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Abstract The complexes of [Sm(o-MOBA);bipy],-H,O
and [Sm(m-MOBA);3bipy],-H,O (o(m)-MOBA = o(m)-
methoxybenzoic acid, bipy-2,2’-bipyridine) have been syn-
thesized and characterized by elemental analysis, IR, UV,
XRD and molar conductance, respectively. The thermal
decomposition processes of the two complexes were studied
by means of TG-DTG and IR techniques. The thermal
decomposition kinetics of them were investigated from
analysis of the TG and DTG curves by jointly using
advanced double equal-double steps method and Starink
method. The kinetic parameters (activation energy E and
pre-exponential factor A) and thermodynamic parameters
(4H”, AG” and AS”) of the second-step decomposition
process for the two complexes were obtained, respectively.
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Introduction

There has been a large body of research on the coordination
of trivalent lanthanide cations with various carboxylic
acids in recent years [1-9], due to their variety of structural
types and potential applications in different interesting
areas. Specially, lanthanide complexes with benzoic acid
and its derivatives show fascinating crystal structures
because of the variable coordination number of center
metal as well as coordination versatility of carboxylic
ligands. Concerning the kinetics and thermal decomposi-
tion mechanism of the rare earth carboxylate coordination
complexes, which have been extensively studied in our
literatures [10-17]. As a continuation of investigations in
this area, we report herein the preparation and character-
ization of the two new complexes formed via the reaction
of methoxybenzoic acid with different substitution position
and 2,2’-bipyridine as co-ligands with Sm(III) ion. Mean-
while, thermal decomposition mechanism of these com-
plexes are determined by TG-DTG and IR techniques, and
the corresponding non-isothermal kinetics are discussed by
advanced double equal-double steps method, together with
Starink method [18]. The activation energy values obtained
by the advanced double equal-double steps method based
on iteration method is more exact than those obtained by
double equal-double steps method [19] based on traditional
isoconversional method.

Experimental
Materials

All the reagents used were AR grade without further
purification.
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Synthesis of the title complexes

A stoichiometric amount of SmCl5-6H,O, L (L = o-
HMOBA or m-HMOBA) and 2,2'-bipyridine were dis-
solved into 95% ethanol, respectively. The pH value of L
solution was adjusted to 6-7 with 1.0 mol L~' NaOH
solution. The ethanolic solution of the two ligands was
mixed and then added slowly to the SmCl;-6H,O solution
with continuous stirring for 3 h. After the precipitates were
isolated by filtration and then dried and stored with the
yield of 50 and 77%, respectively.

Apparatus and conditions of experiment

Analysis of C, H, and N were determined by elemental
analysis on a Vario-EL III elemental analyzer, while
metal contents were obtained by using EDTA titration
method with xylenol orange (XO) as an indicator.
Infrared spectroscopy was recorded at room temperature
in the frequency range of 4,000-400 cm™' on a Bio-Rad
FTS-135 spectrometer using the KBr discs. The ultravi-
olet spectroscopy was recorded on a Shimadzu 2501
spectrophotometer over the wavelength 250-400 nm
range. XRD identification was carried out for the crys-
talline analyses on a Bruker D§-ADVANCE X-ray dif-
fractometer in a scanning of 5-50° (260) with Cu Ko
radiation (A = 250 nm). The molar conductance was
determined by a DDS-307 conductometer that was made
in Shanghai exactitude apparatus factory. The TG-DTG
curves of the two title complexes were obtained under
static air atmosphere with a Perkin-Elmer TGA7 ther-
mogravimetric analyzer. The heating rates were 3, 5, 7,
10 K-min~' and the sample masses were 2.8-3.2 mg,
respectively.

Methodology and Kinetic analysis
Determination of the function of conversion

The equations of iteration calculation in an accurate kinetic
study [20] are as follows:

ln%:{ln[%} —1nG(a)}—1.0516% (1)
In (STZ _ {m (%) “in G(oc)} _% @)
thereinto: H(x) = exp(=) h(x)

" 0.0048 exp(—1.0516x)
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x* 4+ 18x3 + 86x% + 96x

h(x) = x4 + 20x3 + 120x2 + 240x + 120

Equations 1 and 2 are changed into:

InG(a) =1n (%W) - 1.0516R—ET —1Inp (3)
InG(a) =1n (A—RZ(X)T2> —Inp (4)

Where G(2) is the integral mechanism function, 7(K) the
absolute temperature, A(min~") the pre-exponential factor,
R(8.314 T mol~' K™') the gas constant, E(kJ mol™") the
apparent activation energy and (K min~') the linear
heating rate. On substitution the values of conversion
degrees at the same temperature on several TG curves, the
different mechanism functions G(a) [21] and various
heating rates into Eq. 3 or Eq. 4, the linear correlation
coefficient r, the slope b and the intercept a at different
temperatures were obtained by the linear least squares
method with InG(x) versus Inf. The corresponding func-
tion is the probable mechanism function of a solid phase
reaction, if the linear correlation coefficient r is the best
while the slope b approaches —1.

The calculation of E and A with the iteration method

The activation energy calculated by plots of Inff versus 1/T
or ln(ﬁ/Tz) versus 1/T based on the traditional isoconver-
sional method is not exact, as the traditional isoconver-
sional method neglects the variation of H(x) or h(x) against
x. However, iterative calculations by considering the
change in H(x) and h(x) by means of plots of In(//H) versus
/T or ln(ﬁ/hTz) versus 1/T can give the exact value of
activation energy, no matter how little or great the E/RT
value of the reaction is.

The steps of E calculated by the iteration method [20]
are as follows:

Step 1: Supposing H(x) = 1 or h(x) = 1 to estimate the
initial value of the activation energy E;.

Step 2: Calculate H(x) or h(x) using E;, then calculate a
new value E, from Eq. 1 or Eq. 2 via the plot of In(/H)
versus 1/T or ln(/)’/hTz) versus 1/T.

Step 3: Repeat step 2, replacing E; with E,, and so
on, until the absolute difference of (E; — E;_;) is less
than a defined small quantity such as 0.1 kJ mol '
The last value E; is the exact value of the activation
energy of the reaction. If the reaction mechanism is
known, the exact pre-exponential factor A can be
calculated from the intercept of the plot at the same
time.
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Starink method for determining E.

)

Where A = 1.0070 — 1.2 x 107°E, (kJ mol™"), f is the
heating rate and T is the temperature at a fixed amount
transformed. It is based on the slope of a logarithmic
function containing the heating rate versus 1/7.

E
= —A—% 4 constant

o (5)

Results and discussion
Elemental analysis and molar conductance

The contents of C, H, N and Sm of the two complexes are
shown in Table 1. The experimental data are in a good
accord with the theoretical values.

The two title complexes are colorless and stable at room
temperature in air. And they are soluble in DMSO and
DMF, however, insoluble in water, ethanol and acetone
solution. The molar conductance are determined in DMSO
solution with DMSO as a reference (as shown in Table 1).
It can be concluded that the two complexes act as non-
electrolyte [22].

Infrared spectra

Frequencies of characteristic absorption bands in IR spectra
(cm™") for ligands and the complexes are shown in Table 2.
The shift of veoy (1,578 cm™ ') and d¢ g (992,757 cm™ ') of
bipy ligand to higher strong absorption bands of the two
complexes, respectively, can be ascribed to the blockage of
respiration vibration and raising energy caused by the two
nitrogen atoms coordinating to metal ion, indicating the
coordination of the nitrogen atoms of bipy ligand to Sm>*
ion [23]. The presence of the v(sm_o) absorption bands, the

Table 3 UV absorption of ligands and complexes in DMSO (4:nm,

Amax)

Sample A:nm Amax
bipy 280 0.28
0-HMOBA 262 0.02
m-HMOBA 260 0.04
[Sm(0-MOBA);bipy],-H,O 282 0.48
[Sm(m-MOBA);bipy]l,-H,O 282 0.43

appearance of v,y coo—) and vycoo—) absorption bands for
the two complexes and the disappearance of vc—o absorp-
tion bands for the two acid ligands may suggest the coor-
dination of the oxygen atoms in carboxylic groups to
Sm(IID) ion [24]. The broad band at 3,446 cm ™' of the two
title complexes are attributed to vo_y of water molecules.

Ultraviolet spectra

The UV absorption spectra of the ligands and complexes in
DMSO are determined, and the maximum absorption
wavelengths and molar absorption coefficients are given in
Table 3. The absorption bands of the two complexes shift
to longer wavelength compared with that of corresponding
ligands, which are attributed to expansion of n-conjugated
system caused by the metal coordination [25].

XRD

The results of the X-ray power diffraction for the ligands
and complexes are shown in Fig. 1, suggesting that: (1)
X-ray power diffraction of the two complexes are different
from the corresponding ligands. (2) The complexes are not
simple lap joint of the free bipy ligand and acid ligands. (3)
The new phase, i.e., the two title complexes are formed.

Table 1 Data of elementary analysis and molar conductivity for the two title complexes

Complexes Theoretical values Experimental values A/S cm? mol™!
Sm C H Sm C H N

[Sm(0-MOBA );bipy],-H,O 19.55 53.11 393 3.64 19.60 52.85 3.70 3.68 235

[Sm(m-MOBA);bipyl,-H,O 19.55 53.11 3.93 3.64 19.61 53.22 3.15 343 8.4

Table 2 IR absorption for ligands and complexes (cm™ ")

Ligands and COmpleXeS Ve=N (SC—H Vc=0 Vas(COO—) Vs(COO—) Av VRE-O

bipy 1,578 992,757 - - - - -

0-HMOBA - - 1,695 - - - -

m-HMOBA - - 1,694 - - - -

[Sm(o-MOBA);bipy],-H,O 1,592 1,011,759 - 1,592 1,407 185 416

[Sm(m-MOBA);bipy]l,-H,O 1,597 996,766 - 1,578 1,402 176 418
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Fig. 1 XRD patterns of the complexes and the ligands. (a: bipy; b: o-
HMOBA; c: m-HMOBA; d: [Sm(o-MOBA);bipyl,-H,0; e: [Sm(m-

Thermal decomposition mechanism

The thermal decomposition profiles of the two complexes
are shown in Figs. 2 and 3, respectively. The TG-DTG
curves show a continuous mass loss from room temperature
to 1,223.15 K corresponding to several breaks indicating
the formation of several intermediates. The thermal
decomposition process of the complex [Sm(o-MOBA);bi-
pyl>-H,O can be divided into multiple stages as shown in
the DTG curves, and the thermal decomposition process of
the complex [Sm(m-MOBA)sbipy],-H,O can be divided
into four stages. The first mass loss observed between
298.15 and 374.5 K is due to dehydration with loss of H,O
(caled. = 1.17%, TG = 0.83%) for the complex [Sm(o-
MOBA);bipy],-H,0. And the first mass loss for the com-
plex [Sm(m-MOBA)s;bipyl,-H,O between 298.15 and
377.40 K, corresponding to the release of one water mol-
ecule (caled. = 1.17%, TG = 1.52%). After dehydration,
the second-step thermal decomposition occurs from 374.5
to 466.03 K with the mass loss of 20.02% for the complex
[Sm(0-MOBA);bipy],-H,O and from 377.4 to 511.06 K
with mass loss of 20.20% for the complex [Sm(m-
MOBA);bipy],-H,0, corresponding to the loss of 2 bipy

DTG

100 +-

78.75

Mass/%
DTG/% min’’

36.25

15

30 120 210 300 390 480 570 660 750 840 930
Temperature/ °C

Fig. 2 The TG-DTG curves of the complex [Sm(o-MOBA);bi-
pyl>-H>O at a heating of 3 K min™"
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Fig. 3 The TG-DTG curves of the complex [Sm(m-MOBA);bi-
pyl2-H,O at a heating of 3 K min~!

with the theoretical mass loss of 20.31%. The IR spectra of
the two residues at 466.03 and 511.06 K show the
absorption bands of vc_y disappears at 1,592 cm™ ',
1,597 cm™', respectively. The final stages starts from
466.03 to 801.61 K for the complex [Sm(o-MOBA);bi-
pyl>-H,O, from 511.06 to 1,156.09 K for the complex
[Sm(m-MOBA);bipyl,-H,0, corresponding to the loss of
acid ligands molecules. The total mass loss up to 801.61 K
and 1,156.09 K for the two complexes are in excellent
agreement with the formation of Sm,O; as final residue
(caled. = 77.32%, 77.32%; TG = T77.15%, 77.10%),
respectively. As seen in the IR spectra of the residue at
801.60 K for complex [Sm(o-MOBA);bipy],-H,O and
1,156.09 K for complex [Sm(m-MOBA)sbipy],-H,0, the
asymmetric vibrations bands v,ycoo) at 1,592 em™ ! and
1,631 cm™! and the symmetric vibrations bands vycoo) at
1,407 cm™" and 1,402 cm™' disappeared, respectively.
The bands of the residue are both similar to the standard
sample spectrum of Sm;05. Based on the above analysis,
the thermal decomposition processes of the two complexes
can be expressed in the following ways:

[Sm(0-MOBA),bipy|,-H,0 — [Sm(0o-MOBA);bipy|,
— [Sm(0-MOBA),],
— Sm203

[Sm(m-MOBA);bipy|,-H,0 — [Sm(m-MOBA);bipy],
— [Sm(m-MOBA),],
— Sm203

From the initial decomposition temperature of the bipy
ligand, it can be clearly seen that the two complexes are
both quite heat stable. The order of thermal stability of the
two complexes is as follows, which depends on the
different substituted position.

[Sm(m — MOBA);bipy],-H,0
> [Sm(o — MOBA);bipy|,-H,0
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Table 4 Conversion degrees

. T(K) o
measured for given the same
temperatures on four TG-DTG B =23Kmin' f=5Kmin' B =7K min' B =10 K min~"
curves of [Sm(o-
MOBA);bipyl,-H,O at different 427.22 0.2397 0.1551 0.1000 0.07383
heating rates (stage II) 432.20 03514 0.2273 0.1500 0.1093
438.51 0.5456 0.3536 0.2500 0.1724
440.74 0.6346 0.4175 0.3000 0.2079
444.60 0.8159 0.5507 0.4000 0.2734
Table 5 Conve.:rs10n degrees T(K) N
measured for given the same
temperatures on four TG-DTG =3 K min™! f=5K min! f=7K min™! =10 K min™!
curves of [Sm(m-
MOBA );bipy],-H,O at different 455.47 0.2299 0.1277 0.1000 0.06874
heating rates (stage II) 46521 0.4358 0.2610 0.2000 0.1407
468.29 0.5219 0.3224 0.2500 0.1782
473.52 0.6952 0.4517 0.3500 0.2592
477.77 0.8440 0.5825 0.4500 0.3382

Table 6 Partial results obtained by the linear least squares method at
different temperatures for the second stage of the [Sm(o-MOBA);

bipy]»-H,0
T(K) Function No* a b r
14 —0.02637 —0.7215 —0.9968
427.22 25 —0.1346 —1.0007 —0.9964
37 0.06024 —1.1688 —0.9969
14 0.1157 —0.7440 —0.9980
432.20 25 0.02518 —0.9876 —0.9974
37 0.3337 —1.2567 —0.9980
14 0.3108 —0.7927 —0.9992
438.51 25 0.2035 —0.9580 —0.9985
37 0.7680 —1.4606 —0.9994
14 0.3888 —0.8114 —0.9998
440.74 25 0.2542 —0.9264 —0.9983
37 0.9754 —1.5740 —0.9985
14 0.5878 —0.9230 —0.9996
444.6 25 0.3563 —0.9249 —0.9968
37 1.5825 —2.0507 —0.9936

Bold represents the values of the probable mechanism function
# The function No. is from Tables 6 to 10 in Ref. [21]

Kinetics of the second decomposition stage

The determination of f(«) and G(a)

The values of conversion degrees at the same temperature
on four TG-DTG curves of the two complexes are shown in
Tables 4 and 5, respectively.

By substituting the values of o, f# in Tables 4 and 5 and

various conversion functions G(«) [21] into Eq. 3 or Eq. 4,
the linear correlation coefficient r, the slope b and the

Table 7 Partial results obtained by the linear least squares method at

different temperatures for the second stage of the [Sm(m-
MOBA);bipyl,-H,O
T(K) Function No* a b r
18 —0.1821 —2.1236 —0.9960
455.47 28 —0.7155 —1.0424 —0.9962
31 —0.4367 —1.0233 —0.9964
18 0.5348 —2.1858 —0.9980
465.21 28 0.2896 —1.0349 —0.9983
31 —0.1308 —1.0084 —0.9987
18 0.7513 —2.1797 —0.9978
468.29 28 —0.2667 —1.0691 —0.9986
31 —0.04960 —0.9821 —0.9987
18 1.2032 —2.2781 —0.9968
473.52 28 —0.1016 —1.0497 —0.9980
31 0.1038 —0.9660 —0.9989
18 1.6895 —2.5000 —0.9959
477.77 28 0.08501 —1.1067 —0.9979
31 0.2416 —0.9774 —0.9993

Bold represents the values of the probable mechanism function
# The function No. is from Tables 6 to 10 in Ref. [21]

intercept a at the different temperatures were obtained by
the linear least squares method with InG(x) versus Inf.
Partial results are shown in Tables 6 and 7.

From the Table 6, it can be clearly seen that the linear
coefficients r of the function No. 25 is the best and the slope
b approaches —1 at five different temperatures. So the
probable mechanism function of the second decomposition
stage for the complex [Sm(o-MOBA)s;bipyl,-H,O is
Goy=1—-(1—o)""" — o fla) = 1.
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In a similar way, from Table 7, the conclusion can be
drawn that the function No. 31 is the probable mechanism
function for the complex [Sm(m-MOBA);bipy],-H,0, i.e.,
Ga)=1— (1 — )" fla) = 2(1-0)""%

The calculation of E and A

The values of temperature for thermal decomposition at the
same degree of conversion on several curves of the two
complexes are presented in Tables 8 and 9, respectively. By
substituting the values of o, ff and T in Tables 8 and 9, and
the corresponding mechanism function determined above
into Eq. 1 or Eq. 2 via the linear least squares method with
Inf/H(x) versus 1/T or In(f/h(x)T?) versus 1/T, the activa-
tion energy E can be calculated from the value of the slope,
and the pre-exponential factor A can also be calculated from

the value of the intercept. Meanwhile, Starink method was
also used to determine the activation energy E. Above
results are listed in Tables 10 and 11, respectively.

The E values computed with iterative method are good
agreement with that by Starink method.

The thermodynamic parameters of activation can be
calculated from the equations [26, 27].

Aexp(—E/RT) = vexp(—AG” /RT) (6)
AH? = E —RT ()
AG” = AH? — TAS” (8)

where v(s ") is the Einstein Vibration frequency, v = kgT/h
(where kg and h are Boltzmann and Planck constant
respectively), AG” (kJ mol ') is the Gibbs free enthalpy of
activation, AH” (kJ mol_l) is the enthalpy of activation,

Table 8 Temperatures

corresponding to the same * TK)

degree of conversion at different B =3Kmin' f=5Kmin' f=7K min"' B =10 K min~"

heating rates for [Sm(o-

MOBA);bipy],-H,O (Stagell) 0.15 421.50 427.00 432.20 436.26
0.20 424.90 430.88 435.73 440.25
0.25 427.71 433.66 438.51 443.12
0.30 430.37 435.86 440.74 445.88
0.35 432.11 438.13 442.94 447.78
0.40 434.12 439.72 444.60 449.74
0.45 435.76 441.44 446.22 451.54
0.50 437.00 442.97 447.56 452.65
0.55 438.54 44418 449.12 454.38
0.60 439.74 445.80 450.21 455.46
0.65 440.90 446.84 451.39 456.64
0.70 441.85 448.01 452.53 457.83
0.75 443.02 449.17 454.06 459.40
0.80 444.18 450.64 455.25 460.61

cortesponding 1o th same g T®)

degree of conversion at different =3 K min™' p=5K min~" f=7K min™' p=10K min~"

heating rates for [Sm(m-

MOBA);bipy],-H,O (Stagell) 0.15 449.94 457.45 460.95 466.19
0.20 453.78 461.38 465.21 469.94
0.25 456.92 464.35 438.29 473.21
0.30 459.33 467.27 471.03 475.72
0.35 461.61 469.35 473.52 478.42
0.40 463.76 471.55 475.54 480.56
0.45 465.54 473.51 477.77 482.58
0.50 467.54 475.3 479.15 484.07
0.55 469.12 477.13 480.97 485.87
0.60 470.72 478.50 482.57 487.22
0.65 472.21 479.84 483.84 488.50
0.70 473.72 481.43 485.39 490.12
0.75 475.22 482.70 486.60 491.36
0.80 476.65 484.32 488.11 492.57
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:i"r‘lgifclg)argi‘;zra:‘lc";n?gﬁz by In(B/H(X)) vs. 1T In(B/hx)T) vs. 1T Starink
the iterative method and the A (10'%/min™1) E (kJ mol™!) A (10"%/min™h E (kJ mol™!) E (kJ mol™!)
Starink method for [Sm(o-
MOBA);bipy],-H,O (Stagell) 0.15 6.95 115.61 6.93 115.10 115.19
0.20 4.88 114.38 4.86 113.87 113.98
0.25 6.81 115.53 6.78 115.02 115.13
0.30 8.25 116.24 8.22 115.73 115.83
0.35 8.33 116.28 8.30 115.77 115.87
0.40 11.84 117.55 11.79 117.04 117.14
0.45 11.75 117.56 11.70 117.05 117.15
0.50 21.04 119.64 20.96 119.12 119.22
0.55 14.18 118.29 14.12 117.77 117.87
0.60 30.19 121.06 30.07 120.52 120.62
0.65 31.61 121.25 31.48 120.72 120.82
0.70 22.97 120.12 22.88 119.59 119.70
0.75 10.03 117.21 9.99 116.70 116.81
0.80 12.32 118.06 12.27 117.54 117.65
Average 14.37 117.77 14.31 117.25 117.36
E;';ifcll)lar;}:;gj‘:“ce:n‘l’gﬁz by In(B/H(x)) vs. T In(BMhx)T>) vs. UT Starink
the iterative method and the A (10'%/min™") E (kJ mol™") A (10"*/min™h E (kJ mol™") E (kJ mol™!)
Starink method for [Sm(m-
MOBA);bipyl,-H,O (Stagell) 0.15 3.64 123.79 3.62 123.25 123.35
0.20 6.07 125.68 6.05 125.12 125.22
0.25 7.86 126.62 7.83 126.06 126.17
0.30 8.21 126.77 8.18 126.22 126.32
0.35 4.89 124.81 4.87 124.26 124.37
0.40 7.38 126.39 7.36 125.84 125.94
0.45 4.99 124.91 497 124.36 124.47
0.50 22.18 130.64 22.10 130.07 130.17
0.55 16.88 129.62 16.81 129.05 129.16
0.60 29.39 131.76 29.27 131.18 131.28
0.65 64.47 134.80 64.21 134.21 134.31
0.70 64.64 134.87 64.38 134.27 134.37
0.75 151.17 138.19 150.56 137.58 137.69
0.80 268.53 140.48 267.47 139.86 139.95
Average 47.16 129.95 46.98 129.38 129.48
:;z:fleizrszl}etﬁgefglg‘iﬁ?:mlc Complexes B(Kmin")  AH* I mol™) AG* (& mol™") AS* Umol 'K Tp(K)
complexes [Sm(o-MOBA); 3 113.83 115.90 —4.68 442.78
bipyl,-H,0 5 113.80 115.92 —4.74 445.68
113.74 115.95 —4.87 453.01
10 113.70 115.98 —4.98 458.78
Average value 113.77 115.94 —4.82
[Sm(m-MOBA); 3 125.72 123.52 4.63 474.74
bipylH,O0 5 125.66 123.49 451 482.00
7 125.63 123.47 4.43 486.44
10 125.59 123.45 436 490.37
Average value 125.65 123.48 4.48
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AS*(J mol ' K™') is the entropy of activation. The values
of entropy, enthalpy and the Gibbs free energy of activation
at the peak temperature obtained on the basis of Eqs. 6-8
are listed in Table 12. The values of AG”™ > 0 for the two
complexes indicate that their decomposition reaction are
not spontaneous reactions.

Conclusions

The two samarium complexes of [Sm(o-MOBA);.
phen],-H,O and [Sm(m-MOBA);sphen],-H,O were syn-
thesized. The mechanism function of the second-stage
decomposition reaction of the two complexes are
Goy=1—-(1—-)"" -0, ley=1 and G) =1 —
(1 - oc)”z,f(oc) = 2(1 — o)"%. The activation energy E are
117.51 kJ mol ™", 129.66 kJ mol ' and the pre-exponential
factor A are 14.34 x 10> min~', 47.07 x 10"> min~",
respectively. The enthalpy of activation AH”, the Gibbs
free energy of activation AG” and the entropy of activa-
tion AS” at the peak temperature were also obtained.
Moreover, the values of AG” > 0 for the two complexes
indicate that their decomposition reaction are not sponta-
neous reactions.
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