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Acid/Base and Guest Controlled Delayed Fluorescence and
Its Application in Logic Gate
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Abstract A delayed fluorescence system regulating the space charge transfer (TSCT) pathway via host-guest
interactions and acid-base stimulation is proposed. Within the macrocyclic molecule C [3]A-1, an intramolecular
TSCT pathway forms between the 3-cyanopyridine acceptor in the cavity and the macrocyclic donor, generating green
thermally activated delayed fluorescence (TADF) emission. Upon introduction of the guest 2-cyanopyrazine (2-CP) ,
host-guest assembly induces a conformational change in the receptor, shutting down the intramolecular TSCT
pathway. Simultaneously, a new intermolecular TSCT pathway is established between the guest and the macrocycle
sidewall, leading to yellow TADF emission and enabling reversible switching of delayed fluorescence. Furthermore,
protonation/deprotonation at the receptor’'s nitrogen site confers acid-base responsiveness, enabling reversible
switching of luminescence. Leveraging these multi-stimulus-responsive properties, a multi-level molecular logic gate

was successfully constructed, offering novel insights for designing tunable delayed-fluorescence materials.
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Scheme 1 Schematic diagram of the reversible responses of C[3]A-1 to guest 2-CP and acid/base
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Scheme 2  Synthesis of C[3]A-2
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Fig.1 Temperature-dependent PL spectra of 2-CP@C[3]A-1(A) and C[3]A-2(C) and temperature-
dependent transient PL decay curves of 2-CP@C[3]A-1(B) and C[3]A-2(D)
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Fig.2 PL spectra(A, C) under vacuum(dark grey lines) and in air(red lines) at 300 K and time-resolved
PL spectra(B, D) under vacuum at 300 K
(A, B) 2-CP@C[3]A-1; (C, D) C[3]A-2.
7, 2-CP@C[3]A-1 HYEAMIETEAE 350~500 nm i Bl HH BB A S I il , ] 2-CP B 5Tz iA R E Al
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Fig.3 Dihedral angle between the planes of the 3-cyanopyridine fragment and the adjacent benzene ring:
C[3]A-1(A), 2-CP@C[3]A-1(D), distance from the 3-cyanopyridine receptor to the macrocycle: C[3]
A-1(B), 2-CP@C[3]A-1(E), intermolecular interactions(blue dashed lines represent C—H- - - 77 in-
teractions, green dashed lines represent hydrogen bonding interactions) of C[3]A-1(C), 2-CP@C]J3]
A-1(F) and packing mode of C[3]A-1(G), 2-CP@C[3]A-1(H)
Solvent molecules and partial hydrogen atoms are omitted for clarity
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Fig.4 Fluorescence changes of C[3]A-1 to 2-CP@C[3]A-1 powders in five cycles(A), PXRD patterns of
(DC[3]A-1(a), C[3]A-1 after exposure to 2-cyanopyrazine for 0 min(b), 10 min(c), 20 min(d), 30
min(e), 60 min(f), PXRD patterns of (VII) 2-CP@C[3]A-1(g)(B) and time-dependent normalized
fluorescence spectra of C[3]A-1 after exposure to 2-CP(C)
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Fig. 5 Heat map of atomic contributions of C[3]A-1(A) and 2-CP@C[3]A-1(B)
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Fig. 6

with TFA and TEA(C) in DMSO-d,
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Fig.7 Color change of C[3]A-1 after treatment with 2-CP and TEA/TFA(A) and symbolic representa-
tion of the integrated logic gate system using C[3]A-1, C[3]A-2, TFA, TEA and 2-CP as inputs 1,
2, 3, 4 and 5, respectively(B)(No FL, green FL and yellow FL signal were defined as O1, 02, O3)

Table 1 Truth table and schematic diagram of the logic gate

INPUT OUTPUT
Inl In2 In3 In4 In5 01 02 03
C[3]A-1 C[3]A-2 TFA TFA 2-CP No FL Green FL Yellow FL
1 0 0 0 0 0 1 0
1 0 1 0 0 1 0 0
1 0 0 0 1 0 0 1
1 0 1 0 1 1 0 0
1 0 1 1 0 0 1 0
1 1 1 1 1 0 0 1
1 1 1 0 0 0 0 1
3 & P

P T — bR T R BR 32 -2 (A AN BR B8 T 3 25 TSCT AR B0 T 0 SER S BiR & . BRI 1
2-CP BRI AU T 28 JE N 32 A 5, (i i A e B2 P 201 N A 1) 231 0) , PR BB 2R (5 TADF K 4%
PER G B TADF KSR, SCBL T RO nl Ul FFae LR ik . gk — 2B i 22 1)
Yyl R B (0 K S TR s 2R 2 R W P . B T 2 BRI W PR, A RGO T 2481,
T RSB RE R BT RE T iRz .
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