
PARAMETERS AFFECIING THE .DEXERMINATION OF 
VAPOR PRESSURE BY DIFFERENTIAL THERMAL METHODS 

Usi of difkrential the!rmal methods for-the determination of vapor pressures 
is an established technique of general applicability which is suitable for consideration 
as a standard proccdurc. The effects of several experimental criteria including sample 
quality, heating rate, sample size, sample vessel, test- cotiguration, and thermo- 
dynamic interkrence are die. The practicality of this method as a general 
standard procedure can only be realized when these effects are considered. 

In 1962 Krawetz and Tovrog’ suggested that the vapor presmre fimction 
for pure liquids could be determined using difkrential thermal analysis @l-A). 
Since then much attention has been direct& toward variations in design of experi- 
ments and equipment (iicIt&ng use of differential scanning calorimetry @SC)) 
which served to improve accuracy and extend the range of investigationz4. Today 
vapor pressme determina tions using difkzntial thcrmai methods can routinely be 
obtained in the range of 10-l to lo4 torr, The successM application of this method 
is, however, contingent upon resolution of the effects of several critical par&meters 
afkcthig the determination. 

The purpose ofthis paper is therefore to review the use of difkrential thermal 
methods as a sta.ndar& routine procedure for vapor pressure determinaGons_ Emphasis 
will be placed on the discussion of effects of experimental parameters such as sampIe 
quaI&, sample .vessel, test co&gn.ration, heating rate, sample size, temperature 
and presmre ranges, and thermodynamic interferences_ 

‘Ihe determination of vapor pressures by differential thermal m&hods is one 
approach to a. general proaxhre referred to as the “boiling. point” method. This 
method includes the_use of differential thermal instrumentation- @SC or DT’A) to 
measafe the isothermal boiling tkmpizrature of a pure liquid s-a functiori of piesure. 

The boiling temperature is taken to be the e$.rari;ckted o&et temperature of the 
boiling endotherm (Fig. I), In this manner p&sure, rather than temperature, is *e 



independent variabIle, and the temw +piEbrium conditions of isothermal 
boilingarcnadilyobtahable withinadynamicaUyheatedenvironment Themeasured 
~ceilpressnrethereforteqpaIs~vaporpressureofthemateriaiundergoingIsothennat 
‘boiling. 

A complete vapor pressure fnnction for a pure liquid c+.n be genkratcd by a 
plot of prummdojiing _tempexahxe di+ points as log P vs.. l/T (K) (Fig. 2) or 
log P vs. T(T) on an appropriate Cox charC_ Ifit is assumed that the vapor behavk 
as an ideal gas, the vapor pressure function will be a straight line described by the 

_ 
Speyron equ+on6 with a slope of -HJ2303R AH represents the 
~enthalpyofvaporizationandis assumedtobeconstant o~erthemeasuredtempezatme 
range. R is the ideal gas constant equal to 1,987 cal IC-’ mol-l, A variety of exper- 
~designsforvaporpreswredet.c - tionshavebeendewrikiinthelit- 



Fig_ 3, Imtmmcntal arrangement for vapor pressure studicsbydSrent.iat -&crmaImahods. 

. 

erature**'. A &p&l ins&mental arrangexn~t is ilhstrated in Fig. 3. The essential 
components include c” stabIe, controIlabIe vacuum and/or pressure generating_so&e 
with the appropria4uz metering devices attached to a differential thermal cell. 

Pressnre stabilization and measure ment represents the greatest source of 
expeknentd error using the design described above_ A typical operating range for 
this apparatus extends from 10-r to lo4 torr_ The measurement and control of 
tcmpezahue is accomplished with the differential thermaI.inshumentation and is 
therefore limited by the capabilities of the specific unit utiked_ 

Besides -the bbvious equiiment limitations, there exists a group of experimental 
parameters _vvh@e’efkcts on the determination of a vapor pressure function can 
result in serious errors. The,effccts of the ex~pcrimcntal parameters must bc cvaluatcd 
ad specified before. the technique can be. considered as standard proccdu& for 
generai app&tionS, 

At the onset, sample quality must be considcrcd. In order for a mcasurcment 
to be valid, a sampIe must undergo isothermal boiling within the temperature range 
of~einstrmnent.Secondfy,anydecompositionaccom~~gorprecedingisothermal 
boiling invalidates the results of the analysis. Thus the preset& of impurities, whether 
induced or inherent, cannot be tolerated above 5% of a soluble non-ionic ~pecies~~~~. 
The presence of impurities may be detected by a non-linear vapor pmssure fiulction, 
by a non-isothermal boiling endotherm (temperature continues to increase during 
boiling), or muhip&-endothermic transitions. 

The generation of impurities through thermal decompdsition is of particular 
concern when sup&atmospheric prcSsnzdataarctobcuscd.whcnconfhlcd, 
many organ&liquids will decompose rapidly at temperatures slightly above their 
atmospheric boiling temperature. A second concern when using super-atmospheric 
pkssurcs is no&ideal -gas bahavior of the vapors which can result in ,a non-line&r 
k&r ‘ p&s&& ‘fun&ion. -&z of super-a&kpheric pressm& neveithekss re lIlains 
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an integ& part of the procedq. This is espeziaIiy nezessaq when instrumental 
iimitationS restrict diikrential *ermal analyses below room temperature, Therefore, 
-;nbstitation of a limited nr;mber of super-atmospheric boiling temperature data 
pints may be required to CompIete a vapor pressure analysis. 

A thermod~c phenomenon, the tripfe p&t, can introduce difEcuIties in 
bSSniug data points-at pressures where the boiling temperature approaches the 
melting temperatme, i_e, (I’&,--Ta is smaI16. Considerable deviation from -the 
Ilinear vapor pressure fimction wiIl be observed in such cases. 

Because a linear heating rate is employed in difkential thermal methods, the 
effkt of the heating rate on the observed boiling temperature must be evaluated- 

TABLE I 

EFFECT OF HEATING RATE ON OBSERVED BOILING TEMPERATURE 

Heurihg -I? cc mar’) Tap cc) 

0.5 9932 
1.0 99-73 
20 99.91 
50 1iXLOC! 

10.0 100_03 
151) 9933 
20-O 9922 

Kemme and Kreps4 (Table 1) concluded from their data for water at 760 torr that for 
heatingratesof2to2O”CmiK’ @xe was no appreciable change in the observed 
boiling temw However, when vcxy slow heating rates are employed, sample 
loss throu& rapid pre-boiling vaporization can become significant and can prejudice 
the analysis- Thaefore, for the‘sake of convenience; kuracy, and economy, rates 
of 1oto20°cmin-‘- are routinely employed, As a consequence, use of such heating 



rates permits a. complete vapor pmure faction based on five data points to be 
generated within several hours. This represents a signikant time reduction over many 
othertechuiques. 

Sample size is a variable which can exert sign&ant infIuenee on the observed 
boiling endotherrnt For samples that are too small, insnflicient sample remains at 
the boiling point to establish reffux conditions necessaq for attainment of isothermal 
boiling Too large a sample results in super-heating and partial selfkoohng (Fig 4) 
before isothermal boiling is approached_ A standard sample size cannot, however, 
he prescribed because it is-a function of the test confignration and the latent heat of 
the system. As a result, the optimum sample size must be individuahy determined for 
each instrument used_ For. many commercial instruments a 1-15 fi sample is typical. 

A final group of experimental parameters which may be generalized as sample 
test configuration, includes the use of an inert diluent, the type and size of the sample 
vessel, and the use of DTA.vs_ DSC The general types of test vessel cotignrations 
commonly~used are ikstrated in Fig. 5; The pan confignrations are typical of DSC 
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Fig 5: Sample vaseI configurations. (a) Opeu pan; @) htrmctkaIIy s&xi pin; (c) scaled pan with 
pinhole;(6)opmcapillary;(e)capiIlary~iith~thermocouple. 
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and quantiktive DTA instrumentation while the capillary coufiguratious are typical 
of DTA instrumen*on_ The sezies ofendothcnns &skated in Fig. 6 were obtained 
for Spectra Grade isopropyi alcohol at 750 torr using the different vessel coufigura- 
tionsasidcut&d. -,- _- 

Using the shape aud temperature of the boiling endotherm as the principaI 
. w 

cmtena for comparison of the resnIk obtained from-the capihary and-pau.vesseIs, 
the CapiIlary wilI, for the most part, be more satisfactory. Use of metaIIic pans neces- 
sitattscantion,inthat~onsbetweenthesampleandthepanmay~, cspeciahy 
with ahuniuum pans, A second amsidexation when usiug paus is that the combination 
of the Iarger surf- area-tc+voIume ratio of-pans and a minimal vapor head can 
resnIt in con&IerabIe sampIe loss and difficuby in achieving isOthermaI boiig. These 
compIications are eqxxiahy prevalent with an open pan’and produce ansatisf&ctory 
boiIingdatawiththiscoI@uration- _- 

UusaGsEactoryresulk are aIsoohtahied with a hermeticahy sealed-pan. 
‘Vaporization of a &action of the sample prior to boiling serves to Self-presfllrIze 
the vessel. The sample pressme (Ps =Pc+dP) becomes greater than the cell pressure 
(dP>O) and a boiling Point elevation is encountered. Examination of the hermetic 
Pan with a pinhole suggests a resembbxnce to an effusion vessel with the pinhole 
serving as the orifice As such, the pinhole dimension becomes criticaL For a very 
smaII pinbole diameter, the laws ~of efZirsion are not applicable and the pinhole 
approximates a short capiIIa.ry tubes. This approximation allows achievement of 
q$I.iiiirium conditions in a-differential thermal ceil using a upan” sample vessel. A 
,pi&ole size of Iess than 0.88 mm (0.035 in.) is generahy satisfactory for 635 mm 
(025 in,) diamekx comma paus. 

Generahy the gJa+s capihary is very good because the smali surface area-t* 
*ohune ratio and the long vapor cohnun promott rapid achievement cf ec@ibrinm 
boiling cmditions_ Par&I &h&g $ the capili reduces Ioss of sampIe through 
d@&ion and enhances isothcrmrd boilins_ Roth the open &pillaq and the iuserkd 
thermoconple capiIIa.ry resnh in sharp boiIing endotherms. However, if the annular 
space in the thcrmocoupIe iuscrkd capiIIary becomes smaller than the mean Gee path 
of the vapor, a pressure gradient is estabhshed which wii alter the isotIiermaI boiling 
temperatme4- This wouId most Iikely be eucouutere&in the case of Iargcr bore cap& 
Iaries which WiIize a thermocouple centering sleeve. Reductiou in the length of the 
centering sfecve is nsuaI.Iy~snfEcicnt to elimmate tbiscOmpIication_ 

The second portion of sample &t’&%Qura~on considerations includes the use 
of inert diIueuk such as gIass beads or povrderexi ceramic (ahnnina or Carborundum)_ 
The curves in Pig. 7 arc mcasuremenk of Spectra Grade isopropyl aIcoho1 Bt 755 torr 
in the various test vessels with the addition of 5 m& of IO0 m glass beads. Note that 
in the case of the hermetic pan with a pinhole, ahhough sizeabIe v&oriration occurs 
prior to boiIiu& isothermaI boiIing is eventuahy achievkd, whereas without the inert 
diIuen$ e+Iiirinm ‘conditions we&only approximated -AIso* in the case of the 
opeu capillary, a.mucb~n&ro~er OS& to peah iut&aI ~js~e&x&intered with additicn 
ofthe inert dilncnt The Use of an inerttiueut serves &eral’&ictionS regardIess of 
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Fig. 7. Obsavui boiling &therms with difkcnt sam&c vcssd codigmatiom plus &at difucnt. 
<aI Open pan; @I immctid~ scald pan; (cl wikd pan with pinhole; (a) open capillary; CC) ~apaary 

wicfiiIwx&!d tham~uple. 

the ‘sample vessel us+. -It in- the liquid -surface area, reduces vaporization 
before boiling by retetition Of 5amIife through surface tensiong, and acts as nucleation 
sites for boiling which mini&m superheating. The inert diluent also provides a better 
match of heat transfer characteristics between the sample andreference portioz~ of a 
cell, especially afk b+Jjns When t&e consi@rations cited above are taken into 
ac%oun& acuuak tipor~-pk+xre functions fq? ppe &u&is nay .be .determineci. 
Fi@res 8 and 9_i@+@5 @k vapor pressa= functions of djstiiled water and Spectra 
Grade is~pro$yI alcOh#, respextively. The solid curves rep~tliteraturevalues’O-” 
while th6.daG.k p&t& Were detemGn& i&g a +mm thermocouple insexkd capillary 
with 5 fl of $a@~ &p&xl -over 5 mg of &30-jm glass beads. A heating rate of 
WC mill-’ Was &n$cj$ed for all determinations with a Du Pant 990 tlmmal 

- 
. 
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~?g_ 9_ Vapor pressure curve of spaztro grade isopropyl aIcohoL -, litciablm; 0 WrpuimcntaI 

* 

anal-. All data p0h.l~ represent single determinations having a fmperature 
resolution of OST and agree within 2.6% of published values. 

The use of diEerentiai thermal methods for the detr _ tioti of vapor pressure 

functions of pure ~teria& is a k&hod of general applicability which is suitab?e for 

sse as a standard procedure_ The practicality ofthis method as ti general standird can 
anly be y when consi~0n.s iinz given t0 the effects of several experinifzntai 
parameters on vapor pnssure determinations~ It is recommend& that. a siandard 

. 
method for the U ‘on of vapor pressures by difkren&I thermal~m~thods 
b&de: (i) an optimum sample size blended with an appropriate quantity of inert 
&iiuent; (2) a sampIe vessel of either a gIass capiIIary or a metallic hermetic pan with 
;L standard pinhole (approx 0.88 mm); and (3) a heating rate of IO-20°C min-‘_ 
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