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Synthesis of Salicylhydrazone Probe with High Selectivity and Rapid
Detection Cu?" and Its Application in Logic Gate and Adsorption
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Abstract A novel Schiff base fluorescent probe (HJW-2) was designed and synthesized from 3-bromo-N,N-diphenylaniline,
5-formaldehyde-furan-2-boric acid and 2-hydroxybenzohydrazide. The structure of the probe molecule was confirmed by 'H
NMR, BC NMR and HRMS. Based on the mechanism of intra-molecular charge transfer (ICT), HJW-2 shows excellent
solvent effect. HYW-2 displayed efficiency, high selectivity, and specificity in the detection of Cu?". The detection limit of
HIW-2 on Cu?" is as low as 9.8 X 10 # molL !, and the response time is only 10 s. The possible mechanism was studied by
"H NMR, HRMS and density functional theory (DFT) calculations. HYW-2 has been successfully used to analyze the content
of Cu?" in different water samples. Further, by utilizing the reversibility of HIW-2 in the presence of ethylene diamine
tetraaccetic acid, the molecular logic gate is constructed with Cu?” and EDTA as chemical inputs. Then, polyacrylamide
(PAM) doping with HJW-2 (PAM-HJW-2) had high adsorption for Cu?® and the removal rate was 99.94%. The
micro-morphology of PAM-HJW-2 before and after adsorption was observed by scanning electron microscope (SEM) and
energy dispersive spectrometer (EDS)
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Scheme 1 The synthetic route of probe HJW-2
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Table 1 Optical characteristics of HJW-2 in various solvents
(Aabs is absorption maximum and Aem is emission maximum)

Solvent Jabs/nm  Aem/nm  Strength Stokes shift/cm !
Toluene 395 462 4114 3671.4
Ethyl acetate 388 473 4499 4631.5
THF 389 476 4406 4698.5
Ethanol 394 509 3735 5734.3
Methanol 396 525 4149 6204.9
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Figure 1 Absorption spectra (a) and emission spectra (b) of
probe HJW-2 in toluene, ethyl acetate, tetrahydrofuran, ethanol
and methanol (HJW-2: 1.0X 10 ° molsL !, slit: 5/5), and (c)
pictures of 1X10 % moleL"! HJW-2 in organic solvents of dif-
ferent polarity under UV lamp (365 nm)
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Figure 2 UV-visible absorption spectra (a) and fluorescence
spectra (b) of HIW-2 (1 X103 molsL™") in EtOH/H20 solution
(V:V=2:3,1X10 % molsL ! Cys) on different metal cations
(1X107% molsL™ "), and (c) pictures of various metal cations un-
der 365 nm ultraviolet light
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Figure 3 Interference experiments with Cu2* (1X10 4 mole

L") and other metal ions (a) or ionic ions (b) coexisting in
EtOH/H20 (V' : V=2 :3,1X10 *molsL" ! Cys) (Jex=420 nm)
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Figure 4 (a) Fluorescence spectra of HJW-2 (1X105 mols
L ) in EtOH/H20 (V' : V=2 :3, 1 X10 * moleL ! Cys) toward
varying concentrations of Cu?”, (b) Dot diagram of the fluores-
cence responses of HIW-2 (1X 10 ° mol-L ') toward varying
concentrations of Cu2" at 540 nm

Insert: magnified figure in the consistence scope of 0.5X 10 6~
3X10 ¢ mol-L ! of Cu?"
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Figure 8 Optimized structures of HYW-2 and HIW-2-+Cu?" and electron distribution of the HOMO and LUMO energy levels
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Table 2 Determination of Cu?” in different water samples
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WENIEES

Add/ Found/ ., RSD. Table 3 Logic gate truth table based on Cu?” and EDTA as the
Sample (umoleL ™) (umoleL ™) Recovery/% (n=3)% chemical input and fluorescence intensity as the output

1.00 1.43 143.0 1.76 Entry Input A (Cu?") Input B (EDTA) Output (Fluorescence)
Lake water 2.00 245 122.5 1.87 1 0 0 1

3.00 342 114.0 2.23 5 0 1 1

1.00 1.15 115.0 1.89 3 1 0 0
Tap water 2.00 2.11 105.5 2.33 4 1 1 1

3.00 3.18 106.0 1.95

1.00 0.98 98.0 2.96 EDTA
Mineral water 2.00 2.03 101.5 2.54

3.00 3.06 102.0 241
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Figure 9 Molecular logic circuit diagram based on Cu?" and
EDTA as the chemical input and fluorescence intensity as the
output
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Figure 10 Images of PAM-HJW-2 under natural light (a) and
365 nm under ultraviolet light (b) without Cu?* adsorption, re-

spectively; images of PAM-HJW-2 under natural light (c) and
365 nm under ultraviolet light (d) with Cu?" adsorbed, respec-
tively

720
576

El 11 PAM-HIW-2 Wt Cu2 Hi ) SEM (a)F1 EDS & (b), LA

J PAM-HIW-2 W [ff Cu* 5 ] SEM (c)F! EDS FE(d)

Figure 11 (a) SEM and (b) EDS micrographs before
PAM-HJW-2 adsorption of Cu?"; (c) SEM and (d) EDS micro-
graphs after PAM-HJW-2 adsorption of Cu?"

2 g

ZE LTI, ASCWEHA T — 2T R A 1
AR BB ER SN TR 6 ERE HIW-2. HIW-2 B
RIS, i Cu?” BAg P m N . sk #E A&
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—PERRIPERE. @i TH NMR, 3C NMR A1 HR-MS %}
ﬂ"ﬁ&ﬁ?i@ﬁ, XF Cu? R REAT THRIT. IREE
HIW-2 7] DU LSk AR ) Cu?', FIF HIW-2 78
EDTA TELERT AT, R8T 4> I8 HR1). HEEN

T PRE HIW-2 5 PAM 5 2% 4% 7 — ol s i i
Mﬁ?fﬂ PAM-HIW-2, "] LASEZEINT Cu®' i@ RO b, 2
FRFIEH] T 99.94%.

3 SIS

31 MBS

A-JRAR R, DY =R R4, 5- FF i 25t 1ok i -2- Al
TR FK A BB BRI 5 Bk 35 ik A PR A =, HoAth i)
H R RHE THRAF, Fra IRk L R 55135
T o BT Al sl th 2l n J0 e ok i B DA 1 — 2D 42
afi, FEARSCHIIEHE SIS, BTA PHES TS R h FL RS IR
£, ALY R £ (MgCL. FeClsy AgNOs. Ni(NOs),.
Cu(CH;COO),. CuSO4. CaCly. Hg(NOs). PA(NOs3)a.
Cd(NOs);« CoClyv ZnCl. Ba(NOs),. KCI. AI(NO3)s.
Cr(NO:)s)fill . 5256 Bt I I 7KES 2 25 3 K.

IR ARTE X-5 B S EIE I, RIFATRLIE.
'H NMR #1 3C NMR 7£ Bruker AV-400 MHz %% 3 4R1X
e, L DMSO-ds N Ax TMS; Jii i /£ Waters
Q-TOF Premier il 5E; SA0M1T W63 FH 28 4h-6000 43
JENCREETHIE; P F F-320 52060 Y66 BE T E;
WRFE Cu? iR B R IR I et EE T AA-6300C I
JE.
32 ZWHE
32,1 S5-(4-(=FRFEM)EL )R
B AR

FREX 4-BA8 =250 0.32 g (1.0 mmol), PU=ZEFEpk
AT 0.04 g, MMAZIEEA 10.0 mL THF (15 RGN
o, ARG FRRIAIRE 1.38 g Jo/KBRBRERY 10.0 mL /K%
WHEINZRBAE R F. BARY, £ 75 C A
it 30 min, A5 FRBAARFIIA 10.0 mL A
0.14 g (1.0 mmol) 5-H P FL MR ARS -2 R 1Y) THF V7K, 4k
BEAE 75 CCORBERERIT 13 h RMSESE, ROV R
N, InNE R A shK, B A& b
FE(10 mLX3). AIFANE, ALK T,
ENTAAL[PEA): (LR LE8) @ V(A ) =20/1)73 2
0.19 g IRLAIHPIRY) HIW-1, 772 56%. '"H NMR (400
MHz, DMSO-ds) d: 9.55 (s, 1H), 7.73 (d, J=8.8 Hz, 2H),
7.61 (s, 1H), 7.35 (dd, J=8.4, 7.3 Hz, 4H), 7.16~7.05 (m,
7H), 6.99 (d, J=8.8 Hz, 2H); *C NMR (101 MHz,
DMSO-ds) d: 177.60, 159.12, 151.73, 146.87, 130.24,
126.86, 125.53, 122.09, 121.91, 107.84. HR-MS calcd for

s-2- B BE(HIW-1) 89
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C3HisNO, [M+H]™ 340.1332, found 340.1334.
322 N-(5-(4-(=RKAK)RHK)km-2-A) L F
H)-2-5 K F BRAZ (HIW-2) 694,

FREX HIW-1 0.17 g (0.5 mmol)RI/K LI 0.076 g
(0.5 mmol) A\ F 84 8 mL To/K ZEERIR B, 1
A 0.5 mL VK2R, 7F 85 C FANFEA 4 h. N 5E4
o, KRB A AN R R, B AR, R S B A A
FTK S LE, 58] 021 g FEE AN K HIW-2,
P2 90%. mp. 189~190 ‘C; 'H NMR (400 MHz,
DMSO-ds) 5: 11.80 (s, 2H), 8.37 (s, 1H), 7.87 (s, 1H), 7.69
(d, J=8.5 Hz, 2H), 7.44 (s, 1H), 7.38~7.29 (m, 4H),
7.13~7.04 (m, 7H), 7.04~6.93 (m, 5H); 3C NMR (101
MHz, DMSO-ds) o: 165.13, 159.50, 148.78, 147.90,
147.17, 138.78, 134.26, 130.16, 128.91, 125.84, 125.05,
124.17, 123.65, 122.89, 119.41, 117.76, 117.58, 116.40,
107.64. HRMS caled for C3H,N303 [M—H]™ 472.1661,
found 472.1661.

4 Bi#1 Bk (Supporting Information) 5236 3 43 6 i
Kl ik HIW-1 FIEREE HIW-2 250 RAEEHE.
X LA L T] PA A 2 AT ) 328 (http://sioc-journal.cn/) |
T#.
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