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Nitrate uptake by p-phosphonic acid or p- 

(trimethylammonium)methyl calix[8]arene stabilized 

laminar materials 

Graphite, BN, MoS2 and WS2 are readily exfoliated using 

probe sonication in the presence of p-

(trimethylammonium)methyl-calix[8]arene resulting in few-

layer laminar material. The positively charged material is 

effective in the removal of nitrate ions from waste effluent, as 

is the negatively charged corresponding material stabilised by 

partially deprotonated p-phosphonic acid calix[8]arene, with 

scope for efficient recycling. 
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Fabrication and Characterisation of the 2D Materials 

Figure 1. Dispersions of the 2D exfoliated materials graphene (G), WS2 (W), MoS2 

(Mo), and BN (B) exfoliated in the presence of either p-

(trimethylammonium)methyl-calix[8]arene (N) or p-phosphonic acid 

calix[8]arene (P).  

Figure 2. Atomic force microscopy (AFM) images with 1 m x 1 m inset and line 

profile of 2D materials exfoliated with p-(trimethylammonium)methyl 

calix[8]arene. A) Graphene, B) MoS2, C) WS2 and D) BN. 
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Figure 3. TEM images with 5 nm x 5 nm inset and electron diffraction of 2D 

materials exfoliated with p-(trimethylammonium)methyl-calix[8]arene. A) 

Graphene, B) MoS2, C) WS2 and D) BN. 

Nitrate Removal 

 Figure 4. Nitrate-nitrogen [NO3
-
-N] content of liquid solution, exposed to various 

exfoliated laminar materials stabilised by p-phosphonic acid calix[8]arene or p- 

(trimethylammonium)methyl-calix[8]arene, designated “P” and “N” respectively 

with G = Graphene, W = WS2, B = BN, Mo= MoS2. 
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Figure 5. Images of graphene (G), WS2 (W), BN (B),  MoS2 (Mo)] exfoliated by 

either p-phosphonated calix[8]arene (P) (G(P); W(P); B(P); Mo(P)) or p-

(trimethylammonium)methyl-calix[8]arene (N) (G(N); W(N); B(N); Mo(N)) in a 

mixture with nitrate containing aqueous solution, followed by their 

centrifugation at 18400 x g for 30 minutes. 

Table 1. Nitrate-nitrogen [NO3
-
-N] removal efficiencies of various laminar 

materials in two consecutive cycles using the same materials. The values 

represent the amount of Nitrate-nitrogen [NO3
-
-N] ions removed from 

solution (See Figure 5 for abbreviations). 

Sample GP GN WP WN BP BN MoP MoN 

1
st
 cycle 

(mg/L) 

10.6 11.0 11.5 14.0 11.5 9.0 13.5 10.5 

2
nd

 cycle 

(mg/L)  

9.5 8.5 6.5 8.8 4.9 6.6 9.9 8.0 

Total 

(mg/L)  

20.1 19.5 18.0 22.8 16.4 15.6 23.4 18.5 

Overall 

Efficiency 

(%) 

45.7 44.3 40.9 51.8 37.3 35.5 53.2 42.0 

Conclusions 
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