Thermochimica Acta 307 (1997) 107-115

thermochimica
acta

Standard enthalpies of formation and metal-ligand bond
dissociation enthalpies of some lead(Il) 3-diketonates

V.V. Krisyuk”, S.V. Sysoev, N.E. Fedotova, LK. Igumenov, N.V. Grigorieva

Institute of Inorganic Chemistry, Siberian Branch of the Russian Academy of Sciences, 630090, Lavrentiev avenue 3,
Novosibirsk, Russian Federation

Received 10 January 1996, received in revised form 10 June 1997; accepted 30 June 1997

Abstract

The standard enthalpies of formation of some lead(Il) 3-diketonates: Pb(aa),; Pb(dpm),; Pb(zis),; Pb(pta),; and Pb(hfa),
(where aa = pentane-2,4-dionate, dpm = 2,2,6,6-tetramethylheptane-3,5-dionate, zis = 2-methoxy-2,6,6-trimethylheptane-
3,5-dionate, pta = 1,1,1-trifluoro-5,5-dimethylhexane-2,4-dionate, and hfa = 1,1,1,6,6,6-hexafluoropentane-2,4-dionate) were
determined by solution-reaction calorimetry measurements. The corresponding sublimation enthalpies of the complexes were
derived from measurements of saturated vapour pressure by means of the flow method. The homolytic (DHg)(Pb-~O) and
heterolytic (DH;)(Pb~O) bond dissociation enthalpies were hence derived. © 1997 Elsevier Science B.V.

Keywords: Lead(Il) §-diketonates; Metal-ligand bond dissociation enthalpies; Solution calorimetry; Standard formation
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1. Introduction

The thermochemistry of metal 3-diketonates has
been investigated extensively and is well known. A
typical thermodynamic investigation of such com-
plexes is to determine the enthalpies of formation
and sublimation and hence to estimate the metal-
ligand bonding enthalpies. Several reviews [1-4] pre-
sent extensive data on the thermochemistry of -
diketones and metal 3-diketonates, but there has been
no information about thermodynamic characteristics
for lead (-diketonates.

Lead is known to be a key component of optical,
ferroelectric and superconducting materials obtained
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by chemical vapour deposition (CVD), using metal 3-
diketonate precursors. Since the metal-ligand bonding
energy determines the mechanism of thermal decom-
position of metal 3-diketonates and the composition
of films formed in CVD processes, the importance of
thermodynamic investigation of these compounds is
obvious. We have already reported the preliminary
values of standard formation enthalpies obtained by
combustion calorimetry and the sublimation enthal-
pies derived by the Langmuir method for lead(I)
complexes of pentane-2,4-dione (Haa) and dipivaloyl-
methane (Hdpm) [5]. For comparison, we have
determined the temperature dependence of saturated
vapour pressure by the flow method and the standard
enthalpies of formation by solution calorimetry
for Pb(aa),, Pb(dpm), and for Pb(zis),, Pb(pta),,
Pb(hfa),, where zis = 2-methoxy-2,6,6-trimethylhep-
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tane-3,5-dionate, pta = 1,1,1-trifluoro-5,5-dimethyl-
hexane-2,4-dionate, hfa = 1,1,1,6,6,6-hexafluoropen-
tane-2,4-dionate.

2, Experimental
2.1. Materials

Synthesis of lead(Il) 3-diketonates is described in
Ref. [6]. The complexes were purified by double
sublimation in vacuum. Microanalysis results are
given in Table 1.

Nitric acid solutions of selected concentra-
tions  (HNO;*16.973H,0,  HNO;*10.539H,0,
HNO;*12.147H,0) were prepared from commer-
cially available pure concentrated nitric acid.

Pentane-2,4-dione (Haa) was purified by fractional
distillation. Ligands Hdpm and Hzis were recrystal-
lized from melts.

Pb(NOs), was twice recrystallized from double-
distilled water followed by drying in vacuo over
P205.

2.2. Solution-reaction calorimeter

A precision solution-reaction calorimeter with iso-
thermal jacket was employed. The calorimeter was
developed and made at the Institute of Chemical
Physics of RAS (Moscow). The calorimeter consists
of the following units: measuring block (general
scheme is presented in Fig. 1), electronic block of
temperature control and block of calibration. The
isothermal jacket (1) of the calorimeter is a cylinder
made of Ni-plated brass. Swinged measuring sleeve
(2) is placed in a cavity of the jacket. The calorimetric
cell (3) made of stainless steel is inserted into the
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Fig. 1. A general scheme of the calorimeter measuring block: (1)
isothermal jacket, (2) measuring sleeve, (3) calorimetric cell, (4)
calibration heater, (5) sylphon, (6) ampoule with a compound, (7)
thermostat, (8) turbine, (9) coil pipe.

sleeve. Thermistors for measurement and control of
the cell temperature are built in the measuring
sleeve. Inside the cell there are a calibration heater
(4), sylphon (5) for breaking the glass ampoule (6)
with the substance under investigation. The volume
of the calorimetric cell is 100 ml. The jacket is
placed in the liquid thermostat (7), filled with the
distilled water. Inside the thermostat there is a turbine
(8) providing intensive circulation of water in the
whole volume. Cooler water is pumped in pipeline
(9) throughout the thermostat. Temperature of the
thermostat is adjusted by an automatic system con-
trolling the resistance heater which is built in the
jacket.

The accuracy of temperature measurement was no
worse than 1.5 x 107 K/division. Time of passing
the current during calibration was measured at an

Table 1
Mass percentage analyses of the complexes
Compound Found Expected

C H F Pb C H F Pb
Pb(aa), 29.5 34 513 29.6 35 514
Pb(dpm), 452 6.6 36.2 46.0 6.7 36.1
Pb(zis), 43.5 6.5 34.1 43.6 6.3 342
Pb(pta), 332 3.6 19.3 345 33.2 3.3 19.1 347
Pb(hfa), 19.9 03 36.8 33.7 19.6 0.3 36.6 33.7
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accuracy of 10™%s. The accuracy of temperature
maintenance at 25°C was 107> K. The measurement
procedure is standard and similar to that described in
Ref. [7].

The accuracy of the calorimeter was tested by
measuring the enthalpy of dissolving of KCl samples
(ca. 0.5 mmol) in twice distilled water (100 g). The
result Ay H® = 17.539 £ 0.0047 kJ mol™" is in
agreement with the value 17.564 + 0.042 kJ mol ™'
[8].

2.3. Flow method

For the determination of saturated vapour pressure
of the compounds, a flow (or transpiration) method
was used [9,10]. The measurement consists of passing
a stream of dry gas-carrier (He) through the tube cell
with the sample at known rate and constant tempera-
ture. The amount of the compounds vapourized and
condensed in the cool part of the cell under quasi-
equilibrium conditions (the pressure values were
independent of the flow rate within 0.5 = 51/h)
were determined by weighting the cool part of the
cell. The saturated vapour pressure was calculated
from the formula p® = P-n/(n + N), where n is the
number of moles of the substance transported by N
moles of helium carrier gas under temperature T at
different flow rates, and P the total pressure in the
system.

In our experiments, the influence of vapour diffu-
sion was negligible. The temperature fluctuation was
£0.5 K. The error of the flow measurement was +2%.
Previously the calibration experiments were carried
out using NH4Cl and iodine. The error of the method
was not more than £5%.

3. Results
3.1. Saturated vapour pressure measurement

The values of saturated vapour pressure of lead(II)
(3-diketonates were determined from the density of
their vapours assuming that only monomolecular
gases were formed under the experimental conditions.
Initial compound and condensate obtained in the cool
zone of the tube cell were composed of the same
crystal phases. Thermodynamic parameters are calcu-
lated from In(P) = —AH/RT + AS/R and listed in
Table 2.

3.2. Solution-reaction calorimetry

Lead(Il) (-diketonates decompose in nitric acid
according to the reaction:

PbL,() + 2HNOj(se1y) — Pb7

(solv)
+ 2NO;( + 2HLsolv (l)

solv)

The general thermochemical reaction for determining
the standard formation enthalpies of the PbL, com-
plexes was:

AHY
PbLz(s) + 2(HNO; * tzo)(]) — 2HL(1)

+ Pb(NO3 )y, + 2tH, 0y )

The standard enthalpy AH° of this reaction was
determined by measuring the enthalpy of stepwise
dissolution of each reactant or product in the calori-
metric solvent, so that the final solution resulting from
the dissolution of the reactants was of the same
composition as that resulting from the dissolution of
the products:

Table 2
Thermodynamic parameters of the lead(II) 3-diketonates evapouration processes
PbL, Process Temperature Number of AH «T)) ASY ()
range (°C) points (kJ mol™) @ mol 'K
Pb(aa), Sublimation 120-150 5 1024 £ 5.0 176.7 £ 12.4
Pb(dpm), Sublimation 100-125 5 117.5+28 2188 +7.3
Pb(dpm), Vapourization 130-210 8 874+ 0.7 1431+ 1.6
Pb(zis), Vapourization 120-230 11 93.5+0.8 1464 + 1.8
Pb(pta), Sublimation 120-190 7 1344+ 14 2469+ 3.2
Pb(hfa), Sublimation 95-140 10 111.7+13 211.84+£3.2
Pb(hfa), Vapourization 150-190 9 90.5+36 160.6 = 8.3
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Table 3
Molar enthalpies of dissolution at 25°C
i Sample Solvent Solution Number of AH (k) mol ™)
experiments
1 H,O HNO,*16.973H,0 Ay 4 —0.06 £ 0.01
2 Pb(NO»), Ay A, 5 16.96 £ 0.15
3 Haa Ay As 5 —0.32 £ 0.07
3 Hhfa A, A 5 —52.53 £0.94
4 HNO,%16.973H,0 HNO,#16.973H,0 B, 0 0
5 Pb(aa), B, B, 5 -27.04 £0.14
5 Pb(hfa), B, B, 7 —97.72 £ 0.85
1 H,O HNO5#10.539H,0 + C,HsOH (viv=1:1) Ay 3 —0.625 £ 0.008
2 Pb(NO3), A A, 5 21.97 £ 0.24
3 Hdpm A As 5 11.97 £0.13
4 HNO;*10.539H,0 HNO;*10.539H,0 + C,HsOH (v/iv=1:1) B, 5 —3.87 £0.08
5 Pb(dpm), B, B, 5 -23.13+£0.18
1 H,O HNO;*12,147H,0 + CH3COCH; (viv=1:1) Ay 5 —0.578 £ 0.007
2 Pb(NO;), A As 5 17.08 £ 0.31
3 Hzis As As 5 10.93 £ 0.07
3 Hpta A, As 5 2.63 £ 0.06
4 HNO;*12,147H,0 HNO3*12,147H,0 + CH;COCH,; (viv=1:1) B, 5 —8.55 £ 0.08
5 Pb(zis), B, B, 5 —7.63 £0.09
5 Pb(pta), B, B, 5 12.46 £ 0.08

solution A = calorimetric solvent
. AH .
H,O + solution A — solution A 3
. AH .
Pb(NOs), + solutionA; — solution A;  (4)
. A]H .
HL + solution A, — solution Aj &)

HNO;xxH,O + solution A adt solution B,

(6)

. AsH .
PbL, + solution B; — solution B, @)
solution Aj A(’izo solution B, (8)

The following solutions were selected as calorimetric
solvents: HNO3x16.973H,0 for Pb(aa), and Pb(hfa),,
HNO;%10.539H,0 + C,HsOH (v/iv=1:1) for
Pb(dpm), and HNO;%12.147H,0 + CH;COCHj,4
(viv =1:1) for Pb(zis), and Pb(pta),.

Testing of solutions A; and B; showed that the value
of AgH lies below the sensitivity of the calorimeter.
The error of the measurements for the 95% confidence
interval was estimated according to the equation
£ = tt40514. Here Say is the mean-square error of

the evolved heat value, which was obtained by aver-
aging the partial mean-square errors for each reaction
from the sequence. The molar dissolution enthalpies
for each reactant and product are listed in Table 3.

The standard formation enthalpies of the complexes
are calculated from:

ArHO = Z Ar (products) Z Ay (reactants)?

where A,HO is a sum of dissolution enthalpies (A;H).
Thus,

AH® = 2xAH + AsH + 20:H — 2A4H
— AsH + O¢H = AtHO(PbLyg))
+ 2A¢H® (HNO;3 * xH2O(sotution))
— AtHO(Pb(NOs)y ) — 2A¢H"(HL)
©)

from where AfHO(PbLz(S)) = AH® — 20H° (HNO;*
xHyOsotutiony) + AH'(Pb(NO3)x(s) + 2A:H (HL ).

Hence, for Pb(aa),y AMH®=41.19+022, for
Pb(dpm)y: AHC = 63.61 + 0.23, for Pb(zis)y: AH°
=49.68 + 0.23, for Pb(pta),: AH®=12.94 4+ 0.30
and for Pb(hfa),: AH° =7.44 + 1.23 kI mol™'. The
standard formation enthalpies of the complexes in
crystalline and gas state (Table 4) were derived from
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Table 4

The standard formation enthalpies of lead(Il) 3-diketonates

Compound Pb(aa), Pb(dpm), Pb(zis), Pb(pta), Pb(hta),

—AfH?S) (kJ mol™") 8483+ 2.6 1151.8 + 3.1 11747 £ 4.2 2271.6 +£6.2 3303.8 + 64
9046 +40° 12063 + 48"

AA{H?(g“ (kJ mol™}) 7459 + 5.6 1034.3 £ 4.2 1060.0 + 59 21372+ 6.3 3192.1 £ 6.5

? Data obtained by combustion calorimetry [5].

the data obtained and the following literature data (in
kJ mol™") (Egs. (9e) and (9f): see Ref. [1], Egs. (9a),
(9b) and (9c¢): see Ref. [11], Eq. (9d): see Ref. [12],
Egs. (9g) and (Sh): see Ref. [13]):

AH°(HNO; * 12.147H,0) = —206.17 £ 0.42
(9a)

A¢H°(HNO; * 16.973H,0) = —206.61 + 0.42
(9b)

A¢H(HNO3 * 10.539H,0) = —205.86 + 0.42
(9¢)

ArH(Pb(NO3), ) = —451.74 £ 1.17  (9d)
AH°(Haag)) = —4255 £ 1.1 (%e)
AfHO(Hdpm ) = —587.7+3.8, (9f)
AcHO(Hptagy) = —1122.6 £4.2, 9g)
A¢H°(Hhfag)) = —1636.4 & 1.7. (9h)

Any data on the measurements of the standard for-
mation enthalpy for the ligand 2-methoxy-2,6,6-tri-
methyl-3,5-heptanedione (Hzis) are absent from the
literature. Because of this, in the present work we
estimated the value of AfHO(Hzis(l)) according to the
following equation:

A¢H'(Hzis), enole) = ArH' (Hzis(g
+ AH"(g, enolization) — AHy.

, ketone)

The value of AfHO(Hzis(g), ketone) was calculated
using the method of group contributions {14] and
was found to be —533.6 = 1.4 kJ mol . The value
of AH’(g, enolization) was taken equal to that for
Haa [15]. The standard vapourization enthalpy of
Hzis was calculated using the boiling temperature
of Hzis (216°C) from the equation AHy =209 +
0.172¢ which was obtained from the experimental
data for (-diketones [16]: AHy(Hzis) = —59.3 +

0.8 kJmol™'. So, the standard formation enthalpy
for Hzisg, calculated on the basis of these data is
~592.5 £ 2.2 kI mol .

In the present work, AfHO(PbLz(g)) was calculated
using the most simple approximation AguH(T))
= AqmH (298.15 K). We did not succeed in measur-
ing sublimation enthalpy for Pb(zis), because of its
very low vapour pressure at a temperature below the
melting point; so, in order to estimate the required
value, we measured the enthalpy of melting for this
compound with the help of DSC 111G ‘Setaram’
scanning calorimeter. The obtained value was
21.2 kJ mol™". Sublimation enthalpy of Pb(zis), esti-
mated using the values of vapourization and melting
enthalpies was 114.7 + 4.2 kJ mol " ":

3.3. Bond dissociation enthalpies

The calculation of the homolytic and heterolytic
bond dissociation enthalpies of the investigated com-
pounds is based on a consideration of hypothetical
gas-phase reactions:

PbLog) ' Pbyg + 2L}, (10)

1>bLo(g b2+ +2L7, (11

Since all the oxygen atoms in metal 3-diketonates are
equivalent, the mean metal-ligand bond dissociation
enthalpies may be presented as:

(DHg,1) (Pb — O) = Ag H/4,

where
AgH = AHPbgy + 2AH L, — AHPbL g,

— 2 - 0
AtH = AHOPO +2A¢H Liy, — AcH PbLoyy),
AfHOPbLZ(g) = AfHOPbLZ(S) + AgumHPBL,

AfHHL ) = AtHHL ), + A HPHL.
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Table 5

Homolytic and heterolytic bond dissociation enthalpies of lead(II) 3-diketonates (in kJ mol ™)

Compound Pb(aa), Pb(dpm), Pb(zis), Pb(pta), Pb(hfa),
(DHg)(Pb~0) 97.1+5.9 105.2+ 5.0 109.1 £ 6.1 1313+ 64 1320+ 6.8
(DHp)(Pb-0) 509.6 + 5.9 509.2 £ 5.0 513.0 £ 6.1 433.1 £ 6.6 4003+ 7.2

Calculation of A¢H’L and AH°L™ follows the reac-
tions:

AgH(RO-H)

HLy  —  Hy +L, (12)
HL, " He 11y, (13)
producing:
AfHL{,, = AgH(RO — H) — AiH Hyg
+ AfHHL
and

- _ Opp+
AfHOL(g) = AH(RO — H) — AH°H,,
+ AfHHL .

(DHg)(Pb-O) was calculated from the obtained
data (Table 4) and the following auxiliary data (in
kI mol™"): AiH Pbg, = 195.8 + 0.8 [12], AHPb7,
+=12361.6 £ 4.3(12], AfHOH(g) =2183 £ 2.1[12],
AHH{ =15362 % 43[12], A Haag = —384.4 +
13 [1],AfHOHdpm(g): —528.4+£3911], AfHOHzis(g) =
—533.6 £ 3.2 [14-16], AfHOHpta(g) =-10772+42
[13], AsH’Hhta, = —1605.0 £ 7.1 [13], for Hpta
ARHRO-H) =392 +£2, AHRO-H) = 1276 & 4;
for Hhfa AgH(RO-H) =393 £2, AHRO-H) =
1165+2; for Haa ArH(RO-H)=326+2,
AH(RO-H) = 1386 £ 2; for Hdpm and Hzis
AgRH(RO-H) =342 £ 2, AHRO-H)=1385+2
{13]. For Hzis, we assumed Ag 1H(RO-H) to be equal
to that for Hdpm since these ligands are similar in
structure, physical and chemical properties [17]. The
results of the calculation are presented in Table 5.

4. Discussion

The standard enthalpies of formation in the solid
state obtained in the present work for Pb(aa), and
Pb(dpm), differ from the values presented in Ref. [5]
by the same quantity ~55 kJ mol ' (see Table 2). The
reason of this difference should be sought in the most

probable sources of errors in calorimetric methods
used. In Ref. [5], the standard equipment and techni-
ques of combustion calorimetric measurements have
been used. The accuracy of measurement of combus-
tion heat was sufficiently high (~0.02% by benzoic
acid). Among the solid products of combustion there
were PbO, PbO, and soot in different proportions in
every experiment. It seems likely that incomplete
identification of combustion products and hence
improper corrections contributed the main uncertainty
in the calculation in Ref. [5]. In the present study, we
verified thermodynamic identity of A; and B, solu-
tions and used the unique thermochemical cycle with
individual calorimetric solvent for each complex.
Thus, we are inclined to believe that AfHO values
determined by solution-reaction calorimetry measure-
ments are more reliable.

It was found earlier [13,18,19] that for standard
enthalpies of complex and ligand formation in the
gas phase, the following equations are true at high
accuracy:

AtH'ML,) = a + b - AHHLg),
AfHOMLz(S) =c+d- AfHOHL(l),
In the case under consideration, on the basis of the
obtained results, a similar dependence of standard
formation enthalpies of lead(Il) 3-diketonates was
obtained using standard enthalpies of ligand formation .
in the gas phase (Fig. 2):
AfHOPbLz(g) =18 4+ 2.00 * AfHOHLQ(g)
+ 8 kJmol ' (R = 0.99998).
(14)
A similar dependence is also observed for thermo-
dynamic parameters of the complexes and ligands in
the condensed state (Fig. 3):
AfHOPbLy() = 31 + 2.04 x AcH HLy,
+ 13 kJmol ! (R = 0.99993).
(15)
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Fig. 2. Variation of standard molar enthalpies of formation of the
gaseous lead(II) J-diketonates with the standard molar enthalpies
of formation of the J-diketone ligands in the gaseous state.

The obtained equations can be used to estimate stan-
dard formation enthalpies of lead(Il) complexes with
other [-diketonate ligands. The whole set of the
obtained linear dependences can serve as a reliability
criterion of the results obtained using all the
reference values. If the literature data used in
Eq. (9) are true, the reliability of new AgHPbL,,
and A H° values, obtained experimentally by solution
calorimetry techniques, can be estimated with the
help of Eq. (15).

For the enthalpies of sublimation, two values are
known for Pb(dpm), (in kJ mol™'): 74.1 measured by

4000 -
3500
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2000

1500
zis

-4°H(PbL,, 5) / kJ*mol”’

1000 4
aa dpm

500

T LU T T T T T T v
200 400 600 800 1000 1200 1400 1600 1800 2000
-A°H(HL, 1) / kJ*mal!

Fig. 3. Variation of standard molar enthalpies of formation of the
solid lead(Il) 3-diketonates with the standard molar enthalpies of
formation of liquid 3-diketone ligands.

Knudsen method [20] and 87.0 measured by Langmuir
method [5]. For Pb(aa), only the value 66.9 kJ mol ™
measured by Langmuir method was reported [5].
Comparing these values with literature data for other
metal 3-diketonates [1-4], we believe that the values
derived from the mentioned methods are strongly
understated for the reason of relatively low thermal
stability of lead(Il) 3-diketonates in the solid state [6].
The value 87.0 kJ mol™' for Pb(dpm), in Ref. [5] is
likely to be assigned to vapourization process
(Table 2). Since the flow method is known to be a
more suitable method for substances with low thermal
stability in solid state, we believe that the data
obtained by means of this method are more accept-
able.

Thus, all the data obtained in the present work for
lead(II) complexes were used for the calculation of
metal-ligand dissociation enthalpies. For AHR(RO-
H), we used the values estimated by quantum-chemi-
cal method MINDQO/3 [13] because this method takes
into consideration the nature of substituents in (-
diketones. To correlate (DH)(Pb—O) values with data
for other metal 3-diketonates, we applied the idea of
Ribeiro da Silva (1] that metal-oxygen bonds in
acetylacetonate complexes have similarities with the
corresponding bonds in the metal oxides in which the
metal atom has the same coordination number as in
M(aa),. From the molar enthalpy of the decomposi-
tion:

AdecH”
PbO(S) — Pb(g)+0(g)

using AH(Oy,)) = 249.17 + 0.1 kJ mol ™' [21] and
AH(PbO,, red) =219.5 + 0.4 kJ mol™' [12], we
obtained (DHR)(Pb-O, oxide, $)=Ag4..H/4 = 166.5
kimol~'. The correlation between (DHg)(M-O,
complex, g) in M(aa), and (DHg)}(M-O, oxide, s)
1] shown in Fig. 4 is excellent. Here, the values
for other metals are plotted after recalculation of
data from Ref. [21], assuming the new AgxH(RO-H)
value for pentane-2,4-dione [13]. Tt is apparent
that the value reported in this paper for (DHg)
(Pb—O, complex, g) in Pb(aa), fits well in this correla-
tion.

As to the comparison of (DHg)(Pb-O) for the
lead(Il) complexes, it appears that —C(CH)s,
—C(CH3),0CH; and -CF; substituents of the
ligand increase the strength of the metal-ligand
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Fig. 4. Correlation between (DHg((M-O, complex, g) in M(aa),
and (DHg)(M-O, oxide, s).

bond. Moreover, the general tendency known for
the wide range of metal J-diketonates complexes
is as follows: stronger the H-ligand bond stronger
the metal-ligand bond in the complex [13]. This is
also true for the lead(II) complexes under considera-
tion.

The calculation of (DH;)(Pb—O) showed that the
energy of heterolytic dissociation of metal-ligand
bond in the lead(Il) complexes is independent of
the type of aliphatic substituent in the 3-diketonate
ligand within the error of measurements, indicating
that in the gas phase the Pb—O bond length in such
lead(II) S-diketonates is almost constant. But intro-
duction of fluorine-containing groups into the ligand
decreases the Pb—O bond strength under heterolytic
dissociation.

It is shown in the review [18] that the value
of (DH(L —H) — DHM — L)),, is practically
constant for the complexes of one and the same
metal with a series of organic ligands including O-
diketonates. Subtracting reaction Eq. (10) from
Eq. (12) and taking account of the stoichiometry,
we obtain the following gas-phase reaction for
lead:

AGH .
= PbLy, + 2Hy,, (16)

ZHL(g) + Pb(g)

Here Ap,H =2AHR(RO-H) — 4(DHg)(Pb-O, com-

plex, g)=AH PbLy,+2AH H;,, - 2AfH0HL(g)—
AHPbg,. So, AHPbLyy = AyH — 2AHH,,

AHPbg, + 2AHHLq). Comparmg the obtamed

value of AfHOPbLz(g) with Eq. (14), one can state that
A,H is independent of the ligand type. This means that
the value of (ARH(RO-H) — 2(DHg}(Pb-O, com-
plex, g))uy is practically the same. Finally, we obtain
AgrH(RO-H) — DHR(Pb-L, g) = 131 = 4 for the stu-
died lead(Il) 3-diketonates. Similarly, it can be shown
that (AH(RO-H) — 2(DHp)(Pb-O, complex, g))y; ~
const. This result obtained for lead(Il) G-diketonates
can mean the following: isocharge substitution of
hydrogen with metal in reaction (16) either proceeds
without any noticeable change of the ligand structure
or this change, if any, is constant for all the HL under
consideration.
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