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Experimental Details and Measurements 

Chemicals. Methylmethacrylate (MMA), 1,6-hexanediol diacrylate (HDDA), tert-

butanol, iodine (I2), guanidinium thiocyanate (GuSCN), 4-tert-butylpyridine (tBP), 

ethylene carbonate (EC), propylene carbonate (PC) and acetonitrile (AN) were 

purchase from Sigma-Aldrich. MMA and HDDA were passed from the basic alumina 

column to eliminate inhibitor. 4-Aminobutyric acid, methacryloyl chloride, and 

tetrabutylammonium iodide (TBAI) were purchased from Tokyo Chemical Industry 

Co., LTD. Fluorine-doped SnO2 (FTO) glass, Ti-nanoxide T/SP. Ti-nanoxide R/SP, 

cis-diisothiocyanato-bis(2,2'-bipyridyl-4,4'-dicarboxylato)ruthenium(II) 

bis(tetrabutylammonium) (N719), 1-butyl-3-methylimidazolium iodide (BMII) were 

purchased from Solaronix SA. 3-(2-Methyl-acryloylamino)propionic acid (MAP) was 

synthesized by following literature.S1 

Field emission scanning electron microscopy (FE-SEM). The morphologies and 

diameters of nanoporous network polymer films on the surface of N719-sensitized 

TiO2 films were determined by field emission scanning electron microscopy (FE-

SEM, Hitachi S-4800).  

Ionic conductivities of nanoporous network polymer film. For the ionic 

conductivity, symmetric cells were fabricated by following procedure. The electrodes 

prepared from the surface-indcued polymerization and FTO conducting glass were 

assembled and sealed as a sandwich using a transparent 60 m thick surlyn spacer 

(DuPont) by hot pressing. The interelectrode space was filled with the electrolyte 

solution through the predrilled hole in the FTO conducting glass surface, and the 

holes were covered with the Surlyn sheet and a thin cover glass, followed by heating. 

The electrolyte was consisted with 0.6 M BMII, 0.05 M LiI, and 0.03 M I2 in a 

mixture of AN and VN (85:15 v/v). Ionic conductivity was measured by AC 

impedance spectroscopy a computer-controlled potentiostat(SP-200, BioLogic) under 

dark conditions. The frequency range examined was 1 MHz to 1 Hz at room 

temperature, and the impedance spectra were recorded at a potential of 0 V with an 

amplitude set at 50 mV. A conductivity () was calculated using the equation ( = d / 

(Rb×A), where where d is the distance between the two electrodes (42 m), A is the 

active area of the device (0.25 cm2), and Rb is the bulk resistance obtained from the 

electrochemical impedance spectrum). From the measured spectra, bulk resistances of 

nanoporous network polymer film were taken at the intercept of the Nyquist plot with 
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the real axis of the impedance spectra [imaginary (-Z'') v.s. real (Z')], then, the ionic 

conductivities were obtained from the bulk resistances found in the impedance 

diagrams. 

Fabrication of DSCs. The FTO conducting glass for the substrate was washed using 

the washing method described above. The prepared FTO conducting glass was treated 

with 40 mM TiCl4 aqueous solution at 70°C for 30 min and rinsed with deionized 

water and ethanol to support good mechanical and chemical adhesion at the interface 

between the transparent TiO2 layer and the FTO conducting glass. The nanocrystalline 

TiO2 photoanode consisted of a double-layered film. A 20 nm sized TiO2 particles 

were screen-printed onto the TiCl4-treated FTO surface. The transparent film 

thickness was controlled by reapplication using a similar printing process. The second 

light-scattering layer was prepared by screen-printing 400 nm anatase particles onto 

the transparent layer. For liquid junction DSCs, the thicknesses of the transparent 

layer and scattering layer was 6 μm and 2 μm, respectively, measured using an Alpha-

Step 500 Surface Profilometer (Tencor Instruments, USA). The double layer prepared 

on the FTO glass was sintered at 500°C for 15 min according to a programmed 

heating procedure. After cooling to 60°C, the nanocrystalline TiO2 electrode was 

immediately immersed in a dye solution to minimize moisture adsorption. The dye 

solution consisted of 0.3 mM N719 sensitizer in AN and tert-butanol (1:1 v/v). The 

control electrode was prepared by the TiO2 electrodes were immediately immersed in 

the dye solution for 18h. The counter electrode was prepared by introducing two 

holes, using a sandblasting drill, into the FTO conducting glass for the substrate. The 

substrate was subsequently washed using the washing method described above. The 

Pt paste was spread onto the predrilled FTO conducting glass and subsequently 

sintered using a programmed heating procedure. The dye-coated photoanode 

encapsulated with nanoporous network polymer film and counter electrode were 

assembled and sealed as a sandwich using a transparent 60 m thick surlyn spacer 

(DuPont) by hot pressing. The inter-electrode space was filled with the electrolyte 

solution through the predrilled hole in the counter electrode surface, and the holes 

were covered with the Surlyn sheet and a thin cover glass, followed by heating. The 

electrolyte was consisted with 0.6 M BMII, 0.03 M I2, 0.1 M guanidinium 

thiocyanate, 0.05M, LiI, and 0.5 M 4-tert-butylpyridine in a mixture of AN and VN 

(85:15 v/v). In case of EC and PC based DSCs with liquid and quasi-solid electrolyte, 
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the thicknesses of the transparent layer and scattering layer was 9 μm and 6 μm, and 

the electrolyte was consisted with 0.1 M I2, 0.4 M TBAI, 0.6 M BMImI, 0.1 M 

GuSCN, and 0.5 M tBP in a mixture of EC and PC (4:1 v/v). For quasi-solid state 

DSSCs, the electrolyte was soaked onto polymer network membrane. The Pt coated 

FTO glass were covered on a working electrode and pressed. 

Photoelectrochemical measurements. A 150 W xenon light source (Model No. 

94022A, Oriel) was used to apply an illumination power of 100 mWcm–2 (the 

equivalent of one sun at AM 1.5) to the surface of the solar cell to simulate solar light 

irradiation. The incident light intensity was calibrated with reference to a Si solar cell 

equipped with an IR cutoff filter (KG-5, Schott). Comparison of the simulated light to 

the true solar spectrum in the region 350–750 nm determined a spectral mismatch of 

less than 2%. The I–V characteristics were obtained by measuring the photocurrent 

generated by the cells (under an applied external bias) using a Keithley model 2400 

digital source meter (Keithley, USA). The voltage step and delay time for the 

measurement were 10 mV and 40 ms, respectively. For the influence of the 

temperature on the long-term stability of DSC, devices are aged in hot-air ovens at 

65oC in dark condition. 

Diffusion coefficients. The steady-state voltammograms were carried out on a SP-

200 (BioLogic) electrochemical workstation at room temperature and scan rate was 

10 mV/s. The electrolyte was consisted with 0.1 M I2, 0.4 M TBAI, 0.6 M BMImI, 

0.1 M GuSCN, and 0.5 M tBP in a mixture solvent of nonvolatile EC/PC (4:1 v/v), 

and was sandwiched between two identical platinized conducting glasses. Thicknesses 

of electrolyte were controlled to 15, 30, 45, and 60 m.  

 

Cross-sectional SEM images of neat TiO2 and TiO2 encapsulated network 

polymer 
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Nyquist plots and Bode plots of devices employing liquid (control) and network 

polymer electrolyte (Q-DSC) 

 

Fig. S3 (a) Nyquist and (b) Bode plots for devices employing liquid (control) and mul

tifunctional  network polymer membrane electrolytes (Q-DSC) as measured using ele

ctrochemical impedance spectroscopy (EIS) in the dark under -0.75 V applied voltage 

and 50 mV amplitude. 

Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2013



I-V 

 

Fig.

sens

sens

elec

 

 

 

 

 

Sum

inte

 

Tab

the 

  

 

Ref

S1 
200

V curves of d

. S4 I-V cur

sitized TiO2

sitized anod

ctrodes were

mmary of r

erfaces of T

ble S1. Summ

interfaces o

ference 

S. Varg
01, 105, 536

devices hav

rves of Devi

2 anode and

de encapsula

e sandwiche

recombinat

TiO2 anodes

mary of rec

of TiO2 anod

De

Co

Q-

ghese, A. K.
68. 

ving TiO2/P

ice A and D

d Pt electrod

ated networ

ed by clips.

ion resistan

s 

combination

des. 

evice 

ontrol 

-DSC 

. Lele, D. Sr

Pt interface

Device B. D

de, and Dev

rk polymer 

Scan rate w

nces (Rrec)

n resistances

Rrec () 

117.5 

148.4 

rinivas and 

e and TiO2-

evice A wa

vice B was c

film and Pt 

was 50 mV/

and electro

s (Rrec) and

n (m

19.1

28.1

R. A. Mash

-polymer/P

 

s consisted 

consisted wi

electrode. T

s. 

on life time

electron lif

ms) 

0 

6 

helkar, J. Ph

Pt interface

with N719 

with N719 

Then, two 

es (n) at th

fe times (n)

hys. Chem.,

e 

) at 

 B 

Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2013



<<
  /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
  /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

  /CreateJDFFile 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


