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Motivation

Moleculamodellingappliedo MOFsfor CO, captur

() Tuning thechemicalstructural featuresof existingnaterial$or
targetecpplications

(i) Guding the synthesisof novelMOFs

(i) Envisioning new directionsin thefield of separatiofor a
potentialoptimizationof thecurrentprocesses

Experiments:
Fromthe synthesistowards
thedetermination & the /n
Situ characterizationof

theirperformances

olecular simulations Synergy

N Forcefieldbasedvionte
Carlo &MoleculaDynamics

N DensityFunctionallheor
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~ DV=40%
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1. TuninglOFsfor CQcapture

~ DV=40%

L. Hamonet alJ Am. Chem Soc.2009

C ) Stronger3 . interctions
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NDC
quantum calculations > 3-416;’: 3615 | .
MO5-2X Hybridkmeta  sjas 5067
GGA functional  ; -
.= \’—‘/}’Hf%r‘ . - "Si%‘ -
~NDC BDC

Binding Energy = -13.2 kJ/mol  Binding Energy = -5.4 kJ/mol
MIL for Materials of nstituteL avoisier 2



1. TuninglOFsfor CQcapture

Structure model for MIL-53(Al-NDC
MIL-53(Al)

DFT*-optimized structure
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~ 3.2 A pore Size
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5
*PBE/MOLOPT (CP2K)/ D3Dispersion correction



1. TuninglOFsfor CQcapture

Structure models ofMIL -53(AINDC@CO,:
DFT predictions

I N N S S S N T

VIESSERNBIGR= A 24,598 7.530 6.547 90 106.9 90 1160.6

CO, loaded
24.658 7.862 6.603 89.74 107.20 90 1222.8

DFT : CP2K PBHunctional& TZVP/DZVP -

CO, Saturatiorcapacityrom GCMC simulation . : :
2 pacity ‘ MOLOPT basis set & D3 dispersion correc

Onlyasmallexpansion of the structuwponCQO, adsorption
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1. TuninglOFsfor COQ captur

Structure models ofMIL -53(AlyNDC@CO,: e
DFT predictionsvs /n situ PXRD ...t

R D R
change

24586 7.726 6.743 90 1065 90 1156.6

VIRl 24598 7530 6547 90 1069 90 1160.6
24399 7.475 6.759 90 1048 90 1191.6 3%
CO; 24658 7.862 6.603 89.74 107.20 90 1222.8 %
MIL -53 NDC ' ' : : ' : 0

Only asmallexpansion oft*e structuwrponCO, adsorption
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1. TuninglOFsfor CQcapture

Adsorption/Co-adsorption: Grand Canonical Monte Carlacalculations

(b
= _ coemLsspapnoe o NGMILES@)NDC
D I 2,0 ]
89 CO, loaded structure 298 K | - 298 K
-— FJ 0,08 4 4
% = 5] S

S ] S 006 i
GEJ § E . Emptystructure | £ CO,, loaded structure . .
.é___) % % %0,04 /./

D o5 % ’

% é LO()\J é\l o /./04"/ .
= .© e Empty
E \B 00 0,00 P —— L IR
EE o 1 2 3 4 5 8 o 5 10 15 20 25 30
c = . .
— Pressure (in Bar) Pressure (in Bar)
h O
N S Negligible N uptake in both forms
0 o
i
=
>

O,/N , mixture(15/85, 1 bar, 298 Kijiigh Predicted CO,/N , Selectivity

Empty Structure: S(CIN ,)A B
CO, loadedStructureS(CQ/N ,) ~5000 5



1. TuninglOFsfor CQcapture

Adsorption/ Coadsorption: GCMC simulationsvs Experiments
CO@MIL -53 (Al) NDC N @MIL -53 (Al) NDC

r . : : : 0,10 , . , : :
2,0 H _
CO, loaded structure 298 K ] 298 K
] e « <t - ] 0,08 -
—~ 154 <
2 ~ Gravimetry &
g g CO, loaded structure o ]
£ 10] Emptystructure _ £ ./ _
% E 0,04 ./
— ©
S : T
N o 002 e 7
O > °®
O 1 /.,o’./. Empty
0,0 1 0,00 ‘j:i:fl/l:lflflfl/l n ] [ ] LI
| | | | | | ravimetry not detectable
0 1 2 3 4 5 6 0 5 10 15 20 25 30
Pressure (in Bar) Pressure (in Bar)

A For CGO, : very good agreement experinsgmulation
(amount adsorbed & shape)
A For N, : confirmation of a vergmall predictedptake

IAST thermodynamicmodel : confirmation of thereryhighSelectivity

Prakaslhet alto besubmitted 5



1. TuninglOFsfor CQcapture
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Pyrazine Blpyrldlne4F

*Full celloptimizationPBE/MOLOPT (CP2K)/ D3Dispersion correction

Computational Tuning of SIFSIXs Structure prediction by DFT*
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1. TuninglOFsfor CQcapture

Adsorption : Grand Canonical Monte Carlasimulations
CO, uptake @SIFSIXs-Cu

| —=— SIFSIX-Cu-Pyraz 298K

—o— SIFSIX-Cu-bipyr
SIFSIX-Cu-Pyraz-bipy
SIFSIX-Cu-Pyraz-bipy-4F

-D,,_h /kJ mol™

T T
2 3 4 5

Pressure / bar

PyrazingBipyridine

CO, Enthalpy @SIFSIXs-Cu

50

5]
20-
35
30—-

25

20-_.../*/'/'/././

—a&— SIFSIX-Cu-Pyraz

] —e— SIFSIX-Cu-bipy

10 - SIFSIX-Cu-Pyraz-bipy
SIFSIX-Cu-Pyraz-bipy-4F

15 4

54

0 T T T T T T T T T
0 1 2 3 4 5

n/mmol g*
-4F vs Pyrazine

A Increase o€O, uptakg4 mmolqg, 1 ba), a high affinity for CX-
40kJ/mol)



1. TuninglOFsfor CQcapture

Co-adsorption: Grand Canonical Monte Carlacalculations
S(CO/N ) @SIFSIXs-Cu(mixture 1585)298 K

600

550 —e— SIFSIX-Cu-bipy

1 SIFSIX-Cu-bipy-Pyraz
5007 SIFSIX-Cu-bipy-Pyraz-4F
450 4

400
350 +
300

S(CO,/N,)

250
200 +
150
100 ~

50

P e/ bal

PyrazingBipyridine -4F vs Pyrazine

A Increase o€O, uptakg4 mmolqg, 1 bal, still a high affinity for
CO, (-40kJ/mol) & ahigh Selectivity S (G , a 4 €600atlow P
« Refined » adsorbent for CQ capture
Papen preparation 3
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1. TuninglOFsfor CQcapture
KAUST-8 : Fluorinated AlIFFIVE-1-Ni
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King Abdullah University of
Science and Technology

Ni(ll) -pyrazin&-periodic

squaragric-layers
with AlF; inorganigillars

Porous framework
A Squareshaped 1D small pore channeleculasievingor CH,

A Potential adsorption sites fofH& CO.;:

1. Reriodic array of Al(lll) CUS sites
2. Fluorine moleties



1. TuninglOFsfor CQcapture

Periodic DFT calculations

A ldentification of the a!sorption sites for {&OH 0 as
single components & mixture

i

Distinct adsorption sites for theguests
V(A) CO, : interactionsvith F-atomsof pillars

V (B) H,O In thevicinityof the Alk inorganimode(CUS sites
V (C) Samescenario for theo-adsorption
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1. TuninglOFsfor CQcapture

Periodic DFT calculationsvs Singlecrystal XRD data
DFT §ing|&:rystal>(BD
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Confirmation of th@otentialconcomitant aasorpuon or GC
& H,0 in distinct sites

Breakthroughestsselectiveapture of CO& H,O from
naturalgas
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1. TuninglOFsfor CQcapture

Periodic DFT calculationsvs Singlecrystal XRD data
DFT §ing|&:rystal>(BD
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Confirmation of th@otentialconcomitant aasorpuon or GC
& H,0 in distinct sites

Breakthroughestsselectiveapture of CO& H,O from
naturalgas
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2. GuidinghesynthesiBiovdVlOFs
AutomatelssembbfSecond@wyilding/nits
Defined { GAO1 &8¢ FG2Y 0AYyRA
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2. GuidinghesynthesifioveMOFs

AutomatellssembbfSecond@&yildingnits

Determine BUs & Modify
Sicky Atoms

Insert BUs into arandom
Unit Cell

Definea { GAO1&¢ |d2Y O6AYRA

L3 s

Insert them inthe unit cell

12



2. GuidinghesynthesifioveMOFs

AutomatellssembbfSecond@&yildingnits

Determine BUs & Modify
Sicky Atoms

Insert SBBUs into arandom kQ* @ ‘ |

n Unit Cell

Correct Ratio Present?

Definea { GAO1&¢ |d2Y O6AYRA

Insert them inthe unit cell

SBUsandomly move withirthe unit

\Monte Carlo Move LSRR TSI cellandconnectedby (i K StickiQ |
A Rotation A Fixed SG or P1
A translation A Experimental or free cell parameters

A partial/full regrowth

Minimizationof a cost function

ETotal (WELJ +WEBonding WEBendlng M/élETorsior])

A Constant temperature
A Simulated annealing

A parallel tempering 12



2. GuidinghesynthesifioveMOFs

AutomatellssembbfSecond@&yildingnits

Determine BUs & Modify
Sicky Atoms

Insert BUs into arandom kQ* ‘ }j& ;f-: A\
Unit Cell ~ { 1)

No |
Correct Ratio Present? ‘

Monte Carlo Move Unit Cell Adjustment ‘

All Sicky Atoms Bonded

Yes

Geometric and Unit Cell
Minimization

Print Sructure
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