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Abstract

Ion pairs are widely present in natural systems, biological processes, and chemical environments, and
play important roles in ion recognition, transport, and separation. Compared with conventional sin-
gle-ion receptors, ion-pair receptors can simultaneously bind cations and anions and exploit cooper-
ative effects to achieve efficient ion-pair recognition, thereby exhibiting considerable potential for
functional applications. This review summarizes recent progress in the functional applications of ion-
pair receptors, provides an overview of their structural development, and highlights representative
applications in ion recognition and sensing, salt solubilization and extraction, ion transport, and stim-
uli-responsive systems. Finally, the current challenges in the development of ion-pair receptors and
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future directions for their functional applications are discussed.
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Figure 1. (a) Heteroditopic ion-pair receptor containing a crown ether and a Lewis acidic boron center; (b) Neutral [2]rotaxane
ion-pair receptor and its cooperative “axle-separated” ion-pair recognition mode; (c) Calix[4]pyrrole-based composite ion-pair
receptor and its cooperative recognition mode
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Figure 2. (a) Cooperative AND-type ion-pair recognition and host—guest binding mode; (b) Tolan-based fluorescent receptor
for cooperative Na*/ HSO, recognition with an AND logic response; (c) Fluorescent ion-pair sensing system integrating cat-

ion- and anion-binding sites with a fluorescent reporter; (d) Mixed hydrogen-/halogen-bonding ion-pair receptor bearing a
BODIPY optical reporter for the selective recognition of dopamine hydrochloride
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Figure 3. (a) Selective solid—liquid extraction of alkali metal chlorides from mixed salts and subsequent back-extraction; (b)
Calix[4]arene-based ion-pair receptor for selective solubilization and extraction of LiCl into the organic phase; (c) lon-pair
receptor-mediated NaOH extraction and immobilized separation system
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Figure 4. (a) Biomimetic Li* nanochannel functionalized with an aminopillar[5]arene ion-pair receptor for selective ion
transport; (b) Ditopic ion-pair receptor-mediated cotransport of ion pairs and amino acids across a phospholipid bilayer

4. (2) EEMHSIFRBTIZHEGNME LK@k EEFEEEmERE; b) WMIRBEFNZENSHNET
Xt K SEER IS AR WE R B MR

2025 4, Zaleskaya-Hernik %5[39]#4 8 | — R 51 & 7 Mtz 18 145 & 5 oA 18-76-6 FHES 45 &AL
BRI URE F B T X6 524 o 1SR ARBE S B [F) 45 & KCL, FF7E NS o AR A s g 3k K/CL B8 i isHa . &l 4(b)
iR, HZAErEdi HEmR. 22K, SRR ARE s a5 RE Bz, Hhicass
RS TS B A A BE R i M P IR 0T 90 IIE B B8 15 2 AR AN BB T TE ML SR (0 B85 A5 iy 7]
iafy, AP R R YA ORI B T s IR I

i b, BT SR O oL R B s S Sl — D b R R AR AR S T IS . i A
WAL BRI, W B TS IS R AR R, N LR TR R S ik &R
FURE AT I B

3.4. MM ER

AN —FHARRANESN RIS, BT 5y TR Wi N RE AR AR A Sy =, DR 2 T
S QRVRILY 2 R AP L AL L IVA IV AN R4 S PRI B BU b 7R e A RICE R f S sl & N
FHE T4 A sl S RS R S5 A RE 7T, AT SRR 887X 45 & ARG AR i w2 . MEECT
FRGUES T XA, Jemi ik R et — DI T AR RIES S AT, FFNE THRE 184 Ko o b
MORESE T BE N B2 AR IR 12

2018 4, Kokan Z5[40]H RARIE T — PG AL UL fUBS T4 244 5] 5(a)ffiw, %52 14 AR
ICIEEINTT R, IFEE 2,6-MENE —BEIG R8s TR AL, i E/Z e B 14
FHETT. EMILRERE DD [FIZE & LiBr S5 70, MAKIMNCE IR Z A5, 701 W B 2R Ay
FIEEEPIRES, T SEBLES TR “ON/OFE” D)t 2 TAR A DGR AT 3042 1) 25 5 %) 45 5 SR
Seft T I

2024 %, Chattopadhayay <% (411553t — D HRIE 1 — b2k T IR 54 0 RT3 506 M 7 28 3 0 8 s (14

DOI: 10.12677/amc.2026.144042 458 MRME 2= AT


https://doi.org/10.12677/amc.2026.144042

ZEICH

5(b)), SZILT Na*fl CIeiE P RIS s, 928 Natfl s i “OFF-ON” W#5. & 706
] I 85 5% 52 A4 R R IA ) W] A A S R TSI — AP I e R ER S R B R P [EE e, A I e S B
T SZARAE BN A 5 M550 i D e (1 B AT

IR B B
(@ %
ON 0 § 20
® S .
RECRS “o s 0
o N O:x 315nm O, & TS
NH HN.N ¥ L, -— N. . 0 @ = &
SR gy, 36snm H...H §
3 H N orH* : 3 . 50
O e 0
= @-ci ¢
LJANBNANE

(©)

O %ﬁi Qﬂ ¢ g&
Organic Rec®® ® -
phase ‘ o
¢ O © D e
I e eges eged

Nat K Cl memeTeTee e

Mixed alkali chlorides in solid state LiCl salt

Figure 5. (a) Light-induced ON/OFF switching of ion-pair recognition; (b) Reversible photoresponsive ion-pair carrier for
Na*/Cl™ cotransport across a lipid bilayer; (c) Photoresponsive macrocyclic ion-pair receptor for selective solid-liquid extrac-
tion and controlled release of LiCl
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