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• Synthesize iron (II, III) oxide nanoparticles 
from iron acetylacetonate (Fe(acac)3) and 
triethylene glycol.

• Wash and filter out nanoparticles.
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• Characterize diluted nanoparticles and 
Listerine Coolmint mouthwash

• Observe dispersion of varying concentrations 
of nanoparticles in mouthwash
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• Establish departmental contact for gingivitis 
bacteria swabs and procedure

• Obtain IRB approval to conduct patient 
swabs
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• Grow cell cultures in incubator on 
hydroxyapatite disks

• Control group 1: Only bacteria cells

• Control group 2: Bacteria cells + unaffected 
mouthwash
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• Simulate mouth environment using incubator 
and orbital shaker

• Apply samples of nanoparticle/mouthwash 
solution to cell cultures

• Matrix study of exposure time (10, 30, and 
60 seconds increments)
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• Analyze cell viability using bio-indicators

• Survey initial and final bacteria culture sizes

• Comparison study with control groups

Nanoparticle Synthesis & Washing

Nanoparticle Characterization & Dispersion

IRB Approval & Collaboration

Cell Growth & Control

Mouthwash application
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INTRODUCTION
Data from the Center for Disease Control and Prevention

estimated that 47.2 percent or 64.7 million of American adults

are victims of periodontitis, the most dangerous and

irreversible periodontal disease.

The gatekeeper of periodontitis is gingivitis, a reversible, yet

widespread periodontal disease that is commonly

overlooked. Gingivitis mainly stems from poor oral hygiene

and to address this issue, the nascent field of nanoscience

has undertaken the unchartered task of incorporating

nanoparticles into dental care. Nanoparticles have

outstanding antimicrobial abilities, but are also known to

cause cytotoxicity and inflammation within the human body.

The predominance of poor oral hygiene and the biomedical

limitations of nanoparticles have led to the need for the

development of nontoxic substances that have antimicrobial

potency, but are safe enough to be used in household dental

care products.

RESEARCH QUESTIONS
1. How can nanoparticles be used to prevent gingivitis?

2. How can nanoparticles be made adaptable to human oral 

conditions?

3. How can iron (II, III) oxide nanoparticles be incorporated 

into Listerine Coolmint?

4. In what ways can the environment of the human mouth be 

simulated to produce accurate effects of the nanoparticle-

integrated mouthwash on gingival bacteria?
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MATERIALS & METHODS

NANOPARTICLE WASHING
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RESULT & ANALYSIS

Percent Yield: 93%

NANOPARTICLE SYNTHESIS

ProductPrecursor

Fe(acac)3 in 

triethylene glycol 

(TREG)

 Fe(acac)3

decomposition 

temperature: 

186oC

 TREG boiling 

point: 280oC

Reflux

 Stage 1: Heat up to 

180oC

 Stage 2: Heat up to 

280oC

 30 minute wait 

between stages 

Superparamagnetic 

iron (II, III) oxide 

nanoparticles

 Precursor is 

oxidized to 

produce black 

solution

Analysis

Sonication

 Dilute nanoparticles with 

acetone in scintillation 

vials

 Apply ultrasound energy 

to agitate particles

Arched Magnets

 Appearance of vials after 

sonication

 Magnets are attached to 

pull nanoparticles from 

solution

Separation

 Appearance of a vial over 

time. Varies depending on 

concentration in vials and 

number of prior washes

Final Synthesis Product

 Appearance of vials after 

decanting acetone

Zeta Potential Analysis

 Utilized the Zetasizer 

Nano-Z

 Nanoparticles diluted 

in water

 Peak at -22.3 mV 

signifies high colloidal 

stability

Transmission Electron 

Microscopy Analysis

 Uniform nanoparticle 

size distribution

 Composition is 

confirmed to be iron 

(II, III) oxide 

 Shapes are 

consistent spheres

FUTURE STEPS
 Protocol approval 

 Clinical trials and FDA approval of overall product

PROS & CONS

 Biodegradable 

 Ability to reach into small 

oral crevices

 FDA approved 

bactericide

 Inexpensive to 

manufacture

 Experiment is only 

applied to bacterial cells, 

not healthy oral cells

 May lead to toxicity in 

liver and kidneys

 Confined to in vitro 

experimentation

 Mouthwash color change 

may drive away 

consumers


