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1 Experimental conditions for tomography data acquisition

Table S-1 summarizes the key parameters used for acquiring the 3 tomographic data sets presented in this paper. The Au dumbbell sample was measured at a single energy in STEM while the polymer bilayer and nanopipette samples were measured at multiple energies in STXM.
Table S-1 Experimental details

	Property
	Au dumbells
	Polymer bilayer
	Nanopipette

	Instrument
	FEI Tecnai F20 FEG-TEM, 200 keV
	C 1s -  ALS STXM 5322
F 1s – CLS a-STXM
	ALS STXM 5322

	Detection mode
	dark field STEM
	transmission
	transmission

	Energies (eV)
	Not applicable
	278, 285, 684, 694 eV
	282-306 eV, 23 energies

	Energy step
	Not applicable
	irregular
	irregular

	Energy resolution (meV)
	Not applicable
	C 1s – 300
 F 1s - 200
	300

	Image step (nm)
	0.59 
	100 
	60 

	Beam size (nm)
	 ( 1 
	 30 
	30 

	Spatial resolution (nm)
	 probe size
	 50 or spot size
	50 or spot size

	Exposure time/pixel
	12 μs
	1 ms
	1 ms

	Detector
	Fischione Annular Dark Field Detector
	Phosphor – PMT [1]
	Phosphor – PMT [1]


[1] S. Fakra, S., A.L. Kilcoyne, and T. Tyliszczak, “Scintillator Detectors for Scanning Transmission X-ray Microscopes at the Advanced Light Source,” in Synchrotron Radiation Instrumentation 2003: Eighth International Conference on Synchrotron Radiation Instrumentation, T. Warwick, J. Stohr, H.A. Padmore, J. Arthur,  AIP Conf Proc. 705, 973-976 (2004)
2 Compressed sensing reconstruction implemented as a tab in Mantis
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Supplemental Figure S-1:  Screen shot of the tomography tab in Mantis which provides access to CS and SIRT reconstructions with selectable parameters, on single energy, multiple energy, and multiple chemical map, tomography data sets. The reconstruction calculation can by tuned for each dataset by changing the algorithm parameters and by selectively imposing non-negativity constraints. There is provision for ROI voxel subset selection based on thresholding and subsequent extraction of the spectral signature of the voxel  ROI, if multi-energy data set is being analyzed.
3   Comparison of original images with result from the tilt series


Figure S-2 presents the original 2D projection image at 0o (Fig. S2a) with that generated from the CS (Fig. S2b) and SIRT  (Fig. S2c) reconstructions of the Au dumbbell STEM data set using all 67 acquired projections.  The CS result shows more uniform density, while the SIRT result has background and diffraction artefacts not seen in the original 0o tilt angle image.
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4  Alternate approaches to SIRT reconstruction

Figure S-3 and Figure S-4 presents results from CS and SIRT analysis of the Au dumbbell STEM data set using all 67 acquired projections. As compared to the reconstruction used to generate Fig.2 of the paper, the background level of the input images have been set to zero (an implementation of a compact support constraint) and overall normalization and non-negativity constraints have been applied. The CS results are more homogeneous in fig. S3 (a) as compared to Fig. 2(c). The intensity profiles plotted in the panels (a) - (d)  in Fig. S3 show zero background intensity, and clean background signals around the particles. Even with implementation of additional constraints, the SIRT analysis shows significant missing wedge artefacts that are not present in the CS result.
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Figure S-5 presents results from analysis of the nanopipette data set using CS reconstruction of all 37 tilt angles at a single photon energy of 290 eV. (Note the results in Fig. 9 of the main paper are for reconstruction of component maps, derived from fitting the images recorded at multiple photon energies to reference spectra).  
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Figure S-6  presents results of SIRT analyses of the polystyrene and carbon nanotube chemical map tomography data sets over 3 different tilt angle ranges using  a non-negative constraint.
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Figure S-2 Comparison of (a) original image from tilt series at 0o. (b) 2D projection at 0o generated from CS reconstruction. (c) 2D projection  at 0o  generated from the SIRT reconstruction. All 67 tilt angles were used.
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Fig. S-3: CS (left) and SIRT (right) electron tomography reconstructions of a Au nanoparticle sample using all 67 acquired projections. Selected slices through the xy plane of (a) CS, (b) SIRT and xz plane of (c) CS, (d) SIRT. The insets highlight the particles near the center of the volume.
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Fig. S-4: Line intensity profiles through xz plane from the (a),(c) CS and (b),(d) SIRT reconstructions shown in Fig. S-3
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Fig. S-5:   Tomographic reconstructions of the STXM images at 290 eV for ±90° tilt angle ranges using (a) WBP, (b) SIRT and (c) CS-TV. Slices through the xz (top), xy (middle) and yz (bottom) planes are shown for each reconstruction.
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Fig. S-6:   Tomographic reconstructions using SIRT with a non-negativity constraint of the polystyrene (PS) (a,b,c) and carbon nanotube component s(d,e,f) for three different tilt angle ranges (a,d) ±90°, (b,e) ±74°, and (c,f) ±62°. Slices through the xy (top) and xz (bottom) planes are shown for each reconstruction.
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