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ABSTRACT 

The temperature dependence of the far  infrared spectrum of a-N 
2 

was ,studied for  a sample a t  constant volume. The two modes observed near 

- 1 
50 and 72 cm have frequencies which increase s l igh t ly  with temperature. 

- 1 
The integrated intensi ty  of the mode near 50 cm remains constant with , 

temperature, within experimental uncertainty. The Griineisen parameter of 

t h i s  mode was estimated t o  be -3. A study of the volume dependence of the 

infrared spectrum of a-N2 i s  currently under progress. 

Two samples of solid CH of different  densi t ies  were grown. 4 

Griineisen parameters of 2.6 and 3.1 were obtained,gfor the l ibra t ional  mode 

and one t ranslat ional  mode i n  phase 11. The former indicates an anisotropic 

intermolecular potential  with a strong volume dependence. Changes .in the 

spectrum indicate tha t  the 11-111 phase t rans i t ion  involves a sudden, 

simultaneous tetragonal d is tor t ion  of the l a t t i c e  and ordering of the orien- 

ta t iona l ly  disordered molecules of phase 11, with a slow reorientation of the 

r': 
ordered molecules. The l ibra t ional  mode of phase I1 does not go soft  near ,'t, 

'\/ 

the t rans i t ion  t o  the orientationally disordered phase I. The temperature 

dependence of the linewidth for t h i s  mode can be explained by a thermally 

activated reorientation of the ordered molecules i n  phase I1 with an a c t i -  

- 1 
vation energy of 60 cm . 

A study of the volume and temperature e f fec ts  on the infrared 

absorption spectrum of sol id  methane i s  presently under pjiogress. 
I 



.I. PROGRESS SLMMARY 

The f i r s t  experiments carried out l a s t  summer did not involve any 

of the proposed research projects. These experiments were intended t o  t e s t  

the experimental set-up without growing a solid.  They included col l is ion-  

induced, Raman scat ter ing from f luid methane under pressure ,and studies of 

the density dependence of the vibrational mode of nitrogen molecules and the 

breathing mode of methane molecules i n  the f luid phase.. 

The following work on the specif ic  research projects of the or iginal  

proposal have been carried out or are  under. progress: 

i )  A study of the volume .and temperature e f fec ts  on the infrared 

absorption spectrum of sol id  nitrogen: A sample of p-N grown a t  a pressure 2 

of 2.6 Kbar on the melting l ine  was taken into the a-phase a f t e r  annealing. 

The far  infrared spectrum of t h i s  sample was studied essent ial ly  a t  constant 

volume i n  the temperature range from 13 t o  36 K, which i s  one degree below the 

a-p t ransi t ion.  The frequencies of the two infrared act ive modes (around 50 

-1 
and 72 cm ) were found t o  increase with temperature by 1 and 2% i n  the above 

temperature range. The large decrease i n  frequency observed by previous 

-1 
authors for the 50 cm l ine was ascribed t o  changes i n  volume and a Griineisen 

parameter of 3 i s  estimated for t h i s  mode. The integrated intensi ty  of t h i s  

mode was found t o  remain constant within experimental uncertainty, i n  sharp 

contrast with previous resu l t s .  This resu l t s  indicate that  the .quadrupole- 

induced dipole mechanism f a i l s  t o  predict the volume dependence of the 

intensi ty  . 
A study of the volume dependence of the infrared spectrum of a-N2 

i s  currently under progress. Two samples have been studied. A t  least  one 

mure sample needs t o  be studied. 



i i )  A study of the volume and temperature dependence of the Raman 

spectrum in  phase I1 of sol id  methane: Two samples of sol id  methane were 

grown a t  specif ic  points on the melting l ine  so tha t  they would end up i n  

phase I1 a t  20 K with the largest possible difference i n  pressures - and 

molar volumes. The l ine a t  34.3 and 39.2 cm-' i n  the two samples a t  20 K was 

found t o  have a ~ r c n e i s e n  parameter of 3.2, which supports i t s  previous 
' 

-1 
assignment as a t ranslat ional  mode. The stronger l ine  a t  45.0 and 50.3 cm 

was found t o  have a Griineisen parameter of 2.6, which i s  much higher,than 

expected for .an octupole-octupole interact  ion between molecules. This resu l t  

indicates an anisotropic intermolecular potential  with a stronger volume 

dependence. Changes i n  the Raman spectrum were consistent with a 11-111 

phase t rans i t ion  involving a sudden, simultaneous tetragonal d is tor t ion  of 

the l a t t i c e  and ordering of the orientationally disordered molecules, with a 

slow reorientation of the ordered molecules. The l ibrat ional  mode of phase I1 

did not go soft  near the t rans i t ion  t o  the orientationally disordered phase I. 

The temperature dependence of the l ibra t ional  linewidth could be explained 

by a thermally activated. reorientation 0.f the ordered molecules with an 

-1 
activation energy of 60 cm . 

i i i )  A thdzo'ugh . . study of the volume and temperature e f fec ts  on the 

infrared absorption spect& i n  phases 11, 111, and I V  of sol id  methane has 

been undertaken by M r .  Bruce Baran, a research ass i s tan t ,  as the subject of 

h i s  Ph.D. thesis .  



I I. PERSONNEL - 

i) Professor Fernando D. Medina, the principal investigator,  

devoted f u l l .  time t o  the project during. thi summer quarter .and half time 

during.the academic year. He w i l l  devote half  t ime. to  the project for the 

r e s t  of the present academic year. 

ii) Mr. Bruce Baran, research ass i s tan t ,  has devoted f u l l  time 

t o  h is  research project and w i l l  continue.to do so for the r e s t  of the 

present academic year. 

i i i )  Two graduate students were hired during l a s t  summer on a 

f u l l  time basis and an undergraduate -student is .  presently working 10-20 hours 

a week on numerous projects related t o  the on-going research. 
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