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Figure S1 depicts the species distribution diagram as a function of pH for salicylic acid and ibuprofen 

(respectively adapted from [1] and [2]).The pH value impacts the charge of the species in solution [3,4]. 

In the case of salicylic acid, diprotic species (neutral) are dominant (about 90%) at pH values below 2, 

monoprotic species (negative) are dominant at pH values between 4 and 13 and completely 

dissociated species (negative) are dominant (about 70%) at pH values above 13 [2] (see Figure S1(a)) 

The carboxylic group of ibuprofen is not charged at low solution pH (equal or below to pKa). 

However, as the solution pH increases from 3 to 7, the carboxylic group begins to dissociate and 

almost all ibuprofen molecules are negatively charged when the solution pH is above 7 [1,5] (see 

Figure S1(b)) 

 

Figure S1. Species distribution diagram of (a) salicylic acid and (b) ibuprofen as a function of pH 

(adapted from: [1] and [2], respectively). 
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Simultaneous thermal analysis (STA) allows identifying mass losses and thermal transitions 

occurred during the decomposition of Scenedesmus obliquus biomass before and after pharmaceuticals 

biosorption through the interpretation of TG/DTG curves over time are shown in Figure S2. 

 

 

 

Figure S2. Thermogravimetry (TG) together with derivative thermogravimetry (DTG) curves over 

time of Scenedesmus obliquus biomass before biosorption (a); and after salicylic acid (b) or ibuprofen 

(c) biosorption. 
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Differential scanning calorimetry (DSC) together with derivate differential scanning calorimetry 

(DDSC) curves give complementary information to TG/DTG curves, namely in terms of energy 

consumption or liberation. Therefore, DSC/DDSC provide more precise information about the 

occurring transformations on microalgae biomass. The onset temperature (Tonset) and the endset 

temperature (Tenset) are, respectively, the temperatures that define the start and the end of a thermal 

event in DSC/DDSC curves, used to determine the enthalpy (ΔH) by peak integration. The maximum 

temperature (TDSC,max) is the temperature of maximum energy released during a thermal event. 
 

 

 

 

Figure S3. Differential scanning calorimetry (DSC) together with derivate differential scanning 

calorimetry (DDSC) curves of Scenedesmus obliquus biomass before biosorption (a); and after salicylic 

acid or ibuprofen (b) biosorption. 
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Table S1. Physicochemical properties of the commercial activated carbon used as reference (Pulsorb 

WP260), as provided by the producer (Chemviron Carbon, Feluy, Belgium). 

Specifications  

Specific Surface Area, SBET (m2 

g-1) 
1050 

Iodine number (mg g-1) 1020 

Mean particle diameter (µm) 30 

Density, loose packing (kg m-3) 250 

 

 

  



 
 

6 
 

With respect to other materials used for the biosorption of salicylic acid or ibuprofen from water, 

Table 2 depicts some recently published Qmax and makes evident that the here determined values for 

Scenedesmus obliquus biomass are within the range of values in the literature. 

Table S2. Maximum salicylic acid or ibuprofen biosorption capacities (Qmax (mg g-1)) of different materials 

in the literature. 

Biosorption of Salicylic acid Biosorption of Ibuprofen 

Material Qmax (mg g-1) 
Referenc

e 
Material Qmax (mg g−1) Reference 

Sterile Malmo soil 

(Alfisols) 
18 [6] Functionalized bean husks 32 [7] 

Sterile Drummer 

soil (Mollisols) 
12 [6] 

Modified Scenedesmus obliquus 

biomass 
42 [8] 

Sterile Jefferson  

(Ultisols) 
57 [6] Knotweed leaves 38 [9] 

Scenedesmus obliquus 

 biomass 
63 

This 

work 

Phaeodactylum tricornutum  

biomass 
4 [10] 

   
Scenedesmus obliquus 

 biomass 
12 This work 
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Table S3. Fitted equilibrium parameters on the adsorption of salicylic acid and ibuprofen onto 

Scenedesmus biomass at the different temperatures considered in this work. 

  Salicylic acid Ibuprofen 
  15°C  25°C 35°C 15°C  25°C 35°C 

F
re

u
n

d
li

ch
 KF (mg g-1 (mg L-1)-

1/n) 
13 ± 3 10 ± 2 5.8 ± 1.2 4.1 ± 0.6 3.4 ± 0.3 2.7 ± 0.4 

n 2.6 ± 0.4 2.51 ± 0.07 2.0 ± 0.2 3.7 ± 0.5 3.7 ± 0.3 3.8 ± 0.6 

r2 0.914 0.945 0.958 0.923 0.970 0.970 

Sy.x 6.57 4.57 3.62 12.4 0.87 0.56 

L
an

g
m

u
ir

 

Qmax (mg g-1) 67 ± 3 63 ± 2 62 ± 3 14.1 ± 0.3 11.9 ± 0.3 9.6 ± 0.3 

KL (L mg-1) 0.10 ± 0.02 0.070 ± 0.005 0.066 ± 0.004 0.12 ± 0.01 0.11 ± 0.01 0.087 ± 0.011 

r2 0.985 0.996 0.994 0.994 0.994 0.991 

Sy.x 2.76 1.23 1.31 0.37 0.32 0.31 
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Table S4. Band assignments of Fourier transform infrared (FT-IR) spectra of Scenedesmus obliquus 

biomass before and after salicylic acid and ibuprofen biosorption. 

Band 

Wavenumber (cm-1) 

Band Assignments 1 References 
S. obliquus 

S. obliquus  

after biosorption of 

Salicylic acid Ibuprofen 

A 3408 3405 3423 

ν(O-H) (associated) to water molecules or 

hydroxyl radicals of polysaccharides 

ν(N-H) (associated) to proteins (amide A) 

[11–14]  
 

[11,12,14] 

B 2924 2924 2924 νas(CH2) of lipids [11–16] 

C 2853 2853 ------- ν(CH2) of lipids [11–13,15] 

D 1655 1655 1655 
ν(C=O) of amides I band associated with 

proteins 
[11–15,17] 

E 1545 1541 1541 
δ(N-H) of amides II band and δ(C-N) of 

proteins 
[11–17] 

F ------- 1458 1458 
δas(CH2) of lipids 

δas(CH2) and δas(CH3) of proteins 

[11–14]  

[11,12,14,15,17] 

G 1384 1383 1383 

δs(N(CH3)3) of lipids 

δs(CH2) and δs(CH3) of proteins, and νs(C-O) 

of carboxylic groups 

[11,13,14,16]  

[11,13–17]  
 

H 1246 1244 1241 
νas(>P=O) of phosphodiester backbone from 

nucleic acids and phospholipids 
[11–15,17] 

I 1153 1154 1154 

νas(C-O) of starch and complex sugar ring 

modes 

ν(C-O-C) of polysaccharides (from 

carbohydrates) 

ν(Si-O) of silicate frustules 

[11,13,14]  

[13–15,17]  

[15] 

J 1078 1079 1079 

νas(C-O) of starch and complex sugar ring 

modes 

νas(>P=O) of phosphodiester backbone from 

nucleic acids 

ν(C-O-C) of polysaccharides (from 

carbohydrates) 

ν(Si-O) of silicate frustules 

[1–14,16]  

[11–14]  

 

[13–17]  

[15,17] 

K 1025 1025 1026 

νas(C-O) of starch and complex sugar ring 

modes 

νas(>P=O) of phosphodiester backbone from 

nucleic acids 

ν(C-O-C) of polysaccharides (from 

carbohydrates) 

ν(Si-O) of silicate frustules 

[11,13,14]  

[11,13,14]  

 

[12–15,17]  

[15] 

1 ν - stretching; νs - symmetric stretching; νas - asymmetric stretching; δ - deformation; δs - symmetric deformation; δas - 

asymmetric deformation. 
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Table S5. Characteristic parameters of differential scanning calorimetry (DSC) together with derivate 

differential scanning calorimetry (DDSC) curves determined for Scenedesmus obliquus biomass before 

and after salicylic acid and ibuprofen biosorption. 

Peak Parameters 1 S. obliquus 
S. obliquus after biosorption of 

Salicylic acid Ibuprofen 

A 

Tonset (°C) 26.9 28.0 72.9 

TDSC,max (°C) 71.9 77.7 84.2 

Tendset (°C) 130.2 151.2 146.3 

ΔH (µV mg-1) −131 −101 −17 

B 

Tonset (°C) 223.8 262.8 277.1 

TDSC,max (°C) 309.5 284.4 290.0 

Tendset (°C) 343.6 297.9 303.4 

ΔH (µV mg-1) 47 17 10 

C 

Tonset (°C) 540.5 517.9 498.1 

TDSC,max (°C) 651.0 618.4 579.4 

Tendset (°C) 866.5 758.3 766.4 

ΔH (µV mg-1) 3246 1315 592 
1 Tonset - onset temperature for energy release and peak integration; TDSC,max - temperature of maximum energy release during 

process; Tenset - endset temperature for energy release during process; ΔH - enthalpy determined by integration of the peak in 

the corresponding DSC curve. 
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