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Recent Advances on the Design Strategy and Application Status of Small Organic Molecular Fluorescent Probes of Ser-
ine Protease YAO Gong-mei' ,PANG Cheng-yun® ,MENG Liu-wei' ,LI Qing*'(1.College of Pharmacy ,Guangxi Medical Universi-
ty, Nanning 530021, China; 2. Department of Pharmacy, Affiliated Tumor Hospital of Guangxi Medical University, Nanning
530021, China) , Huaxue Shiji,2022,44(6) ,791~800

Abstract ; Serine proteases are closely related to human life and health. Abnormal levels of serine proteases in the human body can
cause diseases and endanger human life.Serine protease fluorescent probes are of great significance for detecting the number and
activity dynamics of serine proteases in vivo and in vitro,as well as the treatment of clinical diseases.Therefore, this review article
focuses on reviewing common serine protease fluorescent probes with excellent performance in the past five years.Based on the
chromogenic labeling of various serine proteases, this review summarizes the current synthesis and performance research of fluores-
cent probes for serine proteases,aiming to provide a theoretical reference for the design strategies and detection applications of flu-
orescent probes for serine proteases.

Key words : serine protease ;fluorescent probe;design strategy ; luminescence mechanism;performance study ; detection application
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BT 22 Z TR R i I D OGRS LR I AR i BIF 5T
P ASCRER T LFR 8 LY 22 20 R &R e,
TKFEAEE IV ( Dipeptidyl peptidase-IV, DPP-1IV ) |
A AE 4R M 75 1L 8 H o ( Fibroblast activation pro-
tein-alpha, FAP-a) | A AP 580 & H B ( Human
neutrophil elastase, HNE) | 4 J& B-PN Bk B fif§ ( Met-
allo-B-lactamases , MBLs ) ., Z. Pt AH B8 B B ( Acetylo-
cholinesterase , AChE ) #1132 i iii it ( Carboxylester-
ase, CES) MHECHRET 254 S 25 BRI Pk | JF 25k
HATT Mg 5 R HIBUIR

1 ZRRESBEIVE IR

THKFEASEFIV (DPP-IV ) S —Fh 7 T A P 2
i 1T 11 22 SRR R U, 72 AR N 0 b R B T i
e BN HORUZ AT 2 SR
95 I14) EE Z L B SR TR A B B IR

Zou Z G T BOIRER 1, H 5 DPP-IV 4%
Bla R K EVE T, H &R I & B (Gly-
Pro) JEFAME 22 )5, 3R AR IL 88 Ok REF Y
TR A AR . S 6 IE BH 2 R A AT T W
DPP-IV {354

Liu 22 Wk THRE 2, W R T2 T
faf i #% (1CT) LB =456 . Gly-Pro 5 &6/
F(E)-2-(3-(4-F IR I3 ) -5,5- " H IR -
2-M-1-0. 3 ) TH 5 ( ADM) A 2 055 i 4 i 1
ROE, 24 Gly-Pro 5 DPP-IV 454 )5 , ok Jic ik oy 4 |
Gly-Pro 25, RHFIE KK 654 nm , 5 e 84T B (4,
075 R B 210 TCT R 19 58 & i B S Y T
SRR AN RS, W KB, B EF 2 78 DPP-
IV 5 A% b 30 R A 1 AR e M AR A

Xing %1 DLZEBE e %€ 6 A1, DPP-IV 41
il 75 BTA% 30 TR A8 T A AR 00 32 A A B %
BEEE 3 4, BE S DPP-VE S G, Gk S H

T4 (PET) ROV 8% BT, 26 2, %5 3.4
(AR 2 Y - 7 343 5l Ok 86% il 70%, v
FREE 3 XF DPP-IV ) IC, {H°M 14. 5 mmol/L, i #£
£l 4 1 1C,, R 66. 6 mmol/L, HFFT4s R0, Pifp
PRET 34 0 7R BT 0 S PR oL, 8% 3 © Bk IE S
Al FF DPP-IV R S5 PR R0 RN 6 20 M A%

Ogasawara 25" f#E T —Fh3L T PET HLELAY
DPP-IVZLEDOGIRE 5, 4 5 K5 DPP-IVIH
B2 HT, TR EIR A N T 5 R IKE B
5F PET ZUWAR R , 96 TL-FAL TR IR, 4
DPP-IV SHREHR GG, 76 B AL T, P KA
BEM T L Wi 2 BHWT T PET s %, 96 % & 145
DI . 23R B0 T 7088 AE £ B PR AR A
rf R A AG I B

Guo 2V RIE T — B3 T 1CT HLEE ) /K %
PEITLTAN(NIR) ZEOEHRE 6, IZIRET LA S i R 5
HIAE H R ekl B ZEREKR 5] A Gly-Pro iR
A, H5 DPP-IVES &5, 1EBF K ff T, 0
I 2%, e R & S K 2088, 2T P EL fr K A
Ak R R 1) R A R i T RE T BR AT 6 7F
AR AERRE & I B AR LT AN S S BE
T DPP-IV Ry B M A% . 28 SR H 4 A B Sy
0. 19 ng/mL, ZHREF AL REE 7% 240 A AR /s
BRBE TR v S 5 43 B R AR A0 R H TR 2 7Y
W PRI £ R R IS Y DPP-IV 64

Wang ZEDOT P 2-(4-B LT 2 M Bk ) -3 k-
5,5- " H FEmm-2 (SH) -1 £ 35 — i ( DCDHF-
NH, ) & GH A, Gly-Pro /5 DPP-IV 3 5 5
Jo, WA L TR E 7, 5 DPP-N 46 )5,
TREF 7 8k DPP-IVAEALRE A , Bk Hh & 63 HT DC-
DHF-NH, , Kl (1) 5 ' i v 848 21 €5, Bds
FEOHHRET 7 M PR RS W T HL A 58 Y
AN T IR IR LR

R1 RISV ZOLIRE
Tab.1 Dipeptidyl peptidase-IV fluorescent probe

D;;Jgﬁ TS G PO R R E?‘CZE ad
s N-T F-4-5 %-

=l 1[11] S5 Bl A R ng/m

BER 1 SRR A 1 B2 I e ICT  0.78 ng/mL 45

BEF 2012 HEAMMER ADM ICT 1 pg/mL SCHEIRH
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Hkt 511 g%ﬁﬁmw BB IS PET SO 0.2
e 6115 HEMRIMER e Rk ICT  0.19 ng/mL  SCHRBRBA
gt 701! HA®N%® DCDHF-NH, ICT 5.8 ng/mL 0.25

2 BAEMEENERD o WIHRE

JRET 4 20 1 3% AL B - (FAP-a) thJ—2&
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Tab.2 Fibroblast activation protein a fluorescent probe
FAP-a 985 . N D5 Y 021 BN "
ekt T E P TT S L K R 2%
(2-(2-Z Wk ek
. : g pE-1-3 ) -2-5 X 3
7Y [18]
it o) saem GO ICT oy e
TR (IR
N-(2-(2-Z. Tt 3
. M b3 ) -2- . X e
72 [18]
fRero are k) zm OO T e ermm
e (RES)
N N-(2-(3,3-2%
H e T
Sk 1001 o H ?Nﬁﬁ(N 00 1) - o
pEEr0 o e it 0T e
D 4-F o
N
FF e
?Hﬁ N-(2-(3,3- 98
. 0. H NN ME I oE- 13 ) -2- XFfiE 2k e 3ok
iR NAy 0 Tilwq sz ek e kb Ak
N 4-F kR
N
H ‘l N-(2-(3,3-2298
H ,
ekl 12019) 0 II(II (l%r ML e-1-9 ) -2- 4-5 3k T PG
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4 NI IE
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723 [20] S s e A A .
Wi 14 RN — s CIEEL ng/ml AR
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73 [20] s
BEF 15 TR R — s CIEEL ng/ml AR
T %

RRAAM AL~ BE , AT L B WY Y - — S 230
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Schulz-Fincke 2512 B % T 3£ F FRET HLEE %
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Tab.3 Fluorescent probe of human neutrophil elastase
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Tab.4  Acetylocholinesterase fluorescent probe
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Tab.5 Carboxylesterase fluorescent probe
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Colorimetric Apta-sensors Based on Nanomaterials and Its Applications HAN Gao-huan, Ll Jing" , ZHANG Bing, WANG
Zhi-fei , TANG Shun-jie ,ZHAO Zhi-huan ,GAO Wen-chao " ( School of Biomedical Engineering, Taiyuan University of Technology,
Taiyuan 030024, China) , Huaxue Shiji,2022,44(6) ,801~809

Abstract ; Colorimetric analysis is an efficient method for detecting objects, it has been widely used in medical analysis, environ-
mental monitoring, food safety, and quality analysis owing to their visible, easy/fast operation, high real-time merits, and so on.
While nanomaterials have excellent optical and catalytic properties,which are often used as signal conversion components in color-
imetric sensors. Aptamers with specific recognition functions,are easy to be modified and edited , therefore have been mainly used
as recognition components for designing colorimetric sensors, as well as signal conversion and amplification components.The colori-
metric sensors based on the combination of nanomaterials and aptamers integrate the advantages of each component and can realize
the detection of most target objects , which is one promising colorimetric sensor research area.In this review article , the construction
scheme and color rendering principle of the colorimetry Apta-sensors are summarized. Furthermore ,the main applications of detec-
ting pesticides, cancer markers , biologically small molecules, antibiotics , heavy metal ions,and other target objects are also briefly
summarized.

Key words : sensor ; aptamer ; nanomaterials ; analytical detection
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Fig.1 LSPR changes of Au nanomaterials
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Fig.2 Schematic diagram of colorimetric Apta-sensor

constructed using Au NPs
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REHE " R ERD AHEE(CAP)T R
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PRI A H Y, Tawlli 5572 831 T 3 MR
£t P1.P2.P3,P1 HAEM R B, 456 BIEE & R A
ZAEMIRERE (MBs) |, P2 AR 4R 4T, 95 35 5
FTLAFN P1 . P3 H¢ 545G, P3 FI P1 R FIAHRL,
ZA P3 RAHEMI(E Au NPs |, 9 P2 544k
IR, Au NPs S 2R TRIR T 5 H A ER i Do) 265 &5
¥, FEEFE T LIRS 5K, H bR DNA #HIR £
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Fig.3 Multiprobe cascading signal amplification
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PR B 25 A TE QR MR i & A T 2549 B 1
A AT AT BE S 2L Apt X H FRPI 1 2 A1)
TR LR L AL R 1 R A
1.2 FETAPERERY H(aE B G ik gy

H TR 5 4 P GRA RIS i A 46 1
SEACYEE o A G R | AR
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AR T AT

T Eb ARG I H g R R 2 K R ) e 4
AL P, o] DL s B E R 3,37,5,5'-I
HH LI e (TMB ), 2 SE IR B (DAB) (4B
T (OPD) FE WAL A A B ARk A S
e R a5 S AR AL S G 15 T ) L o %
fer A5 A B MR ) 25 Al — Fb R 2 bR
Apt/ cDNA-ZH KA RE BS54 . WKl 4a Fir7R XA
SEMIEIMA BAR)E , Apt 5 HERI 454, Apt-2
KRR 22 A1 123, EA i Ak 1 AR A 40 K
MORHIEAL (0 I 2 6, % B AR5 5 ko Lt
OGS, BT ET R, BB —BaE Bk
WEER ., Qian 25 R HBEEEIL Y Apt 5 4 )8 90
KA L 4 RS B A R REYE, I T Au
MBs-Apt/cDNA-Au NPs i & @O HER, 7200
A2 B1(AFB1) J&,#4 ¢cDNA-Au NPs H
T Apt/AFB1 & WL LT A Au MBs-Apt 53
B, AN R 43 B A BRI cDNA-Au
NPs #R&5454%E , A Au NPs 1 E A0 B A0
TEBEER DU A RE 11, 6 AFBI 5 5 B & H AL M 1L
o T AL 0 N 5 5, 5 5 19 LOD il Lhik
#] 0. 43 pg/mL,

oy — PS5 R 0 H 1512 4 RE-Apt] L Apt2-4)
KRR, AN 4b B FEA H AR
Ji , Lo A% SR 21 A 1 T 2 A4 B -Aptl/ B bR ¥/
Ap2-GKA R B 250y, B A AL P R A A8 K
BRI ALY B 8 B AR s 5 5 A L
i, Tao 2577 LIGYK & B MoS, 41k E &
Y kit AL, RO T AL e 0 S i S A A
%%, LOD AT LLiAE] 0. 7 ng/mlL,
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Y (HRP ) B4 Apt b (AL I8E% A HAE &
FRIM LT 2 A H,0, BIAETE T Refifk TMB S iy 5
PRGN i AFB 1% Bl i A3 1 e
BT BORBUE S HOCH) B, A R 5 80 i
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Tab.1 Some colorimetric Apta-sensors and their applications

eSSl LioallILY] R A e R Apt TBIRGK AL 27 3k
BIS B RR FEDUR NN 20 pg/mL Au NPs [30]
JRtE i et B PRI 21 nmol/L Ag NPs [31]
PRI Eﬁfn%&%ﬁ )\[ﬂl(i 1.7 nmol/LL Au NPs [32]
T 1ML UNIIIRG 10 nmol/L Fe-MOF [33]
AR MV 12 cfu/mL Fe;0, NPs [34]
C R EH NIR 1.2 pg/mL Au NPs [35]
Cd** R A 0.7 ng/mL Au-MoS, [27]
Pb** Ak 2.5 nmol/L Sio, [36]
Hg** 7K 0.7 nmol/L Fe;0,@ AuNPs [37]
Jokr
A I Sh3* IRK 10 ng/mL Au NPs [38]
L s FHK 1.8 nmol/LL Au NPe [39]
T Fiokok 4. 13 nmol/L Au NPs [40]
i — gk BRI Ik 0. 1 nmol/L Au NPs [41]
A LR A £ 21 ZURIKRE 3.0 ng/L Cu/Au/Pt TNS [25]
HHhEE R M1 41 0. 002 ng/L. Au NPs [42]
TR IR BRI TR B ST 0. 08 ng/mlL Au NPs [43]
e RIRE = 44 0.2 pg/mL Pt NPs [44]
w 4 B0 R ATER VAR 10 cfu/mL Au NPs (6]
MR A M 9.0 nmol/L Au NRs [14]
FRAGFEVD I TIGE A4 33 cfu/mL Au NPs [45]

2.1 BIHIZH

BU €638 S % e T LS % A0 o
W AR AR N R R A G
187 B0 P DR T A 110 A 3K 87 L 0 A SR e A
PRI IS T b 1) 8 FH R T RE

Ravan %617 3L F % Je 8 /v F 19 & e &Y
(TMSD) 221k Au NPs 4, it 1Al H AR DNA
BID7 1% RRGEIET A B e e S5 R AR AN 3

MY R AR I EERRL IR , LA Fh 43 0] 3% 1 2
SIATIEIN F 2022 9K S0, fiE 1k DNA Hi#§ I
=R RS Au NPs AR (0 th 20 (728
Wi, MO A AR SR P45 S R AE T, LOD T
LIiKE] 5 fmol/L,

Antonio %5 F T — Fif R SRR A LR
PG C KA H (CRP) FH T 28 i M5 ik 19 i
PRASI , e AT R RRIE M Y Au NPs Fl CRP 38 e
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RAE AL BTt . i BRI
ssDNA Z%,, W fft 75 Au NPs 1, CRP fE1ER)
TEOL T ,ssDNA M Au NPs T B, e 5 & H
AR, K1 Au NPs & B0t 21748
W o 107 VAR DU B PR (5 min ), A S R
(0.889~20.7 pwg/mL) ,LOD AEiA%E] 1.2 wg/mL,

IR R T L % 9 A M A 7 A 0 =2 A
SHEREAR B WA C RN R Y 3
fb DNA™ Rz i S P B S0 45 G 7 B Pk
Ao T s i 12 W FNIR 9T A B K L, Jiang
ZEDOTRIH Apt 5 Au NPs FOHL AR5 90 Kb 78
AR TR R, RN EIE LT IR
T Apt 5 Au NPs Z [ARE S PERLSS 0045 G oM
PSR AR 5 338 AR S PR i 45 5 3 e AR
M Au NPs I E#, FE Au NPs B FEHAN
(7] AR 10T 3 PCAAS 9 S AN [] DA KA ) i
St A AAR 5 2 7 25 501, 3 A vk T [ e A
PC-3( AHIFIIRIEARE)) \Ramos ( 2RI L 4
L P I AR 25 ) A CEM (A 20 9k T2 4 i 11 il
bR ) 3 FhAS [F) ) 98 4 A, 0 R A D rh oA AR
KA AT
2.2 NI
2.2.1 REGHHER

A2 B PR K3 & T ARAEY R i H A
WOk T IREE TS YL ln) i, DL AR S 2 T EOA
BEAE U TR R e KD AL g
G HAMRE AN SR A S A H
ARAC o PEAR 250 fifi ety B A A 80 2 AR
Befa , Il i AR W R AB M 45 B e B R MR B A
P KREEE b, DL Au NPs RO BREAE N 55,
AL T EET Apt U Y E RORG AR 2 L ks T
B K BRN 25. 2 nmol/L, ik T AR 224 BR .

5 SN UTETS S N[5 S -
BE D EYUE RIS T — R0 Mg
W7 R E R AR R R, AN, B R hi A
B A T RE A AR, W 45
B T —Fh T ss-DNA F BEPR )45 il 4 9 K hr
FRAERHAGUAE R LS iRl 5 B, LA
—Fhfie 5 ABmE IR (TET) Fr w4 G £
it Apt WHHFE Au NPs 1, f£5" Au NPs AN7E
WP RE, Apt HWBEEAR, W R BS
CAP FespMeshi & K Bt TET fe k45 &, 7¢
HArY (TET 5 CAP) 7776, Apt B3R5 A B A
Au NPs (IR 432, 5K B, B R Bosr

Au NPs Bidh s S R RE S 0w, ERZRE o
A CAP B K B, 30 Au NPs 7Efe {5
R NIRRT 2L A R S
AR TER R A TET B, 45 A BEw g i, 54
() BN REASFAE Au NPs 75 [ RE Y e
AT, S FEE T E A RE R H
g AR N, PSR  TET Fil CAP (1% LOD
Sr51°8 32.9.7. 0 nmol/L, % J5 % Au NPs 1yfeft:
RIS ] 28 10 min, J7 (E PREE B R EA 241
TR H PP AR 2860 R I 235 S5 e 45K 3k g2 PR R
BATS TET HA IR Z5H

A~~~ Apt @ AuNPs © TET * CAP
B 5 RS TET F CAP JFELE
Fig.5 Check TET and CAP schematics simultaneously

2.2.2 #EERHEFSHMREER

H T, T K 8 4R 2 7 (Cd™ Hg™ |
As™ 8 ) REARAR 15 e 437 PRk, I —
Xof AT PR R I Y s B AR R
SCPTAT  Tao ZEPTVHESE T LAY K 42 18 1 1Y) MoS,
YK AW R B 1 B (3 B AR AR AR
WL, R Cd*E s it A Y &K -
R R IR 255 81 8 7E LA A IS T, Cd™ & i
A T AR 3% 422 3] B A 1 5 ok S A0 ) il O R 1Y
Au-MoS, KB A MK 1, CsDNA-Au-MoS, {55
PREFSH Cd™ se 4 45 Cd™ il A A, 3l i in A
RS AT LU 21 36 1 A8 Ak, DT SE X Cd™
AT AR AR A I, 5 AE 450 nm Ab A O B 5
CMERRBIFMEEXRR, 2 EMBEHDY
Au-MoS, HKE A B LT Au NPs HAHE L
PEALTE AL AL A8 0 A4 B A U R BB ARG, 35 31 1
0.7 ng/mL,

TR R TR () B R R IV 7K BTV e i) —
KIEH, Wu S5 g5y 7 —Flop B = 48 48 ok
BT (Cu/Au/Pt TNS) A2 DNA 7K B H 1%
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¥ MC-LR 19 Apt 54 2R 9 M Ik e i 1 1) G 4%
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AL H,0, 5 TMB Z[H] %) s W= AR AR A, X Fili Lt
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SEUSUREE T A R B Y L (03 AR AR IS, L.OD

53 fg/ml,
2.3 BRmBSEAe
U ﬁiﬁf]ﬁﬂi%&ﬂ“ﬁ%ﬂ?ﬂ%ﬁm =3

W % M E RS —, ECSIF LRI T
BEXT 40 4 Eﬁ&@%%ﬂ%%“ R FET T I

BRI R R BT A R A BRI L £ SR
%?'%o X FEER RS Ml & #EER A(OTA) M |
AFB17 B R M1 X2 HA 90 35 e 0w
PER AR /I 5 R IR Z W WA s 1 3E
(A HE (258 FE AR AL IR AR . Zhu 280 BF4 T —Fh
P S D R R E 2R R ) B (0 3 AR AR A 4
@7 Mg i & (TP )-GO-DNA1/AFBIApt/DNA2-
Fe,0,@ GO 45 ¥ ) AFB1 #3F- 4 Fl Au NPs-
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Fig.6 Picture of sensor structure for detecting

AFBI1 and OTA simultaneously

G485 E 6 FrR, AR &M T 8 A
AFBI1 JE R TP (VAW A8 Wk A AFBT Ak
B FERRME S T INARY OTA fifi Au NPs B, 1l
PIFE H,0, 776 Tk TMB 4 K OTA ¥k
BE o RN SR A B AS TR ARSI 5 vk BEOR T
o, A AR . AFBL BRI 38 Ky 5 ~ 250
ng/mL OTA AL N 0.5~ 80 ng/mL, iﬂ’%

ZREIIN TS FRkE f AL I, 7R B 2 A
iﬁﬁf@%fﬁmao

Duan %38 53 A BUAR 2 42 T8 - A HLAEZR 40K
R FDIREAL ) KA FF I Apt, FF & T —FP L
R IR R I KA FF . Apt] B [ 2 78 T FL AR
AR R ARARED , A R A Z TR ARk,
SR MZE M A Y Z AL Apt2 BEATE M LATE W
G5 8E . TERGIT R AR LT, AR
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G, WA Z AR Tt S ALY B
A EfES XFTIERETE 16~ 1. 6x10° cfu/mlL
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Feng %' Vet T 86 0 BL ) 3 Bl fa o0 H
FrAh, B S R 128 (DNA HAMEEF-Au NPs &
ek % £ 128 rDNA, 128 tDNA H MRS -Au
NPs 7EER R R RRRRE IR N 2168, I A
12S rDNA J&, H#M#EM Au NPs [543 55, Au NPs
B WA LA, 3 FPRE A R 4 A
2.2 3. 15 F12.65 ng/pl, XFMEIRES N R,
AT LR A o RS

3 #ig

BEE DKL RLFD Apt R B K i, L (A% 2%
e A E OB B S, RZ B H BRI
R < Jm s 5 AWV EVR T AT
290 A AT AT L p R R PR A 2 T AR 2 R A -
BB, il BhACREAL FAE BAL ORI T B
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Interaction between Celastrol and Human Serum Albumin LIU Hao' , FAN Shi-meng' ,OUYANG Jing-yu' ,YOU Xiang-yu"",
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Abstract ; In this paper, fluorescence spectroscopy , spectrophotometry , and isothermal titration calorimetry were used to study the
binding mode of simulated human serum albumin (HSA) and celastrol , and molecular docking was used to analyze the interaction
mode. Fluorescence spectrum results showed that celastrol and HSA were mainly bound via hydrogen bond and intermolecular
force ,and the mechanism of celastrol quenching HSA endogenous fluorescence was static quenching, and the binding process of
celastrol and HSA was mainly affected by temperature.In the combination process, it was revealed that the conformation and micro-
environment of HSA would change slightly. Combining the molecular docking results, the bonding process of the two may be mainly
governed by weak interactions such as hydrophobic interaction and intermolecular force.This study provides theoretical support for
the transport and delivery of celastrol in blood and is of great significance for further understanding the pharmacodynamics and
pharmacokinetic properties of celastrol.

Key words : human serum albumin; celastrol ; fluorescence ;isothermal titration calorimetry ;molecular docking

TARRLLR (Celastrol, CL) & —F AL GE T A9 BEAAAAE 508 % (045 NF-«B 18 #% \MAPK i
BN HRAR B AR O =i 2R B, B2 B8 JAK/STAT i #% | PI3K/Akt/mTOR i f# 15t
TR E AR FAZ RSN —

%'J%ﬁ&iﬁiﬁz—m o KERHGERY, FHAME rim AR . 2021-12-13;; M4 B 4 H #7:2022-03-08

ARBAAT MR PUEAAMBUETETE, FA BEEWE:HMEARB ¥ ELFERFELEHIA
TELT ZAEIBMEJRE FI [ B e 28 M ( N2 R (81703409) ; W1 #H TRHAUFIETTHRIBUH (B2017047,
e ARG LT RS MR 48 ) ) M2 f;;}fjf?;ww%) R,
VH e T - e (3] 18] 91« XY =), J1,1 P s S I
LR (0BT S IR 00 B N —

fj]ﬂz](?*}%iﬁjﬁﬂgm \HEBEE“” \2 ﬂﬁﬁéﬁ(“ \%ﬁ o ﬁ“tﬂ'ﬂi%:jﬁﬁé?,E—mail;youxiangyu@ hbut.edu.cn,

S— RS P ) SE IO AR R Fh i B s Y R ARG SI RS XN BEUE T, KBS 45 ATELLR 5 A

TGO WRABIIT R, AR s HAEAMAHEAERL ] AR50 ,2022,44(6) :810-815,



55 44 45 6 )

pUNERN N A S UNIIRE ISR A= O TR (3 811

AACBT LS D REE AL R LA B E
R 24 BRE 1R I AR 197 FH A7 A2 31 7™ 5 @A
PR B, 32 R R A K R v 22 | AR R
% JAIT B AR KRR A
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ITC) DA 43— 432 552 56 %) WA 5 10 A0 B A FH 2847
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R PGE R A EAE 0 AR, e h
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Uig 18 NIRRT ST H A4 T 591
SETR T B A6 B 1 0T 25 R RS AU A 26 9 3 ( hitps ./
swissmodel.expasy.org) P45 4L, 772 HSA
B PDB I, 40 F XL 3 Accelrys Discov-
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Fig.1 Effect of celastrol on fluorescence quenching of

HSA at 303 K
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Fig.2 Stern-Volmer linear graph of celastrol binding
to HSA with HSA concentration 15 pmol/L
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(1LZBP R RS: 2550, %8 A8 230038;2. LB T 2GR 4B 9P L5, 28 A 230012)

bR 7 ,2022,44(6) ,816~821

W O A BUH A 5 1 2= 2 WAL EE A 357 ( Histone deacetylase inhibitors, HDACis) , 3& T BAE (R M 3E M HDAC6 #I 7]
FUR LS R FRAE SR AP G BRI LAY 3,5- 05 FEIUACIEIE Sl Cap BLICHIEE HARS> T, 4 Claisen-Schmidt KN FA G G
QoK di G R A T 9 MY, JFE i E0E B 6 AT S5 AR IE . SRS PSS R BOR B Y
4-((3,5-Z(4-5ARHE ) -1 H-Emg- 135 ) HI ) - V- 32 560K FI5E MG (52) X HDAC6 BA ARG M (1C5, = 0. 25 wmol/L)
F— 2 1B M

KB T B A A TR S BELES 6 IR PRSI B

hE 5 KSRI14.5 XHERFRIRED ;A X EHS :0258-3283(2022) 06-0816-06

Novel Selective HDACG6 Inhibitors Bearing 3, 5-Diaryl-substituted 1H-Pyrazole as Capmoiety ; Design, Synthesis and E-
valuation of Enzymatic Activity HE Ge' , ZHANG Ming-ming' ,LI Zhi' | XU Xing-xing' , YUAN Zhen',WANG Qin', MA Xiao-
dong™"*(1.College of Pharmacy , Anhui University of Chinese Medicine , Hefei 230038, China ;2. Department of Medicinal Chemis-
try, Anhui Academy of Chinese Medicine, Hefei 230012, China) , Huaxue Shiji,2022,44(6) ,816~821

Abstract ; This study is conducted to discover novel histone deacetylase inhibitors ( HDACis ) .Based on the structural characteris-
tics of the representative histone deacetylase 6 (HDAC6) selective inhibitors, nine target compounds that feature conformationally
restricted 3 ,5-diaryl-substituted 1H-pyrazole as the Capmoiety were designed based on structural characteristics of the representa-
tive selective HDAC6is, and synthesized via Claisen-Schmidt reaction, cyclization reaction, substitution reaction , hydroxylaminolysis.
Their molecular structures have been confirmed by 'HNMR and MS.The biochemical assay showed that compound 4-( (3, 5-bis
(4-chlorophenyl) -1H-pyrazol-1-yl ) methyl ) -N-hydroxybenzamide (5a) exhibited acceptable HDACG6 inhibitory activity (ICs, =
0.25 pmol/L) and moderate selectivity.

Key words : design ; synthesis ; histone deacetylase 6 inhibitor; biochemical assay ; selectivity

L3R H A LI AB Ui 2 4 s SR R 2Rk 1Y
EEMEAL T3 RN E A LBk

HAT & BB HDACs fU 4% 18 Fp 7 4, H)
HDAC1-11 A Sirtin ZJ% : HDAC1-11 [ 4H 334

Hi2H 4R 1 & Tk 5 % i A 2H 2R 11 25 & T AL il
(Histone deacetylases, HDACs ) 3 [6] 18 4% | 76 IE %
AFLRASTR P A R OB £ A R Y
BhASTAT Y FEZFUENERE B HDACs 5% %
ik, A FIRAE AN L CBEKE, iz S
DNA BB 2545, I 8 #0988 Bk R Rk, A,
HDACis Al EIRALE A S, T 1 A=l
R, RIEPUMEAEM, BHArc ke
HDACis 5 Vorinostat ( SAHA ) . Belinostat , Panobi-
nostat , Romidepsin , Chidamide , {H i FXF HDAC 5t
Z W HIERENE  AGE T2 0 , HA7 A7
O MK QT [T 4 < A5 B AR FH 2 ke T 2% 30
FA WP A8 R HDACis LA 3E 259 /Y %%
S, IERAT SRR

Zn™ 1M Sirtuin ZC % M9 5l L NAD", 7E T A
HDACs WV &I HDACG6 45 #2045 | HAT i
255, H R 2AE g i rh 8 R4 R
FI4h, 84045 a-tubulin Hsp90 S5 A4 8 111, ik
TR HA R T2 AR T BE . AE S

s BHA.2021-12-13 ; M4 B % H 5 :2022-03-07

EETR  ZHA & 5K B ARHEI R H (KI2020A-
0412)

YEE A ATAR (1998-) , Lo, WG AR FH N B2k | E BRI 5T
J5 1) R T4 R T IR 25 it

EIREE : DA, E-mail ; 0-omaxiaodong@ 163.com,,
SIRZS Alks  SkII 2255, 2. DL 3, 5- 55 SE Rtk e
A Cap BIFT R EEME HDACG 46170, BEIT A B A R 75
PEPEA [ 1] k2R3 ,2022,44(6) :816-821,
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DR 52 36 v ) 5 HDAGT Bl 9 S48 7 A6 L,
HDAC6 Fil /N OGRSk 10 iF o 3%
Y, 3% £ £ HDAC6 1 il %] ( HDAC6 inhibitors,
HDAC6is ) FEFEIE IR TPERR AN A 5 etk
PIRIAIT 7 W B A R R R = bR
HA RAFH e Esh, st HDAC6s i HAT 58
PRI IF R, B AR SE, HDACG 1) il 70 v]
S 3T R eRE 20 B PD-L1 SRE g R i Rk, TR
e o 3 85, A R O TR i RE YR T B LR ik
Bl o HH7,HDAC6is Ricolinostat ' Fl Citarinos-
tat!" (LAY 1.2, WA 1a) BESEAGRIFST,
1B H: % 4 2280 ( Selectivity index, SI, 1 HDAC1
1 HDAC6 19 1C5, LA ¥R A, #03R 97 8 11475
g, Ik R m 1) HDAC6is B A7 8 %L
B,

HDACi H1 3 M5 Hondl k. 5 8 1 3R 1 AH
HAE A 3R 1R i kA1 ( Surface  recognition
group, Cap) , 45 5 i 1k 38 18 19 3% # i Bt ( Linker )
VIR R Wit 19 Zn™ % 56 25 A BE A ( Zine binding
group,ZBG) . HDAC6 [1) 454 R ik Ay Ho e £ 40
TR L T AR R R R A
AL 3E TE B S B SR AR BEAE R Cap 5
R AL T8 Y Linker S22 G PE 8 4 06 4
Z08 SLF O A HDAC6is ML 254, DLk
BRI W ok 52 R 28 1Y SE ATl Cap A1
FIFHRT 2 (b 1~7, WA 1a) >0
IR, 51 AR B8 H 0 05 22 HEA/E R Linker K Uiy
A 5440 () H463 \F583 724 ar-m HEFL, A
717 5 4 34 D PC e fb i 3 (A& 3 ~5.7, WA
1 3.) [15,20-22] .

A H K LR A B B B PUE
LTI R Y ST A B
HDAC6is ¥ Cap %544 R AE, A% B BA B 28 B 1R /Y
o, B- AN RIS F4 P 2R, F b 75 380 g 2 B i 780 )
3,5- 05 FEHR LM Cap BATT, 38 i AN [ o %
F Bof 5 3B 0 0T A3 e R G FR A A LA
#1558 — R AF AL B AR T,
UL 1b) A IR R A B, A4,
Hl&T 9 NMMEA Y, DL T 2 iR RE R
( Structure-activity relationship, SAR ) iff 5%, 111 it
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design rationale of target compounds
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AFARCH (1a) 5 4-F K H B2 Claisen-
Schmidt i 515 A H-ER AT AL 9 2a, 5 & 5 6K

o - o,
Cl Cl Cl
la 2a
Cl Q Cl Cl Cl
Ot OO
N—NH —_— N-N
3a z
COOCH,
4a~4c
Cl O O Cl
\\
N-N
v é
CONHOH
S5a~5c

. Cl(;l . ClCl
3a V- N ./ N-N
o :(Z), OAZE;H

OCH,
6a,6b 7a,7b
(6a.n=1; 6b. n=2) (7a.n=1; 7b. n=2)
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v OQ)" v OQ)"

N—R* N—R*

8a~8f 9a~9f
n R Y n R* Y
4a, 5a 8a,9a 1 H 8d,9d 2 CH,
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|l ) Ly
4b, 5b 8b,9 1 H 8e,9%¢ 1 H
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[ N S
|y
4c, 5c 8¢c,9¢c 2 H 8f,9f 2 H

R AAEFAIH] . T.4-508 B B, NaOH (10% ) , ZBE,0 C;
It B 2ERE R , 1, , K, €O, , Z85E, 75 °C 5 I 358 HY L6 T R
PR R 5-( TR 3 ) ey -2-FR 1R Y IR B 5- (T8 3% ) S I mee -3
PR R, NaH (60% ) , N, N-— H 3L i Bt e ( DMF) |, = i ;
IV.NaOH(s) ,50% NH,OH 7K % ¥, P4 & Wk i/ B ) =5 3l
V.IRZR IR N R B B, K,CO5 , JEK 25, N, , 80 C
VI.LiIOH (s) , DU & Wk M/ PP B/ 7K, %3 HCL( 1 mol/L) 5 VI 4-
COHYEIE ) F 3G ) R H R P IR R PR £h ol 4- (L 3% ) KW iR
FH R R AR Eh ok 5-( AL 3L ) DRI 2-JR R Y R Eh RS L 1-(3-—
PN 3L ) -3- 2 il — W i R W £k (EDCL) |, 1-58 562891 —
4 (HOBT) , = e, S e, E i,
HAREA P A L4

Synthetic route for target compounds

TAME RIS T I 7 B 25 % F AR f Ik 275 3,5-—
(4-FREL) -1H-MEWE (3a) , LB 3a 5l H
5 R TR 10 25 A% U B e 45 bRk & 9
5a~5c; 4 5 LR TR B T R HY TR A9 25 A% B
KAE 5 4-(Z B L) 2R B R P R R R R sk
4-((FHESL) HIE) R R Y R b R SRl 5- (& 0k
FH ) W Wy 232 i FY R kT R 400 5 BT e 8 e
fitfs BAE & 9a~of, A UM a2 PR
1.3 LEYRIAE

1.3.1  1,3-Z(4-5 R FE) 9-2-0%-1-1 (2a) 1Y
il %

$ 2.0 g(12. 94 mmol ) fLAH 1a T 13 mlL
LA 16 mL 10% NaOH ¥ 1, Bt FE¥ 215
FIA 1,82 g(12.94 mmol ) 4-5 A< F S | ks S i
1h, JW5EEE, A VK AKIR A VK, vKis T LA
W HCL JH % pH 7~8, fil1JE , UEPF 4 L BE 45 AT
1.7 g IR, 75 47. 4%,

1.3.2  3,5-T(4-FR%E) -1H-ILME (3a) Il 45

1.6 g(5.77 mmol) L&Y 2a % T 32 mL
ZEEH RN 2.5 g(13. 68 mmol ) X FF 4 itk ok
JF 289 mg(1. 14 mmol) 1, , BT 75 C FHtHE IR
10 min, BEJ5, A 2.36 g(17. 10 mmol ) K,CO,,
YRSE N, N SEEE  WUE AR , I AR AR R
BT, FhUE  UEDF 2 O BETE 25 A AT 967 mg {4
ZURIEA 74 58. 0%,

1.3.3  4-((3,5- (4-FREE) -1H-nk k- 1-5E )
3 ) R B R Y R (4a) B 48

#F 150 mg(0. 52 mmol ) fL &) 3a % T 2 mL
DMF H1, 7K F Il A 133 mg (0.57 mmol ) 60%
NaH, Z i@ £ 10 min J5, M A 115 mg (0. 62
mmol ) X 45 HH 5628 HH R HH g, Ak 2 N, 0 58
B R DM FIRR R 240 K AR Kk, &
iR O R AEHL, A HLAH FH S K SRR 8 (5 ) T8 ik
4i5 ML R A I 2R TR AEJZ TS 130 mg
FIEEAR 774 56. 8%

1.3.4  4-((3,5- . (4-F LI -1H-MEme-1-3% )
3L ) -N-F R H e ( Sa) 19 1 &

4 108.8 mg (2.4 mmol) NaOH I T 50%
NH,OH /K (1.5 mL) , FHH AR 100
mg (0. 23 mmol ) fL-EW) 4a 1) V( PUERKNG) :V(H
BE)= 1:HRAW (4 mL) , FRBEFESN . 58
Be UKW R LIBSRR UM = pH 7~8, AR KA A
BLAHR Sl , B DF K BE RS R F = 5 ot/ W B
HZNTS 67 mg FAE K, 7% 66. 4%, 'HNMR
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(DMSO-d, ,400 MHz) ,8:11.16 (s, 1H) ;9.00(s,
1H) ;7.88(d,2H,/=8.4 Hz);7.67(d,2H,J=8.0
Hz);7.56(d,2H,J=8.4 Hz) ;7.50(d,2H,J=4.8
Hz);7.48(d,2H,J=4.8 Hz) ;7.10(d,2H,J=8.2
Hz);7.05 (s, 1H);5.48 (s, 2H), ESI-HRMS,
m/z:438.076 5[ M+H] ",

A5 5b.5c ZH LG W 5a G M7k
il

5-((3,5-2 (4-5 AR 5L ) -1H-E wg-1-5E ) H
FL) -N-FEILWE W -2-H kR (5b) « (1 R A 7o
51.2%, 'HNMR ( DMSO-d, , 400 MHz), 8. 11.15
(s,1H);9.09(s,1H);7.89(d,2H,J=8.4 Hz);
7.61(d,2H, J=8.4 Hz);7.55(d,2H, ] =8.4
Hz);7.50 (d,2H,J=8.4 Hz);7.45~7.37 (m,
1H);7.01(s,1H);6.89(d,1H,J=4.0 Hz) ;5. 58
(s,2H) . ESI-HRMS,m/z:444.032 8[ M+H]",

4-((3,5-2 (4-5H AR 5L ) -1H-E - 1-5E ) H
FL) -N-FRIE S w2 Bk JHE (S ) - IR B € [ A,
F2# 60. 7%, 'HNMR ( DMSO-d,, 400 MHz) , §:
11.49(s,1H);9.37(s,1H) ;7.85(d,2H, J=8.4
Hz);7.66 ~7.55(m,4H);7.49 (d,2H, J=8.4
Hz);7.04 (s, 1H);6.61(s,1H);5.64(s,2H),
ESI-HRMS , m/z:429. 050 6 M+H] ",

1.3.5  3-(3,5-(4-FARKL) -1H-MLmE-1-3%) 2,
iR 2.1 (6a) FO T £

1.0 g(3.45 mmol) tb A5 3a % T 20 mL
ToK NG ARKIMA 691. 38 mg(4. 14 mmol ) I
LBR 2T (1.0 g(7.245 mmol ) K,CO, , T N, 4 il
T,80 CHEFESN, S 58 e 1] s oK
FE AT AR, g UE DR FH AL LR LT
FEZHTE 1.2 ¢ FTEREAR, 722 90. 2%,

1.3.6  3-(3,5-(4-FARKE) -1H-MLmE-1-3%) 2,
R (7a) By &

1.0 g(2.6 mmol) fb5 W) 6a % T 15 mL
V(UEEM) VHEE) V(oK) =31 1R AT
TR VK FILA 311 mg( 13 mmol) LiOH , &R %
N, JNE 58 EE I 2K A L R, vk T LA
(1 mol/L)H HCl & pH 3~4 fliyk TG54
885 mg PO [E A, LR aifb HHEFH T F—2, "
#98. 1%,

1.3.7  4-((2-(3,5- = (4 K5 -1 H-Nk w1~
F) LML) B R H IR I (8a) RO 4%

£ 200 mg(0. 58 mmol) L AW Ta #F 4 mL

T BE, KA 120.77 mg (0.63 mmol )

EDCI . 85. 13 mg (0. 63 mmol ) HOBT, % i $if $¥
0.5 h J&5,INA 127. 77 mg(0. 63 mmol ) 4-( & F&H
B ) 7% F R P R ER R LA 361. 46 mg (1. 89 mmol )
SO ARSI o SOV SE SRR DA AR
PR SENVA TR /K TR R K VR, S BE AR
AHUAHHTCKGRER S (5 g) T DR 45, L5
KA TR L BRFEJZ AT AR 201 mg [ £ [F]
PR T72.5%,

1.3.8  4-((2-(3,5- = (45 K5 - 1H-Nk m-1-
5 CBE R L) B R ) -N-F2 52K BB I (9a) 1Y
il %

# 67 mg (1.68 mmol) NaOH A T 50%
NH,OH /K (1 mL) , THAIMAA 100 mg
(0.21 mmol) b EW) 8a 1Y V(MU A WEMR) =V ( H
)= ARG (2 mL) |, S IRBEFER N, v
SERE UKW T LABE R 8 25 pH 7~ 8, BL2S W Tk 4
AHLEH, g uEYEKUE R R ] S S H
B AR 2 BT 1% 60 mg 10 [ AR, 77 F 66.7%.,
"HNMR ( DMSO-d, , 400 MHz) ,58:11.20 (s, 1H);
9.03(s,1H);8.81(t,1H,J=5.6 Hz);7.87(d,
2H,/=8.8 Hz);7.71(d,2H, J=8.4 Hz);7.59
(d,4H,J=6.4 Hz);7.50(d,2H, J=8.4 Hz);
7.29(d,2H,J=8.0 Hz);6.99 (s, 1H) ;4.89 (s,
2H);4.35(d,2H,J=6.0 Hz), ESI-HRMS,m/z:
495.100 O[ M+H ",

G 9b ~ of Z2EALE W) 9a (W] 55 7 ik
il

4-((2-(3,5- 7 (A-F KL -1 H-H M- 1-3E ) -
N-FIE ke 5L ) AL ) -N-32 BL 28 HT ki (9b)
FLE [E A, 723 52. 1%, "HNMR ( DMSO-d, , 400
MHz) ,8:11.21(s,1H);9.04(s,1H) ;7.92~7. 82
(m,2H);7.78~7.71(m,2H) ;7.61 ~7.55(m,
3H);7.53~7.47(m,2H) ;7.31~7.17(m,2H) ;
7.01~6.95(m,1H);5.28(s,1H);5.16(s,1H);
4.70(s,1H) ;4.55(s,2H) ;2. 99(s,2H) ;2. 85(s,
1H) . ESI-MS,m/z:509[ M+H]*,

4-((2-(3,5-(4-FARFE) -1 H-MEmE-1-38 ) N
P a3 ) H 3k ) -N-F8 5628 FH R (9c ) - I (e [ 44k
FPH 42, 4%, "HNMR ( DMSO-d, , 400 MHz) , 8:
11.12(s,1H);8.98 (s, 1H) ;8.53(t,1H,J=6.0
Hz);7.90~7.84(m,2H);7.67~7.55(m,6H) ;
7.51~7.46(m,2H);7.18(d,2H,J=8.4 Hz);
6.92(s,1H) ;4.36 (t,2H, J=6.8 Hz);4.27(d,
2H,J/=5.6 Hz);2.86(t,2H,J=7.2 Hz) ., ESI-
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HRMS,m/z:509. 114 9 M+H ",

4-((2-(3,5-Z (4-AAREL) -1H-mEwg-1-58 ) -
N-FE AR 2 58 ) B AR ) -V-32 JE IR Yk (9d)
[ AR, 7= % 56.3%, "HNMR ( DMSO-d, , 400
MHz) ,6:11.16(s,1H) ;9.01(d,1H,J=6.4 Hz) ;
7.87(d, 1H, J=8.4 Hz);7.81(d,1H,J=8.0
Hz);7.74(d,1H,J=8.0 Hz);7.69 ~7.57 (m,
5H);7.52~7.44(m,2H);7.26(d,1H, J=17.6
Hz);7.15(d,1H, J=7.6 Hz);6.97 ~6.85 (m,
1H) ;4.62(s,1H) ;4.51(s,1H) ;4. 43 ~4.28(m,
2H);3.16~3.01(m,2H) ;2.94(s,2H) ;2.79(s,
1H) ., ESI-HRMS,m/z:523. 127 8 M+H ",

5-((2-(3,5-(4-FRFE) -1 H-MEmg-1-3% ) 2,
B L) I 3% ) -N-F2 FE M- 2- 1 BEHE (9e) : FH (2
A, ;=% 46% , "HNMR ( DMSO-d, ,400 MHz) ,
8:11.18(s,1H);9.11(s,1H);8.93(d, 1H, J=
5.6 Hz);7.87(d,2H,J=8.4 Hz);7.63~7.53
(m,4H) ;7.52~7.47(m,3H) ;6.99(s,1H) ;6.95
(d,1H,J=4.0 Hz) ;4. 84(s,2H) ;4.48(d,2H, J=
5.6 Hz) . ESI-MS,m/z:501[ M+H]*,

5-((2-(3,5-(4-F R HE) -1 H-nE - 1- 38 ) Y
P a3k ) HY 3L ) - V-2 BE 18 wy-2- Y ki (OfF) < IR ¢
@ F AR, 7= % 51.3%, "HNMR ( DMSO-d,, 400
MHz) ,8:11.12(s,1H) ;9.07(s,1H) ;8.66(t,1H,
J=6.0 Hz);7.91~7.81(m,2H) ;7.68~7.57(m,
4H);7.52~7.44(m,2H) ;7.42~7.31(m, 1H);
6.89(s,1H);6.86(d,1H, J=3.6 Hz);4.42 ~
4.28(m,4H);2.81(t,2H,J=7.2 Hz), ESI-MS,
m/z:515[ M+H] ",
1.4 RS P

HAr4>F ) HDAC6 . HDAC1 41 1 7% % 5%
Fluorescent-based HDAC Activity Assay Il % ; B i
FEIAL AP DMSO ¥, el ) v B AR vk
T 1 2% Ph A | Substrate/ Trypsin 15 ;
WA B2 vie FE 1Y Ak & W 95 U T I TR, Substrate/
Trypsin A 30 A £ 384 FLAR H L i il
AR VAR R FF X IR IR E — e B[]
J5i >R Synergy Bibs SRR GG S 1H, 1A 4%
W By A R 1 3] 1C,, 18,

2 #ER5IR

L&) 5a~5¢.9a~9f XF HDAC1/HDAC6 Ky
IRITEPEZE R AN 3R 1 FoR . BTG 2 SR 3R
W1, fE B9 Sa X HDAC6 EA R4 3016 1,

1C5,M 0. 25 pumol/L, [RIIF HAT — 5 (1 7 AL e 51
(SI=6.0) , 1M AEAH RS T, L1 HDAC ¥
I SAHA (% SI{HAL K 0. 34, 7E Linker 24 F.
FIF R G AL G W) 5a B EE I P AL,
YHIRELR N WEWS (5b) FI5 BEWE (Sc ) BE 4
T, 1A Y 5a~5c BELRE B vE— 5 5
AL R A FE K Linker 753 21654 9a ~ Of, {H H:
MEFEER LAY 5a £ BERTE, Hodb 1k
AW of IMEEHEH AL, 1C5, M 0. 18 wmol/L, AT
JITiA , Cap 1 Linker J& 5% W41 il 15 14/ 16 454 1) 56
AN R ARG St B DAL S ) Sa Aok
Sy, - FEE Cap #l Linker ESENEA =2l
PR B A B e £ HDACGis
F1 HELAW MG

Tab.1 Inhibitor activity evaluation of target compounds

gy (C/(pmol 17D AR R A SI
HDAC1 HDAC6 (HDAC1/HDAC6)
5a L5 0.25 6
5b 4.2 0.70 6
5c 2.2 0.56 3.9
9a — 0.84 —
9 — 0.39 _
9% — 0.27 _
9d — 0.25 —
%e — 0.90 _
of — 0.18 _
SAHA 0.011 0. 032 0.34
3 g

AT R FEME HDACGis FOZ5 R FRAE | 15 AF
B o, B-ANRLFINER 4544 P41 34 | H A5 2 A 5 R
H7 A 3,5- 5 FEHUCALME Cap H.7T, I A
3t B H S PR el 1T A 7 IR S R G
P, B AT 9 AN HER T, TS
PR ZE LB, Linker 47 H 2L 11L& 9 Sa
X} HDAC6 H- A4 K 4F 09 3 Bl 3% £ (1C,, = 0.25
pmol/ L) Fl— 5 {1 7. B4 e $ (S1=6.0) , 1 1F
Linker b —25 51 AWERAE ) , S0 G A A ©
FARTE JREEARBBKG LS Y Sa N T, 8
1tk — 25 £ 5 Cap. Linker 1145 #4) 22 #E 7E IT J2
SAR A 5%, VA & B4 B 3% R | ok B M A Y
HDACS6is
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| INRERTRY |
REBR AR FTECETERMAREIE,LERELBE T AT IS FAI A MK
TR ARG E A —AEENFRIRA, R B SRR T AR AR S A
B AL B R AR TR R FREH A B A E R AR,
ARBKET 3 BAEEYRBRRAMAA | B8R BB AR R F R RAsk
BB 2 R EER S R RN S T A P 2,4 R B LM, X KR M AR A
FALR M T N EAA RS @mEILE T RATFA AL,

B A T 4003 R B T B L e R 5

TRBEA, T3k, R 24 B F 5 A% x| Fak Rgde”
(LT TR 2 538 TR AT B30 121001)

FEE - R P R - 20 A T B 008 v %o ) 8 P A B2 26 W e AT e ek Ak 3 08 A Sy R B SRR 58 T %o I R 25 6 1) R
FEPERE o 38 A S IR B S0 30 25 4 T S0 R B S VA VR pHL D A B O o B R | R R UL VR RF 7 43¢ T i 56 4 4 % R A
SR B 000 8 T 2% R R S R A R B B 2 R B A R R RN B g 2 SRR 2 AR A A ot AR W AR i Ry
0.6 g/L.pH 7 0 H JE W E R FE N 100 mg/L. 50 °C W B 180 min B4 T, o A 4 ¢ o W0 B 35k 5 1) R o 225 4 A
68.28 mg/g, it WEHEJ1F TR Freundlich 75 2 B 4T B IR T 1% W I3 R [m] s W2 o 68 g 2% 2 BH 2 o ot 7
— B EZWRHRIFE,

KR AR AW T SR IR

FE %S X703 XEkARIRAS . A EHRS:0258-3283(2022) 06-0822-06

Adsorption of Methylene Blue by Modified Pomelo Peel Biochar ZHANG Yan-jie, WANG Huan ,CAl Yu-fu,BIAN Zi-qi,ZHAO
Xing ,LIU Yan-lin, ZHAO Yong-hua™ ( School of Chemistry & Environmental Engineering, Liaoning University of Technology,
Jinzhou 121001, China) ,Huaxue Shiji,2022,44(6) ,822~827

Abstract: Pomelo peel-derived biochar was firstly modified by using nitric acid-potassium permanganate activation method and
used as adsorbent for methylene blue ( MB) ,the adsorption performance for methylene blue was investigated. The influences of
pH ,initial MB concentration , adsorption time ,adsorption temperature ,and the amount of adsorbent on the adsorption performance
of Pomelo peel-derived biochar were investigated by static adsorption experiments, and the adsorption kinetics, adsorption iso-
therms , and adsorption thermodynamics were determined.The results showed that the adsorption capacity of MB was 68. 28 mg/¢g
under the condition of adsorbent concentration of 0.6 g/L,pH 7, methylene blue concentration of 100 mg/L, and adsorption at
50 °C for 180 min.The adsorption process could be better described by the quasi-second-order kinetic equation and Freundlich
equation. Adsorption thermodynamics revealed that the adsorption was spontaneous and endothermic.

Key words: Pomelo peel ;biochar; methylene blue ; adsorption
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PESIIE K (AP SN o 7/ Rr ol 1 D § 2 PN 0 2
SRR H Y, FEARZ D7 ik, Wik y T R
VR B B 3R H G P4 S5 K, BN I fie
R R e 0 o R RREIE R I B 7R A
BERE LN E B, [BI S84 w0 R FRBE AU A5
ST T R B MR 590 G vp i P e il
T HA LR A I RREEE AR PR, S — T AR )
(EL 3o R

il B — ok U T AR TR R S,
PR SRR AR A A
SEUEBEM B KRB AR T R B A E,
FER BN R . S TR SR S YA
FUTEAE AR A SR 5 B A0 Ok, SR R 1
SRR 7 1 i 2 AR B e, O 8 FEEA T ek Ak
] o A DA VB O 50 B2 R I PP R, 489 1
XoF IV P 2 i ) R A E

i

/ﬁ\

1 LIERS
1.1 FEAEE S

TL1200 #1420 (F e P 2R AU A BHE A PR
25w]) 5 UV2300 1B EBE T (L TRER e AY
ABRAT]) s DF-101S YA P 1E IR g 14
FEER (UL TS A PR TR A A s FA2104A
RU 43 BT ROF (L igoks K i XA AT R AR )
DHG-9240A %Y F PG X T4 (g — 1R 224X
wARRAFED) .

VAR | R BRI UK R H BE 5 1
BTl s Al K I A A= 20V A
1.2 SEgrik
12,1 et Wm it &

(1) WiabPE, B 5e R 2 8 17K f & Exh i gk
S B2 AT 2R Ve, DABR 22 BT & B 44 05T, 4R
Je i H B TR N T 80 °C AT T kAT T4, A
FEA BEAILRE T8 J5 Al K R B8, B J i 60 H
i, B5E  T R T AL 3

(2) WAk, WA Tkh B JFRE A R B T
B EAARSE T NER LS °C/min (7
TR INAEF] 500 C, IFAEXEE TA-4F 2 h, R

& BARAHI R =RE I R FaR Ak R S
B PR UE B BOR, Z 5 B FE S AR SR T R4
80 C F 1T 12 h,

(3) JEAb3 , W3 g B b0 B v il i e £k
FEIAT 120 mL VEASER 5> BB RS,
A 15 ¢ EERRRER , VKOKIE & N HidE 2 h, R E R
F| 35 CARBEA PR 1 h, KNSR R
FHRZ 60 °C, KW 15 min, Jll 250 mL 25851k,
PRV 25 min, B2 45 FMA 500 mL 2% 25 7K Fl
30 mL BUEZKIEFE , B Ja MK T B Hp B HS (B e
RFE, O R E R, RERmL Y
RS T 80 °C T4 12 h, FBFHCK ML T )5
(R AL 300 B 1SRy A 4% T, B o6 45 e Al 1 2 A=
Y,

1.2.2 RSz

B — 7 i A O A B2 AR ¢, A 200 mL
— W B R W R, i 0.1 mol/LL
NaOH Fl HCl #0497 pH B, 760 17K
bR R — B R, 0. 22 pm AL
ZUEIEITIE, T 664 nm R HWGREE W HHR
R( %) FI By 254 g, (mg/g) 73l A (1) Al
(2) 35,

R =1[(Cy-C)/Cy] x 100% (1)

q = [(Cy=C)HV]/m (2)

b €y W R BRI L, mg/ L €, SR W BF I MG FP 2
TEHOREE , mg/ Ly V R, Lym BRI A g,

2 HREITE
2.1 W EEEE R SRR AR
2,11 WM

23514 0. 06 .0. 08 0. 1.,0.12.0. 14 g gtk
PIBHANA 200 mL(40 mg/L) W HI 3% %5 b, B
WCPEA: W) AR N 430 0.3,0.4,0.5.,0. 6,
0.7 g/L,7E 50 CARE S BT HE 180 min, 2i
P A 3 e B8 e W BRSO B S e AN R 1 IR

60r L
I ij\\f/” ]
N
[— \ {60

% B2 B/ (mg - g7)
3
% B3/ %

[\
(=]

40
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B 1 Bt AR ) 50NN i 0 SV PP e i A A1 B 1Y) 52 i)

Fig.1 Effect of modified biochar dosage on adsorption

performance of methylene blue
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M1 Rl A S Bl et A ) e 1 3
T SR I Y R B 3 ek Y kot
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0.6 g/L I, Fifi 5 Bl A= 9 o £ 2 386 K, FH 1%
IAF IV FFY 56 5 A9 5 P 07 1 it =2 88, 2% ol A5
BRSO, Mot A Y B = F 0.6 ¢/L
B, P TR P I P R SR AT PR, R R ) £ 3
T2 3 5L B0 %) W AT o5 LA 3k B A A 5
W 6§ 7500 %) TR 57 555 Ak T 25 o AR A AT Bk e 40
I, DAL i o i o 2 ) e A i )
KM/, HESE 0.6 o/ L (B A B 5 4%
HONH,
2.1.2 pH {HIFH

10,12 g MeHEAEYIARIMA 200 mL(40 mg/L)
M F B RE VA, A i R U R pH 4.5.6.7
8, T 50 CKEH T #ESIHEFE 180 min, % %% pH
Xof S0 FF R PR BB R s ), S5 SR AR 2 BT

60 190
e Nt
% - TT RREN ®
£l o B
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2 VR pH N IE P RETE I B AE A R )

Fig.2 Effect of solution pH on adsorption performance

of methylene blue
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Fig.3 Effect of adsorption temperature on adsorption
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performance of methylene blue
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Fig.4 Effect of adsorption time on adsorption

performance of methylene blue
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¥ 0. 12 g BPEA BN 200 mL ¥ FE 43 51
420,40 .60 .80 100 mg/L )3 H FE W79 4,
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Fig.5 Effect of methylene blue concentration on

adsorption performance of methylene blue
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Tab.1 Comparison of adsorption performance of

different adsorbents for MB

Wk, &%

% | 1% [ % =

W I 5 "
'Ef%f&%qaﬂzﬁ EUIE 4.0 /L MBWRTE: ) oo, [16]
= 80 mg/L,25 C

oty DL 0.4 /L, MB VR FE .
WEMEARSEIE M e 1031 mg/LL.25 25.77 [17]

Wk, 2%

R (o) T

MRz 6 51

B 1. 67 ¢/L,MB ¥ .

. 5.81 18
20 mg/L, = [18]

FAAR LW 5

?&Dﬂ%:l- 67 g/L,MB {ZUE
UEELE 20 mg/L, 467 L18]

HehndE 1. 67 o/L, MB ¥ .

e sEE YR 20 mg/L, 3.51 [18]
I HWhNHE. 0.6 ¢/L, MB ¥k . 68.28 A

100 mg/L,50 C

2.2 WS 2E T
0. 12 g A RN 200 mL(40 mg/L)
M7 F R RE T REE U 2 pHL 7, 7E 50 COKIR
BT 40— 2 B[] X6 SO A ) A o S FE
AT 129 e R — R 8h )12 (s
2 3) A G ah J1 2% (A 4) VO etk AR B e
I RS STV P 5 0 ) PR BT ol PR R A T 406, 3 et L B AH
K ZBU R B AN (1Y) B ) 2B
q = q.(1-e™") (3)
q, = (q2hyt) /(1 + q kyt) (4
A g, S A R T 007 B me/ g g,
A ¢ B 2 A 0 R S W B g/ ey ey 45
g VHE— G R W B ER 4, min ™' Rl g/ (mgemin) .
AR B Sy 2 AR R F Origin 8 K 44X
SEEBHR AT AR L LS (WAL 6) , 15 3] F KR
VAR PEA Yy e W B 122 S8 (W3R 2)
W 112 WA AR E(R =0.976 3) i
KFWE—Gsh T A A R EL(R* =0.946 6) ,
T RSO Ay e X S0 FE 356 3 1) W o 3l R mT AR 4
i HE Z By 2R R GR . T3 Ah 3k 2 AN
Kl 6 A AT 0T LG43, AT DA BRHE — 3l )
=PRI RO P - A8 R BT B 4 3 S A, X i —
AU B R BT B UE B T

0 B2 5 /(mg - g7)

160

80

18 BF§ BsF 1] / min
LUE—R B 1% 52 M) E) )y 2%
Ee6 shiiEhEl s

Fig.6 Kinetics equation fitting curves
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Tab.2 Parameters of kinetics model R S EEAR. S5 A A H b
e — 2 1 i W S R (AG’) a7 (AH") JHAS(ASY) ,iX 3 AS40mT L
k[/ (]e/ ) kz/(g- qe/ 5 ﬁﬂ/é\\ﬁ(7>\(8)\(9)%;{—}15’]9]:
min™' (mg-g™") mg™' min! (mg-g™!) AG® = - RTlnk, (7
0. 057 42.29 0.946 6 0.0017 47.30 0.9763 AGY = AH® - TAS® (8)
— _ AlO 0
2.3 I&w%ﬁgﬁﬁ*ﬁ Ink, = AH°/RT + AS°/R (9)
ky = (€, - C,.)/C, (10)

W 0. 12 g BUMEAIAR A 200 mL ¥ B2 43 5]
20,40 .60 .80 100 mg/L 13V BL W5 v b, 14
B pH 7,7E 50 COKIRHR TG 13 FE 180 min,
1% Freundlich (/AZ 5) Al Langmuir ( NT6) EE R
W A5 78 X W o ST 9 5 A T 4B 4T

q. = K€" (5)

7. = (qunK C.)/(1 + K, C,) (6)

K€, LR 1 A VR B, me/Ls g, A ElcvE A B R )

VAR SRS L3 SN § e 32eE /R0 RIALEE 3 Al

FHIE B R B, mg/g; K 1 Ky 43 514 Freundlich 1 Langmuir
2 55 48

FRAE S35 K04 VA M Freundlich Al Langmuir 155
RING L g X C AR, IR T ARG, 46
RULE 7, RGNS RETSEOTR, 458
W33,

~
(=]
T

W
(=)
T

ST B2 4/ (mg - g7Y)

w
=)

0 20 40
FHGURBE/(mg - 1)
1.Langmuir #5574 ;2 Freundich #7%!
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Fig.7 Adsorption isothermal model
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Tab.3 Isothermal adsorption model parameters of

adsorption of methylene blue by modified biochar

Freundlich #£7 Langmuir 57

Ky 1/n R D K, R

40. 826 0.131 1 0.9390 60.711 13.34

2E IR | Freundlich 55 I W AR Y Xof W BT

BB AU G B, AR G R B R® = 0.939 0 iR

T Langmuir 5 I W FFFA5E HY XF 052 B 1 168 250408 4005

I AMERB(R?=0.672 1), 54N, K 7 7]

UV 200 E H |, Freundlich 25 i W BFH 5 0% [5F-

BrBHRARLF (LG o DRI, SO A 0 e o) S HE 5
BT A E AT A Freundlich A7

0.672 1

ek W B3 IE R AL, L/mg s R RS EE IR %0 8. 314
J/(mol -K) ; T AR

0. 12 g B AN 200 mL(40 mg/L)
W B E S W D AR W E pH 7, 4 i AE 35,
40,45 .50 55 COKI LS4 180 min, I &
Ik (H(FK4) . UL Ink, X L/T VR, 45840
B8 iz, AR UL it 2 0 ) 38 AU K i
AH® F1AS® BIME, 40 3% 4 FiR . AITREAL AG
BB, T[] R AR, T AGY A IERT, I
WV R A RR, 2 AGY AER  RRBET
A, R 4 BT E ) O AE ) 6 I
SEWE T B B R RE Y T, AGY W {E - 0. 347
kJ/mol F& % 3. 968 kJ/mol , Il 2B T ekt 2y
AR SRR O S W ST = M 6
A8 BT T R v R B R R R, AHC A
RAE, U B R B s R Sk W ARG R 3 Y Y R R
BE A B TR S R AT . AS® AME R IE(E, B
F B A 0 0 W A ST P 35 8 2 T P ) LA FE A K
L

Fa YR P LR T2 SR

Tab.4 Adsorption thermodynamic parameters of methylene

blue onto biochar

R/ ky/ AGY/ ASY/ AHY/
C (mol™"-K™) (kJmol™) (Jemol™-K™') (kJ-mol™!)
35 1.45 -0. 347
40 1.62 -1.258
45 2.45 -2.365 191. 341 58.548
50 3.76 -3.555
55 4.29 -3.968

1.6r
=08
005560305 0.00315 0.00325
UrT

B8 HCHEAE Wy pR M Y 5 i W MR T 27 40 4k
Fig.8 Fit of adsorption thermodynamics of methylene

blue onto modified biochar
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20 2K 3 1 5k U B 5% K R B K R Y PD™

EBET HDF VKA, RKT ,REE
(BFIRERL B AR 2B 164 b T2, 350 459000)

FEE S WO R SR NaBH, 38 Fe™ il £ TR 29 50 nm AR ZM R (nZV1) |, T 0 T8 P> K AL 3
TEAN 58 T ORI /N R EE TRLEE B A 0 0k 5 S B AL X Ph> RBRR A5 45 R W 2 &1 NaBH, A FF
nZV1 FLAREEAE 1 A4 180, ABA R T nZVI X b P> 1 25 Bk, B R T, P T pH 4~ 6, nZVI NN 0.5 ¢/L, 4
PO W1 LA A /NTF 200 mg/L B, nZVI AT LE 20 min NSO PH™ BB, 24 Ph> AR LA YR BE A 300~ 500 mg/L B, [T
[ ZEK: 2 60 min A fESE 4 25Bk, 724 Ph> AH) 4 R 600 me/L i, BRI KAUN 84.3% ., 3 J12¢ 5285 F B, nZVI
KHEH P> B9 BA5 & Lagergren 1 20 8h 1244508, HEOE I iot 7 32 A0~ W B2 . Langmuir A1 Freundlich %5 i ¢ ff
RTINS 23t P (40 P BE AR, 3R] PO 1 LB ek it v B3 WY R 22 43 F IR L4724 PR BT BR L /N T 10
mg/ L I, S P Fe W BEAR T A2 0 DT /K TLAEARMEC GB 5749—2006) HALTE Y - B 2R AN 22 X BRBE I i — k75 5%
KB YO BN (nZVT) 340 B 5 K s W B 3l T2

FESES X703  XEFRIZES. A XEHS:0258-3283(2022)06-0828-07

Absorption Removal of Pb** from Wastewater by Nanoscaled Zero-Valent Iron Particles ZUO Guo-giang* ,SU Xiao-li ,LIU
Gai-yun ,SONG Xin-yu,ZHANG Lu-lu ( Department of Metallurgy and Chemical Engineering, Jiyuan Vocational and Technical
College , Jiyuan 459000, China) ,Huaxue Shiji,2022,44(6) ,828 ~834

Abstract : Nanoscaled zero-valent iron (nZVI) particles with average size of 50 nm were synthesized in aqueous solution via re-
duction of Fe** with NaBH,.Experiments on absorption removal of Pb** in solution with nZVI particles were carried out.The effects
of the particle size,pH , temperature , dosage , initial concentration ,and reaction time on the removal efficiency of Ph* were investi-
gated.The results showed that it was beneficial to the formation of the network structure of nZVI and the removal of Pb* in the so-
lution when the excess amount of NaBH, was used. At room temperature, adjusting the pH value of the solution to 4~ 6, and the
dosage of nZVI was 0.5 g/L,nZVI removed Pb*" in 20 min when the initial Ph*" concentration was less than 200 mg/L.While in
order to remove Pb** completely, the reaction time was extended to 60 min when the initial concentration of Pb** was 300 ~
500 mg/L.However,when the initial concentration of Pb>* was 600 mg/L, the maximum removal efficiency was only 84.3%.
Kinetic experiments showed that ,the adsorption kinetics of Pb*" on nZVI in solution was in accordance with Lagergren-pseudo-
second-order model , which was mainly controlled by chemical adsorption. The adsorption behavior was highly compatible with
Langmuir and Freundlich isothermal adsorption models , indicating that removal of Pb** was monolayer adsorption coexisted with
multi-layer adsorption. When the initial Pb** concentration was less than 10 mg/L, the concentration of Fe®* in the filtrate was
lower than the limited demand of Standards for Drinking Water Quality { GB5749—2006Y) , which would not cause secondary
pollution to the environment.

Key words : nanoscale zero-valent iron (nZVI) ;Pb;adsorption ; wastewater ; adsorption kinetic

e —MBEAEYE RSN ESRE 38k WML R Bk B T aC ik A B
ERTER VOF = -FI 8 RIIDNEN G NP IC AN N

=y SR (1] )

M35 R D HEARE (GB 25466—2010) ) 11, 4 75 B #1:2022-02-14;; M4 B & A #:2022-03-24

B8 R o — 2505 Y Wy, 2 ) 5 24 ) A 3 it HE ik EETE JHEA 2020 4FRHE R B9 H (202102210259) 5

A A8 e e SR VFHEIOBT R 1.0 mg/L, AT R VEIRT 2020 4RI % BT (20022008) ; B IR

A CHRR R Tl 5 Y HE PR ) (DB 41/684— j‘g%ﬁﬁ;;’ﬁﬁﬁj@ﬁgﬁ i b s
2 am ] EE R L2 gl . T8I A7 o 26 (58 (1982-) , 55 IR IR, 01, R #0de,

2011) = el 5 H %Bﬁ%*’ﬂif’ﬁﬁﬁmm By 1 T4 R BT 195385 5 54, E-mail ; guoqian-

BER 0.3 mg/L, R E Ph> P /K (B B A BE— 0@ 126.com.

Ab2E TAEE I RS B RIARST A2 AR, F5 /N, Xk 25, 255 0 K 2 00 B o

H AT, & Ph> /K AL FE )7 1 EE A 1AL KBRIEAK TR P> [ 1] A1, 2022,44(6) :828-834,
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77 5 A  AUOR TN BRI BRI L R B K ) Ph? 829

HUARR RSS2 TURERE IR E O (8 B TR 58, T
LI A R R A A R K AR EE S
RRFZ A 15 B T[]k Ah B 22 v o < S s e,
LIS G ARV FE I K A B {HL P i 1 Ak 3 R A B
AR R 5 IR B 0 TG N I At Ak 2435 g
FEAG , {HL 312 RECTH B 2 0 o 40, A B v 5 B T
SRR BRSSO BRAE T R (HAF
FESMHE S b P AR i 3 i 3 4 2 A
A= W mT ] s Ak 38 22 o 43 R 55, Ak B 7 TR A
SR G AR R VYD (H AT AR R Ak
RO 5 3 T [ B A (R AR
WK AR SN

AT 3, 4 2K F M ¢ ( Nanoscale zero-valent
iron, nZ V1) PR JH: 57 b 2% 1T AR A S5 %) WA o 12 R e
DI PR SO R I T 4 R S e 25
BB ARSCREAITES T nZVI BRI BRI IR
BE A IR T Ph LR AR, BRI
nZVI Ab R Ph* B SCHERA A PR A1 LR, JF %)
JEAKAE SR P ) Fe JTUR IR E AT %K, WK
K Ph* B R R AL BB AR

1 KIEH
1.1 FEAUE S5

PHS-3C ZUMR B 1T (g S Bl 2 S 1 1y
FBRAFD) 5 J)-1 TOKS 25 3% 07 fa s 128 (CF N 4
IR X PGB BN AS ) ) s DZKW-5 7 it - i /K v
By (AL BT P AR ARG BR 2 F] ) s SHZ-D (1) Y
TEFR K E 2548 DZF-6020 B 23 T4 (L X T
THAASA BRTAE AT ) 5 Scios2 BIHHH 7 B
%% ( 35 [ Thermofisher Scientific 2% &) ) ; XYD2-60-
H R4 7K A (b5 0T P B A BR 2N 7 ) 5 TAS-
990 U JELF- W 43 S 6 BE T (b s i i F A e
BIRTAEATHD) .

Ph>* ARUERE A (1 000 mg/L, 57 i I 728 2%
BB T Wk, v B B 22 58 B ) 5 FeCl, -
4H,0  LBE (A3 AT 4, P B B e A B A ) 5
NaBH,, ( [H 254 A1 BRZA ] ) s HCL NaOH
(0. 1 mol/L, Heg sl , th P Rl Atk 241 5] A iR
N SR A AR AK
1.2 KJAEFIRIE TR

KGR T WO E T AR L2 1, 25
W PH* VR IE g 1~30 mg/L A, 25O BB AT (i
FH e R 2K 283. 3 nm, JEVE T Ph™ [V EE Ry 30~

200 mg/L B ff FHIR R A2k 261. 4 nm,
R1 T IOOEECTAR
Tab.1 Working condition of AAS

, . ik ; WREEd AR
. R/ TR L, VY-S h VA PN
o WK/ JTH H g/ }g%(mj%l B, frE
nm mA (mLemin™")
nm mm mm
b 283.3 2 0.4 1 600 6 0
261.4 2 0.4 1 600 6 0

1.3 STk
1.3.1  GREMPORL il 5
100 mL Jo/K L EE/ KW (V(TEK OBE) -
V(K)=3:7) 5 3IIMA 1.2 4 g FeCl, -4H,0,5¢ 4
VRS e A% A L B PR AR 1Y = DB A
Al 30 min, DLBR 29 WP 09 R AL K
50 mL(0.5 mol/L) NaBH, ¥ #& M 18 J& I 3} i &
) IPANES N WP o5 i Ty U L RES 5 € e oy |
SRS HIAE 2 /s, BEFF NaBH, WA INMA , %
WOz AR B BAWIAR R A nZVI A B, A2 SO
IR
2Fe?* + 2H,0 + BH; — 2Fe’ + BO; + 4H* + 2H,
RN SE R Ak EEE AR, B = HBE
A A ERH IR, VARG, HEZ 4
U8 S ICEUK e 3 i, PR JEK CEEE 3
BB & R 60 CHAE TR 12 h &,
A 1.2.4 g Iy FeCl, -4H,0 il 545 2 (4L 5 43 51
FRiC K nZVI-1 .nZVI-2 nZVI-3,
1.3.2  GORFN LR Ph™ B
FEH—E 1) 200 mg/L #Y P> I T 500 mL
R, 0. 1 mol/L HCI 5 0. 1 mol/L NaOH
TR R B, MEH R B 100 mL — & PR 1)
PH> T 250 mL = FURS A vERR A — 5 it
IR ZA R, TE TR T AU T, — BLita], i v,
FIFH WSO R4S 2 B8 Ph> vk B 3
T BRUE 2R A B IR Ph VR
FHAR (D) HHE P EBRE E(%) , RHARK
(2) 715 Pb* KB E Q(mg/g) .
E(%) = (1 -c/cy) x 100 (1)
0=1[(cq=¢) xVl/m (2)
ey K P> ORI IE  mg/Lyc JUEHR Ph O
mg/L; VRO TRTR, Ly m AN = 1B (R4 K 4 ik
M, g,
1.3.3  FRUEIE RSB
A3BIm S A4S 100 mlL 25 520 O AGE & 1)
Pb** AR5 UE W PH> vk BE (AN TR], 43 53] T i) B
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Tab.2 Content of each element in standard solution series

(mg/L)
b C, G, Cs Cy Cs
S1 2.0 4.0 6.0 8.0 10.0
S2 50 100 150 200 250

2 #RE5i
2.1 YRFMERIORL 1 TE S AR

K1 R FRIECR 8 TR IE AL T, nZVI-1,
nZVI-2 .nZVI-3 () SEM EI% , i K AT LAE A A
R FeCl, - 4H,0 AN &5 9K M08k 1k
W35 5 R, 24 FeCl, -4H,0 BIIMARE J 1 ¢
if, nZVI S FCRCR  FiAR 28 30 ~ 50 nm, ik 5
Wk 22 18] A — 5 B 18] B2, nZ VI 4 4R 52 WIR 25 )
XANEEA A R T U, 24 FeCl, -4H,0 A &
BRI | A2 Y nZ VI BURLHROB W 2 Sy F
FE MR, 3K AT B = B A W Fe™ MR IE M TH
Fe BRI X 2o 760 R EE 3G K BH, 5 Fe UKL
RAE AR X HE K, nZVI A B 3 A R BB, i
13 nZV1 BURLAENUAREE FE 0 IR BT Pl AR,
IASURL A /IN T 88 /IS ) 0K 22 1HT RE R K, 45 5 A
R AFNT 48 BT 1t

' : Lk 1
#2334
-y \
n%@’ '\ e

3 - ‘& p :
a.nZVI-1;b.nZVI-2;¢.nZVI-3
1 #1489 nZVI () SEM [&l
Fig.1 SEM micrograph of nZVI

2.2 nZVI-1~nZVI-3 SR E MR X Ph™

R B
& % = MR R Ph™ IR AR 100 mL,

FEHIERWRE N pH 5, 2 51 A 50 mg Y

nZVI-1 nZV1-2 nZVI-3 S HORFEAM 8k, B FE— B

|/
¥
™

I PG — YA Z v P> MR B, AR ) 1.3, 2,
52 nZV1 A P BRI RL N, 45 5 an & 2
Fin . HERT LA SO A (R) AR R B A 50 T, Bifl
FEWILG Fe™ S 38N, 4 i nZVI XF Ph™ iy 22
BB AW T R, 24 FeCl, -4H,0 BUAIMAE N 4.0 g
fF,nZVI-3 Xf Pb* {9 K B i RAEALH 35. 6%,
MSINA A 1.0 g B, BEFERS ]2 20 min B,
nZVI-1 Xf Pb> i) L BR i nl 35 5] 100%, % 5 -
B nZVI FURL I JE SR AE 20 BT A — 3, nZVI-1 5
YK A S IR Z5 ), BURE R /0N L 2 T R
K, W BHRE J18 T nZVI-2 5 nZVI-3 SR EM
BRIBORL 388 K, A F T X P LB, 43T E,
FeCl,-4H,0 FYMAR N 1.2 .4 ¢ B}, BH, 5 Fe™
HH R L4k 5.0.2.5 1. 25 i K Tk 2E
THEREL 0.5, X Ul A it B it & 19 BH,
X7 it nZVT U B PE BB ), A 5256 1E £ nZVI-
1 HAFFEXTS
1201
P .
8 6ol //’“/o—”cz
&3]

_/‘\m—‘3

T
M2k 1~3 5351 nZVI-1 ,nZVI-2 .nZVI-3
2 nZVI-1~nZVI-3 YOREM PR AL Ph>
PERE LL#
Fig.2 Performance comparison of nZVI-1~nZVI-3 in
treating Ph**

2.3 nZVIIAJE KRR L A2 AL

[ 5 = eI D P> W AR B 100 mL,
YR R EREE N pH 2 ~4, AR 1.3.2,
SN 235 o RN S AR R B AR R IR R
IR EE 43 254k pH 3. 68.5.70.6. 12, 3% i ]
nZVI NG R T %R 2 1) 284k, 1 pH A |
FHT 1.5~2.5 AN X S5 EE A SN i HGE
FEAR -, XJEH T nZVI B A B8 06 5 v
(E°(Fe™/Fe’)=—0.44 V) JMAKF G ] A & Hb
SR A BUK AR RN

2Fel,) +4H(,, + 0, — 2Fe(;,, +2H,0,
Fel,, + 2H,0,,, — Fe{i,, + H, + 20H_,,

IR BRI FE K Y S O A AR

B, Rty pH E BTt
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2.4 (RRFREEXT PH™ J: bR MM

SEEFE Y Ph* VRN 200 mg/L B, I
IR EE N pH 6. 5 B, VR W i B AT To e B DT
UE Pb(OH) S AR, R, AR SEB 248 TR R 1Y pH
2~6 W], IR BE X Ph™ L BR A2, 45 5
K3 s, BEW LLA H BREEXT Ph> JeBRR 52
WA, pH 2 B, 2 BRFAUN 59. 5% , 3 Ui I 755 R
FEAFTF Ph> YA BE 3 T nZ VI (W3R 17 7 55
% Fe(OH), Fl FeOOH'"™ ¥ nZVI AR T
i, 8 55 7E nZVI R A2 E A 2 R b/
E AR E R R E A W R

= FeOH; === FeOH + H"

= FeOH=== FeO™ + H"
120
§ B /—_4
]
01 3 5 7

pH
3 pH WI7ZE{EXS Ph> £ R RS0
Fig.3 Effect of pH on Pb** removal efficiency

PRI, 5K 2% T 179 77 FR 1 IO 5 9 VY pHL {EL
FLFEAR G, 26 IS FLAar B 8 pH (ELFR A Uk A
SRR TESE LSO RS PRSI (R F I TR
AR B ST 2 iR 5645 AR B k)
SEHL 290 8. 1, a-FeOOH FU4EHL S 241K 8.6, 24
pH (AT 55 H 5 B, J0RE 22 11 H7 1E HL , nZ VI 5B
BT R AR, pH A & T 55 HL SR U0k 3R 1
WA nZVI 5 BH B 7R MU s, A R T P
S 3

VTR pH<6 B, BIH 2 R nZVI A S
SRR AL, R R ) pH (EATIE T45 5,
PRI % = FeOH" Ifij 4y 1IEHL, A FF Ph™ (1)
AP BERT, nZ VI W] 8 3E 1 3% 1 AL A 8E 8 R
YEFRALEE Ph™ AT RE & A S ANT

= 2FeOH; + Pb** —= (Fe0),Pb + 4H*

2Fe” + 3Pb** + 4H,0 — 3Pb® + 2FeQOOH + 6H"

MR- W B sl S B0, e R, A2~ f [ 3
S5 e B 8y, R AN ) - 2 T G & AN ) 3
FN Y A PR PR R R FE T, Ph™ LR %
BN,

i1 IE v A Y, B R & pH (B R KR,
Pb*" EERFAW L &, 5 TRUE X2 h T

S5t pH YN, B pH (B3N, nZVI B0k
I R TR Ok R SS , 5 PhY AR
JF IO N SR A AT nZVI R B A
SCE R RN R
2.5  nZVI-1 AR AT Ph™ LBRFR
A

i = B P Ph> SRR 100 mL,
Pl SR BRI A pH 5, 403 A 30,4050 .60
70 mg { nZVI-1 S YK FM 2, B b — Be it [ 45
W —W AR R Ph™ R, HoAx A 1.3.2, 548
nZVI FIE X Ph™ LB g, 45 5L an &l 4 i
o HHE 4 ATLIE Y RN R EAE 20 min LAY
B, nZ VI %5 25 B 5% i 45 K, nZVI H & i
K, FEHA R 64 B2 L s ] P, Ph™ 25 B R gl sk g, 4
SN]SR 5 min, B FEMERA H =N 50 mg
B, 2BR% N 86. 7% , 16 KT 30 mg B[ 49. 8%,
XS T nZVI FH 8, 2 1 A9 PR A6 i
% T L5 20 PhY R A A BUE R AR,

120

3
—5%
2
8 60f
Lﬂ =

1

.
Mk 1~5 43514 30.40.50.,60,70 mg
4 nZVI-1 AR Ph™ LERF R
Fig.4 Effect of the amount of nZVI-1 on
Pb*" removal efficiency
24 2 b B 8] 35 £ 20 min B}, 50 ~ 70 mg )
nZV1 FRATff Ph* KBRFIEH] 95% L) I, X Bt B #K
Z2I%) nZVT JI5 AT DAAE B Y I [R] 25 B S v v
() Pb>* 1 nZV1 B F &8 30 mg, 2 N B [E] Ky
60 min, £ FRWEEIT 100% , 13X 1560 /0 = il 40 %
T 4 3 K e E) A AL B AT L R BR IR R
i Pb*
2.6 WIUAHE X P EBRMERE A
[ € nZVI BN 50 mg, 43 598 IR 640
TRHRBERY P> VS, W15 AW Y pH 5, MLA T £
60 min, 7 HIPEAT R BRI BRES , 115 Pb> KPR
A BR324 Uf Wk BE X P L BR M RE 1932
M, SEHG & B, 24 Ph™ ¥ A B0 4G VR R 700
mg/L I PEHIE IR pH 5, 1 P A LA TG E T
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UUUE Pb(OH) 5 M AAFELE s vl Rt A
SEE Y P PRI R R KB S 600 mg/L,

Ph> W05 e B % 2 B M AR 1 52 e 181 S
R, HE AT LA ), nZVI X Ph> (4 25 6 2 Bl 9 4
Y A T T g ARV B A R L 8 LT
& TR SR 100 mg/L I}, X FR &
{H 162 mg/g, HIUHR FEFHE 3] 300 mg/L B, %
PR TH T 472, 1 mg/ g, 3 16 A ) f v B ) 38 K
AFITHEE nZVE BRSPS R, nZVI
XIS Ph> A AL BB T, R R
Pb** BRI RGBT AL 5%, X UL nZV] %
T B3 P S B LBl se 4 i

900 1120
T 6001
[ 160 ¥
£t 3
< 300
0_ 1 1 1 0
0 400 800

Cppoi/(mg =17
B 5 PR Ph> LR PERE A I
Fig.5 Effect of initial concentration on Pbh**

removal performance

A EGA T LR H, Ph™ 25 Bk R b 25 ) 3R e i
BT 5 2 R G, 24 P I 4R R E O 100 ~
500 mg/L B, ZLBRFARAE 95% L) L, Pb™ ¥) iR Mk
BEE— 2 T F) 600 mg/L I, 22 B 3R R 2
84. 3% , ;X ULHAIA Z 50 mg nZVI X} Pb** ) 22 4%
e I RA BRI, 24 5 b B[] 35 2] 60 min B, nZVI
X P I 22 B B 7R K 217, R, 2 Rk )
KAH 842 mg/g,
2.7 REEX Pb* KBRS

i = AP P> R R R 100 mL,
TRRMBREE N pH 5, GRFEMN A 2R 30 mg, K
IREE AT 51 20,50 °C, 4 B — B At ] A8 I — vk
RZ T Ph* v B, FLAR R 1. 3.2, 7% 52 I BT
Pb* RBRBAFZ MR, 5 AN 6 Frs ., BRI LA
B, 25 PR R A R T 2 B R B B T
o, U R RN 5 min I, 2R 20 C BFEY
49. 8% T+ = 5] 50 CHF Y 85. 5% , ) v s} [B] 4R
it 40 min 5, KBRREZEE T 3, #E 100%,
X8I nZVI X Ph> 1) SR 2 W R, T RE I
TR R HEA T

b5 2022 - 6 A
120

| 2
® 60t 1
53]

% ' 20 ' 80
t/min
1.20 °C ;2.50 C

6 SVIREERT Ph* BRI AT
Fig.6 Effect of reaction temperature on Ph*
removal efficiency
2.8 YUOKREM BRI S I #AF 5

nZVLXF P> W R 5l 12447 A, 43 ) % e
— B SR (A (3) ) e 2 sl A A
(K (4)) HATIUE

Q, = Q.1 —e™) (3)

Q= (hQ2)/(1 + kyQ,0) (4)

KA Q, o NIRRT, mg/ g3 Q, N I B &L, mg/g 50

R BFFETR]  min s by k53500 A E— ORI R 3 R R,
2434 min ™'l g/ (mgemin) ,

A (3) L (4) KA HIXTE 6 H 20 C Y3 T)
FRAGHATERNEIUE IS NG ME RN B
JIZE BRI C S, 3R 3 R, b s il 1)
— G RN B S R AN 7 s
H 3R 3 FIE 7 AT LI 1 =R 8h 1) A A g i
T HIALA P IR A REGAEN T 0.995 4,
I HAZA B A Y- 15 B 6 (357 mg/g) 5
SEINME (333 mg/g) TE R A%, M HE— 2K 3 ) 2#
T 55 S B 22 80K, 1 U6 1 — 2% 3 ) 2 LRI g

£3  nZVIWE PYy RIS 2R S8
Tab.3 Kinetics parameters for adsorption of Pb* by nZVI
WE—R 3 Sy 25 HEZ 3 25
A 0./ ky/ (g°
(mg-g™") (min™") (mgg™') mg™

RZ

“min”!)

296 0.0344 0.9816 357 0.000 3519 0.995 4

300 2
~ F 1
¥2001
£ Val
= T =
Q100
1 1 1 J
00 40 80

t/min
L )5 2. HE R B )5
7 Pb* I RS A AL L AR
Fig.7 Comparison of kinetic model for Ph** adsorption
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WS AU b I nZ VL XF Ph™ A 2B, W2 R 32 22
AL A R
2.9 ARIRZRHSE Y

15 H Ph* 1y B 2 BE) vk 2 ) A8 A R
it Langmuir 752 (28(5) ) Al Freundlich 77

Fe(3(6) ) AT -
C./Q. = 1/(KQ,) +C./Q, (5)
InQ, = (1/n)InC, + InKy (6)

Soft, Q, HHLH bt me/5 0, HyHRIEH it me/g: C,
VRS, mg/L; K, A Langmuir WEBHP-45% %0 Ky 47 Freundlich
Bt 22855 n M Freundlich 5 45,

25N 4 PR, Langmuir 55 35 W BRF AR Y A
Freundlich S5 W FA AU XT Ph>* W f ik A2 i 400 &
FREEIH T, Langmuir A5 (1) R0 5C R B07E 0. 99 LA
b B A SR KB A (909 mg/g) 5 SE N A
(842 mg/g) WA R 23T, Freundlich 5% 7Y (1) A &
FHAE 0.97 LU b X ULH] nZVI X Ph>* 1y i RE
A BT, A 25, Freundlich 453
WAL R 1/n<0. 5, BEH] nZVI XF Ph** iy WA
BoiiT,

R a4 YORTNET Ph> ISR R T S A

Tab.4 Isotherm parameters for Ph*" adsorption on nZVI

Langmuir Freundlich
/ K./
WKL g
(mg-g™) (dm’-g™")
909 0.08 0.998 3 108 0.4688 0.9752

2.10 JEWP Fe SUEHE B

HP 5% nZ VT W REEBR P™ 5, B SRR
5] A Fe JLE I S 20 0I5 5, 20513 F A TRl v
FER PH™ bR HE R W, W TS pH 5, &M A
50 mg nZVI, ¥ 3 FEEHE 2 30 min, i3 385 535
IE e P Fe™ BT 25 B3 5 R, h &)
DIF Bl Ph> W0 UR TR BE AR B T Y Fe™
BRI BE S W T, X FH T P> W0 4R MR R 34 K
{1152 5% FHRE SRS R () nZ VT AR R 3 22 |
AR Fe™ I mBAIN I £, hk S BT LUE
UK R R EE PO, BRI AL A R
Fe™ X JEH T nZVI TG PERGR , BEMS B 5 /KK
HVE R A R A RO, MR R P PhY R TR R
10 mg/L i} JE Y Fe™ W B35 F] 0.299 me/L,
A% F A= 36 Ak K A bR #E ( GB 5749—
2006) "¢ FFRLAE A PR SR 0.3 me/ L, X Ui B AE
AL PRARVR BE B Pb™ K B, nZVI B A A AR
I N0 Q2N 3 ) A S R

RS PO UIIARMREXTUE  Fe® Uk (1) 2
Tab.5 Effect of initial concentration of Pb** on the

concentration of Fe?" in filtrate

Pb* WA E/ (mg- L")
0 10 40 100 200

W Fe? (3 pE/
(mg-L™")
2,11 SEBREEIK R S

HERFL I 100 mL V] j 48 TF IR T B G 6T &
Pb>* SZBRE KT 250 mL = EHEEE Y, N A 50 mg
nZVI, E R pH 5. 0, AT E) 4 30 min, H
A 13,2, Wi R L& 6, iR LA 1, Ze4b
FEJS Pb> (¥ BETE 0. 088 ~ 0. 284 mg/L Z [H], i
JEIT R (AR Tl V5 Y HE bR EY (DB 41/
684—2011) FHIEER

F 6 LPRIIKSTLS

Tab.6 Analysis results of wastewater

0.263 0.299 2.298 7.088 8.892

P 2+ O he B Elr i/
ek TP %Biznff;/ B ﬁkﬁk{ﬁﬁi
(mg-L™") (mg-L7")
1* 15.8 98.5,99.1,98.2 0.237,0.142,0. 284
2* 12.6 99.3,98.8,98.5 0.088,0.151,0. 189
3 it

AR SCHE VAR 2 oA G B 9 NaBH, A A%
T HA BARZER ) nZVI, HARR T nZVI A FE K
K P> AR IR 25, IR, AT IR
(% pH 4~6,nZVI EINHH 0.5 ¢/L B, Pb™ 4]
AR B K nZVI S84 KBRIE W T Y P [ B[]
WA, 2 Ph™ WA R B 600 me/L B, 2%
4% 5 KA K 84. 3%, nZVI X &K Ph> iy 5
FREEAT G UME 08l J1 27 7 B2 W B 48 2 2 i Ak
2 B R 2, Langmuir J5 F2 Fl Freundlich J7 72 48
BEALUT HO LA, Ph™ () Wi B 2k A, W of BB A B 41
MR, A 223 FIME . % Pb™ K 24 nZVI b B
J& T Fe™ Ve FEBE Ph> # 4h vi B 1) 38 K
FHiE, 24 Ph> BIRIIE U /N T 10 mg/L B U8
[ Fe™ ¥ B AR T A= 3% Tk A K T A= 45 #E ( GB
5749—2006) HHILE (A BR FE 2R AN 23X BB 1 B
RIS YE KON B S P R K R W B 25 B 4R
BET — Rl S

S Tk

[ ]I, B 500 b A 0 AR R A LB Tl
V5 YL I HERORR E - GB 25466—2010[ S 1. 4L 52 . vh El 4%
M H AL, 2010-10-01.
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S Bk BT 7 i M R R BR 2,4-Z SUIRER R IR B 1 RE BT 35

N EFEG R K KRE A mw, KB R, W, RE e, g
(T RS 2 B, T R 4 /K AR 75 e 5 B i B A S 3 28, T g SF-TiL 467000)

FE . LU ih vl JE0R) A7 Skl 898 HOu) 2, 4- AR I W BFHIE B R i AT 5, e P S TR R AL IR A5 B T
SRR S AT 2, 4- SR R B R — 2D AR BRI, JE45 & SRR A IR R B P PRI, XS K S B0 #8477 T pH
PRIT e — 20 AR T BOREXT SRR A (9 38 P, AFSE 3R, SR BRI R 0. 8 mol/L \BICPERT[H] 2 24 h 45T Bl rEAR 21 1Y
TRAARE(BC-F ) W BFH: Al dee IR 6500 B e A 05 8 182K 0. 04 g, T2 T 2o %7 7 55 IR i 7 B 58 v AT, 7 S Bk A 512
FHYERST ; HAZW I FEATA E— 23 124 A Freundlich Z53R W T S , LIAL 224 3

SRR RSTIE ME A ; SRR R 52, 4- —&URER s 31 1%

FE S %S X703 XERFRINAS A X EHR S 0258-3283(2022) 06-0835-06

Adsorption Performance of FeCl, Modified Coconut Shell Activated Carbon for the Removal of 2,4-Dichlorophenol L/U
Xue-ping , YAN Xiao-le, ZHANG Huan,ZHANG Han-yue ,TIAN Li,SONG Zhong-xian, MAO Yan-li, ZHANG Xia,YAN Xu,KANG
Hai-yan" (Henan Key Laboratory of Water Pollution Control and Rehabilitation, Henan University of Urban Construction, Ping-
dingshan 467000, China) , Huaxue Shiji,2022,44(6) ,835~840

Abstract ; In this study, ferric chloride-modified coconut shell-derived activated carbon ( AC) was prepared, the effect of ferric
chloride modification on the adsorption performance of 2,4-dichlorophenol was investigated. The optimum modification conditions
were obtained through static adsorption experiments,which significantly improved the adsorption performance of 2 ,4-dichlorophe-
nol.The pH of the simulated wastewater experiment was also investigated in combination with the acidity and alkalinity of actual
wastewater to further optimize the applicability of the as-modified material. This study presented that the best adsorption perform-
ance of ferric chloride-modified AC was obtained with a dosage of 0. 8 mol/L ferric chloride concentration and a modification time
of 24 hjalso,the adsorption process was suggested to be carried out in a weakly acidic or alkaline environment, which was close to
the practical condition in the actual wastewater. Furthermore, the adsorption process was testified to conform to the quasi-level ki-
netics and Freundlich isothermal adsorption equation that was governed by chemisorption.

Key words : coconut shell activated carbon;FeCl, modified ; adsorption ;2 ,4-DCP ; kinetics
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W B AT R AR, B IR 7 8 R e 23 1 R
VR % 5 YL PR I8 S5 () L K L AT A B A i LA
—E W BAPE RE B S PR B, TR B R DA, 15 24

Xov %0 M A TR 5T S M R T Zn™ A
Cd™ PR W BV A B8R 7E pH 7 BN R 4 ¢
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AR XA T M R A T RR O, 9T TR
P T 19 A R ) 2R T R B B R SO T 3
o b ARG K LB RE A B B LR 25 R &
IR IR T T ORI L BRACE . a8
FEIGPE RN T 48 b TR KA EY R B2s
Yy AT A8 A 0 P W B 1 0 R EE o S 1y 2
B W B R D T P IE ST, B 4G
AR AR AR A el 790 X B e 3
IR IEATECHE X O T AT AL RS B R
TR pH E RIS TR] SR i BE X 2, 4-DCP
W BSOS B 52 ) 5 [ X ) 75 19 90 1 e 2 45 21 4
(FT-IR) L M 47 % ( Raman ) R AE 4387, 32F 11 20 A
W RFE AL BE, LA R 2, 4-DCP 25 R 2 AL B i

1 XIWEsS
1.1 FEAUER S5

Nicolet 6700 HUf8 HL A 21 S SN ( EETH
IEs( V) B BRAFE]) 5 inViaReflex 547 & ik
LCFEEH (L) AR F) ;QYC-210ZC Y
AR R R IR (R P B T A M 1 AR A
Al) ;U7S BUROEHR LA 0] WA BT H (At
P RAT IR A 7)) ; pHS-3E B4 pH i1 ( A
HL R A S AN A FR A 7] ) s ML204C B, 1 K5
(MR 8-Fe M 2 (i) (U A IR A A ; TGL-
20M B = R VR BLO AL (KR VDR B O AL AR
BN ) s DHG-9055A Y H $Es X446 ( ik —
TERFEAER A BRAFD) .

2,4-ZFOR My SEARER (bl [ 25 S A4k
2R A BRA T ) s BR7E 6 1 ¢ (T g+ 25 J2 ek
TAHRTAEAH)
1.2 eSS

FERR 52 3 M A gk (HLBH R h 18.25
MQ-cm) H1, In#E)ZE 36 30 min, 138, FH4liK wh
VEMBSE I Mk 2 LIEWGE R, pH Sk 105 C T
5 h,id 100~200 HIfi, 2648, %, @40 BC,

FREL 0.6 g BC BT 100 mL I+, in A
50 mL(0.2.0.4.0.8.1.1.5 mol/L) gtk FeCl, %
W, AR S B EAE L O, T IR B SRR R e
TRICPE (%3 160 t/min) —ENFE]) (6,12 .18 .24 |
30 h) g, BEE A, 105 °C TH: 5 h, AR S
FfA, ik 100~ 200 H i, £, W& B 55 4 4 A
BC-F,

1.3 MRSt

FREL—7E /& BC BC-F T 100 mL HEJEHH, m
A 50 mL 2,4-DCP (#]45 B i i 2 2 100 mg/L)
TEERPEIR FVRY 2 h, 5534 160 r/min, FIFH R
it 0.45 pm P8k (BFX b ug k), I U7S 55T
DLW 43 66 BE T 2 s e rh 2, 4-DCP ) 4 e
e 2 > Qg 3 7 AN R 2 T u e S
BRFRIR S TR pH X A4 I 4 BB R 52 i, T

B A LB A TR L (1) L(2)
0. =[(C-C/m]xv (1)
R=1[(Cy-C,)/Cy] % 100% (2)
S, Q, i B0 R B ST R, g/ VS VIR 9 1A
T Lym W BRI &, g5 Cy 4 2,4-DCP WA R VR IE , mg/L;
C, Wk B AT AR 2,4-DCP BRIBVR I, mg/L; R R WLt

2 #R5ite
2.1 FEiF
2.1.1  FT-IR 437

2T A a0, 3 682 em” AL T JE T
OH,2 885 cm™ fififf H—CH, MW i, 2 512
em ™ 1§ ] fiE 2—COOH | OH ¥ 5 & ¥k 3 1%
1 446 cm™ ' Ab IR IIE )R T C=0 .C=C {4
PRSI ") 890 em™ BT A C—H AY 7% L4k
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Fig.1 FT-IR spectrum

2.1.2 Raman 734

hr EE £ B, BC BC-F ¥J7E 1 350 em ™' FI
1598 em™ Z2 47 Hh BURRAE IS (D 05 G )
BC-F $i % K D /G WEsm A (1,/1,) M
0.84 % BC ¥Efh 1,/1, HK(0.79) , 3 BB 7€ 1%
(TG 7 AR B8 7E 0 5 A5 B4 T, e R AL AR
FLA T EH S ) TG R U] 25 4 T B TR R A T
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R BC-F (RS E] 435018 6,12 18 .24 30 h)
510 T 100 mL HEIE I, £ HEE I im A 50
mL 2,4-DCP ¥ (W) 45 B & 2 100 mg/L) o
W LR 2 EIREIR LR 2 h, B Eh
160 r/min , S IR FE 298 K, #4578 st ) %) 2, 4-
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Fig.3 Effect of modification time on adsorption

performance

H1 AL 3 AT, S B IR 24 h B, BC-F 1)
R F B 2 e o () 398 3 5 L g2k i ) e
24 h J&  APRHR B BEREAR . 33X W] BB Rl FeCly
TE—EREEE 215 BC WL BE s otk i )i
i 24 h 5, TR T B S Y BC-
FRE G B BEFE AR . BC-F (B 24 h) Xt 2,4-
DCP W it 75 & i K4 230.45 mg/g, IH I 3%
24 h NIRRT ]
2.2.2  BCPEFRIHR B RE R

7E 5 A4~ 100 mL #EJE M 2070 m A 0.01 ¢
BC-F( Btk B 8] 4 24 h, FeCl, #JE 4510 0.2
0.4.0.8.1.1.5 mol/L) , /A 50 mL 2,4-DCP
VR (WIHR LR B A 100 mg/L) 8 L iE i
R R HIRFEIR IR 2 h, 5 160 1/min, X
N 298 K, 455 PR BE X 2,4-DCP 2 5
BCRIEZM, WK 4 FT7R,2,4-DCP W 25 &

FeCly ¥ B34 I 52 B 1 i J5 BEAR A a3, ele
FIHE 0.8 mol/L i, 2, 4-DCP W Fff 25 B K
h237.22 mg/g, HoWR FBE M3 0. 8 mol/L I, 2, 4-
DCP W B 25 1 1 4R R B, iX AT BEJ2& R FeCl, ¥
B i i el R ERAH T BC AU Bk, FeCl, e i
IRH X BC Bt AN TE 4, Je BRI 1 FeCly Ve
1b i B, 23 N BC PN BB A5 A R IR DT 3 B X
2,4-DCP W SHPEREREAR . lcme R el v B R
0.8 mol/L,

N
W
=

—_—
-
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2.3 HCPERTIE R R B PE RERF ST

TE 2 ANMEA 50 mL 2,4-DCP VW (W) 46 i
el 100 mg/L) B9 100 mL 4E IR 4351 A
0.01 g BC BC-F(tEmf[A] 2l 24 h, FeCly #RJE N
0.8 mol/L) , KR & WL 7% 2 IH IR 45 K, e
4160 r/min, ¥&3% 2 h( SV EIE 298 K) , #E17EK
PEFTJE TG PE XS 2,4-DCP £ BRACR A ER ST, T3
L TR,

T RS 5 25
Tab.1 Adsorption parameters of activated carbon

before and after modification

FEML WP/ (mgeL')  WRIAERL (mgeg)  ERFE/%
BC-F 100 237.22 47.5
BC 100 202. 83 40. 6

& 1 BCdE T, PR TG M gk BC-F X 2, 4-
DCP W2 [ 75 1 Ko W B 2O 38 BC A B 2 $2 7t
BC-F X 2,4-DCP W B 25 5 M 202. 83 mg/g 3 I
% 237.22 mg/g, T+ T 34.39 mg/g, 2,4-DCP
BRI 40. 6% T+ 47.5%, I T 6.9%,
R I 225 BC-F ( BCPERHE] A 24 h, FeCl, #e N
0. 8 mol/L) Wzt 2,4-DCP ¥EATHRIT, H-5HA
T O A5 R A T M R A L, AR S R A E)
f4 BC-F 7% T 2 W8 B A ) S 4 71
2.4 WERHARAERAL
2.4.1 B2

FREL 6 173 0.01.0.02.0.04.0.06.0.08.0.1 g
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Fig.5 Effect of sample dosage on adsorption performance

FE 5 I, 2,4-DCP 225 2 bifi 4% Jin o 7y 354
Tz, X4 BC-F BRI ZE 0. 04 ¢ B,
2,4-DCP £ BRrR O ik 2 94. 9%, W it 45 & 0
118. 62 mg/g, AkLEHM BC-F FH&,2,4-DCP £
Brta TAasE (AR 25 i 20 R B, BC-F 1 H]
HINZE 0.1 g IF,2,4-DCP £ F N 98% , {UIH4
K 3. 1%, T2 I 118, 62 mg/g [ % 49 mg/g,
DRI SA ¥ Y e P — 2 B, B s o ) A o A —
FREE B3I T AT AR B A& R 7 0, S BR T
L IRZ BRF 5510 P49 R RS 255 Sk B R it D 184 22 o 1K
B gk 2 4-DCP W B N 2 R ik T
0.04 g BC-F M fEBm &
2.4.2  pH I

X FE K 5T 2 W VA TR AN T I B o
T PE S SR BB AR, A T R IY R
X} BC-F AR, 458 50 mL( 100 mg/1.)2,4-DCP
WY WA T A 0. 04 g BC-F 149 100 mL 4
TR PR pH (pH 1.3.5.7.9.11,12) , %%
HOE & T HEIRIR G R T 5% 3 160 +/min,
RN R 298 K 4544 R4k 2 h, BERIAH 0. 45
pm A998 Sk CBF 0 uE k) AT HOE, B S

120 -

% B/ (mg - g7")
3 8

L L L 1 1 1

W
(=)

6.0
pH
B 6 VA pH X I B ERE S

Fig.6 Effect of solution pH on adsorption performance

e
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AN HECEETHAE 285 nm AEBEATAGIN
M 6 R LI Y BC-F X 2,4-DCP W ff:
RERE VS W pH 350 2 B e 34 98 5 PR, BC-F T
A 1 7 555 TR P R e R v AR LR — B,
W pH 3 B, BC-F Xf 2, 4-DCP (1% W% Jff 5 1 & Kk,
118. 78 mg/g, ¥ pH 5.7 F,2,4-DCP YWt 45
B 118.72.118. 62 mg/g, HiHK pH N
PEIRIE I, BC-F %} 2,4-DCP 14 W% it 25 2 2 8
R, VW pH 12 B, 2, 4-DCP Ay W B 25 /= AN
39.98 mg/g, I FIRBE A IEEEH T 2,4-
DCP 11 pKa {E°4 7. 85, AWK pH<7. 85 I}, iF K
Y 2,4-DCP FZE L FIEBAFTE, pH> 7. 85
fF,2,4-DCP £ 2 DL B X AETE, Mtk IR 4%
T OH M £ | 55 2,4-DCP 3 T S 1715 7%
SRS ZR , DT 52 M R BRI BRI BC-F
7 55 R H P PR BE HR N 2 ,4-DCP EA TR
2.5 WM Bh TS
2,4-DCP WI4R B e FE 2 100 mg/L, BC-F H
R 0.04 g W pH 7, B TIHIEFEIK L, OV
FER 298 K., s i a8 BB 2, i 0. 45
pm P83k CEFaE k), U7S S840-mT WL i
JECRETHIN R VW B R ST R B R (R X BC-F
W RFHPERE B SE M, 25 R LI 7, SRAHME—SRsh
SERE s 2 T B AT LG RO
g AILEE
WE— Bl 77 5 W B e BE T B 2 3R GR
KR,
dg,/dt = K,(q, - q,) (3)
4 AT AR A3, R i 5 2 R T LAAS 31 H:
LR
In(q, —¢q,) =1Ing, - Kyt (4)
WE 90 3 7 5 W RE R AR R R B 2 3R A
R

dg,/dt = K,(q, —q,)2 (5)
P TR
/q, = 1/(K,q2) + /g, (6)

e g, AR RSP U me/ gz g, ¢ B 200K
I, mg/ s K Ay — 2 30 13 S B A, min ™! 5 K 1R
T MR R g/ (mgemin)

di & 7 a1, BC-F X} 2,4-DCP AW it 25 5k
BRI ISR K BN TE] /N 70 min 16, 1
B2 U, W B E] 2 70 mim B TR B 75
o 119. 30 me/g, 4% Bt 18] 48 3 70 min J5,
2,4-DCP W25 i PRAp S R 3, (HL6 1< ke 12
221,120 win 1, 4B 25 k1A 5 119, 55 me/s o



55 44 45 6 )

X2 SRR 7 P A 22 B 2, 4- — SR ) WP REAIE 5 839

SR

1201

W Bt £t / (mg » g7)
> )

._
=
o

20 80 120
1% BB (6] / min
B 7 e o ST (] o i e B 5

Fig.7 Effect of adsorption time on adsorption

performance

WE— W R 1P E R IR 8, e
MESHILE 2, INE 8 hdLrl LIE Y, 5 ifE—
G S0 R EL , T s 1A R T A S 8
P EA N 2 Rl LU e sh A ila
J5 ARG R BN B =50 0. 999 9, HA T Sy
q. SIRAEAR BT IR 22N 0. 78% , XN
RE G B )23 T TR B e A e o ko
FIBILER AT, T — G0 By ) 2 — i 38 A ) W
WL B BL B 7 2 BEAT R A TS 8 M B Hb 3 34
W RA R A R, PRIV Bl )2 R R T -
HiR BC-F X} 2,4-DCP (1) W i i<k 2, W of ok 7 LA
3 S E U

2_8.

In(g.-q,)
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t/min
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tlg,
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005 — 20 . 80 120
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Fig.8 Kinetic adsorption fitting curves

&2 BC-FWH2,4-DCP M3 1% i B A S8
Tab.2 Parameters fitted to the kinetic equation for
the adsorption of 2,4-DCP by BC-F
HE—2zh )15 e B )y
K,/(min™") R? K,/(g- mg™'-min™") R?
0.042 5 0.9713 0.016 8 0.999 9

2.6 SR SE R

K Langmuir F1 Freundlich #5545 W i 52 56
B AT

Langmuir W 45 il 2R .

q. = (g.C.)/ (K, +C,) (7)
AR N
C./q, = C/q, + 1/(Kiq,,) (8)
Freundlich W% B 45 X 05 # h
q. = K€" (9)
5 P O, 75 3
Ing, = InK; + (1/n)InC, (10)

3, g, AR 5 20 7 W Bk, mg/ g5, 3875 W RR5H
IR B me/ g5 €, F WG RSP AR H O BRI Y 2, mg/L; K
M Langmuir B8 rp P87 8, 1/ mg, Ky & Freundlich F#Y op S i
HE L mg/ g,

ARIVL C./q.-C, Ing, -InC_ AEE], UG HHZn
T 9, MK i 4 RbR AR T3 I 15 S 50 A
%3,

0.08 -
a
F o2 34
= 0.05f . ——
© [ a — ] _— /1
e —
4 a -
L hd _—
e
0.020 4 3
C
5.00¢ b ) 2
1= =
/./‘/ / 3
o - a 7
= 4.00 P c
L P <
/ -
3,00 \ . . . . .
-0.35 0.70 1.75
InC,

M4k 1~3 AIREE 55300 298,308,318 K
a.Langmuir 1% ; b. Freundlich 1i%!
B9 BC-F WLRF 2,4-DCP (1) 55 W BSR40 75 1 22
Fig.9 Fitting curves of isothermal adsorption model for
2,4-DCP adsorption by BC-F

3 BC-F WK 2,4-DCP AR IR BRI £+ S8k
Tab.3 Fitting parameters of isothermal adsorption model
for 2,4-DCP adsorption by BC-F

Langmuir il Freundlich A5

/&E%/ 4/ K./ . K./ -
(mg-g™) (L-mg™) (mg-g™")
208 23256 0.200 0.8875 1352 37.809 0.9438
308 196.08  0.161 05176 1.53 31.824 0.8865
318 20633 015 09155 1400 20.274 0.9409
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IREE T 2,4-DCP AW BRHPE RERRCEE

3.2 WERhE AT A WE 908 1 %% ) Freundlich
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T DAL W B R 2 2R, X 5 FT-IR |
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FEE ISR R JFUR G A5 AR SR Fe TE M e, AYRZ IR 1) pH R 3 A PR R 8 T MR T 52 1 Ak ot P e 2T RN 35 19
P BRFRACER , 43T 1 S5 IR o e R DA TR 6 8 77 2 A BE 44T T AP Lt R W BRI, 25 SR R I AR S8 1 M R X PR 4
Y I FE M M A A2 pH 4 REEN 35 °C RTEHAFIAIY 120 min XL 19 S 442 pH 2 JREEN 40 C J-H
I ] 150 min, R 5E5E I M 6] 19 6 (6 W B3 2 5 Freundlich A B4R 4 BE B 5 | 120 B R B2 2 20 T2 WM,
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Adsorption Behavior of Chestnut Shell Activated Carbon for Neutral red and Active Blue 19 WEI Qin" , ZHOU Fan
(College of Environmental and Biological Engineering, Wuhan Technology and Business University, Wuhan 430065, China) ,
Huaxue Shiji,2022,44(6) ,841~845

Abstract ; Herein , activated carbon( AC) was prepared from the chestnut shell.The effect of chestnut shell-derived AC on the ad-
sorption of neutral red and active blue 19 was explored by varying the following parameters including oscillation time, pH, and
temperature.The isothermal adsorption process was analyzed and the mechanism for adsorbing the two dyes was discussed from the
viewpoint of adsorption kinetics. Results showed that the optimal adsorption conditions for neutral red dye were pH of 4. 0, the tem-
perature of 35 °C ,and the oscillation time of 120 min.The optimum adsorption conditions for active blue 19 were pH of 2. 0, the
temperature of 40 °C ,and the oscillation time of 150 min.The adsorption processes of the two dyes on chestnut shell-derived AC
matched better with the Freundlich model ,indicating that the process was governed by multi-molecular layer adsorption. Further-
more , the quasi-second-order kinetic equation (R*>0.99) was more suitable than the quasi-first-order kinetic equation to describe
the adsorption characteristics, suggesting that these two dyes were chemically adsorbed on chestnut shell-derived AC.

Key words : chestnut shell activated carbon;neutral red;active blue 19;the adsorption behavior;Freundlich model
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Fig.1 Effect of oscillation time on the removal rate and

adsorption capacity of the two dyes
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Fig.2 Influence of temperature on the removal rate and

adsorption capacity of the two dyes
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Fig.3 Influence of pH on the removal rate and

adsorption capacity of the two dyes
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Tab.1 Adsorption isotherms of chestnut shell activated

carbon on neutral red and active blue 19
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Fig.5 Quasi-first-order and quasi-second-order

dynamics model
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B RS R REREMR

KR ECRE AR HE FEA
(TR MRB RS TRARE WL Tk 315211)

WE JERFISEET R CdL, 43 91 548 3EM 6K ( phen) .2, 2" -BEMLIE (bpy) SUMASFEASHTHY Cd BEAH Cd (phen) 1, 1
Cd(bpy),L, . it X-SLRH TR LLAMGRE AT WA HRAE , SIRLH TR, Cd( ) B F 5 P> phen
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KB WD) MAEY ; BIREEH DR Fe™
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Synthesis, Crystal Structure and Fluorescence Sensing Properties of Cd( I ) Complex in CdI,-phen/bpy Solvothermal
System ZHU Sheng-jia,CHEN Fei,ZHANG Rou ,FU Yu,XU Wei"™ ,LUO Yun-jie (School of Material Science Chemical Engineer-
ing, Ningbo University, Ningbo 315211, China) , Huaxue Shiji,2022,44(6) ,846~ 849

Abstract: Two new Cd complexes;Cd( phen),I, and Cd(bpy),I, were prepared under solvothermal conditions by reacting CdI,
with 1,10-phenoline (phen) and 2,2'-bipyridine (bpy) ,respectively.The complexes were characterized by using IR, TG, and X-
ray single crystal diffraction.The crystal structure analysis revealed that each Cd( Il ) ion is coordinated with four N atoms from
the two phen or bpy ligands, and two I atoms forming a distorted octahedral coordination geometry.The supramolecule was con-
structed via -7 stacking and C—H---1 hydrogen bond interactions.The fluorescent sensing of Cd(phen),I, to a series of metal
cations was investigated.The results showed that Fe’* ion had higher selectivity and apparent fluorescence quenching response.

Key words:Cd( Il ) complex;ecrystal structure ; fluorescent sensing;Fe®
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RZEMNEE . CdI, -phen/bpy HEFIHA R A CA( T ) BLA A0 IR EE# Ry - 847

220k 4k s RF-5301PC 9% 56 40 Y6 6 B i,
FTIR-8900 7 e L 1A% 462 27 A G354 ( H A I T
/AT ) 32400 T CHNO/S 558 2 43 B AL ( 25 [
Perkin Elmer A B2 #]) ; TG/DTA 6300 Y 24 #4-
P H AR T2AH])

2,2"-BR ML BE (bpy, 98%) . — 7K A 4B 3E 1 npk
(phen, 98%) . N, N-— H 3£ 2 Bt % ( DMA,
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(95%) ( g hr T AR ey A IR A FD) .
JiT ARl P s ARtk — 2Dtk
1.2 AUk
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XA R U A b S LA ) SV T R A T
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1.4 POufe i

WECEY 1 WHE AN T 200 H AR AR
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OS5 R B AP E L 7R 400 nm HYHEUL
P TTARUI E RIS A S . By
TRA RN ZSHOEIE I 3 %, BL 3 IR
PR Ry S 56 B8040

2 ERE5WR

2.1 AR fR
R1 Y12 BRI 28
Tab.1 Crystal data and structure refinements of

compound 1 and 2

BLe ) 1 2
2= CpH s CdL,N, CyoHyCdI,N,
SrFit 726. 61 678.57
fa AR/ mm? 0.21x0. 16x0. 07 0. 41x0. 23x0. 16
ES EXXE R NSd e
73 [a] Pben Pben
a/A 13.558(3) 13.762(3)
b/A 9.628(2) 9.214(2)
/A 17. 606(4) 16.706(3)
V/A3 2298.3(8) 2 118.4(7)
Z 4 4
HE®E/(grem™) 2.100 2.128
B i LA E 1368 1272
LM R A w/ (mm ™) 3.656 3.957
0/ (°) 3.2~27.5 3.1~27.5
Ry 0.074 7 0.041 1

R, ,wR,[1=20(1) ] 0.0534,0.1371 0.0252,0.053 4
R, ,wR, (&= HBEHE) 0.0739,0.1590 0.029 9,0.057 5
AL S A S 1. 094 1.030
SERFESAEY 1.2 8 FIEZ M AR Pben %5
[EHE, AIARZSA T BT R R, IE AT Cd T
EF 5P phen 5 bpy Bl I+ 4 4~ N J5F L&
21 BT I e 78 1 /N THT A, Cd—N B 1Y)
FEES 70 9 N 2.380 (6) ~2.475(6) A (1) F
2.406(3) ~2.426(3) A(2),Cd—T 5 EE B 43 5]
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il ¢ 7 I ANEE SAESE Y phen BCIRELARTAT,
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RAE - HERVEN Bl — R 254, fiF
B C—H---1 E8ER (d(C1---11)=3.752(5) A
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Fig.2 Emission spectra and luminescence intensities
of complex 1 immersed in different cation solutions
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Fig.3 Effect of Fe** concentration on complex 1
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FE TR AR Y B P, 8 T 0] DL Bt W R T v B B R T SR 2 TR P AR SR Iy T BN R A
JEE, DABRPR VD BN REAR 73 , AR R SR, PSRN ISR D REBALA , £ s — FR LI IR R A 28 e B A = 5 T s s
B, P A BB AN RO A ECEL  lad A IR R AR T T AR R A M, UAMGIE R IR 45
¥, B RAE B AIE S, X R e B4 e AN e TR B2 WU G HE AT T R R, BEA B —Z A6 L 195
PR SR IEDEIE JCEL, 120 min 2247 BEXT SRS VD B2 (4 MR S i B0, B MR AR 8. 11 pg/em®, /AT LI AHH
6 U, B0 4.0, JREA Fe 1B 0R B2 SO A X R T BRI A SR AR R 1. 00%107° mol/LL,

KEBIR FRNVD B 5 43T BN S5 MR 5 AR IS s R TS S 2 BT

HE S ES:0657.1 MERFRIREE A XEHRS:0258-3283(2022) 06-0850-08

Preparation and Adsorption Properties of Ciprofloxacin Molecularly Imprinted Composite Membrane with SERS Activi-
ty Based on Copper Filter Membrane ZHANG Jie', TANG Li*, BU Ming", MA Yu-kun", WANG Hai-jun**, WANG Jing"
(a.College of Pharmacy, b. Research Institute of Medicine & Pharmacy, Qigihar Medical University, Qigihar 161006, China) ,
Huaxue Shiji,2022,44(6) ,850~857

Abstract : In order to realize the rapid recognition of ciprofloxacin ( CIP) ,a molecularly imprinted composite membrane ( RC-
MIM) with Surface-Enhanced Raman Scattering ( SERS) activity based on copper filter membrane was prepared, which could se-
lectively absorb CIP.Using CIP as the template molecule, copper filter membrane as the base membrane , methacrylic acid (MAA)
as the functional monomer, and ethylene glycol dimethylpropionate ( EGDMA) as the crosslinking agent, azodiisobutyronitrile
(AIBN) as the initiator, mixed solvent ( methanol and dichloromethane) respectively as the reaction solvent and porogen, RC-
MIM was prepared via free radical polymerization.The structure of the RC-MIM was characterized by infrared spectroscopy and the
morphology by optical microscope.The adsorption performance and SERS activity of the membrane were systematically studied , re-
vealing that RC-MIM was a white, continuous , and uniform membrane with a smooth surface and free of crack.The adsorption of
ciprofloxacin on the membrane reached equilibrium after about 120 min,and the maximum adsorption capacity was 8. 11 pg/cm’.
The membrane could be reused at least 6 times,and the imprinting factor was 4. 0.Due to the SERS activity of RC-MIM , the mini-
mum detection concentration of ciprofloxacin was 1. 00x10™* mol/L.

Key words: ciprofloxacin; molecularly imprinted; composite membrane; copper filter membrane; Surface-Enhanced Raman
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AEAGHI ) | 5 A 3o 20 M A DU e A A SRR
FERIBE R (MIT) DAy AR 3R G Wy A A AR
O3 BB AT TR IS A5 2 5 A R = YR g i
FIFUNAE 55 B 43 F Bk 5 A 9 ( MIPs ) 1 43 B
WA AT (MIM) |, #0T LASEELXT H ARtk &9 7 32
B 5 % MIT 5 SERS BT #1 4 B A
SERS BN 9 43 B3l &2 45 JE ( MIM) BE 7] LAY H
Pl A Wb e 6 e 4 ST DLELA v A AR 2R
e AR, AT A T A 45 Rl v B
g MIM Y R R )k B B O, TR
A SERS 1SR - e im SCBL T 4R % B H
FLIvk s Ay S5 40 A RS D, BT LA TR RE LA
SERS ¥ HR Hr 5y #5148 IS, AH AT MIML
FH B 22 P 5 S ( n B TR T 4k ) o HLRI P B v
H5BEM, o8 T W H A SERS 2N MIM
FEE ik,

AR T LA 08 N SRS, SR CTP A AR
G35 PR T A PR s A I, S i 2 v A P
HRAEF AN % T HAT SERS 7 £ A MIM ( RC-
MIM) | % He b A7 25 F) R AE 1k BEDE 0 1 SERS 43
Mo R SEBLER P VD B A HRE RO A I B i T
FRITFF 9 BB

1 SKIGEBSY
1.1 EZUESEG

KQ-600V HY8 7H J 1F HEAX ( B 1L A A e A
PR F]) ; Equinox 55 #UAH B A5 46 21 S S 154X
([ Bruker 23 )) ; UV-2550 148 483566 BE
(b Ve S AL ES A BRA R s THZ-82 BUK iR
T IRAIR 3% 25 ( 4 4 T 300V U 06 S 58 AU 2% ) 5 D-
5610021 Y ELZS T PRA (2T B BE A B 53
HEaa]) s BB B (R RHMA A R A B
/3]) s HITACHI S-4300 B4 i ( H AR
HA7 2y 7)) ; DXR3 AU g 53 47 2 % 34X (26 [
Thermo fisher 4] )

WV (CIP, 98%) . B it b 2 (ENR,
98%) WU ZK (TC,90%) , % N5 5 R = /K
(AMP,98%) 3-INMGBLEE (95%) A 5 T M
(AIBN,98%) NG (AM,98%) . £, i —H
FEPVIEIRME (EGDMA ,98% ) (%1073 = R A IR
O] s IR PTG TR (MAA)  NKRTR (AA) L VKT
2 ToK Sl i S BE (4B 2t REETT R
W A 28R A FRZY T ) 5 5 I (V95 77 B 22 K4

HBRAHD) .
1.2 W
1.2.1  DIRBERRRY I vE S5 H S ik

LA CIP B4, 430055 3 Fhves WL T B
A (MAA AA AM) D) 1 4109 5 i & [ % RC-
MIM , K BEXT 4. 00 we/mL CIP A VA 1K) W B
AEJ, T v feid DI RE B, %8 CIP 5 i DR
BAGKAYHILL 1:2 1:4 .1:6.1:8 1:10 ¥R & 1L
1459 RC-MIM XF CIP AWK [ BE J1, EAT o fig
LNEERER IO A
1.2.2  RC-MIM /114

LT T AR A B 400 H 4 11k Il e AR
K1 em® WIEJTZUERR, FH 800 HRPARTT 5 H 3k
T, P50 S FH PSR TG 7K 2B 25 1 —F oK R s 0 3
Ve REERA S 10% G ERFRE W 10 min, ZFR4A
U2 JE R B R YE, N, T, BRI A
#] 0.4 mmol/L BN M HLEEH, 80 min J5HUH | My
T,

RC-MIM {4114 « 7] 50 mL SR AR (V( 5
HBE) : VHEE) = 3:2) K UCHITA 308.6 mg
(0.80 mmol) CIP F1 30 wL(0.32 mmol) MAA i
7510 min IR G 5], W5 A 268.1 mg
(1.60 mmol) AIBN 5 3 232.6 pL (16 mmol)
EGDMA, R & HEE . 4 36 CHEEKB TR
12 h, T TSRV, o 2 T 448 TN 4 Tt T T 1) il
DR BTN o TR W B P A g b, AR, T
65 CHZETHMNES 4 h, BEFHUHK, £
BTFKE Ve R, B LR IREE L (VO EE) ¢
V(ZIR)=9:1) R BN 2 CIP & LBk, 4t T
%, ARERIE A A (RC-NIM ) 1) i) £ B3 R
A CIP, HAR 45134 5 Ep i B AH ]

1.2.3 S5k RIESEAE

RC-MIM ,RC-NIM L4 K 43 5wt CIP Ji5 A fise
FME Ky, A, SR 20563 % (KBr &
7,2 em™ A ERTE 32 RIESEH, B KT R
4 000~450 em™") X 13 Py 0T ) 25 4G HE AT AR
FH G S AU B R  H - S S XS A T SRR 1 7
FAE,

1.2.4 WS

LHNMI I IEH (UV) %48 RC-MIM i W bt
PERE  FRAEMZE T FE N y=0. 117 5x-0. 003 1(R*=
0.999 3)

A K RC-MIM T 4. 00 pg/mlL CIP
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PR Wb, 2 i AE 0.5,10,15,20,25,30,60,
120,240,720 min B}, % EAE A [ B[] ) RC-MIM
X CIP BRI, AT 3 e, il it
SRR AT A ARG
0, = V(ey = ¢,)/A,
A eq g CIP IR /L e, Sy W B — 5 I ] 5 ¥
siCIP WREE , pg/mLs V RFEWEAR B, VA, BRI, om?
A5 B 2B RC-MIM \RC-NIM 4351 F 0. 25,
0.50.1.00.2.00.4.00.8.00.16. 00 pg/mL CIP 5
WEVR W 28 IR 7% 2 h, %%¢ RC-MIM . RC-NIM X%}
ANIEHEE CIP IR Y W R DL . P47 3 IS5,
iR AR R AT A TR R AR AL
Q. = V(eg = c)/A,
K e, N CIP WILAWRE , pe/mLse, NI G 7 CIP
HAREE , wg/mL, 3 V ISR BI R, VA, WA R, em?,
El N+ K(K=0Q.,/0.,, 0., 4 B[ 75 5 0
a1, Q,, AR B R i i)
PR W B . 7E 2 wmol/mL CIP (ENR . TC .
AMP FRUEER 5350 A RC-MIM , W [ff 2 h,3F
BB, RC-NIM Ry #: 4E 7 35 5 RC-MIM

HN Y N
LN N ‘ ()\l ZI
Fm(ml FD%‘J\’(OH
0 O 0O 0
cIp ENR
He, oH e
3 OH wN S,
C‘O‘ 5
oy conn, 0 \QOH
OH O OH 0
TC AMP
CIP B b2y it 4tk =X

Chemical structures of CIP and comparative drugs

FA M FE . RC-MIM & T 4.00 wg/mL
CIP ARVEIE R WL R 2 b, B 100 72 8% B o)
HATEEML, A 6 IR EREAE, 0 il e
1.2.5 SERS il

ANFIFERE S 2 MIM 9 SERS 3 R . DA
NI B L I3 1 BN A 5 B ( SS-MIM ) 7l SERS
TP X REIEE ) 48 T 1k o A A AN 5 A 108 AR Ay
JEH Ay 5 RC-MIM #{[F], RC-MIM SS-MIM 43 %]
BT 1.00x10™* mol/L CIP ¥ H W fff 2 h, K6
% 3%, KK R 532 nm, O TI R A
7.9 mW, BEYEHTE] 4 0. 200 00 s (5 Hz) , FAHE K
220, VRIS 7E B A A [F) A7 B PR 43 0l A I ir

S,

RC-MIM 1 SERS {4437 . LA CIP 1250
TS, X RC-MIM $i7 56 Rr ik IG5 7 15 )8
RC-MIM 43 %] #E 1.00x 107>, 1. 00 x 107, 1. 00 x
107° 1. 00x 10™* A1 1. 00x 10~ mol/L CIP &+ 1
B 2 h R4 4 RC-MIM X} CIP (1)
S ARAS IR B2

2 H#R5IHR
2.1 YIREHLARGR G K H R AL
TIRE AR M1 PR R R A RN B LR A A

FISASAR 53 X L PRI A, AN ) T g B Ak
TE B SR A AR U 7 a1 ) 3 A1 5 25 ) 25 4 45 R
A, 3 FhEATHI 25 RC-MIM XF CIP 4 W fhf 2
JERI AR 1 fR , Hh MAA S 5K 1) RC-
MIM X} CIP Eifs (¥ K, CIP 4 F 451 B A
s B R B3R MAA  AA R T BE BRI | 55
AM B HSRNZE A B8, T MAA Hh AA £ —
23 LT RO 0 P 3 7E AR R S Bk 3
MR AR AA ZLBEF4F, Rtk MAA i fid o)
[z RN

R 1 AFEITIEE RS A YT CIP (1B BE

Tab.1 Adsorption capacity of membranes based on

different functional monomers on CIP

7N RC-MIM Wi/ RC-NTM Wt/ El5i

GiES (pgrem™) (ngrem™) S
MAA 7.98 1.99 4.0
AA 4.88 2.10 2.1
AM 2.12 1.70 1.2

A 5315 4 T RE SR TEA ] ) it 4 L
NEPHEARFR ST T DRE AR R Y
RALZER IR 2, MAA LB AR B A5 Al 5 2R 1
EMRE SO 2SBREY e hisl, M=
i B R B L 2 A S s AR R RS
eI 145 & bRtk e BT i L 142 )5 BEA

&2 n(CIP) :n(MAA) il #HYBXT CIP (I F6E )
Tab.2 Adsorption capacity of membranes based on
n(CIP) :n(MAA) on CIP

n(CIP):  RC-MIM W&/  RC-NIM WEHfHE/ Bk
n(MAA) (pgrem™) (pgrem™) S
1:2 6.63 2.20 2.9
1:4 7.98 1.99 4.0
1:6 7.77 2.18 3.6
1:8 7. 69 2.19 3.5
1:10 7.76 2.24 3.5
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MAA LEGI R, BRI R 732 i/ R CIP
Sl DIRE AR MAA BRI 1:4,
2.2 RC-MIM A4 £ S F=AE
2.2.1 RC-MIM {44

VR P — ity oAy i 5 ] i S 3R T A A
5571, 50—k R AR T R R AR
G ok, CIP A MAA 3757 4 80 F %5 700 v 3 4y
TR BT H A%, B A SR EGDMA #
F L5 & ) AIBN TR A T 010 3R W, A 26 T

FERE SRS UE RS, e A IR O, T A D8
RMEAERK T ZREWEE, VGRS R 2
BUEBEIR CIP 5 MAA (] 9 U8, 2 BRI 4T T
Jo, R N FRE B B R IR U7 a5 A
BRCHZS I g4, BI 28 1 0] DURE S U1 CIP
) RC-MIM , " fff CIP Bf RC-MIM X T4 8 %1%
HA W SERS 151E, JEPHUEEA SERS U0 14
JEH U I R RC-MIM {19 A K 356 B 9 T 1l K%
SERS #L#il a0~ E R

0
OH
7 /
§ g/
5 cIp
F et MAA
2 S\ EGDMA
AIBN
CulB i BRBHE EHL ARG
HATSERSIEHI
SERSfH &
RC-MIM M IR e SERS #7741
Schematic diagram of the preparation and SERS mechanism of RC-MIM
2.2.2  SEMERAE

B hLr s e s Xt R, Lk 1 7 3 336
em ' BEWE 1 617 .3 045 em” Y XLIE T JE T CIP
H—OH ,—NH— —NH, {45 fif % o, 3% £k
2.3.4 192986 cm™ e A7 MBS h—C—H A
X FRAN A IR B0 |3 448 em™ BF T (4 55 06 V9 @
it —OH AXT R 4G4 30, 1 735 em™ 224
SRR L C=0 FEFIE, 1 260 Fl 1 154 cm™ K
0=C—O0 fl C—O0—C A X B 45 3 3 i,
WLk 2.3 4 Sk 1 sE R, UL X CIP [
AN 2 BEE 3% T P ) SRR S T 2 O R A A B Y
A, LR 2 3.4 A W BN [F A ERAE
g B RC-MIM B 25t %2 , AN 23 52 W [ CIp
TR0 | B30 55 3 B30 5 LA A [R] A AR A Sk
A, 2k 3 5tk 2 L, —OH 1 C=0 1%
W DA T i 5 156 BH TR ) R R O A 0 5
A TR

BEEEI%

1263 1155
C;0-C- |
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Fig.1 Infrared spectra
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a. 25 FIEIE, b.RC-MIM;;
o d AR FBORRE SR T A4 i WM e AR
B2 A
Fig.2 Microscopic photograph
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Fig.3 Kinetic fitting curve
& 3a.3b HF LA B ZE R, 0 ~ 120 min P
RC-MIM X CIP (1) W5 5} £ it 5 Wz 6 Bsf (1) 17y 34 fin £
PR E U RC-MIM ELA LR CIP R 567
FMNZSELERY 120 min J5 CIP 3K 3 0% BFSF-47 5
Mgkt T -8, ] RC-MIM YA &% 23 5 © B

CIP JEAIFEMIAN,
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Tab.3 Regression parameters of the fitted curves

e
Bl ) A
k Qa/ (pgrem™) r?
— R/ JFER 0.077 1 7.52 0. 807
YR 0.014 6 8.16 0.927

23 RMA ML EIESE, Hrh =% h
SERTLRLA Y 7 R 1, BRSO
Q,..=8. 16 pg/cm’, B 43231 52 bR I 2 A0 (8. 11
pe/em®) o B, G Bl ) SRR AT DL 4 b A
& CIP Fil RC-MIM 2 [a] i W B i 7
2.4 TSI

RN, UL CIP FRfES WOk B A B AR FR , RC-
MIM \RC-NIM X} CIP {14 Bff i K BR300 1~ 9\ Ak
P, A w2 T B R £, An &1 4 firoR . RC-MIM
RC-NIM 43 5l 7E CIP %5 W W £~ 4.00 pg/ml
1.00 g/ mL A3 W B E5 AR, B3 PR R 7
3.5 idi, AT RC-NIM, RC-MIM X%} CIP W fff
PEREE 4 3 & i RC-MIM | 9 BB 6 L 7 & L /¢
WSS AL CIP B m R MEIE

15.0
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i
1 2
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Fig.4 Static adsorption

HHE— PRl RC-MIM Xt CIP (45 4 1E fig,
PEFE Langmuir F1 Freundlich 25 I W% ARk 481 A
BdE . Langmuir 55 WA AR ZAPERLG A X
LIRS

Q. = (QuukC)/ (1 +kC,)
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FE . LA YLETIREILAY SBA-15 g #4851 i 4 & B A B SH R (PMo,, M, M = Fe, Co, Cu) fh gk B fE 4L 5], I
XRD FT-IR \BET TEM TG %§F-BOWH i AL G5 A 44T 2AE , 25 3R W, 1o 9 4 i i 2l 7 3 ) 414k SBA-15 b AR A 4
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AT ARG ST , 2255 | AR 3 U8 4 T X A0 350 485 440 1 e A8 AT Ak 05 MR 52 ), 4331 Co IR 4K 7] ( PMo, Co-NH,-
SBA-15) U BR AR IF , DBT FYE4L 255 5] 91. 15%, PMo,, Co-NH,-SBA-15 #Ak51 BLAT R IFRITE IR FEE 1,
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Preparation of Transition Metal Substituted Phosphomolybdic Acid and Catalytic Performance in Oxidation Desulfuriza-
tion GAO Shuang ,ZHANG Jun-ru,LI Jia-qi, YU Yue ,HAN Lu,XIAO Shu-ning , YUAN Yun-hong , CHEN Xiao-lu" ( Liaoning Key
Laboratory of Chemical Additive Synthesis and Separation, Department of Chemical Engineering, Yingkou Institute of Technology,
Yingkou 115014, China) ,Huaxue Shiji,2022,44(6) ,858 ~ 864

Abstract : The supported catalysts of transition metal-substituted phosphomolybdic acid (PMo,,M,M=Fe,Co,Cu) were prepared
using organic ammonia-modified SBA-15 substrate.The as-made catalysts were characterized by XRD,FT-IR ,BET,TEM ,and TG.
Results showed that the transition metals had been successfully loaded on the organic ammonia-modified SBA-15 support.The o-
verall structure of the catalyst had not changed apparently,and the active components of the catalyst were uniformly distributed on
the surfaces of mesopores of SBA-15.Combined with XPS data and oxidative desulfurization experimental results,it was found that
the oxygen vacancy on the catalyst surface can efficiently generate active oxygen species , which was helpful to improve the desulfu-
rization performance.The oxidative desulfurization reaction was carried out with dibenzothiophene ( DBT) as a substrate. The
effects of transition metals on the structure and catalytic activity of the catalysts were investigated.It was found that the PMo,, Co-
NH,-SBA-15 catalyst possessed the best desulfurization performance, achieving a conversion of 91. 15% for DBT and very good
cycling stability.

Key words: transition metal ; oxidation desulfurization; SBA-15 ;phosphomolybdic acid ; dibenzothiophene
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Tab.1 Textural properties of different catalysts

. Aggr/ vp/ dp/
i 2, -1 3, -1
(m*-g™) (em’-g™) nm
SBA-15 543.2 0. 802 3.557
PMo,, Cu-NH,-SBA-15 184.2 0.305 3.182
PMo,, Fe-NH,-SBA-15 195.3 0.332 3. 347
PMo,, Co-NH,-SBA-15  211.3 0.351 3.403

B R, U RS A B s D 5 | A F] SBA-15
HIFLIE Z H, 13k )5 PMo,, Co-NH,-SBA-15 {1k
FUATESR HLA B v i H R A FLAFLAR

2.4 ESTHEI(TEM)

SBA-15 #il PMo,, M-NH,-SBA-15 fj TEM 1
R 4 i, I 4 0T LUE 1 SBA-15 A K
A 7 I FLIB 454 51 A PMo,, M 1GPELL 53 )5,
SBA-15 #E3E ELRPEATFLIT ) 2508 R ke A= 00 2%
TEM 25 S FREIE T PMo, M 5443 5 AT
WA IR SBA-15 MU A~ FLEEH

b

a.SBA-15;b.PMo,, Cu-NH,-SBA-15;¢.PMo,, Fe-NH,-SBA-15;

d.PMo,, Co-NH,-SBA-15
4 BRIR BRI ARG TEM 8]
Fig.4 TEM images of support and supported catalysts
2.5 HHSHI(TG)

M 5 AT LLE AR 25 ~700 °C F &L AF
TEMUCHSR T 7E 25~ 100 C [l 4 T 85— Wi
SRR AR TR Y K o T R S B
ZERH S BT TE 200~ 600 °C,SBA-
15 B2 2 FRTm Si—OH I A1 A I F 3L 5 17 PMo,,
Co-NH,-SBA-15 1% T A HLEEA—NH, #5351,
AR Y i PR 2 S o i . Rt PMo,, Co-
NH,-SBA-15 b SBA-15 £ & & 6.03%, %454

100

100 300 500 700
TIC

0 L L L L

1.SBA-15;2.PMo,, Co-NH, -SBA-15
5 AL TG 1
Fig.5 TG Curves of different catalysts
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FT-IR \BET TG %% & fiF 4% JL91E 52 1 47 HLEE A1 A
PMo,, M & PEH U FE SBA-15 FLIE NS T 145 .
2.6 LTI XPS FKAE

JHREFE PMo,, M-NH,-SBA-15 {4k 7] it 2% T
SER TN A WA T HEAT T XPS RAFE, & 6a
MR Mo JTTER Y XPS /IR E1E R, H
& 6a 7] 1, 4545 BE M 235.1.231.9 eV 4043 HI4L
FT Mo (V) 3d,,.3d,,; &5 &g N 232.1,
228.9 eV AL HIMCE T Mo( V) Y 3d,,,.3d,,.
Vi 7E PMo,, Cu-NH,-SBA-15 HI PMo,, Fe-NH,-
SBA-15 HEALFIFEH AT Mo JCE FELL Mo ( V1) F
Mo( V) mIE XA, 45468 R 231.3.,227.9
eV [ B AL PN IEAE, 43 AR T Mo( 11)
¥y 3d,,, 3., , 1B PMo,, Co-NH,-SBA-15 i {k 5
I Mo JTEEREAMLLL Mo(VI) Fl Mo( V) YTE
TEAE, A Mo (1) AT A7, f sb i,
PMo,, Co-NH,-SBA-15 #EAL I H1 Y Mo Ab T & HL ¥
ARAS B ARG SIE XA, B THR A 6a
Hh UG AR 2R R A 4% Mo G 2 AT (5 1 o i)
Fo, g 2 i, M2 Al%1, PMo,, Cu-NH,-SBA-
15 AL R KM A Mo JGE (Mo ( V)
Mo( I1)) /i 26.04% , PMo,, Fe-NH,-SBA-15 fi: 1k
FIREARM SR Mo TGE FEMZL (32.64%) ,
PMo,, Co-NH,-SBA-15 AL )2 M A 2514 Mo JT
L iAF] 50.17%, 5 PMo,,-NH,-SBA-15 #
kb, PMo,, M-NH,-SBA-15 fitfb ] 1 &5 & A 71 B
B, GBI 4 8 5 Mo 22 [A) 4T 5558 (4 FEL 7 A0

4

a Mo* Mo*¢

Mo®2 Mg+* T.__Mo:S

I/au
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=
©
=
.

w

Oy 0,
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0
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0
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AR eV

HHk 1~4 435104 PMo,,-NH,-SBA-15 . PMo,, Fe-NH,-SBA-15 ,

I/a.u.

536

PMo,, Cu-NH,-SBA-15 .PMo,, Co-NH,-SBA-15
a.Mo3d XPS {41 ;b.01s XPS &[4l
6 AFMELLTRIEY XPS 35 E]
Fig.6 XPS spectra of different catalysts

YEH. I 6b AR O TERIY 1s FLiE XPS
SIS , H R 6b Al AL O1s fi#
Pl al 52 3 AL, 43500 0 (532.7 eV) |
0,(531.6 eV) .0,(530.3 V)™ Hrp HA%
A EREIY O | JH & T A 770 2 18 R B ) 2 R 4
(—OH) ,0,(530.3 eV) J& T AT A Fs & i
0 (531.6 eV) VA T Ak 50 2 18T 1801 W B 4L
MR U 1h7 AT 0] 6T, PMo,, M-NH,-SBA-15 (M =
Cu,Fe, Co) f 1k 5 H W B 4 19 &% & 43 51
43.51% .39. 1% Hl 73.03%., PMo,, Co-NH,-SBA-
15 AT 14 2R T 1 82 BFE 4 5 et e 22 3 T LR
ALY O ek BB SR AL R SRS Y B i T AR
DI SAH AR A e RN HEA T 28 4 ) — A T
B
F2 AR XPS BiE /b
Tab.2 XPS data analysis of different catalysts

xy/ % xo/ %
e
Mo(VI) Mo(V) Mo(I) O Oy Oy
PMo,,-NH,-SBA-15 70.52  29.48 0 50.86 28.19 20.95
PMo,, Fe-NH,-SBA-15  67.36 29.57 3.07 43.87 43.51 12.62

PMoy, Cu-NH,-SBA-15 73,96 25.82 0.22 47.17 39.10 13.73

PMo;; Co-NH,-SBA-15  49.83 37.91 12.26 26.95 73.03 0.02

2.7 AR R AR P RE AN

N THRSE PMo,, M-NH,-SBA-15 i fk 7 7£ L)
H, 0, AR i A i it s iz v B fE AL PR RE , 43
S R TR A T S A B AR S 1, -4 45 2R 4]
F# 3, 3 FH,PMo,,-NH,-SBA-15 PMo,, Cu-
NH,-SBA-15, PMo,, Fe-NH,-SBA-15. PMo,, Co-
NH,-SBA-15 f# 1k 7] 9 DBT %% 1k % 4 5| K
63.27% .71. 14% . 79. 44% 1 91. 15% . BET F4E
25 KW PMo,, Co-NH,-SBA-15 81k 57 BA i K
() LR TR A L3R TG SE 2 (& PR T LA
HEZ ISR EA S, BRILE LIRS,
BRI 0 LB 4546 PO O 8 g, %
RSB R A BB T . XPS RAEFR I P 4
JBSIAAE PMo,, M-NH,-SBA-15 1L 7 Y 45 4 e
PrE kA T, R THF B, T T
S AR e T EAT T 2 A A, RIS
R385 22 (A Ak 70 EL AT T 5 1) 4AUf B BE ), e T
U S A AR AR TR T B AR S S PR AR
23 5i & U A PMo,, Co-NH,-SBA-15>PMo,, Fe-
NH,-SBA-15>PMo,, Cu-NH,-SBA-15, fEALHI % 25
AL B Y 5 A AR S g 2 R — 3,
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Tab.3 Oxidative desulfurization performance of

different catalysts

FEAL DBT #:4L%/ %
PMo,,-NH,-SBA-15 63.27
PMo,, Cu-NH,-SBA-15 71.14
PMo,, Fe-NH,-SBA-15 79. 44
PMo,, Co-NH,-SBA-15 91.15

VE ARV A (R IR 60 C L ML 43 6 A 30% 1 i
B 101,
2.8 ARG IR E PEREVEAN

KT SRR R PR AR E M AT T 2K
FEEIAR, KA R R oy 2 I Y B ik
JEMET PRI, 25 Rk 4 Wis, k& 4 ol
VA M TR E RS G L | A AR BR
FH 3 e, &R A RS PR AN R R B2 1 T B
PMo,,-NH,-SBA-15 f# 1k 31 1% ¥4 T B 55 Ry BH &2,
DBT AL F[% & 51.43%, 1l PMo,, M-NH,-SBA-
15(M=Cu, Fe, Co) fl L7 ) DBT % fb R H AT
. 45 A XPS 4 B, fiE AR R 3R T A AR
(—OH) & % A PMo,,-NH,-SBA-15>PMo,, Cu-
NH,-SBA-15 > PMo,, Fe-NH,-SBA-15 > PMo,, Co-
NH,-SBA-15, Ak 71 3 1A Y % 58 4 ml i ook 06
W BFFAEE AL PR A, O B AR TG PR 3 5 R R A
W R 25 570 365 T P AL O M L ol IS 7 90 1 9
U TS B 30K K 28 AP A 700 2 R 1 i A T
P DRI Tk ) 3% v R R Y 3 R A XAk
FIRIAE RS E PR 1 5

x4 AERIOIER R E ERE
Tab.4 Cycling stability of the catalysts

DBT $¢464%/%
EEN . .
W PMo,,-NH,- PMo,; Cu- PMo,, Fe- PMo,, Co-
SBA-15 SBA-15 SBA-15 SBA-15
1 63.27 71. 14 79. 44 91. 15
2 56. 89 68.37 76.63 89. 26
3 51.43 65.20 74.12 88. 88
3 Hig

W2 U 4 J AR 17 9l B0 R ( PMo, M, M = Fee,
Co,Cu) f1ZEF APTES YJREL 11 SBA-15 ik, 1
% T RINVEAFEZ AR (PMo,, M-NH,-SBA-15,
M=Fe,Co,Cu) , HHFE AW R, HEEA ]
1o U 4 TR B 1 7 2 B A A ) R 25 4 AR A AN 4L
PERE T 125 5, & Bt U8 4 T U S A Ak 7R Y
T Be 15 2] $2 T, Fo v PMo,, Co-NH,-SBA-15

A 750 1 B A 3SR B A, DBT Y 5% 4k 22 35 3|
91. 15% , - HA RIFMIEIR R E M, ZRRIET
BB I 4 0 5 | A RESS (A A TR R 4 53 245
(R A BCFE 2 A 1) 26 T RN FLIE |, O LI 3R 3K
IRIFLIB LS . 454 XPS B F A A0 i 52 36
SEOL R U 4 R AR AS R Mo JE [ 1 L 45
P A A 2 T LA B 2 A RS o, A 0 AT
PEEYRI SR L0 R 2 10 Y AU B R ) TR AR
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WE MAERANRIT 25 NR M SR, B E 3 B8R E RNR L 250 12 i i (] SRR ]
3L 3 IR SRR TERR A2HS R, AR Dt B IR IR 25 & 1T 4 45 SR8 E WA W
BT 2 FRIER BT 2206 R0 AT R SR I, A8 25 W AT/ BRI S R BRI o . /DA 2SS IE L% 14 d,
TEREHA ]IS 57N B FEACIR S il 45 20 /0 B & FURD AR AR 38 A% s RN BGG FF I8 il B A M 2S48 40, HE J (I 52 4%
H/NENERR AR AL, B ERAKIR T ARSI BRR L 1:10 o/L 25M 2 1 h B3 2.5 h, /NRIELES
25 14 d WAR I EERZET GO0, HLAA 2541 5% IR Lbdsg iR it SR it K& R B 2B A FE R AN &5 IR 25 0 2548
BHIARA G257 S AUNR F LIRS A W F . ST T ERGKIR T AT ERE, BIRHZE 2T,
KRB B K3 T2 Akt SR, TR, A2k

hE4S S R284.2  XEAARIRAD: A X ELHS:0258-3283(2022)06-0865-07

Orthogonal Experiment of Optimizing the Extraction Process of Yuye Decoction and Its Acute Toxicity on Mice ZHANG
Wen-xiang ,GUO Feng ,CHEN Peng-de ,WU Si-yu,YAO Lan" ( College of Traditional Chinese Medicine, Xinjiang Medical Univer-
sity,, Urumqi 830057, China) , Huaxue Shiji,2022,44(6) ,865~871

Abstract : The objective of this work is to optimize the extraction process of Yuye decoction and explore its acute toxicity on mice.
Methods include studying the material/liquid ratio, the soaking time of medicinal herbs, and the extracting time.The evaluation
factor of this study is the content of total saponins,the dry ointment yield, total polysaccharide content.The best extraction process
of Yuye decoction was obtained based on the design of an orthogonal experiment.Reflux extraction of Yuye decoction was carried
out according to the above mentioned extraction process, and the acute toxicity of the solution was studied using mice.The mice
were observed for 14 days after administration. During this period , the basic state of the mice,blood routine ,and biochemical inde-
xes of each group were recorded.The heart, liver, spleen, lung, and kidney of mice were collected to calculate the viscera index,
and the pathological changes of viscera were observed by HE staining. Results indicated that the optimal extraction conditions of
Yuye decoction were the solid-liquid ratio of 1:10 g/L, soaking for 1 h,and reflux for 2.5 h.No poisoning or death of mice oc-
curred within 14 days of continuous administration, meanwhile, there were no statistically significant differences in body weight,
food intake ,water intake,blood routine,biochemical indexes,and organ indexes between the administration group and the control
group.No abnormality was found in the pathology of the main organs in each group.In conclusion, the content of Yuye decoction is
stable and safe under our optimized conditions.

Key words: Yuye decoction;water extraction process;acute toxicity ; total saponins ;dry ointment yield ;total polysaccharides
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BT BRAT RS 00 T, A S L TR
RO RERL S B SRR 4
VKL T ZHAT R AL IR 5%, e
5h T 255 T T RS, A Z Y
B TR A S T AR T 5
TP AN RS, ATISEERHEIL T 2
R E MK R 7 T RSB 5T
SCB A RERE T RRFAR IR 5 (R LG PR 24 42
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1 SLBHY
1.1 FEZER 5

UV-2700 815 4h 3 D66 FE i ( H AR B A
F)) s HH-S4 B $E IR 7K 78 30 (Jb st i e By
IEAEBRAA F] ) s FA2004N BI04 K DY 15K HY
BT KV (LR A AT R A ) s BC-5000VET
RIZh Y% H 4 A 30 140 i 43 A4 . BS-240VET %Y
4 H AR A HTA (BRI B 2 9 B2 7 W 7 B4y
HBRAF]) s SF-TDL-5C # & iAol (i
R ARAF) .

TS T IR (315 . B20564, HPLC =98%) .
D-JG7K % B X R A (diE 5. S08J6G 1, HPLC =
98% ) ( LR AR A RA ) A AR
W2 HEE AR 4 AR TR R AR R
R B IR X E R R 2 B ), B ™ |l
e MA =T R 1,

Fz1 PR ARE

Tab.1 Sources of TCM decoction pieces

RPN ] e EE I 3
AR HIRE 210601 EEGCA R A A BRAF
Ay R 210301 EEGCA R PR A AR

Rtk Rl ey
AXG e R
iR iRl

190901
210501
200602

LRGEIRE TR A RAH
LRGEIRE P RA A RA T
LR FEEEARA A RA T

HWT LT 200301 EHEGEEETP AR A ARRAFE
RAEH; LA 19112706 PUJIAR—KIRZG\ A PR

1.2 SEEshd)

BB/ 40 H (SPF %) , MEvEMEE A —2F,
7~8 JEW AR 18~22 g 18], 1 [ T s
BERL A 2 B ) 52 56 v oL, B ) A PR R T IE S
SCXK (#r)2018-0002, 15 Tk LR K2 5h )
SE LA N IR (23£3)C, HR 5%
A 12 h AR BELRFFTE 40% ~ 70% Z 1], ‘HHR
TSR B R,

1.3 LRIk
1.3.1 IEZRE T

SR BN EGE , LOKCHIER, T A% R
AT HE O A AE bR, R A 6 ST
FHRPAE R8P R LA 1, TEERITES
(Y1) = TEMR/ THRREREX100x T F1H
FWNERHG BB AR (2)= BB Hd
/MR SRR KX 100x BIEH SR E R
B MM BIEY (Y3) = MBS R/ A
i KB X 100 % 6L 224 & AU R 8G 48 5 0F
Gr=Y1+Y2+Y3, it 38 i 5 i o7 Fe AR R A T
2R HEKTE W 2,

®2  EBE
Tab.2 Orthogonal experimental design

S
K A B C
BRI (g-L7Y)  4REUEHE/h 258 R/h
1 1:8 1.5 0.5
2 1:10 2.0 1.0
3 1:12 2.5 1.5

1.3.2 AU REUNHH AL
WAL B 2 R G807 R Y — B i AR
P HE S, DR A e — AR B IR L, 24
TS, 5 HICRE P W BE 2 ki )N | it R A Z A8 A )
TLEEIH B2 S /N, AHFRE S /) B i
JE B 2 A8 A, 25 A T A 5 e g A R
HATLRA VRN I T CRAUE & PRAN 48 A5 19 S AH ]
H T A5 v BT i 1 09 PEAN 48 BR 00 S0 & A A1
[e] | PRI 0t 35 %of Bl A 1 418 B 2R 47 0 B A9 A Ab 3L
AR R IR AL T A F
(1) P E(X,)
Xy = (X = m;)/(M; = my)
o X, R AN RAR T A i AN IUE BITEE, M, 2R X,
HIERAE, m; FR X BB/ IME
(2) FRIEALIT S (P,)
P, = Xi/ixlj
(3)HHME (e;)
e, ==1In(n)"! 2P,.j.1n(Pij)

(@%ﬁﬁ%ﬁ«pl
G =1-¢

(5) S HARIALE (W)

W, = Cj/;Gj(j =1,2,3,,m)
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1.3.3  F8brmior & il

(1) T ERARE

13,1 P AR R AT Bl AT BUR &
TR PR LKy, RIRE R, F R B,
T B EE BUHIFTETERE,

(2) B & E e

FEZFREL S mg B EEH X IS, B F 10 mL
i, K OB IR B R 21 $25), /)
PR T X BRSSP ARI 1. 3.1 & R
KW ER D TH 4 10 mg, & T 10 mL A&
K E R B ZI R, A 1 h, KA AN E T B A B
3, 78 K AW b oK 4y WY i OF 5 7% 3
25 mL AR ERZZIE 525, B St
AR

2 W U X R A R 0..05.,0. 10,
0.20.0.30.0.40.0. 50 mL, 4351 & 10 mL H ik
B, & B ZERE 2B A 2 mL Bk & B
0.5 mL 8% H X 7. 5 mL WKGLRR $85); &
T FE IR K B 62 °C InFK 20 min, BUE, T
540 nm AN I 5 WO B R, 22 o B o il 2, A5
B9 5 K Y=3.259 9X+0.005 2(R*=0.999) ,
SRR R SBFHTE 0. 025~0. 25 mg/mL JEE P, £k
PEXRRFE, I B B R,

(3) B2 HE S

K FRI 10 mg D-JC/K A A4 ) IR B T
50 mL b, ZRAROK I LM R E 208, $2
A7, BIAS D-T6 /K i 45 5 6 BRI W, R R R
1.3. 1 S HREAFHERG T4 0.5 g, A 30
mL 80% ZWE#E S 30 min, JIIZK 150 mL, In#4 B
1h, b8, R FIRERAE 1 K, AIFPIIRIER, 5%
#2250 mL a0, Ik AR R 205 #0250, B
BRI S W R B8 W R D- T K A % B X
A 0.20.0.40.0.80,1.20.1. 60 mL, 4351l
BT 10 mL HEERE & B3 4 mm A
1 mL 5% KBy .7 mL HRBLER , i 5 sk &b 2
210 mL, BRI L), E 80 C /K m i
15 min JE B, T 490 nm 3% K A0 52 0% 56 BE {H
oxlbnfEr 4, A5 B 7 #2 Y=0.035X+0. 052 5
(RP=0.999 1), Z55 8oR, ZHAE 0.04 ~0.32
mg/mL JE N, LM R e, L5 B 20
T,
1.3.4  ikepHsg

(1) ASCFHG 2 B i

AW E 0.3 mL #EF A 1.0 mL D-Jo/K

AT IR SRR, MR 1. 3.3 v I E RO
i, R EZME 6 W, 2 RSD 1543514 0.35% .
0. 25% , Ut WIZALZHG 25 BE A

(2) EE ML

WRRR 1. 3.3 J5 1, 43 ol kG 2% B BBORE ok R 45
6 13, BC S VRO 53 0 I WOG REAA, T
BRSD {H 2510 1.51% 0. 64% , ¥ W% )7 v 1Y
HE MR

(3) B ik Ee

it 28 W I, 28 T o) e P R 2 A 22 A
VAT, HEURAE 0,30 .60 .90 120 min B 52 AH 1
AT B4 W 6 B (L, T 38 RSD {4351 4 1. 16% .
0. 34% , Y W AW 58 o F AL 320 0 % W FE 120 min
WEE
1.4 SEHHLE
1.4.1  Z57KHCH

Fie 1.3 12 1Y BRI SRR T X £
PEATHRE, We s . W REig i i 1 mL 1 S8 1
N ERGHE B B Sk ) B R 2 Rk B A R/ B GHE ' T
K25 (0. 23 g/mL) 7,
1.4.2  PEEEGELGE (LD,,) HELL

B 20 H B/ (SPF %) , M e 1 45—
e P AR 1 3 0 AL 55 o A SRy 465 24 2 RN
TR Bl 5 HL R4 T 0. 23 o/mL KR
2590, 6 R 45 T IR R AR B R K . FETT LR VE
B HTAY 12 h BRI A A RHE AR K 12 h J5
HR A /N BRI SR HE 1 R AR (40 mL/kg) 4524 1 1K,
6 h J5 i SO I BRVE A8 1 IR LR, B2 e
PIES/INRCRAS B 2FAR L ESMER 7 d, Wi
I/NERBCTAB O, 37 B USR5 T 45 Ik 25 2 21
AR TEOL, [ B PE G iE 5%, A AR BEIAS LDy, , 3£
INA/INERHE B W0 K 32 9 4 d K 52 500 2
18. 4 ¢/kg , MK L ) 42 47 d5e RS 52 £ ( Maximum
tolerated dose , MTD) Z£56
1.4.3  MTD 525

(1) sh¥ordl K452

40 HELHH/INEL(SPF ) |, MV B PR 45 —2F
P AR 2 | B B 55 i Sk 24 2 2L DN TR
4,4 10 B AT IR B TR 12 h NREERITA
T RMERRR K, 12 h 5 HR A /DN B f5c K 1 1A
FL(40 ml/kg) 2525 1 1K, 6 h J5 44 BEAH [R) 45 4E 7
251K, BYAA T 0.23 o/ml KW
259, % RRAL 25 T AR B A R K
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(2) — Ml Bl g
7525 14 d W] WS/ B BORS HOIR 2 R 58 A 5 o TE o mER BEm

BEE BRSO B RGBSR AR A FR/% (mg-g) (m-g™)

Ziﬁirhﬁ%ﬁ'%ﬁ ,&Hﬁﬁgﬁ%u%*ﬁﬂ;,ﬁ;ﬁ}laio 4 2 2 1 19.78 109.82  432.02
(3)13%145@&\%@;*[]%7](? 5 2 3 2 27.17 168.75  521.27
ﬁééi 14 d IE%/J\EE{.E/‘JMSQQ’HQ,Z4 h W/J\ﬂ 6 2 1 3 25.65 123.31  261.93

TRPAHAK BT RE A2, ARG AR 10 24 2G5 /s R T 3 b 2054 HHL69 46436

%ﬁ%ﬂ]ﬁﬂ(ﬁo 8 3 1 2 23.26 117.15  499.93
(4) JI[L#‘?%M&{D‘U 9 3 2 3 24.78 108.20  257.40
/J\ﬁﬁ'fm/fﬁﬁ’% 14 d E’%ﬁxg\:ﬂ( 12 h,ﬁ]‘ K, 200.82 220.62 216.41

HR BRI , HUBER ML A WO — N oy, (I 3h i & K2 243.55 210.77 254.06

JHI4 A Sl AR AT SGHEAT 100 ALAS FE A K 223.64 236.62 197.54
(5 ) Iﬂl@ﬁi/ﬁt*ﬁ&ﬁﬁ{m ky 66.94 73.54 72.14
T A% ML H A DT 8 70 90 2R M4 WA Ak ke 2 8LI8 70.26 8469

F R TRFE 1 h, B0 LR ML, -80 C KT ky 7455 78.87  65.85

o A A S A B (ORIt 375 P A 45 R k424 861 188

WE(AST) BAMERERRAE(ALP) A NFEEM(ALT), 759 1 r B EE

JRZ S (BUN) JILEF( Crea) 5 Jit:fbishr, 1 16.44 22.46 28.98 67.88
(6) ﬁ}g%xﬂg@ 2 19.53 23.42 29.22 72.18
WIS /0N BRIEA T I FA AR BE DA 7 i 1, Y 300 B3l 2.2 15.21 60.77

EEXW,%?%&E?RHE%%?;:E%Q%% , ;I%%gﬂ/h IL‘?—E{‘,D . 4 17. 60 28.35 26.74 72. 69

IR NN B S NP B e R U E 2 S W 43.57 32.26 100

ANHLVRIAR T o A BEER K e LV, DB AT 2% 6 28 3184 1o.21 70.86

IROPIRRTE, THR AR AR B, PR S5 JIE 45 1] 2 7o’z 28. 84 28.74 7585

T 4%%%@}?@1—’1 JHE %@ﬂ:ﬁ?ﬁ}i%xj}bg‘go 8 20. 69 30.25 30. 94 81.88

1.5 éf’ﬁﬂ‘ﬁ*ﬁ‘ 9 22.04 27.93 15.93 65.91
KHI SPSS 23. 0 XL AR AATS 00, 2.1.2  IESSIRELE R AT

A B s B I S AR e 22 (ws) Y7 2O R
N AT S 2 22 T R HAR N R T
253 M17%: (One-way ANOVA)

2 HER5IE
2.1 IESCIEEE R KT
2.1.1  PERGE RO AT
RIEWEGEI A BRI THER BE
WAL E ZR K05 ) R 0.435 676 0.0.241 688,
0.322 636, 5 HFRIIr MRS R 3,
3 EIR AT R

Tab.3 Specific design and results of orthogonal experiment

PR 3 ATLIE T TSR L8 s
LR 0 T e 0y SE e PR, 25 RV A T
(C)>EHR L (A) >$EIBUSE] (B) o HorpdpfEny $2
BT 24 A7 A2B3C2, BIZGH4 i A 10 5 & K
B 1 h 5, PR E 2.5 h,

2.1.3  IERK T =T

X F LG PEAr 45 TR R K 1E A 56 45 Rk A7
FES,ERWFE 4, KEEREN PEBIKT
0.05,# A B.C 3 MHZEX TLEGTF3 0 B #M
R

KA ITENWLER

Tab.4 Results of variance analysis

TH ORI B

A b B2/% (mg-g™) (mgeg™)
1 1 1 1 18.48 86. 98 468. 24
2 1 2 2 21.96 90. 72 472.12
3 1 3 3 26. 20 86. 18 245.76

JPERIE BV HmE Ui Ffi  PfH

A 304. 796 2 152.398 4.771  0.173

B 113. 389 2 56.694 1.775  0.360

C 551.921 2 275.961 8.639  0.104
R 63. 887 2 31.944
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TROCHE R IEASIRER AL I T5 B WA B IBCT 2 B/ U A PR RIS 869

2.1.4 EAETZHIE
R T B AE T A ST ) e AR B HE P S
BERE, BUR AN T 2584 m 0 2 A% e RS E R I A
PFiEAT 3 RIGE, 25 R L 5, THEAR SR
B S B RSD 203 0. 82% 0. 43%
F10. 22% , Ui A LI AEFR IR T 2 F0E v 48
£S5 OWDIELERLE R

Tab.5 Verify experimental results

E’wg*ﬁ/( mg-g7l )

?t:.’f +§’f%$/% E\r%ﬁ_‘/(mg'gfl)

1 26. 81 167. 64 520. 47
2 27.08 167.79 520. 85
3 27.22 166. 49 522.64
XA 27.05 167. 31 521.32
RSD/% 0. 82 0. 43 0.22
2.2 2MEERMEIRAS
2.2.1 LD, Fiscuiasf

T A2 5 1)/ B B S AR R
BRI, EHFEUOK, A KA TR T EL,
ToiE AR i, AT MTD S5,
2.2.2 MTD 35455

(1) — Mt ge

gy AR IR ZH /N AR HE B e, N AT IR
HEEPOK IR EBR KLY 14 d 2R BB
FEIMGE, Jo/NRAET . /NRIRG Rz SRS R,
BRI G 1 B K B IR HE R
TR, SR UL, 18. 4 o/kg &/ BUXT
TR W 1 K 32 5

(2) i

128 6 I, /INERUTE 45 24 i, 4% 2 1A TE ]
SRR A /NRAE 14 d N EE 3435 Tk

Fz6 NEMATEDBMEDN (xts,n=10)
Tab.6 Changes in body weight of mice

qm e HEJE/
1d 3d
EHE 19.66x1.52 21.88+2.13 24.43+2.12
RZEME 19.72£1.93 20.93+1. 96 23.11£2.08
XPHRME  19.28+1.88 20. 58+2. 60 23.49+2. 62
SFPEME 19.03+1.13 20.961. 08 23.1321.02
a5 BE/g
5d 9d 14 d
BEGHE 27.03+2.49 32.03%2.75 34.38+2.30
BPGME 24.81+2.06 28.54+1.82 30. 0322. 32
XTHRME  26.41+2.55 32.50+2. 11 36. 15+1. 41
XTHEME  24.96x1.30 28.03+1.12 29.17+1. 87

i, HAE R R B, & 20 /N B 4 oA vk
Z5(P>0.05),

(3) Ak i

I 7 .8 AT, 2% 2H /)N BUTE 45 24 il 0 5 o
MK T W25, H2505 14 d N, &5 4/D R
T[] — I [A] B B i S5 K B L B e g 1
25 (P>0.05),

x7 DREBEEEMNEI(x£s,n=10)
Tab.7 Changes in food intake of mice
B EHEE/ (gog)

am e -
LR 2T 1d 3d
B /AE 0.41+0.01 0.40+0.03 0.36+0.03
0.36+0. 03 0.36+0.04 0.37+0.09
IR fiﬁ‘ 0.46+0. 04 0.48+0.05 0.44+0.05
0. 40+0. 04 0.42+0.07 0.37+0.09
B ER (g gh)
S |
5d 9d 14 d
e T 0.32+0.02 0.31+0.04 0.27+0.02
0.32+0. 11 0.42+0.08 0.35+0.03
gL /AE 0.38+0.01 0.38+0. 05 0.27+0.04
0.29+0. 04 0.47+0. 10 0.36+0. 08

F8  /NEIEOK R (xs,n=10)

Tab.8 Changes in water intake of mice

W S K Lol
asl S fEoKIE/ (gog7")

EEEAT 1d 3d
w2 72& 0.37+0. 05 0. 32+0. 03 0.35+0. 02
0. 40£0. 05 0. 300. 03 0. 33+0. 01
— i : 0.30+0. 06 0.33+0. 09 0.30+0. 10
0.27+0. 03 0. 33+0. 03 0. 28+0. 06

BRI RY (gg7")
HB R

5d 9d 144d
oo tg 0.24+0.27 0. 42+0. 03 0. 20+0. 02
0.28+0. 01 0.41+0. 01 0.21+0. 01

"
—_ Aﬁ 0.28+0. 10 0. 40+0. 05 0. 19+0. 01
0.29+0. 02 0. 38+0. 04 0.21+0. 01
(4) M4 Feds

M A8 bR ALT (AST ALP J& T iF 2 fiE
fabn, Horft ALT AST ${EF+ 5 R W 259 Al g 5 3L
JEREAN A %) ALP BB T 2 W1 245 9 vl RE i
KR IRUED D BUN  Crea J& T DB 4845, iX
P AR I 5, RO 24 49 ] e 5 i ML ' /)N ek
JetThRE Y A9 I, A2 14 d 5 A5 X HRAL
S54RI 5 TR A LR ARG B e 22
(P>0.05) ,
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F9  ADRUMLEA SRR (x£5,n=10) s
Tab.9 Detection of blood biochemical indexes in mice 1L BRI H 24 F5 o 21 VM
14 d M£TF 1 HGB/ (g-L7") 158.89+5.60 163.60+6. 11
ZH 5 il
ALT/(U-L')  AST/(U-L™') ALP/(U-L™') LT A0A E AR HCT/ % 50.69+1.54  51.32+2.01
i T-14414 L MCV /AL 48.64+1.27  46.91+1.35
s 27005377 40.50+7.23 1968022575 T fﬂmﬁ S * *
T M 26.90£5.15  42.70£5.95  204.9032.22 FRILAMLMETER I # A MCH/pg 15.23£0.53  14.960. 59
SEXSLT YA LT B v MCHC/
— e 26.50+4.55  41.60+6.87  207.90+30.96 (1) 313.56+7.86 318.60=6.20
B P 25.70+8.82  38.80+6.55 215.70+49.21 ’
i * * * AMATI A SERE RDW-CV/%  14.96=1.21  14.75+0.72
g e 14d STANITEERRIER: RDOW-SD/ML  33.0243.06  32.26+2.58
BUN/(mmol-L™") Crea/ (umol - L") 618. 22+ 625. 10+
N /MRS PLT/ (10° L7 - e
e i3 6.42+1.01 205. 90+37. 98 /MFHER ( ) 168.07 108. 50
T 6.35+0.93 156. 00£17. 99 SRR MPV/L 6.00£0.49  5.88+0.38
i 6.90+1.43 215.30+37. 51 ML/ NR 53 A 55 BE PDW 16.38+0.25  16.24+0.22
popiic:) .
W 6.27+1.23 154.10£26. 51 i FLI 2 F X IR X T
(5) BEReFE 51 H4aE EH WBC/(10°-L7") 7.19£1.30  7.48+2.07
\ PR A I 2 X New/ (107 L7 1. 46+0. 39 1.01£0. 26
4 10 T, 4 4L T I ML N :
£ 05 A L b e [ o WREANIRECH Lymph/(10° L") 5.36x1.12  6.07<1.79
HORE SR HGHA THETH O TR A L 0 e 25 (P> HRAIEH Mon/ (10°-L71) 0.20£0.05  0.23:0.07
0.05), HHERL A T 43 New/ % 20.45£4.56  13.79+2. 62
F10  DNEBIPELRFEE (v2s,n=10) WRELZIHE E 43 H Lymph/ % 74.24+4.66  80.61+2.26
Tab.10 Organ index of mice AR AR 43 L Mon/ % 2.92+1.17  3.05+0.47
- y - 4N RBC/ (1012 -1L71) 10.06+0.68  10.510. 57
20 51 o HEFE AL JHFHE 8 4 JILFFE 5 4 )
e £ HGB/ (g L") 150. 27+8.89 159. 10£10. 04
B .41+0. 64 .97+4. 01 . 17+0. 47
A 5. 41x0.6 56.97x4.0 31720 LA ELAR HCT/ % 49.26+2.88  50.04+3.57
2575
22 5.28+0. 56 50. 46+3. 30 3.63+1.04 AT AR MOV, 09005219 47,5621, 18
X‘Jﬁﬁtﬁ 5.03+0. 47 57.29+4.27 3.08+0.72 ‘T'Zﬁ]éléﬂﬂﬁﬁlﬂlzlﬁll—i/ﬁ\% MCH/pg 14. 98+0. 93 15. 09+0. 44
Xof 4.97+0. 46 55.34£3.55 3.23x0.70 AT Y ST PR JBF MCHC/
— . — $ﬁjl'mﬁm’ Rk 305.45+11.72 318.10+9. 30
28 5] it P B AR H (g170)
o I 6.49+0. 76 14.90+1. 56 LLANIAT I A SESE RDW-CV/%  14.80+1.41  14.29+0. 62
oA 5.98+0. 50 10. 6440. 96 LTS B bR S RDW-SD/ L 32.46%4.17  30.08+2.24
X 628.91+ 651. 50+
Xt FE 5.76+0. 62 15.24+1.07 SR P 9.1
of HEL * + I /MRIEEL PLT/ (10°-L71) . 03 67
I 1A i
XA > 760.48 1311 11 ST MRAAFR MPV /L 5.84+0.39  5.95+0.52
2.2.3  MEH IS 551 PDW 16.480.29  16. 440, 44

L3 IS P A — o e S WA LA 4 U 7
KA IR BT AR AU, AT TR 25 4 i P
AR R 1R, AR IR S 4 25 4NV
B L5 A AR AR TC B E M 25 5 (P>0.05)

R NEUIHE HAEERASI (225,n=10)

Tab.11 Detection of blood routine indexes in mice

LI H £ 7% R M
H4ii%H WBC/(10°-L7") 6.25+1.56  6.09+2.20
rRPERL A4 4B New/ (10°-L7")  1.34x0.47  0.79x0.31
WEANEEH Lymph/ (10°-L71) 4.41£1.19  4.99+1.93
BARZANME H Mon/ (10°-1L71) 0.21+0.07  0.190.04
PR 2 AR 43 LY New/ % 21.71£5.69  13.46+4.21
WL AHMEE 43 L Lymph/ % 70.39+5.91  81.26%5.25
AR AL A 43 L Mon/ % 4.11x1.26  2.58+0.70
LA RBC/ (102 -L71) 10.43+0.50  10.95+0. 46

2.2.4 ML

HE Je 825 3R W7 | 45 245 20 5 0 B4/ B/ rh
(.0 AR B A HES L 5 D LR IE S 52 3 O LT
Ak o3 A 457 5 T I 240 e P18 2 v ke i ik 1) 470 S22
SPARHED ) I /N5 4 52 48 5 08, oA UL 2 M 4t i 1=
T s WAL v pe s R B BB O, ISR AT b
RSt P U L8 4 L A1 5 ot I v it 9L 45 ) 250 075 Wl 5
BTG, AR ILIRAE A8 B /K T
e BT BANREN T = A N ol e 1 e
I AR A 1,

3 #ig

ARSI R IE SR T Ly (37) , 45 A AL
BAtAGA R E BRI T R
KEETT B i Z R PR R G PPN R AR . AR



5 44 B 6 )

TR SCHESE : IESSIIRTA AL 52 05 B AR 2L /N B S P P E S 871

o
W
e By

T

TV p. J'\\ O%:Tk \f"- : - A"""v;' . SO S,
1 KT/ B s 10 B 27 5 1)
Fig.1 Pathological effects of Yuye decoction on

various organs in mice (200X)

SEUSAE AL DLW b RN 25 AT A R S T
JIA 10 R & A/K B SEE 2.5 h Z5HiR3H 1 h
R EWRGERAKIR T2,

SR T. 215 2 & 07 Bz K529,
P PAN S =N A AN TR TN L LY W N
WA E W7 T U5 /N LDy, , BGHAT 1 5 K
ZE IR, SLRrhoR IR RS TIE L, H
LR 14 d N, /DRI MIRES Bk
B K BE AR S BTN T R
Wz MTD & 18. 4 o/kg, X 4A 2454 41/ BRAA
SR W IR, 07 0 /N B R B
S K Boa s, W] B AN T
/N BB R FIEE K 5 I BG4 R R R
V42 14 d Ja &/ BB I B AE bR 2 18] 0

FE2E S U BB X T/ SRR o3 JC W
S LR AR PR AS R R |, 20 2524145 X IR 4 i)
5 WRhR e 2 1k 25 S Ui £ % T/ B
JEFDREAN ' 2 RE T W] 8 B P 408 405 5 X 4% 40N B
B EE R R, WG 7K SR /N B |
JHF L i R4 TE A Bk, 2 U
V7K S IR F R s TC S R A3

Zi BATiR R IE SR AT 2 B £ W
KT AR08 & RARE , HA /N B W2
HRENE , UL A S 06 1 /) ER R KIR T
g M 4

S Hk -
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ETOERSNTHE ELMRES FHTERUFERFHE

MR RFAC SR AR

(LRl R PR A fir il XU B 15 R BR L Ui H 568023, Jb st 100124)

HWE . & T O BB MEYR TR SY (GS-AuNP) AR B X H kT T RAE, KX E G W A5 BAE(CS) Kk
M2 Bk HL AR (GCE) R T, il #5308 i HL B (CS/GS-AuNP/GCE) , DA 3-Z B R #h R 5 (APBA) M HL{K i E IR
(EP) ZF I, R FAEIMR 2ok (CV) FEZ B R AT R A, 45 T FEDB R &9 (MIP) %, i B 45 A% A
4 F EP J513 84> F AL A% (MIP/CS/GS-AuNP/GCE) , T B LR ZE AR, B EP W 515 548 R I Ay MIP
PR MEES A e E MRS i 2200 koo R 223 (DPV) 4 M h BP B9 RE , 7RI SE58 2144 F , DPV 1§
TAFIAE 1.0%107 ~ 1. 0x10™ mol/L J% 1. 0x107° ~ 1. 0x10™* mol/L EP [ B3 Bl P bl EP Vi BE B3 O S 2R PR3 K 46
HIFEN 5x107° mol/L, il % MIP/CS/GS-AuNP/GCE & JE#% 2 b7 FH T SEBRAE dh i A9 5 b AR 3R & AR I, [l R 78
98% ~105% 2 ] ,

KT GS-AuNP B AW AL A BIRES A FELR R AW R A 5 LIRE

FESHES.0657. 1 XHERFRIZAD A X EHS :0258-3283(2022)06-0872-08

Molecularly Imprinted Electrochemical Sensor for Epinephrine Based on the Composite of Graphene and Gold Particles
SUN Chen-yang , KANG Tian-fang™ , LU Li-ping, CHENG Shui-yuan ( Key Laboratory of Beijing on Regional Air Pollution
Control , Faculty of Environment and Life, Beijing University of Technology, Beijing 100124, China ) , Huaxue Shiji,2022,44(6) ,
872~879

Abstract : The composite of the graphene sheet (GS) and gold nanoparticles ( AuNP) was prepared and characterized by using
scanning electron microscope.The as-made composite and chitosan (CS) were modified onto the surface of a glassy carbon elec-
trode in sequence to prepare a modified electrode (denoted as CS/GS-AuNP/GCE).Using 3-aminophenylboratic acid (APBA) as
monomer and epinephrine ( EP) molecules as a template, electropolymerization was carried out on the surface of the modified
electrode by cyclic voltammetry (CV') . After eluting the template EP ,the molecularly imprinted electrochemical sensor ( MIP/CS/
GS-AuNP/GCE) was obtained.EP can specifically bind to the MIP on the surface of the sensor.After a certain period of enrich-
ment , the concentration of EP in the solution can be detected by differential pulse voltammetry ( DPV).Under optimized experi-
mental conditions ,the DPV peak current increased linearly with the increase of EP concentration in the ranges of 1.0x107 ~
1.0x107° mol/L and 1. 0x107° ~ 1. 0x10™* mol/L.The detection limit is 5x10°® mol/L.In conclusion, the MIP/CS/GS-AuNP/
GCE sensor was successfully applied to the detection of EP in actual samples with a good recovery rate of 98% to 105%.

Key words : GS-AuNP composite ; electrochemical sensor;molecularly imprinted polymer;electropolymerization ; epinephrine
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Tab.1 Comparison of different sensors for the

determination of EP by DPV

f-MWCNTs/BRY/ GCE 1.96x107 ~8.25x10°  9.0x107® [14]
Aw/ZnO/PPy/RGO/GCE  6.0x1077 ~5.0x10™*  5.8x107% [15]
MIP/ AuNPs/ GCE 9.0x1078 ~1.0x10™  7.6x10% [16]
NiONP-MWCNT-DHP/GCE 7.0x107% ~4.8x10°  5.0x10® [17]
AgNP/Si0,/ GO-EAfiRBE 2. 0x10°~8.0x10°  2.7x1077 [18]
MIP/CS/GS-AuNP/GCE 1. 0x107 1. 0x107, 5.0x107 A3

1.0x107° ~1.0x107*

 : f-MWCNTs ( Functionalized multiwall carbon nanotubes) : L
etk 22 BERR 94 K45 ; BRO ( Basic red 9) ; Bi#: 21 9; RGO ( Reduced
graphene oxide) : ¥ JUE 1L A7 524 ; NiONP ( Nickel oxide nanoparti-
cles) : AL AR T ; DHP ( Dihexadecylphosphate ) + B 2 — 5 %
fii; AgNP ( Silver nanoparticles ) ; 48 44 >k Fi F; GO ( Graphene
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Fig.8 Effects of different species on the DPV

current of EP at the sensor

(4 97. 8% , Ui W% J5 12 1l & 1 3 ¥ BN il A% J s B
A RAFHRRE .

TP PIR MR ( Ascorbic acid, AA) JR
12 ( Uric acid, UA)  S8# ( Fructose, Fru) . 5 24 1%
(Glucose, Glu) | A ¥ £ ¥& #3 ( Amylum, Amy ) |
SOT Mg XL BRAR AT 48 52 MR VEAl . TR S5
FEHE E AR RN 2. 0x107° mol/L, AA \UA .
Fru Glu Amy ¥4 2.0x10™ mol/L, SO2 FI
Mg™ ¥ R 2. 0% 107 mol/L, LI 45 KUK 8a
iR, B4 TS EP A7, DPV 1§ i AR 1k
RBETE 6. 9% ~ 11. 8% = [A], i BH il £ 11 1 JEi L
RN, K 8b b BN i A2 AL AR A
SR R R WP DPV ik .
2.8 SBRAE A

K AR S 4 59 MIP/CS/GS-AuNP/GCE 1%
AT R IR L IR R A (B ) FE
MR S EA TR, AR TR B I B 2R 1 R
A LT A YR sh i 25 A RA L IE#E A
Il ¥E M H Genia Life Science, = FHFRfEI AL,
FHl MIP/CS/GS-AuNP/GCE 14 & a8 %t Eh R B g
B STRE S SN I AR SR T R 25 R an 2k
2 TR, P RRLRAE T A i 2R 1345 2 A B A o
L RRE R bRk B A, UERH MIP/CS/
GS-AuNP/GCE &% SE PRk b (9 B B IR =R
FUA R AR I BE

T2 IRE GRS RAIT

Tab.2 Determination of epinephrine injection samples

R RS | VSR 2 HEERA 3 A MERES,
Kt /mg 0.99 1.00 L.09 Nd?
B IRER i/ /mg 1.0 1.0 1.0 —
RSD/ % 524 986 .02 —
Jinbr i/ mg 1.0 1.0 1.0 1.0
L/ mg 1.01 1.00 1.05 0.98

[/ (%) +S. D.(n=5) 101+4  100+8  105+5 98+7
1) 5 W E A FH1H 5 2) Nd  ARAG L

3 %t
ARTAERI T HA R4S A GS-AuNP
AW RME N IEIRATRL, LI APBA 1 A ThfEBLiA
FF APBA 5 EP Z[RIR] LI B 2R 0 2 g 45 44 (1)
JR B, SR R A IR I A SR T & T EP
ST FENEREY), I E T MIP/CS/GS-AuNP/
GCE f&J&#% . WFoE e R Wil & 1L s By
RAF e Bk Fbe TP ik ety B 98 Lk o FR
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HEELMM Ti/PbO, BIRE Ti/Ir0, +Ta, O
FE A% 1 1L P fR LE B 3R

TR Y AR Bt e E R A
(LM BB AN T A 22p% WL B 310007 ;2. 80 52 0 348 Wi A FRZA & WiV Bl 311000)

WE . FBPR T Ti/Pb0, B S Ti/Ir0,+Ta, 05 MMM RN PE R Gk (AC) YJRHE K AL AR RSOR . 451 3R
Y, 24 AG WIHRMREE 100 mg/L, HLME VR 0. 1 mol/L., L B 30 mA/cem® ,pH 5. 86, 4B 70 min J& , Ti/PbO, HLH A Ti/
10, +Ta, 05 HIMAEAL ALK R XS AG AL 27 S i (COD) B9 AL BRI &5 T 81. 4% Hil 51. 6%, HELT Ti/Tr0, +
Ta, 05 AR, BA DU HEIE 4544 Shbi 1) Ti/PbO, B AR e PEREE , B Ti/1v0, +Ta, O HLAL 3R M B F A7 7E TR R IR 45
¥, TAERL R o 5 s B 1 R 0 R P8 B4, T B TiO, Bl A IR DU 2 5 S50 e v 0 P AR 0 1 I A, S i 4R 3R ) iR 4R
(% &

4R ARG T/ PhO, HAMY ; Ti/Ir0, +Ta, 0, B ; PH K &k ; B AL FE A

FESZES 06433  EAARIRAD: A XE4S:0258-3283(2022)06-0880-08

Degradation of Alizarin Green (AG) by Ti/PbO, Electrode and Ti/IrO,+Ta,O; Electrode SHEN Hong"', ZHANG Wei-
wei’ ,YAO Chun-ji' , YANG Ye', FAN Hong-liang', JU Li' (1. College of Public Health, Hangzhou Medical College, Hangzhou
310007, China ;2.Hangzhou Jiashu Environmental Monitoring Co., Ltd., Hangzhou 311000, China) , Huaxue Shiji,2022,44(6),
880~ 887

Abstract : In this work,the degradation efficiencies of alizarin green (AG) by Ti/Pb0O, electrode and Ti/IrO, +Ta,O5 electrode
were studied.The optimal degradation conditions were obtained; initial AG concentration of 100 mg/L, Na,SO, concentration of
0. 1 mol/L,the current density of 30 mA/cm” ,and pH 5. 86. After being treated under this specific optimal condition for 70 min,
the removal rates of AG and COD were higher than 81. 4% and 51. 6% , respectively.Compared with Ti/IrO,+Ta, O electrode with
a mud-cracked surface,the Ti/Pb0O, electrode possessed higher stability due to its pyramid crystal structure.Because of the surface
spalling phenomenon observed during the degradation experiments, passivated TiO, film was formed,leading to the increase of cell
voltage and degraded electrocatalytic oxidation capability.

Key words: dimensionally stable anode ( DSA) ; Ti/Pb0, electrode ; Ti/IrO,+Ta, 05 electrode ; alizarin green ( AG) ;electrocata-

lytic degradation
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W R Ti/PbO, B Ti/Tr0,+Ta, 0, FARAEIL I L i 5T 881

O IR AR B T R RN AR TR
SRR RE 7 30 B A A U S0 A, S A P A A
BHEKERSOTE . LA AR
LR R R LERZ —, 20 20 60 448
k& B9 I F2 H #% ( Dimensionally stable anodes,
DSA) , B—2E FEH Ti KB AR R 4 )8
SEALDIRIZ A EHT, DSA MU R HIE R H
UL 4 T S8 A 2 AT AR R
e, o, —SREY (PO, ) HLAR R BLAT 4%
R AT SRR S AT P R RS 1 T 7 F
fife Tl A3 P AR 2]z Y A
(1rO, ) FL AR 0] == A FH Mt i i fe I 5 AR 1) i
TEEERT 10, WE P IEIEA s 4B 40 ik —
PR Z R R e A o S
Ta,05 V£ —Flfb 288 PR AR 58 1 AL 9, f 3L
WINE] [0, ¥R 2 ARG 38 T IR 2 5 R AR ]
MR e v, BfE S ALY B ik R ik v A
A ] BHAR F A7 2 T v A 32 A B A K F A
A A ER

AL AR YR RS (AG) A HFRTS YL,
A3 LL Ti/PbO, 1 Ti/IrO, +Ta, O IR HE B A S
YEBAM , 4 JmEK 7 VEBIAR , 38 2 f fi A e T vk 25 B
K AG, 5% AG WIHR R EE | WLV % B pH R Hg
fiff O B X E A G ) S Ak 2 T U (COD) 25
BRI, FEXT EL A5 AS [R] BH A A48} ( Ti/PhO,
F1 Ti/1r0,+Ta,05) AL AR . BFENE
Pk Rk 2 7K 36 BRER AR} 27 () S AR 4R

1 XWHE
1.1 FEAER S

UV-1800 #4 28 SR S35 AL ( H A B HEA A ) 5
S470-K A pH it (& - Hg F¢ M FE R 2 A F))
SU8000 7Y H 494 & il 5% ( H A< Hitachi A ) .

B RIE RS (AG) R AR &, (A ATR
gl BEUEK I AG( HbRTE Jed) 52tk
RO B, 5255 B A BB (Ti/PbO, HLAR A1 Ti/
1rO,+Ta, 05 HLH ) A7 WAR HEL A, I 250 M T AR
BRIl s A B /L BAM (8K R ) T F 1 i
R BRIV AT BRI (Ti 4l R 99. 99% ) , 52
B AR H FCAR AR (0. 1 mol/L) FI & A AL 5K
(0.1 mol/L) IF W b4 pH (H M. 35713 M 5
Mrafisi st S5 K B 2K ML S

H A Ak SR A 2R 2 ol B BRI R 0 9
iy S HL YR A AR, % A7 B R AR 1 T AR 5 B AR

A PRAF — 2, EL BRI S i R o 1, B
250 mLL ) AG B K T IS BEAR N, LLICK Bt
FREWAE ARG , 7R S 1 HE A T EAT S AL K i
T, AL AL SN SR R P

R
k
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%
/l
o =
S 1 i 1
RO B2 T
FL A T ST B S 62 T

Schematic of electrochemical oxidation system

1.2 Wik
1.2.1  JKEEM) AG ¥R .COD J pH g

S0 3k i e O KR R AT B EORE (0.5.,10
20.30.60.70 min) , £BFESH 2 mL KB F6 B
55T AG WREEFN COD By , FI 4N
TEAOMAE i UV-Vis IRISOGIE (190~ 650 nm) i#47
SUWBEH, WE AG & I A ) 5 KR K
642 nm , FHAE 642 nm AL E AL BRFT S5 KRR
W B2 AEL, K BT A5 WO BE AR AR A LU A o il e
(B 1), 3607 AG WIERITHE IR R AR R
AG EBRFCE AL S (COD) Y PR A6 il )
MK B FE RS AR AT AR o HI/T 399—2007¢ 7K
Jo P2 T A BT R TR i e e ) 1
AR K 440 nm 500 F #0470 & . K EE pH
{HRH pH AT E
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Fig.1 Standard curves of different concentration
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1.2.2  WEAFHLACR (ICE) TR
BRI L 30K (ICE ) (33 F coD {E 7
(1)
ICE = [ (COD, —COD, )/8(t, =1,) ]FV (1)
A1, COD, .COD, Sl FR ARt 2 1, (s) 1y () BEI A
ST COD, mg/ Ly FONIEFIAS R4, 96 487 C/mol; V WA
AL LT MHT, mA
1.2.3  HLRM SEM FAE
HLBRAE i SEM. 43 B R FH L 451 4 Sl sk, Wt
GBS EFHE 15 kV O T TIE SRR
9307 .

2 HBREIHR
2.1  HREETES

K245 k CRAEE T Ti/Pb0, HLHE A Ti/
1r0,+Ta, 0 HLH LA AL SIS 1 R T 3% )2
i 5% (SEM) &

a. TAERT Ti/PbO, MMM ;b. T./E 910 min J& Ti/PbO,
PR T 5 e TAERT Ti/1r0,+Ta, 05 BRI ;
d. TAE 910 min J& Ti/TrO,+Ta, 05 LA FK I

B2 HRAES k BORHR T SEM
Fig.2 SEM of the electrodes with mag 5 k

Il 2a 2b RIS B 1) A TR i 75 1
Ti/PbO, HLH & THT FhHE B2 £ 1Y kL 55 7 HE AR
B, i AR LA 55 hy B I 1 DU S T S5 R AR, R
NG (O oy S ok b R LI U B N Y S RVAY N 3 ]
TEASHEIN T H b B 2 T AL 3 3 4 v Al S s
Wi A R fl B, £ A A S A IR 3R 1) R A
R SEREEUR 1Y A AR T 25 R AN AL RE A AKRH 1k
A S EY W, AT AR T, 422 K B, 43
R TR W g 0% [ B o B T 000 H,
At

WIS 2a,2b AT, 78 Bt TAER KA

910 min J& , Ti/PbO, FHEARHE)Z R H I T H LY
A 5% R AR P AT AR R IR AR AL, B kT
1, Ti/PhO, I E A B m AR E T, HEl 2¢ Fil
2d WA Y, Ti/1r0, +Ta, 04 1 8% 2 B A #43
il ) 25 4 S A R 2 A Y MR AR BT R
W R HAFTE RN — H IR AR — B TR 2R,
X FE RN SR AR E R A b &
S G BRIEAR SR 2K R B A R
FEA B 70 S IR R NIRRT
Ti/1Ir0,+Ta, 05 HL I 3 18 2440 T 4 = H 5 L A i
P 8 o, R AR A AL 1 2 AL S AL
JNF 1 B R AR A A A e A A S R S 1 4 R
e J2 i A 3R T 4 HL A —  Floe i L 8URTAL
T {H 52k 22 B 4 S0RTFLAIR 7] B8 23 i 8 H figf Y 3
SUEC3 &N bR S NTTR A Ve S iR e E =R e e
6 L B A A M 0 2R 0 X EE I 2¢ . 2d W]
1,24 Ti/1r0,+Ta, 05 HUARTE 23t TAERH X 910
min J5 , 9% 2 R AR ALY HELA R, H ik
T JR A DX el 7, R IR R AL A v I
FA) AL A BE A 2% 1T 4 80 U7 AE T IR 2 3R
MiEE Bt o kI Fm ™ (0 E b 5 AL A e
TR AR FR B N8 5, BT AR
PE vl TR 2T AR AR R T AL TR
FLFH TiO, FlALRE I Bt ke 5 50 T,
edE e R R
2.2 T EBHHEH
2.2.1 HWIRWRE

Sy BIFELL Ti/PbO, LR A Ti/1r0, +Ta, 0, HL
e Sy AR 1 PR A A AR AR R b Y LR E
30 mA/cm” | B f# 5 MR (Na,SO, ) 4 0.1 mol/L
BF, 28 70 min &35, 548 AG W1 IR MR B (50,
100,200 1400 mg/L) XA R LERAC BN, 45
DL 3, HA BB Y 3 U i S SA(E, ARG b
2% RSD<4. 3%,

7E18 3a 3b BoRAY Ti/PhO, HAEIL AR R
WX AG WA BE H S0 me/L 34 & 200 mg/L
AT AG Je COD [ B A8 £k W 0, 8 fiff B [
70 min B R RXT AG 19 R BRECR ZEHiFaE 1Y
AG WA 14 400 mg/L, AL 3 70 min i, COD
WS TR, 76 3¢.3d BT R Y Ti/ 10, +
Ta, 0 HUEILEALIA R T, 2 AG WIHRUR 5351
50,100 2 200 mg/L i}, 4b 3 70 min J5 , 1K R XF
AG } COD [ LB BB W, HILATH, AG
IR A 50,100 2 200 mg/L i, 28 Ti/PhO,
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S PR SYURHY T/ PbO, B S Ti/1r0, +Ta, 0, HARAREIL R Lo 883

HL AN Ti/1r0, +Ta, 05 L AR HE 70 min J5 , 1A &

X AG K COD [ Z:BR%m A2 FE

[ AGHIHAHR 400 mg/LIFAGERFE T AGHIIAWKEL00 mg/LIFAGEHRFE
550 AGHIEAYR 200 mg/LEFAG KBRS AGHIEAYR BESO mg/LEFAG IR
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M AG LR, MLk 1~4 4 340K AG FIIRWSE Sy 50,100,
200 Fl1 400 mg/L Bt AG FYHEIE ;b d 43 5IFR Ti/PhO, fEfkidk
F I Ti/ 0, +Ta, 05 HEALIA R IY COD BRIk 1~4 5351
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Ti/Tr0,+Ta, 05 AR R B LR
Fig.3 Removal efficiencies by Ti/Pb0, electrode and
Ti/1r0,+Ta, Oy electrode with different initial

concentrations of AG

2.2.2 WA

J3BITE Ti/PbO, HLH AN Ti/1r0, +Ta, 0, HLHK

) WA 10 mA fem?B, AGEIRE 3 HIMIBHBESO mA fom?Bf, AGEK R
L 30 mA fem?M, AGE IR HLHE 70 mA fem?if, AG KR
120
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AGERRR /%
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JNE ) /min
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mA/cm® I AG HIVRFE ;b d 435 7R Ti/PbO, Ak A 5 Fil
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Fig.4 Removal efficiencies by Ti/Pb0, electrode and

Ti/1r0,+Ta, Oy electrode with different current density
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P fEAL AR 2R b 43 0 BRUH U %% B 10,30,50
170 mA/em® ,AG WIHRVRE 100 mg/L, HiL i o7 ik
J#(Na,S0,) N 0.1 mol/L, Zb B 70 min, & R Y
AG F1 COD LBRR LA 4, BB R 3 Yl
FE VA AR IR 25 RSD<3. 9%

FEVEL 4 TR 0 RS TR AR AR 2R b, 2 FL
WEAE 10 ~70 mA/em® X 8] N, AL SE AL IR 22 %
100 mg/L ¥R EEIY AG HA R MR, H b
TG I AR 2R A9 COD B2 AG ZHBRETHE
AbEE 70 min J5, 24 % 10,30, 50 Fi 70
mA/cm’ B, Ti/PbO, HR ML EILIR R T AG £
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Ti/PbO, HLHEHI Ti/1r0, +Ta,0, H A AL &
TR Z i B3 B (CD) 435914 10,3050 F1 70
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Fig.5 Instantaneous current efficiency (ICE) by

different electrodes with different current density
2.2.3  HfFFIRE

DA R 40 ( Na,SO, ) A HE i 5, 40 531 1) Ti/
PhO, HLHFI Ti/1r0,+Ta, 0, LM AL A ILIA ZR
HROm A ] ¥ BE HL i B 0.05.,0.1,0.2 A1 0.4
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LRI 6, o BUE o 3 Yol & - 391E
AHXT AR (2 RSD<4. 8%

Hi & 6b F1 6d BT AL, 7E Ti/PbO, HLHLFI Ti/
1r0,+Ta, 0 LR AIHE AL S LR R | Na, SO, WM
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Fig.6 Removal efficiencies by Ti/Pb0, electrode and
Ti/Ir0,+Ta, Oy electrode with different concentrations

of electrolyte
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2.2.4 {KZFpHH
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{8, FHXIFREDR 2% RSD<S5. 2% .,

HEAIAR R pH (B 0T 38 a2 RV VR A
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e/ME, 53 h 63.0% Fil 46. 3%, HI L] R, B
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IR R BRIESEAE R T AG MR 01k, X &
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E F Nafion/GSH-Fe, O, @ Cs/Pt/GCE #& il 7 ' B i%

I%ﬁ‘%*la,*gjﬂﬁlb,ﬂ%@ila,ﬁifz
(LAFEIN A FRE a i S525 5 TR, b4 TAER, WAL A% E 050081 ;
2 AFIEEERE AL T 2B, imdk A4 A 050035)

FEE 45 Nafion/i& J5 M 4 e 1 IR-PU 401k = 8k @ e/ 4/ 3 % 1, 1% ( Nafion/ Glutathione-ferric oxide @ Carbon/Platinum/
Glassy carbon electrode , Nafion/GSH-Fe, 0, @ Cs/Pv/GCE ) &2 X TN 4 T i ( Acrylamide , AM ) 47 8 54047, & W T #%
FEAA I DU AL =8k @ WA K S 3 MK (Ferric oxide@ Carbon nanocomposites , Fe,0,@ Cs) , I LB At _E 971 2081 44 K kE
F-(Platinum nanoparticles ,Pt) , il %8 # (1) Fe,0,@ Cs/Pt YK E SR, LS JEYES BEH K ( Glutathione , GSH) A #E4T,
TE Fe,0,@ Cs/Pt [3EAY_E, #1145 T Nafion/GSH-Fe,0,@ Cs/Pt/GCE f£)8 %%, i i %F GSH [# 2% £ | Nafion ¥R J¥ | JJuﬁJzuj‘
V] i B T B 56 A A AR B A R A ) B AR A5 . WFIE R, Fe, 0, @ Cs/Pt HAT R 1 5 B PE R W AR 2544
AR AL 1) R s AMLREE SOG A S GSH TRIINAERAE 1107 ~ 1x107° mol/L 5 N &2 RAFIIER M R ;%
PEBFHEA Y=-6.025X+73. 632( X g AM ¥ B FIFAXIED) ,R* =0.997 4, K BR N 5. 624x 107" mol/L, H.i% A% 2% i 54
TEVEREAE o 27 VR R (T T P R ) 5 AT

SBRIR : YKL 5 I JEE A e T IO PR BRI 5 %2 St s A DU

FESES TS207.7  XEARIEEE.A  XEHS:0258-3283(2022)06-0888-06

Detection of Acrylamide Based on Nafion/GSH-Fe,0, @ Cs/Pt/GCE SHANG Ping ", YANG Yong" , ZHAO Rong-min'*,
CUI Wen-guang®( 1a. Department of Food and Drug Engineering, 1b. Department of Student Affairs, Shijiazhuang University of
Applied Technology, Shijiazhuang 050081, China; 2. College of Chemical Engineering, Shijiazhuang University, Shijiazhuang
050035, China) , Huaxue Shiji,2022,44(6) ,888~893

Abstract ; Nafion/ Glutathione-ferric oxide@ Carbon/Platinum/Glassy carbon electrode ( Nafion/GSH-Fe;0,@ Cs/Pt/GCE) sen-
sor was prepared for the quantitative analysis of acrylamide ( AM).Platinum nanoparticles (Pt) were loaded onto the core-shell
structured Fe;0,@ Cs nanocomposites to obtain the Fe;0,@ Cs/Pt composites. Afterward, the Nafion/GSH-Fe, 0, @ Cs/Pt/GCE
sensor was prepared based on Fe,0,@ Cs/Pt using glutathione ( GSH) as a probe molecule.The optimum working conditions of
the as-made sensor were determined by optimizing the parameters such as the fixed GSH loading, Nafion concentration, addition
time ,and addition temperature , et al.The results showed that the Fe;0,@ Cs/Pt had a good conductivity and biocompatibility , thus
could effectively improve the sensor sensitivity. A good linear relationship between the negative logarithm of AM concentration and
its addition rate with GSH was obtained in a range of 1X107' ~1x10™ mol/L, the linear equation was ¥=-6. 025X+73. 632( X
was the negative logarithm of AM concentration) ,R*=0. 997 4, and the detection limit was 5. 624X 107" mol/L.The sensor also
showed very good stability in the short term.Our method is simple and convenient and can be used for the quantitative analysis of
acrylamide.

Key words : nanoparticles ; glutathione ; acrylamide ; sensor ; detection

PR IERE ( Acrylamide , AM ) J& — B UL ik 2 300 pg/kg, oA H A A H A HE B H BR{E
e Bl RIS AHIRGTHEY R —FEE 0.5 wg/LB7 KA AM HFRE AT 5 A
P FERKE MR R AM SRR IR M A RGO R G A ATy

Wehm B HA:2021-12-15; 4% B & H #3:2022-03-07

EETB b E2 8 A SCGE SRR H (S7201073) .

YEZ RN 147 (1979-) , Lo WIALEK N W+, @802, FZE0F5 7 10 R4k 5 25 T2 | E-mail : shangping2671@ 163.com,
S| RARSL: 4, ik, X, 2. 2L T Nafion/GSH-Fe, 0, @ Cs/Pt/GCE PR EERE[ 1] . AL241X7],2022,44(6) :888-893
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1.2 Bk
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Fe,0,@ Cs 2% 3CHk[ 17 ] 4. B 100 mL
WE N 2 mg/mL B Fe,0,@ Cs 730 T 250 mL
HEFEH T, R A0 15 min, NI Wb B | R LA
WHEAS, R MA 10 mL ¥ E R 2 mg/mL
(AR YA W, BB A 5 min, [ H 52 40 B4 5T,
FEARWHE R 2, A 20 mL ¥ N 2 mg/mlL
AUHTIR ML ARV, B P 43 HE 10 min SRS AN 2%
Uk, ¥ 6 b WO VE R B A T B O LS
OWERE B TEZ TBRMATT 60 CHAMT, B
25T BIfS Fe,0,@ Cs/Pt, B TG ) Fe,0,@
Cs/Pt FRE L% m, , & H
1.2.2  Nafion/GSH-Fe,0,@ Cs/Pt/GCE ] 4%

GCE ZMESCHk [ 18] [ 19] b B ki 1 B
6 pL K 1 mg/mL [ Fe,0,@ Cs/Pt T GCE
i, WA T T, R4 wL N
20 pg/pL 1Y GSH T GCE FKIHIfE 4 CHEELMET
T4 G B 1L pl 1. 5% Nafion Ji% 014 B4
R T 4 CHIE KT T4 HI1E Nafion/GSH-
Fe,0,@ Cs/Pt/GCE fZIEE% 1 il £ 4 1) (e J A
T4 CHBERAEH
1.2.3  FEsALHE

B 7. 108 mg MDY BRI R AR, Y9 S HUFE 2 ¢
Ak LI, AR5 278 SCHR [ 20 ] X 38 2k R A7 4b
o BUCH SR FVEW, A 0. 1 mol/L W
R A A RIBE IR — SN E A E 100 mL, IR E
pH A 4.5, % H,

2 GHREITE
2.1 JESUERIE

FH SEM X} il £ 4 ) Fe,0,@ Cs/Pt #EATIES
FAE LR ILE 1,

FHIE 1 AT, il 45 44 1) Fe,0,@ Cs/Pt HERIE
Sk, K/NEYS) R, BARZ9A 800~1 000 nm,
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1 F6304@ Cs/Pt [ SEM A

Fig.1 SEM characterization of Fe,0,@ Cs/Pt
H Fe,0,@ Cs FMIL) 53 HE Pt QUK i it
Xl 2 41 Fe,0,@ Cs/Pt #EATFR A B, H o
5 Fe,0,@ Cs AHILIGI T 17. 4 mg, X 1iW] , Fe,0,
@ Cs X Pt KK 8RR 8. 7%
2.2 AL AL R R AE

PL 10 mmol/L Y [ Fe (CN), ] & W (&%
0. 1 mol/L KCI) Ay Hi, fif# J5T ¥ ¥k, 43 | % GCE |
Fe,0,@ Cs/GCE , Fe,0, @ Cs/Pt/GCE Fl Nafion/
GSH-Fe,0,@ Cs/Pt/GCE #4732 i FELHT ( Electro-
chemical impedance spectroscopy, EIS) i, H. 4%
RILE 2,

2251

200 600 1000
Z'lohm

1.GCE;2.Fe;0,@ Cs/GCE;3.Fe;0,@ Cs/Pt/GCE;
4.Nafion/GSH-Fe; 0,@ Cs/Pt/GCE
Bl 2 RFEfEEAS Y EIS 2k
Fig.2 EIS curves of different sensors
N 2 4 #HF AT 40, GCE FH¥L M 653.39 Q,
Fe,0,@ Cs/GCE FH#T N 372.43 Q, 5 GCE # 1t
BHHLREAR T 43% ., X Ui Fe,0,@ Cs RERSA 5L
ek 15 BEAKBHPT, Fe,0,@ Cs/Py/GCE
FIRHAE A 77. 23 Q, 5 Fe,0,@ Cs/GCE AL, BHBT
HE— L FEAR T 79. 26% , Nafion/GSH-Fe,0, @ Cs/
Pv/GCE BH#TL M 145. 34 Q, 5 Fe,0,@ Cs/Pt/GCE
AHHCBEAFLIG N T 88. 19% , 3% /&, GSH K44
Kor, HA G BHPTAL K, PR L[5 2 3 F b %
I J5 B B R BT i, [ 3560 GSH 224
AR e [ 52 AE LR R
2.3 AM SEERERIN B ET R B ER IR 2 i 26
PLpH 4.5 19 PBS 2% M ok 2 F5 H A S5 %

W , Nafion/ GSH-Fe,0,@ Cs/Pv/GCE g T /f o 1%,
PEATHEIMA 2 ( Cyclic voltammetry , CV) 14, SR 5
A AM HIRE R 1x107° mol/L, il AM
5 Nafion/GSH-Fe,0, @ Cs/Pt/GCE Il i, 50 s J&

XTI T CV 4, e R IR 3,
50

30f Py

HF/pA

-10p ~ ] . . . . . .
0.4 0.0 0.4 0.8
BV
FAREE AR 100 mV/s; LR ;2. BT
B3 AM 5EEEMEATE T CV ik

Fig.3 CV Curves of AM and sensor before and

after addition

P T 3 20T AT A% B 0 A5 7 S e F
(Oxidation peak current, /) N 1.197 pA, &5
AM & 50 s 5, 1, 4 0. 746 pA, 5S4
P 1, BEAR T 37. 68% , RIVINALA y 37. 68% , X2
4 AM 5 GSH L isistss &, A T AM-GSH
AW, JET R W B LAk N, T AM 5 GSH
IR AT AM B ¥R BEAEAE — 5 YOG R, 4l it AT
XFAM #4738 2= 50T
2.4 GSH [E#&EmMiit

AR 1.2.3.4.5F6 wL #EEH 20 pg/pl
(1) GSH il 5 1% & &% , 9K 5 Bt il %5 4 19 Nafion/
GSH-Fe,0,@ Cs/Pt/GCE & T pH 4.5 [ PBS £
R SR HEAT OV HI s SR LA 4,

124 /.\
< 1.0F / \
N
S
# 0.8+ /

06725 ' 60 100

GSH/pg

B 4 GSH Xf Nafion/GSH-Fe,0,@ Cs/Pt/GCE 511
Fig4 Effect of GSH on Nafion/GSH-Fe,0,@ Cs/Pt/GCE
M 4 S3 A T 1, B GSH [ 25 & i 35
PAFHY 1 B, B, 3= GSH
H AL 27 SN A T3, PRI it o G T 28 3 A 14 0 1
B IN AH GSH A EM Ko+, HAR F BT
K, 4T 20 GSH BBl , & S8k
JERAS PTG T R A 1, P ER TR,
GSH [H#k i 80 pg,
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2.5 Nafion EMLLL

S 0.5% 1. 0% (1. 5% 2. 0% F1 2. 5% K
Nafion il 85 1% 8% , SR 5 X H AT CV 4948, HF5%
Nafion X578 A5 HaE R LI 5,

1.2+ /-\-
< -
=
10} _/
@ -
0.8} .
05 15 25

Nafion/%
B 5 Nafion % Nafion/GSH-Fe,0,@ Cs/Pt/GCE HJ5 N

Fig.5 Effect of Nafion on Nafion/GSH-Fe;0,@ Cs/
Pt/GCE

I 5 4y M Al A1, Nafion X} Nafion/GSH-
Fe,0,@ Cs/Pt/GCE A . E R MW, —J7 1 Nafion
FLA R A BB R | it o JE e Y A 4 e A
AR GSH ML I 10 1 It I, 2 1 A )
FHAb2R N AT 5 5 — 7 T, 245 Z 1) Nafion
[F] 7 ) A JEk gs R e, & 5 BB R B A,
GSH 55 237 L fif Jo1 1) 42 fik, 52 0l GSH. 14 &2 1o 34+
Bi, Hid Z 1 Nafion 1123 3 FHHT A3 i, 1m0
T WA, LR A, Nafion ¥ B2 2E 1K
1.5%.,

2.6 AL ERE

Sy SIAE 28 30,32 .34 .36 .38 F1 40 °C By FRES
T, il Nafion/GSH-Fe,0,@ Cs/Pt/GCE 51 & Ky
1x107° mol/L ) AM FEAT I s S 7, BiF 55 i 1l itk
JEXF H AR i 2, A5 R LA 6.

361 /-\\
32t ./

g

%77 / \
=&

5 28} .
24 = ) ) ) ) ) )
28 32 36 40

T/C
6 JNAGRE X Nafion/GSH-Fe,0,@
Cs/PV/GCE Y52

Fig.6 Effect of addition temperature on

Nafion/GSH-Fe,0,@ Cs/Pt/GCE
ML 6 4347 AT hn BSG BE X5 i A
HYSEI 3 R Oh e B L IR GSH Y i M52
F AL EAIE], 2 GSH 5 AM i 34k 1Y 5L,
H YR T B 2 fd GSH 7% M 52 B A AT 0
P, BRI 254 | S BOL A B 48 Ak, 355 e 3]

GSH 5 AM Mm% R, 25 1 fr ks, ik
BRI 34 C |
2.7 I Al

AR AT, 405k GSH 5 1x107°
mol/L ) AM Jill i & . 20, 40, 60, 80, 100 Fi
120 s, WF 5T IR A () X GSH 5 AM il 5K A4 52
ey, 25 R UL 7,

42 r

o=
-

/

& 36|

£ |

dﬁ -

530—/

Ko s %0 13

tls
7 JnpEASE]XS Nafion/GSH-Fe, 0, @

Cs/PU/GCE 1520
Fig.7 Effect of addition time on Nafion/GSH-Fe,0,@
Cs/Pv/GCE
P P 7 a2 B s ] A 2 s
S5 , HN A 20 ~60 s IIEINAGH
B3 e R T g, xRN
SRy, Wit IR B ] 9 ZE 4, GSHL A 380 B ik i 3%
VTR ARG, T SO S AM A4 80 26 74 7 AR
=AU S SR g e A3 S B S S U 7 S o 2
JECH ]2 HR 60 s,
2.8 RGAIHESS
TEFAFR I ST, 40 0 A TRV BE 1) AM
5 Nafion/GSH-Fe,0, @ Cs/Pt/GCE HE47 Il i 2
N, RAFFEHIMBR S AM R[] Y56 R, H2h

mE 8 fix,
501
—
L \.
. \
gao» §.30 ,\\ \
8] gzo ’ RN
i N .\
10 L
10k 7Log(A7M)/(mol-L’9‘) ]

3 6 9 12
~Log(AM)/(mol - L")
B8  AM VR EE 55U H] 0 & £k
Fig.8 Relationship curve between AM concentration and
addition rate

il 8 AT, AM ¥k B2 £ X BRI 55 GSHL [H]
TR 131070~ 1x107° mol/L 5 B AT AL
2 LRPEITFEN Y=-6.025X+73. 632(X I AM
BERIATEL) , R =0.997 4 A& HBR A 5. 624x107"
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mol/ L, 6t FRAAIC, Wt i 156 2K
2.9 SEBREEA R
W5 mlL Ak 3G B 0 AR W, A Y
Nafion/GSH-Fe,0,@ Cs/Pt/GCE Xt HHEF 746 I 73
A AR AR TG L B I RO (3 kA
5 RAEATHT L, AR 1,
®1ARECRIAE T

Tab.1 Standard addition recovery test

ik K ie,  SE¥EIWCR,  RSD/
(g-L™) % %
-7
Nafion/GSH-Fe,0,@ - 08X10°
’ 9.56x1077 9.5 7.937
Cs/Pt/GCE .
9.71x10
9.74x1077
SRS 9.62x1077 97.23 9.610
9.81x1077

VE AR RN 1x10 70 /I,

M 1 43 #r nl H, Nafion/GSH-Fe,0, @ Cs/
PY/GCE Xf AM P2 inpr B E 4 96. 5% , RSD
R 7.937% , FHok I 25 5 5 S0 35 75 A8 LT
EVE2E R AR
2.10 FEEPEMST

W45 £ 1 1) Nafion/GSH-Fe,0,@ Cs/Pt/GCE
BT 4 CABEH AT IRAE, TR 12 h X kT
CV 14 , KW 5% Nafion/GSH-Fe,0,@ Cs/Pt/GCE
FIREE T, AR LA 9,

h
B9 {RAFRITIXS Nafion/GSH-Fe,
Cs/PY/ GCE M54
Fig.9 Effect of storage time on Nafion/GSH-Fe,0,@
Cs/PvGCE

HI 1 9 AR TE 4 CORFFIREE T | BEE TR AF I
] 1Y) ZE K , Nafion/GSH-Fe,0, @ Cs/Pt/GCE A
BB H 2 60 h J5 HAPBE L B w0 3R
9 93. 50% , W12 1 It ) B RS E PE R4F

3 &g
il % T Fe,0,@ Cs/Pt YK E A MK}, I 7E L
JE7l £ T Nafion/GSH-Fe,0,@ Cs/Pt/GCE {4

AR, T AM PR E T, BEE A B, T
i B A TR AR L L 5, DA VA
FERR R Ty SRR A AT, n] Ik AR L
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FEE W EEE B RRAE NS S T L RS L D 28 FEE SR LR TR IS N IR RS ST T 4 K
O RS R LR A U A3 BT T, T4 T B R AR R I IR RS RS AT . S5 IR AT, 28
PR AR AR A FE B RN 7. 13% ~ 91. 70% P& IR BE i RN 0~9. 10% M TR F R 0~ 30. 76% BLK R Ay
1.83%~81.65%., MWt REH 28 FhEEE ARl BAIR K ] T TR SRR 7 3R (MS $5R8 R ) S 2. 29% ~ 34. 02% JH 5%
BEN 1.17%~24.01% JEWEEREE 20 8. 27% ~29. 46% . 1.4 [F] R4 W BEAS SRR ST B 4 5t 1 0 0 i 1 s, s
FeEA R 1) TG SORAH PG B SR I 10 SR IN R B R [ 43 S5 R AR 100 T 2 B A SR ) IO 4 R R R
F R HERE B RN ) T R AR S RS B R B SR N AR B R R | PR P A RS A A R
e Z/N ] T AR SR AR D R 2 5 1E AU G R A R A R

SRR U IAE A BE ISR R R R 1T R 3R TR R B R oK

FESES TS411 XERARIRAD ;A X EHS:0258-3283(2022)06-0894-10

Study on Transfer Behavior of Alcohol Flavor Monomers in Heated Cigarettes XU Ru-yan', ZHU Meng-wei® ,RAO Xian-
li' ,\WANG Ming' ,HU Yu-xuan',LI Chao-jian',SHI Dong-fang' ,SHI Huai-bin' | ZHENG Xiao-yun*'( 1.China Tobacco Jiangsu
Industrial Co.,Ltd.,Nanjing 210019, China;2.College of Food and Bioengineering,Zhengzhou University of Light Industry ,Zheng-
zhou 450002, China) , Huaxue Shiji,2022,44(6) ,894 ~903

Abstract : In order to study the transfer principle of alcohol flavor monomers in heated cigarettes, 28 kinds of alcohol flavor mono-
mers were added into heated cigarette cores,and a method for the detection and analysis of alcohol flavor monomers in heated cig-
arette cores was established. The transfer behavior of alcohol flavor monomers before and after smoking was analyzed. Results
showed that during the storage period , the retention rate of the cigarette core of 28 kinds of alcohol flavor monomers was 7. 13% ~
91. 70% , the mobility of the cooling section was 0~9. 10% , the mobility of the filter rod was 0~30. 76% , and the loss rate was
1. 83% ~81. 65% .During the smoking process ,the mainsiream smoke particle-phase transfer rate ( MS transfer rate) of 28 alcohol
flavor monomers was 2. 29% ~ 34. 02% , the residual rate of cigarette core was 1. 17% ~24. 01% ,and the rejection rate of filter rod
was 8.27% ~29. 46%.Alcohol monomers that are homologous to each other obey the law that with the increase of the molecular
weight and the boiling point,the retention rate of the smoke core and the rate of transferring to the mainsiream smoke particle-
phase matter increase,while the loss rate decreases.Alcohol monomers that are isomers of each other follow the principle that the
better the stability of the material structure and the higher the boiling point, the higher the retention rate of the smoke core and the
transfer rate of particulate matter to the mainstream smoke will be, also the smaller the loss rate.As revealed by our study,the ge-
raniol , nerol ,and cinnamyl alcohols have relatively high core retention rates,low loss rates, high transfer rates to mainstream smoke
particles,and are suitable choices for heating cigarette flavoring and flavoring raw materials.

Key words : heat-not-burn product;alcohol spices ;retention rate ;mobility rate ;transfer rate jrejection rate ;loss rate
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ZRR TR R FSRRE 42T
TH 9 BTS2 |l a2 A 8 T A b 7 R R
FHE AR ISR, SR I IR 3 T A
I R T R R AR, 5 H s
i P U2

UTAER | FEIGE I 3 A0 R O (9 T 5 32 A
PRASE R U ORI AP Dok T 2R 4 4 M 7 B
BT AR ARAE T W T A
TEAN RIS T A8 LA R AR SOREAR ) AR,
TP A RO SR R AE Y B T A
RIS R 0 A 2 oy | B L DAY B oAt IR I
AR SRR AR B0 . F R E ARG T
TR A v 7 JSORL A4 I, TR A A JRUREZE T
B BT TS RIE . PR
APLRIEA, S PR, AT G < A
AU R, (0 O S, 8 2 2% A, HLA
T R R EE R T — 2K
FIFORE S BRI, AR SCLL 28 B A RL B
WFFEXS G, IR AR A A v L ES 3 B 6 R
FIRR R LA AR i e 6 A e B i) S0 M0 <
KLARY) AR R LSk B R MBI R R, O
WAL AL PR MR A 7 DO 9 1 % A A
A B IR C S L B S RE b R S 45

1 XIWEHS
1.1 FEER 5

RM20H 7% 52X KRB (77 ) Pl EL R Lo 2
H)) ;7890B AL AH (5L (£ Agilent 24 ) ;
SB-3200DT AUE i [H 42 4% (1 [ 3 = ok w1 A R
/57l ) ;SB-3200DT 78 7 I 1 YEAIL (7 BB 2
YR By A R A W) EL204 B 7 K F
(J&4E 0. 000 1 g, M Fe ) -FE R 24088 ( L) A
BRATD)

T B oA VHTBE | 5 Ao it S AT 3k i e
ALY R AR B R LG AU | & A W | A A
Mg DE TP OE SGEE | OF O 3o e T S
S EE 3-CUEE R CBE ORI 2-H R F B 1
I - S -3 M- 13- FH A O H i |
2-HUE R 1,2-T 8 2,3- T B2 1,3-T
TR RN TR (R ) (EIEsl, B R RPHY

ABRAE) s AP b (B, il BRHCARA
Hl) s JOK OB GEC bS5 (BG5S, REER
AL TAFT)

TNHCARBREEEAH (12 mm HHZ+8 mm H125+
15 mm FFE M B+ 10 mm BE 2T 3E W) =< & JE
22 mm, VLI Tl A FR ST 2 A ) 5 i AR A
4 iQOS 2. 4 plus,
1.2 bRAER R

e A S P B R s 50 MR BE R 30 wg/mL 2R
LFRA TR NARE TR o WERAPREL— 8 B A 4%
B A RRE S T2 B, FH AR B8 A
B AR R N 1. 134 2. 268 4. 536.9. 072,
15.120,25. 200 ,42. 000 ,70. 000 pg/mL B £ 51 bx
HETAER R
1.3 B InEr S5 e b B

i Ve 2 7 i 22 + 30 mg YU BP9 A4 23 1100
PR SAE IR A0 S, DL SR N B 59, e
il 25 BE 2 AR LR BT i VR B2 R 4.6 mg/mL AR
GERHAW ., RAFOEFHE M2 FE S PEA
IRA B RHA , S MES 5 10 WL (XE3Z 1)
FAEI I A RS E Y 0. 5%) , H5 7254
TN A 5% B O A TR RN ((22+2) C,
RH 60%+5% ) A EETHHE 48 h,
1.4 FESETALEE
1.4.1 N indAs A sl e i B AR 43 A

TEHL 6 SN A M L K 25 A A
UK S 53R = B (KRS JE I BRI B ) |, FEAm
O M IR BRI ES IS oy R 2 50 mL HER
WA 10 mL & 7K R R TR ) 5 9 B 2
PO (30 we/mL) , 435I 75 25 B 10,20 ,20 min,
WY B, 4T GC A HT
1.4.2 I indAE ARl e s B AL 43 A

TEH 6 SN A M LA K 28 I3 A0 4%
FEINBE VR B il W B X (HCT ) B4 s o B2 o 20 il
FH RM20H % 4 =0 W 0 HLAE AT 4k 0, e 2 50R
IR 75 5 55 mL FFZEAF ] 3 s il EIBE 30 s il
W 11 11, SIHFIE A (AR 44 mm) Fli SE 4840 3 AR
SERARY) DR ER IS, IR A | A Bkl AR
SR S U8 7 08 M DL R RS A S e 7 &
50 mL B =, 4 BINA 6.10,10 mL &4 7
LR LRI 57 V9 B2 B, 5 ST U8 A 2 R R
% 15 min A A ZE B 10 min | 38 W 75 A5 L
20 min, JIr15 2 BOR S S B, 54T GC 43 #r .
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1.5.1 WAE R REE R B8R HURIE
Yy = [(my —mg)/m] x 100% (1)
Y, = [(my = my)/m] x 100% (2)
Yy = [(mg —my)/m] x 100% (3)
Y4=1—(Y]+Y2+Y3) (4)

Aoy, SRR, %, Y, WM R, %, Y, NEHR
BUTRER, % Y, W % m R AMNNFRHE, pe/ 3 my h%s
EI A o1 BB /5 m, 0 45 K0 A o 5 i
we/ 32 smy K2 I ARG TR | e/ 3 smy MR AR E
W AR g/ S sy 7 AR B P B R e/ s myg
o I AR B AR e/

1.5.2 ok FR oo S RS 3R O R B 3R
T P RN

Yy = (M,/m) x 100% (5)
Y, = (My/m) x 100% (6)
Y, = (My/m) x 100% (7)

ST Yy O U SOR A RS %, Y, O U R
H %, Y, AT R % M, LRI PR, e/
23 My S I N UG TR, e/ 52 M 7
S JEHRAS P AR g/ 32 5 m RSN, e/ 52
1.6 SrHrrik

GC 44 (64 . HP-5MS B4 FE (30 mx
0.25 mmx0. 25 wm) ; #EFE FHEBE 250 °C 5 Kol 2%
(FID) ¥ . 280 C; & A A A HRE N
1.0 mL/min; 23 e . 15 : 1, PERE R 1.0 pL; BT
THiE .50 °C (££4% 2 min) , 12 °C/min 73] 62 C,
L2 C/min F3] 88 C, HLL 14 °C/min F+ 7
116 °C,FLh 2 °C/min B HCRTFE 118 C, FiLL
0.2 °C/min B FT} £ 120 C S LA 2 °C/min 1Y
HRTFE 136 C, FHLL 0.1 C/min BHEFET &
138 °C, FLL 0.5 °C/min [3H R T} 2 140 °C , FLL
25 °C/min BRI 2 190 °C, FLL 2 °C/min 1Y
HORTEE 210 C (PAFF S min) , FELL 6 °C/min Y
FORTE A 258 C (PRFF 2 min)

2 #R5ITR
2.1 JECHTAE PSR
2.1.1  ZEHUA R

TR 1. 4.1 5 U A ORI FP S 5 50N
[Fi] 25 1) T P 24 Ak B AR A RCRICR 1 52 i, B 8T 1
Fim o S5 SRFEH, S PR BN AR ES v 2 ) B A
FLA B AR ORI, DR I 26 55 TR T kg 2 i

#
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T
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[
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Fig.1 Effect of different extraction solvents on the

extraction efficiency of alcohol perfume monomers

2.1.2  FEHOF RS

IR 1 401 ik MUB RO R, AN FE
BT A A BUHOR 2, an s 2 R, S5R R
W P AR B0 S P 2 Rk LR LA A 1
PRIBOHIR , 3 AT RE S Hh T R B R A i ELER R
1o AR R VAR B R T T R, T I S A
fige > DR L B P VR A K RE BT 5
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Fig.2 Effect of different extraction methods on the

extraction effect of alcohol perfume monomers

2.1.3 U [A] PR

Fe R 1. 4.1 71k, 25 28 AN [R) 26 B [|] X5 25 B
ORI, WKL 3 s, S5 R, Bl S B
(B P RE K, AR 1) H AR B S 5 it T4
FE R AT HESE 10 min B H AR & ik 21 2 B
5 , M5 H bR 1) A B e Bl 2 6 B3RS [R) 174) ZE K TG
B AL 2T RHESE 10 min 1A AEHUTA]

o
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Fig.3 Effect of different extraction time on the

extraction effect of alcohol perfume monomers
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o 44 55 6 ) RIS 5 KT R P A A B A O B 17 P 897

BUSCR sz gl 4 s, 25538, 10 mL i) Gk
WK TR LRI AE U BRI, T g Pz IR HERH(R)
AT I 2 A BT, R s RO y=1.089 95100864 0.990
. \ N 2-FHE R P it r=0. 923 7x+0. 041 9 0.999 1
JE SR FIRR R . I, 4R 10 mL AN e -
BB R 1R R - y=1.122 9x+0.042 5 0.999 3
AU ETE y=1.028 1x+0. 041 4 0.999 1
~ L-T A y=1.019x+0. 020 8 0.999 0
i 0.84f -
g - HAITE y=1.129 9x+0. 012 4 0.999 4
ﬁ%( 0.76 Licwid i3 y=1.071 5x+0. 070 9 0.999 3
3&%’068 e y=1.075 6x+0. 056 7 0.999 1
ﬁ ' iy y=1.016 9x+0.032 5 0.999 0
E o6 3 10 17 2-HESEIEHIEE  y=1.111 2¢+0.042 2 0.999 4
HBUBAB /mL . y=1.020 2x+0. 044 6 0.999 0
4 AR R BT SE A A 3- PR Y y=1.361 5x+0. 104 3 0.999 0
AR 31 PR y=1.125 6x+0. 100 1 0.999 1
Fig.4 Effect of different extraction volumes on the T A y=1.471 6x+0.030 4 0.999 1
extraction effect of alcohol perfume monomers HAR y=0.823 2x+0.029 1 0.999 1
2.2 TR SO y=1.3624+0. 065 8 0.999 2
221 TARINZ MBI Ktk B - hspe, R/ SRR/
o e S v e . L (pg'mL™")  (pg-mL™")
bRHE TARIGGIAT GC AP A Bl s ’;go‘; - *;glrl“o .
vy T ) mk 1 v ) Eﬂ& ’ ’ ’
RSB ORITRUL (o) RO BER L D vont oons
B, 159 B4 I Rk B R ) TAE 26, IR 115 10 2,3 T 4.4309 0.019 2 0.064 0
W R AR AR EIR 22 (RSD) , &5 R L 1, 3O 3.828 2 0.034 1 0.113 5
LT I, BT AMHTHG 28 FIBER TR R fE R B 12T LSS 00252 0.0841
£ 1.134 ~ 70. 000 pe/mL o N4 R R A-3-C - 1B 1.742 7 0.016 0 0.053 4
. 1,3-T " 1.776 1 0.017 0.059 7
(R=0.9990), K i B % 0.013 1 ~0.052 0 T ? ?
L SRR 0.043 7~ 0. 173 2 L RSD RO R 4.2712 0.046 4 0.154 8
kgl & A ) N‘ ’ ttg/m N E 2.620 4 0.037 1 0.123 5
{H)y 0. 508 8% ~4. 987 2% , 1% )5 ik A PEBLUF . ALy 0.783 9 0.044 3 0.147 8
1 28 PERFR AR LR AR RSD, e 0.999 5 0.041 9 0.139 8
o HH BRI R K 2.2525 0.016 9 0.056 3
Tab.1 Linear equation,correlation coefficient, RSD, 2-HH 2 H it 2.126 1 0.014 2 0.047 3
detection limit and quantification limit of 28 kinds of 1R 1- P I 4.344 4 0.027 0 0.089 9
alcohol perfume monomers TETEE 4.987 2 0.0320 0.106 7
R W MERH(R) Lﬁlﬁ@ﬁ 4.139'5 0.052 0 0.173 2
ETE y=1.486 2x+0. 064 8 0.999 1 “'M‘{m@; 22701 0.039°9 0-1330
S y=1.326 3x+0.014 8 0.999 5 %‘kﬁf L7147 0.0485 01616
N y=1.485 4x+0.070 7 0.999 0 AR 0.528 2 00393 0- 1310
_ A 3.6732 0.046 8 0.156 1
2,3-T % y=2.417 6x+0. 056 8 0.999 3 )
2-H SR A 4.562 5 0.016 8 0.0559
3-CU W y=1.268 8x+0. 040 1 0.999 0 N
B 1F 5 2.646 0 0.019 6 0. 065 2
! ’ZiT*g; . y=3. 182 6:+0.100 5 0.999°0 3- 4 Y 2.9170 0.016 8 0.055 9
R-3-20F-1- y=1.691x+0.040 3 0.999 3 . 38135 0.007 6 0.002 1
1,3-T @ ¥=3.653 9x-0. 020 3 0.999 5 i 0.508 8 0.035 1 0.116 9
EC A y=1.246x+0. 040 6 0.999 2 MRS 1,650 8 0.029 9 0.099 7
IE R y=1.262 5x+0. 0495 0.999 4 PO 2 050 1 0.034 1 0.113 8
L y= 1 308:0.023 2 0.9991 ) BB IERO B 200 3 F56115.42) BB AGe1E 9
Iy R y=1.068 9x+0. 001 9 0.999 5 BRI 2210 10 f5318




898 o2l A 202246 A

2.2.2 bR ECR SR % R Y3k

TBEPERRAE AR E Ibs [ %, SR 3 1y g VEUROE bR WEEY PRI
I IRRE 54> B A 7 3 AR (mg-37) (mg:-37) (mg-27) H/%
SIZ.Y YR AT HE / DA =1 0.0224  0.0852 99. 88
7KJ?{Z€TEE’3{¢&1‘/T{ﬁ(&,?£“\\ 1;6 P E 3 2-HIFEIRHEL  0.062 8 0.0449 0.107 4 99. 41
AASRIERKSE T B 28 Fh 525 ek B ) 1]l 0.0673 0.1347  106.79
B OEATIE 3 WK, Ak 2 s, g5 AR 28 Fp 0.0212  0.0645  102.88
0.0425 0.0839  96.99

K 7 ORE G 1 P B I O 02,440~ TRIRIERE 0087
109. 59% ,1%7J5 ¥k IR 38 T IR R

0.0637  0.107 4 101. 54

0.0252  0.068 4 107. 14

B IR LR 5 ETEE 0.0414  0.0505 0.0929  102.07
2 28 FREISE LR IR DRI 25 007 02t 10663
Tab.2 Determination of the recovery rate of 28 kinds B 0.0198  0.0589 99.78

LT far i 0.039 1 0.0397 0.078 8 99. 99
of alcohol perfume monomers 0.0595 0.104 3 109. 59
57 FURESE nbrEs  WEE B mh 0.0219 0.0627  100.33
" (mg-3%Y) (mg-X™') (mg-%")  F/% - FATHT 0.040 7 0.0438  0.0843 99. 60
0.0657 0.1073  101.39

0.0044 0.0134  103.69
ETHE 0.008 8 0.0088 0.0177  101.11 0.0246 0.0748  107.44
0.0132  0.0226  104.31 R AL 0.048 4 0.0492  0.096 5 97.78
0.0056 0.0174  100.74 0.0738 0.1235  101.76
S 0.0118 0.0112 0.0228 98. 14 0.0246 0.0705  105.01
0.0168  0.028 3 98.29 TR 0.044 7 0.0492  0.093 1 98.38
0.0063 0.0181  102.90 0.0738  0.1173 98.42
1F B 0.011 6 0.0126 0.0242  100.39 0.0050 0.0722  105.55
0-0188 0.0291 92.83 7 - Bt 0.0458  0.0501 0.0962  100.61
0.0205  0.062 4 99. 84 0.0752  0.118 2 96. 33

2,3- T 0.041 9 0.0410 0.0826 99.32
e 0.0615 0.1024 98.42 2 AR 0.0220 - 0.065 3 97.35
) ) ’ Eﬁgf 0.043 9 0.0440 0.0889  102.23
0.005 8 0.016 9 105. 04 - 0. 066 0 0.104 9 92. 44

3-CL 0.010 8 0.0116 0.0226  101.70
0.0173  0.028 1 100. 19 - 0.0289 0.0817  106.76
1E 24 0.050 8 0.0579 0.1096  101.59
0.0242  0.0687  109.48 0.0868 0.1394  102.06

1,2-T —F% 0.042 2 0.0485  0.090 5 99. 57
0.0727  0.1149 99. 99 - 0.0315 0.0860 99. 61

3-HUAR AR

0.054 6 0.0630  0.122 108. 47

%3 E 0.0057 0.0166  105.68 s 0.094 5 01462 97, 24

| ﬁ; ) 0.010 6 0.0113 0.0222  102.38 ) ) :

) 0.0170 0.0265 93.63 0.0377  0.093 2 99.36
0.0134 0.0404  103.40 LR 0.0557  0.0756 0.1362  106.49
1,3-T 0.0265  0.0268 0.0533  100.07 0.1133  0.165 1 96.60
0.0055 0.0180  108.21 R AL AU 0.033 0 0.0517 0.0837 98.16
e 0.012 0 0.0110 0.0228 98. 10 0.0775 0.107 8 96. 56
00165 0.0281 97.63 0.0316 0.079 8 99.35
0.0173 0.0533  103.85 FAA B 0.048 4 0.0634 0.108 5 94. 80
1ESFRE 0.0353 0.0346  0.069 4 98. 45 0.0950 0.1398 96. 21
0.0518 0.0865 98. 88
0.0534 0.1080 99. 47
§ 0.01170.0360 106.55 4 A W 0.0549  0.1071 0.1620  99.98
EN i 0.023 5 0.0235 0.0476  102.46 01605 0.2146 99. 49
0.0352 0.0588  100.26
N i3 =z
0.0140 0.0436  105.02 2.2.3  WHRRRGETE
st 0.0289  0.081 0.0570 9.0 HURA AR 10, A PUBR A 46 45 o
0.0422 0.070 5 98.53 . R . N .
6o 0077 o876 RTEIRE R 46 pe/mL MR AW, FF =R
R 0.0481 00539 0.1071  109.37 FFCE 0.4.6.8.10.24 h J5 , ¥[8 1.6 70 H1 J7
0.

0808 0.1292  100.42 TEBEREINAE , T 4% B AR LR 5 P s g e




55 44 45 6 )

AR CIE (W3 3) , 3 3 AT, 28 M2 4 )
PR RSD 7E 0. 841 5% ~4. 353 3% (n=3) , %]
PRI IRTE 24 h INERAE .
R3 28 FIEEARL AR E PN E 45 R
Tab.3 Stability measurement results of 28 kinds of

alcohol perfume monomers

1]/ h
A
0 4 6 8
IE T 0.8197 0.8253 0.8119 0.7540
e S 1.0387 1.0415 1.0482 1.0987
E S 0.8982 0.9215 0.9162 0.943 1
2,3-T " 0.9291 0.9368 0.9365  0.909 5
3-Cf 1.0401 1.0256 1.0451  1.080 4
1,2-T 0.8902 0.9247 0.9319 0.9169
F-3-C-1-8 0.8318  0.8182  0.8282  0.8292
1,3-T % 1.3085 1.3255 1.2717 1.2508
EC 1.0584 1.0238 1.0306 1.0837
IESF 1.0628 1.0168 1.0227 1.0712
=Ny 1.0737 1.0791 1.0862 1.0355
Iy e 1.1417 1.1574  1.1819 1.1435
KW 1.5045 1.5214 1.5301 1.569 4
pREE"S Ui 1.2338 1.2722 1.1413  1.2559
1R H- - 1.1758 1.1308 1.1382  1.1275
IE T 1.0512  1.0298 1.0378 1.079 1
L-Hi a7 2 1.3915  1.4945 1.3795 1.4256
- FATHI R 1.1963 1.1479 1.1670 1.1181
Al 1.1380 1.1300 1.1526 1.1462
KNEE 1.1577  1.1784 1.1529  1.1871
iy 11931  1.1416 1.1286 1.1708
2-HEILFHE.  0.9504 0.9280 0.8715  0.9302
IE 2 11771  1.1250 1.1478 1.1772
-HEJAFE  1.0612 1.0392  1.0312  1.0337
A 1.2008 1.1457 1.1397 1.162 1
RS AL A 0.8613 0.9321 0.8460 0.8751
iEEN 1.1302 1.1464 1.1853 1.1429
LW 1.2597 1.2879 1.3547  1.2699
R[]/ h
4 FEHE RSD/%
10 24

IE T 0.8345 0.8518 0.8162  4.0972
S B 1.0260 1.0453  1.0497  2.3989
IE S 0.92866 0.9827 0.9317 3.1147
2,3- TR 0.9087 0.8987 0.9199  1.7713
3-Cf 1.0260 0.9603 1.0299  3.8210
1,2-T 0.8903 0.9305 0.9141 2.1010
Ra-3-CM-1-B2 0.8187  0.9046  0.8385  3.9213
1,3-T 1.2239  1.2177 1.2663  3.4812
L 1.0736  0.9593  1.0382 4.3533

RIS B TR A AR T O SE RS T I 5 899
R T/ Y RSD/%
10 24

IESE 1.0708 0.9608 1.0342  4.1811
ALy P 1.0317  1.0639 1.0617 2.1645
pryial L1695 11771  1.1619  1.469 1
LT 1.4665 1.5787 1.5284 2.7226
2- PR Y e 1.2344  1.1916 1.2215  3.908 1
1R FE-1- TN 1.1208 1.1655 1.1431 1.9524
ET 1.0189 0.9613 1.0297 3.8263
LTy i 1.4271  1.4181 1.4227 2.8193
a-HAITE 1.2482  1.1712 1.1748 3.7809
i 1.1324  1.1289  1.1380 0.8415
AN B 1.1040 1.0964 1.1461  3.299 3
I 1.1890 1.1691 1.1654  2.2018
2-FAIEIEHIEE  0.9720  0.9419  0.9323  3.6240

BB 1.1867 1.1667 1.1634 1.9774
-HAEFEFE  1.0571  1.0493  1.0453  1.1934
PR 1.1698 1.1533  1.1619 1.8859
R AL A 0.9148 0.8533 0.8804 3.9869
RN 1.2025 1.1830 1.1651 2.4827
eI 1.2547 1.2458 1.2788 3.1198

2.3 FRHETEEE TR RS TR A b

PR 1401 BT I A% B2 A R BRLAA 1Y
RS IR 4 G5 /R (1) 28 FhEEKE AR
ISR B RN 7. 13% ~91. 70% , Hob A i
PGS SRS &/ N R G =31 = LA e L (- 942
5 (2) R BOT RN 0% ~9. 10% JEYE TR
K 0% ~30. 76% , K 22 KU A FL B 1) 6 W 1
B TRERBOT B A (3) MR FEN 1.83% ~
81. 65% , Hirhr Ly far B (1) B3R R A/, RO R
- BEAERE RS ; (4) A e | A e LA S A
TR IR B 3 HUR 3/ IR R B/, il o
TINAAE RIS I A R PR S 2
Fa 28 FEETRRTE BN 1T 5 R 1T R AT

Tab.4 Analysis of the transfer behavior of 28 alcohol

perfume monomers before cigarette smoking

HW Syt i/ TS B %/ %
ETEE 74 117.7 8.19
5 LB 88 131.2 7.13
IE R 88 138.0 12. 02
2,3-T B 90 229.2 29. 89
3-CUE 102 134.4 10. 15
1,2-T % 90 207.5 28.20
RA-3-C - 1B 100 154.5 12.94
1,3-T 90 204.0 16.03




900 fb % i A 2022 4F 6 A
i LER el T SRR A % Y37 TR % MRBITBSE/ % K%/ %

IEC R 102 157.8 14.59 3o F AR L 0 0 30.23
IEBE 130 195.2 57.48 PR 6.20 3.50 2.49
AT 170 188.0 54.24 B b 260 192 45. 10
Sl 154 199.0 3684 HEA R 0 1.46 23.33
O 122 2193 83.52 BB 1.28 1.58 27.01
2- P B Y e 122 205.0 83.70

| LT 136 2190 - 2.4 RS BESE AR A F A A R AT
IET-E 144 215.0 82.42 Zgil
L 156 215.0 74. 56 PRI 402 B 5k I E A% BE 2R A R FRLA 1Y
a- AR 154 21.0 75.77 EERG R ZER(FR 5) KW, (1)28 Pl AR A
YA 154 227.0 85. 62 ] A SRLAR ) 5 5 2R 2. 29% ~ 34. 02% , H
KPR 136 237.5 78. 14 P i I o) = A SO AR ) 5 7% R e, LR
A 154 230.0 91.70 FEAEEE | AEERE ; (2)28 FhE AR AR A IR 5
2- VSRR Y i 138 249.0 63.25 BAR N 1. 17% ~24. 01% , T 1 FEAC TS | AL
IESE 158 227.0 85.91 AR EN 3R B 2R 435 R 22, 92% . 20. 23% (15. 13% 4
VAR 38 2550 0.7 (3)28 R AR PR HG UG 1 5 8. 279% ~
i B w0 s 29. 46%, T2 K AEBE Y REREA U R 55
AL 2 146.0 3038 4 25. 18% .28. 36% \17. 3%, X3 75 i B
S 2 R0 7520 AR PR 1] 2 0 A R A B 3 B
&AW 222 283.0 70. 14

v TEVETI R/ % FEEBUIRHR/ % 1HR%/ %

IE TR 13. 08 2.10 76. 63
S S 21.24 2.77 68. 86
1E SR 19. 10 2.36 66.53
2,3-T B¢ 6.91 2.69 60. 51
3-CB 22.72 4.17 62.96
1,2-T 0 2.32 71. 80
R -3-C M- 1-BE 13.92 1.23 71.91
1,3-T —f% 0 0 81.65
ECEE 21.00 4.92 61.56
IEF 14. 40 4.92 23.20
AT Rl 30.76 9.10 5.90
Iy F 28.96 9.03 25.16
BB 5.12 6.50 4.85
2- PR Y 4.45 3.86 7.99
1R - 1- T 6.58 3.89 18.42
ETRE 7.81 2.05 7.72
L-Hi a7 B2 16. 87 6. 74 1.83
oMY 12. 63 6.20 5.39
Al 7. 80 4.56 2.03
AN B 2.70 1.25 17.90
- 3.49 2.80 2.00
2-FH AU 2R Y 0 0 36.75
IEZS 5.72 1.34 7.03

HLBR B RA AR, 54l R A 45 18 A — 2, l
DAy TR AR 7 TR 8 3 43 R R A 3 P B
2%,
RS 28 MRS RHARTES IS IR AT 0 o0 bT
Tab.5 Analysis of the transfer behavior of 28 alcohol
flavor monomers after cigarette smoking

Wi/ WLEERE IEMERRE MS R
C K/ % /% R/ %

A ST

E T 74 117. 1.58 14.34  2.29
el 88  131. 1.49 9.64  2.34
1E R 88  138. 1. 60 17.24  6.55
2,3-T 90  229.2 10.41 15.49  11.07
3-CfE 102 134 1.53 15.41  4.14
1,2- T 90  207. 9.15 8.39  9.88
RA-3-C-1-B 100 154 1. 17 16. 49 8.27
1,3- T 90 204 5.31 8.27 3.10

IECEE 102 157.
IESE 130 195.
LT P 170 188.
Iy Rl 154 199.
KW 122 219.
2-F o T e 122 205.
11 - 136 219.
IET R 144 215.
Ly 156 215.

.69 18.09  10.28
3.05 18.42  17.18
15. 88 23.56 18.79
11.83 19.90  20.21
21.73 24.26  26.42
20. 66 19. 56 7.34
9.35 18.94  19.23
7.99 19.19  22.38

S O O O W O O N X O wn v ke DO N2
—

11.57 26.85  20.55




55 44 555 6 0] RN A B A AT E IR AR b B R RS AT 5T 901
gk SORLAHY) e 7% 8 O 5% B SR AR G5 v, D s i
o g Vb ASTRE WV WS 56E P A BRI, AT RE R T AR I XU S AR R
T O®% wm OE% AR oy T A AR E YRR AN SR
o-FATHI 154 221.0 22.04  29.46  26.01 FREL
HEAE R 154 227.0 20.23  28.36  33.16 9
b 136 237.5 14.81  23.29  24.58 i
Fi s 154 230.0 22.92  25.18  34.02 & 60F
2-HASORHEE 138 249.0  17.15 15.79  18.58 ’i\’ I
IEZ 158 227.0  9.74 18.09  29.55 fm 30:
- MEE 138 255.0  19.30 1524 19.72 /
R ERE 134 258.0 15.13 17.73  32.07 0‘&4&_ 4& %4&
R AL A 222 146.0 15.89  14.49  19.48 \@{{,’% & &
FAARE 222 292.0 23.60 19.82  23.89 —— wj:—a BB R kR
LW EE 222 283.0 24.01 14.63  20.29

2.5 HONFEIRY IR AR AR RS T TS

W 5 FroR , BEEE o1 B R s e
G 22 M (9 1E T B IE SR | IE OB IR SRR T
(LN S7JL I SDOS S B S Y 2 et R SN L b
SR FE A2 A B MR BT A AR B 1T
P WG A0 B R ST 30 I Dok 5 Tk 3R 28 ik
/o DD AT RE R B U N S B B S S,
TSR ST R AR AR TR R
PEAEI A KA I 85 5 S HE SR, DERFEAS I
AR 1 B8 T, [ 2 v R o 1 26 1) o e 280 R
Ly

IETHEE ERAEE IECE IEFEE ETR IESE
BHEE 1~7 20 B AR B R IR R R MR BT R % |
TG JER B R BRI R MS Feig R
B 5 HONE R BRI R R Ol
Fig.5 Transfer of perfume monomers of alcohol

homologues

2.6 AN[FIMELANRE B EEEARL LR RS AT TS

N 6 Bz, S AITAY IE O BEAE LG, AT
3-C - 1-BE AR B AR R BT R R B W AT
R[] EMARARDI LR R LS5k B A8
A 78 P AR O, I 3By, mT e T LB Y
R VER S8 Wl A AR, DT A o 1) 58 e M e
B, SRR N BEARE BE, AN TR G PR RE I ) A
AR AR BRI R R BOT R A 1 AR

REBUEREAR R B TR
I I7) P 52 A Q3 ) — AN TR PR B A B e
B 6 AL B R R T O

Fig.6 Transfer of alcohol perfume monomers with

different degrees of saturation
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BT, I E B 2R ] Dionex Cg(5 pm, 4. 60 mmx250 mm) 3% 4% ; 3 3 A A B Bk, SR RR BE BRI O 28, o
0. 6 mL/min; KNP 260 nm, Z5RRIAEMRAMCOIE T FokRE | & DRSS ek ERF1 ACC007 1Lkt
S>3 8 2. 07~103.5.5. 15~206. 0.2. 06~ 51. 45 wg/mL, # HH FR 43519 1.05.2. 60 1. 03 pg/mL, JEE [ 285351
98. 54% ~ 103. 8% ,98. 29% ~ 102. 5% ,101. 7% ~ 108. 4% , A< J7 ik AP, ol T AUMLE o 3 Fh2d S EmisE
SRR B HIV 245 R0K KR8 5 & SRR T A7 35 Ik ik g ; ACCO07 ; HPLC

hE 5 EKS.0657.7 XHERFRIRED : A X EHS :0258-3283(2022) 06-0904-04

Simultaneous Determination of Three Anti HIV Drugs in Serum by HPLC GONG Ai-gin ( Chemical Engineering Institute,
Yangzhou Polytechnic Institute, Yangzhou 225127, China) , Huaxue Shiji,2022,44(6) ,904~907

Abstract ; In this work ,a new method for the simultaneous determination of lamivudine , tenofovir disoproxil fumarate ,and ACC007
in human serum was developed with high-performance liquid chromatography ( HPLC).A Dionex C,; chromatographic column
(5 pm,4.60 mmx250 mm) was used with the methanol-water mobile phase ( gradient elution) and a flow rate of the mobile
phase of 0. 6 mL./min.The detection wavelength was 260 nm.Under the optimized chromatographic conditions :the linear ranges of
lamivudine , tenofovir disoproxil fumarate and ACC007 were 2. 07 ~ 103.5,5. 15~206.0,2. 06 ~51. 45 pg/mL, respectively ; the
detection limits for lamivudine, tenofovir disoproxil fumarate and ACCO07 were 1.05,2. 60, and 1. 03 pg/mL, respectively; and
accordingly , the recoveries in the spiked samples were 98. 54% ~ 103. 8% ,98. 29% ~ 102. 5% ,and 101. 7% ~ 108. 4% ,respective-
ly.The proposed method is simple and fast and can be used for the determination of these three drugs in human serum.

Key words: anti HIV drug;lamivudine ;tenofovir disoproxil fumarate ; ACCO07 ; HPLC
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5 SB35 ( Non-nucleoside reverse transcriptase
inhibitor,NNRTIs ) |25 F B #01#l| 3] ( Protease inhibi-
tor, PIs) | & & il 410 i 57 ( Integrase strand transfer
inhibitor , INSTIs ) . @l & F#1 #1 77 ( Fusion inhibitor,
FIs) }2 CCR5 # il %] ( C—C chemokine receptor
type 5)° . 2 4~ NRTIs 5259864 1 4~ NNRTIs
Y& BRI SCW O I R HERE T R
SR AR LR (AR AR ) PR
RAEJE T NRTIs 2547, S [ P I AR 3 Y 3L
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Yru BEXT T g L2 g2f Ak W O SCERIRAT iR
HIE B LC-MS/MS 3235 T Ho kS K i 3¢
B tE T POk IR ACC007 1 & 1, Hifth Jy ik
A WLARGE AR SCHE ) HPLC B AL i
BrgtE T Pk aE L ACC007 &, TR )
T M

1 SEIEBSY
1.1 FEERSEH

Ultimate 3000 % /= 80 AR (354X (77 2240
M 2s K EH 2T ; UV-1801 B A3
TR B R o B A A BR 53 AE 2 A ) 5 L2-
4K 20K B0 ML (R AT A A 1R A A RR
NP

FikkE (S 99.8%) Bitmt (S8
99.8%) ACCO07 ( & 1+ 99. 7% ) Hr #E W) i (V1. 75
S 2Dl B AT BR A7) 5 JeoK S (o pr ) (H
M (Aial) (N (gl (254 B2
AR s K AR LK,
1.2 ARiER R A

Oy BIMERRFREL 0. 10 g By K K& iR
F5 . ACCO07 #5 #EY BT T 100 mL 25 &I, i
50 mL L FEEME ARG O FERG B B 20 L 47
AR EE R 1.0 mg/mL, & T vKAH & 9 = R AT
fii AT HIJCK S BER B2 0. 10 mg/mL,,
1.3 IR A

H 1.0 mL R A B B IS T 10 mL 2.0
Brp A A 0.20 mL( 1.0 mg/mL) 3 Fhz§¥)
AR HE I W, TN ZIE & 10 mL, #2247, LU
2 500 r/min A5 E L 5 min, B R AL 0%
SR
1.4 EREEM

354+ 24 Dionex Ci (5 pm,4.60 mm x 250
mm ) 5 3t 30 A A B EEE-K, SR FH R R R L, 0
0. 6 mL/min; K% K24 260 nm; F:IE R 25 °C;
A 20 pL,

KRR R I % 58 T kA, A A 3%
VEAF BT T 2 00 0E

2 #R5iT
2.1 SRR
2.1.1 KRR
S0 L0 mL(0. 1 mg/mL) 3 Bl25 4 (15 ifE
T 10 mL B0, FJCK 2 BERs R 2 20 %

&85, LGB RS, B IOEIE g, B
1 APK R E AR L ACC007 Y28 FMz It
TR, B AT 0, B0 fR 5 L ACC007 7E 260 nm
Ak HH BRI A0 3K T EAE 260 nm AR K,
Tt 335 43 BT B [ A 5% RS T 5 0 T Dk K Ry
260 nm,
A
1.8:
1.25 24

0.6 Sttt Lt ez,

.....
ccee

0‘0 L 1 1 1 L :.:
220 260 300

PR R AE ;2. 754575 ;3. ACC007
B Wi
Fig.1 Absorption curves
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Fig.2 Chromatogram [ The mobile phase was
methanol-water (85:15) ]
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ZHYI B L, SR A I R (K 3) R
1 FORBE PRI T S, 3 Rl 254y B d k-, HL
Briftm 15 ok e 3 B 215 80 | G et h
SR HZ A 7 2R VR, oK R R Ok B B[R] A 4. 327
min , B8 4 B I H] R 4. 673 min, ACCO07 {4
FA RN 5. 287 min,
R OBEBRBR
Tab.1 Mode of gradient elution
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Fig.4 Chromatograms of standard solutions
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AR RS A5 BURTRNR EE Y 3 Fh2h
Y53 BEREIN R, LU E {5 S B A AL R | 2 ik
FEMBE AR AR TAE MR, 45 R Wk 2, k2
GRS SP R ] v E =7y s e | AU
ACCO07 HIZPEYE Bl 23 1 2. 07 ~ 103.5.5. 15~
206.0.2.06~51.45 wg/mL, K H R4 51 0 1. 05,
2.60.1.03 wg/mL
2 AMXRRSHHR
Tab.2 Linear relationship and detection limit

2 3 RN VA . X KRR
EiL7) (pgomL) RE FH (pgeml)
FkRE 2.07~103.5 0.996 0.515 0.999 5 1.05

BintET 5.15~206.0 0.594 0.266 0.999 6 2.60

ACCO07  2.06~51.45 1.486 0.835 0.9999  1.03
2.2.3  KEWE S EBE

43 SBC I e BE 4 10.0,20.0.30. 0 pg/mL ()

kR E R T  ACCO07 HRUETE R, Rk F
FEN A, R BESEATINAE 6 YR, LA 145 5-1H
AN 25 R KR E 1 RSD 435114 0. 48%
(10.0 wg/mL) . 0.33% (20.0 pwg/mL) . 0.35%
(30.0 pg/mL) , & it 45 19 RSD 430124 0. 53%
(10.0 pg/mL).0.61% (20.0 pe/mL) . 0.37%
(30.0 pg/mL) . ACCO07 Y RSD 43 %4 0.31%
(10.0 wg/mL) . 0.22% (20.0 pwg/mL) . 0.48%
(30.0 pg/mL) , I 7 vk PR AT

2.2.4  FEERINE S DR

SELG ST 5 R T I Th ok R E
BIAE T LACCO07 17 &, M 45 SR L3R 3, il v
HRRDKR I E W 20. 9 wg/mL, iR R E
21. 1 pg/mL,ACCO07 ¥ £ K 20. 4 pg/mL, Il
FE it 1] 25 B 25 25 W vk BE 4 1) oA - POk R E 2007
pe/mL B i M B 20.6 pg/mL. ACCO07 20.6
pe/mlL, SCHEE S R (H S IR E A
P2,

SR FH IR BN A 736 25 58 T 5 W A TR
WS 25 R UL 3% 3. P s R AT, DR 43 0 oA
98. 54% ~103. 8% ( $i K K E) ,98.29% ~ 102. 5%
(EsiftE 5 ), 101. 7% ~ 108. 4% ( ACCO07 ) , 35 ]
05 MERR R B, AT DL T LY 3 R 25 W
W 7E

3 RIS AN R S A
Tab.3 Resulis of sample determination and recovery

(n=3)

PRERBOMA,  FHIEMR,  FE RSD/

%
AU gl ) (pgenl)  #% %
0.00 20.90 — 105
N 10.30 31.05 98.54  0.96
HoKRE 20. 60 4.28 103.80 1.3
30.90 5211 10100 1.52
0.00 21.10 — 0.8
- 10.20 31. 56 102.50  1.38
e

i 81. 80 101. 50 98.29 1.75
163.20 182. 60 98.96  0.77
0.00 20. 40 — om
10.29 31.55 108.40  0.58
ACCoo7 20. 58 41.49 102.50  1.28
30.87 51.79 10170 0.76

3 #ig

KIS TR H XY RBI 7, & H AT
IRIT R R T, PR R E BiaR T .
ACCO07 X 3 Fh 245 4y il B 1) 2 T il 5], W3R e 2E
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FE e P 4058 SRk 9 FhoT R, S SR EE B e D e i IR B AR | A v 4 i DA B R R R VR e R R A
BR2EFERN SRR AR - H R & 55 B AR G IEE X rh g s i ik vh 9 M OT R AT E . S5 IRAR M, g i
O 5S ANERREMT 4 ALLSi, V. Ni,Fe Na,Ca.Zn 8 FIICE, JFil ¥ KM H P L&, S fiEdh Fe A 1L
75.73% ,V & it i b 10. 87%,Si Frik i b 4. 73% ,Ni B b L 4. 18% , HoARTTE i 1k 4. 56% , M o3 B AS i, b4 48 i
5 BN SV NV IE/NT | 2300 FIh R AR T E N SR g x5, BA —EmiaE
PR, AR E] Ni/V Si/V AR ZEA K, Fe/V HE B SIER, 7T LA X 5 AN E KRl T e

SR IRACHRIE 5 L B & S5 B TR R SN OGIEE s h A i SRl s T R

FE 5K S :0657.3 XERFRIREE A X E RS .0258-3283(2022) 06-0908-07

Analysis of Trace Elements in Crude Oil Imported from China-Myanmar Pipeline L/ Xiu-lin', HAN Jia-xi* , LIU Han-
qging' , WU Meng-qi' ,WANG Qun-wei’ ,YANG Xin-zhou"*(1.Ruili Customs, Ruili 678600, China;2.Ruili Inspection and Certifica-
tion Co.,Ltd.,Ruili 678600, China;3.Ningbo Customs Technology Center, Ningbo 315010, China;4.College of Science and Tech-
nology , Dehong Teachers College ,Mangshi 678400, China) , Huaxue Shiji,2022,44(6) ,908~914

Abstract: The determination of nine elements in crude oil transported by China-Myanmar pipeline provides a basis for crude oil
identification and traceability ,and provides a scientific basis for crude oil transportation and downstream smelting process.Nine el-
ements in crude oil from China-Myanmar pipeline were determined by ashlized alkali fusion inductively coupled plasma emission
spectrometry.Eight elements,such as Al,Si,V,Ni,Fe,Na,Ca and Zn,were detected in the crude oils from the five countries im-
ported from the China-Myanmar pipeline.but P element was not detected in the crude oils.The contents of Fe,V,Si,Ni and other
elements were 75. 73% ,10. 87% ,4. 73% ,4. 18% and 4. 56% , respectively.Through analysis, the sino-burmese pipeline crude oil
imports of five countries Ni/V and Si/V ratio was less than 1, presented the characteristics of crude oil at sea, oil of different kinds
of element contents in there was a difference,and had the certain regularity ,between each kind of Ni/V and Si/V ratio were simi-
lar,the Fe/V ratio of volatile,can according to the five countries of crude oil for traceability.

Key words : ashing alkali soluble ; inductively coupled plasma atomic emission spectrometry ;the China-Myanmar pipeline carries

crude oil ; element
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AT T 5 2 3 R B B YR B AR IR, X s
[P AUANAS ™ B 5 ) B b ) AR e e 4 T L2y
5 SR I T RE AR A0 35 I R 2 B Rk s B R R
AN IR AR OTER 76 R R AN Tad F ik
1) JE R PR S8 HE L, s v et R, R R
B EICR RIS B H A RPN Rl 4 1 —
FEER

F A A T A IR R S Al P AR R R S
T I PR 25 A AN AR [R], A TR 3 A (] X
8l N 1 B S s TR R N K 9 T @ N T
TCEMFE SRMFEESZSRA ) M
ANAH )8 9 FR T PR B ] i A R 3R A
LR R (i th R B AR K22 57,
S TR B O A B AR VBT ER B R AR AL
B (Ni/V) SZHMR R 2 B PE AR /N, AT DA R X
SRR 2 sl A Y REAE H A — B
MR AN S B R X, FlR R
SIEICEY R Ni/V S 2 X 43 it AH 0T A
A TEA HR I — S S b BR T2 R AR
A5 K RIS P B U (B 28
K25 SN R b D SR A SR, A AT A AR T R
Rl Az A A, SEAT IR XS B, 8 A A A
MR TC R B B, = M b i
AP PRI | by AH OCE 1T 7 i D HE 2 7 A A
i o 5 T ) 9 B s BRI S A T

AN, PH RS TR0 TR VR BE B, tH 5
TR 0 45 AR O 1) & R, 45 o D o vh 4
B RLUR I R TR e R
SN F T 5 = SR I S T R
Tt AR R B A 4 AR A RS g 1 D
i A O N R AT B Rl 25 | 1142 4 Fx
ANy AT R A R | S S i ] 1) 2
T P TR AR SR BT 2 4 XU A2
S TAT ITAA B (0 R T I F R AR SR
FEIN Ak B = A 1 T 4 T ¥ e [ R i Az 31 A
MTEEAL, FeAr 12020 i g Xt J5 3 70 2 AOAG 0 W A7

H AT S5 i e 3w O A R T
WO R T 9 s 50T LAy ok
FEIRAE . B R TR PGB AR M K R,
FL B B 55 B AR R T & S5 (1CP-AES) A A
HA Z 0 R I e B v R s e 3
PRAEON ZIN A2 R v PR R SR R SR T R
SRR ARz R Y

HR A 2 Ak TG P R 2 R

S5 DU K R VAL K 3 A, 2 e 4 7 AT R —
— I B AR R E TR, B AiE 1T X
i DB VR 2E 4 [R] R | S 30 i YR A Y 1 R 32 i 3 1
Z ik, BAT B A S T AR SO 4
Bt R S BT 9 FioTR & 12
HCAE AT IR 9T, 0 DR A SO 1 45 1 2 4
SRR B SR T A BTG KU | Ay A T T A
WEAE f N T 5 R Sy s B A (AL 4

1 SKIEBSY
1.1 EZUESEG

iCAP7200 Y HLJEFE 6 45 B 11K & 5Otk 4L
(EEFEER CHRBHEA A ) s Milli-Q B4k R4
( 5[ Millipore 23 7] ) ; SGM M15/12A B4 A T4
REAE =R RH Y (22 E VI RS 32 | ) 5 AL204 BUFL 1
MR (Hi AR R 24 F]) 5100 mL 14
IR (ARG & e & Jm il s A BR A H]) o

TRBR =8 DL A1 R | DU B2 2 | SeUIL B (43
Bral, FigBThn T AR B A FRA D) s BRIT
FARMER IR (GSB G62027-90(3301) , [ Z kA4
AR O I ERBIFTE BT ) 5 V21 0 42 B A PR
(10 pe/g, #E LGC AF]) ; R (MOS 2, K
AR 2R R A IR A D)

1.2 HERMER

HR A5 4 ) i (4t v S e 4 | D bk AT
BRIy A A e R Rk 5 MEE,
Lpp o B S5 87 bk, Hoh s A E 42 5
(9 HIt¥) B EEIh (14 #Lk) .C EIRA (20
k) D E R R (34 #ER) B EJE (10
LK) .

1.3 BRI &

TR AR IR AR AN A R AREL 20. 0 ¢
Tt P HL P Gt AR T sURA T 4 T B R e
I, BT 4 A 4 AR A T 5 i 44
F(52525) CHy S b i A7 KAk 4 b, B n
A 0.4 g DU FRBR B ), B0 4 LA OB A
P ININER (925+25) CHYEL IR p h dEAT U 15
min, BUHEH R =, %A 4 I A 50 mL
AR (5 g WA FRYAM T 1 000 mL 4% LM H) %%
B4 LT AR | B Vs i 50 42 0 O A 4
L, A HE K HEE 2 2 100 mL ¥R A8,
A KEZEZE 100 mL, EHLAD
1.4 trifEfhZer i

O FpOCRLIE ML 1 fiam, WFE 1]
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1,9 FhOCER AT AR R AL (r) 7 0.999 2~
1.000 0, BiH] 9 FiTL R LML R R AT, 1 A il
T MoT R FEIE .,
R1 9T RAMEI T LV ARG R A
S HAG HBR
Tab.1 Linear equation,linear range, correlation

coefficient and detection limit of 9 elements

LMEEE, KRB
(mg-L™")  (mg-kg™)
Al y=1255.506 3x+447.076 3 0.9999 0.5~5.0 2.0
Si y=116.463 3x+13.967 4 0.995 0.5~25.0 2.5

V. y=478.544 6x+1.397 0 1.0000 0.5~25.0 1.0
Ni y=517.661 6x+8.817 8 0.999 0.5~25.0 1.0
Fe y=1318.379 1x+95. 698 8 1.0000 0.5~25.0 2.0
Na y=8320.077 9x+132.6833 0.9992 0.5~5.0 1.0
Ca y=1424.773 8x+230.468 1 1.0000 0.5~5.0 2.0
Zn y=2510.385 7x+31.0400 0.9999 0.5~5.0 1.0

P y=1255.506 3x+447.076 3 0.997 0.5~5.0 1.0

TR Ltk r

2 #R5ite
2.1 fERbE

TR — 3 YR B s v 5t V5 YR 82 5 6 Y,
34 TCZ RSD N 0. 05% ~ 1. 56% , 3¢ B #5 4 5%
FERE, LLA ERRF I AL MBI, 53 41717
S, SR PRGNS 25 25 SR 3 21 (0] B AR X bk o
2%, 18 5 3 A5 3 20 Ta) Y 20 1R) RS 95 B
0.28% ~4.90% , Vi W1 J7 w22 5/, DL V21 B
P mA PRI (10 pg/g) 1% M8 1. 3 J7 ik A7
FE I 4 S WL 2, AR 2 W] JHIbR o ) o ARG 0 &5
SN R AREY) IR BRI e AT

Fz2 RN E

Tab.2 Determination of standard substances

(mg/kg)
% WEER e R
1 2 3

Al 10. 05 9.98 10. 02 10.02 10.0+0.1
Si 9.95 9.97 9.99 9.97 10.0+0.1
A\ 10. 01 10. 05 10.03 10.03 10.0+0.1
Ni 10. 05 10. 02 10.03 10.03 10.0+0.1
Fe 10. 08 10. 05 10. 02 10.05 10.0+0.1
Na 9.97 9.98 9.96 9.97 10.0+0.1
Ca 10. 02 10. 03 10. 06 10.04 10.0+0.1
/n 10. 02 10. 09 10.03 10.04 10.0+0.1
P 9.96 9.98 9.95 9.96 10.0+0.1

2.2 AN[EEHUREIMOCE ST

XN T) 50 D aeh a2E 47 00 20, &5 R L
23, NERPATLIE N, 5 MEZREM P EE Al
Si,V.Ni,Fe Na Ca.Zn %5 8 FiUCL%,8 Fon K

Fe S, A 771.30 mg/kg, 5 N E
YRR P LR, 8 Fioc R AR R K
Fe , ULBHAN[R] P~ M B B0 Fe TUR SR ZEFB K,
Ni JCE & a0 AR 5 R AR/, UL A A] 7 1l i i v
Ni TR FEERE, WE 1L Haf A, b
SFILE Fe RGN T5.73%,V &GN
10.87%,Si &bkl 4.73% ,Ni &85 h
4.18% , HATLER di LR 4. 56%
x=3 JEM 9 FhoT M ELS

Tab.3 Determination of 9 elements in crude oil
(mg/kg)

FohER RS Al Si A Ni Fe
Al ND 10.92 31.72 10.73 118.04
A2 ND 10.73 31.14 10.43 115.28
A3 ND 11.66 31.86 10.79  90.42
A4 ND 11.03 31.19 9.64 87.30
AFERFRFEM A5 ND  11.08 32.45 11.36 162.65
A6 ND 13.37 31.17 10.46 111.79
A7 ND 12,11 32.39 10.64 132.30

A8 ND 7.71 21.26 10.86 230.18
A9 ND 5.03 11.08 10.28  66.58

B1 ND 13.70 30.29 10.21 315.47
B2 ND 13.93 29.60 10.40 456.67
B3 ND 14.99 28.01 10.96 130.12
B4 ND 14.23 28.26 9.95 112.45

B5 ND 5.61 11.16  8.72 280.17
B6 ND 5.61 11.48  9.26 480.54
B7 ND 5.36 12.51 9.24 461.25

B [ 5y
Ry B8 ND 16.70 40.83 12.28 609. 84

B9 ND 20.55 51.50 12.97 278.12
B10 ND 5.97 15.12  9.65 76.20
B11  ND 4.25 8.48 9.74  58.65
B12 ND 10.40 28.12 10.19 125.19
B13  ND 7.29 19.48  9.31  63.37
B14 ND 4.30  9.75 10.20  65.82

C1 ND 5.05 10.92  8.62 156.22
c2 ND 15.81 31.52 10.39 167.98
c3 ND 19.85 49.29 12.77 425.27
C4 ND 14.37 33.38 10.08 484.90
(O8] ND 13.92 32.63 10.00 235.31
C6 ND 10.20 23.82 9.64 110.00
Cc7 ND 7.00 12.97  9.28 127.17
C8 ND 5.76  12.09  7.53  46.94
(0%} ND 15.42 37.30 10.25 321.00
Cl0 ND 14.68 36.52 11.04 476.78
Cll  ND 16.09 38.06 10.93 194.51
Cl2 ND 19.49 46.37 12.61 155.30
CI3 2.43 23.54 46.44 12.93  69.92
Cl4 ND 14.23 37.38 12.14 49.38
CI5 ND 11.72 29.41 10.68 78.71
Cl6 ND 11.89 29.38 10.26  60.53
Cl7 ND 11.35 29.23 9.78  49.81
CI8 ND 11.34 28.94 10.62 79.22
ClI9 ND 11.42 28.47 9.86 70.08
C20 ND 10.51 28.33 10.06  57.98

C HRE




944 EH 6 ) TR PR R O S IR T R AT ST 911
FahEF geE5 Al Si Y Ni Fe I ETY . R Na Ca Zn p
DI ND 19.26 47.51 10.84 97.16 B1 351 6.03 ND ND
D2 2.55 12.93 12.18 9.14  33.29 B2 503 53 ND ND
D3 2.24 12.08 12.43 10.70 57.47 B3 L3 664 \D \D
D4 ND 10.89 11.56 8.07  46.57 B4 138 6.55 \D \D
D5 ND 7.50 10.77 10.13 304.84 B5 550 3.3 \D \D
D6 ND 536 10.68 9.36 164.36 B6 290 259 \D \D
D7 541 17.57 10.18 11.40  63.07 B7 231 204 18 \D
D8 312 1293 10.08 9.50 51.67 BEEM  pe 1014 7.8 178 ND
D9 ND 13.85 30.01 8.73 128.29 B9 505 4.0 \D \D
DIO ND 13.69 30.61 10.38 240.13 B0 411  5.36 \D \D
DIl ND 11.91 29.73 10.63 94.26 Bl 259 4.13 \D \D
D12 ND 12.13 30.01 10.93  93.41 B2 6.47 830 ND \D
DI3 ND 837 19.47 9.97 130.13 B3 158  2.59 ND \D
DI4 ND 639 9.8 9.97 169.41 B4 18 318 ND ND
DI5 ND  6.41 10.00 10.08 140.15
DI6 ND 11.54 27.89 9.93 255.49 c1 315 429 ND ND
b E gy 17 ND 14133001 1014 207.77 2 10.09 1386 ND ND
DI ND 13.13 29.53 10.60 555.06 p 4 90 3 79 ND ND
D19 ND 13.81 37.96 11.27 150.27 4 o 11 9 63 L2 D
D20 ND 10.01 17.64 10.57 29.75 Cs 3 53 3 03 \D ND
D21 ND  6.98 12.42 11.55 29.47 Ce 1o \D D ND
D22 ND  9.33 12.29 10.62 70.18 e A 65 3 o8 ND ND
D23 ND  6.93 12.28 10.85 22.93 s 2 o4 > 63 D D
D24 ND 14.48 37.47 10.52  89.54 9 L3 30 ND ND
D25 ND 13.12 37.62 11.52 76.80
D26 ND 12.48 36.58 10.87 110.95 C A I gi? 223 228 11.\?7 gg
D27 ND 11.87 32.84 10.86 102.64 Cl2 10,08 15 00 D ND
D28 ND 596 10.82 10.36  40.29 C13 10017 2196 ND ND
D29 ND 535 11.19 10.40  98.50 cla LS 341 ND ND
D30 ND 15.66 34.93 11.78 87.92 c1s D 5 75 ND ND
D31 ND 18.42 48.13 13.38 182.17 c16  3.79 4.5 ND ND
D32 ND 22.68 46.45 12.47 173.83 a7 L 5 60 ND ND
D33 ND 19.56 45.79 12.75 77.29 c1s 405 168 ND ND
D34 5.57 39.65 46.07 13.49 771.30 c1o 399 5 20 D ND
El  ND 12.58 31.01 10.70 494.21 €20 2.47 3.07 ND ND
E2 ND 13.18 30.50 9.58 334.02
E3 ND 13.53 29.25 10.72 364.16 DI 4.12 4.08 ND ND
E4 ND 14.35 28.60 10.39 420.41 D2 1566  38.10  ND ND
S, E5 ND 18.93 28.10 9.96 264.95 D3 10.08  21.81 ND ND
E6 ND 14.94 38.03 11.37 208.3I D4 1500  25.29  ND ND
E7 ND 13.91 36.09 10.53 151.35 D5 2.23 5.06  ND ND
ES ND 544 13.59 9.31  99.95 D6 1.89 3.47  ND ND
E9 ND 413 10.81 9.10 103.48 D7 13.62  33.24  1.00 ND
EI0 ND 13.85 36.80 10.41 120.94 D8 8.77  23.92 ND ND
M — 12,19 26,92 10.50 178.09 r‘)7]90 7““15 23 ?‘3‘ Eg Eg
IPNE] —  39.65 51.50 13.49 771.30 il | a6 5 0 D D
F/ME — 4.13  8.48 7.53 22.93 DI2 ND ND ND ND
ez — 3552 43.02 5.96 748.37 D EHFE D13 6.16 6. 66 ND ND
brifE2E — 5.35 11.8 1.11 151.86 D14  18.27 20. 74 ND ND
A5 RE % —  43.88 44.13 10.57 85.27 DI5  9.68  12.34  ND ND
T TR —C—— A
Al ND ND ND ND DIS 472 5.76  ND ND
A2 ND ND ND ND D19 112 ND ND ND
A3 ND ND ND ND D20 801 1266  ND ND
A4 L7 ND ND ND D21 2.30 6.15  ND ND
A ERFEMH  AS ND ND ND ND D22 5 55 12. 15 ND ND
A6 115 ND ND ND D23 3.21 7.09  ND ND
AT 132 ND ND ND D24 8.15 7.2  ND ND
A8 6.25 7.16 ND ND D25 123 D ND ND
A9 7.47 9.84 ND ND
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FahRA mS Na Ca Zn p
D26 ND ND ND ND
D27 ND ND ND ND
D28 7.33 9.92 ND ND
D29 3.63 5.09 ND ND
D EHFEm D30 13.89 19. 41 ND ND
D31 4.64 7.78 ND ND
D32 ND 114. 14 ND ND
D33 5.46 10.23 ND ND
D34 16.49 36.25 ND ND
El 9.16 7.94 ND ND
E2  10.63 11.56 ND ND
E3 2.24 5.50 ND ND
E4  11.37 15.72 ND ND
, E5 11.75  24.26 ND ND
FEL E6 ND ND ND ND
E7 ND ND ND ND
E8 1.61 ND ND ND
E9 ND ND ND ND
E10 ND ND ND ND
SFHE — — — —
ISON( — — — —
f/MAE — — — _
W2 — — — —
brifE 22 — — — —
AR5 FA P — — — —

L ND” FOR AR

Ni, 4.18%\

Si,4.73%—___ \

HAth, 4.56%
r

/—Fe, 75.73%

1 Ul e E & E I
Fig.1 Percentage of elements in crude oil

2.3 RIREIEREM T 4 Fiooz 87 & Si/V N/
V. Fe/V HAEHT

MR 4 AT DUE ST E 4 Fhoo
E M Si/V Ni/V Fe/V HAEA L, HERTHLD
Erh BRI Fe TEMWAESR ZRBEK, N
103. 38% , Ut D E RS Fe JU3R 7 & 22 7 fix
Ko A ERFEM N A S R AN, N
4.44% B A B BTE 0 Ni TR R R
FE o FHIZ I B EATAS [R5 22 () 9 b, T
WIE AR TR VN ANV X 4 Rl A
FIVEE FH AR R B — SRR Ml BR AR 2 R
Bt AN A [R) A i T b S A BT A JE
IRBE R AR, 15 Bt 2 AT AR AL EL (At SR B AR

K2 iR SRR POTR NS R
FIVERE FUAE 32 A AR R VR FHAR /N, BT LA 380
DAY MR D Ni/V K Fe/V S EUEEA
F Tl Ah g 1) >0 @ VNG R AT SR
K153 A Bt A B8 I A 4 S5, — B Ni/ V<1 A
AHBEIH, Ni/V>1 RBEAE R0, th2% 4 v, g
BRI 5 EEW Si/V Ni/V ESNT T,
MMl Fe/V HAEEK, Ul Bl b 4048 4 i 0 /9 5 [ e

T AR AR B

&4 JsUmrh 4 MR L IET

Tab.4 Analysis of four elements and their ratios in

crude oil
JEImE R e SR Si \ Ni Fe
A 10.40 28.25 10.58 123.84
SN 13.37 32.45 11.36 230.18
) e/ ME 5.03 11.08 9.64 66.58
A [FEF R
E R 2z 8.34 21.37 1.72 163.60
FrufEZE 2,52 7.32 0.47 48.56
AR EE/ % 24.23 25.91  4.44  39.21
-4 10.21 23.18 10.22 250.99
RMH 20.55 51.50 12.97 609. 84
. 2/ IME 4.25 8.48 875 58.65
B [ M -
W2 16.30 43.02  4.25 551.19
FrifE2E 5.38 12.86 1.18 188.19
SRR/ % 52.69 55.48 11.54 74.98
A 13.18 31.12 10.47 170.85
YN -] 23.54 49.29 12.93 484.90
/M 5.05 10.92 7.53 46.94
C ERA
e 2z 18.49 38.37  5.40 437.96
FrufEZE 4.62 10.62 1.36 144.58
SRR/ % 35.05 34.12 12.99 84.62
SEH{E 12.83  25.09 10.70 145.48
ISON( 39.65 48.13 13.49 771.30
. f/MAE 5.35  9.82 8.07 22.93
D [ 5
T 2= 34.30 38.31  5.42 748.37
FruEZE 6.42 13.57  1.17 150.40
BREK/ % 50.04 54.08 10.93 103.38
S 12.48 28.28 10.21 256.18
IN:] 18.93  38.03 11.37 494.27
. e/ MA 4.13 10.81 9.10 99.95
E s .
W2 14.8 27.22  2.27 394.26
FrifE 2 4.42  9.21 0.71 141.70
RAM/ % 35.42 32.57  6.95 55.31
JELTH b A 7 2 Si/V Ni/V Fe/V
A
IFYNIE]
e/ MA
A [EER IR 0. 368 0.374 4.38
e es
FrifE 2
A5 5 R E %
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2 Si/V Ni/V Fe/V

A
TN
- /ME
B [ J i e 0.44 0. 441 10. 83
FRifE2E
A5 R E %

i
FRMH
C EiRAEM f;;ﬁ 0.424  0.336 5.49
PR
5 ZE %

JE it A/ 7 4l

T

okt
D [ 5 R :;;ﬁ 0.511 0. 426 5.8

b2

AR R %

T

N ;!
E B j;;;ﬁ 0. 441 0.361 9.06

b2

TR %

2B Si/V Ni/V Fe/V HAE, AR E % K

FE AR TEE HOE A b, TR Fe/V EE
{ERAR, TR ST U E X U R T 4/ N— e 2, 2
WL 2, mE 2 Al 5, A A FE 2283 ) Ni/v
K Fe/V HWAE A —E B LA, Si/V JCRLAEE
Al HONi/V EY/NT 1,5 D ER RS2
IRV A R B AR Fe/V HGIE IS R T 1, B A
WEEPER S E SR S ES, P B
JE Fe/V iR, M 10. 83, B B JE i Ni/V i
K, 0.441,C FEJEMH N/V HeEe/b R 0,336, A
E JFh Fe/V o/, 4,38, £4-3lFFH] Ni/V.,
Si/V HAEAHZZE/ N, T Fe/V HARL RO ShEE R, 7]
VIFEZ XTS5 AN S b f i s

1.2

0.8

O Am ' BH I CH I D I EE |
BEEW A RAEM hEEM  F
Mk 1~3 S35 Ni/V Si/V Hl Fe/V
2 RREEZ Ni/V . Si/V I Fe/V LEXT L
Fig.2 Comparison of Ni/V,Si/V and Fe/V ratios in

different countries

2.4 A[EARTR PR S EERE

A FRARZ 6] 9 FhICE A AR (FE T
RN IR B R/NERY ) AN RDCER & R
AR 2 AR AR T R & B R
MIEL 3 RIS Bbstam b it L BR BT R A &
B, P BOTR & R, TR ARYON L i
B N Bk v B e P 4 R OCER S DR
e FEE AL, DA (A0 o R S i R G
AR Z B BT R AR, HA G B,
UL RMA B & JE T R A A —E 2R, A
— & MR

300.001

kg™)

200.00-

i /(g

100.00[

0.00

Na Al Si P Ca V
M2k 1~5 433 A B2 FRm B = R,
C ERA B D E s m A B E
B3 AR NITE

Fig.3 Comparison of elements between different

Fe Ni Zn

oil species

3 #ig

ARSHGCAE 5 ASE R 87 3 JFIMAE S, 1 IR K
AR - L S £ A5 B A R S i v o i vl v
Al.Si .V Ni Fe Na.Ca.Zn P 9 FoCZIATIE
SAEZEPYRKGE P ook, i
8 Mot Fe & it i, N 771.30 mg/kg, 8 Fif
JCE Fe iGN 75.73%,V & 5N
10.87%,Si & & 5 LA 4.73% ,Ni & & 5 R
4.18% ,HATCE L N 4.56%, JRilH Fe TR
THESBAR N TR FRRRE, TFREER
B AN TR & B A — 225, HA —%
(AR, R LA SRR Sy D I 0 5 ) AR A
rh g 8 5 BRI Si/V NV HER N
1, S 30 VA 3t A e, P R B 7 2 HR AL
f & E . &R E Ni/V Si/V HEAEZE AR,
Fe/V HARLIIE SR, T LA BE R XT 5 4 5K i
T T A

iR E D S R R R TR
() g rm , e Bon R & B i, TSR
BLRE R TR A2 B AT U AR R R X 4
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T A AFERE Konig K 5 B i8] 7= 4 3¢ B i RIE I ZE 7k &AL

(I TRHE 2B 25402408, 107 A% 117004)

FEE . LUSARmR SRR 430 4E 4 Konig SR TR ARGl 777 A 10 58 AR Bl 78 12 5 R R - XU LA 3 v 5 43 i L 1%
R RARTRE N Konig PR R (HIL P[] Py BAT B W BRI R B (&) , R A YE R ARG L Rl = 1 A ~ ¢ 4R,
AH NS T RE I T RS . RIS SRR AN IZIR R TP EEYILE 531 nm PR AR SRR, & R 2. 36
10* I/ (mol-cm) , H: A ~¢ HhZE AT RIS TR F ALY W EEFE 0. 010~ 0. 800 mg/L yEFEIN5 A~ &y A, 2RI
FIZEPESE R (R=0.999 8) , B4R 5 IR (8] /N T 5 min, %736 FH T ALK P SAL S 0 52 , BUCRTE 97. 9%
~101. 1% 22 [8] ,RSD < 1. 5% , Fi 1 {8 5 b 05 5 B TN 52 A W) A %95 MK Konig 5N 411 B 1% FH 28 AR 1k R # it
HARSH%,

KR AT Konig P F s XU 5 oIR8 5 40 0GR ; WUk s 5

HESHEE.0657.32;X832 XHEEERIRAD:A X EHS:0258-3283(2022)06-0915-05

Rapid Determination of Cyanide in Water by Spectrophotometry with Intermediate Product of Unstable Konig System
LI Xiao-hui” ,LIU Hai-jun ,XU Yan-guang ( Department of Biomedical and Chemical Engineering, Liaoning Institute of Science
and Technology ,Benxi 117004, China) , Huaxue Shiji,2022,44(6) ,915~919

Abstract : In this study, isonicotinic acid and dimedone were used as the ring-opening reagent and condensation reagent of the
Konig reaction, respectively.The in situ produced polymethine dye was easily decomposed in the isonicotinic acid-dimedone system
which can be determined as an unstable Konig system.However, the intermediate product had a higher molar absorption coefficient
(&) ,the A~t curve of the intermediate product was obtained by using a new method based on spectrophotometry for the rapid de-
termination of cyanide.In the given experimental condition,the intermediate product of the system has a maximum absorption at
531 nm, featuring an & of 2. 36x10* L/ (mol-cm) .The A~ curve is approximately flat-top peak shaped,the cyanide concentration

of A~t curve (R=0.999 8) within the range of 0. 010~ 0. 800 mg/L, the testing time

is in a good linear relationship with the 4,
of a single sample is less than 5 min.The recovery of our method was 97. 9% ~101. 1% and the RSD was less than 1. 5% when
applied to determine the cyanide in coking wastewater, the measured values were in good agreement with that of the standard

method. Our study provides technical references for extending the application of the Konig reaction to unstable systems.

Key words : unstable Konig system ; dimedone ; intermediate product;spectrophotometry ; cyanide ; determination
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FE W i 2022 % 6 A

T A A Rl s kY E R L3 TR AR
5E Konig 1A Z5 Hh [ 7= 4 - 1) A0 0 43 W7
il

U 7T P 1 2R A AT TR
Konig I (9 45 A0 BTS20 R 30, 76 5+
HER - X PP 1 2 v SR R R u bR e PR 22, R
FE Konig KR . WUk, 5 T R E =4 |
RHHRGOEY A ~ ¢ 4720 DL SR HT v ] 7= 400
FAC BT AT T K th A R I
HARRER

1 SKIEBSY
1.1 FEUER S

N2 RUA] WA T ( A R A A A A
BN D) 5 TU-1950 H 0B 348 Ah-1] L 43 5% ol
(AL R0 bra@ 2~ 7)) 5 pHS-2F B0 pH it
( FEAE AL SR A BR A 7)) s HH-4 B4 b 46 i 7K
B (ERRERAF) .

AL (LG sl B 25 48 A Ak 270 A PR
AT S BACER (el SRR (2 Aral) (N, N-
TS HEERE (AT al) U R (96% ) (L BT
PLTAEABHE AR A BR A F]) s BEIR — 240 R
A e T SRR SN (S Bral, Tk B Ak 2R
I SEEG UK A Ak
1.2 RAC

AL (1 g/L) PRI 1.0 g E &AL
VTR R R 1 Ly SR bR A A PR
B 0.250 g GULER, FH 1 o/ L S B ALATA A Ot
FEZE 100 mL, R FH A R AR i A vk b e vk
B FAL YIRS T (5. 00 mg/L) « ¥ hn ek 75
W 1 o/ L SR AN W B R R e T W
(10 g/L) . FREL 1.0 ¢ S BE T, % FK, k=
100 mL; SEMRBRVATRE (30 g/L) FRIL 3.0 g SFIHIR
T 50 mL 2% F A AL SR W, n K 7 B 2 100
mL; XU ERVA T (56 g/L) : FREX 5. 6 g AU, F
N, N-Z B Bk e %5 i, JT W B 22 100 mL; 54
iR - XS RV B V(SRR ) < V(ORI ) = 1:2
IR WAPTREAVA W (25 /L) PRI 2.5 g WAL
BN, KR ITRBE R 100 mL; BERR R 22 A K -
FREL 34,0 g To/KBEIR — S 4P M 35.5 ¢ To/K IR
AN TR, K E 1000 mL,

1.3 STk
R WL A0 W b v 06 T =k 1 0k

(m(CN™) <20 pg) T 25 mL L &Ed, A
1 o/L SEAME R E 10.0 mL, LA 5.0 mL #
PR ER 2R WA TR TR AT, A 0. 20 mL e T T,
TRA), & 1 min, ITA 2.0 mL VR SNVA T , 1R
A1, 7.5 mL S AR ER- 0 A, LK E 2,
TRA B ERIRIE T 50 C A IRKB T ,40 s
B BRI A 10 mm 59 L DK
%%HC,T‘F 531 nmﬁ,%ﬂﬁﬁ N2 R4 6T RS “ B
J120 L D REM G AE 120 s NI A~ ik,
FE A~ gk B A, (WLIE 2 PAEIED

2 #R5ite
2.1 Srbrie NiHLEE

SHT ROV B R e R &R K
rhsA Y 5 SR T KA 7 (HCL0 ) 7F A i
FALE, SRS 5 0L BN, 48K fif T AR 3-8
FE- P R 3 PR - M S B R 22—k
B BN AE B ] v ) R R 28
ARG RN A R B ekl 3 b e R i i
FRTORERE , DA )4 S o BE VR X 42

/Na /Na
SO,N SO,N
\ \
a +HO —r H & HCo
HCN + HCIO CNCl + H,0
COOH COOH

7
CNCl + [ | + HO
N

COOH H,C~_-CH,
OHC—CH=C—CH,—CHO + ii _
0 0

0
HC COOH
CH—CH=C—CH,—CHO + H,0
c

(0}

OHC—CH=C—CH,—CHO

H3
0 (0]
CH—CH=C—CH2—CH0 + —_—
H3C Y o CH3

0 0
H,C (OOH CH,
CH—CH=C—CH,—CH + HO
HC CH,

S o
I3 RS AILER

Mechanism of the analytical reaction

2.2 WRBOETE K A~ ZR

FESZI0 vk BARI (m (CNT) = 15.0 pg) 7E
AR 40 s J5 , WS T HAE 400 ~700 nm P
3 B P B IR SO, 25 SR AR 1 R, FEARSE
5 114 S AR - L FR R 2= v 3700 23 F1 7E 400 ~ 700
nm Y FE PN TC I, FE v ] A S R e gkt
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Y e R AL 1 43 53R 531,609 nm, A =78 nm,
HE =Y A, (B R BRI 6. 4 1 .

A0.61
0.4

0.21

2

0.0r

200 5601' 600 700
/nm

LAk (m(CN™)=15.0 wg) ;2085725 H

B1 AR - S A 2R B G

Fig.1 Absorption spectrum of the isonicotinic

acid-dimedone system

it — 2 R R R R SR
M m(CN )= 15.0 pg B, MAHZIKRRE A~ il
LR 2, RFHYE A~ thZmT T, H A
{HAE 230 ~ 445 s 70 B3k 2 KA (A= (0. 137+
0.002) ) , i fE PR B AIK, 76 3 600 s B A {423
F B P B Z R R P ARE IR R A
FEMY Konig R, HR I Hee by A (H IR 24K T
=y A H, TR A~ &R
DL HAEAE 40~75 s WA B K (A, =
(0.544£0.002) ) , HEALREFEE , 7E 120 s N, Hh
2R S TR Y ( UL 2 Fe P ), mT ] P O
KRB A~ hEk B A, .

R EE SRR R AL (&) R 2. 36%10°
L/ (mol - cm ) , 1y 57 408 -tk nale b ] {2 25 1% o ]
P (e=2.2x10% L/ (mol-cm) ) ") BRI, AT
DUFIFZAS R TR 28 1) v (] 7= il s LA

A 061 A055 1

007 1200 2400 3600
tls

LA =4 5 2. R H pe et
B2 Py AR RGO A~ 2R
Fig.2 A~t curves of the intermediate product and

polymethine dye
2.3 A&
2 m(CN™)=15.0 wg B, 647 F ik #5148
ME 5,

2.3.1 pH1H

LT AE pH 5.12~7.51 JLEIN, A, BE pH
HE ARG, 25 R WK 3, 455 KW, 1 pH
5.12~6. 84 JE I NARILRET A, (ERE pH B3 K
B BRI pH A F1F ] 7= 0 6 A6 5 7 pH
6.84~7.20 Z AR fL, A, (HF 2 H i K, 24
pH>7.2 A, B&A TR, X 5 E8 A FAERE R T
AL RS 2 LI R 2k B pH 7.0,
A 5.0 mlL BERRER 2% w7 AR

0.60F
0.50+ /—\“
3
£ -
<t
0.40}
1 1 1 1 1
030375 6.0 7.0

pH
B3 pHXfA,, IR
Fig.3 Influence of pH on 4,
2.3.2 AT EHBIMARE

[ S IS 1E] SR 1 min®! | G40 T IO A
HIE0.1~0.3 mLyEHE N, A, &K HEE, RV
FAY O A B, D I PR e T %
WA 0.2 mL,

2.3.3  WEERENIA I AR

TN A R AT VRO Ry 1 2B a0 s et 1)
ML T KA 7= A AR , R R U i e 25 S A 4
B AR A 45 A R R AT, R
I, 5T WA RN WM AR TE 0~5.0 mL i
Bl NSRS X A, B SE i, 45 SR Y i iR
BT 0~1.6 mL i, A B HG 2t
R, H A, EIER 2 S HMARTE 1.6~
2.5 mLyEHENET A, (ESRK HAERE ; Y= A &
KT 2.5 mL,A,, fHF TR P BE £ iR
WIS 2.0 mL,

2.3.4 SRR OUF ERE BN G

SRR AT 5 AU N A B 3-5R -
P SRR WM A = 7E 1.5~ 3.0 mL {5l 4,
AR HRE, RWEARC E &I 3-8
S 0 E WIHOI A B R A E K 2.5 mL,

W 4 iR, 243 B wom A & (V) KT
4.5 mL I, A, BEHECIE RIS in A =7E 4.5~
6.5 mL {EE AR FLET A, B I & 38 KA
A A, 2 MR ARG I 32 S BT P 38 m L FY Pk 52 e
ARCHRE VR ) A ) A o R R TR R (EL A R R
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TP, 2 R T v AN SO e 1 e ] 7= 4 1
FEAE AR T R ] ) B g A A /D
MINA T >4. 5 mL B, ] e A S AR
TP, R EERE A 5.0 mL, b L
PE B VORIRER ) = VU R ) = 1= 28 j8 55 40 R -
XU AR, A 7.5 mL i

0.50

H
< 0.40f

0.301
1 3 5 7
V/mL

B4 XUHEEBOMAEX A, B0

Fig.4 Influence of the addition amount of dimedone

solution on A,

2.3.5  JinFAmtE

WA S frzs IR EE (T) BEMEIS ] (") I
AL P3G 57, T 5% el ) 7 0 A= ek B S H A b
B H B U9 S W B BT Bl T T A~ i
Aerb iy TS P TR 2 A

£ 50 CHRTEIRAKIRT , ZET o' X A, W5
Wi, PES SEHRFRIT 2 11 <30 5,4, Bl o BEA G K
(AT=9.6 CH},A,, K 6.5%) ;2% ¢'1F 30~50 s

max

W,A, JERE B2 ¢/>50 s i, A~ e

AT R, T A A A~ fHZRIRIE(E
2 I AR EIE A 40 s,
0.60r
r . T~ 130
osob T 1
5 &
< 120 &
0.40f
030 ———% a0 60
t'ls
LA, ;2. RS
B 5 A R; A, R R R

Fig.5 Influence of heating time on A, and

the temperature of test solution

2.4 JrikEAEE R BA R

FALITE 0.010~0. 800 mg/L JELFEI M, A, (H
SHWE SR RIFIAIE R R (R=0.999 8) , 41k
TN A=0.909 2p+0. 008, J7 1= A A6 B ( F11BR
A2, 0. 010 WG EE X R 1 w4k ik ) A
0.010 mg/L""*',

2.5 HEEET

ISE T FEAL T R /K A BRI itE — 0ot H 7K Je o
LK E A
2.5.1 FESLAGTIAL I

Xof KR AT REAEAE ()05 M S5 AU 77 NOS |
ALY S 8 SR BT S kR A T kA T
Fidr , H-44 HI 484—2009¢ /K T ALY B2 45
RIEMAOEEE ) P ER AL F2HL 200. 0 mL
FREESL LA 10.0 mL(10 g/L) NaOH 17 R Wl
W, HI 484—2009 A iff S5 AL 90 1 2 B 7 i
PATZRAR AL B AR SRR 100. 0 mL 1 75 U

R

B 10. 0 mL R aRe 1.3 5256 7 ik kAT
M 7E
2.5.2  SrthishiR

M LSRN 1 s, 45 0], 0 Taie)
T K B e 2 K R A I R DR
TE 97. 9% ~101. 1% Z ], FAXF bR (i 22 (RSD) <
1. 5%, 7 i B A B BN X I e E 5
PRI E (W) 6 EARIRE R B
ANBE S B IRART ELN T S min,

TR

Tab.1 Analysis results of the samples  (n=5)

SRR .
) HeZ w3 Sk
IKHE
WEE/ WEME/  RSD/  [EICER/
(mg-L")  (mg-L™") Yo Yo
it — i3 H K 0.673 0. 669 0.9 101. 1
]2k 0.191 0. 189 1.5 97.9

IF] 5 R T - b e AR ) S5 1 R - 1 G 2 PR 7
AAEE AL BRI RE - BROE AT PR 73k 09 1.7 A5 L
L HEE G o 15 K 2R HER RS o P A
Wiy e SR VPR B0 IR TR T i
FOTIRI =0 2 — AT 5 R B R R R E
PEXTIN R 85 20 Bk Tl A TR K Th s
A PRI R 5 TR A A B i A PR A ) B S
Rl

3 #ig

SR - A AR R 2 — AN AN FRE 1Y Konig
SR ZR X LA g i e 7 A 1) R R e Rt 1Y
WO BE B R K h s & L (H L R ) = 4 A
A O PEE SR S AR K, A ) £ e (R )
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MG AR AHE ERRIE TRAT
(CEBAAEBIRBEWN RO  Z8 AR 230071)

BENR T LIRS EAER MU, BRI TR P R SIMHER)E X BRI
P+ AR UERE S EAT T XA R MR SG  FoR T ICP-OES \ICP-MS il XRE Xif il £ (AR iR S b A7 T (. 2%
REY] FIEARERE R B S0P RAF 20 R A HOLIALS S PE AT E FE w,, JEFER 0. 02 mg/kg~0. 043% ; 74 it
PRAFARAET % R RE AL e 30 12 A F AR E A S0 7 rh AN AR S AL A A 5 5 P A 3 3o o S8 P4 LT B8
AR o %7 — PRI A B H PRk B e 15 e N 7 TS EE T nvERE ) 73k

KR X PLTOOCNRE B 1 ARERE A HARRE

RESES X833 XEKIRIAEG: A X EHS:0258-3283(2022)06-0920-06

Development of Reference Materials for Heavy Metals in Soil Matrix CHEN Jin, XU Dong-mei, TANG Xiao-fei , ZHANG
Min" ( Anhui Eco-Environment Monitoring Center, Hefei 230071, China) , Huaxue Shiji,2022,44(6) ,920~925

Abstract : The preparation method for developing candidate reference materials of heavy metals in soils matrix have been devel-
oped.The samples were prepared by mixing, drying, grounding and packing, followed by homogeneity testing, stability testing and
the value of the reference material was determined by ICP-OES,ICP-MS and XRF.The soil reference material exhibited good hom-
ogeneity and stability. Additionally, the uncertainty of the uniformity between bottles (u,;, ) was 0.02 mg/kg~0.043% ,and the
sample exhibited good uniformity.The reference material was stored at room temperature, and its stability was determined for 12
months, the results indicated good stability. The reprocessing process has almost no effect on the properties of the soil reference
materials. That is a good foundation for the development reference materials of heavy metals in soil matrix.

Key words : X-ray fluorescence spectrometry ; heavy metals ; soil ; reference materials ;target concentration
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JE X B AR AL S A 2T

B X2 BR T AR R 3875 YK ML R 757
SR AR SR — 5 FE A R JERLRE B, 2R
b RSP BRI 5 — e R R K R
HEWOIRA TR A5, 4% I H)/T 166—2004
(- HERR BT W AR B Y T A R A T
ANV B 11 18 T 4 TR AR AR S SR X B Ekak

s BHA.2021-11-26; M4 B % H 5 :2022-03-08

YEE BN R (1989-) , B, BHOSZ N, Wi+, TR, &
BLRFGE 7 1) Ry A A B W 43T

EIRAESE KL, E-mail : 15856998189@ 163.com,,
SIFZRS R R4, e R, 55, L i b AN W] H A5
P A AR A S D IR [ 7] A2 350, 2022, 44(6)
920-925,



55 44 45 6 )

W2 - SRR B P AN () [ e 2 e T s T i 0 0 A 921

B9, yi $7A0 B w2 Y ST DR KA A = i
TRRE, TR TR B BRAE 3 MOINAR G R A E
{HBFSE,

1 XIEES
1.1 FEAEE S

RSX Primus IV % 80 X B 2856 )61
AL ( AABE2 0 W] ) 5 NexION 350D 7 H Bl & 46
BT R TT A (B RS ( B ) IR A R A
) ;iCAP 6300 71 LB A 45 B9 7R & B3R
(FEBR KRB (T ED) A BRAF ) ; ZHY401B
RURAEAL (ALt A A Ok BB & AT BR ST 4E 2
F]) s NBL223e B K7 (AR 28 (00 A
FRZNH]) ;s DHG-9123 A RI-F A (L 1ARRS 22 S0 ik
A BT ) s MG200 29 F B BE A (b 50k Hi 1
SAERBEEA R F) $S210 B pH 3 (Fi LA
AT .

+ 8 8 4 43 BT AR ME W BT ( GBWO7405
GBW07407 , GBW07447 . GBW07449 . GBW07450 ,
GBW07451 , GBW07452 . GBW07453 . GBW07456 .
GBW07385 , GBW07386 . GBW07387 . GBW07388 ,
GBW07389 .GBW07390 .GBW07391) /K &L
B4 43 AT Bk ME ) BT ( GBWO07301a, GBW07307a
GBW07308a ,GBW07309 . GBW07310 ,GBW07311 ,
GBW07312, GBW07318 . GBW07358 . GBW07359 ,
GBW07360 , GBW07361 ., GBW07362 . GBW07363 .
GBW07364 . GBW07365 . GBW07366 . GBW07375 ,
GBW07376 , GBW07377 . GBW07378 . GBW07379 ,
GBW07380 .GBW07381) ( HuBRYy B BR b2 1 45
WY ) s CTREY . TR A IR &M (43 M ali, B 24
bR A R AT
1.2 M &

P A FERERE R 38, 2 A ARKT i e ad
100 H i, SR 5 #EATIR S AL B BBk igAE To, F
X TR E JE T T — DA,
TO 43 BP0y (R 24 5 ke, HERMRFREE BT ) | i
11 F— b8 FR 2z k< FrAab ™ . DFREL 0. 400 ¢
THREN 4. 00 g ZTREF . 4.00 ¢ ZIRES M BT
1 LBaiKH 43 A B — 1 e, 725
BEFEYS A1 HARK, RO I 0 TR AT e
T1; QFRHL 1. 00 g ffifREM . 10.0 g ZFRFE . 10.0 g
LERE IR T 1 Lk, 425 m A B4 —
Py FeatE v A AL 2 R @, 104k T2, #HIR
STHIAE AR T, T2 43 ) 2 A A5 66 3% B0 v, &3

40 g, BEOFETA 03 125 0, & IR T ROGIRAT
1.3 kR

KRR Al B T RA T 105 C &R R MET
Jo , HAEPRE 5.0 g MR, DAL FR 30 7E 20 ¢
FEJ1R AR EF 30 s R AR RS (SRR EEAS /N T
7 mm) , T X LGOI, XS
WAL 1,

R BREHX SRR

Tab.1 Measurement conditions of wavelength

dispersive X-ray fluorescence spectrometry

JLE/ 260/(°)

WAy LR pry ey LI PRI 2%
As K, 33.964  34.600  LiF(200) sC
I K, 22.524  23.240  LiF(200) sC
Zn K, 41.782  42.740  LiF(200) sC
v K, 77.262  75.680  LiF(200) PC
Th L, 27.450  29.600  LiF(200) sC
Ti K, 86.156 LiF(200) sC
Sr K, 25132 25.940  LiF(200) sC
Sc K, 97.740 LiF(200) PC
Rb K, 26.598  26.140  LiF(200) sC
Ph L,  28.240  29.600  LiF(200) sC
p K, 141.100  143.400 Ge PC
Ni K, 48.656  49.580  LiF(200) sC
Mn K, 62.968  63.960  LiF(200) sC
La L, 138.810 LiF(220) PC
Hf L,  45.860 LiF(200) PC
Ga K, 38.898  39.500  LiF(200) sC
Cu K, 45016  46.580  LiF(200) sC
Cr K, 69.354  74.320  LiF(200) PC
Ce L, 128.210 127.280  LiF(220) PC
Ba L, 87.130  88.560  LiF(200) PC
$i0, K, 109.070 PET PC
ALO; K, 144.810 PET PC
Fe,0, K,  57.500 LiF(200) sC
K,0 K, 136.680 LiF(200) PC
Na,0 K,  46.678  48.900 RX25 PC
Ca0 K, 113.120 LiF(200) PC
MgO K,  38.420 RX25 PC

LA HLE R 50 KV HLR M 60 mA .,

2 ZRE5IHR
2.1 Ak

W5 MR RAE LA ERE R FR bR i —
kS, SRR RSB SR
KRBV, TR 5 PR 50 2 PP A A i A
mhe A RS B G ER Y o ARTERE S S MR —



922 2% K A 2022 4F 6 A
FRER BRI 7 2243 Wi ( URR PRG35 ) 1 gk
Giitim F iR AN . TEE/ T1

F = (Q/v)/(Q:/,) (1) &Y M RSD/% F ty
K, Q) MR ZE TR Q, HANZETT R v, HALTH A H Ga 17.1 3.40 0.57 0.20
B v, NN EHE, Cr 64 1.50 1. 66 0. 41
AT RS AR T AL B R AR 22, S ) Ce 70.6 8.30 0.33 2.10
W5 25 SRR, AR YR 4 SRR MERE S 2 ST PR 56 Ba >34 .80 0.92 330
IR B B e O U € B X SR o0 S
REBRHERE ST bR MR 24 MOTEAALE S L MF 0o oo
K,0 2.29 0.18 0.35 0.002
T T IE , TRBAAY S EE N L2 T a0 5 03 0.68 0.2 0,007
SERES (HE) B & R a7 2N i A Ak MgO 1.73 0.32 1.52 0. 004
(Si0,) ,JLPE T T MARE] S B A A [\ & w4 TTE/ 2
(IR SR, 45 5 % TP R Fe,0,. fah i RSD/% F
TERESIRSIIE e 5, SR FH BEAILI AL T, #e R bR As 792 .50 046 0-42
HERE A T AR (3) RafeRE S iy — s a7 S O
Ziit 7 ) (GB/T 15000. 3—2008 ) 2! tf (i 4 % v s aso om0
e, G A 11 ) R S A T 3 S v 79.8 8. 80 1.06 0.99
BRI E 3 W, AR AERE S i 34 5 b Ti 4216 0.58 0.71 8.1
MEL IR 2, H3R 2 hEEEAT I, &0 & AH Th 3.6 11.00 1.37 0.21
KERUE 722 (RSD) 985 I b 0. 119% ~ 1%, 5 %75 N pm e e o
TE 95% EARFESRAT T dLia) [ el B2 ANZH P9 1 ey 2 - 106 0.8 | a5 0.31
4350k 10 A 22 . F, s (10,22) = 2.30, 1] ILFE Ph 1170 0.26 1.49 1.10
S T A LR S Eg TR F 5N T 2,30, P 1305 0.50 0.31 2.30
VABAAE 2 ik i & 1 R I AR ERE I SR R Mn 654 0.72 086 1.50
7 MU AS 1835 P S B AN B 2 BE 3wy, 9 - Lm0
H0.02 mg/kg~0.043%, . Ga 17.0 4.20 0.94 0.23
T2 ISR S PR R AR Cr 63.5 2.60 0.15 0.62
Tab.2 Homogeneity assessment results of the Ce 70. 8 6. 80 0.84 1. 60
reference materials in soil Ba 556 1. 60 1.01 0.56
vy - Si0, 62.3 0.11 1.49 0.027
WEW  pE RSD% - ™ Fe, 0, 4.87 0.23 1. 44 0. 007
" 5.9 o o o K,0 2.27 0.15 2.00 0. 007
” 260 1o o 16 Lo Ca0 2.89 0.52 0.71 0.005
o’ 15 o o1 0,46 MgO 1.67 0.44 1.56 0. 006
i 370 0. 88 0.31 V¢ RN y, FRAL R %% SEABTE % T
i 80.3 5.70 1.49 1.70 N mg/kg.
Ti 4290 0.59 0.25 9.20 2.2 RUEMKE
Th 8.8 7.10 1.49 0.24 PN A S 2 S 8 e O B WY N 2l N o
S 161 0.49 0.63 0.27 HEAR AL AL e B BAE 3 MR TR R AR
M ST RN IR 5 0,3.6.9.12 11
o 510 046 0.39 0.8 S3EEET T 5 UAMAE ARSI , AUk BEATLA R 3 3, LA
P 1311 0.53 0.24 5 50 X SN VL X BRI AT 00 2 Ik, B
Mn 651 0.76 0.24 .80 6 Y A SAIEAE A (] s fee A I 25 51, R
La 33.4 3.60 0.29 0.43 FHCPREERE 5 TAE S0 (3) b dERE & 2 18 7Y — %
Hf 8.1 1.40 0.54 0.04

JEI AN G835 25 (GB/T 15000. 3—2008 ) H 4 34
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OINTI— TC A G AL A T et oA
UL 3, R 3 UL, By 20 53 W bR 48 X
1o VB3I /INTF 1053 Xs (b)), UEBHTE B EHEAKE
0.05 MTEHL T AR b, A RE RIFE 12 4 H it
JE PSS PN ARSI B AN ER e P el % k4l
53 1) - BEARERE fh AS e 1k R4, B A i ANER U
R AN E B (w, ) TEFIR 0. 4~4.2 mg/ke,
F3 TIEARMERE A ERE MR IR EE R

Tab.3 Stabilityassessment results of the reference

materials in soil (mg/kg)
T1 T2
As Zn Pb As Zn Pb
0 36.8 333 507 79.3 731 1165
3 36.8 335 507 78.5 729 1167
6 37.2 334 508 80. 8 730 1163
9 36.5 336 508 80.3 730 1162
12 36.7 334 507 80.9 734 1169
Mean 36.8 334 507 80.0 731 1 165
by 36.9 334 507 79.0 729 1 165
b, -0.016 7 0.100 0.033 0.167 0.233 0.100
s(by) 0.0294 0.129 0.069 0.081 0.199 0.348
Loy *s(b) 0.0935 0.410 0.219 0.258 0.633 1.11
Uy 0.4 1.6 0.8 1.0 2.4 4.2

2.3 WRiEEMEE

K FHChR AL b TAE 300 (3) BRERE e (E
) — e JE I RN S 1175 ) (GB/T 15000. 3—2008 )
A HE 4 S5 A L %) 38 FH D 0] K B 2 SR B )
(JJF 1343—2012) ") v #3716 5 18 7 28 ot [
— S 5 R FH W R ol A [R) JRU B Yl ST B2
f%ﬁﬁ?ﬁﬁ%ﬁ%%ﬁ%ﬁ$mk.'Tm@i:h%
TIE D 2 5 S A DR | AR AR R (L e AR
JITFE A3 BT T 12 250 S R 286 T A 3 26 v ) 1) R
TPV bR AE S BT 5 ( I RUTRR Y BT R Y
W U+ A X ST 28OE 63 75 ) HI 780—
2015 (IEFVTAYY 12 FhaJE e E i F
K H-H JEOR B AF B T R B9 75 ) HI 803—
2016 (7 Y5 23 FH Ml 4 18 R 8E  HEPE AN bR o)
(B3 B) HJ 350—2007""7) Fif A 88 24 28 5 3
R E 3R E, BT O bR E % W ( LPCS-01-1,
AccuStandard ) 7] R 2 SI FEFRIA |, 76 2 (H S T
Rl [ AT IEAREY) T GBWO07390 ( GSS-
34) .GBWO07391( GSS-35) 47 i il 4351 5R
T BG5S 55 B I R 59O (1CP-OES) (L
SR A 45 B AR BT (ICP-MS) MK (5 8 X 548
PTG 3 Fh 7 25 IBRUERE S itE AT T

{8, SR 35900 5 10 K, 25 0 28 M ik
RAERILER 4, K4 T7 16D W 45 AT
T 5611 Grubbs B0 Dixon 1255 4 2H P4 W] S5k 4
JH Cochran J#E4 T4 A1 45HK5 FEARG I, P ¢ Ao
R A A ) B 25 M 22 5 e DA S R R
WSRO ILESYE, & LRk R SR,
WIBHESIFF A 2K, R 4% 4 B0 - S A ¥ (E
CRAIME) B AFRERE S B AR R, g (B 2
PN E B u,, JEECY 0.2~3. 1 mg/kg,
T4 PR E B ORI E A5 R
Tab.4 Values methods and results of the reference

(mg/kg)

materials

Tl
2 4 A

ICP-MS: 37.1, 38.7, 37.7, 37.0, 37.4,

37.7.39.5.38.1,36.5.37.9

" XRF:38.0,36.3,36.1,37.6,35.7,37.9,
38.9.33.9.36.1.,37.4

JLER
SEME v

ICP-MS ;345 365 343 332 335 327 . 368 .
344 322 327
XRF; 334333332332, 337. 332, 333
4, XRF:334.333.332.332,337,332.333, ..,
" 329 331.337
ICP-OES:324 351 330310320 .349 347 .

353,351,354
ICP-MS:506 543,533 ,510,500,493 535,

536,507 .498
XRF: 503, 508, 505, 510, 503, 502, 508,
Fb 507,508 .504 510 3.1
ICP-OES ;488 523 522 484 480,515,513,
520,518 .520
TE T2
JUHR - :
W 25 prrTea—

ICP-MS: 78.3, 78.6, 77.2, 78.4, 79.1,
As 78.8.80.8.78.1.79.6.77. 1 78.8 0.2
XRF:78.7,78.8.77.9,81.4,78.1,79.5,

80.3.77.7.79.8.71.17

ICP-MS:728 722 718 .723 719 735 .726 .
730,725 729
XRF: 724 . 726 . 725. 728 . 727 . 729 . 726 .

129 728 724 21 0.6
ICP-OES:723.735 724 731 732 730 723 .

723,730,727

ICP-MS:1 1421 1511 1421 1461 167,
1164.1170.1155.1 1621 156
XRF:1 165,1 167,1 1771 164.1 167,

Pb 1159.1159.1162.1156.1 156 1159 2.2
ICP-OES:1 154 .1 1661 1531 160.1 169,

1 168.1 145.1 155.1 1631 160

2.4 AHEREWE

FRUERE S AN E BE (w ey ) FEEHTEE (Y
AESE (u,,,) FEMmBEERATEE (u,) LA
Kol FHE S AR E M R RN 2 () 3T




924 b

FE W i 2022 % 6 A

AN Ucgm= =V u’zhar+uﬁh+ulzts s LY AN B 2
JE U o 7R R AR i B B AN B T 5
MUy =k Xty (BRCEAEBER 95% B k=2) 4
P TEAN E JE R LABR ME(ELTT 5 A N 3 AN A 5
£, AT bR iR il s (B BT K PRANEE DL
F 5. MWERIPEHE T UL, B BF HAE 3 ROt R W
AR A 22 B2 LA 0. 8% ~ 4. 6% , R W Hr
YERE (B R , AN B 7 K- 22 H 3R AR
DS A SJERR VAR il 25K
RS ARIERE S BE AR AN E B
Tab.5 Values and expanded uncertainties of the

reference materials

PRI T 7 AR B, A ol TR AR X D 22 24 7 BR
HERLAE B P 10 TP Ak o R 0 - SR T A
AR AT HILJS R BH 8 1~ A2 4 B o i DA S 45 2R mT
D« A SERR AT b 7 P A B R S B Ak T AR
AT, Xof - 3 ) AR BTS2 MR 50N
F6  THEARMEREN pH A HLEURIBH B T A e i
NIREERES
Tab.6 pH,organic matter and cation exchange capacity

of the reference materials in soil

s pH  AHLF/ (g-kg™!) FHES T2/ (cmol (+) /kg)

TO 7.73 13.6 16. 1
T1 7.49 14.5 16. 4
T 7.32 13.9 16.2

T1 T2

seze PR PRA MIXTYT PR §URA XY
(mg-  WElE AT (mg-  BEE A
kg')  (k=2) ®EE/% kg') (k=2) EE/%

As  37.3 1.7 4.6 78.8 2.3 2.9

Zn 338 6 1.8 727 6 0.8

Ph 510 7 1.4 1159 10 0.9

2.5 FHARFHXSRE LT 5

2.5.1  HEMER

FREX 10. 0 g +HEFRAERE & E T 50 mL 195
RIBERRH A 25 mL J6 S ALRR A 7K | A fif
WETER B S R ZUEEE 2 min J5, W
30 min W H pH' "™ S FRIL 0. 5 g T EPRIERE Al L
AR HERINA 10.00 mL (0. 4 mol/L) %
PR PP -BR R VAV, TE VA B T 170 ~ 180 C 4% A%
TFANFA S min B AR NI A S R T A
e 2 250 mL =R, i 048 3E 2 A 7R
FHBR R AR AR T 1A TR0 2 AR L 0, 0 7 AT AL
J5i ( Organic matter) &1, FREL 2.0 g +3EHRifE
B, 0 1 mol/L ZFRRER B S AL B, i 2 1
NH; iR+, OBt L 2R R  # 1-
AERE R 2 PL IR b, I e G BH B - 52 ik i
( Cation exchange capacity) ™'+ 3 {1 B AL 1 o
WMEZERIZ 6, H: pH 7EHHEBEAT IS 2 LZ i 22
/NI B 3R IR 1K T BE S5 AR P B R
KA A K, Hrh CTRET I SR 8. 55 1R
PE A S22 KT 5 55 0P (R A el , EA1 et
SRR A T g ) R (ELE T R AR B 4
A AP A B B —E 2 i EHT pH S
AR (M ZE B KN 0. 41) , U6 HBH P-4 B i i XF
13 pH A& 1 FEI  (H 52 0 8/ s A BB
B S I G AR R, AR AR AL

2.5.2 JTERE=
Ry T B FA B AR X TR i s A
FHAL B T AR AR B P BT R B AT X
Fo, W3R 7, MR ELEE SR W] UL | P4 BRAT S AR
HERE A 24 FPOCE MR PERE BE BTSN, A
A A B, SR Grubbs 32X I i 25 SR 047
REVERL, 25 R R O W B 2E 5, U] AL B
XF SRR ERE A b EE TR & B RN,
KT HERAERE S AR R A T
Tab.7 Comparison of element content of reference

materials in soil before and after reprocessing

LR/ AEY TO Tl iv)
Zr 269 264 269
Y 26 21.5 30.5

80.3 79.8 80.2
Ti 4290 4216 4370
Th 8.8 5.6 11.9
Sr 161 162 157
Se 10.9 10.6 11.5
Rb 105 106 105
p 1311 1 305 1283
Mn 651 654 709
La 33.4 33.1 34.3
Hf 8.1 8.1 7.9
Ga 17.1 17 17.6
Cr 64 63.5 65.9
Ce 70. 6 70. 8 74. 4
Ba 554 556 560
Sio, 63 62.3 62.9
Fe,0, 4.87 4.87 4.99
K,0 2.29 2.27 2.31
Ca0 2.93 2.89 2.92
MgO 1.73 1.67 1.8

T A T A %, HABTT R A THE B0 me/kg.,
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RN G R Hh A S A R R A 775,
SR 7UE S AX AN S B4 /U0 R ) 753 N
APBR W T HA R T e DT A H AR B B
SERRERE S, SR X SR FOOEIEE , Xl 5 1)
TIEARUERE SR OT R T RS0 ARE TR 4R R
WY LIPS ERE S B VAR 3 MG RO R
oIV A 0l 12 A H R E M SRk W
AT E A S 1% T IEARERE A E 1 R4 5 7
AbFE XS IR ME B BN 07— R
] B AR 2 BARHRE g T G T
S RARERE Al 1Y J7 1%, O 1 4 5 SR T A rp 0
19 UK A SR ORI ) S AR RE A B 1 1
H R ST, ARSCILLAR B BRE 3 RhE G
JEICE N BT 1TSS, PR T AR, TR
FH AT R IS, RIS ik A R
2 18] 54 R EL A T (AR 5 5 7 AR DO TE B
) R A AR, AR 52 PR A B R o3 25
A HARIC R 88 B 7 2Ok i # 2 TR IR r
R TR S 7 ARCE e PR AR T Z R UL, skl S I AR
HEP 5 e A e I Y Bl s
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T

AMSTERA

T T T

2-(1,3-“EREHKE)-1-EZHRETEDNE K

RERT XNFF KRB 2L RELAT ET U K
(LRITRERY: L T 525245, 914 I 430205,
2IHFEIE T 250 fb T 525 B¢, #dk 8T 448000)

WE AR R T AR F BRSO R 46 SRR, — SR i R A3 3 2-( 1, 3- A BRI Wi ) - 128 B, 77
XF YA T A e A BRI & IR X OB A AR EA T A . B SRR L A0 300 U T S Sy W, il A A R0
10% mol , bRBUAL A WP 3R EGHT . AL A WILEFIZ: "HNMR F1 P CNMR BRIE, 1207 1 A R AR B PR o =R
BRI RS

SR A AL AR TE T — B 2- (1, 3- A SRR ) - 1K 2B AR

FESES:0625.1 MEAPRIRES A XEHRS:0258-3283(2022)06-0926-05

Synthesis of 2-( 1, 3-Dihydroisobenzofuran ) -1-acetophenone Derivatives ZHAO Mei-ling'* | LIU Qian-gian® , ZHANG Cui-
lan® ,LONG Si-hui™" ,LI Li** ,LIU E*( 1.Chemical Engineering and Pharmacy, Wuhan Institute of Technology , Wuhan 430205,
China;2.College of Chemical Engineering and Pharmacy, Jingchu University of Technology, Jingmen 448000, China ) , Huaxue
Shiji,2022,44(6) ,926~930

Abstract;2-[ (1,3-Dihydroisobenzofuran ) -1-yl ] acetophenone was synthesized by the one-pot reaction of phthaloyl alcohol and
acetophenone in the cobalt catalyzed system.The reaction conditions were optimized.Target compounds were obtained by expanding
the substrates.The results showed that target compounds were obtained in good yields in toluene as solvent with potassium zert-bu-
toxide as base and 10% mol cobalt as catalyst. The structures of the compounds were confirmed by 'HNMR and ""CNMR. The
method is characterized as mild reaction conditions,simple operation,and high yield.

Key words: cobalt catalysis ; phthaloyl alcohol ;one pot;2-(1,3-dihydroisobenzofuran ) -1-acetophenone ; synthesis

FEORTFIRIE S HAT Y R — R E BRI IME RONAE] 2-(1,3- R S AT IRI ) -1-28 Z B i

EW, AT ARA R W R
S TR A1 W 1 117116 R 1 1
HRAE PULERR W DR ) A5 v s 76 Yo RL R 2
T A E Tz, AR E A A LS
B AR, 13- AR RIS N 1,3-2
S5 AT Wk e i (AT ) Y B S RORL W]k — 2P
A EN BT M Fn bt sh koo REREfL 2541 R,
SR Ik Mg S FLA AR R B 25 RN R A T4k
IR IGT . 2-(1, 3- T E S AR T R ) 19K
ST A e — K E B R, 2 3 T
T2 RE,

HETM T 2-(1,3- =& R AR k) -1-58 &
Bl A= W 09 A T ¥k € A A K HiiE ., Barnala
SV IRGE T — R LA A0 P I A R A SRR
M e Ry VIR T P A O A A 50 o 2 Tk

W), 7N 87 % o % TTIET SEAE 0 °C TR R,
JETHRZE 45 °C, H A B, S i £ 4 T it
KT .

ks B EA:2022-01-22;; P 48 B & H #A:2022-03-09
E2WB: WM BHAFTTHE TFFEHANTA
(T2021027) ;FAIZERE T 2= BE R H (2D202105 ) 5 I & 51
TAF B A BIEL 300 5 4 100 F (Y1S202102) 5 H 48 HE T
2R R AR BIH I H (202011336010 ,8202111336023)
YEE BT EIL (1997-) , Lo, NS AR N BT HA: , 2
ST 10 R 259G L 2R

WIS . 2557, E-mail : liue2011@ 126.com,

SIS BER XIFETE, kR 45 2-(1,3- a5 A0t
WRM ) -1-28 B S AT AR i A R [T dk 2R3, 2022,
44(6) :926-930,,



ARIEAE :2-(1,3- A AT - 12K L EZEAT AW 5 1l 927

55 44 45 6 )
i 0
| Ar
Jr Bk Ar
o CH,NO, /B 0
4

SRR
Ar=4-MeC¢Hy 4-MeOC4H;s \4-XCgHs \4-NO,CgHj |
4-CNCgH;
2-(1, 3-SR HIFOR) -1 A AT E A
Synthesis of 2-(1,3-dihydroisobenzofuran) -1-acetophenone

derivatives!”)

Liu %5 R, DL 13- U I 5 0k I Ay J5t
RE, TR 2 e — AL AR 2-(1,3- 5
SERIFFWRIR ) -1- R L EfT A (W ED o 07k
PRAETT R (0% HA 40%

MnO,

0 0
CH,S0.H N
N Z Et,0
R‘{I)O + R | [ M RiL N o //\Rz
7

R, =CH, ,OCH, .X;R, =H OCH,

2-(1,3-ZASHIF RN ) - 12K LR E A
Synthesis of 2-(1,3-dihydroisobenzofuran) -1-acetophenone

derivatives!®

ARSCHESCHR [ 9-13 ] YR L, BT T —5&&
B 2-(1,3- A SR AR I W ) -1-K SR AR
BRER B DASRIR —HIEE (1) IR R, 52K L
FALG Y (2) SR A A R AL —5Rik” i 4 2-
(1,3- A S AIERI) -1 LT A1 (3) .

_/Rl
R! 0 \ 7
CHOH SR o)
9 TR

CH,OH
2a~2g 3a~3g
e a b ¢ d e f g
R! H 4-CH; 4-OCH; 4-F 4-C1 4-NO, 4-CN

2-(1,3- A A I ) - 1- 2 Z WA A A
Synthesis of 2-( 1,3-dihydroisobenzofuran ) -1-acetophenone

derivatives

1 REERS
L1 AR G

MP-100 ZJ 5 A (IRLBE R ZE AL IE , 1L AR W e
/N 7)) 3 Bruker Avance 400 MHz F % 0 Fe PR3 ( Fify
ARG AT

It R 2 o o B o A el s 2
1.2 S5k
12,1 A a5

2k 14] ([ 15] TR RN T 4% 311
mg( 1 mmol ) 4-7RFE-2 6-—(2'-MEEIHE ) M IE %5 i
T 20 mL I EE-— A W BRI (VP EE) -

VZEH ) = 1:4) A 2 mL & A 350 mg
(1 mmol ) FREFIRES (Co( SCN), ) By H B W, TR
AW FES R 108 IE R 2R K 4 d, 155
O [ A, ok U8, P Bk, T, R AE
421 mg E LT, 72N 72.3%, m. p. 159.5 ~
161.2 C ,&5#=X T~ ,

NS | SN
k&N\éo/l\}\/
Neg SN
S LRI 26 2
Structural formula of cobalt catalyst
1.2.2 2-(1,3- AR5 RIF0Rm) -1-28 L AT A=
Y& G 12

4 mmol 44 JEAEALFFT 10 mmol AU T FEERTE
FR T EFT 30 mL HRH FAIA 50 mmol 48
R T HEEFT 40 mmol & LT Y (2a~2g) , 9K
Ja IR 24 h, W EEH )G B HI B SR, £
W, AR A s A S E (VR CTR) ¢
V() = 1:3) B4l dh, A2 2-(1,3-—
AT ARIEIRIE ) -1- R LW (3a~3¢g) .

2-(1,3-ZE AT ) -1-4K LT (3a) 26
0 [ A, 72 % 89. 5%, m. p.79.5~80.2 C (X
Mk :80~81 °C), '"HNMR(CDCI,,400 MHz) ,
8:7.99(d,2H,J=8.5 Hz);7.57(t,1H,J=8.0
Hz);7.47(t,2H,J=8.0 Hz);7.30 ~7.24 (m,
4H);5.91(d,1H,J=5.2,2.7 Hz) ;5. 15(dd, 1H,
J=12.0,2.2 Hz) ;5. 11(d,1H,J=12.0 Hz) ;3. 54
(dd, 1H, J=16.0,8.0 Hz);3.37 (dd, 1H, J =
16.0,4.0 Hz), “CNMR ( CDCl,, 100 MHz), §:
197.6,141.5,139.3,137.1,133.3, 128.6 (2C) ,
128.3(2C), 127.8,127.5, 121.6, 121. 1, 80. 2,
72.7,45. 4,

2-(1,3- &0 5 AT WM ) -1-%F F L4 2 i
(3b) : A EEAR, 725 91. 3% ,m. p.70. 6 ~71.9 C
(S f:71 ~ 73 °C), '"HNMR ( CDCL,, 400
MHz) ,6:7.90(d,2H,J=8.0 Hz) ;7.33~7.21(m,
6H);5.90(td,1H,J=5.2,2.8 Hz) ;5. 15(dd, 1H,
J=12.0,4.0 Hz) ;5.10(d,1H,J=12.0 Hz) ;3. 52
(dd, 1H, J=16.5,7.3 Hz);3.34 (dd, 1H, J =
16.5,5.2 Hz);2.40(s,3H), “CNMR ( CDCI,,
100 MHz) ,8:197.6,144.1,141.6,139. 3,134. 8,
129.5(2C), 128.5(2C), 127.8,127.5,121.7,
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121.1,80.3,72. 8,45.6,21.7,

2-(1,3- 55 AT R M) -1-%F F AU LR 2 i
(3c) AR AK, 7= % 91. 4%, "HNMR ( CDCl,,
400 MHz) ,8:7.96(d,2H,J=8.0 Hz) ;7.33~7.20
(m,4H) ;6.93(d,2H,J=8.0 Hz) ;5.88(td, 1H,
J=5.2,2.7 Hz) ;5. 14(dd,1H,J=12.3,2.2 Hz) ;
5.09(d,1H,J=12.1 Hz) ;3. 86(s,3H) ;3. 50(dd,
1H,/=16.0,8.0 Hz);3.29(dd,1H,J=16.4,5.2
Hz), “CNMR ( CDCl,, 100 MHz), §: 196.5,
163.7,141.6,139.4,130.7(2C), 130. 3, 127. 8,
127.5,121.6, 121.1, 113.8 (2C), 80.4, 72.7,
55.5,45.3,

2-(1,3-Z & 7 R JF kg ) -1-%F 380 AR & T
(3d) : A E A, 75 88. 6% ,m. p.73.0~74.7 °C
(k' fH:73 ~75 °C), "HNMR ( CDCl,, 400
MHz) ,8:8.01 (dd,2H, J=8.0,4.0 Hz);7.33 ~
7.22(m,4H) ;7.13(1,2H,J=8.0 Hz);5.89(td,
1H,J=5.1,2.4 Hz);5.16(dd,1H,J=12.3,2.2
Hz);5.10(d,1H,J=12.0 Hz);3.51(dd,1H,J=
16.0,8.0 Hz) ;3.32(dd,1H,J=16.0,4.0 Hz),
“CNMR(CDCI,, 100 MHz) ,8:196.5,165.9(2C) ,
141.5,139.3,133.7, 131.2, 127.8 (2C) , 121.4
(2C),115.9(2C) ,80.3,72.7,45. 6,

2-(1,3-Z & 7 A I Wk g ) -1-X%F S R 2 T
(3e) : A EA 723 86. 5% ,m. p.78.2~79.7 C
(CHK . 79 ~ 81 <€), "HNMR ( CDCl,, 400
MHz) ,8:7.98(d,2H,J=8.0 Hz);7.42(d,2H,
J=8.2 Hz);7.32~7.20(m,4H) ;5.88(td,1H,J=
5.0,2.3 Hz);5.14(dd, 1H, J=14.3,2.2 Hz);
5.08(d,1H,J=12.0 Hz);3.49(dd,1H,J=16.0,
8.0 Hz); 3.28 (dd, 1H, J = 16.0, 4.0 Hz),
BCNMR ( CDCl,, 100 MHz), 8: 196.5, 142.1,
139.8,139.4,135.7,129.2 (2C), 128.6 (2C),
127.4,127.1,121.6,121. 3,80. 1,72. 6 ,45. 4,

2-(1,3- & 5 AR T R g ) -1-X%F i k28 2 i
(3f): e [ R, 7= % 79.6%, m.p. 119.4 ~
120.6 °C ( SCHR . 119 ~ 121 °C), "HNMR
(CDCl,, 400 MHz) ,5:8.31(d,2H,J=8.0 Hz);
8.14(d,2H,J=7.8 Hz);7.33~7.21 (m,4H) ;
5.85(td,1H,J=5.0,2.3 Hz);5.15(dd, 1H, J =
14.1,2.1 Hz);5.06 (d, 1H, J=12.0 Hz);3.57
(dd, 1H, J =16.0,8.0 Hz);3.38 (dd, 1H, J =
16.3,4.3 Hz), “CNMR ( CDCl,, 100 MHz), §:

196.8,150.3,141.6,141.2,139.7,129.5 (2C) ,
128.1,127.5,123.6 (2C), 121.5, 121.2, 80. 2,
72.7,46.0,

2-(1,3- A 5 R IF W R ) - 1-XF 50 56 2K 2 il
(3g) : A A 754 81. 4% ,m. p.131.2~133.7 °C
(SCHR 132~ 135 °C ), "HNMR ( CDCI, , 400
MHz) ,5:8.10(d,2H, J=8.4 Hz);7.78(d,2H,
J=8.2 Hz);7.28~7.26(m,4H);5.86(m,1H);
5.11(m,2H) ;3.52(dd, 1H, J=16.6,7.6 Hz);
3.34(dd,1H,J=16.5,4.4 Hz) , "CNMR(CDCI,,
100 MHz) , 6: 196. 8, 140. 9, 140.2 (2C) , 139. 3,
132.7(2C), 127.2,121.5 (2C), 121.3, 118.0,
116.7,80. 1,72.7,45. 8,
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Tab.1 Effect of solvents on the yield of compound 3a
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Tab.2 Effect of bases on the yield of compound 3a
0 Na,CO;  EtONa  t-BuOK  DBU  =ZJ%
PR/ % 56 79 89.5 63 47
2.2.3 AR B0 SN R S
TER NS AR e, 25 4 1 A5 X 7 %6
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Tab.3 Effect of catalyst amounts on the yield of

compound 3a

HEAL T /% mol 0 5 10 15 20
AR/ % 22 78 89.5 88 87.2
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FE . DISELL MR IR R, 4 A5 3 N-(2-F AR BEEL) (e, FEmMR A A T 5IRH IR = B84 Pictet-Spen-
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Improved Synthesis of Rutaecarpine CHEN Shi-yun', GAO Yong-hao*, WU Zong-hao", GUI Shuang-ying®” , HE Yong™*’
(1.Analytical & Testing Center, Hefei University , Hefei 230601, China ;2. Anhui Province Key Laboratory of Pharmaceutical Prep-
aration Technology and Application, Hefei 230012, China; 3. Department of Pharmacy, Anhui University of Chinese Medicine,
Hefei 230012, China; 4. Hefei Huafang Pharmaceutical Technology Co., Ltd., Hefei 230088, China; 5. School of Chemistry and
Chemical Engineering, Hefei University of Technology , Hefei 230009, China) , Huaxue Shiji,2022,44(6) ,931~935
Abstract ; N-( 2-aminobenzoyl ) tryptamine was firstly prepared using indigo and tryptamine as the starting materials by condensa-
tion reaction.Then,7,8,13b, 14-tetrahydroindolo [ 2’,3":3,4] pyrido [ 2,1-b] quinazoline-5( 7H) -one was synthesized using tri-
ethyl orthoformate in the presence of sodium bisulfate following the Pictet-Spengler reaction.Finally,the rutaecarpine was prepared
by aromatization with a total yield of 55. 8%.The target compound had been confirmed by using 'HNMR, ”CNMR and ESI-MS.
Our improved processes have the merits of mild reaction conditions, simple operation, easy availability of raw materials, and low
costs, which are suitable for industrial production.

Key words : rutaecarpine ; cyclization ; Pictet-Spengler reaction ; synthesis ; improvement
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FF L% 7 P 5 R 7S PR Bl IR e I ) Sz o 4 A3 5 2
BB (LR £) o SR 2- 5504 H IR FH R s ) 75 22
AN B B8 UE 45 3 Rao 26110 1 2 (i e 4t
PR I T TR M G , ek ) & R s I il £ D
W(A), BB =9 2 B2 IF ( TFAA) {2 3F Y

0
{ NH, . @\)%R Z. 54
f N NC HN-/
H

0 N//\N
{ NH, . @O ZER 0
g N N’J\o HZ, =PI 400
H H kA
=RZBE Y ou
A5 0" N ] N
WK
0 0 OEt 1
OEt
NN BIFJE R N N0
N WAk H 1\‘1
LD hEAC
C IR N o
1
o F
NH 1-Z3-3(3- =% »\Q
i@EC 2 HOOC VRt — W §
N Y F 1R = N
H NH
D
78C F io —RARTIH £ N N
-t RAEA 070N
=mEmer N~ N '
CN 1
HE{AE

Synthetic route of rutaecarpine!*"

Pictet-Spengler X I 3 C A HYIE L (BE 2k g) 5
Kwon 2 DU IR B A JEORE, 76 #3:3877) NaCN
YER T &R C, He 2 4 s e B/C 3
AR (R h) ; Liang 251" DLE M 5
Bl FE 1-FRIETR T = AR W SRR Eh A R
SRR R4n 5 B )k D 7E-78 C &M
5 WA AR H A OCHE h MR B, B
B C/D A E Y 1B 1) .

2R L, B E PR 1T A A e
P IR B D | B GRS O TR 2 Ha R A 4% M
DIARAS G s S Jid | ik AT 8 5 B A ) B 1 B
B, Envet g s BE s RE HE 2,

ASCUMASAE R kL) 15 1Y e 2L RR I | 0t
ZAR AR N-(2-Z BRI L) (Al (2) (&8
RS, A 2 5IFH IR = O lE— ik
#c/D WAL 7,8,13b, 14-PU A B[ 27,3713,
ATMERETF[ 2, 1-b ) s mEpk-5 (7TH) -BR (3) , B 5 75
el s Bhr= 9 1, & g2 BIR, %
P& HAT A B S | RN A5 IR R BT R
AT Tk fb il 4

FACHUCHR ) 5 L 2R

Synthetic route of rutaecarpine

1 SEWHH
1.1 FEAER S

Agilent 1290 AU & HWAR (435X ( 56 [ 4
48 7 ) 5 AB4000 HY = F DY A% AT 5 BE R 3% 4%
(ESI+I, 5E[E ABSciex 24 H)) ; AV I 400 MHz Fll
600 MHz %I #% i 2 9= { ( DMSO-d, J ¥ 5, TMS
FAR , FEE Bruker 23 F]) .

BELLIRIT (0 (98. 5% , bW T A= bRt
Hm AR A JRH R = R B R = 80 .
DMF G 8 bIRE | LB, W 5 TR TR L IE
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CE (orhral, B 255 Ak 220 A BRA D) .
1.2 SO A R g A e
1.2.1  N-(2-Z AL ) (i (2) BYA B

TE=FUHAMA 16 g(0. 1 mol ) A% 16.3 ¢
(0.1 mol) HE £ BF A1 100 mL Z B, 4 8] 3
2 h, TLC K S N AR FE V(LR TER) :V(IED
Pt )= 1:3, RO 2535, I He s 41, v 20 B
in JHIETF R 25.6 ¢ KH AR, 7K 91.7%,
"HNMR ( DMSO-d, , 400 MHz) , §: 10.81 (s, 1H,
—NH);8.32~8.33(m, 1H,—ArH) ;7.58 ~7. 59
(d,1H,J=7.8 Hz,—ArH);7.45~7.46(d, 1H,
J=7.8 Hz,—ArH);7.33~7.35(d, 1H, J=8.4
Hz,—ArH) ;7. 18(s,1H,—ArH) ;7. 11~7. 13(m,
1H,—ArH);7.05~7.08(m, 1H,—ArH) ;6. 97 ~
7.00(m,1H,—ArH) ;6.68~6.70(d,1H,J=8.4
Hz,—ArH) ;6. 48~6.51(m,1H,—ArH) ;6. 41(s,
2H,—NH,);3.48 ~3.51 (d,2H, J = 7.2 Hz,
—CH,) ;2.92~2.94(d,2H,J=7.2 Hz,—CH, ) ,
BCNMR ( DMSO-d, , 100 MHz) ,6:170. 07,150. 84,
137.49,132.76,129.25,128. 54, 123. 81, 122. 16,
119.57,119.46,117.56,116.22,115.77,113. 24,
112.61, 41.05, 26.47, ESI-MS, m/z: 280.6
[M+H]",
1.2.2  7,8,13b, 14-PUE MWL [ 27,37 :3, 4 itk
W[ 2, 1-b ] MEMEK-5 (7H ) - (3) FIA

TE =S IIA 2. 79 g(0. 01 mol) H{A 2,
4.5 ¢(0.03 mol) Jit iz = £ Tig.20 mL DMF,
0.5 g(4 mmol) HRER Z 8, INFZE 100 °C ,4 h )7,
TLC Wil B FEE V(LR OTR) < V(IEE %e) =
1:3, RS HE, A 50 mL 7K (100 mL 2R 2,
B, 3 B MR, K8 08 s [T 7,
WL e R 2.3 ¢ K H 6k, R
79.5%, '"HNMR ( DMSO-d, , 400 MHz) , 8: 10. 87
(s,1H,—NH);8.20~8.22(dd,1H,/=8.0,1.2
Hz,—ArH) ;8. 10(s,1H,—ArH) ;7. 79~7. 84(m,
1H,—ArH);7.61~7.64(m,1H,—ArH) ;7. 54 ~
7.58(m, 1H,—ArH);7.34~7.36(d,1H,J=8.0
Hz,—ArH) ;7. 13(s,1H,—ArH) ;7.05~7.09(m,
1H,—ArH) ;6.95~6.99 (m, 1H,—ArH) ;4. 24 ~
4.27(d,2H,J=7.2 Hz,—CH, ) ;3.12~3.15(d,
2H,J/=7.2 Hz,—CH,) , “CNMR ( DMSO-d,, 100
MHz ), &: 160.66, 148.40, 148.34, 136.72,
134. 68,127.59,127. 46, 127. 40, 126. 50, 123. 82,

122.05,121.56,118.90,118.73,111. 95, 110. 63,
47.22,26.47, ESI-MS,m/z:290. 1[ M+H]*,
1.2.3  REHRIE(1) AL
TEFREBSR A IA 2.9 g(0.01 mol) Ha]{A
3,100 mL & H5E .2 g(0.02 mol) jF A LR 2,
FRBEFE 2 h, TLC MM R W R V(LR OTR) ¢
VOECKE) = 1:4, REEH )5, A 50 mL /K, 73
WA HLZ KV, T8 i RIS 710,159 2.2 ¢
@[5 A, 7= &K 76.6%, 'HNMR ( DMSO-d, , 400
MHz),6:11.90 (s, 1H,—NH);8.16 ~ 8. 18 (d,
I1H,J=7.8 Hz,—ArH); 7.80 ~ 7.84 (m, 1H,
—ArH) ;7.65~7.70(m,1H,—ArH) ;7. 47 ~7. 50
(m, 1H,—ArH);7.25~7.29 (m, 1H,—ArH ) ;
7.08~7.12(m, 1H,—ArH) ;4. 44 ~ 4.48 (d, 2H,
J=7.2 Hz,—CH,);3.17~3.20(d,2H, J=7.2
Hz,—CH,)., “CNMR ( DMSO-d,, 100 MHz), 8:
161. 08,147. 84,145.78,139. 12, 134.91,127. 57,
127.07,126.92,126.47,125. 36, 125.22,121. 18,
120. 44, 120.21, 118.34, 113. 03, 41.29, 19. 40,
ESI-MS,m/z:288.2[ M+H] ",

2 H#BR5HR
2.1 B3 AR A IR %

PAF= 3R B ELARhR b G4 3 A B R T Y
ST AT EL, DL DMF RIEH], n (tb&W
2) sn(FREIR) = 123, [ RS E 2 4 h, 2
MR A 100 °C X5 PR AR5 37% H K 5T i
HR =l JRH R =W ls 2 B BT 552,
SIGLER LR 1, R 1 ATAL LA 37% S K %
W22 AR IR, A A5 B T ™= 5 LA
J R R = TR AN T R R — R R AE R PR 1), DR
H R = 2L 7 4 J5 R = VR R 0, TR L o8 Dt
HR = CBRIE ARG IR

R ORERFXLAY 3 7R 0
Tab.1 Effect of cyclization reagent on the yield of

compound 3

Hainl 3  EmEm R
WEk Amm SRR o m g
FEHS % JE IR 79.5 62.6

LAY 2 5 37% P K A At 2
JLFEALEY 3 R PR E—ARAL G,
2t ESI-MS Kl 4374k 292. 7, e &4y B 15 5] 1
L A, 26 NMR 3K 75 2 LR £0dE . "HNMR
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(DMSO-d,, 600 MHz),8:10.83 (s, 1H,—NH) ;
7.67~7.69(d, 1H, J=7.8 Hz,—ArH) ;7. 63 ~
7.65(d,1H,J=7.8 Hz,—ArH) ;7.33~7.35(d,
1H,J=8.4 Hz,—ArH) ;7.23~7.26(t,1H,J=7.8
Hz,—ArH) ;7. 18 (s,1H,—ArH) ;7.06~7.08 (t,
1H,/=7.8 Hz,—ArH) ;6.98~7.00(t,1H,J=7.8
Hz,—ArH);6.71 ~ 6.74 (m, 2H,—ArH) ; 6. 66
(m, 1H,—ArH); 4.56 (s, 2H,—CH, ) ; 3.37 ~
3.70(d,2H,J=7.2 Hz,—CH,) ;2.95~2.97(d,
2H,J=7.2 Hz,—CH,). “CNMR (DMSO-d,, 150
MHz ), §: 163.17, 149.43, 136.66, 133.19,
128.23,127.59,123.23,121.39,118.81,118.71,
117.94,116.57, 114.90, 111. 89, 111. 82, 59. 39,
45.99,23.81, Z5& CHR[ 13 ], M KL &Y
g 3-(2-( 1H-M5|W-3-3 ) £, 5k ) -2, 3- 2 & s A pf-
4(1H) -Hi , Z5F a0 E s

(o]

0
Ng H

KAMEE Y e
Possible structure of unknown compound

2.2 HEfAR 3 ATRES LA

1ES % 22 ML Pictet-Spengler IV , & B b
T T AL A BB 5 55 B RN LR Bron-
sted fi2 Fl Lewis B2 AR 7] L) 1% 4k 4 B # 4k Pictet-
Spengler L 4T, it R & A A& — FP AN B 2 15
FeE MTCHLIR , REREMEAL & AL B9 3, T RE S
HLEEIL R

HN ~ o7 N0

Py
w Y
-EtOH
NH C;
)

§H
N
S
NH
N, :

un HN

b%o

o™
+ 0)\0
S

H* NH
Pictet—Spengler =
R NH

7,8,13b,14-PUE M| [ 27,37 :3,4]
MEBETF:[ 2, 1-b ] WEMRBHK-5 (TH) - 5 SR HLEE
Synthetic mechanism of 7,8,13b, 14-tetrahydroindolo
[2',3":3,4] pyrido [2,1-b] quinazoline-5(7H) -one

3 it
ARSCUABELLTRIT | (il o J5URL 2846 45 1 25 V-

(2-F AR WAL ) i TEmR E AL T, 55
R = CERIA G wa A B BT RAC IR, 77
4 ESI-MS 'HNMR A1 "CNMR #fiiE T H.454 ,
THE TARFE G- BRI, & g dt 3 2, ix
Dk R AT, B THEAE ., BERSIE K
TR OB A 7 R DL Stk — 25 i AR B
BLE T W BELA

SE .

[ L] FA R, ™47, WA, 45 5% 24 88 Ja AF ) o s 1ee ok A= )
) A1 A= S AN 2 5 i [T ] AR B IR PR
2:42,2019,28(4) :84-98.

(2 IR AR NSO, 2550 22 ) 45 5 T 190 246 24 T 2 11 B 32 -
SR SR YT Ol A SR LR BT (D]
H 2% 2020,51(1) :109-117.

[3]EARF RIHA] A . 5 4 B bl ) & itk e [ 1]
A HLAEE,2006,41(10) « 1 437-1 443.

[4]NGUYEN T T,NGUYEN K X,PHAM P H,et al.Copper-
catalyzed synthesis of pyrido-fused quinazolinones from 2-
aminoarylmethanols and isoquinolines or tetrahydroiso-
quinolines[ ] ]. Org. Biomol. Chem. ,2021,19(21) ;4 726-
4 732.

[5]LI J,WANG Z B,XU Y, et al.Catalyst-free cyclization of
anthranils and cyclic amines : One-step synthesis of rutae-
carpine [ J ]. Chem. Commun., 2019, 55(80) ; 12 072-
12 075.
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51(16) .3 160-3 170.

[8]JIA F C,CHEN T Z,HU X Q.TFA/TBHP-promoted oxi-
dative cyclisation for the construction of tetracyclic quin-
azolinones and rutaecarpine[ J ]. Org. Chem. Front. 2020,
7(13) .1 635-1 639.

[9]COLLET J W,NOL E,ROOSE T R.Synthesis of quinazo-
lin-4-ones by copper catalyzed isocyanide insertion[ J].J.
Org.Chem. ,2020,85(11) :7 378-7 385.

[10]JRAO K R, RAGHUNADH A, MEKALA R. Glyoxylic

acid in the reaction of isatoic anhydride with amines; A



55 44 45 6 )

WAt 22 45 RAR KRS I T ik 935

rapid synthesis of 3-(un) substituted quinazolin-4(3H) -
ones leading to rutaecarpine and evodiamine[ J . Tetra-
hedron. Lett. ,2014 ,55(43) .6 004-6 006.

[11]JKWON S H,SEO H A,CHEON C H.Total synthesis of
luotonin A and rutaecarpine from an aldimine via the de-
signed cyclization [ J |. Org. Lett., 2016, 18(20) ; 5 280-
5 283.

[12]LIANG L N,AN R,HUANG T,et al.A simple approach
for the syntheses of rutaecarpine and its analogs[ J].Tet-
rahedron. Lett. ,2015,56(19) .2 466-2 468.

(13 VMRt A 55 , R 7 T, 5 R R 2 VR % 4 4 W 1 R YR
AR A )] AR, 2019,41(10) < 1 098-
1 100.

[14] 22800, 5RAS X R ik, 55 2- TP 4803 5% 2 B R B Y 7
WA T AEFI50),2011,33(11) ¢ 1 001-1 002.

[15] EBRK, BRAR, BLE . 4-(4-BURTE L) B I-6,7-—
Y S s WA RRAYT A 0 15 15 0 PR s A5 [T ]
fb2ARF),2019,41(12) ¢ 1 233-1 238.

[16] 5K, X325, 28 8. AR B A (el ( S) -2-
(1B BN HE ) -5-5-3- 2554 (3H ) - R K T = 36 &
FRER I G I B AR S5 F RAE [ 1] 46223571, 2019,
41(11) ;1 197-1 200.

[1715RIM I, 4, 2R PRt , 25 6- 52 FE-7- P 4 56 s e bk 11
BT AR, 2018 ,40(4) ;383-388.

[ 18] BERGMAN J,BERGMAN S.Studies of rutaecarpine and
related quinazolinocarboline alkaloids[ J].J. Org. Chem. ,
1985,50(8) ;1 246-1 255.

[19]LI Y Z,FENG T T,LIU P, et al. Optimization of rutae-
carpine as ABCA1 up-regulator for treating atherosclero-

sis[ 11.ACS Med.Chem.Lett.,2014,5(8) :884-888.



936 o2l A 202246 A

DOI:10.13822/].cnki.hxsj.2022008905 iR 7,2022,44(6) ,936 ~940

MEBEMBERE DT IE

ARgER? Fmk S X)X ke B AR
(LMK 255 05 FN 21316452 AW AL TAT I\ ES R AR TR 7T %I 213164)

FEE DR GRS RN R Ikt o) B AL SO R SR SN R AG SR & 1 T BRI A IR R T me A A UL,
EMATHEBRME R T L e 1B s , RORYE 5 T HFE], fRde T 8 A0 Nl 8 v 5 R 2k 42 1) [l 8, 4R R
FIPRIE T N B e 4, HIARRERE 3T LA, R R I ol kA P44t T 5% . WA RA T HPLC 77 fh b 45 04, 1
TERBINTFR , 53 BB EAT , S 7= SRR Ik B 21 B A AT 4Rl — 2 52

KRR R AR 5 HESE 5 B s R OB (L 12 5 20 Hr

FE Y2 E:TQ246.3 XEFRIRA A X ELRS:0258-3283(2022) 06-0936-05

Synthesis and Analysis Method of Phenylhydrazine Sulfate QI Kai-ni'”,GU Shun-lin' ,LIU Jian-wu'?* , ZHANG Yue* | YAN
Sheng-hu *"*(1.School of Pharmacy , Changzhou University , Changzhou 213164, China;2.Continuous Flow Engineering Laboratory
of National Petroleum and Chemical Industry,Changzhou 213164, China) , Huaxue Shiji,2022,44(6) ,936~940
Abstract : Phenylhydrazine sulfate was synthesized through diazotization reaction, reduction reaction and acidification using ani-
line, sulfuric acid,and sodium nitrite as raw materials. The optimal synthesis conditions were explored. A continuous flow micro-
channel reactor was introduced for the diazotization reaction,which greatly shortened the time and reduced the risk of thermal run-
away caused by the strong exothermic diazotization process ,therefore it ensured the safety of personnel ,reduced energy consump-
tion, and saved cost. Our research results provide references for the industrial manufacture of phenylhydrazine sulfate. Besides,
HPLC detection method was also established to analyze the product,the peak shape was sharp and symmeirical , indicating good
separation effect, which provided reliable references for the purity analysis of phenylhydrazine sulfate.

Key words : phenylhydrazine sulfate ; continuous flow ; synthesis ; HPLC ; analysis
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etk A DR A 5% 22 U7 i Bk AT TR B
GO B T S s b B AL
SAARE Z T

ARSCVAZ NG A PR B B R 0 R, 28 0id o
RAL 5 FRAG A SN B AR E , e
A SN 3t HAT T R 5 2 K e S R T
THREFR AR EL TR G W T2, i U R
EFE AL BREAT T IR ARAHRTE . R T L BA AR
(RO N XTI PN I W

1 SKIGEBSY
1.1 FEAUEE 5

TBP-5002SF #AF FE T4 5 (1 1fF W) A= 4 42
AR BR D) 5 MR ARR Y 1 S80BAH 23543 (b
SRPHNEAERHA A F]) s DL-180E Y 75 % i
Ve ( LSRG RAF]) s 540-1] WAt
B ( BB C R A RA A ) ; FA2204 UL+
TR CH MBI B T A BRA 7] ) 3 ST-HC-
F100 % 4 Ja folc 18 s 1 (VL3 JEAS B A A Rt
HABRAA)

HWE Ay M Ak, B R LR YR A R A
F)) AR BN (AT al, BT R T A AR
WA RAT]) BRER (95% ~98% , B 1l 4 i 7 A
BRAT]) s WARRR 2B (S0 Afral) i (i al) |
M (ke (B R E AR (L) ABRA
A S BERR (3Tl , Kgeiife 2=l =) ) s |l T
TR (3BT 2l 1 38 ks 20 4k 2 b AT BR A
A s EEFKCEREASD .
1.2 LRt

VPR 5 R T A VA U (IR ) 12 DR
1, W ASRREN /K W (2R 10 R Skt 2, Fp A
R AR EE, E R E s, iR S
SRR 1 JERE 2 56 T AHGE T8 R A Y TS X
R ECRE 1 SR 2 T B — e IR S, kst
HEA O X AT 3 R A SN, 7 22 A R S TR
AR AT R, AR p R AR
RISV I BN R B N —
BfR], Tl 22— B, A SR R 4 RS, A

NH, N;HSO;
©/ + NaNo, + H,S0,

NaHSO, NHNH,: 1/2 H,SO,
H,S0,,H,0 ©/
ST R

Reaction equation

1.2 J50RHEE ;3 4 0B 525 6. B2 X
7RI ;8.7 P AR X
TEL S e (F A B )

Continuous flow reactor ( diazotization reaction)
S Z A B BRI W AT R AL, TE — R IR
RN —E B ), RSN S IS Ve ) A A AT
IR, TR AR o7 RN e
TR AR Y ] HPLC #4758 Wil

2 #R5ite
2.1 HEARNAHRE (GELL)

RSN R T % 22 I G 1 B N A, AR
KFEEE T AR B & Bl i | J Ak Sy
i I I k435 457 B B ] B ZRUAh S o B A A 1
X G R A B S e, SE R A5 SR AN 1~ 5
N, FE R R R kT A LLOR MR A 2l
BRI, O F A SRV A PR S M T A
RIGEZEA LRI (1) WASER AN &, 24 W AY
PR BN A D I BN N8 58 4, AR R Ak FH K
20 S FEEELERI RN A A Y n (R -
nCIERSEREN) = 1:1.05 B, =4 7 R e i s (2) B
2 i, WG DL R 255 TR 5 AR 5 T 5 1, >4
n(RRE) sn(w=15%MEIR) = 1:1. 2 B i fES
5 (3) AUk SO By B 8 SO i 3 88, S PR o o
SYECR 15% ), T LA R 200 BAR =9 (4) 45
BRI [E] , 5% B8 Bof ) o 0, JEOREA R 58 4 I T, 45 B
B ) o, R AR 22 00, LA BA EHIE] 80 s
I (5) EALR NI, i TR E A5 A

66

62

7= %

581

54

171 15105 L1 115 1112
n(ERE) : n CERBREE)

1 MV ASFREN AT RS KL Y52
Fig.1 Influence of the dosage of sodium nitrite

on the reaction
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n(FERE) : n(0=15%HE)

2 ERALBETHRRR (w = 15% ) FAER R0 BRI
Fig.2 Influence of the amount of sulfuric acid (w=15%)

on the reaction in the diazotization reaction
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B3 E RIS s BRI S RO o 4 5
Fig.3 Influence of sulfuric acid mass fraction on

reaction during diazotization reaction
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Fig.4 Effect of residence time on the reaction

=R 1%
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Fig.5 Effect of diazotization reaction temperature

on the reaction
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25 Clefd, L5 bR, A% 2 i Fe A 55
Fan(RRE) sn OEASEREN) = 1:1. 05, n (AR HE) -
n(w=15%MBRR )= 1:1. 2, 8 R&AL S0 I 5 R
A 15% , 15 FE B IE] 80 s, AR Ak S N i B
25 C,

2.2 BRIV SR RN AR AR E (TE )

W JFE S TRAC A KWK 581 348 D S ik
JE FRAGIRBE A SRS ) | STV R R A P
SN A BB R A JHE A 5 ) (TR ) |, S 5 S 4
B 6~9 FTw, H b g e 4 k7= 5% LUK e 31 35 r
1, Gl BER I, N T HRUEF= R HId/ D BERE 18
JE R I B 5 R A T R B AR, AN RE I
[ Fsf 2% J52 J52 7 B i) ek 0] 52 07 AR 5 4, s i) ol <
AR A, S B ETRE, U358, NaHSO,
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