
The experimental high pressure vis- 
cosities available for water (27) were 
found to be inconsistent with those of 
the other polar substances investigated. 
Jossi, Stiel, and Thodos (11) have 
presented a fourth degree polynomial 
relationship between ( p  - p * ) t  and PA 
for this substance. This relationship is 
higher than that of Figure 1 at low 
densities and lower at  high densities. 
The reason for the abnormal behavior 
of water is uncertain, but may be ow- 
ing to its excessive hydrogen bonding 
effects. Considerable deviations among 
the data of the individual investigators 
have been obtained for this substance 
(27) . The relationships developed in 
this and the previous study (11) indi- 
cate that the viscosity of both nonpolar 
and polar substances for high densities 
in the liquid region (for which p* is 
insignificant compared to p )  is ex- 
tremely dependent on density. Baschin- 
ski ( 3 )  proposed the following rela- 
tionship for the viscosity of liquids: 

C 
p=- v - b  (7) 

Here c and b are spec& constants for 
each substance, and v is the molar vol- 
ume. Souders (22) has suggested that 
for organic liquids the Iuantity log 
(log p )  is proportional to the density. 
The relationship of Figure 1 is essen- 
tially consistent with such a form at 
high densities as shown in Equation 
(6) .  Experimental data for argon and 
nitrogen (30, 31) indicate that a 
unique dependence between liquid 
viscosity and density is exactly correct 
only at a reduced density of 2.0 and 
approximately correct at  lower reduced 
densities. At higher reduced densities 
the relationship between viscosity and 
density may be quite dependent on 
temperature. However, in the present 
study the effects of other variables 
could not be observed because of the 
extreme sensitivity of the group ( p  - 
P*)g on PR. 

NOTATION 

h, c 
m, n = exponents in Equation ( 3 )  
A4 = molecular weight 
P c  = critical pressure, aim. 
R 

g.-mole OK. 
?' = temperature, "K. 
Tc = critical temperature, OK. 

TR = reduced temperature, T/Tc 
v = molar volume, cc./g.-mole 
oc = critical volume, cc./g.-mole 
zC = critical compressibility factor, 

= constants in Equation (7) 

= gas constant, 82.055 cc. atm./ 

Pcvc/RTc 

Greek Letters 

01 = proportionality constant in 
Equation ( 3 )  

p = viscosity, centipoises 
,u" = gaseous viscosity at approxi- 

mately atmospheric pressure, 
centipoises 

f = viscosity parameter, 

p = density, g./cc. 
pr = critical density, g./cc. 
pr; = reduced density, p/pc 

Tcl/S/Ml12pc2/3 
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Equilibria in the Hydration of Ethylene and of Propylene 
C. S. COPE 

E. 1. du Pont de-Nernours and Company, Inc., Parkersburg, West Virginia 

In a previous article by Cope and 

simultaneous reactions occur when eth- 
ylene is hydrated at elevated tempera- 
tures and pressure in the presence of 
a dilute mineral acid as catalyst: 

2 CzHsOH = CzH50C2Hs + HzO 
Dodge ( I ) ,  it was shown that two (2) 

It was further shown that, while the 
agreement between directly measured 
values of equilibrium composition at 
various temperatures and those calcu- 

CzH4 + H2O = CzHsOH (1)  lated from thermochemical data was 

reasonably good for reaction (1) , such 
was not the case for reaction (2).  
Based on an analysis of the various 
thennochemical data then available, 
it was concluded that the most likely 
source of the discrepancy lay in the 
value of the absolute entropy of ethyl 

(Continued on page 279) 
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(Continued fiom page 277) 

ether. Two recent papers have now 
served to resolve considerably the con- 
flict of the data. 

Results of a further direct measure- 
ment (2) of equilibrium composition 
indicate the equilibrium constant, K p ,  
to be 24.7 -t 0.1 at 120.8"C. This 
measurement appears to be of good 
reliability; equilibrium was approached 
from both sides, and the absence of 
side reactions was established. As may 
be seen in Figure 1, this result lends 
strong support to that measured at 
135°C. by Atherton as cited in refer- 
ence 1. 

A precise determination ( 3 )  of the 
heat of formation of ethyl ether indi- 
cates that the value of -58.6 kcal./ 
mole (at 2SOC.) selected in reference 
1 after analysis of older measurements 
should be changed to -60.28 2 0.19 
kcal./mole. 

Previous analyses ( I ,  2) of the best 
available data had indicated that an 
increase of about 3.4 cal./ (mole) (OK.) 
in the value of 81.85 entropy units 
(E.U.) for the absolute entropy of 
gaseous ethyl ether at 25"C., as de- 
rived in reference 1 from the low-tem- 
perature specific-heat measurements of 
Parks and Huffman, would be required 
to bring the thermochemical data into 
agreement with the preferred values of 
directly measured equilibrium compo- 
sition. The value of the absolute en- 
tropy, as obtained by means of the 
standard method of calculation ( 4 )  
from the newer figures for the equilib- 
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Fig. 1. Logarithm of equilibrium constant vs 
reciprocal absolute temperature: 2CzH50H(g, 
= C Z H ~ O C ~ H ~ ( ~ )  + HzO(,). The curve rep- 
resents equilibrium constants calculated en. 

tirely from therrnochemical data. 
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Pure diffusional mass transfer in zone melting, Wilcox, W. R., and C. R. Wilke, 
A.1.Ch.E. Journal, 10, No. 2, p. 160 (March, 19641. 

Key Words: Diffusion-6, Mass Transfer-7, Separation-8, Segregation-8, Purifi- 
cation-8, Refining-8, Zone Melting-9, Eutectics-9, Solidification-9, Fusing-9, 
Crystallization-9, Mathematics-1 0, Computations-1 0. 

Abstract: The differential equotion and boundary conditions for pure diffusional 
mass transfer in zone melting are derived. Numerical solutions are obtained and 
approximated algebraically for eutectic forming systems. An analytical solution for 
constant distribution coefficient is obtained. Graphs are given which permit 
rapid approximation of concentration profiles resulting from one zone pass. 
Example problems are provided which illustrate the use of the calculation tech- 
niques developed. 

TABLE 1. 

I 

Use of adiabatic experiments for kinetic studies in fixed cotolyst beds, Schmidt, 
J. P., H. S. Mickley, and S. L. Grotch, A.1.Ch.E. Journal, 10, No. 2, p. 149 
(March,l964). 

Key Words: Cumene, Catalyst, Cracking-1 , Benzene, Propylene-2, Di-isopropyl- 
benzene-3, Silica-Alumina Catalyst-4, Adiabatic, Gas-5, Temperature, Pressure-6, 
Reaction Rate, Kinetics-7, Catalysis, Heterogeneous Reaction-8, Kinetics, Ex- 
perimental Method-9, Adiabatic Reactor- 10. 

Abstract: A method is presented for using an adiabatic reactor to study the 
kinetics of reactions of gases on solid catalysts. The method was demonstrated 
by an experimental study of cumene cracking on silica-alumina catalyst at 420" 
to 480°C. Areas of application of the adiabatic method are suggested. 

Diffusion through the liquid-liquid interface, Ward, W. J., and J. A. Quinn, 
A.1.Ch.E. Journal, 10, No. 2, p. 155 (March, 1964). 

Key Words: Diffusion-6, Liquid-Liquid Interface-8, Benzene-9, Toluene-9, 
Water-0, Interfacial Resistance-8, Mass Transfer-8, Equilibrium-8, Contact 
Time-8, Solubility-8. 

Abstract: A dynamic method has been developed for measuring transient rates 
of diffusion through the liquid-liquid interface. Measurements are reported on the 
diffusion of benzene and toluene into water a t  25'C. The measured transfer 
rates agree well with predictions based on the assumption of interfacial equilibrium. 
The results indicate that any interfacial resistance present in these systems must 
be less than approximately 10 sec./cm. 

Colculation of concentration response to intermittent irradiotion, Hill, F. B. 
A.1.Ch.E. Journal, 10, No. 2, p. 166 (March, 1964). 

Key Words: Differential Equations-1 , Difference Equations-1 , Equations-2, Inter- 
mittent Radiation-4, Irradiator Type-6, Kinetic Mechanism-6, Frequency of 
Irradiation-6, Mixing-6, Concentration Transients-7, Steady State Concentra- 
tions-7, Intermittent Irradiation-8, Irradiator Design-9, Chemical Reaction Engi- 
neering Research-9, Photochemistry-9, Radiation Chemistry-9, Photobiology-9, 
Irradiator-1 0, Chemical Reactor-1 0, Nuclear Reactor-1 0, Visible Light-, Ultra- 
violet Light-, Ionizing Radiation-, Neutrons-, X-rays-. 

Abstract: Initiation of reactions by intermittent irradiation is frequently encount- 
ered in chemical, physical, and biological systems. Mathematical expressions for 
transient and steady state concentrations of reactive species in these systems are 
useful for predicting performance and for research purposes. Methods of formula- 
tion and solutions of the transient and steady state intermittent irradiation 
problem are presented herein far a number of irradiator types, for first- and 
second-order reactions of intermediate species, and far consecutive first-order 
reactions. 
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Formula 

Absolute entropy' 
(ideal gas, 

1 atm., 25°C.) 
cal./( mole) ( OK.) 

A 

CHsOCH3 63.74 \ (18.11) 
CH~CHZOCHZCH~ (81.85) / 

64.51 \ 18.89 CH3CHzCH3 
CH~CHZCHZCHZCH~ 83.40 / 

References 1, 5, and 7. 

rium constant and heat of formation 
cited above, together with pertinent 
auxiliary thermochemical data pre- 
sented in reference 1, is 81.72 E.U., 
in close agreement with the results 
of Parks and Huffman. The basic 
source of discrepancy in the thermo- 
chemical data thus appears to have 
been in the value of heat of formation, 
rather than of the absolute entropy as 
concluded in reference 1 and reiter- 
ated in reference 2. 

Further indication that the value of 
S1.85 E.U. is probably about correct 
comes from a consideration of the ab- 
solute entropies of several compounds 
related structurally to ethyl ether, as 
indicated in Table 1. 

The entropy values shown for methyl 
ether, propane, and n-pentane are well 
established, both from direct specific- 
heat measurements and by statistical 
mechanical calculations. (No estima- 
tion of the entropy of ethyl ether by 
the latter method has yet been pub- 
lished, insofar as the author is aware.) 
The differences in the entropies of cor- 
responding members of the above two 
homologous series are in reasonably 
good agreement and suggest that the 
entropy of ethyl ether should hardly 
be expected to exceed 63.74 + 18.89 
= 82.63 E.U. 

The curve representing the equilib- 
rium constant for reaction (2) as a 
function of temperature, as calculated 
solely from thermochemical data, is 
shown in the conventional log K p  vs. 
T-' form in Figure 1. Shown for com- 
parison are the values obtained by 
various investigators by direct meas- 
urement of composition. We have 
omitted portions or all of the results 
of several investigators which were 
previously shown (1) to be substan- 
tially in error. Although most of the 
experimental results in the neighbor- 
hood of 250°C. lie somewhat above 
the curve, the divergence is greatly re- 
duced from that shown in Figure 2 of 
reference I and by no means exceeds 
the various uncertainties in the several 
individual items of data on which the 
curve is based. The two experimental 
values at lower temperatures lie only 
slightly below the curve. It is difficult 
to specify the most Iikely source or 
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sources of whatever discrepancy may 
remain. 

EQUILIBRIUM CALCULATIONS FOR 
THE HYDRATION OF PROPYLENE 

Sufficient data have also now ac- 
cumulated to permit a calculation, us- 
ing the methods described in reference 
f for the analogous case of the hydra- 
tion of ethylene, of equilibrium com- 
positions satisfying the two correspond- 
ing simultaneous reactions which occur 
in the hydration of propylene at  ele- 
vated pressures and temperatures. 
Such calculations could be compared 
with the direct measurements of both 
liquid- and vapor-phase compositions 
as reported by Majewski and Marek 
( 6 ) .  Confidence in the value for the 
absolute entropy of isopropyl ether as 
measured by Parks, Huffman, and 
Rarmore (7) is strengthened by the 
considerations presented above for the 
case of ethyl ether, and a value for the 
heat of formation of isopropyl ether is 
now available (8). Comprehensive 
thermochemical and related data of 
high reliability are also available for 
isopropanol (9). Critical-point con- 
stants for isopropyl ether have been 
determined (10). A very limited num- 
ber of auxiliary thermal data would 
have to be estimated for isopropyl 
ether, but the requirements on their 
precision would fortunately not be 
stringent. 
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