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Determination of Fluorine in Certain Fluoro-Organic 
Compounds in Water 

By 

John H.- Yoe (Official- Investigator); 
Jason M. Salsbury end James W. Cole 

University of Virginia 

ABSTRACT 
: •: » 

A method for the determination of fluorine in sodium fluoroacetate, 

methyl fluoroacetate, 2-fluoroethanol, and diisopropyl' fluorophospliate in 

water is described.  It involves addition of the aqueous aolutiuti of the 

fluoro-organic compound to potassium'meta periodate, silver perchlorate, 

perchloric acid and glass wool; the mixture is rcfluxed, tht.n distilled: 

the temporaturc is held at 1S5° - 145°C. by the addition Of water until 100 ml 

of distillate is collected. Aliquots of the distillate are then analysed 

for fluoride ion by titrating with thorium nitrate solution using Solochrome 

Brilliant Blue as indicator. 

From 97;S to 100$ of the fluorine was recovered. Ions commonly present 

in potable waters do not interfere seriously. The time required for a de- 

termination is about one hour. - 

.: '. ■ 

■ 

i  
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to 

Keport 
Wa,ter", , Nov. 20, 1944. 

la in 

At th'j      r work was done a .fluorine-free; glass wool was not available. 

We used a Corning product (Cat. L P 21, Ho. 790, made from Pyrex Brand Gil 

719) which contains about \% of fluorine. This >.ccountß for the high values (40- 

60 iig) .      nt blanks and * weighing the glass wool to a centi- 

graa and controlling the reflux and distillation times. 

After our Nov. 20th report was completed, Corning suppli      th a small 

-free glass wool. When using this material the value for the re- 

s agent blank was much lower (5-4 ug F) and was independent of the quantity 

J.05-0.4 g) and «f the time for reflux and distillation (o0-90 mir: 

nth of a gram of the fibre, well distri'out        I action fixture, i^ ade- 

The Corning Glass Woi'ks is developing a fluorinc-freo glass wool and 

uave it rve. -..r future. In the meantime, Dr. ff. W. Khav 

Dir      . Product Development, Coming Glass Works, has very kindly offered to 

Hund samples of fluorine-free glass wool to two or three laboratories upon r 

quest. He should be addressed at C>rning, N. Y. 

Lty -Ä  Virgi 
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Determination of Fluorine- in Certain Fluoro-Organie 
Compounds in Water 

INTRODUCTION 

There are sovei-al methods for determining the fluorine content of fluoro- 

organic compounds in organic solvents1, or in gas mixtures2. Very few methods, 

however, are available for determining the fluorine in aqueous solutions of 

fluoro-organic compounds. Milton and Chivers3 report that ammonia will decompose 

aqueous solutions of methyl fluoroacetate quantitatively if the mixture is heated 

in a sealed tube at 160 C. for two hours. On the other hand, Kimber4 found that 

fluoroolcohols and fluoroacetates oust be heated at 170 - l'/5°C. for two hours 

with 1:1 aqueous ammonia in a sealed tube lor good results. Later, Milton and 

Chivers reported that dialkyi fiuorophosphates may be decomposed by evaporating 

an aqueous ammonia solution to dryness. 

Buswell reported that the presence or ilkyl fluoroacetates in distilled water 

can be detected by evaporating 2 ml of a uilutc alkaline solution to dryness in a 

small beake-r, heatiag for 2 minutts, cooling slightly and then adding an" indicator 

solution containing Solochroiiu.- Brilliant Blue, chloroacetic acid buffer (pH 5) and 

thorium nitrate. The- color is compared with that of a blank in which ethyl acetate 

is used instead of the fluoroacetate. Buswell r.lso reported that, the' equivalent 

of as little as 5 jig of organic fluorine in 1 ml of water may be detecte-d if the 

aqueous solution is mixed ;ri.th four volumes of cthanol and the mixture burned in 

an alcohol lamp. The vapors are absorbed in water and the solution tested for 

fluoride ions by adding Solochrome, buffer and thorium nitrate Solution. The color 

is compared with a blsnk. 

The method described in this report has been apt lied to the determination of 

fluorine in sodium fluoroacetate, methyl fluaroacetäte, 2-flu'oroethanol, and di- 

isopropyl fluorophosphate in water} 97-100$ of the fluorine is recovered as 
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inorganic fluoride. The procedure involves addition of the aqueous solution of 

the fluoro-organic compound to potassium meta poriodate, silver perchlorate, per- 

chloric acid, and glass wool. The mixture is refluxed and then distilled in ■ 

manner similar to the Elsworth and Btrritt8 modification of the Willard rjid Winter'" • 

procedure. The temperature i3 held at 155° - 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 

Brillinat Blue as indicator. About an hour is required to make a determination. 

EXPERIMENTAL 

, A. Materials ana Procedure. 

Reagents. 1. Thorium .Nitrate Solution. Dissolve 0.55 g of thorium nitrate, 

Th(N03)4.4H20 (reagent grade), in .vater end  dilute to one liter. The solution is 

approximately 0.004 H.   

£. Solochrome Brilliant Plue BS Indicator Solution. Dissolve 0.05 g of Solo- 

chrome Brilliant Blue 3S in 250 ml of water. A fresh indicator solution should 

be made up every three weeks because a dark precipitate settles out of solutions 

that have stood for longer periods. Soluuhroce Brilliant Blue obtained from dif- 

ferent sources may vary in its indicator action; hence standardization and analyser 

must be made with the same lot of indicator unless the different lots have been 

checked as to identity.     ,                                          jr* 
j  
The Geigy Company, Inc., 89-91 Barclay Street, New York, M. Y. ,•sells a dye under 
the name "Chrome Azurol fcjBoocV'.which,according to the Dye Index, is the same pro--, 
duct as Solochrome Brilliant Blue B*. Dr. N. L. Drake" of the University of 
Maryland, has recently examined £>peetrophotomctrically some of the Geigy Dye and 
found its absorption spectrum the same vs  that of Solochrome Brilliant Blue BS. 
A 0.0153$ solution of the former is equivalent to a 0.020$ solution of Solochrome 
Brilliant Blue BS. 

I 
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S. Chloroacecie Acid Buffer Solution. Dissolve 22.7 g of chioroacetic acid 

and 4.8 g of sodium hydroxide in water and dilute to 1 liter. 

4. Potassium raota Periodate. The salt was obtained from Eastman Kodak Co. 

5. Silver Perchlorate. Reagent grade silver ptrchlorate, AgC104.H20, v;as 

obtained from G. Frederick Smith Chemical Co. 

6. Perchloric Acid, 70/5. Reagent grade perchloric acid, 7Q&,was obtained 

fromiäerck and Co. and J. T. Baker Chemical Co. 

7. Perchloric Acid, 0.2 N. 

8. Sodium Hydroxide, 0.2 N. 

9. Glass Wool, low in i'luorine. 

AptJaratuu. The apparatus used in decomposing the fluoro-organic compounds is 

shown in Figure 1. It consists ^£:  (A) a 100 ml round bottom, ground joint, 

pyrex flask (Corning Glass tbrkfl Catalogue No. <220) Into which a thermometer well 

is sealed; (B) a ground joint connecting tube- with parallel side arm (Corning 

Glass YJorks Catalogue Ho. G040) which is wrapped v;-ith asbestos cord; (C) a ground 

joint connecting tube, 75 angle (Corning Glass Work« Catalogue No. 8020) which i3 

wrapped with asbestos cordj (D) a 25^ ml gruund joint, pyrex fieparatory fun el 

(Scientific Glass Apparatus Co. Catalogue No. J-18B6) to which i3 • sealed a capil- 

lary tube extending almost to the  bottom of the flask (A); v-nd (E) tv;o West con- 

densers (earning Glass Works Catalogue Ho. 2800) eonnoetad in series (not shown in 

Figure 1.). Tho ground joint between flask (A) and connecting tube (B) is lubri- 

cated at the top with a narrow ribbon of Lubrit>eal greete. The other joints are 

not lubricated. Enough mercury is put in the theraoaetar well to cover the bulb 

of the thermometer. 

Decomposition cf the Snuole. To flusk (A) odd 0.2 g potassium reta ;«.riodate 

(KI04), 2 g silver porchlorate (AgC104.H20)and lo ml of 70$ perchloric acid [Note lj 

Pour 20 nl of aqueous solution of the fluoro-organic compound into the r.ixture and 
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shake well. Powder any undissolved solid [Note 2] and add 0.2 g of glass wool 

weighed to the nearest O.Ol g. Keflux for 15 minutes; cool. Connect the flask to 

the apparatus as shown in Figure 1 and heat the mixture [Caution! See Note 3]| 

distillation begins at 110° - 120°C. Continue heating, hold the temperature at 

135° - 145°C. by the addition of water from the separatory funnel, and collect 

100 ml of distillate in a 100 ml volumetric flask. Twenty-five to thirty minutes 

should be required to collect the distillate. 

Titration of Inorganic Fluoride. Transfer an aliquot Containing not more 

than 100 jig. of fluoride to a 60 ml low form Nessler tube [Note 4]. Add 0.2 N 

sodium hjftfroxido until the solution is alkaline to phenolphthalein; then add 0.2 N 

perchloric acid until the pink color just disappears [Note 5]. Now odd 1 ml of 

Solochrome Brilliant Blue indicator (the resulting solution should have a yellow 

»color; pink here indicates an excess-, of perchloric acid.) Add one drop (0.05 - 

0.06 ml) of 0.2 N perchloric acid which turns the solution pink, then 0.5 ml of 

chloroacetic acid buffer and dilute to the 50 ml mark with distilled water [Note 6]. 

To a similar Nessler tube add 48 ml of water, 1 ml of indicator, one drop 

(0.05 - 0.06 ml) of 0.2N perchloric acid, 0.5 ml of chloroacetic acid buffer, 

0.10 ml of 0.004 N thorium nitrate solution end mix [See page 17]. 

The unknown is titrated with 0.004 N thorium nitrate solution until its color 

matches the bluish purple of the blank. Subtract 0.10 ml from the volume of 

thorium nitrate used, and convert the corrected volume to ug. of fluoride ion by 

means of a pereviously prepared calibration chart1'9. '• 

Notes. 1. A determination of fluoride in th;< reagents must be run and the . 

analyses corrected for the positive value invariably found8. Thi3 is done by 

substituting $8 i-.il of distilled water for the 3ample und carrying out tho analysis 

in the usual way. Most of the fluorine appears to cone from the glac3 wool; hence 

it uust be weighed to the nearest 0.01 g. 

I 
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2. The addition of Utter to a mixture of potassium meta periodate, silver 

perchlorate, and perchloric acid forms a difficultly soluble yellow solid. Failure 

to pov/der finely thin solid results in low recovery of fluorine. Bl;;ck flakes in 

the yellow solid indicate that the potassium meta periodate und silver purchlorute 

became damp before the addition of the perchloric acid. When the 3olid-is powdarftti 

the black flukes turn yellow or dissolve. Failure to eliminate this dark material 

results in a yellow distillate .Yhich is unsatisfactory for the titr.ition of ' 

fluoride. 

3. There is danger of explosion when heating a uixture of organic nuterirls 

and perchloric acid. The operator should be protected by a  safety glaM barrier 

and a face shield. No explosion occurred in My of the many distillations wade 

in the course of this investigation. 

4. The titration must be Myriad out in a low form Hessler type tube (150 x 

25 mm.); low fluoride values are obtained when M Eri^nm'jycr flask is used1. 

Satisfactory titration cylinders may be prepared from 150 x 25 mm. or 200 x 25 I.JJ. 

pyrex glass test tubes by flattening the closed ends. 

5. The phenolphthalein endpoint nust not be overrun by more thun 0.01 ml of 

0.2 N acid or the solution will not have the proper ph value. 

6. The following alternate procedure has be«n found to give solutions of 

uniform pH: Dilute a mixture of 50 ml of indicator, 25 ml of buffer, and 3.0 ml 

of 0.2 N perchloric acid to 500 ml. Add 10.0 ml of this solution to the neutral 

fluoride solution, dilute to 50 ml, uid titrate with thorium nitrate. This assures 

identical concentration of indicator, buffer, .Mid ucic1 in the blank and in succes- 

sive titrations. 

B. Analysis of Certain Fluoro-Or.jnnin Compounds. 

The purity of the fluoro-organic compounds used to prepare the aqueous solu- 

tions was determined by the sodium in l-haxaool method1. Tne values listed in the 

first column of each table Were obtained by multiplying the weights of the samples 

C0Ü1-I DEN TIAL 
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by the purity factor. 

Unless otherwise noted, all analyses were made by the procedure given in the 

section "Materials and Procedure1' but without the refluxing. The increase in 

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

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

Analysis of Sodium Fluoroacetate. The purity of the 3odium fluoroacetate 

samples ranged from 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 tlian for total fluorine ax'«' reported in 

Table I (also in Tables V and VIII). 

On an average, 90$ of the fluorine in aqueous solution of sodium fluoro- 

acetate was recovered in the distillate. The data are given in Table I. By com- 

parison with Tables II and III, the recovery of 97$ to 99$ of the organic fluorine 

would be expected if the mixture were refluxed before the distillation. 

Analysis of Methyl Fluoroacetatn. The sample of methyl fluoroacetate, 

boiling range 105.5° - 104.2°C, used iu these experiments asBayed 99$ pure. 

On an average, 90$ of the fluorine was recovered from aqueous solutions of 

the uethyl fluoroacetate when distilled without refluxing; 97$ was recovered 

when refluxing preceded the distillation. The data aro given in 'lV.ble II. 

CONFIDENTIAL 
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Table I. Determination of Fluorine in Aqueous Solutions of Sodium Fluoroacetate 

Cone, of 
Compound 
ug/nl 

(Salsbury, Analyst) 

Organic 
Present 

\ig/20 ml 
sample 

Fluoride 
Found 
ug 

Recovery 

* 

39.6 341 299 88 

90.5 
90.5 

345 
343 

316 
522 

92 
94 

79.5 
79.5 
79.5 
79.6 (a) 
79.5 (a) 

302 
302 
502 
302 
302 

299 
283 
269 
265 
26C 

99 
94 

• 89 
87 
88 

106.0 
106.0 
106.0 

40S 
40t 
403 

374 
Ml 
360 

95 
85 
89 

7B.5 
78.5 
78.5 

298 
298 
298 

276 
276 
262 

92 
92 
86 

79.5 
79. S 
79.5 
79.5 
79.5 

502 
502 
302 
302 
502 

265 
275 
264 
246 

■ b03 

88 
91 
se 
82 

100 

157.0 596 558 95 

(Armstroug, Analyst) 

150 
150 

570 
570 

502 
504 

88 
88 

140 
140 
11.4 
11.4 
11.4 
11.4 

553 
55c 
4S.2 
43.2 
43.2 
4S.2 

450 
470 
59 
59 
59 
38 

85 
88 
90 
90 
90 
88 

2.86 
2.26 
2.26 

8.6 
8.6 
8.6 

12 
6 
9 

140 
70 
105 

(a) Potassium periodr.te wa~ dissolved in the aqueou3 solution of sodium fluoro- 
acetate, silver percniorate added, then ths perchloric acid was added. 
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Tr.blc II. Determination of Fluorine in Aqueous Solutions of Methyl Fluoror.cetate. 

Cone, of 
Compound 
/ug/nl 

(Salsbury, Analyst) 

88.S 
83.S 
88.3 
M.8 
88.3 
88.3 
88.3 

(Armstrong, Analyst) 

260 
250 

135 
133 

203 

162 
162 
162 
162 
162 

Organic Fluorine 
Present    Found 
Hg/20 al     ug 
sample 

364 
364 
364 
364 
364 
364 
361 

1010 
1010 

538 
5Ö8 

320 

653 
653 
655 
653 
653 

297 
532 
296 
353 
36£ 
308 
334 

900 

475 
473 

740 

530 
643 
637 
654 
595 

Recovery 

X 

82 
91 
81 
97 
99 
84 
91 

91 

90 

90 
98 (a) 
9? (a) 
97 (*.) 
91 

(a) Refluxed 15 ninutes before distillation. 

Analysis of 2-FluorjatittBol-  The sample of fluoroethunol, boiling range 

103° - 105.3°C, used in these i.-xpcrinents assayed 89;' pure. 

On an average, 64,o of the fluorine was recovered from aquLoua solutions of 

2-fluorocthtnol when distilled without rr-.fluxing; 99,2 was recovered when reflux- 

ing preceded the distillation. The data aro record«*. In table III. 

> 
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T^ble III. Determination of Fluorine in Aqueous Solutions of 2-Fluoroethanol. 
(Armstrong, Analyst) 

9. 

Cone, of 
Compound 
pg/ral 

145 
145 
145 

15S 

102 

51 

5.1 

2.6 

145 
145 
145 
145 

Organic 
Present 

ug/20 ml 
' sample 

Fluoride 
Found 

ft 

864 510 
864 
864 

570 
5Ü3 

310 G40 

606 395 

503 194 

50.s 26 

15.2 11 

864 
864 
364 
864 

845 
857 
857 
517 

Recovery 

59 
66 
64 

70 

65 

G'J 

8C 

72 

98 (a) 
99 (a) 
99 (a) 
60 

(u) Rofluxed 15 minutes before distillation« 

Analysis of Diisopropyl Fluorokhosyhate. A sample of 94,2 pure diisopropyl 

i'luorophosphate mis used. 

Table IV shov;s that fluorine ;vas completely recovered from aqueous solutions 

of diisopropyl fluoroacet'ite. Refluxing is not necessary. 

Table IV. Determination of Fluorine in Aqueous Solutions of Diisopropyl Fluoro- 
piienphate. (Armstrong, Analyst) 

Cone, of 
Compound 
pgAa 

Organic 
Frosent 

Uf/20 iol 
supple 

Fluorine 
Found 
pg 

Rc covery 

t 

202 417 ,17 100 

81 167 168 101 

40.4 85.4 81 97 

16.2 33.4 54 102 

COKi'ID ■UlTIAL 



CONFIDENTIAL 10. 

C. Optimum Experimental Conditions. 

Ten variables were studied to find the optimum oonditi ms for determining 

the fluorine in aqueous solutions of fluoro-organic compounds: (1) The acid ur.ed • 

in the reaction medium, (2) the type and quantity of oxidizing agent necessary to 

decompose all the fluoro-orgunic compound present, (3) the relation between the 

amount of silver perchlorate used arid th>; recovery of fluorine, (4) source of 

silica, (5) the order of the addition of the  reagents, (6) the effect of refloat- 

ing the reaction mixture, (7) the temperature necessary to decompose tn-; fluoro- 

organic compound and distill over all of the inorganic fluoride, (8) the rate of 

distillation, (9) the volume of the distillate that .uurt hi  collected to insure 

complete removal of the fluoride ions from the reaction mixture, and (10) the 

effect of diverse ions in the sample. 

1. Perchloric Acid. A strong acid medium is needed v/htn distilling fluoride 

out of the reaction mixture. Eoth Puif'urJ.c7 and perchloric acid7»0»0 have beon 

used successfully for this purpose; percnloric acid, however, ;/as chosen because 

it has a smaller effect in. the thorium nitrate titration for fluoride ions using 

Solochrome Brilliant Blue as iadloator [See page 20], 

!?. Effect of i'otassiura mete, yarisdate. fea ta aqueous solution of sodium 

fluoroacetate r.as heated in a mixture of perchloric acid, silver perchlorate arid 

glass vreoi according to the procedure (p. W),  but in thj absence of potassium 

period?te, oily 4,o of the sodium fluorcacctate Ml decomposed into fluoride ion 

[8«o Table V]. This was taken to indicate that come oxidising agent» in addition 

to the mixture of perchloric acid and silver perchlorate, is required to decom- 

pose sodium fluoroncettte in aqueous solution. 

In some preliminary experiments when 0.1 g of potassium permanganate was used 

in place of potassium periods.te, about 70,i of the fluorine was found in the dis- 

tillate as inor.^onic fluoride. The distillate contained solid silver chloride and 

COHFIDFiiTIAL 
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hence had to be filtered. It r.tt  necessary to heat the'relation mixture very 

slowly in order to avoid bumping (about two hours Doing required to collect 100 ml 

of distillate). The precision of the results was poor because of the presence of 

an oxidising agent (probably hypochloroua acid) in the distillate which alouly de- 

colorized the Solochroiao Brilliant Blue indicator. When potassium p.riodr.tc ./a;; 

used instead of potassium permanganate, no silver chloride was carried over and 

no oxidising agent appeared in the distillate. 

The results suaiiiarized in Table V indicate thut in SOLK; solutions the recov- 

ery of fluorine obtained with 0.1 g potasaiuia uota periodato wa3 equal t;. that 

v/ith 0.2 g. Other solutions, however, required >J.2 g of potassium pt-riodate for 

maximum recover}'. The use of 0.5 g of potussiun pcriodate did not affect appre- 

ciably the recovery of fluerine. la view of a lack of consistency with less than 

0.2 g of potassium periodate, thit quantity is recommended in the procedure. 

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

conposition of sodium fluoroacetato is unknown, but its presence is essential as 

is shown by the data in Table V. At 1-ast 1 g of silver perchlorute oust be in 

the reaction mixture and 2 g r.ppears desirable. With lc3P than 1 g of silvor 

perchlor&te, the recovery of fluorine is decreased markedly, only about one-half 

as much being obtained with 0.03 g of silver perchlorate as with 1 g. 

4. Source of Silica. Silica must be available in the reaction fixture to 

form H2SiFa. Glass wool is the best-material for tola purpose9. From 0.05 g to 

0.2 g was employed} the larger /alue was selected for the standard procedure be- 

cause it reduced bumping. The distillate gave a titor equivalent to 2 ug of fluor- 

ide for each 0.01 g of pyrex glass; wool u^i} a glass wool giving a ;.iuch lower 

titer would be desirable. 

CONFIDEtlTLX 



CONFIDEJTIAL 

Table V. Effect of fotassiav. Periodate and Silver Perchlorate en the Deter- 
mination of Fluorine in Aqueous Solutions of Sodiuia Fluoroacet-to. 

(Snlsbury, Analyst) '>■    . 

12. 
I 

Cone, cf 
Compound 
ug/nl 

Potassium 
Periodate 

g 

Silver 
Perchlorate 

g 

Organic Fluorine 
Found 

ug/20 ml   % 
sample 

67.6 0.0 1.0 10      4 

67.6 
67.6 

.1 

.1 
0.05 
0.03 

167     65 
121     47 

67.6 .1 0.5 202     79 

67.6 
67.6 
67.6 
67.6 

.1 

.1 

.1 

.1 

1.0 
1.0 
1.0 -'••• 
1.0 

235 92 
236 92 
225     87 
254     91 

89.6 
83.6 
89.6 
89.6 

.1 

.1 

.1 

.1 

1.0 
1.0 
1.0 
1.0 

239     70 
244  •  '72 
272     80 
220     65 

89.6 (a) .2 2.0 Average    88 

90.3 
90.3 

.1 

.1 
1.0   :. 
1.0 

524     94 
517     93 

90.3 (a) .2 2.0 Average    93 

79.5 
79.5 (b) 
79.5 (b) 

. 4 
.1 
.1 

1.0 
'  1.0 

1-° .. 

222     74    j 
234     79 
241     80 

79.5 (a) .2 ,  .  2.J Average    91 i, 

79,5 .3 3..0 .263.     67 

78.5 
78.5' 
78.5 

.1 

.1 

.1 

1.0 
1.0 

...JL.0 

W.S     78 
253     85 
227 .    77 

78.5 (a) ,1 2.0 »vei-ago    91 

79.5 •1 1.0 252     84 

79.5 (a) MB 2.Ü i.vcrage    90 

170.2 .1 1.0 485      71 
(a) See Table I. 
(b) Potassium pcriodato was dissolved in the aqui-juj solution of 3odiun fluoro- 
acctate, silver pcsrchlorate t.dui_d; thou the perchloric acid added. 
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5. Order of Addition of float-.Tits. When silver perchlorate was added to 

aqueous solutions of potassium meta periodate a dark precipitate formed. Treat- 

ment of this mixture with perchloric acid caused the solid first to turn yello'v 

and then dissolve. The dark precipitate may be silver meco periodate (Ag3I05) 

which has been reported11 to be formed when silver meta periodate (AgI04) hy.'.ro- 

lyses. It was thought there may be a difference in the percentage of fluorine 

recovered from sodium fluoroacetate depending on:  (l) whether potassium meta. 

periodate is dissolved in the aqueous solution of podium fluoroacatate and silver 

perchlorate added, followed by perchloric acid, or (2) perchloric ncial. in added 

to a mixture of potassium meta periodate and silver perchlorate and then the 

aqueous solution of sodium fluoroaci.tute added. The data in Tables I and V in- 

dicate that the order of addition of the reagents has very iittlc effect, if any, 

on thu recovery ol fluorine. 

6. Effect of Refiuxing the Reaction Mixture. Early in the investigation, 

in an effort to iuprovo the recovery of fluorine from aqueous solutions of sodium 

fluoroacetate, the reaction mixture was refluxed for periods of 0.5, 1, and 2 hours 

at 1?0 C. An average of 95,;5 of the fluorine was recovered after refluxing. Since 

90/0 recovery was obtained without rofluxing, tne small increase in recovery did 

not seem to warrant the additional tine-consuming step. 

Late in the investigation, the perchlorate-periodatt- method ma applied to . 

the determination of fluorine in aqueous solutions of 2-fluoroetfrmol. In the 

analysis of this compound a 15 minute refluxing period before the distillaticn 

Increased the recovery of fluorine fron 64,3 to y9,jj the precision vus also in- 

creased [See Table III]. 

lioanwhile, improvements had been uadc in the procedure, and a second in- 

vestigation showed the recovery of fluorine from fluoroacetate solutionr» is in- 

creased fr .n 90;? to 98,» by refluxing the reaction idxture for 15 uinutes before 
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distillation [See Table II]. 

The recovery of fluorine from aqueous solutions of dii3opropyl iluorophoe- 

phate is complete without use of a refluxing period [See Table IV]. 

7. Temperature of the rteaction Mixture. It is reported that a temperature 

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

8 0 
action mixture by distillation with perchloric acid ' . At temperatures above 

145°C. an excessive amount of perchloric acid is carried into the distillate arid 

interferes with the titration for fluoride. Hence, it is important that the temp- 

erature of the reaction mixture during distillation l».  held at 136° - 145°C. 

8. Hate of Distillation. The tine required fir the collection of 100 ml of 

distillate was varied from 20 to 7R ainutes. Rapid distillation increased the 

perchloric acid content of the distillate [See section D: Titration of Fluoride]. 

As the amount of fluoride in thi= "blank" on th«j reagents [Note 1, p. 4] increases 

with increase in distillation time, it is believed that.the reagents react with 

the glass wool to liberate fluoride ions from the latter. Unless fluoride-free 

glass Pool can be obtained, ths time for distillation should be held within a 

narrow time range; 28 i 3 minutes has ber>n found satisfactory. 

9. Volume of Distillate. Distillation of standard solutions of potassium 

fluoride with a mixture of 0.1 t potassium periodate, 1 g silver perehlcrate, 15 

ml 70,2 perchloric acid and a wad (0.1 g) of glass wool by the procedure given above 

indicates that it is necessary to collect at lüa3t 100 ml of distillate in order 

to recover the fluoride satisfactorily. Table Vj shows a typical result obtained 

by analysing 25 ml fractions of the distillate; the original solution cuntained 

845 ug of fluoride. 

VJhen aqueous solutions of sodium fluoroacetate RR decomposed end t:ie 

fluoride ions removed by distillation, a maximum of 2^ of the fluoride ions, was 
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Table VI. Recovery of Inorganic Fluoride as a Function of the Volume of Distillate 
(Salsbury, Analyst) 

Fracti on 
ml 

0 - 25 
25 - 50 
50 - :75 
75 - 100 

Total 

Fluoride Found 

pe i 
36H 44 
238 34 
124 15 
54 

814 
4 

97 

found in the second 100 ml of distillate} in UM majority of determinations no 

fluoride was foiu»d. He-nce collection of the first 100 rJ. distillate appears 

adequate. 

10. Effect of Diverse Ions. Oalciun, chloride, sulphate, and phosphate are 

ion:; couiuonly present in i.ttural waters that n;i;;i;t be expected to interfere either 

With the decomposition of the fluoro-oi-gu.'.ic compounds or with the dirtiJlation 

and titration of the inorganic fluoride for.Mcd. These ions are seldon present in 

excess of 150 p.p.in. C;., 3000 p.p.u. 304, ®*' 53 p.p.n. P04. Aluminum i:dght bo in- 

troduced in water treat-vant} hencu it i: included in thifi study. 

The data in Table VII show thüt in the absence of diverse ions, the fluoride 

is completely recovered in the first 100 :.J. of distillate. The recovery of 07 - 

9B,J of the fluoride la tlio presence of COi £,0+, B03   0f' P04 ions may be due either 

to a slight reduction in the rale of distillation of the fluoride in the presence 

of these ions, or to experimental error. 

The. values in Table VIII show a slightly lowor recovery of fluorine from 

sodium fluoroacetatc when the dccivupositionj «uid uistjUntlonJ are carried out in 

tiie presence of Al, Ca, 303 or SO4 r.nu P04. Hure; too, the difiorences are within 

the experimental error. 
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Table VII. The Recovery of Fluoride from Aqueous Solutions of Potassium Fluoride 
Containing Diverse lone.. (Armstrong, Analyst) 

Introduced Diverge Ions Recovery of ] ?luori 
Jig in the 20 ml sample pg % 

443 ■ None 443 100 
443 None 440 99 
445 8000 ppm S04 437 98 
443 8000 ppm S04 431 97 
443 S3 ppm P04 431 97 
443 8000 ppm S04; 33 ppm P04 443 ICO 
443 8000 ppm S04} 33 ppa P04 445 100 
443 150 ppm B 443 100 
443 100 ppm Ca; 175 ppm Cl 433 98 

Table VIII. Determination of Fluorine in Aqueou3 Solutions of Godium Fiuoroacetate 
Containing Diverse Ions. (Armstrong, Analyst) 

Cone, of 
Compound 
ug/ml 

150 
150 
150 
150 
loO 
140 
140 
140 
140 

Diverse Ions 
in the 20 ul sarcpie 

Organic Fluorine 
Present 

None 370 
None 570 
15C p;im Ca; 265 ppr. Cl 670 
150 ppm Ca} £65 ppi:. Cl 570 
77 ppc Al; HOC ppi 1J03 570 

None 553 
None 553 
8000 ppm S04} B pP'a P04 533 
150 ppm B 5H 

Found 
ug 

5or 
504 
492 
489 
480 
<150 
470 
473 
42C 

% 

88 
88 
86 
86 
84 
85 
88 
88 
79 

The effect of Ca, S04 and PC4 on the recovery of fluorine fron, ucthyl fiuoro- 

acetate is shown in Table IX. Analyses of aqueous solutions of methyl fluoro»-cetat/ 

are less precise than those of sodium fluoroccotatc [cf. Tables I mid II], Hence 

the differences in recovery notfjd in Table IX cannot be definitely attribute"! to 

the diverse ions. 

A survey of Tables VII, VIII end IX shows tbftt the recovery ef fluorine is 

?  to '6,ö  lower in the prc^encf of 150 p.p.a«Ca.The presence of S04, or P04, or both, 

either does not affect the recovery of fluorine or lowers it only slightly. Hence 

it iuay be concluded that tho inorganic ion;; conaacu'ily present in potable ffattrt 

inttriero only slightly, if fct all, v.itV. the determination of fluorine in iluoro- 

organic ceiareunes by the porcliiorate-poriodate procedure. 
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Deter:.ü.natior. of riuorine in Aqueous Solutions of Methyl Fluoronoetate 
Containing Diverse lone. (Armstrong, Analyst) 

Cone, of 
Conpounti 
ug/ni 

245 
245 
245 
245 
24b 
245 
245 
löl 
151 
17.1 
131 
131 
1S1 
200 
200 
200 

Cl 

Diverse Ions 
in the 20 ml sample 

None 
None 
150 ppti Ca; 265 ppu 
None . 
None 
150 ppn Ca; 265 ppti Cl 
150 ppm Ca| 265 ppn Cl 
"one 
Hone 
8000 fell E04 
8000 pja üO4 

None 
3S ppu P0. 
None. 
8000 opa BO« 
8000 ppo gfl 

Organic Fluorine 
Present   Found 

ug      Jig 

1010 900 89 
1010 920 91 
1010 880 87 
1010 (a.) 
1010 fa) 

860 85 
8C0 85 

10:1.0 (a) 840 85 
1010 (a) 840 85 
558 475 89 
558 178 89 
5o8 4/>0 82 
5S6 425 79 
538 175 89 
J38 460 86 
8F.0 740 90 
620 750 91 
820 7?'0 . 89 

(a) The uar of this value äüääei the stability of the solution of methyl fluoro- 
acetate over a 24 hour interval. Iho recovery of only 86C ug F compared to 900 
and 920 p.g F by the s-nue procedure on the previous day indicates about Gp loss of 
methyl i'luoroacecate frou the solution between the two ueasure.^cntf?. 

D. Titration of l'luoride. 

Manipulation. Tho titration is performed in 25 x 150 tori flat bottom cyl- 

inders (low forn HaaaXar tubes or equivalent). Two o:' these, blank and imkn-o.m, 

are held in the left ivuid» the lingers serve as a shield reducing the light 

entering the sides of the tube. Licht from n  tungnten lai.p pieced behind (12-18 

in.) anu above (6-12 in.)   the titration «tand iü reflected fron tht white 

porcelain base through the 'cottons of the tubes. Stirring it; accomplished by the 

vertical aotion of a 4-5 u.i glaaa rod vilh the Lower end flattened to a 15 Ml 

button. 

Blank. The blSnk should bo tt stod each day by titration agr.inst a standard 

fluoride solution. An error of 0.01 ol in the-volume of thoriuu nitrato solution 

in the blaak introduces a titration error of 0.04 i-l with 50 U£ F; v.ith 100 jig F 

the error ie 0.07 nl. In precise work a fresh blank should be prepared each day 

bec-'.use of a slow change in its color. 
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Effoet of pH . In Porton Report No. 2549 the necessity oi' careful control 

of the acidity is discussed without stating the pH of the solutions titrated . 

Drake10 finds solutions prepared according to the directions in the Portor. Report ■ 

have pH £.17 - 3.20. 

If, to the neutral solution of fluoride find 1 ml of 0.02^ Solochroue indi- 

cator, 0.05 N perchloric ttcid is added "until the yellow of the dye just changes 
g 

to pink" , then 0.5 ml of buffer added and diluted to 50 ml, the solution hu pH 

3.19 - 3.23, depending upon ;.'hich shade of pink the addition of acid is stopped. 

On the other hind, if to the neutral fluoride solution are .'.uided one drop (0.05 - 

0.06 ml) of 0.2 N perchloric acid, 1 ml indicator, ü.5 nil buffer, r.nc! water to 

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

made, uniform concentrations of the reagents are conveniently obtained by .Mixing 

50 ul of indicator, 25 ml buffer, r.nd 3.0 ul 0.2 N perchloric acid, diluting to 

500 ml, and then adding a 10.0 ul portion of the solution tc aaefa sample, of neutral 

fluoride solution. 

Blanks prepared according to direction» in the: Porten report have pH £.25 - 

3.27; those are distinctly blue in color compared to blanks of lower pll (3.17 - 

3.20). A blank prepared from 10 al of the indicau-r-tuffer-acid solution mentioned 

above, 40 ml water, and 0.10 thorium nitrate hrs the samo pH as fluoride solutions 

similarly prepared. 

To determine the effect of pll, solutions containing 44.3 jig F, 1.00 ml indi- 

cator, 0.5 ul buffer, and from 1 to 11 ml of 0.002 I perchloric acid were titrated 

with thorium nitrate solution until they matched i  blank n..ving pH S.17. The date 

in Table X show that if the variation from tlttspH exceeds U.Oii,  appreciable error 

is introduced. 

All ph values were determined with a Coleuen Model 3D meter ci.libratud a^uinst 
0.2 I potassium acid phthslate. A Beckmen pH meter, calibrated against the same 
standr.rd, registered all values in the 3.0 - 3.2 r*.nge fr-.m 0.04 to 0.05 lower. 
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Tuble X. Effect of pH on the Titration of Fluoride^.  (Armstrong, Analyst) 

0.002 I Equivalent volume pH 0.004 1 Thorium 
HC104, ml of 0.2 N acid, ml Nitrate, nl 

1 0.01 7.23 1.41 
4 .04 7.19 1.45 
6 .06 7.17 1.47 
6 .06 2.17 1.47 
8 .08 5.12 1.49 

11 .11 3.08 1.54 (a) 
11 .11 5.08 l.ES (P) 

(a) Each solution contraned 44.3 ug F, 1 ml indicator, 0.5 ml buffer >.nd water to 
make 5*J ml; euch wad titrated to match a blank with pH 3.17. 
(b) Off tint, endpoirt difficult to determine. 

Drake" suggested the addition of "two drops" of 0.2 N percliloric acid and 

0.75 ml of buffer to each neutral solution of fluoride thus establishing a pH c.00 

for the titration. The data for titrations near pH 3.0, Table XI, lho> no in- 

crease in tolerance to differences in pH over titratiuns performed around pH £.17. 

The endpoint is mors difficult to determine in solutions el' pH 3.00 than of 3.17. 

Table XI. Titration of Fluoride at pH»3 near 3.00 (Armstrong, Analyst) 

0.002 1 Eauivalent volume pH 0 .004 N Thorium 
HC10.J, nl of 0.2 1 acid, ml Nitrate, nl 

7 0.07 3.06 1.57 
12 .12 3.02 1.60 
12 .12 3.02 1.62 
17 .17 ::.96 1.66 

Each solution contained 41.£/ug F, 1 ml indicator, u.7£ ml buffer, and water 
to make 50 ml} eacii was titrated to mutch a blank with pH 3.02. 

These experiments indicate that the titration of fluoride with thorium nitrate 

is satisfactory at any pH between 3.00 and 3.23. The analyst should select the 

lower pH if he finds the reddish tints easier to match; the higher pH if he pre- 

fers to match solutions of a bluish tint. However, once a pH value for the 

titrations is selected, this value ihQUld be maintained as rigidly as possible. 

It is believed that most analysts will find pH 3.17 or pH 3.2^ gives solutions 
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that are mo3t easily mutched. If a pH of 5.*0 is selected, it is readily attained 

by using 2.0 ml 0.2 N HC104 per 500 ml of indicator-buffer-acid solution described 

on page 18; 5.0 ml of the acid gives a pH of 2.17. 

It should be obvious that to maintain the pH within narrow limits, extreme 

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 H HC104 solution for this neutralization has the advantage that 

drops need not be split. 

Effect of Sodium Perchlorate :tnd Sodium Sulfate. The decomposition of fluoro- 

organic compounds by sodium in 1-hexanol1 yields a fluoride solution containing 

5 millimols of sodium hydroxide. In the perchlorate-period&te method the distil- 

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

40, 27, or 22 minutes respectively. Thus, ufter neutralization, a one-tenth 

aliquot of the fluoride solution from MM oodium-1-hexanol procedure contains 

0.5 millimol of sodium perchlorate & tliat from the perchlorate-pcriodate procedure 

contains from 0.04 to 0.8 miiliniol of tin. salt. 

The data 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 in thu so-called "blank" determination of fluoride in 

the reagents. Fluoride values calculated from these larger titration volumes 

are 2$ (0.2 millimol MaC104) to 5/Ä (0.5 - 1.0 millimol NaC104) high. 

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

volumes. 
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Tabl* XII. Effect of Sodium Perchlorate and Sodium Sulfate on the: Th-F Titration. 
(Armstrong, Analyst) 

F Present 

PS 
Salt 

millimols 
Present 
milligrams 

0.004 !! Thorium 
Nitrate, ml 

Sodiun Perchlorate 

0 
0 
0 

0 
0.5 
1.0 

0 
61 

122 

0.10 
0.11 
0.13 

44.3 
44.3 
44.3 

0 
0.5 
1.0 

.  0 
61 

122 

1.49 
1.49 
1.54 

88.6 
88.6 
88.6 
88.6 

0 
0.2 
0.5 
1.0 

0 
24 
61 

122 

2.74 
2.82 
2.86 
2.88 

Sodiun Sulfate 

50.0 
50.0 
50.0 
50.0 

0 
0.001 
0.002 
U.0U4 

0 
0.14 

0.28 
u.57 

1.64 
1.67 
1.72- 
1.83 

Each solution contained 1.0 ml indicator, 0.5 nl buffer, Ü.06 ml of 0.2 N HC104, 
and water to make 50 ml; pH 3.17. 

SUJ&JARY 

A method for determining the fluorine in sodium fluoroacetate, methyl i'luoro- 

acetatc, 2-flucroethanol, and diisopropyl fluorophosphate in water has been des- 

cribed. It is based on (1) adding the aque ;us sample to potassium ueta periodate, 

silver periodate, perchloric acid, and glass wool, (2) refluxing for a 15 minute 

period, (3) heating the mixture and holding its temperature at 135°, - 145°C. by the 

addition of water while 100 ml of distillate is collected, and (-1) analysing ali- 

quots of the distillate for fluoride ions by titrating wltn thorium nitrr.te solu- 

tion using Solochrome Brilliant Blue as indicator. An analysis requires about an 

4n»ur. 

The recovery of fluorine from solutions of the fluoro-organic compounds ivas 

97-100$. Vihen the reaction mixture was distilled without refluxing the recovery of 

fluorine was 90,J for fluoroacetates, 64$ for 2-l'luoroethanol, and 100$ for diiso- 

propyl fluorophosphute. 
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