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Steps To Determining RDC and Plotting the Characteristic Curve 

Step 1: Determine diffusion-chemisorption model parameters  

Using data from columns 1 and 2, solve for qe and KDC by applying non-linear regression (Curve Expert 

Professional Software Ver 2.7.3 ©) to solve Eq. (4). 

Table S1. Experimental data for Pseudomonas aeruginosa biosorption of Cu(II) ions  

Column 1 Column 2 Column 3 Column 4 Column 5 

t (min) qt (mg/g) qt, cal (mg/g) (t/tref)
0.5 Qt =(qt/qtref) 

0 0 0.00 0.00 0.00 

2 12.40 13.95 0.18 0.58 

10 21.60 19.54 0.41 0.81 

20 22.40 21.59 0.58 0.89 

30 22.60 22.65 0.71 0.94 

45 22.90 23.58 0.87 0.98 

60 23.40 24.18 1.00 1.00 

tref = 60 min and qtref = 24.183 
 

Table S2. Curve Expert output for diffusion-chemisorption model 

Equation name DC-Model 

Equation: (qe*KDC*t0.5/(qe+KDC*t0.5) 

Parameters:  

qe = 28.925 

KDC = 19.045 

Coefficient of Determination(R2): 0.9819 

Step 2: Calculated values of qt,cal from diffusion-chemisorption model parameters and varying values of 

time using Eq. 4 to produce column 3 
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𝑞𝑡,𝑐𝑎𝑙 =
𝑞𝑒𝐾𝐷𝐶𝑡0.5

𝑞𝑒+𝐾𝐷𝐶𝑡0.5 =  
28.925∗19.045∗𝑡0.5

28.925+19.045∗𝑡0.5     (S1) 

Step 3: Calculate values of (t/tref)0.5 and Qt =(qt/qtref) using tref = 60 min and qe = 24.183 to produce columns 

4 and 5 

Step 4: Determine RDC graphically - Using Eq. 15-17 and applying non-linear regression, determine RDC 

using data from columns 4 and 5.  

Table S3: Curve Expert output for RDC equation 

Equation name RDC Equation 

Equation: T*(1+RDC)/(T+RDC) 

Parameters:  

RDC = 0.196 

Coefficient of Determination (R2): 1.0000 

 

Step 5: Alternatively, RDC can be calculated from the diffusion-chemisorption model parameters using Eq. 

14 as follows: 

𝑅𝐷𝐶 =
𝑞𝑒

𝐾𝐷𝐶𝑡𝑟𝑒𝑓
0.5 =  

28.925

19.045∗600.5 = 0.196     (S2) 

Table S4. Data for plotting the standard characteristic curve  

 RDC=0.01 RDC=0.1 RDC=1 RDC=>>1 

T Qt 

0.0000 0.0000 0.0000 0.0000 0.0000 

0.0010 0.0918 0.0109 0.0020 0.0010 

0.0050 0.3367 0.0524 0.0100 0.0050 

0.0100 0.5050 0.1000 0.0198 0.0100 

0.0200 0.6733 0.1833 0.0392 0.0200 

0.0400 0.8080 0.3143 0.0769 0.0400 

0.0600 0.8657 0.4125 0.1132 0.0600 

0.1000 0.9182 0.5500 0.1818 0.1000 

0.2000 0.9619 0.7333 0.3333 0.2000 

0.3000 0.9774 0.8250 0.4615 0.3000 

0.4000 0.9854 0.8800 0.5714 0.4000 

0.5000 0.9902 0.9167 0.6667 0.5000 

0.6000 0.9934 0.9429 0.7500 0.6000 

0.7000 0.9958 0.9625 0.8235 0.7000 

0.8000 0.9975 0.9778 0.8889 0.8000 

0.9000 0.9989 0.9900 0.9474 0.9000 

1.0000 1.0000 1.0000 1.0000 1.0000 
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Step 6: Graphical representation of characteristic curve for experimental data 

The characteristic curve was generated using Eq. 15 for any value of T and RDC values of 0.01, 0.1, 1.0 and 

>> 1.0. The data for the characteristic curves are presented in Table S4. 

Step 7: Plot the characteristic curve for Pseudomonas aeruginosa biosorption of Cu(II) ions using data from 

Table S1 (Columns 4 and 5) and superimposed onto the standard characteristic plot 

 

Figure S1. Plot of characteristic curve for Pseudomonas aeruginosa biosorption of Cu(II) ions 

superimposed onto the standard characteristic plot 

Table S5. Background of kinetic models used in this study 

Model Name Background 

Lagergren pseudo-

first-order model 

The first-order kinetic model, introduced by Sten Lagergren in 1898 to describe adsorption on 

charcoal [S1], assumes that each adsorption site binds a single molecule. As an empirical model, it 

has proven effective in simulating physisorption processes [S2]. 

Pseudo-second-order Originally developed for modelling the sorption of divalent metal ions onto peat moss [S3], the 

pseudo-second-order model assumes that each adsorbate molecule interacts with two binding sites, 

following a chemisorption mechanism [S4]. 

Diffusion-

chemisorption 

The diffusion-chemisorption model, developed by Sutherland [S5], describes heavy metal sorption 

onto heterogeneous media as a process governed by both diffusion and chemisorption. It is based on 

equating the rate of change in solid-phase concentration to mass transfer, equilibrium capacity and a 

time exponent n=0.5, indicating parabolic time dependence typical of intraparticle diffusion [S6].  

Weber and Morris 

Intraparticle diffusion  

Weber and Morris [S7] proposed that intraparticle diffusion rates are proportional to the square root 

of time. As noted by Ofomaja [S8], a linear plot passing through the origin suggests intraparticle 

diffusion control, with the intercept, c reflecting boundary layer effects. 
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Table S6. Background of equilibrium models used in this study 

Model Name Background 

Langmuir The Langmuir isotherm [S9], introduced in 1916, assumes a chemisorption driven process with 

uniform adsorption sites, each binding a single molecule to form a monolayer. 

Freundlich Firth, as cited in Swan and Urquhart [S10], noted that De Saussure first used the expression 

x=kc1/n in 1814 for gas adsorption, with Boedecker later applying it to solutions in 1859. 

Freundlich [S11] formalized the equation to describe reversible, non-ideal adsorption on 

heterogeneous surfaces with varying energy sites. 

Sips Sips [S12] proposed an empirical isotherm assuming that each adsorbate molecule can bind to 

two distinct sites, making it suitable for characterizing heterogeneous surfaces with varying 

adsorption affinities [S13]. 
 

Table S7. Comparative sorption capacities of various microbial biosorbents for Cu(II) and Pb(II) removal 

Biosorbent Contaminant pH Sorption capacity, qm (mg/g) Reference 

Geobacillus toebii Cu(II) 4.0 48.5 [S14] 

Bacillus coagulans Cu(II) 6.0 75.3 [S15] 

Trichoderma spp. Cu(II) 6.5 19.6 [S16] 

Pseudomonas sp. Cu(II) 6.0 12.6 [S17] 

Ochrobactrum intermedium Cu(II) 6.0 49.9 [S18] 

Pseudomonas aeruginosa Cu(II) 5.5 82.5 This study 

Curtobacterium sp. Pb(II) 6.0 186.6 [S19] 

Stenotrophomonas maltophilia Pb(II) 5.0 133.3 [S20] 

Bacillus subtilis Pb(II) 5.0 17.3 [S21] 

Bacillus coagulans Pb(II) 6.0 118.3 [S15] 

Lactobacillus brevis Pb(II) 6.0 53.6 [S22] 

Pseudomonas aeruginosa Pb(II) 5.5 32.5 This study 

This supplementary material provides supporting tables and figures referenced in the main text. 

References cited only within the supplementary material are listed separately under Supplementary 

References. 
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