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ENGINEERING SCIENCES DATA

ITEM No.71001 .
(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 of the Royal Aeronautical Society 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. 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. In these and other ways assistance is
provided to the Aeronautical Series by the Ministry of Aviation Supply and the Society of .
British Aerospace Companies.

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 Ltd
Dr K.E.Bett — Imperial College of Science and Technology

Courtaulds Ltd
United Kingdom Atomic Energy Authority.

Dr J.M.Hoffman
Mr M.J.Larkin

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.
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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 experi-
ence 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
The Royal Aeronautical Society
251-259 Regent Street
London W1R 7AD

Telephone: 01-437 4894, ' '
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NORMAL MELTING POINTS, BOILING POINTS AND CRITICAL
POINTS OF n-ALKYL ESTERS OF MONOBASIC
n- ALKANOIC ACIDS

1. INTRODUCTION

The liquids for which data are presented in this Item are the normal (i.e. straight chain)
alkyl esters of the normal monobasic alkanoic acids (i.e. monocarboxylic acids) and are
listed below,

(a) Normal alkyl formates (methanoates), Table I.

(b) Normal alkyl acetates (ethanoates), Table II.

(c) Normal alkyl propionates (propancates), Table III.
(d) Normal alkyl butyrates (butanoates), Table 1V,

(e) Normal alkyl valerates (pentanocates), Table V.

(f) Normal alkyl caproates (hexanoates), Table VI.

(g) Normal alkyl oenanthates (heptanoates), Table VII.
(h) Normal alkyl caprylates (octanoates), Table VIII.

(1) Normal alkyl pelargonates (nonancates), Table IX.

(j) Normal alkyl caprates (decanoates), Table X.

(k) Normal alkyl laurates (dodecanoates), Table XI.

(1) Normal alkyl myristates (tetradecanoates), Table XII.
(m) Normal alkyl palmitates (hexadecanoates), Table XIII.
(n) Normal alkyl stearates (octadecanoates), Table XIV.

(o) Normal alkyl arachidates (eicosanoates), Table XV.

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 names marked by an asterisk (*) in the Tables are the names approved by the
International Union of Pure and Applied Chemistry (IUPAC).

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 tempera-
ture. However, hypothetical values at these temperatures are sometimes necessary for calcu-
lating 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.

It is anticipated that a similar Item for branched chain alkyl esters of normal and
branched chain monobasic alkanoic acids will be issued.
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2. NOTATION
Pbr reduced pressure of normal boiling point, i.e. l/Pé .
P, critical pressure 105 N/m?
Pé critical pressure, (0.9869 P) atm. ,
T temperature K
Tb normal boiling point, (tb + 273.2) o 4 on3 K ‘
Tbr reduced temperature of normal boiling point, i.e. ;217;;;
Tc critical temperature, (t. + 273) ¢ K
t temperature oc
ty normal boiling point oc
t, critical temperature %¢c
3. CONVERSION FACTORS ' ‘
Temperature in degrees Fahrenheit = %t + 32
Temperature in degrees Rankine = %T
10°N/m? = 1 bar

14.5038 1bf/in>

o 1.0197 kegf/cm?

0.9869 Standard Atmosphere
750. 062 mmHg.

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 4, and the available critical temperature and
critical pressure* data from Derivation 3.

Each ester is a member of two homologous series: one series in which the acid radical is ‘
the same (i.e. formates, acetates, propionates etc.) and the other series in which the alkyl
radical is the same (i.e. methyl esters, ethyl esters, propyl esters 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.

ESDU Copyright material. For current status contact ESDU.

(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 esters 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 esters and their parent alkanes become negligible
as the chain length tends to infinity.

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

* It may be noticed that there is some discrepancy between the values of critical pressure selected in
Derivation 3 and those in this Item. This is because a comparison of the experimental results of
various authors, for liquids other than those considered herein, suggests that the selected values
of Derivation 3 are probably slightly low. ‘
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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 helow: -

. (a) normal melting points,

cZ H402

c 10H2002

(b) normal boiling points,
C,H,0,
CyoM200,

(¢) critical temperatures,
CZH402
CSH1002

(d) critical pressures,

Cz“4°2

CSHIOOZ

decanoates),
compounds on either side.

5. VAPOUR PRESSURES
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! These methods are in the form of reduced equations which require only Tb, T

CoHy 00, T 10° to #5°
o

CZSHSOOZ 15
0

C10}'{2002 t2
0 0

C,cH o0, £ 2° to %5
0

CH, 0, * 2

C,sHs 0, +2° to £10°

C.H,.0, + 0.5 x 10°N/n?

571072
C,:H..0, £ 0.5 x 105N/m? to + 2.5 x 105N/m? .

2575072

Should data for intermediate compounds not given in the Tables, e.g. margarates (hepta-
be required they may be found by interpolation between the corresponding
For example the critical temperature of ethyl margarate is 511°C -
the mean of 500°C for ethyl palmitate and 522°C for ethyl stearate.
the range included, the Engineering Sciences Data Unit may be consulted.

For compounds beyond

For the determination of boiling points at other than atmospheric pressure, the user is
referred to one of the following recommended methods given in Chapter 4 of Reference 2.

(a) Riedel Vapour Pressure Correlation.
(b) Frost-Kalkwarf-Thodos Vapour Pressure Correlation.

(¢) Riedel-Plank-Miller Vapour Pressure Correlation.

. - . ond Pc as
© input data.
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(*Methanoic Acid n-Alkyl Esters)

TABLE I

n-Alkyl Formates
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NAMES CHEMICAL FORMULAE :€EE~ NORMAL BOILING POINT CRITICAL POINT
35 555
Recommended =] E == to Tb Tb" Pb" te T"‘ P'-'
Synonym Structural Empirical| S=
(Reference 1) ynony mprrica g N o o 5., 2
C C K C K | 10°N/m

METHYL FORMATE METHYL METHANOATE HCOOG{3 C,H 0, 60.05| =99 31.5|304.7(0.626| 0.0167 | 214 | 487 60.8
ETHYL FORMATE ETHYL. METHANOATE HC“)CHZCH3 C3H602 74.08 | -81 54.5 | 327.70.646 | 0.0211|f 235 | 508 47.9
PROPYL FORMATE PROPYL, METHANOATE HC(X)(CHZ)ZCH3 Cd“SOZ 88.11| -93 81.3(354.5| 0.659| 0.0247|| 264 | 537 41.0
BUTYL, FORMATE BUTYL. METHANOATE HCOO(CH2)3CH3 Csﬂlooz 102. 13| -92 107.5 { 380.7{ 0.677] 0.0285) 290 | 563 | 35.6
PENTYL FORMATE PENTYL. METHANOATE H(X)O(CHZ)ACH3 CSH1202 116.16 | -74 132.2 {405.4( 0.689 | 0.0324(} 315 | 588 31.4
HEXYL FORMATE HEXYL METHANOATE HCOO(CH,) 5CH4 C.H,,40, 130.19{ -63 155.7 | 428.9| 0.702| 0.0362| 338 | 611 28.0
HEPTYL FORMATE HEPTYL, METHANOATE HC0O(CH,) 5 CH 5 CoH,c0, | 144.22| -52 || 178.0 |451.2 | 0.714| 0.0403|[ 359 | 632| 25.1
OCTYL FORMATE OCTYL METHANOATE HCOO(CH2)7CH3 CoHyg0, 158.24| -39 199.0 | 472. 2| 0.724} 0.0444)| 379 | 652 22.8
NONYL FORMATE NONYL: METHANOATE HCOO(CH,)g CH4 CioHap0, | 172. 27 -32 218.8 | 492.0| 0.734| 0.0485(1 397 | 670 20.9
DECYL FORMATE DECYL METHANOATE H(X)O(CHZ)Q CH3 o IHZZOZ 186.30 | -19 238 511 0.744) 0.0529]| 414 | 687 19.2
UNDECYL FORMATE UNDECYL METHANOATE HCOO(CH,) 1o CH4 CioH,,40, 200.32| -12 255 528 0.751| 0.0571}| 430 | 703 17.7
DODECYL, FORMATE DODECYL, METHANOATE HO0O (CH, ) ; ; CHg CiaHye0, [214.35| 0 || 272|545 |0.759| 0.0614| 445 | 718 | 16.5
TRIDECYL FORMATE TRIDECYL, METHANOATE HCOO(CH,) ; ,CH}4 Cy 4H550, 228.38 5 288 561 0.7661 0.0658|| 459 | 732| 15.4
TETRADECYL FORMATE TETRADECYL. METHANOATE HCOO(CHZ) |3CH3 CISHZ”OZ 242, 40 15 303 576 0.773] 0.0699|| 472 | 745 14.5
PENTADECYL FORMATE PENTADECYL. METHANOATE HCOO(CH,)  4CH4 Cy6Ha20, 256.43 18 || 317 590 0.778| 0.0741 || 485 | 758 13.7
HEXADECYL FORMATE HEXADECYL, METHANOATE HCOO0(CH,) 15CH3 Cy7H3,40, 270. 46 26 || 331 604 0.784 0.0781| 497 | 770 13.0
HE':PTADECYL FORMATE HEPTADECYL: METHANOATE HCOO(CH,) 16CHg 018H3602 284.49 29 344 617 0.790 | 0.0826 || 508 | 781 12.3
OCTADECYL, FORMATE OCTADECYL METHANOATE | HCOO(CH,),, CH, CioHag0, | 298.51 | 35 |[ 356 | 629 |0.795| 0.0870 518 |791| 11.7
NONADECYL FORMATE | NONADECYL METHANOATE  |HCOO(CH,),qCH, Coolan0, |312.54 | 40 [/ 368 |641 |0.800| 0.0909 528 |801| 11.1
EICOSYL FORMATE EICOSYL METHANOATE HCOO(CH,) o CH, Co Hyp0, | 326.57( 44 (1379|652 |0.804| 0.0952 538 |811| 10.6

sjuawinoog



http://www.avadocuments.com/doc/esdu-71001-1971
http://www.avadocuments.com/doc/esdu-71001-1971

