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LET’S GO TO THE PAST!



surface plasmon resonance (SPR)



WHAT  ARE MEMS/NEMS?



MEMS-microelectromechanical systems

NEMS-nanoelectromechanical systems



Fuente: http://sites.northwestern.edu/erbas/

Fuente: 
http://www.thebabyshop.com.mx/producto1.php/producto/CE
PILLO-PARA-BIBERONES-C-DISPENSADOR-DE-JABON/p/7560

¿WHAT ARE 
POLYMER BRUSHES?



POLYMER BRUSHES-FORMAL DEFINITION



WHAT IS CONECTION 
BETWEEN NEMS/MEMS-
PEPTIDE-POLYMER 
BRUSHES?



PREVIOUS RESEARCH

Adhesion and Friction Properties 

of Fluoropolymer Brushes: On 

theTribological Inertness of 

Fluorine (2014)

Varying thickness & using until
SPF3



¡LET’S GO TO THE PRESENT!







Si(111) Surface
The left image shows a top view of the 
atomic arrangement for the (111) plane. 
The right image shows a 3-dimensional 
view of the same surface. In both cases 
atoms are color-coded: orange for the top 
layer, green for all the deeper layers

These two images have been generated with the help of the Surface Explorer web-based tool. http://nanowiz.tripod.com/sisteps/si111.htm 

Silicon has a crystal lattice of the diamond lattice structure (see the 
schematic view on the left).
Si(111) notation refers to a specific set of atomic planes in that structure. In 
the cube shown on the left it corresponds to the plane outlined with red.
Another way to see what the (111) crystal planes in diamond lattice look 
like is provided by the "cork-ball" models shown below.

http://www.fhi-berlin.mpg.de/grz/pub/surfexp/SXinput.html


LET’S UNDERSTAND Si(111)



Goniometer
Photo from: https://es.wikipedia.org/wiki/Goni%C3%B3metro

Surface Characterization. 

Kruss Drop Shape Analyzer – DSA100
Photo from http://www.kruss.de/products/contact-
angle/dsa100/drop-shape-analyzer-dsa100/



LET’S WATCH A MOVIE



Bruker Tensor 27 FT-IR spectrometer

Photos from https://www.bruker.com/products/infrared-near-infrared-and-raman-

spectroscopy/ft-ir-routine-spectrometers/tensor/overview.html



SENTECH Laser ellipsometer SE 400adv PV
Foto tomada de http://www.sentech.com/en/SE-400adv-PV__2229/



JEOL JPS-9200 X-ray photoelectron spectroscopy (XPS) http://www.jeol.co.jp/en/products/detail/JPS-9200.html



Adhesion and Friction Measurements.

Asylum Research MFP-3D atomic force 
microscope (AFM),
Photo from www.asylumresearch.com





EXPERIMENTAL METHODS



RESULTS AND DISCUSSION
Preparation and Characterization of Polymer Brushes.

First, Si(111)
surfaces were 
functionalized with 
1,15-hexadecadiyne 
to obtain
alkyne-terminated 
surfaces (S1).



RESULTS AND DISCUSSION
Preparation and Characterization of Polymer Brushes.

Further functionalized
via a TYC reaction with 
mercaptoethanol to obtain a
high surface coverage of 
covalently bound hydroxyl-
terminated
surfaces.



RESULTS AND DISCUSSION
Preparation and Characterization of Polymer Brushes.

The resultant 

hydroxyl-terminated 

surfaces were treated 

with α-bromoisobutyryl

bromide to obtain

initiator-functionalized
surfaces









RESULTS AND DISCUSSION
Preparation and Characterization of Polymer Brushes.

Using these S3 surfaces in a SI-ATRP (SI-ATRP 

surface initated atom-transfer radical 

polymerization) reaction in combination

with the indicated methyl acrylate derivatives 

yielded the nonfluoropolymer surface SPF0 and 

the three fluorinated polymer

brush surfaces SPF3, SPF7, and SPF17, which 

have 3, 7, and
17 fluorine atoms per monomer, respectively.



RESULTS AND DISCUSSION
Preparation and Characterization of Polymer Brushes. ANGULOS DE CONTACTO

A dry film thickness of ∼80 nm as measured with ellipsometry was achieved by stopping the polymerization after a specific reaction 
time (Table 1). The roughness of polymer brushes was between 0.8 and 1.8 nm, Indicating the uniform growth of polymer brushes



RESULTS AND DISCUSSION
Preparation and Characterization of Polymer Brushes. IRRA XPS

peaks between 2818 and 3070 cm−1 that can be assigned to the aliphatic CH and CH2 stretching vibrations, whereas the intense peak at ∼1751 cm−1 
corresponds to the C O moiety from ester carbonyl groups. Characteristic C−F peaks for fluoropolymers SPF3, SPF7, and SPF17 were observed between 
1094 and 1382 cm−1. 



RESULTS AND DISCUSSION

The XPS C 1s narrow scan of SPF7 (Figure 4A) can be deconvoluted in 

five peaks at 285.0, 287.2, 288.9, 290.9, and 293.4 eV, corresponding 
to CH2−C−CH3, CH2−CF2, C=O, CF2 and CF3, respectively.

Preparation and Characterization of Polymer Brushes. IRRA XPS par SPF7 (A) y SPF17 (B)

(Figure 4B):  Analogously, the XPS C 1s spectrum of SPF17 was also 

deconvoluted; here seven peaks could be discerned correspondingto

carbons having different chemical environments 285.0 eV (CH2−C−CH3), 

286.9 eV (CH2−O), 285.8 eV (CH2−CF2), 288.5 eV (C O), 289.6 
(−CF2−CF2−CH2−), 291.1 (CF2), and 293.3 eV (CF3).





RESULTS AND DISCUSSION

ADHESION



RESULTS AND DISCUSSION

FRICTION



CONCLUSIONS

High-density covalently bound fluoro and non-fluoropolymer brushes 

(SPFx with x = 0, 3, 7, and 17 F atoms per monomer) can be grown 
by SI-ATRP on Si(111) surfaces via thiol−yne click chemistry.

The adhesion and friction forces of such polymer brushes can be 

tuned to progressively smaller values with increasing fluorine
content.

Therefore, these SPF17 polymer brushes have great potential as dry 
lubricants.
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Consequences:

Dry lubricants!



WELCOME TO THE FUTURE!
Thanks a lot…



A present for you!




