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Computational details

To calculate the standard deviation of each type of atomic constraint, a recently published ReaxFF
forcefield! has been used to simulate ZIF-4 [Zn(Im),] and ZIF-62 [Zn(Im,.bIm,)] using
LAMMPS?2. A timestep of 0.25 fs is used for the integration of the trajectory. The initial structure
of ZIF-4, ZIF-62 are extracted from CSD? (The Cambridge Structural Database) and are
equilibrated at 10 K using a Berendsen thermostat. Both ZIF-4 and ZIF-62 are heated from 10 K
to 1500 K in 15 ps with the temperature and the pressure controlled using a Nosé-Hoover
thermostat/barostat** in the isothermal-isobaric ensemble (NPT). A tolerance of 10 for the
charge equilibrium’is used. The pressure of the system is kept at approximately 1 atm. The
sample contains 2176 atoms and 2368 atoms for ZIF-4 and ZIF-62, respectively. Properties of the
two systems including atomic structure, density, thermal properties, and pore morphology can be
found in Ref [!]. One of the important findings in Ref ['] is that ReaxFF simulation shows that the
melting temperature of ZIF-62 is lower than that of ZIF-4 by ~100 K, which is consistent with the
experimental result of ca. 150 K!°. Because the dynamics of the liquid is very slow!!, it will be
difficult to get a realistic glass structure with mostly 4-coordinated Zn!° via melt-quench using
MD, as already seen in our previous simulations!. Therefore, we have relied on the structural
change of ZIF-4 and ZIF-62 crystals upon heating to deduce the bond constraint difference
between Im and blm. Atomic configurations of the two systems are extracted at different
temperatures. Based on the atom position, the standard deviation of different types of constraints
such as radial bonds: Zn-N/N-C/C-C and angular bonds: N-Zn-N/Zn-N-C/C-C-N/C-N-C/C-C-C
are calculated. To get better statistics, the results are averaged for every 7 consecutive trajectories
whose temperatures are close. The bond cutoffs used to search for the Zn-N, C-N and C-C bond
pairs are 2.5 A, 1.75 A and 1.85 A, respectively. These cutoffs correspond to the first minimum of
the partial radial distribution function for each atomic pair. No bond dissociation between C-N and
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C-C is found at temperature below ~1100 K and only a few transient C-C pairs (<0.6%) appear at
7> 1100 K with pair distances a little above the cutoffs.

Over-counting of constraint in Im and blm

Referring to Figure 1 in the main text, one can see that both Im and blm contain a 5 membered
ring (imidazolate-type ring) in which only 4 out of the 5 angles are independent from geometry.
Meanwhile, the bIm contains two rings (a 5 membered and a 6 membered rings) sharing one edge
and among the two N-C2-C3 angles on both ends of the edge, one is redundant. Therefore, in Table
1, the total number of constraint in Im has been deducted by one and that of blm has been deducted
by two.

Angular constraint of C-N-C, N-C-N and N-Zn-N

Figure S1a shows that both the C-N-C angle and the N-C-N angle in the 5-membered ring are quite
rigid and similar between Im and blm in the range of temperature explored. Now let us consider
the angular constraint N-Zn-N contained in the a,ZIF-62 [Zn(Im, ;sblmg,s)] system, i.e. the S
angle in Figure 1. Hu et al.'>!3 have developed a force field from DFT calculations for ZIF-8 which
consists of Zn atoms connected by 2-methylimidazolate groups (mIm) shown in Figure S1b. It is
found that the elastic constants associated with the N-Zn-N angular constraint is much weaker
(<18%) than the N-C-N angle and the C-N-C angle. Reverse Monte Carlo results of the a,ZIF-4
[Zn(Im)], glass by Beake et al.'* show that the tetrahedral angle N-Zn-N has a large standard
deviation (23~25°) in the glass even at low temperature (implying a broken constraint). From our
MD simulations of ZIF-4 (and similarly for ZIF-62), as shown in Figure Slc, we have found a
large relative standard deviation (or 15-20°) for all of the six bond angles in the ZnNj, tetrahedral.
In their analysis of silica glass, Bauchy and Micoulaut'> have used a std of ~19° to delimit the rigid
O-Si-0 tetrahedral bond angle (whose standard deviation is around 5°) and the other floppy bond
angles. It can be seen that the standard deviation of the N-Zn-N tetrahedral angle is much larger
than that of the other angular constraints; therefore, it is reasonable to deduce that the N-Zn-N
angular bond is not rigid.
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Figure S1. (a) Relative standard deviation (RSD) for the atomic angular constraints in ZIF-62: C-
N-C and N-C-N. (b) The mIm organic ligand appearing in ZIF-8. (c) RSD of the atomic angular
constraint N-Zn-N in ZIF-4. In the analysis of N-Zn-N, the four N atoms are ranked according to
their distances to the Zn atom from the closest to the farthest as shown in the inset of (c).
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