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SCHG AT T DL-A 2 R — /K A W0 Il B 25 4
Paiva % B if 57 T DL-F &R —/K 59 (DL-Glu-
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2.1 HEEFE

SE56 ] DL-Glu (4 =99%, CAS: 617-65-
2) 1 DL-Glu-H,O (% £ =99%, CAS: 19285-83-
7) B0 K TR TR A BR A A AT R 4
SO 7 i PN B I = R TR W 0 N A
L 10 MPa 1 F J3 R 045 3 min, #il B B2
13 mm, FK-FiF HIERIE FFl. DL-Glu #l
DL-Glu-H,0 f# THz i 8 A &L 5 S 200 mg,
FM SR (PE) IRA HHIR 15%:85%; & &41
Frip, BB h 200 mg, DL-Glu #1 DL-Glu-H,0O

fR s L2 100%, 75%, 50%, 25%, 0%.

2.2 SLIG¥EE

X SHRAT TS (XRD) MR AERR PG IR 7 5
Bl v 52 (H AR B2 00 w) A 72 50N
Smart Lab(9)), H b 8% 5 K4 th 320 9 kW,
TAEHLE A 40 kV, 30 mA, F13H /A F 20 16
5°—90°.

THz WCEMACR FHSARE AR 2% () B
FA R A B (Advantest, TAS7500 SU).
Hodr, KRMEOLEE (PR 800 nm AT 1550 nm) 7= A=
R BTk, THz ik ™= A Fndginl oy =035 ol
SR, REMEERY 0.5—6 THz, J6ilk s Ht
% 7.8 GHz.

2.3 BWHTE

AR SCR I Bz pR B XT DL-Glu A1 DL-Glu-
H,O #7450 P AL Fnstig 143 1520 Bkit5h,
iz H] Ry 3 % & 72 bR PBE (Perdew-Burke-Ernzer-
hof) J7 ¥k FH KLAR 1 R 35, 1 Th1 5 A 48k T BE
1000 eV, AERMM2EM 1.0x10% eV /atom, F K F1 1k
220 1.0x10° eV /A, RN 1.0x10° A.
& 1 ff7~ 4 DL-Glu #1 DL-Glu-H,O )43 745 #4)
K i gtk DL-Glu AN f A 4 450+, 250
FEZ Pyy )y a=5.743 A, b=13.036 A, c=8.431 A,
a,7=90° 3= 103.66°, AR V= 613.339 A3l
DL-Glu-H,O A~ A 16 50T, 2B Py,
a=9.080A,b=15401 A, c=10.612A, , 8,7 =
90°, FHMUARFE V = 1483.99 A3l

(b)

K 1 DL-Glu } DL-Glu-H,0 By T- 544 (a), (b) & iy
451 (), (d)

Fig. 1. Molecular structures (a), (b) and unit cell struc-
tures (c), (d) of DL-Glu and DL-Glu-H,0.
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Fig. 2. XRD spectra of DL-Glu and DL-Glu-H,O.
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Fig. 3. THz experimental spectra of DL-Glu-H,O (a) and
DL-Glu (b).
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A DL-Glu-H,O {37 T 1.24 THz Ab ) 5256 16 33
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Glu & (1-2). K 4(a) 7] I, FE% DL-Glu &
DL-Glu-H,O R & il A8 1k, 1.24 THz &b (Mg i
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Fig. 4. THz spectra of DL-Glu and DL-Glu-H,O in different proportions at 1.24 THz (a), the linear relationship between absorption

amplitude and sample concentration at 1.24 THz (b).
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Ry TR MU () SR, AR SR Sk A S
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THEAL. AE 0.5—3.0 THz JL B 3345 7 4 45k
2 A 20 A T 0.33, 1.37, 1.56 F1 2.88 THz. H
1, 0.33 THz & 1.37 THz B A R 7 52 56 0% i i |
H 1.56 THz i nm B ioss, Bt e RA 7
T 2.88 THz Ak By A BT SL g0 A7 DTk, AR
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Y. B8 B, 78 0.5—3.0 THz {iH N DL-Glu
A5 ANEA MR OEEE R 255 1.66,
2.58, 2.59, 2.84, 2.90 THz, H:th 2.58 1 2.59 THz
X 2.61 THz () 52 56 6, 2.84 F1 2.90 THz X i
2.96 THz, 1.66 THz ¥§%} 1.63 THz B9 SZ 5017
fif M. 2.38 THz Kb K3R48 XTI 242, K AF B
L-Glu fil DL-Glu f§ THz W W W5 45 TG 1 & 15 H
2.38 THz R IE. %% 1 B3 T DL-Glu 15 i 1%
eF SR, Horbr, 2.84 THz R T4 TN
BHHEH O—C—O #l3h, CH,—CH,, —COOH #I
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MR .l S S BRS VR L, 454 L-Glult f
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(a) DL-Glu (b) DL-Glu-H,O
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2} 12}
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3 3
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3 3
el B
o Q
- -
o} Q
12 12}
Q Q
< <
; |. Ll L J
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5 DL-Glu & DL-Glu-H,O HJ THz 5256 Fl [F A 403%
Fig. 5. THz experimental and solid-state calculated spectra of DL-Glu and DL-Glu-H,O.

# 1 DL-Glu % DL-Glu-H,0 f528; (Exp.) Ml PBE BHEIHE LS IR (Jfi: THz)
Table 1.  Experimental (Exp.) and PBE theoretical results of DL-Glu and DL-Glu-H,O (in THz).

DL-Glu DL-Glu-H,0

Exp. PBE ik Exp PBE ik
1.63 1.66(4.74)! et o hESh 1.24 1.51(1.23) Wbl o HheEsh
2.38 1.69 1.72(12.43) LEhI o L Bh
2.61 2.58(3.89) LERh ¢ i 1.92 1.78(1.69) ZERhM o e sh
2.59(3.96) eI o hEEEh 2.22 2.16(6.76) i b i 2
2.96 2.84(22.54) HBER RS 2.30(23.11) el o hEESh
2.90(4.10) ZeihM o i Sh 2.38 2.49(5.98) e o fhiEsh
2.58(3.47) LRI b BB
2.81 2.85(4.41) LERhI ¢ AilEEEh
2.87(27.11) LERhI ¢ BiiEEh

3.0(7.23) B REH R Eh

Vi L LT SR EE (1M /mol).

DL-Glu-H,O FHEIHILAFH] T 10 /NG T
AR, Horpr, 2,16 112,30 THz XA/ 2.22 THz
() S8 ) 2.49 F 2.58 THz %} I 2.38 THz, 2.85,
2.87 Fl 3.0 THz ¥ % 2.81 THz F) 52 1 5 1 17 it
Br. % 1 2% 17 DL-Glu-H,0 & st =y
KUs. Hrdr, 3.0 THz £2I|E TN EREHR O—
C—O# sh#1 CH,—CH, B2 5h, HHh—COOH
—NH; (42 st A 25 sk, & 6(b) FTn A
3.0 THz i} DL-Glu-H,0 B4 FIRahz. 7B
5500 B0 HE VC L B fik I 454 L-Glu®Y, DL-Glu
F DL-Glu-H,O {9 THz F#E U4, DL-Glu-H,0
FRAE M SR RIS 49 40 R : 1.24, 1.69, 1.92, 2.22
F1 2.38 THz &b W& Wi KI5 0 18l i AH BAE H

2.81 THz 4 MW IR T4 ] LA B 5 T A Y B 6 DL-GhuHO% 287 TH: (o) F 3.0 TH: (b) 804 F
PRI
PRI, %, DL-Glu 55 DL-Glu-H,0 1

Fig. 6. Molecular interactional modes of DL-Glu-H,O at

THz 1% 22 5 AR IRTE T /K o0 F A4S 2011 = 2.87 THz (a) and 3.0 THz (b).

083201-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 72, No. 8 (2023)

083201

HHEFF AR, SIA T AR HEEAER T, W
L IR TRER T

T DL-Glu SAFTEA 2 R-4 2R /1 1 (7]
YERIREEL, DL-Glu-H,O Al BEFF7ED B IR-7 &R |
B EBR-55 Tk | 45 ShoK-45 oK Z 181 3 R ]
FHEAERIEE, A DL-Glu-H,0 7 TH =44kt 02
BHAR-BARNY T 24 7458 (0—H-05
N—H---0), 4if/K-ARZAR T HA 3. &
A+ UV 71 MR AR T P45 K
SrFAEAEH, 45Kyl S S 3R
iR 5y 7 AH B AE AL ik — 25 W 3e o Br R
2.22 THz Ab BRI 3 2L T2 2 8- 45 K Z 7]
) 0B 55 A A ) )7 ; 1.92 A1 2.38 THz F 8T
BHATR-AEIR AR R-45 oK Z A EAE R 77,
1.24 F1 1.69 THz FEZ T & FR-45 /K Z 1A Y
MHEAE ), BA MR IR-4 AR Z [AE
) BTHK; 2.81 THz 52 565 0 119 43 7 B /E AL =X
F BT A SR -4, S K 22 18] A 55 AH B AR AR =X
(I 6(a) 1, SEdhK SR EAR TR KIS, 77T
PRSI ORI T AR T B g 0—C—O0
3 f1 CHy—CH, W #2250 . b 458 7l i i DL-
Glu-H,O 45 5K 5 i THz SCE 1SR, PR B
AR B &l i TG/DSC #H 52 46 # IA DL-Glu-
H,0 By /KIRETE 95140 °C 0], /K5 &
1R 29 11%, THz SLEHE S 7 IEAE 25 . Ah,
S0 AR S A5 R B T — S 22
2.38 THz(DL-Glu) 52 55 06 I K 7 2 i o 5 3,
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Qualitative and quantitative study on DL-glutamic acid and
its monohydrate using terahertz spectra’

Zheng Zhuan-Ping’ Liu Yu-Hang Zeng Fang  Zhao Shuai-Yu  Zhu Li-Peng

(School of Electronic Engineering, Xi’an University of Posts and Telecommunications, Xi’an 710121, China)

( Received 5 December 2022; revised manuscript received 15 February 2023 )

Abstract

The rotation, translation, and vibration of many amino acid molecules fall in the terahertz (THz) range,
thus qualitative and quantitative researches of amino acids can be carried out through their THz absorption
characteristic fingerprint peaks. In this work, the room-temperature THz absorption spectra of DL-glutamic
acid and its monohydrate at 0.5-3.0 THz are measured by utilizing terahertz time-domain spectroscopy (THz-
TDS). It is found that the THz characteristic peaks of these two amino acids are obviously different from each
other. Moreover, according to the changes of the absorption amplitude of the characteristic absorption peak
(1.24 THz) of DL-glutamate monohydrate at different sample concentrations, the mixed samples of DL-
glutamate and its monohydrate are quantitatively analyzed, and the quantitative analysis formula is verified. In
addition, the optical mode of DL-glutamic acid and its monohydrate in THz region are predicted by using
density functional theory (DFT). On condition that the theoretical data are matched with the experimental
peaks, the origins of THz absorption peaks obtained in the experiment are discussed and summarized. The
results show that the THz characteristic peaks (<2.80 THz) of DL-glutamic acid and its monohydrate come
from the intermolecular interactions, and the other absorption peaks result from the combination of
intermolecular and intramolecular interactions.

Keywords: DL-glutamic acid, hydrates, terahertz waves, absorption spectrum
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