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Abstract: Polysaccharide CSPs are recognized widely in chiral chromatography but the introduction of immobilized
phases (Chiralpak IA, Chiralpak IB and Chiralpak IC columns) is a remarkable achievement. The immobilized CSPs can
be used with organic, normal and reversed phase modes; even with prohibited solvents too (tetrahydrofuran, chlorofom,
dichloromethane, acetone, 1,4-dioxane, ethylacetate, and certain other ethers). Their susceptibilities to work with a wide
range of solvents have increased the range of applications including chiral recognition mechanisms. Besides, these are
also useful for monitoring the progress of stereo-specific reactions; normally need prohibited solvents. The present review
describes the various aspects of commercial available immobilized chiral columns. Attempts have been made to discuss
immobilized polysaccharides CSPs, immobilized vs coated CSPs, comparison of immobilized CSPs, method
development, optimization, chiral recognition mechanism and applications. The chiral recognition capabilities of
commercial columns were in the order of Chiralpak IA > Chiralpak IB > Chiralpak IC columns; but complimentary to
each other. Of course, these CSPs are not fully developed and need more advancements and applications. Definitely, the
future of immobilized CSPs is quite better. Hopefully, in the coming years they will be the choice of the
chromatographers for chiral separations in liquid chromatography.
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INTRODUCTION

It is well established that only one of the enantiomers is
pharmaceutically active while the other may be toxic or
inactive or ballast. Due to these facts, the whole world is
worried and scientists are working to develop optically
active pure drugs. Therefore, US FDA [1], European
Committee for Proprietary Medicinal Products [2], Health
Canada [3], Pharmaceutical and Medical Devices Agencies
of Japan [4] have banned the marketing of all racemic drugs.
Only optically active pure forms of racemic drugs are sold
into the market due to which the demand of chiral separation
methods is increasing continuously.

Among some methods, liquid chromatographic
modalities are the choice for preparation of optically active
drugs. Moreover, chromatographic methods are only capable
to monitor the concentrations of enantiomers in biological,
environmental and bulk drug samples. This is because of
their wide range of applications, ease of operation,
selectivities, efficiencies, low limits of detection and
reproducibilities. For this purpose, various chiral selectors
have been used to prepare Chiral Stationary Phases (CSPs),
which include polysaccharides, cyclodextrins, macrocyclic
glycopeptide antibiotics, proteins, crown ethers, ligand
exchangers, Pirkle’s types and several others [2, 5]. Among
these, polysaccharides CSPs are the best due to their high
selectivities, sensitivities and reproducibilities [2, 5]. Zhang
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et al. [6] reported that more than 95% of racemic compounds
have been resolved successfully on these CSPs in
chromatographic techniques. The use of polysaccharides for
chiral separations has been reviewed by a number of workers
[7-10]. During last few years, significant advances have been
made in this area and immobilization is one of the most
recent developments in these CSPs. Ali ef al. [11, 12] have
reviewed the development of immobilized CSPs about four
years back and, now, it’s a time to review the status of these
phases again. The present article describes the recent
developments in immobilized polysaccharides CSPs
including a comparison of immobilized CSPs vs coated ones,
mechanisms of enantio-resolution and applications.

IMMOBILIZED POLYSACCHARIDES CSPs

Cellulose and amylose are the mainly used
polysaccharides for preparation of these CSPs. It is because
of their good abundance and capabilities for chiral
resolution. The degree of polymerization of cellulose ranges
from 200-14,000 units of glucose. Similarly, more than 1000
glucose units are found in amylose. The chains of these units
lie side by side in a linear fashion in case of cellulose and
helical in amylose and, hence, later provides more chiral
grooves for enantiomeric resolution. Therefore, amylose is
better chiral selector in comparison to cellulose [13]. The
native amylose and cellulose are not good chiral selectors,
and, hence their derivatives were synthesized by different
workers [2]. Presently, amylose and cellulose derivatives in
use are tris-benzoate, tris-(4-methyl benzoate, trisphenylcar-
bamate,  #ris-(3,5-dimethylphenylcarbamate,  tris-(R)-1-
phenylethylcarbamate, tris-(S)-1-methylphenylcarbamate
etc. These have been commercialized by different names
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such as Chiralcel and Chiralpak for cellulose and amylose,
respectively, by Daicel Chemical Industries, Tokyo, Japan.
Recently, some other industries such as Kromasil, Macherey
Nagel, Knauer and Sepaserve have also introduced some
chiral columns. All these chiral columns are of normal and
reversed phase modes having normal and reversed phases
silica gels, respectively. These columns are prepared by
simple adsorption of chiral selectors on silica gels [14].
Therefore, they can be used only with some selective
solvents and are not of universal use. In spite of good
efficiencies of coated CSPs, they could not resolve some
racemates due to some limitations. Only low polar solvents
such as alkanes (n-pentane, n-hexane, n-heptane etc.) and
alcohols (methanol, ethanol, 2-propanol etc.) or their
mixtures, or sometimes, acetonitrile can be used for the
chiral separations under normal phase mode. On the other
hand, some polar solvents such as tetrahydrofuran (THF),
chloroform, dichloromethane, acetone, ethylacetate and
methyl fert-butyl ether are prohibited with these CSPs and
cannot be used [15]. These solvents may be useful to resolve
some racemates, which could not be separated by using low
polar solvents. Moreover, polar solvents are also required for
the determination of the chiral recognition mechanisms using
NMR and other spectroscopic techniques [2, 16]. Some-
times, the polar solvents are also required as sample diluents
too. Besides, some stereospecific reactions are possible only
in polar solvents and, hence, the monitoring of the progress
of such reactions is not possible by using coated CSPs.
These drawbacks of coated CSPs compel scientists to tackle
this problem, which was solved by preparing immobi-lized
phases [17-20]. Presently, Chiralpak IA [amylose #ris-(3,5-
dimethylphenylcarbamate)], Chiralpak IB [cellulose tris-
(3,5-dimethylphenylcarbamate)] and Chiralpak IC [cellulose
tris-(3,5-dichlorophenylcarbamate)] columns (Fig. 1), having
polysaccharides immobilized on silica gel, are available in
the market. These CSPs can be used with a wide range of
solvents. Basically, immobilized CSPs are prepared by
chemical bonding with silica gel, which make them stable in

H CH3
sav
§ *%L -
o;\ 3
(o]

o n
H,C N/Q %O on
H o HN\Q 3

(A) CH,

3

G PR

AL-Othman et al.

almost all solvent with their universal use. The preparation
of immobilized CSPs comprises derivatization of
polysaccharides, reactions of derivatized polysaccharides
with derivatized silica gels, purification of the immobilized
CSPs followed by their packing into columns. The
immobilization of CSPs on silica gel is carried out by
different approaches [21]. Normally, the immobilizat-ion
procedure is carried out by radical polymerization reaction
but it is also possible by photolytic and enzymatic
activations. Native silica gel is not effective for
immobilization and, hence, derivatized silica gel such as 3-
aminopropyl-derivatives is, generally, used [22]. The rate of
chemical reaction and the percentage of immobilization
depend on the experimental conditions and type of
polysaccharide derivatives. The experimental protocol of
immobilization procedure is shown in Fig. (2).

IMMOBILIZED VS COATED CSPs

Enantiomeric resolution by liquid chromatography not
only depends on chiral selectors but also controlled by a
number of other parameters. Some racemic compounds have
been resolved on coated and immobilized polysaccharide
chiral stationary phases simultaneously, which were found to
be complimentary to each other. On the other hand, few
racemates could be resolved on coated CSPs only while
others are better resolved on the immobilized ones under the
identical chromatographic conditions. But the ability to work
with a wide range of solvents is an extra advantage of
immobilized CSP in comparison to the coated ones.
Tetrahydrofuran (THF), chloroform, dichloromethane,
acetone, ethylacetate and methyl fert-butyl ether are
prohibited solvents for coated CSPs and cannot be used but
these solvents can be used easily with immobilized CSPs.
Sometimes, the determination of kinetics, pharmacodyna-
mics and reaction mechanisms involve above cited solvents.
Therefore, coated CSPs are not capable to work under such
conditions. Contrarily, immobilized CSPs can be used for
such purposes and, consequently, immobilized CSPs have

Cl

Fig. (1). Chemical structures of (A): Chiralpak 1A, (B): Chiralpak IB and (C): Chiralpak IC columns.



Immobilized Polysaccharides CSPs

more wide range of applications. In spite of added
advantages of immobilized CSPs to work with prohibited
solvents, sometimes, these have a little bit lower enantio-
selectivities in comparison to coated ones. It is due to a slight
change/deterioration in high order stereo-specific configurat-
ions of the chiral selectors, which occurs during
immobilization process. Immobilized CSPs are chemically
bonded to silica gel through hydroxyl groups of
polysaccharides, which cause an alteration in high order
structures and configurations of the polymers; leading to a
slight decrease in chiral recognition capabilities [23]. To
compare the working capabilities of the coated and
immobilized CSPs, some authors attempted to carry out
enantio-separation of various racemates on these CSPs.
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Fig. (2). Protocol for the preparation of immobilized polysaccharide
CSPs and their applications.

Okamoto group [22] described slightly poor chiral
recognition of immobilized tris-(3,5-dimethylphenylcarba-
mate) cellulose and amylose in comparison to the coated
ones. However, the same group [24] reported similar chiral
resolution capabilities of immobilized amylose tris-(3,5-
dimethylphenylcarbamate) and the coated one. Kimata et al.
[25] immobilized 4-vinylbenzoate cellulose on silica gel and
reported slightly lower enantio-selectivity than coated one.
Similarly, Yashima et al [23] immobilized CDMPC
(cellulose tris-(3,5-dimethylphenylcarbamate)) and ADMPC
(amylose tris-(3,5-dimethylphenylcarbamate)) on silica gel
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and resolved some racemates by using chloroform, as a
component of the mobile phase. Oliveros et al. [26, 27]
reported immobilization of 10-undecenoate and tris-(3,5-
dimethylphenylcarbamate) cellulose to several matrices.
They carried out the effects of various substituents (of the
immobilized CSPs) on chiral resolution of warfarin,
lorazepam, oxazepam, tertatolol, propranolol, pindolol,
naproxen, flubiprofen and nicardipine racemates. Similarly,
other workers also [17,18] immobilized tris-(3,5-
dimethylphenylcarbamate) and 10-undecenoylcarbamate
cellulose, amylose and chitosan on silica gel and reported
slightly better enantio-selectivities of cellulose and chitosan
derivatives only, while amylose derivatives showed a
deterioration in enantio-selectivities.

In 2003, Kubota ef al. [28] described a quite good chiral
resolution of 3,5-dimethylphenylcarbamate cellulose; having
a polymerizable vinyl group. The racemates resolved were
benzoin, flavanone, 2-phenylcyclohexanone, 2,2,2-trifluoro-
1-(9-anthryl)-ethanol and Troger’s base. Chen et al. [29]
synthesized cellulose phenylcarbamate derivatives and
immobilized on silica gel followed by their evaluation of
some racemates. The same group [30] also studied efficiency
and enantio-selectivity for the developed CSP [immobilized
cellulose tris-(4-methylbenzoate) (CTMB) derivatives on -
methacrylatepropylated silica] and reported an increase in
efficiency and enantio-selectivity both by increasing the
contents of vinyl group on CTMB. Furthermore, they also
reported higher efficiency and enantio-selectivity with CSP
synthesized by regioselective procedure than non-
regioselective one. Zhang et al. [6] compared the chiral
separation of bupivacaine racemate under identical
chromatographic conditions [mobile phase-acetonitrile-
diethylamine (100:0.1, v/v)] on Chiralpak AD (coated) and
Chiralpak TA (immobilized) columns and the authors
reported better resolution on later column. Ghanem et al.
[31, 32] compared the chiral recognition capabilities of
Chiralpak IA column with Chiralpak AD for a variety of
racemates and noted a complimentary natures of these two
columns i.e. in some cases Chiralpak AD column was found
better while in other cases Chiralpak IA gave the best results.
Furthermore, Ghanem and Naim [33] compared chiral
separations of cyclopropen derivatives on both Chiralpak 1A
and Chiralpak AD columns using #n-hexane-2-propanol
(90:10 and 99:1, v/v) as mobile phase. It was observed from
their work that some derivatives showed good resolution on
Chiralpak IA while others on Chiralpak AD column;
indicating the complimentary natures of these columns.
Thunberg et al. [34] reported the separation of forty eight
racemates on Chiralpak IA and IB columns and observed
slightly poorer enantio-selectivities as compared to their
corresponding coated ones.

The above discussion indicates slightly poor chiral
capabilities of immobilized CSPs but sometimes, these CSPs
gave better results than coated ones, which we observed
during our experimental work too. Actually, the above
reported papers described the comparisons of enantio-
selectivities and efficiencies of these two types of CSPs by
using different solvents, which is scientifically incorrect. The
comparison should be carried out under the identical
chromatographic conditions. But this is not possible as
coated CSPs cannot be used with prohibited solvents.
Briefly, the comparison of these two types CSPs is not valid.
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Sometimes, coated CSPs are better while on other occasions
immobilized CSPs work better; depending on the types of
racemates and chromatographic conditions. However, we
support the use of immobilized CSPs as they can be used
without any fear of costly column damage.

COMPARISON OF IMMOBILIZED CSPs

Now, its time to compare the chiral recognition
capabilities of three commercialized immobilized columns as
some applications are available by using these CSPs. Some
papers are available in the literature describing the
applications of two or all the three columns for enantiomeric
separations of some racemates. We have concluded the chiral
recognition capabilities of these columns from the research
papers available in the literature. In 2006, Ali et al. [15]
carried out chiral separations of racemic piperidine-2,6-dione
analogues (aminoglutethimide, p-nitro-glutethimide, p-nitro-
S-aminoglutethimide, cyclohexyl aminoglutethimide,
phenglutarimide and thalidomide) on Chiralpak IA and
Chiralpak IB columns. The resolution factors for Chiralpak
IA and Chiralpak IB columns were 1.00-5.33 and 0.33-0.67,
respectively; indicating better results on Chiralpak IA
column than Chiralpak IB one. Zhang et al. [35] used
Chiralpak IA and Chiralpak IB, Chiralpak IC columns for
resolution of some racemates. General chiral recognition
capacities were in the order of Chiralpak IA > Chiralpak IB
> Chiralpak IC. This group [36] used all the three columns
for efficient method development by using various mobile
phases in HPLC and SFC modalities. The authors separated
thirty four racemates on these columns. From this paper, no
trend was observed but capacity, separation and resolution
factors were different for various racemates. Recently, the
same group [37] developed an approach for efficient chiral
HPLC method by wusing all the three commercial
immobilized columns. Generally, the values of resolution
factors in this paper on these columns are in the order of
Chiralpak IA > Chiralpak IB > Chiralpak IC. Ciogli, et al.
[38] used Chiralpak IA and Chiralpak IC columns for
enantiomeric resolution of hypericin, pseudohypericin and
protohypericin racemate. Protohypericin racemate has shown
chiral recognition (separation factors) in the order of
Chiralpak IA > Chiralpak IB > Chiralpak IC columns. On
the other hand, the trend of enatio-resolution was slightly
disturbed from the above order for hypericin and
pseudohypericin racemic compounds. Briefly, more or less
the chiral recognition capacities of these CSPs are in the
order of Chiralpak IA > Chiralpak IB > Chiralpak IC
columns; with complimentary natures.

The above discussed order of chiral recognition
capacities of these columns (Chiralpak IA, Chiralpak IB and
Chiralpak 1C) may be explained on the following facts. The
chiral selectors in Chiralpak IA, Chiralpak IB and Chiralpak
IC are amylose tris-(3,5-dimethylphenylcarbamate), cellu-
lose tris-(3,5-dimethylphenylcarbamate) and cellulose #ris-
(3,5-dichlorophenylcarbamate) polysaccharides, respectively
(Fig. 1). Chiralpak IA and Chiralpak IB differ only in types
of polysaccharides i.e. amylose and cellulose. On the other
hand, Chiralpak IB and Chiralpak IC have #is-3,5-
dimethylpheny and #ris-3,5-dichlorophenyl carbamates on
cellulose units. On the basis of supera-molecular level
Chiralpak IA have better chiral recognition capacities than
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Chiralpak IB due to more helical nature of amylase than
cellulose. On the other hand, Chiralpak IB is better than
Chiralpak IC column due the presence of chlorine atoms in
later chiral selector. It is because of the fact that n-m
interactions are the major contributing forces for controlling
the chiral resolutions on polysaccharide CSPs [2]. Therefore,
the chances of these interactions decrease in Chiralpak IC in
comparison to Chiralpak IB column. It is due to the
electronegative nature of chlorine atoms, which makes
phenyl ring electrons deficient; leading to poor m-m
interactions and low chiral recognition capabilities. But it is
important to mention here that, sometimes, this order gets
changed because chiral resolution is very sensitive process
and depends on various chromatographic parameters and the
natures of racemates.

OPTIMIZATION OF CHIRAL SEPARATION ON
IMMOBILZED CSPs

The chiral resolution is sensitive on polysaccharide CSPs
and, hence, the optimization of chromatographic conditions
on these phases is a crucial issue. The most important
factors, which control enantiomeric resolution include
composition, pH and flow rate of the mobile phase,
temperature, amount of racemates loaded, structures of
solutes etc. We have developed a protocol by which
optimization of chiral separation on these CSPs can be
achieved easily (Fig. 3). However, Table 1 also provide clue
for the maximum and best resolution of different racemates
on immobilized polysaccharide phases. Some workers tried
to optimize chiral resolution on these phases, which are
discussed below briefly.

Weng et al. [39] optimized chiral separation of seven
binaphthyl compounds on Chiralpak IA column. The authors
optimized chiral resolution by using polar modifiers (normal
phase) and column temperatures. As per the authors, 1-
propanol was the best modifier. In the same year, Mitchell
et al. [40] developed the optimization strategies for chiral
separation of some racemates on Chiralpak IA, IB and IC
columns. Yao et al. [41] optimized enantio-separations of
1,1-bi-2-naphthol (BINOL) and its three derivatives on
Chiralpak IA. The authors used polar modifiers and column
temperatures for optimization purpose. Okamoto and his
group [42] optimized chiral resolution of some racemates on
3,5-dimethylphenylcarbamates of cellulose and amylase;
bearing 4-(trimethoxysilyl)-phenylcarbamate groups. The
authors studied the effect of amount of 4-(trimethoxysilyl)-
phenyl groups on immobilization and enantio-separation.
These CSPs showed improved chiral resolution by
introducing suitable amount of 4-(trimethoxysilyl)-phenyl
groups. The authors also studied the solvent durability of the
immobilized type chiral packing materials (CPMs) with the
eluents containing chloroform and tetrahydrofuran.

Ferretti et al. [43] validated enantio-separation of
terazosin on Chiralpak IC column under both polar organic
and reversed phase modes. The linearity ranged reported was
8.76-26.28 pg/mL for both enantiomers in reversed phase
mode. The limits of detection and quantification were 10 and
30 ng/mL, respectively. The intra- and inter-day assay
precision was less than 1.66% (RSD). Furthermore, the same
group [44] also validated enantiomeric resolution of
omeprazole on Chiralpak IA column in both polar organic
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Fig. (3). Protocol for the chiral separations on immobilized polysaccharide CSPs. Note: This is a brief outline of the procedure to follow in
developing resolution on immobilized polysaccharide CSPs. However, other optimization by different mobile phases may be used.

Table 1.  Suitable Mobile Phases for Immobilized Polysaccharide CSPs
Mobile Phases Alkane-EtOH Alkane-2PrOH Alkane-THF Alkane-CH,CL-EtOH Alkane-MtBE-EtOH
Initial Composition 80/20 80/20 75/25 48/48/4 1/97/2
Optimized Composition 98/2 to 50/50 98/2 to 50/50 95/5 to 0/100 85/15/0 to 0/80/20 80/20 to 0/40/60

CH,Cl,: Dichloromethane, EtOH: Ethanol, MtBE: Methyl zert-butyl ether, 2-PrOH: 2-Propanol and THF: Tetrahydrofuran.

and normal phase modes. The precision, linearity and
accuracy of (R)-enantiomer (as impurity) and recovery of
(S)-enantiomer from a pharmaceutical preparation were
determined. The authors reported linearity range as 0.5-25
pg/mL for (R)-enantiomer. The limits of detection and
quantification were 99 and 333 ng/mL, respectively. The
intra and inter-day assay precision was less than 2% (RSD).

CHIRAL RECOGNITION MECHANISM

The chiral recognition mechanism is one of the most
important aspects for chiral chromatographers for applying
polysaccharides CSPs properly and precisely. But the chiral
recognition mechanism at a supera-molecular level is still
not clear. The chiral resolution mechanisms on coated and
immobilized CSPs are similar. Some experimental data

supported that chiral resolution is achieved through different
types of bondings on the chiral grooves of polysaccharides
CSPs. Most important adsorbing site on the phenylcarbamate
derivatives are polar carbamate groups; capable of
interacting with racemic compounds by hydrogen bonding
with —NH- and >C=0O groups and the dipole-dipole
interaction on >C=0 [45]. Yashima et al. [46] concluded that
-NH- and >C=0 groups are most important bonding sites.
Furthermore, these authors extended their work [47] and
compared the chiral recognition between cellulose #ris-
(phenylcarbamate) (CTPC) and cellulose  #ris-(3,5-
dimethylphenylcarbamate) (CDMPC) using trans-stilbene
oxide and benzoin as the racemates. Aboul-Enein and Ali
[48] carried out studies on the chiral resolution of
methylphenidate on polysaccharide CSPs and observed that
7-1 interactions were important binding forces for the chiral
resolution of aromatic racemates.
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Table2. Enantiomeric Resolution of Some Racemates on Immobilized Polysaccharide Based CSPs by HPLC
Racemates CSPs Mobile Phases Refs.
Alprenolol, chlophenadol, chlopheniramine, promethazine, Chiralpak TA Hexane-acetone, hexane-2-propanol, hexane-THF, [6]
diperodon, 4-fluorophenyl-y-butyrolactone, laudanosine, hexane-toulene-EtOH, MtBE-EtOH, hexane-
propafenone, methaqualone, bupivacaine, EMD 53986, dichloromethane, ACN-DEA
hexobarbital, metalaxyl
Atropisomers of thiazoline derivatives Chiralpak TA Hexane-EtOH & hexane-2-propanol [50]
Ca-sensitizing drug Chiralpak TA MeOH/THF [51]
Cyclopropanes Chiralpak TA Hexane-2-PrOH [52]
3,6-Dihydro-5-[1,2,3,4-tetrahydro-1-(3,4-dimethoxy-benzoyl)- Chiralpak TA Methanol-THF, dichloromethane-THF & methanol- [49]
6-quinolyl]-6-methyl-2H-1,3,4-thiadiazin-2-one(EMD 53998) 1,4-dioxane
& EMD 53986
Lorazepam, glutethimide, bupivacaine, indepamide, suprofen, Chiralpak TA Hexane-acetone, hexane-1,4-dioxane, hexane-THF- [53]
terfenadine, mephbarbital & flavanone DEA, & other solvents
Mianserin and a series of aptazepine derivatives Chiralpak TA n-Hexaneethanol-DEA, n-hexane-ethanol-DEA, n- [54]
hexane-2-propanol-DEA, n-hexane-2-propanol-DEA,
ethanol-DEA, 2-propanol-DEA, MtBE-2-propanol-
DEA, MtBE-2-propanol-DEA, n-hexane-
dichloromethaneethanol-DEA, n-hexane-
dichloromethane-2-propanol-DEA, n-hexane-EA-2-
propanol-DEA & n-hexane-EA-2-propanol-DEA
Monoamine oxidase B inhibitors Chiralpak TA MeOH, CH,Cl, [55]
Laudanosine, terfenadine, mephbarbital, oxprenolol, Chiralpak IB Hexane-THF-DEA, hexane-CHCI;-EtNA& other [56]
propranolol & hydroxyzine solvents
Aromatic basic racemates Chiralpak IA & IB CHCI;-THF [57]
Piperidine-2,6-dione analogues (aminoglutethimide, p-nitro- Chiralpak IA & IB MtBE-THF, dichloromethane & acetonitrile [15]
glutethimide, p-nitro-5-aminoglutethimide,
cyclohexylaminoglutethimide, phenglutarimide & thalidomide
Terazosin Chiralpak IC MeOH-DEA [58]
2,3-0O-Benzylidene-dl-threitol, Bucetin, 1-Benzocyclobutene- Chiralpak IA, IB & IC | Hexane-2-PrOH [36]
carbonitrile, 1,5-Dihydroxy-1,2,3,4-tetrahydronaphtalene, 1,5-
Dimethyl-4-phenyl-2-imidazolidinone, 5,5-Diphenyl-4-
methyl-2-oxazolidinone, Furoin & 1-Indanol
Derivatised amino acids, acidic & basic compounds Chiralpak IA, IB & IC | AcN, THF, Buffers [37]
Hypericin, pseudohypericin & protohypericin Chiralpak IA, IB & IC | MeOH-CAN-DIPEAA [59]
5-(Methylphenyl)-oxybutylin phenyldantoin, 1- Chiralpak IA, IB & IC | EtOAc-hexane, MtBE-hexane Hexane—-THF-DEA [35]
Benzocyclobutene carbonitrile, 1-Indanol, Orphenadrine, 2- Hexane-2-PrOH-DEA
Phenylbutyric acid, Bendroflumethiazide, Metanepherine, Hexane-THF-DEA
Nicardipine & Terbutaline Hexane-2-PrOH-DEA
Hexane-MtBE-EtOH-AE

ACN: Acetonitrile, CHCl;: Chloroform, CH,Cl,: Dichloromethane, DEA: Diethylamine, EA: Ethyl acetate, EtOAc: Ethyl acetate, EtOH: Ethanol, EtNA: Ethylnitroaniline, MtBE:

Methyl fert-butyl ether and 2-PrOH: 2-Propanol.

Amylose and cellulose have chiral grooves, which
provide chiral pocket to the enantiomers. n-n Interactions
occur between phenyl ring of aromatic racemates and the
CSP. Besides, the electronegative atoms such as oxygen,
nitrogen and halogens of racemates form hydrogen bondings
and dipole-dipole induced interactions within these grooves.
In addition to these bondings, steric effect also governs the
chiral resolution on polysaccharide CSPs. Besides, some
other achiral weak bondings like Van der Waal forces may
also contribute in the chiral resolution. During chiral
resolution, the enantiomers fit stereogenically in the different
fashions into the chiral grooves of CSP, which is stabilized
by various types of bondings (as discussed above) of
different magnitudes and, hence, the resolution of
enantiomers is occurred.

APPLICATIONS

Of course, polysaccharide CSPs have a good potential for
chiral resolution as about 95% racemates can be resolved on
them successfully. Immobilized CSPs have an extra
advantage of their use with a wide range of mobile phases
including polar organic, normal and reversed phase modes
along with normal and prohibited solvents. Prohibited
solvents include tetrahydrofuran, chloroform,
dichloromethane, acetone, 1,4-dioxane, ethylacetate and
methyl tert-butyl ether. Some papers are available on chiral
resolution of different racemates on immobilized CSPs on
analytical scale, which are summarized in Table 2. Besides,
two papers have reported chiral resolution of some racemates
at semi-preparative scale. Zhang et al [49] reported
preparative chiral separation of a Ca-sensitizing drug (EMD
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53986) on Chiralpak IA column. The optimized parameters
were sample solubility, enantio-selectivity and preparative
productivity. Ferretti et al. [43] reported semi-preparative
scale (5.3 mg of racemic sample) chiral separation of
terazosin on Chiralpak IC column with less than 12 minutes
as elution time using methanol-DEA (100:0.1, v/v) as mobile
phase. The authors reported 299% enantiomeric excess (ee)
for both enantiomers.

CONCLUSION

Of course, polysaccharide CSPs have achieved a good
reputation in HPLC. But the introduction of immobilized
CSPs has increased their application ranges even in moderate
drastic conditions. Besides, their use is not restricted to
HPLC only, but can be used in other modalities of liquid
chromatography. Immobilized CSPs are better than coated
ones as they can be used with polar organic, normal and
reversed phases even with prohibited solvents too. These
may be an important tool to determine chiral recognition
mechanisms; which require polar or prohibited solvents,
sometimes. For commercial columns, the order of chiral
recognition capabilities was observed as Chiralpak TA >
Chiralpak IB > Chiralpak IC columns; but complimentary to
each other. These CSPs are not fully developed and need for
more advancements and applications. Definitely, the future
of immobilized CSPs is quite better. Hopefully, in the
coming years they will be the choice of the

chromatographers for chiral separations in liquid
chromatography.
ACKNOWLEDGEMENTS

The Authors extend their appreciation to the Deanship of
Scientific Research at King Saud University for funding the
work through the research group project No RGP-VPP-025.

REFERENCES

[1] FDA policy statement for the development of new stereoisomeric
drugs (Announcement). Chirality, 1992, 4(5), 338-340.

[2] Aboul-Enein, H.Y.; Ali, I Chiral separation by liquid
chromatography and related technologies, Marcel Dekker Inc.,
New York, 2003.

[3] Stereochemical issues in chiral drug development. Health Canada
guidance documents, 2000. http://www.hc-sc.gc.ca/dhp-
mps/alt_formats/hptb-dgpsa/pdf/prodpharma/stereo-eng.pdf
(Accessed September 20, 2011).

[4] Shimazawa, R.; Nagai, N.; Toyoshima, S.; Okuda, H. Present state
of new chiral drugs development and review in Japan. J. Health
Sci., 2008, 54(1), 23-29.

[5] Ali, I; Aboul-Enein, H.Y. Chiral pollutants: Distribution, toxicity
and analysis by chromatography and capillary electrophoresis,
John Wiley & Sons: Chichester, 2004.

[6] Zhang, T.; Kientzy, C.; Franco, P.; Ohnishi, A.; Kagamihara, Y.;
Kurosawa, H. Solvent versatility of immobilized 3,5-
dimethylphenylcarbamate of amylose in enantiomeric separations
by HPLC. J. Chromatogr. A, 2005, 1075, 65-75.

[7] Chankvetadze, B. Enantioseparation in capillary chromatography
and capillary electrochromatography using polysaccharide-type
chiral stationary phase. Method Mol. Biol., 2004, 243, 387-400.

[8] Nishi, H. Chiral separation by capillary electrophoresis using
polysaccharides. Methods Mol. Biol., 2004, 243, 343-353.

[9] Aboul-Enein, H.Y.; Ali, I. Application of polysaccharide-based
chiral stationary phase for resolution of different compound
classes. Methods Mol. Biol., 2004, 243, 183-196.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

[29]

Combinatorial Chemistry & High Throughput Screening, 2012, Vol. 15, No. 4 345

Yamamoto, C.; Okamoto, Y. Chiral separation by HPLC using
polysaccharide-Based Chiral stationary phases. Methods Mol. Biol.,
2004, 243, 173-183.

Ali, I.; Aboul-Enein, H.Y. Immobilized polysaccharide CSPs: An
advancement in enantiomeric separations. Curr. Pharm. Anal.,
2007, 3,71-82.

Ali, I.; Aboul-Enein, H. Y. Impact of immobilized polysaccharide
chiral stationary phases on enantiomeric separations. J. Sep. Sci.,
2006, 29, 762-769.

Ronden, N.G.; Nyquist, R.A.; Gillie, J.K.; Nicholson, L.W.;
Goralski, C.T. Theoretical elucidation of recognition mechanisms
between aminoalcohol enantiomers and an amylose based chiral
stationary phase. 4™ Int. symposium on Chiral Discrimination,
Montreal, Canada, Abstract, 1993, /162, 90.

Okamoto, Y.; Kawashima, M.; Hatada, K. Chromatographic
resolution: XI. Controlled chiral recognition of cellulose
triphenylcarbamate derivatives supported on silica gel. J.
Chromatogr. 4, 1986, 363(3), 173-186.

Ali, 1; Naim, L.; Ghanem, A.; Aboul-Enein, H.Y. Chiral
separations of piperidine-2,6-dione analogues on Chiralpak IA and
Chiralpak IB columns by using HPLC. Talanta, 2006, 69, 1013-
1017.

Ali, 1.; Aboul-Enein, H.Y., Role of polysaccharides in chiral
separations by  liquid  chromatography  and  capillary
electrophoresis, In Chiral separation techniques: A practical
approach; Subramanian, G. Ed.; 3rd Edtn., Wiley-VCH Verlag,
Weinheim, 2006.

Franco, P.; Senso, A.; Oliveros, L.; Migullion, C. Covalently
bonded polysaccharide derivatives as chiral stationary phases in
high-performance liquid chromatography. J. Chromatogr. A, 2001,
906, 155-170.

Francotte, E. Enantioselective chromatography as a powerful
alternative for the preparation of drug enantiomers. J. Chromatogr.
4, 2001, 906, 379-397.

Marshalland, D.L.; Walter, J. Polysaccharide synthesis on
immobilized phosphorylase. Carbohyd. Res., 1972, 25, 489-495.
Francotte, E.; Huynh, D. Comparison of three chiral stationary
phases with respect to their enantio- and diastereoselectivity for
cyclic B-substituted a-amino acids. J. Pharm. Biomed. Anal. 2002,
27,421-429.

Franco, P.; Senso, A.; Migullion, C.; Oliveros, L. 3,5-
Dimethylphenylcarbamates of amylose, chitosan and cellulose
bonded on silica gel: Comparison of their chiral recognition
abilities as high-performance liquid chromatography chiral
stationary phases. J. Chromatogr. A, 1998, 796, 265-272.
Okamoto, Y.; Aburatani, R.; Miura, S.; Hatada, K. Chiral
stationary phases for HPLC: cellulose tris(3,5-
dimethylphenylcarbamate) and tris(3,5-dichlorophenylcarbamate)
chemically bonded to silica gel. J. Ligq. Chromatogr., 1987, 10,
1613-1628.

Yashima, E,; Fukaya, S.; Okamoto, Y. 3,5-
Dimethylphenylcarbamates ~ of  cellulose  and  amylose
regioselectively bonded to silica gel as chiral stationary phases for
high-performance liquid chromatography. J. Chromatogr. A, 1994,
677, 11-19.

Enomoto, N.; Okamoto, Y. Preparation of silica gel-bonded
amylose through enzyme-catalyzed polymerization and chiral
recognition ability of its phenylcarbamate derivative in HPLC.
Anal. Chem., 1996, 68, 2798-2804.

Kimata, K.; Tsuboi, R.; Hosoya, K.; Tanaka, N. Chemically
bonded chiral stationary phase prepared by the polymerization of
cellulose 4-vinylbenzoate. Anal. Methods Instrum., 1993, 1,23-29.
Oliveros, L.; Lopez, P.; Minguillon, C.; Franco, P. Chiral
chromatographic discrimination ability of a cellulose 3,5-
dimethylphenylcarbamate/10-undecenoate mixed derivative fixed
on several chromatographic matrices. J. Ligq. Chromatogr., 1995,
18, 1521-1532.

Oliveros, L.; Senso, A.; Franco, P.; Minguillon, C. Carbamates of
cellulose bonded on silica gel: Chiral discrimination ability as
HPLC chiral stationary phases. Chirality, 1998, 10, 283-288.
Kubota, T.; Yamamoto, C.; Okamoto, Y. Preparation of chiral
stationary phase for HPLC based on immobilization of cellulose
3,5-dimethylphenylcarbamate derivatives on silica gel. Chirality,
2003, /5, 77-82.

Chen, X.; Qin, F.; Liu, Y.; Huang, X.; Zou, H. Synthesis of chiral
stationary phases with radical polymerization reaction of cellulose



346 Combinatorial Chemistry & High Throughput Screening, 2012, Vol. 15, No. 4

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

phenylcarbamate derivatives and vinylized silica gel. J.
Chromatogr. 4, 2004, 1034, 109-116.

Qin, F.; Chen, X.; Liu, Y.; Kong, L.; Zou, H. Preparation of
covalently bonded cellulose tris (4-methylbenzoate) derivative
chiral stationary phases through a polymerization reaction. Sepu,
2004, 22(6), 569-674.

Ghanem, A.; Aboul-Enein, H.Y. Comparison, applications,
advantages, and limitations of immobilized and coated amylose
tris-(3,5-dimethylphenylcarbamate) chiral stationary phases in
HPLC. J. Lig. Chromatogr. & Rel. Technol., 2005, 28, 2669-2675.
Ghanem, A.; Hoenen, H.; Aboul-Enein, H.Y. Application and
comparison of immobilized and coated amylose tris-(3,5-
dimethylphenylcarbamate) chiral stationary phases for the
enantioselective separation of B-blockers enantiomers by liquid
chromatography. Talanta, 2006, 68, 602-609.

Ghanem, A.; Naim, L. Immobilized versus coated amylose tris(3,5-
dimethyl-phenylcarbamate) chiral stationary phases for the
enantioselective separation of cyclopropane derivatives by liquid
chromatography. J. Chromatogr. A, 2006, 1101, 171-178.
Thunberg, L.; Hashemi, J.; Andersson, S. Comparative study of
coated and immobilized polysaccharide-based chiral stationary
phases and their applicability in the resolution of enantiomers. J.
Chromatogr. B, 2008, 875, 72-80.

Zhang, T., Nguyen, D.; Franco, P. Enantiomer resolution screening
strategy using multiple immobilized polysaccharide-based chiral
stationary phases. J. Chromatogr. A, 2008, 1191, 214-222.

Franco, P.; Zhang, T. Common approaches for efficient method
development with immobilized polysaccharide-derived chiral
stationary phases. J. Chromatogr. B, 2008, 875, 48-56.

Zhang, T.; Nguyen, D.; Franco, P. Reversed-phase screening
strategies for liquid chromatography on polysaccharide-derived
chiral stationary phase. J. Chromatogr. 4,2010, 1217, 1048-1055.
Ciogli, A.; Bicker, W.; Lindner, W. Determination of
enantiomerization barriers of hypericin and pseudohypericin by
dynamic high performance liquid chromatography on immobilized
polysaccharide type chiral stationary phases and off column
racemization experiments. Chirality, 2010, 22, 463-471.

Weng, W.; Guo, H.; Zhan, F.; Fang, H.; Wang, Q.; Yao, B.; Li, S.
Chromatographic enantioseparations of binaphthyl compounds on
an immobilized polysaccharide-based chiral stationary phase. J.
Chromatogr. 4, 2008, 1210, 178-184.

Mitchell, C.R.; Benz, N.J.; Zhang, S. Comparison of the factors
that contribute to retention on immobilized polysaccharide-based
chiral stationary phases and macrocyclic glycopeptides chiral
stationary phases with the Abraham model. J. Chromatogr. B,
2008, 875, 65-71.

Yao, B.; Zhan, F.; Yu, G.; Chen, Z.; Fan, W.; Zeng, X.; Zeng, Q.;
Weng, W. Temperature-induced inversion of elution order in the
chromatographic enantioseparation of 1,1-bi-2-naphthol on an
immobilized polysaccharide-based chiral stationary phase. J.
Chromatogr. 4, 2009, 1216(28), 5429-5435.

Tang, S.; Ikai, T.; Tsuji M.; Okamoto, Y. Immobilization and chiral
recognition of 3,5-dimethylphenylcarbamates of cellulose and
amylase bearing 4-(trimethoxysilyl) phenylcarbamate groups.
Chirality, 2010, 22, 165-172.

Ferretti, R.; Gallinella, B.; La Torre, F.; Zanitti, L.; Turchetto, L.;
Mosca, A.; Cirilli, R. Direct high-performance liquid
chromatography enantioseparation of terazosin on an immobilised
polysaccharide-based chiral stationary phase under polar organic
and reversed-phase conditions. J. Chromatogr. A, 2009, 1216(28),
5385-5390.

Zanitti, L.; Ferretti, R.; Gallinella, B.; La Torre, F.; Sanna, M.L.;
Mosca, A.; Cirilli, R. Direct HPLC enantioseparation of

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

AL-Othman et al.

omeprazole and its chiral impurities: Application to the
determination of enantiomeric purity of esomeprazole magnesium
trihydrate. J. Pharm. Biomed. Anal., 2010, 52, 665-671.

Okamoto, Y.; Kaida, Y. Resolution by high performance liquid
chromatography using polysaccharide carbamates and benzoates as
chiral stationary phases. J. Chromatogr. A, 1994, 666, 403-419.
Yashima, E.; Yamada, M.; Kaida, Y.; Okamoto, Y. Computational
studies on chiral discrimination mechanism of cellulose
trisphenylcarbamate. J. Chromatogr. A, 1995, 694, 347-354.
Yamamoto, C.; Yashima, E.; Okamoto, Y. Computational studies
on chiral discrimination mechanism of phenylcarbamate derivatives
of cellulose. Bull. Chem. Soc. Jpn., 1999, 72, 1815-1825.
Aboul-Enein, H.Y.; Ali, I. Comparative study of the enantiomeric
resolution of chiral antifungal drugs econazole, miconazole and
sulconazole by HPLC on various cellulose chiral columns in
normal phase mode. J. Pharm. Biomed. Anal.,2002, 27, 441-446.
Zhang, T.; Schaeffer, M.; Franco, P. Optimization of the chiral
separation of a Ca-sensitizing drug on an immobilized
polysaccharide-based chiral stationary phase: Case study with a
preparative perspective. J. Chromatogr. A, 2005, 1083, 96-101.
Duquesne, J.; Vanthuyne, N.; Rafii, E.; Roussel, C. In: 16"
International symposium on chirality, New York, July 121-14,
2004.

Zhang, T.; Schaeffer, M.; Franco, P. Optimization of the chiral
separation of a Ca-Sensitizing drug on an immobilized
polysaccharide-based chiral stationary phase: Case study with a
preparative perspective. J. Chromatogr. A, 2005, 1083, 96-101.
Ghanem, A.; Aboul-Enein, H.Y. On the solvent versatility in
immobilized amylose tris(3,5-dimethylphenylcarbamate) chiral
stationary phase in high performance liquid chromatography:
Application to the asymmetric cyclopropanation of olefins. Anal.
Chim. Acta., 2005, 548, 26-32.

Method development with Chiralpak IA and Chiralpak IB columns,
Chiral Technologies, p. 1-4., Europe, France, 2004, www.chiral.fr
Cirilli, R.; Orlando, V.; Ferretti, R.; Turchetto, L.; Silvestri, R.;
Martino, G.; Latorre, F. Direct HPLC enantioseparation of chiral
aptazepine derivatives on coated and immobilized polysaccharide-
based chiral stationary phases. Chirality, 2006, 18, 621-632.

Sanna, M.L.; Maccioni, E.; Vigo, S.; Faggi, C.; Cirilli, R.
Application of an immobilised amylose-based chiral stationary
phase to the development of new monoamine oxidase B inhibitors.
Talanta, 2010, 82, 426-431.

Francotte, E.R.; Zhang, T. Photochemically cross-linked
polysaccharide  derivatives having no photopolymerisable
functional group. European patent WO 97/04011, Priority 21.07,
1995.

Tang, S.; Ikai, T.; Tsuji, M.; Okamoto, Y. Immobilization of 3,5-
dimethylphenylcarbamates of cellulose and amylose onto silica gel
using (3-glycidoxypropyl) triethoxysilane as linker. J. Sep. Sci.,
2010, 33, 1255-1263.

Ferretti, R.; Gallinella, B.; La Torre, F.; Zanitti, L.; Turchetto, L.;
Mosca, A.; Cirilli, R. Direct high-performance liquid
chromatography enantioseparation of terazosin on an immobilised
polysaccharide-based chiral stationary phase under polar organic
and reversed-phase conditions. J. Chromatogr. A, 2009, 1216(28),
5385-5390.

Ciogli, A.; Bicker, W.; Lindner, W. Determination of
enantiomerization barriers of hypericin and pseudohypericin by
dynamic high-performance liquid chromatography on immobilized
polysaccharide-type chiral stationary phases and off-column
racemization experiments. Chirality, 2010, 22, 463-471.

Received: March 22,2011

Revised: September 21, 2011

Accepted: October 26, 2011



	01. CCHTS_CONTENTS.doc
	02. CONTENT_CCHTS-15-4
	03. Zhou & Zhang_CCHTS
	04. Huang-3_CCHTS
	05. Li_CCHTS
	06. Huang-4_CCHTS
	07. Xiang&Chen_CCHTS
	08. MGE-Huang_CCHTS
	09. Ali_CCHTS
	10. Xia and Lin_CCHTS
	11. Charati_CCHTS
	12. CCHTS_BACK.doc
	13. CCHTS_BACK copy.doc


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




