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Medicine inspection by the terahertz time-domain spectroscopy technique

LIU Qiao, LI Ze-ren, MENG Kun
(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang Sichuan 621900, China)

Abstract: In order to explore the feasibility of medicine inspection by terahertz time-domain
spectroscopy technique, 3 amoxicillin capsules from 3 different companies were studied by a terahertz
time-domain spectroscopy system built by the authors. In spite of certain differences compared with the
results from literatures in nitrogen condition, all 3 amoxicillin samples here presented obvious
characteristic absorptions. The positions and the amplitudes of the absorption peaks and the refraction
indexes of 3 samples were different to one another to some extent. The experiment results confirmed the
application prospects of on-line inspection and quality control of penicillin medicines by the terahertz
time-domain spectroscopy technique.

Key words: medicine inspection; spectra measurement; terahertz wave; amoxicillin

K %% (Terahertz, THz)H 3 &5 — 55 2 U B (9 F RESR 3T, 76l R B3 b 07 TR M2 Ah e 5 22 18] . #E
TR, X B ) H R D SR PR A K B BT 2 K ARG S S, WA AR O I LA I L o R TR
THz4% 5 H AR % 95 Bl 25 0.1 THz~10 THz( 3 3 K3 mm~30 pm). THZARS B A JEw HEEWRAME, BEicih
ARG B S, 21 HE 2 BT 5T B v AR 2 —

T K 2% 6 B B A RS M | B OLE DL AR R S AR, KRR A YR I
I 2594 22 O T EL A A N T A AEZG ARG O T, AT E R ZFOR R R A 2y | s 2 DL KR T 2 1F
17 R 2E 6 i, BB pa bk e 5 2 R K20 P g — M, W —FhE 258, WX 2 kA7 O S )
Jr ) BT A R X OGS I T T, BTSSP AR AR OEIE Y o A DI AT A, 6 TR
PR B R 2% ' T IF 5 DU R A 1OV 8 T B A o] 5 A A 2% Ol T G I v, S B R AR TR AU TR ERBE R (M
SR BE /N T 5%) AT, 113X 5 5L B RS A SR 22 00 o ST ROk 2% 06 3% B2 R 7 24 S 4G T O T A9 SE M, AR S
FIH B AT #5209 it ] 9 H THZ-TDS R 48, X 3R AS[R] ) 5 A 7= B4 AT 55 7 bk 245 5 78 KA B8 T (FH X 2 25 22%) Y K
2% TS FEME HEAT R, 2E— 25 0 IE A 2% BR F T 24 A I (4 T AT

1 XBEHE
1.1 LIHEE

FIAT 45 £ B9 I 6] 49 48 THZ-TDS R GOLBZE W AN - 17, 20 REGESEWIE o il b R AN BOL A% R 1 74 R B4

fEHE: 2011-03-30; f&EIBHA: 2011-04-30




284 £ BE 5 8B FI%E 59%

KAF O 1 ENEOGHE T B SR OG0 B K800 nm, K $E35 fs, 8 & 4K 74 MHz, i 1 DR K T250 mW.
TCRPBHON T S E T /208 R AR b B E AT O R BB S AN L o L RO — BE AN B, GG IEIR LS i R
B3 KFLIE GaAs i G R 2k b= A THZAR 51, F A 48k 9008 Sl il 40y 1o 52 WAc 4 FnvfiE L THZ DY , i 328 5 o ik 1 5 L
RAER(110)ZnTefb ik I o MR b 5515 5 19— BAE MR EHOE, @R EBEI RIS b 55 7= E W THz
L MG BN ZnTedh ik 1, I A SR AR 5 00 KR 2% I 2R A7 0 o 1/430 7 R0 IR A 3 0 g B8 5 o) Bk THz3gk 3 o) 11 45
AT AR 20 A, DAE SR A7 PR 00 o 1 o' ri R 25 i ) F R AR 5 el R S e R AT T M T R R A B,
Jei FELAT Gt i) %) 50 SR S R R AT ORAE L P 2R a3 Y ) B A 3 R AT R AT R 2% K o 1 B S AR A DO o S rhoRE
i O B A B 0 A L, R RO R R e B T — AN A TR AT R DI RR IR T & b LR R
BRI R19°C, MXHEE H22%.
to lock-in amplifier

45° mirror

balanced detector

Wollaston
prism

= positive lens

PC antenna

Ny parabolic
- MUTOr  silicon slice ~ A/4 WP
polarization
prism H
A2 WP == <'1=| G=,
N 4 from lock-in
fs laser ~ amplifier
45° mirror . X
optical delay line computer
Fig.1 Setup of time scanning THz-TDS Fig.2 Picture of time scanning THz-TDS
1 B4 THz-TDS Jai iR & 2 A4 HE THz-TDS RE A
1.2 ¥iE4h 12

S R 4 A H R FH SCHR [ 7148 0 K b 2% B SO0 35 I A RO A S 5B B RS A L A bR B BT BT R
i(w)=n(w)-ix(w) , HHn(o) LTI E, o) HHCRE . BHERES HEanp), ZHE S HEL(1), I
E/‘JE%&ﬁi%%%u%Esample(w)%ﬂEref(a))9 NUﬁ&%i%uﬂmgﬁH(w)%:

Esample(a)) .
H(w)= m = p(w)exp [-iD(w)] (1)
K: () WFEMES SSFHE SR Ao WG S S5SHES WA Z . BT BRI 5 (o) h
n(a) = 22€ )
wd
HICRB ()R
4n(w) c
—lp]— @) ¢ 3
x(o) n{p(a))[n(a))+1]2}wd (3)
T 22 o ) h
oy K@ 2 {&} @
¢ d | p(w)n(w)+1]

KQ)~KDT: cHESTHHE,; dHFEREE.

SCUS AR 2255 5 FIRE W5 5 B9 B Sk I8 I 2 2 b o e L A 46 45 B H AR B B9 850E 5, R 2R (D~ )t
(4) RP ] 75 20 498 0 i A0 BT S SRR A 2R A
1.3 H#mAkdl&

S 56 v B 5 PG AR R W S 20N, AT R0 D BRI ) 25 (TUL) L ey 25 4 1T (HG P ) 1 A 9 98 5 ol 2
(BF). B SLpgksr 73 CigHoN3OsS-3H,0, 43 FHEN419.46, KM R ZHE — D44, diR 53R &R AR



553 401 X FE: KHZEEERARRTA RGN 285

B, TR B ES AR o AR R AR 2950 pm~80 pum, P&
AL R HL, FEZ9470 Mpa T R 6l B ELAE @13 mmy [ f, #F 6 8
AR ERFN0.98 mm, PEZ51 mm, 3E1.48 mm, K3 NS
HL 1 11 B B 95 AR i IR R

2 HRRKITR

V&1 4 Sy 3 Fefr B B PG K 24 108 K 2% I BT 5 2 2% IR 19 1
B, NIRRT B L E TR A A DR 2% T s U LA ; . m 1

= % g = O 2% N N Fig.3 Picture of amoxicillin sample
F TR A S5 T 2 AT R e A L SR AR R & il RETTREREE
(], AT Ay B30 H 37 AT B 7 ARAE i 1) 1 S 47 5 3 A 1.889~1.928 2 [H] .

12 12 12
—~ BF amoxicillin ~ A TUL amoxicillin ~ A HGPF amoxicillin
5 8 | o g ][ '5 S g reference |[ \
= { reference = | % \I {
z < z \
5 4 4 3 41 reference J : 4 {
<
) B o)
2 0 g0 0
s s sample © { sample
8 L L L L L L . 8 L L L L L I ) 8 P " L L L L )
0 2 4 6 8 0 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
t/ps t/ps t/ps

Fig.4 Time-domain waveforms of reference and amoxicillin samples
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Fig.5 Frequency-domain waveforms of reference and amoxicillin samples
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Fig.6 Refractive index of amoxicillin samples
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Fig.7 Absorption coefficients of amoxicillin samples
BT 7 B S PEAREE F R 2% I R B
HRAE SCHR[ 7145 5, BT S PG ARTE0.94 THz,1.14 THz,1.32 THz, H 1 PTETE AR
1.42 THZzA11.52 THzM i 3948 W W g o 5256 A5 14 5 =2 X6F i Y Tablel Absorption peaks of amoxicillin samples
s \ S 2 . TH:
SR (3 L 1 W T L A S T 75 i 5 R T Y= e
rererence . . . K .
I W I 5% 0.94 THzf T 41, Ejjcﬁy(élﬁ\méi%%ﬁm%ﬁ%%]]o BF 0.940 1.11 1320  1.405 1.51
T X B O B A — R R AP K ZE AR e, TUL 0935 LIS 1370 1.47
1,322 THZ A 1.414 THzRI 2 K 28 TR W ki, AT g i i 2 L ==

37 B RS 30 PR it PR A U T R T 5 R AR S PP T A 25 e T 5 SO B[R], DRI e B 2 e 24 i R S i
J A7 9 AN [] 5 WA U 6 8 24 A A A s =R i o o AR T TR | TR R A BN (R R R R o AR R AT A7 AT T
AR, (AR AR WSO IR AR R TR, 58 A m] VR D 24 il b SRR 3 2 0 A A

3 HHig

AR AT 5 A 9 Ao T8] 43 40 Kb 2% I 30O R 8, X 30 AN [R] T 5 A 77 1) ] B0 PG ARCRE il £ K U3R B P AT TR
MR 22 C T o A 5 SCRRAE TR U N IR I A5 R AT A —E 22 5%, {HAE0.2 THz~1.6 THz [l N LB AE b
B0 T W AR AR A, ELAS TR i 4 0 A0 {7 i R S A 2 ), T S A U A (8 XL T T A
Feoh, (HREE 2RI B . LA RN, U TH2IN SO HOR 58 4 nl 18 8l R T, AR, A& A
[ ¥R 0 4 24 it X0 JF R, FE MRS T R 25 15 15 A A6 24 il J5E ek A e AG I R 47 o 25 D5 TR B A ) I B4 I IR

£ Lk

[1] JITe,ZHAO Hongwei,ZHANG Zengyan,et al. Terahertz time-domain spectroscopy of D-,L.-,and DL-Penicillamines|[]].
Acta Physico-Chimica Sinica, 2006,22(9):1159-1162.

[2] YAN Zhigang,HOU Dibo,CAO Binghua,et al. Terahertz spectroscopic investigation of riboflavin and nicotinic acid[J].
Journal of Infrared and Millimeter Waves, 2008,27(5):326-329.

[3] ZHOU Binquan,FANG Jiancheng,WU Fengping. Study on the terahertz spectrum of Haojiami[J]. Spectroscopy and Spectral
Analysis, 2009,29(9):2338-2341.

[4] OQIAN Xiaofan,SHI Ying,ZHAO Jintao,et al. Studies of penicillins by micro Raman spectroscopy|J]. Spectroscopy and Spectral
Analysis, 2002,22(1):51-53.

[ 5] LIU Fengping, WU Xiangjiang, WU Ting. Analysis of Penicillin by FTIR Spectroscopy[J]. Chinese Journal of Spectroscopy
Laboratory, 2004,21(1):131-134.

[6] LI Ning,SHEN Jingling,IA Yan,et al. The inspection of amoxicillin medicines studied by the terahertz time-domain
spectroscopy technique[J]. Spectroscopy and Spectral Analysis, 2007,27(9):1692-1695.

[7] Dorney T D,Baraniuk R G,Mittleman D M. Material parameter estimation with terahertz time-domain spectroscopy[J]. Journal

of the Optical Society of America A, 2001,18(7):1562-1571.

EEE I

X FF1973-), B, WAV, B FELCA961-), T, Wi =GR A, B
WP G, R LR A, EENFH T b, WA S, EEO OGRS AR
i I ) B0 ' H 0 4t R DL B I 4% DG 35 A 7B RN
1% B R 5% .email:crystal_palace@163.com.

& OH(1984-), J, WAREAHFHWA, 7EE
WA, E SRR ZEOGIE FSR B AR BT




