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The funds expended under t h i s  g r a n t  a r e  used f o r  the pro- 

motion of fundamental research  i n  the  f i e l d  of phys i ca l  behavior of 

s o l i d  m a t e r i a l  and,  a t  the  same t i m e ,  f o r  t he  s t i m u l a t i o n  of graduate  

educa t ion  of s c i e n t i s t s  and engineers .  The Rice Un ive r s i ty  has 

endeavored t o  pursue these  goals i n  t h e  6 years  dur ing  which t h i s  

gran t  has been a c t i v e .  

Progress  made i n  the p a s t  6 months i n  t h e  r e s e a r c h  of 33 

d i f f e r e n t  p r o j e c t s  i s  r epor t ed .  These r e sea rch  p r o j e c t s  a r e  d i r e c t -  

ed by 16 ch ief  i n v e s t i g a t o r s ,  a l l  of whom a r e  f a c u l t y  members i n  6 

d i f f e r e n t  departments of t he  Univers i ty .  As a r e s u l t  of their  com- 

mon i n t e r e s t  i n  m a t e r i a l s  r e sea rch ,  coopera t ion  between i n v e s t i -  

g a t o r s  of d i f f e r e n t  departments has increased  s u b s t a n t i a l l y .  The 

work done under t h i s  g ran t  has l ed  t o  the  p repa ra t ion  of a number 

of manuscripts and the  pub l i ca t ion  of s e v e r a l  papers ,  a l l  of which 

are l i s t e d  i n  the  r e p o r t .  

Although the  research  performed under t h i s  g ran t  is  of a 

fundamental na tu re ,  i t s  app l i ca t ion  t o  c e r t a i n  real problems is  ev i -  

den t  i n  many ins t ances .  For example, much of t h e  work done on para-  

magnetic s p i n  resonance has a bear ing  on maser and laser problems. 

The work done by var ious  groups a t  t h e  Rice Unive r s i ty  i n  t h e  f i e l d  

of magnetic p r o p e r t i e s  i s  bas ic  t o  the  development of new magnetic 

materials. Inves t iga t ions  of l a t t i c e  d e f e c t s  i n  metals and o t h e r  

s o l i d s  have a l r e a d y  led t o  the c r e a t i o n  of materials wi th  promising 

mechanical p r o p e r t i e s .  S imi l a r ly ,  t h e  s tudy  of t ransformat ions  and 

t h e i r  k i n e t i c s  i s  e s s e n t i a l  t o  t h e  development of h e a t  t rea tments  
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of a l l o y s .  Research on thermodynamic p r o p e r t i e s  of s o l i d s  i s  of 

p a r t i c u l a r  i n t e r e s t  t o  t h e  development of materials f o r  h igh  temper- 

a t u r e  a p p l i c a t i o n s ,  and t h e  bas i c  in format ion  gained from t h e  s tudy  

of s u r f a c e  p r o p e r t i e s  h a s ,  of course ,  f a r - r each ing  consequences on 

c e r t a i n  m a t e r i a l s  a t  e l eva ted  tempera tures .  

I n  t h e  course  of the  p a s t  6 months a t o t a l  o f  37 graduate  

s t u d e n t s  worked on p r o j e c t s  sponsored by t h i s  g r a n t .  Most of t hese  

s t u d e n t s  a r e  candida tes  f o r  a doc to r s  degree .  I n  a d d i t i o n ,  a few 

undergraduates were a l s o  employed as pa r t - t ime  t echn ic i ans  on some 

of the r e s e a r c h  p r o j e c t s  l i s t e d  i n  t h i s  r e p o r t .  There a r e  7 pos t -  

d o c t o r a l  fe l lows  working on various p r o j e c t s  sponsored by t h i s  g r a n t .  



3 .  

I. S o l i d  S t a t e  Physics  

A. Paramapne t i c  Spin-La t t ice I n t e r a c t  ions 
D r  . P. L. Donoho, Department of Physics  

Work on t h e  e f f e c t  of un iax ia l  stress on t h e  ESR spectrum of 
ruby was completed, wi th  very much b e t t e r  r e s u l t s  than  ob ta in -  
ed i n  the  pre l iminary  work r epor t ed  e a r l i e r .  The r e s u l t s  of 
t h i s  work are being repor ted  i n  a pap& t o  be submit ted t o  
Phys ica l  Review. Fur ther  work on s p i n - l a t t i c e  r e l a x a t i o n  i n  
ruby i s  being completed and w i l l  be repor ted  i n  pre l iminary  form 
a t  t h e  December 1964 Am. Phys. SOC. meeting i n  Berkeley.  Work 
on CaF2 doped wi th  rare ea r ths  i s  proceeding. Relaxa t ion  
measurements a r e  p re sen t ly  be ing  c a r r i e d  o u t ,  whereas 'some uni-  
a x i a l  stress measurements have been completed and a r e  being 
prepared f o r  pub l i ca t ion .  

B. Phonon-Phonon I n t e r a c t i o n s  
D r .  P. L. Donoho, Department of Physics 

Very good pre l iminary  results have been obtained on phonon-phonon 
i n t e r a c t i o n s  through t h e  s tudy of microwave-ultrasonic absorp- 
t i o n  i n  CaF2. Both experimental  and t h e o r e t i c a l  work i s  being 
c a r r i e d  o u t  i n  t h i s  area. Pre l iminary  r e s u l t s  were r epor t ed  a t  
t h e  June 1964 Am. Phys. Soc. meeting i n  Denver. 

C. Phonon-Magnon I n t e r a c t i o n s  
D r .  P. L. Donoho, Department of Physics  

Generat ion of u l t r a s o n i c  waves through spin-wave resonance i n  
ferromagnet ic  t h i n  f i lms  is  being s tud ied .  It i s  hoped t h a t  a 
c a r e f u l  q u a n t i t a t i v e  inves t iga t ion  w i l l  y i e l d  use fu l  information 
on s p i n - l a t t i c e  coupl ings i n  ferromagnets .  

D. Superconductor Tunneling Junct ions  
D r .  P. L. Donoho, Department of  Physics  

A program is underway t o  s tudy t h e  i n t e r a c t i o n s  between tunnel -  
ing  supe rcu r ren t s  and r a d i a t i v e  f i e l d s ,  bo th  photons and phonons. 
Both t h e o r e t i c a l  and experimental  work have been s t a r t e d ,  bu t  
no experimental  r e s u l t s  have y e t  been obta ined .  Most work t o  
d a t e  has  been concerned with t h e  product ion  of good tunnel ing  
j u n c t i o n s .  

E .  Laser Research 
D r .  T. A. Rabson, Department of Electrical  Engineering 

The p r o j e c t  of bu i ld ing  an appara tus  t o  completely measure the 
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p o l a r i z a t i o n  of t h e  output  l i g h t  of a l a s e r  a s  a func t ion  of 
t i m e  has been completed. The system has a time r e s o l u t i o n  of 

seconds.  Prel iminary measurements have been made on the  
l i g h t  from a neodymium g la s s  laser .  The e f f e c t  of e x t e r n a l l y  
app l i ed  magnetic f i e l d s  on t h e  p o l a r i z a t i o n  of t he  laser l i g h t  
w i l l  a l s o  be s tud ied .  

This  s tudy  should r e s u l t  in  a b e t t e r  understanding of the  l a s i n g  
process .  The e f f e c t s  of e x t e r n a l l y  appl ied  magnetic f i e l d s  a r e  
of i n t e r e s t  both a s  an i n t e r n a l  modulation technique and as a 
means of ga in ing  a b e t t e r  understanding of t he  i n t e r a c t i o n  of 
e lec t romagnet ic  f i e l d s  i n  a s o l i d  s t a t e  laser wi th  the  para-  
magnetic ions which generate  t h e  laser a c t i o n .  

I n  a d d i t i o n  t o  t h e  above p r o j e c t ,  some work has been i n i t i a t e d  
t o  develop a laser l i g h t  source of s u f f i c i e n t  i n t e n s i t y  t o  vapor- 
i z e  material  t o  be analyzed i n  a mass spec t rometer .  This  work 
i s  being c a r r i e d  out  i n  cooperat ion w i t h  D r .  J .  L. Margrave of 
t h e  Chemistry Department. 

The fo l lowing  paper has been publ ished : 

A. S. Badger and T. A. Rabson, "Zeeman E f f e c t  and 
Ruby Laser Polar iza t ion" ,  Proc.  of t he  I .E .E .E . ,  52,  
1047, ( 1 9 6 4 ) .  

F. Superconduct iv i ty  of Niobium 
D r .  W. V. Houston, Department of Physics  

The work continued the  study of t h e  l o s s e s  i n  superconducting 
wires c a r r y i n g  60 cyc le  heavy c u r r e n t s .  To r e l a t e  t h e  l o s s e s  
t o  f l u x  pene t r a t ion  and t rapping ,  t he  vo l t age  vs .  c u r r e n t  traces 
were recorded on an  osc i l loscope  f o r  var ious  d .c .  c u r r e n t s  
which were superimposed on t h e  a .c .  c u r r e n t s  . The r e s u l t s  
agreed q u a l i t a t i v e l y  wi th  Bean's m o d e l  f o r  i r r e v e r s i b l e  f l u x  
pene t r a t ion .  

The work a l s o  included a s o l u t i o n  of t h e  heat-flow equat ion  f o r  
c u r r e n t  input  leads  from a h igh  temperature r e s e r v o i r  i n t o  l i q u i d  
helium. Materials wi th  a l a r g e  the rmoe lec t r i c  f i g u r e  of m e r i t  
would be use fu l  f o r  d . c .  c u r r e n t s  i f  t h e  high temperature i s  
above 800K. 
would s i g n i f i c a n t l y  decrease the  hea t  flow t o  l i q u i d  helium only  
i f  l i q u i d  hydrogen were used. 

Superconducting materials between 4.2'K and 18OK 

The work on 60 cyc le  losses  i s  being cont inued t o  i n v e s t i g a t e  
f l u x  p e n e t r a t i o n  i n  more d e t a i l .  
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G .  Mechanics of Magnetic Ordering ( P a r t i c u l a r l y  Rare E a r t h  Metals 
and Compounds) 
D r . G . T .  T r a m m c l l ,  Department of Physics  

An i n v e s t i g a t i o n  of  t h e  fundamental magnetic o rde r ing  i n t e r a c t i o n  
mechanism i n  the  r a r e  e a r t h  metals has been completed. This 
work was c a r r i e d  out pr imar i ly  by F .  Specht a s  h i s  d o c t o r a l  re- 
search  problem and r ep resen t s  a q u i t e  s i g n i f i c a n t  c o n t r i b u t i o n  
t o  our understanding of these m a t e r i a l s .  B r i e f l y ,  t h i s  work 
r evea l s  t h a t  t he  i n d i r e c t  exchange i n t e r a c t i o n  between r a r e  e a r t h s  
should be q u i t e  an i so t rop ic ,  wi th  c o r r e c t i o n s  t o  t h e  usua l  i so -  
t r o p i c  RKY i n t e r a c t i o n  varying among t h e  rare e a r t h s  but  of t he  
order  of s e v e r a l  t ens  of per c e n t .  A r e p o r t  i s  t o  be given a t  
t he  New York American Phys ica l  Soc ie ty  Meeting ( Jan .  27-30, 1965) ,  
t he  t h e s i s  w i l l  be submitted i n  November-December, 1964, and a 
paper submitted f o r  pub l i ca t ion  i n  t h e  Phys ica l  Review e a r l y  i n  
1965. 

The dynamical magnetic p rope r t i e s  of r a r e  e a r t h - i n t e r m e t a l l i c  
compounds have been inves t iga t ed .  The n a t u r e  of t h e  " c r y s t a l  
f i e l d  band'' has been found t o  be t h e  p r i n c i p a l  de te rminant  of 
t hese  p r o p e r t i e s .  The sp in  waves are  found t o  have novel 
c h a r a c t e r i s t i c s ,  cons i s t ing  of both l o n g i t u d i n a l  and t r ansve r se  
modes wi th  novel d i spe r s ion  r e l a t i o n s .  This  work was r epor t ed  
on a t  t he  I n t e r n a t i o n a l  Conference on Magnetism i n  Nottingham, 
England (September 1964),  and an expanded v e r s i o n  of  t h e  t a l k  is  
t o  appear i n  t h e  Proceedings of the  Phys ica l  S o c i e t y  (London) i n  
e a r l y  1965. 

The s u s c e p t i b i l i t y  of a l i n e a r  s p i n  cha in  wi th  n e a r e s t  and next  
nea res t  neighbor i n t e r a c t i o n s  has  been computed i n  t h e  I s i n g  
model approximation (Kitano). The v a r i a t i o n  af wave number of 
maximum s u s c e p t i b i l i t y  with temperature  is  found , and i t s  bear-  
ing on t h e  temperature dependence of t u r n  ang le  i n  t h e  rare earth 
metals i s  i n v e s t i g a t e d .  This work i s  be ing  prepared f o r  
pub 1 ica t ion .  

A paper on the  Aharoimv-Bohm E f f e c t  , which represe i i t s  
r e sea rch  repor ted  on L i l  t h e  l a s t  semi-annual r e p o r t  , 
appeared i n  t h e  Phys ica l  Review, Vol.  134, No. 5B, 
pp. B1183-Bl184, 8 June 1964. 

H. Nuclear Relaxa t ion  i n  I n s u l a t i n g  C r y s t a l s  
D r .  H. E .  Rorschach, Department of Physics  

Experiments are i n  progress t o  s tudy t h e  nuc lear  s p i n - l a t t i c e  
r e l a x a t i o n  t i m e  of F I9  i n  CaF2 c r y s t a l s  due t o  the  presence of 
known amounts of paramagnetic impur i t i e s .  A pulsed nuc lear -  
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rnagnetic-resonance spectrometer capab le  of s a t u r a t i n g  l a se r - type  
c r y s t a l s  i n  t h e  temperature range  1°K t o  300°K has been c o n s t r u c t -  
ed and used t o  i n v e s t i g a t e  CaF2 doped wi th  Uranium, Erbium, 
Europium, and Samarium. This work i s  being prepared f o r  publ ica-  
t i o n .  

I. Ferrornametic  P r o p e r t i e s  of  Thin Films 
D r .  H. C. Bourne, Jr.,  Department of Electr ical  Engineer ing 

A high-vacuum system, u l t i m a t e l y  capable  of p re s su res  less than  

a r r i v e d  du r ing  t h e  summer and i s  i n  t h e  process  of being assembled. 
Two e l e c t r o n  guns together  w i th  t h e  power supply  are  being in -  
s t a l l e d  i n  t h e  system. This vacuum system is being designed 
s p e c i f i c a l l y  f o r  t h e  evaporat ion of ferromagnet ic  t h i n  f i l m s  
under va r ious  c o n t r o l l e d  cond i t ions .  The system w i l l  a l s o  be 
a v a i l a b l e  f o r  o t h e r  research  programs i n  the gene ra l  area of 
s o l i d - a t a t e  e l e c t r o n i c s  and materials sc i ence .  

mm Hg, was purchased from Varian Assoc ia tes .  The system 

I n  a d d i t i o n  t o  t he  work on the high-vacuum system, t h e  new s o l i d -  
s t a t e  e l e c t r o n i c s  labora tory  is  be ing  put i n t o  ope ra t ion .  Major 
equipment inc ludes  a furnace,  a 7-inch magnet, and fume hood. 

The a b s t r a c t s  f o r  two papers have been submitted f o r  p re sen ta -  
t i o n  i n  A p r i l  1965. 
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11. Phys ica l  Metal lurgy 

A .  Transmiss ion E lec t ron  Microscopy of Au-Co-Alloys 
D r .  W. B. P f e i f f e r ,  Department of  Mechanical Engineering 

Rolled s h e e t s  were quenched from 88OoC. 
t r a t e d  on the  f ind ing  of a s u i t a b l e  h e a t  t rea tment  and on an 
improvement of t h e  specimen p repa ra t ion  technique.  
i n  a s a l t  b a t h  a t  4OO0C proved t o  produce ample amounts of 
p r e c i p i t a t e s ,  which a r e  t y p i c a l l y  60 8 i n  diameter  a f t e r  one 
hour of annea l ing ,  but  show s i z e s  of up t o  400 a a f t e r  two hours 
Attempts t o  i d e n t i f y  t h e  particles by d i f f r a c t i o n  p a t t e r n s  have 
not  y e t  been s u c c e s s f u l .  It is  hoped t o  hea t  t r e a t  some 
specimens i n  t h e  e l e c t r o n  microscope by means of a newly 
acquired device  and thereby t o  g a i n  more information about 
growth, shape, and charac te r  of t h e  p a r t i c l e s .  

D,is  l o c a t  ion  CoDtras t 
D r .  W .  B. P f e i f f e r ,  Department of Mechanical Engineer ing 

E f f o r t s  were concen- 

Annealing 

B , 

The c o n t r a s t  of screw d i s l o c a t i o n  images i n  e l e c t r o n  micro- 
graphs has been computed employing the  displacement f i e l d  i n  a 
p l a t e  
e l e c t r o n  g i f f r a c t i o n  have been used. Parameters were: t h e  
th ickness  T of t h e  f o i l ,  t h e  d i s t a n c e  5 of the  d i s l o c a t i o n  
from t h e  s u r f a c e ,  and t h e  d i f f r a c t i o n  cond i t ions .  A thorough 
d i s c u s s i o n  of the r e s u l t s  i s  forthcoming. Some i n t e r e s t i n g  
po in t s  may be mentioned: r e s u l t s  i n  the  k inemat ica l  case a r e  
similar f o r  t h e  displacement f i e l d  of i n f i n i t e  space (Dm) 
( r e s u l t s  of o the r  authors)  and f o r  D (present  r e s u l t s ) .  How- 
ever, t h e  image of the d i s l o c a t i o n  s g i f t s  towards the  p o s i t i o n  

(D ).  Both the  kinematic and the  dynamic t h e o r i e s  of 

p red ic t ed  by geometrical  o p t i c s  i f  D i s  employed. I f  
P 

image c o n s i s t s  of two l i n e s ,  t h e s e  are l e f t  and r i g h t  of 
y m  wi th  D p ,  whereas D, p r e d i c t s  them t o  be both on one s i d e .  
D y i e l d s  double images a l r eady  f o r  f i r s t  o rder  r e f l e c t i o n s  as 
opposed t o  D,. R e s u l t s  of t h e  kinematic  and the  dynamic 
c a l c u l a t i o n s  (both performed w i t h  D ) are g e n e r a l l y  somewhat 
d i f f e r e n t .  The s t r i k i n g  f e a t u r e  is! however, t h a t  bo th  methods 
y i e l d  very  s i m i l a r  r e s u l t s  i f  care i s  taken t h a t  t h e  r e l a t i o n s  
between T and 5 and the p e r i o d i c i t y  l eng th  t; of t h e  
"Pendelldsung" 

T i . e . ,  if - 1  = n = c o n s t .  and 
t o  

This  means t h a t  c o n t r a s t  p r o f i l e s  p red ic t ed  by kinematic theory  
a r e  v e r i f i e d  i n  f o i l s  of somewhat d i f f e r e n t  th ickness  T and 
f o r  d i s l o c a t i o n s  i n  somewhat d i f f e r e n t  depths  5 ,  both  T and 
5 being u s u a l l y  n o t  known f o r  any p a r t i c u l a r  d i s l o c a t i o n  
micrograph. We suggest  t h a t  t h i s  i s  t h e  reason  why t h e  s imple 
kinematic  theory  q u i t e  of ten  y i e l d s  r e s u l t s  which check ou t  
s u r p r i s i n g l y  well. 

P 

of e l ec t ron  waves are the  same i n  both cases, 

5/tA = m = c o n s t .  i n  bo th  cases. 
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C .  E l a s t i c i t y  Theory of Dis loca t ions  i n  a Semi - In f in i t e  Region 
D r .  W. B. P f e i f f e r ,  Department of Mechanical Engineer ing 

The i n v e s t i g a t i o n  of displacement func t ions  mentioned i n  t h e  
l a s t  r e p o r t s  has been concluded. Simultaneous p l o t s  of d i s -  
placement func t ions  i n  i n f i n i t e  space and i n  a s e m i - i n f i n i t e  
reg ion  computed f o r  var ious parameters g ive  a v i v i d  impression 
of t he  in f luence  of t he  su r face .  A manuscript  e n t i t l e d  
"Verschiebungsprofi le  von Stufenversetzungen i n  einem Halbraum" 
w i l l  be submitted s h o r t l y  f o r  p u b l i c a t i o n  i n  t h e  " Z e i t s c h r i f t  
fffr Naturforschung." 

D .  The E f f e c t  of Cont ro l led  So lu te  Atom Addit ion and Temperature 
Upon Damping and Yield Phenomena i n  Magnesium S i n g l e  C r y s t a l s  
D r .  J .  M e  Roberts ,  Department of Mechanical Engineer ing 

The memory e f f e c t  discussed i n  t h e  l a s t  semi-annual r e p o r t  has 
been observed t o  increase  w i t h  inc reas ing  impur i ty  c o n t e n t ,  
temperature ,  and time. This e f f e c t  is  no t  observed i n  the  c r y s t a l  
doped wi th  0.5 atomic percent  A l ,  t h e  maximum impuri ty  l e v e l  
s t u d i e d ,  as t h i s  c r y s t a l  e x h i b i t s  l i n e a r  e l a s t i c i t y  up t o  t h e  
macroscopic y i e l d  l i m i t .  Barriers formed by impur i ty  migra t ion  
t o  d i s l o c a t i o n s  appear t o  be r e spons ib l e  f o r  t h e  e f f e c t .  Since 
the  e f f e c t  i s  observed only on t h a t  p o r t i o n  of t he  u n i d i r e c t i o n a l  
damping loop where i t  was p rev ious ly  e s t a b l i s h e d  by annea l ,  t he  
Granato-LUcke concept (J. App. Phys., 27, (1956)) cannot  be used 
as a model f o r  desc r ib ing  t h e  damping loops.  The PhD d i s s e r t a -  
t i o n  by Mr. David Hartman d e s c r i b i n g  t h e  above e f f e c t  and t h e  
phenomena r epor t ed  i n  the  las t  Semi-Annual Report should be 
complete w i t h i n  two months, w i th  p u b l i c a t i o n  fo l lowing  s h o r t l y  
t h e r e a f t e r  . 

E .  D i s loca t ion  Damping i n  Copper S ing le  C r y s t a l s  
D r  . J.  M. Roberts ,  Department of Mechanical Engineer ing 

The r e s u l t s  of t h i s  study, "Microstrain and Low Frequency 
Hys te re t i c  D i s loca t ion  Damping i n  Copper S i n g l e  Crys ta l s" ,  by 
D .  M. Barne t t  and J. M. Roberts,  have been accepted f o r  pub l i -  
c a t i o n  i n  Trans.  AIME. 

F .  Microcreep i n  Molybdenum S inp le  C r y s t a l s  
D r  J M. Roberts , Department of  Mechanical Engineer ing 

Since t h e  l a s t  Semi-Annual Report t h e  necessary  modi f ica t ion  of 
e x i s t i n g  c reep  appara tus  has been performed t o  permit  microcreep 
s t u d i e s  o f  1/8" diameter molybdenum s i n g l e  c r y s t a l s  loaded i n  
tens ion .  Use of  t h i s  capaci tance type extensometer allows s tudy  
of c reep  rates i n  the  range down t o  sec'l. Pre l iminary  
t e s t i n g  of one c rys t a1 ,p r imar i ly  a t  room temperature ,  has been 
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completed. 
cover ing  a temperature  range of 200° t o  300°K. 
found so f a r  i n  the  small s t r a i n  r eg ion  are t h a t  microcreep 
fo l lowing  incremental  loading seems t o  be composed of two p a r t s .  
The i n i t i a l  c r e e p  r a t e  i s  t r a n s i e n t  having a r a t e  which decreas-  
e s  exponen t i a l ly  wi th  s t r a i n .  Following t h i s  u s u a l l y  b r i e f  
t r a n s i e n t  per iod the creep assumes a cons t an t  r a t e .  This 
cons t an t  r a t e  is  a func t ion  of t h e  appl ied  stress,  temperature ,  
and p r i o r s t r a i n i n g  of the c r y s t a l .  The s teady-creep  r a t e  has 
been found t o  be very  s t rong ly  temperature dependent ,  i n d i c a t -  
i ng  a r a t h e r  l a r g e  a c t i v a t i o n  energy. The a c t i v a t i o n  volume of 
t h i s  c o n s t a n t c r e e p  r a t e  process appears  t o  be a func t ion  of 
temperature  bu t  no t  of p r io r  s t r a i n .  Analysis  of t h e  t r a n s i e n t  
po r t ion  of t he  c reep  d a t a  i s  i n  progress .  

Tes t s  are now i n  progress  on a second c r y s t a l  
Notable p o i n t s  

During s t r a i n i n g  of the  c r y s t a l  between creep  tes t s ,  an a t tempt  
has been made t o  observe mic ros t r a in  h y s t e r e s i s  loops i n  order  
t o  c o r r e l a t e  microcreep and m i c r o s t r a i n  s t u d i e s .  This  has m e t  
w i th  only  l imi t ed  success .  
t h e  specimen gr ipping  arrangement t o  achieve  even b e t t e r  a x i a l -  
i t y  of loading  necessary  for  r e l i a b l e  r e s u l t s  from t h e  c y c l i c  
loading tes t s .  

It may prove necessary  t o  change 

G .  Phonon-Dislocation I n t e r a c t i o n s  
Drs.P. L. Donoho, Department of Physics  and J .  M. Roberts and 
F. R. Brotzen,  Department of  Mechanical Engineer ing 

Resu l t s  repor ted  i n  the  l a s t  S t a t u s  Report were c o l l e c t e d  i n  a 
manuscript  forwarded t o  NASA. A s h o r t  paper on t h e  s u b j e c t  i s  
being prepared f o r  pub l i ca t ion .  

H. Elec t r ica l  R e s i s t i v i t y  of Deformed Molybdenum S i n g l e  C r y s t a l s  
D r .  F. R.  Brotzen,  Department o f  Mechanical Engineer ing 

Inc rease  i n  r e s i s t i v i t y  versus deformation i s  l i n e a r  f o r  a 
deformation temperature of 195OK. Tests f o r  a deformation 
temperature of 273OK a r e  not complete,  b u t  t h e  i n i t i a l  r e s u l t s  
i n d i c a t e  a l i n e a r  r e l a t i o n s h i p .  Evalua t ion  of t h e  r e l a t i v e  
magnitude of r e s i s t i v i t y  due t o  vacancies  and d i s l o c a t i o n s  when 
deformed a t  195'K and 273OK has begun. 
f o r  d i s c u s s i o n  a t  t h i s  time. 

. 

Resu l t s  are i n s u f f i c i e n t  

I. Direct Observat ion of Lattice Defects  i n  Molybdenum 
D r s .  W .  B. P f e i f f e r  and F. R. Brotzen, Department of Mechanical 
Engineer ing 

The p repa ra t ions  f o r  an e l e c t r o n  t ransmiss ion  s tudy  of molybdenum 
s i n g l e  c r y s t a l s  deformed in  shea r  are i n  t h e  f i n a l  s t a g e s .  A 
used spa rk  c u t t e r  has  been adopted t o  c u t t i n g  slices of t h e  



deformed c r y s t a l .  The sur face  damage as  evidenced by Laue 
asterism seems t o  be less when t h i s  method i s  employed than 
a f t e r  using a wire  slicer employing a n  ab ras ive  p a s t e .  An 
ac id  j e t  po l i sh ing  apparatus f o r  p repa r ing  t h i n  f o i l s  has  been 
cons t ruc ted  . 

J. Mechanical P r o p e r t i e s  o f  Molybdenum S i n g l e  C r y s t a l s  
D r .  F. R. Brotzen, Department o f  Mechanical Engineer ing 

Equipment f o r  t e s t i n g  i n  shear  and ob ta in ing  r e s u l t s  f o r  s t r a i n s  
below 20% should be ready soon. 
impur i t i e s  on t h e  s t r e s s  -s t r a i n  r e l a  t ioiiship and a c t i v a t i o n  
volume i n  shear  and tension w i l l  s t a r t  a f t e r  r ece iv ing  t h i s  
equipment 

Evalua t ion  of t h e  e f f e c t  of 

K. U l t r a son ic  At tenuat ion  of LiF C r y s t a l s  Between 2' and 300°K 
Drs. M. Yabe and J .  M. Roberts,  Department of Mechanical 
Engineering 

The cons t ruc t ion  and c a l i b r a t i o n  of t he  equipment were done f o r  
the  i n t e r n a l  f r i c t i o n  measurement of y - i r r a d i a t e d  L i F  c r y s t a l s  
a t  very low temperatures .  

The l i q u i d  H e  c r y o s t a t  for i r r a d i a t i o n  experiments was completed 
and i t s  performance tes ted  over a long pe r iod .  As some d e f e c t s  
were noted ,  e f f o r t s  were made f o r  t h e  improvement of t h e  cryo-  
s t a t .  The performance of t h e  c r y o s t a t  i s  s t i l l  inadequate bu t  
i t  i s  hoped t h a t  the  t roubles  w i l l  soon be removed. 

Theore t i ca l  cons ide ra t ion  has been given t o  an  a c o u s t i c a l  
composite system, which includes a qua r t z  t ransducer ,  a very  t h i n  
( i . e . ,  th ickness  much smaller  than  t h e  wave l eng th  used) v isco-  
e l a s t i c  adhesive l a y e r ,  and a l a r g e  sample. This s tudy  c e n t e r s  
about the  accuracy of i n t e r n a l - f r i c t i o n  measurement by an u l t r a -  
sonic  pu l se  technique i n  the frequency range between 5 Mc t o  300 
Mc. The s tudy  w i l l  r e s u l t  i n  an improvement of t h e  technique.  

Fur ther  cons ide ra t ion  has been given t o  i n t e r n a l  f r i c t i o n  a t  very  
low temperature i n  a l k a l i - h a l i d e s  con ta in ing  po in t  d e f e c t s  of 
low symmetry. Such po in t  d e f e c t s  would be expected i n  t h e  
experiments planned present ly .  The p o i n t  d e f e c t s  should g ive  
r i s e  t o  i n t e r n a l  f r i c t i o n  by means of  thermal motion of t h e  ions 
surrounding t h e  p o i n t  d e f e c t s ,  even a t  very  low temperature 
( i . e . ,  near l i q u i d  H e  temperature) 

A paper ,"Low Temperature Annealing of the  Ul t r a son ic  At t enua t ion  
i n  P res t r a ined  LiF a f t e r  CO60 
Nitrogen Temperature" w a s  sent t o  J. Phys . Chem.  S o l i d s .  It was 
re turned  f o r  e d i t o r i a l  changes. 

Gamma I r r a d i a t i o n  a t  Liquid 
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L .  Study of Shear F rac tu re  of E las t ic  Mate r i a l s  
D r s .  L .  Mansinha and J .  C1.  D e  Bremaecker, Department of Geology 

Since the l a s t  Semi-Annual Report ,  progress  has  been made i n  the  
t h e o r e t i c a l  i n v e s t i g a t i o n  of f r a c t u r e  along welded b i m a t e r i a l  
i n t e r f a c e s .  Even though s t r e s s e s  around a s t a t i c  c rack  along 
a b i m a t e r i a l  i n t e r f a c e  show a sharp  o s c i l l a t o r y  c h a r a c t e r ,  s t r e s s e s  
around a propagat ing crack a r e  non-osc i l l a to ry .  There e x i s t s  a 
s i n g l e  v e l o c i t y  a t  which a f r a c t u r e  may propagate  a long an i n t e r -  
f ace .  The v e l o c i t y  i s  determined by the  r a t i o s  of va r ious  e l a s t i c  
cons t an t s  of t h e  two media. The l i m i t i n g  v e l o c i t y  of such 
f r a c t u r e s  i s  the  lower of t h e  two Rayleigh wave v e l o c i t i e s .  
S u r p r i s i n g l y  t h e r e  i s  no r e l a t i o n  between t h e  f r a c t u r e  v e l o c i t y  
and t h e  S tone ley  wave v e l o c i t y .  

Fur ther  work i s  be ing  continued on f r a c t u r e s  i n  b i m a t e r i a l  media 
and a n i s t r o p i c  media. 

Pub l i ca t ion  s i n c e  May 1964:  

L .  Mans inha,  "The Propagat ing F rac tu re  of Constant 
Shape", Accepted f o r  pub l i ca t ion  by the J o u r n a l  of 
Mechanics and Physics of S o l i d s ,  London. 

M. X-Ray and R e s i s t i v i t y  S tudies  of Ti-V Alloys 
D r ,  F. R. Brotzen,  Department of Mechanical Engineer ing 

This  work has  been completed and a manuscript  i s  be ing  prepared 
f o r  pub l i ca t ion .  The resul ts  i n d i c a t e  t h a t  t h e  metas tab le  p 
phase can be s t a b i l i z e d  by low-temperature annea l ing .  

N .  Short-Range-Order and E l e c t r i c a l  R e s i s t i v i t y  i n  FCC Alloys 
D r .  M. L. Rudee, Department of Mechanical Engineer ing 

The e f f e c t  of short-range-order  (SRO) on the  e lec t r ica l  resis- 
t i v i t y  i n  a l l o y s  t h a t  have u n f i l l e d  d-bands has  been t r e a t e d  
t h e o r e t i c a l l y .  To provide experimental  d a t a  t o  test  these  ca l cu -  
l a t i o n s ,  t he  r e s i s t i v i t y ,  and t h e  degree of SRO, w i l l  be measur- 
ed i n  Pd-Au mono-crystals.  D i f f e r e n t  degrees  of SRO w i l l  be  
produced by var ious  quenching t rea tments  and t h e  Cowley SRO 
parameters w i l l  be measured by analyzing t h e  d i f f u s e  s c a t t e r i n g  
of X-rays. The electrical  r e s i s t i v i t y  of  t he  sample w i l l  a l s o  
be measured. 
requi red  t o  perform t h e  necessary d i f f u s e  s c a t t e r i n g  experiments 
are being assembled. 

Accessories  f o r  t he  e x i s t i n g  X-ray equipment 

An a d d i t i o n a l  c l o s e l y  r e l a t e d  topi ,& i s  being i n v e s t i g a t e d  
s imultaneously.  I n  c e r t a i n  FCC a l l o y s  it has been observed 
t h a t  t he  e l e c t r i c a l  r e s i s t i v i t y  decreases  dur ing  t h e  e a r l y  
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s t a g e s  of p l a s t i c  deformation. This e f f e c t  has been a t t r i b u t e d  
t o  e i t h e r  the  d e s t r u c t i o n  o f  SRO, o r  changes i n  the  number of  
c a r r i e r s  produced by d i s l o c a t i o n s .  A series of experiments are 
i n  progress  t o  d i f f e r e n t i a t e  between t h e s e  two exp lana t ions .  
(One doc to ra l  cand ida te ) .  

0.  K ine t i c s  of Shor t -Rave  Ordering i n  Cu-Au 
D r .  F. R. Brotzen,  Department of Mechanical Engineering 

The resonance frequency in  a d isordered  Cu-Au sample i s  measur- 
ed a t  cons t an t  temperature.  A s  o rde r ing  occurs ,  t he  n a t u r a l  
f requency changes because of changing e l a s t i c  c o n s t a n t s .  Tests 
completed show t h a t  shor t - range  order  causes  a r i se  i n  t h e  
e l a s t i c  cons tan t  bu t  long-range-order has t h e  oppos i t e  e f f e c t .  

E l e c t r i c a l  r e s i s t i v i t y  measurements are being c a r r i e d  out  t o  
c o r r e l a t e  resonance wi th  r e s i s t i v i t y  r e s u l t s .  

P.  I n t e r -Re la t ion  of t he  E lec t ron ic  S t r u c t u r e  and t h e  Nature  of 
C r y s t a l l i n e  Defects  i n  Semi-Conductors 
D r .  M. L: Rudee, Department of Mechanical Engineer ing 

Recent r e s u l t s  i n  another  l a b o r a t o r y  i n d i c a t e  t h a t  t h e  p l a s t i c  
p r o p e r t i e s  of G e  a r e  s t rong ly  dependent on whether t h e  m a t e r i a l  
i s  e i t h e r  n o r  p type,  and whether i t  i s  i n  t h e  temperature  
range of i n t r i n s i c  o r  e x t r i n s i c  conduc t iv i ty .  
i n i t i a t e d  t o  s tudy t h e  e f f e c t  of t h e  e l e c t r o n i c  s ta te  of t h e  
m a t e r i a l  on the  na tu re  and p r o p e r t i e s  of t h e  c r y s t a l l i n e  d e f e c t s .  
S p e c i f i c a l l y ,  i t  i s  contemplated t o  i n v e s t i g a t e  t h e  s t ack ing  
f a u l t  energy and d i s l o c a t i o n  mob i l i t y  i n  S i  as a f u n c t i o n  of 
doping and temperature .  

Research i s  being 

Because of t h e  temporary absence of D r .  J.  M.Roberts, Department of 
Mechanical Engineer ing , who i s  spending h i s  s a b b a t i c a l  l eave  i n  
P ro fes so r  J .  F r i e d e l ' s  I n s t i t u t e  i n  Orsay, France,  t h e  fol lowing 
two p r o j e c t s  remained dormant du r ing  t h e  las t  s i x  months: 

The Temperature Dependence of t he  Ac t iva t ion  Volume, Work- 
Hardening Coef f i c i en t  and Flow S t r e s s  of Cadmium S i n g l e  C r y s t a l s  

Microcreep i n  S inp le  Crys t a l s  of Magnesium 
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111. Chemistry of S o l i d s  

A .  Order-Disorder Analysis  of L a t t i c e  Systems 
D r .  Z .  W.  Sa lsburg ,  Department of Chemistry 

1. Monte Carlo Calcu la t ions  f o r  Latt ice Systems 

The s tudy  of t h e  thermodynamic behavior of "hard hexagon"1attice- 
gas models by Monte Carlo computer c a l c u l a t i o n s  has  cont inued 
along t h e  l i n e s  discussed i n  t h e  l as t  r e p o r t .  The importance 
of t h i s  model is contained i n  i t s  apparent  phase t r a n s i t i o n  - 
a t r a n s i t i o n  which could p lay  an important p a r t  i n  e l u c i d a t i n g  
the  r o l e  01 r e p u l s i v e  fo rces  i n  s o l i d - l i q u i d  t r a n s i t i o n s .  
Fur ther  c a l c u l a t i o n s  f o r  l a r g e r  l a t t i ce s  ( i . e .  480 si tes)  have 
been c a r r i e d  out  on the Rice Computer w i t h  inconclus ive  r e s u l t s .  
While t h e  model d i sp l ays  a d e f i n i t e  t r a n s i t i o n  w e  have not  been 
a b l e  t o  determine i f  i t  i s  a f i r s t - o r d e r  t r a n s i t i o n  o r  n o t .  

Since w e  have exhausted the  c a p a c i t y  o f  t h e  Rice Computer (as  
w e l l  as a l l  o the r  computers a v a i l a b l e  t o  us  i n  t h i s  area) w e  
have f i r s t  of a l l  reformulated the  computer program t o  more 
e f f e c t i v e l y  sample conf igura t ions  i n  the t r a n s i t i o n  reg ion  and 
are recoding i t  f o r  the CDC 6600 computer. The Livermore 
Radia t ion  Laboratory,  which has  had a c o n t i n u a l  i n t e r e s t  i n  
t h i s  problem, has  k indly  extended us an i n v i t a t i o n  t o  use t h e i r  
CDC 6600, the only one a v a i l a b l e  a t  t h i s  time. The program i s  
c u r r e n t l y  being checked and w e  p l an  t o  cont inue  our s t u d i e s  be- 
f o r e  January  l ,  1965. 

2 .  Second Larges t  Eigenvalue of Large P r o b a b i l i t y  T r a n s i t i o n  Matrices 

The s ta t i s t ica l  mechanical i n v e s t i g a t i o n s  on t h e  t r i a n g u l a r  
la t t ice  gas model involve the  averaging i n  the  Grand Canonical 
Ensemble of p rope r t i e s  of states generated by a Markov cha in  i s  
formal ly  equ iva len t  t o  the  convergence of t h e  vec to r  i t e r a t e  
of a s t o c h a s t i c  matr ix  r e p r e s e n t i n g  t h e  t r a n s i t i o n  p r o b a b i l i t i e s  
between the  s t a t e s  of the  system. S ince  the  p r o b a b i l i t y  t r a n s -  
i t i o n  matrix f o r  a given system is  not  un ique ly  de f ined ,  t h e  
s e l e c t i o n  of t h e  optimum matr ix  (optimum w i t h  r e s p e c t  t o  speed 
of convergence) is  of some i n t e r e s t .  To a f i r s t  approximation, 
the Eth v e c t o r - i t e r a t e  of a p r o b a b i l i t y  t r a n s i t i o n  mat r ix  
converges t o  t h e  f i r s t  e igenvec tor  as the  n t h  power of t he  
second l a r g e s t  e igenvalue of t h e  matrix. 

The second l a r g e s t  eigenvalues of a series of 512x512 proba- 
b i l i t y  t r a n s i t i o n  matrices were c a l c u l a t e d  by a computer 
technique involving i t e r a t i o n  of t h e  matrix by a vec tor  or thog-  
onal  t o  t h e  f i r s t  e igenvector .  Within the  series of matrices 
cons idered ,  f o r  a l l  values of t h e  temperature  parameter,  
minimum values  of h were obtained f o r  matrices i n  which 
pii = 0 ,  corresponding t o  a Markov cha in  s e l e c t e d  so t h a t  no 
s t a t e  immediately succeeds i t s e l f .  

z 
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These s t u d i e s  a r e  now being appl ied  t o  t h e  va r ious  Monte Carlo 
schemes under cons ide ra t ion  t o  determine an optimum computer 
program. 

B.  Thermal Emittance Measurements of Nickel A s  A Function of Oxide 
Thickness 
D r  . W .  W .  Akers , Department of Chemical Engineering 

Work has cont inued on measurement of t h e  t o t a l  hemispher ica l  thermal 
emi t tance  of n i c k e l  as a func t ion  of oxide th i ckness .  Addi t iona l  
d a t a  have been obtained a t  lower (300-400OC) and h igher  (900-12OO0C) 
temperatures .  A minimum i n  t h e  " e d t t a n c e  v s .  temperature  curve" 
has been observed i n  the  v i c i n i t y  o f  t h e  Curie  temperature  f o r  both 
the  bare  and oxidized n i cke l .  

Thermal emi t tance  measurements a r e b e k g  extended t o  s i n g l e  c r y s t a l s  
of n i cke l  t o  determine the e f f e c t  of c r y s t a l  o r i e n t a t i o n  and oxide 
s t r u c t u r e .  Oriented s i n g l e  c r y s t a l  samples 3" long x 1 /6  wide x .010" 
t h i c k  have been prepared wi th  good X-ray back r e f l e c t i u n  Laue photo- 
graphs of t h e  (100) and (110) p l anes .  The s i n g l e  c r y s t a l  specimens 
were prepared by spark c u t t i n g  a n  8" long x 1/2" diameter  o r i en ted  
s i n g l e  c r y s t a l  purchased from Research C r y s t a l ,  Inc . ,  i n  Richmond, 
V i rg in i a .  Tine spark  c u t  sampies were mechanical ly  thinned and 
chemical ly  pol i shed  t o  ob ta in  a t h i n ,  s t r a i n - f r e e ,  b r i g h t  su r f ace .  
Addi t iona l  s i n g l e  c r y s t a l  specimens, inc luding  t h e  t h r e e  p r i n c i p a l  
f aces  - ( loo) ,  (110) and (111) - have been purchased from Semi- 
Elements, Inc .  i n  Saxonburg, Pennsylvania.  

S ince  s t r a i n - f r e e  s i n g l e  c r y s t a l s  below 10 m i l s  i n  th ickness  a r e  
d i f f i c u l t  t o  ob ta in ,  it was necessary  t o  modify the  equipment t o  
handle t h e  t h i c k e r  samples. A l a r g e r  power supply u n i t  w a s  
purchased along w i t h  a quartz  microbalance t o  measure the  small  
amount of oxide on the  heavier  samples. 

C.  High-Temperature I n t e r a c t i o n s  Between Gases and Condensed Phases 
D r .  3 .  L, Margrave, Department of Chemistry 

The Bendix mass spectrometer and t h e  magnetic mass spectrometer  are 
be ing  u t i l i z e d  f o r  s t u d i e s  of a v a r i e t y  of high temperature  gas- 
s o l i d  i n t e r a c t i o n s .  I n  add i t ion ,  t h r e e  microbalances are being 
opera ted  t o  provide information about vapor i za t ion  and subl imat ion  
processes  from Knudsen and Langmuir weight- loss  measurements. 

The spec ie s  over t he  systems CrF2 and SrC12 have been e s t ab l i shed  
mass spec t romet r i ca l ly ,  and t h e  thermodynamic p r o p e r t i e s  of t he  
d i h a l i d e  monomers were der ived.  Mass-spectrometric measurements on 
t h e  vapor p re s su re  of nickel are c o n s i s t e n t  w i t h  t h e  o l d e r  d a t a  
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quoted by S t u l l  and Sinke* and do not  support  the  sugges t ion  of 
Nesemeyanov*"c t h a t  t he  vapor p re s su re  should be higher  by a f a c t o r  
of L O 4 .  
produce the  monofluoride,  CrF(g),  and i t  has been thermodynamically 
cha rac t e r i zed  . 

The r e a c t i o n  between CrF2 and C r  has been u t i l i z e d  t o  

Vapor p re s su re  work using the  Knudsen e f f u s i o n t e c h n i q u e  i n  con- 
junc t ion  wi th  t h e  vacuum microbalance i n  t h e  low-temperature phase 
(0-300°C) has concerned i t s e l f  w i t h  t h e  measurement of t h e  vapor 
pressures  of s e v e r a l  organic compounds i n  an a t tempt  t o  c o r r e l a t e  
thermodynamic p r o p e r t i e s  with s t r u c t u r a l  f e a t u r e s .  The compounds 
s tudied  have been p a i r s  of methyl -subs t i tu ted  organic  molecules and 
the  c u r r e n t  r e s u l t s  are summarized i n  Table  I. 

The g lobular  na tu re  of the dimethylbenzo (a) anthracenes i s  c l e a r l y  
shown by comparing t h e i r  

-1 (AHsUb" 23.5 kcal.mole 

9-compound are h igher  than t h e s e  f o r  t h e  1, 12-compound, showing 
the  e f f e c t  of t h e  protruding methyl groups i n  t h e  former compound. 
A va lue  of AHsUb = 34.4 kcal.mole'l i s  obtained f o r  t h e s e  compounds 
us ing  Bondi I s  molecular increment system. 

AHsu,, and ASsub w i t h  those  o f  anthracene 
; Assub LJ 40 ev) and napthalene (AHsub =: 17.0 

kcal.mole-1; Assub 40 ev) . The AHsU,, and Assub va lues  f o r  t he  3 ,  

AHsu5 and ASsub f o r  the  2 ,  4 ,  5 ,  7-compound are less than f o r  t h e  
3 ,  4 ,  5 ,  6-compoundY suggest ing t h a t  t h e  packing i n  t h e  former 
c r y s t a l  i s  less e f f i c i e n t ,  o r  t h a t  t h e r e  i s  a n  a c t i v a t i o n  energy 
and/or en t ropy  involved i n  subl imat ion  of t h e  l a t t e r  compound. 
va lue  of AHsub = 31.7 kca l .  mole i s  obtained f o r  t hese  coEpounds 
us ing  Bondi 's  system of molecular s t r u c t i v e  increments.  

A 

High temperature  s t u d i e s  on SrC12 s i n g l e  c r y s t a l s  have been made 
wi th  t h e  Ainsworth recording microbalance.  The r e s u l t s  i n d i c a t e  

monomer has  been e s t ab l i shed  as t h e  vapor spec ie s .  There i s  
. evidence h e r e ,  as i n  the case  of o t h e r  a l k a l i n e  e a r t h  d i f l u o r i d e s ,  

t h a t  CY, t h e  Langmuir c o e f f i c i e n t ,  i s  i n  t h e  range 0.2 - 0.5.  A 
manuscript  r e p o r t i n g  the work i s  i n  p repa ra t ion  and w i l l  b e  sub- 
mi t t ed  t o  the  Jou rna l  of Phys ica l  Chemistry soon. 

f o r  SrC12 subl imat ion = 78.6 2 3.5 k c a l  mole'' and SrC12 

- - - - - - - - - - -  

* D. R. S t u l l  and G. C. Sinke, "Thermodynamic P r o p e r t i e s  of t h e  Elements", 
Advances i n  Chemistry S e r i e s ,  No. 18, (1956). 

** An N .  Nesmeyanov, "Vapor Pressure  of t he  Elements," (Engl ish T r a n s l a t i o n ) ,  
Academic P r e s s ,  pp. 390-397 (1963). 
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Molecular beam resea rch  has been r e l a t i v e l y  i n a c t i v e  because of the 
u n a v a i l a b i l i t y  of personnel from June 1 u n t i l  l a t e  August when D r .  
C. H. Williams a r r ived  from Brown Univers i ty .  Now plans  and equip- 
ment des ign  modi f ica t ions  a r e  i n  progress  f o r  molecular beam expe r i -  
ments. Veloc i ty  s e l e c t o r  and d e t e c t o r  des igns  are among t h e  
c u r r e n t  i n t e r e s t s .  

TABLE 

Vapor Pressures  of Se lec ted  Molecules 

By Knudsen Effus ion  S tud ie s  

Compound AF k c a l .  sub Temp .Range AHsub k c a l  ASsubCal. 
OC mole-1 mole-ldeg'l mole-1 a t  OK 

1 , 1 2  dimethyl 
benzo(a)anthracene 88 - 115 23.4 2 1.4 35.3 2 1.5 10.2 (373') 

3 ,9  dimethyl 
benzo(a)anthracene 107 - 141 27.0 + 0 . 9  41.1 + 0.9 11.7 (373O) 

2k 3,4,5 ,6 - t e tr ame thy1  
phenanthrene 52 - 68 31.8 - + 4 67.1 + - 1 .2  8.8 (343O) 

2 ,4 ,5 ,7  t e t r a  
methylphenanthrene 55 - 96 28.0 + - 0.4 55 .4  2 0 . 4  9.0 (343O) 

*Determination s t i l l  i n  progress:  
f i n a l  values  f o r  AH and AS could be 
lower than t h i s  by 1 kcal.mole (AH) 
and 2 cal.deg. ' l  mole'' (AS), 

D,  C r y s t a l  S t r u c t u r e  of Complex Molecules 
D r .  R. L. Sass ,  Department of Chemistry 

The c r y s t a l  s t r u c t u r e  of the diazonium sa l t  p-diazonio s u l f o n a t e  has 
been determined by X-Ray d i f f r a c t i o n  techniques.  
was found t o  be quinoid i n  c h a r a c t e r .  The diazonium group i s  l i n e a r  
wi th  a C-N d i s t a n c e  of 1 . 3 9  R and an  N=N d i s t a n c e  of 1.14 8. 

The r i n g  system 

Continued work on carbanion s t r u c t u r e s  has  l e d  t o  a c o r r e c t  t r i a l  
s t r u c t u r e  f o r  t h e  compound potassium p-nitrophenyldicyanomethide. 
The ref inement  of t h i s  s t r u c t u r e  i s  p r e s e n t l y  i n  t h e  f i n a l  s t a g e s .  
S t r u c t u r a l  i n v e s t i g a t i o n s  of potassium and ammonium 1 ,1 ,2 ,6 ,7 ,7  
hexacyanoheptatr ienide a r e  a l s o  i n  progress .  These s t r u c t u r e s  appear 
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t o  be isomorphous, c r y s t a l l i z i n g  i n  t h e  space group P21/c. 
t u r a l  refinement based on the  method of isomorphous replacement 
should lead t o  an  unambiguous s o l u t i o n  of bo th  s t r u c t u r e s .  

A struc- 

W e  have a l s o  prepared c r y s t a l s  of t h e  compound ammonium t r i n i t r o -  
methide i n  order  t o  s tudy  the  s t r u c t u r e  of a carbanion con ta in ing  
ad jacen t  groups o the r  than t h e  cyano group. Complete X-ray d a t a  
has been c o l l e c t e d  from these c r y s t a l s  and a t r i a l  s t r u c t u r e  i s  be- 
ing  sought from two and three  dimensional P a t t e r s o n  syn theses .  No 
meaningful r e s u l t s  have as y e t  been obta ined .  

Other nonionic  s t r u c t u r e s  a t  p re sen t  under i n v e s t i g a t i o n  are  of t he  
compounds cis-2-4-butylene ep i su l fone  and te t racyanoethylene  oxide.  

P a s t  work has l ed  t o  recent  p u b l i c a t i o n s :  

Charles  Bugg, Jimmy Lawson and Ronald L.  Sas s ,  "The Crys t a l  
Symmetry of Several  Diazonium S a l t s , "  A c t a  C r y s t . ,  17, 767, 
(1964) 

Charles  Bugg, Robert Des idera to  and Ronald L .  Sas s ,  "An 
X-ray D i f f r a c t i o n  Study of Nonplanar Carbanion S t r u c t u r e s  , I 1  

J .  Am. Chem. SOC. ,  86, 3157, (1964). 

E .  Radia t ion  E f f e c t s  on Meta l l ic  Films and Surfaces  of So l ids  
D r .  T. W. Leland, Department of Chemical Engineering 

The appara tus  repor ted  as under c o n s t r u c t i o n  i n  the  l a s t  p rogress  
r e p o r t  has been redesigned t o  g ive  more s e n s i t i v i t y  and b e t t e r  c o n t r o l  
over t he  c a t a l y t i c  r eac t ions  a t  t h e  s o l i d  s u r f a c e .  Development of 
t h i s  apparatus  is cont inuing.  The r e a c t i o n  now under s tudy  i s  t h e  
ox ida t ion  of CO on metal ox ides .  

The new appara tus  and new d i r e c t i o n  of t h i s  s tudy  are aimed a t  t he  
fol lowing o b j e c t i v e s  : 

. 1. Comparison of t h e  r a t e s  of chemisorpt ion and c a t a l y t i c  r e a c t i o n  
on powders and on single c r y s t a l s  of t h e  same material .  The 
new appara tus  i s  designed w i t h  s u f f i c i e n t  s e n s i t i v i t y  t o  measure 
these  ra tes  on s i n g l e  c r y s t a l s .  

2 .  This  comparison i s  being s tud ied  by making r a d i a t i o n s  induced 
pe r tu rba t ions  of  the F e r m i  level.  An a t tempt  i s  being made t o  
s e p a r a t e  these  per turba t ions  according t o  t h e  fol lowing mech- 
anisms : 

a.  Transmutation (or chemical ly  induced) impuri ty  doping, 



b. Radiat ion induced d i s l o c a t i o n s  and l a t t i c e  damage, and 

c .  E lec t ron ic  e x c i t a t i o n s  - induced by va r ious  monochromatic 
u l t r a v i o l e t  sources .  

3 .  The e f f e c t  of t hese  pe r tu rba t ions  on e lec t r ica l  measurements 
of bulk conduc t iv i ty  and Seebeck Coef f i c i en t  i s  t o  be compared 
wi th  t h e  rates of chemisorpt ion and c a t a l y s i s .  

A series o f  measurements i n  underway on t h e  response t o  r a d i a t i o n  
of MgO doped chemical ly  wi th  d i f f e r e n t  concent ra t ions  of Fe impur i t i e s  
and wi th  varying s u r f a c e  concent ra t ions  of H20 and C 0 2  us ing  t h e  
H -D exchange r e a c t i o n .  This  is t o  v e r i f y  t h e  c a t a l y t i c  mechanism 

work a t  Rice and h i s  subsequent r e sea rch  a t  NASA. 
e g 2  f e c t s  p red ic t ed  by some of t h e  r e s u l t s  of Lunsford i n  h i s  ear l ie r  

The paper on H2 adso rp t ion  on Cds f i lms  con ta in ing  S35 
has been accepted f o r  p u b l i c a t i o n  i n  t h e  J o u r n a l  of 
C a t a l y s i s .  

F.  The Nature of Gaseous-Solid I n t e r f a c e s  
D r .  To W. Leland, Department of  Chemical Engineer ing 

Work j u s t  completed on the a p p l i c a t i o n  of  t h e  two-dimensional 
equat ion of s t a t e  t o  phys i ca l ly  adsorbed hydrocarbons on cha rcoa l  
i s  being presented a t  t h e  Nat iona l  Meeting of t h e  American I n s t i t u t e  
of Chemical Engineers t o  be he ld  i n  Houston i n  February 1965. This 
s tudy  is  cont inuing .  

G .  Chemisorption of So l ids  
D r ,  H. A. Deans, Department of Chemical Engineering 

The s tudy  of chemisorption on a s o l i d  suppor t ,  employing p e r t u r b a t i o n  
chromatographic techniques,  i s  cont inuing .  Apparatus has  been 
cons t ruc ted  t o  encompass a wide range of su r face  coverages and 
temperatures .  The system chosen f o r  s tudy  is  carbon monoxide-helium 

. chemisorbed on a z inc  oxide-copper os ide  c a t a l y s t .  The a v a i l a b l e  
temperature  range i s  750 t o  8C)OOF whi le  t h e  p re s su re  range i s  1 a t m .  
t o  8 atm. I n i t i a l  measurements are being c a r r i e d  ou t .  

H. Study of Hydrates 
D r ,  R.  Kobayashi, Department o f  Chemical Engineering 

P resen t  work involves  the  a p p l i c a t i o n  of t h e  Kihara p o t e n t i a l  f o r  
non-spherical ,  non-polar molecules t o  s tudy  hydrate-formation 
condi t ions  f o r  temperatures i n  excess  of 32'F and p res su res  up t o  
4000 a t m .  Computer c a l c u l a t i o n  based on t h e  mathematical  formulat ions 
of D r .  I. Nagata, a pos tdoc tora l  fe l low,  are p r e s e n t l y  being c a r r i e d  
o u t .  
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I. Adsorption of Gases on Sol ids  a t  Elevated Pressures  
D r .  R .  Kobayashi, Department of Chemical Engineer ing 

This  p r o j e c t  has two ob jec t ives :  

A. To develop and apply  the chromatographic theory t o  s tudy  
adsorp t ion  i n  gas-sol id  systems.  
Report w e  have succeeded i n  conver t ing  t h e  equipment t o  s tudy  
both r a d i o a c t i v e  and non-radioact ive p e r t u r b a t i o n s ,  checked 
adso rp t ion  isotherms f o r  methane on a c t i v a t e d  cha rcoa l  obtained 
by a c l a s s i c a l  ma te r i a l  ba lance  method, and developed a 
technique of ob ta in ing  the volume of adsorbed gases .  

Since t h e  l a s t  Semi-Annual 

B.  To s tudy  gas- l iqu id  t o  gas - so l id  phase t r a n s i t i o n s  i n  mul t i -  
component systems by gas chromatography. D r .  Anand, a pos t -  
d o c t o r a l  fe l low,  has e s s e n t i a l l y  completed r e b u i l d i n g  t h e  equip- 
ment and should be making experimental  runs w i t h i n  a month on 
the  methane-propane-n-decane system a t  temperatures below -21°F, 
t h e  f r eez ing  po in t  of n-decane. 

Date:  3 December 1964 
- 

S igned : 
Frarh R .  B r o t z M  v 

Dean of Engineer ing 


