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E&uILIBRIA IN TKE SYsl324 2Nz + & AND N2 + 8& 
AND TEIERMODYNAMIC PROPERTIES OF N& AT 1O0Oo To 5000% 

Chiksra Hirayama and Anthony M. &Roo 
Westinghause Research Development Center 

Pittsburgh, Pennsylvania 15235 

Although high temperature equilibrium data on systems contain- 
y-pe of ing carbon, hydrogen, and nitrogen have been reported, the same 

data  fo r  the  more simple system containing hydrogen and nitrogen' have 
not been reported. 
of reactions i n  a high-temperature plasma. 

Both systems are of obvious in t e re s t  i n  t he  chemistry 

We presently consider the equi l ibr ia  i n  the systems 2N2 + H2 
The and N2 + 8 ~ 2  at 1000° t o  5000%. 

following species only are considered t o  be present i n  the gas: H2, N2, 
H, N ,  MI, m2, NH3, N2Q. 
present, such as  N2H3,  but the concentrations of these w i l l  be negligible 
compared t o  those considered here. 
be negligible,  but we include t h i s  species because of i t s  prac t ica l  
in te res t .  

Ideal gas behavior is  assumed. 

Undoubtedly, there  are other species and ions 

It is expected t h a t  N2& w i l l  also 

Eight equations are required i n  order t o  determine the  concen- 
t r a t ions  of the e ight  components. 
constants fo r  the formation of H, N2, NH, MI2, and MI3, where the data 
are taken from the  JANAF' Thermochemical Tables.2 The sixth equation, 
the equilibrium constant for formation of N2%, i s  calculated herein. 
The seventh equation expresses the t o t a l  pressure as the  sum of the 
p a r t i a l  pressures, 
balance; i.e. , f o r  tke s y s t e m  2~~ + H~ 

Five equations express the  equilibrium 

P i  = P. The eighth equation expresses the  material 

2 P + P + 0.5 pNEI + 1.5 P + 2.5 P + 3 P~~~~ H2 H MI2 m3 
- P - 0.5 PN = 0, 

N 2  

and f o r  the system N2 + 8 H 2  

8 pN + 16 pN2 + 7 pNH + 6 pm2 + 5 pm, + 12 pN2& 

- P , - 2 P  = o *  
H2 
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The set of eight equations were solved for the different tem- 
peratures and pressures of one and a thousand atmospheres on a computer. 
A single pass in the computation was sufficient. 
the results. 

Figures 1 to 4 summarize 

We thank Miss Rosella Freedman for the computer calculations. 

The partial pressure of N2&, as suspected, is negligible in 
all of the systems, although it goes through a maximum. 
pressure of NH, decreases rapidly with increasing temperature, sharing 
the low stability of this species at the high temperatures. 
interesting to note the stability of N2 even at 5000°C, as evidenced 
by the s m a l l  decrease in partial pressure of this species from 1000° 
to 5000%. 

The partial 

It is 

There is only a very small effect on the concentration of the 
species NH, NH2, N 2 b ,  and NH, by varying the ratio of N2:H2. However, 
an increase in pressure from one to 1000 atmospheres does cause a slight 
shift in equilibrium, so that the relative concentrations of NHs, N2Q, 
and NH2 increases slightly. 

Thermodynamic Properties of N,HQ 

Scott , et have reported thermodynamic propertiesof N2& 
to 1500%. 
spectroscopic data of Giguere and Liu. 
to determine the symmetrical stretching (T2) and torsional (J7) vibra- 
tions, so that we use the values of Scott, et al, for these two frequencies. 
The three components of the moment of inertia, the potential barrier to 
internal rotation, the reduced moment calculated by Pitzer ' 8  f~rrmila,~ 
and the heat of formation at absolute zero are those given by Scott. 
Table I summarizes the spectroscopic data. 

We extend these data to 50 0% by using the more recent 
e latter workers we e unable 

In the calculation of the equilibrium constants of N2&, the 
free energy functions of l& and N2 were obtained from the tables of the 
U.S. Bureau of Standards. Table I1 sumarizes the thermodynamic data. 

from those of Scott3 by 1.5 to 3.5% in the different functions in the 
range looOo to l5OO%, since the vibrational contrib tions in this work 
are based on the more recent data of Giguere and Liu? The free energy 

The values of the thermodynamic functions calculated by us differ 

of formation and - log for this temperature region are about 1.54 
and 2$ higher, ly, than those of Scott and co-workers. 
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Temp., O K  

+ H? at lr4al pressure o l  I atmosphere. 
-Partial pressure as (unction 01 temperature for system ZN2 
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- r ' 3  

'9 (doublet) 1F3 
3 i - V  

3160 72 

73 1493 710 1628 

127 5 P 74 1098 T i l  

77 360 

@-?try nmber (c) - 2 
b XoleCul&- Walzht 0 32,048 

!<ozents of I R e r t i s  

IA I 6.18 x 1 O A O  g CC? 
1~ 35.33 X l o A o  6 CiL' - 36.98 x 10Ao g ciz2 IC 

seduced morrent for internal rotntjon - 1.53 x 10-40 g m 2  

potential barrier height for inkernnl rotation - 2800 cal/r.,ole 
I AH: 0 26,060 cel/ffiole 

Statietical weight of electronic gpi;.id atate - 1 
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