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Fig. 1 Schematic of the near-concentric cavity Raman

spectroscopy system for liquid sample detection
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Fig. 2 Simulated diagrams of near-concentric cavitys

with different focal length mirrors
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Table 1 Simulated results of near-concentric cavitys
with different focal length mirrors
i 58 £5 1 / mm WOGAE I Y S R
12.5 47
25 59
37.5 42
50 34

L2 HiEEmbEREENMRLL

ARG BT RIS R B E AR 25. 4 mm, R
25 mm I, 0 FENRS M SRR R, FILE T
T B AR M B R T 2 B AR it 2 R T il A7 3%
R CUT B R D9 146D K dh b H 18] S oK B IR CHT B R R
133, HEAZUHIERBOLR EARB N 0.9 mm, FEHEHY
IS A S E R 300 mW, BEBUR B IE A 3 Brs .

{L .
~ser beap, Windows

Water
3 HHERGERBAELOEENRER

Fig. 3 Simulated schematic diagram of the near-concentric

cavitywith liquid sample cell inside
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JeE N 1. 48 mW gD F] 1. 36 mW, BARME 2 s .
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Fig. 4 Simulation diagram of the light spot patterns at
the center plane of the near-concentric cavity

the window thickness from (a) to (d) is 1, 2, 3, 4 mm respectively
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Table 2 The totally luminous intensity in the center plane of the

near-concentric cavity with different thickness of windows

% F R BE /mm Bt A/ mW
1 1. 48
2 1.43
3 1. 40
4 1. 36
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Ca)— (D) Xof IO 300 M A it i 9 1 TR) BE 23 530 H < 64 8, 10, 12, 14, 16 mm
Fig. 5 Simulation diagram of the light spot patterns at
the center plane of the near-concentric cavity
The windows distance from (a) to (f) is 6, 8, 10, 12, 14, 16 mm

respectively
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Table 3 The totally luminous intensity in the center plane of

near-concentric cavity with different distance of

windows
% BE B /mm SEOGIE i/ mW
6 1.51
8 1. 50
10 1. 48
12 1. 46
14 1.43
16 1. 32
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Fig. 6 The detection results of a range of HCO; solution (0 to
10 mmol + L™') with the near-concentric cavity Raman
spectroscopy system

(a) Original Raman spectrum; (b) The Raman spectra of different

concentrations of HCOj3; after proccessing; (c¢) Calibration curve for

HCOj solution
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Fig. 7 The detection results of a range of CO3~ solution (0 to 2
mmol + L™') with the near-concentric cavity Raman
spectroscopy system
(a) Original Raman spectrum; (b) The Raman spectra of different
concentrations of CO%~ after proccessing; (c¢) Calibration curve for

COj% ™ solution
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Optimization of a Near-Concentric Cavity Raman Spectroscopy System for
Liquid Sample and Preliminary Results of CO3;~ /HCO;3

SI Gan-shang, YANG De-wang, GUO Jin-jia* , LIU Qing-sheng, YE Wang-quan, ZHENG Rong-er
Optics and Optoelectronics Laboratory, Ocean University of China, Qingdao 266100, China

Abstract It is of great significance to study the carbon cycle in the ocean for environmental monitoring and resource detecting.
In this field, one of the most important topics is to study carbonate. There is no direct detection method to monitor carbonate in
seawater, and most traditional detection methods for carbonate are indirect. For example: with seawater sample acidified by
phosphoric acid, the carbonate in the sample can be converted into CO, and then be detected. Raman spectroscopy can be used in
in-situ detection and has great potential to detect the carbonate directly. But it’s sensitivity is still a limitation in the practical use
of ocean detection. In the hope of developing an approach to directly detect the carbonate in the seawater, we build a near-con-
centric cavity Raman spectroscopy system and optimize the main parameters of the cavity (diameter=25.4 mm, reflectivity =
99. 66 % @532 nm) including optical windows thickness of the liquid cell, the optical windows distance at two sides, and the
focal length of the mirrors with simulation software. The results are listed as follows: (1) The number of the reflection is at a
maximum when the focal length is 25 mm for the mirrors with diameter of 25. 4 mm; (2) For the optical windows of the liquid
cell, with smaller thickness, the light would be denser in the center of the cell, and the totally luminous intensity in the center
plane of the near-concentric cavity would be larger; (3) with smaller distance between the optical windows, the light would be
denser in the center of the cell, and the totally luminous intensity in the center plane of the near-concentric cavity would be lar-
ger; After optimization, the measurement of CO}  and HCO; solutions on different concentration levels is carried out using the
optimized near-concentric cavity Raman spectroscopy system. The spectral signal was pretreated using second order differential
and Gaussian filter, and then calibration curves were established using the peak intensity of the corresponding concentrations.
The results showed good linear relationship between concentration of solution and signal intensity of Raman spectrum, with R? of
0.994 and 0. 998 for CO}™ and HCOs , respectively. We calculated the LODs using the 3 times signal-to-noise ratio. The results
showed that the LOD for CO}  and HCO; is about 0. 06 and 0. 38 mmol « ™! respectively. The LODs are lower than the typical

1

concentrations of COj~ and HCO; in seawater, which are about 0. 2 and 2 mmol « L.™! respectively. Compared to the current re-

ported of the Raman spectroscopy system of in-suit ocean detection, the sensitivity of the system has increased by nearly ten
times. So it is hoped to apply the system to the in-situ COj~ and HCO; detection inseawater.
Keywords Raman spectroscopy; Near-concentric cavity system; System optimization; CO3 /HCO;
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