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S$1. Experimental Details

1. Materials
All starting materials and solvents were obtained from commercial sources. Hydrochloric acid (37 wt%),
methanol (99.99%), urea (> 99.5%) were obtained from Sigma—Aldrich. Paraformaldehyde (95-100.5%) was

bought from Carl roth. Glyoxal (40 wt% solution in H,O) was obtained from J&K company.

2. Characterization methods

Powder X-ray diffraction patterns (PXRD). All samples were measured over the 26 range of 5 — 50° with a
scan speed of 1.5° min~' on a Bruker D2 Phaser powder diffractometer equipped with a flat silicon, low
background sample holder using Cu—Ka radiation (A = 1.5418 A, 30 kV, 10 Ma, ambient temperature).
Simulated patterns of CB6 H were calculated with CCDC Mercury 3.7 program using the single crystal data
(CCDC no. 676880, Refcode KOBNEYV).

SEM and TEM. High resolution scanning electron microscopy (SEM) image was recorded with a Jeol JSM-
6510LV QSEM Advanced electron microscope with a LAB-6 cathode at 20 keV.

Transmission electron microscope (TEM) images were taken on a FEI TECNAI G2 F20 microscope at an
accelerating voltage of 200 kV.

FT—-IR. Fourier transform infrared (FT—IR) spectra of samples were recorded on a Bruker FT—IR Tensor 37 as
attenuated total reflection in the range of 550-4000 cm™'. For IR measurement on nanoCB6-H with SO,
adsorbate, nanoCB6-H powder was first degassed at 423 K for 24 hours before the dose of SO, by manual up
to 350 Torr and held by 10 minutes, then the sample was backfilled with helium. The sample tube with
SO,@nanoCB6-H powder was immediately put in a Dewar bottle with very limited amount of liquid N, for a
short time (within two minutes) and the sample was poured out to measure IR spectra. For comparison,
activated nanoCB6-H without SO, adsorption was also treated with the same procedure. SO,@nanoCB6-H
powder was activated under vacuum at 423 K for two hours before the collection of IR spectra of recycled
nanoCB6-H again.

NMR. The 'H NMR was performed at AVANCE Il Bruker Biospin spectrometer, operating at 300 MHz. EA.
Elemental analyses of C, H, and N were carried out on an Elementar Vario EL Ill analyzer. TGA.
Thermogravimetric analysis (TGA) were carried out with a Netzsch TG 209 F3 Tarsus in the range of 30 °C to

650 °C with a heating rate of 10 K min—" under oxygen atmosphere.

3. Preparation of nanoCB6-H and CB6-H

For gas sorption by porous adsorbents, it is recognized that the uptake amount can be affected by various
factors including the pore size (the critical pore diameter) and overall particle size of the adsorbent material,
as each uptake point is related to the equilibrium time at certain partial pressure. If the critical pore diameter
of the adsorbent is close to the kinetic diameter of the adsorbate molecule, or the particle size of the adsorbent
is relatively large, then this will lower the permeance, and longer equilibrium times are usually needed.
Therefore, an uptake by an adsorbent with larger particle size could be under-determined under the same
equilibrium time parameters. Taking this into consideration, we have chosen nanoscale particle sizes of
CB6-H, termed nanoCB6-H in this work for investigation in order to facilitate the exposure of CB6 cages to
SO, molecules, and to minimize the diffusion time effect as the portal size of CB6 (3.9 A) is very close to the
kinetic diameter of SO, (4.1 A). micro-size crystallites of CB6-H were also prepared and investigated for

comparison.
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nanoCB6-H was prepared according to a reported method with modification.'2250 mg CB6 was dissolved
in 5 mL 6 M HCI after sonication for two minutes. Then the solution was filtered through membrane (20 um).
The obtained CB6 solution was rapidly poured into 25 mL methanol under string at 300 rpm, and kept stirring
for two minutes. Transfer the white mixture into a 50 mL centrifugation tube, 5000 rpm for 5 minutes, and the
upper solution was removed. 25 mL fresh methanol was added to disperse the solid under sonication, then
being centrifugated at 5000 rpm for 5 minutes. This process was repeated one more time. Put the solid product
in vacuum oven at 60 °C for 12 hours before cooling down to R.T, and grind slightly the product into powder,
then put the powder under dynamic vacuum oven at 100 °C for 48 hours. Elemental analysis data for nanoCB6-
H. Calcd (%) for C3sH36N24042-1.8H,0: C, 42.01; H, 3.88; N, 32.66. Found: C, 41.94; H, 4.34; N, 31.18. 'H
NMR, (300 MHz, D,O/KClI, 25 °C): & (ppm) = 5.83-5.78 (d, 12H, N-CH-N), 5.72 (s, 12H, -CH-), 4.48-4.43
(d, 12H, N-CH>—N). FT—IR characteristics (KBr, Unax, cm™"): 3471 (w, H,0), 2999, 2927 (w, C—H), 1734 (w,
C=0), 1476 (s, CHy), 1329 (s), 1236 (s), 1190 (s), 966 (s), 800 (s).
CB6-H was prepared according to previous report,’c and characterized by PXRD and N, sorption at 77 K (Fig.
S32).

4. Gas sorption measurements
S0O,, CO,, CH,4 and N, sorption isotherms for both newly activated and recycled nanoCB6-H materials were
recorded at 293 K (water bath with temperature control system) and 273 K (ice/water bath) on a Quantachrome
Autosorb 1Q MP. Before the measurement, the nanoCB6-H samples were activated at 373 K in vacuum for 48
hours. In control experiments, nanoCB6-H or CB6-H was activated continuously at 423 K in vacuum for 48
hours. All gases were of ultrapure grades (99.999%) supplied by Air Liquide Germany and used as-received.

SO, sorption experiments were performed on an Autosorb iQ MP instrument within a pressure range of
1-10-3—1 bar. For safety precautions of toxic SO,, a Drédger Pac 6000 SO,—detector (0—100 ppm in 0.1 ppm
steps) was used in close range to the sorption—device. SO,—sorption experiments with our setup involve some
limitations emerging from the corrosive nature of the SO, adsorptive. Each SO, sorption run had to be
completed within a maximal time of 10 h. This time limit was specified by the Quantachrome company to
prevent damage to the gaskets. Irreversible swilling of the SO, adsorbing gaskets in the measurement device
could cause leaks in the system. Thus, the measurement time (10 hours at maximum) should be set to protect
the device. After each measurement, the system had to be regenerated by flushing with nitrogen for at least
five times, and remained under N, atmosphere for at least 12 hours to regenerate the gaskets. In the case of
long equilibration times upon adsorption and desorption, we decided to collect the adsorption data points as
complete as possible with long—enough equilibration times at the expense that fewer data points could be
measured for desorption. This compromise then led to incomplete, i.e. not—closed desorption branches, which
however are solely due to the experimental boundary conditions and cannot be interpreted in terms of
decomposition or chemisorption. In SO, adsorption recycle experiments, recycled sample was degassed at
373 K under vacuum for at least two hours. For SO, adsorption at 353 K conditions, recycled sample after
conducting SO, adsorption at 293 K for ten runs was used, and an oil batch with temperature control system
was set up.

Nitrogen sorption measurements at 77 K were carried out on a Micrometrics ASAP 2020 or Autosorb 6 gas
sorption analyzer. Before the measurement, the samples were activated at 373 K in vacuum for 48 hours. The
Brunauer—-Emmett—Teller (BET) surface areas were calculated based on a few points in the p/p, range of

0.005-0.08 using the ASAP 2020 v3.05 software. Total pore volumes were calculated from nitrogen
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adsorptions isotherms at p/p, = 0.9. Micropore volumes were calculated based on t—plot method in the p/p,
range of 0.1-0.2. The pore size distributions were obtained using nonlocal density functional theory (NLDFT)

calculations with an “Ny—Tarazona, cylinder” model.
S$2. Computational details

1. Virial analysis for SO,

To calculate the isosteric enthalpy of adsorption (AH,4s) for SO, isotherm data, virial method was used.
Equation (eq. 1) was used to fit the adsorption data simultaneously at 273 K and 293 K in Origin.

n m
1 ; i
In(P)=In(n) + ?'anin + 'Eobjm (1)
i= Jj=

In equation (1), P is the pressure in kPa, n is the total amount adsorbed in mmol g, T is the temperature in K
(here 273K, 293K), a; and b; are virial coefficients, and n, m represent the number of coefficients required to
adequately fit the isotherms.

Then AH,4s can be calculated from equation (eq. 2), where R is the universal gas constant.

n
AHads =- Qst =R Z aini (2)
i=0
2. IAST calculations?

Selectivities of SO, over CO, of nanoCB6-H were calculated from the dual-site Langmuir (DSL) (eq. 3) fitted
isotherm data.

The 3P sim software (3P Instruments, Germany, version 1.1.0.7) calculates the maximal loadings of each
gas depending on the given mole fraction.

IAST selectivities S of binary gas mixtures were calculated using equation 4, where x; represents the
absorbed gas amount and y; the mole fraction of each adsorptive.

xX1/%y

B Y1/)’2 (4)

Selectivities of SO, over CH,4, and SO, over N, of nanoCB6-H were calculated from the dual-site Langmuir
(DSL) (eq. 3) fitted isotherm data. IAST with DSLangmuir isotherm mode was chosen, and the total pressure
was fixed at 1 bar to give the IAST selectivity versus the SO, molar fractions between 0.01 and 0.5 bar in gas
mixtures. Alternatively, SO, to CH, (or SO, to N;) volume ratio was fixed to give the IAST selectivity vs pressure

between 0.1 to 1.0 bar based on eq.4.

3. Molecular simulation

All density functional theory (DFT) calculations were performed with Becke, three-parameter, Lee-Yang-Parr
(B3LYP) functional by using Gaussian 16 software.® The initial configuration of CB6 was obtained from the
single-crystal structure (CCDC no. 676880, Refcode KOBNEV). The geometric optimization of CB6 was
carried out at the level of B3BLYP/6-311G** method. The same level of method for CB6 geometric optimization
was also used on other literatures.* The SO, molecule was manually placed on the optimized CB6

configuration with different site, and then the fully relax optimizations of complex models SO, CB6 were
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performed. The binding energy of SO, molecule with CB6 was calculated by the dispersion corrected B3LYP-
D3 functional® along with 6-311G**. The basis set superposition error (BSSE) was corrected by the

counterpoise method.? The binding energy was thus obtained from the equation 5:

E(binding energy) = E(SO,_CB6) — E(CB6) - E(SO;) + E(BSSE) (5)
where E(SO,_CBG6) corresponds to the total energy of CB6 model with one SO, molecule, and E(CB6) and

E(SO,) are the total energies of CB6 model without SO, and only one SO, molecule, respectively.

4. Breakthrough simulations
Breakthrough simulations were calculated using 3P sim software. The calculations were based on a 30 cm
high column with an inner diameter of 3 cm, axial dispersion of 50 cm? min-' and a continuous gas flow of 20

mL min~'. Generally mass transfer coefficients in our dispersion model were set to 10 min~" for all gases.
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S3. Fig. S1-S31

Fig. 81 a) TEM images of nanoCB6-H with different magnification. SEM images of nanoCB6-H b) before and c) after SO,
uptake at 293 K up to 0.97 bar.

Intenstity (a.u.) —

2 theta (degree)

Fig. S2 PXRD patterns of nanoCB6-H at different temperature under air.
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Fig. $15 The automatic isotherm parameters of SO, (blue curve) and CO, (green curve) fitted by the Dual Site Langmuir
(DSLAI) model (top). The corresponding fitting results of chart with log(x) and log(y) for better visualization (bottom).
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Fig. S16 The revised isotherm parameters of SO, and CO, re-fitted by Dual Site Langmuir model (top) by omitting the data

below 0.01 bar which gave an ‘Affinity constant 1’ for SO, of 660 bar-'. The corresponding fitting results of chart with log(x)

and log(y) for better visualization (bottom).
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Fig. S17 The IAST prediction calculation result for SO,/CO, mixture based on the revised fitted isotherm parameters from
the fit presented in Fig. S16 (top). The IAST SO,/CO, selectivity result (bottom) with molar fraction as the x axis and IAST

selectivity as y axis are plotted in Fig. 3a, main text.

In the initial calculation, the parameters were automatically obtained as the isotherm data appeared well
fitted with the Dual Site Langmuir, DSLAI model. Fig. S15 shows the previous fitting results of SO, and CO,
isotherm data at 293 K up to 0.97 bar. The x and y axis are in logarithmic mode to visualize the fitting results
at low pressure more clearly, and even the low-pressure data below 0.01 bar were fitted reasonably well and
were included in the fit. We noticed that uncertainties could exist at the low-pressure range, and the very high

‘Affinity constant 1’ for SO, of 1321 bar-! was caused by the very steep adsorption curve below 0.01 bar (58

cmi g'at7.6 Torr).

In a modified fit, the isotherm data of each gas below 0.01 bar were omitted, with the remaining data fitted
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with the DSLAI model to obtain parameters for the ‘3P sim’ software by which we re-calculated the IAST
selectivities for SO,/CO,, SO,/CH, and SO,/N,. By omitting the data below 0.01 bar, the ‘Affinity constant 1’
for SO, changed to about 660 bar' (see Fig. $16). In addition, as shown in Fig. $17, the IAST selectivity
calculation process for SO,/CO; is shown based on the equation (4) in the ESIt. As a result, a IAST selectivity
of 120 at SO,:CO; (10:90, v:v) could still be obtained, which highlighted the potential of nanoCB6-H for SO,

separation. Accordingly, the IAST selectivities of SO,/CH4 and SO,/N,, and breakthrough simulation have also

been recalculated.
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2 -30:70 | Increased SO,
- 20:80 | volume fraction
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Pressure (bar)
Fig. S18 IAST selectivities of recycled nanoCB6-H for SO,/CO, mixtures with varying volume ratio from 10:90 to 50:50
(v/v) (light to dark colour) at 293 K. IAST calculations at low pressure (< 0.1 bar) carry large uncertainties due to the

insufficient integration of spreading pressure and thus are not reported.
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Fig. $19 SO,/CO, selectivity of recycled nanoCB6-H and representative MOFs for gas mixtures with specific SO,:CO,
molar ratio (between 0.05:99.95 and 10:90) at 1.0 bar (details in Table S6). Plot of SO,/CO, selectivity (at 1.0 bar and
298 K) against SO, adsorption. Temperature for nanoCB6-H and MIL—-160 is at 293 K.
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Fig. S22 SO, adsorption isotherms (the first runs) of newly activated nanoCB6-H from the same batch measured up to 1

bar at 273 K and 293 K, respectively.
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Fig. S23 Isosteric heat of adsorption of SO, for newly activated nanoCB6-H materials (grey) based on the first runs data,

and recycled nanoCB6-H materials (brown) based on the recycled 7t and 8t runs data.
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Fig. S24 Virial analysis of the SO, sorption data from the first runs with newly activated nanoCB6-H samples.

a)

Intenstity (a.u.)

Fig. $25 a) PXRD patterns, b) N, sorption isotherms (77 K) of nanoCB6-H before and after SO, sorption for the first run
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supramolecular framework during SO, adsorption. Thus, we did control experiments to investigate the effect
of residual water molecules on the surface areas and SO, uptake of nanoCB6-H. The control experiment
indicated that residual water molecules in nanoCB6-H could have led to the decreased surface areas after
SO, sorption. According to the literature, the water guest molecules in CB6-based solids could not be totally
removed at 100 °C under a dynamic vacuum for two days,” which was the same condition used for nanoCB6-H,
C3gH36N24012°1.8H,0, in our manuscript. However, guest-free porous CB6-H could be prepared by evacuation
of the guest molecules inside the channels at 150 °C under a dynamic vacuum for two days reported by Kim.1®
Thus, we prepared water-free nanoCB6-H by activating at 150 °C under a dynamic vacuum for two days, and
tested N, sorption at 77 K before and after SO, sorption up to 0.97 bar at 293 K (Fig. S25). The results showed
that water-free nanoCB6-H retained the unchanged BET surface areas (434 m2 g) after one run of SO,
sorption, and the SO, uptake values were still within experimental error of 145 cm?3 g-'and 138 cm? g for the
first and the second run at 293 K and 0.97 bar. This enhanced behavior by water-free nanoCB6-H over that of
nanoCB6-H with residual water (Fig. 3b), indicated that the removal of residual water molecules should avoid
the possible formation of “sulfurous acid” etc. during SO, sorption, which is detrimental to the HOF, and led to
decreased BET surface areas after SO, sorption. We tried to use FT-IR to detect the sulfurous acid species in

nanoCB6-H with residual water after SO, sorption but failed due to the low amount.
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Fig. $26 SO, and CO, uptake isotherms of recycled nanoCB6-H samples measured up to 0.97 bar at 353 K, respectively.

Filled and empty symbols represent adsorption and desorption, respectively.
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Fig. S27 Simulated breakthrough curves for recycled nanoCB6-H with SO,/CO,/N,; 0.1/15.0/84.9; v:v:v at 293 K.

Fig. $28 Chemical view of the void volume of CB6-H based on the accessible surface in a unit cell with a probe 1.2 A and

0.7 A in mercury software.

Fig. $29 Chemical view of a pair of SO, molecules encapsulated in the intrinsic pore of a CB6 cage. CB6 is partially drawn

for clarity.
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Fig. S30 FTIR spectra of nanoCB6-H and nanoCB6-H after uptake of SO, under atmosphere condition.

In Fig. S30a, the intensity of water signals is increasing when SO,@nanoCB6-H is exposed to air for a certain time. In Fig.
S30b, a new band at 1144 cm™' is assigned to the V; symmetric stretch of adsorbed SO.. IR signal peaks corresponding

to carbonyl and methylene groups are redshifted and blue-shifted, respectively.
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Fig. S31 FTIR spectra of nanoCB6-H, nanoCB6-H after uptake of SO,, and the reactivated nanoCB6-H materials.

In Fig. S31 the reversible shifted peaks in nanoCB6-H and the disappearance of SO, signals in the reactivated nanoCB6-H

indicate the release of SO, and the successful regeneration of materials.
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Intenstity (a.u.) —

Fig. S32 a)

d)

K) of CB6-H. SEM images of CB6-H c) before and d) after SO, uptake at 293 K up to 0.97 bar.
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Fig. S33 Comparison of SO, sorption isotherms of nanoCB6-H and CB6-H up to 0.97 bar at 293 K for the first runs. Filled
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Fig. S34 a) PXRD patterns and b) N, adsorption isotherms (77 K) of nanoCB6-H before and after exposure to humid HCI.

Activated nanoCB6-H powders (36 mg) in a small glass bottle were exposed to humid HCI atmosphere

provided by 1 M HCI aqueous solution at room temperature for 24 hours. After that, the PXRD data of treated

sample was collected, and the sample was further activated at 373 K for 48 hours before N, sorption at 77 K

was measured. It is observed that the crystalline phase of nanoCB6-H has deteriorated and also changed to

another unknown phase with very low BET surface areas (16 m? g-') (Fig. S34), which indicates the extrinsic

pores between CB6 cages in the HOF are almost lost under the humid acidic atmosphere.
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S4. Table $1-S7
Table S1. Textural properties of nanoCB6-H before and after dry SO, adsorption.

Sample Sger? Langmuir Total pore Micropore note
(m2g~')  surface area volume volume ¢
(m?g™) (cm®g™) (cm®g™)
nanoCB6-H 441 545 0.22 0.13 before SO, sorption
nanoCB6-H 383 514 0.21 0.088 after SO, sorption
for ten runs at 293 K
CB6-H 228 - 0.10 0.070 before SO, sorption

a BET surface area was determined over 7 points in the relative pressure range P/P, = 0.05 - 0.08 from N, sorption isotherms at 77K.

b Total pore volumes (Vi) were determined from N, sorption isotherms at 77 K (p/po = 0.90) for pores < 20 nm diameter.

¢ Micropore volumes were determined using the t—plot method from five adsorption points in the pressure range P/P, = 0.1 — 0.2 based
on N, adsorption curves at 77 K.

Table S2. Experimental results of gas adsorption in recycled nanoCB6-H.

SO, CO, CH, N, T (K) Q. Qy° s Q.
(cm?g) (cm?g) (cmg) (cm®/g) (802)  (COz)  (CHy) (N2
(mmol/g) (mmol/g) (mmol/g) (mmol/g) kJ kJ kJ kJ
mmol/mmol mmol/mmol mmol/mmol mmol/mmol mol-’ mol-’ mol-' mol-’
wt% wt% - -

119.8 58 13.3 5.5 293 48 34.6 241 11.3
4.98 2.41 0.55 0.22

4.96 240 0.55 0.22

31.87 10.60 — —

138.6 70.3 19.2 7.5 273

6.18 3.13 0.85 0.33

6.16 3.12 0.85 0.33

39.58 13.77 — —

Table S3. Parameters for DSLAI modelling on different gas adsorption isotherm of recycled nanoCB6-H.

Gas Temp. Model R? affinity max affinity max
(K) const. 1 loading 1 const. 2 loading 2
(1/bar) (mmol/g) (1/bar) (mmol/g)
SO, 293 DSLAI 0.992 660.360 3.154 1.143 3.989
CO, 293 DSLAI 0.999 59.154 0.605 1.881 3.075
CH, 293 DSLAI 0.999 3.698 0.245 0.056 7.835
N, 293 DSLAI 0.999 2.401 0.073 0.028 7.455
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Table S4. IAST selectivity results of different gas mixtures for recycled nanoCB6-H at 293 K and 1 bar.

Sample IAST selectivity?
S0O,/C0O,(10:90) SO, CH,4(10:90) S0O,/N,(10:90) CO,/CH,(10:90)
nanoCB6-H 1202 6622 17202 252
120° 684° 1754p 25b

a Constant pressure with varied molar ratios.

b Constant molar ratio with varied pressure.

Table S5. SO, sorption and separation properties of nanoCB6-H and other representative adsorbents.

sample Sger (M2g~") SO, uptake Temp. S0,/CO, Qs®  ref.
(cm3 g™ (K) (molar ratio,
0.1bar 1 bar x:Y)
POCs
nanoCB6-H 441 88 143.02 293 - 642  this
383 81 121.2> 293 120 (10 : 90)° 48  work
CB6-H 228 50 98 293 - - this
work
amorphous CB7 293d 54 105 297 - - 8
mPEI/ASPOC nonporous - 12.9¢ - - 9
composite
COFs
COF-6 750 - 168.57 303 40 31 10
(0.05 : 99.95)
PI-COF-m20 548 - 137.0 298 - - 11
PI-COF-m40 279 - 1345 298 - - 11
PILs
P([VBIm]Br) nonporous - 196.5 298 - - 12
[IRA-900][B(Im),] 13 255 268.9 293 - 50.6" 13
Zeolites
MFI zeolite 713 61.1f 68.5F 298 14 14

Note: 2 Data based on the first adsorption runs. ? Data based on the 10th run of recycled nanoCB6-H. ¢ Data based on IAST calculations.
d Calculated from the isotherm of CO, at 196 K. ¢ Determined gravimetrically with 200 ppm SO, in N, as the feed mixture. f SO, uptake
capacity estimated from isotherm. ! Interaction energy based on DFT calculations.
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Table S6. SO, sorption and separation properties of representative MOF adsorbents.

sample SgeT SO, uptake Temp. S0,/CO, Qg ref.
(m?g™) (em?® g™) (K) (x:y)
0.1 bar 1 bar
MFM-170 2408 1532 428.1 298 28 (1:99)° - 15
ELM-12 706 43.7 61.2 298 30 (10:90) 78 16
MFM-601 3644 112 2755 298 32 (10:90) 38 17
MFM-300(In) 1071 171.2 202.5 298 50 (10 : 90) 345 18
KAUST-8 258 39.7 70.32 298 66 73.9¢ 19
(0.05 : 99.95)¢

SIFSIX-1-Cu 1178 213.8 269.3 298 71(10:90) 36.1 20
SIFSIX-2—-Cu—i 630 147.0 168.8 298 87.1(10:90) 381 20
SIFSIX-3-Zn 250 46.2 51.3 298 - 452 20
oxamato—based 1460 - - 303 100 (2.5: - 21
3D MOF-2 97.5)

MIL-160 1070 123.2 161.0 293 128 (10 : 90) 42 22
MFM-305-CH3 256 107.6 126.2 298 125 (5 : 95) 32 23
MFM-305 779 122.3 171.0 298 135 (5 : 95) 39 23
HHU-2-Br 620 - 147.9 293 - 24
MFM-300(Al) - - 129.6 298 - - 25
Prussian blue 712 - 61.1 298 - - 26
analogues CoCo

Prussian blue 700 13.3 44.0 298 - - 26
analogues ZnCo

FMOF-2 378 10.8 43.7 298 - - 27

Note: @ SO, uptake capacity estimated from isotherm. b Data based on IAST calculations. ¢ Data based on breakthrough
experiment result. 9 Interaction energy based on DFT calculations.
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Table S7. Representative non—covalent bonds between CB6 cage and SO, molecules, and bonding energies based on

DFT calculations.

Bond type Bond length (A) Bonding energies (kJ mol-1)
Site | -50.3
S—0O 2.69
S—O0 3.01

(SOz) O—H 2.19
Site Il -59.5
S—O0 3.00
S—O0 3.02
Site Il -82.4
S—O0 3.03
S—O 3.04
(SO,) 0—C=0 3.13
(SO,) 0—C=0 3.15
S—O (SOy) 3.40
S—O0 (SOy) 3.40
Site IV —49.7
(SOy) S—O 2.63
(SO,) 0—C=0 2.97
(SOz) S—N 3.52
(SOz) S—N 3.65
(SOz) O—H 2.64
Site V -18.8
(802) O—H 2.49
(SO,) O—H 2.51
(SO,) O—H 2.80
(S0z) O—H 2.85
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