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Departures from the Mollwo-Ivey relationship are expected to be pronounced in crystals containing large 
cations. 

The F and M cen t re  t r ans i t i on  ene rg ies  in a l -  
kal i  hal ides  a re  given to a f i r s t  approximat ion by 

E = act -n  (1) 

where a is  the lat t ice spacing and a and n a re  
cons tants  which depend on the type of colour 
centre .  This  (Mollwo-Ivey) re la t ionsh ip  [1] is 
an empi r i ca l  ru le  which is  often useful  for i n t e r -  
polation. It i s  not a genera l  rule  and does not 
desc r ibe ,  for  example,  F cen t re  emi s s ion  in 
a lkal i  hal ides  [2]. It i s  not a re l iab le  subst i tute  
for  exper imenta l  and theore t ica l  inves t igat ion 
and recent ly  it has been used in a way which is  
not valid [3]. We wish to s t r e s s  the l imi t s  within 
which (1) may be used  and to show that i ts  m i suse  
led to an i nco r r ec t  a s s ignmen t  of the F band in 
BaF~. 

The F band peak in BaF  2 has recen t ly  been 
exper imen ta l ly  located at 611 nm [4]. The se -  
quence of inves t iga t ions  which led to this  iden-  
t i f icat ion was as  follows: 

1) The 2S ground state  of the F cen t re  in ad-  
di t ively coloured CaF2,  SrF  2 and BaF2 was 
thoroughly explored by e.p.r ,  and ENDOR methods 
[5]. 

2) The ENDOR p a r a m e t e r s  were calcula ted [5] 
us ing  point ion wavefunctions [6] and compared  
with expe r imen t  [5]. 

3) The F band peaks were identif ied and the 
sp in -o rb i t  coupling constant  in the 2p state of 
the F cent re  was measu red  in addi t ively coloured 
CaF2,  S rF  2 and B a F 4 u s i n g  the la rge  t e m p e r a -  
t u r e  dependent magneto-opt ica l  effect c h a r a c t e r -  
i s t i c  of F cent res .  The c ry s t a l s  were f i r s t  
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checked for  F cent re  content by e .p .r ,  methods. 
4) The sp in -o rb i t  coupling constant  in the ex-  

cited 2p state of the F cen t re s  was calcula ted [4] 
us ing  point ion wave funct ions [6] and compared 
with exper iment  [4]. 

Using (1) and the F band peak posi t ions  in 
CaF2 and SrF  2 it was es t imated  [4] that the F 
band peak would occur  at 513 nm in BaF2; this  
value may be compared  with the calculated point 
ion value of 475 nm [6]. However,  careful  in -  
vest igat ion showed that no absorpt ion  band peak 
occurs  in the region of 500 nm in addit ively 
coloured BaF2 c ry s t a l s  known f rom e.p.r ,  m e a s -  
u r e m e n t s  to contain ~ 1018 F c e n t r e s / c m 3  and it 
was pointed out [4] that,  on the bas i s  of exper i -  
ment ,  the Mollwo-Ivey re la t ion  does not apply 
to BaF 2. 

Theore t ica l ly ,  the t r ans i t ion  energy will depend 
on the lat t ice p a r a m e t e r  alone only if the poten-  
t ia l  in which the colour  cen t re  e l ec t rons  move 
sca le s  with the lat t ice p a r a m e t e r ,  i .e.  V = 
V(r /a ) .  The only s imple  potential  of this  sor t  is 
the point ion potential  [7]. If, in addition, the 
e lec t ronic  wave-funct ion sca les  with the lat t ice 
p a r a m e t e r ,  ~ = ~0 ( r / a ) ,  it may then be readi ly  
shown [8] that the coefficient in (1) l ies  in the 
range  1 ~< n ~< 2. The appl icabi l i ty  of (1) is  in 
doubt when n is  much g r e a t e r  than 2. 

Detai led quant i ta t ive e s t ima tes  of cor rec t ions  
to the point ion model have been made recent ly  
for  F cen t res  in a lkal i  hal ides  and alkal ine  ear th  
f luor ides  [9]. This  work showed that deviat ions 
f rom (1) occur red  because  the detai led e lec t ronic  
s t ruc tu re  of the ions cannot be ignored. These 
" ion-s ize"  effects a re  pa r t i cu l a r ly  s t r ik ing  when 
the ne a r e s t  ne ighbour  cat ions  a r e  large ,  as in 
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C s F  and BaF  2. In such cases  the potent ial  is  not 
a function just  of la t t ice p a r a m e t e r  and the 
Mollwo-Ivey ru le  does not apply [9]. The i m p o r -  
tance  of ion size effects should show up in devia-  
t ions  f rom pred ic t ions  of the point ion model,  
i n c r e a s i n g  along the sequence CaF2,  SrF2,  
BaF  2. P r e c i s e l y  th is  t r end  is  shown by the t r a n s i -  
t ion  energy  [4], the h.f.s,  constants  in the 2S 
ground state  [5] and the sp in -o rb i t  coupling con-  
s tant  in the 2p  excited s tate  of the F cen t re  [4]. 

The F band peak in BaO has been found exper i -  
menta l ly  [10] to be at 620 nm. This  a s s ignmen t  
has also been quest ioned [3] on the ba s i s  of (1). 
However,  the object ions  that apply to the use  of 
(1) in BaF 2 a re  expected to apply also in BaO. 
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Deuteron spin-lattice relaxation time (T1) measurements in polycrystaUine GeD4 show discontinuities at 
the first-order phase transition points at 75.5 and 77.8OK, and a change in the temperature dependence of 
T1 at the k-point at 67.7OK. A deuteron quadrupole coupling constant of 82 kHz was obtained. 

The sp in - l a t t i ce  re laxat ion  t ime  T 1 of deu te rons  
in sol id GeD 4 was m e a s u r e d  in the t e m p e r a t u r e  
range  40 to l l0OK at 6 MHz, using NMR pulse  
methods [1]. The r e s u l t s  a re  shown in fig. 1. The 
sample  was p repa red  by reduct ion of GeC14 by 
LiA1D 4 in e the rea l  solution [2], and it was p u r i -  
f ied of oxygen impur i t i e s  by the mi schme ta l  
ge t t e r  technique [3]. 

The p r inc ipa l  re laxing  mechan i sm for  deu te r -  
on is  the e l ec t r i c  quadrupole in te rac t ion  with the 
mo lecu l a r  f ie ld  gradient .  The t e m p e r a t u r e  de-  
pendence of T1 suggests  that this  re laxat ion  takes  
p lace  through the reor ien ta t iona l  motion of the 
molecules .  Thus  the conventional  fo rmula  [4] 

1 -~C[  rc  4~c 7 

T 1 l+(¢OoTc )2 + 1 +(2¢OoVc)2J 

was used to i n t e rp re t  the resu l t s .  Here 
C = ~ ~2 (1 + 31~72)(e2q Q/h) 2, and Vc is  the c o r r e -  
la t ion t ime  for  the r eo r i en ta t ion  of the f ield g r a -  
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dient. Assuming  that C does not change apprec i -  
ably in the t e mpe r a t u r e  range of in te res t ,  and 
a s suming  a t h e r m a l l y  act ivated A r r he n i u s  
p rocess  for the random molecu la r  r eor ien ta t ions ,  
~'c = To exp(Ea/kT),  where E a is  the apparent  
act ivat ion energy for  the molecu la r  motion, the 
t e m p e r a t u r e  dependence of ~'c was deduced f rom 
the exper imen ta l  data, and is  shown in fig. 1. 

C a l o r i m e t r i c  inves t iga t ions  indicate  that GeH4 
has four solid state phases  in the t e mpe r a t u r e  
range  f rom about 12OK to the mel t ing point [5]. 
The heat  capaci ty curve  i s  discont inuous at 73.2 
and 76.6OK, indicat ing f i r s t - o r d e r  phase t r a n s i -  
t ions.  The low t e m p e r a t u r e  t r ans i t i on  at 62.9OK 
occurs  over  a range of a few degrees  and shows 
a k -anomaly  suggest ing a h i g h e r - o r d e r  t rans i t ion .  
No s t ruc tu r a l  inves t igat ion has been found for  
e i ther  GeH 4 or  GeD 4 in the avai lable  l i t e ra tu re .  

In the p re sen t  data, d iscont inui t ies  in T 1 
v e r s u s  T occur  at t e m p e r a t u r e s  77.8 and 75.5OK, 
and a pronounced change in the t empera tu re  de-  


