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CHARACTERIZATION OF SOME MIXED COMPLEX
COMBINATIONS OF Ni(ll) WITH PICOLINES FROM
THERMOGRAVIMETRIC DATA

N. Hurduc and L. Odochian
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(Received November 23, 1982; in revised form April 22, 1983)

New mixed complex combinations of Ni(ll) with v and g-picoline were synthesized
and characterized by means of thermogravimetry under dynamic temperature conditions.
The formation of these complex combinations was confirmed, the structure-thermostability
dependence was established, and a mechanism for the thermal degradation was proposed.

In previous papers [1—3] the thermal behaviour of some complex combinations of
the type NiX3 L4, where X denotes Cl or Br and L = ¥y or -picoline, was studied under
dynamic temperature conditions. The decomposition was found to proceed stepwise,
which suggested the possibility of preparing complex combinations of Ni{ll) with both
7v- and f-picoline.

Experimental

Complexes of the types NiXyf and NiXy were separated thermally and new
complexes were synthesized by treating them with - and -picoline, respectively.
The separating temperatures, depending on the natures of X and L, were established
from the thermogravimetric data. The synthesis procedure and the temperatures for
the complex separations are given in the following scheme:

NiXoLg

NiClpy83 +«2— NiClyy 48~ NiClzf —+ NiClzBys

«2200

0@\ NiXaL (g5
. 8 . V \ . Y, g
NiBroyB3 «— NiBray NiBryf — NiBraofy3

The complex NiXsl, was submitted to dynamic heating at 10 deg/min until the

formation temperature of NiX,L was reached. The separating complex was treated
with a picoline excess. The complexation with 7y-picoline was performed by stirring
for 30 minutes at room temperature. The complexation with B-picoline takes place
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under heating. The complex + picoline mixture was heated for 30 minutes in a flask
provided with a reflux condenser. The complexes were separated by filtration and then
washed with ethyl alcohol and ether.

Four mixed Ni-picoline complexes were synthesized and characterized by thermo-
gravimetry. The analyses were performed on a MOM-Budapest derivatograph with
recording of the weight losses (TG), the derivative (DTG), the differential thermal
analysis (DTA) and the temperature increases {T). The thermal curves were recorded
in air at a heating rate of 10 deg/min. In order to obtain comparable data, the same
sensitivities for TG (10 mg), DTG (1/10) and DTA (1/10) and sample weight of

about 100 mg were maintained.

Results and discussion

The thermal curves were recorded under the above conditions for the mixed com-
plex combination and for the parent complexes of Ni(ll) with 7y-picoline and

B-picoline, respectively.
The DTG and TG curves of NiClay3f and NiClyy4 are depicted in Fig. 1.
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Fig. 1 DTG and TG curves of NiCliyvg (1) and NiClyv38 {2)

J. Thermal Anal. 28, 1983



HURDUC, ODOCHIAN: MIXED COMPLEX COMBINATIONS

13

—
NiClyf, NiCi, NiBry g, = NiBr,
1 3 1 &f=
> V9 5 £ z
£ o z =z [ - [
- z Py S~ o ~
5 ~ % € <
g g 5 h oo
S | Ml ZoZ N% | NiBrg & & e,
S ! "\\ l’ % ; B - g’é‘\# o=
\ ’ '~ N ZE S YY)
N Nald hd
v WS
[N z
Ve
(¥
o -~‘\
EN \\ o pmm—————
2 \ E
z \ 8
5| [oms \ z Jromg
o
H \ ‘c;n
[}
\ 2z
]
[}
1
)
\
\
\ “
1 | L 1 L ] L 1l [
100 200 300 400 500 100 200 300 400 500
Temperature °C Temperature ,°C

Fig. 2 DTG and TG curves of NiCly84 (1)
and NiClyv83 (2)

Fig. 3 DTG and TG curves of NiBryvg (1)
and NiBr,gy3 (2)

The differences in thermal behaviour suggest the presence of f-picoline in the
structure. The first degradation stage is identical for the two complexes, and is fol-
lowed by a new stage for NiClyy4 and by two stages for NiCloy3f. These stages are
characteristic of the thermal degradation of the complex combinations of the type
NiClof.

The complex NiCloyB3 differs from NiClyB4 by superimposition of the first two
stages in the case of the mixed combination; this suggests the presence of y-picoline
in the molecule {Fig. 2).

Similar results were obtained for the mixed combinations containing bromine.
In the case of the complex NiBryfy3, the appearance of the stages specific for the
thermal degradation of NiBro8 confirms the existence of this new compound (Fig. 3).

The complexes NiBryf4 and NiBrayB3 differ in the shapes of the DTG and TG
curves, which confirms the composition modifications of the molecule, that is the
presence of y-picoline (Fig. 4).

The thermogravimetric characteristics are listed in Table 1.
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Fig. 4 DTG and TG curves of NiBrygs (1) ar! NiBryyss (2}

Table 1 Thermogravimetric characteristics of the complex combinations

Woo, %
NiXaLg o"erla:;s‘::'ght step | step 11 step 111 step IV

calc. found calc. found «calc. found cale. found calc. found
NiCl,84 7430 7338 37.13 3468 1858 1935 6.19 6.45 1238 1290
NiCl3v4 74.30 7236 6573 5447 1858 17.88 - - - -
NiClafy3 7430 7377 55.73 5532 6.19 6.14 1238 1229 - -
NiClxv83 7430 7357 55.73 5528 6.19 6.09 1238 12.19 - -
NiBro84 63.01 6000 3148 30.00 1575 14.16 5.24 541 1050 10.41
NiBravg 63.0t1 6250 3148 3125 1675 15.27 1575 15.28 - -
NiBryfys3 63.01 59.37 3148 2969 1575 1458 524 4.68 1050 1041
NiBryv83 6301 6250 3148 3125 1575 1528 524 555 10.50 10.42
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The overall weight losses, as well as those observed for individual decomposition
stages, confirm the existence of the mixed complex combinations and suggest the

following thermal degradation mechanism:

NiClgB4 — NiClyfy —— NiClof  — NiClyf;3 — NiCly

NiClayg —— NiClyy
NiClgfysz — NiCl,8
NiClav83 — NiClyp

NiBrgfyz —— NiBryfy — NiBry8
NiBrgy83 — NiBryfz — NiBryf

— NiCly
—— NiClafig;3 — NiCl3
— NiClafiz;3 — NiCly
NiBrafiy —— NiBrpfy — NiBryf8
NiBrgv4 — NiBryys — NiBray

~—= NiBrgfig/3 — NiBra

— NiBrq

~—NiBrpfia;3 —* NiBry

— NiBrpfiz/3 — NiBry

In order to establish the structure-thermostability dependence, the energy of
activation was estimated by means of the Freeman—Carroll [4] differential method

{Table 2).
Table 2 Energies of activation of the decomposition
steps
Energy of activation, kJ/mol
NiX,Lg
step | step il step il step IV

NiCl,84 76 148 225 178
NiClyvas 70 172 - -
NiCl, 873 88 287 191 -
NiClyB837 87 370 231 -
NiBryf4 87 294 383 266
NiBryva 84 191 159 -
NiBryv83 80 478 - 357
NiBryfv3 96 382 151 410

The energies of activation for low conversion degrees indicate an increased thermo-
stability of the mixed complex combinations in comparison with the parent NiXalLg4
complexes. A significant increase in the activation energies of the intermediates is

alsa observed.

The application of thermogravimetry under dynamic temperature <onditions al-
lowed the synthesis of new complex combinations, as well as the establishment of the

structure-thermostability dependence.
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Zusammenfassung — Neue gemischte Komplexkombinationen von Nilll) mit y- und g-Picolin
wurden synthesisiert und thermogravimetrisch charakterisiert. Die Bildung dieser Komplexe wurde
nachgewiesen, die Abhangigkeit zwischen Struktur und Thermostabilitat ermittelt und ein Mecha-
nismus fir den thermischen Abbau vorgeschlagen.

Pestome — CUHTE3MPOBaHL! U TEPMOTrPABUMETPUYECKN OXapPaKTepn30BaHLl B YCNOBURX AUHAMN-
4eCcKOW TemMnepaTypbl HOBLIE CMELaHHbIe KOMMNEKCh ABYXBANeHTHOrO HWUKENA ¢ y- ¥ f-nuko-
nusom. loaTeepwkAeHO 06pa3oBaHne 3TMX KOMGMHMPOBAHHLIX KOMNNEKCOB, YCTaHOBneHa
3aBMCMMOCTE TEPMOYCTOMUMBOCTY #X OT CTRYKTYDbI U NPERNOMXEH MEXaHU3M TePMUYECKOrO
Pa3noXeHnA.
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