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This study was employed the Pulsed Laser ablation (PLA) technique with various Laser Energy Densities (LED) for investigating the 
production of TiO2Nanoparticles (TiO2NPs) by aid of titanium target immersed at Double Distilled Deionized water (DI water). Also, 
the various concentrations of Sodium Dodecyle Sulfate (SDS) as aqueous surfactant on size, shape, optical and structural properties of 
synthesized NPs by using Nd: YAG laser with a wavelength of 1064 nm was studied. Moreover, the created NPs were characterized by 
X-Ray diffraction (XRD), Secondary Electron Microscopy (SEM), Photoluminescence Spectroscopy as well as UV-Vis Spectrophotometer. 
The results show that, by increasing the LED, the number of NPs were enhanced while the size of them were decreased. Also, increasing the 
concentration of SDS solutions caused in decreasing the size of NPS, which all were smaller than those created at DI water. These results 
were obtained by UV/visible and photoluminescence analysis. XRD analysis show that the synthesized NPS in DI water and 0.001M SDS 
solution were almost amorphous however the concentration of 0.01 and 0.1M of SDS solution caused in creation of the crystalline structure. 
Eventually, the SEM pictures show that the samples which synthesized at SDS solutions had less compaction and sickness compare to those 
of created at DI water.   
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2Rooyan Holding Group Research Center, Gloubal Group, Iran

Introduction
Nanotechnology is a category of procedures and techniques for 
the usage of matter and aimed to obtain resources with original 
functionalities and enhanced characteristics [1]. Among the numerous 
ingredients, Nanoparticles (NPs) show a superior role in a varied 
collection of applications and, specially, there are a great number of 
educations connected to TiO2NPs [2-11].
Titanium dioxide is the oxide of titanium with a chemical formulation 
of TiO2 and was first exposed in 1791 from Ilmenite [12]. It is also 
recognized as titanium (IV) oxide, Titania, Titanium white or pigment 
white 6 in structure paints, and E171 in nourishment coloring [12]. In 
comparison with the greater part of TiO2 materials, the TiO2 Nano-
materials have engrossed more attentions. 
It is worth mentioning that, TiO2NPs consists of three crystalline 
phases which named as anatase, rutile plus brookite [12] and the 
mentioned metastable anatase as well as brookite phases can 
irrevocably change to stable rutile during heating process [13]. 
Titanium dioxides (TiO2) have been widely studied, because of its 
remarkable overall properties in an extensive range of fields such 
as catalysis, photocatalysis, and antibacterial agents and also in 
construction industry such as special nano paint (self-cleaning) 
that could change the quality of human life [14]. It is measured very 
near to a perfect semiconductor due to its great stability, low 
charge and safety toward both persons and the environment. As 
a result, TiO2 and fixed with noble metal are worthy candidates in 
the presentation these requests [14]. It should be mentioned that 
the fascinating physical and chemical properties of TiO2 rely on the 
crystal stage, size and form of particles [14]. For instance, changing 
phases of crystalline TiO2 have diverse band holes that rutile TiO2 of 

                                                                                    



International Journal of Nanotechnology in Medicine & Engineering Volume 5 Issue 5, December  2020

Citation: A. Najigivi et al. (2020) Synthesis and Characterization of TiO2 Nanoparticles by Pulsed Laser Ablation in Water: Effect of SDS incorpo-
ration. Int J Nano Med & Eng. 5:5,83-94

3.0 eV and anatase TiO2 of 3.2 eV, determine the photocatalytic act 
of TiO2 [14].
Owing to high surface-volume proportion, TiO2NPs provide enlarged 
surface area at which photo-induced reactions could happen, 
enhancing bright absorption percentage, growing surface photo-
induced carrier density, increasing the photo-reduction rate, and 
resulting in greater surface photoactivity [12]. Simultaneously, the high 
surface-volume ratio of the NPs increase the surface absorption of 
OH- as well as H2O, growing the photocatalytic reaction degree [12]. 
It should also mentioned that, green synthesis of metal NPs in 
fluid solution is the concern issue in the nanotechnology as well as 
Nanomedicine research [15]. In this regard, PLA is a green and simple 
method for fabricating the metal NPs without surfactant or chemical 
addition [15]. Benefits of  PLA method are easiness, the higher purity 
of produced NPs, and the capability of preparing diversity metals and 
ceramics, and the in-situ dispersion of the NPs in a variety of liquids 
[16] due to the  cooling and confinement effect of liquids and the 
oxidation that result in reduction of particles [17, 18]. 
It should be noted that, PLA is a technique of fabricating different 
kinds of NPs such as semiconductor quantum dots, carbon 
nanotubes, nanowires as well as core shell NPs [19]. In this system, NPs 
are produced by nucleation and growth of laser-vaporized classes in a 
background gas [19]. The exceedingly rapid quenching of vapor will be 
beneficial in making high purity NPs in the near quantum size range 
(< 10 nm) [19].
The properties of the NPs highly be influenced by size as well as size 
uniformity. It is worth to mention that, PLA method can create size- 
and shape- controlled NPs by post treating, but that, simultaneously, 
highly decreases the production yield  [19].  
In this article, by changing Laser Energy Density (LED) and ablation 
liquid environment, we investigated the properties of synthesized 
TiO2 NPS.
It is worth to say that Energy Density is the amount of laser per unit 
area. Exchanging in laser light strength causes changing numerous 
parameters such as NPS absorption and etc. In the following we are 
going to check out the results of increasing LED. In PLA method in 
liquid, several liquid mediums could be used. Usage of liquid medium 
in PLA technique results in high performance of a reaction during 

ablation process. One of the most common of these reactions that 
mostly occurs in the water is oxidation. In this paper, we present 
our experimental results on preparing TiO2NPs by PLA of titanium 
metal in a liquid medium of DI water or aqueous solution of anionic 
surfactant SDS to investigate the role of surfactant in forming NPs. 

Experimental set up
In this study, a plate of titanium metal with purity of 99.5% was firmed 
on the bottom of a glass container which filled by 50 cc of aqueous 
solution of an anionic surfactant, (SDS). The aforementioned titanium 
plate was irradiated with a productivity of  a  harmonic (1064 nm) of 
a pulsed  Nd: YAG laser functioning of 10 Hz, which was attentive on 
the titanium plate with a beam size of near to 6mm diameter and lens 
by focal length of 100 mm. 
It is worth to mention that for investigating the effect of  LED on 
growth of TiO2NPs as a first aim of this research, two samples of  0M 
(DI water) and 0.01M of SDS solution by three different LED of (0.5 
J/cm2, 1 J/cm2, 1.5 J/cm2) where checked. It should be noted that at 
all of the mentioned trials, the irradiation time was 10 min in solution 
volume of 50cc. Moreover, for extra examining, the effect of SDS 
concentration on development of TiO2NPs as the second aim of this 
research, four different concentrations of 0M (DI water), 0.001M, 
0.01M and finally 0.1M with the same mentioned time and volume 
also were synthesized by LED of 1J/cm2.  
These samples were shown in figures 1 and 2. As it can be seen, the 
color of samples are slightly blue and increasing the LED results in 
bolding their colors. The U-vis transmission spectra of the achieved 
colloidal solutions were straightly noted with a UV-Vis-NIR absorption 
spectrophotometer (Varian Carry 500, spectral range of 200-1000 nm) 
with references of original SDS solutions to subtract the effects from 
SDS, even though an aqueous solution of SDS is wholly transparent. 
Also, it should be noted that the morphology and shape of NPS were 
examined by Scanning Electron Microscope (SEM) of EM3200 model 
of KYKY Company.  The crystalline structure of the samples was 
studied by X-ray diffraction (XRD) of dehydrated suspensions on Si 
substrate, with Cu-Kα radiation (λ=1.54060 Å) (STADI MP) ready by 
Germany. The photoluminescence spectra (PL) were got consuming 
a Xe-lamp source by Ava spec 2048 TEC at excitation wavelength  of 
about 335 nm.

0.5 J/cm2 1 J/cm2 1.5 J/cm2 0.5 J/cm2 1 J/cm2 1.5 J/cm2

Fig 1. Samples of NPS synthesized by laser ablation method 
in DI water by three different LEDs.

Fig 2. Samples of NPS synthesized by laser ablation method in SDS 
solution with 0.01 M (SDS) concentration
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Results and Discussion
Optical properties analysis by UV-Visible spectroscopy 
The UV-vis spectrum of TiO2NPs in DI water and 0.01M SDS 
solution which conducted at three different LEDs immediately after 
synthesizing the samples by quartz cell of 1 cm thickness are shown 
in figures 3 and 4. The results show that, the intensity of excitonic 
absorption peak rises to higher levels by increasing the LED. In the 
other words, the light intensity which passing through the samples, 
decrease in higher LED due to more creation of NPs. These results 
are also shown in figures 3 and 4 as well. 
As it can be seen, the intensity of excitonic absorption peak of 
samples which created in DI water are higher than that of at 0.01M 
SDS solution which proofs more creation of NPs at DI water. It should 
also be noted that, the excitonic peak place in semiconductors, 
depends on the size of NPS. 
It is very interesting to note that, TiO2NPs consists of three 
crystalline phases which named as anatase, rutile plus brookite. In 
the case of first two mentioned crystalline phases which are more 
common, the excitonic absorption peaks reported to create nearby 
270 and 330 nm, respectively [20]. It should also be reminded that, due 
to the existence of TiO2NPs, strong excitonic absorption spectrum 
occurred below the 250 nm while a smooth decay towards longer 
wavelengths is observed. According to the measured excitonic 
wavelength peak of samples which were smaller than 250 nm, 
it could be concluded that created TiO2NPs are too smaller than 
typical cases and would be in the quantum dots class [21].
Unfortunately, the lower limit of spectrometer was 250 nm, 
therefore the red or blue shift of peaks are incomprehensible. It 
should be noted that, other researchers were reported the same 
results as well [22-23]. In many reports, for estimating the achieved size 
of NPS, the absorption edge of peaks were considering as the base 
of evaluation [24]. 
In this research, the optical absorption wavelength edge was 
appeared among 300 to 400 nm because of the presence of 

TiO2NPs. In all six samples which are in DI water or in 0.01 M SDS 
solution, increasing the LED was resulted in reduction of wavelength 
of absorption edge of samples to blue (blue shift). This phenomenon 
again confirms the reduction of size of TiO2NPS by increasing LED 
however the tiniest NPs were occurred at 0.01 M SDS solution. The 
average amounts of wavelengths of the absorption edges are shown 
in table 1. 
In the following paragraph, the effects of changing the concentrations 
of SDS solutions on created NPs also were investigated. As it can be 
seen in figure 5, the most of created NPs are in DI water with 0M 
SDS solution. At this time, by investigating the absorption edge of 
peaks, it was clarified that the increasing of the concentration of 
SDS solution caused blue shift in the wavelength so the smallest 
NPs were found in 0.1 M SDS solution. Average amount of these 
wavelength are shown in table 2.
More addition, the optical band gap energy of samples was also 
determined from their absorption spectrum using Tauc method that 
is considered in equation 1.
 (αhν)m = B(hν – Eg)                                             (1)
Where B is a constant magnitude, h is the plank constant, ν is the 
probe radiation frequency, and Eg is the optical bandgap energy. It 
should be noted that, TiO2 is an indirect bandgap semiconductor [25] 

and for an indirect band gap transition m is 2, respectively. In figure 
6 the optical bandgap of TiO2NPS in 0.01M (SDS) solution is shown 
from the plot between absorption coefficient and photon energy. 
The bandgap energy of TiO2NPS formed by the same technique is 
reported which being in the level of 3-4.5 eV [22, 23]. As it can be seen, 
the optical bandgap energy in this case is 4.2eV. The bandgap energy 
for other samples are reported at tables 3 and 4. 
The results of current research show that the created NPs are too 
slight and their characteristics are too near to quantum dots. Finally, 
from established results these can be concluded that, by increasing 
the LED as well as SDS concentration the reduction in the size of 
synthesized NPs were occurred.

Fig 3. Optical absorption spectra of TiO2 NPS in DI water by three different LEDs.

Fig 3. Optical absorption spectra of TiO2 NPS in DI water by three different LEDs.
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                    sample E (J/cm2) λ (HZ)

                       

          DI water

0.5 366

1 363

1.5 361

                                                 
         0.01 M (SDS)

0.5 356

1 348

1.5 346

sample E (J/cm2) λ (HZ)

0 M (SDS) 1 363

0.001 M (SDS) 1 356

0.01 M (SDS) 1 348

0.1 M (SDS) 1 336

                    sample E (J/cm2) bandgap energy (ev)

                       

          DI water

0.5 3.8

1 4

1.5 4.2

                                                 
         0.01 M (SDS)

0.5 3.9

1 4.2

1.5 4.3

sample E (J/cm2) band gap energy (ev)

0 M (SDS) 1 4

0.001 M (SDS) 1 4.1

0.01 M (SDS) 1 4.2

0.1 M (SDS) 1 4.3

Table 1. The average amount of wavelengths of absorption edge according to increasing LED

Table 2. The average amount of wavelengths of absorption edge according to increasing the concentration of SDS solution

Table 3. The band gap energy for samples produced by PLA method in different LED

Table 4. The band gap energy for samples produced by PLA method in different concentration SDS 
solution
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Fig 4. Optical absorption spectra of TiO2 NPS in 0.01 M (SDS) solution by three different LEDs.

Fig 5. Optical absorption spectra of TiO2 NPS in SDS solution with different concentrations.
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Fig 6. Optical bandgap of TiO2 NPS in 0.01 M (SDS) solution by LED of 1 J/cm2.

Emission Spectra by PL analysis
In this research, the photoluminescence measurements were carried 
out at room temperature by using an excitation wavelength of 335 
nm.  Figure 7 and 8 represents the emission spectra of two synthesized 
samples in DI water and 0.01M SDS solution at three different LEDs. 
As it can be seen, the higher the LED leads in creation of more TiO2 
NPs. It should be also noted that, the wavelength of emission peaks 
of all samples are between 360 up to 370 nm which confirmed the 
creation of TiO2NPS. Moreover, a peak with photon energy of ~ 2.3 
eV at λ= 522 nm is observed in all the three emission spectrum, which 
is stated as peak of oxygen lack [26]. 
Moreover, figure 9 presents photoluminescence emission spectrum 

of four synthesized samples at the solution with surfactant at four 
concentrations of 0 M, 0.001 M, 0.01 M, 0.1 M. As it can be seen, by 
rising the surfactant concentration, the integrated area of bellow the 
emission peak was decreased so the higher amount of synthesized 
NPS at stable LED of 1 J/cm2, is owing to DI water samples unlike 
the 0.1 M SDS solution. It is also very important to mention that, the 
oxygen deficient peak was just observed at the solution at 0.01 M 
SDS with λ= 522 nm and photon energy of ~ 2.3 eV. 
Finally, it should be recall that in many previous researches, the peak 
of PL of anatase and rutile TiO2 NPs were both found around 3-4 eV[27] 
and likewise, this is interesting to know that all of the emission peaks 
of this research are also at the range of  3.5 eV.

Fig 7. Photoluminescence spectra of TiO2 NPS in DI water by three different LEDs.

   88



International Journal of Nanotechnology in Medicine & Engineering Volume 5 Issue 5, December  2020

Citation: A. Najigivi et al. (2020) Synthesis and Characterization of TiO2 Nanoparticles by Pulsed Laser Ablation in Water: Effect of SDS incorpo-
ration. Int J Nano Med & Eng. 5:5,83-94

Fig 8. Photoluminescence spectra of synthesized NPS in 0.01 M (SDS) solution by three different LEDs.

Fig 9. Photoluminescence spectra of synthesized NPS in SDS solution with different concentrations.

XRD analysis 
The XRD analysis was utilized to investigate the structure of 
synthesized NPs. Figures 10 and 11 show the TiO2NPs in DI water at 
three different LEDs as well as a sample of 0.001M SDS solution in 
LED of 1 J/cm2. As it can be seen, there isn’t any peak of TiO2 was 
found which proofs that there isn’t  any crystalline phases available 
and all syntesized NPS of all four samples were almost amorphous. 
These results were also confirmed by other researchers [28]. However, 
at the rest of the samples which were synthesized by the solutions 
with concentrations of 0.1M and 0.01M surfactant, crystal peaks were 
observed. Figure 12 clearly presents the XRD chart of synthesized 
samples at 0.01M SDS solution of three different LEDs. As it can be 
find from this figure, the all peaks of three samples are match at 
the same place. Also, the peaks of rutile phase were cleared at two 
situations of 2θ≈27˚ and 36˚, however, the peak of anatase was 

appeared at situation of 2θ=25˚. 
Also, it is worth to say that, for investigating the size of nano crystals, 
the Scherrer formula was used: 
            t = 0.9λ/(β cosθ  )                     (2)                                     
Where, t is the size of nano crystals, λ is the wavelength of x-ray 
that is equal to 1.54nm, β is peak width at half-maximum intensity 
and θ is Bragg angle related to the peak. Regarding the quantities, 
the average size of TiO2 nano crystals which created at 0.01 M SDS 
solution, were near to 28 nm. Also, Figure 13 presents the X-ray 
diffraction scheme of synthesized samples at 0.1 M SDS solution. 
As it can be seen, some peaks which relates to crystalline NPS are 
also detectable. Also, the average size of TiO2Nano crystals in this 
case were obtained about 26 nm by aid of Scherrer formula which 
demonstrates that the NPS which created at 0.1 M SDS solution are 
smaller than which formed in 0.01 M SDS.
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It is very significant to mention that, in a certain concentration of 
SDS surfactant solution, many of its molecules can bind together 
to form micelles. This certain concentration is called as critical 
concentration of micelle formation (CMC). In a SDS solution with 
lower concentration of 0.001 M, incomplete coating of DS- on 
particles, can reduced surface density, and may caused particles to 

be almost amorphous [29]. However, with SDS concentration around 
the CMC (0.01 M), a stable colloidal suspension of titanium NPS with 
higher crystallinity and maximum abundance was obtained that was 
attributed to the formation of a bilayer DS- coating on the cluster 
surface [29]. In a high concentration of 0.1M SDS solution, the micelles 
could easily be formed but the excess SDS molecules may retard 
more or less nucleation and growth of anatase particles [29].

Fig 10. XRD spectra of synthesized NPS in DI water by three different LEDs. (a=0.5 J/cm2, b=1 J/cm2, c=1.5 J/cm2)

Fig 11. XRD spectra of synthesized NPS in 0.001 M (SDS) solution with LED of 1 J/cm2

Fig 12. XRD spectra of synthesized NPS in 0.01 M (SDS) solution with three LEDs. (a=0.5 J/cm2, b=1 J/cm2, c=1.5 J/cm2)
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Table 6. Average size of TiO2 NPS in 0.01M SDS solution in three different LED by SEM analysis

SEM analysis
SEM analysis was carried out to study the morphology and size of 
NPS. As it can be seen in figures 14 and 15, Samples (a), (b) and (c) 
are related to TiO2NPs which were synthesized in DI water, however 
the (d), (e) and (f) samples are related to those NPS which formed at 
0.01 M SDS solution. Moreover, it is considerable from both groups 
that, by increasing the LED, the amount of synthesized NPS are also 
increased. In comparison of these two groups, by increasing LED, 
number of synthesized NPS in water were more than particles of 
0.01 M SDS solution. However, the addition of surfactant to the 
ablation liquid caused in creation of smaller NPS which synthesized 
in 0.01 M SDS solution and they didn’t stick together. In table 5 and 6 
the size of NPS for each sample are shown.
On the other hand figure 16 is related to the samples which were 

synthesized in SDS solution with four different concentrations of 0, 
0.001, 0.01 and 0.1 M SDS which named as b, g, e and h, respectively, 
at LED of 1 J/cm2. As it can be seen, the lowest compression and 
adhesion are related to sample (e) which was created at 0.01 M 
SDS solution, however, the most amount of created NPS with 
same properties are owing to sample (b) which was prepared in DI 
water. As it can be seen in table 7, increasing the concentration of 
SDS solution, caused in reduction of the particles size, then again in 
samples with 0.1 M SDS solution, NPS have high compression and 
adhesion. This phenomenon may happen because of the presence 
of large amount of SDS. As it can be seen, the concentration of SDS 
that is near to the CMC (0.01 M SDS), caused better results. At the 
end, it could be mentioned that, the shape of NPS of all samples are 
spherical, although, the h sample, where find at oval shape as well. 

sample (a) sample (b) sample (c)

91 nm 59 nm 50 nm

sample (d) sample (e) sample (f)

46 nm 33 nm 28 nm

sample (b) sample (g) sample (e) sample (h)

59 nm 46 nm 33 nm 26nm

Fig 13. XRD spectra of synthesized NPS in 0.1 M (SDS) solution with LED of 1 J/cm2

Table 5. Average size of TiO2 NPS produced in DI water in three different LED by SEM analysis

Table 7. Average size of TiO2 NPS in different concentration of SDS solution
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Fig 14. SEM pictures of synthesized NPS in DI water with three different LEDs. (a =0.5 J/cm2, b =1 J/cm2, c =1.5 J/cm2)

Fig 15. SEM pictures of synthesized NPS in 0.01 M SDS solution with three different LEDs.(d =0.5 J/cm2, e =1 J/cm2, f =1.5 J/cm2)

   92



International Journal of Nanotechnology in Medicine & Engineering Volume 5 Issue 5, December  2020

Citation: A. Najigivi et al. (2020) Synthesis and Characterization of TiO2 Nanoparticles by Pulsed Laser Ablation in Water: Effect of SDS incorpo-
ration. Int J Nano Med & Eng. 5:5,83-94

Conclusions
In this study, the synthesis of TiO2NPS by PLA method in aqueous 
mediums of both DI water as well as SDS surfactant at three 
concentrations of 0.001, 0.01 and 0.1M were discussed. It should be 
noted that, the utilized laser of this study was pulsed Nd: YAG laser 
(λ= 1064nm) with the target of high purity titanium sheet. On the 
other hand, the effect of increasing of the LED on optical, structural 
and morphological characteristics of created NPS were investigated. 
Moreover, the spectrophotometry and photoluminescence 
analysis were utilized for investigating the optical specifications of 
synthesized NPs. 
In the current research, the spectrophotometry and 
photoluminescence analysis were determined. These analyses 
were clearly indicated that, the number of synthesized NPS of all 
samples were increased by increment of the LED, although, their 
size decreased. It is also worth mentioning that, the number of 
synthesized NPS in DI water were more than those of created at 

all three different concentrations of surfactant solutions, though 
increment of the concentration caused in reduction of the size of 
NPS. It is more interesting to note that all of the results were also 
confirmed by the calculated bandgap energies of Tauc method.
More addition, the XRD analysis of synthesized NPs were done which 
proofs the amorphous phase of all samples at DI water and 0.001M 
of SDS solution, however, the samples of 0.01 and 0.1M SDS solution, 
revealed the crystalline peaks. Also, the size of nano crystals of both 
samples were measured by Scherrer formula which also confirms the 
smaller size of crystals at 0.1 M than 0.01 M SDS solution. 
Finally by SEM analysis, the morphology of NPS were investigated. It 
was indicated that in higher LED, the amount of created particles were 
more. Also, it should be mentioned that, NPS creation at presence of 
0.01 and 0.001 M surfactant, caused in less compression of created 
NPs. However the smallest particles were found at sample with 0.1 
M SDS solution, but the adhesion and compression of particles were 
more considerable which confirm the 0.01 M concentration as the 

Fig 16. SEM pictures of synthesized NPS with LED of 1 J/cm2 in different concentration of SDS solution.
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most suitable condition. At the end, it should be noted that, all the 
created NPS were in the spherical shape, unlike the samples of 0.1 M 
SDS solution, which some were found in oval shape. 
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