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Figure S1. Crystal structures for (a) HKUST-1,S1 (b) MOF-399,S2 (c) MOF-143,S2 and (d) 
MOF-14.S3  These MOFs are all composed of copper paddlewheel nodes with tritopic ligands and 
represent two types of topology: HKUST-1 and MOF-399 are tbo and MOF-143 and MOF-14 are 
pto.  MOF-143 and MOF-14 are composed of the same inorganic and organic compounds, but 
MOF-14 has a higher density than MOF-143. This is because MOF-14 structure is composed of 
two MOF-143 interpenetrating structures. 
 
These structures were rendered using CrystalMaker software from .cif files made available as 
Supporting Information associated with refs (S1-S3). 
 

a) HKUST-1 b) MOF-399 

c) MOF-143 d) MOF-14 
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Figure S2. Representative atomic force microscopy (AFM) image (500 nm × 500 nm) of a gold 
substrate after deposition of a 16-mercaptohexadecanoic acid SAM. The roughness (Rq) was 
measured to be 1.55 nm. 
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Figure S3. (a,b) Schematic representing the step edge of a metal-organic framework (MOF) film 
relative to the Au substrate after selective etching. Representative atomic force microscopy (AFM) 
image (10 µm × 10 µm) for MOF-399 film after etching, with (c) side view and (d) top view three-
dimensional renderings. The blue rectangles in (d) represent the selected regions in which the 
average height was calculated and the difference between the two is the MOF film thickness. 
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Figure S4. Representative atomic force microscopy images (left column: 2 µm × 2 µm, right 
column: 500 nm × 500 nm) for (a,b) 4L MOF-14 and (c,d) 4L MOF-399 films deposited on a 
methyl-terminated octadecanethiol self-assembled monolayer. Below each image, the roughness 
(Rq) is given. 
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Figure S5.  Schematic of the hypothesized structures of the films for the (a) MOF-14-based and 
(b) MOF-399-based systems.  These are proposed based on unit cell dimensions, dimensions of 
the organic ligands, and film thickness per deposition cycle.  The {100} face of the cubic unit cells 
are shown with single unit cell outlined in blue.  The edge of the unit cell for MOF-14 is 26.9 Å 
and 68.3 Å for MOF-399.S2,S3  The thickness indicated to the right of the MOF structures represents 
the triangular edge length of the tritopic ligand from one carboxylic acid to the copper coordinated 
on another carboxylic acid.  This corresponds well with the film thickness increase per deposition 
cycle of 14 Å and 22 Å for MOF-14 and MOF-399 analogs, respectively. 
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Figure S6. Representative atomic force microscopy images (500 nm × 500 nm) for a 4L MOF-14 
film (a) before and (b) after heating to 200 ℃ for 2 h  with film roughness (Rq) listed below each 
image. (c) Representative IR spectra for these samples showing removal of the water peak from 
3600-3000 cm-1 after heating. 
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Figure S7. Electrochemical impedance spectroscopy (EIS) spectra of the hanging mercury drop 
electrode (HMDE) electrically short-circuited to a stainless steel electrode. The use of the HMDE 
does not introduce a large resistance to the impedance measurement. The HMDE electrically short-
circuited to a bare Au substrate displays a similar resistance. 
 
 
 
 
 

 
Figure S8. Electrochemical impedance spectroscopy (EIS) of an 8L MOF-14 film after heating. 
The spectra represent measurements on different positions of the film. The spread in the impedance 
is due to the range of hanging mercury drop electrode (HMDE) contact areas (from 1-3 mm in 
diameter) that can vary depending on the distance between the HMDE and the sample. The average 
parallel resistance obtained from equivalent circuit fitting is used to calculate the electrical 
conductivity for SurMOF films of the MOF-14 system. The EIS spectrum with parallel resistance 
close to the average value was selected for inclusion within the manuscript (Figure 5). 
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Figure S9. Representative electrochemical impedance spectra of a 12L MOF-14 film after 1 h of 
anhydrous dimethyl sulfoxide vapor treatment. 
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Figure S10. Representative high-resolution X-ray photoelectron spectroscopy (XPS) spectra of a 
12L MOF-399 film showing the two oxidation states of copper within the film. The presence of 
the two oxidation states is common as Cu2+ is known to reduce to Cu1+ during XPS measurements 
of ultrathin metal-organic coordinated multilayer films.S4,S5 
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Calculated Diffusion Coefficient 
The diffusion coefficient, D, of Fc in the 10 mM ferrocene (Fc)|100 mM tetrabutylammonium 
tetrafluoroborate (TBATFB) in propylene carbonate (PC) electrolyte was calculated from cyclic 
voltammograms with a bare Au working electrode and using the Randles-Sevcik equation 
(Equation 1) where ip is the redox peak current (oxidative peak currents used for consistency), n is 
the number of electrons transferred in the redox reaction, F is the Faraday constant, A is the 
electrode area, C is the concentration of the redox couple, ν is the sweep rate, and R is the gas 
constant. The diffusion coefficient of a redox molecule can be extracted from the slope of the peak 
currents vs the square-root of the sweep rate. 
 

𝑖௣ = 0.4463𝑛𝐹𝐴𝐶 ቀ
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ோ்
ቁ

భ

మ      Equation 1 

 
The solvation shell diameter of the diffusing species, d, was calculated using the diffusion 
coefficient of Fc using the Stokes-Einstein equation (Equation 2) where kB is the Boltzmann 
constant and η is viscosity of the electrolyte (approximated by pure PC). 
 

𝐷 =  
௞ಳ்

ଷగఎௗ
        Equation 2 

 
The diffusion coefficient of Fc in PC is determined to be 1.6 × 10-6 cm2 s-1, resulting in a solvation 
shell diameter of 1.1 nm. 
 
 
 
 
 
 

 
Figure S11. Cyclic voltammetry of a bare Au substrate cycled in 10 mM ferrocene|100 mM 
tetrabutylammonium tetrafluoroborate in propylene carbonate at sweep rates of 1, 10, 20, and 
50 mV s-1. 
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Figure S12. Cyclic voltammetry of a 8L MOF-399 film cycled in 10 mM ferrocene|100 mM 
tetrabutylammonium tetrafluoroborate in propylene carbonate at sweep rates of 10, 20, 50, and 
100 mV s-1. Peak currents are expected to be proportional to the square-root of the sweep rate for 
linear diffusion (3× expected increase in current from 10 mV s-1 to 100 mV s-1). The saturation of 
the peak current at 100 mV s-1 provides further evidence that the linear diffusion of Fc due to 
macroscopic defects is not responsible for the redox peaks observed. 
 
 
 
 
 
 
 

 
Figure S13. Comparison of oxidative currents for 8L, 12L, and 16L MOF-14 films cycled in 
10 mM ferrocene|100 mM tetrabutylammonium tetrafluoroborate in propylene carbonate 
measured using cyclic voltammetry at a sweep rate of 10 mV s-1. 
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Figure S14. Comparison of oxidative currents for 8L, 12L, and 16L MOF-399 films cycled in 
10 mM ferrocene|100 mM tetrabutylammonium tetrafluoroborate in propylene carbonate 
measured using cyclic voltammetry at a sweep rate of 10 mV s-1. 
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Table S1. Oxidative currents in μΑ cm-2 at the oxidation potential of ferrocene for MOF-14 and 
MOF-399 films in 10 mM ferrocene |100 mM tetrabutylammonium tetrafluoroborate in propylene 
carbonate measured using cyclic voltammetry at a sweep rate of 10 mV s-1. 
 
Thickness (# layers) MOF-14 MOF-399 
8 L 8.5 19.3 
12 L 3.9 8.9 
16 L 3.3 6.4 
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