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COMPOUNDS IN WATER
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Endersement (1) Cerl Niemann,lﬁember, Division 9 to
Dr, Waltcr R, Kirne¥, Chief, Division 9.

Forwarding report and noting:

"A methcd for the determination ‘0 F in soiium fluoroacetate,
AF<1, FE, and PF=3 in water, in which from 97-100% of the

F is recovercd, is describad, Potassium meta periodete),
silver percklornt verchloric 2cid and glass wool are Added
to an 2queous clution of the fluoro-oreanic compcunds

the mixture is refluxed, and then distilled at 135-145“0.,
mainteining the té*pnrﬁturc by -the addition of 100 =x1,

of watcr until-100 ml. of distillate is collected,

Aliquots of the distillate are snalyzed for flueride

ion by titrating with thorium nitrate solution using
Solochrome Brillisnt Blue as indicator, Iens commonly
prcsent in potoble waters do not interferc,”

(2) from Walter E, Kirncr, Chicf, Division 9
to Dr, Irvin Stewn=t,” Executive Secretary of the National
Defense Research Commlttcc..

Forwarding rcpcrt and conéurring;

This is n progress report under Contract 9q344, OLJgr-139 with
thc University of Virginia,
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Determinution of Fluorlne in Certain Fluoro-Organic
Compounds in Water

By

- John H.-Yoe (0fficial- Investigator); * '
Jason M. Salsbury end Jemes W. Cole

' University of Virginia

ABSTRACT

st L S o s - O

A method for the determination of fluorine inst§§um7fluoroucetnte,

methyl fluorocacetate, '2—fluoroetban6;,lﬁpd’qi;ébprppyr“f;uorophosphute in

water i8 described. It involves addition of the aqueous'solution of the
fluoio-orgnnic compound ‘to potassiuii‘meta pericdate; silver ‘perchlorate,
perchloric acid and glass wool; the mixture is rcfluxed, then distilled:

the temprrature is held at laS° - 145°C. by thu addition of water until 100 ml
of distillnte is collccted. nllquots of thc distillute are then analysed

for fluorile ion by titrating with thorlum ni rate olution using Solochrome
Brillient Blue as indiecator.

From 974 to 1004 of the fluorine was recovered. Ions commonly present
in potable waters do-not interferé seriouély._’Thé'ﬁime required for a de-

termination is about one hour. P o
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Determination of Fluorine in Certain Fluoro-Orgunic
Conmpyunds in Water
INTRODUCTION

There are seversl methods for determining the flusrine content of flusro-
organic compounds in organic solvents®, or in gas mixtures®. Very few methods,
‘however, are available for determining the fluorine in aqueous solutions of
fluoro-organic compounds. Milton end Chivers® report thet ammonia will deécompose
uqueoué solutions of methyi fluoroacetate quantitatively if the mixture is heated
in a sesled tube at 150°C. for two hours. On the other hand, Kimber? found that
fluorosleohols and fluoroacetates mist be heated at 170° - 175°C. for two hours
with 1:1 aqueous wmmmonia in a sczled tube for good results. DLater, Kilton and
Chivers® reported that dialkyl fluorophosphatcs may be decomposcd by evuporating
an aqueous amnonia sclution to dryness.

Buswell® reported that the presence of alkyl fluoroacetotes in distilled water
can be detected by evaporating 2 ml of a dilute ulkrline solution to dryness in a
smell beeker, heating for 2 winutes, ¢ooling slightly and' then adding an‘indicator
solution containing Soluchrome Brilliant Blue, chloroacetic zcid buffcr.(pﬂ 5) and
thorium nitrate. The color is compared with that of « blank in which ethyl acetate
is used insteud of the fluoromcetate., Buswell clso reported that the equivalent
of mas little as § pg of organic fluorine in 1 ml of water may be detected if- the
aguecous solution i3 mixed with four volumes of ctharol and the mixture burned in
an alcohol lamp. The vapors are absorbed in water and the solution tested for
fluoride ions by qqding Solochroue, bulfer and thorius nitrate solution. The color

is compared wi%h'n blenk, . i e gen NSl

The peﬁhod hescfiﬁed'in thie rcpért hes been applied to the determination of

fluorine in sodium fluoroacetate, methyl fluoroacetate, 2-fluoroethenol, and di-
isopropyl fluorophosphate in waterj 97-1007% of the fluorine is recovered es
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inorganic fluor.ide. The procedure :ervc;_lves~ ad.dition of the aqueous solutvion of
the fluoro-organic compound to potassium ;neta.pc;riodnte, silver perchlorate, per- J
chloric acid, and glass wool. The mixture is refluxed and then distilled in a
uanner similar to the Elsworth and Barritt® modification of the Willard and Winter!.
procedure. The .temperature is held at 135° ~ 145°C. by the addition of water;
100 ml of distillate:is collected. Aliquots'of the distillate are.then analysed
for inorganic fluoride by titration with thorium nitrate solution using Solochrome
Brillinzt Blue as indicatoi-.~ About an hour is .required to.make a determination.
EXPERTMENTAL

.. A+ . Materiels ond .Procedure. .
Reagents. 1. Thorium Nitrate Solution. - Dissolve 0.55 g of thorium nitrate,

Th(NOy) 4-4,0 (reagent grede), in wnter and dilute to one liter., -.The solution is
nppro;.im:tely 0.004 N.

2. Solochrome Brilliant Plue BS Indicater Solution. . Dissolve 0.05 g -of Solo-

cirome Brilliant Blue B‘St in 250 ml of water. A fresh indicater. solution: should -
be _mh.de up every three weeks beccuse a dark prceipitate settles out'.of solutions
that have stood for longer periods.: Soluchrore:Brilliant Blue obtained from dif--
ferent sources may very in.its: indieater action; hencestandardizetion and analyses
must be made with the -ssme lot of indicator unless. the different.:lots heve been
checked as to identity,

+» 89-91 Barclay Streot, New York, H. Y., sells a2 dyc under: .
the neme "Chrome Azurol ém.".which, cccording to the Dye Index, is the same pro--_
duct &s Solochrome Brilliant Bluc B8, Dr. N. L. Droke¢1O of the University of b
Maryland, hes recently examined spectrophotometrically some of the Gelgy Dye and °
found its absorption spectrum the same o3 that of Solochrome Brilliant Blue BS.

A 0.0153% solution of the former is equivalent to a 0.020% soluticn of Solochrume
Brilliant Blue BS, : et ,
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organie conpounds i:
5
Wi a them

tube¢ with parallel side arm (Cornir

best rd; (C) r
lass Works Caotalozue No. 8920) whi
round joint, pyrex separatory fu:
No. J-1866) to whi 3 ¢ sealad

. 2800) c
round joint between flask (A) an

top with a narrow riblon of Lubriseal gzreas

t lubricated. Enough mercury is put in the thermonmcter

£ the thermometer.

Decomposition of the Somple. To flask (A) add 0.2 g pot

.)s 2 g silver perchlorute (AgCl0,.l,0)and 15 ml of 707 |

r 20 nl of aqueous solution of the fluorc-orgunic ccupound
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shake well, . Powder any undlssolved solid [Note 2] end add 0 2 gof glas" wool
weighed to. the nearest 0.0l g. -Reflux for 15 minutea, cool. Conneot the flnsk to
_the apparatus as shown in Figure 1 and heat the mixture [Cautionl See Note 3]s
distillation begins:at’ 110° -'120°C. Continue heating, hold the tomperuture at
135° - 145°C. by the addition of water from the sepuratory funncl, and collect
100 ml of distillate in-a 100 ml volumetric flauk. Twentyhfive to thirty minuteo
should be required to collect the distillate. _

Titration of Imorganic Fluoride. Transfer an aliquot (cuntoining not more
than 100 pig. of fluoride to a 50 ml low form Neasler tube [Hote 4] Add 0 2 N
sodium ljgdroxide until the solution is nlkaline to phenolphthaloin; tnen add 0.2 N
perchloric acid until.the pink color just diaoppears [Hote 5] Now udd 1 ml of
Solochrome Brilliant Blue indicator" (the resulting aolution ahould have a yellow
«cplor; pink-herc indicates an excess of perchloric acid.) Add one drop (0.05 =
0.06 ml) of 0.2 N :perchiloric acid which turns the aolution pink, then 0 5 ml of .
chloroacetic acid buffer and dilute to the 50 ml mnrk with distilled wuter [Note 6]

.To & similar Nessler tube ndd 48 ml of water, 1l ml of indicator, one drop
(0.05 - Q.06 ml).of 0.2:N perohloric geid, 0.5 ‘ml of chloroacetic acid buffer,
0.10 ml of 0.004 N thorium nitrate sélution &nd mix [uoe page l?] .

The unknown is titrated with 0.004 N thorium nitrote aolution until its color
matches the blulsh purple of the blank. Subtrnct O.lO ml from the volume of

thorium nitrute.used, and convert the'corrected volume to Ye- of fluoride ion by

means of a pereviously prepared calibration chart?®

Notes. 1. A determination of flioride in the reagents mus% e 3
analyses corrected for the positive value invariebly found®. Tuio is done by
substituting §0 ml of distilled water for the samﬁle and ourryiné out the analysis
in the usual way. kost of the fluorine appears io come from the glass wool; hence

it must be weighed to the ncarest 0,01 g.
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2. The cddition of wetcr to = mixture of potassium meta periodate, silver
perchlorate, und perehloric acid forms a difficultly soluble yellow solid. Fuilure
to powder finely this solid results in low recovery of fluorine. -Bluek flzkes in
the yellow sclid indicate that the potassium mcta periodate and silver. perchlorate
became damp before the addition of the perehloric acid. When the solid.is powderec
the black flukes turn yellow or dissolve. Failure to eliminate this dark material

results in a yellow distillate which is uns&tisfactbry for the titration of °

fluoride.

- 3. There is daﬁger of cxplosion when heating a mixture of orgmnic mutericls
and perchloric acid. The operctor should be proteeted by a safety glass barrier

and & facc shicld. No explosion occurred in zny of the many distillations made

in the eourse of this invcstigation.

4. The titretion nust be curried out in 2 low form Nessler type tube (150 x

25 rui. )3 low fluoride values are obtuined when un Eflvnmayer flask is usedlr
Satisfactory titration cylindcrs‘uay be prepared from 150 x 25 mm. or 200 x £5 mu.
pyrex glass test tubes by flattening the closed ends. _

5. The phenolphthelein endpoint wust not be 6§errun by nore than 0,01 ml of
0.2 N acid or the 'solution will not have the proper pi value.

6. The following alternate procedure hus been found to give solutions of
uniform pH: Dilute a mixture of 50 ml of indicator, 25 ml of buffer, and 3.0 nl
of 0.2 N perchloric acid to 500 ml. Add 10.0 ml of this solution to the neutrul
fluoride solution, dilute to 80 ml, and tityate with thorium nitrate. This assures
identical concentration of indicator, buffer, and ucicd in the blank and in succes-
sive titrations.

B. Anelysis of Certain Fluoro-Orgonic Ccmpounds.

The purity of the fluoro-orgenic compourds used to prepare the agueous solu-
tions was deternined by the sodium in l-hexanol method). The values listed in the
first column of cech £ablc were obtained by multiplying the weights of ¢

applcs
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by the purity factor. '
Unless otherwise noted, all cnalyses were made by the procedure given in the
seetion “Matérials and Proeedure“ but without the refluxing. The increasé in

precision and recovery gained by refluxing was not noted until late in the in-

vestigation. Most of the analyses were made without refluxing.'.

'Analxsis.of Sodium Fluo;gacetate. Tne purity of the sodium fluoroacetute
samples ranged Tiec 81% to 88% The samples also contained 8% to 11% sodium
fluoride. Since the inorganic fluoride is completely recovered in the distillate,
the values for organic fluorine rather than for total fluorine are reported in
'Table I (also in Tables V end VIII). : - ‘

" on'an average, 90% of the fluorine in’ aoueous solution of sodium fluoro-
acetate was recovered in tho distillnte. The data are given in Table I. By com-
parison with Tobles IT and III, the recovery of 97p to 99% of the organic fluorine

would be expectcd if the nixture were refluxed be“ore the distillation.'

glxgis of Hethxl Fluorgacetnte. Thc somplc of methyl fluoroacetate,

boiling range 103, & 104.2 C.; uscu in these experimunts assayed 99ﬂ pure.
Onen average, 90% of the fluorine was recovercd from aqueous solutions of
the uethyl fluoroacetate when distilled w;thout refluxing, 97% wus recovered

when refluxing preceued the distillation. The data are given in Tuble II. A
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Table I. Determination of Fluorine in Aqueous Solutions of Sodium Fluorocacetate

Conc. of Orgenic Fluoride Recovery
Conpound Present Found .

ne/ml ve/20 ml ve %
‘sample 3
(Selsbury, Analyst)
89.6 341

90.3 343
90.3 343

79.5 302
79.5 302
79.5 302
79 L] b LS 2
79.5

106.0
106.0
106.0

78.5
788
78.5

7945
796
79.5
79.5
79.5

157.0

(Armstrong, Analyst)

150 5 50 88
150 570 €8

140 523 - 85
535 88
43.2 - 20
43.2 59 9
4%.2 30 20
45.2 38 88

8.6 12 140
8.6 6 70
2.26 8.6 9 105
(2) Potussium periodnte wes disasolved in the agueous solution of sodium fluoro-
acetate, silver perchlorate added, then the perciiloric acid was added.
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Toble II. Determination of Fluorine in Aquenus Solutions of Methyl Fluororcetate.

Conc. of Organic Fluorine Recovery
Coupound Present Found

pe/nl pe/20 nl pe %
sample
(8alsbury, Analyst)

564
364
564
564
364
364
364

(Armstrong, Analyst)

1010 - 89
1010 3 91

538 ' " 89
-89

320 740 20

162 653 530 90

162 683 643 98

162 653 657 97

162 653 634 97

162 653 595 o1
(a) Refluxed 15 minutes before distillation.

103° - 105.39C., used in these vxperiments assayed 837 pure.
On an average, 64/ of the fluorine was recovered from aqueous solutions of
2-tluoroethanol when distilled without refluxing; 997 was recovered when reflux-

5 5 1 4
ing preceded the distillation. The data are recordedsy in Table III.
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Teble III. Determination of Fluorine in Agueous Solations of L-Fluorcethcnol.
(irmstrong, Anslyst)

Conc. of Organic Fluoride Recovery
Compound Present Found
pe/m pe/20 nl Fe #

sanple

145 864 59
145 864 66
864 64

910 70
606

64

30,5 80

15.2 72

864 847 98 (a)
145 864 857 99 (a)
(2)

145 364 857 9%
145 BG4 &17 60
(a) Refluxed 15 minutes before distillation.

Analysis of Diisopropyl Fluorophosphate. 4 sample of 94% purc diisopropyl
fluorophosphate was used. ‘.

Toble IV shows that éluorlm. wes completely recovered frou agueous solutions
of diisopropyl flgoroacetate. Refluxing is not necessary.

Table IV. De.ter:.inatiun‘uf Fluorine in Aqueous Solutions of Diisspropyl Fluoro-
phcophates “(Armstrong, Analyst)

Conc. of Organic Fluorine ‘Recovery
Compound Prasent Found

ML 2/20 nl g %
Pg/ Psr-..aple F
202 417 417
81 167 168

85.4 8l

33.4 o4

CONSIDIITIAL
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C. Optimun Expcrimental Ccnditions.

Ten veriables were studied to find the optimum conditicns for determining
the fluorine in aquecus solutions of fluoro;orgunic compounds: (1) The zcid used -
in the reaction nedium, (2) the type and quantity of oxidizing egent necessary to
decoupose all the fluoro-organic compound prasent, (3) the relation between the
amount of silver perchlorate used and the recovery of flucrine, (2) source of
silica, (5) the crder of the addition of the reagents, (6) the effect of reflux-
ing the reaction mixture, (7) the temperature necessary to ducompose the fluoro-
organic pompound and distill over all of the incrgaric fluoiide, (8).the rate of
distillation, (9) the volume of the distillate that must Le collected to insure
completc removal of the fluoride ions from the reaction mixture, and (10) the

effect of diverse ions in the serple.

1. Perehloric Acide A strong acid nediun is needed when distilling fluoride

out of the rcection mixtuirc, Both sulfuric? und perchloric acid?,8,9 have bean
used successfully for»this purpose; perchloric acid, lhiowover, wes chosen bectuse
it has 2 smaller effect in the thorium nitrate titration fo; fluoride ions using
Soluchreoue Brillimnt Bluc as indicater [Sce page 20].

2 t When an aqueous solution of' sodium
fluoroacetete was heated in o cixture of perchloric acid, silver perchlorate and
glass wool according to the procedure (p. ¥), but in the absence of potassiwz
periodate, only 47 of the sodium fluorcacetatc was decomposed into fluoride ion
[Scc Table V]. This wes taken to indicate thet soue oxidizing eygent, in addition -
to the uixturc of perchlorlc acid and silver perchlorzte, is required to decon-
pose sodiuz fluoroncetete in aéucous solution.

In sone preliminary experinments when 0.1 g of potassiun permangseate vwns used

in place of potzssium periudate, about 70/ of the fluorine was found in the die-

tillete as inorgenic filuoride. The distillate contained solid silver chloride end

‘CONFIDEKTIAL
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de It wa& .neceesary tc heet the resctioz mixture very
slowly in order to avoid bumping (about two hours being required to collect 100 ml
f distillate). The precision of the results was puor beczuse of the presen
1 oxidizing agent (probsbly hypochlorous acid) in the distillete which &l
colorized the Solochrome Brilliant Blue indicator. When potassium periodete was
used instecad of potassium peraanganate, nc silver chloride weos carried over and
no oxidizing agent appeered in the distillcte.

The results sumiaarized in Table V indicate thut in some soluticns the recov-

ery of fluorine obtained with 0.1 g potassium weta periodate was cauzl that

g. Other solutions, Lowever, requircd V.2 g of potussium periodate for

jaximum recovery. The use of 0.3 g of potussiuam periodate did not affect appre-
iably the recovery of flucrine. In view of a lack.of consistency with les an

f potassiwm periodate, thls quantity is recomiended in the procedure.

Effect of Silver Pcrchlorate. The role of silver perchlorate in the de-

eition of sodium fluoroacetcte is unknown, but its presence is essential as

is shown by the data in Table V. At lcast 1 g of silver perchlorute must be in

the reaction mixture and 2 g cppeers desirable. With less than 1 g of silver
rchlorate, the rccovery of fluorine ies decreased narkedly, only ubout one-half
zuch being obteined with 0.02 of silver perchlorate as with 1 g.

4. Source of Silica. Silice must be avmilable in the reaction mixture t

e

form H,SiFg. Glass wool is the best  material for this purpose”. Frow 0.0¢

0.2 g wus enployed; the larger value was selzcted for the standard procedure
ceuse 1t reduced bumping. The dlstillate gave u titer equivelent to 2 yg of

Ja

ide for each 0.0l g of pyrex glass wool used; 2 glass wool giving

4Vllilg

titer would be desirable.
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Table V. Effect of Potassiun Periodate and Silver Perchlorate cn the Deter-
mination of Fluorine in agqueous Solutions of Sodium Fluoroacet..tt..
. cav il ol (Sndsburyy Analyet) 3 ]

Conc. of - - -~ Potassium:* -’ Silver ~ . . Organic Fluorine

Conpound Periodate Perchlorate Found

pe/md g g pefeoml .. %
smﬂe

]

e P . i o
67.6 -
67.6 : A .0 121

67.6 262

[=)
5}

67.6
67.6
67.6

.
o

255
236
225
254

PHPR

89.6

89.6

89.6
: 89.6

o .000

239
244
272
220

H
L] L] ]

89.6: -‘Average

' 80,5
90.3

. . 504
517

0
0.
0
2.0
0
0

WJ- Average
L7945 .
79.5°
7.9.5‘.' M)

222 .
234
241

BHE D

¢ ooo ©

79.5.

n
.

Average:'

79,5

265.

78.5
78.5
7845,

Ris-
260

227 :.

B
oo <

78.5 (a) 2 2.0- avernge o1 -
79.5 il g 1.0 " 84
79.5 (a) 2.0 RIST 0

179.2 1.0 5 71
(2) See Table I.

(b) Potassium periodate was dlssolved in the eaquecus solution of sodium fluoro-
acctete, silver perchlorate cdded; tnen the perchloric ucid added.
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5. Order of Addition of Reagonts. When silver perchlorate was added to

agueous solutions of potassium meta periodate a dark precipitate formed. Treat-
ment of this mixture with perchloric ccid coused the solid first to turn yellow
end then dissolve. The dark precipitate may be silver meso periodate (Ag,IUg)
which has been reportcd®® to be formed when silver meta periodate (AgI04) hydro-
lyses. It was thought therc may be a diffepencc in the percentonge of fluorine
recovercd from sodium fluoroacctate depending on: (1) whether potassium meta
periodnte ie dissolved in the agucous solution of sodium fluoroacstete and silver
perchlorate added, followed by perchloric acid, or (2) perchioric acid is added
to a mixture of potessium meta periodate and silver percAlorute and then the
aqueous soluticn of sodium fluoroscetute ndded. The deta in Tables I and V in-
dicate that the order of addition of the reagents has very little effect, if any,

on the recovery of fluorine.

6., Lffcct of Refluxing the Reccticn Mixture. Early in the investigation,
in an effort to iuprove the rccovery. of fluosine from aqucous solutions of sodiwa

fluoroacetate, the reacilon mixture was retluxed for perleds of 0.5, 1, and 2 hours

o " i K
at 120 C. in averege of 957 of the fluorine was recovercd nfter refluxing. Since

90 recovery was obtained without refluxing, the small increuse in recovery did
not scem to warrant the additioncl time-consumiug step.

Late in the investigaticn, the perchlorate-periodate method wes applied to .
tlie deteraination of fluorine in aqueous solutions of 2-fluoroethruol. In the
analysis of this compound‘n 15 mimite refluxing period before the distillatien
ircreased the recovery of fluorine from 647 tc 9835 the precision wus also in-
creased [Sce Table III].

Heenwhile, improvements had been uede in the procedure, and a second in-
vestigetion showed the recovery of fluorine from fluoroucutatec solutiovns is in-

crensed froa 90% to 98% by refluxing the reaction mixture for 16 ninutes before
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distillaticn [See Table II].
The recovéry of fluorine froa aquecus solutions of diisopropyl iluorophos-
phate is complete without use of a refluxing period [See Table IV].

7. ZIcoperature of the Reaction Mixture. It is reported that & teuperature -

of at least 135°C. is required for complete renoval of fluoride ion frou the re-

action mixture by distiliation with perchloric ucide’g. At temperatures abcve

145°C. an excessive anount of perchloric acid is carried into.the distillate and

interferes with the titration for fluoride. Hence, it is iuportant that tho temp-
erature of the reaction mixture during distillation tc¢ aeld at 135° - 145°C.

8. Rato of Distillation. The time required faor the collection of 100 ml of
distillatc was varied fron 20 to 75 minutes. Rapid distillation increased the
perchloric acid content of the distillate [See scction D: Titretion of Fluoride].
As the amount of fluoride in the "Llank" on the reagente [Note 1, p. 4] increases
with increase in distillation tine, it is belicved thut.the reagents react with
the glass wool to liberatec fluoride icns frow the latter. Unless fluoride-free
glass wool can be obtainud, the time for distillation should be held within a
narrow tiae renge; 28 ¥ 3 nimites has beon fornd satisfactory.

9. Volume of Distillate. Distillation of ;tnndard’solutionS'of potassiun
fluoride with a nixture .of 0.1 g potessiui perioddte, 1 g silver perchlcorate, 15
nl 703 perchloric acid and a wad (0.1 g) of glass wool by the procedure given above
indicates thet it is necessary to colléct at least 100 ml of distillate in order
to recover the fluoride satisfactorily. Table V¥ shows a typical result obtained
by cnalysing 25 mlifrzetions of the distillate; the originel solution contained
843 pe of fluoride.

When agucous sclutions of sodium fluorcecctate werc decouposed end the

fluoride ions removed by distillation, a maximum of 2% of the fluoride ions was
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Table VI. FKecovery of Inorgeanic Fluoride as a Function of the Volume of Distillate
{Salsbury, Aralyst)

Fraction -+ .Fluoride _ Found
nl Be

- 25 368 44

- 50 R38 34

- 75 124 15

- 100 34 _4

Totel 814 97
found in the second 100 rl of distillatej in the msjority of deterninstions no
fluoride was fowid. Hence collection of the first 100 ml distillate zppears
adeguate.

10. Etfect of Diverse Ions. Calcium, chloride, sulphate, and phosphate zre
ions coumonly present in rnetural weters that might be expected to interferc either
with the decompositicn of the fluoro-orgsuic compounds or with the distillation
and titration of the inorgenic fluoride formed. These ions ‘are seldon present in
excess of 15U p.pem. Cuy 8000 p.p.iae 504, o4 53 p.p.r. PO4. Aluminiva wdght be in-
troduced in water treatient; hence it is included in this study.

The dute in Table VII show thnt in the absence of diverse ions, the fluoride

is completely recoveraed in the first 100 1l of distillete. The recovery ot 97 -

98 of the fluoride ia the presencc of Cn, S0¢, BO; v PO, ions may bte due either

to « slizht roduction i'n the rate of distillation of the fluoride in the presence
of these ions, or to cxperinentel error.

The values in Table VIII show a slightly' louwer re :Euinzry of fluorine fron
sodium flucroccetate when the decompositions snd distillations are carried out 'in
the prosence of Al, Ca, B0 or S04 ond POy. Here tco, the differcnces ure within

the experimentel error.
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Table VII. The Recovery of Fluoride fron Aqueous Solutions of Potassium F‘I.uaride
Contzining Diveree lons. (Armstrong, Analyst) -

F In';,roduced Diverse Ions Recovery of Fluoride
Pg in the ml sample pe

443 " None 445
443 ‘None ! 440
"443  '8000 ppm SO4 437
443 8000 ppm S04 431
443 53 ppn PO, 431
443 8000 ppm SO¢3 33 ppm PO, 443
443 8000 ppm S043 33 PPa PO, 445
443 150 ppn B ] 443
445 - 100 ‘ppm Ca, 175 ppn C1 45u '

Table VIII. Determination of Fluowine in Aqueous bolutions of fodium Fluoroacetate
Conteining Diverse Ions. (Armstrong, Analyst)

Conc. of .- -Diverse Ions’ Organic Fluorine
Compound in the 20 ml sample Present Found 4

pe/al. T re rEg

150 - -Nore 370 502 8e
150 None . - 570 504 88
150 150 ppu: 265 ppr C1 570 492 86
180 T %65 ppm C1 570 . 489 86
150 3 110C pa N353 570 480 84
140 533 | 450 85 -
140 - 533 470 88
140 a3 3% pmm 533 473 - BB
140. ! i 523 42C 79

The eftect of Ca, SO4 and PG4 on the recovery of fluorine from uethyl flucro-

acetate is shown in Table IX. Analyses of cqucous solutions of methyl fluororcetats
are less precise then those of sodium fluoroscetate {cf. Tatles I and II). Hence
the differences in recovery noted in Table IX curnot bte definitely attributed to
the diverse ions.

A survey of Tebles VII, VIII =nd IX shows thut the recevery cf fluorine is
2 to 3% lower in the presence of 150 p-pom.Caldhe presence of 534, or POy, or both,
either dovs not effiect tie recovery of tluorine or lowers it only slightly. Hence
it way be concluded thuat the incrzenic ions commonly present in potable waters
intericre only slightly, if at =211, wit: the deturuination of fluorine in fluoro-
orgenic coumpouncs by the perchiorate-pericdute precedure.
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Table 1¥. Deteruination of Iluorine in Aqueous Solutions -of Methyl Fluoroncetate
Containing Diversc Ions. (Armatrong, Anglyst) e

Conc. of Diverse Ions Organic Fluorine
Compound - in the 20 ml sample Present . .Found
pe/nl ‘ Be re

245 None 1010 900

245 Nonec. : : 1010 .

245 150 ppm Caj 265 ppm C1 1010 880

245 - lohe L 1010 860

245 None 1010 860

245 150 ppm Caj 265 ppn. Gl . 1010 840

245 150 ppm Coj 265 ppn Cl 1010 840

151 one i 578 475

131 Hone 558 178

131 8000 ppr S04 5 e T ISEE - 440

121 8000 ppm u04 528 4

131 None 338 475

21 &% ppa PO, 538 460

200 Nouc 320 . 740

200 8000 pp SO 820 750

200 €000 ppm 5‘04 8-0 720 82
(o) The use of this value agzunes the stability of the solution of methyl’ fluoro-
acetute’ over -z 24 héur intervsl. The recovery of only 86C 16 F coxnpare'i to 900
and 920 pg F by the saume procedure on the previous day indicates about 5% loss of
methyl fluorozcetate frow: the soluticn bv-tv.et.n the two uecasureicnt

D T.itrution of Fluorive.

Manipulation. The titrn ti;m ia p.c rioraed in 2.'.. x 150 nri £flat bottom cyl-
mdmrs (lou forn Nes ler tubes or equr.'alcnt) Two of t}m.si:, Blank and utlatom,
are hcld 1r the 1c1t hand: the fingers serve as a shicld reduchg the llght
entcnng the sideos of the tube. Light fror_-'. n t.ungnten lanp pleced bekind (12-18
in.) ana abov\. (6-1" in.) th(. tltmtion fwmd is reflueted froi the white

porcclain b...se t‘xrougn thn bottor's of th" tubc... btlrrmg is acsomplished bty the

vertical motion o;‘ e 4-—5.1:.:.1 glo. S5 rod uibh the 1o..c.r end fla.ttcued to u 15 T

“

putton A

Blank. The blank should be tested cuck day hy titration agrinst a standord

fluorid¢ solution. “An error of 0.01 ul dn thc volume of thorium nitrate solution

7

in the ulank utroducc.» & tltratipn error of 0.04 wl with 50 pg F3 with 100 pg F

ks IRTITI Y

the error iz 0,07 ml. In precise vorl: a xresh bl.mk ghould be prepared each dey

because cof @ slow change in its color.
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x Lt
Effeet of pH.. - In Porton Report lo. 2549 -the necessity of careful control

of the acidity is discussed without stating the pH of the solutions titrated®.
Drake® finds solutions prepared according to the directions in the Porton Report
have VpH .17 - 5.20'.

If, to the neutral solution cf fluoride end 1 ml of 0.02% Solochrone iudi--
cator, 0.05 N perchloric acid is added "until the yellow of the dye just changes

to pihk“o, then 0.5 l of buffer added and diluted to 50 wl, the solution hes pH

3,19 - 3.23, depending upon which shade of pink the zddition of acid is stopped.

On the other hand, if to the neutral iluoride solution are added one drop (0.05 -

0.06 ml)..of 0.2 N perchloric acid, 1 nl indicator, 9.5 ml buffer, =nd water to

50 ul, the solution has pH 3.17 - 3.20. In cuse a number of titrations are to be

mede, uniforn concentrstions of the resgents are conveniently obtuined Ly mixing

50 nl of indicator, 25 ml buffer, end 7.0 ml 0.2 N parchloric acid, diluting to
500 ml, and thea adding a 10.0 ul portior of the soluticn tc ench sample of neutral
fluoride solution.

Blanks prepercd sccording to directienu in the Portcn report have pH %.25 -
5,273 these are distinctly blue in color coapared to blanké ol 1oﬁer pll (5.17 -
3.20). A blank prepared from 10 nl oi the indicator-buffer—acid solution nmentioned

sbove, 40 nl weter, and 0.10 thoriunm nitrate hoe the samc ph as flucride solutions
similarly prepared.

. To deteruine the effect of pll, solutious containiag 44.3 pgA%, 1.00 ml indi-
cator, 0.5 ul buffer, and from 1 to 11 ml of 0.002 N perchloric ncid were titrated

with thoriun nitrate solution until they matchecd ~ blenk huving pH 3.17. The. date -

in Table X show that if the variation fron tiHSpH excecds 0,02, appreciable error

is introduced.

i ---------------------------- o e AR C
All pH vulues were determined with & Colemen Medel 2D neter evlibrated aguinst
0.2 N potassiun acid phthalute. A Beckmun pl meter, calivrated ageinst the saue

standard, registered all values in the &.0 - 3.2 range frem 0,04 to 0.05 lower.
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Tuple X. ZXffect of pH on the Titration of Fluoride(a). (Armstiong

0.002 i Equivalent voluue
HC104, nl of 0.2 N acid, ml

0.01

.04

+C6

.06

.08

11

11 .11

pH

2.23
Z.19
3.17
%.17
5.13
%.08
%.,08

19.
, Analyst)

0.004 N Thoriuam
Nitrate, nl'

1.41

i 1.45
1.47
1.47
1.49
1.54 (b)
1.53 (b)

(2) Each solution contained 44.3 pg F, 1 ml indicator, 0.5 ml buffer and water to
meke 59 mlj; each was titrated to match a blank with pH 3 17.
(b) Off tint, endpoint difficult to determine.

Drake'® suggested the addition of "two drops" of V.2 N perchloric acid and
0.75 ml of Buffer to each ncutral solution of fluovride thus estaublishing a pH £.00
for ithe titration. The data for.titrations near pHt 3.0, Table XI, chow no in-

crease in tolerance to differences in pH over titrations performed around pi Z.17.

The endpoint is more difficult to determine in solutions cf pH 3.00 than of 3.17.

Table XI. Titrztion of Fluoride at pi!'s ncar 3.00 (Armstrong, Analyst)

0.002 N
HC10,, ml

0.004 N Thoriua
Hitrate, nl

Equivelent volume pH
of 0.2 N acid, ml

7 0.07 5.06 1.57
B2 g . .12 Z.02 ' 1.60
12 .12 3.02 1.62
17 .17 2.96 1.66
Each solution contained 44.& ug F, 1 =l indicetor, V.70 nl buffer, and wuter
to make 50 mlj each was titrated to match a blank with pH 3.02.

These experiments indicate that the titration of flucride with thorium nitrate
is sctisfactory at any pH between 3.00 and 2.23. The snalyst should selcet the
lower pH if he finds the reddish tints easier to netch; thc higher pH if he pre-
fers to match solutions of a bluish tint. However, once & ph value for the
titrations is selected, this value shsuld be mzintasined as rigidly as possitlc.

It is believed that moct cnalysts will find pH 3.17 or pH 5.2Y gives solutions
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that ere most easily matched. If a pH of 3.R8 1srsolected, it is readily atteained
by using 2.0 ml 0.2 N HC1l0, per 500 ml of indicator-buffer-acid solution described
on page 18; 3.0 ml of the acid gives a pH of 3.17.

It should be obvious that to maintain the pH within narrow limits, extrene
care is required in neutralizing the fluoride solution. In establishing the phenol
phthalein endpoint an excess of more than 0.01 ml of 0.2 N acid is to be avoided.
The use of a 0.05 N HC10, solution for this neutralizntion has the advantage that
drops need not be split.

Effect of Sodium Perchlorate and Sodium Sulfate. The decomposition of fluoro-
orgenic compounds by sodium in l-hexanoll yield; a fluoride solution conteining

5 millimols of sodium hydroxide. In the perchlorate-periodate method the distil-

late contains 0.4, 2, or 8 millimols of perchloric acid for distilling times of

40, 27, or 22 minutcs respectively. Thus, after neutralization, a one-tenth
aliquot of thc fluoride solution from the sodium-l-hexanol procedure contains
0.5 millimol of sodium perchloratej; that from the perchlorate-periodate procedure
contains from 0.04 to 0.8 millimol of the salt.

The date in Table XII show that the presence of sodium perchlorate in the
above quantities leads to high volumes in the titration of fluoride samples and
to slightly high volumes.iﬁ the go-called "blank" determination of fluoride in
the reagents. Fluoride values calculated from these larger titration volumes
are 2% (0.2 millimol NaCl0,) to 34 (0.5 - 1.0 millimol NaClO,) high.

The presence of sodium sulfatc is to be avoided as it causes high titration

volumes.

CORFIDENTIAL




CONFIDELTIAL

Qi s
Table XIX. Effect of Sodium Perchlorate and Scdium Sulfate on the Th-F Titration.
(Armstrong, Analyst)

F Present Szlt Present 0.004 N Thorium
ne millicols milligrams Nitrate, ml

Sodiun Perchlorate

0 0.10
6l 0.11
- 122 0.13

.
o

1.49
1.49
1.54

.
Owm

2.74

24 R.82
61 2.86
122 <.88

HOOO l—‘.OO ~CO

. o
Ot

Sodiur Sulfate

0 (Y] 1.64
0.001 0.14 1.67
0.00

(Y]

d

2 28 1.72 -
1004 0,57 1.85
1.0

Each solution contained 1.0 ml indicator, 0.5 ml buffer, 0.06 ml of 0.2 N HClO,,
and water to make 50 mljy pH 3.,17.

SUMMARY

A nethbod for determining the fluorine in sodium fluoroacetate, methyl {luoro-
acetate, 2-flucroethanocl, and diisopropyl fluorophosphate in water has been des-
cribed. It is besed on (1) adding the aqueosus eemple to potassium meta periodate,
silver periodate, perchloric acid, and glass wool, (2) refluxing for a 15 minute
period, (3) heating the mixture and holding its temperature at 155Q - 145°C. by the
addition of water while 100 ml of distillate is collected, and (4) analysing cli-
quots of the dist}llaée f&f flucride ions by titrating with thorium nitrcte solu-
tion using Solochrome Brilliunt Blue as indic#tdr. An énalysis requires about an
heur.

The recavery of fluorine from solutions of the fluoro-orgenic compounds was
97-100%. Vhen the reaction mixture was distilled without rc¢fluxing the recovery of

fluorine wes 907 for fluorozcetutes, 647% for 2-fluorcethansl, and 1007 for diiso-

propyl fluorophosphate.
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