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Abstract

China is the hometown and birthplace of tea. Nowadays, tea culture has spread to all over the
world and tea is the second largest beverage after water. In this study, the elemental composition
of Tieguanyin tea was studied by laser-induced breakdown spectroscopy (LIBS). Ca, Na, Mg, K, Fe,
Cu, Zn, Mn, Sr, Al, Li and Ba were found in Tieguanyin tea. The spectral lines of CN and C; were also
detected. Then, the plasma characteristics of Tieguanyin tea of laser-induction were researched.
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The electron density (N.) was 1.44 x 1017 cm-3 by using the Lorentz fitting of the H, line. The Sa-
ha-Boltzmann plot was established, and the plasma temperature (T) was calculated to be 8161 K.
Finally, LIFBASE software was used to simulate CN (Av = 0) molecule, and the vibration tempera-
ture (7Ty) and rotation temperature (7T;) were obtained as 6800 K and 5800 K, respectively. In the
experiment, the three temperatures met the relationship T > T, > T, which was consistent with the
actual situation of plasma evolution over time.

Keywords

Laser-Induced Breakdown Spectroscopy, Tea, CN Free Radical, Plasma Temperature, Electron
Density

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

R EERE AR QAR MR, RZW. BOKAEY . AR SE LA DR E R S,
BERREL . BRERE . SULYARERR S ST A DA K1), SR R B A& SN S B R
Yz, WY A2 AV A 2 — PR . AR 2], 1Ry B S S WO 1) S A 2
—, B R RS, FEPSARERIE]. L5 NI, BB 2N Z e RS
PR TR ARSI, R S SR R AR R G VE (ICP-AES) [4] HRERR & S5 B T4 1A
(ICP-MS) [5]. F:ERAR B HikL[6]. 8 HMARHL ANFT-IR)JEIEIL[7]. B FEIER e e k8], X
USR5 E(XRF) [91F1 X BF£RAT4F(XRD) [101%%. ICP-AES 1 ICP-MS yE K Hrks s, & FHYEHE), (H
SEANER AR, ANEE RIS, R TR AT R BRI SR AL . FT-IR 72 K > TR B BE
BRI 7 B R, ANREXTE FHEAT 00T, XRFE 1 XRD J7riE s frakcsemn, s T8
TEASFER 0T, (R THAESGEN X 54, STAREE -2, [N R NE 7 R
BIFARG[11]. DA XS vk RE d ) 2 T FERE T R 2 . — BRI R Y, MU S s AR
B, T H 2 R E A Rt

HiX B AL, WOEE S & o 6 (LIBS)FARTETO 7 B0 /> RE S FIAL B . A, St B A
BAZ O AR PO A W EAA, S 2N TRSRN2]. HIEESELN[13]. &5
K [L41F0 AP [15] 554008 . LIBS =& —FhdE TR F RSl e m A BoR, &R SR 1 s R ik
PO O R R E K T45 T 10° Wiem? [16])-45 B S A ELAE T, etk X $sk (4 6L 7E ps B2 T & 10* K [17],
AT WO SRR TR RS FREAGETI, T R RO AR B BRSNS R R A e
TSRS . ERENMBEJLE ns), FETFHEEAE, XA THURS M E T AR T2 s pe gk
EEMCAESL, M= R AR B R HE R S5 2R [18], P AR R I & 12 AT B 12 1R 501 AR 0 b ) e R 4 A
TR RS FAREAG I fE 1T, I 2T 6500 K B, #7025 755 P EATE R 1 H B3, FeA e WL o1
Sk, FEAE T Z BRI RE B [19].

A SCE O Sl O SLIR AT TR 2R 1) LIBS S, R AL 1R 4 A5 B R
RS TR AT 0T, B3 CN HBEES 7. Hik, ST HZS P ARR AT T, REESE
BT AL (T) RN A0 B (Ne), IR LIFBASE $ULA H SR IR 30 il B2 (T,) FH 5 Bl R (T,) 5 %5 &8 kiR
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Figure 1. Schematic diagram of LIBS device
& 1. LIBS REH

3. &ER511He
3.1. ST EMAY LIBS JEiZE

AR S SR AR H A8 SR M TT 23R BRI R A B0 2 S 1) 2% T SR o TE A DR ALK 2 5
B A G, FREC L g {58 10 MPa I A HLEFSE TAF 60 s IERECEAR 9 10 mm B2 DF. A 1 ik fube
. BOLREREIE AR, AT 200 YCRFEIRIF FEO6IE, I3RS RIS L.

B A () LIBS Stk an & 2 Braw, #KTEHE Y 300~950 nm. 27 NIST ##5E[20], #HH T
KM EAM AL T EFR UK Cas Naw Mg fl K, & JCE Fe. Cu. Zn. Mn Al Sr, DL H ARG
2 Al Li f1 Ba[21] [22] [23]. FIR#RIME] T C. N. O Al H HJH TR SHELL, ekl —ik 2 il A
S Ny Opn CO,y HO Al H, BTk, 53— B4 MR B T2 B B EH WY BRI &A%
R AR EVWU RS R BN, XEEYIMEZER SN Cy Ny O filH, FLZRmFf
st X 6 T 3R B A AR
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Figure 2. LIBS spectra of Tieguanyin tea
B 2. $kMEZHATEY LIBS HikE

T4k, FEZRMT LIBS Jeilh A T LA E] CN A C, H FRFEMIZ> T . CN H B3 2 BAEs T C &/
THH AR N R & mR[24] [25] [26] [27] [28], 10 Co RIS TH WS P ATAER) 55 7 0 H 2
PRI CoH MR [7] [24] [29]. Z&mHeilh by LS A A B CN 437 v 1 B S -XPE, BRI ™ 22 1 i 74l %
il SRR Av =+1,0,—1 % L G0 53 A A7 T 357~360. 381~389 Fll 414~422 nm JuHE, &
FEANMRBN TR B (133 K 5 SR — £ [30].
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n, (cm®)=10"" (FWHA (nm)/0.549
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(19)

Ferb FWHA (nm) 27 F AR 42 58
Wi 3 pion, il Lorentz MZRIUA R E] H, BEZEHI FWHA, 383 30(19) 15 HL FEU% 5 N o~ 1.44

x 10" cm 3.
51004
& o Ha
-
=
< 3400+
N
z
& 1700
B
=
L]
0_
T T T T T
652 656 660
Wavelength (nm)

Figure 3. Lorentz fitting of H, 656.361 nm
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Figure 4. Saha-Boltzmann plot of Ca element in Tie-
guanyin tea
4. P EZRM A Ca jLEHY Saha-Boltzmann

3.3. CN & FHIHRBhIRE MEERNEE

ASCAE A LIFBASE B AFxf 47T 381~389 nm i HE I CN (Av =0 ) Mtk B TR, 45 Fan s
5 fin. i, OSSR IR G IEE, BEEL R LIFBASE SAHLAIIZE R, L, W#EdE
WA WAL, 53] CN 41 BRI FE (T,) A SR BE (T,) 43 5l 6800 K 1 5800 Ko FlIEE B 4R
FE T HATHEORBL, AR RRT>T, > T X2ARN, Calibdkr= T8 by, AT
LR TR L X, N Ca JGERAHEIS L TH HAA RN T s, 1M CN H 2= 4E T4 8 s 5
W, HPA A TR AR ANE X E[19] [34], K SE R BARAIEEE T, 1 T..
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Figure 5. Simulation and experimental results
of CN (Av =0) molecules in Tieguanyin tea
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