
Materials Chemistry and Physics 240 (2020) 122222

Available online 25 September 2019
0254-0584/© 2019 Elsevier B.V. All rights reserved.
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

� Pressure induced transitions of ZIF-8 in 
a wide pressure-range was investigated 
by using ab initio simulations. 
� Crystalline-crystalline and crystalline- 

amorphous phase transitions were 
observed. 
� Mechanical and electronic properties 

were accurately estimated. 
� The compression and tension strengths 

of the framework were found signifi
cantly different, as in compact bones.  
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A B S T R A C T   

Ab initio molecular dynamics (AIMD) simulations are carried out to probe the high-pressure behavior of ZIF-8 
over wide pressure-range. Under compression, the enormous distortions in the ZnN4 tetrahedral units lead to 
a crystal-to-amorphous phase transition at around 3 GPa. During the amorphization process, the Zn-N coordi
nation is retained. No other phase change but a possible fracture of the system is proposed above 10 GPa. 
Depending on released pressures, amorphous states with different densities are recovered. Yet when the applied 
pressure is released just before the amorphization, the rotations of imidazolate linkers (swing effect) cause an 
isostructural crystal-to-crystal phase transition, in agreement with experiments. In the tensile regime, no phase 
transition is perceived up to � 2.75 GPa at which point the structural failure is observed. The crystal-amorphous 
phase transitions are also discovered at around 4 GPa under uniaxial compressions. The amorphous structures 
formed under uniaxial stress are about 20% denser than the one formed under the hydrostatic pressure. The 
average Young’s modulus and Poisson’s ratio of ZIF-8 are estimated to be around 5.6 GPa and 0.4, respectively. 
Interestingly, the tensile strength of ZIF-8 is found to be about 50% greater than its compressive strength. This 
paper shows that the experimentally observed phase transitions can be successfully reproduced with a clear 
explanation about the transition mechanism(s) at the atomistic level and all mechanical properties can be 
accurately calculated for a given ZIF structure by using AIMD simulations.   
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1. Introduction 

Pressure-induced amorphization (PIA), a transition between crystal 
and amorphous phases, is attracting a widespread of interest due to its 
importance in materials science, physics and chemistry [1,2]. It is also 
considered as an alternative method to produce novel amorphous solids 
that may be structurally different from those fabricated by the 
commonly used methods, i.e. the rapid quenching of the melts [2]. The 
PIA phenomenon was first observed in ice (H2O) [3], and shortly af
terwards discovered in quartz [4] and coesite forms of SiO2 [5]. The 
existence of PIA in various types of materials [2] has been demonstrated 
in later studies. So far, several suggestions have been proposed to 
explain the underlying mechanisms of PIA, including the breakdown of 
Born stability conditions [6], kinetic hindrance of phase transitions to a 
thermodynamically stable high-pressure phase [7], poly-tetrahedral 
packing [8] and so on [1]. However, there is no generally accepted 
picture on the driving force(s) of such a solid-state amorphization. 

Zeolitic imidazolate frameworks (ZIFs), a sub-class of metal-organic 
frameworks (MOFs), are currently attracting considerable interest by 
reason of their relatively high chemical and thermal properties [9]. They 
also offer promising potentials for gas storage [10–13], catalysis 
[14–16] and electrochemical [17–19] applications. They possess zeolite 
topologies, wherein each tetrahedral metal nodes (M ¼ Zn(II) or Co(II)) 
coordinates to imidazolate-based linkers (Im� ¼ C3H3N2

� ) to form (M 
(Im)2) neutral open framework structure [12,20]. Specifically, the 
M-Im-M coordination linkage in ZIFs subtends an angle of around 145�

at Im ring center, equivalent to the Si-O-Al angle in aluminosilicate 
zeolites [12,21]. ZIF-8 (C8H10N4Zn), zinc tetrahedral bridged 2-methyl
imidazolate (mim), has a high symmetry sodalite (SOD) topology and 
crystallizes in the cubic I43 m space group (a ¼ 16.992 Å) [21]. The 
pores with a diameter around 12 Å connected by 3.5 Å diameter six-ring 
apertures with the 4-ring yield a large pore volume, ~2400 Å3 [22]. 

Pressure-induced transition (PIT) investigations on MOFs are 
generally categorized into two groups in the literature: adsorption- 
induced transitions (AIP), and mechanical-stress induced transitions 
(MSIT) [23,24]. AIP studies have mainly focused on clarifying the 
relationship between structural distortions and adsorbent (framework) 
–adsorbate (e.g. N2) interactions during the adsorption process [25–28]. 
The common technique for monitoring phase transitions in the MOFs is 
the diamond anvil cell (DAC) experiment, in which the frameworks are 
exposed to a hydrostatic pressure by means of pressure-transmitting 
medium (PTM) [22,29]. However, because of the pores being filled 
with PTM molecules, the framework changes to a more resilient struc
ture, which causes a delay in amorphization pressure [30]. In addition, 
the results may be controversial due to framework-PTM molecules in
teractions and changes in the physical properties of the carrier fluid 
under high pressure [31]. So far, in situ TEM compression method was 
proposed to investigate the direct amorphization process of a single 
crystal MOF and its mechanical properties [31]. However, it is 
improbable that these experiments are widely available for now because 
of the equipment infrastructure required. 

As a promising engineering material family, it is vital to determinate 
the mechanical properties and critical transitions pressure/temperature 
of the MOFs. A key problem with much of literature on determination of 
them for MOFs is use of gas molecules or liquids as PTM in both 
experimental and computational studies. Although these reports provide 
crucial information for some applications (such as gas adsorption, sep
aration), it is not possible to reveal the mechanical properties of the 
frameworks reliably by using this method. Since the aforementioned 
experimental methods are not widely available for now, the most 
appropriate method is computational material tools. To date, the me
chanical properties of ZIF-8 have been studied with both classical mo
lecular dynamics (MD) and density functional theory (DFT) simulations. 
But as far as we know, such a wide pressure range has never been studied 
before. So in this work, we reported the high-pressure behavior of des
olvated ZIF-8 over a wide compression and tension stresses ranging from 

� 2.75 GPa to 50 GPa using ab initio molecular dynamics (AIMD) sim
ulations, inspired by Suslick’s [31] in-situ TEM compression study and 
Hu’s [30] DAC experiment. We witnessed a crystal-amorphous phase 
transition, a possible fracture of the material on compression, and a 
crystal-crystal phase change upon decompression through the simula
tions. The amorphization took place under uniaxial compression as well. 
Under tension, the framework was failed at � 2.75 GPa. The mechanical 
and electronic properties of the framework were also investigated. 

2. Methodology 

The optimization of the structure and the behavior of ZIF-8 as a 
function of pressure were studied by a LCAO (Linear Combination of 
Atomic Orbitals)-based DFT approach as implemented in the SIESTA 
(version 3.2) code [32]. The Perdew-Burke-Ernzerhof (PBE) generalized 
gradient approximation (GGA) [33] for the exchange-correlation po
tentials and non-local norm conserving Troulier-Martins pseudopoten
tials [34] were used to define the ion-electron interactions. The 
Kohn-Sham orbitals were expanded by numerical orbital basis sets 
with double-ζ polarized (DZP) functions. Real space integration was 
performed on an ordered grid corresponding to a plane-wave cut off of 
250 Ry and only Γ-point sampling of k-mesh was used. All calculations 
were performed with periodic boundary conditions. 

Starting coordinates and lattice parameters were taken from X-ray 
diffraction derived structure of ZIF-8 [20]. The geometry optimization 
was performed by a conjugate gradient (CG) variable cell method based 
on the independent variation of both atomic positions and unit cell 
parameters. Once the force tolerance criterion of 0.001 eV/Å was ach
ieved, the structure was considered to be optimized. Pressure studies 
were performed based on the Parrinello-Rahman method [35] with the 
power quench technique under isoenthalpic-isobaric (NPH) ensemble. A 
period of 5000 MD steps was applied to have equilibrium state at each 
pressure step. Also, additional 5000 MD steps were run at and before the 
phase transitions to guarantee that the system reached to the true 
equilibrium volume. The time step for each MD simulation was 1 fs (fs). 
Pressure was applied to the framework as follows: The optimized 
zero-kelvin structure was used as starting geometry and pressure (P) was 
increased (or decreased) with a ΔP pressure step. At each new pressure 
Pþ ΔP, the pressure was applied to the structure obtained from the 
previous pressure (P). The ΔP was 0.25 GPa from � 2.75 to 5 GPa, 1 GPa 
from 5 GPa to 10 GPa, and 2 GPa from 10 GPa to 50 GPa. Thence, we 
were able to simulate the pressure dependence of the framework and 
explore the first/second order phase transitions. Through the study, two 
different types of pressure were applied to the structure. Under hydro
static pressure, the simulation box was compressed or tensioned in all 
three directions. To apply uniaxial pressure, we compressed or tensioned 
the simulation box along the [100] for x, [010] for y and [001] for z 
directions. A dispersion correction term was not used through the cal
culations since the framework materials were less influenced by van der 
Waal-type interactions [36]. The VESTA [37] program for visualization 
of the obtained structures and the ISAACS code [38] for further struc
tural analysis were used. Optimized computational coordinates of ZIF-8 
and apZIF-8 have been included in the SI as.xyz files. 

3. Results & discussion 

3.1. Structural properties and pressure-induced amorphization 

The cell parameter (a ¼ 17.01 Å) and bulk modulus (K ¼ 8.46 GPa) of 
the relaxed ZIF-8 structure provided in Table 1 are in excellent agree
ment with the experimental data [39], emphasizing the validity of our 
simulation. Fig. 1 presents the hydrostatic pressure dependence of the 
unit cell volume. The volume shows a gradual decrease of approximately 
22% up to 2.5 GPa. Then, the volume drastically reduced at 3.0 GPa, 
indicating a first order phase transition. Beyond this pressure, the 
framework less reacts to the applied pressure, and the change in the 
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volume is around 15% in the pressure range of 3.5–50 GPa. Fig. 2a 
shows total pair distribution functions (PDF) of ZIF-8 as a function of 
pressure. Until the transition occurs, the structure preserves its sym
metry because the PDFs for 0 and 2.5 GPa structures remain almost the 
same. On the other hand, beyond the short-range order (SRO) defined as 
the distance between two Zn2þ (6 Å), there is no significant peak 
belonging to ZIF-8 at 3 GPa, indicating that framework does not have a 
long-range order, namely it is amorphous. At 10 GPa and higher pres
sures, gZn-Zn(r) (6 Å), gZn-N(r),(4.2 Å) eventually diminish. However, the 
pattern below 3 Å is the same for all pressure ranges, providing evidence 
for the preservation of integrity of the imidazole rings (Figs. S2–S6). 

According to the coordination number (CN) analysis performed 
using the ISAACS code, no coordination modification is observed during 
the pressure-induced amorphization and the CN of Zn is 4. At 10 GPa, it 
drops to 3.67, i.e., some Zn-N bonds are broken in this pressure. The CN 
of Zn decreases gradually to 2.54 at 30 GPa. Beyond this pressure, CN of 
Zn firstly drops to 2 at 40 GPa and then, to 1.6 at 50 GPa (Fig. 2c). Our 
critical pressure for the hydrostatic compression correlates fairly well 
with the experimental amorphization pressure of 4 GPa [31]. The 
decrease of the CN is interpreted as the fracture of the framework. Ac
cording to our calculations, the fracture begins beyond 10 GPa. 

Previously, it has been reported that the PIA transition of zeolites 
[40] and ZIFs [29] may be reversible. In order to uncover whether the 

phase transitions observed in this study are reversible, we release the 
applied pressure on the framework from following pressures: (i) 
2.5 GPa at which the structure remains crystal, (ii) 3.5  GPa at which 
transition ends, (iii) 10 GPa at which first bond breaking is observed. 
The total PDFs for these structures are shown in Fig. 2b. Firstly, once the 
pressure is released from 2.5 GPa, the framework recovers almost the 
entire volume, but the obtained structure, hereafter referred as 
ZIF-8-HP, differs slightly from ZIF-8. As previously reported, the imi
dazolate ligands under pressure freely rotate to increase the accessible 
pore window. This phenomenon is named “swing effect” and defined by 
φ angle [41,42] (Fig. S9). The calculated φ angles for ZIF-8 and ZIF-8-HP 
are 19.8� and 10.6� respectively. These results indicate that ZIF-8 is in a 
“gate-closed” configuration, and ZIF-8-HP is in a relatively “gate-
opened” configuration. Further, the symmetry analysis with KPLOT [43] 
confirmed that ZIF-8-HP has the same space group symmetry (I43 m) 
with ZIF-8. Secondly, when the pressure is released from 3.5 GPa the 
structure recovers approximately 25% its starting volume. Fig. 2b il
lustrates, beyond the (SRO) there is no significant peak, meaning that 
framework remains amorphous, referred as apZIF-8. Finally, the struc
ture released from 10 GPa recovers 13% of the starting volume, and as 
expected this structure does not have a long-range order as well. 

Fig. 3a shows partial pair distribution functions (PPDF) for ZIF-8, 
apZIF-8 and the experimentally ball-mill amorphized framework, 
referred as amZIF-8. Evidently, gZn-N(r) peaks (at 2 and 4 Å) ascribing the 
bonds between metal and ligand in the crystal structure are preserved in 
the amorphous structure. Similarly, the C-C (1.3 and 2.1 Å), C-N (1.3, 
2.2, 2.6 Å) and N-N (2.2 and 3.2 Å) correlations are retained below 6 Å. 
The calculated PDFs are well match with experimental data obtained for 
the ball-mill amorphized ZIF-8 [21], further confirming the validity of 
our calculations. 

To examine the effects of phase transitions on bond angles, we study 
the key bond angle distributions for ZIF-8 and apZIF-8 (Fig. 3b). In ZIF-8, 
the N-Zn-N bond angles (θN-Zn-N) are at 108� and 109� depending on 
whether the bonding is within 4 MR or 6 MR pore windows. On the other 
hand, the θN-Zn-N shows a wide range of distribution from 90� to 150� in 
apZIF-8, suggesting that distortions in the tetrahedral units are very 
effective on the phase transition, or vice versa. The Zn-N-C bond angles 
(θZn-N-C) are at 122� and 126� in ZIF-8, but it shows a wide distribution 
from 110� to 135� for the amorphous phase. 

To see how the structure behaves in the tensile regime we apply 
tensile stresses to ZIF-8. The framework’s volume linearly increases up 
to � 2.75 GPa and beyond this pressure, the structural failure, which is 
defined as a tremendous increase in the volume and the breakage of 
almost all bonds, is observed. 

According to the previous reports, ZIF-8 shows a structural anisot
ropy [31,39]. Therefore, the mechanical properties of the framework are 
highly dependent on the orientation of applied stresses. In order inves
tigate the effect of direction of uniaxial stresses on the 
crystal-amorphous phase transition, we apply uniaxial pressure on the 
framework. The change of the ZIF-8-unit cell volume under uniaxial 
pressures is shown in Fig. 4. It is obvious that the deformation process 
occurs in three steps: (i) a linear volumetric reduction of 15% is 
observed over the pressure range of 0–1.5 GPa; (ii) the framework resists 
further compression and just small reduction of 7% in the volume occurs 
up to 4 GPa; (iii) the volume drastically drops between 4 and 5.5 GPa, 
and the final reduction in the volume is about 50% at 5.5 GPa. Then, the 
framework partially retrieves to 62% of its starting volume upon the 
release of pressure. Similar to hydrostatic pressure, the CN of Zn-atoms 
maintains through all uniaxial pressures. There is no significant differ
ence between uniaxial amorphous phases in terms of density. However, 
the amorphous phases formed under uniaxial pressure are about 20% 
denser than the one formed under the hydrostatic pressure (Table S1). 
The trend in uniaxial P-V curves is in good agreement with Suslick’s in 
situ TEM compression results [31] (Fig. S11). However, critical pres
sures are overestimated in this work due to the simulation conditions, 
such as lack of surface effects, fast loading etc. 

Table 1 
Mechanical properties of ZIF-8.  

Constant/ 
Unit 

This work 
(GGA-PBE 
(0 K) 

Ortiz et al. 
(MD) [47] 

Tan et al. [39] Exp. 
(Brilloun Scattering 
(295K) 

Tan et al. 
[39] PBE 
(0 K) 

a (Å) 17.01 –  17.26 
C11 (GPa) 10.02 11.3 9.52 10.14 
C12 (GPa) 7.69 7.6 6.87 8.00 
C44 (GPa) 1.22 2.7 0.97 0.78 
K (GPa) 8.46  7.75 8.71 
GV (GPa) 1.198  1.11 0.90 
GR (GPa) 1.197  1.08 0.87 
GH (GPa) 1.1975  1.095 0.885 
E (GPa) 3.43  3.145 2.57 
ν 0.43  0.43 0.45 
vt (m/s) 1140   ~1200 
vl (m/s) 3258   ~3100 
vm (m/s) 1296     

Fig. 1. The hydrostatic pressure dependence of ZIF-8 unit cell. Solid data 
represents an increase in pressure. The blue, pink and red open data show 
releasing of pressure from 2.5, 3 and 10 GPa respectively. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the Web 
version of this article.) 
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3.2. Mechanical properties 

Zero Kelvin elastic constants can be estimated from the energy 
variation by applying small strains to the equilibrium structure [44,45]. 
The elastic energy of a solid is defined by 

E¼E0 þ
V
2
X6

i¼1

X6

j¼1
Cijeiej þ O

�
e3

i

�
(1)  

where E0 and V is the equilibrium energy and volume, respectively, Cij is 
the elastic constants, ei and ej are strains vectors. Due to the symmetry, 
there are three independent elastic constants C11, C12 and C44 for a cubic 
structure. When a volume preserving orthorhombic strain is applied on 
the lattice: 
0

@
δ 0 0
0 � δ 0
0 0 δ2�� 1 � δ2�

1

A

Equation (1) reduces to: 

EðδÞ¼Eð0Þ þ ðC11 � C12ÞVδ2 þ O
�
δ4� (2) 

Additionally, there is a relationship between bulk modulus and those 
two elastic constants, 

K ¼
1
3
ðC11 � 2C12Þ (3) 

To calculate C44, a volume preserving monoclinic strain is applied, 
0

@
0 δ 0
δ 0 0
0 0 δ2�� 1 � δ2�

1

A

In this case, Equation (1) transform into: 

EðδÞ¼Eð0Þ þ 2C44Vδ2 þ O
�
δ4� (4) 

After for each set of strain calculation, data were fitted to (2) and (4) 
equations to obtain C11, C12 and C44 [45]. Also, it is possible to calculate 
the useful elastic properties for polycrystals by Voigt, Reuss and Hill 
approximations with elastic constants of single crystals [46]. According 
to these approximations, shear modulus G is defined by, 

Fig. 2. (a) Total pair distribution functions (PDFs) data for structures formed at 0–50 GP pressure range. (b) Total PDFs for released pressure structures. (c) Co
ordination number (CN) of Zn as a function of pressure. (d) structural views of the frameworks obtained in this work. 
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5GVoigt ¼ C11 � C12 þ 3C44

5
GReuss

¼ 4ðS11 � S12Þ þ 3S44

GHill ¼
1
2
�
GReuss þ GVoigt

�

(5)  

where Sij are elements of elastic compliance matrix (S), which is inverse 
of elastic constants matrix. Moreover, Young’s modulus (E), Poisson’s 
ratio (ν), and the sound wave velocities; transverse (vt), longitudinal (vl) 
and mean (vm) are derived by using GH (shear modulus by Hill 
approximation), E, ν and KH (bulk modulus by Hill approximation) 
(Equation (6)) [46]. 

E ¼
9KH

�

1þ
3KH

GH

�

ν ¼

1
2

�

KH �
2
3

GH

�

�

KH þ
1
3

GH

�

vt ¼

ffiffiffiffiffiffiffi
GH

ρ

s

; vı ¼

�
Eð1 � νÞ

ρð1þ νÞð1 � 2νÞ

�

; vm ¼

�
1
3

�
2
v3

t
þ

1
v3

l

��� 1=3

(6) 

The elastic and mechanical constants of ZIF-8 obtained in this work 
are shown in Table 1 and comparable with available data in the litera
ture [39,47]. 

For a more accurate determination of pressure region where the 
framework is subjected to elastic and plastic deformation, ZIF-8 was 
exposed to uniaxial pressure between 1.5 and � 1.5 GPa,with an incre
ment of ΔP ¼ 0.1 GPa. The stress-strain curves are shown in Fig. 5. As 
previously reported [39] and it is clearly apparent from calculations 
-vide supra-, the framework shows a slight anisotropy with the highest 
strength on x-axis. The average Young’s modulus, Eavg, obtained from 
the slope of the stress-strain curve in elastic region is 5.6 GPa, which is 
consistent with the experimental value. (Eload ¼ 4.6 GPa) [31]. The most 
important result to be noted here is that the compression and tensile 

strength of the material are very different from each other. Accordingly, 
the tensile strength of the structure is 50% higher than its compression 
strength. While ductile materials generally have the same compression 
and tension strengths, they can be different for brittle materials [48]. 
Such a distinct behavior has been also observed in lamellar and porous 
bones [48]. Analogous to compact bones, ZIF-8 is mechanically weak 
against to compression forces since the structure is highly porous. Still, 
due to the flexible nature of the framework it shows relatively higher 
tensile strength. 

Poisson’s ratio of ZIF-8 was calculated from the strain values ob
tained in this regime, with following formula: 

νij¼ �
ΔLi=Li

ΔLj
�

Lj
(7)  

where Lij are the diagonal terms of the lattice parameters. For 
compression and tension regions, six different Poisson’s ratios were 
estimated. The averaged Poisson’s ratio obtained for the applied 
compression and tension stresses are 0.4 and 0.5, respectively. The 
compression value is well match with both Poisson’s ratios in the liter
ature [39] and predicted using the Hill approximation in this work. 

To summarize and compare, the elastic moduli of metals and metal 
alloys are around 100 GPa and above, and their Poisson’s ratios are in 
the range of 0.2–0.3. Ceramics have relatively lower elastic modulus 
(typically E~60–70 GPa), and Poisson’s ratio (v~0.2). Polymers have 
very low elastic modulus (E~1–3.5 GPa) and very high Poisson’s ratios 
(0.4–05). As confirmed by our results and other studies [49] in the 
literature, ZIF-8 is mechanically very similar to polymeric materials 
(Table S2). 

3.3. Electronic properties 

The calculated partial density of states (PDOS) and total density of 
states (TDOS) for ZIF-8 and apZIF-8 are shown in Fig. 6a and b, 
respectively. Both phases demonstrate similar features in the DOS 
curves. The energy bands between � 18 and � 10 eV mainly consist of 1s 
electronic state of H and 2s electronic states of N and C atoms. More 
significantly, in the upper portion of valence band (VB), where from 
� 7.5 eV to � 2.5 eV, a hybridization occurs between 1s-state of H, 2s-, 

Fig. 3. (a) Partial pair distribution functions of ZIF-8, ZIF-8-HP and apZIF-8, and amZIF-8. (b) Bond angle distributions for ZIF-8 and apZIF-8.  
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2p-states of N and C and 3d state of Zn, indicating the covalent bonds on 
imidazole ring and coordination bond between Zn and N. In contrast to 
discontinuous structure of VB, the conduction band (CB) has a contin
uous form. The sharp peak in CB is assigned to hybridization of 2p-states 
of N and C atoms. The most likely underestimated band gap for ZIF-8 
and apZIF-8 due to the ground state formalism of DFT is 4.4 and 
4.3 eV, respectively. These results indicate that ZIF-8 and apZIF-8 are 
good insulator. Clearly, a crystal-amorphous phase transition in ZIF-8 
does not significantly alter the electronic properties of the framework, 
despite the changes in charge distributions, bond lengths and bond an
gles. The most important reason of such an observation is that the 
electronic structure of ZIF-8 is dominated by insulating 2-methylimida
zole ligands [50]. For example, as reported in our previous study [51], 
the band gap of MOF-5, which is containing relatively conductive ter
ephthalic acid (BDC), significantly decreases under a crystal-amorphous 
phase transition. 

4. Conclusions 

We have presented the pressure-induced amorphization of ZIF-8, and 
its mechanical and electronic properties by using ab initio molecular 
dynamics simulations. The Parinello-Rahman algorithm appears to be 
very successful in reproducing experimentally observed crystal-crystal 
and crystal-amorphous phase transitions. The overestimated critical 
pressures can be ascribed to the simulation conditions, such as lack of 
surface effects due to the periodic boundary conditions, non-defective 
structure etc. All mechanical properties of ZIF-8 are accurately esti
mated by using two different approaches, and interestingly like compact 
bones, different compression and tensile strengths are proposed for the 
crystalline framework. The electronic properties of ZIFs are mostly 
governed by imidazolate linkers. Since the imidazolate retains its 
structural integrity, the crystal-amorphous phase transformation does 
not have significant impact on the electronic properties of ZIF-8. Results 
are expected to enhance understanding of structural evaluations of ZIFs 
under different pressure. Pressure-induced amorphization of various 

Fig. 4. The uniaxial pressure dependence of ZIF-8 unit cell.  

Fig. 5. Stress-strain curves of ZIF-8 unit cell.  
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ZIFs and MOFs are also under investigation by the authors. 
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