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Potentiometric Study of a Synthesis of Phosgenite

R. NASANEN, P. MERILAINEN and R. HAVANKA

Department of Chemistry, University of Helsinki, Helsinki, Finland

The stability of phosgenite in contact with an aqueous solution
of carbon dioxide was investigated. With this purpose the equilibria
PbCl,(s) 4+ 0.5 CO,(g) + 0.5 H,O = PbCI(CO,),.5(s) + Ht 4 CI- and
PbCI(CO3),.5(s) + 0.5 CO,(g) + 0.5 H,O = PbCOy(s) + H+ + CI- at
25°C were studied. The respective equilibrium constants were deter-
mined by the pH method. The value 10-%-% (I = 0; 25°C) was calcu-
lated for the solubility product of phosgenite, PbCl(COs),.;, from the
equilibrium constant of the first reaction and known data for lead
chloride and carbonic acid. The value 10-%-%4(I = 0, 25°C) was obtained
for this constant from the equilibrium constant of the second reaction
and data for lead carbonate and carbonic acid.

The equilibria of phosgenite, PbCl(COs;), s, and lead chloride or lead carbo-
nate in contact with an aqueous solution of carbon dioxide have apparently
not been studied before although methods for the preparation of phosgenite
were presented long ago!. The reaction in question are

PbCly(s) + 0.5 CO,(g) + 0.5 H,0 = PbCI(CO,), 4(s) + H¥ + Cl= (1)

and
PbCL(CO,),.5(8) + 0.5 COu(g) + 0.5 HyO0 = PbCO4(s) + H*+ 4+ Cl- (2)

We have investigated these systems proceeding, for the present, from lead
chloride only. The method was as follows. A weighed amount of lead chloride
was allowed to stand in water to which a given amount of sodium hydroxide
had been added and through which carbon dioxide was passed. The pH of
the solution was measured and the solid phase was analyzed after equilibrium
was reached. The results of one series of such experiments are shown in Fig. 1
where the logarithm of hydrogen ion concentration is plotted as a function
of the mole ratio of sodium hydroxide and lead chloride added to the solution.
The curve has two buffer ranges of which the lower one is due to reaction (1)
and the higher one to reaction (2). When equimolar amounts of lead chloride
and sodium hydroxide were used, the solid phase consisted only of well-formed
crystals of phosgenite.
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Fig. 1. A plot of —log[H] against the mole ratio of sodium hydroxide and lead chloride.
pco, = about 1 atm.

The equilibrium constant of reaction (1)
K, = [H] [Cl}/pco, (3)

can be calculated from experimental values of log [H] and pco, referring to
the lower buffer range and the calculated value of [Cl]. The lact quantity was
calculated by iteration from the equation

[Cl] = {2 Ks + Kspfy [C1] + (cs + [H][CIP} (4)

where cp is the total concentration of added sodium hydroxide, K, the solu-
bility product of lead chloride and B, = [PbCl}/[Pb] [Cl]. The value of K,
for the ionic strength in question was calculated from the equation

3.0564 V'
Ko =pKey — ——~— 5
PAsp P 1 + o VI ( )
and the stability constant g, from
o 2036 VI
log f; = log pr — 4 (6)

1+ a Vj

Table 1. Computation of the equilibrium constant of reaction (1) at 25°C.
pco, = 0.976 atm.

cp10* —log[H] /T  pKyp logp, [CI}10* [Pb}-10* [PbCI]10* pKp pKj

1.920 2.49 0.288 4.17 1.22 6.81 1.46 1.65 3.65 3.84
3.840 2.59 0.298 4.16 1.21 7.81 1.14 1.44 3.68 3.87
5.747 2.68 0.315 4.14 1.20 9.01 0.893 1.27 3.71 3.91
7.667 2.85 0.332 4,12 1.18 10.33 0.711 1.11 3.83 igﬁ

Mean 3.91

Acta Chem. Scand. 16 (1962) No. 7



SYNTHESIS OF PHOSGENITE 1551

Table 2. Computation of the equilibrium constant of reaction (2) at 25°C. pco, = 0.967
atm.; pS° = 1.464.

cp vI  pK, pK, —log[H] [HCO,] [Cl] pK, pK?
0.115 0.339 6.12 9.88 4.66 0.0011 0.114 5.59 5.79
0.134 0.366 6.11 9.86 4.73 0.0014 0.133 5.59 5.80
0.154 0.392 6.10 9.83 4.73 0.0014 0.153 5.563 5.75
0.173 0.416 6.09 9.82 4.79 0.0017 0.171 5.54 5.78
Mean 5.78

For pK;, the value 4.73 (at 25°C) was used. It is the mean of Fromherz’s
value ? 4.67 and Nobel and Garrett’s value 2 4.79. For log 7 the value 1.59
was used. It is the mean of several values ranging from 1.42 to 1.75 taken from
the literature 2. The higher chlorocomplexes were neglected. For the para-
meter ¢ the value 2 was chosen somewhat arbitrarily. The results relating to
the first buffer range are given in Table 1. The ionic strength given in the
table was calculated from [ = 4 Zcz%. The values of pK, were extrapolated
to zero ionic strength with the aid of the equation

1.018 VT
1+ a V_f

For the parameter o the value 2 was again used.
The equilibrium constant of reaction (2)

Ky, = [H] [C1}/pco, (8)

was computed from experimental values of [H] and pco, referring to the
higher buffer range of the curve in Fig. 1 and the calculated value of [Cl].
For the calculation of [Cl], the equation

[Cl] = ¢z — [HCO,] + 2 [Pb] + [PbCl] (9)

was derived. However, the last two terms on the right-hand side of eqn. (9)
can be neglected and also [HCO,] is only about one per cent of ¢gz. The values
of these terms were calculated from the equations

pK; = pK; + Q)

- [CO,] = Spco, (10)
[HCO,] = K,[CO,]/[H] (11)
[COg] = K,[HCO])/[H] (12)
[Pb] = K,/[COy] (13)
[PbCI] = B,[Pb][CI] (14)

where S is the Henry’s law constant, K, and K, the first and second acid disso-

ciation constants of carbonic acid, K., the solubility product of lead carbonate
and g, = [PbCl]/[Pb] [Cl]. The values of the equilibrium constants of carbonic
acid were obtained from
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1.018 VI ,
K, =635 ———— ¥~ 1 0.055 I 15
P%1 14140 VT + (15)
2.036 VI
K,=1033 — 2 YV % 100551 16
P%a 1+ 149 VI + (16)

For the Henry’s law constant, the value S° = 3.44 X 102 for pure water was

used 3. The value pK] = 6.35 at zero ionic strength stems from measurements
of Harned and Bonner? (6.352) and Nésdnen* (6.349) and the value

pK32 = 10.33 from measurements of Harned and Scholes 5. Néisinen ® obtained
the value 10.32 for the latter constant. The other coefficients in eqns. (15)
and (16) were taken from investigations of Nisinen and co-workers 5% and
the values of the solubility product of lead carbonate from a paper of Néséinen
and Merildinen 6.

The solubility product of phosgenite

K, = [Pb] [C]] [CO,4]% (17)
can be evaluated from the expression
pKs, = pKop(PbCl,) + 0.5 pS° + 0.5 pK7 + 0.5 pKs — pKp (18)
as well as from
pK, = pK3(PbCO,) + pKy — 0.5 pS° — 0.5 pKy — 0.5 pK3 (19)

Using the values given above for the constants, we obtained in the first case
pKS, = 4.73 4 0.73 4 3.18 + 5.16 — 3.91 = 9.89.
and in the second case
pKg, = 13.13 + 5.78 — 0.73 — 3.18 — 5.16 = 9.84.
The agreement between these two independent results is thus very good
considering the uncertainty of the values of the solubility products of lead
chloride and lead carbonate as well as of the values of K, and K,'. The extra-
polation of K, and K, to zero ionic strength is also somewhat arbitrary.
For example, if we use the value 1 instead of 2 for « in eqn. (7), we obtain in

the first case pK;, = 9.85 and in the second case pKg, = 9.90. It is obvious
that the values originating from the higher buffer range are more accurate.
A more thorough study of the equilibrium in this buffer range is in progress.
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