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Pyridine ionic liquid functionalized bimetallic MOF
solid-phase extraction coupled with high

performance liquid chromatography for
separation/analysis sunset yellow
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An effective method based on the pyridine ionic liquid functionalized bimetallic MOF solid-phase extractant

(Cu/Co-MOF@[PrPyl[Br]) coupled with high performance liquid chromatography (HPLC) for the separation/
analysis sunset yellow was established. Cu/Co-MOF@|[PrPy][Br] was characterized by FTIR, XRD, SEM and
TEM. Several important factors, such as pH, amount of extractant, extract time, and types of eluents
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were investigated in detail. Under the optimal conditions, linear range of the method was 0.05-40.00 pg

mL~% the detection limit was 0.02 ug mL™%, and the linear correlation was good (R = 0.9992). The
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1 Introduction

Dyes (natural dyes, synthetic dyes) are used in food industry due
to their advantages of stability, uniform color and low cost in
food processing.' Sunset yellow as a food additive® provided the
desired color and appearance, and is also commonly used in
cosmetics and pharmaceuticals.® The overuse of this dye and its
release into the environment and water through associated
industry effluents cause environmental pollution and the
spread of various diseases, including allergic and asthmatic
reactions, liver cell damage, DNA damage, and potential
immunotoxicity and reproductive toxics.* Therefore, it is
necessary to establish a sensitive, accurate and effective method
for the detection of sunset yellow in real samples.

The determination methods of sunset yellow include UV-
visible spectrophotometry,® high performance liquid chroma-
tography,® electrochemical analysis’” and fluorescence spec-
trometry.®* Due to the complex composition of the real sample
and the low content of sunset yellow, liquid phase extraction
and solid phase extraction are often used to pretreat the
sample.® Solid phase extraction (SPE) concentrates, separates
and purifies samples by means of selective adsorption and
selective elution. Compared with liquid phase extraction, SPE
has the advantages of strong selectivity, high recovery, less
solvent and simple operation."

The selection of extractant is crucial in SPE. Initially-at first,
the materials include activated carbon,™ SiO,,"” graphene,"
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analysis of sunset yellow in soda, effervescent tablet and jelly proved that the method was simple and

metal organic framework material,** covalent organic frame-
work material.” With the deepening of the research, the exist-
ing functionalization of SPE extractant, such as magnesium
hydroxide/carbon nanotube composite,* ionic liquid function-
alized silica,'” magnetic cyclodextrin modified graphene oxide,'®
ionic liquid modified metal organic framework material*® could
further improve the performance of SPE, expand the application
range of the solid phase extraction technology.

Metal organic framework (MOF) is porous structures con-
structed from the coordinative bonding between organic linkers
and metal ions.* It has unique pore space, large specific surface
area. Functionalization of MOF means to change the properties
of materials by replacing metal ions,” changing the organic
ligands®* and introducing other components® with MOF as the
main body, so that the types of MOF are greatly enriched. In
recent years, some metal organic framework functionalized
with graphene oxide,** magnetic nanoparticles,*® multi-walled
carbon nanotubes,* chitosan* and ionic liquids®® have been
widely used in solid-phase extraction. Ionic liquids (ILs) are
liquid molten salts at temperature below 100 °C which generally
consist of organic cations and inorganic or organic anions. Due
to their outstanding characteristics, its have achieved lots of
successful applications.”® Studies have shown that ILs func-
tionalized MOF composites (MOF@ILs) integrate the advan-
tages of MOF and ILs, it can be used as solid-phase extraction
agents, enabling the further development of solid-phase
extraction technology. There have been related reports on the
use of MOF@ILs composites for solid-phase extraction,*** but
there is no report on the use of pyridinium ionic liquid-
functionalized bimetallic MOF composites for the separation
and enrichment of sunset yellow.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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In this experiment, Cu/Co-MOF@[PrPy][Br] composites were
prepared and was as solid-phase extractant coupled with high-
performance liquid chromatography for the separation and
analysis sunset yellow. The Cu/Co-MOF®@[PrPy|[Br]| composites
combine the advantages of ILs and MOF, resulting in greatly
improved extraction performance. The method is simple and
effective for the determination of sunset yellow in real sample.

2 Experimental

2.1 Instruments and reagents

SH-C constant temperature oscillator, vacuum drying oven
(Shanghai Yiheng Scientific Instrument Co., Ltd), Shimadzu
high performance liquid chromatograph (Shimadzu Tech-
nology Co., Ltd), Mettler Toledo pH meter (Shanghai Jingke Lei
Magnetic), Fourier transform infrared spectrometer (Bruker,
Germany), Centrifuge TDL80-2B (Shanghai Anting Scientific
Instrument Factory).

Cupric nitrate, N,N-dimethylformamide (DMF), ethanol,
methanol, acetone, acetonitrile, cobalt nitrate hexahydrate,
trimesic acid, pyridine, n-butane bromide and sunset yellow are
analytical grade, and acetonitrile is HPLC grade. The above
reagents were purchased from Sinopharm Chemical Reagent
Co., Ltd.

Sunset yellow stock solution: 10.0 pg mL™".

Buffer solution: 0.1 mol/L. HAc/NaAc, 0.1 mol/L NH;-H,0/
NH,CL.

2.2 Preparation of [PrPy|[Br]

0.08 mol of pyridine and equimolar of bromoethane were added
to a 100 mL three-necked flask with a reflux condenser, and
stirred at 80 °C for 6 hours. After the reaction, it was washed
three times with ethyl acetate and finally the obtained product
was vacuum-dried at 70 °C for 12 hours to obtain [PrPy][Br].*!

2.3 Preparation of Cu/Co-MOF

Weight 1.42 g copper nitrate trihydrate, 0.73 g cobalt nitrate
hexahydrate and 1.00 g trimesic acid were added to the mixed
solution containing 17.00 mL H,0O, 17.00 mL DMF and
17.00 mL ethanol, and poured into the reactor after ultra-
sonication for 30 minutes. The hydrothermal reaction was
carried out at 85 °C for 20 hours. After the reaction, it was
washed with ethanol, and finally the obtained product was
vacuum-dried at 60 °C for 12 hours to obtain Cu/Co-MOF.*

2.4 Preparation of Cu/Co-MOF@|PrPy]|[Br]

Added 0.50 g [PrPy][Br] to a small sealed beaker with 40.00 mL
of acetone and stirred for an hour, then added 1.50 g Cu/Co-
MOF and stirred in air to completely evaporate the acetone.
After the acetone was completely removed, the product was
washed with absolute ethanol, and finally placed in a vacuum
drying oven at 60 °C for 12 hours to obtain Cu/Co-MOF@|PrPy]
[Br].*

© 2022 The Author(s). Published by the Royal Society of Chemistry
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2.5 Extraction and elution process

Added appropriate amount of sunset yellow (1.0 pg mL™'
standard solution or real sample solution) and 2.00 mL of pH
5.0 buffer solution to the centrifuge tube, dilute to 10.00 mL,
accurately weigh 5.00 mg of the composite material, and shake
at 25 °C for 15 minutes. Centrifuge, decant the supernatant, add
3.00 mL of methanol, and shake at 25 °C for 10 minutes. After
centrifugation, the supernatant was decanted and measured by
Shimadzu high performance liquid chromatograph.

2.6 Sample handling

Soda: take 20.00 mL of carbonated beverages in a beaker,
degassed by ultrasonic, then filter with a 0.22 pum filter to
remove particulate matter in the sample, and store it in a 50 mL
centrifuge tube for determination.

Effervescent tablet: take one effervescent tablet (3.70 g) in
a small beaker, add 10.00 mL of distilled water to dissolve, filter
it with a 0.22 um filter head, and store it in a 50 mL centrifuge
tube for determination.

Jelly: take 2.00 g of jelly in a beaker, add 10.00 mL of distilled
water, heat it in a water bath at 80 °C until it is completely
dissolved, then filter it with a 0.22 pm filter and store it in
a 50 mL centrifuge tube for measurement.**

2.7 Chromatographic conditions

Column was VP-ODS C;3 Column (250 mm x 4.6 mm); mobile
phase was acetonitrile -to-water volume ratio of 75 : 25; column
temperature was 25 °C; injection volume was 25.0 pL; flow rate
was 1.0 mL min % UV detector detection wavelength was
484 nm.

3 Results and discussion
3.1 Characterization of Cu/Co-MOF®@][PrPy][Br]

3.1.1 SEM and TEM. The surface morphologies of Cu/Co-
MOF and Cu/Co-MOF@[PrPy|[Br]| were observed by SEM and
TEM, and the scanning results were shown in Fig. 1. The
comprehensive analysis showed that Cu/Co-MOF®@[PrPy]|[Br]
still maintained the three-dimensional framework of Cu/Co-
MOF. And many pores were formed in Cu/Co-MOF when ionic
liquids were mixed.

3.1.2 FT-IR. As shown in Fig. 2a, Fourier transform infrared
spectra of Cu/Co-MOF, [PrPy|[Br] and Cu/Co-MOF®@|[PrPy][Br]
were recorded in the wave-number range of 4000-800 cm™".
The peak at 1445 cm ™" in curve 1 corresponds to the -O-C-O-
stretching vibration of homo-triformic acid, and the peaks at
1373 em™" and 1650 cm ™" corresponds to the stretching and
bending vibration of Cu-O-H and Co-O-H respectively, proving
that Cu/Co-MOF was successfully prepared.*® In curve 2, the
peak at 1635 cm ™" corresponds to the C=N stretching vibration
on the pyridine ring, while the peaks at 2680 cm™ ", 2962 cm ™"
and 3040 cm™ " were ~CHj3, -CH,, and C-H stretching vibration
on the pyridine ring respectively. The characteristic peaks of Cu/
Co-MOF@|PrPy][Br] correspond to Cu/Co-MOF and [PrPy][Br],
and part of the characteristic peaks were offset, which could be
attributed to the extension or shortening of the chemical bond
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Fig. 1 SEM and TEM images of Cu/Co-MOF and Cu/Co-MOF@[PrPy]
[Brl.

between the MOF metal cluster and the connecting molecule
caused by the addition of ionic liquid. These data indicated that
Cu/Co-MOF@|[PrPy|[Br]  composites successfully
synthesized.

3.1.3 XRD. The XRD pattern was used to characterize the
crystal structure of Cu/Co-MOF®@[PrPy]|[Br] and the results were
shown in Fig. 2b. Curves 1 and 2 were the spectra of Cu/Co-MOF
and Cu/Co-MOF@|[PrPy][Br] respectively. It could be seen from
the Fig. 2b that with the incorporation of ionic liquid, the
characteristic diffraction peaks of Cu/Co-MOF was no obvious
change, indicating that the entry of ionic liquid did not affect
the structural integrity of the Cu/Co-MOF, but the XRD band
intensity of Cu/Co-MOF®@[PrPy|[Br| was lower than that of Cu/
Co-MOF, indicating that the crystallinity of the composite was
lower than that of the pristine MOF.

3.1.4 Zeta. The zeta potential of Cu/Co-MOF®@[PrPy]|[Br] in
the pH range of 4.0-10.0 was shown in Fig. 2c. It could be seen
that the potential value of Cu/Co-MOF®@|PrPy]|[Br| changed with
the pH of the solution, and its surface was always negatively
charged, which was a good site for cation and positively charged
molecules to combine.

were
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3.2 Optimization of extraction conditions

3.2.1 Types of extractants. The effects of four materials (Cu-
MOF, Co-MOF, Cu/Co-MOF, Cu/Co-MOF®@ [PrPy|[Br]) on
extraction efficiency of sunset yellow were studied. The results
were shown in Fig. 3a. Compared with the other three materials,
Cu/Co-MOF®@[PrPy|[Br] had better extraction performance due
to the synergistic effect between the bimetals. Therefore, Cu/Co-
MOF@[PrPy][Br] was selected as the best extractant.

3.2.2 Influence of extractant dosage. The amount of
extractant in SPE directly affected the extraction efficiency. The
effect of Cu/Co-MOF®@[PrPy]|[Br] dosage in the range of 2.0-
20.0 mg on extraction efficiency of sunset yellow was studied. As
could be seen from Fig. 3b that the extraction of sunset yellow
reached equilibrium when the dosage of extractant was 5.0 mg,
Therefore, the optimal dosage of Cu/Co-MOF®@[PrPy|[Br]| was
5.0 mg.

3.2.3 Effect of pH. The influence of pH value on extraction
efficiency of sunset yellow was in the range of 3.0-10.0 (Fig. 3c).
The extraction efficiency was higher than 90% in the range of
pH 3.0-5.0, and gradually decreased in the range of 6.0-10.0.
The pK, of sunset yellow was 6.0,*® which was protonated under
acidic conditions. At the same time, according to zeta potential
(Fig. 2¢), Cu/Co-MOF@[PrPy|[Br] had a negative charge on its
surface, so the extraction efficiency was high. Under alkaline
conditions, sunset yellow mainly existed in the form of anions,
leading to the reduction of extraction efficiency.’” Therefore, the
optimal pH value was 5.0.

3.2.4 Effect of extraction time. The effect of extraction time
on extraction efficiency was studied within 2-30 min. The
results showed that the extraction efficiency of sunset yellow
was more than 95.0% within 15 min and remained stable. So
the optimal extraction time was 15 minutes.

3.2.5 Effect of extraction temperature. The influence of
extraction temperature on extraction efficiency was investigated
in the range of 0-40 °C. The results showed that the extraction
efficiency of sunset yellow reached its maximum value at 25 °C
and decreased slightly with the increase of temperature.
Therefore, 25 °C was selected as the best experimental
temperature.

3.2.6 Sample volume. The influence of sample volume on
extraction efficiency was studied and the result was shown in
Fig. 3d. With the increase of solution volume, the extraction
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Fig. 3 Optimization of analysis conditions (1.0 pg mL™* sunset yellow solution). Effect of (a) type of extractant, (b) extractant dosage, (c) pH, (d)

sample volume, (e) eluents, (f) eluent volume.

efficiency of Cu/Co-MOF®[PrPy|[Br] decreased continuously.
When the volume of solution exceeded 30.00 mL, the extraction
efficiency is lower than 85%. Therefore, the maximum allowable
sample volume was 30.00 mL.

3.3 Optimization of elution conditions

3.3.1 Types of eluents. Sunset yellow was eluted from Cu/
Co-MOF@[PrPy|[Br] with a small amount of eluent to achieve
separation and enrichment of sunset yellow. The elution effects
of DMF, methanol, ethanol, acetonitrile and acetone were
studied experimentally. As shown in Fig. 3e, methanol had the
highest elution efficiency for sunset yellow. Therefore, meth-
anol was selected as the eluent.

3.3.2 Effect of elution volume. The amount of eluent
directly affects the elution efficiency. The effect of methanol
dosage (1.00-6.00 mL) on elution efficiency was studied. As

© 2022 The Author(s). Published by the Royal Society of Chemistry

shown in Fig. 3f, the elution efficiency increased with the
increasing of eluting volume. The maximum elution efficiency
was achieved at 3.00 mL. Therefore, 3.00 mL was selected as the
optimal elution volume. Sunset yellow was pre-enriched at 10
time (pre-extraction solution volume/elution volume).

3.3.3 Effect of elution time. The effect of elution time on
elution efficiency was studied within 2-30 min. The results
showed that the elution efficiency reached its maximum value
within 10 minutes and then remained unchanged. Therefore,
the optimal elution time was 10 minutes.

3.3.4 Effect of elution temperature. The influence of
elution temperature on elution efficiency was investigated in
the range of 0-40 °C. The results showed that the elution effi-
ciency of sunset yellow reached its maximum value at 25 °C and
remained stable with the increase of temperature. Therefore,
25 °C was chosen as the optimal elution temperature.

RSC Adv, 2022, 12, 30928-30935 | 30931
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3.4 Reuse times

Considering the maximization of material utilization, Cu/Co-
MOF@[PrPy|[Br] was eluted under the optimal elution condi-
tions after extraction. The result showed that after 5 times of
extraction-elution, the extraction efficiency remained above
85%. The results showed that Cu/Co-MOF®@[PrPy|[Br] had good
stability and reusability.

3.5 Interference experiment

The influence of interfering substances on the extraction effi-
ciency of sunset yellow was studied. The allowable error range
was =+5%. The results showed that when the concentration
ratios of Rhodamine 6G, Sudan, lemon yellow, Allura Red, and
methyl blue to sunset yellow were 100, 100, 5, 25, and 25
respectively, these interfering substances had no effect on the
determination of sunset yellow.

3.6 Analysis application

Under the optimal conditions, the linear range of sunset yellow
was 0.05-40.0 pg mL . The linear equation was A (peak area) =
2.41 x 10°% + 5.81 x 10* (ug mL™"). The linear correlation
coefficient (R*) was 0.9992, detection limit was 0.02 ug mL ™.

3.7 Sample analysis

The chromatograms of samples measured under optimal
conditions was obtained. As shown in Fig. 4, curve a repre-
sented the chromatogram of sunset yellow standard solution,
and curves b, ¢ and d represented extraction of real sample
spiked with sunset yellow standard solution, the real sample
with and without extraction respectively. It could be seen from
Fig. 4 that: (1) the retention time of sunset yellow was about
6.38 min; (2) the sunset yellow signal in the real sample was
significantly enhanced after the extraction (curves b, ¢ and d).

The real samples were determined by standard addition
method. Table 1 showed that no sunset yellow was detected in
soda, and the contents of sunset yellow in effervescent tablet

Intensity

t/min

Fig. 4 HPLC chromatograms. (a) Sunset yellow standard solution; (b)
extraction of real sample spiked with sunset yellow standard solution;
(c) real sample after extraction; (d) real sample without extraction.

30932 | RSC Adv, 2022, 12, 30928-30935
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Table 1 Real sample analysis

Added value Measured value
Sample (mg L™ (mgL ™ Recovery (%)
Soda — — —
0.500 0.514 102.8
1.000 0.970 97.0
2.000 1.850 92.5
Effervescent tablet  — 0.051 —
0.500 0.487 97.4
1.000 1.080 108.0
2.000 1.910 95.5
Jelly — 0.062 —
0.500 0.508 101.6
1.000 0.974 97.4
2.000 1.980 99.0

and jelly were 0.051 and 0.062 pg g * respectively, which all met
the Chinese national standard (GB 2760-2014). The recovery of
sunset yellow in real samples ranged from 92.5% to 108.0%,
which could be used for the determination of sunset yellow in
real samples.

3.8 Comparison of the proposed method with the reported
methods

To further evaluate the performance of the present method,
four previously reported methods for determining sunset
yellow**** in different matrices were compared with the present
method and the detailed results are summarized in Table 2. The
linear range and LOD were comparable to those in the previ-
ously reported methods, demonstrating the reliability of the
proposed method. It should be pointed out that the parameters,
such as enhancement factor, sample volume, LOD of this
method have a superior performance, and the extractant can be
reused.

3.9 Adsorption (extraction) mechanism studies

3.9.1 Adsorption kinetics. The adsorption mechanism of
this experiment was explored by using pseudo first-order and
pseudo second-order kinetic models at 20 °C, and the fitting
equation was as follows:**

Pseudo-first-order: In(g. — ¢,) = Ing. — kit
Pseudo-second-order: t/q, = 1/kyq. + t/q.

where ¢, (mg g~") is the adsorption amount at time ¢ (min), g.
(mg g™ ") is the equilibrium adsorption amount, and &, and &,
are the pseudo-first-order and pseudo-second-order adsorption
rate constants.

The fitting curve were shown in Fig. 5a and b. It could be
seen that the pseudo-second-order kinetic curve was better than
the pseudo-first-order kinetic curve, and the linear correlation
coefficient was 0.9987. Therefore, the pseudo-second-order
kinetic model could better explain the adsorption process of
sunset yellow of Cu/Co-MOF@®@[PrPy|[Br], indicating that the
process was chemical adsorption (extraction).

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Comparison of the proposed method with some reported methods for the enrichment and determination of sunset yellow

Enhancement  Linger range Extraction time Sample volume LOD
Methods Samples factor (ngL™ (min) (mL) (mgL™)  Ref.
SPE-HPLC Sports drinks 1.5 — 20 2 50.0 38
SPE-UV Beverage samples 4 100-10000 9 4 37.0 39
SPE-CE Preserved fruit 5 100-50000 10 15 35.0 40
SPE-UV Orange beverages, ice 10 1000-120000 15 20 410 41
products, snacks, orange
jelly powders
SPE-HPLC Soda, effervescent tablet, jelly 10 50-40000 15 30 20.0 This work
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Fig. 5 (a) Pseudo-first-order and (b) pseudo-second-order adsorption kinetic model of sunset yellow; (c) Langmuir and (d) Freundlich

adsorption isotherm of ZIF-8@MIM-MIM composite to sunset yellow.

3.9.2 Adsorption isotherm model. The adsorption
isotherms of different initial concentrations of sunset yellow at
20 °C were studied and analyzed by the Langmuir and
Freundlich adsorption isotherm model. The equation were as
follows:**

Langmuir equation: Co/q. = Co/qmax + 1/qmax KL
Freundlich equation: In ¢. = In Co/n + In Kg
where g. (mg g™') is the adsorption capacity at equilibrium, C.
(mg L") is the equilibrium concentration, K and Ky are

adsorption equilibrium constants, Gma.« (mg g ') is the
maximum adsorption capacity.

© 2022 The Author(s). Published by the Royal Society of Chemistry

The results were shown in Fig. 5c¢ and d. The linear correla-
tion coefficients of the Langmuir and Freundlich models are
0.9971 and 0.9927 respectively, so the Langmuir adsorption
isotherm model was more suitable for the adsorption of sunset
yellow on Cu/Co-MOF®@[PrPy]|[Br]. The monolayer adsorption
capacity calculated from the Langmuir isotherm was 50.00 mg

g

4 Conclusion

In this work, bisimidazole ionic liquid-functionalized metal
organic framework composite (Cu/Co-MOF®@[PrPy|[Br]) was
prepared and used as solid-phase extractant coupled with high

RSC Adv, 2022, 12, 30928-30935 | 30933
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performance liquid chromatography for the separation and
analysis of sunset yellow in food. Compared with monometallic
MOF, the bimetallic in Cu/Co-MOF®@|[PrPy|[Br] endow the
composites with more tunable active sites, due to the synergistic
effect between the bimetals and has better recycling perfor-
mance. The method is applied to the analysis of real samples
with feasible, economical and practical, and the analytical
results are satisfactory.
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