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Engineer ing  Sc iences  Data I tems p rov ide  eva lua ted  d a t a  and a u t h o r i t a t i v e  in fo rma t ion  f o r  
use  i n  engineer ing  design. The results of much va luab le  work, both t h e o r e t i c a l  and p r a c t i c a l ,  
a r e  f r e q u e n t l y  no t  a p p l i e d  because  t h e y  are n o t  r e a d i l y  a v a i l a b l e  o r  because  t h e  form i n  
which t h e y  are a v a i l a b l e  is  n o t  s u i t a b l e  f o r  u s e  d i r e c t l y  i n  d e s i g n .  Accord ing ly ,  t h e  
Engineer ing  Sc iences  Data Unit o f  t h e  Royal Aeronau t i ca l  S o c i e t y  has  f o r  many y e a r s  i s s u e d  
Data S h e e t s  and Memoranda i n  t h r e e  main S e r i e s  and numerous S u b - s e r i e s .  The main S e r i e s  
have been  sponsored  by a p p r o p r i a t e  p r o f e s s i o n a l  i n s t i t u t i o n s ;  t h e  A e r o n a u t i c a l  S e r i e s  by 
t h e  Royal  A e r o n a u t i c a l  S o c i e t y ,  t h e  Mechanical Eng inee r ing  Series by t h e  I n s t i t u t i o n  o f  
Mechanical E n g i n e e r s  and t h e  Chemical E n g i n e e r i n g  S e r i e s  by t h e  I n s t i t u t i o n  o f  Chemical 
Engineers.  Crucial suppor t  f o r  t h i s  work is provided  v o l u n t a r i l y  by i n d u s t r i a l  companies, 
government r e sea rch  l a b o r a t o r i e s ,  u n i v e r s i t i e s  and o t h e r s  through t h e  a t tendance  a t  Technica l  
Committees ( s e e  below) o f  t h e i r  l e a d i n g  experts. I n  t h e s e  and o t h e r  ways assistance i s  
p rov ided  t o  t h e  Aeronau t i ca l  S e r i e s  by t h e  M i n i s t r y  o f  Av ia t ion  Supply and t h e  S o c i e t y  of  
B r i t i s h  Aerospace Companies. 

The work of  t h e  permanent p r o f e s s i o n a l  s t a f f  o f  t h e  Ehgineering Sc iences  Data Unit on t h i s  
p a r t i c u l a r  Item was monitored and guided by t h e  Phys ica l  Data and Reaction K i n e t i c s  Committee 
which has  t h e  fo l lowing  c o n s t i t u t i o n :  

Chairman 
Mr D.P.Plummer - S h e l l  Re f in ing  Co. Ltd 

Members 
Mr C.F.Beaton - B.P. Chemicals Ltd  
Dr K.E.Bett  - Imper i a l  Co l l ege  of Sc ience  and Technology 
D r  J.M.Hoffman - Cour tau lds  Ltd  
Mr M. J. Lark in  - Uni ted  Kingdom Atomic Energy Author i ty .  

The members of  s t a f f  o f  t h e  Engineer ing  Sc iences  Data Unit  concerned are: 

Mr N. Thompson - Head o f  F l u i d  Mechanics and P h y s i c a l  P r o p e r t i e s  Group 
Mr J.Walton - F l u i d  Mechanics and P h y s i c a l  P r o p e r t i e s  Group. 

The P h y s i c a l  Data and Reac t ion  K i n e t i c s  Committee, which f i r s t  met i n  June  1966, has  t h e  
c o - o p e r a t i o n  o f  many e n g i n e e r s  and s c i e n t i s t s  i n  i n d u s t r y ,  r e s e a r c h  e s t a b l i s h m e n t s  and 
u n i v e r s i t i e s  from whom much assistance and informat ion  are being received. 

In  o r d e r  t o  assist t h e  p r e p a r a t i o n  o f  new work and p a r t i c u l a r l y  t o  assist t h e  p e r i o d i c  
review and r e v i s i o n  o f  work a l r eady  i s sued ,  u s e r s  a r e  encouraged t o  make known t h e i r  expe r i -  
e n c e  i n  u s i n g  t h e  i n f o r m a t i o n  and p r o c e d u r e s  and t o  n o t i f y  t h e  U n i t  o f  any  a d d i t i o n a l  
in format ion  t h e y  can p rov ide  o r  t o  which r e fe rence  can be made. P repa id  r e p l y  s e r v i c e  c a r d s  
are a v a i l a b l e  f o r  t h i s  purpose. Whenever an Item is rev i sed ,  u s e r s  who have a Standing Order 
a u t o m a t i c a l l y  have t h e i r  I tems  updated. Those who do not  have a Standing  Order a r e  advised  
t o  c o n s u l t  t h e  c u r r e n t  e d i t i o n  of  t h e  Eng inee r ing  S c i e n c e s  Data Index t o  e n s u r e  t h a t  t h e y  
ho ld  t h e  l a t e s t  i s s u e  o f  t h e  Data Items. 

A l l  e n q u i r i e s  and s u g g e s t i o n s  shou ld  be addres sed  t o :  

Engineer ing  Sc iences  Data U n i t  
The Royal Aeronau t i ca l  S o c i e t y  
251-259 Regent S t r e e t  
London W1R 7AD 

0 

0 

Telephone: 01-437 4894, 

from whom a d d i t i o n a l  cop ie s  of t h i s  Item and d e t a i l s  of o t h e r  work a v a i l a b l e  may be obtained. 
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71001 
NORMAL M E L T I N G  P O I N T S ,  B O I L I N G  P O I N T S  AND C R I T I C A L  

P O I N T S  OF n - A L K Y L  E S T E R S  OF MONOBASIC 
n - A L K A N O I C  A C I D S  

1 ., INTRODUCTION 

The l i q u i d s  f o r  which d a t a  are presented i n  t h i s  Item are t h e  normal ( i . e .  s t r a i g h t  chain)  
alkyl es te rs  o f  t h e  normal monobasic a l k a n o i c  a c i d s  ( i . e .  monocarboxyl ic  a c i d s )  and are 
l i s t e d  below. 

(a) Normal a lky l  formates (methanoates), Table I. 

(b) Normal a lky l  acetates ( e thanoa te s ) ,  Table 11. 

(c) Normal a lky l  propionates  (propanoates),  Table 111. 

(d)  Normal a lky l  b u t y r a t e s  (butanoates) ,  Table I V .  

(e)  Normal a lky l  v a l e r a t e s  (pentanoates) ,  Table V. 

( f )  Normal a lky l  cap roa te s  (hexanoates),  Table V I .  

(g) Normal a lky l  oenanthates  (heptanoates) ,  Table V I I .  

(h )  Normal a lky l  c a p r y l a t e s  (oc t anoa te s ) ,  Table V I I I .  

(i) Normal a lky l  pe l a rgona te s  (nonanoates),  Table I X .  

( j )  Normal a lky l  caprates (decanoates) ,  Table X. 

( k )  Normal a lky l  l a u r a t e s  (dodecanoates),  Table X I .  

(1) Normal a lky l  myristates ( t e t r adecanoa te s ) ,  Table XII. 

(m)  Normal a l k y l  pa lmi t a t e s  (hexadecanoates),  Table XIII. 

(n)  Normal a lky l  stearates (octadecanoates) ,  Table X I V .  

(0) Normal a lky l  a r ach ida te s  ( e i cosanoa te s ) ,  Table XV. 

The names underl ined above and given i n  t h e  f i r s t  column o f  t h e  Tables  are those recommended 
b y  t h e  BSI  i n  Refe rence  1. The o t h e r  names are i n  g e n e r a l  t h e  most widely used o f  o t h e r  
synonyms. The names marked by an a s t e r i s k  ( * )  i n  t h e  Tables  are t h e  names approved by t h e  
I n t e r n a t i o n a l  Union of Pure and Applied Chemis t ry  (IUPAC). 

The Tables a l s o  give t h e  molecular weights and t h e  empir ical  and s t r u c t u r a l  formulae. The 
Molecular  Weights have been c a l c u l a t e d  from t h e  atomic weights  g iven  i n  Item No.68043. 

Experimental  v a l u e s  of normal m e l t i n g  and normal b o i l i n g  p o i n t s  are a v a i l a b l e  f o r  l e s s  
t han  h a l f  t h e  compounds considered and only a few determinat ions of t h e  c r i t i ca l  temperatures 
and cr i t ical  p r e s s u r e s  have been made. The method of c o r r e l a t i n g  t h e s e  data and e s t ima t ing  
t h e  v a l u e s  given i n  t h e , T a b l e s  i s  o u t l i n e d  i n  Sec t ion  4 .  Values i n  i t a l i c s  deno te  t h a t  no 
expe r imen ta l  data were a v a i l a b l e .  I t  shou ld  be noted t h a t  f o r  some compounds t h e  normal 
b o i l i n g  p o i n t  and/or c r i t i ca l  temperature  so der ived may be above t h e  decomposition tempera- 
t u r e .  However, hypo the t i ca l  va lues  at these temperatures  a r e  sometimes necessary f o r  ca l cu -  
l a t i n g  t h e  p r o p e r t i e s  of s o l u t i o n s .  

Sec t ion  5 refers t o  t h r e e  recommended methods which may be used t o  e s t ima te  b o i l i n g  p o i n t s  
a t  any p a r t i c u l a r  p re s su re  and which r e q u i r e  d a t a  from t h i s  Item only. 

I t  is  a n t i c i p a t e d  t h a t  a similar Item f o r  branched c h a i n  a l k y l  e s t e r s  o f  normal and 
branched c h a i n  monobasic a l k a n o i c  a c i d s  w i l l  b e  i s s u e d .  
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71001 
2.  N O T A T I O N  

' b r  reduced p res su re  of normal b o i l i n g  po in t ,  i . e .  1/Pd 

cr i t ica l  p re s su re  p c  

pc' cr i t ica l  pressure,  (0.9869 P,) 

T temperature 

Tb 

T b  r 

T C  cr i t ica l  temperature,  ( t c  t 273) 

t temperature  

t b  normal b o i l i n g  po in t  

t c cr i t ical  temperature 

normal b o i l i n g  po in t ,  ( t b  t 273.2) 

reduced temperature of normal b o i l i n g  po in t ,  i . e .  - 
t ,  t 273 

t b  t 273 

105 N/m2 

atm. 

K 

K 

K 

OC 

O C  

O C  

3.  C O N V E R S I O N  F A C T O R S  

Temperature i n  degrees  Fahrenheit  = :t t 32 

Temperature i n  degrees  Rankine = 2T 
105 N/m2 = 1  bar  

= 14.5038 l b f / i n 2  

1.0197 kgf/cm2 

= 0.9869 Standard Atmosphere 

= 750.062 mmHg. 

4 .  D E R I V A T I O N  O F  NORMAL M E L T I N G  P O I N T S ,  NORMAL B O I L I N G  
P O I N T S  A N D  C R I T I C A L  P O I N T S  

The normal mel t ing po in t  and normal b o i l i n g  po in t  d a t a  t h a t  a r e  a v a i l a b l e  f o r  t h e  compounds 
c o n s i d e r e d  have been t a k e n  from D e r i v a t i o n  4 ,  and t h e  a v a i l a b l e  c r i t i c a l  t e m p e r a t u r e  and 
c r i t i c a l  p r e s s u r e *  d a t a  from D e r i v a t i o n  3. 

Each e s t e r  is a member of two homologous series: one s e r i e s  i n  which t h e  ac id  r a d i c a l  i s  
t h e  same ( i . e .  formates,  a c e t a t e s ,  propionates  e t c . )  and t h e  o t h e r  series i n  which t h e  a l k y l  
radical is the.  same ( i .e .  methyl e s t e r s ,  ethyl e s t e r s ,  propyl e s t e r s  etc.) .  For each o f  t h e  
above f o u r  phys i ca l .  p r o p e r t i e s  t h e  experimental  d a t a  may be p l o t t e d  i n  c a r p e t  form so  t h a t  
t h e  value f o r  each compound may be assessed i n  each of its re l evan t  series. In  smoothing and 
e x t r a p o l a t i n g  t h e s e  d a t a  t o  d e r i v e  t h e  v a l u e s  given i n  t h e  Tables  t h e  fol lowing assumptions 
have been made. 

(a) For each s e r i e s ,  t h e  v a r i a t i o n  of each p h y s i c a l  p r o p e r t y  w i t h  ca rbon  number is  a 
smooth func t ion  as is  t h e  case f o r  t h e  parent  a lkanes.  

(b )  For an i n f i n i t e  cha in  l e n g t h  t h e  esters and t h e i r  pa ren t  a lkanes have t h e  same normal 
mel t ing p o i n t ,  t h e  same normal b o i l i n g  p o i n t  and t h e  same c r i t i ca l  p o i n t  s i n c e  t h e  
s t ructur .a l  d i f f e r e n c e s  between t h e  esters and t h e i r  pa ren t  a l k a n e s  become n e g l i g i b l e  
as t h e  chain l e n g t h  t e n d s  t o  i n f i n i t y .  

(c) Between isomers t h e r e  i s  a smooth v a r i a t i o n  of t h e  physical property considered. 
* I t  m a y  be noticed that  there is some discrepancy between the values of  c r i t i c a l  pressure selected i n  

Derivation 3 and those i n  t h i s  Item. This is because a comparison of t he  experimental r e s u l t s  o f  
various authors, f o r  l i q u i d s  other than those considered herein, suggests t h a t  the selected values 
o f  Derivation 3 are probably s l i g h t l y  low. 
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71801 
The above procedure enab le s  a s e l f  c o n s i s t e n t  se t  of d a t a  t o  be obtained f o r  t h e  complete 

r ange  of compounds cons ide red  a l though  t h e  o v e r a l l  accuracy may be expected t o  vary.  The 
user should t h e r e f o r e  a l low f o r  some u n c e r t a i n t y  i n  v a l u e s  o f  t h e  t empera tu res  and c r i t i c a l  
p r e s s u r e s  g iven  i n  t h e  Tab les  as d e t a i l e d  below:- 

(a) normal melting po in t s ,  

C;H,O, t o  CloH,oO, f 10' t o  f5' 

C10H2002 to C25H5002 * 50 

(b)  normal b o i l i n g  po in t s ,  

C,H,O, t o  CloH,oO, f 2' 

Cl0H2,O, t o  C25H5002 f 2' t o  f5' 

( c )  c r i t i ca l  temperatures,  

C2H402 t o  C5Hlo0,  f 2' 

C,HloO, t o  C,,H,,O, f 2' t o  f l O o  

(d)  cr i t ical  p res su res ,  

C,H,O, t o  c,H,,o, f 0 .5  x 1 0 5 ~ / m 2  

C 5 H l o 0 2  t o  C25H5002 * 0 . 5  x 105 N/m2 t o  * 2 . 5  x 105N/m2 

Should d a t a  f o r  i n t e r m e d i a t e  compounds not given i n  t h e  Tables ,  e .g .  margarates  (hepta-  
d e c a n o a t e s ) ,  b e  r e q u i r e d  t h e y  may be found by i n t e r p o l a t i o n  between t h e  c o r r e s p o n d i n g  
compounds on e i t h e r  s ide .  For example t h e  c r i t i ca l  temperature of e t h y l  margarate i s  511'C - 
t h e  mean o f  500'C f o r  e t h y l  p a l m i t a t e  and 522'C f o r  e t h y l  s t e a r a t e .  For compounds beyond 
t h e  range included,  t h e  Engineer ing Sc iences  Data Unit  m a y  be consu l t ed .  

5 .  VAPOUR PRESSURES 

For  t h e  de t e rmina t ion  of b o i l i n g  p o i n t s  at o t h e r  t h a n  atmospheric  p r e s s u r e ,  t h e  u s e r  is  
r e f e r r e d  t o  o n e  o f  t h e  f o l l o w i n g  recommended methods g iven  i n  Chap te r  4 of Re fe rence  2. 

(a) Riedel Vapour P res su re  Correlat ion.  

(b)  Frost-Kalkwarf-Thodos Vapour P res su re  Correlat ion.  

( c )  Riedel-Plank-Miller Vapour P res su re  Correlat ion.  

These methods a r e  i n  t h e  form o f  reduced equa t ions  which r e q u i r e  on ly  T, , Tc and P c  as 
input  da t a .  
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