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We investigate a high sensitive chiral molecule detector based on Goos—Hanchen shift (S) in Kretschmann config-
uration involving chiral tri (diethylene glycol monobutyl) citrates (TDBCs). Fresnel equations and the stationary phase
method are employed to calculate S. Due to the interaction between surface plasmon polaritons and chiral TDBCs, S with
chiral TDBCs are amplified at near the resonant wavelengths of chiral TDBCs. Our calculation results show that although
the difference between the resonant wavelengths of left and right TDBCs is 4.5 nm, the positions of the largest S for the
structures with left TDBCs and right TDBCs do not overlap. S reaches 400 times (or 200 times) the incident wavelength
around the resonant wavelength of left TDBCs (or right TDBCs). The difference of S with chiral TDBCs (AS) can reach
400 times or 200 times the incident wavelength in certain conditions, which can be directly observed in experiments. Left
TDBCs and right TDBCs are easily distinguished. There is an optimal thickness of the metal film to realize the largest
difference of S between Kretschmann configurations with left TDBCs and right TDBCs. Furthermore, we discuss the oscil-
lator strength f, which is mainly determined by TDBC concentration. We find that our proposed detector is quite sensitive
with f. By changing f from 0.008 to 0.014 with the step of 0.002, the change of AS is no less than five times the incident
wavelength (2.9 um). Our proposed structure is very sensitive to the chirality and the concentration of TDBCs and has
potential applications in distinguishing the chirality detector.

Keywords: surface plasmon polaritons, chirality, Goos—Hanchen shift

PACS: 73.20.Mf

1. Introduction

During the past couple of years, the optical sensors
at macro- and nano-scales have been investigated, and sur-
face plasmon polaritons (SPPs) play an important role in
these devices, such as sensors, detectors, even in quan-
tum key distributions.!!!3] Goos—Hinchen (GH) shift is a
small shift of light in the total internal reflection, which is
quite sensitive to the surrounding medium.!~'%!2] Many ap-
plications are introduced in both theory and experiments,

351 resonance devices,[® and switches

such as sensors,!
based on Kretschmann configuration involving Kerr nonlinear
medium. ") Kretschmann configuration is a well-known con-
figuration in SPP excitation.!”-121-22] GH shift can be directly
measured in the experiment and can reach 100 times the inci-
dent wavelength.!”! If the medium in the Kretschmann config-
uration is chiral, GH would display a new function for detect-
ing the chirality of the medium.

Chiral objects have many applications in bio-medicine
and bio-agriculture.?*?* Left-handed objects are beneficial to
humans. Right-handed objects are harmful to pests and help to
make a good harvest of the crops. Hence, it is very important
to distinguish between left-handed and right-handed objects.

DOI: 10.1088/1674-1056/abdda6

During the recent works, SPPs and localized surface plasmons
(LSPs) can enhance the electromagnetic fields in the near field
and significantly amplify the chiral optical response.!?>~4?]
Circular dichroism (CD) spectra are used to describe the chi-
rality of the objects in a wide wavelength regime. > If we
use the GH shift to replace the CD spectrum, the difference
between the left molecules and the right molecules can be di-
rectly measured in the experiment, and we do not need to make
a distinction of a small value between absorptions or scatter-
ings.

In this paper, we investigate a chiral molecule detec-
tor based on the lateral shift splitting/GH shift splitting in
Kretschmann configuration involving chiral tri (diethylene
glycol monobutyl) citrates (TDBCs) by using classical meth-
ods. Kretschmann configuration is made up of a gold film
sandwiched between the dielectric medium and left TDBCs
or right TDBCs. Incident light is injected from the dielec-
tric medium with an incident angle. Fresnel equations and the
stationary phase method are employed to solve our proposed
structure. The parameters of chiral TDBCs and Au film are
changed to show the impact on the sensitivity of the molecule
detector. Due to the direct measurement in the experiment,
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our structure has potential applications in distinguishing the
chirality detector.

2. Calculation models and results

The sketch of our calculation model is shown in Fig. 1.
An Au film with the thickness of d is sandwiched between the
prism and chiral TDBCs. The incident chiral beam is injected
from the dielectric medium with an incident angle 6. The di-
electric constant function (e;) of Au is obtained in Ref. [43].
The index of the dielectric medium (,/€7) is chosen as V/3.6.
Chiral TDBCs are modeled by a Lorentzian oscillator3>-3]

2
Jio;

. )

0} — 02— iy

€3 = €xt 6]
where i means left (L) or right (R), € = nﬁg, and np, = 1.33
is the index of the background. w; is the resonant frequency
of TDBCs, and ¥; is the damping constant of TDBC. f; is
the oscillator strength, which depends on the molecular con-
centration. According to the experimental measurement of
TDBC, we obtain that @, = 3.228 x 1015 rad/s, wr = 3.203 x
103 rad/s, and % = wg = 8.195 x 10'3 rad/s.333¢1 Incident
chiral beam is composed of TE-polarized beam (Es) and TM-
polarized beam (E,) as Es + E,, e+i7/2 In Kretschmann con-
figurations, only the TM-polarized beam can be used to gen-
erate SPPs. Here, we only consider TM-polarized beam is
injected into our proposed system.

d Au

Fig. 1. The sketch of our calculation model.
GH shift S is calculated by the classical method as!>7]
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where ¢, = Im(Inr) is the phase of r, and r is TM-polarized
reflection coefficients of Fresnel equations for Kretschmann
configurations.>7-1?1 The reflection R is calculated as R = |r|?.
Before we discuss the relation between the GH shift S and the
incident wavelength A, it should be mentioned that the inci-
dent angle 0 is equal to the surface plasmon resonant angle
Ospps. > In our calculation, the incident angle is changed
with the incident wavelength. The best condition of SPP exci-
tation is the angle being equal to the surface plasmon resonant
angle Ospps. In order to obtain a significant GH shift for each
wavelength in calculations, we set the incident angle 6 chang-
ing with the incident wavelength. In the application, we may
set the incident angle 6 is equal to Ospps at the resonant wave-
length of left TDBCs or right TDBCs. In the following, we

; 2

calculate Kretschmann configurations with only LTDBCs and
Right TDBCs to study normalized GH shift S/A and the dif-
ference of normalized GH shifts between Kretschmann con-
figurations with LTDBCs and RTDBCs AS/A.

3. Results and discussion

First, we choose f; = 0.01 and d = 20 nm to calculate
the reflection spectrum R and normalized GH shifts §/A with
both LTDBCs and RTDBC:s, respectively. The incident angle
is considered as Ospps. The results are shown in Fig. 2. Fur-
thermore, the difference of normalized GH shifts AS/A is also
plotted in Fig. 2.

Due to the interactions between SPPs and chiral TDBCs,
normalized GH shifts S/A are amplified near the resonant fre-
quencies of chiral TDBCs, as shown in Fig. 2(a). They are as
24 times of LTDBCs and 10 times of RTDBC:s as the incident
wavelength. Due to the different resonant wavelengths, the
positions of the maximum S for LTDBCs (A = 577 nm) and
RTDBCs (A = 582 nm) do not overlap. As Fig. 2(b) shown,
the difference of normalized GH shifts AS/A can reach 24
at A = 577 nm. It seems that the reflected beam with LT-
DBCs moves a lot, but the one with RTDBCs hardly moves
at A = 577 nm. This phenomenon can be easily measured
in the experiment, and LTDBCs and RTDBCs are easily dis-
tinguished. Also, the working wavelength can be taken as
A =582 nm.

Then, we decrease the thickness d of Au film to show
how AS/A changes. The thickness d is changed from 20 nm
to 50 nm with the step of 10 nm. The results are shown in
Fig. 3. For each thickness of the proposed system, S;/A is also
calculated and shown in the inserted picture.

25
(a) —— LTDBCs
20 [ ——— RTDBCs

151

S/

101

————
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Incident wavelength A (nm)

25
(b)
20 |
15 |

10

AS/A

0 f\r

_10 . . . . . . .
560 580 600 620 640 660 680

Incident wavelength A (nm)
Fig. 2. Normalized GH shifts S;/A (a) and the difference of normalized
GH shift AS/4 (b) versus the incident wavelength A, respectively.
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As shown in Fig. 3, the working wavelength of our pro-
posed structure is changed by the thickness of Au film d. At
the same time, the value of S;/A decreases. The dissipation
of Au film increases sharply with the thickness of Au film in-
creasing, while the decoupling conversion rate decreases. It
means that there are more SPPs joining into the interaction be-
tween chiral TDBCs and Au film with the increase of Au film
thickness. According to the analysis above, we can change
the working wavelength by tuning the thickness of Au film.
With the increase of d, the working wavelength has a red shift.
Although there are more SPPs interact with chiral TDBCs, the
intensity of AS/A is reduced by the large dissipation. Compar-
ing the intensity of AS/A, we also find that with the changes of
d, there is an optimal thickness to make AS/A the largest. We
pick the maximum values and the positions of AS/A for both
LTDBCs and RTDBCs by changing d with the step of 0.5 nm.
The results are shown in Fig. 4.

As shown in Fig. 4(a), there is a little difference between
the optimal thicknesses for LTDBCs and RTDBCs. The largest

(a) —— LTDBCs
20t 20 — —RTDBCs
=<
@
10
. 1o} |
X I
“ 0 I
<
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0
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~10 : :
550 600 650 700
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20 -
(C) 15} LTDBCs 1
10} %10 rrpBCs |||
5
<o
Z]) 600 A 620
—10}
—20 : :
550 600 650 700

Incident wavelength A (nm)

AS/A is larger than 100, which can be significantly observed
in the experiments. The positions of the maximum of AS/A
for LTDBCs and RTDBCs almost do not overlap. The phe-
nomena above are mainly caused by the different resonances
for left TDBCs and right TDBCs. Besides the incident an-
gle O is equal to Ospps, there is an optimal thickness of Au film
which shows the best ability to coverts light into SPPs cou-
pling with chiral TDBCs and decouple into light around the
resonant wavelengths of chiral TDBCs. It reflects the com-
petition between the dissipation and the conversion efficiency
from light to SPPs. If the thickness of Ag film is less than
the skin depth of light (less than 15 nm), light may directly go
through Ag film without the electromagnetic field enhance-
ment and couple with chiral TDBCs. This means that the chi-
rality of TDBCs may not be amplified. According to our cal-
culations, we’d better choose a suitable thickness of Au film
to obtain obvious phenomenon for chiral TDBCs detecting in

experiments.
(b) —— LTDBCs
— —RTDBCs
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Fig. 3. The difference of normalized GH shift AS/A versus the incident wavelength A with Au film thickness d changing from 20 nm to 50 nm with
the step of 10 nm, respectively. Normalized GH shifts S;/A versus the incident wavelength A for each d is in the inserted picture.
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Fig. 4. The maximum values (a) and the positions (b) of AS/A for both LTDBCs and RTDBCs by changing d with the step of 0.5 nm, respectively.
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Table 1. The values of the peaks and dips in AS/A.

f 0.008 0.01 0.012 0.014
AS/A(+) 5.6 (579 nm) 23.6 (577 nm) 14.9 (576 nm) 6.9 (574 nm)
AS/A(—) 4.7 (584 nm) 9.8 (582 nm) 2.9 (580 nm) 8.0 (579 nm)
(a) 6 ——LTDBCs (b) ——LTDBCs
} ——RTDBCs 20 20 — —RTDBCs
51 < 4 < 15
n 9] 10
2 < 10 }
~< ~ B 5 |\
~ 0 L\
2 0 575 < 570 580 590 600
A A
0
-5 . A ~10 ) )
550 600 650 700 550 600 650 700
Incident wavelength A (nm) Incident wavelength A (nm)
15 10
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0 —JT/\, —5t
=5 - - —10 . "
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Fig. 5. The difference of normalized GH shift AS/A versus the incident wavelength A with coupling strength f changing from 0.008 to
0.014 with the step of 0.002, respectively. Normalized GH shifts S;/A versus the incident wavelength A for each f is in the inserted picture.

Finally, we show the impact of the oscillator strength f on
AS/A. We change a small step of 0.002 to show the sensitivity
of our proposed structure. f is changed from 0.008 to 0.014,
and AS/A versus A are shown in Fig. 5. S;/A is also inserted
in the figures for each f.

As Fig. 5 shown, the peaks and the dips of AS/A have a
slight shift (within 5 nm) due to a quite small change of f. The
values of the peaks and the dips in AS/A changes a lot. This is
because that f has great influences on €3 and Ospps. Hence, the
value of AS/A changes a lot. We list the values of the peaks
and the dips in Table 1. We find that although f changes a little
0.002, the difference of GH shifts between peak values or dip
values is no less than 5 times of the incident wavelength, about
2.9 um. This difference is easy to observe in the experiment.

4. Summary

In summary, we investigate a high sensitive chiral
molecule detector based on GH shift in Kretschmann config-
uration involving chiral TDBCs. Fresnel equations and the
stationary phase method are employed to calculate the lateral
shift/GH shift. Due to the interaction between SPPs and the
chiral TDBCs, the GH shifts in our proposed structures with
two kinds of chiral TDBCs are amplified at different wave-
lengths. GH shift can reach 24 times the incident wavelength

and be easily observed in the experiment. The working wave-
length of the detector can be tuned by the thickness of the Au
film. We also find there is an optimal thickness to make AS the
largest, which is over 100 as the incident wavelength and can
be easily observed in experiments. Furthermore, we discuss
the oscillator strength f and find that our proposed detector is
quite sensitive with f. By changing 0.002 for f, the change
of AS is no less than 5 times the incident wavelength, which
is about 2.9 um at our working wavelength. Our proposed
structure is very sensitive and has potential applications in ex-
periments.
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