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Section S1: Powder x-ray diffractograms of UiO-66, UiO-67, and MOF-808 
 
The powder XRD measurements were performed with synchrotron X-rays at the 17-BM 
beam line at the Advanced Photon Source (APS) at Argonne National Laboratory with 
the fast and large 2D detector, using the beam of λ=0.72959 Å and were analyzed using 
GSAS-II software. The PXRD patterns of UiO-66, UiO-67 and MOF-808 are consistent 
with those of the ideal structures, as verified by comparison to models. 
 

 
 
Figure S1. Experimental PXRD pattern of UiO-66 compared with the pattern calculated 
from the single crystal structure. No additional peaks indicate the purity of the sample.  
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Figure S2. Experimental PXRD pattern of UiO-67 compared with the pattern calculated 
from the single crystal structure. No additional peaks indicate the purity of the sample. 
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Figure S3. Experimental PXRD pattern of MOF-808 compared with the pattern 
calculated from the single crystal structure. No additional peaks indicate the purity of the 
sample. 
 
Table S1. Unit cell parameters of UiO-66, UiO-67, MOF-808 from this study, compared 
with published results. Small differences in values arise from different temperatures of 
data collection.  

MOF this study published 
lattice parameter 

a (Å) 
T(K) lattice parameter 

a (Å) 
T (K) 

UiO-66 20.7582(6) 298 20.7465(2)* 100 
UiO-67 28.845(1) 298 26.783(3)** 100  
MOF-808 35.371(2) 298 35.0764(10)*** 100 
*1, **2, ***3 
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Section S2: Infrared band assignment for peaks in difference IR spectra of UiO-66, 
UiO-67, and MOF-808 upon DMMP exposure 
 
The difference IR spectra of UiO-66, UiO-67, and MOF-808 were recorded by a Bruker 
IFS 66v/S spectrometer. The clean, pre-exposed MOFs were used as the background. The 
difference IR spectra of UiO-66 upon DMMP exposure can be found in Figure 3, while 
Figure S4 shows the difference IR pf UiO-67 (Black) and MOF-808 (Red). The 
assignments for the IR bands in the difference spectra are shown in Table S2. 
 

 
Figure S4. Difference IR spectra of MOF-808(Red) and UiO-67 (Black) upon DMMP 
exposure at room temperature (298 K) 
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Table S2. Observed vibrational frequencies (cm-1) in difference IR spectra of Zr6 MOFs 
upon DMMP exposure and their assignments.4 

Mode UiO-66-DMMP 
cm-1 

UiO-67-DMMP 
cm-1 

MOF-808-
DMMP cm-1 

ν(ZrO−H)SBU, H-bounded 3313   
νas(CH3) 3009 2997 3012 

νas(CH3O) 2950 2961 2962 
νs(CH3) 2950sh 2961sh 2962sh 

νas(ZrOCH3)  2928 2913 
νs(CH3O) 2846 2860 2839 

νs(ZrOCH3)  2836 2839sh 
δ(PCH3)+δ(P=O)+νas(O-P-

O)+ρ(OCH3)   1178 

δ(PCH3) 1308 1207 
 υ(P=O) 1255 1171 

νas(O-P-O)+ρ(OCH3) 1186 1138 
νs(O-P-O) 1064sh 1070sh 1068sh 
νas(CO) 1064 1070 1068 
νs(CO) 1048 1043 1038 

ρ(PCH3)P=O bounded to SBU 952 926 925 
ρ(PCH3) 912 910 909 
ν(P-C) 819 834 837 
ν(P-O) 789 819 775 

ν: bond stretching, ρ: rocking (in plane), δ: angle bending 
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Section S3: DFT calculations to accompany DMMP-Zr6 MOF overall reaction 

pathway calculations 

 
 

 

 
 
 
 
Figure S5. Three possible reactive orientations of DMMP with respect to the Zr-OH 
group at a missing linker defect of UiO-67. The reaction pathway for the R-CH3 
orientation is shown in Figs. 10 and 11, and those for R-Osp3a and b are in Figs. S7-S9. 
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Figure S6. Selected bond distances in the central stationary points of the decomposition 
of DMMP with a defective SBU of UiO-67 along the approach in which the P–CH3 bond 
of DMMP is collinear to the forming P–OH bond at the addition transition state. Same 
color code as Fig. 11.  
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Figure S7.  Potential-energy profile for the reaction of DMMP with a defective SBU of 
UiO-67 along the approaches in which the P–OCH3 bond of DMMP is collinear to the 
forming P–OH bond at the addition transition state 
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Figure S8.  Geometries of the central stationary points in the decomposition of DMMP 
with a defective SBU of UiO-67 along the “Osp3a” approach in Fig. S7. Same color code 
as Fig. 11. 
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Figure S9.  Geometries of the central stationary points in the decomposition of DMMP 
with a defective SBU of UiO-67 along the “Osp3b” approach in Fig. S7. Same color code 
as Fig. 11. 
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