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INTRODUCTION

The formula for the complex ion formed between the
ferric ion and the fluoride ion has long been written
as FeF§3. However the work of Low and Pryde{l) in their
study of the potential ot the ferrous~ferric half cell as
a function of the hydrogen fluoride concentration shows
sthat this cannos be the formula in acid solution, Thelr

dasa indicates the I"eF’(2 ion. Brosses and Gustaver (2)

in their potentiometriec measurements of the ferrous-~ferric
half cell have assumed the FeF/z and FeFé ions. Babko
and Kleiner{3) in sheir measurements of the decolorizasion
of the ferrie thioceyanate complexes with fluoride have
assumed the ions FeFé . FeFfz, FeFy , FeF; , and FeF;z .
Dodgen and Rollefson (4) 4n sheir electrometric titrastion
of the ferrous~ferric half cell have assumed the ions
FeF*2 | FeF{ , and FeFy . Following is a table showing
the values of the equilibrium constants obtained by these

investigators for the ferric-fluoride complex ions:

TABLE (I)
Dodgen Babko Brosset
and and and
Equilibria Rollefson Kleiner Gustaver
re’3 4 mFeFeF’? 4 Hf K, 189 200 165
FeFlZ{ HF#Fng 4wt Ko 10,4 25 11.4
FeF3 £ HF#FeFZ £ H; Ky, —— .1 -
FeFZ £ HF:Fngz # H/ K5 -—— . 002 -

The work of Dodgen and Rollefson was performed a% 250 Ceyp

(1)
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the otker two do not indicate any specific temperature. It
is evident from Table (I) that K; and K, can be used to
find moa% of the ferric¢~fluoride complex ions present in

an acid solution whereas Kh and Kg are probably negligible.
K3 should also possibly be considered.

Mr. Yatel(lo’ of Montana State University, 4in his work on
the electrometric stitrasion of the complex fluoride ions of
gallium and beryllium, found that equilibrium tock a long
period of time to be reached. He was concerned that the
fluoride ion in the acid solution would tend to react with
the glass cell over this long period of time. To eliminatse
this possibility he used polyethylene cells, He found that
these cells gave a decided difference in observed potential
difference compared to the glass cells.

Wish this fact in mind, several titrations were per-
formed on the ferrous~ferric half cell in glass and poly-
ethylene eontainers to determine if there were any varia-
tion in the observed potential difference between the two
types of cell, There was a definite varlation. Dodgen
and Rollefson(#) naa performed their electrometric titra-
tion on the ferrous~ferric half cell in glass containers.
The problem of this thesis was therefore to determine she
» and K_ of

2 3
using polyethylene and glass containers for the ferrous~

effect on the equilibrium constants K,, K

ferric half cell. The electrometric method of titrasion
used is similar to that of Dodgen and Rollefson(h).
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3w
SOLUTIONS

Perchlorie Acid 0.9991M
Sodium Fluoride 0, 5000M
Sodium Perchlorate 0,54
Stoeck Solution Fe2 ,0343M
1"9}3 .0358M
W 23568
CLOT .4l24M

4
Ionic strength .554

Methods of Preparing Solutions
Perchloric Acid 0.9991M:

An amount of 71% C.P. perchloric acid was weighed out
which would give 1M perchlorice acid when diluted to one
liters The resulting solution was then titrated against
three weighed samples of sodium carbonate using methyl
orange as an indicator. The resulting normality was

determined as 0.9991.

Sodium Fluoride 0,.5M
C.P. sodium fluoride was dried as 110°C. for a period

of 24-3 hours. An accurately weighed amount was then
diluted 0o 500 ml in a volumetric flask which gave a

solution of sodium fluoride of concentration 0.5000M.
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Sodium Perchlorate 0,5M

The amounts of water in reagent grade hydrated sodium
perchlorate was determined by weighing hydrated samples,
drying, and reweighing. An amount of sodium perchlorate
hydrate was then weighad out which when diluted so %wo
liters in a volumetric flask gave a solution of O,5M

sodium perchlorate.

Stock Solutilon

0.1 mole of ferrous sulfase hydrate was dissolved
in 300 ml of water, The ferrous ion was then precipitated
with 6N ammonium hydroxide, centrifuged, washed with water,
dissolved in 3N perchloric acid, precipitated again with
ammonium hydroxide, and washed with water. The precipitate
was then dissolved in enough standard perchlorie acid to
make an excess of .25M perchloric acid when the sclution
waa dilused to one liter., The ferrous ion was then titrased
for with standard potassium permanganate., The amounts of
hydrogen peroxide which would be required %o oxidize ocne-
half of the ferrous ion to ferric ion was then calculated
and added to the soclution. The total iron was then deterw
mined by the Zimmerman-Reinhard method.({5) The ferrous ion
was again titrated for and the difference between the
total irom and ferrous lon was determined as the ferric
fon. The hydrogen ion was then determined by the method

of Schumb, Scherrill, and Sweetser.(é) The perchlorate
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ion was then calculated to be the sum of:
(W#) £ 2(Fe*?) £ 3(Fef3).
The resulting concentrations were found to be:
Fo#2 203431
Fel3 .03 584
i .23560
GLOZ L1241
The ionic strengsth was then calculated as:

3(4x.0343 £ 9%x.0358 £ .2365 £ 4124) = .554
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CELLS

Two types of cells were used in this comparison. The
first consisted of a pyrex glass container fitsed with a
ground glass cap with holes for the admission of the stirrer,
carbon dioxide, salt bridge, and sodium fluoride solution.
This cell is similar to that used by Dodgen and Rollefson‘“).
A 1.6M sodium perchleorase salt tridge was used. The amouns
of agar used to hold the salt in the bridge was varied wish
the temperature. For the 50 C. salt bridge, the amount of
agar added made the sodium perchlorate solution so viscous
that a vacuumwas required to draw the salt solution into the
bridge.

The other cell was made by cutting the top from a
four cunce polyethylene bottle and fitting the same cap
as used for the glass cell to it. The same salt bridge was
used for each type of cell.

Polyethylene stirring rods were made by melting
polyethylene and drawing the liquid into glass subing of
the proper diameter. The liquid was allowed to solidify
and the glass tube was broken leaving the rod of polyethylene.
The rod was then cut to the proper length and the stirring
end shaped in an open flame,

To eliminate air in the cell, carbon dioxide vas
continually passed through it. This was accomplished by
allowing several pileces of dry ice in a 500 ml flask wrapped
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with a towel to sublime slowly. The gas was then passed
through 0.5 sodium perchlorate solutsion at the tempcrature
of the water bath in which the cells were lmmersed and then
into the cells.

The cell electrodes consisted of platinum which had
been gold plated in a 1K hydrochloric acid solution of
auric chloride. The plating was performed by using the
platinum electrodes as cathodes in the auric chloride
solution and passing a low current through the solution
for a period of 1i-2 hours. A platinum anode was used in
this plating process.

To measure ths pouential between the two c¢ell containers,
a Leede and Northrup type K-2 potentiometer and a Leedsz and
Nortsrup galvanomeser no. # 2430 were used., An Eplad
standard cell rated at 1.0184V and a Willard wet cell were
also used.

For the addition of the fluoride, a 5 ml micro-
burette was fitted with a speclal tip for case in getting
under the stirrer motoras, After each addition of fluoride,
the tip of the burette was touched to the cell solution

to be sure all of the fluoride was in the cell.
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TRBE PROCEDURE FOR THE TITRATION

Titrations were carried out a2t three temperatures;

15° , 259 , and 50° C. Two titrations with the glass cell
and two titrations with the polyethvylene cell were made

at each tenmperature. In order to Jdetect any slight
variation in potential that would have been due to the glass
or the polyethylene, all the other conditions in the two
types of cells were made as consistent ag possible, With
this in mind the same exact amounts of sodium perchlorate,
perchloric acid, distilled water, and stock solution were
added to each cell namely:

90.0 ml 0.54 sodium perchlorate

5.0 ml 0.99721M perchloric acid
5.0 ml distilled water
1.0 ml stock solution
101.,0 =l total
This would make the ioniec strengith of the cell 0.5 and the
initial hydrogen ion concentration Hﬁ = .05184,

The cells were then placed in a water bath regulated
at £ .02° of the proper temperature. The stirrers were
left on throughout the entire titration. After the small
initial potential (usually .1 to .4 millivolt) had remained
constant for 2 hour, the addition of fluoride was begun.

In order to obtain the comparison as accurately as possibie,
the same amounts of fluoride were added in each titration

and the corresponding potential difference was recorded.
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Example:

Ml of NaF Potential difference
0.1 .01784
0.2 .03252
O.4 + 05407
.8 »07919
1.2 09714
2.0 »12566
3.0 +15271
boO +1761
5.0 «1976

The small initial potential was then added or subtracted
from the observed potential to give the true potential
difference,

Up to 1,2 ml of added fluoride, the potential
showed no sign of drifting and an equillibrium potential
reading could be obtained within a period of 5-10 minutes.
However with additions of fluoride of 2,0 ml and up tshe
potential of the polyethylene c¢ell showed a decided upward
drifs requiring up to three hours to come to a permanent
equilibrium point. The glass cell on the other hand showed a
consistent potential inside of 20~30 minutes. This would
seem to indicate a reaction between hydrogen fluoride and
the glass of the glass cell. Since there was no chance
for reaction of hydrogen fluoride and glass in the poly-
ethylene cell, we may assume that the true equilibrium
time was around three hours, Therefore the apparent equili-
brium time of 3 hour in the glass cell must have been due
to a factor which tended to decrease the potential differ-
ence. This could easily be ascribed to a reaction between

hydrogen fluoride and glass.
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OB3ERVED DATA

TABLE (1X)
4 E

Temoerature M1 NaF Glass Folyethylene
15%. 0.1 01896  .D1936 01809  .01837
0.2 +03378 03426 .03340 .03317

Ouls «05427 05477 «05418 «05363

0.8 07989 L08036 08011 07927

2.0 12505 « 12460 1260 «1252

3.0 « 15067 + 15993 1522 «1511

5.0 « 1930 «1215 « 1752 « 194bk
25 0.1 L1791 .0172% «01760  LD1775
Ue2 «03199 03293 «03226 +03243

O.db «Q5399 035324 «U5337 «05398
0.8 « 07870 07200 «37993 07310

2.0 «12516  .12481 «12661  ,12557

3.0 «15134 « 15079 «152358 « 15262

L0 «1734 1728 « 1759 «1769

5.0 «13938 1931 1364 «1975
50% 0.1 .01818  ,01820 01857  LOL794
0.2 < 03246 .03281 «03248 .03268

Ools 05330 ,O5428 .05388 «05363

0.8 +08050  ,08119 .08092 .08112
1.2 «O99h44  J10047 10025 «10056

2.0 «12771 ., 12894 .1288 « 12909

3.0 «1550 «1564 «1613 <1567

«0 .1787 .1803 1807 +1809

5.0 « 2000 « 2027 <2032 2037

Figures 1,2, and 3 are graphs of the observed potential
difference plotted against the milliliters of fluoride. They
show tha polyethylene cell to give a slightly higher e.n.f,
than the glass cell after 1,2-2.0 ml of fluoride had been

added.
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CALCULATION OF Kj, K,, and K,

Assuming the equilibria:

Fo3 £ HF 3 peFF2 4 Wi Ky (1)
FeF 2 / Hr & Fert 4 ¥ K, (2)
Fe’> 4 1,0 2 Feo’2 4 W K, (3)
HF @ W J p- K, (&)
HP £ F- 2 HF; Ks

as did Dodgsn and Rollefson!#) » K3 and K> may be estimated
as well as K3 where K3 represents the equilibria:
FeF, / HF 2 FeFy £ B
Kﬁ has been determined by Bray and Hershey (7) as
25% andg 359 C. Extrapolation of the negative logarithms
of these values and substitution in the equation:
log Ky = log Kg £ Llogz ¥ {(where y is mean activity
coefficient of hydrochlorie
acid at ionic strength 0.5)
gives values of K,(159) = .000969
KL(25%) = .00197
K,(50 = .0089
The values of y are from Harned and Owen(s) for hydrochlorie
acid at ionic strength of 0.5 and are:
y(15%) = .7658
y(25%) = .7571
y(50°%) = 7344
Broehne and Devries'®) give values of Kz as 15° , 250,
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and 35° ¢, Extrapolating to obtain the 50° value and dividing
all the K: values by y? gives values of K,(15%) = .o0135,
K,(250) = .00117, and K,(50°) = .000848 . Broehne and
DeVriestg) also give a value to K5 = & which 1a comparatively
independent of the temperature.

In the titration, two quantities were observed; Fg the
total concentration of fluoride ion and E the potential
difference of the cell., The initial hydrogen ion concen=-
tration Hé and the total ferric ion concentration Fe€3 are
also known.

Assuming the activity coefficients of the ferrous and

ferric iona %o be constant the log Fe;3 can be found by

the equation: log (i"’t!’(3 - = F E where F 1s the faraday
FeT = Z500mt
(0]

constant, E 18 the measured potential difference between
the reference cell and the reaction ¢ell, R is the gas
constant, T is the temperature, and 2.303 is the conversion
factor from natural logarithms to logarithms to the base 10,
By considering equilibrium (3) (Feﬁ3) may be found:
(Fef3) = (Fel’)
T 7 Kn
)
By the above two expressions FeéBthe concentration of-
ferric ions c¢an be calgulated.

The ferric ion complexed by fluoride, FeéB, is evidently

y,
equal to (Fe ) - (Fe#3) . (FeOHF2), But from equilibria
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«l6e
(3), (?eQH’q is equal to (Fe/3)- K « Therefore:
«Kn )
zﬂas

(Fe#3) = (refd) - (Fef3) _ (ref3)

= (re"z) - (Fe'3) (14 Ky )

(HA)
Since 1 £ Kp is very nearly equal to 1 £ Ky, for the
(HA) (B

concentrations used here, we may say:
“"”‘2 = (Fed?)- (ref3) . (Fe'2) . (14K )
Fe3) T7K ( Hr:

Hence (?eﬁB) - (Fe/z) (1 - (Fe#3) )
®7g)
The first approximation of (HF) was given by (F;)-(Fe#é).
The first approximation of (H”) was given by (Hg)-(HF).
The ratio gf was then determined.
The second approximation of (H%) was determined from

the equation: (HF)a = (F§) - (Felg)-i £ I:'K;g(m‘i‘)-1 which was

17 Ko(HE)
(HF)

derived from equilibria (2), (4), (5), and the stoichio=

metric relationship for fluoride. K3 may be estimated from

the first approximation for (HF} . The quantity a is

given by the equation: 1 £ K, £ 2K, K. (HE) .
e A )
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The second approximation of (H%) was determined from
the equation: (HF)a = (Hé)a - (HF)a . The HF2 ternm
was considered negligible in this equation.

The ratio: (HE was then calculated. A third
approximation couldahave been made for (HE) but it was found
that this third approximation was very nea;ly the same
as the second 80 only the two approximations were made,

We now assume that the total ferric ion present as

fluoride complexes must be present as (FeF/z) £ (FeFé) .

From equilibria (1) (FeFA2) = Kl(Fel3)(HF)
{HA)

From equilibria (2) (FeFLl) = k,(FeF’2) (up)
(Hf)
Substituting in the equation (Fefi) = (FQF%ZJ £ (pepé)

and dividing through by (Fa}3) and HF% we get:

(Fef3) . (HF) _
er?) Taey - a f Fakz (R .

By plotting (HPF) against (Fef%) . SHég s K; can be de-
e73)

termined as the intercept and the product Klﬁz ag the

slope of the line. Having found values for Kj and K, ,

a value for K3 can be found in a similar fashion. The

equation for this calculation of K3 would evidently be:
(FO/%) « AH ‘-[Kl ’{ K HF }
%ﬁé% 1K2%E¢%
(Fef3) F

& K1K2K31§§l
%%5% tBf)
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The slope of this line 1is K152K3 and since values of Kj
and K2 have previously been determined, K3 is readily
calculated.

As an example, the quantities used to calculate K; ,

K>,and K3 , for a polyethylene cell at 50° C., are shown
in Table (IXII)., Figure (4} shows an example of the graph
used to calculate K;, K;, and K3. The actual values of

Ky» Ky, and Ky were obtained from a larger graph since
the small size of figure (4) does not give enough

accuracy. One-half inch on the large graph represented

25 units of Feé3 H ) and .025 units of (HF
(?e?Bf(é%

On plotting (X) against (Y) from Table (III) on a
graph like PFigure (4), the intercept was found to be 175
which is Kj. The slope was measured to be 1636, There~
fore K, ia ;%%% or 9.3 . On plotting (X) against (2Z),
the slope was measured to be 1350. Therefore K3 = %égg = 0.83 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ml of Nap

.

WVMEWOHOOO O
QOOoONREFENM

* & 5 & & 4 &

e
i

0001701
0002473
»0003058
.0003386
0003483
0003545
.0003567
.0003578
»0003578

Gigt

Hfalgha

.05278
.05238
05139
04942
«OL743
«O4346

.03858
«03393
+ 02946

delta E

+01794
03268
.05363
.08112
«10056
+ 12909
«1567
.1809
22037

HF

0003249
« 0007407
.001666
- 003590
005523
»0093 54
<01407
01869
.02323

(X)

H%:lgh:

00599
.01362
.0311
0700
»1127
«2038
«3574
« 5419
+7776

«l9-

TABLE (III)

~-log Fe3 Fe’3 Fe’3
Fer’  Fep3
« 2799 ¢« 5249 0001606
<5098 .3092 . 00009462
.8366 1457 . 00004458
1.2655 .05426 00001660
1.5687 .02700 000008262
2.0138 .009687 . 000002964,
FNYNE .003593 . 0000009946
2.8220 .001507 . 0000004611
3.1777 . 0006642 0000002032
i i HF alpha
.05143 ,006317 .0003162
05096 .01453 .0007136
.04L993 .03336 .001599
. 04780 .07510 . 003458
04567 <1209 .0053146
04145 .2257 .009120
.03624 .3882 .01379
03114 L6001 .01839
.02613 . 8890 022591
Fe £3 (YH lpha Felk’ . H (Z)x £K+ Ko HF
2 « fEAcPNa  “ecl . = {R1FRyR2 ]
Hfaipha Fel . BL [ irs
- AF
H
17607 - -
192 -——
221 ———
291 1é
374 133
570 24,8
1003 680
1432 683
2264 1051.
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CONCLUSION
The equilibrium constants calculated for glass and

polyethylene cells at the various temperatures are given

in Table (1IV).

TABLE (IV)

GLASS POLYETHYLENE
15° ¢, Ky = 198 K;y = 198

Kz = 11.2 K2 = 11.2
25° c. Ky = 180 180

K2 « 10.3 10.3

K 3. .81} .997
50° ¢. Ky = 175 175

Kz : 9.3 9.3

Ky = .70 .83

In Figures (1), (2), and (3) it was shown that the
polyethylene cell gave a alight but decidedly higher potential
difference than the glass cell upon additions over 1,2-2.0 ml.
of fluoride. The effect of this difference on Kjand K was
not apparent in their calculation. The effect on K3 however
was apparent; the glass cell giving consistently lower
values of K3 as shown in Table (IV). If we assume that
the polyethylense cell gives the correct value of K3, the
ﬁ error involved in using glass cells at the three temp-
eratures would be:

15° ¢. 1,1-.82)x 100 = 25%
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25% ¢, (.997-.84)x 100 = 16%
G997

[ ]

50° C. (.83-é70)x 100 = 16%
<83

The reason for this discrepancy in results was

ascribed to the assumption that the hydrogen fluoride in
the glass cell reacted with the glass of the cell.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-23-
SUMMARY

Two electrometric titrations were performed on the
ferrcus-ferrie half cell using glass containers and two
electrometric titrations were performed on the ferrous-
ferric half cell using polyethylene containers at the
temperatures 15° , 25%, and 50°.

The time for equilibrium to be reached was found to
be longer in the polyethylene than the glass cell.

The equilibrium constants K; , K, and K3 for the
ferric-fluoride complex 4ons in glass and polyethy-
lene cells at the various temperatures were calculated

and compared,
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