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Section S1. Film fabrication details.

GO suspensions were characterized using transmission electron microscopy (TEM) and
atomic force microscopy (AFM) showing monolayer flakes with 1um lateral dimensions and 1-
2nm thickness (Figure 1a,e). The GO suspension was further characterized via x-ray
photoelectron spectroscopy (XPS) and Raman spectroscopy (Figure 1b,c), both revealing a C:0
atomic ratio of 2.1. GO films were prepared via positive pressure filtration' through a porous
polycarbonate membrane; polycarbonate was chosen over anodized aluminum oxide in order to
prevent crosslinking due to leached aluminum ions.” The thickness and number of layers for

each GO film (65 and ngp) produced in this way were estimated using eq S1 and eq S2:

[GO] Vo

6G0 - PGoApc (Sl)
1)
Ngo = ﬁ (S2)

where [GO] is the concentration of GO in suspension, V;, is the volume of filtered suspension,
Peo is the density of GO,> Apc is the filtration area of a track-etched polycarbonate support
membrane (PC), and d, is the d-spacing for hydrated GO.**

To confirm the suitability of eq S1 and eq S2, a film with a predicted thickness of 1um
was prepared and subsequently immersed in methylene chloride to dissolve the PC. AFM was
used to study a piece of the resulting freestanding film, confirming the predicted thickness as

seen in Figure 1f.



Figure S2. Representative photographs of molecular permeation GO samples. Details shown in Fig. 2 middle

panel. (a) Assembly with only the track-etch polycarbonate support loaded; (b) including 10 nm GO film; (c) 100
nm GO film; (d) 1000 nm GO film.
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Figure S3. Analytical techniques used for determining aqueous toxicant concentrations. (a) A typical gas
chromatograph for TCE in water, showing suitable separation. Calibration standards were used to develop a
calibration curve based on TCE peak area; (b) UV-vis spectra for benzene in water at different concentrations,
focusing on the linear extinction of the peak at 255 nm with decreasing benzene concentration; (c¢) FTIR spectra for

ethanol in water at different concentrations, focusing on the C-O stretch peaks, which show linear extinction with

decreasing ethanol concentration.
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Figure S4. Flux and breathability results arranged by molecular permeant. (a) Simultaneous TCE flux and
breathability. Note the three orders of magnitude difference in TCE transport (left axis) relative to water (right
axis); (b) Simultaneous benzene flux and breathability. Note the two orders of magnitude difference in benzene

transport (left axis) relative to water (right axis); (c) Simultaneous ethanol flux and breathability.



Section S5. Detailed derivation of transport models.

A one-dimensional steady-state mass conservation law was derived for a control-volume
within the GO film with a convective component for water in one direction and a diffusive

component for a compound, T, acting in the opposite direction.

Balancing the inlets and outlets to the control volume between x and x+Ax leads to eq S3;

grouping terms, dividing both sides by Ax, and taking the limit as Ax approaches zero leads to

eq S4.
(v- CT)x+Ax + (_Deff%)x =(v- CT)x + (_Deff%);HAx (S3)
2
—Des Gt =v Gk (S4)

where Cr is the concentration of compound T in the film at x, D.sf is the effective diffusion
coefficient of T in the GO film, and v is the velocity of water in the x-direction within the film.
By keeping the water vapor side well mixed, the concentration of T at x = § can be assumed to
be near zero; the constant influx of toxicant vapor to the toxicant side fixes the concentration of
T at x = 0 to some value, Cry. These boundary conditions are presented as eq SS.

@x = 0, CT = CTO; @x = 6, CT =0 (SS)

Solving eq S4 for C; subject to the boundary conditions in eq S5 yields an expression for

Cr as a function of x. To obtain an expression for the flux of T, N, one can conveniently choose



to evaluate flux at x = §, where the convective term can be ignored because C; = 0. The

expression for the flux is then:

- De;f )

NT _ Crove < /5
_ De+

1—e ( ff/5>

Equation S6 treats the film as a homogeneous phase. To make further progress we use a porous

(S6)

media approach that accounts for the existence of the impermeable nanosheets and the gallery
spaces through which flow and diffusions occur. Because of the highly tortuous transport path
and because only a fraction of the film thickness is available for transport, v is expected to be
much larger than the superficial water velocity, v, and related as shown in eq S7. Similarly, the
diffusion coefficient within the film is unknown and can be expected to be lower than the bulk

diffusivity, Dg. Taking these additional criteria into account leads to a new expression, given as

eq S8.
v =17 Depy = D2k (S7)
2
e
NT — CTOVS(g)e — (Sg)
1-e

where vy is the water velocity at the surface, 7 is the pathway tortuosity, € is the volume fraction
available for transport, D is the true diffusivity of T in the hydrated channels within the GO film,

and k is the aqueous-vapor partition coefficient for substance T.



This flux is also affected by mass transfer resistances inherent to the experimental setup
and due to transport through the PC. To take these into account, it is necessary to use a mass

transfer circuit’ as outlined in eq S9 and eq S10.

NT = KrotaiACT (S9)

LI (S10)

Krotal KBlank Kgo

where AC; is the toxicant concentration gradient, Kr,.q; 1S the total mass transfer conductance,
Kgiank 18 the conductance inherent to the setup and PC, and K, is the conductance due to the
presence of a GO film. Kg;4,, Was found by determining N4, experimentally and K, was

found using eq S10; each flux value was divided by AC; to obtain corresponding K values.
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Figure S6. Permeation behavior predicted by simple model of homogeneous GO films. The model assumes

uniform film properties and the diffusion of toxicant T through the gallery spaces only in counter-current to the

water flow associated with active

presented for comparison. The product of diffusivity and partition coefficient of the toxicant in water (D - k) and
the ratio of tortuosity and void fraction () were varied; the D - k value for TCE at 60°C and an estimate based on the

Nielsen model for § are highlighted. As D - k increases, a higher back-diffusive flux of toxicant can be expected,

while increasing £ would lead to

changes in both parameters as well as film thickness. Comparing the model to our experimental TCE data revealed

completely different behaviors, leading to the conclusion that this model does not accurately describe the studied

phenomenon.
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perspiration. The hypothetical flux through no film (a stagnant layer of air) is

a lower back-diffusive toxicant flux; the model shows very high sensitivity to



Section S7. Details of comparison of our TCE permeabilities to those reported elsewhere.
Both Sridhar and Tripathy® and McWatters and Rowe”'® reported diffusion coefficients for their
studied materials. By dividing these reported coefficients by different film thicknesses, and by
dividing our experimental fluxes by the corresponding concentration of TCE, we were able to
obtain permeabilities for the sake of comparison. Note that McWatters and Rowe presented TCE
and toluene data in their 2010 study, but only toluene data in their 2014 study. The relative
TCE/toluene behavior reported in the former was used to estimate an expected TCE behavior in

the latter.
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Figure S8. Model-data comparison for ethanol. The back-permeation of ethanol is thickness-dependent; the

relative contributions of the pristine and oxidized pathways are presented.
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Figure S9. XRD analysis of GO films with interstitial liquids. GO films were soaked in water or ethanol and
studied with an XRD during drying. (a) Water causes GO interlayer spacing to increase, as evidenced by the initial
absence of the characteristic [001] peak. As water starts to evaporate and leave the interstitial spaces, the spacing
between layers increase and the [001] peak appears at 7.5°. After 30 mins of drying, the [001] peak shifts to the
right, indicating a further decrease in interlayer spacing; (b) Ethanol also spontaneously intercalates into GO films
and causes swelling, with no visible [001] peak initially. As with water, ethanol evaporation causes a gradual
decrease in the interlayer spacing. Consistent with other work, the d spacing is smaller when the interstitial liquid is

ethanol instead of water.
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