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In recent years a considerable increase of phar-
maceutical preparations containing fluoride ions is
observed. The methods enabling quantitative deter-
mination of these ions are based primarily on the use
of an ion-selective electrode sensitive to fluoride
ions (1, 2) as well as spectrophotometry (3) or flow
injection analysis (4) and gas chromatography (5).
The aim of this paper was to develop a method for
indirect determination of fluoride ions using the
inhibition of redox reaction. The inhibited redox
reactions may proceed in systems where formal
potential increase or decrease occurs. This is caused,
among other things, due to the presence of coexist-
ing reagents that precipitate in the reaction environ-
ment. Some ions form the reaction environment and
become bounded in such precipitates, thus reducing
its concentration that decides on the values of formal
potentials in such environment.

When ions Fe2+, Cu2+ and F- are present in the
reaction environment, the oxidation-reduction
potential will be changed in the Fe3+/Fe2+ or Cu2+/Cu+

system, thus inducing a redox reaction, otherwise
impossible. Fe2+ ions will be oxidized with Cu2+ ions
to Fe3+. Thus, Cu2+ ions will be reduced to Cu+, that
will be bound in precipitates (6). Using the deter-
mined composition of generated precipitates, the
indirect determination of F- ions in such preparations
as Fluossen tablets containing 15 mg of sodium flu-
oride per one tablet and Zymafluor tablets contain-
ing 1 mg of fluoride ions per one tablet was carried
out. For each preparation, deposits were precipitated
using iron (II) and copper (II) ions and the resulting

mixtures were subjected to quantitative analysis for
concentrations of Fe3+, Fe2+, Cu2+ and Cu+ ions. Both
precipitates and filtrates were examined.

EXPERIMENTAL

Materials

Ammonium fluoride, cupric sulfate and ammo-
nium iron (II) sulfate hexahydrate ñ POCH, Poland.
Hydroxylamine hydrochloride ñ CHEMPUR,
Poland. Isoamyl alcohol and 1/40 M ferroin solution
ñ POCH, Poland, 2,2í ñ biquinoline ñ Aldrich,
Germany, Fluossen ñ ICN Polfa RzeszÛw S.A.,
Poland, Zymafluor ñ Novartis ñ Switzerland

Apparatus

Spectrophotometer UV-Vis Cary 100 (Varian)
with 10 mm quartz cells. Computer ñ PC Pentium
MMX, 16 MB RAM, Hewlett-Packard Laser Jet 6L
printer and software (Microsoft Office 97, Statistica
5.1 edition 97)

Standard solutions

The standard solution of fluoride ions at a con-
centration of 0.9999 mol/dm3 was obtained by dissolv-
ing 0.9259 g NH4F in water in a 250 mL flask. The
solutions of copper (II) sulfate (VI) were obtained by
dissolving 5.0030 g CuSO4 in water in a 100 mL flask,
iron (II) ammonium sulfate (VI) by dissolving 3.9518
g (NH4)Fe(SO4)2 × 6H2O in water in a 50 mL flask
(this solution was filtered and Fe(II) ion concentration
was accurately determined by cerometric titration).
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Sample solutions

After grinding 20 tablets the weighed amounts
of pharmaceutical preparations were shaken in 10.0
mL of water for 10 min and filtered. The obtained
filtrate was introduced into 25 mL flasks and sub-
jected to further analysis. 

RESULTS AND DISCUSSION

5.0 mL of copper (II) sulfate (VI) solution at a
concentration of 0.1 mol/dm3 and 5.0 mL of iron (II)
ammonium sulfate (VI) at a concentration of 0.1
mol/dm3 were added to the sample solutions and
allowed to precipitate for 60 min. Then, the precipi-
tate was separated and quantitative determination of
Fe3+, Fe2+ and Cu2+, Cu+ ions was carried out. 

Determination of iron (II) ion concentration
2.5 mL was taken and acidified with 2.0 mL of

1 M H2SO4 , and then titrated with the Ce4+ solution
at a concentration of 0.009173 mol/L using ferroin
(100 µL) as an indicator.

Determination of iron (III) ions
After flushing with distilled water the precipi-

tate was dissolved in 20 mL of 1 M H2SO4 and the
obtained solution was introduced into a 25 mL flask,
and then filled with distilled water up to the speci-
fied volume. 2.5 mL of the solution was taken for
analysis and after adding 2.0 mL of water and acid-
ifying with 2.0 mL of 1 M H2SO4, 2.0 g KI was
added and allowed to precipitate for 15 min in a dark
place. Afterwards, the prepared sample was titrated
with 0.0100 M Na2S2O3 solution using 2.0 mL of
0.5% starch as an indicator.

Determination of copper (II) ions
0.1 mL of the filtrate and 1.9 mL of distilled

water, 2.0 mL of NH2OH×HCl solution (0.2 mg/1.0
mL) and 5.0 mL of acetate buffer (pH = 4.5) were
introduced into separatory funnels. After 15 min the

prepared samples were extracted with a 0.03%
cuproin solution in isoamyl alcohol with two doses
of 10.0 mL and 5.0 mL, and the obtained extracts
were combined and filled up with isoamyl alcohol in
a 25 mL volumetric flask. Afterwards, the
absorbance at λ = 546 nm was measured in 1 cm
cuvettes versus isoamyl alcohol as a reference.

Determination of copper (I) ions
The precipitate after flushing with distilled

water was dissolved in 20 mL of 1 M H2SO4 solution.
The obtained solution was introduced into a 25 mL
flask and filled up with distilled water to the specified
volume. 0.1 mL of the solution obtained after dis-
solving the precipitate and 1.9 mL of distilled water,
2.0 mL of NH2OH×HCl solution (at a concentration
of 0.2 mg/1.0 mL) and 5.0 mL of acetate buffer ( pH
= 4.5) were introduced into separatory funnels. After
15 min the prepared samples were extracted with a
0.03% cuproin solution in isoamyl alcohol with two
doses of 10.0 mL and 5.0 mL, and the obtained
extracts were combined and filled up with isoamyl
alcohol in a 25 mL volumetric flask. Afterwards, the
absorbance at λ = 546 nm was measured in 1 cm
cuvettes versus isoamyl alcohol as a reference.

Based of the results of analyses presented
above, the concentration of fluoride ions was com-
puted for assumed reaction stoichiometry, and then
the concentration of sodium fluoride in individual
preparations was determined. The results are listed
in Tables 1 ñ 4.

Linearity
To verify linearity, the concentration of indi-

vidual ions was determined in standard mixtures.
The following results were obtained for appropriate
concentration ranges:
0.4550 ñ 1.3649 mmole for iron (II), v = 0.6533 +
10.273 ◊ n; correlation coefficient = 0.99988
0.1237 ñ 0.9894 mmole for iron (III) v = -0.1025 +
10.193 ◊ n; correlation coefficient = 0.99981

Table 1. Results of determination of fluoride ion in tablets of Zymafluor.

Weighed Results of F- determination based Results of F- determination based
Lp. amount on the analysis of: on the analysis of:

[g] Fe2+ in the filtrate Cu2+ in the filtrate Fe3+ in the precipitate Cu+ in the precipitate
[mg/1 tab.] [mg/1 tab.] [mg/1 tab.] [mg/1 tab.]

1 1.2205 1.0585 0.9962 1.0978 0.9711

2 1.2224 1.0994 1.0778 0.9945 0.9902

3 0.8898 0.9828 1.0262 0.9853 1.0797

4 0.9936 0.9890 1.0366 0.9735 1.0762

5 0.8008 0.9939 1.0475 1.0543 0.9845
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Table 2. Statistical evaluation of the determination results of F- in Zymafluor tablets.

Statistical evaluation of Statistical evaluation ofStatistical
the determination results of F- the determination results of F-

parameter
based on the analysis of: based on the analysis of:

Fe2+ Fe3+ Cu2+ Cu+

in the filtrate in the precipitate in the filtrate in the precipitate

Mean
xmean [mg/tab]

1.0247 1.0367 1.0211 1.0203

Confidence
interval ± 0.0642 ± 0.0370 ± 0.0658 ± 0.0659

t0.95

Standard
deviation 0.0517 0.0298 0.0530 0.0531

Sx

Relative
standard

5.04 2.87 5.19 5.20deviation
RSD [%] 

Relative error
%E [%]

2.47 3.67 2.11 2.03

Table 3. Results of the determination of NaF in Fluossen tablets.

Lp.
Weighed amount Results of the determination of NaF Results of the determination of NaF

[g] based on the analysis of: based on the analysis of:

Fe2+ in the filtrate Fe3+ in the precipitate Cu2+ in the filtrate Cu+ in the precipitate
[mg/1 tab.] [mg/1 tab.] [mg/1 tab.] [mg/1 tab.]

1 0.7768 15.80 15.18 14.9 14.93

2 0.7827 15.18 14.85 14.85 15.30

3 0.7875 14.83 14.95 15.50 14.85

4 0.7759 14.98 15.65 15.31 15.52

5 0.7392 15.10 15.20 15.10 14.58  

Table 4. Statistical evaluation of the determination results of NaF in Fluossen tablets.

Statistical evaluation of Statistical evaluation ofStatistical
the determination results of NaF the determination results of NaFparameter

based on the analysis of: based on the analysis of:

Fe2+ Fe3+ Cu2+ Cu+

in the filtrate in the precipitate in the filtrate in the precipitate

Mean
xmean [mg/tab]

15.18 15.17 15.15 15.12

Confidence
interval ± 0.4618 ± 0.3838 ± 0.3223 ± 0.3517

t0.95

Standard
deviation 0.3719 0.3091 0.2596 0.2832

Sx

Relative
standard

2.45 2.04 1.71 1.87deviation
RSD [%] 

Relative error
%E [%]

1.20 1.13 1.00 0.80
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0.5444 ñ 2.7220 mmol/25cm3 for copper A = 0.0071
+ 0.19566 ◊ c; correlation coefficient = 0.99980.

Recovery
The recovery was determined by adding the

substances under investigation to the extracted sam-
ple at amounts ranging from 80% to 120%. The
obtained satisfactory results are presented below:

Method Recovery Statistical assessment
[%]   

Determination 102.30 xmean = 98.41
of Fe2+ 98.45 t0.95 = ± 2.8723

in the filtrate 97.82 Sx = 2.3133
96.34 RSD = 2.35%
97.13 %E = 1.59%

98.14 xmean = 98.37
Determination 102.15 t0.95 = ± 2.7930

of Fe3+ 96.45 Sx = 2.2010
in the precipitate 97.50 RSD = 2.24%

97.60 %E = 1.63%

97.75 xmean = 98.43
Determinationof 98.30 t0.95 = ± 2.8762

Cu2+ 96.25 Sx = 2.3164
in the filtrate 97.50 RSD = 2.35%

102.35 %E = 1.57%

101.50 xmean = 98.85
Determination 102.75 t0.95 = ± 3.7656

of Cu+ 96.53 Sx = 3.0327
in the precipitate 96.35 RSD = 3.07%

97.14 %E = 1.15%

Precision 
To verify precision of the method the determi-

nation was carried out for a model mixture of com-
position similar to that of the sample.

The obtained results are listed in Table 5.
The theoretical fluoride ion concentration in

samples under investigation is 2.7570 mmole.

CONCLUSION

The analyses presented above brought satisfac-
tory results for quantitative determination of fluo-
ride ions. The results obtained from the precipitate
analysis were of greater error than those of the fil-
trate. The advantages of the method presented above
include easy performance and low costs, while
bringing satisfactory results, especially when ana-
lyzing filtrates.
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Table 5. Results of determination of fluoride ion in model solution.

Determination of F- Concentration of F- xmean

based on the analysis of: [mmol] [mmol] Sx t0,95 %E RSD

Fe2+ in the filtrate 2.6649 2.6875 2.7209 2.7142 2.6543 2.6884 0.0293 ±0.0364 2.49 1.09

Fe3+ in the precipitate 2.7040 2.5685 2.7290 2.6786 2.7893 2.6939 0.0812 ±0.1008 2.29 3.01

Cu2+ in the filtrate 2.7620 2.7679 2.8856 2.6785 2.7896 2.7767 0.0741 ±0.0920 0.71 2.67

Cu+ in the precipitate 2.7977 2.7067 2.6835 2.7782 2.6870 2.7306 0.0535 ±0.0665 0.96 1.96


