Supplementary Information (SI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2026

Supporting Information

Lowing the melting point of ZIF via anion competing effect in

MOF hybrid glass

Zipeng Liu,>b< Chengwei Gao, *>P< Linling Tan,2?< Shiliang Kang,2b< Qing Jiao,>? Wenjie
Xie,? Gang Zhou,® Changgui Lin,>P<

@ Laboratory of Infrared Materials and Devices, The Research Institute of Advanced
Technologies, Ningbo University, Ningbo, 315211, China

b Zhejiang Key Laboratory of Advanced Optical Functional Materials and Devices, Ningbo
University, Ningbo, 315211, China

¢ Engineering Research Centre for Advanced Infrared Photoelectric Materials and
Devices of Zhejiang Province, Ningbo University, Ningbo, 315211, China

d Department of Materials and Earth Sciences, Technical University of Darmstadt, 64287
Darmstadt, Germany

¢ Ningbo Sunny Infrared Optics Technologies Co, Yuyao, 315400, P.R. China

*Corresponding authors: Chengwei Gao, E-mail: gaochengwei@nbu.edu.cn



mailto:gaochengwei@nbu.edu.cn

Table S1. Comparison of T, T, and GFA of typical glass systems

Type Component Ty (°C) Tm (°C) GFA Reference
ZIF-62 330 420 0.84 1
MOF glass TIF-4 350 440 0.87 2
ZIF-4 583 304 0.67 1
SiO, 1175 1713  0.73 3
Oxide glass
B,0O3 267 450 0.75 3
As,S; 185 310 0.78 4
GeS, 492 840 0.68 4
Chalcogenide glass
TegsGeqs 230 401 0.57 5
Te75Ge25 205.5 363 0.57 5
Polymer glass CPs 29 41.5 0.70 6
ZnBr, 122 385 0.59 7
halide salt glass

ZnCl, 102.5 318 0.64 8

(ZIF-62)09(ZnBr2)01 161 216 0.89

(ZIF-62)0.7(ZnBr3)o 3 154 196 0.91

(ZIF-62)0.5(ZnBr3)o 5 142 169 0.94

MOF hybrid glasses This work
(ZIF-62)03(ZnBr2)07 76.5 141 0.84
(ZIF-62).2(ZNnBr3)o s 71 133 0.85
(ZIF-62)0.1(ZnBr3)o.9 - 106 -
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Figure S1. Thermogravimetric (TG) and derivative thermogravimetric (DTG) curves of
precursor mixtures with (a) x=0.3, (b) x=0.5, and (c) x=0.7. The TG curves (orange)
represent the mass change, while the DTG curves (black) indicate the corresponding rate

of mass loss as a function of temperature.
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Figure S2. DSC curves of ball-milled (ZIF-62),,(ZnBr,),. (a) first heating scan showing
desorption and melting processes; (b) second heating scan highlighting the Tg and its

dependence on ZnBr2 content.
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Hybrid glass

Figure S3. (a) Photographic image of the melting process of (ZIF-62)q5(ZnBr;)es hybrid
glass precursor, where melting occurs after 0.5h heating at 160 °C with white solid tablets;
(b) Stability test of the prepared hybrid glass, showing no significant crystallization or

decomposition after one month storage under indoor conditions
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Figure S4. (a) Elemental composition (at.%) of (ZIF-62),4(ZnBr;), hybrid glasses with x = 0.3,
0.5, and 0.7, determined by energy dispersive X-ray spectroscopy (EDS). (b-d)
Corresponding EDS elemental mapping images of Br, C, N, and Zn for the samples with x =
0.3, 0.5, and 0.7, respectively, demonstrating the homogeneous distribution of all

elements at the micrometer scale. The scale bar is 5 um.
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Figure S5. High-resolution C 1s X-ray photoelectron spectroscopy (XPS) spectra of samples
in different processing states. (a-c) Physical mixtures, (d-f) ball-milled mixtures, and (g-j)
melt-quenched hybrid glasses with x=0.3, 0.5 and 0.7. The spectra exhibit characteristic

components corresponding to C-C/C=C and N=C-N bonding environments.



AEoeV) R
| Path Na R(A) 2(A2)e
Sample a C (A) 0%(A?) p factor
Zn K-edge (S¢?=0.756)
Zn foil Zn-Zn  6.0* 2.638+0.007 0.0107 -1.7+1.3 0.0096
Zn-N  3.2+0.1 1.992+0.008 0.0081 3.6+1.6
(ZIF- Zn-Br 1.0£0.3  2.599*  0.0150 5.0+1.9
62)0.5(ZnBr2)o 5 0.0072
| Zn-C  7.1#1.2 2.975+0.018 0.0081 -6.4+2.6
glass
Zn-C/IN 6.5+0.7 4.298+0.022 0.0172 2.8+1.3
Zn-N  4.0+0.1 1.991+0.005 6.4+1.2
0.0050
ZIF-62(Zn) Zn-C  8.2+1.1 2.964+0.018 11429 0.0081
Zn-C/N 8.4+0.7 4.278+0.017 0.0149 1.8+1.0

Table S2. Zn K-edge EXAFS fitting parameters of the Zn foil reference, pristine ZIF-62

crystal, and (ZIF-62)0.5(ZnBr,)o5 glass. Notes: °CN, coordination number; ?R, the distance

between absorber and backscatter atoms; o2, the Debye Waller factor value; “AE,, inner

potential correction to account for the difference in the inner potential between the

sample and the reference compound; R factor indicates the goodness of the fit. SO? was

fixed to 0.756, according to the experimental EXAFS fit of Zn foil by fixing CN as the known

crystallographic value. * This value was fixed during EXAFS fitting, based on the known

structure of Zn. Fitting conditions: k range: 3.0-11.5; R range: 1.0-4.0; fitting space: R

space; k-weight = 3. A reasonable range of EXAFS fitting parameters: 0.700 < S0? < 1.000;

CN >0; 02> 0 A2; |AE,| < 15 eV; R factor < 0.02.
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Figure S6. Porosity and mechanical properties of hybrid glasses. (a) CO, adsorption-
desorption isotherms measured for different glass compositions, with the corresponding
BET surface areas indicated. (b) Density (black squares) and Vickers hardness (red stars) as

a function of ZIF-62 content.
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Figure S7. a Thermal melting behavior of the ZIF-8/ZnBr, hybrids (inset: photographs of
the glass samples). b XRD patterns of hybrid amorphous ZIF phases, and ZIF-8/ZnBr, hybrid
glasses, further verifying amorphization after ball milling and successful glass formation

via hot-pressing.
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