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OSRD No. 3461

Division 9
NATIONAL DEFENSE RESE.RCH COMMITTEE
of the
OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT
Seotion 9=-3-1

DETERMIVATIO!' OF FLUORINE IN FLUCRO-CRGANIC COMPOUNDS

Service Direotive: CW3-6

Endorsement (1) From Dr. Carl Niemenn, Division Member in Charge
to Dre Walter R. Kirner, Chief, Division 9.

Forwarding report and notings

"The fluorine content of organio fluorine oompounds can
be determined by refluxing the semple, in solution in
hexanol-l, with sodium, extracting the liberated fluor-
ide ion with water, and titrating the fluoride ion in
the aqueous extract with thorium nitrate using sodium
alizarin sulfonate as an indicator. The method is ap-
plicable to those cases where hexanol solution of the
sample cean be prepared."

(2) From Dr. Walter Re Kirner, Chief; Division 9 to Dri
Irvin Stewart, Executive Secretary of the National Defense Research
Committees

Forwerding repcrt and concurringe

This is a progress report under Contract 9=-344, CEMsr-139 with The
Reotor eand Visitors of the University of Virginia,
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Determination of Fluorine in Fluoro-Organic Compounds
By COFFIDENTIAL

John H. Yoe (Officicl Investigator)
Jason M. Salsbury and James W. Cole

ABSTRACT

An anilytical procedure is described for the determinction of fluorine

in flupro-orgenic compounds bused on (1) decomposition of the scmple by re-
fluxing vith sodium in l-hexanol, and (2) titration of fluoride ion with
thorium nitrote ueing sodiun cliszerin sulfoncte as indicctor. The znalysis
requires cbout thirty minutoes.

Four fluorco-organic compounds were snnlysed. Fluorine in sodium
fluoro-cetote was chout 35 vhove the calculcted quantity; voluee for mcthyl

. averuge :
fluoro. sctate verc coout 44 low. Thy/velue for di-izopropylifluorcphos—

phrte vas approxiJntcly'xx;bclow the theoreticsl, while in fg-fluoruethanol
the 1luorine valucs wvernged aubout 1175 low. In «ll cnclyscs the nverage
deviztion from the woun wes cbout 2.

Puriiicd di-isopropylfluorophosphete in o 457 ethuiol sulution con-
tnincd 0,155 fluoride ion, tut no fluoride ion wes found in .ither methyl
fluosroucetote or ﬁ?-fluorocthnnol. Somples from two lots of rodiun fluore-
aectute conteined 8.5% sodivm {luoride.

In thc hope of cuhoneing the eolor chenge ot the cnd-point in the
thoriwa nitrate titrstion, fifty-four dycstuffs in nixtures nith.sodium
alizarin sulfenote were tested. Only sne cppenes te be of valuc.

A coapurieon of Solochrome Brillimnt Blue BS with sodium clizorin

sulfontte shoued cnch indicator to heve some advintage, depending on the con-
contretion renge of ilueeiney the foimcr is morc densitive at lower euncon-

tri.tions.

COMFINENTIAL
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Determination of Fluorinc in Fluoro-Organic Compounds
INTRODUCTION

iuch difficulty has been cncountered in quuntitatively converting
flucrine in fluoro~orgruic compounds to fluoride ion. A number of methods
have bemn tried *..ithAv‘:r},ring d;.-grccs of succoss. Fiusro-orgenic compounds
have been (2) split by refluxing severcl hours :iith sodium in an :.lcohol",
(t) burned to HF in o gus strean®, (c) ignited in a Porr boab®, (d) rupturcd

by heating vith camonie under pressurc®, (¢) cleaved uith poteseium uctal

at 400°C.5, ond (f) rcduced idth nickel-aluzinua alloy tnd scuuous ulksli®,

In moet coses the fluoride ion furned ies titrated with thorium'nitrute.
Fluorine in .sodiwa fluoroacet-~te, uothyl fluororcetate ~nd di-isopropyl-
tivorophososhate hus Leen determined satisicctorily by the method described
in this report. Kesults with /3 -fluorocticnol were low hut aay not be due
to the iethod. IThe coapounds crc decompored by rerluxing with sodium in
1-hexenol. The sodiwa fluoride thue foriied is oxtrocted with weter and the
wqueous leyer nade to o known voiuwne. Aliguots cre diluted ith weter ond
cthonol to 45,? ethonol by volumc. Aftzr neutrrnlizetion -rith hydrochloric
veid, a tuffer is added to zdjust the pH Yo cbout 5 ond the solution is ti-
troted writh thorium nitrnte 4o th: first pemisnent pink tint of sodiun
alizarin sulfonsie inliccior. A conplet caclysis rcoculres clout one-half
hour. fThe titration of fluoride ion is ncowrstc to zbout 24, Averuge
valucs lor fluoring,in torus of the theoreticrl, were ws follows: sodium
fluoroncotute, +57%; nethyl fluoror.cet:.te, -. ."x di-isoropylfluorophosvhete,

4

=353 und v -fluoroctlinnol, -115.

COIFIDEITIAL
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EXPERTMENTAL

Muterdels., 1. Stonderd Fluoride Solution.  Dissolve 0.2100 g. of
Hure sodiuu fluoride or 0,4707 g. of purc potassiwnm fluorido, KF.Rii30,
in wator ond dilute to one liter. The solution contains 0.095 mg. fluorinc
per 1l. If thc purity of the fluoride is doubtful, thc solution should be
standerdized by the PbCLF mothod.

2+ Thoriun Nitrate Svlution. Dissolve 0.69 g. of thorium nitrate,
Th(N03) 4 44H,0, {reagent grade) in water and dilute to one liter. The solution
is ~pproxiantely 0.005N.

%. Sodium Alizerin Sulfonate Indicator. Dissolve 0.5 g. of
godiun slizarin nonosulfonctc (recgent grode) in 80 ml. of weter, filter,
ound dilute the filtrote to 100 nd.

4., Dufter Solution. Dissolve 35.4 g. of C.P. chloroncetic aucid
and 10.0 g. of C.P. sodiuu hydroride in enough wzter to nzke 500 ml. of

colution.

Fthanol 607 (approx.), #@ix 1000 ml. ethancl (957) und 50C ml.
viater.
6. Hydrochloric Acid, 1.2, Dilute 25 mi. of C.P. hydrochloric
acid (sp.gr. 1.19) to 250 nl. :-ith water.
7. l-Hexanol. Ezstuan (practicel grade), b.p., 155-:156°C.
Procedure. 1l. ﬁetcminntion of the Bl:-.nk. Add 3 drops of sodiun
alizerin sulfonste indientor to & solution of 10 ul. wnter, %0 nl. 60/

ethinol, ond 1 drop of 1,8N hydrochloric ccid. Add 2 ml. of the buffer solu-

tion cnd iitrate wlith 0.0088 therliu nitrocte eolution to the first persicnent

pink tint. The voluue recuired is the blenk.
2., Stonduardization of Thoriwn Hitrate Solution. The woluae of

theriuu nitrate requi'red in the titrotion off vorious guantitics of stundend
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{luoride solution is not quite o linecr function of the amount of fluoride

ion. Thercfore the fluoride lon equivalent of the thoriun nitrute sslution

st Le deteridned over the renge to be uced, thot is, O to 1 ug. of fluorine

per clicuot.

Add 1 ul. of stonderd fluoride solution to o mixture of 9 ml. wnter,
30 ml. 607 ethcnol, 5 drops sodium clisnrin sulfonate cnd 1 drop of 1.2N
hydrochloric ncid., Add 2 ml. buffer solution :nd titrote with thorium
nitrate tq the first permonent pink tint. The tiue volume of thorium ni-
trote recuired in the titration is obtcined Ly substricting the blqnk from

the volume of thoriur uitrate cctuclly used. Repent this titration using

n ml, of stondard fluoride solution -nd (10-u) ml. woter, shere n = 2,3,4,5,

6,7,8,9, and 10. Plot the volune oi thoriwa nitrate ogrinst millligruss of
fiuoride lon as In Figure 1. Obtcin vrlues from the curve <nd conutruct o

toble sindler to Table I.

TABLE I

Voluue of Mg. of Correction?,
Th{N03) 4, Fluoride ng. ¥,

ml.

0.00 0.000 0.000
1. 0.125 0.025
0.228 G.028
0.530 0.030
0.427 0.0237
0.525 0.025
0.6%0 0.030
0.7:5 C.5u3
0.8 2,928
9.04% . J.04GC
Coiceidan = uge ™ - 0.1[nl. Th(NCy)e) -

CO M TN
838888888
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3. Decouposition of o Sample. (PERFURM IN A HOOD.) Weigh o
gomple (10 to 20 mg.) and transfer to o 50 ml. gs flock. Add 0.2 g. of sodium
cnd 15 mle l-hexcnol. Attach o watur cooled condenser and reflvx *the uix-

ture gently for ten minutos. Extrzcet the hot solution idith tiwo 10 ml. por-

tions of water cnd dilute the cqueous extrcet (Lower luyur) to 90 ml. with
woter. (Solution A)

4, Titration of tho Szmple. Add a 10 nl. alicuot of colution A

T e e ——
H

10 2 soluticn of %0 wl. 60% ethonol, 15 drops of 1.2N hydrochloric ceid,

and 3 drops sodium alizarin sulfoncto indieator. Add 1,20 hydrochloric acid

— AT

dromrisc uutil the indientor chemges from purple to yellow-grecn. Add 2 nl.
buffer solution cnd titrate vith 0.0051 thorium nitrate to the first perma-

ncnt pink tint., Coleulate milligroms of {luordde presciat ————

ug. F~ = 5[0.1(ul. Th(N0y)e - blenk) + corrvetion].
Hotes. 1. The dloank should be determined ot lcust cnce a deyre It is
usuzlly cbout 0.6 1d. of 0,005N thorium nitrate colutiun.,

2. In the thorium nitrete titrotion the yellou-green solution

chenges Tirst to uronge and then to oink, Consistent wesults could not be

obteined when the ond-point wneg toiwen ns the first cppecrunce of the orsnge
tint.

Se The Idrst appecrance oil tiie peracnent pink tint in the titre-
tion is obuserved umore cnsily it the solution is viewed wgainet ¢ bockground
of white prper. A deyiight lemp is o very sv.tisf-:‘.c‘-;ory'source of illupin:~
tion,.

4. A blenk snould be run on the sodiun: mna the i~hexnnol if thedr
ourity is coubtful. Zero fluoride blanics ‘have beea fornd {or the severcl

lots oi sodiwn und for =11 the orgirie licquide azployed cs refiuxn medic.

5. The stendordization curve snould bz checlked ocensionnlly.

CONFIDENTIAL
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6., To overcome the difficulty of weighing & smell quantity of a
voletile liqui@, ¢ larger zmount of the compound was weighed into » volu-
netric flngk contrining o few nl. of l-hexcnol. The solution was diluted
to a knom volume, usuczlly 10 ml., «nd cliquots tcken,

7. A pharper cnd-point is obteined if tho alicuot is cdded to the
alcoholic solution contcining cbout helf of the hydrochloric acid recuired
to neutralize thc sodiun hydroxide rcther thon adding the aliquot to o neu-
trel eleoholic solution.

8. Gentle henting nny be sterted ns soon s sodium is cdded to the

l-hexanol, even though r reaction is occurring. When the boiling point
of the alcuhol is rocched, careful regulation should be made of the hecter
to proevent loss of somple beeruse of thic vigorous reaction.

9. The redetion mixture should bhe extracted foiirly soon nfter re-
fiuxing. High results noy be obtained if porc then an hour elapses beforc

oxtraction.
DISCUSSION

During the devclopuent of the cnslytienl method scven voricbles: in-
fluoncing the onalysis wore studieds (1) The cleohol uscd cs the roflux
medduz,  (2) The weight of souple. (3) Comploteness of the cxtrzetion of
fluoride ion from the recction nixture., (4) The time of refluxing ncces-
sary to obtain quontitative decomposition of the sauple. (5) The ioight
of scdiun used. (8) Hature of the acid used to ncutralize the sadium
flunride cxtrnet. (7) Buffer nction in the thorium nitrote titration of
{luoridc ion. .

Reflux Mediun. The nature of the anleohol employed s the reflux mediun

CONFIDENTIAL
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is o criticzl fector in the cnzlysis for the folloving reosonst

1. Sodiua cleoholate is the cctive constitueut of the mixturc.
ilien sodiun tluorozcetate is refluxed in tn clecholic solution of o svdium
zlecoholute, the enalyticil resulte are identienl writh those obinined vhen
the sruc compound is ruflu;ccd vith sadiun ond the sleohiol.

2. The reflux tine is an inverse function of th':-..boiling‘point

of the vleohol. In iscbutyl -levhol, bep., 107-108°C., sixty Linutes of

refluxing ic royuired for decompositicn of sodiun flusrovocctute,. wherens

only ten pirutes is needed if l-hoxancl, b.p. 153-156°C., is used.

3. The solubility of .the alcohsl in wmtcr influcnces the onil-
pzint in the thoriun nitrote tityation, boectuse orgenic substonces in
the titrnting solution zppear to affeet the colur chunge of the sodium
rligerin sulfunnte. All titrations cre corricd vut in 457 ethenol to
ueintein & constant condition. It has been sugmested thot o wetlsr—soluble
cleohiol Le substj.tl;ted for l-hexcnol to elinincte the acquevus extracticn.
This is not desirsble beciuse of discoloration producud curing refluxing
vinich interferes in the titretion of {luorile ion.

4. The 191.-;31* the daisity or thoe nleohol, the more efficicnt is
the agueous extriction of fiuoride ion.

The efficicncy off the wrrisus sleohzls a8 reflux wedis ig shovn in

Table II, llere the percentege duviition Jron the theorctlicad coaposition
ig comprred with the fluoride ion vrlucs found vhen l-hexonol wog the nedi-
wi. The latter gives the nost conglegtent results and oo sclcected Tor the

stiadaad wrocadure.

COIFIDENTIAL
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ialeohol Refliux Conpound Percent ¥rzor
tie, aunlyced® zlcchol J-hexmol
nin.

Benzyl zlcokol 15 11.-869 =45 +3
Cyclonexonol S0 71869 +18 +3
Icowyl rlcohol 5 iL-869 = -RL -2
Isovaayl nlecohol 10 TL-869 -4 +3
Isoomyl cleohol 15 11-8€2 -5 +H
Isotutyl atcchol 10 TL-551 -10 . -4
Isobutyl clcohol 50 T1.-869 -19 +3
Isovutyl clcohol 45 TL-36% -8 +3
Isobutyl nlcohol €0 TL-869 -5 +Z
Isobutyl zlcohol 240 T1-869 -6 +5
2-llethyl cyclohexinol 50 TL-862 +25 +3
1-Octi:noi 15 TI.-551 -3 -4
1-Octenol 30 TL-741 =12 -11
Tetradecorol o] 2L-741 -12 =11
Tetradectnol -11

1’1‘1.—869, odiun fiuvoroccetute; TL~551, nethyl fluoro.;;cetate; and
TL-741, Ai -iluoroethunol.

% Error = Bfs F-(colce) = ng. F-(found) 4 100
ca. F(cale.)

A white solid in Jorized vien beunyl cleohol i refluxed with sodiun,
This s0lid interferes ith the decouposition of the swiple. No renson is
epparent ior the hizh resulta ohirined with cycloiexnnol and 2-uetliyl cyclo-
hexznol since both give excellqgnt blenks thea refluxed with sodiun in the
cbsence of sodiun Fluoroncel.ie. It apvenrs thut conplete docorposition
is not obtnined with eitiivr isomyl or isobutyl cleohol regurdlcss of the time
of reflux. Tetradecanol, l-octrnol :nd l-hexmnol cppear to bs of equzl volue
28 reflux niedin, oxeopt ¢ longor roflux tiuc is necesscry with tetrodocono.

Height of Sanples Tho weight of sciiple should be chosen wo that the
wlizuots titrated contoin the couivilent of 0.1 to 0.9 ug. fluorine. In

the procelure onc=fifth alicuoteg ~re used; honce the snrplc should contein

0.5 to 4.5 :.xg.. flucrine.

COYFIDENTIAL
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If the saiple contzins more than 4.5 ng. £fluorine, the vrocedure
should bo nodified os follows: Dilute the cqueous extract to 500 nl. Add
2 10 rl. cliquot to a solution containing 30 nl. 607 ethanol, 2 drops 1.2N
hydrochloric ceid and 3 drops sodiwi nlizerin sulionate. Perforn the rest
of the titration procedure as statcd i:bove.

The size of the stiple noy be reduced if clicuots of rore then 10 nml.
are tokon., If the socuple conteins less thin 0.5 ng. fluorine, the proceduse
is the same except the aqueous extrecet should not be diluted. Instend, odd
it to = solution containing 20 wl. 9575 cthanol, 6 drops hydrochloric acid
(¢pegr. 1.19) 2nd 3 drops sodiwi slizorin sulionzte. A4d 1.2N hypxirochloric
acid dropvise until the dadicotor turns yellow-grooen, then £ nl. of bufier
gsolution ond titrote with 0.000N thoriui nitrate to the sprecrance of the
first perimnent piunk tint. Coleulute the rdlligriuis of fluoride ion.

uge F~ = 0.1(ul. Th(W03), - blonk) + correction.

The weight of the suaple huc been voried fror the equivalent of 0.1
ug. to 5.0 wg. fluorine without spprecivble effect on ecither the tine neces-
srry to split the fluorine to carbon bond or the volwne of wiater recuired to
extract the wodiun iluoride,

Susples containing lesc thon 0.1 mg. fluoride ion zy be titrated vith :

thoriwu nitrete using Solochroue Brillicnt Blue BS indiector (Porton report

No. 2543). A thoriua nitrate stondesdiestion curve using this indicator

iust be uade.nnd & eclibrniion chirat ireporel. (Ses Talle III).

.

CCUFIDENTIAL
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TABLE III

'.l‘ypic:.l Colibretion Chart Using Solochrome Brillient Blue BS Indicator
(Velues token from smooth curve)

ML. Th(NO3)q peg. F Correction

0.25 8.5
0.50 17.2
0.75 26.0
. 35.0
44,2
55.6
€3.0
72.5
8l.5
89.5

tEsobbd

+
E]
-

+
m [ ]
[ ]
OGP OMHBR™D

i

The wnlucs for the correction cre obtrined in the stondordizotion from
ihis relationship:

Correction = pg. F~ - 55 (ml. Th(NO3), - blunk).
Theu the pife of fluorine in an cliquot may be calculateds

pze F~ o= 35[ul. Th(lO3)4 - blenk] + correction.

Aliguots of severul solutions previously snnulysed using sodiun L.l:l.zarin
sulfonate indicator, were diluted tenfvld znd then titrated with thorium ni-
trate using Solochrome Briuimt Bluo BS cs indicctor. Good cgreeuent ﬁus
obtrined in the two nethods. (see Tzble IV). Erch value reported is the
averz;e of ot lecst two Wdlquot titzoations. .

ADLE IV
Couperison of Indicctors

Filligroas of Fluoceine
Found Colculeted

Sodiuu alizarin Solochrone
sulfoncte Brilliant 3lue BS

S.41 3.61
397 -5+61
3.41 5.61
5.45 $.61
Se51 5,61
5.64 He61

CONFIDENTIAL
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The titrotion with Solochrome Brilliaznt Blue BS should be performed
in .Lém-i‘omn Nessler tubes. A series of samples titrated in 125 nl. Erlen-
meycr flasks gave low results, an average value of 5.2T mg. fluorice ion
being obtuined. This comperes with 5.47 mg. fluoride ion when tltration was

ucde in Nessler tubes.

Extroction of the Fluoride. The cccuracy of the cnulyticcl procedure

depends on thu coupletencss of extroction of the iluoride ion formed in the
decomposition oi' the fluoro~orgzrnic compound. To test the efficiency of ex~
treetion the following oxperiments were periormed: Simplus of potussiun
fluoride, Krolig0, were dissolved in wuter and titrated vwith thorium nitrate
using the clizorin indicatorj sdditionel scuples wero rerluxed vith sodium

in 1-hix=nol, extracted with vater rnd titrated. The results (sunnirized

in Tzble V) indiente that cesentially :11 the iluniide wng extrdeted from

the tlevholic solution.
TABLE V
inilysis of Potossium Fluordde

Szuple, Mg, Fluorine Error
Mg Found Cile. 4

A. DPotussiun fluoride dicsolved in wutcr.
6.5 1.3. 1.351 -0
92.2 19.3 18.6 +5.7
86.1 17.6 17.4 | +1.1
B. Potassiun fluoride refluxed with sodiun cnd l-boexinol.
6-1 1-21 1.25 "'1-6

6'4 1.27 J..29 -’1.5
14.8 £.806 2.86 0

CCHFIDENTIAL
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The potassiun fluoride was anclysed by the lead chlorofluoride method
end found to bo 1007 KF.2H20.. Hence the wccuracy of the anslyticel proced-
ure is about 27,

Time of Rcflux. The tinc ofl reflux depends on the teuperaturc.

Tin ninutes reflux tine i sufileicnt for suaiun Jluvivacetute, acthyl

flusroscetate, di-iscpropylfluorophosphate, cnd ﬁ—fluoroet‘.mnol in

1-hexconoly less thon ten wminutes gove low veluoss, vut Inercesing the tine

above ten ninutes 2id not olter the rosults.

Yicizht of Socdiwa, The cmount of sadium does not cppecr to bo vignifi-

¢ent provided a large excess 1s teken,

Heutralizing Acid. Both hydrschloric ceid and nitric celd wwre uscd

without spprecizble difference. Hyrh ochloric acld weg eaployed ia wost of

Buffor Action. In the absence of the chloroccetic zcld buffer un-
relictle data wore obtoincd because sodiwn aliziardn sulivnate is n celd-

tes. indlcator.
RESULTS

nalveis of Sodiun fluoroncetute.  Auclyses of sumples of soiivm

fluorozcetete frun Edgewvod Jarscacl g 1 tae Depertuent of Paysiology,
University of Chicngo, were ctout 10% higrh in {luorine on the bagis of

1007 FCH,COONz. Independent deterninciions of totel soliwsz nnd of ionizeble
iluorine in ecch sziuple shoved 8.55 sodiun fluoride. Tho chaence of cnoni~
un :nd potassiua jons wos estcbllished by cuslitative tests. Vhen the
anzlyticrl results on the swaples werce corrected for sodium fluoside, the
fluorine content of godiun fluoroncetwte .ms =bout 3} sbove the theoreticnl.
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Essenticlly the scnme results were obtrined with the sunples fron both'
sources. Table VI contuing o sumicry of the enalyses.
TABLE VI
Fluorine in Sodium Fluoroccetate
Reflux Wt. of Mg. Fluorine Error
tine, sauple Found Calc.? %

wine wg.t

10 (Blonk) 0
100 ‘

.
™V N

nN

:

o

-3

w
TN N W]

.
N
.
[+2]
n

(o]
*

-3
(<]

.
=3

U’!Nu‘-‘-HD—'H!"NNNNNO

-
*

(931

(4]
oo
2228

5
5
5
b
&
6
5

el o R o
)

o
*
(=
.
P
™N

- TThis is tho wedght of stple o reeclived.
27his is tho ecleuleted fluorine content corrected for sodiwa fluoride.

dnaly:nis of Mcothyl Fluorcacetatc. Annlyses of scmples of wethyl
fluoroccetute obteined fcon the Depurtuent of Physiology, University of
Cuiceeo, were 157 loir in fluorine on the basic of 1007 FCH,COOCHz. After
purifying the snuple by deying over anhydeous sodiwa sulfote rnd i:rr-.cti:nu-
tivn, the fraction boiling 103.0—164.5‘)0., ot ":;50 L. Hg showed welucs cv-
craging 44 belovw the theurcticcd, & seeond seasple wns dried Ly zdding ben-
zene =nd distilling, The distillete wuns froctiomated cnd the portden
builing 105.5-104.2%C. ot 706 iui. Hg uns nnclysed. Essenticlly the ccne
results wcec obluinoed s with the 108.0-104.5° froetiune & swary of the

snvlyuacs ig given in Table VII.
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TABLE VII
Fluorine in Purified Mcthyl Fluoroccetote
Reflux Wt. of Mg. Fluorine Error

tiue, scuple, Found Celc. ]
uin. ng.

B.pi, 103-204,5°C, 6t 750 . Hg.
0 ¢] (4]
12.56 .45 2.59
12.56 2.54 2.59
2456 2.49 2,59
12.56 288 2,59
12,56 ”.54 2,59
B.ps, 105.5-104,2°C, =t 756 1. Hze

17.55 5.56 5.61 =1l

17.53 5.47 3.61 -5.9

17.58 3.45 5.61 ~1.4

17.53 5448 0.01 -%.6

17.5% 5e851  ¥.€1 -2.8

17.5:.’.} :'3.47 3.61 "3.9

Anclysis of Di-isouropylfluorophosphite. Di-isopropylfluorophosphcte

obtiined fron the Departuent of Physiology, University of Chicago, wos dried
over znhydrous sodiwn sulfzte ond distilled under reduced pressure. The froc-
tion bulling 68.4—69.400., at § . uas annlysed. The velues were within o
feu per cent of the theorcticel. See Table VIII.

TADLE VIII

Fluerine in Di-igopropyliluerorhosphote

Reflux Wt. of Mg. Fluorine Error
tiune, sumple, . Found Cole. %
ridn. Lige

0
20.12
20.12
20.12
0.12
20,12
20.12
20.12
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daclysis of 8 =rluorvethanol. 4 sciiple of /3 -flucroethanol

supplied hy the Department of Physiology, University of Chicngo, was’
dried over tnhylrous sodiun sulfcte. The distilloate boiling 102.0-105.2°C.
et 752 mize Hg was nnalyeed for fluorine. Another sanple obteined fron
ifonsanto Cherdcal Conmpuny, Anniston, Alabinc, wes dried by distilling with
benzene. The daistillate wne freccllonated twice, wnd the porilon boiling
105.0—-105.500., at 754 mu., Hg wes cnclysed. Both sanmples had essenticlly
the scie fluorine content und gove values avercging cbout 117 below the
theoreticel. Increcsing the reflux tiue from ten uinutes to ‘three hundred
and seveaty-five ninutes, or varying the reflux nediun, did not affect the
results. The porsibility of on czeotropic aixture of /3 ~fluorocthenvl nnd
sonz other non-hnlogen conupound such og ethanol should not be overlooked.
A udcrocnnlysis of the purified sauple showed §8.98%cciben tnd 8,825 hy-
drogen. The theoretical perceuteges vres fror FCHRCHZ0H, Corbon - 37.4873
Hydvogen - 7.870 for o uixture conteining 107 ethanol, Cerbon - 58.95%;

Hydrcgen - 8.40,%,

COYFIDENTIAL
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TASLE IX
Fluorine in /3 ~Fluoroethanol
Reflux Wte of ‘Ug. Fluorine
tiney sanple, Found Calc.
nin, ng.
Mediuwa: 1-Hexanol (b.p., 155-156°C.)
10 (hlaak) 0 0

575 560 1.62
.0 1.49

1.67

ol ol el

0

0 2.40
.00 2.56
119.3 32.5
15

1

6
6
6
9
]

23883

(4]
.

. 5.52

S g OO
logeX 3
o

20O WM
Eaead

Se 3.48

oo
. oo

9
0
. 2.57
6
6

4
4
.0 2.89
0
0

l-‘l.\)?\‘—l\ﬂ

.0 1.58
.0 1.58

n
®
&

Meddun: 1-Octanol (b.p., 191-185°C.)

(blonk) 0 0 0
8.06 2.34 2.66

dedium:  Tetredecenol (bep., 265°C.)
(blonk) 0
85.1
111.7
6.09

6.02
£.09

Hedium: 50 1-Hexrnolj 50/ m-Xylene

(blank) c 0 0 0
60 15.47 3.49 4.90 -L2.5

Mediung 507 1-Hexinolj; 507 Isocmyl ether

20 (blenk) 0 0 0
30 9.06 2.40 R.66
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Ionitnble Fluorine in Methyl Fluorooacetote, B-Fluoroethanol_,_r-._r_\g

i-1sopropylfluorophogphnte. Methyl Zluorozcetate and /3-flucroethinol did
not shew ony {luoride ion when ench was discolved in 455 ethanol rnd titrated
vith thorium nitrate using sodium elizarin sulfonnte indicztor. A freshly
prepared solution oi puriried di-isopropyliiuorophiosphate in 45 ethanol
contained 0,155 fluoride ion; on the other hond, di-isopropylfluorophosphate
vhich had been mode up in diluto solution in 1l-hexunol :né cllowed to stend
17 days gove ¢ fluorido ion v:.lue of 0.6.] when titrnted in 457 ethanol.

Attonpts to Inprove Sodium Alizasin Sulfonate Indicztor. In an effort

to moke the scdiun clizarin zulfounrti end-point more ecsily viuible, com-
binations of the indiecator with fiity-four dyestufis wierc studied. Two test
solutions were preparcas  (A) 40 inl. of 4673 ethunol, 1 drop of 1 N hydrochloric
veid end 2 ml. buffer solution; and (b) & solution identical to & Lut titroted
with 0.005N thorium nitrate to n permanent pink tint, walve of the fifty-Lour
dyas appecred to onliance the color chznge at the end-point whon added to cli-
quots of solutions A znd B in 10 an. x 75 ma. tost tubes. Further tests wore
made by adding cach of the twclve dyes to solutions contnining knoim cmounts

of potrssiun fluordde ond titrating with thoriw. nitrute using sodium alizurin
sultcnate a3 indicutor. Only one dye, duPont hzo Blue (U.Va. No. 738B), op-
peared to be of value in the titrrtionj improvement in color differonce vms
8light, but it mry be helpful to othiers who have difficulty :-ith the sudium

clizerin sulvonante color chonge.
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SUMMARY

A -nethod. hee been described for the znnlysis of certain fluoro-
orgenic compounds, besed on (=) decomposition of the scnple by refluxing

with sodiunm in o bhigher alcohol «f low solubility in weter, such cs l-hexnnol,
(b) extraction of sudium fluoride ith weter and (c) titrution of tac aqueous

loyer with thorium nitrate using sudium clizarin sulfonute cs indicutor.

Sodiun fluoroacoitcte guve iluorine

The results ney be swamicrized as follows:
valuea avercging about 34 higher thon theoreticcl; ugthyl fluoroacetctie was
cpproxiuotely #7 lowy di-isopropyliluorophosphute was about 1‘ low; ~nd
-G -fluorcetiionol was 115 low. The averrge deviution from the newn was
27 (zpprox.). |
P;u'ifiod ¢i-isopropylflusrophesphete was found to have 0,154 fluoride
ion in equilibriun vith it in 457 ethrnol; /3 -fluorocthanol and nethyl
fluoroucetste gove no iluoride ions wider the scme conditions. The sodium

fluororcetate used contuined 8.5 soliun fluoride.
Teste iith Solochrune Brillinta Blue BS as indicator showed it to

.be usetul at low concentrations of tluoride ion.

Fifty-four dycstufis were tcated as nodificrs for sodiun alizerin

guliun:te indicatyr., Only one zppecred to be of veclue.
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ABSTRACT:
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nitrate, using sodium alizarin sulfonate as indicator. FCHpCOONa gave fluorine values averaging about 3%

higher than theoretical, FCH,COOCH3 was 4% low, di-isopropylfluorophosphate was about 1% low and FCHy-
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CH,OH was 11% low. Purified di-isopropylfiuorophosphate was found to have 0.15% fluoride ion in equili-
brim with it in 45% ethanol. Tests with Solochrome Brilliant Blue BS as indicator showed it to be useful
at low concentration of fluoride ion, In an effort to make the sodium alizarin sulfonate end-point more
easily visible, 54 dyestuffs were studied.
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