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  Abstract : An enantioselective recognition of D- and L-tryptophan (Trp)-b-cyclodextrin (CD) 
inclusion complex was performed using electrochemical and FT-Raman spectroscopic analysis. From 
the electrochemical analysis, the selectivity coefficient (KDL) of b-CD inclusion complexes was 
found higher than that of the D- and L-Trp in phosphate buffered saline (PBS, pH=7.0) solution. 
The percentage of enantioselectivity (I%ee) for peak current of D-Trp-b-CD inclusion complexes 
was observed higher than that of L-Trp-b-CD inclusion complexes in PBS solution. From Raman 
spectroscopy, chemical shift difference (D, cm-1) for the C=C stretch, ring vibration, and ring 
breathing of D-Try-b-CD inclusion complex were observed higher than that of L-Trp-b-CD 
inclusion complex. The electrochemical and Raman spectroscopic analyses were found very useful 
for chiral detection of racemic amino acid in the presence of b-CD.

Keywords : Electrochemical analysis, Raman spectroscopy analysis, D- and L-Tryptophan, 
           b-Cyclodextrin inclusion complexes

1. Introduction

  Chirality is not only a fundamental chemical 
property of the optically active materials in 
nature, but also a critical factor in living 
systems [1]. The enantiomers of a chiral 
molecule may exhibit different biological 
activities. For instance, one of the enantiomer 
is very effective, while the other may be 
ineffective or even cause serious sides-effects 
for biomedical applications [2]. Therefore, 
development of the analytical methods for the 
enantioselective recognition of enantiomers is 
important in the fields of pharmaceuticals and 
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biotechnology. There are various methods that 
have been employed for chiral analysis, 
including high performance liquid 
chromatography (HPLC) [3–5], capillary 
electrophoresis (CE) [6], chiral ligand exchange 
chromatography (CLEC) [7], fluorescence 
detection [8,9], molecular imprinting techniques 
[10], and electrochemical methods [11]. 
Among these approaches, electrochemical 
methods have attracted a lot of attentions 
owing to the advantages of low cost, high 
sensitivity, and simplicity.
  Cyclodextrins (CDs) are cyclic natural 
oligomers connecting six, seven, and eight 
glucose units via α-(1,4)-linkages, which are 
called α-, β-, and γ-cyclodextrins, 
respectively. Schematically, the shape of CDs 
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can be presented as a truncated cone with six, 
seven, and eight primary hydroxyl groups 
attached to the smaller opening cone while the 
remaining twelve, fourteen, and sixteen 
secondary hydroxyl groups are located on the 
larger opening of the cone [12,13]. As a 
consequence of these structural features, CDs 
are capable of forming inclusion complexes, 
even with molecules significantly larger than 
their cavities, providing at least some part of 
the guest can penetrate into the cavity [14,15]. 
CDs are known to be good models for 
enzymatic action, combining the cage effects 
with the conformational control of the guest 
molecule. Their stereoselective action, especially 
of α- and β-CDs, offers new possibilities in 
particular for pharmaceutical application, e.g., 
enhancement of the bioavailability of certain 
drugs [16-18].
  In our previous study, we prepared inclusion 
complexes of nitrophenols [19], Loxoprofen as 
a non-steroidal anti-inflammatory drug [20], 
and chlorostyrenes [21] with cyclodextrins as 
inclusion complex. Raman spectroscopy was 
used for their analysis and that remarkably 
exhibited Raman shifts due to the ring 
vibration of the molecule. However, there are 
not enough study about enantioselective 
recognition for the inclusion complexes using 
cyclodextrins in the solid state by using 
FT-Raman spectroscopy and electrochemical 
analysis. On the other hand, amino acids and 
their derivatives are important components in 
the chemical and biological systems [22]. 
Generally, different configurations of amino 
acids have different roles in the living system. 
L-Amino acids are used in the synthesis of 
proteins, while some D-amino acids are not 
participated in proteins synthesis or even 
generate adverse reaction to living organisms. 
Tryptophan (Trp) is an essential constituent of 
proteins and precursor of the neurotransmitter 
serotonin [23]. The level of Trp in plasma is 
closely related to the extent of hepatic disease 
[24]. L-Trp, which is called the second amino 
acid, is an important metabolite in human and 

animals. The imbalance or deficiency of L-Trp 
may cause several chronic diseases. Therefore, 
the enantioselective recognition of Trp 
enantiomers has become extraordinarily 
important.
  In this study, we incorporated the D- and 
L-Trp on the b-CD in PBS solution (pH=7.0) 
in order to know enantioselective recognition 
by electrochemical analysis.  Inclusion complex 
of D- and L-Trp with b-CD in the solid 
state was prepare for know enantioselective 
recognition by Raman spectroscopy. Based on 
the analysis results, the enantioselective 
recognition of inclusion complex was also 
discussed.

2. Experimental

2.1. Materials

  D,L-tryptophan (Trp) and b-cyclodextrin 
(CD) inclusion complex were purchased from 
Sigma-Aldrich (Korea). Phosphate buffered 
saline solution (PBS, pH=7.0) was prepared by 
mixing of NaH2PO4 and Na2HPO4. Glassy 
carbon electrode (MF-2012) was purchased 
from Bioanalytical Systems, Inc. (U.S.A.). 
Ag/AgCl (012167 Ag/AgCl for reference 
electrode) was obtained from ALS Co., Ltd. 
(Japan). All other chemicals used in this study 
were analytical grade. A Millipore purification 
system (Millipore, MA, USA) was used for the 
purification of water.

2.2. Characterization

  Cyclic voltagrams (CV) for inclusion 
complexes were obtained from Versa STAT 3 
potentiostat/galvanostat (AMETEK PAR, USA) 
with conventional three-electrode system such 
as composite-coated glassy carbon (diameter, 
3.0 mm) working electrode, a platinum wire 
counter electrode, and an Ag/AgCl (saturated 
KCl) as a reference electrode (Korea). Raman 
spectroscopy with High Resolution Raman was 
performed by LabRAM HR-800 (Horiba 
Jobin Yvon Inc., France).
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Fig. 1. Cyclic voltammograms of L-Trp and D-Trp on GCE in 0.1 M PBS (pH=7.0) 
with a scan rate 60 mV s-1.

3. Results and Discussion

3.1. Electrochemical analysis of L- and 

    D-Trp-β-CD inclusion complexes

  Fig. 1 shows the cyclic voltammograms 
(CVs) of the L- and D-Trp with 1.0 × 10-4 

M on GCE in 0.1 M PBS (pH=7.0) solution 
with a scan rate of 60 mV s-1. A redox 
response of the L-Trp was observed with 
three oxidation peaks at 0.131, 0.394 and 
0.724 V along with three reduction peaks at 
−0.701, −0.459 and −0.069 V. Here, the 
redox response of the L- and D- Trp with 
different concentration was found entirely in 
the same patterns. The detection limits for L- 
and D-Trp in PBS electrolyte was observed 
1.0 × 10-7 M. On the other hand, the 
electrochemical response for L- and D-Trp-b 
-CD inclusion complex was appeared entirely 
same pattern, but the peak current (mA) was 
smaller than that of the L- and D-Trp in 

PBS solution.
  Fig. 2 shows the calibration curves for L- 
and D-Trp in CV with different concentration 
and scan rate at 0.131 V. Here, we found the 
linear calibration curves for both L- and 
D-Trp on the GC electrodes up to their 
concentrations in the range of 1.0×10−2 M ~ 
1.0 × 10−6 M. Furthermore, the peak current 
for L-, and D-Trp at a scan rate of 60 mV 
s-1 was observed higher than that of L- and 
D-Trp in CV at a scan rate of 30 mV s-1. 
These results indicated that the redox reaction 
of L- and D-Trp was the reversible process 
onto the surface of GC electrode in PBS 
solution.
  Fig. 3 exhibits the calibration curves for 
L-Trp and L-Trp-b-CD inclusion complex in 
PBS solution (pH = 7.0) at 0.131 V with 
different scan rates. It was also found that the 
calibration curves of L-Trp-b-CD inclusion 
complex  was  linear  dependent  on  their 
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Fig. 2. Calibration curves of L-Trp and D-Trp at the 0.131n V point in 0.1 M PBS 
(pH=7.0) solution.

Fig. 3. Calibration curve for L-Trp and β-CD inclusion complex with L-Trp in 0.1 M 
PBS (pH=7.0) at 0.131 V. (a) with a scan rate of 30 mV s-1 and (b) with a 
scan rate 60 mV s-1.

concentrations in the range of 1.0×10−2 M ~ 
1.0×10−6 M, while the oxidation peak 
currents of the b-CD-L-Trp inclusion 
complex was lower than that of L-Trp. Here, 
the L-Trp as gust molecules could not 
approach onto the surface of GC electrode 
due to hindrance of b-CD as host molecules. 
At 0.1306 V point, we clearly observed higher 
value of the peak current in CV with a scan 
rate of 60 mV s-1 for all active compounds 
than that of CV with a scan rate of 30 mV 
s-1. This indicated that the redox reaction onto 
the surface of the GC electrode in PBS 
solution with active compounds was reversible.
  Fig. 4 shows the calibration curves for 

D-Trp and D-Trp-b-CD inclusion complex 
in PBS electrolyte (pH = 7.0) at 0.131 V point 
at different concentrations and scan rates. The 
calibration curves of D-Trp-b-CD inclusion 
complex was also found liner dependent on 
their concentrations in the range of 
1.0×10−2M~1.0×10−6M.Whilethepeakcurrentsf
orD-Trp-b-CD inclusion complex was lower 
than that of L-Trp in CV at 0.131 V point 
due to the blocking of b-CD as host 
compound to the surface of GC electrode in 
PBS solution.
  Table 1 exhibits the peak current (I, mA) at 
0.131 V point, selectivity coefficient, and the 
percentage of enantioselectivity at the peak 
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Fig. 4. Calibration curve for D-Trp and β-CD inclusion complex with D-Trp in 0.1 M 
PBS (pH=7.0) at 0.1306 V. (a) with a scan rate of 30 mV s-1 and (b) with a 

scan rate 60 mV s-1.

current (I%ee) for the active compounds. Here, 
the selectivity coefficient for active compounds 
(KDL) to GC electrode is calculated from the 
following equation [25]:

KDL=(ID/CD)/(IL/CL) (1)

Where ID and IL are the peak currents of D- 
and L-Trp, respectively; CDand CL are the 
concentrations of the corresponding 
enantiomers. As shown in Table 1, the 
selectivity coefficient for L- and D-Trp was 
lower than that of the b-CD inclusion 
complexes. Furthermore, the selectivity 
coefficient for L-, D-Trp, and b-CD- 
inclusion complexes was increased with 
decreasing concentration. It is very interesting 
because the dissolved L- and D-Trp have the 
strong ionic property in PBS (pH=7.0) solution 
than the dissolved b-CD inclusion complexes. 
From these phenomena, the electrostatic 
repulsion of the dissolved L- and D-Trp 
exhibited to the surface of GC electrode than 
that of b-CD inclusion complexes.
  On the other hand, the percent 
enantioselectivity (I%ee) for peak current of 
enantiomers was calculated from the following 
equation:

I%ee=ID/ID+IL (2)

where ID and IL are the peak currents of 
enantiomers. As you can see in Table 1, 
I%eevaluestoD-Trp-b-CD inclusion complexes 
was higher than that of L-Trp-b-CD 
inclusion complexes. This means that the chiral 
detection could be performed via redox peak 
currents of electrochemical analysis in the 
presence of b-CD as a host compound.
  Table 2 shows the results of electrochemical 
analysis for L-, D-Trp and β-CD inclusion 
complexes by CV with a scan rate of 60 mV 
s-1 in 0.1 M PBS (pH=7.0) solution. Here, the 
peak currents of D- and L- Trp were 
increased with increasing the scan rate (see, 
Table 1). The selectivity coefficient of b-CD  
inclusion complexes was higher than that of 
L- and D-Trp because the dissolved L- and 
D-Trp have the strong anionic property, while 
the dissolved b-CD inclusion complexes have 
the weak anionic properties to GC working 
electrode in PBS solution. I%ee values to 
D-Trp-b-CD inclusion complexes was also 
found higher than that of L-Trp-b-CD 
inclusion complexes. This means that the chiral 
recognition in the presence of chiral b-CD as 
host compound could be determined via redox 
peak currents of electrochemical analysis.
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   Table 1. Electrochemical analysis for L-Trp, D-Trp and β-CD inclusion complexes by 
            CV with a scan rate of 30 mV s-1 in 0.1 M PBS (pH=7.0) solution

   Table 2. Electrochemical analysis for L-Trp, D-Trp and β-CD inclusion complexes by 

            CV with a scan rate of 60 mV s-1 in 0.1 M PBS (pH=7.0) solution

3.2. Raman spectroscopy analysis L- and 

D-β-CD inclusion complexes

  The hydrophobic properties of b-CD is 
useful for the incorporation in the indole, 
benzo[b]pyrrole, site of L- and D-Trp. Fig. 5 
shows the FT-Raman spectra of L-Trp and 
L-Trp-b-CD inclusion complexes, in the 
1480-1580 cm-1, 1200-1280 cm-1, and 
1060-1180 cm-1 regions, at room temperature. 

We selected above regions because the phenyl 
C=C stretching peakν(C=C), ring vibration 
peak, and the ring breathing peaks of L-Trp 
and L-Trp-b-CD inclusion complexes have 
no interfering bands of the b-CDs. The pure 
L-Trp gives the characteristic phenyl ν(C=C) 
peak at 1557 cm-1. The characteristic peaks of 
ring vibration and ring breathing for pure 
L-Trp were at 1232 cm-1 and 1119 cm-1, 
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Fig. 5. Raman spectra of L-Trp (black line) and L-Trp-β-CD inclusion complexes (red line).

Fig. 6. Raman spectra of D-Trp (black line) and D-Trp-β-CD inclusion complexes (red line).

respectively. After the inclusion of L-Trp to 
b-CD, the characteristic peaks were not 
shifted (see, Table 3).
  Fig. 6 exhibits the FT-Raman spectra of 
D-Trp and D-Trp-b-CD inclusion complexes, 
in the 1480-1580 cm-1, 1200-1280 cm-1, and 
1060-1180 cm-1 region, at room temperature. 
The pure D-Trp gives the characteristic phenyl 
ν(C=C) peak at 1557 cm-1, whereas in the 
D-Trp-b-CD complex, the ν(C=C) band was 
shifted to 1558 cm-1 (see Table 3). The 
characteristic peaks of ring vibration and ring 
breathing for pure D- Trp were at 1232 cm-1 

and 1119 cm-1, respectively. After the inclusion 
of D-Trp to b-CD, the characteristic peaks 
are shifted to 1233 cm-1 and 1120 cm-1, 
respectively (see, Table3).
  Table 3 summarizes the ν(C=C), ring 
vibration and ring breathing of the indole site 
of the pure L-, D-Trp, and b-CD inclusion 
complexes. The characteristic phenyl ν(C=C) 
ring vibration and ring breathing peaks in 
D-Trp-b-CD were shifted to a higher wave 
number than that of pure D-Trp, whereas the 
characteristic peaks with phenyl ν(C=C) ring 
vibration and ring breathing of the 
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    Table 3. Raman spectroscopy analysis for pure L-Trp and D-Trp and
            β-CD inclusion complexes

L-Trp-b-CD inclusion complexes were not 
shifted to high wave number in FT-Raman 
spectroscopy.

4. Conclusions

  Electrochemical and FT-Raman spectroscopic 
analysis were performed for D- and 
L-tryptophan (Trp)-b-cyclodextrin (CD) 
inclusion complex to confirm the chiral 
detection. We observed the higher value of the 
selectivity coefficient (KDL) of the b-CD 
inclusion complexes than the pure D- and 
L-Trp in PBS solution by CV. The percentage 
of enantioselectivity (I%ee) for peak current of 
D-Trp-b-CD inclusion complexes was found 
higher than that of L-Trp-b-CD inclusion 
complexes. The phenyl ν(C=C) stretch, ring 
vibration, and ring breathing for D-Try-b-CD 
inclusion complex showed higher chemical 
shifts than the L-Trp-b-CD inclusion 
complex.
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