STI6

um

Figure 9: scanning electron microscopic pictures of the miniemulsions polymerisate
(STN1, STI3 and STN4).

The production method was modified for the production of the particle
system with Divinylbenzol as cross linker. The AIBN initiator was used. The

production of the particle is described below.

Production method 1:

The water phase, consisting of SDS (21.6 mg) dissolved in water (15 mL)

was prepared. The oil phase was prepared separately. For this the AMBN

initiator (0.276 mmol), the crosslinker, the monomer and the
template were dissolved in Hexadekan (0.075 g) and agitated until
everything was solved. The oil phase was added to the water

phase and agitated for one hour. After this the mixture was

homogenised for two minutes with an amplitude of 60% by means of an
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ultrasonic finger. Thereafter the emulsion was heated up with 80°C at 500
RPM for 4 hrs and polymerised at this temperature. Subsequently, the

particles were washed twice with distilled water.

The monomer and crosslinker quantities used in production method 2 are
shown in table 4. Individual systems were developed in the synthesis using
DVB as crosslinker (see Figure 10). The particles are, however, - except for
few exceptions - very small. A separation of the particles, even by repeated
centrifugation, was not possible. The particles were eventually able to be
separated with an appropriate filter but these could not, however, be used in

the context of this project due to supply difficulties.

Table 4: Quantities of monomer and crosslinkers used in particle production
according to production method 2. STN stands for the polymerisation of a NIPs
(without template) and STI stands for the production of MIPs (with template).

Starting Template/g Monomer /g Crosslinker /g Comment
solution
STN7 (NIP) _ MAA /0,255 DVB /1,54 Particles cannot

be centrifuged

STI8 (MIP) Stigmasterol /0,102 MAA /0,255 DVB /1,54 Particles cannot

be decentrifuged

The scanning electron microscopic photograph of the non-imprinted particles
which were produced with DVB as crosslinker is shown in Figure 10. The

very small particle sizes are clearly recognised
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Figure 10: Scanning electron microscopic photograph of the miniemulsion -
polymerisates (STN7).

Table 5 contains the individual experiments which were implemented in the

scope of this project.

Table 5: Overview table of the individual experiments with the monomer: Cross
linker, Template: Monomer- Behaviours and the particle size.
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Starting STN1 STI3 STN4 STI6 STN7 STI8
solution
Monomer MAA MAA TFMAA TFMAA MAA MAA
Crosslinker EGDMA EGDMA EGDMA EGDMA DvB DvB
Template - Stigmasterol - Stigmastero - Stigmasterol
I
Monomer: 1:4 1:4 1:4 1:4 1:4 1:4
Crosslinker
Behaviour
Template: Monomer - 1:147 1:54 - 1:12
Behaviour
Particle size / nm 163,7 +1,6 163,9 1,4 183,3 1,3 151,1 133,9 -
Pdl 0,079 0,086 0,084 - 0,054 -
Volume / % - - 76,2 89,2 77,9 77,8

24 Analysis

A suitable method for Stigmasterol. analysis was developed for the

examination of the specific and/or nonspecific adsorption of Stigmasterol on

the polymer adsorber particles (NIPs and/or MIPs) developed in the context

of this project. Both the HPLC chromatography and the LC-MS-method were

used. For the detection of the Stigmasterol by means of the HPLC

chromatography,

solvents (see chapter 2.2).

solubility tests were first implemented with different
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These solubility tests demonstrated that Stigmasterol is soluble in the
Isopropanol and THF solvent. The HPLC measurements in isopropanol and
THF as eluent were, therefore, implemented. The tests concerning HPLC
analytics are specified in the appendix. With the preliminary tests specified
therein a signal was assigned to the Stigmasterol, which only arose in this
THF-charge. During the repetition of the tests for the examination of the

reproducibility another THF-charge was used.

During the measurement of the HPLC standards, which were produced with
this THF charge, no Stigmasterol signal could be proven. As a control
attempt pure THF, which was used as eluent, THF from which new
standards were made, and a newly produced standard (250 ug/mL) were all
measured and compared with the results from the first HPLC. The result is

shown in Figure 11.
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THF as Eluent

Newly produced Standard (250 pug/mL)

Earlier produced standard (250 pug/mL)

Figure 11: HPLC-Chromatogram of Stigmasterol (standards produced with different

THFs) and THF (different charges) determined through HPLC-Method 3.

From the Figure it follows that the THF which was used as eluent, exhibits no
peak with the retention time of Stigmasterol (approx. 2.3 min - 2.56 min).
While with the THF which was used for the new standard, a small peak

appears. The newly created standard exhibits exactly the same peak

With the standard which was produced by an earlier THF-charge and with
which the method was initially developed, a clear peak appears at the
alleged retention time of Stigmasterol, which was regarded as the

Stigmasterol peak, since it arose only with samples with Stigmasterol.

Due to the results shown in Figure 11 it is assumed that the peak must be
pollution or a component of the THF which does not concern the
Stigmasterol peak. The template cannot, therefore, be proven with this

method.

As the Stigmasterol could not be detected with the HPLC-method, a new

method for the detection of Stigmasterol was developed. The LC/MS-
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method was selected for this. The adsorption tests samples in chapter 2.4.2

were determined with this method.

LC/MS-Method 1

LC/MS-System:

Mass spectrometer LCQ Deca; Thermo Scientific
HPLC Surveyor; Thermo Scientific
Column: Phenomenex Luna C18(2),

150 mm x 2,0 mm, 3 ym

Eluent: 100 % Methanol
Flow: 200 pyL/min
Injection volumes: 20 pL

2.4.1 Purification of the particle suspensions produced

The particle suspensions produced were purified in different wash steps, if
necessary, and the bound template was extracted. The purification of the
particles without template (NIPs) took place by twice washing with water via

centrifugation (15,000 RPM; 25 min) and a dialysis thereafter.

Fraunhofer IGB 22
Final report UFOP 540/102



With the particles which were manufactured with the template molecule
Stigmasterol (MIPs), the bound Stigmasterol was extracted for the following
adsorption tests in order to make the binding places freely accessible again
for the adsorption of Stigmasterol. The particles were washed at least six
times with THF, by centrifugation (15,000 RPM; 20 min) and thereafter
transferred in water. After the removal of the Stigmasterols the binding
places are freely accessible again and it is possible to examine whether

Stigmasterol can be bound specifically by the MIPs produced.

2.4.2 Adsorption tests

After the complete purification of the particle suspension the adsorption tests
were implemented. The adsorption tests were implemented in different
incubation mediums such as isopropanol and THF:Water (50:50). The
polymer quantity was not varied. NIPs were examined in order to determine
the non-specific adsorption of Stigmasterol as well as MIPs, in order to

examine the specific adsorption
Detemination method 1

Repeat determinations were in each case implemented for the adsorption
tests. The particle suspensions (10 mg NIPs and MIPs) were centrifuged and
afterwards the excess was completely removed. Subsequently, the pellet
was re-suspended in the desired adsorption medium (THF/Water 50:50 and
isopropanol). The template (100 pg/mL) was added to the particle
suspension and vibrated at 10 °C, at 1.200 RPMfor two hours. After the
incubation the particle with the template was centrifuged again. The excess

was examined by means of the LC/MS method.
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Adsorbierte Masse Stigmasterol in mg/10 mg Polymer

Adsorbierte Masse Stigmasterol in mg/10mg Polymer
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Figure 12: Results of the adsorption experiments of STI3 (MIP) and STN1 (NIP) and
Stigmasterol, in the THF/Water (50:50) incubation medium and Isopropanol.
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Figure 13: Results of the adsorption experiments of STI6 (MIP) and STN4 (NIP), in
the incubation process media THF/Water (50:50) and Isopropanol.
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The results of the adsorption tests are represented in Figure 12 and Figure
13. As shown in Figure 12, a specific connection of Stigmasterol to the MIP
(STI3) could be detected, however only in the THF/Water (50:50) incubation
medium. No specific adsorption could be detected in isopropanol. In both
incubation mediums, however, a non-specific connection (STN1) of

Stigmasterol to the polymer particles could be detected.

With the results represented in Figure 13, a likewise specific connection of
Stigmasterol to the MIP (STI6) in the incubation medium THF/Water (50:50)
could be detected. With isopropanol no specific adsorption could be
detected. In both incubation mediums a nonspecific connection (STN4) could

again be detected.

A possible explanation for this behaviour could be that the polymer systems
are slightly hydrophobe due to their MAA, TFMAA and EGDMA educts.
Therefore the affinity of the templates for the polymer is clearly greater than
to the incubation medium (THF/water), whereby more template is bound to
the particles. With pure solvent interaction can occur between the template
and solvent, whereby the template also possesses an affinity for the solvent

and so less template is bound to the particles

If the two polymer systems are compared with one another, it becomes clear
that with the TFMAA/EGDMA polymer system, shown in Figure 13,
somewhat more template, nonspecific and specific, was bound in
comparison with the MAA/EGDMA polymer system. This could be due to the
Template: Monomer Behaviour, which stands at 1:54 with the
TFMAA/EGDMA system and 1:147 with the MAA/EGDMA system. Due to
these behaviours more binding are available with the TFMAA/EGDMA

system.
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3

Conclusions

The subject matter of the project was a sounding out feasibility study for the
analysis of the main applicability possibilities of nano-structured molecularly
imprinted polymer particles (MIPs) for the separation of ASG — here, for

example, Stigmasteryl-6-O-palmi-toyl-alpha-D-glucopyranosid - from biooils.

In the context of this project different monomers and crosslinkers were
initially used for the production of nanoparticles by means of miniemulsion
polymerisation. In each case both non-imprinted particle systems (NIPs) as
well as molecularly imprinted particle systems (MIPs) were synthesised.
Stigmasterol was identified as a suitable template molecule. Stigmasterol
occurs as Stigmasteryleinheit in the ASG. In the presence of Stigmasterol
the  molecularly imprinted adsorbent particles were formed.
Ethylenglycoldimethacrylate proved to be a suitable crosslinker. With
Divinylbenzol (DVB) as crosslinker nanoparticles could, likewise, be
successfully produced. The further purification of these particle systems was
not, however, possible due to the prohibitive costs of the too small particle

sizes.

For the determination of the adsorption behaviour of the nano-particles a
suitable analysis at the IGB could be developed and established. The
adsorbent quantity of Stigmasterol was successfully determined according to

optimisation of the method through LC-MS-analytics.

A specific adsorption of Stigmasterol could be detected in the THF/Water
solvent mixture. Here the TFMAA/EGDMA particle adsorbed a maximum
18.95 mg Stigmasterol and the MAA/EGDMA particle 14.3 mg Stigmasterol
per 10 mg polymer.
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4

View

The results of this project show that the production of polymer adsorber

particles for the specific adsorption of ASG is possible.

In the context of this project it has been shown that the production of
adsorber particles for the specific adsorption of ASG is possible. The
successful experiments concerning the adsorption and thus the separation
of Stigmasterol using polymer adsorbent materials developed here provide
solid reasons for the continuation of this project in the broader context with

appropriate means.

A comparison of the adsorption behaviour of classic adsorbent materials
with the polymer nanoparticles developed here concerning the adsorption of

ASG would be significant at this point.

In this comparison both polymer adsorber particles without Stigmasterol,
polymer adsorbent particle with greater affinity for Stigmasterol and its

derivatives as well as the Molecularly imprinted nano-particles were used.

Furthermore, trials with real, technical samples, which come directly from
production, are significant. For these trials to be implemented it is, however,
important to work with companies and a research establishment which have
experience in analysing these material samples with regards to their ASG

content as well as provide the technical samples.

Furthermore, procedures for the technical use of these particle systems are

to be developed and a cost-use-calculation provided. For the employment of
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process engineering of the nanoparticles, the nanoparticles can be applied
as filling materials (there are promising results for this from the Fraunhofer
IGB) or built in as a selective layer in composite membranes. After the
development of a test facility at laboratory scale this system is to be tested

locally directly in the oil mills or with the biodiesel manufacturers.

5 Chemicals used

The chemicals used in the context of this project are summarised in the table

below.

Table 6: Chemicals used

Chemicals

Function Purity Company Order-N°.
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Chemicals

Methacrylic acid

Ethylenglycoldimethacrylat

e

Stigmasterol

2-Trifluormethacrylic acid

Divinylbenzen

2-(Methacryloyloxy)ethyl
phosphat

Hexadekan

Sodiumdodecylsulfate

Azobis-2-
methylbutyronitryl

2,2-Azoisobutyronitryl

Tetrahydrofuran

2-Propanol

Function

Monomer

Crosslinker

Template

Monomer

Crosslinker

Crosslinker

Solvent

Emulsifier

Initiator

Initiator

Solvent

Solvent

Purity

2> 99%

297 %

95 %

98 %

80 %

298 %

298 %

298 %

299,9 %

299,56 %

Company

Sigma-
Aldrich

Fluka

Sigma-
Aldrich

Sigma-
Aldrich

Fluka

Sigma-
Aldrich

Fluka
Sigma-
Aldrich

Fluka

Fluka

Sigma-
Aldrich

J.T. Baker

Order-N°.

15,5721

03808

S2424

367346

43908

496758

52210

436143

11596

11630

34865

8067
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Chemicals Function Purity Company Order-N°.

Hydrochinon 299 Sigma-
Aldrich
6 Glossary
Adsorber Name of mainly solid materials with large, active

surfaces, which can selectively capture certain
substances of gaseous or liquid mixtures on their
interface

HPLC High performance liquid chromatography; Analytical
method in chemistry with which substances can be
identified and quantified.

Molecular imprinting Method for  producing technically
adapted, fully synthetic highly specific adsorbers.

Monomer Single components or basic units from which polymers
are built through the assembly of larger connections

Polymer According to the IUPAC-Definition a substance which
is built up of a number of molecules in which a type or
many types of molecules or atom groupings.

Polymerisation Chemical reaction in which monomers react to
polymers. Catalysers are often used for this.

Template Molecule which is inserted as a template for the

production of molecular imprinting.
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Annex

HPLC-Method 1: Isopropanol eluent

The SHIMADZU HPLC system used is composed of a number of different

individual components.

e Degasser: DGU-20 As
e Liquid Chromatograph: LC-20 AT
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e Auto Sampler: SIL-20 ACyr

* Column Oven: CTO-20 AC

* Diode Array Detector: SPD-M20A

* Communications Bus Module: CBM-20 A

Column: C18 (inner diameter 4 mm; length 125

mm; column packing 4 ym)

Eluent composition: 85 % lIsopropanol + 15 % Water
Flow: 1 mL/min

Injection volumes: 10 L

Detection: UV, 205 nm

Result

As shown in Figure 14, a Stigmasterol-Standard (100 pg) and pure
Isopropanol were injected. It should be noted that the supposed
Stigmasterol-Peak appeared at a retention time of approximately 5,8-6,6

min.
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Figure 14: HPLC-Chromatogram of Stigmasterol and Isopropanol determined by
HPLC-Method 1

The method was further optimised in that the eluent was changed to THF.
The result was HPLC-method 2.
HPLC-method 2: THF eluent

A HPLC Prominence from Shimadzu, see HPLC method 1, with the following

settings was introduced for the measurements:

Column: C18

Eluent composition: 80 % THF + 20 % water
Flow: 1,3 mL/min

Injection volumes: 20 pL
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Detection: UV, 205 nm

Result

As shown in figure15, a Stigmasterol-Standard (250 pg/mL) such as pure
THF was injected. It should be noted that the supposed Stigmasterol-Peak

appeared at a retention time of approximately 2,2-2,5 min.

THF-Peaks

Stigmasterol-
Peak

Figure 15: HPLC-Chromatogram of Stigmasterol and THF determined by HPLC-
method 2

The method was further optimised in that the eluent composition and the
method times were varied. The result was the HPLC-Method 3 .
HPLC-Method 3: Variation of the eluent composition

A HPLC Prominence from Shimadzu, see HPLC method 1, with the following

settings was introduced for the measurements:
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Column: C18

Eluent composition: 60 % THF + 40 % water
Flow: 1,3 mL/min

Injection volume: 20 pL

Detection: UV, 205 nm

Result

As in shown in figure 16, a Stigmasterol standard (250 pug/mL) such as pure
THF was injected. It should be noted that the alleged Stigmasterol peak
appears with a retention time of approx. 2.3-2.56 min. In addition the THF

peak could be shifted before the sample peak.

....... i Stigmasterol-
- Peak

.....

THF-Peaks
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Figure 16 : HPLC-Chromatogramm of Stigmasterol and THF determined through
HPLC-Method 3
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