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 Silicate ion reacts with molybdate to form a hetero-

polyacid, molybdosilicic acid. Molybdosilicate reacts 
with cationic dyes, such as Malachite Green (MG)'-3, 
Crystal Violet (CV)4, and Rhodamine B56, to form an 
ion association complex. In an acidic medium, the ion 
association complex with MG is precipitated2 or made 
to float on the interface between an aqueous and an 
organic phase.3 The ion assocition complex with a 
cationic dye is not easily extracted into an organic 
solvent, compared with the ion association complex of 
molybdophosphate with MG.' This is because the 
molybdosilicic acid is tetrabasic acid, whereas the 
molybdophosphoric acid is tribasic acid. In the 

previous work, we reported that measurable amounts 
of the ion association complex of molybdosilicate with 
MG were made to float on the interface between an 
aqueous and an organic phases. The floating ion 
association complex could be dissolved in acetone, 
then the absorbance was measured at 620 nm (the 
flotation/ dissolution method).3 But the flotation/dis-
solution method is somewhat troublesome: it is neces-
sary to dissolve the ion association complex with a 
solvent miscible both water and the flotation solvent 
and to establish the volume of the solution accurately. 
  In this work, we propose a novel method, which is 

simpler and less timeconsuming than any other flota-
tion/dissolution methods previously reported5'6, includ-
ing our procedure.3 

Principle of the f lotation/extraction method 
 The method needs two kinds of organic solvents: one 

is a flotation solvent, the other an extraction solvent. 
First, the analyte or its derivative is made to float on 
the interface between an aqueous phase and a flotation 
solvent. Second, the floating substances are washed 
with an appropriate washing solution to remove foreign 
substances: the reagent blank can be diminishied by this 

procedure. Last, the floating substance is extracted 
into the extraction solvent which can extract more of 
the floating substance than the flotation solvent can. 
The extraction solvent is a mixture of the flotation

solvent and a diluent solvent which is miscible with the 

flotation solvent, but immiscible with water.

Experimental 

Apparatus 
 Absorption measurements were made on a Hitachi 
139 spectrophotometer and a Shimadzu UV-300 record-
ing spectrophotometer in a l0-mm glass cell. For the 
flotation and extraction of an ion association complex, 
100-ml separatory funnels were used. 

Reagents 
 The standard silicate solution was prepared in the 

same manner as described previously.' Working 
solutions were prepared by diluting the standard 
solution accurately. The pH of the working solutions 
should be more than 10, because at lower pH silicate 
changes to polymers which dose not form molybdosili-
cates. 

 A molybdate solution (0.1 M as molybdenum) was 

prepared using ammonium heptamolybdate tetrahy-
drate (E. Merck). 
 Commercially available Malachite Green (MG) (oxa-

late), Ethyl Violet (EV) (chloride) and Crystal Violet 
(CV) (chloride) (Tokyo Kasei Kogyo Co. Ltd., TCI-Ace) 
were dissolved in distilled water. 

 Sulfuric acid (96 - 98%) which is a specially prepared 
reagent for poisonous metal determination (Wako Pure 
Chemical Ind. Ltd.) was used. The diluted solution 

(1.5 M, 2.06 ml/ 25m1 H20) was prepared daily and was 
stored in a polyethylene bottle. 

  Oxalic acid was used to mask an excess of 
molybdate. 
 The flotation solvent was prepared by mixing 4-
methylpentane-2-one (MIBK) and cyclohexane (CH), 
1+8. 
  As a diluent solvent, 1,2-dichloroethane (DCE), 
dichloromethane (DCM), MIBK, benzene, chloroform 
and chlorobenzene were examined. They were mixed



768 ANALYTICAL SCIENCES DECEMBER 1989, VOL. 5

with the flotation solvent. 

Standard procedure for the f lotation/extraction method 
 Transfer 10 ml of sample solution into a 50-ml 

polypropylene cylindrical vessel. Add 0.5 ml each of 
1.5 M sulfuric acid and 0.1 M molybdate solution. Mix 
and allow to stand for 10 min in a boiling water bath. 
Cool with tap water. Transfer the solution into a 
separatory funnel made of glass. Wash the vessel with 
5 ml of water and transfer the solution into the 
separatory funnel. Add 0.5 ml of 0.12 M oxalic acid 
solution and 1 ml of 5X104 M cationic dye solution. 
Shake it with 2 ml of a (1+8) mixture of MIBK and CH 
for 2 min with a mechanical shaker. Discard the 
aqueous phase and wash the precipitates of the ion 
association complexes twice with 5 ml of water. Dis-
card the aqueous phase, and add 8 ml of DCE. 
Shake it for 30 s by hand. Measure the absorbance of 
the oragnic phase at a maximum absorption wave-
length. 

Solvent extraction procedure 
 To a molybdosilicic acid solution which was prepared 

in the same manner as the standard procedure for the 
flotation/extraction method, add 0.5 ml of the oxalic 
acid solution and 1 ml of the cationic dye solution. 
Shake with 10 ml of an extraction solvent, which 
consists of 2 ml of the flotation solvent and 8 ml of 
DCE, for 2 min, then wash the organic phase with 5 ml 
of water.

Results and Discussion 

 The effect of amounts of the cationic dye solutions 

was examined by the standard procedure: the results 

are shown in Fig. 1. In further experiments, 5X105 M 
of the cationic dyes were adopted. 

 The extractability of the ion association complexes

Fig. 1 Effect of the amounts of cationic dyes. Organic phase: 
 2 ml of the flotation solvent+8 ml of 1,2-dichloroethane. (1) 

 Crystal Violet, at 592 nm; (2) Malachite Green, at 623 nm; 

 (3) Ethyl Violet, at 595 nm.

with MG, CV and EV was examined by using a mixture 

of the flotation solvent and an diluent solvent which is 

immiscible with an aqueous phase, but is miscible with 

the flotation solvent. The results obtained with MG 

and CV are shown in Tables 1 and 2, respectively.

Table 1 Effect of diluent solvents and their volume on the 

 extractability of the ion association complex with Mala-

 chite Green

Sample, 10 ml of 2.13X106 M Si; flotation solvent, 2 ml 
of (MIBK+CH=1+8); cationic dye, 1 ml of 5X10"5 M 
Malachite Green; wavelength, 623 nm. 
a. Total volume of an organic phase. 
b. Reference, organic solvent. 
c. Reference, reagent blank. 
d. Apparent molar absorptivity, 1 moL' cm"'. 
e. Obtained by the flotation/dissolution method.3 
CF, chloroform; Cl-B, chlorobenzene; B, benzene.

Table 2 Effect of diluent solvents and their volume on the 

 extractability of the ion association complex with Crystal 

 Violet

The same conditions as Table 1, except cationic dye, 1 ml of 

5x10-5 M CV; wavelength, 592 nm. 

a.-d. See Table 1.
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Table 3 Experimental results obtained by a solvent extrac-

 tion procedure

Extraction solvent: a mixture of the flotation 
DCE (2 ml+8 ml). 
a. Maximum absorption wavelength (592 nm). 
b. Maximum absorption wavelength (623 nm). 
c Reference, extraction solvent. 
d. Si, 2.13X106 M. 
e. Apparent molar absorptivity, 1 moL' cm'.

solvent and

With chloroform, chlorobenzene and benzene, only a 
few ion association complexes can be extracted. Of the 
diluent solvents examined, DCE is preferable to other 
solvents because of its high sensitivity. By using CV, 
the molar absorptivity was 4.0X105 1 mol-' cm-1 at 
592 nm with 10 ml of DCE, which is almost the same 
value as that obtained by the flotation/ dissolution 
method with MG. The molar absorptivity obtained 
with MG was 3.3X1051 moL' cm-': which is about 80% 
of the flotation/ dissolution method. This is because 
some parts of the ion association complex with MG 
decomposed. EV was also examined. With 8 ml of 
DCE and DCM, the molar absorptivities at 595 nm (the 
maximum absorption wavelength) were 3.1 X 105 and 
2.7X 1051 mol-' cm', respectively, these values were the

smallest of the three cationic dyes. 
 A flotation/ extraction method of an ion association 

complex has three main advantages in spectrophotom-
etry: (1) the possibility of concentration of an ion 
association complex, (2) the possibility of lowering the 
reagent blank, compared with a solvent extraction and 

(3) a simpler procedure than that needed in a flotation/ 
dissolution method. As shown in Table 3, it is difficult 
to lower the absorbance of the reagent blank by a 
solvent extraction procedure: the absorbance of the 
reagent blank was 0.155 by washing two times. The 
concept of a flotation/ extraction method seems to have 
a wide applicability to develop more sensitive spectro-

photometric methods.
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