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Abstract 

Atomic absorption spectroscopy (AAS) of samples taken from the organic phase of a 
water/1,2-dichloroethane (1,2-DCE) interfacial electrochemical cell, rendered non-
polarizable by the tetraphenylarsonium common-ion, revealed significant transfer of 
heavy metal from the aqueous phase. Heavy metal concentration found within 1,2-DCE 
cannot be explained via ion pair formation between the metallic species and the common-
ion, nor by ion pair formation between the metallic species and the hydrophobic anion of 
the organic phase. Results suggest that metal may have been anomalously transferred into 
1,2-DCE within water-in-oil droplets formed by spontaneous emulsification of the 
interfacial region. 
 
Keywords: liquid/liquid, extraction, metal, non-polarizable and ITIES (interface between 
two immiscible electrolyte solutions). 

 

 

Introduction 

Our previous work [1-3] demonstrates that liquid/liquid interfaces can, under 
certain circumstances, spontaneously emulsify and produce sub-micron       water-
in-oil (w/o) droplets containing electrolytes of the aqueous phase. In this study, we 
extend the practical relevance of this phenomenon by the introduction of heavy 
metal cations into the aqueous phase, at a non-polarizable        water/1,2-DCE 
interface. Heavy metal cations have very positive Gibbs free energies of ions 
transfer requiring complexation or large energy inputs to transfer from water into 
an organic phase [4]. 
We have found, using AAS, that significant amounts of heavy metal are 
transferred into the organic phase at a non-polarizable water/1,2-DCE interface. 
The liquid/liquid interface was rendered non-polarizable by the presence of the 
tetraphenylarsonium (TPhAs+) common ion.  
The heavy metal concentration within the organic phase cannot be adequately 
explained by ion pair formation between the metallic species and the common ion, 
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nor by ion pair formation between the metallic species and the hydrophobic anion 
of the organic phase.  
Results suggest an anomalous heavy metal transfer across the interface within w/o 
droplets formed by spontaneous emulsification of the interfacial region between 
the aqueous and 1,2-DCE phases. 
 
Experimental details 
Highly purified, deionised water (DI, conductance: < 0.1 μS cm−1, GORO system, 
Czech Republic) was used to prepare aqueous solutions. 1, 2-dichloroethane (1,2-
DCE, 99%), supplied by Fluka Analytical (Czech Republic), was used as-received 
to prepare organic solutions. Tetraphenylarsonium chloride (TPhAsCl, 
polarography grade) was supplied by Fluka (Czech Republic). Lithium chloride 
(LiCl), Zinc (II) chloride (ZnCl2), cadmium (II) chloride (CdCl2), copper (II) 
chloride (CuCl2) and lead (II) chloride (PbCl2), all > 99 %, were supplied by 
Sigma Aldrich (Czech Republic). Tetraphenylarsonium chloride (TPhAsCl, > 
98%) was supplied by Fluka (Czech Republic). Potassium nitrate (KNO3) was 
supplied by LaChem (Czech Republic). Tetraphenylarsonium tetrakis(4-
chlorophenyl)borate (TPhAsTPBCl) was prepared via metathesis of TPhAsCl and 
KTPBCl from Sigma Aldrich (Czech Republic). 
A cylindrical glass vessel, with a stop-cock at one end, contained a liquid/liquid 
interface formed by layering 2 mL of an aqueous phase (typically 20 mM 
TPhAsCl with or without 5 mM XCl2, where X = Cu, Zn, Pb or Cd) on top of 2 
mL of an organic phase (10 mM TPhAsTPBCl in 1,2-DCE). The liquid/liquid 
interface was slightly convex and had approximately 1.54 cm2 in area. The vessel 
was sealed to prevent evaporation, and was left at room temperature for 2 h prior 
to sampling. Multiple apparatus (of the same geometry) enabled larger sampled 
volumes of the organic phase to be obtained.  
Ten minutes prior to the end of the 2 h period, a flame sealed glass capillary was 
carefully inserted into the organic phase, through the aqueous phase. The organic 
phase was slowly stirred for 30 s to homogenize its volume before sampling. After 
stirring, the capillary was carefully retracted from the vessel. 
Sampling (at the 2h mark) involved partially opening the stop-cock and sampling 
an aliquot of the organic phase. This aliquot was immediately weighed to ascertain 
its volume. The aliquot was subsequently evaporated over boiling water. The 
residue was solubilized in DI water, and sonicated for 5 mins with intermittent 
aspiration/stirring with a pipette. The water-insoluble suspension was filtered 
(Whatman, grade 42) over a solution containing 2 mL 0.1 M KPF6, which resulted 
in a fine white precipitate. This precipitate was filtered out of the solution 
(Whatman, grade 42), and then evaporated over boiling water.  
A feint dry white residue remained, which was resolubilized using 0.1 M KNO3 in 
0.1 M HNO3 (termed “matrix”, see Table 1). The volume of the matrix used for 
residue solubilization was the same as of that originally sampled/weighed at the 
beginning of the protocol.  
When the aqueous phase contained only 20 mM TPhAsCl, one was interested in 
measuring the water-soluble TPhAs+ within the organic phase. In this case, after 
filtering out water-insoluble TPhAsTPBCl (containing no KPF6), the filtrate was 
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evaporated and resolubilized using a volume of “matrix” equal to the volume of 
the organic phase first sampled.  
Aqueous samples were analyzed with AAS (ContrAA700, Analytik Jena, 
Germany) in a flame atomization mode. A xenon-discharge lamp in “hot spot” 
mode was used as a continuous radiation source. High resolution spectra were 
monitored in close neighborhood to the analytical lines of the elements under 
study.  
The “three pixels method” (3 central pixels of the analytical line) was used each 
time for evaluation. Arsenic absorbance was measured at 193.6960 nm in an 
acetylene/nitrous oxide flame (210 L/h) using 3 replicates, during 3 seconds each. 
Results were averaged. Other elements were analyzed using one replicate in an 
acetylene/air flame. Specifically: cadmium (50 L/h), at 228.8018 nm, copper (50 
L/h), at 324.7540 nm, lead (65 L/h), at 217.0005 nm and zinc (50 L/h), at 
213.8570 nm. 
Calibration standards were diluted as appropriate and were as follows: arsenic 
1000± 5 mg/L (Merck), cadmium 1000± 2 mg/L (Merck), copper 1000 ± 2 mg/L 
(ČMI), lead 998± 2 mg/L (Merck) and zinc 1002 ± 2 mg/L (Merck). 
 

Results and discussion 

The water-soluble component concentrations found within harvested water- 
insoluble organic phase fractions (via AAS) are listed within Table 1, for each 
treatment. Within the text, the term ‘water-soluble TPhAs+’ is used. This refers to 
TPhAs+ found within harvested oil phase aliquots after TPhAsTPBCl and   1,2-
DCE removal (see experimental section and vide infra). AAS detected the 
presence of free metal atoms from atomized aqueous aliquots. The presence of 
water-soluble TPhAs+ found within organic phase fractions was detected as 
arsenic (see experimental section). 
 

Table 1. Concentration of constituents comprising the water-soluble fraction found 
within the oil phase via AAS. 

Aqueous Phase [TPhAs+] 

µM 

    [M2+]  

µM 

Matrix 0 0 
no interface 0.7 0 
20 mM TPhAsCl 179.1 0 
20 mM TPhAsCl + 5 mM CuCl2 338.7 1.9 
20 mM TPhAsCl + 5 mM ZnCl2 369.7 13.8 
20 mM TPhAsCl + 5 mM PbCl2 380.3 46.7 
20 mM TPhAsCl + 5 mM CdCl2 667.8 872.8 

 

Oil phases, corresponding to listed (Table 1) aqueous phases, comprised 10 mM 
TPhAsTPBCl in 1,2-DCE. No precipitate was observed at the interface during the 
experiment. The organic phase lacked visual turbidity after 2 h.  
The ‘no interface’ condition (Table 1) lacked a corresponding aqueous phase, 
being comprised solely of an aliquot of 10 mM TPhAsTPBCl in 1,2-DCE. This 
aliquot was processed in accordance with the extraction of the water-soluble 
component (see experimental section).  
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The low arsenic concentration found for this treatment indicates that most of the 
water-insoluble component was successfully captured during filtration, leaving 
only a water-soluble component (if present) for AAS analysis. Arsenic 
concentrations, therefore, directly reflect concentrations (Table 1) of water-soluble 
TPhAs+ found within organic phases after 2 h. 
A significant amount of water-soluble TPhAs+ (likely, as TPhAsCl, to maintain 
electroneutrality) was found within the organic phase, while the aqueous phase 
contained TPhAs+ alone (as 20 mM TPhAsCl). This observation is consistent with 
previous work [1, 3] which indicates that w/o droplets formed by spontaneous 
emulsification contain electrolytes of the aqueous phase. One, however, notes a 
large increase in TPhAs+ concentration above this ‘baseline’, when the aqueous 
phase contained both metal (II) chloride and TPhAsCl. The increase in TPhAs+ 
concentration was almost twice of that of the ‘baseline’, for most metal additions. 
The cadmium-containing treatment indicates an increase in TPhAs+ concentration 
of almost four times of that of the ‘baseline’.  
The higher the metal concentration, the higher the concentration of water-soluble 
TPhAs+ found within the organic phase. The concentration of metal found within 
the organic phase increased in the order Cu2+ < Zn2+ < Pb2+ < Cd2+. 
TPhAs+ is a well-known analytical reagent for mercury, tin, cadmium and zinc 
determination [5]. Its usefulness is based on the formation of a precipitate between 
TPhAs+ and anionic metal chlorocomplexes in a highly concentrated chloride 
solution. These sparingly soluble precipitates are extractable to organic solvents 
like chloroform [6, 7]. Using cadmium as an example, the formation of several 
metal chlorocomplexes is possible, depending on chloride concentration [8], 
according to: 

Cd2+ + nCl- ⇌ CdCln
2-n  (with n=1,2,3 or 4) 

 
At a lower chloride concentration, found in experimental conditions in this study, 
the positively charged, water-soluble monochlorocomplex dominates and is very 
stable [9]. Due to its positive charge, one expects less interaction with the cationic 
TPhAs+ species [7]. Specifically, in water (pH 7 and at 298.15 K), 5 mM Cd2+, in 
the presence of 30 mM Cl-, will speciate as 2.84 mM CdCl+ and as 1.91 mM Cd2+ 

[10]. In contrast, 5 mM Cu2+, in the presence of 30 mM Cl- (pH 7 and 298.15K), 
will speciate as Cu(OH)2

2+ (1.59 mM), and less so as CuCl+ (37 µM). Stability 
constants for CdCl+ and CuCl+ are (as log K) 1.98 and 0.43, respectively [9]. 
The monovalent anionic chlorocomplex, for all metal treatments (from 5 mM 
metal (II) chloride) listed within Table 1, exists at very low concentrations, under 
experimental conditions featured herein. For example [10]: CuCl3

- (47.69 pM), 
ZnCl3

-(0.16 µM), PbCl3
-(1.26 µM) and CdCl3

- (4 µM). Therefore, if these species 
were to be extracted into 1,2-DCE, via ion pair formation with TPhAs+, one 
should expect lower metal concentrations within 1,2-DCE than those found 
experimentally (Table 1).  
Metal concentration found within 1,2-DCE (Table 1) follows the order of both the 
expected concentration order [10] of the cationic XCl+ and anionic XCl3

- species. 
Cationic monochlorocomplexes will, however, exist at higher concentrations 
within the aqueous phase than at those of the anionic monochlorocomplexes, for 
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example: CdCl+ (2.84 mM), PbCl+ (1.68 mM), ZnCl+ (0.2 mM) and CuCl+ (0.04 
mM).  
The expected concentrations for the anionic metallic chlorocomplexes are far 
below than those found via AAS (Table 1). It is difficult to see how an extractable 
precipitate, or an ion pair, might form between two cationic species (TPhAs+ and 
XCl+). Furthermore, TPBCl- is known to assist the transfer of monovalent Rb+ and 
Ag+ [11, 12]. It may be that TPBCl- ion pairs with the monovalent cationic metal 
chlorocomplex, although this would not explain how metal enters the water-
soluble fraction found within the organic phase. This is because most of the water-
insoluble fraction was successfully captured on the filter paper, during sample 
analysis. An ion pair between TPBCl- and a monovalent metal chlorocomplex 
would be water-insoluble. Furthermore, this type of ion pair was not detected in 
previous detailed work under polarized conditions [13, 14]. 
Recent work [3,15] has shown that non-polarizable liquid/liquid interfaces can 
undergo spontaneous emulsification, with the formation of w/o droplets containing 
aqueous phase electrolytes. We have previously found that the TPhAs+ common 
ion enables emulsification at the water/1,2-DCE interface [3]. It is, therefore, 
possible that metal may be transferred into the 1,2-DCE within w/o droplets. This 
would explain both the presence of a water-soluble metal fraction and water-
soluble TPhAs+ found within 1,2-DCE via AAS. 
 
Conclusions 

AAS reveals that a water/1,2-DCE interface, rendered non-polarizable with the 
TPhAs+ common-ion and an aqueous phase containing metal (II) chloride, enables 
significant amounts of heavy metal to be transferred into 1,2-DCE. Cadmium was 
transferred in an amount which exceeded all other metals. Metal concentration 
within 1,2-DCE was greater than the expected via ion pair formation between the 
anionic metal chlorocomplex and TPhAs+. Moreover, a hydrophobic ion pair 
between TPBCl- and a cationic metal chlorocomplex was considered unlikely. 
Results, therefore, suggest metal was anomalously transferred into 1,2-DCE within 
w/o droplets formed by spontaneous emulsification of an interfacial region 
between a nonpolarizable water/1,2-DCE interface.  
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