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[bookmark: _Hlk132728392]Abstract:  Measuring vapour-phase properties including pressure, density, concentration and molecular weight is an important step towards integrating mobile olfactory devices into smart societies for monitoring chemical processes. However, there are few portable and low-cost devices for realising dynamic headspace vapour-phase measurements, which work for various molecules. Herein, the concept of utilising audible-range sound waves, in the form of an acoustic resonator, is introduced for extracting vapour-phase properties. As different headspace molecules enter the acoustic resonator, the weight and number of molecules change, and molecular vibrations are perturbed, manifesting in modified local acoustic waves due to changing vapour density and specific heat ratio. Physical waves enable the accurate determination of vapour properties for different molecules, agreeing well with reference values. A minimum vapour pressure down to n-decane of 0.2 kPa is detectable using an audible-range acoustical approach, either by flowing N2 to force molecules into the headspace; or using a simple cap-based design, which securely fastens onto a vial without any external flow. Low-cost speaker and microphone technologies are an innovative physical approach for determining vapour characteristics, whilst simultaneously demonstrating the inherently complex dynamic fluid space over time. Audible-range acoustical techniques can easily integrate into sensor networks and may yield new alternatives in mobile olfactory technology, due to its physical nature and irrelevance to chemical affinity, which may be useful for portable devices in various applications.
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1. Introduction
Characterised by Antoine coefficients and having a nonlinear relationship with temperature (T) [1, 2], the vapour pressure (Pv) of different substances is the amount of pressure exerted by molecules in a closed system. Dynamically, Pv is the steady state pressure when the evaporation rate and condensation rate of molecules at a surface reach thermodynamic equilibrium [3]. Various factors influence the Pv, such as boiling point, strength of intermolecular forces, molecular size, operating pressure and T [4]. The Pv of substances is an important parameter for describing the evaporation rate of a substance and the number of molecules in the headspace vapour, both of which have important impacts for health and safety in agriculture [5, 6] and pharmaceuticals [7].
Several devices already exist for measuring Pv, including manometers [8, 9] and Knudsen effusion method [10, 11], and most these techniques are already commercialised. The new approach presented in this study relies on dynamic pressure sensing in contrast to standard pressure sensors that are used for hydrostatic measurements in e.g. petrochemical industries [12, 13]. However, these devices can be bulky, expensive and may require strict vacuum operating conditions, which may not entirely represent how headspace molecules interact in flow or in ambient air. Whilst there are also specialised laboratory equipment such as proton transfer reaction (PTR) [14] and gas chromatography systems [15-17], these devices normally require bulky instrumentation as well as several orders of dilution to enable measurements, meaning highly concentrated solutions are difficult to measure as they damage internal components, severely hindering this technology for portable applications. A spherical acoustic resonator design for vapour-phase speed of sound measurements demonstrated the viability of measuring vapour properties with high accuracy [18, 19]. Whilst the measurement system is highly sensitive, the cost is high and portable applications may be difficult outside of a laboratory environment.
Considering the aforementioned difficulties in the existing methods, here we develop a portable, low-cost, and robust Pv measurement system that works with various molecules, which is based on audible-range acoustic resonances and is intended for mobile olfactory applications at atmospheric pressure and room temperature (RT). Headspace molecules in vapour-phase are directed into a standing wave resonator, resulting in shifting acoustic frequency response functions (FRFs) due to the internal molecules [20]. Acoustic waves are altered due to the inherent nature of headspace molecules to evaporate, enabling accurate determination of Pv, ρ, and the specific heat ratio (γ) of the resultant vapour, comparing well with reference values. The audible-range acoustics approach is also beneficial as it removes the need for chemical receptors, eliminating the need for chemical affinity between sensing mechanism and molecules. A simple device incorporated into a cap that can be securely fastened onto different vials demonstrates reasonable accuracy for determining vapour properties and vapour discrimination, whilst simultaneously demonstrating the complex fluid domain space over time as molecules are emitted into the headspace and enter the resonator. A physical approach based on audible-range acoustic resonances may provide a new direction in mobile olfactory applications towards odour discrimination at ambient conditions [21, 22].
2. Results and Discussion
2.1 Acoustic resonator design and verification
	Acoustic waves are highly dependent upon the number of internal molecules and the vibrations (v) about their initial equilibrium position, which is dependent upon the speed of sound (c) of the resultant vapour (fluid medium) given by
	
	(1)



where P is the operating pressure (P = 101.525 [kPa] in the case of N2 flow experiments due to the induced flow pressure, otherwise it is standard atmospheric pressure) and γP is known as the bulk modulus (Pa).
In a confined volume, these molecular interactions have significant kinetic energy resulting in large sound pressure level (SPL) increases at certain deterministic frequencies when
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where fres is the resonance frequency (Hz), n is the resonance mode number and Leff is the effective length of the resonator tube (m). For a standing wave resonator with a single side open for applying pressure perturbations, only odd modes are generated (n = 1, 3, 5…). Finite element analysis (FEA) simulations for the first three modes in a cylindrical acoustic standing wave resonator with one side applying pressure is shown in Fig. 1a, demonstrating the spatial pressure distributions along the resonator. According to Eq. (2), the change in fres (Δfres) is proportional to the mode number n; therefore, the higher standing wave mode is used for the larger Δfres, which is confirmed using FEA as shown in Fig. 1b.
[bookmark: _Hlk132637356][bookmark: _Hlk132711885][bookmark: _Hlk132711839][bookmark: _Hlk132707937]Audio equipment is selected due to its easy accessibility, relatively high sensitivity, industrial commercialisation and low-cost setup. A chamber is fabricated by encapsulating a speaker (ZNS-0111-BEIY, Boesklenn) and a microphone (SPH8878LR5H-1, Knowles and SparkFun Analog MEMS Microphone Breakout - SPH8878LR5H-1) housed in stainless-steel pieces as shown in Fig. 1c. These components were selected due to the easy availability of audio components and to demonstrate the concept behind acoustic-olfactory sensing. The resonator component of the chamber is a cylindrical shape with φ = 6 [mm] (due to the speaker geometry) and nominal Leff = 24 [mm]. O-rings are placed at the connection between all parts, and everything is securely fastened to ensure an (ideally) airtight connection. Leff is optimised to be in the most suitable audio range for microphone measurements, which is 10–20 kHz, since the microphone measures everything in a flat band response, from a few 100 Hz to 10 kHz. Due to this flat band response, resonance features are not easily determined up to 10 kHz (see SI Fig. 1), since microphones are designed to measure all frequencies in the audible range. To compensate for this flat band response, a clear and distinct resonance peak is required for tracking fres with a reasonable quality factor (Q).  Therefore, n = 5 is the most suitable mode number for distinct microphone measurements and enables five times larger separation per vapour species whilst having a reasonable Q factor; all fres in this work correspond to n = 5. For the headspace vapour-phase tests, the MFC directs N2 molecules into vials containing chemicals in liquid phase, then the resultant mixture is transported into the acoustic resonator via a positive pressure setup. All equipment is placed inside an incubator to maintain a constant T as shown in Fig. 1d, unless otherwise noted, the temperature was maintained at 25 °C. A PXI5406 (NI Corporation) and a PXI5922 (NI Corporation) are used for inputting the voltage to the speaker and for measuring the output of the microphone, respectively. A custom-made LabVIEW program (Version 2021, NI Corporation) is developed for testing. A 20 mV pink noise input voltage is sent to the speaker resulting in an equal octave pressure source inside the acoustic resonator, simultaneously, the microphone measures the acoustic pressure from the pink noise excitation and sends the resulting signal back to the program. Having both the input and output signals as generated by the speaker and measured by the microphone, respectively, the FRF of the system is generated using the transfer function as output divided by input. Data is retrieved at a rate of 200 kHz and 200 kilo samples to ensure a high resolution FRF is obtained for each measurement Many different portable measurement devices should also have the capability for making acoustic-olfactory measurements.	Comment by YOSHIKAWA Genki: Including this part, please update the all parts according to the replies to the reviewers' comments.
To verify the design, reference gases with known properties are connected to the MFC, and the flow line is directly connected to the acoustic resonator (i.e., no vial connections). The corresponding FRFs of the reference gases in the vicinity of the n = 5 mode (complete FRFs are shown in SI Fig. 1) are experimentally obtained and compared against their ideal c values as shown in Figs. 1e and f, respectively, demonstrating that the resonator is ideally airtight and works as expected. A N2 filled chamber is also simulated using FEA, resulting in fres = 18.339 [kHz], and experimentally a value of 18.323 kHz is obtained, also demonstrating good agreement. 
2.2 N2 flow assisted acoustic extraction of headspace vapour-phase properties
[bookmark: _Hlk132875945]After verifying that known reference gases resulted in the accurate determination of c, the MFC flow line is connected to a vial containing a chemical in its liquid phase, then after the vial, the flow line is connected to the acoustic resonator (see Fig. 1d). N2 is directed through the system at 10 SCCM via the MFC, which transports a vapour mixture of N2 and the headspace vapour of different chemicals into the acoustic resonator. After 2 min of vapour sampling, the corresponding FRF is obtained demonstrating the influence of different molecules inside the resonator, resulting in shifting c, manifesting in Δfres as shown in Fig. 2a (the standard deviation σ for FRF measurements is generally ± 5 Hz). N2 is used as the carrier gas since it is one of the most inert gases, minimising molecular interactions with headspace vapours and audio components. All vials have a 10 mL volume and contain 2 mL of each test chemical in liquid phase (Gerstel Co., Ltd.). The sampling time is set to 2 min due to the low flow rate used and to minimise initial transient turbulent flow, unsteady mixing, and N2 dilution of the vapour. fres for different chemicals enables accurate determination of c (Eq. (2)), and when combined with the known physical properties of each test chemical (chemical properties provided in SI Table 1), it enables Eq. (1) to be back solved for the resulting molar fractions of the chemical and N2 contributions to the overall of ρ and γ inside the resonator as (assuming an ideal gas law) 
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where γN2, ρN2 and γch, ρch are the specific heat ratio and density of N2 and the test chemical, respectively, and x is the resultant molar fraction of the chemical solved for obtaining the experimentally obtained c. The molar fraction also refers to the partial pressure of the headspace molecules in the vapour mixture, which in turn, is the Pv of the test chemical. Various chemicals mixed with N2 are tested, and their resulting ρ and γ, and Pv of the test chemical are shown in Figs. 2b and c, respectively. Comparing the extracted Pv values against reference [1], an excellent agreement is found demonstrating that audible-range acoustics is a powerful platform for probing headspace vapour-phase properties (SI Fig. 2 shows repeatable measurements over a one-month period). It should be noted that whilst all chemicals were tested after 2 min, water was obtained after 4 min due a delayed dynamic response of the headspace vapour as shown in SI Fig. 3. It is also important to mention that acetone and methyl acetate are below their nominal Pv, which may be attributed to the following reasons: 1) the difference in test conditions between the reference and this work; 2) the absorption of these two chemicals in the flow line; 3) the potential liquid-vapour phases that are being generated between the vial and the acoustic resonator. In general, the trend shows that, as Pv increases, ρ increases and γ decreases due to the number of available molecules and their accumulated weight inside the acoustic resonator. Comparatively accurate determination of different chemicals properties using their RT vapour-phase speed of sound is demonstrated.
2.3 Demonstration of a mobile device
A second device is fabricated to demonstrate an alternative practical approach towards audible-range acoustic resonance-based chemical measurements, as shown in Fig. 3a. A Teflon cap with an internal cylindrical standing wave resonator having φ = 6 [mm] and Leff = 28 [mm] is connected to a microphone and a speaker. Teflon is used because of its light weight and chemical inertness to most molecules, which should minimise absorption of molecules on its surfaces. The device can be easily fastened onto vials using an O-ring to ensure an airtight sealing. In this manner, the internal air of the vial mixes with molecules and transports into the acoustic resonator through eight small holes (diameter of 1.2 mm, SI Fig. 4). Without N2 flow, there is no external stimuli or dilution, therefore, molecules are naturally evaporated from the liquid surface into the headspace of the vial, then proceed into the resonator, which may be relevant for mobile olfactory applications and odour analysis. FEA and experimental data result in air resonance at 15.4 kHz, and the FRF shifts depending on the headspace vapour enclosed in a vial as shown in Fig. 3b. A variety of additional resonances are observed before 12 kHz due to additional acoustic modes from the enclosed structure, which manifests in additional standing wave resonances, Helmholtz resonance and other acoustic pressure modes (SI Fig. 4 shows FEA obtained acoustic modes). For the current analysis, only the intended standing wave resonance at n = 5 is required. The dynamic response of Δfres is also experimentally obtained for each chemical by attaching the vials and removing them whilst recording and fitting the n = 5 mode as shown in Fig. 3c. Dynamic sampling of this device takes much longer as there is no flow stimulation to force molecules into the headspace. All chemicals exhibit a reversible process with different time characteristics, such as rise time, fall time and steady-state value, whilst exhibiting a typical first order response. It should be noted that unsteady or jump points are due to tightening and loosening the test vial. Using the same approach as in Section 2.1, Pv is obtained for a variety of chemicals after 2 min and 15 min as shown in Fig. 3d. In an enclosed air environment without flow, there is still a relatively good agreement with reference [1] after 2 min of sampling. However, notably all the values have lower than expected Pv values, which is due to the natural emission of molecules into the headspace taking a long time, especially as all molecules are heavier than air (except water). After 15 min of continuous measurement, most chemicals are similar to or approaching reference [1]. Comparing the Teflon cap design against the N2 flow assisted technique, given enough sampling time, most chemicals approach similar values as given in reference [1]. For both N2 flow and no flow (Figs. 2c and 3d), n-hexane has similar values which are larger than the reference value by ~10%. Acetone has an interesting difference; during N2 flow, Pv is ~20% below the reference value, whereas in the case of the Teflon cap, Pv is near identical to the reference value. All the chemicals’ discrepancies may be explained by three main mechanisms: 1) the reference values used for Pv may be obtained in different conditions; 2) During N2 flow experiments, there is absorption of molecules inside the flow line or valves; 3) build-up of molecules on the surface of measurement components, changing Leff, which affects the sensitivity of the extraction method.
[bookmark: _Hlk132711600][bookmark: _Hlk132710846]Testing of environmental conditions is conducted for various T over 30 min intervals for toluene in a continuous manner as shown in Fig. 4a. The incubator T is increased from an initial 20 °C to 27.5 °C in 2.5 °C intervals every 30 min. As T increases, the headspace vapour ρ increases as heavier toluene molecules enter the headspace vapour mixture, whilst the density of air decreases, manifesting in a decreasing trend of Δfres with increasing T. A comparison of the Pv values obtained for toluene at various T is shown in Fig. 4b. Whilst the values compare reasonably well with reference [1], discrepancies are more than likely due to the build-up of toluene molecules on the speaker membrane or the microphone over a long testing time period. The operational temperature is only around RT, since large temperature differences may have various effects on the speaker membrane, such as reduced in-plane tension and thermal expansion. In the case of perfect gas mixtures, Raoult’s law states that the vapour pressure in a mixed solution is equal to the product of the vapour pressure of each chemical multiplied by its respective molar fraction in the mixture. Raoult’s ideal gas mixture law indicates that a linear relationship should follow the molar fraction of the individual components in a mixture and deviations from linearity can either be positive or negative depending on the mixture components..  To further demonstrate this acoustic-olfactory proof of concept in a practical scenario, dynamic sampling of Δfres of liquid mixtures comprised of acetone in ethanol at RT and different molar ratios are investigated as shown in Fig. 4c. In this instance, due to the formation of a non-ideal liquid-vapour solution, a positive deviation from Raoult’s law is expected for Pv, due to the formation of positive azeotropes [23]. A comparison of the extracted Pv for the Teflon cap design in air with no flow at different molar ratios and different T is shown in Fig. 4d. As expected, Pv increases quite drastically from 0–0.2 mole fraction of acetone in ethanol, which continues to increase nonlinearly with acetone ratio. Whilst there is reasonable accuracy between experiments and reference [2], there is a difference for 0.2 mole acetone in ethanol, which may be due to the overall larger determination of ethanol’s Pv using the Teflon cap (see Figure 3d). Audible-range acoustics may lead to portable measurements of activity coefficients in non-ideal complex headspace vapours. 
This cost-efficient and robust method can enable the measurement of high concentration chemicals to be tested with cheap and easily replaceable components, removing the need for dilution before testing to protect sensitive components in common gas analysers. Even a very simple practical device in the form of a vial cap with audible-range acoustic resonances provides significant information and discrimination pertaining to headspace vapour-phase properties, whilst simultaneously relaying their internal fluid domain over time, which may provide new alternatives for mobile olfaction in portable applications.  
2.4 Limitations and future perspective
It is important to discuss the current limitations of audible-range acoustic resonance-based measurement of headspace vapours. Whilst known chemicals have been tested and a back solving approach is used to determine the vapour properties via the two unknown parameters γ and ρ in Eqs. (2) and (3), using an averaged γ value ranging between 1.35–1.4 is also reasonable since there is a large amount of N2 or air in the vapour-phase mixture during typical testing. Therefore, using an approximate γ = 1.4 as in the case of air, eliminates the need for back solving and gives a relatively close solution for the vapour ρ directly, which is particularly important for potential portable mobile olfactory applications. The limit of detection (LOD) is another critical parameter that needs to be addressed. For both N2 and air mediums, the lowest reliable chemical tested was n-decane having Pv = 0.2 [kPa] at ambient conditions (SI Fig. 5 shows the dynamic response of n-decane for both flow and no flow cases). This will need to be significantly improved for measuring notoriously low Pv chemicals, which may be achieved by reducing the distance between the acoustic resonator and the liquid surface, increasing the sample T (there will be an ideal range since the speaker membrane does not work well in high T and the excess molecular toxicity acting on the membrane at higher T), or other methods for forcing molecules into the headspace (we restrict ourselves to the Pv alone and not sub-ppm detection of specific molecules in a mixture). The LOD may also be improved by combining acoustic resonance modes to generate internal resonances which increase frequency stability, or increasing Q factor [24]. Given the frequency range and multiple resonance modes, the question remains what additional information can be extracted or induced to make full use of the entire measurable FRF for more detailed parameter extraction such as molecule type and concentration.
[bookmark: _Hlk132717836]The time taken using a Teflon cap also demonstrates the dynamic response of headspace molecules, however, the sampling time will need to be substantially shortened for practical purposes, which may be achieved by developing custom vials. Dynamic time data can also be combined with software algorithms for discrimination and machine learning purposes given the vast access of audio analysis software available, providing an interactive audio and visual interface as shown in Supplementary Movie 1. A detailed understanding of the effects of molecules adhering onto the surface of components is still required, and in the future, speaker membranes with low chemical affinity are required and may be achieved via coating the surface. Cost is always a concern for practical applications. To demonstrate a practical measurement setup, a 3D printed cap is fabricated and connected to a computer sound card, which provides very reliable results similar to Fig. 3b, as shown in SI Fig. 6. Whilst a sound card is used to show the wide access of easily available audio components, a variety of different portable measurement devices can be potentially used if they have enough sampling rate and resolution for measurements. 
3. Conclusions

An audible-range acoustical approach using standing wave resonances is utilised for the measurement of different chemicals headspace vapour properties under flow and no flow conditions, for mobile olfactory purposes. A standing wave acoustical approach is utilised due to the wide access of highly sensitive audio components, abundant signal processing software, and low cost of equipment. For the first set of experiments, N2 flow directs headspace molecules into an acoustic resonator, whereby this approach accurately measures the vapour-phase speed of sound of different chemicals, leading to the extraction of vapour density and resultant vapour pressure at ambient conditions, comparing well to reference values. Headspace molecules alter standing wave resonance frequencies and shift the frequency response function. A practical device incorporated into a cap that securely fastens onto vials without any flow is also fabricated, proving the viability of this approach, however, a longer sampling time is required for accurate measurements. A sensitivity down to the Pv of n-decane is demonstrated for reliable and accurate determination of vapour properties. Considering the availability of components for the audible-range approach, portable audio-based vapour sensing can support mobile olfactory measurements since they ideally have irrelevance to chemical affinity. Furthermore, audio technologies can be easily integrated into sensor networks utilising the Internet of Things, opening a profound plethora of possibilities.

4. Materials and methods
5.1 Materials
The chemicals used in this work were: water (ultrapure water, MilliQ from Merck MilliPore), ethanol (Fujifilm Wako Pure Chemical Corporation, grade > 99.5%), ethyl acetate (Kanto Chemical Co., Inc., grade ≥ 99.5%), toluene (Wako Pure Chemical Industries Ltd, grade ≥ 99.5%), acetone (Sigma-Aldrich, grade ≥ 99.5%) n-hexane (Fujifilm Wako Pure Chemical Corporation, grade ≥ 96.0%), isopropyl alcohol (Fujifilm Wako Pure Chemical Corporation, grade ≥ 99.5%), benzene (Fujifilm Wako Pure Chemical Corporation, grade ≥ 99.5%), 2-butanone (Fujifilm Wako Pure Chemical Corporation, grade ≥ 99.5%), methylcyclohexane (Tokyo Chemical Industry Co., Ltd. Grade ≥ 99%), n-octane (Sigma-Aldrich, grade ≥ 99.0%), n-decane (Sigma-Aldrich, grade ≥ 99.0%), n-heptane (Nacalai Tesque, Inc., grade ≥ 99.0%), methyl acetate (Nacalai Tesque, Inc., grade ≥ 99.0%), m-xylene (Fujifilm Wako Pure Chemical Corporation, grade > 80%), ethyl propionate (Fujifilm Wako Pure Chemical Corporation, grade > 99%) and 3-pentanone (Sigma-Aldrich, grade ≥ 99.0%).
5.2 Finite Element Analysis (FEA)
COMSOL Multiphysics 5.6 Pressure Acoustics module was used with an extra fine mesh and 0.001 convergence for numerically simulating the acoustic resonance modes. Both acoustic resonator geometries used for the N2 flow experiments and Teflon lid were done using the same software settings.
5.3 Audio-visual spectrum and supplementary movie information
The free audio analysis software package Audacity has been used to generate a combined audio-visual spectrogram display of different background pink noises using the spectrogram tool. The Teflon lid is attached to different vials for 10 min then five individual pink noise sounds are recorded through the microphone taking a total of 5 seconds of acoustic data. Audio-wise, sound differences can be heard and easily visualised through their spectrum in terms of amplitude and frequency shifts, which may be a future mechanism of combining smell, audio, and visual aids for interactive olfactory purposes. The video was recorded using the game record function freely available on Windows and the video was edited with the freely available Windows Video Editor Tool.
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Fig. Captions
Fig. 1. Acoustical resonance and experimental design verification. (a) Acoustic pressure distribution of the first three standing wave acoustic resonance mode shapes (fres), corresponding to n = 1, 3 and 5, obtained using finite element analysis (FEA). (b) FEA calculated change in resonance frequency (Δfres) with different speed of sound (c) values. It is evident that the larger mode n (Eq. (2)) results in larger Δfres. (c) Designed standing wave resonator using a speaker that results in internal molecular conglomerations inducing spatial pressure variations at fres. Red dashed lines indicate the standing wave resonator length component. Measurements are readout electronically through the MEMS microphone. (d) Flowchart of the experimental setup using a mass flow controller (MFC). In the case of reference gases, the supply line is changed from N2 to each reference gas and directed into the chamber from a tank at 10 SCCM without any intermediary vials. (e) Frequency response function (FRF) of various reference gases in the acoustic chamber shown in Fig. 1c at the intended primary mode, n = 5. (f) Comparison between experimental and theoretical c values (error bars not visible) for various reference gases. These results verify the design is airtight and works as expected.
Fig. 2. Acoustical determination of headspace vapour-phase properties during N2 flow. (a) FRF of several different vapours, demonstrating clear frequency dependence between 14–20 kHz, at n = 5 (see Eq. (2)), due to changing physical properties of the headspace vapours for the design given in Fig. 1c. The nominal Leff = 24 [mm]. (b) Double-y plot of the extracted densities (ρ) and specific heat ratios (γ) of different headspace vapours (error bars present but not easily distinguishable). (c) Resultant vapour pressure (Pv) of different headspace vapours. Panels (b) and (c) are solved via back solving Eq. (1) and are presented in descending order of Pv obtained from reference[1] at 25°C (for chemicals not in the temperature range, the Antoine curves are still used and extracted to 25°C such as n-Decane). Panels (b) and (c) are obtained after two minutes of N2 flow due to the low flow rate used compared to the vial volume (10 mL), as well as reducing the effects of turbulent flow, unsteady mixing, heavy N2 dilution or potential leakage.
Fig. 3. Practical mobile olfactory device measurements. (a) Teflon cap designed for experiments without flow by tightening the cap onto a vial, valves are closed during testing indicated by the black dashed lines. Red dashed lines indicate the acoustic resonator geometry inside the device. (b) FRF of several different headspace vapours, demonstrating clear frequency dependence between 10–16 kHz, at n = 5, due to changing physical properties of the headspace vapour for the design given in (a). The nominal Leff = 28 [mm]. Additional acoustic modes are present when the device is securely fastened to a vial. (c) Dynamic response of Δfres for 15 min sampling and 15 min of purging for various headspace vapours, demonstrating the process is reversible. (d) Resultant Pv of different headspace vapours, resolved via back solving Eq. (1). Pv is extracted at both 2 min and 15 min to demonstrate the complex fluid space over time, and is compared against reference[1] due to potential adsorption of molecules onto measurement components when there is no flow present in the system. 
Fig. 4. Varying experimental conditions for practical mobile olfaction. (a) Dynamic response of Δfres as T is varied inside the test incubator over 30 min intervals for toluene. (b) Experimentally obtained Pv versus reference [1] at various T for toluene. (c) Dynamic response of Δfres for binary liquid mixtures containing acetone and ethanol at 25 °C. (d) Comparison of the resulting Pv for acetone-ethanol binary mixtures without flow after 15 min of sampling, and compared against reference [2].
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