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The association equilibria fbr different conglomerates are calculated for the 
isopropanol/n-Hexane, isopropgnol/~.-Heptane systems from the infrared 
spectra. 

(Keyword.sv As<~ociation eon.vtants; I,voprolJanol/n-h.eptane; I.~.opropa~ol/ 
rc-hexane) 

Zur Ther~todynamik de8 I,'opropanol/n Hexan und I.~'opropanol/n-Heptan 
Sy.~tems, I. Untersuchungen mittels 1R-Spektroslcopie 

Es werden die Assoziationsgleichgewiehte ffir verschiedene Konglomerate 
im Isopropanol/n-Hexan- bzw. -/n-Heptan-System aus den IR Spektren abge- 
leitet. 

Introduction 

By measur ing vapou r  pressures of the b inary  sys tems isopropa- 
nol /n-hexane and isopropanol /n-heptane ,  respectively (Par t  I I I ) ,  we 
became interested in the  association mechanism of alcohol molecules. 
For  this reason infrared and nm r  (Par t  I I )  measurements  were s ta r ted  1. 

, Experimental  

n-Hexane and n-heptane from Phillips Petroleum Co. and isopropanol tT'om 
Merck were carefully purified and dried ; the samples were prepared by weight. 

IR spectra were taken with a Perkin-Elmer 621 instrument at a tempera- 
ture of 30___ 1 ~ 
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564 S. Martinez and J .  Edwards :  

Method 

The infrared spectra of isopropanol in n-hexane and n-heptane show for a 
specific composition of the mixture  various absorption bands each charac- 
teristic for a definite alcohol polymeric conglomerate 2-a. 

Accepting tha t  these mixtures are ideally associated in the Prigogine sense 7 
(Part II)  the following hydrogen bonds should be considered at least 

aoj  . o R  R a R R R 
R O - - H  H O - - H  . . . .  O - - H  . . . . .  0 H 0 - - H  . . . .  O - - H  . . . .  O - - H  

monomer  dimer linear polymers cyclic polymers 

The assignment of one of the above types of bond to every  characterist ic 
spectral is the basis for the determinat ion of the polymers predominant  in a 
given mixture  of known concentrat ion s 10. For  an ext remely  dilute solution 
only monomers are assumed to be present. Lambert-Beer's Law 

D =~ C1 
becomes D1 : r C 1 ( 1 )3, 4, 8-12 

D = optical density also called absorbance 
= coefficient of molar extinction for C -~ 0 

C = concentrat ion 
1 = cell length 
sub index 1 = monomer.  

We assume now tha t  for a polymer  i Eq.  (1) becomes 

Di = ~ Ci l (2) 

Subst i tut ion of Eq.  (2) in the expression for the analytical  concentrat ion of 
the mixture  

yields 

C = C 1 + 2 C 2 + 3 C 3  . . . . . . . . .  + iCi  (3) 

with l = 1 

c = D 1 + 2  D2 . . . . . . . . . . . . . . . . . .  i D~ (4a) 

: i :  01 [-D2l D2cl ~- . . . . . . . .  i[Dil~-Dic 1 (4b)  

D1, D21, D2c, . . . . .  Dit, Die are read from the spectra at each analytical  
concentrat ion C; Eq.  (4) allows to know the ~ values, by formation of the 
matr ix  from the set of spectra taken at  these different concentrations. The 
chosen intervals were of 0.001 molar units. These ~ values are plot ted against 
concentrat ion and extrapola ted for C -* 0 yielding the definite values for 
subst i tut ion in Eq.  (2) and thus allowing to know C1, C2 . . . . . . .  Ci, i.e. the 
concentrat ions of the polymer  species present at a given analytical  concentra- 
t ion C. 
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The law of mass action is supposed to represent equilibria, between 
monomer and polymer, or between polymer i, j and i - - j ,  with j + k = i 

Ci 
K i - 

(01) ~ 
(5a) 

Ci 
K i - (5b) 

(ca) (c~_j) 

Thus allowing to calculate the different equilibrium constants K~. 

The assumption made in Eq. (2) is checked by substitution of the values 
obtained in Eq. (4) in the expression for the standard deviation ~. 

Our method gives better results than others n-14 as demonstrated by our 
values 0.017 and 0.012 for each of the systems in the concentration interval 
where only monomers and dimers are expected and ~ = 0.059 and 0.08 for 
higher concentrations. 

The coefficients of linear regression are 0.93 for the n-hexane and 0.98 for 
~he n-heptane mixtures. 
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Fig. 1. Absorbance vs. isopropanol/ 
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n-hexane at 30 ~ 

Resu l t s  and D i s c u s s i o n  

The 3 ,640cm 1 b a n d  is recognized as due to the absorp t ion  of 
monomer ic  alcohol molecules s 12. 

Fig. 1 shows the  absorbanee  vs. concen t ra t ion  graphs for the 
pr inc ipa l  bands  for one of these sys tems;  it  is easy to recognize t h a t  
monomer ic  alcohol is the p r e d o m i n a n t  type  present  in the 04).06 tool/1 

38 Monatshefte fiir Chemie, Vol. 112/5 



566 S. Martinez and J. Edwards: Thermodynamics 

region since at higher concentrations the slope of the straight line 
3,640 cm -1 changes. 

The procedure to assign a specific polymer conglomerate to each of 
the other absorption bands is to plot 

absorbance of polymer i 
P =  

(ahsorbanee of monomer)~ 

for every measured concentration vs. concentration remembering tha t  i 
has to be such an integer tha t  the graph becomes a straight line; the 
ptot of log P vs. log C gives horizontal Iines, which made these ten ta t ive  
determinations of i easier. 

~2c 35 
3O 
20 

10 

0.0/. 

. �9 Isopropanol/n- hexcme 

, i i i , , Y % 

0.06 0.08 0.10 C mot/t 

70 �9 Isopropanol/n- hexane 

6.66"86.4 ~ e p t a n e  

6.2 
6.1 i i , L , , ~  , , 

.0.01 0.03 005 007 C mo{/I 

Fig. 2. Coefficient of molar extinction vs. concentration (tool/I) a.t 30 ~ 

Results are shown in Table 1. 
From the spectra and Table 1 one can a t t empt  to make a polymeric 

distribution for different intervals as shown in Table 2; no other 
polymers were detected. 

Fig. 1, Table 1 or the measured spectra allow an immediate  reading 
of the values C~ at  which the values ~i have to be extrapolated;  these are 
C = 0 for the monomer and C~ = 0.04 tool/1 for higher polymers.  The 
values for higher conglomerates are shown in Table 1. 
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568 S. ~Iartlnez and J. Edwards: 

Table lb. lsopropanol/ 

Concentration mol 1-1 0.00 0.01 0.015 0.02 

03640 

D349o 
e21 
log Du49o / ( D364o )2 
/)345o 
~2c 
log Dsa50 / ( D3640)2 
D3390 
~'3c 
log Dsa90/ ( Ds640) 3 
D3530 

log D~530/ ( D3~40)4 
D3370 
$4c 
log D3370 / ( D3e40)4 
1)3330 
$5c 
log D3a30 / ( D3~4o )5 

0.06661 0.09963 0.13077 0.25571 
6.79 6.68 6.56 6.34 
0.0008694 0.002117 0.003438 0.01322 

35 33 32.3 30.3 
- -  0.70 - -  0.67 0.69 - -  0.69 

Example  for a ca l cu l a t i on  Concent ra t ion  of cyclic dimer in the 
sys tem isopropanol /n-hexane.  

Fig. 2 shows a plot  of  ~ values vs. concent ra t ion  in mol/1 ; extrapo-  
lat ion to Cec = 0.04 yields ~2c = 35 ; in t roduct ion  of this value ~ec in Eq.  
(2) gives a C2c values for every  analyt ical  concent ra t ion  (with every D 
value). Eq.  (5a) allows to evaluate  the K12 c value for each concentra-  
tion. The concent ra t ion  of the m onom e r  was evaluated  in the same 

way.  The mean K = 1.0 _+ 0.1 is taken.  
The different K values are given in Table 3. 
Since the law of  mass act ion demands  cons tan t  values of K for any  

analyt ical  concent ra t ion  we discard the existence of the reactions 
forming cyclic or linear te t ramers  f rom linear dimers, this is 
K2~4c = K214c = 0 because of the  dispersion of the K da ta  for different 
concentra t ions  of  the system. 

This is also suppor ted  by  forming the Ki_l,~ ratios 

K13c K12cK2c3cK3c4cK414c 

K12c K13cK2c3c 
= . . . . .  = q  

yielding for q/K12c = P  ~- 7.1 for bo th  systems,  only if no K2I 4 values 
appear  on the fractions. 



n-heptane system of 30 ~ 
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0.04 0.06 0.08 0.010 O. 12 O. 17 

0.36653 0.44977 0.50364 0.52284 0.552840 0.55284 
6.11 
0.02657 

26.0 20.8 
- -0 .70  

0.05060 0.10237 0.16749 0.20066 0.21112 0.23657 
35 25.5 15 0.6 

- -0 .11  - - 0 . t l  - -0 .08  - -0 .11  - -0 .11  - -0 .11  
0.02918 0.08618 O. 17393 0.25181 0.28399 0.34679 

81 52 22 
0.26 0.24 0.28 0.28 0.29 0.31 
0.00966 0.04576 0.10791 0.18046 O. 18709 0.21824 

257 160 55 
0.41 0.40 0.42 0.43 0.40 0.36 
0.01682 0.07572 0.16749 0.25571 0.26761 0.32231 

246 143 47 5 
0.62 0.65 0.61 0.58 0.55 0.54 
0.00966 0.06048 0.1366 0.26761 0.28391 0.38875 

308 260 56 
0.94 0.96 0.88 0.87 0.87 0.97 

An  in t e re s t ing  coincidence  is o b t a i n e d  b y  compar ing  this  m e t h o d  to 
o b t a i n  K wi th  Hof fmann ' s  m e t h o d  4. 

I t  is welt  kown  t h a t  the  K va lues  for a specific f inal  r eac t ion  do n o t  
give  de t a i l ed  i n fo rma t ion  a b o u t  the  i n t e r m e d i a t e  steps.  There fore  i t  is 
poss ib le  to  assume a ce r ta in  m a c h a n i s m  which  jus t  be conven ien t  to  
ca lcu la te  th is  c o n s t a n t  for the  t o t a l  r eac t ion ;  in th is  ease the  a s sump-  
t ion  will  be m a d e  t h a t  p o l y m e r s  are  fo rmed  s t a r t i n g  f rom the  m o n o m e r  
(even for concen t r a t i ons  where  no m o n o m e r  is p resen t )  and  the  K 
va lues  be c o m p a r e d  wi th  our  own me thod . ,  i.e., those  g iven  in Tab le  3. 
E x a m p l e  : 

R e a c t i o n :  m o n o m e r  ~ cyclic d imer  -~ cyclic t r i m e r  --~ 
cyclic t e t r a m e r  -* cyclic p e n t a m e r  

I s o p r o p a n o l / n - h e x a n e  Klsc = 3~K12c " K2cac " K3c4c K4c5c = 4.4 

I4Kx/~la~ = 4 . 5 ]  T a b l e 4  

These  va lues  for the  desc r ip t ion  of the  asgoeia t ion  are  in good 
a g r e e m e n t  wi th  those  m e a s u r e d  b y  Duboc 1~, la, Dunken  and  Fritzsche 16, 
Ho f fmann  4 and  Thiel, Becker and  Pimente115. 
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Table 3 
System Isopropanol/n-Hexane System Isopropanol/wHeptane 

K~j KT; • 10% K~. • 10% K~j K7j + 10% K~ • 10% 

Kj2 z 0.34 2.4 K12 t 0.27 1.8 
K12 c 1.0 7.7 K12 c 1.0 6.8 
K212c 2.8 2.8 K2t2c 3.8 3.8 
K213c 21.5 161 K213c 25.4 171 
K2c3c 7.4 55 K2c3c 7.2 48 
K23 28 216 K23 32 220 
K2c41 21 157 K2c41 19 133 
K2c4c 38 285 K2c4c 30 201 
K24 59 442 K24 50 335 
Kla c 7.5 416 K13 c 7.2 328 
K3c4z 2.7 20 Kac41 2.8 19 
K3c4c 4.7 35 K3c4c 4.5 30 
K34 7.4 55 K34 7.3 49 
K35 54 3,042 Ksa 49 2,253 
[~14C 37 15,614 K14 c 33 10,205 
K14 l 20 8,715 Ki41 20 6,300 
K14 58 24,300 K14 54 16,506 
K414c 1.6 1.6 K414c 1.5 1.50 
K4c4l 0.6 0.6 K4c41 0.67 0.67 
K4~5c 18 137 K4lsc 16 110 
K4c.5c 11 85 K4c5c 12 80 
K45 29 222 K45 28 191 
K15c 415 1 292,202 K j5 c 409 839,346 

ij formation of conglomerate J from i, for instance; 34 formation of 
tetramers from trimers (total); 3c4c formation of cyclic tetramers from cyclic 
trimers; Kc association constant in mol/1 concentration units; K z association 
constant in molar fraction units. 

Energy and Hydrogen Bridge. At concentrations higher than 
0.04 mol/1 several polymeric alcoholic conglomerates are present. The 
individual alcohol molecules are associated via hydrogen bonds. The 
enthMpy A Hi engaged in these hydrogen bonds for every conglomerate 
is proportional to the frequency difference ( ' m ~ { )  between the 
absorption band of the polymer and the monomer. 
AH~ Enthalpy engaged in hydrogen bonds tor a polymer 

i = k(~m ,J~)cal/mol 
vm frequency of the monomer absorption band 
v, frequency of the polymer i absorption band 
k proportionality constant. 

Introduction of this value A H~ in the law of mass action 
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Table 4~. Isopropanol/n-hexane system at 30 ~ 

Hydrogen Bond Kij 

Type i 

cal cal 
- - A H i + -  lO~omo 1 ASi--+ lO~omo 1 

eal 

mol 

Linear tetramers 
Linear dimers K12i 
Cyclic dimers K12 c 
Cyclic trimers K13c 
Cyclic tetramers K14c 
Cyclic pentamers K15c 
A2z -~ A2c K~v~c 
A4l -'+ A4c K414c 
A2~ + A1 -~ Aac K~z3c 
A.~c + A1 ~ A3c K2~3c 
Aac + A1 -'* Aac Kacac 
A3c + A1 -~ A4l K3c41 
A4c + A1 -~ As~ K~csc 
An~ + A1 ~ Asc K4~5c 
A2c + A2c --> A4l K2c4l 
A2c + A2c --> A~c K2c4c 

1 (3783) 
2 (2583) 16 543 
2 (3443) 19 1235 
3 (2525) 13 3633 
4 (2324) 12 5817 
5 (2169) 8 8477 
1 (3012) 8 621 
1 (3054) 9 306 
2 (3332) 12 3062 
2 (2982) 12 2417 
2 (2433) 8 2417 
2 (3154) 15 1807 
2 (2245) 6 2608 
2 (3054) 11 2966 
2 (3613) 10 4259 
2 (2882) 4 4619 

Table 4b. Isopropanol/n-helgtane system at 30 ~ 

Hydrogen Bond Kij 

Type i 

cal cal 
- -AHi_+  10%mol - - A S  i_+ 10~Omol 

eal 
A G,i • 10~ tool 

Linear tetramers 
Linear dimers K12 ~ 
Cyclic dimers K12c 
Cyclic trimers K13 c 
Cyclic tetramers K14 c 
Cyclic pentamers Ki5c 
A21 --~ A2c K212c 
A4l -4 Aac K414c 
A21 + A1 ~ A3c K213~ 
A~c + A1 -* A3c K'~c3c 
A3c + A1 -+ A4c K3c4c 
A3c + A1 -+ A4I K3c4l 
A4c -[- A1 -~ Asc K4c5c 
A4z + A1 ~ Asc K4~c 
A2c + A2c -* Aal K2c41 
A2c + A2c -* A4c K2c4c 

1 (3788) 
2 (2583) 16 361 
2 (3271) 18 1158 
3 (2869) 17 3491 
4 (2324) 13 5561 
5 (2135) 8 8217 
1 (2921) 7 804 
1 (3054) 9 244 
2 (3326) 12 3099 
2 (3068) 13 2340 
2 (3068) 13 2354 
2 (3326) 10 1777 
2 (2228) 6 2655 
2 (2959) 13 2833 
2(3611) 10 4101 
2 (2795) 4 4349 
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AH~ AS 
In K l  - 4 

R T  R 

yields, for the format ion of a polymer  i from a monomer  

lnK~ = - - k  ( ~ m - - , , )  + AS 
R T  R 

o r  

(~m "~) (~m--'i) - - H  
i j AS 

in Kj = k R T  + R -  

i f j  formed from i. 

(6a) 

(6b) 

tn K 

15 / ~ 1 5 6  
1o~- VK 

/ K / lZ, c 

K 2c3c ,,~"K. 3c4c 
0 "1 "1 c 

- 5 [ ~  500 900 - (vm - "qi ) 

-10 
I �9 Isoproponol/n- hexone 

- 151 ~ Is~176176 heptane 

Fig. 3. Equilibrium constants for the different alcohol conglomerates vs. 
(vm--,i) eal/mol at 30 ~ 

Equat ions  (6a) and (6b) are straight  lines in a plot of in K vs. A ~ and 
AS 

therefore k and - -  are evaluated graphically. The values obtained for 
R 

AS 
both  systems are k = - - 1 2 . 0 4  and - 11.5 (Fig. 3). 

R 
I t  is now possible to obtain an average numerical value of A H~, the 

enthalpy of one hydrogen bridge for every different polymeric species 
present,  directly from Eq. (6a) and Eq. (6b). The K values of the left 
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Table  5. A S and A H evaluated 

Compound  
eal 

Refs. Ku  m (v m v~) k 
1TIot 

Methanol  
in CCI 4 
30 ~ 

E t h a n o l  
in CC14 
30 ~ 

n -Propano l  
m CCla 
30 ~ 

I sopropanol  
in CCI 4 
30 ~ 

n - B u t a n o l  
in CC14 
30 ~ 

t -Butanol  
in e e l  4 
55 ~ 

t -Butanol  
m COl4 
20 ~ 

t -Butano l  in 
eyclo H e x a n e  
27 ~ 

Pheno l  
in CC14 
30 ~ 

9 I(12 = 3.2 371.57 18.1 

m KI4 = 244512.34 857.48 

1i, la K12 = 1.4 385.86 19.28 

11, la K14 = 48262.98 771.73 

3, 13 K14 = 12.89 428.74 18.68 

m K14 = 57644.3 t 857.48 

13 KI~, = 11.39 500.14 11.25 
n Kla = 243 
m K14 = 32778.13 857.48 

2o K12 = 11.21 428.74 13.25 

m K14 = 54253 27  857.48 

16, 22 K12 = 5.5 340.13 17.65 
1< 22 KIa = 22.9 383.0 
1<-2e K14 = 565140 771.73 

2o, e2 K12 = 6.0 340.13 14.56 

co, 2e K14 = 86014.35 771.73 

co, 22 KI~ = 5.36 340.13 12.05 
20, -22 Ks4 = 24900 771.73 

11, 2') K12 = 19.47 338.73 19.17 
n,e2 Kt~ = 1866.3 771.73 
11, 22 K14 = 51879.88 794.6 

s ide  o f  t h e s e  e q u a t i o n s  a r e  t h o s e  c a l c u l a t e d  in  t h e  f o r m e r  s e c t i o n .  T a b l e  

4 s h o w s  v "1 f a m e s  o t h e  e n t h a l p y  for  t h e  h y d r o g e n  b r i d g e  c a l c u l a t e d  f r o m  

t h e  a b o v e  f o r m u l a s  t a k i n g  d i f f e r e n t  t y p e s  of  c o n g l o m e r a t e s  w h i c h  a r e  in  

a c c o r d a n c e  w i t h  t h e  a c c e p t e d  v a l u e s  o f  a p p r o x .  3 ,000 c a l / m o l .  A s  for  

t h e  p h y s i c a l  m e a n i n g  o f  A S  = - - 2 2 . 7 e M / m o l  we  c o m e  t o  d i s c u s s  i t  

l a t e r .  
T h e  m e t h o d  e x p l a i n e d  a b o v e  h a s  b e e n  a p p l i e d  to  d a t a  t a k e n  b y  

o t h e r  a u t h o r s .  T a b l e  5 l i s t s  l i t e r a t u r e  s y s t e m s  a n d  t h e i r  a u t h o r s ,  t h e i r  

e a l e u l a t e d  v a l u e s  as  wel l  as  o u r  c a l c u l a t i o n s  b y  t h i s  m e t h o d  w i t h  t h e i r  

m e a s u r e m e n t s  fo r  t h e r m o d y n a m i c  f u n c t i o n s .  
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by our method with literature data 
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A S cal cal cal cal 
AH~+ A S +  A H - -  - - A S - -  

R _ i0~o tool _ 10% tool mol mol 
Refs. 

9 2 (3362) 20 2 (4600 +_ 1200) 18 • 8 

4 (3880) 27 

11 2 (3719) 24 2 (3600 _+ 800) 20 • 5 
2 (3400) 16.57 

4 (3820) 29 4 (2480) 20.36 

9 2 (4004) 21.5 2 (5800) - -  

4 (4004) 31 

6 2 (2813) 14 1 (4000) 16 
gas 

4 (2358) 10.5 1 (2324) 11.48 

7 2 (2840) 14 2 (3000) 15 

4(2810) 16 15 

7 2 (3003) 15 2 (2400 +_ 600) I 1 +_ 2.75 
3 (2253) 15 
4 (3405) 16 

6 2 (2476) 13.5 2 (2400 + 600) 11 _ 2.75 

2 (2809) 16 

5 2 (2049) 10 
4 (2324) 11 4 (3850) 11 

14 2 (3863) 26 1 (4350) 1K1 
3(5111) 36 
4 (3947) 31 

9 

18 

18 

19 

17 

17 

21 

9 

9 

2(] 

23 

Discussion 

T h e  Cyc l ic  Cong lomera te  

F r o m  v a n  ~ t H o f f ' s  equa t ion  and  assuming  A H~c(i+l)c = A H (i_j )c~ c w e  
o b t a i n  

]~1(i+1)c 1 
Kl~c = e x p ~  (A SI(~+I)c--A S l i c ) =  q 
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Table  3 allows the calculation of R in q = 7.8 ___ 2.5 f rom the ratio of  
the K values;  the graphic de terminat ion  is shown in Fig. 4 by  plot t ing 
the straight line 

ASic =-- (AS( i+ l )c  AS~c) ( i - -1 )  + AS1 

with da t a  taken  f rom Table 4 yielding the slope 

(7) 

Rlnq = 5.4 and A S  1 = 20.8 cal/mol, 

as in tercept  with the ordinate,  which compares  well with our previous 
value of  A $1 = - - 2 2 . 4  cal/mol as en t ropy  difference between the pure 

-AS ca[ 
i Omo t 

20 o linear imers (both systems) 
�9 cyclic imers Isopropano[/ 

18 , \  n- hexane 
16 '~ ' \  ~ cyclic imers Isopropanol/ 

14 

12 

10 

8 

6 

4 �9 

2 

0 i i i i~ i ,, i i 
2 3 4 5 G 7 8 i 

Fig. 4.  - - A S  i v s .  i f o r  t h e  s y s t e m s  i s o p r o p a n o l / n - h e x a n e  a n d  i s o p r o p a n o l /  

n-heptane; the curves for the cyclic i-mers and for the linear i-mers are 
represented 

and the dissolved isopropanol  monomer  at  30 ~ intersection with the 
abscissa axis leads to 5 < i c < 6, this is cyclic pentamers  and hexamers  
are the mos t  a b u n d a n t  conglomerates  ; besides $5c6c = 0 no format ion  of  
cyclic hexamers  f rom cyclic pen tamers  are possible; this assumpt ion  
might  also be checked by  subst i tu t ion of the values of  Table 4 in van't 
Hoff's equat ion,  yielding in molar  f ract ion units  

K4c5c = 85.5 K5c6c = 2.5" 10 2 K6c7c = 2.5" 10 .3 

Determination of the Entropy Function 

We assume t h a t  the  en t ropy  of  an  alcohol conglomera te  in the  
concentration interval of our interest is 
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S(i) = ai 2 + bi + c 
t! * 

= S(io) + S'(io) ( i - - io)  + ( i - - io)  2 + R(i). 
z !  

I f  we identify 

S'(i) = 2a i  + b = - - (A S(~:+I)--A Si) ( i - -1 )  + AS1 

a straight  line and 

S"(i) = 2 a = - - A  S(iT1)c A Sic = 5.4 

graphic determinat ion of the slope in Fig. 4 we obtain the general 
expression for the ent ropy of a cyclic imer 

1 
S( i c )  = - -~  [A S(i+l)c--A Sic  ] i 2 + [A S(i.1)c--a Sic -~ a SI] i ~- C (8) 

The value of C is given by  the condition tha t  for any  cyclic polymer  
not present in the solution the ent ropy S(ic) = O, this is 

C = - - A  $1 = 20,8 cal/mol 

and Eq. (8) becomes 

S(ic) = - - 2 . 5  i 2 + 25.8 i + 20.8 (9a) 

as en t ropy of a cyclic isopropilic conglomerate present in our systems at  
30 ~ I f  the slope of the line in Eq. (7) is taken as 7.8, Eq. (9a) changes 
to 

S(ic) = - -3 .8  i 2 + 28.5 i + 20.8 (9b) 

which shows a 0.5~o discrepancy for the monomer 's  entropy calculated 
by Eq. (9a). 

The value for the ent ropy of monomeric isopropanol diluted in n- 
heptane or n-hexane at 30 ~ is given by  making i = 1 in Eq. (9a) and 
amounts  $1 =44.1cal /~  showing a 2.5~o difference with 
$1 = 43.04 cal/~ given by Kelley 24 for isopropanol at 25 ~ 

Eq. (9) might also be expressed as a function of q or p which in 
certain eases will be easier for numerical  calculations, leading to 

1 
S(ic) = - - : ( R l n q ) i e  + (Rlnq + AS1)i  + AS1 

z 

- - - - ( R  ln~JK~2c)i 2 + (R in pK12c + A S1)i + 5 $I 
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The entropy S(ic) as a function of different i values is represented in 
Fig. 5 for these systems; S(ic) shows a m ax imum for 5 < ic < 6 which 
shows graphically tha t  cyclic pentamers  and hexamers are the most 
probable conglomerates for our mixture,  as was pointed before. From 
the spectra we found the cyclic te t ramer  as the most  probable 
conglomerate bur our I R  measurements  could only be taken in the 0-0.2 
molar fraction interval. 
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Fig. 5. S(i) vs. i according to Eq. (9a) and (9c) for the systems isopropanol/ 
n-hexane and isopropanol/n-heptane; ~ curve for the cyetie i-mers.; ~ for the 

linear i-mers 

This interpretat ion is only valid for the cyclic type of association. 
From Fig. 5 it is also clear tha t  the highest existent cyclic 

conglomerate is i = 11, which is not  far from the value given by Biais 
for the system tr iethylcarbinol/carbon tetrachloride 25. 

The Linear Conglornerate8 

The value for the ent ropy of linear conglomerates might  also be 
known in principle by the same method used to evaluat, e this function 
for the eyelie ones; taking the values of AS(it) for those reactions 
involving linear polymers from Table 4, a graph AS(it) vs. i gives 
again a straight  line as shown in Fig. 4, line ~, and allows the 
determination of the slope 3.2 and the intersection of 17.8 cal/~ with 
the ordinate. The final expression for the ent ropy of a linear aggregate 
is 

S(it) = - - 1 . 6  i 2 + 21 i + 7.8 (9c) 

and is represented in Fig. 4 for different i values. 
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The highest  existent  linear po lymer  appears  to be iz = 14 and the 
mos t  a b u n d a n t  linear conglomera te  the  heptamers .  

H u f f m a n n  % gave an equa t ion  to calculate the en t ropy  of  paraffins ; 
our  modif icat ion allowing the calculat ion of  the en t ropy  for different 
polymeric  alcohols 

(Si)29SK = - - 4  i 2 + 7.6 (j + ]c)i + 1 9 - - 4 . 4  l (10) 

i imer  
j carbon a toms in the linear chain 
/c OH a toms  in the molecule 
1 carbon a toms  in the lateral  chain 

is compared  with measured  values and those calculated by  Eq. (10) in 
Table 5 for several systems.  

We are grateful to Prof. R. Clavijo for taking the IR spectra. 
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