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[bookmark: _Hlk45029292][bookmark: _Hlk49332457]ABSTRACT: Dynamic vapor microextraction (DVME) is a new method that enables rapid vapor pressure measurements on large molecules with state-of-the-art measurement uncertainty for vapor pressures near 1 Pa. Four key features of DVME that allow for the rapid collection of vapor samples under thermodynamic conditions are (1) the use of a miniature vapor-equilibration vessel (the “saturator”) to minimize temperature gradients and internal volume, (2) the use of a capillary vapor trap to minimize internal volume, (3) the use of helium carrier gas to minimize nonideal mixture behavior, and (4) the direct measurement of pressure inside the saturator to accurately account for overpressure caused by viscous flow. The performance of DVME was validated with vapor pressure measurements of n-eicosane (C20H42) at temperatures from 344 K to 374 K. A thorough uncertainty analysis indicated a relative standard uncertainty of 2.03 % to 2.82 % for measurements in this temperature range. The measurements were compared to a reference correlation for the vapor pressures of n-alkanes; the deviation of the measurements from the correlation was ≤2.85 %. The enthalpy of vaporization of n-eicosane at 359.0 K was calculated to be ΔvapH = 91.27 ± 0.28 kJ/mol, compared to ΔvapH(corr) = 91.44 kJ/mol for the reference correlation. Total measurement periods as short as 15 min (3 min of thermal equilibration plus 12 min of carrier gas flow) were shown to be sufficient for high-quality vapor pressure measurements at 364 K.
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Vapor pressure (psat) data are essential to the design and optimization of chemical separations and purifications.1,2 Environmental models also require accurate psat data to predict the lifetime and fate of pollutants.3,4 Forensic science makes use of psat data in a variety of scenarios such as the detection of explosives or intoxication.5,6 Indoor exposure to a variety of substances depends on psat.7-9 Nevertheless, the lack of psat data for low-volatility compounds is often lamented.5,8,10,11 There are two primary reasons for this. First, there is a dearth of commercial instruments to measure the psat of low-volatility compounds. Second, many compounds lack the thermal and oxidative stability needed for psat measurements by traditional methods.11
The most common measurement strategies for compounds with low psat are static methods, effusion methods, and gas saturation (sometimes called “transpiration”) methods.3,12-18 Of those, gas saturation methods have an advantage with compounds of lower purity or poorer stability.5,11,14 In general, for gas saturation methods, an inert carrier gas flows through a “saturator”, which is a temperature-controlled vessel that contains the condensed phase of the compound being measured. The carrier gas becomes saturated with the vapor of the condensed phase before flowing into a vapor trap, which strips the vapor from the carrier gas. By determining the mole fraction of vapor solute at a given (total) pressure, psat can be calculated by assuming ideal mixture behavior.
Sample decomposition over the course of a measurement can result in large errors in the measured psat.5,11 This is especially true when non-specific methods, such as simple mass measurements, are used to determine the moles of trapped vapor. For less stable compounds, it is desirable to use a spectroscopic or chromatographic method to determine the moles of trapped vapor. This approach allows for early detection of impurities from decomposition. And, if the impurities are identified and quantified, it is possible to correct for their effect on the measured psat.11,14 However, such corrections suffer from a high degree of uncertainty; hence, it is always preferable to complete the psat measurements before significant decomposition occurs.
[bookmark: _Hlk46408686]The work presented herein had three goals. The first goal was to design a gas saturation apparatus with three key attributes: it should be easy to assemble from commercially available analytical equipment, it should allow for the use of helium carrier gas, and it should be optimized for rapid measurements. Easy assembly will facilitate psat measurements by other groups, the use of helium minimizes systematic errors associated with nonideal mixture behavior, and short measurement periods are desirable for psat measurements on less stable substances. The second goal was to achieve state-of-the-art measurement uncertainties. A thorough uncertainty analysis was used to optimize measurement parameters and to select apparatus components that minimized the combined standard measurement uncertainty. The third goal was to validate the new method via measurements on a stable reference compound. We chose n-eicosane (C20H42, abbreviated as C20 herein) as the reference compound because it has the lowest-uncertainty measurements (, see equation 1) and correlations () for any molecule its size.1,19,20 Herein, measurement results are compared to the reference correlation of Lemmon and Goodwin1 for reasons described below.
[bookmark: _Hlk49335091]This new method for the rapid collection of vapor samples under thermodynamic conditions with helium carrier gas will be referred to as dynamic vapor microextraction (DVME). Compared to the previous gas saturation method that we have employed for over a decade,5,6,10,11,15,21 DVME is more than two orders of magnitude faster and has measurement uncertainties that are lower by more than a factor of 5 in the temperature range studied.

EXPERIMENTAL SECTION
Materials. The n-eicosane (C20, mass fraction purity 0.998), n-octadecane (C18, mass fraction purity 0.996), n-octane (C8, mass fraction purity >0.999), and acetone (mass fraction purity >0.999) were purchased commercially, analyzed for purity with GC-FID, and used as received. The carrier gas was research-grade helium (mole fraction purity 0.99995 according to the supplier).
[bookmark: _Hlk39133908]Apparatus. A schematic of the DVME apparatus that was designed and used for this work is shown in Figure 1. The primary components of the apparatus are a helium supply cylinder with pressure regulator, a precision mass flow controller (MFC) from Alicat Scientific† (model MC-10SCCM-D with the high-accuracy calibration option), an adsorbent tube, a transfer vial made from an empty 2-mL autosampler vial, a saturator made from a 2-mL autosampler vial filled to 1.25 mL with 1-mm borosilicate glass beads, a capillary vapor trap, a precision mass flow meter (MFM) from Alicat Scientific† (model MB-10SCCM-D with the high-accuracy calibration option), a 100 Ω platinum resistance thermometer (PRT), a digital barometer (not shown in Figure 1), and a GC oven as the thermostat. Inside the thermostat, the parts are plumbed together with deactivated fused silica capillary tubing (320 µm inner diameter). Outside the thermostat, small diameter (≤3.175 mm OD) stainless steel tubing was used.
[bookmark: _Hlk40950713][bookmark: _Hlk45118812]The MFC and MFM both had totalizer functions and a maximum flow rate of 10 standard cubic centimeters per minute (sccm; 1 scc is the mass of 1.0 cm3 of helium at 298.15 K and 101.325 kPa, which is 0.16353 mg of helium). The mass of helium for each measurement was determined by the MFM, which had a standard uncertainty of 0.5 % of the flow rate or 0.1 % of full scale (whichever was greater). The adsorbent tube was filled with the porous polymer adsorbent poly(2,6-diphenyl-1,4-phenylene oxide) and was intended to remove impurities from the carrier gas and to protect the MFC from sample vapor. The purpose of the transfer vial was to prevent upstream contamination by sample vapor by allowing for the removal of the saturator vial (with its short inlet capillary) when not in use. For repeatable positioning, the saturator vial was held in place with an open wire basket (not shown in Figure 1). The capillary vapor trap was 1 m in length and made from either an alumina-coated PLOT column (320 μm ID, 8 μm film thickness) or an uncoated deactivated fused-silica capillary (320 μm ID). One end of the capillary vapor trap was pushed through the septum on the saturator vial; the other end fed into the MFM via a fitting that contained a GC inlet septum. About 80 % of the length of the capillary vapor trap was outside of the thermostat (and therefore at room temperature). The PRT was calibrated with a water triple point cell and a gallium fixed-point cell and had a standard uncertainty of 0.02 K. The PRT’s sensing element was about the same length as the saturator vial, and it was held next to the saturator vial during  measurements with a loop of wire. A digital barometer with a standard uncertainty of 0.135 kPa was used to measure the ambient atmospheric pressure and the overpressure in the saturator vial.

[image: ]
Figure 1. A schematic of the DVME apparatus that was designed and built for this work. The primary components of the apparatus are a helium supply cylinder (A), a precision mass flow controller (B), an adsorbent tube (C), a transfer vial made from an empty 2-mL autosampler vial (D), a saturator made from a 2-mL autosampler vial containing 1-mm glass beads (E), a capillary vapor trap (F), a precision mass flow meter (G), a 100 Ω platinum resistance thermometer (H), a GC oven (I), and a digital barometer (not shown). The drawing is not to scale; for example, the transfer vial and saturator vial have been enlarged for clarity.

Procedure for  measurements. The glass beads were coated by adding about 20 mg of C20 to the saturator vial, heating the vial above the melting point of C20 and agitating the glass beads. If the sample compound has a high melting point temperature or poor thermal stability, then the glass beads could instead be coated by first dissolving the sample compound in a volatile solvent, agitating the beads with an aliquot of the sample solution, and then removing the solvent with a flow of carrier gas.11 The saturator vial and capillary vapor trap were then installed via septa on the vial and on the MFM inlet.
At the beginning of a  measurement, the oven was set to the desired temperature and the MFC was set to 0.2 sccm for the duration of the thermal equilibration period. This low flow rate of helium during thermal equilibration was necessary to avoid upstream contamination by C20 vapor. At the end of the thermal equilibration period, the flow of helium was increased to the desired setpoint (0.5 – 10 sccm).
At the end of the flow period, the capillary vapor trap was removed, the trapped vapor was eluted with C8, and the eluent was analyzed by GC-FID with C18 as an internal standard. The saturator vial was removed from the apparatus between measurements for two reasons. First, it was done to avoid upstream contamination with C20 vapor while the system cooled down. Second, it was necessary to agitate the glass beads between  measurements in order to obtain repeatable results (presumably due to depletion of C20 in the preferred flow path of the carrier gas). More detail about the  measurement procedure can be found in the Supporting Information.
Data analysis. The rigorous relationship between the vapor composition and the equilibrium vapor pressure in a gas saturation measurement contains corrections for the deviation from ideal-gas behavior in the vapor phase and for the Poynting correction (i.e., for the effect of applied pressure on the fugacity of the liquid phase).22 With helium as the carrier gas at pressures near atmospheric, these two effects are both on the order of 1 % and act in opposite directions, largely cancelling each other.22  Since the vapor nonideality correction cannot be determined in a straightforward way, we took advantage of this cancellation and used a simplified calculation where both corrections were omitted:
 	 	(1)
	(2)
		(3)
where the subscript 1 refers to the helium carrier gas, the subscript 2 refers to C20, p is the pressure in the saturator vial, y is the mole fraction in the vapor phase, x is the mole fraction in the condensed (liquid C20) phase, m is the total mass of helium or C20 in the vapor phase, and M is the molar mass of helium or C20.22
The value of p was the average ambient pressure during the carrier gas flow period plus the overpressure in the saturator vial (see the Supporting Information for details). The values of m1 and m2 were determined by the MFM and GC-FID, respectively. The value of ximpurities was estimated to be 0.002 from a GC-FID analysis of the batch of C20 used for these measurements.15 The solubility of helium in eicosane, x1, is given by Henry's law, x1 = p1/kH, where p1 is the partial pressure of helium in the vapor phase and kH is the Henry's law constant. We estimated kH by extrapolating in carbon number the temperature-dependent Henry's constants from the IUPAC Solubility Data Series23 based on the measurements of Clever et al.24 for helium in decane, dodecane, and tetradecane. This procedure produced Henry's constants of 317 MPa, 298 MPa, 281 MPa, and 265 MPa for temperatures of 344 K, 354 K, 364 K, and 374 K, respectively.  The resulting estimated values of x1 for our experiments ranged from 0.00030 at 344 K to 0.00036 at 374 K.
T in the saturator vial was the value recorded by the PRT at the midpoint of the carrier gas flow period. For shorter thermal equilibration periods, T was significantly lower at the beginning of the flow period than at the end, so the midpoint temperature was more accurate.

RESULTS AND DISCUSSION
Apparatus design. The DVME apparatus was designed to be simple to construct, to minimize the measurement period, and to minimize measurement uncertainty. The components of the apparatus are all commercially available. The disposable parts of the apparatus, including the saturator vial and the capillary vapor trap, are inexpensive. With stable substances such as C20, the saturator vial can be used indefinitely by recoating the glass beads as necessary. The capillary vapor traps were also reused for dozens of measurements without problems. However, if desired, these could be replaced for every measurement at little cost.
Saturator. The use of a very small saturator,  a key design element that was recently piloted in our group,5 distinguishes DVME from previously reported gas-saturation methods.9,11,13,14,16,18,25,26 An important benefit of the small saturator is that temperature gradients are minimized. This is important because, with larger saturators, temperature gradients can dominate measurement uncertainty for  and effectively limit the usable temperature range.11
The small saturator also allows for rapid thermal equilibration, even in an air bath, which shortens the time needed for a  measurement. The thermal equilibration period (i.e., the time required for the glass beads in the saturator vial to reach the setpoint temperature when starting from room temperature) was measured by placing a small fiber optic thermometer in the middle of the glass beads inside the saturator vial. This thermometer had a GaAs temperature sensor inside the tip of the 0.28 mm optical fiber. Due to its small size, the sensor had a thermal mass less than that of a single glass bead and a response time of ~50 ms. As expected, the thermal equilibration period increased as the oven setpoint temperature increased. For example, the time required for T to be within 0.5 K of the setpoint was about 3 min for a setpoint of 314 K and about 7 min for a setpoint of 394 K. Once T is within 0.5 K of the setpoint temperature, the uncertainty in T due to incomplete thermal equilibration is less than or equal to other sources of uncertainty in T (see the Supporting Information for more details).
A third benefit of the small saturator is that it limits the internal void volume in the thermally controlled region of the carrier gas flow path to about 4 mL. Most of the void volume derives from the transfer vial and the saturator vial because the only other elements in the thermally controlled region are composed of capillary tubing with an internal diameter of 320 µm. The small void volume is important because expansion of the carrier gas during thermal equilibration causes uncertainty in m1. The impact of expansion flow on measurement uncertainty can be minimized by use of a larger total flow (see the Supporting Information for more details).
A fourth advantage of the small saturator is that very little material is needed to coat the beads. In this work, 20 mg of C20 was sufficient for dozens of  measurements (<0.1 mg of vapor deposition is needed for each measurement).
Vapor trap. Capillary vapor traps of the type used in the DVME apparatus are commonly used for headspace vapor sampling27-31 and have been used for vapor pressure measurements as well.5 This type of trap has the advantage of a very small internal volume that can be eluted with minimal solvent. For more volatile or less stable substances, the capillary vapor trap is readily chilled;28 however, this was not necessary for C20 (see the Supporting Information).
[bookmark: _Hlk41560856]The primary disadvantage of the capillary vapor trap is that it creates a flow restriction for the carrier gas. This causes a temperature- and flow-rate-dependent overpressure to develop inside the saturator vial, which affects p (equation 1). Ignoring this (and using ambient pressure as p) would result in systematic errors as large as 0.27·. For example, at a nominal helium flow rate of 10 sccm at T = 374 K, the overpressure in the saturator vial was 23 kPa. This overpressure was measured as a function of temperature and flow rate by connecting a digital barometer to the saturator with a short length of fused silica capillary tubing (see the Supporting Information for details). 
Carrier gas flow control and measurement. A precision MFC was necessary for helium delivery because the flow rate must be stable and repeatable in order to determine p, as discussed above. However, it is preferable to measure m1 downstream from the capillary vapor trap because, at that position, any upstream leaks (which do not contribute to vapor deposition in the capillary vapor trap) are ignored. Additionally, this arrangement allows for easy detection of leaks or flow restrictions in the apparatus. The observed difference in m1 measurements by the MFC and MFM was typically <1 % (i.e., within the combined uncertainty of the two devices). However, leaks in the septum caps were occasionally observed at the highest flow rates, necessitating cap replacement. Flow restrictions caused by coring a septum with the capillary vapor trap were also observed sporadically, necessitating column trimming or replacement.
Minimizing the total measurement period. An important goal of this work was to minimize the period during which the sample is exposed to elevated temperatures. Thus, it was desirable to minimize the time needed for both thermal equilibration and vapor collection without sacrificing measurement accuracy. This was accomplished by studying the effects of carrier gas flow rate, total flow, and thermal equilibration on the  measurement.


Figure 2. Percent deviation of the measured  of n-eicosane from the reference correlation of Lemmon and Goodwin1 as a function of flow rate at 364 K. All measurements employed a thermal equilibration period of 10 min and a total flow ≥120 scc.

The flow rate determines the residence time of the carrier gas in the saturator vial. Enough contact time is needed for the carrier gas to become saturated with sample vapor but, otherwise, higher flow rates are desirable because they shorten the total measurement period. Given the small size of the saturator vial, care was taken to ensure that flow rates did not affect the  measurements. The method for choosing an acceptable flow rate is to measure  over a range of flow rates; a plateau of measured values indicates that the measurement is independent of flow rate.14 Figure 2 shows a plot of measured  vs flow rate at 364 K. No decrease in measured  was observed for flow rates up to 10 sccm (the maximum for the MFC and MFM). However, because the kinetics of vaporization are poorly understood, this type of control experiment needs to be done when measuring any new compound. The poorest measurements, in terms of agreement with the reference correlation,1 were at the lowest flow rate (0.5 sccm). This makes sense because, for the MFC and MFM used in this work, the relative uncertainty in m1 increases below 2 sccm.


[bookmark: _Hlk45115984]Figure 3. Percent deviation of measured  of n-eicosane from the reference correlation of Lemmon and Goodwin1 as a function of total flow at 364 K. All measurements employed a nominal flow rate of 10 sccm and a thermal equilibration period of 10 min.

[bookmark: _Hlk45036204]The total flow and the thermal equilibration period have a similar effect on the quality of the  measurement. Increasing the total flow decreases uncertainty in m1, while increasing the thermal equilibration period decreases uncertainty in T. With a setpoint temperature of 364 K, a nominal flow rate of 10 sccm, and a thermal equilibration period of 10 min, the total flow was varied between approximately 40 scc and 240 scc, Figure 3. Measurements with a total flow of >120 scc were in excellent agreement with the reference correlation.1 Similarly, with a setpoint temperature of 364 K, a nominal flow rate of 10 sccm, and a total flow of ~120 scc, the thermal equilibration period was varied from 0 min to 10 min, Figure 4. Measurements with a thermal equilibration period of ≥3 min had reached a plateau and were in excellent agreement with the reference correlation.1 These results are also consistent with the thermal equilibration data from the fiber optic thermometer (see above). Hence, a total measurement period of 15 min (3 min of thermal equilibration plus 12 min of flow) was sufficient for high-quality  measurements.
In cases where the rapid measurement capability of DVME is not required (i.e., for stable sample compounds), longer flow periods can be used to lower the accessible pressure range. For example, with a day-long measurement period, we estimate that it would be possible to measure  values as low as 0.01 Pa with little change in the measurement uncertainty.
 

Figure 4. Percent deviation of measured  of n-eicosane from the reference correlation of Lemmon and Goodwin1 as a function of thermal equilibration period at 364 K. All measurements employed a nominal flow rate of 10 sccm and a total flow of 120 scc.

[bookmark: _Hlk46495555][bookmark: _Hlk52271576][bookmark: _Hlk46495116]Sources of measurement uncertainty. Table 1 shows the uncertainty budget for a measurement at 344 K with a 10 min thermal equilibration period, a helium flow rate of 5 sccm (0.82 mg·min-1), and a total helium flow of 650 scc (0.106 g). These are the nominal parameters used for the 344 K data shown in Figure 5 and Table 2. Propagating the various sources of uncertainty gives a combined standard uncertainty of 0.0203·, which is less than the uncertainty in the reference correlation (see below). With a larger total flow, the combined uncertainty at 344 K could have been reduced to 0.0194·. Uncertainty budgets for measurements at higher temperatures are given in the Supporting Information. For  measurements at higher temperatures, the total flow was decreased so that the amount of trapped vapor would be similar for all the  measurements. This choice increased the uncertainty in T and m1. The nominal parameters for the 374 K data in Figure 5 and Table 2 were a 10 min thermal equilibration period, a helium flow rate of 5 sccm (0.82 mg·min-1), and a total helium flow of 128 scc (0.0209 g), which resulted in a combined standard uncertainty of 0.0282·. With a very large total flow, the combined uncertainty at 374 K would have been reduced to 0.0189·.
For the measurements shown in Table 2 and Figure 5, most of the uncertainty in  derives from uncertainties in T, m1, and m2. Uncertainty in T was limited by using a small saturator (to limit temperature gradients) and a sufficiently long thermal equilibration period. The absolute uncertainty in T ranged from uT = 0.131 K at a nominal setpoint of 344 K to uT = 0.210 K at a nominal setpoint of 374 K. Uncertainty in m1 was limited by using a low-uncertainty MFM, by using a sufficiently large m1 to minimize the influence of flow during thermal equilibration, and by accounting for the overpressure inside the saturator vial that is caused by viscous flow through the capillary vapor trap. The absolute uncertainty in m1 ranged from um1 = 0.793 mg of helium (4.85 scc) at a nominal setpoint of 344 K to um1 = 0.360 mg of helium (2.20 scc) at a nominal setpoint of 374 K. Details about the effects of experimental parameters on uT and um1 are available in the Supporting Information. The relative uncertainty in the other variables (including m2) was essentially constant across all the measurements shown in Table 2 and Figure 5.

[bookmark: _Hlk46495846]Table 1. Sources of uncertainty and their contribution to the uncertainty of vapor pressure () measurements on n-eicosane (C20) at 344 K, with a 10 min thermal equilibration period, a flow rate of 5 sccm (i.e., 0.82 mg·min-1 of helium), and a total flow (m1) of 0.106 g.
	[bookmark: _Hlk46497225]Source of uncertainty
	Resulting standard
uncertainty in 

	Mass of trapped C20 vapor (m2)
	0.0130· 

	Temperature of saturator (T)
	0.0125·

	Mass of helium carrier gas (m1)
	0.0075·

	Simplifications in equation 1
	0.0050·

	Pressure of saturator (p)
	0.0023·

	C20 purity correction (ximpurities)
	0.0002·

	Helium solubility in C20 (x1)
	0.0001·

	Propagated standard uncertainty
	0.0203·



In order to minimize measurement uncertainty due to nonideal mixture behavior, it is imperative to use helium as the carrier gas because helium forms the most ideal mixtures.15,22 It is impractical to correct for such nonideality in most circumstances. However, it is useful to know that this effect generally scales with molecular size.22 Helium has the added benefit of low solubility in other substances, which means that uncertainty in x1 due to helium solubility will usually be insignificant.18 In the case of C20 with helium as the carrier gas, the simplifications implicit in equation 1 result in an error of only 0.0024· in the measured value of  at 323 K.22 However, since the measurements described herein were done at different temperatures than the modeling study,22 the potential error caused by the use of equation 1 was estimated to be 0.0050· (see Table 1).

Table 2. The n-eicosane vapor pressures () with combined standard uncertainties, along with the temperature (T) and pressure (p) in the saturator, the total helium flow (m1), and the mass of trapped n-eicosane vapor (m2), for measurements with a 10 min thermal equilibration period and a flow rate of 5 sccm (i.e., 0.82 mg·min-1 of helium).
	T / K
	p / kPa
	m1 / g
	m2 / µg
	 / Pa

	344.05
	94.197
	0.10551
	35.53
	0.4504 ± 0.0089

	344.04
	94.094
	0.10625
	36.17
	0.4548 ± 0.0090

	344.02
	95.749
	0.10493
	34.68
	0.4493 ± 0.0089

	354.06
	94.276
	0.07885
	65.46
	1.111 ± 0.022

	354.06
	94.466
	0.07860
	65.54
	1.118 ± 0.022

	354.04
	95.839
	0.07887
	64.77
	1.118 ± 0.022

	364.02
	94.246
	0.03975
	77.50
	2.609 ± 0.058

	364.02
	94.836
	0.03979
	77.15
	2.611 ± 0.058

	364.03
	95.099
	0.04021
	77.90
	2.616 ± 0.058

	373.99
	94.388
	0.02066
	88.18
	5.721 ± 0.157

	374.00
	94.363
	0.02097
	88.80
	5.674 ± 0.155

	374.01
	95.468
	0.02042
	87.79
	5.829 ± 0.161



[bookmark: _Hlk51923509]Comparison with reference data. Over three days, a series of  measurements were made with a single saturator (i.e., the glass beads were not recoated or replaced). Each day the  was measured at T = 344 K, 354 K, 364 K, and 374 K, in that order. The resulting data are listed in Table 2, with the data at each nominal temperature listed in the order that it was measured. The excellent repeatability and the lack of a systematic increase or decrease in the measured  is evidence that the purity of the sample did not change throughout these measurements. For compounds that are less stable than C20, this kind of experimental design is critically important for ensuring that decomposition has not influenced the measurements, regardless of how quickly the measurements were made. Further discussion of this issue can be found elsewhere.11 Although a flow rate of 10 sccm was used for some of the control measurements described above, these final measurements employed a flow rate of 5 sccm to minimize the risk of a leak (given the smaller overpressure at 5 sccm). 
Herein, the measurements are compared to a reference correlation, instead of experimental datasets, because such correlations are deemed to be more reliable. The correlations are more reliable because they are produced by simultaneously fitting the psat data from many alkanes. Thus, high-quality data from across the whole class of compounds can be leveraged, and lower-quality data can be identified and eliminated in an iterative optimization process.1 Lemmon and Goodwin’s correlation1 was chosen over earlier correlations20,32 because it used significant new datasets that were not available for the production of the earlier correlations. At  > 1 kPa, the correlation of Lemmon and Goodwin has a standard uncertainty of ucorr = 0.01· for C20.1 However, in the range of our measurements, the uncertainty in the correlation is larger and less well defined. A comparison with an earlier reference correlation by Růžička and Major shows that the two correlations differ by 3.4 % at 374 K and 6.5 % at 344 K.1,20 The uncertainty in Lemmon and Goodwin’s correlation is unlikely to be larger than that difference; thus, we estimate that ucorr = 0.034· at the high-temperature end of our measurements and ucorr = 0.065· at the low-temperature end of our measurements.1
Figure 5 shows deviation plots, with different x-axis scales, for the data in Table 2 compared to the reference correlation of Lemmon and Goodwin.1 Figure 5 also shows previously published measurements for C20,11,12,19,33-41 which often have large deviations from the reference correlation. In contrast, the values of  measured with DVME deviate from  by an average of only 1.4 % and a maximum of 2.85 %. Therefore, our measured values of  are in excellent agreement with the correlation, given the uncertainties in each.
With a Clausius-Clapeyron plot of the data from Table 2, the enthalpy of vaporization at 359 K (the midpoint in the temperature range) was determined to be ΔvapH = 91.27 ± 0.28 kJ·mol-1. The value of ΔvapH that is derived from the reference correlation of Lemmon and Goodwin is ΔvapH(corr) = 91.44 kJ·mol-1 at 359 K, which is within the standard uncertainty interval of our measured value.


Figure 5. Percent deviation of current and previous11,12,19,33-41 measurements of  of n-eicosane from the reference correlation of Lemmon and Goodwin1 as a function of temperature. All of the data points are shown in panel (A). The x-axis expansion in panel (B) shows only the data within 5 % of the reference correlation.

CONCLUSIONS
[bookmark: _GoBack]DVME enables rapid determinations of vapor pressure for large molecules while delivering state-of-the-art measurement uncertainties for vapor pressures near 1 Pa. The quality of the DVME measurements was demonstrated by the small measurement uncertainties and by the excellent agreement between our measured values and the correlated values for C20, which is the premier reference compound for a molecule of its size. The key design features that allowed for such low uncertainties included the use of a miniature saturator, the use of helium carrier gas, and the direct measurement of overpressure inside the saturator. The rapid measurement capability of DVME should allow for successful measurements on compounds that were previously intractable due to poor stability. For example, we are currently using DVME for measurements on terpenes, which are much less stable than C20 because of their proclivity for autoxidation. Additionally, DVME will likely find use for other types of measurements. For example, we are currently exploring its use for vapor analysis from complex mixtures and for measurements of vapor-liquid equilibria of low-volatility substances. 
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