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Reaction of acrichin with hexachlorecantimonic acid
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The fluorometric reaction of acrichin (quinacrine hydrochloride) with hexachloroantimonic
acid has been studied. The formation of a water-insoluble product has been shown. The
precipitate contains equimolar quantitics of acrichin and acid. The optimal conditions of
formation, extraction. and determination were found. Acrichin was used for the extraction-
fluorometry determination of nanogram amourts of antimony(v).
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Morine, Safranine T, Rhodamines and other dyes
have been suggested as fluorescent reagents for the
determination of microgram amounts of antimony.! Low
detection limits make the methods applying these dyes
unique, but in most cases they are not selective enough.
Al. Ga, Hf, Sn. Se, Th, Zr, V, Au. Fe, Ti, and Cr
prevent the determination of antimony with Morine
(Coyn = 0.05 pg - mL~N): TI, Au, Ga, Fe, W, Ti prevent
the determination of antimony with Safranine T (¢qpip =
0.013 pg- mL™1). To increase the sensitivity and selec-
tivity of antimony determination, it has been suggested
to follow the cxtraction of its compounds with Crystal
Violet by a second extraction with Ethylrhodamide C
{Cppm = 0.02 ug- mL Y. This determination is difficult

in the presence of T, Hg, Pt, Au. Acridine dyes are the
more sensitive and selective.2-3 Pd, Au, and Ga prevent
the determination of antimony by Acridine Orange
(Coin = 0.006 pg-mL™Y and Rivane (¢, = 0.003
ug - mL™h).

This work is devoted to the fluorescent reaction of
hexachloroantimonic acid with a member of the acri-
dine series. acrichin (3-[5 -(diethylamino)pentyl-2"-
amino}-2-methoxy-6-chloracridine dihvdrochloride).

The acrichinium cation. C>3H3ygN;CI#* (ACC). forms
stable complexes with complex anions of mercury(l),
antimony(v). and other elements and was first suggested
by us as a fluorescent reagent for the determination of
microgram amounts of these elements. 43
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Experimental

An antimony solution was prepared by dissolution of a
weighed amount of antimony(v) chloride {chemically pure} in
9.0 M HCIl. The titer of the solution was measured iodo-
metrically. The solution of acrichin was prepared by dissolving
a weighed amount of pure reagent in distilled water. The
solutions to be tested were prepared by diluting aliquot parts
with water or with aqueous solutions of HC! having the
required concentration.

The equilibrium pH value of the water phase was measured
by a glass ESL-PG-04 electrode with the use of a pH-262
potentiometer. The optical densities and absorption spectra of
extracts were registered on a Perkin-E!mer-Coleman 375 spec-
trophotometer; the :ntensity of fluorescence and the fluores-
cent spectra were recorded on a Perkin-Elmer MPF-43 spec-
trofluorometer.

A number of organic solvents were examined to choose the
optimal solvent extracting the maximum quantity of ACC
hexachloroantimonate with minimal extraction of the simple
salt of the reagent (Table 1). An equal volume of diferent
solvents was added to water solutions containing equal amounts
of antimony(v), acid, and ACC. After stirring for a minure
and phase separation, the intensity of fluorescence in the
organic phase was measured. The standard extracts were pre-
pared similarly. The ratio between the differential intensity and
the background fluorescence of extracts (Al/fy) served as the
criteria for choosing the optimal solvent.

Results and Discussion

[t has been stated previously’ that the ACC cation
reacts with the hexachloroantimonate ion to form the
compound ACC hexachloroantimonate, which is in-
soluble in water, colored, and fluorescent and is casily
extracted by organic solvents. This compound is referred
to as an outer-sphere compiex.8—3

As can be seen from Table 1, 1,2-dichloroethane is
the best extragent among the soivents examined. In the
case of this solvent, the extracts demonstrate not only a
high value of the intensity of differential radiation but
also a lfow value of background radiation. In further
research 1,2-dichloroethane was used as the extractor.
The absorption spectra of the dichloroethane extract of
ACC hexachloroantimonate recovered were measured in
the region of 300—600 nm. In this region of wavelength
there are three maxima (451, 427 and 347 nm) in the
absorption spectra of the dichloroethane extracts. In the
fluorescence spectrum the maximum lies at 498 nm.
The spectra of water solutions of acrichin (0.9 M HCDH
are very close to those of these extracts.

The dependence of the fluorescent intensity of ex-
tracts of hexachloroantimonate with ACC on the acidity
of the water phase was studied from pH 7 to the pH 8.5
M HCI solution. The differential intensity of fluores-
cence of the extract was found to be maximum and
constant between 0.2 and 1.6 M HCI. Further exctractions
were carried out from 0.9 M HCI solutions (Fig. 1). It
was tound earlier? that the hexachloroantimonaie ion
hydrolvzes under such conditions to form the

Table 1. The dependence of fluorescent intensity of the
ACC hydroxychlorantimonate extracts (Af) on the nature
of the organic solvent

Extragent Al allly
1,2-Dichloroethane 100 84.0
Chloroform 31 18.0
Ethyl acetate 21 7.7
Amyl acetate + acetone (4:1) 31 27
Butyl acetate + acetone (4:1) 22 2.6
Amyl acetate 23 2.5
Buty! acetate 17 23
{soamy! acetate + acetone (4:1) 36 1.7
[soamyl! acetate 32 1.3
Carbon tetrachloride 0 0.0
o-Xylol 0 0.0
Toluene 0 9.0
Benzene 0 0.0
Note. cycy =09 mol-L7H f =1 em;

cgp = 3291075 mol- L7 eqee = 111074 moi - L7,

ccp = 2.0- 1072 mol - L™}

[Sb(OH),Cl;]™ ton, which is transferred into the organic
phase by common dyes. Therefore, we believe that in
the presence of ACC the corresponding ACC hydroxy-
chloroantimonate is extracted.

Extraction from water phases having optimal acidity
and constant amounts of antimony and chloride ions but
different amounts of dye showed that the recovery of
ACC hydroxychlorcantimonate is maximum when there
is not less than a twofold excess of dve in the water
phase.

The extraction cquilibrium is reached after stirring
for one minute. The recovery factor is determined for
ACC hydroxychloroantimonate by repeated extraction
with |,2-dichloroethane provided that the optimal con-
ditions are established. The first extraction provides a
0.96 recovery factor.

The ratio of the components in the compounds
extracted, determined by Asmus’ straight line method,
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Fig. 1. The dependence of fNuorescence intensity of ACC
hvdroxychlorantimonate { /} and reagent (2) on the acidity of the
water phase: Vaqa = Vo = L mLi cg= 5.0-10 =5 mol L7
cace =2.2+107 mol L™ ecy = 2.0- 1072 moi L™,
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isomolar series, and the Bent—French method,'% is 1:1.

The extracts are stable and have low background
radiation. The fluorescent intensity and optical density
of the extracts remain constant for 5 days.

The detection limit of the extraction-fluorescence
determination of antimony is evaluated relative to
3s-criteria (n = 20, P = 0.95) and is 2 ng/mL. The
calibration curve is linear until the antimony content is
1.1 pg/mbl at csce = 2.1-107% mol- L™ The devia-
tion of the calibration curve from linearity is due to the
low content of dye rather than the concentration quench-
ing of fluorescence. If the concentration of the dye in
the water phase increases to cace = 2.1 1073 mol- L~
!, the upper detection limit of antimony determined can
be increased to 100 pug/mL.

We developed not only this extraction-fluorescence
method but also an extraction-photometry method for
antimony determination with the use of acrichin. The
sensitivity of this method is substantially less than that
of the fluorometric method. The detection limit of
antimony determination by the method of photometry is
0.35 pg/mi.

The following metals do not prevent the determina-
tion of 2 ug of antimony by the extraction-fluorescence
method (in stoichiometric guantities): Mg, Ca, Sr, Ba,
Al, Cd, Te!V (5-10%); Zn, Ni, Co'' (2 10%); Sn!Y, Pbll,
VY, MoY! (5-10%); Cull, Ag (40); while Cr¥!, Au'fl,
T, and Hg!! prevent the determination.

To conclude, an extraction-fluorescence method of
antimony determination in nano- and microgram quan-
tities has been developed. Its high sensitivity, selectivity,
and low detection limit make this method different from
the methods known. The high stability, both in water
and organic solvents, of the complex formed makes the

method quite applicable. The method is used for the
analysis of metallic cadmium, tellurium, and sulfide ores
from some fields.
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