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Table S1: Macroscopic color characteristics and visual appearance of synthesized
photocatalysts(a) Pure TiO:, (b) Biochar-supported TiO: (BC-Ti0Oz), (¢) N-doped Biochar—TiO:
after AC-plasma treatment (Plasma BC-TiO.).

SL. Catalyst Description of catalysts Visual appearance

1 TiO, Pure Anatase TiO,




2 BC-TiO, Biochar-supported TiO,

Plasma BC- AC-Plasma treated N-Doped Biochar-
TiO, supported TiO,

S1. Kinetic Model Justification
The Langmuir-Hinshelwood (L-H) equation (Equation 3), a first-order differential equation, was
solved using the Perturbation-Iteration Algorithms (PIA) !. Using the PIA method, an approximate
solution to Equation 3 can be obtained as an exponential function of time:

C=Coe (14 CoK(1- e~ Y) (S1)
MATLAB program was used to determine the reaction rate constant k and the adsorption
equilibrium coefficient K, and validate the application of the L-H Model in this experiment. Table
S2 demonstrates the comparison between the L-H model, simplified pseudo-first-order kinetics,

and zero-order kinetics.



Table S2: Comparative analysis between L-H model, Pseudo-first-order, and Zero-order kinetics

Catalyst Initial CIP L-H Model Pseudo-first-order Zero-order kinetics
Concentration kinetics
(ppm) K k Kapp R? Kapp R? Kapp Kapp R?
(min)! | (min)! | (K*k) (min)! ppm (min)!
(min)! (min)!

10 0.0003 6.60 0.0023 | 0.96 0.0022 0.96 0.02 0.002 | 0.90
TiO, 30 0.0003 20.67 | 0.0062 | 0.86 0.0022 0.94 0.05 0.0016 | 0.91
50 0.0004 3.75 0.0015 | 0.566 0.0009 0.86 0.023 0.0046 | 0.86
10 0.001 6.1 0.0061 | 0.93 0.0068 0.87 0.03 0.003 | 0.74
BC-TiO, 30 0.0013 3.31 0.0043 | 0.96 0.0034 0.95 0.06 0.002 | 0.91
50 0.0015 1.87 0.0028 | 0.64 0.00126 | 0.88 0.048 0.0096 | 0.86
10 0.00098 | 2235 | 0.0219 | 0.99 0.0196 0.99 0.06 0.006 | 0.94
Plasma 30 0.00098 | 13.88 | 0.0136 | 0.99 0.011 0.99 0.15 0.005 | 0.94
BC-TiO, 50 0.0012 45 0.054 0.89 0.048 0.96 0.16 0.0032 | 0.94

At low concentration (10 ppm), high linearity (R? > 0.93-0.99) and close agreement between L-H

and pseudo-first-order k,p, values confirm the dilute-limit condition (KC<«1), under which the L—-




H rate expression mathematically reduces to apparent first-order kinetics 2. With increasing
concentration (30-50 ppm), the declining R? values for the L-H model and the comparable or
higher zero-order fits, indicate progressive surface saturation and transition to photon- or surface-
limited regimes at high surface coverage 3. Notably, this deviation reflects physically meaningful
regime transitions rather than model inadequacy, as zero-order behavior is theoretically expected
once active sites are saturated, and reaction rates become independent of bulk concentration 4.
Moreover, plasma BC—Ti0O,; exhibited consistently high L—-H conformity across all concentrations
(R* > 0.89) with stable K and k values, confirming maintenance of adsorption—desorption
equilibrium and surface reaction controlled kinetics due to plasma induced functionalization and
defect formation, as reported for plasma-treated N,—TiO, systems in recent studies>¢ . Collectively,
the inclusion of full L-H parameters and their systematic variation with concentration and catalyst
composition provides a physically justified basis for the chosen kinetic framework.
S2. MATLAB Code for L-H Model
MATLAB code for finding L-H parameters (10 ppm CIP for Plasma BC-Ti0O;) and C vs t graph
using Equation S1 is given below:
% Experimental data
t=1[030 5075 100 1407
C=1[107.74076 5.37263 3.56818 2.14308 0.88736]';
CO0=10; % Initial concentration (fixed)
% Langmuir—Hinshelwood kinetic model
model = @(p,t) CO.*exp(-p(1).*p(2).*t) .* ...

(1 +C0.*p(2).*(1 - exp(-p(1).*p(2).*1)));

% Initial guess [kr, K]



p0 =10.00001 0.00001];

% Lower bounds

Ib=100];

% Nonlinear least squares fit

opts = optimoptions('Isqcurvefit','Display’,'off");

[p,resnorm,residual,exitflag,output] = ...
Isqcurvefit(model,p0,t,C,1b,[],0pts);

% Extract parameters

kr = p(1);
K =p(2);
k app =kr*K;

% Model prediction at experimental points
C_fit=model(p,t);

% ---- R"2 calculation ----

SS res = sum((C - C_fit)."2); % residual sum of squares
SS tot = sum((C - mean(C))."2); % total sum of squares
R2=1-SS res/SS tot;

% Display results

fprintf('’kr = %.4f\n', kr);

fprintf('K = %.4f\n', K);

fprintf('’k_app = %.4f min*-1\n', k_app);

fprintf('R"2 = %.4f\n', R2);

The same code was used for determining parameters for the respective samples and CIP values.



S3. Control Experiment
Control experiment was conducted using UV light (254 nm), without adding any photocatalysts.
The results are depicted as follows:

Table S3a: Control experiment for 10 ppm Ciprofloxacin

Time (min) | CIP Remaining (ppm) Degradation (%)
0 10.00 0.0
20 9.85 1.5
45 9.72 2.8
70 9.60 4.0
110 9.52 4.8

Table S3b: Control experiment for 30 ppm Ciprofloxacin

Time (min) | CIP Remaining (ppm) Degradation (%)
0 30.00 0.0
20 29.60 1.3
45 29.30 23
70 29.05 3.2
110 28.70 43

Table S3c: Control experiment for 50 ppm Ciprofloxacin

Time (min) | CIP Remaining (ppm) Degradation (%)
0 50.00 0.0
20 49.40 1.2
45 49.10 1.8
70 48.75 2.5
110 48.30 34
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