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Abstract

Surface plasmon resonance (SPR) which is utilized in thin film refractometry-based sensors has been concerned on
measurement of physical, chemical and biological quantities because of its high sensitivity and label-free feature. In
this paper, an application of SPR to detection of alcohol content in wine and liquor was investigated. The result
showed that SPR sensor had high potential to evaluate alcohol content. Nevertheless, food industry may need SPR
sensor with higher sensitivity. Herein, we introduced a nano-technique into fabrication of SPR chip to enhance SPR
sensitivity. Using Langmuir-Blodgett (LB) method, gold film with nano-structured surface was devised. In order to
make a new SPR chip, firstly, a single layer of nano-scaled silica particles adhered to plain surface of gold film.
Thereafter, gold was deposited on the template by an e-beam evaporator. Finally, the nano-structured surface with
basin-like shape was obtained after removing the silica particles by sonication. In this study, two types of silica par-
ticles, or 130 nm and 300 nm, were used as template beads and sensitivity of the new SPR chip was tested with
ethanol solution, respectively. Applying the new developed SPR sensor to a model food of alcoholic beverage, the
sensitivity showed improvement of 95% over the conventional one.
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Fig. 1. An SPR sensing unit with Spreeta®: 1. SPR sensor; 2.
height-and-angle-adjustable arm; 3. sample liquid; 4. height-
adjustable platform; S. dark room; 6. RS-232C; 7. A/D
converter; 8. laptop computer.
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Fig. 2. Deployment of Si beads in water and their transfer onto
gold film using Langmuir-Blodgett method (top) and adding a
new gold layer by E-beam method (bottom).
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Fig. 3. An SPR sensing unit with Kretschmann geometry and
goniometer.
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Fig. 4. Calibration lines for measurement of alcohol content by a conventional SPR sensor in commercial wine and liquor: (a) soju
(R?=0.992); (b) cheongju (R*=0.933); (c) igwaduju (R*=0.918); (d) tacju (R*=0.984).
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Table 1. Statistical estimates in linear calibration models for measurement of alcohol contents when sample preparation was

introduced
Sample preparation  Alcoholic beverage Coefficient of determination F value (Significant probability) Standard error
Soju 0.992 470.8 (0.00002) 0.000325
N/A Cheongju 0.933 55.4 (0.00173) 0.000398
Igwaduju 0.918 44.9 (0.00257) 0.000313
Tacju 0.984 247.8 (0.00009) 0.000269
Soju 0.970 127.9 (0.00034) 0.000441
0.45 um PTFE Cheongju 0.929 51.9 (0.00196) 0.000284
membrane-filtered Igwaduju 0.917 44.4 (0.00263) 0.000280
Tacju 0.898 35.1 (0.00405) 0.000326
Soju 0.981 211.3 (0.00013) 0.000336
C,, disk-filtered Cheong].u 0.970 127.7 (0.00034) 0.000229
Igwaduju 0.939 61.8 (0.00141) 0.000272
Tacju 0.947 72.1 (0.00105) 0.000315
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Fig. 5. Top-view SEM (left) and AFM (right) images of the
nano-structured SPR sensor chip.
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40 nm gold + 300 nm silica

Incident angle (degree)
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Fig. 6. SPR response curves of the nano-structured gold chips
regarding base thickness of 20, 30, 40, and 50 nm when depth
and periodical distance of basins are 20nm and 300 nm,
respectively.
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Table 2. Relative sensitivities of the nano-structured SPR chips

53

Material Thickness of Depth of basin Periodical distance Relative sensitivity Remarks
base film (nm) (nm) of basins (nm) of SPR chip

30 30 130 1.00

30 50 300 1.26

Gold 40 30 130 1.37

40 50 300 1.48

50 30 130 1.55

50 50 300 1.58

40 20 130 1.66

40 20 300 1.22

Gold 50 20 130 171

50 20 300 1.95
Gold 50 N/A N/A 1.00 Conventional type

(Reference)
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