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ABSTRACT

Monolith column by in situ polymerization reaction has prepared with using glacidyl methacrylate as monomer,
ethylenedimethacrylate as cross-linker, 1,4-butanediol, decanol, and water as (orogeny solvent, azobisiso-
butyronitrile (AIBN) as polymerization initiator, and trymethylamine as modifier. The morphology of the monolith
column has characterized using Scanning Electron Microscopy (SEM). This method has applied to determination of
inorganic anion containing in biomaterial material waste from Indonesian traditinal fruit such asbuah tap
(Arengapinnata, jambu bol (Malay apple, and buah saus (Sapodilla).lodate ions present in each biomaterial
sample. The iodate ion which concentration 0.038 mM and 0.069mM for ArengaPinnata, and Sapodilla,
respectively.One the other hand,iodate ion undetected in Malay apple.

Keywords: ion chromatography, monolith column, trymethylami glacydilmethacrylate, biomaterial, Indonesian
fruit.

INTRODUCTION

lon chromatography has become a routine analytiegthod for the determination of inorganic and orgaonic
species present in various samples since its inttoah in 1975 by Small el. Largely stationary phases used in ion
chromatography have charged or chargeable moitietscan interact with ionic analytes through atixee or
repulsive electrostatic forces[1]. lon chromatodmapas been favorites because of low reagent cquism rapid
and efficient separations, analysis of small samaplemes of high matrix complexity, and simple nfidgeing[2].

In ion chromatography with suppressed conductidigtection, the separator column effluent passesutjr a
suppressor column which chemically reduces thenellbackground conductance, while at the same timoeeasing
the electrical conductance of the analyte ions[3].

lon chromatography (IC) has developed into a magmcwidely used technique for the separation aadlyais of a
considerable variety of analytes[4].Since theiradtiction in the early 1990s, polymethacrylate niidm® have
emerged as a powerful alternative tool in chromaplgic column technology. The combination of theirgular
porous properties, the various chemistries availaid their relatively simple implementation inwuhs with
small internal diameters make them particularlyaattve for the new chromatographic challenges arhplex
matrices analysis, fast chromatography or on-chgagations[5].

There are three types of monolithic, namely inoiggolymers based on silica and more recently obaraand
zirconia, synthetic organic polymers such as pothaerylates, polyacrylamide, polystyrenesdivinghkene and
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natural polymers such as agarose and cellulos€6lymerization organic polymer monolith column che
prepared with various ways, some of which are tladiymnitiated polymerization and photopolymerizatiusing
UV light.[7].

The greater chromatography efficiency is shownHh®y monolithic columns for the separation of macriemaes
such as nucleotides, oligo-nucleotides, peptidespaatein. Therefore, the monolithic columns hagerbapplied in
many field, including environmental, pharmaceutieadd genomic applications[8].

In this work, monolithic column prepared by thernmdlymerization using glycidyl methacrylate (GMA} a
monomer, ethylene dimethacrylate (EDMA) as croskdi, decanol, water and 1.4-butanediol as porogen,
azobisisobutyronitrile (AIBN) as the thermal iaiidr, and trymethylamine as modifier. The monatithblumn
using capillary column with a length 10 cm. The pimlogy of column then characterize with SEM.

EXPERIMENTAL SECTION

Materials

Capillary LC system consisting of data processdy, détector (Jasco Tokyo, Japan), the injector velr®? pL
(Rheodyne, Cotati, CA, USA), microfeeder pump (LXTEorporation, Tokyo Japan) that use gas-tightrgyet(0.5
mL; Ito, Fuji, Japan), GS-590 water distillatiorssgm (Advantec, Tokyo, Japan), capillary columrO(ffm x 0.32
mm i.d x 0.75 mm o.d), PTFE 1/16 mm i.d x 0.25 mu .26 mm i.d x 2 mm o.d; 1 mm i.d x 2 mm o.dngh i.d
x 4 mm o.d (GL Science, Tokyo, Japan), waterbathnpsyringe 0.5 mL; 0.1 mL; 0.25 mL; 1 mL (Ito,jEJdapan),
Scanning Electron Microscopy (SEM) S-4800 (Hitachi)

All the reagents used were of analytical grade:cfély methacrylate (GMA), 1,4-butanediol, and trymgamine
(NacalaiTesque, Kyoto, Japan), 3- (trimethoxysipippyl methacrylateyfMAPS) (Trade TCI Mark), Ethylene
dimethacrylate(EDMA), decanol, ethanol, methanatokasiso-butyronitrile(AIBN), and NaOH (Wako Pure
Chemical Industries, Osaka, Japan). IC water fro81580 water destillation system (Advantec, Tokwpang),
NaNQO,, NaBr, NaNQ and NalQ(NacalaiTesque, Kyoto, Japan). Biomaterial sampésngapinnata, malay
apple,and sapodillasoaked for 2 hours with NaOldntfiltered with a 0.4om PTFE membrane filter. Filtrate
prepared for separation.

Methods

Preparation of monolithic column

Prior to polymerization, the capillary column pested with the following procedure: first step, ttepillary
column (0.32 mm i.d x 0.75 mm o.d) with a lengthct® was rinsed with 1.0 M NaOH, water, 0,1 M HQOI @5h
with flow rate 4 pL/min, respectively. After thahe capillary column silanized by filling with mixte 0.15 mLy-
MAPS in acetone 0.35 mL, sealed both ends cagiflanith PTFE and kept in a water bath for 24 hGh06 Then
capillary column rinsed with acetone for 0.5 h aingéd with steam nitrogen gas for 0.5 h. The polyprecursor
solution prepared from0.002 g AIBN (polymerizatioitiator), 0.09 mL glycidyl methacrylate (monome@)03 mL
ethylene dimethacrylate (cross-linker), 0.105 md-Bytanediol, 0.06 mL decanol, and 0.015 mL waperdgen).
The solutions mixed with ultrasonicated for 5 mentt make it homogeneous. Then, capillary colurmyga with
nitrogen gas for 0.5 h. After the pretreated ofiltajes was completely, filled with the mixturenésealed both end
capillaries with PTFE. The sealed capillaries suly®e into water batch for 24 h in in 60°C. Themiliary column
rinsed with 0.5 mL methanol with flow rate 4 pL/mi@apillary column treated with 0,5 mL mixture tethylamine
in ethanol (1:1 v/v) with flow rate 0.5 pL/min, hed for 3 h in 80°C, and rinsed with methanol (floate 4
puL/min).

Characterization of Monolith Column

Monolith columns with a length of approximately 2¥8n were cut from the column which was characterizg
scanning electron microscopes (SEM). Coating/ daodpiwas done using precious metals i.e. platinumaor
gold/palladium alloy using Sputter 8. Coating/coigrwas done to increase the contrast betweenré@amtions
that would be observed and the surrounding enviemimThe images were recorded from the area at the
enlargement remark in SEM which was chosen randomly

RESULTS AND DISCUSSION
Preparation and Characterization of Polymer Monoliths Column
The morphology of monolith column depending by tpgality of the porogen solvent, concentration o th

monomer and cross-linker, ratio between the monomued the porogen phase, and the polymerization
temperature[9]. In this research, in situ polymetitn has used to prepared the monolith column.
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Determination of morphology the monolith column wesgd Scanning Electron Microscopy (SEM). Figusthdws
structure of monolith column was solid and compjetdtached to the inner surface of capillary caturn figure
1b display structure of numerous clusters of fugetiular structure with uniform diameter. Mesopoaes through
pores has formed and forming continues porous @iann

The permeability of monolithic column was examir®dmeasure the back pressure for different flove raing
water as mobile phase. The permeability was catedlby using Darcy’s Law[1®, = FyL/(zr?4P), whereF was
the linear velocity of the mobile phagewas the dynamic viscosity of the mobile phagse 0.089 Pa s for water),
was the effective column length, ang was pressure drop.

The flow rate was use in range 0.5 tpl4dmin. Among of porogen influence the permeabiliBood permeability
produced makes the mobile phase and sample solutionld flow through the column under small
backpressure[11]. The permeability of the monatitbdlumn was calculated as 1.566 x*462 with a correlation
coefficient R2 0.99 (Figure 2) which indicated ttte# monolithic column had good permeability.

Separation of inorganic Anions

The evaluation of performances the monolith colunsed five anion; (1) iodate, (2) bromate, (3) tetri(4)
bromide, and (5) nitrate. Figure 3 shows the sdigaraf inorganic anions using various mobile phddee analytes
are detect in wavelength at 210 nm. As seen agyumef 3, sodium chloride provided better eluenséparation
anions with a shorter retention time and give agslkAromatogram peaks.

Meanwhile, to increase the retention time for atelgodium chloride with various concentration waamines as
the mobile phase. Figure 4 shows sodium chloridéh veoncentration 100 mM give the clearly peak of
chromatogram with efficient time. Sodium chlorid&haconcentration more than 100 mM give attacheakpef
chromatogram, its means analyte not be separatiompletely and it can complicate the analyte. Figdralso
shows the retention time of analyte could be ingeeaith the increase mobile phase concentration.

2.00kV 5.3mm x250 SE

Figure 1. Scanning Electron Microsphotograph of monlith column (a) 250x (b) 1000x
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Figure 2. Plots of the floe rate of against the b&gressure of the monolith column. Column, 100 x 82 mm i.d; mobile phase: water
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Figure 3. Effect of the mobile phase on the sepaiiah of inorganic anions. Column, 100 x 0.32 mm i.dmobile phase: (a) KCI, (b) LiCl,
(c) NaCl, (d) NH,CI, and (e) RbCI; flow rate 4 uL/min; injection volume: 0.2 pL; wavelength of UV detection: 210 nm; aalytes: (1)
iodate, (2) bromate, (3) nitrite, (4) bromide, and5)nitrate, 1.0 mM respectively
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Figure 4. Effect of concentration of sodium chlori@ mobile phase on the separation of inorganic anignColumn, 100 x 0.32 mmi.d.;
concentration of mobile phase: (a) 50 mM, (b) 100 K, (c) 200 mM, (d) 300 mM, and (e) 500 mM; flow ra¢ 4 pL/min; injection volume:
0.2 pL; wavelength of UV detection: 210 nm; analyte (1) iodate, (2) bromate, (3) nitrite, (4) bromie@, and (5) nitrate, 1.0 mM
respectively

Table 1. LOD dan LOQ values of inorganic anions

Analyte | LOD | LOQ
103 0.017| 0.056
BrO; | 0.021| 0.070
NO,” 0.008| 0.026
Br 0.025| 0.084
NO; 0.008| 0.026
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Figure 5. Calibration curves for five inorganic anbns. Column, 100 x 0.32 mm i.d; mobile phase: 100MiNaCl; flow rate: 4 pL/min;
injection volume: 0.2 pL; wavelength of UV detectin: 210 nm; ¢ = iodate,m = bromate, A = nitrite, X = bromide, and * = nitrate
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Figure 6.Separation of inorganic anions in biomateal samples. Column, 80 x 0.32 mm i.d; mobile phas200 mMNacCl; flow rate: 4
pL/min; injection volume: 0.2 pL; wavelength of UV detection: 210 nm; samples: (a) Standard solutior(b) ArengaPinnata; (c)
MalayApple (d) Sapodilla. Sample: 1. I03; 2. BrO3; 3. NO2Z; 4. Br 5. NO3

25




Hidayat et al J. Chem. Pharm. Res,, 2015, 7(8):21-27

3 mAbs

(d)

(€)

(b)

O 1 2 3 4 5 6 7 8 9 10

Figure 6.Separation of inorganic anions in biomateal samples. Column, 80 x 0.32 mm i.d; mobile phas&@00 mMNacl; flow rate: 4
uL/min; injection volume: 0.2 pL; wavelength of UV detection: 210 nm; samples: (a) Standard solutior(b) ArengaPinnata; (c)
MalayApple (d) Sapodilla. Sample: 1. 103 ; 2. BrO3; 3. NO2; 4. Br 5. NO3

Analytical Figures of Merit

The RSD of the retention time for the six successirromatographic run under the optimum conditi@nenn the
0.104% - 0.657% range. The RSD for the retentioretivere less than 1%. It showed that this methadgumd
repeatability.

The calibration curves of the five inorganic aniare shown in Figure 5. The calibration graphs stbVinear
relationships between the peak area and the caatient It can be seen from the good R-square gadixained.
The limits of detection (LOD) and limits of quaatibn (LOQ) can see in Table 1. The values of LI &0Q
were low enough. It showed that this method hadigmmsitivity.

Practical Application

The monolithic column was applied to the deterniorabf inorganic anions present in biomaterial skespThe
results are shown iRigure 6. lodate ions present in several biomaterial sagadlibe iodate ions with concentration
0.038 and 0.069mM for are ngapinnata, and sapod@&pectively.On the other hand, iodate ions et in
malay apple.
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