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Fig. 1 Molecular structure and atom

numbering of f-D-galactopyranose
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Fig. 2 Diagram of THz-TDS system
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Fig. 3 Absorption coefficient and index of refraction of

p-D-galactopyranose in he frequency range 0. 3~3. 0 THz
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Fig. 4 THz absorption spectrum of fi-D-galactopyranose
in the frequency range 1.5~19.5 THz

2.3 DFTHESHSH

Sy B GE b PR T 06 O3 7 A i B e ML B, IR AT s A
Gaussian03 F& )7 Xt 2B 2L 0 F 4T T R/ FIeFit s, RA
85 B Y7 bR B S 1) Becke-3-Lee-Yang-Parr (B3LYP) IR 472 i »
PEEL 6-311-+G ™~ B2l Xf R ~7 p-D-nik g 2 LB 4> T #8647 7L
far & P Ak IR BN R I TH A R BCA A B, L
AT SR B0 T 5> F B/ N RE R A5 A .

F 15 M THH DFT Mg % B3LYP/6-311+G* * K F
AR f Dk R FURE S T AE A S 8. T LU T
BT R RS | BEA L I AR S RO R SO IR X
AT 5 (XRD) By #5921 ZLHE S AR 45 40 i 45 SR A — B, (A4
T4 R L K CH, OH 5 (9 i £ A9 1153 (8 15 52 56 18 22 3
AEwIE . M 26,578 97. 7R, XS OV BLIS TS R B
SRR T IR A3 F 09 AT K, T S 0 0 5 04 2 A AR S
I R L AT DA BT, B-D-nt i 2 L BE AR R AR AT R R
5] 77 75 25 808 B9 43 T 18] AU B, o D-78 25 8% 00 v 7 B0 Bos el
WAESE T HE2E MR o 7 Z [ A7 A2 6 B om ) S B 4%, X 2
BRI AR — KR . SCBR b, IE 2 XFp 4 7 8] ) S HE R
# [D-NE g LB A SRS . BT AR R B AR R SS HLiB B
F g B K AR AT R AG I VK 2 A ATTAR S R ) THz P B,

BS54 M T 1.5~19.5 THz 5336 B N gDl g 2 7L
B AR RS FTIR 525 % 3% A 9Rsz g-D-2F FL 4> 7 /9 DFT B
WitHE %, mE S TRVEH, £RKF 6 THz i e B, #
W B % RS 58 S % TGI8 7E I IR R I A 0 e o0 L R
B LR AE BT 3k R DL 15 B 9 B P Y R R AR
FEREKET 0 F IR (F IS0 3% A0 X F 50 58 3
WAELE—E M WEE . X #% Al GEJ2 F o 55 50 2 76 % il iF
TR B TH I B A R X R AN 5 R AR N, (R 2 LM
1A PR 1 S T8 R0 R D ) 55 4R LR A 2 B S .

6 THz LT BRHI X . 5256 6 1% v 77 76 JLAS 5 ik i it
Wi, T BRSO 3 Y I i 0 D AR R LSS, BAR R R S 20
N o WIHTETIA . B-D-nik i 2 FUBE A PR 19 53 7 22 (8] 77 76 25 3505

I 2 5 G 4 T 723
Table 1 Predicted structural parameters of f-D-galactopyr-
anose(bond distances r in(A) , bond angles( /) and
dihedral angles 7 in (A), dipole moment in(Debye)
and total enegy in ( Hartree)) at B3LYP/6-311 +
G" " level and experimental values reported in Ref.
[14]

28 SLHE HEAE
r(C1-C2) 1. 520 1.529
r(C2-C3) 1. 527 1.539
r(C3-C4) 1. 527 1.534
r(C4-C5) 1. 532 1.531
r(C5-C6) 1.512 1.523
r(C1-O7) 1. 413 1. 438
r(C1-08) 1. 395 1. 386
r(C2-09) 1. 427 1. 416
r(C3-010) 1. 419 1. 423
r(C4-O11) 1. 428 1.431
r(C5-07) 1. 438 1. 436
r(C6-012) 1. 430 1. 420
/(C1-C2-C3) 109. 4 111.3
/(C2-C3-C4) 110. 8 112. 2
/(C3-C4-C5) 108. 2 108.7
/(C4-C5-C6) 113.4 114. 9
/(C5-07-CD) 111. 8 113.4
/(C6-C5-07) 106. 5 106. 9
/(07-C1-08) 113.4 107.9
/(C5-C6-012) 110. 1 111.5
/(C2-C1-07) 111. 2 109. 6
/(C2-C1-08) 109. 8 108. 8
£ (C1-C2-09) 109. 9 108. 6
/(C2-C3-010) 112.1 109. 8
/(C3-C2-09) 108. 0 110. 3
/£ (C3-C4-011D) 109. 8 110. 3
/£ (C4-C3-010) 110. 7 111.9
L/ (C4-C5-07) 108. 4 108. 4
/(C5-C4-011D) 110. 4 112. 4
z(08-C1-C2-09) —68.3 —69.3
z(08-C1-C2-C3) 173.3 169. 1
(09-C2-C3-010) 63.8 65. 4
7(09-C2-C3-C4) 188. 1 —169.5
z(010-C3-C4-0O11) 60. 0 —52.5
z(010-C3-C4-C5) 180. 6 176. 2
z(O11-C4-C5-C6) —58.1 —56.2
z(011-C4-C5-07) 59.9 63.3
z(C5-07-C1-08) —182.8 179. 6
z(C6-C5-07-C1) 187. 7 169. 0
(07-C5-C6-012) 57.2 61.6
(C4-C5-C6-012) 176. 3 —178.1
(H-C1-O8-H) 20. 8 47.3
(H-C2-09-H) —9.7 —70.5
(H-C3-0O10-H) 98.4 158.7
(H-C4-O11-H) —129. 6 —161.1
r(H-C5-C6-012) 154. 3 —56.0
(C5-C6-O12-H) 108. 2 —58.9
[ el 0.699 0
—E 687.397 874
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Table 2 Assignments of observed vibrational frequencies for f-D-galactopyranose (s=strong; m=middle; w=weak. )

_ S i 55 R _ Bf%IjYP/67311+(;Y 3 B S
B/ THz Gy A%/ THz SR
2.10 w 2.09 w IR PN E
2. 34 s Iy F TSR, TR
2.88 m 2. 96 w Sy F A, TR+ C5C6
3.98 s 3.83 w AyFlel SR, AR R+ C2C3
4.52 m 1.12 w IN Tl A, 7 R+ C506, C6012
5.12 w SrF R, TR
5.94 s 5. 64 w Iy TV, 75 TR+ C3C4, C5C6
6. 69 w 7.06 w C5C6
7.46 s 7.76 s C6C507, 07C108
8. 24 m 8.67 m C4C5C6, C6C507, C5C6
8.94 s 9.12 s C3C4011, C4C3010
9.52 w 9. 84 w €2C108
10. 09 s 11. 30 s C5C4011, C4C507
10. 76 s 11. 67 s C1C209, 07C108
11. 65 m 11.97 s C3C209, €2C3010, C5C6012
12.81 s 13.09 s 4011, C108, C5C6
14.09 w 13.90 m C108
15. 86 m 15. 36 m 07€108, C507C1
16. 57 s 15.79 s €209
17. 04 m 16.18 m C5C6, C3C4011, C209
18. 60 m 18. 46 m C2C3010, C2C108, C2C107
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Terahertz Spectroscopic Investigation of Crystalline g-D-Galactopyranose

ZHANG Tong-jun'?, CAI Jin-hui®*, ZHOU Ze-kui*
1. College of Information and Electrical Engineering, Shandong University of Science and Technology, Qingdao 266510, China
2. Department of Control Science and Engineering, Zhejiang University, Hangzhou 310027, China

Abstract In order to deeply understand the spectral characteristics of p-D-galactopyranose in the terahertz region, terahertz
time-domain spectroscopy was used to measure the absorption coefficient and refractive index in the {requency range 0. 3-3. 0THz
at room temperature, and Fourier transform infrared spectroscopy was also used to obtain the absorption spectrum between 1. 5
and 19.5 THz. In parallel with the experimental study, the 6-311+G" " basis set and density functional theory(DFT) were ap-
plied to obtain the structure and vibrational frequencies of the isolated p-D-galactopyranose molecule at in phase. The observed
vibrational spectra were assigned according to the DFT calculations. Results show that the theoretical calculations are in good a-
greement with the experimental data except somewhat blue shifts due to the intermolecular interactions. The observed resonances
at the high frequency above 6 THz originate from distinct intra-molecular vibrational modes, while at the low frequency below 6
THz the observed resonances are dominated by vibrations of hydrogen bonds between the molecules or phonon modes. The com-
parison of experimental and theoretical studies shows that far-infrared absorption features are highly sensitive to the structure

and spatial arrangement of molecules.

Keywords -D-galactopyranose; Terahertz time-domain spectroscopy; Fourier transform infrared spectroscopy;

Density functional theory
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