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Suppression of Interfering Ions in the Analysis of
Plants to Determine Fluoride Using the Fluoride Ion
Selective Electrode
Brian Vickery and Margaret L. Vickery
Kenyatta University College, P.O. Box 43844,Nairobi, Kenya

Plant ashes may contain sufficient aluminium and/or iron to interfere seriously
in the determination of fluoride ions when using the fluoride ion selective
electrode. In the presence of these metals the known additions method
gave erroneous results, as did that involving the attempted formation of
complexes with ethylenediaminetetraacetic acid, disodium salt, or 1,Z-cyclohexylenedinitrilotetraacetic acid. Good recoveries of fluoride ion were
obtained in the presence of aluminium, iron, magnesium or silicate, using
sodium citrate as the complexing agent. The application of the citrate
complex method to ashes of commercial tea, high in aluminium and iron,
gave recoveries of fluoride ion of greater than 90%.

Plants normally contain less than 10 pg g-l of fluoride,l but a number are known to accumulate
fluoride in their tissues. Some of the latter group biosynthesise organofluorine compounds.2
Natural fluoride accumulators occur in the genera D i c h a p e t a l ~ m , ~the^,^ Gastrolobi~m,~
CamelZin,6 O~ylobium,~
Acacias and P n l i c o ~ r e a . ~Plants may also absorb fluoride into their
leaves as a result of atmospheric pollution, sometimes with adverse consequences.1°
Until recently, the analysis of plant material to determine fluoride was usually carried
out either by the Willard - Winter distillation method,ll or by diffusion of liberated hydrofluoric acid followed by its quantitative determination as the alizarin fluoro-complexonate.12
With the introduction of the fluoride ion selective electrode, the analysis of plants to determine
fluoride has been simplified, and a number of methods involving the use of this electrode
have been published.13 These methods are not generally suitable for plants that contain
substantial amounts of aluminium, iron and silica, which form complexes with fluoride
in solution.
Cannon14 quotes the results of analyses of more than 80 plant species, representing all
types of vegetation, showing that the average aluminium content of the plant ashes was
8 610 pg g-l, while the average iron content was 6 740 pg g-l.
Louw and Richards15 developed a method for the determination of fluoride in sugar cane,
using the fluoride ion selective electrode. They expressed the belief that their method could
be applied to other types of plant tissues, particularly those which contained high concentrations of aluminium, iron and silica. Louw and Richards did not, however, quote the
amounts of these elements present in their samples, and in sugar cane these amounts are
known to vary over a wide range, viz., 0.004-0.3% for aluminium, 0.00~0.3~0
for iron and
1-3% for si1ic0n.l~
A variety of methods have been used to minimise the interference from aluminium, iron
and silica when using the fluoride ion selective electrode, and these methods can be divided
broadly into two classes, the known additions, or spike, method and the method involving
addition of a compound that forms complexes preferentially with interfering elements, thus
releasing fluoride ions. We have investigated the application of these methods to the
determination of fluoride in plant ashes.

Experimental
The fluoride ion concentrations were determined by use of a Corning fluoride ion selective
electrode and a saturated calomel reference electrode connected to a Corning - EEL, Model 12,
pH meter. The sample solutions were stirred slowly with a magnetic stirrer and temperature
changes were kept to a minimum by placing insulation, consisting of three asbestos mats,
between the stirrer motor and the beaker containing the solution under analysis. There
was a considerable variation in the time taken to reach equilibrium, those solutions most
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dilute in fluoride taking the longest. Equilibrium was considered to be established when
there was no change in e.m.f. over 2 min. Standard graphs were prepared from known
fluoride ion concentrations introduced into the appropriate buffer solution. All reagents
were of analytical-reagent grade.
The concentrations of aluminium and iron in commercial tea ashes were determined
according to the methods given in the "Methods of Analysis of the Association of Official
Agricultural Chemists."16 In order to determine their fluoride ion concentration 1-g samples
of tea were treated with 10 ml of sodium hydroxide solution (67 g 1-1) and heated in nickel
crucibles a t 110 "C for 24 h. The crucibles were next transferred to a muffle furnace, heated
at 500 "C for 2 h and then at 800 "C until the contents had fused. When cool, the fused
mixture was dissolved in a mixture of glacial acetic acid (2.5 ml) and water (10 ml). The
resulting solution was transferred into a calibrated flask, 5 ml of sodium citrate solution
(2.5 M) were added and the solution was made up to 50 ml with water. The pH was adjusted
to 8.5 with sodium hydroxide solution (67 g 1-l), which was added dropwise. A standard
graph was prepared from known concentrations of sodium fluoride in 5 ml of sodium citrate
solution (2.5 M), 10 ml of sodium hydroxide solution (67 g 1-l) and 2.5 ml of glacial acetic
acid, adjusted to pH 8.5 and diluted to 50 ml with water.

The Known Additions Method
The basic work on the known additions or spike method as applied to fluoride ion analysis
in solution was done by Baumann.17 In order to prevent interference by metals that form
complexes with fluoride she worked with solutions that were greater than 1 M in orthophosphoric acid and less than 1 0 - 3 ~with respect to fluoride. In solutions of such high
acidity most of the fluoride was complexed as hydrofluoric acid, and this acid was not sensed
by the electrode.
Baumann showed that under these conditions a consistent proportion of the fluoride ion
was complexed as hydrofluoric acid irrespective of the total fluoride ion concentration. She
also demonstrated that results obtained by using the known additions method, giving a slope
of 59 mV per decade, were comparable with those obtained directly from calibration graphs,
which might not have slopes of 59 mV per decade.
In work designed to investigate the equilibria obtaining in aqueous hydrofluoric acid
solution, Srinivasan and Rechnitz18showed inter alia that when the concentration of hydrogen
ions was 1.5 x 10-1 M and the fluoride ion concentration varied from 4 x
to 10-1 M
a variable proportion of fluoride ion was uncomplexed. Table I has been obtained from
data given in Table I of their paper. The difference between Baumann's results and those
of Srinivasan and Rechnitz can be attributed to the fact that under Baumann's conditions
of high hydrogen ion concentration and low fluoride ion concentration, hydrofluoric acid
was the only complex formed in a substantial amount. In Srinivasan and Rechnitz's work,
with lower hydrogen ion and higher fluoride ion concentrations, HF,- was formed to an
extent which varied with the total fluoride ion concentration. The equilibria present in
aqueous hydrofluoric acid are shown below [equations (2) and (3)].
TABLE
I
TOTAL
AND FREE FLUORIDE ION CONCENTRATIONS IN AQUEOUS SOLUTIONS OF
HYDROFLUORIC ACID AT CONSTANT HYDROGEN ION CONCENTRATIONS
(IONIC STRENGTH = 1.0 M)
Calculated from Table I of Srinivasan and Rechnitz.18

Total Fconcentration/M
4 x 10-3
8 x 10-3
2 x 10-2
4 x 10-2
6 x
8 x 10-2
1 x 10-1

Free Fconcentration/M
3.7 x 10-6
6.0 x
2.1 x 1 0 - 4
4.7 x 10-4
8.5 x 10-4
1.4 x 10-3
2.2 x 10-3

H+
concentration/M
0.15
0.15
0.15
0.15
0.15
0.15
0.15

Free F-,
0.92
0.75
1.05
1.18
1.42
1.75
2.20

%

A theoretical justification for Baumann's method can be obtained by using equation
which gives the results shown in Table 11.

(l),19
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where N is the maximum co-ordination number of the metal (6 in the aluminium - fluorine
system), Pi the ith over-all stability constant, [L] the concentration of free ligand, T I the
total concentration of ligand and Tm the total metal ion concentration.

TABLE
I1
FREEFLUORIDE

ION CONCENTRATION AT 1 M TOTAL HYDROGEN ION CONCENTRATION
FOR VARIOUS TOTAL FLUORIDE ION CONCENTRATIONS

Total Fconcentration/nz
10-6
10-4
10-3

Free Fconcentrationliv
7.2 x 10-9
7.2 x lo-*
7.2 x 10-7

Free F-, yo
7.2 x
7.2 x
7.2 x 10-2

Srinivasan and Rechnitz18 found the following equilibria and equilibrium constants in
aqueous hydrofluoric acid :

H+ (as.) + FH F (aq.)

(as.) = H F (aq.); K , = 794 . .

+ F- (as.) = HF,-

(aq.); K , = 6

..

' *

(2)

..

The ratio K,: K , = 132.
Thus, under conditions where two (or more) successive equilibria are present, a constant
proportion of the ligand is present at equilibrium only under certain conditions, viz., a very
high concentration of the cation and a very low concentration of the ligand.
For the complexes of aluminium (Al3+) with fluoride (F-), stepwise ( K ) and over-all (13)
stability constants are as follows20:

+ F- (aq.) = A1F2+(as.);K , = 106J3,/I,= l O 6 - l 3
AlF2f (aq.) + F- (aq.) = A1F2+(as.); K , = 105-02,/3, =
AlF,+ (aq.) + F- (aq.) = AlF, (aq.); K , = 103-s5,13, = lo1,
AP+ (aq.)

-

(4)

..

(5)

* *

(6)

..

(7)

..

(8)
(9)

*

AlF, (aq.)

+ F- (aq.) = AlF,

AlF,- (as.)

+ F- (aq.) = A1FS2- (as.); K , = 101-63,P5 = 1019.37 . .

A1F5,- (aq.)

+ F- (as.) =

(as.); K ,

=

(aq.); K6

102-74,
p4 = 1017.74

=

10°.47,p 6

=

1019-s4

Note that K,: K , = 13.
In order to appreciate the significance of this information in terms of the complexing of
fluoride by aluminium in fluoride ion determinations using the known additions method,
we have calculated the theoretical concentration of free fluoride ion in solutions containing
aluminium and fluoride, at concentrations that are usual in plant analysis,14 by use of
equation (1). If we assume that the aluminium ion concentration is lo-, M, and that the
unspiked solution has a total fluoride ion concentration of 10-4 M, solution of equation (1)
gives a free ligand (F-) concentration of 8.2 x 1 0 - S M and 99.92% of the fluoride is complexed. If we were now to add a spike of negligible volume, which increased the total [F-]
to
M, solution of the equation now gives [L] = 3.2 x
M and 99.774 of the fluoride
is complexed. These results are summarised in Table 111.
It is clear that under these conditions the proportion of fluoride ion complexed before
and after spiking is not the same and that the spike method will give erroneous results.
Because the total fluoride concentration has been increased 10-fold, the more concentrated
solution should have a potential 59 mV less than the weaker. When complex formation has
occurred, as is shown in Table 111, instead of the ratios of free fluoride ion concentration after
spiking to before spiking being 10: 1, the theoretical value, they will be 39: 1 and 32 : 1. Results
calculated for the fluoride ion concentration in the original solutions will be much lower
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TABLEI11
PERCENTAGE O F FLUORIDE IONS COMPLEXED WITH VARIOUS ALUMINIUM AND FLUORIDE
ION CONCENTRATIONS AS CALCULATED FROM EQUATION (1)
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The stability constants used in the calculations were those listed in reference 20, which were determined
in a neutral solution with an ionic strength of 0.53 M.
Total AP+
concentration/M

Total Fconcentration/M

10-3

10-4

10-3
10-2
10-2

10-3
10-3
10-2

F-

Free Fconcentration/M
8.2 x 10-8
3.2 x
8.2 x 10-8
2.7 x

complexed,
99.92
99.68
99.99
99.97

%

than they should be. It can be demonstrated21that the effect of increasing the fluoride ion
concentration while maintaining a constant aluminium ion concentration is to increase the
proportion of complexes with co-ordination numbers greater than 1. This effect is shown
in Table IV.

TABLEIV
DISTRIBUTION O F ALUMINIUM FLUORIDE COMPLEXES AS PERCENTAGES O F
TOTAL COMPLEXED SPECIES

Calculated from Rossotti and Rossotti.21
Complexed species
Total A13+
concentration/M
10-3
10-3
10-2
10-2

Total Fconcentration/M
10-4
10-3
10-3
10-2

A

A{FZ+
99.1
75.4
99.1
78.7

AlF,+
0.85
24.0
0.85

A1F3
0

20.9

AIF,-

0

A1F620

0.55

0.001 5

0

0

0
0

0
0

0.4

AlG630
0
0
0

Unfortunately, these theoretical results cannot be verified in solutions containing aluminium
and fluoride ions as the only complexing species as the aluminium ion is appreciably acidic,
showing the following equilibrium in water22:

+

[A1(H20)s]3+= [A1(H2O),(OH)l2+ H+; K

=

1.12 x lo-,

..

..

(10)

If the pH of the aluminium ion solution is adjusted to 5, the lowest pH at which fluoride ion
determinations are normally carried out with the fluoride ion electrode, the aluminium begins
to precipitate as hydroxyaluminium complexes, disturbing the aluminium - fluorine equilibria.
Precipitation of these complexes can be prevented by using an acetate, or other, buffer,
but such a buffer will also affect the aluminium - fluorine equilibria because the buffer must
be complexing to some extent with aluminium in order to render it soluble in water at this pH.
A similar argument applies to iron(II1) ions, which also form a complex with fluoride.
If the iron(II1) and aluminium ions are not completely complexed by the buffer, the known
additions method will give results that are too low. Thus, when a known fluoride ion concentration (6.4 x
M) was determined with the fluoride ion selective electrode, by use of
the known additions method, in solutions containing aluminium or iron(II1) ions and buffered
with sodium chloride (0.5 M) -sodium acetate (0.5 M) at pH 5.3, values of 5.8 x 1 0 - 2 ~
M (with 0.02 M Fe3+) for fluoride were obtained.
(with 0.02 M A13+) and 5.5 x
Complexing fluoride with aluminium ions or other species can have another effect, which
renders the known additions method valueless. Fluoride ion concentrations can only be
M ; below this conmeasured with the fluoride ion selective electrode down to about
centration the potential tends t o become constant and the method would give erroneously
high results.23 It is shown in Table V, where the concentration of fluoride ion was determined
a t pH 5 in the presence of 0.2 M aluminium nitrate solution, that erroneously high results
M. In order
are obtained even when the concentration of fluoride is as high as 1.6 x
to keep the aluminium in solution, and to provide a constant ionic background, the solutions
were buffered with sodium chloride (0.5 M) - sodium acetate (0.5M) solution.
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Carlson and K e e n e ~
state
~ ~ that “the method of standard additions may be applicable to
samples which contain concentrations of complexing agents in excess of those of the ion
sought. The basis of this method is that the addition of a known amount of the ion does
not change the ratio of complexed to non-complexed ion in the sample solution. Thus, the
ratio of the activities before and after addition of the standard would be the same as it would
be if no complexes were present. The log nature of the response of the electrode causes the
change in potential with the addition of standard to be constant no matter what the nature
of the complex species.” M ~ w b r a ystates
~ ~ that the metal must be present in a higher concentration than the ligand for the spike method to be effective. This contention is not
found to be true in practice when the complexing ion is aluminium, as is evident from Table V.

TABLE
V
DETERMINATION
OF FLUORIDE
NITRATE AND BUFFERED W I T H

ION CONCENTRATIONS I N SOLUTIONS 0.02 M IN ALUMINIUM
SODIUM CHLORIDE - 0.5 M SODIUM ACETATE A T pH 5

0.5 M

Determined from a standard graph (sg) and by the known additions method (kam).
Actual FconcentrationlM
1 x 10-3
4 x 10-3
1 x 10-2
1.6 x

Fconcentration/M (sg)*
1.6 x 10-4
1.6 x 10-4
1.6 x 10-4
1.8 x 10-4

Fconcentration/M (kam)
7.5 x 10-1
9.4 x 10-1
1.0
1.0

* The standard graph was prepared by determining the potential of known
concentrations of fluoride ion in a solution buffered with 0.5 M sodium chloride 0.6 M sodium acetate.
It is also claimed that the known additions method overcomes the effect of having an
unknown ionic strength in solution. Baker13 states that the standard additions technique,
by its very nature, cancels out the effects caused by differing pH values and ionic strengths
encountered between standards and actual samples. “The calibration curve is, as it were,
prepared in the sample solution.” This is not borne out in practice, as varying ionic strengths
may affect the position of the slope and the theoretical Nernst relationship between the
concentration of fluoride ion and the measured e.m.f. It can be seen from Table VI that
both the experimental slopes and the measured e.m.f. vary with the nature of the ions in
solution, even when these ions do not form complexes with fluoride. Such effects are unpredictable and lead to varying results when the fluoride ion concentration is determined by
the known additions method (Table VI).

TABLE
VI

EXPERIMENTAL
SLOPES AND E.M.F.
RECORDED BY THE FLUORIDE ION ELECTRODE
FOR CONCENTRATIONS O F FLUORIDE ION I N SOLUTION I N WATER, 0.5 M SODIUM CHLORIDE,
0.5 M SODIUM ACETATE AND 0.5 M SODIUM CHLORIDE - 0.5 M SODIUM ACETATE, AND THE
FLUORIDE ION CONCENTRATIONS DETERMINED BY THE KNOWN ADDITIONS METHOD (kam)
Actual Fconcentration
x 1031~
1 .o

4.0
10.0
16.0
64.0
Slope

E.m. f ./mV
r

H,O
110
74
49
37
3
60

F- concentration x lo3 (kam)/M

A

NaCl
115
80
58
46
11
58

NaAc
109
75
51
39
5
58

\

NaC1-NaAc
116
81
57
48

13
57

r

H,O
0.8
4.0
11.0
15.0
58.0

A

NaCl
1.1
4.0
9.5
15.9
63.0

NaAc
1.1
4.0
10.0
15.0
63.0

I

NaC1-NaAc
1.0
3.8
9.5
14.0
55.0

The Formation of Complexes
In order to suppress the complexation of fluoride by a number of metal ions during water
analysis, Frant and Ross26 originally made use of a very small concentration of citrate in
an acetate buffer a t pH 5.5. Subsequently ethylenediaminetetraacetic acid, disodium salt
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(EDTA) was substituted for the citrate. Hanvoodz7 later showed that 1,2-~yclohexylenedinitrilotetraacetic acid (CDTA) was superior to EDTA in water analysis. However, a
5 g 1-1 solution of CDTA, when added 1 1 to the water to be analysed, gave a 97% recovery
of fluoride in the presence of 2 pug g1of aluminium, 91% with 5 pg 8-l of aluminium and
only 84% with 1Opgg-1 of aluminium. In the analysis of plants the portion of sample
solution taken for fluoride ion analysis may contain up to several hundred pg g-1 of aluminium
ions. (Harwood cites the stability constants of EDTA and CDTA incorrectly as 16.1 and
17.6 respectively; these values are in fact for log K.)
The stability constants of the complexes of aluminium and iron with EDTA and CDTA
are strongly pH dependent, an important factor that seems to have been overlooked by
previous workers. The co-ordinating power of these ligands depends on the extent to which
the carboxyl groups are ionised ; thus co-ordinating power decreases with decreasing pH.
This relationship is shown in Table VII. Moreover, the reaction between aluminium and
EDTA is not instantaneousz8and at higher pH values aluminium forms very inert hydroxo
complexes. The limiting pH above which the latter complexes will be formed can be
calculated from equation (11).z9
[H+] = (10-8 [A13+])1/3
.. .. .. . . (11)

Published on 01 January 1976. Downloaded by Kenyatta University on 08/08/2014 10:59:03.

+

Hence, complex formation with aluminium by EDTA may only be complete a t pH 3.3 with
10-2 M Al3+ or pH 4 with
M A13+, and a t these pH values EDTA itself is not a very
effective ligand (Table VII). I n fact, fluoride can be used as a masking agent for aluminium
against EDTA if a 5-6-fold excess of fluoride over aluminium is added, as in boiling solutions
fluoride displaces EDTA from its aluminium complex.30

TABLE
VII
LOGARITHMS
OF THE
EDTA, ALUMINIUM

EFFECTIVE STABILITY CONSTANT, Keff, FOR T H E ALUMINIUM ION ION - CDTA, IRON(III) ION - EDTA AND IRON(III) ION - CDTA
COMPLEXES AT AN IONIC STRENGTH O F 0.1 M

Calculated from Tables I1 and I11 of Schwartzenbach and Flaschka.28

PH
r

7

Complex
1
A13+-EDTA -1.9
A P + - C D T A -2.1
7.1
Fe3+- EDTA
8.9
Fe3+-CDTA

2
3
4
6
5.5
2.6
7.7
5.1
1.8
7.7
11.6 14.5 16.7
12.8 16.1 18.7

6
9.6
9.8
18.6
20.8

7
8
9
11.4 12.9
11.6 12.6
20.4 21.8
32.6 23.7

1
13.8
13.9
22.8
24.9

0
14.8
14.9
23.8
25.9

1
1
1
15.7 16.0
15.9 16.9
24.6 25.0
26.9 27.9

2
16.1
17.8
25.1
28.8

As can be seen from Table VIII, the recovery of fluoride when determined in the presence
of a solution 0.02 M in aluminium nitrate and 0.04 M in EDTA at pH 8.5 was very low. At
pH values less than 8.5 the free fluoride ion concentration was too small to be detected if
the concentration of added fluoride was less than 6 x
M. Clearly, fluoride forms complexes more efficiently with the A13+ ion than does EDTA.
As neither EDTA nor CDTA is suitable as a masking agent we investigated the use of
sodium citrate at various pH values. Oliver and Clayton,31 working with fluoride minerals
and with the electrolyte used in the Hall process for aluminium production, showed that
with 500 pg g-1 of aluminium in solution there was a linear relationship between log [F-]
and potential over a wide range, when a buffer that was 0.5 M in potassium acetate and 1 M

TABLE
VIII
DETERMINATION
OF

*

FLUORIDE ION CONCENTRATIONS I N SOLUTIONS
AND 0.02 M I N ALUMINIUM NITRATE AT pH 8.5

Actual FExperimental* Fconcentration/M
concentration/M
2 x 10-3
4.5 x 10-4
4 x 10-3
8.0 x 10-4
6 x
9.0 x 1 0 - 4
8 x 10-3
1.1 x 10-3
1 x 10-2
1.5 x 10-3
Determined from a standard graph prepared from solutions 0.04

M

0.04 M

IN

in EDTA.

EDTA
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in sodium citrate, adjusted to pH 8, was used. Buck and R e i ~ m a n nafter
, ~ ~ ashing plant
material and fusing the ash with sodium hydroxide, determined the fluoride ions in a solution
that was 0.71 M with respect to citrate a t pH 5.7. These last workers found that aluminium
and magnesium interfered and that the relative error with magnesium decreased with increasing citrate concentration. The relative error with aluminium decreased with increasing
pH, and was only 0.5% a t pH 8.3. These workers advocated the use of CDTA to eliminate
interference from magnesium.

TABLE
IX
DETERMINATION
OF FLUORIDE
0 . 0 2 ~ALUMINIUM
CITRATE OR 0.5 M

ION CONCENTRATIONS AT pH 8.5 IN THE PRESENCE OF
NITRATE OR 0 . 0 2 ~IRON(III) NITRATE, AND EITHER 0 . 2 5 ~
SODIUM
SODIUM CHLORIDE - 0.5 M SODIUM ACETATE - 0.25 M SODIUM CITRATE

F- (Fe3.+)
concentration/M

F- ( ~ 1 3 + )
concentration/M
Actual Fconcentrationl~
I x 10-3
4 x 10-3
1 x 10-2
1.6 x

6.4 x 10-2

f

>

A

Na3 citrate*
1.1 x 10-3
4.2 x 10-3
1.0 x 10-2
1.6 x
6.4 x

Buffert
9.7 x 1 0 - 4
2.1 x 10-3
5.0 x 10-3
7.9 x 10-3
4.5 x 10-2

A

f

\

Buffer t
1.2 x 10-3
4.0 x 10-3
1.1 x 10-2
1.7 x
7.2 x 10-2

Na, citrate*
1.2 x 10-3
4.0 x 10-3
1.0 x 10-2
1.6 x
6.3 x

* Values determined from a standard graph prepared from solutions 0.25 M in sodium citrate.
7 Values determined from a standard graph prepared from solutions containing 0.5 M sodium
chloride - 0.5 M sodium acetate - 0.25 M sodium citrate.
Our results show that in the presence of aluminium or iron in the concentrations likely
to be met in the ashes of plants that accumulate these metals, a buffer of 0.25 M sodium
citrate solution a t pH 8.5 gives good recoveries of fluoride and is preferable to a 0.5 M sodium
chloride - 0.5 M sodium acetate - 0.25 M sodium citrate buffer at this pH (Table IX). Determinations made by using a standard graph prepared in a solution that was 0.25 M with
respect to sodium citrate gave slightly more accurate results than those obtained by the known
additions method (Table X). At pH 6.5 citrate is not a good complexing agent for aluminium,
the recovery of fluoride at this pH being too low when determined from the standard graph
and too high when the known additions method is applied (Table XI).

TABLEX
DETERMINATION
OF FLUORIDE ION CONCENTRATIONS BY THE KNOWN ADDITIONS METHOD
AT pH 8.5 IN THE PRESENCE OF 0.02 M ALUMINIUM NITRATE OR 0.02 M IRON(III) NITRATE
AND EITHER 0.25 M SODIUM CITRATE OR 0.5 M SODIUM CHLORIDE - 0.5 M SODIUM ACETATE 0.25 M SODIUM CITRATE
F- ( ~ 1 3 + )
concentration/M
Actual Fconcentration/M
1.0 x 10-3
4.0 x 10-3
1.0 x 10-2
1.6 x
6.4 x

r

Na, citrate
1.1 x 10-3
4.0 x 10-3
1.0 x 10-2
1.5 x
5.0 x

F- (Fe3+)
concentration/ni
1

A

Buffer
1.3 x 10-3
2.7 x 10-3
6.1 x 10-3
8.8
4.0

x
x

r

Na, citrate
1.2 x 10-3
4.0 x 10-3
9.5 x 10-3
1.6 x
5.8 x

A

I

Buffer
1.3 x 10-3
3.9 x 10-3
9.2 x 10-3
1.5 x
5.8 x

The recovery of fluoride from solutions containing magnesium or silicate ions in concentrations comparable with those found in the ashes of plants that accumulate magnesium
or silica is good when a 0.25 M sodium citrate buffer solution is used a t pH 8.5 and the determination is made from the standard graph. The known additions method gives less accurate
results (Table XII).
Although silicon is known to form a complex with fluoride a t low pH values there is little
interference from silicate at pH 8.5 (Table XIII) and the addition of citrate is not necessary,
providing aluminium, iron and magnesium are absent.
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TABLE
XI
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DETERMINATION
OF FLUORIDE ION CONCENTRATIONS BY THE STANDARD GRAPH (sg) AND
KNOWN ADDITIONS (kam) METHODS I N THE PRESENCE OF 0.02 M ALUMINIUM NITRATE AND
0.25 M SODIUM CITRATE AT pH 6.5
Actual Fconcentration/M
1 x 10-3
4 x 10-3
1 x 10-2
1.6 x
6.4 x

Experimental Fconcentration/M (sg)*
7.4 x 10-4
3.4 x 10-3
7.4 x 10-3
1.2 x 10-2
3.8 x

Experimental Fconcentration/M (kam)
1.4 x 10-3
6.6 x
1.4 x
2.5 x
2.5 x 10-l

* Determined from a standard graph prepared from solutions 0.25 M in
sodium citrate.
Thus, the method that gives the best recoveries of fluoride in the presence of aluminium,
iron and magnesium is that in which 0.25 M sodium citrate solution is used to complex the
metal ions at pH 8.5 and determination of fluoride ion concentration is made from the
standard graph.

TABLEXI1
DETERMINATION
OF FLUORIDE ION CONCENTRATIONS BY THE STANDARD GRAPH (sg) AND
KNOWN ADDITIONS (kam) METHODS AT pH 8.5 IN THE PRESENCE OF 0.25 M SODIUM CITRATE
AND EITHER 0.016 M MAGNESIUM NITRATE OR 0.004 M SODIUM SILICATE
F- (Mg2+)
concentration/x?
Actual Fconcentration/nx
1 x 10-3
4 x 10-3
1 x 10-2
1.6 x
6.4 x

* Determined

I

sg *
1.0 x 10-3
4.0 x 10-3
1.0 x 10-2
1.6 x
6.4 x

A

F- (S&0,2-)
concentration/M
>

kam
1.1 x 10-3
4.2 x 10-3
1.0 x 10-2
1.5 x
6.3 x

r

1

sg*
1.1
4.2
1.0
1.6
6.4

x 10-3
x 10-3
x 10-2
x
x

kam
1.1 x 10-3
4.3 x 10-3
1.1 x 10-2
1.7 x
6.6 x 10-2

from a standard graph prepared from solutions 0.25 M in sodium citrate.

No work seems to have been done on metal ion - citrate complexes at pH 8.5, so it can
only be assumed that the efficacy of citrate as a complexing agent at this pH is related to
its increased ionisation at higher pH values. As is mentioned above, a similar effect is found
with EDTA.
That the metal ions become strongly bound to citrate ions seems certain from the above
results, but only in the instance of iron(II1) - citrate complexes has a very large equilibrium
constant been found.33

TABLEXI11
DETERMINATION
OF FLUORIDE ION CONCENTRATIONS BY THE STANDARD GRAPH (sg) AND
KNOWN ADDITIONS (kam) METHODS IN THE PRESENCE OF 0.004 M SODIUM SILICATE AT pH 5
Actual Fconcentration/M
1 x 10-3
4 x 10-3
1 x 10-2
1.6 x
6.4 x

* Determined

Experimental Fconcentration/M (sg)*
1.0' x 10-3
4.0 x 10-3
9.8 x 10-3
1.6 x
6.4 x

Experimental Fconcentration/M (kam)
1.5 x 10-3
4.5 x 10-3
1.0 x 10-2
1.6 x
6.3 x

from a standard graph of sodium fluoride in solution in water.
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and magnesium -

A summary of known equilibrium constants for iron(II1) - it rate^^,^^
complexes is as follows:
ZFe3+ + 2Cit3- = [Fe2(H2Cit),12- 2H+; log K = 21.2 (in 0.1 M NaC10, solution)
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itr rate,^

+

Fe3+ + Cit3-

= FeCit;

Mg2++ Cit3-

=

log K

=

MgCit-; log K

11.85 (in 1 M NaCIO, solution)

= 3.29

(in 0.9 M NaNO, solution)

No work has been done on Si - &rate3- or A13+- &rate3- complexes.

Application of the Method to Plant Ashes
The tea plant is known to accumulate up to 17 000 pg g-l of aluminium.35 The ash from
a tea plant sample will therefore contain sufficient of this element to interfere considerably
with the determination of fluoride ions, unless the aluminium is removed by complexation
with citrate ions. By use of the fluoride ion selective electrode and a 0.25 M sodium citrate
buffer solution we determined the total fluoride ion concentration in l-g samples of commercial
tea containing an average of 2 050 pg g-l of aluminium and 2 800 pg g-l of iron.

TABLEXIV

-

OF
RECOVERY

SODIUM FLUORIDE ADDED TO THE ASH OF COMMERCIAL TEA SAMPLES
DETERMINED WITH A FLUORIDE ION SELECTIVE ELECTRODE IN THE PRESENCE OF 0.25 M
SODIUM CITRATE A T pH 8.5

F- added to ash
from 1 g of tea in
50 mi of solution
x 104/m01
0
2
5
8
32

F- determined x 104/mol
I
Sample
Sample
Sample
A
B
C
1.55
2.90
1.50
3.47
4.76
3.30
6.76
7.40
6.45
9.90
10.25
9.50
34.22
32.00
33.15

Recovery of added fluoride,

yo

Sample
A

Sample
B

Sample
C

-

-

-

96
104
104
102

93
90
92
91

90
99
100
99

Average
recovery
of added
fluoride, %
-

93
98
99
97

f3
f8
f7
f6

Known amounts of sodium fluoride were added to the ash from l-g samples of tea and the
total fluoride ion concentration was again determined. The results given in Table XIV show
that the recovery of fluoride was better than 90% when the determination was made
from a standard graph prepared from samples dissolved in a solution containing sodium
citrate at a concentration of 0.25 M.
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