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ABSTRACT 

A study of experimental techniques for the determination of 

diffusion coefficients for binary mixtures and a study of the existing 

relationships for these coefficients were carried out. 

A new three-compartment diffusion cell was developed capable 

of measuring diffusion coefficients at temperatures up to the normal 

boiling ppint (24). By means of this cell,diffusion coefficients were 

measured for the systems ethanol-water, acetone-water and acetone-
.. 

chloroform for a range of temperatures up to the normal boiling points. 

Thus· diffusion coefficients for the above mixtures including those at 

boiling points and at infinite dilution are presented. 

A relationship was developed to relate diffusion coefficients 

. with temperature and concentration (equation 3-1.21) in binary systems. ' 
, i 

It agrees better with the experimental data for the associated systems 

than some literature correlations. 

, By application of parachors a new equation (3-2.4) was 

developed for the prediction of diffusion coefficients at infinite dilution 
, 

(201). This equation" because of the ease of calculating parachors, 
, . . . . . . 

is more convenient to use than other equations based on the Stokes-
• .•• . ~ ", .. ' .. • l ... ~ , " . -' . . ~.. . "',' . '. •• • ~ . . . . • . I I ., 

~~stein equatio~. 
.. \.. : ....... '. " ••• ~ l J , .. ,; . 

An additiv:e method ~ the prediction of self-diffusion coefficients 

.was introduced and a correlating equation (3-3.4) was developed. The 

bond and structural contributions to the constant of the equation 

were calculated on the basis of a limit~d amount of experimental data. 
• ...., &,.", • :.( ~ , . 

l?espite this the correlation gives. reasonable predict~ons for the ." 

~~mpe~ture range,. . be~e~ . '. i melting point and boiling point. 
l ,;!', :.!~."I~ t •• , I,' .; ! I'!' . ,I', _.' ',' .' :", .,',., •. ~._, l .. - ·I·\: ... ~· ,', ' 

.: .. : .. 

• . t .',. I , f . I 



\ 

Another correlation for the prediction of self-diffusion coefficients 

was developed (203) (equation 3-3.6) by modifying an existing equation. 

This was possible by applying the relationship between the molal volume 

at the boiling point and the critical molal volume developed in this 

work (202). The new equation is more convenient to use. 

The correlating property of the critical temperature was used to 

devise a -relationship between diffusion coefficients, critical temperature 

and the working temperature. The two correlating equations (3-4.6) 
• 

and (3-4.7) can predict diffusion coefficients at vallious temperatures 

if one value of the diffusion coefficient at a single temperature is known • 

: . I ' . 
. ~ \. I •• -,';','.,.-. ~ ~ ~ I' 

.; .. J • • ~, .,' • ")," 

:' .. 

.. " ... 

.... ' .,' .. ' 

..l.o )' 

.' 4. 4. \.:.: l : ; . ' ~ I ... 1 ' ... ~ _ l .•.•• ;.. ' ,~ .... • 

I •• , • ~ 

.. 
d. 

...... .s iUll , ... ...... . . '.;. 

.• f ", 

. \ 

, 
. I 

_::l 1\:.' •. 
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PART 1 INTRODUCTION 

A knowledge of diffusion coefficients is required in the design of 

chemical engineering equipment in which mass transfer or simultaneous 

heat transfer and mass transfer take place. So far the most reliable 

diffusion coefficients in the liquid phase are derived experimentally. 

Most of the methods available for the experimental determination of 

diffusion coefficients are designed for work at ambient temperature 

and atmospheric pressure. Since chemical engineering 
4 

processes . occur_ IIUI.i!1ly .; at temperatures higher than ambient, 

there is a need for a reliable method for the experimental determination 

of mass diffusion coefficients at elevated temperatures. . In this work a 

three-compartment diaphragm cell was developed for experimental 

determinations of diffusion coefficients at elevate~ temperatures, up to I 

the normal bolling point. Using this diaphragm cell, diffusion 

coefficients for three binary liquid systems i.e. ethanol-water, acetone-

water and acetone-chloroform were determined for various temperatures 

up to the neighbourhood of their normal boiling points over the complete, 

concentration range. The values of diffusion coefficients at normal 

bolling points for these binary systems were obtained by interpolation 

and extrapolation. The diffusion coefficients at infinite dilution for 
.ll 

these mixtures were also obtained by extrapolation. 

Experimental methods of obtaining diffusion coefficients are 
.J\ I 

tedious. Therefore many attempts have been made by research 

workers to develop methods for predicting diffusion coefficients as a 
' .• ' ., : " " I. 

function of temperature and concentration. Out of many such correlations 
\ ~ '. '.. ' • " " ' :'.' j , ," , " • J 

. ~vail~le thos~. of Le~er and Cullinan (1,11), of Vignes (210)1 an~. of Gainer 

(6~) are. P:ro~s~g ~. ,I.J:.. Il~ ~c:>r~~lati~~ of, t~SI ~~. is. dev~~oped ~ ~~ 

work and it appears that this correlation gives better predictions for 

assooiated binary. systems. 
. " , ... ' i 

3 



4 

Literature correlations for the prediction of diffusion coefficients 

at infinite dilution and self-diffusion coefficients are usually difficult to 

use because of the lack of physical properties available, • It was 

found that the most reliable correlations in this group are those of Wilke 

and Chang (219), of King et al (104) and of Sitaraman et al (182). In this 

work an effort was made to devise a new correlation employing parachors 

instead of such properties as latent heats of vapOrisation etc • 

.. 
The advantage of this equation is in the fact that parachors are easier to 

obtain from literature. \ 

Self -diffusion coefficients are important as they are used in many 

correlations ill the same way as other physical properties of liquids. Hence 

many empirical correlations for the prediction of self-diffusion coefficients 
/ . 

are avililable. Those of Dullien (43) and of Vadovic and Colver (206) I 

have the reputation of giving reasonable predictions. Their equations, 

to be used, require a, lmowledge of critical molal volume and molal 

volume at melting point respectively. In this work the Dullien equation 

is modified so that molal volume at the boiling point can be used. 

In this work an attempt is made to develop an additive method for 
~t'll'''4'' .• '.~J" .,,1. 

the prediction of self-diffusion coefficients. A large number of 

experimental self-diffusion coefficients are needed to define accurately the 
"' . 

bond contributions. So far these contributions are determined on the 

basis of 46 available experimental self-diffusion coefficients. The 

correlation developed gives predictions comparable with exp~rimental 
- - , .... : .,'. . \ 

coefficients. 
l .1 

: 'I .• ~ .: .; • ! . 

~ \-, I. I . l.! .'; J: , !. ,': ' ,. 

'" I. 
'1.,1 ',I , ! .... 
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Transport properties of liquids are strongly temperature dependent. 

It appears:from a literature search that this temperature dependence can be 

correlated by . introducing· ,the critical temperature. This method is 

applied, in this work, to develop one empirical equation for the prediction 

of self-diffusion coefficients and another for the prediction of diffusion 

coefficients at infinite dilution at other temperatures when a single value of 

the coeffic1ent at one temperature Is available • 

.. 

\ , J'l, •. ' , ., .. 1 .• l. " .' ,: .. ; 
" 

\.. .. , ..... . '/ ~ ... . , ' .. ~, ' "' ... , ,)1 

, ~.,. I . '.; •••• ,. " 

.' , .,0." _, " 

.. ,t"' ,',a 
••• :," • "d 
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2 - Literature Survey 

The various theories for diffusion in liquids , maybe 

listed as (a) Hydrodynamic theory (b) Statistical-Mechanical theory 

(c) Irreversible Thermodynamics theory (d) Eyring's (absolute reaction 

rate) theory and (e) Lamm-Dullien theory. Each theory is based on a 

specific structural model. 'The basis of the structural models of liquids are 

briefly described below. .. 

None of the theories is described in detan except those on 

which the correlations of Leffler and Cullinan (111), Vignes (210) and 

Gainer and Metzner (60) are based. When discussing these 

correlations the relevant theory will be referred w. 

" ~ , ... . , 
~ ••• ' ~. # • \,., , ,. 

.! \. , .,' ... ,' .,,', • I. ., •• ~.. • ._', \ i-Jl,' .', 

: ..... , 

'I 

. ' 

I, ~'. _ • 

• I" I ,: I 
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2-1 Structural models of liquid phase 

The theory of the liquid state is only partially developed when 

compared to the well established theories of the gaseous and solid states. 

The theoretical knowledge of gases and solids is more advanced because 

the gaseous state exhibits complete molecular disorder, and the solid 

state possesses a regular crystalline structure. 

In the case of liquids neither the complete randomness of gases, 

nor the rigid geometrical structure of solids is observed. There is no 

definite structural description for liquids other than the very gross 

explanation that the properties of liquids lie between those of gases and 

solids. However, taking advantage of the latter explanation p attempts 

have been made to formulate a theory of liquid state from the presumption 

that liquids are either condensed gases or disordered solids. The 

theories developed from the assumption of condensed gases are called 

"distribution funCtion" theories (10), because they are described by 

certain distribution functions specifying the probability of finding sets· of 

molecules in particular configurations. The theories developed from 

the assumption of disordered solids are known as "lattice" theories (10), 

because they assume a certain structure which bears some relation to 

the regular lattice structure of a crystalline solid. 

Both of these approaches are useful in describing the Uquid 

state properties, there is no 'a priori' reason to suppose that either 

approach is more correct or more fundamental than the other. However, 

the lattice theories are usually more convenient to use as they involve less 

complex mathematics than do the distribution function theories. 

A brief description of a few theories, based on the lattice 

structure of the Uquid phase. will be given below •. 
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2-1.1 The cell model (10, 159, 93, 87) 

In this model each molecule in the liquid may be regarded as 

confined to a comparatively restricted reglon, designated as a 'cell' or a 

'cage', formed by its surrounding molecules. According to this view 

the main difference between a solid and a liquid is that a molecule in a cell 

has a little more freedom of movement in the liquid than in the solid, due 

to the inc;rease in volume on melting. 

In developing this cell model the molecules are assumed to .. 
move entirely independently of one another within their cells, i.e. the 

positions of neighbouring molecules remain fixed while the central molecule 

moves around. This assumption involves a paradox as any molecule may 

be regarded either as a neighbouring molecule or a central molecule. All 

the cells are assumed to be identical and each contains just one central 

molecule, usually called a "wanderer". The molecules are assumed to 

behave as hard, non-attracting, spheres. During the me! ting process 

the lattice is assumed to expand uniformly • 

. With this structural model it is difficult to suggest the mechanism 

of a solute molecule moving through the solvent molecules. 

" 

2-1.2 The ''hole model" (69, 57) 

The hole model of the structure of the liquid phase pictures the 

configuration of molecules as a cubical lattice structure. In this structure 

there are Iilissing random molecules and the vacant spaces are called ''holes'' • 

. The location of the holes is not permanent, they are supposed to be moving as 

a vapour bubble in a liquid. This theory explains the diffusional motion 

and viscous motion: in· a liquid quite· well. The process of jumping of a 

molecule from the neighbouring layer into that hole constitutes the process .. 
of diffusion.. The sliding'motion of a row of molecules to oc~ the 

) ;. : ... .:!,,: : 



vacated space represents the process of viscous motion. The hole theory 

is very suitable as a foundation for the theories stating that diffusion and 

, viscosity are two interllnked processes. 

. 2-1.3 The significant structure theory model (53) 

As in the hole theory the lattice structure is assumed but the 
, 

molecules are divided at least into two groups. . One group consists of 

solid-like molecules' possessing vibrational m«>tion and the other group of 

molecules is supposed to exhibit translational motion like molecules in a 

gas phase. The lattice structure is subject to expansion and contraction 

on changes in temperatures. These are the main differences between the 

hole model and the significant structure theory. The Significant liquid 

structure theory constitutes a better basis' for. various theories of fluid 

physical properties. 

. 2-1.4 The tunnel model (10) 

This model attempts to picture the structure of the liquid phase 

more realistically. The molecules are imagined as behaving as beads 

on long strings. . These strings are supposed to move in parallel and a 

sufficient space is available·between the ne~bbouring·strings to make the 

motion' possible. Each string of molecules behaves Ukea single cell in 

the cell.model. :.' j... • , • . ' '" 

. 2.1-5 Other· models 

Most of the other structural models are modifications of the 

models mentioned' above and have been,desoribed comprehensively in the 

following'li"eferences: (10,. 53, 57.' 69~ 87,' 93, 129, 159)~' 

•• ~ M ~~ .. :.. • 1-:': i'. ..' , 

-/ 

9 

, 
, 

I 

.J 



2-2 Self-diffusion in Liquids 

Self-diffusion is diffusion in a single component fluid i. e. diffusion 

of molecules through an assembly of molecules of the same species. Self-

diffusion coefficients are obtained experimentally in the same way as the 

mutual diffusion coefficients except that radio active tracers are used to mark 

the diffusing molecule. A large number of mathematical models and 

empirical equations for the prediction of self-diffusion coefficients have been' 

developed. Some of these equations are summarised in Table 2-2.1. One 

group of these correlations is based on the Stot{es-Einstein equation, which is 

a result of the Einstein-Sutherland hydrodynamic theory of diffusion. The 

.other group of correlations is based on the Eyring theory of absolute reaction 

rate. Some of the correlations, particularly tho9wfamainly empirical 

nature, are based partly on the hydrodynamic theory and partly on the Eyring 

theory. _ it can be seen from Table 2-2.1 that very few of these correlations . 

were checked with experimental data ,therefore there is no basis for 

recommending any of these equations. 

No one has yet attempted to predict self-diffusion coefficients from 

the group additive properties. ; this:, me~od was' tried successfully in 

the calculation of molecular volumes e.g. Le Bas method (109), in the 
. '. \.1. ", '. 

prediction of surface tension by means qf parachors (188) and in the prediction 
,., ... " ". . ' , ... ' .... , .. \ ."., 

of viscosity by rheochors (58, 59). 
: • • •• I. ' " • , • • ' ~'. , _. .! ~ .•• • . I i .:.' . . . ' ~ • , 

\ . 

e : 

" .. " I • : ..... ; :' 

...J \,I' L' .......... _ 

I. 
" •• _... • •.. ' .1. t ......... '" '- '.' ~ , 

10 
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Table 2-2.1 Equations for estimating self-diffusion coefficients 

Author, year 
and reference 

Einstein
Sutherland, 1905 
(49, 189) 

stokes-Einstein, 
1905 (187, 49) 

Ottar, 1935 
(149) 

Stem et al, 
1940 (184) 

Eyring, 1941 
(69) 

Gierer-Wirtz, 
1953.(68) .,' 
.' ' " ....... , 

• • • • : ~J \. , 

Li-Cbang, 
1955 (115) 

Equation 

D* = kT 
f 

where f = 611'J.l ~ @).L + Jr (3 J, viscous 
~tJ. + Jr. @ J 

D* 

resistance per molecule or frictional 
coefficient 
@ = coefficient of sliding friction 

between molecules. 

= 
kT 
411'" JJ. 

(modification of eq.(2-2.j)by introducing 
the value of 'f' with @ = 0). 

D* = RT ~ V~ I (4.i2 JA. M) 
(a modification of Eyring's theory). 

D* = ~ ( RT)l exp (- AED\ 
. Vf2 211M R:l 

(derived from absolute reaction rate', 
theory). 

kT 

J.L 
{derived from absolute reaction rate 
theory).·,. . .. ,. 

D*'= , 1 
. 611' Jt g 

where g = 0.16 + 0.4 

1l.= radius of the solute molecule 
~= radius of the' solvent molecule. 

1 

D*' ~.' ... kT .. . ( vNb \ :a 
= ,l{l- Z ) ~ "' 

where ~ = number of nearest neighbours 
in one plane . . 

.;' • ...:, & i . \ 

.• ,,r . '" \" 

Liquids % Equation 
tested error number 

2-2.1 

34 10 2-2.2 

16 2-2.3 

2-2.4 

poor 2-2.5 

2-2.6 

12 2-2.7 

~ 

. " 

. i 

i 

j 



Table 2-2.1 (continued) 

Author, year Equation Liquids 
and reference tested 

! = number of all nearest neighbours . 
(developed from the hydrodynamic and 
Eyring's theory). 

Longuet-Huggins 

~ (.r;T)l(:: -If -Pople, 19~6 D* = 
(119) 

.. 
Mackenzee-

1.29 x 10-14 Gbl (:m) Hillig, 1958 D* = 
(126) 

0 
where Tm = melting point temperature, K. 

Longuet-Huggins 
-Valleau,1958 D* = ~ , /lll:.. 
(120) 32 V 11' M 

Panchenkov, 
1958 (150) 

", J,. . . 

for notation see ref. 

1 1 

D* = 4 (::Nf (;~Tr 
expf- 2 A E 

L "(RT 

r~. +IJ'.x:. ~RT 

E. 1 
2RTJ 

where Eo :c the energy of one bond between 
the liquid molecules per mole 
Y = cO-ordination number of the liquid at T 
.1·E = 4 H-RT, energy of vaporization. 

Cohen-Turnbull, D* = g 6Y3k
M
T 

1959 (28) 

Swalin, 1959 
(190) 

where g = geometric factor 
6 = molecular diameter 

V = free volume . 
T~= approximately equal to molecular 

volume. 

D* CT2:::::f !. it}:1 T2 .. -... 
= AH0(2 

where 0( = thermal expansion coefficient 
e,Cl ..:: constants. 

-

--

-

12 

% Equation 
error number 

- 2-2.8 

- 2-2.9 

2-2.10 

2-2.11 

2-2.12 

2-2.13 
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Table 2-2.1 (continued) 

Author, year Equation Liquids % Equation 
and reference tested error number 

.! 

~~ [- 4>.J McLaughlin. D*=~~;~2 1959 (129) V- N: exp 3NkT 6 10 2-2.14 f2 

where nh=number of holes in a gmole 
of liquid 

eR, = lattice energy defined in ref.. 
, (129). 

DouglaS3~cCall, n* 2A2 kT [PO". -1 ] 

-1 
2-2.15 - -= 1959 (41) . 5 VJl RT 

1 
where A = 0.56 CV /N)3 , 

p* = thermal pressure defined as 

T (~P1: 
aT 

Eyring-Ree, 
A1 1961 (54) D* kT 

12 2-2.16 = -. . -
~'\2 A3 P. 

, 
/ , 

Houghton. 1964 \ 

(~) 
2 

(91) . D* RTe 3 25 9 2-2.17 = • 
61l M 

Walls- t 
.. 

Upthegrove,1964 D* kT - I· 2-2.18 . - 21" ~ (2b+1) fA-1 (213). 
1 -. -- --

where b = ratio of atomic radius to 
, 

: , 
·intermolecular distance. , \.' .. " ... - ~ . ; .. , 

10 , 
,,\. . , : \ 

van Geet-
.~ fa·28 -. AEn (!f -O.8~ Adamson, 1965 logD* - 2-2·19 

; (208) .2.3R 
3 I x 10. 

I , i I , I \ i 
Adam-Gibbs, , 

1965 (1) n* = Aexp t -B j T - To - - 2-2.20 
, 

where A. B = constants 
To = temperature at which the 

,configurational entropy I 

I 
vaDfshes, ~. 

' . 

. / 



Table 2-2.1 (continued) 

Author, year 
and reference 

Equation 

Macedo-Litovitz, 
1965 (125). D" = A exp [- AEV

RT 

, 
Ravdel-
Poraikoshits , 
1967 (165) 

where AE = activation energy at constant v 
volume 

- . V* ~ approximately equal to van 
der Waals volume of molecule 

't = cpnstant 
A 0( Ta. 

-15 
D* = 1.246 x 10 

• 

T 

where RD = molecular refraction. 

14 

Liquids % Equation 
tested error number 

12 5 

I 
/ 

2-2.21 

2-2.22 

-1 

\ 

Ascarell1-
Paskin, 1968 
(9) 

1 .. \ ~ • , 1 ." J i' ,I 

I .\ .... , .. 

Panchenkov et 
, aI, 1970 (150) 

. " 
",.,',',(. :" 

. \ J),-~ :',.~: I~:V::'~"~·~.:~,, . 

, 
I 
I 

I 

rl0Tm (J 

L T em 
where m = subscript indic~ting melting 

point temperature 
@ = density 
~ = packing fraction 

.bm=~:T) Vm]!. 
(based on the ideal gas diffusion theory 
using Enskog high density correction (9) 
for liquid. Good for liquid metals). 

~ 
D* 1 RT {lVb 3 1 RT 

= A #J. M' = A ¥ 
when A =% error ± 

... + 
A -~n . error-

11.2% 

6.0%~ u. 

-~ 

• . ,'1' 

~ (a modification of Stokes-Einstein equation). 1 

! 

, t : .. L ~ ... ~I. ~ \; 

.! .1 

~ \ •• I .;, • ~ .~. 

.. - ~,-...... ~ ... - ..• '-"-'-"-"--~-<:"'" ~ ",,~- ..... ---.! --. , ,," ...,.--, "- ""'-~--- _. "' . -~. '-'.~'. -- , .. --~- .. ----~.---

2-2.23 

2-2.24 



\ 

Table 2-2.1 (continued) 

Author, year 
and reference 

D'yakonov, 
1970 (47) 

.. 

, 

. DulUen, 1972· 
(43) 

Vadovic-Colver, 
1972 (206) 

Ertl-Dullien, . 
1973 (50) 

• I 

.. 
.. "<' ••• 

' . 
.. l \1 

Equation Liquids 
tested 

. D* ~ 4.21 x 10-
14 ~~)! exp~/R( -

where.§!l... .,,; the number of states of the 
R "microcanonic ensemble" as 

defined in ref. (47). 
R = gas constant in J/KgOK 
'-= in cm. 

.. 
n* = o. 124x1 0 -16 (R'l::~ V i = O. 129x10 -16 

IJ.V c 
31 

x'; (nn A,. ) (R!,) T! 
flV c 

where 6'= Lennard-Jones distance parameter 
SlD.n.fl = generalised collision pbtentials 

for diffusion and for viscosity 
R ~ 8.314 )(107 . 

-8 
D* = 0.219 x 10 T ~ 

V 3 . 

I J!V m 

D* RT d i 2 . ) 

, ,= IlV (~in) (-1.42 ~ 0.152 Vc . 

where d 
Qmin 

(a modification of Dullien's eq. (2-2.26) 
, to include the temperature dependence of 
, the molecular diameter). 

20 

31 

15 

% Equation 
error number 

- 2-2.25 

4 2-2.26 

! 

6 2-2.27 

4 2-2.28 

~! ________ ~I~~ ____________________ ~i~, __ ~ __ ~ __ ~I 

! ;' 

j - ........ 

'\ .' '. \ i ~ , 

.' 

, ,,', ••• & ........ _. _# ••• . I 

. . ", ,.'. ...1·. , ...... \.. 



Table 2-2.1 (continued) 

Author, year 
and reference 

Collings, 1973 
(29) " 

Dymond, 1974 
(48) 

This work 
(203) 

..... .. . ,. , . 
., 

I .. l ., .• " .... 

This work 

\',:1'·: 

•. 'y ....•. 

Equation 

D* kT 
= -=--~ 

~H +~S 

where ~ = 8 (362 (lfmkT)2 g(6') 
3V 

and ~ = 8 (352 (11' mkT) 
2 

[ f 
3V kT 

xl;(r) {g (r) - lE 
(the nomenclature is given in ref. (29». 

-5 .l [ l D*= 2.306x 10 f~ Vb-~J84 Vo J 

where Vo = N ,,3 ,hard sphere closed 
-{2 packed volume . 

(based upon Enskog's theory ( 87 ) of 
dense fluid). 

'D* = 0.229 x 10-
8 ~;,) V~·63' 

(similar to eq. (2-2.26) and Vc is 
replaced by Vb) • 

~
~ ] 7.7 

D* = T .!... 
. [M] 

where [M] is a constant and may be . 
estimated py summing the bond 
contributions given in Table (3-3.2) 
of this work. I 

Symboles used in this Table are explained 
in the section "Nomenclature" unless 
otherwise specified • 

...\' 

16 

% Equation 
liquids error Number 
tested 

2-2.29 

2-2.30 . 

/ 

31 4.8 3-3.6 

48 12 3-3.4: 



2-3 Diffusion coefficient at infinite dilution 

A number of correlations~~om the.!lterature are presented in 

· Table 2-3.1. T!:l~:majority of these correlations can be classified into 

two groups, on the basis of their theoretical background: 

(a) those developed from Stokes-Einstein equation and 

(b) those developed from Eyring's theory of absolute reaction rate. 

o 
In group (I!-) the expression (D AB fi

B
/ T ) is usually correlated with the 

relative size of the molecules, Le. 
., 

. (i) For colloidal solutions where V ~ VB 

o 
D AB }lB = f (size of the solute molecule, A) 

T 

(U) . For ideal liquid mixtures where the sizes of the molecules are 

of the same order of magnitude 

o 
D ABflB 

T 
= f (ratio of the dimensions of the pure 

components) 

· (ill) . For non-~deal and associated mixtures 

o 

/ 

D ABflB = f (ratio of the dimensions of the pure components 
T and correction factor for association) 

· The correction factor for association is introduced to account for the 
.• (I. 

\ changes in the sizes of the molecules due to association. In group (b) 

the variation of activation energy for diffusion with temperature constitutes 

the basis of the Eyring theory. Diffusion coefficients,according to this 

theory, vary exponentially with the energy of activation and the temperature. 
,.. 

Correlations based on theEyring theory ar~ more suitable for systems in 
~.\.. .. ". \ 

which the sizes of solute and solvent molecules are of the. same order of 

magnitude. 
' .. 

.' ~ t 
, .... , .. i •. i-I' '. ; ," , -I· 

. L .... 

. I ,', ,1 ~ ...... .i.: .... ,t 

. . 

,L " 

... '.·f 

, 
,'" • '" • I., 

.' .. -.. " " 'I' .. : . 

17 
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Table 2-3.1 Equations for estimating diffusion coefficients at infinite 
dilution 

% Author, year 
and reference Equation 

Systems 
tested error 

Einstein
Sutherland, 
1905 (49,189) 

",' . 

where f = viscous resistance per molecule 
or frictional coefficient 
(derived from hydrodynamic theory of 
liquid). 

Stoke~-Einstein,DO _ .L (. 3}!B + JrA@) 4 kT 
-1905 (187 t 49) AB - 6l1"'A, \ 2flB + ~ @ }JB 

Herzog, 1930 
(84) 

Amold, 1930 
(8) 

, . 

kT 

fIB 
when @= 0 

DO = 1 kT 
AB -

611'''A flB 
when ~= ()(J 

where ~ = coefficient of sliding friction 
between the solute molecule and 
the solvent molecules •. 

o 
D AB = 2RT 

611' NO. 6'/ U (V _b)O. 33 
fB A 

where b = van der WaaPs volume constant. 

o r: / ] 0.5 -3 
D AB = l(MA+MBl M6MB xlO 2 

~. A A AB}J; (V~ii + viIS .) 
where AA' AB = 'abnormality factors' which 

I . -. ..... correct for association and ! t , 
abnormal intermolecular forces in 

! liquid 
I (developed by extending the kinetic theory of 

... -. .... I gases' to liquids. Its application is limited ' 
. u:; .. ' .J ,to a temperature of 200C and to relatively 

Eyrlng, 1936 
(52) 

low boiling solvents). 

-- .. 

kT 

f.B 
I wherefn = in poises , 

(based on the absolute reaction rate theory). 

I 

: I, I, 

w .. 

• 

/ 

15 

18 

Equation 
. Number 

2-3.1 

2-3.2 

2-3.4 

2-3.4a 

2-3.5 

.. _---- -----------------------------_ ...... 
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Table 2-3.1 (continued) 

Author, year Systems % Equation 
and reference Equation tested error Number 

Powell et al, DO = kT 
1941 (155) AB a(27t

A
)& 

where a = 311' for spherical solute molecules 
a = 211" for cylindrical solute - - 2-3.6 molecules 

r 
JlB = in poises 

(modification of Stokes-Einstein equation, 
applicable only for N A. ~ VnJ· 

Wilke, 1949 
0 

T D AB =.! \ 

(218) F flB 
j - - 2-3.7 where F 0( V A3 

, JlB = in poises 

(derived from Stokes-Einstein equation and 
Eyrlng's theory). 

I 
I 

o -5 1 . . 
PoIson, 1950 D AB = 2.74 x 10 MA 

-a .. 

(168) - - 2.3.8 
(obtained empirically for sy~tems where water 
is the solvent and MA> 1000). 

I 

Olson-Walton, o 0 
A plot of D AB or (D AB }lB) vt6 ) with 11 5 2-3.9 1951 (146) 
'. T CA: . 

. , 
. ~ 

surface-tension of pure solutes as parameters, 
I where AS = slope of the curve from the plot ' .. I 
I - . AC

A of surface tension against the 
I molar concentration 

! . ,. 
I ~ ... " . , ... ... :., .,,... ,I 

(5 = in dynes/cm I 

I , 
. J·l. . '. ,~ . 

CA = iD. g-moles/litre • i 
J 

I 
nO = A B C I 

Longaworth , - - 2-3.10 I 

AB MVI + i?i!+ M I 

1952 (117) 
I A' A A , 
.1 : where A, B, C = characteric, constants for I I . I , the solute ! ., 

o . ; -7 , 
I I 

Sherwood- D = 4 x 10 'T . , 
I 

Pigford , AB }J (Vi,.J_ C) 125 15 2-3.11 
, 

1952 (177) -, . B A j 

I 
.. " where fB = in centipoises : . ~-

I 
T ;:: in OR 

, 
J 

! C = 2 for the solvent, water . 
i 

C = 2.46 for the sdlvent, methanol I 
I 

.. C =,2.84 for the solvent, benzene. 
, 

• I I 1 11 ' , .. 



! 

, I 
I 

t 

• 

~ 

t 

. 
1, 

j , 
,I 
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Table 2-3.1 (continued) 

Author, year Equation 
and reference 

Systems % Equation 
tested error Number 

Coulson
Richardson, 
1954(33) 

, Scheible.1954 
(178) 

o. 0 
where flB = viscosity of solvent at 20 C, in 

centipoises 
}l = viscosity of water at T, centipoises 

tSIB,AL= latent heats of vaporization of the 
solvent and of water at T, cal/gmole'. 

For dilute aqueous solutions eq.(2-3.12)reduces 

tono AB = 14 x 10-5 • • 
V 0.6).{ 1.1 

A W \' 

o -10 
n AB = 7.7x10 T 

wherefn = in poises 

K = 8 for the solvent, water 
K = 14.9 for the solvent, methanol 
K = 22.8 for the solvent, benzene. 

o '-8 ~ 
D, AB = 8.2x10 ....! 1+(3Va['! )3 

JiB' V i 
A 

(a modification of Wilke's equation (2-3.7». 
It simplifies for special cases to: 

no _..l..!-t 
AB - ~JJn.V Aa : 

where ~ = 25.2, when water is the solvent and 
:' .. ,\ VA ( VB '.h .. 11. , ..•.• , 

~ = 18.9, when benzene is the'solvent and 
, VA < 2VB ' . I 
~ = 17.5, for all other solvents and ' 

VA<2.5VB I 

IlB = in centipoises. 

50 28 2-3.12 

40 13 2-3.12a 

125 15 2-3.13 

50. 11-27 2-3.14 

, 1 

-~- -~.. . ,._._.- -- ; .... _--- ........... -~-.---.-~ -"-"""--" -- - .. ------
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Table 2-3.1 (continued) 

Author, year Equation 
and reference 

Systems % Equation 
tested error Number 

0AB = collislondiameter, cm Collins-Raffel, 
1955 (32) 
continued (~) = ratio of molecular and incompressible 

i A volumes estimated from velooity of 
, sound. 

Wilke-Chang, 0 . -8 
1955 (219) D AB = 7.4 x 10 

. , 

(a modification of Wilke's equation (2-3.7» 
where }la= in centipoises 

. Xe= association parameter used to 
define the effective molecular weight 
of solvent with respect to the 
diffusion process. 

·Recommended values for 'X
B

: X:s 
Non-associatea solvent = 1 
Water as solvent 
Methanol as solvent 
Ethanol as solvent 

. 
= 2.6 
= 1.9 
= 1.5 

otherwise the following empirical equation is 
recommended (3) to estimate the value of ~ 
for associated solvents: 

X = (A~ )0.6 
B AH * 

B 

where . 6~ * = the latent heat of vaporization 
of the homomorph** of the 
solvent. 

535 

. (**the homomorph is the compound where "-OH" 
group is replaced by "-C H3" group). 

LI-Chang, 
1955 (115) 

! 

DO = 1 (1 _ ~AB) , kT 1 

AB 2" :lAB flB(V:) "3 

where }la= in poises ! 

<tAB = number of nearest neighbours in the 
same plane. 

!i! AB = number of all nearest neighbours. 
(developed from the hydrodynamic theory and 
Eyring ~eory) 

, 
I . 

, . 

i 

16.5 

I 
I 

-

, 
I 

2-3.16 

2-3.16a 

I 

2-3.17 

I 
I 

! 

! 
i 
I 

I 
! 

I 
I 
I 

I 
, 

11 
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Table 2-3.1 (continued) 

Author, year Equation 
and reference 

Systems % Equation 
tested error Number 

Innes-Allbright, 
1957 (95) D

O
AB = A yt exp [_. ~j 

Panchenkov, 
1958(150) 

. Ree-Eyring, 
1958 (167) 

Thomaes
. Itterbreek, 
1959 (194) 

Adamson
Irani, 1960 

i (2) 

30 

where n = constant depending on solvent 
A,B = characteristic constants for the 

solute. 

1 1 

DOAB=4(3VA'f (2RT)2 [EO J [. 2AE _ Eol 
4 Ni 1TMB 2RT ~j eXP[ lRT 2RTJ 

where '( = co-ordination number 

I 

Eo = the energy of a single bond between 
the molecules in the liquid 

AE = 6H-RT, energy of vaporization • 

kT 

flB 
where fn = in poises . 

~AB=number of nearest neighbours in 
. one plane. . 

(modification of Eyring (2-3.5»). 

<> 0 !. 

D AB=D ,RB (~'R)2 (MA'R\ ( 7t.A ) T 

~ MA / \: JzA,R 

where R = subscript indicating the reference 
solute diffusing ~to the same solvent 

EA = Lennard-Jones force constant I 
Jc

A 
= distance at which, the :In1nimum in 

Lennard-Jones' potential curve occurs. 

..!!... exp 
h 

(developed from Eyring's absolute reaction rate 
I 

theory). ., 

• 

Tyrell,1960 ! DO = kT 
(204) ABfJ-Bo( 

where fB = in poises ,_ .. 

0( = a parameter having a dimension of length 
(modification of eq. (2-3.1) where 'f' is separated 

into oC and fB)· _', I I 

10 2-3.18 

2-3.19 

2-3.20 

/ 

2-3.21 

2-3.22 

,2-3.23 
I 

I 

i 

! i 
..... c _ ." .... ,., •. ---. ____ ~ .. =-"'"__-"-'-' . '-'C. '--1:7 ====...._~=~"'-'==.=--=-.. '_'_'~.~ __ ......... }-=-_'_. =='-'-_______ ........ J 
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Table 2-3.1 (continued) 

Author t year Equation 
and reference 

Systems % Equation 
tested error Number 

Ibrahim-
Se' = J.1eVB 

Kuloor, 1960 , = aM + b 
.(94) DAB 

where So' = modified Sohmidt number 
atb = parameter related to the properties 

, 

Wilke-Chang-
Olander, 1961 
.(145) 

of the solvent and may be 
estimated from surfaoe tension. 

.. 
o 1 

D AB = 7.4 x 10-8 (xB MB)2 T 
fl (4V )0. 6 

B A 

where f& = in centipoises 

.. XB = association parameter of solvent. 
(a mOdification of Wilke-Chang eq. (2-3.16) 
for systems where water is the solute). 

Kamal-Canjar. 
1962 (100) 

o 
DAB = B f (~H) 

1 1 
where B = 1.2021 x 10-8 l .. RT ~~ VB"! A 

56 

4 10 

- 16 .' 

12 

,V'M! 
A= [1.6VB+2.56(vi{1+2.5VB + 4.5864 (V~2~ (V~i 

Sitaraman 
, et' al,' '1963 

. (182) 

. VB = V B/V Bi, ratio of molecular volume to 
incompressible volume. 

f (~H) :::: 
.. I 

RT 
24AHA - 39RT 

wherefB is in oentipoises, 6LA and A~ in cal/gm. 

(modified Wilke - Chang eq. (2-3.16) by replacing 
the empirical constant '~' (i. e. association parameter)' 
by the ratio of the latent heats of vaporization of solvent 
and solute). 

16 

I , .' _ •• \, ... ~ \ _. .. • 1 

DO~= (!1)1 k T_~xp [6G,u:AB - AGDO AB] \ Olander· 
I 1963 .(144) 

VB 5.6flB RT. J 
, ,~ 

• 
.whereAG~;AB~ 6GI1,e, JlB in poises. 40 . 15 

I 

, J (de~ived .. fr~m Eyring' s'~1?solute 'rea:~tionJ:'!l~E; 
tiieQr.Y)~·-' ... ~;. 'I: ..... '.:-"'" ·C. ' .. ' " .' 

• 1- ---. --~~ 

2-3.24 

2-3.25 

2-6.26 

2-3.27 ! 

2-3.28 
I 

! 

I 

i 
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Table 2-3.1 (continued) 

Author, year Equation 
and reference 

Systems % Equation 
tested error Number 

King et al 
1965 (104) 

where JJa is in centipoises. 

499 

Galner- DOAB = kT r N\l r lIE/l,B R;"EDI~ 
Metzner, 1'966 9. J.l. B \. V ~J exp t J 
(60) . 

Reddy-
. Doraiswamy t 
1967 (166) 

where ~ is in poises. .. 
(a modification of Ey ring , s absolute reaction 
rate theory; recommended for high 
viscosity solvents). . 

1. 

DO = ,s ~2 T 
AB 1 I 

I1B
V

A
3 VB a-

where ,s = 10 x 10-8 when ~ < 1.5 

-8 VB ,s = 8.5 x 10 when ~ > 1.5 

}l. = in centipoises. . 
(a morlDication of Wilke-Chang eq. (2-3.16» • 

19 

23 

15 

18 

18 

. ~:!~amy, DOAB ~.2.015X10-3 'ulvi rMA+~]· Tt exp [lxl1 
1967 (157) LMA ~ 6~ T 

..•• 1. ~. . f. . 
where llt = velocity of sound in liquid 

..... (derived from Eyring's theory). 

9 25 

I 0 
RavdeP D AB = kT· 

i 

: 

Porai-Koshits; AfB1T'kA 
1967 (165) I 

/ 

,/ 

.I , 

.... 

where A is a constant and estimated 
empirically from 
. . -15 
A = 5.98 x 10 T 1 

D*fl (R ,a
B B D'B 

jwhere Rn = molecular refraction 

flB = in poises . ..'-

(for non-polar liquids A ~ 4.8 :!: '0.2). 

'.I . '. I 
. .' " . 

• ;.I.J 

2-3.29 

2-3.30 

2-3.31 

2-3.32 

2-3.33 

I 
I 
! 

, 
I 

! 

I , 

I 

I 
! 
I 

I 
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Table 2-3.1 (continued) 
-

Author, year Equation Systems 
and reference tested 

.! 

+ (.3!)] -L Lusis- DO = 8.62x10-1O 
1 ~.4 t~' Ratcl1ff, 

AB . 1 
V "§ VA J!B 

1968 (123) 

Loflin
McLaughlin, 
1969 (116) 

B 

where f-a = in poises • 

where .e: . and 6 are Lenilard-Jones parameters. 

Laddha-Smitll, 
1969 (108) D

O

AB
= 1.892X10-9 (V Iv )0.1604 

Mitchells, 
et al,1971 
(136) 

Hiranuma, ' 
1971 (86) 

I" 
I " ,'-

Lusis, 1971 
(122) 

; I ., , 

B /(. T 

V i I1B 
A 

where flB = in poises. 

o -8 
D AB= 7.4 x 10 

where }la = in centipoises 

T 

}1B 

XA ' X 8 = association parameters for the 
solute and the solvent 
respectively. 

(a modification of Wilke-Chang eq. (2-3.16) 
iby introducing additional association 
parameter, xA' for the solute mo~ecule). 

DO = kT, ' ' 
, AB 6 T ( hA + JeB) fAB . 

wher,e }JB = in poises. 

~ . . .. 1.' ". t , 

.... ! ,1/'/''>; ,. . .. :. '. 

, I. 

8 

26 

6 

-

25 

% Equation 
error Number 

16 2-3.34 

2-3.36 

38 2-3.36 

13 2-3.37 

2-3.38 

' , 
i 

I 

I 
I 
i 

2-3.39 
I - I 
j 

I 
I 
I 
I 

I 
I 
i 

! j , 
I 
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Table 2-3.1 (continued) 

Author, year Equation 
and reference 

Lusis-Ratcliff, 
1971 (123) 

DO = _--,1~_ 
AB 1 + K 

Hayduk
Cheng, 1971 
(81) 

where K= 
o 

1 - '6A' 

~A 
~A = activity coefficient at infinite 

dilution 

DA1 and DA1B 1 are found from 

= 8.52 x 10-8 1 

Vi 

.. 

(recommended for complex forming substanceE 
defined in ref. (123». 

where m and n are constants applying 
to the solute. 

where subscripts 
...... ,,~. , ... " .... fl = iIldicates the contribution due to the flow 
.. ,'! .. ,.L~:;';' mechanism of the mattix 

. and late = indicates the contribution due to 
the mechanism of lattice diffusion 
as defined in ref. (142) 

(a modification of Eyring's absolute reaction 
rate theory). 
j. 

" 

i· 
I ·f'· •. ,' " 

'0 l .• , ...... 

.. , 
.1.4 • 

"1 . 

. \ 

'1 

Systems 
tested 

26 

% Equation 
error Number 

6 

I 
I 

18 

2-3.40 

2-3.41 



I 
\ 
, 
; 

\ r 
I 

j , . 
i 
1 , 

Table 2-3.1 (continued) 

Author, year Equation 
and reference 

Systems 
tested 

Akgerman-
DO (!!4'( ~~ rEIL,B-AED" Gamer. 1972 kT 

AB = 
~fAB V M exp RT· (3) 

B A 

where J-lB = in poises. 52* 
7** 

,. (a modification of Gainer-Metzner eq. 
(2-3.30), recommended for the estimation 
of diffusion coefficients of gases into liquids) 
(* '. gas:.tiquid system; **liqUid-liquid system). 

Vadovic- DO = 0.103x10-6 CBe) \MA+~) ~ ··Colver, AB 
1973 (206) VBc 2MA 

V iC'B T) 50 
Bc }J. M 

B B 

where P
B 

= m centipoises . , 

V V . 
Ac, Bc = critical volume of pure A and B 

respectively, cm3/gmole. 
m = 1, for non-associated systems. 
m = 0, for associated systems. 
For the systems where water is the solvent, 
the constant (1. 08 x 10-6) is to be used in . 
the place of (0.103 x 10-6). 

This work DDAB = 8.93x 10-
8 V~ (~B] ) 0.6 T ~35 

, (201) 
, - -

v~a. fAJ fiB 
. ~" where IlB = in centipoises, , . 

. ,. 
...... ' . [p ~ [p J = parachors of pure A and B .. 

, respectively. 
(for the development of this equation see 

. section 3-3). : 

Symboles used in this Table are explained 
in the section "Nomenclature" unless \ 

otherwise ,specified. , 

" 

I'" 

,..;..' 

l·, 
; ~ .. , 

i. 
, 

I I 

', . . 
I, I 

27 

% Equation 
error nl.1.1bber 

15 2-3.43 
33 

\ 

'9 2-3.44 

, 

/ 

12 3-2.4 

i ' 

! 
i 

\ I 
I 

i 
,. 

I 
~ 
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2-4 Concentration dependence of diffusion coefficient 

Correlations available for the prediction of diffusion coefficients 

. . .:,f·:' 

for concentrated binary mixtures originate mainly from hydrodynamic theory, '. . . 
, 

theory of absolute reaction rate, or' a combination of the two theOries. A few "' 

have purely empirical origins, however. 

Table 2-4.1 gives a list of the more common correlations. 

Only the equation of Vignes (210) and equation of Lemer and 

Cullinan (111) were found to agree reasonably well with experimental .. 
data. The equation of Vignes (210) is regarded as one of the 

experimentally derived equations, however, Cullinan (36) showed that 

this equation can be derived from the principles of the Eyring absolute 

reaction rate theory (69). Lemer and Cullinan (111) applied the 

Eyring absolute reaction rate theory to diffusion in concentrated I 

solution making a number of assumptions. Asthe1derivation of the Leffier 

and Cullinan equation (2-4.16) has a considerable amount of theoretical 

\concepts some of these assumptions are listed and discussed below. 
I 

(1) Lemer and Cullinan assume the following relationship between the .' 

free energy of activation for a mixture and those for .. ' diffusion at 

infinite dilution. 
• • .11 .. 

This relationship is linea~,and therefore' should be correct for an ideal 
i 

solution but not for solutions departing from ideality. 
I 

(2) Leffler and Cullinan (111) adopte,d the expression for the mixture 

viscosity of Glasstone et al (69) 

in.. .the .derivation .of their correlation and- then. assumed that the various 

.C 



. ' 

distances appearing in the group ( Al \are the same 

, , -"2 ~~J 

i.e. ,Al= "2 = A3• 

This assumption is reasoMble only if the group (~~ ),3) contains the 

number of nearest neighbours, ~. This group should have the form 

-( Al jas was found by Li and Chang (115), Ree and Eyring (167) 
, ~ A2 ~3 - , 

and Olander (144) • 

(3) The distance between successive equilibrium positions for the 

diffusional process in a binary mixture will be related to' -

those of the pure components " Glasstone et al (69) used the following 

, equation to define this distance 

t , 

Leffler and Cullinan (111) found that if the ~ d"R is defined as 
XA ~. xB 

"D,AB = (~D,A) (AD,B ) 

-the resulting correlation agrees better with tbe experimental data. 

(4) Most of the theories of transport properties of the liquid state, 

such as Eyring's absolute reaction rate theory (69), the significant 

liquid structure theory (53) and others (20, 87, 168) indicate some 

inter-relationship between diffusional flow and viscous flow, in addit-

'ion eXperimental eV,idence (38) confirms the, prediction of the above 

theories. Lemer and Cullinan (111) therefore'introchnrlthe viscosity 

of the mixture and of the individual components into their correlation.' 

This may, be the reason that their correlation gives better agreement, 

hi most cases, with experimental data tluin'the equation of Vignes (210). 

I 
I 

! 
/ 

(5) Leffler and Cullinan (111), in the course of the derivation of t~eir 

,eqUation,- obtabied anaxponential ierm~ lIl"which the exponent' is :" 

~~(6GJi.,AB"",1l GD~AB)' 
- \ .• I· 

'. 

" , ' , 
, ." 

29 
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They assumed that this expression does not vary with the composition of a 

binary mixture. This assumption allows them to elimJnate this term 

from their correlation, _~~c!t is an over-simplification as this assumption 

is approximately cOITeCt for an ideal solution only. In case of non-ideal 

sohrtions this assumption is incorrect,.as shown by Anderson et al(6) • 

.. .. 

;' 
. 

j 

/ 

I 

. '.'., ., 
,' .. ' . ,',., . 

,l\", l • : •• 'L • : i / i:'.' . '", I ~ • I "~""; , , 

" '-t., 

,. 

..... ,.: j . .'. " .. ' .. \ ~ -.' ...... , : \, 

., 

/ 

#" •• 

, , 
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Table 2-4.1 Some of the equations defining the concentration dependence 
of diffusion coefficients in liquid binary mixtures. 

Author, year 
and reference 

Steam et,al, 
1940 (184) 

Powell, ,. 

et a11941 
(155) 

Gordon, 1945 
(70) 

Darken, . , 
1~48, (37), . - : ... ~ 

. Equation 

D = kT ["A VA+ ~V~ 0( . AB 
6lf}lAB JtA 

X V2 . . A 
B B 

0 
DAB=DAB o<A 

.. 
0 ,J.lB ' 0( D = D . .. 

AB AB flAB :A. ." 

'D- == ( D* A XA +;. p~, XB) ~ ) AB 
I B 

I 

[ XB x~ « 
'. -- Hartley~ RT 

\DAB = + - ~ Crank, 1949 
(78) 

Wilke,1949 
(21~L, 

Prager, 1953 
(1~~J 

Carman
Stein, 1956 
(2,6) , 

" I 

flABN SA 6B ' . I 

i 
, 

?B:AB ={[~OB~JI~_ r.0~] XA + (DO~/l~O<A 
* ,DAB = DA ~ 

: .' ",~ ) 

Bearman, , 0 -

1~6~,(13); .~AB ~ D~B e -E~~ 
Pyun-
FIxman,' .. ' 
1'964 (160) I~AB,~ 6U~:~~A[~A -7:,~6CPA,\~<PA2~ .' .... 1"' 

l 'I' . '1" "1' I, ,\1 

, where <Ii = volume fraction ' \ 
•• I ~ 

, \ .... 

.:,1 
• - I .. 

" I:" 
.... . , 

, . 

31 

Equation 
Number 

2-4.1 ' 

2-4.2 

2-4.3 

2-4.4 " : I 

. , . 

2-4.5 i 
i 
, 

2-4.6 

2-4.7 

. 

2-4.8 
i 

I 
I 

2-4.9 
; I 

I 2-4.10 
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Table 2-4.1 (continued) 

Author, year 
and reference 

Rathbun-
. Babb, 1966 
(164) 

Vignes, 1966 
(210) 

Schroff, 
_ 1968(179) 

. ~ I.' I .... '., ~ 

'Vasenin, 
1,969 (209) 

~ ••. _. • ~ .. -J \., 

'" 
" 

Loflin
McLaughl1 n, 
1969 (116) 

,. 

. 
~ 

l 

Equation 

(,0 ' 0 ) S 
DAB =\D AB X B + D BA X A ~ 

where S = O. 6 for binary systems containing an associated, 
component and a non-polar component. 

or S = 0.3 for binary systems with negative deviation 
from Raoult's law. 

xA )(B 

DAB =~oBA) (DOAB).. o(A 

where 6 A' 6
B 

= friction coefficients of pure A and B / 
, respectively. , 

DAB = D*A [1~ (1~ :A)CAVA._ 2'" CACB~AvJ 
'B 

orDAB = n*B [1- (1- :A) CBVB -2"CACBVB ~ 
, B .. 

, ' 3 
where CA' CB = concentrations, gm/cm 

W = AE , energy parameter as defined 
kT in ref {209). 

D (DB*XA+DA*)(B)~ 
AB = -----------'---

( 
XA6AB + "B 6AB ) 

," : XA 6AB+ xBOBB XA 6AA+ XB6AB 

w~ere ,DAB = friction co~fficient of the b~ry mixture 

6M, d
BB

' ='friction,coefficlents of pure A and ~ , ; 
respectively. . 

. 
i ~ • I) I J : : I ! <. I J( l, , 

~.,# t < . \ I 

r' ! . , 
v',' "t" I': t ~ ;. , ;;1 I', 

, . " . !I 

" 

1 ' 

I 

I 

I 
I 

I 

32 

Equation 
Number 

2-4.11 

2-4.12 

2-4.13a 

2-4.13b 

2-4.14a ; 

2-4.14b 

2-4.i5 

i 
I 
I 



Table 2-4.1 (continued) 

Author, year 
and referenc 

Equation 

Leffier
Cullinan, 
1970 (111) 

Gainer, 
1970 (61)1' 

. . , 
- Haluska

Colver, 
1971' (75) 

.•. , .dl, 

This work 
., 

... ,.~ J • 

.. 

I, , • .L. ~ . 

, 'T '," (' .;: :J', .' 
i 

. 1 

I 

. 

" 

" '~.:. 

~ ~.!.. ; ~ .i·. 

I 
t,. 

......... 

1. 

whereK= E ~:1 
Il. EA' A EB = energy of vaporization for pure A and B 

I respectively . 

)J.AIlB RT (V A "A + VB XB) 
D = 
,AB (XA }lA6°BA + XB }J-B 6~) 
i 

; ~here 6AB,6BA = frictIon coefficients at infinite 
~ dilution of A ana B respectively. 

DAB ~. (D*AP-JA (D*BfAB)"B ~~ 

x exp t "%AB- A:~!ABl 

Symboles used in this Table are explained in the section 
''Nomenclature'' unless otherwise specified. 

, . , 

, ~ ';, ~ '::. .'.~.., 

J,)., . 
" .-

. . . '~ 

: _ .. ,. ,'" " 

" '-

. " , . 

• "J ~, 

t i' 

\ . 
,D 

, , \ 

: 
I 

I 
. • ~, !. ~. j 

'. . ". 

i I \';,j; 1": Ul~!',,: :,;, .... ;,~(:L,J ;"I~·~~!, .• :~ .. L~· {!\_:!"\ .. L) '.' '<.;, ,~! ~' ..... : , 

;' 

i 

33 

Equation 
number 

2-4.16 

2-4.17 

2-4.18 
" ... ' ... 

3-1.21 



2-5 Temperature dependence of diffusion coefficient 

Experimental data on diffusion coefficients, as reported in the literature, 

· are usually given at ambient temperatures. . Ther~ ~r~ :J. few reports giving 

diffusion coefficients at elevated temperatures (19, 21, 55, 131, 135, 175). 

. . Experimental data on the diffusion coefficients at normal bolling points are 

. very s~rcE3 . (25, 183). 

A brief review of the experimental data . for binary liquid diffusion 

coefficients of non-electrolytes at elevated tem~eratures has been given in 

reference (200). Only a few methods of predicting the diffusion coefficients 

at elevated temperatures will be discussed here. 

. Generally, all correlations for the prediction of diffusion coefficients 

contain t.emperature as a variable ., therefore they can be used for the 

calculation of diffusion coefficients at specific temp~ratures. To this class 

<?f correlations belong all ,those . given: ,; in Tables (2-2.1) (2-3.1) (2-4.1) 

and (2-6.1). Some of these equations can be adapted for the calculation of 

· diffusion coefficients at varying temperatures provided that experimental 

· values of the coefficient for a given c9ncentration,at one or more temperatures, 

are avaUaple. 

(1) Thus it is usual to transform the Stokes-Einstein equation (2-3.2) into 

the .1Qllowing fO~i 

[I?~ABh = tAB/BJ 1 (2-5.1) 

," ·....;"a .. ,."" .. 

~JWhic4..1 ~d 2 indicate the proverties at different temperatures. This 

· equ~tion was tested .for ~rious systems and gives an average accuracy of 

+ - ) .. 0%. (21~). . ........ _ ,,~.l .... A '-, .... : I 

. (2), ....... T),le group (Do AB JlB/T) however varies slightly with temperature and 

Marinin'.':. (20). used.:tbls ,'faCt: ·.toltnprove ,equation (2~5.1).' 

' .. , .•. .: 

34 



\ 

He devised the following relationship 

o 
D AB}lB 

T = A + BI1B (2-5.2) 

To find the constants A and B experimental values of the diffusion coefficients 

at two temperatures at least should be lmown. 

, (3) It may be deduced from the Eyring absolute reaction rate theory that 

for a given binary mixture the following relati9nship holds 
, -B 

i.e. DAB = A e T (2-5.3) 
.. 

where,A and B are constants. 

1 From this relationship it follows that a plot of In DAB vs T should give a 

straight line. Equation (2":'5.3) requires at least' two experimental points 
, . 

in' oi-der to use it., 

(4) , " . Inns and Albright (95) modified equation (2-5.3) to the form ' / 
-B I 

T (2-3.18) 

where A, B and n are constants." 

," '. 
These authors regard this relationship as an improvement on the equation 

(2 .. 5.3) but in order to use it at least three experimental values are needed. 

(5) 'Amold (8) suggested the following empirical correlation for estimation 

of the-temperature dependence of the diffusion coefficient over short temperature 

ranges: ' 

I where 

1 .. ..~. . ". 1.... I 

, , . 

[1 + b (t - 20~ 

o t = temperature in e 

)JB = solvent, viscosity at 20
0e, c.p. ' 

. ~. -, : ' 

: (2-6.4) 

, 0 
, €B = solvent density at 20 e, gm/cc 

, •... '~, \ "" ': .' ... ' '). ~., '-.... I 

"/' 
, 1 

35 
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(6) Kincaid, Eyring and Steam (103) pointed out that a plot of specific 

. volume vs either (D
o AB /T) or(D 0 AB/T1. 5) displays good linearity • 

. . These relationships have not beenthor<?ughly tested. . Of these two, the 

latter i. e. (D AB/T1. 5) is probably preferable (63) • 

\ ..... , 

. "'. 
.. .. ..., . ."\,J; J ... rj~y .. '~' 

. ,. 
-, 

.. 

,'" . 
• ' .. " ... ~ , ; i ~ ..... I I • .. 

/ 
/ 

36 

'. 

/ 



2-6 piffusion coefficient and viscosity 

. In 1858 Wiedemann (217) observed that solutes show low 

values of diffusivity in highly viscous solvent and propos~d_ the relationship 

, The relationship between the diffusion coefficient and viscosity is more 

complicated than equation (2-6.1) suggests. It is better defined by 

the Stokes-Einstein equation and the equations resulting from other 

. theories of diffusion in the lquid phase. .. 

, There are a relatively large number of various empirical equations 

relating diffusion coefficient to viscosity. These equations are not 

universallyvaUd. Some examples of these equations are given in Table 

_ ... --] .. __ ~ ___ J2-6.1) •.. ___ . _ _ 

\ 

Table 2-6.1 Some of the empirical equations defining the relationship between 
' .. ,the diffusion coefficient and viscosity. 

Author, year 
,and reference 

. '-.. -
Wiedemann, 
1858,(2~~) 

Othmer
Thakar, 
1953 (148) 

Sitaraman 
,--et ai, 1962 
! (182):' ' 

, .. 

Equation 

, - ~ 

. 1-'" 

o -5 
D AB = 14.0x 10 1 

where J-tB = in centipoises 

.(recommended for systems in which water is the solvent). 

o -5 
D AB = 1.37 x 10 

I, " . 

1 

J1. B 

L~here)1B = in c~ntipoises 

; (~ecommerlded for diffusion of water in organic solvents). 

37 

(2-6.1) 

Equation 
number 

2-6.1 

2-6.2 

2-6.3 

j. " '! I 
'"j." .--~-._ .-,,~, ~,:":~l~'i~' --.I'!-----:o_------____________ ........... __ ...... 

. "j -, 
" 

I 
~ J .... ~ •• ,; , ,,, 
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Table 2-6.1 continued 

Author t year 
and referencE 

Hayduck
Cheng, 1971 
(81) 

Lusis, 197,2 
(121,122) 

. ,'J 

(ibid) 

Equation 

o n 
D AB = m fAB 

(separate constants m and n apply to each diffusion 
substance). , 

1 

o -10 
T (/AB A~j D AB = 5.2 x 10 

}lp, }AA A itA 

where JIB in poises. .. 

(for diffusing of hydrogen bonding solutes in viscous . 
associated solvents, especially the mono- and poly
hydroxy alcohols) .• , . . .. ' . 

DO = 7.5x10-14 
AB 

~here }lB ~,poises , 

; 

, . 

(for diffusion in unassociated solvents if no solute- / 
solvent compiex are formed and for V A> 80 cc/gmole) .. " 
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Equation I 
number 

2-6.4 

2-6.5 

2-6.6 

---~~--~-+ ... --- ---- ---"-- .. ; -- .- ----. .:...... -----..:.;---------J-----I-
,::.; ';',;) 

Hayduck et 
aI, 1973 
(82) where Jl

B 
in poises 

. IJ'-

(for diffusion of propane in n-hexane. n-he~e, n-octane, o 0, 
hexadecane, n-butanol and chlorobenzene at 0 C to 50 C). 

McManamey- DO

AB 
= 1.41 x 10-10 llB-0•47 

W601en, 19,7~ r 
(130) 

Hiss-Cussler, 
1973, (88) 

r',' 

where ~B in poises. 

... 0 
(for diffusion of CO

2 
into organic liquids from 25 C to 

50oC). 

o a. 
D AB J1B 3 = constant 

, I \ . 
, I., ' , 

(for diffusion of n-hemne and naphthalene in high. 
viscosity li~ds, 0.5 to 5000 centipoises). 

r I '._ 

Symboiesused in this: Table !are. eXplained in.'the 
section "Nomenclature" unless otherwise specified • 

, 

2-6.7 

2-6.8 

2-6.9 

I 

I 
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2-7 Pressure dependence of diffusion coefficients -

The liquid phase is,to a certain extent,compressible and therefore 

increased pressure tends to reduce the intermolecular distances. This 

suggests . the pressure will slow down dlffusional'motion. 

. Experimental evidence shows that below, a;; pressure of 1000 atm the effect of 

(, 

pre$ureon the·mechanismofctiffusion is negligible (40). Barton and Speedy (11) 

conducted a review of experimental methods -for deterDrlnation of diffusion 

coefficients at higher pressures. , they also listed the references in which 

: self-diffusion coefficients in pure liquids and binary liquid mixtures at high 

presBures may be found. From -this review it may be deduced that at least 

two pattemsof p;r.:essure dependence are obs~rved:. 

..... , , 

1,4 

r---r-.,--r---r-..,--.-, ...... -. --'~-i Self-diffusion in benzene 

o Rd.(30) . .: -. i C', 
" ,.\-/ . 

~- - McCod "DI. (~28) . : .::':" 
. \ .:.' .. ~'.. '. :, ',~, .: .. : i', ;' ... .. ' , 

... , . 

~..I, .: .. ~ , " . '.:,' .. ," 

I I.P 
r 

. I 

i atm 

, ; 200 
I 
l' 400 
: 600 

1.201 
1.394 
1.589 

! I where- D 1= diffusion coefficient 
.' at 1 atm. 

D = diffusion coefficient 
. p atpatm 

"'------ ... _- .. _-----.. -

. Fig. 2-7.1 . Dependence of diffusion coefficient on pressure:lbr benzene (30) 
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. Diffusion coefficients for hydrocarbon systems decrease approximately 

,linearly with , increase. in pressure, as illustrated in Fig. 2-7.1. 

. . 
--_ ............. q,.tJlI ~ 
~ ........ "o •• tJII •• so. 
- 1 .. ~ ... O.~I ..... ·1It 
---tJlI ... "' ........ " • - ..... ,.... ~ .. 

. ,.. 

~ 4 _ 6 
" , it 1110';'.". 

Fig. 2-7.2 Pressure dependence of self-diffusion coefficients in 
. aqueous sulphate solutions .(35). / 

Diffusion coefficients of salt solutions, on the otherhand, vary irregularly 

with increase in pressure,as illustrated.!n Fig. 2-7.2. Some of the 
-' ' 

. . equations relating self-diffusion coefficients with pressure found in the ' 

,. 

literature are shown in Table 2-7.1. 

J.J, . 

" .. . . " . 

. If .• ' ,., •••• I.' ,.' It,, ." " 

\:: ....... lLt" .. '(" .. !.~' I',' .......... ,' . 1:~.Ji' t.:~: .. :\'::,~,,!.::! I.~.::l~~·ln',;. i. ' 'd~·\.:I.. }/!."'. 
" '. 

•• , ., ......... _ .• i.~ _ .... ' .'~ 'j.~ ",: ',' in .{, ........ , " ·'i. 1. 

, .. \ 

:It . 

"', ''-' , ;1 '\' : '! 
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Table 2-7. 1 Some of the equations defining the relationship between diffusion 
coefficient and pressure 

Author, year 
and reference 

Koeller
Drickamer, 
1953 (105) 

Koeller
Drickamer, 
1953 (105) 

. ' 

Ko~l~er- .. ,' 
Drickamer, 

'-'1953 :(105) 

.'" .il'_ 

" .' ,,_ :j,~'i.. ~ 

J 

I 

~ = D*o 

Equation 

Po 
}1p 

where D*p = diffusion coeffic~ent at pressure p 
D*o = diffusion coefficien~ at reference pressure. 

(based on the Stokes-Einstein eq. (2-2.2» 

~ = ( Po '\ 1 
[Vo :J i ., 

D*o \ TP) \: vp 7 
(based on the Amold eq. ref. 8) • 

a LttD* 2 1 aV o.1GD = - V oP - RTap c)P 3 

oraLrtD* 2 1 av Il.Vt. D -=-
~ oP -oP 3 RT . 

"\ 

. 
" 

~GD = free energy of activation I 
I 

~ vb = activation volume interpreted as the local volume 
change associated with motion. : 

Longuet-. D* = 

I I 
'/ I 

! 

! 
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Equation 
number 

2-7.1 

2-7.2 . 

I 
/ 
I 

2-7.3 I 
I 
i 

I 
I 
I , 

Higgin-Pople, 
2 [

PV 
RT ,2-2.8 

1956 (119) I ' 

-6 log;.D* = 4.7889-9.637 x 10 P 
Nachtrieb_ 
Petit, 1956 
(~~~)~ .... 
1./ .," .:. . .:.:.~ •• .;. ....... ~ ... empirical equation ~a1id only for,liquid mercury up to 

~366Kg/cm2." ';" , " ,j [- . 

'2 .... .1 

\ ! 
. .' i '. . " . "J,.;j .: " 
I 

. .., . , I 
, • '; ... 1 \. • .. 

, ~ , " \ 
l 

. I ' 

.. 
I 

,. 
J 

.... . ~ \, ~ ... \.. .. 

.. \" .. ,. 
,- " 

',' \ 

I, 
,I I. 

",!" .: \ I " 

t :'. ~ " 

. 
t... '" .' 

I I 

I ,,-, I . l: \'1,: 1 1.'. ,;, ". 

\ 

,I •• 

.. i 
.I, 

I , 

\'. 

I .. ~ ": .' .. ~ 

/. " I .• 

-
j 
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2-8 Diaphragm cell methods (66, 99, 134, 170, 199, 209) 

One of the most popular methods of experimental determination of 

diffusion coefficient is the diaphragm cell method. Generally, diaphragm 

cells consist of two compartments, one containing the more concentrated 

liquid and the other the dilute liquid. The diffusion takes place through 

the pores of the diaphragm in which the liquid is supposed to be stationary. 

The liquid concentration in the two compart~ents, on the ot~erband, is 

maintained uniform by various_m~thods .• 

In the earlier ceuS a density stirring method was used. This was 

effected by placing the heavier liquid in the upper cell and the lighter 

'liquid in the lower cell. This resulted in mixing by the bulk flow of the 

two, liquids., In the most recen~, diaphragm cells mixing is achieved!JY._ 

. filP~9ial sti~rers placed one. in each cell and, 

. diaphragm.is no longer present. 

bulk flow through the 

Table 2-8.,1 lists, chronologically, the diaphragm cells used from Grah- , 
, .' . . . -----.-' 

am (71) onwards and shows the most important features of each cell. 

The earliest cells reported in the literature employed animal bladders, 

int~stines o~p~rchment papers as the diap~ragm, Figs. (2-8.1,),( 2~8.2) 

~4 (2-8,.14)., In the most recent diaphragm cells sintered glass 

'\ .. ' diaphragms are employed, Figs. (2-8.3) and (2-8.4). 

, Despite the efforts of many workers, the precise measurem~nt 

orth~ diffusion, coefficient was still not possible before the mid-1940's. 

" . The first d~phragm cell w.¥ch gave reasonable results was developed 

by Stokes (185). This diaphragm cell, Fig. (2-8.8), consists of two 

almost identical compartments divided by the sintered glass diaphragm. 

',: The homogene~ ,~f the compartment solutions is maintained by magnetic 

. stirring. ,The lighter liquid is placed in the ,upper compartmentwhlle 
\ 
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the heavier liquid occupies the lower one. Procedures for diffusion . 

measurements,as well as the calibration method outlined by Stokes (185), 

have now become standard. This contribution of Stokes to the diaphragm 

cell method constitutes a landmark in the historical evolution of the 

diaph~gm cell, (13~)\ 

The latest designs are modifications of Stokes t two-compa:rtment 

diaphragm cell in order to satisfy particular conditions. One such 

, modification of Stokes t cell is to adapt it for measurements at elevated 
" 

temperatures. In this case the design must allow for thermal expansion . 

'. of the liquid and must prevent bolling. Calus and Tyn (2~) modified 

, , ' . ' ~toke~~ two-compartment~ell, Fig. (2-8.18), by employing pressure~. 

''\ 

" 

prev~I\t. the boiling of test liquids during. experiments_ ~t elevated." 

t~mp~ratures. One weak point of their design is that the bulk flow of / 

the test liquid during the preheating period cannot be prevented. Another 

m~ification of Stokes' cell for higher temperature measurements was 

due to Sanni and Hutchison (175). They' introduced a third compartment 

to Irtore one of the test liquids during the preheating period. One 

disadvantage of their design is that it cannot be used for· measurements 

at or near the boiling point of the test liquids due to boiling efie$. 

.' 

.. 
" 

": .. . ,'" 

" ~. ~ .' I' 
,#." " 

, '" .. , 

.,' \ 
, •• ,", I,. ' ... 

. . 
- . '" ." . ...... :.. ' .. ,.".:. . . ... ~ .... -
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Tab1e~ 2-8.1 ,Some of the diaphragm diffusion cell designs 
employed by various authors 

2-8,1: Graham,1854~ 
(71) , 

l I 

1 t-l J~; " 

l . 

". 
2~a. 2: Thorns, 1917' 

, fi9,9)" 

'f'; 

. ~ ~. I ~. 

( 

" ' 

~ .. , 

. /". 

; . ' .... \" .. ~. 

,; 

.' 

. :'-, 

A = Compartment with lighter solution 

B = Compartment with heavier solution 

Dp = Paper diaphragm 
Dm '= Membrane diaphragm 

= Sintered glass diaphragm Dg 
Dn = Platinum sintered diaphragm 

M = Mag.nets for, rotating the stirrers 

S· = Stirrers 
. e = Electrode for measuring the conc

entration of the upper liquid 
"in situ". 

i . , . 

I, A , , 

2;,,~8"3.: . Nortl)i:up- ,.,. 
.. . Anson,1929, 

. (143) 

: ! 

8 

" 
'c 2-8.4: .. McBain-

" ~ 
,r' Dawson, 

, 1935 (127) 

~ fJ ., J ~~ 
, 

, 
A & 

~ 

'. I 

(l).;. _" ..•• 
~ ,',', • j: I , 

2-8.5: Mouquin- ':,':', 
. .. .• ,.... ". 'J 

2-.,8 • 6 : .' Hartly~ Runnic 1es , 2 - 8'. 7: Trevoy-. 
-, ,:- 1938 (79) . ," .' Drickamer, Cathcart,: 

1935 (l~6)", 

',. 
" "! ", • 

' ... , 
. i' 1',0··· 

'" ; .' . 
. ,,; ', .. '. \ .' ~: 

,,'~ .. . ., . , ., 
. {. 

,,'. ",; .. 

. 't. 

. " 
"', .-

:.: -'. :. I't"~' "', , ..... :.: :' _.,'-" . 
:' '.' ..... I 

. ...... ', .. :,. ':, 

. ',,' " .. :. ',," .. 
" . 

,"': . 

1949(198) 

). 
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Table' 2-8.1 (contd.) 

2-8.8:' Stokes,1950 
,-- ,.' (18 5 ) 

2-a.~11: Dul1ien
Shemi1t, 
1961(45) 

.. ~ i. 

, ' 

"" 

I' 

" .: 

1\ ',1 .' ': 

. 2""8.'14:' Hashitani, 
, : '.,", '. 1967, (80) j" '. 

. ... , i :' , 
'\... i' ; .. ' 

\" ~.. " .' 

I ! . './" , 
, ........ , .,', 

2-8 ~ 11.: C~l.1.ing·, ,~.,' , 
,et: aI,,' ' 
1971(30) 

2-8.9: Smith';" 
Storr,ow,1952 
(183 ). 

, " 

. 2~'8 .12 ::--Henrioii, 1964 
, (83) 

......... .J 

',2,,,8 .15 :~San~i-
'Hutchison, , 
1968(175) 

," '. I 

.. ..... ' • .: • ,I !'~ '. 

.. .. ,,::-":" 

", .. 

'., 
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2-8~0 : Lewis,1955 
(113)' ,.,,' 

, \ 

2-8.13: Ho1mes,1965 
, (89) 

», 

:.~~ 
\ . . 

;2-8.16: Rao-Bennet, 
1971(162) 

, !\ 

" " 

,', , 

" \:, .' : 11.· .. 
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3-1 Diffusion coefficients for concentrated binary liquid mixtures 

The most rec ent mathematical models for diffusion in non-

. ideal and non-associating binary liquid mixtures were developed by 

Vignes (210) and by Leffler and Cullinan (111). They agree reasonably 

well with·experimental data. Gainer and Metzner (60) developed another 

model which they .. recommend . for dilute solutions. The latter model 

is fairly ~complicated as it allows for the variation of the free energies 

of activation for viscosity and; diffusivity. However, this model 

does not agree with the experimental data for solutions of higher 

concentration,as was expected. The correlation of Lemer and Cullinan 

is based on the mathematical model of viscosity, which was found by Li 

and Chang (115) and Eyring and Jhon (53) to contain a faulty definition 

of the shear stress area between neighbouring layers of molecules. / 

In this work the correlation of Lemer and Cullinan is modified by 

incorporating the corrected model for viscosity and including the free 

energies of activation for viscosity mid diffusivity. 

Before this , a physical model of the liquid structure, on 

which all the above models are based, is briefly described. 

3"'1.1 A physical model for diffusive and viscous processes in the liquid phase 

In considering the mechanism of diffusive and viscous flows the model 

of the liquid structure proposed by Eyring (69) will be assumed. This model 

'assumes the liquid to have: a quasi-crystalline structure, i.e. molecules 

are arranged in layers of fairly regular configuration. The irregularities 

are due to the existence of 'holes' of approximately molecular size. This 

\ 

model, together with the notation assumed to describe the distances between 
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molecules, is shown in Fig. 3-1.1. 

o ,--, 
. I \ 

I h I , , 
' .. _,' 

x 
r· 

t .~. 

Fig. 3-1.1 Notation in the modeLrepresenting a lattice type 'of structure 

of the liquid phase. 

The molecular structure in Fig. 3-1.1, with all the molecules being 

of the same size, represents a pure liquid. It. can be used to illustrate 

self-diffusion and viscous flow. To illustrate a mutual diffusion the 

lattice in Fig. 3-1.1 must be composed of two types of molec!l1es but 

the mechanism of the diffusive and viscous flows will be the same. 

The distances between the layers are considered to be larger than the 

size of the molecules. Thus the process of jumping, e.g. of the 

molecule "i", into the vacant space ''hIt represents the diffusion or 

self-diffusion process. On the other hand the sliding action of the whole 

layer of molecules in the Yl . row to fill the position vacated by the 

molecule "i" represents the viscous flow • 

. 3-1.2 Viscosity of binary liquid mixtures 

The equation of viscosity for a binary mixture used by Lef11er 

and Cullinan (111) and'presente.d by Eyring (69) is 



(~J fAGp1ABl 
A A eXPt RT J 

2 3 AB 

(3-1.1) 

In this equation the length parameter ( A1 '\ is not correct, and 
. A2 A3-) 

AB 

the derivation of eq. '(3-1.1) is repeated here to introduce a correct 

value ibr this parameter. 
, 

Following a diffusive jump, Fig. 3-1.1, of ri' from the row ~ 

to y 2 the layer of molecules in the row ~ will move to occupy the 

vacated space. This motion requires a force in x-direction. Eyring 

and Jhon (53) and Li and Chang (115) defined the surface area on which 

this force is acting as 

(3-1.2) 

, Thus the shear stress in the x-direction is 

(3-1.3) 

where F is the force acting on the area A. Eq. (3-1.2) denotes the 
x 

/ 

surface area, this includes some of the space between the neighbouring 

molecules in the plane of the motion which was not taken into account 

by ", earlier investigators. The symbol '1., denotes here the number 

of nearest molecule~neighbours in the plane of motion. In this 

model Newton's Law of viscosity is also applicable which applied 

to this geometry it gives 

f = _ u dux 
x ,- dy -11 Aux 

A' 1 

(3-1.4) 

where bU is the difference in the velocity between the two neighbouring x . , 

layers of molecules, Fig. 3-1.1. 
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Fig. 3-1.2 Potential energy barrier for viscous flow, with and without 

shearing force. 

The various energies concerned with viscous motion are shown 

in Fig. 3-1.2. Equations (3-1.5) and (3-1.6) below represent the free 

energies of activation for the forward' and backward movements of the 

individual molecule, 'respectively 

Le. 

and 

+ 
bG p., AB 

6 oH ,AB 
N 

N = - 1 f ~ A 'A All- . x ... 2 3 T (3-1.5) 

(3-1.6) • 

. These equations (3-1.5) and (3-1.6) are written on the basis of a single 

. molecule. 

The frequencies of forward and ba~ard motions of a molecule 

are given by (69) 

and 

-;,+ kT v =_ 

- kT V=.h 

h 
(3-1.7) 

(3-1.8) 

/ 
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.' . 
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The change of velocity is the product of the distance between two 

equilibrium positions in the direction of motion of the moving molecule 

and the difference in the two frequencies 

i.e. 6u = x 
\ +-
"f1 (V -1 ) 

Rearranging equations (3-1.5) and (3-1.6) 

i.e. 

(3-1.9) 

(3-1. Sa) 

.. 
and bombining them with equations (3-1. 7) and (3-1.8) we obtain 

-t = kT [' bG ,u,AB -exp 
h RT 

- t ~G and V = kT , }l, AB 
- exp - -h RT 

+' i fll {A2A3 All Nl. (3-1.7a) 

RT ] 

i f" ~ A2Aa A~ N~ (3-1.8a) 
RT ' . 

These equations combined with eq. (3-1.9) gives 

t.ux = AlA. ~T [ exp ~ -t.~AB~ [exp (! f, i;2A3>'PN) -

exp~! fx ~~A3\N~ 
(3-1.10) 

By expansion of the last two exponential terms in eq. (3-1.10) and 

neglectiIig insignificant groups we' get 

6u = x· 

, , ': but ~ =.1 and therefore 
R N 

" 

,~u = 
x' 

( ,-AGJ.(,AB \ 
exp'( RT ,-; 

(3-1.11) 

,(3-1.12) 
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Combining eq. (3-1.12) with Newton's . law of viscosity, i.e. 

eq. (3-1.4), and rearranging we get 

(
AGfitAB \ 

exp RT -; (3-1.13) 

where subscript 'AB'indicates a binary mixture. 

Equation (3-1.13) will now replace eq. (3-1.1) in developing 

a correlation for the' diffusion in binary liquid mixtures. 

" 
3-1.3 Development of the correlation 

, Equation (3-1.13) developed,in the previous section,contains a 

length parameter for a binary liquid mixture f.. Al \ • 
\~~2 A3) 

AB 

This is made up of the length parameters of the two pure components and 

it will be assumed that the binary parameter will be,in some way t rehited 

to the two parameters of the pure components. Cull1nanS(36) 

method of estimating a parametric mean value will be applied here. ' 

Therefore 

(3-1.14) 

B 

Next a relationship between the length par3:meter and the self-diffusion 

coefficientfurasingle component liquid,established by Eyring and Jhon 

, (53),will be applied 

i.e. 

(t~~\ 
' D*A }lA 

= 
kT 

'J 

(3-1.15) 
, ., 

. and ({A~t)B = D*B PB 
kT 

(3-1.16) 
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The length parameter for the binary mixture is then obtained by combining 

equations (3-1.14), (3-1.15), and (3-1.16) giving 

= (D* J.J) 
A '-'A 

XA 
(D* U )'13 

B ,'B 
1 
kT 

(3-1.17) 

This value of the length parameter is inserted into equation (3-1.13) to 

transform it into the following form 
XA 

(D*A P-A) 

. (3-1.18) 

On the basis of the absolute reaction rate theory Lemer and 

Cullinan (111) obtained the following equation for the binary diffusion, 

coefficient 

i.e. ,,2 f.. 6GD,AB '\ 
D exp\... RT) 

(3-1.19) 

. NoW combining equation (3-1.19) with equation (3-1. 18),we have 
. X X 

D LJ ~A)2 (y .' ) 'A (, * \ B 
AB rAB --1!. ~* A flA \!l B ~BJ 
~ A~ 

AG llG' ~ 
l( exp J.t,AB - D AB 

RT 
(3-1.20) 

I 

in which AD and AfA-are the distances between the successive 

equ~rium positions in the diffusional and viscous processes 

respectively. It will be assumed that AD and "fA- are approximately 

. eqtial and therefore equation (3-1~ 20) simplifies to 

(3-~.21) 
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The exponential term in equation (3-1.21) was already present in 

the original correlation of Leffler and Cullinan (111) , but they dropped 

it on a~~~un~ of that, for non associated mixtures, , it is almost constant. 

Ga1ner and Metzner (60), on the other hand, made an attemPt to evaluate 

this quantity, , in doing so they assumed that their correlation would be 

used for dilute solutionlonly. In this. work an attempt has been made to 

modify Leffler and CullinaIis(111) and Gainet and Metzners(60) results 

so that the resulting correlation will be suitable for the prediction of the 

diffusion coefficient for associated binary mixtures of any concentration. 

In the evaluation of the term, [b G}l,AB - bGD,ABJ most 

of the assumptions of the previous workers (60, 111, 144) will be 

'taken to be correct. Thus the free energy of activation for viscoUs 

flow consists of a part required to form a ''hole'' and another part for 

"jumping" stage so that for a binary mixture we have 

~G - AGh " j J1,AB - U P.,AB + 6G #.l ,AB (3-1.22) 

A similar relationship may be written for the free energy of activation 

. for the diffusive process 

( _ Gh 

i.e. ~ GD,AB - & D,AB (3-1.23) 

Gamer and Metzner (60) and Lemer and Cullinan (111) assume that for 

r ,!, 
the viscous process the hole making and jumping stagesneed the same 

amount, of energy. Therefore 

" ' 
, ,~ ~ 

(3-1.2;4)' 
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The same authors assume that the hole making process requires the 

same amount of energy whether the flow is viscous or diffusive. 

Therefore 

h h 

~ G I-l,AB = 6. G D,AB = ! 6 GjJ-,AB (3-1.25) 

It may be deduced from equations (3-1.24) and (3-1.25) that 

~ G !-l,AB - 6. G D,AB = 16. G JA,AB - t. d D,AB 

(3-1.26) 
.. 

It remains now to establish the method of computation for the 

quantities A G P.,AB and 
j 

6. G D,AB in order 

to use equation (3-1.21). 

Free energy of activation for the viscous flow, A G}J, AB 

Glasstone et al (69) recommended the following relationship for 

the calculation of the free energy of activation for viscous flow 

i.e. ~ GfltAB = XA ~~JA,A + XB ~ G /l,B+ .6 G m 

(3-1.27) 

In which 
b:. Gp., A " b:. G Jl, B are free energies of activation for 

pure components A and B respectively. b:. G is the excess free 
~ m 

energy of mixing. Glasstone et al (69) reported the following 

relationshipsbetween the free energy of activation for viscous flow and 

the latent heats of vaporisation of the pure components. 

i.e. h..G p,A = 
AEA 6ii

A
-RT 

(3-1.28) ... 
2.45 2.45 

and b:.G ~,B = 
6E

B 
6ii

B
-RT 

. (3.1.29) = 2.45 2.45 
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Dumas et al (46) recommended the following equation for the calculation 

of the excess free energy of activation for mixing 

i.e. .o.G = RT 
m + XB In ,uB)] 

(3-1.30) 

The last three equations (3-1.28), (3-1.29) and (3-1.30) are sufficient 

to calculate the A 6 p., AB term in equation (3-1.27). 

. Gj 
Free energy of activation of AD, AB 

The method for estimating A G j D, AB used by Gainer and Metzner 

(60) gave good results when tested by them on dilute solutions , but when 

tested on concentrated solutions of ethanol and water by this author the 

agreement was unsatisfactory. Therefore,a different approach is . 
, used in this work for estimation of ~ G j D, AB. In agreement with 

Gainer and Metzner' (60) it is assumed that the free energy of activation 

for the jumping stage in the diffusiye process may be split into the jumping 

stage in breaking the hydrogen bonding and the jumping stage in resisting 

the dispersion forces. The dispersion forces are assumed to be the 

dominant component of the intermolecular forces. Thus the other 

intermolecular forces are ignored in this derivation as insignificant. 

Therefore 
,j j 

6G D ,AB =.L\ G D,AB-H 

j 

+ A G D,AB-I (3-1.31) 

,,' The activation energy for the jumping stag~ will be found from the 

, activation energies of the pure components' using the simple mixing 

rule recommended by Glasstone et al (69). Therefore 

. \ 
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(3-1.32) 

(a-1.33) 

According to Gainer and Metzner (60) the potential energy between . 

molecules for hydrogen bonding varies inversely as the first power of 

the intermolecular distance. Therefore equation (3-1.32) may be 

written as follows 

-VAG lD.AB_H' = ~A YeA /;. G ~ •• A-H +)(B VSBA G~.B_B 
(3-1.34) 

In this equation (3-1.34)' §A and aB are the intermolecular 

distances defined by the following equations 

s = i\ 
2 kA 
JcA+JcB 

cSB= 2~B 
kA+ 7c B 

- 1 - 1 
7tA = (V: ) andJrB $ GB} 

(3-1.35) 

(3-1.36) 

(3-1.37) 

i 

./ 
i 

According to Gainer and Metzner (60) the dispersion forces are inversely 

proportional to the twelfth power of the intermolecular distance. This 

exponent gives a correlation which does not agree,with the experimental 

results for ethanol-water mixtures (24, 45, 76).' After lengthy trial 

and error calculation it has been found emPirically that the exponent 
j 

should be "twone.Therefore the equation for .6. Gn,AB-I takes .the 

fo~ c 
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1 ,. 

j j 

Computation of AG n*,X-H and A Gn*,X-I 

1;; 2 j' 

+ )(Bf(~) A G D,*B-I 
B 

(3-1.38) 

By analogy to equation (3-1.31) we can wrlte,for the pure 

component X 

j j 

AGn*,x=h.Gn*,X_H + 

j , 

A Gn*,X-I (3-1.39) 

" 
j j 

, l:l G jl,X =6G P,X-H 
j 

+ l:l. G /-A, X-I (3. 1. 39a) 

Rewriting equation (3-1.24) for a single component and combining it with 

equation (3~1. 39a) results in the following relationship 

j j j 

.l:l G ft,X =flG p,X-H + AG J..l,X-I =. iAGp.,x 
(3-1.40) 

, Glasstone et a1 (69), Gainer and Metzner (60) and Olander (144) establish 

that the free energy of activation of the jumping stage in a single component 
• 

liquid is the same for the diffusional process as for the viscous process. 

" Therefore 

(3-1.41) 

An assumption is made here,that,in a single component Uquid,the hydrogen 

bond contribution to the free energy of activation is the same for the 

diffusional process as for the viscous process: 

, j j '1 (3-1.42) , 
, i. e. A G n* X-H = A G 11 X-H = '2 A. G 11 X-H , r, t , ,"" 

A G jJ-,X-H is the hydrogen bond contribution to the ~ree energy of 

activation for viscosity and the computation of it was sugges~ed by 

. , Olander (144) in the following relationship 
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(3-1.43) 

In this equation (3-1.43) l:l G 11, X is the total free energy of activation 

of viscosityfbrasingle component liquid X an<! l:l HX_H is the difference 

between the heat of vaporisation of the pure liquid X and the heat of 

yaporisation of its homomorph. This difference is found by the method 
, 

recommended by Bondi and Simkin (18). The above equations (3-1.42), . 
j 

. (3-1.41) and (3-1.39) make it possible to calculate ~G ~Y-H ' 
j j ~. . 

6. G D*,X and A G D'\t,X-I respectively. j With the help of 

equations (3-1.34), (3.1.38) and (3-1.~1) AG D,AB is finally 

calculated. 

j 
Correction factor to A G D, AB 

In the calculation of the free energy of activation for the jumping 
j 

stage in the diffusive flow, A G D, AB' only the dispersion forces are 
, 

taken into account. The other intermolecular forces such as electrostatic. 

induction and resonance forces are relatively small,as indicated by 

Hirschfelder et al (87),but they are not negligible. To account for.these 

\ forces in the correlation analytically is not possible,on the account of 

the complexity of the problem. Gainer and Metzner (60),in their paper 

limited to dilute solutiont,used the argument that the number of A-B bonds 

broken during the diffusional process is probably not the same as the 

number of B-B bondsbroken in the viscous process. They suggested that. 

this assumption calls for a correction factor consisting of a ratio of the 

number of nearest neighbours in the pure A, 9.A' to the number of 

nearest neighbour in the pure B, ~B. They were satisfied that this 

correction factor i. e. (~A/ ~ B) correlated their data for dilute 
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solutions. In this work, however, there was no agreement between the 

correlation and the experimental data for the full range of concentration 

of binary mixture. 

It was decided,in this work,to obtain a bond breaking factor, fAB' _ 

which is made up of the bond breaking factors for the pure components. 

It is suggested that fAB is related to the pure component factors ~ 

and tB by the type of relationship recommended by Cullinan '(36) • 

i.e. fAB =~; r;:) (3-1.44) 

The bond breaking factor fAB is used as a multiplier to the free energy 
. j 

of activation for the jumping stage in the diffusive flow ~G n,AB •. 

The individual bond breaking factors fA and tB are obtained as follows. 

For the factor fA equation (3-1.21) is rewritten for an infinite dilution 

of component B and the correction factor fA included. The modified / 
/ 

equation (3-1.21) is combined with equation (3-1.26) to obtain 

n
O

BA = D*A exp 11 ~GIJ.,A- ~AGho'B~ (3-1.45a) 
. t .RT J . 

This equation (3-1.45) rearranged gives 

fA = l' rt 6 G /-L,A - RT In( nOBA\l 
.' '. AGlno,BAL . . ~ n~ 2J (3-1.46a) 

. .,' ..... inwhich 
. 'j j . 2 

llGit ,BA e ~ llGD*,A_H +(tJ 
(3.1.47a) 

. '" ".' 

" .. " -:, . ;' 

Equation (3-1.47a) is obtained by combining equations (3-1.34), (3-1.38) 

with equation (3-1.31). 

~".' In a similar way we get 

(3-1.45b) . 

• ,,", '. 11 

., ",'no =D* exp .... AB. B . 

, ' .. 
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from which 

iB= 

where 

j 2 j 

~.ll.Gn*.B_H +~ A6 n*.B_I 

(3-1.47b) 

Thus equation (3-1.26) with the bond b~eakingfactor fAB included takes 

the form , 

(3-1. 26a) 

Concluding remarks 

It may be seen from this derivation that,in order to use equation . 

(3-1. 21) for the prediction of the diffusion coefficient of a binary mixture 

the following physical properties are required : self-diffusion coefficients 

of the pure components, mutual diffusion coefficients at infinite dilution, . 
molal volumes, latent heat of vaporisation of pure components, the 

hydrogen bond contribution to the latent heat of vaporisation, viscosity of the . 

pure components and of mixtures of them, and the isothermal vapour-

liquid equilibrium data. Before equation (3-1. 21) is used all the 

'information required in it is obtained from equations (3-1.,28), (3.1.29), 

(3-1.30), (3';'1.27), (3-1.41), (3-1 .43), (3-1.42), (3-1.39), (3-1.37), 

(3-1.35), (3-1.36), (3-1.34), (3-1.38), (3-1.31), (3-1. 47a), (3-1.47b), , . 

(3-1.46a), (3-1. 4Gb), (3-1.44) and (3-1. 26a) which are listed in,the order. 

in which they are required for computation. An example of using 

equation (3-1.21) is given in Appendix (7-3.1). 

The comparison of the values of diffusion coefficients predicted 

by equation (3-1. 21), and by_the equations of Vignes (210) and Lemer and . 
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Cullinan (111), with the experimental data of this work are given in the 

. section 7-3.1 under the heading "Discussion". 

.. 
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3-2.1 Diffusion coefficients at infinite dilution 

Inspection of the Stokes-Einstein relationship and of the equations 

based on it i.e. 

1 = 
6 1T "A 

o ' 
D AB JlB 

T 
= 7.4 x 10-8 

o -8 
, D AB = 5.4x 10 

o 

V 0~6 
A 

1.. l' 

[

M 2 6L '3 J 0.93 
B B T 

)l Vo., 6L~03 
B A A 

1 

(2-3.2) 

(2-3.16) 

(2-3.27) 

= 4.4 x 10-8 tV:J D AB flB 
T 

[AH ~l 
LAH~J (2-3.29)' 

leads to the following conclusions: 

(1) The Stokes-Einstein equation itself agrees well with experimental,' 

data obtained with liquid phase systems answering the description of the 

physical model assumed in the derivation of (2-3.2). The size of the 

solute molecules is an important var!B-ble in (2-3.2) and the solvent is 

treated as a continuum. 

, , (2) For most of the binary systems the size of the solute and solvent 

molecules is of the same order of magnitude. Thus any attempt to 

adapt the Stokes-Einstein equation would make it necessary to introduce 

the size of the solvent molecules as an additional variable. This could 

'take the form of such ratios as ( ~A e /JlBg ) or ( VAs /v~ ) . 

. , (3) An association factor, which is different for every polar solvent 

and almost certainly temperature dependent, was introduced in~q (2-3.16). 

, In equation (2-3.27) and (2-3.29) a ratio of the latent heats of . 

vaporisation was introduced in the bellef that it would account for the 

. association phhnomenon • . . 
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Unfortunately these equations do not show any marked improvement over 

eq. (2-3.16) as demonstrated in Table 3-2.1. 

lbrahim and Kuloor (94) and Olson and Walton (146) indicated that 

a relationship exists between the property of surface tension and the 

intermolecular forces. It is suggested that the relationship between 

surface tension and diffusion coefficient be examined. Surface tension 

reflects !he strength of the intermolecular forces, probably better than 

the latent heats of vaporisation, if it is considered as a component of a 
.. 

parachor. A parachor is a secondary derived function dependent on 

the primary properties of surface tension, density and molecular weight 

(161). It can be regarded as a sum of constants characteristic of the 

individual atoms or groups within the molecule (87). According to 

Sugden (188) a parachor is in some degree a measure of the effect of 

the forces due to molecular attraction on the molecular volumes. ,There 

are a number of quantitative definitions of the parachor which reflect the 

above features. Thus in Hirschfelder et al (87) it is defined as 

[pJ .. 7.1 x 1023 E.! &5/2 . (3-2.1) 

Quayle (161) also defines parachors as molecular volumes at 

corresponding states of the same value of surface tension and suggests 

the following definition: . 

(3-2.2) 

According to Hirschfelder et al (87) the parachor for any given substance 

'remains nearly independent of temperature over a wide temperature 

range. The last property makes it po~sible to use the parachor in 

'," ',' 
conjunction with the group (DAB ~/T). Thus it is obvious that 

parachors are more dependent on molecular structures and sizes than 

. the latent heats of vaporisation and' would be expected to be more 

. sensitive indicators of the intermolecula'r forces, particularly with polar 
I' 
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compoUnds. It is therefore suggested that the correlating equation 

should assume the form: 

= K (3-2.3) 

This equation was tested with a large variety of literature 

experimental data in order to evaluate the constant K and the exponents 

s, q and-m. The optimisation routine NELM (140) and an ICL 1901A 

computer were used. With a total of 883 data points at infinite 
• 

dilution and 113 data points for self-diffusion (see AppendJces3-2.1 and 

3-2.2) the constants were established,giving the following correlation: 

, -8 = 8.93 x 10 (3-2.4) 

, ; The constant of the equation has dimensions and therefore the set of I 

units defined in the nomenclature should be used with eq. (3-2.4). 

Table 3-2. 1 gives a summary of the binary systems used to 

establish the constant and the exponepts in eq. (3-2.4). The parachors 

required ,in eq. (3-2.4) were obtained either from Quayle (161) or 

were calculated by the Sugden (188) additive method. Also the 
, 

deviations of the diffusivities predicted by equations (2-3.16), (2-3.27), 
,\~ .. ,.,;, 

" (2-3.29) and (3-2. 4) from the experimental values are reported. A 

, comparison of the values predicted by eq. (3-2.4) with the experimental 

values is made in Fig. (3-2.1). It follows fl"?m Table 3-2.1 that eq. 

(3-2.4) compares favourably with equations (2-3.16), (2-3.27) and 

,"'", (2-3.29)~, 
. ,. t 

" ',-, 
; 

""( t . • I 

. , 
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:; 
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Table 3-2.1 Comparison of oorrelations for estimating diffusion ooefficients 

at infinite dilution, D:sx 105 cm2/seo 

No Solvent Temp. Number Number * % Error in D:s estimated by 
range of of 

, (oC) systems da.ta This work 
points eq.(3-2.4) 

** ::e.) 

1 \'later 0-70 91 (75) 287(253) 13.1 10.3 19.4- 12.9 
2 1bthllnol 5-55 90(79~ 1 O+~ 93~ 14.0 17.2 13.1 13.3 
3 Ethanol 7-65 27(26 4-3 4-2 ' 18.1 25.8 18.5 16.7 
4 n-Propanol 15-30 10 11' 12.2 32.9 24.8 22.6 
5 i-Propanol 30 5 5 5.3 24.6 36.7 29.9 
6 n-Butanol 25-45 11 ( 9) 13( 11 11.2 21.7 14-.8 15.5 
7 i-Butanol 20-30 7 8 19.1 33.7 19.0 ' 19.0 
8 n-Pentanol 25 3 3 11.7 48.6 48.0 51.5 
9 Heptanol 25 J 3 12.3 4-7.3 44.3 51.1 

10 iso-Amyl aloohol 19 1 1 35.0 77.2, 46.6 45.2 
11 n-Hexane 0-80 ,25 35 9.3 11.5 13.9 18~8 
12 n-Heptane 7-100 7 32 7.7 10.7, 13.2 22.2 
13 n-Octane ~100 5 24- 4.4 11.5 15.2 16.8 
14 n-Decane 20-25 ,2 3 12.9 14.0 12.2 ' 20.8 
15 n-Dodecane 25 5 5 16.5 ' 14.5 11.6 19.7 
16 n-Tetra.decane ' 25 ' 2 2 ~5.3 18.4 9.1 23.1 
17 n-Hexaieoane 25 4 " 4 ,27.2' , 22.1 17.4- " 26.6 
18 Benzene 5-85 59(53) 110(108 ,10.1 ,12.2 10.8 17.8 
19 Toluene 6-110 23 50 8.9 ' , 17.1 10.0 17.5 
20 Cyolohexane 7-100 7 

" 
28 11.6 10.5 12.1 16.1 

21 J.Iethyloyclohexane 10-60 ,5 11 10.0 15.5 13.0 11.8 
22 Acetone 6-55 " 11 ,', 19 6.4 ,,' 11.9 12.9 10.8 
23 Hethylethylketone 25 1 " : , 1 ' 13.5 ,15.9 26.0 14.3 
24 Hethylisobutylketone 25 1 ,',:,1 23.5', ' 39.3 44.9 29.6 
25 Cyolohexanone ,25-90 2 4-', ' , 9.7,' 15.6 5.2 17.9 
26 Carbontetraobloride 6-60 <48 '78, ' :, 10.1 32.5 10.7 14.1 
27 Chloroform 10-40 11 '15 ' .. 9.6 ' ,. 27.8 9.7 11.3 
28 Bro:noform 20-25 4 

' ' 

',' 4 " 11.4 66.3 ' 16.5 15.4 
29 Methylene chloride ~ , 7.5 1 1 13.0 58.4- ' 26.9 47.6, 
30 Ethylene ohloride 7.3 1 , .. 1 ' 1.8 22.2 7.9 ,26.1 , 
31 Tetrachloroethane 50 1 

!, 

1 11.9 . 51.3 ,25.2 60.6 
' ' 

32 Chlorobenzene ' 10-40 3 7 8.3 11.4 10.4 ' 10.8 
33 BrO::lobenzene . 7-40 4- " ,8 10.0 21.2, 2.2 ,1'0.7 

Ethylbenzene .. ;1 7.3 l' 1 1.1 8.0 10.5 6.7 ~ "'. . 

Nitrobenzene ,17-20 ,,4," '< : , 9.4 12.3 4.1 7.2 ": 1.:.4-,' 
Ethylbenzoate 

" 

15-20 4' '4' 17.5 9.0 9.5 16.8 .. , , 

m-Xylene '7-25 2' '3, ' 18.7 44.9 20.7 43.9 
Methyl aoetate, 30 1 1 14.6 " " 14.9 ,17.8 6.9 
Ethyl acetate 20-30 '8 ,9 '12.9 24.2 ,16.4 16.4 
iso-Propyl acetate 30 1 1" '20.3 ' ,31.5 ' 31.0. 2 .. 5 
Butyl a.oeta.te',: ,": 20-30 4 " ,4" ',11.6 , ' 31.7 22.1 13.7 
Ethyl ether ,-,,' /,: " .' 7-25 5 ,6 ' 29.5 ' 30.0 25.0 ,17.1 
Aniline • '.>.-~. • .: • 20-60 ,5 7 27.5 .- 25.0 21.2 , 23.2 

, . ", 'y' 

i.resi tylene : -:' ~ 7.3 1 1 6.5' '17.5 21.9 " 15.4 
Tetralin ' 7 2 ' , 2 10.9 20.7 24.2 29.4 
Transdecalin 7-25 3 ' 3, ' 12.6 ,11.4 9.0 12.9 
Dioxane 25 2 '2 2.6' .. 13.4, 9.0 24.2 
m-Cymene ,,7.3 1 1 " 22.9 , 11.9 11.4 14.7 

" Acetic aoid 20 1 1 32.4 3.2 , 3.4 35.2 
Anisole ' 20 1 ,1 " 11.,0 16.6 ' 12.3 22.3 

, . . , 
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Table 3-2.1 '( o ontinue d) 

No Solvent NUIJber 
of 

Number 
of 

,.,. 
1~ Error in n:s estinated by 

systems Fing . Sitar. data 
points 

*::& ~-.:1.I'''''.I1 eq(2 -3. 

51' Uethylnttphthalene 
52 Garbon disulphide 
53 Ethylene glyool ' 
~ Diethyleneglyool 
55 Propyleneglyool 

7.5 
16-19 
25-40 
25-40 
25-50 

1 
2 
2 
2 
2 

1 
2 
7 
6 
7 .. 

. 11 .8 
6.2 . 

12.2 
5.6 

13.7 

2.6 
15.9 
8.7 
'9.7 
10~3 

Overall absolute average % error -------------- 12.0 16.5 

Peroentage of data points within :!'3o% aoouracy limit I . 95.1% .. 83.2% 

The total number of data points = 996(9lr6) and 

the total nunber of sys terns = 535(499). 

III . % Error = (Caloulated - Experimental»)( 1 00 I Experiment8J. . 

2.2 
20.lr 
19.5 
13.3 
23.3 

15.2 

:'" .-", .:" 

',; 
', .. " 

9.8 
21.1 
20.8 
18.7 
24.1 

15.9 

87.2% 

. - ;., ... , .... '":",, 

. I. 
f ' • 

. . t The Wilke and Ghang assooiationpara~eter X:s' was assumed to be 2.6 for 
., 

water, 1.9 for methanol and 1.5' for other aloohols. All the other 
/ .... 

solvents !fere allooated unity as the assooiation parameter. Water was treated:,' 
'. 

. ~ as a tetramer in.eq.(2-3.16).·. when diffusing.inorganic solvents.·,' . .~ .. ~" . 
I • - ~ 

. c •• ··i.,The quantities in. the brackets indioate .. the data poin~s. and the ·syster.us usea····,. 
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3-2.2 Limitations of equation (3-2.4) 

Highly viscous solvents 

. All the equations tested (Table 3-2.1) underpredict the diffusion 

coefficients in highly viscous solvents, such as glycerol, chrysene, 

hendecane and others of similarly high viscosity. The predicted 

coefficients were up to 80% below the experimental ones. Thus equation 

(3-2.4) is not recommended for this type of binary system. Of the 

solvents in Table 3-2.1 propyleneglycol has the highest viscosity of .. 
o 

43 centipoises at 25 C. The upper limit of solvent viscosity for which 

eq. (3-2.4) may be used is probably higher if a larger dev1a,t1on than 

13. 7% in the predicted coefficient can be tolerated. 

Diffusion of water in organic solvents 

+ . . 
Equation (3-2.4) predicts coefficients within - 10% accuracy limits 

for these systems provided that water molecules are treated as dimers, 

i.e. a double molal volume (2V A) and double parachor (2? Al> is used in eq. 

(3-2.4) • 

. . Acids diffusing in organic solvents 

The best results were obtained if the acid solutes, such as acetic 

.. acid, formic acid, benzoic acid and similar acids were treated as dimers 

(123, 117) when diffusing in such solvents as benzene, toluene, 

carbontetrachloride, acetone, ethanol and others. But an exception 

should be made for acids diffusing in water, methanol and butanol, .when 

. the acids should be treated as monomers (123) • 

'. Diffusion of inert solutes in monohydroxy solvents 

For the diffusion of such inert solutes as benzene and carbon-

. tetrachloride in monobydroxy alcohols all the equations predict . 

coefficients about 39% lower than the exPerimental ones. . This is 

, 
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ascribed to the association of the solvent molecules. For these systems 

. an empirical formula was devised (see Fig. 3-2.2) for the estimation of .' 

the association factor 

n = 8 flB (3-2.5) 

where the viscosity of the solvent is in centipoises. The factor n 

is used in eq. (3-2.4) as a multiplier to the molal volume and to the 

parachor of the solvent. The application of this association factor 

reduced the prediction error from 45% to 10% for the appropriate systems .. 
in Table 3-2.1. 

With these limitations eq. (3-2.4) predicts diffusion coefficients 

at infinite dilution and self-diffusion coefficients which are slightly more 

accurate than those predicted by equations (2..:3.16), (2-3.27) and (2-3.29). 

This is demonstrated in Table 3-2.1. Moreover Fig. (3-2.1) shows ,that 

+ 95.1% of the data points fall wJthin the - 30% accuracY lines. The 

correspondiIig percentages for the other equations are: 83.2% for the 

Wilke and Changeq(2-3.16), 87. 2% fo~·the Sitaraman et al eq. (2-3.27) 

and 87.8% for the King et al eq. (2-3.29). 

Equation (3-2.4) besides giving more accurate predictions, is also 

more convenient to use on account of the ease of estimating the parachors. 

These can be obtained by means of such relationships as those given by 

equation (3-2.2) or by the addition of the parachors of the 

individual atoms and groups of a given compound (188). 

It is sometimes not possible to use equations (2-3.27) and (2-3.29) 

for the prediction of diffusion coefficients because some solutes. do not 

form a liquid phase and therefore their latent heat of vaporisation 

cannot be defined uniquely. This difficulty does not arise with eq. (3-2.4) 

as it employs parachors lpstead which can be defined uniquely. 
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Out of the total of 996 data points in Table 3-2.1, 113 represent 

self -diffusion coefficients. The values predicted by eq. (3-2.4) are 

more accurate because the molal volumes of the solute and the solvent 

are fitted with different exponents. 

~B ' viscositY(centipoises) 
(of solvents) 

70 

Fig. 3-2.2 Correlation of viscosity of monohydroxy alcohoi 
solvents with association factor, n,for eq. (3-2.4), 

.', 

. ;. ( $. 

. Inert solutes: 
o Benzene 
x Toluene 
• Carbon tetrachloride 
6 Biphenyl 

I " 

....... 

v p-dichlorobenzene 
c Ethyl bromide 
• Ethyl iodide 

. +. Bromobenzene 



3-3 Self-diffusion coefficients 

3-3.1 An additive method for estimating self-diffusion coefficient 

By analogy to the concept of parachor and rheochor an additive 

method of estimating self~diffusion coefficient is developed below. As 

a starting point the Dullien (44) equation for self-diffusion coefficient 

determination is used: 

i.e. 
(3-3.1) 

in which (3-3.2) 

2 
where D* is the self-diffusion coefficient in cm. /sec'fl the viscosity 

- 3/ in poises, V molal volume in cm gmol~, T the absolute temperature 

o 
in K and S the mean distance of momentum transfer in cm • 

. . Combining equations (3-3.1) and.(3-3.2) gives' 

D*jJ. V = K {V)i 
T 

where K = 0.18R 
.!. 

N3 

(3-3.3) 

The viscosity term in equation (3-3~ 3) wlll be replaced by the rheochor 

[Rh] t defined by Friend (58) as p..!i V • 

. -.: _ ,:::' : With this substitution equation (3-3.3) canbe rearranged as follows:-

"1. ... 

( 
,33 rRb]~' . 

. ~*J V =.~.= [M) 

. or (nT*\ 0.13 
~ V = CM) (3-3.4) 

'. Where [M) is approximately constant for an individual liquid for 

temperatures ranging from above the melt~ point to belOw the normal 
. . ., \ 

boiling point. 
. -

'.1" , 
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To prove experimentally that the value of [M] is constant 46 pure 

liquids, for which the experimental self-diffusion coefficients and 
I) . 

experimental molal volumes are lmown, were used. An example of these 

calculationds given in Table 3-3.1 for pure methane and pure benzene and 

it can be seen that the variation in the value of lM] with temperature is 

very low. Methane and benzene were chosen for this illustration as their 

experimental self-diffusion coefficients and molal volumes are regarded as 

most reliable (43, 50). The list of pure compounds in the liquid phase 

which were used in proving that the value of [M] is approximately constant 

·is given in Table 3-3.3. 

By analogy with the procedure adopted by Sugden (188) the value of 

the constant [M] is co~pared with the critical molal volume 

i.e. (3-3.5) 

By reference to Table 3-3. 3 it is obvious that tz$ is apprOximately constant 

for the various groups of chemical compounds in the liquid phase. But the 

average value for each group of chemical species differ slightly. The 

average value of tz$ for paraffins is fairly well established becauSe it is 

'. basedcmalruge number of hydrocarbon compounds. The other groups of 

ohemical compounds are not so well represented. 

~ , 

The close relationship between the critical molal volume and the 

constant [M) and also the constancy of the value of [M] for such isomerics 

, . ~s C5 H12 and C6 H14 (Table 3-3. 3) s~gest that the constant (M] is a 

constitutive property in a similar way as the parachor and the rheochor • 

On this assumption trial and error calculations were performed to obtain 

the ''bond contribution" and "structural contributIon" components to the value 

of (M), • . For these trial and error calculations the values of [M) from 

equation (3-3.4), obtained by using experimental molal volumes and 
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Table 3-3.1 Values of IM) for liquid methane and benzene obtained from 
equation (3-3.4) 

D* x 10
5 V 

* 
D* , calculated 

Liquid T 
~,er.) 

(exper.) [M] %deviation @ 
oK 3 

from (M] 
r--2 

cm Isec. ref. cm Igmole ref. eq. (3-3.4) avg. cm Isec. %errc 

Methane 90.7 2.60 43 35.24 43 55.93 0.2 2.57 -1.0 
95.2 3.05 43 35.74 43 55.90 0.1 3.01 -1.4 

~OO.O 3.70 43 36.29 43 55.71 0.0 3.55 -3.9 
106.1 4.45 43 37.06 43 55.96 0.2 4.43 -0.4 
110.5 5.45 43 37.65 43 55.68 -0.3 5.21 -4.4 
111.1 5.23 48 37.74 43 56.14 0.5 5.32 1.8 

-Average value of {M) , i. e. [;M] 55.84 0.22 2.2 
avg. 

, 

Benzene 283.2 1.65 150 87.81 196 171.41 +1.3 1.84 11.4 
, 288.2 1.87 43 88.34 43 170.05 +0.5 1.96 4.8 

288.2 1.88 129 88.34 43 169.93 +0.4 1.96 4.3 
298.2 2.22 43 89.40 43 169.05 -0.1 2.22 0.0 
298.2 2.15 129 89.40 43 169.75 +0.3 2.22 3.3 
308.2 2.59 43 90.51 43 168·.48 -0.4 2.53 -2.4 
308.2 2.40 129 90.51 43 170.15 +0.6 2.53 -5.4 
313.2 2.58 150 91.08 196 169.97 0.5 2.69 4.5 
318.2 3.01 31 91.66 43 168.00 -0.7 2.88 -4.4' 

, 
318.2 3.04 43 91.66 43 167.78 -0.8 2.88 -5.3 : .. , . 

318.2 2.67 129 91.66 43 170.58 0.8 2.88 7.9 
328.2 3.50 43 92.87 43 167.58 -1. 0 3.28 -6.2 
338.2 4.03 43 94.12 43 167.41 ' -1.1 3.75 -7.0 
353.2 4.37 150 95.90 196 169.75 0.3 4.51 3.2 
373.2 6.15 43 98.50 43 167.97 -0.7 5.87 -4.6 

- -Average value of [M] , i.e. [M] 169.20 0.60 , 5.0 

I I I 
avg. 

I 

@ Cal culated from eq. (3-3.4) by using the values of [M] from Table' 3-3.2 

, % deviation = r -!Ml a"llj" 100 , [M]'( 
," avg. , ' " 

;";. 

" . 
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experimental self-diffusion coefficients, were used. The results are reported 

in Table 3-3.2. It is to be noted that only 46 species, the same as shown in 

Table 3-3.3, 'were used to obtain Table 3-3.2. The scarcity of experimental 

self-diffusion coefficients and molal volumes does not allow for a better 

accuracy in Table 3-3.2. 

I After Table 3-3.2 has been completed the values of bond contributions 

in it were used to pred ict the constant (M). These calculated constants 

are comparedwith the experimental values of [MJ ,i.e. calculated from .. 
equation (3-3.4), and the deviations from the experimental values are reported 

in column 10 of Table 3-3.3. For 90% of these compounds the deviations 

, + 
are within - 3% accuracy limits. 

i The values of the constant (M) as determined from Table 3-3.2 

I 

were tested by predicting self-diffusion coefficients from equation (3-3.4) 

and comparing them with the experimental coefficients. Both the 

calculated and !the experimental D* are reported in Appendix 3-3.lb, and 

the average percentage deviation for each compotmd is also given in Table 

3-3.3. The average deviation for all the 42 tested liquids is :!: 12%~ The 

, corresponding deviation for the Stokes-Einstein (~quation (2-2.2) based on 34 

+ ' 
compounds is - 10%. The Dullien equation (2-2.26) has an accuracy of 

± 4% for the liquids other than methanol and ethanol. It was possible to 

obtain this small deviation (43) by not taking into account the deviations for 

methanol and ethanol which are 43% and 42% r~spe~tively. 

, The method of calculating self-diffusion coefficients by means of 

the constant [M] gives quick results but is perhaps not as accurate as the 

, , . Stokes-Einstein equation., This might be because there is not enough 

experimental data available from which more accurate values of the bond and 

structural contributions to the constant CM] could be calculated. .' 
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Table 3-3.2 Values of the bond and structural contributions for [M] 

Bond Contribution 

.-

C-H (number of n of carbons 
in chain) 
n(7 14.0 
12) n > 8 14.5 
n :> 12 17.5 

C-C 
, 7.0 

C-C(in alcohols) 17.0 .. 
C=C • 19.0 

O-H 33.0 

O~H (in water) 17.0 

C-O , 9.5 
.' 

C=O 28.0 ! . 
C-Ci 48.5 

C-Br 58.0 

C-I 76.0 
, 

C-S (in carbondisulpbide) . (53.0)* 

N-H ( in ammonia) (14.0)* 
, . \ 

... 

Rings: 5 membered -2.0 , 

- 6 membered 7.0 

-.: • The values given are obtained from a single comPound 

\ 

." 
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" Table 3-3.3 

Liquids 

1 

Paraffins: 
Methane 
Ethane 
n-Pentane 
Isopentane 
Neopentane 
2-Methyl 
n-butane 
n-Hexane 
2-Methyl 

pentane 
3-Methyl 

pentane 
2,2-Dimethyl 

butane 
2,3-Dimethyl 

butane 
n-Heptane 
n-Octane 
n-Nonane 
n-Decane 
n-Dodecane 
n-Qctadecane 

" ... 

~ 

Comparison of the estimated and experimental values of [Ml·and the deviation of the calculated D* from 
the experimental D*. 

Temp. No. of References Exper. [M] V s2S= Calculated [M] % error i:ll 
Formulae range for D~ data forD* f avg c 

e!Eer. fMJ from Table (3-3. 2) estimated D* rom 
OK points eq. (3-3.4) ref. (168) V, using [M] 

forD* c 
[M] % dev. from Table 

(3-3.2) 
2 3 4 5 6 7 a 9 10 11 

CH4 90-111 5 43 55.8 99.5 0.56 56 0.3 2.2 
C2H6 103-183 5 150 86.8 148.0 0.59 91 4.9 27.7 
C5H12 195-309 13 41,43,150 193.0 311.0 0.62 196 1.5 18.3 
C5H12 273-298 4 56,204 197.3 - - 196 -0.6 9.1 
C5H12 298 1 43 210.6 303.0 0.69 196 . ~-6.7--··- -----------

C5~12 298 1 43 198.1 308.0 0.64 196 -1.1 -5.5 

C6H14 233-353 10 43,150 231.0 368.0 0.63 231 0.0 6.0 
CsH14 - 273-313 6 43,150 232.3 367.0 0.63 231 -0.6 4.6 

I 

C6H14 273-313 5 43,150 231.9 367.0 0.63 231 0.4 2.0 . 
C6H14 298 1 43 239.0 359.0 0.67 231 -3.3 29.9 

C6H14 273-313 6 43,150 233.9 358.0 0.65 231 -1.2 10.1 

C7H16 233-369 14 43,150 269.9 426.0 0.63 266 -1.4 10.0 
C8H18 273-393 18 43,150 310.5 486.0 0.64 310 -0.2 6.0 
CgH20 273-373 11 43,150 349.8 543.0 0.64 346 -1.1 8.6 
C10H22 273-298 3 43,150 395.0 602.0 0.67 382 -3.3 45.4 
C12H26 298 1 446.9 718.0 0.62 454 1.6 1-11.5 
C18H38 

323 1 43 785.1 1100.0 0.71 784". -0.1 1.1 -0.64 10.7 



----------------~------------------~·I 
Temp. No. of References Exper. [M]avg. V <1>= Calculated [M] % error in 

Liquids Formulae range for data forD* c exper. (M] from Table (3-3.2 ) estimated D* from 
ref. (168) D*, <>l( points eq. (3-3.4) Vc ---- [MJ %dev. tusing [M] 

forD* ~rom Table , 

1(3-3.2) 

C;y:cloEaraffins 
i Cyclopentane C5HI0 273-313 3 56 173.6 260.0 0.67 ' 173 -0.3 1.5 

Cyclohexane C6H12 293-353 5 43,150 217.8 308.0 0.71 217 -0.4 5.0 i 

Meth ylcyclo , 

- I 

hexane C7H14 273-373 7 150 247.3 344.0 0.72 252 1.9 15.3 
0.70 9.1 

Aromatics: 
Benzene C6H6 283-373 15 31,43,129, 169.2 260.0 0.65 169 -0.1 5.0 

150 
Toluene C7H8 '283-373 6 150 199.8 316.0 0.63 204 2.1 14.7 

0.64 7.8 
Alcohols: 
Methyl 

alcohol CH30H 278-298 10 43,96,150 76.4 118.0 0.65 74 -1.8 13.7 
. Ethyl alcohol C2H5OH 280-338· 13 43,72,96, 

106 120.6 167.0 0.72 120 -0.5 21.1 '-
n-Propyl 

alcohol 
Isopropyl 

C3H7OH 288-318 4 43,152 1~5.5 218.2 0.76 165 -0.3 12.7 

alCohol C3H7OH 288-318 4 43,152 168.5 220.4 0,76 165 -2.1 22.0 
n-Butyl 

alcohol C4H9OH 298-318 3 152 207.7 274.6 0.75 '210 1.4 12.1 
tert-Butyl 

alcohol C4H9OH 308-328 3 152 214-6 274-5 0.78 210.0 -2.1 25.0 
0.74 18.0 I 

Organic halides: 
Methyl iodide CH3r 270-294 2 106 115.8 190 0.61 117.0 1.9 7.6 
Ethyl bromide C2H5Br 296-303 3 72 133.0 215.0 0.62 135.0 1.5 16.0 
Ethyl iodide C2H51 293 1 43 152.3 300.0 0.51 153.0 -0.5 -3.6 



-

Temp. No. of References Exper. [M~ V r/>= Calculated [M] % error in 
Liquids Formulae range for data forD* 

vg. c 
from Table(3-3.2 estimated D* 

D* OK points 
from ref. (168) e~er.[MJ 

using[M] , eq. (3-3.4) V forD* c [M] % dev. from Table , 

(3-3.2) 
Organic halides contd. 
Butyl iodide C4H~I 293 1 26 229.3 - - 223.0 -2.8 22.9 
Chloroform CHC 3 200-298 3 43 150.2 240.0 0.63 159.0 6.2 29.9 , 
Carbontetra -

chloride CCl4 293-333 23 31,43,129, 
150 195.4 276.0 0.71 194 -0.8 5.9 

; " , Chlorobenzene C6H5CI 298 1 147 198.7 308.0 0.65 204 2.7 -18.4 
Bromobenzene C6H5B r 298 1 43 217.0 324.0 0.67 213 -1.9 15.6 

0.65 11.8 
Ketones: 
Acetone C3H50H 298-333 3 43,106 127.9 211.0 0.61 126 -1.5 12.4 

, 

Ethers: 
Di-ethylether, C4H10O 287-240 3 106 168.0 274.0 0.61 173 2.9 21.6 

~! 
p-Dioxan C4H802 307 1 43 172.7 238.0 0.72 171 -1.0 7.8 

- 1,1-Diethoxy-
, , 

methane, C5H12O2 295-333 3 106 '226.2 220 -2.7 23.9 ., - -
11 

l,2-Dimethoxy 
ethane' IC3RBO 293 1 106 189.4 - - 185 -2.3 19.2 --

0.66 20.4 
Nitrogen com}2ounds: 

N1trometbane rR3N02 293 1 43 '98.2 173.0 0.57 - - -
Ammonia NH3 213-287 2 43 40.8 72.5 0.56 - - -

: 

~ j SulEhur comEounds: 
~ ~ Carbondi-

sulphide CS2 
273 -313 4 105 107.0 170.0 0.63 - - -. 

Acids 
Acetic Acid C2H402 290-357 4 106 119.5 171.0 0.69 119.5 1.3 18.3 

,- " (X) 

, 



, 
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Table 3-3.3 (contd. ) 
-

Temp. No. of References EXper. [M1 V 1J= Calculated[M] % error in . vg. c 
Liquids Formulae range for data forD* 

from ref. (168) exper.[M] 
from Table(3-3.2) estimated D* 

D*,~ points. -- - using[M]-
forD* 

eq. (3-3.4) V [M] % dev. from Table c 
(3-3.2) 

, 
" Miscellaneous: ' 

water H2O ,27S_S73 38 43 33.5 56.0 0.60 34.0 - -
. , . Tetrahydro-

furan C4HaO 293 1 106 147.4 224.0 0.66 150.0 1.8 -12.8 

-OVerall % average deviation 1.6 12.0 
. I I i 

.. 
.. 

" 

: . , 
, . , .. 

, 
& 

.. . - '- . . 

. 

" 

.--

'. -. 
'- , 

, '- . 
- . - . 
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3-3.2 Modification of Dullien's eguation (203) 

There are in literature two semi-empirical equations for the prediction 

of self-diffusion coefficients. Duruen (43) used the molecular-kinetIc-model 

of liquids devised by Lamm and Dullien (44) and the experimental-self-diffusion 

coefficient and viscosity to de,rive the following relationship 

D*}J. V 
T 

, 

= 0.103 x 10-8 V i 
c 

(2-2.26) 

The units to be used in this equation are·D* in cm2/sec,}! in poises, Tin 

o - 3/: • K and V and V in cm gmole. This equation was tested on 29 pure liquids c 

mainly hy4rocarbons giving an average deviation of 4 % from the experimental 

self-diffusion coefficients. But this equation gave poor prediction for the 

self-diffusion coefficients for methanol and ethanol. 

Vadovic and Colver (206) based the derivation of their equation on the 

hard sphere model of Longuet-Higgins and Pople (f19). Their equation 

is of the form 

D*,u V -8 i 
T = 0.216 x 10 V m (2-2.27) 

I 
I 

and the units to be used are the same as in eq. (2.2.26). It may be shown 

that equations (2-2.26) and (2-2.27) are identical if the following relationship 

between molal volume at melting point and critical molal volume i.e. 

v = 0.310 V is assumed (206). These authors tested the equation (2-2.27) 
m c 

with the experimental D* of pure liquids used by Dullien (43) and with a few 

. molten metals and found that the average deviation from the experimental 

+ self-diffusion coefficients was - 6%. Again this equation also givespoor 

prediction for ethanol and methanol. 

Equations (2-2.26) and (2-2.27) employ critical molal volume and 

molal volume at melting point respectively. It will be shown that the first 

of the two equations may be modified by replacing· the critical molal volume 
, 
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by the molal volume at normal bolling point. To do this the equation 

developed in another section 

V = 0.285 V 1.048 
b c 

is used to elimiate V from equation c 

The resulting correlation is 

D*: V = 0.229 x 10-8 Vb 0.636 

(3-5.2) 

(2-2.26). 

(3-3.6) • 

. This equation was tested on the pure liquids used by Dullien (43) and shown 

in Table 3-3.4. The average deviation of the predicted self-diffusion 

coemcients, with methanol and ethanol excepted, iS4·8%. 

Eq. (3-3.6) is also shown in Fig. 3-3.1. 

Eq. (3-3.6) gives predictions of apprOximately the same accuracy 

as the other two equations and is convenient to use when no reliable values 
/ 

of V and V are available. 
c m .I 

'"1 " 

-\ - .. 

. ~ " . 

.~ , . . .. 

I. '\ 
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Figure 3-3 • 1 Correlation of self-diffusion coefficient for pure liquids, eq.{3-3.6) 
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Table 3-3.4 Percentage deviations of the estimated self-diffusion coefficients 

of eq. (3-3.6) from the experimental coefficients, D* x 105 cm2/sec. 

Temp. Number 
@ 

% error in D* 
Liquids range of data estimated by 

oK eq. (3-3.6) 

Argon 84 1 1.7 
Methane 90-111 6 11.1 
CCl4 293-333 5 7.2 
Chloroform 200-298 2 2.1 
n-PentaI!.e 250-309 4 1.1 -
n-Hexane 298 1 2.7 
n-Heptane 250-369 7 2.3 
n-Octane 298 1 .. 1.5 
n-Nonane 298 1 1.9 
n-Decane 298 1 0.7 \ , 
n-Octadecane 323 1 2.4 
2-Methylbutane 298 1 2.2 
Neopentane 298 1 0.8 
3-Methylpentane 298 1 8.1 

, 2,3-Dimethyl 
butane 298 1 7.0 

p-Dioxan 307 1 5.6 
2,2-Dimethyl / 

i 
butane 298 1 3.7 

2-Methylpentane 298 1 0.5 
,I 

Bromoethane 303 1 6.7 
Nitromethane 293 1 8.0 
Benzene 288-423 8 

" , 

3.2 . ' 

Cyclohexane 298 1 " 3.4 
Bromobenzene 298 1 . "., 5.5 
Acetone 298 1 1.3 

, Water 273-373 7 9.5 , , 

Ammonia, 213-287 2 5.2 
Methanol 268-328 , 7 39.9t 

\ Ethanol 280-338 7 41.51' 
n-Propanol 288 1 ' 14.5 
i-Propanol ' 288 1 5.9 

: 
t-butanol 308 1 9.0 

-
Average % error j 4.8 

I I \:' , 

" @ Experimental data are taken from Dullien (43) 
,f, Not included in calculating the percentage average error. 
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3-4 The effect of temperature on liquid diffusion coefficients 

Liquid diffusion coefficients, like other transport properties, 

are temperature sensitive. Diffusion coefficients in liquids increas~ 

with temperature. A literature search shows that the relationship 

between some of the physical properties and temperature is usually a 

function of the critical temperature. Table 3-4.1 shows some of these 

relationships: 

.. . 
Table 3-4.1 Some of the equations defining the relationship between 

various physical properties of liquids and the critical temperature 

function (T - T). 
c-

Author and 
Reference 

van der Waals 
(207) 

Theisein (193) 

Narsimhan 
(139) 

PettlnelU (154) 

. 

Property 

Surface 
tension 

Heat of 
vaporization 

Densities' 

Viscosity 

i . 

Equation 
. 

(T' - T)1.2 6=k , s c 

~ii = k
V 

(T .:. T)0.38 
1 c . 

(e - @. ) = k (T -TV' 74 
1 c d c 

fL= kv(E>~tJ) (T c _ ~. 5 

where ks,kl'kd and kv 

are constants . 

I 

I 
I 

.! 

Equation 
Number 

I 

3-4.1 

3-4.2 

3-4.3 

3-4.4 
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An attempt will be made to find a similar relationship between diffusion 

coefficients and temperature. The ,type of relationship repqrted in 

Table 3-4.1 is of the form 

-n I D = k (T - T) 
I C 

(3-4.5) 

This relationship is verified below with respect to the diffusivity· in 

the liquid phase. 

3-4.1 Self-diffusion coefficient 
.-

In agreement with eq. (3-4.5) self-diffusion coefficients at 

various temperatures for 26 liquids, found in literature, were plotted 

on the log-log paper in Figures 3-4.1 (a, b and c). It may be observed 

from these plots that the diffusion coefficients for each liquid lie fairly 

close to a straight line and that the liquids can be divided into groups, 
. / 

each having the same slope. Thus three groups can be defined! and i ./ 
__ -- "- I 

these are tabulated in Table 3-4.2. The fact that the constant k is 

different for each liquid makes it possible to adapteq. (3-4.5) in oider-to I 

predict self-diffusion coefficients for a given. liquid at ari~ther, 

temperature if a coefficient at one temperature is available. The 

modified equation will have the form 

D* 
1 

D* 2' 
= [

TC - T2 ] n 

T - T c 1 

where n is taken from Table 3-4.2. 

(3-4.6) 
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Table 3-4.2 Values of exponent 'n' in eq. (3-4.5) for self-diffusion 
coefficients. 

Group of compounds n 

I Lower paraffins (C <,9), cyclopentane, 
chloroform, toluene and acetone. 3 

IT Higher paraffins (C) 10), cyclohexane, methyl 
-cyclohexane, methanol, ethanol, benzene and 
carbontetrachloride. 4 

, 

III Water, isopropanol, n-propanol, n-'butanol and 
t-butanol. 6 

Equation (3-4.6) was used to predict the coefficients for the 26 liquids 

and the average percentage deviation for each liquid is shown in 

Table 3-4.3. In the same Table the deviations' of the coefficients 

predicted from the Stokes-Einstein eq. (2-5.1) are shown. The 

experimental values of self-diffusion c?efficient for the 26 liquids in 

Table 3-4.3 are reported in Appendix 3-3. lb. In using eq. (3-4.6) 

the reference values of the coefficient were,in most cases,the values 

at 25
0
C. The average deviation for the Stokes-Einstein eq. (2-5.1) 

and eq. (3-4.6) is about the same,but the deviations for the 

I 
I 

individual liquids are much closer to the average value for eq. (3-4.6). A 

further advantage o~ using eq. (3-4.6) is that no knowledge of vis~sity 

is required. 
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.Table 3-4.3: Percentage deviations of the estimated from the experimental 
valuest of liquid self-diffusion coefficients, (D* x 105, cm2/sec) . 

Liquids Value 
f 

Temp. mnge No. of % error in D* estimated 
of n (oK) data by 

This work Stokes-
eq. (3-4. 6) Einstein 

eq. (2-5.11 

Methane' 3 90-111 5 2.78 3.20 
Ethnne 3 123-183 3 11.40 3.40 
n-Pentane 3 195-309 4 7.35 30.60 
n-Hexane 3 273-333 4 7.60 3.08 
n-Heptane 3 250-369 6 - 8.80 12.70 , 

n-Octane 3 273-373 6 5.94 6.59 
2-3 Dimethyl 

butane 3 273-313 . 5 3.78 4.60 
2-Methylpentane 3 273-313 5 4.90 2.20 
3-Methylpentane 3 273-313 5 3.64 1.90 
Acetone 3 238-333 3 7.07 8.90 
Toluene 3 283.383 6 ; 3.53 10.57 
Cyclopentane 3 273-313 2 4.14 2.70 
n-Nonane 4 298-413 6 

. 
10.20 1.1 

n-Decane 4 293-353 5 10.72 
, -

CCl4 
4 288-333 6 1.88 3.31 

Benzene 4 - 288-338 4 2.15 1.00 
Methanol 4 268.328 7 5.20 2.70 
Ethanol 4 280-338 6 12.18 6.47 
Cyclohexane 4 283-353 5 4.50 6.80 
Methylcyclo 

hexane 4 273-373 6 8.10 3.69 
Carbondisulpbide 4 273-313 2 1.41 11.12 
n-Propanol 6 288-318 3 3.39 9.36 
i-propanol 6 288-318 3 2.40 3.00 
t-butanol 6 308-328 2 6.58 5.40 
n-butanol 6 298-318 2 1.29 3.44 
Water . 6 293-373 5 7.79 1.27 

Total average % error 6.00 5.94 
I 

T Values of exponent 'n' in eg. (3-4.6) 

.. °t Experimental values of D* are found in Appendix 3. 3.1b, of viscosity 
. in ref~ (20, 42,.168, 196) an~ of the critical temperature in ref. (168). 



3-4.2 Diffusion coefficient at infinite dilution 

Equation (3-4.5) was also found to be applicable in estimating 

the values of the diffusion coefficients of binary liquid mixtures at 

infinite dilution. The corresponding equation for this case can be 

written as 

= [
TC - T2] n 
T - T 

c 1 B 

(3-4'.7) 

Here the value of exponent 'n' is that of the Pllre solvent and is taken 

from Table 3-4.2. It was found that Table 3-4.2 does not apply to 

toluene for which n = 4 and not '3' as indicated in that Table. The 

values of T in eq. (3-4.7) are those of the pure solvents. An accuracy 
c 

of eq •. (3-4.7) was tested with 44 binary mixtures, involving 10 solvents 

and 24 solutes and consisting of both associated and non-associated 

liquids. Table 3-4.4 showsthe I percentage deviations of the 

I 
/ 

coefficients predicted by eq. (3-4.7) from the experimental coefficients. 

The corresponding deviations for the coefficients predicted by the 

stokes-Einstein eq. (2-5.1) are also reported ill Table 3-4.4. It is to 

, I 

be noted that the Stokes-Einstein equation gives slightly better predictions 
! . I 

! I ! 
i ' I-~ - --. 

.. partlculax:ly for I aqueous ~inary mixtures~howeve~ eq.(3-4.7) is more 

I 

convenient to use i~ the valu~s of viscosity are not ve1Y reliable. 
. i I ; " . ; 

Equations; (3-4.6) aJ;ld (3-4.7) are valid if used in the temperature 
I I , 

. i i 
·01 i 0 
. range 10 C above ~e melting point to 10 C below the boiling point. 
: I i· I . 
, " 

. Outside these limits equations (3-4.6) and (3-4.7) give predictions with· 

an average deviation of + 20 % for all the Uquids tested •. 
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Table 3-4.4 Percentage deviations of the estimated from the experimental 
valuest of binary li~d d~sion coefficients at infinite 
dilution, (Do AB x 105, cm Isec) 

Value of ~ Temp. No. of % error in DV AB estimated by 
Solute Solvent In' for range data 

This work Stokes-Einstein (A) (B) tK) solvent 

Acetic acid, Acetone 3 
288-313 

Water Acetone 3 298-318 
\ 

Benzoic' 
acid Acetone 3 286-313 

Chloroform Acetone 3 298-328 
Benzene Heptane 3 298-35S' 
Toluene Heptane 3 280-313 
Acetone Chloroform 3 298-328 
Acetic acid Toluene 4 280-298 
Benzene Toluene 4 298-313 
Cyclohexane Toluene 4 298-328 
Methylcyclo 

hexane Toluene 4 298-333 
Aniline Toluene 4 298-333 
Benzoic acid Toluene 4 289-313 
Heptane Benzene 4 298-348 
Toluene Benzene 4 298-313 
Methanol Benzene 4 284-313 
Ethanol Benzene 4 288-313 
Acetone Benzene 4 313-327 
Benzoic acid Benzene 4 284-313 
Acetic acid Carbontetra-

, chloride 4 279-313 
Formic acid Carbontetra-

chloride 4 281-298 
Benzene Carbontetra-

chloride 4 283-313 
Cyclohexane Carbontetra-

chloride 4' 298-328 
Carbontetra- Cyclohexane 4 298-328 
chloride 
Iodine Cyclohexane 4 288-313 
Benzene Cyclohexane 4 298-333 
Toluene Cyclohexane 4 298-328 
Iddine Methylcyclo-

hexane 4 303-313 
Toluene Methylcyclo-

hexane 4 298-318 
Iodine n-Octane 4 288-313 
Iodine Ethanol 4 281-313 
water Ethanol 4 298-346 
Methane water 6 293-333 
Ethane water 6 293-333 
Propane water 6 293-333 

I:. \ ; 

2 
2 

2 
2 
5 
2 
2 
3 
1 
2 

2 
2 
3 
5· 
1 
2 
3 
1 
2 

3 

2 

3 

3 
2 

2 
3 
2 

1 

1 
2 
2 
3 
2 
2 
2 
.. 

,I 
i, 

eq. (3-4.7) 

1.6 
12.1 

6.6 
9.4 
8.7 
2.8 
1.2 
5.7 
3.1 
2.3 

2.8 
1.6 
7.3 
7.9 
2.1 
5.7 
5.2 
10.5 
2.6 

1.3 f 

5.5 

3.7 

3.1 
1.3 

1.5 
2.1 
6.0 I 

1.2 
\ 

2.5 
4.7 
4.7 
2.6 
11.8 
14.2 
24.3 

eq. (2-5.1) I 

1.0 
8.0 

3.9 
3.2 
8.5 
3.9 
3.4 \ 

2.3 
1.4 
2.0 

3.5 
3.3 
7.2 
4.8 
0.1 
3.7 
4.8 
7.6 
5.4 

5.9 

9.7 

2.6 

2.6 
4.4 

4.8 
4.7 
10.1 

1.2 

7.5 
4.5 
1.6 
1.7 
2.4 
0.9 

'11.6 

i 

i 
I 

! 
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Table 3-4.4 (continued) 

Value of* Temp. . ° 
Solute Solvent 'n' for range No. of % error in D AB estimated by 

(A) (B) 
solvent 

(OK) data 
This work Stokes-EinsteiJ 
eq. (3-4.7) eq. (2-5.1) 

Butane water 6 293-333 2 23.8 10.9 
Pentane Water 6 293-333 2 20.7 8.2 
CyclopentanE Water 6 293-333 3 17.4 2.7 
Cyclohexane Water 6 283-333 3 14.3 6.8 
Butene Water 6 298-333 . 2 4.6 6.5 
Benzene lWater 6 283-333 4 11.4 5.9 
Toluene Water 6 283-33~ 3 14.9 3.1 
Ethyl 

benzene Water 6 283-333 3 12.8 1.5 
\ 

Methanol ~ater 6 288-370 2 10.0 3.1 
Ethanol lWater 6 298-346 4 5.9 9.9 
Acetone !Water 6 298-346 6 10.5 20.2 

- -
7.8 5.7 

. 
* Values of exponent 'n' in eq. (3-4.7) 

" 

t ' Experimental values of nO
AB 

are found in Appendix 3-2.2,of solvents 

viscosity in ref. (20, ,42,168, 196) and of the critical temperature of 

solvents in ref., (168). 
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3-5 Molal volumes at normal boiling points (~02) 

The molal volume of liquid at the normal boiling point is 

of practical interest to Chemical Engineers as it is frequently employed 

in estimating various physical properties, such as diffusion coefficients, . 

latent heat of vaporisation and boiling p,oint temperatures (20, 168), 

which are essential for the design of chemical engineering equipment. 

The experimental liquid volumes at normal boiling point 

are somewhat scarce and it is customary to estimate this quantity 

either from the additive method of LeBas (109) or Schroeder (168) or 

from the empirical equation of Benson (14). Both the additive methods 

give poorer results than the Benson method as shown in Table 3.5 of 

reference (168). The failure of the additive methods 1s due to the fact 

that most chemical compounds appear in an associated form and the 

extent of association is a function of temperature. The degree of 

association at the normal boiling point is still appreciable. As the 

association effects are negligible at the critical temperature, the 

critical volume estimated by additive methods is normally reliable 

(168). Therefore it is not surprising that the estimated values of 

liquid molal volume at the normal boiling point, Vb (in cm
3
/gmole), 

from the Benson equation 

= 0.422 log10 Pc + 1.981 (3-5.1) 

3 
employing the critical volume, V (in cm /gmole), and critical . c 

, ...... , pressure, P (in atm), compare very favourably with both the 8;dditive 
. . ' c· '. , 

. methods. . Table 3.5 in reference (1.68) shows that the average 
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deviation of the predicted volume Vb from the experimental one is 2% for, 

the Benson (14) method, 2.8% for the additive method of Schroeder (168) 

and 4.7% for the additive method of LeBas (168). All the 34 compounds 

shown in the table of reference (168) are taken into account in compiling 

Table 3-5.1 of this work. 

3-5.1 Correlation of the literature data 

From the fact that the ratio of 11 c to Vb is approximately 

2.68 '(14) for most of the liquids, a simple relationship is expected to 

exist between Vc and Vb itself without incorporating any other physical 

properties. Experimental values of the molal volumes at the critical 

point V c and at the normal boiling points Vb were found for a number of 

compounds in references (14, 20, 42, 59, 151, 168). These were / 
I 

/ 
plotted on a log-log graph paper as shown in Fig. 3-5.1. Avast 

majority of the experimental data points is very well correlated by a 

single straight line. The best (least square method) straight line 

drawn through these points gave the following relationship 

V. _ 0.285 V 1.048 (3-5.2) 
b 0 ' 

, .' 3-5.2 . Test of the correlations 

To oheck the accuracy of the correlation the values of Vb' 

, , for all the o6mpound~ shown in Fig. 3-5.1, were predicted by Benson's 

equation (3-5.1) and equation (3-5.2) using the oritical volumes and 

oritical pressures from references' (14, 20, 42, 168). The predicted 

values were compared with the experimental ones and the average 

deviations for eaoh olass of compounds' were caloulated and reoorded in 

• Table 3-5.1.' 
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Table 3-5. 1 : Percentage deviations of the estimated from the experimental 

3 i 

values of liquid molal volume at the normal boiling point ( in cm /gmole). 

Class of liquid No. of Proposed Eq.(3-5.2) Benson Eq. (3-~.1) 
data % Error * % Error* 

Elements 7 2.65 4.42 

Inorganic Compounds 13 2.30 2.37 

cl 

Organic Compounds: 

Paraffins' . 10 1.54 0.96 

CyoloparAfflnl 6 0.50 0.32 

Olefins 4 3.12 1.12 

Ketones 2' 1.20 2.15 
/ . f , 

Organic acids 5 . 1.10 1.06 
! 

i 
I 

Aromatics 5 0.70 0.34 

Aldehydes 2 1.45 1.75 

Ethers 6 : 1.20 1.32 .. 

Sulphur Compounds 4 1.25 1.32 

I 
, 

Nitrogen Compounds 11 ·4.12 4.20 
, . , 

Esters 17 1.84 2.40 

Alcohols 9 1.84 1.54 
,. 

Organic halides 15. 1.22 0.99 , . 
- --

Average % error 115 1.88 . 1.90 

* % Error = [(Calculated - Experimental~x lOO/Experimental 
Experimental data of Vb obtained from references (14, 20, 42, 59, 151, 168) 

· ** Data of V and P: 96 experimental values of V and 115 experimental values c c c · of P were found in references (168, 14, 42). . 
V for the remaining 19 compounds were found estimated either by Vowle or Lydersen 

· a3ditive methods (168)~ " ":.' . '. 
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In calculating the deviations for the groups of elements and 

compounds shown in Table 3-5.1 the following were excluded: Ne, Kr, H
2

, 

He, Art hydrogen cyanide and phosphine. The average deviation for 

this group is about 25%. Benson (14) ascribes this abnormality to "the 

quantum effect" in the case of the lighter compounds and to association in 

the case of hydrogen cyanide. The phenomenon of association of the 

heavier gases could be appreciable even in the neighbourhood of the 

critical point. In the case of phosphine the deviation could be due to .. 
an error in the experimental value of Vb' 

Nitriles and nitromethane gave deviations ranging from 

6% to 9% from the experimental values and they are included in obtaining 

the average deviations shown in Table 3-5.1. As similar abnormal 

deviations are also observed in the other physical properties of nitriles I 

and nitro compounds, such as high dipole moments (14), they are 

presumed to be a special class of compounds which show abnormalities 

owing to their unusually large electrostatic forces • 

The average deviations shown in Table 3-5.1 are based on 

115 compounds. Equations (3-5.1) and (3-5.2) give practically the 

same results~and both considembly better than any of the additive methods, 

as pointed out earlier. 

Equation (3-5.2) is more convenient to use because it requires 

only one physical property, . i. e. the molal volUme at the critical point, V " o .. 

to determine the molal volume Vb at the normal boiling point • 

. Equation (3-5.2) is more relilble than e~tion (3-5.1) if the values of the 

critical volumes and critical pressures are to be obtained by one of the 

additive methods. The critical pressure obtained in this way has an 

error of about 4% (168), thus lowering the accuracy of the value, of Vb 

predicted by equation (3-5.1) considembly. 
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PART 4 EXPERIMENTAL APPARATUS AND METHODS (24) 

The experimental apparatus employed in this work for operating 

. at elevated temperatures is an adaptation of the two-compartment 

diaphragm cell used by Stokes (185). An attempt to construct a cell 

for such a duty was made by Calus and Tyn (25). The cell developed 

in this work is a further modification of the Calus and Tyn cell and 

constitutes a considerable improvement. 

4-1 Three-compartment diaphragm cell 

4-1.1: Requirements for a successful cell : 

(1) A provision of space for thermal expansion during the 

preheating period in which the test liquids are being brought to the 

required temperature. 

(2) Prevention of diffusion and bulk flow due to thermal 

expansion during the preheating period. 

(3) Prevention-of evaporation of the test liquids during the-

run, as this would alter the concentrations. 

(4) Establishment of '. an initial·". concentration gradient 

in the diaphragm or to design the cell so that the initial concentration gradient 

is unimportant. 

(5) Prevention of boiling of test liquids, as this would 

introduce convective mixing in the pores of the diaphragm and vapour-

locking of some of the channels in the diaphragm. 
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In the cell described below the boiling of the test liqUids is 

prevented by carrying out diffusion experiments under a pressure 

high enough to suppress boiling. The effect of minor changes in 

pressure on the diffusion coefficient is negligible) as was shown by 

Doane and Drickamer ( 40 ). 

The requirements (1) to (4) are taken care of in the design of the 
~ -- .- - -

cell and in the operating procedure,which are described below. 

4-1.2: Description of diaphragm cell 
• 

SQB -rf--·J K 'I . I 

. 3 cm 
. , 

, !',J 

":,' 

, .1 
, 0" 

, : 
\ 

,I 

Fig. 4-1.1 Three-compartment diaphragm cell 

The three compartment cell finally developed is shown in 

Fig. 4-1.1 with the valves set as for a normal run carried out at an 

elevated temperature and at some pressure greater than atmospheriC. 

3 , Compartment A contains about 45 cm of the lighter test liquid, 

compartment B, down to the mark M, contains exactly the same volume 
I 

of the heavier test liquid. The space below the mark M, and also 

below the mark N in the leg H, is occupied by mercury. The level of 

-:..-::::--"' ---
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mercury at N is predetermined in order to balance the columns of test 

liquids in A and B and the mercury below the mark M. 

Compartment C contains mercury which, in the preheating stage. 

occupied compartment B while the heavier test liquid was being 

preheated in compartment C. The mercury in compartment C can be 

expanded into the leg G. 

With the dimensions given in Fig. 4-1.1 , the volume of each 

3 compartment A and B is approximately 45 cm net plus the volume of 
.-

3 the stirrers and the volume of compartment C is about 65 cm. The 

diaphragm is a sintered glass disc, manufactured by Jencons Scientific 

Limited, 4cm. in diameter with a porosity number of 4 and a pore size 

range of 5-10 microns. Four cells were used in this work and their 

individual specifications are given in Table 4-1.1. The initial volume 

of the pores in the diaphragm varied, from cell to cell, in the range 

0.8 to 1.0 cm 3, due to a small variation in cell diameter and, of course, 

the diaphragm wearing out with time. The ratio of the pore volume to 

the cell compartment volume was approximately 0.02 which agrees with 

the recommendation of Holmes (89). 

Table 4-1. 1 Specifications" of the three-compartment diaphragm cells: 

Cell code V1=V2 
• V't VD D number "" 

(up to mark M) A--

R 
D 
H 
G 

• 

t 

3 V1 ' 
cm3 cm 

46.2 1.100 0.02380 
44.8 0.890 0.01986 
41.8 0.850 " 0.02033 
45.2 0.920 0.02035 

V 2 is the predetermined volume of lighter test liquid which will 

have the same volume as V 1 at a given operating temperature. 

" VD is the average volume of the pores of the diaphragm. 
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The stirrers are made of glass tubes with soft iron wires sealed 

in them. The upper stirrer is heavy enough to rest on the diaphragm 

and the lower one is light enough to float on top of the heavier liquid in 

the lower compartment. Both stirrers are wrapped with a thin PTFE 

sheet to reduce the rate of attrition of the diaphragm. The stirrers 

are operated by a pair of magnets fixed to a rotating U-shaped yoke. 

The three-way v¥ves, V 1 and V 2' are. constructed of glass with 

the PTFE core and washers secured by a brass nut, as shown in 

. _",Fig. 4-1.2. 
' .. ~. '" .• 10;;-'" 

. . ::' 

• 

. b = Brass nut 

w = PTFE washers 

o = PTFE O-ring 

g = Glass casing 

p = PTFE core with 

4mm. bore 

. Figure 4-1.2 : Three way valve of type GSTT 
(manufactured by Fison Scientific Ltd.) 

.These valves are spring loaded by O-rings and no lubricants are 

necessary. . . 

The cap E of compartment C is designed to withstand the weight 

of mercury plus any applied pressure during a run. . A detailed 

.. drawing of·this cap is shown in Figure 4-1.3. 

\ 

" I 
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. I 
~ ., 

h 

s = knurled screw cap, SQ13 

n 
n = Neoprene washer 

p = Thick PTFE circular disc 

t = Thin PTFE circular disc . 

Figure 4-1.3 Details of the capE for compartment C of diffusion cell. 

4-1.3: Auxiliary Apparatus 

The operation of the thre~-compartment cell requires some 

auxiliary laboratory equipment and its design will be described in some 

detail. 

r 

Valve openers 

The operation of the cell requires precise manipulation of the 

cell valves (i.e. viand V 2 of Fig. 4':'1.1) while the cell is immersed in 
I 

/ 

the hot oil bath. A special valve opening mechanical jig was constructed, 

as shown in Fig. 4-1.4, for each valve to allow remote manipulation from 

. 
above the surface of the oil. This valve opener consists of two brass 

rods, A and~. The rod B has a socket C which can slide and be 

secured at any position on the rod A. The rod A has a socket on each 

end and a gear-wheel (Meccano no. 27) is attached to each of these sockets 

using a brass shaft. A plastic knob E is attached to the upper shaft and 

a clamp F, with two Terry clips ft' on each end, is attached to the bottom 

shaft as shown in Fig. 4-1.4. PTFE washers are provided at the 

. connections of these shafts 'to the rod A for smooth operation. An endless 

chain H is attached to the gear-wheels G which allows a synchronized 
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movement of the lmob E and the clamp F. To allow for easy assembly 

of the whole jig, and also to facilitate adjustment of the tension in the 

chain, the rod A is made in two sections joined together at i by the 

screw j. - The cell valve is operated by attaching the Terry clips t 

of tb-e chmp F to the handle of the valve and manipulating the lmob E from 

above the oil surface while the whole jig is secured to the rigid frame 

using rod B. 

Cell clamp 

As the cell, with its contents, has to be precisely fixed in position 

throughout the experimental run and is also required to be able to be 

turned upside down after the run, a specially designed cell clamp is 

necessary. Such a clamp is shown in Fig. 4-1.5. The clamp 

. consists of a T-shaped brass rod M with a ring support H at its lower end 

and a clip F at its upper end. The middle arm. of the rod M is attached 

to the brass block B of the cell support (see Fig. 4-1.6) by the. lock nuts 

n and PTFE washers w. The rod M can rotate within the block B and 
/ 

can be secured at any position by the screw k. Two movable brass ring-

supports N are provided which can slide on the rod M and also can be 

secured at any required position. A gap G is made in each ring N to 

allow passage of the cell. A clip D, made from brass sheet, is also 

provided to secure the middle neck of the cell (i. e. K of Fig. 4-1.1 ) 

using the screws t. Another clip F, which has three sockets r is 

used to secure the three capillaries of the pressure connectors (of 

Fig. 4-1.7). In Fig. 4-1.5 the cell is shown in the position as 

during a normal run, i.e. with the various supports and clips in the 

correct locations. 



:. " 

" 
" 

, , 
'. ',' 

I.: 

. ~. ' 

': .. , " 

, .. ' 

" ' 

i .. 

.'-, : 

i " 

..... 

B 
M 
N 
D' 
F 

,n 
w 

M 

" 

1,"-__ -' 

I' 

}' . 
. ". 

"~. 

," 

I 

Brass block 
Brass rod with 
Movable ring 

ring support H 

'Clip 
Clip 
Lock 
PTFE 

supports 
neck K of 

with gap G 
diaphragm for the 

for pres~ttr~con~~ct6~s.' 
nuts ' ~ , 

" 

washers .'. ~ '. 

:. ~ ... ' . 

, " 

~igu'~~':' 4~ 1. 5 :;'~iCe11 
" 0 

" ~," 

" ' 

"! 

,', 
"'1 

" 
...... 

"'f ...• "." 
, io', ' 

'" 

I.'·, 

I ••.• 

.,' " 

. ~ 

' .. ':;;" 

,\ .\:,~:: :: I 

:.. ~. ':i'~ ,I 
, ~ " 

.':. ~' '.;.': 

',' , . 

,,~ 

",'. 

, .•.. 

" 

cylinder 

. ~.' '" ... 
I '," 

.',1.. .,. •.• 

;'; 
,,' 

\ .~ '. ". 

~ceil: .' " 
:, 

,'. ",: 

'" 

,1 

,: .. , ;.,.. 

:'l 

... ' ,( '.~ ,'.' 

, ; '1,' 

to:" , .' ~ ...... 

,', ': .. 

.... " 

'. ", 

'f; 

\. ""'1' 

.;. " . " 
I" 

',! 

(,,: . i, 

, ' 

,.', , 

'i' 

. '" 

'.1 : 

.., J . 

106 

\ ' 



107 

Cell support 

The starting and terminating operations on the cell for an elevated 

temperature run require the cell to be handled while it is under pressure. 

This requirement makes it necessary to desi~ a l3.ui~ble 'cell-support, 

which can hold the assembled pressurized cell during these operations. 

The cell support consists of a solid metal rod A with a brass 

block B at its lower end. Its upper end is attached to a counter balance 

weight of about 2 lb. by a tough nylon string'S' passing over two pulleys .. 
(H and G ) as shown in Fig. 4-1.6. The two cylindrical guides Care 

mounted coaxially with the rod A on the rigid frame, in order to assist 

the vertical movement of the rod A. The brass block B has a 

horizontal hole into, which the cell clamp (of Fig. 4-1.5) can be fixed. 

The assembled pressurized cell, accommodated in the cell clamp,can be " 
t • 

lowered or raised with ease using this counter-balanced cell-support,' 

and its position can be secured at any required place by locking the 

sliding rod A by the screw '1' at the loWer cylindrical guide C. 

, Pressure connections / 

, Three pressure connectors,made of 1mm diameter x 16cm long 

glass capillaries,C are used for applying pressure to the cell. Each of 

the capillaries has a spring loaded valve near its upper end. The upper 

terminals of the capillaries are joined onto a single outlet which leads, 

, either to a nitrogen cylinder, or to an aspirator bottle through the long 

flexible plastic tubing t and the reducing valves p, q, r, as shown in 

. Fig. 4-1.7 • The use of the aspirator bottle, for depressurizing the 

. cell, is necessary for two reasons: (1) it can control the rate of release 

,of pressure and (2) the water ~side the,bottle can absorb.the harmful 
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mercury vapour that could come out from the cell. Correct manipulation 

of the reducing valves' r, p and q allows either the cell to be pressurised , 

from the nitrogen cylinder,or the depressurised 'by means of', the, 

aspirator bottle. Each of the three lower terminals of the capillaries 

has a knurled screw cap s with a neoprene washer n and a PTFE gasket g 

to secure thecaplllaries to the three necks, (I, J andK) of the cell 

(Fig. 4-1.,1). A' detaU of the cap s,is also shown in Fig. 4-1.7. 

Filling appliance : 

:i 
I, 
! , 

( 

I: 

Glass thickml"9 ' 
PTFE gasket 
NtopI'tIIt woshrr , 

.. 

. H -.-r 
;' I ,,-
:.1 ' 

.' ;J 
PTFE, tap, :.:. ;~.1 
WerfJon 3-4.. .; 

I 

\_.....--., 
\. , 

1 
\. 

i, 
i 
" 

.; r .... 

" \ 

l . " 
" _,I 

. " : 

. Fig. 4-1.8 Filling appliance for the upper compartment of the 

. diffusion cell. 

It is important to degass the pores of the diaphragm properly • 

. Air locking of the diaphragm pores would cause a serious error in the 

measured fiiffusion coefficient. A filling appliance, as shown in 

, 
I 

. Fig. 4-1. 8,is used to remove'the air from the pores of the diaphragm. 

'It consists of a glass tube with a knurled screw cap together with a 

neoprene washer and PTFE gasket on one end. A PTFE tap is located 

in the middle of its length. 

, ' 

/ 
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Magnetic rotating mechanism and oil bath : 

The stirrers of the cell are operated by a pair of magnets fixed 

to a rotating U-shaped yoke. The yoke is operated by an endless chain 

which is connected to the main gear, driven by a speed controlled motor 

(manufactured by Allspeeds Ltd., Accrington, England, type MSRZVD 

and input H.P. 0.25). The yoke,together with the chain and the driven 

gear, is immersed in a bridge-controlled oll bath (manufactured by 

Towns en & Mercer Ltd., Croydon, England. Type E-270, major bath) 

containing a transparent, high bolling point oll (manufaCtured by Mobll \ 

on Co. Ltd., England, Type ''Whiterex 307"). The temperature of the 

. + 0 
bath can be controlled to an accuracy of - 0.1 C. A general view 

. of the oll bath,together with rotating mechanism,is given in Fig. 4-1.9. 

,/ 
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4-2 EXPERIMENTAL PROCEDURE 

The design of the cell outlined above requires that the following 

operating procedure is observed. The procedure is described with the 

aid of Fig. 4-1.10 and reasons for various actions are also given when 

appropriate. 

;~~ 

~ <~: 
~t): 

Clwt): 

, ','" 

, " .' 
, '~ 

:: 

G ~dz 
, ' 

~Cz ' 

:~ bz: , .. 
~CIf 

" , 

Fig. 4-1.10 General arrangement of the diffusion cell and the operating 
procedure 

4-2.1 Charging the cell with test liquids 

/ 

The cell is put into an inverted position with the filling appliance 

, attached (as shown in Fig. 4-1.11). The test liquid is sucked into the 

compartment A and then into approximately i of the compartment B. 

, The supply of the liquid LA is closed and the compartments A and B 

maintained under vacuum for a few minutes. This procedure should 

remove any air present i:tt the diaphragm. 

The cell is put in the upright position, the filling appliance 
l 

removed, and then the top K of the compartment A is olosed with a cap 

making sure that nQ air has been trapped.' . Then the cell is put again 

into the inverted position • 

. ' 
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Approximately 1- of the compartment B is filled. with mercury' (when 

the valve VI connects B with 0 as in Fig. 4-1.10 (dl). The test liquid 

LA is sucked out, by means of a small bore flexible PTFE tube (the 

inside of the valve V2 is removed to acco~odate the flexible tube). 

To remove the traces of the liquid LA the compartments B and 0 and the 

mercury should be rinsed with the test liquid LB. 

The valve V2 is reassembled and put into the position to connect 

B and G as in Fig. 4-1.10 ( 02). Enough mercury3s added to obtain ail 

overflow from V2. Now the space remaining in the compartment C is 

just enough to accommodate the test liquid LB with some small excess. 

The valves VI and V2 are closed (Fig. 4-1.10 (a!) and Fig. 4-1.10 

(a2» and the compartment C filled with t~e test liquid LB. At this stage 

the remainder of anY'air trapped in the valves should be removed. 

Finally the end E of the compartment 0 should be sealed without trapping 

any air. At this stage a sample of the test liquid LB . should be taken. 

The cell is put into-the upright position. Some liquid ~ is 

inserted into the tubes G and H to seal the valves VI and V2. At this 

stage any air still present in the compartment 0 should be expelled by 

opening VI and V2 to form a U-tube combination of the tubes H, G and the 

compartment 0, Fig. 4-1.10 (cl) and 4-1.10 (e2). More mercury is 

added into . tube G, enough to balance the weight of liquids in.the 

· compartments A and B, closing first the valves VI and V2 as shown in 

· Fig •. 4-1.10 (hI) and 4-1.10 (a2). 

The compartment A is opened at K, and all the test liquid is 

removed and replaced with a predetermined volume of the fresh test liquid 

· LA. This step is necessary because some change in the composition of 

---- -~--

.. the test liquidLA would occur" in an earlier stage when a vacuum was appl~ed· 

115 



, I 

to remove the air from the diaphragm. At this stage a sample of the test 

liquid LA should be taken. 

The cell is now placed in its cage above the thermostat bath. ' The 

valve V2 is set so that the compartments A and B and the tube G form a 

U-tube combination, Fig. 4-1.10 (c2), the compartment C being isolated. 

The valve VI is set so that the compartment C is vented through the tube Ht 

Fig. 4-1.10 (cl), but the compartments,A and B are isolated. Now the 

outlets J, K and I are connected to the manifold supplying the nitrogen gas • 
.. 

The nitrogen gas pressure is set to the required level and the cage 

containing the cell is lowend into the bath which had already a!;tained 

the required temperature. 

4-2.2 Transfer of the test liquid ~ to the compartment B 

The transfer is made after the test liquids have attained the 

temperature of the bath. . In this operation the valves VI and V2 are 

J 
operated by means of two mechanical appliances controlled remotely from 

above the bath. The following procedure is used. The valve VI is set . 
as in Fig. 4-1.10 (bl) and the valve V2 is set as in Fig. 4-1.10 (b2). 

'. . ....... 

'. Then Vl is put in a pOSition to connect B and C and to isolate the tube H as in 

Fig. 4-1. !I. 0 (dl). Next V2 is gradually opened to allow a slow now of 

mercury into the compartment C while the test liquid ~ takes its place 

. "'. ~ : ' .~ .' . in the compartment B. During this operation tube G is isolated. The 
.. ' 

.valve V2 is closed after the mercury has dropped to a predetermined level·' , ' 
, ' 

at the bottom of the compartment B,as in Fig. 4-1.10 (b2). The volume 

of the compartment B,down to the mark M shown in Fig. 4-1.10,ls known 

l, " from direbt measurement. { . 

. ',', 

I " 

, ,I i. 
, " 
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Next V1 is set to connect the tube H with the compartment C, the 

compartment B being isolated as in Fig. 4-1.10 (cl). By means of V2, 

Fig. 4-1.10 (e2), some of the mercury from the tube G is transferred 

into the tube H to a predetermined level to balance the liquids in A and B. 

Once this is obtained V1 is set to form a U -tube combination consisting 

of H, A and B as in Fig. 4-1.10 (el). Next the valve V2 is set to connect 

the comp~rtment C and the tube G, the compartment B being isolated as 

in Fig. 4-1.10 (e2). Now the run is commenced by starting the magnetic 

• 
stirrers. A stirring speed of 40 r.p.m. is used. The setting of the 

valves is shown in Fig. 4-1.10 (el) and Fig. 4-1.10 (e2). 

4-2.3 Termination of the run 

The run may be terminated by one of two methods: one is more 

suitable for the operation at ambient temperatures and the other for the 

operation at higher temperatures • 

. Ambient temperature operation 

The stirrers are stopped. The cell is removed from the bath and 

suspended above it to drain the bath on and to cool. The cooling is done 

by passing a fast stream of cooling air. At this stage any <condensate 

that might have collected on thewalls of the capillary tube of the 

. compartment A descends into the compartment. . 

When the test liquids are sufficiently cold the pressure is released, 

the valves VI and V2 are set as-in Fig. 4-1.10 (al) and Fig. 4-1.10 (b2) 

. i~e. the compartments A and B are isolated from e, G and H. The 

capillary tubes are removed from the cell terminals J, K and I and 

replaced by screwed caps. 

Three sampl~s of the test liquid LA are taken from various levels 

within the compartment A avoiding the liquid in the immediate· neighbourhood 

of the diaphra~. \ 
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The valves VI and V2 are set as shown in Fig. 4-1.10 (hI) and 

Fig. 4-1.10 (h2) and the cell is put into the inverted position. . Any 

test liquid or mercury, present above the valves, draimfrom the tubes 

G and H. 

Now the cap E is removed from the compartment C. To transfer 

the test liquid to C the val,:,e V2 is opened as shown in Fig. 4-1.10 (d2) 

~ connected to C but G is isolated), 'Yith valve VI as shown in Fig. 4-1.10 

(dl),lettlng the test liquid flow slowly to C. The first few cubic cemtimeters 

of that liquid are discarded and then three sam.ples taken from the incoming 

stream. 

Elevated temperature operation 

The stirrers are stopped. The cell is lifted from the bath and 

secured above it. The valves VI and V2 are closed (as in Fig. 4-1.10 (hI) 

and Fig. 4-1.10 (h2». The cocks j,k,i on the capillaries (Fig. 4-1.10) 

. are closed and the cell is put in the inverted position. By maltipulating the 

valves VI and V2, in the manner described earlier, the test liquid LB is 

transferred to the compartment C arid the valves VI and V2 are closed again 

as in Fig. 4-1.10 (hI) and Fig. 4':.1.10 (h2). 

The cell is returned to the upright position and the valves VI and V2 

\ to the same position as during the run (Fig. 4-1.10 (el) and Fig. 4-1.10 (e2». 

The cocks j,k,i on the capillaries are open~d, the cell is cooled in a stream 

of cold air. When the test liquids have reached ambient temperature the 

pressure is released and samples of the test liquidsL A .and ~ are taken 

in the manner described earlier. 

4-2.4 Time scale of the experiments 

In the experiments carried out with this cell the following were the 

. app~te times taken for the various' steps: 

-, I 
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(a) Charging of the cell with test solutions (washing the compartments, 

de-aerating the diaphragm, ruling the compartments with the test 

liquids, e.t.c.) · ............... . 1.00 hrs. 

(b) Preheating to the temperature of the experiment..... 0.50 hrs. 

(c) Run time 

(d) Cooling down after the run 

(e) Sampling 

,. 

'.', . 

~. -, 

· ............... ., 
• ••••••••••••••••• 

• ••••••••••••••••• 

.. 
. Total 

, I 

24.00 hrs. 

0.25 hrs. 

0.25 hrs. 

26.00 hrs • 

" ; 

/ 
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4-3 Methods for calculating experimental data 

The fol1()'\~iIig equat!~n was used to calculate integral diffusion coefficients 

from the experimental data obtained from the cell, shown diagrammatically 

in Fig. 4-3.1 ('Ibe notation used in the equations below is als~_ gi!e~i in • 

Fig. 4-3.1~ 

C2 , v2 c4 ,V
2 1 1 

'?"T VD,A 
I/'"'r VD'A 

Cl' v1 C3 ' v1 

Figure 1~3.1 Initial and final concentrations in the diaphragm cell. 

where 

jj = 1 . log10 (Cl - C2) (4-3.1) AB 
~t 

C3 - C4 

p A (! + .!. ) ,cell constant (4-3.2) = 1 V1 V 2 

t = time, sec. 

·30 
Cl' C2, C3 and C4 = concentrations in gm/cm at T C 

2 
A = effective mass transfer area of the diaphragm, cm 

I = effective length, cm. 

. 3 
V 1 ~d.v 2 = volumes of compartments,· cm 

- 2/ DAB. = integral diffusion coefficients, cm sec • 

. Equation (4-3.1) was derived from Fiaks' laws as shown by Mllls and 

Woolf (134). 

! 
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4-3. 1 C ell constant @ 

The cell constant @ was obtained by calibration using the KCl-H
2
0 

system of lmown diffusion coefficient and eq. (4-3.1), recommended by 

Holmes ( 89 ), 

i.e. 
(4-3.1) 

( concentrations are in gm/litre at 2~oC, , t in seconds and DAB in 

2 
cm /sec.). 

The experimental work with O.lN KCI (in the lower compartment) 

and double disUlled water (in the upper compartment) was carried out at 

250 C; the procedure described in section 4-2 being used. The initial 

and final concentrations of the test solutions were obtained using 

,Mdll's method (212) i.e. by titrating them again~tO. 05,N Ag N03 standard 

solution with potassium dichromate solution (4.2 gm. of A.R. potassium 

, 3 
chromate and 0.7 gm. of A.R. Potassium dichromate in 100 cm of 

distmed water) as the indicator. 

The integral, diffusion coefficient DAB" to be used in !lquation . . 
(4-3. ~),waB obtained from 

CB DCB - CT DCT 
DAB = 'c - C 

B T 
(4-3.3) 

where CB and C2 + C4 
~ = 2 

(4-3.4) 

D CB is an integrru diffusion coefficient which would be found in a run of 

, , vanisbingly short duration with the initial concentrations CB and zero on ' 

the two sides of the diaphraghm. ! DCT is defined similarly for the initial. 

concentrations CT and zero. The valuesof DCB and DCT have been 

Calculated from the differential diffusion coefficients and tabulated by 

Mms and Woolf (134) , for a range of concentratiOns of ~Cl - H 20 
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Table 4-3.1 

Integral diffusion 

. coe fficien ts 
+-

of KC1 

in water at 25°c (134) 

C IiAB 
0.00 1. 9930 
0.01 1.9392. 
0.02 1.9225 
0.03 1. 9113 
0.04 1. 9029, 
(l.05 1.8961 
0.06 1. 8904 
0.07 1.8856 
0.08 1. 8815 
0.09 1.8778 
0.10 1. 8746 

0.02 0.04 0.06 .0.08 

C concentration of KC1, gmo1e/1itre 

Figure 4-3.2 :Int~gra1 diffusion coefficients of aqueous KC1 
f': '1 '. solutions at' 250C~:'~:i;'" . , . 
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Figure 4-,3.5 Wear of the diaphragm of cell '0' in terms of cell 
constant B .. 
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constant a • 
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o 
system at 25 C. These data are represented in Table 4-3.1 and Figure 

4-3.2. 

The abrasive action of the stirrers gradually wears out the 

diaphragm thus causing an increase in the value of the quantity ~. This 

change in ~ is allowed for by frequent recal1brations of the cell and by 

the use of a . _~iOt"1 of ~ against the working life of the cell (see Fig. 4-3.3 

to 4-3.6), to interpolate t~e cell constant for each run. This variation 

of the constant ~ with time is also tabulated in Table 6-1.5, pg.1SS. 
" 

From the definition of the cell constant, ~, in equation (4-3.2) 

it is obvious that the temperature dependence of r ~ r is due to the 

variations of V 1 and V 2' as changes in the values 'of A and I are negligible 

in comparison. • 

Since the design of the diaphragm cell developed and the operating 

procedure outlined -. ~~ove\ ,can maintain constant values of V 1 and V 2' 

irrespective of temperature, the cell constant (l is regarded as constant 

with temperature. o 
Therefore the values of ~ at 25 C from Figures 

(4-3.3 to, 4-3.6) are used in calculating the diffusion coefficients of the 

test Uquids for the elevated temperatures. 

A sample calculation for (l is given inAppendix 4-3.1 • 

4-3.2 Integral diffusion coefficient 

The integral diffusion coefficients are calculated from equation 

(4-3.1). The cell constants ~ corresponding to the working life of the 

cell are obtained from Figures (4-3.3 to 4-3.6). Here, ~ is assumed to 

be independent of temperature as indicated above. The volumetric 

concentration unit (i.e. gm solute/100cm3 of solution) is used for 

This type of concentration unit, of course, 
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'applies only to a specified operating temperatl!re'~' : Since. eq.(4-3.1)is 

derived from Fick's law (134) i. e. J =-D AB ~~ (4-3.5) 

232 
(where J in gm/cm sec, C in gm/cm, t in sec and DAB in cm /sec) 

for a given temperature, it is therefore more appropriate to use the 

values of Cl' C2' C3 and C 4 at the operating temperature. 

Analysis of test solutions 

The test liquids are analysed by two. methods to measure their 

concentrations. For the ethanol-water and acetone-water systems their 

o 
densities are measured at 25 C by Lypkin's (5 cc) pycnometer using the 

method described by Lypkin (124). Then the corresponding weight 

fraction concentration W A is read directly: from a 

calibration charts,Fig. (4-3.7 and 4-3.8 ),.,; for that system'.·~ For the 

acetone-chloroform system the refractive angle of the test solution at 

25
0
C ,is measured by the Abbe - refractOmeter''- ,'·and then 

converted to weight fraction concentration by a calibration chart,Fig. (4-3.9). 

for that system' •. Once the weight fraction concentrations of the test 

solutions are known", the corresponding volumetric concentrations 
.. ... . 

3 . 
(gm/100cm at T) are read,for the required operating temperature,from 

the conversion charts i.e. Figures (4-3.10 to 4-3.12). 

Material balance equation for C3 

It was mentioned earlier that, at the termination of an elevated 

temperature run, there is a possible bulk flow of test liquid,through the 

. diaphragm, from the upper compartment to the lower one. Therefore 

the final lower com~rtment concentration C
3 

should be. obtained from'a-
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Table· 4-3.2 Density and volumetric concentration, 

wt. fr. 25°C * 40°C * acetone 
WA El CA e· CA 

0.000 0.9971 0.000 0.9923 0.000 
0.050 0.9882 4.941 0.9831 4.916 
0.100 0.9804 9.804 0.9748 9.748 
0.150 0.9733 14.600 0.9667 14.501 
0.16~ - - - -
0.195 - - - -
0.200 0.9664 19.328 0.9586 19.171 
0.250 0.9600 23.974 0.9499 23.748 
0.300 0.9507 28.520 0.9406 28.217 
0.350 0.9415 32.9511 0.9305 32.568 
0.400 0.9315 37.259 0.9199 36.797 
0.450 0.9209 41.438 0.9088 40.898 
0.460 - - - -
0.500 0.9099 45.493 0.8975 44.875 
0.550 0.8985 49.418 0.8859 48.724 
0.596 - - - -
0.600 0.8870 53.219 0.8742 52.450 
0.650 0.8753 '56.893 0.8623 56.048 
0.698 - - - -
0.700 0.8634 60.438 0.8503 59.518 
0.750 0.8513 63.851 0.8381 62.857 
0.800 0.8391 67.129 0.8258 66.062 

ethanol-wat~r mixtures, (~in ~ . and CA in gm solute) 
. cm . 100cm3 

58°C ** 73°C ** , 85°C ** 

E> CA @ CA @ CA 

0.9815 0.000 0.9715 0.000 0.9687 0.000 
0.9750 4.865 0.9660 4.820 0.9580 4.780 
0.9660 9.644 0.9575 9.573 0.9500 9.484 
- - - - - -

0.9450 15.611 0.9440 15.595 0.9350 15.446 
0.9485 18.505 0.9380 18.300 0.9290 18.125 
- - - - - -
- - - - - - . 

0.9275 27.819 0.9155 
• 27.460 0.9060 27.175 
- - - - - -

0.9055 36.093 0.8925 
a 
35.575 0.8820 35.157 

- . - - - - -
0.8920 41. 039 0.8790 40.441 0.8680 39.935 
0.8823 44.016 0.8690 43.382 0.8580 42.833 

- - - - - -
0.8590 51.201 0.8445 50.336 0.8320 49.591 

- - - - - -
- - - - - -

0.8340 58.187 0.8200 57.211 0.8080 56.373 
- - - - - -
- - - - - -
- - - - - -

.... 
W 
01 
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. Table 4-3.2 Density and volumetric concentrationJ 

(continued) 

ethanol-water mixtures, (~ in gm
3 

and CA fit gm solute) 
cm .. 100cm3 

wt. fr. 
acetone 

Y"A 

0.806 
0.S50 
0.899 
0.900 
0.936 
0.950 
1.000 

* 
** 

25°C * 40
0
C * 58°C ** 73

0
C ** 85

0
C ** 

e CA ~ CA e CA ~ CA ~ CA 

- - - - O. S076 65.110 0.7925 63.893· 0.7S00 62.885 
0.8266 70.261. 0.8182 69.124 - - - - - -
- - - - 0.7835 70.442 0.7675 69.004 . 0.7540 67.790 

0.S136 73.226 0.8003 72.025 - -- - - - -
- - - - . 0.7730 72.314 0.75S0 70.911 0.7460 69.788 

0.7999 75.992 0.7867 74.737 - - - - - -
0.7851 7S.506 0.7720 77.203 0.7550 75.50 0.7415 74.150 - -

• 
.. 

Reference (153) 
Data obtained by extrapolation or interpolation . of the data of Schwers (1909) from reference (197) 

. "'" . -.•. ~ .. -

.. -- .-
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. Table 4-3.3 Density and volumetric concentration, 
'E ------. 

I 'r··-------··-
I 

J r 

d 
i 
i 
1 

---wt. fr. 
~ acetone 

- wA 

1---

0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 

-0.8-
0.9 
1.0 

wt. fr. 
"-"acetone 

wA 

0.0 
0.1 
-0.2 
0.3 
0.4 

25°C @ 35°C 

~ CA e CA 

0.99707 0.00 0.9942 0.00 . 
0.9831 9.83 0.9791 9.79 
0.9693 19.39 0.9639 19.28 
0.9537 28.61 0.9473 28.42 
0.9361 37.44 0.9285 37.14 
0.9159 45.80 0.9077 45.39 
0.8941 53.65 0.8846 53.08 
0.8698 60.89 0.8601 60.21 
0.8432 67.46 0.8336 66.69 
0.8155 73.40 0.8055 72.50 
0.78505 78.51 0.7740 77.40 

65°c 75°C 

-~ CA ~ CA 

0.9805 0.00 0.9743 0.00 
0.9630 9.63 0.9562 9.56 
0.9436 18.87 0.9353 18.71 
0.9250- 27.75 0.9181 27.54 
0.9020 36.08 0.8930 35.72 

acetone-water mixtures (ref. 195 ) (~in~ and CA iri gm acetone) 
C:pl . 100 cm3 

45°C 55°C 

CA CA 
, 

e e 
0.9905 0.00 0.9860 0.00 
0.9743 9.74 0.9690 9.69 
0.9578 19.16 0.9462 1,8.92 
0.9400 28.20 0.9325 27.98 
0.9200 36.80 0.9110 36.44 
0.8982 44.91 0.8888 44.44 
0.8742 52.45 0.8638 51.83 
0.8496 59.47 0.8389 58.72 
0.8226 65.81 0.8117 64.94 
0.7939 71.45 0.7820 70.38 
~. 7620 76.20 0.7501 75.01 

• 

85°C 

E> CA 
@ = this work 

0.9684 0.00 
0.9497 9.50 
0.9276 18.55 
0.9111 27.33 
0.8832 35.33 
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Table 4-3.4 Density and volumetric concentration I acetone-chloroform mixtures. 
( @ in K!!l and CA in gm solute) 
(cm3 100 cm3 

wt. fr. 25°C * 40°C @ 50
0
C @ 55°C @ acetone 

WA e " C A (? CA e CA El CA 

0.000 1.4787 0.000 1.4450 0.000 1.4172 0.000 1.4114 0.000 
0.030 1.4419 4.365 - - - - - -
0.062 - - 1.3693 8.4pO 1.3463 8.347 1.3369 8.289 
0.071 1.3929 9.900 - - ;... - - -
0.112 - - 1.3156 14.735 1.2934 14.486 1.2843 14.384 
0.129 1.3298 17.113 - - - - - -
0.137 1.3219 18.065 - - - - - -
0.189 - - 1.2395 23.427 1.21990 23.056 1.2110 22.886 
0.209 1.2499 26.098 - - - - - -
0.246 1.2166 \ 29.869 - - - - - -
0.267 - - 1.1700 31.238 . 1.1521 30.760 1.1440 30.543 
0.354 - - 1.1014 38.990 1.0845 38.392 1.0766 38.113 
0.357 1.1255 40.150 - -.. - - - - -
0.374 1.1130 41.575 - - - - - -
0.420 1.0775 45.227 - - - - - -
0.450 - - 1.0343 46.0545 1.0183 45.825 1.0115 45.518 , 

... 0.505 1.0223 51.600 - - - - - -
0.520 1. 0137 52.605 - - - - - -
0.563 - - 0.9652 54.341 0.9500 53.478 0.943 53.108 
0.642 0.9418 60.501 - - - - - -
0.687 0.9194 63.153 - - - - - -
0.690 - - 0.8973 61.949 0.8831 60.969 0.8771 60.555 
0.803 0.8639 69.346 - - - - - -
0.818 - - 0.8352 68.319 0.8203 67.101 0.8140 66.585 
0.838 0.8486 71.107 - - - - - -
1.00 0.7840 78.400 0.7670 76.700 0.7555 75.55 0.7496 74.96 

* Karr. Bowes and Scheible (1951).(Ref.197) 

@ This work. 
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material balance.' The equation for this material balance is ' given 

below. 

The initial and final concentration profiles within the diaphragm 

are shown in Fig. (4-3.13) 

c,.&-_--I 

" 

Figure 4-3.13 : Concentration profiles within the diaphragm. 

From the principle of conservation of mass the following overall 

material balance can be made -

Cl VI + C2 V2 + cOn Vn = C3 V3 '+.C4 V4 + Cn Vn (4-3.6) 
I 

,The following assumptions are made in the above' equation 
• 

(1) V 1 = V 2 = V 3 = V 4 = VB 

(2) The material balance is made at the operating temperature. 

, , (3) A llnear concentration gradient witWn the diaphragm at the 

end of the 24 hour diffusion period is assumed, 

i.e. cOn = C2 and Cn -(C3. + c~/e 

According to the above assumptions the concentration Ca can be calculated 

from the eqUation 

where. "VB' 
A=

Vn 

(4-3.7) 

A sample calculation for the integral diffusion coefficient for the 

acetone-water system is given in Appendix ,4-3.2. 
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4-3.3: Conversion of integral diffusion coefficient to differential diffusion 

coefficient 

The integral diffusion coefficients DAB obtained from equation(4-3.1) 

are converted to the differential diffusion coefficients DAB by means of the 

following relationship 
I 

i5 = 1 r DAB dC (4-3.8) AB 
" 

, 
C -: C 

c~ 

I " where C = C2 + C
4 C = Cl + C3" , 

2 2 

, The concentrations Cl' C2 , C3 and C4 are those shown in Fig. 4-3.1. 

The differential diffusion coefficients DAB were obtained from 

equation(4-3. 8)over the complete concentration and temperature 

range by the graphical method recommended by Dullien and Shemilt (45).' 

In this method the curve of best fit, is drawn through the measured integral. 

diffusion coefficients,as shown,in Figures ft-1.1, 6-2.1 and '6-3.1. 

Integral. diffusion coefficients were calculated by graphical integration for 

each run listed in Tables 6-2.1, 6-2.3 and 6-2.5 using equation (4-3.8). 

Next the average concentration corresponding to this new integral coefficient, 

was found from Figures 6-1.1, 6-2.1, and 6-3.1. The concentration 

corresponding to this new integral coefficient is the concentration at which 

, the integral coefficients from Tables 6-1.1, 6-1.3, and 6-1.5 become 

differential coefficients. Thus'in Tables 6-2.1,6-2.2 and 6-2.3 

columns 8 and 10 represent differential diffusion coefficients and,' 

corresponding',concentratlons respectively." 

( , 
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4-4 Error analysis 

The apparatus described constitutes a new development and 

therefore it is necessary to point out its strong and its weak points. 

Knowledge of the latter will make it possible to estimate the experimental 

error for a given binary system. Experimental errors in the diffusion 

" 
coefficients have three sources:. (i) errors in measurement, (if) errors 

inherent .in the construction of the cell and in the operating procedure; 

(ill) errors due to the impurity of the materials and _ to the inaccuracy 

of the physical properties _~eport~d ~the literature. 

4-4.1 Errors in measurement 

Any errors of measurement such as in the analysis of solutions, 

in the volumes of test liquids charged and in the setting of the levels in the 

cell,' ultimately contribute to an error in the concentration of the test 

liquid used. Three methods of dete11bining concentration are used: 

(a) Mohr's (2 12 ) titration method for determination of the concentration 

of KCl (b) concentrations of ethanol and acetone in mixtut:es with water are 

. obtained from: _ density measurement (c) the concentration 

of acetone in solution with chloroform was obtained " using refractive angle 

measurements. 

The error in the diffusion coefficient may be calculated from the 

formula : 

. i 

hD = DAB 

; AB loglO ~I) 

.. 
. " 

'. . . f 

. ; 

./ 

.' 

" ... 

(4-4.1) 
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where = 

= 

.and = 

This method is an application of the principle recommended by 

Levitt (114). The percentage error in the experimental coefficient 

as calculated by this method depends on the difference in the concentrations 

. in the two compartments of the cell and on the.absolute value of the 

.. 
. diffusion coefficient. . 

(a) Error in the cell constant, @ 

The error in the constant ~ was estimated from an equation simllar 

to equation@-4.1). 

i.e. 

The error in the volume measurement with the burette is about 

O. 05 cm 3 which gives a maximum error in the concentration of O. 0002 

g mole/litre. This in tum would give a maximum error of 2% in the 

\ 
value of ~. In the plot of ~. against time it was. found, for a given cell,l . 

that the average deviation of experimental values of @ from the best line 

through the data points was 0.7%. A sample calculation of the. main errorini the I 

value of @ is given in Appendix 4-4.1. 

(b) Error in DAB resulting from density measurement 

In the case of ethanol-water and acetone-water solutions the error 

d. 
originates in weighing the pycnometers. With the analytical balance used 

. + / 3 the maximum error made in the density determination is - . 0.00005 gm cm • 



. Toble 4-4.1 Pl'obable experimental error in the diffusion coefficient; ethanol-water mixtures at 25°C . 

j(Cl+C2) 
(g/100 cml ) 

6'225 
41'565 
55·460 
70'304 
70'101 
70'115 
75'858 
71'100 

,', 

Water 

vacuum pump 
" ' 

." ';' 

'''.\,' 
" ',),.1,. , " 

. " 

.; .' 

" . 
"'- ! 

, . 

j(C2+C.)-!(Cl+Ca) 
(g/lOO cm3) 

. 9'7055 
12'6060 
12'7840 
3-7520 
3'7240 
3'7805 , 
1'5660 
1'2800 

. : 

,', 

. ' . ,. " .. 
. ' . ~!...'. 

"/ ' .. 
I ')',' 

;· ... t. 

' .. : 
'" ' 

'. " ". 

""".", 
..' , 

,', , 

",\ \' 

\ , ~ 

DADX 101 

(cm2 5-1) 

1'0755 
0·3675 
0·4050 
0-7446 
0'7432 
0-7433 
1'0468 
1:1305 

',' ( 

'::: 

8DADX 101 % probable 
(cm2 5-1) error 

0·4956 0·4608 
0·3909 1'0637 
0'4587 H327 ' 
1-1889 1'5968 
1'1908 1'6020 
1'3437 1'8080 
3'4069 3'2545 
3'7996 3'3610 

. .. ; 

~ . . " 

from atmosphere" 
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Using this error and applying equation (4-4. 1) the error in the diffusion 

coefficient is calculated. It is easy to deduce that the magnitude of 

the error calculated by this method depends on the difference in the 

concentrations in the compartments of the cell and the absolute value of 

the diffusion coefficient. This is shown in Table 4-4.1. A sample 

calculation is given in Appendix 4-4.2 

(c) Error in DAB due to error in refrac~ve angle measurement 

The possible error in a refractive angle measurement is 

3 '!: 0.001 degrees. This gives a maximum error of 0.00005 gm/cm 

in the concentration. Using equation (4-4. 1) the error in the diffusion 

coefficient is calculated. This error also. depend$ on the co~centrations 

in the two compartments of the cell and on the absolute value of the 

diffusion coefficient. 

• 

. 4-4.2 Errors inherent in the design and operating, procedure 

(a) In the ~xperimEmts conducted at elevated temperatures some 

evaporation takes place from the surface of the meniscus in compartment 

A. Therefore the tube K above n:m.iscus is kept in a stream of cold air 

/ 
I 

in order to condense any vapour produced and to return it to the bulk of the 

test liquid. 
- --- 0 

. 'At the highest temperature investigated (i.e. 85 C) the 

hold-up of the condensate in the lower part of the tube K was estimated 

3 . as O. 05 cm. Because of the air cooling no condensate Was noticed in 

the capillary. The condensate hold-up above the meniscus is never lost 

as,at the end of the run,it is returned to the bulk of the liquid LA by a gentle 

swirling motion of the whole cell. Thus the error resuitlng from this 

effect ~ can be regarded as negl~le. \ 
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(b) During the. process of diffusion itself some changes in the volume· 

of the test liquids in the two compartments occur. These changes are 

usually not significant because diffusion is a two-way process: ~e 

solute diffusinginto one compartment and the solvent diffusing in the opposite 

direction from that compartment. Figure 4 -1.1 shows that 

tube H provides an expansion space for compartment B and tube K for 

compartment A. This provision for expansion is necessary but it does not 

not prevent a small amount of bulk flow throug~ the diaphragm,if the 

molecular weights of the solvent and the solute differ considerably. It 

is estimated that for the systems studied in this work this change of 

3 volume could amount to approximately O. 05 cm in a 24 brs. run. As 

mentioned earlier, the error in the diffusion coefficient due to this bulk 

flow was approximately 1%. 

(c) The most serious error due to the experimental procedure can 

result if the ambient temperature method of terminating a run is applied 
• 

to a run conducted at an elevated temperature. In this case a bulk flow 

t , 
of liquid LA to .compartment B can occur during after the run cooling 

operations. This would not effect the concentration of the test liquid LA 

but it could alter the concentration of the liquid in compartment B. In 

this case the concentration of test liquid ~ (i. e. C3 .) should be obtained by 

a material balance as mentioned earlier andnot by methods of chemical 

analysis. An example of this is given in Appendix 4-4.3 for a run at 

85
0
C with the ethanol-water system where the ambient temperature method of 

shut-down was used. In the calculation of the diffusion coefficient, the 

concentrations from specific gravity measurements and from a material 

balance were used. " This resulted in a d,eviation of 1.3% in the calculated 

Wffuslon coefficients. ,Thus it is advisable to use the mat erial balance 
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equation to obtain the final lower compartment liquid concentration i. e. C
3 

when the ambient temperature operation method of terminating was applied 

to terminate a high temperature run. 

(d) To verify the literature information (Doane and Drickamer (40» 

that pressure variations up to 25Ib./in
2 

gauge have practically no effect 

on the diffusion coefficient, tests are carried out with the cell 

described above. The experiments were conducted with a 50 mole % 

o 
solution of benzene in n-heptane at 25 C (see Table 4-4.2). The 

• 

experimental coefficient determined at 25Ib./in
2 

gauge was 0.06% smaller 

than that determined at atmospheric pressure. The discrepancy between 

the two results is not sufficient to class it :as being due to the effect of 

pressure. The experimental error is considerably higher i. e. ! 2%. 

(8) It is not recommended that a short pre-l1ID be carried out for the 

establishment of a steady state concentration gradient in the diaphragm • 

. The reasons for this are given by Holmes (89). This is justified if 

the following structur.iJ. features of the cell and the operating conditions 

are observed: . the ratio of the pore volume in the diaphragm to one 

. compartment volume is about 0.02; th~ ratio ( ~Ci \IS about 2. 

\..ACf ! 

Also the determinations of the cell constant ~ should be carried out under 

the same operating conditions as those to be used in the subsequent 
- ----- ---- -- - ._-- - ---

. determinatiom of the diffusion coefficients, the temperature effect being made 

negligible due to the design of the cell. 
(f) The requirement of chemical purity of the test liquids and of 

mercury used in the operation of a cell is self-evident. In this work the 

mercury was purified after every run (i) by filtering through filter· 

.. paper with a pin hole and (il) first washlllgwith 0.25% nitric acid for 

6 brs~ ana then with. distilled water as sh;own in Fig •. 4-4.1. ,p.143. 
, . -." 

. , 
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Run 
Code 

The other important fact to be pointed out is the requirement 

of the test liquids to be free of dissolved gases. The slightest. trace. 

of . air or other inert gas in any of the liquids is sufficient to air-lock 

the diaphragm pores in operations at elevated temperatures. To avoid 

this the test liquids must be refluxed, for a sufficient1y long period, 

before the run. 
, 

Table 4-4.2 

Summary of runs at constant temperature and varying pressures 

with the cell developed in this work. 

Experimental diffusion coefficient of benzene-n-heptane system 

o for the concentration of 50 mole percent at 25 C. 

Stirrer speed =40 r.p.m. run time = 24 hrs.-

Cell used = D 

Date Psig poncentration @ . Cavg., 
gm .. 

Cl C2 C3 C4 100cm 

Elapsed @ m.f. 
t Fi~(4-

(hr.) 

.I 
I 

12.2.73 0 39.066 28.008 35.212 33.537 0.505 72 0.27125 

20.2.73 25 39. 28.008 35. .159 33.537 0.505 96 0.27142 

% deviation = fD AB at 0 Pslg - DAB at 25 Pslg lx lO~;: 0.0593% 
t D at 25 Psig j. . . . 

AB . . . 

. 3 . 0 
@ Con~entration in (gm-benzene/10Ocm at 25 C) 

, . 
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D
AB

xl 

cm2/sec. 

2.5094 

2.5079 
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Materials and their physical properties 

5-1 . Suppliers of the Chemicals use~ 

The chemicals used were obtained from the sources shown in 

Table 5':"1.1. All chemicals were used without further purification, as 

all of them were of the "analytical reagent" grade. 

Table 5-1.1 Sources and quality of test li@lllids 

Chemical (grade) Source 

Acetone (A.R.) Fisons Scientific Apparatus Ltd., Loughborough, 
England. 

Ethanol (A.R.) James Burrough Ltd. " 60, Montford Place, / 

London S. E.11. I 

Chloroform (A.R.) B.D.H. Chemicals Ltd., Poole, England. 

AgN03 solution (A.R.) B.D.H. Chemicals Ltd., Poole, England. 

KCI (A.R.) B.D.H. Chemicals Ltd., Poole, England. 

Mercury Harrison, Clark Ltd., Benfleet, London. 

5-2 Physical properties of pure liquids 

Table 5-2.1· shows some o~ the physical properties for pure 

acetone, chloroform, ethanol and water at various temperatures. These 

properties are· self-diffusion coefficients, molal volumes, latent heats of 

vaporization and latent heats of vaporization due to hydrogen bonding. 

The sources of the data are indicated by the references also given in this 

Table. 
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Table 5-2.1 Physical properties of pure liquids 

T 
D* x 105 V ai( a Hx_H 

°c cmz/sec. ref. cm<S/gmole ref. cal/gmole ref. cal/gmole ref. 

Acetone: 
25 4.835 43 74.01 196 7608 196 -
35 5.380* -, 

75.06 196 7498 196 -
40 5.660* - 75.75 196 7439 196 -
45 5.980· - 76.25 196 7373 196 -
55 6.750· - 77.46 196 .. 7245 196 -
60 7.000 106 78.00 196 7174 196 -

Chloroform: 
25 2.580 43 80.75 43 744'2 196 -
40 3.110* - 82.63 196 7274 196 -
55 3.700* - 84.60 196 7100 196 -

Ethanol: 
I 

25 1.01 43 58.68 196 10010.0 196 5500 18 
40 1. 50 43 59.67 196 9905.5 196 5380 I 18 
58 2.25 43 61.02 196 9710.0 196 5180 ' 18 
73 3.04* - 62.13 196 9495.0 196 5100 18 
85 3.68* - - - 9300.0 196 5000 18 

Water: 
25 2.236 133 18.07 196 10484.5 196 5250 18 
35 2.900 133 18.12 196 ,10385.6 196 5190 18 
40 3.300 43 18.16 43 10338.2 196 5160 18 
45 3.680 43 18.19 43 10286.6 196 5140 18 
55 4.580 43 18.27 43 10192.0 196 5070 18 
58 4.880 43 18.36 43 10161. 0 196 5050 18 
65 5.500 43 18.37 43 10093.0 196 5000 18 

~ 

73 6.260 43 18.54 196 10008.0 196 4970 18 
75 6.420 43 18.56 196 9989.6 196 4960 18 
85 7.410 43 18.60 196 9886.3 196 4900 18 

'" 0* are estimated'from eq:(2-5.l) using the known ,value of 0* 

at ,250C 

, . 
... ~ 
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5-3 Physical properties of binary mixtures 

The physical properties of the binary liquid mixtures studied 

in this work i.e. ethanol-water, acetone-water and acetone-chloroform" ' 

are presented in Tables specified' below. 

Viscosity: Viscosity data at various temperatures are presented in 

Tables 5-3.1a, 5-3.2a, and 5-3.3a, p 162 -165. 

They were obtained by extrapolation or interpolation of the data found in 

literature and presented in Figures 5-3.1a, 5-3.2a and 5-3. 3a,p 15~-t57 • .. 
Density: Densities for the three binary mixtures for a range of 

concentrations at various temperatures are reported in Tables 4-3.2, 

4-3.3, 4-3.3a, and4-3.4,p135-1.38. 

, 0 
The densities of acetone-water mixtures at 25 C and the acetone-

hl . 0 0 d 0 c oroform mixtures at 40 C, 50 C an 55 C were determined 

experimentally by this author. The densities at other temperatures for 

these two binary systems and for the ethanol-water system were obtained from the 

literature. 

Thermodynamic factor: The values of the thermodynamic factor for the 

three binary mixtures and for various temperatures are presented in 

Tables 5-3.1b, 5-3.2b and 5-3.3b, p 163 -166; and Figures 

5-3.1b, 5-3.2b, and 5-3.3b, p 158-161. The value of the 

thermodynamic factor for the mixtures of ethanol-water at 250 C was found 

in the literature (73). The thermodynamic factor for the ethanol-water 

. mixtures as well as fue thermodynamic factors for acetone-water mixtures 

and for acetone-chloroform mixtures for all the temperatures required 

were calculated from the vapour pressure da1;a or activity coefficients found 

in the literature. " The method of calculation is shown in Table 5-3.1c for 
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ethanol-water at 60
0
C. The ratio (~ ~~) in each case is obtained 

graphically from the plot of Ln.1A . against b1. xA as illustrated in 

Figure 5-2.1c. The sources of vapour pressure data, concentrations 

in the liquid and vapour phase or of the activity coefficients are given :in 

the appropriate tables. 

.. 
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Table 5~3.1a Viscosity of ethanol-water mixtures (ref.197) 

Viscosity in c.p. at TOe * 'i 
m.f. 25

0 e 40
0 e 58

0 e 73
0 e 85

0 e 
ethanol 

0.0 . 0.895 0.6565 0.486 0.390 0.335 
0.1 1.880 1.210 0.790 ' ,0.590 0.471 
0.2 2.310 1.456 0.926 0.680 0.544 
0.3 2.280 1.500 0.950 0.696 0.569 
0.4 2.180 1.422 0.922 0.678 0.550 
0.5 1.870 1.314 0.871 0.650 0.530 
0.6 1.700 1.220 0.820 0.616 0.510 
0.7 1.490 1.108 0.770 0.586 0.490 
0.8 1.310 1.008 0.716 0.551 0.466 
0.9 1.190 0.914 0.665 0.516 0.440 
1.0 1.080 0.836 0.615 0.479 0.409 

, 
* Data obtained fromFlgure 5-3.ta / 

'. 
" 
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Table 5-3.1b Thermodynamic factor for ethanol-water mixtures. 

i 

·1 

Mole fr. 
0<. A 

Mole fr. 
c(A 

* ** ** ** * ** ** ** 
ethanol ethanol \ 

.:Ie 25°C 40°C 60°C 75°C =-A 25°C 40°C 60°C 75°C 
A 

0.0 1.00 1.000 1.000 1.000 0.6 0.530 0.620 0.628 0.565 
0.1 0.'160 0.750 0.713 0.465 0.'1 0.655 0.705 0.720 0.715 
0.2 ·0.410 0.425 0.505 0.360 0.8 0.770 0.795 0.800 0.855 
0.3 0.370 0.445 0.410 0.360 0.9 0.915 0.925 0.885 0.928 
0.4 0.355 0.520 0.505 0.410 1.0 1.000 1.000 1.000 1.000 
0.5 0.410 0.585 0.565 0.495 

° . o(A at 25 C froni reference (73) 

** c(A at 40°C, 60°C and 75°C are calculated from the vapour liquid equilibrium data of references 
(74,98,214 ). . 

Table 5-3.2a Viscosity of actone-water mixtures (ref. 92.) . 
, 
; 

q Mole fr. flAB in c.p. Mole fr. IJAB in c.p. 
acetone 25°C 35°C 45°C 55°C acetone 25uC 35

u
C 45

u
C 55

u
C :»CA ~A 

0.0 0.8905 0.721 0.596 0.504 0.6 0.535 0.468 0.407 0.362 
0.1 1.346 1.040 0.831 0.682 0.'1 0.442 0.392 0.350 0.313 
0.2 1.310 1.021 0.816 0.670 0.8 0.381 0.339 0.305 0.275 
0.3 1.090 0.867 0.705 0.590 0.9 0.330 0.299 0.274 0.250 
0.4 0.822 0.670 0.560 0.475 1.0 0.3012 0.275 0.251 0.2318 
0.5 0.683 0.570 0.484 0.422 

Data obtained from Figure 5- S.2 a . ..... 
en 
w 



o Table 5-3.1c I Thermodynamic factor for ethanol-water system at 60 C 
I 

XA 
I 

, 

PA =YA P PA Ref. In ~ In~; xA In~ mole fr. I 1A= - , 

ethanol mm.Hg xAP; , mole fI , 
ethanol .. 

; 
I 

I 
, 
i , I 

0.033 45.6 3.926 a i -3.411 1.368 0.0 -
I 

0.051 69.2 3.845 b -2.976 1.347 0.1 -2. 30~ 

0.086 97.9 3.135 b -2.453 1.143 0.2 ':'1.609 

0.125 120.4 2.736 a -2.079 1.007 0.3 -1. 204 

0.197 154.1 2.155 b -1.625 0.768 0.4 -0.9Hi . 
0.267 156.6 1.666 a -1. 321 0.511 0.5 -0.693 

0.375 193.7 1.421 b -0.981 0.351 0.6 -0.511 

0.459 191.9 1.188 a -0.779 0.172 0.7 -0.357 

0.509 221.6 1.198 b -0.675 0.181 0.8 -0.223 

0.527 227.0 1.181 b -0.641 0.166 . 0.9 -0.1054 

0.545 230.2 1.171 b -0.607 0.158 1.0 0.0 

0.597 227.8 1.084 a -0.516 0.081 

0.682 257.9 1.074 a -0.383 0.072 

0.808 299.8 1.022 b -0.213 0.022 

0.851 313.8 1.015 b -0.161 0.015 

0.860 317.3 1.010 b -0.151 0.0099E 

0.865 309.9 1.018 a -0.145 0.0176 
-

0.,891 316.3 1.0085 a ' -0.1154 0.0085 

, 0.928 329.4 1. 0084 a -0.0747 0.0084 

0.949 335.9 1.0055 a -0.0523 0.0055 

0.972 351.9 0.998 b -0.028 -0.002 

1.000 352.0 '1.000 a 0.00 0.00 

a Udovenko, v. V., Fatkullna, L. &, (1952),(ref. 74) 
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oln~ ~=1+ ---
aln ~ ()In"(A 

slope of aln ~ 
Flg.5-3.tC 

- 1.000 

0.287 0.713 

0.495 0.505 
I 0.590 0.410 

0.495 0.505 

0.435 0.565 

0.372 0.628 

0.280 0.720 

0.200 0.800 

0.115 0.885 

- 1.00 

b Jones, C.A., Schoenbom, E.M", and Colburn, A.P., (1943), (ref. 98) 

P Total pressure 

P Partial pressure of A 
A 

P~ Vapour pressure of A 

Y
A 

Mole fr. of A in vapour phase, 

" 
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Table 5-3.2b Thermodynamic factor for acetone-water mixtures (ref.191) 

Mole fr. c<.A Mole fr. 
acetone acetone 
:leA 25°C 35°C 45°C 55°C !)CA 

0.0 1.000 1.000 1.000 1.000 0.6 
0.1 0.637 0.615 0.576 0.545 0~7 
0.2 0.430 0.429 0.390 0.370 0.8 
0.3 0.320 0.320 0.295 0.300 0.9 
0.4 0.300 0.315 0.285 0.255 1.0 
0.5 0.310 0.305 0.325 0.275 

Table 5-3.3a Viscosity of acetone-chloroform mixtures 

Mole fr. ~AB in c.p. 
acetone * :;)CA 25°C 

0.0 0.541 
0.1 0.556 
0.2 0.552 
0.3 0.540 
0.4 0.516 
0.5 0.486 

* Nigham (141) 
$. Anderson (6) 

.. 
40°C 

0.472 
0.473 
0.469 
0.458 
0.439 
0.412 

** Obtained by extrapolation 

55°C 

0.416 
0.410 
0.411 
0.400 
0.381 
0.357 

Mole fr. 
':IC:tC acetone 

~A 

0.6 
0.7 
0.8 
0.9 
1.0 

....... 

0(: A 

25°C . 35°C 45°C 

0.333 0.345 0.345 
0.420 0.430 0.445 
0.525 0.515 0.550 
0.710 0.698 0.700 
1.000 1.00 1.00 

... 

JJAB in c.p. 

• .. ~. 

25°C 40°C 55°C • 
. 

0.450 0.384 0.335 
0.412 0.355 0.308 
0.3aO 0.323 0.280 
0.350 0.299 0.260 
0.315 0.272 0.239 

55°C 

0.300 
0.400 
0.547 
0.700 
1.00 

-

.... 
0'1 
Ut 



~ ............................ ---------------------------------------------
I 

Table 5-3.3b Thermodynamic factor for acetone-chloroform mixtures. 

- --
Mole fr. 0<. A Mole fr. o(A 
acetone acetone 
-~ 

25
0

C* 40
o

C** 
- ° - -- - .. 

25
0

C* 40
o

C** 55
0

C** 'A 55 C** A 
, - ; , 

. 
0.0 1.00 1.000 1.00 0.6 1.376 1.350 1.30 

0.1 1.09 1.166 1.12 0.7 1.253 . 1.240 1.240 

"_.- - - -". - .---~ -" - ---- -- .--

0.2 1.17 1.300 1.23 0.8 1.121 1.160 1.14 _._._- ------- --- - --------~------ --. 

0.3 1.45 1.400 1.300 0.9 1.060 1.100 1.03 
. - --'-- ----------- - ".-'-

0.4 -1.60 1.480 1.37 1.0 1.000 1.0000 1.000 

• 
0.5 1.51 1.45 1.37 

-- - _. - ---- - - . ----_.- - - . 
I ., 
I * MueUer & Keams, 1958 (ref.13?) 

- ** ROck & Schroder, 1957 (ref. 172) 
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PART 6-1 Presentation of experimental results 

The primary experimental results, together with the experimental 
'. 

integral diffusion coefficients calculated from them,are reported in Tables 

6-1.1, 6-1.2, 6-1.3 and 6-1.4. They are also shown graphically in 

Figures6-1.1, 6-2~ 1, 6-3.1. The experimental integral diffusion 

coefficients were converted into differential diffusion coefficients in Tables 

6-2.1, 6-'2.3 and 6-2.5 and then plotted in Figures 6-1.2, 6-2.2 and 6-3.2 

as differential diffusion coefficients against mole fraction concentrations. 
4 

These Figures(i.e. 6-1.2, 6-2.2, and 6-3. 2) were then used to obtain 

smoothed differential diffusion coefficients which subsequently were recorded 

in Tables 6-2.2, 6-2.4, and 6-2.6. The smoothed differential diffusion 

coefficients were extrapolated or interpolated in order to obtain 

differential diffusion coefficients at normal boilin~ points. The interpolation 

or extrapolation was done in Figures 6-1.3, 6-2.3 and 6-3.3 by plotting 

In DAB against the reciprocal of absolute temperature. This type of plot 

gives a straight line from which the differential diffusion coefficient is read off 

fI'om~ ,the reciprocal of the boiling point temperature. The differential 

diffusion coefficients obtained by this method,for all three binary systems,are 

recorded in Table 6-3.1 and are also shown in Figures 6-1.4, 6-2.4 and 6-3.4. 

Figures 6-1.1, 6-2.1 and 6-3.1 were used to obtain,by 

extrapolation,the diffusion coefficients at infinite dilution. In accordance 

with the, method of Dullien and Shemilt (45 ) for obtaining differential diffusion 

coefficientsthese coefficients at infinite dilution .are identical with integral 

coefficients. 
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-Table 6-1·1: Experimental data for diffusion coefficients obtained with the cell 'R' 

Stirrer speed = 40 rpm, Run time for each run = 24 hours 

(R1 to R35) and (R73 to R75) = Ethanol -. ~ter system. 
-(R36 to R60) = Acetone .:. water system. 
(R61 to R72) = Acetone - Chloroform system. 

Run Date Concentration (gm solute/100cm3 at TOC) P T Elapsed 
No. Cl C2 C3 C4 

psig °c time 
hrs. .-

Ethanol - Water S~stem 

R 1 16. 3.73 0.000 12.112 2.875 9.379 0 25 72 
R2 19. 3.73 0.000 12.300 3.145 9.300 4 40 96 
R 3 21. 3.73 0.000 12.050 3.892 8.300 ~ 58 120 
R4 26. 3.73 0.000 11.800 4.250 7.800 6 73 144 
R 5 30. 3.73 0.000 11. 850 4.689 7.300 7 85 168 
R 6 2. 4.73 0.000 11.620 4.6067 7.150 _ 7 85 192 
R 7 9. 4.73 0.000- 48.723 6.296 43.000 0 25 240 .. 
R 8 12. 4.73 0.000 48.100 8.666 40.000 4 40 264 . 
R9 25. 4.73 0.000 46.800 10.050 37.300 6 58 288 
R10 27. 4.73 34.719 48.411 35.805 47.325 0 25 312 
R1l 30. 4.73 48.456 62.463 49.771 61.332 0 25 336 
R12 - 2. 5.73 74.885 76.830 75.300 76.488 0 25 360 
R13 14. 5.73 ,~O. 000 46.40 ~ 10.346 36.600 6 58 408 
R14 16. 5.73 0.000 44.50 13.850 33.840 7 73 432 
R15 25. 5.73 67.895 72-.335 71.645 68.534 0 25 456 
R16 30. 5.73 0.00 45.00 15.600 32.200 12 85 480 
R17 4. 6.73 47.550 61.80 49.518 60.00 5 40 504 
R18 6. 6.73 46.600 60.60 49.365" 58.00 8 58 528 
R19 9. 6.73 - - - - - - -

R20 22. 6.73 46.300 59.700 49.707 56.450 10 73 582 

~, cm-~ 
from 
Fig-. 4-3.3 

0.2327 
0.2330 
0.2334 
0.2337 
0.2340 
0.2344 
0.2352 
0.2355 
0.2358 
0.2362 
0.2365 
0.2369 
0.2376 
0.2380 
0.2383 
0.2387 
0.2391 
0.2394 
SPOILT RUN 
0.2404 I 

DABx 10;) 
2 

cm Isec. 

1.3431 
1.4935 
2.1657 
2.5836 
3.2496 
3.2580 
0.6054 
0.9148 
1.1529 
0.3675 
0.4079 
1.0460 
1.2048 
1.6902 
0.743 
2.100 
0.6450 
1.0143 

1.4362 
.... 
Cl) 

o 
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Table 6-1·1 (continued) 

Run Date Con centration (gm solute/100cm3 at TOC ) P T Elapsed tI, cm-2 DAB x 105 
No. 

Cl C2 C3 C4 
psig °c time from' 

cm2/sec. hrs. Fig.4-3.3 
.. -

R21 26. 6.73 45.100 59.000 49.463 54.800 15 85 606 0.2406 2.001 
R22 28. 6.73 37.000 47.800 38.477 46.450 5 40 630 0.2409 0.6333 
R23 4. 7.73 36.100 47.000 38.128 45.100 10 58 654 0.2413 0.9309 
R24 6. 7.73 36.500 45.100 38.500 43.100 9 73 678 0.2416 1. 3481 
R25 9. 7.73 34.800 45.500 37.876 42.550 13 85 702 0.2420 1. 7404 
R26 12. 7.73 66.700 70.520 67.465 69.800 7 40 726 0.2423 1. 0211 
R27 16. 7.73 65.700 69.100 66.620 68.220 9 58 750 0.2427 1.5612 
R28 18. 7.73 64.400 67.900 65.540 66.800 13 73 774 0.2430 2.1133 
R29 7. 8.73 63.400 66.500 64.586 65.350 15 85 822 0.2438 2.8889 
R30 9. 8.73 73.500 75.500 74.023 75.000 10 40 846 0.2440 1.4770 
R31 13. 8.73 72.100 73.980 72.702 73.400 13 58 870 0.2444 2.0381 
R32 15. 8.73 70.700 72.500 71.371 71.850 15 73 894 & 0.2448 2.7191 
R33 20. 8.73 75.680 77.200 76.098 76.800 10 40 918 0.2451 1.584 
R34 22. 8.73 74.000 75.500 74.5076 75.010 . 14 58 942 0.2455 2.2398 
R35 30. 8.73 72.600 74.000 73.200 73.470 . 15 73 966 0.2459 2.9946 

Acetone - Water s;ystem 

R36 14. 9.73 0.000 13.500 3.758 9.900 8 45 1014 0.2466 1. 6055 
R37 16. 9.73 0.000 23.700 6.929 17.050 10 55 1038 0.2469 1. 7322 
R38 19. 9.73 0.000 .14.200 4.167 9.600 12 65 1062 0.2473 2.1907 
R39 22. 9.73 . 0.000 13.600 4.860 8.900 15 75 1086 0.2476 2.4642 
R40 25. 9.73 0.000 13.500 5.309 8.350 18 85 1110 0.2480 3.0209 
R41 9.10.73 24.500 40.500 27.388 37.800 6 35 1158 0.2487 0.868Q 
R42 11.10.73 24.500 40.350 27.636 37.400 9 45 1182 0.2491 0.9780 . 

R43 16.10.73 24.200 39.900 27.735 36.550 12 55 1206 0.2493 1.1637 



.................... --------------------------------~------

, Table 6-1.1 (continued) 

Run Date Concentration (~solute/100cm3 at TOC) P T Elapsed " cm-~ DAB x 10:> 
No. 

Cl C2 C3 C4 
psig °c time frQm 

2 hrs. Fig.4-S.3 cm / sec. 

R44 18.10.73 40.000 57.650 43.108 54.150 13 55 1230 0.2498 1. 0562 
R45 23.10.73 40.100 58.350 43.465 55.200 11 45 1254 0.2501 0.8875 
R46 25.10.73 40.500 58.950 43.517 56.150 10 35 1278 0.2505 0.7600 
R47 2.11.73 . 59.435 69.211 61.100 67.661 0 25 1326 0.2512 0.7980' 
R48 6.11.73 58.800 68.600 60.765 66.750 10 35 1350 0.2516 0.9853 
R49 8.11.73 58.100 67.500 60.311 65.400 12 45 1374 0.2519 1.2243 
R50 12.11. 73 57.400 66.700 59.859 64.350 15 55 1398 0.2522 1.4510 
R51 15.11.73 66.400 73.250 68.281 71.450 10 35 1422 0.2526 1.5336 
R52 19.11.73 65.800 72.350 67.827 70.400 12 45 1446 0.2529 1. 8572 
R53 21.11.73 64.700 71.200 66.926 69.050 17 55 1470 0.2533 2.2200 . 
R54 28.11.73 72.139 77.447 73.948 75.700 4 25 1518 0.2540 2.1941 
R55 4.12.73 70.450 74.600 72.069 73.030 13 45 1542 0.2544 .. 2.8901 
R56 7.12.73 69.400 73.600 71.149 71. 900 17 55 1566 0.2547 3.3983 
R57 14.12.73 76.831 78.505 77.576 77.780 . 5 25 1590 0.2550 4.1466 
R58 17.12.73 75.800 77.400 76.529 76.690 10 . 35 1614 0.2554 4.5173 
R59 19.12.73 74.600 76.200 75.349 75.470 13 45 1638 0.2558 5.1289 
R60 1. 1. 74 73.600 75.010 74.277 74.350 17 55 1662 0.2564 . 5.7936 

Acetone - Chloroform system 

R61 8. 1.74 0.000 6.950 2.572 4.460 3 255 1710 0.2568 2.5507 
R62 12. 1.74 0.000 6.450 2.775 3.750 15 55 1734 0.2572 3.6942 
R63 14.1 .74 0.000 6.550 2.827 3.800 15 55 1758 0.2576 3.7209 



! -

Table 6-1·1 (continued) 
. 

Run Date Concentration (lOll solute/100cma at TOC ) P T Elapsed _" cm-~ D~X100 
No. Cl C2 C3 C

4 
psig °c time from 

hrs. 
, cm /sec. Fig.4--3.3 

R64 16. 1.74 6.100 28.500 16.313 18.550 15 55 1782 0.2579 4.4909 
R65 _ 18. 1.74 6.200 29.200 16.170 19.500 10 40 1806 0.2582 3.7625 
R66 21. 1.74- 6.000 29.600 15.428 20.45 3 25 1830 0.2586 3.0076 
R67 23. 1.74 28.900 41.650 34.600 36.100 10 40 1854 0.2590 4.1534 
R68 1. 2.74 28.400 40.650 34.094 35.100 16 55 1878 0.2592 4.84756 
R69 5. 2.74 41.250 60.650 49.979 52.150 10 40 1902 0.2596 4.2399 
R70 7. 2.74 39.450 59.300 48.733 50.250 17 55 1926 0.2600 4.9720 
R71 10. 2.74 68.100 76.500 71.899 72~800 13 40 1950 0.2603 4.3108 
R72 12. 2.74 66.300 74.860 70.3107 70.9500 18 55 1974 0.2607 5.0024 

Ethanol - Water system 

R73 21. 2.74 19.600 35.800 23.591 32.000 8 58 2022 .. 0.2614 1.2607 
R74 23. 2.74 19.700 35.850 25.140 30.600 15 85 2046 0.2617 2.0830 
R75 25. 2.74 58.800 66.600 61.242 64.250 . 17 73 2070 0.2620 1. 8280 



................... ----------------------------------------
I 

Table 6-1· 2: Experimental data for diffusion coefficients obtained with the cell 'H' 

Stirrer speed = 40 r.p.m. Run time for each run = 24 hours. 

(H1 to H12) _ 
(B51 to H53) - Ethanol - water system. 

(H13 to H41) = Acetone - Water system. 
(H42 to H50) = Acetone - Chloroform system. 

Run Date Concentration (gm solute/lOO cmOl at TOC) P T Elapsed ~, cm-~ DABX 105 

No. Cl C2 
C

3 C4 
psig °c time from 2 . 

hrs. Fig.4-3·4 cm Isec. 

Ethanol - water system. 

H 1 22. 3.73 0.000 12.000 4.071 8.050 6 58 24 0.2630 2.1097 
H 2 28. 3~' 73 0.000 11.800 4.369 7.550 6 73 48 0.2648 2.4884 
H3 10. 4.73 0.000 48.630 9.720 39.400 4 40 96 9 .. :2672 0.9288 
H4 1. 5.73 67.990 72.550 68.763 71.824 0 25 120 

.. 
0.-2690 0.7446 

H 5 3. 5.73 - - - - - - - - SPOILT RUN 
H 6 10. 5.73 76.870 78.530 77.250 78.150 0 25 166 & 0.2712 1.1305 
H7 15. 5.73 0.000 46.300 14.550 32.800. 7 73 214 0.2750 1. 6441 
H'8 18. 5.73 0.000 45.400 15.357 30.500 12 85 238 0.2760 1. 9997 
H 9 26. 5.73 67.912 72.390 68.681 71. 652 0 25 262 0.2774 0.7432 
H10 1. 6.73 47.600 61.950 49.845 59.850 .5 40· 286 0.2782 0.65163 
H11 5. 6.73 46.600 60.900 49.744 57.900 8 58 310 0.2800 1. 0081 
H12 7. 6.73 46.000 59.750 49.740 56.100 10 73 334 0.2814 1.3914 

-
Acetone - Water system 

H13 10. 9.73 0.000 13.206 3.218 10.121 0 25 382 0.2841 1.1478 
H14 12. 9.73 0.000 13.500 3.786 9.850 0 35 406 0.2858 1.4076 
H15 15. 9.73 0.000 21. 200 6.163 12.250 8 45 430 0.2870 1.4839 



Table 6-1·2 (continued) 

I Run Date Concentration (!nIl solute/lOO cmil at TOC) 
! ~ J 

'! No. Cl C2 C
3 C4 

, 

H16 18. 9.73 0.000 15.700 5.281 10.600 
. - ._ H17 20. 9.73 0.000 13.900 5.090 8.950 

r 

H18 24. 9.73 0.000 13.500 5.236 8.400 
H19 26. 9.73 0.000 13~200 5.533 7.800 

. '-- -------~.--'--
__ H2_0 ___ ___ 8.10.73 24.967 40.674 27.770 38.029 

H21 10.10.73 24.500 40.300 27.659 37.300 
H22 15.10.73 40.250 24.700 28.207 36.900 
H23 17.10.73 24.300 39.900 28.357 36.000 
H24 19.10.73 39.700 57.45 43.979 53.350 
H25 22.10.73 39.900 58.300 43.886 54.500 
H26 24.10.73 40.700 59.00 44.185 55.700 
H27 29.10.73 40.832 59.640 44.012 56.650 

~ 

. \ H28 5.11.73 58.850 68.550 61.098 66.400 
H29 7.11.73 58.100 67.600 60.696 65.100 . 
H30 9.11.73 57.450 66.700 60.244 64.000 
H31 13.11.73 67.056 73.897 68.973 72.050 

. H32 16.11.73 66.400 73.350 68.571 71.250 
H33 20.11.73 65.600 72.300 67.918 70.050 
H34 22.11.73 64.700 71.250 67.167 68.850 
H35 29.11.73 71.300 75.850 73.147 74.050 
H36 2.12.73 71.300 75.700 73.065 73.980 
H37 6.12.73 70.500 74.630 72.252 72.920 
H38 10.12.73 69.500 73.650 71.352 71.840 
H39 18.12.73 . 75.900 77.400 76.621 76.695 
H40 20.12.73 76.200 74.700 75.431 75.485 

H41 31.12.73 75.010 73.600 74.295 74.330 

P T Elapsed 
psig o· time 

C 
hrs. 

10 55 454 
12 65 478 
15 75 502 
18 85 526 

O. 25 574 
6 35 598 
9 45 622 

12 55 646 
13 55 670 
11 45 694 
10 35 718 

0 25 742 
10 35 790 .. 
12 45 814 
15 55 838 

0 25 862 
10 35 886 
12 45 910 
17 55 934 
10 35 982 
10 35 1006 
13 45 1030 
17 55 1054 
10 35 1078 
13 45 1102 
17 55 1126 

~ -~ : ,cm 
from 
Fig.4-3·4 

0.2882 
0.2898 
0.2912 
0.2923 
0.2952 
0.2963 
0.2981 
0.2998 
0.3080 
0.3021 
0.3036 
0.3065 
0.3080 
0.3092 
0.3106 
0.3121 
0.3134 
0.3150 
0.3162 
0.3186 
0.3201 
0.3218 
0.3232 
0.3244 
0.3260 
0.3274 

DABx 105 

2 
cm /sec. 

1.9161 
2.2220 
2.5040 
3.0296 
0.7252 
0.8381 
0.9806 
1.1963 
1.0425 
0.9154 
0.7669 
0.65202 
0.9859 
1.2499 
1.5332 
1.2870 
1.5288 
1. 8153 
2.1599 
2.5155 
2.4661 
2.8463 
3.3306 
4.6598 
5.1214 
5.6712 

..... 
Q) 

U1 



Table 6-1· 2 (continued) 

Run Date Concentration (gm solute/lOO cm" at T'C) p T Elapsed :@' cm-~ DAB x 10l:> 
No. Cl C

2 C
3 

C
4 psig °c time . from 

2; - - - hrs. Fig.4--3·4- cm sec. 

Acetone - Chloroform s~stem 

H42 10. 1.74 0.000 6.850 3.019 3.900 10 40 1174 0.3307 3.1170 
H43 15.1. 74 6.300 28.450 16.923 18.050 15 55 1198 0.3320 4.5093 
H44 22. 1.74 29.000 42.850 35.240 36.750 3, 25 1222 0.3335 3.3400 
H45 24 .1.74 - - - - - - - - SPOILT RUN 
H46 31. 1.74 28.200 40.400 33.123 34.600 15 55 1270 0.3362 4.8471 
H47 4. 2.74 42.400 61.950 51.347 53.200 5 25 1294 0.3377 3.5073 
H48 6. 2.74 40.200 58.950 49.339 50.000 17 55 1318 0.3390 4.9610 
H49 9. 2.74 69.200 77.850 73.950 73.188 5 25 1342 0.3405 3.5859 
H50 11. 2.74' 66.000 74.650 70.228 70.510 18 55 1366 0.3420 5.0303 . 

Ethanol - Water s~stem a 
. 

H51 20. 2.74 19.500 36.300 23.069 32.900' 5 40 1414 0.3458 0.7789 
H52 22. 2.74 19.500 ' 35.200 24.758 30.100 11 73 1438 0.3460 1.5663 
H53 24. 2.74 66.600 72.200 68.907 69.950 16 73 1462 0.3475 2.4311 

'," J 



.................... --------------------------------~-----
Table 6-1· 3: Experimental data for diffusion coefficients obtained with the cell 'G' 

Stirrer speed = 40 rpm Run time for each nm = 24 hours 

Run Date Concentration (gm. solute/lOO cma at TOC) p T Run Elapsed {I, cm-2 DAB x 10
Q 

No. Cl C2 C3 C4 
psig time time from cm2j sec. °c (hr) (hr) Fig-.4-3·6 

Ethanol - Water ~stem 

G1 17. 7.73 65.45 69.10 66.490 68.100 8 58 24 24 0.2674 1.5385 
G2 19. 7.73 64.30 67.60 65.436 66.50 10 73 24 48 0.2686 2.1189 
G3 26. 7.73 63.50 66.40 64.652 65.28 13 85 24 72 0.2696 2.854 
G4 10. 8.73 73.85 75.80 73.389 75.285 10 40 24 144 0.2730 1.4311 
G5 14. 8.73 . 72.00 74.00 72.674 73.35 12 58 24 168 0.2742 1.989 
G6 16. 8.73 70.60 72.55 71.373 71.80 15 73 24 192 0.2754 2.774 
G7 21. 8.73 75.65 77.18 76.0993 76.750 10 40 24 216 0.2765 1.518 
G8 23. 8.73 74.05 75.45 74.558 74.960 13.5 58 24 240 0.2776 2.260 
G9 31. 8.73 72.60 74.00 73.168 73.450 13.5 73 24 264 0.2788 2.953 
Gl0 11. 9.73 13.50 0.00 3.733 9.900 0 35 24 

~ 

312 0.2810 1.4014 

Table 6-1·4 : Experimental data for diffusion coefficients obtained with the cell 'D' 

Stirrers speed = 40 r.p.m. Run time for each run = 24 hours 

ban I Et o - Water ~iVstem 

D3 14. 3.73 0.000 12.450 2.750 9.705 
I-

0 25 24 144 0.27182 1. 076 
D4 17. 3.73 0.000 12.600 3.377 9.350 0 35 24 168 0.2720 1. 379 
D 5 20. 3.73 0.000 12.470 3.545 9.050 2 40 24 192 0.2722 1. 510 

. D 6 25. 6.73 45.250 58.650 49.732 54.300 10 85 24 240 0.2726 1. 985 

* Fig·4-3.~ 

.. 



Table 6-1· 4 (continued) 

'" 
Run Date Concentration (gm. solute/l00cmu at TOC) P 
No.' .-

Cl C • C3 C4 
psig 2 

---D -7- 27. -6.73 . -36.800 47.800 38.459 42.250 5 
D8 2. 7.73 36.100 46.050 38.148 44.100 6~5 

.D 9 5. 7.73 36.00 46.00 38.700 43.400 8.5 
D10 7. 7.73 - - - - 10 
D11 10~ 7.73 34.730 45.40 38.036 42.200 10 
D12 13. 7.73 67.00 70.60 67.783 69.850 6.4 

Table 6-1~ 5 : Calibration of the cells : R, H, D and G 

Stirrers speed = 40 r.p.m. 
Temperature = 25°C 

Run time for each run = 24 hours 

Run Date 90ncentration (gm/litre) ~1apsed 
No. ltime 

Cl C2 C3 C4 (hr) 

RC 1 8. 2.73 0.09923 0.00 0.070656 0.02876 24 
RC 2 14. 2.73 0.09838 0.00 0.06945 0.02893 48 
RC 3 4. 4.73 0.10048 0.00 0.071333 0.02915 216 
RC 4 8. 5.73 0.101541 0.00 0.071667 0.02987 384 
RC 5 15. 6.73 0.101546 0.00 0.071583 0.02996:: 558 
RC 6 2. 8.73 0.100998 0.00 0.0710 O. 02993~ 798 
RC 7 3. 9.73 0.101826 0.00 0.07133 0.030493 990 

T Run Elapsed ~, cm-2 DAB x 105 

time time from 
°c fur) fur)' Fig.4-3·5 

2 
cm /sec. 

40 24 264 0.2728 0.6355 
58 24 288 0.2730 0.9462 
73 24 312 0.2732 1.389 
85 24 336 - -
85 24 360 0.2736 1.729 
40 24 384 0.2738 1. 0185 

• 

D
AB

x100 ~ 
-2 used cm 

Fig.4-3·2 

1.86911 0.231896 
1.86981 0.231958 
1.8687 0.23347 
1.~6835 0.23887 
1.86831 0.239963 
1.86829 0.242539 
1.86831 0.24579 



Table 6-1· 5 (continued) 

Run Date Concentration (gm/litre) 
No. 

Cl C2 C C4 3 

·RC 8 4.10.73 0.091083 0.00 0.063583 0.03608 
RC 9 30.10.73 0.09933 0.00 0.069166 0.030166 
RC10 26.11.73 0.09900 00 '00 0.06883 0.030166 
RC11 4. 1.73 0.10158 . 0.00 0.07042 0.0311667 
RC12 14. 2.74 0.10166 0.00 0.0700 0.03166 

HC 1 5. 4.73 0.10041 0.0000 0.06875 0.03166 
HC 2 12. 5.73 0.10159 0.0000 0.06933 0.03226 
HC 3 8. 9.73 0.10095 0.0000 0.0682 0.03275 
HC 4 1.10.73 0.09982 0.0000 0.0666 0.03316 , 
HC5 31.10.73 0.10066 0.0000 0.06633 0.,03433 
HC 6 27.11.73 0.09942 0.000 0.06500 0.03442 
HC 7 3. 1.74 0.09999 0.000 0.06483 0.03500 
HC 8 15. 2.74 0.10033 0.000 0.06433 0.03600 

DC1 5. 2.73 0.10056 0.000 0.06858 0.031837 
DC2 6. 2.73 0.09999 0.000 0.06833 0.03184 
DC3 22. 2.73 0.09993 0.000 0.06808 0.031671 
DC4 20. 6.73 0.101086 0.000 0.06892 0.03217 
DC5 7. 9.73 0.10140 0.000 0.06900 0.03240 

GC 1 31. 7.73 0.09965 0.000 0.06800 0.03165 
GC2 3. 8.73 0.09973 0.000 0.06800 0.03173 
GC3 5. 9.73 0.10110 0.000 0.06842 0.032683 

Elapsed D
AB

x105 

time 
(hr) 

used. 
Fig.4--3.2 

1134 1.8719 
1302 1.8692 
1494 1.8690 
1686 1.8680 
1998 1.8682 

. -~ ~ -- -.-. ----.-

72 1.8683 
190 1.8681 
358 1.8680 
550 1.8684 
766 1.8680 
958 a 1.8685 

1150 1.8683 
1390 1.8678 

24 1.8684 
48 1.8685 

120 1. 86861 
216 1. 86825 
408 1. 8704 

96 1. 8684 
120 1. 86861 
288 1. 86806 

- -

~ 
-2 cm 

0.24864 
0.25141 
0.25284 
0.25588 
0.26237 

0.26794 
0.271243 
0.28159 
0.29373 
0.30837 
0.31714 
0.32542 
0.34060 

0.270875 
0.271145 
0.27159 
0.27245 
0.27384 

0.2713 
0.27208 
0.27985 

..... 
en 
\0, 



Table 6-2·1 : Conversion of integral diffusion coefficients to differential diffusion coefficients for the mixtures of 
ethanol and water. 

Concentration,gm EtOH/I00cm~ at TOC D . x'10o, 

D,uj f" . Cavg.,T 
C.l = Cll = ·AB·· No. Run P T Cavg = vi 

2 1 DABdC gmEtOH No. psig °c (Cl+C2 (Cl+C3> (C 2+C 4 > cm /see 100cm3 
c"- e' 

atTOC 2 2 2 
e' 

1 2 3 4 5 6 7 8 9 10 

1 - - 25 0.00 - - 1.250 - 0.000 I 

2 D 3 0 " _ 25 6.225 1.373 11.078 1.076 1.070 6.400 
3 D 7" 0 " 

25 24.482 3.148 45.862 0.605 - -4 R10 0 25 41.565 35.262 47.868 . 0.368 0.325 - 44.00 
5 R11 0 25 55.460 

'" 
49.114 61.898 0.405 0.412 56.00 

6 H4 0 25 70.300 68.411 72.163 0.745 0.720 70.00 
7 H9 0 25 70.101 68.297 72.021 0.743 .. 0.725 70.00 
8 R15 0 25 70.115 68.215 71 ... 980 0.743 0.717 ' 70.00 
9 R12 0 25 75.858 75.093 76.659 1.047 1.047 75.86 

10 H 6 0 25 77.700 77.060 78.340 1.131 1.130 77.50 
11 - - 25 78.510 - - 1.220 - 78.51 

12 - - 40 0.000 - - 1.700 - 0.00 
13 R2 4 40 6.150 1.573 10.800 1.494 1.500 0.62 

1.773 - 1.510 14 D 5 4 40 6.235 10.760 1.510 0.61 
15 R 8f- 4 40 24.050 4.353 44.050 0.917 - -16 H 3· 4 40 24.315 4.960 44.015 0.929 - -17 H51 4 40 27.900 21.285 34.600 0.779 0.775 28.10 
18 R22 5 40 42.400 37.739 47.125 0.633 0.630 42.10 
19 D 7 5 40 42.300 37.628 47.025 0.636 . 0.632 42.00 

~A -1= 
mole fr. 
corresp. 
to Cavg. 

11 

0.000 
0.026 
-

0.266 
0.408 
0.680 
0.680 
0.680 
0.880 
0.944 
1.000 

0.000 
0.025 
0.024 

-
-

0.143 
0.255 
0.253 

.... 
\0 
o 



Table 6-2·1 (continued) 
.. 

"0 Concentration,gin EtOH/100cm3 at TOC nr·CJ,'· _l~ .. ~ 
'. " ..... -'-' 

. ~ • .1. • - .. 
Cl = 011 = . No. ( Run P T Cavg= 

No. psig °C (C1+C2') (C1+C3) (C2+C4) 
. ' 

2 2 2 
I 

,-: i 2 3 4 I 5 r 6 7 

20 R17 5 40 54.675 48.534 60.900 
- 21 H10 5 40 54.775 48.723 60.900 

22 D12 7 40 68.800 67.392 70.225 
23 R26 7 40 68.610 67.083 70.160 
24 R30 10 40 74.500 73.762 :' 75.250 

.. 25 G4 10 40 74.825 73.620 75.543 
26 G7 10 40 76.415 75.875 76.965 
27 R33 10 40 76.440 75.885 77.000 
28 - -. 40 77.200 - -

. 
29 .... -. 58 0.000 .- -
30 R3 6 58 6.025 1.946 10.175 
31 H 1 6 58 6.000 2.036 10.025 
32 R 9· 6 58 23.400 5.025 42.050 
33 R13· 6 58 23.200 5.173 41.500 
34 R73 8 58 27.700 21.595 33.900 
35 R23 7 58 41.55 27.114 -.46.050 
36 D 8 7 58 41. 075 37.124 .45.075 
37 R18 8 58 53.600 48.000 59.300 
38 H11 8 58 53.650 48.300 59.350 
39 R27 9 58 67.400 66.160 68.660 

I 
'. . '. I 

DABx 10°, 

D
AB

= r" . 
-- : 

2 , 
cm /sec ---L DABdC 

c"-ct . 
et 

8 9 

0.645 0.640 
0.636 0.638 
1.019 1.020 
1.021 1.020 
1.477 1.460 
1.431 1.435 
1.518 1.540 
1.584 .1.570 
1.640 to -
2.400 -
2.166 2.160 
2.110 2.120 
1.153 -
1.205 -
1.261 1.200 
0.931 0.940 
0.946 0.941 
1.023 1.020 
1.017 1. 020 
1.561 1.550 

Cavg., j 
gmEtOH 
100cm3 
at TOC 

"'" 

10 

54.80 
54.75 
68.80 
68.80 
75.00 
74.40 
76.20 
76.60 
77.20 

0.000 
0.580 
0.620 
-
-

27.00 
41.50 
41.20 
53.60 
53.60 
67.35 

gcA :+ 
mole fr. 
corresp. 
to Cavg • 

11 

0.403 
0.402 
0.680 
0.680 
0.898 
0.872 
0.952 
0.973 
1.000 

0.000 
0.024 
0.025 

-
-

0.136 
0.255 
0.252 
0.399 
0.399 
0.682 

.... 
\0 .... 



Table 6-2·1 (continued) 

Concentration,gm EtOH/1 OOcm 3 at TOC DABx 105, D = CIf Cavg., j ~A + 
No. Run P T Cavg = Cl = Cll = 

2 ~, ~DABdC gmEtOH mole fr. 
. No. psig °c (C1+C2) (C1+C3> (C2+C4) cm /sec 100cm3 corresp. 

2 2 2 
c" -cr at TOC to Cavg •. 

cr 
1 2 3 4 5 6 7 8 9 10 11 

40 G1 9 58 67.275 65.970 68.600 1.539 1.540 67.30 0.681 
41 R31 13 58 73.040 72.401 73.690 2.038 2.030 73.15 0.888 
42 G5 13 58 73.000 72.337 73.675 1.989 2.00 73.10 0.882 
43 R34 14 58 74.750 74.254 75.255 2.240 2.245 74.80 0.962 
44 G8 14 58 74.750 74.300 75.200 2.260 2.250 74.80 0.962 

: 

45 L - 58 75.500 - - 2.360 - 75.50 1.000 
. 

46 - - 73 0.000 - - 2.95 - 0.00 0.000 
47 R4 6 73 5.900 2.125 9.800 2.584 2.560 5.700 0.024 

& 

48 H2 6 73 5.900 2.185 9.675 2.488 2.510 6.300 0.025 
49 R14* 7 73 22.250 6.925 39.,170 1.690 - .;. -
50 H 7* 7 73 23.150 7.275 39.550 1.667 - - -
51 H52 7 73 27.350 22.129 32.650 1.566 1.550 28.20 . 1.48 
52 R24 9 73 40.800 37.500 44.100 1.348 1.350 40.70 0.253 
53 D 9 ' 9 73 41. 000 37.350 44.700 1.389 1.360 40.90 0.255 
54 R20 10 73 53.000 48.000 58.075 1.436 1.420 52.80 0.400 
55 H12 10 73 52.875 48.050 57.925 1.391 1.400 52.40 0.394 
56 R75 13 73 62.700 60.021 65.425 1.828 1.830 62.75 0.589 
57 R28 . 13 73 66.150 65.025 67.350 2.113 2.150 66.00 0.680 
58 G2 13 73 65.950 64.868 67.050 2.119 2.200 66.10 0.684 
59 H53 13 73 69.400 67.754 71. 075 2.431 2.450 69.30 0.792 
60 R32 15 73 71.600 71. 060 72.175 2.719 2.720 71. 50 0.876 



Table 6-2.1 (continued) 

Concentration~Jml EtOH/l00cm3 at TOC DAB x 10~ DAB = c!' Cavg., j' 
No. Run P T Cavg. = C.1 = C.1.1 = 

2 ~DABdC gmEtOH 
No. psig °c (Cl+C2) (C1+C3) (C2+C4) cm Isec l' 100cm3 

at TOC 
2 2 2 c"-c' 

c' 
1 2 3 4 5 6 7· 8 9 10 

61 G16 15 73 71.575 70.987 72.175 2.774 2.750 71.80 
62 R35 15 73 73.300 72.900 73.735 2.995 2.980 73.40 
63 G19 15 73 73.300 72.884 73.725 2.953 2.960 73.20 
64 - - 73 74.150 - - 3.100 - 74.15 

65 - - 85 0.000 - - 3.503 - 0.000 
66 R5 7 85 5.925 2.375 9.575 3.250 3.252 5.920 
67 R 6- 7 85 5.810 2.390 9.385 3.258 3.256 5.920 
68 R16· 12 85 22.500 7.800 38.600 2.100 - -
69 H 8 12 85 22.700 7.679 37.950 2.000 .. - -
70 R74 13 85 27.775 22.420 33.225 2.0830 2.080 27.790 
71 R25 13 85 40.150 36.338 44:025 1.720 1.721 40.10 
72 Dll 13 85 40.065 36.383 43.800 1.729 1.724 40.15 
73 R21 15 85 52.050 47.282 56.900 2.001 2.000 52~ 10 
74 D 6 15 85 51. 950 47.491 56.475 1.985 1.990 52.00 
75 G3 15 85 64.950 64.076 65.840 2.854 2.860 64.80 
76 R29 15 85 64.950 63.993 65.925 2.889 2.880 65.00 
77 R 1 0 35 6.056 1.438 10.746 1.343 - -
78 D4 0 35 6.300 1.688 10. 975 1.380 - -
t Concentration of ethanol (gm EtOH/100cm3) at which the integral diffusion coefficient in column 8, equals the 

differential diffusion coefficient •. 

.:I: Concentration in column 10 converted to mole fraction. 

* These points are not included in calculating differentiai diffusion coefficients as their accuracy is uncertain. 

=A t 
mole fr. 
corresp. 
to Cavg. 

11 
~ 

0.887 
0.966 
0.952 
1.000 

0.000 
0.025 
0.025 

-
-

0.147 
0.253 
0.255 
0.403 
0.402 
0.679 
0.684 
0.024 
0.025 

.... 
\0 
W 



..................... --------------------------------------
Table 6-2-2 Smoothed differential diffusion' coefficients for ethanol - water system. 

~A Differential diffusion coefficient, D AB x 10
5

, cm
2 

/ sec. 

Mole fr. 25°C 40°C 58°C 73°C 85°C 
EtOH 

0.00 1.250 1.700 2.400 2.950 3.503 
0.10 0.660 1.000 1.500 1.900 2.470 
0.20 0.405 0.680 1.020 1.420 1.835 
0.30 0.370 0.610 0.930 1.340 1.740 
0.40 0.415 0.640 1.020 1.420 1.980 
0.50 0.500 0.730 1.185 1.610 2.285 
0.60 0.615 0.865 1.380 1.860 2.600 
0.70 0.760 1.060 1.590 2.170 2.930 
0.80 0.920 1.275 1.810 2.490 -
0.90 1.070 1.475 2.060 2.800 -
1.00 1.220 1.640 2.360 3.100 - • 

Table 6-2· 3 : Conversion of integral diffusion coefficients to differential diffusion coefficients for the mixtures of acetone-water. 

Concentration,gm acetone/100cm3 at TOe DAB x 10°, D = Cif Cavg., t :leA + 
No. Run P T Cavg = Cl = Cll = 

2 c~. i~c 
gm AcOH mole fr. 

No. psig °c (C1+C~ (C 1+C 3> (C2+C4> .cm /sec. 100cm3 corresp. 
at TOC 

2 2 2 to Cavg. 

er 
1 2 3 4 5 6 7 8 9 10 11 

1 - - 25 0.000 - - 1.300 - 0.000 0.00 
2 H13 0 25 6.603 1'.609 11.663 1.148 1.140 6.750 0.022 
3 H2O 0 25 32.820 26.368 39.352 0.725 0.720 32.850 0.140 



....................... ---------------------------------------

I 
;1 

Table 6-2· 3 (continued) 

No. Run P T 
No. psig °c 

1 2 3 4 

4 H27 0 25 
5 R47 0 25 
6 H31 0 25 
7 R54 4 25 
8 R57 5 25 
9 - - 25 

10 - - 35 
11 G10 0 35 
12 H14 0 35 
13 R41 6 35 
14 H21 6 35 
15 R46 10 35 
16 H26 10 35 
17 H28 10 35 
18 R48 10 35 
19 R51 10 35 
20 H32 10 35 
21 H35 10. 35 
22 H36 10 35 
23 H39 10 35 

Cmcentration,gm acetone/100cm;j at Tlc 
Cavg. = Cl = Cll = 
(C1+C2) (C1+C3) (C2+C4) 

2 2 2 

5 6 7 

50.236 42.422 58.145 
64.323 60.268 68.436 
70.477 68.015 72.974 
74.793 73.044 7-6.574 
77.668 77.203 78.143 
78.505 - -

0.00 - -
6.750 1.866 11.700 
6.750 1.893 11.675 

32.500 25.944 39. i50 
32.400 26.080 38.800 
49.725 42.009 57.550 
49.850 42.442 57.350 
63.700 59.974 67.475 
63.800 59.783 67.675 
69.825 67.340 72.350 
69.875 67.485 72.300 
73.575 72.223 74.950 
73.500 72.183 74.840 
76.650 76.260 77.048 

DAB X 101), D = CIf 

2 
. 'c~. IDdC cm /sec. 

AS 

c' 
8 9 

0.652 0.649 
0.798 0.800 
1.287 1.290 
2.194 2.200 
4.147 4.120 
5.220 -
1.600 -
1.401 .. 1.402 
1.408 1.406 
0.868 0.862 
0.838 0.834 
0.760 0.761 
0.767 0.766 
0.986 0.987 
0.985 0.983 
1.534 1.540 
1.529 1.527 
2.515 2.513 
2.466 2.468 
4.660 4.690 

Cavg., t 
gm AcOH 
100cm3 
at TOC 

10 -

50.400 
64.400 
70.520 
74.800 
77.660 
78.500 

0.000 
6.740 
6.760 

32.00 
32.80 
49.73 
49.80 
63.80 
63.70-
69.90 
69.60 
73.575 
73.505 
76.680 

~A ;I: 
mole fr. 
corresp. 
to Cavg. 

11 

0.282 
0.482 
0.632 
0.772 
0.939 
1.00 

0.000 
0.024 
0.025 
0.139 
0.143 
0.280 
0.281 
0.486 
0.482 
0.644 
0.634 
0.780 
0.779 
0.950 

..... 
\0 
Ut 



r t " 
~ , Table 6-2·3 (continued) 

I 
~--- - - --- _. --- -- - - ,~- Concentration,gm acetone/100cm;i at TDc 
No. Run P T Cavg. = Cl = Cll =. 

No. psig °c (C1+C2) (C 1+C 3) (C 2+C 4) 
-

2 2 2 
1 2 3 4 5 6 7 
" " - '" - - -- - -." ' -

. -24~ , -R58-, .~ 10 35, 76.600 76.164 77.045 
25 - - 35 77.40 - - . 

26 - - 45 0.000 - -
27 R36 8 45 6.750 1.879 11.700 
28 H15 8 45 10.600 3.082 18.225 
29 R42 9 45 32.425 26.068 38.875 
30 H22 9 45 32.475 26.454 38.575 
31 R45 11 45 49.225 41.783 56.775 
32 H25 11 45 49.100 41.893 56.400 
33 H29 12 45 62.850 59.398 66.350 
34 R49 12 45 62.800 59.205 66.450 
35 R52 12 45 69.075 66.814 71.375 
36 H33 12 45 68.950 66.759 71.175 
37 R55 13 45 72.525 71.259 73.815 
38 H37 13 45 72.565 71.376 73.775 
39 H40 13 45 75.450 75.065 75.843 
40 R59 13 45 75.400' 74.974 75.835 
41 - - 45 76.200 - -
42 - - 55 0.000 - -
43 R37 10 55 11.850 3.465 20.375 
44 H16 10 55 7.850 2.640 13.150 

DAB x 10°, 
DAB =fC" 

2 
cm /sec. 1 DdC 

- ~& 
Cif-Cl 

Cl 

8 9 

4.517 4.512 
5.600 -
1.820 -
1.606 1.604 
1.484 '1.486 
0.978 0.979 
0.981 0.983 
0.8875 0.889 
0.915 0.913 
1.250 

& 

1.246 
1.224 1.222 
1.857 1.859 
1.815 1.812 
2.890 2.900 
2.846 2.849 
5.121 5.120 
5.071 5.070 
6.050 -
2.140 -
1.732 1.736 
1. 880 1. 890 

Oavg., t 
gm AcOH 
100cm3 
atTOC 

10 

76.58 
77.40 

0.00 
6.750 

10.600 
32.430 
32.460 
49.200 
49.300 
62.850 
62.750 
69.090 
68.800 
72.750 
72.600 
75.450 
75.400 
76.200 

0.000 
11.700 
7.770 

OCA _+ 
mole fr. 
corresp. 
to Cavg. 

11 

0.942 
1.000 

0.00 
0.023 
0.036 
0.143 
0.144 
0.278 
0.280 
0.482 
0.480 
0.647 
0.638 
0.792 
0.785 
0.948 
0.946 
1.000 

0.000 
0.040 
0.025 

I-' 
\0 
0'1 
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Table 6-2.3 (continued) 

, .. ",: 

i NO._ ·-Run -- P .. ...:: "'::"T~~-

No. psig °c 
L' I -- ---. - . -

1 , 2 3 4 , 
, 

45 - R43 12 55 
46 H23 12 55 
47 ._R44 13 55 
48 - , H24 13 55 
49 .H30 15 55 
50. 'R50 15 55 
51 R53 17 55 
52 H34 17 55 
53 R56 17 55 
54 H38 17 55 
55 H41 17 55 
56 R60 17 - 55 
57 . - - 55 

58 - - 65 
59 R38 12 65 
60 , H17 12 65 

61 - - 75 
62 R39 15 75 
63 H18 15 75 

-. 

. ' . - 3! ° " 5 
D = 

£~~ 
C~vg., t =-A 1=: . Concentration,gm acetone/100cm at T C DAB x 10 , 

~ I 

Cl = C
11 

= 
, 

gm AcOH mole fr. I 

Cavg.= 2 
cm /see. 1 100cm3 corresp 

(C 1+C 2) (C1+C3) (C2+04) - A~ at TOC e"-e' 
C' to Cavg. 

,2 2 2 
, 

5 6 7 - 8 9 10 11 -

32.050 25.967 38.225 1.164 1.160 32.800 0.147 
32.100 26.329 37.950 1.196 1.195 32.150 0.143 
48.825 41.854 55.900 1.056 1.054 48.800 0.281 
48.575 41.840 55.400 1.042 1.048 48.560 0.274 
62.075 58.847 65.350 1.458 1.459 62.080 0.484 
62.050 58.630 65.525 1.451 1.455 62.060 0.483 
67.950 65.813 70.125 2.220 2.228 67.990 0.644 
67.975 65.933 70.050 2.160 2.172 67.965 0.641 
71.500 70.275 72.750 3.398 .. 3.399 71.550 0.787 
71.575 70.426 72.745 3.331 3.336 71.500 0.782 
74.350 73.947 74.670 5.671 5.674 74.300 0.944 
74.305 73.938 74.680 5.794 5.797 74.32 0.945 
75.010 - - 6.700 . - 75.01 1.000 

0.000 - - 2.4500 - 0.000 0.000 
7.100 2.383 11.900 2.191 2.186 7.45 0.024 
6.950 2.545 11.425 2.222 2.226 6.850 0.022 

0.000 - - 2.740 - - 0.000 0.000 
6.800 2.430 11.250 2.464 2.460 7.100 0.023 
6.750 2.618 10.950 2.504 2.500 6.550 0.021 



. Table 6-2· 3 (continued) 

Concentration,~ acetone/100cm 
3 at TOC 5 - c" Cavg., t 

No. Run P T DAB x 10, DAB=~ psig °c Cavg. = Cl = C
11 = 2 

, gm AcOH 
No. 

cm Ieee. 1 DdC 100cm3 
(C 1+C 2) . (C1+C3) (C2+C

4
) AB 

atTOC e"-e' 
2 2 2 c' 

1 2 3 4 5 6 7 8 9 10 -
64 - - 85 0.000 , - - 3.250 - 0.000 
65 R40 18 85 6.750 2.654 10.925 3.021 3.020 6.700 
66 H19 18 85 6.600 2.767 10.500 3.030 3.030 6.650 

t Concentration of acetone (gm acetone/ 100Cm
3

) at which the integral diffusion coefficient in column 8, equals 
differential diffusion coefficient. 

+- . Concentration in column 10 converted to mole fraction. 

Table 6-2·4 : Smoothed differential diffusion coefficients for acetone-water system. 

Differential diffusion coefficient, 
5 2 

~A 
DAB x 10 cm /sec. 

Mole fr. 25°C 35
0
C 45°C 55°C 65°C 75°C 85°C 

Acetone 

0.00 1.300 1.600 1.820 2.140 2.450 2.740 3.250 
0.05 1.000 1.230 1.390 1.655 1.960 2.220 2.730 
0.10 0.810 0.990 1.120 1.350 - - -
0.20 0.665 0.780 0.910 1.070 - - -
0.30 0.650 0.780 0.910 1.060 - - -
0.40 0.690 0.858 1.040 1.230 - - -

~A 1= 
mole fr. 
corresp 
to Cavg. 

11 

0.000 
0.021 
0.020 



Table 6-2·4 (continued) 

~A 

Differential diffusion coefficient, DAB x 10
5 

cm
2
/sec. 

Mole fr. 25°C 35°0 45°C 55°C 65°C 75°C 85°C 
Acetone 

0.50 0.820 1.025 1.290 1.510 - - -
0.60 1.130 1.365 1.640 1.940 - - -

·0.70 1.680 1.898 2.170 2.600 - - -
0.80 2.440 2.700 2.990 3.540 - - -
0.90 3.560 3.900 4.310 4.990 - - -
1.00 5.220 5.600 6.050 6.700 - - -

Table 6-2· 5 : Conversion of integral diffusion coefficient to differential diffusion coefficient for the mixtures of 
acetone-chloroform -, .. 

No. 

1 

1 
2 
3 
4 
5 
6 

Run 
No. 

2 

R61 
R66 
H44 
H47 
H49 

P 
psig 

3 

3 
3 
3 
5 

T 
°e 

4 

25 
25 
25 
25 
25 
25 

Concentration,e:m acetone/100cm 
3 

at TOe 

Cavg. = C
1 = C

11 = 
(C 1+C 2) (C1+C3) (C2+C 4) 

222 
567 

0.00 
3.475 

17.800 
35.925 
52.175 
73.523 

1.286 
10.714 
32.120 
46.874 
71.194 

5.705 
25.025 
39.800 
57.575 
75.900 

5 
DABx 10 , 

cm
2
/sec. 

8 

2.330 
2.551 
3.008 
3.340 
3.507 
3.586 

D = ~c" 
c,~, ~~C 

ct 

9 

2.565 
3.022 
3.354 
3.502 
3.590 

Cavg., t 
gm AcOH 
100cm3 

at TOC 

10 

4.300 
17.500 
35.000 
53.500 
72.75 

~A + 
mole fr. 
corresp 
~ Cavg. 

11 

0.000 
0.058 
0.240 
0.465 
0.702 
0.935 



-

, 

Table 6-2· 5 (continued) 
---

Concentration,gm acetone/100cm 3 atTOC 5 

D = f" Cavg., t ~A .t No. Run P T DAB x 10, AB 
psig °c Cavg. = Cl!:: ell = 2 

, gm AcOH mole fr. No. 
cm /sec. 1 ~dC 100cm3 corresp. (C1+02) (C1+03) (C2+04) - a at TOC err-e' to Cavg. 

2 2 2 c' 
1 2 3 4 5 6 7 8 9 10 11 

7 - - 25 78.400 - - 3.620 - 78.40 1.000 
8 - - . 40 0.000 - - 2.880 - - - 0.000 

9 H42 10 40 3.425 1.509 5.375 3.117 3.110 3.75 0.052 
10 R65 10 40 17.700 11.185 24.350 3.763 3.750 18.00 0.250 
11 R67 10 40 35.275 31.750 38.875 4.153 4.150 35.270 0.482 
12 R69 10 40 50.990 45.615 56.400 4.240 4.255 50.50 0.680 
13 R71 13 40 72.300 69.999 74.65 4.311 4.308 72.00 0.947 
14 - - 40 76.700 - - 4.320 - 76.70 1.000 
15 - - 55 0.00 - - 3.470 .. - - 0.000 
16 R62 15 55 3.225 1.388 5.100 3.694 3.700 3.250 0.045 
17 R63 15 55 3.275 1.414 5.175 3.721 3.710 3.250 0.046 
18 R64 15 55 17.300 14.257 23.525 4.491 4.500 17.350 0.242 
19 .H43 15 55 17.375 11.612 23.250 4.509 4.512 17.750 0.256 
20 H46 15 55 34.300 30.662 37.500 4.847 4.842 33.750 0.473 
21 R68 16 55 34.525 31.247 37.875 4.848 4.847 34.300 0.480 
22 R70 17 55 49.375 44.092 54.775 4.972 4.970 49.00 0.673 
23 H48 17 55 49.575 44.770 54.475 4.961- 4.968 48.50 0.667 
24 H50 18 55 70.325 68.114 72.580 5.030 5.029 70.320 0.948 
25 R72 18 55 70.580 68.305 72.905 5.002 5.025 70.560 0.950 
26 - - 55 74.96 - - 5.03 - 74.96 1.000 

t Concentration of acetone (gm acetone/100cm3) at which the integral diffusion coefficient D A in column 8, equals 
the differential diffusion coefficient. B -. 

N 
Concentration in column 10 converted to mole fraction. 0 + o. 



Table 6-2· 6 : Smoothed differential diffusion coefficients for acetone-chloroform system. 

Differential diffusion coefficients, 5 
DAB x 10 , 

2 
cm /sec. 

~A ' 

mole fr. 25°C 40°C 55°C 
acetone 

0.00 2.330 2.880 3.470 
0.10 2.685 3.300 3.965 

0.20 2.926 3.624 4.355 

0.30 3.110 3.880 4.620 

0.40 3.26 4.060 4.779 

0.50 3.380 4.160 4.861 

0.60 3.448 4.212 4.932 .. 
0 •. 70 3.500 4.248 4~988 

0.80 3.572 4.282 5.010 

0.90 3.582 4.301 5.020 

1.00 3.620 4.320 5.030 



..................... ----------------------------~------~--
~ •.. 

. Table 6-.3·1 : Differential diffusion coefficients at normal boning p~ints obtained in Figs. 6-1.3,6-2.3,6-3.3 
by interpolation or extrapolation, (DAB x 105 cm /sec.) 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

100 

86.4 

83.2 

81.7 

80.8 

80.0 

79.5 

79.2 

78.8 

78.5 

78.5 

* 
** 

. *** 

2.680 

2.781 

2.805 

2.818 

2.825 

2.832 

2.838 

2.842 

2.844 

2.845 

2.845 

4.32 

2.50 

1.75 

1.61 

1.76 

2.05 

2.20 

2.45 

2.69 

2.97 

3.33 

Acetone. (A) - Water (B) Acetone (A) - Chloroform CB) 
Tt... ** 1 xlO<J·K -.1. D x105 '1'.- *** 1 x 10tj:'K -1 D x 105 
"'D - , AB "'D - , AB 

Tb Fig.6-2.3 0c Tb Fig.6-3.3 

100 2.680 

66.72 2.941 

62.20 2.981 

61.00 2.992 

60.40 2.997 

59.80 3.003 

59.30 3.007· 

58.80 3 .. 012 

58.20 3.017 

57.40 3.024 

56.20 3.035 

3.86 

1.60 

1.18 

1.14 

1.35 

1.69 

2.06 

2.76 

3.70 

5.13 

6.79 

61.5 

62.60 

63.60 

63.80 

64.32 

63.55 

62-.50 

61.15 

59.50 

57.76 

56.20 

2.988 

2.978 

2.969 

2.967 

2.963 

2.970 

2.979 

2.991 

3.006 

3.022 

3.036 

3.75 

4.34 

4.85 

5.05 

5.23 

5.26 

5.28 

5.28 

5.25 

5.20 

5 •. 1G 

Bolling points from Smith and Storrow (18~) 
Bolling points from Thomas and McA1ister (19~) 
Boiling points from Reinders and Minjer ( 1947) taken from ref. (197) 
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DISCUSSION ' 

7-1 Comparison of the data of this work with that of other workers 

7-1.1 Ethanol-water system 

Four previous workers (45, 76, 158, 183) measured diffusion 

coefficients of ethanol-water mixtures oyer the_ complete concentration 

range: . Hammond and Stokes (76) and Dullien and She milt (45) at a 

. 0 ·0 
tempera~re of 25 C, Smith and Storrow (183) at temperatures 25 C, 

o 0 0 . 
40 C, 58 C and 73 C and Pratt and Wakeham (158) at . temperatures 

o 0 0 0 0 
of 25 C, 35 C, 45 C, 55 C and 65 C. 

.. 
The data of these workers at 

. 0 
25 C are plotted in Fig. 7-1.1 and the best correlating line is drawn. 

Three data points of Smith and Storrow (183) at h~g~ethanol concentrati()ns 

deviate so . much from the rest of the data /: that they are J?ot 'on Fig. 

7 -1.1 and have not been taken into account in drawing the best line. 

The deviations from this line of all the experimental data are reported 

in Table 7-1. la. Table 7-1. la shows that the experimental data of 

this work have the smallest deviations and agree very closely with the 

data of Dullien and Shemilt (43). The data of Smith and Storrow (183) 

have an exceptionally large average deviation of 50% • 

. There are only two reports g;iving experimental diffusion coefficients 

for the ethanol-water system at elevated temperatures. The data of 

Smith and Storrow (183) were obtained at the same temperatures as in 

this work. The data of Pratt and Wakeham (158) were obtained at 

temperatures slightly ,lower" which makes the comparison more difficult. . 

To interpolate or extrapolate the latter data to the temperatures used in 

this work the method of plotting In DAB against 1:. was used in ~ig. 
T 

7-1.2. These plots are practically straight lines and the extrapolating-or 

interpolating range is very short so that the distortion of the data is 

negligible. All the experimental data of this work and from these two 
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Figure 7-1.1 Differential diffusion coefficients of various authors for ethanol-water 

mixtures at 25°C 
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Figure 7-1.2 Variation of lnDAB with (liT) for ethanol-water 

mixtures (data of Pratt and Wakeham, ref.158) 

+ t indicate boiling point 

205 

3.4 

Numberson lines indicate concentration of ethanol in 

mole fr. 



206 

papers (183, 158) are assembled in Table 7-1.1b. The percentage average 

deviation of the other two sets of data from the data of .this work was eE1ploye~, 

in comparing them. Generally the data of Pratt and Wakeham (158) are 

considerably more consistent with the data of this work than those of 

Smith and Storrow (183). The latter data deviate , 'up to 100% at , 

high al~ohol conc~trations' , range. The experimental coefficients 

of Pratt and Wakeham (158) exhibit a c()nve}C~ty : around the concentration 

of 0.6 mole fraction at all temperatures. This is illustrated in Fig. 

• Pratt and Wakeham (158) 

It. Hammond and Stokes (76), 
;' 

, ethanol mole traction 
0.5 10 

Fig. 7-1.3 Diffusion coefficient of ethanol-water mixtures (from 

reference 158) 

.. 'C-- .. '-1 '-. - 0 ' 
'This des?repancy I increases with temperature" being 12% at 25 0 and 

o 
36% at 73 O. It should be noticed that none of the authors (24, 43, 76) 

o· , 
who contributed data at 25 0 reported a convexity ,as may be seen in Fig. 

7-1.1. In view of the lack of agreement with the other data shown by the 

, , i data of Pratt and Wakeham (158) and of Smith and Storrow (183) an experimental 

I determination of the diffusion coefficients at 73
0

0 was repeated for the concentrations 
i ' : 

1

"0.59 and 0.79 mole fractions (run R75 and H53 in Table 6-2.1) the results 

. confirmed all the' earlier ones. 'Diffusion coefficients at boiling points obtained in this 
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work are compared with those of Pratt and Wakeham (158) and of Smith 

and storrow (183) in Fig. 6-1.4 and Table 7-1.1c. All these results 

were obtained by extrapolation or interpolation from experimental data 

at temperatures close to boiling points. They exhibit the same type 

of deviation as ~e results at all other temperatures. 

7-1.2 Acetone-water system 

A comparison of the data of this work with that of Anderson et al 6 .. 
for the acetone:-water system at 25

0
0 is given in Table 1-1.2 and Fig. 

6-2.2. It can be observed that the agreement is very good. No 

literature data are available for this system at higher temperatures 

and.therefore no comparison is possible. 

/ 

7-1.3 Acetone-chloroform system 

Data of Anderson et al (6) for this system at 25
0
0 and 400

0 are 

compared with that of the author in Table 7-1.3 and Fig. 6-3.2. The 

alP:eement is very good. 

The experimental data of Anderson et al (6) were obtained by the 

Mach-Zehnder type diffusiometer (23) regarded as the most accurate 

meas~ring technique. The small deviations between the Anderson et al 

(6) data and the data of this work constitute a good verification of the 

accuracy of the three-compartment cell used in this work • 

. 7-2. The effect of concentration on the activation energies and on the 

group (D AB flAB/ ~) 

Leffler and Onl1inan (1l1),in deriving their correlation for the 

concentration dependence of diffusion coefficient, assumed that the difference 



in the free energies of activation for . viscosity and diffusivity is 

constant i.e. (A E /J.,AB - A ED,AB)= constant. In this work this 

correlation was modified on the assumption that the difference between 

the free energies of activation for viscosity and diffusivity is not 

constant. This can be proved by using the result of Anderson et al 

(6). They deduced from the Eyring theory that the free energy 

of activation can be calculated from the foll~ing equations 

'" EfI,AB = R d,;a) .. (7-2.1) 

and AE d(lnDAB) 
... D,AB = -R 

d(~) 
(7-2.2) 

The experimental <lata of viscos~ty and diffusivity for ethanol-water 

acetone-water and acetone-chloroform systems ~il1 be used to verify 

a~sumptions made in this work. By plotting In fLAB against ~ 

in Figures. 7-2.1 (a, b and c) free energy of activation for viscosity is 

obtained from the slopes of the lines. Similarly from the plot of lnD AB 

1 against T in Figures 6-1.3, 6-2.3 and 6-3.3 free energy of activation 

for diffusivity is obtained. When the values of free energies of 

activation are plotted against mole fmction concentration in Figures 

7-2.2 (a, b and c) it becomes quite obvious that ( 6. E j.l,AB - 6. ED,AB) 

.varies with concentration. The values of the free energies of activation 

are also recorded in Table 7-2.1. 

Anderson et al (6) ascribed to Eyring et al (155) the statement 

that (DAB . }J-AB/ 0<. A) varies linearly with concentration. . The plot 

of (DAB flAB/ ~) against mole fraction concentration in Figures 7-2.3 

(a, b and c) ~in does not confirm this statement. 

208 
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Table 7-1. la Differential diffusion coefficients of various autho2s for the 
o 5-ethanol-water system at 25 e, (DAB x 10 , cm Isec.) 

Mole fr. Differential diffusion coefficient, DAB DAB x
A from 

T-W %dev. D-S %dev. H-S %dev. P-W %dev. S-S %dev. 
Fig. 
(7-1.1) 

-

0.000 1.250 +1.08 1.220 -1.35 1.240 +0.27 1.240 +0.270 1.313 +5.0 1.237 
0.014 - - 1.096 -3.01 - - - 1.130 
0.020 - , - 1.080 0.00 - - 1. 080 
0.026 1.076 +2.97 - - - - 1. 045 
0.050 - - - 0.900 -0.55 - 0.905 
0.152 - - - • 0.460 -6.12 - 0.490 
0.229 0.390 0.52 - 0.388 
0.266 0.368 -1.87 - - - - 0.375 
0.276 - 0.377 0.00 0.362 -3.78 - - 0.377 
0.279 - - - - 0.403 +8.92 0.370 
0.308 - - - 0.335 -10.67 - 0.375 
0.390 - 0.520 +27.4f 0.408 
0.394 - 0.423 +3.17 0.407 -0.73 0.410 
0.408 0.405 -3.57 - - - - 0.420 
0.439 - - - 0.500 +12.36 - 0.445 
0.635 - - - 0.755 +12.69 - 0.670 
0.680 0.745 +1.36 0.747 +1.63 0.766 +4.22 - - 0.735 
0.680 0.743 +1. 09 - - - - 0.735 
0.680 0.743 +1. 09 - - - - - 0.735 
0.742 - - - - 1.480 +78.30 0.830 
0.812 - - - 0.930 -1.06 - 0.940 
0.842 - 1.01 +2.54 - - - 0.985 
0.844 - - 0.981 -0.71 - - 0.988 
0.880, 1.047 0.00 - - - - 1. 047 
0.944 1.131 0.00 - - - - 1.131 
0.948 - 2.150 +88.6 1.140 
1.00 1.220 0.00 . 1.220 0.00 1.132 -7.21 1.08 -11.50 2.360 +93.4 1.220 

Avg. % dev. 1.18 1.46 2.46 6.20 50.28 

T-W This work 

D-S Dullien and She milt (43) 

H-S Hammond and Stokes (76) 
"-

P-w Pratt and Wakeham (158) 

S-S Smith and Storrow (183) 

I 



..................... -------------------------------------
... ·:,Table 7-1·1 b A comparison of the differential diffusion coefficients of various authors for the ethanol-water system, 

~AB x 105 cm2 /sec.) .. 

Mole fr. . DAB at 250C DAB~t400C 
of ethanol . -

~A T-W .P-W %' dev. S-s % dev. T-W P-W %dev. s-S %dev. 

0.000 1.25 1.24 -0.8 1.313 5.0 1.70 1.72 +1.2 1.880 10.6 
0.050 0.91 0.90 -1.1 - - 1.32 1.26 -4.5 - -
0.152 0.49 0.46 -5.7 - - 0.78 0.70 -10.3 - -
0.229 0.38 0.39 +2.6 - - 0.65 0.60 -7.6 - -
0.245 - - - - - - - - - -
'0.269 - - - - - - - - - -
0.279 0.365 - - 0.403 10.4 - - - - -
0.291 ., - - - - - 0.61 - - 0.594 -2.6 
0.308 0.37 0.37 0.0 - - . -, 0.610 0.59 -3.3' - -
0.390 0.41 - - 0.52 26.8 - - - - -
0.439 0.43 0.50 16.3 - - 0.67 0.78 a 16.1 - -
0.450 - - - - - - - - - -
0.472 . - - - - - - - - - -
0.488 - - - - - ·0.71 - - 0.815 
0.635 0.66 0.74 12.1 - - 0.93 1.15 23.7 - -
0.718 - - - - - - - - - -
0.742 0.81 - - 1.48 82.7 - - - - -
0.766 - - - - - - - - - -
0.770 - - - - - 1.21 - - 1.81 14.8 
0.812 0.94 0.93 -1.1 - - 1.30 1.39 6.9 - -
0.948 1.14 - - 2.15 88.6 - - - - -
0.955 - - - - - - - - - -
0.956 - - - - - - - - - -
0.959 - - - - - 1.56 - - 2.91 86.5 
1.000 1.22 1.08 -11.5 2.36 93.4 1.64 1.54 -6.1 3.20 107.8 I\.) 

Avg. % deviation 
I-' 

5·7 51.2 8.9 44.46 0 



-___ ~_~~~ __ Table 7-1·1 b : ~_compa;~~on o~/the d~erentia1 diffusion coefficients of various authors for the ethanol-water system, 
, -AB x cm sec. 

-Mole fr. ' -- , " -
DAB at 58uC DAB at 73

0
C 

of ethanol 
" 

,-- '-:le - ,- , .. 
A - T-W P-W % dev. S-S % dev. T-W P-W %dev. S-S % dev. 

--O:O()(r-' ' 2.40 -2AO 0.0 2.63 9.6 2.82 3.26 15.6 3.16 12.0 
0.050 1.90 1.82 -4.2 - - 2.30 2.40 4.3 - -
0.152 ' 1.18 1.09 -7.6 - - 1.58 1.54 -2.5 - -
0.229 0.965 0.942 -2.4 - - 1.38 1.33 -3.6 - -
0.245 - - - - - 1.37 - - 1. 69 23.4 

, 0.269, 0.925 - - 0.882 -4.6 - - - - -
0.279, - - - - - - - - - -
0.291 - - - - - - - - - -
0.308 0.93 0.97 4.3 - - 1.34 1.41 5.2 - -
0.390 - - - - - - - - - -
0.439' 1.08 1.22 13.0 - - 1.48 1.74 17.6 - -
0.450 1.10 - - 0.912 17.1 

'-- - - - -
0.47Z - - - - - 1.55 - - 1.41 -9.0 
0.486 - - - - - . - - - - -
0.635 1.454 1.870 28.6 - - 1.97 2.68 36.0 - -
0.718 1.64 - - 1.99 21.3 - - - - -
0.742 - - - - - - - - - -
0.766 - - - - - 2.38 - - 2.70 13.4 
0.770 - - - - - - - - - -
0.812 1.84 2.18 18.5 - - 2.53 3.02 19.4 - -
0.948 - - - - - - - - - -
0.955 2.23 - - 3.91 75.3 - - - - -
0.956 - - - - - 2.97 - - 4.80 61.6 
0.959 - - - - - - - - - -

1.000 2.36 2.21 -6.4 4.40 86.4 3.10 3.11 0.3 5.40 74.2 

Avg. % deviation 9.4 35.7 17.4 32.3 



....................... --------------------~---------------
Table 7-1-1 b (continued) 

T-W = This work . 'p-W = Pratt and Wakeham (from Fig. ( 7-1.2 »; 

s-S:a Smith and Storrow ( 18 Z, ); % error = ~ AB (others) - DAB (this work1 x loo/nAB (this work) 

Comparison of the differential diffusion coeffi.cien~s (at boiling points) of various authors 
for the ethanol - water system, (DAB x 105 , cm /sec.) 

5 2 
Mole fr. 

- DAB x 10 • cm /sec. 

ethanol 
:>cA T-W P-W % dev_ S-S % dev. .. 

. 
0.0 4.32 5.05 16.90 3.47 -20 
0.1 2.50 2.50 0.00 2.87 15 
0.2 1.75 1.70 -2.86 1.96 9 
0.3. 1.61 1.70 5.59 1.61 0 
0.4. 1.76 1.90 7.95 1.57 -16 
0.5 2.05 2.40 17.07 1.26 -39 
0.6 2.20 3.05 38.64 2.04 -8 
0.7 2.45 3.30 34.69 2.60 6 
0.8 2.69 3.40 26.39 3.19 19 
0.9 2.97 3.45 16.16 3.63 22 
1.0 3.33 3.48 4.50 6.30 89 

Avg. % deviation 15.5 22.09 

See FiQ'. ~_t.A 
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Table 7-1.2 : Comparison of the data of this work with that of Anderson et a1 
o 5-2 ( 6 ) for acetone-water system at 25' C (D AB x 10 , cm /sec.) 

Mole fr. D ABx 100, CPlu /sec. 
acetone '" xA T-W, A-B % dev. 

0.0 1.230 1.285 4.47 
0.0022 , 1.280 1.28 0.00 
0.0831 0.860 0.854 -0.69 
0.2392 0.650 0.635 -2.31 
0.4893 0.800 0~819 2.38 
0.6653 1.460 1.430 -2.05 
0.8036 2.470· 2~390 -3.24 

" 

0.9265 3.940 3.800 -3.55' 
0.9696 4.650 4'.560 -1.94 
1.000 5.200 5.10 -1.92 

* A-B : Anderson et a1 ( (, ) 

Avg. % deviation 2.26 

Table 7-1· 3 : Comparison of the data of this work with that of Anderson et a1 l ~6=--..L.t o 0 ---2~ 
for acetone-chloroform system at 25 C and 40 C (D ABx105, C:pl /sec.) 

'Mole fr. 
0 0 

D AB at 25 C DAB at 40 C 
acetone 
~A T-W A-B % dev. T-W A-B % dev. 

0.0055 2.349 2.35 0.04 2.905 2.89 -0.52 
0.2013 "" - - 3.630 3.58 -1.38 
0.2081 2.942 2.97 0.95 - - -
0.3903 3.250 3.29 1.23 - - -
0.3984 - - - 4.055 4.05 -0.12 

, 0.4989 - - - 4.160 4.15 -0.24 
0.6040 3.45 3.45 0.0 4.215 4.24 0.59 
0.7472 3.52 3.52 0.0 - - -
0.8592 - - - 4.295 4.27 -0.58 
0.8641 3.57 3.59 0.56 4.298 4.28 -0.42 
0.9948 3.616 3.63 0.39 4.320 4.31 -0.23 ' 
0.9953 3.617 3.63 0.36 - - -
Avg. % deviation 0.44 0.51 

) 



Tabl e 7-2.1 Concentration dependence of experimental activation energies 
for diffusive flow and viscous flow for binary liquid mixtures. 

(6ED,AB and 6E }J,AB in Kcal/gmole) 

Ethanol (A) and Acetone (A) and Acetone (A) and 
Mole fr. water (B) water JID chloroform CB) 

214 

L\ED,AB II E ** ~ED,*AB 6. E ** A Ei),AB 6. E M,*AB 
A 

p, AB M,AB 

, 

0.0 3.642 3.444 3.168 3.444 2.607 1.696 

0.1 4.474 4.860 3.262 4.393 2.544 1.891 

0.2 5.102 5.152 3.076 4.319 2.549 1.799 

0.3 5.356 5.029 3.123 3.886 2.546 1.827 

0.4 5.467 4.841 3.328 3.551 2.482 1.852 

0.5 5.452 4.499 4.081 3.109 2.381 1.861 

0.6 5.073 4.350 3.500 2·.562 2.418 1.836 
-

0.7 4.631 4.006 2.838 2.245 2.360 1. 885 

0.8 4.179 3.744 2.387 2.090 2.3700 1. 868 

0.9 4.056 3.600 1.906 1.817 2.357 1.774 

1.0 4'.000 3.508 1.653 1.692 2.384 1.692 

* From Figures (6-1.3), (6-2.3), and (6-3.3) and equation (7-2.2) 

. ** ,From Figures (7-2. la), (7-2.1b) and ,(7-2. le) and, equation (7-2.1) 
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Table 7-2.2a Concentration dependence of (DAB flA';;'and(D AB /JAB/~) 
for ethanol-water mixtures. 

(DAB x 10
5 

in em
2
/see ; }lAB in centipoises) 

221 

Mole fr 25°C 40°C 58°C 73°C 
ethanol 

~ DAB}JAB DAB}JAB DABJ.1AB DABI..lAB DABfJAI DABI1AB DAB~B 
oCA C(A CXA 

, 

0.0 1.1098 1.1098 1.1161 1.116 . 1.1664 1.166 1.1505 

0.1 1.2596 1.657 1.2100 1.613
4 

1.1850 1. 662 1.1210 

0.2 0.9471 2.310 0.9901 2.330 0.9445 1.870 0.9656 

0.3 0.8436 2.280 0.9150 2.056 0.8835 2.155 0.9326 

0.4 0.8829 2.487 0.9101 1.750 0.9404 1.862 0.9628 , 

0.5 0.9163 2.235 0.9563 1. 635 1.0321 1.827 1. 0465 

0.6 1.0370 1.957 1.0553 1.702 i.1316 1. 802 1.1458 

0.7 1.1175 1.706 1.1745 1.666 1.2243 1.700 1.2716 

0.8 1.1790 1. 531 1.2852 1. 617 1.2960 1.620 1.3720 

0.9 . 1.2733 1.392 1.3482 1.457 1.3699 1.548 1.4448 

1.0 1.3176 1.318 1.3710 1.371 1.4514 1.451 1.4849 

Values of DAB' }-lAB and ~ are found from Tables 6-2.2, 5-3. la and 5-3.1b 

, respectIvely. 

) 

DA#AB 

o(A 

1.150 

2.411 

2.682 

2.591 

2.348 

2.1141 

2.028 

1.779 

1.605 

1.557 

1.485 

I--.-.. --"···~-=-~-==··""=·-=".:!:-~,=. =~~=====~;'.:;:':;;'/:--::;;;"";~=" ============~===== 
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Table 7-2. 2b Concentration dependence OfQ> AB }J-AB) and (DAB PAB I o(A) 

( 
5 2 

for acetone-water mixtures, DAB x 10 , cm Isec, J.1
AB 

in 

centipoises) 

Mole fr. 
25° 

C 
35

0 

C 
45°C 55°C 

Acetone 

xA DAB,uAB DAB flAB DAB flAB DApflAB DAB,uAE DABI1AB DAB,uAB 
~ oCA OCA orA 

0.00 1.1501 1.150 1.1536 1.154 .. 1.0847 1.085 1.0786 

0.10 1.0773 1.691 1.0296 1.674 0.9307 1.616 0.9207 

0.20 0.·8010 1.863 0.7964 1.856 0.7426 1.904 0.7169 

0.30 0.7056 2.205 0.6763 2.113 0.6416 2.175 0;6254 

0.40 0.6195 2.065 0.5749 1.825 0.5824 2.044 0.5843 

0.50 0.5950 1.919 0.5843 1.916 0:6244 1.915 0.6372 

0.60 0.6418 1.945 0.6388 1.852 0.6675 1.935 0.7023 

0.70 0.7680 1.873 0.7440 1.730 0.7595 1.707 0.8138 

0.80 0.9635 1.853 0.9153 1.777 0.9120 1.658 0.9735 

0.90 1.2580 1.772 1.1661 1.772 1.1809 1.687 1.2475 

1.00 1.7888 1.789 1.5400 1.540 1.5186 1.519 1.5531 

. Values of DAB ' }J-AB and ~ are found from Tables 6-2.4, 5-3.2a and 

5-3.2b respectively. 

) 

DAB,uAB 
0(. 

A 

1. 079 

1.689 

1.938 

2.085 

2.291 

2.317 

2.341 

2.035 

1.780 

1.782 

1.553 
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Table 7-2.20 Concentration dependence of (P AB flAB) and ~ AB flAB / OCA) 

(
52 

for acetone-chloroform mixtures , DAB x lOin cm / sec • }JAB 

in centiPoises) 

Mole fr. 
25°C 40°C 55°C 

acetone DABfi.AB DAB}1AB 
, DAB j--{AB DAB AB DABJ1AB 

A cx:.A DCA 

.. 
O. {) 1.2605 1.261 1.3594 1.359 1.4435 

0.1 1.4929 1.367 1.5609 1.346 1.6277 

0.2 1.6152 1.378 1. 6978 1.306 1.7920 

0.3 1.6794 1.155 1.7770 1.269 1.8480 

0.4 1.6822 1.049 1.'1823 1.204 1.8212 

0.5 1.6427 1.083 1.7139 1.182 1.7350 

. 
0.6 1.5516 1.128 1.6166 1.198 1.6516 

0.7 1.4420 1.151 1.5088 1.217 1.5369 

0.8 1.3460 1.201 1. 3824 1.192 1.4280 

0.9 L2537 1.183 1.2857 1.169 1.3520 

1.0 1.1403 1.140 1.1750 1.175 1.2667 

Values of DAB' }AAB and ~ are found from Tables 6-2.6, 5-3.31 and 

5-3.3b respectively. 

I' 

DABPAB 

o(.A 

1.444 

1.453 

1.457 

1.422 

1.329 

1.266 

1.270 

1.239 

,1.253 

1.313 

1.267 
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7 -3 Testing the correlations with experimental data 

7-3.1 Correlations for diffusion coefficients in concentrated solutions 

The correlation developed in this work i. e. eq. (3-1. 21) as 

well as the correlation of Leffler and Cullinan i. e. eq. (2-4.16) and that 

of Vignes i. e. eq. (2-4.12) were tested with the experimental data of 

this work for ethanol-water, acetone-water and acetone-chloroform 

mixtures at all temperatures studied. The necessary physical 

properties required for these calculations are given in section 5. The 
~ 

comparisons of the predicted values, by means of these equations, with 

the experimental data are given in Tables 7-3.1 (a, b and c) and in 

.Figures 7-3.1 (a, b and c). 

For ethanol-water the Leffler and Cullinan equation (2-4.16) 

consistently underpredicts for all . temperatures giving an average . . 

deviation of -30%,the Vignes equation (2-4.12) overpredicts at temperatures 

of 25
0

C, 40
0
C and 58

0
C with an average deviation of +14% while it gives 

a negative deviation of -12% at 730 C, and equation (3-1.21) gives an 

average deviation of 9% for all the results and has a tendency. to 

underpredict. 

For the acetone-water the Leffier and Cullinan equation 

(2-4.16) consistantly underpreillcts with an average deviation of about 

29%)the Vignes equation (2-4.12) mainly underpredicts with an average 

deviation of about 14% and equation (3-1.21) mainly underpredicts with 

an average deviation of 10%. 

For acetone-chloroform -the.- Leffler and Cn1]inan equation 

(2-4.16) gives slightly better predictions than the other two equations, 

the average deviation being 4. 60/0, the- Vignes equation (2-4.12) and 

equation (3-1.21) give an average qeviation of 13.4% and 8.3% respectively. 
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It emerges from this comparison of the experimental data with the 

predicted diffusion coefficients that eq. (3-1. 21) gives hetter predictions 

than the other two equations in the case of systems when both components, 

or one of them,have the property of association.Th~ Leffler and Cullinan 

eq. (2-4.16), on the other hand, predicts best in the case of binary 

systems in which both components are non-associating. 

7-3.2 Correlations for diffusion coefficient~ at infinite dilution 

Equation (3-2.4) developed in section 3-2 for the prediction of 

diffusion- coefficients at infinite dilution was tested,together with the 

equations ofWilke and Chang, eq. (2-3.16), Sitaraman et aI, eq (2-3.27) 

and King et al (2-3. 29),with the experimental data of this work for ethanol-

water, acetone-water and acetone-chloroform m,ixtures. The necessary 

physical properties for these calculations are given in Appendices 

3-2.1 and 3-2.2. The equations are tested for all temperatures up 

to the normal boiling points of the test solvents. The predicted values 

are compared with the experimental values in Tables 7-3.2 (a, b and c). 

Inspection of these tables shows that eq. (3-2.4) compares quite 

favourably with the other equations • 

. 7-3.3 Correlation for temperature dependence of diffusion coefficients 

at infinite dilution 

In section 3-4.2, a correlation was presented for predicting the 

diffusion coefficients of dilute binary mixtures at various temperatures 

from a sIngle value of a diffusion coe.fficient at one temperature. To 

test eq. (3-4.7) diffusion coefficients at infinite dilution for the systems, 

ethanol-water ,acetone-water and acetone-chloroform, at 250 C were. 
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treated as reference coefficients. The critical temperatures for the 

solvents involved were taken from reference (168). The values of 

the predicted coefficients are recorded in Table 7-3.3 (a, b and c) and 

compared with the corresponding experimental values. In the same 

Table diffusion coefficients predicted by the Stokes-Einstein eq. (2-5.1) 

are also given and compared with the experimental ones. The 
, 

deviations of the predicted coefficients from the experimental coefficients 

for both equations are comparable. It is tCil be noted that the values of 

the coefficients at temperatures close to boiling points were not taken 

into account when calculating the average deviations. 
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-------.............. --------------------------------------
Table 7-3. la Comparison of the experimental diff~renti~1 diffusion coefficients with the predicted coefficients for 

ethanol-water system, (DAB x 10 , cm /sec.) . 

conc. of Exper. DAB This work; calculated Calculated from Calculated from 
ethanol from from eq. ( 3-1.21 ) Leffler-Cullinan Vignes eq. ( 2 -4~12 ) 
:leA Fig. (6-1.2) 

DAB % error 
eq. (2-4.16 ) 

DAB % error DAB % error 

0 
Tem:eerature = 25 C 

0.0 1.240 1.240 - 1.240 - 1.240 -
0.1 0.670 0.678 1.3 0.457 -31.0 0.942 40.6 
0.2 0.410 0.348 -15.0 0.205 -50.0 0.508 23.9 
0.3 0.370 0.326 -11.0 0.191 -48.0 0.459 24.1 
0.4 0.405 0.334 -17.6 0.202 -50.0 0.440 8.6 
0.5 0.490 0.414 -15.4 0.267 -45.0 0.508 3.7 
0.6 0.610 0.564 -7.5 0.387 -36.0 0.657 7.7 
0.7 0.750 0.741 -1.0 0.556 -26.0 0.812 8.3 
0.8 0.900 0.916 1.8 0.758 -15.5 0.955 

~ 6.1 
0.9 1.070 1.117 4.4 1.011 -5.6 1.135 6.1 
1.0 1.220 1.220 - 1.220 - 1.220 -
% average deviation 8.3 34.0 14.3 

-
0 

Tem:eerature = 40 C 
0.0 1.700 1.700 0.00 1.700 0.00 1.700 0.0 
0.1 1.000 0.986 -1.37 0.706 -29.40 1.270 27.0 
0.2 0.680 0.530 -22.04 0.339 -50.1 0.717 5.5 
0.3 0.610 0.564 -7.6 0.352 -42.3 0.748 22.7 
0.4 0.640 0.692 8.0 0.443 -30.8 0.871 36.2 
0.5 0.730 0.820 12.3 0.551 -24.6 0.977 33.8 

t 

I 

I 
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! 

Table 7-3.1a (continued) 

conc. of Exper.DAB This work, calculated Calculated from Calculated from 
ethanol from from eq. ( 3-1.21> Leffler-Cullinan Vignes eq. (2-4.12 ) 
X-A Fig. (6-1.2) eq. (2 -4.16 ) -

DAB % error DAB % error DAB 7 % error 

Temperature = 400 C (continued) 
0.6 0.865 0.905 4.6 0.642 -25.8 1.032 19.3 
0.7 1.060 1.074 1.4 0.820 -22.6 1.169 10.3 
·0.8 1.275 1.253 -1.7 1.038 -18.6 1.313 3.0 
0.9 1.475 1.497 1.4 1.359 -7.9 1.522 3.2 
1.0 1.640 1.640 -0.00 1.640 0.00 1.640 0.0 

% average deviation 6.7 28.0 17.9 

0 Temperature = 58 C 
0.0 2.400 2.400 0.00 2.400 0.00 2.400 .. 0.0 
0.1 1.500 1.409 -6.1 1.076 -28.3 1.708 13.9 
0.2 1.020 0.959 -6.00 0.665 -34.9 1.208 18.4 
0.3 0.930 0.793 -14.8 0.538 -42.20 0.979 5.3 
0.4 1.020 1.014 -0.6 0.697 -31.6 1.204 18.0 
0.5 1.185 1.183 -0.1 0.844 -28.8 1.345 13.5 
0.6 1.380 1.363 -1.2 1.018 -26.20 1.492 8.1 
0.7 1.590 1.608 1.2 1.271 -20.1 1.708 7.4 
0.8 1.810 1.833 1.3 1.552 -14.2 1.894 4.7 
0.9 2.060 2.064 0.20 1.890 -8.36 2.092 1.6 
1.0 2.360 2.360 .!h.QQ . 2.360 0.00 2.360 0.0 
% average deviation 3.6 26.1 10.1 



Table 7-3. la (continued) 

conc. of Exper.DAB 
This work, calculated Calculated from Calculated from 

ethanol from from eq. ( 3-1.21 ) Leffler-Cullinan Vignes eq. ( 2-4.12) 
xA Fig. (6-1.2) eq. (2-4.1G) 

DAB % error DAB % error DAB % error 

0 .," Temperature = 73 C ", " 

.~, 

0.0 2.950 2.950 -0.00 
.. 2.950 0.00 2.950 0.0 

0.1 1.900 1.178 -38.0 0.930 -51.0 1.379 -27.4 
0.2 1.420 0.889 -37.4 0.641 -54.9 1.073 -24.5 
0.3 1.340 0.911 -32.00 0.642 -52.1 1.078 -19.6 
0.4 1.420 1.081 -23.9 0.770 -45.7 1.234 -13.1 
0.5 1.610 1.359 -15.6 0.995 -38.2 1.497 -7.0 
0.6 1.860 1.610 -13.5 1.230 -33.9 1.717 -7.7 
0.7 2.170 2.093 -3.6 1.678 -22.7 2.184 0.6 
0.8 2.490 2.565 3.0 2.190 -12.1 2.624 5.4 
0.9 2.800 2.835 1.3 2.603 -7.0 2.863 .. 2.2 
1.0 3.100 3.100 0.00 3.100 0.00 3.100 0.0 . 
% average deviation 18.7 35.3 11.9 



Table 7-3.1 b Compaiison of the experimental differential diffusion coefficients with the predicted coefficients for 
acetone-water system, (DAB x 105,Tm2/sec.) . 

Cone. of Exper.DAB 
This work, calculated Calculated from Calculated from 

acetone from from eq. (3-1.21) Leffler-Cll1Unan Vignes eq. (2-4.12) 
!reA Fig. (6-2.2) eq. (2-4.16 ) 

DAB % error DAB % error DAB % error 
.. 

0 
TemEerature = 25 C 

0.0 1.295 1.285 -0.0 1.285 0.0 1.285 0.0 
0.1 0.810 0.771 -4.8 0.575 -29.1 0.940 16.0 
0.2 0.620 0.604 -2.5 0.416 -32.8 0.728 17.4 
0.3 0.630 0.550 -12.8 0.373 -40.8 0.622 -1.3 
0.4 0.700 0.654 -6.6 0.462 -34.1 0.669 -4.4 
0.5 0.850 0.848 -0.2 0.629 -26.0 0.794 -6.6 
0.6 1.120 1.099 -1.9 0.853 -23.8 0.970 -13.4 
0.7 1.600 1.614 0.9 1.320 -17.5 1.383 -13.6 
0.8 2.350 2.345 -0.2 2.045 -13.0 2.013 -14.3 
0.9 3.400 3.482 2.4 3.227 -5.1 3.155 -7.2 
1.0 5.200 .5.200 0.0 5.200 0.0 5.200 0.0 

% average deviation 3.6 24.7 10.5 

0 
TemEerature = 35 C 

0.0 1.600 1.600 0.00 1.600 0.00 1.600 0.0 
0.1 0.990 0.928 -6.3 0.702 -29.1 1.115 12.7 
0.2 0.780 0.737 -5.6 0.514 -34.2 0.882 13.1 
0.3 0.780 0.669 -14.2 0.464 -40.5 0.746 -4.4 
0.4 0.858 0.833 -2.9 0.609 -29.0 0.832 -3.0 
0.5 1.025 0.963 -6.0 0.713 -30.4 0.913 -10.9 



..................... --------------------------------------
Table 7-3.1b (continued) 

Cone. of Exper. DAB This work, calculated Calculated from Calculated from 
acetone from from Eq. (3-1.21> Leffler-Cullinan Vignes eq. (2-4.12) 
!)CA Fig.{G-2.2 ) eq. (2-4.16) 

D . % error DAB % error DAB % error 
AB .. 

0 
TemEerature = 35 C (continued) 

0.6 1.365 1.306 -4.3 1.011 -25.9 1.171 -14.2 
0.7 1.898 1.900 0.10 1.549 -18.4 1.654 -12.9 
0.8 2.700 2.561 -5.2 2.208 -18.2 2.245 -16.9 
0.9 3.900 3.559 -8.7 3.293 -15.6 3.251 -16.6 
1.0 5.600 5.600 -0.00 5.600 -0.00 5.600 0.0 

% average deviation 5.9 26.8 11.6 

0 
TemEerature = 45 C 

0.0 1.820 1.820 -0.0 1.820 0.0 1.820 
k 

0.0 
0.1 1.120 1.006 -10.2 0.778 -30.6 1.182 5.5 
0.2 0.910 0.776 -14.7 0.555 -39.1 0.903 -0.8 
0.3 0.910 0.709 -22.·1 0.502 -44.8 0.770 -15.4 
0.4 1.040 0.854 -17.8 0.632 -39.3 0.839 -19.4 
0.5 1.290 1.157 -10.3 0.864 -33.0 1.082 -16.1 
0.6 1.640 1.449 -11.7 1.125 -31.4 1.291 -21.3 
0.7 2.170 2.150 -0.9 1.745 -19.6 1.878 -13.5 
0.8 2.990 2.978 -0.4 2.560 -14.4 2.617 -12.5 
0.9 4.310 4.082 -5.3 3.751 -13.0 3.756 -12.9 
1.0 6.050 6.050 -0.00 6.050 -0.00 6.050 0.0 

% average deviation 10.4 29.5 13.0 

N 
IN 
\0 



Table 7~3.1b (continued) . 
Cone. of Exper. DAB This work, calculated Calculated from Calculated from . 

. . 

acetone from from Eq. ( 3-1.21> Leffler-Cullinan Vignes eq. (2 -4.12) 
=eA Fig. (6-2.2 ) eq. (2-4..16) , 

DAB % error DAB % error DAB % error .. 

0 
. TemEerature = 55 C 
0.0 2.140 2.140 0.0 2.140 0.0 2.140 0.0 
0 .. 1 1.350 1.133 -16.0 0.894 -33.8 1.307 -3.2 
0.2 1.070 0.874 -18.3 0.641 -40.1 0.995 -7.0 
0.3 1.060 0.845 -20.3 0.612 -42.3 0.904 -14.7 
0.4 1.230 0.888 -27.8 0.670 -45.5 0.861 -30.0 
0.5 1.510 1.116 -26.1 0.843 -44.2 1.041 -31.0 
0.6 1.940 1.424 -26.6 1.112 -42.7 1.273 -34.4 
0.7 2.600 2.175 -16.3 1.779 -31.6 1.903 -26.8 
0.8 3.540 3.316 -6.3 2.872 -18.9 2.917 -17.6 
0.9 4.990 4.544 -8.9 4.193 -16.0 4.184 -16.1 
1.0 6.700 6.700 0.0 6.700 0.0 6.700 O~ 0 . 
% average deviation 18;5 35.0 20.1 



;\ 
I 
! 
i 
! 

Table 7 -3.1c Comparison of the experimental differential diffusion coefficients with the predicted diffusion coefficients 
for acetone-chloroform system, (D x 105 ,cm2/sec.) AB 

Conc. of Exper.D
AB 

This work, calculated Calculated from Leffler- Calculated from Vignes 
acetone from from eq. (3-1.21 ) Cullinan eq. (2:-4.16 ) _eq. ( 2-4.12 ) 
~A Fig. (6-3.2) 

DAB % error DAB % error DAB % error .-- .~-. -

0 
TemEerature = 25 C 

0.0 2.330 2.330 0.0 2.330 0.0 2.330 0.0 
0.1 2.685 -2.555 -4.9 2.451 -8.7 2.659 -1.0 
0.2 2.926 2.800 -4.3 2.623 -10.3 2.982_ 1.9 
0.3 3.110 3.574 14.9 3.294 5.9 3.867 24.3 
0.4 3.260 4.101 25.8 3.762 15.4 4.455 36.7 
0.5 3.380 4.068 20.4 3.742 10.7 4.406 30.3 
0.6 3.448 3.900 13.1 3.629 5.3 4.176 21.1 
0.7 3.500 3.774 7.8 3.574 2.1 3.974 13.5 
0.8 3.542 3.575 0.9 3.432 -3.1 3.716 .. 4.9 
0.9 3.582 3.581 0.0 3.488 . -2.6 3.672 2.5 
1.0 3.620 3.620 o.(} 3.620 0.0 3.620 0.0 -- - --

% average deviation 10.2 7.1 15.1 . 
I 

0 
TemEerature = 40 C 

0.0 2.880 2.880 0.0 2.880 0.0 2.880 0.0 
0.1 3.300 3.384 2.5 3.286 -0.4 3.479 5.4 
0.2 3.620 3.860 6.6 3.660 1.1 4.060 12.2 
0.3 3.880 4.264 9.9 3.978 2.5 4.554 17.4 
0.4 4.060 4.665 14.9 4.323 6.5 5.013 23.5 
0.5 4.160 4.780 14.9 4.448 6.9 5.115 22.9 



Table 7-3.1c (continued) 

Cone. of Exper.DAB 
This work, calculated Calculated from Leffler- Calculated from Vignes 

acetone from from eq. (3-1. 21 ) Cullinan eq. (2-4.16 ) eq. ( 2 - 4- • 12- ) 
:leA Fig. (G-~.2 ) 

DAB % error DAB % error DAB % error 

TemEerature = 40°C (continued) 
O~ 6 4.210 4.670 10.9 4.379 4.0 4.959 17.8 

,0.7 4.250 4.518 6.3 4.288 0.9 4.743 11.6 
0.8 4.280 4.487 4.8 4.345 1.5 4~621 8.0 
0.9 4.300 4.477 4.1 4.386 2.0 4.563 6.1 
1.0 4.320 4.320 0.0 4.320 0.0 4.320 0.0 - --

% average deviation 8.1 2.9 13.7 .. 
10 

TemEerature = 55 C 
0.0 3.470 3.470 0.0 3.470 0.0 3.470 a 0.0 
0.1 3.970 3.975 0.1 3.892 -2.0 4.055 2.1 
0.2 4.360 4.427 1~5. 4.209 -3.5 4.645 6.5 
0.3 4.620 4.815 4.2 4.511 -2.4 5.122 10.9 
0.4 4.780 5.277 10.4 4.926 3.1 5.632 17.8 
0.5 4.860 5.532 13.8 5.189 6.8 5.875 20.9 
0.6 4.930 5.499 11.5 5.179 5.1 5.816 18.0 
0.7 4.990 5.549 11.2 5.304 6.3 5.788 16.0 
0.8 5.01,0 5.428 6.4 5.294 3.8 5.551 8.8 
0.9 5.020 5.161 -0.7 5.084 -2.2 5.233 0.6 
1.0 5.050 5.030 0.0 5.030 0.0 5.030 0.0 - --

% average d1viation 6.7 3.9 11.3 



Table 7-3. 2a Comparison of the predicted coefficients with the experimental coefficients for dilute solution of 
ethanol-water mixtures, (D°AB x 105, cm2/sec.) 

T rfAB x 10
5 This work W & C King et al Sitar. et at 

Eq. (3-2.4) Eq. (2-3.16) Eq. (2_3.29) Eq. (2-3.27) 
, 

°c e!cper• 
(A~O) Dh % error DAB % error rfAB % error nO % error AB 

25 1.25 1.28 2.4 1.49 19.2 1.23 -1.6 1.08 -13.6 
40 1.70 ·1.85 8.8 2.13 25.3 1.76 3.5 1.50 -11.8 
58 2.40 2.67 11.3 3.07 27.9 2.54 5.8 2.11 -12.1 
73 2.95 3.47 20.1 3.99 35.3 3.30 11.9 2.69 - 8.8 
85 3.503 4.17 19.0 4.79 36.7 3.96 13.1 3.19 - 8.9 

100* 4.32 5.0 15.7 5.78 33.8 4.79 10.9 3.80 -12.0 

% avel'3:ge error 12.9 29.7 7.8 11.2 

noBAx 105 This work W&C King et at Sitar. et a1 
T ~. (S-2.4'Y Elf. (2-9.16) Eq. (2-3.29) EQ.(2-3.27) • 

°c Exper. DO
BA % error nO

BA % error nO
BA % error nO

BA % error :X:A ___ 1 

25 1.22 1.29 5.7 1.35 10.7 1.45 18.9 1.37 12.3 
40 1.64 1.77 7.9 1.85 12.2 1.99 21.3 1.83 11.6 
58 2.36 2.53 7.2 2.64 11.9 2.84 20.3 2.56 8.5 
73 3.10 3.37 8.7 3.52 13.5 3.78 21.9 3.34 7.7 
78.5* 3.33 3.76 12.9 3.91 17.4 4.21 26.4 3.69 10.8 

% average error 8.5 13.1 21.8 10.2 

* boning point temperature 



...................... --------------------------------------
. Table 7-3. 2b Comparison of the predicted coefficients ~th the experimental coefficients for dilute solution of 

acetone-water mixtures (Do AB x 105, cm /sec.) . 

T 
nO

AB
x10

5 This work W&c King et at Sitar. et al , 
Eq. (3-2.4) Eq. (2- 3.16 ) Eq. \2-3.29) Eq. (2-3.27) 

C?C E~er. 
:)CA = 0 nO % error nO % error nO % error nO % error AB AB AB AB 

25 1.30 1.18 -9.2 1.31 0.8 1.37 5.4 1.13 -13.1 
35 1.60 1.50 -6.3 1.67 4.4 1.74 8.8 1.41 -11.9 
45 1.82 1.88 3.3 2.09 14.8 2.19 20.3 1.74 - 4.4 
55 2.14 2.29 7.0 2.55 19.2 2.67 24.8 2.09 - 2.3 
65 2.45 2.73 11.4 3.05 24.5 3.19 30.2 2.47 ' 0.8 
75 2.74 3.24 18.2 3.62 32.0 3.78 38.0 2.89 5.5 
85 3.25 3.78 16.3 4.22 29.8 4.42 3~.0 3.34 2.8 

100* 3.86 4.56 18.1 5.09 31.9 5.32 37.8 3.98 3.1 

% average error 11.2 19.7 25.2 5.S 

T 
o 5 This work W&·C King et al Sitar. et al n BAx10 

°c Exper. Eq. (3-2.4) Eq. (2-3.16) Eq. (2-S.29) Eq. (2-S.27) 
:leA = 1 0 nO .. . 

0 n BA % error % error n BA % error nO
BA % error BA 

25 5.22 4.83 -7.5 4.32 -17.2 4.57 -12.5 4.17 -20.1 
35 5.60 5.50 -1.8 4.90 -12.5 5.19 - 7.3 4.70 -16.1 
45 6.05 6.09 0.7 5.44 -10.1 5.75 - 5.0 5.17 -14.5 
55 6.70 6.66 -O.~ 5.96 -11.0 6.29 - 6.1 5.62 -16.1 
56.2* 6.79 6.71 -1.2 6.00 -11.5 6.34 - 6.6 5.66 -16.6 

% average error 2.4- 12.5 7.5 16.7 



................... -.---------------------------------------
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. TabJ:..e 7-3.2c Comparison of the predicted coefficients w~th th~ experimental coefficients for dilute solution of 
acetone-chloroform mixtures (D°AB x 10 ,. cm /sec.) . 

T D
O
AB

X10
5 

This work W & c King et at Sitar. et al 
°c E?qler. 

Ea. (3-2~4 ) Ea. (2-3.16) Eq. (2- 3.29 ) Ea. (2-3.27) 

:)CA = 0 DO % error DO % error DO % error DO % errOl AB AB AB AB 

25 2.33 2.49 6.9 3.28 40.8 2.45 5.2 2.16 -7.3 
40 2.88 2.99 3.8 3.94 36.8 2.93 1.7 2.56 -11.1 
55 3.47 3.57 2.9 4.69 35.2 3.58 3.2 3.01 -13.3 
61.5* 3.75 3.83 2.1 5.02 33.9 3.83 0.0 3.21 -14.4 

% average error 3.9 36.7 2.5 11.5 

T 
o 5 This work W&C King et al Sitar.et al D BAx10 

°c , Ea. (3-2·4) Eq. (2-3.16) Eq. (2-3.29) Ea. (2.-$.27) 
E~er. 
!)CA = 1 0 % error 0 % error 

0 % error 
0 

D BA D BA D BA D BA % errOI 

25 3.62 3.85 6.4 3.84 5.9' 4.27 17.7 3.90 7.:1 
40 4.32 4.69 8.6 4.52 4.6 5.03 16.4 4.54 5.1 
55 5.03 5.59 11.1 5.39 7.2 6.00 19.3 5.35 6.4 
56.2* 5.16 5.68 10. ,1 5.48 6.2 6.10 18.2 5.43 5·2 

% average error 9.0 6.0 17.9 6.0 



.......... ---------------------------------------
. Table 7-3.3a Comparison of the coefficients predicted from Equations (3-4.7) and (2-5.1 ) with the experimental coefficients 

at infinite dilution for ethanol-water mixtures, (D°AB x 105 , cm2/sec) .. 

DO

ABX10
5 

) Eq. ( 2-5.1 ) T 
o 5 

Eq. ( 3-4.7 ( 2-5.1 T Eq. ( 3-4·7 D BAx10 ) Eq. ) 
o· withn = 6 °c _with~ C exper. exper. 

~=O DO % error DO % error :leA = 1 
0 % error 0 

% error AB AB D BA D BA 

25 1.25 - - - - 25 1.22 - - - -
40 1.70 1.63 -4.1 1.79 5.3 40 1.64 1.62 -1.2 1.66 1.2 
58 2.40 2.27 -5.4 2.56 6.7 58 2.36 2.35 -0.4 2.38 0.8 
73 2.95 3.04 3.1 3.33 12.9 73 3.10 3.29 6.1 3.19 -3.0 
85 3.50 3.88 10.9 4.01 14.6 78.5* 3.33* 3.76* 12.9* 3.40* 2.1* 

100* 4.32* 5.34* 23.6* 4.93* 14.12* 
.. 

% a1erage error 5.9 9.9 % average error 2.6 1.7 
I .. 

-

* Values not used in the computation of the average deviation because of nearness to boiling point temperature. 

~A mole fr. of ethanol. 



.................. -----------------------------------------
.. Table 7-3. 3b C:::...o:..:m~pa:.:.:r:..:i=-so.:.:n:.:....::..of::::....:.;:th.::.;;e:,...c.:...o:...:e:.:::ff=:_i,.:..cl:..:·e_=n.:.:ts=-·~pr=-e-di_·...:..ct:..:e_d_f_r_om_e--q.!..ua~ti...:..o~n...:..s.....!(-3--__:::::4. 7 ) and ( 2-25.1 ) with the experimental 

o 5-coefficients at infinite dilution for acetone-water mixtures. (D AB x 10 , cm /sec.) 

o 5 
Eq. ( 3-4-.7 T DO

AB
X10

5 Eq. ( 3-4.7 ) Eq. ( 2-5.1 ) T D BAx10 ) Eq. ( 2-5.1 ) 
0 9 

with n = 6 °c wit}I n = 3 exper. 
exper. DO DO ~= 1 

0 % error 0 

x =0 AB % error. 
AB 

% error D BA D BA % error 
a 

25 1.30 - - - - 25 5.22 - - - -
35 1.60 1.55 -3.1 1.67 4.4 35 5.60· 6.04 7.8 5.91 5.5 
45 1.82 1.85 +1.6 2.08 14.3 45 6.05 7.04 16.4 6.68 10.4 
55 2.14 2.23 4.2 2.54 18.7 55* 6.70* 8.27* 23.4* 7.47* 11.5* 
65 2.45 2.70 10.2 3.03 23.7 56.2* 6.79* 8.44* 24.3* 7.52* 10.8* 
75 2.74 3.29 20.1 3.59 31.0 
85 3.25 4.03 24.0 4.20 29.23 

'100* 3.86* 5.57* 44.3* 5.06* 31.1* 

% avtrage error 10.5 20.2 . % average error 12.1 8.0 
I 

. 

" = mole fr. of acetone. 
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Table _7-3. 3c Comparison of the coefficients predicted from equations ( 3-4.7 ) and ( 2 _~.l ) with the experimental 
_ _ coefficients at infiIiite dilution for acetone-chloroform (Do AB x 105 ,7m2 / sec. ) 

- -- - --

D
O
AB

X10
5 

(3-4.7 ) T 
o 5 

Eq. ( 3-4'·7 ) T Eq. Eq.( 2-5.1 ) D BAx10 Eq. ( 2-5.1 ) 
0 withn = 3 ?C with n = 3 
C.- exper. -;0 -

exper. 
:M:. A = 0 % error DO % error ~=1 DO % error 

0 % error DAB AB BA D BA 
, 

-. --
\ 

25 2.33 - - 25 3.62 - -
40 2.88 - 2.83 -1.7 2.80 -2.8- 40 4.32 4.52 4.6 4.40 1.9 
55 3.47 3.49 0.6 3.33 -4.0 55 5.03 5.74 14.1 5.25 4.4 
61.5" 3.75* 3.84* 2.4* 3.57* -4.8* 56.2* 5.16'" 5.85* 11.8* 5.45* 5.3* 

I 

: , - -

% aVjrage err~r 1.2 3.4 % ave,rage error 9.4 3.2 

--- . --

;c. A = mole fr. of acetone. --' 
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8 CONCLUSIONS 

(1) The three-compartment diaphragm cell developed and the experimental 

procedure described in this work were successfully employed in the 

determination of diffusion coefficients for three binary mixtures (i. e. ethanol-

water, acetone-water and acetone-chloroform). The full concentration range 

was investigated in each case at temperatures up to the neighbourhood of the 

normal boiling points. 

(2). The values of diffusion coefficients for these systems at their normal 

boiling points were found by extrapolation or interpolation from the 

respective plots of In DAB VB .! . 
. T 

o 
The values of D AB for these 

systems, at all temperatures studied, were also found by extrapolation 

from the plots of DAB vs xA• 

(3) The following correlation for the estimation of concentration and 

temperature dependence of DAB was developed 

(2-1.21) 

It was tested with the experimental data of this work. The overall 

average accuracies obtained are -: 9.6% for ethanol-water system, 

+ + - 9.3% for acetone-water system and - 8.3% for acetone-chloroform 

system. These accuracies compare well with those of the correlations 

of Vignes eq. (2-4.12) and of Leffler-Cu)]jnan eq. (2-4.16). 
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(4) A correlation was developed for the prediction of diffusion coefficients 

at infinite dilution 

DO AB llB 
r = 8.93 x 10-8 

T 
(3-2.4) 

It gives better predictions than most of the existing literature correlations. 

The use of parachors in eq. (3-2·.4), it is believed, gives good accuracy 

because parachors account better for the effect of the intermolecular forces 

on the diffusion process. 

(5) The following correlation was developed for the prediction of the s~~f.::: 

diffusion coefficient 
0.13 

(M] = V [~J '. (3-3.4) 

This equation employs· an additive type of constant [M].. The bond and 

structural contributions, to the constant [M] ,. of a number of atoms and 
~ 

groups of atc;>ms,were calculated on the basis of 46 liquids for which 

experimental self-diffusion coefficients were available. Despite the 

small numper of . experimental data for the calculation of these 

contributions, eq. (3-3.4) gives an accuracy only slightly lower than the 

equation of Stokes and Einstein (2-2. 2). More experimental data is 

required to define more accurately the various bond contributions to the 

value of the constant [M] • 

(6) Dullien's equation (2-2.26) for prediction of self-diffusion coefficient 

was modified by replacing . the critical molal volume by the molal 

volume at boiling point. This modification makes the equation more 

convenient to use because molal volumes at boiling points are easier to 

obtain. The equation has the form 

- -8 D* J.l V = 0.229 x 10 
T 

v.o.636 
b (3-3.6) 
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and predicts self-diffusion coefficients with the same accuracy ~~q~2:-~. 26) • 

(7) The following equations were developed for estimating diffusion 

coefficients at other temperatures from a lmown value at a single 

temperature 

D* (T T) n 2 c - 1 
D*1 . = . Tc - T2 (3-4.6) 

.. (3-4.7) 

Each of these equations may be used as an alternative to the Stokes-

Einstein eq. (2-5.1) when no reliable values of viscosity are available. 

Equations (3-4.6) and (3-4.7) were tested with the limited amount of 

available data give an accuracy about the same as· equation (2-5.1) 

(Stokes and Einstein,,). These equations are recommended only for 

the temperature range from 10°0 above the melting point to 10°0 

below the bolling point. 

251 
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8-1 SUGGESTIONS FOR FURTHER WORK 

(1) It is desirable to incorporate in the design of this 

cell an "in situ" method of measuring concentrations 

of the test solutions. This would speed up considerably 

the experimental work. The "in situ" method used by 

Sanni and Hutchison (175) is recommended. 

(2) More experimental data should be obtained for such 

non-ideal and associated systems as methanol-benzene, 
. 

ethanol-benzene, methanol-water, propanol-water, butanol-

water etc. These data are needed to test the correlat-

. ions developed in this work. 
r 
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Appendix 3-2.1 Physical Properties of Organic Compounds 

Name Formulae Mol. Vb (p] AHb 
wt .. cm3 -1- 3 g'cm cal. -- Ref. Ref Ref. g mole .1. g mole mole sec 2 

Acetal C6H1402 118.17 160.4 1 306 .. 9 1 (;,1 7829.8 153 

Acetal Salicylic C9
H80 4 180.17 - - -

Acid , 

Acetamide' C2H
5

NO 59.07 70.6 L 148 161 12239 GL 

Acetanilide C8H9NO 135.16 154.5 .. L 321.8 IGI 16043 GL 

Acetic Acid C2H40~t 60.05 64.1 IG9 131.4 1(; 1 9529 'G~ 

Acetone C3H60 58.08 77.5 1 G8 161.7 " 1 6952 '~8 

Acetoin C
4

H802 88.12 103.6 TJ 213.4 S 12086 GL 

Acetonitrile C~3CN 41.05 57.4 ,,~ 121.2 
" I 7500 Ic,e 

Acety1diphenyl- C14Hl3NO 211.27 243.2 L 496.6 S - Sub. 
amine 

Acetylene' C2H2 26.04 42.0 I {, ~ 90.4 42- 4007.6 G 

Aconitine C34H47NOll 645.76 - - -. 
Adipic Acod C6HlO0

4 146.14 173.8 L 308.2 S 17106 GT,A 

o(-Alanine' C
3

H
7

N02 89.09 104.8 L 200.8 S 12560 GLA@ 

Alloxan C
4

H2N20
4 

142.07 123.6 L 257.3 S - SUb. 

Allyl Alcohol C3
H60 58.08 74.0 L 154.2 I{, I 9490.8 IS3 

o(-Amino Acetic C2H
5

N0
2 75.07 78.0 L 161.8 S -

Acid (Glycine) 
~-AminoButyricAcid C 4H9N02 103'.12 122.4 L 239.8 S - Sub. 

~-AminoCaporicAcid 
(C"P" ne) 

C
6

H
13

N02 131.18 166.8 L 317.8 S - Sub. 

Q-AminoValaricAcid 
(n.VMl,n..) 

C
5
H11N02 117.15 144.6 L 278.8 S - S~b. 

Ammonia NH3 ' 17.0 25.0 14- 63.8 42- 5581 IG9-

Amyl Alcohol C5H120;~ 88.15 125.8 L 244.2 , " 10030 G~ 

Aniline C6H7N 93.12 109.1 5.9 235.7 I " 1 10360 2'4 

Anisole - C7
H80 108.13 128.1 L 265.5 1(0 , 8808.3 ~14 

Anthranilic Acid C
7

H
7

N02 137.13 149.0 L 296.2 S - Sub. 

Anthracene C14H10 178.24 195.3 L 399.6 S 13499.5 GL 

(Argon) Ar 39.94 28.5 '4 54.3 42- 1590 '5.3 

Azabenzene C12H;lON2 182.22 215.8 L 429.5 " I 14399 GL 
" Benzaldehyde C6H

5
CHO 106.12 118.2 L 256.2 '" 9181.3 214-

Benzene C6H6 78.11 96.5 1(09 207.4 1(0 I 7353 I(OS 

Benzoic Acid C7
H602 122.12 134.8 1 266.1' S 12888 G1 

Benzyl Alcohol C7
H80 108a3 125.6 L 259.6 I CD I 12140 153 

Benzyl Ether C14H14O 198.27 229.0 1 478.0 S 13230 GL 

Biphenyl C
12

H
10 

' 154.20 184.6 L 380.0 S 11519 G 
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Appendix 3-2.1 (continued) 

~.---------

Mol. Vb Lp] AHb 

Name Formulae wt. cm3 
Ref .. g* cm3 

Ref. cal. Ref. g mole I g mole mole sec 2 

Bromine Br2 159.83 53.2' 2.13 130.1 42 7420.0 '53 

Biphenylmethane C13H12 168.24 206.8 TJ 416.0 42 12050.8 I G 
Bromoaniline C6H6NBr 172.03 133.5 TJ 287.6 S 7563.2 GT, 

Bromabenzene C6H5Br 157.02 120.0 ,68 257.0 S 8966.0 'G'jf 

Bromoform CHBr
3
, 252.77 ,99:5 L 227.3 110 , 9077.4 GT, 

Bromonaphthalene CIOH
7

Br 207.07 170.9 L 362.0 ", 12705.0 GfJ 

Bromonitrobenzene BrC6H
4

N02 202.01 138.7 L 313.5 16' 12555.0 GL 

2-Bromo-2-Ch1oro, C2HBrCTJ
4 

246 •. 74 158.7 TJ 311.9 S -
1,1,1,Trichloro 
ethane. 

Bromop'henol BrC6H
4

OH 173.02 126.7 L 272.2 S 12232.5 GL 
I 

Bromopropionic C
3
H

5
Br02 152.·98 113.9 L 222.1 S 11753.0 I GL 

Acid 
. 3-BromoPJTopy1ene C3

H5Br 1?0.98 89.9 . L 191.1 S 7417 •. 0 I GL 
m-BromotO'luene C7

H7Br 171.04 141.5 L 296.0 ,'I 9703.0 I G 
Brucine C23~26N204 394.44 - - - i 
i-Butanol 74.12 103.6 

I 

C
4
H10O L 201.9 " 1 10470.0 '''9 

" 

n-Butanol C4HlOO 74.12 103.6 L 202.6 " , 10t170.0 '(,8 

I-Butene C
4
H8 56.12 89.5 es 179.2 S 5237.0 1'52 

nButyl Acetate C6H1202 116.16 155.2 L 296.0 I"~ 8730.0 G 
I 

Butyramide' C
4
H

9
NO 87.12 115.5 TJ 228.8 S 11535.0 I GTJ 

Butyric Acid C
4
H802 88.10 107.8 "9 209.0 10620.0 1'/09 

Caffeine C8HlO02N
4 194.21 206.1 L 406.8 S - Sub. 

Camphor CIOH16O 152.23 197.6 L 388.0 S 10812.3 GL 

Caproic Acid ,C6H1202 116.16 152.5 L 287.2 " .. 13311.0 GL 

(Carbon Dioxide) CO2 44.01 34.7 L 80.6 l.r' 6030.0 1<08 

Carbon Disulphide CS2 76.13 60.4 14- 144.7 'b' 6295.0 153 

Carbontetrach1o- CCL
4 153.84 102.0 Ib~ 220.5 . " , 7154.0 lbS 

ride' 
Carbontetra- CF

4 
88.01 57.4 53 113.4 ." 3110.0 153 

flouride 
ChloTine CL2 70.·91 45.5 ,+ 108.6 ., 42- 4878.0 G 

ChlaroaceticAcid C2H
3

IJL02 94.50 89.3 L 168.3 16 , 11410.0 GL 

Chloral CCL
3

CHO 147.40 114.5 L 232.8 S 7958.0 '53 

Chloral Hydrate C2H
3

CL
3

02 165.42 129 .. 3 L 252.2 S 21814.0 .5 ~ 

Ch1oroaniline CLC
6
H

6
N' 127.57 131.1 L 273.9 S 11005.0 GL 

Chlarobenzene C6H
5

CTJ 112.56 115.0 168 244.5 lIP' 8423.0 169 

ChlarobenzoicAcid C
7

11
5
02CL 156.57 155.7 L ;03.3 S - Sub. 

," 
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Appendix 3-2.1 (oontinued) " 

.-.------

Mo'1. Vb [p] AH' b 
Name Formulae' 

gf cm3 
-" . wt. cm3 cal 

g mole' Ref. 
mole sec'f 

Ref. gmo1e Ref. 

"" - -. -...... 

Chlorobromo- CH2PLBr 129~39 73.8 L 161.3 " S 7395.0 GL 
methane 

Chlorobro!llo- C6H
4

BrCL 191.46 140.2 L 295.2 S 10128.0 GL 
benzene 

Chloroform CHCL3: 119.39 84.8 I~e 183.4 S 6841.0 Ic.g 

o{-Chloro- C10H
7

CL 162.61 16Q.5 L >3'48.4 161 11546.0 GL 
naphthalene' 

Chloronitro- C~4CLN02 157.56 140.3 L 300.0 I~' 12031.0 GL 
benzene 

Chlorophenol C6H
4

CLOH 128.56 124.3 L 258.0 42- 10729.0 GL 

Chrysene C18H12 
228.28, 250.8 L 500.4 S 14415.0 GL 

Cinnamic Acid C
9

H802 148.15 167.2 L 333.1 S 13526.0 GL 

Cyclohexane C6H12 84.16 117.0 '~'ir 241.7 , (C, , 7895.0 'b~ 

Cyclohexanone C6H10O 98.14 120.7 1 251.4 'bl 9465.0 G1 

Cyclohexanol C6H12O 100.16 125.6- t 254.3 S 10917.0 GTJ 

Cyclop'entan6' C
5
H10 70.13 99 .. 5 L 205.0 1'1 6529.0 

'" 8 

m-Cymene"' C10H14 134.22 184.8 L 356.9 ., , 9524.0 G 

Decaline' C10H18 138.25 184.6 t 371.7 ' {, I 9641.0 G 

Trans-Decaline C10H18 138.25 184.6 L 370.1 16. 9360.0 G 

n-Decane C10H22 142.28 229.4 L 431.0 ,(01 9390.0 "8 

Dibenzylamine C14H15N 197.27 244 .. 2 1 485.6 I" 14154.0 GLA 

p>-Dibromobenzene C
6

H
4
Br2 235.92 142.6 L 305.2 42- 10746.0 GL 

Dibromonaphtha- c1OH6Br2 285.99 194.2 L 402.7 S -
lene' 

Dichloroacetic C2H2CL202 128 .. 94 104.2 1 206.6 S 11440.0 GL 
Acid 

p ... Dichloro- ,C6H4C12 147.01 137.8 L 280.0 1 (;.1 9366.0 G 
benzene 

Dichloronaphtha- C10H
6

CL2 197.06 189.4 1 375.2 S 12361.0 GLA 
lene 

Diethylamine' C
4
H11 N 73.14 109.0 168 220.4 110 I 6975.0 "9 

Diiodomethane CH2I 2 267 .. 84 96.2 1 225.8 42. 9231.0 G1 

Dimethyl- C
4
H

9
NO 87.·12 116.5 1 228.8 S 9658'.6 Gt 

acetamide 
2-2-Dimethyl- C6 H/4 ' 86.17 141.0 L 266 .. 4 IGI 6355.0 '53 

butane ) 

Dimethyl- C
5
H11NO 101.15 134.0 L" 267.8 S -

ptroplionamide 
1,3-Dimethy1urea C3

R8N2O 88.12 105.4 L 219.4 S 13415.0 G1 

m-Dinitrobenzene C
6

R
4

N20
4

' 168.11 145.8 L 301.1 S 14391.0 GL 
! 

Dinitronaphth- C10R6N204 218.16, 197.4 L 398.0 S - Sub. 
alena-
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Appendix 3-2.1 (oontinued) 

-

l-tO'1. Vb [pJ l1Hb 

Name Formulae wt. 
cm3 .1 

cm3 
Ref. e4 

Ref cal Ref. g mole I gmole mole' sec2 

----

2,3-Dinitrophenol C~4N205 184.11 153.2 L 338.5 S - Sub. 
-

Dioxane' -C4H8°2' 88.10 93.6 L 202.0 IGI 8087.0 G 
, 

Diphenylamine C12Hll N 169.23 198.8 L 409.6 S 13288.0 GT. 

Docosane C22H46 310.61 495.8 L 892.2 S 16327.0 I GT, 

170.33 
.. 

Dodecane C12H26 273.8 TJ 510.0 I~I 10440.0 1114 

Dotriacotane C32H66 450.89 717.8 "[, 1282 .. 2 . S 14912.0 GTJ 

Eicosane' C20H42 282.56 451.4 t 814.2 S 13800.0 114 

Brythritol C4H1004 - 122.12 125.8 L 247.0 S 24986.0 GT, 

Ethanol C2H50H 46.07 62.5 "<6 128.8 '" 9220.0 "'0 

Ethyl Acetate C
4

H802 88.10 106.0 "9 216.5 161 7744.0 1 ~ 'a 

Ethyl Benzene C~HI0 106.17 140.4 L 284.4 If-I 8599.0 1 ~ 'a 

Ethyl Benzoate C
9

HI002 150.17 175.0. t 350.0 161 : 9686.0 153 

Ethyl Bromide C
2

H
5

Br 108.98 75.·1 L 165.4 S 6345.0 ,'<0& 
Ethylene Bromide C

2
H

4
Br2 187.88 98.4 L 215.2 , " I 8574.0 G 

Ethylene Chlo-ride C2H
4

Ct2 98.96 93.6, L 188.7 , ", 7728.0 G 

Ethylene glyco'l C2H602 62.07 66.6 L r 148.9 I~I 11863.0 153 

Ethyl ether C
4

Hl00 74.,12 106.0 L 212.3 Ibl 6442.0 G 

Ethyl iodide C2H5I 155.-98 85.1 L 187.8 " I 7114.3 153 

Ethylene iodide C2H
4

I 2 281.86 118.4 L 260.,0 - S 9695.6 GT, 

Ethyl-nitrate C2H
5

N0
3 91.07 88.6 L 189.5 " , 8407.0 GL 

Formamide CH
3

0N 45.04 45.5 L 107.3 161 11171.0 GL 

Formic acid HCOOH 46.03 46.2 TJ 94.0 '" I f 5520.4 153 

Furfural C
5
H

4
02 96.08 92.1 L 209.4 ,'', 10329.6 15.3 

Glycerol - C
3
H80

3
, 92.11 286.9 - 211.3 - 17000.0 -, 

Glyclltlamide~ , ~C2H5N02 75.07 80.6 L 144,0 S - I 
I 

(Helium) He' 4.00 31.9 14- - 36.9 ' GL 

Hendecane CIIH
24 

156'.32 251.6 L 463.2 S 10575.0 GL 

Heptane' C7I16 100.20 162.0 I btQ 311.0 1'1 7575.0 '69 

I-HeIJltanol C
7
H

15
OH 116.20 170.2 L 314.5 ," 12187. 1 1'5.3 

n-Heptyl bromide C
7

H15Br, 179.11 186.1 L 362.8 161 10037.0! GL I . 
I 

Hexachlorobenzene C
6

CL
6 284.79 203-'4 L 430." s 113457.0 GL@ 

Hexachloroethane C
2

CL
6 236.74 177 .. 2 L 335.4 s l 9343'.0 GL i 

Hexachlo'rO'- C
6
H

6
CL

6 290.83 225.6 L 463.3 S 12942.0 GL 
cyclohexane 

.--
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Appendix ,3-2.1 ( continued) 

-- __ r~._r_· 
~ - .. - --- -- .. ---.- -. -- -

Hol. Vb [p] L1Hb 
Name Formulae wt. 

cm3 -+ 3 
Ref. 

g,4 cm 
Ref. cal Ref. g mole' mole' sect g mole 

.. --:----
Hexadecan9' C16H

34 
226.43 362.6 JJ 671.8 I (, I 13412.0 G 

Hexadecanol C16H
33

OH 242.45 370.0 L r 672.4 S 17202.6 GL 

n-He:x:ane· 
, 

C6H14 86.17 140.25 14- 271.0 1 {, 1 6896.0 f53 

n-Hexy1 bromide C6H13Br 165.08 163.9 L 305.-4 S. 9390.0 GL .. 
n-Hexy1 alcohol C

6
H13OH 102.18 148.0 L 282.4 S 11014.0 GL 

(Hydrogen) H2 2.02 28.4 14- 35.0 42- 216.0 153 

Hydrogen chloride HCL 36.47 30.6 14 59.1 42 3860.0 IS3 

Hydrogen Iodide HI 127.93' 40.7 L 95.8 S 5089.7 GL 

Hydrogen sulphide H2S 34.08 32'.9 L 82.4 S 4463~0 '53 

Hydroqufnoner C6H4 (OH)Z 110.11 110.8 L 235.5 S 15113.0 GL 

Iodine I2 253.82 71.6 L 182.0 S 10390.0 153 

Iodobenzene C6
H5I 204.02 129.3 . L 279.8 ," 9548.0 IE.S 

Iodoform HCI
3 393.78 129.5 L 295.4 / '-/ -. Sub. 

Iodopropoionic acid C
3
H

5
I02 199.98 123.9 L 245.1 S 15330.0 GI.,A@ 

3-Iodopropy1ene' C3
H5I 167.98 99.9 L 214.1 S 7982.5 GTJ 

r 

Lactic acid C
3
H

6
0

3 
90.08 102.6 L 185.4 S 13953.0 GTJA 

T,auric acid C12H2402 200.:31 290.4 L 522.2 S 15542.0 GLA 

TJino1e:ic acid C18H3202 280.44 408.8 L 734.2 S 18542.0 GLA 

Malic acid C
4
H

6
0
5 

134.09 141.4 L 244.4 S - iDec. 

MaloniC acid C
3
H

4
0

4 
104.06 107.2 . L 191.2 S -

Mani to'l C
6

H
14

0
6 182.17 185.0 L 353'.4 S 33455.0 GLA 

Mesitylene C9H12 120.18 162.6' L 322.0 1', 9479.2 G 

Methane CH
4 

16 .. 04 37.7 "8 72.6 161 1955.0 Ib8 
\. 

Methanol CH
3

0H 3?04 42.5 1(,8 88.7 \' , 8491.0 . 1 & '6 

Methyl acetate' C
3
H602 ' 74.08 83~75 14 177.4 /{" 7266.5 153 

Methy1cyclohexane' C7H14 98.18 140.4 '(4 281.6 161 7580.0 I'S 

.. Methylcyclopentane C6H12 84.16 120.2 14 242.8 lG 1 7002.0 ," 8 

Methyl chloride CH
3

CG 50.49 ~0.6 1'8 110.4 S 5162.6 '" S \ 

Methylene chloride CH2CL 84.94 85 .. 8 59 147.6 . S 6690.0 IG'O 

2-l'l[ethyl butane C5H12 72.15 118.0 L ·230.0 I (p 1 5842.0 IG8 

Methylethy1ketone C
4
H8O 72.10 97.43 59 200.2 ,~ , 7635.4 1~3 

Methyl iodide CH31 141.95 6i.9 L 146.5 /Cd 6511.2 '53 

i1ethylisobuty1- C
6
H12O 100.16 143.1 L 276.0 ", 8459.0 G 

ketone 
O<-1-tethy1naphtha-

lene PI1H10 142 •. 19 169 .. 8 L 339.8 S 10853 .. 0 G 



Appendix 3-2.1 (oontinued) 

Name' Formulae 
Ho 1. 
wt. 

Cm3 + 3 
-~- Ref. g cm Ref 
g mole ' f 

mole sec 
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ca1 Ref. 
g mole' 

r-----------~-------~--~-----~--~--------+_-~----~I----

2-1-TethylpTOp'ene (C 4.H8 )3; 

Hethy1salicy1ate C
8

H
8

0
3 

I-M~thy1 urea 

Myristic acid 

Naphthalene 

Nicotine 
"I,!'l:ll 11..' )-~' .'1 
Nitrobenzene 

m-Nitrobenzal-

C2H
6

N20 

C14H2802 
C

10
H

8 

(\.:\ !?tlO~l4t~2 
C

6
H
5

N0
2 

C
7
H

5
N0

3
· 

dehyde 
(Nitrogen) N2 

Ni trous"oxide N20 ",' I , 

Nitromethane CH
3

0
2
N 

~-Nitronaphtha- C10H
7

N02 
1ene 

Nltr6plietlol ""I,' 6~H~1{d3' 
n~6ctAne-1 i ':v 1:1 L,· C8Itl~' 

6 'I I ,. 'I, I (I 
, dtadecian~ I', '/I ci8H38 

OcitacOsanEf: id C2SH5Si' , 

rt~OHtYllarcoho1 CeH~80 
n.!.OdtYl!e bromide C8Hi7~tl:, 

di~i<~I'acH:dll" C~~IJ~~02 
I' t' I, 1 ..: ~~ '11) 

Oxa:l:r.:6'''acd!d Cl 
- v:..!t12' °4 '> 

,i··ll,!,I., Z 

( O:J!:ygenL ) 02 

Pa,lrpatic, ,a(jl~d 016H3202 

P~liltaeryi;hlli to1 O(IC,H2mr) 4 

, J~en'tal';lal.'(,il$~a'--amY1' alJcoho1 
I I I 'f :, 

Ph~t~a1ic acid C H 0 
ii ~I''',li'''il,)1 ,,8'16':4 

~~~~,~~~ene ~~4klO~ 
Pheneto1e C'~ '~ 
",:l:t,!,',; ,.a" ,:8 :LO 

rl~1;~~~';"III' ~,JH50it 
Phenolphthalein C'" U'):IO 
1,-1,,;1. ... ,1 :11,:,liIUL i;20 144 
Phenyl acetate C iH d 
11--11-: I,\' 1 '-IJt")iIlLd,' ·;8·:8 2 1, 
Propane C'IH 'f , ' 
','1"11' '1,:lti !;"i 8" t, 
i-Prqpano1 Cl it d'l ') 
t ;(:11 1 ': :\1: I \1 1;3 :81) 
I,l-Propano1 C'H:'O'I 
\ IIxy "iI) ()) 8 

~~~f:I~~?~C :t~?~d R3~q02', , 

168.30 

152.14 

74.08 

228.36 

128.16 

162.23 

123.11 

151.12 

28,.,0? 

4if~02 

61.04 

173.16 

i39~rl 

H4;22 
254;~l: 

394;78 
i3(L23 
i93;1:3 
~8~;45 

'~o;o4 
32.00 

256.42 

136.15 

1'(;. 1 (; 

166.13 
I ',"/. I 1 

178.24 
1 J " ~ .. '): J 

122.17 
'Jl) 1. l, I 
94.11' 
;' ! 'I • '(: ; 

318.)1 
! ~il .. )"" 

136.16' 
I .) i. 1 ') 

.,44;: 9~, 
60.09 
, I' 'r. t )/1 

60.09 
):' • t ,1) , 

,?~,:qe, 

266.4 

160.3 

83.2 

334.8 

14"2.9 

204.5 

124.5 

146.7 

34.7 

36.0 , 
59.4 

I" I 

I, 

171.0. 

131:;9 
186';6 

407;.0 

629;0 
if2;4 
2ds;3 
416;2 
186;4-
27.9 

374.!5 

148.0 

173.6 
I ! I. 'I 

196·7 
I . ,( I • I) 

151.4 
1 ,. ( • ( ) 

101.4 
,') "J. ,) 

320.9 
I 'J '. I ~ 

151.2 : ) ~) .;. .) 

111~~,5, 
82.5 
:,' I. ,! 
81.8 
:" ( • \.1 

,8('1. ~ ) 1. , 

1 537.6 

1 323.0 

1 180.4 

1 570.2 

5_7 312.4 

1 396.6 

1 263.9 

1 313.7 

SS 59.p I 
85' 64-.6 

i,5~'. 133.1' 

1'363.3) 

L 284.0 
14 35LO 

t 152~d 

L 1126;2 

'il 360;4 
i t 397;1: 

L 763;7 
t i f59;O" 
SS I 53.4 

;L 693.2 

,1. 28h.0 

1 
I, 

1,/ 

L 
" 

. i, 

TJ 
I, 

1 
I, 

, -

325.1 
. " ;.!.' J 

399.6 
,I) I.,' 

305.1 
( , ' " , . ' 

222.7 .. 
I I""." 

662.6 
,"'\'. 'I 
3~p.q 

J f.1 
151.2 

,.." '. '( 
164.4-
1','1.11 

1~~.3 
! '. ,I 

169.5, 
t I . ) .. 

i ,( ('" (1') it" I' ' I /1 ~ ) • () , 1 , , ") ,1' .,f). .. ) I 

S 9311.0 GL 

IG I 12888.0 G1 

S Dec. 

S 16669.0'· GLA 

IGI 10240.0 "9 

S 11587.0 GT,/\. 

''-' 9735.5 I S3 

S 14015.0 G!JA 

42. 1336.,0. I IS3 

42. 3956.0 15~ 

,'-, 8438.0 G 

I b 1 13550-.0 GL 

I", 12596.0 GL 

"I :8224~0 'G~ 

:42.,14005.0 G 

S 1632:);0 G1 

S i220g;d IG1 

S 1668:3;0 G1 

i~' 1~d7~;b- ~LA 

I~I 
I ; 'I',," Sub. 

'.I&' 1629.0 ,s~ 

18155.0GTJA 

ISI 27370.0 GTJA 

I, , 

S - Sub. I 

I,S'I 1;-1,99.5, I.aL I 

S 9734.0 GL ':J I ,. 

16, 10760~0 I b ~ 
! ,; 

S - , , 1 

S, 10871. 0 G1 
I I 1, '." 

S 
I, I 

I '" " , 

, 6S 144,~7~O 
9729.0 ,~~ 

,I, . 

,,-. 10030.0 I"S 
.. '1, !, '. I 

161 ,7319.8 IS3 , , 

I .' I .. I 1 , 
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Appendix 3-2.1 (oontinued) 

. -... - --
Mol. Vb (p] AHb 

Formulae l 
---_. __ .... -.-

Name wt. cm3 e4 cm3 ca1 
Ref. 1 Ref. Rcf g mole mole se~ g mole 

Propionamide C
3
H

7
NO 73.10 98.2 L 181.2 S 11453.0 Gr~ 

Propyl acetate C5H1002 102.13 128.9 14 255.0 \ Go 1 8187.0 G 

Propylene~ C3
H6 42.08 68.8 !>9 139.9 161 4472.0 G 

Propyleneglyco1 C3
H802 76.09 88~8 T~ 179.6 S 12600.0 12.1 

Pyridine C5
H5N 79.10 9J.l L 197.7 S 8492.0 1053 

Pyrogallol C6H60
3 

126.11 118.2 L 249.7 S 17743.0 GL 

Quinone' C6H
4

02 108.09 103.4 L 237.4 I " , . - Sub " .... ~'" 

Resorcino-1 C6H602 
110.11 110.8 L " 235.5 S 14883.0 GL 

Salicylaldehyde: C7
H602 122.12 125.6 L 275.1 S 9132.1 153 

Saligenin C7HS02 124.13 133.0 L 274.5 S - Sub 

Salol C13H~003 214.21 232.4 L 459.0 S 16168.4 GLA 

Serine C3H7N03 105.10 107.6 L 215.0 S -
Stearic acid C1SH3602 284.47 423-.6· L 778.9 I Co I 18044.0 GLA 

Sulphur- dioxide, S02 64.06- 4~.S ~S 88.2 42- 5955.0 IS3 

Sucrose' , C12H22011 342.30 313'.9 L 622.0 S -
Hexose C6H1206 180.16 177.6 L 319.2 S -
Pentose C5H1005 150.13 148.0 t 266.0 S -
Tartaric acid C

4
H606 150.09 153.4 L 258.6 S -

Tetrabutyla1cohol C
4
H10O 74.12 108.2 L 201.3 I" \ 8746.9 G 

Tetnabromoethane C2H2Br
4 345.70 145.0 ' T~ 310.0 1 (;1 10502.0 Gt 

Tetrach1oroethan~ C2H2C1
4 

176.86 135.4 L 259.0 1 (;, 9244.0 15~ 
-

1,2,4,5-Tetra- C6H2CL4 , 215.90 179.6 L 355.9 S 11595.0 Gt 
ch1oro benzene' 

Tetradecane C14 H13 198.38 317.2 L 580.2 S 12047.0 G 

Tetrahydrofuran C
4
H8O 72.12 '84.7 t 184.5 S 6820.7 I GL 

Tetralin C10H12 132.20 162.4 L 336.4 I~l 10128.0 I GL 

Thiourea CH
4

N2S 76H2 79.2 L 169.6 S - Dec 

Threonine C
4
H

9
N0

3 
119.12 129.S L 254.0 S -

Toluene C7
H8 92.13 118.3· I' '6 245.5 I" 1 7933.0 /68 

Tribromoacetic ~·i t,:; :1 ;C2H02Br
3

" 296.76 138.3 1 284.9 S 12128.0 GL 
acid 

?,4,6-Tribromo- C6H30J3r3 330.82 173.3 L 339.8 S 13076.0 I Gt 
phenol I 

Trichloroacetic C202HCL
3 

163.40 131.1 L 241.3 16 , 11277.0 i GL 
acid 

1, 1, I-Trich1oro- C2H3CL3 133'.42 114.5 L 224.8 "~I 7125.0 GT ' ,J 

ethane .., ._----
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Appendix 3-2.1 (oontinued) 

!~ol. Vb (pJ 6. Hb 
Name Formulae wt. 

cm3 {!.f cm3 
Ref. Ref. cal 

g mole 1 g mole mole sec2 
-

Trichloroethy- C2HCL
3

· 131.40 107.1 L 209.0 , " I 7521. 3 
lene' 

l,2,4-Tri9hloro- C
6

H
3

CL
3 

181.46 157.7 L 312.5 S 10512.0 
benzene 

2,4,6-Trichloro- C6H
3

Br
3

O' 197.46 166~1 L 298.7 S 12570.,0 
phenol 

1, 2, 3-Trichloro- C
3

H
5

CTJ
3 

147.43 13~.7 L 262.8 S 9140.0 
propane 

1,2,4-Trichloro- C
7

H
5

CTJ3 195.48 180.9 L 357.7 S 11574.0 
toluene 

Tri ethyl ene'glyc 01 C6H140
4 

150.18 170.2 L 350.9 IGI 17927.0 

2, 4, 6-Trinitro- C~H3N307 229.11 178.1 L 396.9 S -
phenol(Picric acid 

Trinitrotoluene . C
7

H
5
U

3
0

6 227.13 203.7 L 413.8 S 16089.0 

Triphenylmethane C
19

H
16 244.32 295.4 TJ 591.9 S 14534.0 

Urea CH
4

U
2

O 60.06 61.0 L 141.4 S -. 
Urethane C

3
H

7
U0

2 
89.10 100.6 L 206.6 S 11170.0 

Vanillin C8H
8

03 152.14 155.2 L 325.9 ,E. I 14617.0 

Valeric acid .C
5
H100

2 
102.13; 130.0 L 248.2 ,61 11817.0 

Water H
2

O 18.02 18.7 166 52.0 '42- 9717.0 

(-~-X;i'ene 
.. , .. _ .. . -, .... - -- .. --

C8H10 106.16 140.4 L 284.3 '01 8705.0 
, 

L 
/ Values of 'Vb 'estimated 'by Lenas method ( 168 ) 

S = Values of [p] estimated by Sugden method (IS8 ) 

G = Values of 'b-Hb' estimated by Giaca1one' equation (.IGB ) using 

GL 

experimental P , T and T.b • . c c 

- Value of '6H ' estimated by Giacalone' equation ( 16B ) using 
b 

estimated vales of P and T by Lydersen method (,G8 )';: and 
c c 

experimental Tb. 

Ref. 

IS3 

G 

GL 

GL 

G 

GTJ 

Sub 

GfJ @ 

GL 

Dec 

GL 

GL 

G 

16 e, 
- . 

16'~ 

GLA = Value of '6~' estimated by Giacalone equation ( 168 ) using 

estimated values of P and T by Lydersen method (168 ); and 
c c 

va~ue of· Tb obtained from lower pressure data which is corrected 

to normal pressure using Adam equation ('~1 ). 

GLA@ and GTJ@ ::: Value of'AHb ' estimated from the sublimation temperature 

or decomposing temperature; .hence not, reliable .. 
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Appendix 3-2.2 Comparison of oorrelations for estimating diffusion 

ooeffioients in various solvents at infinite dilution, 

o . 5 2 
DABX 10 om /8eo 

Solvent = Water , 
; . 

~ 

I. 
This work ~filke&Chang King et al Sitara. ~t al 

T °c • . I Rei E<}(3-2.4) Eq. (2-3.16) Bq. (2-3.29) Eq.(2-3.27) Solute , DAB 

(exp.) Cale. %Error Cale. %Error Cale. %Error Cale. %Srrorl 
, 

prine 2,.0 1 .2,0 ss 1.17'1 1(1.0 1.71<) 1(,.8 1 • 7R 7 1,2.9 1 • ArJ 1 1 /1. 1 

~ine 12.0 C1. 9vH~ 2.\9 0. W/5 -2.7 1 • ern 19. 7 (:).97A ~. 11 1 .219 11 • 'I 

~ 2<;.0 1.2'(.~ ,,6 1 .087 -11.0 1 • '3~/1 11.1 1.11-1 -9.2 1 • ') 7" 2 ') • 1 

jhane 4.0 0.R/Ir. 19 0.WJ9 7.0 1 • '11 5 211.8 1 • 'j 1111 81.H O.r~6rJ '3.1 

I" 20.0 1 ./19~: 19 t./.!R'3 -0.5 t • A 7/1 12. /1 2.,/1'" 7(,:).9 1 • 1~2 -1.~ 

I" 40.0 2.189, 19 2.427 2. C, 2.7/.H1 1 '). 1 I,. 1 A 7 7;;;'. 1 2.18') -R.~ 

" A0.0 1.550 19 1.f,13 1 • 8 Ih079 14.9 n.20'3 111.7 1.1(,4 -IVJ.9 
f3.ne· IJ.0 0.890 19 0.74/1 -1 n. I, 0.808 -9.? 1.080 21 • LI '1.13(' -17.1 
,I 2(:).0 1.200 19 1 .228 2.1 1.111 1 1 • 1 1 .182 48."5 1 .112 -2.1 
~I IHJ.0 1.91.HiJ 19 2.010 3.A 2.162 12., 2.91f, 50.3 1.'351 -''" ') 
~I ('0.0 2. 9/H~ 19 2.992 1 .8 3.2M3 1~.' 4. l/J 1 47.7 2. f,,:n -R.8 

JaIle 4.0 0.,)50 19 0.050 1 8. 1 C].n7/J 22.A '1.910 A5.4 0.AA'1 20.9 
II 20.0 0.910 19 1 .072 10. ') 1 • 1 1 1 1 It. 7 1 • ')00 ')/t. 7 1 • (1') 9 J.~ 

I1 I.! 0 • 0 1.770 19 1.1,)/J -1'1.9 1 .821 . 2.9 2.45') 18.7 1 • A 7/1 -~. 11 

I' n0.0 2.71(" 19 2.01 1 -3.7 2.710 '1.0 ,1. A')") 14.9 2./12/J -1'1.A 

~tane 4.0 0.0:;00 19 0.590 17.9 0.S79 1 'j. 7 0.198 <;9. A O.f,v}1 21 • I, 
I1 20.0 0.1390 19 10.971 9.1 '1.9 "iLJ 7.2 1 • 11 0 41.9 0.91',7 I3.A 
t 40.0 1.,)9'1 19 1 .592 0. 1 1 • SA2 - 1 .8 2.1 '5/J 15.5 1 .529 -1.9 

A0.0 2.510 19 2.3A9 -5.h 2.325 -7.4 '3.2CD 27.8 2.213 -11.r3 

ntane IJ.0 o ./.!A0 19 10. ')/12 17.7 0.,12 1 1 • 2 0.119 56.1 (l • .,A/I 2~.'; 

20.0 0.~4C;) , 9 10.89 /t n./I 0.84/.! 0.5 1 • 1 6 f.. III .2 0.(19'3 "'.9 
0' 

40.0 1./J9c:l 19 1 • I1 A2 -1.9 1.381 -7.3 1.941 113.3 1 • /11 9 -/~. 7 

10' • '0 "'c:1.0 2.2/H1 19 12.1 77 -2.8 2.0')0 -8.2 2.889 29.0 2.0:i~ ->3.1 
ohexane- 2.0 0./JA0 19 :0.491 A.7 0. LI78 I~. 0 0.(,213 1/~. 7 0.529 1 .,.0 

10.0 0.570 19 :0.1',46 1 3. It 0.630 10.5 (~ • 1:31 0 43.2 (:). A'31 19.9 
20.0 0.840 19 '0.871 3.~ 0.8 /19 1 .0 1.099 10.9 0.901 7.1 
40.0 1 .11 n 19 1./~25 8.8 1 .389 A.0 1 .799 37., 1 ./125 '3.R 

A0.0 1.930 -19 120121 9.9 2.0f..7 7. 1 2.078 18.6 2.0A1 f...9 

~op,entane 2.0 (3.5 fl0 19 0.526 -0. 1 0.532 -'-;.0 0. (, 70 19.0 0.')"1 o • 1 

10.0 0. "'/10 19 0.A91 8.2 0.700 9-.4 0.>382 17. '3, f'.72/1 11.2 
20.0 0.910 19 0.913 0.1 0.944 1 • ., 1.188 27.13 0.9.,., 2.7 
1 .. 0.0 1 ./n (il 19 1 .527 8.1 1 • ,/J/J 9., 1.9/JLI 17.9 1 • 51 1 7. 1 

fl0.0 2.180 19 2.271 I~. 1 2.299 ,. It 2.89, 12.8 2 ;18 7 I;~. 1 

rtyleyclopentane 2.0 0.480 19 0.4C)2 2./1 0./t71 -1.9 (~. A25 10.1 ;iJ • .,2ft 9.0 

10.0 (:).'i9//1 19 0.(.iI 7 '9.7 0.620 '5.0 ~.821 39.') a. MHJ 1 i. 8 

20.0 "'.850 19 0.672 2.f, 0.8.15 -1.8 1.10C) 1<J., Vl.FS97 -;.5 

0'1.0 1.920 19 2.125 10. 7 2.034 5.9 2.702 It0.7 2.0,)1 ".9 

~ylene 0.0 1.100 g!)0. 762 -30.8 0.620 -25.5 0.911 - 1 7.0 0.f,71 -18.>3 

10.'" 1.'i00 ~; 1.0132 -27.9 1.1AS- - 22. IJ 1.297 -13.A 0.914 -17.8 

10.0 2.190 15" 1 .891 -13.A 2.01'; -'7.C1 2.2AA 3.') 1 • ""9 -213.1 

ry: 25.(:) 1 • I~/~0 IO~ 1.223 -1 ,. 1 1.335 -7.3 1 .7/12 21 .0 1 .230 - 1 I~. A 

* 7.0 5.1nc~ 'I 10. (,70 -87.0 0.670 -87.1/) 0.90A -82. /1 0. f..89 - 3f... 7 
:l' 

2 'i'. 0 .0. f, 1 0 61 1 .1 39 -82.8 1 • l/J 0 I-~ 2 • '>3 1 • ,/11 -7n.7 1 .129 -d2.9 

40.0 9./190 " 1 • f, 10 -32.8 l.fl11 1-82.8' 2. 2(~4 -7A.~ 1.'5'15 -81./1 

';0.0 12.500 GI 12.427 -80.(0, 2.L12B 1- 80. A '3.281 -73.7 2.2>30 -rJl.d 

ene 25.0 1.090 19 1 .051 -3.0 1.089 -0.1 1.284 1 7. (1 1.\~'37- -0.1 

2.0 0.560 I~ 0.,)21 -10.2 0.531 -7.4 0.633 9. 1 0.5"'1 -2.9 

1(:).0 0.750 19 10. (0,6'" -~.~ 0.707 "5.7 lh 831 1 1 • 1 0.727 -3.0 

Aa.O \.020 13 10. 9~r'l -9.4 (;).9<;3 - Ae fI 1.123 10-1 0.960 ... 5.9 
... _- I~-- .~~~, ---. --.'. -.--

-
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Appendix 3-2.2 (oontinued) 

Solute 

enzene 
." 

o'luene~ 

" 
" 
" 
" 

thyl benzene 
" 
" 
" 

'" 
thano! 
" 
" 
" 
" 
" 
" 

thanO'l 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
-Propanol 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 

Butanol 
" 

Solvent = Water 

This work 

T,oC D;& Rei Eq. (3-2·4) 

Wilke&Chang 

Eq. (2-3.16) 

King et al 

Sq.(2-3.29) 

Sitara. et al 

r<:q.(2-3.27) 
( Bxp'. 

1--t----+---4---~--..:---~----- -.-- -.... ---
11(:'.0 
f.0,0 

1.1;00" 191.S1~ -5.,1.5,)9 
2.55'1 19~.251 -11.72.121 

~.0 

10.~ 

~0.0 

110.0 
f.0.0 

9..0 
10.V'l 
20.0 
110.(7J 
"'1.0 

0./15019'1./J'37 
0.(,213 190.(,lll 
0.i3,)(~ 190.81;/1 
1.140 \91./tl/t 
2.1,91 192.10<; 
0. If 110 

(1."10 
0.810 
1.100 
1.9"i(1 

19 (i}./JS9 
19(1.(,0/. 

,~ 0 • ~ 1 If 
1C}1.112 
191.9~1 

1.0 0.7('f" 96;0.729 
11.0 (7). ~ 0 (i) 65 a. 8 1 1 

1 ~. ') 1.1 10 '5 1 .0/19 
1,).0 1.2A016'i311.1"2 
~ I1 • ~ 1 • 700 ~5 1 • 513 
~'i.(1 1.<;87 %'1."i15 
17.0 2.27(1 ,52.(154 
~.A 0.A70 ~5o.(,94 

1 0 • 0 0 • 8 110 1 G8 0 • 8 1.( 9 
12."i 0.q90 ~5~.R9~ 
1 '). 0 1 • 000 I {,8. • 9 9 1 
?1l.8 1.2A0 '51.107 
2 "i • 0 1 • 2/10 168 1 • 108 
25. 0' 1.24'3 24- 1 • 10 B 
17.0 1.770,,51.751 
IS.0 0.90~ ,<;91).91" 
1<;.0 0.(,901"90.759 
4.0 0.,70 '5 

12.5 0.7('0 
15.00.870 
2/1.8 1.150 
17.0. 1.560 

Il.0 
12.5 
~/f. 8 
37.(:' 

1.0 
1.0 
11.0 

12.5 
15.0 
24.8 
25.0 
25.0 
37.0 
20.0 
20.0 

0.540 c;,5 .A25 
0.730 ";5 [I . ~ 0 5 
1 • 070 ~5 1 • 1 7 7 
1 • 520 G5 1 • ') 7 7 
0./.(15 9G .• 51 c; 
0./152 9Gle. 51 5 
0. C; Hl (D5,. S 7 C; 

0."90 '5 .7t.Jl 
o • 7 7 0 I {,~ ~. ~ 2 1 
1 • 0 0 0 65 1 .; 0 8 I, 
0.95 %1.085 

9' 1 • (:, ~ <; 
1 • 11 2 "5 1 • 4 5 1 
0.79 IG8 .951 
0.8't "~3.951 

8.10./175 
3.11 0.~2f" 

1.A 0.8113 
5.51.3'30 

-2.12.05 /1 

4.1 0./129 

-1.0 0.~"S 
0.5 0.7"1 
2.5 1.245 
1.71.8S' 

-If.9 0.8111':' 

1. 7 0.9/.1/1 
-7.2 1.218 
-7.81.1S0 
-9.'3 1.780 • 
-3.1 1.7'32 
-9., 2.185 

3.5 0.750 
1.1 (1.91'3 
0.'1 (i}.91if" 

-0.9 1.071 
1.71. /112 
5.51./Jl4 
1.1.81./11/1 

-1.1 1.892 
1.7 a.9A8 
9.9 n.70/t 
9.5 (~.019 
5.9 0.82/1 
2.'1 0.913 
2.31.2lVl 
1.0 1."11 

15.7 0.",7 
10.3 0.821 
10.0 1.200 
3.8 1.008 

18.4 a./19f-

1 1. 9 0. 119 " 

12.70.55.1 
7.4 0.713 
".7 0.791 
8.3 1.0/13 

13.51.0 /1/1 
11.61.0 /1/.1 
2.2 1.397 

20./1 0.911 
13.2,0.913 

~2.0 1.817 In.'3 1.517 -<;.2 
-9.0 2.73<; 7.2 2.19~ -11.9 

S.f. 0.S~9 1a.9 0.525 If,,.7 
0.90.775 25.1 0.A7>3 9./1 

-0.'3 l.a~5 22.9 0.895 i.1 
2.91.710 27.1',1. /11') ,).r-

-4.5 2.5lt') 18.11 2.048 -n.7 
-2.5 0.')50 ~5.0 0.491 18.1 
-7.4 0.7~4 1~.7 0.f.17 4.4 
-A.10.975 20./10.3/J} 1.'3 
-4.? 1.59~ 22.6 1.129 2.2 
-').02.17f. 21.61.921. -1.1 
10.4 a.A51 -14.6 0.~9~ -82.0 
1~.1 0.729 -8.9 A.AA2 -17.2 
7.6 0.939 11',.9 O.~39 -8i.~ 
7.11.0'11 -17./10.921 -2f-.8 
A.7 1.373 -19.2 ljl911 -29.5 

12.1 1.375 -11.4 1.19S -2~.7 
5.0 1.840 -19.0 1.~A7 -11.0 

11.9 0.A53 -2.~ 0.597 -10.~ 
9.2 0.~00 
'3.f) C).8/1~ 

7. 1 ~}. 93/l 
12.1 1.~nl 

14.0 1.211 
11.1 1.231 
~.9 I.A"i0 
7.5 A.895 
2.0 0.797 

12.1 0.(,0"; 
8. IJ Cl. 780 
5.0 (~.56/ .. 
4.7 1.140 
1./11.'127 

17.90.A0 /, 
12./-10.779 
12.2 1.1 19 

";.5 1.525 
13.9 0.505 
9.7 0.505 

-/ ... ~ (?I.7'?1 -1/~.1 

-5.4 0.7,7 -I').a 
-"~I', O.~'31 -IA.7 
-2.] 1.077 -1/~.<; 

-0.6 1.07'3 -13.1 
-1.21.07'3 -11.A 
-6.8 1.411 -20.1 
-0.A (J.~1/1 -9., 
15. /t 0.H}/1 ~.::J 

6.10.')')'5 -2.1 
2.6 r-l.707 -7.0 

-").7 r-l.77>3 -lA.~ 

- (1.9 1.0 aA - 1 2 • ., 
-2.1 1.121 -1'5.3 
1 1 • 9 0. '5 '; 7 1. 1, 
A.70.705 -1./1 
6 • 4 1. O~] 11 - f, • 2 
0.3 1.117 -11.4 

10.0 (J.47~ 8.0 
11.70.470 1.9 

5.5 0.5"4 10.5 0.521 2.1 
1.4 0.727 5.1 0.A59 -It.''; 

2.7 0.805 4.A 0.725 -'5.'3 
4.3 1.0A2 6.2 0.938 -A.2 
9.2 1.0"3 11.2 0.919-1.8 
7.n 1.0A1 .9.11 ~.919 -1.4 

-1.6 1.42~ 0.2 1.232,-13.1 
15.5 0.910. 17.7 0.829 4.9 
8.7 ~.930 10.7 0.829 -1.3 
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Appendix 3-2.2 (oontinued) 

Solute 

alcohol 

glycol 

Solvent = Water 

T, oC n· 
A8 

( exp·. 

i18.Vl (,1".850 
I It.O 0.'390 
112.5 O.6i11Vl 
1 1211.S 10.950 
;37.0 '1.310 <05:1. /156 

:20.0 i0.820 '<O~:0.844 
115.010.720 I~S;0.178 
.20.0 10.825 16g:0.898 
12'0.0 10.830 60:0.598 
1 0. 0 10.630 ,()"lo. 6 6 7 
2 0.0 11 .040 , ~s 1 .06 (I) 
25.0 1.172 211.212 

1 Si tara. et al 
: Eq.(2- 3.27) 

flC!;'----r, Calc. %Erro 

5.~ 0.~A3 1.5:0.879 3.~!0.767 -7.~ 

-9.7 0.118 13.~,0.157 -8.~'O.136 -13.9 
23.9 0.713 18.9,0.75~ 

1 0 • 9' , 1 • 0 113 
I 

11.1il.3~7 6.f>:I.tnS 
2.91°.813, -0.8'0.836 
8.01 0.879 I 22.0i 0.A51 
8.911.014! 22.9;0.751 
8.211.014 22.21 0 • 751 
5.810.753 '19.5;0.558 
1.9 1.190 14.4;0.940 
3.41.1f,1 16.1:1.075 

I 

25.7:0.h73 I 12.2 
12.50.9581 -2.2 
12. '3 . 1 .255 ,; - 11. j) 

2.0 '.1.508 -1./~ 

-9.A 0.710/ 1.') 
- 5 • 9 (I). 8 35 11 1 • 2 
- 9. 5 0. '335 ,~). '" 
1 1 • 5 (]. 613: 0 • /~ 

- 9 • 6 0. 9 3 6 1- 1 ° · :} 
- 6 • 1 1.060 - 9. i 

40.0 1.6/~0 211.734 5.81.947 18.7:1.539 -f,.21./179 -9.8 
1 

55.0 2.280 2'~.354 3.32.A43 15.9,2.089 -8.4 1.966 -13.8 
70. 0 2. 780 2' 13 • 070 1 0 • 4 .'3. I, 4 7 2 {le 0 i 2. 723 - 2 .. ° 2. ') 1 (, - 9. 5 

Propyleneglycol. 20 • 0 0.8801681°.994 12.9 1.001 13.8'0.559 I -2.3 0.~4f> 1-1.~ 
, '1 5. ° 1. 220 1 Ge;0 • 896 26 • 6 0.941 1 22. 9 1. 037 r 1 5. 0 : 0. g 69 - 2 8 • ~ 

17.0 1.250 '00iO.950 24.0 0.998 -20.2 1.100 jI2.0:0.915 ,-2(-'.'5 
2 0 • ° 1. 1 6 ° 1!O811 • () 3 /1, - 1 ° . 8 1. '18 0 - 6 • 3 1. 1 9 7 I 3 • 2 i 11 • 9 9 (~ - 1 11. 1 

12 ') • 0 1. 2 8 0 ,~e 11 • 1 8 3 -, 7 • f, 1. 2 4 3 - 2 • 9 1. 3 7 0 I 7 • 0 ~ 1 .1 2 6 - 1 2 • 0 
20.0 1.040 168

1

°.912 12.3 0.980 -5.8 (1.954 1-8.210.9 /tS ,-9.2 ral 
tic acid 

" 
" 
" 
" 
" 
" 
" 
" 

yric acid 

" 

I ' I . 
9.7 0.769 170.8 /HJ 9.3 0.901 '17.2 0.7~2 I 1.f,:0.75i3 -1./~ 

1 
12.5 0.910 IbG

1

0.887 -2.5 0.952 4.6 O.825 -9.3:0.798,-12.3 
I 14.0 0.900 %{~.954 6.0 1.02 /1 13.7 0.888 1-1.410.854 -5.1 

-15.0 0.91010°
1
°.983 8.0 1.055 15.9 0.9151 0.51°.878 1-3.5 

15.0 0.880 9b i0.983 11.7 1.0,)5 19.8 11.915! 3.9!0.8781 -0.2 
2 0 • 0' 1 • 1 9 ° 1 bSll • 1 3 5 - 4. 6 1. 2 1 8 2 • 3! 1 • 0 50 :- 1 1 • 311 • a v)3 ,- 1 5. 7 
25.01.2501711.298 3.9 J..393 11./~ll.208 i -3./11".117 -9.1 

\

25. 0 1. 270 17,1. 298 2 • 2 1. 393 9 • 61 1 • 2 ° 8 i -4. 9 1 1 .1 37 - 1 () • ') 
25.01.2102.11 1

1

1 .298 7.31.393 15.1,1.2051 -0.21.137 -6.1 

1

20.0 O. 82 I' 0.934 1 3. 3 0.891 8. 2 to. 9 1 7 I 1 1 • 3 (J. 8 5 1 1.2 
25.010.918 "11.068 16.3 1.019 11.0 1.(i}/~91' 1/1.2 0.964 ').0 
125.O!I.516 \7.1.503 -0.91.095 11.6 1.675 10.5!1./~311 -5.f> 
25.01.0091711.169 15.8 1.173 16.31.31/.,30.211.111'1 12.A 
20. 0 0.898 1711. 022 1 3.8 1. l?l2 6 1 4. 2 1. 1 1~8 I 27. 9 1. 0 (13 1 1 • 6 

2 5 • 0 O. 8 1 7 I 7,(-) • 9 9 7, 22 • 1 0. 9 1 1 1 1 • 5 0. 9 f, 4 I' 1 8,. () " "'. 6 911 9 • I~ 
20 • 0 0. 707 1710 • 8 72 1 .'3 • 7 ,~. 79 7 3. 9 0. 843 9 • 9 n • ., i3 9 I 2 • 8 
30.0 1.75(-} 1451.187 32.2 1.108 -33.2 1.397 '-20.2 1 10193 -31.8 

I 
15.01.2601681.V113 19.1'1 1.127 -10.6 1.050 -16.7:(l.~i38 -29.~ 
12.0 1.61~01081.183 27.81.694 3.31.276 -22.211.(J20 -3".~ 
1 5. 0 1. 780 2.0 1 • 297 27 • 2 1. 65 n 4. 2 1. 39? 1- 2 1 • s 1 1 • 1 1 0 - '37 • 6 

ine ,20.0 (I). 9 2(~ \ "caliJ • 8 7 ~ 5_.)" ~0 ._il5 5 .. _-_3_ •. 8 10. 9,2J·
1

-_·0 • . 1- ~ J..~.a 6£> 
vl~~i·n-~-=-"-~~-·'J2 0·.-oJ0.-:-9 70 '~gr0-~ 9 ~Q. - n. 3J0. n R ').1. -8. 7[ 1.129. I,A.4 i 0. 9(} 1 -6.9 
, 20.0 l.ono ,,,g 0.915 -8.5 0.900 -9'~)9 1.077 ';7'n 0.936 . -6.4 

ae 115.~ P!430! 9s 18.411.577 10.31~.496·r '4.6[1.265;'':11.5 
·r .... ·· . , ... -.----. -, 
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Appendix 3-2.2 (continued) 

Solvent = Water 

This w'ork iVilke-Chang ~;ing et al Si tara. et al 

Solute o • T, C, DAB Eq.(3-2.4) Eq.(2_3.16) Eq.(2-3.29) Eq.(2-3.27) 

! (exp.) Calc. Cale. iSrro~ Cale. ~Erro 

ITydrogen sulphi lA.0:1.77'1 31.199 32 • .1,1.621 1.,)18 -11.tll.~9~ -?h.7 
2 5 • 0; 1 • '3 (, 0 85: 1 • ') '3 7 1 .1. (]: 2. \) 7 8 1 • 9 72 LJ '). 0 l 1 of,.1 ') ?;J • ~ " 

Hydrogen chlori 
~1ethyl chloride 
Carbon dioxide 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

20.0: 2,.6 /1 0 15~:1.Lll17 a5.211.897 1.876 ,-28.,)i 1.~8LJ -/Jrfl.~ 
22.1:1.19085:1.280 -7.9jl. /P33 A.7 1.57AI 11./4)1.1.12 -/101 

0.0,0.9A0 'i>50.73') ?3.4i 0.880 -8.3 0.759 ~-20.9! (1.7.15 -21./4 
A.5!I.Vl80 95;0.910 :-13.911.1.(4 301 (1.9A01-11.1!:1.915,-15.1 

10.0!1.170 ~51.0/45 ,-10.711.251 (,.9 1.078! -7.9; 1.019 :-12.'} , 'I I·' . 10.2:1.'300 ~5:1.0LHl 1-19.6 1.252 -3.7 1.0~9 i-17.('\ 1.02°1-21.6 
15.0:1.370 85:1.219 !-11.011.4A0 A.5' 1.258 -8.2: 1.1701-1 /1.1 

I ' I ' 1 5 • 0 1. 400 <a 511 • 2 1 9 r 1 2 • 9 1 1 • 4 (, 0 LI. 3! 1 • 2 58 - 1 I{I • 1 : 1 • 1 7 (, j - 1 A • (1 

15.811 • a90 ~Sjl. 2 55 r 15.811 .502 0.81 1 .295 -13.1 11 • 2~ t3 i- 18 .9 
1".0

1

1.570 85
1
1.2561-20.°

1

'1.503 -4.3/1.296 -,17.5!1.2091-23.,) 
10.01.630 '05,1.256 t23.0 1.503 -7.8!1.296 -20.5!1.209 :-2').8 
1 f... 4 ! 1 • 570 101J!1. 274 1 '3 • 9, 1 • 52 5 , - 2 • 911 • 3 1 11 - 1 (,. 3 ! 1 • 22 ') ; - 22. (' 
21{1 • 0 I 1 • 030 85

1

11. 407 1 3 • 71' 1 • 68 5 I 1 • 4
1

' 1 • 452 1 0 • 9 i 1 • '3 11II : - 1 7 • ') 
0.LI 1.850 <a51.L!l6 23.4 1.A96 1-8.3,1./102 -21.11!1.352 :-26.9 

25.0 2.000 S5
i
l.nl0 19.5 1.927 . -3. Ai 1.Aol -16.9: 1.523 '-23.t3 

31{1 • 0 2. 060 SS;l. 82 f} 11. 4 2. 1 86 r 6. 1 11 • 881\ - 8 • 5 il • 7 1 3 1- 1 o. 9 
30.0 2.250 95[1.820 18.8 20180 i -2.8,1.8i31.1 -16.211.713 :-23.9 
35.0 2.260 85~.058 -8.9

1

2. L!f)4! 9.a'2.12 /t -6.0;1.91/~ i-lS.3 
35 • 0 2. 1 8 0 ~5 ~ • 0 58 - 5 • A 2. 464 I 1 3. a 2. 1 2/1 - 2 • 6 : 1 • 9 1 4 1- 1 ~ • 2 
52.0 3.010 S5!2.952 18.213.53a-1 -201 3.0 /16 15.6(2.677 i- 25 • 3 
65.0 1~.300 SSI3.7/-1~ !-12.9 110485 i 4.3 3.866 10.1 3.141 !-22.3 

, .• 1 . 
Nitrogen 15.0 1.940 SSil./135 j26.0 1.524 r21.412.705 39./-11.1'133 j-l').1:3 

" I ~ 1 • 7 2. ~ 0 0 205 ~1 • 7 115 r 1 2 • 6 1. 8 5 7 I - 7 • 2 3. 2 9 5 6 4. 8 1. 9 (, 2 ' - 1 • 9 
" 25.0 2.250 ssi1.895 ,-15.8 2.012 1-10.6 3.')72 58.72.115! -6.(1 
" 17 • 0 2. 700 ~5 ~ • 536 I - 6 01 2 • 69 3 - 0. 3 4. 78 0 7 7 • (J 2. 7 73 I 2 • 7 

Nitrous oxide 15.0 1.620 85,'1.368 ,15.6 1.491 -8.0 1.562 -3.1'1:1.345 ;-17.0 
" 16.2 1.560 851.428 1-8.5 1.556 -0.2 1.631 4.6il. lI0:3 :-10.3 
" 0 • 0 2. 1 1 0 S5i1. '579 1- 25 • 2 1 1 • 72 1 1- 1 8 • 4 1. 801\ 1 11. 5 ' 1 • '5 '3 7 1- 2 7 • 1 
" 5.0 2.570 -~5il.952 j-2/~.011.948 j-2 /-1.2 2.057 20.011.728 !-32.8 

Oxygen 15.0 1.670 <65:1./169 1-12.0 1.7371 4.02.5Lll 52.1 1.775! A.3 
" 1 6. 0 1. 8 7 0 '05 i 1 • 5 1 3 (- 1 901 1 I 1 • 78 9 I -4. 3 2. 6 1 7 39 • 9 1. >3 2 14 i - 2 • 11 

" 18.2 1.990 ~511.60f, ,-19.1,1.899 -L~.n 2.777 39.5 1.92'3 -3.1 
" ~0.0 2.010 85

1
1.(,96 ;-15.012.006 -0.2 ~.933 l15.9 2.'~213, i~.9 

" 2.0 2.250 9511.792 ;-20. 112.119 -5.8 3.098 37.7 2.1.1 111--;.1 
" 2 • 0 2. 220 SS 1 • 792 ;- 1 9 • 3 2. 1 1 9 - 4. 6 3. (198 39. 6 2. 1 1/1 11 - 1 • 9 
" 25.0 2.600 85'll.9/-l0!-25.4 2.29 L'I-l1.83.354 29.0 2.298 -11.6 
" 25.0 2.600 ~5il.940 1-25.4 2.294 -11.8 3.3514 29.:) 2.~981-11.6 
" 25.0 2./120 ca5jl.9/~0 1-19.8 2.29LI -5.2 3.35/1 38.6 2.298 -5.0 I 

" 37 • 0 3 • 000 a5:2 • 59 6 1- 1 3. 5 3. 0 70 2 • 3 L!. 4 E3 9 49 ." 3. rH 3 I 0 • 1-\ 

Sulphur dioxide 20.0 1.400 8sil.353 -3.3 1.530
1 

9.3 1.423 1.611.39rJ j -0.7 
" 0.0 1.460 B5il.3531 -7.3 1.530 1~.8 1.421 -2.511.390 ,- /1 .5 
" 0.0 1.660 85,1.3531-18.51.53°1-7.8 1.423 Ill.311.390 !-16.2 
" 0.01.620 S51'l.352 -16.61.536, -5.21.425 12.11.395-11.9 
" 25.02.0 /10 8s1.548 -24.1 1.750 rl/~.2 1.£,27 1.57<1 -~2.8 
" 25.01.830851.548 15./11.750 -/h/ll.627 1.575 -13.9 
" 30.0 2.080 8s1.756 15.~ 1.985 -4.6 1.846 1.771 
" 3 5 • 0 2. 3 30 85,1. 9 7 8 1 5. 1 2. 2 3 7 - 1-\ • 0 2 • 0 8 0 
" 40 • 0 2. 59 <3 SS,2 • 2 1 4 1 4 • 5 2. 5" 11 - 3 • 3 2 • .3 2 9 
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Appendix 3-2.2 (oontinued) 

Solvent = Water 

This work Vlilke":'Chang King et al Sitara. et al 
0 • Eq; (2-3.IG) Solute T, Cl DA8 

, (exp'. 
--t 

rror', 

Nanitol let.O! ~./I00 '/;,8 19·(,lo.3S0 
" 20.0; (".5n 16~, .7/.12 12.5 0.A45 1 '). 1 ° • I1 7 2 '1. 1 

" 10.0: O.72 ,,8!0. ~/13 33.7 0.83A 1(,.2I o • nI3 4.1 

" 110.0: 0.900 ",~it . 2111 311.9 1 .055 17.2 0.773 O.91i1 1. 1.1 

" 5~.0i 10100 Ib~:1.119A • 3A.0 1 .100 15.21°·952 1 • 1 30 2.7 

" n0.0 1.320 ! 37.~ 1.570 Ib~:1.806 19.011.150 1 .1/17 2 • .;j . 

" 
1 

70.0 1.560 "~12. 1 50 37.6 1.8A7 19. 7 1 .305 1. 582 1 • Il 
" 20.0 0./173 10.3 0.6/~5 1'~i0. 7lJ2 -4.2 11.588 12.f> 

Resorcinol ::W.0 0.770 1f.'dIO.809 12.9 0.877 13.9 0.813 5.n 
Pentaerythritol 2(1.0 0.690 1611,°.812 17.7 0.737 6.8 0.630 - 7.8 
Pyrogallol 15.01°·500 "8

1
0.735 31 .2 0.731 30.5 0.005 8.1 0.683 22. f' 

riethyleneglycol 10.C1i 0.875 I~I 0.95/1 9.0 O.879 0.5 0.649 -3.0 0.879 CJ./I 

lycine 1.0,0.515 ,,~ 0.557 8.2 0. 588 111. 1 

" , ').0! 1 .'055 1C,81017 /1 1 1 .3 1 .238 17.3 
I 

1 bl3 {' • 9 f3 7 '25. 0 i 0. 805 22.6 0.929 1 5. I1 0.on6 17.2 0.774 -1.9 
acid 1.13: 0.389 II'an.475 22.0 0.4/18 ·15.31' 

5.0 0.829 11 \ 1.000 20.(' 0.945 13.9 
acid 5.0 1.210 ,,~ 0.955 21 • 1 0.891 26.3 0.917 24.2 0.901 25.5 

1. " 0.333 II~ (1.1~22 26.7 0.372 11 • 8 I 

5.0 0.725 Ilst'·889 22.0 (}.785 8.2 
acid 5.0 0.784 '1.(~. 9 31 15.7 0.828 5.n 0.664 12.6 0.832 A. 1 

0.0 1.530 I '~Il .0/13 11 .8 1.003 30.5 ' ; ;. 

I 1 • 0 0.432 1I~('.511 16.2 0.506 17.0 0.4A3 7.1 0./H7 HI. ') 

" 5.0 0.910 1I~1.07/1 18.2 1.0f,5 17.0 0.976 7 • .1 0.954 11.9 

" 0.500 
I . 

1 B • 1 0.585 lA.9 0.53A 7.2 0.540 9.1 \I 'HI. 591 

" 0.A88 11 ,10 • 815 18 • I~ 0.807. 17.3 0.739 7.5 0.737 7. 1 
11 1 • 1 A tier 1 .375 18. 1 1 .3A2 17.0 1.248 7.~ 1.199 1.0 

ropionic acid 5.0 1.009 17 1 • 1 1)9 I/t.9 1 • 173 Hi.3 1 • 31 11 30.~ 1 • 1 36 12.A 
rop,ionic acid 0.0 0.898 1111 • 014 12.9 1.026 1/~. 2 1.1 ~_ 27.9 1.003 1.1 .6 
artaric acid 5.'2l 0.n10 I'Hl.789 29.3 0.625 2. /1 

aleric acid 5.0 0.817 .989 21 • 1 0.911 1 1 • 5 0.9A/I 18.'21 0. 89/~ 9 ./~ 

" 0.0 (l. 767 •. '3 ,; 5 12.8 0.797 1.9 0.843 9.9 0.789 2.3 
C;.0 0.768 .939 22.3 0.855 1 1 • 3 
1.0 .• 1~9A 18.2 <1./H3 1t 1 c;. 5 
5.0 .:-145 18.7 1.021 15.9 

onine 5.0 0.798 .975 22.2 0.912 1/~. 3 
0.0 0.A70 .839 25.3 '21.821 22.5 
11.0 0.nl0 .639 Il.7 O. 72 'j 18.9 0.5(-'2 -7.9 '1).577 - 'i. 4 

12.5 0.830 .82'3 -0.8 0.935 12. 7 a.72/-t 12.7 n.731 -12.0 

0.960 .913 -1.l.9 1.030 8.0 0.801 1 6 .,4 0l.130/1 -16.3 
0.0 1. O50 .054 0.'3 1 .19A 13.9 0.927 1 1 • 7 0.919 1- 1 'd • 'j 
4.8 1 .32'21 .204 -8.8 1.367 .3.6 1.059 19.9 1.04:J 1-::n.2 
';.0 1.252 .205 -3.8 1 .3('8 9.'3 1.0n0 15. 1 1 • (-) 1I 1 !-1f,.9 

. 7.0 1.750 .613 -7.9 1.8,11 I~. A 1 • III 9 18.9 1.36') ,-22.0 
11.0 0.450 • 5/H~ 20. (1 0.518 15.2 a.527 17.2 0.'j(J/~ ! 12.0 

7.1 0.f-68 2.8 0.A60 ll. f, 0.638 
, 

-1.8 2.5 0.650 I 
4.8 1.070 -4.9 0.977 -B.7 '2l.994 -7. 1 0. 9CH3 . - 1 ':i. 1 

, 7.0 1.1,50 -6.0 1.309 -9 .. 7 1.331 -8.2 1.192 1-17.8 

ine 0.0 0.420 22.7 0.448 (',.6 
(.' 
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Appendix 3-2.2 (oontinued) 

Solvent = Water 

This work\'lilke-Chang King et al Sitara. et al 

Solute 
o! • 

T, I D~B Eq. (3-2.4.) - Eq.(2-3.29) Eq.(2-3.27) 

! (exp. ) Cale. rro~ Cale. %Error 
~--------------~----,~----+-~------~----~-----4-----+-------~---~----------J_---

11. 0; (J • 9 2 ~ 8:-;. 9! ~'1. f., A IJ rmamide' 
" 
" 
" 
" 

lyeoamide 
" 
" 
" 
" 
" 

ieotine 
" 

ropionamide 
" 
" 
" 
" 
dine 

a 
" 
" 
" 
" 
" 
" 
" 
thane. 

toses 

1~.5 1.19A 
2 /1. ~\ 

17. a: 2.20 
25.0 l.o0~lIcl&l.1f.,A 

25.0: 1.t/~2!"~;1.2f,6 
5 • 0\ Cl. A 171' 96 0. (., 9 5 

15.A 0.8A9 963.959 
2'1.01 1.11 .. 01 %;1.2(.,(, 
15.01 1./151 9Cn. (., 1 9 

i 
111j.0, 1. 79 {~ 9b.2. a 1 7 1 2. 

1 (:} • 0! 0. 119 01 ' b'il ',0 • 5 2 3 A • 
20.111 0.1j30 2,0 0.H1tt 12. 

1 • 7/.8 
2. 1/1~ 
1 .710 
1.21/~ 

1 .2 ttl 
1.552 
1 .911 
n./,51 
0.607 
0.571 4.01 0.50°

1 

,s/,. (,04 20. 
U~.5' 0.730 {,'50.779 0.737 
2/1.8! 1.200, GS}.t39 1.077 
25.01 1.091 ''''.3il.1 /-10 4. 1.en8 
17.0 I.A0~ '~1.526 -4. 1.443 
15.0\0.5g3'6<&;0.807 0.843 
25.0! .1.382~' "~:1.222 1./n5 

5 • 01 0. 7 9 ~ , ,0 • 6 7 1 ° . 78 R 
I 

15.01.01", 9'j0.920 12. 1.087 
25.0 1.37719(,11.222 11.2 1.435 

I 35.0 1.731 9G.!1.563 -9.7 1.834 
12.0 (iJ.990~'Gar.845 14.6 0.992 
20.O 1.20 'b'all.069 10.9 1.25 /1 

25.01.378,,,gl.222 11.- 1./~35 

15.0 0.80~1~~~.8al 0.2 0.505 
1 5 • 0 0 • 8 7 9 20 j0 • 8 0 1 - 7 • 9 0. 8 0 5 
20. a '0.70 (} " ~ 10.848 21 • 1 0.737 
25.0 0.76~II'p.970 27.'60.843 

oses 1.0 (iJ.32~1I~0.{125 12.90.359 
" 15.0 (iJ.52vJ."~3.679 30.5 0.572 
" 25.0 0.68~11~0.396 31.8 0.75f, 
saceharides 1 • (iJ CJ. 2/1~1 ' , ~ (1. 11 1 29. 5 a. 2 5') 
" 12.0 O.3~~,"~.457 26.8 0.371 

ea 25.0 1.3311'/~1.1I15 14.0 1.227 

-1'~ • h i (.j .'311 1 
11.'1'1.197 
27.7: 1.571 
2Aol 1.198 

(9.51:;J. 5'j/~ 
j 

1~S3.91 ,,'.711 
8.7 ('I.~18 

I 

-/1. '" i (). A') 7 
-1 11.6/0.93'5 

-fJ.2
j 
0.935 

-1 /1.2 1 1.227 
56.910.823 

-2.1 13.760 
-9.9 0.760 

" 25.0 0.52lll~i.66(iJ 26.2 0.537 

thyl urea 2'1.01.1(,8,1181.112 1.191 
3=-Drmetli.Ylur-eil- ,25~0'0.·998tI19{.;';8'91.a11 -('1;917 _=t)~11 ~J-.-?I~ 

ethyleneglyeol ~'1. ('I 1.31 01-1 3-5f~-1:"';3::-'9:"'-':'--2'::"-• .,:+..,:--=-.;....:..-4-~--::~'"".. - 9.1 1.20 ':) 

" r s • '" :, ~ .• 1 g 0; • 3!.; ~ • 95 A ... : ' - 2; · 1 L-~ · 71/1 
... , .. ' '* All four equations give oonsistently very high deviations for i-butene. 

Unfortunately no other set of experimentalooeffioients for i-butene was 

found to verify the ooeffioients used' in this table. The devintions for 
I 

i-butene were not taken into aooount in oomputing the mean deViation. 

21 .9 

:- 2 '3. 1 
1-1(1./1 
:- 2g. f-, 

i_ 25. ') 

11. 1 
17.9 
1.1 

-1001 
- 82.1 
- 111. 4 
-21.3 

1.-11 .9 
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Appendix 3-2.2 (continued) 

Solute 

Benzene 
Toluene 
Biphenyl 
}1ethanol( self ~ 

" 
" 
" 
" 
" 
" 
" 
" 

lyl alcohol 
so-Amyl alcohol 

ropanol 
i-Butanol 

, 

dine 
arbon tetra

chloride 

hloroform 
hyl bromide 

thyl iodide 
thylene iodide 
romobenzene 
odobenzene 

i bromobenzene 
ehlorobenzene 

oral hydrate 

Solvent = Methanol 

T, oC De 
A8 

27.0 
2fi.0 
21).0 

5.0 

( P-xp;. ) 

15.0 1.91 
2').0 
25.0 2.27 
35.0 2.71 
35.0 
11().O 

1~5. 0 
5').0 
1 "i. Cl 

1 5.0 
3CJ.0 1.97 
30.0 
15.01. /Hl 
25.01.611 
15.0 1.24 
15.0 1.1'5 
113.8 
15.a 
30.O 1.87 
15.0 1.70 
15.0 1.66 
15.0 1.54 
30.0 1.61 
15.0 1.62 
17.8 1.72 
16.0 1.28 
15.0 1.49 
15.13 
10.0 
16.8 
15.0 
15.0 
15.0 1.713 
25.0 2.25 
25.0 2.30 
15.0 2.07 

15. ° 
15.0 
15.0 
1 5.0 
15.0 
15.0 
25.0 
15.0 
15.0 

I .. ' .>,. J •• 

This work IHlke-Chang King et al Sitara. et 

1.065 
41.975 

1.467 
1.355 

1.3Ml 
1/.1.9 2.267 
13.12.7 .. ')0 

11.1 3.282 
13.A 3.282 
12.51 3. 6 92 
11.0 3.892 
1 3 • 61/~.t 8 1 

5.5 4.526 
7.0: 5.285 

- 5.51 1. 9 71 
5.2, 1./~34 
9.6 2.393 
7.8 2.088 

Eq. (2-3.29) 

Cale. 1 Cale. ::-SErro 

1

'_ 2 11 • f,; 2. 3 [Hi :- 1 6. ') I 1. '3112 - 11 • ,1 
, I 

;- ,10. (,' 2. (1 7?J ;- 1 9 • 21 1. 6 (, 1 ,- '3 '5. 1 
, ' ! 1 ,-2i3.0i 1.595 1-15.6, 1.1J(35 -2').(' 
1 IH'i. 3 i 1 • (- 39 I 5 • 7:1 1. '3 g 5- 1 () • () 

i 4 /1.0, 1.9881 .~.tl 1.657 -13.~ 
"11.51'2.373 2.1l 1.9'14 -1'1d 
11 /1. fi 2. 173 ll. ')11 .954 - 1 1.9 
"1 3. ft I 2. 8 1 3 3 • F3 2. 2 9 0- 1 '). 5 
lI2.1, 2.813 2.7j 2.290 -IA.!1 

1.\4.713.1322 "1.6: 2./\/17 -15.1 
34.31,3.271 -2.9: 2.(;14 -21.8 
36.23.820 -1.'5! 3,(343 -21.6 
9.5 1.71/~ -l\.'3: 1. 1.jf)0 '-If3.f, 
7.13 1.526 

21.5 2.154 
13.5 1.999 

13.911.2ft7 -5.5 
9. 41 1. 77'3 - 9. i3 
F3 • 71 1. (, 6 1 - 9. 7 

2.6i 1.f-32 16.6 1.527 9.tlt.399 -(1.1 
24.2) 2.507 52.9 1.803' 13.611.737 5.9 
29 • 01 1. 767 42. 5 :,1 • 426 1 5. <3 i 1. 3'31 7 • 5 
25. 7j 1. 790 55. 7 1.247 8. III 1.31 5 t/~. 3 

- 1 9 • 3! 2. 0 (, 2 - 7 •. 11 2. 1 3 7 - 3 • 7! 1. 67 {J ,- 2 11. f:. 
- 3 3 • 4!' 'I • 9 1 8 - 2 3 • 31 1. 9 8 7 2 <3 • 5 ' 1 • 5 f, '5 ,- 3 7 • 4 

5.(,12.191 17.212.379 27.211.~70 1 -0.0 
-13.711.729 1.7 1.584 -6.8 1./-488 ;-12.5 
-18.4' 1.489 -10.3 1.612 -2.9

1
' 1.408 ;-15.2 

18.612.1/.\9 39.51.752 13.8 1.580 I 2.6 
8.4~ 2.038 12.6 1.921 6.1 1.678 ' -7.3 

I 0.811.810 11.71.624 0.21.44 L\:-liJ.9 , 
-3.111.799 4.6 2.023 17.6 1.655 i -3.8 
-/.\./~ 1.199 -6.3

1

1.498 17.111.2961 1.3 
- 5. 6i 1. 562 4. 8 1. 53/1 3. 01 1. 360 : - 8 • 7 

-28.13i 2.296 -13.°
1

2.012,-23.'3 1.599;-39. LI 

-19.~ 2.257 1.2 1.892 :-15.2! 1.706 ,1-21.5 
I ,'1 

- 6 • 0, 1. 1.\ 9 4 0 • 9 1. 60 7 ' 8 • 61 1. LI S 5 i-I. 7 
1-13.9; 1.443 -7.51.552 -0.5: 1. /.\09 1-9.7 
I -LI. 31 1. 71 8 8. 7 1. 741\ 10. 411 • IP31 i 1-1 4.9

1 
1. 626 I - LI. 3 1. 871 I 1 (3. 1 1. 793 I 

- 6.3 
5. 1I 

- 6. 1 1- 2 3. 2, 1.941 1- 1 3. 7 2. 234 I -0. 71 2. 1 PI 
1- 24. 9: 1.941 1- 1 5. 0 2. 234 I - 2. 9 2. 1 1 4 I - f3. 1 
1 ' I 1- 2 4 • 3i 1. 8 1 7 - 1 2. 2 1. 974 I - 4 • 7\1 • 843 :- 1 1 • 0 
- 3 1 • 71 1. 9 2 7 1- 1 9 • 7 2. ° 82 1- 1 3 • 2 1. 9 2 a [- 2 0 • ~, 
-28.4

1

' 1. 813 1'-16.1 1.93/11-10.511.961: -9.2 
-~?,.\21 1.662 -14.8 1 1.720 -11. 1.832l-6.0 
- 2 2 • 51 1. LI 7 5 1

1
- 1 5. 7 1. 6 2 7 1 • 5 7 0 :- 1 () • 3 

-~~'~"9! 1.41°1-14.51.557 -5. 1.603j-2.9 
- 1 9 • 1 • 355 1- 1 2 • 6 1. 451 - 6 • 1 • 5 65, 1 • 0 
--3 2 ; 1 • 6 0 0 - 3 1 • 9 1. 6 5 a 1- 2 1 • 1 • 6 6 6 l- 2 9. 1 

1 • 4 1 0, I. 2 1 • 6 1. 0 30 1- 1 1 • 1 • 2 '0 a i 3. 5 
':1.9 2.130 ,19. 1.991 i 11.9 



Appendix 3-2.2 (oontinued) 

Solvent = Methanol 
("> 
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I------------------------.,..---~'~------.--~~--~....,.~ .. "~--.".-~ ; 
I ! This work : ~'1ilke-Chang ,I Vine· et al i Si tara. ~t [d.' 

• Eq.(2-3.27) 1\& I Re~ Eq~(3-2.4) . Eq.(2-3.IG) Eq.(2- 3.29) 

(exp~1 Calc. %Error Calc.~Erro:i- Calc. 

Solute 

I-T-r-i-p-h-e-n-y-I-m-e-th-a-n-e-+?-, 5-. -0+1-1-.-1'::;'(,-0-'-,-1 :t-3-jl~-i IH3 I - 1 • 7 1. 02(, ~ 1 1 • Ai 1. 31 3 

Erythritol ~5.(?I lol50;1231.A71 115.3' 1.712 L/H~.81. 1.15/1 
Salol 1">.0 1.29Cl;tr.'ill.01191-17.1 0.992 [23.1! 1.~Jr35 

·-.fEr .-.< C 1 ott;' ~ ro~ a c. ~&rror 
-.. ~----.- _._--

1 3.2:,1 .• 801 '3. 7 
0./11.8(-,8 1:1.3 

r 1 '5. 9" 1 • () (,13 I- 1 '7 • 8 
r 1 >3 • >3, 1 • ~ >3 11 I- '3 (., • h 

1/1.21.1>11 -0.1 
Phenetol 15.01.8'1012.01.2721-31.31.28313(1.1\ 1.502 
Adipic acid 10.(/) 1.3521 41.683

1

21.'31.516 11.21./1/112) 
Anthranilic acid 1(71.0 1.3R(/):IO~I.680 21.71.68'1122.1 
BromopropionicacidS.0

1
1.350; 2.01.ll67! 8.71.522! 12.7.1./113 6.21./I'Hl 

Chloroacetic acid 15.011.520; 16 9 1.66Ll! 9.5 1.71)1; 15.9: 1.51'5 -0.31./H'1 
Chloroacetic acid .15.0\1.,6 0: 201.510 i 11.0 1.6~5 : 18.1: 1./175 1.lli32 

Chlorobenzoic acidI5.(7I \1.290, 2.0:1.2i32 : -0.6 1.262 -2.2, 
Cinnamic acid 30.0,2.520i 4,1.596 i-36.7 1.573 -37.6; 1.630 15.3 1.')r,:n -/I';J~2 
Iodopropionic aCiClI5.0111 •. 36°1.2-0!1.1.1031 3.21./146 i n.3; 1.237 -9.01. /12 /1 4.7 
T,actic acid 1,,>.0 1.3A0 2.011.607 IB.2 1.A.2Cl ! 19.211.339 -1.6 1.278 -1'>.0 
TJaunic acid 10. () I 1 • 11201, 0 B il • 336 - 5 • 9: 1. 1 29 r 20. 5i 1. 387 - 2. 3 1.220 - 1 401 
TJinoleic acid 10.0!0.848110'6jl.153 35.9; 0.9201 8.5! 1'-200 l-tl.51.088 25.1 
}Talic acid 10.011.712: 2..0il.869 901 1.739 i 1.6; 
'Talonic acid 3rJ.0!1.87C11

1
'09r·067 lrJ.6~ 2.053 I 9.S:! 

'\Tyristic acid 10.°11.070 loS,l.25116.9: 1.037 1 -30111.308 22.3; 101('2 
Oleic acid 110.010.9021 2.0

110129 25.2i 0.910 I 0.91 1.211 31.1.3; 1.089 
Phthalic acid 15.0!1.300;1'8il.253 :"1.711.182 1·- 9 • 1! 
Tartaric acid 130.0il.r,521 4i l • 751 I A.O 1. 656 1

1 
0.2, 

Chloroacetic acid 110.0 ,1.860! 411.8591 -0.0: 1.82fl -2.2; 1.559 _0.0' 1.525 
" ,15.011.4501201.429! -1./..\: 1.399 1-3.5i 1.429 -1./11.t,29 -105 

~romoacetic acid 115.01.230: 20jl.3051 no1: 1.355 i 10.1 1 1;:.366 1101 l.nl3 31.1 
~henyl acetate :15.0 1. n 20;'GS,1.257 1-22.4; 1.28/.1 1-20.71 1.422 ~12.2 1.284 -20.8 
Jhloroaniline 115.0 1.370! 1'8.1.353, -1.3: 1.399' 2.111./-t47 5.6,1.3 /13 -2.0 

" 115 • 0 1.3/10l 2.0;1.353l 1.0' 1.399: 1-1.1.,11.447 8.0; 1.31-13 0.~ 
Bromoaniline' ;15.01.41012.0).290 -8.511.351.1: -1.9; 1.743 23.111.(,07 11,.0 
~initrobenzene' \15.0 1.560:"8).2741-18.311.312 rI5.9! 1.243 1-20.3; 1.281 -17.9 
Bromonitrobenzene!15.0 1.430: 2.01.2331-13.8: 1.352 1-5./.,1\1.342 -601; 1./133 0.2 
Jhloronitrobenzen~15.0 1.680! 2.0).2691-2/1.511.3/.,131-20.111.368 -18.51 1.3116 1-19.9 
yldiphenylamin~ '125 .0 0.980i 2. 0 ;1.227 25.211.152 17.1)'1 

Dibenzylamine 15.0 0.860i"s:1.116 'il 29.7! 1.089 IL2t 67
,. 6

11
:
i 

11 •• 1.~21'~ 42.81 1 •. 122 3(1./1 
tronaphthalene 115 • 0 1.320ll"~)0133 111. I! 1.094 ~ ~ 7. /-1; 1.32 /1 0.3 
~Uitrobenzaldehyde15.0 1.240iI6~'1.244 0.3i 1;308 5.5' 1.258 1.5i 1.249 ·0.7 
itrophenol 15.01.380:168'1.284 -7.0: 1.449 5.(1 1/

1
,1.366 -1.0! 1.361 -.1. /, 

I : I J ,4-Dinitrophenol15.0 1.400i 2.0,1.308 '1-6.511.274 -9.0:; 
A,6,Trinitrophenol15.0 1.4101 2.0!1.116 -20.9\ 1.16LI rI7.5!i· 
ydroquinone 15.0 1.250i 2.0\1. /-111 12.9i 1.546 23.7; 1.270 1 .6: 1.274 

: 
1.9 

odoform 15.0 1. 3301 1 10 'it 11 .265 -4.9i 1.409 6 •. 011 
ilodomethane 15.0 1.680!IGSll./n3 -15.911'.(,8 /-1 0.311.664 -1.0' 2.0W3 19.2 
thylene iodide i15.0 1.560! 1"~ll.3,44 ,-13.91 1./~87 -/1.7111.568 0.5; 1.819 1 16 • 6 

cetanilide '15.0 1.500; "'611.236 -17.6j 1.267 -[15.5 1.16(, -22.3, 1.13,3 [24.2 
lorobromoinet .. ane 15.0 2.5001 "CO 1':2'138 --'Icf~(51 1.34/1 46.311.492 -40.3j 1.492 1-/lIJ.3 

I 'I 1 
ichloronaphthaleI'le5.0 1.520; .2.0:1.166 -23.3: 1.122 L21J66.'92"",1.284 \-.15.5i 1.237 -18.6 
ibromonaphthalen~15. 0 1.330: '''8il • 122 -15.6 1

1

1.105 I 
,4,6-tribromopheno~15.0 1.120;IIO'ill.219 8.910183 5.61'1.267 130111. /166 3n.9 
,4,6/Trichloropheno~15.0 1.210; ,'cail • 308 I 8.111.214 0.311.3021 7.f-

1

1.309 8.2 
romophenol 115.0,l.3401IG<6;1.339 -(101! 1./1213 6.611.3.8°., 3.0: 1./1/-121 7.6 
hlorophenol 15.0 1.320, ,'811.3(,1 3.111.1.1/~4 9.141.479 i 12.0i 1.3B9 5.2 
~,Dromopropylene 115.012.220: 2.0:1.54 /1 -30. / lj 1.754 -21.0! 1.877 :-15.5, 1.76~ 1-2{~.7 
Iodopropylene 15.0'1.720, 2.0il./t68 -14.6i 1.647 -1-1.3i 1.7781 3./~ 1.799 4.6 
rathane 1115.01.410!IG~!1'501 0.5! 1.1'11.10 16.311.501 I 6.5i 1.3Ag 1- 3 • 0 

anillin 15.0 1.000\ "SI1.228 I 22.8! 1.264 120.411.221 !22.1!1.20 /l L20 • 4 

~hyl nitrate . IL~t~:;1.Jf~ ~ _~,~n: "Sil • 548 ..c.~!). ~:..,,;.t~.:..7.:...:..7,;;:.0-i-1-...!1~9;,.:.::..;0:.:J,1-!..1 ,;. • ..:.7.:.:(,:.;7 __ -~1:...9;:...:.. • ..!.;7!,..:..:.1..: • ...::5;:.;.f3~1~-=:.2.::::8~ • ..;;2~1 
.;. , . I ~_ ., ~, 
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Appendix 3-2.2 ( continued) 

Solvent = Ethanol 

This work 'vilke-Chanc King et al Sitara. 

Solute T, 0 
~B Re Eq. (2- 3.1 to) Eq. (2-3.29) 

(exp.) Cale. '~8rro Cale. 1~Srro 

29." 2.515 -/1.7 3.1">0'3 1(,.7 ~.37i3 -9.9 
25.0 1 .29(, -1 .8 1 • 1 ng 1 f, • 1 1 .11139 1 2. i3 

" I, (J • (J 2..19 1 • Ij(J f, -20.'; 1 .19(1 1 • ~1 1 .529 -11.1 ?.OIIJ 1 1. 5 

" 8.0 2.0 :1.099 ;-22. /1 0.889 -1 .2 0.71)9 -1'5.(; 1 .3 /19 1 fi. '5 
25". Cl 3 i.760 -2.5 1 • 0 ~311 -/H1. 1 1 .251 -30.;3 1.~12f3 -/13.8 
1 5. 3,1.480 -7.5 0.777 -51.5 0.9/1/1 - 111 • :;] 0.7d'3 -5"'.>3 

(self- ) 12./1 0.939 52.0 0.801 30.0 \". 1(-)0 11.3 

" 28.9 1 • 1 :19 LI7.9 0.97 /1 2f,.~ n. ins 8.3 

" 21 • 3 1.407 39.3 1.2g3 1 9. 1 1 .019 ;).9 

" 1 6.!3 1 .7 /13 34. 1 1. LI9fJ 1 11 • f1 1 • ?,ll/I -,I'J.l 

" 115. r' 12.9 2.152 29.6 1 .13 IH) 10.13 1 .51 3 - ~ • i3 

" 55.0 10.1 2.618 21.1 2.239 , ,'3. 7 1 • ~n 6 - 1 1 • i3 

" 1",5.0 1',.0 3.176 21.7 2.71 5 I, . f" 2.t 71 -I f',.7 

lyl alcohol .20.0 3.5 1 .1 39 16.2 1 • 033 I). 1-1 0.900 '-d.1 

" 20. ' 5.7 1 .1 39 18.6 I .033 7.1", ',J.900 -6.2 

-amyl alcohol 2<1.0 11.0 0.828 2.3 0.920 13. ') 0.1111 -1.9 

" 20.0 8.0 0.'3213 (,.2 0.920 17.9 0.71,'3 -'1.2 

" 20.0 10.8 0.828 9.0 0.920 21.0 0.775 2. I, 
20.(J 7. 1 0.9 /13 .17.9 0.920 15.0 0.>359 7./l 

20.0 A2.7 I .03 /1 95.1 0.751 Lll .1 1.807 1)2.3 

15.1 14.4 1 • I 2/1 15.(, 0 .. 956 119.3 0.1385 1 >3.2 

25.<1 14.4 1 .0/18 - 30.1 1 .25>1 -1().1 1 .21 9 - 1>3.7 

20.0 -22.2 a.815 -18.5 0.93'3 - 6.2 o. 9 '~/I - 1.6 
20.0 -19.8 (J~815 -16.0 r'. 93'3 - 3. :3 :1.9 r3 /1 1 • 5 

20. -25.2 1 • a 5a -16.(~ 1 • 189 -/1.9 1 • 112 - 9./1 

1 g • 5 :-69.8 0.811 -61."1 0.901 -1">6.f, 0.81 5 -"9.8 
.... 20.0 -1f3.2 0.992 -10.f, 1 • (151 - 5.3 (".91 :1 -18.0 

-19.f:J (1.992 ~ 1 1 • IJ 1 .051 - r,. 2 (1.910 -1~.>3 

dioxide -1)0.8 1 .61 5 -:-49.5 1 .366 51.3 1 .22,'3 -=61.f 

13.0 0.0 '1.080 1.·1l 1 .231 ' 1 1 .9 1.171) A.9 

5.0' 1. 260· 3.4 1.432 11. I1 1.15LI 1 1 • " 
13.1' 1. 260 11.3 1./13? 2A.5 1 • 35/1 19.7 

-32.5 0.111", -36.1"> 1 .0 010 1 1 • 5 (J.801'3 -28.5 
313 • 1 0.817 118.8 1.049 70.8 1.!101 f,3.(} 

-11.5 Cl.55 /1 -.22.9 0.739 
, ; 

'3.0 0.1)9 /1 -1.3 
rJl').5 0.89 /1 98.8 0.711 '11 .0 0.187 7/1.4 

-13.0 .0.952 -1 .9 1.005 3.6 1 .195 21.2 
-8.1 O.6g9 -9.3 0.776 2.2 0.802 5.5 

-5.11 0.1189 -6.9 0.716 4.9 0.802 8.1 
60.3 1 .071 98.3 

- 11 ./J 0.599 -19.0 0.703 - 5.0 Cl.671 -9.3 
52.2 1.220 82.1 0.921 38./1 0.889 32.r-. 

72.4 0.89/-1 '83.2 0.765 56.8 0.133 60.5 
0.632 -9.1 0.822 1 7. L~ 0.719 8.S 
0.134 -36.1 0.898 -22.6 0.811 -30.1 
0.931 67.4 0.865 55.6 0.808 1~5. 1I 

-32.2 0.560 - 5. 1 0.521 -1'1.1 
.801 31 

\ 
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Appendix 3-2.2 (oontinued) 

Solvent = Carbontetraohloride 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

Solute-

butane 
uene 
lohexane' 

nzyl alcohol 

" 
" 
" 

aoid 

aoid 

25.0 

~& 
(exp. 

25.0 2.61 
25.0 
25.0 
20.0 
20.0 
25.0 
25.0 
25.0 
15.0 1.09 
20.0 1.18 
25.0 1.32 
25.0 1.41 
25.0 1.29 
30.0 1.42 
35.0 1.75 
40.0 1.78 
40.0 1.68 
45.0 
45.0 
50.0 
50.0 
60.0 
25.0 1.370 
25.0 1.580 
25.0 1.570 
25.0 1.490 
25.0 1.400 
25.0 1.270 
25.0 1.28 
25.0 1.500 
25.0 1.47 
25.0 1.250 
25.0 1.200 
25.0 1.340 
25.0 1.190 
25.0 1.260 
25.0 1.130 
25.0 1.070 
25.0 0.780 
25.0 

6.5 
14.8 
25.0 
25.0 
40~0 

This work Wilke-Ghang King et a1 Sitara. et a1 

Eq.(2-3.16) Eq.(2-3.29) Eq.(2-3.27) 

Cale. ,rror Gale. I·"_"· ... v.~ Gale. x,r.:rror 

812.2/19 
2.034 
1.846 
1.734 

IG8 1.434 
",G 1 • 434 

81 1 .568 
81 1 .358 
SI 1.401 

150 1 .147 
1.246 

4 1.363 
1.363 

-22.2 3.430 18.7 3.277 13.~ 1.965 -32.0 
-22.1 3.192 22.3 1.547 -40.7 1.499 -42.6 
-9. 2.665 30.7 2.423 18.8 2.283 11.9 

-11.1 2.5}3 29.9 1.387 -28.9 1.353 -30.6 
-22.9 2.036 9.4 1.409 -24.2 1.300 -30.1 
-24.1 2.036 7.7 1.409 -25.4 1.300 -31.2 
-7.7 2.226 30.9 1.541 -9.3 1.413 -16.9 

-20.6 2.221 29.9 1.716 0.4 1.937 13.3 
-9.0 1.952 26.7 1.445 -6.2 1.364 -11.4 

5.1 1.589 45.5 1.222 11.9 1.379 26.3 
5.6 1.726 46.3 1.327 12.5 1.489 26.2 
3.3 1.888 43.0 1.451 10.0 1.618 22.6 

-3.3 1.888 33.9 1.~51 2.9 1.618 14.8 
5.2 1.888 45.7 1.451 12.0 1.618 24.9 
3.8 2.053 43.8 1.579 10.6 1.750 22.6 

-8.3 2.221 '26.9 1.708 -2.4 1.883 7.6 
-2.3 2.409 35.3 1.852 4.1 2.030 14.1 

3.4 2.409 43.1 1.852 10.12.030 ,20.6 
-6.1 2.60130.1 2.000 0.0 2.181 9.0 
~5.6 2.601 30.7 2.000 0.5 2.181 9.6 

1.2 2.802 40.1 2.155 7.7 2.337 16.8 
4. 2.802 44.7 2.155 11.2 2.337 20.6 

-4~5 3.226 32.2 2.481 1.7 2.664 9.2 
-1.2 1.895 38.3 1.185 -13.5 1.263 -7.8 

&11.324 -16.2 1.813 '14.8 1.193 -24.5 1.230 -22.2 
'all.355 -13.7 1.729 10.1 1.526 -2.8 1.276 -18.7 
911.362 -8.6 1.730 16.1 1.568 5.2 1.296 -13.1 
811.310 -6.4 1.727 23.4 1.345 -4.01.272 -9.1 
911.320 3.91.739 36.91.415 11.41.281 0.9 
Qll.279 -0.01.666 30.21.076 -15.91 .. 49 -10.2 
911.270 -15. 1.559 4.0 1.402 -6.5 1.199 -20.0 
161.270 -13. 1.559 6.1 1.402 -4. 1.199 -18.4 
811.284 2.71.554 24.4 1.459 16.71.224 -2.1 
811.178 -1.81.503 25.21.139 -5.11.166 -2.8 
'011.198 -10.6 1.430 6.7 1.306 -2.5 1.140 -15.0 
911.175 -1.31.422 19.51.165 -2.11.121 -5.8 
911.140 -9.5 1.314 4.3 1.224 -2.8 1.082 -14.1 
911.153 2.0 1.321 16.9 1.291 14.3 1.118 -1.0 

1.4 1.322 23.6 1.036 -3.2 1.076 0.6 
10.6 0.882 13.1 0.858 10.0 0.839 7.5 
12.8 0.882 15.3 0.858 12.2 0.839 9.6 

-22 .. 4 1.748 51.9 0.952 -17.3 1.025 -11.0 
-16.4' 2.074 63.7 1.130 -10.8 1.201 -5.2 
-10.2: 2.495 75.7 1.359 -4.3 1.426 0.4 
-14.5i 2.495 67.4 1.359 -8.8 1.426 -4.3 

1.626. -8.6 3.183 78.8 1.734 -2.6 1.789 0.5 
1.171. '-27.4 2.410 49.5 1.496 -7.2 1.448 -10.2 
1.475' -21.9 3.036 1.885 -0.2 1.795 -4.9 

~'_' _____ ~~~:_.:..:::.:;;..:~;.;;...;;;.+-. 242. -25.,~8~::..!..::::"="::!.1......=!:~~~~~--'::~:.J-1~~~'-'::~::"'< 
• I I :,:;' i ... :n. 1 :.. ,\,' ~.;. :.. I:;) 



271 

Appendix 3-2.2 (oontinued) 

Solvent = Oarbontetrach1oride 

This work Wilke-Chane Kine- et al Sitara. et 

Solute T 0 , It& Eq. (8-2.4) Eq. (2-8.16) Eq.(2-3.29) Eq.(.2-3.27) 

(exp. Calc. rro Calc. Calc. %"8rror Cale. rror 

Tetrahydrofuran 2-5.0 0.0 2. t 10 43.6 1.533 4.3 1.447 -1 .5! 
I 

Dimethylacetamide 25.0 10.8 1 .7 'l3 41 .7 1.222 -0.7 1.194 -2.9 
Hexachloroethane 25.0 1 .01 15.0 1.355 34.2 1 .158 14.7 1 .310 29.7 
Te'traline 25.0 1 .10 91 1.143 3.9 1.428 29.8 1.129 2.6 1 .134 3. 1 

threne- 25.0 1.030 8\ 1.065 3.4 1.272 23.5 0.947 -8.1 1.040 1.0 
Anthracene 25.0 1.030 81 1.065 3.4 1.272 23.5 0.9/,7 -8.1 1 .0 /10 1.0 
Hexaehlorobenzene 0.922 8\ 1.024 1 1 .1 1.249 35.5 0.944 2.3 1.170 26.9 
Biphenylmethane 0.985 91 1.046 6.4 1.235 25.3 0.994 0.9 1.032 4.6 
chloroeyclohexane 0.843 81 .997 18.2 1.172 39.1 0.945 12. 1 1.133 34.4 

zoie acid 0.862 ~I 0.945 7.1 1.597 61.1 1.032 17.0 1 • 1 31 26.2 
2-~'1ethyl propane' 0.88 61

10.937 6.0 1.061 20.0 1.084 22.6 0.987 11.6 
deeane 0.954 81 0.972 1.9 1.043 9.4 1.019 6.8 0.946 -0.8 

1(; 0.972 0.8 1.043 8.2 1.019 5.7 0.946 -1.8 
'l'ri pheny lmethane' 0.69 '01 0.900 29.7 0.997 43.7 0.853 22.9 0.921 32.8 

adecanol 0.741 81 0.865 16.8 0.671 17.6 0.755 1.9 0.790 6.6 
tadecanEf 0.690 SI 0.822 19.2 0.823 19.3 0.624 19.4 0.811 17.6 

Ch664 81 0.798 20.1 0.774 16.5 0.816 22.8 0.800 20.4 
cosanEf 5.0 0.620 81 0.767 23.7 0.731 17.9 0.738 19.1 ,0.750 20.9 
taeosane 5.0 0.528 81 0.694 31.4 0.634 20.0 0.710 34.4 0.718 35.9 
triacontane 5.0 0.479 ~I 0.656 37.0 0.585 22.2 0.726 51.6, 0.718 49.9 
dine 0.0 1.360 2.0 1.318 - 3.1 2.136 57.1 1.169 -14" 1.820 33.8 

5.0 1.500 219 1.441 -3.9 2.336 55.8 1.278 -14.8 1.978 31.9 
I 

10.0 1.084 9(, 1.060 -2.2 1.476 36.2 1.093 0.8 1.052 -2.9 
5.0 1.419 9(" 1.401 -1.3 1.952 37.5 1.445 1 .8 1.364 -3.9 
0.0 1.775 9(; 1.788 0.7 2.491 40.3 1.844 3.9 1 • 71 1 -3.6 
0.0 1.250 9~ 1.281 2.5 1.785 42.8 1.321 5.7 1.255 0.4 

ohexane 5.0 : 1. 275 171# 1.320 :3.5 1.739 .36.4 1.415 11.0 1.281 0.5 

" 55.0 .. 979 17 2.1 11 6.7 2.761 40.5 2.264 14.4 1.983 0.2 
" -", I +1 ~' j '~(\ ~ 40.0 : 1 .. 611 '7~ 1.684 4.5 .219 37.7 .806 12.1 1.608 -0.2 

, ' ..-........ -
•. _' l 

.;. I 
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Appendix 3-2.2 (oontinued) 

Bromine 
" 

Iodine 
" 

Solute 

n-Hep,tane 

" 
" 
" 
" 
" 
" 
" 
" 

n-Hexane 
Cyelohexane 

" 
11 

11 

Benzene(self-) 
11 

11 

11 

" 
11 

11 

11' 

11 

11 

11 

11 

11 

" 
Propanol 

-Propanol 
-Amyl alcohol 

enol 

Solvent = Benzene 

12.0 
25.0 
20.0 
25.0 

(exp. ) 

25.0 2.100 
'-15.0 2.750 
65.0 3.650 
75.0 '1.070 
80.1 4.250 
85.0 
25.0 
40.0 
55.0 
15.0 
25.0 
25.0 
40.0 
60.0 
10.0 
15. 
20.0 
25.0 
25.0 
35.0 
40.0 

25. 
40.0 
7.5 

1 1 • 0 
15.0 
25.0 
40.0 
15.0 
25.2 
25.0 3.300 
40.0 3,.740 
15.0 1.600 
15.0 1.800 
15.0 1.480 
5.0 1.270 

25.0 
15.0 
25.0 

This work Wilke-Charig 

1':1'1.(2-3.16) 

King et al 

Eq. (2-3. 29) 

Sitara. et 

Sq.(2- 3.27) 

Cale .%Erro Cale. %Erro Cale. 

-3.2 2.335 16.8 1.874 -6.3 2.311 
-8.5 2.960 10.4 2.392 -11.4 2.900 7.4 

0.2 2.265 17.2 1.763 -9.6 2.412 23.7 
7.7 2.494 25.9 1.924 -2.8 2.616 32.1 

16.0 1.522 -27.5 1.964 -6.5 1.504 -28.4 
-10.8 2.115 -23.1 2.730 -0.7 2.042 -25.7 
-10.6 2.813 -22.9 3.631 -0.5 2.662 -27.1 
-10.2 3.152 -22.5 4.068 -0.0 2.959 -27.3 
-9.0 3.336 -21.5 4.305 1.3 3.119 -26.6 
12.6 3.467 -24.6 4.475 -2.7 3.233 -29.7 
-1.1 1.522 -14.7 1.964 10.1 1~504 -15.8 
-0.1 1.963 13.8 2.534 11.2 1.905 -16.4 
2.02.458 12.1 3.172 13.5 2.348 -16.0 

12.1' 1.395 21.6 1.768 -0.71.345 -24.4 
-7.0 1.857 -11.1 2.131 2.0 1.695 -18.9 
-7.5 1.857 ~11.6 2.131 1.4 1.695 -19.3 
-5.4 2.396 
'-2.6,3.209 
-5.7 1.573 
-7.7 1.746 
-1.1 1.910 
-3.6 2.085 
-7.1 2.085 
-5.5 2.475 

3.1 2.689 
-5.7 2.897 
-4.9 3.366 

4.8 3.602 
-5.4 3.853 

-9.6 2.749 
-6.9 3.681 
-4.7 1.642 
-6.7 1.822 
0.0 1.994 

-2.6 2.176 
-6. I' 2.176 
-4.'-1 2.583 
4.2 2.807· 

-4.7 3.024 
-3.8 3.514 

5.9 3.759 
-4.4 4.022 

3. 7 2.·1 48 - 18. 9 
6.9 2.819 -18.2 

-0.5 1.389 -15.8 
-2.6 1.530 ~18.2 
4.4 1.664 -12.9 
1.7 1.805 -15.7 

-2.0 1.805 -18.7 
-0.3 2.117 -18.3 
8.8 2.287 -11.4 

-0.5 2.'151 -19.4 
0.4 2.818 -19.5 

10.6 3.001 -11.7 
-0.2 3.195 -20.7 

3.4 4.567 4.5 4.767 9.1 3.743 -14.4 
Lle41.8'-&5 -0.12.025 9.61.663 -8.9 
4.3 2.379 -0.2 2.612 9.5 2.132 -10.6 
3.3 1.147 -3.6 1.220 2.5 1.127 -5.3 

20.1 2.615 -9.1 1.786 37.9 1.550 -46.1 
0.3 2.855 14.2 1.951 22.0 1.682 -32.7 

21.6 3.410 10.7 2.330 39.0 1.984 -48.1 
17.3 4.398 -5.8 3.005 35.6 2.514 -46.2 
10.9 2.265 -5.6 1.749 27.1 1.517 -36.8 
15.3,2.712 10.2 2.094 30.7 1.793 -1 .. 0.6 

-22.6 2.706 18.0 2.089 36.7 1.790 -45.8 
11.9 3.490 -6.7 2.695 28.0 2.268 -39.4 
20.3 1.928 20.5 1.618 1.1 1.415 -11.5 
7.4 1.918 6.5 1.626 -9.7 1.415 -21.4 

10.1 1.487 0.5 1.492 0.8 1.282 -13.4 
5.2 1.357 6.9 1~196 -5.8 1.152 -9.3 

18.6 2.024 20.5 1.784 6.2 1.671 -0.5 
21.7 1.650 ~25.3 1.916 -13.3 1.498 -32.2 
24.3,1.971 :-27.8 2.289 -16.2 1.767 -35.3 
-8.4 3.067 
-1.4 

-5.6' 2.994 
1.5; 3.706 

-7.9 2.368 -27.1 
2.668 -22.6 

-10.1 
7.6 
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Appendix 3-2.2 (continued) 

Solvent = Benzene 

This ilork Wilkc-Chang TUne et al Sitara. et 

Solute T,oC ~8 Eq.(3-2.4) Eq. (2- 3.16) Eq. (2- 3.29) 80.. (2- 5.27) 

expo ) Calc. ~t,Brro Calc. iSrro Calc. 1,~rro rror 

Salicylaldehyde 1?0 1.78 1.523 -14.4 1.490 -16.3 1.565 -12.1 1 • IJ43 -18.9 
Acetic acid 5.9 1 .58 17 1.296 -\7.9· 1 .841 16.5 1.414 -10.5 1.338 -15.3 

" 15.0 1.92 'G~ 1.·571 -18.2; 2.231 16.2 1.713 -10.8 1 .6(H' -16.7 

" 25.0 2.'09 • be 1.626 -22.21 2.309 10.5 1.773 -15.2 1 .651 -21.0 

" 25.0 2 • 1 1 2.1 1.626 -22.9 
.. 

2.309 9.4 1.773 -16.0 1 .651 -21.7 
Formic acid 6.2 1.99 2.1 1.506 -2,.,..3 2.248 13.0 1.968 -1 • 1 1.690 -1 5. 1 

" 13.9 2.31 21 1.771 -23.3 2.645 14.5 2.315 0.2 1.965 -14.9 
Nitrobenzene 15.0 1.840 168 1.548 -15.8 1.536 -16.5 1.528 -16.9 1.455 -20.9 
Bromobenzene 7.5 1.48 .(,s 1.335 -9.8 1.299 -12.3 1.349 -8.8 1.363 -7.9 

" 15.0 1.86 "3 1.575 -15.3 1.532 -1 7.7 1.591 -14.5 1.590 -14.5 

" 25.0 2.30 '53 1.880 -18.2 1.829 -20.5 1.900 -17.4 1.875 -18.5 

" 7.3 1.410 3.1:3 1.333 -5.4 1.297 -8.0 1.347 -4.4 1.362 -3.4 

Chlorobenzene 15.0 1.42 l~~ 1.616 13.8 1 .571 10.7 1.653 16.4 1 .503 5.9 

" 25.0 2.66 15.3 1 .930. -27.4 1.877 29.5 1.974 -25.8 1.773 -33.3 
Dibromobenzene 15.0 1.37 5.4 1.407 2.7 1.419 3.6 1.585 15.7 

hlorobenzene 15.0 1.90 -19.1 1.392 .. 26.8 1.516 -20.2 1.431 -24.7 

richlorobenzene 7.5 1.34 -8.5 1 .155 13.8 1.206 -10.0 1.2 / .. 0 -7.5 
7.3 1.350 200 1.284 -4.9 1.237 -8.4 1.288 -4.6 1.387 2.8 
7.3 1.120 '2..9 1.423 27.0 1.430 27.7 1.550 38.4 1.555 38.9 

20.0 1.760 'b~ 1.839 '4.5 1.848 5.0 2.003 13.8 1.974 12.2 
25.0 1.920 90 .006 4.5 2.017 5.0 2.186 13.8 2.141 1 1 .5 
25.0 2.000 1/;''0 .006 0.3 2.017 0.8 2.186 9.3 2.141 7.1 

1 5.0 2.110 ''''a 1.819 -13.8 1.886 -10.6 1.930 -8.5 1.866 -11.6 
25.0 -13.1 2.253 -9.9 2.305 -7.6 2.201 -11.9 
15.0 -13.7 1 .725 -12.4 1.682 -14.6 1.856 - 5. 8 
7.5 -18.5 1 .913 -7.1 1.763 -14.4 1.957 - 5.0 
7.6 -12.4 1.016 -24.2 1 .110 -17.2 1 .116 -16.7 

15.0 14.6 1.483 10.6 1.350 0.7 1.460 9.0 
15.0 1.420 IG~ 1 .580 11 .3 1.500 5.6 1.446 1.8 1.406 -1.0 
15.0 1.680 ",g 1.612 -4.1 1.675 -0.3 
15.0 1 .560 I'~ 1 .441 -7.7 1.287 -17.5 1.265 -18.9 1.245 -20.2 
15.0 1.170 ')..7 1.164 0.6 1 .428 22.1 1.302 1 1 • 2 1 .269 8.4 
15.0 1.360 ,'8 1.!t64 -1"".4 1.428 5.0 1.302 -4.3 1.269 -6.7 
5.0 1.380 ,,~ 1.391 0.8 1.706 23.6 1.554 12.6 1.496 8.4 

40.0 1.760 3.1 1.772 0.7 2.174 23.5 1.981 12.6 1.875 6.5 
25.0 1.210 27 1.265 4.5 1.477 22.1 1.458 20.5 1.394 15.2 
25.0 1.120 JG~ 1.265 12.9 1.477 31.9 1 .458, 30.2 1.394 24.4 
15.0 1.480 J ('S 1.431 -3:3 1.829 23.6 1.482 0.1 1.480 -0.0 
1'5.0 1.370 ."g 0.994 -27.5 1.227 -10.4 

Dinitrobenzene 15.0 1.540 I'~ .479 -4.0 1.363 -11.5 1.216 -21.1 1.297 -15.8 

ronitrobenze 15.0 -13.4 1.395 -18.0 1.338 -21.3 1.363 -19.8 

nitrobenzene 115.0 7.6 1.404 5.6 1.313 -1.3 1.451 9.1 

tronaphtha1enel5.0 -2.4 1.238 -10.9 1.220 -12.2 1.236 - 11 .1 

nit~onaphtha1enJI5.0 7.0 1.136 --7.6 , 
' ' 

.0 32.5 1.00 .4 ' 
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Appendix 3-2.2 (continued) 

Solvent = Benzene 

This work ~1/i1ke-Ghang T{in{" et al Si tA.ra. et al 

T 0 • Eq.(3-2·4) Eq.(2-S. /G) Eq.(2-3.29) ~q.(2-3. 27) Solute , DA8 

expo ) Gale -;(,Error Gale. ~Error Cale. -1,~rro Gale. '<~rro 

ene chloride 7.5 .543 -12.8 1 .508 -14.8 1.595 -9.9 1.444 -18.4 .. 
monniline 15.0 .498 6.3 1.437 1 .'9 1.702 20.7 1 .627 15.4 
oroaniline 15.0 .541 -1.2 1.452 -6.9 1.415 -9.3 1.360 -12.8 
nitrotoluene 15.0 -7.0 1 • 1 1 5 -19.8 1.087 -21.8 1.170 -15.8 

etrachlorobenz 2.0 1.176 -5.2 1 .021 -17.7 1 .1 10 -10.5 1 .1 51 -7.2 
doform 6.4 1.463 6.0 

phthalene 2..9 1.153 10'.9 1.050 1.0 1.068 2.7 1.134 9.0 
IG~ 1.360 4.6 1.239 -4.7 1.260 - 3.1 1.322 1 .7 
16~ 1.303 4.2 1.147 -8.2 

6.41 ,,~ 1.388 15.7 1.249 4.1 1.325 10.4 1.277 

I'~ 1.354 -3.3 1.165 -16.8 1.256 -10.3 1.252 -10.5 
15. 16~ 1.560 11.4 1.544 10.3 1.533 9.5 1.842 31.6 
15.0 I ~~ i.588 -7.7 1.416 "17.6 1.542 -10.3 1.462 -15.0 

Avg. % error 10.1 lZ.2 10.S 17.8 

Total number' of systems = 59,(53); Total number of.data points = 110 
(losL 



275 

Apperidix 3-2.2 (oontinued) 

Solute 

soOetane 
thane 
tone 

enzene 
" 

CT'4 
" 

entane 
-Hethylbutane 

lohexane' 

" 

" 
" 
" 
" 
" 
" 
" 

(self- ) 

luene 
thylethylketone 
traline 

threne 
ethyl propene'@ 

tadeeane 
bromide 

I ... '". 

Solvent = n-Hexane 

o 
DA8 

exp. ) 

25.0 3.380 
25.0 5.790 
25.01 5.260 
15.0 3.700 
25.0 4.640 '2.1 

25.0 3.860 ~I 

25.0 3. 700 lro~ 

25.0 4.590 
25.0 
25.0 
0.0 

25.0 
25.0 
20.0 
40.0 
40.0 
60.0 
80.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 

7.3 
25.0 
25.0 
25.0 
30.0 
25.0 
25.0 
25.0 
25.0 

7.6 
25.0 

This work "'ilke-Chanl',' King et al Sitara. et n. 

Eq.(3-2.4) "Sq. (2-3.27) 

Cale. %Erro Cale. ~F.r Cale. l'/,F.rro Cale. '-!::~rro 

3~612 
.832 
.913 
.697 
.389 
.270 
.270 
.244 
.265 
.134 
.810 
.978 
.978 
.613 
.684 
.684 
.908 
.955 
.023 

.51 5 

.515 

.103 

.935 

.576 

.936 

6.9 3.042 -10.0 ~.115 
0.7 6.2~2 8.7 7.310 

-6.A 5.128 -2.5 4.912 
-0.1 3.787 2.3 3.878 
-5.4 4.496 -3.1 4.605 
10.6 4.349 12.7 4.625 
15.4 4.349 17.5 4.625 
-7.5 3.983 -13.2 4.864 
-3.1 3.985 -9.4 4.995 
9.7 4.005 6.2 4.509 

-6.3 2.537 -15.4 3.155 
-3.4 3.592 -12.8 4.467 
-5.5 3.592 -14.7 4.467 
-6.2 3.262 ~15.3 4.057 
-2. 4.230 -12.3 5.260 
-3.6 4.230 -13.0 5.260 
~1.5 5.334 -11.1 6.634 
-4.7 6.280 -14.0 7.809 
10.8 3.581 -1.4 4.650 
-0.6 3.282 -13.2 4.157 

3.0 3.027 -12.8 3.901 
8.2 2.674 -11.5 3.527, 

11.1 2.404 -12.3 3.247 
22.3 2.030 -8.1 2.734 
18.8 3.044 17.1 3.103 
11.5 5.382 32.9 4.072 
6.5 5.382 26.9 4.072 

-2.5 3.979 -5.5 4.285 
29.0 4.802 28.4 4.846 

9.1 3.290 0.6 3.597 
8.3 2.930 -4.9 3.017 
9.5 2.447 

28.11.896 
27.1 2.527 

-18.5 7.901 

-8.7 3./156 
-5.7 2.625 
9.4 2.882 

-8.5 10 
11.5 . 

21.8 2.875 -1~.9 
26.2 4.284 -26.0 
-6.6 3.632 -31.0 

4.8 2.990 -19.2 
-0.8 3.507 -24.4 
19.8 4.161 7.8 
25.0 4.161 12.5 

6.0 3.281 -28.5 
13.5 3.331 -24.3 
19.6 3.295 -12.6 
5.2 2.232 -25.6 
8.4 3.084 -25.1 
6.1 3.084 -26.7 
5.4 2.819 -26.8 
9.1 3.590 -25.5 
8.2 3.590 -26.1 

10.6 4.454 -25.8 
7.0 5.184 -29.0 

28.1 3.147 -13.3 
10.0 2.922 -22.7 
12.4 2.782 -19.8 
16.8 2.589 -14.3 
18.52./133 -11.2 
23.7 2.t55 -2.5 
19.3 2.863 . 10.1 
0.5 5.086 25.6 

-4.0 5.086 20.0 
1.8 3.270 -22.3 

29.6 3.612 -3.4 
10.0 2.916 -10.8 
-2.0 2.674 -13.2 
28.9 2.539 -5.3 
30.6 2.086 3.8 
24.8 7.4 

.5 
18.8 

Total number of sys~ems = 25; Total number of data'points = 35 

@ 2-Hethyi propene in 'trimeric' form 
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Appendix 3-2.2 (oontinued) 

Solute 

etic acid 

" 
" 
" 

rmic acid 

" 
" 

Cl 
et~y1 iodide 
hlorobenzene 

" 
ethy1amine 
etone 

" 

" 
" 
" 
" 

1 

enzene 

" 
lohexaner 
" 
" 

Solvent = Toluene 

-
This work 1:Tilke-Chan,r; Kinr: et a1 Sitara. et a 

• DA8 

(exp.) Ca1e. ~E Cale. ~Erro ~Zrro Cale. ~Erro 

15.0 1.9052.191..817 -4.62.712 42.32.0Al 8.2 1.866 -2.1 
6.8 1.6Al 21 1.571 -5.'4 2.344 1~1.1 1.781 7.21.629 -1.9 

20.0 2.000 IGS 1.965 -1.7' 2.933 46.7 2.229 11.4 2.007 0.4 
25.02.265!Ll9 2.1?6 _6.1':3.173 40.12.411 6.52.159 -4.7 

6.2 2.2852 191.802 -?l.1; 2.827 23.72.448 7.12.033 -11.0 
14.1 2.4A3 2.192.071 -15.9; 3.248 31.9 2.813 1i!.2 2.314 -601 
25.0 2.6462.19 2.462 -6.9- 3.862 45.9 3.34', 26.4 2.718 2.7 
25.0 2.1902.19 .274 3.82.4l'11 9.6 2.575 17.62. /l50 11.9 
7.4 .010 -9.8 2.407 7.9 2.194 -1.n 2.357 5.7 

20.0 .022 -1.8 2.065 0.3 2.150 4.4 1.886 -8.4 
25.0 .188 -1.0 2.234 1.1 2.326 5.3 2.029 -8.2 
2~.0 2.3A01GS .262 -4.2 2.269 -3.9 2.536 7.5 1.914 -16.9 
20.0 2.930 IG <a .419 -17.4 2.617 -10.7 2.528 -13.7 1.988 -32.2 
15.0l 3.000 I~g .473 -17.6 2.753 -8.2 2.103 -29.9 1.769 -41.0 
30.0 2.210 4 .577 16.6 2.660 20./12.706 22.5 2.133 -3.5 
7.0 1.590 201.583 -0.5 1.617 1.7 1.662 4.51.626 2.3 

2 5 • 0 ~o • 1 31 - 6 • 1 2. 1 78 - 4. 1 2 • 2 39 - 1 • 4 2. 1 45 - 5. 5 
8.7 1.853 11.6 2.287 37.8 1.746 5.2 2.348 41.4 

19.9 2.212 12.9 2.730 . 39.3 2.084 6.4 2.768 41.3 
20.0 14.0 2.745 40.8 2.095 7.4 2.782 42.7 
25.0 11.4 2.969 37.5 2.266 4.9 2.993 38.6 
25.0 12.9 2.969 39.4 2.266 6.4 2.993 40.5 
25.0 ~8.1 2.482 -2.5 2.563 / 0.7 2.065 -18.9 
40.0 -10.2 3.090 -4.6 3.191 -1.5 2.532 -21.9 
25.0 -9.0 2.211 -8.6 2.510 3.7 1.940 -19.8 
40.0 -10.4 2.753 -10.0 3.125 2.1 2.378 -22.3 
55.0 -12.1 3.355 -11.7 3.809 0.22.858 -24.8 

-6.3 1.982 -10.3 2.372 7.3 1.833 -17.0 
-10.6 2.644 -14.4 3.164 2.4 2.396 -22.4 

ethy1eyc1ohexane 25.0 

" 
" 
line 

" 
" 
ropano1 

thanol 
uene (self-) 

" 
" 
" 
" 
" 
" 

acid 

nnamic acid 
trichloride 
onaphthalene 

motoluene 

45.0 

25.0 
45.0 
60.0 
25.0 
25.0 

00.0 

16.0. 
20.0 
25.0 

7.6 
7.5 
7.4 

" '~J r' 
l.if' 1 Avg. % 'err~~' \ , 

Total number of systems = 

-8.2 3.214 -12.2 3.846 5.1 2.874 -21.5 
5.2 2.306 9.8 2.116 0.8 1.862 -11.4 
6.0 3.076 10.6 2.822 1.5 2.434 -12.5 

-0.5 3.739 3.9 3.431 -4.7 2.918 -18.9 
-26.8 2.741 -23.0 2.256 -36.6 1.901 -46.6 
-6.2 4.060 12.2 2.745 -24.2 2.270 -37.3 

-17.8 1.718 -17.4 1.865 -10.3 1.532 -26.4 
-12.9 2.031 -12.5 2.205 -4.9 1.790 -22.8 
-7.8 2.735 -7.3 2.970 0.7 2.361 -20.0 
-3.2 3.562 -2.7 3.868 5.7 3.019 -17.5 
-0.6 4.558 -0.1 4.949 8.5 3.796 -16.8 
0.2 5.642 0.8 6.127 9.4 4.630 -17.3 

-1.1 6.211 -0.6 6.744 7.9 5.062 -19.0 
6.1 1.762 36.7 1.588 23.2 1.500 16.4 

-16;3 1.878 7.9 1.693 -2.7 1.592 -8.5 
'5.~ 2.031 36.1 1.831 22.7 1.712 14.7 
6~O 2.529 36.6 2.280 23.2 2.099 13.4 

21.0 1.785 51.3 1.725 46.2 1.613 36.7 
12.8 1.388 5.1 1.483 12.3 1.441 9.2 
11.4 1.322 6.6 1.330 7.3 1.366 10.1 
-0.7 1.480 -2.6 1.570 3.3 1.523 0.2 

8.9 17.1 10.0 .17.5 

?3"; Tbta1 number of data points = 50 
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Appendix 3-2.2 (continued) 

Solute o 
DA& 

(exp.) 

Solvent = Ace-tone 

acid 

acid 

15.0 
25'. c;J 
40.0 

This "Tork Wilke-Chang King et al Sitara. et al 

Eq.(2-3.16) 

Cale. %8rro Calc. foErro 

2.1~ 3.939 35.1 3.269 
2.4- 11.491 35.7 3.7513 
0.11 5. 350 32. 3 4. 467 

rror Cale. %8rro 

12.8 2.924 (?l.3 
13.3 3.304 -0.2 
10.5 3.888 -3.9 
29.9 3.309 5.6 
38.0 4.i59 10.4 
19.2 2.504 1.4 

li.5 2.826 -3.9 
4.2 3.718 -18.5 
7.7 4.233 -16.5 

loroform 

6.5 
25.0 
20~0 
20.c;J 
40.0 
54.5 
25.2 
25.0 
25.13 
25.0 
13.2 
40.0 
20.0 
25.0 
25.0 

55 5. 1 16 
" 3.983 

-1.9'- 4.275 36.5 4.068 
4 • 1 i; 5 • 4 87 4 5. 1 5 • 2 0 2 

14.2 2.302 -6.8 2.945 
6 • 6 2. 89 5' - 1 • 5 3. 1 3 1 

-2.4 4.186 -8.2 4.750 
0.9 4.813 -5.1 5.461 
9.7 3.843 5.9 4.274 

-7.1 4.008 -10.9 4.253 
17.7 3.897 1.3 
-5.5 3.212 -27.3 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
11. 

11 

(self- ) 

acid 

-25.0 

/,01;. • 1 8 1 
4-34.181 

2.66 \692.519 
2.3682192.157 
3. 05 2. 19 3.000 

2.19 3.327 I' 3.553 
2.41 2.282· 
4.560 145 .766 

-13.5 4.0138 -17.1 4.253 
-5.4. 2.875 8.0 2.848 
-8. 9: 2. 462 4. 0 2. 439 
-1; 8 '. 3. 42 5 1 2 • 2 3. 393 
21.4 3.230 .17.9 3.342 
9.7 3.450 6.5 3.570 

-503 2.527 4.8 2.662 
4.7 4.720 3.6 4.746 

Avg. ~ err6r 6.4 

-12.0 3.272 -32.3 
7.0 2.620 
3.0 2.268 

11.1 3.083 
22.0 
10.2 
1 1 .3 
4.1 

12.9 

3.833 
4.076 
2.468 
4'~65'7 

-1 .6 
-4.2 

0.9 
39.9 
25.8 

2.4 
2.1 

10.8 
-r of -system ::- 11: ; 'fot~l number of

i 

1l.9 
ta -pOint- =- 19 

; ,> , 
I 

Solvent ~ ri-Oetane' 

lcyclohexane 

(self- ) 

ane 

25.0 
15.0 
25.0 
40.0 

13.13 
0.131.5601 

.386 

.351 
3.6 2.388 

-3.2 3.035 
0.4 
5.4 

-2.2 
-7.8 

3.577 
4.380 
1.321 
1.321 

3.7 2.819 
24.9 2.286 
29.6 2.694 
36.0 3.299 

-10.2 1.693 

22.5 2.062 -10.4 
-5.9 2.890 18.9 
-2.4 3.367 22.0 

20.0 
-15.3.!1.693 
-5.3 2.367 

2.4 4.065 26.2 
15.2 1.245 -15.3 
8.5 1.245

1

'-20.2 
21.4 1.700 -12.8 

213.0 -4.3 1.8/t6 -12.1 2.367 12.7 1.7001-19.1 
2 5 • 0 2. 3 (i 8 2-08 2. 1 9 3 - 7 • 4 2. 0 1 5 - 1 4. 9 2. 58 3 9. 1 1. 8 4 3 - 2 2 • 2 
25.0 2.250 43 .193 -2.5 2.015 -10.5 2.583 14.8 1.843 -18.1 
25.0 2.000 41 .193 9.7 2.015 0.7 ~.583 29.1 1.843 -7.8 
25.0 2.348 2o~2.193 -6.6 2.015 -14.2 12.583 .10.0 1.843 -21.5 
40.0 5.3 2.465 -3.3 13.161 24.0 2.224 -12.8 
40.0 2.73015 .,684 -1.7 2.465 -9.7 3.161 15.8 2.224 -18.5 
60.0 3.3130,503.478 5.4 3.194 -3.2 4.095 2/hl 2.830 -14.2 
60.0 3.5352.093.478 -1.6 3.194 -9.6 14•095 15.8 2.830 ·~19.9 
60.0 3.4101503.478 2'!03.194 -6.3 ~.095 20.1 2.830 -17.0 
60.0 3.570~S3.478 -2.6 3.194 10.5 ~.095 14.7 2.830 -20.7 
70.0 3.8001503.934 3.5 3.613 -4.9 ~.632 21.9 3.174 -16. J 
60.0 -4.1501504.474 - 7.8 4.109 -1.0-5.2_68 26.9 3.577 -13.8·1 

3.1 1.846 

100 •. 0 5.2001505.468 5.2 5.1323 -3.4 .440 23.8 4.311 -17.1 t 
7.5 1.,4601l~ 1.550 -3.~_ 1.6~ 13.9 1.438 .-1.5 _Ii 

1 ~ 7 1 91 39 1 • 8 1 1 I 
______________ ~~~~2~.~7~2~d~3~·9~~~~ __ ~~~~~~_r~~~~~~~~~~~~~~~-~_ I 

I 11.5 15.2 16.8 1, 

Total number of data points = 24 
Avg. ~ e-rror 4.4 
Total number of systems = 5 
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Appendix 3-2.2 (oontinued) 

I----------...---:-----.--,.------r-------r------r--:------------

Solute T, oC n· 
~B 

expo ) 

Solvent -.. n-Propano 

. ropanol 
ethylethylketone 
ater 
riphenylmethane 
enzene 
oluene 
iphenyl 

ichlorobenzene
ropanol 

ethanol 
sabutanol 

25.0 0.';Mi 
30.0 0.5<;2 
15.0 0.610 
25.0 0.394 
2'5.0 1.28c.1 
25.0 
25.0 
25.0 
15.0 
30.0 0.80/-1 
30.0 0.584 

This iwrk l:lilke-Chane TUne et al Sitara. nt a 

Eq.(3-2·4) 8q.(2-3.16) 

Calc. ~{,Erro . Cale. %Erro Cale. ~8rro Cale. l.Srro 

• ';59 
.693 

0.568 

.490 

.983 

.695 

2.~ 0.769 19.0 0.A7A 4.7 0.592 -~.4 

25.5 0.793 43.6 0.855 54.9 0.700 2A.B 
-6.9 0.603 -1.2 0.647 6.1 0.6/'0 5.0 
-3.6 0.356 -9.7 0.450 14.1 0.432 9.7 
-4'.7 0.6,.96 -45.6 (?J.762 -40.5 0.6/~0 -')0.0 

-15.0 0.616 -54.4 0.709 -47.5 0.597 -55.~ 
29.0 0.472 -35.1 0.546 -2/ ... 9 0.505 -30.5 
3.0 0.555 -47.2 0.634 -39.7 0.599 -43.0 

-2.8 0.571 13.4 0.503 -0.2 0.449 -10.8 
22.3 1.304 62.2 0.934 16.2 0.798 -0.7 
19.1 0.764 30.8 0.722 23.7 0.627 7.4 

':Avg.% e'l'ror 12.2 32.9 24.8 22.6 
'Total number of, systems = 10 ;: Total number of data points = 11 
: . ! 

i . 
Solvent i = i~o-Propano 

riehloroaeetie 
leic acid 
artaric' acid 

pie aoid 
innamic acid 

30.0 o. 574 109 O. 468 -18. 5 
30.0 0.297 /0'60.284 -4.2 
30.0 0.440 IO~ 0.441 0.3 
30.0 0.417 lora, .424,1.6, 
30.0 0.410 loBO.402 -1~9 

i ol. ,Avg. /0 error' , 5.3: 

0.648 
0.324 
0.589 
0.547 
0.559 

_ ... __ ... _ ........... !Tcta~numb.! Of

i 
systei=·' .r Total 

Solvent = Aniline 

. 12.9 0.650 13.3 
9.0 0.423 42.6 

33.9 0.672 52.8 
31.0 0.503 20.7 
36.4 0.570 39.0 

24.6 36.7 

0.669 
0.399 
0.628 
0.506 
0.552 

number: of. data points = 5 
I I 

16.6 
34.4 
42.6 
21.} 
34.7 

29.9 

oluene 25.0 0.478 
" 45.0 0.880 
" 60.0 1.270 

ethyleyc10hexane 60.0 0.865 
enzena 25.0 0.540 
I" 25.0 0.520 4 ter 0.0 0.700 

.325 -32.0 0.327 -31.5 0.399 -16.6 0.355 -25.7 

.627 -28.7 0.632 -28.2 0.770 -12.5 0.655 -25.6 

.892 -29.8 0.899 -29.2 1.095 -13.8 0.908 -28.5 

.845 -2.3 0.811 -6.2 1.088 25.8 0.665 -0.1 

.347 -35.7 0.370 -31.5 0.428 -20.7 0.381 -29.5 

.338 -35.0 0.358 -31.2 0.430 -17.2 0.452 -13.1 

.498 -28.8 0.821 17.3 0.406 -42.0 0.421 -39.8 

Avg. % e-rror 21'.5 25.0 21.2 23.2 
~', , • v' Total number of systems: = 5; Total number of data p,oints' = l' 
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Appendix 3-2.2 (oontinued) 

This work Wilke-Chang King et al Sitara. et 

Solute 

(exp.) Cale. ~Erro Cale. %E Cale' or Cale. rror 

Solvent = n-~utanol 

tyrie acid 
hylethylketone 
zene' 
henyl 

ehlorobenzene 
tanol(self-) 

acid 

, , 
~. ~ .~ . 

30.121 0.512 
30.0 0.580 
25.121 0.98812'?> 
25.0 0.627 12-~ 
25.0 0.81712.3 
25.0 0.501. IS2. 

35.0 0.649 
45.0 0.822 
30.0 0.399 
30.0 0.446 
30.0 0.446 
30.0 ·0.251 
30.0 0.405 

.543 

.548 

.074 

.832 

.956 

.498 

.635 

.83121 

.466 

.442 

.518 

.313 

.459 

6.1 0.628 
-5.5 0.668 
8.7 0.608 

32.0 0.412 
17.0 0.485 
-1.1 0.583 
-2.1 0.743 

1.0 0.971 
16.8 0.472 
-1.0 121.483 
16.0 0.534 
24.4 121.279 
13.4 121.51218 

22.7 0.563 9.9 0.515 0.7 
15.1 0.695 19.8 121.569 -1.9 

-38.4 0.642 -35.0 121.539 -45.4 
-34.3 0.461 -26.5 121.425 -32.2 
-4121.7 0.821 0.5 0.641 ~21.6 

15.6 0.532 5.6 0.466 -7.6 
14.40.678 ,4.50.583 -1121.1 
18.1 121.886 7.8 0.748 -9.0 
18.2 0.422 5.6 0.423 6.0 
8.2 0.477 6.9 0.462 3.5 

19.7 -
11.2 0.355 41.1 0.334 32.7 
25.5 

IAvg. ~ eTror 11.2 21.7 14.8 15.5 

._- -,_--==--=r-·'-",,·- Total number of systems -= 11; (9); Total' number- of data ·points·-:: 13, (11 

ethy1ethylketone 30.0 0.596 40.429 -28.1 0.523 r12 3 0 544 
etone' 20.0 0.740 Il~ 0.333 -55.0 0.426 42: 5 0:421 
etie acid- 20.0 121.340 113 0.365 7.5 0.477 40.4 0.371 

2121.0 0.30121 '660.365 21.8 0.47759.1 0.371 
methylamine 20.0 121.34011.30.293 -13.9 0.347 2.1_ 0.397 

ater 20.0 0.36121 1130.381 5.8, 0.435 20.8 0.451 
Propanol 3121.0 0.398 IIlI 0.467 17.4 0.581 45.9 0.493 

1 30.0 0.5871%1121.61218 3.6 0.86121 46.5 0.595 
'. ~~ \ . -" l. ~- ~ ... • .#! > 

Avg. % error 19.1 

-8.7 0.454 -23.9 
-43.2 0.355 -52.1 

9.1 0.358 5.3 
23.6 0.358 19.3 
16.7 121.322 -5.2 
25.3 121.451 25.3 
23.9 0.436 9.4 
1.3 121.518 11.8 

19.0 19.0 

-Total number cif systems =- '7,,'Tota1--number-of--data--points = 8 

· .. ·Solvent - Ethyl aeetate- .. ~. ~- .... 

benzoate 20.0 1.850 2-1.9 2.161 16.8 2.023 9.4 2.337 26.3 2.018 9.1 
benzene 20.0 2.250 219 2.402 6.7 2.545 13. 1 2.485 1121.4 2.277 1 .2 

etone' 20.0 3.180 11.3 2.998 -5.7 3.298 3.7 3.16121 -121.6 2.480 -22.0 
tic acid 20.0 2.180 113 2 .• 430 11.8 3.696 69.5 2;, 786 27.8 2.5'J4 14.9 

2((J~0 3.200 II~ 3.430 7.3' 3.360 5.2, 3.387 5.9 3.157 -1 .4
1 

3121.0 3.60121 14.5 3.970 10.3 3.890 8.-1 : 3.917 8.8 3.613 eJ.4i 
30.0 2.932 4 3.168 8.1 3.325 13.4 3.356 14.5 2.641 -9.9 
20.121 2.150 2.0 2.756 28.2 3.458 60.9 2.619 21.8 3.471 61.5 
25.0 2.53121 1~3 3.070 21.4 3.400 34.4 3.414 34.9 3.159 24.9 , 

. j 

Avg. % error 12.9 24.2 16.4 16.4 

Total number of systems ::: 8; Total number of data points = 9 
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Appendix 3-2.2 (continued) 

This lvork 1:1ilke-Chang King et al Sitara. et 

Solute Re Eq.(2-3./G) Eq.(2-3.29) 8q. (2-3.27) 

Cale. 'i&Erro Cale. ':0Er Cale. Cale. 

Solvent = n-Hep.tane 

25.0 .357 5.9 3.5A9 12.6 3.783 
20.0 2.670 22.8 4.074 52.6 3.074 
25.0 3.8 4.413 29.0 3.330 

6.9 2.950.2.19 .457 -16.7 2.486 -15.7 2.669 
25.0 -13.3 3.265 -12.2 3.505 
40.0 -9.9 3.951 -8.8 4.240 
25.0 -11.9 3.690 -5.8 3.766 
40.0 -12.0 4.464 -5.9 4.557 
55.0 -9.7 5.422 -3.4 5.535 
25.0 3.400 1.5 3.690 8.5 3.766 
45.0 4.400 254.440 0.9 4.748 
65.0 6.050 '.).55.677 -13.3 6.071 
85.07.300.257.173 -1.77.670 

7.9 4.846 
-7.3 6.197 

5et 7.828 
98.4 8./-100 25"7.902 
25.0 1.775 15 .125 

0.0 2.080 4 1.989 
20 • 0 2. 800 1 5"0 2 • 740 
20.0 
25.0 
35.5 
40.0 

.740 
3.120 43 .953 
3.220433.277 
3.600150 .573 

40.0 3.750, 
56.5 4.210 4 

.573 

.468 

.548 

.548 

.894 

-5.9 8.449 0.·6 8.624 
19.7 1.667 -6.1 2.236 
-4.4 1.814 -12.8 2.290 
-2.2 2.499 -10.7 3.154 
-8.7 2.499 -16.7 3.154 
-5.4 2.694 -13.7 3.400 

1.8 2.989 -7.2 3.773 
-0.8 3.259 -9.5 4.114 
- 4.7 3.259 - 13.1 4. 1 14 

6.1 4.076 
1 • 1 4. 1 49 

-3.2 5.144 
-7.8 5.236 
-8.8 5.236 
-4.0 6.786 

19.3 3. 1~0 2 7.1 
15-1 3.855 1-14.5. 
-2.6 [1.156 21.5 
-9.5 2.075 -29.6 
-5.8 2.674 -28.1 
-2.1 3.192 -26.3 
-3.8 2.867 -26.8 
-4.0 3.423 -27.8 
-1.4 4.102 -27.0 
10.8 2.867 -15.7 
10.1 3.625 -17.6 
-5.4 4.556 -30.4 

7.2 5.663 -22.4 
2.7 6.196 

26.0 1.763 
10.1 1.654 
12.7 2.228 

-26.2 
-0.7 

-20.5 
-20.4 

5.01 2.228 -25.7 
9.0 2.389 -23.4 

17.2 2.632 -18.3 
14.3 2.852 -20.8 
9.72.852 -2 l l.0 

22.2 3.511 -16.6 
16.4 3.569 -20.7 
15.1 3.569 -21.6 
21.2 4.543 -18.9 

60.0 
60.0 
80.0 
80.0 
80.2 

-0.14.149 
5.3 5.377 
9.2 5.377 
2.4 5.380 
5.9 5.653 
1.4 6.068 

-0.4 6.786 25.7 4.543 -15.9 

90.0 5.850150 .196 
95.8 6.560 43 .652 

-6.6 6.790 17.9 4.545 -21.1 
-3.4 7.134' 22.0 4.759 -18.7 
-7.5 7.658 16.7 5.083 -22.5 
-8.9 7.819 15.0 5.183 -23.8 

Heptyl bromide 
100.0 6.800150 .791 

7.4 1.520 2.\9 .117 
-0.1 6.195 
39.3 1.915 26.0 2.223 46.2 1.914 25.9 

! •. 

Avg. ~ error 10.7 13.2 22.2 

Total number of system = 7; Tot'al number of data·points = 32 
- ... ____ -0-' _ .••••. ~ ."_ -~ .•• - .- ••• --- _., - --- -----. 

Soivent = Ethyl ether 

7 • 3 3. 500 219 4. 0 32 
25.0 4.475 \7G 5.801 
25.0 4.510 5" 5.801 
8.0 3.240 2.04.018 

19.0 3.600 204.924 
17.0 3.300 ~o4.717 

Avg. % error 

...... , ........ 

15.2 3.887 
29.6 5.961 
28.6 5.961 
24.0 3.827 
36.8 4.958 
43.0 4.866 

29.5 

11.1 3.941 
33.2 5.953 
32.2 5.953 
18.1 3.783 
37.7 4.265 
47.5 4.527 

30.0 

12.6 3. 687 
33.0 5.308 
32.0 5.308 
16.8 3.329 
18.5 3.750 
37.2 5.084 

25.0 

Total number of systems = 5; Total number of data points = 6 

5.3 
18.6 
17.7 
2.8 
4.2 

54.1 

17.1 
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Appe ndix 3-2.2 ( oontinued) 

1.-\ 

This ~Tork 1fT ilk e-Chang King et al Sitara. et 

Solute T',oC ~8 Re Eq.(3-2.4.) Eq.(2-3.IG) Eq.(2- 5.29) F.q. (2-'3.27) 

(exp.) Cale. ?SE Cale. ";8rro Cale 'lbError Cale. %~rror 
--- ---

Solvent = oroform 

15.0 2.510 Ir.S 1.956 -22.1 2.520 0.4 2.liW9 -20.0 1.846 -26.5 
15.0 2.360 I£'% .189 -7.2 2.875 21.8 2.143 -9.2 1.912 -19.0 
25.1 2.350 6.4 3.28 /1 39.7 2.4 /18 LI.2 2.163 -7.9 
IH'I.0 2.900 .997 3.4 3.931') 35.7 2.933 1 .2 2.5 f>0 - 1 1 • 7 
15.0 .421 10.0 3.271 48.7 1.928 -12.3 1.830 -16.8 
1 5.0 ~ 5.3 .2 • .3~2, 15.1 2. 113 2.1 1 .807 -12.7 
25.0 4.1 2. 720 26.5 2.412 12.2 2.0L14 - 4. 9 
25.0 7.3 2.862 34.4 2.2'17 5.5 2.012 - 5. '5 
25.0 9.4 2.720 34.7 2.200 8.9 2.038 0.9 
25.0 1.710 I~ 13.6 2.209 29.2 1.956 14.4 1.812 5.9 
10.0 1 .930 - 3.2 2.800 45.1 1.649 -14.6 2.498 29.4 
10.0 1 .600 9.6 2.271 41.9 1.528 -4.5 1.594 -0.4 

roform 25.0 2.580 .353 -8.8 3'. 110 20.6 2.430 - 5. 8 2.547 -1.3 
27.0 .414 -26.9 3.190 -3.3 2.492 -24.5 2.608 -21.0 

hylisobutylketo~25.0 .009 6.3 2.273 20.3 1.992 5.4 1.788 - 5. 4 

etone 
1 alcohol 

hanol 
panol 

e 

ecane 
adecane 

eptanol 
11 

Avg. ,~ error 9.6 i 27.8 9.7 
Total number of systems = 11; Total 'number of data points = 15 

Solvent = Bromoform 
25.0 0.784 '''3 0.770 -1.8 1.365 
20.0 0.516 2.0 0.607 17.6 0.948 
20.0 0.976 2.0 0.791 -18.9 1.443 
20.0 0.770 2.0 0.713 -7.4 1.228 

Avg. % error 11.4 
Total number of systems: = 4; Total 

; 

Solvent = Hexadeeane 
25.0 0.750 'e. 0.457 -39.0 0.516 
25.0 0.,850 If. 0.485 -43.0 0.562 
25.0 0.320 I~ 0.329 2.8 0.3i9 
25.0 0.490 '" 0.371 -24.4 0.378 

Avg. ~!, error 27.3 i 
Total number of systems = 4;i Total 

Solvent = Dodecane 
25.0 ' 1.440 17 1.010 
25.0 1. 380 219 1. 041 
25.0 1·142 2.0~ 0.907 
25.0 0.813 2.0S 0.772 
25.0 0.670 2.0" 0.688 

-29.8 1.093 
-24.5 1. 214 
-20.6 0'.923 
-5.0 0.734 

2.6 0.621 
I I 

Avg. l~ erro~ , 16.5 
Totai 'number of systems = 5; Total 

1 :! 
Solvent = C~e1ohexanone 

74.1 0.827 5.5 0.827 
83.8 0.590 14.4 0.626 
47.8 0.692 29.1 0.740 
59.4 0.640 16.9 0.690 

66.3 : 16.5 
number , 

-31.3 
-33,8 
-0.3 

-22.9 

, 22.1 
riumber 

I 

-24.1 
-12.0 
-19.2 
-9.8 
-7.2 

: 14.5 
n,umber 

I 

bf data points 

0.658 -12.3 
0.707 .-16.9 
0.433 35.3 
0.514 4.9 

17.4 
of data points 

1.333 
1.280 
1.165 
0.970 
0.818 

-7.4 
-7.3 

2.0 
19.3 
22.1 

11.6 

= 4 

0.476 
0.501 
0.351 
0.396 

= 4-

0.939 
0.998 
0.849 
0.743 
0.660 

of data points = 5 

11.3 

5.5 
21.4 

-24.2 
-10.4 

15.4 

-36.5 
-41.1 

9.8 
-19.1 

26.6 

-34,.8 
-27.7 
-25.7 
-8.6 
-1.5 

19.7 

25.0: 0.576 "9 0.555 -3.7 0.501 -13.0 0.546 -5.2 0.494 -14.2 
55.0 ;1.050 I~' 1.0622 1.2 0.960 -8.5 1.046 -0.4 0.904 -13.9 

-. .. _---- 90~o-' -1-0'9181'9,2-.016 5.1 1.822· -5.0 1.985 . 3.5 1.641 -14.4 
ctane . _______ /~~_9_;_9.!-741i!b~~W~2..27 1-=-~-8.8 I 0.474 1-3~.0 .. V:>'!§'5.5_ -11.7 I 0.~26 1-29 .• 0 ; 

.11 

Avg. % error I • 9.7 1 . 15.6", ',5.?· '!17.8 1" 
Total riurnb~r of t~ma ~ 2 Tntnl number of dntn I 

. ( 
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Appendix 3-2.2 (continued) 

Solute' T,oC 

This uork 

D~8 Ref Eq.(3-2·4) 

1Ulke-Chang King et' al Si tara. et. al 

Eq.(2-3.,6) Eq.(2-3.29) Eq.(2-S.27) 

(exp.) Cale. %Errol,;Cale. %Erro.L Cale.I~Error Cale. I~-;Error 

Solvent'= ~ethyleyelohexane 

-octane' 
,dine 

11 

,luene 
11 

11 

2S.0 1.6111691.578 
30.0 2.3002.192.159 
40.0 2.7102.1.9 2.595 
25.0 1.650 ,<;1.813 
45.0 2.180 7!>2.S79 
60.0 2.730 7>3.280 
60 • 0 2. 690 75 3. 3 1 6 

-2.0 1.396 -13.4 1.767 9.7 1.339 -16.9 
-6.2 2.68516.7 1.996 -13.2 2.634 14.5 
-4.2 3.228 19.1 2.399 -11~5 3.127 15.4 

9.9 1.834. 11.2 1.941 17.6 1.574 -4.6 
18.3 2.610 19.7 2.761 26.7 2.185 0.2 
20.1 3.318 21.5 3.511 28.6 2.732 0.1 

uline' 
:rt;h:( 

" 
11 

11 

lohexane' 10.0 1.400150 1.321 
20 • 0 1. 700 1!>9 1 • 574 
40.0 2.4201502.235 
60.0 3.2801$03.108 

i 23.3 3.L!83 29.5 3.114 15.8 2.641 -1.8 
I - 5. 7 1.272 - 9. 1 1. 483 6.0 1. 1 74 - 1 6.2 
I 
-7.4 1.516 -10.8 1.767 4.0 1.381 -18.8 

'-7.6 2.153 -11.0 2.510 3.7 1.914 -20.9 
, -5.2 2.994 -8.7 3.491 6.4 2.601 -20.7 

11 

~omo benzene 
dine 
" 
" 

" 
11 

" 
luene 
11 

" 
elohexane-
11 

" 
11 

I" 
," 
I" 
Inzene 
i" 
Iclohexane 
11 

.. ~ F •• I 

10.0 I 15.5 , .. _.... 13'.0 -Avg. % e-rr9r : 
Total numbei" o£ 

I i 

systenls' = 5; Total number of data points - 11 
I . 

Solvent = Cyclohexane 

25.0 1.490'r.~ 1.382 -7.3 1.402 0.4 1.482 

11.8 

-0.5 
40.01.9151"7bl.8/.t0 -3.91.867 -2.51.991 4.01.934 1.0 
55.0 2.4151" 2.376 -1.6 2.412 -0.1 2.572 6.5 2.454 1.6 

7.3 0.9002.190.853 -5.2' 0.838 -0.9 0.856 -Il.8 0.8130 -2.2 
'15.0 1.5402.191.204 -21.8 1.430 -7.2 1.084 -29.6 1.511 -1.8 
30. 0 1. 920 2.1.9 1 • 631 - 1 5. 1 1. 937 0. 9 1. 4 f, 9 - 23. 5 2. 0 Ql (, 4. 5 
IH3.0 2.3002.131.946 -15.4 2.311 0.5 1.753 -23.8 2.364 2.8 
25.01.896'7'1.420 -25.11./150 -23.51.489 -21.51.249 -34.1 
25.0 1.8801 01 1.420 -24.4 1.450 -22.9 1.489 -20.8 1.2 /l9 -33.5 
40.0 2.450 1"Hl.891 -22.8 1.930 -21.21.982 -19.11.630 -33.5 
60.0 3.28517~2.675 -18.6 2.730 -16.9 2.803 -14.7 2.251 -31.5 
25.0 1.5A9176 1.328 -15.4 1.283 -18.2 1.185 -11.7 1.165 -25.7 
40.0 1.91317{1.768 -7.6 1.708 -10.7 1.844 -3.6 1.520 -20.5 
55.0 2.40917~2.284 ,-5.2 2.207 -8.4 2.382 -1.1 1.929 -19.9 
1 0.0 1.050 ISO 0. 953 - 9 • 2 0.92121 - 1 2. It 1. 038 - 1 • 1 121 • 8 56 - 1 8. 5 
20.01.23015°1.208 -1.81.16(, -5.21.316 7.0 1.0~7 -13.2 
25.0 1.380 4~1.338 -3.0 1.292 -6.4 1.458 5.6 1.174 -15.0 
25.0 1.475'50 1.338 -9.3 1.292 -12.4 1.458 -1.2 1.174 -2121.4 
25.0 1.433'~ol.338 -6.6 1.292 -9.9 1.458 1.7 1.174 -18.1 
25.0 1.420/so1.338 -5.8 1.292 -9.0 1.458 2.7 1.174 -17.4 
25.01.4101501.338 -5.11.292.-8.41.458 3.41.174 -16.8 
25.0 1.88311411.420 -24.0 1./150 -23.0 1.489 -20.9 1.2'19 -33.7 

! 
35.0 2.207'741.762 -20.2 1.798 -18.5 1.846 -16.3 1.52(, -30.8 
40.01.7501501.782 1.81.720 -1.71.941 10.91.532 -12.5 
60.0 2.3401502.520 7.7 2.432 3.9 2.745 17.3 2.114 -9.(' 

11 

11 

80.0 
100.0 

~nmnnAphthalene I 7.3 

3.1/"~ Isc3.471 1"'.5 3.350 6.7 3.781 20.4 2.848 -9.3 
4.11015c4.710 14.6 11.546 10.6 5.132 24.9 3.783 -6.0 
0.850 ~90.732 -13.9 0.678 -20.2 0.678 -20.2 0.732 -13.9 

, ' 

Avg. % error 11.6 10.5 12.1 
Total number of systems = 7; Total number of data points = 28 

16.1 



283 

Appendix 3-2.2 (oontinued) 

This uork l:lilke-Chane Kine et al Sitara. et al 

°c • Eq.(3-2.4) Eq.(2-'3.IS) Eq.(2-8.29) Eq.(2-3.27) Solute , DAB 

(exp.) Cale. 1'ror Cale. %orror 

Solvent = Bromobenzene 
. , 

30.0 1.390 '-1 1. 397 0.5 2.203 58.5 1.372 -1.3 1.996 43.6 
ene ,7.5 1.020 .119 0.897 -12.0 1.216 19.2 1.025 0.5 0.936 -8.2 

orobenzene 10.0 1.007 I~.9 0.882 -12.4 1.150 14.2 0.977 -3.0 0.963 -4.4 

" 20.0 1.180 I" 1.054 -10.7 1.374 16.4 1.168 -1.0 1.137 -3.7 

" 26.8 1.342 
'" .9 

1.195 -10.9 1. 5.!5~ 16.1 1.342 -1.3 1.278 -4.8 

" 40.0 1.584 ," 1.454 -8.2 1.895 19.7 1·.611 1.7 1.533 -3.2 

" 25.0 1.260 100 1.161 -7.8 1.514 20.1 1.286 2.1 1.244 -1.3 
1uene 25.0 1.410 100 1.160 -17.7 1.488 5.5 1.319 -6.5 1.180 -16.3 

Avg. % error 10.0 21.2' 2.2 10.7 
Total number of systems = 4; Total number of data points = 8 

S~lvent = Ch10robenzene 
25.0 1.640 100 1.552 -5.3 1.747 6.5 1.666 1.6 1.673 2.0 
25.0 1.690 100 1.592 -5.8 1.762 4.3 1.775 5.0 1.502 -11.1 
20.0 1.250 16~ 1.588 27.1 1.857 48.6 1.779 42.3 1.509 20.8 
10.0 1.345 9(, 1.286 -4.4 1.4~] 5.8 1.434 6.6· 1.231 -8.5 

" 20.0 1.560 9(, 1.485 -4.8 1.643 . 5.3 1.656 6.1 1.407 -9.8 

" 27.0 1.756 % 1.655 -5.8 1.831 4.3 1.845 5.1 1.557 -11.4 

" 40.0 2.113 9G 2.009 -4.9 2.222 5.2 2.240 6.0 1.864 -11.8 
--

11.4 10.4 10.8 Avg. % error' 8.3 
Total number'of systems = 3 r Total number of data points = 7 

. I 
Solvent = Butyl acetate 

etone ,. . 20.0 2.660 IU 1.976 
c acid 

hy1ethy1ketone' 
oroform 

20.0 1.640 182. 1.600 
30.0 1.852 4 2.136 
25.0 1.960 1632.027 

-25.7 
-2.0 
15.3 
3.4 

2.349 
2.632 
2.422 
2.426 

-11.7 
60.5 
30.8 
23.8 

2'.217 
1.955 
2.409 
2.400 

-16.6 
19.2 
30.1 
22.5 

Avg. % error 11.6 31.7 22.1 

1.723 -35.2 
1. 740 6.1 
1.874 1. 2 
2.199 12.2 

13.7 
Total . numb er of systems = 4;: Total number of data points = 4 

I 
Solv~nt = Nitrobenzene' 

>20.0 0.600 2.'~ 0.520 -13'.3 0.539 
17.8 0.790 2.2.0.695 -12.1 0.846 
16.8 0.640 I Id '2. 0.603 -5.8 0.688 
18.6 0.810 1'a2.0.758 -6.4 .1.008 

-10.1 
7.1 
7.6 

24.5 

0.607 
0.790 
0.697 
0.761 

1.3 
0.0 
9.0 

-6.0 

0.571 -4.8 
0.678 -14.2 
0.627 -2.0 
0.747 -7.8 

Avg. % error 9.4 12.3 4.1 7.2 
Total number of systems = 4 ; Total number of dat~ points = 4 . I .. 

Solvent = Ethyl benzoate 
robenzene 
tone 

acetate' 
romethane' 

20.0 0.730 2, 19 0.554 
17.0 0.830 'Q~0.652 
15.7 0.680 18tO.565 
14.9 o. 730 I&~ 0.674 

-24.1 
-21.4 
-16.9 
-7.6 

Avg.· error 17.5 
Total number of systems = 4 

0.679 
0.830 
0.674 
0.936 

Total 

-6.9 0.618 -15.4 
0.0 0.740 -10.8 

-1.0 0.652 -4.1 
228~2 0.676 -7.5 

9.0 9.5 

0.606 -17.0 
0.624 -24.8 
0.577 15.1 
0.655 -10.3 

16.8 
number of,data points = 4 



Appendix 3-2.2 (oontinued) 

This work 

Solute T,oC • Eq.(3-2.4) DAI!I 
ex!'. ) Cale. %Erro 

SO'lvent = n-Decane 
uene 25.0 2.090 !l.1~ 1.584 -24.2 
ecane (self- ) 25.0 1.310 4'3 1.262 -3.7 
!' 20.0 1.290 150 1.150 --10.8 -

Ave. %"1'?!Tr1:)r' , 12.9 
Total number of systems = 2 

Solvent = m-Xylene 
benzene 7.3 1.520 109 1.562 2.8 

dine 20.0 1.680 2.0 2.164 28.8 
" 25.0 1.890 l'aO 2.353 24.5 

Avg. % e-rror 18.7 
Total number of systems = 2 

Solvent = n-Hep:tanol 
thylcyclohexane' 25.0 0.470 1'9 0.550 18.0 

zene 25.0 0.640 12:? 0.6"20 -1,9 
hlorobenzene 25.0 0.475 123 0.550 17.0 

ine 

4 

Avg .. % error 12.3 
Total'number of systems = 3 

Solvent = Dioxane 
25"0'11.070 219 1.046 -2.2 
25.0 1.020 2.19 0.989 -3.0 

Avg. % error 2.6 
Total numbe~ of systems = 2 

I 

Solvent = Isopropyl'aeetate 

, 

284 

,-

Wilke-Chang Kine et al Sitara. et 

Eq.(2.-3.16) Eq. (2.- 3.29) Eq.(2- 3.27) 

Calc. %Rrro Cale. 1,P,rro Cale. f 
lo~rror 

1.760 -15.8 1.869 -10.6 1.443 -31.0 
1.183 -9.7 1.538 17.~ 1.14 ? -12.8 
1.079 -16.4 1.402 8.7 1.048 -18.7 

13.9 12.2 20.8 
; Total 

~ 
number of data points = 3 , 

1.662 9.3 1.715 12.8 1.643 ,~'8.1 

2.780 65.5 2.131 26.8 2.773 65.0 
3.022 59.9 2.317 22.6' 2.997 58.6 

44.9 20.7 43.9, 
; Total, number of data points = } 

0.256 -45.6 0.293 -37.7 0.240 -48·9 
0.320 .-50.0 0.316 -50.6 0.271 -57.7 
0.255 -46.3 0.263 -44.6 0.253 -46.7 

47.3 44.3 51.1 
;- Total number of data points = 3 

1. 313 22.7 
1.062 4.1 

13.4 
Total number 

0.995 -7.0 1.430 
1.131 10.9 1.170 

9.0 
of data points = 2 

33.6 
14.7 

24.2 

ethy1ketone 30.0 12.210'lo~12.659 20.3 2.907 31.5 2.895 31.0 2.265 

Solvent = Hethy1 acetate 
1ethY1ketone',30.0 13.150110813.610 14.6 3.620 14.9 3.771 17.8 2.957 -6.1 

Solvent = Iso-Amyl alcohol 
\19.0 I 0. 200 I2.c>1 0.270 35.0 0.354 77.2 0.293, 46.6 0.290 45;2 

oroform 
Solvent = r'iethy1ethylketone 

125 •0 I 2.860 , ,.3 3.247 13.5 3.314 15.9 3.602 26'.0 3.269 14.3 

Solvent = m-Cymene-
mobenzene . I 7.3 /1. 340 '-1.9 1.033 -22.9 1.181 -11.9 1.187 -11.4 1~143 -14.7 

Solvent = Tetradeeane 
25.011.02°r'9 0.702 -31.1 0.859 -15.8 0.923 - 9.5 0.772 -29.3 
25.0 0.960 21.9 0.773 -19~5 1.161 20.9 0.877 - 8.6 1.122 16.8 - -
Avg. %'" error 25.3 18.4 , 9.1 23.1 
Total number =' 2;: Total number of'data points == 2 

I I 

I 
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Appendix 3-2.2 (oontinued) 

This "Tork 

Solute D:e ~ef "Sq.(3-2·4) 

Wi1ke-Ghang Kin~ et al Sitara. et al 

Sq.(2-'3.IG) Sq.(2-~.29) r.::q.(2-3.27) 

(exp. ' Gale. ~Error Gale. -'Error Gale. ~Error Gale. <Srror 

,Solvent = ~ethylene chloride I 

thy1Iodioe I ~.51 2.0601~I9 2.476 20.2 3.262 58.4 2.615 26.9 3.042 47.6 

Solvent = Ethylene eh1dride 
hy1ene bromide I 7.311.110121911.130 

Solvent = Ethyl benzene 
omobenzene I 7.311.4401 '-19 1.456 

Solvent = Mesity1ene 
romobenzene 1 7.311.3101219 1.395 

1.8 1.356 

1.1 1. 555 

6.5 1.539 

I.I."U 

14 
romobenzene 

Solvent = Trnnsdecalin 
ene 7.3 0.34~2.19 0.387 13.9 0.410 

25.0 0.77 2.00.627 -19.2 0.733 
7.30.47 200.448 -4.60.507 

22.2 1.198 

8.0 1.592 

17.5 1. 597 

20.7 0.400 
-5.5 0.762 
8.0 0.506 

1.400 

10.5 1. 536 

21.9 1. 512 

17.6 0.431 
-1.8 0.762 
7.6 0.518 

Avg. % error 12.6 11.4 9.0 
Total number of systems = 3; Total number of data points = 3" 

, I I 
Solvent = <><.Hethyl naphthalene 

Iromonaphthalene I 7.5 10.22612.1910.199 -11.8 0.220 -2.6 0.221 -2.2 0.248 

Solvent = Hethyl isobutyl ketone . 

26.1 

6.7 

15.4 

26.7 
-1.8 
10.3 

12.9 

9.8 

loroform 125.0 12.10011'312.593 23.5 2.925 39.3 3.043 44.9 2.722 29.6 

lomine 
leno1 

Solvent = Garbondisulphide 
16.°13.60°1203.581 -0.5 4.528 25.8 3~150 .-12.5 4.109 14.2 
19.0 3.400 202.996 -11.9 3.191 -6.1 2.438 ,-28.3 2.451 -27.9 

.'. Avg. % error 6.2 16.0 20.4 21.0 
Total number of systems = 2; Total number of data;points = 2 

I 
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Appendix 3-2.2 (oontinued) 

This work Wilke-Chang King et a1 Sitara. et 0.1 

Solute TOe 11 
Eq. (2-3.1 G) Eq. (2- 3.29) Eq.(2-3.27) DJIB Rer. Eq.(3-2.4) 

(E:ltp. ) ea10~ 1aError ea10~ 1aError Ca10~ 1<~rror Oa10. 

Solvent = n-Pentano1 

nzene 25 0.985 123 0.873 -11.4 0.467 -52.6 0.458 -53.5 0.395 -5').9 

ipheny1 25 0.571 123 0.676 18.1r 0.317 -4h.5 0.328 -42.5 0.311 -45.5 

-Dichlorobenzene 25 0.733 123 0.771 5.2 0.377 ~8.6 0.382 -lr 7.9 0.373 -49.2 

Avg. % error 11.7 - .48.6 48.0 51. 
, 

Total number or systems = 3; Total number or data points = 3 . 

I I I 
Solvent = Ethy1eneg1yoo1 

glyool(self')25 0.096 135 0.078 -19.0 0.082 -14.3 0.077 -19.7 0.088 -8. 

30 0.114 135 0.095 -16.6 0.100 -11.8 0.094 -17.3 0.106 -6. 

40 0.151 135 0.148 -2.0 0.156 3.7 0.147 -2.8 0.160 6.2 

50 0.207 135 0.217 5.1 0.230 11.2 0.215 4.2 0.229 10.9 

lohexanol 26.6 0.061 135 0.067 10.2 0.060' -1.1 0.077 27.2 0.082 34.4 

30 0.064 135 0.076 20.1 0.069 7.7 0.088 38.5 0.092 45.1 

39.9 0.107 135 0.119 11 .1 0.107 -0.3 0.137 28.2 0.140 30.2 

Avg. % error 
I 

12.2 8.7 19.5 20.8: 
i 

Total number or systems = 2; Total number or data points = 7 

I I I 
Solvent = Diethy1eneg1yoo1 

neg1yoo1 25 0~056 135 0.049 -11.3 0.061 9.3 0.054 -2.4 0.061 9.4 

30 0.065 135 0.062 -5.2 0.076 .16.9 0.068 4.4 0.075 15.2 

40 0.100 135 0.097 -2.2 0.120 20.6 0.107 7.7 0.115 15.2 

lohexano1 26.6 0.046 135 0.<:41 -9.8 0.043 -5.7 0.053 15.5 0.055 19.9 

30 0.050 135 0.050 0.1 0.052 4.7 0.064- 28.3 0.065 31.5 

39.9 0.083 135 0.079 -5.0 0.082 -0.7 0.101 21.6 0.100 20.7 

Avg. % error 5.6 9.7 13.3 18.7 

Total number or systems = 2; Total number or data points = 6 
I I 

Solvent = Propy1eneg1yoo1 

25 0.048 135 0.031 -35.1 0.036 -25.2 0.033 -31.6 0.039 -18.8 

0.053 135 0.045 -15.2 0.052 -2.2 0.048 -10.5 0.055 3.5 

0~O92 135 0.078 -15.1 0.090 -2.2 0.083 -10.4 0.092 -0.3 

0.126 135 0.129 2.5 0.149 18.1 0.136 .8.1 0.146 16.2 

.6 0.026 135 0.026 0.0 0.025 -2.1 0.032 23.0 0.035 35.2 
30 0.031 135 0.036 17.4 0.036 14.7 0.045 1+4.0 0.048 r:;A.. 7 

.9 0.057 135 0.063 10.6 0.062 8.0 0.078 35.7 0.080 40.2 
d. . g. ,0 error 13.7 10.3 23.3 24.1 

number or systems = 2; Total number or data,ooints = 7 



.. Appendix 3-3. la Sample calculation for estimating D* from additive method 

Example(l) : 

o 
Cyelohexane at 1'=333.2 K 

Structural formulae : 

H 

/~ 
HCH

H 
"C 

H 

, [M) = 12 (C-H) + 6 (C- C) + 0 . 
From Table ~-3.2 (C-H) = 14 

(C.-C) = 7 

0= 7 

[M) = 12 (14) + 6 (7) + 7 = 217.0 

- 0 3/' Vat 333.2 K = 113.64 cm gmole 

From eq. (3-3.4) 

D~ = T([~) 
7.7 

H 
C 
H\ 

H!>CH 
C 
H 

= 333.2 (113.64) 7.7 
217.0 

2 
= 2.30 cm Isee. 

Experimental D* = 2.34 cm
2
/see. exp 

'" % error = D* cal. - D exp x 100 
D"« 

exp 

=(2.30 - 2.34jx 100 = -1.7% 
," 2.34 

Example(2) : 

o 
Benzene at T = 328.2 K 

Structural formulae 

~ 
#C, 

HC CH 
, 11 

HC~ cH 
'~I 

[M] = 6 (C-H) + 3 (C-C) + 3 (C=C) + 0 
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Appendix 3-2.1a (continued) 

From Table 3-3.2 (C-H) = 14 

(C-C) = 7 

(C=C) = 19 

0= 7 

[M1 = 6 (14) + 3 (7) + 3 (19) + 7 = 169 

3 ,Vat T = 92.87 cm Igmole 

From eq. (3-3.4) .. 
D* ( V ) 7.7 

cal. = T rMr 

. = 328.2 (92.87) 7. 7 
169 

-5 2 = 3.28 x 10 cm Isee. 

-5 2 
Experimental D* = 3.50 x 10 cm Isee. 

exp . 

. % error =13.28 - 3.5) x 100 = -6.2%. 
\: 3.5 

Example (3): 

o 
n Heptane at T.313.2 K 

Structural formulae : H H H H H H H 
HC-C-C-C-C-C-C H 
HHHHHHH· 

[M] = 16 (C-H) + 6 (c-e) 

From Table (e-H) = 14 

(e-e) = 7 

[M] = 16 (14) + 6 (7) = 266 

V at 313.2oK = 150.34 

From eq. (3-3.4) 

n*cal = ~~J ) 
7.7 

. " '.: I. 

= 313.2 (150.36) 7.7 = 3.89x 10-
5 

em
2
/see. 

266 

-5 . 2 
Experimental D*exp. = 3.75 x 10 cm Isee. 

% orror x 100 ". 3.7% . 

. .. 
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Appendix 3.3.1b Comparisons of predicted values of self-diffusion 

Liquid 

Paraffins, 

Methane 

Ethane 

n-Pentane 

Iso-pentane 

coefficients from the additive method with the experimental 

5 2 
values, (D* x 10 , cm /sec) 

T 
Exper. D* Exper. V D*. calculated @ 

2 3 2 oK cm /sec. Ref. cm /gmole Ref. cm /sec. % error 

90.7 2.60 43 35.24 43 2.57 -1. 0 
95.2 3.05 43 31>.74 43 3.01 -1.4 

100.0 3.70 43 36.29 43 3.55 -3.9 
106.1 4.45 43 37.06 43 4.43 -0.4 
110.5 5.45 43 37.65 43 5.21 -4.4 
111.11 5.23 48 37.74 48 5.28 1.8 

2.2 

103.2 0.87 150 47.73 62 0.72 -17.0 
123.2 1.35 150 48.89 62 1.04 -23.3 
143.2 2.32 150 50.53 62 1.55 -33.1 
163.2 3.66 150 52.38 62 2.33 -36.3 
183.2 5.05 150 54.57 62 3.59 -29.0 

27.7 

194.7 1.38 43 100.84 ;;1,3 0.98 -29.0 
250.3 2.97 '43 108.29 43 2.22 -25.2 
273.2 4.14 43 111.81 43 3.13 -24.4 
298.2 5.535 43 116.18 43 4.64 -16.3 
298.2 5.450 41 116.18 196 4.64 -14.9 
303.2 5.650 150 117.03 196 4.99 -11.7 
308.7 6.290 43 118.22 43 5.51 -12.4 

19.1 

273.2 3.83 56 112.86 196 3.37 -12.0 
283.2 4.26 56 114.61 196 3.95 -7.3 
298.2 4.85 56 115.48 196 4.42 - 8.9 
298.2 4.81 204 115.48 196 4.42 -8.1 

9.1 

2 - Methyl butane 
298.2 5.3 '43 117.31 43 5.01 -5.5 

n-Hexane 233.2 1.63 150 121.03 196 1.62 -0.6 
253.2 2.25 150 124.16 196 2.13 -5.1 
293.2 3.85 150 130.66 196 3.66 -4.9 
298.2 4.12 43 131.56 196. 3.92 -4.7 
298.2 4.21 150 131.56 196 3.92 -6.9 
313.2 4.80 150 134.39 196 4.86 1.3 
313.2 4.86 150 134.39 196 4.86 0.0 
333.2 6.00 150 138.51 196 6.52 8.6 
353.2 7.30 150 ·143.09 196 8.87 21.5 . 

~.O 
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Appendix 3-3.1b (contd.) 

Exper. D* Exper. V Calculated D* @ 
Liquids T 2 3 2 . 

oK cm /sec. Ref. cm /gmole Ref. cm /sec. % error 

2-Methyl 
pentane 273.2 2.97 150 128.38 196 2.98 0.3 

283.2 3.36 150 130.07 196 3.41 1.6 
293.2 3.75 150 131.72 196 3.89 3.9 
298.2 3.98 43 132.57 43 4.16 4.6 
303.2 4.18 150 133.49 196 4.46 6.8 

, 313.2 4.62 150 135.27 196 5.10 10.5 
4.6 

3-Methyl ~ 

pentane 273.2 2.67 150 126.37 196 2.64 -1.2 
283.2 3.02 150 128.02 196 3.02 0.0 
293.2 3.42 150 129.78 196 3.47 1.6 
298.2 3.61 43 130.61 43 3.71 2.8 
303.2 3.81 150 131.56 196 3.99 4.7 
313.2 4.23 150 132.29 196 4.30 1.7 

2.0 
2,2-dimethyl 

butane 298.2 3.41 43 133.65 43 4.43 29.9 . 
2,3-dimethyl 

butane 273.2, 2.55 150 126.82 196 2.71 6.3 
283.2 2.91 150 128.48 196 3.10 6.7 
293~2 3.27 150 130.22 196 3.56 9.1 
298.2 3.50 43 131.14 43 3.83 9.4 
303.2 3.65 150 132.06 196 4.11 12.6 
313.2 4.07 150 133.97 196 4.74 16.5 

10.1 

n Heptane 233.2 1.12 .150 136.14 196 1.35 20.5 
250.3 1.52 43 139.26 196 1.72 13.4 
273.2 2.25 150 143.06 196 2.31 2.9 
273.2 2.08 43 143.06 196 ·2.31 12.7 
293.2 3.00 150 146.57 196 2.99 0.2 
293.2 2.80 150 146.52 196 2.99 6.8 
298.2 3.12 43 147.46 43 3.19 2.2 
305.7 3.22 43 148.89 43 3.52 9.4 
313.2 3.60 150 150.34 196 3.89 8.0 
313.2 3.75 .150 150.34 196 3.89 3.7 
329.7 4.21 43 153.75 43 4.86 15.5 
333.2 4.55 150 154.37 196 5.07 11.4 
353.2 5.60 150 158.77 196 6.67 19.1 
353.4 5.76 43 158.80 43 6.68 16.0 
369.0 6.56 43 162.48 43 8.30 26.9 -10.0 
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Appendix 3-3.1b (contd.) 

Exper. D* Exper. V Calculated D* @ 
Liquid T 

oK 
2 3 2 

cm /sec. Ref. cm /gmole Ref. cm /sec. % error 

n-Octane 273.2 1.47 150 158.95 196 1.60 14.5 
273.2 1.56 150 158.95 196 1.60 2.6 
293.2 1.95 150 162.63 196 2.05 5.2 
293.2 2.1Q 150 162.63 196 2.05 -2.4 
298.2 2.25 43 163.61 43 2.19 -2.9 

, 298.2 2.00 150 163.61 196 2.19 9.5 
298.2 2.37 150 163.61 196 2.19 -9.6 
298.2 2.35 150 163.61 196 2.19 -6.8 
313.2 2.55 150 1136.47 196 2.62 2.8 
313.2 2.73 150 166.47 196 2.62 -4.0 
333.2 3.30 150 170.60 196 3.37 2.2 
333.2 3.41 150 170.60 196 3.37 -1.2 
333.2 3.55 150 170.60 196 3.37 -5.1 
343.2 3.80 150 172.74 196 3.82 0.5 
353.2 4.15 150 175.02 196 4.35 4.8 
373.2 5.20 150 179.81 196 5.65 8.7 
393.2 6.40 150 185.51 196 7.57 18.3 

6.0 . 
n-Nonane 273.2 1.10 150 174.97 196 1.44 \ 31. 0 

293.2 1.63 150 178.70 196 1.82 11.6 
293.2 1.61 150 178.70 196 1.82 13.0 
298.2 1.70 43 179.67 43 1.93 13.4 
313.2 2.20 150 182.69 196 2.30 4.7 
313.2 2.17 150 182.69 196 2.30 6.0 
333.2 2.87 150 186.68 196 2.89 0.8 
333.2 3.00 150 186.68 196 2.89 3.7 
353.2 3.65 150 190.85 196 3.63 -0.4 
353.2 3.81 150 190.85 196 3.63 -4.2 
373.2 4.50 150 196.34 196 4.78 6.1 

8.6 

n-Decane 273.2 0.76 150 191.04 196 1.32 74 
293.2 1.29 150 194.94 196 1.66 28.6 
298.2 1.31 43 195.89 43 1.75 33.7 

45.4 

n-Dodecane 298.2 1.719 150 228.58 196 1.52 -11.5 

n-octadecane 323.2 0.46 43 334.87 43 . 0.465 1.1 
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Appendix 3-3.1b (contd.) 

Exper. D* Exper. V Calculated D* @ 
Liquids T 

oK 
2 3 2 cm /sec. Ref. cm /gmole Ref. cm /seco % error 

I 
Cycloparaffins 

Cyclopentane 273.2 2.00 56 91.68 196 2.07 0.0 
298.2 2.88 56 94.72 196 2.90 0.6 
313.2 3.41 56 96.60 196 3.54 3.8 

1.5 
. , 

Cyclohexane 293.2 1.23 150 108.10 196 1.38 12.0 
298.2 1.39 43 108.76 43 1.47 5.6 
313.2 1.75 150 1'10.81 196 1.78 1.8 
333.2 2.34 150 113.64 196 2.30 -1.7 
353.2 3.14 150 116.89 196 3.03 -3.5 

5.0 
Methylcycio-
hexane 273.2 1.13 150 124.83 196 1.23 8.8 

283.2 1.40 150 126.20 196 1.39 -1.0 . 
293.2 1.70 150 127.62 196 1.56 -8.0 
313.2 2.42 150 130.645 196 2.00 -17.0 
333.2 3.28 150 133.76 196 2.55 -22.2 
353.2 4.35 150 137.01 196 3.25 -25.2 
373.2 5.60 150 140.61 196 4.20 -25.0 -15.3 

Aromatics 

Benzene 283.2 1.65 150 87.81 196 1.84 11.4 
288.2 1.87 43 . 88.34 43 1.96 4.8 
288.2 1.88 129 88.34 43 1.96 4.3 
298.2 2.22 43 89.40 43 2.22 0.0 
298.2 2.15 129 89.40 43 2.22 3.3 
308.2 2.59 43 90.51 43 2.53 -2.4 
308.2 2.40 129 90.51 43 2.53 5.4 
313.2. 2.58 150 91.08 196 2.69 4.5 
318.2 3.01 31 91.66 43 2.88 -4.4 
318.2 3.04 43 91.66 43 2.88 -5.3 
318.2 2.67 129 91.66 43 2.88 7.9 
328.2 3.50 43 92.87 43 3.28 ' -6.2 
338.2 4.03 43 94.12 43 3.75 -7.0 
353.2 4.37 150 95.90 196 4.51 3.2 
373.2 6.15 43 98.50 43 5.87 -4.6 

4.98 

Toluene 283.2 2.08 150 105.11 196 1.73 -17.1 
293.2 2.32 150 106.28 196 1.94 -16.4 
313.2 2.95 150 ' 108.63 196 2.46 -16.7 
333.2 3.66 150 111.11 196 3.11 ~15.0 

353.2 4.56 150 113.72 196 3.94 -13.5 
373.2 5.60 150 116.67 196 5.07 -9.4 -' 14.7 
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Appendix 3-3.1h (contd.) 

Exper. D* Exper. V Calculated D* @ 
Liquid T v 

oK 
2 3 2 

cm /sec. Ref. cm /gmole Ref. cm /sec. % error 

Alcohols 

Methanol 278.2 1.55 43 39.56 43 2.03 30.9 
288.2 1.91 43 40.25 43 2.40 25.7. 
298.2 2.32 43 40.74 43 2.72 17.6 
308.2 2.71 43 41.17 43 3.06 12.8 

, 
308.2 2.74 150 41.17 43 3.06 11.7 
313.2 2.89 43 41.45 43 3.09 7.1 
318.2 3.37 43 41.64 43 3.44 2.1 -328.2 3.88 43 42.15 43 3.90 0.5 
298.2 2.36 96 40.74 43 2.72 15.3 

13.7 
, 

Ethanol 280.0 0.618 43 57.33 43 0.95 54.3 
288.2 0.770 43 58.05 43 1.08 40.4 
298.2 1.010 43 58.68 43 1.22 20.3 
298.2 1.020 96 ·58.68 43 1.22 19.6 
298.2 1.05 72 58.68 43 1.22 16.2 
296.5 1.37 106 58.50 196 1.18 -13.9 
295.9 1.26 106 58.40 196 1.16 -7.8 
308.2 1.30 43 59.32 43 1.365 5.0 
318.2 1.66 43 60.02 43 1.54 -7.1 
328.2 2.06 43 60.73 43 1.74 -15.5 
333.2 2.60 106 61.00 196 1.83 -29.6 
338.2 2.61 43 61.53 43 1.98 -24.0 

21.1 
, 

n-propanol 288.2 0.504 43 74.42 43 0.63 25.1 
298.2 , 0.646 152 75.14 196 0.702 8.7 
308.2 0.814 152 75.895 196 0.784 -3.7 
318.2 1.017 152 76.743 196 0.882 -13.3 --

12.7 .. 
i-propanol 288.2 0.474 43 74.985 43 0.668 41.0 

, 298.2 0.649 . 152 76.956 196 0.844 30.1 
308.2 0.867 152 77.867 196 0.955 11.3 
318.2 1.145 152 78.817 196 1.083 -5.4 

22.0 
, 

n-Butanol 298.2 0.504 152 91.998 196 0.52 3.5 
308.2 0.649 152 92.88 196 '0.58 -10.6 
318.2 0.822 152 93.66 196 0.64 -22.3 

12.1 
, 
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Appendix 3-3.1b (contd.) 

Exper. D* I Exper. V Calculated D* @ 
Liquid T 

oK 
2 3 2 

cm /sec. Ref. cm /gmole Ref. cm /sec. % error 

t-Butanol 308.2 0.497 152 96.15 196 0.75 52.0 
318.2 0.744 152 97.53 196 0.87 17.2 
328.2 1.070 152 98.98 196 1.01 -5.8 

25.0 
Organic balidS 

Methyl iodide 294.2 2.50 106 62.35 196 2.32 -7.1 
270.2 1.86 106 60.57 196 1.71 -8.2 -.. 7.6 

Chloroform. . 200 0.50 43 71.84 196 0.43 -13.4 
298.2 2.58 43 80.69 43 1.58 -38.7 
298.2 2.44 43 80.69 43 1.58 -35.2 -29.1 

Carbon-tetra- , 
chloride 293.2 1.18 43 96.51 43 1.36 15.3 

298.2 1.32 43 97.12 43 ' 1.455 10.3 
298.2 1.41 129 97.;1.2 43 1.455 I 6.3 
308.2 1.75 129 98.31 196 1.65 , -5.6 
313.2 1.78 150 98.93 43 1.76 -1.0 
313.2 1.82 43 98.93 43 1.76 -3.3 
318.2 1.99 129 99.49 196; 1.87 -6.0 
303.2 1.428 31 97.69 196 1.548 8.4 
313.2 1.683 31 98.93 43 1.76 4.6 
323.2 2.00 43 100.16 43 2.00 0.0 
323.2 1.937 31 100.16 43 2.00 3.2 

'-

333.2 2.44 43 101.41 43 2.28 -7.0 -5.9 

, Ethylbromide 295.7 3.80 72 74.83 196 ,3.16 -16.8 
288.2 3.60 72 74.10 196 2.86 -20.6 
303.2 3.96 72 75.67 196 3.53 -10.8 -16.0 

Ethyl iodide 292.5 2.212 43 80.688 43 2.13 -3.6 

Butyl iodide 292.5 1.347 26 113.81 196 1.656 22.9 

Cblorobenzene 298.0 1.80 147 102.25 196 1.47 -18.4 

Bromobenzene 298.2 1.12 43 105.02 43 1.29 15.6 
I' 
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Appendix 3-3.1b (contd.) 

Exper. D* Exper. V Calculated D* @ 
Liquids T 

oK 
2 3 2 

cm /sec. Ref. cm.lgmole Ref. cm /sec. % error 

Ketones 

Acetone 298.2 4.835 43 . 74.0 43 4.97 2.8 
298.2 4.30 106 74.0 43 4.97 15.6 
333.2 7.00 106 78.0· 196 8.33 18.9 -12.4 , 

Ethers 
.. 

Diethyl ether 287.4 6.30 106 102.88 196 5.27 -16.3 
266.9 5.20 106 99.78 196 3.87 -25.5 
239.7 3.3 106 95.78 196 2.54 -23.0 

21.6 

p-dioxan 307.2 1.49 43 86.37 43 1.60 7.8 

1,1, Diethoxy-
methane 294.7 3.20 106 125.8 196 4.0 25.0 

261.0 2.10 106 120 •. 6 196 2.56 21.9 
333.2 5.3· . 106 132.17 196 6.60, 24.8 

1,2, Dimethoxy-
ethane 292.9 3.0 106 104.40 216 , 3.58 19.2 

-
Acids 

Acetic acid 290.2 0.89 106 . 57.07 196 0.98 10.7 
303.2 1.27 106 67.78 196 1.13 -10.8 
323.2 1.83 106 59.02 196 1.42 -22.3 
357.2 3.00 106 61.35 196 2.12 -29.3 -18.3 

Miscellaneous 

Tetrahydro-
furan 293.2 3.0 106 81.22 216 2.62 -12.8 

% Average deviation = 11.8% 
I 

@ Calculated from eq. (3-3.4) by using the values of [M) from Table 3-3.2 



Appendix 3-3.2 Sample calculation for D* from eq. (3-3.6) 

o 
Benzene at T = 328.2 K 

3 
Vb = 96.5 cm /gmole (Appendix 3-2.t) 

\T(at T)= 92.87 cm
3
/gmole (Ref. 43) 

p.(at T)= 0.415 x 10-
2 

poises (Ref. 43) 

From Eq. (3-3.6) 

n* = 0.229 x 10-
8 

.. 
= 0.229 x 10-8 (96.5)0.636 328.2 

0.415x 10-2x 92.87 

= 0.229 x 18.288 x 328.2 x 10-
6 

0.415 x 92.87 

= 3.566 x 10-
5 cm2/sec. 

-5 2 
Experimental D* = 3.50 x 10 cm /sec. (ref. 43) 

% error =rD* - D* . J cal. expo x 100 
D* exp. 

=(3.566 - 3.50 100 r 3.50 

= 1.9% 
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Appendix 3-4.1 Sample calculation for estimating the temperature dependence 

of D* from eq. (3-4.6) 

Benzene: 

From Appendix 3-2.1b at T1 = 298.2
o
K; 

From Ref. (IG8) 
, 

To estimate D2* at 

-5 2 
D1 * = 2.22 x 10 cm /sec 

o 
T = 562.1 K 

c 
o 

T2 = 328.2 K 

From eq. (3-4.6) D*2 = D1* [Tc - T1] .. n I 

T - T 
c 2 B 

For benzene n=4 (from Table 3-4.5) 

Experimental D* 2 

% error 

[
562.1 - 298.2 J 4 
562.1 - 328.2 

= 2.22)(IOS[263.9 ] 4 
233.9 

. . -5 2 
= 3.597 x 10 cm /sec. 

=rD* ,eal - D* ~ 2 2, expo 
D* 2, expo 

x 100 . ) 

=r3.597 - 3.501x 100 
[ 3.50 J 

= 2.78% 

;' 
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Appendix 4;...3.1 Sample calculation for (? 

For the run RC4 : 

Cl = 0.101541 

C
2 

= 0.00000 

C
3 

= 0.071583 

C 4 = 0.029963 

concentrations are in(gm mole\ at 25
0

C 
. \litre I 

CB:: Cl + C3 = 0.086562 . g mole/litre 
2 

C
T 

=. C2 + C 4 = 0.0149815 g mole/litre 

2 

-0 - -5 2/ D B at CB = 1.8789 x 10 cm sec from Fig. 4-3.2 

-0 - -5 2/ D T at C
T 

= 1.92950 x 10 cm sec from Fig. 4-3.2 

-
From eq. (4-3.3) 

- - -0 . - -0 
DAB = CB D B - CT D T 

CB - eT 

= (0.086562 x 1.8789) - (0.0149815 x 1. 9295) ~ 10-
5 cm2/see 

. 0.086562 - 0.0149815 

= 1.86835 x 10-
5 cm2/see. 

From eq. (4-3.1) 

@ = 1 

DAB t 

1 
(1.86835 x 10-6) (24 x 3600) 

-2 
= 0.2388 em 

log,o ·((}.101541 - O. 0000 '\ 
0.071583 - 0.029963) 
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Appendix 4-3.2 Sample calculation for :i5 AB for acetone_ 

o 
water at 55 C 

Run No. H30 

-2 \3= 0.3106cm (fromFig. 4-3.4 ) 

3 0 
V = V1~ V2 ::::V3 ~V4 = 41.8 cm at 55 C 

A = VD = 0.850 = 0.02033 (from Table 4-1.1) V 41.8 

Concentrations Cl' C2 and C
4 

are derived by an analysis of test 
cl 

solution (density measurement) 

Cl = 57.450 

C
2 

= 66.700 

. C
4 

= 64.000 

in (gm acetone/lOO cm
3 

at 55°C) 

Concentration C 3 is obtained by material balan~e: 

From eq. (4-3.7) 

C3 = Ci + C2 (1+'\) _ C 

1 + 0.5 A 4 

= (57.450) + (66.700 x 1.02033) _ 64 00 
1+ (0.5 x 0.02033) • 

3 ° = 60.2437 gm acetone /100 cm at 55 C 

From eq. (4-3.1) 

DAB = --1... lOgrC1 - C2 ] 
. @t C-C 

. 3 4 

= 1 
0.3106 x (24 x 3600) 

-5 2 . 
= 1.5332 x 10 cm /sec. 

log (57.45 - 66.70) 
60.244 - 64. 00 
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Appendix 4-4.1 

Sample calculation for possible error in cell constant @ 

For the run RC4 

Cl = 0.101541 

, C
2 

= 0.00000 

C 3 = O. ,071583 

C 4 = O. 029963 

Concentrations are in 

o 
gm mole at 25 C 
litre 

.. 
tac = f.C = f.C

3 
= AC

4 
~ 0.0002 

,,:c. = ,,~c = r(2 x 10-4)2 + (2 x 10-4)2 ] i = 
1 f. C 

6Ci = Cl - C2 = 0.101541 

AC
f 

= C
3 

- C
4 

= 0.041620 

From eq. (4-4.2) 

• • 

.\ 

" . 

. . 
...;, 
(J: ...... 

\ 

= -.;;,0..;.,;. 2~3;.;;.8.;;...8 7;... 
0.387339 

.. ,_.:.' 
, ., -2 

= 0.453 x 10 

% error = 0.453 
0.23887 

, ' \ 
\ ' 
I 

= 1.896% 

-4 
2.828 x 10 
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Appendix 4-4.2 

Sample calculation for possible error in DAB from the determination 

of concentration by density measurement. 

For the run R15 : 

Cl = 67.89549 

C
2 

= 72.33529 

C
3 

= 68.53367 

C 4 = 71.64577 

6C1 = ~C2 = .1C3 = ~C4 = AC ~ 0.005 

Concentrations are 

in gm/100cm 
3 

at 

250 C . 

301 

~ 1 

al1 C
i 

= ~acf = ~~C)2 + (6c)2] 2 = [(5X10-3)2 + (5X10-3)2] '2 

AC
i 

= C2 - Cl = 4.4398 

ac = C - C =3.1210 
f 3 4 

From eq. (4-4.1) 

:. cSD
AB 

~ 0.7433 
0.15308 

1 
[ O. 02535 + O. 05131 ] '2 

-2 
= 1.3437,x 10 

• .• % error = 1.3437 = 1.80775 r: 
0.7433 

= 0.707 x 10 
-2 



Appendix 4-4.3 Sample calculation of DAB for 

o 
ethanol-water system at 85 C 

Run No. R5 

@ = 0.2340 
-2 

cm (from Fig. 4-3.3 

3 0 
V = V1~V2~V3~V4 = 46.2 cm at 85 C 

) 

A = VD = 1.10 = 0.0238 (from Table 4-1.1) 
V 46.2 

(1) Concentrations Cl' C2 ' C3 ' C 4 are derived by an analysis 
.. 

of test solution (density measurement). 

Cl = 0.000 

C
2 

= 11.850 

C
3 

= 4.640 
3 0 

in (gm ethanol/100cm at 85 C) 

~4 = 7.300 

From eq. (4-3.1) 

(DAB) = 1 
1 ~t 

1 
= 0.234 x (24 x 3600) 

log,o (0.000 - 11. 850 ~ 
. 4.64-7.300 / 

-5 2 = 3.2093 x 10 cm Isec. 

(2) Concentration C
3 

is derived by a material balance. 

From eq. (4-3.7) 

.. 
·C 

3 

= Cl + C2 (l+A) 

1 + 0.5" 
-C 

4 

= O. 00 + (11. 85 x 1. 0238) _ 7.30 
1 +(0.5 x 0.0238) 

= 4.68935 
·30 

gm ethanol/lOO cm at 85 C 
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The same value of Cl' C2 and C 4 are used as given above 

Then 1 =-
(H 

= 1 
0.234 x (24 x 3600) 

lO~o(O. 000 - 11.85) 
4.689 - 7.300 

= 3.24959 x 10-
5 em

2 Isee. 

(DA~ - (fiAB)2X:00 
~error = _---.;;1~ ___ _ 

(DAB) 2 

= 3.2093 - 3.2496 x 100 
3.2496 

.= -1.24% 
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Appendix 7-3.1 Sample calculation of DAB ,!s~g eq. (3-1.21). 

. 0 
For ethanol water system for the concentration of 0.1 mole fr. at 25 C 

Values of pure component properties at 25
0

C 

D* x 10
5 o 5 v. AlIi AHi-x 

2 
Component D .. x10 Ili x 10 

cm2/sec c~~/sec 13 
cm /gmole 

cal/gmole cal/gmole poises 

Ethanol A 1. 050 1.220 58.68 10010.0 5500 1. 080 

water B 2.236 1.240 18.054 .. 10484.5 5250 0.895 

From eq. (3-1.28) 

AH -RT 
6. GUll = A = 10010-(1. 9872x298. 2) = 3844 I/. 1 

r-K 2.45 2.45 ca:/gmoe 

From eq. (3-1.29) 

AH -RT 
6.G = B = 10484.5-(1. 9872x298. 2)= 4038 J/J l 

}l.e 2.45 2.45 ca gmo e 

At X
A 

= 0.1, 
-2 . 

}.lAB = 1. 88 x 10 poises 

From eq. (3-1. 30) 

. aG m =RT [In }-tAB - ( XA In !AA + X B In ,uB)l 

From eq. (3-1.27) 

= (1. 9872x298. 2) [In (0. 0188)-(0.11n(0. 0108)-0. 9ln(O.oo895»] 

= 428.623 ca11 
gmole 

A G p, AB = x A ~ Gp, A + x B .6.. G }i, B + .6.. G m 

= (0.1) (3844) + (0.9) (4038) + 428.623 

= 4447.22..e!:. ',. 
gmole 



From eq. (3-1.41) 

6 G J*, A = i6 G JJ., A = 1922 cal 
gmole 

and 6 GjD*,B = i.DoG J.L'B = 2019 cal 
gmole 

From eq. (3-1.43) 

and 

llGp..' A-H = ( II HA_H \ AG 
\~ii ") p,A 

A 

= 5500 x 3844 =-2110.4 cal 
10010 

gmole 

= 5250 x _ 
10484.5 4038 - 2019 cal 

gmole 

From eq. (3-1.42) 

AGj 
-.! 6 G 

U D*,A-H - 2 }1,A-H = 1055.2 ~ 
gmole 

and DoG
j
D* B-H = i h.G,u'B_H = 1009.5 cal 

, gmole 

From eq. (3-1. 39) 

~ GjD*,A-I = A GjD*,A - A GjD*,A-H 

= 1922 - 1055.2 = 866.8 cal 
gmole 

and 6G
j
D*,B-I = A GjD*,B - AGjD*,B_H 

= 2019 - 1009.5 = 1009.5 cal 
gmole 

From equations (3-1.37), (3-1.35) and (3-1.36) 
.! 

2 V 3 .! a'A = A _ 2(58. 6~)3 . 
.! .! - (58. 68)3 + (18. 054)! = 1.194 V 3 + V 3 

A B 
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.! 

and = 2 (18.094)3 1 
.L = 0.805 

(58.68)3 + (18.054)3 

From eq. (3-1. 34) 2 

~A 1 &A !J. GID*,A_H + XBi(ijBIl.G~*'B_H] D.G
j
D AB-H = , 

= [0.1 1(1.194 x 1055.2) + 0.9 

= 853.3 cal 
gmole 

From eq. (3-1. 38~ [, 

AGl - x 
to) D,AB-I - A 

From eq. (3-1. 31) 

= [0.1 Y(f. 19~ x 866 •. 8 

= 1443.97 cal 
gmole 

~GjD,AB = .6G
j
D,AB-H + hGjD,AB-I 

~ 

= 853.3 + 1443.97 

= 2297.27 cal 
gmole 

2 
1 (0. 805x1009. 5)] 

j 

~ G D*,A-I 

From eq. (3-1.46a) 

. 2 
= (1.194 x 1022. 5) +~~ 1~ x 866.8 

= 1828.87 cal 
gmole 



= 1. 0023 

From eq. (3-1.47b) 
. 2. 

llGJnO,AB = aB lIG~*'B_J(~) I:!.d n*,B-i 

.. J..1 '\ 2 = (0.805 x 1009.5) \0.805) x 1009.5 

From eq. (3-1.46b) 

1 ll. f=-
B I::.G l 

DO,AB 

= 0.99911 

= 2370.46 eal 
gmole 

.. 

From eq. (3-1.44) for X
A 

= 0.1 . 

fAB = ( fA) xA ( ~)x B 

= (1.0023) 0.1 (0.99911)0.9 

= 0.99943 

From eq. (3-1. 26a) 
j 

~GJl,AB-~GD,AB = 1 ~~fl,AB - fAB AG D,AB 

= (1 x 4447.22) - (0.99943 x 2297.27) 

= -72.35 

From eq. (3-1. 21) 

D = AB 

307 

= (1.08 x 0.0108)°· \2. 236xO. 00895)°·9 (0.76 \ exp( -72.35 '\ 
. \0.0188J \1. 9872x298.2 I 

-5 2 = 0.6784 x 10 cm Isee. 



-5 2 
Experimental DAB = 0.67 x 10 cm Isec. 

at- error 
D - D 

= AB, cal AB, expo x 100 
D AB,exp 

= O. 678 - 0.67 100 
0.67 x 

= 1.3% 

Appendix 7-3.2 Sample calculation of DOABUSing'eq• (3-2.4) 

o 
For ethanol CA) - water (E) system at 100 C 

3 
V A = 62.5 cm Igmole 

3 
VB = 18.7 cm Igmole 

(PAl = . 128.8 

(PBl = 52.0 

~B = 0.288 centipoises 

o T = 373.2 K 

From eq. (3-2.4) 

o -8 ~ 
D AB = 8.93 x 10 V A 

yv; 
B 

from Appendix (3-2.1) 

= 8.93 x 10-8 (62.51
1 

. (~ ,\0.6 x 373.2 
(18.7)3 128.8) 0.288 

= 8.93 x 1. 992 x 0.58029 x 373.2 x 10-8 
2.65425 x 0.288 

I 

= 5.00 x 10-
5 cm2/sec. 

o -5 . 2 
Experimental D AB = 4.32 x 10 cm Isec. 

$ error = D
O

AB 1 - D
O

AB :I .. 
~ca e .-J x 100 
.AB, exp 

= 5.00 - 4.32 x 100 
4.32 

= +15.7% 
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Appendix 7-3.3 Sample calculation for estimating the temperature dependence 

o 
of D AB using eq. (3-4.7) 

Ethanol (A) - Water (B) system: 

At 
o 

T1 = 298.2 K ( from Table 6-2.2) 

o -5 2 
D AB = 1.25 x 10 cm Isec. 

o 
from ref. (168) T (of water) = 647 K 

c 

From eq. (3-4.7) o 0 
(D AB) = (D AB ) 

2 1 

.. 

[

T - T 
c 1 

T - T 
c 2 

n 

t 
For solvent water, n = 6 

o -15 

(from Table 3-4.2) 
6 

DAB .= 1.25xlO 
2 

( 
647 - 298.2 ) 
647 -.346.2 

-5 2 
= 3.04 x 10 cm Isec. 

o· 0 -5 2 
Experimental D AB at 346.2 K = 2.95 x 10 cm Isec. 

% error = 3.04 - 2.95 x 100 
_ 2.95 

= +3.1% 

I 
,I 
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NOMENCLATURE 

A = surface area defined in eq. (3-1. 2) or effective mass transfer area 

of the diaphragm in eq. (4-3. 2),cm2• 

= initial and final concentrations of bottom compartment respectively, 

gm/100Cm
3 

at TOC (or gmole/liter at 25°C for KCI - H
2

0 solution). 

= initial and final concentrations of top compartment" respectively, 

gm/10oCm
3 

at TOC (or gmole/liter at 25
0

C for KCI-H
2

0 solution). 

= concentration of solute A, gm solute/100cm3 at TOC • .. 
= concentrations of the bottom and the top compartments, respectively, 

in eq. (4-3.3). 

° C D' CD = initial and final concentrations of liquid in the diaphragm as defined 

in Fig. 4-3.13. 

Cl = ,<C2 + C4) 12. 

C
11 

= (Cl + C3) 12. 
2 

D*, D* A ,DB= self-diffusion coefficients of pure components, cm Isec. 

DAB = differential diffusion coefficient," cm
2
/sec. 

= integral diffusion coefficient, cm2/sec. 

= integral diffusion coefficient of a run of vanishingly short duration 

With initial concentrations CB and zero on the two sides of the 

diaphragm.·, cm2/sec. 

DCT = integral diffusion coefficient of a run of vanishingly short duration 

with initial concentrations C
T 

and zero on the two sides of the 

diaphragm, cm2/sec. 

o 0 
D AB,D BA= limiting diffusion coefficients when xA - ° and XB- 0 

respectively, cm 
2 I sec. 

I:lE,I:lEA,£)E:a= energy of vaporisation for pure components, cal/gmole. 



NOMENCLATURE (contd.) 

c.En , 6En ,At activation energy of diffusional flow for pure components at OOK, 

~ En,B J cal/gmole. . . 

,1 En, AB '= activation energy of diffusional flow for binary mixture at OOK. 

AE f.1 ,oE,uJA}= activation energy of viscous flow for pure components at OOK. 

~ E M,B . 

~~ }J.,AB }= activation ene,rgy of viscous and diffusional flows as defined in 

6En ,AB, equations (7-2.1) and (7-2.2) respectively, cal/gmole. 

F x 

f 

= force in x- direction in eq. (3-1. 3). 

= viscous resistance per molecule or frictional coefficient. 

= bond breaking factors for pure components ~ 

= bond breaking factor for binary mixture. 

= shear stress in the x-direction in eq. (3-1.4). 

AGrlAGn A}= free energy of activation for pure components, 
'c . 

l1Gn ,B cal/gmole. 

llGn , AB 

o 
l1Gn ,AB 

AGnO, BA 

= free energy of activation for diffusional flow, cal/gmole. 

}
= free energy of activation for diffusional flows for X A - 0 

and x B - 0, respectively, cal/gmole. 

311 

h 
AG n AB . , 
AGln,AB }

= contribution of free energy of activation for hole forming stage 

and for jumping stage in diffusional flow respectively, cal /gmole. 

AG
j D'AB-~= contribution of free energy of activation for jumping in diffusional 

AG
j 
n,AB-I j flow due to hydrogen bonding and to dispersion forces respectively, 

cal/gmole. 

j 
l1G n*,x = contribution of free energy of activation for jumping iD. diffusional 

flow for pure component, cal/gmole. 

AG~D"X-Ht contribution of free energy for activation for jumping in diffusional 

l1G1
n

*,X_IJ flow due to hydrogen bonding and to dispersion forces respectively 

for pure component, cal/gmole. 



NOMENCLATURE (Contd.) 312 

6.G 
m 

IlG).t,A 

IlG /J.,B 

I1G j.A,X 

= excess free energy of mixing, cal/gmole. 

} 

= free energy of activation for viscous flow for pure components, 

. cal/gmole •. 

= free energy of activation for viscous flow for pure components, 

cal/gmole. 

AG).1, AB = free energy of activation for viscous flow in binary mixtures, 

cal/gmole. 

I1G:' AB }= free energy of activation for forward and backward flow in viscous 
, -AG-

P ,AB process, cal/gmole. 

lIGf 'AB'}= contribution of free energy of activation for hole forming and for 

AGJ,u,AB jumping, respectively, in viscous flow, cal/gmole. 

lIG~, X = contribution of free energy of activation for jumping in viscous 

flow for pure component, cal/gmole • . 
AG~'X_H')= contribution of free energy of activation for jumping in viscous 

AG~, X-I flow due to hydrogen bonding and to dispersion forces respectively, 

cal/gmole. 

AH
A

,6H
B 

= heats of vaporisation for pure components at TOK, cal/gmole. 

AH
A

, /). HB = heats of vaporisation for pure components at normal boiling points, 

cal/gmole. 

AH ,= heat of vaporisation of pure componennat TOK, cal/gmole. 
x 

6HX_H = heat of vaporisation of pure components due to hydrogen bonding at. 

o 
T K, cal/mole. 

h 
-27 = Plank's constant, 6.624 x 10 erg. sec. 

J = mass flux in eq. (4-3.5) gm/cm
2
sec. 

K = constant in eq. (3-2.3). 



NOMENCLATURE (Contd.) 

k = Boltzman's constant, R 16 0 
1. 3805 x 10 erg/molecule K. 

N 

I = effective length of the diaphragm in eq. (4-3.2), cm. 

1:J. LA ,6 LB = heats of vaporisation of pure components at normal boiling points, 

cal/gm. 

= test liquids in compartment A and B respectively. 

M , MA' MB = molecular weight of pure components. 

[MJ ~ = constant in eq. (3-3.4). 

N = Avogadro's number, 6.023 x 10
23 

mOlecule:rnole • .. 
n = association factor in eq. (3-2.5). 

p 

p 
c 

R 

T 

T c 

T r 

t 

.13 1 
= parachors of pure components, gm" cm /gmole sec 2. 

= pressure. 

= critial pressure. 

o = gas law constant, 1. 9872 cal/gmole K. 

= rheochor. 

= molecular radii of pure components. 

= temperature in oK. 

= critical temperature, oK. 

= reduced temperature (T/Tc). 
\j 

= time. 

o 3 V, V A' VB = "molecular volumes of pure components at T K, cm /gmole. 

VI' V 2, VD = volumes of liquid in lower compartment, upper compartment and 

diaphragm pores respectively in section 4. 

Vb' V A' VB = molecular volumes of pure components at normal boiling points, 

3 
cm /gmole. 

3 
V ,V A ,V

B
= critical volume Of pure components~ cm /gmole. c c c 
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NOMENCLATURE (Contd.) 

3 = free volume, cm /gmole. 

= mole fraction of A and B respectively. 

= number of all nearest neighbours. 

= weight fraction of A 

Greek Letters 

J1'fJ-A'PB 

fJ-AB 

~, ~A,liB 

A=~;) 

E,S 

= 1 +(d InoA,= thermodynamic factor 
\d In X,t.l -2 

= cell constant, cm 

= distance of momentum transfer • .. 
= dimension-less intermolecular distances defined by equations 

(3-t .35) and ( 3-1.36). 

= density, gm/cm 3• 

= viscosity of pure components, poises;(centipoises in eq.3-2.4) 

= viscosity of binary mixture, poises. 

= number of nearest neighbours in one plane 

= ratio of volume of diaphragm pores to one of the compartments 

of diaphragm cell (of section 4). 

= di'stances between liquid molecules. 

= distances between successive equilibrium positions for diffusional 

flow and for viscous flow respectively. 

= activity coefficient. 

= friction coefficients in eq. (2-4.5). 

= surface tension at TOK, dymes/ cm. 

= frequencies of forward and backward motion of a molecule. 

. 0 
= Lennard-JonesParameters, erg/molecule and A , respectively 

in eq. (3-2.1). 
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NOMENCLATURE (Contd.) 

Superscripts 

o 

* 
h 

j 

+ 

= infinite dilution of one compartment in mixture. 

= self-diffusion. 

= hole forming. 

= jumping. 

= forward. 

= backward. 

" 

Subscripts· 

A 

B 

b 

AB 

c 

D 

H 

I 

I 

m 

x 

v 

= pure component A. 

= pure component B. 

= normal boiling point. 

= binary mixture of A and B. 

= critical. 

= diffusion. 

= hydrogen bonding. 

= dispersion. 

= liquid. 

= melting point. 

= general statement indicating either A or B. 

- = vapour. 

= viscosity. 

.' r 

1, 2 = indicate temperature level in equations (2-5.1), and (3-4.6), 

and (3-4.7). 

1, 2, 3 = three dimensional indicators in A
1

, A2 and A3• 
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