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ESDU DATA ITEM No.89019 

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and unpublished, and invariably supported by original work of ESDU staff engineers or consultants.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 widely available 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 
Mr C.F.Beaton - 

Members 
Dr D.Ambroset - 

Dr E.Brunner* - 
Dr M.W.Chase* - 
Dr J.R.Downey* - 

Dr G.Hobson - 
Dr A.E.Humphreys - 
Dr D.T.Jamieson - 
Mr S.R.Knight - 
Dr M.Schoenberg* - 

Independent 

Independent 
BASF AG, Ludwigshafen, West Germany 
National Bureau of Standards, Gaithersburgh, USA 
Dow Chemical, Midland, USA 
Imperial Chemical Industries plc, Petrochemicals and Plastics Division 
British Gas plc 
National Engineering Laboratory 
Stone & Webster Engineering Ltd 
Hoechst AG, Frankfurt, West Germany. 

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 G.H.Walter, Head of Heat Transfer, Internal 
Flow and Physical Data. 

KEEPING UP TO 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. 

Whenever Items are revised, subscribers to the service automatically receive the material required to up-date the 
appropriate Volumes. If you are in any doubt whether your ESDU holding is'up to date, please contact us. 

(Continued on inside back cover) 

*Corresponding Member 
tEmeritus Member 
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ORTHOBARIC DENSITIES AND MOLAR VOLUMES OF LIQUIDS 
AROMATIC HYDROCARBONS 
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TABLE 1 - COMPOUND NAME INDEX 
COMPOUND TABLES i n  t h e  f o l l o w i n g  order  

Tables i ssued  w i t h  t h e  l a t e s t  ammendment a r e  i n d i c a t e d  by an exc lamat ion  mark ( ! )  

Formula Name A l t e r n a t i v e  Names 

ALKYLBENZENES 
Benzene 

Toluene 

Ethylbenzene 
1,2-Dimethylbenzene 
1,3-Dimethylbenzene 
1,4-Dimethylbenzene 

Propylbenzene 
Isopropylbenzene 

1-Methyl-2-ethylbenzene 
1-Methyl-3-ethylbenzene 
1-Methyl-4-ethylbenzene 

1,2,3-Trimethylbenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 

Butylbenzene 
sec-Butylbenzene 
Isobuty lbenzene 
te r t -Buty lbenzene 

1-Methyl-2-propylbenzene 
1-Methyl-3-propylbenzene 
1-Methyl-4-propylbenzene 

1-Methyl-2-isopropylbenzene 
1-Methyl-3-isopropylbenzene 
1-Methyl-4-isopropylbenzene 

1,2-Diethylbenzene 
1,3-Diethylbenzene 
l ,4-Diethylbenzene 

l,Z-Dimethyl-3-ethylbenzene 
1,2-Dimethyl-4-ethylbenzene 
1,3-Dimethyl-Z-ethylbenzene 
1,3-Dimethyl-4-ethylbenzene 
1,3-Dimethyl-5-ethylbenzene 
1,4-Dimethyl-Z-ethylbenzene 

1,2,3,4-Tetramethylbenzene 

Methylbenzene 

2-Methyl to luene 
3-Methyl to luene 
4-Methy l to luene 

1-Phenylpropane 
2-Phenylpropane 

2-Ethy l to luene 
3 -E thy l to luene  
4 -E thy l to luene  

Hemimel l i tene  
pseudocumene 
Mes i t y lene  

1-Phenylbutane 
2-Phenylbutane 
1-Phenyl-2-methylpropane 
2-Phenyl-2-methylpropane 

2-Propy l to luene 
3-Propy l to luene 
4-Propy l to luene 

o-Xylene 
m-Xylene 
p-Xylene 

Cumene 

2 - I sop ropy l to luene  o-Cymene 
3 - I sop ropy l to luene  m-Cymene 
4 - I sop ropy l to luene  p-Cymene 

o-Diethylbenzene 
m-Diethylbenzene 
p-Diethylbenzene 

3-Ethyl-o-xylene 
4-Ethyl-o-xylene 
2-Ethyl-m-xylene 
4-Ethyl-m-xylene 
5-Ethyl-m-xylene 
2-Ethyl-p-xylene 

Prehen i tene 

0 
Cont inued on n e x t  page 
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8901 9 
CONTENTS continued 

Formula Name Alternative Names 

C10H14 1,2,3,5-Tetramethylbenzene Isodurene 
1,2,4,5-Tetramethylbenzene Durene 

! CllH16 Pentylbenzene 1-Phenylpentane 
! CllH16 Pentamethylbenzene 

! C12H18 Hexylbenzene 1-Phenylhexane 
! C12H18 1,2-Diisopropylbenzene o-Diisopropylbenzene 
! C12H18 1,3-Diisopropylbenzene m-Diisopropylbenzene 
! C12H18 1,4-Diisopropylbenzene p-Diisopropylbenzene 

ALKENYLBENZENES 
! CsH8 Styrene 

! C9Hlo 2-Methylstyrene 
! CqHlo 3-Methylstyrene 
! C9Hlo 4-Methylstyrene 

! CloH12 2-Ethylstyrene 
! C10H12 3-Ethylstyrene 
! C10H12 4-Ethylstyrene 

Vinylbenzene 

o-Methylstyrene 
m-Methylstyrene 
p-Methylstyrene 

o-Ethylstyrene 
m-Ethylstyrene 
p-Ethylstyrene 

Amendment A February 1990 

2-Vinyltoluene 
3-Vinyltoluene 
4-Vinyltoluene 

, 
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8901 9 
ORTHOBARIC DENSITIES AND MOLAR VOLUMES OF LIQUIDS 

AROMATIC HYDROCARBONS 

1. INTRODUCTION 

This Data I t em p resen ts  o r t h o b a r i c  l i q u i d  d e n s i t i e s  and molar volumes o f  a romat ic  hydrocarbons 

arranged i n  t h e  o rde r  shown on t h e  Contents page. Table 1 i s  t h e  Compound Name Index which 

l i s t s  a l t e r n a t i v e  names o f  t h e  compounds w i t h ,  i n  bo ld ,  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 Table. 

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  t h e  c o e f f i c i e n t s ,  a t  t h e  t o p  o f  each Table. This equa t ion  was 

f i t t e d  t o  t h e  exper imenta l  and es t ima ted  da ta  t h a t  had been s e l e c t e d  and weighted i n  accordance 

w i th  a c r i t i c a l  assessment o f  a l l  t h e  data.  The va lue  o f  t h e  c r i t i c a l  temperature f o r  each 

compound i s ,  un less  o the rw ise  i n d i c a t e d ,  taken from t h e  r e l e v a n t  Data I t e m  g i v i n g  t h e  vapour 

p ressure .  For completeness a l l  t h e  c r i t i c a l  parameters o f  each compound a r e  g i v e n  i n  t h e  

Tables which a l s o  show t h e  d e n s i t y  a t  25 O C ,  where a p p l i c a b l e ,  and f o r  convenience, t h e  

approximate normal m e l t i n g  and b o i l 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 g i v e s  t h e  d e n s i t y ,  molar volume and t h e i r  

d e r i v a t i v e s  w i th  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  ‘ X I ,  ‘ A ‘ ,  ‘B ‘  or ‘ C ‘ ,  

a t  each temperature.  Brackets  enc lose  t h e  l e t t e r s  a t  those temperatures wh ich  a r e  o u t s i d e  the  

range o f  suppor t i ng  exper imen ta l  data.  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  and a r e  g i v e n  i n  t h e  un i t s  o f  d e n s i t y  o r  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 value. The number o f  dec ima l  p l a c e s  i n  each va lue  i s  a d j u s t e d  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 r e  d iscussed a t  g r e a t e r  l e n g t h  i n  

Sec t ion  4 and i n  Sec t ion  4 o f  t h e  I n t r o d u c t o r y  I tem, Reference 2. 

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

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

used t o  d e r i v e  the  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 

equa t ion  a r e  shown i n  b o l d  t y p e  toge the r  w i t h  t h e  temperature range ( 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  I tem, Reference 2. 

Issued August 1989 1 
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8901 9 
2. NOTATION AND UNITS 

All temperatures are based on the International Practical Temperature Scale (IPTS-68), 

which for practical purposes is interchangeable with thermodynamic temperature. 

d liquid density 

q (l-T/Tc) U 3  

T thermodynamic temperature 

t Celsius temperature, (T-273.15) 

V liquid molar volume 

kg/m3 

K 

O C  

cm /mol 3 

Subscripts 

b 

c denotes the critical point 

m 

denotes the normal boiling point 

denotes the normal melting point 

3. EVALUATION AN) CORRELATION 

Reliable data over most o r  all of the liquid range are available for benzene, toluene, 0-, m- 

and p-xylene. Critical densities have been reported f o r  ethylbenzene, propylbenzene and 

butylbenzene but their data at lower temperatures are less extensive. Except for 

isopropylbenzene data for the remaining compounds data are confined to ambient temperatures. 

Because of the varying quality and extent of the data for  each compound, the different 

procedures to obtain the coefficients of the density/molar volume equation f o r  each compound 

were as follows. 

( a )  benzene, toluene, ethylbenzene, 0-, m-, p-xylene and isopropylbenzene. The selected data 

were fitted by the equation with the critical density adjusted to be in agreement with the 

value given by the Riedel equation, Reference 1. In general this value was also in good 

agreement with the reported critical density. The coefficients so obtained were then 

used to derive a correlation for these compounds similar to that derived for the alkanes 

which is described in Item 87010. 

(b) Remainder ofcompounds. The selected data for eachcompoundwere fitted by the correlation 

derived in (a) with critical density adjusted to be in agreement with the value given by 

the Riedel equation. 

2 
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4. UNCERTAINTIES 

Comparison o f  t h e  t a b u l a t e d  va lues  g i v e n  he re  w i th  those g i v e n  i n  Reference 3 f o r  benzene, 

to luene,  ethylbenzene, 0-, m-, and p-xylene and isopropylbenzene shows good agreement over 

t h e  whole l i q u i d  range f o r  each compound. Even i n  t h e  cases where s l i g h t l y  d i f f e r e n t  

c r i t i c a l  d e n s i t i e s  have been s e l e c t e d  t h e  d i f f e r e n c e s  i n  t h e  t a b u l a t e d  va lues  a r e  i n  good 

accord  wi th t h e  es t ima ted  u n c e r t a i n t i e s .  

For t h e  remainder o f  t h e  compounds r e l i a b l e  va lues  o f  d e n s i t y  a r e  known o n l y  a t  ambient 

temperatures and these have u n c e r t a i n t i e s  o f  less t han  0.02 per  cen t .  Tabulated va lues  

have u n c e r t a i n t i e s  o f  l e s s  than  0 .1  p e r  c e n t  up t o  the  normal b o i l i n g  p o i n t  i n c r e a s i n g  t o  

0.5 pe r  cen t  a t  a few degrees below t h e  c r i t i c a l  temperature.  

5. REFERENCES 

1. RIEDEL,L. 

2. ESDU 

3. TRC 

The l i q u i d  d e n s i t y  i n  t h e  s a t u r a t i o n  s t a t e .  I n v e s t i g a t i o n s  on an 

ex tens ion  o f t h e t h e o r e m o f  cor respond ing  s t a t e s .  P a r t 2  ( i n  German). 

Chem.-1ngr.-Tech., Vo1.26, p.259-264, 1954. 

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 .  I n t r o d u c t i o n  

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

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

T R C  Thermodynamic Tables - Hydrocarbons. 

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

l e a f  da ta  sheets  e x t a n t  1989. 

Thermodynamics Research 

Loose 
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89019
TABLE 1

COMPOUND NAME INDEX

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

Name

Benzene
Butylbenzene
sec-Butylbenzene
tert-Butylbenzene

Cumene
pseudoCumene
o-Cymene
m-Cymene
p-Cymene

1,2-Diethylbenzene 
1,3-Diethylbenzene 
1,4-Diethylbenzene
o-Diethylbenzene 
m-Diethylbenzene 
p-Diethylbenzene
1,2-Diisopropylbenzene 
1,3-Diisopropylbenzene 
1,4-Diisopropylbenzene
o-Diisopropylbenzene
m-Diisopropylbenzene 
p-Diisopropylbenzene
1,2-Dimethylbenzene 
1,3-Dimethylbenzene 
1,4-Dimethylbenzene
1,2-Dimethyl-3-ethylbenzene 
1,2-Dimethyl-4-ethylbenzene
1,3-Dimethyl-2-ethylbenzene
1,3-Dimethyl-4-ethylbenzene
1,3-Dimethyl-5-ethylbenzene 
1,4-Dimethyl-2-ethylbenzene 
Durene

Ethylbenzene
2-Ethylstyrene
3-Ethylstyrene
4-Ethylstyrene
o-Ethylstyrene
m-Ethylstyrene
p-Ethylstyrene
2-Ethyltoluene
3-Ethyltoluene
4-Ethyltoluene
3-Ethyl-o-xylene
4-Ethyl-o-xylene
2-Ethyl-m-xylene
4-Ethyl-m-xylene
5-Ethyl-m-xylene
2-Ethyl-p-xylene

Hemimellitene
Hexylbenzene

Isobutylbenzene
Isodurene
Isopropylbenzene
2-Isopropyltoluene
3-Isopropyltoluene
4-Isopropyltoluene

see Isopropylbenzene
see 1,2,4-Trimethylbenzene
see 1-Methyl-2-isopropylbenzene
see 1-Methyl-3-isopropylbenzene
see 1-Methyl-4-isopropylbenzene

see 1,2-Diethylbenzene
see 1,3-Diethylbenzene
see 1,4-Diethylbenzene

see 1,2-Diisopropylbenzene
see 1,3-Diisopropylbenzene
see 1,4-Diisopropylbenzene

see 1,2,4,5-Tetramethylbenzene

see 2-Ethylstyrene
see 3-Ethylstyrene
see 4-Ethylstyrene
see 1-Methyl-2-ethylbenzene
see 1-Methyl-3-ethylbenzene
see 1-Methyl-4-ethylbenzene
see 1,2-Dimethyl-3-ethylbenzene
see 1,2-Dimethyl-4-ethylbenzene
see 1,3-Dimethyl-2-ethylbenzene
see 1,3-Dimethyl-4-ethylbenzene
see 1,3-Dimethyl-5-ethylbenzene
see 1,4-Dimethyl-2-ethylbenzene

see 1,2,3-Trimethylbenzene

see 1,2,3,5-Tetramethylbenzene

see 1-Methyl-2-isopropylbenzene
see 1-Methyl-3-isopropylbenzene
see 1-Methyl-4-isopropylbenzene

continued on next page
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89019
TABLE 1  continued

Name

Mesitylene
Methylbenzene
1-Methyl-2-ethylbenzene
1-Methyl-3-ethylbenzene
1-Methyl-4-ethylbenzene
1-Methyl-2-isopropylbenzene
1-Methyl-3-isopropylbenzene
1-Methyl-4-isopropylbenzene
1-Methyl-2-propylbenzene
1-Methyl-3-propylbenzene
1-Methyl-4-propylbenzene
2-Methylstyrene
3-Methylstyrene
4-Methylstyrene
o-Methylstyrene
m-Methylstyrene
p-Methylstyrene
2-Methyltoluene
3-Methyltoluene
4-Methyltoluene

Pentamethylbenzene
Pentylbenzene
l-Phenylbutane
2-Phenylbutane
l-Phenylhexane
I-Phenyl-2-methylpropane
2-Phenyl-2-methylpropane
l-Phenylpentane
l-Phenylpropane
2-Phenylpropane
Prehenitene
Propylbenzene
2-Propyltoluene
3-Propyltoluene
4-Propyltoluene

Styrene

1,2,3,4-Tetramethylbenzene 
1,2,3,5-Tetramethylbenzene
1,2,4,5-Tetramethylbenzene
Toluene
1,2,3-Trimethylbenzene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene

Vinylbenzene
2-Vinyltoluene
3-Vinyltoluene
4-Vinyltoluene

o-Xylene
m-Xylene
p-Xylene

see 1,3,5-Trimethylbenzene
see Toluene

see 2-Methylstyrene
see 3-Methylstyrene
see 4-Methylstyrene
see 1,2-Dimethylbenzene
see 1,3-Dimethylbenzene
see 1,4-Dimethylbenzene

see Butylbenzene
see sec-Butylbenzene
see Hexylbenzene
see Isobutylbenzene
see tert-Butylbenzene
see Pentylbenzene
see Propylbenzene
see Isopropylbenzene
see 1,2,3,4-Tetramethylbenzene

see 1-Methyl-2-propylbenzene
see 1-Methyl-3-propylbenzene
see 1-Methyl-4-propylbenzene

see Styrene
see 2-Methylstyrene
see 3-Methylstyrene
see 4-Methylstyrene

see 1,2-Dimethylbenzene
see 1,3-Dimethylbenzene
see 1,4-Dimethylbenzene

Amendment A   February 1990
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260 532.3 0.05 
262 526.2 0.1 
264 519.9 0.1 
266 513.3 0.1 
268 506.3 0.1 

270 498.9 0.1 
272 491.0 0.1 
274 482.5 0.1 
276 473.4 0.1 
278 463.3 0.1 

CgHg Benzene 

280 
281 
282 
283 
2 84 

285 
286 
287 
288 
289 

Orthobaric Liquid Density and Molar Volume 

ln(d/dc) -ln(V/Vc) = b l q  + b2q2 + b3q3 + b4q4 

where d is the density, d, the critical density, V the molar volume, Vc the critical molar volume 
and q (l-T/Tc)l/3, T being the temperature and Tc the critical temperature in kelvins. 

Molecular Weight MW 78.11 
Critical Temperature Tc 562.16 K (tc 289.01 "C) 
Critical Pressure pc = 4.898 MPa ( = 48.34 atm) 
Critical Density dc 304.00 kg/m3 ( = 0.304 g/cm3) 
Critical Molar Volume Vc 257.00 cm3/mol 
Critical Compression Factor Zc = 0.269 

b l  = 1.74509 b2 -0.73294 b3 = 0.17091 b4 = 0.16897 

Density at 298.15 K (25 OC) = 873.57 kg/d 
Normal Melting Point 1, 279 K (t, = 6 OC) 
Normal Boiling 'Point Tb = 353 K (tb = 80 OC) 

Data at Specified Temperatures 

t/oc 6 20 30 80 280 285 

d/ ( kg/m3 1 893.50 878.85 868.28 813.71 452.07 414.57 

~/(cm3/mol) 87.42 88.88 89.96 96.00 172.79 188.42 

(d( d)/dT I / (  kg/m3 OC 1 -1.04 -1.05 -1.06 -1.13 -5.98 -9.86 

(dV/dT)/(cm3/mol OC) 0.10 0.11 0.11 0.13 2.29 4.48 

Data Quality A A A A A A 
Uncertainty in d (kg/m3) 0.05 0.05 0.05 0.05 0.1 0.2 
Uncertainty in V (cm3/mol) 0.005 0.005 0.005 0.01 0.05 0.1 

t 

OC 
- 

10 
20 
30 
40 

50 
60 
70 
80 
90 

100 
110 
120 
130 
140 

150 
160 
170 
180 
190 

d 

kg/m3 

889.3 
878.85 
868.28 
857.6 

846.8 
835.9 
824.9 
813.7 
802.4 

790.8 
779.1 
767.1 
754.8 
742.2 

729.3 
716.0 
702.2 
687.9 
673 .O 

Uncert. 
in 
d 

kg/m3 

0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

Orthobaric Liquid Density of Benzene 

Units: kg/m3 v. O C  

Uncert . Uncer t . 
in in 

- -  t d d I - -  t d d I - -  t d 

OC kg/m3 kg/m3 I OC kg/m3 kg/m3 1 OC kg/m3 

200 657.3 0.05 
205 649.1 0.05 
210 640.7 0.05 
215 632.0 0.05 
220 623.0 0.05 

225 613.7 0.05 
230 603.9 0.05 
235 593.7 0.05 
240 583.0 0.05 
245 571.6 0.05 

0.05 250 559.5 0.05 
0.05 1 255 546.5 0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

452.1 
445.9 
439.2 
431.9 
423.8 

414.6 
403.8 
390.5 
372. 
318. 

289 

318.01 
-472.40 

245.63 
364.88 

A 
10 

5 

Uncert . 
in 
d 

kg/m3 

0.1 
0.1 
0.1 
0.2 
0.2 

0.2 
0.2 
0.2 
0.5 
10 
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Orthobaric Liquid Molar Volume o f  Benzene 

Units: crn3/mol v. K 

Uncer t . Uncert. Uncer t . Uncert . 
in in in in 

T V V I -  T V V I _  T V V 
- T V V I -  
K cm3/mo1 cm3/moll K cm3/mol cm3/moll K cm3/mol cm3/moll K cm3/mol cm3/mol 

280 
290 

300 
310 
320 
330 
340 

3 50 
360 
370 
380 
390 

400 
410 
420 
430 
440 

87.51 
88.55 

89.62 
90.73 
91.87 
93.06 
94.30 

95.58 
96.92 
98.32 
99.79 
101.33 

102.96 
104.68 
106.51 
108.46 
110.55 

0.005 
0.005 

0.005 
0.005 
0.005 
0.005 
0.005 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

450 
455 
460 
465 
470 

475 
480 
485 
490 
495 

500 
505 
510 
515 

112.80 0.01 
114.00 0.01 
115.25 0.01 
116.56 0.01 
117.94 0.01 

119.38 0.01 
120.91 0.01 
122.52 0.01 
124.24 0.01 
126.07 0.01 

128.03 0.01 
130.15 0.01 
132.44 0.01 
134.95 0.01 

520 
522 
524 
526 
528 

530 
532 
5 34 
5 36 
538 

540 
542 
544 
546 
548 

137.71 
138.90 
140.15 
141.46 
142.83 

144.29 
145.82 
147.45 
149.19 
151.06 

153.07 
155.24 
157.62 
160.24 
163.17 

0.02 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 
0.02 

550 166.5 
551 168.3 
552 170.3 
553 172.4 
554 174.8 

555 177.4 
556 180.4 
557 183.8 
558 187.8 
559 192.6 

560 198.9 
561 208.1 
562 230. 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.1 
0.1 
0.1 

0.2 
0.2 
1 

The following Sources give liquid density or  liquid molar volume data for this compound. Those 
Sources used to derive the coefficients of the liquid density/molar volume equation are shown in 
bold type together with the temperature range (low IL', medium IM1, high 'HI o r  critical IC') of 
the data. 

YOUNG,S., Sci.Proc.Roy.Dublin Soc., Vo1.12, p.374, 1910. 
FORZIATI,A.F., GLASGOY,A.R., et.al., J.Res.Nat.Bur.Stand., Vo1.36, p.129, 1946. 
GORNOWSKI,E.J., AMICK,E.H., HIXSON,A.N., Ind.Eng.Chem., Vo1.39, p.1348, 1947. 
GLANVILLE,J.W., SAGE,B.H., Ind.Eng.Chem., Vo1.41, p.1272, 1949. 
DONALDSON,R.E., QUAYLE,O.R., J.Am.Chern.Soc., Vo1.72, p.35, 1950. 
BENDER,P., FURUKAWA,G.T., HYNDMAN,J.R., Ind.Eng.Chem., Vo1.44, p.387, 1952. 
MARECHAL,J., Bull.Soc.Chim.Belges, Vo1.61, p.149, 1952. 
KETELAAR,J.A.A., Van MEURS,N., Rec.Trav.Chim., Vo1.76, p.437, 1957. 
SIMON,M., Bull.Soc.Chim.Belges, Vo1.66, p.375, 1957. 
AFENKOV,N.I., Izv.Vyssh.Ucheb.Zaved., Khim.i Khim.Techn., No.6, p.128, 1958. 
PETRO,A.J., SMYTH,C.P., J.Am.Chem.Soc., V01.80, p.73, 1958. 
FRANCIS,A.W., Chem.Eng.Sci., Vol.10, p.37, 1959. 
NYVLT,J., ERDOS,E., Coll.Czech.Chem.Com., Vo1.26, p.500, 1961. 
CONNOLLYJ.F., KANDALIC,G.A., J.Chem.Eng.Data, Vo1.7,.p.137, 1962. 
SHRAIBER,L.S., PECHENYUK,N.G., et al., Russ.J.Phys.Chem., Vo1.39, p.219, 1965. 
CAMPBELL,A.N., CHATTERJEE,R.M., Can.J.Chem., Vo1.46, p.575, 1968. 
HALES,J.L., TOWNSEND,R., J.Chem.Therrnodynamics, Vo1.4, p.763, 1972. 
TUGAREV,I.A., AVDUS,Z.I., NOZDREV,V.F., Russ.J.Phys.Chem., Vo1.49, p.732, 1975. 

M 

M 

M 

M 

M,H 

C 
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0 C7H8 Toluene (Methylbenzene) 

Orthobaric Liquid Density and Molar Volume 

l n (d /dc )  = -ln(V/V,) = b l q  + b2q2 + b3q3 + b4q4 

where d i s  t h e  d e n s i t y ,  d, t h e  c r i t i c a l  d e n s i t y ,  V t h e  molar volume, V, t h e  c r i t i c a l  molar volume 
and q = ( l - T / T p ,  T be ing  t h e  tempera ture  and T, t h e  c r i t i c a l  temperature i n  k e l v i n s .  

Mo lecu la r  Weight MW = 92.14 
C r i t i c a l  Temperature Tc = 591.80 K ( t c  = 318.65 OC) 
C r i t i c a l  Pressure pc = 4.106 MPa ( = 40.52 atm) 
C r i t i c a l  Dens i t y  dc 291.40 kg/m3 ( = 0.291 g/cm3) 
C r i t i c a l  Molar Volume V, = 316.20 cm3/mol 
C r i t i c a l  Compression Fac to r  Zc = 0.264 

b l  = 1.85724 b2 = -1.02024 b3 = 0.51854 b4 = -0.00577 

Dens i t y  a t  298.15 K (25  OC) 863.18 kg/m3 
Normal M e l t i n g  P o i n t  Tm 178 K ( t m  = -95 OC) 

Normal B o i l i n g  P o i n t  Tb = 384 K ( t b  = 111 'c) 

t / O C  

d/(  kg/m3 1 
( d  ( d  )/dT I / (  kg/m3 O C )  

~ / ( c m 3 / m o l )  
(dV/dT )/(cm3/mol OC) 

Data Q u a l i t y  
U n c e r t a i n t y  i n  d (kg/m3) 
U n c e r t a i n t y  i n  v (cm3/mol) 

t 

O C  

- 

e -90 
-80 
-70 
-60 

-50 
-40 
-30 
-20 
-10 

0 
10 
20 
30 
40 

50 
e 

60 
70 
80 
90 

100 
i i o  
120 
130 
140 

d 

kg/m3 

967. 
958. 
949. 
940. 

931. 
922. 
914. 
905. 
895.4 

886.3 
877.1 
867.85 
858.50 
849.1 

839.5 
829.9 
820.1 
810.2 
800.2 

790.1 
779.7 
769.2 
758.5 
747.6 

Uncert .  
i n  

d 

kg/m3 

5 
5 
2 
1 

0.5 
0.5 
0.5 
0.5 
0.2 

0.2 
0 .1  
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

- 

O C  

150 
155 
160 
165 
170 

175 
180 
185 
190 
195 

200 
205 
210 
215 
220 

225 
2 30 
235 
240 
245 

250 
255 
260 
265 

Data at Specified Temperatures 

-95 -55 20 30 111 300 318 

970.94 935.80 067.05 858.50 778.69 480.98 349.33 
-0.94 -1.04 -3.71 -30.74 -0.87 -0.89 -0.93 

94.90 98.46 106.17 107.33 118.33 191.57 263.76 
0.09 0.09 0.11 0.12 0.16 1.48 23.21 

5 0.5 0.05 0.05 0.05 0.1 0.5 
0.5 0.05 0.01 0.01 0.01 0.02 0.5 

( C )  B A A A A (A) 

Orthobaric Liquid Density o f  Toluene 

d 

kg/m3 

736.4 
730.7 
724.9 
719.1 
713.2 

707.1 
701.0 
694.8 
688.5 
682.1 

675.5 
668.8 
662.0 
655.0 
647.9 

640.6 
633.0 
625.3 
617.3 
609.0 

600.4 
591.5 
582.2 
572.4 

Units: kg/m3 v. O C  

Uncer t  . 
i n  

d I - -  t d 

kg/m3 1 O C  kg/m3 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 

270 562.2 
272 557.9 
274 553.5 
276 549.0 
278 544.4 

200 539.6 
282 534.7 
284 529.7 
286 524.5 
288 519.0 

290 513.4 
292 507.5 
294 501.4 
296 495.0 
298 488.2 

300 481.0 
302 473.3 
304 (465.0) 
306 (456.0) 
308 (446.1) 

Uncer t  . Uncert .  
i n  
d 

kg/m3 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

i n  
t d d 
- -  

O C  kg/m3 

310 (435.0 
311 (428.8 
312 (422.1 
313 (414.8 
314 (406.5 

315 (397.1 
316 (385.8 
317 (371.4 
318 (349.) 

kg/m3 

0.1 
0.1 
0.1 
0.2 
0.2 

0.2 
0.2 
0.2 
0.5 
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T 

K 
- 

180 
190 

200 
210 
220 
2 30 
240 

250 
260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

V 

cm3/mol 

95. 
96. 

97. 
97.7 
98.6 
99.6 
100.6 

101.5 
102.6 
103.62 
104.70 
105.81 

106.96 
108.14 
109.36 
110.62 
111.93 

113.28 
114.69 
116.15 
117.67 
119.27 

Uncer t . 
in 

V I  
cm3/mol I 

0.5 
0.5 

0.5 
0.2 
0.05 
0.05 
0.05 

0.05 
0.05 
0.02 
0.02 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

Orthobaric Liquid Molar Volume o f  Toluene 

T 

K 

400 
40 5 
410 
415 
420 

425 
430 
435 
440 
445 

450 
455 
460 
465 
470 

47 5 
480 
485 
490 
495 

500 
505 
510 
515 

- V 

cm3/mol 

120.93 
121.80 
122.68 
123.59 
124.52 

125.48 
126.47 
127.48 
128.53 
129.60 

130.71 
131.86 
133.05 
134.29 
135.57 

136.89 
138.28 
139.72 
141.23 
142.81 

144.47 
146.21 
148.05 
150.01 

Units: cmJ/mol v. K 

Uncert . 
in 
V I -  T 

cm3/mol 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
15.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 

K 

520 
522 
5 24 
526 
528 

530 
532 
534 
536 
538 

540 
542 
544 
546 
548 

550 
552 
554 
556 
558 

560 
562 
564 
566 
568 

V 

cm3/mol 

152.08 
152.95 
153.84 
154.76 
155.70 

156.67 
157.67 
158.71 
159.77 
160.88 

162.02 
163.20 
164.43 
165.71 
167.04 

168.43 
169.88 
171.40 
173.00 
174.68 

176.45 
178.33 
180.33 
182.47 
184.76 

Uncert. 
in 
V 1 -  T V 

crn3/mol 

0.01 
0.01 
0.01 
0.01 
0.01 

0.02 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 
0.02 

K cm3/mol 

570 187.23 
571 188.54 
572 189.91 
573 191.35 
574 192.9 

575 194.4 
576 196.1 
577 (197.9) 
578 (199.7) 
579 (201.7) 

580 (203.9) 
581 (206.2) 
582 (208.7) 
583 (211.4) 
584 (214.4j 

585 (217.7) 
586 (221.5) 
587 (225.9) 
588 (231.2) 
589 (237.7) 

0.02 590 (246.4) 
0.02 I 591 (261.) 
0.02 
0.02 
0.02 

Uncer t . 
in 
V 

cm3/mol 

0.02 
0.02 
0.02 
0.02 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.1 
0.1 
0.1 
0.1 
0.2 

0.2 
0.5 

The following Sources give liquid density or  liquid molar volume data for this compound. Those 
Sources used to derive the coefficients of the liquid density/molar volume equation are shown in 
bold type together with the temperature range (low 'L', medium 'MO, high 'H' o r  critical 'C') of 
the data. 

FORZIATI,A.F., GLASGOW,A.R., et al., J.Res.Nat.Bur.Stand., Vo1.36, p.129, 1946. M 
FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. M 
DONALDSON,R.E., QUAYLE,O.R., J.Am.Chem.Soc., Vo1.72, p.35, 1950. M 
FRANCIS,A.W., Ind.Eng.Chem., Vo1.49, p.1779, 1957. 

FRANCIS,A.W., Chem.Eng.Sci., Vol.10, p.37, 1959. 
SHRAIBER,L.S., PECHENYUK,N.G., et al., Russ.J.Phys.Chem., Vo1.39, p.219, 1965. 
PRENGLE,H.W., FELTON,E.G., PIKE,M.A., J.Chem.Eng.Data, Vo1.12, p.193, 1967. 

MOPSIK,F.I., J.Chem.Phys., V01.50, p.2559, 1969. 
HALES,J.L., TOWNSEND,R., J.Chem.Thermodynamics, Vo1.4, p.763, 1972. M,H 

SIMON,M., Bull.Soc.Chim.Belges, Vo1.66, p.375, 1957. C 

AKHUNDOV,T.S., IMANOV,Sh.Yu.,Izv.Vys.Ucheb.Zaved.,Neft Gaz, Vo1.12, p.102, 1969. H 
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0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 

C8HlO Ethylbenzene 
a 

280 578. 
282 574. 
284 570. 
286 566. 
288 563. 

290 559. 
292 555. 
294 551. 
296 546. 
298 542. 

300 538. 
302 533. 
304 528. 
306 524. 
308 519. 

310 514. 
312 508. 
314 503. 
316 497. 
318 491. 

Orthobaric Liquid Density and Molar Volume 

ln(d/dc) = -ln(V/Vc) blq + b2q2 + b3q3 + b4q4 

where d is the density, dc the critical density, V the molar volume, Vc the critical molar volume 
and q = (l-T/Tc)1/3, T being the temperature and Tc the critical temperature in kelvins. 

Molecular Weight MW = 106.17 
Critical Temperature Tc = 617.20 K (tc = 344.05 OC) 
Critical Pressure pc = 3.599 MPa ( = 35.52 atm) 
Critical Density dc = 284.00 kg/m3 ( = 0.284 g/cm3) 
Critical Molar Volume Vc = 374.00 cm3/mol 
Critical Compression Factor Zc = 0.262 

bl = 1.74537 b2 -0.40648 b3 = -0.40242 b4 = 0.43382 

Density at 298.15 K (25 "C) = 862.54 kg/m3 
Normal Melting Point Tm = 178 K (tm = -95 OC) 
Normal Boiling Point Tb = 409 K (tb = 136 "c) 

0.2 
0.1 
0.05 
0.05 
0.1 

0.1 
0.2 
0.2 
0.2 
0.2 

0.5 
0.5 
0.5 
0.5 
0.5 

Data at Specified Temperatures 

200 691. 
205 685. 
210 679. 
215 673. 
220 667. 

225 660. 
230 654. 
235 647. 
240 640. 
245 633. 

250 626. 
255 619. 
260 611. 
265 603. 

t/oc -95 

d/ ( kg/m3 1 965.20 

~/(cm3/mol) 109.99 

(d( d )/dT I / (  kg/m3 OC 1 -0.85 

(dV/dT)/(cm3/mol OC) 0.10 

Data Quality (C 1 
Uncertainty in d (kg/m3) 5 
Uncertainty in v (cm3/mol) 1 

-55 

931.34 
-0.85 

113.99 
0.10 

0 
0.5 
0.1 

20 30 136 300 

866.91 858.15 759.69 537.61 
-0.87 -0.88 -1.00 -2.23 

122.47 123.72 139.75 197.48 
0.12 0.13 0.18 0.82 

A A B B 
0.05 0.05 0.5 0.5 
0.01 0.01 0.1 0.2 

Orthobaric Liquid Density o f  Ethylbenzene 

Units: kg/m3 v. O C  

t d 

OC kg/m3 
- 

-90 (961.) 
-80 953. 
-70 944. 
-60 936. 

-50 927. 
-40 919. 
-30 910. 
-20 902. 
-10 892.9 

0 884.3 
10 875.6 
20 866.91 
30 858.15 
40 849.3 

50 840.4 
60 831.4 
70 822.4 
80 813.2 
90 804.0 

100 795. 
110 785. 
120 775. 
130 766. 
140 756. 

a 

Uncert . 
in 
d 

kg/m3 

5 
5 
2 
1 

0.5 
0.5 
0.5 
0.5 
0.2 

t d 

OC kg/m3 

150 746. 
155 740. 
160 735. 
165 730. 
170 724. 

- -  

Uncert. 
in 
d 

kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

175 719. 
180 714. 
185 708. 
190 702. 
195 697. 

t d 

O C  kg/m3 
- -  

270 595. 
272 592. 
274 588. 
276 585. 
278 581. 

Uncert. 
in 
d 

kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

t d 

OC kg/m3 

320 485. 

- -  

321 482. 
322 478. 
323 475. 
324 472. 

325 468. 
326 464. 
327 460. 
328 456. 
329 452. 

330 448. 
331 443. 
332 439. 
333 434. 
334 429. 

335 423. 
336 417. 
337 411. 
338 404. 
339 396. 

340 387. 
341 377. 
342 365. 
343 348. 
344 306. 

344 

306.04 
-150.79 

346.91 
170.93 

B 
20 
20 

Uncer t . 
in 
d 

kg/m3 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
2 
2 

2 
2 
2 
5 
20 
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8901 9 

Orthobaric Liquid Molar Volume o f  Ethylbenzene 

Units: cm3/mol v. K 

T 

K 
- 

180 

200 
220 
240 
260 
280 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

400 
410 
420 
430 
440 

V 

cm3/mol 

(110.) 

112. 
114.2 
116.3 
118.5 
120.87 

123.32 
124.59 
125.91 
127.26 
128.65 

130.1 
131.6 
133.1 
134.7 
136.4 

138.1 
139.9 
141.8 
143.8 
145.9 

Uncert .  
i n  

V I - -  T V 

cm3/mo1( K crn3/mo1 

0.5 

0.5 
0.1 
0.05 
0.05 
0.02 

0.01 
0.01 
0.02 
0.02 
0.02 

0.05 
0.05 
0.05 
0.05 
0 .1  

0 .1  
0.1 
0 .1  
0.1 

450 148.1 
455 149.2 
460 150.4 
465 151.6 
470 152.9 

475 154.2 
480 155.5 
485 156.9 
490 158.3 
495 159.8 

500 
505 
510 
515 
520 

525 
5 30 
535 
540 
545 

5 50 
555 

161.4 
163.0 
164.7 
166.5 
168.4 

170.4 
172.4 
174.6 
176.9 
179.4 

182.1 
184.9 

Uncert .  
i n  

V 1 -  T 

cm3/mo11 K 

0.1 
0.1 
0.1 
0 .1  
0 .1  

0.1 
0 .1  
0.1 
0.1 
0.1 

0 .1  
0 .1  
0 .1  
0 .1  
0.1 

0.1 
0.1 
0.2 
0.2 
0.2 

0.2 
0.2 

560 
562 
564 
566 
568 

570 
572 
574 
576 
578 

580 
582 
5 84 
586 
588 

590 
592 
594 
596 
598 

V. 

cm3/mol 

188.0 
189.3 
190.6 
192 .O 
193.5 

195.0 
196.5 
198.2 
199.9 
201.7 

203.6 
205.5 
207.6 
209.8 
212.2 

214.6 
217.3 
220. 
223. 
227. 

Uncert .  
i n  

V I _  T 

cm3/mol( K 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.5 
0.5 
0.5 

600 
601 
602 
603 
604 

605 
606 
607 
608 
609 

610 
611 
612 
613 
614 

615 
616 
617 

Uncert .  
i n  

V V 

cm3/rnol cm3/mol 

230. 0.5 
232. 0.5 
234. 0.5 
237. 0.5 
239. 0.5 

242. 0.5 
244. 0.5 
247. 0.5 
250. 0.5 
254. 1 

258. 1 
262. 1 
267. 1 
273. 1 
280. 2 

289. 2 
303. 2 
332. 10 

The f o l l o w i n g  Sources g i v e  l i q u i d  d e n s i t y  o r  l i q u i d  molar volume da ta  for t h i s  compound. Those 
Sources used t o  d e r i v e  t h e  c o e f f i c i e n t s  o f  t he  l i q u i d  densi ty/rnolar volume equa t ion  a re  shown i n  
b o l d  t ype  toge the r  w i t h  t h e  temperature range ( l ow  ' L ' ,  medium ' M ' ,  h i g h  ' H I  o r  c r i t i c a l  ' C l )  o f  
t h e  data.  

MASSART,L., Bull.Soc.Chim.Belges, Vo1.45, p.76, 1936. 
FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. 
DONALDSON,R.E., QUAYLE,O.R., J.Am.Chem.Soc., Vo1.72, p.35, 1950. 

PETRO,A.J., SMYTH,C.P., J.Am.Chem.Soc., V01.80, p.732, 1958. 
FRANCIS,A.W., Chem.Eng.Sci., Vol.10, p.37, 1959. 
HALES,J.L., TOWNSEND,R., J.Chem.Thermodynamics, Vo1.4, p.763, 1972. M,H 

SIMON,M., Bull.Soc.Chim.Belges, Vol.66, p.375, 1957. C 

e 

e 
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8901 9 
e CsHIO 1,2-Dimethylbenzene (2-Methyltoluene, o-Xylene) 

Orthobaric Liquid Density and Molar Volume 

l n (d /dc )  = - ln(V/Vc) = b l q  + b2q2 + b3q3 + b4q4 

where d i s  t h e  d e n s i t y ,  dc t h e  c r i t i c a l  d e n s i t y ,  V t h e  molar volume, Vc t h e  c r i t i c a l  molar volume 
and q = ( l - T / T p ,  T be ing  t h e  tempera ture  and Tc t h e  c r i t i c a l  temperature i n  k e l v i n s .  

Mo lecu la r  Weight MW = 106.17 
C r i t i c a l  Temperature Tc = 630.33 K ( t c  357.18 OC) 
C r i t i c a l  Pressure  pc 3.734 MPa ( 36.85 atm) 
C r i t i c a l  Dens i t y  dc = 288.00' kg/m3 ( = 0.288 g/cm3) 
C r i t i c a l  Molar Volume Vc = 369.00 cm3/mol 
C r i t i c a l  Compression Fac to r  2, = 0.263 

b l  = 1.74368 b2 = -0.37721 b3 -0.45045 b4 = 0.44024 

Dens i t y  a t  298.15 K (25 O C )  = 875.94 kg/m3 
Normal M e l t i n g  P o i n t  Tm 248 K ( t m  -25 "C) 
Normal B o i l i n g  P o i n t  Tb = 417 K ( t b  = 144 OC) 

Data at Specified Temperatures 

t / O C  

d/(  kg/m3) 
( d (  d )/dT I / (  kg/m3 O C  1 
V /  (cmj/rnol 
(dV/dT )/(cm3/mol OC) 

Data Q u a l i t y  
U n c e r t a i n t y  i n  d (kg/m3) 
U n c e r t a i n t y  i n  v (cm3/mo1) 

-25 

917.24 
-0.82 

115.75 
0.10 

(8) 
0.5 
0.1 

20 

880.12 
-0.84 

120.63 
0.11 

A 
0.05 
0.01 

30 

871.74 

121.79 
0.12 

A 
0.05 
0.01 

-0.84 

144 

769.78 

137.92 
0.17 

A 
0.05 
0.01 

-0.97 

300 

570.98 

185.94 
0.63 

8 
0.5 
0.2 

-1 -93 

Orthobaric Liquid Density of 1,2-Dimethylbenzene 

Units: k g / d  v. O C  

t 

O C  

- 

-20 
-10 

0 
10 
20 
30 
40 

50 
60 
70 
80 
90 

100 
110 
120 
130 
140 

150 
160 
170 e 180 
190 

d 

kg/m3 

913. 
905. 

896.7 
888.5 
880.12 
871.74 
863.3 

854.8 
846.2 
837.5 
828.8 
819.9 

810.9 
801.8 
792.6 
783.2 
773.6 

763.9 
754.0 
743.8 
733.5 
722.8 

Uncert .  
i n  

d 

kg/m3 

0.5 
0.5 

0.2 
0.2 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.1 
0.1 
0.1 
0.1 

t d 

O C  kg/m3 

200 711.8 
205 706.2 
210 700.5 
215 694.7 
220 688.8 

225 682.8 
230 676.6 
235 670.4 
240 664.0 
245 657.4 

250 650.7 
255 643.8 
260 636.8 
265 630. 
270 622. 

275 614. 
280 606. 
285 598. 
290 589. 
295 580. 

- -  

Uncer t . 
i n  

d 

kg/m3 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

t 

O C  

300 
302 
304 
306 
308 

310 
312 
314 
316 
318 

320 
322 
324 
326 
328 

330 
332 
334 
336 
338 

- d 

kg/m3 

571. 
567. 
563. 
559. 
555. 

551. 
546. 
542. 
537. 
532. 

527. 
522. 
517. 
512. 
506. 

500. 
494. 
488. 
481. 
474. 

Uncert .  
i n  

d 

kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
1 
1 
1 
1 

t 

O C  

340 
341 
342 
343 
3 44 

345 
346 
347 
348 
349 

350 
351 
352 
353 
354 

355 
356 
357 

- 

350 

416.63 
-6.64 

254.82 
4.06 

B 
1 
1 

d 

kg/m3 

466. 
462. 
458. 
454. 
449. 

445. 
440. 
434. 
429. 
423 * 

417. 
410. 
402. 
393. 
383. 

371. 
355. 
322. 

357 

322.48 
-66.41 

329.22 
67.80 

8 
10 
10 

Uncer t  . 
i n  
d 

kg/m3 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
2 
2 
2 
2 

2 
5 

10 
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8901 9 

0.05 500 156.0 0.05 
0.05 . 505 157.4 0.05 
0.05 510 158.9 0.05 
0.02 515 160.5 0.05 
0.01 520 162.1 0.05 

0.01 525 163.8 0.1 
0.01 530 165.6 0.1 
0.01 535 167.4 0.1 
0.01 540 169.4 0.1 
0.01 545 171.5 0.1 

590 198.4 0.2 620 244. 0.5 
592 200.2 0.2 621 247. 0.5 
594 202.1 0.2 622 250. 1 
596 204.1 0.2 623 254. 1 
598 206.2 0.2 624 258. 1 

600 208.4 0.2 625 263. 1 
602 210.8 0.2 626 269. 1 
604 213.3 0.2 627 276. 2 
606 216.0 0.2 628 284. 2 
608 219. 0.5 629 297. 2 

T V 
- 

K cm3/mol 

250 (115.9) 
260 117.0 
270 118.1 
280 119.15 
290 120.27 

300 121.42 
310 122.60 
320 123.81 
330 125.06 
340 126.35 

350 127.68 
612 226. 0.5 ' 
614 229. 0.5 
616 234. 0.5 

360 129.05 555 176.0 
370 130.47 :::; 1 560 178.5 
380 131.93 0.01 565 181.1 0.2 
390 133.46 

400 135.04 
410 136.69 
420 138.42 
430 140.22 
440 142.11 

450 144.10 
460 146.20 
470 148.42 
480 150.8 
490 153.3 

0.01 I 570 184.0 0.2 I 618 238. 0.5 

575 187.1 0.2 
580 190.5 0.2 

0.2 
:::; I 
0.01 585 194.3 
0.01 
0.02 

0.02 
0.02 
0.02 
0.05 
0.05 

The following Sources give liquid density o r  liquid molar volume data f o r  this compound. Those 
Sources used to derive the coefficients of the liquid density/molar volume equation are shown in 
bold type together with the temperature range (low 'L', me&um 'M', high ' H '  o r  critical 'C') o f  
the data. 

MASSART,L., Bull.Soc.Chim.Belges, Vo1.45, p.76, 1936. 
FORZIATI,A.F., GLASGOY,A.R., &.al., J.Res.Nat.Bur.Stand., Vo1.36, p.129, 1946. M 
FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. M 
DONALDSON,R.E., QUAYLE,O.R., J.Am.Chem.Soc., Vo1.72, p.35, 1950. 
FRANCIS,A.W., Ind.Eng.Chem., Vo1.49, p.1779, 1957. 
SIMON,M., Bull.Soc.Chim.Belges, Vo1.66, p.375, 1957. 
PETRO,A.J., SMYTH,C.P., J.Am.Chem.Soc., V01.80, p.732, 1958. 
FRANCIS,A.W., Chem.Eng.Sci., Vol.10, p.37, 1959. 
SHRAIBER,L.S., PECHENYUK,N.G., et al., Russ.J.Phys.Chem., Vo1.39, p.219, 1965. M 
AKHUNDOV,T.S., IMANOV,Sh.Yu., Russ.J.Phys.Chem., Vo1.43, p.872, 1969. M,H 
HALES,J.L., TOUNSEND,R., J.Chem.Thermodynamics, Vo1.4, p.763, 1972. M,H 

C 

Issued August 1989 

 

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 89019 A 1990

http://www.avadocuments.com/doc/esdu-89019-a-1990
http://www.avadocuments.com/doc/esdu-89019-a-1990


8901 9 
0 CsHIO 1,3Dimethylbenzene (3-?lethyltoluene, m-Xylene) 

Orthobaric Liquid Density and Molar Volume 

l n (d /dc )  = - ln(V/Vc) = b l q  + b2q2 + b3q3 + b4q4 

where d i s  t h e  d e n s i t y ,  d, t h e  c r i t i c a l  dens i t y ,  V t h e  molar volume, Vc t h e  c r i t i c a l  molar volume 
and q = (l-T/Tc)1/3, T be ing  the  temperature and Tc  t h e  c r i t i c a l  temperature i n  k e l v i n s .  

Mo lecu la r  Weight MW = 
C r i t i c a l  Temperature Tc = 

C r i t i c a l  Dens i t y  dc = 

C r i t i c a l  Compression Fac to r  Zc = 

C r i t i c a l  Pressure  Pc 

C r i t i c a l  Molar Volume v, 

0 

b l  1.75014 b2 = -0.36074 

Dens i t y  a t  298.15 K (25  OC) - - 
Normal M e l t i n g  P o i n t  Tm 
Normal B o i l i n g  'Po in t  Tb = 

106.17 
617.05 K (tc = 343.90 OC) 

3.537 MPa ( = 34.91 atm) 
283.00 kg/m3 ( = 0.283 g/cm3) 
375 .OO cm3/mol 

0.259 

b3 = -0.48974 b4 = 0.46373 

859.92 kg/m3 
225 K (tm -48 OC) 
412 K ( t h  = 139 OC) 

t / O C  

d/(  kg/m3) 
( d  ( d 1 /dT 1 / ( kg/m3 O C  1 
V /  (cm3/moi ) 
(dV/dT)/(cm3/mol OC) 

Data Q u a l i t y  
U n c e r t a i n t y  i n  d (kg/m3) 
U n c e r t a i n t y  i n  v (cm3/mo1) 

- 

Data a t  Specified Temperatures 

-48 20 30 139 

920.95 864.18 855.64 756.28 
-0.82 -0.85 -0.86 -0.99 

115.28 122.85 124.08 140.38 
0.10 0.12 0.12 0.18 

0.5 0.05 0.05 0.05 
0 .1  0.01 0.01 0.01 

( B )  A A A 

- 

300 

537.82 
-2.25 

197.40 
0.83 

B 
0.5 
0.2 

Orthobaric Liquid Density o f  1,3Dimethylbenzene 

Units: kg/m3 v. OC 

t 

O C  

- 

-40 e -30 
-20 
-10 

0 
10 
20 
30 
40 

50 
60 
70 
80 
90 

100 
110 
120 

e 
130 
140 

150 
160 
170 
180 
190 

0 

d 

kg/m3 

(914.) 
(906.) 
(898.) 
(889.5) 

881.1 
872.7 
864.18 
855.64 
847.0 

838.4 
829.6 
820.7 
811.8 
802.7 

793.5 
784.2 
774.7 
765.1 
755.3 

745.3 
735.0 
724.5 
713.7 
702.6 

Uncert .  
i n  

d 

0.5 
0.5 
0.5 
0.2 

0.2 
0.1 
0.05 
0.05 
0.05 

200 691.2 
205 685.3 
210 679.3 
215 673.2 
220 667.0 

225 660.6 
230 654.1 
235 647.5 
240 640.7 
245 633.7 

0.05 250 
0.05 I 255 
0.05 260 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.1 
0.1 
0.1 
0.1 

275 
280 
285 
290 
295 

626.5 
619.1 
611.5 
604. 
595. 

587. 
578. 
569. 
559. 
549. 

Uncer t  . Uncer t .  
i n  i n  
d I - -  t d d 1 -  t 

kg/m3 I O C  kg/m3 kg/m3 I O C  

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 

0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

300 538. 
302 533. 
304 529. 
306 524. 
308 519. 

310 514. 
312 508. 
314 503. 
316 497. 
318 491. 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

320 485. 1 
322 478. 1 
324 471. 1 
326 464. 1 
328 456. 1 

3 30 
331 
332 
333 
3 34 

335 
336 
337 
338 
339 

340 
341 
342 
343 

340 

385.35 
-9.61 

275.51 
6.87 

B 
2 
1 

d 

kg/m3 

447. 
443. 
438. 
433. 
427. 

422. 
416. 
409. 
402. 
394. 

385. 
375. 
362. 
343. 

343.85 

305.05 
-151.04 

348.03 
172.32 

B 
20 
20 

Uncer t .  
i n  
d 

kg/m3 

1 
1 
1 
1 
1 

1 
1 
1 
2 
2 

2 
2 
2 
5 
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8901 9 
e 

Orthobaric Liquid Molar Volume o f  1,34imethylbenzene 

T 

K 
- 

230 
240 

250 
260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

400 
410 
420 
430 
440 

Uncert .  
i n  

V 

(115.8) 
(116.8) 

(117.9) 
(119.0) 
(120.14) 
121.29 
122.47 

123.69 
124.94 
126.22 
127.55 
128.91 

130.33 
131.79 
133.30 
134.87 
136.51 

138.21 
139.99 
141.85 
143.81 
145.86 

0.05 
0.05 

0.05 
0.05 
0.02 
0.02 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.02 
0.02 

K 

450 
455 
460 
465 
470 

475 
480 
485 
490 
495 

500 
505 
5 10 
515 
520 

525 
530 
535 
540 
545 

5 50 
555 

V 

cm3/mol 

148.04 
149.17 
150.34 
151.55 
152.80 

154.1 
155.4 
156.8 
158.2 
159.7 

161:3 
162.9 
164.6 
166.4 
168.2 

170.2 
172.3 
174.5 
176.8 
179.3 

181.9 
184.8 

Uncer t  . 
i n  

V I -  T 

Units: cm3/mol v. K 

cm3/moll K 

0.05 I 578 

0.05 
0.05 
0.05 
0.05 
0.1 

0 .1  
0 .1  
0 .1  
0.1 
0.1 

0 .1  
0.1 

580 
582 
584 
586 
5 88 

590 
592 
594 
596 
598 

V 

cm3/mol 

187.8 
189.1 
190.5 
191.9 
193.4 

194.9 
196.5 
198.1 
199.8 
201.6 

203.5 
205.5 
207.6 
209.8 
212.2 

214.7 
217.4 
220. 
223. 
227. 

Uncer t . 
i n  

V I -  T 

cm3 /mo 1 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.5 
0.5 
0.5 

K 

600 
60 1 
602 
603 
6 04 

605 
606 
607 
608 
609 

610 
611 
612 
613 
6 14 

615 
616 
617 

Uncer t . 
i n  

V V 

cm3/mol cm3/mol 

231. 0.5 
233. 0.5 
235. 0.5 
237. 0.5 
240. 0.5 

242. 0.5 
245. 0.5 
248. 0.5 
251. 0.5 
255. 1 

259. 1 
263. 1 
268. 1 
274. 1 
282. 2 

292. 2 
306. 5 
348. 20 

The f o l l o w i n g  Sources 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 i s  compound. Those 
Sources used t o  d e r i v e  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 equa t ion  a r e  shown i n  
b o l d  t ype  toge the r  w i t h  t h e  temperature range ( l ow  ' L ' ,  medium ' M ' ,  h i g h  ' H '  or c r i t i c a l  ' C ' )  o f  
t h e  data.  

MASSART , L . ,  Bull.Soc.Chim.Belges, Vo1.45, p.76, 1936. 
FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. M 
FRANCIS,A.W., Ind.Eng.Chern., Vo1.49, p.1779, 1957. 

PETRO,A.J., SMYTH,C.P., J.Arn.Chern.Soc., V01.80, p.732, 1958. 
FRANCIS,A.W., Chem.Eng.Sci., Vol.10, p.37, 1959. 
SHRAIBER,L.S., PECHENYUK,N.G., et al., Russ.J.Phys.Chem., Vo1.39, p.219, 1965. M 
MAMEDOV,A.M., AKHUNDOV,T.S., et al., Thermal Engineering, Vo1.14, p.108, 1967. M,H 
HALES,J.L., TOWNSEND,R., J.Chem.Thermodynamics, vo1.4, p.763, 1972. M,H 

SIMON,M., Bull.Soc.Chim.Belges, Vol.66, p.375, 1957. C 
0 

0 
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8901 9 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

Cgti10 1,44imethylbenzene (44ethyltoluene, p-Xylene) 

Orthobaric Liquid Density and k l a r  Volume 

l n (d /dc )  = - ln(V/Vc) = b l q  + b2q2 + b3q3 + b4q4 

where d i s  t h e  dens i t y ,  d, t h e  c r i t i c a l  d e n s i t y ,  V t h e  molar volume, Vc t h e  c r i t i c a l  molar volume 
and q = ( l - T / T p ,  T be ing  t h e  tempera ture  and T, t h e  c r i t i c a l  temperature i n  k e l v i n s .  

300 534. 
302 529. 
304 524. 
306 519. 
308 514. 

310 509. 
312 504. 
314 498. 
316 492. 
318 486. 

Mo lecu la r  Weight MW 
C r i t i c a l  Temperature Tc = 

C r i t i c a l  Dens i t y  dc = 

C r i t i c a l  Compression Fac to r  Zc = 

C r i t i c a l  Pressure  Pc = 

C r i t i c a l  Molar Volume vc 

b l  = 1.'75286 b2 -0.38453 

Dens i t y  a t  298.15 K (25  OC) - - 
Normal M e l t i n g  P o i n t  Tm = 
Normal B o i l i n g  P o i n t  Tb = 

106.17 
616.23 K (t, 343.08 OC) 

3.514 MPa ( = 34.68 atm) 
282.00 kg/m3 ( = 0.282 g/cm3) 
376 .OO cm3/mol 

0.258 

b3 = -0.46614 b4 = 0.46614 

856.59 kg/m3 
286 K (tm = 13 "C) 
411 K ( t b  138 'c) 

t / O C  

d/ ( kg/m3 1 
(d(d)/dT I / (  kg/m3 O C )  

~ / ( cm3/mo l )  
(dV/dT I / (  cm3/mol O C )  

Data Q u a l i t y  
U n c e r t a i n t y  i n  d (kg/m3) 
U n c e r t a i n t y  i n  v (cm3/mol) 

Data a t  Specified Temperatures 

13 20 30 138 

866.91 860.90 852.27 753.20 

122.47 123.32 124.57 140.95 
0.12 0.12 0.13 0.19 

0.05 0.05 0.05 0.05 
0.01 0.01 0.01 0.01 

-0- 86 -0.86 -0.87 -0.99 

(A 1 A A A 

300 

533.56 

198.98 
0.84 

B 
0.5 
0.2 

-2.26 

Orthobaric Liquid Density of 1,4-Dimethylbenzene 

Units: kg/m3 v. O C  

t d 

O C  kg/m3 
- -  

20 860.90 
30 852.27 
40 843.6 

50 834.8 
60 826.0 
70 817.0 
80 808.0 
90 798.9 

100 789.7 
110 780.3 
120 770.8 
130 761.1 
140 751.2 

150 741.2 
160 730.9 
170 720.3 
180 709.5 
190 698.4 

Uncert  . 
i n  

d 

kg/m3 

0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.1 
0.1 
0.1 
0.1 

t 

O C  

2 00 
205 
2 10 
215 
2 20 

225 
2 30 
235 
2 40 
245 

2 50 
255 
2 60 
265 
2 70 

275 
280 
285 
290 
295 

- d 

kg/m3 

687.0 
681.1 
,675.1 
669.0 
662.8 

656.4 
649.9 
643.3 
636.5 
629.5 

622.3 
614.9 
607.3 
599. 
591. 

583. 
574. 
565. 
555. 
545. 

0.2 320 480. 
0.2 I 322 473. 

324 466. 
326 459. 
328 450. 

K I 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

Uncer t . 
i n  
d 

kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

1 
1 
1 
1 
1 

t 

O C  

3 30 
331 
332 
333 
3 34 

335 
3 36 
337 
3 38 
339 

340 
341 
342 
343 

- 

340 

375.57 
-11.05 

282.69 
8.32 

B 
2 
2 

d 

kg/m3 

442. 
437. 
432. 
427. 
421. 

415. 
409. 
402. 
394. 
386. 

376. 
363. 
346. 
308. 

343 

307.85 
-111.10 

344.86 
124.46 

B 
20 
20 

Uncer t . 
i n  
d 

kg/m3 

1 
1 
1 
1 
1 

1 
1 
2 
2 
2 

2 
2 
5 

20 
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T 

K 

- 

290 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

400 
410 
420 
430 
440 

450 
460 
470 
480 
490 

V 

cm3/mol 

122.93 

124.17 
125.45 
126.75 
128.10 
129.49 

130.93 
132.41 
133.95 
135.55 
137.21 

138.94 
140.74 
142.63 
144.61 
146.70 

148.91 
151.24 
153.73 
156.4 
159.2 

0 

Uncert.  
i n  

V 

cm3/mol 

0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

thobaric Liquid Molar Volume o f  1,4-Dimethylben 

Units: cm3/mol v. K 

T 

K 

500 
505 
510 
515 
5 20 

- 

525 
530 
535 
540 
545 

5 50 
555 
560 
565 
570 

0.02 
0.02 

0.02 
0.02 
0.02 
0.05 
0.05 

V 

cm3/mol 

162.3 
164.0 
165.7 
167.5 
169.4 

171.3 
173.4 
175.7 
178.0 
180.5 

183.2 
186.1 
189.2 
192.7 
196.4 

200.6 
205.2 
210.6 

Uncert.  
i n  

cm3/mol I 
0.05 
0.05 
0.05 
0.05 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.2 
0.2 
0.2 

0.2 
0.2 1 

0.2 

T 

K 

590 
592 
5 94 
596 
598 

600 
602 
604 
606 
608 

- V 

cm3/mol 

216.7 
219.5 
222. 
226. 
229. 

233. 
238. 
243. 
248. 
255. 

Uncert .  
i n  

V 

cm3/mol 

0.2 
0.2 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
1 

ene 

T 

K 

610 
611 
612 
613 
614 

615 
616 

- 

Uncert .  
i n  

V V 

cm3/mol cm3/mol 

263. 1 
268. - 1 
274. 1 
281. 2 
291. 2 

304. 2 
333. 10 

The f o l l o w i n g  Sources 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  for t h i s  compound. Those 
Sources used t o  d e r i v e  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  densi ty/molar volume equa t ion  a re  shown i n  
b o l d  type  together  w i t h  t h e  temperature range ( l ow  ' L ' ,  medium ' M ' ,  h i g h  ' H '  or  c r i t i c a l  ' C ' )  o f  
t h e  data.  

MASSART,L., Bull.Soc.Chim.Belges, Vo1.45, p.76, 1936. 
FORZIATI,A.F., GLASGOU,A.R., et.al., J.Res.Nat.Bur.Stand., Vo1.36, p.129, 1946. M 
FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. M 
DONALDSON,R.E., QUAYLE,O.R., J.Am.Chem.Soc., Vo1.72, p.35, 1950. 
FRANCIS,A.W., Ind.Eng.Chem., Vo1.49, p.1779, 1957. 

PETRO,A.J., SMYTH,C.P., J.Am.Chem.Soc., V01.80, p.732, 1958. 
FRANCIS,A.W., Chem.Eng.Sci., Vol.10, p.37, 1959. 
SHRAIBER,L.S., KUKOLENKO,O.V., Russ.J.Phys.Chem., Vo1.39, p.281, 1965. M 
SHRAIBER,L.S., PECHENYUK,N.G., e t  a l . ,  Russ.J.Phys.Chem., Vo1.39, p.219, 1965. 
AKHUNDOV,T.S., IMANOV,Sh.Yu.,Izv.Vys.Ucheb.Zaved., Neft Gaz, Vo1.12, p.66, 1969. M,H 
HALES,J.L., TOUNSEND,R., J.Chem.Thermodynamics, vo1.4, p.763, 1972. M,H 

SIMON,M., Bull.Soc.Chim.Belges, Vo1.66, p.375, 1957. C 

e 

0 
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0.2 
0.2 
0.5 
0.5 
0.5 

C9H12 Propylbenzene (1-Phenylpropane) 
a 

275 
280 
285 
290 
295 

Orthobaric Liquid Density and Molar Volume 

ln(d/dc) = -ln(V/Vc) = b1q + b2q2 + b3q3 + b4q4 

where d is the density, dc the critical density, V the molar volume, Vc the critical molar volume 
and q = (l-T/Tc)1/3, T being the temperature and Tc the critical temperature in kelvins. 

Molecular Weight MW = 120.19 
Critical Temperature Tc = 638.32 K (tc 365.17 "C) 
Critical Pressure pc = 3.200 MPa ( 31.58 atm) 
Critical Density dc = 277.00 kg/m3 ( = 0.277 g/cm3) 
Critical Molar Volume Vc = 433.91 cm3/mol 
Critical Compression Factor 2, = 0.262 

a 

bl = 1.77259 b2 = -0.42715 b3 -0.41897 b4 = 0.45674 

Density at 298.15 K (25 OC) = 857.85 kg/m3 
Normal Melting Point T, = 173 K (t, = -100 "C) 
Normal Boiling Point Tb = 432 K (tb = 159 'c) 

Data a t  Specified Temperatures 

t/oc -100 - 50 20 30 159 300 

d/ ( kg/m3 1 960.50 919.71 862.03 853.67 738.80 565.78 

V/ (cm3/mol) 125.14 130.69 139.43 140.80 162.69 212.44 
(dV/dT)/(cm3/mol OC) 0.11 0.12 0.13 0.14 0.21 0.65 

Uncertainty in d (kg/m3) 5 0.5 0.05 0.05 0.5 0.5 

(d(d )/dT I / (  kg/m3 OC  1 -0.82 -0.82 -0.83 -0.84 -0.97 -1.74 

Data Quality (C)  B A A B B 

Uncertainty in v (cm3/mol) 1 0.1 0.01 0.01 0.1 0.2 

Orthobaric Liquid Density of Propylbenzene 

Units: kg/m3 v. OC 

t 

O C  

-100 
-80 
-60 
-40 
- 20 

0 
10 
20 
30 
40 

- 

50 
60 
70 
80 
90 a 
100 
110 
120 
130 
140 

150 
160 
170 
180 
190 

d 

kg/m3 

(961.) 
944. 
928. 
912. 
895. 

878.6 
870.4 
862.03 
853.67 
845.3 

836.8 
828.3 
819.7 
811 .o 
802.3 

793.4 
784.5 
775. 
766. 
757. 

747. 
738. 
728. 
718. 
708. 

Uncert . 
in 
d 

kg/m3 

5 
5 
2 
0.5 
0.5 

0.2 
0.1 
0.05 
0.05 
0.1 

0.1 
0.2 
0.2 
0.2 
0.2 

t 

OC 

2 00 
205 
210 
215 
220 

225 
2 30 
235 
240 
245 

2 50 
255 
2 60 
265 
270 

- 

0.5 300 
0.5 I 305 
0.5 310 
0.5 I 315 
0.5 

d 

kg/m3 

697. 
692. 
686. 
681. 
675. 

669. 
664. 
658. 
652. 
646. 

639. 
633. 
626. 
619. 
612. 

605. 
598. 
590. 
582. 
574. 

566. 
557. 
548. 
538. 

Uncert. 
in 
d 

kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 

t 

O C  

3 20 
322 
324 
326 
328 

330 
332 
334 
336 
338 

340 
342 
344 
346 
348 

- d 

kg/m3 

527. 
523. 
519. 
514. 
509. 

504. 
499. 
494. 
489. 
483. 

477. 
471. 
464. 
457. 
450. 

Uncert. 
in 

d 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
1 
1 
1 
1 

350 442. 
351 438. 
352 434. 
353 429. 
354 424. 

355 419. 
356 414. 
357 408. 
358 402. 
359 395. 

360 388. 
361 379. 
362 370. 
363 358. 
364 342. 

365 310. 

365 

309.88 

387.87 
83.81 

B 
10 
20 

-66.96 

Uncert. 
in 
d 

kg/m3 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

2 
2 
2 
2 
5 

10 
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0.2 
0.2 
0.2 
0.2 
0.2 

Uncert. 
i n  

- T V V I  
K cm3/mol cm3/moll 

180 126. 0.5 

630 294. 1 
631 298. 1 
632 303. 1 
633 309. 1 
634 316. 2 

200 128. 
220 130.3 0.1 

0.01 500 180.1 0 .1  
0.01 505 181.7 0 .1  
0.02 510 183.4 0 .1  
0.02 515 185.1 0 .1  
0.02 520 186.9 0.1 

240 132.7 0.05 1 

590 
592 
594 
596 
598 

280 137.68 0.02 0.05 I 260 135.1 

0.2 
0.2 
0.2 
0.2 

Orthobaric Liquid Molar Volume of Propylbenzene 

Units: cm3/mol v. K 

635 324. 2 
636 334. 2 
637 349. 5 
638 378. 10 

T 

K 

4 50 
455 
460 
465 
470 

475 
480 
485 
490 
495 

- 

0 .1  550 199.5 0.2 
0.1 555 202.0 0.2 
0 .1  560 204.6 0.2 
0 .1  565 207.4 0.2 
0.1 

V 

610 
612 
6 14 
616 
618 

cm3/mo1 

166.7 
167.8 
169.1 
170.3 
171.6 

172.9 
174.2 

Uncert. 
i n  

V I _  T 

cm3/moll K 

0.1 I 570 

V 

Uncer t . 
i n  

V I T  
I _  

cm3/mol cm3/mo11 K 

210.4 0.2 I 620 
572 211.7 
574 213.0 

0 .1  576 214.3 0.2 623 
0.1 I 578 

O S 1  0 .1  I z:; 
215.7 0.2 I 624 

217.2 0.2 625 
218.6 0.2 I 626 

175.6 0 .1  584 220.2 
177.1 586 221.7 
178.6 0 .1  588 223.4 0.2 629 

300 140.36 
310 141.75 
320 143.18 
330 144.65 
340 146.15 

350 147.7 
360 149.3 0.05 530 190.7 0 . 1  602 
370 151.0 0.05 1 535 192.7 0.2 1 604 
380 152.7 0.05 540 194.8 0.2 606 
390 154.4 

400 156.3 
410 158.2 
420 160.2 
430 162.2 
440 164.4 

225.1 
226.9 
228.7 
230.7 
232.7 

234.8 
237.0 
239.3 
241.8 
244.4 

247. 
250. 
253. 
257. 
261. 

Uncert: 
i n  

V V 

cm3/mol cm3/mol 

265. 0.5 
267. 0.5 
269. 0.5 
272. 0.5 
274. 0.5 

277. 0.5 
280. 0.5 
283. 0 .5  
286. 1 
290. 1 

The following Sources g ive  l i q u i d  dens i ty  or l i q u i d  molar volume d a t a  f o r  t h i s  compound. Those 
Sources used t o  de r ive  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  density/molar volume equat ion a r e  shown i n  
bold type toge the r  w i t h  t h e  temperature range (low ' L ' ,  medium ' M ' ,  high ' H '  or  c r i t i c a l  ' C ' )  of 
t h e  da t a .  

MASSART,L., Bull.Soc.Chim.Belges, Vo1.45, p.76, 1936. L,M 
FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. M 
SIMON,M., Bull.Soc.Chim.Belges, Vo1.66, p.375, 1957. C 
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0.2 
0.1 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
.0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

C9H12 Isopropylbenzene (2-Phenylpropane, Cumene) 
0 

225 
2 30 
235 
240 
245 

250 
255 
260 
265 
270 

275 
280 
285 
290 
295 

Orthobaric Liquid Density and Molar Volume 

ln(d/dc) = -ln(V/Vc) = blq + b2q2 + b3q3 + b4q4 

where d is the density, dc the critical density, V the molar volume, Vc the critical molar volume 
and q = (l-T/Tc)1/3, T being the temperature and Tc the critical temperature in kelvins. 

Molecular Weight MW = 120.19 

Critical Pressure pc = 3.209 MPa ( = 31.67 atm) 
Critical Density dc = 279.00 kg/d ( = 0.279 g/cm3) 
Critical Molar Volume V, = 430.80 cm3/mol 
Critical Compression Factor Z, = 0.263 

Critical Temperature Tc = 631.13 K (tc = 357.98 "C) 

bl = 1.74735 b2 = -0.40893 b3 = -0.40116 b4 = 0.43592 

Density at 298.15 K (25 "C) = 854.34 kg/m3 
Normal Melting Point T, = 177 K (t, -96 "C) 
Normal Boiling Point Tb = 425 K (tb = 152 "c) 

Data at Specified Temperatures 

t/OC -96 -45 20 30 152 300 

d/ ( kg/m3) 954.25 912.49 858.55 850.12 740.58 554.25 

V/ (cm3/mol 125.96 131.72 140.00 141.39 162.30 216.86 
(dV/dT )/(cm3/mol "C) 0.11 0.12 0.14 0.14 0.21 0.73 

Uncertainty in d (kg/m3) 5 0.5 0.05 0.05 0.05 0.5 

(d(d)/dT I / (  kg/m3 "C 1 -0.82 -0.82 -0.84 -0.85 -0.98 -1.86 

Data quality (C 1 (8) A A A 0 

Uncertainty in v (cm3/mol) 1 0.1 0.01 0.01 0.01 0.2 

Orthobaric Liquid Density of Isopropylbenzene 

Units: kg/m3 v.  OC 

t 

O C  

- 

-80 
-60 
-40 
-20 

0 
10 
20 
30 
40 

50 
60 
70 
80 e 90 

100 
110 
120 
130 
140 

150 
160 
170 
180 
190 

e 

d 

kg/m3 

(941.) 
(925.) 
(908.) 
(892.) 

(875.3) 
(866.9) 
858.55 
850.12 
841.6 

833.1 
824.5 
815.8 
807.0 
798 * 2 

789.2 
780.1 
771.0 
761.6 
752.2 

742.5 
732.7 
722.7 
712.4 
701.9 

Uncert. 
in 
d 1 -  t 

kg/d 1 O C  

200 

2 I E; 
0.5 215 
0.5 

0.1 I 315 
0.1 

d 

kg/m3 

691.2 
685.6 
680.0 
674.4 
668.6 

662.7 
656.7 
650.6 
644.3 
638.0 

631.4 
624.7 
617.9 
610.8 
604. 

596. 
588. 
580. 
572. 
563. 

554. 
545. 
535. 
524. 

Uncert. 
in 
d 

kg/m3 

0.1 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 

t d 

O C  kg/m3 
- -  

320 512. 
322 508. 
324 503. 
326 498. 
328 492. 

330 487. 
332 481. 
334 475. 
336 468. 
338 462. 

340 454. 
342 447. 
344 439. 
346 430. 
348 420. 

Uncert. 
in 
d 1 -  t 

kg/m3 I O C  

0.5 353 
0.5 

d 

kg/m3 

408. 
402. 
395. 
388. 
379. 

369. 
(357.) 
(340.) 

357.85 

308.86 
-79.29 

389.15 
99.90 

(8) 
20 
20 

Uncert. 
in 
d 

kg/m3 

1 
1 
2 
2 
2 

2 
2 
5 
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1 

0.5 
0.2 
0.1 
0.05 
0.02 

0.01 
0.01 
0.01 
0.01 
0.01 

e 

450 167.94 
455 169.16 
460 170.42 
465 171.71 
470 173.04 

475 174.4 
480 175.8 
485 177.3 
490 178.8 
495 180.4 

500 182.0 
505 183.7 
510 185.4 
515 187.2 
520 189.1 

Orthobaric Liquid Molar Volume o f  Isopropylbenzene 

Units: cm3/mol v. K 

Uncert. 
i n  

V 

cm3/mol 

0.02 
0.02 
0.02 
0.02 
0.02 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.1 

Uncer t . 
i n  

V 

cm3/mol 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

Uncert. 
i n  

V 

cm3/mo1 

0.5 
1 
1 
1 
1 

1 
1 
2 
2 
2 

5 
20 

Uncer t . 
i n  

V V I _  T V 

cm3/mol cm3/moll K cm3/mo1 

T 

K 

- 

180 

200 
220 
240 
260 
280 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

400 
410 
420 
430 
440 

T 

K 

570 
572 
574 
576 
578 

580 
582 
584 
586 
588 

590 
592 
594 
596 
598 

- V T 

K 

620 
621 
622 
623 
624 

625 
6 26 
627 
628 
629 

6 30 
631 

- V e cm3/mol 

214.6 
216.0 
217.5 
219.0 
220.5 

222.2 
223.8 
225.6 
227.4 
229.3 

231.2 
233.3 
235.5 
237.7 
240.1 

cm3/mol 

282. 
286. 
290. 
294. 
298. 

303. 
309. 
316. 
324 * 

(335.)  

(389.) 
(351.) 

(126. ) 

(128.) 
(130.8) 
(133.1) 
(135.6) 
(138.22) 

140.94 
142.36 
143.81 
145.30 
146.84 

148.43 
150.06 
151.75 
153.50 
155.32 

157.20 
159.16 
161.21 
163.34 
165.59 

e 

242.7 
245.4 

0.2 
0.2 
0.5 
0.5 
0.5 

0.1 
0 . 1  
0.1 

604 
606 
608 

248. 
251. 
255. 

535 195.3 
540 197.6 

0.01 550 202.6 
0.01 I 555 205.3 
0.01 560 208.2 

258. 
262. 
266. 
271. 
276. 

0.5 
0.5 
0.5 

0.01 1 565 211.3 
0.02 

0.2 616 I 618 
0.5 
0.5 

The f o l l o w i n g  Sources g i ve  l i q u i d  densi ty  or l i q u i d  molar volume data f o r  t h i s  compound. Those 
Sources used t o  de r i ve  the c o e f f i c i e n t s  of t he  l i q u i d  density/molar volume equat ion are shown i n  
b o l d  type together w i t h  the temperature range ( low ' L ' ,  medium OM',  h i gh  ' H '  or c r i t i c a l  ' C ' )  o f  
the data. 

FORZIATI,A.F., GLASGOW,A.R., &.al., J.Res.Nat.Bur.Stand., Vo1.36, p.129, 1946. M 
FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. M 
DONALDSON,R.E., QUAYLE,O.R., J.Am.Chem.Soc., Vo1.72, p.35, 1950. 
PETRO,A.J., SMYTH,C.P., J.Am.Chem.Soc., V01.80, p.732, 1958. 
HALES,J.L., TWNSEND,R., J.Chem.Thermodynamics, Vo1.4, p.763, 1972. M,H 

e 

e 

e 
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0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

4 

CgH12 1-Methyl-2-ethylbenzene (2-Ethyltoluene) 

360 
361 
362 
363 
364 

365 
366 
367 
368 
369 

370 
371 
372 
373 

Orthobaric Liquid Density and Molar Volume 

l n (d /dc )  = - l n ( V / V c )  = b l q  + b2q2 + b3q3 + b4q4 

where d i s  t h e  d e n s i t y ,  dc t h e  c r i t i c a l  d e n s i t y ,  V t h e  molar volume, Vc t h e  c r i t i c a l  molar volume 
and q = ( l -T /Tc ) l / 3 ,  T be ing  t h e  tempera ture  and T c  t h e  c r i t i c a l  temperature i n  k e l v i n s .  

Mo lecu la r  Weight MW = 120.19 
C r i t i c a l  Temperature Tc  647.15 K ( t c  374.00 OC) 
C r i t i c a l  Pressure pc 3.285 MPa ( = 32.42 atm) 
C r i t i c a l  Dens i t y  dc = 282.00 kg/m3 ( 0.282 g/cm3) 
C r i t i c a l  Molar Volume Vc = 426.22 cm3/mol 
C r i t i c a l  Compression F a c t o r  Zc = 0.260 

b l  = 1.81068 b2 z -0.53979 b3 = -0.28086 b4 = 0.38593 

Dens i t y  a t  298.15 K (25 " C )  = 876.60 kg/m3 
Normal M e l t i n g  P o i n t  Tm = 192 K ( t m  = -81 OC) 
Normal B o i l i n g  .Po in t  Tb = 438 K ( t b  = 165 'c) 

Data at Specified Temperatures 

t / o c  -81 

d/(  kg/m3) 961.97 
-0.80 

V /  ( cm3/mol) 124.95 

( d (  d)/dT I / (  kg/m3 O C  1 

(dV/dT)/(cm3/mol OC) 0.10 

U n c e r t a i n t y  i n  d (kg/m3) 0.5 
U n c e r t a i n t y  i n  v (cm3/mol) 0.1 

Data Q u a l i t y  (.B 1 

20 

880.71 
'-0.82 

136.47 
0.13 

A 
0.05 
0.01 

30 165 

872.48 753.64 
-0.82 -0.97 

137.76 159.48 
0.13 0.20 

A ( 6 )  
0.05 0.5 
0.01 0.1 

300 370 

591 -64 385.57 

203.15 311.73 
0.56 7.60 

(6 )  (6 )  
0.5 2 
0.2 2 

-1.64 -9.40 

Orthobaric Liquid Density o f  1-Methyl-2-ethylbenzene 

Units: kg/m3 v. O C  

t d 

O C  kg/m3 

- -  

-80 (961.) 
-60 (945.) 

-20 (913.2 
-40 (929.) 

0 

888.9 
20 880.7 
30 872.48 
40 (864.2) 

50 
60 
70 
80 
90 

100 
110 
120 
130 
140 

150 
160 
170 
180 
190 

(855.9 
(847.5 
(839.0 
(830.5 
(821.9 

(813.2 
(804.4 
(795.5 
(786.) 
(777.) 

(768.) 
(758.) 
(749.) 
(739.) 
(729.) 

Uncert  . 
i n  
d 1 -  t 

kg/m3 I O C  

200 
0.5 I 205 
0.5 210 
0.5 1 215 
0.2 220 

0.2 I 225 
0 .1  2 30 
0.05 I 235 
0.05 240 
0.1 I 245 

0.1 
0.1 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

d 

kg/m3 

(718. ) 
(713.) 
(708. ) 
(702.) 
(697.) 

(691.) 
(686.) 
(680.) 
(674.) 
(668.) 

250 (662.) 
255 (656.) 
260 (649.) 
265 (643.) 
270 (636. )  

275 (629.) 
280 (622.) 
285 (615.) 
290 (607.) 
295 (600.) 

300 (592.) 
305 (583.) 
310 (575.) 
315 (566.) 

Uncert .  
i n  
d I - -  t d 

kg/m3 I O C  kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 

320 (556.) 
322 (552.) 
324 (548. j 
326 (544.)  
328 (540.) 

330 (535.) 
332 (531.) 
334 (526.) 
336 (521.) 
338 (516.) 

340 (511.) 
342 (506.) 
344 (501. j 

348 (489.) 
346 (495.) 

350 (483.) 
352 (477.) 
354 (470.) 
356 (462.) 
358 (455.) 

d 

kg/m3 

(446.) 
(442.) 

(432.) 
(427.) 

(421.) 
(415.) 
(409.) 
(402.) 

(386. ) 

(363. ) 

(437.) 

(394.) 

(375.)  

(345.) 

373.85 

314.52 
-74.77 

382.15 
90.85 

( 8 )  
10 
20 

Uncert .  
i n  
d 

kg/m3 

1 
1 
1 
1 
1 

1 
1 
1 
2 
2 

2 
2 
2 
5 
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8901 9 

0.1 
0.1 
0.1 
0.1 
0 .1  

0.1 
0 .1  
0.1 
0 .1  
0.1 

Orthobaric Liquid Molar Volume o f  l-Methyl-2-ethylbenzene 

610 (231.5) 
612 (233.7) 
614 (236.0) 
616 (238.5) 
618 (241.2) 

620 (244. 
622 (247. 
624 (250. 
626 (254. 
628 (258. 

Uncer t .  
i n  

T V V I _  T V - 
K cm3/m~ i  cm3/moll K cm3/mol 

200 (125.8) 
220 (127.9) 
240 (130.1) 
260 (132.4) 
280 (134.83) 

300 137.35 
310 (138.66) 
320 (140.00) 
330 (141.38) 
340 (142.80) 

350 (144.25) 
360 (145.8) 
370 (147.3) 
380 (148.9) 
390 (150.6) 

400 (152.3) 
410 (154.1) 
420 (155.9) 
430 (157.8) 
440 (159.9) 

450 (162.0) 
460 (164.2) 
470 (166.5) 
480 (169.0) 
490 (171.6) 

0 .1  
0.05 
0.05 
0.05 
0.02 

0.01 
0.01 
0.02 
0.02 
0.02 

0.02 
0,05 
0.05 
0.05 
0.05 

500 (174.4) 
505 (175.8) 
510 (177.3) 
515 (178.9) 
,520 (180.5) 

525 (182.2 
530 (184.0 
535 (185.8 
540 (187.7 
545 (189.7 

550 (191.8 
555 (194.0 
560 (196.3 
565 (198.8 
570 (201.4 

575 (204.2) 
580 (207.2) 

0 .1  585 (210.41 
0.1 590 h . 9 j  
0.1 I 595 (217.6) 

0.1 600 (221.8) 
0.1 I 605 (226.3) 
0.1 
0.1 
0.1 

0.2 636 (278. 
0.2 I 638 (285. 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 

Uncer t . Uncert .  
i n  i n  

V V 

0.2 
0.2 
0.2 
0.2 
0.2 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
1 

640 (293.) 1 
641 (298.) 1 
642 (304.) 1 
643 (311.) 2 
644 (319.) 2 

,645 (329.) 2 
646 (345.) 5 
647 (382.) 20 

The f o l l o w i n g  Sources 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 i s  compound. Those 
Sources used t o  d e r i v e  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 equa t ion  a r e  shown i n  
b o l d  t y p e  toge the r  wi th t h e  temperature range ( l ow  ' L ' ,  medium ' M ' ,  h i g h  'H' or c r i t i c a l  'C') o f  
t h e  data.  

FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. M 
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8901 9 

0.2 
0.2 
0.5 
0.5 

~0 C9H12 1-Methyl-3-ethylbenzene (3-Ethyltoluene) 

280 (600. j 
285 (593.) 
290 (585.) 
295 (576.) 

Orthobaric Liquid Density and b l a r  Volume 

l n (d /dc )  = - ln(V/Vc) b l q  + b2q2 + b3q3 + b4q4 

where d i s  t h e  d e n s i t y ,  dc t h e  c r i t i c a l  d e n s i t y ,  V t h e  molar volume, Vc t h e  c r i t i c a l  molar volume 
and q = ( l -T /Tc ) l / 3 ,  T be ing  t h e  temperature and Tc t h e  c r i t i c a l  temperature i n  k e l v i n s .  

Mo lecu la r  Weight MW = 120.19 
C r i t i c a l  Temperature Tc 637.15 K (tc = 364.00 "C) 
C r i t i c a l  Pressure  pc = 3.150 MPa ( 31.09 atm) 
C r i t i c a l  Dens i t y  dc = 277.00 kg/m3 ( = 0.277 g/cm3) 
C r i t i c a l  Molar Volume V, = 433.91 cm3/mo1 
C r i t i c a l  Compression Fac to r  Zc = 0.258 

b l  = 1.82145 b2 = -0.54973 b3 -0.28222 b4 = 0.39097 

Dens i t y  a t  298.15 K (25 O C )  860.41 kg/m3 
Normal M e l t i n g  P o i n t  T, = 177 K (t, = -96 OC) 
Normal B o i l i n g  'Po in t  Tb = 434 K ( t b  = 161 "C) 

Data at Specified Temperatures 

t / O C  -96 20 30 161 300 360 

d/(  kg/m3) 958.23 864.54 856.27 740.10 567.84 379.94 

~ / ( cm3/mo l )  125.43 139.03 140.37 162.40 211.67 316.35 

(d(d)/dT ) / (  kg/m3 OC) -0.80 -0.82 -0.83 -0.97 -1.77 -9.34 

(dV/dT )/(cm3/mol O C  0.10 0.13 0.14 0.21 0.66 7.78 

Data Q u a l i t y  (8 )  A A (6) (B)  (B) 
U n c e r t a i n t y  i n  d (kg/m3) 0.5 0.05 0.05 0.5 0.5 2 
U n c e r t a i n t y  i n  v (cm3/mol) 0.1 0.01 0.01 0.1 0.2 2 

Orthobaric Liquid Density of 1-Methyl-3-ethylbenzene 

Units: k q / d  v.  O C  

-80 (945.) 
-60 (929.1 

0 
-40 (913. j  
-20 (897.2) 

0 (880.9) 
10 (872.8) 
20 864.54 
30 856.27 
40 (847.9) 

50 (839.6) 
60 (831.1) 
70 (822.6) 
80 (814.0) 
90 (805.3) 

100 (796.5) 
110 (787.6) 
120 (778.6) 
130 (769.) 
140 (760.) 

150 (751.) 
160 ( 7 4 i . j  
170 (731.) 
180 (721.) 
190 (711. )  

Uncer t  . 
i n  

d 

kg/m3 

0.5 
0.5 
0.5 
0.2 

0.2 
0.1 
0.05 
0.05 
0.1 

0.1 
0.1 
0.2 
0.2 
0.2 

t d 

O C  kg/m3 

200 (700.) 
205 (695.) 
210 (689.) 
215 (684.) 
220 (678.) 

- -  

225 (673.) 
230 (667;) 
235 (661.) 
240 (655.) 
245 (648.) 

250 (642.) 
255 (636.) 
260 (629.) 
265 (622.) 
270 (615.) 

0.2 I 275 (608.1 

0.5 
0.5 
0.5 
0.5 
0.5 

300 (568.) 
305 (559.) 
310 (549.) 
315 (539.) 

Uncer t .  
i n  

d 

kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 

t d 

O C  kg/m3 
- 

320 (529.) 
322 (524.) 
324 (520.) 
326 (515.) 
328 (510.) 

330 (505.) 
332 (500.) 

336 (489.) 
334 (494.) 

338 (483.) 

340 (477. 
342 (470. 
344 (464. 
346 (456. 
348 (449. 

Uncert .  
i n  

d 

kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
1 
1 
1 
1 

t d 

O C  kg/m3 

350 (440.) 
351 (436.)  

- -  

352 (431. j 
353 (426.) 
354 (421.) 

355 (416.) 
356 (410.) 
357 (403.) 
358 (396.) 

360 (380.) 
361 (370.) 
362 (357.) 
363 (340.) 

359 (389.)  

363.85 

309.31 
-74.30 

388.59 
93.35 

(B) 
10 
20 

Uncer t . 
i n  
d 

kg/m3 

1 
1 
1 
1 
1 

1 
1 
1 
2 
2 

2 
2 
2 
5 
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8901 9 

Orthobaric Liquid Molar Volume o f  l-Methyl-3-ethylbenzene 

Units: cm3/mol v. K 

Uncert .  
i n  

- T V V I - -  T V 

K cm3/mol cm3/moll K cm3/mo1 

180 (125.7) 

200 (127.9) 
220 (130.1) 
240 (132.4) 
260 (134.80) 
280 (137.31) 

300 139.94 
310 (141.31) 
320 (142.71) 
330 (144.16) 
340 ( 1 4 5 . 6 4  

350 (147.2) 
360 ' ( 148.7 j 
370 (150.4) 
380 (152.1) 
390 ( i 5 3 . 8 j  

400 (155.6) 
410 (157.5) 
420 (159.5) 
430 (161.5) 
440 (163.7) 

0.1 

0.05 
0.05 
0.05 
0.02 
0.02 

0.01 
0.01 
0.02 
0.02 
0.02 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.1 
0.1 
0.1 
0.1 

450 
455 
460 
465 
470 

47 5 
480 
485 
490 
495 

500 
505 
510 
515 
520 

525 
530 
535 
540 
545 

550 
555 
560 
565 

(165.9) 
(167.1) 
(168.3) 
(169.5) 
(170.8) 

(172 . l )  
(173.5) 
(174.8) 
(176.3) 
(177.8) 

(179.3) 
(180.9) 
(182.5) 
(184.2) 
(186.0) 

(187.9) 
(189.8) 
(191.9) 
( 194.0) 
(196.2) 

(198.6) 
(201.1) 
(203.8) 
(206.6) 

Uncer t  . 
i n  

V 

cm3/mo1 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.2 
0.2 
0.2 

T V - 
K cm3/mol 

570 (209.6) 
572 (210.9) 
574 (212.21 
576 (213.6) 
578 (215.0) 

580 
582 
584 
586 
588 

590 
592 
594 
596 
598 

216.4) 
217.9) 
219.5) 
221.1) 
222.7) 

224.5) 
226.3) 
228.2) 
230.1) 
232.2) 

600 (234.4) 
602 (236.6) 
604 (239.0) 
606 (241.6) 
608, (244.3) 

0.2 I 610 (247.) 
612 (250. j 
614 (254.) 

0.2 616 (257.1 

Uncert.  
i n  

V 

cm3/mol 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.5 
0.5 
0.5 
0.5 
0.5 

T 

K 

6 20 
621 
622 
623 
624 

625 
626 
627 
6 28 
629 

6 30 
63 1 
632 
633 
6 34 

635 
6 36 
637 

- V 

cm3/mol 

(265. ) 
(268.) 
(270. ) 
(273.) 
(275.) 

(278.) 
(282.) 
(285.) 
(289.) 
(293.) 

(297. ) 
(302.) 
(308. ) 
(315.) 
(324. ) 

(335.) 
(351.) 
(389.) 

Uncert .  
i n  

V 

cm3/mol 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
1 
1 
1 

1 
1 
1 
2 
2 

2 
5 

20 

The f o l l o w i n g  Sources g i v e  l i q u i d  d e n s i t y  o r  l i q u i d  molar volume da ta  f o r  t h i s  compound. Those 
Sources used t o  d e r i v e  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 equa t ion  a re  shown i n  
b o l d  t ype  together  w i t h  t h e  temperature range ( low.  ' L ' ,  medium ' M ' ,  h i g h  ' H '  o r  c r i t i c a l  'C') o f  
t h e  data.  

FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. M 
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8901 9 
0 CqH12 1-Methyl-4-ethylbenzene (4-Ethyltoluene) 

Orthobaric Liquid Density and Molar Volume 

l n (d /dc )  = - ln(V/Vc) = b l q  + b2q2 + b3q3 + b4q4 

where d i s  t h e  d e n s i t y ,  dc t h e  c r i t i c a l  d e n s i t y ,  V t h e  molar volume, Vc t h e  c r i t i c a l  molar volume 
and q = ( l -T /Tc ) l / 3 ,  T be ing  t h e  temperature and Tc  t h e  c r i t i c a l  temperature i n  k e l v i n s .  

Mo lecu la r  Weight MW = 120.19 
C r i t i c a l  Temperature Tc = 638.15 K ( t c  365.00 OC) 
C r i t i c a l  Pressure  pc = 3.100 MPa ( = 30.59 atm) 
C r i t i c a l  Dens i t y  dc 276.00 kg/m3 ( = 0.276 g/cm3) 
C r i t i c a l  Molar Volume V, 435.48 cm3/mol 
C r i t i c a l  Compression Fac to r  Zc = 0.254 

b l  = 1.81931 b2 = -0.54776 b3 = -0.28195 b4 = 0.38997 

Dens i t y  a t  298.15 K (25 T )  = 857.06 k g / d  
Normal M e l t i n g  P o i n t  Tm = 211 K (tm -62 'C) 
Normal B o i l i n g  'Po in t  Tb = 435 K ( t b  = 162 'c) 

Data at Specified Temperatures 

t / O C  -62 

d/ ( kg/m3 927.22 
-0.80 

~ / ( cm3/mo l )  129.63 

(d(d)/dT I / (  kg/m3 O C  1 

(dV/dT )/(cm3/mol O C )  0.11 

Data Q u a l i t y  ( B  1 
U n c e r t a i n t y  i n  d (kg/m3) 0.5 
U n c e r t a i n t y  i n  v (cm3/mol) 0.1 

20 

861.17 
-0.82 

139.57 
0.13 

A 
0.05 
0.01 

30 

852.95 
-0.82 

140.92 
0.14 

A 
0.05 
0.01 

162 

736.62 
-0.97 

163.17 
0.21 

0.5 
0.1 

(B)  

300 

567.03 
-1.74 

211.97 
0.65 

(6) 
0.5 
0.2 

t 

O C  

- 

0 -60 
-40 
-20 

0 
10 
20 
30 
40 

50 
60 
70 
80 
90 0 

100 
110 
120 
130 
140 

150 
160 
170 
180 
190 

d 

kg/m3 

(926.) 
(910.) 
(893.6) 

(869.3) 
861.17 
852.95 

(844.7) 

(836.3) 
(828.0) 
(819.5) 
(810.9) 
(802.3) 

(793.6) 
(784.8) 
(775.8) 

(757. ) 

(748. ) 
(739.) 
(729.) 
(719.) 
(709.) 

(877.5) 

(767.) 

Orthobaric Liquid Density of 1-Methyl-4-ethylbenzene 

Units: kg/d v.  O C  

Uncer t . 
i n  

d I - -  t d 

kg/m3 I O C  kg/m3 

0.5 
0.5 
0.2 

0.2 
0.1 
0.05 
0.05 
0.1 

0.1 
0 .1  
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

200 (698.) 
205 (693.) 
210 (687.) 
215 (682.) 
220 (676.)  

225 (671.) 
230 (665.) 
235 (659.) 
240 (653.) 
245 (647.)  

250 (640.) 
255 (634.) 
260 (627. j 
265 (621.) 
270 (614.) 

275 (607.) 
280 (599.) 
285 (592.) 
290 (584.) 
295 (576.) 

300 (567.) 
305 (558.) 
310 (549.) 
315 (539.) 

Uncer t .  
i n  
d I _ -  t d 

kg/m3 I O C  kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 

320 (528.) 
322 (524.) 
324 (520.) 
326 (515.) 
328 (510.) 

330 (505.) 
332 (500.) 
334 (495.) 
336 (49o. j  
338 (484.) 

340 (478.) 
342 (472.) 
344 (465.) 
346 (458.) 
348 (451.) 

360 

387.04 
-8.10 

310.54 
6.50 

(6 )  
2 
1 

Uncer t . 
i n  

d I - -  t d 

kg/m3 I O C  kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
1 
1 
1 
1 

350 (443.) 
351 (438.) 
352 (434.) 
353 (429.) 
354 (424.) 

355 (419.) 
356 (414.) 
357 (408.) 
358 (402.) 
359 (395.) 

360 (387.) 
361 (378.) 
362 (368.) 
363 (356. j 
364 (338.) 

364.85 

308.13 
-73.90 

390.07 
93.56 

10 
20 

(B)  

Uncer t  . 
i n  

d 

kg/m3 

1 
1 
1 
1 
1 

1 
1 
1 
1 
2 

2 
2 
2 
2 
5 
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8901 9 

0.2 
0.2 
0.2 
0.2 
0.2 

Orthobaric Liquid Molar Volume o f  1-Methyl-4-ethylbenzene 

Units: cm3/mo1 v. K 

630 (294.) 1 
631 (299.) 1 
632 (304.) 1 
633 
6 34 

Uncert . 
in 

T V V 1 -  T V - 

K cm3/mol cm3/mol) K cm3/mol 

0.01 
0.01 
0.02 
0.02 
0.02 

0.05 
0.05 
0.05 
0.05 
0.05 

220 (130.6) 
240 (132.9) 
260 (135.3) 
280 (137.85) 

300 140.49 
310 (141.86) 
320 (143.26) 
330 (144.71) 
340 (146.19) 

350 (147.7) 
360 (149.3) 
370 (150.9) 
380 (152.6) 
390 (154.4) 

400 (156.2) 
410 (158.1) 
420 (160.0) 
430 (162.1) 
440 (164.2) 

450 (166.5) 
460 (168.8) 
470 (171.3) 
480 (174.0) 
490 (176.8) 

525 
530 
535 
540 
545 

550 
555 
560 
565 
570 

500 
0.1 I 505 

0.1 Oel I :E 
0.1 
0.1 
0.1 
0.1 
0.1 

(179.8) 
(181.4) 
(183.0) 
(184.7) 
(186.5) 

(188.4) 
(190.3) 
(192.3) 
(194.5) 
(196.7) 

(199.0) 
(201.5) 
(204.2) 
(207.0) 
(210.0) 

(213.2) 
(216.7) 
(220.5) 
(224.6) 
(229.2) 

Uncert. 
in 

V I  
cm3/m011 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

600 (234.3) 
602 (236.5) 
604 (238.9) 
606 (241.3) 
608 (244.0) 

610 (247.) 
612 (250.) 
614 (253.) 
616 (256.) 
618 (260.) 

620 (264.) 
622 (269.) 
624 (274.) 
626 (280.) 
628 (286.) 

Uncer t . 
in 

V 1 -  T 

cm3/moll K 

e 

Uncert. 
in 

V V 

cm3/mol cm3/mo1 

(310. j 1 
(316. ) 2 

0.5 I 638 
0.5 

0.5 
0.5 
0.5 
0.5 
1 

(390. j 20 

e 

The 'following Sources give liquid density o r  liquid molar volume data f o r  this compound. Those 
Sources used to derive the coefficients of the liquid density/molar volume equation are shown in 
bold type together with the temperature range (low ' L ' ,  medium 'MO, high ' H I  o r  critical 'C') o f  
the data. 

FORZIATI,A.F., ROSSINI,F.D., J.Res.Nat.Bur.Stand., Vo1.43, p.473, 1949. M e 
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8901 9 
C9H12 1,2,3-Trimethylbenzene (Hemimellitene) 

0 
Orthobaric Liquid Density and Molar Volume 

l n ( d / d c )  - ln(V/Vc) = b l q  + b2q2 + b3q3 + b4q4 

where d i s  t h e  d e n s i t y ,  dc t h e  c r i t i c a l  d e n s i t y ,  V t h e  molar volume, Vc t h e  c r i t i c a l  molar volume 
and q ( l -T/Tc)1/3,  T be ing  t h e  temperature and Tc  t h e  c r i t i c a l  temperature i n  k e l v i n s .  

Mo lecu la r  Weight MW = 120.19 
C r i t i c a l  Temperature ' Tc  = 664.47 K ( t c  = 391.32 OC) 
C r i t i c a l  Pressure  pc = 3.454 MPa ( = 34.09 atm) 
C r i t i c a l  Dens i t y  dc = 284.00 kg/m3 ( . =  0.284 g/cm3) 
C r i t i c a l  Molar Volume Vc = 423.22 cm3/mol 
C r i t i c a l  Compression Fac to r  Zc  = 0.265 

0 

b l  = 1.80434 b2 -0.43223 b3 = -0.46483 b4 = 0.46483 

Dens i t y  a t  298.15 K (25  O C )  = 890.45 kg/m3 
Normal M e l t i n g  P o i n t  Tm 248 K ( t m  = -25 OC) 
Normal B o i l i n g  P o i n t  Tb = 449 K ( t b  = 176 OC) 

Data at Specified Temperatures 

t / O C  -25 20 30 176 300 390 

d/(  kg/m3) 929.29 894.37 886.51 762.97 622.72 353.60 

V /  (cm3/mol) 129.34 134.39 135.58 157.53 193.02 339.92 

(d(d)/dT)/(kg/m3 O C )  -0.77 -0.78 -0.79 -0.94 -1.46 -18.83 

(dV/dT ) /  (cm3/mo1 OC) 0.11 0.12 0.12 0.19 0.45 18.10 

Data Q u a l i t y  (8) A A ( 6 )  ( 8 )  ( 8 )  
U n c e r t a i n t y  i n  d (kg/m3) 0.5 0.05 0.05 0.5 0.5 5 
U n c e r t a i n t y  i n  v (cm3/mol) 0.1 0.01 0.01 0.1 0.2 5 

Orthobaric Liquid Density of 1,2,3-Trimethylbenzene 

Units: kg/d v. OC 

t d 

O C  kg/m3 
- -  

-20 (925.) 
-10 (918.) 

0 910.0 
10 902.2 
20 894.37 
30 886.51 
40 (878.6) 

50 (870.7) 
60 (862.6) 
70 (854.6) 
80 (846.4) 
90 (838.2) 

100 (829.9) 
110 (821.5) 
120 (813.0) 
130 (804.4) 
140 (796 . ) -  

150 (787.) 
160 (778. j 
170 (769.) 0 180 (759.) 
190 (750. j  

Uncer t . 
i n  

d 

kg/m3 

0.5 
0.5 

0.2 
0.2 
0.05 
0.05 
0.1 

0.1 
0 .1  
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

t d 

O C  kg/m3 

200 (740.) 
205 (735.) 
210 (730.) 
215 (725.) 
220 (720.) 

225 (714.) 
230 (709.) 
235 (704.) 
240 (698.) 
245 (693.) 

250 (687.) 
255 (681.) 
260 (675.) 
265 (669.) 
270 (663.) 

275 (657.) 
280 (650.) 
285 (644.) 
290 (637.) 
295 (630.) 

300 (623.) 
305 (615.) 
310 (608.) 
315 (600.) 

- -  

Uncer t .  
i n  
d 

kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 

t d 

O C  kg/m3 

320 (592.) 
322 (588.) 

- -  

324 (585. j  
326 (581.) 
328 (578.) 

330 (574.) 
332 (570.) 
334 (566.) 
336 (563.) 
338 (559.) 

340 (555. 
342 (551. 
344 (546. 
346 (542. 
348 (538. 

350 (533. 
352 (528. 
354 (523. 
356 (518. 
358 (513. 

360 (508.) 
362 (502.) 
364 (497.) 
366 (491.) 
368 (484.) 

Uncer t  . 
i n  

d 

kg/m3 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
1 

t d 

O C  kg/m3 

370 (477.) 
371 (474.) 
372 (470.) 
373 (467.) 
374 (463.) 

- -  

375 (459.) 
376 (455.) 
377 (451.) 
378 (446.)  
379 (441.) 

380 (436.) 
381 (431.) 
382 (426.) 
383 (420.) 
384 (414.) 

385 (407.) 
386 (399.) 
387 (391.) 
388 (381.)  
389 (369.) 

390 (354.) 
391 (326.) 

391 

326.21 
-46.05 

368.45 
52.01 

10 
10 

(6) 

Uncer t  . 
i n  
d 

kg/m3 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

2 
2 
2 
2 
2 

5 
10 
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