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Gold Nanoparticles Immobilized on Crystalline 

Titanate Fibres and Shuttling Effect of Charges in 

Solar Photocatalysis 

Blain Paul a, Kwang-Ho Choo a,b,*, Gajanan S. Ghodake b, Daesung Lee b 

This study focuses on understanding the intriguing nature of charge transfer processes between 

immobilized gold nanoparticles (AuNPs) and bi-crystalline titanate nanofibre substrates in 

solar light photocatalysis. Colloidal AuNPs with an average diameter of 20 nm were stably 

immobilized on titanate bi-crystals via casein-derived peptide linkers. The peptide linking 

method was adopted in order to attach the same amount of AuNPs onto two different bi-

crystalline titanate fibres, i.e., H-titanate fibres with anatase patches (TiH-A) and TiO2-B fibres 

with anatase patches (TiB-A). The peptide cap surrounding the AuNPs was removed by 

combustion at 200°C, leaving the AuNPs firmly bound to the titanate fibres. A pronounced 

charge transfer effect was observed in the photocatalysis investigation of the two types of bi-

crystalline fibres. Facile shuttling of photoexcited charges between the anatase sheathed TiO2-

B fibres and AuNPs contributed significantly to the solar photocatalytic performance. In 

contrast, anatase sheathed H-titanate fibres were ineffective for enhancing the photoactivity 

after immobilization of gold particles. H-titante and TiO2-B phases are known to be 

photocatalytically inactive under visible irradiation; however, alignment of the conduction 

band of TiO2-B with anatase in the decorated fibres facilitated shuttling of charges by 

precluding fast recombination of electrons and holes. When the TiO2-B phase was present in 

the bi-crystals, solar driven photocatalysis was enhanced, as evidenced by phenol degradation 

and photocurrent measurements. 

 

 

 

 

Graphical Abstract 

 

 

 

INTRODUCTION 

The solar energy delivered to the Earth's surface in one hour is 

sufficient to fulfil our energy needs for one year.1 In the 

daylight spectrum, UV light (λ < 400 nm) constitutes <4% of 

sunlight, while visible light accounts for >43%.2 Trapping 

sunlight in chemical systems is proposedly one of the best 

solutions to resolve the world's energy crisis; thus, the synthesis 

of new materials and devising novel systems to trap the wide 

spectrum of solar light is very attractive.3 Numerous studies 

have focused on the design of semiconductor photocatalysts 

with specific shapes and functions for light concentration and 

utilization. However, when these materials are refined to nano-

scale dimensions, unwanted or abnormal behaviours are evoked 

due to restricted electron motion under size and shape 

restrictions.2, 4-8 Many of the efforts to improve visible light 

activity based on new molecular designs have ended up with 

opposite results, whereas a key milestone was achieved by 
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minor modification of the photocatalyst without significantly 

modifying the base material.4, 9 

TiO2 based semiconductors are the most stable and highly reactive 

photocatalysts, but are only active under UV irradiation. Several 

successful approaches to absorb visible light with these catalysts 

have been reported and categorized as follows:4, 10-14 substitution or 

interstitial doping with C, F, N, P, and transition metals; 

photosensitization by dyes and metals; noble metal loading (e.g., Pt, 

Au). Noble metals that are photo-chemically deposited onto various 

titania substrates (e.g., nanofibres, nanotubes) accelerate the transfer 

of photo-excited electrons from titania to the surface. These noble 

metals can act as reaction centres (e.g., hydrogen evolving centres in 

water splitting cells) and also absorb visible light by plasmon 

resonance.15-18 Photo-excited electrons in the conduction band (CB) 

of titania are localized in the presence of gold nanoparticles 

(AuNPs); thus, the recombination of electrons to the valence band 

(VB) is delayed, as has been verified by time resolved microwave 

conductivity measurements.19 The localized electrons in AuNPs are 

effectively absorbed by molecular oxygen in the form of highly 

reactive superoxides resulting in significantly enhanced 

photocatalytic activity.20 Several previous findings have reported 

plasmonic activity of AuNPs when present in solution as well as in a 

solid matrix.21-25 It was recently reported that AuNPs loaded on TiO2 

were capable of electron injection into TiO2 under visible irradiation 

due to surface plasmon resonance.17 When noble metal nanoparticles 

(e.g., Au or Ag) are exposed to light, a series of photochemical 

processes occur within the particles. The absorbed energy is rapidly 

converted to heat.26-28 The rate of heat release is a local effect, but 

charge transfer is related to the substrate on which the co-catalysts 

are fixed.29, 30 Light-induced heat generation by AuNPs has some 

plasmonic applications, including surface modification and phase 

transitions.31, 32 The interfacial charge transfer induced by the noble 

metal particles influences the chemical reactions depending on the 

environmental conditions.33, 34 The catalytic behaviour of noble 

metal particles is also affected by their size and shape.35, 36  

The primary aim of the present study is to investigate the effect of 

the type of phases used as support materials on the photocatalytic 

activity of AuNPs immobilized on mixed-phase TiO2 structures. 

Herein, the preparation of stable colloidal AuNPs is performed using 

casein hydrolytic peptides with carboxylic and amino groups. The 

decoration of colloidal AuNPs onto two different bi-crystalline 

titanate frameworks is conducted via a peptide linker, and the 

morphological, spectral, and photocatalytic characteristics of the 

AuNP decorated titanate bi-crystals are evaluated and compared in 

the absence of interfacial peptide capping. The triple and quadruple 

layered catalyst designs are anticipated to find applicability in 

techniques suitable for harvesting solar light in photochemical 

systems based on the insight provided in this report. 

MATERIALS AND METHODS 

Chemicals 

The starting reagents for the preparation of gold particles and titania 

fibres were all purchased from Sigma–Aldrich and were used as 

received.  

Preparation of gold nanoparticles and bi-crystalline fibres 

In a typical preparation of gold nanoparticles, 3.0 mL of 0.5% (wt) 

casein hydrolytic peptides (Sigma-Aldrich, USA) and 0.1 mL of 1 M 

NaOH were added to 15.4 mL water and incubated at 60 °C for 1.0 h 

to reach the operational temperature; a 1.5 mL aliquot of a 20 mM 

solution of gold salt (HAuCl4) was subsequently added. The reaction 

mixture (20 mL) was maintained at 60 °C for 48 h. A colour change 

of the solution to light red indicated the formation of gold 

nanoparticles. The method used to produce the casein hydrolytic 

peptide-assisted gold nanoparticles is simple and highly 

reproducible. 

Synthesis of the bi-crystalline titanate is based on a previously 

reported method.37, 38 First, 6 g of P25 in 80 mL of 10 M NaOH 

solution was vigorously stirred for 1 h and then transferred into a 

Teflon-lined autoclave for 48 h of hydrothermal treatment at 180 °C. 

After cooling to room temperature, the precipitate was washed with 

deionized water and vacuum dried. Finally, the obtained H-titanate 

(TiH) was sheathed with anatase by an acid treatment; the acid 

treated substrate is termed ‘TiH-A’. The acid treatment was performed 

as follows: H-titanate (0.8 g) was placed in 0.05 M HNO3 (80 mL) at 

110 °C for 40 h. Through further calcination at 450 °C for 4 h, the 

core H-titanate phase (TH) was converted to TiO2-B. This modified 

structure is designated as ‘TiB-A’. 

The obtained bi-crystalline titanate fibres (0.3 g) were further treated 

with 2% HF for 30 s (to create H-terminated surfaces) followed by 

washing with deionized water for 60 s. The product with H-

terminated surfaces was thoroughly shaken with 12 mL of a colloidal 

solution of AuNPs for 6 h, filtered for collection, and finally dried in 

an oven at 80 °C for 24 h. The resulting product was calcined at 200 

°C for 2 h in air to remove the surface capping (i.e., peptide) of the 

AuNPs. The anatase decorated H-titanate catalyst after 

immobilization of AuNPs is designated as TiH-AAuNP. The uncapped 

anatase sheathed TiO2-B fibres prepared in a similar manner are 

designated as TiB-AAuNP. 

Characterization of bi-crystalline titanate and gold 

nanoparticles 

TEM images were acquired using a Hitachi H-7600 microscope at an 

accelerating voltage of 120 kV. XRD patterns were recorded using 

CuKα radiation (n = 1.5418 Å) on a Rigaku D/Max-2500 X-ray 

diffractometer operated at 40 kV and 100 mA, at a scanning speed of 

6 degree/min, in the scan range of 10-80 degrees. Fourier transform 

infrared spectroscopy (FTIR) data were recorded on a PerkinElmer 

FTIR instrument (Spectrum GX & AutoImage). The UV-visible 

diffuse reflectance spectra (UV-DRS) of powder samples were 

measured using a UV-2450 Shimadzu spectrophotometer. The 

electron paramagnetic resonance (EPR) spectra (first derivative of 

the absorption curve) were recorded at 130 K using a JEOL JES-TE 

300 spectrometer which was operated at 100 kHz field modulation 

and 1 mW microwave power. The sweep time was 4 min. The g 

values were determined using a di(phenyl)-(2,4,6-

trinitrophenyl)iminoazanium standard. The absorbance spectra of the 

colloidal AuNPs were measured using a UV-visible 

spectrophotometer (Model 8453, Agilent). 
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Evaluation of photocatalytic activity 

Phenol was used to evaluate the photocatalytic activities of the 

fabricated catalysts. The catalyst (0.5 g/L) was added to a 10 mg/L 

phenol solution. The reaction was performed in a completely mixed 

reactor. Aqueous samples were irradiated using a xenon arc lamp 

operated at 150 W (Model 13014, Ushio). The light exit of the xenon 

arc lamp housing was set 35 cm away from the surface of the 

solution in a Pyrex-glass reactor in order to illuminate with a light 

intensity equivalent to 'one sun' (0.1 W/cm2). The phenol 

concentration was determined using a high performance liquid 

chromatograph (SPD-20A, Shimadzu Corp., Japan) equipped with a 

C18 column (Discovery®). 

Photocurrent experiments were carried out on an inert working 

electrode (Pt) immersed in an aqueous suspension of photocatalyst 

(0.5 g/L, 0.95 N NaOH) using methyl viologen (MV2+, 0.5 mM) as 

an electron shuttle, as previously discussed in the literature.39 A 

saturated calomel electrode and a graphite rod were used as 

reference and counter electrodes, respectively. The suspension was 

purged for 30 min using nitrogen gas before being exposed to the 

150 W Xe light source. 

 

RESULTS AND DISCUSSION 

Synthesis and spectroscopic characterization of gold 

nanoparticles and titanate bi-crystals 

Casein hydrolytic peptides were used as reducing and capping agents 

during the synthesis of AuNPs under alkaline conditions. The 

carboxylic groups present in casein peptides may facilitate the 

complexation of metal ions. The amino acid residues present in the 

peptide solution donate electrons to the gold ions and thereby create 

Auo nanoparticles. Capping of AuNPs by the peptides can be 

accomplished by hydrogen bonds involving the amino and 

carboxylic groups, which form N–Au and O–Au bonds, respectively. 

The amino groups of the peptides may stabilize the AuNPs via 

hydrogen bonding while establishing cross-linking. 

The colloidal AuNPs produced by the eco-friendly procedure 

described above are shown in Fig. 1. The AuNPs were stable with an 

average size distribution of around 20 nm in diameter and exhibited 

strong plasmonic resonance at a wavelength of 530 nm (Figure 1b).  

Because the particle size is much smaller than the wavelength of 

light, the AuNPs may exhibit unique light harvesting properties. 

Illumination of the AuNPs induces electron polarization on one spot 

of the gold surface; the polarization then moves to another spot, 

resulting in standing resonance oscillation. The oscillation of 

electron clouds imparts an intense pink colour to the colloidal 

solution of the metallic AuNPs.40 In this study, AuNPs were attached 

to bi-crystalline titanate substrates for efficient harvesting of solar 

light. In the colloidal gold solution, the capping material (e.g., casein 

hydrolytic peptide) surrounding the AuNPs helps prevent 

aggregation of the AuNPs. In addition, the peptide cap acts as a 

linker for immobilization when the AuNPs are loaded onto the OH 

terminated titanate substrate (which will be further discussed in a 

later section). OH-termination of the anatase-sheathed H-titanate 

(designated as TiH-A) and anatase-sheathed TiO2-B (designated as 

TiB-A) nanofibres was carried out as follows: titanate nanofibres were 

immersed in 2% HF for 30 s to replace some of the Ti–O–Ti bonds 

by Ti–F bonds.41, 42 

 

Fig. 1. (a) TEM images of the colloidal AuNPs synthesized. The 

inset (ao) shows the dark pink colour of AuNPs in colloidal form. 

(b) UV-visible absorption spectrum of the AuNPs. 

Hydrolysis of the F–terminated surface was achieved by exposure of 

the sample to pure water for 60 s, and the resulting Ti–OH bonds 

were detected with the aid of FTIR (Fig. 2). The FTIR spectrum of 

the TiH-A sample washed with HF shows the presence of a very 

strong and broad band around 3500 cm-1 that is associated with the 

stretching vibration of Ti–O–H, and a small sharp band around 1600 

cm-1 that is related to deformation of physically absorbed water.43, 44 

Furthermore, a strong but broad band at ~800 cm–1, which is 

associated with Ti–O–H deformation, was observed.45 

Fig. 2. FTIR spectra of H-titanate (TiH) and modified 

frameworks before (designated as TiH-A) and after (designated as 

HF-TiH-A) HF treatment followed by hydrolysis. 

Examination of bi-crystalline titanate structures 

The OH terminal of the bi-crystalline fibres with two different 

structures (TiH-A and TiB-A) was further treated with colloidal gold 

solution. The titanate nanofibres loaded with gold particles were thus 

formed and designated as TiH-AAuNP and TiB-AAuNP. The peptide 

layer between the titanate nanofibres and AuNPs was removed by 
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heating at 200°C. Finally, the co-existence of two titania solid 

phases in the bi-crystalline framework containing gold co-catalysts 

was examined by XRD (Fig. 3). Peaks of pure H-titanate (TiH) were 

observed at 2θ values of 8.1°, 11.2°, 24.7°, 28.02°, 34.5°, and 

48.22°.46, 47 The major diffraction peaks were readily identified for 

the samples of TiH-AAuNP and TiB-AAuNP, suggesting the formation 

of anatase patches on the core fibres. It is clear that TiH-AAuNP 

possesses the same bi-crystalline structure (H-titanate core + anatase 

sheath) as that of TiH-A. The peak corresponding to the anatase phase 

was slightly more intense in the case of TiB-AAuNP, and peaks 

associated with the TiO2-B phase appeared at 14.28° and 28.96°.48 

No peaks related to H-titanate (TiH) were detected for TiB-AAuNP, 

i.e., the peaks at 7.9° and 11.22° disappeared during the calcination 

process. The diffraction pattern of TiB-AAuNP clearly demonstrates 

the bi-crystalline characteristics in which anatase is present over the 

TiO2(B) phases.  

The UV-visible absorption spectra of the bi-crystalline titanate fibres 

with and without AuNP decoration are shown in Fig. 3b. All gold 

decorated samples possess absorption edges extending into the 

visible region. The UV-visible spectra of the gold embedded titanate 

fibres show two distinct absorption bands: one is in the visible 

region at ~550 nm and the other is in the UV region with a strong 

absorption at ~370 nm. The absorption in the visible spectral range is 

attributed to the surface plasmonic effect of the AuNPs. Careful 

examination of the position of the surface plasmon band of the 

AuNP decorated samples revealed a slight red shift in the absorption 

from that of the colloidal solution at 530 nm. Because the plasmonic 

resonance is a surface phenomenon, the red shift of absorption of the 

AuNPs on the titanate bi-crystals could be ascribed to their close 

contact with the anatase substrate (i.e., facile charge transfer through 

the AuNPs). Gold particles could effectively take part in the solar 

light photocatalysis by transferring photoexcited charges via various 

mechanisms; the contribution of the AuNPs to the enhanced 

photocatalytic activity is discussed in a later section.  

 

Fig. 3. (a) XRD patterns of various titanate nanofibres with 

different crystal structures. TiH-A and TiH-AAuNP have the H-

titanate phase (TiH) in their core with patches of the anatase 

phase, whereas TiB-AAuNP contains the TiO2-B (Ti
B) phase in its 

core with anatase patches. (b) UV-visible absorption spectra of 

titanate fibres with and without gold nanoparticle decoration. 

The morphology and microstructural details related to the surface of 

bi-crystalline TiBA and TiB-AAuNP are shown in Fig. 4. The TEM 

image (Fig. 4a) clearly shows the surface topography of the 

nanofibres (TiB-A) before loading the AuNPs. It can be seen that 

crystalline fibres subjected to acid treatment have an uneven surface; 

the induced surface roughness in most plausibly due to the formation 

of anatase patches through acid hydrolysis of the core fibres. The 

AuNPs embedded onto the titanate fibres can be clearly visualized in 

the TEM images. 

 

Fig. 4. High magnification TEM image (a) and photograph (ao) 

of pure powder sample of TiBA before loading with AuNPs; (b), 

(c) and (d) show TEM images of TiB-AAuNP at different 

magnifications. (co) Photograph of a Ti
B-AAuNP sample after 

loading AuNPs on TiA-B. 

Electron paramagnetic resonance characteristics 

EPR spectroscopy can be used to identify various trap sites for 

photo-generated electrons and holes. Fig. 5 shows the difference in 

the EPR signals of two different samples before and after exposure 

to artificial sunlight. The powder samples were exposed to light 

under atmospheric conditions for 600 s to generate paramagnetic 

species; spectra were then acquired at 140 K. Upon photoexcitation, 

the electrons are primarily trapped at the coordinated cations to form 

Ti3+, whereas the holes are trapped on the lattice oxygen atoms to 

form Ti4+‒O�. Signals are observed at g = 2.004 and g = 1.959 in the 

EPR spectra; these signals are respectively due to the photo-

generated holes and electrons that accumulated at the trapping sites 

of anatase.49-51 The electron and hole signals of TiH-AAuNP became 

slightly more intense after photo-irradiation. The valence and 

conduction bands of the H-titanate and anatase phases associated 

with TiH-AAuNP were impossible to align for any kind of interfacial 

charge transport.52, 53 Consequently, the electrons and holes were 

trapped on the lattice. Gold nanoparticles can undergo interfacial 

charge transfer, but no such effect was observed with TiH-AAuNP due 

to fast recombination. Upon photo-irradiation, the intensity of the 

signals derived from the trapped holes and electrons increase 

markedly for TiH-AAuNP. The intensity of the signal for TiH-AAuNP 

(a2) in Fig. 5 increased by a factor of ~2 when compared to that 
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before photo-irradiation (a1), indicating effective trapping of holes in 

TiH-AAuNP. Unlike TiH-AAuNP, the weaker signal for TiB-AAuNP after 

photo-irradiation (b2) is possibly due to its facile migration from 

anatase to the inner core of the TiO2-B phases where the bands are 

aligned with each other.54 This behaviour may provide enough time 

for transfer of electrons to the AuNPs. 

 

Fig. 5. A comparison of g values for the paramagnetic spin 

resonance spectra of air saturated samples observed before (left) 

and after (*right) artificial sunlight irradiation; a1 and a2: Ti
H-

AAuNP; b1 and b2: Ti
B-AAuNP. 

Enhanced photocatalytic activity and mechanisms 

The oxidative decomposition of phenol was evaluated in order to 

compare the solar photocatalytic efficiency of photoinduced charge 

carriers generated in the different bi-crystalline titanate fibres 

decorated with plasmonic AuNPs (Fig. 6a). Figure 6b shows the 

time profiles of the collected current for different samples in aqueous 

suspension under solar irradiation, which indicates the same trend as 

observed for the performance of the catalysts in the degradation of 

phenol. The photocurrent of TiB-AAuNP reached a saturation value 

around 0.12 mA, which was the highest value obtained for the 

samples tested under the same conditions. The plateau of the 

photocurrent curve demonstrates the ability of the catalyst to 

generate photoexcited species and can be used to predict the 

photocatalytic efficiency of the material. Photocurrent measurement 

is a versatile tool for understanding the mechanism of photo-

oxidation reactions; indeed, the effectiveness of the reaction is 

strictly linked to the formation of photoexcited charge carriers and 

recombination. The increase in the saturation value of the 

photocurrent signals for TiB-AAuNP demonstrates that the gold 

particles contribute to the electron-hole excitations. It also highlights 

the fact that decoration of a proper substrate with AuNPs could 

deliver significantly enhanced photocurrent responses.  

 

Fig. 6. (a) Efficiency of photocatalytic degradation of phenol 

with various catalysts. (b) Photocurrents measured at room 

temperature. 

The schematic illustration presented in Fig. 7 is used to explain the 

possible pathways of charge carrier transport that contribute to the 

photocatalytic efficiency of TiB-AAuNP. As seen in Figure 6a, the 

most substantial decomposition of phenol occurred with TiB-AAuNP, 

which has a structure comprising TiO2-B fibres with patches of 

anatase decorated with AuNPs. The highest photocatalytic efficiency 

demonstrated by TiB-AAuNP is attributable to the facile transport of 

charge carriers into the inner core of the TiO2-B phase. TiH-AAuNP is 

composed of a H-titanate inner core, whereas TiB-AAuNP comprises a 

TiO2-B core which would facilitate the transport of charge carriers 

from anatase to TiO2-B. The bandgap energy of TiO2-B (~3.0 eV) is 

narrower than that of anatase (~3.2 eV),54 which allows ready 

transport of charge carriers from anatase patches to the core, 

resulting in an improved separation of excitons.55, 56 The photon 

energy associated with visible light is much lower than that of UV 

light. Surface plasmonic resonance (SPR) effects occurred on 

conduction of electrons in the 6sp energy levels under visible light 

irradiation of the AuNPs. The electrons in the 6sp energy levels are 

excited and redistributed to higher levels in the 6sp bands above the 

Fermi level after absorbing energy from visible light. The excited 

electrons are available to interact with molecular oxygen, and 

positively charged holes are left behind in the lower 6sp energy 

levels after migration of the elections to higher levels. The excited 

electrons remain in higher energy levels for up to 1−0.5 

picoseconds.57 The positively charged holes are available to capture 

electrons from organic species. However, the oxidising power to 

attack organic species may vary depending on the reduction potential 

associated with the holes. The generation of positively charged holes 

and the reduction potential of the holes are directly related to the 

wavelength of visible light from which the holes are generated due 

to electron migration to higher levels. Furthermore, the ability of 

AuNPs to absorb a particular wavelength of light is associated with 

the shape and size of the particles.58 Thus, the generated holes 

possess particular reduction potentials depending on the wavelength 

of light. It is clear that not all organic species can be oxidised with 

generation of holes from plasmonic effects. Some organic molecules 

such as phenol cannot be oxidised with the generation of holes using 

visible light, and the holes generated by UV light is only suitable for 

the destruction of such molecules.59 
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As seen in Figure 7, when the plasmonic AuNPs are in direct contact 

with the anatase phase, charge transfer from the AuNPs to the metal 

and vice versa is operative.60-62 The transfer of excited electrons 

between the AuNPs and semiconductors occurs when there is such 

an alignment. The Fermi levels of the AuNPs (+0.45 V versus NHE) 

and TiO2 (Fermi value of bare TiO2 = ‒0.23 V) are aligned with each 

other when both are in contact.62 The Fermi levels eventually shift to 

become close to the conduction band of anatase. The excited 

plasmonic electrons on the AuNPs remain in the higher energy levels 

only for a fraction of a second given that the plasmonic effect is the 

oscillation of electrons. Thus, recombination of the electrons on 

anatase is delayed, the excited electrons can easily be transferred to 

the AuNPs (route 3), and those electrons are potentially available to 

interact with molecular oxygen (route 2). The delay of 

recombination is facilitated in TiB-AAuNP due to the transfer of holes 

to TiO2-B (route 4). A different scenario is applicable to phenol 

degradation and photocurrent experiments with TiH-AAuNP. Unlike 

TiB-AAuNP, the transport of photoexcited charges from anatase to the 

H-titanate core is hindered in TiH-AAuNP due to the wide bandgap 

(3.4–3.8 eV) of H-titanate.52, 53 In the absence of charge transport 

from anatase to the H-titanate phase, photoexcited electrons 

accumulate in the conduction band, which causes back reactions and 

fast recombination. Fast recombination precludes electron migration 

(route 3) from the conduction bands of anatase to higher energy 

levels of the gold particles. Hence, the electrons are not available to 

interact with molecular oxygen. 

 

Fig. 7. Schematic illustration of the photocatalysis process 

showing the proposed structural arrangements and possible 

charge carrier transport pathways associated with TiB-AAuNP.  

Conclusions 

Two different photocatalytic designs with anatase patches on either 

TiO2-B fibres or H-titanate fibres decorated with AuNPs were used 

to illustrate the mechanism for improving the efficiency of sunlight 

harvesting using AuNPs. AuNPs were synthesised via reduction of 

gold ions (Au3+) by casein hydrolytic peptides, which enabled the 

production of stable gold nanoparticle colloids. Decoration of the 

nanofibres composed of two different bi-crystalline titanate phases 

(anatase on H-titanate core and anatase on TiO2-B) with colloidal 

AuNPs was successfully achieved. Linking between AuNPs and 

titania was achieved by exploiting peptides as a capping agent for 

the AuNPs. The interfacial peptide layer functioned as a bridge 

between the AuNPs and bi-crystalline nanofibres, and was later 

removed by heating at 200 °C. Enhanced photoactivity was observed 

for the design comprising anatase patches on TiO2-B fibres 

decorated with AuNPs. This high performance is attributed to the 

transport of photogenerated electrons and holes with minimal 

recombination due to facile charge exchange with TiO2-B. The 

design comprising anatase patches on H-titanate fibres decorated 

with AuNPs showed a strong EPR signal after photo-irradiation; 

however, the photocatalytic performance of this design was slightly 

lower than that of bare fibres. During photo-excitation of anatase, 

electrons accumulate in the valence band, resulting in back-transfer 

and fast recombination of excited charges due to the lack of transport 

through the H-titanate core. 
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