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ABSTRACT 

U t i l i z i n g  p r o p e r t i e s  of  mercu ry ( I1 )  h a l i d e s  t o  form 
a complex (HgX42-, X = C 1 ,  B r  and I )  wi th  an  excess  of 
h a l i d e  i o n s  and i t s  charge t r a n s f e r  band appea r ing  i n  UV 

range ,  a method h a s  been e s t a b l i s h e d  t o  ana lyze  mercu ry ( I1 )  
h a l i d e s  by reverse-phase i o n - p a i r  h igh  performance l i q u i d  
chromatography i n  t h e  presence  of coun te r  i o n s  ( t e t r a - n -  
butylammonium h a l i d e s ,  TBAX) .  According t o  t h i s  method, 
t h e  de t e rmina t ion  l i m i t  of mercury c o n t e n t  was 2 ng. 

i s  r e l a t e d  t o  hydrophobic i ty  o f  t h e  h a l i d e s .  The r e l a t i o n  
The c a p a c i t y  f a c t o r ,  k ' ,  o f  i o n - p a i r ,  (TBA+) 2(HgXd2-), 
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1022 TAJIMA ET AL. 

of k '  t o  concen t r a t ions  of t h r e e  k inds  o f  TBAX i s  shown 
a s  fo l lows .  

log k'TBAI = 0.7939 log[TBA+I + 2.7566 
log k'TBmr = 0.5110 log[TBA+] + 1.4499 
log kITBACl = 0.3449 log[TBA+] + 0.8292 

I t  was cons idered  t h a t  s l o p e s  i n  the  above equa t ions  were 
connected wi th  s t a b i l i t y  c o n s t a n t s  o f  HgX42-. 

INTRODUCTION 

The t o x i c i t y  of mercury i n  environmental  and food 

samples has  been t o  d a t e  eva lua ted  by t h e i r  t o t a l  and a l k y l  

mercury con ten t s .  S ince ,  on t h e  o t h e r  hand, t h e  t o x i c i t y  

d i f f e r s  accord ing  t o  t h e  va lence  and chemical form of mercury, 

a t tempts  have been made t o  e s t a b l i s h  an a n a l y t i c a l  method 

capable of i d e n t i f y i n g  i t s  chemical forms. 

The previous  pape r (1 )  r epor t ed  t h a t  s i x  mercury unbranched 

a lkane  t h i o l a t e s ,  t h e  s t a b l e  p roduc t s  from mercury( I1)  and 

t h i o l s ,  w e r e  s epa ra t ed  by h igh  performance l i q u i d  chromatography 

(HPLC) us ing  reverse-phase column(0DS pack ing) .  I n  t h i s  

s tudy ,  a method f o r  ana lyz ing  mercury( I1)  h a l i d e s  i n  t h e  

presence of counter  i o n  by reverse-phase ion -pa i r  h igh  

performance l i q u i d  chromatography has  been developed, u t i l i z i n g  

p r o p e r t i e s  of mercury( I1)  h a l i d e s  t o  form a type  o f  

complex(2-6), HgX42-, w i th  a charge t r a n s f e r  band i n  W range. 

The e l u t i o n  behavior  of i on -pa i r s  formed has  a l s o  been 

i n v e s t i g a t e d  by changing t h e  column tempera ture ,  t h e  c o n t e n t  

of o rgan ic  s o l v e n t  i n  t h e  mobile phase and t h e  counter-ion 

concent ra t ion .  
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Apparatus 

The l i q u i d  chromatograph was a Model T R I  ROTAR-V 

equipped wi th  a Model UVIDEC-100-IV W moni tor (Japan  Spec t ro-  

s c o p i c  Co., Tokyo, J a p a n ) .  The column w a s  250 x 4 . 6  mm 

Finpak SIL c18 o f  1 0  urn p a r t i c l e  s i z e ( J a p a n  Spec t roscop ic  Co.) . 
The column tempera ture  w a s  c o n t r o l l e d  by u s i n g  a column 

j a c k e t  i n  which water a t  a g iven  tempera ture  w a s  c i r c u l a t e d  

by a pump through t h e  water b a t h ( a  Model TS-13, Tabai MFG. 

Co., Osaka, Japan)  a d j u s t e d  t o  t h e  c o n s t a n t  t empera tu re .  

Reagents 

Tetra-n-butylammonium iodide(TBAI) ,  tetra-n-butylammonium 

bromide (TBABr) and t e t r a - n - b u t y l m o n i u m  c h l o r i d e  (TBAC1) were 

ob ta ined  from Eastman Kodak C o . ( N . Y . ,  USA); mercu ry ( I1 )  

c h l o r i d e ,  mercury( I1)  bromide and a c e t o n i t r i l e  from Wako CO. 

(Osaka, Japan) ; mercury( I1)  i o d i d e  from Katayama Co. (Osaka, 

J a p a n ) .  

S tandard  s o l u t i o n s  of  mercury( I1)  h a l i d e s  were prepared  

by d i s s o l v i n g  mercury( I1)  sa l t s  i n  t h e  aqueous s o l u t i o n  of  

a c e t o n i t r i l e  which was t h e  same as i n  a n a l y s i s  by HPLC. 

RESULTS AND DISCUSSION 

With TBAC1, TBABr and TBAI as coun te r - ions ,  mercury( I1)  

h a l i d e s ,  of which t h e  h a l i d e  i o n  w a s  t h e  same as t h e  p a i r - i o n  

t o  be  p a i r e d  wi th  t h e  counter - ion ,  were i s o l a t e d  by r eve r se -  

phase ion -pa i r  chromatography(1PC). F ig .  1 shows chromato- 

grams of  mercury( I1)  h a l i d e s .  The r e s u l t s  i n d i c a t e d  t h e  
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1024 TAJIMA ET AL 

0.002 aufs I 

Minutes 

FIGURE 1. Reverse-phase ion-pair chromatograms of mercury(I1) 
halides. Operating conditions were: column, Finpak 

SIL C18; eluent, 0.01 M TBAX in 60% CH3CN, (A )  X = 
C1, (B) X = Br, (C) X = I; flow rate, lml/min; 
detection wavelength, (A )  232 nm, (B) 250 nm, (C) 
270 nm; detector sensitivity, (A )  0.08 aufs, (B) and 
(C) 0.04aufs; column temperature, 25°C. 

(A )  HgC12, (B) HgBr2, (C) Hg12. 
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MERCURY(I1) HALIDES 1025 

formation of s i n g l e  compounds from mercury s a l t s  and counter -  

i ons .  The concen t r a t ions  of mercury( I1)  h a l i d e s  a p p l i e d  t o  

HPLC were 2 .49  x 

mol/dm3 f o r  HgBr2 and Hg12. 

concen t r a t ion  o f  t h e  e l u e n t  w a s  - 10-1 mol/dm3, and 

thus  an excess  amount o f  h a l i d e  i o n  as t h e  pa i r - ion  a t  a 

g iven  counter-ion concen t r a t ion  was supp l i ed  t o  t h e  column, 

cons ide r ing  the  d i l u t i o n  o f  mercury h a l i d e s  i n  HPLC system 

- the volume of mobile-phase i n  t h e  column was about  2 m l .  

mol/dm3 f o r  HgC12 and 2.49 x 

Meanwhile, t h e  counter - ion  

Table 1 summarizes s t a b i l i t y  c o n s t a n t s  and molar absorp- 

t i v i t i e s  of HgX4*- ( X  = C 1 ,  B r  and I ) .  

c o n s t a n t s  of a l l  t h e  complexes are f a i r l y  l a r g e ,  format ion  o f  

i on -pa i r s  presumably undergoes t h e  fo l lowing  r e a c t i o n  wi th  

an excess o f  counter-ions:  

S ince  s t a b i l i t y  

HgX2 + 2TBAX (TBA) 2HgX4 

Fig.  2 shows t h e  r e l a t i o n s h i p  between logar i thm o f  

c a p a c i t y  f a c t o r ( k ' 1  of t h e  ion -pa i r  and atomic weight o f  

t h e  halogen. Considering t h a t  l i n e a r i t y  w a s  also found 

between log k'  and e l e c t r o n e g a t i v i t y  or i o n i c  r a d i u s  o f  t h e  

halogen, it appeared t h a t  k' of t h e  ion -pa i r  was c l o s e l y  

r e l a t e d  t o  c h a r a c t e r i s t i c s  o f  t h e  halogen i n  t h e  ion -pa i r .  

TABLE 1 S t a b i l i t y  Cons tan t s (7 )  and Molar 
A b s o r p t i v i t i e s  ( 8 )  of HgX42- 

Hg142- HgBr4'- HgC 1 2- 

log B 4  29.8 22.23 15.3 

log  E 4.51 4.59 4.52 
('max) (269) (250) (232) 
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1026 TAllMA ET AL. 

Atomic weight 

FIGURE 2 .  Relationship between capacity factor and atomic 
weight of halides. Operating conditions were: 
column, Finpak SIL C18; eluent, (0) 0.01 M TBAX(X 
= C1, Br, I) , ( 0 )  0.0033 M TBAX(X = C1, Br, I); 
flow rate, lml/min; column temperature, 25OC. 

In this experiment, some of the factors affecting the extrac- 

tion constant of the ion-pair, such as the organic solvent, 

its content in the eluent and the column temperature, were 

all the same, with a nearly constant pH range, 7.6-7.7, of 

the eluent containing the counter ion. It was estimated, 

on the other hand, that ionic strengths of the eluents were 

also the same by nearly complete dissociation of TBAX therein. 

It is known, in general, that with carboxylic acids 

and n-alkanes(9) , alkylanthraquinones(l0) and mercury alkane 
thiolates(l), all the homologs for each of them have a linear 

relationship between the length of alkyl chain and log k' 

of the homologs, and also that the linearity accounts for 
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MERCURY(I1) HALIDES 1027 

Amounts of mercury/ng 

FIGURE 3. Calibration curves of mercury(I1) halides by IPC. 
Operating conditions were: column, Finpak SIL C18; 
eluent, 0.01 M TBAX in 60% CH3CN, (0) X = I, ( 0 )  

X = Br; flow rate, lml/min; detection wavelength, 
TBABr = 250nm,TBAI = 270nm; detector sensitivity, 
0.04 aufs; column temperature, 25OC. 

an increase in hydrophobicity due to an increase in the number 

of methylene group. Accordingly it is considered that, with 

the three ion-pairs of mercury(I1) halides in this study, 

hydrophobicity of the halides most remarkably influences the 

value of k' . 
Fig. 3 shows the calibration curve for mercury determina- 

tion utilizing the ion-pair formation. With either of TBAI 

and TBABr as the counter-ion, a linearity was obtained with 

mercury content up to 100 ng. Furthermore, as shown in Table 

1, Hg142- had a higher sensitivity than HgBr4 2- with the 
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1028 TAJIMA ET AL. 

1.c 

x 
0 
0 
4 

0.5 

C 
I I I 1 

50 55 60 65 
C H 3 C N / V / V %  

FIGURE 4. Re la t ion  between c a p a c i t y  f a c t o r  and a c e t o n i t r i l e  
concen t r a t ion  i n  e l u e n t s .  Operating c o n d i t i o n s  
were: column, Finpak S I L  CI8;  e l u e n t ,  0.01 M TBAX; 

flow r a t e ,  lml /min;  column tempera ture ,  25'C. 
(0) (TBA+) H I 2-, ( 0 )  (TBA+)2HgBr42-, 
( 0 1  (TBA+I2HgCl4 . 2 g 4 2 -  

h i g h e s t  molar a b s o r p t i v i t y ,  which was cons idered  as t o  be due 

t o  t h e  d i f f e r e n c e  i n  t h e i r  s t a b i l i t y  c o n s t a n t s .  With t h e  

former mercury complex, i t s  recovery w a s  found t o  be 81.4%. 

According t o  t h i s  i on -pa i r  method, t h e  l i m i t  f o r  de te rmina t ion  

of mercury c o n t e n t  w a s  2 ng, w i th  1 0  v l  o f  i n j e c t i o n  volume 

f o r  HPLC and mol/dm of TBAI.  With TBABr, on t h e  o t h e r  

hand, a t tempts  w e r e  made t o  s e p a r a t e  mercury (11) h a l i d e s  by 

t h e  d i f f e r e n c e  i n  halogens,  b u t  t h e i r  k' va lues  w e r e  t h e  same, 

owing t o  an excess  supply o f  B r -  from t h e  counter-ion. 

3 
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MERCURY(I1) HALIDES 1029 

1.( 

x 0.5 
tr 
0 
--I 

0 

25 35 
T/OC 

45 

FIGURE 5. Temperature dependence of c a p a c i t y  f a c t o r .  Operating 
cond i t ions  were: column, Finpak S I L  C18; e l u e n t ,  
0 . 0 1  M TBAX i n  60% CH3CN; flow r a t e ,  lml /min .  

(0) (TBA I2HgI4 
(4) (TBA') 2HgC142-. 

+ 2- + , ( 0 )  (TBA )2HgBr42-, 

F ig .  4 shows t h e  change i n  k' va lues  of i o n - p a i r s ,  where 

a c e t o n i t r i l e  con ten t  i n  t h e  e l u e n t  was v a r i e d  by 5% succes-  

s i v e l y  i n  t h e  range of 50 t o  65%. I n  t h i s  range ,  t h e  dec rease  

i n  k '  nea r ly  p a r a l l e l e d  t h e  i n c r e a s e  i n  a c e t o n i t r i l e  con ten t .  

With over  60% con ten t  of a c e t o n i t r i l e  t h e  dec rease  o f  k' w a s  

much l a r g e r .  

The e l u t i o n  behavior  of ion -pa i r ,  when v a r i e d  t h e  c o n t e n t  

of t h e  o rgan ic  s o l v e n t  i n  t h e  mobile phase and t h e  column 

tempera ture(Fig .  5 ) ,  i n d i c a t e d  a s t r u c t u r a l  s i m i l a r i t y  between 

the  ion -pa i r s  d e s p i t e  t h e i r  d i f f e r e n c e  i n  k' due t o  hydro- 
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1.0 

0.5 

x 
m 
0 
4 

0 

-0.5 

FIGURE 6. Relationship between capacity factor and concentra- 
tion of counter-ion in eluents. Operating conditions 
were: column, Finpak SIL C18; eluent, TBAX in 60% 
CH3CN; flow rate, lml/min; column temperature, 25'C. 

( e )  (TBA') 2HgC142-. 

(0) (TBA') 2Hg142-, ( 0 )  (TBA+) ZHgBr4 2- , 

phobicity. In this connection, a definite relation was demon- 

strated between hydrophobicity and k' of the halides, which 

supports the above finding and also suggests the ion-pairs 

to be separated mainly by the distinction between their parti- 

tion factors. 

Separation by IPC is partly characterized by proportion- 

ality between k' and the concentration in the mobile phase. 
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MERCURY(I1) HALIDES 1031 

F i g .  6 shows t h e  r e l a t i o n  o f  log k' t o  the  c o n c e n t r a t i o n  of 

t h r e e  k i n d s  of TBAX. A s  s e e n  i n  t h e  F i g u r e ,  t h e  l i n e a r i t y  

was o b t a i n e d  i n  t h e  f o l l o w i n g  r a n g e  o f  TBAX; - 3.3  x 

mol/dm3 f o r  TBAI; 3.3 x 3 - 3.3 x lo- '  m o l / d m  f o r  TBABr; 

- 10-1 mol/dm3 f o r  TBAC1. The l i n e a r i t y  i s ,  moreover, 

e x p r e s s e d  by t h e  f o l l o w i n g  e q u a t i o n s :  

= 0.7939 log[TBA+] + 2.7566 log 'TBAI 

= 0.5110 log[TBA+] + 1.4499 log k'TBABr 
l o g  kITBAC1 = 0.3449 log[TBA+] + 0.8292 

2-  The less t h e  s t a b i l i t y  c o n s t a n t  o f  H g X 4  , t h e  h i g h e r  

r a n g e  i n  t h e  c o n c e n t r a t i o n  o f  TBAX became a v a i l a b l e  f o r  t h e  

l i n e a r i t y .  T h i s  i n d i c a t e s  t h a t  a l a r g e  amount o f  h a l i d e  i o n s  

from t h e  c o u n t e r - i o n  i s  r e q u i r e d  f o r  i o n - p a i r  f o r m a t i o n .  

IPC-separa t ion  w a s  u s u a l l y  conducted  by t h e  i o n - p a i r  f o r m a t i o n  

between t h e  sample i o n  and t h e  c o u n t e r - i o n ,  where it was 

assumed t h a t  t h e  s l o p e  of t h e  s t r a i g h t  l i n e  r e p r e s e n t i n g  t h e  

r e l a t i o n  of  l o g  k' t o  t h e  c o u n t e r - i o n  c o n c e n t r a t i o n  w a s  r e l a t e d  

t o  t h e  d i s s o c i a t i o n  c o n s t a n t  of t h e  s a m p l e ( l 1 ) .  The p r e s e n t  

exper iment  comprised a complex f o r m a t i o n  i n  t h e  p r o c e s s  of 

i o n - p a i r  f o r m a t i o n  which was n o t  i n v o l v e d  i n  IPC p r e v i o u s l y  

per formed.  I t  was, t h e r e f o r e ,  r e v e a l e d  t h a t  t h e  s l o p e  o f  t h e  

l i n e  w a s  r e l a t e d  t o  t h e  s t a b i l i t y  c o n s t a n t  o f  t h e  complex 

f o r m a t i o n  as  o f  HgX4'-. 
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