
Raisi et al. BMC Chemistry           (2024) 18:81  
https://doi.org/10.1186/s13065-024-01199-y

RESEARCH Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Chemistry

Application of a novel deep eutectic solvent 
modified carbon nanotube for pipette‑tip micro 
solid phase extraction of 6‑mercaptopurine
Leila Raisi1, Sayyed Hossein Hashemi1, Ahmad Jamali Keikha2 and Massoud Kaykhaii3* 

Abstract 

Background  6-mercaptopurine (6-MP) is a chemotherapy drug mainly used to treat leukemia. It is a persistent 
organic pollutant and can remain in the environment for a long period of time. The presence of 6-MP in the environ-
ment poses a number of hazards and needs to be assessed to monitor its potential risk to human health and the envi-
ronment. However, due to its trace amount in complicated matrices, a clean-up and preconcentration step before its 
determination is compulsory.

Results  As a highly efficient adsorbent for the extrication of 6-mercaptopurine (6-MP), a novel carbon nanotube 
doped with camphor: decanoic acid deep eutectic solvent was synthesized and applied as a packing material 
for the pipette-tip micro solid phase extraction sorbent of 6-MP from tap, wastewater and seawater samples before its 
spectrophotometric determination. Characteristics and structure of this adsorbent was fully investigated. Factors 
affecting extraction, including type and volume of the eluent, ionic strength and pH of the sample solution, amount 
of adsorbent, and number of extraction and elution cycles were optimized using one-factor-at-a-time and response 
surface methodologies. The method was found to be linear in the range of 1 to 1000 µg/L with a limit of detec-
tion and quantification of 0.2 and 0.7 µg/L, respectively. Reproducibility as relative standard deviation was better 
than 4.6%.

Conclusion  Application of deep eutectic solvent modified carbon nanotube indicated suitable microextraction 
results and good potential for rapid extraction of trace amounts of 6-MP from different aqueous samples. The amount 
of sample required for the analysis was less than 10 mL and only 1.5 mg of the adsorbent was used. The total analysis 
time, including extraction was less than 15 min and the adsorbent could be used for at least 10 times, without sig-
nificantly losing its adsorption ability. Compared to using unmodified usual carbon nanotubes, deep eutectic solvent 
doped carbon nanotubes showed 19.8% higher extraction ability.

Keywords  Deep eutectic solvent, Modified carbon nanotube, Pipette-tip micro-solid phase extraction, Seawater 
analysis

Introduction
6-mercaptopurine (C5H4N4S, 6-MP) is a well-known 
chemotherapeutic agent, usually employed for the treat-
ment of different types of cancer and inflammatory 
bowel diseases including ulcerative colitis and Crohn’s 
disease. 6-MP is a prodrug, which means that it must be 
converted into an active form by the body in order to be 
effective. The compound can inhibit purine metabolism 
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and expansion of the tumor cells. 6-MP can be toxic to 
aquatic life at even low concentrations. It can be entered 
into the environment through human waste and waste-
water treatment plant effluent, and from manufacturing 
and disposal facilities. 6-MP is toxic to fish and other 
aquatic organisms. It can cause death, reproductive 
impairment, and other problems. It is also toxic to ter-
restrial organisms, such as birds and mammals. 6-MP is 
a human carcinogen which can also cause birth defects, 
reproductive impairment, and other health problems in 
humans; therefore, it is important to monitor and con-
trol the levels of 6-MP in the environment. 6-MP can be 
present in drinking water that has been contaminated 
with wastewater treatment plant effluent. Seawater can 
be contaminated with wastewater treatment plant efflu-
ent or manure from livestock that have been treated with 
6-MP [1–4]. Monitoring of water can help to track levels 
of 6-MP in and identify areas where contamination is a 
problem. This can help to protect drinking water supplies 
from contamination. And to protect aquatic life from the 
harmful effects of this chemical.

Because of the complicated and trace amount of the 
analyte in the real sample, its direct determination is 
almost impossible. Thus, an extraction step before its 
instrumental analysis is necessary. In this regard, several 
adsorbents for the extraction of 6-MP were employed; 
such as, extraction with molecularly imprinted polymer 
reinforced with ZnO graphene capped quantum dots [1], 
metal–organic frameworks and quantum dots [4], modi-
fied silver nanoparticles [5], and pencil graphite modi-
fied by polypyrrole/functionalized multiwalled carbon 
nanotubes [6]. The most common instrumentation for 
detection of 6-MP are high-performance liquid chro-
matography (HPLC) [7], Raman spectrometry [8], cyclic 
voltammetry and differential pulse voltammetry [1], elec-
trochemical impedance spectroscopy [1], and spectro-
photometry [9].

Solid phase extraction (SPE) is one of the most com-
mon extraction techniques which is applied for the ana-
lytes enrichment. Recently, miniaturization has become 
an important trend in SPE development. In this regard, 
pipette tip micro solid phase extraction (PT-µSPE), as 
one of the miniaturized formats of SPE, has attracted 
wide attention [10]. To make a micro SPE column, simply 
two ordinary pipette tips are connected together. It has 
advantages such as need for tiny amounts of adsorbent 
and sample, low solvent consumption, ease of opera-
tion, cheapness, and time efficiency [11]. Since PT-µSPE 
is based on equilibrium rather that exhaustive extrac-
tion, its main drawback can be considered as the need 
for having a highly selective adsorbent, because the num-
ber of available adsorbing sites on the solid is limited. As 
a result, a wide range of adsorbents were employed for 

PT-µSPE to selectively extract different analytes from a 
variety of samples, including molecularly imprinted poly-
mers, carbon nanotubes (CNTs), C18, C8 and silica. Still 
a lot of attention is focused on the development of new 
sorbent of this technique to enhance its selectivity, speed, 
greenness, and so on [12–15].

Due to their high adsorption capacity and rapid des-
orption, CNTs became attractive for a variety of ana-
lytical applications, especially for micro-scale gas and 
liquid-phase analysis. Moreover, the ease of surface func-
tionalization made CNTs very flexible for the extraction 
of almost any analyte of interest [16, 17].

Deep eutectic solvents (DESs) are a new class of sol-
vents that can be prepared simply by mixing the appro-
priate proportions of an acceptor and a donor hydrogen 
bond compound. DESs represent a promising alternative 
to conventional organic solvents. They have distinctive 
features such as a low toxicity and cost of preparation, 
low flammability, biodegradability, and can be prepared 
with a wide range of polarities, which make them suit-
able for any extraction processes, including drugs [18]. 
For preconcentration of some of drugs, CNTs and poly 
(methylene blue) redox polymer prepared in ethaline 
DES [19], DES loaded onto graphene oxide [20], and DES 
stir bar sorptive extraction [21] were already used which 
showed excellent results. However, no report we could 
find on using a CNT coated with a hydrophobic DES for 
drug extraction.

In this research, a novel adsorbent was prepared for the 
selective PT-µSPE of 6-MP from aqueous media is pre-
sented. Adsorbent was synthesized by modifying CNTs 
with a DES made of camphor: decanoic acid and fully 
characterized.

Experimental
Apparatus
Spectrophotometric measurements were performed 
at 210 nm utilizing a Steroglass model Matricola 2016 
spectrophotometer (Italy), equipped with 300 µL quartz 
microcells (model q-01701, Starna, UK). pH of the solu-
tions were measured by a 630 Metrohm pH meter 
(Switzerland). To investigate spectral interpretation 
and structural elucidation, a Fourier transform infra-
red (FTIR) instrument (Perkin-Elmer, Bucks, UK) was 
employed. A field emission scanning electron microscope 
(FESEM) (Sigma VP, Zeiss, Germany) was used for taking 
electron microscope images.

Reagents
Solid 6-MP (98% purity) was purchased from Sigma-
Aldrich (St Louis, MO, USA). All other regents were 
of analytical grade and obtained from Merck (Darm-
stadt, Germany). Deionized (DI) water was used for 
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all solution making. A stock of standard solution of 
1000 mg/L of 6-MP was obtained by dissolving exactly 
102  mg of 6-MP in 20  mL of 0.020  mol/L NaOH and 
then diluting to 100  mL with DI. This solution was 
stored at 4 °C in a dark place. Daily standard solutions 
were acquired by proper diluting of the stock standard 
solution.

Preparation of DES‑CNT
Three DESs, camphor:decanoic acid, carvone:thymol 
and camphor:thymol were prepared, each in different 
ratios of their components. Molar ratios of 1:1, 1:2 and 
2:1 were mixed and applied to investigate the perfor-
mance of DES on the extraction of 6-MP (Additional 
file 1: Fig. S1). 1.5 mL of each of nine DESs were used 
for the batch mode extraction of 6-MP from a 10  mL 
standard solution of 0.380  mg/L for 20  min. Experi-
ments proved better performance of camphor:decanoic 
acid (1:1). As a result, this DES was selected as the 
extraction solvent and mixed with CNT. DES-CNT 
was prepared based on Xu et al. [22] method with small 
changes. 0.40 g of CNT was poured in methanol. Next, 
by agitation, various volumes of DES (0.4–2.0 mL) were 
added and the mixture was sonicated for 1  h. Finally, 
the sediment DES-CNT was separated by centrifuga-
tion at 8000 rpm for 10 min and washed with methanol 
and dried. These DES-CNTs were used for batch mode 
extraction of 6-MP from a 10 mL standard solution of 
0.380  mg/L for 20  min. As can be seen in Additional 
file 1: Fig. S2, the highest response was achieved when 
1.6  mL volume of DES was mixed with CNT. Conse-
quently, for the experiments below, a DES-CNT com-
posed of 1.6 mL DES camphor:decanoic acid (1:1) with 
0.40 g of CNT was applied as extracting medium.

Interactions between the DES, CNT, and 6-MP are 
shown in Additional file 1: Fig. S3. As depicted, hydro-
phobic, non-polar interactions of DES can bind it to 
CNT and also adsorption of 6-MP on DES is due to 
non-polar interactions.

PT‑µSPE procedure
First a mini column was fabricated by means of two 
pipette tips of 200  µL and 1000  µL, similar to the work 
reported by Kaykhaii et al. [10]. 1.5 mg of DES-CNT was 
firmly immobilized between two pieces of degreased cot-
ton inside the 200  µL pipette tip. Next, a glass syringe 
was connected to the 1000 µL PT for suction of the sam-
ple solution. Next, a glass syringe was connected to the 
1000 µL PT for suction of the sample solution. pH of the 
10.0 mL of solutions were adjusted to 8.0 by addition of 
dropwise of 0.1 M NaOH and then 300 mg of NaCl was 
dissolved in it. To carry out extraction, 500 μL of sample 
was loaded to the mini column and dispensed back into 
the sample jar. This operation was repeated ten times. 
Then, the analyte was eluted by seven passages of 150 μL 
of acetone: acetic acid (1:9, v/v). Finally, the eluent was 
transferred into the micro cuvette of the spectrophotom-
eter for determination of 6-MP concentration at a wave-
length of 210 nm (Fig. 1).

Preparation of real sample
Seawater samples were taken from two stations of Chaba-
har Bay, located at the south east of Iran (Oman Sea). The 
only pretreatment on the tap water and seawater sam-
ples which was performed was their centrifugation at 
5000 rpm for 10 min to remove any suspended particles. 
Wastewater samples were collected from municipal sew-
age and one of the students’ dormitories. In order to pre-
vent cartridge clogging during µSPE, wastewater samples 
were filtered through 11 µm particle size retention glass 
fibre filters under vacuum and then 0.7 µm pore size glass 
fibre filters. No other pre-treatment was necessary.

Results and discussion
FESEM images and FTIR spectra of CNT and DES‑CNT
Figure  2 shows FESEM images of the CNT and DES-
CNT. As can be seen, they are nanostructured but 
with two morphologies. Modified CNT has a porous, 
highly rough, thin tight sheet structure and is wrinkled. 
It is obvious that the specific surface area of CNT was 

Fig. 1  Map of the PT-µSPE device
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enhanced by addition of DES which markedly improves 
the capacity of the sorbent. Figure  3 depicts the FTIR 
spectra of CNT and DES-CNT. Some additional peaks 
have appeared in DES-CNT which proves the presence 
of DES in it.

Optimization of PT‑µSPE
To achieve the highest extraction efficiency of 6-MP, 
PT-µSPE parameters which could potentially affect the 
extraction were studied and optimized. Type and volume 
of the eluent, pH and ionic strength of the solution, the 
amount of packing material, and the number of extrac-
tion and elution cycles were evaluated. The first 4 param-
eters were optimized by one-factor-at-a-time method 
and the rest were optimized using response surface 
methodology (RSM) with signal instrument as the index. 
A standard aqueous solution of 6-MP with a concentra-
tion of 400 µg/L was used for optimization.

Effect of the amount of DES‑CNT adsorbent
In order to find out how much adsorbent should be 
placed in the PT, masses between 0.5 to 2.0 mg of DES-
CNT was examined. Extraction efficiency (EE) was 

improved by increasing of mass of adsorbent up to 
1.5 mg and then decreased (Additional file 1: Fig. S4). The 
reason can be due to the formation of a back pressure in 
higher masses of the adsorbent which led to hard suck-
ing the sample and improper contact of the sample phase 
with the extracting phase. It was found that 1.5  mg of 
CNT composite sorbent shows the best EE.

Influence of type and volume of the elution solvent
After uptaking the analyte from the sample by the DES-
CNT, it should be desorbed from the adsorbent into the 
minimum solvent (eluent) to have the highest preconcen-
tration factor. Eluent should be able to elute ideally all of 
the analyte. As a result, the polarity and the volume of the 
eluting solvent is of importance. Several solvents includ-
ing acetone, acetonitrile, water, methanol, acetic acid, 
HCl (0.5 and 1.0 mol/L), and ethanol and different mix-
ture of them were examined. The best EE was obtained 
by using acetone: acetic acid (1:9, v/v) (Additional file 1: 
Fig. S5). To examine the effect of eluent volume upon the 
extraction of 6-MP, different volumes of this solvent at 
the range of 50 to 200 µL were screened. 150 µL of ace-
tone: acetic acid (1:9, v/v) were found to be optimum for 
the desorption (Additional file 1: Fig. S6). Lower volumes 
provided inefficient elution and larger volumes decreased 
the 6-MP concentration because of dilution.

Influence of pH
The pH of the standard solution was changed in the range 
of pH 2.0 to 12.0 to identify the best pH for the extrac-
tion of 6-MP. pH was adjusted by addition of either 0.1 
M of NaOH or 0.1 M HCl. The observations showed that 
the extraction improves up to pH 8.0 and then decreases 
(Additional file  1: Fig. S7). The reduction of absorbance 
at lower or higher pH is because of the formation of ionic 
species of 6-MP. Therefore, the pH of the solutions were 
adjusted to 8.0 prior doing the extraction.

Number of extraction and elution cycles
The number of extraction and elution cycles plays an 
important role in the enrichment of the compounds 
in PT-µSPE. Aspiration of the sample solution into the 
pipette tip and its dispensing back into the same sam-
ple vial is called an extraction cycle [10]. Our studies 
showed that at 10 extraction cycles, the extraction effi-
ciency is maximum (Additional file 1: Fig. S8). At higher 
number of cycles, the extraction decreased, probably 
due to the returning back of the analyte to the sample 
solution. Based on the results, the optimal number of 
extraction cycles was selected 10 for the further experi-
ments. In order to determine the number of elution 
cycles, it was varied between 1 and 9. The observations 

Fig. 2  FESEM images of the CNTs and DES-CNTs
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showed that the extraction of 6-MP improves up to 7 
cycles and then decreases (Additional file 1: Fig. S9) due 
to back extraction of the analyte to the sorbent. Thus, 7 
elution cycles were chosen as the optimum value.

Ionic strength of the sample
Salting-out is a technique which is widely used in many 
extraction processes. By adding an inorganic salt, the 
ionic strength of a solution is increased which results 
in less solubility of organic compounds, hence they can 

Fig. 3  FTIR spectra of CNTs and DES-CNTs
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enter more easily to the non-polar extracting solvent. 
Here, three salts NaCl, KCl and Na2SO4 were exam-
ined for increasing the ionic strength of on extraction 
of 6-MP; among them, NaCl showed the highest EE and 
selected as the optimal salt (Additional file  1: Fig. S10). 
Moreover, the best results were obtained when the con-
centration of NaCl in the solution was 0.5 M (Additional 
file 1: Fig. S11).

Method validation
Linearity, limit of detection, limit of quantification, 
enrichment factor and precision
The established PT-µSPE combined by spectrophoto-
metric protocol was studied in terms of linearity, limit 
of detection (LOD), limit of quantification (LOQ), 
and precision. Satisfactory linearity (1–1000  µg/L) 
was achieved with a ten points external calibra-
tion curve. The equation of curve can be expressed as 
A(absorbance) = 2.1953C(concentration of 6-MP, mg/L) + 0.1159 with 
a regression coefficient (R2) of 0.9924. Relative standard 
deviation (RSD) of slope and intercept of the calibra-
tion curve was 2.9 and 4.1% (n = 3), respectively. A com-
parison between a standard addition calibration for a 
wastewater sample spiked by 50  µg/L of 6-MP with the 
external calibration, indicated a difference less than 4%, 
which indicates that a simple external calibration can be 
employed. The LOD (3Sb) and LOQ (10Sb) were 0.2 µg/L 
and 0.7 µg/L, respectively (where Sd is standard deviation 
of 10 measurements of blank solution) [23]. Precision was 
determined by spiking a seawater sample with 10  µg/L 
of 6-MP. Upon three consecutive replicate analyses, the 
intraday and inter-day precision was determined as 3.3% 
and 4.9%, respectively. For three batches of DES-CNT 
which were prepared independently, a batch to batch 
RSD was calculated as 4.6%. The enrichment factor (EF) 
of the method was obtained as 106 folds by dividing the 
slope of the calibration curve after DES-CNT-PT-µSPE 
to the slope of the calibration curve without extraction.

Selectivity of the method in the presence of interferences
The usual interferences which normally co-exist in real 
samples with 6-MP are similar drugs such as levofloxa-
cin, ciprofloxacin, nalidixic acid, acetaminophen and 
mitoxantrane. In order to study the effect of the inter-
ferences on the enrichment of 6-MP in the presence of 
these potential interfering compounds, aliquots of 10 mL 
of 380 µg/L of 6-MP was spiked with the same concen-
tration of each of the interferences and analyzed with the 
developed CNT-DES PT-µSPE method. No interferences 
were observed for the determination of 6-MP in this con-
dition and the existence of these drugs does not affect the 
preconcentration and separation of the target analyte.

Reusability, stability and adsorption capacity of the prepared 
CNT‑DES
To study the stability and reusability of the prepared 
CNT-DES, spiked solutions of 6-MP in seawater, tap 
water and wastewater at a concentration of 50  µg/L 
were prepared and under the optimized conditions 
were microextracted by the developed method five 
times, using the same adsorbent. After each experiment, 
CNT-DES was washed various times by acetone: acetic 
acid (1:9, v/v) to be sure of no memory effect. A slight 
decrease in extraction efficiency was obtained after the 
four adsorption-elution cycles and after five times, the 
extraction efficiency was dropped by 5.6%. This result 
shows that the prepared adsorbent has proper stability 
and reusability.

To calculate the adsorption capacity of the prepared 
CNT-DES, a 1000 mg/L solution of 6-MP was extracted 
with 1.5 mg of the adsorbent under the optimum condi-
tions. The adsorption capacity was obtained as 250 µg/g 
of the sorbent for 6-MP uptake based on the equation 
q = (Ci–Ce)V/m [16], where q is the maximum adsorp-
tion capacity (mg/g), Ci is the initial concentration of the 
standard solution (mg/L), Ce is the concentration after 
extraction (962.5  mg/L), V is the volume of the sample 
solution (10 mL) and m is the mass of adsorbent (g).

Selectivity of the procedure in the presence of interferences
The usual interferences which normally co-exist in real 
samples including 6-MP are drugs such as levofloxacin, 
ciprofloxacin, nalidixic acid, acetaminophen and mitox-
antrane. To study the effect of the interferences on the 
enrichment of 6-MP, aliquots of 10  mL of 380  µg/L of 
6-MP was spiked with the same concentration of each 
of the interferences and analyzed with the proposed 
PT-µSPE. No interferences were observed for the deter-
mination of 6-MP.

Real sample analysis
In order to find applicability of the developed method for 
the analysis of real samples, aqueous samples with dif-
ferent matrices (i.e. tap water, seawater and wastewater) 
were subjected to the analysis (Table 1). No analyte was 
detected in seawater and tap water samples and the con-
centration of 6-MP in wastewater was 1.9 µg/L. In order 
to investigate the effect of sample matrix, recovery exper-
iments were conducted by spiking the same samples at 
three concentration levels of 10, 20, and 50 µg/L of 6-MP. 
Recoveries were obtained by using the equation: rela-
tive recovery(%) = (Cfound − Csample)/Cadded × 100. In which, 
Csample, Cfound and Cadded are the amount of 6-MP found 
in the real sample before spiking, its concentration after 
spiking, and the concentration of the standard used for 
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the spiking of the sample solution, respectively. Recov-
eries were in the range of 97.0–99.6% with RSDs better 
than 4.6%.The obtained performance of DES-CNT-PT-
µSPE and data detail of the LOD and LOQ are summa-
rized in Additional file 1: Tables S1 and S2.

It can be concluded that the suggested protocol is a 
good and simple way for the determination of 6-MP 
in water and seawater samples. Figure  4 depicts the 
absorbance spectra of a seawater sample spiked with 
380  µg/L of 6-MP which was extracted by the devel-
oped DES-CNT-PT-µSPE method. As can be seen, no 
interferences were observed.

Table 1  Results of the analysis of real samples

Sample Analyte added (µg/L) Analyte found (µg/L) Recovery (%) RSD% (n = 3)

Seawater (taken from Tis coast) 0 Not detected – –

10 9.8 98.0 2.1

20 19.7 98.5 3.6

50 49.8 99.6 3.1

Seawater (taken from Haft Tir coast, Persian 
Gulf )

0 Not detected – –

10 9.9 99.0 2.7

20 19.8 99.0 3.2

50 49.6 99.2 4.1

Tap water 0 Not detected – –

10 9.9 99.0 2.9

20 19.4 97.0 3.3

50 49.0 98.0 3.8

Wastewater – 1.9 – 3.0

10 11.6 97.0 1.1

20 21.3 97.0 2.7

50 51.3 98.8 4.6

Fig. 4  Spectrum of 6-MP against blank solution after DES-CNT-PT-µSPE of a seawater sample (taken from Tis coast) spiked with 380 µg/L 
of the analyte
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Comparison of the performance of the method with similar 
researches
With the aim of finding the effect of doping of DES into 
CNTs on the microextraction of 6-MP, untreated CNT 
and DES-CNT were subjected to the extraction of this 
analyte from five standard solutions with the concentra-
tions of 100, 250, 500, 750 and 1000 µg/L under the same 
(optimized) condition. As can be seen in Fig.  5 for all 
standard solutions, in average, extraction by CNT-DES 
excessed > 19.8% increase in EE compared to non-func-
tionalized CNT.

As mentioned in the Introduction section, different 
methods of extraction were utilized for the isolation of 
6-MP at low levels from various matrices. Table 2 com-
pares the characteristic data of the present method with 

those reported in literature. As can be seen, the devel-
oped method has a lower LOD, higher linear dynamic 
range and comparable recoveries in compared with the 
methods recently published in the literature. While elec-
trochemical methods generally have lower LODs than 
spectrophotometric methods, as shown in the Table, the 
LOD of the developed method is close to those of cyclic 
voltammetry and differential pulse voltammetry [1, 24]. 
This is due to the higher capacity of the DES-CNT used 
in PT-µSPE. However, the selectivity of those methods is 
higher because they utilize MIPs, and, due to the nature 
of electrochemical methods, these detection instruments 
offer a wider linear range. Despite the application of a 
fluorescence detector with silver nanoparticles [4] for 
the extraction of 6-MP, it resulted in a higher LOD with a 

Fig. 5  Comparison of CNTs- PT-µSPE and DES-CNT-PT-µSPE

Table 2  Comparison of suggested DES-CNT-PT-µSPE with recent researches for determination of 6-mercaptopurine

Sample matrix Preconcentration method Instrument Linear range (µg/L) LOD (µg/L) Refs.

Pills, human plasma and urine MIP reinforced by ZnO graphene 
capped quantum

Cyclic voltammetry, differential 
pulse voltammetry

0.01–700.00 µM 5.72 µM [1]

Pharmaceuticals Silver nanoparticles Fluorescence spectroscopy 83.70–8370 24.35 [5]

Human urine Not mentioned HPLC with fluorescence detector 0.0615–2.40 0.05 [7]

Pharmaceutical samples Not mentioned Spectrophotometer 412–2884 12 [9]

Drug Pencil graphite electrode modified 
with polypyrrole/functionalized 
multiwalled carbon nanotubes

Differential pulse voltammetry 30.44–152.18 12.17 [24]

Seawater, wastewater, tap water DES-CNT-PT-µSPE Spectrophotometer 1.0–1000.0 0.2 This work
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shorter linear range of the calibration curve. This is likely 
due to limitations in the capacity of the sorbent. Moreo-
ver, DES-CNT exhibits good reusability and stability. 
Another advantage of this method is the consumption 
of only 1.5 mg of sorbent, which is significantly less than 
typical microextraction methods. For example, a pencil 
graphite electrode modified with polypyrrole/function-
alized multi-walled carbon nanotubes combined with 
differential pulse voltammetry [24] requires 100  mg of 
multi-walled carbon nanotubes for 6-MP extraction.

Conclusion
In this research, a novel camphor: decanoic acid DES 
doped CNT composite sorbent was successfully prepared 
and was used for pipette tip micro-SPE of 6-MP from 
water and wastewater samples. The new sorbent showed 
excellent adsorption characteristics. Results showed that 
this sorbent can provide higher response and extraction 
in comparison to untreated CNT or DES alone. Under 
optimized conditions, the linear range was between 1 
to 1000  µg/L. The whole method could be applied for 
the determination of 6-MP in an aqueous sample in less 
than 15 min. The sorbent could be prepared in two easy 
steps and could be reused at least 10 times. The adsorp-
tive capacity of the DES-CNT was found to be 250 µg/g 
and reproducibility of the method was ≤ 4.6%. In overall, 
DES-CNT-PT-µSPE has a good potential for the isolation 
and preconcentration of 6-MP from complex aqueous 
matrices.
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