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Carbon Nanomaterials 

Angew, Chem, Int. Ed. 2002, 41, (11), 1853



UCLM



Non-destructive characterization

Characterization of π-conjugated molecules

No sample preparation

Raman Spectroscopy



Raman Spectroscopy

Raman effect is based on inelastic light scattering (different energy as the incident radiation)

Very weak effect (only one in a million of the scattered light particles actually exhibits the 
change in wavelength)



Raman Spectroscopy



Raman Spectroscopy



Raman Spectroscopy

HYBRIDIZATION OF THE 
CARBON NANOMATERIALS?

Small 2013, 9, 341-350



Raman Spectroscopy

Small 2013, 9, 341-350
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Carbon Nanomaterials 

J. Am. Soc. 2008, 130, 8094-8100
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Carbon Nanomaterials 

J. Am. Soc. 2008, 130, 8094-8100
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Carbon Nanomaterials 

J. Am. Soc. 2008, 130, 8094-8100



Raman Spectroscopy and Carbon Nanomaterials 



Raman Spectroscopy and Carbon Nanomaterials 



Raman Spectroscopy and Carbon Nanomaterials 



Carbon Nanohorns



Carbon Nanohorns



Carbon Nanohorns

Biomaterials, 2012, 33, 8152-8159



Carbon Nanohorns

Biomaterials, 2012, 33, 8152-8159J. Mat. Chem B. 2017, 5, 8821-8832
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Carbon Nanohorns

J. Mat. Chem B. 2017, 5, 8821-8832
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Carbon Nanohorns

J. Mat. Chem B. 2017, 5, 8821-8832









Surfaced enhacement raman spectrocopy (SERS)

PNAS, 2012, 109, 9281–9286.Nano Lett., 2010, 10, 553–561.



Surfaced enhacement raman spectrocopy (SERS)

ACS Nano 2020, 14, 28

Among the 10 Items to accomplished in SERS:

‘Reliable methods for the synthesis/fabrication of uniform, highly reproducible, and efficient enhancing 
substrates, with a high degree of structural precision and robust, quantitative SERS response’

General structure of SERS nanotag

Nanoparticle
• Polymeric
• Metallic
• carbon

Biomarker

Coating (or not)

Raman reporter



UCLM

Chemistry-A Eur. J, 2016, 22, 11643-11651.

Non-covalent modifications with thiophene derivatives
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UCLM

Chemistry-A Eur. J, 2016, 22, 11643-11651.

Non-Covalent modifications with thiophene derivatives



Non-Covalent modifications with thiophene derivatives
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UCLM
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Chemistry-A Eur. J, 2016, 22, 11643-11651.
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Non-Covalent modifications with thiophene derivatives
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Chem. Commun., 2020, 56, 8948--8951 | 8949

Surface-enhanced Raman Spectroscopy



Chem. Commun., 2020, 56, 8948--8951 | 8949

Surface-enhanced Raman Spectroscopy



Non-Covalent modifications with thiophene derivatives
UCLM
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UCLM
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Non-Covalent modifications with thiophene derivatives



UCLM

Chemistry-A Eur. J, 2016, 22, 11643-11651.

Non-Covalent modifications with thiophene derivatives
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UCLM
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Non-Covalent modifications with thiophene derivatives



UCLM
Synthesis of the Raman reporter

1

2

Why have we selected these probes? 

The synthesized probes 
correspond to a minimalist 
approach of the reported all 

in one dye

Chem 2019, 5, 2657

Fluorescence-
Photoacoustic-Raman 

Properties in One 
Fluorophore for Precise 

Cancer Surgery
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UCLM
Characterization of the Raman reporter

UV-Vis and fluorescence of the probes
Raman characterization

Impossible to get any signals 
with these lasers

FT-Raman (U. Málaga)

λ = 1064 nm
3000-4000 scans
Low signal/ratio

ACS Nano, 2023, 15, 2280
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UCLM
Characterization of the Raman reporter

Computed Raman spectrum helped to assigned the main vibrations

ACS Nano, 2023, 15, 2280
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UCLM
Characterization of the Raman reporter

ACS Nano, 2023, 15, 2280

• The interaction of the dyes and CNHs produces a dramatic Raman enhancement
• The enhancement is higher for probe 2 (methyl groups)

We have studied the effect of fluorescence quenching, wavelength and intensity of the lasers
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UCLM
Characterization of the Raman reporter

The enhancement decreases with probe concentration. 
This suggests single molecule adsorption on the walls of CNHs.

Probe concentration
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UCLM
Characterization of the Raman reporter

Eight different positions were studied (the most stable is represented here)
Most importantly:

• The originally flat molecules bend to adapt to the curved structure of CNHs
• There is a strong effect of CH – π interactions.

• Probe 2 has more and stronger interactions with CNHs.
All these could explain the stronger enhancement observed in CNH-2 (with two – CH3 groups) 
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UCLM
Integration onto surfaces

Spray-coated films on different substrates
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Graphene

Graphene
Quantum Dots

Graphite

Green Chemistry

Graphene/Graphene Quantum Dots



Synthesis of Graphene

5 0

Chem. Commum, 2011, 47, 10936
Nature Protocols, 2018, 13, 495

Solvent

1. Dialysis
2. Sedimentation



Characterisation of Graphene
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Characterisation of Graphene



200 nm

TEM analysis
Characterisation of Graphene
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Characterisation of Graphene



Graphene Quantum Dots
(GQDs)

+
Ball-milling

No solvent

Graphite Sodium Percarbonate

Optimised conditions: 
 300 mg total mass
 Graphite/SPC ratio = 2
 12h
 400 rpm

ACS Applied Mater & Interfaces 2018, 10, 18192 

Synthesis of Graphene Quantum dots



 No 2D peak

 ID/IG = 0.6

Raman Spectroscopy
Characterisation of Graphene Quantum dots



0 5 10 15 20 25 30
0

5

10

15

20

25

R
el

at
iv

e 
Fr

eq
ue

nc
y 

(%
)

 Interlayer distance = 0.38 nm

 Lattice parameter = 0.21 nm

TEM

Characterisation of Graphene Quantum dots



Dialysis
• Purified 

GQDs
• Dialysate

Filtration
• Filtrate 

• Retained in 
filter

Filtration + Dialysis Purified GQDs

Purification of Graphene Quantum dots



350 400 450 500 550 600
300

310

320

330

340

350

360

370

Ex
ci

ta
tio

n 
W

av
el

en
gt

h 
(n

m
)

Emission Wavelength (nm)

200.0
2160
4120
6080
8040
10000

 λexc= 315 nm

 λem = 430 nm

Independent emission from the 
excitation wavelength

Characterisation of Graphene Quantum dots



Graphene

GQDs

ACS Appl. Mater. Interfaces, 2018, 10, 18192

Mechanochemical 
approaches

Water dispersable / soluble 
carbon nanomaterials

León et al., Chem Commun 2011, 47, 10936
González-Dominguez et al., Nat Protoc 2018, 13, 495
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3D printer





GO 

OBJECTIVE

Develop a sensitive and simple method to quantify at trace 

levels of GO in aqueous samples.



3

GO C COMPOUNDS ≠



3

GO C COMPOUNDS ≠ RAMAN 
SPECTROSCOPY 

Method to quantify GO



Raman Spectroscopy GO

D peak
G peak

± 1350 cm-1
± 1580 cm-1

Raman Shift (cm-1)

LOW SENSITIVITY



Raman Spectroscopy GO

D peak
G peak

± 1350 cm-1
± 1580 cm-1

Raman Shift (cm-1)

SURFACE-ENHANCED 
RAMAN SPECTROSCOPY

LOW SENSITIVITY



Surface-enhanced Raman Spectroscopy

GO without AuNPs

GO with AuNPs

9



Surface-enhanced Raman Spectroscopy

GO without AuNPs

GO with AuNPs

9

QUANTITATIVE 
INFORMATION
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OPTIMIZATION 
OF METHOD

OPTIMIZATION 
OF METHOD

RELIABILITY 
TESTS

RELIABILITY 
TESTS

ANALYTICAL 
VALIDATION
ANALYTICAL 
VALIDATION

Surface-enhanced Raman Spectroscopy



Surface-enhanced Raman Spectroscopy



Quantification of GO
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Quantification of GO
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GO C COMPOUNDS ≠



Quantification of FLG



Quantification of FLG



Quantification of FLG
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A N A L Y T I C A L
F E A T U R E S



Quantification of FLG

RSD (%)Recovery (%)Found (ng mL–1)Added (ng mL–1)SAMPLES

8.91101.7761.0660

FLG only 3.4595.04123.56130

3.39101.36222.99220

8.87103.82103.82100
FLG and GO 
(total 500 ng mL-1)

2.05103.67155.51150

R E C O V E R Y  S T U D I E S  O F  F L G  
I N  D E I O N I Z E D  W A T E R  S A M P L E S



Quantification of FLG

2nd step – Confirmation and 
quantification metho

1st step – Raman screening
Carbon 

Nanomaterials 
Added

RSD (%)Recovery (%) 

Found 
concentration 

(ng mL-1)DecisionResult
2D band

Raman intensity (a.u)

GO

(ng mL-1)

FLG

(ng mL-1)

---EndNo
8.56      

± 0.28
0.25-S1

---EndNo
7.89       

± 0.18
3.50-S2

---EndNo
5.92      

± 0.80
7.50-S3

---EndNo
6.46      

± 0.52
400.0010.00S4

Negative Samples



Quantification of FLG

2nd step – Confirmation and quantification metho1st step – Raman screening
Carbon Nanomaterials 

Added

RSD (%)Recovery (%) 
Found concentration 

(ng mL-1)DecisionResult
2D band

Raman intensity (a.u)

GO

(ng mL-1)

FLG

(ng mL-1)

8.8296.7748.39
Confirm by 

Step 2
Yes

37.70    

± 0.70
100.0050.00S5

6.5599.32   89.39
Confirm by 

Step 2
Yes

44.41    

± 0.96
300.00 90.00S6

5.4098.05137.28
Confirm by 

Step 2
Yes

52.24    

± 1.21
400.00140.00S7

4.23104.1762.50
Confirm by 

Step 2
Yes

40.01    

± 0.43
-60.00S8

7.0698.15127.60
Confirm by 

Step 2
Yes

50.66    

± 1.47
-130.00S9

5.0998.67217.07
Confirm by 

Step 2
Yes

65.30    

± 1.81
-220.00S10

Positive Samples



Detection of Nanoplastics/SERS



Detection of Nanoplastics/SERS

PS (Polystyrene)

PET (Polyethylene Terephthalate)



Detection of Nanoplastics/SERS

D R O P  C A S T I N G

2 µl

2 µl

0.1 mg/mL

PS // PET

FLG 

Patricia Taladriz-Blanco
Universidad de A Coruña



Detection of Nanoplastics/SERS



Detection of Nanoplastics/SERS
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