in traces. Likewise, the negative charge ori metal sols prepared by the
Bredig’s arc method is due to adsorption of hydroxyl ions furnished by traces
of the alkali added. It should be remembered that the ion which is more nearly
related chemically to the colloidal particle is preferentially absorbed by it. Thus,
in ferric hydroxide sol, ferric and not chloride ion is preferred. Similarly, in
arsenic sulphide sol, sulphide and not hydrogen ion is preferred.

. Na'
Na ] I Na’

V Na ' Na . NO; Ag Ag NO.

Na'’
(a) Negativel b

| gatively charged sol of Agl (b) Positively charged sol of Agl
' | Figure 2 ' |
| .An Interesting case is furnished b
precipitate of stannic oxide is peptised b

the sol carries a positive char i

: : ge but if peptised b i

hf}:’drOXl(.:iC, t]};;: sn?{]i carries a negative charge. In [he};;nrg: ::}aas?zum s SDdlU”:
of stannic chloride, anl o 18 formed and the positively ch ; Sma“fr.mm.l
preferred and the sol is positively charged. | o e B R S

] , n the |
sodium stannate, Na,SnO,, is formed and atter case, a small amount of

e : now the . . %
ion is preferred and accordingly the sol is “Egativzigz?elz ;h;;g:dhslngée
arged. chlo

(Visit us for more detail at WWW.winsomepublication.in ]
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and sodium ions, known as counter ions, are directed towards the liquid phasc.
Another interesting case is furnished by the formation of positively as

well as negatively charged sols of silver iodide, If a dilute solution of silver
pitrate is added to a slight excess of a dilute solution of sodium iodide, a
negatively charged sol of silver iodide is formed. This is due to the adsorption
of iodide ions. The structure of the sol particle is represented as in Fig. 2(a),
But, if a dilute solution of sodium i1odide is added to a slight excess of dilute
solution of silver nitrate, a positively charged sol of silver iodide is formed due
to the adsorption of silver ions. The structure of the sol particle is now repre-
sented as in Fig. 2(b). However, ifsilver nitrate and sodium iodide are mixed in
equivalent amounts, there is precipitation of silver iodide and no sol is formed.
It may be mentioned once again that the ions preferred by colloidal particles
are those which are common to them. Thus, in the above example, in the first
case, iodide prefers iodide ion and not sodium ion. In the second case, it

prefers silver ion and not nitrate ion. The counter ion, in each case, is directed
towards the liquid phase.

-

- Dye
particle =

|
=
b~
-
]
e s
+
-.5-
a s

as
+

l'r’l I* .""DH-
(a) An acidic dyestuff (b) An basic dyestuff

Figure 3 - Origin of charge in dyestuffs from ionisation
of surface groups.

+

Thus, on the surface of a colloidal particle there is an electrical double
layer of opposite charges. ;

Another possible way in which colloidal particles may acquire charge is
by direct ionisation of the material constituting the particles. This phenom-
enon is observed mostly In the case of acidic and basic dyestuﬁ's. An acidic
dyestuff, for example, ionises yielding hydrogen ions in solution and thereby
leaving an equivalent amount of negative charge on the particles. The structure
of the colloidal particles of the dye may be represented as shown in Fig. 3(a).

A basic dyestuff, on the other hand, jonises yielding hydroxyl ions in solution
and thereby leaving an equivalent amount of positive charge on the particles.

The structure of the colloidal dye particles in this case may be represented as
shown in Fig.3(b).

[ Visit us for more detail at: www.winsomepublicationin ]
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The Electrical Double Layer: -

Central to the understanding of the electrical properties of collojgg is
the concept of electrical double layer. Consider once again the formatigp of
silver iodide sol from the double decomposition reaction.

AgNO, (ag) + Nal (aq) — Agl(s) | + NaNO, (aq)
Let us suppose that the electrolyte used in excess is sodiumiodide. This woy]q
result in preferential adsorption of I ions giving a negatively charged so} of
silver 1odide. as illustrated above (Fig.2(a)).
The ions preferentially adsorbed on the surface of a particle of a colloida)
system are called potential - determining ions.

Electrical double layer
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layer. This is called the stern layer (I'ig.4). The wons present in the stermn luyel
are called the counter ions.

The influence of the surface charge decreases with distance and s0
does the number of ions with the result that at a certain distance from the
surface of the particle, the concentration of Na' ions equals the concentration
of NO, ions and a state of electroneutrality prevails (Fig.4). It must be borne I
mind that the system as a whole 1s electrically neutral even though there exist
regions of unequal distribution of anions and cations. The diffuse layer be-
tween the stern layer and the electrically neutral part of the system is referred
to as the Gouy - Chapman layer.

The presence of charge gives rise to potential at the surface of the
particie. This potential drops to zero at some distance away from the surface
depending upon the concentration of the counter ions in the bulk phase. The
region in which the influence of the charge is appreciable is known as the
clectrical double laver. The double layer consists of two parts: the Stern layer,
the thickness of which is of the order of ionic dimensions and the Gouy -
Chapman diffuse layer, the thickness of which is given by

o g RT ,
L3 ZpF:l ] CE T, . e (l)

where P, ¢, and I are, respectively. the density, the dielectric constant and the

yonic strength of the solution. F is the Faraday constant. The value of' r, is of

ihe 1-100nm. It decreases as the ionic strength of the solulion increases; more
rapidly for counter of high valency.

A very important quantity reckoned with in the present context is the
so-called zeta potential ( £ ) defined as the difference in potential between the
surface of the tightly bound layer (called the plane of shear) and the
clectroneutral region oi the solution. The zeta potential is located at the shear
plane. It determines the stabihty ol colloidal systems.

Q.5. Determination ol charge on colloidal particles. (20612
Ans. The origin of the charge on the sol particles innost cases s due o the
preferential adsorpiion of either positive or negative ions on their surtace. The
sol particles acquire eleetrical charge i anyone or more ol the following ways.
(1) Due to the dissociation of the surface molecules : Some collindal parli-:'l:a.w
develop electrical charge due to the dissoctation / jontsation of die surlace

“molecules. The charge on the colloidal particles is balanced by the appositely

charged ions in the sol. For example. an aqueous solution ol soap (sodium
palmitate) which dissociates mto iong as,

Q. H UO0ONe == €L 000" L Ny
(e cations (ONa7 ) pass e oo lun on while the amons €€ H IJL.‘U{-}-" have a

— R —— e e ——— e gt -r— i

TTaoas r - ek i ) rREe - S— i i~
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tively charged colloids.
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tendency to form agpregates due to wenk attractive forces present in the
drocarbon chains.
‘ification: 4
(2) Due to frictional electrifica - bh |
(1) 101 believed that the frictional electrification tlluc to ";::qi,::,,lmnfs;: the
dispersed phase particles with that of dispersion medium results in Arge
on the colloidal particles. o
(1) The dispersion medium must also get some charge, because ntl;thf: I'nf:t.mn_
Since it does not carry any charge, the theory does not seem to be correct.
(3) Due to selective adsorption of ions: Sr—
(1) The particles constituting the dispersed phasF: acliSUf only those 10ns pref.
erentially which are common with their own I_att:ce lons. o
(i) For example, when a small quantity of silver nitrate (AgNO, ) so}utlon I3
added to a large quantity of potassium iodide (KI) solution, the colloidal par-
ticles of silver iodide adsorb I from the solution to become negatively chargeqd,
at this stage Kl is in excess, and I being common to Agl).
g

Agl + T — (Ag)I”
Colloidal Increase Colloidal particle '-.
particle in the medium becomes partialy charged |

But, when a small quantity of potassium iodide

quantity of silver nitrate solution (AgNO,) ; the colloidal silver iodide particles

adsorb Ag" from the solution to become Positively charged, (at this stage
AgNO, is in excess and Ag* is common to Agl),

(KI) solutien is added to a large

Agl +  Ag' — (Agl)Ag*
{ Colloidal ] [ Increase Colloidal particle
particle in the medium becomes partialy charged
I

Ag

Agt ions remain in dispersed I~ ions remain jp dispersion
medium (Agl, T sol) medium (Agl, Ag* sol)

111) Dy di t
(h ) l:}[:mll l;llg_(lilpjﬂn !hte. nature ulf cll_arge on the partices of the dispersed
phase, the colloidal solutions are ¢ assified into Positively charged and nega-
Visit us for moredetailat v o
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