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In t roduc t ion  

The a p t i t u d e  o f  t h e  8.4 keV resonance of  

I6 '~m f o r  t h e  s tudy of  thul ium hydr ides  has 

been demonstrated i n  a preceeding cont r ibu-  

t i o n  t o  t h i s  conference [I]. The reason f o r  

t h i s  l i e s ,  bes ide  t h e  low gamma energy, i n  

t h e  r e s o l u t i o n  power of t h e  resonance 

f o r  quadrupole i n t e r a c t i o n s .  ' ~ m ,  a 100% 

i so tope ,  is  i n  i ts  t r i v a l e n t  s t a t e  a non- 

Kramers i on  wi th  a 3 ~ 6  configukat ion of  t h e  

4f e l e c t r o n  s h e l l ,  which responds very 

s e n s i t i v e l y  t o  c r y s t a l l i n e  e l e c t r i c  f i e l d  

(CEF) i n t e r a c t i o n s .  When t h e  ~ m ~ +  s i t e  sym- 

metry is  lower t han  cubic ,  r a t h e r  l a r g e  

quadrupole s p l i t t i n g s  can be observed wi th  

t h e  8.4 keV 3/2 +1/2 t r a n s i t i o n  o f  I6'~m. 

They may reach  va lues  up t o  150 mm/s  a t  li- 

quid  helium temperatures ,  where only  t h e  

lowest CEF l e v e l s  of t h e  J=6 If-configura-  

t i o n  a r e  populated.  A t  h igher  tempera tures ,  

eq4£,  t h e  4f con t r ibu t ion  t o  t h e  observed 

e l e c t r i c  f i e l d  g rad i en t  eq ,  is  temperature 

averaged and t h e  l a t t i c e  con t r ibu t ion ,  

eqlatt, becomes dominant. This  behaviour 

has been observed and analysed i n  t h e  e a r l y  

days of Mbssbauer spectroscopy [21. 

The information obta ined  from t h e  p re sen t  

s tudy  of  TmH3 w i l l  be  used t o  d i s c u s s  t h e  

c o n t r o v e r s i a l  r e s u l t s  of  two r e c e n t  s t u d i e s  

of ~ r ~ '  i n  YH3 and ErH3, r e s p e c t i v e l y  l3,4]. 

Sample P repa ra t ion  and Experiments 

about  100 mg of Tm metal  a t  870 K t o  a H2 

p r e s su re  of  1400 Torr  f o r  one hour. During 

t h e  t h e  cool ing  of t h e  sample, t h e  H2 pres-  

s u r e  was r a i s e d  t o  about 3000 Torr .  The X- 

r a y  d i f f r a c t i o n  a n a l y s i s  showed only  t h e  

hexagonal r a r e  e a r t h  (R.E.) t r i h y d r i d e  pha- 

s e  [51. The gravimet r ic  de te rmina t ion  of  

t h e  H content  of t h e  sample y i e lded  a for -  

mula TmH3.,(2). The Mbssbauer measurements 

were performed s i m i l a r  a s  descr ibed  i n  [I]. 

t *  h m n m 6 ' n o o * t f i '  
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Figu re  1 : MSssbauer s p e c t r a  of 

TmH3 a t  va r ious  temperatures  
The TmH3 sample was prepared by exposing 
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Resu l t s  and Discussion 

F ig .  1 shows two s p e c t r a  of TmH3 a t  300 K 

and 4.2 K.  Both s p e c t r a  r e v e a l  a t y p i c a l  

quadrupole double t ,  and, a s  i n  t h e  1 6 9 ~ m  

s tudy  o f  t h e  Tm dihydr ides  [ l l ,  no ind i ca -  

t i o n  of any magnetic hyper f ine  in te rac t ions .  

The temperature dependence of t h e  quadrupo- 

l e  s p l i t t i n g ,  2 = e qQ/2, is  given i n  

Tab. 1 f o r  a s e r i e s  of measurements between 

4.2 K and 350 K. Measurements a t  T >300  K 

w e r e  followed by s t u d i e s  a t  lower tempera- 

t u r e s  t o  ensure t h a t  no hydrogen l o s s  of  

t h e  sample had occured. A p l o t  of t h e  d a t a  

of Tab. 1 shows t h a t  nEQ approaches a va lue  

of 14 (1) mm/s a t  h igh  temperatures .  

From t h e  quadrupole s p l i t t i n g s  observed i n  

TmH3, information on t h e  CEF grounds ta te  of 

t h e  ~ m ~ +  ion can be e x t r a c t e d  by arguments 

s i m i l a r  t o  those  app l i ed  r e c e n t l y  t o  a 

Mbssbauer s tudy  of ~ r ~ '  i n  E r H 3  and YH3 131 

and t o  a s u s c e p t i b i l i t y  and magnetizat ion 

s tudy of ErH3 143, r e spec t ive ly .  It was as- 

sumed t h a t  i n  t h e  i s o s t r u c t u r a l  R.E. t r i h y -  

d r i d e s  t h e  CEF i n t e r a c t i o n  of t h e  R.E. i ons  

can be descr ibed  by hexagonal CEF parame- 

t e r s ,  a l though t h e  H l a t t i c e  a c t u a l l y  low- 

e r s  t h e  p o i n t  symmetry a t  t h e  R.E. i o n s  t o  

C2. This  assumption i s  supported by a lS56d 

2lbssbauer s tudy 161, where an a x i a l l y  sym- 

me t r i c  eqlatt was observed, i n d i c a t i n g  t h a t  

t h e  hexagonal l a t t i c e  of  t h e  R.E. i o n s  is 
mainly r e spons ib l e  f o r  eqlatt. 

Using t h e  CEF-level diagrams of  Segal  and 

Wallace [7] f o r  hexagonal f i e l d s  (which, 

however, use only  f o u r t h  and s i x t h  o r d e r  

CEF o p e r a t o r s ) ,  Flood 147 de r ived  from t h e  

magnetic d a t a  of ErH3 a negat ive  va lue  of 

x, t h e  r a t i o  of f o u r t h  o rde r  t o  s i x t h  o rde r  

CEF parameters .  I n  c o n t r a s t  t o  t h i s ,  S u i t s  

e t  a1.131 found from t h e i r  Mbssbauer d a t a  

of ~r~~ i n  YH3 a p o s i t i v e  va lue  of x. 

Transforming t h e  ~ r ~ +  CEF parameters  t o  t h e  

~ m ~ +  case ,  t h e  negat ive  s i g n  .(and t h e  mag- 

n i tude )  of x from Ref. 4 would l e a d  t o  two 

s i n g l e t s  w i th  predominantly mJ = 6 cha- 

r a c t e r  f o r  t h e  lowest  CEF s t a t e s  i n  TmH3, 

while  t h e  p o s i t i v e  s i g n  o f  x from Ref. 3 

r e s u l t s  i n  a ~ m ~ +  s i n g l e t  g rounds ta te  with 

mJ = 5 3 cha rac t e r  [7]. Using a va lue  of 

eqlatt = 5 . l 0 I 7  v/cm2 from Ref. 6 and t h e  

above CEF s t a t e s  ( inc luding  t h e  s h i e l d i n g  

parameters  of Ref. 2), a rough e s t ima te  

y i e l d s  eO 150 mm/s a t  4.2 K f o r  t h e  for -  

mer and % 50 m m / s  f o r  t h e  l a t t e r  case .  
8 

Together wi th  our experimental  r e s u l t s ,  

t h i s  c l e a r l y  favours  t h e  CEF parameters  ob-- 

t a i n e d  from t h e  6 6 ~ r  Mbssbauer s tudy  [3]. 

I n  p r i n c i p l e ,  t h e  temperature dependence of  

PF: can be used t o  f u r t h e r  e l u c i d a t e  t h e  Q 
CEF l e v e l s  of ~ m ) +  i n  TmH3. However, s i n c e  

a. decreases  q u i t e  f a s t  i n  t h e  low temper- - 
a t u r e  reg ion ,  a d d i t i o n a l  d a t a  a r e  needed 

f o r  a more d e t a i l e d  ana lys i s .  

F i n a l l y ,  it should be noted t h a t  t h e  high 

temperature va lue  of eq (AE (T+400 K )  = Q 
14 mm/s corresponds t o  eq = 6 . 10' v/cm2, 

which most l i k e l y  can be regarded a s  an 

approach t o  eqlatt) is about 20% l a r g e r  

t han  t h e  va lue  obta ined  f o r  GdH3 [6]. such 

a smal l  d i f f e r e n c e  can e a s i l y  be a t t r i b u t e d  

t o  t h e  sma l l e r  volume of t h e  u n i t  c e l l  of 

TmH3. This  work w i l l  be continued.  

Table 1: Temperature dependence o f  t h e  

1 6 9 ~ m  quadrupole s p l i t t i n g  i n  TmH3 

Temperature 

( K )  
a~ 

( m/s 1 
4.2 65.5(2)  

55 56.2 (2)  

7 7 48.7(2) 

260 18.1 (6)  
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