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Abstract:  

In this study, a quartz crystal microbalance (QCM) sensor coated with a thin layer of the metal-organic 
framework (MOF) ZIF-8 was fabricated and tested for detection of N2/CO2/CH4 with a comparison to a 
computational analysis. We analyzed the mass uptake of mixtures of N2, CO2, and CH4 in ZIF-8 in 
atmospheric conditions, using all mixtures with varying each component from 0 to 100 percent by 20 percent 
increments. Experiments used a ZIF-8 film of 500 nm thickness and resulted in mass uptake of the gases 
showing a positive linear relationship with CO2. Similarly, the adsorption of all mixtures in the MOF were 
obtained computationally via grand canonical Monte Carlo (GCMC) simulations, reported also as the total 
mass uptake of the MOF. We directly compare our experimental and computational results, showing that 
similar trends exist in the affinity of ZIF-8 towards CO2. We show that computational methods may be used 
to model the output of a chemical sensor, specifically in this work for a MOF on QCM device.  
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1. Introduction 

Gas sensors have been used for decades, 
serving a range of applications from food quality 
assessment to environmental monitoring [1]. In 
particular, arrays of sensors (i.e., electronic 
noses) are used as an improvement upon single 
sensors in that their complex design allows for 
reduced signal-to-noise ratios and more sensitive 
sensors. However, even gas sensor arrays are 
not currently able to reach the sensitivity and 
selectivity required for certain applications, 
including the detection of some toxic chemical 
leaks and the detection of some diseases via 
breath analysis [2].  

In this study we have chosen to layer a quartz 
crystal microbalance (QCM) device with a 
sensing layer of the metal-organic framework 
(MOF) ZIF-8, from which total frequency shifts 
are obtained as a result of gas mixture 
adsorption. QCMs are suitable candidate devices 
for electronic nose development, particularly due 
to their fast response times and portability [3]. 
MOFs are of particular interest as candidate 
sensing materials due to their highly crystalline 
structures which have record high adsorption 
capacities and are able to be tuned for specific 

gas components [4]. We report experimental and 
simulation results for a ZIF-8 coated sensor 
detecting various mixtures of CO2, CH4, and N2.  

2. Methodology 
2.1 Experimental 
The procedures for ZIF-8 sensing layer coating 
and gas test measurements can be found 
elsewhere [5]. Briefly, gold-coated AT-cut quartz 
crystal (crystal diameter 25.4 mm, and 
piezoelectrically active area = 34.19 mm2) 
resonators of resonance frequency 5 MHz and its 
measuring assembly were purchased from 
INFICON. ZIF-8 films of 500 nm thickness were 
coated on all sides of the substrates at room 
temperature by five repetitive cycles of dip 
coating method. The gas testing measurements 
were performed in a 1000 mL gas cell (vol ~ 1000 
mL) connected to an automated mass flow 
controller. Nitrogen was used as the carrier gas. 

2.2 Simulations 
Grand canonical Monte Carlo (GCMC) 
simulations were performed to obtain adsorption 
of various mixtures of N2, CH4, and CO2, of 20% 
increments, in ZIF-8 at 298K and 1 bar. The 
software package RASPA was used, along with 
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the universal force field (UFF) and TraPPE force 
field parameters to define structure atoms and 
gas molecules, respectively [6,7]. These 
simulations provide the total mass adsorbed onto 
the MOF upon exposure to each gas mixture. 
This total mass change can be converted to a 
frequency shift via the Sauerbrey equation (eq. 
(1)), used to compare with experimental QCM 
signals.  

  (1) 

m 
is the mechanical coefficient for quartz, f0 is the 
fundamental resonance frequency in reference 
state (5 MHz), and f is the output frequency shift. 
Thus, we can simulate and predict a response for 
a MOF/QCM sensor.  

3. Results and Discussion 
Frequency shifts obtained from experiments are 
shown in Figure 1, along with calculated 
frequencies derived from simulations. The two 
data sets follow similar trends but are not in 
agreement with the magnitude of their frequency 
values. Discrepancies in the data may be a result 
of the variations in MOF material properties, such 
as having solvent left in its pores. Furthermore, 
the forcefield parameters used in simulations may 
not yield the best model for ZIF-8, however, this 
computational approach has proven accurate for 
predicting gas behavior in many MOFs [8,9].  

ZIF-8 exhibits selectivity towards CO2, while 
changes in CH4 and N2 are more challenging to 
detect. With the interest of natural gas leaks in 
mind, it is a difficult task to optimize detection of 
small CH4 concentrations. This is where arrays of 
sensors will be effective in reducing signal to 
noise ratios and finely tuning the sensing 
materials to sense gases of interest.   

 
Figure 1. Negative frequency shift vs gas mixture for 
various concentrations of N2, CO2, and CH4. 

4. Conclusion 

In this work, we have shown that MOFs may be 
good candidate materials to integrate with 
acoustic devices like QCMs for gas sensing. 
Furthermore, computational tools are appropriate 
for predicting mass loading in these types of 
sensors and therefore may be used to develop 
optimal sensors for various applications. We can 
expand this method to surface acoustic wave 
devices [10], and apply the analysis with a variety 
of MOF materials. Eventually, the sensors will be 
constructed in array format and applied as 
electronic noses. 
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