Chemical Engineering Thermodynamics
Professor Jayant K. Singh
Department of Chemical Engineering
Indian Institute of Technology Kanpur
Lecture 37
Obtaining the Partial Molar Properties from Experimental Data

Welcome back. In the last class we were discussing about how to find partial molar properties
using analytical equation of state. In today’s class we will start with obtaining partial molar
properties through experimental data. So, we will start with that and later on we will move into

finding out the mixture property for ideal solution on first with the gas and then followed by
solution.
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So, in case you have molar properties then you can as a function of composition then you can
find partial molar quantities from the experimental data. So, let us assume that we are
concerned or we have information of general, let us say property e at a given temperature and
pressure. So, e could be volume, could be enthalpy could be free energy so this comes from

your density measurement, this comes from calorimetry and this comes from phase diagram.

So, let me just draw a schematic presentation of e as a function of x, let us say component 1
and we are talking from here 0 to 1 and the data which are let us say assuming this starts pure
component here. So these are the data, so let me draw kind of a dash line which follows this

data. So our interest is to find out partial molar properties. So, let me start with definition again
for e mix here and let us consider it as binary mixture.



So, it would be e x1 el plus x2 e2, e is for the mixture this is again we are considering the
molar properties so it is delta e of mixture, the change in the molar properties of e in the mixture
is the e of the mixture minus that of the pure component and e here is nothing but summation

Xi ei that is the partial molar properties, so what we are interested is to find out el bar and e2

bar for the binary mixture.

Aepix = e — (x1e1 + x3€;)

e = YxE,
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e = x,E; + x,E,

ae__+aE_1 +6x2_+x26E_2_ 1k 0x; .
dx; 1 oxy *1 0x; 2 ox, ' 1T Xz = 25 ence, 0x;

de _ __ OE, x,0F,
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Gibbs Duhem eqn: Y x;dE, = 0
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Now, what | am going to do is | am going to use this equation to simplify this expression
because our interest is to find out E1 bar and E2 bar, so | am going to use equation, 5 multiply
x2 with that plus I will add equation 2, so equation 5 plus equation 2, this is what | am saying
and this would lead to x2 multiplied by equation 2 is, so it is going to be e plus x2 del e by del
x1 and right hand side this is x2 E1 minus x2 E2 so | am going to get x1 plus x2 E1 that is your

E1 okay, so this is one equation which we got.

Similarly, I can do minus of x1 plus 2, so this will give us e minus x1 del e by del x1 is equal
to e2 bar. This is basically nothing but equation of line and we suggest that this is nothing but
an intercept here okay. Now this is basically nothing but why X is here this is a slope so if you

take a slope at a given value of x, so if you take a slope let us say here at a given value of X, so




let us say this is the value of x given here and if you take a slope that would be the de by dx at

a given value of x1 okay.

This slope will tell you that on one hand it is going to be even bar and on the other hand it is
going to be e2 bar so think about this as nothing but e is equal to x1 del e by del x1 plus e2 bar
and this is nothing but some slope plus e2 bar, so this comes from here so essentially e2 bar is
in the positive side so this is the e2 bar which we are going to get at that specific x1 and this is

going to be el bar at that specific x1.

de -
e+ xZ _ax = (x1 + xz)El == E1
1

e—x;—=E,

16x1 2
So this is how | am going to obtain the partial molar properties of the let us say e here if you
have a data, so | take a slope at a given value of x1 and we look at the intercept at both the ends
and obtain the value el or e2 bar okay. Similar, to this if data are available not for the molar
properties but Delta of e mix then I can use similar kind of exercise to obtain a relation.
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So, similarly if delta e mix is available or data is there, the difference Ei minus small ei can be
obtain from the following relation, so it is Delta e mix plus x2 del x1 delta e mix is equal to Ei
minus e, so this is let us say 1 so it will be 1. Similarly, delta E mix minus x1 del x1 delta e
mix okay so this is going to be 1, this was 2 and this is going to be E2 minus E2 okay so this is
the way to obtain the information which is given to you is Delta E mix. So that is the kind of
explanation or rather the way we wanted to describe particularly using the data given to us in

the form of the E or Delta E as a function of the composition.
x,0 —
Aepix + a_xl (Aepmix) = E; —eq

x,0 —
Aepiy + a_xl (Aemix) =E;, — e
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Now let me try to further summarise the information of mixture property, so we talked about
Delta E in general but let me just be very specific now, you can talk about delta G here, so
Delta G for mix can be shown as simply delta H mix for given temperature, so this is something
which we can show and that you can prove in the following way that your delta G mix is

nothing but G minus summation Ni Gi bar for the pure case.

This I can write as H minus TS minus summation Ni this is nothing but since it is molar
property because G is nothing but H minus TS, so | can write, so instead of writing small | am
just writing the molar property, | can also write G bar and here | can write this as summation
Ni Hi bar or small g this is also good for us, so this is for pure case and then | am trying to
rearrange the second term he is going to be S minus summation Ni Si bar and this is nothing

but Delta H mix and this is nothing but Delta S mix.

AGpix = AH i — TASix
AGpixy = G — YN;G, = H—TS — ¥N;(H,—TS,) = H — ¥N;H, — T(S — ¥N;S))
So we can show this and similarly we can show other things also let me just quickly try to write
it down for the sake of reference, For example Gi bar, you can show Gi bar to be simply Hi bar
minus T Si bar so Gi bar which is a partial molar this free energy is nothing but del G by del
Ni at a constant temperature P, T and J is not equal to | and this | can write as now H minus TS
| am ignoring the constraints here this | can write DH by del Ni again the Constance are same
T, P, N, Jis not equal to I minus T del S by del Ni again T, P and this is nothing but Hi bar
minus T Si bar. Now we know that del G by del P at a constant temperature and almost constant

is nothing but V.

_ /06 ] _
Gl=<W) =—(H-TS)=H,-TS,

L T,P,N i aN;

(66) _y
aP T,{N}

i%)_i_i__(G—TS)z H

or T T> T* T2
Similarly, del G by T by del T is nothing but S by T minus G by t square this you can show is
nothing but minus G minus TS by T square and is nothing but minus H by T square. Now | can
extend this exercise for all partial and delta G mixtures for example | can write this as without

proving it | can say that del of G mix by del p at T and all other components fixed and most of



the components fixed is nothing but del x mix, so this is what I can show, so you can just use
this information extent directed to the mixtures. Similarly I can write here as del Gi bar del p
T and x constant is del mu i because Gi bar is nothing but mu I, del p this is nothing but Vi bar,
the same thing.

So we are using here bar and what you are getting is another bar here so we are extending
simple expression directly for delta term or bar term okay so that means the mixture change in
the properties or it is the partial molar properties. Similarly here | can write do the extent here
also for the mixtures with respect to their temperature, so that means | can write this as simply
mix here divided by del T this is nothing but Delta H mix.

Similarly you can extend this also in terms of del mu | by T you can show that this is also
nothing but this minus Hi bar divided by T square. So this is something which would be useful
for you to remember or how this expressions you can make use of it in various different
conditions particularly if you are interested to find out delta mu For example you can make use

of this expression integrated with respect to temperature and you can obtain it.
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So let me close this part by just writing down the final expression which is very useful this
Delta G mix with respect to del Ni at a constant TP and J not equal to | and this can be written
or can be shown that it is related to nothing but delta mu but let me just write down 1% the
expansion of that G mix this should be delta here, so this is G minus summation Nimu I T, P

pure.

Now I can expand this G here but since we are interested only in Ni I can write this directly as
del G by del Ni minus simply mu | TP pure right and this is nothing but mu | we do not have
to use bar any more so it is going to be mu I because the partial molar property with respect to
Ni when you take the differentiation this is just mu I but for the mixture where temperature and
pressure are same but compositions are there minus here that is for the case of the pure 1, so

the reason why | am writing it to emphasise that this is nothing but the pure.

OAGix

d aG
aNi |T,P,N]'¢i = a_IVL{G - ZNl'Mi (TI Pl pure) = ‘Lli (Tl Pl pure)

N,
= u;(T,P,{x}) — u;(T, P,pure i)

So you can clearly see that the partial derivative of delta G mix with respect to Ni is nothing
but the difference in the chemical potential of that particular component. So we want to use
this information little later. Now this is something which I would like to add as far as the partial
molar properties is concerned. We will take up the next topic which will be ideal mixtures and
then again we will try to connect that to the fugacity part in the next lecture. So with that |

would like to close it and see you next time.



