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Abstract: Monitoring the dissolution of solid material in liquids and 
monitoring of fluid flow is of significant interest for applications in 
chemistry, food production, medicine, and especially in the fields of 
microfluidics and lab on a chip. Here, real-time refractometric monitoring 
of dissolution and fast fluid flow with DFB dye laser sensors with an optical 
imaging spectroscopy setup is presented. The dye laser sensors provide both 
low detection limits and high spatial resolution. It is demonstrated how the 
materials NaCl, sucrose, and bovine serum albumin show characteristic 
dissolution patterns. The unique feature of the presented method is a high 
frame rate of up to 20 Hz, which is proven to enable the monitoring of fast 
flow of a sucrose solution jet into pure water. 
©2015 Optical Society of America 
OCIS codes: (140.0140) Lasers and laser optics; (110.0110) Imaging systems; (280.3420) 
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linewidth of the laser emission and nearly no background noise. E.g., the FWHM for the line 
at x = 0.5 mm is 0.07 nm. The CCD array records 100 spectra corresponding to the 100 pixels 
of one row in x-direction. The microscope setup gives 4 × magnification and as the 
spectrometer entrance slit is 4 mm long, the line scanned is 1 mm long with the width of one 
row corresponding to 10 µm. This defines the spatial resolution of the refractometric 
monitoring. In general, the spatial resolution depends on the resolution of the optical system 
and the resolution of the distributed feedback laser sensor. It can be expected that the light is 
not coupled in the scanning direction [31] and that the spatial resolution is thus the resolution 
of the imaging system. In this context, it is limited by the microscope optics and the number 
of pixels of the spectrometer CCD in x-direction. The spatial resolution could thus be 
enhanced by using a larger magnification and a CCD with more pixels in x-direction. Here, a 
4 × magnification has been chosen to scan the comparably long distance of 1 mm. 
Concentration changes of the liquid on top of the laser result in well-known refractive index 
changes of the liquid for e.g. NaCl and sucrose [32]. A change of the refractive index causes 
the narrow laser line to shift with a sensitivity of approx. 90 nm/RIU. This can be detected 
with high resolution giving a detection limit of down to 8·10�6 RIU, see [26] for a detailed 
discussion of the detection limit. In order to reach this detection limit, the center emission 
wavelength is calculated with a center-of-mass approach. Using all 100 rows of the CCD 
array, the center emission wavelength for 100 positions is obtained and wavelength shifts can 
be monitored in time and space. The maximum frame rate of the monitoring is limited to 12 
Hz by the read-out time of the complete CCD2. The frame rate can be increased when only a 
part of the CCD array is read which is possible with the software of the PIXIS100B digital 
CCD. 

3. Experiments 

The fluidic structure used for the experiments in this work is illustrated in Fig. 2(a) with a 
photograph and as a schematic. It features fluidic wells which were fabricated by laser cutting 
of 1 mm thick PMMA slides. These slides were attached to the laser device with adhesive 
film. The structure exhibits a larger well of 4 mm diameter with the laser nanostructure in the 
center. A smaller well of 2 mm diameter is connected to the larger well by a 0.4 mm wide 
gap. This structure allows a controlled addition of solid material to the small well. Two 
smaller wells were present in the actual devices as it can be seen from the photograph but 
only one of them was used here. 

Two types of experiments were performed: In the first type, the larger and a smaller well 
were both filled with water and a small piece of solid material was added to the smaller well. 
Thereupon, the dissolution of the material in water was monitored at the position of the laser 
grating. In the second experiment, only the large well was filled with water while the smaller 
well was empty. Due to its surface tension water is not flowing into the smaller well. Water 
with sucrose dissolved in it was added to the smaller well causing a fast stream of this sucrose 
solution into the large well which was monitored with the DFB laser sensor. 

3.1 Dissolution monitoring 

Figure 2 illustrates a typical result from the first type of experiment, the dissolution of 
different solid materials in water, where the dissolution of NaCl is shown in Fig. 2(b). The 
amount of solid material added was in the sub-mg range with particle diameters of less than 1 
mm for all materials and experiments reported in the following. In Fig. 2(b), a surface plot of 
the wavelength shift as function of time and position illustrates how dissolved NaCl reached 
the x-positions closer to the small well first. The center wavelength was obtained from the 
spectra for each row of CCD2 by calculating the center of mass of the laser line. White 
symbols indicate the onset of the wavelength shift and the green line is a polynomial fit to 
these points. The same experiment was also performed with a larger amount of NaCl and 
even though the amount of NaCl was larger, a similar onset curve occurred while the absolute 
wavelength shift was stronger. Also sucrose and BSA were investigated. For comparison of 
the characteristic onset curves, they are plotted in Fig. 2(c) for the two amounts of NaCl, 
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sucrose, and BSA. For an easier comparison, the 4 onset curves in Fig. 2(c) have been shifted 
in time such that they begin at the same point in time. The different materials exhibit unique 
onset curves. This can be explained with different dissolution rates and diffusion coefficients 
of the compounds in water. The slight difference between the two onset curves for NaCl 
could be explained with the different amounts but also with how the NaCl was added and at 
which position in the smaller well it was dissolving. 

 

Fig. 2. Monitoring the dissolution of small pieces of solid materials in water with DFB dye 
laser sensors. (a) Schematic of fluidic well structure with laser area in the center and 
photograph of 4 of such well structures on the device. (b) Wavelength shift as function of time 
and position for adding a piece of NaCl to the small well. The white symbols indicate the onset 
of the wavelength shift and the green line is a fit to these data. Media 1 shows how the laser 
line shifts upon the presence of NaCl in the water, recorded with CCD2. (c) Comparison of 
onset lines for NaCl, sucrose, and BSA. 

3.2 Fluid flow monitoring 

The optical setup used here is capable of recording with a frame rate of up to 20 Hz limited 
by the read-out time of CCD2. To achieve a frame rate of 20 Hz the number of read pixels of 
CCD2 was reduced to 200 in the wavelength direction using the software LightField 
(Princeton Instruments) such that only the region where the laser line is present is analyzed. 
This allows studying faster refractive index changes than those that occur during dissolution 
of solid materials as shown so far. For investigation of fast fluid flow, the larger well of the 
fluidic structure shown in Fig. 2(a) was filled with water while the smaller well was kept 
empty. For illustration of the second type of experiment, a drop of water containing 
rhodamine 6G dye was added to the smaller well which caused a jet of this water flowing into 
the larger well. This was visualized in a fluorescence microscope setup, see Fig. 3(a). For this, 
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