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      Numerical Considerations on the Accuracy of Spike Method for 

             the Determination of Sodium and Potassium Ion

                  Hiroshi MATSUSHITA and Shinsaku FURUTA

                            (Received September 19, 1968) 

                The accuracy in a spike method of determining sodium ion 
             using a sodium-selective glass electrode was examined by numerical 

             calculations. The correlation among the precision of measuring instru-
             ment, the addition rate of sodium ion and the error of determination 

            was expressed in a diagram, and the lower limit of addition rate for 
             a desired error was determined. The relation between the change in 
            the activity coefficient of sodium ion and the addition rate for various 

             values of error was also expressed in a diagram, and the upper limit 
            of addition rate was suggested by applying the  Maclnnes convention 

            regarding the ionic activity coefficient. The change in potential gradient 

            (2.303 RT/T) due to the variation of temperature within  ±  0.1°C scarcely 
             influenced upon the error of determination. 

                The accuracy in a spike method of determining potassium ion 
             using a sodium-selective glass electrode and a potassium-sensitive 

             glass electrode was also examined by numerical calculations. The cor-
             relations among the selectivity of potassium-sensitive glass electrode, 

             the concentration ratio of sodium ion and potassium ion in the solution, 
             the addition rate of potassium ion, the precision of measuring in-

             strument, and the error of determination were expressed in diagrams, 
            and the lower limit of addition rate for a desired error was determined. 

                               1. Introduction 

   Recently, the sodium-sensitive and potassium-sensitive glass electrodes') have been 

developed and utilized in many fields. 

   The ions which particulary interfere with the measurements of concentration of 

sodium ion by means of the sodium-responsive glass electrode are hydrogen and 

potassium ion, but the interference from hydrogen ion can be eliminated by controlling 

the pH of the solution. Moreover, as a result of improvements on the glass electrode, 

there are now reported glass electrodes which are 30 to 100 times more selective with 

respect to sodium ion than potassium  ion2). Therefore, it is possible to measure the 

concentration of sodium ion almost completely selectively with a properly selected 

glass electrode. However, since the glass electrode essentially corresponds to the ionic 

 activity"), its application to measurements of the concentration of sodium ion has been 

accompanied by a difficult task of correcting the ionic activity coefficient. 

   On the other hand, the interference of sodium ion with the measurements of 

potassium ion in the electrode method is unavoidable, and glass electrodes which are 

selective with respect to potassium ion alone have not been developed yet. 

   To solve the above-mentioned problems, Garrels3) determined sodium and potassium 
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ion with the use of an ingenious method which is ca11ed the spike method．A1though

simp1e apparent1y，this method is subject to a variety of restrictions in its actua1

app1ication，and an a㏄urate measurement by this method is not possib1e without

su拍。ient understanding of these restrictive conditions in advance．In this study，the

precision of measuring instruments，the change in the ionic activity coe甜。ient，the

e妊ect of e1ectrode characteristics and the others were examined by means of numerica1

ca1cu1ations to provide an experimenta1guide．

                        2．Primip1es of spike method

2－1．Determimtion of sodi皿m i011

   If the potentia1of g1ass e1ectrode responsive for sodium ion in the samp1e so1ution

whose mo1a1ity is m is denoted by亙and that in the samp1e so1ution to which sodium

ion is added in an amount ofδby〃，the fo11owing equation3）is obtained as1ong as

there iS nO CatiOniC errOr4），

      ・一H－R芸1・（m芸事）γ一R手1・／1・嘉〕・Rチ1・㌢   （1）

whereγand’プare the activity coe価。ients of sodium ion at concentrations of m and

m＋δrespective1y，R is the gas constant，F is the Faraday constant andτis the abso1ute

temperature．Whenδbecomes ininitesi1m－a1，γcan be regarded as equa1toγand Eq．

1can be expressed as fo11ows．

      ・・一Rg1・／・・嘉〕         （・）

   Consequent1y，m can be ca1cu1ated from Eq．2by substituting the va1ues of em and

δ．

2．2．Determiコ1a．ti0110f potassi1Im iom

   The potentia1of g1ass e1ectrode responsive for sodium ion is given by the fo11owing

equatiOn，

               Rτ
       万■＝Ei＋   1n mNa＋’つ／Na＋                                 （3）
                F

where亙i is the standard potentia1of g1ass e1ectrode andγN。十is the activity coe舶。ient

of sodium ion．

   On the other hand，the g1ass e1ectrode responsive for potassium ion cannot be said－

gomp1ete1y se1ective with respect to potassium ion and shows the Na＋＿K＋mixed

potentia1．The potentia1亙2of potassium－responsive g1ass e1ectrode is thus represented

by the fo11owing equation，

               RT
       万2＝亙量十   1n〔mNa＋・γNa＋＋K－mK＋・γK＋〕                       （4）
                F

where E三 is the standard potentia1of g1ass e1ectrode，and K is a se1ectivity constant

which is dependent upon the kind of g1ass．

    From the standpoint of e1ectrode behavior4），Eq．4corresponds to the idea1behavior，

but this equation is often found to describe the behavior satisfactori1y for some kinds

of g1ass5）．Now，a ce11（A）is constmcted as shown and a pure sodium ion so1ution

whose concentration is equa1to that of the samp1e so1ution is used as the ce11so1ution．

                                                           Memoirs of Chubu
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   ・・di・m一…p…i・・ 。。1．ti。。 pota・・ium山「esponsi・e ・o1t・g・  （A）
   g1ass e1ectrode                 g1ass e1ectrode         cornpensator

   In this instance，the second term in the parenthesis in the right side of Eq．4can

be neg1ected，and tlhe e1ectromotive force of the ce11（A）becomes五。2－Eo1as1ong as

the vo1tage of the vo1tage compensator remains zero．Therefore，if a vo1tage which is

equa1in the abso1ute va1ue to亙。2＿亙。1but with the opposite sign is generated in the

vo1tage compensator，the e1ectromotive force of the ce11，e，is given by the fo11owing

equatiOn．

      ・一五・一亙・一（瑚一期一Rチ1・／・・給蒜〕    （・）

・・…一 ^…（・側一／・m実1昔十     （・）
   Next，the e1ectromotive force of the ce11is measured after addition of a sma11

amount（δ）of potassium ion to the samp1e so1ution．Simi1ar to Eq．6，the e1ectromotive

force（e’）can be given as fo11ows，

      ・…1－1…（剛・・）一・1・m㍑睾a＋     （・）

whereγ！is the ionic activity coe箭。ient in the so1ution to which potassium ion is

added in an amomt ofδ．Ifδis ininitesima1，γ’is practica11y equa1toγand the

fo11owing re1ationship can be derived－from Eqs．6and7．

             ユーexp（一Fe／RT）
      mK＋＝                ・δ                              （8）
           exp｛F（e’一e）／Rr｝一1

   Consequent1y，the va1ue of mK＋can be ca1cu1ated．

           3．A㏄uracy in a spike met11od of determi11i11g sodi11m io11

3－1． Pote11tia1difference generated on g1ass e1ec廿。de

   If the changes in the activity coe伍。ient    2o

are neg1igib1e，the potentia1differeエ1ce，em，
                                         l o
which is necessary for ca1cu1ating the

concentration of sodium ion is given by     5

Eq．2．The re1ationship between em and

the addition rate（δノm）at25oC is shown
                                                               →）
in Fig．ユ．As can be seen from Fig．1，the              む一しろ⑤
                                                               ¢

va1ues of em become considerab1y sma11   ρ 1                ω
                                        ε

as the addition rate becomes sma11er，and    …                    し＾
                                        ｝
                                         O．冨
the 血easuring accu＝racy of the potentia1

difference shou1d be made higher as the

addition rate becomes sma11er．In an

actua1experimental pr㏄edure，it wi11be   。．、

necessary to add sodium ion in such a

manner as to make em at1east equa1to

0f higher thanユ＿2mV，a1though the effect

of the activity coef巨。ient to be described

in Section 3＿3 shou1d be taken into ac一
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Fig．1．Re1ation between em andδ／m（Numbers
   in parenthesisareva1uesof l△m／ml×100・）・

（3）
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COunt．

   Furthermore，if em is taken as a change in the asymmetry potentia1of g1ass

e1ectrode，Fig．1can be used for inding the error of d．etermination due to the change

in the asymmetry potentia1during experiment．

3－2． Precision ol‘ミpote皿tia1 difere皿。e

   Differentiation of both sides of Eq．2with respect to em and－m respective1y gives

the fo11owi早g equation・

      d，m＝＿Rτ． （δノm）  ．dm                       （9）

              F 〔1＋（δノm）〕 m

   Therefore，as1ong as in丘nitesima1changes in em are cons二dered，Eq．9can be ex－

pressed as fo11ows at25．C．

        半一鵠．ll・／・・（、わ）1・…      （1・）

   Consequent1y，the re1ationship between the measuring a㏄uracy of the potentia1

（1△eml）and the error of determination（1△例ノml）becomes such as is given in Fig・2・

    、。                          It is seen from Fig．2that the precision

                                          of measuring instruments required t0

                                          keep the error of determination within a

                                          desirab1e range is a11owed to fa11as the

  〔  ∫

  さ           々          addition rate becomes1arger．Fig．2serves

                          弓か            as a guide to 丘nd out the addition rate

ξ           whi・h・h・・1db・…dt・k・・pth・・・…
                   も            of determination be1ow a desired1eve1
    1
                                          using a given instrument．For examp1e，

                                          to keep the error of determination be1ow

     1       5   工。       50  ユ。o
                （、／惧〕其工。。（。／。）           ユ％with the use of a pote二ntiometer with

                                          a precision of土0．2mV（which is avai1ab1e
Fig．2．Re1ation between l△m／ml andδ／m
     for various va1ues of l△el．        today7・8）），it is necessary to make the

addition rate above9％for the expected concentration．

   It is to be noted here that the precision of measuring’instruments means not the

abso1ute accuracy of the potentia1but rather the reproducibi1ity． Since em is the

difference between亙and亙’，the abso1ute va1ue of the potentia1is not necessary，and

the good reproducibi1ity is required above a11．

   For some kinds of g1ass，the potentia1gradient of the e1ectrode isエ1ot necessari1y

as the theory predicts，but it is in the range of58．85－59．15mV／pNa according to ex－

periences of the author and this di伍erence in the potentia1gradient does not produce

1arge differences in the resu1ts in Fig．2．

3■3． E血ect of activity60e岨。ie皿t

   The magnitude of the potentia1and theprecision of instruments indicate an advantage

of making the addition rate as1arge as possib1e．0n the other hand，when the addition

rate is too1arge，changes in the activity coe冊。ient cannot be neg1ected any more．An

a11owab1e1imit of the changes in the activity coe冊。ient was ca1cu1ated－as fo11ows．

                                                             Memoirs of Chubu
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The potentia1difference of Eq．1to be obtained in practice was used with the as－

sumption that the activity coe舐。ient does not change．Then，the concentration of sodium

ion（m’）is ca1cu1ated as shown by the fo11owing equation．

       1・／・・嘉〕・1・㌢一1・／・・嘉〕      （・・）

   On the other hand，the re1ationship of△m／m＝（mしm）／m＝（m’ノm）一1＝〔（δ／m）／

（δ／m’）〕＿11eads to the fo11owing equation．

      δ＿  δ／m
      一                                    （12）
      m’一1＋（△m／m）

   Consequent1y，by putting1og（γ’／γ）＝△Iogγ，the fo11owing equation is derived from

Eqs．11and12．

      1・1・・γ1－1・・／・・、十1妥箒／。1〕一1・・／1・去〕    （・・）

   Therefore，once the desirab1e1eve1of errors is estab1ished，Eq．ユ3wi11a11ow the

ca1cu1ation of the1imits of changes in the activity coe冊。ient which do not cause the

errors to exceed this1eve1for each addition rate．The resu1ts are shown bv the so1id

1ines in Figs．3and4．To keep the error of determination due to changes in the
                                          50  5o                        I
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Fig．3． Effect of activity coeflicient（I＝0．8）．     Fig．4． Effect of activity coe茄。ient（I＝0．5）．

   （Numbers in parenthesis on so1id curves    （Numbers on curves are simi1ar to Fig．3．）

    are va1ues of l△mノ州×100．Numbers on

    dotted curves are va1ues of m．）

activity coe伍。ient be1ow the desired1eve1，the actua1va1ues of△1ogγshou1d be so

chosen as to be 1ess than those of the curve in Fig．3．It is seen in Fig．3 that the

a11owab1e va1ue of△1ogγincreases as the addition rate increases，and this is due to

the fact that the丘rst term in right side of Eq．1increases as the addition rate ingreases．

This re1ationship is shown more concrete1y in Fig．1．The va1ues of e．in Fig．ユwere

obtained by putting lerl＝59，151△1ogγl from the second term in the right side of Eq．1

and ca1cu1ating eアin the mit of mV for each error of determination．For examp1e，

Fig．1wi1I emerge the re1ationship between em and eアwhich shou1d be satis丘ed for

the errors caused by changes in the activity coe描。ient to remain within1％．Such

re1ationship，that is，the a11owab1e va1ue of changes in the activity coe冊。ient varies

depending upon the addition rate，is very important．A sma11change in the activity

coe協。ient a1one without consideration of the addition rate does not justify the conc1usion

                                    （5）
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that the error of determination is sma11．

   The prob1em is how皿uch the activity coe笛。ient varies depending upon the addition

rate．The1aw of ionic strength9）teaches that the activity coe節。ient is not dependent

upon the conce皿tration o1f ions in question itse1f，but upon the tota1ionic strength of

the so1ution． On the other hand，the greater the ionic strength of the so1ution，the

sma11er the change in the ionic strength upon the addition ofδbecomes．Consequent1y，

it may be said qua1itative1y that the greater the ionic strength of the so1ution，the

sma11er the change in the activity coe伍。ient caused byδbecomes to one’s advantage．

Moreover，there is obtained aエ1advantage that the1iquid junction potentia1remains

near1y unchanged．

   T〇 五nd out what re1ationship shou1d ex＝ist between the ionic strength and the

amount of sodium ion to be added to con丘ne△1ogγwithin the a11owab1e1imits，the

assumption of MacInnes1o）was used in respect of activity coe舐。ient．If the血ean

activity coef巨。ient is denoted byγ士，

      ’γNa＋＝γ土2Nac1ノγ士Kc1                                 ．    （14）

   Since there is no method known today for measuring the ionic activity coe伍。ient，

it is not possib1e to obtain the ionic activity coe節。ient without some sort of assumption．

The MacInnes convention seems to be correct in the丘rst approximation for the fo1－

1owing reasons，and it was adopted in this paper：In their determination of the con－

centration of ca1cium ion in sea water（ionic strength，O．7）by means of the Orion

e1ectrode，Thompson and Ross11）conc1uded that the activity coe坦。ient of ca1cium ion

d－epends on1y on the ionic strength in the irst apProximation，and the lMacInnes as－

sumption can be app1ied reasonab1y．Shatkay12）drew the same conc1usion as that of

Thompson and Ross．Garre1s3）inferred that the MacInnes convention was app1icab1e

up to fair1y high concentration．

   Even when the tota1ionic strength of the so1ution is constant，it has been known

that the mean activity coe冊。ient genera11y varies depending upon the kind and con－

centration of co－existing ions，but it is not possib1e to express the change in the

mean activity coe冊。ient in a genera1ized formu1a．However，the fact that the potentia1

of g1ass e1ectrode responsive for sodium ion shows near1y a theoretica1response to

－1og CN。十when the ionic strength is constant indicates that the activity coe伍。ient is

near1y constant independent1y of mN。十when the ionic strength is constant；name1y，

this fact suggests that the activity coe田。ient is dependent upon the ionic strength．

Lanier14）determined the mean activity coe茄。ient of sodium ch1oride in sodium

ch1oride＿a1ka1i earth ch1oride system whi1e keeping the tota1ionic strength （ユ．0）

cOnstant．He observed that the activity coe血。ient of sod－ium ch1oride is near1y not

a丘ected by the concentration of sodium ch1oride in the sodium ch1oride－ca1cium

ch1oride and sodium ch1oride－strontium ch1oride systems，but to some extent in the．

sodium ch1oride－magnesium ch1oride and sodium ch1oride－barium ch1oride systems．

   For the purpose of caIcu1ation，it is necessary to express the activity coe伍。ient of

sodium ion as a function of the ionic strength（∫），and the fo11owing equation whose

form is simi1ar to that of the Stokes equation15）was used．

                                                           Memoirs of Chubu
                                    （6）
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TABLE I．Activity coe箭。ient of sodium ion in sodium ch1oride so1ution at25oC

mO1a1ity

γ士N．C1■6）

γ士KC1■o）

1…／器1：1

O．1

0．7784

0．769

0．788

0．784

0．2

0．732

0．719

0．745

0．744

0．5

0．679

0．651

0．708

0．709

1．O

0．656

0．606

0．710

0．711

2．0

O．670

0．576

0．779

0．777

    As is shown in Tab1e I，Eq．15agrees we11with Eq．ユ4in the intermediate con－

centration range． It is desirab1e to keep the ionic strength in the range of0．5＿1．0

where the changes in the activity coe血。ient of sodium ion remain sma11．This is

exp1ained Inore concrete1y as fo11ows；The changes in the activity coe舐。ient which

are caused upon the addition of sodium ion in an amount ofδto the so1ution whose

ionic strength is7can be ca1cu1ated from Eqs．15and16．

      △1o9γ＝l1o9γ∫十δ一10gγ∫1                                       （16）

    The changes in △1ogγagainst the addition rate for∫＝0．5and0．8are respective1y

shown by dotted1ines in Figs．3and4．It is seen from Figs．3and4that there is an

upper1imit for the addition rate in order to keep the error of determination be1ow a

desired1eve1at a given ionic strength．In addition，it is desirab1e to make the ionic

strength1arge and the amount of addition re1ative1y sma11in order to make sma11the

effects of the activity coe坦。ient．For this purpose，a method is conceivab1e in which

an organic cation which has a1arge ionic radius and causes1ess cationic errors is added

as an indifferent ion to the samp1e so1ution to increase the ionic strength effective1y．

Garre1s3）set the addition rate at2－8％in his determination of sodium ion（about O．5m）

in sea water whose ionic strength is O．7，and what he did seems reasonab1e in the1ight

of the resu1ts shown in Fig．3．

   The sensitivity of measuring instru血ents shou1d be taken into consideration in

examination of△1ogγva1ues． For examp1e，supPosing the potentia1changes1ess than

0．05mV cannot be detected，errors due to changes in the activity coe拍。ient wi11not

appear in the range of er be1ow0．05mV which is equiva1ent to0．05／59．15＝8．4・10－4in

the unit of△1ogγin Fig．1．

3－4．E丑ect of temperat皿re

   A poor temperature contro1causes changes in the potentia1gradient of gIass

e1ectrode，whigh in tum causes the error of determination．Now，1et us suppose that

the potentia1e was measured at the apparent temperature T which was actua11y T’．

In this instance，the potentia1as given by Eq．17is generated．

      ・一等1・／1・嘉〕         （・・）

   On the other hand，the apparent concentration of sodium ion，m’，is ca1cu1ated from

Eq．18．

・一
a1・／・・嘉〕

（18）

（7）
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ConsequentIy，the fo11owing equation is derived from Eqs．17and18．

      等1・／1・嘉〕一等1・／・・嘉〕       （1・）

・…1・・／・・嘉〕一・1・・／1・1＋脇例）〕     （・・）

   The errors due to the temperature changes can be ca1cu1ated from Eq．20．It was

observed that，when the temperature change is25±0．1℃，the error of determination

is1ess than 0．2％ as1ong as the addition rate is 1ess than 1％，and this does not

present probIems．The changes in temperature rather cause changes in the potentia1

of inner reference e1ectrode of g1ass e1ectrode and reference e1ectrode and a1so in t1he

asymmetry potentia1of g1ass e1ectrode，and make the errors1arger for this reason．

4．A㏄11mcy iIl a spike me舳。d of determi皿iI1g potassi11m io皿

4・1．

Fig．

 Potemtia．I di丑ere皿。e gemerated oIl g1ass eIec仕。8e

The potentia1e at25℃ca1cu1ated from Eq．5is given in Fig．5．It is seen from

5that e becomes1arger as K becomes1arger，and this is because the g1ass e1ectrode

5o

             占〆b、

            ぜ
1O

卜 5
ξ

Ψ

。一

○シ

“
■

。史

             o．s

              O．Oi      O．05  0．1      0，5  1       5  何
                                     ～・／榊“

      Fig．5．Re1ation between e and mK＋／mNa＋for various va1ues of Kっ・K＋／洲a＋（25℃）．

becomes more se1ective in respect to potassium ion．It is desirab1e to have e as1arge

as possib1e from the standpoint of the precision of measuring instruments and the

error of determination to be described1ater，and to rea1ize this it becomes necessary

to make the se1ectivity constant 1arge and a1so the mK＋／例Na＋ratio in the so1ution

1arge・Fig・5wi11serve as a guide to estimate the magnitude of e；it wi1I te11what

mK＋ VmNa＋ shou1d be chosen for the e1ectrode of a given va1ue of K to be of any use

or what K vaIue the e1ectrode shou1d have at a given mK＋／mN。十ratio in the so1ution．

FOr examp1e，on the basis of the errbr of determination to be described1ater，mK＋in

the so1ution shou1d be more than twice L 高m。十for the e1ectrode of K＝0．6when it is

necessary to have e of more than20mV．Converse1y，when the mK＋／mN。十ratio is Iess

than O．5，the e1ectrode wi坤the K va1ue of more than3shou1d be used．
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   Next，the re1ationship between eLe and the addition rate（δ／mK＋）which was

ca1cu1ated from Eq．8is shown in Fig．6assuming no changes in the activity coe茄。ient．

                                        From the   ’’ of    ’ in一
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Fig．6．Re1ation between e’＿e andδノmK＋for

     various va1ues of e（25oC）．

Fig．6．Since eLe shou1d be at1east O．05mV

strument，and the addition rate is considered to be

1imitations imposed by the changes in the activity coe舐。ient，it wou1d be necessary

that the vaIue of e shouId be at Ieast4mV．

           prec1sion   measur1ng

struments and the error of determination

to be described1ater，it is advantageOus

to have e’一e as1arge as possib1e，and1for

this purpose it is necessary to make e

and the addition rate1arge from Fig．6．

However，because of the 1imitations

imposed by changes in the activity co－

e舐。ient to be described 1ater，it is not

possib1e to make the addition rate1arge

un1imited1y．At any rate，it is desirab1e

in this method to use the e1ectrode which

generates substantia11y 1arge e，that is，

the e1ectrode which has a1arge K va1ue

in Fig．5．Since the va1ues of e and e’＿e

are mder some1imitations to keep the

error of determination be1ow a desired

1eve1，tlhe optima1ad砒ion rate within

these 1iエnitations can be obtained－from

   from the precision of measuring in－

      10－20％ in genera1because of the

4－2． Precision of pote11tia1di血eren6e

   The ininitesima1change of㈹K＋，dmK＋，caused by ininitesima1changes of e and
e’Cde and de’respective1y，can be given by the fo11owing equation．

      ・…一（∂穿）…（等十）…       （・・）

   Now，∂mK＋／∂e and∂mK＋／∂e’are obtained from Eq・8，and this resu1t and Eq・8are

put into Eq．21to obtain the fo11owing re1ationship．

      d深ト品・／／e，p（、、1、、）．、・。．e，p｛．べ、・．、）／。、｝〕・・

           一、．、、p｛．べ、・．、）／。、｝・…／     （・・）

   By putting de＝de’for simp1icity since the difference between e and e’is sma11

genera11y and considering in丘nitesima1changes of e and mK＋，the fo11owing equation

is obtained，

      1△m絆十」岩、・lexp（、、1、、）．1・1．e，p｛．貞、L、）ノ、、｝／ （・・）

where△e denotes the precision of measuring instrument．As the conversion of Eq．22

to Eq．23indicates，Eq．23represents the theoretica1maximum error（When de and

（9）
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de’have the same sign，dmK＋伽K＋can be expressed by the丘rst term in the right side

of Eq．22a1one，and the error of determination becomes very sma11．They are shown

by a dotted1ine in Fig．7for reference．）．

   The re1ationship between eLe and the error of determination at25℃is shown in

                                        Fig．7，which indicates that it is necessary
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Fig，7．Re1ation between l△mK＋ノmK＋1ハ△el
     and e for various va1ues of e’＿e（25oC）．

1mV from Fig．7．If e’＿e is about2mV，

However，it is seen from Fig．6that the amount of addition shou1d be made extreme1y

1arge to make e l mV and eLe2mV．Now，when e is made20mV，the addition rate

becomes15％；that is，by using a g1ass e1ectrode capab1e of generating e of20mV and

a measuring instrument with the precision of±0．01mV and making the addition rate

at1eastユ5％，the error of detemination can be made1ess than2％．In such case，

the g1ass e1ectrode generating e of20mV can be obtained from Fig．5．

 to make not on1y e’一e but a1so e1arge

to make the error of determination sma11．

Particu1ar1y effective is eLe fo． ?min－

imizing the error and a se1ection of con－

ditions shou1d be made such that eLe

becomes as1arge as possib1e．

    It is possib1e to ind out from Fig．7

the amomt of addition and the precision

of measuring instruments to keep the

error of determination be1ow a desired

1eve1．For examp1e，when the precision of

measuring instrument is±O．01mV and
the error of determination is to be made

1ess than2％，1△mK＋／mK＋1／1△el＝o．02／o．01

＝2and eLe shou1d be made more than

e shou1d be more than l mV from Fig．7．

4－3． lI≡】丑ect of a．ctivity coe価。ie皿t

   Strict1y speaking，

      mK＋＋δ＿γ’Na＋・γK＋  exp（Fe’／RT）一1
          。一    ・                （24）        mzK    γNa＋・γ’K＋  exp（Fe／Rr）一1

from Eqs．6and7，but in the actua1ca1cu1ation the apparent concentration is obtained

from the fo11owing equation assuming no changes in the activity coe血。ient．

      m’K＋＋δ＿exp（Fe’／RT）一1
         。。 一                             （25）
        m K    exp（Fe／RT）一1

   According1y，the fo11owing re1ationship is obtained from Eqs．24and25．

      船芋葦；一m蓑…圭δ・。狂、一（1・。隻・）・（。・、鴇；1等。、・）（・・）

   On the other hand，m’K＋一mK＋＝△mK＋1eads m’K＋／mK＋＝1＋（△mK＋／mK＋），and Eq．26

can be converted as fo11ows．

      γ’N。十・γK＋＿｛1＋（δ／mK＋）｝・｛1＋（△mK＋ノmK＋）

         。。。一                     （27）      γNa・’γK   1＋（△mK＋ノmK＋）十（δノmK＋）

   Eq．27 gives the ratio of activity coe舶。ient necessary for obtaining the desired

                                                           Memoirs of Chubu
                                    （10）      I。。tit．t。。fT。。h。。1．gy
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error，and it is graphica11y shown in Fig．8．It is seen that the a11owab1e va1ue of the

ratio of activity  coe舐。ient increases

with increasing the addition rate，but in

genera1 changes in the ratio of activity

coe伍。ient shou1d be sma11fair1y strict1y

in order to make the error of determi－

nation sma11．On the other hand，the

MacInnes convention1o）that the activity

coe節。ient of potassium ion is equa1to

the mean activity coe坦。ient of potassium

ch1oride with the same concentration in－

dicates that the change in the activity

coe舐。ient of potassium ion against the

COnCentratiOn iS re1atiVe1y 1arge （See

Tab1e I）．Consequent1y，the on1y way to

minimize the effect of the activity co－

e伍。ient wou1d－be to make the tota1ionic

strength of the so1ution 1arge and the

amount of addition sma11as mentioned

in Section3－3．
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