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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and unpublished, and invariably supported by original work of ESDU staff engineers or consultants.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 1 g66 and now has the following membership: 

Chairman 
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- 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 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. 

(Continued on inside back cover) 
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94002 
ORTHOBARIC DENSITIES AND MOLAR VOLUMES OF LIQUIDS 

POLYCYCLIC PHENYL AND CYCLOHEXYL COMPOUNDS 

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

TABLE 1 Page 5 
COMPOUND TABLES in the following order 

Sheet Formula 

1.00 C12H10 

1.10 C13H12 
l.lla C13H12 
l.llb C13H12 

C13H12 

6.10 C12H100 

6.15 C13H10O 

Name 

Biphenyl 

Diphenylmethane 
2-Methylbiphenyl 
3-Methylbiphenyl 
4-Methylbiphenyl 

Alternative Names 

"Diphenyl 

Benzylbenzene 
2-Phenyltoluene 
3-Phenyltoluene 

(not  issued) 

1,l-Diphenylethane 
1,2-Diphenylethane Bibenzyl 

1,l-Diphenylpropane 
1,2-Diphenylpropane 
1,3-Diphenylpropane Dibenzylmethane 
2,2-Diphenylpropane 

Phenylcyclohexane Cyclohexylbenzene 

Bicyclohexyl *Dicyclohexyl 

o-Terphenyl 
m-Terphenyl 
p-Terphenyl 

1,2-Diphenylbenzene 
1,3-Diphenylbenzene 
1,4-Diphenylbenzene 

Diphenylamine N,N-Diphenylamine 

Dicyclohexylamine 

4,4'-Diaminodiphenylmethane 4,4'-Methylenedianiline 

Diphenyl ether 

Benzophenone Diphenyl ketone 

* These names are not in accordance with current usage. 

NB. To allow for the future issue of omitted compounds sheet numbers are not always consecutive. 

Issued January 1994 
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94002 
ORTHOBARIC DENSITIES AND MOLAR VOLUMES OF LIQUIDS 

POLYCYCLIC PHENYL AM) CYCLOHEXYL COMPOUNDS 

0 

1. INTRODUCTION 

T h i s D a t a  Item p r e s e n t s  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 t h e  p o l y c y c l i c  phenyl  

and c y c l o h e x y l  compounds a r r a n g e d  i n  t h e  o r d e r  shown on t h e  C o n t e n t s  page.  

T a b l e  I, page 5 ,  q i v e s  t h e  c o n s t a n t s  i n  t h e  l i q u i d  d e n s i t y  e q u a t i o n  f o r  a l l  t h e  canpounds.  On 

t h e  f o l l o w i n g  S h e e t s ,  t h e  v a l u e s  o f  l i q u i d  d e n s i t y  and l i q u i d  molar  volume f o r  e a c h  compound 

have  been o b t a i n e d  by c a l c u l a t i o n  from t h e  e q u a t i o n  g i v e n  a t  t h e  t o p  o f  e a c h  S h e e t .  Using t h e  

c r i t i c a l  t e m p e r a t u r e  and t h e  c r i t i c a l  d e n s i t y  g i v e n ,  t h e  n u m e r i c a l  v a l u e s  o f  t h e  c o e f f i c i e n t s  

w e r e d e r i v e d o y  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 t h  a c r i t i c a l  a s s e s s m e n t  o f  a l l  t h e  d a t a .  The v a l u e  o f  t h e  c r i t i c a l  t e m p e r a t u r e  f o r  e a c h  

compound was t a k e n  from Item 94001 which g i v e s  t h e  vapour  p r e s s u r e s .  

For  c o m p l e t e n e s s  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  e a c h  compound a re  g i v e n  i n  t h e  T a b l e s  which 

a l s o  show t h e  ( d e n s i t y  a t  298.15 K ,  where a p p l i c a b l e ,  and f o r  c o n v e n i e n c e ,  t h e  normal  b o i l i n g  

p o i n t  and t h e  approximate  m e l t i n g  p o i n t .  B r a c k e t s  e n c l o s e  t h e  d a t a  a t  t h o s e  t e m p e r a t u r e s  which 

are  o u t s i d e  t h e  r a n g e  o f  s u p p o r t i n g  e x p e r i m e n t a l  d a t a .  

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

volume and t h e i r  d e r i v a t i v e s w i t h  r e s p e c t  t o  t e m p e r a t u r e .  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  a n  

a s s e s s m e n t  o f  t h e  d a t a  q u a l i t y  i n d i c a t e d ,  i n  d e c r e a s i n g  o r d e r ,  by one o f  t h e  l e t t e r s  ' A ' ,  ' B '  

o r  ' C ' ,  a t  e a c h  t e m p e r a t u r e .  T h e  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  a n d  m o l a r  

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

o r  5 times 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  v a l u e s  o f  d e n s i t y  and molar  volume are  

shown f o r  e a c h  v a l u e .  The number o f  d e c i m a l  p l a c e s  i n  each  v a l u e  is a d j u s t e d  t o  be  c o n s i s t e n t  

w i t h  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  are d i s c u s s e d  a t  greater l e n g t h  i n  

S e c t i o n  5. 

The s o u r c e s  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  molar  volume d a t a  f o r  t h e  

compound c o n s i d e r e d  are  l i s t e d  on t h e  r e v e r s e  s i d e  o f  e a c h  s h e e t .  Those s o u r c e s  t h a t  were 

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

e q u a t i o n a r e  s h o w n t o g e t h e r w i t h t h e t e m p e r a t u r e  r a n g e s  ( a m b i e n t ,  low, medium, h i g h  or  c r i t i c a l )  

o f  t h e i r  d a t a .  

I s s u e d  J a n u a r y  1994 1 
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94002 
2. 

3. 

4. 

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  d e n s i t y  

N17N2,N3,N4 non-dimensional  c o e f f i c i e n t s  i n  t h e  l i q u i d  dens i ty /mo lar  volume equa t ion  

q ( L T / T ~ ) ~ / ~  

T k e l v i n  temperature 

t C e l s i u s  temperature (T-273. 

V l i q u i d  molar volume 

Note. The U N I T S  o f  temperature,  d e n s i t y  

Subscripts 

5 )  

and molar volume a re  shown i n  each t a b l e .  

b 

C 

m 

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

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

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

THE C R I T I C A L  DENSITY 

Two w ide ly  v a r y i n g  va lues  o f  t h e  c r i t i c a l  d e n s i t y  have been r e p o r t e d  f o r  b i p h e n y l  and one 

va lue  has been r e p o r t e d  fo r  each o f  t h e  te rpheny ls .  Because o f  t h e  exper imenta l  d i f f i c u l t i e s  

a t  t h e  very  h i g h  temperatures i n v o l v e d  none o f  these va lues  a r e  thought  t o  be ve ry  r e l i a b l e .  

Es t imates  o f  t h e  c r i t i c a l  d e n s i t y  o f  each compound were made u s i n g  b o t h  t h e  R i e d e l  equat ion ,  

see Reference 1, and t h e  l a t e s t  form o f  Racket t  equat ion ,  see References 2 ,  3 and 4. Both  o f  

these equat ions  r e q u i r e  r e l i a b l e  va lues  o f  c r i t i c a l  temperature and c r i t i c a l  p ressure  b u t  

n e i t h e r  rep resen ts  exper imen ta l  da ta  over a l o n g  range o f  temperature as s a t i s f a c t o r i l y  as 

does t h e  equa t ion  used i n  t h i s  I tem. However, p rov ided  t h e  use o f  t h e  R i e d e l  equa t ion  i s  

l i m i t e d  t o  non-associated l i q u i d s ,  b o t h  equat ions  can y i e l d  r e l i a b l e  va lues  o f  t h e  c r i t i c a l  

d e n s i t y  f o r  a wide v a r i e t y  o f  compounds. 

EVALUATION AND CORRELATION 

R e l i a b l e  l i q u i d  d e n s i t y  da ta  fo r  t h e  compounds cons idered here  a r e  con f ined  t o  medium reduced 

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

c r i t i c a l  p ressure ,  and if necessary,  t h e  c r i t i c a l  temperature a l s o ,  were ad jus ted  u n t i l  t h e  

c r i t i c a l  d e n s i t y  g i ven  by t h e  R i e d e l a n d  Racket t  equat ions  were i n  good agreement. As i n d i c a t e d  

i n  Item 94001 the corresponding Item on vapour pressures, the adjustment o f  the c r i t i c a l  propert ies 

was arranged t o  g i v e  optimum va lues  fo r  t h e  c o r r e l a t i o n  o f  b o t h  t h e  vapour p ressure  and t h e  

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

2 I ssued January 1994 
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94002 E5 
OM 

0 
* 5 .  UNCERTAINTIES 

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

volume a r e  dependent upon t h e  r a t e s  o f  change o f  these p r o p e r t i e s  w i t h  temperature and the  

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

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

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

l i q u i d  range. 

A t  l ow and medium reduced temperatures average q u a l i t y  da ta ,  denoted by t h e  l e t t e r  ' E ' ,  have 

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

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

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

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

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

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

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

6.  REFERENCES 

1. RIEDEL,L., 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  theorem o f  cor respond ing  s t a t e s .  P a r t  2 ( i n  German) 

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

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

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

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

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

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

THODOS, G . f o r  p o l a r  and non-polar substances. J. Chem. Eng. Data, V01.30, 

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

Issued January 1994 3 
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94002 E5 
DU 

TABLE 1 

Summary o f  Constants in the Liquid Density equation 

0 

In d = In dc + Nlq + N2q2 + N3q3 + N4q4 where q = (l-T/TC)’I3 

Sheet Name 

1-00 Biphenyl 770 312 1.87981 -0.74420 0 0.25532 

1.10 Diphenylmethane 770 301 1.91397 -0.78664 0 0.27748 
l.lla 2-Methylbiphenyl 755 303 1.91948 -0.78810 0 0.27555 
l.llb 3-Methylbiphenyl 767 298 1.96679 -0.84323 0 0.30232 

4-Methylbiphenyl (not issued) 

1.20a 1,l-Diphenylethane 
1.20b 1,2-Diphenylethane 

1.30a 1,l-Diphenylpropane 
1.30b 1,2-Diphenylpropane 
1.30~ 1,3-Diphenylpropane 
1.30d 2,2-Diphenylpropane 

2.00 Phenylcyclohexane 
2.10 Bicyclohexyl 

3.00a o-Terphenyl 
3.OOb m-Terphenyl 
3.00~ p-Terphenyl 

0 

768 296 1.95250 -0.83567 0 0.30433 
781 292 1.94018 -0.81188 0 0.28693 

762 289 1.99348 -0.87550 0 0.31854 
767 287 1.98111 -0.86045 0 0.31093 
782 285 2.03711 -0.92984 0 0.34657 
762 291 2.00846 -0.89394 0 0.32796 

737 288 1.87810 -0.74236 0 0.25450 
742 273 1.84502 -0.70849 0 0.24139 

834 306 2.03721 -0.92997 0 0.34664 
882 301 2.07469 -0.97808 0 0.37208 
904 335 2.06955 -0.97141 0 0.36852 

5.10 Diphenylamine 833 315 1.95670 -0.83124 0 0.29639 
5.15 Dicyclohexylamine 724 278 1.89978 -0.76601 0 0.26523 
5.21 4,4’-Diaminodiphenylmethane 890 309 2.06911 -0.97084 0 0.36821 

6.10 Diphenyl ether 766.8 324 1.88640 -0.75133 0 0.25852 
6.15 Benzophenone 823 324 1.95818 -0.83299 0 0.29726 
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ES 
DU 94002 

Sheet 1.00 
C12H10 Biphenyl (qiphenyl) 

0 
CAS Reg. No. 92-52-4 Mol. Wt. 154.21 

Orthobaric Liquid Density and Molar Volume 

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

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

t/OC 
T /K 

0 

Critical Temperature T, = 770 K (tc = 496.85 OC) 
Critical Pressure pc = 3250 kPa (pc = 32.08 atm) 
Critical Density d, = 312 kg/d (V, = 494.26 cm3/mol) 
Critical Compression Factor Z, = 0.251 
N1 = 1.87981 N2 = -0.74420 N3 = 0.00000 N4 = 0.25532 
Normal Boiling Point Tb = 528.15 K ( t b  = 255.00 OC) 
Normal Melting Point T, = 342 K (tm 69 OC) 

Data a t  Specified Temperatures 

69 100 200 255 300 400 496.85 
342.15 373.15 473.15 528.15 573.15 673.15 770.00 
(994.33) 969.98 887.65 (838.37) (794.51) (674.60) (312.00) 
(-0.78) -0.79 -0.86 (-0.93) (-1.02) (-1.47) -W 

V/  ( cm3/mol) (155.09) 158.98 173.73 (183.94) (194.10) (228.59) 
(dV/dT)/(cm3/mol K )  (0.12) 0.13 0.17 (0.20) (0.25) (0.50) 
Data Quality 
Uncertainty in d (kq 
Uncertainty in V (cm 

70 (994.) 
80 986. 
90 978. 

100 970. 
110 962. 
120 954. 
130 946. 
140 938. 

150 930. 
160 921. 
170 913. 
180 905. 
190 896. 

200 888. 
210 879. 
220 870. 
230 861. 
240 852. 

250 843. 

0 1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
2 

2 
2 
2 
2 
2 

Uncert. 

l! I 
kg/m3 I 

(0) B B (0) (0) (0) 
(1) 1 1 ( 2 )  ( 2 )  (5) 

1 (0.2) 0.2 0.2 (0.5) (0.5) (1) 

Orthobaric Liquid Density o f  Biphenyl 

Units: k q / d  v. O C  

t d 

OC kg/m3 
- -  

652. 

Uncert . 
in 
d I t d 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
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Uncert . 
in 
d l t  d 

I - -  

kgh3 \ OC 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 

494.26) 
W 

(0) 
(5) 
(10) 

Uncert . 
in 
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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I ~ 94002 

1 

1 
1 

1 
1 
1 
1 
1 

1 

1 1 

1 
1 
1 

2 

Sheet 1.00 

720 260. 2 

726 266. 2 
728 268. 2 

2 
2 
2 
2 
2 

2 

724 722 1264:i 262 2 2 

2 
2 
2 
2 
2 

Uncert. 
i n  

T V V - 
K cm3/mo1 cm3/mol 

350 156.1 0.2 
360 157.3 0.2 
370 158.6 0.2 
380 159.9 0.2 
390 161.2 0.2 

400 162.6 0.2 
410 164.0 0.2 
420 165.4 0.2 
430 166.9 0.2 
440 168.4 0.2 

450 170.0 0.2 
460 171.6 0.2 
470 173.2 0.2 
480 174.9 0.2 
490 176.7 0.2 

500 178.5 0.2 
510 180.3 0.2 
520 182. 0.5 

0.5 2;; [i882:] 0.5 

T 

Orthobaric Liquid tlolar Volume o f  Biphenyl 

Units: cm3/mol v. K 

Uncert. Uncert. 

V 
i n  
V I 1  V 

i n  
V - I -  

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

T V 

Uncert. 
i n  

V 

2 

5 
5 

5 
5 

5 

770 (494.) 10 

0.5 2 
2 

256. 2 

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  o f  t he  l i q u i d  density/molar volume equat ion are i n d i c a t e d  
by the  temperature range (ambient ' A I ,  low ' L ' ,  medium I M ' ,  h i g h  ' H I  or c r i t i c a l  I C ' )  o f  t h e i r  
data. A n  a s t e r i s k  (*) i n d i c a t e s  t h a t  he Source i s  n o t  a pr imary source o f  exper imental  data. 

1 
2 
3 
4 
5 
6 
7 
.8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

EYKMAN,J.F., 
PERK1N.W.H.. 
PERKIN;W.H.; 
BOLLE,J., GUYE,P.A., J.Ch 
VON AUWERS,K., FRUHLING,A., 
VON STEIGER,A.L., 

Rec.Trav.Chim.Pays-Bas, V01.12, p.185, 1893. L 
J.Chem.Soc., Vo1.69, p.1025, 1896. L 
J.Chem.Soc., Vo1.69, p.1196, 1896. 

m.Phys.Phys.Chim.Biol., Vol.3, p.38, 1905. L,M 
L ieb igs  Ann.Chem., Vo1.422, p.224, 1921. 

LAUTSCH,W., Z.Phys.Chem.Stoechiom.Verwantsch.(B), Vol.1, p.123, 1928. L,M 
CHIPMAN,J., PELTIER,S.B., Ind.Eng.Chem., Vo1.21, p.1106, 1929. 
SCHIEMANN,G., ROSELIUS,W., Chem.Ber., Vo1.62, p.1808, 1929. 
ZIEGLER,K., DITZEL.F., L ieb igs  Ann.Chem., Vo1.473, p.194, 1929. 

HENDRICKS,S.B., JEFFERSON,M.E., J.Opt.Soc.Am., Vo1.23, p.299, 1933. 
EVANS,E.B., J.Inst.Petrol.Technol., Vo1.24, p.537, 1938. L,M 
O'CONNOR,M.J., SOWA,F.J., J.Am.Chem.Soc., V01.60, p.1999, 1938. 
JU,T.Y., WOOD,C.E., GARNER,F.H., J . Inst .Petro l . ,  Vo1.28, p.159, 1942. 
FRIEND,J.N., HARGREAVES,W.D., Phil.Mag., Vo1.35, p.136, 1944. L,M 
UEBERREITER,K., ORTHMANN,H.-J. Z.Naturforsch. ,A, Vol. 5, p. 101, 1450. 
WISE,P.H., SERIJAN,K.T., e t  a l . ,  NACA TN 2081, Nat.Adv.Comm.Aeron., USA, 1950. 
MARECHAL,J., Bull.Soc.Chim.Belg., Vo1.61, p.149, 1952. L 
BELLEMANS,A., COLIN-NAAR,C., J.Polymer Sci., Vo1.15, p.121, 1955. 
MOORE,D.W., e t  a l . ,  J.Chem.Phys., Vo1.25, p.1235, 1956. 
BOWRING,R.W., GARTON,D.A., U.K. Atomic Energy Res.Establ., R/R 2762, 1958. L,M 
MANDEL,H., EWBANK,N., NAA-S-R-5129, Atomics I n t e r n a t i o n a l ,  1960. C 
DAVIS,H.G., GOTTLIEB,S., Fuel, vo1.42, p.37, 1963. 
MACKLE,H., O'HARE,P.A.G., Trans.Faraday Soc., Vo1.59, p.2693, 1963. 
MAZON'SK1,-., GASZTYCH,-., Zesz.Nauk.Politech.Slask.Chem., Vo1.16, p.3, 1963. 
TRC Thermodynamic Tables, 

Chem.Ber., Vo1.55, p.1972, 1922. L 

CORK,J.M., Rev.Sci.Instr., Vol.1, p.563, 1930. C 

Texas A & M Univ., Loose l e a f  data sheets extant  1993.* 
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94002 
Sheet 1.10 

C13H12 Diphenylmethane (Benzylbenzene) 

0 
CAS Reg. No. 101-81-5 Mol. Wt. 168.24 

Orthobaric Liquid Density and Molar Volume 

where d is the density, d, the critical density, V the molar volume, V, the critical molar volume 
and q = ( l - T / T p ,  T being the temperature and T, the critical temperature in kelvins. 

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

Critical Temperature T, = 770 K (t, = 496.85 OC) 
Critical Pressure pc = 2860 kPa (pc = 28.23 atm) 
Critical Density d, = 301 kg/m3 ( V c  = 558.94 cm3/mol) 
Critical Compression Factor Z, = 0.250 

Density at 298.15 K (25  OC) d25= 1001.96 kg/m3 (V25= 167.91 cm3/mol) 
N1 = 1.91397 Np = -0.78664 N3 = 0.00000 N4 = 0.27748 

Normal Boiling Point Tb = 538.03 K (tb = 264.88 "c) 
Normal Melting Point T, = 298 K (tm = 25 OC) 

t/OC 25 100 200 264 88 
T/K 298.15 373.15 473.15 538.03 

d/(k /m3) 1001.96 944.49 863.75 (806.50) 

v/( cm3/mol) 167.91 178.13 194.78 (208.61) 
(dV/dT)/(cm3/mol K )  0.13 0.15 0.19 (0.24) 

Data Quality ~ B B B 

(d( d?/dT I / (  kg/m3 K )  -0.76 -0.78 -0.84 (-0.93) 

Uncertainty- in d (kg 
Uncertainty in V (cm 

t 

O C  

- 

25 
30 
35 
40 
45 

0 

d 

kg/m3 

1002. 
998. 
994. 
991. 
987. 

983. 
979. 
975. 
972. 
968. 

964. 
960. 
956. 
952. 
948. 

944. 
941. 
937. 
933. 
929. 

925. 
921. 
917. 
913. 
909. 

Uncert . 
'1; I 

kg/m3 1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

Data at Specified Temperatures 

300 400" 496.85 
573.15 673.15 770.00 
772.79) (655.95) (301.00) 

217.70) (256.48) (558.94) 

(-1.00) (-1.43) -00 

(0.28) (0.56) 00 

Orthobaric Liquid Density of Diphenylmethane 

150 905. 
155 901. 
160 897. 
165 893. 
170 889. 

175 885. 
180 880. 
185 876. 
190 872. 
195 868. 

200 864. 
205 860. 
210 855. 
215 851. 
220 847. 

225 842. 
230 838. 
235 834. 
240 829. 
245 825. 

Units: kg/m3 v. 

Uncert. 
in 
d I -  t 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
2 
2 

2 
2 
2 
2 
2 

275 
280 
285 
290 
295 

O C  

d 

kg/m3 

797. 
792. 
787. 
783.. 
778. 

370 

Uncert . 
in 
d l t  d 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
5 
5 
5 
5 

5 
5 
5 
5 
5 

(B) 
( 5 )  
(10) 

Uncert . 
in 
d 

kg/m3 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
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94002 
Sheet 1.10 

Orthobaric Liquid Molar Volunte o f  Diphenylmethane 

Units: ~ d / m 0 1  v. K 

Uncert . 
in 

T V V 

300 168.1 0.2 
305 168.8 0.2 
310 169.4 0.2 
315 170.1 0.2 
320 170.7 0.2 

325 171.4 0.2 
330 172.1 0.2 
335 172.7 0.2 
340 173.4 0.2 
345 174.1 0.2 

350 174.8 0.2 
355 175.5 0.2 
360 176.2 0.2 
365 176.9 0.2 
370 177.7 0.2 

375 178.4 0.2 
380 179.1 0.2 
385 179.9 0.2 
390 180.6 0.2 
395 181.4 0.2 

Uncert - 
in 

T V V 

K cm3/mol cm3/mol 
- 

425 186.2 0.2 
430 187.1 0.2 
435 187.9 0.2 
440 188.8 0.2 
445 189.6 0.2 

450 190.5 0.2 
455 191.4 0.2 
460 192.3 0.2 
465 193.2 0.2 
470 194.2 0.2 

475 195.1 0.2 
480 196.1 0.2 
485 197.1 0.2 
490 198.1 0.2 
495 199.1 0.2 

500 200.1 0.2 
505 201.2 0.2 
510 202. 0.5 
515 203. 0.5 
520 204. 0.5 

T V 

Uncert . 
in 
V I  - I 

Uncert . 
in 

T V V 

0.5 2 
0.5 

1 2 

1 2 
2 
2 
2 

1 
1 
1 
1 2 

1 725 2 
1 2 
1 
1 740 2 
1 745 2 

1 2 
1 5 
1 5 
1 5 
1 10 

1 
1 
1 
1 
2 

0.5 
0.5 
0.5 
0.5 
0.5 

400 182.2 0.2 
405 183.0 0.2 
410 183.8 0.2 
415 184.6 0.2 
420 185.4 0.2 

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

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

EYKMAN,J.F., Rec.Trav.Chim.Pays-Bas, V01.12, p.185, 1893. 
ANDRELINI,F., Gazz.Chim.Ital., Vo1.25, p.127, 1895. 
PERKIN,W.H., J.Chem.Soc., Vo1.69, p.1195, 1896. 
KLAGES,A., ALLENDORF,P., Chem.Ber.; Vo1.31, p.998, 1898. 
DUTOIT,P., FRIEDRICH,L., C.R.Hebd.Seances Acad.Sci., Vo1.130, p.328, 1900. 
MORGAN,J.L.R., DAGHLIAN,G.K., Z.Phys.Chem. (Leipzig), Vo1.78, p. 169, 1912. 
KURNAKOV,I., KROTKOV,D., et al., J.Russ.Phys-Chem.Soc., Vo1.47, p.573, 1915. 
HARKINS,W.D., EWING,D.T., J.Am.Chem.Soc., Vo1.41, p.1977, 1919. 
VON AUWERS,K., FRUHLING,A., Liebigs Ann.Chem., Vo1.422, p.192, 1921. 
KROLLPFEIFFER,F., Liebigs Ann.Chem., Vo1.430, p.161, 1923. 
KURNAKOV,N.S., Z.Anorg.Allg.Chem., Vo1.135, p.81, 1924. 
ES TERMANN, J. , Z.Phys.Chem.Stoechiom.Verwantsch.(B), Vol.1, p.153, 1928. 
ZIEGLER,K., DITZEL.F., Liebigs Ann.Chem., Vo1.473, p.194, 1929. 
HARE,W.A., MACK,E., J.Am.Chem.Soc., Vo1.54, p.4272, 1932. 
HAMMICK,D.L., WILMUT,H.F., J.Chem.Soc., p.32, 1934. 
LOVELL,W.G., CAMPBELL,J.M., et al., Ind.Eng.Chem., Vo1.26, p.475, 1934. 
PARTHASATHY,P.S., Proc.Indian Acad.Sci.,Sect.A, vo1.4, p.59, 1936. 
McKENNA,J.F., SOWA,F.J., J.Am.Chem.Soc., Vo1.59, p.470, 1937. 
RIEDINGER,A., Phys.Z., Vo1.39, p.380, 1938. 
JU,T.Y., WOOD,C.E., GARNER,F.H., J.Inst.Petrol., Vo1.28, p.159, 1942. 
FRIEND,J.N., HARGREAVES,W.D., Phil.Mag., Vo1.35, p.136, 1944. 
FOEHR,E.G., FENSKE,M.R., Ind.Eng.Chem., Vo1.41, p.1956, 1949. 
KORSHAK,V.V., SAMPLAVSKAYA,K.K., et al., Zh.Obshch.Khim., Vo1.19, p.690, 1949. 
SERIJAN,K.T., WISE,P.H., J.Am.Chem.Soc., Vo1.73, p.4766, 1951. 
DUFF,G.M., EVERETT,D.H., Trans.Faraday Soc., Vo1.52, p.753, 1956. 

API Res.Proj.42, 1958. 
KOEFOED,-., VILLADSEN,-., Acta Chem.Scand., V01.12, p.1124, 1958. 
DETTRE,R.H., J.Phys.Chem., Vo1.64, p.67, 1960. 
ROBERTI,D.M., et al., J.Am.Chem.Soc., Vo1.82, p.3523, 1960. 
FACKLER,J.P., COTTON,F.A., J.Am.Chem.Soc., Vo1.83, p.3775, 1961. 
NELSON,R.D., SMYTH,C.P., J.Phys.Chem., Vo1.68, p.2704, 1964. 
ROSHCHUPKIN,V.V., Nek.Vopr.Fiz.Tekh.Yad.Reakt., p.151, 1965. 
POWELL,R.J., SWINTON,F.L., J.Chem.Eng.Data, Vo1.13, p.260, 1968. 
SURI,S.K., J.Chem.Eng.Data, Vo1.25, p.390, 1980. 
TRC Thermodynamic Tables, Texas A & M Univ., Loose leaf data sheets extant 1993." 

M 
M 

M 

M 
A 

A 
A 
M 

A 
A 
M 
M 
M 
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94002 
Sheet l.lla 

C13H12 24ethylbiphenyl (2-Phenyltoluene) 

CAS Reg. No. 643-58-3 Mol. W t .  168.24 

Orthobaric Liquid Density and Molar Volume 

where d i s  t h e  dens i t y ,  dc t h e  c r i t i c a l  dens 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/Tc)1/3, T be ing  t h e  temperature and T, t h e  c r i t i c a l  temperature i n  k e l v i n s .  

l.n(d/d,) -ln(V/V,) = N l q  + N2q2 + N3q3 + N4q4 

C r i t i c a l  Temperature T, = 755 K (tc = 481.85 "C) 
C r i t i c a l  Pressure pc = 2800 kPa (P, 27.63 atm) 
C r i t i c a l  Dens i t y  d, = 303 kg/m3 (V, = 555.25 cm3/mol) 
C r i t i c a l  Compression Fac to r  2, = 0.248 

Dens i t y  a t  298.15 K (25 " C )  d25= 1006.74 k g / d  (V25= 167.11 cm3/mol) 

N1 = 1.91948 N2 = -0.78810 N3 0.00000 N4 0.27555 

Normal B o i l i n g  P o i n t  Tb = 529.37 K ( t b  256.22 " c )  
Normal M e l t i n g  P o i n t  T, = 273 K ( t m  = 0 "C)  

Data at Specified Temperatures 

t / " C  
T/K 

0 100 200 256.22 300 
273.15 373.15 473.15 529.37 573.15 

d / (k  /m3) (1026.14) (947 

~ / (cm3/mol )  (163.95) (177 

(d(d?/dT) /( kg/m3 K 1 (-0.77) (-0 

(dV/dT)/(cm3/mol K )  (0.12) ( 0  

Data . Q u a l i t y  (6 )  (B 
U n c e r t a i n t y  i n  d ( kg  m3) (2 )  ( 2  
Uncer ta in t y  i n  V (cm I /mal) (0.2) (0.5) i i j  i i j  (2 )  

Orthobaric Liquid Density of 2-Methylbiphenyl 

Units: kg/m3 v. OC 
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Uncert  . 
i n  

d 

k g / d  
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t d 

"C kg/m3 
- -  

175 885. 

190 873. 
195 868. 

185 180 jB77:/ 881 

49) (863.77) (812.27). (768.33) 

56) (194.77) (207.12) (218.97) 
15) (0.20) (0.24) (0.30) 

80) (-0.88) (-0.96) (-1.06) 

(6 )  ( C )  ( C )  
( 5 )  ( 5 )  ( 5 )  
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"C 
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- 

( C )  
(10) 

(2 )  

d 

kg/m3 

679. 
672. 
665. 
657. 
650. 

400 481.85 
673.15 755.00 

641.65) (303.00 
(-1.60) -m 

262.20) (555.25 
(0.66) m 

( C )  
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Sheet 1 - l l a  

T V 

K cm3/mol 
- 

295 167. 

Orthobaric Liquid Molar Volume o f  Z-tlethylbiphenyl 

Units: cd/mol v. K 

Uncert . Uncert. Uncert . Uncert. 
in in in in 
V I '  V V I -  T V V I -  'T V V 

0.2 0.5 
0.2 0.5 
0.2 0.5 
0.5 0.5 
0.5 0.5 

0.5 0.5 
0.5 0.5 
0.5 1 
0.5 
0.5 44 5 1 

0.5 1 
0.5 1 
0.5 1 
0.5 1 
0.5 1 

0.5 1 
0.5 1 
0.5 
0.5 490 1 
0.5 1 

0.5 1 
0.5 1 
0.5 1 
0.5 1 
0.5 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 

650 2 
2 

660 
665 2 

2 

2 
2 
5 
5 
5 

5 
5 
5 

5 

5 
5 
5 
5 
10 

750 10 
755 m1 20 

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 indicated 
by the temperature range (ambient 'A', low ' L ' ,  medium 'M', high 'HI or critical 'C') of their 
data. An asterisk (*) indicates that the Source is not a primary source of experimental data. 

1 JACOBSON,P., Chem.Ber., Vo1.28, p.2541, 1895. A 
2 GOODMAN,I.A., WISE,P.H., J.Am.Chem.Soc., Vo1.72, p.3076, 1950. A 
3 GOODMAN,I.A., WISE,P.H., NACA TN 2260, Nat.Adv.Comm.Aeron., USA, 1951. A 
4 CHAPURLAT,R., DREUX,J., Bull.Soc.Chim.France, p.349, 1962. A 
5 TRC Thermodynamic Tables, Texas A & M Univ., Loose leaf data sheets extant 1993.* 

a 

a 
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