
  EQUATION  OF  STATE  IN  FORM  WHICH  RELATES  MOL 
FRACTION AND  MOLARITY  OF  TWO  (OR  MORE)  COMPONENT

THERMODYNAMIC  SYSTEM  CONSISTED  OF  IDEAL  GASES,
AND  IT’S  APPLICATIONS

by

Marko POPOVI]

Fac ulty of Chem is try, Uni ver sity of Bel grade, Bel grade, Ser bia

Orig i nal sci en tific pa per
UDC: 536.13/.14:544.038.1

DOI: 10.2298/TSCI100325009P

Most peo ple would face a prob lem if there is a need to cal cu late the mole frac tion of 
a sub stance A in a gas eous so lu tion (a ther mo dy namic sys tem con tain ing two or
more ideal gases) know ing its molarity at a given tem per a ture and pres sure. For
most it would take a lot of time and cal cu la tions to find the an swer, es pe cially be -
cause the quan ti ties of other sub stances in the sys tem are not given. An even greater 
prob lem arises when we try to un der stand how spe cial rel a tiv ity af fects gas eous
sys tems, es pe cially so lu tions and sys tems in equi lib rium. In this pa per for mu las are
sug gested that greatly shorten the pro cess of con ver sion from molarity to mole frac -
tion and give us a better in sight into the rel a tiv is tic ef fects on a gas eous sys tem.
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In tro duc tion

Most peo ple in clud ing spe cial ists be lieve that a model was made that ab so lutely de -
scribes the ther mo dy namic sys tem con sisted of an ideal gas. In deed the ideal gas state equa tion
con nects well all the pa ram e ters in an ideal gas sys tem. But if we try to solve the fol low ing prob -
lem: a ther mo dy namic sys tem con sists of two ideal gases A and B which are con tained in some
vol ume V (not given) at a given tem per a ture T, and at given to tal pres sure P. The molarity of gas
A is given. Find the mole frac tion of ideal gas A! 

In its ba sic form the ideal gas state equa tion can not help us solve this prob lem, sim ply
be cause it does not in clude mole frac tion. Most peo ple in clud ing spe cial ists would say this is
im pos si ble, and would re quire ad di tional data, for ex am ple, vol ume. But is ad di tional data re ally 
nec es sary, or can the so lu tion be found more eas ily even with out them? 

The o ret i cal anal y sis

Let us con sider. In case the chem i cal sys tem con sists of two monoatomic ideal gases A 
and B then the state of the sys tem is given as:

PV = (nA + nB)RT (1)
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where V is the to tal vol ume of the sys tem, P its to tal pres sure which equals the sum of par tial
pres sures of gases in it, nA is the quan tity of ideal gas A, and nB – the quan tity of ideal gas B.

As the def i ni tion of the molarity is:
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V
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by com bin ing expresions (1) and (2) we have:
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where cA = nA/(nA + nB) is the mole frac tion of the sub stance A. There fore:
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This ex pres sion pres ents the re la tions be tween two ways of ex press ing the con cen tra -
tion in chem is try.

By re plac ing [A] from expression (2) to re la tion (5) we ob tain:

cA
A R

=
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(6)

The use of eqs. (4), (5), and (6) to solve the prob lem given in the in tro duc tion will be
dis cussed later, as well as its ap pli ca tion in rel a tiv is tic ther mo dy nam ics.

Ap pli ca tions

Us ing eq. (5) the prob lem above which seemed un solv able be comes a piece of cake.
All we need to know to cal cu late the mole frac tion in a given sys tem is its tem per a ture, to tal
pres sure, and molarity of the sub stance for which we are cal cu lat ing mole frac tion. Note that
since no pa ram e ters for other sub stances in the sys tem are re quired for eqs. (4) and (5) we can
eas ily trans form from one type of con cen tra tion to an other with out even know ing about the
pres ence of other sub stances in the sys tem. 

As we saw in the in tro duc tion some prob lems can not be solved with out eqs. (5) and
(6). On the other hand there are some prob lems that can be solved with out eqs. (5) and (6), but
that re quire ex ten sive cal cu la tions, and a lot of time.

For ex am ple to find the equi lib rium con stants Kp and Kc for the re ac tion
N O 2NO2 4 W 2 , if it is known that 20% of ini tial quan tity (mols) of N2O4 has dis so ci ated at a
tem per a ture of 300 K, be fore the sys tem reached equi lib rium (the to tal pres sure of the equi lib -
rium mix ture is 101.3 kPa). Solv ing this prob lem be comes much eas ier, shorter and faster if we
do use eqs. (5) and (6).

The eqs. (5) and (6) can be used to an a lyze the ef fects of spe cial rel a tiv ity on a ther mo -
dy namic sys tem. A ther mo dy namic sys tem con sisted of two ideal gas ses A and B is in rel a tiv is -
tic move ment. Ac cord ing to spe cial the ory of rel a tiv ity the rel a tiv is tic con trac tion of space oc -
curs:

¢ = -X X
v

c
1

2

2
(7)
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where X’ is the length of the sys tem in rel a tiv is tic move ment, v – the ve loc ity of the sys tem, and
c – the speed of light. The con se quence of re la tion (7) is, ac cord ing to [1],  rel a tiv is tic vol ume:
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v
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2

2
(8)

and ac cord ing to [2] rel a tiv is tic mo lar con cen tra tion:
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Now we can an a lyze the rel a tiv is tic ef fects on a sys tem us ing eqs. (5) and (6). 
The ther mo dy namic sys tem given above is now in rel a tiv is tic move ment. The ob -

server 1 rests, while the ob server 2 is in the sys tem, mov ing with it. The ob server 2 does n’t no -
tice any changes in the sys tem. The ob server 1 no tices ac cord ing to expressions (7), (8), and (9)
rel a tiv is tic space con trac tion, vol ume, and molarity. By ap ply ing eq. (5) to a sys tem in rel a tiv is -
tic move ment we ob tain ac cord ing to [3]:

¢ = ¢
¢ ¢

¢
c [ ]A

T

P

R
(10)

The mole frac tion ac cord ing to con ser va tion law is not af fected by rel a tiv ity, so:

c = c' (11)

Now we sub sti tute eq. (5) and (10) to (11):
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1907 Planck dem on strated that pres sure is Lorenz in vari ant [4]. If P' =  P eq. (12) be -
comes:

[A]RT = [A]'R'T' (13)

where ac cord ing to Ohsumi [2] [A]' = [A]/[1 – (v2/c2)]1/2, 
Landsberg [5, 6], and others [3, 7, 9-12] stated that tem per a ture should be Lo rentz in -

vari ant. so T = T':
In that case, from eq. (13) we can con clude that R must be Lorenz co-vari ant.
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This alow us to con clude that the Boltzmann con stant is Lorenz co-vari ant too:
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v
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2
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(15)

which is in agree ment with the con clu sions of Avramov [7]. This state ment pres ents a prob lem
for sta tis ti cal ther mo dy nam ics, since it im plies that the en tropy must be co-vari ant as well. 

How ever, en tropy is a state func tion and can not be Lorenz co-vari ant. The Planck’s
the o rem of en tropy invariance [4], as well as Ott [8], and many other au thors such as
Bormashenko [9] and Popovi} [10] con firm the en tropy invariance.
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En tropy is given as:
S = kBlnW (16)

is the Boltzman con stant, where W is the prob a bil ity given as:

W = (CV)N (17)

In rel a tiv is tic con di tions the equa tion above be comes:

W' = (C'V')N
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Let us back to the eq. (15). kB is Lo rentz in vari ant claim Bormashenko [11] in op po site
to eq. (15). Now, if S = S', and kB = k'B, then: W = W'. In that case there are no dif fer ence be tween
eqs. (16) and (18):

S' = k'BlnW' (18)

So lu tion is to take ef fec tive vol ume in cal cu la tion [12]. It means that one li ter is still
one li ter in rel a tiv is tic con di tion even with dif fer ent nom i nal value:
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where V is the vol ume at rest, V' – the rel a tiv is tic vol ume, Vef  – the ef fec tive vol ume, and V'ef –
the rel a tiv is tic ef fec tive vol ume. Ef fec tive vol ume does not de pend on speed of the in er tial sys -
tem, so in such a way it is pos si ble for rel a tiv is tic space con trac tion to be real and for ther mo dy -
namic pa ram e ters to be Lo rentz in vari ant. 

Con clu sions

For a so lu tion con tain ing ideal gas ses A and B the re la tion of their mole frac tion and
molarity is given by eqs. cA = [A](RT/P) and cA = nART/PV.

This re la tion is ap pli ca ble to any ther mo dy namic sys tem con tain ing two or more ideal
gas ses. These re la tions can also be used in rel a tiv is tic ther mo dy nam ics.

Ref er ences

[1] Ein stein, A., On the Elec tro dy nam ics of Mov ing Bod ies (in Ger man), Annalen der Physik,17 (1905), pp.
891-921

[2] Ohsumi, Y., Re ac tion Ki net ics in Spe cial and Gen eral Rel a tiv ity and its Ap pli ca tions to Tem per a ture
Trans for ma tion and Bi o log i cal Sys tems, Phys i cal Re view A, 36 (1987), 10, pp. 4984-4995

[3] Popovic, M., Phenomenological and The o ret i cal Anal y sis of Rel a tiv is tic Tem per a ture Trans for ma tion and 
Rel a tiv is tic En tropy, PWASET, 28 (2008), pp. 63-67

[4] Planck, M., The  Dy nam ics of the Mov ing Sistem (in Ger man), Annalen der Physik, 26 (1908), 6, pp. 1-34
[5] Landsberg, P. T., Thought Ex per i ment to De ter mi nate the Spe cial Rel a tiv is tic Tem per a ture Trans for ma -

tion, Phys. Rev. Lett., 45 (1980), 3, pp. 149-150

Popovi}, M.: Equation of State in form which Relates Mol Fraction and Molarity of ...

862 THERMAL  SCIENCE: Year 2010, Vol. 14,  No. 3, pp. 859-863



[6] Landsberg, P. Matsas, G., The Im pos si bil ity of a Uni ver sal Rel a tiv is tic Tem per a ture Trans for ma tion,
Physica A: Sta tis ti cal Me chan ics and its Ap pli ca tions 340 (2004), 1-3, pp. 92-94

[7] Avramov, I., Rel a tiv ity and Tem per a ture, Rus sian Jour nal of Phys i cal Chem is try, 77 (2003), Suppl. 1, pp.
S179-S182

[8] Ott, H., Lo rentz Trans for ma tion of Heat and Tem per a ture (in Ger man), Zeitschrift für Physik, 175 (1963),
1, pp. 70-104

[9] Bormashenko, E., En tropy of Rel a tiv is tic Mono-Atomic Gas and Tem per a ture Rel a tiv is tic Trans for ma -
tion in Ther mo dy nam ics, En tropy, 9 (2007), 3, pp. 113-117

[10] Popovi}, M., Lay ing the Ghost of Twin Par a dox, Ther mal Sci ence, 13 (2009), 2,  pp. 217-224
[11] Bormashenko, E., Mea sur able Val ues, Num bers and Fun da men tal Phys i cal Con stants: Is the Boltzmann

Con stant kB a Fun da men tal Phys i cal Con stant?, Ther mal Sci ence, 13 (2009), 4, pp. 253-258
[12] Popovi}, M., Rel a tiv is tic Com pres sion as a form of Is en thal pic Com pres sion, Pro ceed ings, Col lo quium to

Pro mote Ex per i men tal Work in Thermophysical Prop er ties for Sci en tific Re search and In dus try, Ecole na -
tional supérieure des Mines de Paris, 2009, p. 30

Paper submitted: March 25, 2010
Paper revised: March 26, 2010
Paper accepted: March 26, 2010

Popovi}, M.: Equation of State in form which Relates Mol Fraction and Molarity of ...

THERMAL  SCIENCE: Year 2010, Vol. 14,  No. 3, pp. 859-863 863


