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Figure S1. HR-TEM image of as-prepared 'I'z'@anopa?ticles.
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Figure S2. XRD pattern for as-prepared TiOhanoparticles. The pattern shows that the
corresponding diffraction peaks agree well with thiffraction line peaks for anatase in

JCPDS 21-1272.
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Figure S3. Raman spectrum for as-prepared Jm@noparticles.
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Figure $4. FE-SEM image (left) and Raman spectrum (right) To(200nm)/FTO substrate
calcined at 450 °C for 30 min, showing that thetasea TiQ film was formed and adhered to

the FTO substrate.

Figure S5. FESEM images of cross section of i@ um)/Ti (200nm)/FTO substrate which
was hydrothermally reacted in a 10 M NaOH aqueabhstisn in a Teflon-lined autoclave
reactor (internal capacity of 25 mL), heated at 130for 2 h, illustrating that a chain-like

network partially formed on the top surface of Th@, layer.
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Figure S6. FESEM of chain networlphotoanode. The inset image shows one of the pearl-

necklace chains
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Figure S7. FE-SEM image of P25 (Degussa) nanoparticle-basedophodes, The image
shows that chain-like networks are obtained whem BR25 (Degussa) nanoparticles are
employed as the Ti#Olayer in the sandwich-layered system. Notably, rimegklace

chains/fibers made of TiO nanoparticles clearky formed under the same alkali

hydrothermal processing conditions.
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Figure S8. Raman spectrum for representativept2-thick chain-networked photoanode.
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Figure S9. Bode phase plot of nanoparticle-based and chdimemked devices in a)liquid
electrolyte and b)oligomer electrolyte. All devicesre measured under the open-circuit
voltage condition at 1 sun. Fig. 4b, the characteristic peak frequency in the ceraralof
both devices is the same; however, it is lower ttiet of the liquid devices, and no shift is
observed in the Bode phase pletg. S9b). This indicate that relative to the liquid eletjte,

the charege recombination rate in both devicesrgrassed in oligomer electrolyte.
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Table S1. Photovoltaic parameters of the liquid electrollytesed dye-sensitized solar cells.

The active areas were about 0.196.cm

Photoanodes Jsc Voc FF Efficiency  Dye-loading
(mA cm®) V) (%) (107 mol/L)
I 1
Chain network 15.48 £ 0.73 0.74+0.01 0.68320. 7.72+0.43 31.1
Nanoparticles 16.28 + 0.46 0.72+£0.02 0.712008.25+0.26 58.9

Table S2. Photovoltaic parameters of the oligomer electelyased dye-sensitized solar cells.

The active areas were about 0.283.cm

Photoanodes Jsc Voc FF Efficiency
(mA cm®) V) (%)

Nanoparticles (12m) 6.58+0.62 058+0.02 047+0.C6 1.83%0.10
Chain network (#m) 9.05+0.85 0.60+0.02 040+0.C2 2.13%0.17

Chain network (1zm) 9.23+0.35 0.61+0.02 0.44x0.C4 249%0.23






