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INTRODUCTICN

There has been a need for a rapid and an accurate
method for the determination of fluorine in its compounds.
Both gravimetric and volumetric methods have been studied,
but both methods were time consuming or inaccurate or both.

Colorimetric methods had been studied before F.
Riohtarl developed his method but none had been reported
to be as satisfactory as his method. This method was in-
vestigated because it was thought that F. Richter's method
would be a satisfactory colorimetric determination for

fiuorine in its compounds.

(1) Richter, F. The Colorimetric Determination of Fluorine
in Simple and in Complex Fluorides by Means of Zirconium
Alizarin Lake.

Z. Anal. Chem. Vel. 124. pp. 161-216 (1942) (Transla-
tion)



REVIEW OF PREVIOUS WORK

DeBoer and Basart2 described a titration of fluorine
by meansg of a Zirconium alizarin indicator lake. An excess
of the lake was added. The excess lake was titrated with
a gtandard solution of potassium fluoride. The appearance
of the yellow color of the liberated alizarin indicated
the end point.

One of the first colorimetric methods was developed
and described by George Staiger3 of the United States
Geoclogical Survey. This method depended on the bleaching
of pertitaniec acid by soluble fluorides. The color of the
bleached pertitanic acid was compared with a sample that
had been bleached by a known amount of fluorine. The
optimum pH determined for this reaction was 1.54.

Treadwell and Koh15 studied a potentiometric titra-

tion of flueorine. The soluble fluoride wasg titrated with

(2) DeBoer, J. H. and Basart, J. A Rapid Volumeiric Deter—
mination of Pluorine Even in Complex and Insoluble

Fluorides.
%. Anor. Chem. Vol. 152. pp. 213-20 (1926) Chem.

Abstracts)

(3) Steiger, George. Analysis of Fluorspar.
' J. Am. Chem. Soc. Vol. 30. pp. 219-29 (1908)

(4) Wickman, H. J, and Dahle, D. Determination of Small
Amounts of Fluorine by the Steiger-Merwin Reaction.
J. Assoc. of Agr. Chem. Vol. 6. pp. 613-19 (1933)

(5) Treadwell, W. D. and Kohl, A. The Electrometric Titra-
tion of Fluorine.
Helvetica Chim. Acta. Vol. 8. pp. 500-7 (19285) (Chem.
Abstracts)



a standard solution of ferric chloride which contained a
small amount of ferrous chloride. The ferrous chloride
was added to the ferric chloride solution to give a change
in potential when an excess of ferric chlorids was added.

F. Pavelka® first described a test for the gqualita-
tive detection of soluble fluorides. The test was made
en spot paper, sensitized by dipping it in a solution of
zirconium alizarin sulfonate lake and letting it dry.

The suspected solution was put on the spot paper and acid-
ified with acetic agcid. The appearance of a yellow spot
indicated the pregence of fluorides. An attempt was made
to determine the amount of fluorine present by noting the
intensity of the yellow spot.

Thomson and Taylor7 studied the determination of
fluorine in sea water. They reacted a large volume of the
sea water with a zirconium alizarin lake. The color of the
gsolution was compared to a solution that had a known amount
of fluorine present.

Sanchis® also determined the amount of fluorine in

natural waters by modifying Thomson and Taylor's process

(6) Paveika, F. & Sensitive Spot Resction for Fluorine.
Mikrochem. Vol. 6. pp. 149-51 (1938) (Chem. Abstractis)

(7) Thomson, G. T. and Taylor, H. J. Determination and Oe-
gurrence of Fluorine in Sea Waters.
Ind. and Eng. Chem., Anal. Ed. Vol. 6. pp. 87-9 (1933)

(8) sanchis, J. M, Determination of Fluorine in Natural

Waters,
Ind. and Eng. Chem., Anal. Bd. Vol. 6. p. 134 (1934)



somewhat. The solution that contained the known amount of
fluorine was made as nearly as possible the same as ths
natural water by adding th2 saue salts in the same concen-
tration that the natural water contained.

Smith and Duteh@rg made a detsermination of fluorins
by the use of zirconium alizarin sulfonate lake by first
precipitating the natural sulfutes by the addition of
barium chloride. The solution was compared with a solu-
tion containing & known amount of fluorine.

F. Richteri® described a colorimetric method for the
determination of fluorine by the reaction of =zirconium
aligarin sulfonate lake with a soluble fluoride. Two
methods were described that used the laske for the reaction.
Both methods were dependent on the formation of a red col-
loidal lake made by the addition of zirconium chloride to
a solution of sodium alizarin sulfonate. Fluorine ions
were reacted with an excess of the lake to liberate yellow
alizarin. The solution of the lake and the fluorine ions
was heated in a water bath at the boiling point of water
to speed up the reaction and to coagulate the lake. The
precipitate was then filtered from the sample and an ex-

caesg of zirconium chloride was added to reproduce the red

{8Y Smith, F. and Duteher, H. A. Colorimetric Dstermina—

tion of Fluorine.
Ind., and Eng. Chem., Anal. Ed. Vol. 6. pp. 61-2 (1934)

(10) Richter, F. op. cit. pp. 161-216



colored laks. This red color was measured by means of the
spectrophotomster and a calibration curve was constructed
from results obtained by using varying amounts of fluorine.
The red color wasg proportional to the amount of rlﬁorine
present. The fluoride samples were dissolved by using
reagent grade hydrochloric acid and sodium tetraborate.
The fluorine formed the complex fluo-borate ion with the
sodium tetraborate and prevented the volatile fluorine
from baing logt. The formation of the fluo-borate also
prevented etching of the glass.

In the other method the fluorine was distilled as
silicon tetrafluoride. An aliquot portion of the distil-
late waz then reacted with an excess of the lake. This
was done to distill the fluorine off from any interfering
impurities. Both methods used the calibration curve, and
both methods gave good results, but the distillation
method was more applicable because no interfering materials

wara present.



BQUIFPMIIT

Colorimeter

4 Klett-Summerson photoelectric colorimeter was used
to make all measurements of color concentration of the solu-
tions. Tne emount of light transmitted by the solution was
proportional to the amount of liberated alizsrin in the
solution. The solutions were all diluted to the same
volume to keep this variable constant. A schematic diagram

is presented in figure 1 on page 6.

Jena G-3 Filtering Crucibles

The Jena G-3 filtering crucibles were used to filter

the coagulated lake from the sample.

Sugtion Plask

An eight inch test tube was placed in the suction flask
to catch the filtrate. The test tube was used to facilitate
the gquantitative transfer of the filtrate from the suction

flask to the volumetric flasks,
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fige I A fcliematie Disasram of a Photoslectric Jolorinmeter

<«——Llgctric Lamp

A——Light Filter

<—Colution Cell

Variable Zhutter<a

Photoelectric Cell? <———Tho%toelaectric Cell

surrent ——= —;—

¢/

“glvanometer Fesistance



REAGENTS

Zirconium Alizarin Sulfonate Lakell

d4.4 grams of zirconium oxy-chloride or 17 grams of
zirconium hydroxide was weighad and transferrsd to & one
liter Flcrence flask containing 170 ml. of 12K reagent
grade hydrochloric acid and 700 wl., distilled water, The
mixture was heated until all of the salt was dissolved.
The hot solution was filtered on a dry filter paper. The
filter paper was washed with 100 ml. of hot distilled
water and the solution was diluted to seven liters. To
this solution waszs added 4.2 grams of sodium alizarin
sulfonate in 500 ml. of hot water and mixed thoroughly.
The solution was allowed to cool to room tempesrature and
diluted to 10 liters. This lake was allowed to gtand for
14 dasys. The supernatant liquid was then siphoned from
the slimy precipitate in the bottom of the flask. This
golution was very stable and when properly stored maintain-~
ed its strength for a period of 12 months.

Zirconium oxy-chloride was used in preference to
zirconium oxy-nitrate for ihe praparation of this lake.
The nitrate in the presence of sirong hydrochloric acid
destroyed the yellow color of any liberated nlizarin by

oxidation,

{11) Riohter, ¥. 1bid. p. 162



Hydrochloric Acid

This acid was prepared by diluting one volume of con-
centrated reagent grade hydrochloric acid with an equal
velume of distilled water. This gave an acid that was oot
80 volatile and was used for dissolving all samples. 150 ml.

of this acid wi:gs used for sach liter of fluoride solution.

Sodium Tetraborate

Bakerts C.P. sodium tetraborate was used to diszsolve

all samples and 6 grams was used rer liter of solution.

Sodium Chloride Solution

This solution had 350 grams of reagent grade sodium
chloride per liter of solution. This salt provided some

buffering action.
Asbestos

A long fiber reagent grade Powminco asbsstos was used.
This asbestos was freed of iron by a concentrated hydro-

chloric acid sxtraction.
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PRELIMINALY ORE

1t should be possible to evaluate F. P&velk&’sla test
quantitatively if all the variables could be ascertained
and some suitable colorimetric method for the measurement
of the color be developed.

One of the first tasks was to dstermine how to get
the reaction to procesd on stoichiometric basis. After
somé experimentation, it was found that the reaction was
favored by 2 high concentration of hydrochloric acid.

The reaction was wmuch faster and went to completion when
the acid concentration was high. The next problem was to

select the proper light filter.

Selection of the Proper Light Filter

The proper light filter was determined by running
samples with all conditions constant except the amount of
lake used. The mixed samples we:e allowed to stand for
5 minutes. Then the soluntion was beiled for 30 minutes,
cocled and filtered., The readings were taken after the
filtered sample had been diluted to 100 ml,

The results indicated that light filter No. 42 was

the best selsetion. These data are presented in teble I.

{12 Pavelka, F. Op. Cit.



Table 1 Selection cf the Proper Light Filter
sample | 1 2 3 4
ilter Number Reading Reading Reading Readin

42 478 478 520 520
54 14.1 15.8 21.9 19.1
66 negative | negative | negative |negative
reading reading reacding reading
Milligrams 3.25 3.25 3.25 3,85
Fluorine
Milliliters 7.75 7.75 8.75 8.75
Lake

11



Effect of Acid Concentration on the Reaction

The proper concentration of hydrochloric acid was
determined by maintaining all factors constant except the
hydrochloric ac¢id concentration which was varied. The
mixed samples were allowed to stand for 5 minntes before
boiling. Then the samples wers boiled for 30 minutes and
filtered. The filtered samples were diluted to 1000 ml,

The results indicated that the minimum concentration
of 12N hydrochloric acid was 20 ml. per 100 ml. of react-
ing solution. These data are presented in table II and

figure 11I.

Table I1I Effect of Acid Concentration on the Resotlion

Spl.|M1.128N HCl|ml.NaCl|ml. Lake|mg. F.|Reading| Description

2 S

1 5 10 45 15 337 Filtrate Red
e 10 : 16 45 15 488 " Pink
i5 10 45 15 600 " Qrange

<0 10 45 15 850 * Yello
22 10 45 15 650 " Yello

J
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Effect of Boiling Time on the Reaction

The minimum beiling time was determined by maintaining
all factors constant except the length of the boiling time,
which was varied 1 min., 2 min., 3 min., 4 min., 5 min.,

10 min., 15 min. on up to 40 minutes. Before the samples
were placed in the boiling water bath, they were allowed
to stand for 5 minutes. The filtered samplsess were diluted
to 100 ml.

The results indicated that most of the alizarin was
liberated after poiling for 15 minutes but maximum libera-
tion was not attained till the sample had been boiled for
a minimum of 30 minutes. These data are presented in

table 11I and figure III1.



Table 1J1 Effect of Boiling Time on the Reaction

Boiling
Spl.|mg.F. ml.HCl|ml.NaCl| Reading|ml.HoO|ml., Lake| Time
1 4 20 10 357 35 15 1 min.
a2 4 20 10 379 35 15 2 *
3| 4 20 10 390 35 15 3 "
4 | 4 20 10 395 35 15 4
5 | 4 20 10 400 35 15 5 ¢
6 | 4 20 10 420 35 15 10 v
7 4 20 10 428 386 15 15
8 | 4 20 10 435 35 15 20
9 | 4 20 10 438 35 15 25
10 4 20 10 440 35 15 30 ®
11 4 20 10 440 35 15 35
12 | 4 20 10 440 35 15 |40 ¥
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CONSTRUCTICN OF CALIBRATION CURVIS

Two calibration curves were constructed with all
factors remaining constant except the fluorine content
and two concentrations of lake was used. The samples
ware allowed to stand for five minutes, after adding the
lake, and then they were boiled for 20 minutes. The
filtered samples were diluted to 100 ml. Calibration
curve No. 1 had 15 ml. of lake aﬂd calibration curve No. 2
had 20 ml. of 1laks.

Calibration curve No. 1 was used in preference to
calibration curve No. 2 because results indicated that
it would give greater accuracy due to its greater slope.
The slope was greazter because the sensitivity of the
photoelectric celorimeter wzs greater at lower concentra-
tions or readings.

The results indicated that fluorine contents should
be limited from 2.5 to 4.5 mgm. fluorine for curve No. 1
and 7.5 to 9.5 mgm. fluorine for curve No. 2. These data

are tabulated in tebles IV and V and in figures IV and V.
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Table IV Construction of Calibration Curve No. 1

Spi. mg.F.| Reading|ml.lake|m]l.ACl ml.NaCl|ml,Ho0 [Descriptio
1 2.0 288 15 20 10 47.50 | Filt. Pink
2 3.0 360 15 20 10 4%.75 * Yellow
3 4.0 445 15 20 10 40.00 " "

4 5.0 520 15 20 10 36.256 " "
5 6.0 555 15 20 10 32,50 " »
6 7.0 560 15 20 10 28.75 ® "
7 8.0 570 158 20 10 25.00 v "
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Table V Consgtruction of Calibration Curve No. 2

CPL [ Bg.¥.[ Reading [AL.[aKs [, NaCT [@I.HCITAT HpU péseription
1 5.0 6530 20 10 20 27.50| Filt. Pink
2 7.0 710 20 10 20 23,78 * Qrange
3 8.9 740 20 10 20 20.00 " Yellow|
4 2.0 760 20 10 20 16.25 " *

5 16.0 780 20 10 20 12.5 o "
& 11.0 790 20 10 <0 8.75 s "
7 12.0 800 20 10 20 5.00 u "
8 135.0 800 20 10 20 1.25 " o
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PROCEDURE USED IN ANALYZING SAMPLES

The same procedure was used in analyzing samples as
was used in constructing the calibration curves. The size
of the sample, that was weighed for analysis, was deter-
mined by its fluorine content and a sample of material was
weighed so that the fluorine content would fall in the cor-
rect range of the calibration curve. If the range of the
fluorine content was not known, a preliminary analysis was
gometimes necessary.

The samples were dissolved with 150 ml, of 6N hydro-
chloric acid and 6 grams of godium tetraborate. The solu-
tions then were diluted to 1000 ml. and an aliguot portion
was analyzed. The aliguot samples were placed in a 126 al.
Ehrlemeyer flask and the required amounts of reagents were
added. The samples were allowed to stand for five minutes
and then they were placed on the hot plate and brought to
a boil as quickly as possible. At the first asign of boil-
ing the flasks were transferred to a boiling water bath
and boiled for exactly 30 minutes. They were then cooled
rapidly with running water, filtered, and diluted to 100 ml.
All samples had 20 ml, of 12N hydrochloric acid, 10 ml. of
sodium ohloride, and 15 ml. of lake and enough water to

dilute the sample to 100 ml.
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Analysis of Synthetic Samples

A series of synthetic samples were made by blending
varying amounts of reagent grade calcium carbonate with
reaegent grade calcium fluoride. These samples were ground
with an agate mortar and pestle to‘insﬂre homegeneous mix-
ing. The sanples were then analyzed by the proposed pro-
cedure with the aid of the calibration curve and these
analyses compared with the theoretical percentage of calcium
fluoride.

The results of these analyses indicate that the pro-
cedure was satisfactory.

A sample of sodium fluoride was analyzed by use of this
calibration curve and found to be satisfactory on sodium
fluoride. The sample analyzed was found to have 99,.94%
sodium fluoride. The purity was 99.63% sodium fluoride as
reported by other methods.

These data are presented in table VI.
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Table VI Comparison of Analysis of Synthetic CaF,

Samples to the Theoretical

Bpl.| Percentage % |Grams CaFg|Grams Cafg|Grams Weight
Compogition| Found Present Found Deviation|of Spl.

1 10.04 10.03| 0.04109 | 0.04105 |-0.00004 (0.4093
2 20.03 20,52 0.04108 0.04208 |4+0.00100 [0.2081
3 29.99 29.98 0.04108 0.04107 |—0.,00001 [0.1370
4 40.03 40,03 0,04107 0.04107 |-0.00000 |0.1026
5 49.98 49.85 ¢.04108 0.04097 |—0.00011 |(0.0822
6 59.91 59.88 0.04109 0.04107 [—0.00002 |0.0686
7 70.00 70.50| 0.04067 | 0.04096 [+0.00029 |0.0581
8 79.93 79.78 0.04106 0.04108 |—0.00001 |(0.0815
9 89,98 £9 .89 C.04112 0.04107 —0.00005 |0.0457
10 100.00 99.97 0.04109 0,04107 |[—0.00002 [0.0411




ANALYSIS OF NATURAL FLUORSPAR

A natural occuring sample of fluorspar was blended with
varying amounts of chemically pure oalecium carbonate and
ground with an agate mortar and pestle to insure homogeneity
of the samples. These samples were put into solution by
the use of 150 ml. of 6N hydrochloric acid and 6 gms. of
sodium tetraborate and the solution was diluted to 1000 ml,
An aliquot portion of the solution was run with 15 ml. lake,
20 ml. 12N hydrochloric acid, 10 ml. of sodium chloride solu-
tion and enough water to make 100 ml. total volume. The
readings were taken on the filtered samples which had been
diluted to 100 ml. after filtering.

Thege data are presented in table VII.

Table VI1 Analysis of a Natural Fluorspar

Gp1. [Dilution with CaCO3| % Found|Dilution Factor times
1 | Pure 89.17% 1 X 89.17 = 89.17%
2 1:1 44 .46% 2 X 44.46 = 88,929
3 1:2 29 .44% 3 X 29.44 = 88.32%
4 1:3 22.08% 4 X 22.08 = 89.12%




THE EFFLCT CF SOME IONS OH THE REACTION

The effect of some ions on the reaction was tried. One
gram of the salt was used in each sample. The samples were
run the same way as in the analysis of synthetic samples.

Sample No. 1 had 1 gram of Aluminum chloride addsd to
determine the effect of the eluminum ion on the reaction.

The aluminum lon caused the lake to change from a red color
to a purple color. This lake was difficuli to coagulate
and the filtrate remained pink when the solution had been
boiled for 30 minutes, This was probably due to the stabil-
ity of the lake when aluminum ion was added to it.

Jample No. @& had one gram of sodium phosphate added
to determins the effact of the phosphate ion on the reaction.
The addition of the phosphate ion caused an almost immediate
precipitation of the lake as a colorlass‘gelatinaus precipi-
tate. The filtrate was an intense yellow color. This gave
a high result which might have been attributed to the completse
liberation of all the alizarin from the luke due to the coag-
ulating effect of the phosphate ion.

Sample No. 3 thad 1 graam of sodium sulfate added to check
the effect of the sulfate ion on the reaction. This addi-
tion gave slightly higher results. This might have been
due to additional buffering effeoct of the sodium sulfate or

the coagulating effect of the sulfate ion.



Sample No. 4 had 1 gram of sodium nitrate added to
determine the effect of the nitrate ion on the rsaction.
The lake had completely decolorized at the end of 12 min-
utes boiling time and was water white with no precipitate.
This might nhave been caused by oxidation of the free alizar-
in. |

The results indicated that some ions interfere with
the reaction. The effect of other ions should be studied
and the effect of different concentrations of these ions
should be studied.

These data are presented in table VIII.

Table VIII The Effect of Some lons on the Reaction

Epl.|mgm. F. Present| mgm. ¥. Found|Reading |interfering Jo

-

1 3.8 2.5 325 Aluminum ion
2 3.8 above curve 580 Pnosphats ion
z 3.8 5.0 520 Sulfate ion

4 3.8 0.0 0 Nitrate ion




CONCLUSIONS

F. Richter's colorimetric method for the determination
of fluorine was investigated. The results were satisfactory
for high and low fluorine contents.

It was found that the method was not appliecable when
interfering substances were present.

The calibration curve wa8 constructed by using the same
material that was analyzed for its fluorine content.

All conditions had to be maintained as nearly constant

as posgsible.



SUMMARY

1. Insoluble and soluble fluorides were dissolved
with hydrochloric acid and sodium tetraborate to prevent
the loss of volatile hydrofluoric acid and to prevent the
glass from being etched by the hydrofluoric acid.

&. An excess of zirconium alizarin sulfonate was
reacted with the fluoride solutions to liberate yellow
alizarin.

. A minimum of 20 ml, of 12N hydrochloric acid was
used per sample.

4, The samples were boiled for a aminimum of 30 min-

utes, cooled under running water, filtered and diluted to

100 ml. This solution was then placed in the solution cell

and read by means of the photoelectric colorimeter. The

29

readings were proportional to the amount of fluorine present.

5. & calibration curve was made from results obtained

by using varying amounts of fluorine and by keeping all

pther conditions constant.
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