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To provide a safe, yet more efficient method of 
protection from vesicants that  improves the  
operational effectiveness of first-responders 
and soldiers 

Design a nanoparticle system that will absorb, 
entrap, and deactivate target vesicants



History of Use
Mustard agent use in war

Easy to make, cheap

Potential Users
First responders

Firefighters, Police

Military

Need for a NP System
Prior products

Application issues

Not prophylactic

Problems with military equipment 
compatibility
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Selection of nanoparticle system 
materials 

Nanoparticle synthesis method 
and testing plan formation

Synthesize nanoparticle system

Characterize nanoparticle 
system

Determine entrapment 
efficiency 

Verify entrapment/deactivation 
of 2-CEES



H2O  Solution

Legend

PLGA 
nanoparticle
(polymer)

TOA  or DIEA
(deactivating 
chemical)

PVA
(surfactant)

2-CEES
(vesicant 
simulant)



Characterization

Size
>200 nm to prevent 
endocytosis

Polydispersity Index 
(PDI)

Monodisperse <0.1

Zeta Potential
±30 mV for 
moderate stability

Entrapment Efficiency

>70% deactivating 
chemical entrapped 
within nanoparticle

NPs instantaneously 
respond to presence 
of vesicant

Entrapment and 
deactivation of 
vesicant

Loaded NP 
deactivation occurs 
faster than free 
chemical reaction 
with vesicant

Reaction Testing



Component Justification
Polymer: poly D, L-
lactide-co-glycolide 
(PLGA)

FDA approved for human therapy
Well-characterized polymer
Biocompatibility
Biodegradability
Degradation 
sub products are 
non-toxic

Deactivating 
Chemical:
-Trioctylamine
(TOA)
-Diisopropyl ethyl 
amine (DIEA)

Hydrophobic
Reactive for our purposes (Non-nucleophilic base) 
Will not bond with the PLGA to our detriment
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Component Justification
Surfactant: Polyvinyl 
alcohol (PVA)

Water soluble
Excellent emulsifying properties 
Reduces surface tension
Aids in the solubility of 2-CEES; drives  reaction between 2-CEES & TOA

Solvent: 
Dichloromethane 
(DCM)

Ability to dissolve all other NP synthesis components
Not reactive with TOA
Evaporates easily due to its relatively low boiling point (39.6°C)



Emulsion-Solvent Evaporation Technique

Top-down technique

Biodegradable nanoparticles with 
entrapped hydrophobic compounds 

Preparation of stock solutions

Time efficient 

More consistent 

Synthesis of blank NPs

Provides a control

Synthesis of loaded NPs

Loaded with deactivating agent 
TOA or DIEA



Mixing of continuous 
and discontinuous 

phase during 
sonication

Organic solvent 
removal

Nanoparticles in 
solution and powder 

form



2.0mL of the 
discontinuous phase 

stock solution 

Nanoparticles 

(in solution) 

Freeze NP suspension 
for 3 hours at 5°C

Freeze dry for 48 
hours under a vacuum 

at -80°C

5 mL DCM

Purify by dialysis

(12 hours with nano-
pure H2O; change H2O 

every 4 hours)

Evaporate under 
rotating vacuum 

(32°C for 6 mins.)

100 mg 
PLGA

5 mg
TOA or DIEA

80mg 
Trehalose

100 mL H2O

Sonicate to form emulsion                    
(10 mins. at 38% 

amplitude; pulse of 4:2; in 
an ice bath)

5 mL DCM

10mL of the 
continuous phase 

stock solution

300mg PVA

100mL
Nano-pure 
H2O

150 mg PVA 

Nanoparticles

(powder form) 



Average size
216.3 nm

PDI
0.098

Zeta potential
-21.7 mV



Average size
213.1 nm

PDI
0.142

Zeta potential
-8.4 mV



Standard curve of TOA concentration 
in supernatant vs. pH 

Procedure

Blank  NP 
+ 0 mg 

TOA

Blank  NP 
+ 2.5 mg 

TOA

Blank  NP 
+ 1 mg 

TOA

Blank  NP 
+ 5 mg 

TOA

100% 80% 50% 0%

Pellet after 
Centrifugation

Supernatant pH 
measured

pH= 4.10 pH= 4.24pH= 4.21pH= 4.17



Entrapment Efficiency (EE): 83%
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+ +

2-CEES

TOA

Ethylvinyl
sulfide

Ethyl
thioethanol

Hydrochloric 
acid

or

DIEA
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Initial budget: $700

Chemicals ordered from 
Fisher Scientific and Sigma 
Aldrich 

NP synthesis

Testing

Characterization of NPs
TEM 

DLS

Item Cost

Fisher Scientific $198.54

Sigma Aldrich $528.14

Characterization $130.00

Total spent $856.68



Weeks

Synthesis 
Protocol

Lab Training

Blank NP 
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Loaded NP 
Synthesis

Testing Protocol

Characterization

Entrapment 
Efficiency

Reaction Testing
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NP characterization showed successful synthesis 
results

Consistent with measurable objectives for size, 
polydispersity index, and zeta potential

Entrapment efficiency of deactivating chemical 
was successfully determined

Consistent with measurable objectives

Although no significant change was observed 
between the loaded and blank nanoparticles, 
reaction testing showed nanoparticles reacted 
faster than free deactivating chemical

Consistent with measurable objectives
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