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Bruker Nano Acquires Anasys Instruments BRUKER

Anasys Joins Bruker Nano Surfaces Division

Strengthening the world of nanoanalysis and nanomechanical materials characterization- together
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A Bruker Nano Surfaces Division acquired Anasys Instruments Corp
on April 10 t 2018

A All nanolR products are now integrated into the Bruker Nano
Product Support
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The leader in nanoscale IR spectroscopy BRUBER
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NEW nano IR3 platform configurations BRUKER

nano IR3 E - Latest Generation nano IR platform with Tapping AFM  -IR

A Highest performance nanolR spectra with AFM -IR
A Sub-10nm resolution IR chemical imaging with Tapping AFM -IR
A Correlates to FTIR & industry databases

A Easy to use for fast, productive measurements

nano IR3 -sE High Performance IR  nano -spectroscopy

A Complementary SSNOM & Tapping AFM  -IR
A Highest Performance IR nano -spectroscopy
A Broadband Spectroscopy & Chemical Imaging
A Nanoscale property mapping

A Versatility & Easy to Use
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Broad range of nano
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European Forum on Nanoscale IR Spectroscopy
University of Amsterdam, Sept 11 -12th
Co-hosted by University of Amsterdam & Bruker
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Bruker Webinar 21st May 2019

LCIE'_; BRUKER
AFM-IR :
Advanced ' nanoscale" IR
spectroscopy ', and Applications

Alexandre Dazzi

< UNIVERSITE Laboratoire de chimie physique
> PARIS Université Paris -Sud

dépasser les frontieres



Introduction




AFM-IR technique

== AFM-IR

Infrared spectroscopy and imaging at nanoscale



AFM-IR technigue and microscope evolution

A 2005 : Birth of the technique in UPSud

A 2007 : Patent with Anasys Instruments

A 2010 : 1t commercial microscop
The nanolR1

A 2012 : nanolR2

A 2014 : nanolR2s

A 2018 : nanolR3



NanolR platform at U-Psud

AFM-IR TEAM

: A
Ariane Deniset-Besseau  Dominique Bazin
NanolR2 NanolR1
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Field of applications - Biology
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Field of applications

Polymers sciences Heritage sciences . Nanoparticles
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Technigue principle




Nanoscale IR spectroscopy
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Nanoscale IR spectroscopy

- Absorption Spectrum (fix tip position and scan the wavelength of the laser)

Wavenumber (cm-

- Chemical mapping (fix the laser wavelength and scan the surface with the tip)

21

topography Chemical mapping (I =5,76um)




Theoretical concept of AFM -IR




Infrared spectroscopy

Basicprinciple of spectroscopy.

Absorbance spectrum

I incident

I itted
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Photothermal effect and spectroscopy

Laser lllumination .

a sphere radius
E[p Q V volume

n refractive index

0 ¢, t Absorbedpower:

Pu=f,= ”Im[ A)|E,.[av

s b z—ﬂce 9Im(n)Re(n2)| -

AT (Re:(n)2 + 2)

2
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Photothermal effect and spectroscopy

Weakabsorption n, 1 n; N
n <<n,
| 10-2

1.5 === —;::—' 10-2

P2 i ?—’m}%@%}w

JT P, (1)
P sph Csph E = ksphAT + l;/

HeatEquation:

0 density C heatcapacity k thermalconductivity



Photothermal effect and spectroscopy

Temperature behavior of the sphere  (a<<é )

T
T = 22y when Oststp

tp
(t_tp)
T=T e " when t <t

p
P, t o C
Wlth Tmax _ abs® p and’lfrelax _ pxph sph a2
PspnC sV 3k, T .. o Absorbance

A /m

max
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Orelax




Photoacoustic effect and spectroscopy

Thermoelastic effect

a.,,thermal expansion coefficient

N Poisson coefficient

0 1, T
_1+na T = 1+n aag, P,

a0 - a h'max —
1-n3 7 1- n3r 4, CyV

L Absorbance



Detection by AFM

Motion equation of the cantilever

Elﬂf+rAﬁzz+k’—/2:O
X /i /i

E Young modulus, | inertial momentum, r density, A section, & Cantilever damping

| | | 3El ‘
with k, cantilever stiffness : k; aEl

k lateral stiffness, k, normal stiffness

k, %WE L length, H tip height,

kz >> kc NO indentation



AFM-IR, a new tool for nanoscale IR spectroscopy

Eigenvalues equation :

- 1+ cosXcoh X- UX(anXcodh X- cosXSnhX)=C

Kk L?
with U= 0—2, X =
3k H
Si Cantilever in contact
kX O ( Sllpp|n g) ‘D (pmne d) gif:ﬁgffa(alrz:;sééziéﬁ'\ejiooz [: ODéformauon Déplacement
Mode X,=b, L X,=b L
0 3.92662 4.73004
1 7.06858 7.8532 1
2 10.3518 14.1372




AFM-IR, a new tool for nanoscale IR spectroscopy
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Detection by AFM

Motion equation with external excitation
fiz

’/Az+rA—+k— = JXxt)
7« /S ] L cex

with S(x,t) external excitation <

Excitation expression for a photothermal expansion :

S(x,t) =6(x = L+ Ax)F (1) = B6(x - L+ Ax)T,, ()

/

\
Solution expression of the cantilever motion :

Ly
Z(t) . z Kk,Do, (6gn )2 (7 T TTelax)
B pSL 0x W,

r
sin(w,t) e"2" a,

xX=L

7Z(t) o« a, x Absorbance

n



AFM-IR Technique

Classic measurement
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AFM-IR and spectroscopy

Photothermal approach gives a direct
measurement of the Imaginary part of the index

Polystyrene

—AFM-IR
—FTIR l
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Resonance Enhanced mode




Resonance enhanced AFM-IR

U Demonstrated by Pr. Belkin team in 2011 (Opt. Express)
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Resonance enhanced AFM-IR

Resonance Enhanced Mode

Deflection signal
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Resonance enhanced AFM-IR

Forced resonance makes AFM-IR more sensitive

Amplitude des oscillations du levier
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Resonance enhanced AFM-IR

Deflection expression for 1 single pulse (OPQO)

ty
Z(t) = 2 e (6gn )2 (7 i T“lax) r
B pSL dx

sin(w,t) e"2" a,

xX=L CUn

n

Deflection expression when the repetition rate = contact resonance (QCL)
Ly
)2 2 T Trelax 0.,

Wy, 21

Kk,Déd, (agn

2(t) = pSL 0x

sih(w,t) a

X=L

Amplitude(2) thermal expansion(a,) absorbance
0



Improving the sensitivity and resolutioné

Bacteriorhodopsin protein
Detected inside a purple membrane
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Tapping AFM-IR




IMAGING MODE IN AFM

AFM image

>

CONTACT
MODE
AFM image
— //\ ~>
TAPPING
MODE




Tapping AEM-IR

Heterodyne force detection
M.T. Cuberes et al J.Phys.D:Appl.Phys. 2000

Non linear interaction : w,=w+w, #0740 oSl Zo(0=A, coS(Lt,)
A

O W,=W,-W, ‘

e

Z,()=A, cos(w,t) I

AVAVAVAVAVAVAVAAVAVAVAVATAVAYAY



Tapping AEM-IR

Tapping AFM-IR configuration

f,= Driving frequency of the tapping mode Non linear interaction : f,=f,+f;
f, = repetition rate of the QCL laser

Z,(t)=A, cos(2 ft) Z,(t)=A, cos(2pf,t+f,)

1

Ll




Tapping AEM-IR

Motion equation of the second mode {2 :

. . F (1
5, +17, +(27Tf2)2 4y = tS(* )
m
Es(t):ks(A&COS(VNUO(t)H cS(Aclos(mt)- D- uol(t))2+...
f, f, 2f; 2t

ae o Oee o 0
Fs(t) =- ZCSgA&COS(ZPfJ)P(I‘)* a dt- m/ fl);geuo(t)* adt-n/ fp);

t is the time of contact driven by the f;



Tapping AEM-IR

Fourier Transform of equation :

()= TR
m

F (f)= —(thnAlaOtpra)lwp)é(a) — (v, +®,))

T(f) F(f)

A

12N

fo=f+f L+T



Tapping AEM-IR

Amplitude of the second mode f,

/ \

Non linear elasticity contact coefficient| Laser pulse

Setpoint Driving amplitude
Cantilever parameters | Ne€rmal expansion
UAbsorbance

Tapping AFM-IR signal is proportional to absorbance



Tapping AEM-IR

= WX #5822, POLY(METHYL METHACREYLATE) {ATRE Corrected)
- tapping IR specrrum_different Asp_Afree

Comparison between
Tapping AFM-IR spectrum
and FTIR spectrum
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Tapping AEM-IR

Sub-10nm chemical Imaging & Monolayer Sensitivity with Tapping AFM -IR

Block Co -polymer Monolayer Sensitivity
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Chemical characterization of PS ~ -P2VP block co -polymer sample (a) AFM-IR spectra of various locations on a
by Tapping AFM -IR monolayer bacterial membrane
() Tapping AFM height image. S _ (b) Tapping AFM -IR collected at the amide 1 band
(b) Tapping AFM -IR spectra clearly identifying each chemical showing variations in protein orientation due to
component. the polarization dependent absorption of the
(c) Tapping AFM -IR overlay image highlighting both components incident light
(PS@ 1492 and P2VP@ 1588). (c) Profile cross section highlighting achieved
(d) Profile cross section highlighting the achievable spatial spatial resolution, 4nm

resolution, 10 nm. Sample courtesy of Dr. Gilles Pecastaings
and Antoine Segolene at University of Bordeaux



Polymeric NPs for drug delivery

(coll. R.Gref, ISMO, U-Psud France)

FTIR spectra of products
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Polymeric NPs for drug delivery

PLA/PVA nanoparticle

Mapping at 1760 cm- center on ester carbonyl band of PLA

Tapping AFM-IR

/,/



Polymeric NPs for drug delivery

PLA/PVA nanoparticle

Mapping at 1425 cm center on absorption band of PVA




Polymeric NPs for drug delivery

PLGA/PVA nanoparticles with antibiotic
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CORRELATIVE IMAGING




AFM-IR and Fluorescence analysis of NPs

E.Pancani et al. Part. Part. syst. Charact 2018

AFM-IR chemical mapping of fixed macrophage

pm
i 1.5

ARMUuo pogapgy IR absorption at 1770cm-1




AFM-IR and TEM analysis of Hfq fibrils

D.Partouche et al. J. Microsc. 2019



