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PROPERTIES OF LIQUIDS .•• 
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Methods for predicting isothermal and adiabatic 
compressibilities and velocity of sound-Table I 

Parameter Method Reference 

Isothermal compressibilty, aT Rao-Li 4 
Wada 12 

Adiabatic compressibility, a. Rao 2 
Wada 12 

Velocity of sound, u Rao 3,5,8,9 
Rykov 6 
Surface tension 7 
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Predictive equations for isothermal and adiabatic 
compressibilities and velocity of sound-Table II 

Parameter Method Equation 

Isothermal Rao-Li aT = [p·Z(6lnZ - ll)X 
compressibility, aT (1.01325 X 106)]-1 

Wada 

Adiabatic Rao 
compressibility, a. 

Wada 

Velocity of sound, J.L Rao 

Rykov 

Surface 
tension 

82.06T 
whereZ =~. 

aT = (M/pB)7 
where B is a constant 
determined by the sum 
of the bond contribu­
tions given in Table III. 

(1 / pa.)112 = C(T, - T) 
where C is a constant 
determined by one 
value of a. and p. 

a. = (M/pA)7 
where A is a constant 
determined by the sum 
of the bond contribu­
tions given in Table III. 

u = 0.032808(tlp/M)3 
where f3 is a constant 
determined by the sLIm 
of the structural contri­
butions in Table IV. 

u=[ aTT(c:P~aTXM) J'2 
X (3.2808) 

where cP ' A and aT are 
taken at absolute tem­
perature T. 

u = (355) (0.032808) X 

[ 

U l'213 J112 
MTr 

whereuandVare taken 
at absolute tempera­
ture T. 
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Bond contributions for isothermal and adiabatic 
compressibilities (Wada's method)-Table III 

Bond Constant A Constant ! 

C-C -1.10 1.07 
C-O 2.05 2.78 
C-S 5.43 
C-N 0.40 0.24 
C-H 5.10 4.1 6 
C-F 6.57 
C-CI 12.91 12.55 
C-Br 15.54 15.33 
C-I 19.65 
O-H 4.64 5.07 
N-H 5.57 5.00 
C=C 5.68 6.36 
0=0 9.93 9.08 
C=S 16.83 
O=N 7.60 
N=O 8.17 8.28 
C,,;N 14.13 
Ring 4.80 -0.43 
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Information regarding the velocity of sound is IlTI· 

portant in a variety of hydrodynamic calculations, 
Similarly, compressibility data can be useful for th,' 
extrapolation of saturated-liquid 0 densities to high(~ 

pressures. 

Predictive Methods 

The predictive methods evaluated here and tllC',r 
corresponding equations are listed in Tables I :1:.! 
II, respectively. Tables III and IV list the additi\ r 
structural and bond · contributions required in sc\'{·r.J 
of the procedures. 

Results of Analysis, Recommendations 

Table V summarizes the results of the statistic" 
analysis of the methods evaluated. (TI1e cbs, ~\ 

boIs of Table V are defined in Part 8, Tabk i\ 
Ch em. Eng., May 19, 1969, p. 194.) Our anal)", ' 
the methods for the three properties showcd (hi, 

Isothermal Com.pressibility-Clearly, large U!I'" 

tainties exist in the Rao-Li and \"lada method; I 

predicting this property. The problem is ftlrtlll'r c.~ 
plica ted by the small number of samples. A eh . 
between the two methods is largely based on s: 
plicity, available data and general applicability. 1 
Wada method is simpler, requires less datJ, bllt 

also not as widely applicable as thc Rao-Li nl('( 

Adiabatic Compressibility-Here, Rao's tcchllJ, 
is recommended (calculations made on 146 or~'I' 
yielded 95 % reliability limits of ±1 %), but 
method does require at least one l.Llown \, (\11 " 
adiabatic compressibility. Wada's method, on t ' 

* LiQuids at their saturation pressure as opposed to comp···" 
liquids (liquids at higher pressures). 
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Structur­
o 

Types 

Basic struC) 
Me thane 
Be nzene 
Cycloh exa n~ 
Naphthalen 

Substituted 

I I 
-C-, -C~ 

I I 
-COO-

o 
/I 

-C-H 

o 
/I 

-C-

-NH 
-·NH. 
-COOH 
-C,,;N 
-0-
-OH 
-CI 
- Br 
-I 
- NO. 
- 5 
: 5 
Jouble bonds 
~riple bonds 

Position contr(' 

Ort/to 
Meta 
Para 
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'tiler hand , 
.blc." ' I 

Velocity d 
:Jcred for 

,C most re 
'dded 95% 

: 'n this series, 
·.e calculated Ii 
general closs A 

·"'01 value. 

)eferences 

• Pnrthasarth 
;,7, 73 (195 3' 
rartinton j 
ChemIstry" 
(951 ). ' 

t It.10, R ., Cl~ 
Hao, R . V. 
~'!l . 213, 166 
.:el tl., R. C., 
I,ases and L 
\{rkov V I ' 
l}l"kov: V: I:' 
~:\ kladl s, B. 
"t m trasonf 
r,-<lU lsian n St 
~tatlon , Bull 
~akl a.djs, B. , 

ltMICAL ENG! 


