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Excess Gibbs Free Energy Model - II 

Welcome back. Last class we talked about 2 suffix Margules equation which is basically used for 

very similar kind of molecules such as argon, oxygen or cyclohexane and benzene. And the 

equation if we look at it, it is very symmetrical in nature and does not capture many non-symmetric 

behavior, which we observe in the real world for most of the cases. Therefore, there are many other 

models which exist in order to capture the real nature of the mixtures.  
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𝑔𝐸 = 𝑥1𝑥2[𝐴 + 𝐵(𝑥1 − 𝑥2)]  
 



 

One of the simplest ways to consider the asymmetry behavior is to include or rewrite this 

expression of gE in the following way. So, it is basically three suffix equation, Margules equation 

and it is asymmetric in nature. So, in the other word if you look at the ln gamma verses x plot. So, 

the 2 suffix Margules equation gives you the following expression or following plots which 

essentially is symmetric in nature.  

And otherwise if you look at this expression, this will essentially give you asymmetric behavior. 

Suppose for example we are considering 1, so and this is ln gamma i, this will give you the 

following. So, this is kind of asymmetric behavior for the case of this. But as I said there are many 

other models which exist, the model for 2 suffix Margules equation is derived from the simply 

limiting cases so that for the pure component gE is equal to 0. That means excess molar Gibbs 

energy has to be 0.  

Now, there are the model which more molecular, which has more you know fundamental insight 

to it. For example, model which is developed based on the Van der Waal equation of state is the 

Van Laar equation. So, this is based on Van der Waal equational state and the expression of gE is 

xa, xb again a and b stands for species indices it could be 1 and 2 and this is AB, Axa plus Bxb.  

𝑉𝑎𝑛 𝐿𝑎𝑎𝑟 𝐸𝑞𝑛, 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑉𝑎𝑛 𝑑𝑒𝑟 𝑊𝑎𝑎𝑙 𝐸𝑂𝑆, 

𝑔𝐸 = 𝑥𝑎𝑥𝑏 (
𝐴𝐵

𝐴𝑥𝑎 + 𝐵𝑥𝑏
) 



Now, in this case A and B should have the same sign. And though as I said it is based on Van der 

Waal equation of state but this usually, in practice these are empirically fitted to the experimental 

data.  
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𝑔𝐸 = 𝑅𝑇[𝑥𝑎 ln(𝑥𝑎 + Λ𝑎𝑏𝑥𝑏) + 𝑥𝑏 ln(𝑥𝑏 + Λ𝑏𝑎𝑥𝑎)] 

Λ𝑎𝑏 > 0 →
𝑣𝑏

𝑣𝑎
exp (−

𝜆𝑎𝑏

𝑅𝑇
)  

Λ𝑏𝑎 > 0 →
𝑣𝑎

𝑣𝑏
exp (−

𝜆𝑏𝑎

𝑅𝑇
) 

𝜆 → 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑎𝑟𝑡  



 

There is another model which is more commonly used which addresses more set of complex 

mixtures is Wilson equation is works with, works well for mixtures of polar and nonpolar 

components. Example could be alcohol and alkanes which are difficult to model using 2 suffix or 

3 suffix models as also extensible for multicomponent mixture. However, this Wilson equation is 

difficult to describe the partial miscibility, so it is usually unable to describe partial miscibility. 

So, let me just write down the expression of the g of E for the case of Wilson equation is RT and 

then you have this xa ln xa plus xb plus xb ln xb plus delta ba x of a. So, here if you notice that we 

have introduced the variable here delta which of course need to be greater than 0 and these are 

related to polymetric information, so molar volume of component a and b and exponential minus 

lambda ab by RT where this is related to va by vb exponential minus lambda ba by RT, where this 

lambda here is nothing but the interaction parameter.  

So, here also this information you can obtain the for example interaction parameter you can obtain 

and then you for given molar volume one can obtain this information of the Gibbs excess potential. 

We can extend this, I mean there are many other theories which have been used in order to 

understand the liquid behavior and obtain using the information.  

So, there are many theories which have been used to, which are used to develop the appropriate 

models for the Gibbs free energy. So, as we said that the Wilson is one thought which has been 

implemented. Now, the more formal statistical mechanical approach which has been used to obtain 



something called NRTL model and there is a group theory also which has been used which I 

wanted to talk about NRTL model.  
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𝑁𝑅𝑇𝐿 (𝑡ℎ𝑒 𝑛𝑜𝑛 𝑟𝑎𝑛𝑑𝑜𝑚 𝑡𝑤𝑜 − 𝑙𝑖𝑞𝑢𝑖𝑑 𝑚𝑜𝑑𝑒𝑙) 

𝑔𝐸 = 𝑅𝑇𝑥𝑎𝑥𝑏 [
𝜏𝑏𝑎𝐺𝑏𝑎

𝑥𝑎 + 𝑥𝑏𝐺𝑏𝑎
+

𝜏𝑎𝑏𝐺𝑎𝑏

𝑥𝑏 + 𝑥𝑎𝐺𝑎𝑏
] 

𝐺𝑎𝑏 = exp(−𝛼𝜏𝑎𝑏)   𝜏𝑎𝑏 = 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ  

𝐺𝑏𝑎 = exp(−𝛼𝜏𝑏𝑎)     

 

So, NRTL is nothing but the nonrandom two liquid model is purely based on (())(07:30) or 

statistical mechanics and the expression of the g is the following. So, I am writing this expression 

just for the sake of the completeness. However, I do not expect that you would be able to remember 

that. So, the reason for this is to just emphasize the kind of models which are available to address 

the behavior of the liquid phase. So, here you have gE which depends on, besides the composition.  

So, beside the composition you have this tau and g’s. The g is nothing but the exponential minus 

alpha tau ab. Here, gb is exponential minus alpha tau ba. Now, so there are 3 parameters. You have 



alpha and you have tau ab and tau ba. There are 3 parameters which essentially one has to use and 

these parameters you have to fit it into experiments.  

So, these are optimally fitted to the experiment. Now, the model NRTL is very valuable if a is 

large deviation from ideality and hence often used for the cases where you have deviation from 

ideality. In addition to that, the model is very valuable also to capture the partial immiscibility.  

So, here of course this tau’s are the interaction strength. Alpha is nothing but entropic parameter 

which is related to the randomness of the mixture. So, this alpha of course parameter captures 

entropic nature of the system but it is a short range it also looks into the molecular orientation, so 

it basically is a composite effect of the randomness in that particular one parameter and that is used 

or that is obtained using the fitting approach. 

Now, one of the thing which this particular model has been as I said is been used for many system 

by in the addition, Wilson model has been extended to obtain a more complicated model which 

we call it UNIQUAC model and that is also widely used in very practical systems in the chemical 

process industries in order to model systems.  
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𝑔𝐸 = 𝑔𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑜𝑟𝑖𝑎𝑙
𝐸 + 𝑔𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙

𝐸  

ln 𝛾𝑖 = ln 𝛾𝑖,𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑜𝑟𝑖𝑎𝑙 + ln 𝛾𝑖,𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 

So, this is called UNIQUAC model where basically it is nothing but extension of Wilson. So, 

UNIQUAC stands for the Universal Quasi Chemical theory. So, now this particular in this 

particular approach UNIQUAC which essentially says that well one can segregate this excess 

Gibbs free energy into 2 parts. 1 due to entropy and other one is due to energy.  

The entropy part is often called Combinatorial part of this g of E and energy due to the energy it 

is nothing but we call it the residual. So, in that case I can write this g because it is an extensive 

property is gE combinatorial plus gE residual and the corresponding ln gamma can be also written 

in the same way that is the ln gamma i combinatorial plus ln gamma i residual.  
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So, let us look at the bit on this UNIQUAC using some examples or let us emphasize more on this 

different part of this component. So, as I said UNIQUAC activity model contains 2 part of it, one 

is the combinatorial and other is residual. Combinatorial is due to the entropic contribution and 

residual is due to the energy contribution. So, here is the expression for g of E of combinatorial 

and here is the residual where if you can see there are many components.  

So, one is the phi and phi is nothing but basically it relates to or it is written in this way and phi 2 

is again in this one. So, we will little bit discuss about that and I will not go into details of it and 

this appears to be complicated but we will see how this can be used in order to solve a problem.  

Now, once you have these expressions you can of course use the same methodology as we have 

done in order to obtain ln gamma 1 or gamma 2 for the case of the let us say binary mixture. Now, 

in this case you notice that you have phi, you have q1, you have q2 and then you have these tau’s. 

Tau’s are related to the energetic parameter between the components.  

So, that is something which has to be provided in some way and then you have this various 

different definitions which are there. Now, so without going to details of each and every parameters 

and what does it mean which I will leave it for you to more and explore. Let me just discuss an 

example which relates how the UNIQUAC parameters in the models can be used in order to solve 

a problem. 
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So, this is a case of binary mixture of ethanol and heptane. So what is being asked is that prepare 

a plot of activity coefficient of a binary mixture of ethanol and heptane versus ethanol mole fraction 

at 50 degree using the UNIQUAC activity coefficient model.  

Now, UNIQUAC parameters are reported already. So, r is given. As I said I did not try to 

unnecessary at this point explain you more about what is r here. So, it looks more like a numerical 

analysis at this point. So, this is r is given, q is given, q dash is given and the energy parameters 



are given to you and then it is being asked that you use this UNIQUAC activity model and compare 

the results with the measured data which is x is given.  

For each x you have gamma 1, gamma 2 and so forth. So, essentially you can plot this for x and 

gamma’s and then you compare with this one. So, how do you go about it? So, already r and q and 

q dash is given. So, for given x so let us say we can consider this. The corresponding this phi 1 

and phi 2 can be obtained because r1 and r2 are given to you and similarly theta 1 and theta 2 can 

be obtained because it is q1’s are given to you and theta 1 dash is also given to you.  

So, essentially in that way you have information of phi’s and theta’s and then what about L. Well, 

z is fixed here. So, L1 and L2 is also given to you because the rest of the information is given to 

you. So, essentially you can now, you have all the information given to you. So, thus you can 

calculate the combinatorial part of the contribution and similarly you can also do that for this 

because here the residual part, the energy E1 and E2 are given to you and hence you can obtain 

tau 1 2 and tau 2 1 and the rest of the parameters you have already calculated for the combinatorial 

part.  
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So, look at this again. We need to calculate procedure is very straight forward. You need to 

calculate gamma 1 gamma 2 over the range of mole fractions. We illustrate the calculation 

procedure using the value of x1 0.3021. So, 0.3021 is this here. So, for that we calculate this phi i 

stars for this and for both the component and theta i is given to you and theta i dash is also given 

to you.  

In the sense like you have calculated because these parameters are given to you. So, hence you can 

obtain these i and theta i and Li you have calculated because Li is basically this part. So, r1 and q1 

you calculated, z is fixed. So, hence you can calculate Li.  
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So, basically you have all the parameters now to plug in into this expression of gamma 1 

combinatorial which comes out to be this. Gamma 2 combinatorial which comes out to be this. 

Similarly, for the residual part of the coefficient a1 2 is given to you. So, you have tau’s are given 

and then you plug in into the residual part of the expression.  

So, you have already calculated this earlier. So, you have calculated this also now. So, you have 

q1 dash also now and theta dash is also given to you, rather calculated. So, essentially now you 

have handle to all the parameters and thus you can obtain gamma 1 residual and similarly gamma 

2 residual.  
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So, with that you can now add it up and there you calculate 2.67 and 1.2 and similarly you can do 

that for different components. So, when it is done it turns out that the lines in this case is this. So, 

essentially you can now write a simple code which does this exercise for very small values of the 

x to large. So, essentially you can easily obtain the curve here and data points are given to you 

already here. So, it turns out that UNIQUAC model beautifully captures this and look at it, it is not 

a symmetric behavior.  

So, UNIQUAC seems to be very powerful if we have the informations correctly obtained as far as 

the parameters are concerned. So, I think that would be the end of this lecture where we basically 

could understand that we have different models which exist for liquid phase for the excess Gibbs 

free energy and these models are going to be use to obtain the activity coefficients.  

Now, so what we are going to do in the next lecture onwards is we will emphasize more on the 

vapor liquid equilibria calculations, where we are going to use some of these models and try to 

understand its implications in the predictions of the VLE diagrams. So, that would be the end and 

I will see you in the next class.  

 


