Polarographic Determination of Sodium Chloride in Common Salt. Il.-
Silver Oxide Method

Lee Han-ying and Chen Shih-shieh

- When magnesium salts are contained in the common salt, it gives an unsatura-
ted diffusion current in polarogram. By experimental work on sodium chloride and |
magnesium chloride mixture, we found that more than 0.29 of magnesium chloride .
by weight showed magnitude influence as shown in Fig. I. In the common salt
made by solar evaporation of sea water in Taiwan, the magnesium - salts. ‘c:pf;t_fgnitil
ranges from 0.5 to 1.0% by weight and no saturated diffusion current curve used
{or determination of sodium chloride could bergi‘ven. For this, Lee and Shen (1)
gavea soditm hydoxide method of the polarographic determination of sodidm chleride
in common salt in the first paper. That is a little excess of sodium -hydroxide
solution was added to the common salt solution, precipitated the magnesium as
magnesium hydoxide and determined polarographically the sodium ¢hloride and-
excess sodium hydroxide. and substracted the increased Na* from the value obtained to*
get the sodium chloride content, Although the result is better than that obtained
by chemical ‘analysis subatraction method, we thmk there are still some pomts;need
revise. F1rst ‘after the magnesium hydroxide was precipitated, there left in the solutloh
both sodmm chloride and sodium hydroxide that gave different half-wave potentlals
and Waire héights in polarograms, Second, some sodium salt was absorl:ed by the
colloldal prec1p1tate of magnesium hydroxide produced by adding sod1um hydrox1de
to common salt solution, . i " .

F. Kawamura (2 put barium chloride in common salt solutlon taken out the
SO4" added silver oxide-carbonate mixture (Ag,0:Ag,CO;=I:I) to prec1p1tate
Cl- and other halogens as silver halides and Ba**, Ca**, Mg++ as carbonates or
. hydroxidés énd tken after filtration, titrated volumetrically the sodlum hydrox:de

and carbonate left in filtrate. This work was only for the artificial common salt
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with an error less than 0.3%. But large cost of barium salt and silver -oxide-
carbonate reagent, difficult to prepare the raegent, hard to filtrate the bziri_ﬁm‘sillfaté,
and more absorption of sodium chloride _and carbonate by the large quantiiy of
pricipitates of silver chloride, magnesium,“'calci‘um a{nd -barium carbonates are
troublesome. » ‘

“We found occasionally when silver oxide was added instead of sodium hydroxide
to common salt, silver chloride, magnesium hydroxide and excess silver oxide were
precipitated and ‘left only sodium hydroxide in the soultion equivalent to the sodium
chloride originally present. As all the precipitates were easy to filtrate “and wash,
absorption of sodium hydroxide has eliminated to a constant minimium value. We
tried to do an experimental work of the polarographic determination of sodium

chloride according this process and found it gave better result than the first work.

Experimental Work.

Chemicals and-stock soluttons , ‘
- Distilled mercury, chemical pure silver nitrate, Baker analyzed grade sodium
chloride, magnesium chloride hexahydrate, potassium hydroxide and sodium hydro-

xide are used. 10 g/l NaCl, MgCl; and NaCl-MgCl‘2 solutions and 7.2g/1 NaOH

solution with the same Na*. equivalent to 10g/l NaCl are stock for use.

Silver oxide , )

_Silver oxide Ag,O, a dark brown powder is precipitated by adding solutions
of silver nitrate and alkaline hydroxide together. Concentraté ' solutioné cause fai::id
prec1p1tat10n that give a precipitate difficult to wash free from 1mpur1t1es It is.
prefer to use dilute solutions such as IF potassium hydrox1de and 0.2F sﬂver
nitrate. For each 7g of silver nitrate, 4g of potassium hydroxide was used, that 1's,
about 50% excess. Much brown precipitate of sliver oxide ana few yellowish brown
éilverqxide and hydroxide mixed colloid were formed. After decanted sevéréltytimes
t:oA dfxsc‘ard the colloid, filtered the brown precipitate and washed throughly. For it

decomposed by heating (3), wet silver oxide was used through this work.
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Analysis solutions »

Treat 25cc of NaOH or NaCl-MgCl, stock solution with about 0.7g of wet
silver oxide under stirring. Besure no more silver chloride would form when more
silver oxide is added, washed the precipitate four times by decanted the clear upper
layer, filtered and washed four times again. Collected all the decanted and washed
liquor and filtrate, then diluted it to be 250 or 50Ccc ready for use. The concent-
ration of sodium hydroxide in the final solution is equivalent to sodium chloride
1g or O.Sg per liter.

All experiments were carried out with Sargent-Heyrovsky polarograph Model
XII, under the conditions as follows: shunt ratio 100:1 eor 200:1, cons'ant temipera-

ture, maximum bridge voltage 3.0 volts, terminal voltage of the cell=3.0 x camera

ring scale (0.5—0.95).

Influence of magnesium chloride
As shown in Fig. 1, polarograms of sodium chloride containing magnesium
chloride gave unsaturated diffusion currents if magnesium content was more thao

0.29.

I NaCl too %.

I Nact 928 %,MgClz 02%
I NaCl 926 /o, MgClp 04%
W NaCl 984 7>, MgCl3 06%

E

Fig. 1 Current-potentail Curve of NaCl-MgCl,
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Temgerature effect
Silver oxide treated NaCl 99% and MgCl, 1% mixed solution gives polaro-

graphms of different wave-heights at different temperatures as shown in Table 1
and Fig. 2.

Table 1 Wave-heights of NaCl-MgCl, Solution at Different Temperatures

Temperature, °C Wave-height, mm
1 2 3 mean diflerence
24 95.5 95.9 95.7 95.7
25 97.2 97.0 97.1 97.1 1.4
26 98.8 98.8 98.8 98.8 1.7
27 100.4 100.6 100.5 100.5 1.7
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Fig. 2 Current-Potential Curve of NaCl-MgCl, Seluticn at Different Temperatures
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A it ‘i séen - that- temperature’ effect is pretty high,’ all-experiments' for ' com-

parison should be carried out at the same constant temperature. -

Influence of anions

As the half-wave potential of a metal ion is not inﬁuenced by the concen- .
tration of a reducible substance (4), measurement of half-wave potential m‘ay'help
to know the influences of anions,

Althrough 1.0 g/1 NaCl and 0.72g/1 NaOH have the same amount of Na*, but
Cl- ar'id OH- influence .both diffusion current and reduction potential and conses
quently give different half-wave pétenfials as shown in Fi"g‘.l 3, the half-wave
potential of NaOH is.2.18V. and that of NaCl is 2,25V,
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Fig. 3 Current-Potential Curve of iOg}l NaCl and 072g/1 'Na@ﬁf‘



.-If 1.0g/1. NaCl is treated with Ag,O, it gives. the same polarographm to that

of 0.72g/1 NaOH, E%~:2.13V in both’ cases as shown in Fig. 4.
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Flg 4 Current-Potential Curve of NaOH and Treated NaCl

Cotrelation of wave-height vs. concentration
Taking 1.0g/1 NaCl solution as the standard let it be 1007, 99, 98, 97, 96 and

959 NaCl solutions are made. Treated with Ag,0O and analyzed polarographically.

Current- potential. plot .is shown in Fig. 5. .
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i NaCl:MgCl=95"5
I NaCl:MgCly=06:4
I NaClMgC1,=97:3
M NaC |:Mgll,=08'2
7 NaGl:MgCl,=99"1
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Fig. 5 Current-Potential Diagram of Treated NaCl

Correction of wave-height

Took the analysis solutions containg various amounts of ma‘gnesium with sodium
chloride ‘ar_x,dv treated with silver oxide. When magnesium chloride content was,
less than 0.7%, as its content increased the wave-height decreased more'and 'mere
When magnesmm ¢hloride content was more than 0.7%, the decrease of wave- helght

N

Lept. constant as its content increased and a straight line is plotted in Fig. 6.
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(2) MgCl; more than 0.7%
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(b) MgCl; less than 0.7%
Fig. 6 Wave height-——Concer}tration Diagram of \Na(.‘v,l-MgClz
The part ouflmed m heavy black lires in Fig. 6 (a) is reproduced in Flg (b).
» The wave helght of NaCl contained MgCl2 is always Iess ‘than that of the

pure NaCl and need correctlon

Analysis of common galt |
Three solar evaporated sea salts made by Taiwan Salt Company, one crude and

two washed, are taken for experiments. Experiments are carried out at the same
conditions as cases of NaCl-MgCl, pure samples. Wave-heights of various common

salts are given in Table 2.

Table 2 Wave-height of Saturated Diffusion-Curve ‘Qf Common Salt

Common salt "~ Wave-height; mm
‘ 1 2 _ 3 mean
No. 1 959 970 95.6 96.17
No. 2 95.2 95.2 95.0 95.13

No. 3 9.0 904 890 89.80
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For MgCl, and MgSO, contents in common salt range from 05 to 1.0%, tlﬂe
corrections should be taken from the stralght line part in Flg 6 (a) that is add
1.0mm to the wave-height and compute the NaCl content as given in Table 3.

Table 3 - Corrected NaCl Content

.. Common salt - Wave-height, mm NcCl %, dry base .- .

mean corrected e
No. 1 96,17 97.17 96.21
No. 2 95.13 96.13 - 95,18
No: 3 89.80 9080 ‘8990 "
Biscussion A
Sllver ox1de treatment S Elmmr A

When common salt is treated by silver oxide the followmg react1ons are takeh

place ' -
AgOH+CI-= AgCl +OH- A
Mg**+2OH MgCOH)2
AgOH Ag+OH‘

Solubility products of ‘the insoluble salts and hydrox1des are as follows:
Ksp, AgOH=1.52-10"%
Ksp, AgCl=1.56:10""

, Ksp, Mg (OH),=1.4.10""
lg/l NaCI MgCl? solut1on contains Cl 0.17 mole, but MgCl, content 1s feW in
companson with sodium chloride. Neglectlng the OH~ reaction with Mg’*“ the

metal ion concentrations may be computed as follows:
x_(OH)_(Ag")(OH~)_Ksp, AgOH_15210""

(CIy = (Ag )CIy ~ Ksp, AgCl ~ 156.1070 00
(OH-)=100 (CI),  (OH-)-+(CI)=0.17
(CI)=00017,  (OH-)=0.169

;o
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Therefore  (Ag")= KSIE’(;?%Q—L = —1—0576)6110% =1 %1077

B ++ yM O . 'v -3 ‘ -
\_,(Mg );&E(b%jﬁk:%%—--':.l x10-1

Both (Ag*) and (Mg**) are less than enough to influence the polarogram
of NaOH. Silver oxide is a good reagent to eliminate magnesium as magnesium
hydroxide and leaves only NaOH in soluticn. Therefore, to measure the wave-keight
of Na* in-NaOH and compu'e the NaCl content is supported both by theoretical

calculation and experimental work.

Correction of wave-height .

As shown in Fig. 6 (a), the linear relation of wave-height vs. concen-
tration ends at 0.7% MgCl, content. 1.0mm correction is given in case of MgCl,
more than that. If MgCl, content is less than 0.7%, it should be corrected according
to' the differences between the two lines of Fig. 6 (b).

As shown in Fig.”5, the treated NaCl gave the same wave-height and.. half-
wave Pqtential as pure NaOH, we realized that there was no ébsorption of 'NaOH
by AgCi precipitate at ‘all. The oniy absorption héppenéd may be that‘) of Na‘“\ by
the colloidal precipitate of Mg (OH), But when the magnesium content is more
than 0.7 %, larger particles of precipitate set with the colloidal particleé and then the

more absorbed NaOH can be washed down. The washing effect is given in Table 4.

‘Table 4 ~ Washing of Ag,0O Treated NaCLMgCl2 Solutiqn

NaClﬂ % | Wave-héight,ﬁam
Ag,0 Decanting, one time Decanting, four times- Theoretical
treated Washing, one time . Washing, four times . value
99.7 100.0 1000 1006
99.3 99.3 1993 ' 100.4
' 99.0 98.5 %0 1000
98.0 957 980 09y
97.0 945 97.0 / 98.0
96.0 . 932 %1 971

95.0 92.0 950 . 960
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Comparison with Other methods ' , 5 S

< The silver oxide method eliminatéd the different effects of Cl- and OH- by
converting all NaCl to be NaOH, reduced the absorption of Na* with the colloidal
precipitate of Mg(OH); by filtration and washing through to-a limited value. It is
not only simple and exact than the chemical substraction method, but also simple
and rapid than the silver oxide-carbonate tetration method, for Ag,O is easier to:
prepare in nearly pure state than AgZO—A32CO3.

As is given in Table 5, Ag,0 method gives a value about 0.7% higher thag,
that of NaOH method, and about 1.0% lower than that of chemical analysis
substraction method.

Table 5 NaCl Content* in Common Salt Determined by Various Method "

Sl e e 7 difference [ RO . difference,
No.. % ( % % % %

1 96.12 97.18 ~0.97 95.44 +0.77

2 9518 96.27 ~1.09 94'56 +0.62

3 - 89.90 90.98 ~108 ~ 89.08  +0.72

*dry base

Summary

1. Silver oxide is made by the reaction of 0.2F silver nitrate with e?ccess IF
alkaline hydroxide, Brown Ag,0 precipitated with a few yellowish brown )
Ag;0-AgOH colloidal particles. Sepéirate the Ag,O from the colloid by
decantation and use it in the wet state, ' ' - o

2. When Ag,0O is added to the NaCl solution, AgCl and the excess Ag,0 pre-
cipitate and NaOH are left in the solution. In spite of NaCl and NaOH give
different half-wave potentials, they have the same amount of Na*. From the
polarogram of NaOH, therefore, can determine quantitatively the NaCl.

3. In case of NaCl-MgClz or common salt, when Ag,O is added, AgCl, Mg(OH),
and excess Ag,O precipitate and NaOH with a little amount of KOH are ’
left in the solution. About 1.0% of NaOH is absorbed by the Mg(OH),



colloidal precipitate ~ after washing throughly. Therefors,  1.0mm . correction

is -added. to the wave-heigh-of polarogram in cases that MgCl, is more than
10.7% by weight.in NaCl-MgCl, or common  salt. When MgCl, content is
léss than 0.7%, wave-height vs." MgCl, percent diagram is available for corre-
-Ction, :
-+ The Ag,0 method eliminated the different effects of Cl- and OH-"in NaCl and
NaOH respectively and reduced. the absorption of NaOH by -Mg(OH), colloidal
c . precipitate to.a limited -value by washing throughly. -Therefore, ‘Ag,0 method
. after correction would give more exact value than chemical analysis and NaOH
methods, '
.. Thrée kinds of ‘common. salt were used for experiments at constant ‘temperature
.o of 25°C We got a value about 0.7 % hxgher ihan that - of NaOH method
given in the first paper, and about 1.0% lower than that of chenncal anal .
ysis substractlon method now uged here. . .. ‘
. 'Potassmm is not ehmmated by thlS method As its cotent is usually 0.5%, it

seerus to be no. trouble to con51der potassmm as sodlum in common salt
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