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THE MULTIMODAL CYCLODEXTRIN 
BONDED STATIONARY PHASES FOR HIGH 

PERFORMANCE L lQUl D CHROMATOGRAPHY 

Haleem J. Issaq 
Program Resources, Inc. 

NCI-Frederick Cancer Research Facility 
P. 0. Box B 

Frederick, Maryland 21 701 

ASTRACT 

The uSC Of a-, P-,  a n d  Y - c y c l o d e x t r i n  bonded s t a t i o n a r y  p h a s e s  as  rnul t imodal  
s u p p o r t  i n  IIPLC is d i s c u s s e d .  These  s u p p o r t s  a r e  b e i n g  used  as r e v e r s e d -  
p h a s e  and normal  p h a s e  f o r  t h e  s e p a r a t i o n  of w i d e l y  d i f f e r a n t  g r o u p s  of 
compounds. Also, t h e y  3 r e  used  a s  f o r  t h e  s e p a r a t i o n  o f  o p t i c a l ,  
g e o m e t r i c a l ,  p o s i t i o n a l  and s t r u c t u r a l  i s o m e r s  i n  a d d i t i o n  t o  i o n s  and 
o r g a n o - m e t a l l i c  compounds. A b r i e f  d i s c u s s i o n  of s e p h r s t i o n  mechanisms and 
a p p l i c a t i o n  and L h e i r  u s e  w i t h  o t h e r  s t a t i o n a r y  p h a s e s  t o  improve 
s e l e c t i v i t y  4t.c a l s o  p r e s e n t e d .  

INTIIODUCTION 

High pe r fo rmance  l i q u i d  :.tirornatugrephy (IIPLC) is a n  e x c a l l i ? n t  

s e p a r a t i o n  t e c h n i q u e  f o r  small as  w e l l  a s  l a r g e  molecu le s .  

v i t n e s s e d  ntiiflerous advances  i n  i n s t r u m e n t e t i o n  and  column s u p p o r t  materials. 

In i n s t r u m e n t a t i o n  new i n j e c t i o n  d e v i c e s ,  a u t o  s a m p i c r s  and pumping sys t en l s  

have been i n t r o d u c e d  which a r e  c o n t r o l l e d ,  i n  most c a s e s ,  by a compute r .  

Nsk'  d e t e c t o r s  i n c l u d e d  t h e  p h o t o d i o d e  a r r a y  d e t e c t o r  which was f i r s t  

i n t r o d u c e d  by H t w l e t t - P a c k a d  and now a v a i l a b l e  f rorr  a t  l e a s t  h a l f  5 dozen  

The last decado  
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2132 ISSAQ 

companies. Also, liPLC/MS interfaces can be purchased. Many collimn packing 

materials have been introduced, some with b&se silica, others Wi5h polymeric 

bdse which are  suitable for use with acidic and basic mobile phases from pH 

1 to 14. However, the wealth of material is in the introduction of specific 

Kodified silic,i, such as cy;!no-, phenyl-, amino-, chirnl, etc. It is 

becoming apparerit that it would be not only helpful but economical i f  the 

coluan c.m be used in more than one c?lr~omatograptiic mode (multiinodal) SO 

tc.tt the chromatographer does not require a column for  each sepwation 

probltm. Rec:-r:tly, in ion exehsrip;e (IEC) HPLC a trend has developed whereby 

:! column is use(! in more Lhan one chrcinatpgrshic mode, I E C  or hydrophobic 

inter;rtion (HIC) depending on the mobile phase used ( 1 , 2 ) .  Mixed supports 

of different propf:rties where a l s o  used as multimodal stationary phaws 

(1,3,4). The mixed supports c::n be made by pldcing iwo different ligands on 

the Same silic? ( 3 ) ,  by nixing two different derivntiz+d silica in a certain 

ratio ( 1 , 4 )  or by connecting two different property columns in series tc 

schiavt. difficult separations ( 1 , 4 ) .  Nahum and Horvath ( 5 )  and Kennedy, e t  

a1 (2) observed thst in revcrsed-phase (RP) chromatography, tw3 different 

modes may be smployed, aepending on whether the mobile phase has a high or 

low content of water. This is due to silanol contributions. It has also 

been observed in protein as well as biomolecule separations that a weak 

cation exchange column can be uscd to separate a mixture of proteins by 

zither IEC or HIC modes dependicg on whether the salt concentration 

increased or decreas?d in the gradient mobile phase ( 2 , 3 ) .  Rassi and 

Horvath ( 5 )  used J. nixed anion/cation supports column for the separation of 

proteins. Floyd et a1 ( 7 )  simultaneously bonded both ionic and hydrophabic 

ZilaneS to form a mixed ligand phase, which was used for the separation of 

oligodeoxyribonucleotides by both IEC and HIC. Also, the same type of mixed 

supports was used for ion pair separation (3 ) .  Colmsjo and Ericsson ( 8 )  

synthesizcd packings with two different functional groups bonded to the same 

Silica, C,,/cyanodecyl and C,,/cyanopropyl, for the selective separation of 
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CYCLODEXTRIN BONDED STATIONARY PHASES 2133 

some polycyclic aromatic hydrocarbons. Packings with both polar and 

nonpolar groups on the same particle were a l s o  synthssized ( 9 ) .  Tne mixing 

of alkylsilanes of various chain lengths ( 1 0 , l l ) ;  of alkylsilane phases of 

different carbon load ( 1 2 ) ;  and of C,, and cyclodnxtrin bonded phases ( 4 , 1 3 1  

have been used to improve the seltctivity. An excellent discussion of 

mixed-interaction stationary phases was presented by Floyd and Hartwick 

( 1 4 ) .  

The above mentioned materials are made of either mixed ligmcis on the 

same silica or by physically mixing different selectivity materials anu 

packing them in the sane column. The synthesis of mixed ligand materials 

may ~ o s e  a problem of lot-to-lot reproducibility. Also, it mdy not br easy 

to obtain the required ratio o f  ligands accuratcly, due to ligand preference 

or ligond-ligand interaction. A 1:l ratio nay not be 1 : l  but 0 . 9 : l . l .  On 

the other hand it is easier to control the ratios of physically mixed 

supports. However, other aspects should be controlled such a8 homogeniety 

of mixing anc! packing th(2 column. Supports should have the same partiole 

size arid pore dimensions, surfnce area, carbon loading and compatibility 

with the mobile phase. A l l  the above means that care should be exerted in 

synthesizing. packing and u s i n 2  mixed lignnds and physically mixed supports. 

An easier approach and a less demanding one would be to produze materials 

with a single ligand. A ligant! which possesses different properties 

(hydrophobic, hydrophilic, ionic. ..ctc) and can be used with a wide variety 

of mobile phases (polar and nonpolar with or without water or buffer in the 

mobile phase mixture). Some of the available bonded silica stationary 

phases, for example the amino-, and the cyanoalkylsilanes can be used in the 

normal and reversed phase modes. However, the most versatile silica bonded 

materials are the cyclodextrin bondod phases which have been used as 

reversed-, normal-, ionic- and chiral phases for HPLC separations. This 

study is not a review of the properties and applications of cyclodextrin 

bonded silicas (CyD), but a discussion of the CyD as a multimodal stationary 
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phsse.  S ~ 2 l t c t e d  examples are p r e s e n t e d .  For a revit:w the r e a d a r  s h o u l a  

c o n s u l t  r e f e r e n e w  ( 15,16,17). 

Recent ly ,  i n  a d i s c u s s i o n  s e s s i o n  on mul t id imcns iona l  chromatography 

(Nin th  I n t e r n k t i o n a l  Syisposiur on C a p i l l a r y  Chromatogr.phy, Monterey, 

C a l i f o r n i a ,  Mby 16-19, 1935)  i t  bccame appdrent  t h a t  t h e  ti:rms 

m u l t i d i m , n s i o n a l  ma  mult imodal  chromatogr?phy arc b e i n g  misused,  and 

cor,fusion i n  nomenc1;Jture e x i s t s .  This  a u t h o r ' s  o p i n i o n  is t h a t  bo th  terms 

apply t o  c i f f z r e n t  asphicts of t h e  chromatographic  procass .  I n  one c a s e ,  

both terms apply  50 t h e  same systt-m. For exampla, a TLC p l a t e  car; b e  

deva ispad  i n  a normal ph.lse mode solvt ' r i t ,  t a k e n  o u t ,  d v i e d ,  t u r n e d  90" and 

developed i n  ?. reversed-phase  ncde s o l v e n t .  T h i s  means t h a t  t h e  p l & t e  was 

developt.6 i n  two c h r c a a t o g r a p h i c  modes (mul t imodal )  and i n  two dimensions 

(mult idimenSiGna1) .  T h e r e f o r e ,  i t  i s  multimodal becausf. we hdVe more than  

on? mode of chromatography znd mul t id imens iona l  bacause  the r e s o l v e d  $ p o t s  

or! t h e  p J a t e  k v e  cimension o r  d i s t a n c e ,  i . e .  p o i n t s  i n  s p a c e  as define:! by 

Drs. Giddings =n3 i iuber ,  which I .;;re€ wi th .  M u l t i d i r c n s i o n a l  ~ l s o  w i l l  

apply t o  t h e  c o u p l i n g  of' two chromatographic  sys tems HPL.C/GC; GC/SFC; e t c .  

or t h e  coupl ing  of a chromatographic  syscem w i t h  a s p e c t r o s c o p i c  t t c h n i q u e .  

I n  t h i s  manuscr ip t  mult imoaal  s t a t i o n b r y  phase a p p l i e s  t o  a m a t e r i a l  

t h a t  can be used i n  d i f f e r e n t  chromatogr~.phic  modes, where, the  only  t h i n g  

t h a t  criEngYs is r.he mobilc. phcs?.  By chan[;ing t h e  mobile  phnse we change 

t h e  chromatoeraphic  mode ( a d s o r p t i o n ,  p a r t i t i o n ,  IEC. H I C ,  i n c l u s i o n . .  . e t c ) .  

If t h e  chromatographic  mode ( p r o c e s s )  does  not  ch.?nge i t .  is 

mul t id imcns iona l ,  o t h e r w i s e  i t  is mult imodal .  For example, when a s i l i c a  

g e l  p l a t e  is developed i n  J normal phase s o l v e n t ,  t a k e n  o u t ,  d r i e d ,  t u r n e d  

90' and dsve ioped  i n  a n o t h e r  normal phase s o l v e n t  (same chromatography mode) 

we t a l k  of m u l t i d i m e n s i o n d  development. The J o u r n a l  of Liquid  

Chromatography w i l l  be pleased  t o  pt ibl ish any commends r e g a r d i n g  t h i s  

terminology.  
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CYCLODEXTRIN BONDED STATIONARY PHASES 2135 

THE CYCLODEXTRINS 

T h e  a l p h a ,  bet:i and gamma c y c l o d r x t r i n s  are  c y c l i c  o l i g o s a c c h a r i d e s  

which c m t a i n  0-, 7 - ,  and 8- g l u c o s e  u n i t s ,  r e s p e c t i v e l y .  These compounds 

which have t h e  shape  of  a t r u n c a t e d  cone have a hydrophobic  i n n e r  c a v i t y  and 

h y d r o p h i l i c  o u t e r  surface. I n  c i b d i ~ i o n .  they  are  z h i r a l  z o l e c u l e s  mere  

esch  glucose tunit c o n t a i n s  f i v e  c h i r a l  atoms. T h i s  means t h a t  t h e  8-CyD 

cont i i ins  t h i r t y - f  i v e  ch i r a l  ;;toms. Tht-se p r o p e r t i e s ,  hydrophobic ,  

h y e r o p h i l i c  a d  c h i t 4  can be usec  t o  e f f e c t  a i f f e r c n t  s e p a r l t i o n  prohlems. 

i n  n d a i t i o n ,  CyD forms i n c l u s i o n  c o n p l t x e s  wi th  compounds i n  s o l u t i o n ,  hhich 

means t h 3 t  compounds a r e  sepArated by t h e i r  Ecomst r ica l  f i t  i n t o  t h e  CyD 

c a v i t y .  Dependink, on t h e  s i z e  3f t h e  molezu1t:s t o  b" s e p a r a t e d ,  t h e  

chromatographe? can s e l e c t  t h e  r i g h t  c i iv i ty  s i z e .  Po? example, a-CyD is 

n o s t  u s e f u l  f o r  molecules  smaller than b a m m e  r i n g  such a s  amino z c i c s ,  

i n o r g a n i c  i o n s . . . & t c .  The d-CyD has  a n  i n n e r  d iameter  o f  7.RA anb is USCG 

f o r  molecul:xs l a r g e r  than  d benzene r i n g  but  s m a l l e r  than  benzo(a)pyrene .  

The 'I-CyD is used f o r  l a r g e  molecules .  The most widely used one is t h e  

gi-CyD. The a v a i l - i b l r  bonded CyD-si l ica  ph&ses a r e  made by bsnding t h e  CyD 

t o  a s i l i c a  ( 5 u ,  s p h e r i c a l )  by a s p e c i f i c  nonhydroly t ic  s i l a n e  l i n k a g e  wnich 

forms a s t a b l e  bond, k h i c h  p r e s e r v e s  t h e  p r o p e r t i e s  of t h t  CYD. 

SEPARATION MECHANlSM 

The pr imary mode o f  s e p a r a t i o n  by CyD is t h e  format ion  of  i n c l u s i o n  

complexes (18) between thc? g u e s t  molecules  t o  be s e p a r z t e d  d d  t h e  h o s t  CyD 

hydrophobic  c d v i t y .  These s e p a r a t i o n s  are  e f f e c t e d  i n  g e n e r a l  by 

;nf?thanol/wzter or a c e t o n i t r l l e / w a t e r  and i n  c e r t a i n  cases by the  a d d i t i o n  of 

il b u f f s r .  (These w i l l  be d i s c u s s e d  l a t e r ) .  Ot9er s e p a r a t i o n s ,  normal ph?se 

t y p e ,  are c a r r i e d  o u t  i n  hydrocarbon o r  hydrocarbon/a lcohol  mixtures .  The 

mechanisn of  s e p a r a t i o n  by normal phase mode is n o t  well unders tood .  

However, i t  is n o t  through an  i n c l u s i o n  complex format ion  ( 1 9 ) .  

t h c  r e s u l t  of  t h e  i n t e r a c t i o n  between t h e  g u e s t  compounds and t h e  o u t s i d e  

I t  may be 
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h y d r o p h i l i c  s u r f a c e  of  t h e  CyD. 

d i p o l e  i n t e r a c t i o n  and hydrogen bonding may p l a y  a role  i n  t h e  s e p a r a t i o n  

process .  

geometr ica l  and s t r u c t u r a l )  is c a r r i e d  o u t  by i n c l u s i o n  complex format ion .  

The isomer' s e p a r a t i o n s  a r e  r e & d i l y  achieved  due t o  d i f f e r e n t  s t r e n g t h s  o f  

t h e  i n c l u s i o n  complexes fornled i n  t h e  hydrophobic  c a v i t y ,  t h e  b e t t e r  t h e  f i t  

t h e  s t r o n g e r  t h e  complex. 

Other f a c t o r s  such  as Vander Wnals, d i p o l e -  

The mechanism of s e p a r a t i o n  of' a wide v a r i e t y  o f  isomers  ( o p t i c a l ,  

APPLICATIONS 

A rcview of t h e  l i t e r a t * J r e  r e v e a l s  t,hat c y c l o d e x t r i n  bonded phases  hdve 

bepn used f o r  widc ly  d i f f 6 r p n t  a p p l i c a t i o n s .  

revldw d e a l s  wi th  t h e  CyD from t h e  p o i n t  of  t h e i r  u s e  a s  mult imodal  phases .  

Examples dre sclectec!  f o r  i l l u s t r a t i o n  of t h e  p o i n t s  r a i s e d .  

widely used column is the [I-CyD. T h i s  may be due t o  t h e  f a c t  t h a t  i t  has 

t h e  f i rs t  commercial ly  a v a i l a b l e  m a t e r i a l  i n  t h e  United S t a t e s ,  due t o  i ts 

d p p l i c s b i l i t y  t o  compounds of  pharmaceut ica l  i n t e r e s t .  A s  3 r e s u l t  most of  

t h e  p u b l i s h d  work was on columns packed wi th  t h i s  mat t - r ia l .  C y c l o d e x t r i n s  

were first usod a s  a d d i t i v e  t o  t h e  mobile  phase t o  e f f e c t  s e p a r a t i o n  or t o  

t h e  s t a t i o n a r y  phase t o  form a g e l  ( 2 0 ) .  

r e p o r t e d  t h e  bonding o f  c y c l o d e x t r i n s  to  s i l i c a  and used i t  f o r  t h e  

s e p t r a t i o n  of  SOIOL aromatic! compounds such  a s  benzenes d e r i v a t i v e s  ( 0 - ,  m-,  

P - n i t r o t o l u e n e ,  xy lene  n i t r o a n i l i n e ,  cresol ... e t c )  and naphtha lene  

d e r i v a t i v e s .  The s e p a r a t i o n s  looked i % p r e s s i v e  i n  most c a s e s .  However, t h e  

column was n o t  widely used nor ga ined  a c c e p t a n c e  among chromatographers  due 

t o  t h e  m i n e  and diamine t y p e  l i n k a g e  which a r e  h y d r o l y t i c a l l y  u n s t a b l e ,  

P l a c i n g  l i m i t a t i o n s  on t h e  u s e  of  aqueous phases  (16) .  Armstrong ( 1 6 )  

developed t h e  first h i g h  e f f i c i e n c y  bonded a-, 6- and Y-cyclodextr in  phases  

f o r  use i n  TLC, LC and HPLC. (These columns a r e  commercial ly  a v a i l a b l e  from 

Advanced S e p a r a t i o n  Technologies ,  I n c . ,  Whippany, N J ) .  The bonding was done 

through a nonamine or amide s p a c e r  ( a n  8 a l i p h a t i c  carbon c h a i n )  which 

proved t o  be s t a b l e  and easier t o  produce than  t h e  p r e v i o u s  a t t e m p t  (21) .  

As mentioned e a r l i e r  t h i s  

The most 

I n  1983 Fujimura e t  a i  (21 )  D
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CYCLODEXTRIN BONDED STATIONARY PHASES 2131 

The separations reported using CyD stationary phases may bc divided 

into the following groups. Selected examples are presented: 

a) Reversed-ghsse type separations: Thesa separations are achieved by 

LISing a mobile phase of rnethanol/water or acetonitrile/water. The 

separetion is carried out by inclusion complex formation. The better 

the fit of the molecule in t.he cavity the stronger the complex formed. 

The separation of widely different groups of compounds was carried out 

including polycyclic aromatic hydrocarbons (22). mycotoxins (2,?), 

quinonds ( 2 2 ) .  cyclic ( 2 3 )  dnd acyclic nitrosoamines (:?GI, barbiturates 

( l g ) ,  dipeptides (25,26), and mixture of short chain peptides ( 2 7 ) ,  

see Figure 1 ,  to rnrntion sornc. Also, the separation of aspartame 

(Nutrasweet) from diet soft drinks (281, vitamins B, and K ,  and other 

orgznic compounds ( 2 ’ 3 )  were reported. The above szparations were 

carried out on B-CyD using a mobile phssc of methancl/water, 

cdcetonitrile/watcr or with the addition of 0.1-0.01 M tricthylamnioniurn 

scetatn (TZAA) at pit 4-5. Addition of tha buffer improved the shape of 

the resolved peaks 2nd gavc better resolution. 

Nornil phase type sepsrations: T h e s e  separations are carried out by 

using c?.n organic (non-aqueous) mobilz phase. Chang and Wu (30) were 

able to sepsrate a mixture of substituted anilines (positional isomers) 

using Y-CyD column and a mobile phase of 2-propanol/heptane (7.5:92.5). 

Using a 6-CyD column and a mobile phase of isopropanol/hexane (31) w e  

were able to separate a mixture of pyrazole and 4-hydroxypyrazole, 

Figure 2. 

b) 

c) Cniral and geometrical isomers: CyD columns have been widely usee fo r  

the separation of optical, geometrical, positional isomers in addition 

to enantiomers, epimers and ccnformers (16,19,24,26,29,32-36). The CyD 

cavity and the  inclusion complex formation are well suited for the 

separation of such compounds. Armstrong et a1 (32) reported the 

sepzration of drug stereoisomers such as propranolol, metoprolol, 
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Retention Time (min) 

Figure 1. Stpsration of di-, tri-, and tetr3peptices using ii 8-CyD column, 
250 x 4.6 rnm, 5 u, spherical using ;I mobilf. phase of Z O Z  
r;ethariol/;:CI TEAA (0.17, ~ i ?  4.0) a t  a flow ra te  of 1.0 ml/min, B 
Aart speed of 0.5 cm/niic Jnd detection of 254 nm. 

vzrpail, chlorthdlidont, hexobarbital, ketoprofen, xethadone and 

nethylphenidate, t-o name d few. Others (16,19,33,34) Peported the 

separation of d- and 1- isomer? of ariino acids and their dansyl 

derivatives. The separation of structuril isomers ( 0 - ,  m-, p-xylene, 

0 ,  m-, p-eresol, 0- ,  m-, p-nitroaniline ... etc), geometrical isoincrs 
(cis-clomiphene and trans-clomiphene ... ctc) and steroid epimirs were 
reported ( 3 5 ) .  Issaq, et a1 reported the separation of the conformers 

( E  and Z isomers) of some acyclic nitrosamines (211) and nitrosamino 

dCidS (36). Ridlon and Issaq (26) reported the separation of selected 

dipeptide steraoisorcsrs, Table 1 .  

The effect of temperature (37) and of pH. type of buffer and organic 

modifier concentration in the mobile phase on the separation of 

scereoisomers using a B-CyD column were studied (26,36,37). Table 2 

show the effeqt of the concentration of acetonitrile in the mobile 
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Figure 2 .  Separation of a mixture  of pyrazole and 4-kydroxypyrizole using 
an a-CyD column and a mobile phase of 501 isopropanol in hsxane 
j t  a flow rate of 1 m l / m i n ,  and detection at 224 nm. 
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Table 1 

Separation of s e l ec t ed  d ipept ide  stereoisomers on a 250 x 4.6 mm 

B-CyD column and i t  aobile phase of 10% methanol/90$ 0.1% 

triethylmmoniumacetate pH 4.0 

Stereoisomers 

Gly-Phe/Phe-Gly 

Wai-Phz/Phe-Val 

Ala-Phe/Phe-Ala 

Tyr-PheIPhe-Tyr 

Trp--Phe/Phe-Trp 

U - 
1.37 

1.35 

1.39 

1.13 

1.37 

Table 2 

Effect of % a c e t o n i t r i l r  ( A C N )  i n  the  mobile phase on i( of n i t roso  

sarcosine (NSAR), n i t ro so th i azo l id ine  carboxylic acid ( N T C A ) ,  

n i t rosopro l ine  (NPOO) ana nitrosohydroxyproline ( N H P R O ) ,  2 2nd 

conformers, u s i n g  u-CyD coluinn (150 x 4.6 mm,  5 P s p h e r i c a l ) ,  

and a mobile phase of acetonitri le/O.Ol H triethylarnmonium dce td te  pH 5 

Compound 

NSAR 

NTCA 

NPno 

NHPRO 

~ 

%ACN 60 70 a0 90 95 

1 . 1 4  1 . 1 4  1.23 1.25 1.32 

1.09 1 . 1 1  l . l b  1.20 1.29 

1.16 1.12 1.21 1.39 1-51 

1.13 1.18 1.24 1.41 1.58 
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phase on the retention of syn and anti isomers of selected nitrosamino 
acids. The r - s u l t s  show that increasing the concentration of 

acetonitrile in the nobile phase gave a better separation factor ( a ) .  

This is d u e  to the drcreascd solubility of the nitrosamino acids in 

the rich acetonitrile rcobile phase. Feitsma it a1 (38) studied the 

separation of aromitic czrboxylic acid enantiomers using B-CyD column. 

d) Acids and bases: The sepdration of amino acids and their ddnsyl 

derivntives by HPLC (16,291 and micro HPLC ( 3 4 ) ,  nitrosamino acids 

(36) and cdrboxylic acids (38) were mentionad in the previous section. 

For detoils the reader is advised to read the origindl papers. Abidi 

(39) was able to resolve a mixture of n-alkyldimethylammonium 

chlorides into their homilogous ccaponents using a 6-CyD and a mobile 

phase of methanol/watsr (50:50)  or acetonitrile/wster ( 3 0 : 7 0 ) .  It W ~ S  

found th+t resolution icd selectivity were susceptible to changes in 

th? mobile pnase, capacity fnctors decrnased as organic modifiers 

lncrr-ascd. For example :: four component mixture was wcll resolved 

with 155 aceionitrile, but coeluted at 55:: acetonitrila in the mobile 

pnase ( 3 9 ) .  The same when methanol was used. SO$ methinol g:lve good 

resolution 3f the same amine mixture but the mixture coeluted at 70% 

neth.?nol. This is the opposite cf wnat w& observed earlier, Table 2. 

el Separstior: of ions: Armstrong et 31 (19) repcirted the separation of 

chloride ion from bromidz ion (U - 4.2) and bromide ion from iodide 
ion ((2 - 1 .4 )  using a mobile phase of methanol/water. 

Issaq and jiilliams ( 4 0 )  used an G- and a 3-CyD columns for the 

separation of nitrate ion from nitrite ion, Figure 3. 

In retention were observed in using thr it- or the 6-CyD ColUmnS, which 

say suggest that the mtchanism of separation of these ions is not 

through inclusion complex formation but by other forces. 

formate and sulphate ions were separated under the above (40) 

experimental conditions using a conductivity detector. 

No differences 

Also, 
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JNaNO, 

JNaNO, 

! 
Time (min) 

Figure 3. Separa t ion  of n i t r ;ce  ion from n i t r i t e  ion  on a 6-Cyi) c o l u m ,  
250 x 4 . 6  m m ,  5 IJ s p h e r i c a l  u s i n s  i i  mobile phass  of 60% 
n:cthir:ol/40f, TCLA ((!.Ol;:, pH 4 . 0 )  a t  i flow r a t s  of  1.5 i n ? h i n ,  
2 c h a r t  speed of 0.5 crnlmin and c!etection a t  218 nm. 

f )  OrEanometalllc compounds: Armstrorg e t  a 1  ( 4 1 )  repor ted  t h e  

s e p a r a t i o n  of t h i r t c e n  ensnt iomer ic  p a i r s  of ferrocPne3,  ruthenocerws 

and osmocenes using t h e  13-CyD column and a mobile phase of 

niethrwol/water~. The s e p a r c t i o n  mechanism ir; t h i s  case  is through 

i n c l u s i o n  conplex formation.  However, they found t h a t  enarltiomers of 

compounds t h a t  formed weaker or fewer hydrogen bonds with t h e  CyU were 

b e t t e r  s e p a r a t e d .  Chang e t  31 ( 4 2 )  found t h a t  t h e  nechanism of 

s e p a r a t i o n ,  of s e v + r a l  a rcne  t r icarbonylchromium ( 0 )  compounds 
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t o g e t h e r  w i t h  t h e  a r e n e  l i g a n d s ,  on a B-CyD column was a mixed one,  

where both i n c l u s i o n  and s o l u b i l i t y  or so lvophobic  i n t e r a c t i o n s  ware 

involved.  

symmetr icai  peaks which were r e s o l v e d  from each o t h e r .  

The chromatograms o f  t h e s e  s e p a r a t i o n s  showed s h a r p  and 

6 )  Mixed CyD/other phases :  CyD s u p p o r t s  brd well s u i t e d ,  duF: t o  t h e i r  

chemical  p r o p w t i e s ,  t o  be ustd with  o t h e r  s u p p o r t s  a s  mixed 

s t a t i o r . a r y  2hsses  t o  improvc: t h e  s e l e c t i v i t y  o f  s e p a r a t i o n .  Issaq a t  

a1 ( 1 1 )  s t u d i e d  the s e l e c t i v i t y  of a mixed 3-CyD/C,, m a t e r i a l s  i n  t h e  

same column. Also, i 8-CyD column was used i n  s e r i e s  wi th  a C , ,  

r e v e r s e d  phase column (4) ;nd SCX column ( 4 3 ) .  I n  both  cases (4,431 

s e p a r a t i o n s  were achieved  uhich  were n o t  p o s s i b l e  wi th  e i t h e r  column. 

The Cyl, s t a t i o n a r y  phases  a r e  good c a n d i d a t e s  f o r  use i n  a mixtui-c o r  

i n  s e r i e s  wi th  o t h e r  columns because widzly d i f f e r e n t  mobile  pb.sses 

can be used.  When mixed phases  o r  columns of d i f f e r e n t  s e l e c t i v i t i e s  

a r e  coupled i n  seri?s,  t h e  s t a t i o n a r y  phases  s e l e c t s d  should  be 

compat ib le  w i t ! ?  t h e  m o b i l -  phase.  

COMCLUSION 

It is c l e a r  t h a t  c y c l o d e x t r i n  bonded s t a t i o n a r y  phases  can be t r u l y  

c n l l c d  rnult.imodd s u p p o r t s  r c v c r s e d  phase,  normal phase  and i o n  exchange 

which o f f e r  a h igh  degree  of s e l e c t i v i t y  f o r  a widely d i f f e r e n t  groups of  

compounds. They can  be us26 f o r  t h e  s e p a r b t i o n  of  a c i d s ,  b a s e s  i o n s ,  and a 

v i d e  range of  isomers ( o p t i c a l ,  g e o m e t r i c a l ,  conformers ,  e t c )  i n  a d d i t i o n  t o  

c t h c r  o r g a n i c  and organo m e t a l l i c  compounds. 

d i s c u s s i o n  of  t h e  mechanism of  S e p a r a t i o n  was r e p o r t e d .  Also, t h e  e f f e c t  o f  

o r g a n i c  m o d i f i e r s  on u was touched-upon. For t h o s e  i n t e r e s t e d  i n  t h e  e f f e c t  

o f  t e m p e r a t u r e ,  pH and o t h e r  parameters  on r e s o l u t i o n  us ing  CyD s t a t i o n a r y  

phases  t h e  fo l lowing  r e f e r e n c e s  are recommended (26.34,37-39). 

I n  t h i s  manuscr ip t  a b r i e f  
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