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ABSTRACT 

Ammonium and methylammonium hexachloroplumbates of general formula 
[(CNJ),,NHJ-,,I~P~C~~, with 11 = O-4, undergo thermal decomposition on heating to 
720 K. The thermal processes are studied by differential thermal analysis and thermogravi- 
metry. Isothermal experiments are done in an apparatus which permits a quantitative 
determination of some of the products. Thermolysis occurs in two steps: (i) liberation of 
chlorine [(CH,),1NH4,]zPbCle(s,l) + PbClz(s) + 2 [(CHs),NH,,]Cl(s) + Cl,(g); (ii) ther- 
mal processes which occur on heating the solid products of the above reaction; for com- 
pounds with R = O-3, the process is described by, PbClz(s) + 2 [(CH3),INH4_,] Cl(s) --f 

PbClz(s) + 2(CH3),,NQ,(g) + 2 HCl(g). When the second reaction is slow in the temper- 
ature range of the first, chlorine is rapidly evolved and stoichiomctric amounts discharged 
at stage (i). If this condition is not satisfied, secondary reactions occur, mostly in the gas 
phase, which consume chlorine. 

INTRODUCTION 

Among the solid derivatives of hexachloroplumbic acid, the hexachloro- 
plumbates of aliphatic amines have been most extensively studied [l] . These 

have been used in the preparation of lead(IV) chloride [1,2] and other deri- 
vatives of hexachloroplumbic acid [l], for use as model compounds in 
studying the structure of hexachloropiumbates [ 3,4], in the determination 
of some thermodynamic parameters of PbCL and PbClz- [l], and for other 
purposes. These compounds are known to undergo slow decomposition at 
room temperature, gradually losing their oxidative power [ 11. However, data 
on the thermal decomposition are only fragmentary. 

In a continuation of studies on the thermal behaviour of solid complexes 
of PbCl, and H,PbCl, [5,6], we have investigated the thermolysis of the 
hesachloroplumbates of ammonia and simple aliphatic amines. 

EXPERIMENTAL 

Hesachloroplumbic acid and its ammonium and methylammonium salts 
were prepared by the methods already described [1,5]. Thermal analyses 
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were done on a Monikon OD-103 derivatograph. Other measurements 

analyses were done by methods already described [ 5,6]. 

RESULTS AND DISCUSSION 

and 

The resu!ts of the thernlal analyses of ammonium and met-hylammonium 
hesachloroplumt~ates are shown in Table 1 and Fig. 1. Thermal decomposi- 
tion is not. preceded by melting; on DTX curves there are endothermic peaks 
only. UYth respect to temperature at the beginning of the decomposition, 

~LI=o.ol~ and those corresponding to the first endothemlic DTA (and DTG) 
peaks, t.he compounds can be ranked in the following order: (NH, ): PbCl,, > 
[(CH,),N] ,PbCl, > [ ( CH3)$H] :PbCl, > [ ( CH3)2NH2] IPI,Cli, > (CH>NH_q),- 
PbCl,;. If these two temperat.ures are considered as crit.eria of the thermal 
stabihty of the compounds, the position of ammonium hesacl~loroplun~bate 
in this series appears to be abnormal_ 

The basicity of aliphatic amines is known to increase wit.h increasing 
number of methyl groups attached to the nitrogen atom [‘7]. The Iw.sicit_v 
const.ants of XHqOH, (CH3KHJ)OH, [( CHJ),NH,]OH and [( CHJ)3XH]OI-I 
at. 295 Ii are [S]: 1-s x lo-<, 4.3s x lo+‘, 5.1 X lo--’ and 5.3 X lo-‘, 
respectively_ The tetramethylammoniun~ b,ase has been placed among the 
strong electrolytes, it.s basicity constant being greater than those of the other 
met!iylanimoiii~ini bases by almost four orders of magnitude [ 71. The staljil- 
ity of the ammonium and metl~ylaml-noniunl hcsachloropluml,ates should 
depend, among other factors, on the relative ener&y of interaction of the 
appropriate ions [ 91. Accordingly, ammonium 1~esachloropluiiil~ate ~li0ulcl 
bc the least stable. A similar effect on the stability of these conipounds 
should be exerted by cation size [ 11. As these features fail to explain the 
estraordinary stability of the ammonium salt, it seems likely that thcrc arc 
other reasons which esplain the remarkable differences in the properties of 
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NH3 and methylamines. Similar anomalies have been observe-1 in melting 
points and temperatures of phase transit.ions of ammonium c~klloriclc and 
methylammonium chlorides [lo] _ 

It, is worth noting that the results of t.hermal analyses arc iclcntical in 
nitrogen and in air. Moreover, results are qualitatively similar whcthcr the 
sample is in the form of a t.hick layer in a ceramic crucible or placed on fiw 
platinum plates. In the latter case, lower t.ransition temperatures arc usually 
observed. These findings show t.he course of the thcwnal prowswas to lw 
virtually independent of reaction conditions. 

The results of the thermal analyses allow two steps in the thermal clwom- 
position of hesachloroplumbates to be distinguished: (i) loss of chlorine 

[(CH,),,NH,-,,I ,PbCl,,(s) 4 PbCl,(s) + 2[fCH~),,NI-I~-,,]Cl(s) + Cl,(g) (1) 

accompanied always by the first endothermic DTr\ (and DTG) peak. and (ii) 
processes which occur on heating the products of reaction (1). 

Heating PbCl, from 295 K to ’76s K does not bring about phase trans- 
formation [ll]_ In contrast, both ammonium and methylan~moniun~ salts 
undergo various phase transformations owing to changes in their crystal 
lattice [ 121. These processes have been est.ensively studied for chloriclcbs 
[ lo-lS] and other ammonium salts [ 12,191. The transition tempera~urcs 
for the ammonium and methylammonium chlorides are shown in the final 
column of Table 1. As seen, effects clue t.o structural changes of the chlorides 
formed in reaction (1) could not be observed in the DTA cuwcs. because the 
respective temperatures were invariably lower than those cowcq~oncling LO 
decomposition of the hexachloroplumbates. Nevertheless mctl~ylammonium I 

dimethylammonium and trimethylanm~oniun~ chlorides wcrc found to melt 
in their mixtures with PbCl?. 

In inclividual series of measurements the salts were hcatcd in the oven of 
the derivatograph until the first step was complete. .\ftcr cooling, then 
samples were re-ailalyzecl, no transformations due to changes in the crysLal- 
line structure of the ammonium and nietl~~~lan~inoiiiuiii chlorides hinp 

noted. However, peaks due to melt.ing of the chloridr~s appearccl. This indi- 
cates that on cooling, the structure of high-temperature modificat.ions is 
ret.ained. 

Further heating resulted in volatilization of the ammonium and methyl- 
ammonium salts. For compounds with 11 = O-3, the following general equa- 
tion is suggested 

PbCl,(s) + Z[(CH,),, NH+,,]Cl(s,l) + PbCl,(s) + B(CHj),,NHn_,,(g) + BHCl(g) 

(2) 

These processes are accompanied by the corresponding DTX (and DTG) 
peaks. It is interesting that while sublimation of the afnmonium and methyl- 
ammonium chlorides in mixtures with PbCl, is a multistage process, subli- 
mation of ammonium chloride occurs in one step [ 131. The comples course 
of the sublimation is apparently due to the presence of PbCll. However, the 
thermal analysis data rule out, the possibility of formation of any unidenti- 
fied compound in the solid state in reaction (1). 

Volatilization of ammonium and methylammonium chlorides is accompa- 
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TABLE 1 

Thermal analysis data a 

Substance Sample 
weight 

(mg) 

Sample 
holders b 

Temperature (K) Peak 
and character of temperature 
endothermic peaks in DTG 
in DTA C (K) 

(NHa)zPbCls 

2NH4Cl + PbClz 

800 C 430m 
480~ 
635m; 675s 
(unresolved) 

450 C 425m 
475w 
625~; 680s 
(unresolved) 

800 P 415s 
475w 
515w 
615s; 625s 
(unresolved) 

2CH3NH2 . HCI + PbCl, 682.6 C 480~ (melting) 
585~ 
635m; 680s 
(unresolved) 

[(CHJ)INHI Id’bCk 

2(CH3)?NH - HCI + 
PbC12 

100 C 

400 P 

344.6 C 

1200 C 

1200 P 

1013.2 c 

505m 
630s; 665m 
(unresolved) 
495m 
575s; 605s 
(unresolved) 
470m 
(phase transition) 
650s; 680m 
(unresolved) 

435m 
490w 
615m; 645-r 
(unresolved) 
430m 
485~ 
565m 
453~ (melting) 
615m; 660~ 
(unresolved) 

495 
625; 660 

485 
570; 595 

645; 675 

425 

620; 685 

420 

620; 680 

405 

515 
610; 620 

580 
625; 685 

430 

625 

425 

570 

620; 655 
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Temperature [ 5 ] 

of the at which 
initial decom- 
decom- position 
posi- com- 
tion plete 

(K) (K) 
T,=o.ol Ta=o.ss 

435 670 

Weight loss (%) Fig. Temperature 
(K) of the 

1st stage 2nd stage total phase 
transition of 

from theo- from theo- from theo- I(‘J-I3),- 
TG reti- TG reti- TGf reti- NI-L, ICI 

cal d cal = cal R IlO1 

-- 

21 15.5 18 23.5 39 39.0 

405 625 23 15.5 16 23.5 39 39.0 

475 695 

370 700 16 

243 (II-III 
transition) 
457 (I-II 
transition 
613 (subli- 
mation) 

14.6 26 2i.9 42 42.5 la 

355 685 15 14.6 28 2’7.9 43 42.5 

345 17 14.6 23 27.9 40 42.5 lb 

485 695 

376 14 13.8 29 31.8 43 45.6 

365 620 17 13.8 29 31.8 46 45.6 

475 685 

lc 223 (II-111 
transition) 
263 (I-II 
transition) 
499 (melting) 

260 (II -111 
transition) 
313 (I -11 
transition) 
444 (melting) 
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TABLE 1 (continued) 

Substance Sample 
weight 

(mg) 

Sample 
holders b 

Temperature (K) Peak 
and character of temperature 
endothermic peaks in DTG 
in DTA c (K) 

[(CH,)3NH]2PlK16 so0 C 46Om 460 
57Om; 635s; 66% 6%; 650 
(unresolved) 

so0 P 45Om 460 
59Os- . 7iOm; . 550111 540; 565; 580 
(unresolved) 

3(CH3)>X - HCI + PhCI, 694.8 C 555m (melling) 
610~: 64Om; 65.5~ 5sO: 595; 610; 
(unresolved) 630: 655 

[ (CII~)~N],Pl,CI, 

3(cHq)JxcI + PIICI: 

500 C 

so0 P 

43i.G C 

530m: ;>GOin: 5S5m; -540; 5GO: 50; 
G 1.5~1 ( unresolved) G 1 .i 
700s 695 
.il.im: JJ%ln: -5S.5in: 

_-_ 
335: ;I;):>: 5SO; 

Gl5m (unresolwtl) 610 
69.is G90 
5-LO111 

(phase Lransition) 
62-5s 615 
69% G9O 

a The thrrmal analyses wel-P made with H tlerivalogrnph in ;I clyn:lmic atmospl~crc or 
nitrogen or air. Q.-AI~OJ served as refrrence. Thr scnsitivitiw I,I’ th~ ~:~lwnrmwtcr wl*rc 
I!5 and l/20 for the DT_4 and DTG curves. rcspcctivcl?;. _-\I1 ;tn;~ly.u~s \VVI-V m:ltlc at ;I 
hentin~ rate of 5 EC min-‘_ 
b C. ceramic crucible; P, five platinum plates. 

nied by dissociat.ion to the corresponding amines (ammonia) and HCl (cqn. 
(2)) [7]. However, for [ (CH3),,NH,-,,]Cl, with 11 = l-4, the following reac- 
tion is also possible 

C (CH, ),, NH,-,, ]Cl i (CHj),,_1NH4_,, + CH_3Cl (3) 

When reaction (1) occurs at a much lower temperature than reaction (2), 
i.e. the two steps are not superimposed, both reactions can Ix recorded sepa- 
rately by thennal analysis, as has been shown in thermolysis of met.hyl- 
ammonium hesachloroplumbate (Fig. 1). With the ot.her compounds, vola- 
tilization of the hydrochlorides begins at the first, stage and the two pro- 
cesses occur simultaneously, at least over certain temperature ranges. 

The differences between the initial temperature of volat.ilization of the 
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Temperature [ 5 ] Weigh1 loss (%) Fit. T~~mp~~r-;~~ul-c~ 

(1;) Ial- rllc~ 

ol the at which 1st slage 2nd stage Lotal pll;lSV 

initial decom- lr:lnsilitm (11’ 
decom- position from theo- rrom thee- rrom 111cc,- 

. 
IfC~l_1l),,- 

posi- com- TG reli- TG reti- TG r rcli SH, ___,, 1 Cl 
tion pletc cd d cd ‘I cd c [lOI 

WI WI 

T,=o_oI Tu=o_w 
-.--__ 

39.5 665 16 13.1 31 35.-l -17 -4 F. .5 

3i3 61.5 16 13.1 31 35.4 -Ii -LR.;, 

160 690 

-520 705 5 3 !i ( I- I I 
transitionl 

w, weak; m, medium; s. strong. 
Assuming liberation of one Cl, molcculr. 
Assuming liberation of twvo molecules of amine I~ycIrochloriclr. 
Bnsrd on weight loss at 730 K. 
Bawd on PhCI, content of thr reactants. 

appropriate chlorides and the initial temperature of decomposition of the 

hesachloroplumbate, AT, are 40, 115, 100, 65 and 105 K for (NI~,)2Pl~C1,., 
(CH3NH3)2PbC1c,, [(CH3)INHJ,PbC16, [(CH,),NH] ,PbCl,, and [(CH,),X\;12- 
PbC16, respectively_ The larger the difference, the more the two processes are 
separated (see Table 1). 

Isothermal esperimcnts (Table 2) showed that the amount of oxidant 
(chlorine, chloramines etc.) entrained in the gas <t.ream was generally lowx 
than that indicated by eqn. (1). The parameter v attained higher values for 
the decomposition of those hexachloroplumbates for which -1T was large. 
The amounts of oxidant leaving the reactor decreased wit.11 increasing sample 
mass. In contrast, the values varied only slightly with variation in rcnction 
vessel, decrease in gas flow rate, or increase of temperature- Ammonium and 
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methylammonium chlorides added to reagent mixtures separately or in mix- 
tures slightly decreased the amount of oxidant leaving the reactor. A similar 
effect was observed in the presence of an inert compound (Pb&) in the 
reaction medium. All these facts indicate that chlorine liberated in reaction 
(1) promotes secondary processes which are likely to occur in the gas phase 
as indicated by the results of the present work and in the literature. Both 
ammonia and primary and secondary amines can easily be chlorinated [20, 
211: 

3 Cl, + 8 NH3 -, 6 NH&l + N, AH?,, = -77.43 kJ mole-’ (4) 

CH3NH2 + Cl-, -+ CH,NHCl + HCl (5) 

Chloramines, such as CH,NHCl, are unstable and undergo rapid transforrna- 
tion. 

Reactions such as (4) and (5) are responsible for the consumption of 
chlorine cluring thermolysis. It is worth noting that reaction (4) has fre- 
yucntly been suggested as the esplanation for thermolysis of a variety of 
ammonium salts of the type (KH-1)2MC1Tr, where XI = Tc 1231, Pd [23], or 
Ir [Z-l]. 

Chlorine generat.ecl in reaction (1) is a strong oxidant and electron accep- 
tor [25]; hcncc it should be more reactive t.owards unprotonated amines 
comparccl to the corresponding ammonium cations [ 261, because the latter 
arc’ also electron acceptors. The chlorination rate will be dependent on the 
conccnt.rations of chlorine and t.he appropriate amine in the gas phase. If 
reaction (1) occurs at a much lower temperature than reaction (2) (large AT), 

chlorine is almost completely removed from the reaction medium before it 
can react with the amine. The lower the AT value, the higher is the partial 
prcssurc of amine in the pas phase during generation of chlorine and the 
higher the consumption of this osidant. This is the main reason for the 
differences in behaviour of individual l~csacliloroplu~iil~ates during thermo- 
lysis. 

The authors thank Mrs. _A_ Rymkiewicz for experimental assistance. 
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