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CYCLODEXTRIN CAVITY POLARITY AND 
CHROMATOGRAPHIC IMPLICATIONS 

Kenneth W. Street, Jr. 
Kent State University 
Chemistry Department 

Kent, Ohio 44242 

ABSTRACT 

The Py v a l u e s  f o r  aqueous c y c l o d e x t r i n s  are r e p o r t e d  and 
compared t o  t h o s e  of o r g a n i c  s o l v e n t s .  The d a t a  i n d i c a t e s  t h a t  
t h e  c a v i t i e s  of  t h e  c y c l o d e x t r i n s  have  abou t  t h e  same p o l a r i t y  as 
n -oc tano l  f o r  Py rene ,  and f l u o r e s c e n c e  i n t e n s i t y  d a t a  c o n f i r m s  
t h a t  py rene  d o e s  n o t  c o m p l e t e l y  f i t  i n t o  t h e  c a v i t y  of t h e  
smaller c y c l o d e x t r i n s .  The combined f l u o r e s c e n c e  and Py d a t a  
i n d i c a t e s  t h a t  marked s e n s i t i v i t y  improvements i n  f l u o r e s c e n c e  
chrom<atographic  d e t e c t i o n  may r e s u l t  from u s i n g  c y c l o d e x t r i n  
aqueous m o b i l e  phase  m o d i f i e r s  which a l l o w  modera t e  i n c l u s i o n  of  
t h e  a n a l y t e s  (presumably o t h e r  p o l y c y c l i c  a r o m a t i c  hydroca rbons ,  
e t c . ) .  

INTRODUCTION 

C y c l o d e x t r i n s  (CDs) have been  e x t e n s i v e l y  employed i n  

l i q u i d  ch romatograph ic  s e p a r a t i o n s  ( b o t h  HPLC and TLC) b e c a u s e  of 

t h e i r  r a t h e r  u n i q u e  p r o p e r t i e s  as compared t o  m i c e l l a r  i n c l u s i o n  

(1-17). Unl ike  mice l les ,  t h e  CDs o p e r a t e  by one 

s o l u b i l  i z a t i o d r e t e n t i o n  mechanism o v e r  t h e  e n t i r e  c o n c e n t r a t i o n  
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65 6 STREET 

range which would t y p i c a l l y  be employed i n  HPLC* 

on t h e  f a c t  t h a t  m i c e l l e s  d o n ' t  form below t h e  CMC, and may form 

var ious  aggrega te  sizes and geometries a t  c o n c e n t r a t i o n s  g r e a t e r  

than t h e  CMC. 

which s t e r i c a l l y  governs e x t e n t  of i n t e r a c t i o n  ( t y p i c a l l y  

i n c l u s i o n )  with t h e  ana ly te .  

s p e c i e s  and 1:1, 1 : 2  and 2 : l  guest:CD i n c l u s i o n  complexes have 

been r e p o r t e d  (18). As mobile  phase m o d i f i e r s ,  t h e  CDs o f f e r  t h e  

a t t r a c t i v e  advantage over m i c e l l e s  i n  t h a t  they do not  foam when 

purged w i t h  n i t rogen .  

o l i g o s a c c h a r i d e s  c o n t a i n i n g  s i x ,  seven,  and e i g h t  

D(+)-glucogyronose u n i t s ,  f o r  a, 6 and Y CDs r e s p e c t i v e l y ,  

c o n t a i n  2X numerous c h i r a l  c e n t e r s .  For example, BCD has  t h e  

shape of a hollow t runca ted  cone whose depth  i s  7 A, diameter  i s  

6-8 A and c o n t a i n s  35 c h i r a l  c e n t e r s  which have been employed i n  

t h e  s e p a r a t i o n  of racemic mixtures .  C D s  have a l s o  been 

immobilized on s i l i c a  and s t a t i o n a r y  phases c o n t a i n i n g  C D s  of  

var ious  s i z e s  are commercially a v a i l a b l e .  

This  i s  based 

C D s  on t h e  o t h e r  hand have a f i x e d  c a v i t y  s i z e  

The CD complexes form well def ined  

Furthermore, C D s  which a r e  c y c l i c  

0 

0 

TO d a t e  l i t t l e  work has  been done t o  c h a r a c t e r i z e  t h e  

c a v i t y  of t h e  C D s  when used as mobile phase m o d i f i e r s  o r  

s t a t i o n a r y  phases  with regards  t o  t h e i r  "polar i ty" .  

paper t h e  CD c a v i t y  p o l a r i t y  i s  probed with pyrene and compared 

wi th  v a l u e s  f o r  pure organic  so lvents .  

i n t e r e s t  a s  many compounds which have low f luorescences  

d e t e c t a b i l i t i e s  i n  water  a r e  h i g h l y  f l u o r e s c e n t  i n  nonpolar 

so lvents .  

I n  t h i s  

The C D s  a r e  a l s o  of 

The CD c a v i t y  is  similar t o  nonpolar  s o l v e n t s  and 
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CYCLO1)EXTRIN CAVITY POLARITY 651 

consequent ly  when employed a s  a mobile  phase m o d i f i e r ,  t h e  CD c a n  

enhance f luorescence  d e t e c t i o n .  

MATERIALS AND METHODS 

Pyrene was r e c r y s t a l l i z e d  t h r e e  t i m e s  from methanol p r i o r  

t o  use and a s t o c k  s o l u t i o n  was prepared i n  chloroform. Small 

a l i q u o t s  of  t h e  s t o c k  s o l u t i o n  were t r a n s f e r r e d  i n t o  test t u b e s ,  

allowed t o  evapora te  and d i l u t e d  t o  5 m l  wi th  t h e  so lvent  system 

of i n t e r e s t .  The f i n a l  c o n c e n t r a t i o n  of pyrene was 1 x M t o  

minimize i n n e r  f i l t e r i n g  (19) .  The water  used was HPLC grade 

( F i s h e r  S c i e n t i f i c )  and t h e  a, 6 ,  and Y C D s  were used as obta ined  

from 4,dvanced Separa t ion  Technologies ,  Inc. A l l  s o l v e n t s  

c o n t a i n i n g  C D s  were 1 x lo-' M i n  t h e  a p p r o p r i a t e  CD. 

The f l u o r e s c e n c e  experiments  were run on a Perkin-Elmer 

LS-5 with model 3600 d a t a  s t a t i o n .  The temperature  a t  which a l l  

d a t a  were accumlated was 2 1 O C .  

c a l c u l a t i o n s  r e p r e s e n t  averages  of 10 scans  which were then  blank 

c o r r e c t e d .  E x c i t a t i o n  and emission s l i t s  were 10 and 3 nm, 

r e s p e c t i v e l y ,  except  where i n t e n s i t y  measurements i n  Table  1 a t  

385 mi were measured. For i n t e n s i t y  readings  t h e  s l i t s  were 1 5  

and 3 nm r e s p e c t i v e l y  and t h e  instrument  was not  scanned but  

0perat:ed i n  t h e  67 s e c  i n t e g r a t e  mode. 

The s p e c t r a  obtained f o r  Py 

RESULTS AND DISCUSSION 

The Py s o l v e n t  p o l a r i t y  s c a l e  i s  based on t h e  photophysical  

p r o p e r t i e s  of pyrene i n  s o l u t i o n  (20,211. The monomer emission 
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spec t rum c o n s i s t s  of  f i v e  v i b r o n i c  bands l a b e l e d  I-V i n  

p r o g r e s s i v e  o r d e r ;  i .e.,  t h e  l o w e s t  0-0 band b e i n g  l a b e l e d  I ,  

e tc .  The h i g h e r  bands have  r e l a t i v e  i n t e n s i t i e s  which are much 

less  dependen t  on t h e  m o l e c u l a r  environment  t h a n  t h e  I band,  and 

t h e  r a t i o  of t h e  e m i s s i o n  i n t e n s i t i e s  f o r  t h e  I and 111 band 

s e r v e  as a measure of s o l v e n t  p o l a r i t y  (Py  = I/III). 

T a b l e  1 summarizes t h e  r e s u l t s  o b t a i n e d  f o r  py rene  i n  water 

and lo-' M s o l u t i o n s  o f  a ,  13 and Y C D s .  

i n  column 2 have been  s c a l e d  so  as t o  be  comparable  t o  t h o s e  

r e p o r t e d  by Dong and Winnik a c c o r d i n g  t o  t h e  f o l l o w i n g  p rocedure .  

The Py v a l u e s  r e p o r t e d  ear l ie r  by us f o r  v a r i o u s  s o l v e n t s  u s i n g  

t h e  3 nm s l i t s  were p l o t t e d  y& t h o s e  of Dong and Winnik which 

were de te rmined  on  a h i g h e r  r e s o l u t i o n  i n s t r u m e n t  and are  

independen t  of s l i t  wid th  d e g r a d a t i o n .  The c o r r e l a t i o n  of t h a t  

d a t a  by l i n e a r  r e g r e s s i o n  a n a l y s i s  of  t h a t  p l o t  i s  as  f o l l o w s :  

m = 0.878; b = 0.028; c o r r e l a t i o n  c o e f f i c i e n t  = 0.992; and 

s t a n d a r d  d e v i a t i o n  = 0.056 f o r  a l l  9 d a t a  p o i n t s  used t o  

e s t a b l i s h  t h e  c u r v e  ( 1 9 ) .  These Py v a l u e s  are now d i r e c t l y  

comparable  t o  t h o s e  r e p o r t e d  by Dong and Winnik i n  Tab le  1 of 

r e f e r e n c e  20. The Py v a l u e s  f o r  a and YCD a re  w i t h i n  

e x p e r i m e n t a l  e r r o r  of each  o t h e r  i n d i c a t i o n  t h e  maximum p o l a r i t y  

of t h e  CD c a v i t y  t o  be  comparab le  t o  oxygena ted  s o l v e n t s  such as;  

n - o c t a n o i c  a c i d ,  n - o c t a n o l ,  i s p - p r o p y l  e t h e r ,  and L-amyl a l c o h o l .  

T h i s  c o r r e l a t i o n  s h o u l d  be  a p p l i c a b l e  t o  f r e e  o r  bound CD as  i n  

mob i l e  phase  m o d i f i e r  

a l s o  be  independen t  of CD c a v i t y  s i z e .  Th i s  gauge of 

The Py v a l u e s  r e p o r t e d  

bound s t a t i o n a r y  phase  CD and s h o u l d  
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CYCLODEXTRIN CAVITY POLARITY 659 

TABLE 1. 
Py and F l u o r e s c e n c e  Enhancements f o r  C y c l o d e x t r i n  M o d i f i e r s .  

I n t e n s i t y  i n  Sample S o l v e n t  b Sample pya 
S o l v e n t  I n t e n s i t y  i n  Water - 

Water 1 a793 1 .oo 

WD 1.778 0.63 

PCD 0.934 3.23 

Y CD 0.942 5.31 
-- -- 

aSca led  t o  Refe rence  20 v a l u e s .  bEmission a t  385 nm band. 

ch romatograph ic  a b i l i t y  of t h e  CD i n d i c a t e s  a s o l v a t i o n  a b i l i t y  

of t h e  CD t o  b e  more c l o s e l y  approximated by t h e  a l k a n e s  ( P y (  

0.60) e g  C18 t h a n  t o  aqueous m o b i l e  phase (Py = 1.8) o r  t h e  more 

c o n v e n t i o n a l  o r g a n i c a l l y  mod i f i ed  aqueous phases  (Py 2 1.35) f o r  

a n a l y t e  s i z e s  c o m p a t i b l e  w i t h  t h e  CD c a v i t y .  

s e r v e  as a u s e f u l  guide i n  d e s i g n i n g  c h i r a l  s e p a r a t i o n s  from 

systern,s which have a l r e a d y  been des igned  f o r  RPLC wi thou t  

e n a n t i o m e r i c  s e p a r a t i o n s .  

Th i s  comparison may 

For a more complete  u n d e r s t a n d i n g  of t h e  Py s c a l e  and i t s  

d e t e r m i n a t i o n ,  t h e  r e a d e r  shou ld  c l o s e l y  examine r e f e r e n c e s  

19-21. A d d i t i o n a l  Py i n f o r m a t i o n  which may be u s e f u l  f o r  

d e s i g n i n g  ch romatograph ic  s e p a r a t i o n s  may be found i n  r e f e r e n c e s  

20 ,  22-25. 

Column 3 of Tab le  1 i s  t h e  f l u o r e s c e n c e  emis s ion  i n t e n s i t y  

of band I11 f o r  t h e  g iven  s o l v e n t  d i v i d e d  by t h a t  of water .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
2
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



660 STREET 

Pyrene  f l u o r e s c e n c e  i s  enhanced i n  b o t h  6 and yCD, and f i t s  

b e t t e r  i n t o  t h e  l a r g e r  YCD which shows t h e  l a r g e r  enhancement of  

t h e  two. Pyrene  i s  t o o  large t o  f i t  s u b s t a n t i a l l y  i n t o  t h e  c lCD 

and i t  i s  n o t  known why t h e  I11 band i s  quenched by t h e  CD. The 

a u t h o r  has  a lso worked w i t h  smaller ( e .g . ,  p l e n a n t h r e n e  and 

a n t h r a c e n e )  and larger (e .g . ,  p e r y l e n e  d i b u t y r a t e )  p o l y c y c l i c s  

which a l s o  d e m o n t r a t e  t h e  g e n e r a l  t r e n d  o f  f l u o r e s c e n c e  

enhancement r e l a t i v e  t o  t h e  a b i l i t y  of t h e  f l u o r o p h o r e  t o  f i t  

i n t o  t h e  CD c a v i t y  (25-29) .  
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