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1. C K-edge results from PA plan-view membrane
Effect of acquisition time and electron fluence threshold for measurable damage
[bookmark: _Hlk25768384]Figure S1a and Figure 3a compare acquisition of spectra at multiple time points using two different methods.  In Figure 3a, successive spectra were acquired on the same region of sample and the cumulative spectra are displayed, and Figure S1a shows spectra acquired from different regions of the sample for similar time points. In both cases, at the lower acquisition times, three peaks (marked 1,2 and 3) can clearly be distinguished in both experiments.  These peaks and positions are in good agreement with x-ray microscopy data (see Table 2).  As exposure to the beam increases, peaks 1 and 3 decrease in intensity and peaks 1-3 broaden until only one broad peak is observed.  The most pronounced broadening is in peaks 2 and 3.  The original three peaks can no longer be distinguished from each other (time point 0.12 s in Figure 5a).  Peak 2 undergoes the most broadening.  There is also a relative shift of peaks with peak 1 moving to higher energy as the acquisition time increases.  Additionally, at some of the earlier time points there is a clear ‘ledge’ or ‘broad peak’ observed at around 290 eV (peak 4).  As the damage increases this peak quickly becomes indistinguishable from the main broad peak starting at about 289.5eV. However, using a time of 0.02 s (corresponding to an electron fluence of 7.03 x 106 e/Å2 per probe size or 1.59 x 106 e/Å2 per pixel size) or less (0.01 s), the spectra do not visibly change (see Fig SI 1a).  This means that below the electron fluence given by the 0.02 s acquisition time no measurable damage is detected.
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Figure SI1: Cross section sample. (a) Effect of acquisition time on C K-edge fine structure.  A new region of sample used for each spectrum. Acquisition parameters: Dispersion 0.05 eV/pix, 5.3 nm pixel size, 0.2 eV effective energy resolution, spectra summed from 800 x 800 nm area; (b) Effect of probe size at two acquisition times (0.02 s and 0.04 s). For related doses see SI Table 1.

Probe size
In Figure S1b a comparison is made of probe sizes 0.09 nm and 1 nm for two different time points – 0.02 s and 0.04 s.   The corresponding calculated electron fluence for each experiment can be found in Table SI1.  For each acquisition time the spectra acquired from the 1 nm probe were always more damaged than that from the 0.09 nm probe.  In the case of the 1 nm probe at 0.04 s the first three labelled peaks in the C K-edge are almost indistinguishable. With a lower dose it would be expected that the damage would be less. Significant damage outside the area directly irradiated by the electron probe contributes to the recorded signal in the low-loss regime, where part of the signal is delocalized. In fact, for low energy losses of polymeric samples it has been argued that to minimize damage, the smaller the probe the better[3]. Our data shows that this may also be the case for core loss data.  However, in our case the recorded core-loss signal is highly localized and thus the reasons why lower damage is recorded for the smallest beam are unclear.

Table SI1:  Electron Fluence for different probe sizes.   Experimental parameters used for calculations: for the 0.09 nm probe size – 35 pA, 2nm pix, 0.05 eV/pix; for the 1 nm probe size – 150 pA, 2nm pix, 0.05 eV/pix

	Acquisition Time (s)
	Electron Fluence (e/Å2)

	
	0.009 nm probe
	1 nm probe

	0.02
	6.83 x 106
	2.37 x 105

	0.04
	1.37 x 107
	4.74 x 105




Effect of Spacing between spectra
The effect of pixel spacing on the C K-edge at different time points was investigated.  Figure SI2 shows the results of different pixel spacing on spectra acquired for 0.005 s, 0.01 s, 0.02 s and 0.1 s acquisitions.  The first thing to notice in each part of the figure is that the larger the pixel spacing the less beam damage.  First consider the spectra at 0.01 s (Fig. SI2b) as an example, since the acquisition parameters are below the critical dose for a pixel spacing of 5.5 nm, as previously discussed.  If we consider the spectra at different pixel spacings for this time point, we can see that all the peaks present with a 5.5 nm pixel spacing have completely disappeared with a pixel spacing of 1 nm using the same acquisition time.  With a 2 nm spacing peaks 1 and 3 are clearly visible but peak 4 can no longer be distinguished individually.  This tells us that the smaller the pixel spacing the more damage.  The same pattern is observed for each of the time points (Fig. SI2a,c,d).  In the case of a 0.005 s acquisition time at a pixel spacing of 1 nm, peaks 1 and 3 are still clearly visible, whereas when the time is doubled the peaks can no longer be distinguished.  Although a critical dose had been reached for a 5.5 nm pixel spacing as discussed above, that same dose is not the critical dose for a spacing of 1 nm.  The damage observed is much more significant for this smaller separation.  These results show that significant damage occurs outside of the electron probe. As the probe moves into a new pixel, some of the material in that pixel may have already been damaged. Although this argument would be consistent with previous reports for the case of EELS at low energy losses [3, 4], our experiments show that this scanning methodology is also beneficial to minimize damage when recording highly localized core-loss EEL signals. Other recent experiments confirm these observations [5].  
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Figure SI2: Cross section sample. Effect of pixel spacing on the C K-edge at different acquisition times: (a) 0.005 s , (b) 0.01 s, (c) 0.02 s, (d) 0.1 s.

2. N K-edge results from the PA plan view membrane
Some beam damage experiments were carried out on the N K-edge of the PA membrane.  A full damage study was not conducted, however the effects of increased dose on the N K-edge can still be observed.  The results are presented in Figure 3.  Here a comparison of different acquisition times is made - 0.01 s, 0.02 s and 0.1 s per pixel.  Although the pixel sizes vary between 5.3 nm and 8 nm, which is a larger spacing than the results we present for the C K-edge, a general comparison can still be made.  Data in the N K-edge energy region was not obtained at lower pixel spacings.
At 0.01 s and 0.02 s the dominant peak is found around 410 eV.  When the acquisition time is increased to 0.1 s, a new peak appears at lower energy, between 400-405 eV.  It must be noted that there is also an increase in pixel spacing at this time point which may account for some of the changes in the spectra. The peak at 401-405 eV is seen more clearly in the 0.1 s data acquired at 0.1 eV/pix - this retains the edge information whilst reducing the noise.
There is also increased intensity around 420 eV at 0.01 s which has reduced significantly by 0.02 s.  We note that thickness should be approximately constant for all plan view experiments (free-standing   ̴10 nm thick PA film).  Instead it suggests that there is a real peak present at this position whose intensity decreases as the damage increases.

3. C K-edge results for the Resin and Polysulfone on the cross-section samples
Beam damage experiments were carried out on the C K-edge of both resin and polysulfone .  This is necessary to fully understand the signal obtained from the membrane in cross-section as both resin and PSf may contribute to the C K-edge signal obtained from the PA region.  These experiments were performed on the analogue PA membranes in cross-section and thus, the thickness of the specimens during the experiment is much larger than the free-standing 10-12 nm PA membrane at around 70 nm. These differences/similarities in thickness may have an impact on the dosages submitted to the sample for the same fluences.
For both resin and PSf the effect of acquisition time and that of spacing between spectra were investigated.  The acquisition time and separation between spectra vary between experiments but general trends can still be observed.  The PSf will always contain some contribution from the resin due to the porous nature of the PSf, although this has been minimised as much as possible as discussed in the Materials and Methods section.  Figure SI3 shows the results of these experiments.  For the case of both resin and PSf at the lowest acquisition time (0.01 s), there is a single peak at around 285 eV which is not split as in the case of PA.  Also, although both materials undergo beam damage, the damage is not as clear or significant as for the PA membrane.  This may be because the critical dose for that material has been reached and so the peak has already damaged. 

Resin
As the acquisition time is increased for the LR White resin the intensity of the signal around 286-287 eVincreases (Fig. SI3a).  Additionally there is initially a peak/ledge at around 287.5 eV which disappears at times of 0.1 s/pixel and above.  The peak becomes indistinguishable from the positive slope in this region and at these time points the region between the two peaks ’fills in’.  This ‘peak’ overlaps with peak 3 in the PA.  However, it does not have a high intensity and so if there was an overlap between the two materials in the cross-section the PA peak should be clearly visible over the resin peak.  It is also worth noting that as the acquisition time increases the spacing between the peak at   ̴285 eV and the broad peak at   ̴292 eV increases.  Additionally, as the acquisition time increases, the onset of the first peak moves to lower energy and broadens on the high energy side.
If the pixel spacing is changed from 2 nm to 5.3 nm, which resulted in a large change in the near edge structure for PA, very little change is observed.  For a 0.01 s and 0.02 s acquisition time, the main peak at 285.2 eV is there and the ‘ledge’ at 288 eV is also still present.  Some broadening of this first peak has taken place at the smaller pixel spacing indicating that some damage has occurred.
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Figure SI3: Cross-section analogue PA membrane. Effect of acquisition time and pixel size on the C K-edge of LR white resin (a, b) and polysulfone (c, d) respectively.

Polysulfone
Considering the same experiments for PSf (Figure SI3 c and d), we observe even less change in the fine structure of the C K-edge.  The fine structure looks very similar to that of the resin.  Again, the first peak is observed at around 285.1 eV.  Although there is some intensity around 287.5eV there is no clear peak as for the resin.  Some filling-in is observed as the acquisition time increases (Figure. SI3c), but it is not as significant as for the resin.  Given that there is some resin included in this spectrum due to it infiltrating the holes in the PSf, it is difficult to know whether this filling in is a real feature in the PSf or is actually due to the presence of resin.  There is also a small shift to lower energy at the highest acquisition time (Figure SI3c).
More significant changes are observed as the pixel size is varied. (Figure SI3d).  The first feature to note is the increase in width of the first peak as the pixel spacing increases.  The majority of this additional intensity is on the low-energy side of the peak.  Secondly a ‘ledge’ of intensity at 287.5 eV is clearly seen with a 10 nm pixel spacing.  Whilst it is possible that there is some contribution from the resin here, regions with minimal resin were chosen to create these spectra and so we assume that intensity in this region is mainly due to the PSf.  
A third observation is that the relative intensity between 286 and 288 eV changes significantly with varying pixel size.  Here we have chosen to normalise the spectra to the broad peak at ̴292 eV (Figure SI3d).  Relative to that intensity of the first peak greatly increases with increased pixel spacing.  Within this data set we also see that for a 2 nm pixel spacing, if the acquisition time is halved then the peak at 287.5 eV becomes clearer.  These observations show that there is damage occurring in the PSf specimen.  
When we consider these results alongside the PA results we see that there is more beam damage occurring in the PSf than the PA at the same time points.  For the PA there was little difference between 0.01 s and 0.02 s acquisition times, whereas here we see a peak appearing.  We also did not see a significant change in peak widths with pixel spacing in the PA, yet here we see clear changes within the same range of pixel sizes.  Whilst there was a difference in ratio between the first peak and the broader peak above 290 eV in the PA, here the difference is more pronounced.5.2 nm
2 nm
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Figure SI4:  Comparison of PA, PSf and Resin C K-edges at two pixel sizes and over different energy ranges
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