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Alginate purification 

Below a schematic process diagram of the alginate purification process is shown.  

 

  

 

In Figure S1, two pictures of alginates before (a) and after (b) purification are shown. While off-the-

shelf alginates are fine powders with a pale brown color, purified alginates are bright white foams. 

Both samples depicted have a mass of approximately 130 mg. As seen in picture (b), the purified 

alginate has a notably lower density (~6.7 mg/cm3) due to the water sublimation during lyophilization. 

When prepared as aqueous solutions, notably different colors can be also observed. Unpurified alginate 

solutions are yellow and less transparent compared to the colorless purified solutions. About 60 % to 

80 % of the initially dissolved, unpurified alginate can be retrieved in purified state at the end of the 

process. 

 

Figure S1. Pictures of unpurified alginate (a) and of alginate after purification (b). The two pictures 
have the same spatial scale and both show approximately 130 mg of alginate. A notable color change 
from yellowish to bright white can be observed. Due to the freeze-drying, the density of the sample 
after purification (b) is very low. 
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Sink conditions 

The dextran-FITC release from the alginate beads was investigated in 3 different vessel volumes, at 

1.5, 3 and 6 mL in order to ensure that the release occurs in sink conditions. Figure S2 shows the 

release after 4 h as a function of the vessel volume. The release at 3 and 6 mL volume reaches similar 

values at all three temperatures, indicating that 3 mL is the minimum vessel volume to ensure sink 

conditions.  

 

Figure S2. DEAE-dextran-FITC release from alginate beads after 4 h as a function of the vessel 
volume 
 

Dextran calibration curves 

The fluorescence light emission of samples containing known amounts of FITC-labeled dextran was 

measured with a spectrophotometer to correlate emission intensity with dextran concentration. Two 

completely independent sets of standard samples were prepared. One standard set (“reference”) was 

used to gather data based on which a least square linear regression could be obtained. The quality of the 

fit was then verified using the other standard set (“verification”). Figure S3 shows the reference data, 

verification data, and the linear fit calculated based on the reference data for methods M4 and M5. 

Each method corresponds to two different concentration ranges. For low dextran concentrations that are 
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particularly prone to measurement errors, higher excitation voltages can be applied (method M4 and 

M5 had voltages 400 and 435 V, respectively) to obtain a more steeply inclined linear fit. 

Consequently, errors of the same magnitude in the intensity measurements will result in smaller errors 

in the concentration readings. As indicated by the very strong correlations between the linear fit and the 

verification sets, spectrophotometry is capable of highly accurate concentration measurements.  

 

Figure S3. Spectrophotometer calibration for FITC-dextran detection. Filled symbols are reference 
measurements based on which linear fits (solid lines) were obtained. Verification measurements (open 
symbols, sometimes obscured by filled symbols) were performed to assess the degree of correlation 
between intensity and dextran concentration. For both methods, R2 values of the linear fits are > 0.98. 
 
X-ray diffraction analysis and reproducibility 

Figure S4 shows a comparison of XRD patterns for the flame-made SiO2-coated Fe2O3 nanoparticles 

used in this study (black and red lines) with particles from the literature (blue line, from Teleki et al.). 

As expected, the very close agreement between the different patterns in terms of peak position and 

height indicates maghemite as the dominant crystal phase. Small amounts of hematite may have formed 

due to the high temperature regime in the enclosed FSP reactor used. The presence of magnetite in 

products made with this FSP set-up is rather unlikely, because the oxygen-rich environment in the 

flame reactor favors the formation of maghemite. XRD analysis of two independent samples made at 
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identical conditions (red and blue lines) yields an almost identical crystal size of 19 and 18 nm, 

respectively. These values are slightly larger than the 15 nm measured by Teleki et al.  

 

Figure S4. XRD-patterns and primary crystal sizes of SiO2-coated Fe2O3 nanoparticles from Teleki et 
al. (blue line), and two independent samples from this work (black and red lines). Peak positions and 
relative heights agree very well, indicating maghemite as predominantly present crystal phase. 
 

 

Figure S5. Zeta-potentials of 150 kDa and 20 kDa FITC-DEAE-dextrans, SiO2-coated Fe2O3 
nanoparticles and high and low MW alginate. A strong mutual attraction of alginate and FITC-DEAE-
dextran can be expected due to the potential gradient of more than 100 mV.  
 

BSc Thesis Mechanical Engineering  F. Haufe 
 

 
 26  

extensive application of the AMF for 8 h resulted in a clearly detectable release, demon-
strating the potency of this stimulation method. Particularly interesting about this  ob-
servation is that the steady state temperature induced by the AMF was only about 42.4 
°C and that no release was observed from samples heated to 80 °C for the same duration. 
Probably, a complementary mechanism in addition to the temperature increase is stimu-
lated by the AMF, e.g. small scale mechanical movements, as already postulated in litera-
ture.10,16 The physical particle rotation induced by Brownian relaxation could be one 
such movement.3 One might also consider that the local temperature might be notably 
higher, as already hypothesized when discussing the heating curve of SCION solutions.  

As the DEAE-block proved to almost entirely inhibit dextran release, another type of 
dextran with a FITC-block only and a molecular weight of 150 kDa was used in further 
investigations. Beads with and without incorporated SCION were made from high MW-
alginate, such that the only difference compared to the previous measurements was the 
dextran lacking the DEAE-block. Additionally, release measurements were not only per-
formed in milli-Q water as before, but also in PBS. Theoretically, this should accelerate 
the alginate degradation as the Na+-ions within the PBS replace the Ca2+-ions and there-
by disconnect the alginate chains.  

Figure 15. Zeta-potentials of 150 kDa and 20 kDa FITC-DEAE-dextrans, SCION and high and low MW algi-
nate. A strong mutual attraction of alginate and FITC-DEAE-dextran can be expected due to the potential 
gradient of more than 100 mV. 
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Figure S6. Cumulative release of dextran-FITC from the superparamagnetic alginate beads as a 
function of time for alginate suspensions incubated at 25 (green squares), 37 ˚C (red circles) and in the 
presence of an alternating magnetic field (AMF, blue triangles). Power law equation fits of each profile 
are shown with broken lines. Error bars correspond to standard deviation of three measurements. The 
cumulative release in the presence of AMF is enhanced. 
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