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Fig. 1

Schematic of the sample

(a): Oblique view of a unit cell; (b): Top view; (c¢): Micrograph of the sample
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Table 1 Optimized geometries of the sample (pm)
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(a) Variation of transmittance spectrum at different permittivity (g,), and (b) the relation

between resonance frequencies ( f; ~ f,) shift and permittivity of the dielectric
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Table 2 The frequency shift of resonance frequency f, ~ f,
with the same concentration of Vitamin B,, B;., B;s.
B, on the surface of DASRR
BERH (0.5 mg » yL= D VB, VB; VB, VB
Af1/GHz 7 12 19 36
Afy/GHz 14 18 28 40
Afs/GHz 20 27 39 55
Afi/GHz 10 16 21 32
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Identification of Vitamin B Using a Quad-Peak Terahertz Metamaterials

Sensor

WANG Yue-e'?, LI Dong-xia’, LI Zhi***, HU Fang-rong”"
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710071, China
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Abstract

541004, China

Water-soluble B vitamins are necessary nutrients to maintain the normal physiological function of the human body. In-

gestion of proper amount is beneficial to growth, metabolism and development, but excessive intake is seriously harmful to the

body. Therefore, the research of vitamin detection methods has attracted the attention of quality control departments and schol-

ars at home and abroad. Traditional microbial, chemical and high performance liquid chromatography (HPLC) methods for vita-

min determination have some problems, such as complicated operation, complex sample processing, high cost and so on. It is ur-
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gent to develop a B-vitamin detection technology that is simple, fast, and accurate. Special characteristics of terahertz wave make
it widely used in the detection of materials. The singular electromagnetic properties of metamaterials and the sensitivity to sur-
face media promote the development and application of terahertz metamaterials in the field of detection. We present an identifica-
tion method of water-soluble Vitamins B using quad-peak terahertz metamaterials. The sensor consists of an outside aluminum
hexagon ring and an inner aluminum circle on high resistance silicon substrate, and are asymmetrically split at the same position
deviating from the center of the unit cell. Firstly, the formation mechanism of four peaks and the sensing performance are re-
vealed by using the finite-difference time-domain (FDTD) method, and the frequencies of the four peaks are 0. 46, 0.57, 0. 66
and 0. 90 THz, respectively. During the experiment, the different types of vitamin B (B,, By, B; and B;) aqueous solution were
dripped on the surface of the metamaterial sensor with the same concentration (0. 5 mg * xL™"). The transmission spectra were
measured by the THz time domain spectroscopy (TDS) system, and the frequency offsets of four resonance peaks were ob-
tained. The simulation and experimental results show that the sensitivity of the sensor formed by the coupling of inner and outer
rings are significantly higher than that of the sensor formed by the oscillation of the electric dipoles of the single outer or inner
ring. The four peaks of the sensor can be used for sensing detection, and the sensing sensitivity of the resonance peaks formed by
the coupling of inner and outer rings is relatively higher. The asymmetric double-open rings have excellent sensing properties and

can be used for sample sensing in biomedicine and other fields.

Keywords Metamaterials; Multi-resonant peaks; Terahertz sensor; Water-soluble Vitamins B
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