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1. Introduction
Microfluidics is field of research that has rapidly grown in interest within the last 2 decades. “It is the
science and technology of systems that process or manipulate small (10–9 to 10–18 litres) amounts of fluids,
using channels with dimensions of tens to hundreds of micrometres” (Whitesides, 2006). When used for
analysis, the advantages of microfluidics compared to conventional testing include quicker analysis time,
smaller sample requirement, cheaper disposable costs, and more mobile tests. This is especially true for
biological and chemical analyses. The “lab-on-a-chip” capabilities of microfluidics allow analyses to be run
on site and not only in labs helping doctors or scientists make decisions on the spot. The earliest use of
microfluidics was in the inkjet industry (Shapar, 2008). The current field is derived from four others:
molecular biology, molecular analysis, biodefence, and microelectronics (Whitesides). Microelectronics is
where the fabrication techniques are derived from and the other fields define the initial research done in
the field in the 1990’s. For this research, the goal was to restore a Micralyne Microfluidic Toolkit, μTK, as it
is a powerful instrument to do electrophoresis equipped with a sensitive laser-induced fluorescence
detection system.
The microfluidic toolkit, μTK, was an instrument manufactured by Micralyne back in the early 2000’s. Its
main attractions were the versatile 4 electrodes, laser emitter, and photomultiplier tube (PMT) allowing
the instrument to function as both the controller and detector for experiments. The PMT can pick up on the
intensity of emission and convert it to a voltage. The PMT turns a single photon of light and amplifies its
signal, allowing for high sensitivity measurements. That amplified voltage is what’s displayed and recorded
on the LabVIEW program. Another function was the ease of adjusting the electrode setup to fit the wells on
other commercial chips or chips of one’s own design. The power supply can reach voltages up to 6 kV and
the provided LabVIEW program allows consistent automated experiments to be run. It is possible to set
step times, voltages, and detector settings for increased control. One special thing about the microfluidic
toolkit is that the laser emitter and PMT are confocal, emitting and detecting from the same location.
Normally the emitter and detector are separate, and the laser and the detector are at 90° or 180° angles for
less interference to the detector from the emitter. The optics can be adjusted in the x, y, and z directions.

Figure 1: The left picture shows the µTK and its power supply unit. The right shows the inside of the µTK.

Electrophoresis is a separation technique that differentially distributes molecules based on their charge and
size. The system setup includes two electrodes, one cathode and an anode, connected by the electrolyte, a
conductive medium. Because electrophoresis requires inputting energy, the cathode is negative (electron
flow towards) and the anode is positive (electron flow from). Positively charged particles will move towards
the cathode while negatively charged particles will move towards the anode due to charge attraction.
Molecules have an inherent property called the isoelectric point (pI). It is the pH at which the molecule
carries no net electrical charge. At pH’s below the pI, the molecule will have a net positive charge. If above,
it will be negatively charged. An additional thing to keep in mind for microfluidic electrophoresis is
electroosmotic flow. Electroosmotic flow occurs when the charge on the walls of the conduit (the
electrophoretic channel on a microfluidic chip, or the fused silica capillary in a capillary electrophoresis
instrument) allows for an electrochemical double layer to form. When this happens, application of a
potential gradient causes the bulk solution to move, dragging along with it all species in solution or
suspension. For ions in solution, their net velocity will then be the vector sum of their electrophoretic
mobility and the electroosmotic velocity – much as the net velocity of a swimmer in a river is the vector
sum of the swimmers velocity and the velocity of the current.
The method of detection employed in the µTK is fluorescence, the ability of a molecule to emit light when
excited by an outside energy source. Fluorescence is an appealing means of detection as it offers excellent
sensitivity: the background level of fluorescence is easily kept low, allowing for only a few molecules to
emit light against a dark background, thus facilitating detection. For chemical and biological applications,
fluorescence is generally used to measure when a reaction has occurred or as a marker of molecular
movement. For this study, it was used as an indication of when molecules have moved down the
microfluidic chip. In the µTK, the laser provided the excitation energy for the fluorescent molecule,
RhodamineB, while the PMT detected the intensity of the fluorescence signal. The chosen fluorophore

RhodamineB has excitation and emission peaks well matched to the laser and PMT filter used, 532nm and
568.2nm respectively.
LabVIEW is a type of block-based programming, mostly used in the scientific and engineering community as
an easy way to control instruments. It’s used as a simple way to code instructions to an instrument or tool
as block-based programming is very intuitive for people with little programming experience. LabVIEW has
gone through a couple engine changes through the years. The most significant one was at LabVIEW 6,
where the engine was overhauled. This means that any previous code before LabVIEW 6 would be
incompatible with any newer version of LabVIEW and vice-versa. LabVIEW versions 6 through 8.2.x were
the ones compatible with LabVIEW code written before and after the engine change. For the µTK, LabVIEW
is what the GUI was programmed through and is used to control the electrodes, laser, and PMT.

2. Rebuilding the Micralyne
The code worked perfectly in LabVIEW runtime engine 5, the code it was designed for. However,
LabVIEW 5 is meant for Windows XP, NP, and 2000. As such, it was necessary to upgrade it to a
current version of LabVIEW to allow the continued use of the µTK. Every time that LabVIEW opens
a file, it recompiles the code. The method I followed to update the LabVIEW code from 5 to 2012
was to run it in a newer version, and have LabVIEW compile and auto-update any older code
blocks that were now obsolete. Each of the newer runtime engines or LabVIEW software would
update any code written in older version of LabVIEW and convert it to that version. The figure
below shows what versions are compatible and can be run from.

LabVIEW Conversion Kit Needed
Intermediate Version Needed for Conversion
Conversion Kit and Intermediate Version Needed
VI Opens Successfully
Save to Previous Version Available
Multiple Versions Needed to Revert
Figure 2: LabVIEW version compatibility table taken off of the LabVIEW website. Note that LabVIEW 5.1.x and before is only
compatible up to LabVIEW 8.2.x and LabVIEW 2012 is only compatible back to LabVIEW 6.

LabVIEW 6-8.2 are what are compatible with versions before and after the engine change. In this case, the
code was re-compiled with LabVIEW 7 and then run in LabView 2012. There were 3 blocks that didn’t recompile properly; the new versions couldn’t auto convert the code blocks into the new forms. Those were
manually replaced along with 23 subprogram files that were deleted as there was a compilation error due
to duplicates.
Another issue that occurred was that one of the μTK voltage channels stopped working properly. To
troubleshoot, alligator clips and a resistor were used to test if it was an electrical issue. This was found to
be the case, and then the different connections were tested. The possible issues were the power supply
board, its data connection to the computer, or a broken wire. The broken wire could be from the power
supply board to the tool or from the tool to the electrodes. See Figure 3 for a diagram of possible issues.

After swapping the boards around and swapping wire connections, it was determined that the issue was on
a high voltage power supply board. Each board has two circuits and only one was not working.
3)
4)

1)

2)

Figure 3: Possible places the electrical issues could occur from: 1) the high voltage power boards 2) the outside insulated wires
from the power supply unit to the tool 3) the port into the tool and the inside wiring 4) the electrodes that contact the solution in
the chip. Not shown is the data connection between the high voltage board and the chip in the power supply unit.

To solve this issue, Micralyne was contacted to see if they could recommend someone to repair it or supply
the high voltage board schematic to try to repair it at OSU. Due to the instrument’s production cycle being
so long ago, Micralyne had issues finding anyone who had worked on building, designing, or repairing the
instrument. In the end, a retired Micralyne engineer, working under contract to Micralyne, was contacted,
and the part schematics provided under a non-disclosure agreement (NDA) that protected the engineer,
Micralyne, and OSU.
With the assistance of Mark Warner, the chemistry department’s electrician, the issue was solved. His first
guess was that one of the high voltage power supply units, an EMCO C60, had burned out, which is
common as they take the stress from converting the wall voltage of 120V up to 6kV. This was tested by
swapping the two on the board and seeing if the problem persisted with the power supply unit. That
unfortunately was not the case, and his second guess was to swap the high voltage reed relays around, and
see if the issue tracked with any of them. The reed relays allow for quick adjustment of voltage and
therefore take a good amount of stress from the rapid changes in voltage. That also was not the problem.
Mark decided to try one last thing which was to test individual parts that were easily testable. What he
found out was that a resistor had burnt out, which is one of the most stable parts. Mark mentioned that it
would be worth rebuilding the board or to replace the control chips with an Arduino as many of those parts
have around a twenty year lifespan and are expected to fail soon (instrument was built around 2002). After
Mark replaced the resistor, the board worked again.

During this process, a lot was learned about basic computer chips and logic. This happened in parallel with
a class on firmware software. Logic gates are the simplest computer chips which vary their output based on
the inputs. The basic logic gates are OR and AND. For all logic gates, true and false are represented by two
different voltages. Generally, true will be a higher voltage than false. OR outputs true when either input is
true. AND outputs true when both inputs are true. NOT is the last basic one which inverses the value (if
true, now false and vice-versa). There are more complex chips, but everything can be built from OR, AND,
and NOT logic gates. Other simple ones are NOR (NOT OR: true when both false), NAND (NOT AND: true
when any false), XOR (eXclusive OR: only true is one true and other false), XAND (eXclusive AND: only true
if both inputs are true or false). Many new different chip logics can be built from the basic ones e.g. NOR
being OR and NOT combined together, and microprocessors are essentially many, many logic gates
combined together.

Figure 4: Picture of the high voltage board. The location of the burnt out resister is highlighted in red. A logic gate chip is
highlighted in yellow. The right half holds all the logic gates and supporting architecture which could potentially be replaced with
an Arduino.

3. Experiment Methodology Background
The goal for the experiments was to both show a fluorescence peak against a dark background, and an
inverse fluorescence peak (a dip in the fluorescence signal arising from the passage of a non-fluorescent
solute, realized when a fluorophore is used as a component of the background electrolyte resulting in a
high standing fluorescence signal) could be observed. Solutions made were with phosphate buffer at pH 7
to both stabilize the pH and to provide background ions to establish an electric field. RhodamineB was used
as the fluorescence analyte and as the background for inverse fluorescence. Caffeine and acetaminophen
were used as the inverse fluorescence analytes. Three general issues were encountered while running the
experiments: editing the voltage program, determining if the detector was working properly, and solution
stability.

A. Voltage
Initially, operating voltage values were estimated based on literature values and adjusted based on the
current output of the μTK. There were no issues initially with these voltages, but when attempting to scale
the voltages higher, the voltages and current were no longer stable. On top of that, the voltage output did
not match the voltages input: e.g. voltages of {1.2, 0.4, 0.4, ground} were inputted into the control program
and voltages of {1.2, 1.1, 1.1, ground} were measured. When scaling up to double the voltage {2.4, 0.8, 0.8,
ground}, the current outputs were not doubled and so far off that the tool errored out for current being
too high. This suggested that something was not stable with these voltages chosen even if electrophoresis
appeared to working correctly. The desired currents were positive at the sites the analyte should move
away from and negative at the sites the analyte should move towards. This modeling was confirmed by the
results. To improve the voltage control, a review of the literature was done which lead to a paper by Jin and
Luo where their voltage choices were analyzed. They had chosen to model the microfluidic chip as a circuit
and then determined the relative voltages in their chip. In the same fashion, the microfluidic chip used was
modeled. In this case, instead of modeling the voltage at each point in the chip, the overall current was
modeled to model the migration of solutes. The four electrodes were treated as point voltages, and the
channel length, distance between electrodes, treated as the resistance. This is because the resistivity is a
property of the solution, and calculating resistance from that requires multiplying by the length divided by
the cross sectional area, same for the channels in the chip. Therefore the resistance is proportional to the
length. The results of that math determined a new voltage setup for the control program which multiple
scenarios were run and confirmed: no current across the short channel, equivalent current into 3 wells, and
half current across short channel compared to long. The math for this can be seen in Appendix A. This
voltage setup also worked as expected when doubled, giving confidence that this voltage setup is usable
going forward.

B. Optics
There were worries that the optics may not be functioning properly. The laser was easy to check as the
laser could be observed turning on and off. The PMT was tested by seeing if there was a difference in signal
between a non-fluorescing solution and a fluorescing solution. This was observed, and then the PMT
detector focus was checked. It was quickly discovered that focusing was required to get a good signal. The
PMT could detect RhodamineB fluorescence without focusing, but it was difficult to separate the signal
from the noise. The optic assembly has two options that could be swapped between: the PMT and a visual
lens. Originally, it was assumed that adjusting the gain of the PMT, increasing both the amplitude of the
background/noise and the signal, would be enough to separate the background and signal. While true, it
was hard to be confident that perceived signal was actually there as the actual separation between
background and noise would be minimal. When it became clear that just adjusting the gain didn’t give a
distinct enough signal, it was taken that if the image in the visual optics was focused, then the PMT was
likely also to be properly focused, or at least focused sufficiently to provide improved sensitivity. This was
believed to be the case as the visual lens could give a very good definition of the channel and both were
part of the same optics assembly. This was used for most experiments and it wasn’t until near the end of
experiments that it was discovered not to be the case. It was clear that the x and y horizontal adjustments
mattered, but only as long as the laser and detector were pointed at the channel. The z vertical adjustment
seemed to matter, but the impact wasn’t clear until the next set of adjustments. After running some more

experiments and still not seeing a clear signal back, a design of experiment was run to determine the best z
focus height. These experiments clearly showed that the z adjustment mattered a lot more than previously
thought and were able to drastically increase the clarity of the signal. Additionally, the focus was so sharp
that if the electrodes were lowered too far and slightly distorted the microfluidic chip even a tenth of a
millimeter, the signal of that experiment would be unperceivable.

C. Solution improvements
The original set of solutions used was 10ppm caffeine, 10ppm acetaminophen, and 5ppm RhodamineB all
in 20mM pH7 phosphate buffer solution along with just a phosphate buffer solution. The final solutions
used were 1000ppm caffeine, 1000ppm acetaminophen, and 1.25ppm or 125ppb RhodamineB all in 5mM
pH7 phosphate buffer solution. 1.25ppm RhodamineB was used as the analyte while 125ppb RhodamineB
was used as the background solution when caffeine or acetaminophen was used as the analyte. The
phosphate buffer was used both as a pH buffer to reduce pH effects and as a background ion to establish a
voltage connection and an electric field through the chip. On top of changing the solution concentrations,
the methodology of preparing solutions was improved throughout the experiments.
These adjustments were made to deal with issues that generally had to do with sensitivity. Changing the
phosphate buffer concentration was to enable running the experiments at higher voltages. One of the
toolkit’s interlocks, safeguards, is it will stop if the current gets too high. The higher the concentration of
the buffer, the higher the ionic strength of the solution and therefore the lower the resistance. Therefore
by lowering the concentration, the experiments can be run at higher voltage. That allows for shorter run
times and hopefully sharper peaks. The RhodamineB concentration was also changed to sharpen the peaks
and make the signal easier to distinguish from the noise. When using RhodamineB as the analyte, the
1.25ppm solution was used. When it was used as the background, the 125ppb concentration was used. The
1.25ppm was very clear when it passed by the detector. When used as background and trying to see a
fluorescence dip, the concentration was lowered since nothing was observed when using the 1.25ppm
RhodamineB as the background. Since there are less background molecules, a smaller percentage has to be
displaced in order to observe the decrease in fluorescence. Displacing 10 of 100 is more noticeable than 10
of 1000. At the lower concentration, a drop was observed. Also assisting in that was increasing the
concentration of caffeine and acetaminophen. Now instead of displacing 10, 1000 would be displaced.
Over the course of the experiments, the methodology for preparing the solutions changed. Originally, a
monobasic sodium phosphate salt was used to prepare the desired concentration, and then the pH was
adjusted using 1M sodium hydroxide and 1M hydrogen chloride until it became 7. The upside of this
method was its simplicity; the downside is that the ionic strength was not consistent. All the solutions
started around pH 5.5; say the solution only needed 20 µL of NaOH to be pH7. 30 µL of NaOH may be put
in, overshooting pH7, and 10µL HCl was added to adjust it back to 7. Or 40 µL NaOH and 20 µL HCL may be
added. Different amount of ions were added in each time and for each solution, so the ionic strength would
differ. The first improvement was keeping track of the pH’s of the unadjusted solutions, and writing down
the amount of NaOH or HCl that should be added to adjust it to pH7, so it could be repeated exactly later.
This solved the consistency issue, but did nothing to guarantee that the ionic concentrations of all solutions
were the same, and it still provided an additional chance for error. The second improvement, and the
current methodology, was to use the Henderson-Hasselbalch equation to use monobasic and dibasic

phosphate salts to mix a phosphate buffer solution that would be pH 7. This was successful and the math
can be found in Appendix B. The caffeine, acetaminophen, or RhodamineB would then be mixed in after.
Also instead of making a 5mM solution, a 50mM solution was made and then diluted down for new
solutions when necessary. The same thing was done for the caffeine, acetaminophen, and RhodamineB,
but at different concentrations.

D. Microfluidic Chip Used
The chip used was a PMMA chip bought from the microfluidic ChipShop: “03-0110-0082-01”. This came
with an electrode interface that was not used. Therefore chip “02-0750-0082-01” is an exact copy but
cheaper except for the increased lid thickness. The chip has a cross-shaped pattern. The short channel was
used for analyte injection while the long channel was used for analyte detection. See Figure 5 for a
schematic and step-based desired analyte flow. The plan was for the analyte to move from the sample
injection well (S) and fill the channel between there and the sample waste well (SW). Then the voltages will
be changed to have the analyte move down the long channel towards the detection waste (DW) well over
the detection zone, where the PMT will pick up either the fluorescence spike or drop depending on the
experiment.

a)

b)

c)

Figure 5: a) a schematic of the channels in the microfluidic chip used. b) the direction for analyte to travel during the sample
injection step. The analyte starts in well S and should move towards well SW. c) the direction for analyte to travel during the
analysis step.

E. Priming
While replicating these experiments, the priming procedure was changed several times. The original
procedure used a BD 3mL Luer-lok syringe where syringe head fit directly onto the well, and solution was
pumped in. This had three issues: leakage around the “head”, scraping the outside of the wells, and
blowing out the bottom of the wells. The first two are self-explanatory as the chip was not built with the
syringe in mind and therefore there were some complications from using the two together. Blowing out the
bottom of the wells should be due to the high pressure coming from the syringe combined with the how
thin the bottom of the channel is. This then caused issues where the bottom of the well was leaking
especially when the chip was sitting on paper or anything the fluid could wick to. The surface tension was
high enough to keep it in the chip otherwise. The next method of priming utilized a vacuum to fill the
system. The three cross wells, S SW and D, were filled with the solution and a vacuum tube was used to
draw the solution through the channel. This worked well without harming the chip. Eventually it was

discovered that sometimes that did not fully prime the chip, so a slight modification was made where
vacuum was applied to each well separately to confirm fluid was in every channel in the chip.

4. Results
Following are visuals from the first set of experiments run. The original trial wanted to see an inverse
fluorescence peak with a RhodamineB background. In this case, the chip was primed with the 5ppm
RhodamineB solution and 10 L of the 10ppm caffeine solution and 40 L of RhodamineB solution were
pipetted into the sample injection well:

Figure 6: First experiment run with RhodamineB sample in 20mM PBS. Note that the fluorescence never changed, and nothing
stands out as a possible drop in fluorescence.

Focus on the first graph with PMT (V) as the y-axis. That graph is showing the PMT output voltage and
therefore the strength of the fluorescence. Note that there is no significant drop seen. Notice also the value
of the gain highlighted in red, 0.75. This value was reduced as the focusing of the PMT was improved. It
should be clear that there is nothing significant occurring in the time frame of the experiment. Two
hypotheses were proposed and then tested in an effort to identify why no measurable analyte signal was
seen: (1) the caffeine was migrating in the direction of the inlet rather than the outlet, or (2) the caffeine
concentration was insufficient to cause a measurable decrease in background fluorescence.

Figure 7: Caffeine in well D. RhodamineB solution in the chip and all other wells. Note the large drop at around 60 seconds, which
at the time suggested when caffeine was displacing the background RhodamineB.

To explore hypothesis (1), an experiment was designed in order to determine in which direction caffeine
would migrate under the conditions utilized. 50 L of the caffeine solution was injected into well “D”, and
then the voltage setup was run. If it failed to detect anything, the plan was to inject the caffeine solution
into well “DW” and re-run the same conditions. The reasoning for the two tests was the caffeine should
move either towards the positive terminal or negative terminal. If one failed, the other should show a
result. In this case, the experiment suggested, at the time, that the caffeine moved towards the negative
terminal.
The next series of experiments was to confirm RhodamineB’s movement and direction. Since RhodamineB
was now the analyte, PBS was used for the background, using the same voltage step setup as before. PBS
was used as it has no fluorescent properties and would provide a contrast to the fluorescence of
RhodamineB. During these experiments, the sample injection became 50 L instead of 10 L + 40 L
background to create a plug of that size as opposed to a diluted version (even when knowing the sample
injection volume). Nothing has shown that this produces clearer results, but it was one less variable to
worry about. Then the control program was changed to the 2-step injection as shown in Figure 5 for
additional confirmation and to test that the control program worked. The figure below shows the result.
For the long channel/full well experiment, see Figure 13 in Appendix C. After these experiments, the
concentration of RhodamineB was lowered from 10ppm to 1.25ppm in order to test sensitivity.

Figure 8: Experimental result from the two step control program. Note the rise and then drop for the PMT output signaling that
only some amount of RhodamineB entered and then exited the detection zone.

At this point, in order to test higher voltages, the phosphate ion concentration was reduced from 20mM to
5mM. This was due to the inherent safety interlock that would shut down the tool if the current went
above 100 mA. By reducing the salt concentration, the resistance of the solution increased and therefore
the current decreased. However when running the next set of experiments, the current did not decrease by
4 times like expected. This prompted a quick test of voltages versus current in which the results are shown
below:

Figure 9: Current output versus phosphate buffer concentration both pH adjusted and not. These experiments were done at the
same voltage.

After testing with both pH-adjusted solutions and none, it was clear that the act of adjusting the pH was
significantly affecting the ionic strength. This was expected as hydrogen chloride and sodium hydroxide and
therefore their respective ions are being added to the solution. A quick calculation showed the ions added
were on the same order of magnitude as the phosphate ions in solution. This prompted an improvement in
notebook-keeping in order to ensure reproducibility in solution preparation, and eventually prompted
moving to using the Henderson-Hasselbalch equation in order to prepare the phosphate buffer solution.
During this time, it became obvious that something wasn’t working properly as inverse fluorescence was
still not showing any signal and the fluorescence signal was not sharp. One of the adjustments was to make
sure the voltage setup was correct. There were hints of instability as the voltage inputs chosen were not
the voltages read back by the μTK. This was when the circuit representation of the chip was created, and
the voltage setup calculated based on the currents desired. After solving for the setup desired, it was found
to be a good start point for the μTK and only required minimal adjustment. These values (0, 1.76, 1.76, 2
kV) also lined up with values used by Jin et al. (0, 0.88, 0.88, 1.1 kV).
There were still issues replicating experiments, so a fresh microfluidic chip was obtained and used. The old
chip had tape sealing holes where the channel was leaking. Changing to a new chip revealed that there
were additional factors that were adversely affecting experimental outcomes: leaks in the previous chip
were interfering with the experiments and giving false positives.
This was when the PMT came under question since the results were still not clear, so a set of experiments
were done to determine if the PMT was working properly. For this, a drop of a known concentration
solution of Rhodamine B was placed on a glass microscope slide and placed over the detection optics in the
plane normally occupied by the microfluidic chip. The experiment was repeated for each of 7 different
concentrations of RhodamineB at the same PMT gain: 0.55. The z control was tuned by shifting the optics
assembly to four different heights and recording the effect on the PMT readout. It was confirmed, in Figure
11, that the PMT was working as the PMT readout with respect to concentration was close to linear and
had similar curves for all four heights. To actually tune the PMT detector for the chip, the chip was primed
with RhodamineB solution and the optics assembly z-level was adjusted to have the greatest output. See
Figure 18 in Appendix C for an example of the tuning. When looking through the visual lens, Figure 10, it
was observed that the image was unfocused, showing that the original assumption (that a well-focused
image in the ocular corresponded to a well-focused spot on the chip surface) was false.

Figure 10: picture of the unfocused visual lens when PMT best focused.

Figure 11: PMT output for differing concentration of RhodamineB and different heights. The resulting curves are linear as expected
for differing concentrations. The sharpest slope, therefore most focused, is at a height with heights both above and below,
confirming that there is a best focus height.

This chart of the different concentrations and heights shows a fairly linear trend for the PMT output
compared to the concentration. The trend line has a hint of exponential growth at lower concentrations,
but especially at the upper end of the range, it is linear. It’s also possible that exponential hint is due to
marginal factors having a larger effect on lower concentrations. This data suggests that the PMT is working
properly, and the issue should be related to experimental procedure or possibly the solutions used. It was
very clear that the detector was better focused as the gains being used for the PMT went down from 0.650.75 to 0.55-0.65, showing that less amplification was necessary to see a similar strength signal.

Figure 12: On the left is one of the first experiments with no focusing with 5ppm RhodamineB. On the right is after the full focusing
DOE with 1.25ppm RhodamineB. Notice both the sharper peak and the decreased gain for the same magnitude signal after the
focusing was done.

Since the PMT was verified to be working properly, but the inverse fluorescence signal was not clear,
another hypothesis was that the caffeine or acetaminophen was not displacing enough RhodamineB for it
to be noticeable on the PMT readout. A couple changes were done: increasing the analyte concentration
from 10 ppm to 1000ppm and decreasing the RhodamineB concentration from 1.25ppm to 125ppb. First
the analyte concentration was increased, but nothing different was observed; the readout still looked the
same as the RhodamineB control. Even an experiment with a large plug of caffeine yielded no drop in the
RhodamineB background levels. This was done by priming with RhodamineB solution, drawing caffeine
solution into the channel via vacuum, and refilling the wells with RhodamineB solution. The idea was that
now 10-20% of the channel has RhodamineB, most of it has caffeine, but after the caffeine there is
RhodamineB again, such that there should be a long drop in the fluorescence. Unfortunately, nothing was
observed lining up with the theory that the RhodamineB concentration was too high for the caffeine to
displace enough RhodamineB for the drop in fluorescence to be picked up by the PMT. When the
RhodamineB concentration was decreased in conjunction and the experiment was run, a possible drop may
have been observed, but it is not “stable or replicable” enough to draw any conclusions (Figures in
Appendix C). The results were different from the control, but the signal is not clear. A RhodamineB control
versus caffeine experiment is shown below.

Figure 13: Left is the RhodamineB control: RhodamineB in all wells and in the channel. Right is an example of the caffeine sample
experiment.

5. Conclusion
The μTK was restored and all the individual parts were confirmed to work properly. The code was updated,
a voltage setup developed, and the detection capabilities tested. The final results were that a fluorescence
peak for RhodamineB was observed while the reverse fluorescence peak is still unclear. It is clear that
something is being observed, but it cannot be confidently said that the observed peaks represent analytes
being detected in inverse fluorescence mode. These results suggest this may be the path to pursue in order
to see inverse fluorescence, especially by decreasing the fluorescent background more.
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8. Appendix
A. Voltage Math
To calculate the currents for the second step (move from D to DW, V4 to V1), each electrode was treated as
a point voltage and the resulting series of equations solved. V2 and V3 will always be set to value in order
to not influence it moving from one side to the other. Ideally, there should be a small attraction towards
V2,V3 and a large attraction to V1; small negative currents and 1 large negative current. V1 will be set to
ground for the largest negative current. V4 will be set to 2 kV for simplicity and a basis.
The equation for resistivity is:
𝜌=𝑅

𝐴
𝑙

As the cross-sectional area of the channel is constant, it can be said that:
𝑅 ∝𝜌∗𝑙
Given the base equation for current, resistance, and voltage:
𝑉 = 𝑖𝑅
𝑖∝

𝑉
𝑙

Entering V1:
𝑖𝑉1,𝑉4 =

𝑉4 − 𝑉1
𝑙𝑉1,𝑉4

𝑖𝑉1,𝑉3 =

𝑉3 − 𝑉1
𝑙𝑉1,𝑉3

𝑖𝑉1,𝑉2 =

𝑉2 − 𝑉1
𝑙𝑉1,𝑉2

The same series of equations is repeated for all three electrodes.

In order to calculate a small negative current for V2 and V3, the voltages where those two electrodes would
have 1/10 of the V1’s current was solved for:
𝑖𝑉1,𝑉4 =

2𝑘𝑉 − 0
200𝑚𝑚

𝑖𝑉1,𝑉2 =

𝑉𝑓 − 0
199𝑚𝑚

𝑖𝑉1,𝑉3 =

𝑉𝑓 − 0
199𝑚𝑚

𝑖𝑉1 = 𝑖𝑉1,𝑉4 + 𝑖𝑉1,𝑉2 + 𝑖𝑉1,𝑉3 = 0.01
𝑖𝑉2,𝑉4 =
𝑖𝑉2,𝑉3 =

2𝑉𝑓
𝑘𝑉
+
𝑚𝑚 199𝑚𝑚

0 − 𝑉𝑓
199𝑚𝑚

𝑉𝑓 − 𝑉𝑓
𝑘𝑉
=0
10𝑚𝑚
𝑚𝑚

𝑖𝑉2,𝑉1 =
𝑖𝑉2 = 𝑖𝑉2,𝑉4 + 𝑖𝑉2,𝑉1 + 𝑖𝑉2,𝑉3 = −

2 − 𝑉𝑓
11𝑚𝑚
𝑉𝑓
2 − 𝑉𝑓
𝑘𝑉
+
+0
= 𝑖𝑉3
199𝑚𝑚 11𝑚𝑚
𝑚𝑚

𝑖𝑉1 = 10 ∗ 𝑖𝑉2
0.01

2𝑉𝑓
2 − 𝑉𝑓
𝑉𝑓
𝑘𝑉
+
= 10 (
−
)
𝑚𝑚 199𝑚𝑚
11𝑚𝑚 199𝑚𝑚

Multiply by 11 and 199 to remove denominator
21.89 + 22𝑉𝑓 = 3980 − 1990𝑉𝑓 − 110𝑉𝑓
(22 + 1990 + 110)𝑉𝑓 = 3980 − 21.89
𝑉𝑓 = 1.865 𝑘𝑉

B. Henderson-Hasselbalch
Henderson-Hasselbalch equation:
𝑝𝐻 = 𝑝𝐾𝑎 + log (

[𝐴− ]
)
[𝐻𝐴]

Where pH is the desired pH
pKa is the negative log of the closest acid dissociation constant to the desired pH (within 1)
[A-] is the conjugate base of the acid below in M
[HA] is the undissociated weak acid in M
The two phosphate salts used were monobasic sodium phosphate monohydrate (NaH2PO4 • H2O) and
dibasic sodium phosphate heptahydrate (Na2HPO4 • 7H2O). NaH2PO4 was the undissociated acid salt and
Na2HPO4 was the conjugate acid salt. The goal was to make a 50mM phosphate buffer solution at pH 7.
7 = 7.21 + log (

[𝐴− ]
)
[𝐻𝐴]

[𝐴− ]
= 0.61659
[𝐻𝐴]
To make a 50mM phosphate buffer solution the concentrations must add up to 0.05M:
[𝐴− ] + [𝐻𝐴] = 0.05
Solving the two equations above gives
[𝐴− ] = 0.030929𝑀
[𝐻𝐴] = 0.019071𝑀
The molecular weights of the two salts are 137.99 g/mol (monobasic) and 268.07 g/mol (dibasic). Therefore
for 10mL of phosphate buffer solution, 42.68 mg of dibasic sodium phosphate and 51.123 mg of monobasic
sodium phosphate are required:
[𝐴− ] = 0.030929

𝑚𝑜𝑙
𝑔
1 𝐿
𝑚𝑔
𝑚𝑔
∗ 268.07
∗
∗ 10(𝑚𝐿) ∗ 1000
= 42.679
𝐿
𝑚𝑜𝑙 1000 𝑚𝐿
𝑔
10𝑚𝐿

[𝐻𝐴] = 0.019071

𝑚𝑜𝑙
𝑔
1 𝐿
𝑚𝑔
𝑚𝑔
∗ 137.99
∗
∗ 10(𝑚𝐿) ∗ 1000
= 51.123
𝐿
𝑚𝑜𝑙 1000 𝑚𝐿
𝑔
10𝑚𝐿

C. Experimental Pictures
Initial

Figure 14: Left is caffeine over long channel . Right is RhodamineB initial runs proving movement of RhodamineB.

Sharpen by adjusting optics and x,y,z focus (based on visual lens)

Figure 15: RhodamineB analyte. Note that the drop back down is slow. This was focused based on the visual lens such that picture
was clear.

Saw some inverse fluorescence with old voltage setup and old chip.

Figure 16: Left is caffeine sample; Right is acetaminophen sample. Neither were replicable on new chip and new voltage program

Changed to 5mM phosphate buffer solution from 20 mM.

Figure 17: Left is caffeine 5mM PBS at a higher voltage. Right is acetaminophen 5mM PBS at a high voltage. Notice the drop still
exists.

Move to a new chip & dialed in the focus & developed final voltage setup.

Figure 18: Tuning the PMT to get the best focus. Order goes left, right, bottom. For the bottom one, it was adjusted both up and
down and the intensity dropped, therefore it should be at the most focused height.

Figure 19: All three were with the final voltage setup post moving to new chip and dialing in focus. 1.25 ppm RhodamineB was used
as the analyte. Left: Final voltage Right: 1.5x final voltage Bottom: double final voltage

Replication with new solution mixed via Henderson-Hasselbalch method.

Figure 20: Replication of previous with new solutions. Left: Final voltage Right: Double the voltage

Figure 21: Inverse fluorescence replications. left: caffeine; right: acetaminophen Nothing really seen, replications unsuccessful.
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1. General Information
The Micralyne microfluidic toolkit, µTK, is an instrument designed to both control the electrophoresis
and detect fluorescence. It has four independent voltage probes, a laser emitter, and a photomultipler
tube (PMT). The voltages can range from 0-6kV, the laser is at 532 nm wavelength and the PMT filter is
for 568.2 nm wavelength. There is another optics assembly (laser: 635 nm, PMT filter: 670 nm) for the
μTK, but the group does not own it. The latches open by flipping it level, then twisting (clasp knobs).

2. µTK layout

8

9
10

6

4

7
5
2

5a
5b

1)
2)
3)
4)
5)

6)

7)
8)
9)
10)

Course X (horizontal) adjustment: releases the base blocks
Fine X (horizontal) adjustment
Fine Y (horizontal) adjustment
Fine Z (vertical) adjustment
Screw pin for holding optics option in place
a. Visual lens (currently in position)
b. PMT
Focus versus scatter brass knob for laser
a. In – focus
b. Out – scatter
Switch to turn on LED’s if laser is on
Safety interlock for when door is open or closed
Voltage probes – platinum wire
Probe height adjustment knob
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1

3
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3. GUI Overview
To open the GUI (program) click on this icon (Shortcut to uTK editor) on the desktop:
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This is the GUI the user will interact with.

The voltages, step times, and acquisition setup are all set in the screenshot above. The stepwise check
box allows the user to set a different PMT setting for each step. The default is the same laser and PMT
settings for all steps. The button to the right of “Opt det 1” turns on the laser when the μTK isn’t
running. The laser will only turn on when the top lid of the μTK is closed. The bottom lid can be open.
For the control program steps, having the button depressed means the laser is on. The green outline
button next to it is the PMT. The number to the right of that represents the gain which maxes out at
0.800. The number below stepwise represents the acquisition rate (frequency) of the PMT. It has values
from 0 – 200 Hz.
To jump from step to step, the user can either use the “go to” box at the top left or the slider. The step
put in will be moved to the top.

4
For all number values here and in the submenus, there are three different ways to adjust them: 1) use
the arrows next to the number to adjust up or down 2)highlight the value and then type in the desired
value 3) click on the number and use the arrow keys. For both options 1) and 3), the digit adjusted will
be based on the current cursor location (not mouse cursor). It will be the digit to the right of the cursor,
if a digit exists there; if does not exist, it will adjust the digit to the left.

The bottom row of charts display the PMT output, the voltage of the electrodes, and the current output
of the electrodes. Click on the Y and X buttons in order to scale the graph to fit for the current graph (1).
Click on the bar next to it to have it auto-scale(2).
2
1

5

The one two above is the dropdown menu for the x y axes control. The one above is a right click menus
for graph options and exporting.

To view different files clicking on the drop down below “Open Files” will pull up this menu. An asterix
after means that the file has not been saved or edited since its last save.

The top row of icons shown above will be how the user saves and opens files to the computer.

6

Dialog opens up this menu. It allows the user to open, save, and export in one location. (I, Derek, have
not used this)

Notes allows the user to add a note to the current control program or data file. The submenu below will
pop up allowing the user to see the stored notes or add one. If it’s a data file, the CP used will have its
note stored for that data.

This section is for adding and removing steps in the control program. After clicking insert, delete, or
repeat, these submenus will pop up:
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Insert will prompt how many lines to add and where to add it. There is an option to add before or after a
step number. The inputted step(s) will be a copy of the first step in the control program.

Delete will ask for the range of steps to remove. If the range were to be invalid (7 to 6 for example), the
program will automatically adjust the other step value to be valid (eg. 6-6, change to 7-6, will
automatically adjust to 7-7).

Repeat will ask for which range of steps to copy, how many repetitions, and where to insert (before or
after which step).
Load will load the current Control Program, CP, into the power supply unit onboard chip.
One should see this pop up briefly:
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If a different control program is on the screen but not downloaded this message will pop up, asking the
user whether they want to use the downloaded program or the one currently on the screen:

Lastly, the run command is what makes the μTK start the program. It will be grayed out until a control
program is downloaded via the “Load” button.
If the control program has been changed, but not downloaded, and the run command is clicked, this
message will pop up, prompting the user whether they want to use the downloaded program or the
version on the screen:
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4. Operating the tool
A. Pre-operation
Before turning on the µTK, confirm that all the electrical and data connections are good. These include
the connections of the outside insulated wires to the high voltage power supply boards and the back of
the µTK highlighted in the picture below.
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Before running any experiments, it is recommended to warm up the laser for at least 10 minutes. This
can be done by clicking on the laser on button before running any experiments. WARNING: Not having
the visual lens as the viewing option may lead to PMT damage. Refer to inside the μTK sections 5a,b
(in the pictures, visual lens is the current viewing option)

During this time, one can prep for the experiment either by setting up the control program or by
prepping their chip. After 10 or so minutes with the laser on, turn it off by pressing the laser button
again, and be sure to turn the optics assembly back to the PMT (Refer to inside the μTK sections 5a,b
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(in the pictures, visual lens is the current viewing option). If you see a detection that looks like below,
you probably forgot to turn the optics back to the PMT or the PMT gain is too low:

B. Operation
Load a previous control program in via the “Open” button previously mentioned. Afterwards, hit the
“Load” button to download the program to the high voltage board. Lastly, click the “Run” button to
actually run the program. This will pull up the screenshot below where it will show the currents,
voltages, and last 20 seconds of PMT data. The user can skip to the next step or cancel the experiment
with the two large button at the bottom. Otherwise it shows the current step at the top and the step
following along with the time at the left. Warning: If the PMT goes over 5V, there is a chance to burn
out the PMT. There is normally some noise in the data, so if the PMT data value is a flat line around
5V, abort the run and change the PMT gain. Also if the current output goes above 100 or below -100
μA, the μTK will abort.
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The user can zoom-to-fit the x and y axis with the part highlighted. The bar will have it auto-adjust,
clicking on the X or Y button will adjust it once. The X zoom-to-fit doesn’t really work as the data is
continuously updating and doesn’t update stably.

C. Analyzing the Data
By right clicking on the graphs, there are quite a few sub-menus. The ones I (Derek) have used are
mostly the exporting ones. They act as expected. On the right, you can control which information to
display in the graphs. After checking or de-selecting which information to display, click on the button
below “Reload Data” in order to update the graphs.
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5. Troubleshooting Errors and Fixes
1) PMT shows no data or is very low

a. Fix:
i.
ii.
iii.
iv.

Turn on PMT acquisition
Turn on PMT/laser
Increase PMT gain
Swap optics assembly to PMT
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i

ii

iii

2) There is a large spike at the beginning when I turn on the PMT and laser or it isn’t steady.

a. Fix:
i. Turn on the laser one step before

16
ii. Turn on the PMT one step before, but set the acquisition rate to “off” (will enabling
stepwise optics.

ii

i

