
Chloride, titrimetric, mercurimetric 

Parameter and Code: 
Chloride, dissolved, l-l 184-85 (mg/L as Cl): 00940 

1. Application 
This method may be used to determine chlor- 

ide in water containing at least 0.1 mg/L of 
chloride. Samples containing lower concen- 
trations need to be concentrated by 
evaporation. 

2. Summary of method 
2.1 Mercuric and chloride ions form a highly 

stable, soluble complex. 

Hg+2 + 2Cl-1 = HgCl, 

Thus, the chloride in a sample may be titrated 
with a standard solution of a soluble mercuric 
salt such as mercuric nitrate. The equivalence 
point is detected by adding a small amount of 
diphenylcarbaxone to the sample. A slight ex- 
cess of mercuric ions, above that required to 
complex all of the chloride, reacts with this in- 
dicator to form a blue-violet complex (Dubsky 
and Trtilek, 1933, 1934; Clarke, 1950). 

2.2 The optimum pH range for the titration 
is between 3.0 and 3.6. If the titration is made 
in a solution whose pH is less than 3.0, the 
results will be high, and if in a solution of pH 
greater than 3.6, the results will be low (Clarke, 
1950; Thomas, 1954). The proper pH for the 
titration is easily obtained by adding bromo- 
phenol blue indicator and carefully adding dilute 
nitric acid or sodium hydroxide to adjust the 
sample to the desired pH. 

2.3 Two standard mercuric nitrate solutions 
are required. A dilute solution should be used 
to titrate samples containing less than 200 
mg/L chloride; a more concentrated mercuric 
nitrate solution should be used to titrate sam- 
ples containing more than 200 mg/L. - 

l 

3. Interferences 
The method is not subject to interference from 

any of the anions and cations normally found 
in natural waters; as much as 1,000 mg/L of 
nitrate, sulfate, phosphate, magnesium, and 
calcium and 1X108 CcglL of aluminum do not in- 
terfere. One thousand rg/L of zinc, lead, nickel, 
ferrous, and chromous ions affect the colors of 
the solution, but not the accuracy of the titra- 
tion. Nickel ion at a concentration of 1X105 
pg/L is purple in neutral solution, green in acid 
solution, but gray at the chloride end point. Cop- 
per ion is tolerable up to 50,000 IlglL. Chromate 
and ferric ions, if present at concentrations ex- 
ceeding 10,000 pg/L, must be reduced to their 
lower valence state prior to titration. The addi- 
tion of dilute fresh hydroquinone solution 
insures reduction of these ions. Sulfite ion inter 
feres at concentrations above 10 mg/L; the addi- 
tion of a small amount of 30-percent hydrogen 
peroxide eliminates sulfite interference Bromide 
and iodide are titrated with the chloride 

4. Apparatus 
4.1 Buret, 5-, lo-, or 25-n& capacity. 
4.2 Fluorescent lamp, white. 
4.3 Stirrer, magnetic. 

5. Reagents 
5.1 Chloride standard solution, 1.00 mL= 

1.00 mg Cl-l: Dissolve 1.648 g primary stand- 
ard NaCl crystals, dried at 180°C for 1 h, in 
demineralized water and dilute to 1,000 mL. 

5.2 Hydrogen peroxide, 30-percent. 
5.3 Hydroquinone solution, 1 g/l00 mL: 

Dissolve 1 .O g purified hydroquinone in demin- 
eralized water and dilute to 100 mL. 

5.4 Mercuric nitrate standard solution I, 
1.00 mL o 1.00 mg Cl-l: Dissolve 4.832 g 

157 



158 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

Hg(NO&H,O in 25 mL demineralized water 
acidified with 0.25 mL concentrated HNO, (sp 
gr 1.41) and dilute to 1,000 mL. Filter, if neces- 
sary, and standardize by titrating 10.00 mL 
chloride standard solution diluted to 50 mL with 
demineralized water. 

5.5 Mercuric nitrate standard solution II, 
1.00 mL o 0.500 mg Cl-l: Dissolve 2.416 g 
Hg(NOa),*H,O in 25 mL demineralized water 
acidified with 0.25 mL concentrated HNO, (sp 
gr 1.41) and dilute to 1,000 mL. Filter, if neces- 
sary, and standardize by titrating 10.00 mL 
chloride standard solution diluted to 50 mL with 
demineralized water. 

5.6 Mixed indicator solution: Dissolve 0.5 g 
crystalline diphenylcarbazone (Eastman Kodak 
No 4459) and 0.05 g bromophenol blue (Eastman 
Kodak No 752) in 75 mL ethanol (methyl alcohol 
or specially denatured alcohol No. 3A are also 
suitable), and dilute to 100 mL with the alcohoL 
Store in a brown bottle; discard after 6 months. 

5.7 Hitic acid, 0.05M: Dilute 3.0 mL concen- 
trated HNO, (sp gr 1.41) to 1 L with demineral- 
ized water. 

5.6 Sodium hydroxide solution, 0.05M: 
Dissolve 2.0 g NaOH in demineralized water and 
dilute to 1 L. 

6. Fbcedure 
6.1 Pipet a volume of sample containing less 

than 20 mg Cl-l (50.0 mL max) into a 125&L 
Erlenmeyer, flask, and adjust the volume to ap- 
pmx 50 mL. If the sample contains less than 0.1 
mg/L of Cl-l, evaporate an appropriate volume 
to5omL. 

6.2 Place the flask on a magnetic stirmr and 
add 10 drops mixed indicator solution. 

6.3 If a blue, blue-violet, or red color develops, 
add 0.05M HNOs by drops until the color 
changes to yellow. Add 1.0 mL excess acid If a 
yellow or orange color forms when the mixed in- 
dicator is added, add 0.05M NaOH solution by 
drops until the color changes to blue violet; then 
add 0.05M HNO, by drops until the color 
changes to yellow; then add 1 mL excess. 

6.4 Titrate the solution with mercuric nitrate 
standard solution I or II until a blue-violet color 
persists throughout the solution. 

6.5 Determine a blank correction by similar 
ly titrating 50 mL demineralized water. 

6.6 Alternatively, the end point of the titra- 
tion may be determined spectrophotometrically, 

attendant improvement in precision. Refer 
to specific manufacturer’s manual for details Re 
agents are identical to those specified for the vis- 
ual determination using the mercurimetric 
method. 

7. Calculationt3 

Cl-l (mg/L) = 
1,000 

mL sample 
X (mL titian&n& blank) 

X (mg Cl per mL titrant) 

8. Report 
Report chloride, dissolved (00940), concentra- 

tions as follows: less than 10 mg/L, one decimal; 
10 mg/L and above, two significant figures. 

9. Precifdon 
9.1 Precision for 36 samples within the range 

of 0.29 to 243 mg/L may be expressed as follows: 

ST= 0.045X + 0.581 

where 
ST= overall precision, milligrams per liter, a 

and 
X= concentration of chloride, milligrams per 

liter. 
The conelation coefficient is 0.8862. 

9.2 Precision for seven of the 36 samples ex- 
pressed in terms of the percent relative standard 
deviation is as follows: 

Number of 
laborat0rie0 

7 

:: 
20 

:: 
18 

(ma4 

0.29 
1.92 
9.25 

26.4 
58.0 

120 
243 

Relative standard deviation 
(percent) 

59 
40 
18 
7 

s 
5 
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