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A solubili ty cell which can be operated continuously over 
the temperature  range 5-95 ~ has been developed. The 
solubility of Fe0.ssS (monoclinie pyrrhotite) in solutions 

S0 = ([H+] = H m, [Na+] = (1.00 - -  H) m, [ C l O 4 - ]  = 1 . 0 0  m) 

at  fixed par t ia l  pressures of H2S has been investigated at  
50.7 ~ The hydrogen ion concentration and the total  con- 
centrat ion of iron(II) ion in equilibrium with the solid phase 
was determined by  e.m.f, and anMytieM methods respectively. 
The data were consistent with 

, [Fe2+jp~2s 
log*Kpso = tog ~ = 3.80 • 0.10 [50.7~ 1 m(Na)C104] 

according to the overall reaction 

1.14 Fe0.ssS(s) + 2 H + ~ Fe z+ . . @ I-I~S(g) -t- 0.14 S(s) (I= lm) ~ (I = im~ 

1. I n t r o d u c t i o n  

I n  order  to ob ta in  rel iable solubi l i ty  cons tants  for me ta l  sulphides,  
carbonates ,  hydrox ides  and  oxides in aqueous med ia  a t  e leva ted  tem-  
pera tures ,  a con t inuous ly  opera t ing  so lubi l i ty  cell has been developed 
b y  modi fy ing  a ceil descr ibed ear]ier 2. Since solubi l i ty  equi l ibr ia  are 
somet imes es tabl i shed  ve ry  slowly, evapora t ion  a a d  condensa t ion  
ra tes  have  been kep t  as low as possible.  I n t i m a t e  contac t  be tween 
solid phase and  solvent  desirab]e for a high dissolut ion ra te ,  was ef- 
fec ted  b y  percolat ion,  thus  avoiding excessive s t i r r ing which of ten 
resul ts  in supe r sa tu r a t ed  solutior~s. A cons tan t  gas  a tmosphere  was 
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main ta ined  th roughout  the solubil i ty measurements .  Using the new 

cell, the  solubil i ty of monoelinic pyrrhot i te ,  Fe0.ssS, was studied at  

50.7 ~ by an e.m.f, method,  similar to t h a t  described previous lyL 

Pre l iminary  exper iments  have  shown tha t  this solid could not  be 

equi l ibrated in aqueous solutions at room tempera tu re  within reasonable 

t ime intervals.  

2. E x p e r i m e n t a l  

2.1. Procedure 

Solution S0([tt+J = H m ,  [Na+] = (1 .00- -  H) m, [C104-J = 1.00 m) 
were equilibrated with solid Fe0.ssS at varying partial pressures of It2S. 
In  the resulting solutions S the total concentrations of iron(II) ions were 
determined photometricMly with o-phenanthrolineK The hydrogen ion 
concentration was followed using a galvanic cell 

Ag, AgCl 

a S  

0.990 m NaC104 i 1.000 m NaC104 So or S glass electrode [A] 
0.010 m NaC1 . 

At constant ionic strength the Nernst  equation of cell [A] may be written 

A plot of E 

R T i n  (10) 
E = E0 @ F log [H+] + Ej  (1) 

R T In (10) 
F log [H +] versus [H +] at 50.7~ and I = 

1.00 m resulted in a straight line with slope - -  0.051 V/m.  Thus the work- 
ing equation was 

E = E0 -~ 0.06426 log [I-I+] - -  0.051 [I~+] (2) 

The cell was calibrated frequently with solutions So. 
Constant e.m.f, readings indicating equilibrium in solutions S were 

obtained within 48 hours. 

2.2. Materials 

Nonoelinie pyrrhotite was prepared from reagent grade iron(III) oxide. 
The oxide was heated in a stream of CS2 and CO2 for 10 hours at 800 ~ 
and then cooled to room temperature. According to A d a m i  and K i n g  4 
this procedure should give stoiehiometrie hexagonal pyrrhotite. In this 
work, however always a mixture of metal  deficient monoelinic and hex- 
agonal phases respectively were obtained. The pure monoelinic phase 
was prepared by heating these mixtures for 15 hours at 280 ~ in evacuated 
quartz tubes. Sulphur was determined by a standard iodometric technique 3 
( ~ o S e a l e .  = 39.62; found 39.44). The iron content was determined by 
the X-ray method of Arnold 5 (~o Feeale. = 60.38; found 60.59). The 
X-ray pattern of the monoelinie phase agreed with ASTM 17-200. t tydrogen 
sulphide (99.85~o H2S) and a hydrogen sulphide/nitrogen mixture (9.8~o 
H2S) were taken from cylinders. All solutions were prepared according to 
the procedures described previously 6. 
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2.3. Apparatus 

The solubility cell, as drawn in Fig. 1, consists of a reaction compart-  
ment  (1) separated from the measuring compartment  (2) and the fil trate 
compar tment  (3) by  siutered glass frits (a). The solid compound is reacted 
in (1) with ca. 80 ml of solution S0 which percolates through (a) into the 
fil trate compar tment  (3) where hydrogen sulphide is bubbled through 

I I 

Fig. I. Solubility cell: 1 reaction compartment ,  2 measuring compartment ,  
3 fil trate compartment ,  4 cover, 5 water  jacket,  a glass frits, b gas inlet, 

c solvent recycling tube 

the solution. Gradually the level of the solution in (3) increases until the 
end of the solvent-recycling tube (c) is reached. Then the gas stream pushes 
a few ml of the solution into (i), thus closing the cyclic process. In order 
to avoid evaporation the I-[20 partial pressures of the incoming and leaving 
gas are kept low and essentially equal by leading it through two similar 
condensers. The electrodes, the thermometer and the condenser for the 
leaving I-I2S are mounted through the four ground joints of the cover (4). 
Both the reference electrode and the solubility cell are thermostatted by 
a water jacket (5). The e.m.f, was measured with a digital pl-I-meter (Beck- 
man, type 4500). 

86* 
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3. R e s u l t s  a n d  D i s c u s s i o n  

To ensure tha t  t rue equil ibr ium was established H and  PH~s were 
varied over a range of 10 -1 to 10 -3 m and  0.9 to 0.09 arm respectively. 

The per t inen t  data  are summarized in Table 1. The errors quoted 
are standard deviations. 

Table 1. Solubi l i ty  o/ Fe0.ssS at 50.7 ~ and  I = 1.00 m (Na)C104 

103 H 10 ~ (H - -  [H+])/2 103 [Fe2+Jtot PH~s 
- -  l o g  [I-I+] log *Kpso 

mole/kg H20 arm 

100.7 49.01 49.52 0.816 2.567 3.741 
100.7 49.03 50.65 0.823 2.573 3.767 
30.0 14.27 14.72 0.827 2.833 3.75o 
30.0 14.32 14.40 0.812 2.863 3.795 
30.0 14.33 14.86 0.840 2.870 3.836 
10.0 4.60 4.90 0.832 3.101 3.813 
10.0 4.63 4.65 0.824 3.129 3.842 
3.0 1.30 1.32 0.825 3.390 3.817 
3.0 1.30 1.20 0.837 3.392 3.785 
1.0 0.39 0.44 0.824 3.656 3.871 
1.0 0.35 0.43 0.826 3.524 3.59s 
1.0 0.35 0.44 0.817 3.525 3.606 
1.0 0.38 0.44 0.816 3.628 3.811 

100.7 49.90 54.60 0.0813 3.043 3.733 
30.0 14.81 15.09 0.0826 3.429 3.955 
10.0 4.89 4.38 0.0810 3.670 3.890 
3.0 1.45 1.24 0.0814 3.979 3.962 

Plots of log ([Fe2+]to t �9 PH2S) versus pH were linear giving a slope 
of - - 1 . 9 3  ~ 0.06. This is in reasonable accordance with the overall 
reaction (3) 

+ 2+ 
1.14 Fe0.ssS(s) ~ 2 H(r=lm ) ~ Fe(I=lm) -t- H2S(g) -1- 0.14 S(s) (3) 

The average value for the solubil i ty constant  is 

log *Kpso  = 3.80 • 0.10 [50.7 ~ I = 1 m (Na)C1Oa]. 

The values of column 2 and 3 in Table 1 are in fair agreement,  con- 
sequent ly  indicat ing the absence of i ron species other than  Fe~+. I t  
should be emphasized, however, tha t  solubil i ty data  are comparat ively 
insensit ive to the format ion of weak complexes 7 e.g. Fe(SIt)+. These 
species should therefore be invest igated separately in homogeneous 
solutions. 
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No dh~ect comparison of our results and previous data  is possible. 
Using the results of Pohl s, and the Davies approximat ion 9 of the 
Debye--H~ckel  equation, we calculated for the  respective solubility 
constant  at  ionic s trength zero 

log T ,  K~so = 3.71 (25 ~ I = 0). 

According to the results of Berner ~~ this value shows tha t  mono- 
clinic pyrrhot i te  has about  the same the rmodynamic  stabili ty as 
greigite FeaS4. Fur ther  work on the solubilities of synthet ic  and natural  
iron sulphides is now under  progress. 
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