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ESDU DATA ITEM No.92018 

ESDU DATA ITEMS 

Data Items provide validated information in engineering design and analysis for use by, or under the supervision of, 
professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both published 
and unpublished, and invariably supported by original work of ESDU staff engineers or consultants. The whole process is 
subject to independent review for which crucial support is provided by industrial companies, government research 

laboratories, universities and others from around the world through the participation of some of their leading experts on 
ESDU Technical Committees. This process ensures that the results of much valuable work (theoretical, experimental and 
operational), which may not be widelyavailable or in a readily usable form, can be communicated concisely and accurately 

to the engineering community. 

THE PREPARATION OF THIS DATA ITEM 

The work on this particular Data Item was monitored and guided by the Physical Data and Reaction Kinetics Committee, 
which first met in 1966 and now has the following membership: 

Chairman 
Dr D.T.Jamieson - Independent 

Vice-chairman 
Mr C.F.Beaton - Independent 

Members 
Dr D.Ambroset 
Dr E.Brunner* 

Dr M.W.Chase* 
Dr J.R.Downey* 
Dr B.Edmonds 

Dr G.Hobson 
j r  A.E.Humphreys 
Mr S.R.Knight 

Dr K.N.Marsh* 

Mr J.T.R.Watson 

- Independent 
- BASF AG, Ludwigshafen, West Germany 
- National Institute of Standards and Technology, Gaithersburgh, USA 

- Dow Chemical, Midland, USA 
- lnfochem Computer Services Ltd 
- Imperial Chemical Industries plc, Petrochemicals and Plastics Division 

- British Gas plc 
- Stone & Webster Engineering Ltd 
- Thermodynamics Research Center, USA 
- National Engineering Laboratory. 

The technical work involved in the assessment of the available information and the construction and subsequent 
development of the Data Item was undertaken (under contract to ESDU) by 

Mr j.Walton - Independent 

in consultation with Dr D.Ambrose. 

The person with overall responsibility for the work in this subject area is Mr S.j.Pugh, Head of Thermofluids Group. 

KEEPING U P  T O  DATE 

We are constantly striving to develop new work and review data already issued. Any comments arising out of your use of 
our data, or any suggestions for new topics or information that might lead to improvements, will help us to provide a better 

service. 

(Continued on inside back cover) 

*Corresponding Member 
tEmeritus Member 
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9201 8 
ORTHOBARIC DENSITIES AND MOLAR VOLUMES OF LIQUIDS 
HALOGENATED ETHYLENES 

CONTENTS 
1. INTRODUCTION Page 1 
2 .  NOTATION AND UNITS Page 2 
3. THE CRITICAL DENSITY Page 2 
4. EVALUATION AND CORRELATION Page 2 
5. UNCERTAINTIES Page 3 
6 .  REFERENCES Page 3 

COMPOUND NAME INDEX Page 5 
COMPOUND TABLES i n  t h e  f o l l o w i n g  o rde r  

Sheet No. Formula 

MONOHALOETHYLENES 

1.1 C2H3F 

1.2 C2H3Cl 

1.3 C2HjBr 

TRIHALOETHYLENES 

3.2a C2HClF2 

3.4 C2HC13 

TETRAHALOETHYLENES 

‘ZF4 

4.2 C2ClF-j 

C2C12F2 

4.5 c2c14 

Name A l t e r n a t i v e  Name and R e f r i g e r a n t  No. 

F luo roe thy lene  

Ch loroe thy lene 

Bromoethylene 

V i n y l  f l u o r i d e  R e f r i g e r a n t  1141 

V i n y l  c h l o r i d e  R e f r i g e r a n t  1140 

V i n y l  bromide R e f r i g e r a n t  114081 

1 , l - D i f l u o r o e t h y l e n e  ( n o t  i ssued)  

1 , l -D ich lo roe thy lene  V iny l i dene  c h l o r i d e  R e f r i g e r a n t  1130a 

cis-lY2-Dichloroethylene R e f r i g e r a n t  113O(c is )  

trans-1,2-Dichloroethylene R e f r i g e r a n t  1130( t rans )  

c is-1,2-Dibromoethylene ( n o t  i ssued)  

trans-1,2-Dibromoethylene ( n o t  i ssued)  

c is -1 ,2 -D i iodoethy lene ( n o t  i ssued)  

t r a n s - 1  , 2-D i iodoethy lene ( n o t  i ssued)  

Chloro-1,l-difluoroethylene 

T r i c h l o r o e t h y l e n e  

R e f r i g e r a n t  1122 

R e f r i g e r a n t  1120 

T e t r a f l u o r o e t h y l e n e  ( n o t  i ssued)  

C h l o r o t r i f l u o r o e t h y l e n e  R e f r i g e r a n t  1113 

ly2-Dichlorodif1uoroethylene ( n o t  i ssued)  

Te t rach lo roe thy lene  Perch lo roe thy lene R e f r i g e r a n t  1110 

NB. To a l l o w  fo r  t h e  f u t u r e  i s s u e  o f  o m i t t e d  compounds sheet numbers are n o t  always consecut ive .  

Issued June 1992 

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 92018 1992

http://www.avadocuments.com/doc/esdu-92018-1992
http://www.avadocuments.com/doc/esdu-92018-1992


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 92018 1992

http://www.avadocuments.com/doc/esdu-92018-1992
http://www.avadocuments.com/doc/esdu-92018-1992


9201 8 
ORTHOBARIC DENSITIES AND MOLAR VOLUMES OF LIqUIDS 

HALOGENATED ETHYLENES 

1. INTRODUCTION 

This Data  I t e m  p resen ts  o r t h o b a r i c  d e n s i t i e s  and molar volumes o f  t h e  halogenated e thy lenes  

ar ranged i n  t h e  o rde r  shown on t h e  Contents page. The Compound Name Index l i s t s  a l t e r n a t i v e  

names o f  t h e  compounds with, i n  b o l d ,  t h e  f i r s t  name used f o r  each compound on t h e  Contents 

page and a t  t h e  head o f  each Sheet. 

The va lues  o f  d e n s i t y  and molar  volume f o r  each compound have been ob ta ined  by  c a l c u l a t i o n  

f rom t h e  equa t ion  g iven,  wi th  i t s  numer i ca l  c o e f f i c i e n t s ,  a t  t h e  t o p  o f  each Sheet. Th i s  

equa t ion  was f i t t e d  t o  t h e  da ta  t h a t  had been s e l e c t e d  a f t e r  c r i t i c a l  assessment o f  a l l  t h e  

da ta .  The va lue  o f  t h e  c r i t i c a l  tempera ture  f o r  each compound was taken  from I t e m  91006,  which 

g i v e s  t h e  vapour p ressures .  For completeness a l l  t h e  c r i t i c a l  parameters o f  each compound a re  

g i ven in theTab leswh icha lsoshowthedens i t ya t298 .15K,  where a p p l i c a b l e ,  and f o r  convenience, 

t h e  approximate normal b o i l i n g  and m e l t i n g  p o i n t s .  

The t a b l e  o f  Data a t  S p e c i f i e d  Temperatures f o r  each compound g i v e s  t h e  d e n s i t y ,  t h e  molar 

volume and t h e i r  d e r i v a t i v e s w i t h  respec t  t o  temperature.  I n  a d d i t i o n  t h i s  t a b l e  a l s o  g i v e s  an 

assessment o f  t h e  da ta  q u a l i t y  i n d i c a t e d ,  i n  decreas ing  o rde r ,  by  one o f  t h e  l e t t e r s  ' A '  , IB' 
or ' C ' ,  a t e a c h t e m p e r a t u r e .  B racke ts  enc lose  t h e  da ta  a t  those temperatures which a r e o u t s i d e  

t h e  range o f  suppor t i ng  exper imen ta l  da ta .  The es t ima ted  u n c e r t a i n t i e s  i n  d e n s i t y  and molar 

volume a r e  shown below each l e t t e r  i n  t h e  un i t s  o f  d e n s i t y  and molar volume rounded t o  1, 2 

or 5 t imes  a power o f  10. 

I n  t h e  main t a b l e s  t h e  u n c e r t a i n t i e s  i n  t h e  t a b u l a t e d  va lues  o f  d e n s i t y  and molar volume a r e  

shown f o r  each va lue .  The number o f  dec ima l  p laces  i n  each va lue  i s  ad jus ted  t o  be c o n s i s t e n t  

w i th  t h e  u n c e r t a i n t y .  Data q u a l i t y  and u n c e r t a i n t i e s  a re  d iscussed a t  g r e a t e r  l e n g t h  i n  

Sec t ion  5 and i n  Sec t ion  4 o f  t h e  I n t r o d u c t o r y  Data I tem, Reference 4 .  

The sources o f  i n f o r m a t i o n  wh ich  g i v e  l i q u i d  d e n s i t y  or l i q u i d  molar volume da ta  f o r  t h e  

compound cons idered a r e  l i s t e d  on t h e  reve rse  s i d e  o f  each sheet.  Those sources t h a t  were 

used t o  d e r i v e  t h e  c r i t i c a l  d e n s i t y  and t h e  c o e f f i c i e n t s  o f  t h e  l i q u i d  dens i ty /mo lar  volume 

e q u a t i o n a r e  showntoge the rw i th the tempera tu re  ranges (ambient, low, medium, h i g h  or c r i t i c a l )  

o f  t h e i r  data.  These a r b i t r a r y  temperature ranges a r e  d e f i n e d  more p r e c i s e l y  i n  Sec t ion  2 

o f  t h e  I n t r o d u c t o r y  Data I tem,  Reference 4. 

Issued June 1992 1 
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9201 8 
2. NOTATION AND UNITS 

A l l  t e m p e r a t u r e s  a r e  b a s e d  o n  t h e  I n t e r n a t i o n a l  T e m p e r a t u r e  S c a l e  ( I T S - 9 0 ) .  

bl,b2,b3,bq 

d l i q u i d  d e n s i t y  

non-dimensional c o e f f i c i e n t s  o f  t h e  dens i ty /mo lar  volume equa t ion  

T k e l v i n  temperature 

t C e l s i u s  temperature (T-273.15) 

V l i q u i d  molar volume 

Note. The UNITS o f  temperature,  d e n s i t y  and molar volume a r e  shown i n  each t a b l e .  

Subscripts 

b 

C 

m 

denotes va lue  a t  normal b o i l i n g  p o i n t  

denotes va lue  a t  c r i t i c a l  p o i n t  

denotes va lue  a t  normal m e l t i n g  p o i n t  

3. THE CRITICAL DENSITY 

I n  t h e  absence o f  exper imen ta l  measurements, t h e  c r i t i c a l  d e n s i t y  of  each l i q u i d  was ob ta ined  

by  f i t t i n g  t h e  l a t e s t  form o f  Racket t  equat ion ,  see References 1, 2 and 3, t o  t h e  exper imen ta l  

l i q u i d d e n s i t y d a t a .  T h i s e q u a t i o n d o e s n o t  rep resen t  these d a t a o v e r  a l o n g  range o f  tempera ture  

as  s a t i s f a c t o r i l y  as does t h e  equa t ion  used i n  t h i s  I tem. However, i t  does y i e l d  r e l i a b l e  

v a l u e s o f t h e  c r i t i c a l  d e n s i t y  f o r a w i d e  var ie tyo fcompounds,  p r o v i d e d t h e c r i t i c a l t e m p e r a t u r e  

and t h e  c r i t i c a l  p ressure  o f  each compound a r e  r e l i a b l y  known. 

For t h i s  I tem,  t h e  c r i t i c a l  temperature was op t im ised  i n  c o n j u n c t i o n  wi th t h e  assessment o f  t h e  

vapour p ressure  and t h e  c r i t i c a l  d e n s i t y  was i n i t i a l l y  taken as t h e  va lue  g i v e n  by t h e  m o d i f i e d  

Racket t  equa t ion  and, where necessary, s l i g h t l y  ad jus ted  t o  g i v e  a smooth v a r i a t i o n  between 

compounds. Where comparison was p o s s i b l e ,  t h i s  va lue  was found t o  be i n  good agreement w i t h  

t h e  r e p o r t e d  c r i t i c a l  d e n s i t i e s .  

4. EVALUATION AND CORRELATION 

R e l i a b l e  da ta  up t o  t h e  c r i t i c a l  p o i n t  a r e  a v a i l a b l e  f o r  two o f  t h e  compounds cons idered 

here.  R e l i a b l e  da ta  fo r  t h e  remainder o f  t h e  compounds a r e  ma in l y  con f ined  t o  medium reduced 

temperatures.  

enough t o  form a d e n s i t y  c o r r e l a t i o n  f o r  ha loe thy lenes  i n  p a r t i c u l a r ,  t h e  d e n s i t y  c o r r e l a t i o n  

f o r  haloethanes, see I t e m  92009, was used t o  d e r i v e  t h e  dens i ty /mo lar  volume equat ions  o f  

t h e  compounds cons idered here.  

Thus as t h e r e  were i n s u f f i c i e n t  compounds w i th  da ta  ex tens i ve  and r e l i a b l e  

2 
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9201 8 
5 .  UNCERTAINTIES 

A t  any temperature,  t h e  es t ima ted  u n c e r t a i n t i e s  i n  t h e  t a b u l a t e d  va lues  o f  d e n s i t y  and molar 

volume a r e  dependent upon t h e  r a t e s  o f  change o f  these p r o p e r t i e s  w i th  tempera ture  and t h e  

q u a l i t y  o f  t h e  exper imen ta l  or es t ima ted  da ta  upon which they  a r e  based. The t a b l e  o f  Data 

a t  S p e c i f i e d  Temperatures shows these d e r i v a t i v e s ,  t h e  assessed da ta  q u a l i t y  ( i n d i c a t e d  by one 

o f  t h e  l e t t e r s  ' A ' ,  ' B '  or ' C ' )  and t h e  cor respond ing  u n c e r t a i n t i e s  a t  v a r i o u s  p o i n t s  o f  t h e  

l i q u i d  range. 

A t  low and medium reduced temperatures average q u a l i t y  data,  denoted by t h e  l e t t e r  ' B ' ,  have 

u n c e r t a i n t i e s  v a r y i n g  from 0.1 t o  1 p e r  cen t ,  i n c r e a s i n g  t o  between 1 and 10 pe r  cen t  a t  t h e  

c r i t i c a l  p o i n t .  Data w i th  lower  or h i g h e r  u n c e r t a i n t i e s t h a n  these bands a r e  graded ' A '  and ' C '  

r e s p e c t i v e l y .  When t h e  da ta  q u a l i t y  i s  ' C '  i t  w i l l  be app rec ia ted  t h a t  t h e  u n c e r t a i n t i e s  a r e  

n e c e s s a r i l y  r a t h e r  s p e c u l a t i v e  and t h a t  f o r  some compounds they  may be underest imated. 

For those compounds f o r  which t h e  da ta  q u a l i t y  a t  t h e  c r i t i c a l  p ressure  i s  denoted by 'C' t h e  

va lues  o f  c r i t i c a l  temperature and c r i t i c a l  d e n s i t y  g i ven  i n  t h e  Tables shou ld  be regarded o n l y  

as c o r r e l a t i n g  parameters. 

6.  REFERENCES 

1. 

2. 

3 .  

4. 

RACKETT,H.G. Equat ion  o f  s t a t e  f o r  s a t u r a t e d  l i q u i d s .  J.  Chem. Eng. Data, 

V01.15, No.4, pp.514-517, 1970. 

SPENCER,C.F., Improved equa t ion  f o r  p r e d i c t i o n  o f  s a t u r a t e d  l i q u i d  dens i t y .  

DANNER,R.P. J.  Chem. Eng. Data, Vo1.17, No.2, pp.236-241, 1972. 

CAMPBELL,S.W. P r e d i c t i o n  o f  s a t u r a t e d - l i q u i d  d e n s i t i e s  and c r i t i c a l  volumes 

THODOS, G . f o r  p o l a r  and non-polar substances. J .  Chem. Eng. Data, Vol.30, 

No.1, pp.102-111, 1985. 

ESDU 

5. TRC 

Or thobar i c  d e n s i t i e s  and molar  volumes o f  l i q u i d s .  l n t r o d u c t i o n  

t o  Data I t ems  i ssued  a f t e r  J u l y  1989. I t e m  No. 89018, ESDU 

ESDU I n t e r n a t i o n a l ,  1989. 

TRCThermodynamicTables-Non-Hydrocarbons. Thermodynamics Research 

Center,  Texas A & M U n i v e r s i t y  System, Co l l ege  S t a t i o n ,  Texas, USA. 

Loose l e a f  da ta  sheets  e x t a n t  1991. 
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, 

COMPOUND NAME INDEX 
0 

The first name given for each compound on the Contents page and at the head of each Sheet is in bold type 

Name 

Bromoethylene 

Chloro-1,l-difluoroethylene 
Chloroethylene 
Chlorotrifluoroethylene 

1,l-Dichloroethylene 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 

Fluoroethylene 

Perchloroethylene 

Tetrachloroethylene 
Trichloroethylene 

Vinyl bromide 
Vinyl chloride 
Vinyl fluoride 
Vinylidene chloride 

Refrigerant 

Refrigerant 1110 
Refrigerant 1113 

Refrigerant 1120 
Refrigerant 1122 

Sheet No. 

1.3 

3.2a 
1.2 
4.2 

2.3a 
2.3b 
2 . 3 ~  

1.1 

see Tetrachloroethylene 4.5 

4.5 
3.4 

see Bromoethylene 1.3 
see Chloroethylene 1.2 
see Fluoroethylene 1.1 
see 1,l-Dichloroethylene 2.3a 

Refrigerant Number Index 

Name Sheet No. 

see Tetrachloroethylene 4.5 

see Trichloroethylene 3.4 

see Chlorotrifluoroethylene 4.2 

see Chloro-1 , ' l -d i f luoroe thylene  3.2a 

Refrigerant 113O(cis) see cis-1,2-Dichloroethylene 2.3b 
Refrigerant 1130(trans) see trans-1,2-Dichloroethylene 2 . 3 ~  
Refrigerant 1130a see 1,l-Dichloroethylene 2.3a 

Refrigerant 114081 see Bromoethylene 1.3 
Refrigerant 1140 see Chloroethylene 1.2 

Refrigerant 1141 see Fluoroethylene 1.1 
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