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Abstract 

The method is based upon the reaction between fluoride ions and the coloured complex of Fe(III) with methyl 
salicylate to form the stable, colourless hexaflouride complex of iron. The conditions of the method (pH, time and 
combination ratio) were studied and a standard curve was obtained for 0.01-0.08 mg NaF ml- 1, at 525 nm. A study 
was conducted on interference with complexing anions of Fe(III), cations that react with fluoride ions and with 
common ingredients of dosage forms and dental preparations. The method was validated and the results showed good 
precision (100.16 + 2.33%) comparable with that of other analytical methods. Good results were obtained in the 
spectrophotometric determination of fluoride ions in a stomatologicai gel and in a toothpaste. 

Keywords: Fe(III) methyl salicylate complex; Fluoride in gels and toothpaste; Fluoride in tablets; Fluoride-selective 
electrode; Indirect spectrophotometric method 

1. Introduction 

The biological role and importance of  fluorides 
revealed by studies in recent decades have deter- 
mined their use in prophylaxis and treatment of  
disease (especially in stomatology), by adding 
small quantities of  fluorides to food (drinking 
water, milk or salt) as well as by their administra- 
tion as tablets, toothpastes or locally applied gels. 

* Corresponding author, fax: ( + 40) 64 197936. 
1 Presented at the Fifth International Symposium on Drug 

Analysis, September 1995, Leuven, Belgium. 

The determination of fluorides continues to be 
a special concern for analysts [1-6] and the latest 
two issues of  the FR (Farmacopeea Romana; 
Romanian Pharmacopoeia) propose new volumet- 
ric methods [7,8] because the results obtained with 
current methods are not satisfactory. 

Among the methods used to determine fluoride 
ions in water, the best results were obtained with 
the spectrophotometric and potentiometric (with 
an F-selective electrode) methods [1,2,4,5,9]. A 
more accurate and accessible spectrophotometric 
method has been submitted for inclusion in the 
next issue of  the FR. 
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Table 1 
Standard curve a 
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and spectrophotometric determination of NaF 

Sample NaF weighed Absorbance 
(/~g ml -  i) 

NaF found 

lzg ml -t % 

Statistical parameters 

10 0.344 10.40 104.16 
10 0.344 10.40 104.16 
21 0.317 19.80 94.04 
21 0.216 19.30 92.06 
21 0.322 21.80 103.96 

31 0.290 32.30 104.03 
31 0.287 31.00 100.00 
31 0.284 29.80 95.96 
31 0.287 31.00 100.00 
31 0.288 31.40 101.34 

41 0.266 43.10 105.08 
41 0.270 44.80 109.14 
41 0.254 38.10 92.88 
41 0.255 38.50 93.90 
41 0.265 42.70 104.06 

83 0.162 79.30 95.48 
83 0.167 81.30 97.99 
83 0.169 82.20 98.99 
83 0.185 88.80 107.02 
83 0.169 82.20 98.99 

$ = 100.162 
n = 20; ct = 0.95; t = 2.09 

Repeatability 
s r = 5.4 
RSD r = 5.39% 

Reproducibility 
sR = 5.88 
RSDR = 5.87% 

95% Confidence limits 
A = 100.162 + 2.33% 

a Each individual value is the mean of five measurements. Standard 

The  p r o p o s e d  m e t h o d  is an indirect  spec t ropho-  
tomet r i c  m e t h o d  a n d  is based  on  the reac t ion  o f  
f luor ide  ions wi th  the  r e d - v i o l e t  complex  o f  
Fe ( I I I )  with methy l  sal icylate  and  the fo rma t ion  
o f  the  colourless ,  m o r e  s table  [FeF6] 3 -  complex,  

at  p H  1 -3 .  

2. Experimental  and results 

2.1. Apparatus 

A n  Ul t rospec  I I I  U V - V i s  s p e c t r o p h o t o m e t e r  
( P h a r m a c i a  LKB,  U K ) ,  an MV-84  p H  meter  (Cla-  
m a n n  and  Grane r t ,  Dresden ,  G e r m a n y )  and  an  
F-select ive  electrode,  type  9 4 - 0 9  (Or ion  Resea rch  
Inc. ,  U S A )  were used toge the r  with 5 cm i.d. 
po lye thy lene  Petr i  dishes.  In  the  l id o f  each Petr i  
d ish  was p laced  0.1 ml  o f  0.5 M a lcohol ic  N a O H ;  
the a lcoho l  e v a p o r a t e d  when d ry ing  under  vac-  

uum.  

curve equation: y = 0.31676-0.00203x (r = -0.99319). 

2.2. Reagents 

Fe(NH4)(SO4)2.12 H 2 0  (React ivul  Bucure~ti), 
methyl  sa l icyla te  ( F R  Xth  edn.), ethyl  a lcohol  
95% (v/v) ( F R  Xth  edn.),  N a F  (Merck) ,  HNO3 
(Merck) ,  N a O H  (Merck)  and  HCIO4 70% (w/w) 
(Merck)  were used. 

2.3. Solutions 

2.3.1. Solution A 
0.10000 g N a F  was weighed into  a 100 ml 

ca l ib ra t ed  vo lumet r i c  flask, d issolved in dist i l led 
wate r  and  d i lu ted  to  100 ml with dist i l led water.  

2.3.2. Solution B 
To 200 ml o f  10 - 2  M Fe( I I I )  so lu t ion  were 

a d d e d  350 ml  o f  1% methy l  sal icylate  so lu t ion  and 
300 ml o f  e thyl  a lcoho l  95% (v/v) and  the mixture  
was d i lu ted  to  1000 ml  wi th  dist i l led water .  
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Table 2 
Influence of foreign ions on the spectrophotometric determination of fluoride 

953 

Interferent ion Critical concentration Interferent ion Critical concentration 
~g  ml -I) ~g  ml -I) 

Acetic acid 1000 KCI (NaCI) 150 (230) 
Oxalic acid 10 KNO3 200 
Citric acid 5 AI 3+ 22 
Lactic acid 5 Ca 2+ 80 
Na2S203 15 Mg 2 + 1358 
NaHCO3 37 CaCO3 (suspension) 5000 
Na2CO3 63 MgCO3 (suspension) 5000 
Na2HPO4 7 Mg stearate (suspension) No interference 

2.3.3. 10- e M Fe(III) 
9.6442 g of  FeNH4 (SO4)2"12 H20  or 5.6000 g of  

Fe2(SO4)3-9 H20  was dissolved in ,~ 300 ml of  
distilled water and 50 ml of  1 M HNO3 and the 
solution was diluted to 1000 ml with distilled water. 

2.3.4. 1% Methyl salicylate solution 
5 g of  methyl salicylate (or 4 ml) was dissolved 

in 95% (v/v) ethyl alcohol and diluted to 500 ml 
with the same solvent. 

2.3.5. TISAB H (total ionic strength adjustment 
buffer; Orion Research Inc.) 

In ~ 500 ml of  H 2 0  in a 1 I beaker was dissolved 
57 ml of  CH3COOH, 58 g of  NaCI and 1 g of  
CDTA.  The solution was cooled and adjusted to 
p H  5.0-5.5 with 5 M NaOH.  The solution was 
cooled to room temperature, transferred to a 1 1 
volumetric flask and diluted to volume with dis- 
tilled water. 

2.3.6. 0.5 M alcoholic NaOH 
1 g N a O H  was dissolved in 20 ml of  distilled 

water. The solution was cooled and diluted to 50 
ml with 95% (v/v) ethyl alcohol. 

2.4. Determination of  the standard curve 
(spectrophotometric method) 

2.4. I. Variation of  the absorbance with 
wavelength and time 

Fe(III)  ions reacted with methyl salicylate in a 

hydroalcoholic medium to form a red-vio le t  com- 
plex which has a maximum absorbance a 525 nm. 
At pH 1-3,  with a slight excess of  1% methyl 
salicylate solution (ratio of  Fe: methyl salicylate = 
1:3) the absorbance of  the complex was stable for 
10 m i n - 2  h, with only very little change even after 
24 h. 

2.4.2. Variation of the absorbance with 
concentration 

In each of  a number of  25 ml calibrated flasks 
10 ml of  solution B was mixed with a different 
volume (0.25-2.00 ml) of  solution A; the mix- 
ture was stirred gently and diluted to 25 ml with 
distilled water. After 15 rain the absorbance was 
measured at 525 nm and 1 cm polyethylene cells 
against distilled water. The results are given in 
Table 1. 

2.4.3. Influence of foreign ions 
Successive dilutions were made to establish the 

concentrations over which the absorbance of  the 
[Fe(MetSal)3 ] complex was significantly modified 
(Table 2). 

2.5. Determination of  the standard curve 
(potentiometric method) 

The AOAC Official Method 984.37 (Fluoride in 
Drug Tablets and Solutions) [9] was used. The 
results are given in Table 3. 
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Table 3 
Standard curve for the potentiometric determination of NaF 

Run Standard concentrat ion Potential Sample 
(pg m l -  n) (mV) concentration a 

Statistical parameters 

(pg ml - t )  % 

11.51 55.3 10.62 92.24 
23.02 35.5 23.47 101.97 
34.53 25.5 35.04 101.49 
46.04 17.5 48.29 104.89 
92.98 3.0 86.34 93.76 

10.66 54.7 10.88 102.02 
21.33 37.8 21.41 100.36 
32.00 27.0 33.00 103.13 
42.66 20.5 42.82 100.37 
85.33 2.5 88.09 103.23 

10.79 55.0 10.75 99.59 
21.58 35.3 23.66 109.65 
32.37 26.8 33.27 102.77 
43.16 19.5 44.57 103.27 
86.32 2.2 89.15 103.28 

:~ = 100.158 
n = 30; 
ct = 0.95; 
t .  = 2.04 

Repeatability 
s r = 4.9 (%) 
RSDr = 4.89% 

Reproducibility 
SR = 5.05 (%) 
RSDR = 5.04% 

95% Confidence limits 
A = 100.158 __+ 1.205% 

10.13 56.8 10.00 98.69 
20.26 40.0 19.60 96.75 
30.39 29.0 30.46 100.23 
40.52 26.0 34.35 84.77 
81.04 3.8 83.61 103.18 

10.19 57.8 9.60 94.26 
20.38 39.0 20.40 100.11 
30.57 28.5 31.08 101.65 
40.75 20.5 42.82 105.08 
81.51 7.6 71.80 88.09 

10.23 55.7 10.45 102.13 
20.46 37.9 21.32 104.21 
30.69 28.3 31.33 102.07 
40.92 21.8 40.65 99.33 
81.84 3.8 83.61 102.17 

a Calculated for each determination from the s tandard curve equation: y = 114.25416-57.46413 log x (r = -0.99718).  

2.6. Determination of  sodium fluoride in tablets 

Samples of 0.2000 g of powdered tablets were 
placed in calibrated flasks (100 ml for spec- 
trophotometry and 25 ml for potentiometry), 
dissolved in distilled water and diluted to the 
mark with distilled water. From the suspensions 
obtained dilutions were prepared directly (poten- 
tiometry) or after filtration through a quantita- 

tive dry filter (spectrophotometry). For 
potentiometry, volumes of 2-6 ml were diluted 
to 25 ml in calibrated flasks; for spectrophoto- 
metry, volumes of 5-15 ml were diluted to 100 
ml in calibrated flasks with distilled water. Then, 
the appropriate procedures described in Sections 
2.4.2. (spectrophotometry) and 2.5 (potentiome- 
try) were carried out. The results are given in 
Table 4. 
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Table 4 
Spectrophotometric (a) and potentiometric (b) determination of NaF (mg per tablet) in Osofluor tablets (ICCF Cluj-Napoca) 
(a) 

Sample Run Statistical parameters 

1 2 3 4 

1 24.56 24.88 26.69 25.34 $ = 24.86 mg per tablet 
2 23.08 25.30 26.34 26.39 n --- 20; ct = 0.95; t~ = 2.09 
3 23.97 24.67 25.34 24.77 A = 24.86 + 0.78 mg per tablet 

Repeatability 
4 23.64 24.67 24.97 25.79 sr = 0.77 mg per tablet 
5 24.57 25.29 24.97 24.60 RSDr = 3.10% 

Reproducibility 
SR = 1.09 mg per tablet 

Mean 23.96 24.96 25.66 25.36 RSDR = 4.41% 

(b) 

Run Sample Mean Statistical parameters 

1 2 3 

1 26.13 26.66 25.54 26.44 .~ = 25.30 mg per tablet 
2 25.15 25.64 25.77 25.52 n -- 24; ~t = 0.95; t= = 2.06 
3 25.51 25.63 25.36 25.50 A = 25.30 + 0.63 mg per tablet 
4 24.17 26.06 25.67 2 5 . 3 0  Repeatability 
5 26.13 25.64 25.87 25.88 sr = 0.52 mg per tablet 

RSDr = 2.09% 
6 25.17 23.90 24.75 24.60 
7 24.37 25.58 24.85 2 4 . 9 3  Reproducibility 
8 23.87 24.16 24.73 24.25 s R = 0.82 mg per tablet 

RSDR = 3.25% 

2. 7. Determination o f  sodium fluoride in a 
stomatological gel 

Samples of  1.0000 g of  gel were placed in a 100 
ml cal ibrated flask and  diluted to the mark  with 
distilled water. Different volumes of this so lu t ion  
( 2 - 6  ml for spectrophotometry and 5 - 1 0  ml for 
potent iometry)  were diluted to 100 ml  and  the 
appropr ia te  procedures described in Sections 
2.4.2. (spectrophotometry)  and 2.5 (potent iome-  
try) were carried out. The results are given in 

Table  5. 

2.8. Determination o f  sodium fluoride in a 
toothpaste 

Samples of  1.0000-10.0000 g of  toothpaste  
were stirred in a beaker  with 50 ml of  distilled 
water and  the suspension was t ransferred to a 100 
ml calibrated flask. De te rmina t ion  of  the fluoride 
was achieved by direct measurement  of  the poten-  
tial (as in Section 2.5) or by measurement  of  the 
absorbance  after microdiffusion (see below). After  
the diffusion technique was complete,  the lid was 
washed 4 - 5  times, with 1 ml  of  distilled water 
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Table 5 
Fluoride determination in Elmex gel (Ciba International Ltd., Switzerland) 

Spectrophotometric method Potentiometric method 

Sample NaF (%) % vs. :~ Sample Run (NaF (%)) 

I 2 3 

1 3.20 
2 2.74 
3 3.26 
4 3.21 
5 3.24 
6 3.28 

.~ = 3.15% 
n = 6; ct = 0.95; t~ = 2.57 

Repeatability 
sr = 0.205 (%) 
RSDr = 6.52% 
A = 3.15 + 0.21% 

102.09 
80.75 

104.97 
102.28 
104.04 
105.85 

1 3.24 
2 3.24 
3 3.41 
4 3.41 
5 3.16 

= 3.35% 
n = 15; ct = 0.95; t~ = 2.14; 
A = 3.35 +__ 0.025% 

Repeatability 
sr = 0.094 (%) 
RSD r = 2.82% 

Reproducibility 
s R = 0.098 (%) 
RSD R = 2.92% 

3.39 3.36 
3.29 3.36 
3.54 3.41 
3.46 3.38 
3.23 3.36 

each time, and the washings were transferred to 
a 25 ml calibrated flask which contained 10 ml 
o f  solution B; the solution was diluted to the 
mark  with distilled water, and the procedure de- 
scribed in Section 2.4.2. was carried out. The 
results are given in Table 6. 

2.8. I. Microdiffusion technique (after Hanocq [I]) 
In a Petri dish (prepared as in Section 2.1) 

were placed 2 ml o f  suspension and 4 ml o f  
HCIO4 70% (w/w); the mixture was quickly cov- 
ered with the lid and kept in a drying oven at 
60 -65°C  for ~ h. 

2.9. Validation o f  the method 

In order  to validate the method  the linearity, 
accuracy and precision (repeatability and repro-  
ducibility) o f  the analytical results have been 
evaluated [10]. The results o f  the statistical eval- 
uat ion are given in Tables 1 - 6  

3.  D i s c u s s i o n  

As one can see f rom Table 1 the L a m b e r t -  
Beer law was followed in the concent ra t ion  
range 10-80  g g  N a F  m l - 1 ;  the correlat ion co- 
efficient o f  the straight line was -0 .99319 .  It  is 
interesting that  for  the spec t rophotometr ic  
method,  the value o f  the absorbance  decreases 
while the F-concentra t ion  increases; this explains 
the negative value o f  the correlat ion coefficient. 
A semilogari thmic curve describes the variat ion 
o f  the potential  with the F-concentra t ion;  for  the 
potent iometr ic  method,  the linear range is 10 - 5 -  
10 -1 M (0.4 p g  m 1 - 1 - 4 . 2  mg  m l - ' )  which is 
much  larger than the range 2.5 x 1 0 - 4 - 2 x  10 -3  
M ( 1 0 - 8 0  p g  m l - l )  for  the spec t rophotometr ic  
method.  

The results o f  the determinat ion recalculated 
in bo th  cases, by interpolat ion on the corre-  
sponding regression s tandard  curves (Tables 1 
and 3), present good  reproducibili ty and demon-  
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Table 6 
Fluoride determination in Colgate Dual Fluoride toothpaste (Colgate Palmolive Romania Ltd.) 
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Spectrophotometric method Potentiometric method 

Sample NaF (mg per 100 g) Sample Run, NaF (rag per 100 g) 

1 88.00 
2 104.00 
3 115.00 
4 96.72 
5 101.43 
6 98.99 

= 100.69 mg per 100 g 
n = 6; ~ = 0.95; t, = 2.57 

Repeatability 
sr = 8.89 (rag per 100 g) 
RSD, = 8.83% 
A = 100.69 + 3.81% 

1 101.85 
2 99.98 
3 88.68 
4 84.66 
5 97.28 
6 79.16 

= 94.36 mg per 100 g 
n --- 24; ~ = 0.95; t~ = 2.06 
A = 94.36 + 2.90 mg % 

Repeatability 
sr = 7.57 (mg per 100 g) 
RSD R = 8.02% 

Reproducibility 
sR = 8.1 (mg per 100 g) 
RSD R = 8.59% 

103.08 108.36 105,36 
94.89 103.52 90,32 
88.32 96.56 90.94 
81.66 97.94 92.60 
94.59 93.07 95.99 
78.53 99.07 98.26 

strate that the accuracy of  the proposed method 
complies with the FR Xth edition recommenda- 
tions for spectrophotometric methods. 

The most serious interference problems, as can 
be seen in Table 2, are generated by a series of  
organic anions with complexing properties and by 
phosphate,  which is a usual component  of  tooth-  
paste. Aqueous suspensions of  several sparingly 
soluble ingredients present in tablets of  the drug 
as well as toothpaste have been studied: CaCO3, 
MgCO3, MgO and magnesium sterate. The mag- 
nesium sterate is an excipient, present in nearly all 
tablets, which does not interfere with the spec- 
t rophotometr ic  method for fluoride. In contrast, 
the combinations of  calcium and magnesium, with 
their low water solubility, can create problems in 
the case of  toothpaste,  where they can be found in 
large amounts  together with NaHCO3 and phos- 
phates; this means that the fluorides have to be 
separated by different procedures. 

Very good results have been obtained in the 
determination of  N a F  in Osofluor tablets contain- 
ing 25 mg N a F  per tablet ( ICCF Cluj-Napoca) 
(Table 4). The values obtained in the spectropho- 
tometric determinations are comparable  to those 
obtained by potentiometry with respect to accu- 
racy as well as precision (repeatability and repro- 

ducibility); the proposed method is much faster 
and more convenient than the compendial 
method. 

Good  results have been obtained in the deter- 
mination of fluoride in Elmex gel (Ciba Interna- 
tional Ltd., Switzerland) (Table 5); the sensitivity, 
accuracy and precision of  the spectrophotometric 
method are comparable to those of  the potentio- 
metric method. 

The determination of  fluoride in toothpaste,  
Colgate Dual Fluoride (Colgate Palmolive Roma-  
nia Ltd.), after separation by the microdiffusion 
technique, led to results with statistical parame- 
ters that are less favourable but which can be 
improved (Table 6). 

4. Conclusions 

An indirect spectrophotometric method is pro- 
posed for the determination of  fluoride at concen- 
trations of  10-80 /~g  ml -~  with 95% confidence 
limits of  + 3%; the accuracy complies with the 
FR Xth edition recommendations.  

The method has been used successfully to deter- 
mine directly N a F  in water, tablets and stomato- 
logical gels and with less favourable results in 
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toothpaste; the results have been validated and 
compared to those obtained by the potentiometric 
method with a fluoride-selective electrode. 
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