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TABLE II. Correlahon dlagra.xn for the ﬂ phase at the center
of the Brillouin zone. - >
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solid nitrogen at various temperatures and pressures- =
was undertaken w1th the hope of sheddmg hght on some-*
of thesequeshons. - f :
S ‘..‘,,.:{*" Rt v Brte
The xperimentally measured qua.nhtles serve as a:
checkot the anisotropic part of the- intermolecular po
“tential used ina particular theory... Pressure dependence
studies can provide a severe ‘test for any theory. ‘This
is particularly true-since most infrared and Raman ex—
penments on mtrogen have been done along the solid-va-
. por line, the exception being the Raman scattering ex- -
periments of Thiery et al., recently reported. 2 How-=:.
ever these experiments were done ‘at only one tempera- :
“ture. and under nonhydrosb.uc pressure that made quan- -
titative results less reliable. The present high pressure
- experiments are unique because ‘of the use of a novel-” '
. method of sample preparation that allows the separahon
_of temperature and volume effects on the Raman spec-- =
trum:: This is accomphshed by constraining the sample
msnie a high pressure optical cell and hence assuring
“that the molar volume cha.nges only sh,htly as the tem--
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present work ‘the expenmental techniques used‘ ;
mobta.l.mng Raman’ spectra of the three known phases'of =
sohd; mtrogen are’ descnhed ‘Results for the three*
phases are presentsd:!” Calculations of the librational

5 frequencxes and relative mtenslhes are. compa.red to: th
expenmental results-in the ¥ phase. - The volume de—=
- pendence of the Ra.man frequencies in the « phase is dxs
- cussed in relation to ‘the-form of the a.msot:ropxc pa.rt of

the intermolecular potenlnal within the context of the -

quasxha.rmomc ‘approximation. The temperature depen-— S

dence of the Raman spectrum is discussed in relation to
the cubic and quartic anharmonic terms in the Hamxl-
tonian of a perturbative treatment of the lattice dynaxmcs :
of the @ phase. ,Finally, the Raman spectrum of the

B phase is dlscussed and its structure is 1dent1f1ed.,< Bz

Prehmmary reports on the Haman spech'um of the
. ¥ phase and the volume dependence of the Ramanfre-- -
quencies in the a phase have already appea.red in the ht-
erature, *>%° e
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..—.ume dependence of the Raman frequencies which can then

ﬂ_ pressures of 10 kbar are easily reached. -Pressure is
measuréed by a high precision manaamn gauge construct- - -

L. EXPERIMENTAL DETAl LS

Samples used in Raman scattering studles are usua.lly
" grown by condensation from the gas phase on a substrate.
This method has several disadvantages: (1) Strains are
usually present in the samples during growth, leading to
sample cracking and defects and the resultant loss of
optical quality; (2) the external surfaces are of poor
optical quality; and (3) as the temperature of the sample
is changed,.changes ] in the frequencies of the Raman
lines result from changes in both temperature and vol-

- ume. These effects ca.nnotbe separated ina smgle such
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< “The expenmenfa.l method used mth.ls work remedles
. the abovementloned dlsadvantages. Samples of solid .

ml:rogen are prepared by growth within an optical cell a.t :
.- high pressures on the melting curve. .Samples are then -

.- cooled nearly isochorically to the temperature ‘of ob~
. servation.. The optical cell is equipped with sapphire - =
' windows®®®L so that the sample may be studied in situ -

within its high pressure jacket. The method has been
used in inelastic neutron scattering studies of neon“z'“ 8
and krypton.® The method has the following advan- .
. tages: (1) The high pressure prevents sample cra.ckmg

and the resultant loss of optical quality; (2) for the same =
* reason the external optical surfaces remain flat and of -

high optical quality; (3) the shifts of spectral lines with
temperature directly represent temperature-dependent

- anharmonic self-energies; and (4) growing samples of -

. different densities allows the determination of the vol=- -

~ be compared to the volume dependence calculated with
va.nous amsotroplc intermolecular potenhals

The pressure generatmg system isa standard re- “
search tool in our laboratory and has been extenswely ‘

described.®% The gas under investigation, in this case

nitrogen,, is used as the pressure transmitting fluid.

_ Prepressurization is ‘accomplished by 2 2 kbar :nr—oP; i
_ erated pump. - The main valve is closed and the pres---

St

_sure is further increased using an intensifier-with an

m,‘

_area ratio of 15:1. The intensifier piston is driven by‘ sin?
= a hand-operated oil pump. The pressure is transmxbted S

.-_“>

 to the optlca.l cell and pressure gauge through hard -
- drawn stainless steel pressure tubing. In this ma.nner,

“ed and calibrated in this laboratory.® - Pressures mea- -
sured with this gauge are estimated to be a.ccu.rate to T

; :The h.).gh pressure optxcal cell used in th.ls study has :
been designed by one of the authors (WBD) and will be -
described elsewhere. Itis constructed from maraging

steel and has an estimated bursting pressure well above 3

- 10 kbar. It is attached to the cold finger of a cryostat
capable of operation at liguid helium temperature. Two

the cell.

The temperature is controlled to better than 0.1 °K
by a Kelvin resistance bridge arrangement having a tem-
perat:ure sensor as one arm and a variable resistance
~as the bala.nce arm. - When the bndge 1s not bala.nced
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radiation stnelds a.nd a vacuum jacket are placed a.round -
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