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II. COMPUTATIONAL SECTION 
II.1 Computational Methods  
Geometry optimizations were carried out using Gaussian 16 rev. B.01 software,3 in the gas phase 

using the global hybrid DFT functional M06-2X4and the def2-SVP5,6 basis set for all atoms. Truhlar’s 

M06-2X functional was chosen to study the present system, as this functional has been employed in 

the studies of a range of organic systems with good accuracy.7–15Minima and transition structures on 

the potential energy surface (PES) were confirmed as such by harmonic frequency analysis, showing 

respectively zero and one imaginary frequency.  

To improve on the accuracy of the corrected Gibbs energy profile, single point (SP) calculations on 

the gas phase optimized geometries were performed at M06-2X with def2-TZVP5,6 basis set for all 

atoms in the implicit C-PCM continuum solvation model16,17 to model the effect of acetonitrile : water 

(4 : 1) mixed solvent that was used experimentally, on the potential energy surface. A linearly 

interpolated dielectric constant (ε) value of 44.22 for the solvent mixture was used (35.688 × 0.8 + 

78.3553 × 0.2). This value is close to the empirical dielectric constant of acetonitrile-water mixture (ε 

= 43.1 at 25 ºC)18and we use simple linear interpolation for generality to other solvent mixtures for 

future work. Unless otherwise stated, the final corrected Gibbs energy C-PCM(acetonitrile-water)-

M06-2X/def2-TZVP// M06-2X/def2-SVP is used for discussion throughout. All Gibbs energy values 

in the text and figures are quoted in eV. 

Gibbs energies were evaluated at the reaction temperature of 25 ºC, using Grimme’s scheme of quasi-

RRHO treatment of vibrational entropies19, using the GoodVibes code20. Vibrational entropies of 

frequencies below 100 cm-1 were obtained according to a free rotor description, using a smooth 

damping function to interpolate between the two limiting descriptions.19 The free energies reported in 

Gaussian from gas-phase optimization were further corrected using standard concentration of 1 

mol/L,21 which were used in solvation calculations, instead of the gas-phase 1atm used by default in 

the Gaussian program.  

For time-dependent DFT (TD-DFT) calculations, CAM-B3LYP functional22 was adopted due to its 

robust performance for the study of excited states.23–26 We adopt def2-SVPD5,27 basis set for all atoms 

for TD-DFT calculations. The “D” in def2-SVPD basis set denotes diffuse functions which are 

important for the correct description of anionic electron distributions and excited states.28–30 For UV-

vis spectra, a total of 50 excited states were included for calculations. Th Gaussian function, with a 

standard deviation of wavenumber (σ) of 0.4 eV, was used to broaden the peaks, as described on the 

Gaussian 16 webpage.31 

Molecular orbitals, spin density plots, electron density difference and electrostatic potential (ESP) 

maps are visualized using PyMOL software.32 

II.2 Model reaction  
Scheme S4 shows the model reaction that we have used for the computational studies of reaction 

mechanism for POP-catalyzed CO2 to CO conversion. POP-1m is the model system for POP-1, 
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POP-2m is the model system for POP-2 and POP-3m is the model system for POP-3. The suffix 

“m” denotes model system. 

 
 

Scheme S4. Model systems used in the computational modelling studies. 
 
II.3 Reaction mechanism 

 

Scheme S5. Schematic representation of the catalytic cycle. 

 

II.4DFT-optimized structures 
Geometries of all optimized structures (in .xyz format with their associated energy in Hartrees) are 

included in a separate folder named DFT_optimized_structureswith an associated readme.txt file. All 

these data have been deposited and uploaded to https://zenodo.org/records/11408333(DOI: 

10.5281/zenodo.11408333). 
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Structure HOMO LUMO 

POP-1n 

  

POP-2n 
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POP-3n 

  
 
Figure S19: HOMO and LUMO structures for the enone forms of the POP model systems (“n” suffix 
denotes enone form). Molecular orbitals are shown at an isosurface value of 0.05 au. 
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Figure S20: Computed UV-Vis spectrum for model systems POP-1n (a), POP-2n (b) and POP-3n 
(c). Peaks were broadened by a wavenumber (σ) of 0.4 eV. Only peaks with oscillatory strengths 
greater than or equal to 0.05 are shown. 
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[POP-1n]•– [POP-1n]•– [CO2] 

  

[POP-1n–CO2]•– [POP-1n–CO]• 

 
 

[POP-2n]•– [POP-2n]•– [CO2] 
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[POP-2n–CO2]•– [POP-2n–CO]• 

  
[POP-3n]•– [POP-3n]•– [CO2] 
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[POP-3n–CO2]•– [POP-3n–CO]• 

  
 
Figure S21: Spin density plots of the radical ionic species in the reaction. Spin densities are shown at 
an iso surface value of 0.005 au.  
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Table S3: Optimized structures and raw energy values. Absolute values (in Hartrees) for SCF energy, 
zero-point vibrational energy (ZPE), enthalpy and quasi-harmonic Gibbs free energy (at 25 oC/298.15 
K) for optimized structures are given below. Single point corrections in SMD ethanol using M062X-
def2-TZVPlevel of theory are also included. “rc” denotes radical cation and “ra” denotes radical 
anion. 
 

Structure E/au ZPE/au H/au T.S/au qh-G/au SP M062X-
def2-TZVP 

TEOA -517.42116 0.222877 -517.18467 0.050433 -517.233319 -518.04644 
TEOA_rc -517.14298 0.221347 -516.90758 0.052482 -516.957921 -517.83249 
proton 0 0 0.00236 0.009341 -0.006981 -0.1629214 
water -76.323214 0.021589 -76.297846 0.019066 -76.316911 -76.433632 
CO2 -188.37047 0.012131 -188.35478 0.021219 -188.376001 -188.59939 
CO -113.18564 0.00529 -113.17705 0.019401 -113.196447 -113.32287 
POP-1m -1294.3563 0.38496 -1293.9492 0.068703 -1294.014829 -1295.7888 
POP-1n -1294.4101 0.381797 -1294.0043 0.073593 -1294.074699 -1295.9058 
POP-1n_ra -1294.3975 0.381438 -1293.9922 0.073199 -1294.062365 -1295.888 
POP-
1n_ra-CO2 -1482.7861 0.394838 -1482.3634 0.083121 -1482.441741 -1484.4955 
POP-1n–
CO2_ra -1482.7731 0.396805 -1482.35 0.078298 -1482.424764 -1484.4867 
POP-1n–
CO_radica
l -1406.847 0.383126 -1406.4401 0.072481 -1406.509361 -1408.4172 
POP-2m -1369.5036 0.389754 -1369.089 0.074457 -1369.160199 -1371.026 
POP-2n -1369.4531 0.389434 -1369.0388 0.075032 -1369.110347 -1370.9866 
POP-2n_ra -1369.5304 0.386036 -1369.1191 0.07602 -1369.191815 -1371.1253 
POP-
2n_ra–
CO2 -1557.9177 0.399478 -1557.489 0.086023 -1557.569947 -1559.7325 
POP-2n–
CO2_ra -1557.9035 0.401064 -1557.4749 0.080985 -1557.55204 -1559.7182 
POP-2n–
CO_radica
l -1481.9805 0.386637 -1481.5689 0.074924 -1481.640282 -1483.6444 
POP-3m -1444.6468 0.394216 -1444.2266 0.076953 -1444.300027 -1446.2629 
POP-3n -1444.5963 0.393724 -1444.1764 0.07777 -1444.250439 -1446.2254 
POP-3n_ra  -1444.6754 0.390725 -1444.2582 0.078492 -1444.333229 -1446.3628 
POP-
3n_ra–
CO2 -1633.0626 0.40395 -1632.6282 0.088708 -1632.711557 -1634.97 
POP-3n–
CO2_ra -1633.0496 0.405636 -1632.6152 0.083509 -1632.694635 -1634.9572 
POP-3n–
CO_radica
l -1557.1235 0.390927 -1556.7064 0.077591 -1556.780179 -1558.8836 
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