October, 1988] © 1988 The Chemical Society of Japan

N OTES Bul Chem. Soc. Jon., 61, 3723—3724 (1988) 3723

Conductivity of Iron(II) Sulfate in Aqueous Solution
at Various Temperatures

Eiji KuBoTA,* Yoshiaki MocHIzuki, and Masatoki Yokol
Department of Chemistry, Faculty of Science, Shinshu University, Asahi, Matsumoto 390
(Received March 24, 1988)

Synopsis. The molar conductivity of iron(II) sulfate,
FeSO,, in water was measured in the temperature range 10—
35°C. Data were analyzed by the Quint-Viallard equation,
and the resulting ion association constant, Ka, was applied
to the Bjerrum equation to determine the contact ion size,
Rs. The limiting ionic molar conductivity of iron(II) at
25°C is Ay(1/2Fe?*)=53.8 Scm?mol™!. Thermodynamic
properties of ion association reactions are AGge=—13.7 kJ
mol~!, AH°=9.7 k] mol~, and AS5s=78.0 JK™!mol~L

Divalent metal sulfates have long been utilized as
the most typical 2: 2 type of electrolytes for the study of
aqueous electrolyte solutions.'”® Regarding iron(II)
sulfate, however, precise conductivity data of its aque-
ous solution are not available, except the work of
Demassieux and Fedroff® at 25°C. Conductivity data
for the other iron(II) salts are not available either in
the literature. This is probably because the salts
undergo oxidation markedly on exposure to atmo-
spheric oxygen. Thus we attempted to redetermine
molar conductivities of iron(II) sulfate in aqueous
solution at several temperatures by avoiding oxidation
as carefully as possible.

Experimental

The preparation and purification of FeSO, were con-
ducted in nitrogen atmosphere. A reagent grade FeSO4 was
recrystallized from water by adding a small amount of
ethanol. The purified salt was dried at room temperature to
obtain crystals of heptahydrate. The crystals were pulverized
before use. Conductivity water was prepared by distilling
water three times, and the distilled water was allowed to pass
through a mixed bed ion-exchange resin shortly before use.

Measurements were made at a frequency of 1 kHz with a
linear type bridge,” temperature variation being £0.003 °C.
The conductivity cell was equipped with a platinized elec-
trode, and the cell constant was 0.9907410.00001 cm™! at
25°C. No detectable change in the cell constant was
observed in the temperature range 10—35 °C.

On starting each run, a nitrogen gas stream was bubbled
gently through the conductivity water in the cell for about 30
to 40 min, and the conductivity of the water was measured
after it reached an equilibrium value, which was less than
1.0X10"7 Scm™!. The concentration (1074 to 10~3 mol dm™3)
of FeSO, was adjusted by direct dissolution of pulverized
specimen into the cell by utilizing Hawes-Kay’s cup-
dropping device® in an atmosphere of nitrogen. The varia-
tion in conductivity of the solution with time was 0.02% or
less in 5 h after the preparation of the solution.

Results and Discussion

Conductivity data of aqueous solutions in the
temperature range 10—35 °C are given in Table 1.

The conductivity data were analyzed by the Quint-
Viallard conductivity theory in the form of Eq. 1:?

A=y[dy—Sc'?y'2+ Ecy log ey + ey = Joc*v*?, (1)

Ka=(1=v)/c¥*fs, 2
— log f¢=AcV2'yV2/(l +Bac'/27l/2), (3)

where ¢ is the concentration, 7y is the degree of dissoci-
ation, K4 is the ion association constant, and f+ is the
mean ionic activity coefficient given by the extended
Debye-Htickel theory of Eq. 3.19 In Eq. 3, 4 and B
depend upon solvent properties, and & is the ion size

Table 1. Conductivity Data in Aqueous Solutions
at Various Temperatures?
10°C 15°C 20°C
10%c A4 10%c 4 10%¢ 4
5.0500 81.447 3.5268 93.939 4.7768 104.15
9.5538 76.985 8.8480 87.161 8.5492 98.752
14.698 73.280 13.435 83.170 13.372  93.882
22.439 69.175 19.425 79.411 18.778  89.898
31.680 65.496 28.362 75.186 28.739  84.400
43.811 61.890 38.008 71.836 39.230  80.262
25°C 30°C 35°C
10%¢ A 10%¢ A 104 4
5.5040 114.81  3.8277 132.38  4.0641 145.82
9.9449 108.22  8.3249 123.31  9.6007 133.80
14.446 103.40 13.478 116.32 15.528 125.76
21.856  97.592 20.955 109.43 22.871 118.71
29.661  92.999 32.964 101.69 33.314 111.56
45.036  86.622 49.691  94.615 45.505 105.43

a) ¢/mol dm~3; A(1/2FeSO,)/S cm?mol~!, molar
conductivity.

Table 2. Conductivity Parameters of FeSO, in
Aqueous Solutions at Various Temperatures®

T/°C Ay 85, Ka (2 Rp
10 93.1+0.3 12.6+0.2 201t+4 0.06 4.3
15 105.0+0.1 11.4%£0.1 215%3 0.06 4.3
20  119.4%0.1 11.4+0.2 231+3 0.05 4.2
25 133.8£0.1 11.5%£0.1 24712 0.05 4.1
30 150.4+0.2 11.3£0.1 264+3 0.08 4.1
35 167.1£0.1 11.4+0.1 281%3 0.07 4.0

a) 4y(1/2 FeSO4)/S cm? mol™, limiting molar conduc-
tivity. d5,/A, ion size parameter for the J, term. Ka/dm?
mol~}, jon association constant. 64/%, relative stan-
dard deviation in 4. Re/A, contact ion size for Bjerrum’s
equation.

Table 3. Limiting Molar Conductivity of Ions in
Aqueous Solutions at 25 °C?
Ion(M2*)  Mn?* Fe?t Co?t Ni?*t Cu?t Zn?t
A(1/2M2%)  53.19 53.8" 5283 5354 5399 5439

a) Ag(1/2M2%)/S cm? mol~, limiting ionic molar con-
ductivity. b) This work. c) Ref. 14. d) Ref. 4. e) Ref. 5.
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Table 4. Thermodynamic Properties for Ion Association Reaction in Aqueous Solutions

) Ka 08 AGs AH® AS%s
Reaction
dm3mol™! kJ mol™! kJ mol™! JK mol™!
Fe?t.S0O,2"2 247 —13.7 £0.1 9.72+0.05 78.5+0.4
Co?t.S50,2~ P 178 —12.80+0.04 5.00%0.30 59.8%1.2
Ni?t.S0,2~ b 187 —12.97+0.04 5.18+0.16 60.910.6
Zn%t.SO2~b) 165 —12.6510.04 8.6510.34 71.4+1.3

a) This work. b) Ref. 4.

parameter. The coefficients J; and J, are functions of
ion size parameter dj2, and S, E, and J contain solvent
properties.!? The ion size parameters appearing in the
J1 and f+ terms were fixed as equal to Bjerrum’s g
values, and the best fit &y values for J, were calcu-
lated.!?) Table 2 shows the best fit parameters at the
minimum value of g4. 64(%) is defined as

gA= [E(Aobsd_ACalcd)z/(N-—g)]1/2’ (4)

where N is the number of experimental points.
When a conductivity equation containing a
term is applied, the fitting of the data is generally bet-
ter, but the ion size parameter &j2 for the 2:2 type
electrolyte is usually as large as 10—20 A. In the pres-
ent work dj2 of 11—13 A was obtained.!¥ If one
assumes the validity of Bjerrum’s Eq. 5, the contact ion
size R can be calculated from the resulting Ka:1%1%

32

47N [(a
1000 JRs

The results are also given in Table 2. The parameters,
Ay and K increase with increasing temperature. The
limiting molar conductivity of Fe?* ion at 25°C is
obtained as 4, (1/2 Fe2+)=53.8 S cm? mol~! by subtract-
ing the value 4, (1/250,%7)=80.0 of SO, ion from
the A, value.!? Demassieux and Fedroff’s data® give 4,
(1/2Fe?*)=49.8. Table 3 shows a comparison with
other divalent transition metal ions. The ion size
parameter ;0 has a relatively large value, more than 10
A, whereas Rp has a substantially reasonable value
(the sum of the ionic crystal radii is =3.3 A).1¥ The
log Ka-1/T plot gives a good linearity. The resulting
thermodynamic properties of ion association reaction
are shown in Table 4 with data of other sulfate solu-
tions. It can be seen that the properties of Fe?*.SO,2~
are in parallel with those of the other sulfates, though
the absolute values are a little larger than the others.
The positive AS® has been considered as due to the
decreased orientation of water molecules when the ion-
pair forms.16)

K (caled) = r2exp(e?/rDkT)dr. (5)
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