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Excess Viscosities of Binary Mixtures of Chloroform and Alcohols 

Anna 1111. Crabtree and James F. O'Brlen" 
Department of Chemistry. Southwest Missouri State University, Springfie@, Missouri 65804 

Vlscositles of mlxtures of chloroform with methanol, 
ethanol, and 1-propanol were measured at 30, 38, and 46 
O C .  At lead 5 mole fractions, coverlng the range, were 
studied for each iiquld palr. Excess vircoritks show the 
Interesting resuit of belng positive at some mole fractlons 
and negative at other mde fractlons. 

Introductlon 

The heat of mixing of most binary pairs of liquids either Is 
exothermic throughout the entire range of mole fractions or is 
endothermic for all mole fractions. Mixtures of chloroform and 
alcohols are unusual, in that AHm is negative when the mole 
fraction of chloroform Is small and positive when the mole 
fraction of chloroform is large ( 7 -4 ) .  

Other properties of these systems also exhibit interesting 
behavior. The volumes of mixing of solutions of chloroform with 
either ethanol or 1-propanol also undergo a sign change as 
mole fraction is varied (5). This behavior is consistent with the 
enthalpy measurements, in that AVdX is positive over ap- 
proximately the same mole fraction range that AHm is posithre. 
Both of these quantities have been interpreted in terms of the 
relative magnitude of the interactions between molecules in the 
two pure liquids compared with the interactions in the mixture 
(6). On the other hand, the CHCI,-CH,OH system exhibits a 
volume of mixing that is negative for all mole fractions (5). 

Both methanol and ethanol have a mhlmum bolling azeotrope 
with chloroform (7). Such azeotropes generally mean that the 
forces between unlike molecules in the binary pair are weak 
compared with forces between like molecules (8).  This is 
consistent with endothermic mixing, but not with exothermic 
mixing. 

Viscosity also depends on the magnitude of interactions in 
a fluid. Thus, as part of our research program in viscosity 
measurements (9 ) ,  we have undertaken a study of the vis- 
cosities of these Interesting systems in an attempt to better 
understand the reasons for their unusual behavior. 

Experimental Sectlon 

Reagent-grade chloroform, methanol, and 1-propanol were 
purified by simple distillation. Anhydrous ethanol was kept dry 
by storage over no. 4 molecular sieves. 

Flow times were measured to 100th of a second by using a 
Schott Gerate AVS 300 viscosity measuring unit. The Ubbe- 
lohde viscometer tubes were calibrated with use of doubly 
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Table I. Viscosities and Densities of Mixtures of 
Chloroform and Alcohols at 303.311. and 319 K 

O.oo00 
0.0960 
0.1963 
0.2971 
0.4963 
0.6952 
0.9092 
Loo00 

O.oo00 
0.1074 
0.2892 
0.2992 
0.5029 
0.6978 
0.9003 
1.oo00 

O.oo00 
0.0987 
0.2941 
0.2987 
0.4970 
0.4992 
0.6990 
0.9085 
1.oo00 

0.7835 
0.9018 
1.0177 
1.1018 
1.2380 
1.3441 
1.4321 
1.4628 

Methanol 
0.5126 0.7763 0.4603 
0.5644 0.8925 0.5043 
0.6289 1.0060 0.5549 
0.6315 1.0883 0.5593 
0.5872 1.2247 0.5271 
0.5447 1.3296 0.4971 
0.5211 1.4168 0.4822 
0.5249 1.4472 0.4893 

0.7608 
0.8836 
0.9949 
1.0783 
1.2120 
1.3151 
1.4010 
1.4315 

0.4116 
0.4586 
0.4932 
0.5022 
0.4779 
0.4574 
0.4489 
0.4571 

Ethanol 
0.7813 0.9817 0.7743 
0.8718 0.9539 0.8626 

1.0352 0.8095 1.0209 
1.1766 0.6591 1.1593 
1.3016 0.5679 1.2875 
1.4120 0.5256 1.3969 
1.4638 0.5254 1.4485 

0.8481 0.7672 0.7348 
0.8217 0.8536 0.7107 

1.0034 0.6097 
0.7021 
0.5849 1.1457 0.5234 
0.5169 1.2715 0.4922 
0.4864 1.3817 0.4517 
0.4893 1.4330 0.4566 

1-Propanol 
0.7979 1.7229 0.7913 1.4295 0.7851 1.1971 
0.8676 1.5382 0.8600 1.2831 0.8518 1.0802 

0.9818 0.8178 
1.0079 1.0650 0.9957 0.9064 

1.1175 0.6404 
1.1400 0.8162 1.1295 0.7227 
1.2707 0.6346 1.2567 0.5734 1.2406 0.5202 
1.4035 0.5383 1.3889 0.4977 1.3730 0.4655 
1.4628 0.5249 1.4472 0.4893 1.4315 0.4571 

Table 11. Literature Values of Viscosities (cP) of Pure 
Alcohols at 30 OC 

ref CHqOH C,HsOH CqH70H 
10 0.513 0.994 1.728 
this work 0.5126 0.9817 1.7229 
11" 0.5091 0.9628 1.6517 

OData from ref 11 fit by least-squares to give the following 
equations: CHSOH, In q = 1247.6(1/7') - 4.7928 (r = 0.9999); 
CPHSOH, In q = 1667.3(1/7') - 5.5406 ( r  = 0.9999); nC3H,0H In 7 
= 2022.1(1/7') - 6.1721 ( r  = 0.9978). 

deionized water. Temperatures were maintalned to f0.02 OC 
with a Schott Gerate CT050 temperature controller. 

Densities were determined to f0.0002 g/cm3 by using a 
Meffler Parr W A  45 digital density meter, calibrated wlth water 
at each temperature. Temperature was controlled to fO.01 
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Flguro 1. Excess vlscositles (cP) of mixtures of chloroform and 
methanol at 30 O C  (01, 38 O C  (A), and 46 O C  (m). 
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2. Excsss viscosities (19) of mixtures of chloroform and ethanol 
at 30 O C  (O), 38 O C  (A), and 46 O C  (m). 

OC by a Neslab RTE 5DD digital refrigerator bath. Values 
measured for the pure alcohols are within 0.2% of literature 
values (70). 

Results 

The viscosities of the alcohol-chloroform mixtures are given 
as a functkn of mole fraction for all three temperatures in Table 
I .  As shown in Table 11, the values for the pure alcohols are 
in agreement with literature results ( 70, 77). Similarly, our 
value for the viscosity of pure chloroform falls between those 
found in the literature (12, 73). Viscosities for the chloro- 
form-methanol system have been reported at 25 O C  (72). In  
all cases, our viscosity values at 30 OC are sightly lower than 
the values previously measured at comparable mole fractions 
at 25 OC. 

Values of the excess viscosity, given by eq 1, are shown in 
Table I11 and graphed in Figures 1-3. 

The excess viscosity shows a clear trend. Values for the 
methanol-chbroform pair are mainly posithre, with that of mole 
fraction X- = 0.909 being slightly negative. The excess 
viscosity for ethanol-chloroform is positive only for XCa5 = 

Table 111. Excess Viscosities of Mixtures of Chloroform 
and Alcohols at 303,311, and 319 K 

' I B B  
E E 

XCHCla 'Iw 7311 

0.0960 
0.1963 
0.2971 
0.4963 
0.6952 
0.9092 

0.1074 
0.2892 
0.2992 
0.5029 
0.6978 
0.9003 

0.0987 
0.2941 
0.2987 
0.4970 
0.4992 
0.6990 
0.9085 

Methanol 
+0.0506 +0.0412 
+0.1139 +0.0889 
+0.1152 +0.0904 
+0.0685 +0.0524 
+0.0235 +0.0166 
-0.0027 -0.0045 

Ethanol 
+0.0213 +0.0121 

-0.0355 I -0.0387 
-0.0929 -0.0828 
-0.0950 -0,0808 
-0.0448 -0.0387 

1-Propanol 
-0.0665 -0.0536 

-0.3000 -0.2422 

-0.3086 -0.2374 
-0.2509 -0.1989 
-0,0962 -0.0776 

+0.0426 
+0.0727 
+0.0771 
+0.0437 
+0.0142 
-0.0041 

+0.0058 
-0.0446 

-0.0715 
-0.0485 
-0.0326 

-0.0439 
-0.1616 

-0.1889 

-0.1597 
-0.0593 
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Flguro 3. Excess viscosities (cP) of mixtures of chloroform and 1- 
propanol at 30 O C  (O), 38 O C  (A), and 46 O C  (.). 

0.107. All excess viscosity values for the l-propanol-chloro- 
form system are negative. 

Dlscusslon 

In  the region of large mole fraction of chloroform, the en- 
dothermic heat of mixing has been explained as being due to 
the breaking of the hydrogen bonds between the few alcohol 
molecules as they disperse throughout the chloroform (3, 4). 
This endothermic effect outweighs the exothermic formation of 
the alcohol-chloroform Interactions. A positive AHm suggests 
that the overall amount of interaction has diminished upon 
mixing. This should result in a negative excess vlscosity. All 
three systems do show qE to be negative in the high mole 
fraction of chloroform region. The methanol system is just 
barely negative; ethanol is more so, with a minimum qE of -0.1 
cP; 1-propanol has the most negative qE (-0.3 cP). 

In  the low mole fraction of chloroform region, the exothermic 
heat of mixing values are due to formation of ROH-CHCi, in- 
teractions. This can occur without disrupting the alcohol hy- 
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drogen bonds since only relatively few CHCb molecules are 
present (3, 4). The net increase in Interaction that results 
should cause 9' to be positive. This does occur for the 
methanol-chloroform system, which shows 9' to be mainly 
positive with a maximum value of +0.1 cP. I t  also occurs to 
a lesser extent for ethanol (qk, = +0.02 CP). 

The 1-propanol system never exhibits a positive excess 
viscosity. Apparently the longer alkyl chain diminishes the 
chbroform-alcohoi interactions enough that ail +I' are negative. 
Thus, it Is likely that higher straight-chain alcohols will all exhibit 
negative excess viscosities throughout the entire range of 
compositions. 

The effect of a temperature increase is, in ail cases, to break 
interactions and permit easier flow. This tends to diminish 
differences between solutions. The res& is low absolute values 
of 9' at higher temperatures. This can be seen in ail three of 
the figures. I t  is particularly striking in the case of ethanol- 
chloroform. Figure 2 exhibits a crossover point at X,, - 0.4. 
The high-temperature 7' values are less positive and less 
negative. 

Glossary 
d density (g/mL) 
AH,,, enthalpy of mixing 

A V ,  volume of mixing 
9 
9' 
Xcw3 mole fraction of chloroform 

viscosity (cP) of a mixture 
excess viscosity (cP) as defined in eq 1 
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Temperature and Concentration Dependence of Electrical 
Conductance of a Mixture of Sodium and Potassium Thiocyanates in 
Aqueous Medium 

Ratan La1 Gupta and Koch1 Ismall' 
DepatW" of Chemistty, North-Eastern Hill University, BJni Complex, Laitumkhrah, Shillong 793 003, Itui& 

Molar conductance and density of the [xNaSCN + (1 - 
x)KSCN] + RHIO system were measured as functions of 
x, R ,  and tomperahre (283-323 K). M a t i o n  of molar 
conductance from additivity occurs at all the temperatures 
In the region R I 10. The amount of thb deviation Is 
found to be Independent of temperature. The Isothermal 
concentration depondence of molar conductance was 
described by the expreulon A = A, exp(8c + Cc2), 
where AM b the Fakenhagen-Lekt-Kdbg equation for 
A. B and C are emplrlcal constants, and c is the molar 
concentration. The temperature dependence of A has 
been described by the Vogel-Tammann-Fukher equation. 

Introduction 

Data on the transport properties of mixed electrotytes in the 
aqueous medium are scarce in the literature. Recently, we 
reported ( 7 )  the electrical conductance of the [xNaSCN + (1 
- x)KSCN] + RH20 system as functions of x and R at 298 K. 
Deviation of molar conductance from additivity known as the 
mixed-aikali-metal effect was observed in this system in the 
region where R I 10. Reported here are the molar conduc- 
tance and density values of this mixed electrolytic system at 
various other temperatures, from 283 to 323 K. 

Exoerlmental Section 

Molal SOkRkns were prepared by using recrystamzed NaSCN 
(SD, reagent grade) and KSCN (SD, reagent grade). Conduc- 

tivity measurements were made at 1 kHz with use of the 
CDM83 conductivity meter (Radiometer, Copenhagen) and a 
dip-type CDC304 conductivtty cell. This cell has three elec- 
trodes in the form of pure platinum bands on a glass tube. 
Densities of the solutions were measured by using a calibrated 
glass pycnometer of about 74m3 capacity. All measurements 
were made in a thermostated (f0.02 OC) water bath. 

Results and Discusdon 

The experimental values of molar conductance, A, of the 
[xNaSCN + (1 - x)KSCN] + RH20 system as functions of x, 
R, and temperature are presented in Table I. The densky data 
are presented as a linear functlon of temperatwe in Table 11. 
In  order to examine the occurrence of deviation of A from 
additivity, the r factor, defined as r = AJA, is plotted agakrst 
Rin Figure 1 for x = 0.5. Ad is the molar CondCIctBnce of the 
mixture of thiocyanates calculated by using the additivity prin- 
ciple. I t  is apparent from Figwe 1 that at ail the experimental 
temperatures significant deviation of A from additivity occurs 
around R I 10 only. The amount of deviation is ako found to 
be almost independent of temperature In the range from 283 
to 323 K, as evident from Figures 2 and 3. 

Earlier we reported ( 7 )  a new semiempirical equation to 
describe the isothermai concentration dependence of A, whkh 
is of the form 

(1) A = AN( exp(Bm + Cm2) 
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