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Graphene Based materials  
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Graphene Oxide: Fundamentals and Applications 
edited by Ayrat Dimiev and Siegfried Eigler 
doi:10.1002/9781119069447 

Dimiev-Tour model - modification of  
Szabo–Dekany and Lerf 

GAO: DOI: 10.1038/NCHEM.281 
1H–13C cross polarization (CP) spectrum of GO obtained with 7.6 kHz MAS and a contact time of 1 ms (67,000 scans),  
 direct 13C pulse spectrum obtained with 12 kHz MAS and a 90 8 13C pulse (10,000 scans). 

Cross polarization spectrum 
Polarization from 1H to 13C 
C near H enhanced 

Direct 13C pulse 
Quantitative spectrum 

Graphene Oxide models based on ssNMR 
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XPS vs NMR 

Data from: Chen, Chem. Sci., 2016, 7, 1874 , sample GO 0  
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C-C sp3 

C-O-C 

C=O O=C-O 

C-C sp2 
C-OH 

C-O-C 

C=O O=C-O 

C-C sp2 

C-OH 

6 



TEM vs XPS 
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Accuracy of XPS analysis 

0.0 0.1 0.2 0.3 0.4
0.0

0.1

0.2

0.3

0.4
 

 

O
/C

 f
it

O/C area

 Voigt fit

 LF fit

 Ideal
N0000ul

0.0 0.1 0.2 0.3 0.4
0.0

0.1

0.2

0.3

0.4
 

 

O
/C

 f
it

O/C area

 Voigt fit

 LF fit

 Ideal

𝝌 2= 72 
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Self-consistent fit 

Asymmetric line-shape is the key for an excellent O/Carea and O/Cfit correlation 

Kovtun et al., Carbon 143, 268-275 (2019) 8 



Oxygen diffusion 
Foller shows the Oxyggen diffusion at 80°C: graphitic domains from originally ≤ 40 nm2 to > 200  nm2 

 through an extensive transmission electron microscopy (TEM) study e SSNMR 

 

https://arxiv.org/abs/2007.00860v5 
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Epoxy-Hydroxyl  

Mouhat, F., Nat Commun 11, 1566 (2020). 

https://doi.org/10.1038/s41467-020-15381-y 

Opening and closing of  epoxy: C-OH gives protons to water 

O/C 0.28-0.36, composition 24% sp2; 12% hyroxyl; 6% epoxy Oxygen (12 epoxy carbon) 72 tot=> O/C=18/72 

Dehydratation: EPOXY group from hydroxyl 
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Acidity of GO 

100g GO 500-800 mmol active acide site,  
GO demonstrates extremely high cation exchange capacity (CEC),  

Carboxyls cannot be the reason for GO’s acidic properties! 
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Graphene Oxide: Fundamentals and Applications edited by Ayrat Dimiev and Siegfried Eigler 
doi:10.1002/9781119069447 



The role of GO in chemistry 
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Dearomatization of Indoles Promoted by Graphene Oxide 

Lombardi, Chem. Eur. J. 2020, 26, 10427. 

State of the art 
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Understanding the reaction mechanism 

Lombardi, Chem. Eur. J. 2020, 26, 10427. 
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Role of Allylic Alcohol 

Lombardi, Chem. Eur. J. 2020, 26, 10427. 

XPS Azide fingherprint 
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Full reaction 

Lombardi, Chem. Eur. J. 2020, 26, 10427. 

DFT simulation based on XPS data 
Epoxy ring opening 

Yield 70%! 
Second reaction run only 12%! 
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Regenerate the GO 

Lombardi, Chem. Eur. J. 2020, 26, 10427. 

Sci. Rep. 2019, 9, 15579. 
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Conclusions 

1. Unique acid properties 
 

2. Acidity can be tuned and adjusted 
 

3. It’s not a catalyst, but an extremely 
useful reagent that can be regenerated 
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