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THE FHJORITE CALCIUM ELECTRODE 

INTRODUCTION 

1. Potentiometric Determination of Calcium Ions . 

Several methods have been reported for the potentiometric 

determination of calcium ion concentration, but all involve 

certain experimental difficulties that are hard to overcome, 

Corten and Esteraient claimed that it was possible to use 

electrodes of the third order, the cell showinto an e.m.f. which 

was directly proportional to £Ca between the concentrations 0.1 

and 0.001 normal; but LeBlanc and Harnappt were unable to 

confirm these results completely, velisek and Vasicek t in¬ 

vestigated five different electrodes of the third order and 

found none to be satisfactory for measuring calcium ion con¬ 

centration. On the other hand, Nierstrass and Tendelootre¬ 

ported that an electrode of the third order could be used for 

the electrometric titration of calcium nitrate and ammonium 

oxalate. Fosbindert employed the calcium-amalgam electrode 

to measure the activity coefficients of several calcium salts, 

and Josepht has used a simplified form of the amalgam elec¬ 

trode to study the interaction of proteins with neutral salts 

of calcium. Tendeloot(8)(9) reported the successful use of 

a calcium fluoride membrane for measuring calcium Ion concen¬ 

trations; but some doubt has been expressed by Anderson^1-') ) 

and by Greenburg and Làrson^2^ as to whether or not the mem¬ 

brane itself was giving rise to the potentials. Since the use 

of the calcium fluoride electrode appears to be the most satis- 



factory method for the potentiometric determination of calcium 

iun concentrations, and since there is some doubt as to the reli¬ 

ability and applicability of this method, the investigations re¬ 

ported in this paper were carried out* 

2* History of l-'embrane Electrodes 

The widespread use of the class membrane electrode for the 

measurement of hydrogen ion activities has led to the investiga¬ 

tion of many other membrane electrodes in the attempt to provide 

methods for measuring various cation activities. Currently, no 

membrane electrode, other than the glass electrode, has been re¬ 

ported -which is reasonably specific for one cation; and, of 

course, even the glass electrode has inherent errors at high 

alkali concentrations. In any event, no membrane electrode has 

yet been developed to the degree of perfection of the glass elec¬ 

trode. The obvious advantages of membrane electrodes are their 

simplicity and the fact that no foreign substances are introduced 

into the solutions under investigation. 

In 1923 Lark-Horovitz^3) studied various glass membranes 

and found that cations in solution ware exchanged with cations 

In the glass; and that, therefore, the ^lass membrane must 

necessarily act as a mixed electrode. He showed however that 

In certain ranges of concentration, the glass behaved as an 

electrode reversible to the Ions taken up from the solution. 

Later, Lark-Horovitz, J* Hofner, and J. E. Ferguson^4) 

investi^ted the properties of fused silica, and found that 

under certain conditions membranes of this material would be¬ 

have as sodium, silver, or hydrogen electrodes. 



In 1930, Lark-Horovitz and J. E. Jfer0uson^15) investigated 

tiie properties of thin paraffin films and succeeded in obtain¬ 

ing sodium, potassium, hydrojen, and silver electrodes with 

these filiis. A. c Icium electrode was also obtained, but there 

were slight Irregularities in its bohuvior. It is interesting 

to note tlr t this is the first time Lark-IIorovitz had obtained 

a calcium electrode since none of the other materials he had 

Investigated lmd leapended tu calcium* 

Tendeloo, in 1SC4, while investigating ^lass uf the 

composition 72 per cunt SiO^, o per cent GaO, and 22 per cent 

ITa^O replaced the exchangeable cations of the ^lass by others, 

and occasionally succeeded in empioyiti^ tolacs membranes ao 

calcium, sudium, or potassium electrodes. TTnfortunately, how¬ 

ever, the reproducibility vyas poor. 

Later, (1935) Tendeloo investigated the behavior of 

muscovite as a calcium electrode and found that it cave fairly 

reproduciule results, but that the straight line obtained when 

£Ca was plotted against e.m.f* departed considerably from that 

which would be expected from îlernst*s Law. He found that mica 

also acted as a hydrogen electrode. Furthermorë Tendeloo suc¬ 

ceeded lu obtaining a barium electrode by the use of heavy spar, 

and found that the mineral wollastonite (CaSlC^) worked fairly 

well aa a calcium electrode although It tended to hydrolyze In 

aqueous solutions and thus lose its x»roperty as a membrane elcc- 

tiode. Investigations of the minerals colemunite (CaHBgOç.CII^O) 

and. calcite 0ave negative results, Tendeloofs more recent ob¬ 

servations^ ) on membi.re electrodes are concerned in 
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particular with the fluorite membrane. Kis observations will 

he considered in connection with the results of investigations 

alonj similar lines to be reported in this poper. 



EiPERUIEIlTÀL 



EOTERU’EIITAL 

1 . Construction of Calcium. Fluoride Electrodes» 

The membrane across which the e.m.f. is developed was 

made from a single crystal of optically-cleur calcium fluoride, 

ground to a thickness of from 0,1 to 0.2 mu. and a diameter of 

15 mm. This thin, circular plate of calcium fluoride was scaled 

to the end of a short length (6-7 cm.) of 12 mm., standard-wall, 

Pyrex tubinu that had been previously ground flat* The adhesive 

used to seal the membrane to the glass tube was Bakelite lac¬ 

quer* The lacquer vnas first applied to the ground end of the 

tube, and the plate of fluorite was put into place after which 

more lacquor was applied around the edge of the memurane to in¬ 

sure a perfect seal* After the lacquer had dried in air, the 

electrode was heated slowly to about 120°C* in an electric oven, 

held at this temperature for several hours, and then allowed to 

cool slowly to room temperature. It was found that if the mem¬ 

brane were heated or cooled too rapidly cracks frequently devel¬ 

oped at points 'where strains hud been induced in the process of 

grinding. At least two, and often four or more coats of the 

Bakelite lacquer had to be applied before a satisfactory seal 

was obtained. This lacquer proved to be an excellent adhesive 

for sealing the calcium fluoride plate to the glass tube. After 

heating, the lacquer became very toueh, but not exceedingly 

brittle. It has proven so impervious to dilute, aqueous solutions 

that one electrode has been in service for six months without 

being resealed* 
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The electrodes were tested for leeks by measuring the d.c. 

resistance with a RCA vacuum tube o.hmmeter. Satisfactory elec¬ 

trodes possess a resistance ;of from 10 to 70 megohms. Electrodes 

with small cracks give resistances of the order of magnitude of 

0.1 megohm and when used in the voltaic chain, 

Ag AgCl CaClo 
0.0 5K 

CâFo Ca Solu. CaClg AgCl 
(s7 X 0.05M (S) 

the cell gives a constant e.nuf. regardless of the concentration 

of the calcium solution being measured. Electrodes which are 

too thick give resistances of around 1000 megohms, and such elec¬ 

trodes are unsatisfactory for accurate e.m.f. measurements. It 

was found possible to heat'an electrode possessing a high re¬ 

sistance in hot (S0° C.) dilute sulfuric acid, thereby dissolving 

enough of the calcium, fluoride to reduce its resistance to around 

60 megohms, where it can be used satisfactorily. 

2. Construction of Silver Chloride Electrodes. 

The silver chloride electrodes were prepared according 

to the method of Jones and Hartmann.Silver oxide was pre¬ 

cipitated from a solution of silver nitrate by the addition of 

carbonate-free barium hydroxide. The silver nitrate had been 

twice recrystallized from water. The precipitated silver oxide 

was washed free of barium ions by centrifuging, and stored under 

water until used. 

Several silver chloride electrodes were prepared as follows: 

JDLplatinum wire was sealed into the end of a soft glass tube 

(5 mm. outside diameter) and then wound into a spiral and cleaned 

in concentrated nitric acid. This wire was then made the cathode 

of a silver cyanide plating bath which had been formed by adding 
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excess potassium, cyanide to a silver nitrate solution* ’"ith 

a silver wire as the anode, a current of 0.005 amperes for each 

platinum wire being plated was passed through the IK th for two 

hours. 

After plating, the silver-coated platinum wires were washed 

free of cyanide and dipped into a thick paste of silver oxide 

and water. The electrodes were then heated slowly in an electric 

furnace to between 400° and 450° C. where the silver oxide de¬ 

composed to metallic silver. The electrodes were allowed to cool 

and were again dipped in the silver oxide pacte and heated. This 

procedure was repeated until the spiral in the platinum wire was 

completely filled with finely-divided but still coherent silver. 

The electrodes were then made the anode in a 0.1 F hydrochloric 

acid solution and, with a platinum cathode, 0.003 amperes for 

each electrode to be plated was passed for one hour. 

The electrodes were checked for reproducibility by dipping 

them two at a time into a 0.05 V solution of hydrochloric acid 

and measuring the potential difference with a Leeds and Ilorthrup 

type K potentiometer. The electrodes were checked daily, and 

after about one week had come to equilibrium. The maximum differ¬ 

ence in potential between any two electrodes was 0.1 mv. Since 

subsequent measurements of the e.m.f. of the calcium fluoride 

electrode, in which the silver chloride electrodes were utilized, 

were found to be sensitive to only 0.5 mv., these silver chloride 

electrodes were considered satisfactory. 

3. I punting of the Electrodes. 

One silver chloride electrode was mounted (Fig. II inside a 
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Fig* 1 
The Eluorite Electrode 



small glass container (such as is used to hold the calomel cell 

of a Beckman JDH meter) in which diffusion is prevented b,, a 

sealed-in glass fiber. The small 0luss cell was filled, through 

a side arm with a standard 0.0Û H calcium chloride solution. 

This half cell may be represented: 

AgCl CaCl? 
(s) 0.05ft 

Ag 

A second silver chloride electrode was mounted in a rubber 

stopper and fitted into a block of lucite which fit over the 

open end of the pyrex glass tube on which the calcium fluoride 

membrane was sealed. This tube was filled to a depth of about 

2 cm. with the same standard calcium chloride solution used with 

the silver chloride electrode. The calcium fluoride half cell 

may then be represented: 

Ag AgCl CaClo CaFg 
(s) 0.05k membrane 

The two electrodes were mounted in rubber stoppers which 

fit into holes in a small block of lucite connected to a clamp 

which fit on a small ring stand. At the base of the ring stand 

a platform made of hard rubber served to support the beaker con¬ 

taining the solution to be measured. The ring stand rested on 

a slate plate and was shielded on four sides by a metal box. 

4. ret hod of measuring F.F.F. 

The electrodes were connected throu^ shielded leads to a 

lîo. 7673 Leeds and Ilorthrup thermionic amplifier. This instru- 
r 

ment is capable of detecting potentials to better than 0.1 mv. 

in circuits having resistances of the order of 10** ohms.(19)(30) 

The measurements of potential were .made with a type E potentio- 
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meter using a 0alvonQmeter of moderate sensitivity. To -minimize 

the effect of excessive humidity a special glass tube was arranged 

so that air dried by means of magnesium perchlorate was passed 

over the fused silica insulator at the negative terminal. The 

operation of the amplifying system was guite stable under the 

conditions employed; the difficulties recently referred to by 

Dale'"4"' were not observed* possibly because of the relatively 

low resistance of the fluorite membrane employed. 

5. Preparation of Standard Solutions. 

Standard calcium solutions ware prepared as follows: ap¬ 

proximately 0.1 H solutions of calcium chloride, calcium nitrate, 

calcium bromide, and calcium acetate were made up by dissolving 

about 0.1 the uram-moleculur weight of the c.p. hydrated salts 

in one liter of distilled water. Dilute solutions were obtained 

from these approximately 0.1 IT solutions by diluting 50, 10, 5, 

1, and 0.5 ml. portions to ICO ml. giving solutions of approxi¬ 

mate concentration 0.05, 0.01, 0.005, 0.001, and 0.U005 F, re¬ 

spectively for each of the four c-jlcium. salts. £5u ml. of the 

0.1 L calcium chloride solution wore diluted to 500 ml., ; nd 

this approximately 0.05 r solution was used as a reference solu¬ 

tion for both the silver chloride and calcium fluoride electrodes. 

The 0.1 r calcium salts were analysed by precipitating the 

calcium as the oxalate with ammonium oxalate. The calcium oxa¬ 

late was precipitated from a hot, acid soli tiun by adding am¬ 

monium hydroxide to the methyl red end-point. After digesting 

for one hour the precipitate was filterei, washed, and dissolved 

in 1:8 sulfuric acid* After all the calcium oxalate had dissolved, 



the solution was- dijn^ed until it was about IN in àulfuriç 

acid and then titrated in the hot with a potassium permanganate 

solution, which had previously been standardized against stand¬ 

ard sodium oxalate dried at 140° C. 

A second set of solutions of calcium chloride was prepared, 

but not analyzed, for use only in preliminary tests of the elec¬ 

trode. One liter of an approximately 1 M solution was prepared 

by dissolving about 1 gram-molecular weight of the c,p. hydrated 

salt in one liter of distilled water. This 1 K solution was di¬ 

luted in such a manner as to give solutions of the following 

concentrations: 0.5, 0.1, 0.05, 0.01, 0.001, 0.0005, and 0.0001 

K. A portion of the 0.05 W solution was used as the reference 

solution in the silver chloride and calcium fluoride electrodes 

in the preliminary experiments. 

The concentrations of the various calcium' nitrate and cal- 

cium nitrate and calcium chloride solutions were converted to 

the activity basis by multiplying by the proper activity coeffi¬ 

cient . Data for the activity coefficients of calcium bromide 

and calcium acetate were unavailable. The known activity co¬ 

efficients at 25° 0. for the nitrate and chlpride,^^ which are 

based on freezing point data, were plotted against the correspond¬ 

ing concentrations and the values of the activity coefficients at 

the particular concentrations of the standard solutions were ob¬ 

tained from this graph. The negative logarithms of these acti¬ 

vities give the £Ca values for the various solutions. 

6. Preliminary Tests of the Electrode. 

Preliminary experiments were run on the electrode by cali¬ 

brating it with the unanalyzed solutions of calcium chloride 
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vrfliicli had been prepared as mentioned under seelioh 5, The e*m.f. 

of the cell, 

Ag AgCl 
(s) 

Ca Cl o 
Û.05F 

CaFo 
(s)" 

CaCl, CaCl2 AgCl 
2 O.05M (s) 

Ag 

was measured for eight different concentrations of the calcium, 

chloride solution, x, talcing the solutions in the order of in¬ 

creasing concentration. These e»m.f. values corrected to 25° C. 

were plotted agrinst the corresponding £Ca values(Fig.2, des¬ 

cending arrow), Five oT the eight points so plotted lie on a 

straight line. The e.m.f. of the cell containing the calcium 

chloride solution of lowest concentration, 0.0001 M, was far be¬ 

low this straight line when it was extended, vdiereas the opposite 

end of the line hud to be curved slightly upward to include the 

points corresponding to the two most concent ated solutions, 1 F 

and 0.5 K, 

The deviation at the point of least concentiation can be ex¬ 

plained by the fact that its calcium concentration is less than 

that of a* saturated solution of calcium fluoride. Henue the mem¬ 

brane is actually dissolving and the e.m.f* should not become con- 

stant until the solution is completely saturated. The solubility 

of calcium, fluoride^2C) at 2t>° C. is 0.0U0218 i oles per liter 

which corresponds to a |>Ca of 3.60 àssuming an activity coeffici¬ 

ent of unity. This £Ca value, represented by a vertical dotted 

line in Figure 2, will be- seen to lie between the £Ca values of 

* 

the two solutions of lowest concentration measured. 

The point at which the calibration line breaks into a slight 

curve corresponds Toughly to the calcium concentration of the ref- 
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erence solation; and deviation from the extended straight line 

increases as the concentration of the solution being measured in¬ 

creases above that of the reference solution. The jcCa value of 

the reference solution, 1*53, is represented by a vertical dotted 

line in Figure 2. 

It was found that if the Solutions were taken in the order 

of increasing concentration, (Fig, 2, descending arrow), a 

straight line was obtained between the limits of 0,1 M and 0,0005 

M; but that if the solutions were ceasured in the order cf de¬ 

creasing concentration, (Fig, 2, ascending arrow), tne values of 

e.m*f* lay considerably below the straijit line obtained in the 

first instance and exhibited no linear relationship between e,m,f, 

and joOa, However, if the electrode were soaked for several hours 

in a saturated solution of calcium fluoride after the measurement 

of a relatively concentrated calcium solution, it was aQain poss¬ 

ible to obtain the straij.it calibration line (Fig, 2, descending 

arrow), provided the solutions were taken in the order of in¬ 

creasing concentration. 
4 

In addition to the e.m.f. measurements taken as described 

above, the d.c, resistance of the cell vas measured#at the various 

concentrations of the calcium chloride sol tions* The plot of re¬ 

sistance against jcCa shows that the resistance of the cell de¬ 

creases as the concentration of the measured solution increases. 

The hysteresis effect exhibited by the e.m.f. measurements (Fig. 2) 

is also in evidence with the resistance measurements (Fig. 3). 

That is,,if the solutions uere taken in the order of decreasing 

concentration the resistances were considerably less than the 
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corresponding resistances when the solutions were taken in the 

order of increasing concentration. The resistance measurements 

obtained with a RCA vacuum tube ohmmeter, showed that the re¬ 

sistance of the cell changed fairly rapidly if it was left con¬ 

nected to the ohmmeter. This change was probably caused by polari¬ 

zation of the electrode owing to the small current passing from 

the ohmmeter. As noted aboyé, it was found necessary to soak 

the fluorite electrode for some time In a saturated solution of 
* , 

. 1 ih 
calcium fluoride, sifter it had been used^a relatively concentrated 

‘ * 

solution, before it could again be used satisfactorily in a more 

dilute solution. This soaking serves to raise the resistance of 

the cell from the value characteristic of the more concentrated 
1+ 

solution to that characteristic of the saturated calcium fluoride 

solution. This observation suggested the possible use of the 

current from the vacuum tube ohmmeter as a quick method of in¬ 

creasing the resistance of the cell so that measurements could be 

made with dilute solutions soon after use in concentrated solu¬ 

tions. If the current from the ohmmeter is passed through the cell 

in a direction opposite to that in which the current tends to 

flow when the cell in acting as a source of e.m.f., the resistance 

increases very rapidly. *Vhen the resistance is increased in 

this manner to the value characteristic of the saturated calcium 

flupride solution, the electrode is again ready for use. This 

process requires only a few minutes in even -the most extreme 

cases, whereas the soaking process requires several hours, as 

has already been mentioned. 

In order to get a better idea of the true resistance of the 
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electrode un a.c. Wheatstone bridge wab constructed. Two re¬ 

sistors or approximately £0 megohms, vhich had been measured ac¬ 

curately with the d.c. ohmmetçr, served as two arms of the hrid0e; 

a variable resistance of fr„m 1 to 100 megohms» in steps of 1 

megohm, was used as a third urn. The line voltage of 11Û v* at 

sixty cycles w;-6 reduced to 6 volto by means of u transformer. 

With the fluûrite electrode coiipleting the brld^, the circuit 

was balanced vith a three atu^e a.c. vacuum tube am|olifier. The 

a.c. resistance of the cell y/ac found to be lower than the d.o. 

resistance by a factor of approximately ten. 

7. Limitations of the Electrode. 

The preliminary experiments described above showed that the 

calcium fluoride electrudu has certain limitations which were 

taken into consideration in subsequent experiments. These limita¬ 

tions arer 

(1) Solutions of concentration loss th.n O.OCOho r can not 

he measured satisfactorily because this concentiatiun represjnto 

about the solubility of the calcium fluoride membrane. 

(L) With a reference solition of concentration 0.C5M, solu¬ 

tions of concentration greater than about 0.1 M cannot be measured 

accurately. However, it is possible th.t this lia it could be 

extended by increasing the concentration of the reference solu¬ 

tion. 

(C) In makin^ a series of measurements, the solutions must 

either Le taken in the order of increasing concentration or one 

of the following two procedures must be employed (a) The elec¬ 

trode is allowed to soak in a saturated solution of culcium 
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fluoride for several hours between measurements. The time of 

soakin0 depends upon the difference in the concentrations of the 

solutions involved in two successive measurements. This time 

varies from about eight hours in extreme cases to about four 

hours in Cises where one solution is only slightly more concen¬ 

trated than the next to be measured. (b) A small current is 

passed ti.rou._h the cell in a direction opposite to that in which 

the current tends to flow when the cell is operating as a source 

of e.m.f. This serves to increase the resistance of the cell and 

when it reaches the value characteristic of a saturated calcium 

fluoride solution the cell is again ready for use. 

8. Calibration of the Electrode♦ 

Taking into account the limitations mentioned in section 7 

above, the electrode was calibrated with the standard calcium 

nitrate and calcium chloride solutions between the approximate 

limits of concentration of 0.1 K to 0.0005 M. ill e.m.f. values 

were corrected to 25° C. and all jcCa values were computed from 

activity coefficients at 25° 0. The best straight lines through 

each set of points coincide (Fig. 4), and hence either the anions 

have no effect on the electrode or else the error for the nitrate 

anion is of the same order of magnitude as thau of the chloride 

anion. 

Several electrodes have been prepared and calibrated with 

standard calcium chloride and calcium nitrate solutions. Figure 

5 shows the calibration curves of two of these electrodes oased 

on calcium nitrate and compared with Nernst's Law, 

E = E* ■+* RT In ax/a2 

n 
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where E* is taken to be the e.m.f. of the cell when the outside 

solution is the same as that of the reference solution. 

S. Measurement of Activity Coefficients. 

Since no reliable data on the activity coefficients of cal¬ 

cium bromide and calcium acetate were available» these values 

were measured with the fluorite electrode assuming the calibration 

curve from the calcium nitrate and calcium chloride solutions to 

be correct. When these values are plotted (Fig. 6} against the 

corresponding concentrations as determined by the permanganate 

titrations, the resulting curve for the calcium bromide is simi¬ 

lar in shape and position to that for calcium chloride plotted 

on the basis of activity coefficients from freezing point data.^22^ 

The curve agrees fairly well with that obtained by Fosbinder^5^ 

for calcium acetate using a ealcium-amalgam electrode. .. 

10* Errors♦ 

In order to test *the effect of cations other than calcium 

on the fluorite electrode, varying amounts of salt solutions werb 

added to a series of standard calcium nitrate solutions. The re¬ 

sults for sodium chloride, potassium chloride, and tetraethylam- 

monium chloride are given in Figs» 7, 8, and 2. In order to test 

the effect of £ïï on the fluorite electrode, varying amounts of 

either hydrochloric acid or sodium hydroxide were added to a? 

series of standard cslcî-ùm ft^oride: The results are 

given in Fig. 10. 

Since, l'or é given electrode the ^Calibration Curve's are 
• ■- 4 ' , - r ; ■■ ■ ' / ; - * r <'.* r\ 

identical, using both calcium chloride and. calcium nitrate as a 
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standard, and since the observed activity coefficients (Fig. 5} 

agree with values obtained hy other methods, it is apparent that 

the anions have little affect on the electrode. On Ihe other 

hand, the electrode is affected bu all cations that have been 

tried thus far. The calibration curve for tetraethylummonium. 

chloride (Fig. 9} is so similar to the curves for sodium, chloride 

(Fig. 7} ind potassium, chloride {Fig. 8} that, within v.ide limits, 

the size of the ion does nut appear to be important. Because 

of the magnitude of the corrections in the presence of sodium, 

ions, the usefulness of tho electrode in biological solutions 

such as blood serum, is -very much limited. On the other hand, 

the electrode '«ill function as a calcium electrode over a fairly 

v/ide range Of £K values. (Fig. 10) 

It is believed that for the present the electrode will be 

most useful in (a) measuring calcium ion activity coefficients 

for pure calcium, salts, and (o) measurin0 calcium ion activities 

in colloidal systems in which relatively lar^e amounts of cations 

other than hydrogen ions can be avoided. 
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1. In agreement with the results of Tendeloo, a fluorite 

membrane has been constructed that responds satisfactorily to 

calcium ions under suitable conditions, 

2. The fluorite calcium electrode works best within the con¬ 

centration range 0,0005 to 0,1 M. Below 0,0005 M (near to the 

solubility of calcium fluoride) the results are erratic. Above 

a concentration of 0.1 M the calibration curve is no longer linear. 

3. ©ûé'of sthe .following .procedures may be .employed to condi¬ 

tion the fluorite membrane propérly: (a) immerse the electrode 

in a saturated calcium fluoride solution for about 24 hours be¬ 

fore each measurement, (b) measure‘ohly calcium ion concentra¬ 

tions greater than the concentration with which the electrode has 

just been in contact, or (c) pass a small direct current through 

the electrode in the reverse direction of the current flow when 

electromotive forde measurements are made. 

4. Anions such as chloride, nitrate, or acetate, have little 

influence on the determination of calcium ion with the fluorite 

electrode. 

5. Relatively large errors in the determination of calcium 

ion are produced by the presence of relatively large amounts of 

other cations. 

6. A suitable fluorite calcium electrode is expected to 

prove most useful in measuring calcium ion activities in relative¬ 

ly pure solutions of calcium ions, and in colloidal systems con¬ 

taining calcium ion in which the concentration of cations, other 

than hydrogen ion, is relatively small compared to the calcium 

ion concentration. 
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