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Zusammenfassung 
Es wird ein volumetrisches Verfahren zur Bestimmung von l~hodanid 

nfit Quecksilber(lI)-nitratmaB16sung gegen Variaminblau als l~edox- 
indicator angegeben. Auch Quecksilber(H)-ionen kSnnen bestimmt wer- 
den, wenn man mit einem 1Jbersehul~ an Rhodanid versetzt und mit der 
MaB16sung zurticktitriert. Die Methode liefert genaue und wenig streu- 
ende Resnltate. 

Summary 
Thiocyanate can be determined by titration with mercuric nitrate 

standard solution using Variamine blue as redox indicator. The determi- 
nation of mercuric ions is possible by adding an excess of thioeyanate and 
back titrating with the standard solution. Results are exact and devi- 
ations arc small. 
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I t  is well desired to develop a sensitive, rapid and accurate titrimetrie 
method for the determination of trace amounts of nickel. Various 
methods developed for its estimation are time consuming and cumber- 
some. Sucl~u 1~ precipitated nickel from its aqueous solution and titrated 
amperometrieally with ammonium thiocyanate in pyridine, P~KOVA 
and GALLAI n estimated nickel with dioximes. Nickel has been quantita- 
tively analysed by ZDA~ov and C~ITLIN 16 using 0.17 M sodium anthrani- 
late at pl~ 5.4. L~VlT~VlAI~ 1~ titrated a solution containing copper and 
nickel with rubeanie acid in ethyl alcohol by amperometrie method. An 
alcoholic solution of dimethylglyoxime yields a sparingly soluble carmine 
precipitate with nickel in ammoniaeal medium; at pH above 5, divalent 
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nickel precipitates quan t i t a t i ve ly  and  has been determined by  different 

methods l-a,~,%% 12. Nickel(II) ,  involving this precipi ta t ion reaction,  is 
separated from all elements other t h a n  PtII, Pd  II and  Bi IzI. 

I n  the present  invest igat ions,  the amperometr ic  method  at  a cons tan t  
voltage wi th  two polarised electrodes has been applied with success for 
the de te rmina t ion  of d ivalent  nickel by  iodine solut ion in  presence of 
alcoholic d imethylglyoxime (DNG) solution in  ammoniaca l  medium.  
DMG, combining firmly both  with t e t rava len t  as well as d iva lent  nickel 
in this medium,  lowers the  redox potent ia l  where nickel(II)  can be 
t i t ra ted  with iodine solution, as oxidant ,  yielding a soluble wine-red 

compound when trace amount s  of the elements is present.  The coloration 
is s table for several days. 

Experimental and Results 
Nickel chloride used was analytical reagent grade and its stock solution has been 

standardised titrimetrically with standard potassium cyanide solution using silver 
iodide as the indicator s, and also iodometricallyS, 15. Sodium thiosulphate and iodine 
used for the preparation of 
stock solutions were Merck's 
extrapure quality. The 
thiosulphato solution was 
standardised iodometrieally 
against standard potassium 
dichromate (AnalR) solu- 
tion every day before use. 
Iodine solution was pre- 
pared by dissolving 1.2656 g 
of iodine and 4.0 g of po- 
tassium iodide in air-free 
water in a 100 ml volumetric 
flask, and was standardised 
with a standardthiosulphate 
solution. One percent DMG 
solution was prepared in 
99.0 percent ethyl alcohol, 
and all other solutions were 
prepared in conductivity 
water. The test solutions 
and standard iodine solu- 
tions were obtained by ap- 
propriate and accurate dilu- 
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Fig. 1. A Blank experiment; .B Amperometric titration of 
0.7218 mg Ni *+ in excess alcoholic D~IG, and ammoniacal 

medium with two polarised electrodes 

tion of the concentrated stock solutions. All other chemicals used were reagent grade. 
The exl)erimental 1procedure for the amperometrie %itrations were essentially the 

same as described earlier lz. Two platinum electrodes were immersed into the titra- 
tion cell, and a constant voltage of 30 millivolt was applied to these electrodes. 
The titration mixture, usually 25 ml, was taken into the cell; it contained the test 
solution with excess DMG in an ammoniacal medium at p~ 6.2 to 6.5. Titrant was 
added from a 2 ml semimierobttrette with 0.01 ml divisions. The solution was 
stirred uniformly during titration with a magnetic stirrer. Current through the cell 
was measured with a sensitive galvanometer with lamp and scale arrangement and 
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two variable resistances, one in series and the other in parallel for critical damping. 
It was shunted in order to obtain a full scale deflection corresponding to a current 
of 20.0/~A. Readings were noted one minute after each addition of the titrant. 

The equivalence point was determined graphically by the usual plot 
of current in microamperes versus the volume of t i trant added. The end 

point of a titration cor- 
Table. Amperometrlc Iodimetric Determination o] 

lgiclcel(II) with Two t~olarised Electrodes. 
Volume of titration mixture = 25 ml; Medium: 
ammonical + excess alcoholic DMG, with acetate 

buffer PH 6.2 to 6.5 

Determi- Amount of Ni xI, in mg Experimental error, a/0 
nations 
made taken found 

14.670 14.670 
5.875 5.875 
2.048 2.055 
1.444 1.441 
0.7218 0.7234 
0.2937 0.2927 
0.1465 0,1472 
0.0584 0.0594 

average maximum 

--0.23 --0.46 
• • 
+0.42 +0.56 
--0.34 --0.65 
+0.36 +0.62 
--0.44 --0.96 
+0.75 +1.30 
+3.25 +4.96 

responds to the volume 
of titrating reagent at  
the intersection of the 
excess reagent line with 
the line representing the 
preequivalence current 
as measured in air-free 
solution during the 
course of titration. 
Fig. l B  shows an ex- 
ample of the titration 
curve. End points are 
quite reproducible, and 
test solutions containing 
the same amount of ele- 
ment were titrated re- 

peatedly several times for good and satisfactory results. The summarised 
results of these titrations are recorded in the table. 

Discussion 
Nickel(II) carmot be titrated by an oxidant, since it is a too weak 

reductant, (Ni2+/Ni 4+, E 0 = --1.78 Volt). The formation of complexes 
affects the redox properties of the systems. In  presence of dimethyl- 
glyoxime and an oxidant (iodine) nickel yields in ammoniaeal medium a 
sparingly soluble wine-red compound, and the redox potential of the 
system is lowered so as under these conditions, nickelous ions have been 
successfully titrated with iodine using two indicator electrodes at 
30 inV. The potential of system ( P - / I - ,  E o =- 0.53) is independent of 
p~ upto 9.0. Thus iodine becomes a strong oxidant in neutral and 
alkaline solution, compared with many oxidising reagents, since the 
potentials of the majority of systems decrease as p~ increases. 

The substances involved in the titration are not soluble, nickelous and 
nickelic dimethylglyoximes are sparingly soluble, but the oxidation of 
Ni 2+ to Ni 4+ at pH 6.5 by iodine, is quantitative, corresponding to the 
stoichiometrie reaction. The couple [NiDMG]/[Ni(DMG)2] behaves as 
irreversible, and the couple, triiodide-iodide is reversible; thus, the 
current is very low before the equivalence point, and rapid increase 
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in current indicates the end-point of the titration. The corresponding 
titration curve has the shape shown in Fig. i B. 

A review of the results in the Table shows that the substances, which 
are readily oxiclised by iodine can be titrated in microquantities. Results 
are good, satisfactory and accurate upto very low concentrations, as low 
as 10 -4 M. At lower concentrations, the error exceeds ~:5.0 percent. 
The method is rapid, simple and sensitive. The sensitivity frequently 
exceeds tha t  of other methods, such as eolorimetry and conductimetry. I t  
has the advantage tha t  i t  allows the determination of trace amounts of 
nickel, and is probably the best method for the accurate determination 
of traces. 

Summary 
The amperometrie iodimetric determination of nickel(II) in presence 

of excess dimethylglyoxime in ammoniacal medium at  PH 6.5, has been 
carried out at  30 millivolts with two polarised electrodes. The redox 
reaction is quanti tat ive and %he results obtained are accurate and satis- 
factory. The formation of complexes alters the oxidation potential  of 
Ni2+/Ni 4+ to a lower value, so as the former is titrable with iodine. The 
method is simple, sensitive and convenient; and has the advantage tha t  
it permits determination of trace amounts of nickel of the order of 
10 -4 3/I with fair degree of accuracy. A~ higher dilutions, error exceeds 
5 percent. 

Zusammenfassung 
Die amperometrische jodometrische Bestimmung yon Nickel(II) 

wurde in Gegenwart yon fiberschiissigem Dimethylglyoxim in ammonia- 
kalischcm Medium (pH 6,5) bei 30 mV mit  zwci polarisierten Elektroden 
durchgef/ihrt. Die Redoxreaktion verl/~uft quant i ta t iv  und liefert 
genane Ergebnisse. Dureh die Komplexbildung mit  Dimethylglyoxim 
wird das Redoxpotential  Ni~+/Ni 4+ ernicdrigt und dadurch die jodo- 
metrische Titration des Ni 2+ erm6glicht. Das Verfahren ist empfindlich, 
einfach und bequem and hat  den Vortefl, dag auch Spuren (10 -4 m) mit  
guter Genanigkeit best immt werden kSnncn. Bei grSBeren Vcrdfinnungen 
betragt  der Fehler mchr als 5o/o. 
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Zur komplexometrisehen Titration yon Wismut 

Tefl I 

Indieatoren 

Von 
G. GATTOW und D. SCHOTT 

~ i t  13 Tex~abbi]dungen 

(Eingegangen am 2. Dezember 1961) 

Die vor l iegende  A r b e i t  e n t s t a n d  aus der  No twend igke i t  heraus,  Wis-  
mutgehal~e  in versch iedenen  Oxiden 1~ genau und  schnell  zu analysieren.  
Daf i i r  b o t  sich die komplexomet r i sche  T i t r a t i on  als einfache und  siehere 
Methode  an.  Nach  A n g a b e n  in der  Literaturl~ z7-29 is t  Brenz-  
ca teeh inv io le t t  als Me ta l l f a rb ind ica to r  ffir che la tometr i sche  Wismut -  
be s t immungen  geeignet .  

W i r  haben  den  op t ima len  p a - W e r t  fiir den  Ind i c a to rumsc h l a g  sowie 
die Genau igke i t  der  T i t r a t i onsme thode  an  Brenzea teeh inv io le t t  a]s 
S t a n d a r d i n d i c a t o r  un te r sueh t .  Wei t e re  Ind ie~toren ,  die in der  L i t e r a t u r  
beschr ieben werden,  h a b e n  wi t  au f  ihren  F a r b u m s c h l a g  gepri if t ,  ihre 
Absorp t ionsspek t ren  e rmi t t e l t  und  auf  ihre p r~kt i sehe  Verwendba rke i t  
b in  un te r sueh t .  

Naeh  der  E ins te l lung  von  sa lpe te r sauren  Wismut lSsungen  auf  einen 
b e s t i m m t e n  pH-Wer t  m i t  ve rd i inn t em Ammoniak~ ,zs ,  ~7 t r a t e n  wieder-  
hol t  F e h l b e s t i m m u n g e n  an  W i s m u t  auf, die auf  der  B i ldung  yon  H y d r o -  
l y sep roduk ten  (Po lyka t ionen  und  sehwerlSsliehe Wismuty lve rb indungen )  
be ruhen  13. I n  dem naehfo lgenden  Tell  2 dieser Arbe i t  werden  die Be- 
d ingungen  n~her  un te r sueh t ,  die zur Bf ldung dieser  P r o d u k t e  f i ihren.  
Es  werden  Methoden  angegeben,  u m  F e h l b e s t i m m u n g e n  zu vermeiden .  


