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INTRODUCTION 
This booklet has been prepared tor the users of CYCLO
BOND columns to aid them in developing and optimizing 
separations of their compounds. Since CYCLOBOND col
umns perform their separation via a new and unique 
primary mechanism, and a handful of secondary mech-

. anisms, these will be briefly described so they might be 
invoked to get the most out of any CYCLOBOND column. 
Varying the conditions of the separation to aid in the op
timization will be discussed as will the care of the column 
to ensure its long and reproducible use. Please take time 
to familiarize yourself with the use of the columns by 
reading this text thoroughly. By doing so you will get bet
ter and faster results. If you still have questions, do not 
hesitate to call us to obtain help. 

CYCLOBOND COLUMNS 
CYCLOBOND columns are packed with unique stationary' 
phases of chemically bonded cyclodextrtns to a high 
purity, 5 inicron, spherical silica gel. The cyclodextrins are 
linked through a -CH2- chain of optimum length via a 
patented process which yields a stable non-hydrolytic, 
non-nitrogen containing bond. Five CYCLOBOND col
umns are now avialable called CYCLOBOND L CYCLO
BOND I ACETYLATED, CYCLOBOND IL CYCLOBOND ill and 
CYCLOBOND III ACETYLATED. 

CYCLOBOND I is bonded with beta-cyclodextrin (f3-CD) 
and from available separations performed thus far, ap
pears to be the most versatile of the products. The 8-CD is 
a macrocyclic molecule that contains 7 glucopyranose 
units arranged in the shape of a hollow truncated cone 
in which the interi.or cavity is relatively hydrophobic 
being comprised of essentially methylene and 1,4-gluco- · 
side linkages producing a high electron density for exten-

. sive interaction with analyte. The exterior faces, on the 
other hand, are hydrophilic. The large;r opening is sur
rounded by the secondary hydroxyls. The 2-hydroxyls are 
rotated clockwise and the 3-hydroxyls are rotated coun
. terclockwise. The primary hydroxyls constitute the smaller 
end of the cone. The tunctional structure and dimensions 
of beta-cyclodextrin are given in Figure 1. 

-I-

CYCLOBOND I ACETYLATED is formed by acetylating the 
fixed secondary hydroxyls on the rim of the $-CD cavity. 
This has an effect of changing the size of the cavity andh 
changing the interaction between the hydrogen bonding'-· 
site of the cyclodextrin and the specific functional group ' 
on the asymmetric carbon. Figure 2 shows the separation 
of dJ-Norphenylephrine on this column. The acetyl group 
has shown a high degree of selectivity for geometric 
separations based on the position of double bonds. 

Figure 2 
Sepaxation oJ d,l-Nozphenyleph.rille 

ANA!Yl'.ES' 
l. 1-Ncrphenylephrine 
2. d-Norphenylephiine 
CONDIDONS, 
COLUMN, CYCLOBOND I ACETYLATED 
SIZE• 250x4.-6mm 
MOBil.E PHASE: 0.5% Acetic Acid. pH 6.1 
FLOW RATE, 0.5 mlhnin 
PRESSURE, 600 psi 
CHART SPEED, 0.5 cm/min 
DE'IECTION, 254 nm 
CONCENT.R.l>JION1 l.Oµg/j.il 

CYCLOBOND II is the 'Y-CD form consisting of 8 
glucopyranose units arranged in the same truncated 
cone shape·and is useful for isomeric compounds based , 
on anthracene, chrysene and pyrene ring structures. 
CYCLOBOND ill is the .a-CD form c;;onsisting of 6 gluco
pyranose units, also a truncated shape with a smaller in- , 
temal diameter. The smaller diameter of the CYCLOBOND 
ID allows it to be most useful tor molecules smaller than 
benzerle, many underivatized cirnino acids, prostagland
ins., and inorganic ions. CYCLOBOND III ACETYLATED 
bridges the cavity sizes between fl-CD and S-CD, and in 
addition offers specific functional group interaction as in ' 
CYCLOBOND I ACETYL.ATED. 
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POSSIBLE MECHANISMS 
WITH CYCLOBOND COLUMNS 

~structures of these cyclodextrtn bonded columns have 
.an discussed since tfiey constitute the basis on which 

the separation mechanism operates. The selectivity of 
each of these phases is very different and as with any 

·liquid chromatographic separation, the exact mechan
ism changes as a result of the structure of the solute, their 
solubility, the mobile phases, and all of these in relation
ship to the phase in the column. These columns are par
ticulmly effective for: molecules having a hydrophilic por
tion which can tit the cyclodextrin cavity reasonably well. 

Because of the unusual shape of the cyclodextrin 
molecules (whether ·a, f3, or Y) and the different polarities 
of the various surfaces, ditterent interactions with solutes 

· are possible. One of the first observed phenomenon with 
cyclodextrins was their ability to form inclusion com- · 
plexes. In order for a solute to be able to do this it must 
meet certain requirements. It must have a hydrophobic 
segment that will fit snugly into the CD cavity. The com
plex can also be more stable by having polar groups that 
hydrogen bond to the secondary hydroxyls at the edge 
of the cone. Structural dillerences greatly effect retention 
of the analyte. It for instance, oxygen atoms are in the 
structure of an analyte, retention is decreased (see ref. 18), 
due to electrostatic repulsion. The position of the oxygen 
can also effect the retention of the analyte. Increasing the 
number ot methylene groups enhances retention so that 
4, 5, 6, 8, etc. carbon rings can easily be separated. 
Chlorine atoms have a high affinity for the cavity and 
their position and number greatly effect retention. 

Tf the diam~ter of the solute is too large,· no complex can 
'.ll because the hydrophobic segment cannot enter into 

-+e mouth of the CD cavity. If too small, the solute can 
enter, but the complex is not as stable (smaller formation 
constant). As general rules, single ring compounds such 
as benzene or smaller, tit well into a-CD (CYCLOBOND ill); 
compounds such· as substituted benzenes, naphthalene 
or biphenyl derivatives tit well into S-CD (CYCLOBOND I); 
and, larger compounds such as pyrene fit well into y:.cn 
(CYCLOBOND II). Figure 3 illustrates the retention of these 
compounds on the various CYCLOBOND columns. 

CONDmONS, 
COLUMN, CYCLOBOND m. I and n 
SJZE, 250x4.6mm 
MOBILE PHASE, MeOHIH,O, 40160 
FWW RATE, 1.0 ro.\knln 
CHART SP!0£0, 1.0 cmhn!n 
OETEcnON. 264 run 
CONCENTRATION. 0.5)Jlg1W 

-2-

In Figure 3 the decreased retention observed for chrysene, 
phenanthrene and anthracene on CYCLOBOND II is 
thought to be the result of less interaction due to the linear 
nature of these aromatic structures. The more bulky 
pyrene shows expected behavior. Further, due tci the 
bulky nature of Y-CD, less is bonded to the silica surface. 
The naphthalene structure enters the gamma cavity hor
izontally and the beta cavity vertically so the total bon
ding energy is equivalent The slight dif1erence in reten
tion is the result oi diminishecty:.cn on the CYCLOBOND II. 

It should be noted that not all of the solute structure has . 
to fit into the cyclodextrtn cavity for the separation to oc- f 
cur, but at least a portion of it must fit well enough to form . 
a stable complex. .; 

Figure 4 shows o-, m-, and p-nitroanilines separated on 
each of the CYCLOBOND I, II and III columns with 
MeOH/H201 40/60. These separations of structural isomers 
are based primarily on the fit ot these molecules into the 
CD cavity. The same elution order of m-, o-, and p- isomers 
results regardless of the substituents. With CYCLOBOND II 

I 
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(c), the Y-CD cavity is too large to allow sufficient interac
tion of the aromatic ring vvith the internal surfaces of the 
CD so little difference is seen between ortho and meta 
isom·ers. With CYCLOBOND I (b) the best overall resolution 

· is seen because there is good interaction of the aromatic 
ring with the CD internal surface and the p- isomer fits very 
well into the 13-CD cavity allowing for stable hydrogen 

· bonding of the nitro group with the primary hydroxyls, 

- - - - Hydrogen bondlng 
• • •· Electrostatic association 

' ..... 

thereby increasing its retention. Them- isomer is too bulky 
for a good fit. hence the earliest resolution. This is shown 
diagrammatically in Figure 5. With CYCLOBOND ill'(a), 
longer retention times are observed in this_ case due to 
tighter fit for that portion of the aromatic group interactinr 
with the cavity. 

I 
I 

I 
I 
r 

X Hydrophobic groups that can penetrate cavity. ier -N03• -Cl. -OH 
Y Polar groups that can hydrogen bond -coon. -NH2 

It is also possible to operate the CYCLOBOND column as 
a reversed phase column using only the nonpolar 
character of the internal surface of the CD and the 
solvated surfaces of the entire structure. It can be con
sidered a Iather unique reversed phase. very diiferent 
from anything in the LC market today. When attempting 
new separations via reversed phase, a CYCLOBOND col
umn should also be tried. Likewise, because of the 

-3-

CONDmONS. 

COLUMN, 
SJZE. 
MOBll.EPHASE, 
FJ..OV'J RA'.l'Eo 

CYCLOBONDl 
100x4.6mm 
CH,CNJ0.1% IT.AA pH 4.0, 15/!15 
l.Omlitron 

prevalence of the primary and secondary hydroxyl 
groups, it can be used as a high density, very efficient diol 
column. These latter types of columns have found wide 
use in the separation of proteins and peptides. CYCLO
BOND columns can be used as all purpose columns as 
seen in the typical reversed phase separations shown j 
Figure 6A and 6B. 

l 

CONDITTONS, 

COUJlvlH, 
SJZE, 
MOB!l£ PHASE, 
FLOW RATE, 

CYCLOBONPI 
250x4.6mm 
CH,OHJH20. Jono 
J.OmLnlln 

.I 
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