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Quecksilber durch Zementa t ion  mi t  Kupferpu lver  angereichert  werden. 
Die Zcmenta t ion  gelingt aus schwach sauren, such  salpeters~nrehalt igen 
L5sungen prakt isch vollst~ndig, wenn 3 Std gerfihrt wird und  etwa in  der 
LSsung vorhandene  oxydierende Subs tanzen  zuvor  mi t  SOs reduzier t  
werden. Zur  Zementa t ion  gut  geeignetes Kupferpu lvcr  ist durch Aus- 
f~llen mi t  Z inkpulver  aus schwach saurer Kupfersul fa t l6sung zu ge- 
winnen.  Das Zementa t ,  Knpferpu lvcr  mi t  anhaf t endem Quecksilber, 
wird nach F i l t r a t ion  in  Salpeters~ure gelSst und  die L6sung d a n n  direkt  

colorimetriert .  Bei E inwaagen  yon  etwa 10 g Probesubstanz k6nncn  
nach der beschriebenen Methode noch Gehalte yon  2 - - 5  ppm Hg mi t  
einem Fehler  yon 3=10~ bes t immt  werden. 
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The oxidat ion-reduct ion react ion bctwcen Ce Iv and  As hI, when 
catalysed by  iodine, m a y  be d is turbed by  several substances which also 
have a catalyt ic  effect on this react ion or act  as oxidising or reducing 
agents.  SA~DELL and  KOLTHOFF ~ found tha t  osmium and  r u t h e n i u m  
catalyse this react ion in  the same m a n n e r  as iodine, while manganese  
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and pe rmangana te  do so in the  presence of  bromides.  Among  substances 

reducing Ce Iv they  Hsted ni t r i te ,  th iocyana te  and ferrous ions, while 

b romate  and  pe rmangana te  were classed by  t h e m  as oxidising A #  II. 

These authors  also po in ted  ou t  t h a t  cer ta in  substances,  such as fluoride, 
fo rm compounds  wi th  Ce Iv, g iv ing a stable complex;  silver, cyanide and 

mercury  salts reac t  wi th  iodide. 

CI~A~Y 3, KLEIX 4 and AoL.xl~n ~, who inves t iga ted  this problem more 

recent ly ,  observed the  inh ib i to ry  act ion of  na t r ium,  sulphuric acid and 

zinc on this reaction,  while BA_~K~ ~ r ecommended  the  addi t ion of  

chlorides, which help to s t imula te  the  reaction.  

The  purpose  o f  the  present  s tudy  was to work out  a universa l  ul t ra-  

micro  m e t h o d  for the  iodine de te rmina t ion  in biologial  mater ia l .  To this 

end, the  influence of  var ious  ions on the  ca ta ly t ic  effect of  iodine was 

examined.  This effect was inves t iga ted  under  op t imal  conditions,  specially 

de te rmined  for this  par t icu la r  reaction6,L 

Experimental 
Reagents. 1. Iodide Standard. 0.020 #g of I -  per 1 ml. 100 ml of the solution 

contain 66.0 ml of 21N sodium carbonate. 
2. Acid Mixture. 1.0 M NaC1 and 0.1 N As208 in 4.5 lXI sulphurie acid. 120.5 ml 

of cone. sulphurie acid are added into 500 ml of redistilled water. 58.45 g of sodium 
chloride are dissolved in 200 ml of water and this together with 4.9455 g of As20 ~, 

0 previously dissolved in 20.0 m] of 7/o potassium hydroxide solution, is added into 
diluted sulphuric acid and the whole brought to 1000 mI with water. 

3. Ceric Ammonium Sulphate, 0.005 M in 3.0 iV Sutphuric Acid. 3.165 g of 
ceric salt is suspended in 500 ml of water and 80.4 ml of cone. sulphuric acid are 
added under constant stirring. When the salt is dissolved, the whole is brought to 
1000 ml with water. 

4. 1~ Brucin Acetate Solution. 5 g of the base are dissolved in 200 ml of water 
and 6.0 ml of ice-cold acetic acid. The whole is filtered and the volume made up 
to 500 ml with water. 

5. Solutions of the substance being studied. 
Working Procedure. 1.0 ml of the substance under observation and 2.0 ml of 

the acid mixture, are added into 1.0 ml of iodide standard. The samples are 
cooled for 10 rain in an ice bath (3  4.0 ~ C). 2.0 ml of an equally cooled solution of 
cerium are added and the samples are placed in a warm bath (40.0 :h 0.1 ~ C). 
After 5, 10, 15 and 20 min, these are transferred in batches b~ck into the ice bath 
(3  4.0 ~ C) for another period of 10 rain, after which, 0.5 ml of brucin is added. The 
samples are then incubated for 15 rain in a thermostat at 100.0 ~ C, cooled down to 
room temperature and their extinction values are measured at 430 nm by means 
of a Zeiss spectrophotometer. 

The values for the rate constant of individual concentrations of the substance 
may be ealcuhted from the results obtained from the equation 

K - -  2.303 a 
log a --  x 

which is valid for reactions of the first order 1, und where a ---- the initial and a -- x 
---~ the final concentration of CelV in the time t. 
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Results 
A n y  concent ra t ion  of  a n y  subs tance  in the  reac t ing  medium,  causing 

a change in  the  r a t e  cons tan t  equ iva len t  to  :h 5 percent ,  was considered,  
in  the  present  s tudy ,  to  be an  in ter fer ing  agent .  This  change corresponds 
to  d:  0.001 #g  of  I - .  

The effect of  var ious  concent ra t ions  of  NaC1, N a F ,  KH2P04,  ZnSOa, 
KC1, MgSOa, K B r  and  of  CuSO a was also s tudied.  Tables  1 and  2 l is t  the  

Table 1. Substances with Inhibitory E//ects on the Catalytic Reaction 

NaF KH~P04 KC1 ZnS04 

Percent of Percent of Percent of 
#g change mg change rag change 

of , ,K" of , ,K" of , ,K" 

0 
10 
20 
40 
80 

160 
320 
640 

1280 

100.0 
100.0 
98.9 
95.3 
92.8 
84.5 
72.2 
56.3 
40.8 

Percent of 
nlg change 

o f . K "  

0.0 100.0 
0.25 98.5 
0.50 97.7 
1.0 94.5 
2.0 92.7 

25.0 84.3 
50.0 73.1 

100.0 52.3 
200.0 27.5 

0 
5 

10 
20 
40 
80 

160 
266 

100.0 
100.0 
97.9 
99.2 
95.0 
89.7 
78.5 
64.7 

0.0 
0.002 
0.016 
0.13 
1.0 
8.0 

65.0 
524.0 

100.0 
100.0 
97.9 
97.3 
96.7 
95.8 
94.0 
71.9 

Table 2. Substances Stimulating the Catalytic Ef]ect o/Iodine 

~gS04 NaC1 

of Percent Percent of 
Pg change mg change 

of , ,K" of , ,K" 

0 
3 
7 

18 
47 

117 
293 
732 

KBr CuS04 

Percent of Percent 
change mg 
of , ,K" 

100.0 0.001 
100.0 0.25 
102.2 0.50 
103.9 1.00 I 
104.1 2.00 
104.8 4.00 
104.3 8.00 Z 
106.5 16.00 I 

100.0 
100.0 
101.5 
105.0 
110.4 
122.1 
146.1 
184.3 

of 
mg change 

of , ,K" 

0 100.0 
1 100.0 
2 98.3 
4 102.9 
8 108.1 

16 123.5 
32 154.0 
64 200.6 

0 
5 

10 
20 
40 
80 

160 
266 

100.0 
100.0 
1O0.0 
102.7 
103.9 
107.5 
110.3 
113.0 

concent ra t ion  of  the  var ious  subs tances  and  the i r  effect on the  ra te  con- 
s tan t ,  expressed as percentage,  and  Fig.  1, 2 and  3 ind ica te  the  cor- 
re la t ion  be tween  the  va lue  of  the  r a t e  cons tan t  on var ious  concent ra t ions  
of  sodium fluoride, manganous  su lpha te  and  sodium, respect ive ly .  

The  substances  s tud ied  m a y  be g rouped  into  two categories,  i . e .  
r eac t ion  inh ib i t ing  and  reac t ion  s t imula t ing  agents .  A decrease amount -  
ing to  5 pe rcen t  in the  r a t e  cons tan t  cor responding to  0.001 # g  of  I -  was 
observed  wi th  more  t h a n  0.04 mg of  N a F ,  1.0 mg  of  KH2POa, 40.0 mg  
of  KC1 and  65.0 mg of  ZnSO a in the  reagent  solution.  A n  increase of  5 per- 
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cent in the rate constant value was noted with more than 0.3 mg of KBr, 
1.0 mg of CuSO~, 4.0 mg of 1VIgSO~ and ~0.0 mg of 5IaC1. The effect of 
sodium on the rate constant forms an inverse ratio and a change of 

k.qO-~min -r 
qo, o 

4o 
- ~ o ~  

k. 10-~ min -q 
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Fig. i .  Effect of Z',Ta:F on the rate constant, value 
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Fig.3. Effect of Na on the rate eonstan~ value 
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Table 3. l~elation of Sodium and other 
Substances on the Catalytic E]/ect of Iodine 

Inhibitory ~ Substances 

Substances ] l~elation I Substances I~elation 

I'~a+ 

NaF 
Ktt2POA 
KC1 
ZnSO~ 

1.00 Na+ 
125.00 KBr 

5.00 CuSO 4 
0.13 IVfgSQ 
0.07 NaG 

1.00 
17.06 
5.00 
1.25 
0.13 

7 z ~ 8 t6 az 8~ ~: 5.0 rag of Na + in the reagent 
~r<gso~ solution causes an increase or a de- 

Fig. 2. Effect of MgS04 on the rate constant 
value crease of the resulting value of iodine 

by 0.001 #g. 
Table 3 gives the total effect of the concentrations of the substances 

in relation to the sodium effect, as this is the only element studied, in 
which the rate constant value is in a linear correlation with its concen- 
trations. 

Discussion 
The present results agree with the findings of certain authors 1,~ con- 

cerning the inhibitory effect of natrium and zinc on the reaction catalyzed 
by iodine. Similarly, the findings of SANDELL and t(onT~oss s that  bro- 
mides stimulate the reaction more than chlorides, while fluoride inhibits 
it, have also been confirmed. 

According to literary data, the interfering concentrations of the sub- 
stances studied, are far in excess of their norraal values in biological 
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material. The concentrations referred to are those added directly to the 
eoloriraetrie solution. Since our raethodS, 7 requires only one-third or less 
of the supernatant  into which iodide had been extracted following the 
ashing of the biological material, the interfering substances would be 
present in tiffs amount  of the supernatant,  and therefore their actual 
concentration in the biological material should be three times higher or 
more. Only water soluble substances are to be considered here, as in this 
method, the iodine flora the ashed material  is extracted by  redistilled 
water in which carbonates of metals are not readily soluble. The inter- 
fering effect m a y  also be avoided by estimating iodine in a sraaller araount 
of biological raaterial, where the concentration of the agent is not 
sufficient to affect the reaction. I t  should be pointed out here, tha t  
biological material, even flora pathological states, does not contain 
concentrations high enough to cause interference under our optimal 
conditions. These facts bring out the universal character of  our teethed 
and enable it to be employed for iodine assay in various biological 
materials. 

Summary 
On the basis of changes in the rate constant values in the Sandell- 

Kolthoff reaction, amounting to ~ 5 percent, the concentrations of 
agents, responsible for these changes and equivalent to • 0.001 #g of 
I - ,  were determined. I t  was found tha t  these substances, in the amounts 
given, stiraulate the reaction, viz. : KBr  0.3 rag; CuSO 4 1.0 rag; MgS04 
4.0 rag; NaC1 40.0 rag, while the following cause a lowering of the iodine 
value by  0.001 #g: N a F  0.04rag; KH2PO 4 1.0rag; Na+ 5 rag; KC1 
40.0 rag and ZnSO 4 65.0 rng. 

Zusammenfassung 
Es werden die StSrungen bei der katalytischen Beschleunigungs- 

wirkung yon godid auf  die Reaktion zwisehen Cer(IV) und Arsen(III)  
(uach Sa~DV.LL u. KOLT~O~ ") untersucht. Als stSrend wird jede Ver- 
~nderung der Geschwindigkeitskonstanten ura ~= 50/o (entsprechend 
=~ 0,001 #g I - )  betrachtet .  Mehr als 0,3 rag KBr,  1,0 nag CuSO 4, 4,0 rag 
MgS04 oder 40,0rag NaC1 verursachen eine Anderung ura d-5~ 
w/~hrend raehr als 0,04 rag NaF, 1,0 rag KH2P04, 5 rag Ha +, 40,0 rag 
KC1 oder 65,0 rag ZnSO 4 eine solche yon - -  50/0 verursachen. 

Acknowledgements are made ~o ~irs. E. STOLCOVX for her technical assistance 
and to Mr. P. Tx_X~ for preparing the English text. 
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Photometrische Bestimmung kleinster Mengen yon 
Anilin, o-Toluidin, m-Toluidin und p-Toluidin 

Von 
V. KBAT0CHVIL 

Mi~ 3 Textabbildungen 

(Eingegangen am 28. April 1961) 

Die meist ~ngew~nd~en Verfahren zur Best immung kleiner lVIengen 
yon Anilin und seinen ttomologen, des o-, m- und p-Toluidins beruhen 
auf  der Diazotierung dieser Amine und auf der Kuptolung der gebildeten 
I)iazoniumsalze z. B. mit  I-I-S~ure a in t tydrogencarbonatl6sung, Phenyl- 
I-S~ure in Soda ~5 - oder IIydrogenearbonatlSsung 9 oder mit  R-Salz 7 
in schwach ~lkalischem Medium. Zur Best immung kleiner Anilinmengen 
sirld auch die Indophenolreaktion6,14 und die Ind~minreaktion 13 geeignet. 
l%I]~I~L u. tIAG]~R ~6 schlugen die Farbreakt ion mit  Furfurol zur schnellen 
Best immung yon 5 - - 1 5 0 p p m  Anilin vor. Die Lauthsche l~eaktion 12 
beniitzten JAn, KOT,~EK U. PEn~A~ 5 zur photometrisehen Bestimmung 
yon Anilin, Monomethyl-, Dimethyl- und Dii~thyl~nilin. Von A~ANASIEV ~ 
wurde zur colorimetrischen Bestimmung des Anilins, der Toluidine, sowie 
des p-Phenylendiamins und des p-Aminophenols die Farbre~ktion dieser 
Amine mit  Chloramin T angewendet. 

Diese angefiihrten Methoden sind zur Bestimmung kleins~er Mengen 
und Spuren yon Anilin und den Toluidinen in der Atmosphi~re wegen zu 
kleiner Empfindlichkeit und besehr~nkter t ta l tbarkei t  der entwickelten 
Fiirbung wenig geeignet. In  dieser Arbei~ wird deshalb zur Kupplung der 
diazotierten prim~ren aromatisehen Amine als Kupplungskomponente 
das Hydrochlorid des N-J~thyl-l-naphthylamins vorgesehlagen. Die 
Kupplung wird in i~thanoliseh-wal]rigem Milieu nach vorheriger Beseiti- 
gung der iiberschiissigen salpetrigen S/~ure durch Amidosuffonsi~ure aus- 
geftihrt. 

Aus der Literatur  17 ist bekannt,  dab die Reaktivit i i t  der gebildeten 
Benzol- und Toluol-diazoniumehloride sehr gering ist. Deshalb verlauft 


