
  

First-Principles Investigation of Functionalized Metal-
Organic-Frameworks for Energy Efficent CO

2 
Capture

Introduction: Efficient technologies for CO2 capture and its sequestration can be vital in mitigating the problem of climate change arising 
from increasing atmospheric CO2 levels. Metal Organic Frameworks (MOFs) are promising crystalline solids with high porosity and affinity 
for CO2 due to strong interaction with metal modes. Here, we study MOFs functionalized with photo-isomerizing azobenzene molecules for 
light-stimulated capture and release of CO2. The structure of photo-isomerizing azo functionalizations can be changed (trans to cis and vice-
versa) with light stimulus in order to sterically block-unblock the metal nodes of MOF interacting with CO2, to achieve efficient capture and 
release of CO2. We shed light on 1) role of structure of embedded molecules on adsorption, 2) calculation and tuning of the optical spectra of 
functionalized MOFs to increase the photo-stationary yield of embedded isomers, to increase the efficiency of CO2 capture.
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In a pioneering work in 20111, Park et al. 
synthesized azobenzene functionalized PCN-123 
MOF and used it to reversibly tune the CO2 
capture by photo-induced cis-trans  isomerization.

a) Potential energy surface of cis structure, b) relaxed structures of two cis configurations [E(cis1) – E(cis2) = 111 meV] 

Calculated optical spectra
● azobenzene:

● PCN-123 ligand

● PCN-123 fragments

Benchmarking our calculation methods 
with azobenzene and PCN-123 ligand, we 
attempt, further, to calculate the absorption 
spectra of the PCN-123 by considering only 
fragments of the MOF and using QM/MM 
approach to incorporate the effects of the 
rest of the MOF environment. 

Future Directions
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Using DFT and classical NVT simulations, we find that the mechanism behind 
the reversible capture is (un)blocking of metal node by cis (trans) isomer2.

Density maps of CO
2
 

calculated using NVT 
simulations (a) MOF-5, (b) 
cis and (c) trans PCN-123

Environment effects in GW

ΧMM= polarizability of solvent

UV-Vis spectra of MOF (expt.)

UV-Vis spectra of linker (expt.)

– trans
– cis

Cu2(F2AzoBDC)2 (dabco)

UV-Vis spectra of linker
(calculated)

We are interested in detailed theoretical investigation 
of recent experimental work5 which demonstrates high 
yield (~87%) of cis and trans isomers when Fluorine 
functionalized azo molecules are embedded in 
Cu2(F2AzoBDC)2 (dabco). We have already reproduced 
the absorption spectra of the linker.

d) e)

a)

CO2 density plots show the blocking of adsorption 
site in case of cis and enhancement in case of trans.  
Adsorption isotherms (GCMC) (fig. f) are in good 
agreement with the experiments by Park et al.

● Methods for calculation of optical spectra

c∞ is the fraction of cis isomer at the photo-stationary state (PSS) where Φ is 
quantum yield of isomerization and ε is the absorption coefficient. 

● azobenzene E(cis) – E(trans) = 0.6 eV

overlap

Energy profiles of azobenzene along CNNC torsion angle; GW/BSE (g) and CAS-PT2 (h).

g) h)

➔ DFT (PBEh)
➔ Benchmarking KS-gap with evGW gap

➔ GW
➔ Inclusion of environment effects 

using reaction field matrix
➔ BSE

Φ~0.44 Φ~0.11
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Fragment 2

(ε = 2.06)

Absorption spectra of trans PCN-123 fragment 1 as a 
function of dielectric constant of the MOF environmentFragment 1

Periodic calculations (YAMBO)
(scope of improvement through better 
k-vector convergence)

Absorption spectra of PCN-123 fragment 2 calculated 
using ε=2.0 and PBE-GGA as a starting point. 

● Improvement at DFT level using 
ESP charges of atoms in MM part

● Benchmarking the methodology 
using more expensive periodic 
calculations (because of large unit 
cells and high number of atoms)
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