Chemical Engineering Thermodynamics
Professor G. Jayant K. Singh
Department of Chemical Engineering
Indian Institute of Technology, Kanpur
Lecture: 35
Partial molar properties and examples

Welcome back. We have been discussing about partial molar properties and so I will just do a
quick recap of what we have learned in the last lecture.
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We defined a term generic property partial molar property, which is a nothing but the partial
derivative of K where K could be energy enthalpy, energy enthalpy another extensive property
with respect to ni. Okay. So, this is nothing but a intensive property and we said well Ki bar is

going to be Ki that is a molar property of a component i for the pure case when the Xi goes to
1.

_ 0K
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And the examples could be partial molar property for the volume case, partial molar enthalpy
and so forth. Then we also talked about Euler integration that the K which we talked about in
here is generic property. If you take a, if you use a similar approach as we have done in the

past for the Gibbs free energy, we should be able to show that K is nothing but summation
NiKi bar.

Euler Integration: K =3YN,K,» V=YN;V, or, v=3YxV

K N; _ _
N, =) (N_TK‘) or, k =YxK,
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And using this, and using the concept of Euler integration one can show that Ni dKi is equal to
0 that is the Gibbs-Duhem relation at a constant temperature and pressure and this is something
which we can use it, for example, for relating some variables as we have done that for binary
mixtures to those which we know another word we can relate let us say the partial molar volume
for component B to the derivative of the partial molar volume for component A as if an integral
of that with respect to dx A, okay. If you have information of this then essentially you will be
able to obtain Vb bar.



(Refer Slide Time: 2:19)

Then we also talked about that property chain of mixing that means how much change in a
given variable or accessible K. Okay when you mix few components and this is something
which we can generalize this K minus summation of NiKi okay, and then these divided by N
and we obtain that that delta K mix is nothing but summation Xi Ki bar small ki.
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Then we took a case of a mixture at a steady state where we said well, if you mix component
1 to m at a constant temperature and pressure, then the final mixture is at a temperature and
pressure than delta h of this mixing is nothing but the Q here. So, enthalpy of mixing is the
amount of Q required to produce a mixture temperature and pressure from pure component at

the same temperature and pressure in a continuous flow process.
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Now, so we will continue from here, | will take a case to get a feeling of partial molar property.
We will start with the molar volume, partial molar volume okay, so let us consider the case of
of water in ethanol, okay, and what we are more interested is to understand what happens to
the contribution of the water when it is mixed, let us say you have container, which is
maintained at constant temperature and pressure, okay, and there is a flow here which allows
water to get in and this is a volume v and number of water water and this is for let us say

ethanol, okay.

So, this is the case that initially this is a straight and this is a water flow and one can find out
the volume, molar volume of water for such a case, for the pure case is nothing but we know
that here is coming at 80 milliliter per mole okay. Now, we will take a case where basically so
this is the initial state and now, we will take a case where we have added a small amount of

mole to the to the volume, okay.

So, let me just again draw it here. Now, in this case, of course, there is a small change in the
volume delta V and what has happened that you know, or we have added small amount of
double small delta and has been added here. Again, remember this is this molar volume still
remains the same and now the total volume is now changed to V1 plus delta V. So this was V
1 okay, and then delta NW2 to is NW1 plus delta NW and number of moles of ethanol still

remains the same, okay.

V, =V, + AV



NW,Z = NW,l + ANW

So, what will be the V of partial molar volume for water in such a case okay, so let this will be
your del V by del Nw; that is the definition at a constant temperature and pressure have Ne and
this is this particular experiment which we just did entirely realize that that we have maintain
the temperature here with T and P keeping the number of 4 moles of ethanol fixed and that is
a small differential amount of water and the that means | can differentiate | can approximate

this as okay.

So, if you do this exercise and experiment you would be able to find that this is nothing but
16.9 millilitre per mole, okay. So, what it tells you that the contribution, okay, of water to the
mixture is less, right, then that of pure species, okay. So this is what it tells you that a small
that contribution finally is less which also tells you that ethanol apparently interaction leads to
closer packing.

Vi = 181k Vi = (—

mol
Then exclusive, it tells you what water ethanol interaction leads to closer packing than
exclusively water water interactions? So this is precisely due to the hydrogen bonding in this
case, okay? So we talked about delta H here, right? If you look at it here with your talked about
delta h, let us say now we again go back to this water ethanol case and find out from experiment

using the same exercise which we have done because delta H is nothing but Q.

Now you can do, you can you can vary the composition of the water and ethanol in such a way
that you should be able to measure the Q here as if you can measure the Q essentially you can
find out the delta H make sure as a function of the composition of let us say ethanol in a given

mixture and then you can plot it, okay.
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So, let me show you one of the plot for different temperature. So, this is your 0 and this is your
delta H mix and this is joules per mole and this is a composition X where we are saying this is
essentially composition of X ethanol okay. So, again this is water, so this is a water ethanol.
Now, so if | can measure the Q for different temperatures and compositions, you should be able

to see the variation of behaviour of delta H mix with respect to temperature.

So, this is the case where we are getting something like this, okay. So this is, this is your 300,
320, 340 and then I can go up to get, so this is approximate to get the schematic representation
here, okay. So this kind of behaviour where position variation can also means the sigh of the

delta H is also observed in such kind of function. So what does this sigh represent here?



For the case of negative, there will be less than 0, we know that it is going to be exothermic,
okay, which means that you need to remove the heat from the your chamber or container where
this mixing is happening in order to maintain the temperature, okay, means heat must be
removed to maintain temperature. Similarly, you can for the case of greater than 0, you have
endothermic which means temperature must, sorry, which means heat must be added in order

to maintain the temperature, okay.
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So, let us do one example here, okay. So this is a question related to again water and ethanol,
so just to calculate the temperature rise, okay, when 0.8 moles per second of water is added to
0.2 moles per second of pure ethanol in an adiabatic, so basically, the Q is 0 in such case,
adiabatic continuous flow process, okay. So the other thing is that the input conditions are both
the input streams or at 300 kelvin and 1 atmosphere, okay. So, how do you proceed for such a,

such a case?
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The diagram here, if you have this, such a diagram available to you, you know precisely what
is delta H mix for X is equal to 0.2 mole fraction, okay. So, mole fraction is 0.2 for ethanol, so
we can find out here. So, this should be somewhere some value is there are 300 kelvin which

essentially here somewhere and this value turns out to be minus 750 joules per mole, okay.

(Refer Slide Time: 13:33)

So, let us say this is given to us, so delta H mix, at X is equal to 0.2, T is equal to 300 kelvin is
minus 7, of course, 1 atmosphere. Okay. This tells you this is exothermic, right? So this is an

exothermic so temperature will rise because mixing is done in adiabatic continues fashion.



Now, in order to find out the temperature wise we need heat capacities, so we can think of this

way that, you know, you so essentially the final temperature.

Let, me try to simplify this so we can assume that there are two components, right? So one is
water and other one is ethanol, so we can take this that is a pure component, that is a 1 at
temperature TO which is 300 to a temperature pure 1 at T final and similarly, you can have the
second component which you can also go to another one pure 2 T final and then mixing can

occur at a constant temperature, so this mixing can occur at a constant temperature, right?

So, in that case essentially what we can find out is your delta T is that is the change from here,
right? So, this is a change in the temperature from taking to O to final, so what | can do is | can
actually consider based on the heat capacity because this is nothing but a sensible heat or energy
which is taken from this point to this point. Now we have the information the mole fraction, so
this will be C1, Cp 1 delta T plus 1 minus X Cp delta T.

And then this total energy plus whatever the energy related to mixing, this must be 0 because
the because of the adiabatic conditions. So, with this you can find out delta T is nothing but

minus delta H mix by X Cp 1 plus 1 minus X Cp 2, okay.

J
AHpix(x = 02,T = 300K) = =750 —

X1CP1AT + (1 - X)CPZAT + AHmix =0

_ AHmix
xcp, + (1 —x)cp,

AT =

Now, you can think of this as one approach, the other approach is, of course, you can mix it at
a T is 0 okay, and then take the complete mixture to that, there also you would be doing the

same exercise.

So this could be also at H delta H mix at TO which is basically the 300. Now with this
information and with this delta H mix information available for us, we rather use the second
part where we as say that well we mixing it at TO and taking it each of the component to the
final statement or final temperature. So with this you should be able to add this part here and
then you are, you get this information of Cp 1 and Cp 2 from the any estimable signs or from

various different text book tables.



This information is given to us and the problem here which is 112.4 for ethanol and this is 75.3
joules per mole for the case of water. So, using this with we are using the information of delta
X mix we should be able to find delta T. which turns out to be around 2 kelvin, okay, so that is
a problem one which | wanted to solve.

Now let us move and so let us try to further explore this concept and a look into the partial
molar enthalpy is from total enthalpy, in other word will do another problem to understand this
concept and in this case what is given to us is not in a diagrammatic form delta H mix but in
some expression, analytical forms of delta H mix is available to us and then subsequently we

would like to find out what is the partial molar enthalpy in this case, okay.
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So again, this is example, okay, so let us say that the molar enthalpy of a binary mixture at a
constant temperature and pressure is given by delta H mix C X1, X2, so this is the expression
given to us where C is basically nothing but a constant, not a function of temperature pressure
and composition, okay. Now, the question is that we need to find out the obtain the partial
molar enthalpies of the two components, okay and verify the Euler theorem for homogeneous

function, which is H is equal to summation of NiHi bar.

So this is nothing but Euler theorem for homogeneous function, okay, so this is a problem given
to us. Let us start with the definition of a delta H mix first, because that is a expression given
for us. Delta H mix here is nothing but H minus summation NiHi at the same temperature and
pressure, okay. Now, | can find from here H is N1 because there are two components here
N1H1 plus N2H2, H is nothing but the, small h is nothing but the pure molar enthalpy of the
pure component plus delta H.

AHp = H — ZNihi(T, P)

H == Nlhl + Nzhz + AHmix

(aH) =H, = a(Nh + N,h, + CRT MN?)
Ny p oy, oo U TR N, + N,

H = N
Hy = hy + CRT o2~
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Similarly, you can show that
H, = h, + CRTx?

. Now given this two we should be able to now show the Euler relation of this. So, if | plug
in this what you get,

N;N,(N; + N,)

N;H; + N H; = Nihy + Nyhy + CRT(Nyx3 + Npxi) = CRT (N; + N,)?
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NiN;
N

NlH_l + NZH_Z = Nlhl + Nzhz + CRT

NiN;
N2

NlH_l + NzH_z == N1h1 + N2h2 + N CRT

N,H, + NyH, = Nyhy + Nyhy + N AH

So, we obtained the same expression and that is what how we verified it as well, right? So,
this is something which we have not done. Now, well let me take it another problem and I think
perhaps that will further elaborate the use of these partial molar properties in terms of solving
it through analytical means.
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So, this is again an example, okay, so in this case what we have is a partial molar volume of
component 2 in a binary mixture at T and P is given by the following expression. So,

V, =a+ bx}

So, what is being asked is to relate the constant A, so find A in terms of molar volume of pure
component and obtain an expression for the partial molar volume of component Al and volume

of mixing, okay.

So, you have to find out by partial molar of component of volume 1 and volume of mixing,
okay. So, looking at this expression, you can clearly tell one aspect that,



x1=0;l72=a=U2
-'-a=U2

So, A is nothing but, so that is something which we can clearly come out we can write down

this from the expression. Now, we need to find out the partial molar volume of component 1,
so we will start with the Gibbs-Duhem relation because this is the one which relates both the
partial molar properties with the composition.

(Refer Slide Time: 28:56)
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_ , 3xf 1
Vi=V,+b x1—7+5

AV = X, (V, = Up) = x,(V; — Up) + x,(V, — Uy)



bx,x,(1 + x3)
AViix = 2

So, this was a very simple mathematical exercise which we have used in order to obtain the
relevant information and the key element was that we use the limiting conditions and Gibbs-

Duhem relations in order to find the unknown information.

So, that will be the end of today's class and we will continue this exercise in the next class as

well, okay, so I will see you in the next class.



