
     

 

 

Supporting Information 

© Wiley-VCH 2007 

69451 Weinheim, Germany 



Separable Magnetic Sensors for Optical Determination of Oxygen

Paweł Chojnacki, Günter Mistlberger and Ingo Klimant*

1 Supporting Figure

Figure S1: Absorption spectrum of RuDPP in EtOH (blue line) and
normalized phosphorescence emission spectra (excited at 470 nm)
of a deaerated (red line) and an air saturated (black line) sample of
oxygen-sensitive spherical particles.

2 Experimental Section

2.1 Particle Synthesis
2.1.1 Synthesis of Magnetic Nanobeads

13.7 g of FeSO4·7 H2O in 50 mL of water and 27 g of FeCl3·6 H2O
in 50 mL of water were mixed and filtered through a fluted filter
(Whatman, 595) to remove insoluble compounds. Under vigorous
stirring, 37.5 mL of 10 M NaOH was added. The black precipitate of
magnetite was heated up to 90 °C and stirred for one hour. 8.823 g of
sodium citrate in 100 mL of water was then added and the mixture
was stirred for 30 min.[S1] The magnetic beads were rinsed repea-
tedly with acetone, then with water and afterwards resuspended in
250 mL of water (conc. 43.2 g/L).

2.1.2 Synthesis of Magnetic Oxygen-Sensitive Microparticles

Aspherical Sensor Particles (Ground Monolith): 50 mL of tetra-
methoxysilane (TMOS) and 23.1 mL of H2O were mixed with 100 µL
of 0.1 M HCl, and homogenized by sonication for 30 min. 1 mL of
hydrolized TMOS was mixed with 220 µL of rutheniumII-tris-4,7-di-
phenyl-1,10-phenanthroline dichloride (RuDPP) solution in ethanol
(25 mgmL−1) and 638 µL of the suspension of magnetite nano be-
ads containing 68.75 mg of TiO2 nano particles (Kemira 660). Subse-
quently, 50 µL of the ammonia solution (0.25% w/w) were added. The
mixture was left over night, then the monolith was wet ground in a
mortar. The particles were rinsed and resuspended in water.

Spherical Sensor Particles (Emulsion Polymerization): 15 mL of
phenyltrimethoxysilane and 4 mL TMOS were mixed with 32 µL of
0.1 M HCl and 7.3 mL of ddH2O, and homogenized by sonication for
1 h. 1 mL of generated sol was mixed with 220 µL of RuDPP solution
in ethanol (25 mgmL−1), 1.914 mL of the suspension of magnetite
nanobeads containing 68.75 mg of TiO2 nanoparticles (Kemira 660,
Kemira, Finland) and 100 µL of the ammonia solution (0.25% w/w).

After 5 min of vigorous vortexing, the sensor beads were filtered
(Schleicher & Schuell, 589/3, Blue Ribbon filter paper) to remove the
remaining magnetite nanobeads, they were rinsed with water and
dried over night at 150 °C.

2.2 Particle Characterization
2.2.1 Optimization of Composition (Aspherical Sensor Particles)

The characterization of the aspherical, ground magnetic sensor par-
ticles for composition optimization was performed within a capillary
of 1.4 mm inside diameter. An optical fibre was put against the si-
de of the capillary. The fibre was inserted into ring magnets (6 mm
diameter) which were placed 2 mm away from the fibre tip, so that
the particles could be held in the capillary at the height of the op-
tical fibre. Aerated and deaerated buffer solutions (0.1 M PBS, pH
7.4) were pumped through the capillary where the particles were
collected. The sensors were read out with a modified FIBOX oxygen
meter (PreSens GmbH, Germany), which enabled the adjustment of
the frequency modulation for ruthenium dye. A blue LED was used
for excitation.

2.2.2 Calibration of the Spherical Sensor Particles

The spherical sensor particles (employed in the cultivation experi-
ment) were characterized in a water suspension which was purged
with a gas mixture containing different oxygen concentrations. The
particles were collected from the outside with a magnet and the fluo-
rescence life times were quantified using a system for phase-angle
measurements, described in the literature,[S2] with certain modifi-
cations. For comparison, the oxygen concentration was measured
with a commercially available sensor spot purchased from PreSens
GmbH (Germany).

2.3 Oxygen Monitoring During Bacteria Cultivation
The phase angle of the luminescent dye was measured with the fibre
oxygen meter mentioned above. For the cultivation, 200 mL stan-
dard LB medium (Low Salt Luria Bertani Medium, 10 gL−1 trypto-
ne, 5 gL−1 yeast extrcat, 5 gL−1 sodium chloride) were prepared and
sterilized in a 1000 mL baffled shake flask. Prior to inoculation, a
suspension of 20 mg spherical sensor beads (ormosil matrix) in 5 mL
LB medium was sonicated for 10 sec and added to the medium. The
magnetic adapter with the optical fibre in the center was fixed to the
side of the flask to allow particle separation. After the sensor spot
formation, the medium was inoculated to an initial optical density of
0.1 using an overnight preculture of E. coli BL21 AI. Bacterial grow-
th (25 °C, 70 rpm) was controlled by measuring the optical density
at 600 nm. During shaking it is important to avoid the liquid level
drops below the position of the optical fibre. Otherwise, the shear
force of the water wave would wash out the magnetically collected
particles. The optimal position for the optical fibre is at the bottom
of the flask.
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