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Cu2+ is ultimately exposed

to the humans and the

environment

Implementation of Safe-by-design

DeMeo et al. 2011
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Cu and/or CuO NPs

20 Mio tons/year
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Re-designing CuO: Flame Spray Pyrolysis

Precursors: Copper naphthenate +

Fe naphthenate (0.5M Metal

concentration) dissolved in xylene

By Doping????

CH4/O2

Liquid 

precursor

O2
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Morphology and Crystallanity of NPs
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Naatz, Lin, Li, Ji, Chang, Köser, Thöming, Xia, Nel, 

Mädler, Pokhrel, ACS Nano 2016, Under revision
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1% 2% 4% 6% 8% 10%

Wt % of Fe 1.2 2.2 4.5 6.3 8.5 9.0

At% of Fe 1.4 2.5 5.1 7.1 9.6 10.1

Fe (K-edge)

Fe (K-edge)

Ni (K-edge)

Cu (K-edge)

Cu (K-edge)

Quantitative Analysis of the Dopant
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X-ray Diffraction: Structural Analysis of CuO Based NPs
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Small extra

signal coming

from CuFe2O4
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Structural Analysis of the CuO Based NPs

Jan-teller distortion : 6.4% of plane elongation, 4.1% apparent distortion
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Raman Spectroscopy: Particle Analysis

Increasing intensity of

Raman signal centered

at 813 and 926 cm-1 is

assigned to  (Cu-Fe-O)

Successful doping
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Fe2+ Fe3+

Fe2+

The oxidation state

signal at 706 eV: Fe2+

signal at 710 eV: Fe3+

Electron Energy Loss Spectroscopy: Oxidation State of Fe
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NP Dissolution in Water and Cellular Media

CuO is less 

soluble in water

- 10 -



Suman Pokhrel

Cyclic Voltammetry : Pure CuO
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Baldisserri et al. from morning session 

discussed similar results



Suman Pokhrel

Developmental Effects in Zebrafish and Sea Urchin Embryos
96h post exposure of CuO NPs
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100m 100m 100m 100m

Torres-Duarte, Adeleye, Pokhrel, Mädler, A. Keller, 

Cherr, Nanotoxicology, 2016, 10(6), 671-679

Abnormal post-oral 

arm development
Severe delayed 

skeletal development
Bell-like 

malformation

Severe bell-like 

malformation

Pure CuO

Control

Pure CuO

6%Fe-CuO

10%Fe-CuO
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Change in the Cyclic Voltammetry Signals With Cycling
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Ibid. from slide 15
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Safe-by-design: Toxic CuO Nanoparticles
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Naatz, Lin, Li, Ji, Chang, Köser, Thöming, Xia, Nel, 

Mädler, Pokhrel, ACS Nano 2016, Under revision
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