Dear Editor,


Data for various analyses were prepared by the authors as follows. The Excel file of the raw data is also attached.
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Dear Editor,

[bookmark: _GoBack]In the first step, I did ZIF-90 synthesis and membrane construction. Then I performed analyses to confirm the nature of synthesized ZIF-90 and the produced membranes, which I will describe below. The ZIF-90 nanostructure's successful synthesis was confirmed by FT-IR, XRD, and N2 adsorption analyses (Fig. S1, S2 and S3). Microtrac's BELSORP MINI II adsorption instrument measured the Langmuir surface area, specific Brunauer-Emmett-Teller (BET), pore volume, and pore size distribution (Japan). The 8400S model underwent Fourier transform infrared spectroscopy (FTIR). Cu Kα radiation was used in the X-ray diffraction (XRD) analysis, which was performed using the Bruker D8 and GNR Explorer diffractometers (Germany and Italy). 

Fig. S1. N2 adsorption (filled marks) and desorption isotherm (bank marks) at 77k for ZIF-90.

Fig. S2. XRD pattern of ZIF-90.

Fig. S3. FT-IR spectra of synthesized ZIF-90.
With a resolution of 4 cm-1 and a region of 600-4000 cm-1, Bruker Equinox 55 was used to perform the ATR-FTIR spectra (Fig. S4). The 8400S model underwent Fourier transform infrared spectroscopy (FTIR). Cu Kα radiation was used in the X-ray diffraction (XRD) analysis, which was performed using the Bruker D8 and GNR Explorer diffractometers (Germany and Italy) (Fig. S5).


Fig. S4. ATR-FTIR spectra of SPEES/ZIF-90/x nanocomposite membrane


Fig. S5. XRD of SPEES/ZIF-90/x nanocomposite membrane
For investigation the oxidation stability of membranes, Fenton test was done based on the procedure explained by Reference 46, 47. The weight loss percentage in membrane can be calculated according to: 
                                           (1)



Fig. S6. Chemical stability of nanocomposite membranes
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Dear Editor,
I investigated thermal and mechanical stability tests. For this purpose on a LINSEIS, analyses using thermogravimetric analysis (TGA) were carried out under atmosphere at a heating rate of 10 °C/min (Fig. S7). DSC analyses were obtained using the Q600 (USA) at a rate of 10 °C/min in a N2 atmosphere (Fig. S8). Mechanical parameters of the dry membranes were used by Santam STM-50 model with the velocity of 10 mm.min−1 (Fig. S9).

Fig. S7. TGA of SPEES, SPEES/ZIF-90/1, SPEES/ZIF-90/3 and SPEES/ZIF-90/5 membranes.

Fig. S8. Tg results of SPEES, SPEES/ZIF-90/1, SPEES/ZIF-90/3 and SPEES/ZIF-90/5 membranes.

Fig. S9.  Stress-Strain curve.
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Dear Editor,
I performed proton conductivity and fuel cell tests. Using a potentiostat-galvanostat Metrohm called the PGSTAT303N, proton conductivity measurements were performed. The conductivity of proton (σ) was obtained from the following relation 43 (Fig. S10. (a, b)):
                                                     (2)          
Here L represents the membrane thickness (cm), R is the resistance obtained from the Nycost curve (ohm), and S is the membrane surface area (cm2).
The slope of the Arrhenius plots can be operated to determine the Activation energy (Ea) by following relation (2):
                                       (3)                                                                                                 
Here, A is the Arrhenius constant, R is gas constant (8.314 J/mol.K) and T was the temperature (Kelvin). 
   
	(a)

	(b)



Fig. S10. Proton conductivity of nanocomposite membranes (a) at different temperature and 98% RH, (b) at different temperature 70% RH,
The creation of membrane electrode assemblies (MEAs) is necessary to investigate the PEMFC's final performance. The catalyst ink is first prepared by dissolving the specified quantity of 20 weight percent Pt-C powder in isopropyl alcohol/water and a SPEES solution. A carbon fiber fabric with a microporous layer and a loading of 0.5 mg/cm2 will be painted with catalyst ink. The second step involves drying the prepared electrodes between 80 and 120 degrees Celsius. To create the electrode-membrane assembly, the prepared electrodes and membrane were squeezed at 50 kg/cm2 for 5 minutes at 120 °C. Finally, the potential was held constant at 0.5 V for 6 hours until the temperature reached 80 °C in order to activate the produced MEAs. Finally at flow rates 300/500 mL/min of hydrogen/Oxygen were inserted into the anode and cathode electrodes. As shown in Fig. S11 (a, b), the current density-potential (I-V) and current density-power density curves of nanocomposite membranes made of SPEES and SPEES/ZIF-90/3 at 70 and 90 C and 70% RH and 98% RH, respectively. Reporting the OCV of the PEMFC for 100 hours, as shown in Fig S11 (c), allowed for the determination of the long-term stability of the SPEES/ZIF-90/3 nanocomposite membrane at 90 °C and 98% RH. 
(b)
(a)

	
	

	


Fig. S11. Polarization curves of SPEES and SPEES/ZIF-90/3 membranes at (a) 70 °C and (b) 90 °C at 70% RH and 98% RH (c) Fuel cell life time plots of SPEES/ZIF-90/3 nanocomposite membranes at 90 ˚C and 98% RH.(c)
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