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Chemical safety and security?

> 244 million molecules                                
registered 

(organic/inorganic) 

~ 350 thousand 
commercialized

~ 1000 toxic (?)
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PROBLEMATICS!

Chemical warfare

Agrochemicals

Undesired
stockpiles
Allert

attack/misuse

Organophosphates

Neutralization: eliminate toxicity Cleave P-O

STABLE

Monitor

Detoxify

TOXIC LESS TOXIC

Catalysts

Neutralize
Monitor

Catalysts on
demand or by-
design
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Functionalization: what is good? 

Good?

Site targeted?

Group anchored?

Coverage? 

Support? 
Low 

oxidation

High oxidation

Application
-driven

Covalent

Hydroxyl

Epoxides

Carboxylic acid

sp2 carbon

Carboxylic 
acid 

Epoxide

Hydroxyl sp2 carbon

Challenge:
confirm

functionalization
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✓ ≠ Oxidation degree
✓ Mono- Bifunctionalized
✓ Vary precursor: graphene oxide;

crumbled graphene; carbon
nanotube; metallic nanoparticles

✓ Vary groups: imidazole, thiol,
amine, hydroxamate, cysteine,
etc

Thin film

Powder

Thin films

Magnetic

Nanodesing: strategy?

J. Mat. Chem. A 2024; ChemCatChem, 2024. JBCS, 2024, Frontiers Carbon, 2024. 
Green Chem, 2022. ACS Appl. Nano Mater. 2022; Appl Catal B-Environ, 264, 

118496,2020; J. Cat. 356, 75, 2017;   J. Mat. Chem. A, 5, 9591, 2017; J. Colloid Interface 
Sci. , 467, 239, 2016; Carbon , 61, 543, 2013
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Characterization

TGA

New 
mass loss

FTIR
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J. Mat. Chem. A 2024; ChemCatChem, 2024. JBCS, 2024, Frontiers Carbon, 2024. Green Chem, 2022. 

ACS Appl. Nano Mater. 2022; Appl Catal B-Environ, 264, 118496,2020; J. Cat. 356, 75, 2017;   J. 
Mat. Chem. A, 5, 9591, 2017; J. Colloid Interface Sci. , 467, 239, 2016; Carbon , 61, 543, 2013

Raman

Nanoparticles

Differ mono-bi

Indicates functionalization

Challenging

XRD

1000 2000 3000 4000

2G
D+D´

2D

D´
D

 

Raman shift (cm
-1
)

R
e

la
ti
v
e
 I
n
te

n
s
it
y GOIMZ

GOSH

GO

G

ID/IG

CHNS, 
TITRATION…

SEM

TEM

XPS

1H NMR HR-MAS



www.quimica.ufpr.br/elisaorth / elisaorth@ufpr.br /       @gcc.ufpr11

AFM-FTIR

GOEDA1 (epoxide) – 1512 cm-1 GOEDA2 (Acid) – 1556 cm-1

N-H bond 
mapping

Basal plane Border

Characterization
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Nanocatalytic performance: reaction lifetime?

Recycling

Activity > 5 cycles

J. Mat. Chem. A 2024; ChemCatChem, 2024. JBCS, 2024, Frontiers Carbon, 2024. Green Chem, 2022. ACS Appl. Nano Mater. 2022; Appl Catal B-
Environ, 264, 118496,2020; J. Cat. 356, 75, 2017;   J. Mat. Chem. A, 5, 9591, 2017; J. Colloid Interface Sci. , 467, 239, 2016; Carbon , 61, 543, 2013
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Monofunctionalized
Bifunctionalized

Via epoxides

Via carboxylic 
acids

Via epoxides 
+NPs

Via carboxylic 
acid+epoxide

Via carboxylic acids
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Nanocatalytic performance: functional group anchored?

 rate 
constants

Faster
More 

catalytic

Via epoxide
more 

catalytic

Years→Min

Bare 
support/

molecules
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Nanocatalytic performance: coverage vs neighboring?

TGA mass loss
coverage

 Via epoxide
 Carboxylic acids

Hydrogen-
bond

Catalysis

Carboxylate
switches 
reactivity

Coverage is not
key for catalysis

Blocking COO- More COO-
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Precursors Sustainable biocatalysts

Gum arabic

Rice husk

Shrimp shell

Carboxymethyl

cellulose

Cashew

tree gum

Alginate

Buxixão

tree gum

Nanocellulose

Hydroxamate

Imidazole

>
 2

5
 c

a
ta

ly
s
ts

Amidoxime

Homogeneous and heterogeneous Recycling

Activity > 5 cycles
FTIR, etc

Beginning End
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Years→Min
Scavenger?

Modulated
by solvents

Scavenged

Selectivity?

Polymer shifts 
towards

selectivity

Sustainable biocatalysts
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Beginning

End

BIOCATALYSTS AND NEUTRALIZING GEL

Carboxymethylcellulose

CMC
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Portable homemade 
detector Homemade

k=0,013 s-1

Commercial
k=0,012 s-1

Pure and Applied Chem. 2020, 92, 601; 
Patent deposited, INPE, Brazil, 2018 e 2021.

Detects in 5 min
10 rep. < 3% error 

10-6 mol L-1

Detects in 10 min
10 rep. < 4% error 

2 x 10-6 mol L-1
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Pure and Applied Chem. 2020, 92, 601; 
Patent deposited, INPE, Brazil, 2018 e 2021.
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Control

Glyphosate Control

Glyphosate

Colorimetric detection

Detects in 10 min
10 rep. < 10% error 

DNFB –
Colouring agent

Glyphosate

Paper sensor

Glass sensor- PVG

Higher

amount

Control

Non-
contaminated

Contaminated
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Interference and Traceability

20-50% glyphosate

50-80% incipient

Comercial
Incipient

interference?

Distinguish

? (RMN)
Origen

Roundup NÃO 

Brasil/Argentina/U

SA/Bélgica

Nufosate NÃO 
Índia/China

Zavit NÃO  China

Zafera NÃO  China

Stinger NÃO 

Brasil/Argentina/U

SA/Bélgica

Selectivity with other 
agrochemicals

Selective:
• 2,4D/Carbendazim

• AMPA: distinguishable
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Greening up?

Tackling?

1. Faster/Catalysis
2. Recycling
3. Avoid byproducts
4. Neutralize/Detect toxic agents
5. Renewable precursors

SUMMARY

>>years
<min

Boosting
Catalysis

❖ Sinergism: precursors matter!
❖ Multiple catalyses

Strategy

switches

Catalysis

boosts

0,2 min

0,5 min

15 min

0,7 min
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Curitiba

Curitiba

Iguassu Falls

Rio de Janeiro Porto de Galinhas

Ouro Preto

Thanks for your attention!

Carneiros

Maranhão

Ceará

Pantanal

BonitoAmazônia

Prof. Elisa. S. Orth
Universidade Federal do Parana

elisaorth@ufpr.br
www.quimica.ufpr.br/elisaorth

@gcc.ufpr



Thank you!
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