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1. INTRODUCTION

M ercury is one of the m ost dangerous environm ental po llu tan ts, as it 
is easily accum ulated  in organism s, causing grave and chronic diseases. 
The source of m ercu ry  pollu tion of surface w aters  are certa in  in 
dustria l e ffluen ts and p lan t pro tection  agents. The m ercu ry  level in  sea 
w ater [9] am ounts, for exam ple to 0.05— 0.10 ng dm"3 (Baltic Sea). 
This va lue  has been considered by some research  w orkers to be n a 
tu ra l m ercu ry  level in surface w aters. M ercury  m ay occur in the  form  
of both inorganic and organic compounds, m ostly  as m ethy l- and phe- 
ny lm ercu ry  salts [17].

M ercury  atoms, having com pleted d  orbitals, show a strong te n 
dency to form  com plexes w ith  the coordination num ber 2. The s tru 
c tu re  of the com plexes m ay be linear or te trah ed ra l. O ctahedral spe
cies are ra re ly  encountered.T he m ost stable com plexes are  form ed w ith  
ligands containing atom s of halogens, carbon, nitrogen, phosphorus and 
su lphur [4, 3, 19]. A num ber of com plexes w ith  oxygen-containing 
anions have been reported  [4], e.g. [H g(S03)2]2‘ and [H g(N 03)4-l2\  
A v a rie ty  of am ines have also been found to form  com plexes w ith  
Hg(II) [3], the  affin ity  of m ercu ry  to n itrogen-contain ing  ligands being 
stronger in  aqueous solutions th an  th a t of o ther transition  m etals. Com
pounds of Hg(II) w ith  P-diketones [14] do not display chelate-like  s tru c 
tures, bu t are ra th e r  enolates, H g(O C R=CH CO R)2. Recently , several 
w orks have been confined to the  com plexes of the  m etal w ith  su lphu r- 
containing ligands, such as benzylsulphanilth iobenzam ide [18] and 2-m er- 
captobenzim idazole [7]. Most frequen tly , how ever, dyes have been used

Oceanology No 13(1980)



w hich en te r in to  rea c tio n s , w ith  com plem entary  ions, w hich can be 
u tilized for assaying m ercury .

T arayan  and associates [15] studied a reaction of Hg(II) w ith 
m ethy l green in the  presence of the  Cl" and Br" ions. The com plex 
form ed, [R f HgX3'] • R +X" w as ex tracted  w ith  benzene. E xtraction  of 
th e  Hgl"3 and HgBr"3 anions to an organic phase w ith  such dyes as 
m ethy lene  blue, an tipy rine  dyes, bu ty lrhodam ine S, b rillian t green, 
c rysta l violet and m ethy l green was investigated  by Kisz and associa" 
tes [11]. Shestidesatnaya and associates [16] em ployed brom ophenyl 
blue and brom ocresol green  in the  presence of phenan th ro line  for as" 
saying m ercu ry  and suggested the  form ation of a chelate, [Hg(Fen)2R], 
These studies w ere  m ain ly  carried  out using ex traction-pho tom etric  
m ethods.

To assay sm all am ounts of the  m etal by m eans of dyes, e. g. rhoda- 
m ine B, the  ex traction -fluo rim etric  m ethod was also used [10], The lum i
nescence m ethod is m arked ly  m ore sensitive than  the  photom etric m e
thods.

The objective of th is paper was to exam ine the  reaction of Hg(II) 
w ith  rhodam ine B and to establish  optim um  conditions for ex traction  
of the  com plex form ed w ith  regard  to the  possibility  of assaying m er
cu ry  by m eans of th is reaction  using the  lum inescence m ethod.

2. EXPERIMENTAL

The stock solutions of HgCl2 and of rhodam ine B w ere  1X 10 '3M. 
A part from  these, 2N solutions of H2S 0 4 and NaCl w ere  prepared.

An e x trac tan t was p repared  by  m ixing together 2 volum es of 
benzene w ith  one volum e of d ie thy l ether.

A series of solutions for the  m easurem ents was p repared  in 
10-cm3 volum etric  flasks. The volum e of the  aqueous phase was 5 cm 3 
and th a t of the  ex trac tan t was 3 cm 3, T ightly  closed flasks w ere shaken 
for 1 min. A fter separation  of the  phases, the  organic layer was tra n s
fe rred  to a 1-cm cuvette  w ith  a cap and an absorptiom etric or lum ines
cence m easurem ent was run.

The absorbance of the  solutions was m easured  on a SPECORD 
UV-VIS spectrophotom eter. M easurem ents of the  lum inescence w ere 
perform ed by using a special set-up.

The m easurem ents of pH  w ere carried  out on an LBS-66 pH m e
te r using glass (S-60) and calom el (K-60) electrodes.

3. DISCUSSION OF RESULTS

A varie ty  of m odern in stru m en ta l techniques have recen tly  been em -



ployed to assay m ercu ry  in  w ater [5], The techniques cannot, how 
ever, be em ployed u nder expeditional conditions and no t each sta tio 
nary  hydrochem ical labora to ry  is equipped w ith  such expensive and 
precise equipm ent. Hence, it is the  tendency  to develop less sophis
ticated  procedures th a t enable the  assaying of trace  am ounts of m er
cury, including those in sea w ater.

As regards the  m ethod selected, a fluorescen t com pound could on
ly provide a ligand coordinating w ith  m ercury . Among o ther com
pounds, dyes provide such ligands. In  the  ex traction-pho tom etric  and 
ex traction -fluo rim etric  m ethods, xan thene dyes [2] have found w i-

Fitg. 1. Mesomietnic structures of rhodamine B 
Rys. 1. Struktury anezomerycane rodaminy B

despread use. Rhodam ine B is one of these dyes. Its  m esom eric s tru c 
tu res  are  show n in Fig. 1.

An aqueous solution of rhodam ine B has an absorption m axim um  
at >.—554 nm  (Fig. 2) w ith  m olar absorptiv ity , e, of about 105 1 mol"1 
cm '1. R hodam ine B  has long been em ployed for assaying a v a rie ty  of 
e lem ents [1, 6, 8, 10, 12, 13], W ith com plex anions of the  elem ents 
a cation of rhodam ine B form s com pounds re fe rred  to as ion pairs 
[8], ion associates [6, 10] or com plexes [13, 1], w hich have been ex trac 
ted from  aqueous solution w ith  organic solvents, m ostly  w ith  benzene. 
In  th is w ork a benzene — ethy l th e r  (2:1 by vol.) m ix tu re  was used as an 
ex tractan t. E th e r accelerates and im proves phase separation.

In Fig. 2 the  spectrum  of an aqueous solution of R B (C r b= 2 X  10‘5M) 
m ixed w ith  a IigC l2 solution (C Hg = 1 X 1 0 '4M), curve 2, and spectra  of 
ex trac ts  of appropriate  rhodam ine B  solutions (curves 1’, 2’, 3’ and 4’) 
have also been shown. C urve 2” provides a lum inescence spectrum  of 
the  ex tracted  RB — Hg (II) complex.

D uring ex traction  of a coloured solution of RB (C RQ ^10-4M ) w ith  
benzene and e ther, the  solution becom es colourless. The organic layer 
also does not become coloured although it contains about 90 per cent 
of the dye, as has been dem onstrated  by re-ex trac tion  of the  separated  
organic layer w ith  hydrochloric or su lphuric  acid, or by isolation of 
rhodam ine B by evaporation of the  solvent and dissolution of the  d ry  
residue in w ater. This phenom enon can be explained in term s of an



Fig. 2 Spectra of irhodamine B solutionis; CnB =  2 X 10-5M.
1 —  a q u e o u s  s o lu t io n  o f  R b ; 1’ —  e x t r a c t  o f  s o lu t io n  1;
2 —  a q u e o u s  s o lu t io n  o f  R b  +  Hg(II); Cng =  1 X 1(HM, pH =  1.5; 2 ’ —  e x t r a c t  
o f  s o lu t io n  2; 3’ —  e x t r a c t  o f  R b  s o lu t io n , pH =  1.5; 4’ —  e x t r a c t  o f  th e  
R b  +  Hg (II) s o lu t io n ,  CHg =  1 X lO-̂ uVI, pH =  1.5; 2 ” —  e m is s io n  s p e c tr u m  o f  
a n  e x t r a c t  o f  s o lu t io n  2; 1 =  1 cm .

Ry'S. 2 Widma roztworów rodaminy B. Crb =  2.10-5M.
1 —  r o z tw ó r  w o d n y  R b ; 1’ —  e k s t r a k t  r o z t w o r u  1;
2 —  ro.zltw ór w o d n y  R b  +  Hg(II), C ug =  1.1CMM, pH =  1.5;
2 ’ —  e k s t r a k t  z  r o z t w o r u  2;
3 ’ —  e k s tr a k t  z  r o z t w o r u  R b , p H  =  1,5;
4’ —  e k s t r a k t  z  r o z t w o r u  R b +  Hg(II), C ug =  l.KHM, pH =  1,5;
2 ” —  w id m o  e m lisy jn e  e k s t r a k t u  z  r o z tw o r u  2; 1 =  1 c m .

equilibrium  which sets up in the aqueous solution of R B. The equilibrium  
is shown in Fig. 3.

E lectro lytic  dissociation leads p robably  to splitting  off of the  H + ion 
to form  a tran s ien t zw itterion  R ± which is subsequently  convertedB



Fig. 3 Equilibrium forms of rhodamine B in aqueofuis solution. 
Ryis. 3. Formy rownoiwagowe rodam iny B w  roatwoirze wodnym.

to a lactone form  of R B having a s tru c tu re  sim ilar to th a t of fluores
cein and its derivatives (uranin, eosin, erythrosin). In the  lactonic form  
( R b ) , rhodam ine B becom es colourless p robably  owing to d isturbance 
of th e  system  of conjugate double bonds. This system  undoubtedly  
affected colour-producing p roperties of rhodam ine and its  solutions to 
a g rea t ex ten t. In  th is form  R b  is free ly  soluble in nonpolar solvents, 
such as benzene. Consequently, during ex traction  w ith  the  benzene — 
e th e r m ixture , the  equilibrium  shifts to the lactonic form  thus leading 
to decolourtation of the  solution.

A t concentrations h igher th an  10"4M a fa in t pink colour appears in the 
organic layer afte r extraction. This is p robably  due to the  w eak ly  po
lar n a tu re  of e th e r w hich m ay thus solvate rhodam ine B causing dis
p lacem ent of the  charges sim ilar to th a t observed in the  zw itterion  R \  
w hich is coloured.

A fter tre a tm e n t of the  decolourized solution w ith  sulphuric acid and 
shaking it w ith  th e  organic layer, in tense colouration of the  aqueous 
phase w as restored . The acid splits the  lactonic bond and shifts equi
lib rium  tow ards the  form ation of the R^“ cation, i.e. the  coloured form  
of rhodam ine B. A sm all portion  of th is cationc form  also passes to 
th e  organic layer since it acquires a fa in tly  percep tib le  sligh tly  p ink  co
louration, as was confirm ed by  th e  spectrum  (Fig. 2, curve 3’).



Of the  th ree  form s of rhodam ine B in  equilibrium , th e  R^" ion 
shows the  strongest com plex form ing capacity. The spectra of the  ex
trac ted  com plexes of Rb  w ith  Hg(II) are  shown in Fig. 2 (curve 2', 
C Hg = 1 X 1 0 '4M; curve 4’, C H g = l X 10'5M). To exam ine the  reaction 
of rhodam ine B w ith  Hg(II) in  g rea te r detail, the  effect of acidity  was 
firs t studied. To a range of solutions of rhodam ine B(C r b = 1 X 10"5M) 
and of HgClj ( lX lO ’^M), variab le am ounts of 2N H2SC>4 w ere  added. 
S im ilar am ounts of the  acid w ere added to solutions of rhodam ine B 
alone. The absorbance of the  ex tracted  com plex and the  rhodam ine 
itse lf is show n in Fig. 4. The m easurem ents w ere perform ed at 564

nm. As seen, the  h ighest absorbance is observed over the  pH range 
1— 2 of th e  aqueous layer curve 2), i.e. w ith in  th is range the  largest 
num ber of the  R b  —  Hg(II) com plexes passes to the  organic layer. 
The contribu tion  of the  rhodam ine itself is ra th e r  sm all (curve 1).

Kisz and associates [11] dem onstrated  the  essential effect of the  
iodide and brom ide ions on the ex traction  of coloured Hg(II) com
plexes. The effect of the  chloride ions was not studied in  such detail, 
as the ir contribu tion  was m arked ly  sm aller. In th is paper, how ever,

Fig. 5. Dependence between e- 
xitraction of the Rb—Hg(II) com
plex and NiaCl concentration in the 
aqueous solution.
C r b  =  1 X 10-5M; C iig  =  1 X 10-4M 
X =  608 nm; pH =  1; 1 =  1 cm

Rys. 5. Zależność ekstrakcji 
kompleksu Rb—Hg(II) od stężenia 
NaCl w  roztworze wodnym.
C r b  =  1 X 10‘5M ; C u g  =  1 X 10">M 
X =  608 nm; pH =  1; 1 =  1 om

Fig. 4 Dependence between extraction  
of rhodamine B (1) and of its complex 
w ith  Hg(II) (2) and pH of aqueous solu
tion.
C r b  =  1 X 10-^M; C H g =  10-*M; 1 =  1cm  
X =  564 nm.

Rys. 4. Zależność ekstrakcji rodaminy 
B (1) i jej kompleksu R b  — H g(il) (2) 
od pH roztworu, wodnego.
C r b  =  1 X 10-5M; C h s  =  10-*M; 1 =  1 cm 
X =  564 nm.



th is effect should be accounted for, since the p rocedure is to  be em -
/

ployed for assaying Hg(II)' in sea w ater.
This effect was studied by the  lum inescence m ethod at 608 nm  and 

pH 1, using fixed concentrations of HgCl2) C Hg , and of Rb , C r b, equal 
to 1X 10 '4M and 1X 10‘5M, respectively . P a rticu la r series of the  solu
tions d ifferred  in the  NaCl concentration. T here w ere tw o m axim a shown 
in Fig. 5, one stronger over the  NaCl concentration  range 0.1— 0.2M 
and the other, w eaker, over the  range 0.30— 0.34M. One m ay assum e 
th a t the chloride ions act as the  com plem entary  ones, affecting stab ility  
of the  com plex being form ed. The H g(II)/C l" ra tio  was determ ined  by 
the  equilibrium  shift m ethod (Fig. 8, line 2), The ratio  for the  NaCl con
centrations in aqueous solutions not exceeding 0.2M is 1:3. A t h igher 
concentration a stra igh t line was obtained by th is m ethod, p robab
ly owing to the  occurrence of reactions of a h igher order. D ata in Fig. 5 
suggest, how ever, th a t the  [HgC]3]~ ion, w hich partic ipa tes in the  fo r
m ation of an ion pair w ith  rhodam ine B, form s a com plex which is m ore 
stable and m ore ex tractab le  to the organic layer.

Fig. 6 The effect of rhodamine B on 
percentage extraction of the Rb—Hg(II)
com plex.
CHg =  2 X 10-5M; pH =  1.5; ), =  564 nm  
1 — 1 cm.

IRyis. 0. W piyw istqzenia rodaminy B 
na proeent ekstracji ikompleksu 
Re—Hg(II).
Ciig =  2 X 10-5M; pH =  1.5; X =  564 nm  
1 =  1 cm.

f the  rhodam ine B concentration  on 
-  Hg(II) com plex at fixed concentra- 

Na Cl (CNaC1 = 0 .1 5  M), a t pH 1.5. 
srith th e  com plex occurs a t C r b« 2X 
:traction of the  com plex am ounts to 
ito account the  contribu tion  to the 
f.

hodam ine B in the  com plex was es- 
ar series of solutions and equilibrium  
;, th e  IIg(II)/R B  ratio  in  the  cam plex 

equilibrium  sh ift m ethod w here the

Fig. 6 illu s tra tes  the  effect of the  rhodam ine B concentration  on 
percentage ex traction  of the R b — Hg(II) com plex at fixed concentra
tions of Hg Cl2 (C Hfl =2X 10-»M ), Na Cl (CNoC1 = 0 .1 5  M), a t pH 1.5. 
The satu ration  of the  ex trac tan t w ith  th e  com plex occurs a t C r b« 2 X  
10‘4M. The highest percen tage ex traction  of the  com plex am ounts to 
about 90 percen t a fte r tak ing  into account the  contribu tion  to the 
ex traction  of the  rhodam ine B  itself.

Q uan tita tive  contribu tion  of rhodam ine B in the  com plex was es
tab lished  by the  m ethods of isom olar series of solutions and equilibrium  
shift. As seen from  the  Jo b ’s curve, the  I I g ( I I ) / R B  ratio  in  the cam plex 
is 1:1. This was confirm ed by the  equilibrium  sh ift m ethod w here the



Fig. 7 Absorption curve 
of isomoiar series of solutions 
o f E b and Hg(II);
Chs +  Crb =  3 X 10-5M; 
pH =  1.5; X — 564 nm.

Rys. 7. Krzywa absorpcji 
serii izomolowyc'h roztworow  
R b  i  Hg(II);
CHg +  CHBi =  3 X 10-5M; 
pH =  1.5; X =  564 nm.

slope of the stra igh t line in Fig. 8 is equal to unity . Accordingly, one 
can conclude th a t the  follow ing com plex of Hg(II) is form ed under these 
conditions: [(IIgCl3)" R '^]. D uring ex traction  of the  complex, equilibrium  
was atta ined  w ith in  30 m in and the  lum inescence in tensity  did not chan ' 
ge. Shaking of the  aqueous layer w ith  the  organic e x trac tan t for 60 s 
allow ed m axim um  ex traction  of the  complex.

Fig. 8. Dependence between parti
tion coefficient o f mercury and equili
brium concentration of Rb (curve 1; 
Cng =  2 X 10-5M) and of the NaCl 
cone entrait ion (line 2; Crb =  1 X 10-6M 
Cng =  1 X 10-4M)

Rys. 8. Zależność współczynnika  
podziału rtęci od równowagowego stę
żenia R b  ,{prosta 1, CHg =  2.10-5M) i 
od stężenia NaCl (prosta 2, Cr„
1.10-5M; Cng =  l.HHM).

u

The com plexation reaction of Hg(II) w ith  rhodam ine B m ay provide 
a basis for the  determ ination  of m ercu ry  in sea w ater by the  lum ines
cence m ethod a fte r checking the  selectiv ity  of the  m ethod w ith  respect 
to o ther heavy m etals p resen t in the  environm ent.



4. CONCLUSIONS

M ercury (II) was found to form  the [(HgCl3) " R ] com plex w ith  rhoda
m ine B in the  presence of the  C l' ions. The com plex is easily ex trac- 
tab le  w ith  a benzene —  e th e r m ixture . The m axim um  absorbance of 
the  com plex in the  ex trac tan t occurs at 564 nm.

The m ost in tense ex traction  of the  com plex occurs w ith in  the  
pH range 1— 2 and w ith in  the  NaCl concentration  range 0.1— 0.2 M.

Jan  TROJANOW SKI, M arian STOŃ, H enryk  SZM ACIŃSKI 
Wyższa Szkoła Pedagogiczna w  Słupsku

BADANIA REAKCJI TWORZENIA KOMPLEKSU RTĘĆ (II) — 
RODAMINA B POD KĄTEM ZASTOSOWANIA JEJ W OZNACZA
NIU RTĘCI METODĄ LUMINESCENCYJNĄ

Streszcaenie

W pracy przeanalizowano warunki zachodzenia reakji kompleksowania pomiędzy 
rodaminą B a Hg (II) pod kątem wykorzystania jej do oznaczania niewielkich  
ilości rtęci w  wodzie morskiej metodą luminescencyjną. Jako m ieszaniny ekstrak
cyjnej użyto m ieszaniny benzenu i eteru etylowego w  stosunku 2:1. Badania ab
sorpcyjne prowadzono na 'Spektrometrze Specord UV VIS, pomiary luminescen- 
cyjne na specjalnie zmontowanej aparaturze a pehametryczne na pH-metrze 
LBS-66.

Ustalono, że w  zakresie pH: 1—2 w ystępuje najintensywniejsza ekstrakcja 
kompleksów RB—Hg (II) z fazy wodnej. Przejście badanego kompleksu do warstwy  
organicznej również zależy od stężenia jonów chlorkowych, które prawdopodobnie 
spełniają rolę jonu uzupełniającego. Najlepsze efekty uzyskuje się  przy stężeniu  
NaCl w  wodzie od 0,1—0,2 M.

Nasycenie badanym kompleksem m ieszaniny ekstrahującej, stosując stałe stę
żenie HgCl2 (C H g = 2  • 10-5M) i optym alne warunki (pH =l,5; CNaci=0,15 M), uzyskano 
przy stężeniu P. ; c nB s»2 • 10-4M. Maksymalny procent ekstrakcji kompleksu w y
nosi około 90°/o. Na .podstawie metody serii izomolowych roztworów oraz przy po
mocy m etody przesunięcia równowagi ustalono, że w  wyniku reakcji pomiędzy HB 
i Hg (II) tworzy się związek kompleksowy o składzie [(HgCl3)- • R ^ ] .

Uzyskane wyniki pozwalają stwierdzić, że zbadaną reakcję można spożytkować 
do ilościowego oznaczania rtęci w  wodzie morskiej metodą luminescencyjną.
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