Quartz Crystal Nanobalance (QCN)
Introduction
Quartz crystal micro/nanobalance (QCM/QCN) is a very sensitive instrument used to measure the
mass changes on an electrode surface. A QCN can detect mass changes in the range of ng/cm2 and is
sensitive enough to detect atomic monolayers forming at the surface. QCN can be applied to study
various interfacial processes occurring at or near the electrode surface such as surface adsorption or
desorption.
QCN was traditionally used to monitor the deposition rate and viscoelastic properties of thin film
deposits, but recently it has increasingly been used as biosensors due to its high sensitivity and ability
to detect reagents in solutions of very low concentrations. For example, a monolayer of antibodies
can initially be formed on the electrode surface and antigens which bind to those antibodies can be
introduced into the solution. The binding of antigens to antibodies on the surface would result in a
mass change that can be monitored by QCN.
Another important application can be found in Electrochemical Quartz Crystal Nanobalance (EQCN)
where the effect of various electrochemical parameters such as potential, current density, as well as
charge consumed can be monitored during electrodeposition process. A list of suggested references
at the end of this manual provides more information on the theory, application, and limitations of
QCN for use as biosensors as well as electrochemical sonsors.
The QCN takes advantage of work carried out by Sauerbrey in the late 1950s. It was found that
material deposited on a quartz crystal surface caused a change in the crystal’s resonance frequency
as described by the Sauerbrey equation:

Where f is the resonant frequency (Hz), Cf is the quartz sensitivity constant (Hz g-1 cm2), m is the
mass of the deposit (g), and A is the active surface area (cm2). As both Cf and A are constants for each
specific crystal used, the equation can be reduced to

This means that there is a simple linear relationship where the change in resonant frequency is
inversely proportional to the change in mass. Material adsorbing at the surface increases the mass
and causes the frequency to decrease. On the other hand, material desorbing from the surface
decreases the mass and an increase in frequency is observed. The term  can be determined
experimentally through calibration experiments. If the density of the deposited material is known,
one could also calculate the thickness of the deposit.
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Experimental set-up
This user guide will give a brief introduction of the major components of a QCN and how to quickly
setup and run an experiment. Additional information as well as machine specifications can be found
in the SEIKO EG&G Model QCA917 Quartz Crystal Analyser Instruction Manual (Rev 2.10); henceforth
referred to as the “QCA917 manual”. The QCN is composed of 3 main parts:

1. Quartz crystal analyser (QCA917) main and oscillator unit
Resonance frequency (mass change) and resonant resistance (viscoelasticity change) is recorded by
connecting the QCA main unit to a computer. Although the front panel can be used to manually
control the unit if necessary, the supplied QCA917 software program is mainly used instead as it
allows experimental data to be digitally recorded and stored for further processing. The QCA main
unit is connected to the actual oscillator unit (small black box labelled quartz crystal analyser). The
two pins of the quartz crystal are then inserted into this box unit through the two pin holes labelled
[I] and [Q]to complete the setup. The pin hole labelled [W] is not used in normal non-electrochemical
experiments.

2. Quartz crystal resonator. Au coated 9 MHz, AT-cut (approximately 8.96 MHz in air).
The quartz crystals supplied are double sided electrodes coated with a thin layer of gold (~300 nm)
with an active surface area of 0.196 cm2 (=0.5 cm) per side. Once assembled only the middle
circular region is exposed. Although experiments can be setup where both sides of the crystal are
exposed, only one side is exposed when the crystal is assembled in the quartz crystal holder.
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3. Quartz crystal holder
The quartz crystal is assembled into its holder as shown below. Additional assembly details as well as
reference to part numbers can be found in the QCA917 manual. Care must be taken when installing
and removing the crystal from the holder as they are fragile and can easily break if too much force is
applied. The flange cup (P11) should not be removed from the main body (P1) unless absolutely
necessary.

Sensing surface
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Step-by-step assembly of the quartz crystal into the well cell holder is shown below in Figure 1. Note
that the flange cup is already installed in step 1. The final step after step 5 is not shown here and
involves the sealing of the crystal holder with a silicone sheet (P4) and then a PTFE cover (P5).
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Figure 1. Assembly of the quartz crystal into the well cell holder.
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The QCN cell
Non-electrochemical adsorption experiments
Figure 2 shows a fully assembled QCN cell with two metal clamps to hold the well cell in place. A
rubber O-ring is placed between the flange cup of the crystal holder and the ground glass joint flange
of the main glass cell to prevent leakage. Make sure to push the clamps in so that they are not
clamping near the outer edge of the glass because then the pressure would be unevenly distributed
and may cause the glass cell to break. The metal clamps can also be moved freely and acts as support
to stabilise the whole assembly.
QCA oscillator unit
attaches to these
two pins here

Figure 2. QCNcell setup for non-electrochemical experiments with the quartz crystal attached on one
end (left). The port on the right hand side can be closed either with a glass stopper or, in this case,
Parafilm.

Electrochemical experiments
For EQCN experiments a Luggin probe which holds the reference electrode can also be attached as
seen in Figure 3.

Figure 3. EQCN cell setup for electrochemical experiments with the quartz crystal holder attached on
one end (left) and the Luggin probe attached on the opposite end (right).
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Cell Assembly
Figure 4 shows a fully assembled EQCN setup. Note that the working electrode clamp is attached
directly to the quartz crystal pin inserted into the QCA oscillator unit. The QCA917 manual suggests
that the working electrode clamp be attached to a separate pin on the QCA oscillator unit labelled
[W] to reduce signal noise. However, it was found that the setup below with the working electrode
(Red) clamped directly to one of the quartz crystal pins gave sufficiently stable and noise-free signals.
This cable connects
to QCA main unit

QCA oscillator unit
Working electrode
clamps directly to pin

Figure 4. Fully assembled EQCN setup with working electrode (Au plated quartz crystal), counter
electrode (platinum mesh), and reference electrode (via Luggin probe).
Finally make sure that the QCA oscillator unit is attached to the QCA main unit which is in turn
attached to the computer before starting any experiments.
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Connecting to PC for Data Acquisition (Using the QCA917 software)
Click the QCA 917 icon on the desktop to start the Quartz Crystal Analyser software.
You will find two main tabs towards the top left corner of the screen; Setup and Test.
Setup tab configuration
At the beginning of each experiment the following parameters need to be set from the [Setup] tab.
1. Set gate time (0.1 / 1 / 10 sec). This determines the data recording interval (e.g. every 0.1 or 10 s)
2. Set baseline duration (number in seconds). Generally 30 s is sufficient for stable systems.
3. Set chart length (number in seconds). Sets the initial x-axis length which can automatically expand.
4. Enter experimenter’s name and experiment type
5. Enter comments (optional)
6. Choose file name format and file save destination. It will stop blinking red once you do.
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Figure 5. Setup tab view showing various data recording parameters.
Once the parameters have been set, click the [Test] tab to begin actual experiments.
Note: Delta f to mass should only be used when the appropriate calculations have been made to convert
frequency change (Δf) into mass change (Δm), i.e. when  has been determined. For most experiments this
setting can be ignored as actual mass changes can later be calculated during the data analysis stage.
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Test tab configuration
The [Test] tab is used to start the experiment and monitor its progress in real-time. The y-axis of the
on-screen graph display can be changed through the pull-down menus:
1. Changing frequency units (Hz / kHz / MHz)
2. Changing the y-axis (delta f / frequency / mass)
3. Start/Stop button controls data recording and plotting. There is no pause or resume function.
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Figure 6. Test tab view showing real-time graph plot as the experiment progresses.
To run the same experiment multiple times just click [STOP] and then [START] button again. The
software will automatically save the previous experimental data and assign a new consecutive file
number every time the [STOP] button is pressed ensuring that no data is overwritten.
To run a new experiment click the [] button just below the “Edit” file menu (top left corner). The
program status will now display the words READY. Press the [START] button and the program status
will cycle from Calibrate (yellow background) to Running (green background) and will stop at Idle
(grey background) when the [STOP] button has been pressed.
The amount of time it takes to achieve a stable baseline is dependent on factors such as the viscosity
of solution used and the amount of time needed for a monolayer to form on the electrode surface.
This can take anywhere from 10 minutes to over two hours. The best suggestion is to run extended
measurements to find out how long it takes the frequency to stabilize for your specific solution.
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Data analysis
The QCA software automatically saves recorded data in the tab separated value (*.tsv) format which
can be imported into spread sheet software such as Microsoft Excel as shown in the example below.
The first 11 rows is a summary of the setup parameters at the beginning of the experiments while
the actual experimental data is recorded in row 14 onwards. Note that column A9 is the Frequency
and Admittance Gate time, in this case 0.1 s.

Additional points to consider
Baseline duration
There is no set rule to how long your baseline duration should be. This is mainly dependant on how
fast or slow it takes your system to stabilise. It is usually a good idea to initially carry out a test run
for an extended period of time; a few hours or overnight if time permits. Once you are certain that
your system has had enough time to stabilise, a baseline duration of 30-60 s is usually sufficient. The
table below is an example of typical stability that can be found in different solution.
Medium
Resonance Frequency (MHz) Fluctuations (Hz)
Air
8.96
±15
Water
8.95
±5
Ethylene Glycol
2.57
±4,000 (0.15%)

Time to stabilise
< 5 min.
10-30 min.
> 50 min.

Gate Time
Depending on the stability of your system and how long you wish to carry out your experiments,
different gate times should be considered. Note that the smaller the value, the larger the number of
data points are recorded. For example, a gate time of 0.1 s means 600 data points per minute or
36,000 per hour. Slower and older computers (such as the one currently attached to the QCA) may
have problems processing very large amount of data points. A gate time of 10 s is generally not
recommended unless your reactions are occurring at a very slow rate.
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Instrument setup for EQCN measurements
Connecting QCN  Potentiostat for EQCN experiments
The QCA main unit has a built in digital to analogue convertor (DAC) which can output the measured
frequency and turn it into an analogue voltage signal. This is output connector is labelled ΔF/E on the
rear panel. This output can be connected, via a BNC cable, to a potentiostat enabling potential vs ΔF
plots to be created.
1. On the rear panel of the QCA main unit make sure ΔF/E is switched to the OUT position.

2. Connect a BNC cable from the ΔF/E port above on the QCA main unit --- to the Vin port on the rear
panel of the potentiostat (EcoChemie µAUTOLAB II)

3. Once the frequency of your system has stabilised, make a note of this “beginning” frequency. You
will need to enter this value in the next step.
4. On the front panel press the [MENU] key to enter setup mode. Then press the right arrow  until
the display changes to ΔF Standard Frequency. Set this to the stable “beginning” frequency
previously measured.
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5. Press the right arrow  again until the display reads ΔF Output Range. The options you can select
are ±200 Hz / ±2 kHz / ±20 kHz. Set this output range depending on the amount of fluctuation
expected. In most cases 2 kHz should be sufficient.
ΔF Output voltage = ((Actual measured ΔF - ΔF Standard Frequency) x 10))/ ΔF output range
For example if the baseline “beginning” frequency was 8.95419 MHz but during experimentation this
changed to 8.95619 MHz the output voltage would be:
ΔF output range ΔF output voltage
200 Hz
10 V
2 kHz
1 V
20 kHz
0.1 V

It should be noted that the maximum output voltage is 10 V. This means that if ΔF Output Range was
set to 2 kHz but during actual experimentation the measured ΔF actually exceeds 2 kHz (say 3 kHz or
more), the output voltage will continue to increase but will then constantly be “capped” at 10 V
(when ΔF > 2 kHz). In order to solve this problem a higher ΔF Output voltage range of 20 kHz should
be chosen. More details can be found in the instruction manual.
Below is an example of various electrochemical data plots that can be obtained using the Nova 1.7
software package which is used to run the µAUTOLAB II potentiostat. The sample shown below is the
deposition of Cu on the Au coated quartz crystal in a sulphuric acid bath. A sample Nova procedure
file (EQCN CV.nox) will be provided which gives an example of how an EQCN experiment is setup.
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