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ABSTRACT 

The  self-association o f  e thanol  in solutions o f  n-hexane,  cyclopentane,  cyclo- 
hexane, carbon tetrachloride and  benzene is s tudied on the basis o f  heat  o f  dilution 
data  published in the literature. The  te t ramer  format ion  model  fitb the experimental  
da ta  better  than o ther  self-association models. The  corresponding self-association 
constants,  Kl,a, a n d  heats o f  reaction, A / ~  1.4, are  calculated. The  solvent effect is 
studied using the solvent polari ty factor,  E.r, and  the existence o f  a l inear dependance  

o f  log KI.4 on E r  values is shown. 

1. IN'rRODUCTION 

Organic molecules containing hydroxyl  groups tend to self-associate. The  dega-ee 
o f  self-association depends on  the na ture  o f  the molecules and  o f  the medium where 
the self-nc-~)ciation takes place. In the case o f  pr imary  alcohols,  various methods  have 
been used to de termine  the s t ructure  o f  the alcohol  associates and  the corresponding 
stability constants.  On  the basis o f  heat  o f  mixing and  IR data  Van Ness et al. 1 

proposed a model  o f  self-association consisting o f  monomers ,  dimers  and  linear 
polymers  with 20 or  more  monomer i c  units. IR measurements  per formed by Fletcher  
and  co-workers  2 -4  offer ano the r  association model  ~ i th  m o n o m e r  and  tetramer,  

with no o ther  species existing in a moun t s  sufficient to affect the mass balance equat ion.  
Calorimetr ic  measurements  by Anderson  et al. 5 as well as the works  cited in their  
paper,  strongly suppor t  the m o n o m e r - t e t r a m e r  model.  F r o m  the  l i terature da ta  x- 5 

it can be concluded  that  the model  consisting o f  two dominan t  species, m o n o m e r  and  
te t ramer,  could  be ascribed to  the self-association process o f  p r imary  alcohols. 

According  to available data ,  the role o f  the  length o f  alkyl radicals o f  alcohol  
molcculc~ on  the sclf-a~ociat ion p r o c c ~  is not  definitely established. Fletcher-" 
concludes tha t  the order  o f  alcohols" ~If-associa t ion is octanol  > butanol  > ethanol-  
d I > methanol ,  in contras t  to Anderson ' s  da ta  ~ which dc~s no t  show any  general  

• r To whom ~ d e n c e  should be a d ~ .  
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t rend for the self-association o f  the alcohols proceeding f rom ethanol  to  octanol  in 
isooctane_ The  measurements  o f  the entb-~lpies o f  dilution o f  e thanol  in non-polar  
solvents, carried ou t  by Stokes and  Burlitt 6 and  Stokes and  A d a m s o n  v, do  not  
contr ibute  to the explanat ion o f  the self-association process o f  ethanol .  

The  a im o f  this paper  is to determine the self-association constant  o f  e thanol  
using the li terature da ta  on the enthalpies o f  dilution o f  e thanol  in non-polar  solvents 
6. 7, and  the da ta  on excess volumes o f  e thanol  in non-polar  solvents s, and  to  s tudy 
the influence o f  the type o f  solvent upon  the self-association equilibria. 

2.  L-X PERIME.~-rAL 

Experimental  details o f  the data  used in this work  are  given in the li terature s -  s. 
We are pleased to point out  that  we have dealt  with experimental  da ta  o f  high pre- 
cision and  accuracy.. 

3. RESULTS AND DISCUSSION 

The  self-association equilibrium o f  an alcohol (P) has been considered by a 
general equat ion 

nP ~ P .  (1) 

and  the equilibrium constant  expression 

[P.-I 
g , . -  fP]" (2) 

The  brackets  denote  molar  concent ra t ion  and  n is the number  o f  monomer ic  units. 
In o rder  to  relate the equilibrium constant ,  given by eqn. (2), with the calorimetr ic  
measurements  o f  the self-association process given b v eqn. ( I) ,  the value ¢'L has been 
in t roduced 9 

n n K , . .  J M " - I  (3) 

Here, 4'L is defined as the negative enthalpy o f  dilut ion o f  one  mole  o f  e thanol  f rom 
a solution o f  a given molari ty  to infinite dilut ion 9, AH~..  represents the s tandard  
enthalpy o f  the self-association pr _oces__s given by eqn.  (1), while M denotes  the molar  
concent ra t ion  o f  ethanol.  The  precise da ta  on the enthalpies o f  di lut ion o f  e thanol  s" 7 
have enabled the extrapolat ion O f O  L a t  infinite dilut ion with great  accuracy.  The  data  
on  densities o f  studied binary mLxtures, needed for  conversion of, / ,  c values f rom mole  

fract ion to mole  1- t concent ra t ion  scale, were taken f rom volumetr ic  properties o f  the 
same s.vstems 8. 

Equat ions  (2) and  O )  hold if  one  assumes tha t  the measured heats o f  dilution 
(with negative sign) axe only the consequence o f  the process represented by eqn. (1) 
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Fig .  i .  T r e a t m e n t  o f  z h c r r n o c h e m k : a l  d a t a  ¢ o f  t h e  e t h a n o l - - c y c l o h e . x a n e  s ~ t e x n  a t  298 .15  g .  b y  e q n .  

(3) .  n ~- 2 ( O ) ,  n :=- 3 ( × ) ,  n = 4 ( O ) ,  a n d  n -~ 5 ( f - ' )  U p p e r  a b s c i s s a  is  ~-alld f o r  n = 

T A B L E  1 

~ [ . . r r - a ~ l ~ " l A ' ] [ ' [ O N  O D ~ A ~ ' T S ,  O F  IETI4A.'~ZOL I N  V A I U O U S  SOLW_.N"I'S A T  2 9 8 . 1 5  K .  S'I'A.N"DARD E]~'THALP'k* 

O F  THE S E L F - ~ T I O . ~ ,  A N D  SOLVENW P O L A R I T Y  F A C T O R .  ETHA.NOL CONCF_.N-I'RATION R A N G E S  F R O M  

0 . 0 2 8  TO 0 . 4 5  g .  

Solvent  Kz.  4 AH~. 4 ET a 
( P  tool -~) ( k J  tool- t)  ( y  tool-X) 

n - H e x a x t c  540  _:.. ! 9 1 . 0 7  - -  0 . 3 3  129.28 
C) r ,  l o p e n t a n e  4 9 4  -=" 2 9 0 . 0 2  - -  ~ 4 0  
C ~ : l o h e x a n e  6 1 2  -:- ! 90.51 - -  ! . 5 5  130.21 

C a r b o n  t e t r a c l d o r i d e  86  - -  3 70 .29  --' 2 . 4 8 -  135 .98  
B e n z e n e  3 .2  - -  0 . 7  6 5 . 6 4  --' 0 . 33  ! 4 4 . 3 5  

= T a k e n  f r o m  t h e  l i t e r a t u r e  TM a n d  r c c a l o u l a t e d  t o  d i m e n s i o n s  J t o o l  - t .  

and that the activity coefficients o f  monomer  and polymer are close to unity in very 
dilute solutions o f  alcohol.  

The  literature data e -  8 on the enthalpies o f  dilution o f  ethanol for different 
solvents have been treated by eqn. (3). They have been plotted as ~L = f(4~L/M~- t)l/B 
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Fig.  ?. T I ~  in f luer~e  o f  t e m p e r a t u r e  o n  t h e  r e p r e s e n t a t i o n  o f  d a t a  s o n  the  e t h a n o l - - c ~ l o h e x a n e  
$~s~em by. eqn .  (3), fo r  n --= 4. 318.15 K ( O ) ,  _'298.15 K ( C )  a n d  7~3.1S K ( × ) .  

and  the least ~luares  method has been used to fit the data  to a straight line. Figure ! 

s h o ~  that  n == 4 fits the data  linearly better than other  n values. However,  ~L values, 
for  ~ery_ low concentrat ions o f  ethanol,  do  not  follow the I :4 model  better than 
others, possibly due  to the large experimental  errors  at  hio~h dilution and,  perhaps 
also b v the existence or  another  association model  in that  region. 

The  K!.~ and ~ t t ~ .  L ~-alucs, calculated in this work by plotting data  using 
eqn. (3), are listed in Table !. The  values o f  the re~-ession coefficients, for  the linear 
fit o f  the te t ramer model,  are within 0.9980 and 0.9998. In the case o f  benzene as the 
solvent, the s-alue o f  the coefficient is 0.9244, which could be explained by the scattering 
and  the insufficiency_ o f  the experimental  points. However  an  interaction o f  ethanol  
with benzene probably has o~,eater influence on the equilibrium considered than the 
interaction o f  ethanol  with o ther  solvents. 

The  self-association equilibria o f  alcohols arc  very tempera ture  sensitive z- +" 5 
Using the literature data  6 -a  we have calculated K~,+ values for 273, 298 and  318 K 
for the ethanoi-cs. 'clohexane system, to be 2904, 612 and  77 respectively. Figure 2 
shows OL as a function o f  (Oh/M"-  ~ ) ~ I -  eqn. (3), for  different temperatures.  All three 
lines have the same intercept, within experimental  error.  This mPan~ thmt zlH~,+ for  
the self-association o f  ethanol  has the same value in the temperature r e ,  on 283-318 
IC 
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Fig. 3. The e.ffect of soi,,ent on the represeaatation of data s on solutions of ethanol at 295.15 K. by 
eqn. (3). C.vclohexane (e) ,  carbon tetrachloride (A), c)clopentane (C'), benzene ~O), and n-hexane 
(x) .  

The  influence o f  the length o f a lk y l  rad.:cals o f  pr imary alcohols  on the extent o f  
their self-association is difficult to evaluate  because o f  the rather scattered data  on 
self-association constants  available in the literature. This is a consequence o f  the 
different experimental techniques used by  numerous  authors .  The different opinions 
o f  Fletcher ~ and Anderson et al. s o n  this mat ter  have already been di~.,-ussed. It is 
p robab le  tha t  such a correlat ion,  i f  any, could  be realized only  with calorimetric data  

o f  very. high precision. 
The  influence o f  solvent on the self-association o f  ethanol  is more  pronounced  

than that  o f  lengthening o f  the alkyl chain. The  li terature d a t a  6 - s  on different 
e thanol -solvent  systems have been treated by  eqn. (3) and  plot ted graphically in 
Fig. 3. The  self-association constants  calculated vary by  two orders  o f  magni tude 
(Table 1). The  nature o f  this influence can be described by  a non-specific interaction 
in the case o f  the aliphatic hydrocarbons ,  or  by  a specific interaction o f  the various 
types in the case o f  interact ion o f  alcohol  with ca rbon  tetrachloride and benzene. 
Fletcher 3 showed the existence o f  1 : 1 complex o f  the isooctanol  m o n o m e r  with 
eaxbon tetrachloride. Al though small, the  format ion  o f  an a lcohol  solvate can 
considerably affect the serf-association equilibria. 

Due  to  the difficulties o f  determining the nature  and  extent o f  such side inter- 
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Fig.  4. Plog o f  the s ~ ! f - ~ t i o n  constants  o f  e thanol ,  determined in benzene  ( ! ) ,  carbon tetra- 
chloride (2),  c3"cIohexan~ (3).  and n-hexane (4), as  a function o f  so lvent  pob~rity factor. ET. 

act ions  the so lvent  effect in the se l f -assoc iat ion equi l ibria  can  be cons idered  in the  
l ight o f  the empirical  polarity factor I o F_~, o f  the  so lvent  in which  a reaction occurs .  
This  factor is defined as  a so lvent  polarity  parameter  based  o n  the so lvent  dependent  
e lectronic  - ~ ~ transit ion for N - p h e n o l p y r i d i n i u m  betaines.  Re inchard ~° s h o w e d  
the exis tence  o f  the linearity between  the lo~_arithm o f  the react ion cons tant  and  the  
E~ v a l u ~  o f  so lvents .  Figure 4 i l lustrates that funct ion  for  the  sys tems  w e  have  
cons idered in this  work.  Unfortunate ly ,  there is n o  ET va lue  for cyc lopentane  in the  
literature, but  t h o s e  which are avai lable  s u p p o r t  the linearity between  ET va lues  and  
the logar i thms  o f  the s e l f - a ~ o c i a t i o n  cons tant s  we  have  determined.  
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