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On the basis of decomposition temperatures and infrared
spectra, cadmium(II) and lead(II) bissalicylaldoximates were
considered to have trans and cis structures, respectively.

In the first stage bis(salicylaldoximato)cadmium(II) de-
composes thermally like bis(salicylaldoximato)lead(II), with
one ligand molecule leaving, but the intermediate is un-
stable and immediately decomposes further. The oxidation of
the end-product is a rapid, exothermic reaction, probably
catalyzed by cadmium metal. The mass spectrum of (C7H6O2N)2Cd
points to a different decomposition scheme than that elucidat-
ed through the pyrolysis decomposition products. This may be
due to a catalytic effect of the ionization chamber. The
thermal properties of (C7H502N)Cd support the preceding views.

TG curves showed.the decompositions of mono(salicyl-aldoxi-
mato) lead(II) and the intermediate of bis(salicyl-aldoximato)
lead(II) to be similar. The mass spectra of the chelates con-
firmed the formation of the same polymer (m/e 222) in both
decompositions. Only the mass spectrum of (C7H502N)Pb ex—
hibited the molecular peak m/e 343. The decomposition schemes
of the lead(II) salicylaldoximates were therefore elucidated
more exactly. The metallic lead seems not to catalyze the

oxidation of the organic part.

Rather scanty information on cadmium/II/ and lead/II/ sal-
icyl-aldoximates is to be found in the literature. Ammann [1]
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140 LUMME: STUDIES ON COORDINATION COMPOUNDS

mentioned that cadmium could not be precipitated as a salicyl-
aldoximate from neutral agueous solution. However, cadmium/II/
salicylaldoximate was precipitated from a sodium acetate-con-
taining solution. According to Ammann [1l] lead/II/ salicylal-
doximate would not form at all. Some investigators have tried
to extract salicylaldoximates with benzene or chloroform [2,3].
Dahl [2] concluded that lead/II/ salicylaldoximate was extract-
ed completely from buffered aqueous solutions at pH 7.5 to 9.
More than 90% of cadmium/II/ salicylaldoximate was not extract-
ed until high pH.

Monosalicylaldoximates are virtually unknown in the litera-~
ture. In one investigation, however, mono/salicylaldoximato/
zinc/II/ was formed when the reagent was used in 20% excess [4].

The thermal behaviour of several divalent metal salicylald-
oximates has been studied by Duval [5], Lumme [6]1, Liptay et al.
{7] and recently by Lumme and Korvola [8]. Duval [5] described
the pyrolysis of lead/II/ salicylaldoximate and Lumme [6] also
studied lead/II/ and cadmium/II/ salicylaldoximates thermogravi-
metrically, besides other salicylaldoximates, and showed that
monosalicylaldoximates were formed as intermediates in the therm-
al decompositions of bissalicylaldoximates [6,8].

In the present work we have studied the thermogravimetric
decomposition of cadmium/II/ and lead/II/ mono- and bissalicyl-
aldoximates. The studied chelates were synthetized and their
thermal decompositions were elucidated by analyses of the de-
composition products and stable intermediates. Gas chromato-
grams and mass and infrared spectra were used for this. The e-
lucidation of the cleavage products, however, is more uncertain
than when a direct thermal balance - mass spectrometer systemis
used. The intermediates may react with the solvent or change in

other ways before analysis.

EXPERIMENTAL

Reagents, syntheses and analyses of the compounds

Potentiometric titration curves of salicylaldoxime in aque-
ous potassium chloride [9] and alcohol solutions showed that
ionization of the phenolic OH group takes place at approximately
J. Thermal Anal. 25, 1982



LUMME: STUDIES ON COORDINATION COMPOUNDS 141

between pH 8 and 10 and that of the aldoxime group at pH 10 to
12. Therefore, the ligand was ionized to an extent of about
85% in each case with an exact quantity of sodium hydroxide
solution.

Bis/salicylaldoximato/cadmium/II/. To 2.0 g /0.0143 mol/ of
salicylaldoxime /[pro analysi 98%/, Merck/, 122.46 ml of 0.1012

M NaOH /0.01239 mol/ was added with stirring. Then 1.4159 g
/0.00614 mol/ of CdC12'2,5H20 /99.1%, Noury-Baker, N.V./ dis-
solved in a little water was added. The chelate and bisfsalicyl-

aldoximato/cadmium/II/ precipitated immediately, and was filter~
ed off, washed with water and dried for 3-4 days in a desiccat-
or.

Bis/salicylaldoximato/lead/II/. /C7H602N/2Pb, was prepared in
the same manner from 2.0 g of salicylaldoxime, 2.0534 g [/0.00617
mol/ of Pb/No3/2 /pro analysi [/99.5%/, Merck/ and 122.46 ml of
0.1012 M NaOH. The filtrate was weakly acidic /ph 5-6/.

Mono/salicylaldoximato/lead/II/ was prepared accordingly from
2.0 g of salicylaldoxime, 4.829 g /0.0145 mol/ of Pb/NO3/2 and
289.17 ml of 0.1009 M NaOH /0.02917 mol/.

Cadmium hydroxide is known to precipitate [10] from about

PH 8-9, whereas the pH of a solution of totally ionized salicyl-
aldoxime is above this. Therefore, mono/salicylaldoximato/cad~-
mium/II/, /C7H502N/Cd, was prepared by dissolving 1.3714 g
/0.01 mol/ of salicylaldoxime in 20 ml of ethanol, adding 18.40
ml of 1.087 M NaOH /0.02 mol/ and then 2.2836 g /0.0l mol/ of
CdC12'2.5H20 in 20 ml of water. The solution was heated for one
hour. 60 ml of conc. ammonia was added to dissolve any Cd/OH/2
possibly formed. The mixture was evaporated to 1/3 of its vol-
ume, during which the ammonia escaped and the yellowish chelate
precipitated and was handled as above.

The metal contents of cadmium/II/ and lead/II/ bissalicyl-
aldoximates were determined electroanalytically [11]. The chel

ates were dissolved first in 6 M HNO a small amount of 30%

3’
H202 being added if needed; the residual hydrogen peroxide was
evaporated off and the solution was neturalized with NaOH. The

analysis procedure was then followed. J. Thermal Anal. 25, 1982
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The electroanalytical method was not suitable for the de-
termination of the metal contents of the monosalicylaldoximates
possibly done to the disturbing effect of the organic part of
the chelates. Therefore, the metals were titrated complexo-
metrically with EDTA [12]. The cadmium titration was performed
at pH 10 with eriochrome black [Merck 3170/ as indicator and
0.01 N EDTA solution as titrant. The colour of the solution
turned from violet to blue. For lead titration the buffer-in-
dicator tablets Merck 8430 were used; 5 ml conc. ammonia was
added and the sample was titrated with EDTA solution at pH 10
from wine-red to blue. The reproducibilities of the metal anal

yses for the bissalicylaldoximates were + 0.15% /Cd/ and +0.03%
/Pb/, and for the monosalicylaldoximates + 0.10% /Cd/ and
+ 0.33% /Pb/. The results are collected in Table 1.

The carbon, hydrogen and nitrogen contents of the chelates
were determined by micro combustion analyses. These results

are also shown in Table 1.

Table 1
Analytical data on the salicylaldoximates

Complex MW, Found, % Calculated, %

C H N Metal C H N Metal

(C7H602N)2Cd 384,67 41.83 2.85 7.18 28.83 43.71 3.14 7.30 29.22

(C7H602DJ)2Pb 479.46 33.50 2.26 5.74 43.83 35.07 2.52 5.84 43.22

(C7H 0o,N)Cd 247.53 27.43 2.08 4.37 46.50 33.97 2.04 5.66 45.41

572

(C7H502N)Pb 342,32 24.96 1.63 4.18 60.15 24.56 1.47 4.09 60.53

Apparatus and measurements

The TG apparatus was a Pisher TG2 System Series 100A
equipped with a Cahn electric balance, Model RG /connected to a
high vacuum pump Speedivac, Model 2S5C30/, a Cahn time derivat-
ive computer Mark II, which was calibrated with alcohol, and a

J. Thermal Anal. 25, 1982
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Watanabe Multicorder 1 mV three-pen recorder, Model MC 611, type
H, with chart speed system S 10. For the DTG curve recording
pen a self-made preamplifier should be used [13]. The tempera-
ture calibration was performed with an ice-water mixture. The
balance calibration was adjusted so that a paper width of 25 cm
corresponded to 10 mg. The TG and DTG curves were run on 8-10
mg of the compounds in Pt cups and in static air. The heating
rate was 2.4 or 5.0 deg min"L.

The DTA system was that described earlier [13] and was used
to verify the endo- or exothermic nature of the thermal pro-
cesses.

The mass spectra of the ligand and chelates were determin-
ed on solid samples through a direct inlet system on a Perkin-
Elmer mass spectrometer, Model 2708. The temperature of the

ionization chamber was kept at 100° to avoid the thermal de-

composition of the samples. The excitation energy varied from
40 to 60 eV. The heating was increased continuously and a spec~
trum was taken when the ionizing current showed the escape of
the sample from the glass capillary holder. The mass spectra
of the pyrolysis products were obtained by injection via the
gas chromatograph of the mass spectrometer [14]. A stainless
steel column 2 m in length filled with 3% OV-17 /methyl phenyl
silicone in a ratio of 50:50 as the stationary phase and 100/120
mesh Varaport 30 as the solid support/ at 140° and He /20 ml
min-l/ as carrying gas were used.

The pyrolyses of the chelates were performed using a modi-
fied Hamilton Multi-Purpose sampling [15]or a usual sand bath -
cold finger system [14]. The pyrolysis products were dissolved
in abs. ethanol and analyzed by taking gas chromatograms with a
Perkin-Elmer gas chromatograph, Model 990, and the mass spectra
with the mentioned mass spectrometer. In both cases an OV-17
column was used. Alcohol solutions of the solid decomposition
products were analyzed gas chromatographically in the same way.

The IR spectra of the ligand and chelates were run on a
Perkin-Elmer Model 457 grating infrared spectrophotometer at
4000~-250 cm—l. Potassium bromide disks were used, consisting
of 1-2 mg of the sample per 200-300 mg of potassium bromide

J. Thermal Anal. 25, 1982
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/guaranteed reagent "Uvasol", E. Merck AG./ dried for 4-5 hours
at 150°. The mixture, weighed in to a ball-mill, was milled
for 3-5 seconds in a vibrator /Wig L. Bug amalgamevibrator,
Crescent Dental MFG., Co., U.S.A./. The tablet was then pressed
from the powdered mixture in a hydraulic press [Perkin-Elmer ac-
cessories/ first at 0.5 to (1 to = 20 kp/cmz), connected with a
vacuum pump /Leybold Trivac 81/, and for the last 10 min at 10
to. As the reference a KBr tablet of equal thickness was used

[131.

RESULTS AND DISCUSSION

A. TG data

The TG curves for salicylaldoxime and cadmium/II/ salicyl-
aldoximates are shown in Figs. 1 and 2, respectively, and those
for lead/II/ salicylaldoximates in Fig. 3. 1In the following
discussion the results /weight loss percentages and tempera-
tures/ for a heating rate of 5 deg min--l are given first and

those for 2.5 deg min™ ' in brackets afterwards.

o

Weight change,mg
o

obe 1. il !
100 200 300 400
Temperature °C

Fig. 1. TG curve of salicylaldoxime in static air

atmosphere. - Heating rate 5 deg min_l.

J. Thermal Anal. 25, 1982
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1. Salicylaldoxime

The decomposition begins at about 860, with simultaneous
sublimation. The abrupt weight loss ends at about 165° and
the residue begins to oxidize. The final decomposition occurs

above 250° /Fig. 1/.

2. Cadmium(II) salicylaldoximates

Bis/salicylaldoximato/cadmium/II/ begins to decompose at
295° /2600/ when one salicylaldoxime molecule is left /curve 1,
Fig. 2/. The theoretical weight loss is 35.7%, but the TG curve
shows only 28% [29.6%/. This is obviously due to the decomposi-
tion of the evolved salicylaldoxime and all decomposition pro-
ducts have not left before the beginning of the evolution of the
second salicylaldoxime ion. The infrared spectrum of the inter-

mediate [Table 2/ points to this. In the reaction

(C N)ZCd — (C,H,O N)(CN)Cd-i-CGHGO2 /1,2-dihydroxybenzene/

71602 78692

jor C HGO + 0/

6
the theoretical weight loss is 28.6%. However, not 1,2-dihydroxy-

benzene, but l-hydroxybenzene was found in the mass spectyxrum.

3

Weight change, mg

| AT NN T B T -
100 200 300 400 500 600
Temperature °C

Fig. 2. TG curves of cadmium/II/ salicylaldoximates in
static air atmosphere. Heating rate 5 deg min—l.

Curve: 1, (C7H602N)2Cd; 2, (C7H502N)Cd.

J. Thermal Anal. 25, 1982
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The intermediate, primarily mono/salicylaldoximato/cadmium/II/,
is not so stable as that of lead/II/, and decomposes immediate-
ly. A rapid decomposition continues at 495° /4400/. Cadmium
obviously catalyzes the oxidation, in contrast to lead. The
theoretical oxide level /CdO/ is 33.4%, and that found from the
TG curve is 38.2% /35.9%/ at 600° fSOOO/. The results reasona-
bly parallel the earlier ones obtained with a Chevenard thermo-
balance for 340 mg of the compound [6].

A slow decomposition of mono/salicylaldoximato/cadmium/IT
begins at 90° /600/ and a rapid one at 450° /4000/. A value of
55.7% /53.2%/ is obtained for the oxide level above 6500, com~
pared with the theoretical 51.9% /curve 2, Fig.2/.

The analogy of the TG curves shows that mono/salicylaldoxy-
mato/cadmium/II/ is formed as an intermediate in the decomposi-
tion of bis/salicylaldoximato/cadmium/II/, although not so clear-
ly as the formation of the mono salt from bis/salicylaldoximato/
lead/II/.

The DTG curves exhibited only peaks correspodong to the
breaks in the TG curves of both cadmium/II/ salicylaldoximates.
The DTA curves showed the processes to be exothermic.

3. Lead(II) salicylaldoximates

Bis/salicylaldoximato/lead/II/ decomposes between 200° and
255° to mono/salicylaldoximato/lead/II/:

H,O,N

(C7H o] N)2Pb ~——> (ON=CH~C 4840,

602 H4—O)Pb + C

6
The weight loss is 24.1%, theoretically 28.6% fcurve 1, Fig.3/.
This intermediate was shown by IR spectrum to be indentical with
the synthetized compound (C7H502N)Pb. The weight loss between
353° and 370o was 2.7% [/3.7%/, corresponding to the escape of
one water molecule per two chelate molecules:

2 (C7H O,N)Pb —— (N=C-C

50, H-OPb)20 + H

i 0

6 2

The theoretical value is 2.6%. The further decomposition con-
tinues slowly from 438° and the oxide level /Pb0/ is reached at
700o /6000/. The residue was 50.8% [/47.3%/, theoretically 46.6%.
J. Thermal Anal. 25, 1982
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The results differ to some extent from those obtained with 350
mg samples of the chelate [6]. The mainreasons for the observ-
ed differences /in the temperature ranges/ are obviously the

reactions vessels used /Pt cup and porcelain crucible [6]/ and

the sample amounts /8.7 and 350 mg [6]3/.

3,

Weight change , mg
o]

L 1 L 1 L | -

L 1
100 200 300 400 500 600 700
Temperature ,°C

=

Fig. 3. TG curves of lead/II/ salicylaldoximates in static
alr atmosphere. Heating rate 5 deg min_l

Curve: 1, (C7H602N)2Pb; 2, (C7H502N)Pb.

Mono/salicylaldoximato/lead/II/ decomposes abruptly at 335°
/3100/ with a weight loss of 5.4% /3.3%/, corresponding to the
escape of one water molecule and one oxygen atom per two chelate
molecules /curve 2, Fig. 3/:

2 (C7H502N)Pb — (N = C-C H4—OPb)2 + Hy,0 + 0.5 0

6 2

The theoretical weight loss is 5.3%. The intermediate is sta-
ble between 345° and 435° and then decomposes slowly between
435° and 670° /600°/. The oxide level /PbO/ is 63.9%, theor-
etically 65.2%.

The DTG curves showed peaks corresponding to the weight
losses indicated by the TG curves, the final decomposition pro-
cess of mono/salicylaldoximato/lead/II/ in both cases /[curvesl
and 2, Fig. 3/ occurring in two steps. The DTA curves implied

that all processes are exothermic.

J. Thermal Anal. 25, 1982
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B. Gas chromatographic and mass spectrometric data

1. Salicylaldoxime

Mass spectra of salicylaldoxime were taken both via the
solid inlet and through the gas chromatograph in alcohol solu-
tion. The spectra were identical and showed the same mass peaks
as earlier [8]. The temperature-dependent loss of water from
the molecular ion is the main process [8]. When the tempera-
ture of the inlet system is lowered, the cleavage of water di-
minishes [16]. Under the ionization chamber conditions the
molecular ion of salicylaldoxime may probably undergo the
McLafferty rearrangement [8,17] to some extent, when an amine
would be the end-product.

Salicylaldoxime was also pyrolyzed in a sand bath - cold
finger system up to 320° to get a more trustworthy basis for the
explanation of the thermal behaviour of the metal salicylaldo-
ximates. The pyrolysis products dissolved from the cold finger
in alcohol were analyzed gas chromatographically. Mass spectra
were taken for each of the 5 peaks shown by the gas chromato-
gram [Fig. 4/. Peak number 5 appeared to be due to sublimed
salicylaldoxime itself; only a small amount of this is decom~
posed, but the proportion decomposed increases with temperature.

Solvent

- - Start
Fig. 4. Gas chromatogram of the condensed solid pyrolysis
products of salicylaldoxime pyrolyzed to 320°. Column:
stainless steel. Filling: OV-17. Own temp.: 140°. carrier
gas: He, 14 ml min 1. H.W.D.: 200°.
The compound /m/e 210/ yielding peak number 1 could not be elu-
cidated with certainty. The mass spectrum of peak number 2
showed it to be due to phenol. The mass spectra of peaks numbers
3 and 4 /salicylnitrile/ are presented in Fig. 5 and their

J. Thermal Anal. 25, 1982
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cleavage schemes in Fig. 6 and in ref. [8]. The compound cor-
responding to peak number 3 in Fig. 4 is most probably formed

< ool CH-NH,
o oH 122

Fig. 5. Mass spectra of the compounds due to peaks
numbers 3 and 4 /salicylonitrile/ in Fig. 4.

by the thermal loss of oxygen:

HO-N = CH - C.H,~OH —— HN = CH - C/H,-OH

after which the cleavage scheme presented in Fig. 6 is possible.

[::[CH-NHJ' " CH=NHT" _y cH,
= QL O
OH OH 0

mie 122 mie 121 m/e120
’—H' \AC;\\
~ b -OH
[y
+ /
7w C=N CH=N-OH
O ——=m/e93 @
OH
mie 94 mie 104 *
A\ %
hY
-H T
- +
U U m/e 75]
* H
mle 65 mie 66

Fig. 6. Fragmentation scheme of the compound due to peak

number 3 in Fig., 4.

The mass spectrum in Fig. 5, which differs from that presented
for benzaldoxime [16], confirms that the compound in question
J. Thermal Anal. 25, 1982
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is not benzaldoxime formed by the same process from salicylal-

doxyme.

2. Chelates and intermediates

In spite of the use of low ionization energies and ioniza-~
tion chamber temperatures, a complete mass spectrumwas obtained
only for one of the chelates, mono/salicylaldoximato/lead/II/.

In the mass spectrum of bis/salicylaldoximato/cadmium/II/
the highest peak was observed at m/e 28l. The compound contains
one N atom and may be N(CHZ—C6H3)3. This must be an adduct pro-
duct of the ligands lost in the decomposition of (C7H602N)2Cd
and does not contain cadmium at all, because the peaks m/e 281-
284 do not show the relative intensity relations /[about 3:2:4:1/
corresponding to the relative abundances of the cadmium isotopes

112-114 llGCd. This is further confirmed by the peak m/e

cd and
207 and its neighbours. The initial part of the spectrum also
shows salicylaldoxime (m/e 137) and its fragments (m/e 122, 119,
95) as cleavage products, but is additionally very complex,
pointing in the above direction. The decomposition of

(C,H,O

77672
from the described pyrolytic decomposition.

N)2Cd in the ionization chamber tehrefore seems to differ

Mono/salicylaldoximato/cadmium/II/ also decomposed direct-
ly; the mass spectrum showed only the mass peaks of salicyl-
aldoxime and is therefore not presented.

In the mass spectrum of bis/salicylaldoximato/lead/II/
/Fig. 7/, however, the mass peaks of the thermogravimetric de-
composition products of the lead/II/ chelates were observed:
the mass peaks of salicylonitrile (g/g 119) and phenol (m/e 94),
the most stable products.

The mass spectrum of mono/salicylaldoximato/lead/II/ only
showed the molecular ion peak at m/e 343 /Fig. 7/. The rela-
tionship between the relative intensities of the peaks m/e 341~
343 is 1:1:2, corresponding to the relative abundance ratio of

206-208py,  1he mass peaks of the suggested

the lead isotopes
polymer m/e 222 and its possible degradation products are also
seen in the spectrum. The early part of the spectrum includes

mass peaks of salicylaldoxime fragments.

J. Thermal Anal. 25, 1982
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The mass spectrometric decomposition of the lead chelates
corresponds well with the pyrolytic decomposition. However, the
compounds with mass numbers m/e 122 and 210 found among the pyro-

lysis products are not observed ih the mass spectra of the lead

chelates.
i
2 100 %
= 8 (C;HgON), Cd
60
207
2 281
20 137 191 L
VI T B I N A R B A
, 60 80 100 120 140 160 180 200 220 20 260 280
9t mie
52 100 19
= (C7HgO,N), P
60
20 222
IV | P VY T BT I A -
00 120 140 160 180 200 220
mle
2100 (€7HeO NI Pb
60
Me
122
a 07 343
20 139 164168 209

160 180 200 220 260 280 320 340

mle
Fig. 7. Mass spectra of (C,H,O,N),Cd, (C.H,O,N),Pb
7 2 77672772

6 2
and (C7H502N)Pb.

240 300

Bis/salicylaldoximato/cadmium/II/ was pyrolyzed up to the
end-temperature of the escape of the first ligand molecule, 350°
/curve 1, Fig. 2/. The pyrolysis products condensed on the cold
finger were dissolved in alcohel and gave the gas chromatogram
in Fig. 8.

The mass spectrum of peak number 1 of the gas chromatogram
/Fig. 8/ revealed that the compound is the same as in the case
of the lead chelate (m/e 210 in Figs. 11 and 12).

The mass spectrum of peak number 2 of the gas chromatogram
/Fig. 8/ is seen in Fig. 9. The spectrum contains the peaks of
phenol (m/e 94) and salicylonitrile (m/e 119), and two peaks at
m/e 128 and 130, which remain unknown. The compounds must have
been formed from fragments of salicylaldoxime.

Peak number 3 in Fig. 8 is due to the compound whose frag-

mentation is presented in FPig. 6. Salicylonitrile caused peak

J. Thermal Anal. 25, 1982
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The amount of the compound due to peak number 5 was

number 4.
Salicylaldoxime initiated

too low for a good mass spectrum.

peak number 6 in Fig. 8.

Solvert

Start

8. Gas chromatogram of the condensed solid pyrolisis

2N)2Cd pyrolyzed to 350°. Drive condi-
1 ana #.w.D. 250°.

Fig.
products of (C7H60
tions as in Fig. 4, except He 20 ml min

601

86 g 19 128

| T
20 40 80 80 100 120 140
mle

Mass spectrum of the compound due to peak number

20—

Fig. 9.
2 in Fig. 8.

As gaseous decomposition products of bis/salicylaldoxima-
to/cadmium/II/, only CO2 was found. Its amount remains almost
constant to 2000, but increases abruptly to the end of the e-
scape of the first salicylaldoxime molecule, then decreases, but
after about 300° it increases steeply again, indicating the
final oxidation of the chelate.

The compound with mass number m/e 130 was found as the only

solid pyrolysis product of mono/salicylaldoximato/cadmium/II/.

J. Thermal Anal. 25, 1982
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As gaseous pyrolisis product again only CO, was observed, but

at 200° the increase of the evolution poinied to the escape of
possible impurities from the chelate. The final decomposition
occurs above 3000, as expressed through the abrupt escape of
CO2 .

A summary of the thermal and mass spectrometric decomposi-—
tion processes of (C7H6O2N)2Cd on the basis of the above results

is presented in Fig. 10.

@ECH=N0H
e mie 137 SHN
-t - 0
O\- /‘N:C .Cd
“HO M
“

©/CH=N—NH—CH2
mie 210 \©
¥ v \ m/e 207
CH;-NH, @ CzN
OH OH ©:OH

mie123 m/e 94 mie 19

Fig. 10. Combined mass spectrometric and thermal
N)zcd.

-
€O, +CdO

4
N(CH, CgHy);  fragments of
salicylaldoxime
mie 281

decomposition scheme of (C.H,O

77672

The pyrolisis of bis/salicylaldoximato/lead/II/ was per-
formed to the end-temperature, 2500, of the loss of the first
molecule of salicylaldoxime /curve 1, Fig. 3/. Mass spectra
were taken from each peak of the gas chromatogram /Fig. 11/ of
the alcohol solution of the solid pyrolisis products.

[Solvent

- | Start

Fig. 11. Gas chromatogram of the condensed solid pyro-
lises products of (C7H602N)2Pb pyrolyzed to 250°. Drive
conditions as in Fig. 4, except own temp. 130°.

J. Thermal Anal. 25, 1982
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The compound producing peak number 1 /Fig. 11/ is obvious-
ly the same as that due to the first peak of the gas chromato-
gram /Fig. 4/ of the pyrolysis products of salicylaldoxime. The
mass spectrum is given in Fig, 12, and its fragmentation scheme
[18] in Fig. 13. The mass spectrum of peak number 2 in Fig. 11
showed it to arise from phenol. The mass spectra of the peaks
numbered 3, 4 and 5 in Fig. 11 demonstrated that they are due
to the compound m/e 121 /Figs 5 and 6/, salicylonitrile and
salicylaldoxime, respectively.

133

89

77

105

7 M
59 ﬂ ‘| 19 M 210

L hlu Lkl [ | L - i I |

40 80 80 100 120 140 200 220

m/e
Fig. 12. Mass spectrum of the compound due to peak

number 1 in Fig. 1l.

[::],CH=N—NH-CH1 T '[::j CH=N-NH-CHg|
@ mie77 " ©/
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szHz

4
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caNl' LA CH=NHI'
©/ <ﬂ ©/ m/e 59
m/e 103 m/e 105
“NH,
l—HCN i—CHzN'
g o O
mle 76 m/e 77 m/le 83
Fig. 13. Fragmentation scheme of the compound m/e 210.

From a comparison of the gas chromatograms in Figs. 4, 8
and 11 it is seen that among the evolved pyrolysis products of
salicylaldoxime the ligand itself accounts for a predominant
part, whereas in the case of the metal chelates its dominance
is much lower. This stems from the higher pyrolysis tempera-
tures of the latter.
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The mass spectrum obtained via the solid inlet from the
decomposition product evolved at 370° in the TG curve in Fig. 3
is given in Fig. 14. The compound is obviously a polymer form-—
ed through fusion of two salicylaldoximes, with molecular for-
mula C,,H, N,O (m/e 222). This compound is also cbserved in the
mass spectra of both lead/II/ salicylaldoximates taken directly
from the chelates via the solid inlet of the mass spectrometer.
A further comparison of the mass spectra in Figs. 7 and 14 re-
veals that besides m/e 222 the spectra of the mono/salicylal-
doximato/lead/II/ chelate and the polymer both include mass
peaks at m/e 139, 164, 194 and 197. The peaks at m/e 91, 94

and 119 are observed in all spectra.

187

1%
8
]

60 168 194 222

L 19
o 91 % l 139 l l
L l Y | [ .
40 60

80 100 120 140 160 180 200 220
mle

Fig. 14. Mass spectrum of the condensed sclid decomposi-
tion product of (C7H602N)2Pb at 375°. Product washed with
alcohol, solid inlet.

N
o

Experiments showed that CO2 begins to escape in greater

amount from (C N)2Pb above 2500, suggesting that oxidation

77692
starts only during the process shown between 370° and 670°
Jcurve 1, Fig. 3/ when the mentioned polymer also decomposes.

In the pyrolysis of mono/salicylaldoximato/lead/II/, phenol
with m/e 94 appeared to be the only solid product on the cold
finger. In this case too the abrupt evolution of CO2 after 210°
pointed to a similar end-decomposition as for bis/salicylaldoxi-
mato/lead/II/.

The combined decomposition scheme of bis/salicylaldoxima-
to/lead/II/ may be presented on the basis of the preceding con-

clusions as given in Fig. 15.

C. Infrared spectra

The infrared spectra of the synthetized bis chelates in the

J. Thermal Anal. 25, 1982
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spectral range 1650~350 cm-l are given in Fig. 16. The observ-
ed absorption bands of the prepared compounds and isolated therm-
al decomposition intermediates with their suggested assignments
are collected in Table 2. In the following the spectra are dis-
cussed, as divided into the ranges 4000-2000, 2000-900 and 900-

1
CH=NOH
HOH HO H @OH H

250 cm .
{

. CN
PN :@ mie 137 @: 0 (mie 343)
0 Y mie 130 o-Fb
-~ l
CH=N-NH - CH, @ @
@) @

mie 210
4 1 C|4H10NZO mie 222
g, oG o "
OH OH OH
mie 123 mie 94 mfe 119

Fragments of salicylaldoxime +
+C0z + mie 164,168 ,194,197

Fig. 15. Combined mass spectrometric and thermal decompo-

sition scheme of (C7H60 N)ZPb.

o

2

- 1 1 ‘ L ‘ [ ‘ ] | & | I
1600 1400 1200 1000 800 600 400

em-!
Fig. 16. IR spectra of (C7 6 1 7H¢0,

the range 1650-350 cm .

N) Cd and (C,H_.O N)2Pb in

Curve: 1, (C7H602N) Cd. The trans structure.

2, (C HGOZN)ZPb' The cis structure.
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1. Synthetized chelates

Range 4000-2000 cm Tt

The OH stretching and CH vibrations of the benzene ring ap-
pear in this range /[Table 2/. The broad OH stretching band at
3380 crn-l indicates the inter- or intramolecular hydrogen bond-
ing O...H-0- and N...H-O0- of the ligands [19,20]. The hydrogen
bond further causes a broadening and displacement of the band to
lower frequency [191. The OH stretching vibrations of the oxime

1

group usually appear above 3500 em - [21]1. 1In the spectrum of

(C7H6O2N)2Cd an interesting stretching vibration band of the
free OH group is seen at 3500 cm_l. This shows that the cadmium
chelate does not have as strong an intermolecular hydrogen bond
0...H~-0 as the lead chelate, the spectrum of which does not con-
tain the band at all.

The spectra of the monosalicylaldoximates in Table 2 show
traces of OH vibrations, possibly due to moisture, at 3420 cm_l.
The CH stretching vibrations of the benzene ring [2la] appear in
all spectra at 3000-3100 cm—l.

chain are probably just under 3000 cm

The CH vibrations of the carbon
L (Ref.[21al, p. 14).

Range 2000-900 cm

This wavelength range contains the different C=N, C-O and
N~-O vibrations and the benzene ring vibrations. In the spect-
rum of salicylaldoxime /Table 2/ the T=N vibration [22] appears
at 1615 cmnl (Ref. [21], p.53) and the C=C vibration at 1573
cm-l (Ref. [2lal, p.79).

The IR spectrum of the product subliming at 220° from bis/
salicylaldoximato/lead/II/ was in other respects similar to the
present spectrum of salicylaldoxime and that of the Sadtler col-
lection /Sadtler Catalog, IR spectrum No. 21072K [1971//, ex-
cept that the OH hand at 3400 cm_l was weakened considerably and
a sharp, medium band appeared at 1602 cmnl, which is seen very
strong in the spectra of all the salicylaldoximates /Table 2/.
This points to dimerizaticn of the sublimed salicylaldoxime
through condensation via the oxime hydroxylic groups. There-
fore, the band at about 1600 cm +

>C = N~O- vibrations in the spectrum of the salicylaldoxime

J. Thermal Anal. 25, 1982
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condensate, and to both >C=N-0- and »C=N-M- vibrations of
the chelates.

A stronger and a weaker ring vibration are observed at
1493 and 1470 cm_l, respectively (Ref. [21lal, p.8l). A strong
band at 1410 cm_l is due to the phenolic OH group. Bis/salicyl-
aldoximato/lead/II/ has a medium band at this wavelength /1388
cm—l/, but the others a weak or no band. The spectra of the
chelates containing two ligands show no considerable transi-
tions of the C=C and C=N bands. The bands of the spectra of
the monosalicylaldoximates reveal a clear transition to lower
frequencies.

The C-0 stretching vibrations [22] appear at 1350-1200 cm .
This spectral range is interesting because it may be used to
draw conclusions on the geometric isomerism of the chelates.
The cis isomerism causes splitting of the band in this range
[23]. A splitting of the 1312 and 1288 cm_l bands of salicyl-
aldoxime is observed in the spectrum of (C7H602N)2Pb as very
strong doublets at 1327, 1315 and 1282, 1268 cm_l, respectively,
but not for (C7H602N)2Cd [Fig. 16 and Table 2/. This fact and
the further bands at lower wavenumbers support the assumption
that the salicylaldoxime ions are coordinated in cis positions
to each other around the lead/II/ ion, whereas bis/salicylaldo-
ximato/cadmium/II/ has the trans structure. This would also
explain the strong intermolecular hydrogen bond in the lead/II/
chelate.

The bands between 1200 and 1050 cm © are due to the ortho-
-substituted benzene ring [19,24]. The N-O bond causes the
bands in the range 1050-900 cm_l (Ref. [247, p. 325). The band
splittings in this range, strong triplets at 1042, 1023, 1000
and 974, 963, 950 cm T

to/lead/II/ point again to the c¢is configuration [23].

, in the spectrum of bis/salicylaldoxima-

Range 900-250 cm—l

This range includes the bands of C-H vibrations of the ben-
zene ring and those of metal-nitrogen and metal-oxygen bonds. of
the chelates. Salicylaldoxime and the chelates have both a very
strong 3C=N-O band at 898-910 cm T
rations of the benzene ring at about 800-700 cm™

and the C-H deformation vib-

1 (ref. r[21a3,

J. Thermal Anal. 25, 1982
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pp. 74, 87). The strong band at 582 cmt in the spectra of all
chelates must be due to the metal=-oxygen bond [23]. The C=C
vibrations of the benzene ring appear at 470 cm_l for salicyl-
aldoxime and around 490 cm_l for the chelates (Ref. [24], p.
269). The strong band at 487 cm ! in the spectra of the lead/II/
chelates is especially distinct.

The bands due to the metal-oxygen bond vibrations are pro-
bably at 430-370 cm * [23]. The band is split into a triplet
for bis/salicylaldoximato/lead/II/ and into a doublet for the
other salicylaldoximates. The triplet /432, 405, 371 em 1/ of
bis/salicylaldoximato/lead/II/ again supports the cis configu-
ration of the chelate [23].

The position of the metal-nitrogen bond vibration is un-
certain, but the Cd-N stretching vibration band is probably at
553 cm_l and that of the Pb-N stretching band at 567 cm_l, if
not in the group of the Pb~0 vibration bands [19].

2. Intermediates

The thermal decomposition of (C7H N)2cd differs from

o}
that of (C7H602N)2Pb in so far as the6m§nosalicylaldoximate
was not confirmed as a pure intermediate at 400°, due to its
higher instability /Table 2/. The infrared spectrum of the
first intermediate formed in the thermal decomposition of
(C7H602N)2Pb:—1t255O verified it to be identical with the syn-
thetized mono/salicylaldoximato/lead/II/ /Table 2/. The micro
combustion analyses of the intermediate also confirmed the
identity /(C,HZO,N Pb) /intermediate at 370°/. Found: C. 24.00;
H, 1.47; N, 3.84. cf. Table 1/.

The spectrum of the intermediate obtained at 400° in the
decomposition of bis/salicylaldoximato/cadmium/II/ differs al-
most entirely from that of the synthetized mono/salicylaldoxi-
mato/cadmium/II/ /Table 2/. It shows a weak cyanide band at
2215 cm_l, pointing to some extent to the formation of a cad-
mium/IXI/ salicylaldoximate cyanide complex.

The spectra of the second intermediate /at 3700/ of bis-
/salicylaldoximato/lead/II/ and of the intermediate at 357° of
mono/salicylaldoximato/lead/II/ were similar, showing the strong

-C=N band at 2205 em™l., Both intermediates indicate a nitrile
J. Thermal Anal. 25, 1982



LUMME: STUDIES ON COORDINATION COMPOUNDS 163

bond /2205 cm_l/ and C=N and Pb-~0 bonds. The vibrations of the
benzene ring appear at normal places, 1472 and 1447 cm-l. The
C-0 vibrations around 1300 cm_l are seen as more weakly split.
The N-O vibration at 1000 cm“l
band at 858 cm t

presented alternatives of the compositions [25].

has disappeared. The strong
is assigned to the Pb-0 bond and supports the

CONCLUSION

During the preparation of the chelates it was found that
particularly cadmium/II/ forms chelates with difficulty. This
is due to the weak ionization tendency of the aldoxime hydroxy-
lic proton. Its ionization requires so high a pH that the me-
tal may be precipitated as hydroxide. The IR spectra and TG
curves of the chelates, however, showed the absence of metal
hydroxides.

The decomposition temperatures shown by the TG curves,
295° for bis/salicylaldoximato/cadmiﬁm/II/ and 200° for bis-
/salicylaldoximato/lead/II/, support fhe view that the former
has the trans structure and the latter the c¢is structure, be-
cause the cis form is in general observed to be thermally less
stable.

These conclusions on the structures of the chelates are
also based on the nature of the infré;ed bands of the chelates,
especially in the spectral ranges l330¥1260, 1050-1000, 910-
780, 760-720 and 440-370 cm T,

The difference in the configurations may in part be due to
the different thermal decomposition behaviour of bis/salicyl-
aldoximato/cadmium/II/ and lead/II/. ‘The first decomposition
period ‘generally corresponds to the escape of one salicyalal-
doxime molecule from the bissalicylaldoximates. This was con-
firmed in particular for bis/salicylaldoximato/lead/II/ by re-
cognizing the decomposition products of the salicylaldoxime and
lead/II/ chelate to be the same, the infrared spectra of the
intermediate and synthetized mono/salicylaldoximato/lead/II/ to
be identical, and from the micro combustion analyses results of
the intermediate. For the second ligand escape various results

were obtained by calculations from the TG curves. In this stage

o J. Thermal Anal. 25, 1982
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the lead/II/ salicylaldoximates were considered to decompose to
some extent differently. This conclusion is supported by the
IR and mass spectra of the intermediate at 370° in the TG curve.
The mass spectra of the lead/II/ chelates include the mass peaks
of a polymer, concluded to be C;,H,,N,0 (m/e 222).

The mass spectrum of mono/salicylaldoximato/lead/II/ was
the only one which showed the molecular ion peak (m/e 343) be-
sides the mass peaks of the ligand. The decomposition scheme
of the lead/II/ salicylaldoximates was therefore elucidated

more thoroughly depending on the stability of mono/salicylal-

doximato/lead/II/. Metallic lead seems not to catalyze the

oxidation of the organic part, in contrast to cadmium.
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ZUSAMMENFASSUNG -~ Aufgrund der Zersetzungstemperatur und der Infrarot-
spektrum werden Cadmium(II)- und Blei(II)-bisalicylaldoximate als Verbin-
dungen mit trans—- bzw. cis-Struktur angesehen. Im ersten Schritt wird Bis-
(salicylaldoximato)-blei(II) unter Abspaltung eines Ligandmolekiils zersetzt,
die Zwischenverbindung ist jedoch nicht stabil und zersetzt sich sofort
weiter. Die Oxydation des Endproduktes ist eine schnelle exotherme, wahr-
scheinlich durch metallisches Cadmium katalysierte Reaktion. Das Massen-
spektrum von (C7H602N)20d welist auf ein Zersetzungsschema hin, das sich
von dem aus den pyrolytischen Zersetzungsprodukten abgeleiteten unterschei-

det. Dies ist mdglicherweise auf einen katalytischen Effekt der Ionisa-
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tionskammer zurilickzufiihren. Die thermischen Eigenschaften von (C7H502N)Cd
unterstiitzen diese Auffassungen. Aus den TG-Kurven ist zu ersehen, dass

die Zersetzungen von Mono(salicylaldoximato)-blei(II) und des Zwischenpro-
duktes von Bis(salicylaldoximato)-blei(II) dhnlich sind. Massenspektren
der Chelate bestitigen die Bildung des gleichen Polymers (m/e 222) bei der
Zersetzung beider Verbindungen. Nur im Massenspektrum von (C7H502N)Pb tritt
der Molekularpeak (m/e 343) auf, Die Zersetzungsschemata der Salicylaldo-
ximate von Blei(II) sind deshalb genauer aufgekldrt. Metallisches Blei

scheint die Oxydation der organischen Komponente nicht zu katalysieren.

Pezwme - Ha ocHOBamuMM TeMIepaTyp DPas3JOXeHUd ¥ VHOPAKDACHHX CIe
KTpoB OHC-CATUMUISXBLOKCHMOB ILBYXBAIEHTHHX KAIMES ¥ CBUHIA CIe
JAHO BaKiXyerue, uTo o6a KOMILIEKCA HMMENT, COOTBETCTBEHHO; CT-
PYKTYypH C TpaHC~ B uuc-korduryparmed. lleppas crazusg TepMmuec=—
KOI'0 pasyOxeHMA KAIMHEeBOI'0 KOMIJEeKCa NoJo0Ha CBHHNOBOMY M
3aKANYAETCH B HOTepe OJHOHN MONEeKyAH JIWraHla, HO obpasywmufica
IPH 5TOM HOPOMEXYTOYHHH NPOLYKT HeycTOHUMB H Cpasy Xe pasxara-
ercd. OKHCIeHwe KOHEEUYHOT'O NPOJYKTa NPOTEXKaeT OHCTDO ¥, BOBMOX-—
HO, UTO BTa DKIOTEDMUUECKAA DPeaknHd KaTalH3upPYyeTCH MeTaAdnyec-—
KUM KajiMuem, Macc-CneKTp OuC-CanupuIalbIOKCHMA KAIMHA YKAZHBa-
eT Ha Npouecc palioxeHus, KOTOpuil OTAHYaerCcs OT TOTO, 4TO OHIO
YCTAHOBJIEHO Ha OCHOBE NHEPOJIU3A HNPOAYKTOB Pas3sJoXeHHA., 9TO MOXeET
6uTE OOYCHAOBIEHO KATANUTHUECKHM BIMAHWEM KOHH3AUMOHHON KAMEDH.
Tepmuueckrue CBOHCTBE MOHOCAJUIUAANLIOKCHME KaIMUA INIOATBEDPRIANT
NPeAuIyEEe MHeHMHA, TI'-KDUBHE IIOKARaA¥ HOJXOOHOCTHL pPaAsIOXeHud
MOHOCAJXIUAAIBIOKCHMa CBUHIEZ H IPOMEXYTOUHOI'O HPOILYKTZ Pasio-
XeBug OUC~CaNuOuIaNbIOKCVMa CBHUENA. Macc—CneXTpH 060uX XeJaToB
Ha 00pas0BaHME UPH MX DABJOXKEHUH TOI'0 X€ CAaMOTro IOJHMEpa ¢ Ma-
CCOBHM uucigoM 222, TOIXBKO MACC~CIEKTD MOHOCAJHIHIANbLIOKCUME
CBUHIA NOKa3HBAET NHK C MACCOBHM umncioM 343, l[losToMy cxemu
PasAoXeHEd CAJUNMIAALIOKCKMOB CBMHIA OHAW ompejeleHn 6ojee 70y
HO, OueBHIHO, UYTO MeTanJHyecKHl CEBHHEN He XaTajJu3upyeT OKHCIe-—
HHEe Oprasmyecko#l cocrazagomell KOMIIEKCAa.
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