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Fabrication of mesoporous polysulfone support matrix (MPPS)

The porous substrate was prepared as follows: 20 g of polysulfone (MW=35,000) was dissolved
completely in 75 g of N-methylpyrrolidone (NMP). While stirring continuously, 5 g of
polyvinylpyrrolidone (PVP, MW=10,000) was added to the mixture to form a dope solution.”'
The solution was then cast on a round glass substrate by a spin coating machine (SCS G3,
Cookson Electronics) with spin speed at 100 rpm for 15 s. The coated substrate was immediately
soaked in a mixture of dimethylformamide (DMF) and ethylene glycol (EG) (80/20 v/v.%) for
24 h to complete the porous formation process. Finally, the porous matrix was rinsed with plenty
of DDI water followed by freeze treatment in liquid nitrogen for 5 min for curing and dense top

surface removal.

Preparation of SWCNT-coated MPPS

A coating solution was first prepared by mixing, using an ultrasonic probe for 2 h, 0.125 g of
SWCNT and 0.5 g of sodium dodecylbenzene sulfonate (SDBS) with 50 mL of DDI water.>*
The obtained solution was transferred to a 100 mL-autoclave and a porous support sheet was

dipped into it. The autoclave was placed in an oven at 80 °C for 48 h for infiltration. The coated
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porous sheet was dried in a vacuum oven at 120 °C for 24 h. The process of coating and drying is

repeated for 3 times to increase SWCNT loading onto the anode.

Field Emission Scanning Electron Microscope

The FE-SEM images were taken by a Field Emission Scanning Electron Microscope (JSM-
6390LA, JEOL). Thin layers of platinum were coated on the surface of samples using an Auto
Fine Coater (JSM) before observations. For biofilm characterization, the anode was first
pretreated in 1% glutaric dialdehyde and then in ethanol solution with different concentrations

(30, 50, 60, 70, 80, 90 and 100% of ethanol) before platinum coatings.

Thermal analysis
A thermo-gravimetric analyzer (Diamond TG/DTA, Perkin Elmer) was used to observe thermal
stability and heat flow of the materials. The measurements were carried out under air at a heating

rate of 10 °C min™ and a temperature range of RT-800 °C.

Porosity calculation

The support matrix’s porosity, the fraction of total matrix volume that is porous, was estimated
by the following equation

w
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where w, p, V stand for weight, density and volume of matrix, respectively.

Conductivity measurement
The conductivity of anodes was measured by sandwiching the sheets between platinum
electrodes (1.2 cm x 1.2 cm). The measurements were carried out with a potential range from 0

to 30 mV. The conductance was estimated by the equation

=2 (2)

where t (cm), R (©) and A (cm?) are thickness , resistance, and area of substrate, respectively.

o

Electrochemical measurements
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The cyclic voltammetry analysis (CV) and electrochemical impedance spectroscopy (EIS) is
performed in a three-electrode electrochemical cell with a counter electrode of platinum plate, a
reference electrode of Ag/AgCl and a working electrode of either carbon cloth or SWCNT-
coated MPPS.

MFCs construction and operation

A two-chamber cube shape (5.5cm x 5.5cm x 6¢cm) separated by a Nafion 117 membrane with a
projected area of 4.9 cm” and equipped with a cathode of carbon cloth (2 cm x 2 cm) and the
anode of SWCNT-coated MPPS (2 cm x 2 cm) was used to conduct the tests. A carbon cloth
anode with the same dimensions was also used for comparison. While the anode medium
consisted of M9 salt (8.8 g L Na,HPO4.2H,0, 3 g L KH,PO4, 0.5 g L' NaCl, 1 g L™ NH,C],
1 mM MgSOy, 0.1 mM CaCl,), LB (10 g L™ peptone, 5 g L' yeast extract and 5 g L™ NaCl) and
18 mM sodium lactate, the cathode medium contained 50 mM Fe(CN)63 , 50 mM K,HPO,4 and
KH,PO4. Wild type Shewanella MR-1 were first activated overnight and then amplified in LB
medium to a steady state before inoculation. The inoculation was adjusted to a final OD600 of
0.4 for all of MFCs. All MFCs were operated under batch mode with a consistent resistance of 2
kQ. 100 ml fresh medium was changed when the nutrient was depleted. The polarization tests
were measured by varying loading resistance from 10 Q to 5000 Q. All MFC’s performance tests
were conducted in triplicates, and results had minor deviations. The results presented here are a

typical one.



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Polymer

casting solutio
composition final membrane

composition

|3 e
PN solidification
point

'."precipitation
. point
___________ L

Solvent Non-solvent

Figure S1. An illustration of the formation of porous polymers in phase inversion process.
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Figure S2. FESEM images of MPPS’ surface, bottom and cross-section as synthesized (A), (B),
and (C) and after treated in liquid nitrogen for 5 min (D), (E), and (F), respectively.
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Figure S3. The loading of SWCNT onto MPPS with or without liquid nitrogen treated before

with different numbers of coating during coating procedure.
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Figure S4. I-V curves of conductivity measurement of SWCNT-coated MPPS with PPSF treated

and untreated by liquid nitrogen.
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Figure SS. Physical properties of the SWCNT-coated MPPS anode. (A) XRD patterns. (B)
Raman spectrum. (C) TGA/DTA curves.
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Figure S6. FESEM images showing micro-pores on top (A) and on bottom (B) of SWCNT-

coated MPPS along with macro-pores. The inset images are for a high magnification.
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Figure S7. Biofilm formation on the anode of SWCNT-coated MPPS. (A) The mechanism of
extracellular electron transfer via membrane-bound cytochromes. (B) Biofilms in mesoporous

structure of the anode.

References:

S1 A. Rahimpour and S. S. Madaeni, J. Membr. Sci., 2010, 360, 371-379.
S2 X. Xie, M. Ye, L. Hu, N. Liu, J. R. McDonough, W. Chen, H. N. Alshareef, C. S. Criddle
and Y. Cui, Energy Environ. Sci., 2012, 5, 5265-5270.

10




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



