POLAROGRAPHIC DETERMINATION OF SODIUM CHLORIDE IN

COMMON SALT. I1I.
EDT A Method

Lee Han-Yingvand Chen Shih-Shieh

For elimenating the interference of magnesium fon contained in the common salt
with the polarographic wave of sodium ion, Lee and Shen wused sodium hydroxide to
precipitate the magnesium as magnesium hydroxide and determined polarographically
the sodium chloride and excess sodium hydroxide as given in the first paper (1). Silver
oxide was added to common salt instead of sodium hydroxide in the second paper (2),’
then silver chloride, magnesium hydroxide and excess silver oxide were precipitated and
left only sodium hydroxide in the solution equivalent to the sodium chloride originally
contained.

EDTA combines with magnesium and calcium to form soluble chelates that do not
give saturated diffusion curve in polarogram, and if EDTA chelates with the magnesium
and calcium contained in common salt and the chelates do not interference the polarog-
raphic wave of sodium ion, saturated diffusion curve corresponding to sodium
chloride only could be measured and a better polarographic determination would be
succeeded. ‘ V

Experimental Work

Chemicals and stock solutions

Distilled meréury, chemical pure CaCQg, chemical pure hydrochloric acid, chemical
pure sodium hydroxide, practical reagent grade ethylenediamine tetraacetic acid, Baker
analyzed grade sodium chloride, Baker analyzed grade magnesium chloride hexahydrate
and baker analyzed grade potassium hydroxide are used. 10.0 g/1 NaCl, MgCls and CaClz
solutions, and 0.1 N NaOH solution solution are stock for use.

EDTA sodium salt solutions

2.980 g of EDTA (purity 98%) equivalent to 0.01 M is dissolved in 100 cc, 200 cc, 300
cc and 400 cc of 0.1 N NaOH stock solution, and diluted to 100 ml to give 0.01 ¥ EDTA
mono-, di-, tri- and tetrasodium salt solutions respectively.

Chloride mixed solutions

1.0 ml of 10.0 g/1 MgClz stock solution, 1.0 ml of 10.0 g/l CaClz stock solution and
98.0 mI of 10.0 g/1 NaCl stock solution, or 2.0 ml of 10.0 g/1 MgCl, or CaClz stock
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solution and 98.0 ml of 10.0 g/l NaCl stock solution are mixed to be a chloride mixture
which contains Nacl 98%, MgClz 1% and CaClz 1%, or NaCl 98 % and MgClz or CaCly
295. 10 ml of this chloride mixture is diluted to 100 ml with the addition of proper
atnount of EDTA sodium salt stock solution to be a chloride mixed solution which

contains 1.0 g/1 chlorides.

Poralographic measursment ‘

All experiments were carried out with Sargent-Heyrovsky polarograph Model XII
at the following conditions: shunt ratio 100 : 1, maximum bridge voltage 3.0 volts,
terminal voltage of the cell 3.0 camera ring scale (0.5-0.95), éonstant temperature 25 =+
0.2 °C and mercury dropping rate 6—8 drop/min. in distilled water.

Polarogram of EDTA or EDTA sodium’ salt solutions

oml of EDTA saturated solution and 10 ml of 10.0 g/1 NaCl stock solution are taken
and diluted to 100-ml. 10 ml-of EDTA sodium salt solution aud 10 ml of 10.0 gfl NaCl
stock -solution are taken and diluted to 100 ml. Polarograms of EDTA or EDTA sodium
salts in the presence of NaCl are shown in table L. S

Table I Polarogram of EDTA or EDTA salts

"EDTA and salts  concentration’ pH  Saturated diffusion curve

EDTA . 001 F - 20 perfect, E16=1.68 v

Na-EDTA 001 F 4.0 none |
o Naz-EDTA 0.01 F 45 " none

Nasz-EDTA 0.01 F 90 none

Nas-EDTA 0.01 F 10.0 none

HCI : 0.01 ¥ ‘ 1.0‘ perfect, E¥=1.68 v

The saturated diffusion curve of EDTA having'a half wave potential of 1.68 volis
coincides with that of HT.

Polarogram of chloride mixed solutions
10.0 ml of chlor1de mixed solution and various amount of EDTA saturated solution
ara taken and diluted to 100 ml. Noné saturated diffusion cuarve is given, as shown in

table II.

Table II Polarogram of chloride mixed selution with EDTA

Chloride mixed solution EDTA saturated Saturated diffusion curve

ml solution, ml

10.0 2.0 - - none
10.0 4.0 - none
10.0 ' 6.0 none

10.0 ' 100 © none
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10.0 - 15.0 none
10.0 20.0 ' none

In a pH value as low as 2, alkaline earth EDTA chelates are not formed and neither
saturated diffusion curve of H¥ nor that of Nat was found. If 10.0 ml of chloride mixed
solution and 2 ml of various EDTA sodium salt solution are taken instead of EDTA,

saturated diffusion curves were found, as shown in table III.

Table III Polarogafm of chloride mixed solution with EDTA salts

Chloride mixed EDTA salts pH saturated diffusion
solution EDTA,00IF NaOH,0.IN ratio curve
ml ml m] mole
10 2 0.44 1.2.2 4.5 none
10 2 0.48 1:24 4.6 less perfect
10 2 0.56 1:2.8 6.0 less perfect
10 2 0.60 1:3.0 9.0 perfect”
10 2 0.80 1:4.0 10.0 more perfect

Though the pH value of the solution decreased very much in the presence of CaClz
and MgCly, but it still kept the general rule that the higher the pH value of chloride
mixed solution, the hetter the saturated diffusion curve we got.

EDTA required for alkaline earth EDTA chelates .

Various amounts of EDTA firisodium salution are added to 10.0 ml of NaCl-Mg
Clz-CaClz mixed solution and diluted to 100 ml which contains 100 mg or approximately
1.06 m-mol of MgClz and 100 mg or approximately 0.90 m-mol of CaClz. EDTA required
for chelation is 1.96 m-mol or 0.01 F EDTA 1.96 ml theoretically. But more than 2.0 ml
was needed experimentally, as shown in table IV.

Table IV EDTA required for chelates

Chloride mixed solution Na-EDTA saturated diffusion curve

ml- 0.01F,m1l

10 1.5 irregular

10 ' 1.75 irregular

10 2.00 less perfect
10 2.25 perfect

10 2,50 irregular

Limit of EDTA equivalent

Various amounts of 0.01 ¥ Nas-EDTA or Na4-EDTA were. added to 10.0 ml of NaC1~MgClz-
CaClz mixed solution to determine experimentally the Iimft of Naz-EDTA or Nas-EDTA
equivalent to MgClz and CaCl2, Table V shows the results.
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Table V Limit of EDTA equivalent -

Chloride mixed EDTA salis EDT Asalt:MgClz+CaClz saturated diffusion

solution,ml 0.01F, ml curve
10  Nas-EDTA,18 09  none
10 19 T 1:0.95 o less perfect
10 2.0 1:1.0 perfect
10 2.1 1:1.05 perfect
10 22 : 111 ' none
10 Na3z-EDTA,1.8 1:0.9 none
10 1.9 1:0.95 none
10 2.0 1:1.0 none
10 y 2.1 1:1.05 none
10 2.2 L:1:1 perfect
10 ' 2.3 1:1.15 perfect
10 2.4 1:1.2 none

For Na4-EDTA ‘the equivalent is 1.0 mol and for Nag-EDTA 11 mol, 1.0 mol of
Nas-EDTA was taken for the polarographic determination ‘of NaCl and common salt.

Polarogram of chloride mixed solution with Nas-EDTA )

NaCl-MgClz-CaClz, NaCl-MgCly or NaCl-CaCly chloride mixed solution was mixed with
equivalent amount of Nas-EDTA to MgClzand CaClz and polarograms were taken, as
shown in table VL

Table VI Polarogram of chloride mixed solution

Chemicals Concentration,F¥ volume% ssturated diffusion curve

1 NaCl 0.018 98 perfect
CaCl12 0.01
Na4-EDTA 0.01

2 NaCl 0.018 98 perfect
MgCl2 0.01 : -1
Na4-EDTA 0.01 1

3 NaCl 0.018 98 . perfect
CaClz 0.005 0.5
MgClz 0.005 0.5
Nas-EDTA 0.01 1

All chloride mixed solutions showed the same polarographic character of Nat

Polarogram of chloride-sulfate mixed solution
Equivalent amount of Na4-EDTA was added to a chloride-sulfate solution contained
0.01 F MgS0y4, 0.01 F CaClz and 1.0 g/l NaCIl. Table VII shows the polarogram.
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Table VII Polarogram of chloride-sulfate mixed solution

Chemicals Concentration,FF Volume,% saturated diffusion curve

1 NaCl 0.018 98 : perfect
CaCly 0.005 0.5
MgSO04 0.005 05"
Nag-EDTA 0.01 1.0

"2 NaCl 0.018 96 - perfect
CaClz 0.01 1.0
MgSO4 0.01 1.0
Na4-EDTA 0.02 ‘ 2.0

3 NaCl 0.018 94 perfect
CaClz 0.015 1.5
MgSO04 0.015 : 15
Nas-EDTA 0.03 3.0

Na4-EDTA chelated Mg .either in chloride or sulfate salt regardless the total
amouut of MgSO,s and CaCls.

Polarographic character of Na ion
Wave heights of NaCl at various concentratration were measured. The experi-

mental value coincides with the calculated value by taking 1.0g/1 NaCl as 100%,as shown
in table VIII.

Table VIII Wave height of NaCl

NaCl Waveheight,mm

% experimental Calculated difference
100 130.8 ' 130.8 0

98 128.5 128.2 +0.3

96 126.2 125.6 +0.6

94 124.0 123.0 +1.0

In the range of NaCl95—97% dry base, the difference is small enough to be neglected.

Wave height fracﬁon of Na4-EDTA

Various equivalent amounts of Na4-EDTA to MgClz and CaClt were added to various
kinds of chloride mixed solution. Polarograms of these were taken to determine the
wave height fraction corresponding to Nas-EDTA, as shown in table IX..

Table IX NA,-EDTA wave fraction

NaCl,ml Na4-EDTA,m1 Wave height,mm
total NaCl Na4-EDTA fraction,per 1x10-4F
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100 0 130.8 130.8 0
98 1.0 131.0 128.2 2.8 2.8
96 2.0 131.6 125.6 6.0 3.0
94 3.0 1324 123.0 94 3.1
92 4.0 ‘ 133.6 124.4 18.2 3.4

mean 3.06 mm

Wave fraction of Nas-EDTA calculated = 04x130.8%58.8/1000 = 3.05 mm which is in
good agreement with the experimental value. A wave height fraction 3.06 mm per 04

m-mol of Nag-EDTA is taken for polarographic measurement.

NaCl determination of common salt

Three solar evaporated salts made by Taiwan Salt Company, one crude two washed
are taken for experiment. weighed accurately 2.5 g dried sample, dissolved in water and
then diluted to 250 ml to be a solution of 10.0 g/l 10.0 ml of common [salt solution and
proper amount of Nas—EDTA are taken and diluted to 100 ml to determine the

Na4-EDTA requied polarographically. The polarograms are shown in Figure I
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I. Sample I (190) WH=131.0mm, NaCl=98.16% dry base
II. Sample 2 (193) WH=I30.4mm, NaCl=97.51% dry base
I, Sample 3 (192) WH=128.9mm, NaCl=96.32% dry dase

Fig. 1 Current-Potential Curve ¢f 1.0 gfl Common salt

The NaCl content of comon salts are calculated as follows:
Sample I (No. 190)

(1) Sample=2490 g
Na4- EDTA required=0.85 ml

Wave height = 120.9 mm
NaCl content (129.9%1.004—0.85% 3.06) /130.8=97.71%

“(2) Sample = 2501 g

I
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Nax-EDTA required = 0.85 ml

wave height=131.0 mm

NaCl content = (131.0—0.85x3.06)/130.8 = 98.16 %

NaCl content, mean wet base = 97.94/101.58 = 9640 %

Sample 2 (No. 193)

(1) Sample = 2504 g

Na4-EDTA required = 0.94 m]

Wave height = 130.6 mm

NaCl content = (130.6x99,84—0.93x3.06)/130.8 = 97.50%
(2) Sample = 2500 g

Na-EDTA required = 0.93 m!

Wavc height = 1304 mm

NaCl content = (130.4--0.93%x3.06)/130.8 =97.51 %

NaCl content,mean wet base = 97.51/102.18 = 95,53 %

Sample 3 (No. 192)

(1) Sample = 2504 g

Na4-EDTA required = 0.85 ml

Wave height = 1289 mm

NaCi_ content =(128.9x99.84—0.85x%3.06)/130.8 = 96.32 %
(2) Sample = 2501 g

Nas-EDTA required = 0.94 ml

Wave height = 1287 mm

NaCl content = (128.7—0.94x3.06)/130.8 = 96.19 %

NaCl content,mean wet base = 96.26/106.21 = 90.63

Discussion

Polarographic characters of EDTA and EDTA sodium salts
Since the EDTA molecule contains two amine nitrogen atoms, it can be written in
the zwitter-ion form for H4Y and H2YZ2-(3).

~Q0OCCH> CH,COO~ ~O0CCH> CH,COO-
\NH H NH H/
NCIT;CH3N ‘ NCH2CH2N
4 N\ S+
HOOCCH2 Cr, COOIL ~-00CCH? CH2COO-

But EDTA saturated water solution gave a saturated diffusion curve of -H* which half
wave potential is 1.68 volts in a pH value of 2.0. It is considerd no zwitter ion was
formed. When the pH value is increased by adding alkali to a value of more than 4.0
zwitter ion would be formed. This zwitier ion may accepis reduction and interferes

with Nat and H* to give no saturated diffusion curve.

EDTA alkaline earth chelates
The compound CazH2Y can be obtained {rom the reaction of -EDTA with calcium
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hydroxide or EDTAZdisodium salt with calcium chloride. In a pH range of 4.0 to 45 the
dihydrogen calcium compound loses a proton to form the monohydrogen chelated
compound CallY~ (4).

-00CCH? CHz O

H | !

CH,CHz2H N Ca
e | ]

~00CCH2 CHz O

NS
CcO
This chelated ion still acepts reduction and interferes with Nat.
In more alkaline solution when plH is greater than 4.5, the calcium coordinates with
both nitrogen forming Ca¥2~ and releasing another proton.

-00CCH2 CH2CH,  CH2COO-
NS NS

H N
SN N
CH» Ca CH2
NN\ /

CO—-0 0-—-CO

Since this coordinated zwitter ion does not receive reduction, it shows mno interference
with the diffusion curve of Nat That is when equivalent EDTA trisodium or
tetrasodium salt to CaCly* MgCl2 is added to the chloride mixed soluiion a saturated

diffusion curve is obtained.

Stability of alkaline earth EDTA chelates

Stability constant of alkaline earth EDTA chelates are: Bat+ 7.9, Syt 87, Mgtt 89
and Ca** 107 (5). 1t is in the order of Ba<Sr<Mg<Ca. Stability constant is a
function of both the strength of the metal-ligand bond and the acid strength of the
protonated ligand. Thus the amount of metal ion which will combine with EDTA at any
pH value is a function of the ’stability constant of the metal chelate and the hydrogen
concentration. At different pH value different amount of EDTA costed as shown in

table V may be explained.

Bases of polarographic determination ‘

The experimental value of wave height of pure NaCl at various concentrations are in
good agreement with the calculated value taken 1.0 g/1 NaCl as unity. For the NaCl
content in solar evaporvated salt is usually 94—97% dry bése, a difference of wave height
in 0.6 'mm is not serious and may be neglected.

‘Mixed solution of NaCl-MgSO4-CaClz shows the same character as mixed solution of
NaCl-MgCl2-CaClz in chelating with EDTA, so that the experimental results obtained in
chloride mixed solution may be applied to common salt which is a chloride-sulfate
-mixture.

Since NasEDTA is a tetrabasic strong acid (4) and CaNaz-EDTA for the presence of
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calcium causes all the four Nat to be dissociated readily, this additional Nat may be
deducted right from the tatal Na%t given in the polarogram. Even two. of them come in
the form of NaCl or Na3SO4 and two come in the form of NaOH and different anions
give different wave heights of Nat, as EDTA used is only a few per cent in comparing
with NaCl, this difference in wave height is small enough to neglect.

Wave height calculation

The wave height of chloride mixed solution is the sum of that of Nat combined
as NaCl and as Na4-EDTA. As shown in the experimental work, both Nat showed the
same polarographic character in wave height, for practical work, therefore, an increase
of 3.06 mm in wave height equivalent to 4 m-mol of Na4-EDTA is used in calculation.

NaCl content in common salt

About equivalent amount of Na4-EDTA tfo the alkaline earth contents is added to
the common salt solution to check the polarographic wave. If no saturaturated diffusion
curve is formed, add 0.02 ml of 0.01 F Na4-EDTA more to the common salt solution until
the diffusion curve is perfect saturated, and take the amount needed. Deduct the
additional wave height from the total wave height to get the net wave height
cooesponding to NaCl, and then the NaCl percentage is calculated by wusing the basis
that 1.0 g/l NaCl give a wave height of -130.8 mm as 100%. Result of -this proposed
method compared with NaOH, Ag20 and chemical methods is given in table X.

Table X NaCl content in common salt

Common salts Chemical analysis NaOH method Ag20method EDTA method

No. % % difference %  difference % difference

1 97.18 96.76 —4.2 96.12 —1.06 96.40 —0.78

2 ) 96.27 95,46 —0.81 95.18 —1.09 95,53 —0.74

3 90.98 91.68 4+0.70 89.90 —I1.08 90.93 —0.35
Summary

L In the experimental work of alkaline earth EDTA chelates we found that at a pH
value higher than 4.5 both Mg-EDTA and Ca-EDTA chelates are formed, and in the
ratio of NaOH : EDTA : MgClz or NaOH : EDTA : CaClz = 4 : 1: 1,equivalent amount
of EDTA to MgClz or CaCly, and in the ratio of NaOH : EDTA : MgClz or NaOH :
EDTA : CaCly = 3:1:1 about 1.1 equivalent of EDTA to MgClz or CaCIé is needed. .
The amount of EDTA required to chelate with the alkaline earth is the same in MgClz
or and CaClz, and MgSO4 or and CaClaz.

2. In the NaCl-MgClz-CaClz or NaCl-MgS04-CaClz chloride mixed solution at a pH
value higher than 4.5 both MgNa2-EDTA and CaNaz-EDTA chelates dissociate readily
to give out all the Nat, wave height of which is 3.06 mm per 4 m-mol of EDTA in
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polarogram.

3. Taking the wave height corresponding to the NaOH added to adjust the pH value to
form MgNaz-EDTA or CaNaz-EDTA as the same of that given by NaCl, the net wave
height fraction on of NaCl may be calculated from the tatal value by deducting that
of the above.

4, By using the chelated action of EDTA with MgCly and CaCly contained in common
salt at a pH value higher than 4.5 the polarogram of three kinds of salar evaporated
common salt made by Taiwan Salt Company are measured giving a reault much near
to chemical analysis with only a difference of —0.78% max. '
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