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Abstract
An ion chromatography and solid-phase extraction method has been applied for the separation and detection of morpholinium
cations in environmental water samples. The water samples were purified and enriched by a UF-SCX sulfonic acid extraction
column and eluted with 0.5 mol L−1 phosphoric acid/sodium dihydrogen phosphate buffer solution/55% methanol. The target
compounds were separated on a carboxylic acid cation exchange column with 5.0 mmol L−1 methane sulfonic acid/2% aceto-
nitrile as the mobile phase and direct conductivity detection. The method has been successfully applied to extract morpholinium
cations from spiked water samples of Songhua River, Hulan River, East Lake, and Mopanshan Reservoir in China with the
recoveries ranging from 75.0% to 98.3%. The relative standard deviations of intraday precision and interday precision are 2.1%
and 5.9% or less, respectively. Using this method it is possible to preconcentrate water samples to 0.01–0.04 mg L−1. The results
show that the method is applicable to detection of morpholinium ionic liquid cations in environmental water samples and
provides a new approach for monitoring ionic liquids in environmental water.
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Introduction

Ionic liquids are liquid salts at or near room temperature that
are typically composed of bulky and low symmetry organic
cations (containing nitrogen or phosphorus) and small volume
and high symmetry inorganic anions or organic anions.
According to the cationic chemical structure of the ionic liq-
uids, they can be classified into imidazolium, pyridinium,
morpholinium, quaternary ammonium, quaternary phospho-
nium, etc. Ionic liquids have widely ranging applications, in-
cluding organic synthesis, catalysis, electrochemistry, separa-

tion science, etc. [1–8]. However, some studies have proved
that ionic liquids are toxic to some organisms (such as fish,
snails, wheat, rice, and corn) [9–13] and the toxicity of ionic
liquids increased with the increase of alkyl chains in the ionic
liquid cations. Ionic liquids can lessen the risk of air pollution
because of their insignificant vapor pressure. However, ionic
liquids have significant solubility in water and therefore can
persist in environmental water systems for a prolonged period
of time. Thus, it is imperative to develop an effective method
of sample cleanup and enrichment and sensitive detection for
the analysis of ionic liquids in environmental water, which
provides a reference for monitoring ionic liquids in the envi-
ronment and studying the environmental effects of ionic
liquids.

At present, many research studies on the separation and
detection of ionic liquids have been reported [14]. The main
methods for the analysis of ionic liquid cations were ion-pair
chromatography [15, 16], reversed-phase chromatography
[17, 18], hydrophilic interaction chromatography [19, 20],
ion chromatography [21–23], and capillary electrophoresis
[24]. However, there are seldom reports on the detection of
ionic liquid cations in the environment [25–27] and there are
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no reports on the determination of morpholinium ionic liquid
cations in the environment. Because the concentration of ionic
liquids in environmental water is too low to reach the detec-
tion limit of the chromatograph, sample enrichment is needed
to meet the detection requirements of the chromatograph [28].
In addition, the environmental samples are very complex and
may contain components that can damage the analytical in-
struments or interfere with the analysis of the target com-
pounds. Therefore, prior to direct analysis of environmental
samples, sample cleanup and enrichment method must be ap-
plied. Solid-phase extraction (SPE) is a widely used sample
cleanup and enrichment technology, which is mainly used for
sample separation, purification, and concentration. Compared
with other methods of sample cleanup and enrichment, this
method is simple and has been widely applied in food analy-
sis, environmental analysis, chemical industry, and other
fields [29, 30].

In this work, SPE and ion chromatography were combined
to analyze the morpholinium ionic liquid cations in environ-
mental water. The enrichment of morpholinium cations in
environmental water by SPE and detection by ion chromatog-
raphy were studied. A new method for the analysis of
morpholinium ionic liquid cations in environmental water by
SPE and ion chromatography has been developed, which pro-
vides a new and useful analytical method for monitoring ionic
liquids in the environment and studying their environmental
effects.

Experimental

Instruments

The SPE of samples was carried out on an ASE-24 SPE ap-
paratus, which was equipped with a model AP-9950 oil-free
vacuum pump (Tianjin Automatic Science Instrument,
China). The SPE procedure was performed using a UF-SCX
SPE column (200 mg/6 mL, Dalian Zhongpu Technology,
China). The chromatographic analysis was carried out on an
883 Basic plus ion chromatograph (Metrohm, Switzerland),
which was equipped with a model 863 compact auto sampler
and IC conductivity detector. The chromatographic system
control and data acquisition were performed using a
Metrohm MagIC Net 3.1 workstation. A model Milli-Q
Reference water purification system (Millipore, USA) was
used.

Chemicals

N-Methyl-N-ethyl morpholinium bromide ([MEMo][Br]) and
N-methyl-N-propyl morpholinium bromide ([MPMo][Br])
ionic liquids (purity 99%) were purchased from Shanghai
Cheng Jie Chemical Ltd. (Shanghai, China). Acetonitrile

(chromatographic grade) was obtained from Sigma-Aldrich.
Methane sulfonic acid (superior purity) was purchased from
Tianjin Guangfu (Tianjin, China). All other chemicals were
analytical grade and purchased from Beijing Bailingwei
Technology (Beijing, China).

Preparation of standard solutions and mobile phases

Stock standard solutions of morpholinium ionic liquid cations
(1.0 g L−1) were prepared in ultrapure water, and working
solutions were obtained by diluting with the water before
use. The working solutions were filtered through a 0.22-μm
filter. According to the experimental requirements, a certain
concentration of methane sulfonic acid aqueous solution was
prepared with ultrapure water, and then acetonitrile with a
certain volume fraction was added as the mobile phase.
They were filtered through a 0.22-μm membrane and
degassed for 15 min.

Cleanup and enrichment of environmental water
samples

The environmental water samples for the analysis were taken
from Songhua River in Harbin, Hulan River in Harbin,
Mopanshan Reservoir in Harbin, and East Lake in
Heilongjiang Anda, China. The water samples were collected
by manual method, and stored in 10-L glass bottles and la-
beled. The environmental water samples were stored in refrig-
erators at a constant temperature of 4 °C. After 24 h of stand-
ing, the samples were taken out and restored to ambient tem-
perature, filtered and centrifuged, and filtered through a
0.22-μm filter before SPE.

Prior to use of the UF-SCX SPE column, the cartridges
were conditioned with 5 mL of methanol followed by 5 mL
of deionized water. The filtered water samples were continu-
ously passed through the column at a flow rate of 2 mL min−1

with a loading volume of 150 mL. The entire loading process
takes about 75 min. After sample loading, washing with
10 mL 20% (v/v) methanol/water solution was carried out in
order to elute the impurities. After washing was completed,
vacuum drying was continued to remove residual water in the
column. Finally, it was eluted with 5 mL of 0.5 mol L−1 phos-
phoric acid/sodium dihydrogen phosphate buffer solution/
55% methanol, and then the eluent was collected and
chromatographed. The SPE process is summarized in Fig. 1.

Chromatographic conditions

The separation was performed on a Shodex IC YK-421 car-
boxylic acid functional group cation exchange column
(4.6 mm I.D. × 125 mm, Showa Denko, Japan). The mobile
phase was 5.0 mmol L−1 methane sulfonic acid/2% acetoni-
trile. Flow rate was 1.0 mL min−1. Column temperature was
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room temperature. Injection volume was 20 μL. The detection
method was direct conductivity detection. Metrohm MagIC
Net 3.1 chromatography workstation was used for data
processing.

Results and discussion

Ion chromatography analysis of morpholinium
cations

Selection of mobile phase

A Shodex IC YK-421 column was used to separate N-methyl-
N-ethyl morpholinium cations ([MEMo]+) and N-methyl-N-
propyl morphol inium cat ions ([MPMo]+) . When
3.0 mmol L−1 methane sulfonic acid and oxalic acid were used
as mobile phases, respectively, the results showed that the
chromatographic peaks of these analytes did not appear. We
continued to investigate the effect of adding the organic sol-
vent acetonitrile to the mobile phase on the separation of
[MEMo]+ and [MPMo]+. The results showed that
3.0 mmol L−1 methane sulfonic acid/20% acetonitrile as mo-
bile phase was better than 3.0 mmol L−1 oxalic acid/20%
acetonitrile as mobile phase in separating [MEMo]+ and
[MPMo]+. Therefore, methane sulfonic acid and acetonitrile
were selected as mobile phases to further optimize separation.

In order to achieve the complete separation of the two
analytes, the effects of different concentrations of acetonitrile
on the separation of the two analytes were investigated. As
shown in Fig. 2, the retention time of the two cations was
shortened with the increase of acetonitrile concentration. The
reason is that the increase of acetonitrile concentration reduces
the adsorption of hydrophobic ions on the surface of the sta-
tionary phase. With the decrease of acetonitrile concentration,
the resolution of the two compounds increased gradually.
When the acetonitrile concentration was 2%, the two target
compounds could be separated completely and the peak shape
was better. Acetonitrile with 2% volume fraction was selected.

The effect of methane sulfonic acid concentration on the
separation of [MEMo]+ and [MPMo]+ was then investigated.
The results in Fig. 3 showed that with the increase of methane
sulfonic acid concentration, the retention time of both cations
became shorter and the peak shape also became better. When
the concentration of methane sulfonic acid was 5.0 mmol L−1,
the retention time of the two cations was shorter, the peak shape
was better than that at other concentrations and the resolution
was more than 1.5, allowing baseline separation of the two
cations. The 5.0 mmol L−1 methane sulfonic acid/2% acetoni-
trile was finally selected as the optimum mobile phase.

Selection of flow rate

The determination of [MEMo]+ and [MPMo]+ was investigat-
ed at a flow rate of 1.2, 1.0, 0.8, and 0.6 mL min−1, respec-
tively. With the increase of flow rate, the retention time of the
two cations was shortened and the resolution of the two cat-
ions became lower. When the flow rate was 1.0 mLmin−1, the
morpholinium cations had a good separation and the retention

Fig. 2 Chromatograms obtained with mobile phases containing different
contents of acetonitrile: a, 5%; b, 4%; c, 3%; d, 2%; e, 1%.
Chromatographic conditions: mobile phase, 3.0 mmol L−1 methane
sulfonic acid solution/acetonitrile; column, Shodex IC YK-421 carboxyl-
ic acid cation exchange column; flow rate, 1.0 mL min−1; inject volume,
20 μL. Peaks: 1, [MEMo]+ (50 mg L−1); 2, [MPMo]+ (50 mg L−1)

UF-SCX SPE column

(200 mg/6 mL)

Activating

5 mL methanol

Equilibrating

5 mL water

Sample loading 150 mL      

Chromatographic

analysis
Collecting eluent

Eluting, 5 mL 0.5 mol L-1

phosphoric acid - sodium 
dihydrogen phosphate - 55%
methanol

Washing, 10 mL 20% 

(v/v) methanol-water    

Fig. 1 Solid-phase extraction protocol of morpholinium ionic liquid cations in environmental water samples
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time was also appropriate. Finally, the flow rate 1.0 mL min−1

was selected.

Quantitative parameters

The selected optimum chromatographic conditions were de-
scribed in section BChromatographic conditions^ and used to

analyze the mixed standard solutions of two morpholinium
cations. The chromatograms are shown in Fig. 4. The reten-
tion times of [MEMo]+ and [MPMo]+ were 10.66 and
14.83 min, respectively.

The standard solutions of two morpholinium cations with
different concentrations were measured under the selected op-
timal experimental conditions. Linear regression equations
were obtained for the relationship between the peak area (in-
tegral value) and ion concentration (mg L−1). Limits of detec-
tion (LOD) and limits of quantitation (LOQ) were calculated
at three times and ten times to the signal-to-noise ratio.
Relative standard deviations of retention time (RSDt) and
peak area (RSDs) were obtained from seven repeated mea-
surements of a standard mixture solution of [MEMo]+

(50 mg L−1) and [MPMo]+ (50 mg L−1) under the optimal
chromatographic conditions. These quantitative analysis pa-
rameters are listed in Table 1. The results showed that the
reproducibility and linearity of the method can meet the re-
quirements of quantitative analysis.

Optimization of solid-phase extraction

Selection of loading volume

The samples were enriched and purified by sulfonic acid
strong cation extraction column (SCX). Prior to investigating
breakthrough volume, the cartridges were conditioned with
5 mL methanol followed by 5 mL ultrapure water. The spiked
water samples (1 mg L−1) were continuously passed through

Fig. 3 Chromatograms obtained
with mobile phases containing
different concentrations of methane
sulfonic acid. a, 5.0; b, 4.0; c, 3.0; d,
2.0; e, 1.0mmol L−1.Mobile phase,
methane sulfonic acid/2%
acetonitrile. Other chromatographic
conditions and peak marks are the
same as in Fig.2

Fig. 4 Chromatogram of a standard mixture solution of morpholinium
ionic liquid cations. Chromatographic conditions: mobile phase,
5.0 mmol L−1 methane sulfonic acid solution/2% acetonitrile; column,
Shodex IC YK-421 carboxylic acid cation exchange column; flow rate,
1.0 mL min−1; inject volume, 20 μL. Peaks: 1, [MEMo]+ (50 mg L−1); 2,
[MPMo]+ (50 mg L−1)
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SPE cartridges at flow rates of 2 mL min−1. The results
showed that a small amount of [MEMo]+ was detected in
the effluent when the sample volume was 4000 mL. Two
morpholinium cations were detected when the volume of sam-
ple was 5000 mL, which indicated that the volume of the
sample exceeded the SPE column capacity.When determining
the suitable loading volume, it is necessary to consider the
adsorption of interferences that may exist in the actual envi-
ronmental water sample. In addition, the enrichment factor is
determined by the loading volume. In order to achieve suitable
loading and elution effect and to obtain better enrichment
factor, the final selected loading volume was 150 mL.

Selection of washing solution

In order to reduce the interference of impurities on the target
compounds during the analysis, the impurities should be re-
moved as much as possible without affecting the recovery of
the target compounds. The weakly adsorbed impurities were
selectively eluted with an appropriate washing solution and
the target compounds remained on the SPE column for puri-
fication purposes. The washing effects of 80%, 60%, 40%,
and 20% methanol aqueous solution were investigated. The
results showed that the target compounds were not detected in
the washing solution, which thus achieved the purpose of
washing impurities. Thereafter 20% methanol aqueous solu-
tion was used as the washing solution.

Selection of elution solution

In the case of ion exchange extraction, eluting solvents
need to overcome both ion exchange and non-polar inter-
actions to elute the target compounds from the extraction

column, and have good solubility with respect to the tar-
get compounds. Therefore, the high concentration buffer
was first selected as eluent, and 0.5, 0.8, and 1.0 mol L−1

H3PO4/NaH2PO4 buffer were investigated, respectively.
The results showed that when the concentration of buffer
was increased, the elution strength was not obviously in-
creased and the elution effect was not satisfactory. In or-
der to improve the elution effect, methanol was added to
the buffer of 0.5 mol L−1 H3PO4/NaH2PO4. The effects of
0.5 mol L−1 H3PO4/NaH2PO4 with 40%, 50%, 55%, and
60% methanol on the elution of the target compounds
were investigated. As shown in Table 2, the recovery of
morpholinium cations is increased with the increase of
methanol content. The reason is that methanol is a polar
substance, which can destroy the interaction between the
target compound and the SPE filler, and has good solu-
bility with respect to the target compound. When metha-
nol concentration was 60%, the recovery reached 99%,
but the buffer was partially crystallized. Therefore, the
selected volume fraction of methanol was 55%.

The effect of buffer concentration on the elution of the
target compound was further investigated using 0.4, 0.5, and
0.6 mol L−1 H3PO4/NaH2PO4/55% methanol as eluent. The
results showed that the recovery of target compounds in-
creased with the increase of buffer concentration. When
0.6 mol L−1 H3PO4/NaH2PO4/55% methanol was used, the
recovery was the highest, but a small amount of crystals ap-
peared after the solution was left overnight. Finally,
0.5 mol L−1 H3PO4/NaH2PO4/55% methanol was selected as
eluent.

Selection of eluting volume and flow rate

After the elution solution was selected, the appropriate
amount of eluent and elution speed should be selected.
The volume of eluent should not be too large, otherwise
it will increase the chance of co-elution of interfering
impurities and reduce the concentration of target com-
pounds in the eluent. The effects of elution volumes of
4 mL and 5 mL were investigated. The results showed
that better recovery was obtained with 5 mL of eluent,
and 5 mL is also the minimum sample volume required
by the automatic sampler of the ion chromatograph.
Therefore, the volume of the elution solution was deter-
mined to be 5 mL. Because of the strong interaction

Table 2 Recoveries of the target compounds at different concentrations
of methanol

Methanol content in 0.5 mol L−1 H3PO4/
NaH2PO4 buffer (v/v)

Recovery (%)

[MEMo]+ [MPMo]+

40% 87.3 74.2

50% 88.8 87.2

55% 98.5 96.2

60% 99.0 97.0

Table 1 Linear regression
equation, limits of detection
(LOD), limits of quantitation
(LOQ), and relative standard
deviations of retention time and
peak area (RSDt /RSDs)

Cations Linear equation Correlation
coefficient (r)

LOD/LOQ
(mg L−1)

Linear range
(mg L−1)

RSDt/
RSDs (%)

[MEMo]+ y = 0.00131x + 0.0098 0.9995 0.34/1.13 5–100 0.29/0.44

[MPMo]+ y = 0.00794x + 0.0545 0.9992 0.51/1.70 5–100 0.25/0.52

y peak area, x concentration (mg/L)
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between the target compounds and the SPE column, the
elution flow rate should be reduced appropriately. An elu-
tion flow rate of 1 mL min−1 was selected.

Based on the above research, the optimum conditions for
SPE are as follows: UF-SCX SPE column (200mg/6mL) was
used, loading volume and flow rate were 150 mL and
2 mL min−1, washing solution was 20% methanol aqueous
solution, elution solution was 0.5 mol L−1 H3PO4/NaH2PO4/
55% methanol, and the elution volume and flow rate were
5 mL and 1 mL min−1. Under the conditions, the enrichment
factor is 30 times.

Sample analysis

The method was used to determine the morpholinium cat-
ions in four environmental water samples from Songhua
River in Harbin, Hulan River in Harbin, Mopanshan
Reservoir in Harbin, and East Lake in Heilongjiang
Anda. These water samples were analyzed by SPE and
ion chromatography according to the conditions in Sects.
BCleanup and enrichment of environmental water

s amp l e s^ and BCh roma t og r aph i c cond i t i on s^.
Morpholinium ionic liquid cations were not detected in
four actual water samples. Standard addition method was
used to test the recoveries of the method. Three concen-
trations of morpholinium cations (0.8, 1.0, 1.2 mg L−1)
were added to river water, lake water, and reservoir sam-
ples, respectively. The analysis results and recoveries are
shown in Table 3. The data in the table were the average
of seven determinations. The recoveries for the spiked
samples were from 75.0% to 98.3% and the relative stan-
dard deviation (RSD) was less than 3.1%. The recoveries
of [MEMo]+ in these environmental water samples were
slightly lower. The reason may be that some impurities in
complex environmental samples are adsorbed on the ex-
traction column, while the adsorption capacity of the ex-
traction column is limited, resulting in [MEMo]+ being
partially adsorbed on the extraction column and a slightly
lower recovery.

Table 4 gives the limits of detection (LOD) and the
limits of quantification (LOQ) in real environmental water
samples. The LOD and LOQ of the analytical method

Table 3 Contents and spiked
recoveries of morpholinium
cations in environmental water
samples

Samples Ions Original
(mg/L)

Spiked
(mg/L)

Determined
(mg/L)

Recovery
(%)

East Lake [MEMo]+ ND 0.80 0.60 75.0

1.00 0.77 77.0

1.20 0.91 75.8

[MPMo]+ ND 0.80 0.77 96.3

1.00 0.94 94.0

1.20 1.14 95.0

Songhua River [MEMo]+ ND 0.80 0.61 76.3

1.00 0.79 79.0

1.20 0.93 77.5

[MPMo]+ ND 0.80 0.63 78.8

1.00 0.88 88.0

1.20 1.18 98.3

Hulan River [MEMo]+ ND 0.80 0.60 75.0

1.00 0.76 76.0

1.20 0.90 75.0

[MPMo]+ ND 0.80 0.69 86.3

1.00 0.91 91.0

1.20 1.15 95.8

Mopanshan
Reservoir

[MEMo]+ ND 0.80 0.61 76.3

1.00 0.78 78.0

1.20 0.92 76.7

[MPMo]+ ND 0.80 0.71 88.8

1.00 0.92 92.0

1.20 1.16 96.7

ND not detected
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developed for the analytes in Songhua River, Hulan River,
Mopanshan Reservoir, and East Lake were obtained by
measuring independent samples spiked at the lowest ac-
ceptable concentration. The LOD was equal to three times
the signal-to-noise ratio. The LOQ was equal to ten times
the signal-to-noise ratio. Using this method it is possible
to preconcentrate water samples to 0.01–0.04 mg L−1.

Finally, the precision was evaluated by studying the
intraday and interday repeatability of extractions for
150 mL real environmental water samples spiked with
the concentration of 1.0 mg L−1. The intraday precision
was obtained by five replicates within a single day and the
RSDs of extraction recovery ranged from 0.7% to 2.1%.
Whereas the interday precision was measured by five in-
dependent experiments carried out on five consecutive
days, and the RSDs of extraction recovery ranged from
1.4% to 5.9% (Table 4). The method showed satisfactory
precision with RSD values of 5.9% or less.

The analytical results of four environmental water
samples show that this method is suitable for the anal-
ysis of some morpholinium ionic liquid cations in envi-
ronmental water samples and provides a reference for
the analysis of ionic liquids in the environment.

Conclusions

A new method for the determination of morpholinium
ionic liquid cations in environmental water samples was
developed. The sulfonic acid ion exchange SPE column
and the H3PO4–NaH2PO4/methanol eluent were demon-
strated to be a good approach for the enrichment and
purification of morpholinium ionic liquid cations in envi-
ronmental water. The chromatographic separation and de-
tection of morpholinium ionic liquids were achieved by
using carboxylic acid cation exchange column, methane
sulfonic acid/acetonitrile as mobile phase, and direct con-
ductivity detection. The method was applied to the anal-
ysis of four actual water samples and has good accuracy

and precision. The target compounds were not detected in
the environmental water samples in this study; it is possi-
ble that ionic liquids do not exist widely in the environ-
ment at present. In the future, extensive and in-depth re-
search is needed in this field. The developed method is
simple and easy to operate and suitable for monitoring
trace morpholinium ionic liquid cations in environmental
water samples.
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