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Glass transition-induced luminescence in ZIF-62 
Shuaihua Yu a,b, Haitao Hub, Yichao Lin b*, Wen Yang a*, Ziqi Tianb,c* 

We reported that ZIF-62 glass exhibits enhanced luminescence 
upon glass transition, contrasting with crystalline phase 
fluorescence quenching caused by ordered ligand arrangement. 
Theoretical simulations combined Ab initio molecular dynamics 
and quantum mechanism calculations reveal specific configurations 
in glassy state with intensified emission, corroborated 
experimentally.

Metal-organic frameworks (MOFs) have garnered considerable 
attention owing to their versatile structures and potential 
applications in catalysis, gas storage, and optoelectronics.1-5 
Among MOFs, zeolitic imidazolate frameworks (ZIFs) are 
distinguished by their thermal stability and structural diversity. 
Notably, aside from their well-established crystalline forms, 
certain ZIFs can be produced in a glassy state via melt-quenching 
process.6-9 ZIF glasses represent a novel class of materials 
characterized by hybrid chemistry arising from the integration of 
inorganic and organic components. In these materials, metal 
nodes and organic ligands are connected via coordination bonds 
to form a zeolitic tetrahedral network in which silicon or 
aluminum atoms are replaced by transition metal cations and 
oxygen is substituted by organic ligands.10 For example, ZIF-62 
is a prototypical porous framework that can be transformed into 
a glass. In ZIF-62, Zn2+ or Co2+ serves as the node, while 
imidazole (IM) and benzimidazole (BIM) function as the organic 
ligands.11, 12 ZIF-62 exhibits a low melting temperature and a 
broad melting range, undergoing melting prior to decomposition 
without recrystallization.13

Despite significant advances in the study of ZIF glasses, 
investigations into their optical properties remain relatively 

limited.14-19 Qiao et al. first reported the optical properties of 
ZIF-62 glass, demonstrating a high transmittance (up to 90%) in 
both the visible and near-infrared regions, with a refractive index 
comparable to that of inorganic glasses.20 Subsequently, Ali et 
al. observed mid-infrared luminescence in ZIF-62 glass 
containing both Zn and Co cations, attributing the emission to 
the d-d transition of the Co cation. The fluorescence intensity is 
enhanced with increasing Co concentration.10 Furthermore, Liu 
et al. observed a more pronounced fluorescence difference 
between amorphous ZIF-62 glass obtained via the melt-
quenching method and that synthesized by simple thermal 
methods below the melting temperature. This difference is 
supposed to be attributed to the structural variations between 
these two forms.21 We note that the luminescence of ZIF-62 
crystal has rarely been reported. In the crystalline state, parallel 
stacking of adjacent BIM ligands may lead to aggregation-
induced quenching. While since BIM derivatives are commonly 
employed as fluorescent probes,22, 23 we hypothesize that the 
ligand in ZIF-62 which undergoes a specific rearrangement 
during the glass transition, may induce enhanced fluorescence.

Here, we synthesized ZIF-62 glass following the process 
shown in Fig. 1a.24 The X-ray diffraction (XRD) pattern of the 
as-synthesized ZIF-62 crystal (Fig. 1c) confirmed a high degree 
of crystallinity, with all observed peaks matching those reported 
for ZIF-62.12, 24 In contrast, after the melt-quenching process, the 
disappearance of Bragg diffraction peaks signified a variation 
from the crystalline arrangement, thereby confirming the 
successful transformation of ZIF-62 into an amorphous phase. 
Thermogravimetric analysis (TGA) revealed a total weight loss 
of approximately 3.8 % for the ZIF-62 powder up to 340 °C (Fig. 
S2). Specifically, around 0.7 % mass loss occurred below 
200 °C, corresponding to the release of water adsorbed within 
the ZIF-62 nanopores. An additional 3.1 % mass loss was 
observed between 200 and 340 °C, due to the incomplete 
removal of the DMF solvent during synthesis and purification. 
Further heating 
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Fig. 1 (a) Experimental preparation process of ZIF-62 glass. (b) Crystalline and glassy structures. The closely packed and disordered ligands are highlighted using ball-and-stick model. 
(c) XRD patterns. (d) Absorption (Ex) and emission (Em) spectra of the ZIF-62 crystal and glass samples.

to 500 °C resulted in negligible mass change, confirming the 
high thermal stability of the ZIF-62 powder. Fourier-transform 
infrared (FTIR) spectra of the ZIF-62 crystal powder and ZIF-62 
glass films are nearly identical, although additional peaks at 
1679, 2857, 2931, and 3106 cm-1 (Fig. S3) are evident in the 
crystal powder spectrum. These peaks, associated with the DMF 
molecule, disappeared after the melt-quenching process, in 
agreement with the TGA-DSC characterization. Furthermore, 
the absorption and emission spectra were measured in both the 
crystalline and glassy states. In the crystalline state of our 
prepared sample, the absorption peak was at 375 nm, with no 
apparent emission (quantum yield<0.5%). Upon transitioning to 
the glassy state, the absorption peak shifted to 320 nm, while a 
pronounced fluorescence emission at 390 nm was observed. 

To understand the significantly enhanced emission of ZIF-
62 in glassy state, we performed ab initio molecular dynamics 
(AIMD) simulations to investigate variations in the packing 
patterns of the ligands during the glass transition. Previous 
studies have underscored the utility of AIMD in elucidating the 
microscopic structures of ZIF glasses. For instance, Gaillac et al. 
employed AIMD to demonstrate that both the chemical nature of 
the IM linker and the framework topology influence post-
quenching behavior and the properties of the resulting glass.25 
Shi et al. utilized AIMD to analyze the melt structures of various 
ZIFs.26 The computational studies reproduced the melt-
quenching process, thereby advancing understanding of the roles 
of topology and chemistry in governing the glass structure. In 
our simulations, we focused on the stacking arrangements of 
adjacent BIM units. The crystalline structure depicted in Fig. 2a
served as the initial configuration.27 The Vienna Ab Initio 
Simulation Package (VASP)28 was used to optimize the pristine 
cell of ZIF-62 and to perform AIMD simulations within the 
canonical (NVT) ensemble. PBE functional was employed with 
PAW for the density functional theory (DFT) calculation. For 
further methodological details, see the Supporting Information. 
To model the formation of ZIF-62 glass, the system was first 

heated to 800 K for 30 ps. The final snapshot was then optimized 
to emulate rapid cooling and to prevent recrystallization (Fig. 
2b). Subsequently, a dynamics simulation was conducted at 300 
K for 10 ps from the relaxed structure to generate trajectories for 
topological analysis and following optical property simulations. 
For comparison, a dynamics simulation starting from the 
crystalline structure was performed at 300 K.

From Fig. 2c, one can see that the benzene rings of the BIM 
ligand in the crystalline state are aligned parallel and in close 
proximity. After the simulated melt-quenching process, the 
ligands exhibit a disordered arrangement.29 The Zn-Zn radial 

Figure. 2 (a) Representation of the ZIF-62 crystal. (b) Snapshot of the simulated ZIF-62 
glass. (c) The distribution of the dihedral angles between adjacent BIM ligands in two 
states. (d) The evolutions of the average distances between the centers of the benzene 
rings in the neighboring BIM ligands in two states. The analyzed dihedral angle and 
distance are marked in the above figures. 
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distribution function (RDF) presented in Fig. S4 illustrates that 
the crystalline framework has transformed into an amorphous 
state.30 To quantify changes in the stacking of BIM ligands, 200 
evenly spaced snapshots were extracted from each trajectory for 
analysis of dihedral angles and distances of the neighboring BIM 
ligands. As shown in Fig. 2d, dihedral angle analysis reveals that 
adjacent BIM ligands in the ZIF-62 crystal remain nearly parallel 
at 300 K. Upon transitioning to the glassy state, the dihedral 
angle increases notably, with the dominant range shifting from 
approximately 0-20° to 10-40°. Additionally, the average 
distance between the centers of neighboring benzene rings of 
BIM ligands increases apparently following the glass transition, 
suggesting that the departure of the conjugated groups may 
mitigate aggregation-induced quenching.

To explore the luminescence properties, six cluster models 
each comprising two neighboring Zn nodes and four ligands 
connecting to each node were constructed based on randomly 
selected configurations extracted from the dynamic trajectories 
of the glassy state. In comparison, one cluster model was built 
based on the pristine ZIF-62 crystal as well. The absorption and 
emission spectra, along with the fluorescence quantum yields, 
were simulated via quantum chemical calculations based on the 
cluster model.31-33 Using Gaussian16 package,34 the geometries 
of both the ground state (S0) and the first excited state (S1) were 
optimized at CAM-B3LYP/6-311G**/SDD level. Given the 
relative rigidity of the framework and the fact that the frontier 
orbitals are governed by the BIM ligands (Fig. S5), the positions 
of IM units were constrained during structural relaxation. Based 
on optimized structures, the absorption and emission spectra of 
the cluster models were simulated. The absorption wavelengths 
of various models range from 260 to 392 nm, corresponding to 
emission from 274 to 428 nm (see Table 1). As shown in Fig. 3a, 
most of the absorption peaks are within the experimental spectral 
range. Since all conformations contribute to the absorption, we 
consider the simulated absorption spectra to be reasonable. On 

Fig .3 (a) The simulated adsorption spectrum based on the cluster models. (b) The 
emission wavelengths of the examined configurations of the glassy state. (c) The 
arrangement of BIM ligands in the crystalline state. (d) The arrangement of BIM ligand 
in the configuration with the largest Φf. 

Table 1 The calculated adsorption and emission properties of various cluster models 
derived from crystalline and glassy state.

the other hand, only specific configurations that exhibit high 
quantum yield correspond to intense fluorescent emission, herein 
the non- adiabatic transition process was considered via 
MOMAP,35 which is designed for analyzing the photophysical 
properties of luminescent materials. The vibronic couplings, and 
non-radiative decay processes can be simulated to more 
accurately estimate fluorescence spectrum. Here, the radiative 
(kr) and non-radiative (knr) decay rates were computed by using 
MOMAP. The fluorescence quantum yield (Φf), which 
represents the probability of deactivation via radiative decay, is 
determined by

𝛷𝑓 =
𝑘𝑟

𝑘𝑟 + 𝑘𝑛𝑟
  

For the cluster model derived from the crystalline structure, kr 
and knr were 2.93×104 and 2.08×108 s-1, respectively, yielding an 
extremely low Φf of 1.41×10-4.35 Thus, the fluorescence of the 
pristine ZIF-62 crystal should be quite weak. In contrast, among 
the six examined cluster models of glassy state, three exhibited 
higher Φf values compared to the crystalline model. Notably, the 
model with the highest calculated Φf (0.0464, or 4.64 %) 
displayed kr and knr of 6.94×105 and 1.43×107 s⁻¹, respectively, 
with an emission wavelength of 407 nm. The Φf of the glass 
sample in experiment was determined to be 12.6%, thus the 
simulated absorption and emission spectra align well with the 
experimental measurements (Fig. 3b). The reasons of the 
discrepancy may include incomplete sampling of conformational 
space, difference between cluster model and the real periodic 
system, and inherent methodological errors. Nevertheless, 
specific configurations generated during the glass transition 
enhance fluorescence by 100-102 times relative to the crystalline 
state. In the configuration with the highest calculated Φf (Fig. 3c 
and d), the dihedral angle between adjacent BIM ligands is 
14.80°, indicating that the two conjugated ligands remain nearly 
parallel. Concurrently, the distance between the centers of the 
benzene rings in the BIM ligands increases from 4.43 Å in the 
crystal to 6.54 Å in this configuration, suggesting that the glass 
transition process leads to an enlargement of certain micropores 
and a relative displacement of adjacent ligands. As a result, the 
fluorescence emission is significantly enhancing.

 In summary, we propose that the close stacking of BIM 
ligands in the crystalline state leads to fluorescence quenching, 
whereas in the glassy state the disordered arrangement of BIM 
ligands weakens π-π interactions, herein enhancing fluorescence 

model No. Ex(nm) Em(nm) kr(s-1) knr(s-1) Φf

1 392 407 6.94×105 1.43×107 4.64×10−2

2 316 358 6.59×104 1.35×108 4.87×10−4

3 287 292 6.21×105 3.13×109 1.98×10−4

4 260 274 4.34×104 4.56×108 9.52×10−5

5 308 323 1.37×105 1.62×109 8.45×10-5

6 330 374 4.33×104 1.56×1011 2.78×10-7

Crystal 360 428 2.93×104 2.08×108 1.41×10−4

Exp. Crystal 375 440 < 5×10−3

Exp. Glass 320 390 1.26×10−1
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intensity. Our combined use of experimental characterization, 
AIMD simulations, and quantum chemical calculations supports 
this hypothesis and provides deeper insight into the glass 
transition-induced fluorescence in ZIF-62. The π-π stacking may 
lead to luminescence quenching in MOFs. The quenching 
mechanism arises from competing photophysical processes that 
dissipate excited-state energy non-radiatively. In ZIF-62 crystal, 
π-conjugated BIM molecules stack closely, thus their excited 
states can couple to emit with low quantum yields due to 
increased non-radiative decay pathway. Here, the glass transition 
results in the disordered arrangement of neighboring ligands, 
thus enhancing luminescence. In common MOFs, it may 
modulate the ligand arrangement and thus influence the 
luminescence by introducing large guest molecules. This ligand-
disorder strategy is potentially applicable to other frameworks 
glasses; for instance, disrupting long-range order via melt-
quenching or chemical modification can similarly mitigate 
aggregation-induced quenching by isolating emissive ligands or 
reducing exciton coupling. These findings not only advance our 
understanding of fluorescence in ZIF glasses but also pave the 
way for designing fluorescent materials with tailored properties 
towards various applications.
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