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Fig. S1 Raman spectra of CMS generated from PIM-6FDA at 500, 600 and 800 °C. D and G peaks 
indicate the existence of amorphous graphite domains.



Fig. S2 Weight loss of PIM-6FDA for each isothermal stage of carbonization. Shaded areas show 
the dominating porosity evolution mechanisms during heat treatment while the dashed line 
was the actual soak time used in the pyrolysis protocol.



Fig. S3 FTIR spectra of PIM-6FDA and CMS membranes derived at 500, 600 and 800 °C. 



Fig. S4 Pure-gas sorption isotherms of C2H4 and C2H6 at 35 °C in PIM-6FDA and its CMS 
derivatives. Fitted dashed curves follow the dual-mode sorption model for the polymeric 
PIM-PI annealed at 250 °C, whereas the Langmuir model was used to describe sorption 
isotherms in the CMS samples.



Fig. S5 Pressure- and time-dependence of the mixed-gas transport properties of a PIM-6FDA 
CMS membrane pyrolized at 800 oC (feed: 35 °C; 1:1 ethylene/ethane binary mixture).



Fig. S6 Comparison of XRD spectra for PIM-6FDA-OH1 (blue) and PIM-6FDA (red) CMS 

membranes pyrolized at 800 oC. 
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Fig. S7 Raman spectra analysis with peak fitting for (a) PIM-6FDA CMS pyrolized at 800 °C and 
(b) PIM-6FDA-OH CMS1 pyrolized at 800 °C.

  

Table S1. Gravimetric densities of PIM-6FDA, PIM-6FDA-OH and their CMS derivatives.

                      Bulk density (g/cm3)Treatment temperature (oC)

PIM-6FDA PIM-6FDA-OH

250 1.24 1.28

400 1.24 1.18

500 1.21 1.20

600 1.31 1.32

800 1.53 1.50
aMeasured gravimetrically, ρ=(weight of sample)/(volume)

Table S2 Parameters obtained from fitting experimental data to the dual-mode model for 
pristine PIM-6FDA and Langmuir isotherms for CMS membranes.a

C2H4 C2H6Membrane type

Kd C’H b kd C’H b

PIM-6FDA 250 °C 2.57 43.5 0.9 2.54 39.7 1.1

CMS 500 °C 79.0 1.3 70.6 1.6

CMS 600 °C 106.9 2.0 96.3 2.6

CMS 800 °C 123.0 3.1 109.6 4.2

a  Kd [10-2 cm3(STP) cm-3 cmHg-1]; C’H [cm3(STP) cm-3]; b [10-2 cmHg-1]



Table S3 Parameters obtained from fitting Raman spectra with excitation wavelength 473 nm 
for CMS membranes at 800 oC derived from PIM-6FDA and PIM-6FDA-OH. 

 I(D)/I(G)a     Pos (D)b       Pos (G)c    Membrane type

PIM-6FDA 800 °C CMS 2.08 1367.5 1590.1

PIM-6FDA-OH 800 °C CMS 2.14 1361.2 1597.2

a) Intensity ratio of D band vs. G band, calculated as the peak area ratio of D band and G band 
using Lorentz fitting from Fig. S7.2 A lower I(D)/I(G) ratio is likely to be associated with lower 
defects density and higher order in graphitic materials. However, caution needs to be taken into 
account because such interpretation only works in the domain of graphitic like materials with 
small crystallite size. Based on XRD analysis, we estimated a crystallite size of around 4.2 nm. 
Such size is very close to the critical size, below which I(D)/I(G) ratio increases as a function of 
defect density, above which I(D)/I(G) ratio decrease as a function of defect density.3 Therefore, 
conclusions based on Raman analysis have to be taken with some caution. 

b) Position of D band in the Raman spectra from fitting.

c) Position of G band in the Raman spectra from fitting.
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