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Abstract

One of the long-known separation methods is chromatography, such as high performance liquid chromatography
(HPLC). This separation essentially uses column containing particle-packed which generates high flow-resistance and
low mass transfer. As matter of fact, it has an impact to high amount mobile phase usage. Meanwhile, organic polymer
monolithic column has been widely used as alternative due to its high mass transfer. In addition, the resulting column has
stability over wide pH range, high temperature, shrinkage and swelling of the reservoir. The aim of this research was to
produce monolithic column which able to utilized for separation with low amount of mobile phase usage. Preparation of
monolithic column begins with pretreatment of polyetereterketone tubing column inner wall. It conducted by activating
the inner wall with H2SO4 49% (v/v), followed by vinylization with glycidyl methacrylate. Furthermore, pretreated
column filled by polymer mixture consisted of 30 wt% of monomers glycidyl methacrylate:trimetilolpropane
trimethacrylate 4:1 (w/v), 70 wt% of pore-forming agents (1-propanol/1,4-butanediol/water 7:4:1 w/v), and ĮĮ¶azoisobutyronitrile 1 wt% of total monomers amount. The polymerization conducted at 60 °C for 12 h. Produced column
connected to HPLC then applied to separate toluene and amylbenzene. The result shows both compounds successfully
VHSDUDWHGE\ȝ/PLn flow rate of acetonitrile:water (75:25) at 84 and 132 min respectively.

INTRODUCTION
Nowadays, the use of natural product as complementary therapies with medicinal consumption has draw many
attentions. Essential oil has been used as fragrance because its volatile properties especially as aromatherapy. Local
residents gather the oil by distillation or boiling the natural materials. Even today essential oils have been sold
commercially in various forms such as wax and balsam [1-2].
Some studies concerning essential oils have reported the contents in essential oils. Certain compounds contained
in these oils turn out to possess variety of important activities. Citronellal from Cymbopogon nardus as antiinflammatory [3], thymol contained in Thymus vulgaris L. as anti-microbial [4], and eucalyptus oil (Eucalyptus
citriodora) may even be used as a pesticide [5].
Although essential oils have various activities that can be utilized, several essential oils contain certain alkyl
benzene with negative effects. For instance essential oil from olibanum-tree (Boswellia sacra) which induces human
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pancreatic cancer cell death also contains toluene (methyl benzene) [6] or wild celery (Kelussia odoratissima) as
treatment of hypertension and inflammation contains amylbenzene (pentyl benzene). The toluene itself may cause
headache, nausea, tinnitus, ataxia, and tremors [6–8]. Meanwhile the amylbenzene may harm aquatic life with long
lasting effects [9]. It shows the activities of essential oils may be dangerous when certain compounds as mentioned
were not separated firstly. It is important to produce materials for separation which could interact and hold alkyl
benzene such as toluene and amylbenzene, with the result that another compounds in essential oil may emitted
firstly. Wherein, material must be able to interacts with toluene and amylbenzene. It may be indicated by material
performance to separates a solution containing of both compounds.
One of the long-known separation methods is chromatography such as high performance liquid chromatography
(HPLC). This separation essentially uses column containing narrow beads that interact with the samples, conforming
their properties as to separate the compounds by emitting them in sequence. However, the use of this column is
generally limited to certain pH and temperature, it also requires a long separation process which impact to high
amount of mobile phase usage [10-11].
Current research on separation developed column using organic polymer monolith. This column is made by
organic monomer such as methacrylate using porogen that produces porous monolith with the result of movement of
the sample and the separation process become faster with stability over a wide pH range and high temperature. In
addition, it could be used for biomolecules with larger size [12-15]. This study aimed to produces monolithic
column based on methacrylate which could interact with toluene and amyl benzene which separates a solution
containing both of it.
MATERIALS AND METHODS
Chemicals and Materials
All chemicals purchased from different sources were used without further purification. H 2SO4, acetone, ethanol
were purchased from Smart Lab Indonesia. Glycidyl methacrylate (GMA), 1-propanol, and 1,4-butanediol were
purchased from Sigma-Aldrich (Singapore). Trimethylolpropane trimethacrylate (TMPTMA), toluene, and
amylbenzene from Tokyo Chemical IndusWU\ -DSDQ 0HDQZKLOHDFHWRQLWULOH $&1 IURP0HUFN ,QGRQHVLD ĮĮ¶ azobisisobutyronitrile (AIBN) from Himedia, and polyetereterketon tubing (PEEK) as column housing (1.00 mm i.d.
and 1/16'' o.d.) was purchased from Supelco (Canada).
All LC experiments were performed using HPLC unit Prominence 20 from Shimadzu (Japan) equipped with
6KLPDG]X¶VZRUNVWDWLRQIRUV\VWHPFRQWURODQGGDWDDFTXLVLWLRQ7KHV\VWHPZDVFRPSRVHGE\FRPPXQLFDWLRQEXV
module (CBM-20A), HPLC pump (LC-20AD), UV/Vis detector (SPD-20A), and Rheodyne 8125 injector with
custom-PDGH  ȝ/ 3((. VDPSOH ORRS 0HDQZKLOH WKH PRUSKRORJ\ RI monolith was analysed with SEM (FEI
Inspect-S50).
Methods
The procedures consisted by few steps, which are pretreatment of PEEK as column housing, preparation of
monolith column, study of monolith columns mechanical stability, and finally its utilization for separations of
toluene and amylbenzene.
Pretreatment of PEEK
Pretreatment of PEEK was conducted through sulfonation and methacrylation similarly described by Shu et al.
[16] with minor modification. The PEEK was filled with H2SO4 49% (v/v) and placed at room temperature for 6 h to
conduct sulfonation of PEEK. After rinsed it with water, it was methacrylated with 1M GMA in acetone and placed
at 60 °C for 4 h. Finally, inside of the column was washed with acetone and cut into 10 cm long leaving the column
with reactive alkene groups, which serve as anchorage of monolith to the inner surface during the polymerization.
Later on, the succession of pretreatment indicated by the anchoraged of monolit inside column housing even though
it was pumped with mobile phase.
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FIGURE 1. Pretreatment of PEEK as column housing (Shu et al, 2012)

Preparation of Monolith Column
The monolith columns was prepared by in situ copolymerization procedure as described by Sabarudin et al. [17]
DOVR ZLWK PLQRU PRGLILFDWLRQ $ PRQRPHU PL[WXUHV ZHUH SUHSDUHG LQVLGH PLFURWXEH ZKLFK FRQVLVWHG RI  ȝ/
*0$  ȝ/ 70370$ DQG WHUQDU\ SRURJHQV  ȝ/  -SURSDQRO  ȝ/  -EXWDQHGLRO  ȝ/ ZDWHU LQ WKH
presence of 3 mg AIBN as radical intiator. The mixture was homogenized before filling it into the pretreated PEEK,
and polymerization was allowed to continue at 60 °C for 12 h. Subsequently, the obtained monolith column was
washed with ethanol and water IRU  K DW  ȝ/PLQ UHVSHFWLYHOy to remove unreacted monomers and remaining
porogens.

FIGURE 2. Preparation of monolith column (Sabarudin et al, 2012)

Study of Monolith Column Mechanical Stability and Morphology
Produced monolith column mechanical stability was then studied by connecting it into HPLC. It was was
pumped at 1-ȝ/PLQIORZUDWHZLWKȝ/PLQLQWHUYDO,WVPHFKDQLFDOVWDELOLW\ZDVVWXGLHGIURPOLQHDUUHJUHVVLRQ
of each flowrate versus the backpressure resulted. Later on, its morphology was also studied with SEM.
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Utilization of Monolith Column for Toluene and Amylbenzene Separation
7KHSURGXFHGFROXPQZDV WKHQLQVWDOOHGWR+3/& V\VWHPDQG SXPSHG ZLWK$&1ZDWHU   DW  ȝ/PLQ
with UV absorption wavelength at 214 nm. Later on, a solution consisted of 25 ppm toluene and 75 ppm of
amylbenzene was then injected to demonstrate produced monolith column performance for separations.
RESULTS AND DISCUSSION
Preparation of Monolith Column
Monolith was produced through in situ copolymerization by bonding each alkene group of pretreated PEEK,
monomers GMA, and TMPTMA in the presence of radical initiator AIBN. Meanwhile, the porogen (pore-forming
agent) which are 1-propanol, 1,4-butanediol, and water play a role to forming space between the monomers during
polymerization. After the polymerization conducted, the space becomes flow-through channel for the sample to
moves quickly but still be able to interact with the monolith. In addition, large flow-through channel even allows
larger molecules to let through.

FIGURE 3. Morphology of monolith at 10,000x magnification

As in Fig. 3, at magnification of 10,000x shows the monolith were produced and spread evenly. Flow-through
channels formed at 2.0-ȝPZKLFKDOORZVIDVWHUPRYHPHQWRIWKHVDPSOHV0RUHRYHUHYHQO\VSUHDGPHQWRIWKH
monolith surface still allows the samples to interact with the the monolith in the course of separating process.
Later on, the mechanical stability of monolith column was then studied. It was conducted by pumping ethanol at
1- ȝ/PLQ IORZUDWH ZLWK  ȝ/PLQ LQWHUYDO ZKLOH REVHUYH WKH EDFNSUHVVXUH UHVXOWHG . As in Fig. 4, the linear
dependence of monolith column backpressure on flowrate shows good mechanical stability to reached R2 = 0.9971.
In addition, it also means the monolith column has high sustainibility to be used frequently [18].
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FIGURE 4. Plot of monolith column backpressure vs flowrate

Utilization of Monolith Column for Toluene and Amylbenzene Separation
Furthermore, produced monolith column was then studied to separates toluene and amylbenzene. A solution
consisted of 25 ppm of toluene and 75 ppm of amylbenzene was then injected to into the HPLC system using
acetonitrile:water (75:25) as mobile phase at UV detection of 214 nm. Fig. 5 shows the toluene and amylbenzene
successfully separates sequently at retention time of 84 and 132 min with relative area of 28 and 72%. The sequence
of emitted samples due to saturated chain of produced monolith having hydrophobic character. This causes resulting
the stronger interaction of amylbenzene with the monolith column than toluene. Later on, toluene with less
hydrophobic character was emitted firstly. Wherein separation process took about 200 min which means the total
usage of mobile phase is about 1.5 mL.

FIGURE 5. Separation of toluene and amylbenzene on monolithic column. Column size: 10 cm long × 1.00 mm i.d.; mobile
SKDVH$&1  IORZUDWHVȝ/PLQ89GHWHFWLRQDWQP

CONCLUSIONS
A monolithic column as HPLC stationary phase has been made from monomer of GMA and TMPTMA inside
PEEK tubing. The produced column has capability to separates toluene and amylbenzene with ACN:water (75:25)
DV PRELOH SKDVH DW  ȝ/PLQ :KHUHXpon the separation process only used about 1.5 mL of mobile phase.
Monolithic column as HPLC stationary phase showed promising potential to be developed for separation of natural
products.
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