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ABSTRACT 

selenium c r y s t a l l i t e s  formed i n  a c h i r a l  polymer f i l m  has 
been observed. 
informat ion obtained from the CD spectrum i s  consistent 
w i t h  the t r i gona l  selenium s ing le  c rys ta l  r e f l e c t i v i t y  data 
o f  Tut ihasi  and Chen. The CD s ign f o r  the ~ 6 1 0  nm exci ton 
band (polar ized perpendicular t o  c-axis)  i n  t r i gona l  
selenium indicates tha t  left-handed h e l i c a l  c rys ta l s  are 
formed p r e f e r e n t i a l l y  over the right-handed c r y s t a l l i t e s  i n  
e thy l  c e l l  u l  ose . 

The c i  r c u l  a r  d i  chroi  sm (CD) spectrum o f  tri gonal 

The e lect ron ic  t r a n s i t i o n  po la r i za t i on  

Since Pasteur's c lass ic  visual separation o f  hemi- 
hedral crysta ls  o f  racemic sodium ammonium t a r t r a t e l  i n  
1848, and the r e a l i z a t i o n  t h a t  op t i ca l  a c t i v i t y  ar ises from 
an asymmetric ( c h i r a l )  grouping o f  atoms o r  molecules, the 
separation and observation o f  op t i ca l  antipodes by new 
techniques continues to  be o f  great s c i e n t i f i c  importance, 
especial1 as it may r e l a t e  t o  the o r i g i n  o f  op t i ca l  
ac t i v i t y .$  Optical a c t i v i t y  i s  o f ten a convenient probe 
f o r  obtaining de ta i l ed  conformational and e lect ron ic  
s t ruc tu ra l  information. It i s  known t h a t  some achi ra l  
substances, e.g. urea,3 benzi l  ,4 ~ e l e n i u m , ~  and mercuric 
sul f ide,6 for example, c r y s t a l l i z e  i n  t r i gona l  ( h e l i c a l )  
structures which may be e i t h e r  l e f t -  o r  right-handed. 
Optical rotat ion,7 c i r c u l a r  dichroism,'+ the microscopic 
observation o f  the effect o f  a s ing le  c rys ta l  on a nematic 
l i q u i d  c r y s t a l l i n e  phase,8 and the use o f  solid-gas 
reactions have been employed f o r  the i d e n t i f i c a t i o n  o f  
c h i r a l  s ing le crystals.9 

5 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

5:
27

 2
3 

Fe
br

ua
ry

 2
01

3 



F. D. SAEVA, G. R. OLIN, and J. Y. C. CHU 

Ci rcu la r  dichroism (CD) i s  an extremely useful 
spectroscopic technique f o r  the i nves t i ga t i on  o f  c h i r a l  
species provided t h a t  one can produce a c h i r a l  sample w i t h  
absorption bands i n  a convenient spectral  region. CD can 
determine the po la r i za t i on  o f  e lec t ron i c  t rans i t i ons ,  as 
wel l  as i nd i ca te  the resence o f  hidden e lect ron ic  t rans i -  
t i ons  ( f i n e  s t ruc tu re  P and y e t  i s  i nsens i t i ve  t o  absorption 
from achi r a l  species . 

We have employed t h i s  s e l e c t i v i t y ,  for  example, t o  
provSde the e f f e c t i v e  absor t i o n  of h e l i c a l  J-aggregate 
species o f  sens i t i z i ng  dyesPo i n  the presence o f  other 
l i g h t  absorbing species such as monomer and achi ra l  
aggregates. I n  examining the CD o f  micro-crysta l l ine 
species i t  i s  essent ia l  t o  ex t rac t  any l i n e a r  d ichro ic  
ef fects from the CD by the use o f  a polymer f i l m  as a 
r i g i d  matr ix.  The polymers must, however, be c h i r a l  i n  
the absence of any other dissymmetric per turbat ion so as 
t o  produce an enantiomeric excess o f  e i t h e r  the l e f t  o r  
right-handed h e l i c a l  s t ructure t o  make the CD measurement 
posst b l  e. 

I n  t h i s  Note we repor t  the observation o f  the CD o f  
c h i r a l  t r i gona l  selenium formed by the thermal decomposi- 
t i o n ”  o f  bfs(diphenylmethy1)diselenide (5  w t  %) i n  a 
c h i r a l  e thy l  ce l l u lose  polymer f i l m .  We have found i t  
necessary t o  incorporate a ca ta l ys t  b is( t r ipheny1- 
phosphine)-borohydrido copper( I) (2.5 w t  %) f o r  the 
thermal production o f  the t r i gona l  form of selenium. The 
l a t t i c e  of t r i gona l  selenium consists o f  h e l i c a l  chains 
which have a th ree fo ld  screw axis.  

Figure 1 presents the absorption and c i r c u l a r  
dichroism spectrum o f  t r i gona l  selenium (77°K) formed i n  
e thy l  ce l lu lose by heating the f i l m  a t  100°C f o r  2 hours. 
The absorption spectrum shows exci ton bands a t  ~ 6 1 0  nm, 
e410 nm and the beginning of a more intense e lect ron ic  
t r a n s i t i o n  a t  shorter wavelen th.  The CD o f  the ~ 6 1 0  nm 
and shor t  wavelength (<350 nm P bands i s  o f  pos i t i ve  sign, 
i n d i c a t i n g  t rans i t i ons  of the same polar izat ion,  whi le  the 
-400 nm band exh ib i t s  negative CD. The po la r i za t i on  i n f o r -  
mation provided by the CD spectrum i s  t o t a l l y  consistent 
w i t h  the s ing le c rys ta l  r e f l e c t i v i t y  data o f  Tut ihasi  and 
Chen12 where the ~ 6 1 0  nm exc i ton band was found t o  be 
polar ized perpendicular to the c-axis ( h e l i x  ax is)  o f  the 
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CD OF TRIGONAL SELENIUM 7 

Figure 1 .  Absorption and circular dichroism spectra o f  
trigonal selenium particles in ethyl cellulose a t  77'K. 

trigonal selenium single crystal5 and the c400 nm band to 

TRIGONAL SELENIUM 
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8 F. D. SAEVA, G. R. OLIN, and J. Y. C. CHU 

be polar ized along the c-axis. 
e thy l  ce l l u lose  there i s  a p re fe ren t i a l  formation o f  l e f t -  
handed he1 i cal  c rys ta l  1 i tes of tri gonal sel  eni um over the 
right-handed structure.  

The CD indicates t h a t  i n  

The production o f  t r i gona l  selenium from the 
diselenide takes place by a two-step process as described 
be1 ow: l 1  

Step 1 

a A  
f a s t  

Step 2 

(Wn ___, 
A 

slow anwrp h o us 

(se), 

tri gonal 

The f i r s t  step o f  the thermal decomposition produces red 
amorphous selenium, which then c r y s t a l l i z e s  i n  the c h i r a l  
matr ix  t o  form t r i gona l  selenium. 

We bel ieve t h i s  i s  the f i r s t  repo r t  o f  the CD o f  
t r i gona l  selenium. Our po la r i za t i on  r e s u l t s  are consistent 
w i t h  those o f  a c lass i c  technique and thus we fee l  t h a t  the 
c h i r a l  polymer technique can be general ly appl ied t o  other 
enantiomeric microcrysta l l  i ne  species for the p re fe ren t i a l  
nucleat ion o f  e i t h e r  D o r  L c r y s t a l l i t e s  w i t h  the object ive 
o f  probing t h e i r  e lect ron ic  s t ructure.  
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