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Abstract— Distribution behavior of mandelic acid 
enantiomers was examined in an aqueous-organic 
solvent of a two-phase system containing L-tartarate. 
The influences of pH, length of alkyl chain of L-
tartarate, organic solvent, concentration of phos-
phate salt and time of chiral extraction on partition 
coefficient (k) and separation factor (α) were investi-
gated, respectively. With the rise of pH, k decreases, 
but α increases. With the addition of length of alkyl 
chain of L-tartarate, k and α decrease. The organic 
solvent and concentration of phosphate salt also have 
a bigger influence on k and α. A new binary chiral 
selector system is presented, effective for the enanti-
oselective extraction of racemic mandelic acid. The 
distribution coefficients of D- and L-mandelic acid as 
high as 14.9 and 7.0, respectively, and the enantiose-
lectivity value of 2.1 were found. 
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I. INTRODUCTION 
As the relation of chirality and drug activity is re-
searched deeply, people become to realize the clinic 
importance of chirality. The different enantiomers of a 
drug can have vastly different pharmacological activi-
ties, pharmacokinetic processes and toxicity (Herráez-
Hernández and Campíns-Falcó, 2000; Mostafavi and 
Foster, 2002). The most well documented example is 
that of the drug substance thalidomide. Bitter lessons 
and scientific research promote the interest in single-
enantiomer drugs, so the potential of the chiral drug 
market is enormous (Cannarsa, 1996). How to obtain 
stereochemically pure drugs becomes one of the top-
topics in the world. At present, chiral drugs represent 
above 50% of the total number of sales, but nearly 85%-
90% of them are racemic mixtures because of the diffi-
culties of separation techniques. So, preparative separa-
tions of enantiomers are very important (Seo et al., 
2000). 

To separate enantiomers, techniques such as crystal-
lization, enzymatic conversion and chromatography 
have been developed. The techniques promote the re-
search and development of chiral compounds, but there 
are some deficiencies about them. Crystallization is 
time- and cost-inefficient, and very often confined to 
racemic compounds such as acids and bases. Enzymatic 
conversion is expensive due to its single-action. As 

chiral stationary phases, mobile phases and derivatizing 
agents are very expensive, chromatography is cost-
inefficient. To avoid the problems above, asymmetric 
synthesis and kinetic resolution have been developed 
(Rekoske, 2001; Cen and Cai, 2000; Prelog et al., 1989). 
However, it is very expensive and time-inefficient to 
develop a proper route for every chiral compound. Sol-
vent extraction is a mature industrial separation tech-
nique that can be easily performed automatically and 
continuously with good effect, high recovery and low 
energy consumption. Chiral solvent extraction is a very 
attractive option for separation of enantiomers (Lacour 
et al., 2000; Heldin et al., 1991). 

Mandelic acid (MA) served as a model in this study, 
which is a major metabolite of styrene and widely used as 
a biological indicator of occupational exposure to styrene 
(Horváth et al., 2000).  

Diester derivatives of tartaric acid are well known as 
effective chiral selectors. Because these derivatives are 
symmetric in the C2 axis and two kinds of functional 
groups, hydroxyl and carbonyl, attached to asymmetric 
carbons in these derivatives are stereochemically 
equivalent to those groups attached to other carbons; 
these structural features are favorable for them to be 
chiral selectors (Heldin et al., 1991). MA has a carbox-
ylic acid group at the chiral center that could participate 
in additional interactions with the hydroxyl and car-
bonyl groups of the enantiopure di-tartarates. 

In this paper, the distribution behavior of MA enan-
tiomers was examined in the aqueous and organic sol-
vent of a two-phase systems containing L-tartarate. Fi-
nally, a new binary chiral selector system, effective for 
the enantioselective extraction of racemic mandelic, is 
presented.  

II. METHODS 
A. Chemicals 
Racemic MA was supplied by Sigma (St. Louis, MO, 
USA). β-CD was purchased from Abxing Biological 
Technology Co. Ltd (Beijing, China). Other chemicals 
were of analytical reagent grade. 
B. Analytical method 
Chromatographic studies were performed using a LC-
2010 HPLC (Shimadzu, Japan). The mobile phase was 
water-methanol mixture (Δr=85:15) containing 6 
mmol/L L-phenylalanine and 3 mmol/L CuSO4 and 
running at a flow rate of 0.6 mL/min. The column (250 


