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Fig. 1 Synthesis route of pyridinium salt D-COOH
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Fig. 2 Comparison of infrared spectra of pyridinium salt
D-COOCH; and D-COOH
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Fig.3 Comparison of infrared spectra of pyridinium salt D-
COOH and coordination compound Fe-D-COOH
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Fig. 4 Comparison of ultraviolet absorption spectra between
raw materials and pyridinium salt D-COOH



455 14

WRELA . AL IESRER 70T A9 A U X Fe® B G N

1733

ks 7.61 AbHEE 2 A~ H, HJE T b AL B/ H; 1k
22085 6.07 AbHER 2 A H, 38 F—CH,—TAY Ho

4) BT BT, BB 6 TR 1, Xk
¥ 1 um i, D-COOH 5 Fe*'JE ml i & ¥
Fe-D-COOH, Wi #HIEA LKA, HZIREH
AN SR, BRI R AE .

2.2 D-COOH %} Fe* By #&

1) PSR I BR S 56 . H T i A Lk B 845
0T A e AR L, R AT S B X
Fe ' L (keI . Gn i 7 iR, 24 Fe™ [k i
S 1.0x10  mol- L™ i), ¥ W 7. BRIV bR TG 248 Sy i
o, UL BH I BE 85 5L 2 T X Fe S R4 B e B
Xof I S TR AT AR AN, & BEAE 600 nm
S0 HT W0, iR O A R T A R T
5 D-COOH %A e iy i, H& A d-d BRiE
S A, i ERIIMER T LUEH, 417 cm™!
F1 516 em™ Ab Y W2 W 04 43 5 H R T Fe—N,
Fe—O®, XUl W] =M+ 5 D-COOH H1 iy
MEBE AR B A R AR B E T, TE L = ki
Be &4 . XEASTR e BE A Fe BEAT RGN, & BLAE
1.0x107° mol-L™" iy B fiz 475 fig WL ¢ 1) 231 5, 1) A% k.
(" 7).

TE—H I EE T, 0 A R & 1 Fe**
PRAER R, R SER T RN AR R OGR4
WA e £k, W 8 TR, LR IE A 0~10
pmol-L™', AP 2% R*=0.992 0, HZt:mlIH 7y
B Q) iR,

y =0.006 2x—0.001 2 )
K x HWEE; y WO

PR 2 (AT 10 Wl a2, SR A b o D
% 5=1x10", KR (3s/k) 4 0.48 pmol-L™'(1K] 8),
mEIATUEE: 5UEREEHILEHE.
Ln-MOFP? | @i MOFPY

d —CH,—
i b
1I4 1I3 1I2 1I1 1I0 9I é 7I 6I

fb2Ei 7%
. Fhla~i i E .
5 D-COOH H#ZHHEIREE ('"H NMR)
Fig.5 'HNMR of D-COOH

(b) FeD-O
& 6 D-COOH 5 Fe-D-COOH HIHE FiEH B8

Fig. 6 Transmission electron microscope images of D-COOH
and Fe-D-COOH

(a) D-COOH

3
h

1

" — D-COOH

H ---Fe*, 10 mol - L'
--— Fe*, 10 mol - L™!

0 . ;
200 300 400 500 600 700

7 ZMHBE TSN R
Fig. 7 The lowest detection limit of Fe**

Eu-MOF-HH IE B S 6 077 79 7 56 kA L 8¢, D-COOH 7 i B IR

ARSI B 5 115 5 DA BILA K R B SR R I 500 B 9 G vA A He g, D-COOH B AR A TN R o i, {HLHL
FAREI 7 R K, A R T A BRI R A o TR, 5 AR IR 7 Sk A 3 5] A L £ 3 A
B, D-COOH H.A ki &A% . i ICT5 G 17K A 5 i A A o

2) L —ESLES . N T R UEAE H A A B BT A AE A BT I E $5 ER 4 X Fel AR I 2L A £ —
PE, BRI T Cd*. Zn®t, Mn®t, Ni¥*, Cu*. Fe I K™% Z /b T P01tk 4 J@ B 1 % ik n 85 45 4 111
SMESHI, 4R E THWEL N 1.0x10 mol- L, Z5 R uE 9fF/R., AlUEH, B Fe*.
Fe B ML BE A 2L 0 F I T 015 5, HA B TR 48 640 T2V I A Hi i 12 5 . WHER: F B &



1734 ok L B ¥ W %165

0.06 % 1 D-COOH Lttt k5 H b4 MK XFEL
Table 1 Comparison of D-COOH colorimetric method with
»=0.006 2x-0.001 2 other detection methods
= 0.04 R*=0.992 0
X - ' Fe Kol Y/
= ot 1 ¢ MR
% (mol-L™)
£ 002 LK TPE-BIMEG#i1994 uL HPES 0.1x107°
” EIREIMEEY N,N- UL i 2.5x10°
. Ln-MOF L 1.0x10°7°
0 1 1 1 1 I o e S —6
o . ; . . o Al PO &R /7K . 4.8x10
Pl (umol - L) MOF NN- 2 L7x10%
o S I S 3 Eu-MOF N,N- L kg 3.3x 107
. ! 8 Fe ./ 1.— I 2. EI{J ix’ 92/ N . Eu-MOF-i Ik 5.0x10~
Fig. 8 Linear relationship between Fe’ concentration and I D = SR B FIN N — P 12x10°
absorbance
D-COOH K 4.8x107

B Fe™, fdi nik E $55 £ 43 76 600 nm i IO 15 5, 7E AU T #E— DR, SEg g5 SRR,
Fe? XL BE 85 45 70 TR Fe* NAEAE TH0 o 33X Ud B S50 1 4% 1) L BE 85546 70 T X Fe¥ ™3 & — PR 17 .

NPT IMESLR . T RIELE ZFh 48 5 T A4 FILREsa 65> 7 X F Pt T et o, LA
D-COOH(ZS 1 1), Fe' Wl (%5 H1 2), Hph Fe SR sH IR G (5 11 3) = H MO S %,
W7 Fe*. Cd**. Zn™. Mn™, Ni*', Cu"H K5 ZF THEE )R &+ 5 F IR G J5 XL IE S5+ 70 1
IS SN, &2BE THWwEL R 1.0x10  mol- L™, Z55HB K 10 frax. W LIHES, B H
fh 4 BB FWE S Fe™ RYLLBIBE IR 521, nbmESSER 2 F U8R WoR X Fe® HAT AR 4 (1 500 47 i
7 600 nm &b H BB B9 R0 . dE— SR 10, R EUE Cur TR, A TR OGBS R, X
FH] CuP X MERESHER TR Fe® P2 AR T — 2 T, (B T8 R AR Fe*'s ik SLgngh
T 150 A S 6 i £ A0 I e 85 ER 20 X Fed R I AT A5 4 TP B

- 24
13 —— D-COOH 0
—CdCl,
ZnCl
1.2
—Mndz gy 018 |
—NiCl, 2
0.9 — CuCl, =
% —FeCl, £ 012
= FeCl =
= 0.6 : g
(=1
2 0.06
0.3
e 0

ok h —
200 300 400 500 600 700 800

P /mm 1 2 3
9 D-COOH M ZFME&RE FHIEEM E 10 D-COOH f Fe™fy 4 F i1
Fig. 9 Selectivity of D-COOH to various metal ions Fig. 10 Anti-interference of D-COOH to Fe*

3 Z5ip

1) L DU BB A e T 59 F G- 46— P TR PSR R JE0RE, LA NN PR R R R R v, SR
IO AN K i B B il B T MERE SR ER -, A T A S A AR, 5 P EAREN
FERJ, TS FERAAIENEREESY, HH A,

2) M I 45 26 4 F X FeX B 4% & B (. S2 B T % FeX iy —PER i, HA IR % 4.8%10 7 mol-L ',



WRELA . AL IESRER 70T A9 A U X Fe® B G N

1735

MEIESSER 70 FAE Cd* . Zn®'. Mn®', Ni¥', Cu®'. Fe* M K 22 M T FRFELE T, 2 H KT
PRI, BA SR TPt se.
3) i FH Nt E $5 58 431 1F o Lot sk k7], AR AR I vk B R . R . &
IR BEBEE LR SR AN

=

=

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

% X

ANDREWS N C N. Disorders of iron metabolism[J]. The New England
Jouranl of Medicine, 1999, 341: 1986-1995.

HAASJ D, BROWNLIE T J. Iron deficiency and reduced work capacity:
A critical review of the research to determine a causal relationship[J].
Journal of Nutrition, 2001, 131: 676-690.

TESFALDETZ O, VAN STADENJ F, STEFAN R I Sequential
injection spectrophotometric determination of iron as Fe(Il) in multi-
vitamin preparations using 1, 10-phenanthroline as complexing agent[J].
Talanta, 2004, 64(5): 1189-1195.

AKATSUKA K, MCLAREN J W, LAM J W, et al. Determination of
iron and ten other trace elements in the Open Ocean Seawater reference
material NASS-3 by inductively coupled plasma mass spectrometry[J].
Journal of Analytical Atomic Spectrometry, 1992, 7: 889-894.

ELROD V A, JOHNSON K S, COALE K H. Determination of
subnanomolar levels of iron(II) and total dissolved iron in seawater by
flow injection analysis with chemiluminescence detection[J]. Analytical
Chemistry, 1991, 63(9): 893-898.

PERLMUTTER J S, TEMPEL L W, BLACK K J, et al. MPTP induces
dystonia and parkinsonism. Clues to the pathophysiology of dystonia[J].
Neurology, 1997, 49(5): 1432-1436.

AISEN P, WESSLING-RESNICK M, LEIBOLD E A. Iron
metabolism[J]. Current Opinion in Chemical Biology, 1999, 3(2): 200-
206.

MOON S Y,NA R C, KIM Y H, et al. New Hgy-selective chromo- and
fluoroionophore based upon 8-hydroxyquinoline[J]. The Journal of
Organic Chemistry, 2004, 69: 181-183.

PRODI L, BARGOSSI C, MONTALTI M, et al. An effective
fluorescent chemosensor for mercury ions[J]. Journal of the American
Chemical Society, 2000, 122(28): 6769-6770.

ZHOU G, WANG H, YANG M, et al. An NBD fluorophore-based
colorimetric and fluorescent chemosensor for hydrogen sulfide and its
application for bioimaging[J]. Tetrahedron, 2013, 69(2): 867-870.

SEN S, SARKAR S, CHATTOPADHYAY B, et al. A ratiometric
fluorescent chemosensor for iron: Discrimination of Fe** and Fe’* and
living cell application[J]. The Analyst, 2012, 137(14): 3335-3342.
KUMAR M, KUMAR N, BHALLA V. FRET-induced nanomolar
detection of Fe?' based on cinnamaldehyde-rhodamine derivative[J].
Tetrahedron Letters, 2011, 52(33): 4333-4336.

HONG Y, XIONG H, LAM J W, et al. Fluorescent bioprobes: structural

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

matching in the docking processes of aggregation-induced emission
fluorogens on DNA surfaces[J]. Chemistry-A European Journal, 2010,
16: 1232-1245.

LM A, YI A, SY A, et al. Recent advances and progress of fluorescent
bio-/chemosensors based on aggregation-induced emission molecules[J].
Dyes and Pigments, 2019, 162: 611-623.

ABBASPOUR A, KHAJEHZADEH A, GHAFFARINEJAD A.
Development of a new method based on scanner electrochemistry:
Applied for the speciation of iron(Il) and iron(III)[J]. Analytical
Methods, 2011, 3(10): 2268-2272.

KATO D, ODA A, TANAKA M, et al. Poly - ¢ - lysine modified
nanocarbon film electrodes for LPS detection[J]. Electroanalysis, 2014,
26(3): 618-624.

ION A, BUDA M, MOUTET J, et al. Coordination of ferrocenyl ligands
bearing bipy subunits: electrochemical, structural and spectroscopic
studies[J]. European Journal of Inorganic Chemistry, 2002: 1357-1366.
KUMAR S A, THAKUR N, PARAB H J, et al. A visual strip sensor for
determination of iron[J]. Analytica Chimica Acta, 2014, 851: 87-94.
PR, A8 ARSI BRI K T Bk S i SR B ], AR
B, 2008, 21(4): 72-73.

i M€ . H ALK SCN/K [Fe(CN), ¥ T8 AR 36 2k 5 1 A 206 [1]. b 2
2%,2011, 7(1): 52-53.

SAHA S, SANTRA S, GHOSH P. Cu'-templated threading of a bis-
amide-tris-amine macrocycle by substituted 2, 2'-bipyridyl derivatives
assisted by strong w-m stacking and second-sphere H-bonding
interactions[J]. European Journal of Inorganic Chemistry, 2014, 12:
2029-2037.

FU Z, CHEN Y, ZHANG J, et al. Correlation between the photoactive
character and the structures of two novel metal organic frameworks[J].
Journal of Materials Chemistry, 2011, 21(22): 7895-7897.

SUN Y Q, ZHANG J, JU Z F, et al. Two-dimensional
noninterpenetrating transition metal coordination polymers with large
honeycomb-like hexagonal cavities constructed from a carboxybenzyl
viologen ligand[J]. Crystal Growth & Design, 2005, 5(5): 1939-1943.
HIGUCHI M, TANAKA D, HORIKE S, et al. Porous coordination
polymer with pyridinium cationic surface [Zn,(tpa),(cpb)][J]. Journal of
the American Chemical Society, 2009, 131(30): 10336-10337.

YAO Q X, JU Z F, JIN X H, et al. Novel polythreaded coordination
From an sheet to a 3D

polymer: armed-polyrotaxane


http://dx.doi.org/10.1056/NEJM199912233412607
http://dx.doi.org/10.1056/NEJM199912233412607
http://dx.doi.org/10.1093/jn/131.2.676S
http://dx.doi.org/10.1016/j.talanta.2004.02.044
http://dx.doi.org/10.1039/ja9920700889
http://dx.doi.org/10.1021/ac00009a011
http://dx.doi.org/10.1021/ac00009a011
http://dx.doi.org/10.1212/WNL.49.5.1432
http://dx.doi.org/10.1016/S1367-5931(99)80033-7
http://dx.doi.org/10.1021/jo034713m
http://dx.doi.org/10.1021/jo034713m
http://dx.doi.org/10.1021/ja0006292
http://dx.doi.org/10.1021/ja0006292
http://dx.doi.org/10.1016/j.tet.2012.10.106
http://dx.doi.org/10.1039/c2an35258c
http://dx.doi.org/10.1016/j.tetlet.2011.06.044
http://dx.doi.org/10.1002/chem.200900778
http://dx.doi.org/10.1016/j.dyepig.2018.10.045
http://dx.doi.org/10.1039/c1ay05257h
http://dx.doi.org/10.1039/c1ay05257h
http://dx.doi.org/10.1002/elan.201300542
http://dx.doi.org/10.1016/j.aca.2014.08.047
http://dx.doi.org/10.1039/c1jm10945f
http://dx.doi.org/10.1021/ja900373v
http://dx.doi.org/10.1021/ja900373v
http://dx.doi.org/10.1056/NEJM199912233412607
http://dx.doi.org/10.1056/NEJM199912233412607
http://dx.doi.org/10.1093/jn/131.2.676S
http://dx.doi.org/10.1016/j.talanta.2004.02.044
http://dx.doi.org/10.1039/ja9920700889
http://dx.doi.org/10.1021/ac00009a011
http://dx.doi.org/10.1021/ac00009a011
http://dx.doi.org/10.1212/WNL.49.5.1432
http://dx.doi.org/10.1016/S1367-5931(99)80033-7
http://dx.doi.org/10.1021/jo034713m
http://dx.doi.org/10.1021/jo034713m
http://dx.doi.org/10.1021/ja0006292
http://dx.doi.org/10.1021/ja0006292
http://dx.doi.org/10.1016/j.tet.2012.10.106
http://dx.doi.org/10.1039/c2an35258c
http://dx.doi.org/10.1016/j.tetlet.2011.06.044
http://dx.doi.org/10.1002/chem.200900778
http://dx.doi.org/10.1016/j.dyepig.2018.10.045
http://dx.doi.org/10.1039/c1ay05257h
http://dx.doi.org/10.1039/c1ay05257h
http://dx.doi.org/10.1002/elan.201300542
http://dx.doi.org/10.1016/j.aca.2014.08.047
http://dx.doi.org/10.1039/c1jm10945f
http://dx.doi.org/10.1021/ja900373v
http://dx.doi.org/10.1021/ja900373v

1736 ok L B ¥ W %165

polypseudorotaxane array, photo- and thermochromic behaviors[J]. metallacycle formed from an N-heterocyclic carbene precursor: A

Inorganic Chemistry, 2009, 48(4): 1266-1268. molecular sensor for selective recognition of Fe** and 10,  ions[J].
[26] JEASAHZ, 22 N55, B30, Zn® -ARAEMBIR- 1k HL B 1A 2O 0 5 frdh Inorganic Chemistry, 2017, 56: 5017-5025.

HEELT]. TR R A, 2012, 37(1): 69-73. [32] XU H, HU H C, CAO C S, et al. Lanthanide organic framework as a
[27] KIMY S,LEEJJ, LEESY, et al. A highly sensitive benzimidazole- regenerable luminescent probe for Fe*'[J]. Inorganic Chemistry, 2015,

based chemosensor for the colorimetric detection of Fe(II) and Fe(III) 54: 4585-4587.

and the fluorometric detection of Zn(Il) in aqueous media[J]. RSC [33] KAGIT R, YILDIRIM M, OZAY O, et al. Phosphazene based

Advances, 2016, 6: 61505-61515. multicentered naked-eye sluorescent sensor with high selectivity for Fe™
[28] NAKMOTO K Z. Infrared and Raman Spectra of Inorganic and ions[J]. Inorganic Chemistry, 2014, 53: 2144-2151.

Coordination Compounds[M]. Third Edition. John Wiler & Sons, 1978. [34] WANG B, YANG Q, GUO C, et al. Stable Zr(IV)-based metal-organic
[29] JIN X H, CHEN C, REN C X, et al. Bright white-light emission from a frameworks with predesigned functionalized ligands for highly selective

novel donor-acceptor organic molecule in the solid state via detection of Fe(Ill) Ions in water[J]. ACS Applied Materials &

intermolecular charge transfer[J]. Chemical Communications, 2014, Interfaces, 2017, 9: 10286-10295.

50(98): 15878-15881. [35] zZHOU Z X, LIL, LI H H, et al. A flexible Eu(IIT)-based metal-organic
[30] CHEN C, JIN X H, ZHOU X J, et al. Photo-facilitated aggregation and framework: Turn-off luminescent sensor for the detection of Fe(III) and

correlated color temperature adjustment of single component organic picric acid[J]. Dalton Transactions, 2013, 42: 12403-12409.

solid state white-light emitting materials[J]. Journal of Materials [36] YANGY, WANG X, CUI Q, et al. Self-assembly of fluorescent organic
Chemistry C, 2015, 3(17): 4563-4569. nanoparticles for iron(IIl) sensing and cellular imaging[J]. ACS Applied
[31] KUMAR G, GUDA R, HUSAIN A, et al. A functional Zn(Il) Materials & Interfaces, 2016, 8: 7440-7448.

(U AE 2 45 FRBEAE)

Syntheses of novel pyridinium salt and its performance on ferric ion detection
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Abstract To solve the problems existing in the process of Fe*" detection, such as the used toxic solvents, high
requirements for equipment and high detection limit, a novel Fe** detection probe-pyridinium salt molecule was
prepared by nucleophilic substitution and hydrolysis reaction when tetrapyridine and dimethyl 5-bromomethyl-
m-phthalate were taken as raw materials and N, N-dimethylformamide was taken as solvent. A series of
characterization techniques were used to analyze the properties of pyridinium salt, and the effects of coexisting
ions and Fe®" concentration on Fe** recognition by pyridinium salt molecule were investigated. Characterizing
experimental results showed that pyridinium salt molecular structure had tridentate pyridine nitrogen and
carboxyl groups, which presented a high affinity with Fe’ and could form metal complexes through
coordination with Fe’". The detection experimental results indicated that the specific detection of Fe'" was
achieved by complex chromogenic of pyridinium salt in the presence of Fe*, and the detection limit was about
4.8x107 mol-L™"; No change occurred in the probe signal in the presence of multiple interfering ions, such as
Cd*, Zn*', Mn*', Ni*', Cu*, Fe*", K" and so on, showing good specific detection for Fe*". In conclusion, the
novel pyridinium salt has the advantages of easy recognition, high sensitivity and good selectivity to Fe’" in
water due to its tridentate pyridine nitrogen and carboxyl groups.

Keywords pyridinium salt; nucleophilic substitution; metal complexes; Fe’" detection
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