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Research Progress on Treatment of Organic Wastewater Using Heterogeneous Ozone Catalytic Oxidation Technology
ZHU Ming-xin~™ ,YUAN Si-wen ,LIU Jia-yang ,PAN Shun-long ,ZHOU Hua " ( School of Environmental Science and Engineering,
Nanjing Tech University ,Nanjing 211816, China)

Abstract : Organic wastewater is one kind of organic pollutant-dominated wastewater ,which is a major contributor to water quality
eutrophication and can cause significant harm to the environment.The main methods of treating organic wastewater include adsorp-
tion , coagulation, Fenton oxidation, membrane biological reaction, and ozone oxidation. The ozone catalytic oxidation method is
mainly conducted by adding a catalyst to the ozonation system,which can promote the self-decomposition of ozone and increase the
concentration of hydroxyl radical produced in water, therefore the ability and efficiency of ozonation to degrade organic matter can
be enhanced.This strategy has broad application prospects in the field of organic wastewater treatment due to the advantages of
controllable conditions,low costs,and high disposal efficiency.This work focused on the research of heterogeneous ozone-catalyzed
oxidation catalysts that were applicable for the treatment of organic wastewater technology and ozone-catalyzed oxidation technolo-
gy.It provides a certain research basis for the efficient disposal of organic wastewater.
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Progress in Synthesis and Modification of Nanoscale Zero-Valent Iron X/AO Yu-sheng® ,Chang Yan-yan' ,ZHAO Meng-ya",
TIAN Lu",Li Na",ZHAO Huan-xi**,XIU Yang™"(a.Jilin Ginseng Academy, b.College of Pharmacy, Changchun University of
Chinese Medicine ,Changchun 130117, China)

Abstract : Nanoscale Zero-Valent Iron (nZVI) refers to zero-valent iron particles with a size range of 1~100 nm.It exhibits excel-
lent adsorption and reduction properties, making it good applicability in the field of water pollution treatment.The magnetic and
high surface energy of nZVI can lead to aggregation and passivation, leading to the decrease of specific surface area and density of
reactive sites.To enhance the structural stability and reactivity of nZVI,various synthesis and modification methods have been de-
veloped. This article provided a comprehensive summary of the main synthesis methods reported in recent years,including physical
synthesis methods, chemical synthesis methods,and bio-synthesis methods.It also discussed various modification methods,such as
surface modification ,loading, metal modification, sulfidation modification, emulsion modification,and microbial association modifi-
cation.The characteristics and advantages of each synthesis and modification method were described in detail. Additionally, an out-
look on the future development direction of synthesis and modification methods for nZVI was provided , aiming to serve as a refer-
ence for the efficient preparation and widespread application of nZVI in water pollution treatment.

Key words: Nanoscale Zero-Valent Iron(nZVT) ;synthesis ; modification ; water pollution treatment ; stability
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MY AT HE 251

nZVI G RO E R R BE Bk A&
BOERUEY & Mk, ARG R T sk E T
nZVI BPRLAR | b 2R T AR R s A6 o A AR, axX gk
SHCEIEZ W nZVT NG, A T R R AR
FEE Ak % 1) B8 10 nZ VT 3 8 T B AT M
H A ek 200 R n8 &R
Bt Ak LA Y A,
T B Y A S B T s e A AR
nZVI 5 ERAK 5 G i) B s Ve A SR 2
IEAER nZVI BYA BT ERBM Tk

1 nZVIHE &

R B R FR AR, nZVI BY-S 7 v6 AT LA
IR BRGSOk AR Y A s,
1 Fs,

BB S BR AR
HPESCE
ERRE
H AR H—(RERE)
YA R OB
R
o LKL ST
B
nZVIE A RI7 o H A2 Bk HH{( Btk ik )
HLAL2 Rk
(i 2 k)
YRk
YA Rk

B 1 nZVI &Rk
Fig.1 Synthetic methods of nZVI

1.1 YHEE Rk

WrE A Ak 3 e R A | ol R 4
HUBUIN T T 2 8 2 AL T 208008 H B4R 55
Yy B 5 1% B AR AN R M 1R A2 il £ nZ VI, AL G
H % BRSSO DORR L R TR B 9
PEAFIE
1.1.1 USSRk

BIUAEOAE 25 B P 10k 2 0 Ao F s AR AP A Ay R
#& nZVIL B —F 3Ty 1, 32 BRI v A
WA 5T, AN BR ANk s ek s 5
R AEBREE L 20 2 e 7 1) BL 28 & PR Bl it |
# AT A5 2 R SF /N T 100 nm #9 nZVI, Li 25
2230 8 h RGBS il 25 T A2 K 20 nm | LR ]
TR 39 m?/g (1 nZV1, £ 1 nZVI X =5 LM

(TCE) \PUS LM (PCE) 45 7 Flvi WY K b & 4k
15 G EAA W S ) R R AR, e TCE /9 £ B
BRFIR 99. 5%, Ribas 2100 2 —BE H A
TRBANERIR & B ES 24 h )5, In A 42
A5 pm B EARER R R PR BT 24 h, 153 7KL
HHN5~10 nm, RN 29.6 m*/g (1AL
nZV1, il #& 1 nZVI % Cr 'TCE F1 PCE ¥J3R3L L
SRR
1.1.2 HSEEE

BRI R AE Ar N, CO, &5 4li i < IR
b R R A o R R e A R A
PV nZVI 973 Pustovalov 251 435l
FIFHAS [R) B AR Bk 22 TV 22 L K i 25 T AR TR
KifE nZV1, 3545 T Ar.CO . CO, FI N, SIS
PRXT nZVI RN e R AR, 7E CO, BT
3R] TR AR R /N R 66 nm, LT AL 8.2
m’/g ) nZVI,
1.1.3  SAHDURRE

SARVTR Rl B2 28k LIRS 0
Il A Ty el SO AR S TEAR IR A B rh 2R
BB DR IAT B H vk IRPERE T
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PRV EED: R SE RO R L & AR
B LIERS 48 R PR 78 v 20 B MR AR Y 2R
Berf IR 2%, IR 55 S R A AR
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RERE 5 i B gk B, 1 3 T % )t 28 I DR
FERFEE T L nZ VI OB ok R O
ik i R SRR AR A I 1 4 S R R (LR R AR Aok
il nZVI, Okazoe 5" WG KB & 45 A HLBE
FRTR IR A IR A BT i e OGRS 4 e 2k
53] TR K (7.9+3.5) nm 1 nZVI,
1.1.4  REBEWEAILE

TR B SR A T 1 A 4 5 L it A8 78 A 4 A
530 3 1) B R R O ek AR AN T
FHTF £ b S 7E e S e 27 1) o S RUAS [) £ B 1)
B AT EE R A BY V) I, & A ™ VB M A T A
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1.2 fh2EE ik

Al BT 3 A D [ A A T ) Fe®™ B
Fe™ il £ nZ V1, J 0 3 B PR 454 7 4, 2 H RE
FHE nZVL A B . ARIER 8 JF AN A, £k
2 I T LA R YRR A T i A i T e

fe2id Rk
1.2.1 M E

TR I8 Ik B FH NaBH, 5% KBH, 1E R ik )&
F 5 Fe 88 Fe™ AEM B 45 nZVI L I
FERE .

2Fe’* + BH, + 3H,0 —

2Fe + B(OH); + 2H, + 3H" (1)
4Fe** + 3BH; + 9H,0 —
4Fe + 3H,(BO); + 6H, + 12H" (2)

VBORHIA D15 R TR B | B T A PR3 R Tl AT
RBNH) nZVI R/ PR, A nZVI B 2
D5k, BRI, F T B T 00 A0 5 T T (4 A
HIEAVER A RN nZVI 5 F AR S BEIREE F ui
WREEH , FECRL AR I, b R T AR AR, R
T H A B R A I — TR R ) R R R
B, 3R 2K e v e 2 R DU 2R
(EDTA) B B4, De %' 2L EDTA /3L
#I, ] F NaBH, it J5. FeSO, & i T nZVI, nZVI
FE 1 h PIXT D B K 2R I (9 25 B S AT 35 70% ~
75%

1.2.2 ULk

BRI T S A i BP0 B AN K S i 3

MBI B 27 4 R SR Wb R R iR R

FTE =R R I SRR B s AL A& nZ VI 1Y
Tk, GFYERFRITR SRR B A 29 fLiE
S5K I JE A nZVL BT AT o A BT
P nZVI BYAY B FRSE MR B RGA T g
A= SR, 5T ROWAR R b 2Bk AR
P05 nZVI (46 . Tan 557 F) AR AE 2F 2
( Cotton Fibre,CF) ik fLif Jit Fe (NO, ), il & T 1
W nZVI/CF, nZVI/CF 45%a &, %K i i 42
AT B A KA1 2 BR1EH . Lawrinenko %51
i N FORFEFF PR BUN AR LA R Fe, 0, 45
T nZV1, FAELER TR nZVI ¥ 5 A fE Rk AL
(AR L AT AR B N R i e K AR H Y TCE

1.2.3  HWfb2id ik

FEL A2 s A T A H S L Fe™ B8 Fe™
LA T IR, Fe® B Fe™ 15 21 Fa T30 R oy
nZVI IR M AE A | ALk 27 )45 3 1) nZVI
Sl e EUR 7 A Y Bk R 23 8 i SR AR TR T
PR, R1 A i i SR FH 7 s A B 2% 1
FUEHAECS ) L2 R AN TR B8] Afk2E
W JFAR T, BUAS G HLIRE A 4, Chen 2617 748
PSRN A R B B I T 75 e 3 51
FEIEIE Y FeCl, W, B0 T EAZ R 1~20 nm Lt
TR K 25. 4 m*/g 1) nZVI, A5 nZVI KRS R
HEA R EBRER .

A2 B G BB 4 TR B B O PR o]
I nZVI AT Sl fE T RSN AT
SR HETER) IR B nZVE G ROTE . R
LA nZVI Bfk2E A A IR 1 R,

R WL nZVT AL T AL
Tab.1 Summary of common nZVI prepared by chemical synthetic method

G E Y BER ROV Sy HIH KR/ H R A i 27 30k
A il i b
FeCl, NaBH, iR B 7 7 o 120.2 nm éiﬁ;ﬁ;;ﬁ SRR £, 25 B (18]
R AR AR ) B /K HR 1 2 1)
JN - G35y ¥ SN
FeSO, NaBH, il EDTA 13.8 nm W2 75% [19]
A i 73 §5+ //t> 7
CH,FeO, B8 900 C P 50 nm i%‘g’%ﬁ‘%wj ASTLRBRAE
Cly  FAALFA am 423 mize B A—
T FeCl;  AAAKRE4E 800 C EZ{R14 27 nm,423 m%/g i:rﬁﬂkzz}iﬂhﬂﬁgzﬂﬂﬁs [21]
. ) ) LRk E R ERRY £,
Fe(NO;); HELF4E 900 C iEaRid 50 nm R 03, 83% [23]
Fe;0, T KFEFF 900 C ENIES — W B K AR R Y TCE [24]
HfbFREE  FeCly EEERLe WL FABEIEEMLMEE  1~20 nm,25.4 mP/g KRR PR [26]

1.3 AWE ik
A=W vk R B AT Y S Y sl ik

JEEKE 15 I nZVT, AT 50 S R i A A )
(EpLREN
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1.3.1 YAk

TG B2 6 R AR ) 3 ) BA i
PR I3, W22 By W AP0 T 1R R A il
WJE Fe? B Fe™ &8 nZVI 7117 2% A
R VAT A AL S ) & R R AR R
BT nZVI B0A R, BeAh AR B i
B AT DIAE A nZVI 43800 A B 5], A BT
/0 nZVI AR, FEY)E S 1) nZVI BRL
Fre i A /)N | L 2R 1T 3 R 7 T R A L g
FAT X S8 R A AT LAE aE nZVT X 7K H 5 e 1
W BAF RN B2 Chao 4570 I SR A5 /K #2420
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il 85 1) nZVI B8 88 A 280 25 B K A i 485 85
R, TamEEl ik T o fE & 2k
W2 O 1 T8 5L FeCl, -4H,0 4 nZV1, 15 5
FIZ P nZVI 55K A Cr® B R 22 BR A
o PG L S 0 50 08 45 AE 7 08, Az i
nZV1 HA RAFAL2A 06 2 |, J2 4R 2K nZVIE B 5
WFFE S
1.3.2  TEwA L

A B =R A B B A A i A
Wy J5T S AR 2 7 38 DR K B -G B nZ VT B T i A5
B nZVI Z RN AR T . A
PR A ER SR IKEE AT AR RE nZ VI s TR
Yu ZEUBU ) A [5] e BE 1Y Shewanella oneidensis
MR-1 FARIL 5 FeCly A AL T RiAR M (2. 81+4. 13)
nm AR AL T FeS f nZVI, X nZVI g %
BRAKH Cr*, An 2550 R RIS REZE AT S Fe™
VSRR A 45 () nZVT ELAT AR ELI A4 2 4R A FL &5
FOFNGR Ay, SRIA Y 7R AT T nZVI AL
HERAEH, 380 T nZVI 59500, A FL&5 F4 D) 42
X IR KA Eu® F1Th™ AR . Mehro-
tra 25 OB BERHR I S Fe IR A T 4 TR
2K 2~19 nm BYERIE nZVI, X Ff nZVI XA HL#E
PR R R EE B RAF I R BRVER .

A=) I AN T R R AR e A, L
ERAETRE 2R IR TCie A R B i 2
A AR )2 R R A K B e B A 1], 7
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SO, TR A ) 505 nZ VI 7 J2BR K s e

77 P I R L, 47 0 05 4 1) 32
T EE
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WL B nZ V1 38 F B R RN = R ETRE
SEOLY) A R AEE AL , BRI 2 BRI
WAL, PRI 38 R R B AR 5 nZVI B4
O RRRE M . W FH BB A R B L T
# e A LA A Y
B %
2.1 FEEM

5 TRT A6 A2 1) 8 T 468 W 7] R PR~ [ ) 1
K> nZVI A —FEM ik, RmiE
MEFIE ] ABESS 45 5 nZVI 7E K T 23 BlorE i 7e
ZAUM R R I IERSME S B R I 2R T A8 i 7R AT
SR RA T, IR R VE R R TN Ik
Jig 2% FE G PEF], A0 Triton X-10077 J5 AL 175
BEdk = W 4 (CTAB) PV 46 R b A WL &9,
WHR AL AR IR B | 8RR |
JVRRF 0 A X s R B K Z B A
B SN IEMEAR BN 2 15 R0 A W) A 25 1 4T i R
A Liu 250 R PR F AT 2 F A1 19 nZVT B
A A N RST AR A% Bl b T 7 AT
XoF Al T G (R M i 7K 2 3 AR S 9 AT T R
eI,
2.2 f#g

H nZVI 5] b 67 8 T 44 P S sl 3R 1 AT LA
P v LA O AR e |, Rk e LR R A liA
— B B nZV B TR, nZVI Wk Z A
— Y Z A FLIE G50, BB T (A0 K AR
A RIS Y RSy AR ) R A (e
B it REEERE 45 & B A LE 4L
AW MILs™ ZIF-81 48) #IEAL A4 (1 ih
PERR T MR BRANKRE A B ) TR
15 YL W BRAE 5 v 28 1) 2 R G AT LA
nZV1 Pr R VE A F 05 G2 4, 4 & 05 4 W 00 3 B
1 Ndagijimana 508 nZVI Fl Ag 444k
PIA] 4% BT & PEBR (AC) FIE J5 AR AL £ B 4
(RGO) & 1 T B & M ¥ nZVI/Ag@ AC-RGO,
nZV1/Ag@ AC-RGO W] LLA R L BRI AK i =
b 8, ZSBRACR 0 2 TR Y nZVI, # L
() nZV1 R EE MR 71 3075 T 3% 2,
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Tab.2 Summary of common nZVI surface modification and loading

et e g . Faia Kitt/ . S7%
4 5 i a 7 7 ’
Fiok EAFIZE AR FE) 24 R - W T Hi& ik

- R s KR b BT B LR Cu®, KBRS
mERA RNMEE  PAA-M3-nZVI 60 C  (57+18) nm 04cu F 83. 6% [36]
i FETE P 7 Triton X-100  TX-nZVI gl 15 nm TR AR AR rf 1) 22 U ik [37]

. S-nZVl/ s LYY A TS e 2k
B CTAB b cprac 10 C 158.7 nm  RERAKFIICGEIFR , KEREIAF) 83.3%  [38]
HAAH S D JRIK I PPG-nZVI i 200 nm  WERKARTPIY Ph* SRR 821 mg/g [39]
WA FS-nZVI R 73~87 nm T HL R KJEAEE [40]
Vi Kekiha NCZM W 69.95 m*/g  REARKAT XS SEORE  BREARAEA 100% [42]
R nZVI/Kao L 46.04 mP/g  ZBRAKMY G BN 91.7% [43]
s Ay S 3 2+ = SRy E=A N
A o M SZVI@ATP B 46,04 m/e % B A K FR R Cu®* ) i R T B 3 B i ] 3k r44]
k=14 587.8 mg/g

ESRAIEAEEY  MiLs nZVI/MIL-101 % 786.4 m>/g  WRB KM B Cof* B RIRIHR 625. 0 mg/g [45]
ZIF-8  nZVI@ CA/ZIF-8 il 1271 m%/g  WEMIKARAE US S KR 110 mg/g [46]

e S AL R S-nZVI@ HPAC

5

1229.8 m%/g  WERR/KM Py Ph> R fHE N 295,30 me/g [47]

2.3 ZJRBMm

& JE B E i 48 2k 4 B T R B AE nZV1
R Fe-2 @ AKRL T, 4 B BE & R
B 5 2 R 4w s R Y] LU T nzvI©Y
M 5 1Y 42 J8 BT 35 7E nZV1 2T, AL RE B8 By 1k
nZVI WEEA 38 7] DLVE by A £k 390 R AIG3A8 5 I vy
MG AL RE, Jin 20V R Ni B B9 nZVI % bR
AP TR, BRI Fe-Ni X -8 F 1)
EBRECE M 58. 5% R E] 74. 6%, H HA R4f
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Design , Synthesis and Biological Activity of Vanillin Isoxazole Derivatives LIU Wei-tong ,ZHU Chang-heng ,JIANG Yu,ZHAO
Han-ging " ( Key Laboratory of Urban Agriculture ( North China) , Ministry of Agriculture, Beijing University Of Agriculture,
Beijing 102206, China)

Abstract : In order to develop green pesticides with novel structure and better antifungal activity.The natural product vanillin was
selected as the basic material , and a five-membered isoxazole was introduced into its structure.28 vanillin isoxazole derivatives
were designed and synthesized. Their compounds were confirmed by 'HNMR, "CNMR and HRMS. Their antifungal activities
against Botrytis cinerea , Fusarium proliferatum , Fusarium equiseti , Bipolaris zeicola , Colletotrichum gloeosporioides and Phoma herba-
rum were evaluated.The antifungal activity study indicated that at a mass concentration of 50 wg/ml.,some compounds had certain
inhibitory effects on the mycelial growth of six fungi.The antifungal activity of 2-hydroxy-4-( 5-phenylisoxazol-3-yl ) phenyl acetate
against six fungi was good as a whole.2-hydroxy-4-( 5-phenylisoxazol-3-yl) phenyl acetate against three kinds of bacteria,such as Bi-
polaris zeicola ,was higher than that of the control group chlorothalonil. Moreover ,4-( 5-( 4-ethylphenyl ) isoxazol-3-yl ) -2-methoxyphe-
nol had the highest antifungal activity against Botrytis cinerea ,and the antifungal rate can reach 93%.The preliminary structure-activ-
ity relationship showed that acetylation and derivatization of phenolic hydroxyl groups on vanillin were helpful to improve the antifun-
gal activity of the compound against six fungi,and provided a reference for the subsequent biological activity research.

Key words : vanillin jisoxazole ; synthesis ; chlorothalonil ; antifungal activity
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2-F AR FE-4-(5-(4-H S RE PR 2L ) S o mgs-3-
o) KWy (3a) ;O [E K, 77K 45% , m. p- 156 ~
157 °C, "HNMR ( Chloroform-d, 400 MHz), §:
7.81~6.95(m,7H,Ar—H) ;6. 66 (s, 1H, Oxazole-
H);5.85(s, 1H,—OH);3.98(s,3H,—OCH,) ;
3.87 (s, 3H,—OCH, ), "“CNMR ( Chloroform-d,
101 MHz) ,5:170.0,162.6,161.0,147.3,146. 8,
127.3,121.3,120.5,120.3,114.5,114.3,108. 7,
95.8, 55.9 ( OCH, ), 55.3 ( OCH, ), HRMS,
C,,H sNO, , 715 (S2I{E) ,298. 107 9(298.107 9)
[M+H]",
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2- M AR B -4- (5- 2R BE S -3 05 ) 2R (3D) »
WA 7% 60% ,m. p.128 ~ 129 C, 'HNMR
( Chloroform-d ,400 MHz) ,6:7.83 ~6.98 (m, 8H,
Ar—H) ;6.76 (s, 1H, Oxazole-H) ; 6. 18 (s, 1H,
—OH) ;3.92(s,3H,—0CH,) , "CNMR ( Chloro-
form-d,101 MHz) ,8:170.1,162.7,147.4,146. 8,
130.0,128.8,127.4,125.7,121.2,120.5,114. 5,
108.7,97.2,56.0(OCH,) , HRMS,C, H;NO, it
A (SEIAE ) ,268. 097 4(268.097 5) [ M+H ",

2-FARJE-4-(5-(4-G R 3L ) kw33 ) %
B (3c) :Bi B, 72 % 37% ,m. p. 112~ 113 C
"HNMR ( Chloroform-d , 400 MHz),8:7.79 ~ 6.97
(m,7H, Ar—H) ;6.77 (s, 1H, Oxazole-H ) ; 5. 91
(s, 1H,—OH);3.98(s,3H,—OCH,), "CNMR
( Chloroform-d, 101 MHz) ,8:168.9,162.7,147.5,
146. 8,136.1,129.2,126.9,125.8,120.9,120. 5,
114.5,108.7,97.5,50. 0(OCH, ) , HRMS, 5 (4
(S£M{E ) , €, H,,CINO,, 302. 058 4(302.058 5)
[M+H]",

2-FAR L -4-(5-(4-F R IE ) S mEme-3-3 ) %
B3 (3d) : 20 6 AR, 7238 419% , m. p. 154 ~ 155 C
"HNMR ( Chloroform-d , 400 MHz),8:7.89 ~ 6.99
(m,7H, Ar—H) ;6.72 (s, 1H, Oxazole-H ) ; 5. 91
(s,1H,—OH);3.97(s,3H,—OCH,), "CNMR
( Chloroform-d ,101 MHz) ,6:169.1,162.7,147. 4,
146.8,127.8,127.7,123.8,123.7,121.0,120. 5,
116.2,115.9,114.5,108.7,97.0,55.9 (OCH,) ,
HRMS, HH8(8 (S2{E ) , €, H,, FNO, , 286. 087 9
(286.087 9) [ M+H] ",

2-H A JE-4-(5-( R 2R H 5L ) Smfm -3 ) O
B (3e) : B0 K, 725 59% , m. p.161 ~ 162 °C,
"HNMR ( Chloroform-d , 400 MHz),8:7.75 ~ 6.99
(m,7H, Ar—H) ;6.73 (s, 1H, Oxazole-H ) ; 5. 90
(s, 1H,—OH);3.98 (s,3H,—O0CH, ) ;2.41 (s,
3H,—CH;), "“CNMR ( Chloroform-d, 101 MHz) ,
8: 170.3, 162.6, 147.3, 146.8, 140.3, 129.5,
125.6,124.7,121.3,120.5,114.5,108.7, 96. 6,
56.0( OCH,) ,21.3(CH,), HRMS, 51 ( 52
ff),C,,HNO,,282. 113 0(282. 112 9) [ M+H] ",

2-HA FE-4-(5-(4- L BB ) S mE w3 4L )
KWy (3f): H A K, 2% 41%, m.p. 133 ~
134 °C . "HNMR( Chloroform-d ,400 MHz) ,8:7. 76 ~
6.99(m,7H, Ar—H) ;6.73 (s, 1H, Oxazole-H) ;

5.89(s,1H,0H) ;3.98(s,3H,—OCH,) ;2. 71(q,
2H,J=7.6 Hz,—CH,);1.28(t,3H,J=7.6 Hz,
—CH, ), "CNMR ( Chloroform-d, 101 MHz), §:
170.3,162.6,147. 4,146. 8,146.6,128.3,125.7,
124.9, 121.3, 120. 5, 114.5, 108.8, 96.6, 55.9
(OCH,),28.7(CH,),15.1(CH,), HRMS, i}
B (52 ) , €, H,,NO,,296. 128 7(296. 128 7)
[M+H]",

2-FH A BE-4-(5-(4-N B R 0L ) S5 w3558 )
R (3g): M E AR, 77 % 32%, m.p. 117 ~
118 °C, "HNMR ( Chloroform-d, 400 MHz ), §:
7.78~ 6.99 (m, 7H, Ar—OH ); 6.73 (s, 1H,
Oxazole-H ) ; 5.95 (s, 1H, OH); 3.97 (s, 3H,
OCH,) ;2.64(t,2H, =16 Hz,—CH,CH,CH,) ;
1.71~1.66(m,2H,—CH,CH,CH,) ;0. 96 (t,3H,
J=7.3 Hz,—CH,CH,CH, ), “CNMR ( Chloroform-
d,101 MHz), 8: 170.3, 162.6, 147.4, 146.8,
145.1,128.9,125.6,124.9,121.3,120.5,114. 5,
108.8,96.6, 55.9 (OCH, ), 37.8 (CH, ), 24.2
(CH,),13.6(CH,). HRMS, }48 {8 (S ) ,
C,,H,,NO,,310. 1443(310. 144 2) [M+H ",
1.2.3  HirbEW 4a~4g BIE L

FREL 1 mmol fLAH) 3a~3g A 50 mL [HJfE
B IR A 10 mL AR IE 725375 1 SR,
VKK ) 2 N AR 2R G123 0 0. 28 mL( 3 mmol )
CEREF, W BB FE RN 18 h, TLC (V( A7 k) :
V(LTROTR) = 2.5 1) Wi B %8 ) g 56 4, 45 1k
RN, TEFs 78 W22 R, H & R < TR A B
(30 mLx3) , AIAPH, ToRBRRREN T4 , iess
HEM R, GERAEENT (VLR OHER) -
VOAIREE) = 5:1) s dr st gl B8 Hirfk &9
4a~4g,

2-HVAR J-4- (5-(4-H1 S BE oK 5L ) S ok mae-3-
B R CTRE (4a) « B E K, 77 % 85%, m. p.
148~ 149 C, lHNMR(Chlor0f01rm—d,400 MHz) ,
8:7.80 ~6.97 (m, 7H, Ar—H ) ; 6.68 (s, 1H,
Oxazole-H) ;3.92 (s,3H,—OCH, ) ;3. 87 (s, 3H,
—OCH,); 2.34 (s, 3H, CH,CO—), "CNMR
( Chloroform-d, 101 MHz ), 6: 170.4, 168.6
(CH,CO—),161.1,151.4,141.1,128.0,127. 3,
123.1, 120.1, 119.4, 114.3, 110. 5, 96.0, 55.9
(OCH, ), 55.2 ( OCH, ), 20.5 ( CH,CO—),
HRMS 5 ( L) , C,, H; NOg, 340. 118 5
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(340.118 4) [ M+H] ",

2-H AR J-4- (57K 3k S B e -3-0L ) OR 2 TR i
(4b) ; B A FE K, 773K 84% , m. p. 106 ~ 107 C
"HNMR ( Chloroform-d , 400 MHz) ,8:7.90 ~ 7. 16
(m,8H, Ar—H) ; 6.83 (s, 1H, Oxazole-H) ; 3. 94
(s, 3H,—OCH, ); 2.37 (s, 3H, CH,CO—),
" CNMR ( Chloroform-d , 101 MHz) ,8:170.4,168. 6
(CH,CO0—),162.3,151.4,141.1,130.2,128.9,
127.8,127.2,125.7,123.1,119.4,110. 5, 97. 4,
55.9(0CH,),20.5(CH,CO—) , HRMS, i} % {H
(SEM{E) , € H,sNO,, 310.107 9 (310.107 9)
[M+H]",

2-HAE -4-(5-(4-50 R 2L ) S w30 ) O
LIRTE (4c): A EFEE, 7% 79%, m. p. 138 ~
139 °C, '"HNMR ( Chloroform-d ,400 MHz) ,5:7. 79 ~
7.14(m,7H, Ar—H) ;6. 80 (s, 1H, Oxazole-H) ;
3.92(s,3H,—O0CH,);2.35(s,3H, CH,CO—),
"CNMR ( Chloroform-d, 101 MHz ), §: 169.27,
168. 60 ( CH,CO—) , 162.4,151.5,141.2,136.2,
129.2,127.6,126.7,125.7,123.1,119.4,110. 5,
97.7,55.9 (OCH, ), 20.5 ( CH,CO—), HRMS,
TEEE (2 ), C, H,, CINO,, 344.069 0
(344.068 6) [ M+H] ",

2-FAH -4 (5-(4-FR L) S35 ) 2R
LIRRE(4d) FEEAR, P25 74% m. p.157~158 °C
"HNMR ( Chloroform-d, 400 MHz) ,8:7.85 ~7. 11
(m,7H, Ar—H) ;6.75 (s, 1H, Oxazole-H ) ; 3. 92
(s, 3H,—OCH, ); 2.35 (s, 3H, CH,CO—),
B CNMR ( Chloroform-d, 101 MHz) ,8:169.5,168. 6
(CH,CO—) ,164.9,162.4,151.5,141.2,127. 84,
127.75, 127. 69, 123.63, 123.60, 123. 1, 119. 4,
116.2,116.0, 110.5, 97.2, 55.9 ( OCH, ) , 20.5
(CH,) , HRMS, i H (S£M{E) , C g H,, FNO,,
328.098 5(328.098 6) [ M+H] ",

2- A -4 (5- (0T HI R ) S ik -3- 35 ) 2R
LRI (de) B, 775 85% ,m. p.155~156 C
"HNMR ( Chloroform-d , 400 MHz) ,8:7.78 ~ 7. 14
(m,7H, Ar—H ) ;6.76 (s, 1H, Oxazole-H ) ; 3. 93
(s,3H,—OCH,);2.43(s,3H,—CH,) ;2.36 (s,
3H, CH,CO—), "“CNMR ( Chloroform-d, 101
MHz), §: 170.6, 168.6, 162.2, 151.4, 141.1,
140.45, 129.6, 128.0, 125.6, 124.5, 123.1,
119.4,110.5, 96.8, 55.0 ( OCH, ), 21.3 ( Ar—

CH,),20.5(CH,), HRMS, it 5 fH (M EH) ,
C,,H,NO,,324.123 6(324.123 5) [M+H] ",

2-H AR HE-4-(5-(4-L FEFR I ) S mEmg-3-3% )
KOWRTE (4) . F AR, 722 80% , m. p. 108 ~
109 °C ., "HNMR( Chloroform-d ,400 MHz) ,8:7. 76 ~
7.13(m, 7H, Ar—H) ;6. 76 ( s, 1H, Oxazole-H) ;
3.92(s,3H,—OCH,);2.70 (q,2H, J=7.6 Hz,
—CH,) ;2. 34(s,3H,CH,CO—) ;1.27(t,3H,J=
7.6 Hz,—CH, ), “CNMR ( Chloroform-d, 101
MHz) ,8:170.6,168. 6 ( CH,CO—) ,162.2,151. 4,
141.1,128.4,128.0,125.8,124.5,123.1,119. 4,
110.5, 96.8, 55.9 (OCH, ), 28.7 ( CH, ), 20.5
(CH,CO—),15. 1(CH,) . HRMS, FHH{E (I
) ,C,H,,NO,,338. 139 2(338. 139 2) [M+H] ",

2-WAABE-4-(5-(4-TH R 3L ) S mE k33 )
KOTRME (4g) « H AT, 7% 82% , m. p.123 ~
124 °C, "HNMR ( Chloroform-d, 400 MHz ), §:
7.77~7.14(m,7H,Ar—H) ;6. 77 (s, 1H, Oxazole-
H);3.93(s,3H,—O0CH,);2.66(t,2H,J=7.6
Hz,—CH,CH,CH, ) ; 2.36 (s, 3H, CH,CO—);
1.75~1.67(m,2H,—CH,CH,CH,) ;0. 97 (t,3H,
J=7.3 Hz,—CH,CH,CH, ), "“CNMR ( Chloro-
form-d, 101 MHz) , §: 170.7, 168. 6 ( CH,CO—) ,
162.2,151.4,145.2,141.1,129.0,128.0,125.7,
124.8,123.1,119.4,110.5,96.8,55.9 (OCH, ) ,
37.8(CH,),24.1(CH,),20.5(CH,€C0—),13.6
(CH,) ., HRMS, it %88 (£ M1E) , C,, H,, NO,,
352.154 9(352.154 9) [M+H] ",
1.2.4 H#EY 5a~5g 1A

FREC 2 mmol fL&%) 3a~3g MIA 50 mL [R]JE
Befi I A 10 mL JG/K DMF 7R, K5
TR PN 181 2 TP T v H AR P4 A v i T B R
=30 C, P FEEIMA 0.1 g(4 mmol ) AL,
IR =30 CHEFE S5 min, fF SV AR R AR 7= A S 4K
5B 0. 26 mL(3 mmol ) B4 3-TA KR, SR 5
W R R B R Y 12 h, TLC (V (A i
BE) :V(ZFRZME)=2.5:1) Wil 1 2 2 I 58 4,
PR N o SO S PR RS 2 1 000 mL [
L, A K& L8 FREBEXKR N, RET
70 Clie T, MR OFRAHL (30 mLx3) . &IfFA
BUAR, TCoK G R BN T4, e 28 B v 71, 22k
JCHEEHT (V(ZTROTR) :V(AhEE) = 5:1) 534
Peal 158 HArfb &) Sa~Sg,

3-(3-F AR FE-4-(-2-JR-1- 3L 3 ) 3L ) -5-
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(4-F R R OR L) S mE e (5a) o B 68 [ 4K, j= %
72% ,m. p. 150 ~ 151 °C, "HNMR ( Chloroform-d
400 MHz),5:7.81 ~6.96(m,7H, Ar—H) ; 6. 67
(s, 1H, Oxazole-H) ; 4.83 (d, 2H, J = 2.4 Hz,
—OCH,CCH) ; 3.97 (s, 3H,—OCH, ) ; 3.87 (s,
3H,—OCH,) ;2.56(t,1H,J=2.4 Hz,—OCH,CCH) ,
BCNMR ( Chloroform-d, 101 MHz) .§: 170.2,
162.4,161.0,149.9,148.2,127.3,123.3,120. 2,
119.5,114.3,114.0,109. 8,95.9,78. 1(—OCH,CCH) ,
76.0 (—OCH,CCH) , 56.6 (—OCH,CCH) , 55.9
(OCH, ), 55.3 (OCH, ), HRMS, it 5 {H ( 520
8),C,H,,NO,,336. 123 6(336.123 5) [ M+H]*,
3-(3-H A HE-4-(N-2-He-1- L A ) R ) -5-
IRHE S WEME (5b) < B AR, AR 94% , m. p. 132 ~
133 °C, "HNMR ( Chloroform-d, 400 MHz), §:.
7.88~7.11(m,8H,Ar—H) ;6. 80(s,1H, Oxazole-H) ;
4.84(d,2H, J=2.4 Hz,—OCH,CCH);3.98(s,3H,
—OCH,);2.56 (t, 1H, J = 2.4 Hz, —OCH,CCH),
“CNMR ( Chloroform-d, 101 MHz) ,8:170.2,162. 4,
149.9,148.2, 130. 1, 128.9, 127.4, 125.7, 123. 1,
119.5, 114.0, 109.8, 97.2, 78. 1 (—OCH,CCH ) ,
76.0 (—OCH,CCH) , 56.6 (—OCH,CCH) , 55.9
(OCH,) . HRMS, i+ 58 (SEM{E ) , C o H s NO;,
306. 113 0(306. 112 9) [ M+H]*,,
3-(3-HARHE-4-(N-2-He-1- L A 5L ) R ) -5-
(4-FREL) -5 REWE (5 ) ¢ B (0 [ {A, 7 4 87 %,
m. p. 139 ~ 140 °C, '"HNMR ( Chloroform-d, 400
MHz),6:7.77 ~7.11 (m, 7H, Ar—H) ; 6. 78 (s,
1H, Oxazole-H); 4.83 (d, 2H, J = 2.4 Hz,
—OCH,CCH) ;3.96(s,3H,—OCH,) ;2. 55(t,1H,
J=2.4 Hz,—OCH,CCH) , "CNMR ( Chloroform-d,,
101 MHz),8:169.0,162.5,149.9,148.3,136. 1,
129.2,126.9, 125.8, 122.8, 119.5, 113.0, 109. 8,
97.5,78.0 (—OCH,CCH ), 76.0 (—OCH,CCH ),
56.6(—OCH,CCH) ,55.9( OCH,) , HRMS, i3
(52 ), C,,H,, CINO,, 340. 074 0(340.074 0)
[M+H]",
3-(3-HAAHE-4-(N-2-He-1- L S 5 ) R ) -5-
(4-FEAREL) -5 RE MK (5d) - B B A, 77 3 72%
m. p. 137 ~ 138 °C, "HNMR ( Chloroform-d, 400
MHz) ,6:7.85~7.11 (m, 7H, Ar—H) ; 6. 74 (s,
1H, Oxazole-H) ;4. 83 (d,2H, J=2.4 Hz, CH,);
3.97(s,3H,—OCH;);2.55(t, 1H, J = 2.4 Hz,

—OCH,CCH) , BCNMR ( Chloroform-d, 101 MHz) ,8:
169.2,162.5,149.9, 148. 3, 127.8, 127.7, 123. 74,
123.71,122.9, 119.5, 116.2, 116.0, 114. 0, 109. 8,
97.0, 78.0 (—OCH,CCH, ), 76.0 (—OCH,CCH, ),
56. 6(—OCH,CCH,) ,55.9(OCH,) , HRMS, %
{E (S2E ) ,C,oH,,FNO,,324. 103 6(324. 103 6)
[M+H]",

3-(3-HARHE-4-(N-2-Pe- 1 S 5L ) R ) -5-
(R F AL ) St (Se) - B8 [, 7 4 100%
m. p. 155 ~ 156 °C, '"HNMR ( Chloroform-d, 400
MHz) ,6:7.77 ~7.11 (m, 7H, Ar—H) ; 6.75 (s,
1H, Oxazole-H); 4.84 (d, 2H, J = 2.4 Hz,
—OCH,CCH) ;3.98(s,3H,—OCH,) ;2. 56(t,1H,
J=2.4 Hz,—OCH,CCH ) ;2.43 (s,3H,—CH,),
“CNMR ( Chloroform-d, 101 MHz ), §: 170.4,
162.4,149.9,148.2,140.3,129.5,125.6,124.7,
123.2,119.5,114.0,109. 8,96.6,78. 1(—OCH,CCH) ,
76.0 (—OCH,CCH ) , 56.6 (—OCH,CCH ), 55.9
(OCH,) ,21.3(CH;) ., HRMS, }I5 {8 ( S{E) ,
C,,H,;NO,,320. 128 7(320. 128 6) [M+H] ",

3-(3-HAHE-4- (N -2-Pe-1- A R ) R ) -5-
(4-ZHERHE) S (5F) ¢ B ER 773 94%
m. p. 108 ~ 109 °C, '"HNMR ( Chloroform-d, 400
MHz) ,6:7.77 ~7.11 (m, 7H, Ar—H) ; 6.76 (s,
1H, Oxazole-H); 4.84 (d, 2H, J = 2.4 Hz,
—OCH,CCH) ;3.98 (s, 3H,—OCH, ); 2.72 (q,
2H,J=7.6 Hz,—CH,);2.56(t,1H, J=2.4 Hz,
—OCH,CCH);1.29(t,3H,J=7.6 Hz,—CH, ),
“CNMR ( Chloroform-d, 101 MHz) ,8:170.4,162. 4,
149.9,148.2, 146.6, 128.3, 125.7, 124.9, 123.2,
119.5, 114.0, 109.8, 96.6, 78.1 (—OCH,CCH ) ,
76.0 (—OCH,CCH) , 56.6 (—OCH,CCH ), 55.9
(OCH,),28.7(CH;),15.2(CH,), HRMS, i
B (S , Gy H o NO, , 334. 144 3(334. 144 2)
[M+H]",

3-(3-H AR F-4- (N -2-Be-1- L S 3L ) R 3 ) -5-
(4-THEREL) i (5¢) . FHAEA, % 90%,
m. p. 106 ~ 107 °C, "HNMR ( Chloroform-d, 400
MHz) ,6:7.77 ~7.11 (m,7H, Ar—H) ;6. 76 ( s,
1H, Oxazole-H); 4.84 (d, 2H, J = 2.4 Hz,
—OCH,CCH) ;3.98(s,3H,—OCH,) ;2. 70 ~2. 61
(t,2H,J=8 Hz,—CH,CH,CH, ) ;2.56(t,1H,J=
2.4 Hz,—OCH,CCH); 1.74 ~ 1.64 (m, 2H,
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—CH,CH,CH, ); 0.98 (t, 3H, J = 7.3 Hg,
—CH,CH,CH,) , "CNMR ( Chloroform-d, 101 MHz) ,
5: 170.4, 162.4, 149.9, 148.2, 145.1, 128.9,
125.6,124.9,123.2,119.5,114.0, 109. 8, 96. 6,
78.1 (—OCH,CCH) , 76.0 (—OCH,CCH) , 56. 6
(—OCH,CCH) ,55.9( OCH,) ,37.8(CH,) ,24.2
(CH,),13.6(CH,), HRMS, i+ 58 (S£M{E),
C,,H, NO,,348. 160 0(348.160 1) [ M+H ",
1.2.5  HIntk &Y 6a~6g 5

FREL 2 mmol 1LE#) 3a~3g A 50 mL &K
Pefirh, IR A 10 mL JE/K DMF 7E# 7], K8
B E TV JIVR IR EE =30 °C BV ARG 0
e R AR A 0.1 g(4 mmol ) FALAN,
FRIRIERE 5 min, FF RN AR R A SR 5 21581
Ji10.59 mL(5 mmol) MVRALTS, SR 5 45 K f& &
BEWIR TN 14 h, TLC( V(A lEE) V(2R
CMR)=4:1) W 2 RN 564 45 1k v,
NG YIREERS 2 1 000 mL BB, A K
FBEFRIR N, SRIG T 70 Clgt, HL R Z
BRZEHL(30 mLx3) , A IFAHUAE, ToK iR 4T
W TR 78 R W 220 ), A Tl k- £ R & TR o 45
i, 195 BARfb &4 6a~6g,

3-(4-(RESL) -3-H AR AL ) -5-(4-HH AU
%%)E“"‘%ﬂﬂé(6a): ﬁ@ﬁg’f‘&$ 96% , m. p.
158~ 159 °C . "HNMR ( Chloroform-d , 400 MHz) ,
8:7.83 ~6.92 (m, 12H, Ar—H ) ; 6.66 (s, 1H,
Oxazole-H ) ; 5.23 (s, 2H, Ar—CH, ); 3.99 (s,
3H,—OCH,); 3.88 (s, 3H,—OCH, ). "“CNMR
( Chloroform-d ,101 MHz) ,6:170.1,162.5,161.0,
149.9,149.6,136.7,128.5,127.8,127.3,127. 1,
122.4,120.3,119.6, 114.3,113.7,109.9,95. 8,
70.9( Ar—CH, ), 56.0 ( OCH, ), 55.3 (OCH, ),
HRMS, I8 {8 (LM {E) , C,, H,, NO, , 388. 154 9
(388.1550) [ M+H] ",

3-(4-(REHE) -3-H AR LR IE ) -5 S S5k
M (6b) B E A, 725 84% , m. p.140~ 141 C
"HNMR ( Chloroform-d , 400 MHz),8:7.87 ~ 6.95
(m,13H, Ar—H) ;6. 77 (s, 1H, Oxazole-H) ;5. 22
(s, 2H, Ar—CH, ); 3.98 (s, 3H,—OCH, ),
"CNMR ( Chloroform-d, 101 MHz ), §: 170.1,
162.5,149.9,149.7,136.6,130.0,128.8,128. 5,
127.8,127.4,127.1,125.7,122.2,119.7,113.7,
109.8,97.2, 70.9 ( Ar—CH, ), 56.0 ( OCH, ),

HRMS, 78 {5 (L) , C,, HyNO,, 358. 144 3
(358.144 3)[M+H] ",

3-(4-(F L) -3-H R LRI ) -5- (450K
5L S (6c) - BUEENA, P2 75% ,m. p. 177 ~
178 °C, '"HNMR( Chloroform-d ,400 MHz) ,5:7. 81 ~
6.95(m, 12H, Ar—H) ;6. 76 (s, 1H, Oxazole-H) ;
5.23(s,2H, Ar—CH, ) ;3.99 (s, 3H,—OCH, ) ,
"CNMR ( Chloroform-d, 101 MHz ), §: 168.9,
162.6,149.9,149. 8,136.6,136.1,129.2,128. 5,
127.8,127.1,126.9,125.8,122.0,119.7,113.7,
109.8,97.5, 70.9 ( Ar—CH, ), 56.0 ( OCH, ),
HRMS, HE (921E) |, C,3H 4 CINO,,392. 105 3
(392.105 3)[M+H] ",

3-(4-(RE L) -3-H A ORI ) -5-(4-UK
5 FrEmE(6d) « F A, 772 87% ,m. p.161 ~
162 °C, '"HNMR( Chloroform-d ,400 MHz) ,5:7. 86~
6.94(m,12H, Ar—H) ;6. 71 (s, 1H, Oxazole-H ) ;
5.22(s,2H, Ar—CH, ) ;3.98 (s, 3H,—OCH, ) ,
BCNMR ( Chloroform-d, 101 MHz ), &: 169.1,
164.9,162.6,162.4,149.9,149.7,136.6,128. 5,
127.84,127.79, 127.7, 127.1, 123.79, 123.76,
122.1,119.7,116.2,116.0, 113.7,109. 8, 97.0,
70.9( Ar—CH, ), 56.0 ( OCH,) , HRMS, i & {H
(SEA{H ) , € H,  FNO,, 376. 134 9(376.135 0)
[M+H]",

3-(4-(F L) -3-F A BE R L ) -5-( X R
BL) FREME(6e) « IR, 72 81% ,m. p. 142 ~
143 °C, "HNMR( Chloroform-d ,400 MHz) ,8:7.75~
6.94(m,12H, Ar—H) ;6. 72 (s, 1H, Oxazole-H ) ;
5.22(s,2H,Ar—CH, ) ;3.98(s,3H,OCH, ) ;2. 41
(s,3H,—CH,), "CNMR ( Chloroform-d, 101 MHz),
5: 170.3, 149.9, 149.6, 140.3, 136.7, 129.5,
128.5,127.8,127.1,125.6,124.7,122.4,119.7,
113.7, 109.9, 96.6, 70.9 ( Ar—CH, ), 56.0
(OCH,),21.3(CH,), HRMS, 3 {H (S2M1E) ,
C,,H,,NO,,372.160 0(372.160 1) [ M+H] ",

3-(4-(NESEE) -3-H A R BL ) -5-(4- B R
%)Eﬁﬂﬂgﬂﬂé(6f) : ﬁ@%,?ﬁﬁ 94% ,m. p.146 ~
147 °C, "HNMR ( Chloroform-d ,400 MHz) ,8:7.75~
6.94(m,12H, Ar—H) ;6. 72 (s, 1H, Oxazole-H) ;
5.22(s,2H,Ar—CH, ) ;3.98(s,3H,0CH,) ;2. 71
(q,2H,J=7.6 Hz,—CH,CH,);1.28(t,3H,J=
7.6 Hz,—CH,CH,), “CNMR ( Chloroform-d, 101
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MHz ), §: 170.3, 162.5, 149.9, 146.6, 136.7,
128.5,128.3,127.8,127.1,125.7,124.9,122. 4,
119.7,113.7,109.9,96.6,70.9 (Ar—CH, ) ,56.0
(OCH,),28.7(CH,),15.2(CH,), HRMS, il %
{8 (FZM{Y ) , C,s HyyNO,, 386. 175 6(386. 175 6)
[M+H]",

3-(4-(WEREE) -3-HT AR R AT ) -5- (4- TN DK
IE) LB (6g) : 1 (LI 175 819, m. p. 122~
123 °C, "HNMR( Chloroform-d ,400 MHz) ,8:7. 76~
6.95(m,12H, Ar—H) ;6. 73 (s, 1H, Oxazole-H) ;
5.23(s,2H, Ar—CH, )5 3.99 (s, 3H,—OCH, ) ;
2.65(1,2H,/=8 Hz,—CH,CH,CH,) ;1. 75~ 1. 64
(m, 2H,—CH,CH,CH, ); 0.98 (1, 3H, J = 7.3
Hz,—CH,CH,CH,) , "“CNMR ( Chloroform-d , 101
MHz ), 8: 170.3, 162.5, 149.9, 145.1, 136.7,
128.9,128.5,127.8,127.1,125.6,124.9,122. 4,
119.7,113.7,109.9,96.6,70. 9 (Ar—CH, ) ,56.0
(OCH,),37.8(CH,),24.2(CH,),13.6(CH,),
HRMS, I8 {H (S ) |, C, Hys NO, , 400. 191 3
(400.191 3)[M+H] ",
1.3 R

TR K BE 0 7 ( Botrytis cinerea) | )2 H 9 71 T
( Fusarium proliferatum ) | K W 4 J) B ( Fusarium
equiseti) . EKIBIBENG i ( Bipolaris zeicola) | JBE M %
JH I ( Colletotrichum gloeosporioides ) |, %25 i Ff B
(Phoma herbarum ) , 1T b 247 Hy v [5 R0l B 27
B AE ) DRAP WIS i AL S AR 27 B AR ) DR AP S 3 %
RAGAPEHE KA 3a~6g 2L 28 PDERIEE R
WEIRATT A= 4 20 o) 9 A T PN B, IC MR 5 000
pe/mL B2 PR AE T 4 CoKAR & H .

AN 5 000 we/mL 257 HL 1. 0 mL %E %4
2 PDA R g2 33 100 mL, il BT & o 50
we/mL 2 EEFRIE FIA 9 DN EAEN 9 em BB FE
LA I BE 11 mL/ L EY 55 25 3% 97 0k A 7 0 |
FAWYE, Lh 50 pe/mL & A BIE B3R5 255
XoF B 195 PR 35 35 5 Ry R0 0T IR [] bsf 15 25
XPRE OB 3 RE L, BT 25 C R4 LS
Fro ME PN BRI ERK 2408 2/3 BRI AR
I, LA 328 SO I i 45 T v AR, IO S M, D
FEIEJ5 B 7S R BERI2% 25 2 85 SR Al i v -
Py EARTHEA SR, AT PR,

/% = [ (D* = D2)/D?] x 100%
KD, Aas X IR VE B, cm; Dy AL BEE 75 BHAR, om;

IR R

2 #R5ite

MEASE RN 1 frs, 7F 50 pg/mlL it & v
JET,28 T HLE S AL G T 6 Tl EL TR (Y T
22 B RIEA — @ WWHER , ik &9 4 &5
AR R 6 Fh P I0 S BCR  BH . AR 3L 1A
ST 2RI B R P XL A A% BT TR R
o AR S AL S 4b (R = H) IR 15 P
ek XF 5 PR RIS 57% DL B RIIEIR X &
K [ BRE AT L B 0 e T TR R 25 0 TR 3 R
AT ) 3R L e o) R 2459 R 3 5 5 L A )
ORISR i A R S b 5 3b(R=H) X
2, %5 4 PR R B 77 A 69% LB ORISR 5 38 i it

£1  HAMEEWIE 50 pg/mL FHIEE T

Tab.1 Antibacterial activity of target compounds

at 50 pg/mL
o 2%/ %
A B C D E F
3a 89.3 30.3 19.6  36.0 32.6 7.0
3b 80.3 72.6 58.3 71.6 53.6 69.3
3¢ 89.3 27.3 106  60.0 51.0 33.3
3d 92.3 32,3 350 36.6 440 24.0
3e 5.6 20,0 27.0 65.0 69.0 28.3
3f 93.3 16.3 350 60.6 44.6 33.3
3g 35.3 8.6 7.3 56.0 39.0 28.6
4a 49.6 206 31.0 560 76.6 21.3
4b 79.6  59.0 57.3 823 86.3  79.3
4e 74.3 27.3  32.0 650 27.3 423
4d 89.3 36.6 243 60.6 553  56.0
4e 81.6 14.6  31.0 18.0 443  11.3
4f 88.3 27.3  27.3 753  53.3 38.3
4g 82.3 2.0 20.0 57.3 34.0  30.3
S5a 77.6 19.3 19.0 42.3 18.0 19.6
5b 91.6 350 48.3 57.3 38.3  25.0
5¢ 83.3 20.6 153 220 260 11.6
5d 78.6 126  36.6 27.3  42.3 7.0
e 70.6  25.6 19.3 326  30.3 4.6
sf 83.6 21.0 356 30.6 33.3 4.0
5g 91.6  24.3 18.3 220 30.6 15.6
6a 83.3 12.3 35.0 31.6  23.3 4.6
6b 82.3 8.6 156 23.0  29.3 6.6
6c 79.0 13.6 256 39.6 32.6 7.0
6d 79.3 14. 6 7.3 26.3 17.3  13.3
6e 79.6 1.3 31.0 36,0 26.3 5.3
6f 61.6 4.3 22.6 14.3  41.3 4.0
6g 79.6 16.6  21.3 253 19.0 13.6
HRE  92.3 87.8 70. 6 78.3 82.9  70.6

T A JHRKEZIRTE ( B.cinerea) ,B: )2 IRIT T (F.proliferatum)
C: AR T H (F.equiseti) , D : T K R BEMR H ( B. zeicola) ,E RS
I ( C. gloeosporioides) | F; 5125 ;5 FE W ( P. herbarum)
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— A XF e R SEIU R 28 X0 5 0% Pk A S i, DL
6 Fh AL R A I B R = 60% 1L YR H S
% RN H LA Y0 M R, R SN F
FIAL IR Z  BURIE N CH, WAL A P30 i 76 7k
AAXF AR AR K B B X T B8 Bl ) 7
S5 WA A 0 %) 400 ) 3% e e o BB, P LR 22 A=
KA ST 90% ik WA 4 4 Bisb &9
3ECR=H ) X 48 BB 95 TR A9 410 sl 30 4 e s, 9004
FH93%,

LAY 3 RV 23 10 H 430 #5147
2k R B L R AT A Bk A 4.5,
6 25, XHALEY 3.4.5.6 1% 4 DRFIKHIH
TR RZN . LA 6 B AL 410 B % = 60% 1Y
EYEH NS G Y 4 RIS
I ALEY) 3 ZANARIE R Z LAY 5.6 R
G AP A X A, R EE R SRR 2kt
BRSPS | LT 6 B 3 R 40 i R =
60% ML A YEH WS % R 38 H L&
TS P B i, R 3 CH,CH,CH, 194k & 14 i
TR R,

3 Zig

ARSCUL AT Z B0 A W6 () R SR ) B e
RFEAE B 5 AR 215 L A S R 2 A B IR
WA LT 28 AN DL IH 1 7 B e S il e 77 A
Y1, LAY 6 MER M2 KA —
SENHIVER, Hoh 4k &4 4b i 5K IR B0 15 45 3
Tl T B AU B T PR e o PR B R . EOR IR B R
S A YR W R R R 3o H kS
Py G P B . B ARG 36 X5 M R R B
i P 1) A0 ) 3 P B v, RN 93% ., 4 P H AR
G FRIN 3T 6 Fl L B PR A 2 &
FEALATAE G 4 5,

g5 LA REW] ARSI BT i T — R YA
Vi S5 W WA T A4 X 0 R B D ELAT R A i 8
B R SE S X IR 1 M = AR R B WA T
K28 I, DU e 3, nTAVE A R TRk 25
R R B 50

S % k.

(L] F4H, 240, i 2 —Fh LUF S R JFOREGS I
5 R A AORHRY 7 1R . CN1L5 093 879A[ P].2022-
09-23.

(2] AWk, sk et BEJT B A Jo 25 i Ak SR AL 1 45 55 7 1
WEFTHE R ] K5 4nik T, 2022,39(3) :442-453.
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1,3,4-FE MY EMH SR EEWEERRER

AR AREea R TR KES R
(L3N RS a 252208, b. St A & TARSCI %, St SefH 550025,
2 M BRI A A FRAF], S0 SRFH 550025)

WE 1,3, 4-E M —RHE BN A AT TR RS TT , /] 5 2R 2530 mil &, 7 AR TRl AR TGk, BRI e | ke
T AT W WOR T TTIZ B R R R AR SR TR TR R 25 FAR 25 U A S . SR T BN AR LABEEER A5 | Huisgen J
N R A 1,3, 4-ME A AR 5 RIBE X 1,3 ,4-BE MR Ab A FE BT R BUR  BURR PR R BT
A WPETEEAT T A4, IR & B G WA ROC R AT B il — D5 1,3, 4-0E AL B W IR B B LAY
RS A

KEBIA 11,3, 4-BE ks G a; AT R 5 AR R A BT R

FESES 062624  XEAARIRED.A  3ELS:0258-3283(2024)03-0024-09

DOI:10.13822/j.cnki. hxsj.2023.0595

Research Progress in the Syntheses and Biological Activities of 1,3,4-Oxadiazole Compounds YANG Bi-rong', TAI Ye-
hong' ,WANG Yu-li' \WANG Shun-you' ,ZHANG Hai-zhen* | YANG Lan*'(1a.College of Pharmacy, 1b.Engineering Laboratory for
Synthetic Drugs, Guizhou University, Guiyang 550025, China ;2. Guizhou Lianda Testing Technology Co., Ltd., Guiyang 550025,
China)

Abstract: 1,3 ,4-oxadiazoles are important class of nitrogen-containing five-membered aromatic heterocyclic structural unit, which
can produce a variety of biological activities after combining with multi kinds of pharmacophore,so many compounds containing
1,3 ,4-oxadiazoles core structure have atiracted people’s attention and show a wide application and development prospects, espe-
cially in the field of medicine and agriculture.The efficient construction of 1,3 ,4-oxadiazole compounds by hydrazide ring method
and Huisgen reaction, meanwhile, the biological activities of 1,3,4-oxadiazole such as antiviral , antibacterial , antitumor , herbicidal
and insecticidal and so on have been introduced,and summarized the structure-activity relationship of various compounds.It pro-
vides reference and guidance for further study on the design,synthesis and biological activities of 1,3,4-oxadiazole compounds.

Key words: 1,3,4-oxadiazole ; synthesis ; pharmacophore-merging ; biological activity ;research progress

1,3,4-BE 0 — A N0 BI7 2R T
=G, B TE 1955 4F Ludsteck #1 Ainsworth
PR B o 1By 1,3 ,4-m5
MR 1,3, 4-nE O BT A B

SEEAA RS TS BRI A HAh
ARG USRS U L S A 1,3, 4-0E
MR BRI i R R EE LR, RO, RIS T
1,3,4-0E e 24 A W) FE HUG B L DUBR L BT

JZ s R B B2 R R, 258
b2 ZE AT R FH 24 2% T il B3 I DF 2 DR
PO HSE AT TR, BT FREA R
FOBT IR BURR 2 L PR LAY B BR R SE A TR
PET L R 2 A AR B W SRR ( Metox-
adiazone ) | 4 57 WE BLER ( Oxazone ) P14 2 K IR
DK s ( Furamizole ) | ViR i 25 W) A 4 ( Isen-
tress ) PL i 1L 25 W) 43 VD Hb /K ( Nesapidil ) J2 FH F
TG IE PRI RS 1) AZD-3988 %5 (181 1), 1,3,4-
hk —RRRA S BAT )RR B AT, T SR
A E TR 1,3,4-05 kA 5 W), A SCR
SCHR A B[R] S OC TARRY B AR, 4hik T
VT AE R [ P S i T 21 & WU E K AFAE T

(DU (R A3 HUIE P B HEAH S 25 4 A R 2
AOHTRIFVEANRY Bk, LI 1,3, 4-06
WGP RIS B

e B H#1:2023-09-12; M4 B % H A :2023-12-18

EETE A EAEAH AN I g5 B (5K () A5
(2022) 028 5 ); 5t M K 2 2023 4F £ 5 = JF ik 5 H
(SYSKF2023-096) ,

YEE B AT (2001-) , 2, ¥, SR A AR
S 20 S I SESL /i e o

BIWAESE . X, E-mail ; yanglan20ty@ 163.com,,

S| BRI A, AOHESL , B AL, %.1,3, 4-0E k3 Ak
B A BB T AT R (7] AR, 2024,
46(3):24-32,
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N\J /Y\o’.\‘

Nesapidil
0,
TCL g
a a d HO %
F
Oxazone

Fanth

Furamizole

Sl

Metoxadiazone

Isentress

QL0 O
AZD-3988

Bl —e5A1,3,4-BE mgdem
AR 25735 B4
Fig.1 Chemical structures of some pesticide and
medicine molecules containing the

1,3,4-oxadiazole backbone

1 1,3 4-FE_MELEMHER

Cyclization reaction

A
HN-NH o
R! _< }/—Rl ________ s <
o Ko 7
NN o R
o
R,/LE,N "

Huisgen reaction

B2 1,3,4-BE MAYG %

Fig.2 Synthetic methods of 1,3,4-oxadiazole
1.1 GEEd R G YA N 1,3, 4-0E Y
5k

BRERR A vk A A 1,3, 4-BE — M 98 FH
B, FE LIRS AU A A IERE BRI G
D7 TEBE S5 F (KOH \NaOH) 5 —Fifk i 41
8B TEK R (POCL,  P,0, 2 SRWEIR ) 1Y
YERT SARBR R IR |t = 5 b & Wi 2 —
éj\%k AR S U AR IR G IR 1,3,4-

H;Jé,ﬁl.jjn

FLIE 1962 4F | Gibson % 5k B % 1,3, 4-1E

WA 1,3, 4-RE "R S W& U R Ui PO STt 25
MR IS ML T T IR A (18] 3) .
; (H H
0 87N N-N
Rl)LINI’NVRZ Rl)J\INI/Ni/RZ . R‘/%E)
i N .
N’N H base N’N _H* N7\
| Kge T | d~pe | >~R
Rl)\o Rl)\o Rl)\ Y
3 BERRAL G A R
Fig.3 Mechanism of cyclization of hydrazide
compounds' !
L1  BUKFRAEAE B SBEEISA S

2001 4E, Shi 2" DL 2, 2- W HE-3-(2,2-
AR ) R Je B R IR ROK B 0F R SRR, 28
b I U BRI S BT 6 SETRL 2, 5- UK
1,3,4-BE b W1 (K1 4)

N.
a CONHNH, NaHCO,, H,0 R\g N
A RCOCI, THF
s POCL, N—Cl
Cl

la~1f
R=phenyl, 2-thiophenyl, 2,4-dichlorophenyl, 4-chiorophenyl,
4-methoxylphenyl, cinnamenyl

B4 LB la~ U E K0T
Fig.4 Synthetic method of compounds la~ 1f
2007 4F, T 3474 LU I ok -2k B 5
AN R T POCL, i, #E ik e
(750 W) & & B 2-50 0 Y HE-5-2K T 0k IR 1, 3, 4-

a5 .
CICH,COOH @Hoj/\cl
N-N

0, HN—NH,
.
%0 POCI,
2

5 B2 B OTE
Fig.5 Synthetic method of compound 2

2008 4, Rostamizadeh 25" #1817 — Fb i

B PR R i, DA 5 S SRR, 7E &

R, P05 ABKFIRE R T S — k&

T 2,5- BRI 1,3, 4-08 g Hop USRI

P Bk 5 2R HE e S0 & B 7 ) 7 SR e, ATk E
97% (Kl 6)

Q WL 0
H
+ dCl CHCN.r1 ©\( W/O

6 a3 MG BTk
Fig.6 Synthetic method of compound 3
2023 4, AR AR YRR A5 VR
RREME R N 5 AT R AL, 5 5K A HE IS
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FIMEMF , s Jm S B UABE K 3545 21— ZR 51 2
1,3,4-0E e qb & 1, Horf DL 3-S5 B IR O
JEURE I A 7= 7 R i (1 7))

(0] 0 NO.
N-NH, a N-N 2
Cl 1
H POCI, Clvko
NO. 4

7 B 4 GO
Fig.7 Synthetic method of compound 4
L2  BPRAE TS RS
2006 4, Liu %5 H Merrifield 4 g 75 2 4%
PR BT R AR ALY 1,3, 4-0E AT AR )
(F8).

(0]

NHNH, O_\NN
o CS,, KOH
5T
5
8 (LB S5 G BTk

Fig.8 Synthetic method of compound 5
2017 4, EARFSAEN LD 5-(4-504 k) -3t
W R gt O RURE 22 AR OCER S T
1,3, 4-05 Z e SR g il i (1 9) o 2018 4F, i

BN LA )RR 18 5 s A A 3 2-BOAR A ik -5-[ 5-
(A-FYFE 2R L) 1 H-ME e 338 -1, 3, 4-BE — g 2%

N 17
L7/ R
N__CONHNH, N-N
HN _ D—sH
S, KOH [¢]
reflux
Cl

9 L&Y 6 A RITR
Fig.9 Synthetic method of compound 6
2021 4F, EB A HE UG AU 2, U
3-(4-FRASIE ) - LH-ME e -5-F iR 2016 A SOk, 220
AR AL e AL A R T 8 AN B LI 2-Mi ik -5-
MEmkIE-1,3 4-0E Ak AW (& 10)

N__CONHNH, SH
NG | CS,/KOH/EtOH i ? §
reflux N\ / N
F
F 7

B 10 a7 w9k
Fig.10 Synthetic method of compound 7

2023 4F, Wang 25" DL 1-F BLIR 1 4 4R R

Bl AL R A =B RN AAEIE 1,3, 4-0E
TR EA (R 1)

0
H N~ Ay CS,, KOH

N_l\{>~
N | D—sH
g A

N

CH,CH,0H /@

8

B 1 k&Y 8 AN E
Fig.11 Synthetic method of compound 8
TR P40 LLUBRL IR A1 2, B 79 Ay 52 B TR

B 4, 6- F L mE g 2B B, B IS R AT HUR
fife AIIRRIE AL B 1,3, 4-0E ik B g g 2R
TR SR BT A R 13 AR 2- (BN
Bk ) -5-(4, 6- F JLmg BE -2 FH 3L ) -1, 3, 4-1
M EYI(E12)

z N3
W s, /NYS \/I\O>‘ SH
Q(N KOH N {\J
SCH,CONHNH,

B12 LAY 9 WA mk
Fig.12 Synthetic method of compound 9

1.1.3  HMEAE

H T B K A B 25 T 5 BEEI A
SRR A0 5 BN A A 1,3, 4-BE Ik
ESPRrr L e AN a1 N [F1R St S ST I N =W i
SRS RHEETMIR TR 1,3, 4-0E W B A g el |
TR TR BB B A5 B

2006 4, Dabiri 2> 57 FE B -5 55 5 R A
TCEFNEAE A CAN #HA73Mb-E A58 1,3 ,4-
ME A A (A 13) , [RAR, Wang 451 FH
B AT B AR | LSRR 20 7 380 = R 3L i ( PS-
PPh, ) J 2 R0 oo mE A1 A 15 2 1,3, 4-0%
TR, B TE R PR R 95%

0 R! O__R2
\( )/
N-N

CAN(1 mmol)
)J\NfNVRZ
H
10

solvent—free, r.t., 20 min

R!

B 13 a0 ia ik
Fig.13 Synthetic method of compound 10
2008 4, Polshettiwar 45" 3 11t %F Ainsworth
GBI 1,3, 4-0E LA W) R R
A2 1 A7 U TP 5 S iR = 2

Oy NHNH -N
2 J /@/P{L >~R2
0
Rl

O Nafion NR,,
R! 11

. T T
/\O/iR:O/\ MV
14 LB 11 G RO
Fig.14 Synthetic method of compound 11
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TERIE (MW) & Nafion #4L N &AL 1,3, 4-BE 1
KGRIk (# 14)

2011 4F, Xie %5 SR F S i 450 R 15 5 1k Ak o
TIEBE R IERE, RS T 2-%( 51,3, 45
W | J R B A B L AR 2 v Y 7 R AR B R )

(Kl15),
i H
C a DMF N._ O
N/i * RZ)J\NHNH “we - RO )R
. 2 N-N
12

E1s feiw 12 a0k
Fig.15 Synthetic method of compound 12

2014 4, Singh 2 {38 T LAEE-N-I5 3 i AR
JgJEURE, To7K MeCN-LiCl0, YA 9 FH#R 84k , 7EH,
W rb R A EEL A7 R AR DAL IR AR 2, 5- 7R 1,3, 4-
mE b S (K 16) .

| X
W NN )
X | X | \ |
N-NH MeCN/LiCIO, r.t. o~ 0 x
N electrolysis, Pt—electrode \ VY
O 3x 13

E16 L&Y 13 A ITE
Fig.16 Synthetic method of compound 13
2022 4E | Sciarretta 25177 L) R A1 HE R JEE
Y1, GA-TiO, 1Eh Z AL G A 2, 5-Z HUR
1,3, 4-BE 7 S50 [ 2 R A0K Tio, SRRER AN
K TiO, AHEL, FR I 3G 58 A OG5 PR A 4R A, BB A
/0 SO B E] (B 17)

0
2 GA-TiO,

o
RZ
NH, + R? ot Ny
Rl/U\E NH, J%/OH Visible light, 1 h NN

0 14

B 17 AeiW 14 a0k
Fig.17 Synthetic method of compound 14

2023 4, Babita 55 #2387 —Ff LA N 5
FIEBNR A SR, 754G E T WG Al 2-2 -
1,3, 4-RE M g7k o %07 588 AR Hh R AT
JEANZS SN N- 35 22 FE 5 R 0 4 7 48 1k A 1k Bt
(F18) . [F4F, Alharthi 45" 722K 5% 1FF, LA
2 LR I R AN A I S JFORE, DL 1% Zn {2 30F
[ Cu/CeO, YEAMEALTN AL 1,3, 4-0E 2 qk

a0,
0 N
H H =N
JU NN green, LED, 1=535 nm A |
Acm N R cosin Y(1 mol%), THF, OJ\g’R

S Cs,C0,, r.t., air(0,), 2~3 h s

B 18 fbiw 15 1A ok
Fig.18 Synthetic method of compound 15

1.2 Gl PO S YA s 1,3, 4-BE Y
Jrik

£ 1958 4 Huisgen 2570 1 Je 4l 1 FH pumk
B 1,3, 4-BE ) 7 P IR oY HEALER, (H G Ao
BTk A e /b T RE R DO e 55 44 i AN F e
Ak,
Rl\f}NI\N_RlTN‘N sz\m Rl-(xziz

N~N’ = = N\E, Q)’/RZ _ >

@ (€]

Ns / 0 N-N

R—K 11: -N, RINENS A 2 1/& >\R2
N R 0

0

S}

B 19 Huisgen W FHLEE
Fig.19 Mechanism of Husigen reaction
2008 4F, T 5 4 4R LA DU G0me i i A
TR BE rh, T = R PR T % 0 3 & A 1 S
(BRI TR ) | 30 B BT e B 3 n
A CTR BELEAA R BE T A 8 2-B0-5-(4-8 8/
NEEHL) AHE-1,3 4-mE Tk (8] 20) .

0 . 0
c1)H( ~ 0 0 o
0 RIJ 3
N. S T NN
=N Pyridine
HN_\ 16
1
_| recoa R b \©_</N~|N
Pyridine O/kRz
CH,C0),0 17
e e
R 0 ¢ /'k
07 cH,
18

R'=CH,CH,CH,, CH,(CH,),CH,, CH,(CH,).CH,, Ph, 2,4-CL,Ph;
R2=Ph, 0-CH,0OPh, 2,4-CL,PhOCH
20 fbEY 16~18 G MITEE

Fig.20 Synthetic methods of compounds 16~ 18

2011 4F, Kun 2 L O-33 2K H k4L -B-D-nit:
Ve 75 25 W S5 oA SR 3 0k — S5 s g G
T 5-( O-3 25 ik Ak -B-D - MLk e 7 28 B 35 ) DU s | 3%
DU MR35 5 PR R R -DCC B 4 2 15k S I Ak 2B i
5-Z R IE-FT 5-GH JE-2-( 0-1 5 B 1k fk-B-D-it
MR A 2 B ) -1,3 , 4-RE Ik (18] 21)

R

R
IN:( o DCC(1 mmol), toluene 0 _
HN, N + =—-COO0H g5 2, reflux ?\]I/\N) =
19

B 21 (LS 19 4R
Fig.21 Synthetic method of compound 19

2 HEYiEETRE
2.1  VYUREEEYE
2013 4F /NS T 10 N EY 1,3, 4-
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TR A W, I I TP I R, SR SR
ED% 1 500 pwg/mL Ay E T, —%éﬁ(ﬁﬁﬂ:’*%%ﬁ
T T R RPUIE EAE S T (TMV) 76 1,
LAY 20a 20b XF TMV FANHI 2RI Ky 45% , &
T X RRZGH T R B 2 (56%)

“r%N

s /L
07 "
— R

20a: R=2-CH, inhibition 45%(TMV)
20b: R=4-Cl inhibition 45%(TMV)

B 22 {LAW) 20a.20b HYEEHEL
Fig.22 Structure of compounds 20a,20b

2017 4, Gan 5V G LT — R IIHTH 1,3 ,4-
- B-ANHRLFITER R 15C 0 , I X H AR Ak A
5750 TMV ARG FA P36 P (4 P 33 1
REERELEW, LAY 21 LI B E NPT TMV 15
P, H EC,, 0 33. 66 weg/mL, 5T H 5% (36. 85
pe/mL) A KRR THI AR (88. 52 wg/mL)

0
Ph%OTS\/\O O cl O
NN 21
EC,;=33.66 pg/mL (TMV)
23 k&Y 21 ML=
Fig.23 Structure of compound 21

2.2 PUEENE

2000 4F-, Chen 45 A AL T — &R 51 ML
1,3, 4-0E R S Y MR AT A R AR
1,3,4 BE W0 2057 B kAL F5 A0 PR 3 e [l s
TG ot 6 1R R/ INEE T R [, bAh , X H AR

B YA T KR SORS FL RIS PRI a4 SR 3R
B9 22 78 100 g/ mL (4R BE T Xt 7K R SUA G
TR 2R I T B R A R S8R (70% ~ 89% )  (BATSAS
R IR Z2 /R (100%) o
s c
By
A Y
/
22
24 kB 22 MEEHX
Fig.24 Structure of compound 22
2011 4, Xu U HE T — R0 2-BUR H B

HE-5-(2,4- ) 1,3, 4-WE /g8 e K7 L
REAEY . TR, 1,3, 4-0E 4 1k
YA AL a5 T PUEL TS PR, X 9 PR AT
TEHEIN, B B s S 938 Wos v 45 2 BT

AT L TR TG P, P A 1 23 X SR TR A% FL TR
( S.sclerotiorum ) WG P AE , EC5yH 17. 2 pg/mL,

23 EC,,=17.2 pg/mL (S. sclerotiorum)

B 25 fefidy 23 i
Fig.25 Structure of compound 23

2013 45 AR IR DT A LT — R A0 TR i e
LR e — A5 1, MR BT A B, R B
AR B RE ALl ~F X057 S 8 400 T 15 e AP T A Jk Ak

TR AR I 1 X AT RS AR ER IR ER Y

2% [ AR B 5 07 BEL S A 45 1) ) 8 T 1 Pt AT — 5 Y
MR, PR T BAMEE AT T 5 T J5UA 1Y
TR BA B R A R RCR , ok &) 24
TE 50 we/mL ¥ B Xt /N 22 3% % 9% 18 ( Gibberella
zeae) [ 30 ] 2 0] 35 B 100% , % 85 TR 25 9% B
( Fusarium oxysporium ) BN 1% P15 %) 86. 7%

/\HN‘<\;/©/

NN ibition 100%(G. zeae)
inhibition 86.7%(F. oxysporium)

E 26 fLiEw 24 4t
Fig.26 Structure of compound 24
2020 4, Xiang 5 AR T — R B 3,4-
A EEMR I ZE R Y 1,3, 4-0E R IRE1L S,

LA TR W 40 TR I, 25 R AR L A
Yy 25 W] LA A= ) ) AR B D RE 8 A B ) i
A2 B 7 A G T 20 MY T ) 3 A 1 R 4 4l
Xoo K

S ! N/\(O (\{
N[ H I\\J\l\%)‘i’\
Cl c 25
B 27 {25 e
Fig.27 Structure of compound 25
2021 4F VAR T 10 A e A ok I
IS 13 40 A, FOROCR BT,
L kAL S S AL RS BOTE PEALOG , HL R IR
RIS PERIIE T 2B, 1S PRI Es SRR 1k

@é gese

B 28 fbfid 26 (4
Fig.28 Structure of compound 26

EC,=11.7 pg/mL
(Kiwi ulcer bacteria)
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B 26 XBRBEAR I R R R TS
EC,, fH R 11.7 pg/mL, Hf T X5 B8 25 7] i Al e
(24.5 pg/mL) .
2.3 PilmiE vk

2012 4F, Zhang %V G LT — £ 2-(1,3,4-
WE —R-2-JE A 3K ) -1 3k L TRAT AW, M Ak OE AR
WFFE B, MHLRE PR LT A7 11 AR Ik B 2 T P T e
(BT, | PR IRE 5 PR R Rl 2 35 A T
LB ALEY 27 XF MCF-7 F1 A431 4 i i 3 1 7k
FHE AR, 1C,, 18535 0 (140+10) (10£1) ng/mL,
ARG YRR I 3 R R BRI (FAK) 1)
HlE M, HIC, = (20£1) ng/mL,

HN
1C,,=(140 + 10) ng/mL(MCF-7)
N

0
Y4 0__S
Dﬁ T IC,=(10 + 1) ng/mL(A431)
27

NN IC,,=(20 + 1) ng/mL(FAK)

29 &Y 27 BIZEHIER
Fig.29 Structure of compound 27

2017 4F , Hamdy % &3 A BT — R 51 5-
(1H-N|-3-38 ) -N-F53E-1,3  4-IE k-2 | 33k
A4 T HeLa, KGla, MDA-MB-231 FiI Jurkat f
T AN TE I, P fk & 9 28 X HeLa KGla,
MDA-MB-231 ‘& B 5 4 19 3 M, 1C,, 18 7 5l M
(0.30+0.04) . (0.85+0.08) . (0.90+0.02)
wg/mL,

IC,;=(0.30 + 0.04) g /mL(HeLa)

o,N
HN 0 @
8%\ ™ 1C,,=(0.85 + 0.08) pg /mL(KG1a)

N 1C,;=(0.90 + 0.02) pg/mL(MDA-MB-231)
28

30 fbEW 28 s
Fig.30 Structure of compound 28

2021 4, Tantak %% 4 BT — Z 51 A0S
F-a-FilHE-1,3,4-0E R FITAE W, FRROE RAFSE
NG S 7SS NG TE= 8 ST I o G S
R 200 B B 14 505 Pk, WK T B AR A A
U937 Jurkat & SB Fl BT474 45 4 i 20 i 22 1 14
AT BB TG, T PRI B e A R
B Rm U A M iR e R A 20 R
AR B BT U937 | Jurkat , BT474 F1 SB J& 41 i 1)

0
N O 1C,=7.1 pg/mL(U937)
N o 1431 pg/ml(Jurkat)
{ 0 IC,,=4.1 pg/mL(BT474)
N 1C,,=0.8 pg/mL(SB)

H 29

31 A 29 HyHE
Fig.31 Structure of compound 29

AT IE M, HIC, fH 4 7.1.3.1.4.1 F10.8
pg/mL,

2023 4E, Oggu 2 SR T & 1,2,3-=
MEBATTIY 1,3, 4-WE - =AY, IR0 MTT
R T ARSI R PC-3  DU-145  A549 Fl MCF-7
SRANIE ZR DO BT Pk, HCrP AT 4-ME0E JE 9 1k
A% 30 % PC-3,A549 MCF-7 il DU-145 41 it &
SR WG S B BURTE A, TC, (23 0 R (0. 17 =
0.063) .(0.19+0.075) . (0.51+0.083) . (0. 16+
0.083) wg/mL,

0.
8
NQ\{? 0 0 ) N/N N
A OAK T
H
1C,,=(0.17 = 0.?;)063) ng/mL(PC-3)
ICSO:(O.19 +0.075) pg/mL(A549)

IC,;=(0.51 + 0.083) pg /mL(MCF-7)
IC,;=(0.16 + 0.083) pg /mL(DU-145)

B 32 b 30 R
Fig.32 Structure of compound 30

2.4 BRELEME
B 1,3, A4 R R I I ) R S TR b
WA A2 12 P ok 5], G e P e ) e — o
FHTFVES R K 2 e e B 5], ot 4% S |
BRSE R KRG H 2R AR A R A EA
AR AT P 1 E R 7 et R = 2
FEAAG T ELVET, R4 Wi, E
AP B A KRR SY 1,3, 4-WE — s F R B 36 Pk
2014 4F, Sun S5 AT B 1,3, 4-0E ek
AW, IF R HL AT BRI AR, Rk A
31 MR FEE HE
F
gl
a

B33 fLad 31 mEiist
Fig.33 Structure of compound 31

2022 4, Wang 2510 DL #E i W5 Bl ( TK ) Sy ¥
S B A T — R 2-Hi k-5 (9E Y SE /i
55)-1,3,4-BEZSRALG Y, R AT R B, AE R
2 57 gL A BE S F A R T BRI
PIBREEE . AT AR R, S5 R w1k
G 32a Fl 32b X AL (AR ) FE JE (DS) BYBR
FBE ) fe A, AN E ML 25 SR R B, 7E 200
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mg/L KT W] R E 90%

N-N
N [ >‘S
Ao o O s
N VS = _
32a b

Against AR and DS
inhibition>90% (32a,32b)

B34 fkAY 32a.32b HILEH
Fig.34 Structures of compounds 32a,32b

2.5 RHIEME

1,3, 4-WE RS R 114 2K HR o R 7R
2 N AR BT S B 1,3, 4-RE kS5
() 2% HUR AE 4k B I 5E . 2004 4F 4 30E 4507 B 5
BT —FRF 5-FEF-3H-1,3, 4-BE —8-2- 1 7T
AW, IR T T AR TE IR, 45 R L AW
33 7£ 250 mg/L A 0 k%A 3 85%

}\LN/\/
©_<O/KO inhibition 85% (against Mite)
33
35 L 33 Akt
Fig.35 Structure of compound 33

2017 4%, BRF SCE S B IR A T — &5
TER TR L,3, 4-0E TR BER AT A, FRK
KRITHTRIL, 55 0 b BUR L 19 47 R Rp x4k
BV R A EL A W A s e 7R R ER Y 2-
BL5 I AL JE AT I A5 ) 1 A 4R OTE R AR
X EHBRME AT O I, 45 R0 LA
Yy 34a TEXT 5 0 2k H LA B B A #E R TE M, LG,
534 21.92 weg/mL, AN, #E 100 wg/mL ¥k
T, REBUCE Py X A 4 R 2 BT BT 1 2 2R
T P L A9 34b 7E45 2y 48 F1 72 h J5, WAl
WEL B BE ARG P51 79. 9% 96. 7%

F
J 0 SM
R& T ¥
N-N F
34a,34b

34a: R=H (LC,,=21.92 ug/mL, Caenorhabditis elehans)
34b: R=4-F (insecticidal 79.9% (48 h) 96.7% (72 h))

36 LAY 34a 34b (L5
Fig.36  Structure of compounds 34a,34b

2018 4, Wang &I & T — &5 1,3, 4-1%
AT AR 6 BB S PRI LA R T
A HOIEEZ AR IR IL R A K, 2 207 5] A
R I L 1A w05 P W A B8 5 0 2,4, 6-—
GRS 240 H I v B 35 R R PR G
REIR AW 35a XIARES HUEA B4 B il R
L LC, 15 R 69. 5 mg/L, k&%) 35b Xt /N ik )

IV A i LC, fE A 13.9 mg/L,

~ cl
SN N/N\ Br
\
R \’<\N/N
35a,35b

35a: R=2-CF, (LC,,=69.5 mg/L, Cotton bollworn)
35b: R=2,4,6-tri—Cl(LC,,=13.9 mg/L, Plutella xylostella)

37 k&Y 35a,35b G
Fig.37 Structure of compounds 35a,35b
2021 4F, Yang %7 B AW T — R H
1,3,4-W5 s S5 R 1Y) 1-B0T JE-5-22 BE-4- ik s 4
WE MR R A W, X R A R B AR AL S AT R
HyE I, 25 R R LG 36a.36b Fl 36¢
X igF SR — o R OIS T BOE R 5 A
85% 83% F1 87% .,
N-N  NH, against Aphid
R e R K ——
R 36,1~36:N 36¢: R=4-CIC,H,, inhibition 87%

B 38 1L&W 36a~36c MZEFZ
Fig.38 Structure of compounds 36a~36¢

3 #ig

ZEERTR, 1,3, 4-0E MR AL AW AR K
1) R JR s T RIS T 1 o FH RT3, W | 7 R 82 9
M O AT IZ MR A I SY . R AL
D7D, TR A T A HE DR B 0 1 25 A PR
WX 1,3, 4-BE Al G W HEAT S5 R B, 1A
PATHI 1,3, 4-08 M RAL B W) LEAEYTE T
T, 1,3,4-BE M RAL S WIE DU PO PO
oI 2 S A R R ENEN . AR
BB R B TT A ROk B 2 T IR
1,3,4-BE kAL 59, IR I BEAE IS 25 sk 25 40
WA R SEPRI H AR

SEIH
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WA ARER T kAR
(LU BRBRE 502 TREB WOT 0 315211,
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TEE B RRLEA 500 4k (CO, ) BERE W MR, 2 — W AE MY CO, HAEMPRE, A o — i 25 22 1 1 25 e
L, SBA-15 11 #5R 245 W A% ( PEL-SBA-15) B T AT BHE R BE M BRI 5532 2 T KiE R 56, PEL-SBA-15 iy il & i 2
o SR FH PR ), i 9 4 P o T €O, W B RE AU S MR o T R AT . BRI T VA FH X SBA-15 3R
LTI CO, WHHPERB RIS N . AFSXEE SRR, m] LIRS SEBLER T CO, WEBHHERE RN CO,/N, 3481 0 M A A1C P
FIE &, X FREE PEI-SBA-15 (4l 5 miA L B AR TH il e A AR e LA SR 3
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Effect of Methanol on the Preparation and Performance of PEI-SBA Solid Amine HU Hai-tao'* , ZHENG Yue-ging "' ,LIN
Yi-chao **(1.School of Materials Science and Chemical Engineering, Ningbo University , Ningbo 315211, China;2.Key Laboratory
of Advanced Fuel Cells and Electrolyzers Technology of Zhejiang Province , Ningbo Institute of Materials Technology and Engineer-
ing, Chinese Academy of Sciences,Ningbo 315201, China)

Abstract ; Solid amine materials have excellent carbon dioxide (CO,) selective adsorption properties and are potential materials
for CO, capture.As an important type of solid amine material , polyethyleneimine-loaded SBA-15 (PEI-SBA-15) has attracted a lot
of attention due to its relatively low cost of raw materials and excellent performance.The preparation process of PEI-SBA-15 re-
quires the use of methanol as a solvent,but the influence of solvent usage on its CO, adsorption performance has not been system-
atically studied.Given this, this work systematically investigated the effect of solvent usage on the CO, adsorption performance of
SBA-15 loaded with polyethyleneimine.The research results showed that it was possible to simultaneously improve CO, adsorption
performance ,and CO,/N, selectivity,and significantly reduce the usage of methanol.This research work is of great significance for
reducing the preparation cost of PEI-SBA-15 and improving the environmental friendliness of the preparation process.

Key words:SBA-15 molecular sieve ; CO, adsorption ;solid amine ; polyethyleneimine ;solvent effect;carbon neutrality
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Fig.1 XRD spectra (a) and diffraction peak intensity
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(110) F1(200) fi 1>, %k PEI 5, SBA-15 1)
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Fig.2 SEM images of samples
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BIH fLER A A7 % L, % BRAY L0 7 i FL AR

35 TR UESE T PEL HEFT T SBA-15 BYFLiEH
FLIRFR A /N B B2 2 W PET-SBA-15 Y CO, W fff
PERER R, B ALK /NC & B PEL 431 5
CO, 43 FIEE Ml AR, 38 X LA TR 9 LA
L o I A P 4R X T PEI-SBA-15 BYFLIAFR .
A —E W5 G v B A R e A I AR
S-1 1 S-2 BA mKHALIAEF,

335 gof b gl ¢ 6
Pk st T st
skl : )
— v — 4 L . 4 -
£ 20lE 5 £ g
E LR o ” o E3r E 37
Bl ° nee & 2f & 2f
| &l g |
X 5 = =
0_ 1L 1 1 1L 1 1 O_ 1 1 1 1 1 1 0— 1 1L 1 1 1 1
00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
X EII/(p - P HXFEII (P P X ETI (p- p;Y)
d 5 e 7 f T+
a4t | o 6t
a0 a0 F L]
~ ol =3 = 5
é 3 é 4} é 1+
<2r < 3r = 3f
i iz 2r i 2t
Z1f =l &
£ £ = 1r
O [ 1 1 1 1 1 1 O_ i 1 1 1 i 1 O_ 1 1 1 1 1 1
00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
HXFEII (P p;Y) X ESI/(p - p3h X ETI(p -+ p;)
g h 8 ;25
6 L
= =T 20F
W 5t L6t o2
S 4r s 5r o 15F
£ g 41 &
£3f £ Sl
= = 3l &‘2 1.0
o 2 F 1
E L E 2r = 05f
= = 1r =
O C 1 1 1 1 1 1 O_ 1 1 1 1 1 1 0-0_ 1 1
00 02 04 06 08 1.0 00 02 04 06 08 1.0 0 10 20

X ESI (P~ py")

XIS (P~ py")

fLEAZ/nm

a~h 43314 S-0,S-1,S-2.S-3 .S-4.S-5.S-8.,.S-10;i MFLIAEFAFL E AR, i<y 5h S-1.S-2.S-3,S-4.S-5,5-8,S-10
377 K TAEM B N, IR 5 B 4 1R 2R AN FL A il 26

Fig.3 N, adsorption/desorption isotherms and pore size distribution curves of samples at 77 K

R MY HER UL A
Tab.1 Summary of specific surface area and

pore properties of samples

CO, W Bff &t/

Kedh HREBY B, fLis (mmol+g™) €0,/N,
% (m’g!) (em’og!) mm 8 e,

15 kPa 100 kPa

S-0  474.03 1.20 7.53 0.08 0. 46 15.27

S-1 66. 70 0.21 5.84 2.01 2.30 567.55
S-2 71.18 0.21 5.81 2.15 2.40 506. 84
S-3 42.35 0.15 6.23 2.07 2.22 611.95
S-4 64. 94 0.22 5.69 2.09 2.32 590.50
S-5 68.98 0.23 5.83 1.92 2.14  483.17
S-8 67.53 0.20 5.90 2.06 2.26  808.57
S-10 86.92 0.24 5.82 1.76 2.04 391.94

2.3 iR CO, BN, W
TEARBALLE R LRl [ MK T 25 °C FREM
%) CO, FI N, YA IR B th k. Wil 4a i, B
il £ 1) PEI-SBA-15 BB T8 519 CO, Wbt
PERE, I T K 1 0 PEI (19 SBA-15. fEJ/E /1K
100 kPa i, PEI-SBA-15 ) CO, W ff K 2.0 ~
2.4 mmol/g, 1M SBA-15 FWZ IR 0. 46 mmol/g,
1 i s 2 Tl A TSI P R N4 T p U
K153 RSB BE Y R AR, SR 57 5 PEL
TPk BE AR EAE P )t SRR B 15 BEE
(T, EE 2R TR B T A 5 | A R B AR b 1)
BRE, FTUERE R, PEI-SBA-15 X CO, HI
P % m TR 3% PEI 9 SBA-15, 4K /15
T 50 kPa i}, PEI-SBA-15 f4) CO, W B} & 15 Jo 4
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Sl S R4 R g MR, mmol/g; p SRR 1, H
BUMRIE RSP, % peo, = 15 kPa,py, =75 kPa, IHFARFI5M K
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Fig.4 CO, adsorption isotherms (a) ,N, adsorption
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La(OH),/Si0, SN EREGESFHLIBEKFHNA

B A IZ AER AN
(JmMR2E 2L T 2208, T4 )7 510006)

WE SRAEBUEE, #1451 La(OH) ,/Si0, SE A4 KL, IFFI ] XRD SEM [FT-IR XPS BET X W B 57 4544 | 3% 1
TESAEHEATRAE . WS T WNSRIBEIN 1 W45 pH A7 B 00 1 10 AR R B 38 2R 199 S i, R 5 1 WO 86 ek R 1 W 86 8 g
2 SR R R W R ) 2R SIS R AER-La0. 2B o FE A 0. 2 1 1A AR AR W R 7T 35 294. 1 mg/g
(La) ; HXTBBRARELAG 50 1Y W B B4 s IR S0V N o 0. 4 o/ L I RIS A B W B BE T 5 PEAR SE 19 pH S BRI AR EE T
AT RE ST o WE B T 2E AR Langmuir S5 I I RS 7R (0% 25 LT VA 100 T R R Aol R 2 A2 W R 4 i L
TR, WA 2R A Al SR R WY R A ek AR Dy R A AR U X IR B ), 45 A RAE T B, HEWT AER-
La0. 2 1) =220 B AR AT e i rL I 5 | S e A 28 48t

KHER  La( OH) 5 s SBEME ; W BT s BEIRAR ; HLIE

FESES . TQI3 XEkFRIRAE A XELRS:0258-3283(2024)03-0039-10

DOI:10.13822/.cnki. hxsj.2023.0634

Preparation of La( OH) ,/SiO, Aerogel and Its Application in the Purification of Phosphorus Containing Wastewater
LIN Xiao-yan ,LIAN Zhao-hua ,LIN Jing ,ZUO Jian-liang ,LIU Zi-li* ( School of Chemistry and Chemical Engineering , Guangzhou
University , Guangzhou 510006, China)

Abstract:La( OH) ,/SiO, aerogel adsorption materials were prepared via immersion precipitation technique and the adsorbent
structure and surface morphology were characterized by XRD,SEM, FT-IR ,XPS,and BET.The effects of adsorbent dosage , initial
pH values, and coexisting ions on the adsorption effect of phosphate were investigated. Meanwhile , the adsorption kinetics , isother-
mal adsorption processes,and adsorption thermodynamic models were studied. Experimental results showed that the phosphate ad-
sorption capacity of AER-La0. 2(at a mass ratio of 0.2:1) was up to 294. 1 mg/g(La) with good adsorption selectivity.The best
adsorption capacity was obtained at an adsorbent addition of 0.4 g/L,and very good adsorption capacity can be maintained in a
wide pH range.As a fact the quasi-second-order kinetic model and the Langmuir isothermal adsorption model fit better with the ac-
tual data, it was indicated that the adsorption process was mainly controlled by chemisorption and monolayer adsorption.The results
of adsorption thermodynamics showed that the adsorption process is heat-absorbing, and higher temperature is more favorable for
adsorption.Combined with the characterization methods, it is inferred that the main adsorption of AER-La0. 2 may be through elec-
trostatic attraction and ligand exchange.

Key words : lanthanum hydroxide ; aerogel ; adsorption ; phosphate ; mechanism
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R=1[(Cy-C,)/Cy] % 100% (2)
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JIA 200 mL (10 mg/L, pH 7) BB R AR IS
JETHREE N 308 K B% R 200 r/min [FE IR KA
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Cl7) 94 LR B = T B4 0. 01 3 0. 1 mol/L
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Energy/eV
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Fig.1 Morphology and elemental analysis of

different samples
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Fig.2 XRD patterns of samples
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BRHA AR AR B A0 TP O b A 72805, ZOA REfd
p/po T W BRE AR 235 O PR, A0 FCBE BT, A 2
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Fig.3 Adsorption and desorption curves of samples
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Fig.4 Aperture distribution curves of samples
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Tab.2 Structural parameters of samples

FE BET/(m*-g™') L&/ (cm’-g') FIHFLFE/nm

SEEIE 471.85 2.9910 24.12
AER-La0. 2 260. 85 0.9276 12.26
AER-Lal 149. 84 0. 6238 15.21
La(OH), 34.47 0.2416 24,30
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XTI AR P IR of % LU Pl (BT PT T B La 7%
HEYIG 2 WS A0 W AN B T X
FARBE AR B R AR I A G W B AR T, La &
L 2 (A5 R O ) 4 O A7 e AR 2 | TR R AR



55 46 £45 3 W)

MREEHELE ; La( OH) ,/Si0, BRI 1) ) £ S HAE e fh S 8 2 /K Hh 9 g 43

ICP-OES 45 AER-La0. 2 ,AER-Lal .La( OH) , ¥
La R & &098 6. 12% 20. 21% .69. 59% .,
W% i 5 1CP-OES Bl #1725 5 73 i, 3% 4k
R LA La JUE TR & /5 45 20 A B s an &
5b FF7~, Al DLW 22 3] AER-La0. 2, AER-Lal |
La( OH) , [ W% B & 52 AN 0BT B 1Y 88 %, AER-
La0. 2 1) W% BfF & =5 35 294. 1 mg/g( La) , T Mk /Y
afi La(OH) , U} 143.91 mg/g(La) , XEH N
SEERBAREA Z 4L R R IR 254, #F
La(OH) , My43HL, #&5 TG PEICER La I FHAL
LR L FE AER-La0. 2 1 N &% 4 %
R 5D

120

100+
801
601
40}

B it/ (mg - g71)

20F

B

=

L
N

o

350

= 300}
-

=

T 250}
0

\5150—
g 100}
X sof

O AER-La02  AER-ILal La(OH),

a. AN TR) S I LU G 6 590 e 0 0 4
b. Lk La TS [ J 0 T L W B0 g 0 B 44
B 5 (A 5T C b e B 5] i e B 37 2
Fig.5 Adsorption activity of the adsorbent with
different mass ratios
2.4.2  WRFRSRIER N Y R
WK 6a Fis, BEH AER-La0. 2 By £ A
Wk, BERR AL A L BR A — e ETF, SR
Y, BERR AR B 52 5 B TS TR R, A&l 6b IR
W B T2 £ T AR B, S EAT g R R 5] A 45 o
TR PEOWR AL D 6 TR AR VR B 1Y
ASRE S A R, 24 AER-La0. 2 BECIE KT
0.4 g/L J& , W RAFFR) A W B o T 46 1 B, 2 A
PR 2 B2 P57 ) A RSS2 6 AR TE AN T 22, {2 )
Ik BN J5 | HA AR T S H2 AN T [
s U, PR AR UE RO AT T, AR 5
EFE 0.4 o/ LA N SAERY BN &, LA DR 0% B
SUREERN S 6

01 02 04 06 08 1.0
BRI /(g - L)

b
15F

B4/ (mg - g7)

(=]

0.1

0.2 04 06 0.8 1.0
B SRI B AL / (g L)
a.b 73 AN A AER-La0. 2 Ak T () 25 B A< AR B ik
B 6 WRRHR N i X BERR AR 23 B A K
U EiEA|
Fig.6 Diagram of effect of adsorbent dosage on

phosphate removal rate and adsorption capacity
2.4.3 AfAl pH THERRMR A4 W) 4G pH BY5E
M J 2% i B A7

Bl 7a Jr 7 R BB LA B 1 AN 7] pH T Y
BEIR AR 43 A, 4 pH<2. 12 B, BEER AR L H,PO,
i H,PO, JEXAETE, IF DL H,PO, & pH K
2.12~7.21 B}, BE@ AR LI HPO;  H,PO;, . H,PO,
W AEAE, IE 2L HPOS S, pH hy 7.21 ~ 12.3
I, BERRAR LI HPOZ (H,PO, .POT JTERAFETE, IT LU
H,PO, & & ; pH > 12.31 i, B R 2 LI HPOS |
POT R AEALE, IF L) POT R E, B T Wik
pH X 2 ()5 e [ AT, 97 4G pH =2 B, AER-
La0. 2 AR AR W Bt Al /0, Lt PN AT B 2 8 iR
f§if5 AER-La0.2 [ Ay La(OH), X4, H
H, PO, Xt 5 IR A5G o T W BRI % e B
558 B3R T8 R far A7 G, AR SCRR 48 SRR [129, 30 ]
HER I % AER-La0. 2 (9% LB AL (pH,,, ) i
fr g, K Te FWH, AER-La0.2 Y 2 55 B
pH,, =7.32, 1E¥ItH pHART pH,, I, IR 5] 2%
PR R 11 - Ab T 52 1E HL M B 5 BH B8 T IR AR &
AT | TR E I VR T . AR S b, S0 46
pH = T pH , I, W B 57) % 10 23 A i ot 1~ B 42
M, S 280 BB 7 8 R AR & A v i
T, DT e AR W8 BEFVE . an &L 7b TR, 78 35
55 R M B 1 25 AR, AER-La0. 2 119 W
W, IF & N AER-La0. 2 2 1 &2 1F HL Pk,



44 Pzt

CHEMICAL REAGENTS

55 46 B4 3 1)

M AER-La0. 2 7E M 258 T W Bt 0 2 B AR 1Y)
T — AR T BRI WO —OH & B L B
i FR B - o W% B 7 3 i —OH 56 [T % B 7
BeElEs Y,

H,PO;

pH,=2. pH,=7.21|

oA, ARERN
12345678 91011121314
pH

20|P

Bk / (mg - g71)

pH,
N WAL
. .\'

#khipH
B 7 AFE pH FBERRAR MG (a) PR pH X
AER-La0. 2 M ffHE A 20 (b) Al AER-La0. 2
T HLALIE (¢)
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Fig.9 Adsorption kinetics curve of phosphate by
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Tab.3 Fitting parameters of the quasi-first-order and
quasi-second-order kinetic models for the AER-La0. 2
adsorbed phosphate

HE—2R ) Jy A e 2R3 Jy

B/
K ky/ 4./ ) ky/ (g a./ )
min  (mg-g™") mg'-min™') (mg-g!)
308 0.0513 9.45 0.928 0.006 81 10.37 0.975

2.6 MPRFAT IR 2 S R 2
HTPE 10 R, Bl W AR 14 400 e o 3 K
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Tab.4 Langmuir and Freundlich simulation of

phosphate adsorption by AER-La0. 2

Langmuir Freundlich
17K o K./ K./
qmdxil L | R Un ¥ L R
(mg-g™) (L-mg™) (mg-g™)

298 17.97 0.332  0.956 0.143 9.70  0.933
308 19. 31 0.483 0.968 0.116 11.84  0.935

318 23.77 0.311  0.939 0.166 11.67  0.848

R T AR R R B B . AER-La0. 2 1)
W T IK B0 g AR SC S AT T AT 4B AR A
NESEEAE AR S T, HFRA AL, AER-La0. 2
XTWERR AR WL Y AG (A A, 16 BH 32 % B 2 i
EH R, BEE R TR, AG [EBAL, X
W ffFEAE F] . AH {EA 9. 554 kJ/mol , #F— 3 UF S
T TR AR O e R B AR v ) L B A R T
FRAR AR LAk, AS fH 0 IE LR T I B ) B
[ Y S T T e e n

RS  AER-La0. 2 XFHERRAR WL A0 34 A5

Tab.5 Thermodynamic simulation of phosphate adsorption

by AER-La0. 2
AG/(kJ-mol™") AS/ AH/
298 K 308 K 318 K (J+(mol-K)™") (kJ-mol™")
-4.545  -5.045  -5.490 47.34 9.554
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Fig.11 FT-IR spectra of aerogel,,pre-AER-Lal
adsorption and post-AER-Lal adsorption
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CdS/Nb,0, REEMAF & RIUELCELEBRARDETR

IR RIS R AR
(FEmERL RS 25 5 SEREE T AR Be VL Or il 226007)

FEE R AIKHGETI AT CdS/Nb, 05 AKRE G008, FIF X-S itk (XRD) (B 4 B8 (TEM) (ZL5M0GHE (FT-IR) |
X-HHE G TS (XPS) AL sh-n] W18 525} (UV-Vis DRS) Xl 45 1A RE B A7 R, 3 ml W% T B R N v 200
PERHIE AL TE M . 455 3R B, 45 1Y CdS/Nb,O5 GRE A A CdS FKR R4 8F Nb,O5 R IERTE, — T K
EEY AL R4 ; CdS MG IASESR T Nb,Oy AT WG ICERE, [RIB 38 & T 06 AE 200 T 10 20 B A0 24 CdS 1Y &
15%H},CdS/Nb,O, W7 60 min SEILIR NV B (1 i AR , L 33058 HIUR: CdS 19 7.5 4%, Nb, 0, 19 20 fi, 25 7R %
Bof e S 7 1 R BT PR A SR 45 SR 0 A R K I S A BRI T — S L B

KEBIA : CdS;Nb, O, 5 7 B4 ek R 2

FESHES.0643.36  XEAARIRES.A  3ELRS:0258-3283(2024)03-0049-07

DOI; 10.13822/].cnki.hxsj.2023.0751

Synthesis, Characterization,,and Photocatalytic Degradation of Ciprofloxacin Using CdS/Nb, O Heterojunction Materi-
als CHEN Ling-xia,ZHU Bei-bei, LI Bai-yu, ZHOU Jie" ( College of Pharmaceutical and Environmental Engineering, Nantong
Vocational University , Nantong 226007 , China )

Abstract : CdS/Nb, O, nanocomposites were prepared using a hydrothermal method, and the prepared materials were characterized
using X-ray diffraction (XRD) ,transmission electron microscopy ( TEM) , Fourier-transform infrared spectroscopy ( FT-IR) , X-
ray photoelectron spectroscopy ( XPS) ,and ultraviolet-visible diffuse reflectance spectroscopy (UV-Vis DRS).The photocatalytic
activity of the material was evaluated by the degradation of ciprofloxacin under visible light eradiation.The results showed that the
prepared CdS/Nb,O; nanocomposites consisted of dispersed CdS nanoparticles on the surface of Nb,O; nanocages, forming a
closely packed type Il heterojunction.The introduction of CdS enhanced the visible light absorption of Nb,Os and improved the
separation efficiency of photo-generated charge carriers. When the content of CdS was 15% ,the CdS/Nb, Oy achieved efficient deg-
radation of ciprofloxacin within 60 minutes, with a reaction rate constant 7. 5 times larger than that of CdS and 20 times larger than
that of Nb, O ,indicating that photo-generated holes were the main active species in the degradation reaction.This study provides a
new approach for the efficient treatment of antibiotic wastewater.

Key words: CdS; Nb, O, ; heterojunction ; photocatalysis ; ciprofloxacin
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Fig.1 XRD spectra of samples
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Fig.2 TEM images of CdNb
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Fig.3 FT-IR spectra of 15% CdNb
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Fig.4 XPS spectra of CdS/Nb,O;
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Fig.6 Reaction curves of photocatalytic degradation of
CIP (a) and plots of reaction rate constants for different
catalyst samples (b)
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Identification of Chemical Constituents, Optimization of Total Flavonoids Extraction Process,and Study on Antioxidant
Activity of Fructus Cinnamomi cassiae immaturi HUANG Meng™" , LIU Hong-bing"" ,YANG Zhen"" | YAN Xue-hua*""(a.Col-
lege of traditional Chinese medicine ;b.Key Laboratory of Famous Medical Formulas and Characteristic Prescriptions in Xinjiang,
Xinjiang Medical University , Urumqi 830017, China)

Abstract ; This study utilized ultrahigh performance liquid chromatography tandem mass spectrometry ( UHPLC-MS/MS) to iden-
tify the chemical components of Fructus Cinnamomi cassiae immaturi.Based on single factor experiments , response surface method-
ology was used to optimize the extraction process of total flavonoids from Fructus Cinnamomi cassiae immaturi.Based on this ex-
traction process ,the content of total flavonoids was determined.lts in vitro antioxidant activity was evaluated through DPPH method
and iron ion reduction ability method.The results showed that 135 chemical components were identified from Fructus Cinnamomi
cassiae immaturi.The optimal extraction conditions were as follows: ethanol volume fraction of 42% , solid-liquid ratio of 1:36
(g/mL) ,power of 350 W ,and extraction time of 43 minutes.Under these conditions, the total flavonoid content is 377. 90 mg/g.It
was found that S4 has the highest total flavonoid content, while S18 has the lowest total flavonoid content, and total flavonoids
showed good scavenging ability for both DPPH and Fe’*.In summary ,the compounds of Fructus Cinnamomi cassiae immaturi con-
sist of flavonoids, terpenoids, phenols , alkaloids , etc. The extraction process of total flavonoids is reasonably designed,and total fla-
vonoids of different batches of Fructus Cinnamomi cassiae immaturi have certain antioxidant effects.

Key words: Fructus Cinnamomi cassiae immaturi; ultrahigh performance liquid chromatography tandem mass spectrometry ; re-

sponse surface ;total flavonoids ; antioxidant
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B N T ELZFE A R A,
TRVEE -3 AT FHAE AR A 0 A B 6 70 45 ST
KW, E 2 A6 Y B A 20 25 3 1, bt
R PUED PR B PUE s
PRAPT T e R T AR AL AR SE I A
UHPLC-MS/MS $ AR %51 A EE - Ak 27 i r, R
FH Box-Behnken M [0 [fi 2% P15 Ak PRI A 7 55 25 T 12 L
T2 R HARSMIU RIS M, DU R FLAE B 2
AR U R B & B4 FE il

1 SEIEBSY
L1 FEEERSEG

UV-2700 B 5 51 53 5 BE AL (& HEAL AR (93
YA BRZA ) 3 KQ-500DE 8 7 4 ( B 1L i B
I EAT BN ] ) 3 IXFSTPRP-24 FURIFEEAN (I 4
HERHEABRA T ) ; YM-080S BUi#E 7 A (YT 5
A TEBRA ) ; UPLC BEH C (i FE (2.1
mmx100 mm, 1.7 wm, & [E Waters A 7)) .

T (=98% , WU 4 e ar A R A B2
A L-2-E AR NEIR ( =98% , I EAA A YR
HBRAFED) HSERER B A A = &Ik (K
T HGE b 2430 A BRA 7D ) 5 A AR . & AL
BB AU BRI (R T LIRS 4k 2
i IF A IR R s PUIR AR . = & LR (L1l
WAL TAH R ) 52, 2-B6 R R P ( |
1 22 SR AE AR R A BR A ) 5 i R 35 R
Hrati

18 #IL BT F T4, 2 314 % . S1(RGZ-
YP-220510) . S2 ( RGZ-YP-220510-1) | S3 ( RGZ-
YP-220510-2) .S4 ( RGZ-YP-220510-3) S5 ( RGZ-
YP-220510-4) .S6 ( RGZ-YP-220510-5) .S7 ( RGZ-
YP-220510-6) . S8 ( RGZ-YP-220511) . S9 ( RGZ-
YP-220511-1) . S10 ( RGZ-YP-220511-2 ) . SI1
( RGZ-YP-220511-3) | S12 ( RGZ-YP-220511-4) |
S13 ( RGZ-YP-220511-5) | S14 ( RGZ-YP-220511-
6). S15 ( RGZ-YP-220511-7) . S16 ( RGZ-YP-
230101) . S17 ( RGZ-YP-230114) . S18 ( RGZ-YP-
230215) , 2835 5 B2 Bl R 2 v B2 2 B 44 g JHE 38 4%
Y 8 SRR S A ) DRV ) T R R 52
1.2 SRk
1.2.1 UHPLC-MS/MS
1.2.1.1 A r il e

BUIE B S2 R T 25 8, o O BE AT 0F S

(60 Hz,30 s) , K52 FRHL 100 mg /) AHE TR K,
JA 500 wL $2BUR (VOHEE) :V(K)=4:1, ks
WPEH 10 pg/mL) , IATE 30 5,45 Hz 213¢ 4 min,
PKOKIEHBE 1 h;—40 CHFHE 1 h 50 15 min
(4 °C,12 000 r/min ( &0 77 13 800 ( xg) , k4%
8.6 cm) ) KM IR ZE 0. 22 pm fFLIERE
1F g E 70 pLIRA K QC FEAS  HIASE
1.2.1.2 @it S ik sait

3 4F . (3% UPLC BEH C4(2. 1 mmX
100 mm, 1.7 pwm), L 0. 1% HEZ /K (A)-0. 1% H
2 216 (B) A shARE BE ML (0~ 11 min, 15% ~
75% B; 11 ~ 12 min, 75% ~ 98% B; 12 ~ 14 min,
98% ~98% B;14~14.1 min,98% ~15% B;14.1~
16 min) ; BFEEAFCN 5 WL, Hi# N 500 wl/min,

Jik A5 WA : 135 L/ming 4 B AR
45 L/min; B IR 400 C ;4 ms M HEK .
70 000 ; ms/ms 43 . 17 500 ; fif f# G & . 7€ NCE
BT A 15730745 WS HL R . 4. 0 kV (IE#) 5%
4.0 kV(Hitk) .,

1.2.2 AT RSB T 2
1.2.2.1 R SIE R A6 &

K2 FREL 5. 30 mg 2 T XFRE AL B T 25 mL 45
T, 70% & B R OT 8 2, 19 0 Uk B Dy
0.21 mg/mL T X BE SRR
1.2.2.2  HBEKEER T %

¥ S1 5 R, o 5 S0, R PRI
0.50 ¢ PIEEF MR HEF 250 mL #EJEHRH, N A
15 mL 70% Z. %, #7 20 min, 0> 10 min(3 000
t/min) AFEWH FIEW 1 mL & F 25 mL A&
W, 70% O e S B 21 AR HHA s A
1.2.2.3 KR i il &%

S T 5 A 0 A R R 2 2 Sk [ 1,
121,159 3] 5% WA R B4, 10% fis TR 51 | 4% = E Ak
1; DPPH A7) 2 2% SCHR[ 13-15 ] W& e gl 15
#] 0.1 mmol/L DPPH; Fe £ Il i 71 2 % ik
(12,137,755 pH h 6. 6 RUBEIRZZ th iR K 1%
BREALHA I 109% = A LR 0. 1% =4k
BRI
1.2.2.4 SRR ORI R AR

MR O1.2.2.2 ik, B EAS AR R o B
(30% .40% .50% .60% .70% .80% ) KH& It (1 :
10,1:20.1:30.1:40.1:50(g/mL)) B IR
(200,250,300,350 400 W) . # 7 BFK (10,20,
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Tab.1 Response surface factors levels of total flavonoids

- K-
-1 0 1
A BRI HY % 30 40 50
BRHE L/ (g-mL™") 1:20 1:30 1:40
C AR/ W 300 350 400
D A K/ min 30 40 50
1.2.3 i
1.2.3.1 DPPH

WHESCHR [ 11,12 ] J7 %, il % 0. 004 ,0. 008
0.012.0.016.,0. 020 0. 024 mg/mlL T4 I %% Wi
By, — 3N 2. 0 mL DPPH %, iCAFE A, ,— 60
A 2.0 mL Jo/K S8, iCHE A,, 230 B 2.0 mL 76
JKZBEAT 2.0 mL DPPH ‘& F 15 mL X%, icfE
Ay FABEEFR 25, T 517 nm ARIEWOERE | 4
HAHTAT 3 IR

DPPH - #FE% = [1 - (A4, - A,)/4,] x 100%
1.2.3.2  RiAJRREN

#1145 0. 04.0. 08.0. 12.,0. 16 0. 2 mg/mL fiizt
i, ARHE SCHR [ 12,131 J5 i, F 700 nm Ak 5 W
EHE B SR 3 1K
1.2.4  ¥dukbeg

K H Oringin 2022 #{F4:18, If R H SPSS 27
AT G2

2 #R5ite
2.1 UHPLC-MS/MS

HRE % 4 , R Xcalibur TAF 35 % H (5
TS TREE AR TR R TR
DL SR AL SOk A 1) 45 5 SRS e
BT, AR AR AL A3 01 = 0. 95 1943 T X,
GOR LA 2, WA S0 135 By, Horp
BRSNS 24 A WL 18 > (B2 14 4> A
Yrog 14 4~ R RIS 14 4 SR80 T
1A APLER 9 455, R T ARIH —fh ik, Bk
o1 AR IR R RN ZR 25 (9.32% ~ 12. 01%) |
B 25 (0.15% ~ 0.62%) . By 2% (0.30% ~
0.41%) A= Wi%2 (0.28% ~0.30%) g Fk
Bg 4 F (0.22% ~ 0.27%) . A HLIE (0.03% ~
0.07%) 5 HLl A & it e AR IR Oy IR A (5. 01% ~
5.62%) KB H A 3 R E (2. 87% ~ 3. 16%) | FF
HE(1.35% ~1.69%) . & & 5. % (0.38% ~
1.49%) FE B % (0.10% ~0.34%) A e ds T MR

(0.22%~0.25%) % .
x10°
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4.5} *
. 4.0 il
5 3.5¢ \
2 30f | |
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S0 M | IJ N, ]| il
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Fig.1 TIC diagram of Fructus Cinnamomi cassiae

immaturi in positive ion (a) and negative ion (b) modes
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Tab.2 Table of chemical constituents of Fructus Cinnamomi cassiae immaturi

e /s % 251 s K+ WE/MW 8
1 18.80 Tropine A CgHisNO [M+H]* 142.12  3.35
2 19.36  Hh3% W PR [ES Gy Hy605 [M+H]* 197.12 0.69
3 20. 37 N-Methyl-N'-nitro-N-nitrosoguanidine HAth C,HsN;O4 [M+H]* 148.05 1.73
4 28.06 {ilEZE TR [igS C;H,,06 [M-H]~  191.06 0.48
5 29.01 L-fBA HofthZE CsH,NO+ [M+] 104.11  2.13
6 30.99 A=W CsH; NO,  [M+H]*  118.09 0.57
7 31.41 L-Arginine HAEmMEY  CHEN,O,  [M+H]*  175.12 0.45
8 31.96 Adenosine 3',5'-cyclic monophosphate =Yk CipHpNsOgP [M+H]*  330.06 0.79
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9  36.17 NICOTINAMIDE =W CeHgN, 0 [M+H]*  123.06 0.63
10 36.91 Benzylformate HAth CgHgO, [M+H]* 137.06 2.17
11 36.91 Phenylacetaldehyde (S CgHgO [M+H]* 121.06 2.63
12 37.27 RREAR HREBATEY  CeH;NO,  [M+H]® 13210 1.55
13 37.40 HENER FAEMITEY  CH|NO, [M+H]* 166.09 1.33
14 37.65 BETMR /S C;Hg 05 [M-H]~  169.01 1.52
15 39.92 HFET @R AR CsHgO, [M-H]- 131.03 0.37
16 41.92 CATECHOL e CeHgO, [M-H]~ 109.03 4.24
17 41.92  JFULASHR [ES C;Hg0, [M-H]~  153.02 1.95
18 42.24  L-Tryptophan H: Bk C,;H{,N,0, [M+H]* 205.10 0.23
19 52.35 2-SNIEERER feZEFAERET ¥ CH RO [M-H]~  175.06 0.01
20 52.66 2-fil SR AR CsHgO4 [M-H]- 115.04 0.04
21 53.40 3-BRHEEFER FEBEY C,HgO;5 [M-H]~  137.02 2.39
22 53.81 Methylgallate AL CsHgOs [M-H]~  183.03 1.20
23 5451 3-FIL- 2SI IR AL CeH 005 [M+H]*  113.06 4.20
24 59.94 FEHER e C;Hg0, [M-H]-  121.03 3.68
25 60.40 Benzamide HAh2E C,H,;NO [M+H]* 122.06 1.64
26 62.87 AL MenE S HAFEY  CyHN [M+H]*  156.08 1.56
27 69.05 (R)-ar-EWH M2 C5HyO0 [M+H]*  217.16 2.27
28 71.52 3-RILORHIEE [igS C,Hg0, [M+H]*  123.04 1.66
29 78.37 XERILTHAEEE [iES C;Hs0, [M-H]~  121.03 3.65
30  78.49 Indole-3-carboxaldehyde HE R CyH,NO [M+H]* 146.06 0.25
31 81.79 2,6-DIHYDROXYBENZOIC ACID e C,Hg0, [M-H]~ 153.02 0.70
32 93.75 Seifbpr gl CyHyO0p,  [M+H]*  465.10 2.05
33 94.93 FrEERR AR CeHg 04 [M-H]~  191.02 0.66
34 103.59 FEEESEAT (S Ci6Hx 09 [M-H]~  357.12 0.88
35 103.77 6,8-Diprenylorobol A Cys5HysOg [M+H]* 423.18 0.70
36 106. 13 FAIZfER ENTES CioH,p 0y [M-H]" 193.05 3.19
37 10718 A F i CysH},0, [M-H]~  303.05 0.74
38 113.35 2Bt (EIAESE T Mt E-3-0-8-D-LFLM) g CyHyO,,  [M-H]™  463.09 0.09
39 11515 iR B CisHy0, [M+H]*  303.05 0.85
40 115.66 Meperidine( pethidine) H Wh C,sH,, NO, [M+H]* 248.16 0.67
41 117.27 Kaempferol-3-O-glucoside B Cy Hy Oy [M-H]" 447.09 0.35
42 121.10 2',4'-DIHYDROXYACETOPHENONE HAb CgHg 05 [M+H]*  153.05 2.57
43 122.31 CINNAMIC ACID ENUES CyHg0, [M-H]~ 147.05 1.06
44 125.47 dihydroferulic acid KNE C,oH,0, [M-H]~  195.07 1.56
45 128.74 3(2-HYDROXYPHENYL)PROPANOIC ACID ZERIN CoH ;04 [M-H]" 165.06 2.06
46 130.51 FRWE B CisHy0; [M+H]*  303.05 0.87

(2R 3R ,4R,5R,68)-2-[ [ (2R,3S,4S,5R,6S)-6-(4-
47 132.33  ethenylphenoxy) -3,4, 5-trihydroxyoxan-2-yl ] methoxy ] - HoAth 2k CyoHyg Oy [M-H]"~ 427.16 0.84
6-methyloxane-3,4, 5-triol
48 132.85 BENZYL ACETIC ACID AR CoH,,0, [M-H]~  149.06 3.73
49 134.97 PIEERENE HNE CyHyNO [M+H]*  148.08 3.30
50 137.40 HRAEMR RNFE C14HgOy4 [M-H]~  301.00 0.83
51 138.49 (WA -3-0-a-L-B A B CypHig0yp  [M+H]*  419.10 0.59
52 141.45 HIETHFE HEGEY C H,O, [M-H]" 177.06 2.40
53 143.4  (2E,4E,6Z)-2,4,6-Decatrienoic acid dehydropiperidide MthE R HATAY  CsHy NO [M+H]* 232,17 2.17
54 143.48 Sinapaldehyde (2SS C, H,,0, [M-H]~  207.07 1.33
55 146.55 XTREIELAER E N ES CyHgO4 [M-H]~ 163.04 1.57
56 151.27 HEAEEE 3-O-BaRIH BT CyoHig0yy  [M-H]™  417.08 2.03
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57 153.79 HI#TEE HAbZE CioHyOg  [M+Na]* 371.15 0.27
s teun OOt e e G e o (w5 5
59  163.70 MR B CyHyOp  [M+H]*  433.11  0.48
60  169.95 Dihydrocoumarin KNE CyHg0, [M-H]~ 147.05 1.48
61  170.63 Cumarin KNE CoHgO, [M+H]*  147.04 0.02
62  187.76 alpha-Cyperone [ CisHyO [M+H]* 219.17 0.52
63 193.41 LEREMEHRZE A mpmE RHATAEY  CsHyNO  [M+H]* 23217 2.26
64 196.83 2-Fi3 TR AR C4HgO4 [M-H]~  101.02 5.91
65 204.44 3,3',4',5,7-pentahydroxyflavone B CisHyg04 [M-H]" 301.03 0.87
66  207.54 ;ggizﬂg :6};@23 HA- B2 HROR-15) - (1S CisHpO,  [M-H]™  263.13 1.07
67 213.84 1-PHENYLETHANOL [TIES CgH,,0 [M+H]*  123.08 2.72
68  226.97 Daidzein BT CisHy04 [M-H]~  253.05 2.75
69 232.43 4-FEFE2-T RS FEEMLE CioH,00 [M+H]*  147.08 2.29
02342 L e O A CoMWO,  [M-H)T 34506 0.03
71 234.39 2,3-Dihydroxytoluene e C;Hg0, [M+H]*  125.06 3.53
72 244.37 PEERAIHE 2 Cy7H, 04 [M+H]* 331.08 2.64
73 244.82 KR i Ci5Hy;0 [M+H]*  219.17 0.66
74 247.39 FFHE B Ci5Hyp0s [M-H]~  269.05 2.27
75 249.33 AR ENE CyHg0 [M+H]* 133.06 3.6
76 253.01 2% HBULEG P Eg RNER Cy5Hg0, [M-H]™  299.02 0.89
77 254.30 1LZsE BT Ci5Hy904 [M+H]*  287.05 1.46
78 254,64 EEER F T C,5H,004 [M-H]~  285.04 0.80
79 268.26 WML AR EES CisHy90; [M-H]~  313.04 2.30
80 277.60 AR E g C,sH,,05 [M+H]*  275.09 1.04
81 278.55 %% B Ci6H1, 06 [M+H]*  301.07 0.93
82 294.11 ARHAAELPHERE ENUES C1oH,00, [M+H]*  163.08 0.46
83 310.04 Pk [ CisHigO;  [M+H]*  247.13 1.91
84 360.40 ILMEE (mENEEE) BT Ci6H,,05 [M-H]~  283.06 0.57
85  366.01 2 (S CisHi50, [M+H]*  231.14 0.36
86  373.17 L [l Ci5Hy,0 [M+H]*  219.17 0.66
87 374.52 isoimperatorin KRNE CieH404 [M-H]" 269.08 0.03
88 390.24 THME S CypHy,0 [M+H]* 15111 1.6l
89  403.47 MiZFEfa#H gl Cy7H404 [M-H]~  313.07 2.34
90  404.38 Piperanine W CyHyNO;  [M+H]*  288.16 0.68
91 407.34 4-FHL3-THs-2-M REBARATAEY CpH0 [M+H]*  147.08 2.60
92 410.34 WIHH A= m CyH,NO;  [M+H]*  286.14 1.67
93 415.55 AMME B CigHi60; [M-H]~  343.08 0.65
94 431.59 AJEHEHIERZEB mpmE RHATAY CsHuNO o [M+H]Y 23419 0.77
95 449.76 YeRAZE B CisHyy05 [M-H]~  269.05 1.45
96  451.08 WAHEZE [ Ci5Hp 05 [M-H]"~ 283.15 1.04
97  460.43 (9Z,11E,13E,15Z)-4-%8-9,11,13  15-+ /\BRPUKER e MZeNgsr T CigHypOs [M+H]*  291.20 1.31
98  476.39 Tanshinone T LEES CisH, 05 [M+H]*  277.09 1.42
99 486.91 Octinoxate KN CpH 05 [M+H]*  291.20 1.24
100 488.87 3-HYDROXYBENZALDEHYDE 28 C;Hqs0, [M-H]~ 121.03 3.52
101 495.50 Fisetin BT CisHo04 [M-H]~  285.04 0.68
102 505.96 Evocarpine =W CyxHyuNO [M+H]*®  340.26  0.55
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103 515.30 (2E,4E)-N-(2-methylpropyl) deca-2 ,4-dienamide HoAth CuHyNO  [M+H]*  224.20 1.76
104 519.11 JEIfLE B Bl Ci5Hy 05 [M-H]~ 31512 0.77
105 525.39 HHEER H FR MEmeNg 7 CiyHy0,  [M+HCOO]™ 315.25 1.91
106 544.10 CAPSAICIN A=W CisHyNO;  [M+K]* 344.16 1.10
107 545.91 Curcumenol (LS Ci5Hx0, [M-H]~ 233.15 1.51
108 552.90 2-FFEA M S CgHg 0, [M+H]*  137.06 3.13
109 554.14 Sumaresinolic acid (S C3oHys04 [M-H]~  471.35 2.07
110 562.03 INDOLE A= )8 CgH,N [M+H]*  118.06 1.65
111 575.74 # 24 FEELEY CgHg [M+H]*  105.07 3.48
112 581.82 13-HODE FoAtn 2k CigH3 05 [M-H]~ 295.23 0.26
113 596.24 H i ERAFAN R g S CioH350, [M+H]*  331.28 0.66
114 598.61 JHERH i HAFR e CyHpO,  [M+H]*  357.30 0.35

115 603.71

(2-1 [3-(Fokela ) 2- RN HL IR | 3k | 23E)

BRMZEAE T CyuyHsoNO, P [M+H]*  496.34 0.27

=LA
116 605.40 mjiMEE: [EES CaHp 05 [M+H]*  317.21 1.36
117 605.77 Phthalic anhydride Foft CgH,04 [M+H]*  149.02 1.95
118  607.76 N EiMR AN CuHy0, [M-H]~  225.19 0.68
119 608.62 HH&AMIT [l CyuHs 05 [M+H]*  405.26 0.66
120 613.47 m-Xylene HEIUATHEY) CsHyo [M+H]*  107.09 2.42
121 621.68 Lauric acid ALK C12Hy 0, [M-H]™ 199.17 1.11
122 624.14 17B-E IR F 2 [ C30Hy604 [M-H]~  533.31 1.57
123 636.22 Cavipetin D LA T CysHygOs [M+H]*  419.28 0.86
124 649.60 JRRER H il B CyHiO4  [M+Na]* 37525 0.10
125 685.00 5-Z%A%E-10-%M e Cy3HiO,  [M-H]-  377.27 0.04
126 686.92 Cavipetin C REMAENEIT T CuHy04 [M+H]*  389.27 0.11
127 705.44 FEHEIR ; +N1R  BIE IR BERFZENR AT CiHy0, [M-H]~  255.23 1.17
128 711.64 RERM (&S CyoHyg 03 [M+H]*  457.37 1.12
129 715.96 3-0-ZEE3E-16-F3L- S5 iR [ES Cy,Hsy 05 [M-H]~  513.36  0.93
130 752.39 WEihmR REFAZNE T CisHy0, [M-H]~  279.23 0.52
131 871.88 FHHEHIC [iES CyHyy 05 [M+H]*  417.34 1.96
132 872.57 (3beta,22E,24R)-FEffi§5-4,6,8(14) ,22-04%5-3-f2 e AkigsrT  CyHypO [M+H]*  395.33 1.69
133 890.32 (Z)-8-Z4-4,6- " H-1-5E 3-F1 JL T WG REMERT T CisHy0, [M+H]*  233.15 0.92
134 91509 =L% A=y m CsHgN,05  [M-H]~  174.96 0.90
135 919.69 NICOTINIC ACID A= )8 CeHsNO, [M+H]*  124.04 0.65
2.2 E P A IERE 2.4 JEHE
FEBOSCER 11,12 ek, AR 2= L, 20401 K3

Fi UM GG B T, 7E 200 ~ 800 nm [X [H] 45 4§
A A RN BEGTHE 509 nm A BRI
Wi, R4 509 nim Ay B EE TR G % K
2.3 AHEXRFE

KPR 0.1.,1.5.2.2.5.3 mL 2 T % B 5
BRI E T 10 mL A, B0, DT
TR TR AR R, OERE P AL bR A AR N £2 (7]
5N y=12.189x-0. 019(R*=0.999 9) , H: 3%
B T B S FELE 0. 021 2~0. 063 6 mg/mlL [X.
[ RAFIZME R

B2 mL AT A CE T 10 mL A, 2
8, T 509 nm AbFELI E 6 WG, T RSD
7 0.40% (n=6) , 45RO L R I
2.4.2  fEtkism

RG22 W1 mL B SARCE T 10 mL A5
W, B, 43T 0.30.60.,90 120 min I 5
B RSD K 1. 06% , 45 K2 B S Bl 7E 2 h
e,

2.4.3 EHEMHAK
Ayl 6 4y ST SHER 254 A % 4
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W, M E WG RSD M 1.01% (n=6) , 45 W
P Y B B A
2.4.4  [EIRCRIAE:

FEEFRIL O 0y O ALV 5 & S1 -S40,
A0.6.0.6.0.6.0.8.0.8.0.8.1.0.1.0,1.0 mL
WePE N 0. 164 9 mg/mL 175 T hR e Sh il 209, 14
ME10202.2 &, D WO BE L A [l i 2R AE
95. 03% ~ 100. 40% 2 [6] , -4 Al %A 97. 16%
RSD (M 1.91%, W3 3.

R3 BEEINAR RIS,
Tab.3 Results of adding standard total recovery

experiment of total flavonoids

RS E, AR/ AR/ PR, SEXEBCE,  RSD/
mg mg mg % % %

0.1296 0.098 9 0.228 9 100.40

0.1296 0.0989 0.2281 99.60

0.1296 0.0989 0.2264 97.88

0.1296 0.1319 0.2576 97.04

0.1296 0.1319 0.2568 96.44 97.16+1.8540 1.91
0.1296 0.1319 0.2576 97.04

0.1296 0.1649 0.2863 95.03

0.1296 0.1649 0.287 1 95.51

0

L1296 0.1649 0.2871 95.51

2.5 RNRIEAR G0

2.5.1 LR BN HO P RE T S 75 2 1
e

B % £ BERFR A3 B0 B, AR v
1R R ITE-BE-TH-RE I a3, o0 BITE £ AR AR
B 40% T0% ] BRI . CRERFR SR E0CH 40%
B, AR PR AR R ) BT 2 1 A G 22 5 LA
T0% 1, BB/ B R 2R B s R 2, BEE
CTERFR O ARSI T B P A i 3, 5
BRI B 3 SV ), (A R AR
2.5.2 B X R T SR RS SR 5

B 25 00 A 48 o, b3k L A R R R
Je I B B R M E] 1:30 (g/mL)
N, B A R e s B L AR B2 N S (A5
FUSEA, FoAb A 1 L2 A s S |
i A5 S BAEAR 110
2.5.3  EHFH DX PRHE - B R TR A 2R 0 R )

W55 P T 23 R B T A 1 2 T 2 i S
Vst 2 A 2 0 A T N 58 4 | BRI AL
o T RGAE] 350 WO, AR A i R
PR A v s DL 350 WO, MR RO T8
W2 B A3 P R s (A5 A AR AR
2.5.4 R IR AR T R TR A R A 5 )

I 5 A P i (8 T 7 R S S

T AR A A, R 56 I S 5 < (18
HEPIT, I B35 40 min I | B4 BB 7% 005 25 5 24
P ARSI B R T B RS 4 4 L 2 R i
S 7 R A AR

3, Ty

36 g
g . S35
@35 @34
& 34 & 33
# 1 B 3
o4 33 B

32 30
(—
30 40 50 60 70 80

RGBS %
370} 38k d

8 - Q37 /—-/%\
a_ 36.5 J \( gr 1

@ & 36

g 36.0 g -

3ss

2 l i T 34
35.0

1:10  1:20  1:30  1:40 1:50
BB/ (g - mL)

200 250 300 350 400 10 20 30 40 50
BEYGE/W A ] /min

a. SRR EG b RRR L 5 o B 75 T3 s d . 7 A ]
B2 AN[E] PR RO B AR A
Fig.2 Effect of different factors on the content

of total flavonoids

2.6 W NS5 R ST
2.6.1 L TR SE A U4

PRV “F 5 8 R i) 07 T i T 5 4 SR L 4, B
B IBGR LA [T 8 y =37, 1140. 452 5A+
1.85B+1.34C+0.222 5D-0. 11AB+0. 277 5AC -
0.125AD - 0. 015BC + 0.897 5BD + 0.395CD -
1. 18A*-1. 81B>-1. 38C>~1. 32D?,

A BN R AR R Ah

Tab.4 Design and results of response surface experiment

of total flavonoids

o K% BT
5 - P
A B C D 1523/ %
1 30 20 350 40 31.70
2 50 20 350 40 32.17
3 30 40 350 40 35.92
4 50 40 350 40 35.95
5 40 30 300 30 32.70
6 40 30 400 30 35.32
7 40 30 300 50 32.33
8 40 30 400 50 36. 53
9 30 30 350 30 33.56
10 50 30 350 30 34.87
11 30 30 350 50 34.53
12 50 30 350 50 35.34
13 40 20 300 40 31.51
14 40 40 300 40 33.91
15 40 20 400 40 33. 88
16 40 40 400 40 36.22
17 30 30 300 40 33.19
18 50 30 300 40 34. 04
19 30 30 400 40 34.95




55 46 5 3 W WA AT AT S | SRR T 2O B I h b T PR 5 63
e IS Eéf-f@ﬁ TZERR PR A By F{H PME BN
A B c D /% SR 524 10 0.5239 2.3 0.2192 AR
20 50 30 400 40 36.91 a2z 0.9113 4 0.2278
21 40 20 350 30 32.65 %ﬁ‘ 111.36 28
22 40 40 350 30 35.58
23 40 20 350 50 31.05 380
24 40 40 350 50 37.57 5360
25 40 30 350 40 36.75 g %;%%
26 40 30 350 40 37.75 =30
27 40 30 350 40 36.55 A0
28 40 30 350 40 37.14 3
29 40 30 350 40 37.35

2.6.2 W [l R R Ty 25 43 b

PIFEF S B R 4R Ry 2 85 R W R 5, F E
17,11, RUIEARA R, %A P {H<0.000 1,
TR 8 35 BB B X, KRBT P AE N
0.219 2(P>0.05) , BRI KA IGOR 5 2 | 10 B i A
T B Ay B TR A Pl 5, AR G R %k
R*=0.944 8, & B B A A8 0] DL g B 2 BE AR B 43
BB, BANK BAYRE 4 ANRRHER
94. 48% 178 5 1 5 T B e e RAL R2,; = 0. 889 5,
FW] 88. 95% 1Y Sk B il i B 2% 14 AT FH 12 A5 AU fifg
BRI AR R FAEKOIN, 45 R O
Pl B BGOSR B CRH EE ) > C (BB 7 )
B SA(LEEEFRSED) SDOBFA BT |
2.6.3 W ARG AE HAR FH AT

W 3 s, A5 i 2k R S 1 IR 25 38 HOAH R
557, A5 v 2 AV (5] , A2 B R S 3 7 T [
BER , 4% PH 2830 AR R 2

x5 BEEEEBRN I 25
Tab.5 Variance analysis on extraction rate of

total flavonoids

FEEKWE FHEM HME o7 F1H P  WEH
FAY 105. 21 14 7.52 17.11 <0.0001 =

A 2.46 1 2.46 5.59  0.0330 =
B 41.03 1 41.03  93.40 <0.000 1 *x
C 21.68 1 21.68  49.35 <0.000 1 =
D 0.59 1 1 05941 1.35 0.2643
AB 0.048 4 1 0.0484 0.1102 0.7449
AC 0.308 0 1 0.3080 0.7011 0.4165
AD 0.062 5 1 00625 0.1423 0.7117
BC 0.000 9 1 0.0009 0.0020 0.9645
BD 3.22 1 3.22 7.33  0.0170 =
CD 0.624 1 1 0.6241 1.42 0.2531
A? 9.01 1 9.01 20.51 0.0005 =
B? 21. 16 1 21.16  48.16 <0.000 1 =*x
c? 12.42 1 12.42  28.26 0.0001 =
D? 11.24 1 11.24  25.57 0.0002 =

B2 6.15 14 0.4393

RI(DOO)
LOIRIPRILLIR
N0
oR38E358

30
20 25 30 35 300 320 340 360 380 400
C

a~f Al gljl 4514 AB AC . AD .BC .BD .CD X%}
IsS RIS AL ISR =R ]
B3 A PR3 AC T e B S A 5 i 4 W ), T ]
Fig.3 Response surface diagrams of effects of interaction

of various factors on extraction rate of total flavonoids
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Wi 2 1T 3D & R IR 3a s, B 2 AR
TR BORUBRE L B 50, S 35 TR 153 22 S 3
Je BRAR AR A BRI HE X 107 A il T {5 2 2 2
BB, 536 5 I 22008 AB 453 —3,
[E#AE & 3b 3c.3d 3e 3f ¥ 53 5 [IH T 204
AR 25 R —3K

SRR AR B A R 4230 5 A AR N
3k .31.3h.3i.3g.3j, 5% 5 BIHJ 225047 F P (%S
R—8, F N PR, S5 e S iR
2.6.4 HAEPRIUCT 28 e 5 K

R 51 05 5 2 R o o, T ], 74 300 PR A T A
P AR BT 25k 41. 039% £ FEAR R4 8 Bk
Ft 1:36.650( g/mL) | M) 3 364. 777 W
A 43. 369 min, FN{E A 38. 01%, K4 2P
B, PR B R fe AR PR I T Z 1 4 42% £ R
TR BRI 1:36(g/mL) A I3 350 W i
T 43 min, SEATIRE 3 41, R R R A
YIREEN 37. 79% , 5 FUIAEL AR $230T , 100 B i HE L
TAAEEMA T,
2.7 AS[FEHER R S B i

18 b PR A - 2 bF B A 5O 229,77 ~
404.96 mg/g, GERWFE 6,

6 ARFHLYCAEET S it

Tab.6 Content of total flavonoids in different batches of

Fructus Cinnamomi cassiae immaturi

Sk Eﬁﬁﬁﬁlﬁé/ Sk SR éf‘l%/
(mg-g™) (mg-g™)
S1 378.14+3.372 0 S10 367.24+1.877 7
S2 339.36+2.396 7 S11 356.29+3. 028 1
S3 362.84+3.8259 S12 354.28+3.995 9
S4 370. 02+0. 737 1 S13 351.63+0.482 1
S5 404.96+2.092 9 S14 373.93+2.564 4
S6 368.94+1. 663 3 S15 359.71+0.755 0
S7 372.58+1.211 3 S16 273.21+3.505 3
S8 390.25+3.417 7 S17 272.13+1.480 9
S9 374.03+2.229 0 S18 229.77+0.928 3

2.8 IO
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o o ek
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B4 REHU AT A R R AT
Fig.4 Cluster analysis of total flavonoids content in

different batches of Cinnamomum cassia seeds

& 4 B, R FH SPSS 27 H A e Ak b 31 %k
W UHERE B N 5 18 LA T2 M A
PiZk,S1~815 J—2 S16~S18 H—, ZERE
W] AR P25 60 SR B e AP AR 25 5%, P
55 bS5 SRIUR] Rk B TR R A G,
2.9 Pl
2.9.1 DPPH

e s pias, ve 5 18 #t ik 5 4F DPPH
P 2 P10 7 53 3 S 7 O A R 1 R T B, 18 ik
LS DPPH [ B SR FR 3848208 T VC BH:
XFHR ST ~S15 FE X DPPH [ i 535 4 R A1,
S16~S18 ¥ X DPPH [ i 538 B FAH T H A6
T S1~S15, VC K 18 bW H: T-#9 1C,, 53 3 M
4.69.5.87.6.43 .6.49 .6.49 6.60 8.41.6.41.
7.83.7.29 .7.42.7.23 .7.73.6.18.7.66.6.95
13.09,12.76,14.59 pg/mL, R4 IC,,,S1 Sk
X DPPH 147 B % i 75, S18 54 it %t DPPH
RS 230
100
80
60
40

201

DPPH H 3L BRR /%

0 . . . . .
0.000 0.005 0.010 0.015 0.020 0.025
WH:TF B R /(mg - mL)

B 5 MEEEEYRT DPPH [ fE MR
Fig.5 Scavenging rates of total flavonoid extracts for
DPPH free radicals

2.9.2 HETEIREET)

WE 6 fr, VC 5 18 it 2y 41 Xk 28 38 5
REJIHERBEA B R BE 3G Mg oK, B 18 bt
PR E iR IR RE T 23 T VC B XS B], ST~ S15
FF SRR B 38 IR BE T AR, S16 ~ S18 A il X 4K
B IR R RE AR HARKFS1 ~S15,

1.0r .
0-9r o oY
0.8- > s6
0.7 S8
206 T8
R si1
w02 2
0.4r g{g
o s
0.2 = a-S18

002 006 010 014 018 022
PHEF R R BE / (mg - mL)
Bl 6 S ETEREE Uk T E R

Fig.6 Total flavonoid extracts ability to reduce iron ions
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K SPSS27 A, X R A F G B
BrEALRE S AT Person SEAAEME b, & 7
AT SR B S R T SR RE J) . DPPH H iR
FLTH PR AE 7 S A G

R7T MKW

Tab.7 Correlation analysis

5iH E'Auﬂ fﬁ%%:% DPPH M e 5
o R ERE S Bk
SR 1
ROk RS 0.998 ** 1
DPPH A HEIERFE  0.917*  0.969** 1

.o« WEMISE, P<0.05; == M i E M, P<0. 01,
2.11 g

WS B AR ST [ A g e g1 e 1
SAATES R NEE T N T ) TP R B i
FEHIAEN ) AR M UHPLC-MS/MS # AR
FETEG AT T REETF R A2 i or, %50 D B R 2R
BT 24 A, R JE SRt S B R ER A 1Y S — S AT
RABFSE B E T HeAl

3 &ig
AR S8 T W 7 TRV DI A PAVRE 1 A B R

BT 25, %6 18 At A A 1 v A S B A 35 )
SE T BT R AL TR PR, e R T3 i) LTS
A DX A A 3R d AR 4 5 AR DL e A6, R 7
A DI 2 P TIPS 0 e R PR WD O T 32 £
A B AR T 5 B Y B R AR I T 208 &
BEAR R B 42% R L 1:36 (g/mL) A 3
350 W A 43 min, HUAEALSS KD AF]
FLU AR SRR B S A —E TR L RE

HIA —E R BRI . FHOCTE TR
B kR Tk JERE T . DPPH F R R
REST A W E MG, RSt — 2 Bt A A
IR TR PR T2 IR B ARl
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Guar Gum-Xylan Binder for High-Voltage LNMO Cathode of Lithium-ion Battery HU Yu-jun' ,SHEN Yang' , WEI Jian-
lun' ,DENG Yuan' ,YANG Fei-ting' ,YANG Ya-zi' ,SU Jing™'*( 1.School of Chemistry and Chemical Engineering, Guangxi Univer-
sity , Nanning 530004 , China ;2.Guangxi Colleges and Universities Key Laboratory of Applied Chemistry Technology and Resource
Development , Nanning 530004 , China)

Abstract ; Lithium nickel manganese oxide (LNMO) with spinel structure is considered to be one of the most promising cathode
materials, but the high working voltage will seriously affect the cycle life of the LNMO cathode, resulting in rapid capacity decay
and poor cycle performance during charging and discharging.In order to solve the shortcomings of the interface instability of LN-
MO, a cobalt-free cathode material for lithium-ion battery,at high voltage,a xylan-guar gum composite binder suitable for 5.0 V
high-voltage LNMO cathode was developed.The results showed that the guar gum and xylan formed an ester group via crosslink-
ing,which grafted the binder with good mechanical properties. Compared with PVDF binder, the cycle stability of LNMO with com-
posite binder has been significantly improved,which is a promising binder for the high-voltage cathode of lithium-ion battery.

Key words : guar gum ; Xylan ; LNMO; lithium-ion battery ; binder
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200 cycles at 1 C and the corresponding resistance values
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Fig.10 Scanning electron microscope images of

before and after electrode cycle
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Analysis of Exogenous Pollutants in Gastrodia elata Bl.and Ganoderma lucidum of Medicinal and Edible Homologous
Substances HUANG Xiao-lan, TAN Chun-rong , ZHU De-wen ,YI Liang-jian, ZHENG Rong ™ ( Chongqing Key Laboratory for the
Development and Utilization of Authentic Medicinal Materials in the Three Gorges Reservoir Area,Chongqging Wanzhou Food and
Drug Inspection Institute , Chongqing 404100, China)

Abstract : The exogenous pollutants in Gasirodia elata Bl.and Ganoderma lucidum were determined for security risk assessment.
The residues of sulfur dioxide were determined by acid-base titration method.Chromium, copper, arsenic, cadmium , lead , mercury
and barium were determined by microwave digestion-inductively coupled plasma mass spectrometry, and evaluated by Nemerow
comprehensive pollution index method.44 kinds of pesticide residues were determined by gas chromatography-mass spectrometry.
The sulfur dioxide detection rate of 15 baiches of Gastrodia elata B1.samples were 100% ,resulting in an excess rate of 100%.The
detection rate of 25 batches of Ganoderma lucidum samples was 12% , therefore showing no exceedance phenomenon. When Gastro-
dia elata Bl.and Ganoderma lucidum were evaluated according to the standard of Chinese medicinal materials, the qualified rate of
heavy metals was 100%.1If they were determined according to food standards, 15 baiches of Gastrodia elata Bl.exceeded Cr 11 bat-
ches, 25 batches of Ganoderma lucidum samples exceeded Pb 1 batch, As exceeded 2 batches,and Cr exceeded 14 batches.Neme-
ro comprehensive pollution index shows that Gastrodia elata B1.and Ganoderma lucidum have mild pollution rates of 73% and
40% , respectively.Chlorpyrifos , bifenthrin, and chlorothalonil were detected in Ganoderma lucidum ,all of which met the relevant
limit requirements, and no pesticides were detected in Gastrodia elata Bl.Gastrodia elata Bl.and Ganoderma lucidum both have
exogenous pollution risks, the sulfur dioxide residue,and heavy metals in Gastrodia elata Bl.exceed the standard,and the risk of
pesticides exceeding the standard exists in Ganoderma lucidum.This study can provide a reference and basis for the safety risk as-
sessment and the formulation of the limit standard of drug and food homologous substances.

Key words : Gastrodia elata Bl.;Ganoderma lucidum ;sulfur dioxide residues;heavy metals; pesticide residues; ICP-MS; GC-MS/
MS
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KW ( Gastrodia elata B1.) J& KR JE = FHEY)
AT REE BRSO P O et
B AG | BEE BIR SE R T IR T S B
BR R MRS SRR B E Y R 2 (Ganoderma
lucidum ) /A F RN ZALE R R Z 8 1) T8 58
7, BABEEOINIMEEER BT STl 1R
FREPRT AR A B A KRR
ZHZ 1 A, (FRAFE ) o K45 |
At AT AN SR A A 55 R I DA, SR 4 St 2l
T B ARG AR AR R 2 AT
7 B4 EA 2 000 AR T 307

AR BifE TR N A B AR R, AT
A PR AR R TG i | Rl B B A e i ot
UREE i R 245 T T A B e e RN TT ¢, 4% 2
FARYT RS . B, TR &
B2 W 5T 44 5 101 F, 2019 4F U X 4
Z R KRS 9 Fhrh 25 I etk = 2 B il T
PR WICE D s O A Ok R AT A
FBT AR AR S B AR BOR AT IR TED | ME AR FE 5]
BPIYEA ST, NCA LRV
(205N SN Rt Y S ol el = (4
2 5% B G Je A O  AELH A UL ZR G | A T M HE A
VEPETS R A IE o PRI, ASBF 5 B 0k d PR TT T
BHRRR R Z I Ak EeR S e
FAR 24 5% B s A7 I e AP, TF R XU DA Sy
A BR A BR B S 25 AR .

1 SEIRERSY
1.1 FEERSEH

ICAP-Q BYHLIEHE 5 45 B 1A BT 1% () TSQ9000
A = i PUARATSOAH 35 BT 5 A (52 8RR K
THIRBHL 23 7] ) ; DH4600Pro A — 48 AL i I 1 1%
(TEA QB R 22 A AR A FRA F]) 5 AB204S %Y
RV CREE T oy 2 — MR R 2 B (R )
ABRAFE]) s MARS6 B fis 1 il A (35 [ CEM 22
] ) ; SDLA-B-1101 #4484l /K AL ( 5 PR & 7l A1) B2 97
AT A B A

HY(Pb) B (As) (F(Cd) (% (Cr) K (Hg) .
i (Cu) I(Ba) PR i (W EEH 1 000 wg/mlL,
EH InorganicVentures NEID R A 25 b UE I TR
(JREWE N 100 png/mL, LTI B A RHE A R
) s O R TR (ARFR G, KEETTRHE B 1L
SRFABR AW ) s B R (FBL T MOS ¢, &R 6 /R
TR RTAE 1)) HoAR il o3 4t , K ol

B

ARSI T R PR R 2R W B T I AR
LI B2t i g, 2 KT TN & & 25 G 56
FIrbH S a8 /I 34T 25 Ul 5 S KRR Gastrodia
elata B1. W) THeH 2 R Ganoderma lucidum 1)
FHEFSAR, KRGS N TI~TI5, RE %5 H
L1~ 125, BORE ARy R ST, A B 488 T T4
e,
1.2 Sk
1.2.1  AARBRER B Rl

28 GB 5009. 34—2022 £ i 424 [ F b
B AR BRI E ) Ak MR
P, REL 10 g FES T 2RI, AR R HA
SR B T VA TR T A TR R R RN SR 22 i o 4
TEBR 5% A
1.2.2 HEEMEAFETRINE

SR /N 2 S W T IR R R B L, RIS
0.3 g FEMBIZR N 6 mL ASHR , B Gk 1 e v
fiff o 4 B T fif S 7E 38 XUBE i DL 120 °CofF
PRIER, KB 2 25 mL AT IFEAR 2
ZI5 AFFE W, AL AR S s, Y
PRidoE it

ICP-MS 4% . Th R 1.55 kW, B 48 i1 J&
—1.775 kV , JEREFE 563 40 r/min, B HI SRR
& 14 L/mm,%i’pé%ﬁiﬁlfﬁi 1. 07 rnL/min,}Téﬁé
REE 5 mm, HELERFERE3 K,
1.2.3 RGN E

SR/ NS [ RS AR B B, B2 ¢ TR
BRI A, K 15 mL 32 1 h 5, A
15.00 mL 1% [ FR- £ G %5 W HE 75 $2 B 30 min,
4000 t/min &L 5 min, JU 10 mL FWHERT
QuEChERS & ¥ fL )5 , B 5. 00 mL LI A R
LT, MA 1.00 mL ZFRZBEE S, A 20 uL
ARV (IR E-E &AW, S5 pe/mL) ,id 0.22 um
TFL BN AR IR . SR P B N AR I 1

SAFA AT LA DB-17MS (30 mx
0.25 mmx0. 25 wm) ; #EFEE R AL 270 °C, A5
PERE W . 1. 0 mL/min; FERER . 1 wL; 285 AR
(4l =99.999% ) ; FHEFET . WILR IR B 60 °C , {2
£5 1 min, A 30 °C/min FHEZE 100 C,2R)5LL 10
C/min FHEZE 160 C, Lk 2 C/min iR E
230 °C;#J5 LA 15 C/min THE & 280 °C, {44
10 min,

Tt 4% 0F 85 T U EL U 85 T U
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BN 2R AP B | R Z I SNENETS S8y b 75

300 °C ;LRI iR B . 280 °C ;R3S A< (4l
=99.999% ) ; 4 77 K. 2 R h B W I AL 5K
(SRM) ; % HER B[] ;5 min,
1.2.4 HEJRIGETAN

43 R FH R 115 Y s e Bk f N i B 25 A5
YRR X KRR AN 5 2R 4 TS Y Ol
HEATPEARY
1.3 Hufaiba

K JH Microsoft Excel 2007 %K% {2k 4b B 22 %%
P, R LA BE AR TR

2 HR51E
2.1 EAbmRER T
TRAA SR 72 P2y i T AP T
HAR A A AP, Rk SR, — 5
AR AT LI R B 1 b 24 44 2 i SR A, AN RESE =
IO EEHE AR BE iR RELR B A0 Kk, (I R
AT AR B L T R I R kA O IR R
Gt E LRI MEBUE G F |, 7 2 MR
AR R
RZ KRR A Ar SR B RIS RN 1 fr
718, 15 AHEIRIR ARG HH R s 5 1) — SR A A Ak B
T RIS b LBk B e 2
Tab.1 Results of sulfur dioxide residue determination in

Gastrodia elata Bl.and Ganoderma lucidum

(g/kg,n=3)
s BFR ZHEAGIREE || W5 A ZHELmIRE R
Tl KK 1. 49+0. 03 L6 RZ —
2 K 1. 75+0. 04 L7 RZ —
T3  KFE 2.00+0. 06 L8 RZ —
T4 KFE 1.96+0. 05 Ly RZ —
5 KFE 1. 06=0. 02 Lo R¥E¥ —
T6 KFE 1. 38+0. 02 L1l RE —
T7 KM 1. 86+0. 04 L2 R 0.011+0. 00
T8 KK 1. 19£0. 02 L13 RZ —
T9 KKk 0.95+0. 02 L4 RZE —
TI0 KKk 1.95+0. 05 L5 RE —
Ti1 KKk 1.26+0. 02 LI6 RZ —
T2 Kk 1.42+0.03 L7 R¥ —
T13 Kk 1. 52+0. 03 L18 RZ —
T14 Kk 1.55+0. 04 L19 RZ —
T15 KKk 1.33x0. 04 120 RZ —
L1 ®E — 21 RZ —
2 RE — 122 RZ —
3 RE — 23 RE —
4 RZ — 24 R¥E 0. 014+0. 00
L5 R¥ — 125 RZ 0. 013+0. 00

=" FR R TR R, T RRE,

i K3 100%, 5N 0.95~2.00 g/kg, P34
P 1,51 g/kg, 25 #ERZ UK 3 L, K R
25 10% , & 8K, 5 0.011~0.014 g/kg, M
(R 2 392020 iR R HR AR AR B 5k P
FREEATS L 0.4 g/kg FIRLE | K IRRABHR I FE
K 2~5 15 REHHEN 100% , R E I HHE, KK
MRZ HEWRZEY R, B A ',
S GB 2760—2014( £ i % 2 E ZhrifE i
TFRE AR o) 20 PR £ AR A R A PR
M EHN 0.1~0.9 g/kg, REEAN SR K
100% , R Z 5464 100%
2.2 HEJEKAFEITLRI
2.2.1 iEsEE

BICEMIH R LR K&
IR 2, 45 0 R 7E H T Uk B Y L A G R
R 0.998 8~0.999 9, F-F [FIILF N 80. 69% ~
102. 51% K& HEY/INT 3% , HE /N 10%,
R B AT G 20K TR k& e &
VR R R

2 THESIRRAFETERM R LM
NPT N EN V=R
Tab.2 Linear equation, linear range, correlation coefficient,
recovery rate , precision and repeatability of 7 kinds of

heavy metals and harmful elements

o e e W TH
. 7 w Hio
| H ,\’k
kw0 R mic (PR
m]_fl) r /9
Y=6.692 1x10° X+
pp VSO DACN 50 owa s 127 7a
4. 62010
— 3
cd YEIBOOXE S 00090 9am 0.69 625
28.26
— 2
As YELOM DA S 00995 89.05 198 345
7. 048 4xX+33.36
=9.943x10°
o VIO S 09989 10251 270 2.9
1. 321x10°
— 3
Hy [Z8TASXOAT 5 0,990 80.60 237 0
329,01
_ 4
co VEMIT IO 0 50 0,999 97.91 085 2.8
2. 34010°
Y=3.062x10° X+
Ba . 10~500 0.9988 9.3 172 2.9
4,970 10°
2.2.2 RMREHMESBELAELRSTE
Al

15 HEFIBRFN 25 HHE R ZAE 5 7 P 463w
AFILR G REAIRIAE 3, KRIFRARZHE b R
Hg ¥IARK H Ah, HoAy 6 Fhot 2 ¥R [ B2 B A9 46
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o KR Cu &, 7 3. 08~13. 62 mg/kg,
FHIE 5.79 mg/kg, Hk & Cr 2 0.56 ~ 31.31
me/ kg, FIMH 5. 07 mg/kg, J5 MK K2 Ba, As,
Pb I Cd, & & 5300 1.77.,0.31.,0. 18 Fl
0.12 mg/kg, 15 HERAERFES Y, T3 FERTP A TTR
1) B it e , e O EE 1~ 6 £, B LR I AH

EHLHY [\, [H]

M EsEEFRE, 25 A XD Ba S &G
} 6. 47~17.96 mg/kg, F-HIH N 12. 59 mg/kg, H
KH& Cu N 1.31 ~4.70 mg/kg, F ¥ {H 2.25
mg/ ke, J5 KK SE Cr Pb As fl Cd, 347 &7
4 0. 88.0.30,0.20 F1 0.06 mg/kg,25 #LRZ
Fem AR TR & 22 58BN

R3 T REEICER A FIUR TR E S

Tab.3 Content determination results of 7 kinds of metal elements and harmful elements (mg/kg,n=3)
s Cr Cu As cd Ba Pb Hg
T1 4.45+0. 13 6.25+0. 18 0.29+0. 01 0.16+0. 01 3.02+0. 09 0.27+0. 02 —
T2 6.54+0. 18 3.72+0. 13 0.25+0.02 0. 05+0. 00 0.74+0.03 0. 11+0. 01 —
T3 31.31+0. 82 13.62+0. 36 0.39+0. 02 0. 19+0. 02 2.28+0.05 0.40+0. 01 —
T4 2.84+0. 10 4.59+0. 11 0.26+0. 01 0. 10+0. 01 1.32+0. 04 0. 19+0. 02 —
TS 0. 78+0. 06 4.70+0. 12 0.24+0. 01 0.12+0.01 1.26+0. 05 0. 10+0. 01 —
T6 1. 44+0. 08 4.00+£0. 12 0.32+0.02 0. 08+0. 00 0.76+0. 03 0.07+0. 00 —
T7 0. 60+0. 04 4. 66=0. 12 0.35+0.02 0.20+0. 02 3.60+0. 10 0. 15+0. 02 —
T8 4. 84+0. 12 7.08+0. 14 0.31+0.03 0.11+0.02 1.28+0. 06 0. 19+0. 01 —
T9 0.56=0. 04 3.08+0. 08 0.27+0.02 0.03+0. 00 0.91+0. 03 0. 09+0. 00 —
T10 0.59+0. 04 3.81+0.09 0.34+0.03 0.05+0. 00 0. 81+0. 03 0. 08+0. 00 —
T11 3.89+0. 10 6.09+0. 14 0.44+0.03 0.16+0. 02 1. 88+0. 07 0.27+0. 03 —
T12 6.47+0. 12 7.77+£015 0.28+0. 04 0.16+0.03 2.88+0. 10 0.20+0. 03 —
T13 4.35+0. 14 6.29+0. 15 0.35+0.03 0. 15+0.02 2.30+0. 08 0.21+0.02 —
T14 5.11+0. 12 5.93+0. 16 0.27+0. 01 0. 16+0. 05 1. 74+0. 08 0.23+0. 02 —
T15 2.21+0.04 5.26+0. 15 0.25+0. 01 0. 14+0. 03 1. 71+0. 08 0. 18+0. 01 —
L1 5.45+0. 06 2.13+0. 06 0.59+0. 02 0.05+0. 01 17.96+0. 57 1. 10+0. 04 —
L2 0. 60+0. 03 1. 64+0. 04 0.17+0. 01 0. 06+0. 00 11.94+0. 40 0.21+0.02 —
L3 0. 08+0. 00 1. 84+0. 04 0. 06+0. 00 0.07+0. 00 7.81+0.23 0. 12+0. 01 —
L4 0.57+0. 03 1.57+0.05 0. 10+0. 00 0.03+0. 00 11.22+0. 18 0.20+0. 02 —
L5 0. 60+0. 02 1. 64+0. 04 0.17+0. 01 0.05+0. 00 13. 85+0. 15 0.38+0. 02 —
L6 1.08+0. 03 2.09+0. 05 0.28+0. 01 0. 04+0. 00 11.70+0. 23 0.46=0. 02 —
L7 2.53+0.05 4.70+0. 10 0. 84+0.02 0.05+0. 01 16. 61+0. 35 0.90=+0. 03 —
L8 0.22+0. 01 2.06=0. 07 0. 09+0. 00 0. 06+0. 01 10. 53+0. 21 0. 13+0. 01 —
L9 0.36+0. 01 2.52+0. 07 0. 10+0. 00 0.07+0. 01 14. 14+0. 20 0. 15+0. 01 —
L10 1.34+0. 04 2.31+0.03 0. 18+0. 00 0.08+0. 01 16.25+0. .28 0.31+0.02 —
L11 0.44+0.02 2.43+0.03 0.11+0.00 0.05+0. 00 12. 66+0. 16 0.16+0. 01 —
L12 0.30+0. 01 2.25+0.04 0. 08+0. 00 0. 06+0. 00 9.63+0. 17 0. 13+0. 01 —
L13 0.28+0. 01 2.29+0. 04 0.11+0. 01 0.07+0. 01 11. 55+0. 25 0. 14+0. 01 —
L14 0.47+0.02 1.31+0.02 0. 14+0. 01 0. 14+0. 01 14.77+0. 26 0.21+0.01 —
L15 1. 08+0. 03 1. 88+0. 02 0.17+0. 01 0. 06+0. 00 11.91+0. 12 0. 17+0. 01 —
L16 0. 14+0. 00 2.83+0.03 0. 09+0. 00 0.10+0. 01 14.46+0. 35 0. 12+0. 01 —
L17 0. 87+0. 01 2.26+0. 04 0. 18+0. 01 0.05+0. 00 16. 63+0. 15 0.29+0. 02 —
L18 0. 60+0. 01 2.01+0.03 0.18+0. 01 0.07+0.01 8.87+0. 19 0.25+0.01 —
L19 0.26=0. 00 2.74+0. 05 0.09+0. 00 0.09+0. 01 7.43+0. 20 0. 10+0. 01 —
120 1.17+0. 03 2.20+0.03 0.24+0.02 0. 05+0. 00 11.28+0.28 0.44+0.02 —
121 0.49+0. 01 2.92+0. 04 0.35+0.02 0. 06+0. 00 12.25+0. 32 0. 12+0. 01 —
122 0.75+0. 02 1.57+0.03 0.21+0.01 0. 04+0. 00 14.90+0. 33 0.35+0. 02 —
1.23 0.44+0. 01 1. 88+0. 02 0. 11+0. 01 0.05+0. 00 6.47+0. 15 0. 14+0. 01 —
1.24 0. 88+0. 02 2.61+0.03 0.24+0.02 0. 06+0. 00 13.48+0. 36 0.33+0. 02 —
125 0.97+0. 02 2.65+0.03 0.27+0.02 0. 04+0. 00 16.53+0. 40 0.55+0. 02 —




5 46 B4 3 BN 2R AP B | R Z I SNENETS S8y b 77

TSR KRR Z B rh 2k E 1, S R R4 RPN TR E TS AR5
4 hEZ T M ESR BE%» 1SO [EHFrbr ‘{E[m 5] Tab.4 Single factor pollution index and comprehensive
PR 5 (Pb <10 mg/kg, Cd <2 mg/kg, Hg < pollution index of heavy metals
3 mg/kg, As <4 mg/kg, Cu,Cr . Ba AEZR) & G Pi P,
B, AR v B R i A S R R S er Cu As Cd P
<<EF|EIZZJ‘-E£->>2020 ﬁimj[lg]ﬂéﬂ<%ﬂq*ﬁ¢@&ﬁiuﬁu&l\ T1 4.45 0.31 0.57 0.82 1.34 3.32
ééﬁﬁ@ﬁ?ﬂk*ﬂ?rﬁ>>uﬂ E@*Iﬁ?ﬁ%m%(l)b <5.0 T2 6.54 0.19 0.50 0.23 0.55 4.76

T3 31.31 0. 68 0.78 0.94 2.01  22.71
mg/kg, As <2.0 mg/kg, Cu<20.0 mg/kg  Hg <

0.2 mg/kg . Cd<0.3 mg/kg, & & <20.0 mg/kg,
Cr Ba AEER) BRI, BT A FE L IR 75 6 2
Ko HETHEMEMN, RIKS M GB 2762—

T4 2.84 0.23 0.51 0.50 0.94 2.13
T5 0.78 0.23 0.48 0. 60 0.50 0. 66
T6 1.44 0.20 0. 64 0.41 0.34 1.11

7 0.60 0.23 0.70 0.9 0.76  0.83
2022( Frih 95 % Grbrife B0 TS R L) T8 4.8 035 0.63 0.55 0.95 3.58
FPAR I it B A OCHESE (Ph < 0.8 mg/kg, As < T 0.5 0.15 0.55 0.13 0.44  0.47
0.5 mg/kg, Hg < 0.02 mg/kg, Cd < 0.2 mg/kg, TIO 0.5  0.19 0.68 0.26 0.42  0.57
Cr<1.0 mg/kg,Cu,Ba MEER) LB, 15 LK TI1 3.8 0.30 0.87 0.79 1.34  2.93
R Cr AR 11 4L, 8BAR R 73% , Hoh T3 & T2 647 039 0.5 0.79 1.00 476
e, M 31,31 mg/kg, BARZ 30 1%, AT R TI3 435 031 070 0.75 1.05 3.24
G, RESBARHE K& (THEI) (Pb<1.0 T4 511 030 054 0.8 117  3.79
mg/kg As<<0.5 mg/kg Hg=<0.1 mg/kg Cd<0.5 TIS 221 0.26 0.50 0.71 0.92 169
mg/kg Cr<0.5 mg/kg Cu Ba AEER) L, 25 L1 1091 011 117 010 221  7.98
HRZHS T Ph s 1AL, AR 4% ; As bR 12 L.21 008 033 011 0.42 0.91
2 Mt HEARE 8% ; Cr HBHT 14 it AR 56% . 3 017 009 012 015 025 0.21
TEEATIRGE D, /NECHL 54 1L 88 SRR P 4 115 008 0.19 007 040 0.86
ﬂfﬁ*ﬂ—(%ﬁ 40. 7%[10] ;irl':\l,}l.lﬁ 21 ﬁl:{ﬁ(%ﬁd??iﬁtlﬂ LS 1.20 0. 08 0.33 0.10 0.75 0.92
2 HEVK Cu . Cd AR FL T HLIX 72 % As 6 216 0.10 056 0.08 0.9 1.62
11— 2 2 A KU Sh L FoA T 4 J 56 2 L £ L7 507 024 167 0.11 180  3.80
60 (EL AU J G TR IC 2 H RO 2 A 8 045 0.10 0.17 012 0.27 0.35
T e ST S S YNINS S o070 e 003 0.
E R BB TR  AE  Wnimg  o B R ade e L
o X LIl 0.8 012 022 010 0.33 0.66

PHEZR, mﬂigﬁj% ‘Hﬂi%%%fﬁﬁm U AIOR LI2 061 011 015 012 026  0.47
U ELHICR A 1OCR, AR LI3  0.56 011 023 0.15 029 0.4
V&5, IS I E RO LAz B L4 094 007 098 027 042 0.7
W NURRBEAEAE ™) SRR R 2R R 259 LIS 215 0.09 0.34 012 0.33 1.58
P, A B B I DO DR A7 AE— 2 1 L6 0.27 0.14 0.18 0.19 0.24  0.24
AU, W DA LI7 174 011 036 010 0.57 1.29
2.2.3 HEREIBYIEMN LI§ 120 0.10 0.36 0.13 0.49  0.91
CEAEN MR R Z W E SR HIE LI9 0.5 0.14 0.18 0.18 0.20 0.41

P | SR SO ™ 54) 5 U] 5 R Ik 4% H 4 i PG BR 20 233 0.11 048 011 0.8 1.74
HEE N Pb<<0.8 mg/kg As<0.5 mg/kg Hg 21 098 015 071 012 023 076
<0.02 mg/kg,Cd=<0.2 mg/kg . Cr<1.0 mg/kg, 122 1.50 0.08 0.42 0.07 0.69 113
Cu<20 mg/kg; REBEH Ph<1.0 mg/kg As< 23 0.8 009 022 011 028 0.66
0.5 mg/kg Hg=<0.1 mg/kg . Cd<0.5 mg/kg . Cr= L24 L76 013 049  0.11 0.67 1.32
0.5 me/ke . Cu<20 me/ke, F1E5 2 15 4455 125 195 0.13 0.54 0.07 110 1.48

(P) MZEETGRARE(P,) AR AR 4 FIR, WRIE A LR G154 T P,) PR IE (P,
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<0.7 HLe%EY;0.7<P, <1 [GYHE, 1<P, <2
BT 2<P, <3 WIS, P >3 BE 5 YY) Al
KI5 HERRREE G 15 Y5 ECH 0. 47 ~22. 71, 1
e gy 3 A, T L L RS Y 2 i,
TG 2 b, TG YL 7 L, 15 YR 73% ;25 HERZ
LEBTSYAEEN 0. 21~7. 98, Horh 22 4 254% 9 4,
T 6 it R G YL 8 b, A TS YL 2 i, T5 YR
40% , RIRFRZ 75 951 Cr 51,

2.3 RZFREBEMIIH
2.3.1 ik

ARG P 7 e B R R R
FHOCR BTG 5 s . £46G mE B AH G
ZH(r) 4 0.995 7~1.000, fiihs I 45 5 5 oR 4%
WRZGAE YT RSCR K 79. 96% ~ 111. 83%,
RSD A 1.22% ~5. 68% , & WA T HI T ik L &R |
HERR 2 R AT A5 B AR 2558 B i 2K

®5 ARG WRICRE ] WEIES T XF B RE R (CE) (A5 R A HRE(r) |
S IS R AN AT A

Tab.5 Retention time, monitoring ion pairs , collision energy ( CE) ,regression equation, correlation coefficient (r),

average recovery and repeatability of each pesticide compound

5 GWAR Re/min SR T TN [ 7 . LI;F;’J/ R;D/
1 R 7.89 185—93(12) 109—79(6) Y=0.094 1X+0.2250 0.9999 80.26 3.71
2 I -0 14.27 88—60(6) 143>115(6) Y=0.236 8X-0.3510 0.9994 79.96 2.93
3 KW 15.52 157.9—96.9(16) 157.9—-113.9(6) Y=0.1758X-0.1920 0.9999 86.26 3.88
4 YT 16. 34 196—181. 1(8) 181.1-140(16)  Y=0.178 2X+0.0507 0.9997 94.17 4.74
5 TR E 17. 09 202—145.9(10) 3225202(10)  Y=0.1830X-0.1130 1.0000 85.91  3.19
6 Pl 17.33 121. 1-65( 10) 260—75.1(8)  Y=0.6828X-1.0170 0.9999 98.20 4.63
7 R AVAVAY 18. 12 216.9—180.9(8) 181—145(14)  ¥=0.1830X-0.3097 0.9999 87.70 5.03
8 T 19. 07 231—128.9(23) 231-174.9(12)  Y=0.257 7X-0.4182  0.9997  87.20  5.20
9 AR -S 19. 34 88—60(6) 126—65(10) Y=0.278 4X-0.4673 0.9991 81.33 2.21
10 HAENFEHR 20. 00 295—237(17) 296—265(10)  Y=0.038 1X-0.1332 0.9997 111.83 3.62
1L yNAA 21.00 216.9—180.9(8) 218.9-182.9(8) ¥=0.143 6X-0.3014 0.9999  99.04  4.85
12 AR 21.71 127—109( 12) 192—127(10)  Y=0.339 1X-2.8910 0.9972 84.93 5.14
13 IR 23.12 229-87(5) 125-79(15) Y=0.011 5X-0.0929 0.9992 105.21 5.68
14 BARAAN 23.32 218.9—182.9(8) 2169—180.9(8)  Y=0.144 4X-0.266 5 0.9999 93.84 2.35
15 S 23.24 388—332.9(17) 333-231(27)  Y=0.103 1X-0.0962 0.9999 91.00 1.79
16 WERH 25.24 262.7—192.9(32) 266—220(10)  Y=0.063 3X+0.0430 0.9999  82.99  3.61
17 8-NAAN 25.47 216.9—181(8) 181—145(14)  ¥=0.090 9X-0.3679 0.9997  81.40 2.15
18 H 25. 87 168—133(20) 266—231(30)  Y=0.1051X-0.0817 0.9974 92.32 2.51
19 BN Hi#E 27.17 263—109(12) 124.9-79(6)  ¥=0.079 9X-0.2501 0.9993  81.11 5.20
20 i 28.38 314—258(13) 314—286(8) Y=0.105 1X+0.1437 0.9999  84.22 2.32
21 Xt B 29. 56 291—109( 10) 139.1—-109(6)  ¥Y=0.059 5X-0.1751 0.9994 81.05 2.78
22 SR 29.77 366.9—213(25) 368.9—214.9(29) Y=0.0852X-0.0648 1.0000 85.26 4.12
23 fEBLHE 31.08 278—109(20) 278—245(8) Y=0.131 6X-0.187 1 1.0000  96.92  3.50
24 HILRAIEE 31. 19 199—-121(10) 199—65(34) Y=1.763 0X-0.9303 1.0000 87.65 3.91
25 KREBRBE 32.59 136—108( 13) 120—92(8) Y=0.690 5X-2.7190 0.9998  95.30 1.50
26 ot 33.37 240. 9—205.9(13) 196—160(8) Y=0.3754X+0.0315 0.9998 90.77 3.30
27 JEFA] 33.46 283—96( 10) 283—255(10) Y=0.107 6X+0.0059 0.9999 88.19 1.75
28 p,p -l 36. 08 146—176. 1(28) 317.8—248(18)  ¥=0.4750X-0.1224 1.0000 85.26 1.85
29 G 36.08 262.8—192.9(30)  262.8—190.9(30) Y=0.0319X+0.0178 0.9999 81.39 2.06
30 I 37.29 374—339(8) 337—-267(15) Y=0.003 3X-0.0192 0.9995 95.61 2.51
31 LR 37.92 154. 1—139(10) 217-202(13)  Y=0.104 7X-0.2294 0.9995 81.17 1.22
32 WA 39.13 168—109(12) 168—79(20) Y=0.1149X-0.7639 0.9985 86.81 1.72
33 o,p -l 40. 54 235—165.1(20) 237—165(24) Y=0.429 3X-5.9410 0.9977 87.29 2.15
34 o ik 40. 59 202—139(24) 283—-253(10)  ¥Y=0.083 5X-0.9397 0.9985 87.30 2.78
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35 p,p/-THiETH 41.56 235—165. 1(20)

236.8—165(20)

Y=0.973 0X+0.936 5 0.9998 86.73 4.08

36 B-Fift 41.7 240. 9—205.9(13) 207—172(13)  ¥Y=0.023 1X+0.0239 0.999 9 100.37  2.09
37  p,p'-THIES 43.8 235165.4(22) 237—165(18)  ¥=0.2939X-6.9950 0.9957 89.71 1.78
38 HRORAGTH 44. 86 181—165(25) 181—166(10)  Y=1.502 0X-0.7049 0.9999 106.03  2.16
39 ESHERER NG 45.16 271.8—236.8(10)  273.8—5238.8(10) ¥=0.090 4X-0.3502 0.9996 94.75  4.49
40 = 45.94 161—106( 13) 161—134(8) Y=0.080 3X-0.3155 0.999 8 105.22  2.36
41 HEEERR 46.35 165—89(33) 265-210(10)  Y=0.040 1X-0.0755 0.9999 84.69  2.412
42 HREHWE  46.82,47.12 208.6—181.01(10) 181.01—152.03(23) ¥=0.290 8X-0.759 1 0.9999 93.17  3.06
43 M REB 51.56 210—182(8) 362—109(13)  ¥=0.1120X-0.1824 0.9999 97.68  2.85
44 EHEHR St 7542’5224 02, 209—116(13) 181—152(22) Y=0.005 6X+0.0029 0.9999 103.51  1.98

Wir  HEEHA 30. 36 354.7—264. 8(34)

360. 8—260. 8(15)

2.3.2 KR RZHMPR G5 E B

MR R 7R 2 il v A 2 5% BE 45 2R kB
15 HERIFRFE B BIARAG ) 44 FhA 25888, 25 #ILR
ZRES T IAG AR 24 3 Bl AU FEEESEE | TE Y A
EXAR S G , Hh B ARG bk 11 i, 5 H 44%
Er i 0. 005~0. 047 mg/ kg ; FLUR [, K6 1
34, &R 0. 007 ~0. 012 mg/kg , B 4 BEAS: H
24, A4 0.025.0. 091 mg/kg, FEAH L21
[l A 3 Fh 25 5% B, & & 43 52 0,012,
0.011 F10.091 mg/kg, L10 [a] A} 46 H 25 5E 8 F1
W, &8N 0.047 0. 012 mg/kg, L14 [A] B}
REFLMR AR 4G TG , % 24 0. 006 ,0. 025 mg/kg,
ghA (P E 25 910) 2020 FR©PC 33 FhAR R A 2
B B WAHOCHILAE | A R il I AR AR 24 5% BE 2 0
FFE R [RINFZ IR GB 2763—2021 (£ fh 22 4 [
FBRE B 5 A 2 d K vk B PR ) 7 et 24
YT R e JE e < | mg/kg, A
17 <20 mg/kg, TYI 2 M B A G TE <5 mg/kg,
RIRR ZHRE i A 25 5% B i IR A 6 B Kk 4
bR

FR A E AR R B Ao i SR I A 24 ik
T OEB G, 0 T B ik AR 25, rp i 2 )
2020 Rz Xt HR 24 R 33 FRAS R AR 250647 TR
W75 46 8 MR B . AR BAE R 2 ks
AR 255 B B AR B R ISR 2 g
HEMGAR SRy — ol i B 28 MLBE AR 25 1 ARG

My E A T BB R AE TR LA L il
LN AARAHUE DB B AR B3 S AR SRR ]
TARIF A BRI EE —Fh Y

RS RE B A G, R KA /NAE R R 45 2
VE BAT BT B BB 1R AR TR A
FRAN AR

3 %ig

AT AR AR BR BE A e 4 R R AE
KRR BB 3 A o | A A A Oy T B o
B, A A R PRI KRN T T2, WA 1]
NLINAAA SR oA Wa A 7 L AS 125 i R 1 v
DA FEAT, Rl B R4 AR {gRR . T 4@ 7T, B
250 FH I v 24 8 FULE 24 B I D TR T TR
SE T HAE R £ Ja M T, AR DR G PR 2 4
S 5 [0 T B2 AR oAk AR IR
B ST RN RIE , ARFSE P R RAG S T8
AR, REK TR AR AN
DI L5575 Ye 8 B0k B, RIBRFI R 2 1 4 )R
15 YL A9k T3% 1 40% , H Y5 FR 5 e o s i
S, FERZFRE T, REZ K T # Ak 2
FRER 26U 2 A7 AR A P AR 25 B 1 I HLA B A
A8 IRURRS: , 1L AT e Kk B BR S (B , T R
Y AR 2525245 TR IAE GB 2763—2021 A E
A R RLAE

P, KR R 2R B 25 P 2R, B 2L
A 2G5 JE A R EL A 5 JE T e W B PR
TR R 2 ) B R T WA A A VL Y
ERE 2B MR, AR ANIE R T KK,
REFEMS D Em R R ELE KA E S
Ja i AR 2GR R EIR T R £ 2 28
TP 22 4P XU P A DL 2 il 5 PR A 1 2
5 AR
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ok B0 S A 0 R B 2 ok o B R AT A BT 5

RWran' AR Rk AR ERER L EZHA rER
(LFARINLZS T AE B2 - RS2 GE W RS AN 450000
2 KB T IR R B VA B S SRS T ARIN 450000)

FEEE : LI AR ) o IOkl i il a5 T AR (BC) SRR RN Fe 5 BC & 4 T B A RIF#EVERER) 2
PCPELE Y IR (Fe-BC) o ST SEM .BET FT-IR . XRD XPS Fl VSM 2% /347 T Fe-BC HYZE I IE S0 e v R i M R, I 098 T
Fe-BC MR 2Bk rh S5 LY R WISR 4T (CR) MR, 45 SRR . il & 19 Fe-BC BT RIFHIRETE, 24 CR WJEH 100
mg/L Fe-BC #4240 mg JAW pH 9 3 W FFF BT 18] 90 min S B AR ZRIEBE 25 C B, CR B9 25 BRF /3K 99. 6% ; ML 4h,
Cu™ Zn”" Mn*" 4 )& PHES T R $£5 Fe-BC X} CR MY ZBR3; Fe-BC #E4T 3 YRI5 , Fe-BC Xfak v CR A5 A K - Mz ik
PEfE, RAREE Fe-BC B RAFHING IR E M: ; 10 % 8l ) S8 15 0 ) 2B (g 406, 3R B Fe-BC XK A CR 119 W Bt
TR A2 AR B A, LR B R AS BT A WA N

RSRAR) AT 5 MR AL MR W s B 127 sh 2

FESES X522 XHERIZE. A XE4S:0258-3283(2024)03-0081-10

DOI; 10.13822/j.cnki. hxsj.2023.0601

Adsorptive Removal of Congo Red from Water by Iron-Modified Cattail Biochar ZHAO Qing-rui' , HUANG Yu-kun',
ZHANG Hong-pei'* ,GUO Jia-xin' ,WANG Cheng-yu' , WANG Xiao-dan ,ZHENG Bin-guo*"*( 1.School of Civil Engineering and
Architecture , Zhengzhou University of Aeronautics,Zhengzhou 450000, China ;2.Zhengzhou Key Laboratory of Watershed Environ-
mental Treatment,Zhengzhou 450000, China)

Abstract ; Biochar (BC) was produced through the pyrolysis of cattail ,a wetland plant,and iron-modified biochar (Fe-BC) with
strong magnetic properties was then synthesized through hydrothermal compounding of Fe and BC.The structural morphology and
magnetic properties of Fe-BC were characterized through numerous techniques such as SEM,BET, FT-IR, XRD, XPS,and VSM.Iis
potential for adsorbing and removing Congo (CR) ,a common waterborne organic dye,was evaluated.It was revealed that the Fe-
BC exhibited highly effective magnetic properties, with a CR removal rate of 99. 6% achieved at a CR concentration of 100 mg/L,
Fe-BC dosage of 40 mg, solution pH of 3,an adsorption time of 90 minutes,and an adsorption temperature of 25 °C.Notably, the
removal of CR by Fe-BC can be strengthened by Cu®*,Zn** , and Mn®* metal cations. Moreover, the Fe-BC exhibited very stable ad-
sorption performance for CR after three cycles of adsorption and desorption, demonstrating very good cyclic stability of the magnet-
ic Fe-BC.The fitting of the kinetic model to the thermodynamic model suggested that the adsorption of CR onto Fe-BC is predomi-
nantly affected by chemisorption and characterized as a spontaneous, irreversible endothermic reaction.

Key words : cattail ; congo red ; magnetic biochar; adsorption ; thermodynamic ; dynamics
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Tab.2 Kinetic parameters of adsorption of BC on CR
Co/ W— B2 W geF I
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50 29.25 0.08  0.933 24.01 0.26 0.952
75 14.55 0.05 0.876 23.82 0.42  0.996
100 17. 87 0.06 0.821 23.55 0.47  0.996

125 7.80 0.05 0.947 22.76 0.57  0.998
150 13.82 0.05 0.850 23.96 0.49  0.996
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Fig.13  Adsorption kinetic modeling of BC

t BC M B 8l 1 2= A 45 3R T 0, 24 CR
4351k 50 .75 100,125 150 me/L B, S 46 -
W BHEE 43 900 h 20. 42 .23 .22.8.22.2.23.3 mg/g,
B 2B RN E 2 FiR, £ 2 hEdE B,
PI—Zesh 12 ) FERY R 7E 0. 82 ~0. 94 Z [i], 1]
PR 12T R A S R B R® £ 0.99 D) I,
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FEU, AUl =gl 124 05 BRI T S (4 B S - 1
A o e S G O A - 1 O B BRI, PRI T
ZEAETT IR BRF AR SEOINAS 5 0L sl O R

Wit — L HRIT Fe-BC XF CR WL FFFHLIE, R
FHAU— AU — G 3l g 2 05 e S 98 P A A5 a9
BT, A LR AN 3 FNET 14 B,

F3  Fe-BC X CR WWLIIBh 1224k
Tab.3 Kinetic parameters of adsorption of Fe-BC on CR

Co B3 1% Bl 1
(mg- Q. ) Q./

- k R?
LY (mgeg) (mg-g)

50 1.45 0.04  0.600 24.19 1.16  0.999
75 18.53 0.05 0.731 35.54 0.53  0.995
100 20. 57 0.05 0.748 41.08 0.48  0.993
125 34.13 0.06 0.714 45.08 0.44  0.991
150 24.73 0.05 0.742 45.53 0.49  0.992

4
3 _a =50 mg/L
©75mg/L
2F P 4 100 mg/L
- - Q S 125 mg/L
o 1 150 mg/L
[
. Ok
0
9
= -1f
s}
-2}
-3}
—4}

0 20 40 60 80 100

t/min

4.0rb  somgL

3.5+ ® 75 mg/L
30f Siemer
2.5+ * 150 mg/L
S 20t
= 1)
1.0f
0.5
0.0

0 20 4't0/ 60 80 100

a2 b 02

B 14 Fe-BC At 5l J 24457

Fig.14 Adsorption kinetic modeling of Fe-BC

H Fe-BC W[t 3l J 7= #0545 R Al 41, 4 CR
e 2914 50 75,100,125 150 mg/L B}, P11
FRHEE 22510 24 34.9 40.2 .43.9 44.5 me/g, K
NN ESRNEK 3 s, £ 3 AR RR, —
B J12F R R® AE 0.60 ~0. 74 Z [8] i fil —
R S1F R R 7E 0.99 DL, Hok, il
G 5l 1207 R TS A BRSSP I B S
JIF AT B e 430, PR AR R R et
IS s 12 i
3.2 SEIRIZ SR ST

4l BC 5 Fe-BC 7£ 15 C WM F#7Rf iy CR
e i 5 - 17 0% [ i, PEHX Langmuir 5 Freundlich
W FREAS R A T AL, JLA 5 R AN &1 15 TR, 45 0

WESEINE 4 PR,
%4 BC Y Fe-BC Xf CR M4 ELIL MR 24
Tab.4 Parameters of isothermal adsorption modeling of

BC and Fe-BC on CR

. Langmuir Freundlich
=AY
ky, Q. R? kg 1/n R?
BC 0.41 22.8 0.738 16. 97 0. 61 0.932

Fe-BC 0.57 45.3 0.982  29.41 0.10 0. 859

24~
23t
o 22t
Y
g 21+
Syt /7 -0
L Langmuir %5 15 % FHARAY
19} - -~ FreundlichZ R % fiA6%)
0 20 40 60 80 100 120
C /(mg- L)
45tb _-
401
T 35)
B0
{3 30+
N 1 = 9
25t Langmuir 25 R AR
- - - FreundlichZ5 R W% BHA%7Y
207570 20 30 40 50 60 70
C /(mg-L7)
a.Fe-BC;b.BC

B 15 W AER L
Fig.15 Adsorption isotherm model

XFT BC, HHZE 4 AT %0, BC Xt CR A9 W JH 55 4%
4 Freundlich WA (R*=0.932) ., NIk, %%
1R W Bt AR B4 S Freundlich W AR AL BC
Xt CR B R S B2 L 22001 2 I R 2

M 4 3807 LI, Fe-BC XF CR (1) W% Fff 455
4 Langmuir W AL RS (R =0. 982) FE B W 1,
HES 5 505 (45,3 mg/g) 5 HIE - 17 W Fff
(45.96 mg/g) W T, Kk, 7T LA H7E X
ZAF T, Fe-BC X CR B W Bt 32 22 L) 537 )2 I
Bt R 32120,
3.3 WA TR

FAHIARIEIEE T Fe-BC WZFff CR By )12
Rtk X 288 298 K T W B ik A8 i AR 64T T U
4, A5 H Fe-BC WEH CR YIS 2E S50, 45 Rk
5, IS ATLIE H Fe-BC YW 44 h 1
{8, BEHIHN CR MR B &/, Ak, B
ThE7, W BRI /) | R I B R i, PR
FHEA B F Fe-BC XF CR BYWL B, Fe-BC 1Y AH
R AEAEL 7 W B Ao R Sk W B T AS IF (BT
AF A 6 114) TG P T B T, ek R o ol A AN T 3
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X OB 5 45 « A 7 T 2 0 5 R R 25 B K MR 2 5 89

®5 BC Y Fe-BCXf CR MMM IS4
Tab.5 Thermodynamic parameters of adsorption of

BC and Fe-BC on CR

v AG/ AH/ AS/
i 7K -1 -1 -1
(kJemol™) (kJemol™) (J:(mol:K)™")
288 -2.97
Fe-BC 208 _12.58 273.9 0. 961

3.4 BORLANY HUT
SR BRI 3 BB AL R A 34 BC 5 Fe-BC
W R CR A8l 2 B A 4 R sl 16,
17 iR, XM ESHILE 6.7, WTLLEH,
F 6 BCXI CR MR NS4

Tab.6 Intraparticle diffusion parameters for BC to CR

BERWE/ (mg- L") ky, R? k,, R?
50 0.274  0.999  0.698  0.678
75 1.963  0.999  0.834  0.994
100 1178  0.999  0.817  0.936
125 1.040  0.994  0.541  0.541
150 0.981  0.957  0.889  0.846

216

£ 14 = 50 mg/L

w12t : Zgom.ﬁéh
10f > S0

s s L s L L s L L

2 3 4 5 6 7 8 9 10

tl/Z

B 16  BC 90RO
Fig.16 Intra-particle diffusion model for BC

F7  Fe-BCX CR TR A HSHL
Tab.7 Intraparticle diffusion parameters of Fe-BC for CR

FEMHEE/ (mg- L") ky, R? ky, R?
50 1,769  0.749  0.109  0.682
75 4.285  0.85  1.289  0.999
100 5.441  0.890  1.794  0.995
125 6.345  0.894  2.263  0.999
150 5,517 0.967 2.168  0.911

45| S33melt

4100 mg/L .

_dop TinEn /%
0 35t
5 —
= 30
N

25t .

20}

B 17 Fe-BC M0k AP BB
Fig.17 Intra-particle diffusion model of Fe-BC

Fe-BC X CR 1M i} 2 Z81 K T BC, t[A] 42 3iE ]
HERCPEAE ) R 2Bk CR A B RO LA T R
ARE T (C#0) X R LY BT CR W B
1t PR AT e ) s 32 B LA B R

4 it

4.1 DIVRHLPE 559 B o 3 2R 8 i A i
UK IE B, D& T #EYE Fe-BC WLRH A48},
REmR AL BRK P EEA A MG ) CR,

4.2 Fe-BC WL #4 K} H & CR #I AW E W1 1R
pH SR I B X K T CROBR B 22 BRAUR A —
FEFZIA 4 CR B4R EE SN 100 mg/L Fe-BC &N
1R 40 mg W pH A 3 B E] 90 min | S
KERIREE N 25 CHF, CR B £ R Al ik 99. 6%,
H Fe-BC EAMEH 3 WJa , Mgk , Xtk
CR A B 2L BR AT AT 35 72%

4.3 Fe-BC X}/KH CR YW Bt 3= 22 DL #A 0 1 )2
A=A B R 3 W BRI R AT 0L G Bl Sy
TR N BB 25 R B, Fe-BC X CR A4 WE B
b AR R A 2% 27 3 H AP 50 BR 1 ; Fe-BC XF CR
R R 1 2 0 AT 18 TR R N, R B A AN T
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HT 7 v O AERE S /D A e (H RN BEA B 248, 5y BT ARG 0L . (IS RENE 2 B T BB 2Rl 4y G S Ak R e By
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2 FR ORI . SR SRS RS TR L T S R A, RS O iR N FE A2 4 T BB TE 1 8 S Y
KEE B, X2 R B RERSHr iEAT TR EANA, R RS T (k8 s0&E J0 BB LU 77 A AE T8 2
TR R A28 T — S BB R R | 0] (0338 20 R 1 AR 2 HE W VR A 2B e o FH 3t T 8L

KGR CIBAEBUENE ; RIS s b 2 MR T 5 ke L

FE S E S 065 XHERFRIRAD : A N E S :0258-3283(2024)03-0091-08

DOI ; 10.13822/j.cnki. hxsj.2023.0676

Applications of Chromatographic Fingerprint Clustering Analysis in Forensic Tracing LI Hao-yang ,ZHANG Wen-ji* , HAN
Qi-rui ,LUO Ying-chao ( Department of Forensic Science of Criminal Investigation Police University of China,Shenyang 110854,
China)

Abstract : The testing of chemical fingerprints in physical evidence is crucial in forensic tracing. Traditional chemical test methods
require a lot of samples,have high detection limits, and possess a small amount of detection markers. Although spectral analysis
methods consume less samples and have faster detection speed, they cannot separate each component in complex samples and are
susceptible to interference.Chromatography can separate and analyze complex components, making it suitable for chemical finger-
print testing. Chemometrics and chemical pattern recognition methods have brought about significant changes in chromatographic a-
nalysis methods ,improving the utilization of overall chromatographic data and increasing the accuracy of determining chemical fin-
gerprints. Chromatographic fingerprints provide sufficient information for clustering analysis while clustering analysis methods fully
explore the key information hidden in chromatographic fingerprints. This review article provided a brief introduction to chemical
pattern recognition and cluster analysis, systematically summarized the applications of unsupervised pattern recognition methods for
chromatographic fingerprints in court tracing, introduced some new chromatographic technologies, and additionally provided sug-
gestions for the future development and application of chromatographic fingerprints in forensic tracing.

Key words : chromatographic fingerprint ; cluster analysis ; chemometrics ; tracing analysis ; forensic science
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1% 18 2 K 7% ( Chromatographic Fingerprint )
FROMIE & A S T v 24 o o 2 o P Y b 24 98 20 IR
T P2 R R 22, AN I
ANREAF IS 25, i B — Al o3 AT o 4 o
PN AT RO 22, DR rb 25 3 A v R B2 HT T 68
TEHRLUETE AT E AR @SR SUR g S BT AS
BAPE A I — B AR Y (0 SR R | T A
P P R L 2 B Al 4R A A 2w
$F1E ( Chemical Attribution Signatures, CASs) {5 8.,
A 2p i 2 vk RE AR PR I el SR AR R |
AT IR SE R JE 1 A o (518 SURE Y
KB, g etk L B
FEG AR J5 217 328, X ik i W IR 3 1 4
MEH.

AR SCEE X R AT AL R W R T 5T Y
RHHATIEIR A B DA G R N Btk — 2 1T
il SRS 53 M e AR 1k BE R 25 AT 58 A 1) 1
LRV

1 EEKXIRANERESH

fe2# AR U] ( Chemical Pattern Recognition,
CPR) 2l AL 2= T 2 0 S il AT A 2R 5 i
FEH Y20 B 22728 e A~ 8080 LA A ) A
A BRI SEIE [G) P iE AT 0 2R U0, 2 R e ) e
FEARZ IR N FERR R L AL # R 5
B AR T 12 A0 T M A U O v R
Flenz

R 2T E RSO R B
B — Rk 45 00 th 240 e 1k B L
TR B X R BB O vk, W o O R R Kk
(Hierarchical Cluster Analysis, HCA) X/ SR8k
(Partitioning Clustering ) | % & 2 25 ¥ ( Density-
based Clustering) 5%, HCA B 55 I 2 B/ pO #
A SR /INE  HEAS B R A B/ N HR A R
I ARWTIRLET 2 H TR TR G —PK
BN UPae SR LG B SN E0) W
PN S AR B R TR) AR BL AR, LY
R BRITTIEA K-BIHEZE (K-means ) 1% K-
HH A5 (K-Medoids ) 8.7k JEF REALRAE 19 R A L
H & 2% ( Clustering Large Applications based on
Randomized Sampling, CLARANS ) %k 50120 %
J3E R 2 1 AR Al R 02 R 1) ) B2 25 AR AR 22 ] Y
AR, —A> X P BOREA B O T LE B
R A S Z AT R b, W R B R 2R

VAU T 9 P A W 7 7 2 1] 2R 2K ( Density -
Based Spatial Clustering of Applications with Noise,
DBSCAN) 535 | #5 K% )8 2R 28 1 A ( Maximum
Density Clustering Application, MDCA ) 5.3 X %
HEFF R R e 45 iy ( Ordering Points To Identify
The Clustering Structure , OPTICS) R N O]
R it 22 20 B RO A T SRS A BEAS A5 B[R] e
BERRACLRE T A a0 2, ] LA SE BN TR Y 23 B H
M, ERL 443 BT (Principal Components Analysis,
PCA ) 32 it 78 1) JC W B A 50RO k| RES A
WD I AR 2% 2R A OO o E g R 4 1 A
P 9 RER 235 B A o T LA gy, A —
7 TR

A BB 5 LA T R IR E g A
G EAHRE LA 25 70 30 T e A 1 RE A B, AR AT
AU T 2 R SEMCR AL, A B AR
I AL HE i B /) 3 H) 31 3 Mt (Partial Least
Squares Discrimination Analysis, PLS-DA) | 1F 32 fi#
B /N 3 H il 4 B ( Orthogonal Partial Least
Squares Discrimination Analysis, OPLS-DA ) | XX [1]
1E 32 i Fe /)y ek ( Two-way Orthogonal Partial
Least Squares, O2PLS) . 3 %f [ & L ( Support
Vector Machine, SVM ) | % IR At 37 AR A5 2 322 ( Soft
Independent Modeling of Class Analogies, SIMCA )
Ay ; #U%Uﬁ*ﬂ( Discrimination Analysis, DA) HHH
XF B2 AR AR AT AR P30 e AR X R
FEATEAT 43 41 (9 FE AR 5 PLS-DA J2& 40 5515 0L i A%
AT A2 R B0 4 (8] Je S 2 ik Il ) A
B ST R 2H 5 A ARSI ) 2 B A 5 AR AR AL DA S
BUREA IS 1 75 75 ; OPLS-DA 55 PLS-DA
FIE 2215 5 1 3 ( Orthogonal Signal Correlation,
0SC) FAR, 515 70 2 AL 4 TC O B A8 5+, o
5 RIRACHE BB T 5 — T4, 5
AR P 22 5 1 [ 5 AL 20 8] 22 57, R A% - FR I 21
[AIVE7E 22 59 T ; O2PLS 7E OPLS fy &R b4y
ZAL Al 2 REAE P> K080 A A 00 1 S AL )
SCHCIN A5 40 W 4 2 8 E R SR O
225 PEY BT SVM & — i 3 SR A | LA AL
BN AERFAEZS (] L SR BB e KA ZRAE IE fkE
AR ) B 1) S A2 0 8 - T, B A% A7 504 B/ IR AR
SRR L) ) 5 SIMCA 23T PCA I
BRI O I b i B — A )
3T PCA RS JEAE A b4 R HIAEA
KOG 45 PCA BB LUK S 432 1 H 17
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SRR (SR LRI T SR IS e 1 B IR AT v 17 93

A B R RN D IR W HE Ry IS
U, AFUE XTI 10 2R A 5 B PO B
G, ORI R EAN G 38 7 455 T B X
U AT AR AL ) 22 5 Wy A BRI A

A A2 7 ok i 4 ) FR 2 1 14
B G AR AR BE (9 Kcde AR OB S PR AR
Vi AT 3 (3 FRR IR SR 2 2B L )
FA SR

2 BRI RREWIE SN R A
ARICHT 2011 4E F 2022 AEAE L RERL2F iz

P22y ik 0 SCRREEAT T A, 2 BRI 2R
ST 05 T AT I EE W IR 5 B R 32 AR e
B AR PR R U | 2 R A LA
R, WETER KWL TR T A DA B AR
WESEN AR E 35 - B3 ( GC-MS) FIRAR {2
- (LC-MS) SF 2R T HOAR 25 5 AN TR 19 2R
RO HT T EES AT 3 AR R T RE R4S
R, WHE L EE R RIS AL R
AR AL BT IE S S, LIS A RO ZE 2R
FUILE 73T QRS ERER I ik B
IR TEAR S SCHR T AT (E R

T (OGRS RIS 0 B IR 1 1o A 0

Tab.1 Application of chromatographic fingerprint clustering analysis in forensic tracing

S3 T IS VIR [ES TN RETik FAbfb2itidsork %0
Pk P GCxGC-TOFMS PCA — [18]
K # BB FVG2HEE,  UPLC-Q-TOF MS, UPLC-QqQ-MS HCA — [19]
LR TN PR GC-MS, GC-FID K_;iﬁs‘ iﬁie‘ring PLS';)\?M?E ;SN'DA’ [20]
nj i USR5 LC-MS, CPP PCA HCA OPLS/02PLS, SIMCA [21]
T A TSR R 5 4t GC-FID PCA HCA — [22,23]
AR TR B ) Bk 2 GC-MS HCA — [24]
AR TR B ) ST RS GCXGC-FID PCA — [25]
RZ 7 Hb AR S0 05 A HPLC PCA HCA — [26]
IKFG Xl gy =X UPLC-QTOF PCA HCA PLS-DA,OPLS-DA [27]
o FHRBIOE L ERR D HPGFC-ELSD, PMP-HPLC-DAD, HCA .PCA PLS-DA [28]

HILIC-HPLC-ELSD

1 : GCXGC; comprehensive two-dimensional gas chromatography ; TOFMS ; time-of-flight mass spectrometry detection; FID; flame ionization

detector; CPP ; Chromatographic Purity Profile ; UPLC-QTOF MS ;ultra performance liquid chromatography-quadrupole-time-of-flight mass spectrome-

try detection; QqQ : triple quadrupole ; HPGFC :high performance gel filtration chromatography ; ELSD ; evaporative light scattering detector; PMP ; 1-

phenyl-3-methyl-5-pyrazolone ; DAD : diode array detector; HILIC ; hydrophilic interaction ,

2.1 OGE- SR LE T A IR A 5 b )

PR RERF2A U, ik 4 SR S AR i 4 it
At 5 2R I E M G . BN Y CASs ALFE BE
iEE g WramA NN NNV 7/ N 5 R 7/ eS| K
FEAR I/ il A4 5T, LA R AB BRI R R 77 45 e 5
J ., A5 R A P A B AR O, X 2 A
B Z TR AT RS A, REAE E AT B R
O3B AR 7R 4 s A T LA AR AR A LR G SR
KRR A R SRR B, S BT R B 2% T A
PAFWE G B T 00 55 B . AT id TAE
M5 AL RAE M 8 2 HT B 0 1 o3 1 7
N IR (= =X T 0 LD A w IR TR WL
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Wiz Rk, VR #E— Ll e AR R 2 4
PSS UE SR STV, 45 58 B 41 PN AR & BR FC R 25
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DK AT BT 1 AT BRI AR 5k B ) (Tgnited
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AT FHIZNE . FIHIZ 7 i BE NS HER o AG I fR 25
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GBS R 5 TR AT IR AR S T A B A O
TCRAMZ BN M A RS Z LRSI, H
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4 BIERYEERESITWERRNEENHA

L Ok HE SRR E &) IZ N T
A R R T T O O Ay
T o PR TR R DR 2R A AR AN U B
BRI HTHT 5237 R B al LA 455
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FEE R 6 Fy AR I Y 40 T 3R BRI X 42 3 5 b2 F B B A B TR - IS (ICP-MS) M As \Hg, 4= H 35K 4%
BrAC He, B T2 G AL (AFS) M As Y SE S0 45 5 i 8 He B9 2R FH 4 A 3R AT 4X, As 19I0 %E SR T AFS, Pb,
Cd Cu Cr ¥ ICP-MS HEATINAE , 1A 40 0 B4 JB e R 0 5 48 R A, I XT3 6 Fve 42 8 Jo k47 A= 25 XURE 1Al
L5 WoR, 12 #LAEFEBR Cd 4b,Pb As Cu Cr Hg BI4F5 24 AR Bl il ik il &R q Tl bm 5 Cd SEIE Dy (2. 02+0. 47)
me/ kg, ARFERE 573% , B REN 9. 143.24;Cr W E L RECH 1.310. 69, 6 F 2= Floi 1 55008 78 4 25 XU 5 4L
(ED) ST 40, A AR S KB FRE(RD) BKT 150, )R TR Y4, Cd B 49875 Yo di P 8, &1 X Cd V5 4 i) - 35A 3
KA 52 iR 38 V) R A e iy [R)

KB AN 1 AR AR R KT

hE 525 X833 XERFRIREE A XEH S :0258-3283(2024) 03-0099-06
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Determination of Heavy Metal Content in Asarum and Soil and Ecological Risk Assessment JIANG Xian-hui'* ,YU Min*?
JIAO An-ni* ,JIAO Lian-qing® ,ZHANG Feng-qging "' ( 1.College of Chemistry and Life Sciences,Changchun University of Technol-
ogy , Changchun 130012, China;2.Jilin Academy of Traditional Chinese Medicine ,Changchun 130012, China)

Abstract; Six planting areas of Asarum and soil were selected as the research subjects.Herein, Hg was measured using an auto-
matic mercury analyzer,and As was measured using an atomic fluorescence spectrometer ( AFS) ,Pb,Cd,Cu,and Cr were meas-
ured using inductively coupled plasma mass spectrometry (ICP-MS).By comparing the experimental results of As and Hg meas-
ured by ICP-MS, Hg measured by automatic mercury analyzer,and As measured by AFS,the enrichment coefficients of Asarum for
heavy metal elements were calculated ,and ecological risk assessment was conducted on six types of heavy metal elements in the
soils.Results showed that the twelve batches of Asarum all met the green industry standards for the import and export of medicinal
plants and preparations except for Cd,including Pb, As,Cu,Cr,and Hg.The measured value for Cd is (2.02+0.47) mg/kg, with
an exceeding degree of 573% and an enrichment coefficient of 9. 14+3. 24.The enrichment coefficient of Cr is 1. 31+0. 69.The po-
tential ecological risk coefficient (E’) of the soil in the six Asarum planting areas is all below 40, and the potential ecological risk
index (RI) is all below 150,indicating a slight extent of pollution.The soil pollution caused by Cd is the most severe, therefore
soil remediation and remediation for Cd pollution have become urgent issues to be addressed.

Key words : Asarum heterotropoides ;soil ;heavy metal ;enrichment coefficient ;risk assessment
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FEHLA AR S 250 v i R AT TN E SRy
Bro FRMRR SCE BRI iR 4 R T R
(0 A R b e S AT AT, R
Xt A A KU HEAT PP . AR SO A A ] 7
WA LA 6 ME SR TR &, O
FEA X ANRICR B R R T) SRR A
PPAG AN TS YR R A KR, S Al Y
IR S 4 SR 75 B T BRAR BE R AR

1 SEIEBSY
1.1 FEAER 5

7700X #Y L BGRE A 5 B A BT AY (R BEAR
B (P ED) A RRA ) s ETHOST BUR08 H ff
DM-80 %4 [ 5 5K 43 #7 4% ( Z K H| Milestone 23
Fl) ; EH35Aplus BG4 20 H #ub (rh [ 3k (A 2%
BHAF])  AFS230E B 280G BE T (b il
N F]) s Mili-Q AU 4l KA (32 [E Millipore 23 A ) 5
XT9800 43 H - (b i BUH L F A BRA R ) 5
FW100 BB REAIL (KT 28 T Re A A IRA A
ZK-82A B I A T4 (L SR A
FRAF) .

fifIR U RUIR (R Bk TAH MR A ;i
FALE AR (il oA RO IR A
F)) S EPR VS R ORI AR PR RV U R b
HEVS TR RARMETR W ( 18 5 A2 B AR A BR A
Al ) 3 8 bR Rl b g A B A W R B 5
Bi) o 156 A A gk 4t
1.2 SEETTE
1L.2.1  FRAREE

B[ R S P S e S Bl R A B R = X
BL(S1.87) UM & (S2.S8) , = i ffiy B 4 ( S3
S9) PR A (S4.510) (EIL S (S5.811) ([l FH
B (S6.S12) 6 IZHFFIHEIX ,S1~S6 F 2021 4 8
HRH,S7T~S12 T 2022 4 8 H R4, B REE
RURSE 3 0y 2 FF 5 AR B 8 - R S
SS1~SS12 5Ly S1~S12 AR FME AR PR 1
1L.2.1.1  FESATALBE

12 L2504 AT T e AL B, M0, 1 80 H i,
FREL 0.3~0.5 g(£0.000 1 g) ¥y )a (AR E T
TR TR Y, DA 3 mL fER, 76 100 °C &L H
M1 20 min, BUR S IEINA 2 mL 341
T, B ATE T SR 5 AR T A AR R AR
EATARIG TH AL B T R T 4 R R R T R
D s Al K e N 5 R T AR T R

EERR 20 A 2loK 565 2 50 mL 25 /i,
Al B2 RS, B R s
1.2.1.2  HIEFESRTALEE

FREL0.3~0.5 gCKEHHIZ 0.000 1 g) e, &
T AR T T A SR DU SR 207 N RE Y, DA 3 mLL
fiBMR 4 mL 8L %0.0. 5 mL =542 0. 2 mL &
IR, w DIRER R E R TR BB AN A
HL T AR, T 180 C M 4 h, HUH ,AHI =
T, IR BENANEMINE ,/NOEUH R U M
PIFE, BB 4R AR I, T 120 C 44T 8
PRV AT 2 2 mL BFHCT R 2 B =R, T 4K
A2 25 mL A, IV Sl K G T i
P S T 3 ~5 I VRO A BT E A TR
5], RIS IR
1.2.2  ICP-MS ill5E 444

FAE 1. 07 L/min , 4MZ/ FRRESIA 0 L/min,
SEBSTARSAAR 15,02 L/min, IS4 0.90 L/min,
SR T 610.5 kPa, SHHITI#E 1 549,287 W,
LB TR % 26. 97 MHz, %< 0. 09 mL/min, %
SRS 1.69 kPa, Z5 5 A (H) 20.6 C, %51k
T (L) 1.93 C, B4 HV 1 671.01 V, ik o
HV 1 281.96 V, & HI/KIEE 21.93 €, B HIK
RE/WC/IF 1.25 L/min,
1.2.3 2[R HTGN E 4 04

FRO.1 g(A5HZE 0.000 1 g) BESL, B T A3k
Frrp TR 300 °C, THERHE] 10 5 PUREE
850 C , At a] 180 s ; AL FIEIE 600 °C , %5 FF
IFIH] 60 s ;7R FFHREE 600 °C , AR FF I H] 30 s,
1.2.4  AFS U5 54k

7 e 290 V, 25 BT HLUE 60 mA, Ji
FALAHRE 200 C, JEFAL45 = B 8 mm, I
= 400 mL/mln,b:fAhtﬁf/ﬁ{ﬁ% 1 000 mL/min,
1.3 AieExtE 4R E AR

BERPCEAY TR TR SRS L
TCR G L, ok i WUAE Y % B 4w 1 4
TR

RN = (MR ELIR SR/
P T AR ) x 100% (n

1.4 FEEJETG YT B RE AL
1.4.1  FHFISYHEECE

BRI 15 YR BT DA TR B SO A 4
75 JR B RITEAS X 28 B 52 ), 2 i — BTG
Yeg BRIt T R GB 15618—2018¢ +-
BEIAEE T A FH M A 4T Y XURS: 4 4 bR v (i
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F5) ) WG T Y KU O e L, ad a2 (2)
AT B 15 P8 BOTF MR E LR 1,
P, = C/S, (2)
P, NIRRT YIEEGC, N E AR S A S, N
EAEJE | IR,
1L.4.2 B eI
K I3 22 25 Hakanson $2 ) I W 7 A B /G
ESG BRIV L E &R W E A SR
Ba O BN T 4w AR A IR G
FEfEE ARPEAS ) 5 4 I 19 AN [a] B 1 A0 X35 PN HE
SEETREMNESR A R+ rh &4 XA

SFRES 75 R AR TE S, BT R (3)
B BRI RARAEIL R 1,
Ej =T, x (C'/C)
RI = iEi (3)

A RIS R AT A SR IR £ NG )8 | B9
TSI REG C AR P R S INE ¢ R E R
B IS SUE TN ESR | R REG E4JE As Cd Cr.Cu,
Hg Pb FYREPER BN 10,30,2,5 40,511

R PTG YRR TR A S R
WAL RS KRR RO b ™
Tab.1 Evaluation criteria for single-factor pollution
index , potential ecological risk coefficient and potential
ecological risk index

LT 5 EaREEES | e EES

PO AR E DR ZR B AR e || KORG8 53 A o
Pisl RisH(E4)||  E<40 R RI<1S0 R

s Y i
1<P, <2 o 40<E<80 h%(150<RI<300 &
(CER L)
2<P, <3 WY |[80<E<160  #R |300<RI<600
3<P;<5  EISYE |[160<Ei<320 fRIE| RI=600 fRi®

P;>5 TG

T —" F bR A HLE

Ei=320 MR — _

2 #£R5itie
2.1 Hg Fl As JGEIME J ik L 4h
HEH ICP-MS J 4 A F5R 4353 il E S1
~S3 FEShH Hg JCE  ICP-MS K AFS 435 5E S1
~S3 1 As JEEK,
Fz2 Hg mEZ2MELR

Tab.2 Determination results of Hg element

(mg/kg)
. ICP-MS 2 AFRIHTL
=i
sl s2 s3 sl s2 3
HHE 002 004 002 003 005 0.03

£33 As mERIMELR

Tab.3 Determination results of As element

(mg/kg)
) ICP-MS AFS
FE i
S1 2 S3 S1 s2 S3
H® 0.80 0. 66 1.21 0.76 0. 65 1.19

SEER SRR W], A H B R BT A E 3 HERE
i Hg JTCZ T ICP-MS A2 45 5 T g 54
H 7R o3 BT ACHE %% P 225 (8] P33 A ' ] sk 0 o A
e X GAEFEEIR LR — 5, AFS SE As
JCEAE T ICP-MS A2 25 5, 13X 5 2 g 45> fie
SR A HIE As UK, H A 88kt )
HEAFRH] AFS, AFS [R]IN2E As F1 Hg JTCE I,
FH T 55 2 AN [] e B2 () B S04k 4, 35 4% (] s3]
EANBE L As JTCE A He JTCE MIE SR MFER,
HE I AFS UE As JTE, MSRAIN € Hg TR
SR PN R ASCIN 7 B, A5 5 70 25 A S0 T 2 e
TR T, S H AT RO e % 8 PE s , e
M7
2.2 i K E S R IT R I E 2

My TP ESETRSENLEK 45, 8N
BRI 3 W V- M8 . ARAE (25 R K
Rohz g e f il bR i) > % i 48 A BR 2 , He
<0.2 mg/kg . As<2.0 mg/kg.Cu=<20.0 mg/kg.
Cd<0.3 mg/kg.Pb <5.0 mg/kg, 45 F B /" Cd
bR, AR B IL 573% , KR E SR A
Frife

F4 MyrhESEITETE

Tab.4 Concentrations of heavy metal elements in Asarum

(mg/kg)
B, TLEREH
Y T As Cr Cu Cd Ph

S1 0.02 0.78 1230 9.29  1.05  1.43
s2 0.02 0.65 3420 833 2
S3 0.03 1.19 69.00 8.49  2.02 248
S4 0.03 0.85 39.80 7.54 2
S5 0.03 1.17 108.00 9.70  2.41  2.30
S6 0.04 1.45 56.50 9.57 1.99  3.00
s7 0.03  0.84 42.80 9.64 1
S8 0.03 0.73 36.40 843 1
9 0.03  0.98 43.30 9.05 2
SI0 0.02 0.93 5860 88 I
Sit 0.02  0.98 59.50 827 2
Ss12 0.03 1.0l 31.60 899  2.58  1.99
T 0.03 0.96  49.33  8.85 202  1.80
FRMEZE  0.01  0.22  23.97  0.66 0.47  0.57

.68 2.02
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Tab.5 Concentrations of heavy metal elements in soil

(mg/kg)

RS TR G

B Hg As Cr Cu Cd Ph
SS1 0.05 1510 52.80 13.90 0.36  24.00
SS2 0.06  8.74 39.80 11.00 0.20  19.20
S$3 0.05  9.03 3410 9.60 0.23  23.50
S$4  0.03  8.90 36.30 10.90 0.17  22.90

SS5 0.04 8.86 36.30 10.30 0.23  24.00
SS6  0.04 8.84 41.00 10.20 0.18  21.90
SS7  0.04 8.18 3560 10.70 0.33  19.60
S8 0.05 8.74 40.20 11.60 0.26  20.60
SS9 0.05 8.88 3460 10.30 0.24  19.50
SS10 0.05 8.68 40.00 11.10 0.23  21.60
SS11 0.05 8.87 37.40 10.20 0.26  21.20
SS12 0.04 8.47 43.20 11.00 0.19  26.30
SEHME 0.05 9.27 39.28 10.90 0.24  22.03
bR 0.01 .85  5.10 1.09  0.06 2.18

AHIFFE K I G + 3 pH (EAE 4. 67 ~5.23 2
[f],2% GB15618—2018( - HEFREE i it 4% F
AT G KR A P AR o (A7) ) i s e
RS i 2 {H, pH < 5.5 B, Hg<1.3 mg/kg ., As <
40 mg/kg . Cr < 150 mg/kg, Cu <50 mg/kg,Cd <
0.3 mg/kg. Pb <70 mg/kg, 1 5 It b 1, & B
SS1.SS7 H Cd JEE M V5 e AR i 6 1, ¢ BH 3
Ak BB A A0 S Pl R RE S R 4R
Cd JTEE bR, KRR E S8 & Y AR
2.3 JiIEXtELEITE EERE

MrhESJE TR N EERBILE 6, 4
X 6 oo M 4 REURIK N Cd>Cr>Cu>
Hg>As>Pb,S1~S12 Xf Cd M EE R KT 1,
X+SD N 9.14+3.24 %F Cr TR EEREE 9
HEATF 1,X+SD Ky 1.31+0. 69,

Cd TE40F bR ™, & 4R RECHE K br i
TR2574 9. 14+3. 243X KU AH-E X Cd (195 HhE
Mok, 12 it 10 it Cd &R R S
PR G E 8, (EAE 245 04 v ) 7™ i e A, 20
A BXT Cd Wi 1 B A R ) g OB bR Y 32 2R
k5 B4 g g R — 2k, SREEAETY Xt
JNER SR SRR 5 pH IS HES Cd frik
ARG At R, LI pH (E#/N, IR BT
AW Cd FaBE , AR TNEX Cd ki, 4
ST T B + 3 Y pH (B R 4. 67 ~5.23, + 3
TR , 3 1T e 2 1 B0 Cd & s AR 55—
AR A0 AR TR P v s TR 1) - 4

R6 MrEhESEITRMEERY

Tab.6 Enrichment coefficient of heavy metal elements

in Asarum
BE S HERE
AR Hg As Cr Cu cd Pb
S1 0.48 0.05 0.23 0. 67 2.90 0. 06

S2 0.36  0.07 0.8 0.76 11.92  0.08
S3 0.50 0.13 202 0.8 88  0.11
S4 0.96 0.10 1.10 0.69 12.74  0.07
S5 0.78 0.13 298 0.94 10.48  0.10
S6 0.90 0.16 1.38 0.94 11.06 0.14
S7 0.76  0.10  1.20 0.90 4.38  0.05
S8 0.58 0.08 091 073 68  0.07
S9 0.59  0.11 1.25 0.8  9.81  0.07
S1I0 0.44  0.11 1.47 0.8  7.39  0.09
SI1 0.44 0
S1I2 0.68 0
EE 0.62  0.11 .31 0.82 9.14  0.08
br#fEZ 019 0.03  0.69 0.09 3.24  0.02

U2 B G, AR SR A T 5 S ) - 4 pH
(B 2 b AN R Al 1 AR AR K 38 7T LAREATR
MrrhEEE Cd EhE,
2.4 GRS YO SRR
KBS FREOA Y TP R
TER SN, 2% GB15618—2018( &
BREPRIE ST A - S5 Gl AU 4 5 b o (ik
A AR TS YR P, R LI OT R
NP5 35 e XS B i (EL R AT LAY 4
W7, SS1.SS7 H Cd PR F15 Y485k 1<P, <
2, A D38 b L A A A A R A A Cd T
RERWOG G IR BE L,
®T7  PRETIGRIEEOEN
Tab.7 Evaluation of single-factor pollution index
+4 A I5 YR KL
EiiR7 . As Cr Cu cd Ph
SS1 0. 04 0.38 0.35 0.28 1.21 0.34
SS2 0.04 0.22 0.27 0.22 0. 66 0.27
SS3 0. 04 0.23 0.23 0.19 0.76 0.34
SS4 0.03 0.22 0.24 0.22 0.56 0.33
SS5 0.03 0.22 0.24 0.21 0.77 0.34
SS6 0.03 0.22 0.27 0.20 0. 60 0.31
SS7 0.03 0.20 0.24 0.21 1.09 0.28
SS8 0.04 0.22 0.27 0.23 0.85 0.29
SS9 0.03 0.22 0.23 0.21 0.79 0.28
SS10 0.04 0.22 0.27 0.22 0.76 0.31
SS11 0.04 0.22 0.25 0.20 0. 86 0.30
SS12 0.03 0.21 0.29 0.22 0. 64 0.38

.11 1.59 0. 81 9.82 0.07
.12 0.73 0.82 13.43 0. 08
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Tab.8 Potential risk assessment

443 T A 25 KU 2R 2K
MK Hg As & Cu  cd Pb

WL
R #

SS1 1.46 3.78 0.70 1.39 36.20 1.71 45.24

$2 173 219 0.53 1.10 19.80 1.37  26.71
S$3 159 226 0.45 0.96 22.80 1.68 29.74
S$4 104 223 0.48 1.09 16.80 1.64  23.27
$$5 115 222 0.48 1.03 23.00 1.71  29.59
$$6 133 221 0.55 1.02 18.00 1.56  24.67
$$7 118 2.05 0.47 1.07 32.70 1.40  38.87
S$8 148 219 0.54 1.16 25.50 1.47 32.33
$$9 1,39 222 0.46 1.03 23.70 1.39  30.20
S$10 1.57 2,17 0.53 111 2270 1.54  29.63
SSI1 1,50 2,22 0.50 1.02 25.90 1.51  32.65
S$$12 138 2,12 0.58 1.10 19.20 1.88  26.25
8 v E 4 R A AR A XU BRSO R
SRR UL 8, 12 HE vk - 3 h B 4 R 1y T
TEA S KRS REUILT 40, J8 T2 504 B,
12 {407 B3R RIEIE T 150, )8 TH G5 U,
W] 18 A B 20 27 T A b R A AL TR AR S X
BS54

3 i
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ME As JTE, MESS SRR 12 HEAE 250
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B S, AR E 4R & B Y AR, v] Wil
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e W RICR RO i BRIz E g Cd TR
W, EE R R 12 i AeERt Cd TR
R ERBIIRT 1,0 H4iExt Cr RN E £
ABORTF 1, FHZHIX X Cd ., Cr JTCE AT
B, 2R P ES RN EERBIIKT
40, )8 TR IR, 12 gl 11 R 4%
F 150, & FRM5 S i bn] 0L 42 46 % b £ 1€
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ik, g KRR, B
(P EFEREERERE, JE 100029)

FEE KT BE R MERR I 2 X B 2 AR BB X, K E B S TR K A1 BEAR ) AT A o, B T ik
(NaCl) ¥R A AL ER (LiCL) WK 318 BEARMEI T, SR O A5 VA 06 R e (63 28 A 58 LiCL B2, SR A B Rk
# LiCl 380, A LiCl FoK 4 i LR LiCl 2 RE 3T LiCl A B BEIR YR BE (m) o B m ARATEFE-IR S0 IR RE , A5 5]
BiBRE (D) . RIEYBLZIEATH B om A ¢ TR BK 306 BERIARHEIE , 38b, 382K A NaCl 21 B bR ) ot il £
T NaCl ¥ WOK A6 BE bR S 3T, I 11380 3 K 4305 BEAR MEAE . 7 0% 49 51 i A e 1B 23 7 A 0. 250.,0. 500,0. 762
0.797.0. 850.0. 900 F1 0. 950, EAT 1Y JRAHIE E (U, k=2) NlBiT 0.007, LIEFEARTEIR T BERIR I & bR HEEE,
HH 2& EFRUER (NBS) Gedt I A6 . %R FNK AT AR 0T T FH K 43306 B SO AR R 7K 4338 5 0y vk () SR
SR K AME BE s PR UED I 5 08 08 R SR AN ; SRR ANBf e B

FE S .0657.12 XEkERIRED : A B S .0258-3283(2024)03-0105-07
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Development of a Series of Certified Reference Materials of Water Activity ZHENG Han , WANG Hai-feng " , ZHANG Ai-rui,
LI Jia (National Institute of Metrology of China,Beijing 100029, China)

Abstract ; Accurate determination of water activity is essential for food safety.The water activity meter needs the certified reference
materials (CRMs) for water activity calibration.The CRMs of sodium chloride (NaCl) solution and lithium chloride (LiCl) solu-
tion for water activity were developed.The purity of LiCl was determined using the mass balance method and the potentiometric ti-
tration. The LiCl solution was prepared using the gravimetric method and its molarity (m) was calculated using the mass of LiCl
and water,and the purity of LiCl.m was introduced into the Debye-Hiickel equation,and then the corresponding osmotic coefficient
(¢) was calculated.The certified value of @ was calculated using ¢ and m according to physical chemistry basic theory.Further-
more ,the CRMs of NaCl solution for water activity calibration were prepared using the CRM of NaCl for purity,and then their wa-
ter activities were calculated.The certified values of seven CRMs were 0. 250,0. 500,0. 762,0. 797,0. 850,0. 900, and 0. 950, re-
spectively.The reference value of ¢ expressed in the Debye-Hiickel equation was published by the National Bureau of Standards
(NBS) of the USA after the statistics and analysis. Their uncertainty (U,k=2) was less than 0. 007.This series of CRMs can be
used in the calibration of instruments and validation of analytical methods.

Key words : water activity ;certified reference material ;osmotic coefficient ;sodium chloride ;lithium chloride ; uncertainty
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K319 B TT A3 3 5 i 3k 3 7K o A ) A
UEARHY B AR AR B E . I8 AT LK RE S RN 1
TRV T — T T A T3 I L e 3000 P 465 1T 5 R o
JF R AR Ak 5 A A 0 095 1 7 0 T E kg s AL
b, DARE il B i A8 A i S AR ARV B i 406
HES « M sg GG TR KGR, Bk
T 7K 4315 BE AR O RE S (40 0. 40~0. 98) , fi
BT HJEFERT HEE M) |

VRN A FE S I 25 g il s, F il
FIVF S 2 R D A e K Z8VRR T R R
TR EES ) 28370 kA I i B A M g,
H AT, R A2 Bl e o = AR Jak
ARG BEAX, T 32 FHF /K 4306 B ) o, de
i, Meter /A Al FF & T —Fh 3T B0 T BSOS
7 (TDLAS ) ¥ JB 1% J8 48 169 7K 43 16 B A, v LAFE
3~5 min PR E K 5316 B OF HORZ AR h
R R

K 5317 BEASUNE A FHZK 33 BE AR HED) TR A 1A%
e DR BRI . 5380, R FH L 2 UG AR 1)
IRy BEASCEE B 35 ol B S, DR O ) P A
HEL ERAYIR IR T K TG R N R E
PR )z AR AR A & o SR AT, 7K 533 FE AU
TR T RN R, T AR ST A D5 A L 2
T, #R AR R L e R B RS E (A,
WSS AR IEY T

IR FETR DN 2 R B AN RN A /K 430G
JEE 45 B S R B AR e (E = B AR
WA AR S, MHELZ T, 3R 0N R
VR PRI7K 43176 AT AR 45 4 3 A 2 B AR T B )
K 5315 B R B 1) B IR B 08 R () I BRBIOR
AR (D)) ki E (K (2) 7,

¢ = [ - 1000/(vmM) Jlna (1)
= o(1/1000)domht (2)

P JRERIITE B R p 1 mol £k Fh B LA S T FE AR
B m S 0 4P RV B (mol/kg) , B 1 g ¥4 300 45 i F0 945 R £
PIITRIGE  MJRAK 4> T Bt 18. 015 ¢/mol s a ¥ W Y 7K 43 1
BE e EHEL A% T 2.718 3,

40, m A 1.00 mol/kg FI & ALAN ( NaCl) 7K
WL, b K 0.936, /K50 1EBE R 0. 967, iR 4E = (2)
AT LA AN TR B Y NaCl 32598 59 7K 43335 1)
FrRofEfE , H B R 0. 76 ~ 1.00"% . % 4h, NaCl 4ii
FERREYI 2 5 A%, R I NaCl iAok 43 16
FERRUED BT, B R, (R BRI G (A 7K 43
TG BEAR D) OME LA K, Meter 28 Rl H24IE T P Fh
AL (LICL) AR UHE R, 7K 40146 BE 4393 4 0. 250

F10.500, SR, LiCl HA7 w5 B i IR 1 | ik {15
VW ) 25 e R RIME R T LiC1 2% 5 A o At DU
ER R SR, ENAMBEA LiCl 46 B bR ifEY) i,
I3E0 R ST N G S [R) 7 25000 5 1) LiCl i
WIBIE R B A AN, B [ Prel E SRR
FE LiCl W05 i35 2R 500K 0 16 B AR HEME . I
A1, IS0 T 35 FLRE , A v 4 S5 1) S AL IV 5 FH A
JBTT VAR, B FH 79 A 5 A ik 7 9 R 1)
BB A A, BTLL, R AR KA B Y
FrUER BT H E 2 — Pk

AR SCR P A i A T MRl LiCL SR S
Pl NaCl K 5016 BERFRUED) T, AR 4 15 15 R 50
BRUEECHE | 1155 7K 4 0 BE 0 AR A, A 55
0.250~0.950 L,

1 SKIEBSY
1.1 EZUESEG

LP6200S B3 Hr K- (43 HE% M 0. 01 g, FE[E
FEL W 2N 7)) s MXS AL A KO (4 HER N
0.001 mg) XP 205 #4347 K- (43 HF%H 0. 01
mg) (Fi HHFREE LR 20 F] ) 5899 BIRIR - 21K
FEA K AR E AN 930 BB F (kX (1C) (Hit-
T H] ) Ulea E1 BV F 48 (5 NS IRER A5
<-65 C bt Bl /R sa ARG AL I A BRA A
iCAP7000 %Y LBl 5 45 B3 1 & S 4 (1CP-
OES, EFEFEIR AT ) ;7700 HY i BAR & %5 1
M 3% A (ICP-MS, 2 [ % $E 18 /A #l ) ; SE-
MF6000 %I I 3t (K ¥ ¢ e AL #5 I A IR A
) ; Aqualab 4TEV DUO H4 /K 7 1% FEAY (26 H
Meter 2 Al ) 3622 T3 BE I SR ( 98 [ 4]
NI

LiICIGEB T, 38 [ Alfa A 7)) 3 RIR - SRt
(Coulomat AG, EEERF/RAR) ;i (JEE
0. 014 mm , JiLARUE & BUEL Tl A FRA R 5 Jo K UE
4% ( Whatman 40 5, 2 S8 0K RS KT 8 wm, JK
Oy AR 70 mg/kg, 55 T FH HL A BE ST AR A
3T ) s NaCl 26 FEARTEY) BT (GBW 06103, 41 f5
HEME R 999. 92 mg/g, ¥ BAHERE (U, k=2) K
0.08 mg/g) .29 P& JE JTCHE & bR fEY) i (GBW
(E) 082429 JCZ MK BEFRUEL K 10. 0 mg/L, F%
AWERE (U, k=2) 4 3%) KRR e R EY)
i (GBW (E) 080267, #3ifEH A 100 mg/L, U (k=
2) N 1%) F5ER4N ( Na, WO, ) IE bR HEY) B (NIM
RM3142, 4k 100 mg/L, U,(k=2) ] 2%) (th
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BT B ) |
1.2 SRR
1.2.1  bRAED)TR 4

PLZK M6 FE A 0. 500 1) LiCl i AR 40 0 1]
A& T, K LiCl JFURM 38 LP6200S Y
TR FT—A~ 500 mL BRI, A F-£
FEW, Lk S KA K 2808 T4 R BURL R
LiCl #8230 B it s £ 08 B bR it
i (153.3 ¢) ARE B MA LiCL AL, S Zm A
B LiCl it A 153. 31 g, SRJ K A w43 Ar
KB TEM, ERAARET, masmiidm
ALK, HEKP B an HARE (423.3 ¢)
SRJG— T — T HL I AK , S A R 7K ) J5T 2 R
423.36 g, #4 LiCl IS WL 5r 26 2 5 mL ZHUR
HBH 2. 1 mL, BT 220 i SR A B A e

LiCl MR 32 EIA A (N,) TR s, i)
P (3) TR EZ P LiCL A,

Wo = W X [(1=py /o) (1 =py /o) ] (3)

Ao, Wy B LiCH it , g W& N, o LiCl A9 5 Bt it

S5 gy, Ny ORI (mg/em® ) B4R T £ P4 A2 HE 1 )

P sp o JERETD Y 8 000 mg/em® 5py 0 J2 LiCl U#E
2 070 mg/cm’,

Fhiy, AR s X (4) TR E = POk B i,
Horpr ) 23 0% B MR 4l 25 S0 IR BE T B R s
HE,

Wo = W' X [(1=p/Preig)/ (1 =pu/oup) ] (4)
Srp Wy SRS K T, g5 W28 bk 6 I 4
B eip RS RHEE , mg/em® w0 /K IR, 1 000 mg/cm’

Fie BRI ARUAY Ty 32 , e i) G At 7K 3 355 B A o
i, Pl NaCl ¥R HE) o Z i, 78 500 C T T
6 h, 78R AT BRI K 43 o
1.2.2  LiCl 4 E {E R ms

FRAE o A 4 8 ATl AR E (YS/T 744—
2010) " 4l LiCl @ H & A U F &0, & @&
(A (Na) BE(Mg) B (K) .55 (Ca) Bk (Fe)
BU(Ba) A4 (Cu) ) BB F (BiRER (SO ) ) A
VPSR I L TR A BRR O R e
LiCl (A2l ; o 57 T R 76 AN P i3, FL 2 %
RE TR FH LT 2 TR0 8 LiCl H 808 1 1Y ot &= 4
BOARERYE Lit 5l pyfbsit st (1:1) 3115
LiCl RYZEEE (18 1), Jous P vt BT A 2% o i A7
PUFIE R @t A 1 g/g(1 000 mg/g) s F= 4=
JRR e, A3 LiCL el (| ), Bda,

X PR T v 1) 45 S ) S YEAE S LiCl B9 46 3 Y

F45
yiz: 30
B(LiY) - E(C) A
X = Cia
T Csolule, q
L eEmETM)  BIEFO |
i Hi(Na®) B
Be(Mg™) (803)
B(K*) )
B(Ca®) HRR T2 5
#l(Ba?) (WO}) S S
H X p=1000-X, —
E XX'_XInsaluble_XH 0
I A% (Insoluble) | ?
[ K(H,0) |

.....................................................................

B 1 LiCl &5 (R g

Fig.1 Strategy of certification of purity of LiCl
1.2.3  LiCl K43 sg

KHARIR - S ARE SR E LiCl H By 7K 43,
W ECTEAK AN T R IA T B4, TETFE
FEPIFRELZY 0. 40 g LiCl B 5, SR )5 T K 4330
FE MY H -, EARERE . AR A AR
fiff H B TR S K A
1.2.4  LiCl &8 240 & 2 i

FE A 29 Fha @ oo R AR EY BT (GBW (E)
082429) Fii e , M i ICP-MS F1 ICP-OES, #A J& Hix
P A AL BE 1. 00 g/L By LiCl 159, &
R Na K . Ca Ba Fll Mg BYUEE , HETMTHHE LiCl
# Na K .Ca Ba fll Mg )& &,
1.2.5  LiCl BB T4 Ay

KB T %I LiCl BB T2 R &,
LiCl % W 09 e B2 29 4 200 mg/L, H Metrosep A
Supp 5 BUEEA BB, #EREREN 200 pL,
1.2.6  LiCl NEYHIE

PRI 3%x2%2 em SRR, 48
SEHHATE S 3P L 500 CHNdA 12 h, 2440 i
FETFFES] 200 C B, IR B AR, Y
HHRVe J 3 3R FRE, BJS B 5 g LiCl i
FE 100 g 58 Tk i, LiCl 068 i 6K 38 48 it
U8, JEACH 100 mL X B F K PR, R YR
TR, BRIE CRIRAT B AL R AR KOS R
Wi, Bt am et AR ars
gLl 500 CHIF 2 h, 7EPIR FREE] 200 °C
5 RSB AT 15 min 5, 5 A H R RS
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WIFPRE . XP2s B4 T R AR YRR DT AR
FRTASH IR NS (R ACR A B BT i . LiCl RS
PP i (5) 1A,
Xt = [Wa = Wy = (W, = W) /W, (5)
X N LICH PR E YIRS i, o/g; W, 2 LiCL £
ER TR, g W, SRS HAR IR TR, g W, RS AE HRT
HER A IR AT 7 B B BT &, g5 Wy SR AR A DU IR 40 9 HH R G
JEiE, g Wy JEIRAUK S \LiCI AN B RAR FE A 0 B & g
1.2.7  HALEEENE LiCl 265
K H NaCl ZEEEFRYI (GBW 06103) , i F &
il & 7 NaCl 5 fE % W, SR 5 HI 6 B2 R
(AgNO,) G 2 , N AgNO, 35T 1) BE 7R
WeRs ., SRIGH AgNO, 1 IR X8 ¥ i ot & 70 B2
7 4.35 mg/g M LiCl W, EFE & 298 10 mL,
MRPEZ(6) TR P LiCl A9 5 4350, AR 5 5
(7) IR A Sl
Criar = (Cagnoy Vo, Miict)/ Mijc ag (6)
Xppr = Cricr/ Csotue.ng (7)
A, Cpo R LCL T LiCL I BT 24, o/ 5 C o, 12
AGNO TR FE SRR, mol/ L Vg, 1 HE AgNO5 W11 14
BUL Mo 8 LiCl 94> F i i, 42. 93 g/mol; W, J& LiCl TR 1)
BTkt g3 Xp pyoaitd izt o L 2 VA DI A2 1 LiCl BYZEEE , &/ 25 Copiure g
2 LiC1 IR 0T 1 ST i A B B B, 2/ g

EREYBUEIEY) . YR 3 min I A 928
et /T 0,001 B, T SR A ., DN o B[R] 58 5 Ry
7~8 min, KA LiCl, Sk #E  NaCl FljR
FEBR BT RS VR A TR HE , B AT K A 1% BE bR 1
{43524 0. 113.,0. 328 0. 753 #i1 0. 809,

2 #ER5iHE
2.1 NaCl /K537 BEAREY) 5
2% 1.2.1 ik il & 07k, il T 5 FoR
[ B 1) NaCl Y3 907K 4316 BEARHEY 0T, B il Ay S
WER AT AL R TE R 1, DLHARE N 0. 762
(7K 23 3 BE AR 9 ok ], 25 S NaCl i Jo o ok
154.34 ¢, PR, 25 BB N 17.3 C 1B E
M 13.1% rh, KRSEH 102. 39 kPa, 31515 323
SURE R 1,228 kg/m™ M B (3) WS AR
FIHATIEIE , NaCl 25 Th BT R 154.40 g, 2K
I, 25 K i A 443,29 o, i B IE
J& , H2S ROK I Bk 443. 77 o5 B RNSELAN I 21
JE4999. 92 mg/g, #i I =(8) A BIHE W P
NaCl Y51 5 BE R W EE (m) 24 5. 953 mol/kg.
m = (Wo e/ Xe xact)/ (Myua Wo0) (8)
P, m & NaCl 5 i BE IR W, mol/kgs Wy yyq 2 HLZ

1.2.8 K536 FE RN NaCl BB, g5 Xy o 2 NaCl BOZEIE | o/ s My, & NaCl B4 F
(R A Ve Ba i AL RAR K OB BE ORI i/ mol s Wy o P75 K O .
R KINE BEARUEY) ST E ) il A3 4G
Tab.1 Data of preparation and calculated results of CRM of water activity

R VR, No/ 2R R KPR, AR KB R ORI RN (?}ﬁi 7J<67\

g (kg-m™)  BIEfH/g g (kg-m™3) MBIE(H/g % (grg™")  (mol-kg™)  HRE
LiCl  222.64 1. 175 222.73  389.17 1.239 389.59 99.954  0.363 58 13.48 2.851 0.250
LiCl  153.31 1. 175 153.37  423.36 1.239 423.82 99.954  0.265 60 8.533 2.251 0.500
NaCl 154.34 1.228 154.40  443.29 1.228 443.77 99.992  0.258 11 5.953 1.267 0.762
NaCl 135.05 1.228 135.11  443.32 1.228 443. 80 99.992  0.233 36 5.209 1.208 0.797
NaCl  108. 50 1.228 108.54  460. 46 1.228 460. 96 99.992  0.190 58 4.029 1.118 0.850
NaCl 78. 10 1.226 78.13  472.68 1.226 473.19 99.992  0.141 71 2.825 1.034 0.900
NaCl 42.58 1.215 42.60  489.67 1.215 490. 19 99.992  0.079 95 1. 487 0.957 0.950

¥ m(5.953 mol/kg) FABE REHIL G T7
PR (FEFEARTOR T RE, B (9) ) it 13 3%k
JET NaCl ISR 2 % REL (b)), N 1,267, #F
NaCl WA m b FUKHY 73 T4 (M, ) FAA S
(2) B HAKIEE (a) , 4550 0.762(£ 1),
$ =1-230585
(1+B* V/m) —4.605 17log(1 +
B* Ym) - 1/(1 +B* Ym) }

- 1/2Bm - 2/3Cm? - 3/4Dm* - 4/5Em* -

5/6Fm® — 6/7Gm®

A, A.B* B.C.D.E.F Fl G /331K 0.510 8,1.449 5,

0. 020 442 .5.792 7x107> ~2. 886 0x10™* 0.0 A1 0[] |

[A/((B” )3m)]{
(9)

FARNEY 4= IR B R T ool i T A 4 A
NaCl ¥R AR 1) ot , HoK 4335 BE 5351 2 0.797
0. 850.0.900 F10.950( £ 2)

ANHRLFNER VR K 53375 bR HE ) o 1Y RE A
TBIEREB () MbRERSE, BT ¢ 7T
DA ph FL gt 4 b sh A s R U S e
SI A, HLAR SO TR & A mT DU Z8 R 5
B, PRI RT W05 28 R Y ST B 36 [ A 7 R
( National Bureau of Standards, NBS) HJ Hamer
ST RSE T 1919 4R R 1972 AR B R 98
AT PN ) 75125 D00 7 1) Y i e SO U )8 1 R
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B SR 25 B2 T LIFEFE R R R R
TN & AR HERCHE (B (9) ) o B X 43 i Ha fif
T, 5 A FE AR Tl 2R A 2 £ A1 B LA,
A ¢ bR 22", Fln, NaCl /) ¢ B4R
WEMZEA N 6. 4x 107, i HA 22 58 S2 56 28 A 5009 =5
FE—FGLICL Y & AR HER2E 0 0. 010 7, Ui £
FLWEE G — 2 B AR S
i, 2 E T ] oy 161 ) e 52 3 B2 5 F AR
BN KA, I B AR v B oA 22 PR
FAZARERE Jy 7K o3 136 BE AR ) T A, BB A% 1l
PR R e (A DR 22 F RN 7 4 ST PR, 55K
MR,

KK 35 FE AR 5 NaCl ¥ W ) Jo 4 156 4
ISR &5 5 3% B b o ) Ak 3k ) A 38 4
fL00 L R SR FH K 3 16 B AR B8 NaCl ¥ W 90 i
i3 W 1) K I B e M R e I AR e b SRR
W1,5 B NaCl ¥ W b o 9 Jo fi 18 0 1) £ A 2 A
M

F R 1SO T 0 35 P RLE , PERE bR UED BN
ERAEERE, #X(8) AKX (2) 158K
FERHR AR (N (10) ), PUAE Rt i (i 1 $L
SRR PERE B (A R AT ETE (uge) o

a = e “PVo,LicMi,0"p) Vo u,0MLic) (10)

VB R — RS , IREARYE A5
FE AL A, R O 226 N 7 1T AR )
U o BFEARTLR AR FRIY & BF5 M
AN R B, P AR A B, 0 432 0 o 5 T 1)
AN B AZRIR R IR AR TR XK A6 B A
B2 BE BTRRASAE L 0. 002 53 55— 3B/ 2 2 58 52 1
% KR 1Y o3 HOE, H AR E B 00 B o A 22
N, X K G B N B E B BT RR 29 0..000 1
(NaCl) F1 0. 001 (LiCl) , A WL, brifE£HE 51 A K
IR AT BE AN A2 BE R /1N

SRIG 53 BIVEE 34 50 1 R R e M R AR
TEPEG AN BE (g o, A w,) B IX ST
FETE Ay 7 2540 I, A5 B AR B B EAS I
JE (ugpy ) » BETASEIY EAHEBE (U, k=2)",

2 3 3 7
Ughyr + U + U + UG (11)

PR ER TR PERE 5 P NaCl ¥ W0bs 1) 0
PIARTRE R (U) , 240 0.006( 3% 2) . H TESIEA
PR, B FEmE
2.2 LiCl /K476 BERRUED)

i T E N AN LiCl 2l B ARy 5, B L5
FH W b AS [ Ji 24 B 7 1 I LiCl R0k %) 46 B

R2 KRR Y A 5E (A5 R SN E L
Tab.2 Certified value and its uncertainty of CRMs

of water activity

FRUER) 4 KOMEENEME AHERE (U, k=2)
GBW(E) 130843 0.250 0. 006
GBW(E) 130844 0. 500 0. 007
GBW(E) 130845 0. 762 0. 006
GBW(E) 130846 0.797 0. 006
GBW(E) 130847 0.850 0. 006
GBW(E) 130848 0. 900 0. 006
GBW(E) 130849 0.950 0. 006

AR - BRI 05E Licl JFoRH0 R, K1Y
FEME R 366 mg/ kg, FRifER2E A 27 mg/kg, 3R
IR 2 R R AP, YS/T 744—2010 #
52, LiCl (7K 43 B R M Ok S vk b A a2
B2, WL S s 45 R R W i T LiCl 7E AR H F1¥8
H AR N IREE K 43, g 2k F ik 9 R A
JEEEE WK AR/NT 5 000 mg/kg 9 LiCl W 45
AR, 2T, BT ki 2
U, R IR - B AR T DA b 2 W AP 7K 43
R AN ZS S T 2 b B A 1R
FEIEIRIGIN SRS A5 G218 b T B T TCik IE &
2k I R R R PR AR R 2 X
FRA KA BEAE G itE AT 2 b, 2R )5 2215 Hh
BHFE, A T IR KA K89 T4, # K 43
{0 B AE TR FEFANES TN W5 | Rk
fIR(1~2 pg/min) , I HARFRER R, B UG ARIE T
et SN ETIIET

LiCl PORED TR AR BE 4 I, SR 5 B 8 4R 7E
iR TR, AR FIEA A K ST 6 K, K
Gy (Wy=W, ) BF- S5 FbR 1 22 23 51k 85 A1 1.7
pego HAE LiCl N9 0 T i 434 10 Ik, &L
T3 BT 5 F0 AR E i 22 23 01 R 26.5 F 7.0
mg/kg, YS/T 744—2010 #LE, LiCl H AR 9 1)
Jo e 0 R FH B e A, B SR FH TR 3 3
Wi IEANTEY)  SRIGTE 105 °CF T4, SR )5 PR
L E AN R W SR A R
W R B ES A A A R A R R P22
FEIEH T B IR IR BT K (100 g) , ARFRK, 1%
AN AR IR BT M MK 43, i 45 o 2 0 5 25 SR 1
o MHZTE S8 A HHR TR 5 AR SO B8 P
Ty B = E A TR, e S R RS
M3 DRI, AT LA SR A 45 A o o v A D
LiCl ORI T i 5048

FIH ICP-MS 2 2 & il % T LiCl H1 M\ Li



110 & snvil

CHEMICAL REAGENTS

55 46 B4 3 1)

FIE0 72 FhoTE TR, R EWLICL B
FEA BB N Na Mg K, Ca Ba il W, i it 53
BN 9Ih 7.68.2.63.1.34.3.01.2.48 1 21.8
me/kg, FUESG , ] ICP-MS & fBill5E LiCl W
Na Mg .K.Ca.Ca,Ba f1 W BOHE R SR 5 T HAE
LiCl A i BT &t 43 8, 45 R E W], LiCl 1 Na K|
Mg .Ca Ba Fll W 1% J5T &2t 53 BT Y08 (b o Ot 22 )
431K 3.99(0.40) 4.00(0.10) .2.19(0.20) .
3.43(0.36) .2.64(0.09) 1 28.4(0.2) mg/kg, Vi
B W LiCl W EE4 840, 8 ICP-OES ¥
W T LiCl T EREmIc R & &, i Ca iy
BB R 3. 43 me/kg, ARiEIRZE K 0. 36
mg/kg, X T K Z 8 o0 &K, ICP-MS 1 £ W BR
(LOD) #BIE T ICP-OES, L Lk ICP-MS [0 1 2%
HfgE, H2 H ICP-MS & Ca, FE1E [F] & S0
FHTHE, H L 1ICP-MS B LOD(0. 1 mg/kg) T
ICP-OES(0.02 mg/kg) . Uk, LA ICP-OES 1445
AR LiCL H Ca A BT 43 BRI 45 2R

MR BE TR 2 F BT O EAH L, Licl 3%
W EIEE BB T Cl BT 2 Ak, BRI 420
W A5 B IS E) 43 50 A 15,5 F 21,5 min, B J2
SOT, Ja # 5% WL B 7 1 Ok B B ) AR R — 2,
Z I8 3] 1CP-MS 45 1 F W LiCl hAER & & &
S, BRI B F (i A T Na, WO, MARifE
W, WO, BT 4 48 B A (21. 5 min)
FLICL H AR R B B 1) — 3, R UIFE 21. 5 min &b
FIFTES 72 WOT . B @il (1% LiCl h SOy
WO 19 BT & 43 B (bR 22 ) 43 9l hy 53.6
(3.0)F141.1(5.3) mg/kg, XK LiCl b W
RN 30. 5 mg/kg, 5 ICP-MS H45 5 (28. 4
mg/kg) —EL, B F @G ICP-MS 45 i —BUE
ST WORR TR

b BT R, LiCl HhoK (X, ) FIASE Y
(X ) BT 535500 51 R 366 i 27. 0 mg/kg.
BEAh LiCl B B 7 B (SOT Al WO3 ) b 94.7
mg/kg, BH B F & & (Na® Mg™  K' fll Ca™) Ny
16.3 mg/kg, Fl ICP-MS {22 4 Ho At BH 25 F 19 &
SR, nT A2 AT, PR, I8 12 o r, e
RTHE PR & e, el Licl Li 1
Y () s 22 1 CL R B i, 22 3 40 B4 I
A EUE 4. 62 me/kg, V4TI N J& LiCl Y245,
TETHEA LiCl 40 FE i i N S BT i 40 8 (1 g/g)
HIBE

XP,Mn = 1000 - XM* - XX’ - Xinu.,l..m» - ano (12)

= (12) Fras, AR B i P L N 1 o/
I BRBH B F 22 (X ) PSS F 24T (X ) .
Xt ™ Xy o J5 , BIAF 2 LiCl BYZERE (X, ) , 45
4 999. 49 mg/g,

J3— 77 11, FH H AV E R E 1Y LiCl 1 2l
. RH NaCl F5#E PR E AgNO, I, 15
AgNO, YA E 0. 097 20 mol/L, HIE (6)
(T THEARE] LiCL BYEEEE (X, pp) o Xy oGS ARHY
SEAAME H 999. 57 me/ g, BRI 2EH 0. 17 mg/g.

WA 5 0 R A 4l 235 340 3 R 999. 49 FiI
999. 57 mg/g, 2=V K 0. 08 mg/g, Pl T HFH 5
DAER AT RE . DABRN T 21 (999. 53 mg/g)
YR LiCl EEEE (X, ) (R 2) . X, 38 P &k aT
) B (E W DS R 22 ST o LA, PR LA 1SO
S0 35 X ARAEY) A I EER

LiCl ¥ Wb 1 90 5 e o) 1 3 200 308 3% UL 3k
1, PIZKOMGE HERE R 0. 500 Bk M), 7% ik
H LiCl 9 BT i 20 B BE HIE S 0. 265 60 g/g, e
SRV HEEE SRR BE A 8. 533 mol/kg,

LiCl %W 1838 2 E = (9) FiR, 2
KXW A B B.C.D.E.FH G533k 0.510 8,
1.305.0.116 03, -7.772 6x 107 ,2.927 9x 107,
-3.1953x 107, 1.406 8 x 107 fil — 2.249 8 x
107153 LiCl f9 m ( 8.533 mol/kg) 18 A
(9) 133 LiCl W & 8 2. 2518 m F1 b FRA
K (2) BB WK 4016 FE R 0.500, 2RI,
T3> LiCl bR ) ot i 7K 533 Bk 0. 250,

K FHAS SCIE R (8 7 IR 7K 29355 BE A v ) o
PR IERE S, TR S0 AT o AR dEY) o AR 7 n] DL e
WA AT K 530 BE AR E) BT 5 A 450 1 3 B
AR AT LAAE S5 3 [ K 3 16 BE AR AR i,
T H W ALERAME 7 90 UE B RE JT 99k

3 #ig

ASCHIE T NaCl A LiCl 3 WK 5315 BE
BRI T (AR o SR PO SV A A0 RS 37 o 72
W LiCl P2, R E S & LiCL S, A
FH LiCl A7k A9 & DL & LiCl 2B 115 Licl Ay
IR IE (m) , RIGYERALF A FE I, i om
& THAAFBK G BEMIRRUEE . 7 FhARIEY) 5
(GBW ( E) 130843-130849 ) ) 4 1 18 43 5
0.250, 0.500, 0.762, 0.797. 0.850. 0.900 i
0.950, ENTHI Y R A & FE (U, k=2) AN it
0.007, DIMEFEIRTE/R T FEFRIRA o 0 bR EEL
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—MZEXNRmMREHEB ST RENE K

SRHRTH EEE KRR KP4, ER, KT
(BRVGHE TR A2 SEREERL Ao B B4 4 AL S A5 0 HE 5 S 30 2 B TP 732000)

TE A2 AT B H AR T ke 5 i/ RS & 1E F g i Bt = 2 A FHADG AR e 85, B SETR
FZHTFIE, LA 1,3,5-7 (2-IRARFE ) R I I WE W3- 2B 198 308 Ao A AK 1Y) Suzuki [ 75 51 28 - 168 W3 25 449 119 5 SR R 0y
T, PRI BEM S5 R Y R ORIE S T1E FeCly fERI T LB AL & T = HEm A th 255 & 07 T EEF= i
LEF IR I R IR I TS BT T RAE . SEAEHSRNA R T AR IIFRMFAE, A BE K IR R W
SER A Z AR EE T O SR, = AL IR A L SRR, R OEA R R BH g L, S
WRAE S T A PR AL Y B A AR

KR AL 2T BRI 2 FIRH ; Suzuki [ 5 Scholl [

FESES.0625  XEFRIZES.A  XEHS0258-3283(2024)03-0112-06

DOI ; 10.13822/j.cnki. hxsj.2023.0702

Synthesis of a New Sulfur Heterocyclic Aromatic Hydrocarbons ZOU Xiao, ZHANG Ning-qi, WANG Bao-jun, ZHANG
Qiang™ ,ZHANG Yong-qi, WANG Yan,ZHANG Tian-lei ( Shaanxi Key Laboratory of Catalysis Fundamentals and Applications,
School of Chemistry and Environmental Science,Shaanxi University of Technology , Hanzhong 732000, China)

Abstract ; Sulfur heterocyclic aromatic hydrocarbons have the unique conductivity of benzo compounds and the unique advantages
of improving conductivity and photoelectric efficiency in photosynthesis.Oligophenylene with benzothiophene structure was synthe-
sized by the palladium-catalyzed Suzuki reaction of 1,3, 5-tri( 2-bromophenyl) benzene and benzothiophene-2-boric acid around
sulfur heteropolycyclic aromatic hydrocarbons. Trithiophene twisted polycyclic aromatic hydrocarbons were synthesized by the oxi-
dative dehydrogenation of oligophenylene with FeCl,.The structures of the intermediates and products were characterized by NMR
and MS.The synthesis of Trisulfide heteropolycyclic aromatic hydrocarbons enriches the family of Sulfur heteropolycyclic aromatic
hydrocarbons and provides a research platform for the synthesis of triple sulfur hetero twisted polycyclic aromatic hydrocarbons
with larger conjugated systems. Twisted triplethiapolycyclic aromatic hydrocarbon molecules could be employed as the important
candidates for organic semiconductor materials, light-emitting materials , solar cells,and photodiodes as well as other molecular de-
vices.

Key words : twisted polycyclic aromatic hydrocarbons ;sulfide helicenes ; multiple helicenes ; Suzuki reaction ; Scholl reaction

R THRA R Z I R — R EER AL
REZ T AT 5 A BB E L 22 B 05 e vh 2 —
Fofvitl] 26 o 28 P B RO AT AR, TEAR 2 L
2B SRR AR R B HE I S
RIS SO R 1R B , AT T 2 A T 5 (EL . ]
B, ARk, & 24T Z I I7 I B e £
S IR RO | R R BEA HLA R E 2R
Lz — U R AE 22 30 05 e v g | A i T
REAFAEVE 22 [, A0 SN 6 M 28 U gk 22 RO
FRAFRT 2 MELAZEARAT  HEMY IR SRR L, ey
WHABRMHE T =8, NI A M T 25700
EAL BB T i A 23 557 ke 1 20F W FP &

B (D) SRR TR KR T B 28 B R
et 2011 AR Chiu 881 A LT S AN R B
AT Ay U B 2% 7S R T S o, AR e 42 Y L
5548 . — 71, 51 AJEZS TTA A S 7 T-45 48

Wr#m B H7:2023-11-02; & B & HHA:2023-12-19

E&£WA BVIEBETEABH (20JS015) ; BEPTHL TR
2 BIF H (SLGPT2019KF01-20) .

YEE BN ARH (1999-) , 2, Bevii I B =25
J7' 18 R A IF A

BWAESE . K58 E-mail ; zhangqiang22@ 126.com,

BIRAS 401 , sk T B, ER %, 45 —Fh = H X PR AR 24 H1
M Z 235 R A [ )] 2430, 2024 ,46(3) - 112-117,



55 46 £45 3 )

AR 1 A — b = E FRBR A Hh 2 PR 05 0 A 113

A 18 2 TR 5 S 40 2013 4F | Kawasumi 25
PLO S A% il it -9 R S e N, %
HA T & A TLCH -G TR 5 H (Lt 408 K 41
BT, 7, AR % AL %
IO SIS 2R LN A IR T A R £
WI5HE , BT A5 P AETE T I8R o 1, [ 12
A A5 v R ALty DT R 0 o e ) Sl A el 1
PERR, 2014 4F Zhang %5 B H T 34 B 425 1Y
B RIS SR AR B R = AR
Sk BT, 2022 4F W 00 DA e
CLIERIS T B il S b, 2eid =4
SRS T2 H [ 6 ] 18 (2) B S imny
IR PATE INWEM IR B A B 23055 i 48 h 1)
112019 4, Lin 25170 2R F % B s 37 2 9 1 R 4
TP KW Bl A B Z IR IR A -t i e
H AT B2 TUE [ 6 ] 25 2022 4R, Xu Y
DL 4 FhgEmy /AWM B 2 19 1,3, 5- =28 M 28 iR
RrA= ok JEORE, 8 % S IR AL | B AL Witig S
7 R CERE B A B YA WE My By A
MIXZERL = [ 6 ] R 731

AHFFE L A B R 15 2 PR Rk A T LA &5
FAPRRN T 1 G XA 3 A WEM) PR S SRR HE
Sy FRIARIEAT Scholl 48 Ak it S FR AL I B, B 2 i)
BT = EE A 2 AR, Wi X
SFERAT I S Y0 X 5 F v LR 9 25 4 HEA T
A 2 AT R T R R 0 B SR AE U — IR SE T
AT HIZER

1 XIWEHS
1.1 FEER 5

SCR1 HYH R 1 hi+E 4 (9€[E BIOCOTE A
BT 5 X-4B B8 0 A AN ( v A3 F Ak
22BN T ) 5 €20 T8 H B XUE TR TR 4R
( BRI A RS 7)) ; AVANCE 600 MHz %Y
ol LB AR A R I 4R A MALDI-TOF 3 J5 %l By
WOCRERT AT S (FEE A & s A R AR ;
RE-52AA B2 AL (_ LGRS )
ZF-2 R = [T 5 A0 43 A AL (B T 5 LAY
.

=S IR (TIOH , 43 M2k, FigBTHr T A= 1k
FHEB A PR A A ) 3 5 ZJUEEA B (DDQ, 73
Brali, BERY (P ED A RA R 52- IR %K 2
i (43 AT 2, b 3 3k Hi RS AN Ak 2% A R FD)
BRI 9 (43 B 4k, Rt R Ak 22300 A FRA

") BRI EN (3 Hral, ke s B A BR A w5
VU (THF, 23 Hr i, [ 24 52 AL 2212800 4 JR
~HED

VO UV g 20 46 TR A 1 2 4 1) O =Xtk A T T
KRR B (28 B R A D AR s3] ) o WA JEURHE ]
B XIR P A B O J2 M 45 D7 12 Ak B [T (A SO
FHTRS AR B8R STk O i il e b B
L2 AU

ZIRTTIEH A U LN E 1 PR

Br @ s<) ¢ O
§ < s
O O O B(OH), O O FeCl, OO‘ @)
B S d(PPh,), KO, O O g DCMIMeNO,
Br O THF, reflux | O OO
SO Y -

B 1 =EEAH i 2T G L
Fig.1 Synthetic route of trithionine distorts polycyclic
aromatic hydrocarbons
L3 kil
HE A C o HyoS, HYE UK AN 2 TR,

Br
O O Pd(PPh,),, K,CO,
O Br + S/ THF, reflux
Br O B(OH),

B2 A ek
Fig.2 Synthetic route of intermediates

FREC1.09 g(2 mmol) 1,3,5-= (2-IR K 3L)
Z%.2.71 ¢ (10 mmol ) 7% Jf WE Wr-2-H {2 . 2. 74 ¢
(20 mmol ) K,CO, KK MM A % 350 mL 1% 345
o BRI 80 mL THF DA & 30 ml,
H,0, H T @R &M I HHE 20 min (I1ARE
T) ,SRJGFREL 100 mg 44 1L 7] PAd( PPh,), , Ui
A, FEREPE AT A& T HidE 15 min 5%
FEME TR EEAEFRTE 90 °C 1LV 48 h, TEL
N FEH, AT TLC BREEREIN, 24 1,3,5-—(2-1R
IRFE) ZRFRE S E R, HAE 254 nm JEAT H BT
TS R RN, AR HI R =S RV
A BE A T 2B Ve i A LA, 25 B Pk BRIk
FHLAH, To7K Na,SO, THERAFE ) J5E 75 ik 4 A7 HL
A AT (i i VR R B V(PE) -
V(DCM)=5: 1RSI, 155 1. 16 ¢ Hin™ ¥,
H A [E A, 7= 82. 5% ,m. p. iy 249. 6~250.5 C
"HNMR (CDCl,,600 MHz) ,8:7.76(d,3H,J=7.9
Hz);7.67(d,3H,J=7.6 Hz);7.52(dd,3H, J=
7.7,0.9 Hz) ;7.34~7.26(m,9H) ;7. 13(s,3H) ;
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7.05(td,3H,J=7.6,1.2 Hz) ;6.98(s,3H) ;6.70
(d,3H,J=7.1 Hz), "CNMR(CDCI,, 150 MHz) ,
8: 143.7, 140.8, 140.6, 140.5, 140.1, 132.9,
130.8,130.7,128.3,127.4,124.2,123.9,123. 5,
121.9,

HERI4) CHy, S, (1) A U WNE 3 s,

J7¥1. FeCl, DCM/MeNO,
J7#:2. TFOH/DDQ

B3 HinmWa e
Fig.3 Loop closure route of the target product

ik 1 JoK =5 A8k (FeCly) ALK R

#0.210 9 g(0.3 mmol) FFE{A(1,3,5-=
(2-AIFBEmY R L) 28) JILA 2 500 mL (1 = #k%
HEHS , BRI 400 mL DCM ¥ WAE FVAF], mA
Wit R AR RIS R TERE TP tE s
FIVEHR B $E 10 min J5 , 76 =SB A7 Fi 45 4L
A S [ S R 38 VRO = - 2 3 ) AV i
0. 437 g FeCl, [E{A 5 20 mL CH,NO, 7l
AR B, IR AR A N RN 1.5 hy SO i i
b TLC Wil | >4 v [R5 7 58 42 ), B 50 mL fY
CH,OH ¥, SRS A 100 mL 28 T /K 7E RS
BT HHE 20 min S5, 20 W80T 2 26 O3 B A AL
A, EBE T REEADIAE, JTK Na,S0, T4, LA
AN e A TR R R, R RAT JE BTN
HEATAy B W — G B TR AV TR A T EE 4G
235 0. 101 0 g B[R H AR = 9)- = B4R
il 2 3 5588 (Cy Hy Sy ), 728 R 49%, H
V(DCM) :V(PE)=1:30 BIRA BN RIFHI R, {H
J90. 34,

Ik 2 = HE PR A U F IR IERR (TIOH/
DDQ) ALK %

#0.210 9 g(0.3 mmol) FHE{E(1,3,5-=
(2-ZRIFHEM R I ) 2R) il A 2 500 mL 11 = Fike
i ,408. 6 mg( 1.2 mmol ) 458 U LA T -
JIA 100 mL DCM ¥ WAE R 7L, AR T 5 $E:
AR RS, DR TR AV A P O AR 2R A8
VKIFEHIZE 0 CJa, A 1 mL TOH ¥, &
1.5 h, AT TLC Waill | 224 b a4 sz v ¢
R ER T R e G R SR 12 R e ) S RS
AHUAE, oK Na,SO, TG, DL =& bt/ £ i ik

ST, Rk B A R AT P AT A, W
T AW BER AR TR, A5 5)0.1033 ¢
A R H AR S W-= 2 12895
(CiHLSy) , FEH N 49% , F V(DCM) :V(PE) =
1:30 HYIR 5 W RETTH, R, 624 0.34, m.p.
192.5~193.4 °C, 'HNMR ( DMSO-d, ,600 MHz) ,
5:8.83(dd,2H,J=6.1,3.0 Hz);8.65(d,2H,J=
1.9 Hz) ;8.58(s,2H) ;8.35(dd,2H,J=6.1,2.9
Hz);8.08 (d,4H,J=1.8 Hz);8.02~8.00(m,
2H);7.82~7.79(m,5H) ;7.47~7.42(m,5H)
“CNMR ( CDCl,, 150 MHz), §: 138.6, 137.2,
137.1, 131.3, 130.42, 129.4, 126.9, 126.43,
126.37, 126.2, 125.6, 125.3, 125.0, 124.2,
123.6,122.5,

2 HREITE
2.1 RN

FESE it R rh A Y 5 R FH A Ak 1Y
Suzuki AR 2 AR A A 5K 7 92, 43 ) %o A A 5
(Pd(PPh,), .Pd(PPh,),Cl, Fl PdCl,) , 51 i 7
(THE/H,0, H ZX/H,0), % 19 F# 2 ( K,CO, .,
Na,CO, ) Fl i i 3F 47 0 &, & & & 3k
Pd(PPh,), MHELLF, #£ THF/H,0 R & & h
AL B B 77 3, TE B AR W) CuiHy Sy 1Y
A, BRI JE K =548k (FeCl, ) A1 =% H
TR/ — & S FE 2L IR ( TFOH/DDQ) /i Ak {4
RIFATEE , ARG L2 Wi, ik 1
TK =GR (FeCly ) fiAb A 2R 1 52 B0 4 A T fRT 33
FEARR TR B SB[, 77 238 BT A 4 5, o7k =480
R (FeCly ) R R HEAL 25 1, BAR T 1 53 B 4%
U, 1,3,5-=( 2-VR AR ) ZRAIL I BEWy-2- 0 iR 10
IHAHEAL Y Suzuki K2R, & A AN AR R, A
A 1 FEL A (0 TS, T B0 S 40 o T B ) o
K,CO, MVER N A B A A B, 5
ABCIAR Z [ AT BC AR A 2R il ] =4y, i)
PIFEARMEAR AR T & A2 30 SR 25 R, Fe e
(AR 1) — S IREF  Bg920 Scholl S 14 )
NEALER H TG AN TG A8 AR IR LI R TE Fe™ 1Y)
YERT (A3 B AL B S8 31 B b=
2.2 ZERRAE
2.2.1 EMEK C H,, S,

W L HEE M B S 1R P T DCM
L MeOH YEMAS R, 3 35 AR B 80 15 7%
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P AR T YR B, T XSGR R
RTINS ST RS T %P P B D454 Bk
THEMAR Cug Hyy Sy MY BR & X-5F 007 5 254l Ay
CCDC 2233093, a = 22.147 3 (7) .b =12.901 4
(4) .¢=24.270 1(8),a=90 °C =90 C .y=
90 °C, W&l 4, MS(APCI #),C,H,S,, 514
( SZiE ) ,703. 158 8(703. 158 3) (&l 5a) .

2 T
~/ }"%w .
e

£ & r~

B4 Ak C H,,S, BG4
Fig.4 Single crystal structure of intermediate C,H;,S,
22,2 HE CyHLS,
MS( APCI Ji), C,e H,, Sy +H, 7158 {H (52
fH),697. 111 8(697. 110 4) (&l 5b) ,
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B 5 =miZe="m[6]mBUH PRk (a)fl
SHRAR [ 6] (b) BB B A BT 1

Fig.5 High-resolution mass spectrograms of

key intermediates of trithionene [ 6] (a) and

trithionene [ 6] (b)

2.3 LR

KT HAF AR (CyH,, S,y) = Hids — &
[ 68K FEZS 54 7F Gaussian 09 FEJF2Y g
HH B3LYP %2z RIS T A 45 & 6-31G #+ B4
XF =z = EA AN 6 ] BRME AT T LTSS R
DAL FIRTZR > FRUE T, 5 R & 6 FrR .,

HFRF=H CogH,, S, 1422 il 1w 41 il 2544 , 3 AT
6 S B~ 1) AH X 4 P A 52 4 3R Ak 7= W 1) 1 9k
Fresny, B 7 h =miedih = dE [ 6 ] 1RIE Y
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