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Abstract: A novel Schiff base fluorescent probe ( N’-(4-( diphenylamino ) benzylidene ) -3-hydroxy-
2-Naphtho-hydrazide) (L) was designed and synthesized using 3-hydroxy-2-naphthoic acid hydra-
zide and 4-diphenylaminobenzaldehyde as raw materials. The structure of L was characterized
through '"H NMR, "C NMR, HR-MS, IR and X-ray. The study found that probe L showed high
sensitivity and selectivity response to copper ions( Cu’*) in H,0/DMSO(V:V=3:7, pH =7) solu-
tion. The possible mechanism of coordination between L and Cu®* was studied by HR-MS, 'H NMR
and DFT calculation. PAML was prepared by the method of doping L into polyacrylamide (PAM).
PAML had high adsorption of Cu’" and the removal rate of Cu’® by PAML in water reached
96.99% , in addition, the color change could be distinguished by naked eyes under UV lamp. The
microscopic morphology of PAML before and after adsorption of Cu®* was observed by SEM-EDS.
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T 55 5 0 Bk 0 406 B I G B T 2SRRI AR AT R
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Mmol/L,TﬁH":ﬁEfEﬁﬁ 5.10 pg/L, Xiao%“:@ﬁ
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W AZRET E M DFT IR T L5 Cu® " #YfE
FHLEE, 4 L 45 PAM f 0] DL 3R A & /L 25
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2.1 B 5iEA

AR B Ah-AT L 43 6 BE T (UV-2700 &
HA) 200 ot B it (F4600 H . HA) (#
filh S PR % %X ( Bruker £ 870 1) | L5 %
KA (1290 Infinity I /6470 224848 SR ) X 5
2% BT AT B A ( Xcealibur eos 4= AL &% H[H ) fH
AR S 2T ARG 1AL (1S10 FE 2R K SB[ ) A
X (WRS-1B L4 HL) o

JEORLE R A3 4l 3 - 2 -ZE MR E 4- KR
FORHEE VKR K CBE H BRI A 9
fik MR Lg% 8 K, BT A 25 ok &k ift — 2
gk,

2.2 REULEYHER

EY L B & L W Schemel s, #
3R FE2-ZEIRME(0.20 g,1 mmol) 5 K& K4-
A HEE (0.15 g,1.2 mmol )& T 20 mL Jo/K LB
A 0.2 mL 9K Z FR B fE AR 7], 7E 85 °C T i #i
I 3 h, 2 035 0k e b g i B L R 45 R
R R S R IR A E R R K, Tk &
BEvk 3 K, Ba T 48 h, BRI =Y L, =R
80% ,m. p:241 ~242 °C, i@ 'H NMR.” C NMR,
HR-MS XRD % J7 ¥ 4%) L #4177 454 £1F, 'H
NMR (400 MHz,DMSO-d,) 6: 11.39(S,1H) ,8.47
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(S,1H),8.39(S,1H),7.92(d,J =38.2 Hz,
1H),7.77(d,J =8.3 Hz,1H),7.65(d,J=8.7
Hz,2H),7.52 (t,J =7.3 Hz, 1H),7. 35 (dt,
21.2,10.7 Hz,7H) ,7.18 ~7.06 (m,6H) ,6.98
(d,J=8.7 Hz,2H), "C NMR (400 MHz, DMSO-
d,) 6: 164.14,1574.73,149. 68 ,148.66,146.99
136.32,130.41,130.14,129.09,128.69,127. 66,
127.2,126.32,125.57,124.59,124.27,121. 70,
120. 53, 111. 08, IR(KBr), v ~/em ™ '; 3 437,
3070,2925,1 632,1 508,1 235,1 251,1 182,
HR-MS: caled for C,)H,;N,0,[M +H] "=458.186 9,
found 458.185 2,
2.3 R EAE

SIEEFIL 17 Bl KT Ca®" (Na® Mg®* A" |
Zn’"  Fe’T Cu’t  Mn®t  Ni*T L Hg'T, CotT L Cd'T,
Ag" \Ba’* .Cr’'" \Pb*" 435Il KCI, CaCl, \NaCl Mg-
SO, .Al, (SO, ),.Zn ( CH,CO0), . FeCl, , CuSO, , Mn-
SO, . NiSO, . HgCl, . CoCl,, CdSO, . AgNO, . BaCl, .
Cr,(S0,), Pb(NO,), BLil & E A 1 x10™" mol/L
M7 P, SR CARIR PR A T, DT I AR DU
2.4 HEYMLBERNEE

# 10 mg L&Y L % T 10 mL DMSO 155
W, H— 10 mL 3¢ 55 ) A& 78 250 mL /9 HR

00. ¢
ozxTo

OTTOBE A 20 mL 20, BEH)EE T 20
CIEE T ASRY B, 7 d )5 BB 5 A Ik
AR SR TEAT X5 2 o S AT G I
2.5 SREHRFAE

TE2e A0 -0 DG RE (UV-Vis) MK P | 3% 6%
W5 BB K 300 ~ 800 nm ., 7E 9% 663 ik v
VOEBE WK R 375 nm, & 56 TSR B R
300 ~800 nm , A FIA T BB FERE R 5.0 nm,

3 4RL5H®

3.1 REILEVHBRREMRE

L 15 454 (CCDC 22063107 ) 4n il 1 ffs .
L 7373k C, H, N,0,, 70 F i :457.179 0, %
R P-1, 5. a=0.9749 nm,b =1.101 2 nm,
¢=2.262 8 nm,a =82.169(9)°,8=78.090(9)°,
vy =80.942(8)°,V=2333.7(5) nm’,Z=4,D, =
1.135 g/em’ , 0 =0.083 mm '3 F(000) =960.0,
&Y SRR RRETE T RN R 5L 5 NH
AR F A C(39)—H---0(4) ,JE N
TCA AR, R A T ZE R F R FERE
HEALA T LS 5 — A 40 F R 3L S L T A
# 0(2)—H---H—O0(3) , fli15 MR 451 7] AR SE
FETE

Fl1 fa¥ L Bs R

Fig. 1  Single crystal structure of compound L

3.2 KEYMLHBESHMN

T RS RAER LG M T 8 DMSO 1R
R, KPR AR RIER B EAEARFK LG T L
1) 58 A1 - 1T D W 5 i RN B O R GO R R AR Ak
WE 2 FiR,7E41 DMSO 1, L 7E 500 nm 4b 3 Pi
SRS AT X% R TR S AT

HLH 437 N LT 5 RS (TICT) R ™), MoK &
HIGE] 10% ~60% W, ¢ 't 50 9 55 H 417,
SR, 247K & HEAE 80% ~ 99% I, 50 Y 5 JB 484 i
HER Bt Ny L a8 sk s, Ry 1 U S df
ARG I 5 R, AR SCRE$E H,0/DMSO(V: V=3:7)fk
REAT G ST
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Fig.2 UV(a) and fluorescence(b) spectra of probe L(1.0 x 10 mol/L) in different ratio of H,0/DMSO (A, =375 nm)

3.3 B LAEAEEE FHEEMEIRG

h TR FEBE LA 4 8 B T 0k B R )
PERE , A SCEG7E H,0/DMSO(V: V=3:7,pH =7)
VSR 38 5 Ah AT D 43 o ol BE T R P O 43 ok
JCRE AT T BRI E . 1m RS L B H,0/DM-
SO W 43 M A 17 Fpws W 48 & 7, WA
3 A MELEAE L 9 H,0/DMSO I him A Cu®*
J& LB 2O o B R MR R A, BT W e
JERE R B W A AL B 7 J5 LA 58 % 98

0.5
<a> —K —~Ca
04t Blank and other metals ——Na —Mg
- //\\‘ — Al —7n
—Fe —Hg
A — Mn—Ni
s 03F —Cu —Co
= —Cd —A
= = Ba—Cr
02} —Ph —=
0.1
ot .
400 500
A/nm

Fluorescent intensity/a. u.

JLPFREEAZ JF HX R B R AE 365 nm 5 AMT
PR AL AT DAV M B, Cu® " I A L 2%
JEHEK X AT RESE BT L 3 454 ) N—N g
KA T ERE I C—N—N M, 5—C =0
R G A 5 Cu® " R A BCALAE . R
BT A SCHR AR TE | FLAT eI |0 i 2 P Py R ] DL
SR T R Co® AL, R RS g R
T AR SCA A BEET LoxE o’ BAT 1 5 Al %
PRI fE

2000
(b)  Blank and other metals C e
— — La
—Na—Mg
——Al—%Zn
1500 —Fe —Hg
—— Mn—Ni
— Cu—=Co
— Cd—Ag
1000 —Ba—Cr

500

700

Cr Pb  Blank

il il el el e N

BEFL(1.0 x10 7" mol/L) 7E H,0/ DMSO(V: V =3:7) W %) AN [7] 42 J& 25 T 69 58 4h () PSS (b) W RL (A, =375

UV(a) and fluorescence(b) responses of probe L(1.0 x 10 > mol/L) in H,0/DMSO(V:V =3:7) solution upon the

K3
nm)
Fig. 3
addition of various metal ions(1.0 x 10 ™* mol/L) (A =375 nm)
3.4 HESEBFHRS LIEFMEIRS C’' K

A
IS AT AE 22 T s 5 1 AT RE 2 R AR BT Y
HERGYE . o T BE 5T b 4 TR S 1 X R LU

Cu® ' W52 FRATHAT T TH st Hefr
& JE B TR Cu® VR BE # R AR LAY 10 equiv.
NI 4 Rl g, A7 4 Ja B 1 B AT AR N AN 2 B
PERERE L 96, S MA Co® " 5 85 L
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0 K CaNaMgAl ZnFe HgMnNi CuCo CdAgBa Cr Ph%s 4

4 H,0/DMSO(V:V=3:7) & F PHE L(1.0 x10 " mol/
L)Xt Co®* AILAF 4 J8 B FAYM B (A, =375 nm)

Fig.4 Fluorescence intensity of L (1.0 x 10> mol/L) upon

addition of various metal ions (1.0 x 10™* mol/L) in

H,0/DMSO(V:V=3:7) solution(A_ =375 nm)

W B kAR B AR K, DL SE 25 SRR
Cu® " X L AR 6e 77 W 1 o T LAt 42 ) | 3L
by 4 T ) AF AEAS 23 6 R AT L 1R 3 5 1 R 00 i
S
3.5 B LEF Co® MR EENR

H TR BEAER LG Cu® i R AT T
PTG E LK 7E 2 mL H,0/DMSO(V: V=3:7)
WP BREN LW E R 1.0 x 107 mol/L, B IR
A2 pL 1.0 x 10 " mol/L f Cu®* I , 45 3+ 0
B 5 i, BigE Co® B B 4EF L 19 5k 5 &
BTG, H 2B R AR R, T E
PREF U Cu® " 1 RBURE L Cu " Wk BEYE ] 0. 4 x
10 ~1.2 x 10 ° mol/L, LA Cu®* ¥k & hy i Ak 455,
520 nm &b %% % 5 BE R A A A, 2 2R PR S A
L RME 6 i, HAMLERHB R =0.984 9,
M A D =30/K AR, 25 1R bR
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Fluorescent intensity/a. u.

0 e ——— L 2

400 450 500 550 600 650 700

A/nm

K5 H,0/DMSO(V:V=3:7)HkiE Cu”* BT AFE L
(1.0 x10 7% mol/L) 5 Ki% (A, =375 nm)

Fig.5 Fluorescence of L(1.0 x 10~ mol/L) in H,0/DMSO

(V:V=3:7) upon the addition of Cu’" (A, =375 nm)

y=a+b*x
of S 130.02091
-0.993 51
0.9849

=
=
S

1
v

Value Standard error
ca Intercept 159929976 13.898 59
“Mean Slope  -351.856 59 16.447 99

13004 N

Fluorescence intensity/a. u.
/
Y

12004 \\,

0.6 O.IS 110 1.2

¢(Cu*) / (10° mol-L")

K6 H,0/DMSO(V:V=3:7)K#Es LIER PR Cu®*
((0.4~1.2) x10° mol/L) B4t L 7£ 520 nm 4t
MR E S Cu® MR (A, =375 nm)

Fig. 6 Linear relationship of fluorescence intensity at 520

nm of probe L as a function of Cu®* (A_ =375 nm)

W2 o =4.69, Bt % K= -3.51 x 107, K I bR
D =4.01 x10"" mol/L,
3.6 B LECE HWEAHR

KT HEABR LS o’ I ALHLIE, JEFT T
job’s M AU I & (Fig. S10) , Al HI L 5 Cu® " AL
LR 101, SR IE B 1 XX Be 5 4 14T T %
e 45 R E S8, Hirh 520.904 6 £ [ L + Cu +
H]* ik — 2B uE Il be Ry 121, 2E— 2 L
DMSO-d R AR, AT T A% W76 22 5280, 3R 5%
TLY5Ce’ WEAIHLE, W& 7 fis, £E 0. 01
mmol/L 4 L #) DMSO-d, i % H , 43 3 i A A
M B/ Cu’" J5 , B84 L 7 6 =8.43 fib—N =
CH M Wi 55 , iX R —N=CH LIy N =5
THIAL, REF L A7E 6 =8.39 Ab i ) i i1 2% | 3iF
A=N—NH— &8 2%, [ B, 2858 9 715
SRR R B b = 3 B8 Bl E R B T B R A S e
TR E M KA T SR AR

Y

L+0.5 eqv.Cu* h A

L+1.0 eqv.Cu®*

LelSeqrCu U
1 09 8 7 6
7 44 L AL+ Cu(NO,), £ DMSO-d, i &3t (0 ~
1.5 equiv. Cu’")
Fig.7 'H NMR spectra of probe L with Cu(NO,), in DM-

S0-d (0 - 1.5 equiv. Cu*")
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IR T 54 L RS e’ AT M % 4
Yo (18 8) o THEHE ] BALYP 12 oRi, 25 14 4R
fid B € H O N . Cu JLE K H Def2SVP %41,
3 o A9 R 0 BT 56 IR T A R A, T LA AT B 1 5 4 1y
FRERM /N, R I L] Def2TZVP F T it —
AU A RE RIS, S AR T L
(HOMO) Al Il oA 5 43+ BB (LUMO ) #% Fr A Hif
W or FHUIE (FMO) e AT 8% 12 H T 0 4f b 33 i
B RA R L G BT, TR E
HOMO-LUMO [8] B A1 Hy, 5~ 3 A5 % DI AH OC , 4n &1 8
fron ., FEE 8 2B Al WAR AR LWk & o B A
Bifi 5 BH 5 1) E R T A R = R ) T A2 AR ZE IR ()
ST N EL TR R i A, HOMO #LiE 5 LUMO #if
MIREZE N 3.223 eV, S84 L MRS B2,
Cu’ " SHE 454 F T A L-Cu® " 3 & i3 7 o £
= T U R R N/ 3 R R NS 2N ]
o N AL R SR L HOMO 5 LUMO Z
] 1) i 22 FAOW R BE A Cu® " 22 Al I S RG22 2. 893
eV, HAlEUL, fIR S Cu’ B AR ET L 1 AE
AH, L-Cu® " (9 AE (BT AR /N, Cu® ™ (4 TE A7 fil 75
L-Cu’ " W43 F P HLff 5% 8% 3k A RHREE L 1Y
53 N B R R S T NS E T R AT 7 AR UL
A — P A 1A /N2 B L B S P 2R AN

IMO:-2.109

w
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Bl 8 HREF LA Cu® 45& 1l 43 F HLIE 45 49 A RE i 1
A I
Fig.8 Electron density maps of frontier molecular orbital struc-

tures and band gap energies of probe L and L + Cu**

FIMRE L5 Cu®" BIFCAE R L-Cu® " R 3
WS B 2 6 8 OROR, X 5 S i L ¢ B Y
Cu’" FHUREH L BRI MO KNG — 5, B
SEVRER LOREAEXT Cu® " 77 AR 9B I i B 4 AR A

S5GRHE 7 BT R DFT 358 AT HE I Lo XS
Cu®* fe ] REAY L AL AL AN 151 9 7w

Cu

soup! gj

< ";;. e,
=0

.

B9 HREF LRt Cu® " L3

Fig.9 Recognition mechanisms of probe L and Cu®*

3.8 WRBft%RESKIG

FATHEAREE L 18 22 20 R 046 Bk e (PAM) th
il 753 PAML, I 3 — 25 ifF 58 X Cu®* MR BRF AR
4 PAM A1 PAML 43 51 ik & 78 — & R BLAY Cu®”
(0.1 mol/L) W " ,30 min J§, —EFEM &
PAM PAML W¢ Bt Ji5 (9 ¥ W, U 7 L i) Cu® v
B TEW IR Cu®* Z B, PAML Al PAML + Cu®* 7E

fa
oo . E
‘-"‘“ Hydrogel network L "™ 365nm UV light ® Cu* L+Cu*

10 (a)PAML 7£ B4R 6 F M8 F; (b) PAML 78 %54
TR A ; (¢) PAML WG B} Co®* JG7E HAROLT
MR R (d) PAML W B Cu®* R EE RSB T W
195
(a)Diagram of PAML in natural light. ( b) Diagram
of PAML in UV lamp (365 nm). ( ¢) Diagram of
PAML with absorb Cu®* solution in natural light.
(d) Diagram of PAML with absorb Cu®*
UV lamp(365 nm).

Fig. 10

solution in
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FAROLT 22 5% KB, 78 365 nm 2R A G BESF T,
PAML 53058 249 3% (&1 10 (b)), {H & PAML +
Cu® " AR A O, 35 W B TR 1 T 6 B ) %o L
(F10), 4 PAML WERfHS , KW h Cu®* 1 vk i
7 3.01 x 10 mol/L, PAML X} Cu®* () B8 % N
96.99% (& 10) , FATAERTT T HALF WL 4 )8 55
TFHAE T PAML XF Cu®* IR B fE 45 5L aniEd 11 B
7, AT DO B Hofh 3 F A LA S5 Cu®t 1Y
W BHPERE = A S, DL L SCRR 25 BRI PAML &
— LA RGP R I R A B R A

AN il A SEM-EDS f8 5 47 b £ W it i )5
PAML (9GO TE 35, FH 43041 H B UL 22 1 W B i s
PAML (ISR BT 45 R (P 12) o MR Cu® " i,
PAML 119 3% 1A 52 30 A~ B0 U] 48 48, W2 A3 4 25 (
12(a)) . WM Cu’* J , PAML I8 J 6 74 IR A

592
518

444
370

296
222

100
90+
804
704
60
504
40+
304
204
10

I PAML H PAM

Removal rate / %

Cu2+ Hg2+ Pb2+ Cd2+ C02+
11 PAML X AN 7] 4 Ja f) 25 Bk ¢

Fig. 11 Removal rate of different metals by PAML

e, RURE Ll Co® " A& (B 12(c) ), Hifl
RERIE W1 % 0T LUAR 4 M B %5 7€ PAML L, {f 15
PAML BEAR & b W B /K B P 9 Cu®* . PAML A7
EE A FA A 7 FH 0358, A 8 A I R B A R

1.00 2.00 3.00

Lsec 198 1 Cnts 1490 keV Dec elecment C2

B b

400 5.00 600 7.00 800 9.00

666|

Cu

« «

g -~ Cu Cu
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

Lsec 20.0 13 Cnts 1490 keV Dec elecment C2

& 12
(d) PAML W[t Cu®* J5 i) EDS BE -,

Fig. 12 SEM(a) and EDS(b) micrographs before PAML adsorption of Cu’*.

adsorption of Cu®*.

ARSCLL 3-8 32 - 2% W Wt Ik D 20l e (B AT
B A LT — PR B T UOLERET . IR E W RS
PEBUI Cu® ™ KR Z HAb & )8 85 70 T4, B A
R A R AT A — PN L B R A R
Z, AR S — i ST 5O Al 2 A2 AR T4 9
R, FLEAT R R A AT S Cu® 11447,
XEERSE AR Cu® AR I A U AE A I A B %

(a) PAML W B Cu®* BT HY SEM MR H; (b) PAML WL B Cu®* BT 89 EDS JE H 5 (¢) PAML W F Cu®* J5 19 SEM 18 J

SEM (c¢) and EDS(d) micrographs after PAML

TREF B 2210 PAM & 43 T4 8 PAML XF Cu®* 4 1
ST RE T, BAS 2 oA B 1 0 T, BB R A
96.99% , HAF 5 A6 T IR o W48 . (A, ¥R 41
L X5y 7 8B PAML 78 35 55 45 5 A6 I A 25 B
Cu® " ELAG T I i L FH i 5

AR R W A AN B Hot k.
http ://¢jl. lightpublishing. cn/thesisDetails #10.37188/
CJL.20210134.
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