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Covalent Organic Synthetic Polymers

H H Polvmerizati HHHHHMH
N 7 yrmerization |
c=¢ @ — 5 “.OIOIOIOIOIOIO
y ~ ] ] I I I |
H H HHHHHH
Ethylene Polyethylene
The most relevant:
poly(ethene) poly(propene) polyamides
(nylon)
: n _ E__um
‘ polycarbonates

poly(chloroethene) poly(phenylethene)
(PVC) (polystyrene)

more poly(ethene) is manufactured than any other polymer




jon metric tons)

Production volume (mill

Covalent Organic Synthetic Polymers

The most chemical products industrially fabricated > 300 mill. Tons/year // $3 trillion/year
The most relevant 20t century materials
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Covalent Organic Synthetic Polymers
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On the Possibility of Making 2D and 3D Organic Networks

“Organic chemists are masterful at exercising control in zero dimension. One subculture of
organic chemists has learned to exercise control in one dimension. These are polymer chemists,
the chain builders...But in two or three dimensions, it _is a synthetic wasteland, The
methodology for exercising control so that one can make unstable But persistent extended
&EQ:\& on demand is nearly absent. Or to put it in a positive way—this is a certain growth

point of the chemistry of the future.”

R. Hoffmann, Scientific American, Feb 1993, 65-73.

Powder X-Ray Diffraction (PXRD) of an Amorphous Solid

2D/3D Organic Polymer using Strong Covalent Bonds
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Covalent Organic Frameworks: Formation / Reversibity
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R. Banerjee et al. J. Am. Chem. Soc. 2019, 141, 1807-1822

Covalent Organic Frameworks: Formation / Reversibity
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Porous, Crystalline, Covalent Organic Frameworks
Adrien P. Coté, et al.

Science 310, 1166 (2005);

DOI: 10.1126/science. 1120411
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Covalent Organic Frameworks: Boron-based COFs
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Covalent Organic Frameworks: Material Design Evolution
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Applications: Robust Materials

Boroxine and Boronate-ester COFs

Themally robust: 400

-500 °C

Low Chemical Stability: Hydrolisis
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Stable, crystalline, porous, covalent organic
frameworks as a platform for chiral organocatalysts
Hong Xu, Jia Gao and Donglin Jiang™
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nature reviews methods primers

Primer

Covalent organic frameworks

https:/idolorg101038/543586. 022001812

% Cheok for updates

Ke Tian Tan @', Samrat Ghosh @™, Zhiyong Wang @*%, Fuxiang Wen®*, David Rodriguez-San-Miguel @', Jie Feng @,

Ning Huang ®", Wel Wang®, Felix Zamora®’, Xinllang Feng®®, Ame Thomas @ & Donglin Jiang @'
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Covalent Organic Frameworks: Design for Properties & Application

Properties Aplications

»

Structural Material Design

RT-COF-1Ac Gas Storage

Molecular Library Gas/molec. Separation

Catalysis

Sensors

Optoelectronics

Photovoltaics
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Chemical design of COFs
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M) Check for updates | Thiol grafted imine-based covalent organic Prof. José L. Segura
e e 1 e cnem 4 sor s Tr@Meworks for water remediation through
177 ~ selective removal of Hg(n)f

Laura Meri-Bofi,? Sergio Royuela, 2 Felix Zamora, ®° M. Luisa Ruiz-Gonzalez,©
José L. Segura,*? Riansares Mufioz-Olivas*® and Maria José Manchefio (&*?

Idea for COF design: Cavities decorated with tiol groups
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COF Post-synthesis: Click Chemistry Azide-Alkyne

Click Chemistry Azide
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Thiol Grafted Imine-Based Covalent Organic Framework for Water Remediation
Through Selective Removal of Hg(ll)
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M. J. Manchefio et al. J. Mater. Chem. A., 5, 17973-17981 (2017)




Mercury Adsorption from water: Kinetic & Capacity

Iﬂ Vigorus Saturation uptake capacity of 4.4 g g1
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J. Mater. Chem. A., 5, 17973-17981 (2017)
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Layer-Stacking-Driven Fluorescence in a Two-Dimensional Imine-Linked COF
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Theoretical Studies: Preferential Stacking

Calculated Cohesive Energy values for the two pore-
isomer in either eclipsed (AA) or staggered (AB)

conformations.
(o3  Pore | Stacking | LA | E,kcalmoll |
Small AA 3.543 -41.05
Small AB 3.482 -38.28
Big AA 3.760 -42.89
Big AB 3.749 -39.66
IMDEA-2 Small AA 3.570 -40.362/-38.742b
IMDEA-2 Small AB 3.637 -14.532/-16.37°
HO IMDEA-2 Big AA 3.780 -48.202/-46.81°
IMDEA-2 Big AB 3.638 -20.992/-19.83b

aEnol-imine form. PKeto-enamine form.

In layered systems due
to aggregation-caused

quenching driven by
TI—TT interactions

23

J. Am. Chem. Soc. 2018, 140, 12922
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In Summary: Layer-packing-driven fluorescence in solid-state

Amorphous IMDEA
COF 1

IMDEA COF 1 IMDEA COF 2
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AA Layer-packing
quench fluorescence

0,5
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J. Am. Chem. Soc. 2018, 140, 12922

Properties Aplications

Structural Material Design

RT-COF-1Ac Gas Storage

Gas/molec. Separation

Catalysis

Sensors

Ajigessasoud

Optoelectronics

Photovoltaics

Production methods
controlling the shaping and sizing of COFs
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Timeline of COFs Developing
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Imine COF Formation at Room Temperature

ﬁ@( CH,COOH

i O O " Meta-cresol N~ C)—O)N

IR and NMR (in solid) spectra
confirm imine formation

From 2005 !

Very unusual gel based on 2D flakes

Zamora, F. et al Chem-Eur J 2015, 21, Hom%%-pomwo.




GIXRD measurements

Fabiola Liscio
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q (&) Zamora, F. et al Chem-Eur J 2015, 21 , 10666-10670.

Nanolayer isolation: Atomic Force Microscopy
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o ~ Zamora, F. et al Chem-Eur J 2015, 21, 10666.




COF-Processability: Ink-jet Printing

Fuji Dimatrix materials ink-jet printer DMP-2800

COF-Processability: Ink-jet Printing




COF-Processability: Ink-jet Printing
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Control of the material deposition

F. Zamora et al. Chem. Eur. J. 2015, 21, 10666 — 10670
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Changeint

a) Acetic Acid
Q,=100 pL/min =

0.040 M sol. AcOH
Q, =100 pL/min

COF-Processability: Microfluidics

Josep Puig Marti-Luis

he solvent
MF-COF-1

b) BTCA —

c) TAPB
0.040 M sol. AcOH
Q.= 100 pL/min

d) Acetic Acid
Q, =100 pL/min

ChemCommun. 2016,52, 9212-9215

COF-Processability: Microfluidics

ChemCommun. 2016,52, 9212-9215




COF-1 fibrillar micro-structures

20 N,@77K COF-nanoparticles

medited by solvent

BET=535m? g

N (mmolg?)

0 0,2 04 0,6 0,8 1

p/p,

COF-1 fibrillar micro-structures mechanical stable for direct 3D drawing of objects on a surface

Result: continuos 3D drawing

ChemCommun. 2016,52, 9212-9215
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lonic Conductivity and Potential Application for Fuel Cell of a
Modified Imine-Based Covalent Organic Framework

Carmen Montoro,  David _ﬂc&_._.wsnx.,ﬁ..ﬁ.?:rrﬂn_‘” Eduardo Tcr.._.." Ricardo Escudero-C
Maria Luisa Ruiz-Gonzilez,™ Jorge A. R. Navarro,"® Pilar Ocon,“* and Félix Zamora®
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F. Zamora, et al. J. Am. Chem. Soc. 139, 10079 (2017)




lonic Conductivity Measurements
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Performances as Proton Exchange Membranes

Solid Electrolite in Fuel Cells
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F. Zamora, et al. J. Am. Chem. Soc. 139, 10079 (2017)




RT-COF-1Ac : Membrane Formation under Pressure

F. Zamora, et al. J. Am. Chem. Soc. 139, 10079 (2017)

Function of acetic acid as catalyst under the pressure

Imine condensation reaction at the material grain boundaries of the COF-polyimine layers

giving rise to the formation of larger aggregates.

. . ™ ’
Imine condensation o ¥
. . e "
at the grain boundaries L~ R DU
[+ A o ok
o g ...m ¥ ey Unreacted
T ryld o]
paliahdd ; groups
o “.m...hﬁ....& \
"..“‘.‘..:L....ﬁ... - ...h..u ”.““.,.....N,..,.,,,.., Film: nanoparticle aggregation
b - ot ke mediated by either solvent or
ENY. el d new imine bonds
HACcO (catalyst) o LR aredl

F. Zamora, et al. J. Am. Chem. Soc. 139, 10079 (2017)




Fuel-cell measurements
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Better Performances as Proton Exchange Membranes

Result: COF shapping - membranes

Excellent Mechanical Properties Enhance Performances

COF film
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COF >m3mm_m

F. Zamora et al. Angew. Chem. Int. Ed. 2021, 60, Hwo%wlpwmd

: 4. ‘Ml COF-nanoparticles
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COF Aerogels

Extremely low densities
(ca. 0.02 g cm3)

NH;

PPDA-BTCA-COF TAPB-BTCA-COF

F. Zamora et al. Angew. Chem. Int. Ed. 2021, 60, memwﬁpwwd

COF Aerogels

disordered porosity to stable interparticle aggregates that give
rise to the meso- and macro-porous structures of the aerogels
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Adsorption Properties of COF Aerogels

Versus Lower Adsorption for COF in powder form

Reused Cycles

120

= o=
. E
c
Water 2
g
&
B 50 g
g
;w 40 3
=
‘G 30
(3]
Q.
3
= 20
Q
..m. 2 4 [ 8 10
= Cycle Times
2 10
[%5]
0
&
)
O
&
A ;
&£ < 3
& F. Zamora et al. Angew. Chem. Int. Ed. 2021, 60, Hwomwlpwwd
A

: 2.40 cmy
0.23cm

0, 2.00cm
h:2.30em =0.144 gfem*
e @400 B8 0 e
2, = 0.021 gfem® et 240 €M
Pgerert 0.50 €11
Pracsure = D066 gfem®
200
E Ecpecinc
150 __ Sample (Pa) (Pa i Kg)
g _
= |
£ 1004 [ TAPB-BTCA-AGCOF  4070.4 208.64
& |
50 \ PPDA-BTCA-AGCOF 17713 85.33
\_nl | \ TAPB-PDA-AGCOF  769.85 44.48
1300 lo u_n_ nﬁ m_o w_a 0

o] Elastic —_—— = Btrain (%)

(ca.0.02 g cm3)

F. Zamora et al. Angew. Chem. Int. Ed. 2021, 60, 13969-13977




Membrane Formation under Pressure from COF Aerogels
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Gas Separation using COF membranes
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Gas Separation using COF membranes

e Y e . - JM 38
Cp Te TR we 2 o . JM 37 9

b s o - f - O
® ¢ e . € o
ece _ s e @ 20 4 JM 36
L/ «Yv - o % e,
» 2 ¢ »ﬂ‘ ¥ V s C- 2
2 oo g e-e - ..W.. E
> 1,2 nm
B 15 ,
Q0
Q
. n | 1,2 nm
. " £
= ©
Mu : 2 10 -
— 7))
©
G J

The mixed gas pair selectivity is higher compared to the ideal gas pair selectivity owing to the sorption and diffusion
competition between the gas mixtures. F. Zamora et al. Adv. Sci. 2022,°2104643

COF membranes Performances for Gas Separation

We plotted the separation performance of pure COF membranes and compared them with other membranes on the

Robeson upper bound plots.
Our membrane shows much higher CO, permeability compared with commercial membranes and the separation performance

of our membranes is close to the 2008 upper bound limits
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Electrochemical Double-Layer Capacitor based on Carbon@
Covalent Organic Framework Aerogels
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Imine-based COFs: Gel to Gel to Aerogel synthesis

Initial COF-gel Library
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Imine-based COFs: Gel to Gel to Aerogel synthesis

Monomer scCO; drying
exchange

AcOH as solvent of reaction COF-gel of TAPB-BTCA-COF COF-gel of TAPB-Tp-COF

Imine-COF

Imine-based COFs: Gel to Gel to Aerogel synthesis
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Imine-based COFs: Gel to Gel to Aerogel synthesis

HZN @ @ MH,

&
5

0.5cm 63

=
d
P
. ——
]
P
Y

;m_‘wﬁ:, 5 mwz\x
N TZ-DMTA-COF med 7 DHTA W 0T ok
mw e ‘M’ .W:.;vw‘cz_;ﬁ_:n:_egﬁhcm g
e <) Q " .
e @ 3 o N oo P YN ] o“
b oo,

e A T Tagen gﬂnaw, X
i [l
\_\M@ xo»mw::._.)vu.UI._SmsﬁUZ_._.bmnan—\"p WQ % ’

£

ks

r 64




TAPB-DHTA, o -DMT AL, COE, [

A TAPRDMTA L IHER)-POA . cOF L A

TAPB-PDA-COF

TAPB-DMTA-COF .. ¢ 4 |

DMTA ? DHTA

TAPB-DHTA-COF

TZ-OMTA-COF

TAFS-[HCR)-PDA, o COF

3D Printing COFs




3D Printing of COFs: Antecedents
GO@COF Composite

Fig. 10. A) illustration of the cof-go foam synthesis and 3d
printing process. a hydrogel is created when graphene
oxide, water, and cof precursors are combined. this
hydrogel is employed in 3d printing. b) schematic depic-
tion of the cofs’ incomplete frameworks. at this point, we
anticipate that the 3d printing ink will begin to form
oligomers or incomplete framework structures, ¢) (i,ii) the
sem image of a cof-go foam grid that was 3d printed at a
millimeter scale with a print resolution of— 0.7 mm and

pore size of ~1.5 mm. ¢) (iii, iv) The digital images of a
COF-GO foam grid that was 3D manufactured at a centi-
meter scale. d) The ingredients used to create COF-GO
foam. e) The TpBD COF space-filled model. X-ray micro-
tomography of TpBD foam created via 3D printing. It ex-
hibits the macropores in the matrix of the COF-GO foam,
the macropores in the matrix of the SEM picture of the
TpBD foam monolith, and the macropores in the matrix of
the graphical representation of the macroporous foam. g)

A graphic representation of the nine-pore COF-GO foam
grid and 1 a digital photograph of a 2.3 x 2.3 em self-
supported nine-pore COF-GO foam grid that was 3D
printed. Adapted from reference 91 with permission of the
copyright holders.

Ordered Microporous Meso-Macroporous Orderes Macroporous
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Biomimetic Synthesis of Sub-20 nm Covalent Organic Frameworks ﬂ
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Characterization of TAPB-BTCA COF colloidal sub-20nm particles

Dr. Luisa Ruiz
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Characterization of TAPB-BTCA COF sub-20nm particles
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3D Printing of COFs

3D printing
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3D Printing of COFs
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Dr. Sergio Royuela

3D Printing of COFs

Printing into alcohol for direct
surfactant removal

3D Printing of COFs

EP18179325.8 / WO2019243602
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3D Printing of COFs

BET Surface Area: 483 m?/g
Pore volume: 0.918 cm3/g
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3D Printing of COFs
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In Summary: Variety of Morphologies Enlarge Potential Applications of imine-COFs

Key of Processability :
Nanoprocessability:
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ROBOT SEMINARS
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As we have just five minutes lefi, I will take only 3 million questions.
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If you want to review this talk :
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From imine-based covalent organic frameworks design to
their processability and applications —
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