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Coordination chemistry
a powerful tool for functional materials

2D coordination networks
Nanoparticles with peculiar behavior
SCO Molecules organized in 2D
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Figure 1. Schematic illustration and chemical structure of monolayer
nickel bis(dithiolene) complex nanosheet 1. Countercations have been
omitted for clarity. Gray, C; yellow, §; green, Ni.
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liquid/liquid or liquid/air interface

Metal precursor
in ethyl acetate

ethyl acetate nanosheet
Ligand in water
Transfer onto a substrate
by Langmuir-Shaefer technique
HOPG, Au, SiO,
)
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AFM imaging of the nanosheets

Z[nm]
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Electron diffraction in TEM unlversrté.
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Chromatem STEM : Low temperature phase. MOF SMC525 (on lacey)

Some examples of diffraction. They are the first acquisition in a dose series.

Typical doses are 1 electrons / angstrom”2 @ LN2 temperature. This is more drastic condition than cryo-TEM.....

Dose series :

ESAM, Gandia 15-18 October 2023

Dose rate of 1.2 electrons
per angstrom”2 per
acquisition.

The structure hardly
survives 10 e-/A2

A. Gloter, LPS, Paris-Saclay
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Design of Coordination Nanoparticles
with Core-shell Architectures
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Face centered cubic structure

CN
NC.. | .CN

]
NC” 1 YCN
CN

2+
OH,
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H,0” | OH,
OH,

Cs* or Rb* in the tetrahedral sites
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Synthetic methods

organic polymers

Polyvinylpyrrolidone
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Spontaneous stabilization

solvent = water
No stabilizing agents

Cs* | Ni(H,0)¢2* | Cr(CN)g* 10 min | 20 min 60 min
0 1 0,66 50 nm 300 nm | precipitate
0 1 1 10 nm 15 nm 15 nm
2 1 1 6 nm 6 nm 6 nm
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water molecules

cyanide molecules

Chemistry at the particles surface ??
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CsFeCr 40 nm
particles

Growth of a CoCr PBA analog on a CsFeCr core ??
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CsFeCr@CoCr ??

CsFeCr
particules
de 40 nm
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Elemental mapping High resolution

HAADF

Scale bar 10 nm
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Perfect epitaxy universrtée
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One core and two shells universite
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CsNiCr
CsFeCr
CsCoCr
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Design of Coordination Nanoparticles
with Controlled Magnetic Behavior
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6 Nnm
1 nm
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CsNiCr core 9.5 nm and CsCoCr shell of 1.5 nm universite
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16 - 12 - 8 nm

Y
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Magnetic single domain universite

0 5 10 15 20 25 30 35 40
size (nm)

Single domain size = 14-15 nm

Blocking temperature around 23 K
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Nanoparticles’ preparation

Fast addition

Cs' or Rb!

Small negatively charged particles
almost monodisperse

SIZE can be also tuned by the
precursors’ concentration
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Behaviour of a single particles

by
Transport studies
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Single particle photo-induced transport properties université
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I
7

3‘I 1PtCr 2017-10-09 dose: 320
2Pt 2017-10-10 dose: 320

finger-like electrode lengths =5 ym

gaps width between fingers is around 13 nm

J. Houtman, H. van der Zant, Delft University of Technology
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J. Houtman, H. van der Zant, Delft University of Technology
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Single particle transport properties universrtée
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Single particle photo-induced transport properties

CsCoFe 15 nm Single NanoParticle

Normalized resistance-time characteristics of trapped molecule

Gap 2, 300mV bias, 0.5mW 632.8nm laser, 30K
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J. Houtman, H. van der Zant, Delft University of Technology
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Single particle photo-induced transport properties

Resistance—ternperature characteristics at constant bias
Gap 2, 300mV bias, 2 m\W laser at 4K

Resistance [(1]

Laser ON
Laser OFF
Warmup

Cooldown
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Spin Crossover (SCO) Nanoparticles
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Spin Crossover (SCO) y‘glyggagé.

— c

L /'—
L——Fe™L L Fé—L
-~
| -
4 -t
L
A
S=2
S$=0 external pertubation
temperature, light, pressure,...
ESAM, Gandia 15-18 October 2023 43
Spin crossover behavior université
PARIS-SACLAY
S=2 S=2 S =2
S=0 s =0 . ﬁ
smooth conversion sharp transition hysteresis loop
and
bistability

Only first order sharp transitions lead to hysteresis and bistability because of long
range elastic interactions
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25x25 nm, ¢, =0.06 M 55x55 nm, ¢,, = 0.04 M
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Spin crossover nanoparticles magnetic properties
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Si0, 4 nm
4 - SiO,4 nm +1,vapor
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From SCO Nanoparticles to
2D organized SCO molecules
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Single layer of SpinCrossOver molecules
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X-ray Absorption Spectroscopy
J. Phys. Chem. Lett. 2021, 12, 6152-6158
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SCO on Cu(111)
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Coll. A. Bellec, V. Repain Univ Paris-Cité
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Sublimation on Cu(111)

Voltage pulse induced SCO
Au(i11)

4. 0nm

J. Phys. Chem. Lett. 2021, 12,
11029-11034

Coll. A. Bellec, V. Repain Univ Paris-Cité
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Single layer of magnetic molecules on ferrimagnetic Fe;0, Hglls\_fggagé
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Thank You
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