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Synthesis and properties of a highly selective fluorescent probe for AI’*

LI Zhong-yan, LIU Ke-xiang , YANG Qian-zhi, YANG Yu-xin, YUAN Lin"
(School of Chemistry and Biological Engineering, Hunan University of Science and Engineering,

Yongzhou 425199, China)

Abstract: A novel Schiff base fluorescent probe L is synthesized from isophthalic hydrazide and 2-
pyridinecarboxaldehyde , and characterized by means of 'HNMR and " CNMR.The results from spectral analysis show that
probe L is efficient selective and sensitive to Al**.The detection limit of probe L for AI’* is 0. 202 wmol-L™", which is far
lower than China’s requirement for the limit value of Al’** content in drinking water (7.41 pmol-L™").There is a good
linear relationship between the fluorescence intensity of probe L and the concentration of AlI** in the range of 0 to 12
wmol - L”" . Meanwhile , the Job plot reveals that probe L complexes with AI** in a molar ratio of 1:1.Taking quinine sulfate
as standard reference material , it is determined that the fluorescence quantum yield of L-AI** complex is 5.7% at the

3 .
1" in actual water

maximum fluorescence excitation wavelength of 366 nm. At the same time, probe L can detect A
samples , indicating that this probe has potential application value in the detection of Al*" in the environment.

Key words : Schiff base; fluorescent probe; aluminum ion; fluorescence quantum yield; identification detection

Bl Az TR R 2 dh e AT, S R
B IR T T8 B R A R SRR T
EHARANMBLFT IO, EART R E RS2, &
AR BT LA Z2 40 BT IR 2 B | < R
W E ORISR IR AR e R R
S FEOKAE A IET MR AR H
TE SR BT IR A T IO e AR s
B & AR B IR SR ERZ R Ty i rh, 5
JERER h T A SRR R B R R AR S A AT
S FE LA I SO 4552 56T . LA REAG:

TS K AR e AV (R e HoA 2 X,
H T H TR AR 2 I CIREH PP 2 2 X T
PR A, 45 2 PFA S F E R M —
LM (BODIPY ) 28467 (HREA H 4y FIRE K 4
TR I AT R I, BIF S RERS 70 IR 2L )
RS B IO CREHOR R A W2

JiE A — 2K B A I F W (C=N) A L
Y, & AR G B O RE ) 4, lad 51 A NLO
S SR TR AT DL R 5 4 R T I C A RE
TESI AT CRE A G 8 AT X 4 @ & it A, & ok

%5 B #A.2022-01-27; 1€ E H #7:2022-11-08

EE&TH WA ARBFEIA T H (2021)J30291) ; IR A Z0E TT RIS H (21A0518,21C0691) ; A AT 48 SR 2135 B (2021) ; B8 4A
KA AH RN R R100 B (%0 (2021) 197 5-3585) 5 R RHE 2 8 K24 Q1 F D I 200500 B (2021) 5 R RHE 24 Befk

ST RS BRI E2AFH(2019)

PEEB AT A hae(1987-) , 2 Bt PFII, 5007 0 A AL BUSORE B o3F-i5eit s s 3R (1984-) 38 ik | RS0 BT 5 07 1 o A AL B I %

Ay TR, IR R A eyl431102@ 163.com,



2023F 1 8

W54 E B T A A UL A W 5 2 1 o s K e
I, NI AT VE R R T v R 1 4 8 B 7, 24 9¢
TR SR T E R SRR, ]
Xt 4 B B UEA T E A, E R R e LT
Xt Ag" Hg™ Mg™ \Cu™ Zn™ S8 TR > 7
P2 IRBE 7 RS I 4 T s ELA B K FHAMAL
T ZE 47 S A I 7 1, R AR AT — SE Sk AR
TEAFERET 3450 B B W 2% 55 m)

AP 5308 3k 48 A S A ) 24— F B R A i ot A
e b 2 A4~ 2 - Mk ig B R S AT, 459 3] 3k 5 1 U 1
APPSR Lo 3833 PGS LA 8 T R ET U
AV BT T HLE et o6 R | 8 0 45 B IR i S AR vk
TR E T HEN S AP LT L

1 SIGERS

L1 RKFIENE

()R — H e — W AR 2 B0Ch 80% K &
JUE 2 -t W S TGk 2 AR A AR Sk
5 AR AR KA AL SR A A AR
TOKEFEAE KA ELES TR SR R
By JUKE SRR, B B ali, 1 28 3R Iy
ARAF,

AVANCE M HD400 #% i 3t ¥ 9% 3% %, 7
Bruker 23 ] ; RF—6000 %¢ 3643 Y66 11, H 4% SHI-
MADZU A,

1.2 Ak
PREF L A US4 fis .

0 0
OYQYO N,H,-H,0 YQY

_0 0 HN _NH HN\NHZ

(0]

H 7
N”

0. 0

N/NH HN\N
2\ L N~

HL0.79 g(4.0 mmol) [A] 4 — HI R — Wl T
20 mL Jo/K B, i AT = 80% K A E, 7E
80°C i 24 h, ) 58 MU , e A, Wi A
UE T AR A E R 0. 74 g, B E] =4 1R 2K
L, 7’288 93. 7%, "HNMR (400 MHz, DMSO-
dg),6:9.82(s,2H,NH),8.26(t,J=1.8 Hz, IH,
ArH),7.92(dd,J=7.8,1.8 Hz,2H,ArH) ,7.53 (t,
J=7.7 Hz, 1H, ArH) ,4.54 (s,4H,NH,) , "CNMR
(101 MHz, DMSO-d, ) ,8:165.90, 134.01,129. 75,

TORESE . —IPERENE A SRR SRR EIEREAR - 255 -

128.88,126.51, ESI-MS,m/z:195.21[ M+H]*,

B 0.58 g (3.0 mmol) [H] % — W ik JIF ¥ f T
20 mL Jo/K Z B BB H 590 (6.2 mmol) 2-MHiE
FHE 76 80°C N M 6 h, W 5E B , ffr i B,
Wedn AhuE BT AR F A ENA 105 g, RIS L,
PREN 94.1%, "HNMR (400 MHz, DMSO-d, ) ,6:
12.25(s,2H,NH),8.64(d, J=4.8 Hz,2H,CH),
8.52(d,J=8.3 Hz,3H,ArH,PyH) ,8.24~8. 11(m,
2H,PyH),8.02(d,J=8.0 Hz,2H,PyH),7.97 ~
7.86(m,2H, ArH) ,7.75(t,J=7.7 Hz, 1H, ArH) ,
7.45(dd,J=7.2,5.3 Hz,2H,PyH), “CNMR (101
MHz, DMSO - d, ), &: 163.23, 153.64, 150.05,
148.96, 137. 41, 134.03, 131.63, 129. 44, 127.56,
125.00,120. 50, ESI-MS,m/z:373.42[ M+H] ",
1.3 St it

PREF L DL DMSO i I BL il i 2 mmol/L 145
g, VO BE T, BLdl AP Gt e
Zn*  Cu* , Co* _Ni** Sn*"  Ba*  Pb*  Ca®" . Ag"
Na" K" BUGEE W (2 mmol/L) , 2% miz ik LA i 4l 7k
FEEFIECH 0.1 o/L B9 HEPES I&¥, 3 1 mol/L
i) HCl F1 NaOH ¥ 795 & pH 7.23, filfk R K
EtOH-H,0(9:1,V/V,pH=7.23),

FEOC % R ET, B8 OB 20 pL 45 £ 6E SR
(2 mmol/L) , ML AIE 1 /) 42 J& 85 7 2% v is W, SR )5
IMACBEEZ 2 2 mL, OGS 5 55T DLl
ek Y TE = R T W E ; PO R B A =
366 nm, KEFPK A =375~600 nm, i k/ K5k
85 %A 3 nm/3 nm,

2 GRS

2.1 #H$H L 5 L+AP B 5h-v] DL IR Ui e 3

e L iy C=N #E5mER i N 55
AV WG58 T /0 F IR, S 8055 Lok
PR AL, SAh T WLfOETE (B 1) BoR, 7E

0.15

0.10
=
S
= 0.05

L LsAr
0.00 L 1 1 1 1
350 375 400 425 450
P K /nm

A1 %4 L5 L+AP By 40— R ki



- 256 - FAX AL L

EtOH-H,0(9:1,V/V ,pH=7.23) 35T &4 L 18
371 nm KA WNCH, BEE AL BIIA 371 nm 4b
I TR , R L 5 AR T %A,
JE R AT e R IRET L 5 A 4 A )5, BHLE L H ) C=N
SR A AL (845 3 A R R AR R L A
K,
2.2 REL 5 LA B3

1E EtOH-H,0(9:1,V/V ,pH=7.23) 5T, Il
AR 4 8 B R EE L PO e, M
B2 Al R L AR JLPIRA DO, RA A ALY
If,446 nm Kb A2 5R BE MR 1S 58, 5t AT R 4R
B L5 A SA  BHS T HE L A 4L, (515501
W P3G , T RS & PO, TEAE R SRR, n)
PREF L i o A A 42 &8 25 -1 385 L A
AR, AR RBAE X AL HEFT RIS

400}
3 300}
K
% 200}
3
~ 1007 LILAT
0 b=t ; —
400 450 500 550 600

K /nm
H2 TE&BETFHEE LRGSR W

PRAET B 7 WO S — T E B PR FE B, o Stk
TT 96 ETR (B 3), 458LFW, 7 0~
20 pwmol/L 7 [l Y, A Z& 11 2¢ D't 5if JiE Bl 25 i A 19
AV VR BE 1) T S W3 R, 7E AL R B AT 16
pmol/L J5 , 446 nm Kb 1Y 70 vk B I A ] 1B 28 1k,
TN, NE 4 o] LIAS AT, 76 0 ~ 12 wmol/L 35 [l 1Y,
AP E S0t R R LML R (R =
0.982 8) , [A]H =R H fe /IR H BR A 0. 202 pumol/ L, 38
T 5 T A 2 G LA B3R IR K e AL B PR
TR (7.41 pmol/L) ' K IHRER L X Al B 5

e MY R
500
. 400 FA8
g '
3 L 4 \
% 300 / 20 pmol /L
2200 / \ ‘[Am
0 " " AT
400 450 500 550 600
WK /nm

B3 R E AP EHRA L Bk i

FE435FE1H
400F
R?=0.9828
3 300F  k=3.12857x10
o
% 200
2
¥ 100+
0_

4 8 12
C(AP*)/(pmol - L)

W4 %4 L7446 nm LK LEES
APRE B & X &

2.3 BHFEFEENRTRE
FET R FBRET LRI AP p a8 (B 5)
TEBRET LR R a5l m A AP Cr™ [ Fe™ [ Zn®" |
Cu® _Co™ _Ni*" . Sn* _Ba® . Pb* _ Ca®. Ag" Na" il
K* 255 oR BT A, Hofh B ¥ R BRI R4 L
o B B o, X AR ET L X AP R 5
PRI, S 8h BT T B AT IR (K 5)
gEIRLRI L BR T Cu®™ FI Co™  FEHAL B FAFAE R, %6
JEHREEE AL AR BIE Cu® R Co™ S REARAR R
DGR IE  BHIR BAT B I DGR I, 43 ) J2 4R
EF L9 CBREERY 78 A1 123 %, VLW HA 25 7 1 77 7F
HA =BT, 3R LKA AR A b e 5110
SR AL
5001

L]
0

1—L+Mn"* ;2—L+Mn"* +A1**

A5 H4ALWY4AESFHHEREUR AT S
Hih4 BB F A, L 7 446 nm A B KOLTRE

2.4 pH X358 E R =00

B () TR B P 2 5% R I 1R . T, Sk i
IR TSI pH XHEER LB AP PERER I (& 6)
Gz ARy HEPES Z2 i, MIEL 6 il LI
pH EAEXT L 2 a8 B JL-F- A %M, #F pH =
7.23 B, L+ A IR R A9 008 B ik, 4 pH=7. 0~
8.0 B L+AI" R R ULk JE A LA K, 24 pH<7.0
8¢ pH>8. 0 B, 7 R A 2o B WY e A1, T IR ]
REJEAEsm IR PE AT T 485N L 1) C=N LI &5,
& KWL BE T, LE B SRR R AT & B
AL(OH) ,, I AR THRET L 5 AP 9284, H itk



2023F 1 8 TORESE . —IPERENE A SRR SRR EIEREAR - 257 -

PRI pH=17. 23,

400

PR /a.u.
oW
8 8

8

S

E 6 pH xR LA LA (R R0 OL 3 5 8 %

2.5 FETL 5 AREA#ER

FIFHAFEE IR SR Bk M E RS L 5 A Y
Job’s plot HiZk (& 7) , 5 R EHEE L 5 A" 1945
AN 1T,

400

W

[=]

=]
T

FEIREE /a.u.
— [}

s 2

S 3

:

o
0.0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
[AP*]/([AP*]+L)

FH7 #4L5AE40ilzds
([L]+[ AI**]=20 wmol/L)

Benesi—Hildebrand 72 ( &l 8) /5 ,1/(F-F,)
5 1/[ AP B RAFRIZTER R (R7=0.991 65)
VUHIIRET L5 A RL 11 R84, R R L
5 AP RIEEE H N 7. 33%10% L/mol , 5 SCHRE 1S
il (10° ~10° L/mol) #M&1 .

0016L  R*=0.99165
k=3.24952x10-

0.012

1 1 1 1 1
1x10° 2x10° 3x10° 4x10° 5x10°
1/C(A**)/(L+mol™)

% 8 Benesi—Hildebrand 7 72 T.—AI** 4 4% #

2.6 L-AI"BEYRAEFFEHNNE
TR TR (QY) R B OG5 A& S
S TR RO SRR L SO
IR T R A A A TR
QY, = QY (1/10) (A/A) (n}/n}y)
Hr x AERFFHSECH T ; ref AEZS LY IT; 110
REFIY BRI Z: L) o i B 43 0 R BE s A ARER T

DU IR 2 L0 A I %32 08 38 R D' 1 TR D6 38 3 5
B Y BFNZ: L) B T 7R VA TR AT R

[ B 5, TAC T 3 > v B ) 5 DR RN 2 L ) ot
VST, (A5 5 1 W' B AR HOR K 0,05, LATH
PSR A

FENY L— AL BE A 90 1 B K0k K RN &
PG 73504 366 nm F1 375 ~ 600 nm, 5 5 iR 25
THY e K & I K (350 nm) F1 K S 3% K TG H
(400~600 nm) EH LT, BT AR BERT AR 25 T 1E M An
WES W, BIRZETHE 0. 1 mol/L H,S0, H &
FrFERA 54% " BRERE TR L-A it 5917t

R ME R,
£1 BBRETNL-AVREYHRLEFZR
W% T L-A*
Ao/ o Loy QY/ A/ , P
nm QY350 nm

330 456262 0.042 51% 0.94 355 28212 0.030 4.6%
335 506016 0.047 50% 0.93 360 34238 0.032 5.3%
340 557379 0.051 51% 0.94 366 36855 0.032 5.7%
345 591640 0.052 53% 0.98 370 35273 0.033 5.3%
350 603201 0.052 54% 1.99 375 34215 0.032 5.3%
355 572285 0.048 56% 1.04 380 34066 0.032 5.2%

360 517514 0.042 57% 1.06 385 33210 0.030 5.4%

1 OB RS T L-AP* & 9 9 R/ F ¥4 385 ~600 nm,,

A% 1 A, FEOR D% 330~ 360 nm JE Bl N,
BRR 25 T 2Ot & 7 7= R ITE 50% 247, KEAH
A, L-AU"FCA Y78 R I 355 ~385 nm {5 Bl 14
B P BRI AR — B0, WA SR IE A FE R KK
KA 366 nm &b, 5 i F 7 HK 5. 7%, X F B
LAl FL A W — R m 1 9O &9, 455 L 2
AR AL R AE R FHANME
2.7 XFIKEEH AP BT

K FERER L X A Sk f K m K iy A1 gEfT
TIRE AR 2, Hor, BRI B IR BHSCR

R2 BERAIMFEAFKD AP HAE
I, MR 2

AR/ HUEES V4

K
(wmol-L™")  (wmol-L7") % (n=5)/%
EEN 0 — _ _
4.00 4.08 102.0 1.36
8.00 7.91 98.7 1.12
12.00 12. 14 101.2 1.95




- 258 - P4, AL T E4BEE1H
s [5] Exley C,Chappell J S,Birchall J D.A mechanism for acute alumin-
‘ AL MiEEL W, R 2 ium toxicity in fish [ J]. Journal of theoretical Biology, 1991, 151
K . B (3) :417-428.
(pmol-L™")  (pmol-L7") % (n=5)/%
[6] Rout G, Samantaray S, Das P. Aluminium toxicity in plants; A
kK 0 - - - review[ J ]. Agronomie, 2001,21( 1) :3-21.
4.00 4.19 104.9 1.57 [7]Yi M, Yi H, Li H, et al. Aluminum induces chromosome
8.00 8.05 100. 2 1.23 aberrations , micronuclei,and cell cycle dysfunction in root cells of
12. 00 12.25 103. 1 2.15 Vicia faba[ J ].Environmental Toxicology,2010,25(2) ,124-129.

98. 7% ~102. 0% , /K 3] AR [BIIACR SA 100. 2% ~
104. 9% , AXF bR i 22 (RSD) 24/ T 5% , 16 I 1245
B 0T TS bRk RE T AL A

3 #ig

DA T2 B g O 2 — bk i R Ry SRR B T
—FHT R J AL DOGIRET L, ik A SL e gk
R FE 0~ 12 pmol/L yEFEIN , A ¥k i 558 5
JEEA RIFMZMELR, KR 0.202 pmol/L,
[EEF, Job M ZRIESEHRET L 5 AP LUEE /R LE 1:14%
B EAFECN 7.33x10% . DIBLFRZE T MARIES [
Yl L-Al BL & WITE S KPR I 366 nm 4b
9Nt F =N 5. 7%, ¥ R EN FH T KA
AV BRI I EL A 3 2% ) e B R R B 40 T
ST K 4 AU B A el O - YRy = i <o O A |
VINIER

S 3k

[1] Exley C.The toxicity of aluminium in humans [ J ]. Morphologie,
2016,100(329) :51-55.

[2] Altschuler E. Aluminum-containing antacids as a cause of idiopathic
Parkinson’s disease[ J].Medical hypotheses,1999,53( 1) :22-23.

[3] Kepp K P.Bioinorganic chemistry of Alzheimer’s disease[ J].Chem-
ical Reviews,2012,112(10) ;5193-5239.

(4] B 05 AL E T BB FOR AT S R [ )] e TRH,
2019,35(1) ;104-107.

(8] HIREh. A1 8P 5t W OB R I E K 47 [ 0] 61 52 5
%,2006,23(1) :66-68.

(9] i, G M, shvcFl, &5 — R FuEnk - B PG L M &
B Fe?* , APY, Cr IR 1] A ALk, 2016,36 (4) -
768-773.

[10] Zhou Z ,Niu W,Lin Z, et al.A novel “turn-off” fluorescent sensor
for AI** detection based on quinolinecarboxamide-coumarin[ J].In-
organic Chemistry Communications,2020;108168.

[11] Shyap K S, Kumar A, Hira S K, et al. Recognition of Al** through
the off-on mechanism as a proficient driving force for the hydrolysis
of BODIPY conjugated Schiff base and its application in bio-
imaging[ J].Inorganica Chimica Acta,2019,498:119157.

[12] Rty 57, @07, %5 R UL JSiEE B T 0O R Y
B HBAUNPERERTTE [ 1] .73 ka% ,2018,46(3) :379-385.

[13] BRI, L0 AR, 55—l T T3 40 M A 1 Zn () 28
JiE RIS CAR )] T4, 2017,33(10) :1722-1730.

[14] FHRBD, A0, 5ot | 55 00 B XU BE S R BB G HREET 23 1) iR
SIS Zo** A1 CNT[J]. 2071k, 2018 ,46(3) :354-367.

[15] Kumar J,Sarma M J,Phukan P et al.A new simple Schiff base flu-
orescence “on” sensor for AI** and its living cell imaging[J].
Dalton Transactions,2015,44(10) :4576-4581.

[16] FEFk, BERAN, B4 B, 5 AW AP B RIETOCIRE 15
BAITERERTIEL 1] 0BT ik, 2018,46(12) :1937-1944.

[17] WarHSEE D AL, NI, 5. —Fh turn—on A ALY JEHET K L% 4
PRI ]. P EPR R ,2020,40(12) :5422-5427.

[18] Lee J, Kim H, Kim S, et al. Fluorescent dye containing phenol-
pyridyl for selective detection of aluminum ions[J].2013,96(2) :
590-594.

[19] Feng T,Ai X, An G,et al.Charge-convertible carbon dots for ima-
ging-guided drug delivery with enhanced in vivo cancer therapeutic

efficiency[ J ].ACS Nano,2016,10(4) :4410-4443.1

(k3% 253 W)

[14] Mauret M, Paul E, Peutch-Costes E, et al. Application
ofexperimental research methodology to the study of nitrification in
mixed culture[ J].Water Sci Technol,1996,34(1/2) .245-252.

[15] Randall C W,Buth D.Nitrite build-up in activated sludge resulting
from temperature effects [ J ]. Water Pollut Control Federation,
1984,56(9) :1039-1044.

[16] AW 2540 BT K, 55 & AR A A0 T 3R XT3 /K s £k
ARG T AR L ) ] BRIT B, 2020, (1) :22-25.

[17] *BaEE, ZEhkE TR A/O-MBR T 2008 shik B A5 [ J]. 352

T,2011,(S1) :434-437.

[18] Bk/=, B, TR.A%/0 T2 AR M EE [ 1] Y
HAMS 2014, (3) :22-22.

[19] Zhong J,Fan C,Liu G,et al.Seasonal variation of potential denitrifi-
cation rates of surface sediment from Meiliang Bay, Taihu Lake,
Chinal J].BREER} 22440 . 3E3CHT, 2010, (7) :961-967.

[20] L5, F by, ABL K COD W K C/N (8% i &R 1Y
R [ T] . E gk HEK 2005, (12) :19-23.

(217 BV, W08 SR, 45 320 MBR T2 SRl AR RS U8 A H % 4
WL 3] TP E LA K HEK ,2017,33(7) :97-99,104. 1



