N

koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis

BET L-4 B 8B

=)

woA.% 2. &.% #. KEX

mAEBE. AR M 510640

M OE OENTUSIEEANS S, BN ORI A A B AL, FIE R AR R T R AR R AR A 2
KVE, TEF WY 20 R SLBR T, 2 HANTF A @ RS H AR TR T 2 M a L m7E & T 2k, #FRnax
R 135 5] 30 GPa, R THR58 L-22 & B8R (Cs H NOOYEM 3 £ 1 F B85 A5 Fb 1 o, SR AR i FE i 2 2 R
TR T X L2280 IR AT B 5E . I B /1363 22. 6 GPa, WFSE R, MK 1368 2.7 GPa B}, 7£ 102
em 'RE I EHTE, 7E 1123 em ' (NHy X FRIRIESR 2D AL R AR 0 30 BE 25 MR S35 8 5. 4 GPa i), L-
22 MR RTE 574 em AL BRI, [WIBS R R 164 em T ARIEIE G MR 1A F] 6. 0 GPa B, i T 226, 456,
770 F1 2 968 cm ' (CH, 43R 30D & 4b i BRHF 0, 877 em 'Ab iy CC 4 ¥R 3h W & A= BEZL, 74 894 cm '
W MR k3] 7.9 GPa B}, 7F 145, 151 F1 2 946 cm ' &8 H B &, [R B R 7E CO, $% 3348 3h g 9 Jg 1% 531
em "HAR; MHEJIEF 11.0 GPa bf, LT 249 em ' AbAYHR B W T 45 B . FE 241 om ' ALTE BT, 2 T
2 956 em ' (CH, 4535 30 [FIB LA F 391 F1 431 em ™' Zh A& 2 s 4 E 355 17. 5 GPa Bf, £ 200 cm ™!
b KT % o B HE— 2P A BT L 22 SRR I B W RO R ) 1 ARk R IR 2R S A 1. 37, 2.2, 5.3, 7.46
F111.0 GPa DA} 15.5 GPa ZF[E 7 s Ab B B0 745 4 . A5 IR W . L- 2 JBR7E 0. 1~22. 6 GPa Z A I & A=
7 AN ZERGARAS , AL TR 3 K] 0. 1~1. 37, 2.2~2.7, 5.3, 6.0, 7.46~7.9, 10. 1~11.0 fil 15.5~17.5
GPa Z i, i H., 7€ 6.0 GPa B9 AHAE S 7E Z BT SCER PR IR R it . B F L-22 5B d IR 7€ 6. 0 GPa B} CC i 45
PR R A, XMEREREH TEATIR L-2E8mRM RS FRETHSEN, W L-22 28R &% %50 F
FH B AR AT, 15 L2 %M B I CH, AR, L-22 %8R & A 7E 10. 1~11.0 GPa Z
) (1 7 A % A Ak F2 A v FEAIR I BB, BB B I b 2 PR s A R B SR RS AR Sl SN BE AR S K
[ B 7 g BB R BT 0 CHL, W,y bl HE 0 72 10, 1~11. 0 GPa Z Ji], L-22 % R &b 1A 1 5 4% 9% 3 & 2k 718
b, AT R AR, NS T L2280 R RS 0L, -2 88 &R 15.5~17.5 GPa Z [, i F
WA KW HEAEARIE U R A 45 A AE . HOR e BB s s A8k, R BLHAE 17.5 GPa B i BL45 A5
PR A I - 22 %02 IR 7E 15. 5~17. 5 GPa Z [ W] HE & A= 45 A AHAS .

KA
PESES: 0657.3

L-22 /% w5 hi& ok a5

N EEARIRED : A DOI: 10. 3964/j. issn. 1000-0593(2019)03-0791-06

Vol. 39,No. 3,pp791-796
March, 2019

5l

T 7S ] S5 A B FE R A — B A i B2 BT 5T A
M WmEES T ENEAFRFT RS L. EERZHTFZ Y
R o O R W A A I R B LA B S i
FEMPOEEE S, WEARN B, g-9r&. JoH N E
DA B AMURS G2 55 — 9 25 g £ B AT A3 Bt T LR X
O 11 51 5 R 388 8 A A 0 B R A AR

WiEHE: 2018-01-22, 1&IiTHEA: 2018-05-19

ESWE: EXA AR FREETH (21606090) 5 B

fEEE A B, 1991 A, SRR RS £ 7 B B B 5 A
* JE IR R A

e-mail: jiangzhuo@scau. edu. cn

FEE 2 AT & R T o Ra Aot iRz —. A
AR R X B R s g e AT B . TR A
BR&s A A, HE H B A2 (5 5ok B RE B2 2R M
HE R ok S R 4 AL OB IR T SR M T AT E
JRESH AL s T LAt AT A7 A 1) 22 2 1R 1] 1 4N D 2 B )
AR, . LT L A SR R A A5 A Ok T A 2 A
P R 5 ) X UK R o A A 1 e 5 | T RSN
B SRTE .

UEAFE SR o AN b2 3 M) T w8 T L 2 WF S 7 A [ T 00 °F 2 4

e-mail: 826798162(@qq. com



792 S 5 6 M

%39 &

T2 & PR 25 K 11 A8 fk . Abagaro 58 F F i e f2 2 #E 0~5 GPa
Z AN DL-58 B R 45 48 (b 7 Wh o . AR R 45 R & W], DL-
SR R R A AN B IR S L 2UTE 2. 4~3. 2 GPa Z A 3
THEHREL, XWT DL AR 2.4~3.2 GPa Z A &4
TR EARAS . A AR K 2B SR SR TR
RRE T EZRAE H s R 2 2L T M 25/ AH 4 . Ho-
landa 85 7€ 8.5 GPa P I 5 FE L 2 7 AR X D-J5 4 R 25 1 A%
CHATHITE . DFRLARY], D-JRERTE 2. 4 GPa I T 50
95 em AR IRBIIETH R . AE KT 5 GPa B 57 T 100
em 'ALAYIR BRI O, Rk D-IR AR 43 HIAE 1. 9~2. 4 GPa
Z I 5. 1~6.0 GPa ZIA] H T & 4% 4% 2l 19 o0 A8 T & 2B T 45
FIARASD) , A % R R RS RS 5 T 2 R AE T R
T T A5 4L . Zakharov %5 ] FH #7863 %t L-22 & R
N DL-22 & R 7 = JE T 4r F 2540 W A8 fL ilE AT 0 5 . F 5 45
B, MFEEEMNZEL, FRLERSHNE 1~2 GPa
M 2~3 GPa N R A4 AHAS, [t DL-2 & 876 3~4 GPa
WH T N—H--O—C 2 N & 5028 1 i & A4 45 4 A,
H BT AT 5 BT 22 ARS8 b B 206515, &m Ik
ALK F] 8.7 GPa M, X F 10 GPa LL ERYE SR R E A
Wl AR, BRTCAZMEIERR™ " 05 B2 Ok 3% 58
JE Sk 20 GPa, I HAE 10 GPa DL F &R BT #0245 Al 7E
W Luz-Lima %R A1/ R0 2 AR AE 21.5 GPa LIN X L-%
SR IEAT JEA i FEhL S 5. A AT & ok g e AT A Hr . R
13.9~15. 2 GPa 2 [H] & 3 — a7 04 1y 1 B0 LA K% 1F 08 g 9 2
[ CO, #EB IR 30 b 4y R AEI L, d bl LU L4
RIRAE 13. 9~15. 2 GPa Z ] K A S5 4 A0 AE . 1% 45 44 1 AH A%
g T EHE XM . WL, 78 10 GPa DL EAFS L-2 4
FREEHARAE BA —EH S X .

N T IRE L-22 Z R 5 A 7E T 8 s 0 8 B /Y 45 4 A8 4
1O ARSCHEH IR T R L EAL = s hr 2 B R . 16 22. 6 GPa L)
DI L-22 0% b AR 64T T SR e B2 W5, S JE 82 H At &
TR 1 25 F A AR B 2R 10 TR AT B S AR R T iR S

IR

LB AE WY I R 2 R F 5 43 F AR o 4 4 O3S T & 158
B o SEER R Y L-22 SR i A W T E A A R R A
A, 4R 9800 e R YOGS & O 532 nm [ A
Jt#% (RGB lasersytem NovaPro, 300 mW) . Jti% & ] CCD
(Andor Newton DU970P-UVB), 3 HlA 1 800 g « mm '
A9 55 56 3 (Andor Shamrock SR-303i-B), £ 4 45 [H] 43 ¥
S 1 . 5650 A T8 520 em B8 KEME R 56
JEATHE S 0.1 em ', SEHE R A 4 WA % TR (DAC) il 11
29300 pm PG RN, T301 AEEW ARy % B4, HiUE
F) 50 pm JEEE, FEHO AL E R — A H RN 100 pm 1 FLIE R
i JEE

AT R L E A AR I, 58 5 £ 8 R Lab-
spec, Peakfit DA M origin ZE #4403 ,

2 #RH1HE

F 1O L2 %R A f B2 ksl g 45 I 3 xRk BB
TEZ BT 8 %F L-22 R & UK B iz 52 06 385 WF 58 19 Bk i b R AT
B,

o R

®1 L-ZaBREHSRINERIAR

Table 1 L-serine Raman characteristic peak assignment table
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(a): Wavenumber between 35 and 250 cm
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High-Pressure Raman Spectroscopy Study of L-Serine

DAI Chao, JIANG Zhuo" , FU Chao, ZHANG Jia, ZHANG Qin-fa
College of Food Sciences, South China Agricultural University, Guangzhou 510640, China

Abstract Pressure can lead to protein fold and denaturation. As for the element of protein, the study of amino acid under high
pressure has attracted attention of scholars in recent years. The properties of some amino acids among 20 common amino acids
have been studied by using high-pressure Raman spectroscopy techniquewith the maximum pressure reaching to 30 GPa. In order
to investigate the structural change of L-serine (C; H; NO;) under ultra-high pressure, L-serine crystal was studied at room tem-
perature by in-situ high pressure Raman spectroscopy, and it was submitted to pressure up to 22. 6 GPa. The results showed

! when the pressure reaches 2. 7 GPa, and the peak splits at 1 123 ecm ' (NH; antisym rock-

that a new peak appears at 102 cm™
ing). Furthermore, a new peak appears at 574 ecm™' as the pressure reaches 5.4 GPa, and the original peak at 164 cm™' disap-
pears. While the pressure reaches 6. 0 GPa, new peaks appear at 226, 456, 770, 2 968 cm ' (CH, stretching). And one peak

splits at 877 em ™', which produces a new peak at 894 cm ™!

. When the pressure reaches 7. 9 GPa, new peaks appear at 145, 151
and 2 946 ecm™'. With the pressure reaching 11. 0 GPa, the vibration peak at 249 cm™' begins to split and a new peak appears at
241 em™', which is located at 2 956 ecm™' (CH, Stretching) while the original peak at 391 cm™" and 431 em ™' disappears. When

the pressure reaches 17. 5 GPa, a new peak emerges at 200 cm ',

By further analyzing the Raman spectroscopy, many Raman
peaks have inflexed at pressure of 1. 37, 2.2, 5.3, 7.46, 11.0 and 15. 5 GPa. These results showed that the crystals undergo
seven structural phase transitions, which are in the pressure range of 0. 1~1.37, 2.2~2.7, 5.3, 6.0, 7.46~7.9, 10. 1~11.0
and 15. 5~17.5 GPa, respectively. Moreover, a new phase transition that was found at 6. 0 GPa has never been discussed be-
fore. This Structural change may be caused by rearrangement of molecules, which is induced by pressure. And molecular rear-
rangement leads to hydrogen bond rearrangement, which causes new CH, stretching vibration peak. The Raman spectra in the
range of 10. 1~11. 0 GPa focus on the low wavenumber, which is assigned to the low-energy vibration such as crystal lattice vi-
bration and the new CH, stretching vibration. So the crystal lattice vibration of L.-serine crystal change within 10. 1~11. 0 GPa,
which causes the new hydrogen bond of L-serine crystal to change its structure. No direct evidence of structural phase transition
has been found in the 15. 5~17.5 GPa pressure range, except for the inflection point at 17. 5 GPa. Therefore, it is speculated

that L-serine crystals undergo a structural phase transition.
Keywords 1.-Serine; High pressure; Raman spectroscopy; Structural changes
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