
Advanced Oxidation Processes 

as Alternative to Standard Whitening Methods

Ressurreição YTS*, Martins JA, Alves JB,  Alpert GIA, Cardoso PEC

Department of Biomaterials and Oral Biology - UNIVERSITY OF SÃO PAULO - BRAZIL

1



H2O2 (1.8 V)
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Whitening Method in Dentistry

H2O2 (1.8 V)

AOPs: Advanced Oxidation Processes

OH• (2.8 V)

(Oppenländer T. 2003)
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AOPs: Advanced Oxidation Processes

Hydroxyl (OH•) based AOPs

(Oppenländer T. 2003)

• H2O2 + UV

• O3 + UV

• H2O2 + Fe

• H2O2 + Fe + Light
• TiO2 + UV 
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Photo-Fenton

AOPs: Advanced Oxidation Processes

Introduction

Fe2+ 
(aq) + H2O2 → Fe3+ 

(aq) + HO• + HO-

Fe3+ 
(aq) + Light + H2O → Fe2+ 

(aq) + H• + HO•
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Objective

Verify if AOPs (Fenton and photo-Fenton) are more 

efficient than conventional whitening methods 

(HP or HP + light).
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Spectrophotometry

Absorbance = 1,...

MethodsMethods

?

http://gg.gg/e3pyv
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MethodsMethods

Journal of Applied Oral Science. May 2014.
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Methods

Name Structural formula
Molecular weight  

(g/mol)
Absorbance (nm)

Tartrazine 534,3 427

Sigma-Aldrich (available at http://gg.gg/dt89y) 
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427 nm

MethodsMethods
12



MethodsMethods

A
O

X

I

D

A

T

I

O

N

A

B

C

13



OXIDANT
OXIDANT 

CONCENTRATION
LIGHT PRESENCE IRON PRESENCE

HP

40%

Present

✓

Absent 

X

Present

✓

Absent 

X
25%

5%

Methods
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Group HP Light Iron

HP 40% [40] X X

HP 25% [25] X X

HP 5% [5] X X

HP 40% + Light [40] ✓ X

HP 25% + Light [25] ✓ X

HP 5% + Light [5] ✓ X

HP 40% + Fe [40] X ✓

HP 25% + Fe [25] X ✓

HP 5% + Fe [5] X ✓

HP 40% + Light + Fe [40] ✓ ✓

HP 25 + Light + Fe [25] ✓ ✓

HP 5% + Light + Fe [5] ✓ ✓

Experimental Groups

HP

MethodsMethods

HP + Light

Baseline

15 min

30 min

45 min
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HP + Iron

HP + Light + Iron



Blue LED

Infrared laser

MethodsMethods
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97.3 °F (36.3 °C)
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Light Spectrum Wavelength Power (mW/cm²)

Visible light 400 nm < λ < 750 nm 5,92485

Infrared λ > 750 nm 1,86708

Ultraviolet λ < 400 nm 0,16811

3x

≅0
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“Only that light which 

is absorbed by a 

system can bring 

about a 

photochemical 

change”
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Degraded tartrazine

(?% discoloration)
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Pure tartrazine 

(0% discoloration)



HP only
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HP + 

Light
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HP 40% 

+ Light

HP 25% 

+ Light

HP 5% 

+ Light



HP + 

Iron
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HP 40% 

+ Iron

HP 25% 

+ Iron

HP 5% 

+ Iron



HP + 

Light + 

Iron
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HP 40% + 

Light + Iron

HP 25% + 

Light + Iron

HP 5% + 

Light + Iron
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Conclusion
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Pure tartrazine 

(0% discoloration)

5% HP + Light + Iron 

(72% discoloration)



Insanity: 

doing the same thing over and 

over again and expecting 

different results. 

ALBERT EINSTEIN

(1879 - 1955)28
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