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Methods 

Materials: Imidazole (≥99.5%), D2O (35 wt.% DCl) and purine (98%) were purchased from Sigma Aldrich. 

Dimethyl sulfoxide (DMSO)-d6 (99.8 atom% D, contains 0.03% (v/v) tetramethylsilane (TMS)) was purchased 

from VWR. Zinc nitrate hexahydrate (98%) was purchased from Alfa Aesar. N,N-Dimethylformamide (DMF) 

(99.5%), and dichloromethane stabilised with amylene (DCM) (99.8%) were purchased from Fischer Scientific. 

All materials were used without further purification.  

Synthesis of ZIF-UC-7: Zinc nitrate hexahydrate (1.515 g, 5.09 mmol), imidazole (7.350 g, 108 mmol) and purine 

(1.441 g, 12.0 mmol) were dissolved in DMF (75 mL) to give an orange/brown colored solution. This solution was 

heated to 130 °C and held there for 48 hr in an oven before being removed and left to cool to room temperature 

naturally. The resulting, orange-coloured crystals were isolated by vacuum filtration and washed with fresh DMF. 

The crystals were then soaked in DCM (5 mL) for 24 hr to allow solvent exchange to take place. The crystals were 

again isolated by vacuum filtration before being activated under vacuum at 170 °C for 3 hr. This synthetic method 

was designed based on the reported synthesis of ZIF-UC-6.1 

Preparation of ZIF-UC-7 powder. ZIF-UC-7 (ca. 100 mg) was placed inside a stainless-steel ball mill jar along with 

two 5 mm stainless-steel balls. The jar was sealed and milled at 20 Hz for 5 mins. The resulting cream coloured 

powder was then soaked in DCM (5 mL) for 24 hr to allow solvent exchange to take place. The crystals were 

again isolated by vacuum filtration before being activated under vacuum at 170 °C for 3 hr.  

Single Crystal X-ray Diffraction (SCXRD). Single crystal diffraction data were collected using a Brucker D8 

VENTURE diffractometer equipped with a Brucker PHOTON II detector at 150 K using graphite monochromated 

Mo Kα radiation (λ = 0.71073). Data reduction was done using the APEX3 program. Absorption correction based 

on multi-scan was obtained by SADABS. The structure was solved and refined using SHELXT and SHELXL packages 

correspondingly, using the OLEX2 program.2–4 The electron density within the voids was accounted for using the 

SQUEEZE program implemented in PLATON.5  

Crystal data for ZIF-UC-7: C13 H12 N9 Zn2, Mr = 425.06, crystal dimensions 0.62 x 0.51 x 0.32 mm, Orthorhombic, 

a = 15.1336(5) Å, b = 15.4532(5) Å, c = 18.4151(6) Å, α = β = γ = 90°, V = 4306.6(2) Å3, space group Pbca, (No. 61), 

T = 150 K, Z = 8, 36647 measured reflections, 5181 independent reflections (Rint = 0.060), which were used in all 

calculations. The final R1 = 0.037 for 4155 observed data [R[F2> 2σ(F2)] and wR(F2) = 0.099 (all data). CCDC 

deposition number: 2209865.  

Powder X-ray Diffraction (PXRD). Data were collected on a Bruker D8 ADVANCE diffractometer equipped with 

a position sensitive LynxEye detector with Bragg-Brentano parafocusing geometry. Cu Kα (λ = 1.5418 Å) radiation 

was used. The samples were compacted into 5 mm disks on a low background silicon substrate and rotated 

during data collection in the 2θ range of 5–40° at ambient temperature. All data conversion from .raw files to 

.xy files was performed using PowDLL.6 Pawley refinements were performed using TOPAS-Academic Version 6.7 

Thompson-Cox-Hastings pseudo-Voigt (TCHZ) peaks shapes were used along with a simple axial divergence 

correction. The lattice parameters were refined in the 2θ range of 5–40° against the values obtained from the 

CIF for ZIF-UC-7 reported in this work. The zero-point error was also refined.  

Differential Scanning Calorimetry (DSC). Data were collected on a Netzsch DSC 214 Polyma Instrument. Heating 

and cooling rates of 10 °C min-1 were used along with a flowing argon atmosphere. Sealed aluminium pans 

(30 µL) were used with a hole punctured in the lid to prevent pressure build-up. An empty aluminium pan was 

used as a reference. Background corrections were performed using the same heating cycle on an empty 

aluminium crucible. All data analysis was performed using the Netzsch Proteus® software package. Tm was taken 

as the offset (the end point) of the melting endotherm. Tg was taken as the mid-point of the change in gradient 

of the heat flow of the DSC on the 2nd upscan. The fusion enthalpy (ΔHfus) was obtained from the calculated area 

of the Tm peak in J/g and transformed into KJ/mol, according eq. 1. The fusion entropy (ΔSfus) was calculated 

from equation 2, being T = Tm. 
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∆𝐻𝑓𝑢𝑠 = ∫ 𝐶𝑝𝑑𝑇
𝑇1
𝑇0

 (equation 1) 

∆𝑆𝑓𝑢𝑠 =
∆𝐻𝑓𝑢𝑠

𝑇
  (equation 2) 

Thermogravimetric Analysis (TGA). Data were collected on a TA Instruments SDT-Q650 using alumina pans (90 

µL). Heating and cooling rates of 10 °C min-1 were used, and experiments were conducted under a flowing argon 

atmosphere. All data analysis was performed using the TA Instruments Universal Analysis software package. The 

temperature used to define any weight changes was determined using the first derivative of the weight (%) trace 

as a function of temperature.  

1H Nuclear Magnetic Resonance (NMR) Spectroscopy. 1H NMR spectra were recorded at 298 K using a Bruker 

AVIII 500 MHz Spectrometer with a dual 13C/1H (DCH) cryoprobe at the Department of Chemistry, University of 

Cambridge. Samples of crystalline ZIF-UC-7 and agZIF-UC-7 were dissolved in a mixture of DCl (35%)/D2O and 

DMSO-d6 in a 1:5 ratio with tetramethylsilane (TMS) used as a reference. All data processing was performed 

using the Bruker TopSpin 4.0.7 software package.  

CO2 Gas Sorption: Measurements were performed on a Micromeritics ASAP 2020 surface area and porosity 

analyser. Samples of ZIF-UC-7 (95 mg) and agZIF-UC-6 (78 mg) were degassed by heating under vacuum at 100 °C 

for 12 hr before analysis using carbon dioxide gas at 273 K. Gas uptake was determined using the Micromeritics 

MicroActive software package.  

Scanning Electron Microscopy (SEM): SEM images were collected with a high-resolution scanning electron 

microscope FEI Nova Nano SEM 450, accelerating voltage 15 kV. Samples were prepared by dispersing the 

material onto double sided adhesive conductive carbon tape that was attached to a flat aluminium sample 

holder and coated with a platinum layer of 15 nm. 

CHN Microanalysis: CHN combustion analysis experiments were performed using a CE440 Elemental Analyser, 

EAI Exeter Analytical Inc. 1.5-2.8 mg of sample was used for each run and three measurements were collected 

per sample.  

X-ray Total Scattering – Pair Distribution Function (PDF).  X-ray total scattering data were collected at beamline 

I15-1, Diamond Light Source, UK (EE20038) on crystalline ZIF-UC-7 and glass agZIF-UC-7. Both samples were 

ground and loaded into borosilicate glass capillaries (0.78 mm inner diameter) to a height of 3.9 cm. The 

capillaries were then sealed before being mounted onto the beamline. Total scattering data were collected at 

room temperature for the background (i.e., empty instrument), empty borosilicate capillary and for both 

samples in a Q range of 0.4 – 26.0 Å-1 (λ = 0.189578 Å, 65.40 keV). The total scattering data were processed to 

account for absorption corrections and various scattering corrections – background scattering, multiple 

scattering, container scattering and Compton scattering – in a Q range of 0.6–26.0 Å-1. The crystallographic 

density of ZIF-UC-7 was taken as the density for both ZIF-UC-7 and agZIF-UC-7 during the data processing. 

Subsequent Fourier transformation of the processed total scattering data resulted in a real space pair 

distribution function G(r) for each material. In this work, we use the D(r) form of the pair distribution function 

to accentuate high r correlations. All processing of the total scattering data was performed using GudrunX 

following well documented procedures.8–10   
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Figure S1: Reaction scheme for the formation of ZIF-UC-7 from zinc nitrate hexahydrate, imidazole, and purine under 
solvothermal conditions. 

 

Figure S2: Optical microscope image of ZIF-UC-7 single crystal. Scale bar added using ImageJ 1.52.11  

Table S1: Crystal data and structure refinement for ZIF-UC-7.  

CCDC number 2209865 

Chemical formula    C13 H12 N9 Zn2 

Formula weight 425.06 g/mol 

Temperature 150 K 

Wavelength 0.71073 Å 

Crystal system Orthorhombic 

Space group Pbca 

Unit cell dimensions a = 15.1336(5) Å α = 90° 

b = 15.4532(5) Å β = 90° 

c = 18.4151(6) Å γ = 90° 

Volume  4306.6(2) Å3 

Density (calculated) 1.311 g/cm³ 

Absorption coefficient 2.24 

F(000) 1704 

Crystal size 0.62 x 0.51 x 0.32 mm3 

Theta range for data collection 2.692 – 28.26° 

Index ranges -18 <= h <= 20, -20 <= k <= 20, -24 <= l <= 22 

Reflections collected 36647 

Independent reflections 5181 

Absorption correction multi-scan 

Final R indices [R[F2> 2σ(F2)] R1 = 0.037 (4155 observed data) 

Final R indices (all data)  wR(F2) = 0.099 
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Figure S3: Powder X-ray diffraction patterns between 5-40° of as prepared ZIF-UC-7 (cyan) and agZIF-UC-7 (green) (after 
heating to 350 °C) compared to the simulated diffraction pattern of ZIF-UC-7 (light blue) obtained from the CIF reported in 
this work. Conversion of .raw files to .xy files was performed using PowDLL.6 

 

 

Figure S4: Scanning electron microscope images of ZIF-UC-7 powder.  
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Figure S5: Pawley refinement of powder X-ray diffraction data of ZIF-UC-7. Initial parameters were obtained from the CIF for 
ZIF-UC-7 reported in this work. Conversion of .raw files to .xy files was performed using PowDLL and all powder refinements 
were performed using TOPAS-Academic Version 6.6,7 The difference curve and Bragg positions are offset on the y axis for 
clarity.  

Table S2: Data from Pawley refinement of ZIF-UC-7  

Rwp Space Group Lattice Parameters Lattice Parameters for ZIF-UC-7 

7.799 Pbca a = 15.332(3) Å a = 15.1336(5) Å 

b = 15.545(3) Å b = 15.4532(5) Å 

c = 18.216(4) Å c = 18.4151(6) Å 

α = β = γ = 90 ° α = β = γ = 90 ° 

 

 

Figure S6: 1H nuclear magnetic resonance (NMR) spectrum of ZIF-UC-7. All analysis was performed using Topspin Version 
4.0.7. δH (500 MHz; DCl(35%)/D2O:DMSO-d6 (1:5); Me4Si) 9.72 (1H, s, Ha), 9.45 (1H, s, Hb), 9.27 (1H, s, Hc), 9.11 (1H, s, Hd), 
8.04 (DMF), 7.71 (2H, s, He), 7.69 (H2O/HCl), 2.98, 2.80 (DMF), 2.67 (DMSO), 0.00 (TMS).  
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Figure S7: Thermogravimetric analysis of crystalline ZIF-UC-7 heated at 10 °C min-1 up to 1000 °C under argon. Weight (%) 
curve shown in green and derivative weight (%/°C) shown in blue. Data were collected on a TA Instruments Q650 SDT. All 
data analysis was performed using the TA Instruments Universal Analysis software package. Weight loss at 340 °C (~2%) and 
550 °C correspond to dimethylformamide and partial decomposition of purinate linker, respectively. 

 

 

Figure S8: Differential scanning calorimetry (DSC) of crystalline ZIF-UC-7 heated to 400 °C, cooled to 30 °C and heated to 
400 °C at 10 °C min-1 under argon. Heat flow curve shown in blue and temperature trace shown in pink. Data were collected 
on a Netzsch DSC 214 Polyma Instrument. All data analysis was performed using the Netzsch Proteus® software package.  
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Figure S9: 1H NMR spectrum of ZIF-UC-7 post 400 °C. δH (500 MHz; DCl(35%)/D2O:DMSO-d6 (1:5); Me4Si) 9.72 (1H, s, Ha), 
9.45 (1H, s, Hb), 9.27 (1H, s, Hc), 9.11 (1H, s, Hd), 7.71 (2H, s, He), 7.69 (H2O/HCl), 2.67 (DMSO), 0.00 (TMS). 

 

Table S3: CHN microanalysis of ZIF-UC-7 and comparison with the calculated formula 

Sample Mass (mg) wt.% C wt.% H wt.% N 

ZIF-UC-7 1.5296 36.35 2.34 28.16 

ZIF-UC-7 1.6124 36.35 2.37 28.17 

ZIF-UC-7 2.7858 36.30 2.38 28.19 

Mean (ESD) - 36.33 (0.03) 2.36 (0.02) 28.17 (0.02) 

[Zn(pur)0.25(Im)1.75] - 36.43 3.65 29.41 

 

Table S4: CHN microanalysis of agZIF-UC-7 obtained after a thermal heating at 400 ᵒC and comparison with the calculated 
formula. Discrepancies are due starting of decomposition of the purinate linker over 350 ᵒC. 

Sample Mass (mg) wt.% C wt.% H wt.% N 

agZIF-UC-7 1.8166 35.41 2.69 27.42 

agZIF-UC-7 1.8835 35.42 2.53 27.25 

agZIF-UC-7 2.3379 35.43 2.54 27.34 

Mean (ESD) - 35.42 (0.01) 2.59 (0.08) 27.34 (0.11) 

[Zn(pur)0.25(Im)1.75] - 36.43 3.65 29.41 
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Figure S10: DSC of crystalline ZIF-UC-7 with in-situ activation step. A sample of ZIF-UC-7 was heated to 275 °C for 5 minutes, 
cooled to 30 °C, heated to 350 °C, cooled to 30 °C then reheated to 350 °C. All scans were performed at 10 °C min-1 under 
argon. Heat flow curves shown are 1st upscan to 275 °C (dark blue), 2nd upscan to 350 °C (blue) and 3rd upscan to 350 °C (light 
blue).  Heat flow curves are offset on the y axis for clarity.  

 

Figure S11: 1H NMR spectrum of ZIF-UC-7 post 275 °C. δH (500 MHz; DCl(35%)/D2O:DMSO-d6 (1:5); Me4Si) 9.70 (1H, s, Ha), 
9.43 (1H, s, Hb), 9.25 (1H, s, Hc), 9.09 (1H, s, Hd), 7.67 (2H, s, He), 7.09 (H2O/HCl), 2.67 (DMSO), 0.00 (TMS). 
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Table S5: CHN microanalysis of ZIF-UC-7 heated at 275 ᵒC and comparison with the calculated formula 

Sample Mass (mg) wt.% C wt.% H wt.% N 

ZIF-UC-7 1.5296 36.35 2.34 28.16 

ZIF-UC-7 1.6124 36.35 2.37 28.17 

ZIF-UC-7 2.7858 36.30 2.38 28.19 

Mean (ESD) - 36.15 (0.02) 2.36 (0.02) 28.17 (0.02) 

[Zn(pur)0.25(Im)1.75] - 36.43 3.65 29.41 

 

 

 

Figure S12: Analysis of DSC of crystalline ZIF-UC-7 with in-situ activation step. The 2nd upscan to 350 °C with Tm = 318 °C (blue) 
and 3rd upscan to 350 °C with Tg = 273 °C (pink) are shown. Tm is taken as the offset (end) of melting whilst Tg is taken as the 
mid-point of the event. Heat flow curves are offset on the y axis for clarity. 
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Figure S13: 1H NMR spectrum of ZIF-UC-7 post 350 °C. δH (500 MHz; DCl(35%)/D2O:DMSO-d6 (1:5); Me4Si) 9.72 (1H, s, Ha), 
9.45 (1H, s, Hb), 9.27 (1H, s, Hc), 9.11 (1H, s, Hd), 7.72 (2H, s, He), 7.69 (H2O/HCl), 2.67 (DMSO), 0.00 (TMS). 

 

Figure S14: 1H NMR spectrum of ZIF-UC-7 post 550 °C. δH (500 MHz; DCl(35%)/D2O:DMSO-d6 (1:5); Me4Si), 9.12 (1H, s, Hd), 
7.75 (2H, s, He), 7.49 (H2O/HCl), 2.65 (DMSO), 0.00 (TMS). Signals of purine linker were not observed. 
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Table S6: CHN microanalysis of ZIF-UC-7 heated at 550 ᵒC and comparison with the calculated formula 

Sample Mass (mg) wt.% C wt.% H wt.% N 

ZIF-UC-7 1.9134 34.41 2.69 26.82 

ZIF-UC-7 1.8794 34.42 2.53 26.79 

ZIF-UC-7 2.1285 34.43 2.54 26.84 

Mean (ESD) - 34.42 (0.01) 2.59 (0.08) 26.82 (0.02) 

[Zn(pur)0.25(Im)1.75] - 36.43 3.65 29.41 

 

 

Figure S15: Optical images for ZIF-UC-7 polycrystalline after thermal treatment under argon atmosphere at 250, 275, 315, 
350, 400 and 550 °C.  
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Figure S16: PXRD patterns between 5-40° of as prepared ZIF-UC-7 (blue) and ZIF-UC-7 heated to 250-450 °C (purple to 
orange) compared to the simulated diffraction pattern of ZIF-UC-7 (dark grey).  

Table S7: Melting temperatures and thermodynamics of ZIF-UC-7 vs. reported values for other ZIFs 

ZIF Tm (°C) Tg (°C) Tm (K) ΔHfus (J g-1) ΔHfus (kJ mol-1) ΔSfus (J K-1 mol-1) 

ZIF-UC-7 318 278 591 3.0 0.6 1.0 

ZIF-UC-61 345 316 618 7.8 1.7 2.8 

ZIF-UC-512 428 336 701 11.7 2.5 3.6 

ZIF-UC-413 421 290 694 N/A N/A N/A 

ZIF-UC-313 390 336 663 N/A N/A N/A 

ZIF-UC-213 406 250 679 N/A N/A N/A 

ZIF-62(Zn)14* 372-441 298-320 645-714 N/A 0.4-2.5 0.7-3.5 

ZIF-62(Co)14** 398-420 260-290 659-705 N/A 0.8-2.6 1.3-3.7 

TIF-412 440 350 713 15.3 3.2 4.5 

[Co0.2Zn0.8(Im)1.95(bIm)0.025(ClbIm)0.025]15 310 288 583 N/A N/A N/A 

* Compositions ZIF-62, [Zn(Im)2(bIm)2-x], 0 ≤x≤0.35 
** Compositions ZIF-62, [Zn(Im)2(bIm)2-x], 0.1≤x≤0.3 

(Im = imidazolate, bIm = benzylimidazolate, ClbIm = 5-chlorobenzenimidazolate) 
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Figure S17: Total scattering structure factors of ZIF-UC-7 (blue) and agZIF-UC-7 (purple). (a) Highlights differences in the low 
Q region between ZIF-UC-7 and agZIF-UC-7 resulting from differences in their long-range order. (b) Shows the total scattering 
data collected for both materials in the full Q range up to a Qmax ≈ 26 Å-1. All processing of the total scattering data was 
performed using GudrunX following well documented procedures.8–10 

 

Figure S18: CO2 adsorption (pink) and desorption (blue) isotherms collected on crystalline ZIF-UC-7 from 0-0.035 p/p0. 

Maximum gas uptake was determined using the Micromeritics MicroActive software package.  

Table S8: CO2 gas sorption results for crystalline ZIF-UC-7 

Maximum CO2 uptake (cm3 g-1 STP) 48.11 
Maximum CO2 uptake (mmol g-1) 2.15 
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Table S9: CO2 gas sorption results for ZIF-UC-7 and agZIF-UC-7 vs. reported values for other ZIFs with a similar structure and 
cag topology. All STP values were taken at a P/Po value of 0.035. 

ZIF crystalline STP 

(cm3/g) 
ZIF glass STP (cm3/g) Reference 

ZIF-UC-7 48.11 ZIF-UC-7 18.94 This work 

ZIF-UC-6 46.90 ZIF-UC-6 22.96 1 

ZIF-UC-5 No data ZIF-UC-5 No data 12 

  am[Zn(Im)1.65(bIm)0.35] 23.24 17 

  ag[Zn(Im)1.65(bIm)0.35] 23.37 17 

ZIF-62 (Co) 44.84 agZIF-62 (Co) 20.20 18 

(Im = imidazolate, bIm = benzylimidazolate) 

 

 

Figure S19: CO2 adsorption (pink) and desorption (blue) isotherms collected on agZIF-UC-7 from 0-0.035 p/p0. 

Table S10: CO2 gas sorption results for agZIF-UC-7 

Maximum CO2 uptake (cm3 g-1 STP) 18.94 
Maximum CO2 uptake (mmol g-1) 0.85 
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Figure S20: Enthalpy and entropy of fusion of ZIF-UC-7 compared to other ZIFs.  Values were calculated based on the method 
reported by Mason et al.16 The molar enthalpy was calculated using the molecular weight for the ZIF formula unit. 
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