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Section S1

The quantity of TTZ adsorbed onto NPF-SiNPs was calculated using the equation S1 as 

follows:

           (S1)
𝑞 =

[𝑇𝑇𝑍]𝑖 ‒  [𝑇𝑇𝑍]𝑒 

𝑚
× 𝑉

The TTZ removal efficiency was calculated using the equation S2 as follows:

           (S2)
𝑇𝑇𝑍 𝑟𝑒𝑚𝑜𝑣𝑎𝑙, % =  

[𝑇𝑇𝑍}𝑖 ‒  [𝑇𝑇𝑍}𝑒 

[𝑇𝑇𝑍]𝑖 
 × 100

where q is TTZ adsorption capacity (mg/g), [TTZ]i is initial TTZ concentration (mg/L), 

[TTZ]e is equilibrium TTZ concentration (mg/L), V is the volume of TTZ solution (L), and m 

is the mass of NPF-SiNPs (g).
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Figure S1. FTIR spectrum of o-nitrophenylfurfural
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Figure S2. FTIR spectrum of m-nitrophenylfurfural
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Figure S3. FTIR spectrum of p-nitrophenylfurfural
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Figure S4. Mass fragmentation pattern of 5-o-nitrophenylfurfural
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Figure S5. GC and mass fragmentation pattern of 5-m-nitrophenylfurfural
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Figure S6. GC and mass fragmentation pattern of 5-p-nitrophenylfurfural
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Table S1. Characteristics of nitrophenylfurfural

Product Yield MP (K) IR (cm-1) Mass

p-Nitrophenylfurfural 42 477 3100 (Ar C-H), 2880, 2830(C-H), 

1675 (C=O), 1580, 1519,1325 (N-

O), 1240, 1200, 1145,1054 (C-N, 

C-O, C-H)

217 (100%) 

M+

o-Nitrophenylfurfural 49 364 3109 (Ar C-H), 2879, 2848(C-H), 

1666 (C=O), 1578, 1509,1355 (N-

O), 1243, 1205, 1144,1054 (C-N, 

C-O, C-H)

217 (100%) 

M+

m-Nitrophenylfurfural 45 418 3120 (Ar C-H), 2879, 2828(C-H), 

1670 (C=O), 1578, 1501,1345 (N-

O), 1240, 1215, 1140,1054 (C-N, 

C-O, C-H)

217 (100%) 

M+
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Figure S7. NMR spectrum of 5-p-nitrophenylfurfural
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Figure S8. H-environment of 5-p-nitrophenylfurfural
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Section S2

There was a total of six types of H-atoms present in the molecule as presented in Figure S8. 

All these protons are labelled in the following molecular structure.

1H-NMR: (DMSO, 400 MHz) : 9.68 (1H, S, COH), 8.33 (1H, dd, J = 8.8 and 3.5 Hz, H-7), 

8.35 (1H, dd, J = 8.8 and 3.0 Hz, H-9), 8.11 (1H, dd, J = 8.8 and 1.8 H2, H-6), 8.14 (1H, dd, J 

= 8.2, and 2.5 Hz, H-10), 7.58 (2H, d, J = 8.5 Hz, H-3 and H-2).
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Figure S9. SEM images of (a) AFSi-NPs, (b) o-NPF-SiNPs, (c) m-NPF-SiNPs, (d) p-NPF-

SiNPs
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Figure S10. TGA curves of p-SiNPs
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Table S2. Thermal characterization (TGA) of AFSi-NPs and NPF-SiNPs

Sample Decomposition 

steps

Temperature 

range (C)

Weight loss 

(wt%)

Major species 

evolved

AFSi-NPs 1

2

3

30-120

125-380

381-700

2

4

9.6

H2O, CO2

H2O, CO2

CO2, H2O, NH3, 

CH2, CH4, 

N2H4

p-NPF-SiNPs 1

2

3

4

5

30-89

90-168

169-372

373-480

481-700

2

5

6

9

H2O, CO2

H2O, CO2, NOx

C5H10O, R-O-R,

CH3COCH3, 

CH4, C2H6, 

NOX, N2H4,

o-NPF-SiNPs 1

2

3

4

28-100

101-250

251-434

437-700

2

6.

6.8

8

H2O, CO2

H2O, CO2, NOx

C5H10O, R-O-R,

CH3COCH3, 

CH4, C2H6, 

NOX, N2H4,

m-NPF-SiNPs 1

2

3

4

28-120

121-275

276-446

447-700

4

5

7

9

H2O, CO2

H2O, CO2, NOx

C5H10O, R-O-

R,

CH3COCH3, 

CH4, C2H6, 

NOX, N2H4,
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Table S3. Elemental contents of AFSi-NPs and NPF-SiNPs

Elements Simplest empirical formulaSample Weight

Carbon Hydrogen Nitrogen Carbon Hydrogen Nitrogen

AFSi-NPs 1.766 3.540 2.13 0.42 1 7.170 1

p-NPF-SiNPs 1.732 33.43 3.05 6.13 6.360 6.914 1

o-NPF-SiNPs 1.711 48.58 2.84 5.42 10.45 7.281 1

m-NPF-SiNPs 1.730 22.86 4.44 3.15 8.463 19.59 1
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Figure S11. Adsorption/desorption isotherms of p-SiNPs
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Table S4. BET study of NPF-SiNPs

Sample Specific surface area 

(m2/g)

Pore volume 

(cm3/g)

Pore diameter 

(nm)

p-NPF-SiNPs 80 0.721 18

o-NPF-SiNps 47

m-NPF-SiNPs 21
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Figure S12. Effect of initial TTZ concentrations (under 303-323 K) and time (for 20-60 

mg/L TTZ) on adsorption of TTZ onto p-NPF-SiNPs
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Section S3. Adsorption isotherm models

Langmuir adsorption model explains the monolayer coverage of TTZ molecules onto p-NPF-

SiNPs surface leading to homogenous adsorption over the adsorbent surface and Freundlich 

model explains the multilayer coverage of adsorbent sites by adsorbate, leading to 

heterogeneous adsorption on the surface of the adsorbent. The following equations S3 and S4 

show the non-linear relationship of Langmuir, and Freundlich, respectively [1-3].

           (S3)
𝑞 =  

𝑄𝑡ℎ 𝑏𝐿𝐶𝑒

1 +  𝑏𝐿𝐶𝑒

           (S4)𝑞 =  𝐾𝐹𝐶1/𝑛
𝑒

Where, Qth (mg/g): maximum monolayer Langmuir adsorption capacity of TTZ onto p-NPF-

SiNPs, bL (L/mg): Langmuir constant (related to affinity of adsorption energy and binding 

sites), KF ((mg/g)(mg/L)1/n): Freundlich constant, n: adsorption intensity.
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Figure S13. Application of Langmuir, and Freundlich models for TTZ adsorption onto p-
NPF-SiNPs at (a) 303, (b) 313 and (c) 323K
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Section S4. Kinetics models

The linear forms of pseudo-first (PF)-order and pseudo-second (PS)-order are shown by 

equation S5 and S6 respectively [4, 5].

           (S5)
log  (𝑞 ‒  𝑞𝑡1) = log 𝑞 ‒  

𝐾1𝑡

2.303

           (S6)

𝑡
𝑞𝑡2

=  
1

𝐾2𝑞2
+

𝑡
𝑞

where K1 and K2 are the adsorption rate constants of PF-order and PS-order kinetic models, 

in 1/min and g/(mg min), respectively, q and qt1 (PF-order), qt2 (PS-order) in mg/g, are the 

equilibrium adsorption uptake (at time t = ) and the adsorption uptake (at time t), 

respectively.

The equation to represent intraparticle diffusion (ID)-model [6] is shown as follows 

(equation S7).

            (S7)𝑞𝑡 =  𝐾𝑖𝑡
1
2 +  𝐶

where Ki is the ID-model rate constant in mg/(g min1/2) and C is the intercept.
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Figure S14. Application of PF-order (a) and PS-order (b) models on TTZ adsorption using 

onto p-NPF-SiNPs

Figure S15. A plot between Ln Kd and 1/T for TTZ adsorption onto onto p-NPF-SiNPs
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Section S5. Thermodynamic models

Thermodynamic parameters were calculated from the following equations S8 and S9.

           (S8)∆𝐺𝑜 =  ‒ 𝑅𝑇 𝑙𝑛 𝐾𝑑

           (S9)
ln 𝐾𝑑 =  ‒

∆𝐻
𝑅𝑇

+  
∆𝑆
𝑅

where Kd is the thermodynamic equilibrium constant.
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Table S5. Comparison of adsorption capacity of p-NPF-SiNPs with other reported adsorbents

Adsorbent Adsorption 

capacity (mg/g)

References

Modified coconut (MCC) 18.41 [7]

Starch-magnesium/aluminum layered double hydroxide (S-Mg/Al 

LDH)

186.0 [8]

Triethylenetetramine biochar (NCB-TA-PC) 85.47 [9]

RCTLW gelatin beads 263.1 [10]

Modified biomaterial from wheat residues 13.25 [11]

HDTMA-Br-modified Colombian bentonite 40.79 [12]

PS-DVB/Fe3O4 nanocomposite 480.0 [13]

Cassava sievate biomass 20.83 [14]

Octadecyltrimethylammonium bromide-modified bentonite (4CEC-

NaB)

201.0 [15]

Chitosan-PANI composite 584.0 [16]

Polypyrrole coated tenorite nanoparticles (PPy@TN) 42.50 [17]

Carbon nanotubes modified with silver nanoparticles (5 Ag/CNT) 80.40 [18]

Functionalized multiwall carbon nanotubes (O-MWCNTs) 158.7 [19]

MgMn2O4/Mn2O3/Mg6MnO8 (G900) 395.3 [20]

Activated saw dust (ASD) 127.7 [21]

ZnS/CuO/carbon nanotube 183.5 [22]

p-NPF-SiNPs 203.5 Present study
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