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Static Apparatus: Absolute Capacitance Manometer

The vapour pressures of the six perfluorocarboxylic acids were measured using the Static apparatus 

recently described in the literature [Monte, 2006]. 

The Static apparatus, is based on a absolute (MKS Baratron 631A) type capacitance diaphragm 

manometer, enables the measurement  of vapour pressures in the pressure range (0.4 – 133) Pa and 

(0.4 – 1333) Pa and temperature range (243 to 473) K.

The temperature of the sample is measured using a platinum resistance thermometer Pt100 class 1/10. 

The thermometer was calibrated by comparison with a SPRT, Tinsley, 5187A.
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Figure 2 – Pictures and schematic representation of Static Apparatus based on a MKS absolute 
capacitance diaphragm manometer and details of the data adquisition software.
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The standard (po = 105 Pa) molar enthalpies of sublimation of the six compounds were measured by Calvet 

Microcalorimetry, model SETARAM HT 1000, using a similar technique of the drop-method. The measuring 

procedure and the performance of the apparatus is described in the literature [Santos, 2004]. Samples of 

about 3-9 mg of each compound were placed into thin capillary tubes and were dropped simultaneously 

with the corresponded blank tube at room temperature into the hot reaction zone of the calorimeter. 

The standard molar enthalpy of sublimation at T = 298.15 K was calculated from the experimental value of 

at the temperature T of the hot zone based on the following hypothetical thermochemical diagram:
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Figure 3 – Picture and schematic representation of Calvet Microcalorimeter 
HT1000 and the vacuum line.

In where, the                        represents the molar enthalpic correction for the respective heat capacity of 

the gaseous phase.
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The accumulation of perfluorocarboxylic acids (PFCA) in the biota of even remote places like the arctic, is 

now considered to be an emerging global environmental problem [Silva, 2004] resulting in new tasks for 

the determination of the physical-chemical properties of these compounds as well as new challenges for 

chemical regulators and environmental fate modelers.

For perfluorocarboxylic acids, only very few data on the vapour pressures of the liquid phase are available 

in the literature [Kaiser, 2005], and for solid PFCA only some estimations of the vapour pressures were 

reported. 

In this work, the volatility of a series of linear perfluorocarboxylic acids [perfluoroheptanoic acid (CN=7) to 

perfluorododecanoic acid (CN=12)], was studied.

The enthalpies of sublimation of the six compounds were measured using the Vacuum Drop Calvet 

Microcalorimetry method [Santos, 2004], while the solid vapour pressures were measured using a high 

accuracy static apparatus based on a MKS Baratron capacitance diaphragm pressure sensor [Monte, 2006].
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Source: Chem. Unserer Zeit, 2007, 41, 276 – 284
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Computational chemistry was also used to evaluate the total screw rotation angle. The  geometry 

optimization of each perfluorocarboxylic acid was calculated at BP86/TZVP level o theory.

Static Apparatus Calvet Microcalorimetry Drop Method

The results obtained for the volatility of the series of linear perfluorocarboxylic acids [perfluoroheptanoic acid (CN=7) to perfluorododecanoic acid 

(CN=12)] show a marked ODD and EVEN effect. 

An unexpected high volatility and identical vapour pressure in the ODD and EVEN series perfluorocarboxylic acids.

The enthalpies of sublimation obtained by calorimetric direct measurements, follows an interesting pattern,  in where the results obtained for the CN=10 

(perfluorodecanoic) and CN=11 (perfluoroundecanoic) are falling down from the regular increase of the series (CN=7 ; 8; 9 ; 12).

Powder diffraction X-ray data at different temperatures and DSC data, indicates a very complex semi-crystalline structure of the perfluorocarboxylic acids. 

The study of the dimerization equilibrium in the gaseous phase, at different temperatures, of perfluorocarboxylic acids by Ab-initio is in progress. 

The vapour liquid equilibrium will be compared with the COSMOS-RS predictions.   
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The molar enthalpic correction for the respective heat capacity of the gaseous phase, was calculated by 

computational thermochemistry at B3LYP/6-311++G(d,p) using the frequency scaling factor of 0.9688.

Computational Chemistry
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