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Vapou Pressue
INTRODUCTION
1. This guideline is aevised version of theriginal Guideline 104 which was adoptedli®81.

Two additional methodare described in this version. These are the effusion cell argpititéng

rotor techiques. Moreover, an estimation method has been added in an appendix. The main change
otherwise concerns thformat. Therevision was based on the EC method "Vapour Pressure",
published in 1992 (1).

INITIAL CONSIDERATIONS

2. At the thermodynamic equilibrium, ttvapour pressure of a pure substance is atifum of
temperature only. The fundamenpainciples are yen in references 2 and 3.

3. No single measuremeptocedure is applicable to the entire range of presﬁmméess than
10" to 10 Pa. Seven methodse proposed in thisuideline which can be applied in different vapour
pressure ranges. The various methods are comparedapglitation, repeatability, reproducibility,
measuring range inable 1. Vapour pressure can also be calculated aadtalation method is set
out in the appendix. For vapopressures higher than 10 Papesimerial determination is preferred
over calculation.

DEFINITIONS AND UNITS

4. The vapour pressure of a substancdeitned as the saturatiqgeressure above a solid or
liquid substance.

5. The Sl unit of pressure which should be used is the p@&apl Units which &ve been
employed historically areigen hereafter, together with their conversion factors:

1 Torr =1 mm Hg = 1.333 x i(Pa
1 atmosphere = 1.013 x’1Ba
1 bar = 16 Pa

The SI unit of temperature is the kelvin (K). The wersion ofkelvins to degees Celsius
is according to théormula

T=t+273.15

where

T is the Kelvin or thermodynamic tgrarature and t th€elsius terperature.
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Table 1
Substances Estimated Estimated Recommended
Measuring method repeatability | reproducibility range
solid liquid
Dynamic method low melting yes up to 25% up to 25% 10° Pa to 2x18Pa
1to 5% 1t05% 2x10 Pa to 10 Pa
Staticmethod yes yes 5 to 10% 510 10 % 10 Pa to 19Pa
Isoteniscope yes yes 5 to 10% 51010 % 10? Pa to 10 Pa
Effusion method vap. pres. yes yes 51020 % up to 50 % 10°Pato 1 Pa
balance
Effusion method weight loss yes yes 10 to 30% -- 10°Pato 1 Pa
Gassaturation method yes yes 10 to 30% up to 50% 10° Pa to 16 Pa
Spinning rotor method yes yes 10 to 20 % - 10 Pa to 0,5 Pa
REFERENCE SUBSTANCES
6. Reference substances do netd to be employed. They sep@marily to check the

performance of a method from time to time adlas to allow comparison between resultdiierent
methods.

PRINCIPLE OF THE TEST

7. In general, the vapour pressuredstermined atvarious temperatures. In a limited
temperature range, the lghm of thevapour pressure of a pure substance is a lineatiéunof the
inverse of the thermdynamic terperature according to the simplified Clapeyron-Clausius equation

AH

»

2.3RT

log p = + constant

where
p = the vapour pressure in pascals
A H, = the heat of/aporization in J mdl
R = the universal gas constant, 8.314 J'niot
T = the temperature in K

DESCRIPTION OF THE METHODS

Dynamic method (Cottrell's method)

Principle

8. The vapour pressure is determined by méag the boiling terperature of the substance at
various specified pressurbstween roughly foand 16 Pa. This method is also recomrded for
the determination of the boiling terarature. It is useful for that purpose up to 600 K. Bbiéng
temperatures of liquids aapproximately 0.1 °C higher at depth of 3 to 4 cm than at the surface
because of the hydrostatic pressure ofdblemn ofliquid. In Cottrell's method4) the thermorater
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is placed in the vapour above the surface of the liquid antidtiag liquid is made to pump itself
continuously over the bulb of the thermometer. A thin layer of liquid which égjinlibrium with
vapour at atmospheric pressure covers the bulb. The thermometer thus readshkbiingupoint,
without errors due touperheating or ydrostatic pressure. The purapginally employed by Cottrell

is shown in figure 1. The tube A dains the boilingliquid. A platinum wre B sealed into the
bottom facilitates uiform boiling. The &le tube C leads to a condenser, and tleatbhD prevents

the cold conderagefrom reaching the thermometer E. When the liquid in A is boiling, bubbles and
liquid trapped by the funnel are poured via the two arms of the pump F over the bulb of the
thermometer.

Figure 1 Figure 2

L

N, source

F 150w

B

Cottrell pump (source: ref. 4) A. Thermocouple

Vacuum buffervolume
Pressure gauge

Vacuum

Measliring point

Heating elementirca 150 W

nmoow

Apparatus

9. A very accurate apparatus, @oying the Cottrell priniple, is shown in figure 2. It consists

of a tube with a boiling section in the lower part, a cooler in tidelle part, and anutlet andlange

in the upper part. The Cottrell pump is placed intib#ing section which isdated by means of an
electricalcartridge. The temperature is maasl by a jacketed thermocouple or resistance thermometer
inserted though theflange at the top. The outlet is caruted to the presee regulation system. The
latter consists of a vacuum pump, a buffelume, a manaat for adniting nitrogenfor pressure
regulation and a manater.
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Procedure

10. The substance is placed in thaling section. Problems may be enctmrad with non-
powder solids but these can seiimes be @lved by feating the coolingacket. The apparatus is
sealed at thdlange and the substance degassed. Frothing substances cannoturedngsisg this
method.

11. The lowest desired pressure is then set andehtnl is switched on. At the same time,
the temperature sensor is connected to a recorder.

12. Equilibrium is reached when a constant boilinggerature is recorded at constant pressure.
Particular care must b@ken toavoid bumpingduring boiling. In addition, coplete conderadion
must occur on the cooler. Wheletermining thevapour pressure of low etting lids, care shuld

be taken tavoid the condensédrocking.

13. After recording this equilibriurpoint, a highepressure is set. The process is continued in
this manner until 10Pa has been reached (approtiety 5 to 10 measing points inall). As a
check,equilibrium points must beepeated at decreasing pressures.

Static method
Principle

14. In the static method (5), the vapour pressure at thtmamicequilibrium is determined at
a specified temperature. This method is suitable for substancesi#ticmponent liquids and solids
in the range from 10 to ¥®a and, provided caretken, also in the range 1 to 10 Pa.

Apparatus

15. The equipment consists of a constamperature bath (precision of £ 0.2 K), a tainer for

the sample connected tovacuum line, a manoeter and a system to regulate the pressure. The
sample chambgffigure 3a) is connected to tiracuum linevia avalve and a differential manometer
(U-tube comtaining a sitable manometer fluid) which serves asx indicator. Mercurylisones and
phthalates are suitable for use in thigerential manometer, depending on the pressure range and the
chemical behaviour of the test substance. The test substance must not dissolve noticeably in, or react
with, the U-tube fluid. A pressure gauge can be used instead of a Ufigisee 3b). For the
manometer, mercury can be used in the rdray@ normalpressure down to fPa, while #icone

fluids and phthalatesre sitable for use below ¥Ba down to 10 Pa. There are other pn@sgauges
which can be used below 1Pa and heatable ménanecapacity manometers caven be used at
below 10* Pa. The temperature is measured on the outside wall of the vedséhingnthe sample

or in the vessel itself.

Procedure

16. Using the apparatus as described in figure 3a, fill the U-tube with the chosen liquid, which
must be degassed at an elevated temperature efatiagsaretaken. The test substanceplaced

in the apparatus and degassed at reduced temperature. In the casdtpiexaomponent sample,

the temperature should be low enough to ensure that the dtorpo$ the material is not altered.
Equilibrium can be dablished more quickly bytiging. The sarple can be cooled witliquid
nitrogen ordry ice, but care should laken toavoid conderetion ofair or pump-fluid. With the
valve over the sample vessapen, suction isapplied for several minutes to repe the air. If
necesary, the degassing operationrépeated several times.

4/16



OCDEOECD 104

Figure 3a
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17. When the sample is heated with the valve closed, the vapour pressure increases. This alters
the equilibrium of the fluid in the U-tube. To compeatefor this, ritrogen orair is admitted to the
apparatus until thdifferertial pressure indicator is at zero again. The pressure required for this can
be read off the manometer or antioment of higheprecision. This pressure corresponds to the
vapour pressure of the substance at the temperature of therenearst. Using thapparatus described

in figure 3 b, the vapour pressure is read off directly.

18. The vapour pressuredstermined atwstably small temperature intervalapproximately 5
to 10 measuring points ill) up to the desired temperature maximum.

19. Low-tenperature readings must bepeated as a check. If the valuddainedfrom the
repeated readings do not coincide with the curve obtaineddi@asing temperature, this may be due
to one of the following situations:

i) the sampletdll containsair (e.g. in the case of highly viscous materials) or-hmiing
substances which is or are releadadng heating;

1)) the substance undergoes a clihreaction in the temperature range investigated
(e.g. decomposition, polymerization).
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Figure 3b
s
1. Test substance
2. Vapour phase
3. High vacuum valve
7 4. Pressure gauge
A f 5. Pressure indicator
ST 6. Temperaturdath
=i=a « = 7. Temperature measng device
= ==
Isoteniscope
Principle
20. The isotentope (6) is based on thgrinciple of the static method. The method involves

placing a samle in a bulb maiained at constant tgmarature and connected to a manometer and a
vacuum pump. Impurities one volatile than the substance are removed by degassing at reduced
pressure. The vapour pressure of themarat selected temperatureb@anced by a known pressure

of inert gas. The ®enizope was developed to measure the vapour pressucertain liquid
hydrocarbonsut it is appropriate for the invesiipn of ®lids as well. The method is usually not
suitable for nalticomponent systems. Rd&s are subject to only sligktrors for samples ctaining
non-volatile impurities. Theecommeded range is fdo 10 Pa.

Apparatus

21. An example of a mearing device is shown in figure 4 [a complete atgstion can bdound
in ASTM D 2879-86 (6)].

Procedure

22. In the case of liquids, the substance itself serves as the fluid diffédrential manometer.

A quartity of the liquid, sufficient to fill thebulb and the short leg of the manometer, is put in the
isotenigope. The istenigope is attached to a vacuum system and evacuated, then fill@cblggm
The evacuation angdurge of the system iepeated twice to remove residual oxygen. Tithed
isotenigope is placed in adnizortal pogtion so that the saple spreads out into a thin layer in the
sample bulb and manometer. The pressure of the system is reduced to 133 Pa and the sample gently
warmed until it just boil§removal of dissolved gases). Thetenigope is then placed so that the
sample returns to thaulb and fills the shrt leg of the manoeter. The pressure is m&ined at 133
Pa. The drawsout tip of the sample bulb is heated with a srflathe urtil sample vapour released
expands sufficietty to displace part of the sgte from the upper part of thmilb and manomter arm
into the manometer, creating a vapour-filleitkogenfree pace. The @enisope is then placed in

a constant temperatubath, and th@ressure of itrogen isadjused until it equals that of the spfa.

At the equilibrium, thepressure of itrogenequals the vapour pressure of the substance.
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Figure 4

Dimensions in mm
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23. In the case of solids and depending on the pressure and temperature ranges, manometer liquids
such as silicon fluids or phdfates are used. The degassed manometer liquid is pubiiga

provided on the long arm of the isotar@pe. Then the solid to be investigateplé&ed in the sample

bulb and is degassed at elevated temperature. After thatotieaisope is irlined so that the
manometer liquid caflow into the Utube.

Effusion method: vapour presure balance (7)

Principle

24. A sample of the test substance is heated in a fumadice, placed in an evacuated bell jar.
The furrace iscovered by a lid which carries small holes of knowameters. The vapour of the
substance, eaping tmough one of the dles, is directed onto halance pan of a highly sensitive
balance which is also elosed in the evacuated bell jar. In some designsb#iance pan is
surrourded by arefrigeration box, providingdat disgation to theoutside by thermal catuction, and

is cooled by radiation so that thecaging vapour condenses on it. The momentum of the vapour jet
acts as a force on tHmlance. The vapouwressure can be derived in two ways: direfityn the
force on the balance pan and dison theevaporation rate using theeHz-Knudsen equation (2):
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3 2% RT x 10°
p—GJ—M

where

G = evaporation rate (kg'sn?)

M = molar mass (g md)

T = temperature (K)

R = universal gas constant (J miéi")
p = vapour pressur@Pa)

The recommeded range is 16 to 1 Pa.

Apparatus
25. The genergprinciple of the apparatus is illustrated in figure 5.
Figure 5
—~ - T \\\
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A. Base plate F. Bfrigeration box and cooling bar
B. Moving coil ingrument G. Evaporatorfurnace

C. Bell jar H. Dewar flask with liquid itrogen

D. Balance with scalepan J. Shield

E. Vacuum measing device
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Effusion method: loss of weight

Principle

26.

104

The method is based on the estimation of the mass of test substance dloivMiey unit of
time of a Knudsen cell (8) in thiarm of vapour, tmough a ncro-orifice under ultra-vacuum
conditions. The mass effused vapour can be obtaineither bydetermining the loss of mass of the
cell or by condensing the vapour at low temperature detdrmining the amount of volatilized
substance using chromatography. TWapour pressure is calculated agplying the Hertz-Knudsen
relation (see paragrag@) with correction factors thdepend on parameters of tagparatus (9). The
recommeded range is 10to 1 Pa.

Apparatus

27.
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The genergprinciple of the apparatus is illustrated in figure 6.
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Connection to vacuum

Wells forplatinum resistance thermometer

or temperature meaement and control

Lid for vacuum tank

O-ring

Aluminium vacuum tank

Device for inmlling and removing theffusion cells
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Gas saturation method (10)
Principle

28. Inert gas is passed, atlsient tenperature and at a knovilow rate, thiough orover a sample

of the test substance, slowly enough to ensat@ation. Achieving saturation in the gas phase is of
critical importance. The trapsrted substance is trapped, generally usingriaeat, and its amount

is determined. As an altaative to vapourtrapping and subsequentadysis, intrain aralytical
technques, like gas chroatography may be used to determine gtetively the amount of material
trangported. The vapour pressure is calculated on the asisumthat thedeal gas law is obeyed and

that the total pressure of a mixture of gases is equal to the sum of the pressures of the component
gases. The partial pressure of the test substance, i.e. the vapour pressure, is calculated from the known
total gasvolume and the weight of theaterialtrangported.

29. The gas saturation procedureapplicable to solid or liquid chemicals. It can be used for
vapour pressures down to“1@a. The method is most reliable for vapour pressigkesv 16 Pa.
Above 10 Pa, the vapour pressures are generally overestimated, pral@bly aerosdbrmation.
Since the vapour pressure mgamentare made at abient tenperatures, theaed to exrapolate data
from high tenperatures is notetesary and high temperaturetegpolation, which can oftenause
serious errors, is avoided.

Apparatus
30. The procedure requires the use of a cotrtganperature box. The sketch in Big 7 shows

a box containing ttee solid and three liquid sample holders, whiltbw for the triplicate aalysis
of either a elid or a liquid sample. The temperature is controlled t&%D.orbetter.

Figure 7
INSULATED BOX
LIGHT BULB
— N, OUT TO
\zsi FAN \"5?/ ___ FLOW METER
Np IN—> ——— T K N
Lo l
SOLID SAMPLE AND
| 1 SORBENT HOLDER 1
[6]3]+
[ )
& oo :
e
—®—
z\s COPPER COIL W
L o i HEAT EXCHANGER U
FINEVNII\ETERINGI.I: 50 ﬂ 4
Ve THREE-WAY VALVE \ Nz 0UT
—
31. In general, itrogen is used as adrn carrier gas butccasiomlly, another gas may be

required (11). The carrier gas must be dry. The g@ars is split into 6 streams, controlled ®edle
valves(approximately 0.79 mnorifice), andflows into the boxvia 3.8 mm i.d. coppeubing. After
temperature equilibration, the gifmwvs through the saple and the@benttrap and existérom the
box.
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32. Solid samples are loaded into 5 mm i.d. glatsgg between glassoel plugs (see Figre 8).
Figure 9 shows a liquid sample holder armdbent system. The mostproducible method for
measuring thevapour pressure of liquids is to coat the liquid on glass beads and to padidire h
with these beads. As altermative, the carrier gas may beade to pass a coarfsg and bubble
through a column of thikquid test substance.

Figure 8 Figure 9
Nzout
& N 2out ( [ \ I
“ T 2 g o Nyin
Glase AXXANANAN
Hh AHHHHHH
r,llq
Glass
Sorbent beads
tube 120mm
s (5mmi.d)F
N
/( ? vﬂlGlasF
WOO
\ <«—Liquid
—L) trap

33. The sorbent system containdrent and abackup srbent section. Atery low vapour
pressures, only small amounts ae&ained by the sorbent and the adsorption on the glaass and
the glass tubing between the gdenand the @bent may be aesiousproblem.

34. Traps cooled with solid CQire another efficient wapr collecting the vapourized material.
They do not cause any back pressure on #tarator column and it is also easy to remove
quartitatively the trapped material.

Procedure

35. The flowrate of theeffluent carrier gas is maaed atroom tenperature. Thdlow rate is
checked frequentlgluring the experiment to assure tharthis an accurate value for the total volume
of carrier gas. Continuous mtring with a mass flow-mter is preferred.Saturation of the gas
phase may require considerable contact time and hence quite Idlovgaates (12).

36. At the end of the experiment, both the front detkup serbent sectionsare analysed
separately. The copound on each section is ddsed byadding a solvent. The resulting solutions
are analysedjuartitatively to determine the weight debedfrom each section. The oite of the
analytical method (also the choice offsent and desorbing solvent)d&tated by the nature of the
test material. The demption efficiency is determined by injecting a known amount ofpsamnto
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the sorbent, desorbing it andadysing the amount recovered. It isportant to cleck the demption
efficiency at or ear the concdration of the samle under the test cditions.

37. To assure that the carrier gas is saturated with the test sebtaine different gdlow rates
are used. Ifthe calculated vapour pressure shovdgependence on flow rate, the gas is assumed to
be saturated.

38. The vapour pressure is calculatesdgh theequation
W _ RT
= — x —
LA
where

p = vapour pressur@a)

W = mass of evaporated test substance (g)
V = volume of sturated gas (f

R = universal gas constant 8.314 (J ti&l")
T = temperature (K)

M = molar mass of test substance (g ol

Measuredvolumes must beorrected for pressure and temperatilifierences between the
flow meter and the saturator.

Spnning rotor
Principle

39. This method uses a spinnirggor viscosity gauge, in which the maasgelement is a small
steel ball which, suspended in a magnetic field,adento spin byotating fields (13, 14, 15). Pick-up
coils allow its spinningrate to be measured. When the ball hesched a given rotationgbeed,
usually about 40@evolutionsper £cond, energizing idapped and deceleratiodye to gadriction,
takes place. The drop oftational peed is measured as a étion of time. Thevapour pressure is
deduced from thpressire-dependent slogown of the &el ball. Therecommended range is16
0.5 Pa.

Apparatus
40. A schematidrawing of the experiméal set-up is shown in figure 10. The m&asy head
is placed in a constatemperature enclaese, regulated within @°C. The sarple cotainer isplaced

in a separate enclosure, also regulated witHifi@. All otherparts of the set-up are kept at a higher
temperature to prevent condatisn. The whble apparatus is connected to a higlsuum system.
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Figure 10

A. Spinningrotor sensor head
B. Sample cell

C. Thermostat

C D. Vacuum line (turbo pump)
E. Air thermostat

],

DATA AND REPORTING

Data

41. The vapour presse from any of the preceding methods should be deterrfoned least two
temperatures. Three or more are preferred in the range 0 to 50°C, in ordeckatah lirearity of
the vapour pressure curve.

Ted Report

42, The test report must include tfedlowing information:

- method used,

- precise specification of the substance (identity and impurities) and preliminary purification
step, if any,

- at least two vapour pressure and temperature valugfgrably in the range 0 to 50°C,

- all raw data,

- alog p versus 1/T curve,

- an estimate of the vapour pressure at 20 or 25°C.

If a trandtion (change oftate, decompdton) is observed, the followingfiormation slould be noted:
- nature of the change,
- temperature at which the change occurs at atmosphericgess
- vapour pressure at 10 and 203€low the transition teperature and 10 and 20°C above
this temperature (unless tfransition isfrom lid to gas).
All information and rerarks relevant for the interpretation of resulévd to beeported, especially
with regard to impurities and physical state of the substance.
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APPENDIX

ESTIMATION METHOD

INTRODUCTION

Calculated values of the vapour pressure can be used:
- for deciding which of the gerimertal methods is appropriate,

- for providing an estimate or limit value in casegwhthe eperimental method cannot be

applied due to technical reasons(irding where th@apour pressure is very low, e.g., less
than 1G Pa).

ESTIMATION METHOD

The vapour pressure of liquids and solids can be estimated by use of the modified Watson
correlation (a). The only @erimerial data required is the norntailing point. The method is
applicable over the pressure rarfgem 1¢ Pa to 16 Pa.

Detailed irformation on the method is given in "Hésook of Chemical Property Estation
Methods"(b).

CALCULATION PROCEDURE

The vapour pressure is calculateda@®ws:

T.m
@G-22)
AHVb b T m-l T
mP, ~— "1 - b _2p32°) -]
? AZBRTIJ l Tb Tb
Tb

where

T = temperature of interest

T, = normal boiling point

P, = vapour pressure at temperature T

AH,, = heat ofvaporization

AZ, = compressibility factor (estimated @97)

m = empirical factor depending on the pivgs state at the temperature of interest.
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Further

AH,
— 2 = K875 + RIn T)
b

where

K is an empirical factor corering thepolarity of the substance. For several paundtypes, K
factors are listed imeference (b).

Quite often, data are available in whichkmiling point atreduced pressure isvgn. In such
a case, the vapour pressure is calculatefdliasvs:

AH, T 4
mP,~mP + —t1-3-20""t-2m3-20" nl
AZ,RT, T, T T, T,

where T is the boiling point at theeduced pressure .P

REPORT

When using the estimation method, the repaatlshclude a comrehenwe documentation
of the calculation.
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