Advanced Thermodynamics
Prof. Nanda Kishore
Department of Chemical Engineering
Indian Institute of Technology — Guwahati

Lecture — 6
Fugacity from Volumetric Data - 2

Welcome to the MOOCs course advanced thermodynamics. The title of this lecture is Fugacity
from VVolumetric Data part 2. Since this is a continuation of previous lecture, we will be having
a recapitulation of what we have discussed in previous lecture.
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Recapitulation of previous lecture

* Fugacity coefficient from volumetric data information in the
pressure explicit form, i.e., P = F(T, V,n,,n,, ...) orwith T
and V as independent variables

* For a component “1” of a mixture:

f; “[fap RT
RTIng; = RTIn{— =J — -—|dV -RTInz
yiP)ly [\om T, v

* For a pure component “i”;

fi 2P RT
RTIn{= =J —=—|dV=RTInz+ RT(z-1)
P/ . h\m ¥
pure,i

n

In the previous class, we derived fugacity coefficient from volumetric data information in the
pressure explicit form or with temperature and volume as independent variables, okay? Those

fugacity coefficient expressions we have derived for component i of a mixture we derived it as

RT In ¢i = RT In(£8) =7 l(STP)

_ - %l dV - RT In z. This is what we have derived for a
i T,V,nj

component i of a mixture.

If that component is a pure component, then for a pure component i we have derived it as

RT In (ﬁ) = f°° (5 - E)dV -RTInz + RT (z - 1), where z is the compressibility factor

pure i Vo \ny |4
of the system, it is given by%, okay? So, now, what we do? We take a few equations of state

and then try to derive the fugacity coefficient of a component i in a mixture as well as a fugacity

coefficient of a pure component i. Those things we will take now.
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Fugacity of a4 component in a mixture according to yan der Waal’s equation

* Consider a mixture whose volumetric properties are described by van der Waal's equation:

P (60)

v-b !

Where v = molar volume of mixture = V/ny and ¢, b = constants depends on composition
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So, fugacity coefficient of the component in a mixture according to Van der Waal’s equation.

Consider a mixture whose volumetric properties are described by Van der Waal’s equation

givenas P = % - :—2 Now, here if the Van der Waal’s equation is in this form, this equation
we cannot write as a kind of volume explicit form, right? So, then we have to take the
generalized fugacity expressions in terms of pressure explicit form volumetric data whatever

available.

That means, from this equation, we have to write in a pressured explicit form, indeed it is
already given in a pressure explicit form. So, for this equation, first we have to convert the
molar volume into the total volume and then we have to find out a, b constant for the mixtures
because a and b are the Van der Waal’s constant and these are for the mixture because this

equation is given for the mixture. So, those things we have to find out and then we have to find

out (%) and then substitute in equation number 53 of previous lecture that you know
l T,V,n]-

RT In ¢i = f°° <(6P)TV - R—VT> + RT In z, that expression.
VMG

14 ani

In that equation, in place of(%) , Whatever (%) we will get from this equation that
Y T.Vn; VT,V

we have to substitute and simplify, okay? That is what we are going to do now, okay? First
convert this equation in terms of total volumes by replacing molar volume by total volume

divided by the total number of moles nt and a and b are the Van der Waal’s constant and they



are dependent on the composition. That means, for pure gases, they are experimentally

available a1, a2, etc. by, by, etc. are available for pure components 1, 2, etc., right?

So, when we mix them together 1, 2, etc., component. Then obviously different composition
will give different gases mixture. So, for that mixture, this a, b constant we have to obtain and
these a, b constants are functions of the composition of the mixture, okay? So, those things also

we have to see now. First part will take only converting it in terms of total volume, right? So

when we do this one by replacing v by nl and then simplifying, then we will have this equation,
T

right?

So now we need (%) in order to substitute in equation number 53. Remember for last
l T,V,le

couple of lectures and this lecture, equation numbers | am maintaining sequentially, so that it

should not be confused, okay? So this first equation of this lecture is 60, okay? Because until

the previous lecture, we had an equation number 59, okay? So now here, (%) this I am
i T,V,le

doing because this lecture and the previous 2 lectures are connected one to other lecture, one
way or other way, so that is the reason | am maintaining this equation number in a sequential

manner for all 3 lectures.

So now for this equation of state in a pressure explicit form, what we will do? We will do
apP
)

we know that it depends on the composition, right? So that means vyi, y;, etc., it depends. So,

that means —— of this first term - iz 2 (a.n?), right? So, here what is this a, b is,
T,V,nj on; V? on;

that means it is dependent on n;. So, we have to differentiate this one, we cannot take it as a
constant because it is dependent on the composition. So, what is that a for a mixture that we do

not know.

So, for the time being, we will not be able to differentiate this one. Similarly, same is true for
b. So, now, what we do? RT part of this differentiation is constant because you know all these
calculations we are doing at constant temperature and composition, nt we have to differentiate
with respect to ni, okay? So, differentiation of this one is you know here (V — nyb)? and then
1 0

- (nF . @) would be as it is.

RT is constant then (V - ntb) % (n7) - nr. % (V - nth), - =5



Now, % is nothing but 1 and then the %(V - ntb) is nothing but O - % nth. This b also we do

not know for the mixture, but it depends on the composition, so it has to be evaluated once we
find out what is that b depending on the composition. Same is true for the second term, so that

a
nr RTa—ni(TlT b)

— and then this term Tnb)?

we are keeping as it is. So further, this we can simplify as

1

'ﬁa_(nT a)isasitis.
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Now, this term we will be substituting in equation number 53 here. This is the equation number
53. This is the equation for fugacity of component i, if the equation of state is given in a pressure

explicit form, right? So, now here this % is nothing but this term just we had - % isasitisand
L

then - RT In z is as it is. Integration of this part is nothing but In[V - ntb]. Integration of this

. T _1
part that is integral of A —

Then here also integral of % = - —and then integral of % is nothing but In V, right? And then

1
%4
these limits V to oo are there. Here we must remember this ntb, nt, a, b, T, etc., are independent
of volume. So, while doing the integration, we can take them as a constant. Now, what we do?

V—-nrb

These 2 In terms will join together, so that we can have this RT In ———as one term and then

remaining terms we are keeping as it is without doing anything, okay?
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* . Eq. (63) reduces

RTIn:t I -RTln——nTRTdV Kt~ RTnz
> T

* In order to make use of equation (65) to calculate the fugauty one has
to make assumptions concerning the composition dependence of
constants “a” and “b”

= () and - -*0

* These assumptions are not made based on thermodynamic arguments
but must be obtained from molecular consideration

V- TlTb

Now, limiting condition we have to do. This In should be tending to 0 if V tends to .

TlTb

1-
Because if you take In, the same thing you can write , right? I am just, you know, taking
V common from the numerator and denominator and canceling out. So, now, if V tends to oo,

S0 % should be tending to 0, so In of % = 0. So, that is what we get, okay? So, other two limits

. - should be tending to 0 and %should also be tending to 0 if V tends to oo.
T

When you substitute these limits, the previous expression reduces to this particular form, okay?
This here, we have substituted only limiting conditions whatever the V tends to some finite V

and then V tends to o, okay? Now, this equation is useful only when we know what is this

% (n% a) and then we know %(nTb), then only this equation is useful, otherwise this equation
l L

is as good as nothing has been done. So, these equations we already understood this b and a are
dependent on the composition.

So, we have to make some assumptions on how this a and b are dependent on the composition,
and these assumptions cannot be made based on the thermodynamic principles or
thermodynamics understanding, but they can be made only based on the molecular
considerations, right?

(Refer Slide Time: 10:16)



* Suppose m components in the mixture with spherical molecules one can
interpret b as follows

= I8ty vl ),

* Other way, average the molecular volume directly as b=Y"yb; (67) "
et

* At moderate densities, for mixtures those molecules are not too dissimilar in
size the particular mixing rule used for “b” does not significantly affects the
results

* However, fugacity of a component is a mixture is sensitive to mixing rule
used for constant “a”

* If we interpret “a” as a term that reflects the strength of attraction between
two molecules, then for a mixture we may want to cxprcss “a” by averaging
overall molecular pairs, then @ = ,Z) 4 yyja )%y = (68)

and for i # , =>ax,-\,fa_“; = (69)
So, what we do? We see a few mixing rules. Suppose m components in the mixture with

1
spherical molecules one can interpret b as follows as b3 =Y, y; b /3 . Now, this bj is nothing

but the constant b of it species if it is in the pure form, okay? Because this we know ai, b, etc.,
are available when the component is in pure form, okay? So, for pure form, they are available
from experiments. So, if you wanted to know the mixtures, so then we can use this as one of

the mixing rule for b.

There are many other mixing rules. If you take another mixing rule for b is like this.
b =™, y;b;, again b is for, the b constant for pure component i and then y; is nothing but
that particular composition of a component i in the mixture, okay? But it has been found by so
many studies that whether we use this b expression or this expression usually the results may
not be affected much. Fugacity calculation especially may not be affected much especially at

moderate densities.

So, any of these 2 we can use, but what kind of mixing rule are you using in order to find out
the a constant for the mixture, it strongly influences the final results especially fugacity results.
So, one should be very careful while choosing mixing rule for a. So, if we interpret a as a term
that reflects the strength of attraction between 2 molecules indeed this out of this a and b
constants, a sometime indicates or the terms with a are indicating something like attractive

forces, whereas the other terms with the b terms, etc., those indicates repulsive forces, okay?



So, for a, this is one of the mixing rules that is a = ¥.;2; >7%, y;y;a;; and then if i # j, then aj; =
Jaia;. If i =j, then ajj = ajaithat is ai simply if i = j or a; if you read a; kind of thing, okay? So,
now we use these mixing rules and then further we simplify the equation that we have derived

for fugacity coefficient in previous slide, okay?
(Refer Slide Time: 13:05)

* By making use of mixing rules given in ¢q. (67) - (69) in ¢q. (65)
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So, then this is actually previous equation 65 that we derived in previous equation. Now, we
will be using some assumptions for ntb first. So, in place of b, we are using this
Yz, v; b; mixing rule, okay? And then a let us keep it as it is. Then this remaining terms

wherever this V terms are there, numerator and denominator I am dividing by n+, right? So that

there will not be any change and further in the next step wherever nl is there | can write it as a
T

molar volume v, okay? So that is what | am doing here.

Then so, this part now will become in terms of molar volume that is ﬁ and then same here
v—b

— and then here thisy.[, y; b;, yi | can write%, so nt and this nt will be cancelled out,
T

Yt n; b; would be there, okay? This term we are keeping as it is. Further what | am doing

this RT whatever RT is there that | have already cancelled out from all the terms, right okay?

So that here we get % anyway, okay? That RT term has been brought to the right hand side.

So wherever RT was there in the numerator that has been canceled out by denominator RT,

wherever there was no RT, so then this RT is coming in the denominator, okay? Next, we know

that % bi ni is nothing but bi, okay? vbTib term we will be getting and then remaining terms we



are keeping as it is, okay? So now, what we do? In the next step, we try to find out this one.
So, this one what we do, we do for a binary component, right?
(Refer Slide Time: 15:06)
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* But for a two component mixture:
i 0 }{{[n,al + 2y gy, + 30|
(n}a)
o B |
ln,a1 + erlnz,fala + nzall = anal + 2n2,/ala +0
= Zval "1\f_+ @)
« For multi-component mixture: —(nT (L, G )

. .'.ln(%) =]n(v_‘_’6)+ (ﬁ)_'\ f ‘;T f

——— —— o

For a hinary component mixing rule for a is nothing but y# a1 + 2 y1 y2 \/a;a; + y2 a,. | am

writing it for binary mixture only. y1 is the mole fraction of component 1, y» is mole fraction

of component 2, a; is constant a for pure component 1, a, is constant a for pure component 2,

right? Then % (n? a), | am doing for first component in the binary mixture for simplicity. So,
1

then this here wherever y; is there, | am writing Z—l and then wherever y, is there | am writing
T

n2
nr )

So, then in place of a, this is what | have. So, this n%, n% we can cancel out. Then if you
differentiate from differentiation on the first term, we will get 2 n; a; is constant. Differentiation
of second term | will get 2 n2 and then \/a, a, is constant and then third term is 0, differentiation

of third term is 0. So, then from these 2 terms, 2 \/a;, | am taking common. So, then | can have

niva, +nzvas.

The purpose of doing this differentiation for binary component is that now we can generalize

this one to the multi-component mixture easily. This we can write for multi-component mixture

as 2\/71- {Z}’;lnj\/?j}. So, this one we can substitute in the previous expression. Previous



expression here what we had, we had % nZ . ain this place and divided by :—Twas there. So, in

place of 5 T here, we are writing 2\a; {7k i fas}

So now this term further next what I am doing, | am dividing by nt, both numerator and

denominator | am dividing by nt. So that % | can write it as yj and then V by nt | can write it
T

as v molar volume, rest all other terms we are keeping same without changing anything. So,

this is the expression for fugacity component of i in a mixture if equation of state of the mixture
IS given in a pressure explicit form according to Van der Waal’s equation of state, right? And

then z is nothing but compressibility of the mixture that is nothing but%.

(Refer Slide Time: 18:09)
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Now, we take Redlich-Kwong equation as a kind of example. We take a pure component whose
equation of state is described by Redlich-Kwong equation and it is given by

RT

v-b v(v+b)\/_'

where a and b are constants, so these are for the pure components. So, it is
a pure component, so we do not need to worry about the mixture. So, we have to find out

foure i, SO that is f (— — —) dV -RTInz + RT (z- 1) that is what we have to find out.

In that equation fwe have to find out what it is and then what is 5 according to Redlich-

Kwong equation we have to find out and substitute in that equation. So, P, first what | am

doing? | am dividing this equation both side by ni, okay? And then wherever this, let us say

first term, this term | am doing%. ni is there. So, this one | can write RT, molar volume into



number of moles is nothing but total volume (V - bn;). Similar rearrangement if | do for the

an;
second term, then | can getm , Okay?

Now, this expression what | will be doing next step? | will be separating m in 2 term so

. . « . n ﬂ . - -
that | can do integration easily, right? So, that | doﬁ is constant and then this term e if

| write in 2 terms, | can write it as (l — ! )
|74 (V+n;b)

1
(n;b)’

. . 1 .
- ?
which is same asV by’ rlght.

v+

So, now this n;, this ni I can cancel out, whereas the remaining terms are the same. So, this is
o (P RT

actually we need |, (— — 7) dv.

ng

So, this term is 5, this term is % as it is, as a separate term | have written, right? Further if you

integrate this equation, now what we will have? The integration of first term is nothing but RT
In (V - bni) because b and n; are independent of V. So we can treat them as constant while doing
the integration. Similarly, integration of this part is In V - In (V + nj b) and then integration of

Vi is nothing but In V and then limits are V to «. So, V to c we substitute here, substitution we

will do later.

%4

Now, what we do? We combine these two terms as In A- In B =In A by B form. So, In Tnih)
l

we are having here and then RT In V is as it is. Now, in the next step what | have done. The

V—bTLi

first In term and the last In V term I have clubbed together as In form and then this term

is as it is without any change. So, now RT In %, I can write by substituting this limits co,+

a I 14
bvVT n(V+nib)'

Here it was -, here it was +, so now it is reverse - and + because you know upper limit when V
tends to oo, both these two terms are tending to 0. So, lower limits when V =V, then we get the
negative symbol here when substituting the limits.
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So, we have for RT In ( )pure., this expression we derived. So, in this place for Redlich-Kwong

equation what is integral f (— - —)dV that we just derived? So, that one is nothing but this

one, okay? Just now we derived for Redlich-Kwong equation f (— - —)dV is nothing but

this one, okay? And then remaining the - RT In z + RT (z - 1) we are keeping as it is.

So, this RT if | can cancel out and then wherever this V terms are there, so both numerator and

. .. |74 vV .. 14 i
denominators | am dividing by nr, so that —Oor — is same. —, I can write it as v molar volume
i T i

here also the same thing and then here also same thing, we do not get any additional terms,
rather this multiplication whatever n;’s are there they will be cancelled out because we are

dividing by ni both numerator and denominators, right? So now, next step what we have to do?

What is this z we have to find out? Because this In z + (z — 1), whatever these terms are there,

there we can substitute, z is nothing butg—’;. So Redlich-Kwong equation if you rearrange in

terms of Z—; = then remaining terms would be — thls is what we get, z - 1 is nothing

v—b RT3/2(
but this term - 1, okay? So, that if you do the LCM, you will get Eas first term and then

second term would be as it is. Then In z would be In of = - ——~—— this is what you get.
v—b RT3/2(v+b)

So, these 2 terms you can substitute here for these 2 cases.
(Refer Slide Time: 24:27)
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When you do this one, you will get z - 1 is this one and then In z is this part, remaining first
two terms are as it is, we are not changing them. This is z - 1 term and this term is In of z term,
right? So, now what we do? This particular In term and then this particular In term that is first

and last In terms. | am writing In A - In B = In A by B form, so then | get this particular term

a

and then remaining terms are as it is, right? Next step, this | can further simplify as 1 RT20D)

%, this is what | get by simplifying this particular term, right?

Then, we have equation of state given like this. | am further simplifying what is this, can we
simplify further so that it will be having less number of term that is what | am doing. So, this
equation if | rearrange, this is the Redlich-Kwong equation, equation of state for pure

(

component it is given. If | rearrange this equation—— ) , then I will get this one as 1 -

j};’—"’), which is nothing but this term In term. So, in place of In of this term, | can write In
RT3/?v(v+Db)

P(v b) . . .
of———, so that I will be doing here in the next step.
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So in place of that particular term, | am ertlng )here Now what I do? Last term of RHS,

So, In of A + In of

| am taking to the left hand side. Then | can have this In ( )purel +1n P(va)

P(v-b)

= In of A * B form, | can write. So then, | have written In( ) , and then in the right

hand side terms | am keeping as it is without any change. So now | can take exponential by

taking off In because | want expression for fourei. S0, then this is what |1 am having.

That means(f )pure i, | can write it as )exponential of this term as it is, okay? So, now we

(
have a final expression for fugacity of pure component i if the equation of state is described by

Redlich-Kwong equation and then that is given in a pressure explicit form, then the fugacity of
the pure component is nothing but this one. So, now, we have taken 2 examples. One is like
you know we take a mixture whose equation of state is described by Van der Waal’s equation.

So, that equation we have written in a pressure explicit form and then we found what is ¢;
expression for the component i in the mixture. Then we have taken a pure component, but the
equation of state is Redlich-Kwong equation and then that Redlich-Kwong equation is given
in a pressure explicit form. For that case what is the fugacity of pure component i that is fpure i
is this one, this is what we have derived, okay? Now what we have? We have this V as function
of temperature, pressure, and then composition, so and so, then we have a certain expression

for ¢i and foure .



This is what we derived in one of the previous lecture and then in this lecture we have this
equation of state as a pressure explicit form as a function of temperature, volume, ny, and n;
and composition so on so. So, in the previous case temperature and pressure as independent
variables, so there by keeping temperature constant we could find out what is the effect of a
change in pressure, what is the effect of change in pressure that would be occurring in ¢i and

foure i that we have seen.

In today's lecture, temperature and volume as independent variable, so at constant temperature
by changing the volume how much change in the ¢i and then fpure i OCcurring, those things we
have seen in this particular lecture, okay? Now, what we do, let us say you have one equation
of state and then you can write that one as a volume explicit form as well as the pressure explicit
form, right? So, then both these equations will provide us the same ¢i or fourei Or not are different

equation that we have to crosscheck.

Indeed, they have to provide the same expression, then only these derivations are correct,
generalized expression that we have derived for the fugacity coefficient of component i or
fugacity of pure component i. They can be correct are reliable only when you take one equation
of state but that equation of state you write as a kind of volume explicit form and pressure

explicit form and then you derive corresponding fugacity coefficients and then crosscheck.

If you are getting same thing, then they are correct, otherwise you might have made some kind
of mistakes that is what you would be realizing, okay? That we crosscheck now.
(Refer Slide Time: 30:11)

Whether volume-explicit andMsurc-explicit forms give same
expression for fugacity?
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Whether volume explicit and pressure explicit forms give same expression for fugacity or not
that is what we check. So, already in one of the previous lecture, we have taken VVan der Waal’s

equation in volume explicit form. Van der Waal’s expression is given by this PV = RT +
(b - RiT)P right? And then we found ¢1 we have taken for the binary mixtures a ¢: we found

this equation 34 in lecture number 4 and then for fure 1, we found this equation 35 in the same

lecture number 4, right?

2
a1/2_a;/2)

From these two, we derived f1 = y1 fpure 1 expl (RT)?

zpl, this is what we have derived.

Now the same equation of state, we will write it in a pressure explicit form, okay? So, these 2,
34, 35 and 36 these equations we got when we wrote this equation of state in a volume explicit
form, but the same expression now we will write in pressure explicit form like this and then we
will be using equation number 53 and 54 in order to get ¢1 and then foure 1 and then check
whether are we getting these expressions or not.

If the equation of state is same and whether are you writing the equation of state is volume
explicit form or pressure explicit form, you should get the same fugacity expression, right? So,
these things and 34, 35 we have anyway derived now, using the pressure explicit form of same
equation of state we will be doing for, what is In, ¢1, foure 1, €tc., those things we evaluate and
then check. We should get same expression, otherwise we are making some mistakes either in

derivation or applying the derivation here for these equations of state, okay?

So, this PV =RT +(b — —) this expression if | write pressure explicit form this is what | get.

What | have done? This (b — —) P that term | have taken to the left hand side and P, | have
taken common, then | have done the LCM and then rearranged it, P is one side and all other

terms other side. Also, what I have done in place of molar volume v, | have written nl right?

For ¢1, | have to find out — because RT In ¢z is nothing but f (a_ - —)dV RT In z. So,

9P we have to find out.
6n1

(Refer Slide Time: 33:07)
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So, this is the P in pressure explicit form, Van der Waal’s equation is this one. So, this one g—P

ng

is simply you know d of % form. So, that if you do and then simplify we get here this expression

for;TP, okay? So, here RT whole square is a kind of constant term that | can take constant. So,
1

nr

. . . B 5 .
b RTvan’ this one | have to differentiate. So, [(V — bn;)RT + any]“ is as it is. Then

this [(V — bny)RT + ang](RT)?, =—(nr) is nothing but 1 - nr (RT)?and =— (V - bny)RT +

ant is nothing but 2 v/=0and then == b nr we do not know.
anl 6n1

.. . . . 2
Unless we use mixing rule, we cannot find out what is b and what is a and 5,anTwe are
1

keeping as it is because this a and b are dependent on this composition. So, we have to use the
mixing rule. So, now, this differentiation I am writing in 2 terms like this, okay? Then, we will

be usmg b nT as we are using this b while using this pressure explicit form derivation when

we do mixing rules, we have to use same one as we have used for the volume explicit form.

For the volume explicit form b we have written as sigma b yi, b is nothing but constant b for

pure component i, okay? So, like that by, b2 you have to get for the pure components. Then you
have to write b = b1 y1 + b2 y2 and then y1 y» | am writing it as — and— So, b nt is nothing but
b1 n1 + b2 n2. We are doing for the binary mixture because same Van der Waal’s equation when

we have taken as a kind of a volume explicit form we have done for binary mixture as a starting

point.



So, %b nt is nothing but % (n1 b1 + n2 by) which is nothing but by according to mixing rule
1 1

that we have taken, okay? So, similarly, % a nt, a we are using this, we have used a for the
1

mixture is equal to y? a1 + 2 y1 Y2 va;a, + y# a» we have to use because the same mixing rule

we have used when we have done the same problem using the volume explicit form. So, here

also when you write y; = %and then y, = Z—Z then we have this expression.
T T

So, that mixing rule for a if you use, this is what you get. So, now we are differentiating this
particular thing. So, now what | can do? | can cancel out nt and then n2% and then when |
differentiate denominator nZ will be there nt and then differentiation of this term is 2 ny a; + 2

n2 v/a,a, + 0 - this a part whatever and then differentiation of nt with respect to n; is 1, okay?

This part if | write it here 2 ny a1 ==, | can write it as 214 o that is 2 y1 a1 and then similarly
T nr

2712 Vaiaz
ng

out, so 2 y» \/a;a, | can write, right? And then this term | will be writing this is nothing but

for this term, | can write it as —2Y=22"T 3o this nr and then square of this one is cancelled

simply a, a1 y? + 2 y1 Y2 \/a;a; + y? a, this is nothing but this one. So, this is nothing but a,
okay?
(Refer Slide Time: 37:45)
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So that if I do, | get 2 y1 as first term + 2 y» v/a; a,second term and then third term - a. So, - a
anyway we can write, we have to write in this form. So, next part what | am doing? | will be

doing from all y; terms together y, terms together | am writing here. So, first this term and this



term, from these 2 terms a; y1 | have taken common and then from these 2 terms, I have taken

2 \/a a,y2 as common, then | have this one.

In the next step, 2 - y1, | can write it as 1 + y» because y1 is nothing but 1 - y> and then ys, | can
write 1 - yz, right? So, this 1 - y1, I can write y2. So, in place of %a nT, You can write it as ax -
1

(Va; —vaz)?.y3.
(Refer Slide Time 38:50)
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That if you write in that particular term, so, this is what we will get, okay? This is what we

have in place of (,‘:TP by substituting whatever this particular term is nothing but % a nt that is
i 1

what we had now, okay? And this particular term is nothing but % b nt. Then further if you
1

rearrange these terms and then integrate like this, so then you will have integration of this term

is nothing but In of the same term, then integration of% isinV.

Then integration of this term is nothing but this particular same term because all this b, a1, a1
a2, Y2, b, etc., except this particular term, denominator term, in the numerator everything is
constant, so numerator is as it is and then denominator a square term is there, so - 1 by whatever
this (V-bnr) + % that we will be getting by integrating it. So, limits V to o« we can substitute
for all these 3 terms.

(Refer Slide Time: 40:19)
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When we substitute these limits, we will be having this particular form, okay? Further you can

simplify by dividing the numerator and the denominator of both the terms by nr, so thatnl, I
T

can write v, molar volume, so that is what we have done here. So, then, this particular term

© (P  RT\. . fi _ oP _RT
fV (n_i - 7)'” that equation number 53. RT Inyl—P = fV (a i )dv RT In z if it is pressure

explicit form, if the equation of state is pressure explicit form.

This one we just derived here. So that will be substituting here now. Then we substitute, you
will get this particular term and then RT Inz as it is, In z, | am Writing:—;. So, we will have this
term. So first In term and then last In term, | combined it as this term, okay? So this (v —b) RT

+ a, | have written in red because from equation of state PV = RT + (b - %) P, this is the

equation of state. If you rearrange this equation, then v — b +R1T, you will be getting %Tthat

2
means, (v — b) RT + a is nothing but @. So, wherever this red font (v — b) RT + a is there,

there | can substitute (RT)

(Refer Slide Time: 41:57)
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When | substitute this one here, in the denominator, so then that | can write Here

(R )2
also in the denominator (RT)?/P, | have written. So now, what we can see? This is RT, then
RT, (RT)?cancel out, Pv and then Pv cancel out. So, In of 1 is there. So the first term is In of 1

is 0 and then remaining term is like this. 1 am just writing, first | am splitting it in two terms.

b1 RT-— aq

RTYZ/P that one term and then remaining (\/a; — va3)? —=%— yzP by P that | am writing

So, this ——— RTYP

as a second term.

S (p @) P _ 2_yiP - i
That means, In p - (b1 RT) P (a; —+ay) ROP That means f; = y1P exponential of

this term and then exponential of this term, and then this is if you recollect, crosscheck, it is
the same expression when we have used Van der Waal’s equation as a kind of volume explicit
form. Now, we have crosschecked the fugacity coefficient generalized expressions are correct
whether we use volume explicit form or pressure explicit form of the equation of state, they
will give the same answer for any equation of state.

(Refer Slide Time: 43:28)
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So, for a pure component i if the equation of state is available in pressure explicit form, then

what is the fugacity of pure component i for the VVan der Waals equation of state that we have
taken. We have taken this VVan der Waal’s equation of state Pv = RT + (b — %) P, right? So,

for this equation of state we have already written as a kind of volume explicit form and then
we obtained fugacity of that pure component i, right? And then we got that one answer as

fourei = P exp (b — %) %.
This is what we have already got it, but if the same equation of state if | write it as a kind of
pressure explicit form and then obtain a fugacity coefficient of the pure component i, am |
getting the same thing or not that is what crosschecking we have done. We have already done
for a component i in a mixture, now we are taking the same concept same equation of state but
pure component, so that to make sure whether the derivations or whether generalized fugacity

coefficient expressions are correct, are they applicable for a given equation of state.

Whether | use volume explicit form or pressure explicit form are they giving same answer or
not that is what we are verifying. So, for a component i in a mixture we have already done, so
far a pure component i we are doing for the equation of state given by Van der Waal’s equation.

So, now we need a z - 1 somewhere in the generalized expression for fugacity of pure

component i, so that z is it is nothing but % so that | am writing :—; - 1 from this equation is

nothing but(b — i) £

RT/ RT



Now this equation of state what | am doing? | am doing kind of pressure the explicit form. 1

have written like a pressure explicit form like this and then I am dividing both sides by n;

because | need integral 5 dV information so that to substitute in generalized fugacity

expression, right? So then now here, v * n; is nothing but V that is total volume and then - b n;

+— this is what we are getting. So we need f (— - —)dV So —|s this term - —

Here in this equation a, b, R are the constant, okay? And temperature also we are doing all
these expressions at constant temperature and composition. So, they are independent of the
volume. So, when we do the integration of these things In of this term and then In of this term
we will get, there is RT manipulation and the limits V to c. Now, this RT you can take common
and then it is in the form of In A - In B, so you can write In A by B form and then substitute

limits V to .

You will get RT In [ ]and now again inside this In term, now what | am doing? |

(V-bn;)+an;/RT

am dividing both numerator and denominator by n; so that 1 | can write it as v that is molar

volume. Then I have the same equation RT In [( —

b)—+/RT]that | can write RT In [(

b)RT+a]
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This expression we can substitute here in generalized expression for fugacity coefficient of

pure component i. So, in place of f (— — V)dv whatever we got, we substitute here, z also

we have found, z - 1 also we have found. So those things we substitute here, right? So, this



particular term is nothing butf (— - —)dVJUSt we derived and then RT In z, z we are writing

— and z - 1 we have seen from the equation of state is nothing but (b - RiT) %.

)

From the same equation of state we have seen this (v — b)RT + a is nothing but , SO that

we can substitute here, okay? And then this In A - In B form is there In A by B form, | can

I

VRT
RT)2/P
Here v, here v cancel out and then this P, this P will be cancelled out, so that we have In of 1

Pv

write. So, then , SO that | can write * X So here (RT)?, here (RT)?is cancelled out.

that is 0, so only term is remaining is this term.

That means In (&) = (
PJpurei RT/ RT

pressure explicit form also, we got the pure component fugacity same as the one that we got
by taking the equation of state in a volume explicit form and using corresponding generalized
fugacity relation, right? So, what does it mean? Whether you take the equation of state
volume explicit form or pressure explicit form, when you use the corresponding generalized
fugacity relations, then you will be getting the same answer whether it is component i in a
mixture or whether it is a pure component i.
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For a component “” in the mixture:  RT In¢); = RT In (LP

For a pure component “i": RT In (ﬂ) A
purei

* Pressure explicit form:

For a component “i" in the mixture:
P

RTIng; = RT| Ui f ¢ L iV - RT In
* L ¥iP dn; o ak e
=jl,”(;-—)dv RTInz+ RT(z-1)

So, that is in summary if you have the equation of state in volume explicit form, then for a

For a pure component “i”: RT In (!-')

F/ purei

component i in the mixture, you can use this equation. If the component is pure component i,
then you can use this equation to get the fugacity of the pure component i, but if you have the
equation of state in pressure explicit form, then for a component i in the mixture you can use

this equation to get the fugacity coefficient of component i in the mixture, and then if the



component is pure component i, then you can use this last expression to get the fugacity of that

particular component in a pure form, okay?

So, let us say whether that is whether you use this equation or you use this equation, you get
the same answer. Sometimes what happens the equations of state are such a way that you can
write either in a volume explicit form or pressure explicit form, mostly most of the equations
of state are available in pressure explicit form. So, it is more convenient to use this expression,
right? Similarly, for pure components also whether you use this equation or you use this
equation, you will be getting same as pure i expression, okay?
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Engineering Thermodynamics by Smith et al. Most of the details of the today's lecture as well

as the previous 2 lectures can be found from these 2 reference books.

Thank you.



