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. Oplo¥imetric Determinotion of Fluorine .
"' 's. ' -in Fluoro-Organic Compounds

o . By e
" . John H. Yoe (Officia). Investigator)
and Lyle G. Overholser :

University of Virginie

:£..

TR ABSTRACT

S | thoriug—h.imin lake wes recently (1945) used by Talvitie for

' the colorimetric detemination of fluoride in natural waters. We huve
a applied this method to the determination of fluorine in fluoro-organic
compounds after the lattor have beun refluxed with sodium in l-hoxancl
(or other high boiling alcohol) to convert the fluorine into sodium
fluoride. ‘ ,
| The method will detcct 0.1 Pspetie of fluoride but for .iost accurate
. results the concentration should be about 1 p.p.m. At this conccntration
- the mceurucy is is;; when color comprrisong exe made in §0 ml. Nessler

~ tubos (220 mm.). Velues for fluorine were in good agreemcnt vith those
obta..ined by the voluwetric method in which the fluoride ions arc titrcted
vith thorium clizorin culfonztc o3 indicator. (Sce Yoe, Salsbury and Cole,
N.D.;.C. report doted Fidtruary 29, 1044).
The thorium-slizarin colorimotric meihod for fluoride may be used

as an alternative procedurc in the cnalysis of fluoro-orgonic compounds,




. . CONFIDENTIAL
. Colorittetric Dotermination of Fluorine. . '
in Fluoro-Organic Compounds K

" The colorimettic methods considored for the determination of fiuorine

" inwolve either the bleaching of a colored solution o i_épreesion of the

color developuent by fluoride. In the presence of fluoride, the reaction
between ferric iron gnd iodide ie inhibited tut the results observed indi-
cate that the reaction is no't; sctisfoctory for a colorimetric method. - Fluo-
ride ‘pleachea the green colored complex formed by ferric iron and 7-iodo-8-
hydroxyquinoline-§-sulfonic eacid (Fcrron)j under optimum conditions it is
possiblc to detect 1 p.p.n. of fluoridg by thiz reaction. Oplorimetric moth-
ods have been reported for determining fluoride by the bleaching effect on the
sircononium-alizarin loke tut the reaction hos some disadvantages. Rceently,
R. A, Tclvitic [Ind.Eng.Chem., Anal.Ed., 15, 620 (1943)] has used thorium
nitrate and alizurin for the colorimetric determinntion of fluoride in natural i
waters. Yie hove applied this nethod to the deteminn..t.ion of fluorine in
fluorc-organic ccmpounds after the latter huve been refluxed with sodium in
l-hexanol (or other high boiling alconol).

. [}
Roapgents. 1. Standard Fluoride Solution. Dissolve oither 0.0221 g.
- of sodium fluoride, NaF, or 0.0495 g. of potassiun fluoride, KF.2H,0, in

weter and dilute to a liter. Solution contains 0.61 ng. of fluoride per ml.
If desired, the solution may be stondardized by the PbCLF method. |

2. Thorium Nitrote Reagent. Dissolve 0,240 g. of thorium nitrato,
Th(NO3)(.4H,0 and 61.8 g. of sudium sulf;).te, Nag80,, in water. Add 59 ml.
of formic acid (sp. gr. 1.2, 85f) to tho mixture, 17.4 g. of sodium hydrox-
ide and dilute to 500 ml. Solution iu 0.00087 )l vith regpset to thorium

nitrate and 0.87 M with respect to cuch of the folloving: Sodium sulfate,
sodium formate and turmic acid.
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¥ .8, Bodium Alizarin Sulfunate. Aquecus solution contuining 0.0744 g.

e &'sodium alizarin culfonote per liter.

o 4, Nitric Acid. Dilute c.p. concentrated nitric acid to approximately
0.5 M. \
Preparation of Standapd Serivs. The serics mey bo prepared for the

range 0 - 0.12 ng. of fluoride at V.0l ng. intcrvals. Tronsfer the required
volune of fluoride solution tc a 100 nl._ volumetric flask, add 5.0 ml. of
alizar;i.n solution and dilute to eprroximately 90 ml. with water. Add 5.0 nl.
of the thoriun solution, make up to the merk and uﬂxthormxghly. Transfer

to 50 ml. Neeslor tubes (220 mu.). _

Procedure. Place a weignhed sample (Ca. 7-24 mg.) together with 0.2 g.-
of sodium chips in & 50 ml. g.s. flask provided with a reflux condenser. Add
15 nl. of l-nexanol (b.p. 155-156°C.) through the eondenser and refiux the
mixture gently for ten minutes. Extract the hot solution with twc 10 ml.
portions of weter. Dilute the aqueous extrzet (lover layer) to 50 ml. of
water. Transier an nliquot of this soluticn to o 100 ml. volumetric fluosk,
add 5.0 ml. of sodiun alizarin sulfcnate znd adjuet the ecicity by adding
0.5 N nitric acld untll the solution is yellow. Dilute to approximately 90 ml.,
edd 5.0 nl. of the thoriun solution and procesd as uith the standards. The
soluti:n noy be ma.tched arter 30 ninutes. Results arc calculated directly from
the fluoride content uf the staunderd matching the unkno:m.

Isoenyl alcoh<l, l-octa.nol. and 2-uothylcyclohexanol iere slso used as
reflux media. Results are givon in the following table, togothef with
fluorine values obtrined by the volumetric method deseribed by Yoe, Solsbury
end Cole in N.D.R.C. report dated Februsry 29, 1944. '
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, Raﬂux Medium  Mgs. of Mgs.' of Fluorine Found
Analysed . : Fluorine Colorimetric Volumetric
: - Token _Method Mothod

Sodiun fluoro- 2~-nethylcyclo- 2.26 -2.98
acetute hexunol
isoenyl ulcohol 2.19
1.70
4.00
4.27
2.40
2.49
213
1.72
2.59

2

=
[

2.07
1.59
5.87
3.52
2.41
R.55
2.08
1.65
2.54

T 3-1-E1
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Methyl fluoro-
acetate . .
" n 1-hemol *R.59
Di-isopropvlfluoro— " 2.07
phnsphate ’
f ~Fluoroethanal " 2,66
l-octecnol 2.86
Potaas:l.um ilunride water 1.88
1—hemnol

R.44
2.04 .

2.56
2.54
1.95
2.87

sﬂl\’f-‘!\)z\" = N
5238L 8% &8

Nota.- Iaobutyl alcohol interferes in the colorimetric method.

Ronarks. New standards should be prepared oach daoy since the tint
changes slightly on aging. If the approximate fluoride content is known, only
four or five standards covoring the desired ronge need be prepared. '.l"he
standords nay alsc be prcpa.red/su nl. volumetric flcsks, ’ if desired, by using
helf of the amcunts of the ruagente given in the procecure.

The uethod i1l dotect 0.1 pepen. of rfluoride but for most accurate re-
sults the concentration should be around 1 p.peR., i.€., 0.1 mg. of fluoride in
& vclune of 100 nl. or 0.05 g, if the standurds cnd unknowns are made up to
unly 50 ul. In using rliguots, tho semple size shouuld be chosen so that the
concentration lies within tho optimum rengo. The scecuracy obtuinsble is 5%
at fluoride concentration of 1 p.pem. Resulis obizincd by the colorinetric
method agfecd with those obtuined by titrution of the flu;oride sanplos with '

thoriunm nitrate using sodiun slizarin sulionato es indicator.

The adjustizent of the ceidity with nitric acid should be done carefully
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ﬁ;" " 'because the pl must be controlled closely in order to obtain consistent
- , ' results. Large amounts of sodiunm nitrate cause low results. However,

100 ng. of sodium nitrcte may be present without significent error.

SUMIARY

]

L _A thoriun-slizarin colorinctric method for fluordde is presented as
' ln alternative procedure in the analysie of fluoro;orgmic compounds. It

‘e _'111 detect 0.1 p.p.m. of fluoride but for most accurcte rcsults the

°04 .

" concentration should be abcut 1 p.p.n. At this concentretion the accurccy
- 18 57 when matchings are made in 50 ml. Nessler cylinders (220 mm.).
. Valucs for fluorine by the colorimetric aethod are in good agroe--
ﬁent with those obtained by the volmmétric acthod deseribed hy Yo.a,

Selsbury and Cole in N.D.R.C. report deted Februcry 20, 1944.
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