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Physical Measurements 

The XRD patterns were recorded by a RIGAKU MINIFLEX II X-ray diffractometer using a Cu Kα X-ray 

source (λ = 1.542 Å) ranging 2θ from 8° to 50° at a scanning rate of 2° min-1. The FESEM-EDX analysis 

was carried out by using a Zeiss EVO 40 instrument with an accelerated voltage of 5–20 kV and samples 

were gold-coated before analysis. The N2 sorption isotherms and Brunauer–Emmett–Teller (BET) surface 

area and pore volume were recorded on a Quantachrome instruments along with a volumetric adsorption 

setup at -196 °C. Thermogravimetric (TGA) analysis was performed in inert atmosphere within the 

temperature range of (25-800) °C by using a TGA-60, SHIMADZU equipment at a heating rate of 10 °C 

min−1. The FT-IR measurements were carried out on an ABB FTIR spectrometer with a DRIFT accessory 

in the range of (450–4000) cm–1 by using KBr as a reference. X-ray photoelectron spectroscopic 

measurement (XPS) was performed on a commercial Omicron EA 125 spectrometer with an Mg Kα X-ray 
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source (1253.6 eV). Samples were used in form of pellets after neutralization and kept in a vacuum oven 

overnight before XPS. High-resolution XPS traces were deconvoluted by using the Gaussian and 

Lorentzian statistical analysis in Origin-9 software. The solution UV-vis absorption spectra were recorded 

by using Shimadzu UV-2100 spectrophotometer. The solid-state UV-vis spectra were performed on a 

Shimadzu UV-2450 spectrophotometer in reflectance mode by using barium sulfate as a reference. UV-vis 

spectrophotometer is equipped with an integrating sphere of 60 mm inner diameter and Kubelka–Munk 

analysis is performed on the reflectance data. The KM factor, F(R), is given by F(R) = (1- R)2 /2R = k/s 

where R is the diffuse reflectance of the sample as compared to BaSO4, k is the molar absorption coefficient, 

and s is the scattering coefficient of the sample. Gas chromatographic experiments were performed on a 

Shimadzu GC-2014 using a FID detector and column RTX-5 with inner diameter of 0.25 mm and film 

thickness of 0.25µm for the catalytic study of neat and encapsulated cobalt(II) Schiff-base complexes. 

Experimental section  

Materials and preparation  

The Na-zeolite-Y, 5-hydroxy salicylaldehyde, 5-Bromo- salicylaldehyde, 5-Methyl-salicylaldehyde and 5 -

Methoxy-salicylaldehyde are purchased from Sigma-Aldrich, India. Salicylaldehyde is purchased from 

Merck. Cobalt acetate and all solvents like ethanol, acetone, methanol, ether and acetonitrile are procured 

from S.D. fine, India. 

Synthesis of Schiff base ligands (L1, L2, L3, L4, L5)1: 

The Schiff base ligands are prepared by the following literature report. 10 mmol of 1,2-phenylenediamine 

and 20 mmol of salicylaldehyde or its derivatives are refluxed at 70 °C for 4 h in ethanol. At the end of the 

reaction, the product is filtered out, washed thoroughly with ethanol and finally air-dried (shown in Scheme 

S1). 
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Scheme S1: Synthesis of Schiff-base Ligand L1, L2, L3, L4 and L5. 

Synthesis of cobalt(II) Schiff-base complexes2: 

To synthesize the metal Schiff-base complex, an ethanolic solution of the ligand is heated at 80 °C for 30 

minutes and metal salt is added in a 1:1 ligand to metal molar proportion. The reaction mixture is refluxed 

for 3 h. The solid metal Schiff-base complex is washed with ethanol and finally dried. All the metal 

complexes are synthesized following same procedure (presented in Scheme S2). 

 

Scheme S2: Synthesis of cobalt(II) Schiff-base Complexes. 

 

Preparation of Cobalt(II)-exchanged zeolite-Y3: 

Parent zeolite-NaY (10 g) is allowed to react with 0.01 M metal salt [Co(CH₃COO)₂·4H₂O = 0.177 g] in 

100 mL of distilled water to acquire the required loading level of metal ions and stirred at room temperature 

for 24 h. The slurry is filtered, washed repeatedly with water, and then desiccated for 12 h at 150 °C 

(presented in Scheme S3). 
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Preparation of encapsulated Cobalt(II)−Schiff base complexes in zeolite-Y4, 5: 

The Cobalt(II)-exchanged zeolite-Y is treated with a stoichiometric excess of respective Schiff-base ligand. 

Being a flexible ligand, it diffuses through the channels of the host when the reaction mixture is refluxed 

for 24 h at 150-200 °C under constant stirring and reacts with the metal ions present in the supercage. The 

color of solid reaction mass changes from yellowish to dark brown. The reaction mass is then recovered 

and dried at room temperature. The resultant product is further purified by Soxhlet extraction maintaining 

the sequence of solvents as acetone, methanol, and finally with diethyl ether to remove unreacted ligand 

and metal complex adsorbed on the surface of the host. The obtained product is then dried in muffle furnace 

at 150 °C for 12 h. The product is allowed to react with 0.01M NaCl solution to remove the unreacted metal 

ions, finally followed by filtration and washed with distilled water thoroughly until the filtrate is negative 

for chloride ion test. Finally, zeolite encapsulated metal Schiff base complexes are obtained as dark brown 

powders (given in Scheme S3). 

 

 

Scheme S3: (a) Synthesis of cobalt(II)-exchanged zeolite-Y and (b) synthesis of zeolite encapsulated 

cobalt(II) Schiff-base complexes via flexible ligand synthesis method. 
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Catalytic reactions 

Degradation of rhodamine B: 

0.1197 g of Rhodamine-B dye is added to a 250 mL milli-Q deionized water in a volumetric flask, to prepare 

a 1 mmol stock solution of Rhodamine B dye. For catalytic reaction, 1 mL of stock solution was further 

added to a 50 mL volumetric flask having milli-Q water, to get a 20 μM solution of Rh-B dye. This solution 

of Rhodamine-B dye (50 mL) taken in a beaker,  free-state or encapsulated Cobalt(II) Schiff base complex 

is added as catalyst and H2O2 is used as oxidant. Reaction mixture is kept on a magnetic stirrer and irradiated 

in presence of UV light (12 Watts, 254 nm). A series of runs are performed to figure out the optimum 

amount of metal complex catalyst and the  oxidant. 0.0036 mmol of metal complex and 0.88 mmol of H2O2 

are finalised as optimum amounts of  catalyst and oxidant respectively. The degradation of dye has been 

monitored by using UV-Vis spectrophotometer at different time intervals within the range of 200-800 nm. 

The aliquot samples of the reaction mixture is collected at certain time intervals and spectral changes are 

analyzed at the wavelength of 554 nm (λmax of rhodamine B dye). The percentage of the degradation has 

been calculated by using Lambert-Beers law. (A = ε. c. l; where A = Absorbance, ε = molar extinction 

coefficient [M-1 cm-1], c = concentration of sample, l = path length in cm). 

 

Cycloaddition of CO2 to styrene oxide: 

10 mmol (1.13ml) of styrene oxide, 25mg of the encapsulated complex (CoL1-Y or CoL5-Y) and 0.05 

mmol (16.1 mg) of tetrabutylammonium bromide (TBAB) were taken in a teflon container. The teflon 

contaner was put in the stainless-steel chamber of the pressure reactor and was sealed. This reaction mixture 

was supplied with a continuous flow of CO2. The temperature was set to 130o C, and the reaction was 

carried out for 1.5h. After the specified time, the excess CO2 was released, and the reactor was opened after 

it cooled down to room temperature. The reaction minxture was diluted with 10 ml of acetonitrile and 

transferred in a glass vial. From this vial, 1.5 ml of the reaction mixture was taken in 2 ml eppendorf tube, 

and 0.45 ml of internal standard, i.e., Bromobenzene (PhBr), was added. This mixture was centrifuged and 

was used for gas chromatography. 

The same process was followed for catalysis with the neat complex. The amount of complex and TBAB 

taken were 0.025 mmol   
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Figure S1: 

 

Figure S1: Powder XRD patterns of (a) JCPDS reference pattern of zeolite-Y ( JCPDS No. 043-0168) (b) 

pure zeolite-Y (c) Cobalt(II)-exchanged zeolite-Y (d) CoL1-Y, (e) CoL2-Y, (f) CoL3-Y, (g) CoL4-Y and 

(h) CoL5-Y. 

 

We can clearly see that the peaks of pure zeolite-Y are in well agreement with its JCPDS data except the 

peak at 2θ value around 32°, which is absent in the JCPDS data. However, several reports in literature 

indicate the presence of quite a prominent peak at 32° in the XRD pattern of zeolite-Y which is exactly in 

line with our observation.6-8 
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Figure S2: 

 

 

 

Figure S2: SEM images before Soxhlet extraction (A-B) CoL5-Y with different resolution, and after 

Soxhlet extraction (C-D) CoL5-Y. 
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Figure S3: 

 

 

Figure S3: XPS survey spectra of (a) CoL5 and (b) CoL5-Y. 

 

 

Figure S4: 

 

Figure S4: High-resolution peak fitted XPS spectra of (A) C (1s), (B) N (1s) and (C) O (1s) for CoL5. 
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Figure S5: 

 

 

Figure S5: High-resolution XPS spectra of (A) C (1s) (B) N (1s) (C) O (1s) (D) Si (2p) (E) Al (2p) and (F) 

Na (1s) for CoL5-Y. 

 

FTIR Spectroscopic Study 

The FTIR spectral data of pure zeolite-Y and encapsulated Cobalt(II) Schiff base complexes are presented 

in Figure S6. It is clear from the FTIR spectra that the characteristics IR bands of zeolite-Y dominate the 

spectra below 1200 cm−1. FTIR spectra of pure zeolite-Y (Figure S6) show strong IR peaks in the range 

500−1200 cm−1. The strong IR peak at the region 1010−1040 cm−1 attributed due to the asymmetric 

stretching vibrations of (Si/Al) O4 units of zeolite framework. The prominent broad bands appeared at 1643 

and 3500 cm−1 are assigned due to lattice water molecules and surface hydroxylic groups, respectively. 

Some other characteristics bands at 560, 717, and 786 cm−1 (Figure S6) are attributed to T−O bending mode, 

double ring and symmetric stretching vibrations respectively. These IR bands are not modified during the 

encapsulation process (Figure S6). The characteristic FTIR bands of zeolite framework remain unaltered 

during metal exchange reaction and encapsulation process implies that the zeolite framework maintains its 
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integrity upon encapsulation of cobalt(II) Schiff-base complexes. However, there is noticeably a difference 

in the spectral range of 1200−1600 cm−1 for the encapsulated complex (see Figure S6). This region is 

suitable region for the study of encapsulated complexes because the zeolite framework does not show any 

absorption band and FTIR bands observed are only because of the complexes that lie in the range of 

1200−1600 cm−1. The IR peaks of encapsulated cobalt(II) Schiff base complex are very weak due to their 

low loading level in the zeolite supercage. The important FTIR bands are assigned in Table S1 for both the 

neat and encapsulated cobalt complexes. 

Two strong FTIR bands of the ligands observed at 1612-1620 cm-1 and 1273-1296 cm-1 are correspond to 

the C=N and C-O stretching vibrations and these bands are slightly shifted towards lower frequency upon 

complexation, indicating nitrogen and oxygen coordination inside the cavity of zeolite-Y. IR spectra of neat 

cobalt complex exhibit two strong bands at 1593-1609 cm-1 and 1257-1296 cm-1are characteristic of C=N 

and C-O stretching vibrations. The bands at 1444- 1539 cm-1 are assigned to C=C stretching and peak at 

1373-1396 cm-1 is attributed to νC-H deformation. In the FTIR spectra of encapsulated system, all IR bands 

are very less intense. This characteristic further reveals the nonexistence of extraneous metal complex on 

the external surface of zeolite-Y. The presence of similar FTIR vibrational bands in the neat and 

encapsulated complexes gives indirect evidence for the presence of a cobalt(II) Schiff-base complex inside 

the super cage of zeolite-Y. The slight shifting in the IR peak positions can be attributed due to the effect 

of zeolite framework on the geometry of the cobalt complexes trapped in the zeolite cavities. The shift in 

νC-H deformation frequency after encapsulation of metal complex provides the evidence for the 

encapsulation of metal complex inside the cavity of zeolite-Y. 
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Figure S6: 

 

 

 

Figure S6: (A) FTIR spectra of (a) free-state cobalt salophen complex CoL1, (b) pure zeolite-Y 

and (c) encapsulated cobalt salophen complex CoL1-Y. (B) Enlarged view of FTIR spectra of (a) 

free-state CoL1 complex, (b) pure zeolite-Y and (c) encapsulated complex CoL1-Y. 

 

Table S1: FTIR data of free-state and zeolite encapsulated complexes. 

 

 

 

Thermal analysis 

To know the thermal stability of free-state and encapsulated cobalt complexes thermo-gravimetric analysis 

(TGA) has been performed. TGA experiment is carried out in the temperature range of (25-800) °C under 

nitrogen atmosphere along with 10 °C/minute heating rate. The TGA results for free-state and encapsulated 

S. No Samples C=N 

stretching 

C=C stretching C-H 

deformation 

C-O stretching 

1 CoL1 1622 1548, 1464 1368 1307 

2 CoL1-Y 1631 1492, 1458 1386  1276 
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cobalt system are shown in Figure S7. The TGA analysis of zeolite entrapped cobalt complex stipulate two 

steps. First step occurs in the temperature range of (30 – 180) °C and is attributed to the loss of intrazeolite 

water molecules.9 Second step arises in a broad temperature range of (300–750) °C indicating slow 

decomposition of chelating ligand. A very small weight loss actually suggests quite a low loading level of 

entrapped cobalt complex within the supercage of zeolite framework and these results are well-consistent 

with the weight% of cobalt metal estimated by the EDX analysis. Encapsulated cobalt complexes show that 

the weight loss temperature extends towards higher temperature, which indicates that the zeolite encaged 

cobalt complex is more thermally stabile as compared to the neat complexes. 

Figure S7: 

 

 

Figure S7: TGA curves of (a) Pure zeolite-Y (b) CoL1 (c) CoL1-Y (d) CoL5 and (e) CoL5-Y. 
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Solution UV studies: 

 

Figure S8 

 

 

Figure S8: The solution UV‐Vis spectra of Schiff base ligands and cobalt(II) Schiff base complexes (A) 

(a) L1 and (b) CoL1 (B) (a) L2 and (b) CoL2 (C) (a) L3 and (b) CoL3 (D) (a) L4 and (b) CoL4  (E) (a) L5 

and (b) CoL5. 
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Table S2: Solution UV-Vis data of ligand and neat complexes 

S. No Samples π—π* transitions n—π* transitions CT transitions / d-d 

transitions 

1 L1 272, 283 335, 364 - 

2 CoL1 248, 302 340, 388 440, 583 

3 L2 241, 273 354, 370 - 

4 CoL2 235, 271 315, 376 490, 596 

5 L3 240, 271 349, 382 - 

6 CoL3 255, 315 342, 396 502, 594 

7 L4 239, 263 347, 385  

8 CoL4 238, 252 344, 396 478, 586 

9 L5 244, 279 302, 375  

10 CoL5 239, 260 305, 350 500, 580 

 

 

Theoretical Methods 

The theoretical studies presented in the manuscript are based on Density Functional Theory (DFT), which 

we have employed to study and analyse the structural and optical properties of the CoL1, CoL2 and CoL5 

complexes in neat and zeolite encapsulated states. All results presented here are calculated using 

GAUSSIAN 09 suite of ab initio quantum chemistry programs.10 All the structural optimizations were done 

using hybrid B3PW9111-14 exchange and correlation functional with  double-zeta 6-31G** basis-set for all 

atoms. Vibrational frequencies were calculated for all complexes and it was ascertained that all the 

structures were stable when no symmetry constraints are imposed.  

In the studies involving encapsulation of Cobalt complexes within zeolite pore, we have modelled only a 

portion Zeolite-Y supercage as shown in Figure 5.1d in the main manuscript, and all the unsatisfied 

valancies of Silicon atoms are terminated by Hydrogen atoms. During the study of encapsulated complexes, 

the structure of the zeolite supercage was kept fixed without any relaxations, however the positions of the 

terminal hydrogen atoms were allowed to change.  This approach had been used for several other studies, 

where zeolite encapsulated transition metal based Schiff-base complexes were studied.15-18 Cobalt(II) being 
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a d7 system, we have studied the doublet, neat and quartet, encapsulated states of the Cobalt-complexes, 

and the optical spectra are calculated using time dependent density functional (TD-DFT) methods. For these 

studies we used B3PW91/6-31++G** for all atoms on B3PW91/6-31G** optimized structures. In case of 

quartet encapsulated complexes, the optical spectra are calculated without the zeolite supercage, i.e. after 

extracting the encapsulated Cobalt-complexes from zeolite and keeping its geometry fixed. The optical 

spectra is then analysed in terms of the molecular orbitals of the Cobalt-complexes in free or encapsulated 

states, thus the plots for frontier molecular orbitals of the complexes are shown here. The molecular orbitals 

are defined with respect to the highest occupied molecular orbital (HOMO) and lowest unoccupied 

molecular orbital (LUMO) as HOMO-n (H-n) and LUMO+n (L+n).  Since the Cobalt(II) d7 complexes are 

commonly known to dimerize, we also looked into dimerization of the Cobalt-complexes studied. The 

binding energy for the dimer formation is calculated as: 

Ebind = 2(Emonomeric Co-complex) - Edimeic Co-complex 

We performed structural studies for CoL1, CoL2 and CoL5, of which CoL1 and CoL5 are given in the main 

manuscript. Below we present the optimized structure of CoL2 and CoL5 in Figure S9 and structural details 

for CoL2 in Table S2. We also show the optimized structures of singlet and triplet states of dimer of CoL1 

in Figure S10 and structural details are given in Table S3. Frontier molecular orbitals of doublet states of 

CoL1, CoL2 and CoL5, ground triplet states of dimers of CoL1, CoL2 and CoL5, and excited, quartet states 

of CoL1, CoL2 and CoL5 are all shown below in Figures S11-19. We report the TD-DFT spectra of CoL1, 

CoL2 and CoL3 in doublet states in Figure S20. The TD-DFT spectra for dimer of CoL2 and CoL5 in triplet 

state is given in Figures S21 and S22, while the spectra for quartet, excited states of CoL2 and CoL5 are 

shown in Figures S23 & S24. 
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Figure S9. The optimized structure of CoL2 (a) and Col5 (b) in doublet states. The C-atom marked by 

black arrow has been used to define the bond-angles in Table 5. 

 

 

 

 

 

 

Figure S10. The dimer of CoL1 in singlet (a) and triplet state (b), with few bond-distances marked. 

 

 

Table S3. Selected structural parameters and molecular orbital energies for CoL2. The doublet, neat and 

encapsulated, quartet states have been listed. Alpha and beta orbitals are marked by (a) and (b). 

S. No Bond distances / angles CoL2  

Doublet 

CoL2-Y 

Quartet 

1 Co-O (Å) 1.82 1.90 

2 Co-N (Å) 1.86 2.01 

3 O-C (Å) 1.29 1.29 

4 N-C (Å) 1.32 1.31 

5 <O-Co-N(º) 

<C-Co-C(º) 

94.4 

178.7 

91.2 

175.1 

6 <Co-N-N-O(º) -0.1 -12.0 
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<N-N-O-O(º) 0.2 22.9 

7 End to end distance (Å) 14.3 14.4 

8  

HOMO (eV) 

-5.11 (a) 

-5.13 (b) 

-4.98(a) 

-5.14(b) 

9  

LUMO (eV) 

-2.18 (a) 

-2.23 (b) 

-2.20(a) 

-2.24(b) 

10 HOMO-LUMO gap (eV) 2.88 2.74 

11 Spin density on Co 1.04 2.77 

 

 

Table S4. Selected structural parameters and molecular orbital energies for the dimer of CoL1, CoL2 and 

CoL5. Both the singlet and triplet states are listed. The molecular orbitals are marked (a) and (b) for alpha 

and beta spins, respectively. 

S. No Bond distances 

/ angles 

dimer-CoL1 

Singlet 

dimer -

CoL2  

Singlet 

dimer –

CoL5  

Singlet 

dimer -

CoL1 

Triplet 

dimer -

CoL2 

Triplet 

dimer –

CoL5 

Triplet 

1 Co-O (Å) 

Vertical 

Co-O (Å) 

lateral 

2.03 

1.86,188 

2.02 

1.86,1.89 

2.03 

1.86,189 

2.24 

1.86,1.90 

2.24 

1.86,1.90 

2.24 

1.86,1.90 

2 Co-N (Å) 1.88 1.88 1.88 1.88 1.88 1.88 

3  

O-C (Å) 

1.29 

1.32 

1.29 

1.33 

1.29 

1.33 

1.29 

1.31 

1.29 

1.31 

1.29 

1.31 

4 N-C (Å) 1.31 1.31 1.31 1.31 1.31 1.31 

5 <O-Co-N (º) 

 

<C-Co-C (º) 

93.2,94.2 

 

151.3 

93.1,94.2 

 

152.9 

93.2,94.2 

 

152.8 

92.8, 94.5 

152.5 

92.9, 94.4 

153.1 

92.6, 94.5 

 

153.1 

6  

<Co-N-N-O(º) 

 

<N-N-O-O (º) 

 

-4.2, -10.9 

 

-7.2, -10.9 

 

-3.8, -11.5 

-8.4, -8.0 

 

-4.9, -11.5 

-8.1, -8.0 

 

-2.7, -8.7 

 

6.3 

 

-3.0, -9.0 

 

6.5 

 

-2.6, -8.8 

 

6.5 
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7 End to end 

distance, 

diagonal(Å) 

14.9 15.4 19.0 15.0 15.6 19.2 

8  

HOMO (eV) 

-3.79 -3.71 -3.65 -4.95 (a) 

-4.75 (b) 

-4.66 (a) 

-4.55 (b) 

-4.59 (a) 

-4.48 (b) 

9  

LUMO (eV) 

-2.15 -2.06 -2.00 -1.95 (a) 

-1.97 (b) 

-1.97 (a) 

-1.98 (b) 

-1.90 (a) 

-1.92 (b) 

10 HOMO-LUMO 

gap (eV) 

 

1.64 

 

1.65 

 

1.65 

 

2.78 

 

2.57 

 

2.56 

11 Spin density on 

each Co 

None none none 1.07,1.07 1.08,1.08 1.08,1.08 

 

 

Figure S11: The molecular orbitals of CoL1 monomer in doublet spin state. The energies are in eV. 
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Figure S12: The molecular orbitals of CoL1 dimer in triplet spin state. The energies are in eV. 
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Figure S13: The molecular orbitals of CoL1, encapsulated and extracted in quartet spin state. The energies 

are in eV. 
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Figure S14: The molecular orbitals of CoL2 monomer in doublet spin state. The energies are in eV. 
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Figure S15: The molecular orbitals of CoL2 dimer in triplet spin state. The energies are in eV. 
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Figure S16: The molecular orbitals of CoL2, encapsulated and extracted in quartet spin state. The energies 

are in eV. 
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Figure S17: The molecular orbitals of CoL5 monomer in doublet spin state. The energies are in eV. 
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Figure S18: The molecular orbitals of CoL5 dimer in triplet spin state. The energies are in eV. 
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Figure S19: The molecular orbitals of CoL5, encapsulated and extracted in quartet spin state. The energies 

are in eV.  
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Figure S20: The TD-DFT spectra for doublet, monomeric CoL1, CoL2 and CoL5. The optimized structures 

of CoL1, CoL2 and CoL5 are given in the respective insets. 
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Figure S21: The TD-DFT spectra for CoL2 dimer in triplet state. The optimized structure is given in the 

inset. 
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Figure S22: The TD-DFT spectra for CoL5 dimer in triplet state. The optimized structure is given in the 

inset. 
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Figure S23: The TD-DFT spectra for CoL2 monomer in encapsulated and extracted quartet state. The 

optimized structure is given in the inset. 

 

       

Figure S24: The TD-DFT spectra for CoL5 monomer in encapsulated and extracted quartet state. The 

optimized structure is given in the inset. 
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Table S5: Optimization of reaction condition for photocatalytic dye-degradation 

(a) % degradation of rhodamine B after 1.5 h reaction time with H2O2 as oxidant 

S. No. Catalyst Amount of Catalyst 

(mmol) 

% Degradation 

1 CoL1-Y 0.0012 15.3 

2 CoL1-Y 0.0024 20.3 

3 CoL1-Y 0.0036 35.4 

Reaction conditions: 0.02 mmol of 50 ml rhodamine B aqueous solution, H2O2 (0.66 mmol). 

 

(b) % degradation of rhodamine B after 1.5 h reaction time with 0.0036 mmol of catalyst 

S. No. Catalyst H2O2 (mmol) % Degradation 

1 CoL1-Y 0.22 mmol 15.2 

2 CoL1-Y 0.44 mmol 20.5 

3 

4 

CoL1-Y 

CoL1-Y 

0.66 mmol 

0.88 mmol 

35.4 

60.5 

Reaction conditions: 0.02 mmol of 50 ml rhodamine B aqueous solution, Amount of catalyst (0.0036 

mmol). 

(c) % degradation of rhodamine B by UV/ H2O2 alone. 

S. No. Catalyst Condition % Degradation 

1 CoL1-Y UV 6.5 

2 CoL1-Y H2O2 8.5 

    

Reaction conditions: 0.02 mmol of 50 ml rhodamine B aqueous solution. 

 

(d) % degradation of rhodamine B after 1.5 h reaction time in dark, visible-light and UV light. 

S. No. Catalyst Light condition % Degradation 

1 CoL1-Y Dark 13.5 

2 CoL1-Y Visible 20.3 

3 CoL1-Y UV 60.5 

Reaction conditions: 0.02 mmol of 50 ml rhodamine B aqueous solution, H2O2 (0.66 mmol). Amount 

of catalyst (0.0036 mmol). 
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Optimization of reaction condition for coupling of styrene oxide to CO2 

To get the optimized reaction condition, initially, CoL1 and CoL1-Y were used as the catalyst in the 

reaction. The activity was monitored using Gas Chromatography using bromobenzene as an internal 

standard. The calibration curve is given Figure S25. Initially, the reaction was carried out with styrene oxide 

(10 mmol, 1.2g), TBAB (0.05mmol, 16.1 mg), encapsulated complex (100 mg) using CO2 at a pressure of 

5 bar at 80 °C for 1.5 hours. We got a conversion of 66% and a TON of 622. By increasing the temperature 

to 100 °C, both the conversion and TON increased to 77% and 720, respectively.  Inspired by the 

improvement in the activity, we further increased the temperature to 130 °C. But there was no betterment 

in the activity. We then tried the reaction in the best temperature conditions (5 bar, 130 °C and 1.5h) but 

with less catalyst loading of 50 mg. To our surprise, there was a significant improvement in TON from 718 

to 1595. Encouraged by this result, we further decreased the amount of the catalyst to 25 mg and found that 

the TON increased even further to 2955 which we considered as the optimized reaction condition. We then 

tried the same reaction with neat complex at 130 °C with 0.05mmol of the complex and 0.05mmol of TBAB. 

We got a TON of 173 and upon further decreasing the catalyst and the cobalt-catalyst loading to 0.025mmol, 

the TON increased to 330. The increase in activity with decrease in the catalyst loading can be attributed to 

the site isolation provided by lesser amount of catalyst. 
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Table S6: Optimization of reaction condition of coupling of styrene oxide to CO2 

S. No Catalyst 
Temperature 

(oC) 
Amount 

Time 

(h) 
TON 

Conversion 

(%) 

1 CoL1-Y 80 100 mg 1.5 622 66 

2 CoL1-Y 80 50 mg 1.5 1438 76 

3 CoL1-Y 100 50 mg 1.5 1515 81 

4 CoL1-Y 100 100 mg 1.5 720 77 

5 CoL1-Y 130 100 mg 1.5 718 76 

6 CoL1-Y 130 50 mg 1.5 1595 85 

7 CoL1-Y 130 25 mg 1.5 2955 79 

8 CoL1 80 0.05 mmol 1.5 160 78 

9 CoL1 80 0.025 mmol 1.5 300 72 

10 CoL1 100 0.05 mmol 1.5 163 80 

11 CoL1 100 0.025 mmol 1.5 306 76 

12 CoL1 130 0.05 mmol 1.5 173 85 

13 CoL1 130 0.025 mmol 1.5 330 82 

 

 

 

Figure S25: Calibration curve for styrene oxide. 
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