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Spectroscopy and Spectral Analysis

S E AL F B AW IR S 5

2
e

F.EF G IXAE

WS B RS R B TR 2B, NSl sk 014010

B OE N TEEMRMIDIDNE, KAL) T RER AR, WS BRI . E MR T MR TR
By or TR SR RO VE T . LA A HR R A AR IR 2024 A T DR 2% 0 B LA DR 2% 0 BE R IR i . HL
N 1) B4 B HE TR T R R 2 W S W AN T 5T T R A A 7 2% D B ) T i i 0 7 5 B TR 2 ) Y
FEMEIIHT o AW T T LA e T ) 2 R B AR IR BLR T 3 , BESEAR E MR AR E > TS5 H L PR RE

HZ K Z @] LLER X255 20 1 18 IO AR EL AR A L A L 4 b R T B 45 TR R AT 0 0 d o et A
TR IME TR AR R 7 T W R 25 Wil » 7T L 2 R 23 1 1A R 2% WO DU TS 7 T 9IR sl A X, x4
PRV TR — S M SR Tk . I Sy 5296 20 IR0 A il R 2% I 3006 38 2 16 B0 S L A S 6 AR AT KB
25 Wi 0 R B AT B T A A IR RE N SR A R BEAT IR IE . T SR T DR 2% I SO 1 SR SR ECT 45
MR R ER L 2H R A R 2 RSO 3 i S = R R A A S v LU R B TR AU A Y )
TR, B AL SO VATE S8 A A0 AL 5 AT OB 25 WO i B AT Y . TH AT R R ] S AR R
BAGPF BR R 25 WS TR G 2R 5 S 6 AR Y R 2% T 22 S R (ELTE R OB G A e e {3 B AR )
i id GaussView 733 22 F 11X = Bl & 2 AR 43 170 85 2% B P9 9 W A Ve Sof 7 A3 R b 4 I e A 00+ 2 LA i 3
BeN =R EE M 0 T H RE Y U AR e aly i R DLk 3l » O B s B U A — B il 3 of 40 2k R Y RE AT Y R
o 2% W WSO R AT B T Al 2 TR AR K R T i A N R M 0 X 31 4 Ak ) IR e S S = R R R IR ) T TE 4
B W W e Xof T A AR AR B IR R A T XS b . BTSRRI, TR R IR Oy T IR ik Ak O T R
P8 A 2 W AT T i B B N T A A DL I WA Ve S B R IR A 2K TR M B AR W) s R B A S T
R BEBENE  REIR . R BRTE R 2% 5 BN B B AR IR T RE AR B R SR ] . =D L R O 1 TR e
B B W Wi b 32 BORUR T A SRR RE M . (RL . &5 5 BT AL SE T 5 RO 2% W Wi AT DA S SRR IR 2 W) R
14 Pk 73 B

HIER; & T 12 GaussView; WL
XEkFRIRED: A DOI: 10. 3964/j. issn. 1000-0593(2020)02-0397-06

KEER K LW
FE 4SS TP391.9

Vol. 40,No. 2,pp397-402
February, 2020

51 5

R 25 W RE A TOL T AR T2 6], REZ B AR &R AN
AERAERTRE R 2% OG5 $AR (TH2z- TDS AR o i 4
T Y — TR X% HOR T BOSCA AT BE . 17 2 4 900 T 1 SR IRk
A58 S T RO 25 1 BE i A2 ) 0 1 7 R 25 e B 45 2L
P FRAT I ) 54 O 2% B AT A . 5 s A S AT X IR AT
VLS B X 45 0 400 5% 00 8 A 0 AT o A B R A b 855 o o
T SRR BEHLAE B AR B I8 FT LS B T R 24 I R
DI 8 X 45 4000 4 5 1 E A 3 H

W Fm B4 2018-12-26, f&ITHHER: 2019-03-29

MBEARN M EER S miEsh EmML, £
ARG R B, SRR 2 W R TE S50 I A O S
BA & H BRI, B m] DL FH R 2% B 380 3 R
PSR, I XRE ER . 4R KR 2% W S 4 i)
B AR IR 5 452 30 o B 56 FR AT AR SR BT .

H Ay T2 o bt A E Br B )12 Gaussian03
Bk, Gaussian03 T K32 R G | 2 4006 vk 8% 802 R 2%
T, FERHTEE N R 7450 X Rg i . o F AR A
71+ IR RS i 45 HoA o AR . TS AE 4y F Kbk 2%
W R AR . 2ok %12 RS . 8 ASTA A 4 IC iR
6] (3 L AR SE L Cn s AkiZ B35 | 6-311G+ + 364D 3

EE&WB: HEARBAILSTH (61463041) . NS FARBL=FEE T H (2018MS06020) ¥ Bl

BB M J7. 1980 4, WL BHRZFE T
* JE IR R A

e-mail: yjsumu@163. com

W il 4%

e-mail; 0472yanfang@163. com



398 S 5 6 M

5540 &

AWy T INLLANIR Bl 3 o o 78 21 A0 P9 B IR RO 2% 1 1
Al IR B 73BT X201 454 DY AR 2 5 KA 25 R MOV AR A

TE X 2 TR R i B DR 2 W SO 3 38 b s i T e M S R
sty S Ay B8 AT WA N 3 A T S e [ AR T T3 4 N A
TUAE S v SR A A0 i A 28 o T o M A 2R B X 0 Ak g A
SR A s S 4 (30 h LB BRI LA b %O
IS TR T IS I PE AN 5 o AR SO S X = R R R
R B R LA S0 AT o $RE T R AV T A A 0 B Y i
5T P IR A A — OB L AT Ly 2 R 2K W) T B
EM IR —ENSH,

e

) FH 32 5 20 2% N SO 1 R TR IR AT . 5 AR
VL R it 11 DR 2% WO o 150 T A A 3 D0 SOk . 3 ot
T % 1AT 1) 2 58 D' B v 8 09 80Ok R AV B 35 35 X R 2 98 114
W, MR R E I E R 25 C, WIS RIS IR T
Dorney %1 82 1 7

T AT BOREL 3 2 S  |  1 B 2% R HCA . SE I R A
RN TR HARFE N E WS A 120 mg R
LM AR A, LA 8 MPa Iy s i fr. HERJEEZY 0.9
mm, HA& 13 mm,

SRR, 23 AT SR R 2% ' B TR A TR o N Y R A
ERFERFESSEE S, TN TH2TDS R 480 & I
WRE RS S B E 5 M2, ARG I & =00 UL
B ME o SRS XTI A i 9 2R A B AR A, B AR S
AR 25 R R Ean (0) s SEAG S M AR E5 1100 E.o
(@) o WU E i () Tl Ever Ceo) VOB B 45045 M FORR A0 M . =X
(LA R

| Eom (@) | 4n _ad
[Ew(w) | (1+n>ze"p( 2 ) D
pw) = =1 2)

Heb. d BEERIERE, ¢ MEH. o WAMR, ¢ RN ZE.
Y142 7 (o) IR R EL a(w) N

n(w) = 1—w—fd¢<w> 3
_ o d, (| Ew( | [n(w) +17"
alw) =75 I“{ [ Eu(w) | 4nla) “

P 2 ) BT 5 0 i 0 2%
2 HTAsES T

it AT EAE Gaussian03 84 rh kAT, R A% B2
RS PR 2z B, AR Ar T T O R
e, XS EEENE . T AR . 4L BRRE O AT A T R 3
BN T M AT AT E T, B T AR E
AE A A BT 64T T AR L I i TSR
2.1 HEBER. FElR. ARBRESTHETE

IR AE BRFE B P B IR A TE . B0l A &=
(173N N = I =N e e R NI o R T B = o s

FAYBIAE ChemDraw 1454, 5 H 70 72544 09 115 5 K A b JF
F A Gaussian03 #EATI8 5 . B B 717 15 70 1k o A o
Ve 6-311G++(d, p)HLH, [F MR A4 T B3LYP 4¢1kiz
PR 14 5 B 97 bR LS O B AT IR AT IR R, T
R 25 W Ak 38 2T A1 I B s 0K b 2% R S T E TR A S 4T
SNBEREC., B 1), (DRI BB R B . Tha . 4
SR MRS TR AR AR I B4 TR L

1 =ZHEERERNES THE
(a): ARBENEESF T (b) JRa(BREIr T H B 5
(o) : AR PIT T H A
Single molecular configuration of

Fig. 1
three amino acid samples

(a): Single molecular configuration of glutamine;

(b): Single molecular configuration of threonine;

(c) : Single molecular configuration of histidine
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Table 1 Computing time and convergence iteration number
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Fig. 2 Single molecular configuration of
amino acid functional groups
(a) : Functional groups containing R-based amino acids;

(b): Functional groups without R-based amino acids
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Fig. 3 Comparison of experimental and computational
data for three amino acids

(a): Comparison of experimental and computational spectra of
glutamine; (b): Comparison of experimental and computational spec-
tra of threonine; (¢): Comparison of experimental and computational

spectra of histidine



400 S 5 6 M

5540 &

3.1 HRIWERSIHELERLL

&l 3Ca), (b) Al (o) 43 il b T = P S 3L R 4 1 S 3%
TEA A R R AR A

Xt R R S SR R Al A T SRR A L AR
R LB P ) R A U 5 2 B R A — 3 T AV A B W A U ) 0
PLFNIETE 3 5 9000 A B R 2508 . X2 i T 3L mR B 5 T4
T T RALAR AL T 43 N 38 D B A 2k PR 7 O b 22 07 B 9
W ARG S5 5. W R B BT N 4y F I 1 S B i AR ) AR
JH T3 ] AR N S A AR g A A T A K ot 2% A B P i A
S5 AR P (R BT 5200 AR AR B R 2% R ORI A B Y
3.2 RERESAMNITELER

AN RSB R T RE A1 A e O — > B R £
ERRPARRE, ARFPREE. & FIF AL R Rk
SR A B R R R AR A5 - 5 THz LU A9 K5 2% 95 Bk WL

F2J£-COOH

FRH:-COOH

B4 SEBER

W WSCUs » 5.3 THz I b LSS — AWl o & R JE B0 Z0RE IR Y
RE M S (A P, Wl DL B AR 2R B RE JRe IR, 2. 8 THz i
HH B — A RO 2 W e L B dy U IR R B RERT R
RE PR 15 2 2 R 1) 7R 20 BB AL 1 I

W R B = b 056 R o 9 S 3 3 S BB AE 2~ 3
THz BEAY) &, & RIEEREFATE 2.8 THz o i 8 % Wig i .
BT B A SRR Y R 2~3 THz (9 MR 0 2 15 ol 2 56 R
FE T A S 9 IR e £ 41 o 3 o Oy =l RE i B3 1 4 2
H-2 24 2 B RE ] 00 T # BUAE 2~ 3 THz P I U 365 o 471 ¢
Y IR e R T AR
3.3. EREGEBRERANKHEZIRIER

T H-2 R R RE 1A RE 58 2 AU 3R SE b & 25 R RE M
AR E I, X H-Z R e 54 A BENE . R A . AR
MR7E 2~3 THz W IR BB U HR AN 4 B .

(b)

R JE-COOH

¢

¥2JE-COOH

Al iR KA

(a): H-Z SR el 2. 8 THz fREE R s (b) . A& BN g 2. 41 THz R4
(o: HRAEAMAEREA 2. 49 THz IR E; (D HEBRMNEREA 2. 09 THz fk¥% A

Fig. 4

Identification of oscillation and rotation patterns of amino acid functional groups

(a): 2.8 THz oscillation diagram of the internal functional groups of H-amino acid;

(b): 2. 41 THz oscillation diagram of the internal functional group of glutamine;

(¢): 2.49 THz oscillation diagram of the internal functional group of threonine;

(d): 2.09 THz oscillation diagram of the internal functional group of histidine
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Study of Terahertz Vibration Modes of Amino Acid Functional Groups

YAN Fang, LI Wei* , WANG Zhi-chun

School of Information Engineering, Inner Mongolia University of Science & Technology, Baotou 014010, China

Abstract Compared with the infrared analysis of amino acids, terahertz wave has lower electronic energy and can be used for
nondestructive testing. The intramolecular atomic vibration, the intermolecular hydrogen bond and the low-frequency vibration
of the crystal lattice of amino acids are all in terahertz band, which makes them have absorption peaks in terahertz band, and
different amino acid molecules have different Terahertz Absorption peaks. Therefore, this fingerprint characteristic of amino
acids in terahertz band can be used for qualitative analysis of amino acids. Quantum chemical analysis methods can apply the basic
principles and methods of quantum mechanics to study the structure. properties and relationships of stable and unstable mole-
cules. It can also study the interactions, collisions and reactions between molecules. The Terahertz Absorption Spectra of amino
acids can be calculated by quantum chemical calculation method, which can match the molecular vibration mode of the terahertz
absorption peaks of amino acids. It has certain reference and directivity for the qualitative analysis of amino acids, and provides
theoretical support for the terahertz time domain spectra of samples obtained from experiments. Quantum chemical calculation is
carried out on the basis of the terahertz absorption spectra obtained from experiments. It can also validate the experimental re-
sults. In this paper, Terahertz Absorption Spectra of glutamine, threonine and histidine were obtained by terahertz time-domain
spectroscopy. The monomolecular configurations of these three amino acids in the form of amphoteric ions were constructed re-
spectively. The Terahertz Absorption spectra were simulated by quantum chemical calculation method after the structural optimi-
zation was completed. The calculated results showed that the Terahertz Absorption Spectra of three amino acids are quite differ-
ent from those obtained by experiments, but the peak positions at high frequencies are basically the same. GaussView was used
to observe the vibration and rotation of the absorption peaks of the three amino acids at the corresponding frequencies in the tera-
hertz band. It was found that the functional groups of the three amino acids only rotated without vibration in the high frequency
band, and the rotation modes were basically the same. The Terahertz Absorption Spectra of amino acid functional groups were
calculated quantum chemistry. The vibration and rotation patterns of functional groups at the corresponding frequencies of the
absorption peaks in the high frequency band were compared with those of three amino acid molecules at the corresponding fre-
quencies of the absorption peaks in the high frequency band. The results showed that in the terahertz absorption spectra calculat-
ed by quantum chemistry method under the single molecular configuration of amino acids, the simulated absorption peaks calcu-
lated in the high frequency band are basically consistent with the experimental Terahertz Absorption peaks. Vibration mode anal-
ysis showed that the vibrational modes of amino acid functional groups of glutamine, threonine and histidine were the same in the
terahertz high frequency band. The absorption peaks of the three amino acid molecules in the high {requency band mainly came
from amino acid functional groups. Therefore, the qualitative analysis of amino acids can be realized by combining quantum

chemical calculation with Terahertz Absorption spectrum.
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