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CBJECTIVE OF RESZAICH

It was the objective of this ressarch to make conduc-
tance neasurernentis of agqueocus scluk
nonof luorephosphate and pota3$iun hexafluorophosphate at
25G C. From these neasuremenis the limiting equivalent
conductances of the two salts were to be determined, Devi-
aticaus of the eqguivalent conductance with increasing

»

oncentration from that predicted by the Unsager equation

Q
o

were Lo be used to study the behavior of sodium monofluore-

phosphate and potassiun hexallucropnosphate in agueous
solutions.



INTRODUCTION

From measurements of the equivalent conductance of
solutions of electrolytes it is possible to characterize the
behavior of these electrolytes in sclution.

The manner in which conductance data deviate from the
Onsager equation classifies the electrolyte as being strong
or weak., Further, by using these data, the dissociation
constant of the electrolyte can be calculated.

Onsager has shown that for dilute solutions of electro-
lytes, the equivalent conductance of the solution is given

by the equation

A=/, = £ BA) V¥

Where /\,is the limiting equivalent conductance, A and B are
constants dependent upon temperature and the nature of the
solvent, and N is the equivalent concentration of the solu-
tion.

The Onsager equation accounts for the observed decrease
of equivalent conductance of a solution of an electrolyte
with increased concentration by means of two "effects" both
of which result in a lowering of ionic mobilities (11).

The constants A and B/\, of the Onsager equation provide

the corrections for these two effects. A accounts for the



"glectrophoretic effect" and B/A, for the "time of relaxation
effect.”

The electrophoretic effect arises from the fact that
there is a preponderance of oppositely charged ions
surrounding an ion in solution. When a potential is applied
to the solution, the surrounding atmosphere of ions moves in
a direction opposite to that of the ion being considered.
Interionic attraction and friction between associated sol-
vent molecules then impede the motion of the ion. The
electrophoretic effect is dependent upon temperature,
viscosity, and dielectric constant of the solution.

Around an ion in solution there is a symmetrical space
charge. As the ion is moved, the space charge will build up
in front of the ion and decay behind it. Since these
processes are not instantaneous, there will be an asymmetry
of the space charge developed. The asymmetrical space
charge exerts an electrostatic attraction in a direction
opposite to that of the motion of the ion. This is the time
of relaxation effect, which is independent of viscosity
since it is purely electrostatic. It is dependent upon
dielectric constant, temperature, limiting conductance of
the ion, and the charge on the ion.

Rearranging the Onsager equation to the form

= AVN
Ao 1 - BYN



provides a means for evaluating the limiting equivalent
conductance of an electrolyte uhere,4; is written in place
of A, (2).

It is found that /|, which according to theory should
be constant, increases with increasing concentration. A
graph of,ﬁé versus N has been found to be linear for many
1-1 and 1-2 electrolytes. This offers a ready method for
computing the limiting conductance,/ﬂo, of a strong electro-
lyte by extrapolation to infinite dilution.

Since the Onsager equation is valid only in the limit
of infinitely dilute solutions, deviations from it are noted
as the concentration of a solution is increased (11). For a
strong electrolyte, the experimental points follow the
Onsager equation in the dilute region. As concentration in-
creases, the curve rises above the theoretical slope giving
an upward concavity. Solutions of weak electrolytes also
follow the theoretical slope in dilute regions, but as con-
centraticn increases, the experimental curve falls below the
theoretical slope. However, the curve still retains the
upward concavity. Figure 1 shows the general types of
curves found for strong and weak electrolytes.

A method of estimating the dissociation comstant, K,
and the limiting conduetance,/1°, through the equation

NS(a) =/ = ¥E2) A



appears to be the most satisfactory method when only a
single series of conductance measurements is available (2).
A plot of S(z) versus (cc@yle gives for the negative
slope the valuo/ﬂo/x and the intercept the value for the
limiting equivalent conductance,,4°.
In the above expression the degree of dissociation, o,
is defined by

X = /\ 5(z)
o
where S(z) =142 45 f 5 e
-3/2

The values for S(A) are tabulated by Harned and Owen (1).
The mean activity coefficient, y’, is defined by the

s

expression
log Y4 = -S(f)m

S{f) also being tabulated by Harned and Owen (3).

By using this equation cne can estimate the dissocia-
tion constant and compare the values of the limiting
conductance with those obtained by the previously desecribed
method of Shedlovsky.

Hill and Audrieth have described a method of preparing
sodium monofluorophosphate by fusing a mixture of sodium
trimetaphophate and sodium fluoride.



NayP30q # 3NaF —— 3Ha,PO,F (5).

The flucorophosphates are similar to the corresponding
sulfates. In some cases this similarity is so cleose that
the fluorophosphates are isomorphous with the sulfates.
Mixed salts of the ferm MSOA'(NHk)zPOBF'6H20, where M = Ni,
Cu, Co, Zn, Mn, and Mg have been prepared (12).

The alkali monofluorophosphates are readily soluble in
water. The salts are stable in neutral or weakly alkaline
solutions. The monofluorophosphates hydrolyze in an acid
medium or when heated in an alkaline solution to form the
fluoride and orthophosphate (13).

Salts of hexafluorophosphoric acid can be prepared
directly by the reaction

MCl £ PCl, 4 6HF —> MPF, # 6HC1 (in 1iq. HF)

Commercially, the salts are prepared by neutralizing the
hexafluorophosphoric acid and removing the salt by frac-
tional crystallization (13).

' Hexafluorophosphates are similar in solubility behavior
to the perchlorates. The salts do not, however, have the
same crystal form (9). The hexafluorophosphate ion is
symmetrical with the fluorine atoms located octahedrally
around the phosphorus atom (&).

Alkali hexafluorophosphates form neutral aqueous solu-
tions and are very stable in neutral and slightly alkaline
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EXPERIMENTAL METHODS

The conductance measurements of the solutions were made
with a conductivity bridge assembly described by Luder (10).
The 1000-cycle signal was provided by a Hewlett-Packard
model 200A audio oscillator. The signal was amplified with
an amplifier constructed after the circuit described in the
article by Luder.

The balancing resistance consisted of two decade boxes:
a General Radio type 602-G consisting of three decades having
steps of 1, 10, and 100 ohms, and another box constructed
from General Radio decade resistances 578-E, 510-E and 510-F.
The four decade resistances consisted of steps of 0.1, 1000,
and two 10,000 ohm assemblies.

The bridge components were shielded wherever possible.
Shielded cable was used, and the elements of the balancing
circuit were shielded from each other. Additional grounding
for the operator was provided since it was found that a
sharper null was obtained for the signal when the operator
was at ground potential. The tuning knob for the balancing
condenser was mounted on a six-inch polystyrene rod. This
was done to prevent the proximity of the operator's hand
from changing the capacitance of the balancing condenser
during the balancing operation.



Two Washburn-type conductivity cells were used. Central
Scientific Company type 70015B was used for measurement of
the solutions, and type 70015A was used to determine the
specific conductance of the conductivity water.

Conductivity water for preparing the solutions was
obtained by distilling ordinary distilled water from an
alkaline permanganate medium in an all-pyrex system. The
water was distilled from a five-liter round-bottom flask
equipped with a side-arm. A spray trap was provided between
the flask and condenser. The neck of the distilling flask
was provided with a nichrome heating element. After aging
the system for several weeks by distilling water through the
system, conductivity water having a specific conductance of
1l tol.5x 2!.0-6 reciprocal chms was obtained.

The salts used for the investigation were obtained from
Ozark-Mahoning Company, Tulsa, Oklahoma. No attempt was
made to purify the compounds since they were specially pre-
pared in a high degree of purity.

The sample of potassium hexafluorophosphate was
analyzed by precipitation with nitron after the method of
Lange and Muller (9). The analysis of sodium monofluoro-
phosphate, which is a difficult procedure, was performed by
Mr. W B. Estill of Ozark-Mahecning Company. The sample was
analyzed for fluoride present as the monofluorophosphate ion
and for fluoride present as sodium fluoride.
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Conductance measurements were made on five series of
solutions of sodium monofluorophosphate and three series of
solutions of potassium hexafluorophosphate. Each series
consisted of four or five sclutions of different concentra-
tion. The first solution of a series was prepared by adding
a known weight of conductivity water to a known weight of
salt. Each succeeding solution of the series was prepared
by diluting a weighed quantity of the preceding solution
with a weighed quantity of conductivity water.

To determine the equivalent concentration of the solu-
tions it was necessary to measure the density of the
solutions at the temperature at which the measurements were
to be made. A Nicol-type pycnometer was used for this
purpose, and the densities were measured at 25° Ce

All measurements were made at 25° £ 0.02° C. Kerosene

was used in the constant-temperature bath.



CXPERIVENTAL DATA

The eyperimental conductance data for sodium mono-
fluercvhosphate and potassium hexafluorophosphate are listed
i tables 1 and 2.
The valves for the equivalent concentration of the so-
lutions were calculated from an expression determined from
the density nmeasurenments of the sclutions and the percentage

compesition of the sclutions. For sodium monefluorophosphate

(mewe 143.97) the equivalent concentration is expressed by
Hormality = 0.1389 (% weight'@f ﬁaQPGBF)

and for potassium hexafluorophosphate {m.w. 184.08)
scrnallty = 0.05440 (7 weight of KPFg).

The chserved specific conductances,x, of the sclutions

and solvents were calculated {rom the expression
x = ¥/R

wihere ¥ 1s the cell constant and R is the resistance of the
solution measured in the cell. Cell number 1, used for
measuring the resistance of the solutions, had a cell con-
stant nl - 0.7554% om -l gcenn number 2, used to measure the
registance of the conductivity water, had a cell constant
K, = C.07212 ca™.

11
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The equivalent conductance of the selutiana,/q, was

calculated from the equation

/\ 1"&}%
The value, X, in this expression is the speeific conductance

of the solution corrected for the conductance of the sol-
vent. It is the difference between the observed specific
conductance snd the specific conductances cf the solvent.
The expressicn,/1; » used to determlne the limiting
conductance hy the method of 3hedlovsky is calculated from
the equabtion

/\, fﬁ“ﬁﬁ"

110.5 and B = 0.5265 for sodiuvnm moneflucrophes-

it

where A
phate, and 4 = 60,19 and B = 0.228% for potassium hexa-
fluorophosphate.

inalysis (irn triplicate; of the potassium hexalluoro-

rhesphate sample by the nitron methoed gave the following

bax] Fng
The analysis of
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I. Total Tluor%de Analysis
Aa o

B.

Co 13.10% F~
Avie 13.@#£O.1&%

X

IT. qu QEF Analysis

-

1. Pluordide as P@EF'.
be

©r
s 3

Py
e

ﬁ'.’p). lﬂit&&v"yucsﬂf

2. Calculated as &

ﬁvgj s 9 7 ™ 26f0 - 5 9}6
This analysis of sodium monofluorophosphate shows

impurity of sodium fluoride amounting to 0.537.



AVALYSIS OF DATA

Petassium Hexaflucrophosphate:

A plot of A versus Ju
is shown in Figure 2. The curve rises above the Unsager
limiting slope indicating that potassium hexafluorophosphate
is a strong electrolyte.

The value /) = 130.4 reciprocal ohms for potassium
hexaflucrophosphate is determined by extrapolating a plot of
/1; versus concentration to infinite dilution. This is
shown in Fipure 3.

Lecause of the scattering of points in the dilute

raphical extrapclation in Figure 3 results in a

Sediun Nonefluorephosphate:

Fisure 4 is a plot of /| versus for sodiusm mono-
fluorophosphate. The deviation of the experimental curve
fron the Ousager equation in the more concentrated regions
is characteristic of 2 strong electrolyte. In the more
dilute solutions the experimental points would be expected
%o fall below the theoretical slcope beecause of the similar-
ity of the monofluorcophosphates to the sulflates. Jenkins

and Vonk have shown that for concentrations below (001

o
o
o3
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norral the equivalent conductance of sediuwm sulfate falls
below the theoretical value (7).

Analysis of the data fer,Ab by the Shedlovsky method is
shown in Figure 5. This zives & wvaluez of 113.5 reciproeal
chas for the limiting conductance of scodiunm monofluocroe
phiosphate.

The extrapolation af/ﬁ;’verSﬁs i is of such a precision
that a deviation of éG.Zﬁ reciprocal ohm for the limiting
conductanes is obtained. However, the uncertainty of the
analysis of the sodium monoflucorcphosphate sample indicates
that the deviatior from the value of 113.5 reciprocal ohms
for the limiting conductance should be 50.5 reciprocal @bm.-
An impurity of 39 sodium fluoride in the sample would change
the limiting equivalent conductance of sedium monofluoro-
phosphate by 0.5%. The value for the limiting conductance
of sodium monofluorophosphate, then, will be taken as
113.556.5 reciprocal ohms.

An attenmpt was made to estimate dissociation constants
for sodiunm nmonofluorophosphate and potassiun hexafluoro-
phosphate by the method described in the introduction, but
the available data were not of sufficient precision to just-
ify the computation. However, the plot for potassium
hexailuorophosphate resulted in a value of 13C.4 reeiprocal
chnms for the limiting conductance which compares well with

that obtained using the Shedlovsky method.



CONCLUSTIONS

Cénductance‘measurements of aqueous scolutions of sodium
monof luoreophosphate and potassium hexafluorophosphate were
made at 25° C. to determine the limiting equivaleﬁt conduc-
tances and to study the behavior of these salts in aqueous
solution.

The limiting equivalent conductance at 25° C. for
sodium monofluorophosphate in aqueous selution is
113.5£0.5 reciprocal ohms. For potassium hexafluorophos-
phate this value of the limiting equivalent conductance is
lBQ.a£Q.5 reciprocal chms.

From the expression for the limiting equivaient con-

ductance of a salt in terns of the limiting ionic

conductances
0 o’
No= AgF N\
and the values of the limiting ionic conductances of sodium

-

and potassium, 1t iz possible Lo calculate the limdting
ionic conductances for PU.F® and ?Eé'. Harned and Owen list

the values {(4)

4 -y
\(f = 73.50
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for 25c C. Hence, the value of the limiting ienic conduc-
tance for PO3F= at 25° C. is 63.3{0‘5 reciprec&l ohms, and
the value for PFé' is 56.9&G.§ reciprocal ohus.

The deviation of the conductance data for potassium
hexafluorophosphate from the Onsaser squation shows the salt
to be highly dissociated in agqueous selution. The conduc-
tance data for scdium mernofluorcophosphate irndicates this
salt alsc to be highly dissociated in aqueous solution, its
behavi@rvheingvsimilar te that of sedium sulfate.

The preecision of the conductance measurements is not
sufficiently high to permit an estimation of disscciation
constants for scdium monofluovrophoesphate and potassium

nexaflucrophosphate.



(1)

(2)

(3}

(&)

(5)

()
(7)
(8)
(9)
(10)
(11)

(12)
(13}

BIBLICGRAPHY

farned and Owen, "The Physical Chemistry of Electro-
lytic Solutions,™ 2ud Ed., Reinhold Publishing
Cerp., HYew York, 1950, p. 128.

Harned and Owen, "The Physical Chemistry of Electro-
lytic Solutions,Y 2nd Bd., Reinhold Publishing
Corp., Hew York, 1950, p. 152-190.

Harned and Owen, "The Physical Chemistry of EZlectro-
lytic Solutions," 2nd Id., Reinhold Publishing
Corp., Hew York, 1950, p. 587.

tlorned and Owen, "The Physical Chemistry of Electro-
lytic Solutions," 2nd Ed., Reinhold Publishing
Corp., Hew York, 1950, p. 591.

Hill and Audrieth, "Incrganic Syntheses," 3, Helraw-
Hill, flew York, 1950, p. 10Z,

1111 and Aeynolds, Anal. Chem. 22, 448{1950).

Jenkins and Fonk, J. A4wm. Chem. Soes 72, 2695(1950).

Lange, Z. anorze allgem. Chem. 208, 387-9(1932).

Lange and ﬁaller, Der. 638, 1058{1930}).

Luder, J. Am. Chem. Soc., 52, £9{1940).

iiacInnes, "The Principles of Zlectrochemistry,”
Reinhold Publisbhing Corp., New York, 1939, p. 322-
30, '

Ray, Nature 126, 310-11(31930}.

Simons, "Fluorine Chemistry,® 1, Academic Press, New
York, 1950, p. 126-1&8.



wF
b
N3N

1DIX

oty
o

PPY



Colorimetric Jstermination eof Fluveoride:

-

Hill and RBeynolds deseribed 2 colorimetric analytieal

-

2

method for the determirstion of monefluorophosphate ion (S).
They presenied o method based upon the bleaching of titanium
percxide cemplexes in an acid medium by {luoride ion.

The analysis of sodiun monofluorcphosphate used in this

.

investigation was attempied by this method, Hill and

ot

Reynelds used a Lumetron Model LOZEF colorimeter in their
investigation. For the analysis in this investigation a
Becknman liodel DU spectrophotometer was used for the light
transpission nmeasurements.

4 calibration curve was %o be determined for the change
in transnission of the solution with the addition of a known
quantity of fluoride ion. 7The auther was unable to repro-
duce & calibration curve using the Beckman DU spectrophoton-
gter, With the réagents gpecified by Hill and Reynolds for
the color reagent it was found that the change of light
traﬁsmissieﬁ for the fluoride ion concentration ranpge speci-
fied was too small te yield the precision reported by Hill

and Reynolds.

Conductometric Titrations:?

An attenpt was made to determine fluoride by conducto=-

metric titration. Samples of sodium fluoride in the presence

20
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of perchloric acid and glass beads were steamn-distilled and
the distillate titrated conductometrically with a solutien
of thorium nitrate. The curve obtained from plotting
resistance readings versus volume of titrant indiczted a
breal: at the egquivalence point. However, there was no

- portion of the curve with sufficient linearity tec allow eox-
tension te the end-point. ©OSince the method for determining
the end-point of a conductometric titration is to extend the
linear portions of the curve before and after the equiva-
lence point to the point of intersection, this method had to

be abandoned.



TABLE 1
CONDUCTANCE OF SODIUN HOHOFLUORCPHOSPHATE

Solution Hermality X, x1C Z .. x 10 Bquivalent -
o . 1G3 Obs. Jolv Conductance /15

Ohms™L Ohms™t Chms~1 Ohms ™1

1 26413 2.399 1.1k 91.77 1198
2 G llly 0.6558 1.28 101.3 115.0
3 1.915 G+ 2049 1.28 106.3 113.8
1h £2.62 5.271 1,82 Elyoll 128.8
34 5,891 0.5997 1.10 101.6 114.7
LA 1.877 0.2015 1.10 106.8 114.2
1B 7E£.20 6,429 C. 904 82,19 132.4
25 R 72 2,617 1.18 291.08 12C.6
3B T by G 7497 1.16 100.6 115.3
LB 14595 €.1724 1.16 107.3 11441
1¢ 105.6 B 4069 1.08 79643 133.5
2C 25,32 24342 1,11 9245 120.1
3¢ o339 04509 1.11 103.7 114.9
LG O 7958 C.08775 1.04 109.0 113.76
1D 30147 20.64 1.09 GE B0 1£1.7
20 114.9 5.280 1,08 78.04 142.6
3D G338 5.327 1.05 bl e 03 129.0
LD 35.27 3.155 1.9 EGa42 122.3
5D 12,37 1,159 1,13 96 o Gl 115.9
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TABLE 2
CONDUCTANCE OF POTASSIUN HEYAFLUGROPHOSPUATS

' V» : " " . = == s - . e At e AN o bind = ) - :
Selution forzality X, % 107 Xy * 107 Zquivalent
£x ; i - E2 v el 11 v 23 o,
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35 1z 1.
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14 12746

g 1437 1

l 60!&8?6 lo

f:'l & 00121}'1- 2z ll’ i )

264, 0.01751" 1.14 126.5
3 1,839 1.14 119.9
Z3 0.3865 1.1k 125.8
72 0.8017 1,20 T?T.?
LG Ca2843 1,20 125.?
L1064 G GBL7L 119 lZM.Q
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FIGURE 1: General Types of Conductance Curves
For Strong and We:k Electrolytes.
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