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Calculation of structural properties and vibrational frequencies 
of a- and y-N2 crystals 
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The effects of the zero-point energy, residual forces and torques on the molecules, and molar density. 
on the calculated lattice frequencies and structural properties of solid a- and 'Y-N2' are investigated. 
An intramolecular potential and a parametrized 12-6 atom-atom intermolecular potential are used to 
calculate lattice modes, intramolecular modes, sublimation energy, equilibrium unit cell parameters, 
Griineizen coefficients, and P - V data. The second virial coefficient is an1(parame2ies )Tj
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where G(w) is the lattice frequency distribution, nor­
malized to unity, and 

U~~~ra = ~ [1 ~ g(w)w dw - ~ w?] • (7) 

Here g(w) is the distribution function of intramolecular 
modes and w? is the free molecule vibrational frequen­
cies of mode i. 

The minimization procedure is performed in several 
steps: 

(1) We first require that the net force on each atom 
will vanish and that the condition of uniform stress on 
the unit cell at static equilibrium is established at any 
given volume V. The first condition is achieved by solv­
ing the set of equations: 

(8) 

The second condition implies the diagonalization of the 
stress matrix 

(9) 

at a given volume. The capital letter of the stress com­
ponent indicates the direction of the force and the sub­
script indicates the normal to the plane to which this 
force is applied. The corresponding forces are related 
to derivatives of the static interaction energy are cu8j
0.02lhe6 T98c 99.1904 0dia471d(V/T1_1 1 Tf
0.05 Tc 9.239 0 0 4261 47.5 429.34 Tm52..6/T1_18r8u5mv474.96 Tm
4tes2.51:energy 
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respect to the atomic position coordinates: 

(14) 

obtaining the set of equilibrium dynamical variables {rk } 

at a given external pressure. At these configurations 
the lattice dynamics [Eq. (10)] of both phases is com­
puted. The resulting frequencies are compared with the 
experimental results. 

From the lattice frequencies evaluated ·at this step we 
also compute the ZPE Ud",(Veq) from Eqs. (6) and (7) 
and the static interaction energy U. tat (Veq). The sum of 
these energies is compared with the cohesive energy 
found experimentally. 

The final atomic positions computed from Eq. (14) are 
compared with those measured cnal 
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It should be mentioned that in solids composed of 
large molecules, the zero-point energy is a relatively 
small fraction of the total interaction energy and there­
fore its exact calculation is not essential to the evalua­
tion of the sublimation energy. However, even in this 
case the ZPE seems to be important in the determina­
tion of the equilibrium unit cell parameters. Its effect 
should be considered if equilibrium lattice dynamics 
calculations are to be performed at molar volumes which 
are consistent with the employed potential. 

B. Residual forces and torques 

In crystals with more than one atom in the unit cell, 
it is not sufficient to arrive at the minimum of the crys­
tal energy with respect to the unit cell parameters [Eq. 
(9)]; also, forces and torques on the molecules should 
be relaxed [Eqs. (8) and (14)]. This implies that it is 
necessary to minimize the energy with respect to trans­
lations and rotations of the molecules in the unit cell, 

the 
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FIG. 3. Dependence of lattice mode frequencies (a), static en­
ergy U. tat (b), and equilibrium lattice constant (c), on the num­
ber of employed interacting molecular shells. The calculation 
is carried out with potential JS-II (Table I) under conditions of 
static equilibrium (8u.tat /8p = 0) for the given number of inter­
acting shells. 

quencies, atomic positions in the unit cell, the intramo­
lecular modes, and also the N-N stretching frequency of 
the isolated (gas phase) N2 molecule. 

Parameters were changed from run to run by a least 
squares iteration scheme. Lattice sums were extended 
to 20 molecular shells thus assuring the stability of the 
calculated frequency within O. 1 cm-1 and the calculated 
energies within O. 02 kcal/mole. Each calculation was 
performed at the lattice equilibrium configuration, keep­
ing aUtot/aRp < 10-6 kcal/A and aUtot/ark < 10-8 kcal/A. 
This usually required 5-10 steepest-descent iterations 
and 2-3 Newton-Raphson iterations. The zero-point el-9.666 0.357l
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FIG. 8. The dependence of 'Y-N2 lattice modes on cia ratio for 
two volumes: (a) V=37.5 A/molecule, (b) V=39.0A3/molecule. 
Calculated with the 12-6 potential of the present work. 

for which the energy is a minimum is negligibly affected 
by zero-point effects, and is practically independent of 
the molar volume. The lattice mode frequencies were 
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to construct such potentials. 63-67 However, both the 
reliability of the potential and the 


