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SPECTROCHEMICAL DETER!Vi INATION O F  MICROIMPURITIES 

I N  MERCURY 
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Research Labora tory ,  8010 Burgns,  B u l g a r i a .  

ABSTRACT 

Mercury t o g e t h e r  w i t h  t h e  m i c r o i m p u r i t i e s  i n  i t  had 

been  turlied i n t o  i o d i d e s  i n  advance i n  a vacuum 

ampule i n  t h e  p r e s e n c e  of  c o l l e c t o r  - s p e c t r a l l y  p u r e  

c a r b o n  powder, c o n t a i n i n g  2 p e r  c e n t  Li ( as Li2C03 ). 
The o b t a i n e d  mercury (11) i o d i d e  w a s  s e p a r a t e d  from t h e  

m i c r o i m p u r i t i e s  by s u b l i m a t i o n  at  100°C and t h e  c o l l e c -  

t o r  w i t h  t h e  m i c r o i m p u r i t i e s  w a s  s u b j e c t e d  t o  s p e c t r a l  

a n a l y s i s .  The method a l l o w s  t h e  d e t e r m i n a t i o n  o f  20 

e lements  i n  mercury w i t h i m  d e t e c t i o n  l i m i t s  of  t o  

and r e l a t i v e  s t a n d a r d  d e v i a t i o n  0.08 t o  0.25. The 

method can  be a p p l i e d  f o r  t h e  a n a l y s i s  of  mercury (11) 

i o d i d e ,  too .  

1195 
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1196 ORESHKOV AND GOSPODINOV 

INTRODUCTION 

For lowering the d e t e c t i o n  l i m i t s  i n  t he  analyses 

o f  mercury, physico-chemical methods f o r  preliminary 

concentrat ion o f  the microimpurit ies a r e  o f t e n  used. 

There a r e  methods described for sepa ra t ing  mercury from 

t h e  microimpurities i n  i t  by d i s t i l l a t i o n  o f  mercury i n  

t h e  form of  mercury (11) oxide i n  oxygen medium . 
The main disadvantage of these methods i s  the f a c t  t h a t  

s m a l l  amounts o f  mercury remain with the  impuri t ies  and 

when evaporating the sample from the  e l ec t rode ,  t he  

toxic  mercury vapours p o l l u t e  the  s p e c t r a l  apparatus 

and the environment. 

1-3 

There a r e  a lso spectrochemical methods known t o  

u s e  ex t r ac t ive  sepa ra t ion  and concentrat ion of  micro- 

impur i t i e s  from mercury 4-10. These methods r equ i r e  t h e  

use o f  l a rge  amounts o f  p a r t i c u l a r l y  pure chemical 

reagents.  Additional p o l l u t i o n  o f  

poss ib l e  because of repeated d i s so  

Together with mercury, some of the 

extracted p a r t i a l l y  or completely 

the sample i s  a l so  

ving and extract ion.  

microimpurities a r e  

and t h e  concentrate  

obtained usual ly  contains  some arnounl; of mercury, t o o .  

The a i m  o f  the present study was t o  work o u t  a 

spectrochemical method f o r  determination o f  micro- 

impuri t ies  i n  mercury. The inethod has t o  be easy t o  

c a r r y  o u t ,  has t o  give reproducible r e s u l t s  withim 

d e t e c t i o n  l i m i t s  comparable t o  those o f  the b e s t  known 

methods and t o  exclude po l lu t ion  with mercury. 
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DETERMINATION OF MICROIMPURITIES IN MERCURY 1197 

EXPERIMENZ 

Consent ra t ion  of  Micro impur i t ies  

Mercury toge the r  wi th  t h e  micro impur i t ies  elements 

p r e s e n t  i n i t  were turned  i n t o  iod ides  in  advame.Iodiiie - 
superpure  w a s  used, p u r i f i e d  i n  advance by a t r i p l e  

sub l ima t ion  through f i l t e r i n g  g l a s s c l o t h .  The s y n t h e s i s  

o f  i od ides  took p lace  i n  a two-se- t ion q u a r t z  ampule 

150 mm long  and 8 mm i n  d i a n e t e r .  A t  OIL* end of  t he  

ampule t h e r e  w a s  an enlargernent 16 mm i n  d iameter  and 

30 mm long. The ampule had been washed wi th  aqua r e g i a  

and r in sed  wi th  de ionized  water. I n  t h e  enlarged ead of  

t h e  wel l  washed and d r i e d  ampule 10 g of mercwy and 

1 2 . 7  g of i od ine  were placed and covered wi th  100 m g  of  

c o l l e c t o r  - s p e c t r a l l y  pure carbon ?owder con ta in ing  

2 %  L i  ( as Li2C0 ). The elid o f  t h e  ampule wi th  t h e  

sample was put  i n t o  a Dewar f l a s k  f i l l e d  wi th  l i q u i d  

n i t rogen .  The ampule wa5 vacuuned and sea led  and then  

put  i n t o  a h o r i z o n t a l  t unne l  furnace.  The fu rnace  w a s  

hea ted  a t  a r a t e  o f  1 . 6 O  per  minute up to  2OO0C, a t  

which temperature mercury r eac t ed  with i o d i n e  and 

changed completely t o  mercury (11) i od ide  for 6 hours .  

The mercury (11) iod ide  obtained w a s  separa ted  from t h e  

s o l l e c t o r  by subl imat ion.  For t h e  purpose, t h e  end of 

t h e  ampule with t h e  sample w a s  put i n t o  t h e  fu rnace  at  

100°C. Mercury (11) i o d i d e  sublimated and condensed i n  

t h e  cool  end o f  t he  ampule, which w a s  ou f s ide  the  f u r -  

nace ,  a t  r o o m  temperature .  Then the  ampule was c u t , t h e  

3 
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1198 ORESHKOV AND GOSPODINUV 

c o l l e c t o r  containing t h e  microimpurities w a s  taken out  

and subjected t o  s p e c t r a l  analysis .  The concentrat ion 

c o e f f i c i e n t  of t h e  sample w a s  Csmple = 100. 

The nethod can be applied f o r  t he  ana lys i s  of 

mercury (11) iodide,  too. For t h e  purpose, 10  g o f  mer- 

cury (11) iodide were placed i n  a quartz  ampule and 

covered with 100 mg of c o l l e c t o r .  The ampule w a s  vacu- 

umed and sealed.  Mercury (11) iod ide  w a s  separated from 

t h e  c o l l e c t o r  by sublimation, as w a s  described above. 

A s  a base L o r  preparing t h e  standard specimens 

s p e c t r a l l y  pure carbon powder, containing 2 per cent  L i  

( as Ei CO ) ,  w a s  used. There were a main standard 

specimen, containing 0.1% Cu, Ag, Mn, Fe, C a ,  Mg, C o , B i ,  

Pb, C r ,  Cd, Au, Zn, Sn, N i ,  T1, Sb, A l ,  I n  and G a ,  i n -  

troduced i n  the  f o r m  of t h e i r  r e s p e c t i v e  iodides.  

The standard specimens with elements content 1 ~ 1 0 - ~  , 
3 ~ 1 0 ' ' ~  l ~ l O - ~ ,  3 x 1 0 ' ~ ~  I x ~ O - ~ ,  3 ~ 1 0 ' ~  and l ~ l O - ~  $ , 
prepared by consecutive d i l u t i o n  o f  the standard speci- 

mens with pure base. 

2 3  

Conditions o f  Spec t r a l  Analysis 

For the ana lys i s  carbon electrodes type RW I 

(Ringsdorff, BRD) with diameter o f  t h e  c r a t e r  4.0 mm and 

depth3.5 mm were used. The upper e lectrode w a s  sharpened 

i n  t h e  f - o r m  o f  a truncated cone, 2.0 mm i n  diameter a t  

t h e  top. Two electrodes of. each standard specimen and o f  
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DETERMINATION OF MICROIMPURITIES IN MERCURY 1199 

each  i n v e s t i g a t e d  sample w e r e  burned i n  a n  AC a r c  wi th  a 

c u r r e n t  i n t e n s i t y  of 1 6 A .  Spec t r a  were photographed wi th  

a ISP-30 (USSR) spec t rograph  having  a th ree - l ens  i l l u -  

mina t ion  system. The width o f  t h e  spec t rograph  s l i t  w a s  

0.012 m m ,  and of t he  in t e rmed ia t e  diaphragm 3 . 2  mm. The 

d i s c h a r g e  gap w a s  2.0 mrn and t h e  exposure t ime 90 sec .  

The s p e c t r a  were r e g i s t e r e d  on s p e c t r a l  photographic  

p l a t e s  Blau Hart  WU-2 (ORWO, DDR).The c a l i b r a t i o n  graphs 

were b u i l t  i n  l o g  I / l o g  C coo rd ina te s ,  t a k i n g  i n t o  

account  t h e  backround c o r r e c t i o n  t o  t h e  s p e c t r a l  l i n e s ,  

The limits o f  d e t e c t i o n  of  a p a r t i c u l a r  elemencs , 
achieved by t h i s  method, determined by t h e  Kaiser  

c r i t e r i o n  wi th  P = 0 .997 ,  where P i s  t h e  p r o b a b i l i t y ,  

and r e p r o d u c i b i l i t y  o f  t h e  a n a l y s i s  r e s u l t s  a r e  g iven  

i n  Table  1. 

Losses During t h e  Concent ra t ion  o f  Micro impur i t ies  

rhe p o s s i b l e  l o s s e s  o f  some micro impur i t ies  d u r i n g  

t h e  subl imat ion  o f  mercury (11) i o d i n e  were s t u d i e d  

exper imenta l ly .  For t h i s  purpose,  p a r t i c u l a r l y  pure  

mercury (11) iod ide  was obtained by a t r i p l e  consecu t ive  

sub l ima t ion  at 100°C, u s i n g  s p e c t r a l l y  pure carbon powder 

and f i l t e r i n g  g l a s s c l o t h .  22.7g o f  superpure  mercury (11) 

i o d i d e  w.ere mixed w.ith 100  mg o f  t h e  s t anda rd  specimen, 

c o n t a i n i n g  l ~ l O - ~ q / O  o f  t h e  elements.  The mixture  w a s  pu t  

i n  an ampule and t r e a t e d  i n  t h e  desc r ibed  way. For C u ,  

4g, Mn, Fe, C a ,  Mg, C o ,  B i ,  Pb,  C r ,  C d ,  Au, Zn, Sn, N i  

and T 1  t h e  r e s u l t s  were within1 t h e  e r r o r  l i n l i t s  o f  t h e  

method, which shows a p r a c t i c a l  l a c k  o f  l o s s e s .  
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1200 ORESHKOV AND GOSPODINOV 

TABLE 1 

L i m i t s  o f  d e t e c t i o n  and r e p r o d u c i b i l i t y  o f  r e s u l t s  

i n  t h e  analysis o f  mercury and mercury (11) i o d i d e  

---- 
Elemen t  and 

a n a l y t i c a l  l i n e ,  
nm --- 

C u  I 327.40 

Ag I 328.07 

M n  I 279.48 

Fe I 302.06 

C a  11 317.93 

M g  I 285.21 

C o  I 304.40 

B i  I 306.77 

Pb I 283.31 

C r  I1 284.32 

C d  I 326.11 

A u  I 267.60 

Z n  I 334.50 

Sn  I 284.00 

N i  I 305.08 

T 1  I 276.79 

Sb I 259.81 

A 1  I 309.27 

I n  I 303.94 

Ga I 294.36 
-__I_--I 

i R e l a t i v e  standard 
devia t ion ,  

0.14 

0 . 2 2  

0.18 

0.09 1 
0.17 

0 2-5 

0.11 

0.17 

0.18 

0.12 

0.14 

0.08 

0.13 

0.17 

0.10 

0.23 

0.15 

0.19 

0.25 

0 . 2 4  
----- 
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DETERMINATION OF MICROIMPURITIES IN MERCURY 1201 

P a r t i a l  l o s s e s  were e s t ab l i shed  f o r  Sb, A l ,  I n  and 

Ga. They can be mul t ip ly ing  t h e  r e s u l t s  of t h e  a n a l y s i s  

by t h e  r e s p e c t i v e  c o e f f i c i e n t s  o f  l o s s e s  d u r i n g  s u b l i -  

mation o f  mercury (11) iod ide .  It was e s t ab l i shed  expe- 

r i l nen ta l ly  t h a t  t hese  c o e f f i c i e n t s  a r e  1.8 f o r  Sb and A l ,  

and 1.5 for I n  and Ga. 
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