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GAS CONSTANTS: SPECIFIC, MOLAR,
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The systematization of gas constants is given. The volumetric gas
constant and the corresponding equation of state allowing to determine
unambiguously the volume and density of an ideal gas at normal physical
conditions are entered.
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INTRODUCTION

The equation which connects the pressure p, the volume V and the temperature
T of a thermodynamic system is called as an equation of state of a thermodynamic
system: f{(p. V', T) = 0. Historically the equation of state was received, proceeding
from laws of Boyle and Gay-Lussac. Let’s consider some methods of receiving
an equation of state. It is noted in work [1, p. 3}

The three empirical laws were as follows:

1 Marriott’s law, which was anglo-saxonized into Boyle's law by Tait, asserts
that at constant temperature the product of the pressure and volume remains
constant

pV = const. H

2 Gay-Lussac’s law, which again was anglo-saxonized into Charles’s law by
the same Tait, states that for all permanent gases, the empirical temperature t is
proportional to the fractional increase in volume at constant pressure,

{ V-V
f:‘-‘--’j;*?‘. 2
@ Ve

Where a is a constant, known as the coeflicient of thermal expansion, which
was same constant for all permanent gases.
Combining (1) and (2) gives
pV=pVa(lin+t). 3)
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— «volumetric gas constanty', Ji(m> -K),

v Roody _ pV .
k= Vo ¥, T’ a8
—molecular gas constant, J/K.
Rbody _ pV_
R . 19
Ry ~ = NF 19

Connection between gas constants can be established if in relations (16)-(19)
R, toreplaceon Rm=R,u=R'V,=RyN:

R=Rpim=R,iM, (20)
R'=Ru/Vy=R, IV, R=RmlV,=p,R @
where ¥, =¥,/ is molar volume of ideal gas given to a normal physical

condmons(p 101325 Pa, T, = 273,15 K);

kp =N/u= N, is Avogadro constant (molar number of particles), which
value depends on the value of the unit amount of substance (1 mol or 1 kmol =
1000 mol};

Ny = 6022140857 x10>* is Avogadro number’, numerically equaling to
constant Avogadro for 1 mol {7].

According to the Avogadro’s law, with the same pressure and temperatures,
molar volumes of different gases are also identical At normal physical conditions

molar volume is equal ¥, =22413962 x 107 m¥mol [7]. The value of molar
gas constant is determined by known molar volume from the expression (17)

4 4 1073
R, - pcr;w - 1013252:;;‘35963“’ =8,3144598 J/(mol-K) [7].
e e »

Since the molar volume V  is identical for all gases, thenand the molar gas constant
Ry, isconstant forall gases, from here and it is original name — the universal gas constant.
The specific gas constant is given by (20), for example, for air M = 28 966
kg/kmol [8],
R=R,/M =8314,4598/28,966 = 287,04 J/(kg-K).

1 The term “vob * and y dnclf R wre introducnd for the fust time.
2 Avogadto number NA, whtmulw: ¥ v, often idk d withs thwe Avigade &, . the value of which depends
on the adoptod umt, and represent the same symbol X Thus d y when & ity

3
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The value of the volumetric gas constant is determined from the expression (21)

R=R 1V, =83144598 222413962 107% = 370950027 J/(m* -K).

Because here it is taken the ratio of the two magnitudes identical for all
gases, the volumetric gas constant could be called the «second universal gas
constant», that makes the term «universal gas constant» ambiguous and it is not
recommended to be applied.

From (22) it follows that the molecular gas constant is defined as the ratio of two
constants and, therefore, is itself a “universal” constant, which is called Boltzmann’s
constant Ry =kg = R, /k, =83144598/6,022140857- 107 =1,38064852-10" K
[7]. Consequently, the Boltzmann constant kB, in accordance with the expressions
(19) and (22), is none other than the molecular gas constant, determined by the
ratio of gas constant of the body to the number of gas molecules (19).

Volumetric quantities (for example, ¢),, k'), along with the volume ¥ is
used in the theory of combustion, as well as densities component products of
combustion under normal physical conditions, which can be determined from the
relation (21) Po; =R/ R;.

For example, the air density under the normal physical conditions

Pos = R/ Ry = 370957287 = 1,225 kg/m®.
The traditional calculation gives
po 101325
R, 28727315

Pog = =12925 keg/m’.

CONCLUSION

I The classification of gas constants (body, specific, volumetric, molar,
molecular) depending on the accepted portion of substance is given.

2 The new «volumetric gas constanty, identical to all gases, — «the second
universal gas constant» ~ is entered.

3 The new equation of state for perfect gas pV =V R'T allowing to
determine directly the volume of gas ¥, and its density p = R’ /R at standard
physical conditions is received.
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