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Properties of a Pure Substance: Gibbs energy. Helmholtz function. Property
relations

(Refer Slide Time: 00:28)

So, we have come to the conclusion of what we had been looking at that we remember
that all the properties and the change in the properties. So, we have defined many
properties, and we got change in properties for both vapour like behaviour and ideal gas
that is what we were looking for. So, what we can do now is use this data to go back to
those equation that we wrote in this second module after that analysis of the laws. And

now we are at the position to put numbers in there and start getting the answers.

So, this last part as you see in the total problem solving process really one small little
thing, the initial part when we formulated the problem, get the approximations, and what
the equation that you have to solve. If you made a mistake at that point anywhere, the
next point where we put numbers into the equation turn really help us. So, we have to be

very clear on that part, after we are done with that whichever ok.



Now, let me put numbers wherever they comes from, and this to this way, but I will do to
complete the discussion on properties is to introduce two new properties. You might have
come across these in physics or chemistry courses, one is called the Gibbs energy, and
the other is the Helmholtz energy. Sometime this is referred to as Gibbs free energy;
sometimes this is referred to as some as Helmholtz free energy. And some text, you will
find this refer to as Helmholtz functions. Gibbs energy is denoted by G, specific Gibbs
energy is small g. Helmholtz is to use symbols A, but in some books you will find the
symbols psi as also be used. (Refer Time: 02:22) capital A for total Helmholtz energy,

small a for specific Helmholtz energy.

And this definitions complete the set of properties that we would like to have for a pure
substance. The Helmholtz energy actually is much more attractive, because it is from
here that we develop that equations for a P V T curve, and then by using properties
differentials we calculate all the other properties of the pure substance. We do not need to
go very deep in to this, but one should be aware that this is the totality of properties that

we are working with. So, for completing the discussion sake I am showing you.

(Refer Slide Time: 03:17)

So, Gibbs energy is defined as H minus TS or g is equal to small h minus Ts. And
Helmbholtz energy is A is equal to U minus T S or small a is specific internal energy

minus T s.



(Refer Slide Time: 03:26)

So, what we have done something within both cases, we have somehow got something
less than Ts. And this becomes important, when we look at what is call the work potential
of a reaction or work potential of a change changes taken in. And this tells us, what is the
maximum possible work that you can get. And the case like a fuel cell or a battery that is
why this property comes in. This property also comes very important in looking at
reactions, where we ask if I burn the fuel in air, what is the species that I will get, what is

the temperatures I will get.

And then the Gibbs energy will tell you what is in the final composition of that. This is
also good for mixtures and say look at I mix, so much water with. So, much air what is
the pressure and temperature that I get with the Gibbs energy that helps us to get the

laws. So, these are the two functions two energy functions that are there.
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And now I plotted a graph of chart, which summarises all this properties that we have
looked at. This is there in your notes, we do not need to really memorize or go deep into
this, but it is put to know that all these things are there, and they have an importance in
thermodynamics. So, yes in the table we have property, here Maxwell’s relations,

interpretation of that property, and what functions came out of this property.

From this side we start with u, u is said the function of entropy and into the duis T d s
minus p d v, which means that u the function of s and v that is u is equal to u s, v. And by
doing little bit of small differentials, which I have given in the notes than put it up very
soon in that dT dv, and there a bracket missing here is equal to minus dp ds at constant

volume.

And you also get from here that temperature is du ds at constant volume and pressure is
minus du dv at constant entropy, so that is why we begin to see that how all these
properties are related to each other a very nice mathematical functions. So, if only we
have a PVT diagram is satisfies only these thinks, just differentiation is coding of to get
all the analysis ok. So, this tells you that this is the internal energy of the molecule that
includes its vibrational energy, translational energy, rotational energy, electrical energy,
and any other types of internal energy that a molecular may have that is all there inside

this.



To that we had a pv, which we called as the flow work, h equal to u plus p v. And we got
this equations d h is equal to T d s plus v d p, and that gave us the expression that dT dp s
is equals to dv ds p or temperature is dh ds at p and v is dh dp at constant entropy. And |
looking at Gibbs energy is a maximum work that is possible from a process g going to h
minus Ts, dg equal to minus ds dT plus v dp. And again we get these two differential

equations or specific volume is dg by dp and T, and s is minus dg dT.

And the last one is of the Helmholtz energy a equal to u minus Ts, da is minus ds dT
minus p dv. And you get these two differential equations. And pressure is minus da dv at
constant temperature, s is minus da dT here constant specific volume. I have listed here
four more equations, which are useful. And these are the equation that we start using to

get some PVT diagram or the other properties that we are looking for.

And the nice thing about during such a formulation, if that if we have the right
formulation just a few set of differentials, and we get all the answers. There is no
approximation involved, and this process is superior to saying that I take data, and it do a
polynomial research. Polynomials are very badly in behaved between data points, and
differentiating them gives serious mistakes. So, we be very very careful that here
working with polynomials, whether it is of properties or any other case differentiation is

very very dense best to avoid that.
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So, how we got those equations, these are one little thing u is T ds minus p dv. u is a
function of s and v. And we get which are differentiated to get this part, and then we can
put various other substitutions, and you get this big equations do not worry what is there
inside this, but you just see what it means that if [ want to vibrate you, I need C v 0 as the

function of T.

And I can integrated with temperature, I have this big expression which is what rho p,
and T rho p and T. So, if I have an equation for the PVT relationship, I can put that and
integrate with respect rtho. And this is some constant which is some what arbitrary, you

can pick what you want, so that is how we do all these operations and we get u.

(Refer Slide Time: 09:10)

And similarly, there is a second function, how we get S from PVT data just to know that
second method is there. S can be written from T ds is equal to du plus p dv is substituted
that here we substitute some more substitutions, and this we get that s is the function of
C v 0 at the function of T that is what you need here. This is R In rho, rho is the density
you need density there. And this whole thing is an integration of density, then here rho
and dp, dT coming in there. And then this one the constant depending on there the

reference take here.

So, what these two equations showed us that if you have a functional relationship
between p, and T, and rho, so p as a function of T and v or p as a function of T, rho. Then

we can differentiated, put it in this equation, and where the entropy change. And this is



vary for every state there is no approximation here, because we are looking at a PV T
relationship or this relationship that we have which is good for all states. So, we do not
have depend on somebody giving us the charge, and the properties and the number. We
have a little bit of entrepreneurship, we can make this charge ourselves, because so that

is two of the properties.

(Refer Slide Time: 10:42)

And now I will just give some examples of how we get this p rho R T type of a thing.
And what we have done is p equal to rho R T, which is the ideal gas equation of state,
and added to this big term here. And then which is C 1 which is some sort of constants as
the function of temperature, and another function which is the of density. So, (Refer
Time: 10:56) separation of the variables or source, and this is where if you look of
mathematics. You would have come across the Helmholtz partition function, then it what
we have done here. And then we do curve fitting and get values of C i and H i we should

in many many constants. So, I just show you a few of these formulations ok.
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Here is a equation of state which fix all the data, it will not that based on the one
equation, which we can use for fitting all these data. We have see here this is a first
equation p is RT upon b, and then whole bunch of things put in there which are only

functions of temperature and density explicitly.

And to this formulation p equal to rho R T plus whole bunch of other things sort of a
various unconscious coming there. Then p equal to rho R T plus some other form of
these abbreviations. On that formulation is got whole bunch of other things 28, 32
constants coming in over there, so that is ok. And the reason we put these is that some
some materials some equation fits best or some other materials some other equations fits

best.
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So, like this we have many other equations coming in here, and that is equation that is of
use to us for water is this equation p equal to tho RT multiplied by this thing. Q is a
partition function, which is given by this which is got so many constants in it or by this
this is the one is for water. So, you get this long equation which what lots of constants,
which are given separately, and from there we can then use put it into this equation

differentiated as much as we want, and can compute any properties that you have.

So, we can make our own program, and say that look I can do this. But, the trouble is the
two independent variables in all these formulations are pressure and density or specific
volume. So, if we are know if we know state, then pressure and enthalpy are known, then
direct use of this equation is not possible. We have to develop some other techniques of
interpolation, and some approximation to get to the correct answer. Most of the web
based programs or other that you see may not have that flexibility that if I specify
specific enthalpy, and specific entropy what is the pressure, and temperature that

question most of these programs will not be able to answer ok.



(Refer Slide Time: 13:24)

So, these are type of equations we have, these are equations for C v 0 constant volume
specific v technique. We talking of depending on the material, we have various type of
things which are vary (Refer Time: 13:31) depends on temperature that is all there is
constants and temperature to various probabilities T square, T cube, T to the power 4 like

that.

(Refer Slide Time: 13:41)

The saturation pressure curves that we do, yesterday they can be expressed by any of

these type of equation In P is equal to some function plus function 1 by T In T and things



like that or P by P c is a function of temperature. And so this of 1 by 1 minus to an
equation, you specify the temperature you know the saturation pressure that, so that
many all the co-ordination that are possible. Again some are good for some substances

some are not good for.

(Refer Slide Time: 14:09)

This is a formulation of saturated liquid density; the density of the saturated liquid state
rho f or specific volume p f. This is given as the function of this, we can only have the
function of temperature. So, we know the temperature, we know the rho f explicitly

function; we can make similar things for rho g value.
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And for every material say represent 14, I am showing this the example the critical
constants are known T ¢ pc rho ¢ the reference temperature is given T 0 as 125 Kelvin,
molecular weight 88.01. And the constant that I used in the equation, it tells you, which
is the equation that we use from those. And what is the constants to be use for that what
for saturation pressure, what are the which is the equation, and what are the constant.
And like that we can put all these together, and to all those property tables and charts that

will we have to use.
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For water that the type of formulations you see, the same equation I showed that the so
many constants that we need even for the P-rho-T equation, which is q and p 6.
Saturation equation as about 10 constants rho f has 8 C v has about 7 constants there. So,
there is a general way in which people have developed all those properties and we have

the made effect of using all of that in the problems that we have been solving.
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The last thing is how we get the compressibility for ideal gases. P v equal to R T got
modified. And you are come across some these in your other courses, there was different
types of equations of state. Starting here in the top left, first one is that involves equation
of state, you might be familiar with that. And this is p equal RT or v minus b minus a
over b square. In the form that it took was that under some conditions, then martial is

denser, some cases it is less dense depending on the pressure and temperature.

So, these two terms take care of those physical phenomena of gravitational attraction and
with a repulsion between them, does not fit very well your first equation. Then came that
Williams equations, where z equal to p v equal to RT was defined as the function of v
temperature, and specific volume specific volume spare specific volume, it works a little

better and give you the value of z.

In the Beattie Bridgeman equation of state RT upon v bar plus various constants with b
bar v square, v cube, v 4, this is specific volume. Then the Benedict Webb Rubin

equation, it will get little more complicated, but same thing that RT upon v plus some



constant into RT plus whole bunch of constants and combinations of temperature and

specific volume that is the common feature in all these.

Lee-Kesler, little more simpler 1 plus BT upon the specific volume square, cube, 5th
power, square power with T cube, and like that. The cubic equation of state Redlich
Kwong equation of state. And so for depending on what one is interested in and say that
only interested in looking at the vapour phase of a refrigerant in a compressor or in air
conditioning system, then we can say the this equation is good in forming. I am not too

worried about what is the equation of state the liquid thing.

From there I will get some simple state, and from there I will pick up all my equation.
And the liquid state, I will just say h is going to C p dt and get my data from there. So,
one can do a mix and match of some properties from here, some properties from there,
and solve the problem. Now, you can see we would not go into those details, please just
take either in the ideal gas solution or we look at the property tables and calculate (Refer

Time: 18:02).



