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Abstract−An organic-inorganic composite, γ-alumina nanoparticle modified polyacrylamide, was synthesized in this
study. The composite was characterized by scanning electron microscope, nitrogen adsorption-desorption measure-
ment, thermal gravimetric analyzer, differential scanning calorimetry, and Fourier-transformed infrared spectrometer.
A novel solid-phase extraction method with the synthesized composite as the adsorbent was developed for the enrich-
ment of Sunset Yellow coupled with ultraviolet-visible spectrophotometry. To obtain the optimum extraction effi-
ciency, the experimental parameters in the processes of preparation of the adsorbent and solid-phase extraction were
studied including synthesis temperature, synthesis time, the dosage of γ-alumina nanoparticles, sample flow rate, sam-
ple pH, eluant concentration, and eluant flow rate. Under the optimum conditions, the detection limit of the devel-
oped method was calculated to be 0.037 µg mL−1 with intra-day and inter-day relative standard deviation values of
2.57% and 3.89%, respectively. When the method was applied to the determination of Sunset Yellow in beverages, satis-
factory recoveries were obtained in the range of 92.3-109.8%.
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INTRODUCTION

Synthetic dyes are an important kind of food additive, which
are widely used to provide the desired colored appearance of food,
and compensate for the loss of natural colors [1]. However, most
synthetic dyes are aniline compounds made of benzene, toluene,
and naphthalene. Some of these substances pose potential harm to
human organism, especially if they are excessively consumed [2].
The addition of synthetic dyes in food is strictly controlled by leg-
islation across many countries [3]. Therefore, the detection of their
concentrations is of prime importance.

Various analytical techniques have been introduced to measure
concentrations of synthetic dyes including high performance liq-
uid chromatography (HPLC) [4], ultra-fast liquid chromatography-
tandem mass spectrometry (UFLC-MS/MS) [5], electroanalytical
methods [6], and spectrophotometry [7,8]. However, taking into
account the complex matrix effect and low level concentrations of
synthetic dyes in food samples, direct determination of them is
often difficult. Thus, the enrichment and pretreatment step is nec-
essary before the detection of synthetic dyes to enhance the sensi-
tivity and selectivity [9].

Many kinds of methods have been developed for preconcentra-
tion of synthetic dyes, such as liquid-liquid extraction (LLE) [10],
cloud point extraction (CPE) [11], solid-phase microextraction

(SPME) [12,13], and solid-phase extraction (SPE) [14,15]. However,
the drawbacks of LLE and CPE are well known of being time-
consuming, complexity, and high consumption of toxic organic sol-
vents [16]. SPME offers the advantage of less use of toxic solvents
than LLE and CPE. Nevertheless, SPME fiber has a limited lifetime
which is always fragile, and its sample carry-over also has problems.
SPE is one of the most effective and widely applicable approaches
owing to its simple operation, easy separation, high efficiency, and
low consumption of toxic organic solvents [17,18].

The adsorbents of the SPE technique are very important as ex-
traction medium. Various materials were selected as adsorbents
for synthetic dyes including activated carbon [19,20], solid waste
[21,22], zeolite [23], and organic polymer [24,25]. Activated car-
bon and solid waste are widely used for the adsorption of many
kinds of organics, but their intrinsic limitation is that these materi-
als are difficult to recycle, and have been widely diffused into the
environment to become a secondary source of environmental pol-
lution [26]. In these materials, organic polymer has also been widely
used because of fast mass transfer kinetics, high loading capacity,
regeneration ability and reuse for continuous processes [27,28]. How-
ever, they also suffer from swelling and shrinkage when exposed
to different organic solvents, leading to weak mechanical stability
[29,30]. In recent years, new materials, which have specific chemi-
cal properties depending on the modification of polymers with
inorganic materials, have been designed, featuring high surface-to-
volume ratio, specific chemical properties, strong mechanical sta-
bility, and high regenerability [31-33].
γ-Alumina nanoparticles are a kind of inorganic material with
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significant potential in sorptive extraction owing to their uniform
particle size, high surface area, strong ability of adsorption, and
excellent dispersibility in many solvents [34,35]. Hydroxyl groups
on the surface of γ-alumina nanoparticles can interact with spe-
cific functional groups, which may improve the adsorption perfor-
mance [34]. The aim of the present work was to develop a simple
and sensitive SPE method for the preconcentration of Sunset Yel-
low coupled with spectrophotometric detections. In the method,
the adsorbent of γ-alumina nanoparticle modified polyacrylamide
composite (hereafter abbreviated as ANMPC) was used as the ex-
traction medium, which was prepared by one-step synthesis pro-
cedure. As far as we know, it is the first time that an SPE method
with ANMPC as the adsorbent is applied to the determination of
Sunset Yellow in beverage samples.

EXPERIMENTAL

1. Chemicals and Solutions
Acrylamide (AAm) was purchased from Tianjin Guangfu Fine

Chemical Research Institute (Tianjin, China). N, N'-methylene bis-
acrylamide (MBAAm) was obtained from Sigma-Aldrich (USA).
γ-Alumina nanoparticles were purchased from Aladdin Reagent
(Shanghai, China). Dodecanol, dimethylsulfoxide (DMSO), ace-
tone, methanol, ethanol, and azobisisobutyronitrile (AIBN) were
obtained from Tianjin Chemical Plant (Tianjin, China). AAm and
AIBN were purified by recrystallization from acetone and etha-
nol, respectively, followed by drying in vacuum at room tempera-
ture. Sunset Yellow was purchased from TCI (Tokyo, Japan). The
structure of Sunset Yellow is shown in Fig. 1.

The stock standard solution of 1,000µg mL−1 of the target ana-
lyte was prepared in deionized water. The stock standard solution
and diluted standard solutions were stored in brown glass volu-
metric flasks at 4 oC. All solvents and sample solutions for the
spectrophotometric analysis were filtered through a Millipore filter
(pore size 0.45µm). Deionized water was used for all the experi-
ments.
2. Instrument and Analytical Conditions

A KQ-50DB digital ultrasonic cleaner (Jiangsu Kunshan Ultra-
sonic Instruments Co., Ltd., China) was used for removing oxygen of
the pre-polymerization mixture solution and getting a homoge-
neous solution. An LSP01-1A programmable syringe pump (Baoding
Longer Precision Pump Co., Ltd., Hebei, China) was used for

pushing solutions. For pH measurements, a pHS-3C digital pH
meter (Shanghai Rex Instruments Factory, China) was employed.

A TU 1201 ultraviolet-visible (UV-Vis) spectrophotometer (Bei-
jing Purkinje General Instruments Co., Ltd., China) was used for
the spectrophotometric analysis. The UV-Vis absorbance detec-
tion was set to 482 nm. The microscopic morphology of the ad-
sorbent was observed by a scanning electron microscope (SEM,
JEOL JSM-6700F, Japan). Nitrogen adsorption-desorption analy-
sis was performed on an Autosorb Station1 instrument (Quanta-
chrome, USA). The material was evacuated under vacuum and
heated to 120 oC for 10 h before analysis. The Brunauer-Emmett-
Teller (BET) surface area was calculated from adsorption data at a
relative pressure ranging from 0.066 to 0.30. Mesopore size distri-
butions were evaluated from adsorption branches using the Bar-
rett-Joyner-Halenda (BJH) model. The thermal properties of the
polyacrylamide material and ANMPC were investigated by ther-
mal gravimetric analysis (TGA) and differential scanning calorim-
etry (DSC). TGA and DSC measurements were performed on a
TA Q500 thermogravimeter (TA, USA) and NETZSCH DSC204
instrument (NETZSCH, German), respectively, at the heating rate
of 10 oC min−1 under nitrogen. Fourier-transformed infrared (FT-
IR) spectra were obtained by using a SPECTRUN-100 FT-IR instru-
ment (PerkinElmer, USA).
3. Synthesis of ANMPC

In preliminary experiments, γ-alumina nanoparticles were proven
to be dispersed homogeneously in binary porogens, DMSO and
dodecanol. The pre-polymerization solution which contained 70.0
mg AAm, 130.0 mg MBAAm, 2.0 mg AIBN, mixture of DMSO
(682.0 mg), dodecanol (357.0 mg) and γ-alumina nanoparticles (60.0
mg) was sonicated for 10 min to remove oxygen and obtain a uni-
form solution. The reaction was initiated at 60 oC for 5 h to syn-
thesize ANMPC. After the completeness of the reaction, ANMPC
was washed with DMSO, methanol, deionized water, and methanol
in turn to remove porogens and unreacted components. Finally,
ANMPC was dried in an oven at 60 oC for 2 h.
4. Sample Preparation

Different brands of nine beverage samples (three fruit juices,
three carbonated beverages, and three pre-mix cocktails) were pur-
chased from local supermarkets and stored in a refrigerator. Opti-
mization studies of experimental parameters in the processes of
both ANMPC preparation and SPE were carried out with a blank
sample which did not contain Sunset Yellow. Each sample was
degassed in the ultrasonic bath for 20 min. 1 mL sample was diluted
with phosphate buffered solution (PBS) (0.02 mol L−1, pH=2.0) in a
brown volumetric flask. The sample solutions were filtered through
a Millipore filter (pore size 0.45µm) and the filtrate was stored in
brown volumetric flasks of 10 mL at 4 oC for the SPE steps.
5. SPE Process

Before SPE, 20 mL 5% H2SO4 solution, 30 mL deionized water,
and 20 mL ethanol were passed through the microcolumn in se-
quence at a flow rate of 2.0 mL min−1 to clean the impurities [36].
0.2 g ANMPC was packed into the microcolumn. The SPE pro-
cess consisted of four successive steps (preconditioning, sample
loading, washing, and desorption). For preconditioning, 0.4 mL
methanol was pushed to pass through the microcolumn at a flow
rate of 0.5 mL min−1, and then 2.0 mL NaH2PO4 (pH=2.0) wasFig. 1. The molecular structure of Sunset Yellow.
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expelled at 1.5 mL min−1. After that, 4.0 mL sample solution was
loaded onto the microcolumn at a flow rate of 1.0 mL min−1. In
the washing step, 1.0 mL NaH2PO4 (pH=2.0) was expelled to flow
through the microcolumn at a flow rate of 1.5 mL min−1 to wash
impurities of samples which were not adsorbed by ANMPC. In the
desorption step, 1.0 mL eluant, i.e., 2.0% ammonia solution/meth-
anol (2 : 1, V/V), was injected to the microcolumn at a flow rate of
0.5 mL min−1 and the eluate was collected for UV-Vis detections.

RESULTS AND DISCUSSION

1. Preparation of ANMPC
We selected two monomers, AAm and MBAAm, to synthesize

ANMPC. DMSO and dodecanol were chosen as porogens and
the weight ratio of monomers/porogens was approximately 1/5
[4]. Polyacrylamide-based materials have specific adsorption capac-
ity of synthetic dyes which contain phenolic groups and/or sulfo
groups [37]. And the adsorption capacity is caused by the hydro-
gen bonding interaction between the amide group of polyacryl-
amide and the sulfo group and/or the phenolic group of Sunset
Yellow. The procedure for preparation of ANMPC is presented in
“EXPERIMENTAL.” To access the best extraction efficiency of the
SPE method, several experimental parameters in the synthesis pro-
cedure including synthesis temperature, synthesis time, and the
dosage of γ-alumina nanoparticles, were investigated.

As is well known, polyacrylamide materials can offer three-dimen-

sional porous structures [4]. The porous structure of the composite,
especially the pore size which depends on the synthesis tempera-
ture, affects the extraction efficiency. Therefore, we investigated the
influence of synthesis temperature on the extraction efficiency from
40 to 90 oC. As shown in Fig. 2(a), the absorbance first increased,
but then decreased after reaching a maximum value at the synthe-
sis temperature of 60 oC. We also did BET analysis for the com-
posites prepared at different synthesis temperatures (40, 60, and
80 oC), indicating that the pore sizes were 37.4, 30.7, and 26.4 nm
with BET surface areas of 77.2, 90.7, and 97.8 m2 g−1, respectively.
These results were in accordance with Xie et al.’s work [38], i.e.,
higher synthesis temperature led to smaller pores and higher BET
surface area as a result of higher synthesis rate. When the synthe-
sis temperature was too low, too large pores led to too low surface
areas of the composites, which decreased the extraction efficiency
of the composite. However, when the synthesis temperature was
too high, too small pores caused too high back pressure of the
composite, which would be unfavorable to the extraction. As a
consequence, 60 oC was chosen as the synthesis temperature.

To examine the effect of synthesis time on the extraction effi-
ciency, we looked at synthesis time within the range of 3-8 h. As
shown in Fig. 2(b), the absorbance increased in the beginning and
decreased when the synthesis time was longer than 5 h. BET anal-
ysis was also carried out for the composites prepared at different
synthesis time (4, 5, and 6 h), demonstrating that the pore sizes
were 32.5, 30.7, and 29.4 nm with BET surface areas of 87.4, 90.7,

Fig. 2. Optimization of synthesis temperature (a), synthesis time (b), and the dosage of γ-alumina nanoparticles (c) for preparation of the
adsorbent. Sunset Yellow concentration: 2µg mL−1. The extraction and spectrophotometry conditions are outlined in “EXPERIMENTAL”.
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and 92.6 m2 g−1, respectively. The same results, i.e., longer synthe-
sis time led to smaller pores and higher BET surface areas because
of higher conversion of the reaction, were reported by Svec et al.
[39]. When the synthesis time was too short, too large pores led to
too low surface area of the composite, which decreased the extraction
efficiency of the composite. Nevertheless, when the synthesis time
was too long, too small pores led to too high back pressure of the
composite and too low extraction efficiency. Therefore, 5 h was
selected as the optimized synthesis time.

The effect of the dosage of γ-alumina nanoparticles on the ex-
traction efficiency was investigated in the range of 0-90 mg. Fig.
2(c) shows that the composite manifested better enrichment abil-
ity than the unmodified polyacrylamide, indicating that γ-alumina
nanoparticles participated in the adsorption of Sunset Yellow. The
adsorption was attributed to the hydrogen bonding interaction
between the hydroxyl group of the γ-alumina nanoparticle and the
sulfo group and/or the phenolic group of Sunset Yellow. Moreover,
the composite mixed with 60 mg γ-alumina nanoparticles had the
highest extraction efficiency. BET experiments were also carried
out for the composites prepared with different dosages of γ-alu-
mina nanoparticles (0, 60, and 90 mg), indicating that the pore
sizes were 311.5, 30.7, and 18.2 nm with BET surface areas of 31.6,
90.7, and 120.4 m2 g−1, respectively. It could be concluded that the
pore size of the composite decreased and the BET surface area
increased with increasing the dosage of γ-alumina nanoparticles.
When the dosage of γ-alumina nanoparticles was too large, too
small pores led to too high back pressure of ANMPC and too low
extraction efficiency. However, when the dosage of γ-alumina nano-
particles was less, the hydrogen bonding interactions decreased
and the swelling of the composite increased, which decreased the
extraction efficiency of the composite. Considering the extraction
efficiency, we selected 60 mg as the dosage of γ-alumina nanopar-
ticles.
2. Characterization of ANMPC

The morphologies of the polyacrylamide material and ANMPC
are shown in Fig. 3. The SEM micrograph is shown in Fig. 3(B),
illustrating that the structure of ANMPC is a homogeneous net-
work of the macroporous polymer which was highly cross-linked.
The micrographs clearly demonstrated that the size of the micro-
globules and the pores in ANMPC was smaller than that in the
polyacrylamide material, demonstrating that the polyacrylamide
microglobules might be modified with γ-alumina nanoparticles.

The nitrogen adsorption-desorption isotherm of ANMPC showed
typical type IV curves (Fig. 4(a)), suggesting the presence of meso-
pores. As mentioned in “Preparation of ANMPC,” the pore size of
ANMPC was 30.7 nm, which was calculated from the adsorption
data using the BJH model (Fig. 4(b)). The calculated BET surface
area was 90.7 m2 g−1, while that of the polyacrylamide material was
31.6 m2 g−1, implying that the embedded γ-alumina nanoparticles
effectively increased the surface area of ANMPC.

The thermal properties of the polyacrylamide material and

Fig. 4. Nitrogen adsorption-desorption isotherm (a) and pore size
distribution (b) of ANMPC.

Fig. 3. SEM micrographs of the polyacrylamide material (A) and ANMPC (B).
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ANMPC were investigated by TGA and DSC under nitrogen atmo-
sphere at the heating rate of 10 oC min−1. As shown in Fig. 5(a), the
weight loss of the polyacrylamide material appeared in the range
of 260-490 oC, while that of ANMPC appeared from 295 to 535 oC.
Moreover, the residual mass of ANMPC after the weight loss was
much greater than that of the polyacrylamide in the same tempera-
ture range. Fig. 5(b) depicts the DSC curves of the two materials.
The powder sample of the polyacrylamide material showed two
intense endothermic peaks at 65 oC and 358 oC during the heat-
ing process, corresponding to its glass transition temperatures (Tg)
and melting points (Tm). Similarly, the Tg and Tm of ANMPC were
77 oC and 375 oC, respectively, which were higher than that of the
polyacrylamide material. Overall, the embedded γ-alumina nanopar-
ticles could greatly improve the thermal stability of the material.

To investigate the combining way of γ-alumina nanoparticle
and polyacrylamide in ANMPC, we studied the FT-IR spectra of
γ-alumina nanoparticles (Fig. 6(a)), the polyacrylamide material
(Fig. 6(b)), and ANMPC (Fig. 6(c)). According to the FT-IR spectra
of γ-alumina nanoparticles, the characteristic peak was at 3,458
cm−1 for -OH, and there was a wide absorption band at 400-1,000
cm−1 [40]. According to the FT-IR spectra of the polyacrylamide
material, the characteristic peaks were at 3,332 cm−1 and 1,647 cm−1

for -N-H stretching vibrations and -C=O of amide groups. As shown
in Fig. 6(c), the characteristic peaks of ANMPC were at 3,371 cm−1

and 1,656 cm−1 for -N-H stretching vibrations and -C=O of amide

groups, and a wide absorption band was at 400-1,000 cm−1. How-
ever, no other characteristic peaks appeared in the FT-IR spectra
of ANMPC. It could be concluded that γ-alumina nanoparticles
and polyacrylamide combined by a way of physical adsorption.
3. Effects of Experimental Conditions on the SPE Process

To obtain the best extraction efficiency, several experimental
conditions including sample flow rate, sample pH, eluant concen-
tration, and eluant flow rate were investigated when the concentra-
tion of Sunset Yellow was 2µg mL−1. The absorbance of the target
analyte as the UV-Vis spectrophotometric response was used to
evaluate the extraction efficiency under various experimental con-
ditions.

The sample flow rate has great influence on the sorption of the
target analyte on the microcolumn containing the adsorbent. As
shown in Fig. 7(a), the absorbance first increased but then decreased
after reaching a maximum value. As is well known, a low sample
flow rate is not employed to avert long extraction time, which leads
to a decrease of determination efficiency and wide absorption peaks.
However, too high sample flow rate results in the incomplete ad-
sorption of the target analyte, because the sample solution passes
through the microcolumn too fast, which results in low extraction
efficiency. As a result, the sample flow rate of 1.0 mL min−1 was
selected for the following experiments.

Sample pH is an important parameter influencing the quantita-
tive adsorption and recovery of the target analyte. It always affects
the interactions between the adsorbent and the target analyte. The
effect on the absorbance was investigated when the sample pH
values were adjusted from 1.0 to 10.0 with H3PO4 or NaOH solu-
tions. As shown in Fig. 7(b), the absorbance first increased and
then decreased after reaching a maximum value. This may be
explained by the interactions between ANMPC and Sunset Yel-
low, which originated from electrostatic repulsion and hydrogen
bonding. There are two kinds of hydrogen bonding in this sys-
tem. One is formed by the interaction between the amide group of
polyacrylamide and the sulfo group and/or the phenolic group of
Sunset Yellow. The other is attributed to the interaction between

Fig. 5. TGA (a) and DSC (b) curves of the polyacrylamide material
and ANMPC.

Fig. 6. FT-IR spectra of γ-alumina nanoparticles (a), the polyacryl-
amide material (b), and ANMPC (c).
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the sulfo group and/or the phenolic group of Sunset Yellow and
the hydroxyl group of the γ-alumina nanoparticle, which is formed
when the γ-alumina nanoparticles are exposed to protic solvents
[4,37]. When pH is too low, the electrostatic repulsion increases
due to the protonation of Sunset Yellow and ANMPC. The decrease
of the absorbance at high pH is due to the decrease of the hydro-
gen bonding interaction. As a result, sample pH of 2.0 was cho-
sen in the present work.

To guarantee an effective elution of the absorbed analyte on the
microcolumn, the effect of eluant concentration (the concentration
of ammonia in eluant) on the extraction efficiency was investi-
gated in the range of 0.3-4.0%. As shown in Fig. 7(c), the absor-
bance of Sunset Yellow first increased with the increasing concen-
tration and decreased at higher concentrations, and the maxi-
mum absorbance was at the concentration of 2.0%. Hence, the
eluant concentration of 2.0% was chosen for desorption of Sunset
Yellow. In addition, the effect of the eluant flow rate was studied in
the range of 0.1-1.0 mL min−1. Fig. 7(d) indicates that the absor-
bance of Sunset Yellow first increased and then decreased at higher
flow rate. Finally, the eluant flow rate of 0.5 mL min−1 was selected
for the experiments.
4. Analytical Feature and Method Validation

Under the optimum experimental conditions, several experi-
ments were carried out to assess the proposed SPE method. The

correlation coefficient (r) was achieved as 0.9971 with the Sunset
Yellow concentration range of 0.250µg mL−1. Other performances
of the SPE method with ANMPC were also investigated. The limit
of detection (LOD) and limit of quantification (LOQ) values, deter-
mined as S/N ratios of 3 and 10, were 0.037µg mL−1 and 0.12µg
mL−1, respectively. The intra-day and inter-day relative standard
deviations (RSDs) were obtained as 2.57% and 3.89% (n=7), re-
spectively. The enrichment factor value by the ratio of the slopes of
calibration curves with/without employing the SPE method was
calculated as 17.1. Hence, the method had good sensitivity and
reproducibility for the preconcentration of Sunset Yellow.

The proposed method was also evaluated by comparing some
reported methods for the analysis of Sunset Yellow. It was demon-
strated that the LOD value of the present method was comparable
to the others, i.e., SPE-HPLC (0.027µg mL−1) [41], HPLC-UV-
DAD (0.05µg mL−1) [42], HPLC-DAD-ESI-MS (3.5 ng) [43], and
LLE-LC-MS (0.01µg mL−1) [10]. The whole process of extraction,
desorption, and detection of Sunset Yellow with the microcolumn
containing ANMPC could be accomplished within less than 9 min,
demonstrating that the proposed method is a rapid one. More-
over, the present method costs little organic solvent, using less than
0.5 mL methanol for one extraction, indicating that the method is
environmentally friendly compared with the HPLC and LLE method.
As a result, the developed SPE method for Sunset Yellow has sen-

Fig. 7. Effects of experimental conditions on the SPE for 2µg mL−1 Sunset Yellow, including sample flow rate (a), sample pH (b), eluant con-
centration (c), and eluant flow rate (d). The extraction and spectrophotometry conditions are outlined in “EXPERIMENTAL.”
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sitivity, rapidity, and low consumption of organic solvent.
5. Analysis of Real Samples

To establish the validity of the process, the proposed method was
applied in the determination of Sunset Yellow in beverage sam-
ples. All the beverage samples are spiked with the Sunset Yellow
standard solution at different concentration levels to assess the
matrix effects, Level 1 (1µg mL−1) and Level 2 (2µg mL−1). Non-
spiked samples were also analyzed. As shown in Table 1, the recov-
eries of Sunset Yellow were obtained in the range of 92.3-109.8%
with RSD values of <4.7%. The results indicate that the proposed
method is suitable for the determination of Sunset Yellow in bev-
erage samples.

CONCLUSIONS

As-synthesized ANMPC as wadding material was successfully
applied to the SPE method for the preconcentration of Sunset Yel-
low in beverage samples coupled with UV-Vis spectrophotometry.
Owing to γ-alumina nanoparticles dispersed in binary porogens
(DMSO and dodecanol), ANMPC as the adsorbent exhibited the
desirable adsorption ability. Experimental conditions in the pro-
cesses of preparation of the adsorbent and solid-phase extraction
were studied and optimized as follows: synthesis temperature (60 oC),
synthesis time (5 h), the dosage of γ-alumina nanoparticles (60 mg),
sample flow rate (1.0 mL min−1), sample pH (2.0), eluant concen-
tration (2.0%), and eluant flow rate (0.5mL min−1). Validation param-
eters of the proposed method, such as LOD, LOQ, RSDs, and the
enrichment factor were satisfactory for the determination of Sunset
Yellow. Based on the results, the method for the determination of
Sunset Yellow proves itself as a simple, sensitive, and rapid technique.
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