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ABSTRACT
Objective(s): In this study we evaluated the photocatalytic activity and dye degradation of blue light-activated 
and UV-activated carboxymethylcellulose gel containing titanium dioxide nanoparticles and compared with 
40% hydrogen peroxide bleaching effect to reach to a new strategy that has most efficiency with minimal 
side effects.
Materials and Methods: The effective concentration of carboxymethylcellulose gel containing TiO2 
nanoparticles was determined. The color of the main samples was measured at first, after staining with 
coffee and after the bleaching process by colorimeter. E1, E2, E3 were recorded and ΔE1, ΔE2 were calculated. 
Samples were divided into eight groups, each containing six. In three groups, the bleaching effect of CMC 
gel containing TiO2 nanoparticles irradiated with UV-C was investigated after one, two, and three times 
exposure to the teeth. In the other three groups, the bleaching effect of CMC gel containing TiO2 nanoparticles 
irradiated with light cure was investigated after one, two, and three times exposure to the teeth. The results 
were compared with two control groups CMC and H2O2.
Results: The effective concentration of carboxymethylcellulose gel containing TiO2 nanoparticles was 20%. 
ΔE2  result for H2O2 control group was 6.34 and for CMC control group was 2.54. The values of ΔE2 in groups 
were exposed once, twice and three times to CMC gel containing TiO2 nanoparticles that were activated by 
UV were 3.83, 4.19, 4.42 respectively and ΔE2 results in groups were exposed once, twice and three times to 
CMC gel containing TiO2 nanoparticles that were activated by blue-light were 4.45, 5.03, 5.55 respectively. 
Conclusion: The greatest value of ΔE2 belonged to the bleached group with hydrogen peroxide gel with ΔE2: 
6.34 and after that related to the group activated three times with blue light with ΔE2: 5.55.  All groups except 
the CMC control group showed ΔE2 higher than 3.3. 
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INTRODUCTION
Patients are highly sensitive to aesthetics, 

including tooth color [1], leading to the 
introduction of several bleaching products and 
systems for the teeth [2]. Such products are 
among the most conservative dental treatments 

[3]. Chromogens obtained from usually consumed 
foods (e.g., coffee, tea, chocolate, and tobacco)
causes by extrinsic discoloration [4]. Over the 
years, several bleaching methods have been 
introduced to achieve subjectively whiter teeth 
[5], including in-office approaches and home-
bleaching kits.  Currently, the use of hydrogen 
peroxide prevails in dental practice [2]. Hydrogen 
peroxide (H2O2) concentration and administration 
period have a major contribution to the success 
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of in-office tooth whitening. However, the use 
of  H2O2 may cause some problems, including 
enamel demineralization, tooth sensitivity, gingival 
irritation, cytotoxicity, and acute pulpitis [6]. Various 
light sources are administered in combination with 
in-office bleaching products, to facilitate the rates 
of chemical reaction of the bleaching process [7]. 
According to the literature, light using halogen, 
light-emitting diode (LED), or laser can stimulate 
bleaching agents [8]. Such procedures result in 
the enhanced release of hydroxyl radicals through 
increased temperature [7]. Evidence regarding the 
effectiveness of light sources for in-office bleaching 
are inconsistent. In addition, its role in frequently 
administered bleaching procedures is not clear 
yet [9-14]. Apart from the contribution of light 
sources in enhancing the chemical reaction of 
bleaching gels, some studies investigated catalyzing 
molecules like titanium dioxide (TiO2), which is a 
major photocatalyst semiconductor in an extensive 
spectrum of environmental administrations. TiO2 
is an important photocatalyst agent because of its 
oxidizing characteristics, absence of toxicity, photo 
and chemical stability in a wide pH band [15], and 
commonly used as a whitening or brightening 
agent in various applications [16]. Nanoscale 
TiO2 reinforcement agents bring new optical, 
electrical, physiochemical characteristics [17-19]. 
The administration of nanoparticles is on the rise 
in dentistry because of their antimicrobial and 
mechanical characteristics. In addition, because of 
their antibacterial characteristics, chemically inert, 
low price, high resistance, and hardness, TiO2 
nanoparticles are widely applied in manufacturing 
dental materials [20, 21]. The attention towards 
the administration of nanocrystalline TiO2 as 
a photocatalyst for the degradation of organic 
pollutants has increased in recent decades [22]. 
Tooth exposure to light-curing units (LCUs) is 
one of the routine conditions in restorative 
dentistry [23]. Sensitivity results from the insult 
of the peroxide on the nerve may be considered 
reversible pulpitis [24]. Antimicrobial properties 
of TiO2 nanoparticles and their application in 
Medicine, Dentistry, and other sciences have 
been widely known [25]. It is also safe for the 
human body [16, 26, 27]. Overall, gels containing 
nanoparticles are found to be less toxic compared 
to the products that are produced using hydrogen 
peroxide [2].  Carboxymethyl cellulose (CMC), is 
a biocompatible and biodegradable polymer, has 
been used in the biomedical field, also in paper, 
ceramic, and food industries [28, 29]. CMC as a 
traditional bio-absorbent, has a high chelating 

characteristics, strong adsorption efficiency, and an 
acceptable capacity for cationic dyes. A synergistic 
effect of photocatalytic degradation by TiO2 and 
electrostatic adsorption enrichment by CMC causes 
enhancement in photocatalytic activity [30]. 

In this study, the effect of TiO2 nanoparticles 
on teeth (stained or discolored) using the 
photocatalytic power of these nanoparticles in 
whitening and removing colored deposits was used 
as a method for teeth whitening. For this purpose, 
titanium dioxide nanoparticles gel was used in CMC 
on the surface of stained teeth, and its whitening 
effect was compared with hydrogen peroxide. 
Teeth whitening was caused by the photocatalytic 
effect of titanium dioxide nanoparticles that was 
amplified by UV or blue light radiation.

MATERIALS AND METHOD
Materials

Chloramine T and TiO2 Nanoparticles (≥ 99% 
purity, size diameter ≤100) were purchased from 
Sigma-Aldrich and confirmed by Dynamic light 
scattering (DLS), Scanning Electron Microscope 
(SEM) and Energy Dispersive Spectroscopy (EDS) 
and shown in Fig. 1.   Hydrogen peroxide gel (40%) 
obtained from (Opalescence Boost), Coffee (Gold), 
CMC purchased from (Kimia Tehran)

Primary color measurement of samples
Six human premolars without cracks, surface 

defects, previous restorations, and anomalies 
that were extracted for orthodontic purposes 
were used in this study. A Minolta colorimeter 
(Konica Minolta model CR-400) and CIE L*a*b* 
parameters analysis was used for measurement of 
tooth color. CIE L*a*b* values were assessed using 
the reflectance evaluations, where L* indicates 
lightness/darkness (ΔL* : the changes of lightness/
darkness), a* indicates redness/greenness (Δa*: 
the changes of redness/greenness) and b* 
indicates yellowness/blueness (Δb* : the changes of 
yellowness/blueness). The area selected for color 
determination was the middle part of the buccal 
surface of the teeth.

Preparing and coloring samples
The samples were kept in 0.05% chloramine T 

solution for one week. Then, for simulation, they 
were placed in coffee solution for 21 days in an 
incubator with body temperature (+ 37 ° C and 
100% humidity). The specimens were placed in 
a vertical position through a piece of thread that 
was tied around the root and did not come into 
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contact with the crown surfaces so that they were 
completely immersed in the solution and only in 
contact with it. This vertical position minimizes 
the deposition of pigments on the surface of the 
samples. The samples were washed and brushed 
with gentle pressure of normal saline solution for 
one minute every day to be cleaned in case of 
sediments. Fresh solution was prepared daily and 
the samples were placed in it. 

Evaluate the color of the samples after coloring in 
coffee solution

Color evaluation was performed in a similar 
way to the previous method. The color difference 
for each group was calculated between the initial 
assay and the subsequent color change process. 
ΔL*, Δa*, Δb* were calculated and the total color 
change of teeth (ΔE1: color difference of stained 
samples with their initial color) of each category 
was calculated as follows:

ΔE* = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2

Preparation of carboxymethylcellulose gel 
containing titanium dioxide nanoparticles

The selected concentrations of the composite 
containing TiO2 NPs were 20% and half of that. We 
added 1600 mg of TiO2 NPs powder to 6400 mg 
of CMC powder dissolved in a suitable amount 
of sterile distilled water and mixed well to make 
a 20% CMC gel containing TiO2 NPs. To prepare 

CMC gel with a concentration of 10% TiO2 NPs, we 
added 2500 mg of pure CMC gel to 2500 mg of 
CMC gel containing 20%   TiO2 NPs. The viscosity of 
the gel was checked visually on the tooth to have 
a consistency that could cover the surface of the 
tooth and maintain on it.

Determination of the most effective concentration 
of gels containing TiO2 nanoparticles 

To obtain the most effective concentration 
of gel containing TiO2 nanoparticles, in terms 
of color change, bleaching with two different 
concentrations (10% and 20%) was performed on 
the samples. The concentration of 10% gel was 
applied on three samples and the concentration 
of 20% gel was applied on the other three teeth. 
In each group, the gel was placed on the teeth 
for 20 min. The samples were washed and stored 
in normal saline for one week and then the final 
color of the samples was recorded.

Record teeth color after bleaching and calculate 
color change

The color of the teeth was evaluated and ΔE2 
was calculated using the mentioned formula and its 
mean for each group was obtained. To determine 
the most effective concentration we obtained the 
mean ΔE2  in both groups and compared them 
so found that the 20% concentration was more 
effective (ΔE2  difference should be at least 3.3).

 

  
Fig. 1. The morphology of the TiO2 NPs. a) Dynamic light scattering (DLS), b) Scanning Electron Microscope (SEM) and c) Energy 

Dispersive X-ray Spectroscopy (EDS)
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Primary color measurement of main samples
The primary color of forty eight human 

premolars without cracks, surface defects, 
previous restorations, and anomaly (apart from six 
prototypes) that were extracted for orthodontic 
purposes were evaluated using a Minolta 
colorimeter (Konica Minolta model CR-400) 
and CIE L*a*b* parameters analysis in a similar 
way to the previous method. The area for color 
determination was the middle part of the buccal 
surface of the teeth.

Preparing and coloring the main samples
Samples were kept in 0.05% chloramine T 

solution for one week then they were placed in 
coffee solution for 21 days in an incubator with 
body temperature (+ 37 ° C and 100% humidity). 
All samples were placed in a vertical position. They 
were washed and brushed daily and were placed 
in fresh coffee solution.

Evaluate the color of the main samples after 
coloring in coffee solution

Samples color was recorded after immersion in 
coffee and ΔE1 was calculated.

The process of the bleaching
 The number of samples was forty-eight which 

was divided into eight groups each containing six 
which included two control groups and six groups 
for exposure to TiO2 NPs with different activation 
times and methods. Three groups were exposed to 
20% carboxymethylcellulose containing titanium 
dioxide nanoparticles activated by UV-C.

 In the first group, the gel contained TiO2 
nanoparticles that was activated with UV-C by 
hood for 30 min and frequency of 50 Hz. The gel 
was placed on the buccal surface of the teeth by 
micro brush for 20 min. Then it was rinsed from 
the surface of the teeth by gentle pressure of 
distilled water. 

In the second group, the gel containing TiO2 
nanoparticles, which was activated by UV light, 
was placed on the teeth for 20 min. Afterwards, it 
was removed from the tooth surface with sterile 
cotton soaked in distilled water to place fresh gel 
on the teeth again for 20 min. The teeth of the 
second group were rinsed under gentle pressure 
of distilled water to remove the gel from buccal 
surfaces.

 In the third group, the gel containing TiO2 
nanoparticles, which was activated by UV light, 

was placed on the teeth for 20 min. Then the gel 
was removed to place fresh gel on the teeth again 
for 20 min and it was removed again to apply fresh 
gel on the surface of the teeth for the third time 
and after the third interval of 20 min, the teeth of 
the third group were rinsed.

The other three groups were exposed to CMC 
containing 20%   titanium dioxide nanoparticles 
activated by blue light of dental Light Cure 
(Woodpecker LED.B). 

In the first group, the gel containing TiO2 
nanoparticles was placed on the buccal surface 
of the teeth by micro brush and activated for 20 
sec by blue light of light-curing device. The gel 
remained on the teeth for 20 min, then was rinsed 
from the surface of the teeth.

 In the second group, the gel containing 
TiO2 nanoparticles was placed on the teeth and 
activated for 20 sec by blue light of light-curing 
device. The gel remained on the teeth for 20 min. 
Then it was wiped from the surface of the teeth 
and fresh gel was placed on the teeth again and 
activated for 20 sec by blue light. After the second 
20 min, the teeth of the second group were 
washed to remove the gel.

 In the third group, the gel containing TiO2 
nanoparticles was placed on the teeth and 
activated for 20 sec by blue light of light-curing 
device. The gel remained on the teeth for 20 min, 
then it was removed. The fresh gel was placed on 
the buccal surface of the teeth again and activated 
for 20 sec by blue light. After the second 20 min, 
the teeth of the third group were rinsed. For the 
third time, fresh gel similar to the previous steps 
was placed on the buccal surface of the teeth and 
activated for 20 sec by blue light of light-curing 
device. After the third 20 min interval, the teeth of 
the third group were rinsed.

In the positive control group, bleaching was 
performed three times consecutively using 40%   
hydrogen peroxide gel for 20 min each time. 
Between each time the fresh gel was placed on 
buccal surface of the teeth and the previous gel 
was cleaned with sterile cotton soaked in distilled 
water. After whitening for the third time, the teeth 
were washed under gentle pressure of distilled 
water like other samples. In the negative control 
group, CMC gel without nanoparticles was placed 
on the tooth surface for 20 min and then the 
samples were rinsed. 

According to the instructions in the 40% 
hydrogen peroxide bleaching gel kit, color 
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measurement of samples was done 48 hours after 
bleaching.

Final color measurement of main samples
Color comparisons were done in a similar way 

to the previous method by calculating ΔE2  (color 
difference of samples after bleaching compared to 
the colored state).

Data analysis 
All data were analyzed using GraphPad Prism 

7.0 software (San Diego, CA, USA) and presented as 
the mean±standard deviation (SD). The differences 
between groups were analyzed by Student’s 
t-test and one-way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparison test. P 
value < 0.05 was set as statistically significant.

RESULTS
The size distributions and morphology of the 

TiO2 NPs were confirmed via DLS, SEM and EDC 
and shown in (Fig. 1a-c). SEM image illustrated the 
spherical shape of the TiO2 NPs. The particle size of

TiO2 NPs using DLS analysis, as indicated in (Fig. 
1 a), showed a size 98±23.

The results for determining the more effective 
concentration of CMC containing titanium 

dioxide nanoparticles are shown in Table 1. 
According to the value of ΔE2 and compare it 
between two bleached groups with 10% and 
20% concentration of CMC gel containing TiO2 
nanoparticles, 20% concentration of gel was the 
effective concentration (ΔE2 difference should be 
at least 3.3). Table 2 shows the ΔE1 mean in the 
exposure and control groups. According to the 
Fig. 4 in the group, once exposed to gel containing 
UV-activated TiO2 nanoparticles the ΔE2 mean 
value was 3.83. There was a statistically significant 
difference in this group compared to the CMC 
control group with ΔE2:2.54, (P≤0.04). Also, in 
comparison with H2O2 control group with ΔE2: 
6.34, the results indicated a significant difference, 
(P ≤0.02) (Fig. 4a). In the group twice exposed to 
gel containing UV-activated TiO2 nanoparticles, 
the ΔE2 mean value was 4.19. There was a 
statistically significant difference in this group 
compared to CMC control group with ΔE2:2.54, (P 
≤ 0.05) but with H2O2 control group with ΔE2:6.43 
no significant difference was observed (P ≤0.064) 
(Fig. 4b). In the group three times exposed to gel 
containing UV-activated TiO2 nanoparticles the ΔE2 

 

  Fig. 2.   (a) tooth was whitened by UV-activated CMC gel 
containing TiO2 nanoparticles. (b) tooth was whitened by blue 

light-activated CMC gel containing TiO2 nanoparticles

 

 
Fig 3.  Control groups. (a) tooth was whitened by hydrogen 

peroxide. (b) tooth was whitened by CMC

 

  
Tooth number and concentration ΔE1 ΔE2 

Teeth 1 group 10% 6.2468 2.5030 

Teeth 2 group 10% 1.7543 2.7071 

Teeth 3 group 10% 7.6140 1.3432 

Teeth 1 group 20% 12.3709 3.2028 

Teeth 2 group 20% 6.5057 4.4631 

Teeth 3 group 20% 10.1073 3.4010 

Examination group Mean ΔE1 

UV activated group one time exposed 6.96 

UV activated group two times exposed 8.92 

UV activated group three times exposed 10.44 

Blue light activated group one time exposed 8.23 

Blue light activated group two times exposed 9.01 

Blue light activated group three times exposed 8.07 

CMC control group 6.19 

H2O2 control group 9.61 

Table 1. Results of tooth color examination in prototypes after 
bleaching with two concentration of CMC gel containing TiO2 
NPs (gel exposure time : 20 min). ΔE1: Color difference after 
staining with coffee compared to the initial tooth color. ΔE2: 
Color difference after bleaching compared to the color after 

staining with coffee

Table 2.  Mean ΔE1 of experimental and control groups.  ΔE1: 
Color difference after staining with coffee compared to the 

initial tooth color
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mean value was 4.42. In this group, a statistically 
significant difference was observed with the 
CMC control group with ΔE2: 2.54, (P≤0.015) but 
compared to the H2O2 control group with ΔE2:6.34 
no significant difference was observed (P≤0.06) 
(Fig. 4c). In the group, once exposure to gel 

containing TiO2 nanoparticles activated by blue 
light ΔE2 mean value was 4.45. P-value analysis 
showed a significant difference in comparison with 
the CMC control group with ΔE2: 2.54 (P≤0.018) 
but in the hydrogen peroxide control group with 
ΔE2: 6.34 there was no significant difference 
(P≤0.068) (Fig. 5a). In the group twice exposed 
to gel containing TiO2 nanoparticles activated by 

Fig. 4. ΔE2 results in groups were exposed to CMC gel containing 
TiO2 nanoparticles that were activated by UV. (a) Color change 
(ΔE2) of bleached group with CMC gel containing UV-activated 
TiO2 nanoparticles (UV-C, f: 50 Hz, 30 min) during one time 
exposure (20 min) compared to control groups. (b) Color 
change (ΔE2) of bleached group with CMC gel containing UV-
activated TiO2 nanoparticles (UV-C, f: 50 Hz, 30 min) during two 
times exposure (each time 20 minutes) compared to control 
groups. (c)  Color change (ΔE2) of bleached group with CMC 
gel containing UV-activated TiO2 nanoparticles (UV-C, f: 50 
Hz, 30 min) during three times exposure (each time 20 min) 

compared to control groups

Fig. 5. ΔE2  results in groups were exposed to CMC gel 
containing TiO2 nanoparticles that were activated by blue-
light. (a) Color change (ΔE2) of bleached group with CMC gel 
containing blue-light activated TiO2 nanoparticles during one 
time exposure ( light irradiation time: 20 sec, gel exposure time: 
20 min) compared to control groups. (b) Color change (ΔE2)  of 
bleached group with CMC gel containing blue light-activated 
TiO2 nanoparticles during two times exposure (for each time 
light irradiation: 20 sec, gel exposure : 20 min) compared to 
control groups. (c) Color change (ΔE2)  of bleached  group with 
CMC gel containing blue light-activated TiO2 nanoparticles 
during three times exposure (for each time light irradiation: 20 

sec, gel exposure : 20 min)  compared to control groups
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blue light with a mean of ΔE2: 5.03  there was a 
statistically significant difference compared to CMC 
control group with ΔE2: 2.54  (P≤0.028) but with 
hydrogen peroxide control group with ΔE2:6.43 the 
difference was not significant (P≤ 0.185) (Fig. 5b).
In the group three times exposed to gel containing 
TiO2 nanoparticles activated by blue light with 
a mean of ΔE2:5.55, a significant difference was 
obtained compared to the CMC control group 
with ΔE2:2.54 (P≤0.0006) but in comparison with 
H2O2 control group with ΔE2

: 6.34 statistical results 
did not show a significant difference (P≤0.23) (Fig. 
5c). Between six exposure groups, in the group 
that TiO2 NPs were activated by blue light higher 
levels of bleaching was observed and highest 
value was for the group that was exposed to the 
gel and activated with blue light, three times. In 
all groups the bleaching effect of titanium dioxide 
nanoparticles was less than the hydrogen peroxide 
control group and the CMC control group didn’t 
have any bleaching effect on samples.

DISCUSSION
The current in-vitro research compares the 

effect of titanium dioxide photocatalyst on 
bleaching with hydrogen peroxide. Currently, 
most of the in-office bleaching products contain 
high levels of H2O2 to increase release of free 
radicals [31]. Based on the reaction condition, 
H2O2 has the ability to form various reactive 
oxygen species (ROS), which can remove stains, 
particularly the hydroxyl radical (OH), because of 
their decomposition of organic substances [32]. 
In addition, some novel bleaching approaches 
are developing, with higher effectiveness. A 
well-adapted system of a light source and an 
adequate photocatalytic nanoparticle bleaching 
gel could allow localized production of reactive 
oxygen species, including hydrogen peroxide and 
hydroxyl radicals, and boost the bleaching effect 
while reducing potential adverse side effects [2]. 
These are typically semiconducting nanoparticles 
with a bandgap in the UV or visible light [2]. As 
a photocatalyst, TiO2 stimulates a redox reaction 
and decomposes organic compounds when light-
irradiated [33]. TiO2 absorbs light above bandgap 
energy and electrons are excited to the conduction 
band. Such electrons result in declined oxygen 
level, release of superoxide radicals like (O2•–). 
Meanwhile, the holes, formed in the valence 
band, lead to declined level of hydroxide ions 
and generation of hydroxyl radicals. According to 

the evidence, these radicals could discolor tooth-
coloring organic compounds by oxidation and 
degradation [26]. In this method, the production 
of hydroxyl radicals can be controlled through 
light radiation, thus reducing side effects. 
In addition, such compounds are known for 
their semiconductor photocatalyst reacting to 
ultraviolet light [34]. When irritated under the UV 
light, TiO2 NPs shows photocatalytic properties 
that result in oxidative destruction of an extensive 
spectrum of organic compounds [35] and dyes 
[27, 36]. Nevertheless, TiO2 can react at visible 
light exposure of 400 nm vicinity, similar to the 
wavelength of common light sources administered 
in dental light-curing units [37]. Increased attention 
has been paid to the enhanced absorption of 
TiO2 and photoactivity in the visible region [38]. 
Many articles examined the impact of visible light 
irradiation [22, 37] and irradiation time [37] on 
the photocatalytic activity of TiO2 nanoparticles 
and concluded that both factors affect on 
photocatalytic activity of nanoparticles. Most of 
the previous research emphasized the impact of 
different light sources on bleaching action [34, 37, 
39].  LED source produces minimum thermal insult 
during the light activation stage [40-42] and the 
side effects caused by it are not long lasting [43]. 
In this study, titanium dioxide nanoparticles were 
activated using UV and blue light.

Several in vitro models are developed to assess 
the efficacy of tooth bleaching products and 
techniques, which mostly applied whole or cut 
human or bovine tooth samples in the pre-existing 
colors. Nevertheless, in some in-vitro models, 
the level of intrinsic tooth color by pre-staining is 
enhanced [34]. In this study, we stained human 
teeth with coffee. In some studies, the bleaching 
effect of titanium dioxide has been evaluated 
by sample solution. All studies concluded that 
titanium dioxide can degrade dyes [15, 22, 27, 36, 
44]. Zhang et al. introduced that a polydopamine 
(PDA)-modified titanium dioxide nanoparticles 
(nano-TiO2@PDA) as a new blue-light-activated 
tooth can also have bleaching effect on the teeth 
similar to the impact of H2O2-based whitening 
agents in clinical [6]. There was a slight difference 
between the method employed in the recent study 
and ours. While teeth were initially stained with 
coffee in our study, Zhang et al. did not use the 
staining step.  At high initial concentrations of dye, 
the photocatalytic activity of TiO2 nanoparticle 
decreases [44]. This may be the reason for the 



154

D. Fazaeli et al. / The efficacy of TiO2 NPs loaded carboxymethyl cellulose gel on tooth whitening

Nanomed. J. 9(2): 147-155, Spring 2022

difference between the results of this study 
and the study [6] that has evaluated blue-light-
activated nano-TiO2@PDA for highly effective and 
nondestructive tooth whitening. In this study, all 
groups (Except the CMC control group) the mean 
ΔE was more than 3.3 (clinically observable). Also, 
compared to the two groups activated with blue 
light and UV, the group activated with blue light 
had higher bleaching effect in the samples. The 
best efficiency and effectiveness related to the 
group of three times exposure to the gel containing 
titanium dioxide nanoparticles activated by blue 
light. The reason for the higher effectiveness of 
groups exposed to blue light than UV, unlike higher 
UV energy, maybe due to the difference in how the 
nanoparticles was activated with the mentioned 
waves. In the UV-activated groups, the prepared 
gel was UV irradiated once at the beginning of the 
experiment, then exposed to the samples, and 
in two and three exposure groups, the same gel 
was used again on the teeth. This passage of time 
may have reduced the dye degradation activity of 
nanoparticles by returning the excited electrons 
to the previous energy level and the inability to 
produce hydroxyl radicals, but to activate with 
blue light, first the gel containing 20%   titanium 
dioxide nanoparticles was placed on the surface of 
the teeth and then light-cure blue light was shone 
on each tooth of the desired group for 20 sec. 
Therefore, by changing the UV irradiation process 
in 2 and 3 times exposures, it is expected that the 
performance of UV-activated groups will improve. 
The results in each group showed that an increase 
in the frequency of UV and blue light radiation 
leads to a brighter color of the samples.

CONCLUSION
Bleaching has become a common method 

in cosmetic dentistry today so use of bleaching 
agents is increasing. Several studies and many 
efforts have been made to achieve an effective 
and efficient way to whiten teeth in a way that 
has minimal side effects. In this study, using CMC, 
a gel containing titanium dioxide nanoparticles 
was made, which increased the efficiency of 
nanoparticles in the bleaching process and made 
its application easier.UV and blue light irradiation 
was used to activate the nanoparticles. Our 
results showed visible light had better effect on 
TiO2 nanoparticles photocatalytic activity than 
UV. However, this is due to the difference in how 
carboxymethylcellulose gel containing titanium 

dioxide nanoparticles was activated with both 
blue light and UV sources. All groups had less 
whitening effect than the group that whitened 
with 40% hydrogen peroxide gel. This could be 
due to severe discoloration of the teeth because 
of being in coffee for a long time.
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