A3 A 11 ooE % Ok Vol. 43, No. 11
2016 4F 11 A CHINESE JOURNAL OF LASERS November, 2016

JE K il ) B 0 R ol 22 Ik 480 15 4 1

Xz A % B &' AFX
IS K 9 KRR T2 B T R L L 100048

TE AL S 08 m 12 Wi A8 48U Y T4 9 B2 240 2 45U P I 53 0 B s Tl B, ) RO 4% B 38 1 R 4
TR BRI P 048 T R ) B 2 SO K B AT LE 0.15~3 T Hz 45 BE /Y 35 4 Pt 58 W i 38 1 7 5 6 33 5 0k T %
BEZ R BEE L I Gaussian 09 #PE XT3 21T T B3LYP/6-31G /K L Y BA 73 1 L XU4> T F1 22 43 1 45 M 4 Ak A
LLAMR WAL, ; BT Materials Studio 7.0 f F b2 7 HEE R SR CASTEP B3R U8 BER AU T v, JF e 7 % 4
EpRE SRR A R, gk R R, A A BEFE 0.94.1.30,1.44,1.67,1.88,2.08,2.31,2.55,2.70, 2.84,
2.96 THzA W , BT A3 W 57 1 5 J32 I A o vl 280 250 W SO0 42 0 50 189 0 2R P IR s Gaussian 09 BEHBLZ5 2L 15 0 R 45
AW, CASTEP W45 SR I0IUE T 31X — 85 18 5 % J2 7K 7 25 W5 77 K bk 2% 430 B 1 W U I s A7 T A T HE A iR sl 8 s . A
G 25 A R 4% B 0 T 7R A A R 2 O T A N AR TSR RIS S,

KR OLIEE KB EOGE  JEAKH AR IR BT R s B RS T OB IR B

FESHES 0433.4 XERFRIZES A

doi: 10.3788/CJL201643.1111001

Terahertz Time-Domain Spectroscopy of Anhydrous Glucose
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Abstract In biomedical photonics, it's extraordinarily significant to diagnose lesion by quantificational optical
parameters. The high resolution absorption and refractive index spectra of samples with different mass fractions of
anhydrous glucose are acquired by terahertz time-domain spectroscopy system in nitrogen atmosphere at room
temperature. The characteristic absorption is analyzed based on the density functional theory. Gaussian 09 is used to
simulate the optimized structure and infrared spectroscopy of single, double, triple and quadruple glucose
molecules. Meanwhile, the B3LYP method and 6-31G basis set are adopted. In addition, Materials Studio 7.0 is
utilized to calculate the frequency generated by the glucose crystal structure, which is completed with the help of
CASTEP module and the generalized gradient approximation method. The experimental results show that the
absorption peaks of anhydrous glucose appear at 0.94, 1.30, 1.44, 1.67, 1.88, 2.08, 2.31, 2.55, 2.70, 2.84,
2.96 THz, and the intensities of all peaks decrease linearly with the increase of glucose mass fraction in samples.
The results of Gaussian 09 are in agreement with the test results, which is verified by the results of CASTEP. The
absorption peaks of anhydrous glucose are identified accurately in the range of terahertz waveband. The reuslts
provide experimental and theoretical reference for the application of terahertz time-domain spectroscopy in
biomedicine.
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Fig. 1 Schematic of experimental setup

1111001-2



H = # ot

22 HmEl&

S e UTE K A A5 (D — () — Glucose. Sigma 24 ) SRR T 9900) . AN [ Lo il 19 4 45 b 5 2R £ 0
(PEY¥ K TR IR G )5 s A JE AL (Specac A &) s FEED YL FE 3 t JES FIEF 5 min, TE L ERH
13.00 mm B L 0.47 mm B ERI A,

2.3 HERERFE

MR Dorney 45171 35 H 1 42 HUR AL R bR 3% 6 2 2 000 0y BIASS R0 A A 0 15 5 OIS E (@) 52 %15
SV E o (o) A H A S 56T R 2% 35 10 15 38 PR H (w0) » H (o) HAL & B S I AT ST 26 71 () vt () =
n(w) —ijk(w), o n(w) HEFE R E(0) HHEEERE., TEHRPGELIT B < n),

T Esam(w) .

H(w)=—"—"=T (w)exp[—id¢p(w)] @)
Ere;(w)

n(w) =¢(w)c/wd +1, (2)

/e<w>:id1n{4n<w>/T<w> [n(w) +1]7%) , (3)
w

alw) =2k (w)w/c =2In[4n(w) /T (w) (n(w) +1)*]/d, 4)

Ko HABR, c WESHREHE, T () KarEdh 520G S RIEME L, o () FR KB A
17y Cew) 2275 BE SR I 22 50, 6 T D0 B0 T Matalab 800 4 B ol 3175 B RE S B9 6 () T () s LA R 3T 5T
%o (w) FIRIKRE a(w),

3 SLEER

DB AN TR BsF 6] 00 R G2 2 2% {5 5 2 BRI 3005 5 I A 087 LT 56 4= — 350, i 3 0e 53 J38 A GF 3% 22 1 0,97 %0, 0
WS AE S, RULR RGEA RIFRCEE S T 5EM . AT ] 0 8 208 PE TR R (9 K8k 2% i 38058 1n
2 iR . A3 B R ES A 1, AT LU S, B H 4 05 5 PE T Lo B30, 35 5 5 0 B B T T R .
A mE 2(b) iR, AIE AR I=7.07—1.88M,Hf I HESESHWE .M HHZEMH S PE i) K&
o AR REL R=—0.99,. brifE 22 S=0.1156 , BB ML HEZ P<T0.0001, 1] DL & B, bifi 2 7 2485 0 I & 53 %K
(R 3G AI0  OR R 2% ) SO 3545 5 9 B S e el N i

8 72 b) 4 sample time—domain intensity
6.9 ——linear fit of data
yé 6 *é 71 PE
5 4l : 6.6 6:3
g 5 6.3}
< 2F <
2 260
% 0 =
g EBTF  Lror-issm
E =27 = 54t (R=-099)
gl 5.1k . A . A . , Ge
6 7 8 9 1011 12 13 14 15 16 0 0.3 0.6 0.9
Time /ps Mass ratio

B 2 Ca) ASTA] B o B 3k 335 1 RD 06 (B JR 3 1] 5 (o) AN [R] B i R i B ik 0 1 01 5
Fig. 2 (a) Time-domain spectra and local amplifications of samples with different mass ratios; (b) time-domain

peak fitting of samples with different mass ratios
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Table 1  Contrast of experiment and calculation results
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1.67 1.58 1.68 #1 torsion, # 2 translation, # 3 swing
1.88 1.85 1.80 #1 torsion, # 2 shear
2.08 2.10 2.12 #1 shear
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