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A novel method was developed for the indirect determination of chlorophenols by AAS after
extraction of their ionic associates involving the dipyridylocopper(1I) (CuDP) or phenanthrolino-
copper(I1) (CuPH) complex into nitrobenzene, o-dichlorobenzene or methyl isobutyl ketone.
Nitrobenzene appeared to be particularly suitable for the extraction of the CuDP associate,
methyl isobutyl ketone, for the extraction of the CuPH associate. The method is applicable to
chiorophenol concentrations of 10—6 to iO—7 mol 1 Using CuDP after a single complete
extraction into 10 ml of nitrobenzene, the lowest determinable concentration giving rise to
absorbance A 0010 is 03 mg of pentachlorophenol in a litre; using CuPH after a single
extraction into 10 ml of methyl isobutyl ketone, it is 02 mg of chiorophenol in a litre.

Chiorophenols are common products of chemical industry. They find application
in agriculture as agents against dicotyledonous weeds, for the protection of wood
against insects including termites, as well as in other fields of activity of man. They
pass into soil, water and air, thereby stressing the environment1.

Increased interest is being shown in new methods for the quantitation of chioro-
phenols. Converted to their acetyl derivatives, they were determined by gas chromato-
graphy2 (also combined with mass spectrometry3), by thin layer chromatography4,
spectrophotometrically56, as well as by liquid chromatography with chemilumine-
scence detection7. Yamamoto and coworkers8 were able to demonstrate the feasibi-
lity of employing the associate of the phenanthrolinoiron(II) complex (FePH) with
pentachiorophenol (PCP) extracted into nitrobenzene for the indirect determination
of PCP by atomic absorption spectrometry (AAS).

In the present work we applied to the determination of chiorophenols a modifica-
tion of the last-mentioned method, replacing the iron(II) complex with the dipyridylo-
copper(II) (CuDP) or phenantrolinocopper(II) (CuPH) complex. Examined Wa-
the determination of pentachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichloros
phenol in model samples. The developed methods of indirect determination of
chiorophenols were applied to pesticide agents used in agriculture.
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EXPERIMENTAL

Chemicals and Apparatus

Pentachiorophenol (PCP) and 2,4,5-and 2,4,6-trichiorophenols (TCP) of pure grade were obtained
from Koch—Light (U.K.) and additionally purified as follows. PCP was dissolved in distilled
water and filtered. After making the filtrate acidic with hydrochloric acid, the precipitated PCP
was filtered out and recrystallized twice from an aqueous—ethanolic (1 : 1 w/w) solution. The
melting temperature of the needle-shaped crystals was 190— 191°C. The trichiorophenols were
dissolved in distilled water and filtered; crystallization from a cold aqueous—ethanolic solution
afforded white crystals. The melting temperatures of 2,4,5-TCP and 2,4,6-TCP were 65—66°C
(ref.9: 66— 67°C) and 66— 67°C (ref.9: 68°C), respectively.

Solutions of the chlorophenol were prepared so that the chosen amount of the solid, placed
in a 100 ml volumetric flask, was dissolved in 20 ml of ethanol and diluted to the mark with
distilled water. In the case of PCP, several drops of 02M-NaOH were added before dilution
in order to prevent formation of precipitate.

The dipyridylocopper(II) and phenanthrolinocopper(II) complexes at a concentration of
10 mmol 11 were prepared by dissolving 06242 g of copper(II) sulfate pentahydrate in a 250 ml
volumetric flask and adding 1l715 g of 2,2'-dipyridyl or 14867 g of 1,10-phenanthroline. After
complete dissolution, which could take several days (dipyridyl), the flask contents were diluted
to the mark.

The other chemicals used were products of Lachema, Brno; o-dichlorobenzene (DCB) was
supplied by VEB Laborchemie Apolda. Suitable pH for the measurement was adjusted by means
of Britton—Robinson buffers.

The atomic absorption measurements were performed on an IN AAS instrument (Zeiss,
Jena) using acetylene-air flame. Copper was determined at 3247 nm. The pH was measured on
an MV 870 Digital instrument of Präcitronic Dresden.

Procedures

The following procedure was adopted for examining the dependence of absorbance of the ex-
tracted associate at 324•7 rim on the aqueous solution acidity. In each of two sets of 25 ml
volumetric flasks were placed 10 ml of the Britton—Robinson buffer at a chosen pH, 5ml of
chiorophenol solution at a concentration between 1-0 and 20 mol 1_i, and 5 ml of the dipyridylo-
copper(II) or phenanthrolinocopper(II) complex, and the system was diluted to the mark with
distilled water. In the first set, the pH was measured. The mixed contents of the other set were
transferred into 100 ml separating funnels. The volumetric flasks were rinsed twice with 5 ml
of distilled water, which was then added to the separating funnel. A volume of 5or 10 ml of the
extracting agent was added, and extraction was conducted for two minutes. The organic phase
was drawn off and 03 of anhydrous sodium sulfate was added to it. Subsequently, this phase
was transferred into a ground-in test tube and fed directly into the AAS flame.

Calibration curves were obtained likewise. Chlorophenol stock solution vvas added in volumes
of 0 to 5 ml. The calibration dependence A = (a ± Sata) + (b ± sbt)c was evaluated by using
the linear regression approach10, a and bbeing the regression coefficients, Sa and Sb the standard
deviations of coefficients a and b, respectively, and t, the tabulated critical value for the chosen
significance level (Table I). The correlation coefficient was never lower than 09990.

Determination ofc/llorophenols. A known amount (5— 25 mg) of the chlorophenol in question
was placed in a 100 ml volumetric flask, dissolved in 20 ml of ethanol, and made up to the mark
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a Number of measurements.

TABLE II

Results of indirect determination of chlorophenols

Analyte Complex
Extractant Added Found"

(ml) mgl' mgF1
b c

CuDP NB (10) 050 054 820 293
250 261 435 069

CuPH NB (5) 052 051 —229 262
200 198 —042 l50

PCP CuPH MIBK (10) 055 054 —058 049
2i3 224 524 052

2,4,6-TCP CuDP NB (5) 053 Ø54 246 058
20l 199 —129 07l

2,4,6-TCP CuDP DCB (5) 05l 052 047 166
201 203 l29 025

2,4,6-TCP CuPH MIBK (10) 050 051 l47 166
211 212 053 070

2,4,5-TCP CuDP NB (10) 049 048 —206 063
211 209 —0.53 061
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with distilled water. For PCP, several drops of 02M-NaOH were added in order to facilitate its
dissolution. Five replicate determinations were performed for each sample and subjected to

TABLE I

Characteristics of calibration regression straight lines in the determination of chlorophenols

b j Sb
lmoF1Analyte

PCP

Com-
plex

CuDP

Extractant
(ml)

,
tmol F 1

a sa

NB (10) 7 23 —23 0OO3 + 0003 0883 ± 0022
PCP CuPH NB (5) 5 596— 358 —0003 + 0007 0828 ± 0032
PCP CuPH MIBK (10) 8 145— 175 0004 ± 0001 0854 ± 0015
2,4,6-TCP CuDP NB (5) 7 165— 33•0 —0004 + 0002 0784 + 0008
2,4,6-TCP CuDP DCB (5) 6 219—439 —0005 ± 0001 0538 ± 0006
2,4,6-TCP CuPH MIBK (10) 5 531— 318 0001 ± 000l 050l ± OO'5
2,4,5-TCP CuDP NB (10) 8 606—424 0002 ± 0002 0385 ± 0007

PCP

PCP

a Average of five determinations; b relative error; C relative standard deviation.
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statistical processing; the results are given in Table II. Solutions of pesticide agents analyzed
for chiorophenols were prepared likewise, only the amount of the agent taken was as high
as 50 mg.

RESULTS AND DISCUSSION

The underlying principle of the method of indirect determination of chiorophenols
consists in the formation of an ionic associate with a defined composition which
is readily extractable into a suitable solvent, applicable as an AAS medium. Using
the continuous variations method, Yamamoto and coworkers6 found that the
phenanthrolinoiron(II) complex and PCP give an ionic associate of the composition
[Fe(phen)3(C6C15O)2]. The copper(II) cation forms similar cationoid complexes
with dipyridyl and with phenanthroline; the molar ratio is 1: 3, stability constant
log /3 = 17O8 and 2132, respectively". We assume that the CuDP and CuPH
complexes are cations with two charges and that the ionic associates with chioro-
phenols are formed in the 1: 2 ratio.

Nitrobenzene, o-dichlorobenzene and methyl isobutyl ketone (MIBK) were studied
as the extracting solvents. For each of them, the minimal sufficient volume and/or
the number of repeated extractions necessary for complete extraction of the associate
were sought (Table III). With MIBK and DCB, single extraction was insufficient
but no more than three extractions with small volumes of the solvent were necessary,

A suitable acidity of the aqueous phase is a prerequisite for the formation of the
ionic associate and its complete extraction into the organic solvent. Extraction
curves from which the optimum pH of the aqueous phase can be read were plotted
for all the chlorophenols and copper complexes investigated (Fig. 1). The calibration
curves for the determination of chlorophenols were constructed for the optimum
pH values. The determination was performed with model solutions and applied
to chlorophenol pesticides used in agricultural agents. The results of analyses of
chiorophenols in model solutions are given in Table II, a survey of the suitability
of using the complexes and extractants is shown in Table III. CuDP appears more
suitable if the associates are extracted into nitrobenzene, whereas MIBK better
suited to the extraction of associates involving the CuPH complex.

Yamamoto and coworkers employed FePH for the determination of PCP, ex-
tracting the associate into nitrobenzene. The calibration curve span reported by
them is from 0 to 03 mmol l . A comparison with our results (Tables II and IV)
demonstrates that CuDP and CuPH enable chlorophenols to be determined at lower
concentrations. Moreover, we observed that an emulsion forms during the extraction
of the associate comprising FePH; this emulsion is the richer the higher is the con-
centration of the chlorophenol to be determined. No such well-developed emulsion
arises when using CuDP or CuPH; the slight haze that appears can be eliminated
with a small amount of anhydrous sodium sulfate.
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TABLE III
Sutability of the complexes and extractants studied for the determination of chlorophenolsa

CuD? CuPH
Analyte

MIBK DCB NB MIBK DCB

PC? ++++
2,4,6-TCP + + + + +
2,4,5-TCP ++++ ++++

+ +++ +++ +
+++ ++ ++++ +

+ + +

a Necessary number of extractions: single into 5 ml (+ + + +) or into 10 ml (+ + +), double
(+ +), triple (+).

TABLE IV
Characteristics of the indirect determination of chiorophenols using single extraction

a Concentration causing absorbance A 0010.

FIG. 1

Extraction curve of the associate of penta-
chiorophenol (c = 0116 mmol 1—i) with the
dipyridylocopper(II) complex into nitro-
benzerce (V= 10 ml)
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NB

Analyte

PC?

Complex

CuDP

Extractant
(ml)

Applicable
pH range

c C

tmoll1

NB (10) 70— 100 109
PCP CuPH NB(S) 55—1E0 119
PCP CuPH MIBK (5) 105— 115 0•71
PCP CuPH MIBK(10) l05—lE5 07l
2,4,6-TCP CuDP NB (5) 95— l05 E42
2,4,6-TCP CuDP DCB (5) 95— 1O5 237
2,4,6-TCP CuPH MIBK (10) l05— 110 202
2,4,5-TCP CuDP NB (10) l00— 105 257
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PCP, 2,4,5-TCP and 2,4,6-TCP were quantitated in agricultural agents using the
two complexes and the various extractants. All analyses were evaluated statistically
and the differences in the standard deviations were subjected to the F-test'° for

= 005. The values obtained were not statistically significant.

The determination can be influenced by some organic anions capable of forming
extractable ionic associates with the complexes employed. These include, e.g., tn-
chioroacetic acid or various higher-molecular-weight phenols such as 8-hydroxyquino-
line and derivatives thereof'2. On the other hand, alkylphenols and aminophenols
do not interfere with the determination of chorophenols, as stated in ref.'3

The accuracy of determination was assessed in terms of its relative error (Table II),
the precision, in terms of the relative standard deviation. The lowest determinable
concentration of PCP, using CuDP and applying extraction of the ionic associate
into 10 ml of nitrobenzene, is O3 mg in a litre (after subtraction of the blank value).
When using CuPH and extracting the associate into 10 ml of MIBK, the lowest
determinable concentration of PCP is 02 mg in a litre.
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