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Abstract: The conditions that led to negative adsorption were investigated. Four different adsorbents
were prepared and named raw Danielliaoliveri sawdust (RDS), sodium hydroxide treated sawdust
(SHTYS), zinc chloride activated carbon (ZCAC), and phosphoric acid activated carbon (PAAC). Batch
adsorption experiments were conducted with solutions of ibuprofen (single solution) and
pyrimethamine-paracetamol (binary solution). Un-carbonized RDS and SHTS contained contents that
were extracted into the solution, which absorbed light at the same wavelength as ibuprofen and led to
negative adsorption. The reaction between pyrimethamine and paracetamol in binary solution led to the
disappearance of peaks at 274 and 242 nm (negative absorbances), which correspond to pyrimethamine
and paracetamol, respectively, and the appearance of a new peak at 300 nm, which suggested the
formation of a new product. At pH 9.6, the minor derivatives formed as a result of the chemical reaction
between pyrimethamine and paracetamol reacted to form a major product and resulted in a final
adsorbate concentration in the solution higher than the initial adsorbate concentration. The factors
contributing to negative adsorption include adsorbent material, the reaction of adsorbates in a binary
system, and changes in the pH of the solution.
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1. Introduction

Adsorption is a surface phenomenon where a solid surface (adsorbent) is in contact with
a liquid or gas. Mass transfer of solute (adsorbate) in the liquid or the gas occurs towards the
solid. Adsorption is physisorption if weak interaction occurs between the adsorbent and the
adsorbate. If there is a chemical interaction between the adsorbent and the adsorbate, it is
chemisorptions. When the solute is transferred from the bulk solution onto the surface of the
adsorbent, there is positive adsorption. There are areas of concern in the adsorption process [1-
3]. Some of the factors that influence the adsorption process include adsorbent dose [4], pH
[5], adsorbate concentration [6], temperature [7], nature of adsorbate [8], the surface area of
adsorbent [9] and pressure in gaseous phase [10]. In a situation where the solvent of the solution
is preferentially adsorbed onto the surface ahead of the solute, there is negative adsorption
[11,12]. Negative adsorption reduces the amount of a component in the interfacial layer [13].

Sucrose was reported to be negatively adsorbed because of its higher surface tension in
water [14]. A pressure increase also led to negative gas adsorption by a porous crystalline solid
[15]. High pressure has been identified as a factor responsible for the negative adsorption of
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methane [16]. The negative adsorption of chloride by kaolinite was attributed to the alkaline
pH of the solution [17]. Electrostatic repulsion was cited as responsible for the negative
adsorption of ions [18,19]. Williams [20] reported negative adsorption of electrolytes using
charcoal and silica as adsorbents.

In the context of this article, negative adsorption is the phenomenon where the initial
adsorbate concentration in solution is lower than the final adsorbate concentration in solution,
which leads to a negative amount of adsorbate adsorbed per unit mass of adsorbent (ge = -x
mg/g). The extraction brought about this condition from the adsorbent, reaction of adsorbates,
and change in pH of the solution.

Many research students encountered this phenomenon of negative adsorption, and
interpretation and discussion became a burden. It is, therefore, hopeful that this paper will help
a lot in this regard.

2. Materials and Methods

2.1. Materials.

Daniellia oliveri sawdust was abundantly available and collected at the Pakiotan wood
processing industry in Ogbomoso. ZnCl, HsPO4 1 % formaldehyde, and NaOH were analytical
grades purchased from chemical stores in Ibadan. Ibuprofen, paracetamol, and pyrimethamine
were freely donated by Bond Chemical Industry Limited, Awe, Oyo State. Some of the
equipment used was pH meter (Jenway 3520), oven (Carbolite), ultraviolet-visible (UV) (B-
UV 1800PC) spectrophotometer, and furnace (self-generated atmosphere) (Carbolite AAF
1100). The molecular structures and properties of paracetamol and pyrimethamine were given
respectively in Figures 1 and 2 and Table 1.
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Figure 1. Molecular structure of paracetamol.
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Figure 2. Molecular structure of pyrimethamine.

Table 1. Properties of Pyrimethamine and Paracetamol [21,22].

Common Names:

Acetaminophen, paracetamol

Pyrimethamine, Daraprim, Chloridine

IUPAC Name

N-(4-hydroxyphenyl)acetamide

5-(4-chlorophenyl)-6-ethylpyrimidine-2,4-diamine

Molecular formula CsHoNO2 C12H13CINg

Molecular weight 151.16 g/mol 248.71 g/mol

UNII 36209ITL9D 2811

Amax 242 nm 274 nm

Solubility 14,000 mg/L (25 °C) 10 mg/L (25 °C)

Toxicity Liver failure, renal tubular necrosis Gastrointestinal disturbance, convulsions
pKa 9.38 7.34

LOg Kow 0.46

Description Analgesic, antipyretic

Interaction centres

-NH, OH, CO, n-, n-1t
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2.2.Preparation of adsorbents.

Danielliaoliveri was washed with plenty of distilled water to remove surface impurities.
The sample was then dried in an oven at 105°C overnight. The sample was ground, followed
by sieving. The sample was re-washed several times with distilled water, oven dried at 80°C
until completely dried, and then stored in an airtight container as Raw Daniellia Sawdust
(RDS). Using the method of Raghuvanshi et al. [23], RDS was soaked in 0.5M NaOH for 12
hours. Excess NaOH was removed by washing with distilled water. It was then treated with
1% formaldehyde at 50 °C for 4 hours. It was then washed with distilled water, dried at 80°C
for 24 hours, ground, sieved, and stored in an airtight container as SHTS. 3g of RDS was mixed
with 3 mL of 1 M H3POsand 3 mL of 1 M ZnCl,, each in separate crucibles. These were
subjected to the furnace at 800 °C for 5 minutes. The activated carbon adsorbents prepared
were washed using 10% HCI to remove surface ash, followed by warm water and then distilled
water to pH 6 - 8 of the supernatants. The adsorbents were dried in an oven at 110 °C overnight
and sieved to have a regular particle size, and stored in an airtight container as HzsPO, activated
carbon (PAAC) and ZnCL; activated carbon (ZCAC), respectively [24].

2.3. Adsorption studies.

The batch adsorption was conducted in 100 mL adsorption bottles containing 25 mL of

20 ppm of adsorbate and adsorbents. The adsorbent-adsorbate systems have oscillated on a
mechanical shaker operating at 160 rpm. The effects of contact time, adsorbent dosage, and
effect of pH were evaluated. After the adsorption, the mixtures were filtered, and the filtrates
were analyzed with the ultraviolet-visible (UV) spectrometer to determine the amount of un-
adsorbed adsorbates in solutions. The amount of equilibrium uptake of adsorbate was
determined using:

(Ci - Ce)V
=——
Where ge, Ci, Ce, m, and v are the amount of adsorbate taken up by the adsorbent at equilibrium
(mg/g); the initial adsorbate concentration (mg/L); the dye concentration at equilibrium (mg/L);
the mass of the adsorbent (g) and the volume of the solution (L) respectively.

Je

3. Results and Discussion

3.1. Contribution of adsorbent to negative adsorption.

As shown in Figure 3 below, the adsorption of ibuprofen by SHTC and RDS was
negative because their ges (mg/g) were negative, while that of PAAC was positive. 20 ppm of
ibuprofen solution read 0.771. After adsorption, the final solutions of ibuprofen which
contained 0.1, 0.2, 0.3, 0.4, and 0.5 g of RDS, respectively, read 1.3, 1.417, 1.521, 1.618, and
1.724 while those of SHTC read 1.129, 1.287, 1.361, 1.436 and 1.543. The final solutions of
ibuprofen with corresponding grams of PAAC read 0.511, 0.213, 0.215, 0.179, and 0.094,
respectively. From the absorbances listed above, the values increased arithmetically from the
least to the highest mass of adsorbents for RDS and SHTC systems and decreased for PAAC
system. This showed that un-carbonized Danielliaoliveri sawdust contained contents that were
extracted into the adsorption solutions during shaking, and these extracted contents absorbed
light at a similar wavelength as ibuprofen. This led to higher absorbance of adsorbate after
adsorption than that of the initial absorbance of the adsorbate. This eventually led to a negative
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amount of ibuprofen adsorbed at equilibrium per unit mass of each RDS and SHTS (ge = -X
mg/g). Unlike RDS and SHTS systems, PAAC system was positive as absorbances of
ibuprofen solutions after adsorption was smaller than that of the initial ibuprofen solution. This
system gave a positive amount of ibuprofen adsorbed at equilibrium per unit mass of PAAC
(ge = +x mg/g) (Fig. 3). The carbonization and/or activation processes might have eliminated
those contents that led to negative adsorptions in RDS and SHTS systems. This phenomenon
might suggest that, unless specially treated, un-carbonized sawdust materials might not be
suitable as adsorbents for ibuprofen removal from aqueous solutions.

1 ——RAW
g 0 —B—SHTS
£ 0.1 0.2 03 0.4 0.5 0.6 PAAC
[']
T

Dose g

Figure 3. Effect of adsorbent dose on adsorption of IBU.

3.2. Effect of pyrimethamine-paracetamol reaction in the binary system on adsorption.

The lambda maximum (Amax) of pyrimethamine and paracetamol in a single solution
were determined to be 274 and 242 nm, respectively, in UV spectrum. However, scanning,
between 400 and 200 nm (UV region), of binary solution which contained equal concentrations
(in ppm) of pyrimethamine and paracetamol revealed the disappearance of peaks at 274 and
242 nm; and the emergence of the peak at 300 nm. This suggested a chemical reaction between
pyrimethamine and paracetamol in the solution and the formation of new product (s). The effect
of doses of PAAC and ZCAC each on the adsorption in binary solution at 242, 274, and 300
nm revealed negative absorbances at 242 and 274 nm except at 300 nm (Fig. 4). Also, the effect
of contact time showed negative absorbances at 242 and 274 nm except at 300 nm (Fig. 5).
Implication of this is that study adsorption of either of pyrimethamine or paracetamol in binary
solution by setting UV spectrometer at 274 or 242 nm respectively will give negative results.
In a multi-component solution adsorption study using UV equipment, it is, therefore, ideal for
scanning through the UV region to determine the reactions among the components.
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Figure 4. Effect of PYR and PARA chemical reaction on the adsorption: dose factor.
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Figure 5. Effect of PYR and PARA chemical reaction on the adsorption: the time factor.

3.3. Effect of pH of the solution.

The effect of pH was studied in the adsorption of pyrimethamine and paracetamol from
binary solution by PAAC and ZCAC. Scanning of the initial binary solution in the UV region
showed a prominent peak at 300 nm and a few small peaks at other wavelengths. These small
peaks were considered responsible for minor derivatives of the major product (which was
absorbed in 300 nm). After adsorption, the adsorbate concentrations in solutions between pH
2.8 and 7.6 were lesser than the initial adsorbate concentration. These gave positive ge (Qe = +X
mg/g). At these pH, the surfaces of the adsorbents (pHp.c ZCAC = 7.6; PAAC = 6.6) were
positively charged while the adsorbate(s) was neutral. Electrostatic attraction occurred, and the
adsorbate adsorbed onto the adsorbents. At pH 9.8, both the adsorbents and the adsorbates were
negatively charged, and there was repulsion. Also, minor derivatives that formed from the
reaction of pyrimethamine and paracetamol reformed to form the major product. This led to
negative adsorption in which the final adsorbate concentration was higher than the initial
adsorbate concentration. This gave negative ge (e = -x mg/g) (Figure 6).
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Figure 6. Effect of pH on adsorption (from positive to negative) of PYR from binary aqueous solution.
4. Conclusions

Negative adsorption is a phenomenon where the final adsorbate concentration in the
solution is higher than the initial adsorbate concentration. This condition arose when adsorbent
was introduced by extraction in the solution of the content that absorbed light at the same
wavelength as the adsorbate in the UV region. Also, the reaction of adsorbates in a multi-
component system might lead to negative adsorption. A change in the pH of the solution could
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also lead to a reaction of minor derivatives formed during a chemical reaction to form a major
product and result in a final adsorbate concentration in the solution higher than the initial
adsorbate concentration. It is ideal in adsorption studies to scan multi-component solutions
through UV region. Un-carbonized sawdust adsorbent, unless specially prepared, may not be
used for the adsorptive removal of pharmaceuticals from aqueous solutions.

Funding

This research received no external funding.

Acknowledgments

The authors acknowledge the support provided by technologists working at the Research Lab,
Department of Pure and Applied Chemistry, Ladoke Akintola University of Technology,
Ogbomoso, while carrying out this research.

Conflicts of Interest

The authors declare no conflict of interest.

References

1. Seongbin, G.; Yongchul, G.C. Recent advances in software tools for adsorption science and engineering.
Mol. Syst. Des. Eng. 2022, 7, 686-701, https://doi.org/10.1039/D2ME00036A.

2. Baskar, A.V.; Bolan, N.; Hoang, S.A.; Sooriyakumar, P.; Kumar, M.; Singh, L.; Jasemizad, T.; Padhye, L.P.;
Singh, G.; Vinu, A.; Sarkar, B.; Kirkham, M.B.; Rinklebe, J.; Wang, S.; Wang, H.; Balasubramanian, R.;
Siddique, K.H.M. Recovery, regeneration and sustainable management of spent adsorbents from wastewater
treatment streams: A review. Science of The Total Environment 2022,
822,https://doi.org/10.1016/j.scitotenv.2022.153555.

3. Hai, N.T. Improper estimate of thermodynamic parameters in adsorption studies with distribution
coefficients KD (ge/Ce) of Freundlich constant (KF): considerations from the derivation of dimensionless
thermodynamic equilibrium constant and suggestions. Adsorption Science and Tech. 2022, 2022,
https://doi.org/10.1155/2022/5553212.

4. Despina, A.G.; Athanasios, C.M.; George, Z.K. Why reuse spent adsorbents? The latest challenges and
limitations. Sci. Tot. Env.2022, 822, https://doi.org/10.1016/j.scitotenv.2022.153612.

5. Neha, R.; Adithya, S.; Jayaraman, R.S.; Gopinath, K.P.; Arun, J. Nano-adsorbents an effective candidate for
removal of toxic pharmaceutical compounds from aqueous environment: A critical review on emerging
trends. Chemosphere 2021, 272, https://doi.org/10.1016/j.chemosphere.2021.129852.

6. Natarajan, R.; Saikia, K.; Ponnusamy, S.K.; Rathankumar, A.K.; Rajendran, D.S.; Venkataraman, S.;
Tannani, D.B.; Arvind, V.; Somanna, T.; Banerjee, K.; Mohideen, N.; Vaidyanathan, V.K. Understanding
the factors affecting adsorption of pharmaceuticals on different adsorbents- a critical literature update.
Chemosphere 2022, 287, https://doi.org/10.1016/j.chemosphere.2021.131958.

7. Khan, A.H.; Khan, N.A.; Zubair, M.; Azfar, S.M.; Manzar, M.S.; Abutaleb, A.; Naushad, M.; Igbal, J.
Sustainable green nanoadsorbents for remediation of pharmaceuticals from water and wastewater: a critical
review. Environ Res. 2022, 204,https://doi.org/10.1016/j.envres.2021.112243.

8.  Vinayagam, V.; Murugan, S.; Kumaresan, R.; Narayanan, M.; Sillanpaa, M.; Viet, N.; Vo, D.; Kushwabha,
0.S.; Jenis, P.; Potdar, P.; Gadiya, S. Sustainable adsorbents for the removal of pharmaceuticals from
wastewater: a review. Chemosphere 2022, 300, https://doi.org/10.1016/j.chemosphere.2022.134597.

9. Jasper, E.E.; Onwuka, J.C.; Bidam, Y.M. Screening of factors that influence the preparation of Diallum
guineense pods active carbon for use in methylene blue adsorption: a full factorial experimental design. Bull.
Natl Res Cent. 2021, 45.

10. Chuanhai, J.; Xiaokang, W.; Yuguo, O.; Kebin, L.; Weifeng, J.; Huakai, X.; Xiaofei, W.; Zhifei, W.; Fangna,
D.; Daofeng, S. Recent advances in metal-organic frameworks for gas adsorption/seperation. Nanoscale Adv.
2022, 4, 2077-2089, https://doi.org/10.1039/D2NA00061J.

11. Nagpal, S. Adsorption. Chemistry, class 12, surface chemistry
https://classnotes.org.in/class12/chemistry12surface-chemistry/adsorption/ (accessed on 6™ April 2022).

12. Singh, S.P. Lecture note-1 adsorption Department of Chemistry, AN College, Patna.
https://archive.ancpatna.ac.in/departments/chemistry/Chemistry/lectures.html. (accessed on 6" July 2022).

https://nanobioletters.com/ 6 of 7


https://doi.org/10.33263/LIANBS124.154
https://nanobioletters.com/
https://doi.org/10.1039/D2ME00036A
https://doi.org/10.1016/j.scitotenv.2022.153555
https://doi.org/10.1155/2022/5553212
https://doi.org/10.1016/j.scitotenv.2022.153612
https://doi.org/10.1016/j.chemosphere.2021.129852
https://doi.org/10.1016/j.chemosphere.2021.131958
https://doi.org/10.1016/j.envres.2021.112243
https://doi.org/10.1016/j.chemosphere.2022.134597
https://doi.org/10.1039/D2NA00061J
https://classnotes.org.in/class12/chemistry12surface-chemistry/adsorption/
https://archive.ancpatna.ac.in/departments/chemistry/Chemistry/lectures.html

https://doi.org/10.33263/LIANBS124.154

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

N04096. Manual of symbols and terminology for physicochemical quantities and units, appendix Il:
definitions, terminilogy and symbols in colloid and surface chemistry. PAC 1972,
31,https://doi.org/10.1351/goldbook.N04096.

Chaudhury, M.K.; Good, R.J. A quantitative theory of negative adsorption of nonelectrolytes caused by
repulsive van der Waal forces. Langmuir 1985, 1, 673-678,https://doi.org/10.1021/1a00066a007.

Evans, J.D.; Bocquet, L.; Coudert, F-X. 2016. Origins of negative gas adsorption. Chem 1985, 1, 873-886,
http://dx.doi.org/10.1016/j.chempr.2016.11.004.

Li, L.; Wu, K.; Chen, Z.; Wang, K.; Luo, J.; Xu, J.; Li, R;; Yu, R.; Li, X. On the negative excess isotherms
for methane adsorption at high pressure: modeling and experiment. SPE J. 2019, 24, 2504-2525,
http://doi.org/10.2118/197045-PA.

Quirk, J.P. Negative and positive adsorption of chloride by kaolinite. Nature 1960, 188, 253-254,
http://doi.org/10.1038/188253a0.

Schofield, R.K.; Talibuddin, O. Measurement of internal surface by negative adsorption. Discuss. Faraday
Soc. 1948, 3, 51-56, http://doi.org/10.1039/DF9480300051.

Somasundaran, P.; Ananthapadmanabhan, K.P.; Deo, P. Negative adsorption due to electrostatic exclusion
of micelles. J. Colloid Interface Sci. 2005, 290, 357-363, https://doi.org/10.1016/j.jcis.2005.04.045.
Williams, A.M. On negative adsorption. Trans. Faraday Soc. 1914, 10, 155-158,
http://doi.org/10.1039/TF9141000155.

PubChem. Paracetamol. National Center for Biotechnology Information. U.S. National Library of Medicine
2022. https://pubchem.ncbi.nlm.nih.gov/substance/178101923 ((accessed on 6™ July 2022).)

PubChem. Pyrimethamine. National Center for Biotechnology Information. U.S. National Library of
Medicine 2022. https://pubchem.ncbi.nim.nih.gov/compound/pyrimethamine (accessed on 6" July 2022).
Raghuvanshi, S.P.; Singh, R.; Kaushik, C.P. Kinetic Study of Methylene blue Dye Bioadsorption on
Baggase. Applied Ecology and Environmental Research 2004, 2, 35-43.

Adesokan, S.A.; Giwa, A.A; Bello, I.A. Removal of trimethoprim from water using carbonized wood waste
as adsorbents. Journal of the Nigerian Society of Physical Sciences 2021, 3, 344-353,
https://doi.org/10.46481/jnsps.2021.320.

https://nanobioletters.com/ 70f7


https://doi.org/10.33263/LIANBS124.154
https://nanobioletters.com/
https://doi.org/10.1351/goldbook.N04096
https://doi.org/10.1021/la00066a007
http://dx.doi.org/10.1016/j.chempr.2016.11.004
http://doi.org/10.2118/197045-PA
http://doi.org/10.1038/188253a0
http://doi.org/10.1039/DF9480300051
https://doi.org/10.1016/j.jcis.2005.04.045
http://doi.org/10.1039/TF9141000155
https://www.ncbi.nlm.nih.gov/
https://www.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/substance/178101923
https://www.ncbi.nlm.nih.gov/
https://www.nlm.nih.gov/
https://www.nlm.nih.gov/
https://doi.org/10.46481/jnsps.2021.320

