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ESDU DATA ITEM No.93029 

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and unpublished, and invariably supported by original work of ESDU staff engineers or consultants.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 
Dr D.T.Jamieson 

Vice-chairman 
Mr C.F.Beaton 

Members 
Dr D.Ambroset 
Dr E.Brunner* 
Dr M.W.Chase* 
Dr J.R.Downey* 
Dr B.Edmonds 

Dr G.Hobson 
Dr A.E.Humphreys 
Mr S.R.Knight 
Dr A.P.Laughton 
Dr K.N.Marsh* 
Mrs K.M.deReuck 
Mr J.T.R.Watson 

- Independent 

- Independent 

- 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 
- Independent 
- Stone & Webster Engineering Ltd 
- British Gas plc 
- Thermodynamics Research Center, USA 
- Imperial College of Science, Technology and Medicine 
- 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 UP 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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ORTHOBARIC DENSITIES AND MOLAR VOLUMES OF LIQUIDS 
FUSED RING C W O U M E  

Sheet 
1.00 
1.01 

1.02a 
1.02b 

1.20 

2.00 
2.01 

2.02 
2.02a 
2.02b 

2.10a 
2.10b 

2. lla 
2. llb 

2.20a 
2.20b 

2.20c 
2.20d 
2.20e 

;:%! 

2.30a 
2-30b 
2.30~ 
2.30d 

3.00 

5. OOa 
5. OOb 

6.01 
8.00 

1. 
.2. 
3. 
4. 
5. 
6. 

Name 
Indene 
Indane 

'ION 

following or 

Alternative Names 

cis-Hexahydroindane 
trans-Hexahydroindane 

1,1-Dimethylindane 

Naphthalene 
1,2,3,4-Tetrahydronaphthalene 

Decalin (cis + tram mixture) 
cis-Decahydronaphthalene 
trans-Decahydronaphthalene 

1-Methylnaphthalene 
2-Methylnaphthalene 

!i-Methyl-1,2,3,4-tetrahydronaphthalene 
G-Methyl-l,2,3,4-tetrahydronaphthalene 

1-Ethylnaphthalene 
2-Ethylnaphthalene 

1,2-Dimethylnaphthalene 
1,3-Dimethylnaphthalene 
1,4-Dimethylnaphthalene 
1,5-Dimethylnaphthalene (not issued) 

1,6-Dimethylnaphthalene 
1,7-Dimethylnaphthalene 
1,8-Dimethylnaphthalene (not issued 

2,3-Dimethylnaphthal'ene not issued 
~!,6-Dlmethylnaphthalene not issued 
L,7-Dimethylnaphthalene I not issued 
1-Propylnaphthalene 
2-Propylna hthalene 
l-Isopropy !?naphthalene 
2-Isopropylnaphthalene 

Acenaphthene 
Fluorene (not issued) 

Anthracene 
Phenanthrene 

Fluoranthene (not issued) 
Pyrene 
Car ba t o 1 e 

2,3-Dihydroindene 

*cis-Octahydroindene 
*trans-Octahydroindene 

l,l-Dimethyl-2,3-Dihydroindene 

Tetralin 

"Decahydronaphthalene 
"cis-Decalin 
"trans-Decalin 

5-Methyltetralin 
6-Methyltetralin 

1- 1-Methylethyl 
Z-{l-Methylethyl 

* For  these compohds other alternative names are shown at the head o f  the relevant Sheets. 
NE. To allow for the future issue of omitted compounds sheet numbers are not always consecutive. 
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E5 
DU 93029 
ORTHOBARIC DENSITIES AND MOLAR VOLUMES OF LIQUIaS 

FUSED RING C0MPOUN)S 

1. INTRODUCTION 

This  Data I tem presents o r thobar i c  l i q u i d  d e n s i t i e s  and molar volumes of  t he  fused r i n g  

compounds arranged i n  the  order shown on the  Contents page. Space a l lows the  l i s t i n g  of on ly  

one a l t e r n a t i v e  name f o r  each compound b u t  f o r  some compounds other  a l t e r n a t i v e  names are 

shown a t  t h e  head o f  t he  re levan t  Sheets. 

Table 1, page !;, gives t h e  constants i n  t h e  l i q u i d  densi ty  equat ion f o r  a l l  t he  compounds. On 

t h e  f o l l o w i n g  Sheets, t he  values o f  l i q u i d  dens i t y  and l i q u i d  molar volume f o r  each compound 

have been obtained by c a l c u l a t i o n  from t h e  equat ion g iven a t  the top  o f  each Sheet. Using the  

c r i t i c a l  temperature and the  c r i t i c a l  dens i t y  given, t he  numerical values o f  t h e  c o e f f i c i e n t s  

wereder ivedby f i t t i n g t h e e q u a t i o n t o t h e d a t a t h a t h a d b e e n s e l e c t e d a n d w e i g h t e d i n a c c o r d a n c e  

w i th  a c r i t i c a l  assessment o f  a l l  t he  data. The value o f  the c r i t i c a l  temperature f o r  each 

compound was taken from I tem 93028 which g ives the  vapour pressures. 

For completeness a l l  t h e  c r i t i c a l  p r o p e r t i e s  o f  each compound are g iven i n  t h e  Tables which 

a l s o  show the  densi ty  a t  298.15 K, where appl icable,  and f o r  convenience, t he  normal b o i l i n g  

p o i n t  and t h e  approximate me l t i ng  po in t .  Brackets enclose the  data a t  those temperatures which 

are outs ide the  range o f  suppor t ing exper imental  data. 

The t a b l e  o f  Data a t  Speci f ied Temperatures f o r  each compound g ives the  densi ty ,  t he  molar 

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

assessment o f  the data q u a l i t y  ind icated,  i n  decreasing order, by one o f  t he  l e t t e r s  ' A ' ,  ' 6 '  

o r  'C', a t  e a c h  t e m p e r a t u r e .  The e s t i m a t e d  u n c e r t a i n t i e s  i n  d e n s i t y  and mo la r  

volume are shown below each l e t t e r  i n  t h e  u n i t s  o f  densi ty  and molar volume rounded t o  1, 2 

o r  5 times a power o f  10. 

I n  the  main tab les  the  u n c e r t a i n t i e s  i n  the  tabulated values o f  densi ty  and molar volume are 

shown f o r  each value. The number o f  decimal places i n  each value i s  adjusted t o  be consis tent  

w i th  the  unce r ta in t y .  Data q u a l i t y  and u n c e r t a i n t i e s  are discussed a t  greater  l eng th  i n  

Sect ion 5. 

The sources o f  i n fo rma t ion  which 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 he  

compound considered are l i s t e d  on t h e  reverse s ide  o f  each sheet. Those sources t h a t  were 

used t o  de r i ve  t h e  c r i t i c a l  dens i t y  and t h e  c o e f f i c i e n t s  o f  the l i q u i d  density/molar volume 

equat ion are shown together wi th the  temperature 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. 

Issued September 1993 1 
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93029 
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 ) .  

d l i q u i d  densi ty  

N1, N2, N3, N4 

q 

non-dimensional c o e f f i c i e n t s  i n  the  l i q u i d  density/molar volume equat ion 

( l - T / T c )  1/3 

T k e l v i n  temperature 

t Cels ius temperature (T-273.15) 

V l i q u i d  molar volume 

Note. The U N I T S  o f  temperature, densi ty  and molar volume are shown i n  each tab le .  

Subscripts 

b 

C 

m 

denotes value a t  normal b o i l i n g  p o i n t  

denotes value a t  c r i t i c a l  p o i n t  

denotes value a t  normal me l t i ng  p o i n t  

3. THE CRITICAL DENSITY 

O f  t he  compounds considered here naphthalene and t e t r a l i n  are the  only  ones f o r  which c r i t i c a l  

d e n s i t i e s  based on exper imental  measurements have been reported. 

Estimates o f  t he  c r i t i c a l  densi ty  o f  each compound were made us ing both the Riedel  equation, 

see Reference 1, and the  l a t e s t  form o f  Rackett equation, see References 2 ,  3 and 4. Both of 

these equations r e q u i r e  r e l i a b l e  values o f  c r i t i c a l  temperature and c r i t i c a l  pressure bu t  

n e i t h e r  represents exper imental  data over a l ong  range o f  temperature as s a t i s f a c t o r i l y  as 

does the  equat ion used i n  t h i s  Item. However, provided the  use o f  t he  Riedel  equat ion i s  

l i m i t e d  t o  non-associated l i q u i d s ,  both equations can y i e l d  r e l i a b l e  values o f  t he  c r i t i c a l  

densi ty  f o r  a wide v a r i e t y  o f  compounds. 

4. EVALUATION AND CORRELATION 

R e l i a b l e  l i q u i d  densi ty  data for t he  compounds considered here are conf ined t o  medium reduced 

temperatures and the  data f o r  each compound was f i t t e d  by the c o r r e l a t i o n  for t h e  alkanes. The 

c r i t i c a l  pressure, and i f  necessary, t he  c r i t i c a l  temperature also,  were adjusted u n t i l  the 

c r i t i c a l  densi ty  g iven by the  Riedeland Racket tequat ionswere i n  good agreement. As i n d i c a t e d  

in Item 93028, the corresponding Item on vapour pressures, the adjustment o f  the c r i t i c a l  properties 

was arranged t o  g i ve  optimum values for t h e  c o r r e l a t i o n  o f  both the vapour pressure and the  

l i q u i d  densi ty .  

2 

 

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 93029 1993

http://www.avadocuments.com/doc/esdu-93029-1993
http://www.avadocuments.com/doc/esdu-93029-1993


93029 
5. UNCERTAINTIES 

0 
At any temperature, the estimated uncertainties in the tabulated values of density and molar 

volume are dependent upon the rates of change of these properties with temperature and the 

quality o f  the experimental o r  estimated data upon which they are based. The table of Data 

at Specified Temperatures shows these derivatives, the assessed data quality (indicated by one 

of the letters 'A', ' 0 '  or  'C') and the corresponding uncertainties at various points of the 

liquid range. 

At low and medium reduced temperatures average quality data, denoted by the letter ' B ' ,  have 

uncertainties varying from 0.1 to 1 per cent, increasing to between 1 and 10 per cent at the 

critical point. Data with lower o r  higher uncertainties than these bands are graded 'A' and 'C' 

respectively. When the data quality is 'C' it will be appreciated that the uncertainties are 

necessarily rather speculative and that for some compounds they may be underestimated. 

For  those compounds for which the data quality at the critical pressure is denoted by 'C' the 

values of critical temperature and critical density given in the Tables should be regarded only 

as correlating parameters. 

6. REFERENCES 

1. 

,. 
L. 

3. 

4. 

RIEDEL,L., Liquid density in the saturation state. Investigations on an 

extension of the theorem of corresponding states. Part 2 (in German) 

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

RACKETT , H .G. Equation of state f o r  saturated liquids. J. Chem. Eng. Data, 

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

SPENCER,C:.F., Improved equation for prediction of saturated liquid density. 

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

CAMPBELL,S.W. Prediction o f  saturated-liquid densities and critical volumes 

THODOS, G. for polar and non-polar substances. J .  Chem. Eng. Data, Vo1.30, 

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

Issued September 1993 

~- 

3 

 

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 93029 1993

http://www.avadocuments.com/doc/esdu-93029-1993
http://www.avadocuments.com/doc/esdu-93029-1993


 

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 93029 1993

http://www.avadocuments.com/doc/esdu-93029-1993
http://www.avadocuments.com/doc/esdu-93029-1993


93029 
TABLE 1 a 

Summary o f  Constants in the Liquid Density equation 

Sheet Name 

In d = In d, + Nlq + N2q2 + N3q3 + N4q4 

1.00 Indene 
1.01 Indane 

1.02a cis-Hexahydroindane 
1.02b trans-Hexahydroindane 

1.20 1,l-Dimethylindane 

2.00 Naphthalene 
2.01 1,2,3,4-Tetrahydronaphthalene 

2.02 Decalin (cis + trans mixture) 
2.02a cis-Decahydronaphthalene 
2.023 trans-Decahydronaphthalene 

2.10a 1-Methylnaphthalene 
2.10b 2-Methylnaphthalene 

a 

Tc dc 
K kg/m3 

695 317 
684.9 309 

66 3 
650 

679 

749 
720 

69 5 
702 
687 

772 
765 

2.11a 5-Methyl-1,2,3,4-tetrahydronaphtha-me 740 
2.11b 6-Methyl-1,2,3,4-tetrahydronaphthalene 732 

2.20a 1-Ethylnaphthalene 
2.20b 2-Ethylnaphthalene 

2.20~ 1,2-Dimethylnaphthalene 
2.20d 1,3-Dimethylnaphthalene 
2.20e 1,4-Dimethylnaphthalene 

2.209 1,6-Dimethylnaphthalene. 
2.20h 1,7-Dimethylnaphthalene 

1,5-Dimethylnaphthalene (not issued) 

1,8-Dimethylnaphthalene (not issued) 

2,3-Dimethylnaphthalene (not issued) 
2,6-Dimethylnaphthalene (not issued) 
2,7-Dimethylnaphthalene (not issued) 

2.30a 1-Propylnaphthalene 
2.30b 2-Propylnaphthalene 
2.30~ 1-Isopropylnaphthalene 
2.30d 2-Isopropylnaphthalene 

3.00 Acenaphthene 
Fluorene (not issued) 

5.00a Anthracene 
5.00b Phenanthrene 

Fluoranthene (not issued) 
6.01 Pyrene 

8.00 Carbazole 

77 3 
772 

784 
782 
789 

788 
786 

780 
783 
769 
774 

831 

92 3 
912 

989 

928 

286 
280 

289 

321 
305 

284 
286 
280 

31 3 
309 

302 
293 

30 5 
30 1 

307 
30 2 
306 

304 
303 

296 
293 
297 
293 

335 

328 
331 

343 

337 

Issued September 1993 

where q = (l-T/TC)lI3 

N1 N2 

1.78736 -0.63451 
1.79205 -0.66664 

1.79272 -0.67048 
1.79910 -0.68006 

1.85114 -0.71401 

1.79358 -0.65286 
1.80808 -0.67150 

1.77696 -0.64328 
1.79373 -0.67624 
1.76878 -0.62792 

1.82218 -0.65781 
1.83294 -0.69285 

1.87927 -0.74362 
1.86508 -0.72852 

1.87010 -0.72186 
1.85794 -0.70230 

1.87330 -0.72497 
1.89428 -0.75994 
1.87547 -0.73954 

1.85507 -0.71791 
1.86348 -0.72676 

1.90875 -0.77686 
1.89368 -0.75929 
1.91948 -0.78123 
1.89317 -0.74591 

1.82000 -0.68289 

1.82670 -0.68943 
1.84447 -0.71012 

1.85867 -0.72180 

1.89204 -0.75748 

N3 

0 
0 

0 
0 

0 

0 
0 

0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

N4 

0.19926 
0.22998 

0.23388 
0.24010 

0.24216 

0.21451 
0.22511 

0.21517 
0.23916 
0.20395 

0.20110 
0.23155 

0.25506 
0.24840 

0.23746 
0.22542 

0.23917 
0.26244 
0.25324 

0.24363 
0.24792 

0.27071 
0.26214 
0.26808 
0.24753 

0.22947 

0.23205 
0.24234 

0.24549 

0.26132 

5 
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93029 
0 Sheet 1.00 

CgH8 Indene 

CAS Reg. No. 95-13-6 Mol'. W t .  116.16 

Orthobaric Liquid Density and Molar Volume 

where d i s  t he  densi ty ,  d, t h e  c r i t i c a l  densi ty ,  V t h e  molar volume, V, t h e  c r i t i c a l  molar volume 
and q = ( l -T/Tc) l /3,  T be ing the  temperature and T, t h e  c r i t i c a l  temperature i n  ke l v ins .  

ln(d/dc)  = -ln(V/V,) = N lq  + N2q2 + N3q3 + N4q4 

C r i t i c a l  Temperature T, = 695 K (tc = 421.85 "C) 
C r i t i c a l  Pressure pc = 4100 kPa (pc 40.46 atm) 
C r i t i c a l  Densi ty  d, = 317 kg/m3 (V, = 366.44 cm3/mol 
C r i t i c a l  Compression Factor Z, = 0.260 

Densiky a t  298.15 K (25 " C )  d2 = 991.69 kg/m3 (V25= 117.13 cm3/mol 

N 1  = 1.78736 N2 = -0.63451 N3 = 0.00000 N4 = 0.19926 

Normal B o i l i n g  Po in t  Tb = 455.72 K ( t b  = 182.57 "c) 
Normal M e l t i n g  Po in t  T, = 272 K (tm = -1 "C) 

t / O C  

T /K 

d/(k /m3) 
(d(  dT/dT 1 /( kg/m3 K ) 

~/(cm3/mol)  
(dV/dT ) / (  cm3/mo1 K) 
Data Q u a l i t y  
Uncer ta in ty  i n  d (kg/m3) 
Uncer ta in ty  i n  v (cmf/mol 

0 (1012.) 
10 1004. 
20 996. 
30 988. 
40 979. 

50 971. 

Uncer.t. 
i n  
d I t 

Data at Specified Temperatures 

-1 25 100 182.57 200 300 421.85 
272.15 298.15 373.15 455.72 473.15 573.15 695.00 

(1012.90) 991.69 (928.27) (852.37) (835.09) (720.58) (317.00) 

(114.68) 117.13 (125.14) (136.28) (139.10) (161.20) (366.44) 

(-0.81) -0.82 (-0.87) (-0.98) (-1.01) (-1.34) -OD 

(0.09) 0.10 (0.12) (0.16) (0.17) (0.30) 00 

d 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

270 

Uncert . 
i n  
d I t d 

2 
5 
5 
5 
5 

5 
5 382 
5 
5 
5 388 

310 

5 
5 
5 
5 
5 

5 
5 

5 
5 

5 
5 
5 
5 

Uncert. 
i n  
d 

kg/m3 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

(B) 
(5) 
(5) 

Uncer t . 
i n  
d 

kg/m3 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
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0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

Sheet 1-00 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

Uncer t .  
i n  

T V V 

280 115.4 0.2 
290 116.3 0.2 

300 117.3 0.2 
310 118.3 0.2 
320 119.3 0.2 
330 120.3 0.2 
340 (121.4) 0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

450 135.4) 0.2 
460 137. 0.5 

ii: [!;::\ 0.5 0.5 
490 142. 0.5 

Orthobaric Liquid Molar Volume o f  Indene 

Units: cm3/mol v.  K 

Uncer t .  Uncer t .  
i n  i n  

T V V 1 -  T V V -~ 
K cm3/mol cm3/mo11 K cm3/mol cm3/mol 

1 
1 
1 
1 
1 

1 
1 
1 

615 1 

1 
1 
1 
1 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

T 

K 

670 
671 
672 
673 
674 

67 5 
676 
677 
678 
679 

680 
68 1 
682 
683 
684 

68 5 
686 
68 7 
688 
689 

690 
691 
692 
693 
694 

- 

Uncer t .  
i n  

V V 

217. 2 
219. 2 
220. 2 
221. 2 
223. 2 

225. 2 
226. 2 
228. 2 
230. 2 
232. 2 

234. 2 
236. 2 
238. 2 
241. 2 
243. 2 

246. 2 
249. 2 
253. 2 
256. 2 
261. 2 

266. 2 
271. 2 
279. 2 
288 - 5 
302. 5 

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  i n d i c a t e d  
by t h e  temperature range (ambient ' A ' ,  l ow ' L ' ,  medium 'M', h i g h  'HI or c r i t i c a l  ' C ' )  o f  t h e i r  
data.  An a s t e r i s k  (*)  i n d i c a t e s  t h a t  t h e  Source i s  n o t  a p r imary  source o f  exper imen ta l  data.  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

PERKIN,W.H., J.Chem.Soc., Vo1.65, p.294, 1894. 
PERKIN,W.H., J.Chem.Soc., Vo1.69, p.1229, 1896. 
KIPPING,E.S., HALL,H., J.Chem.Soc., Vo1.77, p.468, 1900. 
SPILKER,A., DEMBROVSKY,A., Chem.Ber., Vo1.42, p.572, 1909.. 
STOBBE,H., FAERBER,E., Chem.Ber., Vo1.57, p.1845, 1924. 
BROWN,R.L., Ind.Eng.Chem., Vo1.17, p.921, 1925. 
EVANS,E.B., J . Ins t .Pet ro l .Techno l . ,  Vo1.24, p.537, 1938. 
BREITENBACH,J.W., BREMER,G., Chem.Ber., Vo1.76, p.1124, 1943. 
BRESTON,-, GAUGER,-, Am.Gas Assoc.Pr., Vo1.28, p.492, 1946. 
POSDEEVA,A.G., VOLKOV,A.G., Zh.Prikl.Khim.(Leningrad), Vo1.25, p.1058, 1952. 
ENTEL,J., RUOF,C.H., HOWARD,H.C., Anal.Chem., Vo1.25, p.1303, 1953. 
HOCK,H., ERNST,F., Chem.Ber., Vo1.92, p.2723, 1959. 
ISAGULYANTS,V.I., LYUBOVA,T.A., J.Appl.Chem.USSR, Vo1.43, p.189, 1970. 
MONTFORT,J.P., VIDAL,J., RENON,H., J.Chim.Phys., Vo1.67, p.748, 1970. 
NEFEDOV,-, IVASHENK0,-, SU Pat.No.: 406820, 1974. 
SAFAROV,-, e t  a l . ,  SU Pat.No.: 416340, 1974. 
T R C  Thermodynamic Tables, Texas A & M Un iv . ,  Loose l e a f  da ta  sheets  e x t a n t  1993." 

M 
M 

M 
M 
M 
A 

M 

A 
A 
A 
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93029 
Sheet 1-01 

CgHIO Indane (2,3-Dihydroindene) 

CAS Reg. No. 496-11-'7 Mol. W t .  118.18 

0 

Orthobaric Liquid Density and Molar Volume 

where d i s  t he  densi ty ,  d, t h e  c r i t i c a l  densi ty ,  V t he  molar volume, V, t he  c r i t i c a l  molar volume 
and q = (l-T/Tc)1/3, T be ing the  temperature and T, t h e  c r i t i c a l  temperature i n  ke l v ins .  

ln(d/dc) = - l n ( V / V c )  = N l q  + N2q2 + N3q3 + Nqq4 

t / " C  
T /K 

C r i t i c a l  Temperature T, = 684.9 K (t, = 411.75 "C) 
C r i t i c a l  Pressure pc = 3950 kPa (pc = 38.98 atm) 
C r i t i c a l  Densi ty d, = 309 kg/m3 (V, = 382.46 cm3/mol) 
C r i t i c a l  Compression Factor Z, = 0.265 

N 1  = 1.79205 N2 -0.66664 N3 = 0.00000 N4 = 0.22998 

Densi ty a t  298.15 K (25 " C )  d25= 959.55 kg/m3 (V25= 123.16 cm3/mol) 
Normal B o i l i n g  Po in t  Tb = 451.01 K ( t b  = 177.86 "c) 
Normal M e l t i n g  Po in t  T, = 222 K (t, = -51 "C)  

Data at Specified Temperatures 

-51 25 100 177.86 200 300 411.75 
222.15 298.15 373.15 451.01 473.15 573.15 684.90 

d/(k /m3) (1021.36) 959.55 (895.97) (824.80) (803.01) (688.17) (309.00) 
(d( d?/dT 1 /( kg/m3 K ) (-0.80) -0.83 (-0.87) (-0.96) (-1.00) (-1.36) -m 

v/(  cm3/mol) (115.71) 123.16 (131.90) (143.28) (147.17) (171.73) (382.46) 
(dV/dT )/(cm3/mol K) (0.09) 0.11 (0.13) (0.17) (0.18) (0.34) m 

Orthobaric Liquid Density o f  Indane 

Units: kg/m3 v. O C  

-50 
-40 
-30 
-20 996. 
-10 988. 

0 
10 
20 
30 
40 

50 
60 
70 
80 
90 

939. 

913. 
905. 

100 
110 
120 878. 
130 
140 860. 

Uncert. 
i n  
d l t  d 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

681. 

667. 

300 688. 1 !!$ 1674.1 

Uncer t . 
i n  
d 

kg/m3 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 

t d 

"C kg/m3 
- -  

Uncert. 
i n  
d 

kg/m3 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5. 
5 
5 

5 
5 
5 
5 
5 

t 

"C 

370 
37 1 
372 
373 
374 

- 

(B) 
(5)  
(1)  

d 

kg/m3 

567. 
565. 
563. 
560. 
558. 

(B) 
(5) 
(5) 

Uncert . 
i n  
d 

kg/m3 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
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400 135.5 0.2 550 165. 1 1 
1 1 

1 
136.9 

:% 430 1138.41 139.9 !:; 0.2 I ::$ I!%:/ 169. 1 1 
1 1 440 141.5 0.2 

Sheet 1-01 

2 
2 
2 

2 2 

Uncert. 
in 

T V V - 
K cm3/mol cm3/mo1 

230 116 4 
240 (117:4] !:; 
250 (118.3) 0.2 
260 119.3 0.2 
270 120.3 0.2 
280 121.3 0.2 
290 122.3 0.2 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

123.4 
124.4 
125.5 
126.7 
127.8 

129.0 
130.2 
131.5 
132.8 
134.1 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

Orthobaric Liquid Molar Volume o f  Indane 

Units: cm3/mol v. K 

Uncert. Uncert. 
in in 

T V V I - -  T V V - -  
K cm3/mol cm3/mol( K cm3/mol cm3/mo1 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

Uncert. 
in 

T V V 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
2 
2 
2 
2 

2 
2 
2 
2 
2 

The following Sources give li uid density or liquid molar volume data f o r  this compound. Those 
Sources used to derive the coegficients of the liquid densi:y/molar volume equation :re indicated 
by the temperature range (ambient 'A', low 'L', medium 'M , high 'H' or  critical C') o f  their 
data. An asterisk (*)  indicates that the Source is not a primary source of experimental data. 

1 KRAEMER,G., SPILKER,A., Chem.Ber., Vo1.23, p.3281, 1890. 
2 PERKIN,W.H., J.Chem.Soc., Vo1.69, p.1229, 1896. 
3 BORSCHE,W., POMMER,M., Chem.Ber., Vo1.54, p.102, 1921. A 
4 COURTOT,C., DONDELINGER,A., Ann.Chim.(Paris),(lO), Vo1.4, p.291, 1925. A 
5 EVANS,E.B., J.Inst.Petrol.Technol., Vo1.24, p.537, 1938. M 
6 BOORD,C.E., et al., 6th Ann.Rep.,API Hydrocarbon Res.Proj.,Ohio State Univ., 1944. A 
7 FOEHR,E.G., FENSKE,M.R., Ind.Eng.Chem., Vo1.41, p.1956, 1949. A 
8 SCHAAFFS,W., Z.Phys.Chem.(Leipnig), Vo1.195, p.136, 1950. 
9 PLATE,A.F., BELIKOVA,N.A., J.Gen.Chem.USSR, V01.30, p.3902, 1960. 
10 TOPTSCHIEV,-, et al., Pet.Chem.USSR, Vol.1, p.3, 1962. M 
11 MIRONOV,V.A., et al., SU Pat.No.: 263591, 1970. 
12 GOOD,W.D., J.Chem.Thermodynamics, Vo1.3, p.711, 1971. A 
13 MIRONOV,V.A., et al., Bull.Acad.Sci.USSR,Chem.Sci., V01.20, p.976, 1971. M 
14 VOLKOV,-, FEDOROVA,-, Neftekhimiya, V01.12, p.717, 1972. 
15 TRC Thermodynamic Tables, Texas A & M Univ., Loose leaf data sheets extant 1993.* 
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50 860. 0.5 
0.5 

% 80 jldt:/ 836. 
0.5 1 

90 827. 1 

1 
1 
1 
1 
2 

Sheet 1.02a 
C9H16 cis-Hexahydroindane (cis-Octahydroindene, cis-Hydrindan) 

CAS Reg. No. 4551-51-3 Mol. W t .  124.23 

a 

250 675. 2 

265 658. 5 
270 651. 5 

5 
5 

5 
5 

255 260 I%:/ 5 5 

Orthobaric Liquid Density and Molar Volume 

where d i s  t he  densi ty ,  d, t he  c r i t i c a l  densi ty ,  V t he  molar volume, Vc the 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  ke l v ins .  

ln(d/dc)  = - l n ( V / V c )  = N lq  + N2q2 + N3q3 + N4q4 

C r i t i c a l  Temperature T, = 663 K (tc = 389.85 OC) 

C r i t i c a l  Pressure pc = 3350 kPa (pc = 33.06 atm) 
C r i t i c a l  Densi ty  d, = 286 kg/m3 ( V c  = 434.37 cm3/mol) 
C r i t i c a l  Compression Factor Zc = 0.264 

Densi ty a t  298.15 K (25 OC) d25= 880.33 kg/m3 (V25= 141.12 cm3/mol) 

N 1  = 1.79272 N2 = -0.67048 N3 = 0.00000 N4 = 0.23388 

Normal B o i l i n g  Po in t  Tb = 441.00 K ( t b  = 167.85 O C )  - Normal M e l t i n g  Po in t  T, = (tm = - 1 

t / O C  

T /K 
d/(k /m3) 
( d ( d?/dT ) / ( kg/m3 K ) 
~/(cm3/mol) 
(dV/dT )/(cm3/mol K 1 
Data Q u a l i t y  
Uncer ta in ty  i n  d (kg m3) 
Uncer ta in ty  i n  V (cm < /mol l  

t d 

O C  kg/m3 

- -  

a 

Uncer t . 
i n  
d 

kg/m3 

1 
1 
1 

0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

Data a t  Specified Temperatures 

-50 25 100 167.85 200 300 389.85 
223.15 298.15 373.15 441.00 473.15 573.15 663.00 

939.03) 880.33 (818.92) (758.96) 
(-0.77) -0.80 (-0.85) (-0.93) 

728.12) (611.68) (286.00) 
(-0.99) (-1.431 -CO 

132.30) 141.12 (151.70) (163.68) 170.62) (203.10) (434.37) 
(0.11) 0.13 (0.16) (0.20) (0.23) (0.48) m 

(6)  A (6)  (6)  (6) (6)  (6)  
(1) 0.5 (1)  (2) (2) (5) (5) 
(0.1) 0.05 (0.2) (0.5) (0.5) (1) (10) 

Orthobaric Liquid Density o f  cis-Hexahydroindane 

Units: k g / d  v. oc 

Uncert. 
i n  

t d d 

O C  kg/m3 kg/m3 
- -  

200 728. 2 

215 713. 2 
220 708. 2 

2 
2 
2 
2 
2 

210 205 1718:i 723 2 2 

t d 

O C  kg/m3 
- -  

368 

Uncert. Uncert . 
i n  i n  
d I - -  t d d 

k g / d  I O C  kg/m3 k g / d  

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
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185. 1 
186. 1 
188. 1 
190. 1 
191. 1 

Sheet 1.02a 
Orthobaric Liquid Molar Volume o f  cis-Hexahydroindane 

2 
2 
2 
2 
2 

Units: cm3/mol v. K 

1 
1 

197. 1 
1 

Uncer t . 
i n  

T V V - 
K cm3/mol cm3/mo1 

2 2 
2 2 
2 2 
2 2 
2 2 

230 133 0 
240 [134:2] !:! 

0.1 

0 . 1  
290 140.09 0.05 

300 141.35 0.05 
0.1 
0.1 

0.1 
0.2 
0.2 
0.2 
0.2 

Uncer t .  
i n  

T V V - _ _ _  
K cm3/mol cm3/mol 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 

3 
1 
1 

500 
505 
510 
515 
520 

525 
5 30 
535 
540 
545 

177. 1 
179. 1 
180. 1 
182. 1 
183. 1 

Uncert .  Uncert .  
i n  i n  

T V V I T  V V 
-~ I - -  

K cm3/mol cm3/moll K cm3/mol cm3/mol 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

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 re  i n d i c a t e d  
by t h e  temperature range (ambient ' A ' ,  low ' L ' ,  medium ' M ' ,  h i g h  ' H '  or c r i t i c a l  ' C ' )  o f  t h e i r  
da ta .  An a s t e r i s k  (*)  i n d i c a t e s  t h a t  t h e  Source i s  n o t  a p r imary  source o f  exper imen ta l  data.  

1 VON HUECKEL,W., FRIEDRICH,H., L i e b i g s  Ann.Chem., Vo1.451, p.154, 1927. 
2 VON HUECKEL,W., SACHS,M., e t  a l . ,  L i e b i g s  Ann-Chem., Vo1.518, p.155, 1935. 
3 ENTEL,J., RUOF,C.H., HOWARD,H.C., Anal.Chem., Vo1.25, p.1303, 1953. 
4 CAMIN,D.L., ROSSINI,F.D., J.Phys.Chem., Vo1.59, p.1173, 1955. M 
5 MANN,G., Z.Chem., Vo1.6, p.106, 1966. 
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Sheet 1.02b e 

C9H16 trans-Hexahydroindane (trans-Octahydroindene, trans-Hydrindan) 

CAS Reg. No. 3296-50-2 Mol. W t .  124.23 

Orthobaric Liquid Density and Molar Volume 

where d i s  t he  densi ty ,  d, t h e  c r i t i c a l  densi ty ,  V t h e  molar volume, V, t he  c r i t i c a l  molar volume 
and q = ( l - T / T c ) 1 / 3 ,  T be ing the  temperature and T, t h e  c r i t i c a l  temperature i n  ke l v ins .  

ln(d/d,) = -ln(V/Vc) = N1q + N2q2 + N3q3 + N4q4 

t / " C  
T/K 

C r i t i c a l  Temperature T, = 650 K ( t c  = 376.85 "C)  
C r i t i c a l  Pressure pc = 3200 kPa (pc = 31.58 atm) 
C r i t i c a l  Densi ty  d, = 280 kg/m3 ( V c  = 443.68 cm3/mo1) 
C r i t i c a l  Compression Factor Z, = 0.263 

N 1  = 1.79910 N2 = -0.68006 N3 = 0.00000 N4 = 0.24010 

Densi ty a t  298.15 K (25 "C) d25= 858.56 kg/m3 (V25= 144.70 cm3/mol) 
Normal B o i l i n g  Po in t  Tb = 434.23 K ( t b  = 161.08 "c) 
Normal M e l t i n g  Po in t  T, = - (t, = - 1 

Data at Specified Temperatures 

-50 25 100 161.08 
223.15 298.15 373.15 434.23 

d/(k /m3) (917.66) 858.56 (796.62) (742.21) 

V /  ( cm3/mol) (135.38) 144.70 (155.95) (167.38) 
(dV/dT)/(cm3/mol K )  (0.11) 0.14 (0.17) (0.21) 

(d(  d?/dT ) / (  kg/m3 K )  (-0.78) -0.80 (-0.86) (-0.93) 

Data Q u a l i t y  (6)  A (6)  (6)  
Uncer ta in ty  i n  d (kg/m3) (1) 0.5 (1)  (2) 
Uncer ta in ty  i n  v (cm3/mol) (0.1) 0.05 (0.2) (0.5) 

1; [:;!:I 
2: [:E:] 
20 863. 

Uncer t . 

200 300 376.85 
473.15 573.15 650.00 

(704.41) (582.84) (280.00) 
(-1.01) (-1.54) -m 

(176.36) (213.15) (443.68) 
(0.25) (0.56) 00 

(B)  (6)  (6)  
(2)  (5) (5) 
(1) (1) (10) 

Orthobaric Liquid Density o f  trans-Hexahydroindane 

i n  
d l t  d 

kg/m3 

1 
1 
1 

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 
1 
2 

2 
2 
2 
2 
2 

"C kg/m3 

Units: kg/m3 v. OC 

Uncert. 
i n  
d 

kg/m3 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 

I - -  t d 

"C kg/m3 

Uncert. Uncert . 
i n  i n  
d I - -  t d d 

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

5 5 
5 
5 
5 

5 
5 
5 
5 5 

450. 
442 

425. 
414. 
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93029 
Sheet 1.02b 

Orthobaric Liquid Molar Volume o f  trans-Hexahydroindane 

Units: cm3/mol v.  K 

Uncert .  Uncer t .  Uncert .  Uncer t .  
i n  i n  i n  i n  

T V V I T  V V I T  V V I T  V V - I -  I -  I - -  

K cm3/mol cm3/mol 

300 144.95 

340 

0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.05 

0.05 
0.1 
0.1 
0.1 
0.1 

0.1 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.5 
0.5 
0.5 

K cm3/mol cm3/mol 

0.5 
0.5 
0.5 
0.5 
0.5 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 

1 

K cm3/mol cm3/mol 

1 
1 
1 
1 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

K cm3/mol cm3/mo1 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
5 
5 
5 
5 

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  dens i ty /mo lar  volume equa t ion  a r e  i n d i c a t e d  
by t h e  temperature range (ambient ' A ' ,  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 i r  
data.  An a s t e r i s k  (*) i n d i c a t e s  t h a t  t h e  Source i s  n o t  a p r imary  source o f  exper imen ta l  data.  

1 ZELINSKY,N-I-, TUROWA-POLLAK,M.B., Chem.Ber., Vo1.62, p.1662, 1929. 
2 BARRETT,J.W., LINSTEAD,R.P., J.Chem.Soc., p.1069, 1935. 
3 VON HUECKEL,W., SACHS,M.. e t  a l . ,  L i e b i g s  Ann.Chem., Vo1.518, p.155, 1935. 
4 VON HUECKEL,W., SOWA,H., Chem.Ber., Vo1.74, p.57, 1941. 
5 CAMIN,D.L., ROSSINI,F.D., J.Phys.Chem., Vo1.59, p.1173, 1955. M 
6 MANN,G., Z.Chem., Vo1.6, p.106, 1966. 
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93029 
Sheet 1.20 

CllH14 1,lDimethylindane (l,lDimthyl-2,3-dihydroindene) 

CAS Reg. No. 4912-92-9 Mol. W t .  146.230 

0 

Orthobaric Liquid Density and Molar Volume 

where d i s  the  densi ty ,  d, t he  c r i t i c a l  densi ty ,  V t he  molar volume, V, t he  c r i t i c a l  molar volume 
and q = (l-T/TC)1/3? T be ing the  temperature and T, t h e  c r i t i c a l  temperature i n  ke l v ins .  

ln(d/dc) = -ln(V/V,) = N lq  + N2q2 +' N3q3 + N4q4 

C r i t i c a l  Temperature T, = 679 K (tc = 405.85 O C )  

C r i t i c a l  Pressure pc = 2850 kPa (pc = 28.13 atm) 
C r i t i c a l  Densi ty d, = 289 kg/m3 (V, = 506.00 cm3/mol) 
C r i t i c a l  Compression Factor Z, = 0.255 

Densi ty a t  298.15 K (25 O C )  d25= 915.49 kg/m3 (V25= 159.73 cm3/mol) 

N 1  = 11.85114 N2 = -0.71401 N3 = 0.00000 N4 = 0.24216 

Normal B o i l i n g  Po in t  Tb = 467.18 K ( t b  = 194.03 "c) 
Normal M e l t i n g  Po in t  T, = - (tm = - 1 

0 Data at Specified Temperatures 

t / O C  -50 25 100 194.03 200 300 405.85 
T /K 223.15 298.15 373.15 467.18 473.15 573.15 679.00 

d/(k /m3) (974.81) 915.49 (853.62) (768.70) (762.86) (649.50) (289.00) 
(d(d?/dT I / (  kg/m3 K )  (-0.78) -0.80 (-0.85) (-0.97) (-0.98) (-1.36) -m 

~/(cm3/mol)  (150.01) 159.73 (171.31) (190.23) (191.69) (225.14) (505.99) 
(dV/dT /( cm3/mol K (0.12) 0.14 (0.17) (0.24) (0.25) (0.47) m 

Data Q u a l i t y  (C)  B (C )  ( C )  (C )  ( C )  
Uncer ta in ty  i n  d (kg m3) ( 5 )  5 ( 5 )  ( 5 )  ( 5 )  (10) 
Uncer ta in ty  i n  V (cm i /mol l  (1) 0.5 (1) (1) ( 2 )  ( 2 )  

Orthobaric Liquid Density of 1,l-Dimethylindane 

1: [E:] 
20 920. 

Uncert . 
i n  
d l t  d 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

200 763. 

205 210 1753:/ 758 
215 748. 
220 743. 

Units: k g / d  v. OC 

Uncer t . 
i n  
d l t  d 

5 
5 
5 
5 
5 

5 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10. 
10 
10 
10 

Uncer t . 
i n  
d l t  d 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

374 

(C) 
(10) 
(20) 

Uncert . 
i n  
d 

kg/m3 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
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Orthobaric Liquid Molar Volume o f  1,l-Dimethylindane 

Units: cm3/mol v. K 

Uncert .  Uncer t .  Uncert .  Uncer t  . 

K cm3/mol cm3/moll K cm3/mo1 cm3/mo1( K cm3/mol cm3/moll K cm3/mol cm3/mol 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

550 2 
2 

565 2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
5 
5 
5 
5 

5 
5 
5 
5 

5 
5 
5 
5 
5 

s 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

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  i n d i c a t e d  
by t h e  temperature range (ambient ' A ' ,  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 i r  
data.  An a s t e r i s k  (*I  i n d i c a t e s  t h a t  t h e  Source i s  n o t  a p r imary  source o f  exper imen ta l  data.  

1 WILT,J.W., SCHNEIDER,C.A., J.Org.Chem., Vo1.26, p.4196, 1966. A 
2 DIMITROV, ...., e t  a l . ,  Nef tekh imiya ,  Vol.10, p.513, 1970. A 
3 GOOD,W.D., J.Chem.Thermodynamics, Vo1.3, p.711, 1971. A 
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Sheet 2.00 

ClOH8 Naphthalene 
e 

CAS Reg. No. 91-20-3 Mol. Wt. 128.17 

Orthobaric Liquid Density and Molar Volume 

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

ln(d/d,) = -ln(V/Vc) = Nlq + N2q2 + N3q3 + N4q4 

Critical Temperature T, = 749 K (tc = 475.85 OC) 
Critical Pressure pc 4075 kPa (pc = 40.22 atm) 
Critical Density d, = 321 kg/m3 (Vc = 399.28 cm3/mol) 
Critical Compression Factor 2, = 0.261 
N1 = 1.79358 Np = -0.65286 N3 = 0.00000 N4 = 0.21451 
Normal Boiling Point Tb = 491.10 K (tb = 217.95 ' c )  
Normal Melting Point T, = 353 K (tm = 80 "C) 

Data at Specified Temperatures 

t/"C 80 100 200 217.95 300 400 
T /K 353.15 373.15 473.15 491.10 573.15 673.15 

d/(k /m3) 978.93 962.94 878.54 (862.30) (780.96) (649.20) 

~/(cm3/mol) 130.93 133.10 145.89 (148.64) (164.12) (197.43) 
(dV/dT)/(cm3/mol K) 0.11 0.11 0.15 (0.16) (0.23) (0.51) 

e 
(d( d?/dT I / (  kg/m3 K) -0.79 -0.81 -0.89 (-0.92) (-1.09) (-1.69) 

Data Quality B B B (B) (C) (C) 
Uncertainty in d (kg m3) 1 1 2 (5) ( 5 )  (10) 
Uncertainty in V (cm < /mol) 0.1 0.1 0.2 (0.5) (1) (2) 

Orthobaric Liquid Density of Naphthalene 

Uncert. 
in 

t d d 

"C kg/m3 kg/m3 

80 979. 
90 971. 

1 
1 

100 963. 1 
110 955. 1 
120 947. 1 
130 938. 1 
140 930. 1 

150 922. 1 
160 913. 2 
170 905. 2 
180 896. 2 
190 887. 2 

200 879. 2 
2 
5 
5 
5 

5 
5 
5 
5 
5 

t d 

Units: kg/m3 v. O C  

Uncert . 
in 
d l t  - -  I _  

OC kg/m3 kg/m3 I OC 

5 

320 

5 
5 

350 

5 
5 
5 

5 
10 

10 
10 

400 649. 10 

415 622. 10 
I 2:; 1632.1 641. 10 10 

420 
422 
424 
426 
428 

d 

kg/m3 

612. 

600. 
596. 

454 

Uncert. 
in 
d 

kg/m3 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

475.85 
749.00 

(321.00) 
-m 

(399.28) 
m 

(C) 
(10) 
(10) 

Uncert . 
in 

t d d 

"C kg/m3 kg/m3 

10 
10 

10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

I 475 (384.) 10 

e 
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2 
2 
2 
2 
5 

Sheet 2.00 

5 
5 
5 
5 
5 

T V - 

K cm3/mol 

187. 2 
189. 2 
191. 2 
193. 2 
196. 2 

198. 2 
201. 2 
204. 2 
207. 2 
211. 2 

360 131.7 
370 132.8 
380 133.9 
390 135.0 

400 136.2 
410 137.4 
420 138.6 
430 139.9 

5 
5 
5 
5 
5 

5 
732 5 

5 
5 

440 141.2 

450 142.6 
460 144.0 
470 145.4 
480 
490 [I%:] 

Uncer t .  
i n  

V 

cm3/mo1 

0.1 
0.1 
0.1 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.5 
0.5 

0.5 
1 
1 
1 
1 

1 
1 
1 
1 
1 

Orthobaric Liquid Molar Volume o f  Naphthalene 

Units: cm3/mol v. K 

. Uncer t  . 
i n  

T V V - -  
K cm3/mol cm3/mol 

625 
6 30 
635 
640 
645 

650 
655 
660 
665 
670 

675 
680 
685 
690 
695 

1 
2 
2 
2 
2 

2 
2 
2 
2 
2 

- -  I - -  

K cm3/mol cm3/moll K cm3/mol cm3/mol 

745 
746 
747 
748 
749 

298. 5 
305. 10 
315. 10 
330. 10 
399. 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  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  densi ty/rnolar volume equa t ion  a r e  i n d i c a t e d  
by t h e  temperature range (ambient ' A ' ,  l ow ' L ' ,  medium ' M ' ,  h i g h  ' H '  or c r i t i c a l  ' C l )  o f  t h e i r  
data.  An a s t e r i s k  (*) i n d i c a t e s  t h a t  t h e  Source i s  n o t  a p r imary  source o f  exper imen ta l  data.  
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