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ABSTRACT

The thermal decomposition of synthetic lead(II) hydroxide chloride has been
studied between 490 and 520 K over a range of partial pressures of water vapour.
The reaction rate is controlled by diffusion of water vapour and Arrhenius parameters
have been calculated. The activation energy varies betwezn 92 and 145 kJ mol~1
and the frequency factor between 10° and 10*> sec™ *. Water vapour pressure has a
profound effect on the reaction rate and a double minis.:i in the rate is observed.
Enthalpimetric data are also presented for the decomraosition.

INTRODUCTION

The mineral form of lead(II) hydroxide chloride, laurionite, was noted by
Kochlin® whe named it from the site. The mineral is also given the site name
Matlockite. The compound has received considerable attention to determine if it
is a true hydroxide salt, most recently by Yadava et al.%, who used conductometric,
potentiometric and infra-red techniques to conclude that the correct formulation
was Pb(OH)CI.

The thermal decomposition has been studied by Ramamurthy et al.? as part
of an extensive study of metal hydroxy compounds. They derived an activation
energy for the decomposition in nitrogen from isothermal studies.

The present work aims to extent Ramamurthy’s work in studying the effect of
varying partial pressures of water vapour. )

EXPERIMENTAL

Sample preparation

A modification of the method‘ used to prepare Pb{OH)Br was used: potassium
chloride solution (2.8 w/v) was slowly added to lead acetate solution (4.5 w/v) with
stirring. The precipitate was filtered, washed and dried at 373 K. X-ray diffraction
gave a pattern in excellent agreement with that published. Chemical analysis also gave
good results: Lead found 79.67%, calculated 79.80%; chloride found 13.43 A:,
calculated 13. 65%. Infrare¢ analysis gave results in agreement with those of
Ramamurthy?.
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Thermal decomposition 7

100 mg sampies (pariicie size <250 um) were heated in an alil giass apparatus
which was designed so that preheated purge gas cculd pass over the sample. Weight
losses were ma:lsurcu (.lSll'lg a l.,.l- Imcrmoru: oalancc anu a l'CCOl'OCl’ \(O(al SCnSIIIVlI)'
4 mg f.s.d.). Nitrogen was used as purge gas at a flow-rate of 0.2 min~? and control-
led pariial pressures of waier vapour were obtained by passing the gas through
saturated salt solutions or over drying agents. The temperature was maintained by an
eleciric furnace and a Stanton Redcrofi Linear Vanabie Programmer. Afier a few
TG runs to determine the temperature range of the decomposition, the programmer

enn 1 74

was used in the isothermal mode in the range 490 to 520 K.

Other experimenial rechniques

Infrared spectra were measured on a Perkin-Elmer 457 using Nujol mulis
and sodium chioride piates and X-ray difitraction was carmried out using CuK, radia-
tion. Entbalpies of decomposition were measured on the calorimeter module of a
DuPont 950 Thermal Analyser using sapphire as the caiibration siandard®. A sampie
of the basic salt was examined by electron microscopy: this showed the presence of

s

fiat platcs of uniform size [N i0 pm larg&st cumens:on)-
RESULTS

Froducits
Experimental weight changes indicated the expected loss of water (3.47%) in

o~ Ty

& smg!e step, suggtsuno the overali aecomposmon as 10110wWs:

2PL(OH)C1 = PbCl,-PbO+H,O , | )

However, the X-ray diffraction pattern of the product (Table 1) could be
interpreted as being a combination of the patierns from two other known oxide
chlorides®?, 3PbCl,-2PbO and PbCl,-2PbO. This combmanon would give the
same overall stoichiometry as eqn (1). 7

These two compounds were synthesised by heating the correct molar quantities
of PbCl, and PbO (at 800 K for the 3:2 compound and 1000 K for the i:2 compound).
The diffraction patterns of these preparations were in good agreement with those
published (aiso Table i). A 1:1 molar mixture of the 3:2 and i:2 compounds was
heatec at temperatur&s above and below the incongruent melting point given by
Renaud et al.® (700 and 925 K, respectively). Each mixiure gave, on cooling, a
diffraction pattern in good agreement with that of the decomposition product.

The infrared spectrum of the product-showed only one absorption band, at
375cm™*. Lead(ll) chloride showed no absorpnon pwks in: the region scanned
(250 to 4000cm™1%).

-The product from decomposmons tzmed out under the low&t water vapour
pr&ssum used gave a difitaction pattern wiich consisied of a few broad peaks. When

the product was heated in increasing partial pressures of water vapour, the peaks
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TABLE 1
COMPARISON OF X-RAY RESULTS

Experimental 3PbCI-2P50 PsCI-2PbO
dA) i, Cd(A) /1A d(A) I
433 12 4.30 40
4.14 8 415 i0
4.10 10
392 39 393 60
3.79 25 3.78 40
3.72 51 3.74 80
3.51 31 3.58 20 3.50 60
3.43 18 3.45 20
3.31 47 3.33 40 3.29 20
3.24 31
320 12 3.21 40
3.11 23 3.0 100
3.04 34 304 70
297 17 ,
291 54 291 90 290 40
2.80 54
2.78 100 2.79 100 2.78 70
2.73 54 275 100
271 23 : 2.71 20
2.65 39 2.64 : 70
253 10
244 20 245 20 248 10
2.38 11 2.31 20
219 12 2.19 50
2.17 I8 217 40
2.14 15 2.13 50
210 23 2.11 70
208 14 2.09 50
2.01 23 2.01 60 2.00 10
1.961 9 1.96. 40 .
1.882 50

sharpened considerably. The peaks from the 3:2 compound seemcd to sharpen before
those of the 1:2 compound although this was difficult to quantify.

Kinetics and mechanisms

The decomposition curves (x vs. r) were all -ieceleratory and were interpreted
by the method of reduced time plots®, based on the time for 50% reaction. The
experimental reduced time plots were compared with model curves based on nuclea-
tion and growth control, phase boundary control or diffusion control as the rate
controlling step. This comparison allowed the most likely mechanism for the reac-
tion to be decided so that rate constants could be calculated.

Representative data over a range of water vapour pressures are illustrated in
Fig. 1, together with various diffusion models for comparison. The best fit between



1-0 1
A
0-8 - 8
3
T
% 0-6 4
(=3
a
§
o
o
. O-4 -
0-2 -
1-0 2-0 3-0

Recuced timae 14
Yos

Fig. 1. Reduced-time plot for decomposition of lead(II) hydroxide chloride. @ Pyo0=3.1 kNm™32,
T=519K: O Puo=67kNm™3% T=519K; X Pyo=20.0kNm~? T=510K; & Pa0=
I33kNm~2, T=498K; A Pao=16kNm~? 7=49%K. Curve A: Pamabolic law, a*=kr#;
curve B: two-dimensionzl diffusion, (1-z) la (1-x) +x = kr; curve C: Jander’s equation, (1-(1-2)})> = kr.
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f-?g.zVaﬁaﬁon'in'rate constant with water vapour pressure. Curve A: 519 K; curve B: 510K;
curve C: 498 K ; curve D: 490 K.
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experimental dzta and model can be seen to be in terms of the parabolic law, a? = kz,
i.e., a one-dimensional diffusion process is probably rate controlling. Rate constants
were calculated on the basis of this equation and the variation with temperature and
partial pressure of water vapour is shown in Fig. 2. These rate constants were also
used to calculate the Arrhenius parameters given in Table 2.

TABLE 2
ARRHENIUS PARAMETERS FOR P(OH)Cl DECOMPOSITION

Warer vapour pressure (kN m—3) Actication energy (kJ mol—?%) Frequency factor (sec—?)
107 145 3.0x10!3
0.61 92 1.2>x10°

1.59 9 1.5x10%°

217 108 5.7x 1011

3.07 121 1.5x10*3

427 96 1.1x 1011

6.67 100 7.8x10'°
1333 115 3.7x10%2
20.00 128 7.5x1013
Enthalpy of decomposition

A value of 25 kJ mol™ ! was obtained for the enthalpy change. The decomposi-
tion was carried out in dry nitrogen and the result averaged over four runs.

DISCUSSION

Products

In general the simple reaciion scheme has been assumed, even though Beck!®
found difficulty in characterising the product. The X-ray diffraction evidence pre-
sented here suggests that the products (at room temperature) are the two other oxide
chlorides, and the decomposition should be written as follows:

4PHOH)Cl = 3PbCl,2PbO 4 PbCl,-2PbO+2H,0

The PbCL,—PbO system has been studied by Renaud et al.® and their results
suggest an incongruent melting point for the 1:1 compound of 751 K. Mixtures of
this composition heated above and below 750 K gave the sume diffraction patterns.
This suggests that if the 1:1 compound exists at high temperatures, then its structure
cannot be quenched under the conditions used.

Reaction mechanism

The best fit between experiment and theory in terms of the parabolic law
suggests that the diffusion process is a simple one. The most likely way in which a
one-dimensional process can occur in a plate is at right angles to the main crystal face.
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Arrhenius parameters :

The activation energies and frequency factors vary widely with water vapour
pressure. The variations are, however, almost exactly parallel and will be discussed in
the next section on variations in reaction rate. The numerical values of activation
energy are within the range to be expected for a diffusion process. The frequency
factors range from 10° to 10! 3, the latter value being rather higher than that expected
for a free, gaseous molecule. The low values suggest a transition state with restricted
degrees of freedom such as might occur in a molecule sorbed on a surface!l.

In the only other study of the decomposition of laurionite, Ramamurthy?>
derived an activation energy of 81.64-8.4 kJ mol™*. This was for a decomposition
in ‘dry’ nitrogen, without the partial pressure of water vapour being stated. It is,
therefore, a little difficult to make comparisons except to note that Ramamurthy’s
value is lower than any obtained in the present work.

Effect of water vapour pressure on reaction rate

Figure 2 shows the wide variation in reaction rate with water vapour pressure.
The commonest explanation for the occurrence of such maxima and minima is that
of Topley and Smith*?, who suggested that at low pressures of water vapour an amor-
phous layer of product is formed which slows down the diffusion of water vapour.
'With increasing partiali pressure of water vapour, sorption occurs which causes
the amorphous product to crystallise. This better crystalline material allows diffusion
to take place more easily. An extensive list of salts in which this effect has been noted
is given by Quinn et al.!3. These compounds show only a single minimum in the rate
whereas the present work indicates a double minimum. This has been noted previously
in the dehydration of zinc sulphate heptahydrate’#, with no explanation given. In the
present case consideration was given to the possibility that the double minimum
might be associated with the crystallisation, at different partial pressures of water
vapour of each of the two products formed in the reaction. The X-ray study indicates
the formation of an amorphous phase giving only broad diffraction peaks which
sharpen on exposure to water vapour. It is likely that the 3:2 compound crystallises
before the 1:2 compound.

The effect of temperature on these maxima and minima is typical, in that the
variations decrease with decreasing temperature. This is the behaviour expected if
sorption of water is important, since lowering of the temperature would allow more
sorption which would blur the changes apparent at higher temperatures.

Enthalpy of formation of laurionite

The measured enthalpy of decomposition, when combined with the enthalpies
of formation of the two oxide chlorides®, gave an enthalpy of formation for Pb{(OH)Cl
of —1882 kJ mol™ .
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