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Abstract The aggregation-induced emission (AIE) properties of gold nanoclusters (Au NCs) exhibit significant
potential for applications in bioimaging, chemical sensing, and optoelectronic devices. However, developing
effective design strategies to achieve strong aggregation-induced emission enhancement (AIEE) in Au NCs remains a
challenge. In this paper, we report a ligand engineering approach to achieve remarkable AIE enhancement in
Aug nanoclusters. The quantum yield of aggregated Aug; NCs showed a ca. 90-fold increase compared to their
solution state, with corresponding emission intensity enhancement reaching ca. 560-fold. Through combined optical

characterization and metastable component tracking in aggregated systems, we elucidate the underlying AIEE
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mechanism. Both AIEE and crystallization-induced emission enhancement (CIEE) were activated through ligand

engineering, which facilitated (1) shortened inter-cluster distances (from 1.31 nm to 0.72 nm) and (2) effective
suppression of intermolecular rotational/vibrational relaxation. This steric-hindrance-reduction strategy establishes a
new paradigm for precise modulation of photoluminescence in gold nanoclusters across both aggregated and crystal-
line states.

Keywords Ligand engineering; Photoluminescence; Aggregation induced emission; Atomically precise; Gold

nanocluster
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Fig.1 Structures of Au; nanoclusters modified by alkynyl ligands with different steric hindrance(A), ESI-
MS mass spectra and structure diagrams of Au,-2-Ph(B), Au,-3-Ph(C) and Au,-4-Ph(D), absorption
spectra of Au; nanoclusters in CH,CIl, solution(E), luminescence spectra of Aug nanoclusters in
CH, (I, solution(F) and in crystallization(G)

(B)—(D) Red line: simulation result, black line: experimental result; (A) yellow: Au, blue and pink: P, gray: C, H atoms omitted for clarity.
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Fig.2 PL spectra of Aug-4-Ph(A), Au,-3-Ph(B), Aug-2-Ph(C) in solution and aggregate states excited at 510 nm,
plots of I/I~1 vs. hexane volume fractions of Aug-4-Ph(D), Au,-3-Ph(E) and Aug-2-Ph(F)
Insets of (A—C) : photographs of Auy NCs taken under 365 nm UV irradiation in different states; (D—F) I is the PL inten-
sity in pure DCM solution.
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Fig. 3 Comparison of PL decays for Aug NCs at 580 nm between solution and aggregated state(A—C) and
comparison of PL decays for Au; NCs at 700 nm between aggregated and crystalline state(D—F)
Inset of (F): PL decay for Aug-4-Ph in aggregated state.
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Fig. 4 SEM images of Au;-4-Ph(A), Aug-3-Ph(B) and Aug-2-Ph(C) nanoclusters in pure CH,Cl,, and SEM images of
the microstructure of Aug-4-Ph(D), Au,-3-Ph(E) and Aug-2-Ph(F) nanoclusters in 80% hexane solvent
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Fig. 5 Hirshfeld surface analysis of Aug NCs in d,,,,.(A—C), 2D fingerprinting plots of Auy NCs(D—F),
comparison the proportion of C---H/H---C(G) and C---C(H)in the fingerprint and the distance
of adjacent clusters in the lattice(I)

(1) Orange and blue: Auj gray: C; H, P and C atoms omitted for clarity.
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