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During  the kinet ic  s tudy  of oxidat ion of sodium thiosulphate  by  per- 
sulphate  ion, i t  was observed by  us t ha t  the react ion becomes very  fast 
in  the presence of a very small  a m o u n t  of copper sulphate  t. The great  

catalyt ic  ac t iv i ty  of copper sulphate  on this react ion has been reported 
previously by  KInG and  STEI~BAC~ 5 also. This suggested to us t ha t  the 
copper eatalysed oxidat ion of sodium thiosulphate  by  persulphate  ion 
m a y  be used as a rapid method  for the es t imat ion of persulphate  ion 
and  this led to the present  invest igat ion.  

The various methods used for the estimation of persulphate involved the 
catalytic oxidation of different reducing agents. Thus one 10 of the earliest methods 
has been to reduce persulphate with excess of oxalic acid in presence of a small 
amount of silver sulphate and estimating the unreacted oxalic acid with standard 
potassium permanganate solution. Another method s used is to add excess of 
ferrous ammonium sulphate to persulphate and after completing the reduction 
of persulphate in hot solution, the unreacted ferrous salt is estimated against 
standard potassium permanganate. B~rOHT and LARAB]~C 2 suggested the silver 
catalysed oxidation of manganous ion by persulphate ion to permanganate in hot 
acid solution as another method for this estimation. In this the permanganate 
thus formed is estimated against sodium arsenite. SASrDELL, KOLT~O~'F and LIx- 
GA~ s modified the method by suggesting the use of a mixture of sodium arsenite 
and sodium nitrite instead of sodium arsenite alone. In the above methods the 
time taken for the complete reduction of persulphate even in hot solution is about 
30 minutes or so. Besides being time consuming, there is the possibility of slight 
self-decomposition of persulphate in hot solution. 

One of the most suitable methods is the one first used by Go~m)~ R~o and 
coworkers ~ and modified by SZAB(5, CsA~:zI and GxLImt% In this method the 
persulphate is reduced by potassium iodide in presence of a mixture of copper 
sulphate and ferrous sulphate as catalyst and the liberated iodine is estimated 
against standardised sodium thiosulphate solution. In another method recently 
suggested by GvI'T~. and G~osg t, the persulphate solution is run into a hot solution 
of a mixture of standard arsenious oxide, excess of potassium iodide and sodium 
bicarbonate, the iodine liberated from potassium iodide on oxidation being in- 
stantaneously consumed by the arseuite solution. The end point is indicated by 
the yellow colour due to liberated iodine when all arsenite has been used up. Here 
again, the estimation has to be carried out in hot solution (80 ~ C). GVPT~ 8 has 
recently proposed yet another method for the estimation of persulphate in a 12.5N 
sulphurie acid solution by direct titration with permanganate. The results are 
satisfactory but great limitation of the method is the critical condition required. 
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I n  the  p resen t  method ,  t he  pe r su lpha te  solut ion to  be e s t ima ted  is 
a d d e d  to  an  excess of  sodium th iosu lpha te  solut ion conta in ing  copper  
su lpha te  solut ion as ca ta lys t .  Af te r  al lowing su i tab le  t ime  for the  reduc-  
t ion  of  pe r su lpha te  to  be comple te  the  remain ing  sodium th iosu lpha te  
is t i t r a t e d  aga ins t  a s t anda rd i sed  iodine solution.  Af te r  mak ing  allow- 
ance for  the  a d d e d  copper  su lpha te ,  the  vo lume of  sodium th iosu lpha te  
requi red  for the  r educ t ion  of  pe r su lpha tc  is easi ly  ca lcu la ted  and  t h e r e b y  
the  s t r eng th  of  pe r su lpha te  solut ion.  

Experimental 
Reagents. Potassium persulphate G.I~., E. Merck, and sodium thiosulphate, 

iodine, sodium persulphate, ammonium persulphate, arsenious oxide and copper 
sulphate all of A.R., B.D.I-I. quality have been used. Potassium iodide E.P., 
E. ~erck has been used. All the salts used for seeing their influence on the accuracy 
of this method were also of A.I~., B.D.H. quality. 

Potassium ~ersu@hate solution was freshly prepared by direct weighing of the 
salt and dissolving in fresh conductivity water. Its strength was checked by lode- 
metric method of SzABo and eoworkers 9. Sodium thiosulphate solution was prepared 
in freshly boiled conductivity water and was standardised against iodine solution 
which was standardised against arsenious oxide solution. The iodine solution was 
prepared in 0.1% solution of potassium iodide. 

P r e l im ina ry  exper imen t s  carr ied  ou t  showed t h a t  th is  smal l  concen- 
t r a t i on  of  po ta s s ium iodide  used d id  no t  l ibe ra te  iodine f rom po tas s ium 
persu lpha te  solut ion a t  the  concen t ra t ion  employed  a t  room t empera tu re .  
F u r t h e r  i t  was seen b y  us t h a t  t he  use of  alcoholic solut ion of  iodine 
d id  no t  in  a n y  w a y  improve  the  accuracy  of  es t imat ion ,  hence iodine 
solut ion p repa red  in 0.10/0 aqueous solut ion of  po ta s s ium iodide  was 
used  t h roughou t  the  course of  the  presen t  inves t iga t ion .  Copper  su lpha te  
solut ion was p repa red  fresh da i ly  in conduc t iv i t y  water .  

Procedure. For carrying out the estimation 10 ml of potassium persulphate 
solution were taken in a 100 ml pyrex conical flask, 5 ml of copper sulphate solution 
of required concentration (0.01 M) were added and then i0 ml of sodium thio- 
sulphate solution of required concentration (at least five times the concentration 
of persulphate taken) were added. The solution was allowed to stand for 10 to 
15 minutes and then the excess of thiosulphate was titrated against a standardised 
iodine solution using starch as indicator. In  order to determine the volume of 
iodine equivalent to 5 ml of copper sulphate added in each titration, 10 ml of 
thiosulphate solution were first t i trated against iodine solution and then the 
mixture of 10 ml thiosulphate and 5 ml copper sulphate solution against the same 
iodine. The difference of these readings gave the value of iodine equivalent to 
copper sulphate added in each titration. This volume of iodine (equivalent to 
copper sulphate solution) added to volume of iodine obtained in each titration 
gave the volume of iodine required to oxidise the remaining thiosulphate in each 
case. Thus the volume of thiosulphate used by persulphate can be calculated and 
thereby the strength of persulphate. A number of titrations was carried out in 
each case and it was found that  the results are generally concurrent. 

I n  order  to  de te rmine  the  su i tab le  concen t ra t ion  of the  ca t a lys t  
copper  su lpha te  and  the  r e a c t a n t  th iosu lpha te ,  es t imat ions  were carr ied 
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out  a t  var ious concentra t ions  of  copper sulphate  and sodium thio- 

sulphate,  the  results  of  which are summarised  in Tables 1 and 2. 

Table 1. E//ect o/CuSO 4 Concentration 
Taken 10 ml K2SsO s solution (0.020196 N), 10 ml Na~S~O~ solution (0.099 N) 

I s = 0.096 N 

Concentration 
of CuS04 

Volmne of I~ 
equivalentto 
5 mlofCuSO6 

added 
ml 

Volume of I~ 
Volume of Is required to 
in each titra- oxidise remain- 

tion ing NazS2Os 

ml ml 

Calculated 
strength of 

K2S~Os 

lg 

Error 

~ 

0.01.0 
0.009 
0.008 
0.007 
0.006 
0.005 

0.50 
0.46 
0.40 
0.36 
0.30 
0.26 

7.71 
7.75 
7.81 
7.85 
7.86 
7.88 

8.21 
8.21. 
8.21 
8.21 
8.16 
8.14 

0.020196 
0.020196 
0.020196 
0.020196 
0.020692 
0.020889 

0 
0 
0 
0 

+ 2.48 
3.46 

I t  is seen f rom Table  1 t h a t  the  sui table concent ra t ion  of  the  ca ta lys t  

copper  sulphate  is 0.007 M or more.  Hence  in subsequent  t i t ra t ions  

5 ml  of  0.01 M copper sulphate  were used in each case. 

Table 2. E//ect o~ Na2SsO s Concentration 
Taken 10 ml KsSsO s solution (0.0225 N), 5 ml CuSO4 solution (0.01 M), Is-~ 0.0956N 

Blank reading for 5 ml CuS04 -=-- 0.54 ml I s solution 

Concentration 
of Na2S~Os 

Ig 

0.200 
0.175 
0.150 
0.125 
0.100 
0.050 

Volume of In 
(microburette 

reading) 

ml 

18.03 
15.40 
12.80 
10.19 
7.58 
3.16 

Volume of I~ 
required to oxidise 

the remaining branS308 

ml 

18.57 
15.94 
13.34 
10.73 
8.12 
3.70 

Calculated 
strength of 

K2Sn08 

N 

0.02244 
0.02250 
0.02250 
0.02250 
0.02240 
0.01465 

Error 

o[ c 

- -  0.28 
0 
0 
0 

-- 0.44 
low value 

A perusal  of  the  results in Table 2 shows t h a t  the  appropr ia te  con- 

cent ra t ion  of  sodium th iosulphate  for this es t imat ion should be about  

five t imes or more  t h a n  the  concentra t ion  of  potass ium persulphate  to 

be es t imated.  

Effect of K2820 s Concentration. In  order to tes t  the accuracy of 
the  m e t h o d  for var ious concentra t ions  of  persulphate  the  es t imat ions  

were carried out  for different concentra t ions  of  persulphate  (upto about  

0.001 N), the concent ra t ion  of th iosulphate  employed was correspond- 

ingly changed in each ease as indica ted  in the results  g iven in Table  3. 
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Concentration 
of K~S208 

10 ml 

C. D. BIS]tT and S. P. Stt~VASTAVA 

Table 3 
Taken 5 ml CuSO 4 solution (0.01 M) 

Concentration . I Vol. of I2 Vol. of I~ I 
Concentration . equivalent to [ of Na~S2Os - I [(micro-burette 

10 ml o~ 2 reading) 5 mladdedOfCuSO4 [ 

N N ml ml 

Calculated 
strength of 

K2S~Os 

I7 

Bd. 188 

~rror 

~ 

0.1005 
0.05025 
0.03934 
0.02951 
0.02010 
0.01001 
0.005004 
0.002002* 
0.001001* 

0.5000 
0.2500 
0.2015 
0.1513 
0.1000 
0.04901 
0.02451 
0.02000 
0.01000 

0.1709 
0.1709 
0.01993 
0.01993 
0.1709 
0.02142 
0.02142 
0.01999 
0.01999 

23.14 
11.43 
78.82 
58.50 
4.415 

15.86 
6.82 
6.49 
1.981 

0.26 
0.26 
2.54 
2.54 
0.26 
2.34 
2.34 
2.52 
2.52 

0.1005 
0.05025 
0.03939 
0.02959 
0.02011 
0.01005 
0.004999 
0.002000 
0.001003 

* In  the last two cases the solutions had to be kept for about 
to complete the reaction. 

0 
0 

+ 0 . 1 1  
~- 0.14 
+ 0.25 
+ 0.38 
- -0 .1  
- -  0.09 
+ 0.21 

20 to 25 minutes 

H e n c e  i t  is seen  t h a t  t h e  m e t h o d  has  r e a sonab l e  a c c u r a c y  up  to  

e v e n  0.001 N p e r s u l p h a t e  c o n c e n t r a t i o n  p r o v i d e d  suff ic ient  t i m e  is 

a l lowed  for  t h e  c o m p l e t i o n  o f  t h e  r eac t ion .  

Table 4. E//ect o/ Added Salts 
Taken 10 ml K,zS~O s solution (0.01984 1N), 10 ml Na2S~O 3 solution (0.0992 N), 5 ml 
CuS04 solution (0.01 N) ; I S ~-- 0.0393 N;  Blank reading for 5 ml of CuSO a ~ 1.35 ml 

of iodine. Volume of 0.1 Iq salt added ~-~ 10 ml 

Salt 

Volume of Is 
(microburette 

reading) 
ml 

Volume of I~ requir- 
ed to oxidise the 

remaining l~a~ S~O3 
ml 

Calculated 
strength of 

K:S~08 
N 

Error 

a/n 

NaC1 
KC1 

MnS0a 
~gSO~ 
AldSOdh 

18.85 
18.85 
18.85 
18.85 
18.85 
18.85 

20.20 
20.20 
20.20 
20.20 
20.20 
20.20 

0.01984 
0.01984 
0.01984 
0.01984 
0.01984 
0.01984 

Effec t  of F o r e i g n  Ions .  F r o m  t h e  r e su l t s  in T a b l e  4 i t  is seen  t h a t  

t h e  sa l t s  s o d i u m  chlor ide ,  p o t a s s i u m  chlor ide ,  s o d i u m  su lpha te ,  m a n -  

ganese  su lpha te ,  m a g n e s i u m  s u l p h a t e  a n d  a l u m i n i n m  s u l p h a t e  h a v e  no 

effect  on th i s  m e t h o d  of  e s t i m a t i o n  o f  p o t a s s i u m  p e r s u l p h a t e .  

F u r t h e r  t h e  e s t i m a t i o n  o f  p e r s u ] p h a t e  was  ca r r i ed  o u t  b y  us ing  

s o d i u m  p e r s u l p h a t e  a n d  a m m o n i u m  p e r s u l p h a t e  a n d  i t  was  seen  t h a t  
t h e  resu l t s  a re  o f  t h e  s a m e  o rde r  of  a c c u r a c y  as w i t h  p o t a s s i u m  per-  
s u l p h a t e  as shown  b y  t h e  d a t a  in  T a b l e  5. 
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Table 5 
Taken 10 ml Na2S203 solution (0.0493 N), 5 ml CuSQ solution (0.01 M) ; 

:Reactant 
10 ml 

Na~S20s 
(NI-I4),S~Os 

I~ = 0.01798 N; Blank readin 

Concentration 
of the reactant 

X 

0.01004 
0.01003 

Volume of I~ 
(mierobttrette 

reading) 

ml 

19.79 
19.79 

for 5 ml CuSOa = 2 ml of I2 

Volume of I~ 
required to oxi- 
disc the remain- 

ing lga2 S20a 

ml 

21.79 
21.79 

Calculated 
s t rength of the 

reac tant  

N 

0.0100672 
0.0100672 

~rror  

~ 

+ 0.29 
+ 0.37 

Conclusion. The above  es t ima t ion  resul ts  show t h a t  the  percen tage  
er ror  in mos t  cases is ~ 0.4~ or less, the  m a x i m u m  ob ta inab le  b y  using 
a mic robure t t e  read ing  up to 0.01 ml.  Hence  this  m e t h o d  of  e s t ima t ion  
is ve ry  sui table  for r a p i d  e s t ima t ion  of  pe r su lpha t e  in aqueous solut ion.  
F u r t h e r  the  a d v a n t a g e  of  th is  m e t h o d  is t h a t  the  e s t ima t ion  can be 
car r ied  ou t  a t  room t empera tu re .  

Summary 
A r a p i d  vo lumet r i c  m e t h o d  for the  e s t ima t ion  of  pe r su lpha te  using 

the  pe r su lpha t e - th iosu lpha t e  reac t ion  ea t a lysed  b y  cupric  ions has  been 
proposed.  The m e t h o d  consists in add ing  a known excess of  s t anda rd i sed  
sodium th iosu lpha te  solut ion to  the  pe r su lpha te  solut ion conta in ing  
5 ml  of  0.01 M copper  su lpha te  solut ion and  af te r  the  comple t ion  of  t he  
r educ t ion  of  pe rsu lpha te ,  t i t r a t i ng  the  remain ing  sodium th iosu lpha te  
aga ins t  a s t a n d a r d  solut ion of  iodine.  

Zusammenfassung 
Die du tch  Kupfe r ( I I ) - i onen  k a t a l y s i e r t e  R e a k t i o n  zwischen Persu l fa t  

und  Thiosuffa t  wird  zur  rasehen,  vo lumet r i schen  Pe r su l f a tbes t immung  
benutz t .  B e i d e m  Verfahren  g ib t  m a n  zur  t )ersulfat l6sung,  die 5 ml  
0,01 m Kupfe r su l fa t l6sung  enth/i l t ,  einen l~lberschuB an Thiosuffa t l6sung 
und t i t r i e r t  nach  Beendigung  der  R e a k t i o n  m i t  Jod l6sung  zurfick. 
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Aus dem Ins~itut f'dr Anorganisehe Chemie und Kernehemie der Universit~t l~aiuz 

Die polarographische Bestimmung kleiner Selenmengen 
Von 

RUDOLF BOCK und HEINZ ]~AU 

Mit 8 Textabbildm~gen 

(Eingegangen am 7. Dezember 1961) 

Das polarographische Verhalten des vierwertigen Selens wurde schon 
in einer ganzen Reihe yon  GrundlSsungen untersucht  1-~,6,s-11,13. AuI~er- 
dem finden sich in der Li te ra tur  Angaben  fiber die l~olarographie des 
zweiwertig negat iven Selens 7, eine indirekte Selenbestimmung 5 und  die 
polarographisehe Analyse des Natriumselenosuffates NaeSSeO3 la. 

Ziel dieser Arbeit  war es, die versehiedenen bekannten  Grund- 
]Ssungen hinsiehtlieh Empfindliehkeit  und Genauigkei% der Selenbestim- 
mung  vergleiehend zu untersuchen (mit  Ausn~hme der yon  DES~MUKH 
u. ASTH~NA 3 vorgesehlagenen Ammoniumaeetat lSsung,  u m  nicht  in 
laufende Untersuehungen dieser Autoren einzugreifen). Weiterhin sollten 
gegebenenf~lls neue GrundlSsungen gefunden werden, in denen sieh ins- 
besondere die ]3estimmung sehr kleiner Selenmengen durchffihren ls 
Von den versehiedenen Wertigkeiten des Selens wurde allein die Selenit- 
stufe in Bet racht  gezogen, d~ diese in ws LSsungen zuverl~ssig 
zu erhal~en und  bei Spurenanalysen allein yon  Bedeutung  ist. 

Die ffir die Versuche verwendeten AusgangslSsungen wurden dutch Verdiinnen 
yon ms konzentrierten ws Selendioxid-StammlSsungen (etwa 70--130 mg 
See2/1) hergestellt. Sehr verdfinnte SeO2-LSsungen nahmen beim Aufbewahren in 
Gl~sgefs mlt der Zeit dentlieh an Gehalt ab und wurden dsher in Absts 
yon etwa einer Woche neu angesetzt. 

Als Polarographen wurden das konventionelle Gers 1~0 3 der Fa. Radiometer 
(Kopenhagen) und der oseillogr~phische l%larograph P576 der Fa. Kovo (Prag) 
verwendet. Die l~essungen erfolgten im allgemeinen bei Raum%emperatur (un- 
gefs 22 ~ C) gegen eine gess Kalomelelektrode. Die L5sungen wurden mit 
gereinigtem Stiekstoff geslofilt, der zum Verhindern yon Konzentrations~nderungen 
der AnalysenlSsungen vorher durch eine W~schitasche mit der gleiehen LSsung 
geleite~ worden war. Die pK-l~essungen wurden mit dem p~-]~{eter Typ 4 der 
F~. l~adiometer durchgeffihrt (Glaselektrode). 


