
therm0chimica 
acta 

E L S E V I E R  Thermochimica Acta 287 (1996) 287-292 

Excess molar volumes of chloro- or methylcyclohexane 
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Abstract 

Excess molar volumes, V E m' were measured as a function of mole fraction at 298.15 K and 
atmospheric pressure for the seven mixtures (chloro- or methylcyclohexane + ethanol or pro- 
pan-l-ol or propan-2-ol and chlorocyclohexane + methanol). The results are compared with 
VEto values for cyclohexane + alkanol and the effect of the chloro and methyl group is appraised. 

Keywords: Excess molar volumes. 

1. Introduction 

We have previously reported the heat of mixing, HEm, for chloro-or methylcyc- 
lohexane + methanol or ethanol or propan- l -o l  or propan-2-ol [1]. The intention of 
this work was to investigate the interaction between a chlorinated or methylated 
cyclohexane and an alkanol, concentrating on the role of the chloro and methyl group 
in the interactions. The H E results did not reflect a significant interaction between the 
chlorocyclohexane or the methylcyclohexane and the alkanol [ 1]. The dominant effect 
appeared to be dissociation of the alkanol mixing. In this work, we report VEm for 
chloro-or methylcyclohexane + ethanol or propan-1-ol or propan-2-ol and chlorocyc- 
lohexane + methanol. The methylcyclohexane + methanol system was not evaluated 
as the mixture is not miscible over the whole mole fraction range. 

2. Experimental 

The chlorocyclohexane (Janssen) and methylcyclohexane (Merck) were used without 
further purification and were quoted to be 98% and > 99% pure respectively. The 

* Corresponding author. 

0040-6031/96/$15.00 © 1996 - Elsevier Science B.V. All rights reserved 
PII: S0040-6031 (96)03001-8 



T
ab

le
 1

 

E
x

ce
ss

 m
o

la
r 

v
o

lu
m

es
, 

V
m

 
E

, f
o

r 
c

h
lo

ro
c

y
c

lo
h

e
x

a
n

e
 o

r 
m

e
th

y
lc

y
c

lo
h

e
x

a
n

e
 +

 a
n

 a
lk

an
o

l 
a

n
d

 t
h

e 
d

ev
ia

ti
o

n
s,

 6
V

m
 E
, c

al
cu

la
te

d
 f

ro
m

 E
q

. 
(1

) 
a

n
d

 T
a

b
le

 2
 a

t 
2

9
8

.1
5

 K
 

o~
 

x 
V

~/
 

10
 3

 ×
 6

V
~/

 
x 

V
~/

 
10

3 
×

 6
V

~/
 

x 
V

~ 
10

3 
x 

fi
ve

 
c

m
 3

 m
o

l 
i 

c
m

 3
 m

o
l 

- 
1 

c
m

 3
 m

o
l-

 1
 

c
m

 3
 m

o
l 

- 
~ 

c
m

 3
 m

o
l 

~ 
c

m
 3

 t
o

o
l 

- 
1 

x
C

6
H

 1
1C

1 
+

 (
1 

- 
x

)C
H

3
O

H
 

.~
 

0.
02

3 
0

.0
2

5
9

 
0.

3 
0

.2
1

9
 

0
.1

3
3

8
 

- 
1.

5 
0

.6
4

4
 

0
.1

3
1

1
 

1.
8 

-~
 

0.
03

8 
0

.0
4

2
7

 
2.

3 
0

.2
6

2
 

0
.1

3
9

0
 

- 
3.

5 
0

.6
6

4
 

0
.1

2
9

0
 

- 
1.

7 

0.
05

3 
0

.0
5

6
2

 
2.

3 
0

.2
9

0
 

O
. 1

45
1 

- 
0.

3 
0

.7
4

0
 

O
. 1

18
5 

--
 1

.0
 

0
.0

7
9

 
0

.0
7

7
2

 
2.

9 
0

.3
7

2
 

0
.1

4
8

6
 

0
.4

 
0

.7
6

9
 

0
.1

1
2

0
 

--
 1

.5
 

0
.0

9
9

 
0

.0
8

8
2

 
0.

5 
0

.4
4

4
 

0
.1

4
7

8
 

1.
3 

0
.7

9
6

 
0

.1
0

4
8

 
- 

2.
1 

0
.1

2
6

 
0.

10
21

 
- 

0.
8 

0
.5

0
7

 
0

.1
4

7
1

 
3.

7 
0

.8
9

5
 

0
.0

7
2

6
 

2.
4 

:~
 

0
.1

5
8

 
0

.1
1

6
8

 
- 

0
.4

 
0

.5
7

3
 

0
.1

4
1

4
 

2.
3 

0
.9

3
3

 
0

.0
5

2
7

 
3.

5 

0
.1

7
9

 
0

.1
2

3
9

 
- 

0.
7 

~
' 

X
C

6
n

 1
 IC

1 
+

 (
1 

--
 x

)C
H

3
C

H
2

O
H

 

0.
02

8 
-0

.0
0

4
2

 
-0

.3
 

0
.2

8
0

 
0

.0
2

7
0

 
- 

1.
0 

0
.6

6
5

 
0

.1
0

9
3

 
- 

1.
7 

-~
 

0.
05

3 
- 

0
.0

0
5

2
 

0.
2 

0
.3

2
5

 
0

.0
3

8
6

 
0.

1 
0

.7
3

4
 

0
.1

1
7

0
 

- 
0.

3 
=

" 

0.
07

1 
- 

0
.0

0
4

5
 

0.
9 

0
.3

7
9

 
0

.0
5

2
3

 
0.

9 
0

.8
1

7
 

0
.1

2
2

8
 

0.
1 

-~
" 

0
.1

0
7

 
- 

0
.0

0
1

6
 

1.
8 

0
.4

2
6

 
0

.0
6

4
8

 
2.

2 
0

.8
9

7
 

0
.0

8
8

7
 

2.
0 

O
. 1

39
 

0
.0

0
1

2
 

0.
9 

0
.4

8
0

 
0

.0
7

3
0

 
- 

2.
1 

0
.9

1
1

 
0

.0
8

0
5

 
1.

5 
e~

 
0

.1
7

6
 

0
.0

0
3

4
 

- 
2.

8 
0

.5
5

6
 

0
.0

9
4

1
 

2.
4 

0
.9

3
9

 
0

.0
5

7
0

 
- 

3.
3 

0
.2

0
6

 
0

.0
1

1
4

 
- 

0.
5 

0
.5

9
7

 
0

.0
9

9
1

 
- 

0.
8 

"-
~ 

x
C

6
H

 1
1

C
H

3
 +

 (
1 

--
 x

)C
H

3
C

H
2

O
H

 
x.

_.
 

0
.0

3
7

 
0

.0
6

4
7

 
- 

5.
8 

0
.3

6
8

 
0

.4
1

4
7

 
- 

1.
7 

0
.7

0
1

 
0

.3
9

8
1

 
3.

7 

0
.1

3
2

 
0

.2
2

7
7

 
3.

7 
0

.4
2

3
 

0
.4

2
5

6
 

- 
4

.0
 

0
.7

7
6

 
0

.3
5

9
1

 
- 

6.
2 

0
.2

0
2

 
0

.3
1

3
2

 
4.

8 
0

.4
8

0
 

0
.4

3
8

2
 

3.
1 

0
.8

3
5

 
0

.3
1

8
0

 
0

.4
 

0.
25

1 
0

.3
4

3
9

 
3.

7 
0

.5
3

0
 

0
.4

3
9

3
 

4.
7 

0
.9

3
1

 
0

.1
8

1
1

 
3.

6 

0
.2

8
9

 
0

.3
8

2
7

 
3.

1 
0

.5
8

7
 

0
.4

3
2

4
 

3.
3 

0
.9

3
8

 
0

.1
6

6
0

 
3.

0 

0
.3

3
0

 
0

.3
9

5
5

 
- 

6.
1 

0
.6

4
1

 
0

.4
2

1
0

 
1.

8 

x
C

6
H

1
1

C
1

 +
 (

1 
- 

x
)C

H
3

(C
H

2
)2

O
H

 

0
.0

4
0

 
- 

0
.0

1
6

1
 

2.
5 

0
.2

8
8

 
- 

0
.0

0
8

6
 

- 
2

.4
 

0
.6

6
2

 
0

.0
9

3
5

 
0

.0
 

0
.0

7
8

 
- 

0
.0

2
4

5
 

3.
4 

0
.3

3
7

 
0

.0
0

6
0

 
0.

4 
0

.6
8

6
 

0
.0

9
8

2
 

- 
1.

3 



0
.0

9
0

 
- 

0
.0

2
5

9
 

3.
6 

0
.3

8
5

 
0

.0
1

7
7

 
- 

0.
2 

0
.7

8
3

 
0

.1
0

8
1

 
- 

8.
0 

0
.1

3
0

 
- 

0
.0

3
1

4
 

- 
0.

3 
0

.4
3

5
 

0
.0

2
9

8
 

- 
1.

2 
0

.8
4

2
 

0
.1

0
6

8
 

- 
7.

3 

0
.1

7
2

 
- 

0
.0

2
9

7
 

- 
1.

6 
0

.4
9

2
 

0
.0

4
6

8
 

0
.4

 
0

,9
1

8
 

0
.0

8
7

4
 

1.
9 

0
.2

1
8

 
- 

0
.0

2
4

2
 

- 
3.

1 
0

.5
4

2
 

0
.0

6
4

3
 

4.
0 

0
,9

3
9

 
0

.0
7

7
5

 
7.

3 

0
.2

4
8

 
- 

0
.0

1
5

9
 

- 
0.

7 
0

.5
9

5
 

0
.0

8
1

5
 

6.
3 

0
.9

4
4

 
0

.0
7

5
5

 
9.

5 

x
C

6
H

 1
1

C
H

3
 +

 (
1 

- 
x

)C
H

3
(C

H
2

)2
O

H
 

.,..
.] 

0
.0

6
7

 
0

.0
4

4
4

 
5.

7 
0

.3
2

7
 

0
.1

7
2

5
 

- 
0

.2
 

0
.6

4
4

 
0

.2
4

7
6

 
- 

1.
6 

"~
 

t"
, 

0
.1

0
2

 
0

.0
6

3
8

 
4.

3 
0

.3
6

2
 

0
.1

8
5

1
 

-0
.5

 
0

.6
9

9
 

0
.2

4
9

0
 

- 
1.

3 

0
.1

3
4

 
0

.0
7

7
3

 
- 

1.
0 

0
.4

2
6

 
0

.2
0

8
1

 
1.

8 
0

.7
7

2
 

0
.2

3
7

9
 

- 
1.

9 

0
.1

6
8

 
0

.0
9

9
6

 
2.

1 
0

.4
6

5
 

0
.2

1
8

5
 

1.
4 

0
,8

2
0

 
0

.2
1

6
8

 
- 

4
.7

 

0
,1

9
7

 
0

.1
0

2
7

 
- 

10
.5

 
0

.5
2

8
 

0
.2

3
5

1
 

3.
2 

0
,9

0
5

 
0

.1
6

3
6

 
8.

6 

0
,2

7
6

 
0

.1
5

1
8

 
0.

3 
0

.5
8

2
 

0
.2

4
2

6
 

0.
7 

0
.9

8
8

 
0

.0
2

3
7

 
- 

2.
1 

xC
6H

 
1 i

C
l 

+ 
(1

 -
 

x)
C

H
3C

H
(O

H
)C

H
 

3 
:~

" 

0
,0

1
8

 
- 

0
.0

1
1

0
 

- 
2.

3 
0

.3
0

2
 

0
.0

6
3

5
 

- 
2.

5 
0

.6
7

8
 

0
.2

0
2

9
 

1.
0 

0
,0

4
8

 
- 

0
,0

1
6

7
 

0
.0

 
0

.3
4

7
 

0
.0

8
0

8
 

- 
6.

3 
0

,7
3

0
 

0
.2

0
5

1
 

- 
4

.4
 

0
.1

1
9

 
-0

.0
0

5
0

 
6.

7 
0

.3
8

9
 

0
.1

0
7

7
 

1.
9 

0,
81

1 
0

.1
9

7
3

 
- 

7.
4 

0
,1

3
9

 
- 

0
.0

0
1

0
 

5.
0 

0
.4

3
4

 
0

.1
2

5
0

 
0

.4
 

0
,8

6
0

 
0

.1
7

7
0

 
- 

8.
6 

0
.1

7
8

 
0.

00
61

 
- 

2.
1 

0
.4

9
2

 
0

.1
5

0
8

 
3.

9 
0

.9
2

7
 

0
.1

3
1

6
 

4.
2 

~
- 

0
.2

1
8

 
0

.0
2

1
2

 
-4

.6
 

0
,5

3
1

 
0

.1
6

4
7

 
4.

1 
0

.9
4

0
 

0
.1

2
0

2
 

9.
8 

~,
 

0
,2

6
0

 
0

.0
4

4
4

 
- 

1.
3 

0.
60

1 
0

.1
8

6
9

 
4.

1 
0

.9
5

1
 

0
.1

0
4

7
 

10
.4

 
.-~

 

x
C

6
H

1
1

C
H

 3
 +

 (
1 

--
 x

)C
H

3
C

H
(O

H
)C

H
 3

 

0
.0

2
3

 
0

.0
2

7
0

 
- 

2.
5 

0
.2

8
5

 
0

.3
1

1
9

 
- 

2.
0 

0
.5

7
3

 
0

.4
6

3
7

 
3.

3 

0
,0

5
8

 
0

.0
7

3
9

 
0.

2 
0

.3
3

0
 

0
.3

4
7

3
 

- 
1.

6 
0

.6
2

9
 

0
.4

6
8

0
 

3.
0 

0
.0

9
4

 
0

.1
2

0
5

 
2.

6 
0

.3
5

7
 

0
.3

6
3

7
 

- 
4.

0 
0

.7
1

3
 

0
.4

4
7

1
 

- 
3.

4 

0,
12

1 
0

.1
5

3
2

 
3.

3 
0

.4
2

7
 

0
.4

0
9

5
 

0.
3 

0
.7

6
8

 
0

.4
1

2
7

 
- 

9.
5 

0
.1

9
7

 
0

.2
3

1
7

 
- 

1.
1 

0
.4

6
9

 
0

.4
3

1
3

 
2.

2 
0

,8
9

2
 

0
.2

7
6

5
 

1.
2 

0
,2

4
9

 
0

.2
8

2
4

 
- 

0
.4

 
0

.5
2

8
 

0
.4

5
3

8
 

3.
7 

0
,9

1
6

 
0

.2
3

6
9

 
8

.0
 



290 T.M. Letcher, J.A. Nevines/Thermochimica Acta 287 ( I  996) 287-292 

a lkano l s  were  d r i ed  a n d  dis t i l led  as desc r ibed  before  1-2] and  s to red  in a g love  box.  

Ana lys i s  by  the  K a r l  F i s h e r  t e c h n i q u e  s h o w e d  tha t  the  w a t e r  c o n t a m i n a t i o n  of  each  of  

the  a l k a n o l s  was  less t h a n  0.02 m o l % .  An A n t o n  P a a r  D M A  601 v i b r a t i n g  tube  

d e n s i t o m e t e r  was used to  d e t e r m i n e  the  veto values.  

3. Results 

T h e  m e a s u r e d  excess m o l a r  v o l u m e s  Vm E a re  g iven  in T a b l e  1. T o  each  set o f  

e x p e r i m e n t a l  values ,  a p o l y n o m i a l  of  the  type  

r = k  

3VmE/(cm 3 m o l -  1) _-- VmE/(cm 3 m o 1 - 1 )  _ x(1 --  x) ~ A (1 - 2x) r (1) 
r r=O 

was  f i t ted by a m e t h o d  of  u n w e i g h t e d  least  squares .  T h e  p a r a m e t e r s  A,  a re  g iven  in 

T a b l e  2. 

Table 2 
Coett~cients A, and standard deviations o ~ for x{C6H~IC1 or C6H11CH3} +(1 - x)ROH at 298.15 K by 
Eq. (1) 

Substituted A o A 1 A 2 A 3 o" × 102/  
cyclohexane cm 3 mol 

CH3OH 

C6H 1 IC1 0.5752 0.1123 0.4554 0.0487 0.2 

CHaCHzOH 

C6H11Cl 0.3184 - 0.4476 0.2072 - 0.2670 0.2 
C6H 11CH 3 1.7417 0.0041 0.8454 - 0.6201 0.5 

CH3(CH2)2OH 

C6H 11CI 0.1945 - 0.5510 0.2637 - 0.5084 0.5 
C6H 1 ICH 3 0.9030 - 0.4658 0.4884 - 0.3807 0.5 

CHaCH(OH)CH3 

C6H1 IC1 0.5991 - 0.7198 0.2853 - 0.7404 0.6 
C6H 11CH 3 1.7646 - 0.7081 0.5907 - 0.3634 0.4 

a E E 2 a = (Vm~exp,) -- Vm~ca~O /(n -- k) where n is the number of experifaental points. 
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Table 3 
Excess molar volumes I/mE{0.5C6H1 IX + 0.5CjH2j + 1 OH}where X is Cl or CH 3 or H andj  = 1,2 or 3 

Mixture VEm(X = 1)/cm 3 mo1 1 Reference 

C6HI2 q- CH3CH2OH 0.56 [6] 
C6H12 + CH3(CH2)EOH 0.41 [6] 
C6H12 + CH3CH(OH)CH 3 0.56 [6] 
C6H 1 xCH a + CH3CH2OH 0.44 This work 
C6H 11CH 3 + CHa(CH2)20H 0.23 This work 
C6H 11CH 3 -b CH3CH(OH)CH 3 0.44 This work 
C6H 11C1 + CH3OH 0.14 This work 
C6H 11C[ --}- CH3CH2OH 0.08 This work 
C6H 11CI q- CH3(CH2)2OH 0.05 This work 
C6H 11CI + CH 3CH(OH)CH3 0.15 This work 

4. Discussion 

The Vm E values for (chlorocyclohexane + an alkanol) are sinusoidal for three of the 
four mixtures reported here. V~ is relatively small in all cases at low alkanol concentra- 
tions, the dissociation of the alkanol is the dominant feature resulting in a positive 
V~ value for each of the four alkanols. At low chlorocyclohexane concentrations, the 
situation is more complex and Vm E is positive for methanol but negative for the other 
three alkanols. The negative contribution to the Vm E could be a result of the chlorocyc- 
lohexane associating with the alkanol or as a result of the chlorocyclohexane fitting in 
between the matrix defined by the alkanol self-association. 

The V E values for (methylcyclohexane + an alkanol) are positive over the whole 
composition range for each of the three systems discussed here and VEto(max) occurs at 
0.55 < x < 0.75. The skewness of Vm E again reflects the domination of the dissociation of 
the alkanol at low alkanol concentrations. 

In an attempt to perceive the effect of the chloro and methyl groups on Vm E for the 
mixtures addressed here, it is pertinent to compare the results with Vm E for (cyc- 
lohexane + an alkanol). These results have been reported by various workers [3 -6]  
and the values of Vm E for equimolar mixtures of (cyclohexane + methanol or ethanol or 
propan-l-ol  or propan-2-ol) obtained from the literature together with the VEto results 
for equimolar mixtures of (chloro-or methylcyclohexane + ethanol or propan-l-ol  or 
propan-2-ol and chlorocyclohexane + methanol) reported here are agiven in Table 3. 

The addition of a CH 3 group to cyclohexane results in a minor diminution in 
V E whilst the addition of a C1 group to cyclohexane results in a larger diminution which 
is always greater than 0.35 cm 3 mol-  1 at x -- 0.5. This again could be a result of the 
association of C1---H dissociation but could also be a result of packing. 
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