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Silver

Qualitative analysis
10 ml of the water sample is treated in a test—tube with a few drops of Feigl’s reagent,
5 ml diethyl ether superimposed, and the mixture shaken. In the presence of silver ions

a reddish-brown film forms at the interface between the two .phases. Lower limif of
detection: about 0.4mg/l. :

Reagent preparation

Feigl’s reagent: Dissolve 0.03g 5--(4-Dimethylaminobenzylidene) rhodanine GR in 100
ml Acetone GR.

Reagents ‘ —1
Cat. No.” ~ ' kPackages
14 Acetone GR «oreorvrsrnniesnns G O PN ceeee 11,2101
921 Diethyl ether GR errsorererrriiniininiinii st 115]

- 13059 5—-(4—Dimethy1aminobenzylidene) rhodanine GR (reagent for silver):---- 5g
Quantitative analysis ‘ '
Phbtémetrically with dithizene ‘

Suitable for determination of silver ions in concentrations from 0.05 tol.SOmg Ag*/l

Interferences and pre—treatment

In order to achieve satisfactory results of measurement, all the apparatﬁs ‘shiould be
cleaned extremely carefully before the determination by subjecting it to the action of
Extran solution for one to two hours, and then rinsing successively with deionised water,
dithizone solution, carbon tetrachloride and double—distilled water. To test for cleanness,
20 ml double~distilled water is introduced into the separating funnels before each
determination, adjusted to pH about 9.5 with 1-2 drops of ammonia solution (0.91), and
0.5 ml dithizone solution added. After vigorous shaking for one minute the carbon
tetrachloride phase should be colourless.

Interferences by zinc, cadmium and nickel ions in higher concentrations (>>100 mg/1)
and by copper ions are eliminated by addition of 2 ml Titriplex III solution per sample
volume,

In the presence of sulfide ions the sample is evaporated to dryness on a water bath
with 1 ml nitric acid (about 1.40). The residue is moistened with 2 ml nitric acid (about
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1.40), evaporated to dryness once again, and taken up in 50 ml doubledistilled water,
with heating.

The interference of organic substances and iron (III) ions is excluded by addition of
hydroxylammonium chloride solution; this method is not applicable to solutions acidified
with nitric acid. Larger amounts of organic constituents (potassium permanganate—
consuming capacity >25 mg/1) are decomposed by evaporation with sulfuric acid (about
1.55) and a few drops of nitric acid (about 1.40).

Procedure

Extreme care, and cleanness of apparatus, is necessary to avoid interferences; the

determinations should always be carried out with the same cleaned apparatus.

Treat 100 ml test water in a 250 ml separating funnel with 15 ml nitric acid (about
1.035) or sulfuric acid (about 1.05), then with 50.0 m! dithizone solution’, and shake
vigorously for 5 min. If the carbon tetrachloride phase develops a goldén yellow colour, a
smaller starting volume of the test water should be taken. After complete separation of
the phases, run the organic extract into a second separating funnel, treat with 10 ml
ammonia solution (about 0.98), and shake for 2 min in a shaking machine. Dry the outlet
tube of the separating funnel with a small roll of filter paper. Then allow some of the
organic phase to run out in order to rinse the outlet tube. Filter the carbon tetrachloride
layer through a plaited filter into a 1-cm cell, and measure at 470 nm (e.g., in an ELKOQ
II. or III with Filter S 47 E) against a blank treated in the same manner.

The reference curve is prepared from standard soltuions of silver nitrate treated in

the same manner as the water sample.

Calculation

The starting volume of the test water is to be taken into account in calculating the
silver ion content in mg Ag*/l.
1 meq silver ions £107.88 mg Ag+

Reporting of results

The values are rounded off to 0.01 mg/l for a silver ion content of less than 1 mg/l,
and to 0.1 mg/l for 1 mg/l or more.

Reagent preparations

All the solutions are prepared with double~distilled water.

Ammonia solution (about 0.98): Mix 110 ml Ammonia solution min. 25% (0.9
Suprapur with 400 ml double-distilled water.

Dithizone solution: Dissolve about 12-13 mg Dithizone (1,5-diphenylthiocarbazone) GR
in 100 ml Carbon tetrachloride GR (for determinations with dithizone), —Dilute 10 ml of
this stock solution with 100 ml Carbon tetrachloride GR (for determinations with dithizone).
Only stable for about 1 day! —Store the solutions in brown bottles.
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Extran solution: 2% aqueous solution of Extran MA 01 alkaline.

Hydroxylammonium chloride solution: Dissolve 20g Hydroxylammonium chloride GR
in 100 ml double-distilled water. The solution is stable for about 1 week. Nitric acid
(about 1.035): Mix 580 m! double-distilled water with 50 ml Nitric acid min. 66% (about
1.40) tested by the dithizone method GR.

Sulfuric acid (about 1.55): Carefully pour 350 ml Sulfuric acid 95-97% (about 1.84)
GR into 310 ml double—distilled water.

Sulfuric acid (about 1.05): Mix 440 ml double—distilled water with 22 m! Sulfuric
acid 95-97% (about 1.84) GR.

Silver standard solution: Treat 1.5746g Silver nitrate GR with 10 ml nitric acid
(1.035), and make up to 1000 m! with double-distilled water. 1 ml & 1 mg Ag*. or:

Treat 1.4453 g Silver sulfate GR with 10 ml sulfuric acid (1.05), and make up to
1000 ml with double-distilled water. 1 ml £& 1mg Ag*.

The dilution solutions necessary for plotting of the reference cuvre are freshly
prepared from one of these solutions.

Titriplex III solution: Dissolve 5 g Titriplex III GR in double-distilled water to make
100 ml.

Reagents
Cat. No. Packages
9532 Alkalit® indicator strips pH 7.5-14.0 non-bleeding
graduated in 0.5 pH TUMIES +revrereenrernneernrrnoaesiasnnnns 1 pack
5498 Ammonia solution min. 25% (0.91) Suprapur® - 250 ml, 11
3092 Dithizone (1,5-diphenylthiocarbazone GR «-eveeeveneen 5g, 25g, 100g
7555 Extran® MA 01 alkaline c-cceeeeereiriiininiiiiiniiiiiian 1 ], 51
4616 Hydroxylammonium chloride GR -+-eeovvvveveerinireieennns 100 g, 250 g, 1 kg
456 Nitric acid min. 65% (about 1.40) -
tested by the dithizone method GR - eeeeevereerieneens 11, 2121
731 Sulfuric acid 95-97% (about 1.84) GR ereereeriennns 11, 2121
1512 Silver nitrate GR coovrrerciiniiiiiiniin.. 25 g, 100 g, 250¢g, 1 kg
1509 Silver sulfate GR  coeevrerieniiiiiin.. 25g, 100 g
2208 Carbon tetrachloride GR
(for determinations with dithizone) :«+-sroreeevereereenn 11, 21/21
8418 Titriplex® I [(ethylenedinitrilo) tetraacetic
acid disodium salt] (dihydrate) GRe-rcrroverrieenennnn 100g, 250 g, 1k g, 5k g
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Mercury

Quantitative analysis
Photometrically with dithizone

Suitable for determination of mercury ions in concentrations between 0.01 and 2,0
mg Hg?+/1,

Interferences and pre-treatment
Silver, gold, palladium and platinum ions interfere at all concentrations.

The interference of larger concentrations of copper (Cu: Hg > 10%) is eliminated as

described under Procedure.

For determination of the total mercury organically bound mercury must be mineralised
before the quantitative estimation, and the volatility of most mercury compounds must
be borne in mind: Boil 100 ml of the water sample for 2h under reflux with 10 ml sulfuric
acid (about 1.84) and sufficient potassium permanganate solution to leave a slight violet
colouration at the end of the oxidation process. After cooling, decolourise, or dissolve
precipitated manganese oxide, with a slight excess of hvdroxylammonium chloride solution,

boil, and cool to room—temperature.

Since mercury ions have a great tendency to adsorption, all glass apparatus should be
carefully rinsed with dilute nitric acid, and then deionised water, before use.

Procedure

Introduce 100 ml, or a smaller volume made up to 100 ml wiht deionised water, of
the original water sample acidified with 1 N sulfuric acid to pH 0-1, or 100 ml of the
sample pre—treated as necessary, into a separating funnel, and extract with two 10,0-ml
portions of dithizone solution. The last extract must remain green; if not, a smaller
volume of the water made up to 100 ml with deionised water should be used.

If the water sample contains larger amounts of copper (Cu: Hg > 10%), extract
fractionally in the separating funnel as often as is required for the pure violet colour of
copper dithizonate to appear. Shake the combined organic extracts twice for 2 min in each
case with 15ml 1N sulfuric acid and 1 ml potassium permanganate solution. The mercury
goes into the aqueous phase, which is decolourised with a few drops of hydroxylammonium
chloride solution. Now extract the aqueous phase with two 10.0 ml portions of dithizone

solution.

Wash the combined organic extracts (from the treatment described in paras. 1 and/or
2) free from dithizone with three 10-ml portions of dilute ammonia solution, and then
desensitise by shaking vigorously with 10 ml dilute acetic acid. After separation of the
phases, drain the organic phase through a filter paper into a 2-cm cell, cover the cell
immediately, and measure at 485 nm (e.g. in an ELKO II or III with Filter S 49 E)
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against a blank treated in the same manner. The reference curve is prepared from standard
solutions of mercury (II) chloride or dilution solutions of Mercury standard solution

Titrisol treated in the same manner as the water sample.
Calculation

Any dilution of the water sample to 100 ml starting volume is to be taken into

account in the calculation,
Reporting of results
The values are rounded off to 0.01 mg/l.
1 meq mercury(II) ions £& 100.30 mg Hg?*.

Reagent preparations

Ammonia solution, dilute: Dilute 5 ml Ammonia solution min., 25% (0.91) GR to 1000
ml with deionised water. \

Dithizone solution: Dissolve 0.02g Dithizone GR by shaking for a longish period in
100 ml Carbon tetrachloride GR (for determinations with dithizone), and then extract

with four 50-ml portions of dilute ammonia solution.

Filter the combined aqueous extracts through a plaited filter, add 100 ml . Carbon
tetrachloride GR and 1 ml Hydrochloric acid min. 25% (about 1.125), and shake immed-
iately. Wash the green organic phase with three 50 ml portions of deionised water, and
filter again. The solution is stable for about 4 weeks. 4‘

For the analysis a dilute solution of dithizone is employed which should be -freshly
prepared before use in each case: Make 10 ml of the dithizone stock solution up to 200 ml
with Carbon tetrachloride GR. o

Acetic acid, dilute: Dilute 15 ml Acetic acid glacial min. 96‘%' (abvou'{ 1.06) GR to 100
ml with deionised water. ’ ’ -

Hydroxylammonium chloride solution: Dissolve 20 g Hydmxylamm{)n@um chloride GR
in deionised water to make 100 ml. ‘ /

Potassium permanganate solution: Saturated solution at room temperature (about 6 g
Potassium permanganate GR in 100 ml deionised water). ' o /

Mercury standard solution: Dissolve 1.354 g Mercury (II) chloride GR in 1 N. Sulfuric
acid to make 1000 ml. 1 ml © 1 mg Hg?*.

For preparation of the reference curve fresh dilutions of this solution are made with
1 N Sulfuric acid as required.

The Mercury standard solution Titrisol can also be used in a similar manner. Nitric
acid, dilute: Mix 100 ml Nitric acid min, 65% (about 1.40) tested by the dithizone method
GR with 300 ml deionised water.

Reagents
Cat. No. . Packages
5432 Ammonia solution min, 25% (0.91) GR -+eccvvreeiiiiiiniann. 11, 2t/21, 51
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8092  Dithizone (1,5-diphenylthiocarbazone) GR:- eoreerereeereiieeacnnnn, 5g,25g, 100g
62 Acetic acid glacial min. 96% (about 1.06) GR ««-ereerreeeeee 11, 2t/:1
4619 Hydroxylammonium chloride (max. 0.000001% Hg) GR------ 250 g
5084 Potassium permanganate (max. 0.000005% Hg) GR «--reeveeee 1kg ,
4419 Mercury (II) chloride GR «ereereesesrerumimsimnsiiniiiinics 50g, 250 g, 1kg
9916 Mercury standard solution Titrisol
1.000 g + 0.002g Hg (Hg (NOs): in dil. nitric acid] --------- 1 amp.
456 Nitric acid min. 66% (about 1.40) GR «-reereereeeiimnn 11, 21
316 Hydrochloric acid min. 25% (about 1.125) GR «ereeeeeereerenee 11, 21/21
732 Sulfuric acid 95-97% (about 1.84)
(max. 0.0000005% Hg) GR :wreorermrismmummminiiiiii, 21, 1
9072 1N Sulfuric acide e reerrermrermsrsisnssstinsisi i 11,51
9981 1N Sulfuric acid Titrisol® concentrated solution for
preparation of 1 litre of 1 N solution::cressecreersmrinniaerierienee 1 amp.
9540 Special indicator strips pH 0-2.5 non-bleeding
graduated in 0.5 pH units «eeeeoerren 1 pack
2208 Carbon tetrachloride GR
(for determinations with dithizone) -s-eoeeerremrriaieriiniinnine 11, 24/z1
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