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(nano) composites

hybrid materials
organic electronics

2D and 3D Imaging SIMS
for organic and hybrid 

materials

tissues and 

single cells

nano- and

microstructured

polymers

Delcorte et al., 2007

Fletcher, 2015
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molecular information and localization with µm lateral resolution and nm depth resolution

Secondary ion mass spectrometry

Courtesy ION-TOF

Secondary ions
x,y,z, mass



Ar5000-10000
+

Ar10-1000
+

Bi3-5
+

(Large) 
intact 

molecules

Small 
molecules and 

fragments

Energy per atom

Cluster ions for SIMS

1. Fragments for orientation and sequencing

2. Molecular imaging (with surface sensitivity)

3. Desorption and transfer of intact molecules

1

2

3
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1. Fragments for orientation and sequencing



66

Top

1 nm

A. Delcorte, P. Bertrand and B.J. Garrison

Concept: using AA fragments to probe the exposed molecular surface
=> molecule should be larger than the average sampling depth

Top

1 nm

Biomolecule orientation on surfaces
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Lysine (K), 

methionine (M), 

proline (P), 

cysteine (C)

arginine (R), 

asparagine (N),

glycine (G), 

glutamic acid (E)

Ion source: 30 keV Bi+

*NESAC/BIO MVA toolbox; 44 AA peaks; normalized by sum; mean-centered.

Biomolecule orientation: -lactoglobulinVictor

-lactoglobulin adsorbed on –CH3 and –NH2

terminated self-assembled monolayers



Lysine (K)

E,N,G,E 
sequence

Asparagine 
(N)

Glycine 
(G)

Arginine 
(R)

4 nm

-NH2

-CH3

Biomolecule orientation: -lactoglobulin

-lactoglobulin adsorbed on –CH3 and –NH2

terminated self-assembled monolayers
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Biomolecule orientation: anti-GDH

~150 kDa

12

nm

antiglutamate dehydrogenase

by PMIRRAS and QCM-DBiorecognition
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Perspective: protein sequencing

20 keV Ar3000
+ : 6 eV/atom
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2. Molecular imaging (with surface sensitivity)
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SEM

ToF-SIMS

Lateral and depth resolution

(B) Collagen outside

(A) Collagen inside

(C) Collagen outside
(microtubes)

500 

nm

500 

nm

3 µmCollagen triple helix
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Multivariate analysis 

(PCA) on the SIMS 

images of the tissue 

cross-sections 

discriminates 

endometrium and 

myometrium

endometrium

myometrium

Samples PFA fixated, cryo-

preserved with sucrose, 

embedded in carboxymethyl 

cellulose (CMC), frozen and 

cryomicrotomed. Sections 

defreezed for analysis.

Endometrium tissue imaging
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30 keV Bi5
+ – ITOComparison Endometrium / Myometrium
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Endometrium tissue imaging
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C47H80PO13-
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12

8

4

0

Sphingomyelin 33:1

m/z = 687

Phosphatidyl inositol  38:4

m/z = 885

endometrium and 

myometrium present 

different distributions 

of lipids

Information is richer in 

the negative SIMS

myometrium

endometrium

Endometrium tissue imaging

*

*
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endometrium and 

myometrium present 

different distributions 

of lipids

Information is richer in 

the negative SIMS

myometrium

endometrium
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Endometrium tissue imaging
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An artificial cornea for drug testing

collagen cell material (keratocytes)

“Artificial Lithographic MODel for COrNeal

drug Screening” (AL MOD CONS)

Shadi & Jarek

model stromal matrix 

XPS data
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Optimizing the sample preparation

1.Flash-freezing of the chip
2.Transfer to precooled sample holder (-110°C)
3.Keep at low T° through sample analysis



3. Desorption and transfer of intact molecules
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Insulin 2+

Ar3000 10 keV
3.3 eV/at

Bi3  30 keV
10 keV/at

Chain B +

Insulin +

• 6 kDa insulin without special sample preparation (spin-coating on Si) 

• Ratio molecule/fragment    with Arn
+

measurements by K. Moshkunov A. Delcorte et al., Phys.Chem.Chem.Phys., 2020, 22, 17427 (REVIEW ARTICLE)

Molecular analysis with Ar clusters



LYSOZYME

129 amino acids; 14.3 kDa

Ar5000
+ 

10 keV

E/n=2 eV
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2. SDS-PAGE gel 

electrophoresis for 

mass estimation

3. ESI-MS of 

digested molecule

for sequence ID

4. Fluorescence 

bioassay to check 

enzyme activity

1. ToF-SIMS 

analysis

V. Delmez et al. J. Phys. Chem. Lett. 2021, 12, 952−957

Transferring proteins in vacuo

Vincent



65 kDa 
glucose oxidase

molecule on a 

lysozyme layer 

adsorbed

on gold

15 keV Ar5000

bombardment

(3 eV/atom)

45°

S. Bertolini,

A. Delcorte, 

JPC:B, 2023 

in press.

Samuel

Possibility to desorb larger molecules

MD simulations predict larger protein desorption!
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Deposition of multilayersBenjamin



Deposition of multilayers

•Multilayers of 

virtually any kind 

of non-volatile 

molecules can be 

achieved

•Not feasible in 

solution

•Compatible with 

any substrate

V. Delmez, B. Tomasetti et al., ACS Appl. Bio Mater. 2022, 5, 3180−3192. 24
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Sample holder geometry inspired by NPL
M. Lorenz, J. Zhang, A.G. Shard, J.-L. Vorng, P.D. Rakowska, I.S. Gilmore, Anal. Chem. 2021, 93, 3436−3444.

Sensitivity enhancement with transferred MALDI matrixThomas

drop-casted or 

sublimated

Here the goal is 

to increase 

SIMS sensitivity 

by transferring 

MALDI matrix 

in-situ the ToF-

SIMS



Signal enhancement with MALDI matrix
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200/200µm analyzed zone

200/200µm analyzed zone

Grey matter

White matter

24 high mass 

lipids identified

11 high mass 

lipids identified

* α-cyano-4-hydroxycinnamic acid (CHCA), 2,5-dihydroxybenzoic acid (DHB), sinapinic acid (SA)

*

30 keV 

Bi5
+

analysis

T. Daphnis 

et al., 

JASMS 

2023, 

in press.



2727Master thesis Colin Nicolay

• Gemcitabine, anticancer prodrug, hydrophilic (logP = -1.4)

• Nucleoside analog used as the standard treatment against 

advanced pancreatic cancer and  other solid tumors

• 2µl drops (2-10 g/L) were spotted on brain cross-sections

• Imaging was conducted prior and after CHCA transfer
CHCA preferentially enhances (M+H)+, even with a 

very small layer thickness (5-10nm)

with CHCA

native

Enhancement of drug signal in the brain
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SiO2

Expansion of a sample µ-volume

α-Cyano-4-
hydroxycinna
mic acid 
(CHCA)

Benjamin

B. Tomasetti

et al. Anal. 

Chem. 2023,  

Published

online.

I. Signal enhancement: phospholipids
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II. Transfer of mouse brain tissue

➢ Transfer on silicon and CHCA, similar 
spectra as the reference tissue

➢ Similar enhancement with CHCA and Si: 
non-optimal matrix/analyte ratio ?

Expansion of a brain µ-volume



Molecular transfer for 

microanalysis

Use of fragments for orientation 

and sequencing

New opportunities for SIMS 

imaging  
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Overlay of 137.03 u, C5H15PNO4+, 
Sum of: C46H89NO8K+, 
C46H87NO8K+, 824.64 u

Peptide and protein multilayers 

can be built in vacuo

3030
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