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Stimuli-responsive Organic Materials

METHODOLOGY

Theory + Experiments

DFT Calculations Raman Spectroscopy

CV, spectroelectrochemistry, etc

OFETs fabrication




Stimuli-responsive Organic Materials

METHODOLOGY

Theory + Experiments

DFT Calculations Raman Spectroscopy
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Stimuli-responsive Organic Materials

In Silico Characterization Methods

Interpretation of experimental results
Safe and environmentally friendly

Characterization of materials before
synthesizing them

More cost-effective than experiments

Powerful tool to guide the rational design




Stimuli-responsive Organic Materials

Raman Spectroscopy

Non-destructive characterization

Rayleigh Scattering
Same wavelength as laser.

No sample preparation

Characterization of m-conjugated molecules

Some Raman Scattering
Scattered light is a different
wavelength from laser.

N

Explore the electronic properties of - conjugated materials
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Stimuli-responsive Organic Materials

Raman Spectroscopy

Intense Raman band = ECC mode
(collective CC stretching vibrations)

C=C Stretching Frequencies

Strong electron-phonon coupling

N

Explore the electronic properties of - conjugated materials
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Stimuli-responsive Organic Materials

Carbazole-based
Diradicals

Benzothiadiazole-based Carbazole Dendrons

Polymorphs (VDW porous crystal)
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Stimuli-responsive Organic Materials

Benzothiadiazole-based
Polymorphs
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1 Benzothiadiazole-based Polymorphs
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Interconversion between the two phases can be reversibly induced by mechanical
stress or solvent vapors

J. Am. Chem. Soc. 2020, 142, 17147-17155.
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1 Benzothiadiazole-based Polymorphs
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FT-Raman spectroscopy points to a supramolecular origin of the switchable fluorescence

J. Am. Chem. Soc. 2020, 142, 17147-17155.
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1 Benzothiadiazole-based Polymorphs

Intensity (a.u.)
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Two distinct light-emitting crystalline phases assembled in layers
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1 Benzothiadiazole-based Polymorphs
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The l1610/11353 intensity ratio difference is ascribed to different n-n intermolecular arrangements
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1 Benzothiadiazole-based Polymorphs
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Sliding of the molecules along the long molecular axis (slip planes)

ACS Appl. Inter. 2020, 12, 10929-10937.
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1 Benzothiadiazole-based Polymorphs

Intensity (a.u.)
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Blending this molecule with a biodegradable polymer such as PVA increase the reversibility
of the thermally activated transformation

ACS Appl. Inter. 2020, 12, 10929-10937.
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2 Carbazole-based Dendrons

Carbazole Dendrons
(VDW porous crystal)
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2 Carbazole-based Dendrons
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VPC-1 exhibits reversible colour changes upon uptake/release of H,O molecules

Comm.Chem. 2020, 3, 118.

Ruiz Delgado, et al, manuscript submitted
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2 Carbazole-based Dendrons

1in VPC-1yellow

o —
n
!

;}"3{ By =30

J’ ———

’Wﬁﬁr“r

1 in VPC- 1"“‘

i

L
e ——

“‘x

The outermost carbazole units twist simultaneously while the crystal preserve its lattice structure

—H:=0 \‘ H:0

VPC-1yeliow

e

Ruiz Delgado, et al, manuscript submitted

Comm.Chem. 2020, 3, 118.



2 Carbazole-based Dendrons
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Attractive candidates towards high performance sensors under water-containing conditions

Comm.Chem. 2020, 3, 118.

Ruiz Delgado, et al, manuscript submitted
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3 Carbazole-based Diradicals

Absorbance

Carbazole-based
Diradicals
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3 Carbazole-based Diradicals

Diradical compounds can selectively construct s-bonded aggregates through the formation of
reversible covalent bonds

22
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1 Stimuli-responsive Organic Materias

R
R Substitution Pattern ;
m-Cz
R Core Elongation
p-lCZ m-ICz
NC
p-ICz-23a
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1 Stimuli-responsive Organic Materias
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Long C-C bonds

<«

C(sp’)-C(sp’)

Formation of long sigma-C-C bong of 1.63 angstrom by coupling of the unpaired electrons of diradicaloid p-Cz

Chem. Eur. J. 2017, 23, 13776 — 13783 25



Stimuli-responsive Organic Materias

UV-Vis Spectra
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Transformation of a freshly prepared solution of (p-Cz), ({ ) in CHCI; to diradicaloid p-Cz (1) as a function of time
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Stimuli-responsive Organic Materias

UV-Vis Spectra

D Reversible photochromic behavior
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1 Stimuli-responsive Organic Materias

Raman Spectra
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Substitution Pattern

/s
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1 Stimuli-responsive Organic Materias

Substitution Pattern

'

Distorted ring-shaped Folded structure

e

Aggregate Structure?

AG°= -70.1 Kcal/mol

AGf°= -63.6 Kcal/mol AG°= -45.5 Kcal/mol
30



1 Stimuli-responsive Organic Materias

Temperature

o

Grinding

Dynamic monomer/cyclic oligomer transformation in solution and solid state 31



Stimuli-responsive Organic Materias

Core Elongation

32



1 Stimuli-responsive Organic Materias

open-(p-IC.z)2

Dynamic monomer/cyclic oligomer transformation in solution and solid state 33
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Structural Isomerism

THE JOURNAL OF

PHYSICAL CHEMISTRY

LETTERS geo
pubsacs.org/JPCL

Tuning the Diradical Character of Indolocarbazoles: Impact of
Structural Isomerism and Substitution Position

Irene Badia-Dominguez, Sofia Canola, Victor Herndndez Jolin, Juan T. Lopez Navarrete,
Juan C. Sancho-Garcia, Fabrizia Negri,* and M. Carmen Ruiz Delgado*




1 Stimuli-responsive Organic Materias

Structural Isomerism

Diradical Character, y,
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Structural isomerism represent a very effective way to modulate the diradical properties



Conclusions

m-conjugated compounds j
Nc-?" Applications
NC N'\r CN

CsHs
C4Hg

lo gl 3k il "[Q T
| & |

D Slip-planes have been identified as an attractive design principle in search of
mechanochromic systems

D VDW porous crystals can be attractive candidates towards high performance sensors
under water-containing conditions

D DCC is a very good strategy to obtain new multiresponsive chromic soft materials
Isolated Monomer “ Cyclophane
Aggregates

D New molecular design strategies toward the development of novel stimuli responsive materials

36
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