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Report: 
 

The objective of this experiment was to determine the ion distribution profile from surfaces of grafted layers 

of alkoxysilanes, having various functional headgroups (amino and mercapto) in electrolyte solutions 

containing ions having more or less kosmotrope character using hard X-Ray Reflectivity.  

 

 

Sample preparation 

Self-Assembled monolayers were made by supercritical CO2 grafting on silicon substrates previously activated 

by nitric acid 10% wt. Organic molecules grafted on the surface were 3-(mercaptopropyl)trimethoxysilane 

(MPTMS) with a mercapto group and  N-(3-(trimethoxysilyl)propyl)ethylenediamine (AEAPTMS) with an 

amino group. Non-grafted samples used as a reference were called HNO3. Electrolytic solutions used for the 

measurements were XCly with X= Cs, Ba, Ca, Mg, Sr, La and 1 < y < 3. 

 

 

Hard X-Ray reflectivity measurements 

All the samples were cut with the dimensions 0.5 x 1.0 cm and fixed in a specific cell (Figure 1). The cell was 

filled with DI water or an electrolyte solution. Measurements were performed from -0.2 < θ < 3. Scans were 

taken every 10 minutes until there were no more visible changes between reflectivity curves. 

 

 



 

 

1) Adsorption and desorption of ions on grafted and non grafted silica thin films 

Experimental 

- The cell was firstly filled with DI water 

- Water was removed from the cell and an electrolyte solution was poured with a syringe.  

- XRR reflectivity curves were recorded in order to study the kinetics of ion sorption on the surface of the 

sample 

- Electrolyte solution was removed and the cell was filled of water to have informations about the desorption 

kinetics of ions. 

 

Results 
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2) Influence of pH on the ions adsorption-desorption on grafted and non grafted silica thin films 

Experimental 

Measurements were done using the same protocol that 1) but with DI water and electrolyte solutions at pH=9. 

Desorption was not studied in this part. 

Results 
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3) Influence of the presence of water before electrolyte measurements in grafted and non grafted silica thin 

films 

Experimental 

- The cell was filled directly with electrolyte solution. XRR measurements were taken until stability of the 

reflectivity curves. 

 

Results     

- HNO3 activation 
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- MPTMS grafting  

0.0 0.2 0.4 0.6 0.8

10
-10

10
-9

10
-8

10
-7 CaCl

2 
0.1 M

 

 

Iq
4

q



 12 min

 2h07

Si3P1 MPTMS CaCl
2
 

0.0 0.2 0.4 0.6 0.8

10
-10

10
-9

10
-8

10
-7

Iq
4

LaCl
3 
0.1 M

 

 

q



 26 min

 1h55

Si3O1 MPTMS LaCl
3
 

0.0 0.2 0.4 0.6 0.8

10
-10

10
-9

10
-8

10
-7

Iq
4

BaCl
2 
0.1 M

 

 

q



 27 min

 1h53

Si3Q2 MPTMS BaCl
2
 

0.0 0.2 0.4 0.6 0.8

10
-10

10
-9

10
-8

10
-7

Iq
4

H
2
O

 

 

q



 8 min

 1h15

Si3C1 MPTMS H
2
O

0.0 0.2 0.4 0.6 0.8

10
-10

10
-9

10
-8

10
-7

Iq
4

SrCl
2 
0.1 M

 

 

q



 12 min

 1h27

Si3Q1 MPTMS SrCl
2
 

0.0 0.2 0.4 0.6 0.8

10
-10

10
-9

10
-8

10
-7

10
-6

Iq
4

MgCl
2 
0.1 M

 

 

q



 17 min

 2h13

Si3P2 MPTMS MgCl
2
 0.1M 



AEAPTMS grafting 

 

Conclusion 

 
Reflectivity curves show differences over time depending on the electrolyte. The non-grafted samples show 

changes with most of the ionic species. In MPTMS grafted samples, the variations are visible in BaCl2, MgCl2 

and LaCl3, while in SrCl2 the reflectivity remains quite stable. For the AEAPTMS grafted samples, differences 

between the reflectivity curves are visible in BaCl2 and CsCl. The decrease of the density may come from the 

increase of the layer roughness and may be directly connected to the formation a diffuse layer.  

Effects of the pH 

In the case of CaCl2, differences are observed with the pH. For CsCl the differences are less evident.  

 

[1] M.J. Bedzyk, G.M. Bommarito, M. Caffrey, T.L. Penner, Science, 248 (1990) 52–56. 
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