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ABSTRACT 
Magnetite magnetic nanoparticles (MNP) exhibit superparamagnetic behavior, which gives them important proper-

ties such as low coercive field, easy superficial modification and acceptable magnetization levels. This makes them 
useful in separation techniques. However, few studies have experimented with the interactions of MNP with magnetic 
fields. Therefore, the aim of this research was to study the influence of an oscillating magnetic field (OMF) on poly-
meric monolithic columns with vinylated magnetic nanoparticles (VMNP) for capillary liquid chromatography (cLC). 
For this purpose, MNP were synthesized by coprecipitation of iron salts. The preparation of polymeric monolithic col-
umns was performed by copolymerization and aggregation of VMNP. Taking advantage of the magnetic properties of 
MNP, the influence of parameters such as resonance frequency, intensity and exposure time of a OMF applied to the 
synthesized columns was studied. As a result, a better separation of a sample according to the measured parameters was 
obtained, so that a column resolution (Rs) of 1.35 was achieved. The morphological properties of the columns were 
evaluated by scanning electron microscopy (SEM). The results of the chromatographic properties revealed that the best 
separation of the alkylbenzenes sample occurs under conditions of 5.5 kHz and 10 min of exposure in the OMF. This 
study constitutes a first application in chromatographic separation techniques for future research in nanotechnology. 
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1. Introduction 
Capillary liquid chromatography (cLC) is one of the most widely 

used analytical techniques for the qualitative and quantitative analysis 
of numerous chemical compounds. For this reason, the development of 
cLC columns has evolved significantly. Among the great diversity of 
columns, monolithic columns stand out because they allow working at 
high flow rates, therefore, obtaining fast separations without the use of 
high pressures in the system[1,2]. In addition, the bed is anchored directly 
to the support wall, so the use of retention fry is not necessary. These 
columns have been widely used to separate individual components of 
various samples[3,4]. 

There are two types of monolithic columns: polymers, which con-
sist of obtaining organic polymers by in-situ polymerization of an or-
ganic or hydro-organic mixture, and silicon-based monolithic pre-
pared by sol-gel processes[5,6]. Polymer monomers have some 
advantages over silica, such as fast and simple preparation, versatility 
of polymer functionalization and improved chemical stability over a 
wide pH range (2–12)[7]. These monoliths are widely used in the analy-
sis of proteins, high molecular weight molecules and small molecules in 
food, environmental and pharmaceutical fields[8–11].
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Therefore, the latter type of monoliths was se-
lected for this study. However, despite the ad-
vantages of polymer monolithic columns, it 
should be noted that their limitation lies in the low 
surface area values (<10 m/g) compared to silica 
columns. To solve this drawback, in recent years, 
various nano-materials have been incorporated into 
these stationary phases. Thus, for example, glycidyl 
methacrylate (GMA) monoliths are described which 
functionalized with various types of Au, Ag and 
Ni-Co metal nanoparticles resulting in a manipula-
tion in the retention of proteins and other small 
molecules[12,13]. 

As nanotechnology advances, new nano-
materials are destined to emerge as powerful mate-
rials that enable analytical determinations with im-
proved sensitivity. The most commonly used in 
separation techniques include: silica and carbon 
nanoparticles (NP) (mainly fullerenes and carbon 
nanotubes) and metallic (iron oxide, gold, silver and 
europium)[14]. Applications of these NPs include 
their use as adsorbents in solid-phase extraction and 
microextraction[5,12], as well as the development of 
stationary phases incorporating these nanostruc-
tured materials. For example, recently, vinylated 
micro nanoparticles have been incorporated into the 
monolithic columns of GMA, which provided an 
increase in the surface area of the monoliths. 

This in turn lead to an increase in the retention 
and effectiveness of the chromatographic column[15]. 
However, the incorporation of magnetic nanoparti-
cles (MNP) into this type of stationary phases 
has been little studied[10,15]. Hence, the aim of the 
present investigation which seeks to take advantage 
of the superparamagnetic behavior of MNP in the 
efficiency of chromatographic separations. 

The oscillating magnetic field (OMF) is one of 
the different types of magnetic fields, which is pro-
duced by alternating current electromagnets with a 
periodic change of intensity that depends on the 
frequency of the magnet and the type of wave. The 
OMF applied in the form of reverse polarity pulses 
can be homogeneous in the area enclosed by the 
magnetic field coil or heterogeneous where the in-
tensity decreases as the distance from the center of 
the coil increases[16]. 

Applying the theory of electromagnetism and 
the laws of Biot-Savart, Ampère Ohm and Kirch-
hoff, the motion of particles affected by a OMF is 
obtained. The Biot-Savart law states that if the cur-
rent I passes through the conducting wire, a mag-
netic field is generated[17]. To denote the presence of 
a magnetic field in a given region of space, one 
must work with the magnetic field strength H. This 
relation is linear in most materials (equation 1). 

B = μH 
(1) 

Where: B is the magnetic flux density (Teslas) 
and μ the magnetic permeability of the material 
(T*m*A−1). With this law, the relation of the mag-
netic field can be found for any point in space with 
current I[18]. On the other hand, Ampère’s circula-
tion law is represented by equation 2. 

∮ B��⃗ ⋅ dl⃗ = μ0I 
(2) 

Where: dl is the length differential of the curve; 
μo is the magnetic permeability in vacuum (μo = 
4π*10−7 T*m*A−1). 

The field lines of B are concentric circles lying 
in planes perpendicular to the axis of the wire, with 
center in it. If a region of space is available, then 
the number of field vectors, traversing a surface, 
gives the magnetic flux conditions. Applying the 
double integral, the flux is divided by a certain sur-
face area S, and B is obtained, as shown in equation 
3[19]. 

B =
Φ
S

= μH 
(3) 

Where: Φ is the magnetic flux through an area 
S in scalar product with B, with Weber units. 

If there is more than one magnetic field source, 
it will provide intensive movements of the NP in 
different directions and consequently improves 
mass transfer[20,21]. The magnetic field generates the 
movement of the MNP contained in the monolith of 
the polymeric column (Figure 1). 

In the present investigation, the influence of a 
OMF on polymeric monolithic columns with vinyl-
ated magnetite magnetic nanoparticles (VMNP) for 
cLC was studied. For this purpose, polymeric mon-
olithic columns were prepared by the copolymeri-
zation method with butyl methacrylate (BMA) and 
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Figure 1. Movement of the MNP generated by a magnetic field: 
(a) position of the MNP in the absence of magmatic field and (b) 
displacement of the MNP according to the direction of the field 
line. 

ethylene glycol dimethacrylate (EDMA) mono-
mers by thermal initiation and subsequent aggrega-
tion of VMNP. Then, taking advantage of the mag-
netic properties of the MNP, the influence of 
various parameters (resonance frequency, intensity 
and exposure time) of a OMF applied on the syn-
thesized columns was studied. The influence of 
these parameters on the morphological properties 
was evaluated by scanning electron microscopy 
(SEM). While, to monitor the effect on chromato-
graphic properties, the separation of alkylbenzenes 
(ABS) samples in cLC in reverse elution mode was 
studied. 

2. Materials and methods 
2.1 Obtaining of polymeric monolithic col-
umns 

Monolithic columns were prepared using fused 
silica capillaries. The polyimide coating of 794 μm 
external diameter and 500 μm internal diameter, 
supplied by multi-micro technology (Phoenix, 
USA). In order to ensure covalent bonding with the 
monolith, the inner wall of the fused silica capillary 
was modified with 3-(trimethoxysilyl) propyl 
methacrylate (γ-MPS) from Sigma-Aldrich (Mil-
waukee, USA). For this purpose, the procedure de-
scribed by Petro, Svec and Fréchet[22] was adopted. 

The preparation of the polymerization mix-
tures was carried out in a glass cabinet, using an 
OHAUS model EX224 analytical balance (Mexico 
D.F., Mexico). The polymerization mixture was 
composed of BMA from Sigma-Aldrich (Milwau-
kee, USA) as functional monomer. EDMA from 
Sigma-Aldrich (Milwaukee, USA) and a ternary 
porogenic solvent, consisting of a mixture of 

1,4-butanediol from Sigma-Aldrich (Milwaukee, 
USA), 1-propanol from Scharlau (Barcelona, Spain) 
and ultrapure water, obtained from a Nanopure II 
purification system from Barnstead (Boston, USA), 
were used as the binding agent. Azobisisobutyroni-
trile (AIBN) from Fluka (Buchs, Switzerland) was 
used as initiator of the polymerization reaction. 

To the polymerization mixture, VMNP were 
added up to a final concentration of 2% by weight. 
The method selected to disperse the VMNP into the 
polymerization mixture was sonication, since it is 
the most recommended for the homogeneous dis-
tribution of nanomaterials in aqueous media. For 
this, once the mixture was prepared in a vial, it was 
agitated in a Heidolph vortex, model REAX 2000 
(Schwabach, Germany), sonicated in a Bransonic 
ultrasonic bath model 2510R-MT (Boston, USA) 
for 15 min and purged with nitrogen, according to 
the method proposed by Carrasco, Ramis and Her-
rero[15]. Table 1 shows the composition of the 
polymerization mixture studied. 

Table 1. Composition of the polymerization mixture used 
Components Concentration (% weight) 
Butyl methacrylate (BMA) 17.9 
Ethylene glycol dimethacrylate 
(EDMA) 12.0 

1,4-Butane diol 34.6 
1-Propanol 28.2 
Water(H2O) 6.9 
Azobisisobutyronitrile (AIBN) 0.4 

The pretreated 10 cm long molten silica capil-
laries were capillary-filled entirely with the 
polymerization mixture and sealed at their ends. 
Thermal polymerization was carried out in a 
Pol-Eko-Aparatura model SRN 115 STD oven 
(Wodzislaw Sl¾ski, Poland) at 70 °C for 20 h. After 
the polymerization process was completed, metha-
nol from VWR-Prolabo Chemicals (Paris, France) 
was passed through the obtained monolithic col-
umns for 15 min in order to remove porogenic sol-
vents and possible unreacted monomers, using a 
Shimadzu LC-10AS pump (Columbia, USA). 

2.2 Synthesis and characterization of MNP 
This section describes the synthesis and char-

acterization of MNP with and without vinylation. 
The preparation of MNP was carried out by co-
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precipitation, according to the procedure de-
scribed by Yang et al.[23]. After the reaction was fin-
ished, the precipitate was collected with the help of 
a magnet; it was washed repeatedly with water and 
ethanol from VWR- Prolabo Chemicals (Paris, 
France) and the product was dried in an oven, at 
60 °C for 12 h. To modify the surface of MNP with 
vinyl groups, 4 mL of γ-MPS reagent was added 
over 50 mg of MNPs; then, 1 mL of a 1:1 (v/v) wa-
ter-ethanol mixture was added. The reaction was 
carried out under nitrogen atmosphere at a temper-
ature of 40 °C for 12 h. Finally, the MNP was 
washed several times with ethanol and dried in the 
oven at 60 °C for 6 h. 

The VMNP was characterized using a Jasco FTIR, 
model 4100 (Oklahoma, USA). 

2.3 Preparation of the test sample 
A sample of ABS consisting of toluene 

ethylbenzene propylbenzene and butyl benzene 
from Riedel de Haen (Hannover, Germany), was 
used as the analyte. The ABS stock solution was 
prepared from a concentration of 1,000 μg⁄mL in 

acetonitrile (MeCN) from VWR Prolabo Chemicals 
(Paris, France), and kept at −20 °C. From this, a 10 
μg⁄mL test mixture of uracil (Sigma-Aldrich, Mil-
waukee, USA) and ABS was prepared. 

2.4 Instrumental in the generation of the 
OMF 

The OMF is generated and the MNP vibration 
of the monolithic column is caused using an elec-
tromagnet consisting of a coil of 500 coils of copper 
wire wound around a ferrite core and two pieces of 
iron forming a slot 5 mm wide and 9.5 cm long 
where the monolithic columns were placed. 

The electric current supplied to generate the 
magnetic field came from an RS PRO model 
GFG-8255A function generator (Northants, Eng-
land), connected to a Krohn-Hite mod-
el 7600/7602 broadband amplifier (Massachusetts, 
USA). Electrolytic capacitors were used to store the 
electric charges and modify the output frequency 
(Table 2).

Table 2. Capacitance of the capacitors used, resonance frequencies and magnetic flux densities obtained 
Capacitor capacitance C(F) Resonant frequency fO (Hz) Comment intensity 1(A) Magnetic flux density Bg (mT) 
4.7 × 10−3 2 1.15 8.028 
l.0 × 10−3 8 0.79 5.515 
l.0 × 10−6 198 0.10 0.698 
l.0 × 10−9 5,500 2.l × 10−6 L.466 × 10−5 
l.0 × 10−12 228,000 Not measured Not measured 

 

Figure 2. Circuit used in the generation of OMF. 
Note: A and B: terminals; G: alternating current generator; C: variable capacitor; R: resistor; RB: coil resistance; L: inductor. 

The current intensity was measured with a 
Fluke model 179 series multimeter. A Lab-Volt 

model AC 793G oscilloscope (New Jersey, USA) 
was connected to the system to obtain a graphical 
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representation of the electrical signals, their varia-
tion over time, and to monitor the signal voltage. 
Figure 2 shows the circuit designed in Matlab with 
the above representation. 

In Table 3 the parameters and operating condi-
tions of the OMF considered in the study of mono-
lithic columns prepared using VMNP are given. 

Table 3. OMF parameters and working conditions used in the 
study 
Capacitors Capacity 4700 μF~1 pF 
Coil Number of turns 500 

Resistance 14.6 Ω 
Function generator Output signal Sine wave 

Frequency 2.3 Hz ~ 228 kHz 
Amplifier Amplitude 20 Vpp 

Type of electrical 
component 

Alterna 

Amplitude 25 Vpp 

2.5 Chromatographic conditions 
Monolithic columns at 25 °C with VMNP were 

connected to the cLC equipment with Shimadzu 
UV-VIS detector model SCL-10A (Columbia, 
USA), and conditioned with the mobile phase until 
a stable baseline was observed, i.e., a mixture of 
MeCN:water (30:70 v/v) in isocratic elution at a 

flow rate of 0.15 mL/min. A mixture of ABS in 
concentration of 10 μg⁄mL was used as analyte with 
an injection volume of 2 μL and a spectrophotomet-
ric determination of 214 nm. 

2.6 Characterization of polymeric monolithic 
columns 

The morphological study of the monolithic 
materials was performed using the JEOL scanning 
electron microscope model JSM-IT100 (Tokyo, Ja-
pan). An important aspect here was the stability of 
the dispersion of VMNPs in the polymerization 
mixture and consequently their homogeneous dis-
tribution in the polymeric matrix. Therefore, it was 
decided to study the degree of dispersion of the 
VMNPs in the monolithic beds obtained thermally. 
For this purpose, mixtures containing 2% of 
VMNPs were placed in several vials polymerized 
thermally. Samples were then taken at different 
polymerization times. As a result of this procedure, 
images were obtained in the Zhunma optical mi-
croscope model XSZ 107BN-T (Ningbo, China) of 
monolithic beds with VMNP, taken at 5 and 60 min 
after polymerization. 

 

 
Figure 3. Infrared spectra of the surface of MNP: (A) unvinylated and (B) vinylated with γ-MPS. 

3. Results and discussion 
3.1 Characterization of vinylized MNP 

Figure 3 shows the infrared spectra of unvi-

nylated MNP (trace A) and VMNP (trace B). Both 
show an absorbance band at 562 cm−1, correspond-
ing to the Fe-O vibration of the magnetic core. In 
the VMNP (trace b) an intense band is observed at 
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1,718 cm−1 which is characteristic of the stress vi-
bration of the γ-MPS ester carbonyl. The bands 
found at 1,633 and 3,004 cm−1 are due to the vibra-
tions (stresses) of the C=C and C-H bonds of the 
γ-MPS compound. 

The conditions for the preparation of the mon-
oliths with VMNP were established considering a 
previous investigation[14]. The selected VMNP con-
tent was 2% in the polymerization mixture (Table 
1). In the study, UV radiation was used as the 
polymerization initiation mode which can be per-
formed in short times (15 min). This avoids possi-
ble sedimentation problems of the NPMV. However, 
in the present investigation, the capillaries used (in-
ternal diameter of 500 μm) are not transparent to 
UV radiation, so thermal initiation had to be resort-
ed, which involved times of 20–24 h. 

3.2 Characterization of monoliths with 
VMNP 

In order to carry out the present characteriza-
tion, the degree of dispersion of the NPMV in mon-
olithic beds obtained by the thermal process was 
studied. The samples were taken at different 
polymerization times and observed by microscope. 
As a result, a random distribution of VMNP in the 
polymer matrix was determined, suggesting a ho-
mogeneous distribution of VMNPs. This can be 
explained by the rapid formation of polymerization 
nuclei (oligomers), which act as a support (host) for 
the VMNPs, thus preventing their sedimentation, 
properties mentioned in the work of Yu, Dave, Zhu, 
Quevedo and Pfeffer[24], investigated in depth by 
Ommen, Valverde and Pfeffer[25]. 

 

 

Figure 4. Separation of ABS using a monolithic polymeric column with 2% VMNP in the absence of magnetic field. 
Note: Peaks: 1 uracil; 2 toluene; 3 ethylbenzene; 4 propylbenzene; 5 butylbenzene. 

3.3 Chromatographic and morphological 
characterization of the monolith with VMNP 

Figure 4 shows the separation of the ABS 
sample, using the monolithic column with VMNP 
content in the absence of OMF, according to the 

cLC working conditions previously indicated. 
These conditions presented the best separation re-
sults among several tests performed, in which pa-
rameters such as mobile phase composition and 
flow rate, injection volume and analyte concentra-
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tion were measured. 
In the chromatogram, a partial separation be-

tween the toluene and ethylbenzene pair was ob-
served (peaks 2 and 3, respectively). It is intended 
to improve this separation by applying an external 
magnetic field to the monolithic columns with 
VMNP. 

Figure 5 shows the morphology of the column, 
in which the microglobular structure characteristic 
of this type of polymers is observed. The existence 
of VMNP on the surface is not appreciated, since 
they are embedded (copolymerized) in the poly-
meric network, which was determined based on the 
study of the degree of dispersion of VMNP in the 
monolith. 

 

Figure 5. SEM image of the monolith with 2% VMNP, obtained 
at 20 kV and x25 k magnification. 

3.4 Influence of time-constant OMF fre-
quency variation 

As discussed above magnetite NP is super-
paramagnetic so they are oriented and attracted by 
magnetic fields. For this reason, the influence of 
OMF application on the synthesized polymeric 
columns was studied. For this purpose, the columns 
were placed in the electromagnet gap and subjected 
to different magnetic fields at a fixed exposure time 
of 5 min. The magnetic field values produced in the 
air gap (Bg) were measured from different reso-
nance frequencies (R), obtained from 2.3 Hz to 228 
kHz for varying values of capacitors with capacities 
ranging from 4,700 μF to 1 pF. 

The variation of the resonance frequency gives 
different maximum current intensity values. In turn, 

it will influence the magnetic flux density. Accord-
ing to Miranda, ferrites resonate at resonance fre-
quencies when subjected to the action of a magnetic 
field, which influences chromatographic reten-
tion[26]. As this is a new study, the trend of better 
chromatographic separation as a function of column 
resolution has been seen, as presented in the results. 

Figure 6 shows the separation of ABS at dif-
ferent resonance frequencies. As can be seen, as the 
OMF frequency increases, there is an increase in 
the retention time of the analytes, as described by 
Carrasco, Ramis and Herrero[15]. Also, it is observed 
that the resolution of all pairs of peaks improves, 
particularly, that of the toluene and ethylbenzene 
pair. 

In order to evaluate the influence of OMF on 
the morphology of the studied monoliths, SEM tests 
were performed. However, in the overall image af-
fected by different frequencies insignificant changes 
in microsphere size were observed compared to 
those obtained in the absence of OMF (Figure 5). 

Although SEM images cannot show clear 
changes in the microgranule level, it is evident that 
the presence of superparamagnetic NP affects the 
monolith structure. This leads to an increase in the 
number of mesoscopic and micropores, which is 
closely related to the surface area and retention of 
analytes[15,27]. 

3.5 Influence of varying OMF exposure time 
at constant frequency 

Continuing with the investigation, it was de-
cided to study the influence of OMF exposure time 
at constant resonance frequency. For this purpose, 
the frequency of 5.5 kHz was chosen, which pro-
vided the best results in the previous section. In 
Figure 7, it is observed that an increase of the ex-
posure time leads to an increase of the retention 
time of the analytes and to an improvement in the 
separation of the toluene-ethylbenzene pair up to 10 
min. Values of time higher than this imply the de-
crease of the retention, accompanied by the loss of 
resolution of the toluene-ethylbenzene pair. 
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Figure 6. Separation of ABS sample using a polymeric monolithic column with 2% NPVM. 

Note: (A) in the absence of OMF and (B) at different resonance frequencies: (a) 2 Hz, (b) 8 Hz, (c) 198 Hz, (d) 5.5 kHz and (e) 228 
kHz. 

 
Figure 7. Separation of ABS using a monolithic polymeric column with 2% VMNP at constant resonance frequency (5.5 kHz) and 
different OMF generation times: (a) 1 min, (b) 5 min, (c) 10 min, (d) 20 min and (e) 60 min. 

Table 4. Comparison of chromatographic resolution of ABS in the absence or presence of OMF 
 Absence of OMF OMF* frequency variation Time variation of OMF** exposure 

Peaks 
Resolution Resolution Resolution 
Rs (n = 4) Rs (n = 4) Rs (n = 4) 

Uracil-toluene 1.03 1.13 1.45 
Toluene-ethylbenzene 1.02 1.27 1.35 
Ethylbenzene-propylbenzene 1.12 1.78 1.86 
Propylbenzene-butylbenzene 1.74 2.32 2.40 

Note: * Results obtained at 5.5 kHz; ** Results obtained at 5.5 kHz and 10 min exposure to OMF. 
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Figure 8. SEM images of monoliths with 2% VMNP obtained at constant resonance frequency (5.5 kHz) and different OMF generation 
times: (a) 1 min, (b) 5 min, (c) 10 min, (d) 20 min and (e) 60 min. Images obtained at 20 kV and x25 k magnification. 

Based on the reported results, it is established 
that, in the separation of the toluene-ethylbenzene 
pair using a polymeric monolithic column with 2% 
VMNP in the absence of magnetic field, the column 
resolution is 1.02. While the separation of this ABS 
pair using a polymeric monolithic column with 2% 
NPVMV in the presence of magnetic field, under 
conditions of 5.5 kHz and 10 min exposure in OMF, 
the Rs increases to 1.35. This chromatographic pa-
rameter was quantified based on the literature of 
Roig[28] and analyzed according to the work of 
Bose[29]. The resolution data of the other pairs of 
peaks are shown in Table 4, where it can be evi-
denced that the variables used in this methodology 
allowed improving the resolution in the chromato-
graphic column. 

In order to clarify the influence of exposure 

time on chromatographic behavior, the morphology 
of the columns was again studied by SEM (Figure 
8). However, as was the case with the influence of 
OMF frequency variation, no appreciable morpho-
logical changes in microglobule size were observed 
with increasing exposure time. According to Jiles 
and Atherton, excess magnetic field exposure time 
can generate hysteresis in ferromagnetic materi-
als[30]. 

Ultimately, in order to establish reproducibility, 
five of the columns in the absence of OMF were 
used for chromatographic characterization. Then, to 
analyze the resonance frequency, four columns 
were used for each frequency, whereby a value of 
5.5 kHz was determined for the best chromato-
graphic separation. Finally, based on this last factor, 
four monolithic columns were used for each OMF 
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exposure time. In this way, retention time, separa-
tion factor and column resolution were evaluated, 
with an optimum value of 1.35. These results are 
close to those reported by Carrasco-Correa et al. 

and Dadoo et al.[15,31]. 

4. Conclusions 
The influence of the application of OMF on 

methacrylate monoliths containing VMNP and the 
effects on their chromatographic and morphological 
properties were studied. The application of increas-
ing OMF frequencies resulted in an increase in 
chromatographic retention. Similarly, the influence 
of OMF exposure time at a given frequency also 
resulted in changes in chromatographic reten-
tion, but no morphological modifications were evi-
dent. 

The experimental conditions for the prepara-
tion of the monolithic columns and the chromato-
graphic conditions for the analysis were carefully 
optimized. Thus, the best ABS separation was es-
tablished at 5.5 kHz and 10 min exposure in the 
OMF. The application of this factor resulted in an 
increase in column resolution from 1.02 to 1.35. 
This translates into a better separation of the analyte 
components. 

These results make this a novel work for the 
development of miniaturized systems of analysis 
and future investigations with the use of other test 
solutes for the evaluation of changes in selectivity, 
applying different OMF parameters or in the deter-
mination of the surface area of monoliths with 
VMNP subjected to different frequencies and ex-
posure times of OMF. 
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