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Dissociation of Ethoxy Methyl Carbenium 
Hexachloroantimonate in Methylene 
Chloride Solution. 1. Measurement of the 
Specific Conductivity and Dielectric Constant 
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Raleigh, North Carolina 27607 

and 

C. C. MA, H. GARREAU, D. R. SQUIRE, and V. T. STANNETT 

Department of Chemical Engineering 
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Raleigh, North Carolina 27607 

A B S T R A C T  

The problems of measuring the specific conductivity of very 
low conductivity organic solutions are explored. A simple ac 
system using readily available components is described, and i ts  
limitations are examined. The low-frequency dielectric constant 
can also be determined with reasonable accuracy. 
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INTRODUCTION 

LITTLEJOHN ET AL. 

The degree of dissociation of a number of stable carbenium ion 
salts  has been determined by a number of authors [ 1-41 using elec- 
trical conductivity measurement. 

This method can give useful information regarding the initiation 
step in carbenium ion polymerization. However, as pointed out, for 
example by Bawn et  al. [ 11, this is not necessarily related to the 
dissociation of the actual growing chain ends. As  part  of a study of 
the polymerization of ethyl vinyl ether with trityl hexachlorantimo- 
nate [ 2-41, a model of the propagating species has been studied. 
This is ethoxy methyl carbenium hexachloroantimonate, 

CH3 CHz -0-kHCH3-SbCls- 
The measurement of the specific conductivity of very low conduc- 

tivity organic solutions such a s  ethoxy methyl carbenium hexachloro- 
antimonate is not, however as simple a s  might at  f irst  be thought, 
and has been examined in more detail in this paper. 

T H E O R E T I C A L  

The measurement of electrical conductivity in liquids can be 
complicated because of electrode polarization effects and the pres- 
ence of potential barr iers  a t  the electrode-liquid interfaces [ 51. 
These problems become more prevalent a s  the conductivity of the 
liquid decreases, and can be especially difficult to overcome if a dc 
measurement is attempted. 

For low-conductivity liquids, an ac measurement technique is 
more desirable, since it greatly alleviates contact problems in the 
experiment. However, another problem presents itself with the ac 
technique, which must be taken into account if accurate measurements 
a re  to be expected. This problem is the effect on the conductivity 
measurement due to the capacitive reactance of the test cell con- 
struction and the electrode geometry. Thus, the experiment must 
be carried out at  a frequency which is low enough that the capaci- 
tance of the cell has no appreciable effect on the measurement. 
Usually commercial conductivity instruments utilize only one or two 
test frequencies [ 2-41. Caution must be used with this type of instru- 
ment in measuring the conductivity of liquids, and usually the manu- 
facturer wil l  give the minimum conductance for which the instrument 
is useful. However, this minimum conductance is not rigid and 
depends on the capacitance of the test cell for the liquid. 
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DISSOCIATION OF CARBENIUM ION SALTS. I 1605 

I Orcil lator 

Vacuum Tube Voltmeter 

Conductivity Cell 

FIG. 1. Schematic of experimental apparatus. 

In the experiments reported in this paper, a simple system was 
constructed for the study of low conductivity liquids. This system 
uses  inexpensive electronic instruments which can be calibrated and 
has been found to give accurate and reproducible results. Also, by 
using frequency as a variable in the experiment, the low-frequency 
dielectric constant of the liquid can be determined with reasonable 
accuracy . 

Figure 1 shows a schematic of the measurement apparatus used 
in these experiments, along with a simple electrical equivalent circuit. 
In this figure, Rc and Cc a re  the resistance and shunt capacitance of 

the cell, and R is the sampling resistor used to measure the current m 
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1606 LITTLEJOHN ET AL. 

in the network. The ac signal source was calibrated for both fre- 
quency and voltage, and the vacuum tube voltmeter was also calibrated 
across the anticipated frequency range. In the experiment, the quan- 
tities Vs and Vm are measured root-mean-square (rms) values at a 
given frequency, and the quantity Zm is calculated from: 

zm = (Vs/Vm)Rm 

Here Zm is the magnitude of the ratio of Vs and I = Vm/Rm. From 

the equivalent circuit in Fig. 1 the quantity Zm can be calculated in 
phasor notation in the following manner. Thus 

2. % ' L  2r 
= Vs/I = Rm + Zc 'm 

where 

n, 
Zc = Rc/(l + j wRcCc) j =  C T  (3) 

is the ac impedance of the cell, At low frequencies (oRcCc<< 1) 

Zc = Rc. Now from Eq. (2) Zm can be written as 
2r 2. 

or  

) ccl 2. RC Rm RmRc 
(1 +-) [ 1 + j w (  z =  m 1 + jwRcCc RC Rm +R; 

(5)  

From this equation the conditions for obtaining the magnitude of the 
impedence 3 from the measured quantities given in Eq. (1) can be 

established. These are 
C 
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DISSOCIATION OF CARBENIUM ION SALTS. I 1607 

Rm<< Rc (6) 

wRmCc << 1 (7) 

If these conditions a re  satisfied even for all frequencies below that 
2 , z  

required to satisfy (7) Zm = Z , or 
C 

'm = I Zc I = R c / J ( l  + wRcCc)2 

now, 
then 

from this equation at low frequencies such that wR C << 1, c c  

Zm = Rc ( 9) 

which is the desired measurement. Also, for frequencies in the range 
[where Eqs. (6) and (7) are  also satisfied], 

l/RcCc<< w << l/RmCc (10) 

Eq. (8) becomes 

Now, the cell capacitance can be written a s  

c = c  + c  
C W P  

where Cw is the wiring capacitance and C is the parallel plate 

capacitance of the test cell electrode configuration. Hence, for a 
parallel plate electrode structure 

P 

C = E E  A / L  (13) P r o P  P 
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1608 LITTLEJOHN ET AL. 

where e 0  is  the permittivity of free space (8.85 pf/m), er is the dielec- 

tric constant, A i s  the electrode area, and L i s  the spacing between 
P P 

electrodes. If the measurement is performed such that conditions 
(6), (7), and (10) a re  satisfied then the slope of Zm versus log w in 

this frequency range from Eq. (11) yields Cc. If the wiring capaci- 

tance is known and the cell constant (L /A ) accurately determined, 

then the dielectric constant can be obtained from the measurement. 
P P  

E X P E R I M E N T A L  

Methylene chloride was purified by the method described by 
Rooney [ 8, 91 until i t  had a specific conductance lower than lo-' 
ohm-' cm-' 101. 

Conductivity Cell 

The design was based on Plesch's [ 101 description. The cell was 
calibrated with aqueous 0.01 N KCl solution at  O'C, having a specific 
conductivity [ 111 of 7.736 X lo-' ohm-' cm-'. The cell constant 
was 2.37 X lo-' cm- '. 
O s c i l l a t o r  

A HP-200 CD wide-range (5-500 Hz) oscillator was used. It 
had been calibrated by a Monsanto Model 101 A Electronic Counter, 

V a c u u m  T u b e  V o l t m e t e r  

A HP Model 4'00C voltmeter was used. 

R E S U L T S  AND DISCUSSION 

In order to test the measurement technique, several experiments 
were performed. Firs t  of all, a precision resistance of 1.54 X 10' 
ohm was placed in parallel with the test cell filled with air .  Figure 2 
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DISSOCIATION OF CARBENIUM ION SALTS. I 1609 

L 

FIG. 2, Effect of frequency on the resistance of a standard 
resistance; 25°C. Standard resistor: R = 1.54 X lo7 ohms, 

shows the results of this experiment. The resistance measured at  
low frequencies wae 16 X 10' ohm by this technique, within the experi- 
mental e r ror  of reading the instruments. Other techniques were used 
to measure the resistance, giving numbers which were all in excellent 
agreement, In addition, the wiring capacitance was measured by 
this technique and by others, and the results were well within ex- 
perimental error .  These results a r e  shown in Fig. 2. 

Methylene chloride is the most commonly used solvent for con- 
ductivity studies an partly dissociated ionic systems used as models 
for cationic polymerization. This solvent must be very drastically 
purified (see experimental part), and one of the purity cri teria i s  the 
specific conductivity should be as low a s  lo-' ohm-' cm-'  [ 101. 

A sample of purified methylene chloride (see experimental part) 
having very low conductivity and known dielectric constant was 
studied. The results of this experiment a r e  shown in Fig. 3. 
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16 10 LITTLEJOHN E T  AL. 

FIG. 3. Effect of frequency on the resistance of methylene 
chloride. 

C O N C L U S I O N  

It appears that the simple technique used here is a useful one 
for studying conductivity and for measuring dielectric constant of 
liquids especially in the case of very low conductivity liquids, An 
example of the method of calculation is given in the Appendix. This 
technique was used to investigate the dissociation of the syetem 
(Y -chloroethyl ethyl ether-SbCls, used as a model of the cationic 
polymerization of the ethyl vinyl ether initiated by (Ph)3C*SbCls; 
these results will be described in Part 11. A more accurate experi- 
mental arrangement is planned for the, future to enhance the precision 
with which these measurements can be made. 
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A P P E N D I X :  E X A M P L E  O F  C A L C U L A T I O N  O F  
D I E L E C T R I C  C O N S T A N T  

Cell constant measured = (L / A  ) = 2.37 x lo-' cm-' 
P P  

Empty cell: 

e0 = 8.85 pf/m 

C = E~ (A /L ) = 3.73 pf 
P P P  

Empty cell with wire: 

C = 10.8 pf 
C 

C = C - C = 7.07 pf 
W C P  

Filled with CHzClz, at 0°C: 

RCHz Clz = 9.67 X lo6 ohm 

f = 375 Hz 

1 
c ' =  = 43.9 pf 

C 
2nRCHz clz 'f 

C ' = Cc' - Cw = 43.9 - 7.07 = 36.83 pf 
P 

Dielectric constant of CHoClz (at 0°C) 

36.83 

3.73 
E =- = 9.87 r 

The value reported in the literature [ 71 is 9.92. 
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