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Zeolitic imidazolate framework-8 (ZIF-8), a metal-organic framework (MOF) with a non-centrosymmetric crystal structure,
exhibits nonlinear optics (NLO) properties and can act as the nanoporous matrix of guest molecules. Amorphization of ZIF-8
can be achieved by pressure or high temperature. Both crystalline and amorphous states have their inherent features for
optical applications. The effects of the crystalline-amorphous transition on the structural and optical properties under
pressure were investigated in detail. Amorphization leads to the destruction of the ZIF-8 lattice structure, collapse of pores,
and the change of spatial symmetry, which in turn alters the NLO properties of ZIF-8 and the luminescence properties of the
guest Eu cations. Our results establish the structure–optical properties relationship in the amorphization process and
provide new clues in designing novel MOFs optical materials.
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1. Introduction

Metal-organic frameworks (MOFs) have well-defined units con-
taining both inorganic and organic constituent elements, rich
topologies, easily tunable porous structures, and extremely high
specific surface area[1,2]. Because of their diverse structures and
highly tunable pores, MOFs are able to cover the entire pore size
interval between microporous zeolites and mesoporous silica,
allowing them to have a wide range of applications in gas stor-
age, catalysis, drug delivery, and photoluminescence (PL)[3–7].
MOFs have evolved into a class of promising optical functional
materials in recent years. The pores of MOFs can be used to
encapsulate a large number of guest molecules (such as nanopar-
ticles, metal complexes, and organic dyes) to construct lumines-
cent MOFs materials[8,9]. MOFs also exhibit nonlinear optics
(NLO) properties such as multi-order harmonics, multi-photon

pumping, and data storage. Owing to the multi-optical unit
properties, MOFs not only inherit the high NLO properties of
organic ligands, but also generate metal-to-ligand charge-trans-
fer transitions. Furthermore, the highly ordered frameworks and
designable pores can confer spatial regulation and confinement
of guest dipolar molecules, enabling the directional alignment
and inducing harmonic generation responses[10,11].
Most MOFs materials are in a crystalline state. Over 60,000

crystalline MOFs materials have been identified from synthesis.
In recent years, amorphous MOFs (aMOFs) have also gradually
become a hot topic[12,13]. The facile tunable MOFs structure
facilitates precise tuning of the pore size distribution and pore
structure of the amorphous state[14]. Isotropy and enhanced
strength of aMOF are important for optical applications as
well[15]. Either the crystalline or amorphous state has its
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inherent feature for optical applications. Therefore, studying the
crystalline-amorphous transition and its influence on optical
properties in MOFs is of significance for designing optical func-
tional MOFs.
Zeolitic imidazolate framework-8 (ZIF-8) combines the

advantages of a traditional zeolite structure and novel MOFs
materials with high crystallinity, strong thermal stability, large
specific surface area and pore volume, and high porosity[16,17].
ZIF-8 can be used as a host to load luminescent guest species
to construct novel optical materials. In addition, ZIF-8 has supe-
rior NLO properties owing to its non-centrosymmetric crystal
structure. The amorphization of ZIF-8 can be achieved by pres-
sure, providing us with a good platform to study the structural
and optical properties evolution in crystalline-amorphous
transition[18–23].
In this Letter, we investigated the evolution in structural and

optical properties of ZIF-8 crystals during pressure-induced
amorphization. We carried out a battery of characterizations
including powder X-ray diffraction (PXRD), scanning electron
microscopy (SEM), N2 adsorption measurement, second-har-
monic signal measurement, and PL spectroscopy. The structural
evolution of ZIF-8 crystals under pressure has been revealed.
The optical properties of ZIF-8 during the crystal-amorphous
transition, including second-harmonic generation (SHG) NLO
properties, guest-host luminescence, for example, encapsulated
with Eu cations, have been investigated in detail. The structure–
optical properties relationship has been established to shed new
light on the design of optical functional MOFs materials.

2. Experimental Method

2.1. Crystalline ZIF-8

A solid mixture of Zn�NO3�2 · 6H2O�0.365 g� and 2-methylimi-
dazole (H-MeIM) (0.250 g) was dissolved in 40 mL of dimethyl-
formamide (DMF). Solution was poured into a 100 mL blue cap
bottle and stirred for 30 min. The bottle was sealed, and solvo-
thermal synthesis was carried out at 130°C for 48 h. After a com-
plete reaction, the solution was allowed to cool to ambient
temperature overnight. The resultant ZIF-8 crystals were filtered
off the precursor solution and washed three times with 50 mL of
DMF, followed by drying in an oven at 130°C for 12 h.

2.2. Crystalline Eu at ZIF-8

Eu�NO3�3 · 6H2O was dissolved in 10 mL of DMF, and the ZIF-
8 crystals were poured into the solution and kept for 72 h. The
crystals were filtered out of the solution, washed three times with
10 mL of DMF, and dried at 130°C for 12 h.

2.3. Amorphization of ZIF-8

Amorphization of the ZIF-8 crystals was done by the dry press
molding method or cold isostatic pressing. When the applied
pressure is lower than 50 MPa, we only used the hydraulic pow-
der machine. The pressure was held at 20 MPa and 50 MPa for

5 min, respectively. When the pressure is higher than 50 MPa,
the hydraulic press can no longer meet the demand, and we need
to use a cold isostatic press. The pressure was held at 100 MPa
and 200 MPa for 5 min, respectively.
X-ray diffraction (XRD) patterns were recorded using a

Bruker D8 ADVANCE diffractometer with Cu Ka radiation
(40 kV, 30 mA, 2 deg/min from 5 to 50 deg, λ = 0.015405 nm).
The microstructure of the sample was observed using field emis-
sion SEM. A specific surface area was obtained using a
Micromeritics ASAP 2020 instrument to measure the N2

adsorption isotherm at 77 K based on the Brunauer–Emmett–
Teller (BET) method. Prior to the N2 adsorption and the mer-
cury porosimetry analysis, all samples were evacuated overnight
for 24 h at 120°C under vacuum. SHG measurement was per-
formed with an MStarter 100 Ultrafast confocal microscope,
in which the excitation wavelength was 1030 nm (Metatest
Co., Ltd., China). The PL spectra were recorded on an
Edinburgh FLS920 fluorescence spectrophotometer equipped
with a Xe-900 lamp as the excitation source. The decay curves
were collected using an FLS920 instrument with an nF900 flash
lamp as the excitation source.

3. Result and Discussion

3.1. Amorphization of ZIF-8 crystals

We promote amorphization of ZIF-8 crystals by continuously
increasing pressure. The PXRD patterns of ZIF-8 crystals under
different pressure clearly show the transition of ZIF-8 from the
crystalline to amorphous state, as shown in Fig. 1. The character-
istic diffraction peaks of the unpressurized ZIF-8 crystals were in
good agreement with the XRD peaks of the simulated pattern
formed from the crystals structure. The diffraction peaks are
sharp, indicating that the prepared samples are ZIF-8 crystals
with high purity and good crystallinity[23]. When pressurized
at 20 MPa, the crystal structure of ZIF-8 was destroyed, and
the position of the Bragg peak remained unchanged, but the

Fig. 1. PXRD patterns of ZIF-8 under different pressure.
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peak intensity decreased, and the peak width increased. When
the pressure increased to 50 MPa, some characteristic peaks dis-
appeared, and the peak shape became smoother. At further pres-
sure up to 100MPa, there were no sharp Bragg peaks in the XRD
pattern, but a broad peak envelope appeared, indicating that the
long-range order of the ZIF-8 crystals was destroyed, and
amorphization was achieved.
Under the pressure, the ZIF-8 crystals will gradually fragment

into smaller powder particles. In order to observe the morpho-
logical changes of ZIF-8 crystals during amorphization, the crys-
tals were characterized by SEM, as shown in Fig. 2. Figure 2(a)
shows the morphology and distribution of the main elements of
ZIF-8 crystals without stress. Grain growth is relatively regular,
the grain size is about 10 μm, the aggregation of C, N, and Zn
elements is relatively obvious, and the aggregation corresponds
to the location of the ZIF-8. After being subjected to 50 MPa
pressure, the structure of the ZIF-8 crystal was destroyed, and
the whole ZIF-8 crystal was crushed into particles of different
sizes, as shown in Fig. 2(b). Because the ZIF-8 crystal particles
still retain part of their structure, the Bragg peaks in Fig. 1 are
smoothed, but do not completely disappear.
We analyzed the porosity and Brunauer–Emmett–Teller

(BET) surface areas of the prepared samples by using N2 adsorp-
tion at 77 K, as shown in Fig. 3. The adsorption curve and
desorption curve of the samples almost overlapped without sig-
nificant hysteresis, and the shape belonged to the typical I
adsorption-desorption isotherm[24]. This was a typical adsorp-
tion curve of microporous substances, indicating that the sam-
ples were indeed microporous (porosity diameter <2 nm)[25].
N2 adsorption rose sharply with increasing pressure at low
P/P0 because of the strong interaction between the adsorbent
and the pore wall in microporous structured materials. When
the pressure increased to a certain level at P/P0 of about 0.1,
the adsorption gradually smoothed. A large increase in N2

adsorption is shown at higher pressure close to the saturation
pressure due to the condensation of N2 molecules on the outer

surface of the material[25]. Measurements of N2 adsorption
showed that the BET surface area decreased significantly after
pressurization, from 1008m2=g to 346m2=g, and the total pore
volume also decreased from 0.342 cm3=g to 0.136 cm3=g. This
fact suggests a gradual amorphization when using higher
pressure, causing the collapse of porosity. In addition, the
BET surface area can be maintained at about 350m2=g after
pressurization, because with the evolution of the ZIF-8 pore
shape to amorphization, there are still some pores essentially
intact, while the channels connecting them become nar-
row[25,26]. This can also be seen from the measurement results
of PXRD and SEM.
ZIF-8 consists of 2-methylimidazolate coordinated to a tetra-

hedral-linked metal center Zn2�, which results in a zeolite-like
topology. ZIF-8 demonstrates a strong intrinsic SHG signal due
to its non-centrosymmetric cubic I-43m space group sym-
metry[27]. It has a higher value of the second NLO coefficient
than commercial inorganic crystals of potassium dihydrogen
phosphate (KDP)[28]. The non-centrosymmetric crystal struc-
ture of ZIF-8 is altered during the crystal-amorphous transition,
leading to changes in its NLO properties. The average size of our
prepared ZIF-8 crystals was optically estimated to be 10 μm, ena-
bling us to detect the SHG signal[27,28]. Figure 4 represents the
SHG spectra of the samples subjected to different pressures. The
excitation wavelength was 1030 nm, and the emission wave-
length was at 515 nm. The intensity of the SHG signal gradually
weakened with the increase of pressure. After pressure-induced
amorphization, the structure of ZIF-8 crystals was disrupted,
and the symmetry of its space group was also destroyed, result-
ing in the weakening of the SHG signal.

3.2. Amorphization of Eu at ZIF-8 crystals

Based on the guest-host luminescence approach, we prepared Eu
at ZIF-8 to further investigate the evolution of the structural and

Fig. 2. SEM images and elemental distribution of ZIF-8 (a) before and (b) after
pressurization. The atomic percentage of each element is shown at the bot-
tom right of the images.

Fig. 3. N2 adsorption isotherms for ZIF-8 before (black) and after (blue) pres-
surization. Solid circles indicate adsorption, while hollow circles indicate
desorption.
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optical properties of ZIF-8 crystals during the pressure-induced
amorphization. The Eu3� ions were filled into the pores of ZIF-8
by prolonged soaking. Eu ions have turned out to be a promising
medium for efficient infrared emission with a perspective of
application in the respective laser and optical amplifier devi-
ces[29–31]. In addition, Eu3� is otherwise known as the most sen-
sitive probe to the structure/symmetry of rare-earth doping
sites[31]. By studying the split of the respective narrow emission
bands in the crystalline field, different sites of dopants and their
symmetry can be identified[31,32]. In this work, in addition to the
photofunctionalization of ZIF-8 by loading Eu3� to study the
optical properties, we also used Eu3� as a probe to reveal the
changes in the structure and symmetry of ZIF-8 during
amorphization.
To confirm whether Eu3� ions had entered the pores of ZIF-8

crystals, an elemental scan of the sample was performed. From
Fig. 5(a), we can see that Eu3� ions were successfully immersed
into ZIF-8. The crystal morphology is relatively regular in shape
and still around 10 μm in size. After being subjected to a pressure
of 50MPa, Eu at ZIF-8 was also crushed into small irregular par-
ticles. As the structure was damaged, some of the Eu3� ions were
released. Figure 6(a) shows that there is no obvious change in the
XRD peaks of ZIF-8 crystals after loading with Eu3� ions. Eu3�

ions are mainly loaded into the pores of ZIF-8 and do not
destroy the lattice structure. Moreover, because of the support
of Eu3� in the pores, the degree of amorphization of Eu at
ZIF-8 is lower than that of ZIF-8 under the same pressure.
Compared with the ZIF-8 crystals, the BET surface area of Eu

at ZIF-8 is reduced to 825m2=g. This is caused by the entry of
Eu3� ions into the pores to occupy a definite pore volume. The
BET area of Eu at ZIF-8 was reduced to 340m2=g, and the pore
volume also decreased from 0.338 cm3=g to 0.148 cm3=g after
pressure amorphization, as shown in Fig. 6(b). The changing
trend of the N2 adsorption of Eu at ZIF-8 after amorphization
is consistent with that of the ZIF-8 sample.

In the matrix, the crystal field or chemical change around the
rare-earth ions is closely related to the microenvironment
around the rare-earth ions. A slight change can cause the lumi-
nescence intensity or spectral splitting of the rare-earth ions. The
local environment of the luminescence center affects the struc-
ture and distribution of the observed lines[29,31]. The PL spectra
of the Eu at ZIF-8 samples before and after pressure-induced
amorphization are shown in Fig. 7. The PL spectrum consists
of the electron rearrangement standard within the 4f shell layer
(f–f transitions) of Eu, corresponding to the transitions from the
5D0 to 7FJ (J = 0–4) energy level[29,31,32]. The observed peaks at
578 nm, 591 nm, 616 nm, 651 nm, and 698 nm correspond to
5D0 → 7F0, 5D0 → 7F1, 5D0 → 7F2, 5D0 → 7F3, and 5D0 → 7F4
transitions, respectively[32]. The emission spectra of the amor-
phous Eu at ZIF-8 samples have no change in the position of
the center wavelength of the peaks, but the intensity of the emis-
sion spectra was significantly weaker. The ultrasensitive transi-
tion of Eu3� ions from 5D0 → 7F2 is an electric dipole transition
and is very sensitive to the changes in the surrounding

Fig. 5. SEM images and elemental distribution of Eu at ZIF-8 (a) before and
(b) after pressurization. The atomic percentage of each element is shown at
the bottom right of the images.

Fig. 6. (a) PXRD patterns and (b) N2 adsorption isotherms of Eu at ZIF-8 before
and after pressurization.

Fig. 4. SHG signal of ZIF-8 under different pressure excited by IR laser radi-
ation (1030 nm central wavelength, 150 fs pulse duration, 50 mW, 80 MHz rep-
etition rate).
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environment. However, the magnetic dipole transition of 5D0 →
7F1 is relatively less variable than the former and has no obvious
dependence on the surrounding environment. Therefore, the
ratio of transition intensity of 5D0 → 7F2 to that of 5D0 → 7F1
can be used to define a parameter to characterize the change
of the coordination symmetry around Eu3�. Define R =
I�5D0 → 7F2�=I�5D0 → 7F1� to analyze the crystallographic
environment of the emission center and information on polyhe-
dral distortion[31,32]. Although the emission peak intensity of the
Eu at ZIF-8 decreased after pressurization, the R value (6.364)
was significantly greater than that before pressurization
(5.995). This result suggests that the lattice symmetry around
Eu3� ions decreases during amorphization. The environment
around the Eu3� ions is changed, and the lattice structure of
ZIF-8 is destroyed, leading to weakening of the luminescence.

4. Conclusions

We have induced amorphization of ZIF-8 by pressure to inves-
tigate the evolution of the structure and optical properties of
ZIF-8 crystals during pressure-induced amorphization. At
20 MPa, the crystalline ZIF-8 already showed a tendency to
amorphize. During the amorphization process, with increasing
pressure, the lattice structure of ZIF-8 was gradually destroyed,
the pores collapsed, and the BET surface area decreased signifi-
cantly. The non-centrosymmetric crystal structure of ZIF-8 is
altered during the crystal-amorphous transition, resulting in
the decrease of SHG signal intensity. The amorphization effect
on the guest-host luminescence behavior of ZIF-8 has been
explored as well, via encapsulation with Eu3� cations, the lumi-
nescence of which would reflect the spatial symmetry evolution.
Accompanied with the destruction of the crystal lattice and the
spatial symmetry of Eu at ZIF-8, the evolution of Eu cations
luminescence, including the decrease of PL intensity and the
increase of R ratio, has been observed. This work showed that

the change of the lattice field environment not only affects
the NLO properties of ZIF-8 itself, but also the luminescence
of the guest species. The structural evolution in ZIF-8 amorph-
ization and the structure–optical properties relationship provide
a new avenue for the development of optical functional MOFs
materials.
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