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a b s t r a c t

Tin-oxo clusters (TOCs) have attracted considerable attention owing to their various structures and wide

potential applications. However, there is still a lack of effective methods to assemble high-nuclearity

TOCs. Moreover, the periphery of reported TOCs is rarely N-rich ligands, limiting the comprehensive in-

vestigation of the structure-property relationship. In this work, we used the strategy of pyrazole-thermal-

assisted organotin aggregation to construct a series of the largest N-rich Sn18 clusters with S4 axial sym-

metry. These Sn18 clusters have inorganic electron-withdrawing halogen atoms and organic electron-rich

pyrazole derivatives, differing from the reported high-nuclearity TOCs only with carboxylate ligands. Ow-

ing to the high symmetry and multiple electron-withdrawing/-donating ligands, the Sn18 clusters served

as the platform to investigate the relationship between structure and third-order nonlinear optical (NLO)

property by Z-scan measurement. Different from the single organic ligand in the previous study, the

multiple kinds of ligands in the Sn18 clusters have an important effect on the NLO property. Enhanc-

ing the push-pull electronic effect and introducing C–Cl···π interactions between different ligands can

promote the NLO properties. Thus, CTGU-SnC-16 exhibits the best broadband NLO properties at 532 and

1064nm, differing from the reported metal-oxo clusters only at 532nm. This work not only affords an

effective synthetic strategy for constructing high-nuclearity TOCs but also deepens the understanding of

the structure-property relationship of clusters.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Tin-oxo clusters (TOCs), as the molecular model of tin oxide

materials, have aroused increasing interest owing to their various

potential applications in many fields, such as extreme ultraviolet

lithography, electrocatalytic CO2 reduction, catalysis, and nonlinear

optics [1–6]. The crystalline TOCs can provide precise atomic

structural information for deeply understanding the structure-

property relationship at the molecular level [7–9]. Currently, many

types of TOCs with organic ligands were reported [10–15], such

as typical drum-like {R’SnO(O2CR)}6 [16], cubic [n-BuSn(O)O2P(t-

Bu)2]4 [17], double O-capped [{(n-BuSn)3(PhO)3O}2{HPO3}4]

[18], wheel-like [(n-BuSn)18O18(H2-DBA)12(DBA)2] [19], rod-
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like [(n-BuSn)22Sn4(OH)26O22(IANO)6]
6+ [20], and dimeric [(n-

BuSn)34Na2(OH)14O40(PA)8]
2+ [20]. These TOCs can combine the

advantages of inorganic and organic composites with flexible and

accurate variation, allowing the opportunity to modify and even-

tually optimize the properties. Despite the prominent progress in

TOC chemistry, the diversity of TOCs remains less developed. Most

reported TOCs have low nuclear cores, and the number above

pentadeca-nuclearity is only ten [19–22]. Moreover, the peripheral

ligands are mainly the O-containing ligands, such as carboxylate

or phosphonate, and rarely the N-rich ligands [23–25]. These

all limit the expansion of the application and comprehensive

investigation of the structure-property relationship. The synthetic

method, Sn source, and coordination tendency of the Sn atom are

important factors influencing the structures of TOCs. In the pre-

vious synthesis, the steric hindrance of organotin brings difficulty

in constructing high-nuclearity structures, while the inorganic

https://doi.org/10.1016/j.cclet.2025.111384

1001-8417/© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
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Fig. 1. Illustration of the structural expansion from the N-rich Sn10 to Sn18 cluster

using different Sn sources by pyrazole-thermal synthesis. Terminal butyl groups of

the Sn18 cluster were omitted for clarity. Atom color code: green Sn; bright blue Cl.

Sn ion is easily hydrolyzed to oxide precipitation [26]. The Sn

atoms generally favor coordinating with oxygen atoms rather than

nitrogen atoms. Therefore, it is challenging but attractive work to

assemble the N-rich high-nuclearity TOCs.

In the past decades, many efforts have been made to explore

the synthesis of high-nuclearity TOCs, including conventional so-

lution synthesis and solvothermal synthesis [27–33]. The conven-

tional solution synthesis is limited by the solubility of all the start-

ing chemicals [34]. And nearly all the obtained TOCs with func-

tional ligands are low-nuclear [26]. The solvothermal synthesis

with high pressure and temperature can prompt the dissolution

of the starting chemicals. It has successfully made several high-

nuclearity TOCs with functional ligands using the organotin pre-

cursor, including our previous work about Sn26 clusters [20]. Most

resulting high-nuclearity TOCs are close-packing organic-inorganic

cores and need the inorganic Sn atoms as the linkers. These inor-

ganic Sn atoms either depend on the in situ cleavage of the Sn-

C bond in the butyltin or the additional introduction of inorganic

Sn salt [20,22]. However, it is difficult to form inorganic Sn atoms

through in situ cleavage of the Sn-C bond or control the hydroly-

sis of inorganic Sn salt in solvothermal synthesis. Therefore, it is

urgent to explore a new approach to constructing targeted high-

nuclearity TOCs.

Based on our previous work about high-nuclearity TOCs, we de-

cided to adopt pyrazole as a reaction medium to assist the cleavage

of Sn-C bonds of butyltin and assemble the N-rich high-nuclearity

TOCs. According to the characteristics of organometallic bonds, the

pyrazole with alkalinity can act as the nucleophilic reagent to at-

tack organotin, resulting in the cleavage of Sn-C bonds. This guar-

antees sufficient inorganic Sn atoms for further assembly, which

differs from the few production of inorganic Sn atoms in solvother-

mal synthesis. Moreover, the electron-rich pyrazole as the N-rich

π-conjugated ligand can not only play the role of a bridge to con-

struct TOCs but also endow the intriguing properties for the whole

cluster [35].

Following this synthetic strategy, the N-rich high-nuclearity

structure [(n-BuSn)12Sn6O20(PZ)16Cl4] (HPZ=pyrazole, CTGU-SnC-

11) was successfully synthesized. The Sn18 cluster in the CTGU-

SnC-11 is the S4 axisymmetric structure with two types of ligands,

inorganic electron-withdrawing Cl atoms and organic electron-rich

pyrazole ligands. It is different from the reported high-nuclearity

TOCs only with carboxylate ligands. The size of this Sn18 clus-

ter core reaches up to 1.1 nm (Fig. 1), the largest N-rich tin-

oxo cluster in the TOCs chemistry. The number of its nucle-

arity is higher than the reported N-rich Sn10 and Sn14 clus-

ters obtained by the inorganic Sn salt in pyrazole-thermal syn-

thesis, demonstrating the effectiveness of this synthetic strategy

[24,25]. Considering the push-pull electronic effect between dif-

ferent ligands and intermolecular forces, we decided to mod-

ulate the ligands from two aspects for further investigating

the structure-property relationship: (1) Expanded the synthetic

method to other pyrazole derivatives with electron-donating -

CH3 group or Cl atom; (2) Introduced the stronger electron-

withdrawing F anions to replace the Cl anions. Subsequently,

a series of N-rich Sn18 clusters [(n-BuSn)12Sn6O20(L)16×4]·Guest
(X=Cl, Guest=4H2O: HL=4-methyl-pyrazole (HPZCH3) (CTGU-

SnC-12), 4–chloro–pyrazole (HPZCl) (CTGU-SnC-13); X= F: L=PZ,

Guest=2H2O (CTGU-SnC-14); L=PZCH3, Guest=HPZCH3·5H2O

(CTGU-SnC-15); L=PZCl, Guest=4H2O (CTGU-SnC-16) were suc-

cessfully assembled. The third-order nonlinear optical (NLO) prop-

erties of the Sn18 family were further investigated by Z-scan mea-

surement. They exhibit excellent broadband NLO properties at 532

and 1064nm, differing from the reported metal-oxo clusters only

at 532nm [36–39]. Furthermore, their NLO properties can be mod-

ulated by precise structural regulation.

Colorless crystals of CTGU-SnC-11 were prepared by the reac-

tion of butyltin hydroxide oxide, pyrazole, NaCl, and 2-picolinic

acid at 100 °C. The melting point of pyrazole is 66–70 °C. It is

solid at room temperature and becomes liquid above the melt-

ing point. It acts as the solvent and participates in the assembly

of TOCs. During the reaction process, the Sn-C bond of butyltin

is cleaved to form the inorganic Sn atom with the assistance of

pyrazole (Fig. 2a). One central inorganic Sn atom is linked to

three butyltins and another inorganic Sn atom through five oxy-

gen atoms, forming the (n-BuSn)3Sn2 pentagram with a trun-

cated corner. During the experiment, the reaction mixture after

a two-day reaction was analyzed by electrospray ionization mass

spectrometry (ESI-MS) using methanol as the spray solvent. As

shown in Fig. S1 (Supporting information), prominent MS sig-

nals are observed at m/z 1352.9364 and 1398.9778, corresponding

to [(n-BuSn)3Sn2O6(PZ)4(CH3OH)7]
+ (simulated signal: 1352.9946)

and [(n-BuSn)3Sn2O5Cl2(PZ)4(CH3OH)5(H2O)3]
+ (simulated signal:

1398.9154), respectively. The methanol molecules in these formulas

are attributed to the spray solvent. These results confirm the for-

mation of (n-BuSn)3Sn2 units during the reaction, thereby demon-

strating the auxiliary role of pyrazole in the synthesis. In the re-

sulting Sn18 cluster, two (n-BuSn)3Sn2 units are gathered by shar-

ing one limbic inorganic Sn atom. Then two dimers are further

connected by four pairs of oxygen atoms of the (n-BuSn)3Sn2 units,

forming an octadeca-nuclearity cluster. All the inorganic Sn atoms

display octahedral geometry with two different coordination envi-

ronments: SnO5N and SnO4N2 octahedra. In the SnO5N octahedron,

the Sn atom is located in the center of the (n-BuSn)3Sn2 unit and

coordinated by four equatorial oxygen atoms of the (n-BuSn)3Sn2

unit, one oxygen atom of the adjacent (n-BuSn)3Sn2 unit, and one

N atom of the pyrazole ligand. The SnO4N2 octahedron is defined

by two oxygen atoms of a (n-BuSn)3Sn2 unit, two oxygen atoms

of another (n-BuSn)3Sn2 unit, and two N atoms of two pyrazole

ligands. The organic Sn atoms all surround the inorganic Sn cen-

ters and have a distorted SnO4CN, SnO2CN2Cl, or SnO2CN3 octa-

hedral environment. The pyrazole ligands all take on the bridging

role through two N sites in the whole structure. These N-rich π-

conjugated pyrazole ligands are situated in the periphery of the

Sn18 core, forming the electron-rich shell.

Single-crystal X-ray diffraction analysis indicates that CTGU-

SnC-11 crystallizes in the I-4 space group (Table S1 and Fig. S2

in Supporting information). By carefully analyzing the structure,

the Sn18 cluster has the S4 axis of symmetry. It is worth noting

that the Sn10 and Sn14 clusters obtained by pyrazole-thermal syn-

thesis also have the S4 axis of symmetry (Fig. 2b). The increas-

ing Sn atoms from the Sn10 to Sn18 cluster are arranged in the

S4 axial symmetry. In the Sn10 cluster, the central {Sn4} unit is

placed in the non-planar quadrangle. After adding four Sn atoms,

the central moiety transforms into a distorted cube-like {Sn8} unit

to form the Sn14 cluster. Based on the Sn14 structure, four pairs of
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Fig. 2. (a) The assembly process of CTGU-SnC-11 through the strategy of pyrazole-thermal-assisted organotin aggregation. (b) The gradually increasing nuclearities from the

inorganic Sn10 cluster, via the Sn14 cluster, to the organic-inorganic hybrid Sn18 cluster with S4 axis of symmetry. (c) Topological drawings of Sn10, Sn14, and Sn18 clusters in

the S4 axial symmetry. Terminal butyl groups of the Sn18 cluster were omitted for clarity. Atom color code: green/light blue Sn; bright blue Cl.

peripheral μ2–O atoms capture four additional Sn atoms to form

the Sn18 core. Differing from the inorganic tin-oxo core in the Sn10

and Sn14 clusters, the peripheral Sn atoms of Sn18 are all bonded

to butyl groups, forming the organic-inorganic hybrid tin-oxo core.

As shown in Fig. 2c, their structural evolution can be simplified in

the S4 axial symmetry. In the Sn10 cluster, two non-planar {Sn4}

squares around the central two Sn atoms are decorated with two

squares of pyrazole ligands and chlorine atoms. On this basis, one

additional non-planar {Sn4} square is superimposed on the intimal

{Sn4} square to form the simplified Sn14 structure. Therefore, the

size of the Sn14 cluster core is the same as that of the Sn10. Com-

pared to the Sn10 and Sn14 structures, there is an additional {Sn4}

square outside the square of pyrazole ligands, and the chlorine

atoms become the outermost square in the Sn18 cluster. This in-

dicates that pyrazole-thermal-assisted organotin aggregation is an

effective method for assembling high-nuclearity TOCs.

The Sn18 cluster has two different ligands, electron-withdrawing

inorganic Cl atoms and electron-donating π-conjugated pyrazole

ligands. The push-pull electronic effect between these different

ligands would have an important influence on the properties of

the whole cluster, especially the NLO performance. Therefore, we

would modulate the kinds of ligands from two aspects for further

systemic study of the structure-property relationship (Fig. 3). On

the one hand, we expanded the pyrazole-thermal-assisted organ-

otin aggregation strategy to other pyrazole derivatives with low

melting points, such as 4-methyl-pyrazole and 4–chloro–pyrazole.

Thus, the electron-donating methyl group and chlorine atom were

introduced to the pyrazole ring. Two Sn18 clusters with PZCH3

and PZCl ligands, namely CTGU-SnC-12 and CTGU-SnC-13, were

successfully constructed (Figs. S3 and S4 in Supporting informa-

tion). On the other hand, the inorganic chlorine atoms were ad-

justed to the stronger electron-withdrawing fluorine atoms. Conse-

quently, a series of F-decorating Sn18 clusters with different pyra-

zole derivatives were made, designated CTGU-SnC-14, CTGU-SnC-

15, and CTGU-SnC-16 (Figs. S5-S7 in Supporting information).

The crystal structures of CTGU-SnC-12 to CTGU-SnC-16 were

determined by single-crystal X-ray diffraction (Tables S1 and S2 in

Supporting information). The structures of CTGU-SnC-12 to CTGU-

SnC-16 are similar to that of CTGU-SnC-11 with an S4 axis of sym-

metry. Four Cl sites and sixteen PZ ligands of the original Sn18

cluster are all replaced by four F atoms and sixteen PZCH3/PZCl

ligands, respectively. The coordination modes of PZCH3/PZCl lig-

ands are the same as those of the PZ ligand, which bridges two

Sn atoms via two N sites (Fig. S14 in Supporting information). In

these clusters, each core contains a central inorganic Sn6 moiety

encapsulated by (n-BuSn)12 moiety (Fig. S15 in Supporting infor-

mation). This Sn18 family can serve as a good platform to inves-

tigate the effect of multiple functional ligands on the NLO ab-

sorption and OL behaviors, which is different from the reported

work about single π-conjugated ligands in the field of metal-oxo

clusters. Furthermore, the Sn18 family was carefully characterized

using powder X-ray diffraction (PXRD), infrared spectroscopy (IR),

thermogravimetric analysis (TGA), and UV–vis spectroscopy (Figs.

S21-S44 in Supporting information). As shown in Figs. S21-S26,

the experimental PXRD patterns of these compounds can match

well with the simulated patterns, indicating the phase purity of

the crystal samples. In the IR spectra, the absorption bands at

3290–3313 cm-1 are assigned to the -OH stretching vibrations of

solvent water molecules. The vibrations observed at 2962–2974,

2923–2929, and 2856–2884 cm-1 correspond to the C–H of hete-

rocycle, the C–H and -CH2- of the butyl groups, respectively. The

vibrations at 1365–1388 and 1262–1279 cm-1 are assigned to the

C–N of heterocycles and C–C of the butyl groups. The absorption

peaks at 674–688 cm-1 are attributed to ν(O-Sn-O).
The high symmetry of the cluster structures and multiple

electron-withdrawing/-donating ligands contributed to the NLO

properties. Therefore, the NLO absorption and OL behaviors of the

samples were explored in the picosecond regimes by the well-

established OA Z-scan technology at 532 and 1064nm. Figs. 4a and

b depict the OA Z-scan plots of the samples at 532 and 1064nm,

3
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Fig. 3. The regulation of inorganic anions and organic pyrazole derivatives ligands in the Sn18 family. Terminal butyl groups of the Sn18 clusters were omitted for clarity.

Atom color code: green Sn; bright blue Cl; purple red F; yellow C.

Fig. 4. (a, b) OA Z-scan curves and (c, d) OL curves of the samples at picosecond laser duration excitation with a wavelength of 532 and 1064nm, respectively (input energy:

3 μJ). Scattered squares indicate experimental data with the solid line representing the curve of best fit. (e) π ···π interactions between adjacent pyrazole rings, (f) C–H···π
interactions between pyrazole ring and H atom of butyl group, (g) C–Cl···π interactions between Cl atom of PZCl ligand and adjacent pyrazole ring in CTGU-SnC-16.

respectively. From Figs. 4a and b, it is evident that the transmit-

tance progressively decreased with enhancing the incident inten-

sity of the excitation laser. All the Z-scan traces presented negative

valleys at both 532 and 1064nm wavelength, with minimum trans-

mittance at the laser beam’s focal point, indicating the typical re-

verse saturable absorption (RSA), which is attributed to the absorp-

tion of multiple photons when samples are irradiated using a high-

fluence laser beam. At an excitation wavelength of 523nm (i.e., a

photon energy of ∼2.33 eV), the RSA is primarily derived from two-

photon absorption (2PA) because for all investigated samples, hν <

Eg < 2hν . However, at 1064nm (i.e., a photon energy of ∼1.16 eV),

3hν < Eg < 4hν , therefore, four-photon absorption (4PA) is respon-

sible for the RSA. The measured Z-scan data can be fitted by a typ-

ical nonlinear absorption theory. The normalized transmission (T)

was calculated as follows [1]:

T =
∞∑

m=0

−βI0Leff/

(
1 + z2

z2
0

)

(m + 1)
3
/2

(1)
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where I0 is the peak intensity at the laser beam’s focal point, β
is the NLA coefficient, Leff is the effective thickness, and z0 is the

Rayleigh. The fitting results are given as solid lines in Figs. 4a and

b. The imaginary third-order optical susceptibility (Imχ (3)), which

is determined by β , can be given by [2]:

Imχ(3) =
(
10−7cλn2

0

96π2

)

· β (2)

where c is the speed of light, λ is the laser wavelength, and n0 is

the linear refractive index of the tested sample.

The calculated NLO parameters are displayed in Table S15 (Sup-

porting information). The value of β , Imχ (3), and the figure of

merit (FOM) of the samples showed similar trends at 532 and

1064nm. Their values are increased in the following order: CTGU-

SnC-11 < CTGU-SnC-12 < CTGU-SnC-13 < CTGU-SnC-14 < CTGU-

SnC-15 < CTGU-SnC-16. This trend is not only related to the push-

pull electronic effect between inorganic halogen atoms and or-

ganic electron-donor systems but also associated with C–Cl···π in-

teractions between adjacent clusters. Firstly, the NLO properties

of the F-decorating Sn18 clusters are all better than those of the

Cl-decorating Sn18 clusters owing to the stronger push-pull elec-

tronic effect between the F atom and the electron-donor system.

As shown in Fig. 4e and Figs. S16a-S20a (Supporting information),

there are π ···π interactions (4.34–4.91 Å) between the four pairs

of adjacent electron-rich pyrazole rings. Besides this, the C–H···π
interactions (2.72–2.83 Å) exist between the pyrazole rings and the

H atoms of the butyl groups (Fig. 4f and Figs. S16b-S20b in Sup-

porting information). These electron-donor systems are connected

to the electron-withdrawing halogen atoms through one Sn atom.

Therefore, the stronger electron-withdrawing abilities of halogen

atoms generate a more significant push-pull electronic effect, lead-

ing to enhanced NLO properties for the Sn18 clusters. Furthermore,

to verify this point, the electronic structures of typical Sn18 clusters

with different halogen atoms, CTGU-SnC-13 (Cl), CTGU-SnC-14 (F)

and CTGU-SnC-16 (F), were investigated through theoretical calcu-

lations. As shown in Fig. S45 (Supporting information), the lowest

unoccupied molecular orbitals (LUMOs) of these clusters are es-

sentially identical and primarily delocalized over the cluster cores.

However, the highest occupied molecular orbitals (HOMOs) of the

CTGU-SnC-13, CTGU-SnC-14 and CTGU-SnC-16 exhibit significantly

different electron cloud distributions. The HOMO of CTGU-SnC-13

is delocalized across both the cluster core and the ligands. In con-

trast, the HOMO of CTGU-SnC-14 exhibits a higher electron density

on the ligands and a lower density on the cluster core. The CTGU-

SnC-16 shows predominant delocalization of the HOMO across the

ligands ‌. This results in stronger HOMO-to-LUMO electron transfer

in CTGU-SnC-14 and CTGU-SnC-16 compared to compound CTGU-

SnC-13, thereby improving the NLO properties. It is consistent with

the experimental result, which demonstrates the critical role of

the strong electron-withdrawing F atom. Secondly, the Cl atoms

of the PZCl ligands in the Sn18 cluster have the C–Cl···π interac-

tions (3.67–4.08 Å) with the pyrazole ring of the adjacent cluster

(Fig. 4g and Fig. S18c in Supporting information). This is beneficial

for electron transmission, which can promote nonlinear absorption.

Thus, when the inorganic halogen atoms are the same in the struc-

tures, the NLO properties of the Sn18 clusters with PZCl ligands are

better than those with PZ/PZCH3 ligands. In addition, the introduc-

tion of electron-donating group can enhance the NLO properties

[39]. Therefore, owing to the electron-donating -CH3 group, the

NLO properties of the Sn18 clusters with PZCH3 ligands are better

than those of Sn18 clusters with PZ ligands. All in all, the nonlinear

absorption coefficient of the samples can be facilely controlled by

regulation of cluster structure and multiple ligands.

The strong RSA response of the samples demonstrated that they

show potential for use in OL. Therefore, the OL effects of the sam-

ples were manifested by plotting the normalized transmittance

versus the input energy density, as calculated from the correspond-

ing OA Z-scan measurements in Figs. 4a and b, as shown in Figs.

4c and d, respectively. The position-dependent light fluence Fin(z)

at any position z can be calculated from the corresponding beam

radius ω(z) and the input laser pulse energy Ein through the fol-

lowing equation [3]:

Fin(z) = 4
√
ln 2

(
Ein

π3/2

)
(ω(z))

2 (3)

where ω(z) is provided by [4]:

ω(z) = ω(0)

√
1 + (z/z0)

2 (4)

It can be seen from Figs. 4c and d that all samples showed iden-

tical behavior, wherein T remained constant at low input fluence

and then continuously decreased with increasing fluence, clearly

illustrating the presence of an OL effect. From the related OL pa-

rameters exhibited in Table S15, it is evident that the OL perfor-

mance of the samples can also be adjusted by structural control.

In addition, all the samples show excellent OL properties at 532

and 1064nm. To date, almost all reported metal-oxo clusters have

exhibited OL effects at 532nm under nanosecond laser irradiation,

while only a few Al-oxo clusters have demonstrated responses to

picosecond lasers [36–42]. However, no studies have documented

such effects in the infrared spectral region. In contrast, the Sn18

clusters not only exhibit excellent tunable broadband OL perfor-

mance for picosecond laser pulses but also maintain stable normal-

ized transmittance across multiple wavelengths, particularly in the

case of CTGU-SnC-16. Furthermore, the OL performance of CTGU-

SnC-16 surpasses that of the reported Al-oxo clusters under pi-

cosecond laser irradiation [36]. In addition, although some carbon-

based composites exhibit responses to 532nm (nanosecond) and

800/1030nm (femtosecond) lasers, their normalized transmittance

sharply decreases when the wavelength shifts from 532nm to

800/1030nm [43,44]. These imply that the Sn18 clusters can be ap-

plied as broadband optical limiters to protect human eyes and op-

tical devices from inevitable damage induced by high-power lasers

and exhibit great potential applications in optoelectronic fields.

In summary, we have developed a new strategy of pyrazole-

thermal-assisted organotin aggregation to assemble a series of the

largest N-rich tin-oxo clusters. The pyrazole derivatives not only

assist the formation of sufficient inorganic Sn nodes through the

cleavage of Sn-C bonds but also take the bridging role for con-

structing high-nuclearity TOCs. Differing from the reported high-

nuclearity TOCs only with carboxylate ligands, the resulting Sn18

clusters with S4 axisymmetry are functionalized with multiple

types of ligands, including inorganic electron-withdrawing halo-

gen atoms and organic electron-rich pyrazole derivatives. These are

conducive to the NLO properties of the Sn18 clusters, especially

their push-pull electronic effect and C–Cl···π interactions. With the

enhancement of the push-pull electronic effect, the NLO properties

of the Sn18 family are increasing. And they exhibit excellent NLO

properties at 532 and 1064nm and promise to be broadband op-

tical limiters. It is distinguished from the reported metal-oxo clus-

ters only at 532nm. This work not only offers an effective way to

assemble high-nuclearity TOCs but also gives insight into modulat-

ing the broadband OL performance of metal-oxo clusters.
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