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Scheme S1. Allyl hydrogen mechanism proposed by van der Meer 
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Table S1 Relative intensities of NR and NRCBD 

 NR remarks 

assignment C C C C C  

 (ppm) 135.16 124.99 32.17 26.36 23.37 pure NR, devoid of pendent  

double bond and having the equal 

proportion of each fragment relative intensity 0.17 0.20 0.23 0.22 0.17 

 NRCBD  

 (ppm) 135.13 125.75 32.68 26.78 23.94 
significantly reduced intensity in 

C and C of NR in NRCBD 

confirmed reaction between 

>C=C< of NR and phenolic 

component of CBD during high 

temperature curing.  

relative intensity 0.05 0.06 0.20 0.27 0.41 
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 Table S2. FTIR analyses for NR, CBD, NRCBD, SF-, BCB-, and Hg(II)-NRCBD 

FTIR peaks (cm−1) significance(s) 

NR CBD NRCBD 
SF-

NRCBD 

BCB-

NRCBD 

Hg(II)-

NRCBD 
 

– – – – – 3910, 3789 O–H str. 

– – – – – 3846 O–H str. of  HHg (OH) deposits 
– – – – – 

3827 (w) 
O–H str. of Hg(OH)2 deposits formed at pH > 5.0 

during adsorption 

– 
3405 (b, vs) 3399 (b, s) 

3399 (b, 

m) 

3429 (b, 

m)  

3433, 3409, 

3399 (b, m) 

N–H/O–H mutual H-bonding, new peaks at 3409 and 
3433 in Hg(II)-NRCBD was due to binding of Hg(II) 

with N–H 

3283 
(b, w) 

     
N–H/C–H mutual H-bonding (protein impurities in 
NR)S1 

– 3088 (sh) 3088 (sh) 3078 (sh) 
3066 (sh, 

vw) 
3083 (vw) aromatic ring C–H 

3036 – 3040 (w) 
3043 (sh, 

vw) 
3041 (w) 3042 (vw) C=C–H of NR30 

2959 
(w) 

2957(vw) 2962(w) 2962 (w) 2962 (w) 2961 (sh) asym. str. –CH3
30 

2928  2927 2927 2928 2923 2927 sym. str. –CH3
30 

2915 
– – – – – sym. str. of –CH3 / >CH2   adjacent to C=C splits into 

two in NR (i.e., 2928 and 2912)   

2851 2854 2854 2855 2853 2856 sym. str. of –CH2 

2725 - 2727 2728  2727 – def. asym. –CH3 overtone30  

– 2117 (br, w) 
2107 (br, 

w) 
2120 (br, 

w) 
2096 (br, 

vw) 
– >NH+–, >C=NH+– and >NH2

+; vanished in Hg(II)-
NRCBD due to Hg/N interaction 

1748–

1738 

– – – – – 
ν R1–(C=O)–O–R2 (Lipids)30  

1711 – – – – – ν R1–(C=O)–OH (Lipids)30  

1663, 

1657, 
1630 

1660, 1649, 

1635 

1660, 1647, 

1635 

1661, 

1646 

1660 (vw), 

1647 

1659 (vw), 

1646 
secondary amide I / C=C str. 

1541 1548 1546 1551 1545 1546 asym. –COO–/Amide II : βN–H + ν C–N )30 

1446 1452 1450 1451 1449 1451 –CH2– scissoring35              

– 1408 1406 (sh) 1406 (vw) 1402 (w) – sym. –COO– 

1377, 

1361 
1385 (vw) 1376 1377 1376 1382, 1378 asym. –CH3 

– 
1334 1332 1334 1333 (vw) – 

amide-III;  vanished in Hg(II)-NRCBD due to binding 
of Hg(II) with N–H 

– 
1318 (sh)  1317 1318 (vw) 1316 (vw) 1318 (b, vw) 

 C(4)–C(5) +  C(3)–C(4) +  C(1)–C(6)  of 

chromane31 

1310 – – – – – δ asym. –CH3
30 

1288 
– – – – – β C=C–H of NR; consumption of C=C of NR in NR-

CBDs  via  chromane formation30  

1246 1239 1239 (b,w) 1240 1238 1240 
 C(9)–O(2) + ρ C(10)H2 of chromane31/sulfonic acid 
salts 

– 1201 1195 (w) 1201 1196 1197 sulfonic acid salts 

– 
1158 1156 (b,w) 1161 

1155 ( b, 
vw) 

1156 δ C(3)–H + δ C(2)–H  of chromane31/ glycoside 

1128 1119 1126 1124 (vw) 1124 1124 
ρ C(13)H3 + τ C(10)H2  of chromane31/ ν C–C + ω–

CH2 of NR30  
1090 – 1097 1096 1098 1100 (vw) τ–CH2 of NR30 

1009 – – – – –  C–C30 

984 
– – – – – τ C=C peak of NR; consumption of C=C of NR in NR-

CBDs  via  chromane formation30 

930 922 (vw) 926 (vw) – – –  C–C30 

840 – 837(vs) 837 838 840 (sh) γ C=C–H (cis-1,4 addition) of NR30 
– 805 – – – – triazine ring of melamine 

– 780 780 780 – 781 (vw) oxolated Cr-complex 

741 – – – – – ρ –CH2‒
30 

– 670 659 659 (vvw) 657 (vw) 658 sulfonic acid salts 

– 603 600 – – 600  C=O +  C(3)–H   of chromane31/sulfones 

567 - 572 (b) 563 573 – 
 C(5)C(11)C(10) +  C(1)C(6)C(5) +  C(2)C(3)C(4) 
of chromane31 

490 – – – – – β C–C–C30 

b = broad; ν: stretching, δ: in-plane deformation, γ: out-of-plane deformation, ρ: rocking, ω: wagging, τω: twisting, τ: torsion modes 
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Table S3. XPS analyses for NRCBD, Hg(II)-, BCB-, and SF-NRCBD 

orbital NRCBD 
Hg(II)-

NRCBD 

BCB- 

NRCBD 

SF-  

NRCBD 
assignment 

C1s 

284.87 284.97 284.89 284.90 
CH2/CH3 of chromane, 

phenol 

285.33 285.50 285.42 285.58 tertiary CH 

285.75 285.91 285.91 286.13 C1 of phenol 

286.15 286.26 286.34 286.74 C of amino acid 

286.50 286.71 286.75 287.18 C2 of chromane ring and ether 

286.87 287.15 287.04 287.39 
>C=N of melamine/ 

CONH2/CONH/COOH  

O1s 

530.20 531.18 530.81 530.60 polysaccharides or GAGs 

531.02 531.61 531.76 531.49 Cr(OH)3 

532.06 532.25 532.00 532.29 >C=O 

532.82 532.83 532.62 532.94 chromane/ether/COO 

533.67 533.78 533.67 533.72 OH 

N1s 

398.05 398.83   

pyrrolidine units of proline/ 

hydroxyproline; coordinate 

bonding with Hg(II) in Hg(II)-

NRCBD 

399.67 403.95   

NH/NH2/CN of collagen; 

coordinate bonding with 

Hg(II) 

Hg 4f7/2 (102.58 eV) 

and 4f5/2 (106.68 eV) 

100.93   coordinate bonding 

104.63   coordinate bonding 
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Table S3 (Continued) 

 
polysaccharides/GAGs 

/ZnO 

Cr(OH)3/ 

Zn(OH)2 
>C=O 

chromane/ether/ 

COO OH 

O1s of NRCBD 

(eV)  
530.20 531.02 532.06 532.82 533.67 

relative 

intensities (%) 
0.01 0.26 0.29 0.21 0.22 

O1s of Hg-

NRCBD (eV) 
531.18 531.61 532.25 532.83 533.78 

relative 

intensities  
0.14 0.07 0.14 0.34 0.30@ 

O1s of BCB-

NRCBD (eV) 
530.81 531.76 532.00 532.62 533.67 

relative 

intensities  
0.11# 0.42# 0.02 0.34 0.10 

O1s of SF-

NRCBD (eV) 
530.60 531.49 532.29 532.94 533.72 

relative 

intensities  
0.04 0.23 0.31 0.25 0.17  

@ deposited Hg(OH)2 on Hg-NRCBD   
# deposited ZnO and Zn(OH)2 on BCB-NRCBD  

 

Table S3 (Continued) 

 
CH2/ CH3 of 

chromane, 

phenol 

tertiary 

CH 
phenol C 

C2 of 

chromane 

ring, ether 

>C=N of melamine/ 

CONH2/ CONH/ COOH 

C1s of 

NRCBD (eV) 
284.87 285.33 285.75 286.15 286.50 286.87 

relative 

intensities 
0.023 0.28 0.245 0.108 0.205 0.139 

C1s of Hg-

NRCBD (eV) 
284.97 285.5 285.91 286.26 286.71 287.15 

relative 

intensities 
0.083 0.195 0.154 0.158 0.121 0.288 

C1s of BCB-

NRCBD (eV) 
284.89 285.42 285.91 286.34 286.75 287.04 

relative 

intensities 
0.039 0.156 0.286 0.327 0.171 0.021 

C1s of SF-

NRCBD (eV) 
284.9 285.58 286.13 286.73 287.18 287.39 

relative 

intensities 
0.097 0.115 0.164 0.204 0.255 0.165 
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Table S4 Design of experiment of CCD for SF/BCB 

run 

no. 

concentration 

of dyes 

(mg L1, A) 

temperature 

(C, B) 

pHi for 

SF/BCB 

(, C) 

actual ACs 

of  SF/BCB 

(mg1 g) 

predicted 

ACs of  

SF/BCB 

(mg1 g) 

1 10.00 30.00 8.00/7.00 05.02/06.42 03.55/05.02 

2 40.00 30.00 8.00/7.00 44.21/30.21 45.04/28.69 

3 10.00 50.00 8.00/7.00 20.76/14.76 20.35/14.59 

4 40.00 50.00 8.00/7.00 56.76/34.76 58.03/33.14 

5 10.00 30.00 12.00/11.00 13.53/19.53 12.69/20.91 

6 40.00 30.00 12.00/11.00 42.40/30.40 43.25/30.33 

7 10.00 50.00 12.00/11.00 24.54/17.54 24.14/18.82 

8 40.00 50.00 12.00/11.00 48.98/21.98 50.88/23.14 

9 1.00 40.00 10.00/9.00 02.47/02.47 04.69/01.64 

10 50.24 40.00 10.00/9.00 60.75/18.75 58.13/19.84 

11 25.00 23.18 10.00/9.00 36.18/30.18 36.76/31.02 

12 25.00 56.82 10.00/9.00 58.51/33.51 57.31/33.01 

13 25.00 40.00 6.64/5.64 23.48/26.48 23.52/29.17 

14 25.00 40.00 13.00/12.36 32.46/36.46 31.64/34.11 

15 25.00 40.00 10.00/9.00 56.25/58.20 56.26/58.20 

16 25.00 40.00 10.00/9.00 56.25/58.20 56.26/58.20 

17 25.00 40.00 10.00/9.00 56.25/58.20 56.26/58.20 

18 25.00 40.00 10.00/9.00 56.25/58.20 56.26/58.20 

19 25.00 40.00 10.00/9.00 56.25/58.20 56.26/58.20 

20 25.00 40.00 10.00/9.00 56.25/58.20 56.26/58.20 
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Table S5. Comparison table 

name of 

adsorbate 

name of adsorbent adsorption capacities (mg g–1) /pH/C0 (mg L–

1)/temperature (K) 

ref. 

BCBa dimethyl terephthalate distillation residue 13.00/–/500/298 S2 

 natural clay 42.00/–/50–500/– S3 

 CPCMCa 82.22/6.9/10–140/303 S4 

 SPACMCb 83.73/6.3/10–140/303 S4 

 PAACMCc 86.85/6.9/10–140/303 S4 

 sulfonated Phenol-Formaldehyde resin 108.00/–/50–500/298 S5 

 SDS-γ-Fe2O3
d 166.70/6.0/1–400/298 S6 

 NIPAm-co-IAe 209.20/–/50–500/298 S7 

 AAM-IA-MMTf hydrogel nanocomposite 457.40/6.0/500/298 S8 

 AAm-AMPSNag hydrogel 492.20/–/500/298 S9 

 NRCBDh 46.14/9.0/5–40/303 TS^ 

SF ACi 1.32/5.0/25/298 S10 

 hydrogels prepared with sodium polyacrylate and 6 

wt% of CM 

9.45/–/10/– S4 

 CO2 neutralized activated red mud 9.77/8.3/37/302 S11 

 native SBPj 17.90/10.0/100/293 S12 

 ACi 19.01/6.0/10/– S13 

 pinapple peels 21.70/6.0/60/302 S14 

 Cu-NWs-ACk 34.00/5.5/15/– S15 

 NaOH-treated rice husk 37.97/8.0/10/303 S16 

 MWCNTl 43.42/1.0/25/298 S10 

 NiS-NP-ACm 46.00–52.00/8.1/5/– S17 

 Au-NP-ACn 50.25/7.0/18/– S18 

 CuO-NPso 53.67/12.0/154/303 S19 

 PDA@SBPp 54.00/10.0/100/293 S12 

 HDTMAq-modified Spirulina sp. 54.05/2.0/300/– S20 

 ZnO-NR-ACr 55.25/6.0/10/– S13 

 MIL-101(Cr)-SO3H 70.80/6.2/50/– S21 

 Al-Mont-EnPILCs 76.13/10.0/100/295 S22 

 Cd(OH)2-NW-ACt 76.92/5.0/25/298 S10 

 SDS/RMu 89.40/4.0/50/308 S23 

 PANIPN21v 117.60/9.0/30/303 S24 

 PANIPN41w 127.61/9.0/30/303 S24 

 MDMLGx 137.53/12.0/105/– S25 

 NRCBDh 303.61/10.0/5–40/303 TS^ 

Hg(II) starch-g-poly(acrylamide) 7.30/0.5–1.0/–/293 S26 

 chitosan derivative adsorbent 9.02/3.0/60/298 S27 

 EDA-modified mPMMA microbeadsy 9.08/5.0/5–700/298 S28 

 RGOz-MnO2 9.50/–/1/303 S29 

 RGOz-Ag 9.53/–/1/303 S29 

 APTaa 13.20/5.0/3800/303 S30 

 Hardwickia binata bark 13.50/6.0/400/298 S31 

 natural chitosan spheres 13.500.40/6.0/38–375/298 S32 

 mesoporous silica-coated magnetic particles 14.00/2.0/10–60/– S33 

 poly(AAm-co-AAc)ab 15.50/2.5/100/288 S34 

 Ti(IV)ac 17.20/6.0/20/293–323 S35 

 poly(HEMAad/chitosan) composite membranes 18.41±0.54/2.0–6.0/30–400/293 S36 

 SMsae 20.00/7.5/100–900/303 S37 

 GMA-MMA-DVBaf 20.06/7.0/15/298 S38 

 chemically treated sawdust (Acacia arabica) 20.62/6.0/3/– S39 

 multifunctional mesoporous material 21.05/–/1000/– S40 

 CTS–PVAag 24.98/5.5/50/303 S41 

 Ca-alginate beads 28.900.70/6.0/200/298 S42 

 poly(MMA-MAGA)ah 29.90/2.0–6.0/100/293 S42 

 epichlorohydrin-crosslinked chitosan membranes 30.30/6.0/38–375/298 S44 

 glutaraldehyde-crosslinked chitosan spheres 31.100.30/6.0/38–375/298 S32 

 BTESPT-SMsai 37.00/7.5/100–900/303 S36 
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 phosphoric acid-treated poly(glycidylmethacrylate-

co-divinyl benzene) 

40.00/–/100/300 S45 

 GGAMSAASP18aj 40.95/7.0/5–30/303 S46 

 GGAMSAASP14ak 49.12/7.0/5–30/303 S46 

 cellulose-lysine-schiff bases 50.60/4.4/100/303 S47 

 TCPFal 52.63/6.0/50/301 S48 

 4-aminoantipyrine immobilized bentonite 52.90/4.0/1/298 S49 

 CNTs/Fe3O4
am 65.52/6.5/50/298 S50 

 dithiocarbamate-anchored polymer/organosmectite 

composites 

71.10/7.0/50/293 S51 

 graphene-MWCNTl 75.80/–/50/298 S52 

 PANIPN41w 78.44/7.0/30/303 S24 

 Si-DTCan 80.24/6.0/200/298 S53 

 MWCNTsl 84.66/6.0/400/298 S54 

 graphene/c-MWCNTl 93.30/–/50/298 S52 

 PANIPN21i 96.78/7.0/30/303 S24 

 CSTUao 135.00/5.0/100/303 S55 

 dithizone-anchored poly(vinyl pyridine) 144.40/3.0/1000/– S56 

 3-trimethoxysilyl-1-propanethiol immobilized on 

silica 

186.50/6.0/–/298 S57 

 PAM/ATPap 192.50/7.0/100–900/303 S58 

 bayberry tannin-immobilized collagen fiber 198.49/7.0/200/303 S59 

 polypyrrole-rGOy 980.00/3.0/50–250/298 S60 

 PANI-rGOaq 1000.00/4.0/10–40/305 S61 

 pullulan-graft-polyacrylamide semi-IPN hydrogel 1724.47/6.1/100/292 S62 

 GGTI-g-TetraP1ar 1759.50/7.0/500–1000/293 S63 

 GGTI-g-TetraP2as 1848.03/7.0/500–1000/293 S63 

 NRCBD 166.46/7.0/5–40/303 TS^ 
acopolymer of acrylic acid, hydroxyl ethyl methacrylate (HEMA) and sodium carboxy methyl cellulose (CMC), bcopolymer of sodium acrylate and 

CMC, ccopolymer of acrylic acid and CMC, dsodium dodecyl sulfate (SDS) modified maghemite nanoparticles, eN-isopropylacrylamide-co-itaconic 

acid, fco-polymer of acrylamide and itaconic acid sodium salt in the presence of montmorillonite, gacrylamide‐2‐acrylamide‐2‐

methylpropanesulfonic acid sodium salt hydrogel, hnatural rubber (NR) and cow buffing dust (CBD) based scalable biocomposite, iactivated carbon,  

jsea buckthornbranchpowder, kcopper nanowires loaded on activated carbon, lmultiwalled carbon nanotube, mnickel sulfide nanoparticle-loaded 

activated carbon, nAu loaded on activated carbon, ocopper oxide nanoparticles, ppolydopamine coated  sea  buckthornbranch powder, 

qhexadecyltrimethylammonium bromide, rZnO nanorod-loaded activated carbon, sAl-Mont-EnPILC, tcadmium hydroxide nanowire loaded on 

activated carbon, usodium dodecyl sulphate/red mud, vpectin-g-(TerP21), wpectin-g-(TerP41), xMgO decked multi-layered graphene, yethylene 

diamine modified magnetic polymethylmethacrylate microbeads, zreduced graphene oxide, aaattapulgite, abpoly(acrylic acid/acrylamide), acTi(IV) 

iodovanadate cation exchanger, adhydroxyethylmethacrylate, aesilica microspheres, afmethyl methacrylate-glycidyl methacrylate-divinylbenzene 

terpolymer beads, agchitosan–poly(vinyl alcohol),  ahpoly(methyl methacrylate–methacryloylamidoglutamic acid), aibis(triethoxysilylpropyl) 

tetrasulfide silica microspheres, ajguar gum-g-(acrylamide-co-sodium acrylate-co-acrylamidosodium propanoate)18, akguar gum-g-(acrylamide-co-

sodium acrylate-co-acrylamidosodium propanoate)14, althiocarbohydrazide cross-linked chitosan-poly(vinyl alcohol) framework, amcarbon 

nanotube/magnetite nanocomposites, ansilica-supported dithiocarbamate adsorbent, aocross-linked magnetic chitosan-phenylthiourea, 

appolyacrylamide/attapulgite, aqpolyaniline and rGO, argum ghatti (GGTI)-g-[sodium acrylate (SA)-co-4-(acrylamido)-4-methyl pentanoate (AMP)-

co-3-(N-(4-(4-methyl pentanoate)) acrylamido) propanoate (NMPAP)-co-N-isopropylacrylamide (NIPA)]1, asgum ghatti (GGTI)-g-[sodium 

acrylate (SA)-co-4-(acrylamido)-4-methyl pentanoate (AMP)-co-3-(N-(4-(4-methyl pentanoate)) acrylamido) propanoate (NMPAP)-co-N-

isopropylacrylamide (NIPA)]2, and ^this study. 
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 Figure S1. DTG of NR, CBD, NRCBD, BCB-, SF-, and Hg(II)-NRCBD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure S2. DSC of NR, CBD, NRCBD, BCB-, SF-, and Hg(II)-NRCBD 
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Figure S3. XRD of (a) SF and BCB, (b) NR, CBD, and NRCBD, and (c) NRCBD, BCB-, SF-, and Hg(II)-

NRCBD 

 

 

 

 

 

 

 

(a) 

(c) 

(b) 
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Figure S4. FESEM photomicrographs of (a) NR, (b) CBD, (c) NRCBD, and (d) Hg(II)-NRCBD; (inset of 

d) EDX of Hg(II)-NRCBD 
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Figure S5. Pseudosecond order fitting of (a) SF-, (b) BCB-, and (c) Hg(II)-NRCBD; Arrhenius type fitting 

for (d) SF-, (e) BCB-, and (f) Hg(II)-NRCBD and (g) SF-/BCB-, Hg(II)-NRCBD 

(a) (b)

(c) (d)

(f)(e)

(g)
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