
Cesium salt of tungstophosphoric acid/ mesoporous (zirconia-silica) composite for highly 

efficient synthesis of 7-hydroxy-4-methyl coumarin and removal of methylene blue  

Amr Awad Ibrahima*, Doaa A. Kospaa, O. R. Hayesa, A. S. Khdera,b, S. A. El-Hakama, 

Awad I. Ahmeda*

a Department of Chemistry, Faculty of Science, Mansoura University, Al-Mansoura 35516, 
Egypt.
b Chemistry Department, Faculty of Applied Science, Umm Al-Qura University, 21955 Makkah, 
Saudi Arabia   

Tel.: +220502390551- E-mail: amr_awad@mans.edu.eg

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2023



nλ = 2d100 sin(θ )                                  equ S(1)

a0 =  2d100/√3                                         equ S(2)

          Log qe = log KF + log Ce                 equ S (3)
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Where KF and n denote the Freundlich adsorption constants, qm (mg/g) gives the monolayer 

adsorption capacity of the adsorbent, and KL (L/mg) produces the Langmuir adsorption 

constant.

ln (qe – qt)= ln qe- k1 t                                     equ S (5)

                                                   equ S (6)
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Where the rate constants for the pseudo-first and pseudo-second order processes are k1 (hr-1), and 

k2 (g/mg hr) are the rate constants for pseudo-first order and pseudo-second order reactions, 

respectively.

              F = 1 – (6/π2) exp(−Bt)                   equ S(7)

          B = πD/ r2 = time constant                   equ S(8) 

r is the adsorbent particle radius, which is expected to be spherical, and F is the fraction of solute 

adsorbed at various times t, that D is the effective diffusion coefficient of the adsorbate in the 

adsorbent phase.        

F =  qt/qe                                                          equ S(9)



Fig. S1: FT-IR spectra of mZS, HPW, 3.0CPW, PW/mZS, and CsxH3-xPW12O40/mZS samples from 

1800- 400 cm-1.
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Table. S(1): Comparison study for removal of MB in other catalysts reported in the literature with 

this work.

1. L. J. Martis, N. Parushuram and Y. Sangappa, Environ. Sci.: Adv., 2022, 1, 285-296.

Adsorbents Co (MB) 

(mg/L)

Dye removal 

(%)

Adsorption capacity 

Qmax (mg/g)

References

Silk fibroin–graphene oxide 

(SF/GO)

100 96.0 381.7 1

Micro-mesoporous silica 

(MMZ)

100 91.0 303.1 2

12-tungestophosphoric 

acid/Zr/MCM-41 (25.0 wt% 

PTA/Zr-MCM-41)

-- -- 259.1 3

2-amino-5-guanidinopentanoic 

acid modified activated carbon 

(AGDPA@AC)

60 75.0 219.9 4

Lysine and EDA double cross-

linked graphene aerogel 

(LEGA)

150 97.5 332.2 5

H3PO4-modified corn stalks (P-

CSs)

90 91.0 129.2 6

V2CTx MXene 50 94.8 111.1 7

nanosheet MFI zeolite (NZ) --- --- 476.2 8

Fava bean peels (FBP) 50 90.0 140.1 9

Fe-BDC MOF 5 94.7 8.6 10

CuO loaded Activated Carbon 50 99.2 10.5 11

 3.0 CPW/mZs 100 99.7 359.8 This work
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