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Titanium Oxide Nanoparticle Dispersions in a Liquid Monomer 

and Solid Polymer Resin Prepared by Sputtering 
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A transparent resin containing titanium oxide nanoparticles (NPs) was prepared using a molten matrix sputtering (MMS) 

technique. The low vapour pressure of the liquid, pentaerythritol ethoxylate (PEEL) substrate permits the use of this 

vacuum technique directly with liquid PEEL under stirring conditions in order to obtain uniform dispersions of NPs. We 

found that it is possible to synthesize titanium oxide NPs with diameters of less than 5 nm with a controlled composition 

by simply adjusting the sputtering atmosphere. Furthermore, as the electronic structure of the TiOx NPs changes 

depending on the particle size, crystallinity and degree of oxidation, we were able to modify the optical properties of PEEL 

and the resin by embedding TiOx NPs in the matrix. The enhancement of the refractive index of a resin containing TiO2 NPs 

was also demonstrated. This synthetic method is promising for the advanced preparation of high purity TiOx NPs without 

using a reducing agent and leaving by-products for various applications in optical devices, energy conversion, and light 

harvesting in the UV visible region. 

Introduction 

Nanocomposite inorganic-organic hybrid materials, especially 

nanoparticles (NPs) embedded in polymers, have many 

promising applications in a broad range of fields with 

manipulated properties. NP-incorporated materials have been 

produced using various methods
1–6

 for different 

purposes.
1,4,7-11

 Chemical synthesis of NPs in matrices often 

uses toxic chemicals, leaves by-products, and requires an 

additional purification process, where dispersions of pre-

formed NPs require additional dispersing agents to avoid 

agglomeration. A direct preparation of pure NPs that are well-

dispersed in a matrix without using post purification, therefore, 

is of considerable interest. In this context, modifying 

traditional sputtering techniques to generate and stabilize NPs 

in a liquid medium is one possible strategy to obtain pure NPs-

organic hybrid materials. This is possible with recent 

developments using highly viscous or low vapour-pressure 

liquids as substrates instead of solid ones. In light of this 

development, NP-hybrid materials synthesized via sputtering 

into liquid media (matrix sputtering techniques) has recently 

become an active research field. Using this method,
12–26

 robust 

NP size and composition control can be achieved in a single 

step process, such as the recently-reported synthesis of photo-

luminescent metal NPs via sputtering in various liquid 

media.
18-26

 

 Titanium dioxide, TiO2, NPs are important wide-bandgap 

materials used as UV-active photo-catalysts and various optical 

applications such as a UV block material in sunscreens, or to 

increase the refractive index of thin films
7,26

 and polymers.
7,9

 

Modification of the electronic structure of TiO2 via doping or 

introducing oxygen defects can narrow the bandgap and 

extend its energy harvesting applications towards the visible 

region.
28

 In addition, one stoichiometric oxide of titanium, TiO, 

with strong visible-light absorption can also be used for this 

purpose.
28

 The preparation of titanium oxides with control of 

its oxidation state offers a facile way to modify the optical 

properties of hybrid materials that contain titanium oxide NPs. 

Despite the fact that conventional chemical synthesis can 

produce TiO2 NPs, to the best of our knowledge very small (1–

10 nm in diameter) and clean TiO2 NPs dispersed in polymers 

for use in advanced optical applications have not yet been 

reported. It is still a challenge to use chemical methods for 

synthesizing titanium oxides with controlled composition since 

the decomposition of titanium complexes can result in various 

undesired TiO2 phases. Finally, previously reported fabrications 

of hybrid films or polymers containing titanium or titanium 

oxides NPs featured multi-step processes that are complicated 

and often produce products with a greater presence of 
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contaminations.
4,7-9,27,29

 With its many advantages over more 

traditional chemical synthesis in terms of purity and 

composition control with regards to oxidation state, we posit 

that direct sputtering of Ti under controlled atmospheric 

conditions could be a valuable technique for the synthesis of 

titanium oxides. The composition of the sputtered material is 

strongly related to the atmosphere in the sputtering chamber, 

as reported by Dreesen et al.
30

 By controlling the oxygen flow 

rate into the sputtering chamber, they were able to sputter a 

film of metallic titanium and its oxides with low oxidation 

states when the O2 flow was below a certain threshold, but 

they otherwise sputtered titanium dioxide. This threshold was 

indicated by a change in the cathode voltage, which was 

constant at a high oxygen flow rate but diminished as the 

oxygen flow rate was decreased. This result suggests that the 

cathode voltage can be used as an indirect but quantitative 

indicator for the atmosphere inside the sputtering chamber: a 

high oxygen atmosphere corresponds to the formation of TiO2, 

and a low oxygen one corresponds to the formation of 

titanium and titanium oxides with lower oxidation state. In the 

present study, we introduced only Ar into the sputtering 

chamber after pump-purging, leading to a reduced oxygen 

content in the atmosphere inside the chamber with prolonged 

sputtering time. Based on monitoring the cathode voltage, we 

sputtered titanium in high or low oxygen atmosphere and 

investigate the structure and optical properties of the 

obtained titanium oxide NPs dispersed in PEEL. We 

demonstrate the capability of our method to tailor the 

composition of titanium oxide NPs for preparation of TiO NPs 

in PEEL with strong visible light absorption and nanocomposite 

resin containing monodispersed TiO2 NPs with enhanced 

refractive index and high transparency. 

 

Experimental 

Materials  

Pentaerythritol ethoxylate (3/4 EO/OH) (PEEL, 

C[CH2(OCH2CH2)nOH]4, Mn= 270) was purchased from Sigma-

Aldrich. m-Xylylene diisocyanate (m-XDI) was purchased from 

TCI. Titanium 99.5% pure sputtering target (50 mm diameter, 3 

mm thick) was purchased from Nilaco, Japan. All materials 

were used as received.  

Sputtering Apparatus  

A magnetron sputtering device was designed in order to be 

better suited for the synthesis of nanoparticles dispersed in 

liquid samples (Figure S1). A mechanical stirring device was 

installed in the sputtering chamber. A turbo molecular pump / 

oil rotary pump system and a gas purging system equipped to 

the sputtering device were used to control the vacuum level 

and atmosphere inside the sputtering chamber. A cooling 

system was installed to avoid overheating of the target and a 

temperature control device was used to maintain the PEEL at a 

constant temperature during the experiments. 

Preparation of titanium oxide NPs dispersed in PEEL  

PEEL was dried under vacuum at 125 °C in order to eliminate 

dissolved gases and volatile molecules. 2.5 g of PEEL were then 

placed in a glass petri dish with an inner surface area of 5.7 

cm
2
, and inserted in the sputtering chamber. The surface of 

the liquid PEEL was positioned 60 mm below the Ti sputtering 

target, and PEEL was stirred at a constant 60 rpm. At least 10 

cycles of evacuation (up to ~10
–2

 Pa) and injection of Ar gas (up 

to 2.0 Pa) were performed in the chamber. After this repeated 

purging and re-filling, the pressure of the chamber was then 

adjusted to 2.0 Pa with Ar flow and the sputtering was 

initiated, generating and trapping the NPs in the liquid PEEL.  

During sputtering, Ar gas was introduced into the chamber 

in order to change the sputtering atmosphere. With sputtering 

time, the sputtering atmosphere varied as indicated by a 

change in cathode voltage (Figure 1) from 310 to 265 V, which 

corresponded to the colour of the plasma changing from blue 

to green. Hereafter, we use the colour (“blue” and “green”) of 

plasma to refer to the sputtering mode.  

The total sputtering time was modified for each sample 

from 1 to 3 h (divided in intervals in order to avoid extreme 

overheating of the sputtering target and to select the 

sputtering plasma conditions), with a sputtering current of 400 

mA and the atmosphere inside the sputtering chamber was 

varied in order to control the oxidation states of the 

synthesized titanium oxide NPs. More detailed reaction 

conditions are summarized in Table 1. 

 

Table 1. Sputtering time of Ti into PEEL for the preparation of samples 

and corresponding refractive index increments of the obtained 

samples 

Sample 
Sputtering time (min) Relative index 

increase (10
-3

) Blue
a
 Green

b
 Total 

PEEL 0 0 0 0 

1 60 0 60 12.2 

2 60 60 120 8.8 

3 60 120 180 7.6 

4 0 120 120 -4.5 

5 30 30 60 4.1 

6 30 60 90 3.6 

7* 0 90 90 NA 

8* 0 180 180 NA 
a
Cathode voltage = 310 V, 

b
cathode voltage = 265 V, *for SAXS 

measurement 

 

Preparation of titanium oxide NPs embedded urethane resin 

PEEL with dispersed TiO2 NPs and m-XDI were mixed under 

vacuum at 1:2 molar ratio. The polymerization occurred 

through the formation of urethane linkages: 

  

where R1 and R2 denoted the backbone of m-XDI and PEEL 

respectively. We observed that without titanium oxides 
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particles, much longer time was required for the 

polymerization to complete. Probably, the TiO2 NPs acted as a 

catalyst and accelerated the polymerization.
31

 Because 

polymerization is an exothermic process, an increase in the 

reaction speed causes an increase in the temperature. An ice 

bath was used to cool the reaction in order to prevent the 

formation of bubbles in the polymer. The liquid was then 

poured in a mould where it rapidly solidified, and was then 

heated in an oven for 6 h at a maximum temperature of 130 

°C. After the polymers were cooled to room temperature, the 

final titanium oxide-containing rigid resins were obtained. By 

using this process, we have obtained a clear and hard resin, 

which confirmed the successful polymerization of 

polyurethane. 

Characterizations and Measurement  

UV-Vis spectra of liquid samples were obtained using a 

PerkinElmer Lambda 750 spectrophotometer immediately 

after sputtering. Fused quartz flat cuvettes were used to 

perform the measurement. Transmission electron microscopy 

(TEM) measurements were performed using a TEM Hitachi H-

9500 (acceleration voltage of 300 kV), JEOL 2000 FX (200 kV), 

and a JEOL JEM-ARM200F (200 kV). As-sputtered samples were 

diluted with ethanol, then filtered using PTFE membrane (0.2 

µm pore size, Advantec, Japan). After that the obtained 

particles on the filter membrane were re-dispersed in ethanol, 

sonicated, then a droplet of the sample was placed on carbon-

coated copper grid for TEM observation. Other TEM 

observations were conducted on directly sputtered NPs 

mounted onto carbon-coated TEM grids, which were prepared 

by placing grids next to a vessel containing PEEL for a few 

seconds. Similar sputtering parameters were used as they used 

when sputtering onto PEEL. Refractive indices of the NP-

embedded resins with parallelepiped shape (5 × 7 × 15 mm) 

adequately polished on two sides was measured using an Abbe 

refractometer Atago DR-M4 at a wavelength of 589 nm (Na D 

line). X-ray diffraction (XRD) measurements were performed 

on a Miniflex II diffractometer (Rigaku). Small-angle X-ray 

scattering (SAXS) measurements were performed at the 

Photon Factory of the High Energy Accelerator Research 

Organization on the BL-6A beam line, in order to estimate the 

size distribution of Ti oxide NPs dispersed in PEEL. The detector 

used was PILATUS, at a distance of 2040 mm from the sample. 

The incident X-ray wavelength used was 0.150 nm, incident on 

a 0.3 mm thick sample for 60 s. The cathode voltage was 

measured using a Graphtech midi Logger GL220 directly 

connected to the sputtering head while sputtering. 

Results and Discussion 

Formation of different titanium oxides via sputtering in controlled 

atmosphere  

We recorded the drop of the cathode-voltage from 310 V (high 

O2) to 265 V (low O2), as well as the change of the plasma 

colour from blue to green with an increase in the sputtering 

time (Figure 1). A change in the atmosphere within the 

chamber from a high oxygen atmosphere to a lower one can 

lead to the formation of different surface oxides on the 

sputtering target. The change in target surface materials from 

titanium oxides with high oxidation state to titanium oxide 

with lower oxidation state is thought to be the reason for a 

drop in the cathode voltage. This also results in a change of the 

sputtered species that is reflected also by a variation in the 

plasma colour. Therefore, looking at these two parameters, we 

could control the atmosphere of the sputtering chamber in 

order to synthesize TiOx NPs of different oxidation states from 

TiO to TiO2 and to prepare monomer liquids and NP-containing 

resins with tunable optical properties.  

  

 

Figure 1. Typical cathode voltage curve that accompanies the change 

between the two sputtering modes: blue-plasma sputtering on the left, and 

green-plasma sputtering on the right. 

 

Figure 2. XRD patterns of samples obtained via (a) green-plasma sputtering; 

(b) blue-plasma sputtering; (c) corresponds to sample (b) after annealing at 

500 °C for 2 h under N2. TiO (JCPDS: 00-008-0117) is noted with solid 

diamond (◆). Tetragonal anatase TiO2 (JCPDS: 01-071-1168) and rutile TiO2 

(JCPDS: 00-021-1276) are noted with open circles (○) and triangles (△), 
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respectively. (b) and (c) were obtained after background subtraction with 

the XRD pattern of glass substrate (see Figure S2 for the raw patterns). 

 

200 nm 200 nm

a)                     b)

Si                                       Si

wafer                               wafer
 

Figure 3. SEM images of the cross-section of the thin films obtained via (a) 

blue-, and (b) green-plasma sputtering for 5 min.  

 

 The formation of TiO2 and TiO under different sputtering 

atmosphere was confirmed by XRD measurements for the NP 

thin film produced under green and blue-plasma sputtering 

conditions (Figure 2). The background subtraction with XRD 

pattern of glass substrate was performed for blue-sputtering 

samples to aid the analysis and the raw patterns before 

subtraction were given in Figure S2. Green-plasma sputtering 

produced a neat TiO film ((111), (200), (220) and (222) crystal 

planes of TiO in the order from left to right, as shown in Figure 

2a), whereas under blue-plasma sputtering, while peaks 

corresponding to the TiO phase and possibly some rutile TiO2 

were detected (Figure 2b), they have significantly weaker 

intensities to the high background (Figure S2) with large XRD 

line broadening. This indicates that the TiO2 NPs generated 

via blue-plasma sputtering are either too small or amorphous 

in nature, as often reported for room temperature TiO2 

formation.
30,32,33

 The blue-plasma sputtering rate (16 ± 10 

nm/min) was lower than the green-plasma sputtering rate (70 

± 10 nm/min) as measured from the thickness of the oxide 

films formed under corresponding conditions (Figure 3). In fact, 

after annealing at 500 °C for 2 h under N2, in addition to the 

XRD peaks of TiO, signals related to TiO2 are evident at 25.2° 

and 54.8° for the anatase phase and peaks at 27.4°, 36.1°, and 

54.3° in 2θ for the rutile phase (Figure 2c), as a result of either 

the growth of small crystalline NPs or the crystallization of the 

amorphous NPs. As the gradual change from blue to green-

plasma sputtering occurred, some intermediate TiOx (1 < x < 2) 

NPs could be expected in samples that underwent blue-plasma 

sputtering. In order to simplify our analysis, we assume two 

distinct sputtering modes corresponding to blue- and green-

plasma sputtering. 

Optical properties of PEEL containing titanium oxide NPs 

synthesized in different plasma conditions  

Various PEEL samples containing titanium oxide NPs were 

prepared under green-plasma sputtering, blue-plasma 

sputtering, and mixed blue- and green-plasma sputtering 

(Table 1) to examine their tunable optical properties.  

 Blue-plasma sputtered samples demonstrate high 

transparency with respects to visible light, and a strong 

absorbance in the UV region when compared to pure PEEL, 

which does not show a high absorbance in that region (Figures 

4a and 4b). Absorption in the UV region is strong in all the 

blue-plasma sputtering related samples, an expected 

behaviour for composites containing titanium oxide NPs.
34

 In 

the case of samples that underwent some green-plasma 

sputtering, a broad absorption centred at 520 nm appears in 

the visible region (e.g. samples 3 and 4 as shown in Figure 3a). 

Similar phenomenon is also observed for samples 5 and 6 that 

underwent 30 min blue-plasma sputtering and different green-

plasma sputtering times (Figure S3). It is noted that as the 

green-plasma sputtering time increases, the absorbance 

intensity centred at 520 nm increases and the samples become 

noticeable darker (Figures 4c and 4d). The absorption centred 

at 520 nm is assigned to TiO NPs, as reported elsewhere.
28

 

Furthermore, the red shift in UV-Vis absorption (Figures 4a and 

S3) as a function of the green-plasma sputtering time (for 

samples obtained in mixed blue- and green-plasma sputtering) 

is an indication that these samples are dispersions of mixed 

TiO2, TiO and TiOx (1 < x < 2). These results can be explained 

due to the gradual lack of oxygen in the chamber as the 

plasma atmosphere changes, resulting in the sputtering mode 

shift from blue to green. As a result, green-plasma sputtering 

did not allow for a complete oxidation of metallic titanium into 

its most stable oxide (TiO2), instead forming the monoxide or 

TiOx. This finding is consistent with the XRD results discussed 

above. The visible absorption obtained from the sample 

containing TiO NPs under green-plasma sputtering conditions 

allows the use of titanium oxides for energy conversion and 

harvesting in not only UV light, but also in the visible spectrum. 
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Figure 4. (a) UV-Vis spectra (curves 1-3) of NP-containing PEEL after 60 

min of blue-plasma sputtering and 0, 60, or 120 min of green-plasma 

sputtering (samples 1, 2 and 3, respectively), and after only 120 min of 

green-plasma sputtering (curve 4 for sample 4). (b) The enlarged UV-

Vis spectra for region from 300 to 400 nm. (c-d) Photographs of 

samples 1 and 3 under room light right after preparation.  

Size of titanium oxide NPs in PEEL  

TEM images and particle size distributions of the samples 

sputtered into PEEL in blue- and green-plasma for 1 h are 

shown in Figures 5a and 5b. NPs obtained in blue-plasma 

sputtering have a slightly smaller size (2.3 ± 0.4 nm) than that 

in green-plasma sputtering (2.8 ± 0.5 nm), according to the 

lower sputtering rate in the blue-plasma condition. Titanium 

dioxide crystalline structure was also observed via TEM (Figure 

S4). A large number of NPs were clearly observed for directly 

deposited titanium oxide NPs on TEM grids after 15 s 

sputtering (Figure 5c). For this case, the average diameter is 

4.6 ± 0.7 nm and NPs have a quite uniform size over the whole 

area of the sample.  

In order to obtain a more precise size measurement of the 

NPs dispersed in liquid PEEL and a rough estimation of the 

particle size evolution for long time sputtering, we performed 

measurements using SAXS. The results shown in Figure 6 were 

obtained from liquid samples 7 and 8 produced by sputtering 

of titanium for 90 and 180 min in green-plasma conditions. A 

long sputtering time and green-plasma sputtering were chosen, 

as it is known to have a higher sputtering rate than blue-

plasma sputtering.
35,36

 This experiment allowed us to get 

information about the maximal particle size in our samples. It 

can be noted that as the sputtering time is increased, the 

particle size increased slightly from 3.8 ± 0.6 nm (sample 7) to 

4.4 ± 0.6 nm (sample 8), close to the size of the observed 

particles sputtered directly onto a carbon-coated TEM grid (4.6 

± 0.7 nm). This result strongly indicates that the titanium oxide 

NPs dispersed in PEEL were less than 5 nm in diameter, 

without aggregation during synthesis. 

In summary, controlling the atmosphere of the sputtering 

chamber via monitoring the cathode voltage and plasma 

colour allows to control of the degree of oxidation for the 

obtained TiOx NPs dispersed in PEEL. In all samples, uniform 

and well dispersed TiOx NPs of less than 5 nm were achieved. 

The main product in blue-plasma sputtering conditions was 

TiO2 (some oxygen deficient TiO2 particles were also obtained) 

which do not affect the transparency of the NP-containing 

PEEL, while the green-plasma sputtering conditions yielded 

primarily TiO particles, which cause the NP dispersions to 

become coloured with high visible absorption. 

Refractive index increment, colour and transparency of TiOx NPs 

embedded in resin  

As shown above, the sizes of the dispersed TiOx NPs are 

one or two orders of magnitude smaller than the wavelengths 

of light in the visible region. This allows the material to have 

negligible visible light scattering (Eq. SE1),
35-38

 and the 

preparation of highly transparent resins from PEEL containing 

TiOx NPs can be achieved. Figure 7a shows a series of resins 

exhibiting a high transparency; these resins are made from 

samples prepared in blue and green plasma. Moreover, owing 

to non-visible-light-absorption of TiO2 NPs and their small 

sizes, the colourlessness and transparency of the resin made 

from sample 1 (60 min blue-plasma sputtering, Figure 7c) is 

comparable with that of resin made from pure PEEL (Figure 

7b).  

 

 

Figure 5. TEM images and size distribution of titanium oxide NPs 

dispersed in PEEL obtained via (a) blue-plasma and (b) green-plasma 

sputtering for 1 h. (c) TEM images the size distribution of the obtained 

titanium oxide NPs by sputtering directly on the TEM grid under green-

plasma conditions.   

 

Figure 6. Particle size distribution of samples 7 (green) and 8 (black), as 

measured by SAXS. 
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Because addition of high refractive index particles, e.g. TiO2, 

into low refractive index polymer can improve the refractive 

index of the composite (Eq. SE2), we investigate the refractive 

index of various resins made using titanium oxide NPs 

dispersed in PEEL. The results (Figure 8) show the effect of 

titanium oxide NPs on the refractive index of the resin. Each 

dot represents the difference between the refractive indices of 

a NP-embedded urethane resin sample and of the pure resin. 

A positive value indicates an enhancement of the refractive 

index. The resin made from pure PEEL has a refractive index of 

1.5586 ± 0.0005, which increased to 1.5708 ± 0.0005 after 60 

min of blue-plasma sputtering in optimal conditions (sample 1), 

corresponding to a refractive index increase of 0.0122 ± 

0.0005. Small increases on this scale were observed in all 

samples in relation to blue-plasma sputtering time. The 

increase in the refractive index is, at a constant sputtering 

rate, proportional to the blue-plasma sputtering time, while 

inversely proportional to the green-plasma sputtering time. 

Furthermore, this increment-to-TiO2 ratio was in agreement 

with previously published results pertaining to other hybrid 

materials containing titanium dioxide.
9,27

  

 

 

Figure 7. (a) Photograph of the resins, with green sputtering time decreasing 

from left (120 minutes) to right (0 min), and pictures of resins made from (b) 

pure PEEL and from (c) sample 1.  

 

Figure 8. Refractive index changes of each sample after sputtering along 

with the effect of blue and green-plasma sputtering time. Each symbol 

corresponds to a set of experiments with blue-plasma sputtering time of 0, 

30, and 60 min, in which the green-plasma sputtering time has been varied. 

 

As an extreme case, a sample that underwent only green-

plasma sputtering (120 min, sample 4) showed a negative 

change in refractive index compared to that of pure resin. The 

results for mixed sputtering modes show how the blue and 

green-plasma sputtering compete against each other in terms 

of increasing the refractive index of the composite materials. 

In particular, the refractive index measurements clearly 

demonstrate the importance of the TiO2 formation process, as 

only blue-plasma sputtering can produce high index NPs. This 

demonstrates that the conditions for increasing the refractive 

index of low vapour pressure compounds involve TiO2 

formation during blue-plasma sputtering.  

In blue-plasma sputtering conditions the NPs are formed 

by etching the TiO2 thin film that continuously regenerates on 

the titanium plate surface. On the other hand, when there is 

little oxygen in the atmosphere, atomic clusters of titanium 

and some titanium monoxide NPs get detached, which are 

subsequently oxidized to form a uniform TiO film. For each 

sample the Abbe number was above 40; this value 

corresponds to materials with low light dispersion 

characteristic (Eq. SE3), making the samples suitable for optical 

applications. 

As the degree of interaction between the PEEL and the NPs 

is low, this technique can theoretically be applied to any low 

vapour pressure monomer and obtain similar results. The 

dispersion of NPs in PEEL is enough stable (for several days) 

before polymerization to form resin (Figure S5). The effect of 

the kind of monomers on the dispersion and stability of NPs 

can be considered more in depth in future studies. The 

amount of titanium oxide inserted into the matrix was 

calculated to be approximately 1.4 vol% of the nanocomposite. 

Considering the low loading amount of titanium oxide NPs, the 

photodegradation of organic moieties is seemingly negligible.
27  

The low sputtering rate of our device affected the amount 

of titanium that could be sputtered, therefore, this limited the 

refractive index increase. By using higher sputtering rate 

devices this deficiency can be overcome, allowing the 

production of transparent resins featuring higher 

concentrations of TiO2 NPs. 

Conclusions 

Our new molten matrix sputtering (MMS) was applied to a Ti 

target for the first time, synthesizing titanium oxide NPs of less 

than 5 nm embedded in pentaerythritol ethoxylate (3/4 

EO/OH). TiO2 or TiO particles could be formed by controlling 

the atmosphere in the sputtering chamber. The optical 

properties of the obtained nanocomposite compound 

containing titanium oxide nanoparticles were varied 

systematically by changing the atmosphere of the sputtering 

chamber. Urethane resins incorporating titanium oxide NPs 

were obtained and the formation of TiO2 positively 

contributed to increasing the refractive index of NP-embedded 

resin. The limiting factor in increasing the refractive index of 

the nanocomposite material was the sputtering rate, which 
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was limited by an overheating of the titanium sputtering 

target. In the samples prepared in this study, nanoparticle 

agglomeration was not observed and the samples were stable 

over time. This preparation method is advantageous in 

allowing for the control of nanoparticle oxidation, optical 

properties, and achieving enhanced refractive indices in these 

kinds of nanoparticle-monomer systems.  
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