
Validating the chemical analysis of 

nanocarbons with certified reference 

materials

Pedro M. F. J. Costa

Laboratory for Carbon Nanostructures

King Abdullah University of Science and Technology (KAUST), Saudi Arabia



Acknowledgements

Filipa Simões
PhD Student (Chemical Sciences)
Lab. for Carbon Nanostructures

Shashikant Patole
Post Doc Fellow
Lab. for  Carbon Nanostructures

Bashir Warsama
Technical Specialist
Analytical Core Laboratory

Tahir Yapici
Scientific Lead
Analytical Core Laboratory

Thanks to the support of:
KAUST BAS/1/1346/01-01

Nitin Batra
PhD Student (Mater. Sc. & Eng.)
Lab. for  Carbon Nanostructures

Christian Canlas
Technical Specialist
Imaging Core Laboratory



S. P. Patole et al., Talanta 148 (2016), 94

Nanocarbons

Carbon fibers
Pyrolytic carbons
Glass-like carbons
High-density isotropic carbons
Intercalation compounds
Diamond-like carbons

Carbon clusters
Fullerenes
Carbon nanotubes
Graphene

nanotextured

nanosized

Production methods:
• Physical (mechanical exfoliation)
• Chemical (CVD, laser ablation, arc-

discharge, chemical exfoliation) 

Catalysts, 
acids, etc.



Metrology

– Lack of fast, reliable Metrology tools for Nanocarbons is a
decades old issue for both Industry and Academia

– Deficient batch-scale Quality Control is a major roadblock for
wider usage of Nanocarbons

How to ensure that the Nanocarbons (graphene, nanotubes,
etc.) you produce (in Lab or Industry) are what you say they are?

How to sustain that statement in your production line?



Metrology
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Metrology

How can we routinely measure the concentration of 
elements in batches of Nanocarbons?

Majority of scientific literature relies on:
• EDX/EELS-EM (not applicable, localized)
• XPS (not applicable, localized, surface-only)
• XRF (not applicable, localized, surface-only)
• Raman/FTIR (qualitative)
• Electrochemistry (qualitative, not universal)
• NMR/EPR (not universal)
• IBA (not easily available)
• NAA (not easily available)

NAA (neutron activation analysis) has become the “gold standard” for elemental analysis in
Nanocarbons, particularly at vestigial levels; it does not require a reference material and is
almost universal but… it uses a Neutron source!

A low-cost, fast and reliable technique that is universally 
accessible is urgently needed!



Inductively Coupled Plasma (ICP)

Benchtop equipment, easy to operate and not expensive to run/maintain

Commonly hyphenated with Mass Spectrometry (MS) or Optical Emission

Spectrometry (OES)

Mature, reliable technique, pervasive in Academia (Chemistry,

Environmental, Biology…), Industry (Food, Pharma, Cosmetics …) and

Metrology/Standard Institutes (NIST-US, CRC-Canada…)

Two key challenges: 

1. Lack of Certified Reference Materials for Nanocarbons

(ICP methods rely heavily on standards for results validation)

2. Lack of a universal Sample Preparation method for Nanocarbons

(recipes have to be tailored for each material, sometimes production batch)

So, what’ stopping us from routinely using ICP-MS or ICP-OES?



ICP Sample Preparation

Most common methods:
1. Acid digestion (strong oxidizers, near boiling point)
2. Ashing (combustion of carbon) 
3. Combination of the above
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Commercial samples

The Fusion approach results in complete
disintegration of the Nanocarbons (clear
solutions, no deposit)
Similar results obtained for commercial
Graphite and MWCNTs

Our approach (Fusion method):
Disintegrate the carbon lattice by high temperature molten salt exposure



ICP-OES Analysis
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…comparing the results from the classical Digestion and the Fusion
approaches reveals gross disparities in elemental concentrations.

What can we do about this?

Fusion is an efficient method to prepare the analytes but…



Certified Reference Materials

There are three available CRMs in the market for Nanocarbons
All are based on SWCNTs (none  for graphene yet)

National Institute for Standards and Technology, U.S. (NIST)
- SRM2483, RM8281

National Research Council Canada (NRC)
- SWCNT-1

But… apart from the teams that have developed this product 
there are no reports yet on its use from the Community.



Certified Reference Materials



Sample Preparation (Wet Digestion)

i) 200⁰C, 10 min

Microwave oven

ii) 220⁰C, 20 min 

F. R. Simoes et al., Analytical Chemistry (2016), doi: 10.1021/acs.analchem.6b03407 



Certified Reference Materials

SWCNT-1 CRM2483

Successful wet digestion of SWCNT CRMs!
Really?

Previously…

F. R. Simoes et al., Analytical Chemistry (2016), doi: 10.1021/acs.analchem.6b03407 



Certified Reference Materials

Raman spectroscopy (532 nm)

F. R. Simoes et al., Analytical Chemistry (2016), doi: 10.1021/acs.analchem.6b03407 



Certified Reference Materials

Solid-state NMR (SRM2483)

SS-NMR is a more reliable way to ensure disintegration of the sp2-type carbon

F. R. Simoes et al., Analytical Chemistry (2016), doi: 10.1021/acs.analchem.6b03407 



Certified Reference Materials

F. R. Simoes et al., Analytical Chemistry (2016), doi: 10.1021/acs.analchem.6b03407 



Commercial Samples

50 nm 10 nm

10 nm50 nm

Before

After

F. R. Simoes et al., Analytical Chemistry (2016), doi: 10.1021/acs.analchem.6b03407 



Commercial Samples

F. R. Simoes et al., Analytical Chemistry (2016), doi: 10.1021/acs.analchem.6b03407 

Recoveries for the SWCNT are well within the expected range (70-130%, method 200.7, EPA-US)



Conclusions

• Completeness of wet digestions need to be analyzed for
residues (control experiments)

• Solid residues characterization with SS-NMR shows
significant promising to assert full disintegration of the sp2-
type lattice

• ICP-OES analysis provides reliable chemical analysis for wet
digested SWCNTs, validated by relevant CRMs

• Wet digestion still needs to be customized; here, molten
salts can be used to prepare clear analytes of various
Nanocarbons but this methods needs further validation

• Benchtop, low-cost, routine chemical analysis of
Nanocarbons sample batches is within reach



Thank you. Questions?



Extra

Element Line wavelength 

(nm)

Melting Point 

(oC)

Al 396 660

Ca 316 839

Co 238 1495

Cr 205 1857

Fe 238 1535

Mo 204 2617

Ni 221 1453

SWCNT DWCNT MWCNT Graphene Graphite

Factors affecting recovery of elements:
• Chemical reactions with molten salt
• Contaminations
• Type and ratio of acids
• ICP-OES interferences
• M.P. of elements 
• Fusion time



Method Validation

• Certified Reference Material: SWCNT-1 by the National Research Council Canada 
• Instrument calibration: single-element stock solutions at 1, 10, 100 and 1000 mg/L 
• Validation method: EPA-US 200.7
• 4 replicates

Element Certified values (NRC Canada) ICP-OES (Fusion)

(ppm) (ppm) recovery (%)

Al 494 ± 94 509 103

Ca 2650 ± 300 2209 83

Co 15900 ± 100 12732 80

Cr 285 ± 26 307 108

Fe 2200 ± 200 2352 107

Mo 7300 ± 100 6651 91

Ni 14400 ± 800 12260 85

• EPA-US 200.7: acceptable recoveries within 80%-120%

• The above results validate our Fusion method as a viable
sample preparation approach for ICP-OES


