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AT A IR - S I A AN SE TR SR B A 43 T L DR BC B S AR R R K AR ST TR AR R A AR HL O, S AR 25 g
W LR AR BT T pH L HL O, F S S IR R0 2 st (1] 45 R 38 b S Ak IS 1 52 W) 225 R 3% WA, 7 T 2K ok
J¥ 4 1.00 mmol/L, i B & ¥k & 0.05 mmol/L.H, 0, #E & 30 mmol/L.pH 7.6, 50 °C.5 h & &M4TF,2,4-—
SR BR R B K K 84.8 % (WL H 7.8%0) , H AT I RBRFEE/N N 291 % (W) K LI AR L HZRIA
F 3 2 12 BN A R TP Y T T SR

KR :3.5- UK S s HL O, s B 2835 e )

FESES 0413 MHE AR SR A

1y 24k B 2 1 K TR E UL A BILTS Y s A AN A BR5E AR | B0 T SO W AR S BLAR R AR
1991 4%, [ TR AR Y 2, 4- 500 2.4, 6- = Sy L LGB L SR DR B R0 0T i 5 B g A\ IR B AR S s e
2 B TR KPP AR e ) I A R 2 R R A A R RN AR (e LA R R T A A W AR R K
PR R 2 R R A A A I T A B BR EE L DR AT 22K T 2 R Ak Oy T R BR K ) X S T Ak G
Y, WO I A B s AR O A AL R L AR IR Ak R N AR S A L AR
R T DR R AR A A A CAn v R R ) A e A B B AR BRI T L)z AL

R L, 3R Ak A R M 4 ELAE IR RSN A5 PR T LA B 39 e 1 A A 790 2 P K A B 1) o BRI O H AR 2 —.
VTR WY R A 1 4 R B 5 R R C S ) B R R A AR T R e PR AR AR I 5 R B LR
Tl 9 Bk 4 J TC A A S RS RLaed AR 0 it E 3 AN [i) 2 T 39 1 7 S AR v B 28 b W 3 R DL AE HL O, R
PO s XU A T 3 Bl e R SR G TC A 0 5 R R BB AT A B KV R e Y RT L R v b A AL
ST FE T < R B S TR A A A R R B RS SR R A 2 R 3R B U SR B TG S 0
R 1 R SR A T ELA ARG AR A O s R AR S T 3 R SR A G A L A5 R R LB AT HLA B
MR A AL ¥ i CHRP) B J) B8 7T DL fb H. O, %Ak BT 38 1M #2. 8% T, 3 28 AJF 5% iF A7 76 7% 38 & I iR
JE (80 “CHM 1 AR BURAN 1 (22,0 %0) T 45 [ JL, A B, 46 578 K V6 0 P T AN S B 45 1 R B R A AR T
P 114 4 Ja8 T R BT £ 400 320 5T B A AN 43 3 1) AT 5T

AT T 3, 5- IR KA TN £ T e J&5 5 Bl B L4 e 45 490 1 22 R R AE HOR T2 Bouk 58 77 85 5% e 1 I
A G5 0 0 B BE RN S5 K, UL IS M R A AR B 88 T ARG A W e K AR TR TR R &R R AL HL O, XSk

I fs B H#3:2020-03-15; & Bl H #3:2020-11-30.

HE2WH b EE )RR L4 (2018M632783;2019M660589) 5 ¥ g Uyl A 2 1+ 7 B 2 42 (5101219170124) 5 ] B I 7
K2 JERHF 2 3% (5101219470210) 5 VA /D8 K 2% AE B2 Bk 42 (5101219170307) 5 18] 7ig Uil 9 K 2% K2 4=
BT ZRI H (20190132) ;75 Y 2 il 55 B8 WAL F 5% [ 5 2 5 92 30 = JF i 2 4 (PCRRF18028).

EE B (BISIESE) 2 8% (1988 — ), B, 1l g =2 25 A, 10l g U S 2% (0T, =4, 40F 5 7 1) A 7K o 5 LTS G 9 1 2 B %
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M 275 G W 1) S AL gt R 0 JF X pHVHL, O T EE 52N i B2 2 7 I (1) 25 B4 25 1 R AT 1 A s e s
xb s RALERHEAT T R R R

1 LBRMEETIE

1.1 FEAFNENHF LS

3, 5-IRK R £ R A T &K AW CEH R, B s KB (Phenol) (4-%( B} (4-CP) . 2,4- "4l (2,
4-DCP) 1 2,6- &M (2,6-DCP) I H Acros Organics; 2-5 8 (2-CP) fl 2,4,6-=5 W (2.4,6-TCP) W H
TCI ") CE) s A (PCP)Y W B Sigma 23 ) ().

JCE AT (CHN-O-Rapid , 75 E %R [CA BR A 7D 5 2840 ] UL 43656 E 3t (Cary 50, 36 B L L Z HR
FE A PR A B 5 4 L - 728 80 27 A8 56 1A% (KBr JE A Nexus 870, 25 [ JE 55 A0 88 A 7)) s X S48t i 1 A 3
(5000 VersaProbe, H A~ UIVAC-PHI 24 E]) ; = &0 AH (4 3% (HPLC, Aglient 1200, 38 B “Z 818 A R 5 W AH
381 23 AT i TE) - RS B A (LC-TOF-MS, 3 [# AB SCIEX A #)).
1.2 XWHE
121 J5RBE A

FRit 2.800 g 3,5-ZIRK BT 100 mL Jo7K £ B b, 3% 35 1 18 08 4 1k 2 2 0 CIE VR B I WD 5 it X
0.55 mLZEERET 20 mL oK & B IO AR v W) 5 18 Mg 145 1% 12 3 ANV W, R 5 ] 10 mL JE oK & i e
VRV WA, B SRR 5 B R WD BB 3 UG B ATR & W08 T/K IR B 60 CmAAREFE. N 1 h )5,
OV B W CE T KU R S R R AR R SIS B RS TR N0 CTH 24 h 25,
B RBE 2.13 g, /=% 66. 1%, 4 & 144.5 °C. 56 K 7 #Hr: Found (%) : C, 33.79; H, 2.85; N, 4. 29.
CyHyBr,NO, : Calculated( %) :C,33.44; H,2.79; N, 4.33.
1.2.2 HBCE YRS K

FRIBC T 3R K68, 0.646 g F 20 ml Jo7K £ B o i fiff . 5 T 7K U i NI B 8 5 BRI 0.342 ¢ —K & 5k
BT 10 mL JC/K S BEH , DG B R 12 02 400 1 25 4 SR 5 T B 368 o s G A0 A VS 05 | 9 8 R s i v,
TR 65 CMAABHE. SN 45 min J5 4 B0 W 5% % 22 308 XUHE PN v 20 45 RS i R a8 S ik 2 g s
FATEK BRI 2E K 3SR ok 3 W ARG A B RS TR AE .40 “C T 24 h )5 R HIRC &9 0.41 g, 7%
50.8% . 5 226.4 °C IR M :Found( %) :C,27.393H,2.893N,3.00.Cy H,, Br, NO, Cu: Calculated( %) : C,
26.77;H,2.48;N,3.47.
1.2.3  W2eys gu Wy i) e b R 1

PR A LA 26465 90 H AR S, DEA 6 B0 RS J U5 e & P 4 4k HL O, S8Ufb e g B AR 1808 , 20 3R
WF 18] 50 mL BB B AR A —E pH B Tris-HCl 22 I W . — & W B 09 40 I & W0 v W C& IR R
$500.5 00 1y U H L I B | — o VR EE R 2SS e IR B S A H O, Ja Bl OB R 2 BRI 1 mol/L
VB TR 4 VS W, FH HPLC W 2 B 25 75 Y W 1) 5% B Vi B8 90 SCR 438, kil T B K R B Sk EE D 0,20 ~
2.00 mmol/L, FLF 2575 Y Wy 1) 25 B 25625 It 25 490 pa v B %) 388 om g o 2010 DR, AR S g 28 95 e ) 19 v B 3
WEN 1.00 mmol/L.

VIR B Ry 9] AL T3 pH VHL O, FH SN B R 52 0 R [ 568 A4 1 I A 2 07 5% 14 CBRL o 44 £ 570 4] i
B W RAEAR R H, O, 0P 20 X5 B S 36 R & B0 H bR 15 Y W B B8 i) 5 76 Sie A B 0y % 140 T 1 At L e 58
H5 4 (2-CP,4-CP,2,4-DCP, 2,6-DCP,2.,4,6-TCP,PCP) iy £ Bk % 5 (p=(1—C,/C,) X100% ., C,
H HARTS BRI H B L C, S BARTS G ¢ B 20 ) L IF XA & vh Sy 5 R 9 B kAT T W AR IR R
1.2.4 HPLC fil LC-TOF-MS # il 77 %

HPLC i 25 W .6 F S M AR 55 19 7 ik 3k 1 s,

LC-TOF-MS Xt J§ J< B (1) 45 #4 4 0 J7 32 . €63 4 & Aglient Zorbax Eclipse C18 #£ (5 pm. 2.1 mm X
150 mm) , #E IR 30 °C L HishAH g FH /K R FREE 80/20) . i 0.2 mL/min, JEEER 5 pL iGN IE & T
BT A H IS 25 L B (ESTH) L B e (m/2) W 50~1 200 amu KA S50 B FIREE 550 CL, &1
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W55 B — 4.5 kV L, 3 K H1 55 psin FliBIA 1 55 psin A A 1 35 psi.

Fz1 FE.6 MEBE XA HPLC & 7%
Tab. 1 The HPLC method of phenol,6 chlorophenols,and Schiff base

v ‘bﬁg,/ WAV /V) H . i 2k ?ﬁﬁ,/ WMV /V) IR ‘ o
(mL + min™") i/pl PK/nm (mL + min™") i/pl YK /nm

M 0.8 /K (T75/25) 20 270 2,6-DCP 0.8 F /7K (80/20) 20 298

2-CP 0.8 FHEE/ 7K (80/20) 20 270 2,4,6-TCP 1.0 /K (70/307) 20 290

4-CP 0.8 F /7K (80/20) 20 280 PCP 1.0 /7K (70/307) 20 220

2.,4-DCP 0.8 FHEE /7K (80/20) 20 280 i % i, 0.7 FHEE/ 7K (80/20) 20 397

3% K Thermo Syncronis C18 # ;s H:iRE K 30 C 5 * FmK P& 0.5% AT/ 50 1 2. 2.

2 HRSIE

21 BEXABREARASVHEHNTERE
B 1 BT R R R BRAE B K 414 nm A AT W

e B RISy 15 1 o 14 02 0 5 4 R S Bk o B

T E A 400 5 » T 0 B F W M B 3B 374 nm Atb ,

BOEE N C=N @iy N T2 57 e, ik

T AT (94 Pt AT G 5 RE Gk K L SRR S 38

WG % R T B BT 2 A 52 5 4% L IE D]

BT 5 SRR A T A ST T SR I !

W = A ‘
W 2 B, 15 3.5 WK b B 2140 63 1

2 L 55 SR BRLT A T P P S BB C= O B RE A 19 WO A0S0 o0 70000

— I
------ B G

Wit
[}

Sl b 3K _ A/nm
FEAE M SO0 1 26 BB 1 661.6 e ™ ) L HVBR T C= P,
1 T RBRAHEC SIS GE K
2e ol > s 7 Rz —1 r B
N B Hb%jﬁw W{qu&%t(l 650.2 cm )’ﬁﬂz Fig.1 UV spectra of Schiff base and Cu®-complex

KA 3,5-iRAKBEER C=0 5 BEM M NH,

AR A RN T BT TR R 6 DA T - 3850 WO A i 1 302 57 1) A% 3 5 S35 R RFE B %R 3 283.4 e Ak B B
W JEM L O 5 WM N I A SU5E (O — He-- N 3 808 1 45 41k 20, I 06 78 4 e 5 90 21 1 63 B P i ok,
VLB O 25 TR AT 3 493.9 cm ' H B Wl g JE BE R LB N BRI R O K2 5.
iR 1 650.2 cm A1 202.4 em B C=N #l Ar— O 45930, 7EHI & W LA Gis R b 4 Bk &
1638.2 cm "FI1173.6 cm ', DL K AEPEER 517.2 em ' H1617.4 em AR BLAY Cu— O Fl Cu— N ‘B fig 4 2 i
W, S UL A e 3 N JRF 583 O B35 TR RN 20N G TE 5 B 25 5 nT DR — 25 UF 52 5K i &%
FCARBC A WY AR

Bl 3Ca) H, 55 e mk XPS 3 BIAH L S LA 4 XPS 1% E R 7E 933.9 eV AMH B Cu 2p W, KB A Y
FIEA Cu gt E JEAY XPS 1% HEAT 00 kb B, R L4 8 Cu &L Cu— O SR AE7E (K 3(b)).XPS
(8 53 B 45 SRA TR S 1 G SR 08055 ] 2 - 2% G A T B S .

F LC-TOF-MS il 5 T % R A 5 o> 7 B BARZS BANF idiska] 2,821 min. th TR IEE T
REE, BT DLAE 6 9% B 1 5 A BE IR A s S AN B 4% 323.90.,345.88, 40 BIXS By & [ M+H]" .[M+Na] ", H
H M R BRI 4 F i 322.98.

FH HPLC 7 5 5 o 46 B, HARSE e an R« e B 0] 2 4.1 min, /S [\)E R AR B 0.005,0.010,0.020,
0.030,0.040,0.050 mmol/L A& I FR 2351 K 106.2,143.3.279.7,402.2.519.7.643.5, L 515 5] —F A4 &
FEUR*=0.998 7, F B I 08 v] LA LR Oy vk e
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Fig.2 FT-IR spectra of 3,5-dibromosalicylaldehyde, Schiff base and Cu*-complex
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2.2 AEMEN R G REEBRENZNE
2.2.1 pH

TEA B M 1.0 mmol/L.ARAEC & ¥ & 0.05 mmol/L,H,O, & 30.0 mmol/L,#&E K 50 °C, i}
B 5 h £ F . pH 2334 7.2.7.4.7.6.,7.8.8.2.8.6.,9.0 B A iy 25 5 S A0 28 Ak A0 18] 4 Ca) B 7% 8 87 1100 25 3k S Bt
BV pH B TH 8 Jo 8 KGN 78 pH 7.6 5 i L ML R A9 5 BR R 73.2 %, AT BEAY R A0 A R < 2SR
W pH AR ANF T Ho O, FIUR T 76 7 W 0 F S 5 1 2 W pH B8 ish . OH B8 ] e 55 9 b i 7%
Wy RS A o M R AR R 17 R0 R L AR S G ) e A pHL E R 7.6,
2.2.2 H,0, HE /0

AL Ho O, 8978 S0F 2 PE A HAR AL R BB I B L8 bz — L B 4 (b)Y B8 T H, O, X K W 25 bk
R PR AE R B R T 1.0 mmol/L B4 fe A4 H i 0.05 mmol/L, B4 50 “C.pH 7.6, KA 5 h 4
P BlE AR Ho O, LR3I, 2R (19 23 B R 5038 KRG /N X B E H, O, IS £, &/ A TH
Z (R A AL TG P W B T S O 8 19 25 M SR 0. i 24 HL O, B 5E 30 mmol/L B, H, O, o] LIl A &
G3 S WUR VR BE Y Ho O, BT 23 5 S0 BC & 0 A A0 305 PR AR IR 0L, 2% R ) S PR R RN 2 55 sl 25 - Ho O, B
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FH&4 30 mmol/L, B R By (1 2 Br %R 73.2%.
2.2.3 SN Y R R

TEZR W 1.0 mmol/L, 8l fid &4 & 0.05 mmol/L,H, O, Fif& 30 mmol/L,pH 7.6, W B}E] 5 h 2%
PET 25 5% BN Tk B X6 2R 13 25 B S i 5 i AN TR A Co) T 7 » 24 193 1) 25 3 2R I A o o ik 38 110 348 i 3 A0 346 R 3
D] kg — 75 T ek B v AT AR 2 2 I 4 22 T A 35 A 41 B S . 53— TR B T R eT AR HL O, 40 AR
L 2 1 3 M S T TR I R SR AR RN IR EE S 50 °C L T R 1 R BR R 73.2%.
2.2.4 SN B[] 1 5

SN B[] %o 28 By 2 R 6 9 52 e an 1 4 (D AE R B R B 1.0 mmol/L, # & ¥ A i 0.05 mmol/L, H, O,
F# 30 mmol/L.pH 7.6, B 50 C 41T, A B 19 2 B 5 Bl 2 S5 0 Bsf [B) %) 1 4 17 18 <. 24 S g B[] 2 12 h
BF, 2R (9 22 BR 28 90.8 Vo eI 23 B 258 R B 1) R4 4 e A5 S R i ] %2 4 5
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[fig.1 [Lffects of different reaction conditions on the phenol removal (a-d)

2.3 HtEBELESHHEXR

Bk T A< DL AN AR SCBE R[] 45 48 i S 254k & 9 (2-CP, 4-CP, 2,4-DCP, 2, 6-DCP, 2,4, 6-TCP, PCP)
2PN LA Y A AR TS M QL 5 PR, FEA BC A 9 i 0.05 mmol/L, H, O, & 30 mmol/L,pH
7.6, &% 50 C L MIFE] 5 h 254 T, PCP B ZBR a5/, o 29.1%6:2,4-DCP (1 2 BR A5 K, o 84.800. 5
TR TE IR R AT AR I B Wy 275 e W E A R R s 2 2,4-DCPL Y 7.8 0.
2.4 REHVEHR

WE 6 Frs . LLRE A B ARTS e, 28 3 Al A [ Y 500 S 7R s ORI 6 35 1 i 3D L 8 28010 R T 2
A0 R B A D e RS0 R RIS B ) BRIE RN AR AR P AR AR IR M T 25 R R B A R B R 5 h N
FBR A B B A T LB S DN R B 3 O B A R R L R BRIk A eR R R AR R P
F B AL TG VR . X 5 A 2 R R — B

3 & i

ARICAE BT — PR I S AR B A W ol i 2 b R AE D7 SR IR S5 T AR A T A Y T
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0.05 mmol/L,H, O, &~ 30 mmol/L.pH 7.6.7E 50 C&4F T R 5 h, KB LR R 73.2% , LAY
KERFN 29.1%,2,4- A B W L BRAA 84.8 %0 5 H HY B VA S50 (0 45 SRAIE 52 2 1 ph B o S o A rh i 2
BTG PP 00 AR SO A A BE B AR B R R KR SR 1 TR B R A R L R T AR B o i R Ak vk
i LEAE R PR S5 1 HEAT (R MERSE , Sy R 58 AR A 1 0] 2 48 150 ) SR B RN 5% 5 1), AT — o I BIF 9 I ¢
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&5 R[] A AW 2 B Fig.6 Effects of different radical quenching
Fig.5 Removal of phenol and different chlorophenols agents on phenol removal
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Synthesis of Cu( [[ )-Schiff base complex and its catalytic

activity evaluation in aqueous solution

Peng Jianbiao', Gu Mengyao', Bian Wei*, He Bingbing', Zhang Yaozong', Zhang Chaonan',
Sun Qiangian', Liu Haijin', Gao Shixiang®

(1. School of Environment; Key Laboratory for Yellow River and Huai River Water Environment and
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Normal University, Xinxiang 453007, China; 2. China Energy Investment Group CO., LTD., Beijing 100011, China; 3. School

of the Environment; State Key Laboratory of Pollution Control and Resource Reuse, Nanjing University, Nanjing 210023, China)

Abstract: A Schiff base was synthesized from the reaction between 3,5-dibromosalicylaldehyde and ethanolamine; then
its Cu’" -complex was prepared from the reaction between the Schiff base and copper ion. Their structure and chemical composi-
tion were characterized by elemental analysis (EA), ultraviolet spectroscopy (UV), Fourier-transform infrared spectro-
scopy(FT-IR), and X-ray photoelectron spectroscopy (XPS). The molecular weight of the Schiff base was confirmed by the
high resolution liquid chromatograph-time of flight-mass spectrometry (LC-TOF-MS). Catalytic oxidation of phenols by the
Cu’" -complex activated hydrogen peroxide (H,,) was evaluated at neutral conditions. To optimize the reaction condition,
effects of solution pH. H;O, concentration, reaction temperature, and reaction time were investigated by using phenol as the
model contaminant. Under the optimal reaction condition of [ Phenols], =1.00 mmol/L, [Cu®*" -complex], = 0.05 mmol/L,
[H,0; ], =30 mmol/L, pH 7.6, and 50 °C, the removal of PCP was the lowest 29.1% (TOC removal=0), and that of
2.4-DCP was the highest 84.8% (TOC removal=7.8% ) within 5 h. Radical quenching experiment results showed that hydroxyl
radical( « OH)was the dominant reactive oxygen species(ROS)in the reaction system.

Keywords: 3,5-dibromosalicylaldehyde; Cu®*" -complex; H,O,; phenols
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