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ENGINEERING SCIENCES DATA ITEM N0.7 1023 

Chemical Engineering Series 

Engineering Sciences Data Items provide evaluated data and authoritative information for use in engineering design. The 
results of much valuable work, both theoretical and practical, are frequently not applied because they are not readily 
available or because the form in which they are available is not suitable for use directly in design. Accordingly, the 
Engineering Sciences Data Unit has for many years issued Data Sheets and Memoranda in three main Series and numerous 
Sub-series. The main Series have been sponsored by appropriate professional institutions; the Aeronautical Series by 
the Royal Aeronautical Society, the Mechanical Engineering Series by the Institution of Mechanical Engineers and the 
Chemical Engineering Series by the Institution of Chemical Engineers. These Institutions, the Society and the Institution 
of Structural Engineers are associated with the latest series which is on Industrial Data for Engineering Application. 
Crucial support for this work is provided voluntarily by industrial companies, government research laboratories, universities 
and others through the attendance at Technical Committees (see below) of their leading experts. 

The work of the permanent professional staff of the Engineering Sciences Data Unit on this particular Item was monitored 
and guided by the Physical Data and Reaction Kinetics Committee which has the following constitution: 

Chairman 
Mr D.P.Plummer - Shell Refining Co. Ltd 

Members 
Mr C.F.Beaton - B.P. Chemicals International Ltd 
Dr K.E.Bett - Imperial College of Science and Technology 
Dr J.M.Hoffman - Courtaulds Ltd 
Mr F.L.Jaggi - Stone and Webster Engineering Ltd 
Mr M.J.Larkin - British Nuclear Fuels Ltd. 

The members of staff of the Engineering Sciences Data Unit concerned are:- 

Mr N.Thompson - Head of Fluid Mechanics and Physical Properties Group 
Mr J.Walton - Fluid Mechanics and Physical Properties Group. 

The Physical Data and Reaction Kinetics Committee, which first met in June 1966, has the co-operation of many 
engineers and scientists in industry, research establishments and universities from whom much assistance and information 
are being received. 

In order to assist the preparation of new work and particularly to assist the periodic review and revision of work already 
issued, users are encouraged to make known their experience in using the information and procedures and to notify the 
Unit of any additional information they can provide or to which reference can be made. Prepaid reply service cards 
are available for this purpose. Whenever an Item is revised, users who have a Standing Order automatically have their 
Items updated. Those who do not have a Standing Order are advised to consult the current edition of the Engineering 
Sciences Data Index to ensure that they hold the latest issue of the Data Items. 

All enquiries and suggestions should be addressed to: 

Engineering Sciences Data Unit 
25 1-259 Regent Street 
London W1R 7AD 

Telephone: 01-437 4894, 

from whom additional copies of this Item and details of other work available may be obtained. 
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7 I023 E3 ou ~. 
NORMAL MELTING POINTS, BOILING POINTS AND CRITICAL POINTS 
OF n-ALKYL ALDEHYDES AND KETONES 

b 

1. 

v1 
0) 

R 
2 

INTRODUCTION 

The liquids for which data are presented in this Item are the normal (i.e. straight chain) alkanals (alkyl aldehydes) 
and alkanones (alkyl alkyl ketones) and are listed below: 

alkanals 

alkanals 

(b) alkan-2-ones 

(c) alkan-3-ones 

(d) alkan-4-ones 

(e) alkan-5-ones 

(0 alkan-6-ones 

(g) alkan-7-ones 

(h) alkan-&ones 

(i) alkan-9-ones 

(alkyl aldehydes)(=, 

(alkyl aldehydes)C, -C, 

(methyl alkyl ketones) 

(e thy1 a1 kyl ke t ones) 

(propyl alkyl ke t ones) 

(butyl alkyl ketones) 

(pentyl alkyl ketones) 

(hexyl alkyl ketones) 

(hept y 1 alky 1 ketone s) 

(octyl alkyl ketones) 

(j) alkan-10-ones (nonyl alkyl ketones) 

Table I ,  

Table 11, 

Table 111, 

Table IV, 

Table V, 

Table VI, 

Table VII, 

Table VIII, 

Table IX, 

Table X. 

The names underlined above and given in the first column of the Tables are those recommended by the BSI 
in Reference 1. The other names are in general the most widely used of other synonyms. 

The Tables also give the molecular weights and the empirical and structural formulae. The molecular weights 
have been calculated from the atomic weights given in Item No.68043. 

Experimental values of normal melting and normal boiling points are available for less than half the compounds 
considered and only a few determinations of the critical temperatures and critical pressures have been made. 
The method of correlating these data and estimating the values given in the Tables is outlined in Section 4. 
Values in italics denote that no experimental data were available. It should be noted that for some compounds 
the normal boiling point and/or critical temperature so derived may be above the decomposition temperature. 
However, hypothetical values at these temperatures are sometimes necessary for calculating the properties of 
solutions. 

Section 5 refers to three recommended methods which may be used to estimate boiling points at any particular 
pressure and which require data from this Item only. 
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7 I023 
2. NOTATION 

Pbr reduced pressure of normal boiling point, i.e. 1/PL 

P C  critical pressure 

pf critical pressure, (0.9869 Pc) 

T temperature 

Tb 

Tb I 

TC 

normal boiling point, (fb + 273.15) 

Tb reduced temperature of normal boiling point, i.e. - 

critical temperature, (fc + 273.15) 

TC 

c temperature 

lb  normal boiling point 

t C  critical temperature 

3. CONVERSION FACTORS 

Temperature in degrees Fahrenheit = % t  + 32 

Temperature in degrees Rankine = % T  

1 0 5 ~ / ~ ~  = 1 bar 

= 14.5038 Ibf/inz 

= 1.0197 kgf/cm2 

= 0.9869 Standard Atmosphere 

= 750.062 mmHg. 

1 O5 N/mZ 

atm. 

K 

K 

K 

"C 

"C 

"C 

4. DERIVATION OF NORMAL MELTING POINTS, NORMAL BOILING POINTS 
AND CRITICAL POINTS 

The normal melting point and normal boiling point data that are available for the compounds considered have 
been taken from Derivation 6 ,  and the available critical temperature and critical pressure data from Derivation 5. 
The melting and boiling point data for compounds with carbon numbers up to seven (C,) are critically 
evaluated in Derivation 3 which also gives melting points and extrapolated values of normal boiling point up 
to high carbon numbers for alkanals and alkan-Zones. Accurately determined values of melting points'for a 
number of ketones are given in Derivations 4 and 7. Using the data of Derivation 3 up to C, as a basis, values 
of the normal melting points and normal boiling points of all the straight chain alkanals and alkanones up to 
C,, have been determined by the method outlined below. For the alkanals and alkan-2-ones, this method gives 
progressively higher values of normal boiling point than Derivation 3 as C, is increased. 

b 

0 
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7 I023 
I .  

' 0  

Each compound is a member of two identical homologous series: one series in which the first alkyl radical is 
the same (i.e. methyl alkyl ketones, ethyl alkyl ketones, etc.) and another series in which the second alkyl 
radical is the same (i.e. alkyl methyl ketones, alkyl ethyl ketones, etc.). For each of the above four physical 
properties the experimental data may be plotted in carpet form so that the value for each compound may be 
assessed in each of its relevant series. In smoothing and extrapolating these data to derive the values given in 
the Tables the following assumptions have been made. 

(a) For each series, the variation of each physical property with carbon number is a smooth function as is 
the case for the parent alkanes. 

(b) For an infinite chain length the compounds and their parent alkanes have the same normal melting point, 
the same normal boiling point and the same critical point since the structural differences between the 
compounds and their parent alkanes become negligible as the chain length tends to infinity. 

(c) Between isomers there is a smooth variation of each physical property considered. 

The above procedure enables a self consistent set of data to be obtained for the complete range of compounds 
considered although the overall accuracy may be expected to vary. The user should therefore allow for some 
uncertainty in values of the temperatures and critical pressures given in the Tables as detailed below:- 

(a) normal melting points*, 

CH,O to C,,H,,O f 10" to f5" 

C,,H,,O to CZ0H4,0 f 5" 

(b) normal boiling points, 

CH,O to C,,Hz,O f 2" 

C,,HzoO to CmH4,0 f 2" to f5" 

(c) critical temperatures, 

CHzO to CsHIOO f 2" 

C,H,,O to CzoH4,0 f 2" to +loo 

(d) critical pressures, 

CHzO to CSH,,O f 1.0 x 105N/m2 

C,HloO to CzoH,oO f 1.0 x 10SN/mZ to 2.5 x 105N/mZ. 

* In the literature widely varying values of melting points are reported for some substances. Certainly some compounds may appear to 
melt over a range of temperature rather than at a single temperature due to various phenomena, e.g. the existence of more than one 
crystalline form. Moreover, some substances require an excessive time to reach thermodynamic equilibrium and this may account for 
other anomalous values. The compounds considered here are reasonably certain to  be liquid above the tempcratures quoted as 
melting points. 
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