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' Kjems and Dolling™ recently used inelastic neutron
. scattering to study the lattice dynamics of the g-phase.

,/ They observed two translational modes at q=0 and 36°K

‘having frequencies of 25 and 64 cm™. The low frequency -
the doubly degenerate E,, mode shown in Table II. This
~mode is ¥ Raman-actwe and can be identified with the.
‘ Jow-frequency?ne‘im&he Raman spectrum of sample one
~ having a frequency of 25 cm™ at 55 °K.” This identifica-
*_tion is supported by the large Griineisen parameter of .
] ﬂ'llS line, usually characteristic of translational modes
- in close-packed molecular crystals.” The otber transla-

: \%ode splits into two modes for ¢ #0 and corresponds to
i
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tional mode observed by Kjems and Dolling at q=0 has’ 3 )

too high a frequency- to correspond to the-other Raman
“line.~ Moreover, - only.one translational mode is expected
. in the first-order Raman spectrum-of an hep structure; -

The second Raman line ‘then probably corresponds-to ai. -

librational mode of E,, symmetry, as expected from "%
. Table II. . ThlS means that the molecules in the ﬂ phase

The high frequency Raman lme could be afwo-phonon .
i ‘band. However, this is unlikely since both Raman lines
“have comparable linewidths and stnkmgly different tem-

5, ..perature dependences. Also, the Griineisen parameter

+" for this line is somewhat smaller than that of the By o
-z . phonon and closer to those obtained for the librational

= ..modes in the a phase. - It should be pointed out that the -

- measured Griineisen parameter for this libration is, as
"~ in the o phase, much larger than the value expected for
'~ ~aquadrupolar mteractlon potentla.l in the quasiharmonic
g apprommahon. g : -

The temperature dependence of the frequencies in
- Table X was fitted to a function of the form given by (6).
However, variations in the choice of the frequency at
.0°K had little effect on the fit but drastically changed the
characteristic temperature, rendering any results mean-
-ingless. Also, no indication of the ordering transition
s 'thhout thermal a.noma.ly suggested by Mandell*® has been

;found, - : . i & 5

IV CONCLUSlON

The Raman spectrum of the three known phases of sol-
.id nitrogen has been studied in the ranges from 0 to
220°K and 0 to 10kbar. A novel method is used in that
each sample is grown within a high pressure optical cell
which constrains it to nearly isochoric conditions. This
~method allows the sepa.ratmn of temperature and volume

eifects. = £k s - : ;

2 TABLE X. Temperature dependence of Raman s
frequencies in the B phase for sample 4.-

T Frequencles

°K) (cm™)

55 . 36%3 w0t 68+3

80 34+4 . 6T+4
2102 32+4 - 67x4:
-13% 305 665
170 26 %5 665 .

‘FIG,"
‘the B phase where the frequency » is in-cm

11.-:Plot of 1nw versus InV forthe two Ra.man hnes in:
L. and the molar_ 34
volume V is in cm®/mole: x, experimental: pomt.s !
fit to-a straight line,. ;

_metrical line in the stretching region have been obser\}ed

" “in the Raman spectrum of the y phase. ; Comparison of..-
expenmental and calculated frequencies and relative. m—_ .

- tensities allows the identification of the low- and high~ -

-~frequency lines in the lattice regxon as E, and B,, libra-

txonal modes respechvely. Tk ks _—,.

In the a phase the measured Grunelsen pa.rameters 7
mdwate that neither the quadrupolar nor the 6-12 atom-
atom interaction potential has the correct volume depen-
dence. The failure to observe any coincidence between
the Raman and infrared frequencies supports the assign-
ment of a pa3 structure to the o phase.  The temperature

dependence of the E, librational frequency can be ex- :

plained if this libron is interacting mainly with a 7,,*

phonon through quartic anharmonicity. “The temperature T

dependence of the linewidth of the E, mode indicates that
an E, libron is combining with another excitation (possibly
a T, hbron) to create a third exc1tatxon (possibly a T,
phonon)

Two very broad Raman lines are observed in the létticer

region of the g phase. The low-frequency line can be.
identified with a translational mode observed in melastlc

‘line is identified as a librational mode.- This implies .- ;-

"~ that the correct structure of the g phase is given by the _'.‘-:
- nitrogen molecules precessm,, ata ﬁxed angle around
the crysta.uographlc ¢ axis,” " - : i jg_ ol
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