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Second virial coefficients of ground state nitrogen atoms 
have been calculated in the temperature range 6000 — 
20000 K. The results have been obtained using experimental 
potentials for the states 3 -2V and of the nitrogen 
molecule and an ab initio Heitler-London potential for the 
2 2 u + repulsive potential. 

Differences up to a factor of 5 are found between the 
present second virial coefficients and the corresponding 
values of Kessel'man et al. 

The thermodynamic properties of high tempera-
ture-low pressure ideal nitrogen plasmas are well 
known1 , while minor work exists on the corre-
sponding properties at high pressures, despite their 
importance in many applications 2. In this note we 
examine the first step in the calculation of thermo-
dynamic properties of high temperature-high pres-
sure nitrogen plasmas i. e. the calculation of the 
second virial coefficients of nitrogen atoms in the 
ground state N( 4 S ) . These quantities can be evalu-
ated from knowledge of the potentials g+, 3—(/+, 
5 2 7 , 7 2 t t + arising in the N( 4S) + N ( 4 S ) collision. 

One can, in fact, write 3 - 3 

Bu = 2g,Bli2gk (1) 
k k 

Bi} = 2 ti N / [ 1 - exp { - <Pett (r)/kT}] r2 dr 
0 (2) 

<Z>eff(r) =<P(r) for 0 ( r ) > O (3) 

#eff(r) = # ( r ) - £ r i n [ l - F ( r ) ] for 0 ( r ) < 0 
( 4 ) 

F(r)=y(§,-<P(r)/KT)/r& (5) 

where ( f , x) is the incomplete gamma function. 

Reprint requests to Prof. C. Guidotti, Istituto di Chimica 
fisica dell'Universitä, Via Risorgimento, 35, 1-56100 Pisa 
(Italy). 

It should be noted that Eq. (2) calculates the so 
called ßfree contribution i. e. the contribution due 
to the atoms which interact, but are free to separate 
after the in terac t ion 3 - 3 . The definition of B f ree , for 
an attractive potential, through Eqs. (2) — (5) , is 
useful since the corresponding Bh term (i. e. the 
contribution related to the formation of bound mole-
cules) is generally taken into account in the equi-
librium constant of the dissociation process 3 - 3 . It 
should be, however, pointed out that only B{ot = 
Bfree + ^b can be, in principle, experimentally de-
termined (even if very difficult to do). 

The 0 ( r ) potentials corresponding to and 
3Jf„ potentials are strongly attractive; they can be 
expressed by means of a Morse function, the pa-
rameters of which, based on experimental spectro-
scopic potentials, can be found in Reference 6 . The 
same function, with parameters in R e f . c a n be 
used for the potential; it is based on the pre-
dissociation analysis made by McCarrol in Refer-
ence 8 . The_7^M potential is very important in de-
termining B, due to its large statistical weight as 
compared with the corresponding statistical weights 
of other states. Two independent calculations have 
been performed on this potential, using a delta func-
tion model 9 - 1 0 . The results are expressed by means 
of an exponential repulsive function 

<Z>(r)=$0exp{-br} (6) 

with parameters $ 0 = 317.8 eV, b = 2.753 Ä " 1 from 
Ref . 9 and 0 O = 253.9 eV, 6 = 2.717 A " 1 from Ref-
erence 10. 

To check the reliability of these calculations, we 
have done an "ab initio" quantum mechanical de-
termination of the potential, by using the va-
lence bond type wave function (7) : 

Table 1. Values of <?(r) relative to 72lt potential. 

r(A) 0 (eV) a 0 9 (f> 10 

1.09 38.91 
1.59 6.92 3.99 3.38 
1.85 2.68 1.95 1.66 
3.17 9.7 ( — 3) 5.15 ( — 2) 4.6 ( — 2) 
4.0 8.3 (—4) 

9 . 7 ( - 3 ) = 9 . 7 X 1 0 - 3 ; a present results. 
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T °K 52g[9] 7-2w[9] 7 ^ [ 1 0 1 

6000 - 4 3 . 1 - 2 6 . 5 3.42 2.43 22.9 21.8 17.6 
7000 - 3 7 . 4 - 2 3 . 5 3.44 2.50 21.6 20.4 16.8 
8000 - 3 5 . 8 - 2 1 . 1 3.44 2.55 20.4 19.3 16.1 
9000 - 3 3 . 5 - 1 9 . 2 3.45 2.59 19.4 18.4 15.6 

10000 - 3 0 . 5 - 1 7 . 7 3.45 2.62 18.6 17.5 15.1 
15000 - 2 2 . 5 - 1 2 . 6 3.43 2.67 15.6 14.6 13.3 
20000 - 1 8 . 0 - 9 . 8 3.40 2.67 13.6 12.7 12.1 

Table 2. Second virial coefficients 
(cm3/mole) corresponding to dif-

ferent potentials. 
[6] : derived from potentials of 

Ref. 6 ; 
[a] : derived from the present cal-

culated potential. 

= 0.22360680 WA (0, 0,15/4, - 3/2) 

•W B ( 0 , 0,15/4, 3/2) 

+ 0.67082039 WA (0, 0,15/4, - 1/2) 
• lFB (0, 0,15/4,1/2) 

+ 0.67082039 T A (0, 0,15/4,1/2) (7) 

• n ( 0 , 0 , 1 5 / 4 , - 1 / 2 ) 

+ 0.22360680 T A (0, 0,15/4, 3/2) 

• '/'B(0, 0 , 1 5 / 4 , - 3 / 2 ) 

where WA and represent Slater determinantal 
atomic functions centered on atoms A and B respec-
tively, which are eigenfunctions of the operators 
£2, £z, S2, Sz with the corresponding eigenvalues 
in the brackets. The molecular eigenfunction is, of 
course, an eigenstate of £z and of the spin opera-
tors. The determinantal atomic function XPA and 
</'B, have been built with the following minimal 
STO basis & (Is) =6.70, 2 (2s and 2p) =1 .95 . 
The potential energy has been therefore calculated 

remaining contributions. In the same table we also 
report the contributions coming from the other po-
tentials. The average second virial coefficients of 
nitrogen atoms calculated by Eq. (1) have been 
compared in Table 3 with the corresponding values 
of Reference 4. The strong differences (up to a fac-
tor 5) between the present results and the Kessel'-
man ones, are clue to a different choice of the po-
tentials, since the same equations [ i . e . Eqs. (1) to 
( 5 ) ] were used for evaluating the second virial co-
efficient. In particular Kessel'man et a l . 4 used a 
Morse potential for the state, based on the Van-
derslice et al. results 9, which is indeed an approxi-
mation as compared with the present choice. 
Moreover he presumably used the potential of 
Ref. 9, while he fitted with the Hulburt-Hirschfelder 
function the remaining potentials (i. e. the states 
1 v 3 v \ 
—' g •> u) • 

It should be noted that the trend of B values ver-
sus temperature, calculated in the present work is 
also different from that reported in Reference 4. The 
two series of results of Table 3, can be explained 

Q{t) = ( T ? 2 u ) |W| W ( 7 2 u ) ) — 2 £ [ N ( 4 S ) ] (8) 

where £ [ N ( 4 S ) ] = - 54.26512 a. u. 

Results of these computations are reported in 
Table 1; they can be fitted, in the energy range 
1 0 - 2 — 7 eV, with a satisfactory approximation to 
Eq. (6) , with parameters 0 o = 5572 eV, 6 = 4.170 
A - 1 . It should be noted that the wavefunction (7) 
can be considered a satisfactory representation of 
the potential, since it represents the only "co-
valent" configuration of this state in the framework 
of the atomic basis set utilized n . 

Values of Btj relative to the present potential, 
are reported in Table 2, and compared with the cor-
responding results obtained by using the potential 
of References 9 ' 1 0 . One can note the agreement be-
tween the Bij values obtained from the different 
potentials (maximum deviation being of the order 
of 25%), even though the potentials can strongly 
differ (see Table 1) . These differences become 
smaller when one adds the contribution to the 

T °K B a S 4 

6000 0.79 5.05 
7000 1.39 5.10 
8000 1.65 5.11 
9000 1.92 5.10 

10000 2.19 5.05 
11000 2.39 
12000 2.54 
13000 2.67 
14000 2.78 
15000 2.87 
16000 2.95 
17000 3.01 
18000 3.07 
19000 3.11 
20000 3.15 

Table 3. Average virial coef-
ficient B (cms/mole). 

a Present work. 

noting that Kessel'man et al. overestimate the con-
tributions coming from 5 Z g and states, as com-
pared with the present results (see Table 2 ) , under-
estimating at the same time those from x 2 g and 
states. 
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