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Boiling Point
INTRODUCTION
1. This guideline is aevised version of theriginal Guideline 103 which was adoptedli®81.

Two additional methodsre cotained in the currentersion. These are thdifferential thermal
analysis and thelifferential scanningcalorimetry. The main change otherwise cems thdormat.
The revision was based on the EC methodiliBg Tenperature”, published in 1992 (1).

INITIAL CONSID ERATIONS

2. Most determinations of the boiling tperature are ade at abient pressure and a
calculation is rcesary to derive the norméloiling pointfrom the measurementleasirements at
reduced pressure may be appropriate for substances with &diligly point and substances which
decompose aglevated temperatures. Thetrapolation ovetarge pressure ranges fgone toerrors
however. Assuming that the heatvafporization is constarmver a limited temperature range in the
vicinity of the normaboiling point, the followingiorm of theClapeyron -Clausiusequation can be
applied:

+ constant

log p = 5377

where

the vapour pressure of the substance in pascal
the heat ofaporization in J mdl

the universal gas constant, 8.314 J'ni¢l

the thermodynamic teperature in K

=10 >T

3. The influence of impurities on theboiling point depends greatlypon the ature of the
impurity. When there are volatile impurities in the sample, the substanceauadytm bepurified.

4. The methods described in this guideline caag@ied to liquid and low-glting substances,
provided that they do not dergo chetital change, e.cauto-oxidation, rearrangement, degradation,
etc.,below the boiling point.

5. The fundamentairinciples are tyen in references 2 and 3.
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DEFINITIONS AND UNITS

6. The normal boiling point of #quid is defined as the teperature at which the vapour
pressure equals the standard atmospheric pressure 101.325 kPa.

7. The temperature at theiling point is gated in K, with regard to the dnentpressure during
the measurement. If mressure isigen, the reglt refers to a standard pressure of 101.325 kPa. The
conversion of degrees Celsiuskigvins is according to thiermula

T=1t+27315
where
T is the Kelvin or thermodynamic tgrarature, and t is th€elsius terperature.
8. Pressureeeds to be expressed in kPa &vitbwing corversions apply:

1 bar = 10kPa,
1 mm Hg (or Torr) = W33kPa,
1 atm = 101.325 kPa.

REFERENCE SUBSTANCES

9. Reference substanca® not needed when investiing a substance. Some substances which
may be used for calibration can foeind in the stagards listed in tha@ppendix.

DESCRIPTION OF THE METHODS

Ebulliometer

Principle

10. Ebulliometers were developddr the determination of the efecular weight byoiling point
elevation. Theyare also suitetbr exact boiling tenperature measements. Thdiquid is heated
underequilibrium conditions at atmosplic pressure until it iboiling.

Apparatus

11. A simple apparatus is described in ASTM D 1120-72 (seaghendix).

Dynamic method

Principle

12. This method involves the measment of theapourrecondensation teperature in theeflux
while the liquid isboiling. Thepressure can be varied and thaling tenperature corresponding to
pressure of 101.325 kPa is recorded.

Apparatus

13. The apparatus is described in Guidelliod.
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Distillation method
Principle

14. The liquid is distilled and the vapaecondensation temperature and the amount of distillate
are measured.

Apparatus
15. The description of tha&pparatus isigen in stawdlards, e.g. ISO 918-1983 (see the appendix).

Method accoding to Siwolohoff Figure 1
Principleaccording to Siwoloboff

Principle

16. A sample is heatedadually in a tube which isimmersed in
a liquid bath. The saple tube is held in close contact with a
thermometer and it céains a boilingcapillary which is fused about
1 cm above its lower en@Figure 1). Upon approach of theiling
temperature bubbles emerge rapiftym the loweropen end of the
capillary. Theboiling tenperature is that temperature at which, on
momentarycooling, the ging of bubbles stops and liquididgdenly
rises in the capillary.

Apparatus

17. The apparatus for the liquighth is sinilar to the one which is shown in figure 1 of
Guideline 102, apart that at H in tlleagram thetube comaining the sample and the capillary is
inserted. The samplebe has aiameter ofapproximately 5 mm. The capillary is fused about 1 cm
above its lower end. The fuseglcion of the capillary should beelow thelevel of the sample.

Procedure

18. The bath liquid is chosen according to the expected boiling temperature of the test substance.
Silicone oil can be used for temperatures up to 573 K. Liguaichffin may only be used for
temperatures up to 473 K. Aitst, the heating of the bath @hid be adjusted to a temperature rise

of 3 K/min. The bath must beirsed. At about 10 Kbelow the epectedboiling tenperature, the

heating isreduced so that the temperature rise is less than 1 K/min. Upon approachoifitige
temperature, bubbles begin to emerge rapidign the capillary. Theboiling tenperature is that
temperature at which, at momentagoling, the sing of bubbles stops and fluiduddenly rises in

the capillary.

Photocell detecion

Principle

19. The sample is heated in a capillary inside a heated metal block. Adigim is directed
through the sapie onto a photocell. When tteiling point is reackd, bubbles rising in the capillary

give a decrease in the intensity of light received by the photocell. The photocell gives a stop signal
to a digital indicator reading out the temperature nreasby a resistance thermometer located in the
block.

Apparatus

20. The apparatus is describedparagraph 13 oBuidelinel102.
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Differertial themal analysis
Principle
21. The difference in teperaturdoetween the substance and a refereratenial, which aréoth

subjected to the same controlled tempergmogrammeare recorded. When the samplaelergoes

a transition involving a change in ealpy (erdothermic in the case of boiling), that change is
indicated by a departufeom the base line of the tgmarature record.

Apparatus and procedure

22. See the standard methodgeg in the appendix.

Differential scanning cdorimety

Principle

23. Samples of the test substance ameference raterial are subjected to the sametoalied
temperaturgorogramme. The difference in energytu recesary to mainain idertical temperatures
in the substance and the referencatarial is recorded. When the samplalengoes a transition
involving a change in enthalpy @othermic on boiling), that change islinated by a departure from
the base line of the hefidw record.

Apparatus and procedure

24, See the standard methodigeg in the appendix.

COMPARISON OF THE METHODS

25. The applicability and estimated accuracy of the various methods areszethin Bble
1. For additional details the standardtelisin theappendix should be consulted.

26. The advantage of the methods using photocell detection and thermal analysis is that the same
equipment allows the determination of boiling adhas nelting tenperatures. Moreover, autation

is easy. The dynamic method has the advantage that it can also be applied to thealietewhime

vapour pressure. With the dynamic method moreover it is acesary to correct théoiling
temperature to the normal pressure because this can Heriegt the measurement by means of a
manostat.

DATA AND REPORTING

Data

27. At smalldeviationdrom the stadard atmospheric pressure (maximum = 5 kPa) the measured
boiling tenperatures can be converted to nortoailing points by means of the Sidney Young
equation:

T, =T+ (f;x Ap)

where
Ap =101.325-p
p = pressure in kPa
f+ = rate of change djoiling tenperature with pressure in K/kPa
T = measuredboiling tenperature in K
T, = normal boiling point
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Correction factors ;f and equations for theapproximationare included in standards listed in the
appendix. As an example, the corrections for solvents useuitirts given in DIN53171 are
reproduced in Table 2.

Table 1
Method Estimated accuracy

Ebulliometer + 14K (up to 373 K) Y

+ 25 K (up to 600 K)
Dynamic method + 0.5 K (up to 600 K)
Distillation method + 0.5 K (up to 600 K)
Siwoloboff + 2.0 K (up to 600 K)
Photocell detection + 0.3 K (at 373 K)
Differential thermal analysis + 0.5 K (up to 600 K)

+ 2.0 K (up to 1273 K)

Differential scanningcalorimetry | + 0.5 K (up to 600 K)
+ 2.0 K (up to 1273 K)

() This accuracy applies to a simple device such as described in ASTM D 1120-72.
More elaboratebulliometer devices have a higher accuracy.

Table 2
Temperature T (K) f+ (K/kPa)

323.15 0.26
348.15 0.28
373.15 0.31
398.15 0.33
423.15 0.35
448.15 0.37
473.15 0.39
498.15 041
523.15 0.44
548.15 0.45
573.15 0.47

Tes Report

28. The test report shall include tfatlowing information;

- method used;

- chemicalidenrtity and impuritieqpreliminary purification step, if any);

- estimatedaccuracy;

- boiling tenperature (the mean of at least two measents, whiclare in the range
of the estimated accuracy, together with the pressures, preferably close to normal,
at which the measurementemg nade);
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- all information and rerarks relevant for the interpretation of the results, especially
with regards to impurities and physical state of the substance.
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APPENDIX

LISTOF STANDARDS

Stardard test method fdyoiling point of engine anti-
freezes

Methodfor determination of distillation of petroleum
products

Methodfor the determination of distillation ahacteristics
of organic liquids

Losungsmittel fur Arischgoffe, Bestimmung des
Siedeverhaltens

Volatile organic liquids for industrial usBetermination
of distillation characteries

Test method for distillation of chieal products

Distillation: détermination du rendement etidervalle
de distillation

Differertial themal analysis and differertial scanning cadorimeftry

ASTM E 472-86

ASTM E 473-85

ASTM E 537-76

DIN 51005

Stardard practice foreporting thermoaalytical data
Stardarddefinitions of termgelating to thermal aadysis

Stardard method for assessing the thermal stability of
chemicals by methods differertial thermal analysis

Thermische Analyse (TA)
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