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1.0 Adsorption experiments

In a typical adsorption experiment, various masses of adsorbent, [Zn(TDPA),(TMPy),],, were brought
into contact in with DBTO solution (930 mg/L and 3 mL acetonitrile/ n-hexane (1:1)) in a glass vial and
stirred at room temperature to attain the adsorption equilibrium. Adsorption progress was monitored by
measuring the amount of unadsorbed DBTO via the use of GC-FID. Adsorption capacity, q. (mg g'!), was
obtained using Eqn 1.
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(C,) is the initial concentration (mg L"), (C,) is equilibrium concentration (mg L-!), (W) is the weight of
[Zn(TDPA)(TMPy),], (g) and (V) volume of solvent in litres). Adsorption kinetics, isotherm and

selectivity of DBTO, were also calculated. For selectivity coefficient, Eqn 2 was employed:

Oap = (qa/qb) - (Ce,a/ce,b) (2)

where q, and q, are adsorption capacities (mg g™') of compound a and reference compound b at equilibrium,
respectively. C., and C.}, (mg L") are equilibrium concentrations of compound a and reference compound
b, respectively [1]. Naphthalene (NAP) was selected as a reference compound as it is a predominant poly

aromatic hydrocarbon (PAH) present in fuel.

2.0 Computational Methods

To accelerate the adsorption calculation, a unit of the Coordination polymer, [Zn(TDPA),(TMPy),],, was
extracted for binding energy (BE) calculations at LanL.2DZ /BY3LP level using the Gaussian program
(calculated at 298K) [2-4]. The BEs could be defined as shown below (Eqn 3):

Adsorbent + Adsorbate — Adsorbate: Adsorbent

BE = E(adsorbent:adsorbate)'E(adsorbent)' E(adsorbate) (3 )

where E ydsorbent:adsorbate) 1S the energy of the [Zn(TDPA),(TMPy),],-DBTO sorption system at the equilibrium
state, while E(ugsorbenty aNd E(ugsorvate) are the total energy of [Zn(TDPA),(TMPy),], and the DBTO,

respectively.



Further ab-initio calculations such as HOMO energy (Eyomo), LUMO energy (ELumo), LUMO-HOMO
energy gap (AE), hardness (1), softness (o), electronegativity () and chemical potential (1), I = -Epomo, A

= -Erumo were calculated using equations 4-7:
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First-order molecular hyperpolarizability (o), dipole moment (i) and polarizability (o) are modelled using
the the equation below,

o= (Wt 2y + 22

0o = (Okx T Oyy + 01,)/3

Bo = (B2 + B3, + B2)"2
where,

Bx = Prxx t Bryy + Brez

By = Byyy t Brxy * By

BZ = Bzzz + Bxxz + Byyz



Table S1 Relevant crystal data and data collection summary

[Cux(BAC)4(QX),] (1)

[Zn(TDPA)(TMPy), ], (2)

Formula

Cas H3p Cuy Ny Oy

(C19H22N204 SZn)n02(HzO)

Formula weight

935.81

443.12

Crystal system Monoclinic Monoclinic
Space group P 21/c (14) C2/c

a(A) 9.7035 (7) 18.8659 (13)
b(A) 18.8466(14) 13.3682 (9)
c(A) 10.6948(8) 17.1126(12)

a (°) 90 90

B(©) 102.326(2) 107.432(3)

v (©) 90 90

V (A3 1910.8 (2) 4117.6 (5)

Z 2 8

Temperature (K) 173 300

Crystal color Blue Colourless
Crystal Shape Prism Plate

Crystal Size [mm)] 0.18x 0.22x 0.54 0.19x 0.32x 0.41
F000 956.0 1838.0
Radiation (A) MoKa 0.71073 MoKa  0.71073
h,K, Lnax 12,25, 14 25,17,22

Nier 4777 5153

Trmins Timax 0.759, 0.887 0.760, 0.853
Max. and min. transmission 0.887 and 0.759 0.853 and 0.760
Omax (°) 28.387 28.364

Data completeness 0.999 0.998

Npar 288 264
R(reflections) 0.0282(3966) 0.0702 (3616)
wR,(reflections) 0.0645(4777) 0.2455 (5153)




60

100

% Weight loss

0 T T T T T '20
100 200 300 400 500

Temperature (°C)

Fig. S1. TGA-DSC profiles of [Cuy(BAc)4(QX),]
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Fig. S2. TGA-DSC profiles of [Zn(TDPA),(TMPy),],

-————Heat flow (mW)

"~~~ Heat loss (mW)



Counts

Counts

18 000
16 000
14 000
12 000
100004
80004
60004
4000

-4000

20000

——— Room Temperature

18000 -
150°C

16000 - ———350°C
14000 -

2 12000

(2]

T

€ 10000 A D O

8000 - M\,JWWVMWM
6000 - P\ W\f‘ww%
et Mo,

4000 -

2000 T T T
30 40 50 60

2 Theta Degree

Zinc RT
Zinc complex 84.26 %

3,3-Thiodipropionic acid 2.65 %

20004
04
-2000 I | T N 111 O N T RN (T NIW AT R VIMTRRTCTCRT TR T NTY RN TTRT I O AORCN UL R LR LT T LI LI I LT ]

1 1 | | I | Il L1l Ll | T o 11 | 1T ] 1 1

18 0004
16 000
14 000
12 0004
10 0004
20004
6 0004
4000
20004

-2 000
-4 0004
-6 0004

10 15 20 5 30 35 40 45 50 55 60 £5 ] ]
2Th Degrees

Zinc 150

Zinc complex 77.89 %

3,3-Thiodipropionic acid 2.15%

: | . 1 . 1 Ll II\ L1 | k [l : LIl L IIH 1 HII\! 111 17— HI ] T I\H M\\I\IIHI\I IHHIIHII\ | AT LI |,|,|,U L
10 15 20 25 30 35 40 45 50 55 60 65 70 75

2Th Degrees



Zinc 350

18 000
16 0009
14 000
12 000 3,3-Thiodipropionic add 3.40 %
10 0004
2 000
60004
40009

20004
o4 o,
-2 0004
I I | L T 11 N N I A A 1N VLN O TR N TUTT U [T RRTAURTIYT A TRATR RNy TR TR TN Y LI D DI TR LT T L T TN

-4 0004
: | . 1 . | | \II\ L1 \I 10 \I L1l HI Ll I!I AL IIII LT II AT IIIIIII L III\ | i} IHII!IIIIIII\IIHIH!HH /] [
10 15 20 pi kil £ 40 45 50 55 &0 65 0 5

2Th Degrees

Zinc complex 80.50 %

Counts

Fig. S3. (a) PXRD patterns of [Zn(TDPA),(TMPy),], at room temperature; 150°C and 350°C under N,
atmosphere (20=30-70), (b) Phase quantification of [Zn(TDPA),(TMPy),], at room temperature; 150°C
and 350°C.
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Fig. S4. Solid state UV-Vis spectra of [Cu,(BAc)4(QX),] and [Zn(TDPA),(TMPy),],
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Fig. S5. Effect of solvent (acetonitrile and hexane) in the oxidation of DBT. [H,O,] = 50 mmol;
[Cuy(BAc)4(QX),]= 0.05 mmol; [DBT] = 10 mmol; temp.: 70°C.
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Fig. S6. Effect of [Cuy(BAc)4(QX),] in the oxidation of DBT. [H,O,] = 50 mmol; [DBT] = 10 mmol;
temp.: 70°C; Acetonitrile= 10 mL
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Fig. S7. Effect of oxidant (H,O,) in the oxidation of DBT. [Cuy(BAc)4(QX),]= 0.05 mmol; [DBT] = 10

mmol; temp.: 70°C; Acetonitrile = 10 mL
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Fig. S8. Effect of DBT in the oxidation reaction. [H,O,] = 50 mmol; [Cuy(BAc)4(QX),]= 0.05 mmol; temp.:
70°C; Acetonitrile = 10 mL
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Fig. S9. Effect of temperature on the oxidation of DBT. [H,0,] = 50 mmol; [Cu,y(BAc)4(QX),]= 0.05 mmol;
[DBT] = 10 mmol; Acetonitrile = 10 mL.
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Fig. S10. UV-Vis studies showing the reaction between [Cu,(BAc)4(QX),] and H,0,, [Cuy(BAc)4(QX),].—
H,0, adduct]. Inset: Absorption spectra showing the decrease in d—d band region as reaction progresses.

10



(O] W l/
[$)
C
8
€
7))
c
©
|_
o
> | — pBT
DBTO / \
v(S=0) v(S=0) 7
v(C-S)
T T T T T T T
2000 1800 1600 1400 1200 1000 800 600

Wavelength (cm'1)

Fig. S11 FT-IR of Dibenzothiophene (DBT) and dibenzothiophene sulfoxide (DBTO).
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Fig. S12 "H NMR spectra of dibenzothiophene (DBT).
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Fig. S13 '"H NMR spectra of dibenzothiophene sulfoxide (DBTO).

Table S2 The calculated dipole moment (p), mean polarizability (o), mean first-order molecular
hyperpolarizability (B,),HOMO-LUMO (eV), electronegativity (eV), hardness (eV), and softness (eV™')
values of [Zn(TDPA),(TMPy),]..

[Zn(TDPA)(TMPy),]n
First-order molecular hyperpolarizability
Procx 751.16
Byyy 2407.03
Bz -198.72
Byyy 9020.34
Prxy 500.76
Byz: 479.65
Pezz -223.76
Brx -589.29
Byyz -1888.09
Bo (X107 esu) 10773.57
Dipole moment
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Lx 2.05

Ly 55.20
I -27.80
M 61.84
Polarizability

Oy -365.90
Olyy 235.65
Olyy 21291
Olxz 76.97
Oy, -136.27
0, -380.85
A -177.94
I 4.44

A 3.23

X 3.84

H 0.60

)y 1.65

Table S3 Partial charge difference of some atoms in [Zn(TDPA),(TMPy),|n, DBT and DBTO before and

after interaction

[Zn(TDPA),(TMPy),] | [Zn(TDPA),(TMPy),ln - | [Zn(TDPA),(TMPy),] | DBTO | DBT
n DBT n -DBTO
O -0.50 o -0.49 O -0.49 - |- - |-
0 -0.50 0) -0.50 O -0.50 - |- - -
0 -0.60 0) -0.56 0 -0.56 - |- - |-
0) -0.41 0) -0.43 O -0.43 - |- - -
Zn 1.15 Zn 0.95 Zn 0.94 - |- - -
Zn 0.90 Zn 0.89 Zn 0.89 - |- - |-
- - S 0.20 S 0.40 S|11.04 |S|0.2
9
- - - - O -0.61 O]- - |-
0.92
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HOMO=-4.454 eV LUMO=-3.258 eV

Fig. S14. Optimized geometry of a unit of [Zn(TDPA),(TMPy),], and DBTO adduct with respective (A)
HOMO and (B) LUMO positions.
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Fig. S15. Electrostatic potential mapping of sulfur and oxygen atoms on DBT and DBTO.
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BE= -10.65 kJ/mol BE= -12.71 kJ/mol

Fig. S16. Adsorption interaction conformations and binding energies (BEs) of (a) DBT and (b) DBTO with
[Zn(TDPA),(TMPy),]n.
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Fig. S17. Adsorption interaction conformations and binding energies (BEs) of (a) DBT and (b) DBTO with
[Zn(TDPA),(TMPy),]n.
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Fig. S18. (A) Amount of DBTO adsorbed by varying adsorbent mass ([Zn(TDPA),(TMPy),],) at constant
time of 24 h at 25°C.
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Fig. S19. Quantity of DBTO adsorbed by [Zn(TDPA),(TMPy),], at different concentrations at 25°C using

50 mg of adsorbent with a constant time of 24 h.
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Fig. S20. Variation in DBTO concentrations by [Zn(TDPA),(TMPy),], adsorption as a function of time at
25°C, using 50 mg of adsorbent and 5 mL of 300 mg/L DBTO.
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Fig. S21. Langmuir adsorption isotherms of DBTO over [Zn(TDPA),(TMPy),]..
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Fig. S22 Freudlich adsorption isotherms of DBTO over [Zn(TDPA),(TMPy),]n.
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Fig. S23 Graph of log (q. — q;) vs. time
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Fig. S26: GC-FID chromatograms of model fuel containing DBTO (930 mg/L), NAP (1000 mg/L), and
4,6-DMDBT (400 mg/L) in n-octane/acetonitrile mixture.
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Fig. S27: GC-FID chromatograms of oxidized model fuel in n-octane/acetonitrile mixture (DBT (930
mg/L, 138 ppmS), 4,6-DMDBT (400 mg/L, 52.7 ppmS) and NAP (1000 mg/L)).
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Fig. S28: GC-FID chromatograms of model fuel after adsorption (DBTO (101.37 mg/L, 15.1 ppmS),
4,6-DMDBT (188 mg/L, 24.8 ppmS) and NAP (640 mg/L)).
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