
Revista Brasileira de Física, Vol. 12, NP 2, 1982 

Optical Absorption and Electron Paramagnetic Resonance 
Studies of Colorless and Pink Beryl 

ANA REGINA BLAK, SADAO ISOTANI and SHIGUEO WATANABE 

Instituto de Física, Universidade de São Paulo, São Paulo, Brasil 

Recebido em 25 de Março de 1982 

The r e s u l t s  o f  the O p t i c a l  Absorp t ion  (OA) and E l e c t r o n  Spin 

Resonance (EPR) measurements o f  c o l o r l e s s  and p i n k  b e r y l ,  heated and 

u l t r a v i o l e t  (UV) i r r a d i a t e d  a r e  presented.  I n  the  UV r e g i o n  o f  the OA 

spectra,  i t i s  observed bands a t  36000  cm-' and 42000 cm-'. The UV i r r a -  

d i a t i o n  produces atomic hydrogen, s t a b i l  i zed  i n  the  c r y s t a l  l a t t i c e  a t  

room temperature. Th is  was revealed by the  presence o f  H'  l ines i n  the  

EPR spectrum. 

Neste a r t i g o  são apresentados os r e s u l t a d o s  de medidas de Ab- 

sorção b t  i c a  (AO) e Ressonância Paramagnét i ca  E l e t r ô n i c a  (RPE) em ber i - 
10 rosa e i r i c o l o r .  Na r e g i i o  e s p e c t r a l  do u l  t r a v i o l e t a  são observadas 

duas bandas respect ivamente em 36000 cm-' e em 42000 cm-'. A i r r a d i a ç ã o  

u l t r a v i o l e t a  produz na rede c r i s t a l i n a ,  h i d r o g ê n i o  atômico, es táve l  à 

temperatura ambiente. A presença das l i n h a s  do H' nos espec t ros  de RPE 

evidenciam esse f a t o .  

1. INTRODUCTION 

I n  t h e  present  paper, OA and EPR s t u d i e s  on n a t u r a l  c o l o r l e s s  

and p i n k  b e r y l  heated and UV i r r a d i a t e d  a r e  repor ted .  The s t r u c t u r e  o f  

b e r y l  was descr ibed  i n  d e t a i l  by Bragg and westl. Bery l ,  Be3AI2Si6Ol8, 

i s  a s i l i c a t e  w i t h  hexagonal c r y s t a l  s t r u c t u r e .  I t  i s  formed f rom s i x  

( ~ i 0 , ) ~ -  te t rahedra  t h a t  a r e  stacked above each o t h e r  i n  d i f f e r e n t  spa- 



t i a !  o r i e n t a t i o n s  fo rm ing  ho l  low columns (channels)  para1 l e l  t o  the  
2 + 

c r y s t a l o g r a p h i c  c - a x i s .  These channels a r e  j o i n e d  by AI 3 +  and Be ions. 

The I n f r a r e d  ( IR )  spec t ra  o f  water  i n  b e r y l  were repor ted  by 

Wood and ~ a s s a u '  bu t  so f a r ,  no AO measurements were r e p o r t e d  f o r  t h e  

UV r e g i o n  o f  t h e  spec t ra  i n  c o l o r l e s s  and p i n k  b e r y l .  Water molecules 

occupy two s i t e s  i n  the channels .  The water  i n  s i t e  I has i t s  C, sym- 

met ry  a x i s  perpend icu la r  t o  c r y s t a l  c - a x i s  and the  water  i n  s i t e  I I  has 

i t s  C, symmetry a x i s  p a r a l l e l  t o  t h e  c r y s t a l  c a x i s  and has an a l k a l  i d e  

i o n  i n  i t s  neighbourhood. 

EPR spec t ra  o f  b e r y l ,  showed that: i n  green bery13 ~ e ~ + i s  found 

i n  channels midway between ad jacen t  s i 1  i c e t e  r i n g s .  X-ray i r r a d i a t e d  

bery14 shows t h e  presence o f  a tomic hydrogen, s t a b l e  a t  room tempera- 

t u r e ,  and methyl r a d i c a l s .  00th H' and CH:, were ass igned t o  s i t e s  i n  t h e  

channels and were assumed t o  a r i s e  f rom i r r a d i a t i o n  induced decomposi- 

t i o n  o f  water and methane molecules r e s p e c t i v e l y .  I t  was a l s o  observed5 

t h a t  H' i s  u n s t a b l e  above 2 0 0 ~ ~ .  

2. EXPERIMENTAL METHODS 

Natura l  c o ! o r l e s s  bery 

p i n k  b e r y l  f rom A.Halba Co., bo 

gem-qual i ty  were s tud ied .  S l i c e  

1 f rom t h e  C l a i r e  Azadian co 

t h  f rom Minas Gera is  - Braz i  

s  o f  0.3 t o  1 . O  mm th ickness  

l l e c t i o n  and 

1,  o f  near 

were c u t ,  

w i t h  t h e  c r y s t a l  C 6  a x i s  perpend icu la r  and p a r a l l e l  t o  the  p lane  o f  the  

5 1  ices,  f o r  OA and IR measurements. S l  ice:; o f  2 x2 x (5  - 10) mm were 

used i r )  the  E P R  measurements. 

The OA spec t ra  were recorded wi t h  a Car l  -Zeiss D M R  21 spec t ro -  

photometer f o r  the  UV - v is- near  IR range, and w i t h  a  Perkin-Elmer IR- 

-180 spectrophotomer f o r  t h e  IR range. The E P R  spec t ra  were o b t a  i n e d  

w i t h  a  Var ian  X-band type  spect rometer .  Both t h e  thermal t rea tments  and 

the UV i r r a d i a t i o n  were c a r r i e d  o u t  i n  a i r .  



In t a b l e  1 ,  a s e m i - q u a n t i t a t i v e  spec t rograph ic  a n a l y s i s  i s  g i -  

ven i n  ppm u n i t s .  ~ h é  a l k a l i m e t a l s  a r e  determined o n l y  q u a l i t a t i v e l y a n d  

the frequericy ' o f  the (+) s i g n  est i rnates the  r e l a t i v e  a1 k a l  i c o n t e n t  from 

sample t o  sample. As compared t o  b l u e  and green b e r y l ,  t h e  a l k a l i  con- 

t e n t  i n  c o l o r l e s s  and p i n k  b e r y l s  i s  l a r g e .  T h i s  h i g h  c o n t e n t  i s  a l s o  

shown i n  the  I R  spectrum i n  F i g .  1 ,  though water  bands i n  the  I R  spec- 

trum show us t h a t  water  o f  t ype  I1 predominates i n  c o l o r l e s s  and p i n k  

b e r y l s .  

Table 1 - S e m i - q u a n t i t a t i v e  spec t rograph ic  a n a l y s i s  i n  ppm u n i t s .  The 

f requency o f  the  (+) s i g n  es t imates  t h e  r e l a t i v e  a l k a l i  con ten t  f rom sam- 

p l e  t o  sample. 

The OA spectrum o f  the  p i n k  and c o l o r l e s s  b e r y l  (F ig .  2)  shows 

a h i g h  absorbance i n  the  UV reg ion .  T h e r e a r e  th reemax ima a t  36000, 

42000 and > 50000 cm-'. T h i s  l a s t  maximum i s  beyond t h e  range o f  de- 

I m p u r  i t y  

samp l e 

g r e e n  b l  u e  p i  n k  c o l o r l e s s  



F i g . 1  - I n f r a r e d  spectrum o f  p ink  bery l  showing predominance o f  type I I  

w t - r  m l e c u i e s .  

F i g .  2 - The curves represent d i f f e r e n c e s  be;:ween the  OA of the  untrea-  

ted p ink  bery l  (curve 0) and heated f o r  3 hoiirs (curve I ) ,  6 hours 

(curve 2 )  and 15 hour (curve 3) a t  7 0 0 ~ ~ .  



Fig. 3 - Thermally induced decrease i n  i n t e n s i t y  o f  the 42000 cm" O A  

band obtained by heat ing a t  550, 700, 800 and 900'~. 

t e c t i o n  o f  ou r  spect rophotometer .  The r e s u l t s  f o r  p i n k  and c o l o r l e s s  

c r y s t a l s  a r e  s i m i l a r .  A f t e r  h e a t i n g  p i n k  and c o l o r l e s s  b e r y l  samples a t  

temperatures above 4 0 0 ~ ~  one observes a decrease i n  the  i n t e n s i t y  o f  t h e  

UV bands. The decay k i n e t i c s  o f  t h e  42000 cm-' band a t  severa1 tempera- 

t u r e s  i s  shown i n  F i g .  3. The bes t  f i t  f o r  the  curves d e s c r i b i n g t h e k i -  

n e t i c s  were ob ta ined  by a sum o f  two exponen t ia l s :  

where b ,  and b2 a r e  the  decay r a t e s ,  t i s  the  annea l ing  t ime and t h e  a i 
a r e  decay r a t e s .  The va lues  o f  b .  obta' ined i n  t h i s  way obey t h e  Arrhe-  

2 

n i u s  law 

g i v i n g  t h e  a c t i v a t i o n  energ ies  AE shown i n  Table l i .  The k i n e t i c s  de- i 
cay o f  t h e  42000 cm-' band i s  comp le te ly  d i f f e r e n t  f rom the  band 

increase i n  the  green bery1
2 

suggest ing t h a t  t h e  former i s  n o t  connec- 
2 - 

ted wi  t h  processes o f  charge t r a n s f e r  O ~ e ~ + .  The 36000 cm-' band 
3 +  

was assigned by Platanov e t a 1 6 t o  Fe i n  a ~ e ' + s i t e .  
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F ig .  4 - RPE spect ra  o f  p i nk  Bery l  . ~ e ~ +  arid fln2+ l ines are marked i n  

the f i g u r e .  F u l l  l i n e  represents  unt reated samples and the ?ashed l i -  

ne the heated ones. 



Table I I  - A c t i v a t i o n  energ ies  and r e l a x a t i o n  t imes f o r  t h e  thermal decay 

o f  t h e  OA 42000 cm-' band. 

The EPR spectrum o f  p i n k  b e r y l  i s  shown i n  F i g .  4. One obser -  

I 
SLOW DECAY 

E (eV) 7, (seg) 

0,46 435 

3 + 
ves a s i n g l e  l i n e  due t o  t h e  presence o f  Fe i n  the channels

2 
and weak 

l i n e s  o f  Fe3+'at t h e   AI^+ s i t e s 7 .  I n  a d d i t i o n  one sees t h e  s i x  charac-  

RAPID DECAY 

E (eV) T, (seg) 

0,41 29,3 

2 + 
t e r i s t i c  l i n e s  o f  Mn . By hea t ing  t h e  p i n k  b e r y l  a t  temperatures abo- 

ve 400°c,' t h e  Fe3+ l i n e  i s  comp le te ly  annealed. No m o d i f i c a t i o n '  i n  t h e  

~ n * +  and Fe3+ (AI 3 +  s i  t e s )  l ines was observed. 

I t  was found t h a t  the  UV i r r a d i a t i o n  produces s t a b l e  H' i . e .  

a tomic hydrogen, as shown i n  t h e  EPR spectrum o f  f i g u r e  5,  represented 

F i g .  5 - RPE spectrum of p i n k  beryl showing the appearance of the H, 

lines a t  2900 and 3400 Gauss. 



by two l i n e s  a t  2900 and 3400 Gauss. The .X-ray i r r a d i a t i o n  a l ç o  showed 

t o  produce s t a b l e  H' c e o t e r s  as i t  was p r e v i o u s l y  r e p o r t e d
5
.  The H' l i -  

nes d isappear  comp le te ly  when the  c r y s t a l  i s  heated above 1 2 0 ~ ~ .  Here 

we suggest t h a t  the  H' c e n t e r  i s  produced f rom the  d i s s o c i a t i o n  o f  t y -  
+ + 

pe I I  w a t e r m o l e c u l e s  {H,O.M 1 ,  whereM r e p r e s e n t s a n  a l k a l i d e  ion,  

p roduc ing  a Uh cen te ra  w i t h  the c o n f i g u r a t i o n  {H0.(0H-.H+)}.  
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