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Abstract ; Schiff base has the characteristics of easy preparation, high sensitivity and high
selectivity ,and has been widely concerned by people for a long time. In recent years, tetra-
dentate Schiff base optical probes have been widely used in the fields of medicine, cataly-
sis, analytical chemistry, supramolecular chemistry, functional materials and coordination
chemistry. In this paper,combined with real-time hotspots, the tetradentate Schiff base opti-
cal probes are characterized by their unique NN or NO-type cavities and uranyl ion coordi-

nation to achieve qualitative analysis and quantitative detection of uranyl ions in actual
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samples and applied to the identification and detection of biomolecules containing

phosphate groups. Finally,the research and development direction of the tetradentate Schiff

base optical probe is prospected and discussed.

key words ; tetradentate Schiff base ;uranyl ; phosphate group ;optical probe ;coordination

chemistry

0 51 =

T LA S AT, B b A S P B IR
B IR A (44 B R T Be, P 0 B, P O
Schiff base) , Ji KRB H A 5 TE RS )
HEATAR A O NAS 3], NP 1 (a) Fios . TEFE)S FOBF
g, MTHE & A W s P % (—RC =N—) %k
FAA MLECIRGERR R i eml, i I e B
J7 FEET WM s W (—RC =N—) FEH], T
e S ) T P B e B R R L, i
RO ZERDTRE T E-FARGA 1 L] 25 15, I %5
FERE B A 2 IR BRI R S R B
EI |, =0 215 BB, H P 383 JF ((salo-
phen ) J2 PUHA Ji5 SR S O A4 b o5 8 DL i) —F . AR
FETRUA | = A ST IRk, DU 14 2S5 I Bl ) FH A
HEN, 3% N,0, ME B H KL L) TR
A7, A5 B0 FSE 1Y DU LA S5 48, [R] B I 45 288 i R ik
A ZEAE S INIRZE A AL, IR 1(d) BT, P
KIR KA G, AUAEAL 22 h B L5 0 4
AR RE , T ELTE 2E Py 1A b bk b 45 T T 5 W
BARRRAFRALAE . SO0 5 I 0 1 5Ty T
SN — B L, (B 5 INAH HE, TR D
FACA Y HAT SO AN H 5 il 85 S

ISR T RN ol Vo A | Y A
Mrib2s HE A F A2 ThRe AR Re i 4k
PG AA N S YRS, IAEBE Sy, — 4
Ji FE LA PR, P, LAl i s R AR
A DR I 6 i B e 2%, e Bt iy Bt
SREETETEZEY) . 0 S. M. Emam" " 2284551 & 1L i
RKIREAR 5 Co™ , Ni**, Cu>* Fl P24, i 1o
BE, RI Co® Be AR X 25 1 B i ( HT-29 ) 241 fifg
BB EE, Ee T, A&k
THIFE B T VF 200 R0 R84 & e & P i Ak
LT O N BEIF IR R & SOR IR I B AL SE R
7, B RGHE S B il T A T A A 0 B S\ B A
TR F B C AR N-(2-30 HY L mLBE ) Jd S0 e 1)
WA, ERAFET, ARG E T4
XIFR Henry N RN = S RE 80 £ B ik
2 BT A BT — R0 B F 08

JRE R S TS ) M Oy TR AW o 7 IR
FrRMAEE T, il CEYRITT Ma(D) 5
XU HE Salophen B 5-22 5& 4B JE %7 w4 1% — 1% 2
IV H 20 B JORE 73 5 A W A T ARG U 2 U
BRI . AR, NG R F TR )
TR YR CHUN 5 5 W R, 20k E R
IR SEPRA I, 75 S REAT RT3 1, H. M. Ha
SV BTG BT B R B Y A L R
ALt 44K ER ( mesoporous silica nanospheres , MSNs-
AH) , I HIEAT R S BBC 14 1) 4 £l MSNs-AH Ok
W RE N TR K A K TP A 4 s 1 A
AR AN T K BR T Na® 8 150, Thgfk
R B0 0 4 S 5 - B P S e B e, AR, RN
K MSNs-AH W R 500565 Lit 8 5~ Wm H AY
[Eprite

1 H AT AT A0 58 b, 2 1 E 1 e A A
< Jm B T BEZ A, 0 5 WORO'E 1% 75 (atomic
absorption spectrometry , AAS) "> T % G
1% (atomic emission spectroscopy, AES) ") Hi k2%
JPEN FOCHRE T TR AR B A YR
S (HH p— 97 e A A o g i AR S %
WSCHE ST R BE A, SRRy | PR 1 T 7 125
PAEWAT i AR RN P SO AR A5 1Y
Bl TR | BERS HERG 2 BT RR AL ZERHIT U
BRSO, Ak, CHIE & i BA I 54
P B DU 3 R BB G - IR B D RSN B2 Bt T 4%
RAEHE

H i, BHIF T A2 A H 8 8 25+ (uranyl ion,
U0,*) 5% pHIIE2 F g R8P SO R
salophen ™ WL 40 s i I 1A R R 4 3 i
PRSI Y U 42 B C A0 , 6 L D T I B 5
TV A IS, ARSI T salophen 2852245
FHEERIAR ARSARAR 3 b P A 0 il 5 2 1
(U0, Ko &5 Wi A= 9 o3 - o S5 N

| Rtk LB s 7S N

il ARSI A A% RETF A | B 4 A R R B AR AP
RS E 2 CH ZEMI/ER . salophen ZE G245 4



5533 B S B

H B « U147 R I I A P T ARG Bl 0 5 i ik A1 A ) 1 B WS ik i 3

Je F R I 00 Ik 2 — o st A7t
A A R (o FH G 2 e RS 0 et
SR BR A AT BRI TR S o8 b 4 A 1
NO 75 Ji -5 Bl Bt 2 12 B e 07 ol ARG 5 L9k

RCH=O+R'NH, =—= RHC=NR'+H,O
()% B0 £ o X
I "

(D) KABEE

R, 6T AT DU DU AR R bl R TR
TR DR R YR O RT X R AT A
REER LA IRENE R A HEME,

— R, R,

” R] - \
C_ \\ ,)—OH HO \
7 DR — R R R

(c)salophenZ #4138 3

(d)PPwREE 45K

B1 FBREHEREEEREESEHE

Fig.1 Synthesis of Schiff base and structure diagram of its common ligands

PECTRET 5 42 & BC A 1 J5 2R 284k (4L
B WA DR K ) — A TR
s N R AE I RE 55 F8 (energy transfer, ET) |
B faf % %% charge transfer, CT) 4%, Bfif5 & R, 7E
PR RN (] 43 J8 BE 2 A0 I, 7 AR 1 9 i
SR I PR AN [7]) 42 Ja 4 i A7 7 A B 9 't 5
JEZ A, AR 2258 SO B 1 FH & A EAE
( cation-cation interactions,CCls) . FET I, JRAA
TE IR B BEITE S F7E CCIs M/E R T R BT R 471
PRI PE ) U0, W] AR T BT Al R Y ST T
AR DU A U | A OBUHE T RS A RS
ZS [ A . U0, 5 R8T A i IO e 457 46
JRBCE )R I AFAE— A B 5 HAM B 455 1
TR A o S TG Tl P A 3 T A ) R
MRS bk sr 7, CA SCHRRE , ol B R
PAFTESR B A BAE T o P o 2 o) B 1 ks
PAAT i S 0 3 AR 1 B8 T SRAGHIN 25 i 19 B A1 1 )
JEH AR R b BH S - B B AR AN T Z AR
R HE R VR R, Sl T B 1 R N AR OUHE A Y
B 4
11 BeSEseik i il o i

B RIPEEHS AR T — R ETF
salophen YT AU AR GG E A I Al e, 5K O
SN BT T — Fl R R -salophen 1 4% 7€ % E 1)
FeFIRER  IZKIRE IR T salophen JG2F 4P, 3%
S 1Bl A A I R AR . ARl 2 P, R
PR BEAXTEL S5 (1) 5-AHEVOCR , LS5 IELE
M FR IR -salophen 1245 2] & BENEFET salophen-2¢

MR, Ot RN, ML THIBEE 75
salophen i 3 J & Wil P ~F- 10 45 #4), 4l Ik 25+ 5
salophen-2¢ 6 2R L A T8 ) B8 K 9 °F- 1HI 25 44, FLF
BRAFW 35 08, DO i T 5 i, 2R ER
B HCAR BT TT T A 0 49 4 b ) T 5 - AR AR
I EA A Jt-salophen 5l E =5+ BL A7
AT ROl A A T B b, AniRl 3 fr
TN BFFE SRR B S -salophen FEBR A 55280, (H
St Es 1RO e PR A R 2 RO
R, pH , FCARHR B 25— RN R AL , HAERAR
S ARG Il 7 3 P2 RV LA 0. 03 nmol/mL ~
4.0 nmol/mL # H BR 4 0. 015 nmol/mL, H7EsE
Brok B v e Bl mE Bl R R 97.0% ~
104. 0% o 27715 C 0 H] R0 7K B b it il
HACR R
1.2 AR BUET i o Bt

FEPR G HST (resonance light scattering, RLS)
BI04 J MBI L T B AT T 0 WG I L
W AT LR A 38 5 HICSR AR AR AR ], H, 5 PR R4 T i
FURMOG R REELIT 7 R TR CHUR Y 1 72 . RLS AR
R — R Z AN 7, EgT i TR E AR
WA A 2 2 N R B L, ARG, D AL 3 32 B T4k
SR/ MVANCEE -3¢ & S0 VA U e i
FURFRIG R a0 e TR RS BC AR 5 9K A 1 45
B AYAL A A FH RO R o A £ 1 I el I
PSR FH 5 3 B T 4 RO U i
SEA YR S T RLS IR
SEADE A S 2822 AR TR AL



4 R A (A R R

2019 4510 A

JB 1 55 T H 2R T R OE o T A W RLS
R AR ST IR AR T A DY T
—FOBUR Y 145 i A Bls—Salophen) RLS B0 T
XPARCHR FE RSN, ] 4 B, SRR TE AT

H:N  NH,

OH
: (X
CHO

COOH

Qouoﬁ

7, Bis-Salophen [ %¢ Ot 5 & 1R 55, 4l BE-Bis-
Salophen {4 & 2 3 B K K 38, JE T I, RLS
P Al TS PRAE A R UV BCR RAT

o el
O

COOH

EDC
5-AF l NHS

QOH Hoﬁ

TR 5t

&,

B R T S B TSR $

2 Salophen-

S,

Fig.2 Fluorescence probe method for the detection of uranium by Salophen-fluorescein

2 Na03SQOH

CHO

+

—_—

HoN

O

NH,

NaO;$ Q&Ug‘é ﬁ SO;Na
UO:(NOs), =N “N=

Uranyl-sulfo-salophen

NaO;$ QOH HOQ—SO;Na
N N=

Sulfo-salophen

B3 f&E salophen 7¢ 3% 56 M) $h Bk

Fig.3 Determination of uranyl by sulfo-salophen fluorescent

C. H. Xu S5 RS T HBE S N, N-XL (s

TS 1l R R ) -4 2K 1 (N, N’-bis ( pyridoxalphos-
phate ) -o-phenylenediamine , BPPP ) 5z i K5 I 4 ik
BTHY RLS ¥, WA S Fi7R , BPPP J2 & A P
T IRk A1 1) D AT TRCAAR , 7T 285 4 il Y 25T 1R 4
TREWY) LA T BRI RLS 15 57284k,
Ve WA R 75 e A8 B2 i) PR /KA T 2007, 4%
R RS 236 214 1 ¥ R 0 LIS TR O s A
5 e B A 55 B K- ((Inductively coupled

plasma-mass spectrometry , ICP-MS) 72:46: 0 X HE | %
i s Y R A — 2

S.J. Li 535w 2 PPt 22 e -salophen
(ethyl phosphate-amino-salophen, PAS) 1E & ) 2%
REFRRINGH (VI) B RLS %, W& 6 Fizs, PAS 7]
DI salophen #8535 5 Sl It , 26 04 Bl 9t 3242 4%
F3—A PAS HIBEIR L Y iU 7 T RS,
AR FIE) RLS 155, RLS BY{5 S50 B 540 (V)
1£0. 8 ng/mL ~32 ng/mL Y0 [l PN Y3 5 S 2R 1



5533 55 5 W H B ARG « 0147 R A ' R P TG ol A6 35 iR 5 DA A= ) 7 1 RO WO o 5

KRR 0. 24 ng/mL, 7 EC I T SORKEEPHI(VE) B9 E

oo )‘ ?5?5 Q

ol _SORE /\

& 4 Bis-Salophen ilIZE $#h ( VI) B RLS 3%
Fig.4 Determination of uranium ( VI) by RLS method with Bis-Salophen

ARG

HO
HOR 2N Ny P + 2+
b— HC? SNcH OH UO; —_—
_?/}OH HO~ )
N= -

CHs HC

B 5 BPPP i RLS i&ilEH
Fig.5 Determination of uranium by BPPP RLS method

OH

& o H e,
0 : I OHHO-R"NNH, 1o Q I OH

+ e HOONN 0 HO-P- O A Ce N
OH EDC/NHS O H O

N
HO'&\C[NHz | OH | OH
NH:

#R H—salophen PAS

Uuo* HO

I ONPZN O /C N SR EHURIE
pa 10 l% H o N \@V /| ZSERERS

{%? &

EEBLTFREY

El 6 PAS HREFERNGHH(VI)
Fig. 6 Detection of uranium ( VI) by PAS probe method



@)}

IR (A ZRBEAR)

2019 4510 A

S

2 EWRERFE A LY o A

o BRI AL T 1) L E W) o A B AL 1 WA
JIid 480 4% W A% 2 ( desoxyribonucleic acid, DNA) | =
WM BE F (adenosine triphosphate , ATP ) &5 H.7¢
AW HE AT B B 22 B P AR A AR
YERT . BIR ANTHEGE T 2 25 Bl I ik 11 ) Jo 1)
R 7 2 B R 22 B0k I - B 52 4 X THETT
IR R e M G | RBORE Y A B 7 i X
HRK,

T SCH R 7T i T 29 5 R BT i Y A2
FE T R A B G Rl 5 o g gy
FAEATICAL, B R A5 F] X — R a5 ik
F5 7 I5E ATP (1, 6- B B R BE (fructose 1,6-bi-
sphosphate , F-1,6-BP ) 184 i £h 45 7 i 112 35 A1 4
T 5 5
2.1 Z=HWEERBFHE (ATP) BY salophen € e ¥R $t1i%

il

SRR MR (ATP) Z AR TG IR 2
—o ATP YE R AR — R, A 238 I 2 501
AR B VE . Rl g LR SR Ik R i, & L
ATP AREFRN ATP A #1748 5T ATP 724 Y1k 4H
N IOE A e WA R e I e | N
FEE T IJUMAH T ATP ()5, Bilan. fbe# &
FI s O Ak A AR -
SEIRIO AR A WAL I LA TR SRRV R R AT
R ATP 43 B JC T 48 3 2 i A i, (B A AE
Jrds 8 G, DNA B0 4% B 52 FAS AR E S5 BRI .
TG-S G 7 Tk B 1 %) 1 A58 T 2 i 52
AT 25 SR B S A B T s AR R i 2
FFE& s ATP (e IR UE T e R AR B A7
e E PRI A OO0 A, A ATP 7 Il PR 1 A=
et E LER, BETED e T Bk
I ATP, H BB EE e RABUE R ATP 3R 4T 2 —
T R L A PR Y AR

FEXIRFFE T, M. M. Zhao 1% 531 I 4 3.
TRz e U 73 O I E ATP, 4N
Kl 7 s ,*ﬂ’%ﬁg%%ﬂﬂ@ﬁf-salophen eAY, e
DLEFEVEZS & ATP iy =B IR IR B A1, o) —Fh
PR EE AR (—Fh B BESEAZ R ) 7T LLRE Sk
U ATP rp i R e A [ 7 e e Uk
THT )17 A 9 G BE A B M S 4 5 Bl 5t -salophen i
SRS ATP 255 T8 .0 4 7 BU S5
JRBES I A R R AR AT, K BR A
0.037 nmol/mL, [F[ U %4 96.8% ~103.3% , iX

TR vk BT R A e, e RO SR AR
FAE AL AR % B E LD N T SE PR A
eI E | Ry G I B R L A ) B B AR T — A0
i,

Y. F. He % 438 T —FCH s AT
R KR ATP /) RLS ¥, WK 8 B, XU
FlTEE XA FE % % B ( bis-uranyl-bis-sulfosalophen ,
BUBSS ) it izt P 1™ e 437 S 1oz B AT XU d 1 i
PR EE AR TR Sl e 25 1 RIS, 190 ATP 36
& (aptamer modified Au nanoparticles , Apt-AuNPs)
B4 KB T VE R RLS #5F, &Ry 74 %
T BUBSS 43 F 5 WA ATP 43 F 45 5 P S0, JE
IR F . RZ AR BUBSS 73 456 M
A~ Apt-AuNPs 73T, Apt-AuNP {5 7= A 5 51
(Y RLS {55 phedEml BJT % B RLS 5k, 18
AT HA 4.5 nmol/mL AUREIFR , SL6 2%
SRBW %7 ¥E ] B T S BRAE R ATP Bk
W, IECRAE 96. 3% F1102.5% Z [H]

2.2 1,6-Z"HEER RAEHY salophen R §t %
i

1,6- W TR RO 2 A= ) A4 9 o SR o )
By, B R IE 327 AMIEE F-1,6-BP AT L
fe bR R oA, AN SERE =, BRI O
i AR ZE MR PP BT R FEPIR
B B RV O TTART AL DA DL A
PR, RIVE /NI L B 2 A (L 30 2 FH i)
PORAGIN F-1,6-BP, K I T B 32 22 2 il i 7 v
BERAEITUR L ) 15 1 B 52 5 3 52 e I A A R
o P 38 V) EIT & A2 B R s = AN
2 U B M T 2R R R A I B

G. L. Zhang SOV T AT AR F-1,
6-BP 1Y 7 5 . an &9 Brow, K [ Ak b -
salophen FC-&WIAE Ay [ AHAZ 44, o5 — A8 T 501G
Fric i) #l B -salophen Bt & #04E A I F-1,6-BP
AIFRICSEAR XA 75 12 e — A I - B A
AR R, R RHGE T F-1,6-BP Ay
I B AR 73BT T Be R 43 B A iy R 48 vh A B A
PR B8 TR A 11 1 45 # ARL DL 1Y 3 7 IR RE T T 1Y
AT,

X. Shen %5V G i 7€ ot 6 i AF 5% T W
salophen 55 8lI Bt (145 5 527 T 18 SR TRE & i 1 -
salophen FOZ5H), WK 10 Frzs , 8 5 F PR G
SCRERFSE T 4l Bk-salophen 5 F-1,6-BP 1 i # 73
TREWBCAL N, FlE-3 salophen 5 F-1,
6-BP (1455 Al SRR B Y WA 1 R | X A



5533 B S B

H B « U147 R I I A P T ARG Bl 0 5 i ik A1 A ) 1 B WS ik i 7

SN 43 350 T S0 E il (V) B PG EE AT
W5E F-1,6-BP AYMROGHUR . TERAERMT,
Rl (V) FF-1, 6-BP B9 281 5 [ 43 B R
0. 003 nmol/mL ~0. 35 nmol/mL#F1 0. 05 nmol/mL ~
5.0 nmol/mL, KM BR 73511 24 0. 0017 nmol/mL Fl

COOH

=N N=
S oD

Salophen

1.EDC/NHS
2.Sigel-NH,

0.020 nmol/mL, 70T BYIN T 5K
FEFVEI (VD) I E |, B R i RO At e
I F 250 E SR S F-1,6-BP (R0, 9]
e ZHh 98.5% ~102.3% .,

PO HNE

6.FAptitj i

AR

FApt

7 $hBt-salophen &3 E R B ELEL

Fig.7 Fluorescence detection of phosphate with uranyl-salophen polymer

AL AEAE T T — R g OK 4 18 11 il -
salophen Fi. & ¥ ( Uranyl-salophen-cysteamine-Gold
nanoparticals , U-Sal-Cy-GNPs ) F| F 4% 't 5 57 4
YU F-1,6-BP, Gnf&l 11 iR, & W 4 F 0 i 5t
(%) F-1,6-BP A 435|454 P4~ U-Sal-Cy-GNPs,
AR R A 7 7 R PR IG, SEHRO6 R B R 9 I
FHZAR R AR 0. 91 nmol/L, #E— 25504
UERA PR 3 A A () B 1 6 AT ) o ) 155 L T
U-Sal-Cy-GNPs X F-1,6-BP A3l & G52 M, 25
REW], Z kXt F-1,6-BP B A A 4 (14 1
PEAE

3 B HREY

AR SO FH 6 00 P 5 1 5 W P R AT A
O F B RO 7 T A — R SR T, 45
R, T 5AT Sy A Gt BRATRIE 4 iy 45
AL, D S B 2R 0 R i R e A 4 A A 25K
wie,

it X5 VU 67 RO G- PR I T T AN I 4
PE, 6 TR A A% R Iy 2 T L A R W
JHSTT AT AT S R AR ST X A R
ARE S RN RE , SN A7 A 3 P 4 4 B
THEBRITINAE | R PREE O RN S (i B S A 2



IR (A ZRBEAR)

2019 4510 A

TREE, BEOh BHIF N X R S WU AR s 2 R, A S TARA
b PR AL SUB A ERE AT TIRADISE,

HABCR B2, (B HAE S BR 1 AL 7 13 7 T

T3,

SO;Na
SO;Na

qn )\I /© :OH: —O—Il’—O—(li—O—(li— (o}
O { o) .C

N I Il I
o"N N\”(o . 2 I\T;III} O 0 0 .
7/
(%O NH,
ATP
SOsNa
(BUBSS)  50:Na
Bis-uranyl-bis-sulfosalophen §O:Na
SOs;Na NH
OH O _ 2
o o O oy,
[ <N N
Oft.C=0-p-0~P-0-p-0= 9 o 9 <
(/i\]l» 5 & b E ) - -I|>—o—1|>—o—1|>—o—CHzg
N
o O O
OH OH
NH; SO:Na
#a¥ SOaNa
o< b

H—

.
<— i —_— __, WeakRLS
d Signal

¢ ATP

I Strong RLS
Singal

>~ BUBSS
Apt-Aunp ¢ BEERE:

B8 BUBSS iR H G %M ATP
Fig.8 Detection of ATP by BUBSS Resonance Light Scattering Method

OH
—8—Si\/\HN/D 00 Q
Too ¢ <
NI I H O
NZIN 0—P—0 fox o HN O
l 00 | O\?/l \O OH
o, E e e
03N & ool
—d C;

UO,*"-salophen-1,6-BP

B9 XNZAEFTOBTARCHN 1,6-ZBEERRE
Fig.9 Double receptor core-type fluorescent labeling for the detection of fructose 1,6-diphosphate

— 25 Mtk A



5533 55 5 W H B « U147 R I I A P T ARG Bl 0 5 i ik A1 A ) 1 B WS ik i

Y Q
OoN
\it/ |
—T—O0—U N 0O (0)
/ll\N \i/ Il OH
00 U—O0—P—O0O 0
! N/B\ | HO
|70 OH ! O—p—o»—
|
i OH |

10 $hBEt-salophen 5 F-1,6-BP XS FEEYW

Fig.10 Uranyl-salophen with 1,6-diphosphate fructose to form a supramolecular polymer

H:2N:
COOH

N

CHO  Hooc. NH: H
2 @ + — 3
OH NH: =N N= BN
_
d"“ “O]ij EDC/NHS

N N on
B 0 '
N NH:
OH HN

+ 00 —» I I
O GNPs % §
i
'o—r—o o.HO OH
IFléBP OH OH _
0-P-0

0
! >\“ (o] RLS analysis

11 29K & 1&1H A9 5 Bt -salophen B2 & #1421 F-1,6-BP

Fig.11 Nano-gold modified uranyl-salophen complex detection

7 AR 5o TR i S B B RIS AN A5 2R I8 8 IE & 4 B0 1k RE DT AR e il 32 E
[5] , [R] It 25 me LS g A6 I A A v . & RS DRSO i SR B ot AR BT T AT A AR
R T8 IE A Wy Ik ik 323 22 K LA PF (I B RO JEASTR], I A8 B4 B PR RE AL B Y R T S5 B
ML, pH, S E], ORI A ) BORE R AR AR R UK R SRR SO IRET I e A BE . . T



10 IR (A ZRBEAR)

2019 4510 A

SRl 52 IO N T SEE R, G AL R A 00 s (]
SR, A6 Y BIR SEARHT B DO 14 RO e
Vit AR JCRE BT R DU A SRRSO IR B
W G Jm B AR Y A N A AR A s et
G SR e AN R SRS AN
PG AR ET Y BRI 45

RS DU R R BB TR 5
TEPIANTT AT, BIVSEISE A% 7 B 3 P R JHCAG: I ) e
Stk BEE R AR AT T I B 2 e AR F
FEHIARWIRA , DU R T RO A R AT AR R Y
KSR E 2 A ORI 20

SE

[1] EMAM SM,ELTE T,AYAD M I,et al. Synthesis, char-
acterization and anticancer activity of new Schiff bases
bearing neocryptolepine[ J ]. Journal of molecular struc-
ture,2017,1146:600-619.

[2] ALTURIQI A S,ALAGHAZ A N M A,ZAYED M E,et
al. Synthesis, characterization , biological activity,and cor-
rosion inhibition in acid medium of unsymmetrical tetra-
dentate N, 0, , Schiff base complexes [ J]. Journal of the
Chinese chemical society,2018,65(9) :1-15.

(3] BERUHE, Tk, el L, 25 T B0 UM M A < ] i
BRI TR Henry RLRIWFFE[ )], AR AL R 2
(A AR ,2018,50(4) :105-108.

[4] SULTANA S,BORAH G, GOGOI P K. Mont-K10 sup-
ported Fe(II) schiff-base complex as an efficient catalyst
for hydrogenation of ketones[ J]. Catalysis letters,2019,
149(8) :2142-2157.

[5] {7z K. £ T XU salophen BCAH)  SHGTEE 2
il ATP g D]. #5007 ,2015:1-50.

[6] tpHaits BohlikE ] = K, 55, B0 BURKG 3k salophen FiT
BRI TR AW BOCIETE T[] B
T1.,2016,45(7) :1382-1384;1388.

(7] ZE R e 35/ Jr, 4F & NN, 0,0 PO R
B Cu" (Ni " A AR S P IRRAE (D). 1k
FW5E,2017,28(6) :715-721.

[8] BARBOSA H F G,ATTJIOUI M,LEITAO A et al. Char-
acterization , solubility and biological activity of amphihilic
biopolymeric Schiff bases synthesized using chitosans[ J].
Carbohydrate polymers,2019,220:1-11.

[9] CAO N,JIANG R J,HAO L W, et al. Anti-adhesive and
bactericidal polymeric coating based on schiff-base reac-
tion[ J]. Materials letters,2019,250182-185.

[10] RS BRI, XIHR , 45, kT SRR A RO AR IC 0 2R
Yo Jm B [ V] . DRVUImE a4l ( A AR R
2018,46(6) :80-86.

[11] HA H M,PARK S S,YOO J M, et al. Functionalized

and monodispersed mesoporous silica nanospheres with
a schiff-base for metal ion adsorption[ J]. Journal of nano-
science and nanotechnology,2019,10(19) :6239-6246.
SRR, YW, B 7, 5F. M RO RG-SR
DGR I WS ' 3 v 00 2 i A R A U AR A
R AR T]. AR S (fh 40 0) |, 2018, 54
(10) :1149-1152.
[13] LOPEZ-GARCIA I, MARIN-HERNANDEZ J J,HERN-
ANDEZCIRDOBA M. Magnetic ferrite particles combined

—
—_
\S]

[

with electrothermal atomic absorption spectrometry for the
speciation of low concentrations of arsenic [ J . Talanta,
2018, 181 :6-12.

[14] ALIKHANI A, EFTEKHARI M, CHAMSAZ M, et al.
Paired-ion-based liquid phase microextraction for speci-
ation of iron (Fe** ,Fe’*) followed by flame atomic ab-
sorption spectrometry[ J ]. Journal of food measurement
and characterization,2018 ,12(1) :573-580.

[15] F R, RO & 45 B 1R 2 SO T8 5 I E # ook
s A R[] AL TR ,2018,32(6) :20-22.

[16] RN, A7, T LU, 55. BT 90Kp R HL i 1%
SR A B A AT ]. F At Tk R
FEEAR (A ARRERR) ,2018,40(3) :115-121.

[17] ALI T A,MOHAMED G G,AGLAN R F,et al. A novel
screen-printed and carbon paste electrodes for potentio-
metric determination of uranyl (IT) ion in spiked water
samples[ J]. Russian journal of electrochemistry,2018,
54(2) :201-215.

(18] R oR MO AR/INF 2. AL A L AR A E K TR T
SRR AR Y] RS, 2017,23 (12)
17-23.

[19] BHZT RO, i 1, 45 A DI RS fEh it By T4
W7 AR BRI [ )] A Sy, 2018 ,40
(6) :337-348.

[20] YANG M,LIAO L F,ZHANG G L, et al. Detection of u-
ranium with a wireless sensing method by using
salophen as receptor and magnetic nanoparticles as sig-
nal-amplifying tags [ J]. Journal of radioanalytical and
nuclear chemistry,2013,298(2) :1393-1399.

[21] A%, ERME. B FHISERE ROGHA FETA N E
RET ST [)]. L8k T, 2019,45 (1) : 110-
113;116.

[22] ok, A%, 5, 55 WP = RSO R ET Y
Cu™ U3 B FCAE 20 M A& B 2 LI D 43 BT il
%,2018,37(10) ; 1122-1127.

(23] @22, 21 IF, X, 5. S TR TR N,0, FAAM
AR A (I ) A =A%k I) BE 390 B 45 4 B
FOCYERT (H30) [1]. ToLIb"#5 41, 2018,34(7)
1381-1391.

[24] HBIM, BEGAE, B R, S5 KPR (1) AY22



5533 B S B

H B « U147 R I I A P T ARG Bl 0 5 i ik A1 A ) 1 B WS ik i 11

JER-BBLL Y BB VO KM EL )], 5
filt A%t 2014 ,31(6) :525-527.

[25] MAHMOUD W H, MAHMED G G,ELSAWY H A, et
al. Metal complexes of novel schiff base derived from
the condensation of 2-quinoline carboxaldehyde and am-
broxol drug with some transition metal ions[ J]. Applied
organometallic chemistry,2018,32(7) .1-14.

[26] XU, Mt Ay, 45 Bt 22 IR 2 3 SO A
FABEFEREJE [T]. Ak~ 5O 2%, 2014,36 (3)
129-139.

[27 ] SHIRI-YEKTA Z, YAFTIAN M R, NILCHI A. Silica
nanoparticles modified with a schiff base ligand ; an effi-
cient adsorbent for Th(IV) ,U(VI) and Eu(IIl) ions
[J]. Korean journal of chemical engineering,2013,30
(8):1644-1651.

[28] CHEN X T,HE L F,WANG Y et al. Trace analysis of
uranyl ion (UO,*") in aqueous solution by fluorescence
turn-on detection via aggregation induced emission en-
hancement effect [ J ]. Analytica chimica acta, 2014,
847 .:55-60.

[29] MOTAGHEDIFARD M, BEHPOUR M, GHOREISHI S
M. Self-assembling monolayer of schiff’ s base formed
between o-methoxyphenyl methyl ketone and 2-amino-
thiophenol at the surface of gold electrode for electro-
chemical impedimetric sensing of uranyl cations [ J].
Sensors and actuators B:chemical ,2014,203 .802-811.

[30] GHOSH S, GHOSH A. Coordination of metalloligand
[NiL] (H= salen type NOSchiff base ligand) to the
f-block elements : structural elucidation and spectropho-
tometric investigation [ J ]. Inorganica chimica acta,
2016,442 .64-69.

[31] MIRZAEI M, HASSANPOOR A, BAUZA A, et al. A

new solvated complex of the uranyl ion (UO,*") with

8-hydroxyquinoline[ J ]. Inorganica chimica acta,2015,

426.136-141.

CHEN X,PENG L,FENG M, et al. An aggregation in-

—
W
\S]

[

duced emission enhancement-based ratiometric fluores-
cent sensor for detecting trace uranyl ion (U0,”") and
the application in living cells imaging[ J]. Journal of lu-
minescence ,2017,186:301-306.

[33] HARDY E E, WYSS K M, EDDY M A, et al. An
example of unusual pyridine donor Schiff base uranyl
(UO0,*) complexes [ J]. Chemical communications,
2017,53(42) :5718-5720.

[34] BAUR F,JUSTEL T. Uranyl sensitized Eu*, lumines-
cence in Ln(UO0,),(PO,),0(0H) - 6H,0 phosphors
(Ln=Y,Eu,La) for warm-white light emitting diodes
[J]. Journal of luminescence,2018,196:431-436.

[35] ARNOID P L, HOLLIS E, NICHOL G S, et al. Oxo-

functionalization and reduction of the uranyl ion through
lanthanide-element bond homolysis ; synthetic , structural ,
and bonding analysis of a series of singly reduced uranyl-
rare earth 5f(1)-4f(n) complexes[ J]. Journal of the A-
merican chemical society,2013,135(10) :3841-3854.

[36] ADELANI P O,OLIVER A G,ALBRECHT-SCHMITT
T E. Hydrothermal synthesis and structural characteriza-
tion of organically templated uranyl diphosphonate com-
pounds[ J]. Crystal growth & design,2011,11(5):
1966-1973.

[37] B&MR,VFN, T, 25 B 20U S B A A i
FEE B s AR A TR S IROE U [T]. et R
SR FRFIEIR) 2017,31(2) 178-83

[38] GHOSH S, GHOSH A. Coordination of metalloligand
[NiL] (H,L=salen type N,0, Schiff base ligand) to
the f-block elements ; Structural elucidation and spectro-
photometric investigation[ J ]. Inorganica chimica acta,
2016,442 .64-69.

[39] ANDRE R B,ABE T,OKUWAKI K, et al. Destabilization
of DNA through interstrand crosslinking by U0,” [J].
Chemical communications,2019,55(14) ;2015-2018.

[40] GABER M,ELGHANRY H A,FATHALLA S K, et al.
Synthesis, spectroscopic , thermal and molecular modeling
studies of Zn>*,Cd** and UO,*" complexes of schiff bases
containing triazole moiety. Antimicrobial , anticancer, an-
tioxidant and DNA binding studies[ J |. Materials science
& engineering c-materials for biological applications,
2018,83:78-89.

[41] CHAPPA S,DAS S,DEBNATH A K, et al. Spacer mon-
omer in polymer chain influencing affinityof ethylene
glycol methacrylate phosphate toward UO,** and Pu**
ions[ J]. Industrial & engineering chemistry research,
2016,55(33) :8992-9002.

[42] Mpsese. BT 5+ 7% 09 F- 1 S % Bk fill B -salophen
FC AW BCA e PEVE R DFTE [ D). #5 FH . B 2R,
2018 :1-50.

[43] IR, BOUKAR, skiG T 25, L G Jm A DLESE TR
e FCR ARG BE [ 1], M5 1R 42,2017,36 (6)
446-451.

(44 ] VFEH. 3T XWX TE 75 9 2 555 O 1% vk 0 7 il 1
ATP[ D]. #5FH . e K2~ ,2017 :1-50.

[45] XL, ZB08. BORYEAL A K15 BOK Pk B2 by
EWRFELT]. )R, 2018,37(4) :9-14.

[46] IG5, Mk, ILAY , % . Salophen-2& 1 3 B L4 BERL
RGBT S ()], B4R T, 2013,42(3)
549-551;554.

[47] BRHEK, RS A= &, 4. FETF %L salophen B 2 b
FEGYE N E Bl mE [ T]. B4k T, 2014, 43 (5) .
936-938.



12 IR (A ZRBEAR)

2019 4510 A

(48] Fifd, 25000 IR IR 55 JE Tk e DI REAL LR
T C A R IR B Y RO O B O ik [0 ] ]
16 T,2018,47(3) :627-630.

[49] She, 747, T, 55, BT 2 DML R HUR Y6k
52 A A5 v = SR [0 ] 235, 2019, 41
(1) :64-67.

[50] XM, B3 e, A8, 55, A 4A PR R
BRSO A A g b =R EUE [ 1], i e,
2017,45(1) ;75-82.

[51] BT SRAHE Bk T, 48, ST AR R A Itk
BTG LI SR 2 U [ )] iG], 2016, 38
(10) :971-974.

[52] Auffid, TH= , VFHPoT, 55, 26 T AR BEHLIE LN
SE 2 in R TR M I Fr R T ). SR RUI R, 201931
(1) :54-59.

[53] AL-SHABIB N A, KHAN J M, ALSENAIDY M A, et
al. Unveiling the stimulatory effects of tartrazine on hu-
man and bovine serum albumin fibrillogenesis : Spectro-
scopic and microscopic study[ J]. Spectrochimica acta
part A :molecular and biomolecular spectroscopy,2018,
191:116-124.

[54] MENG X R,WANG C H,WANG L, et al. Quantitative
analysis of dominant pollutants in secondary effluent via
dye probe technology[ J]. Environmental science 2018,
39(2) :852-858.

[55] MiAy. 3T Bis-salophen Bt &4 & S 6 1% 1k 46 10 4
SN B[ D] BB . B AR ,2014.:1-50.

[56] XU C H,LIAO L F,HE Y F,et al. Resonance light

scattering detection of uranium based on its reaction

with a schiff base containing tetradentate ligand and

phosphate groups to form supramolecular polymer[ J].

Journal of radioanalytical and nuclear chemistry,2015,

304(3) :1163-1169.

LIS J,LIAO L F,WU R R, et al. Determination of trace

—
W
~

[

uranium ( VI) using its self-assembly with a tetradentate-
monodentate ditopic ligand by resonance light scattering
[J]. International journal of environmental analytical
chemistry ,2016,96(6) :542-551.
[58] ZHAO M M,LIAO L. F,WU M L, et al. Double-receptor
sandwich supramolecule sensing method for the deter-
mination of ATP based on uranyl-salophen complex and
aptamer [ J ]. Biosensors and bioelectronics, 2012, 34
(1):106-111.
HE Y F,LIAO L F,XU C H, et al. Determination of

—
)]
]

[

ATP by resonance light scattering using a binuclear
uranyl complex and aptamer modified gold nanoparticles
as optical probes[ J]. Chimica acta,2015,182(1/2) .
419-426.

[60] ZHANG G L,LIAO L F,LIN Y W,et al. Determination
of fructose 1, 6-bisphosphate using a double-receptor
sandwich type fluorescence sensing method based on u-
ranyl-salophen complexes[ J]. Analytica chimica acta,
2013,784(12) .47-52.

[61] SHEN X,LIAO L F,CHEN L, et al. Spectroscopic study
on the reactions of bis-salophen with uranyl and then
with fructose 1,6-bisphosphate and the analytical appli-
cation[ J ]. Spectrochimica acta part a-molecular and
blomolecula spectroscopy,2014,123 .110-116.

[62] ZAL7E. BT Bt AC & W 3L IO R I E 1,6-—
BERR AT A D] 67 FH . B K2, 2016 :1-50.

[63] MOTOYOSHIYA J,WADA J Y,ITOH K, et al. Fluores-
cence and chemilumine scence behavior of distyrylbenzene
bearing two arms of dipicolylaminomethyl groups : interac-
tions with zinc ion and ATP[J]. Spectrochimica acta part
a molecular and biomolecular spectroscopy, 2018, 195
223-229.

[64] M= BRI 5503, 5. ATP SRR Fe, 0, 44K
KT B A S Al 2 RO RERL I N [ 1], TELAE
2#41%,2017,33(2) :340-346.

[65] JIANG Y,MA W,JI W, et al. Aptamer superstructure-
based electrochemical biosensor for sensitive detection
of ATP in rat brain with in vivo microdialysis[ J]. Ana-
lyst,2019,144(5) :1711-1717.

[66] YUE Q,STAHL F,PLETTENBURG O, et al. Non-com-
petitive effect of gambogic acid displaces fluorescence
labelled ATP but requires ATP for binding to Hsp90/
HipG[J]. Biochemistry,2018,57(18) :2601-2605.

[67] Frhmid, EWIEE MR, SMEME Z B m AR AE i 21
LU PR E T[], BE 244514 ,2019,25(6)
1099-1104.

[68] sk, WA, 80K I B 2L 5% R B N T2 A
Tl S FEX T T RO IERE [T ] & Rk
2,2012,20(4) ;482-485;489.

[69] YANF Y,FAN K Q,MA T C H,et al. Synthesis and
spectral analysis of fluorescent probes for Ce'* and OCI”
ions based on fluorescein schiff base with amino or hy-
drazine structure: application in actual water samples
and biological imaging[ J]. Spectrochimica acta part A ;
molecular and biomolecular spectroscopy, 2019, 213
254-262.

[70] DU Y,SONG Y H,HAO J,et al. Ratiometric fluorescence
detection of O, * based on dual-emission schiff base poly-
mer/thodamine-B nanocomposites| J |. Talanta,2019,198;
316-322.

(TFEAE 18 1)



18 IR (A ZRBEAR)

2019 4510 A

ZEBARH) B IO B 23 35 R B A BT[], MR
T TR 4244, 2015,20(4) :35-40.

[11] SZENTE L,SZEJTLI J. Highly soluble cyclodextrin de-
rivatives : Chemistry , properties ,and trends in development
[J]. Advanced drug delivery reviews, 1999,36 (1):
17-28.

[12] DENG S,LIU H,QI C,et al. Study on preparation and

[}

inclusion behavior of inclusion complexes between B-
cyclodextrin derivatives with benzophenone[ J]. Journal
of inclusion phenomena & macrocyclic chemistry,
2018,90(5) :1-9.

[13] MANGOLIM C S,MORIWAKI C,NOGUEIRA A C,et

[

al. Curcumin-B-cyclodextrin inclusion complex :stability,
solubility, characterisation by FT-IR, FT-Raman, X-ray

diffraction and photoacoustic spectroscopy, and food ap-

( F455 12 30)
[71] 508, Wkak, X SCH , 55 —FlKAG I Je 08 st
5 BB R Cr O EIRAI[ )], T 446 T, 2018 ,45
(23).1-3.
AZADBAKHT R,RASHIDI S. A new fluorescent chem-

—
~
\S]

(I

osensor for AI’* ion based on schiff base naphthalene
derivatives [ J ]. Spectrochimica acta part A :molecular
and biomolecular spectroscopy,2014,127.329-334.

(73] m&a, ZH 0T Xig, % T/ 5 & N,0, I %K
O BAZHR (I ) A =A%l (1) BL 3 9« 43 W 454 2
POEPET($30) [J]. TEHLAL 42441, 2018,34(7)
1381-1391.

[74] SKPIFE  WREL. B TR S RC IR i e B — A% I 2 )
BC G W 006 1 ARG G S A Ve BT 5 [0 ] A2
WF5E 5 0 HT,2018,30(10) :1691-1696.

[75] WM, At , R BN, 5. BT 8-S ¢° &8
JASE - B RURZ TR 5 0 1) 3 T m R 5 4 2 OB 3

plication[ J . Food chemistry,2014,153(153) :361-370.

[14] SMALDONE R A,FORGAN R S,FURUKAWA H, et al.
Metal-organic frameworks from edible nature products
[J]. Angewandte chemie international edition,2010,49 .
8630-8634.

[15] SHA J Q,WU L H,LI S X, et al. Synthesis and structure
of new carbohydrate metal-organic frameworks and inclu-
sion complexes| J]. Journal of molecular structure 2015,
1101 :14-20.

[16] LV N,GUO T,LIU B, et al. Improvement in thermal sta-
bility of sucralose by y-cyclodextrin metal-organic frame-
works [ J ]. Pharmaceutical research, 2017, 34 (2):
269-278.

DG )

BIHERT (B30) [ 1], L2442 ,2018,34(9) .
1768-1774.

[76] fOLEh , BRE B, 55, ARFEER K GANi DU
B PG v B e MFoE ()], AR 4k 12, 2018,47
(6):19-23.

[77] VEAH  ERIG /0 G5 B 2 SR BRIEC 14 1 3L
A LGl S5 B R e RETRSE [T ]. D
R 24,2017 ,35(6) . 741-748.

(78] BKPIs , WAREE. 25T JHT i 1 2 0 = A W 4 )
BB WA Bl | SRR AE B g A e o [ 1] fh2e
W 5 % ,2018,30(10) : 1691-1696.

[79] #E7k , RARHE, 8550, . B FH B s L9 DGR
B B St Fe AN [ J ). K5 404k T.,2019,36
(6) :1056-1061.

(BTG BRI



