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Abstract: This study aims to determine the effect of the concentration of polyethylene glycol (PEG-6000) on the characteristics of 

synthesized nanoparticles of TiO2 (Titanium Dioxide). TiO2 nanoparticles have been successfully synthesized using the coopretipitation 

method of the reaction of TiCl3 compounds with strong bases of NH4OH and PEG-6000 as templets, with variations in the concentration 

of precursors (TiCl3) and PEG namely 1: 1, 1: 2 and 1: 4. The obtained TiO2 powder was then characterized by X-Ray Diffraction (XRD) 

to determine the crystal size and the composition of the crystalline phase formed and SEM (Scanning Electron Microscopy) to see the 

morphology of the surface of TiO2 nanoparticles. The identification results using the Expert High Score Plus application show that TiO2 

with 1: 1 concentration variation produces an anatase phase composition of 96.1% and rutile of 3.9% with an average crystal size of 

5.82nm. In the 1: 2 concentration variation, the anatase phase composition was 99.7% and the rutile was 0.3% with an average crystal 

size of 5.01nm. Furthermore, in the variation concentration of 1: 4, the anatase phase composition was 97.1% while the rutile was 2.9% 

with an average crystal size of 6.5nm. The variation concentration of PEG-6000 affected the characteristics of TiO2 nanoparticles where 

the number of anatase phases increased whereas the rutile phase decreased in the line with the increasing of PEG-6000 concentration. 

Meanwhile, the crystal size increased along with the increasing of PEG-6000 concentration, but still PEG-6000 with the suitable 

concentration was able to increase the Crystal phase and reduce the grain size of TiO2 nanoparticles. This was proven by the variation 

concentration ratio of 1: 4. 
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1. Introduction 
 

The development of science and technology at this time, 

especially in the field of nanotechnology materials is growing 

rapidly. Nanoparticles has become a very interesting field 

since the materials which are in nano size usually have 

particles with chemical or physical properties that are superior 

to large sized material (bulk). In this case, these properties can 

be changed through controlling the size of the material, 

setting the chemical composition, modifying the surface and 

controlling the interaction between particles (Nurdin., Et al 

2015: 1). One type of nanoparticle that has been developed is 

TiO2 which has many advantages. With these advantages, 

TiO2 has many benefits including as the solar cells (Taufik, 

et al, 2015: 16). 

 

In the applications as solar cells, this material is used in new 

types of solar cells called Dye Sensitized Solar Cells (DSCC). 

In this type of solar cell, the absorption of photon energy from 

visible light is carried out by light-sensitive materials (dye) 

which functions as a sensitizer. With the sensitizer, it is 

possible to inject/transfer electrons to the TiO2 

semiconductor material, which although the photon energy 

received is smaller than the TiO2 semiconductor band gap 

(this event is called sensitization). To support this process, the 

TiO2 semiconductor material must be able to absorb as many 

dye molecules as possible so that more electrons can be 

received. For this reason, TiO2 must meet several criteria, 

including particle size in the nanometer scale, this is 

necessary because with the particle size in the nanometer 

scale, the overall particle size becomes larger so that with 

greater area, it is possible to absorb more dye molecules.  In 

addition, TiO2 particles are also expected to have porous 

morphology (mesoporus), so that the dye molecule can enter 

between the pores and can be absorbed throughout the surface 

of TiO2 particles, as well as the TiO2 crystallinea phase used 

is also a prerequisite for solar cell applications. 

 

Some of the properties of these TiO2 particles depend on their 

size, for example when the size of a nanodi particle is below 

10nm, it will be superparamagnetic at room temperature so 

that it can affect the synthesis process. Therefore, how to 

synthesize uniform nanoparticles is to set the size to be one of 

the key problems in the scope of synthesis and nanoparticles. 

One of the substances that can be used to form and control the 

size and structure of pores is Polyethylene glycol (PEG). 

 

Polyethylene glycol (PEG) is a substance that has the 

characteristics of being soluble in water, methanol, benzene 

and dichlorometan. PEG also has a low toxic content. In 

addition, PEG is also a flexible polymer (Seveny, 2013: 35). 

In this role, PEG can function as a template, which wraps the 

particles so that no further aggregates are formed, because 

PEG attaches to the surface of the particle and covers the 

positive ions concerned to join and enlarge, so that in the end 

the particle will be obtained with a uniform spherical shape. 

However, so that it can work according to its function, PEG 

is needed with the right molecular length and quantity (Febie 

et al 2010: 1). 

 

To produce homogeneous and fine grain size nanoparticles, it 

can be synthesized with several methods of precipitation. One 

method that can be used is cooprecipitation because this is a 

method that is quite effective and simple when compared to 
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the other methods. This method is a part of the wet chemical 

method, where each material is deposited with a reactant. The 

results of the deposition are then combined for the expected 

formation stokhiometrically. This method can also control 

particle size and the time of relative growth which is shorter 

and can be carried out in normal environmental conditions. 

 

2. Method 
 

TiO2 nanoparticles were synthesized by the cooprecipitation 

method. 10 ml of TiCl3 were stirred together with 4.7 ml of 

distilled water and 0.3 ml of 37% HCl using a magnetic stirrer 

for 2-3 minutes at 450 C. Then 20 ml of 37% HCl was added 

in a continuous stirring position until the solution was purple 

runny. Then the solid PEG-6000 was melted by heating at 

500C for 15 minutes. The melted PEG-6000 was added to the 

solution, with variations in the ratio of TiCl3 volume and 

PEG-6000 volume, 1:1, 1:2, dan 1:4. 

 

The mixing of TiCl3 and PEG-6000 solutions was carried out 

by continuing to stir using a magnetic stirrer (magnetite 

stirrer), for 40 minutes. Then 25% NH4OH was added as 

much as 50 ml in a mixture of TiCl3 while stirring until the 

solution turned into purple black. The solution was 

continously added NH4OH until the solution is white and let 

stand for 24 hours until it begins to produce sediment. The 

resulting precipitate, separated from the solution, is then 

washed using distilled water repeatedly until it is clean of 

impurities, then filtered. To obtain the nano TiO2 particles, 

the resulting sediment was dried in an oven at a temperature 

of about 1000 C for 2 to 3 hours and was annealed at 4000 C 

for 2 hours. 

 

3. Result and Discussion 
 

Data was obtained from X-Ray Diffraction characterization. 

Furthermore, the Expert High Score Plus software was used 

to compare the diffraction pattern with the standard patterns 

contained in the Crystallography Open Database (COD). Data 

was then used to determine the grain size and crystal phase. 

The X-ray diffraction pattern for TiO2 samples synthesized 

by comparison of TiCl3 and PEG can be seen in Figure 3.1 

 
Figure 3.1: The position graph (2θ) of TiO2 intensity 

 

Figure 3.1 shows the results of the diffractogram of TiO2 1: 

1, 1: 2 and 1: 4. From the results of these drawings it can be 

seen the peaks of TiO2 where the peaks of TiO2 are located 

at 2θ = 25.3668, 38.0735, 48.072, 

54.4514,62.86,69.4485,75,459 for TiO2 1: 1 then 2θ = 

25.3582, 38.0036, 48.0897, 54.6712, 62.7755 

69.7478.75.2951 for TiO2 1: 2 and diffractogram with 2θ = 

25.4588, 38.0105.48.159.54.5481,62.9347,69.109,75.5947 

for TiO2 1: 4. Of the seven main peaks of each sample is in 

accordance with the JCPDS anatase structure. 

 

From Figure 3.1, it can be seeen that the highest intensity of 

each sample is located at an angle of 2θ about 250 which 

indicates the existence of anatase structure which suitable 

with the miller index of 011. From these data it can be seen 

that the peak formed with the addition of a 1: 2 PEG 

concentration appeared to be wider than the sample 1: 1 and 

1: 4 which indicates that TiO2 1:2  has the higher level of 

crystalitation in comparison with the other two samples. The 

increase in its intensity is influenced by the concentration of 

PEG-6000 given to the sample in which PEG-6000 is able to 

wrap and capture the TiO2 molecules so that a rearrangement 

process occurs which causes changes in the distance of Ti-O-

Ti and O-Ti-O to a shorter distance from the titanium 

structure. 

The data analysis results that are displayed on the practice 

diagram Figure 1 can be used to calculate the grain size of 

each sample by using the Debye Scherrer formula. With the 

value of k is a proportional constant of 0.9 and a wavelength 

of 0.15406 nm, the results of calculations using the Debye 

Scherrer equation can be seen in Table 3.1 as follows. 
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Table 3.1: Results for calculating the average size of TiO2 

crystals 
Sample Average grain size (nm) 

TiO2 1:1 5.8 

TiO2 1:2 5.1 

TiO2 1:4 6.5 

 

Based on table 3.1, it can be seen that TiO2 diffraction pattern 

with the addition of PEG-6000 in 1: 2 concentration variation 

got the smallest average crystal size (5.1) followed by 1: 1 

(5.8), and 1: 4 (6.5). This shows that the increasing in PEG-

concentration 6000 added to the sample decreases the size of 

the TiO2 crystal to a PEG-6000 ratio (1: 2), but an increase in 

crystal size occurs when the addition of PEG-6000 (1: 4) is 

produced. The decrease in the size of this crystal was 

influenced by the concentration of PEG-6000 given in 

samples where PEG-6000 which has a specific gravity of 

1,080 g/cm and has a molecular weight of 6000 g /mol has a 

large number of molecular chains. This has enabled to coat 

the entire surface of the particles so as not to give an 

opportunity for the TiO2 molecules to be in order and to form 

a further aggregate due to the many molecules of TiO2 that 

are trapped in the chain. But, still PEG-6000 with the right 

concentration could reduce the particle size of TiO2, which is 

evident from the ratio (1: 4). This shows that the homogeneity 

of the solution affected the grain size of the TiO2 synthesis 

results. 

 
Figure 3.2: The Graph of PEG concentration towards the 

grain size of TiO2 crystal 

 

From Figure 3.1, it can be seen that E'xpert High Score Plus 

software could be used, which utilizes the principle of the 

Rietveld method, namely non-linear matching of the 

calculated diffraction pattern curve (model) with a measured 

diffraction pattern based on crystal structure. The data can be 

used to determine the crystal phase number of the phase 

composition TiO2 anatase and rutile as shown in Table 3.2. 

 

 

 

 

 

 

 

Table 3.2: The percentage of phase content in synthesized 

TiO2 samples 
Sample Anatase hase (%) Rutile Phase(%) 

TiO2 1:1 96,1 3,9 

TiO2 1:2 99,7 0,3 

TiO2 1:4 97,1 2,9 

 

Figure 3.1 and Table 3.2 shows that these results are in 

accordance with the expectation that TiO2 anatase could be 

formed. However, at TiO2 1: 1 and 1: 2, the angular intensity 

of 2θ in around  25° has decreased and a small peak appeared 

at 2θ = 290 which was indicated as the formation of rutile 

structures. Changes in the structure of the titania from anatase 

to rutile were caused by variations in the concentration of 

PEG-6000. PEG-6000 will be substituted into the grid of the 

crystal structure formation process, resulting in a 

rearrangement process that causes changes in the distance of 

Ti-O-Ti and OTi-O to a longer distance from the structure of 

TiO2. Rutil has a Ti-O-Ti structure with a longer distance 

compared to anatase. 

 

The effect of these parameters could modify the TiO2 

structure. This was evident from Table 3.2 above which 

indicates the TiO2 crystal phase obtained for all samples with 

variations in the overall PEG-6000 concentration in the 

anatase phase, where the largest anatase phase is at 1: 2 

compared to 99.7% in follow 1: 4 97.1% and 1: 1 96.1% while 

the highest rutile is at 3.9% for 1: 1 followed by 2.9% for 1: 

4 and the smallest is at 1: 2 ie 0.3%. This shows that PEG-

6000 was able to wrap TiO2 particles so that no further 

aggregates are formed so as to produce a uniform TiO2 with 

a regular arrangement, but still PEG-6000 with the right 

concentration ratio is able to influence the TiO2 crystal phase 

as seen from the TiO2 sample 1: 4 which has decreased 

anatomic phase and an increase in phaserutyl. 

 

Based on X-ray diffraction characterization data results and 

analyzes conducted show that there is no PEG-6000 phase in 

all samples, which indicates that PEG-6000 here only 

functions as a template or wrapper so that it is able to control 

particle size but does not react. The relationship of PEG 

concentration to the percentage of phases formed can be 

illustrated through the graph in Figure 3.3 below. 

 

 
Figure 3.3: Graph of the concentration of PEG towards 

TiO2 phase 

 

The surface morphology of TiO2 can be known using 

Scanning Electron Microscopy (SEM) with an enlargement 

of 50000 times, can be seen in Figure 3.4 
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Figure 3.4: The surface morphology of TiO2 synthesized with a concentration ratio of (a) 1: 1, (b) 1: 2 and (c) 1: 4 

 

In Figure 3.4 (a), the particle size distribution of the sample 

with the addition of PEG 1: 1 looks quite uniform. In this 

sample, there was a uniform formation of particles but there 

were still particles that were piled up so that there were many 

irregular lumps. Whereas in Figure 3.4 (b) TiO2 which was 

synthesized by comparison of PEG concentrations of 1: 2, 

uniform sized nanoparticles have been formed. The particle 

size distribution of the sample with the addition of PEG 1: 2 

shows that the particle size is quite small. The addition of 

PEG 1: 2 also shows a lot of cube-shaped particles, this shows 

that the TiO2 sample with the addition of PEG 1: 2 can be 

said to be the optimum point for variations in the 

concentration of PEG-6000, because it looks uniformity of 

the particles formed. 

 

The particle morphology for addition of PEG 1: 4 can be seen 

in Figure 3.4 (c). In the addition of PEG 1: 4, particle 

formation has occurred but due to variations in PEG 

concentration variations that are not right to make the 

particles become irregular, so that the particles were not 

formed evenly again and looked a lot of lumps that are less 

regular. This shows that the more particle surface that is 

coated with PEG, the more it inhibits the growth of particles, 

so that the particle size decreases because the growth of 

particles is blocked by the number of PEG chains. Thus it can 

be stated that the decrease in the size of the crystal is due to 

the increasing number of TiO2 particles trapped in the PEG 

chain so that the growth of the crystal is blocked which causes 

the size of the TiO2 crystal to be smaller. However, due to 

improper concentration causes low homogeneity occurs in the 

addition of PEG-6000 (1: 4). 

 

4. Conclusion 
 

Based on the results of research on the effect of the 

concentration of Polyethylene Glycol (PEG) on the 

characterization of nano TiO ¬2 particles synthesized using 

the coopreticipation method, the following conclusions can be 

drawn. Variations in the concentration of Polyethylene Glycol 

(PEG) affect the size of the TiO2 nanoparticles synthesized. 

The variation in the concentration of Polyethylene Glycol 

(PEG) caused changes in the average crystal size of TiO2 

nanoparticles, where in the 1: 1 variation, the average crystal 

size of TiO2 nanoparticles was 5.8 nm. Meanwhile, in 1: 2 

variation, the average crystal size of TiO2 nanoparticles was 

5.1nm and in the 1: 4 variation the average crystal size of 

TiO2 nanoparticles was 6.5 nm. Variation in concentration of 

Polyethylene Glycol  influences the phase composition of 

TiO2 nanoparticle crystals synthesized. The variation of 

Polyethylene Glycol composition causes changes in anatase 

and rutile phases. At a 1: 1 concentration of anatase phase 

composition of 96.1% and rutile of 3.9%, at a concentration 

of 1: 2 anatase phase composition of 99.7% and rutile of 0.3% 

while at a concentration of 1: 4 anatase phase composition by 

97.1% and rutile by 2.9%. 

 

References 
 

[1] A Listanti, A Taufik, A Hidayat, And S Sunaryono 

(2018). Investigasi Struktur dan Energi Band Gap 

Partikel Nano TiO2 Hasil Sintesis Menggunakan 

Metode Sol-Gel. 2018 3, 8–15. 

[2] Adi, Widia Kurnia (2012). Sintesis dan Karakteristik 

Nanopartikel dan Nanotube TiO2 untuk Aplikasi Sel 

Surya Tersintesis Zat Warna. 2012. 

[3] Agustini, S., Risanti, D.D., and Hakim, J.A.R. (2013). 

Fabrikasi Dye Sensitized Solar Cell (DSSC) 

Berdasarkan Fraksi Volume TiO2 Anatase-Rutile 

dengan Garcinia Mangostana Dan Rhoeo Spathacea 

Sebagai Dye Fotosensitizer. 2, 6. 

[4] Andani, D., and Puryanti, D. (2015). Pengaruh PEG-

2000 Terhadap Ukuran Partikel fe3O4 yang Disintesis 

dengan Metode Kopresipitasi. 4, 7. 

[5] Bukit, N., Frida, E.,Simamora, P., and Sinaga, T. 

(2015). Analisis Difraksi Nanopartikel fe3O4 Metode 

Kopresipitasi dengan Polietilen Glikol 6000. 4. 

[6] Chotimah, K. (2012). Preparasi dan Karakterisasi N-

Doped TiO2 dengan Metode Anodisasi Serta Uji 

Paper ID: SR24615210523 DOI: https://dx.doi.org/10.21275/SR24615210523 1723 

https://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 13 Issue 6, June 2024 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

Aktivitas Degradasinya Terhadap Zat Warna Congo 

Red. 171. 

[7] Fitriana, V.N. (2014). Sintesis dan Karakterisasi 

Superkapasitor Berbasis Nanokomposit TiO2 /C. Mei 

2014. 

[8] Khakim, A.N. (2016). Pembuatan Nanopartikel 

Ekstrak Kunci Pepet (Kaempferia Rotunda) dengan 

Alginat pada Berbagai Variasi Konsentrasi Ion 

Kalsium. Sept. 2016 75. 

[9] Kumara, M.S.W., Prajitno, D.G., and Si, M. (2012). 

Studi Awal Fabrikasi Dye Sensitized Solar Cell 

(DSSC) DENGAN Menggunakan Ekstraksi Daun 

Bayam (Amaranthus Hybridus l.) sebagai Dye 

Sensitizer dengan Variasi Jarak Sumber Cahaya pada 

DSSC. 2012 11. 

[10] Nafia, I. (2012). Nanopartikel Perak Termodifikasi L-

Sistein sebagai Indikator Warna untuk Logam 

Pencemar pada Sampel Ikan Tongkol. Juli 2012. 

[11] Norvisari, M. (2008). Pengaruh Kombinasi Basis 

PolietilenGlikol 400 dan polietilenGlikol 6000 

Terhadap Sifat Fisik dan Pelepasan Asam Mefenamat 

pada Sediaan Supositoria. 2008 20. 

[12] Perdana, F.A. (2010). Sintesis dan Karakterisasi 

Partikel Nano fe3O4 dengan Template PEG- 1000. 

2010 7. 

[13] Prambasto, S.B.U. (2013). Sintesis Fotokatalis M/TiO2 

dan Aplikasinya untuk Dekomposisi Air. 2013. 

[14] Rofiatun, N. (2013). Preparasi dan Karakterisasi 

Titanium Dioksida dalam Lingkungan Basa Kuat 

Natrium Hidroksida. 2013. 

[15] Rohman, A. (2015). Sintesis dan Karakterisasi 

Fotokatalis Titanium Dioksida (TiO2) Anatas 

Terdoping Vanadium (iii) dengan Metode Reaksi 

Padatan-Sonikasi. 104. 

[16] Sa’diyah,  Halimatus (2009). Pengaruh Invigorasi 

Menggunakan Polietilena Glikol (PEG) 6000 

Terhadap Viabilitas Benih Rosela (Hibiscuc 

Sabdariffa Var. Altissima). 2009. 

[17] Suparman (2006). Pengaruh Suhu Annealing pada Post 

Weld Heat Treatment Pengelasan Baja Bohler Grade 

k-945 Ems 45 Terhadap Sifat Fisis dan Mekanis. 2006. 

[18] Timuda, G.E., and Maddu, A. (2010). Sintesis Partikel 

Nanocrystalline TiO2 untuk Aplikasi Sel Surya 

Menggunakan Metode Sonokimia. April 2010 104–

109. 

[19] Widhayani, D.A.A., And Pratapa, S. Sintesis Titanium 

Dioksida (TiO2) dengan Metode Kopresipitasi dari 

Serbuk Titanium Terlarut dalam Hcl. 6. 

[20] Wiguna, E.N. (2011). Rekayasa Film TiO2 Super 

Hidrofilik Untuk Kaca Helm Anti Kabut. 69. 

[21] Wiramanda, A. (2015). Sintesis dan Penentuan Sifat 

Struktur Nanopartikel Cobalt Ferrite (COFe2O4) 

Menggunakan Metode Kopresipitasi dengan 

Memvariasikan Suhu Sintesis. 59. 

[22] Wiyono, Edy (2016). Pengaruh Jenis Prekursor dan 

Suhu Kalsinasi Terhadap Karakteristik Komposit 

TiO2-SiO2 dan Aplikasinya dalam Degradasi 

Rhodamin B. 2016. 

Paper ID: SR24615210523 DOI: https://dx.doi.org/10.21275/SR24615210523 1724 

https://www.ijsr.net/



