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demonstrated that a range of layered host compounds can be 

homogeneously exfoliated into unilamellar 2D crystallites 

through soft-chemical processes that involve intercalation and 

swelling of the structures.3,19,20 To date, a number of oxide and 

hydroxide unilamellar nanosheets have been reported. Typical 5 

members of this class include Ti1-xO2
4x-, MnO2

0.4-, Ca2Nb3O10
-, 

Cs2W11O36
2-, M2+

1-xM
3+

x(OH)2
x+ (M2+ = Mg2+, Co2+, Ni2+, Zn2+…, 

M3+ = Al3+, Co3+…).3 Because of their considerable diversity 

with respect to composition and structure, these nanosheets can 

exhibit a range of physical properties.21-22 Among these 10 

nanosheets, titania nanosheets of Ti0.91O2
0.36- and Ti0.87O2

0.52-23 are 

particularly important because of their versatile functionalities, 

such as highly efficient absorption of UV light, superior 

photocatalytic activity and dielectric properties.24-28 

    Intensive research efforts have been devoted to the 15 

development of functional nanostructured materials and 

nanodevices based on 2D nanomaterials.3-6,21,22 Precise 

organization of the 2D crystallites as building blocks has led to a 

range of advanced functions. In this research direction, the 

heteroassembly of multiple 2D materials has emerged as a key 20 

challenge.3,4,21,22,28 The molecularly thin 2D nanosheet structure is 

ideally suited for being uniformly integrated, which can promote 

intimate interactions between nanosheets. We can expect the 

concerted modulation of the physical properties of individual 

components in such a system, leading to sophisticated functions 25 

that cannot be achieved with a single material. In practice, a 

couple of reports have demonstrated the effectiveness of this 

strategy. For example, heteroassemblies composed of graphene 

and transition metal dichalcogenides, typically MoS2, or h-BN 

nanosheets were created as vertically aligned field-effect 30 

transistors (FETs), and excellent performance, such as high 

current density and high on/off ratio, was demonstrated.29,30 High 

photosensitivity was also reported for such heteroassemblies, 

indicating that these systems have promising applications as 

highly efficient flexible photovoltaic devices.18 We have adopted 35 

a similar approach for oxide nanosheet systems and demonstrated 

the evolution of their novel functions: ferroelectricity in the 

heteroassembly of dielectric nanosheets of LaNb2O7
-/Ca2Nb3O10

-

,31 photochemical energy conversion in a system composed of 

semiconducting Ti0.91O2
0.36-/redoxable MnO2

0.4-,32 and highly 40 

enhanced magneto-optical properties in a superlattice film of 

ferromagnetic nanosheets of Ti0.8Co0.2O2
0.4-/Ti0.6Fe0.4O2

0.4-.33 

Based on these promising results, it would be of significant 

importance to explore the heterosystem of graphene/oxide 

nanosheets. For example, if we employ titania nanosheets, new or 45 

enhanced electronic functions may be expected due to their 

photochemical activity and dielectric property. Although there 

have been a couple of reports on the hybridization of GO and 

Ti0.91O2
0.36- nanosheets, alternating integration at the molecular 

level was not demonstrated.15,34,35 Furthermore, the electrical 50 

properties of such a heterosystem have not yet been explored. 

     In the present study, GO and Ti0.87O2
0.52- nanosheets were 

assembled layer-by-layer to produce nanostructured films. The 

results of various characterizations indicated that these two types 

of 2D materials were stacked in an alternating sequence to form a 55 

superlattice structure. We observed that GO was effectively 

reduced into reduced graphene oxide (rGO) under UV light via 

the photocatalytic action of Ti0.87O2
0.52- nanosheets, which may be 

due to the molecular-level intimate contact between GO and 

Ti0.87O2
0.52-. A FET device was fabricated, employing the 60 

resulting rGO/Ti0.87O2
0.52- film as a channel material. The rGO in 

the film was observed to function as an n-type unipolar conductor 

with significantly enhanced conductivity and electron carrier 

mobility. 

2. Experimental section 65 

Preparation of films by layer-by-layer method and 

photocatalytic reduction of GO  

Details of the preparative procedures for GO and titania 

nanosheets are given in the Electronic Supplementary 

Information (ESI). GO and Ti0.87O2
0.52- nanosheets were adsorbed 70 

in various sequences from their colloidal suspensions onto a 

quartz glass substrate with intermittent dipping into a PDDA 

solution (20 g dm-3, pH = 9). The substrate was immersed in each 

solution for 20 min, rinsed thoroughly with ultrapure water and 

dried with a N2 gas stream. AFM (SPA400, Seiko Instruments 75 

Inc.) was used to characterize the coverage of monolayer films on 

the silicon substrates. UV-visible absorption spectroscopy 

(SolidSpec-3700 DUV spectrophotometer, Shimadzu) was used 

to monitor the fabrication of the multilayer films and the GO 

reduction process upon UV illumination. X-ray photoemission 80 

spectra (XPS) (Theta probe Thermo Electron) was employed to 

examine the GO reduction process. The structural changes in the 

films before and during the reduction process were characterized 

by X-ray diffraction (XRD) (Rigaku RINT 2200 powder 

diffractometer with monochromated Cu Kα radiation, λ = 0.15405 85 

nm). The electrical conductivities of the heterostructured films 

before and during the photocatalytic reduction were measured by 

a resistance meter (MCP-HT450, Mitsubishi Chemical Analytech) 

with a coaxial two-electrode probe. 

  90 

 Device measurements 

The electrical transport properties of the (rGO/Ti0.87O2
0.52-)10, 

(rGO)10 and (Ti0.87O2
0.52-)10 films were examined by fabricating 

FETs with these films as channel materials on heavily doped Si 

substrates as gate electrodes. Ti/Au electrodes were fabricated on 95 

the film as source and drain terminals via EBD. The transistor 

current–voltage characteristics of the three films were measured 

under vacuum (<10−3 Pa) with a source-to-drain voltage (Vds) of 1 

V using a Keithley 4200-SCS parameter analyzer with a low-

temperature probe system from Nagase Electronic Equipment 100 

Service. The samples were exposed to UV light prior to the 

measurement to remove adsorbed oxygen molecules. 

3. Results and discussion 

GO was prepared using the modified Hummers’ method,10 and 

the Ti0.87O2
0.52- nanosheets were produced via the soft-chemical 105 

exfoliation of a layered titanate, K0.8Ti1.73Li0.27O4.
36 The 

unilamellar nature of the as-prepared GO and Ti0.87O2
0.52- 

nanosheets was confirmed by atomic force microscopy (AFM) 

observation (Fig. S1), which indicated that these nanosheets had 

thicknesses of ~0.8 nm and ~1.2 nm, respectively. Because GO 110 

and Ti0.87O2
0.52- are negatively charged, we assembled these 

nanosheets layer-by-layer using poly(diallyldimethylammonium) 

(PDDA) chloride as the cationic linker (Scheme 1). Optimizing  
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Scheme 1 Process for fabricating (PDDA/GO/PDDA/Ti0.87O2

0.52-)n superlattice films via the layer-by-layer method.

the deposition parameters to attain dense packing of these 

nanosheets is of critical importance for constructing well-stacked 5 

multilayer structures. Because the nanosheet concentration is one 

of the most important deposition parameters, we examined the 

concentration dependence of the surface coverage with GO sheets  

by AFM observations while fixing the other parameters (pH = 9,  

deposition time = 20 min). The surface coverage increased as the  10 

concentration in the suspension increased (Fig. S2-S3). We 

determined that 0.04 g dm-3 was optimum for GO, at which the 

coverage reached 90% for the substrate surface, 50% for the 

monolayer region and 40% for the overlapped patches (Fig. 1a). 

In contrast, a total coverage of 90% by Ti0.87O2
0.52- nanosheets, 15 

with a monolayer region coverage of 50%, was attained (Fig. 1b) 

at an optimized nanosheet concentration of 0.08 g dm-3, 

established in our previous study.24  

     We constructed hetero-assembled films of 

(PDDA/GO/PDDA/Ti0.87O2
0.52-)n and multilayers of (PDDA/GO)n 20 

and (PDDA/Ti0.87O2
0.52-)n by repeating the deposition of each 

nanosheet with PDDA in a designated sequence. Fig.  1c presents 

the AFM image of a film of PDDA/GO/PDDA/Ti0.87O2
0.52- 

fabricated on a Si substrate, in which smaller Ti0.87O2
0.52- 

nanosheets were resolved on top of larger GO sheets. The 25 

assembly process on a quartz substrate was monitored using UV-

visible absorption spectra. GO and Ti0.87O2
0.52- exhibited different 

absorption profiles. Enhancement in the absorbance due to GO 

and Ti0.87O2
0.52- was observed after each deposition, which 

suggests that the target nanostructured films were successfully 30 

constructed (Fig. 1d and S4). XRD was used to characterize these 

multilayer films. The peaks that appeared at 5-10° result from the 

lamellar structures of the stacked nanosheets (Fig.  1e). The 

intersheet spacings for (PDDA/GO)10 and (PDDA/Ti0.87O2
0.52-)10 

of 1.25 and 1.46 nm, respectively, were similar to those reported 35 

in the literature.24 The XRD pattern for the 

(PDDA/GO/PDDA/Ti0.87O2
0.52-)5 films showed a Bragg peak 

centered at 2θ = 6.5°, indicating a spacing of 1.35 nm. This value 

coincides with an average intersheet distance of ((1.25+1.46)/2) 

for the two systems composed of each nanosheet and PDDA. 40 

This result strongly suggests that the observed peak is a second-

order reflection of a superlattice structure of alternately stacked 

GO/Ti0.87O2
0.52- connected by PDDA (Fig. S5). We calculated the 

intensities of the basal reflections based on the supercell model, 

obtaining I001/I002/I003 = 8/100/10 (Fig. S6). The calculated 45 

intensity of the second-order peak is considerably greater than 

that of the first-order peak, which is consistent with the 

experimental data. These results provide strong support for the 

successful formation of the designed superlattice film of 

Ti0.87O2
0.52- and GO.   50 

     The reduction of GO has been achieved using several different 

processes, typically via treatment with a reducing agent such as 

hydrazine, annealing under an inert-gas atmosphere or vacuum, 

and exposure to UV light.9,13,15,34,37-42 Although the first two 

procedures work well, they have some disadvantages: removal of 55 

carbon atoms and incompatibility with the electronics industry 

because of the annealing at high temperature,37,39 the unstable 

chemical doping, dispersion problem in suspension and use of 

environmentally unfriendly agent such as hydrazine.41,42 UV 

treatment is generally not efficient.43-46 In light of these 60 

disadvantages, photocatalytic reduction may be useful and 

effective because of its gentle, clean and controllable nature. 

However, to date, much less attention has been paid to the 

photocatalytic reduction of GO. 

     We previously reported that titania nanosheets exhibit efficient 65 

photocatalytic activity upon UV irradiation to decompose organic 

compounds or to induce superhydrophilicity.24,47,48 In the present 

system, photogenerated electrons are expected to transfer from 

the Ti0.87O2
0.52-  nanosheets to GO, thereby reducing the GO to 

remove oxygen-containing functional groups and to restore the 70 

sp2 network. Thus, the film of (PDDA/GO/PDDA/Ti0.87O2
0.52-)5 

fabricated on quartz substrates was exposed to UV light (λ = 270-

400 nm, 2.5 mW cm-2). A controlled UV treatment was 

performed on the (PDDA/Ti0.87O2
0.52-)10 and (PDDA/GO)5 films. 

Under UV illumination, the color of the hetero-assembled film 75 

changed from light yellow to brown and finally to dark brown, 

particularly during the first 3 h (Fig. 2a). This color change 

should be attributed to the reduction of GO. The UV-visible 

absorption spectra provide more quantitative information 

regarding the color change (Fig. S7). The as-deposited films of  80 

(PDDA/GO/PDDA/Ti0.87O2
0.52-)5 and (PDDA/Ti0.87O2

0.52-)10 

exhibited a sharp absorption band below 300 nm, which is 

primarily due to the Ti0.87O2
0.52- nanosheets. Upon UV irradiation,  
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Fig.1 Tapping-mode AFM images of (a) GO deposited from a 0.04 g dm-3 suspension onto a Si wafer precoated with PDDA (a), (b) Ti0.87O2

0.52- 

nanosheets deposited from a 0.08 g dm-3 suspension and (c) heteroassembly of GO/Ti0.87O2
0.52- connected by PDDA. (d) UV–visible absorption spectra for 

the assembly process of (PDDA/GO/PDDA/Ti0.87O2
0.52-)5. (e) XRD patterns for the films of (PDDA/Ti0.87O2

0.52-)10, (PDDA/GO)10 and 5 

(PDDA/GO/PDDA/Ti0.87O2
0.52-)5 shown as blue, black and red traces, respectively. 

the baseline from the hetero-assembled film was noticeably 

enhanced over the entire spectral range, which is characteristic of 

metallic materials, whereas the absorption band remained 

unchanged. This result should be attributed to graphene or rGO, 10 

which is known to exhibit a wide absorption band in the 

wavelength range from 300 nm to 6 µm.7 In contrast, such a 

change was not observed for the latter film. Our previous study 

revealed the photocatalytic decomposition of PDDA into 

NH4
+/H+, which does not bring about color change.25 It is 15 

reasonable to assume that both the reduction of GO and the 

degradation of PDDA occurred in the hetero-assembled film. The 

resultant NH4
+/H+ should act as counter ions to bind rGO and 

Ti0.87O2
0.52- nanosheets. Fig. 2b presents X-ray photoelectron 

spectra (XPS) of the film before and after the UV treatment. 20 

Although quantitative analysis on the degrees of reduction is 

difficult, it is apparent that the majority of carbon bound to 

oxygen was reduced by the treatment. As a control, the 

(GO/PDDA)5 film was reduced by annealing under vacuum at 

400 °C for 1 h. The XPS spectrum of the film produced using this 25 

standard annealing process is similar to that of the hetero-

assembled film after the UV treatment, suggesting that a similar 

d e g r e e  o f  r e d u c t i o n  w a s  a t t a i n e d  ( T a b l e  S 1 ) . 

     The optical absorption enhancement in the visible to IR range 

for (PDDA/GO/PDDA/Ti0.87O2
0.52-)5 was observed primarily 30 

within the first 3 h (Fig. 2c), indicating that the reduction of GO 

can be rapidly driven to completion. Similar enhancement was 

also observed for (PDDA/GO)5 upon UV exposure, suggesting 

that the reduction of GO only by the UV treatment, as reported in 

previous studies.43-46 However, the reduction rate was much 35 

slower; the absorbance after 30 h was less than one half that of 

the hetero-assembled film. It is clear that the photocatalytic 

reduction of GO with Ti0.87O2
0.52- nanosheets is much more 

efficient.   

     Changes in the lamellar nanostructures during the process 40 

were monitored using XRD. The intersheet spacing of the 

(PDDA/Ti0.87O2
0.52-)10 film contracted from 1.46 nm to 0.98 nm 

over 48 h of UV irradiation (Fig. 2d and S8). This change has 

been attributed to the photocatalytic decomposition of PDDA into 

smaller inorganic ions such as NH4
+ and H+.25 The (PDDA/GO)5  45 

film did not show such a notable contraction, which should be 

attributed to the absence of the photocatalyst. In the hetero-

assembled (PDDA/GO/PDDA/Ti0.87O2
0.52-)5 film, the primary 

peak also shifted to a higher angular range, corresponding to a 

change in d-spacing from 1.35 nm to 0.92 nm (Fig. 2d and S8). 50 

Because this peak is the second-order basal reflection from the 

structure as discussed above (Fig. S5), the net contraction of the 

unit structure composed of GO/ Ti0.87O2
0.52- was 0.86 nm (= 2 × 

(1.35-0.92)). This value is nearly two times greater than that 

observed in the (PDDA/Ti0.87O2
0.52-)10 film, suggesting that the 55 

PDDA in the hetero-assembled film would be completely 

decomposed because the PDDA layer is in contact with the 

Ti0.87O2
0.52- nanosheets. Based on this estimation, the contribution 

of the reduction of GO to the intersheet contraction may be 

negligible. Various values for the change in the GO thickness 60 

upon reduction have been reported, depending on the treatments 
and their conditions. Contraction of 0.4-0.5 nm have been 

frequently observed in the rather powerful chemical or thermal 

reduction processes, as a result of the removal of functional 

groups and transition to a hydrophobic nature.9,39 These data 65 

suggest that the photocatalytic process is milder than the 

chemical and thermal reduction process. Nevertheless, the sheet 

resistance of (PDDA/GO/PDDA/Ti0.87O2
0.52-)10 decreased by 

more than six orders of magnitude (Fig. 2e) during 3 h of UV 

irradiation, which was comparable to the decrease in resistance 70 

achieved through the conventional chemical reduction and 

annealing methods.39-41,49,50 The photocatalytic reduction of GO  
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Fig.2 (a) The color change of the (PDDA/GO/PDDA/Ti0.87O2

0.52-)5 film upon UV light illumination (λ = 270-400 nm, approximately 2.5 mW cm-2). (b) 

High-resolution XPS data for C1s peak: (PDDA/GO/PDDA/Ti0.87O2
0.52-)5 before (1) and after (2) the UV treatment; (PDDA/GO)5 before (3) and after (4) a 

thermal reduction process under vacuum at 400 °C for 1 h. The peaks arise from C-C, C=C, C-H (285.0 eV), C-N (285.9 eV), C-OH (286.4 eV), C-O-C 5 

(287.2 eV), C=O (287.7 eV) and COO (288.8 eV) are shown as blue, red, brown, light blue, green, and yellow dash traces, respectively. (c) The 

absorbance at 1300 nm as a function of the UV illumination time for films of (PDDA/Ti0.87O2
0.52-)10, (PDDA/GO)5 and (PDDA/GO/PDDA/Ti0.87O2

0.52-)5 

shown as blue, black and red traces, respectively. (d) The change in the basal spacing of the films of (PDDA/Ti0.87O2
0.52-)10, (PDDA/GO)5 and 

(PDDA/GO/PDDA/Ti0.87O2
0.52-)5 shown as blue, black and red traces, respectively. (e) The change in the sheet resistance of (PDDA/GO/PDDA/Ti0.87O2

0.52-

)10 film as a function of the UV illumination time. 10 

was investigated using TiO2 nanoparticles as almost only one 

example, which reported a limited enhancement (approximately 

10 fold) in conductivity.38 The smaller improvement may be due 

to the fact that dense/homogeneous contact between GO and 

nanoparticles is difficult to attain. In contrast, in the present 15 

system, the GO sheets are in intimate face-to-face contact with 

the Ti0.87O2
0.52- nanosheets. 

     In addition to the efficient enhancement in conductivity, the 

present photocatalytic reduction of GO has other benefits, being 

free from difficulties for the other processes such as 20 

uncontrollable side reactions or undesirable chemical doping. 

Based on these aspects, this photocatalytic reduction method may 

provide a competitive option for applications in electronics.    

     Subsequently, we fabricated FETs using the resulting 

(RGO/Ti0.87O2
0.52-)10 film as a channel material on a heavily 25 

doped Si substrate as a gate electrode, and we expected some 

intriguing electrical transport properties for the unique 

superlattice system. The structure of the FET device is illustrated 

in Fig. 3a. We also fabricated a FET device based on a (rGO)10 

film produced using the thermal reduction method. As described 30 

above, the XPS data revealed that this process result in the 

simultaneous reduction of GO and decomposition of PDDA.  

     Good ohmic contact was observed from the linear current- 

voltage relationships between the source and drain (Ids–Vds) for  
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Fig.3 (a) Schematic diagram of the FET device. (Inset: an optical micrograph of one device, showing two 400 × 400 µm Ti/Au electrodes (channel length: 

40 µm, width: 400 µm), deposited on the multilayer films by EBD.) (b) Ids–Vds curves for (rGO)10 and (rGO/Ti0.87O2
0.52-)10 at Vgs = 0 V. (c) G–Vgs curves for 

(rGO)10. (d) G–Vgs relationship for the (rGO/Ti0.87O2
0.52-)10. 5 

the FETs based on both (rGO/Ti0.87O2
0.52-)10 and (rGO)10 (Fig. 3b). 

Their resistances were 7.7 × 104 and 8.3 × 105 Ω, respectively 

(Fig. 3b), which could be converted into sheet resistances of 7.7 × 

105 and 8.3 × 106 Ω square-1. The value for (rGO/Ti0.87O2
0.52-)10 is 

very close to that obtained using the coaxial two electrodes probe 10 

(Fig. 2e), which indicates that the influence of the contact 

resistance between the electrodes and the channel materials in 

this system is negligible. The conductivity of rGO in the hetero-

assembled film was more than one order of magnitude greater 

than that of the rGO obtained by thermal annealing. Based on the 15 

conductance–gate voltage (G–V) curves (Fig. 3c and d), the 

electron carrier mobility for the (rGO)10 and (rGO/Ti0.87O2
0.52-)10 

was determined to be 0.017 and 0.227 cm2 V-1 s-1, respectively. 

This result reflects the advantageous aspects of rGO produced 

using the photocatalytic reduction process with Ti0.87O2
0.52- 20 

nanosheets.  

     The conductive polarity of the FET based on the 

(rGO/Ti0.87O2
0.52-)10 film was unipolar, which is in contrast to the 

ambipolar conductive polarity for the FET based on rGO only 

(Fig. 3c and d). Because Ti0.87O2
0.52- nanosheets are highly 25 

insulating (Fig. S9), the electron conducting behavior in the 

hetero-assembled film should be governed by the rGO layers. 

Notably, the majority of the rGO-based materials reported are 

ambipolar conductors or unipolar p-type conductors,12,13,39,40,50-56 

but the (rGO/Ti0.87O2
0.52-)10 in this work produced via 30 

photocatalytic reduction is an n-type conductor. This result 

indicates that only electrons induced in the Ti0.87O2
0.52- 

nanosheets can be injected into rGO and that the holes are 

immobile, being trapped in the nanosheets. Electron injection to 

rGO has been reported for several channel systems coupled with 35 

various titania materials. This behavior has been understood in 

terms of the more negative position of the conduction-band edge 

of titania materials than that of rGO.38,57 Conversely, there may 

be several possible explanations for the fact that holes cannot be 

doped from Ti0.87O2
0.52- nanosheets to rGO, such as more positive 40 

valence-band edge of rGO or the presence of hole scavengers in 

the vicinity of Ti0.87O2
0.52- nanosheets. A clear conclusion awaits 

further in-depth investigation. 

     The temperature-dependences of the transport properties were 

measured to gain insights into the charge transport mechanism in 45 

the (rGO)10 and (rGO/Ti0.87O2
0.52-)10 films (Fig. 4a and b). As the 

temperature decreased, the conductance significantly decreased 

and the on/off ratio slightly increased (Fig. S10). A similar 

behavior has been observed in GO-based composites and 

individual GO layers.12,52  50 

     Changes of ln(Gmin) as functions of T-1/3 are plotted in Fig. 4c. 

The data from both (rGO/Ti0.87O2
0.52−)10 and (rGO)10 films can be 

fitted linearly to the 2D variable range hopping (VRH) model, 

suggesting a major contribution of carrier hopping in and 

between the rGOs to the conductance.12,51,53 The fitted slopes are 55 

slightly different between the higher and lower temperature 

regions, particularly for the (rGO/Ti0.87O2
0.52-)10 film. It has been 

reported that thermal activation of charge carriers also contributes 

to the temperature dependence of the conductivity in rGO.12,51 As 

described in the following section, we expect that the 60 

conductivity in the higher temperature regions is particularly 

enhanced by the thermal activation of carrier mobility and 

concentration, and such an effect of the excitation is more 

pronounced in the (rGO/Ti0.87O2
0.52-)10 film than the (rGO)10. 

     The channel material of (rGO/Ti0.87O2
0.52-)10 is composed of 65 

alternately stacked rGO and Ti0.87O2
0.52- micron-sized nanosheets. 

As shown in Fig. 1, each layer of GO and Ti0.87O2
0.52- consists of  
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Fig.4 Temperature-dependent G–V curves for the films of (rGO)10 (a) and (rGO/Ti0.87O2

0.52-)10 (b). (c) ln(Gmin) as functions of T−1/3 for (rGO/Ti0.87O2
0.52−)10 

and (rGO)10 films. (d) The carrier mobility as a function of the reciprocal of the temperature. (e) The intrinsic electron carrier concentration as a function 

of the reciprocal of the temperature. 5 

many 2D nanosheets that possess overlaps and gaps between 

them. This indicates that the GO layer as a conduction path has 

many boundaries, and the carriers move within and between 

different rGO sheets. The temperature dependence of the carrier 

mobility is depicted as a function of T-1, showing the inflection 10 

points (broken-line circles) in Fig. 4d, which roughly correspond 

to those in Fig. 4c. The carrier mobility exhibits considerably 

larger temperature dependence and enhanced values in the range 

above the transition points. The increase in carrier mobility is 

larger for (rGO/Ti0.87O2
0.52-)10 than for (rGO)10, suggesting that 15 

the carrier transport in rGO nanosheets is activated more easily in 

those produced via photocatalytic reduction with Ti0.87O2
0.52- 

nanosheets (Fig. 4d).  This behavior is likely due to the reduced 

energy barriers for carriers transferring between the rGO sheets 

being sandwiched with Ti0.87O2
0.52- nanosheets that have a very 20 

high dielectric constant. In addition to this dielectric shielding 

effect, the better in-plane structure of rGO produced via 

photocatalytic reduction with Ti0.87O2
0.52- nanosheets may also 

contribute to it to some extent. When the temperature exceeded 

the transition at 240 K, the carrier concentration also significantly 25 

increased (Fig. 4e), most likely due to the activation of carriers 

from defects and doping states,12 contributing to the substantial 

increase in conductance at temperatures above 240 K.  

4. Conclusions 

Genuine superlattice films of GO/Ti0.87O2
0.52- have been 30 

successfully fabricated through the solution-based layer-by-layer 

assembly technique. UV irradiation effectively activated the 

photocatalytic reduction of GO sheets within a few hours. The 

sheet resistance of the film was decreased by six orders of 

magnitude in this process. This photocatalytic reduction of GO 35 

sheets is competitive with the well-studied chemical or thermal 

reduction methods in terms of its limited side effects. The in-

depth examination of the transport properties of FET devices 

fabricated with the superlattice rGO/Ti0.87O2
0.52- film as a channel 

material revealed that the rGO sheets in the film function as a 40 

unipolar n-type conductor. Significant improvements in the 

conductivity and electron carrier mobility of the rGO film by 

more than one order of magnitude were attained as a result of the 

heteroassembly with photocatalytic and dielectric oxide 

nanosheets at the molecular level. 45 
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