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THERMAL DECOMPOSITION OF 2,2'-DIPYRIDYL AND 
4,4'-DIPYRIDYL COMPLEXES WITH RARE-EARTH 
EI.EMENTS IN AIR ATMOSPHERE 
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Institute of General and Ecological Chemistry, Polytechnieal University, 90-924 L6dz, Poland 

Abstract 

The present work provides data concerning thermal decomposition of 2,2'-dipyridyl(2-dipy) 
and 4,4'-dipyridyl(4-dipy) with rare-earth elements (Ln) based on literature and our own sustain- 
ext studies which comprised about 100 complexes. 
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Thermal decomposition of 2,2'-dipyridyl complexes with 
rare-earth elements 

The first data concerning thermal stability of 2,2'-dipyridyl complexes with 
Ln come from 1965. Hart and Laming [1] determined the temperature of de- 
composition of several 2-dipy complexes with LnX3 salts (X=CI-, NCS-, 
CH3COO-). The thermal stability of hydrated complexes is considerably lower 
than that of anhydrous complexes. For instance the temperature of decomposi- 
tion of CeCl3(2-dipy)2.H20 115-120~ whereas for YbCl3(2-dipy) it is 220- 
230~ A few years later Golub et al. [2] published data concerning 
Ln(SeCN)3(2-dipy)2.EtOH (EtOH = ethanol, Ln =La, Ce, Pr, Nd). According 
to these authors, the relatively high decomposition temperatures of these com- 
pounds (about 125-155~ indicate that EtOH is a component of the inner co- 
ordination sphere of the complex. Gradual deamination of 2-dipy complexes 
with Ln was first reported in 1966 [6]. The authors studied thermal decomposi- 
tion of Ln(NO3)3(2-dipy)2 complexes (Ln =Pr, Nd, Tm) and found out that en- 
dothermic changes related to elimination of 1 mole of 2-dipy occur the range 
200-375~ At temperatures exceeding 375~ an endothermic process begins, 
in which the second 2-dipy mole is released. Over the range 400-900~ nitrates 
are decomposed to form rare-earth oxides. Gradual deamination processes were 
also observed in the course of thermal decomposition of Ln(CH2BrCOO)3(2- 
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dipy) (Ln "-Nd, Er) [4]. Spacu and Antonescu [5] described thermal decompo- 
sition of LnX3(2-dipy).H20 (Ln=La--->Eu, Dy, Er; X=CCI3COO-, 
CHCi2-COO:, CH2CICOO-). At temperatures over 80~ water is released. An- 
hydrous compounds liberate 2-dipy at about 150~ At 210-240~ the forma- 
tion of rare-earth oxychlorides begins. In 1976, Eremin and Bondarenko [6] 
investigated thermal analysis of [Ln(NCS)4(2-dipyh].2-dipy-H complexes (Ln = 
Y, La, Sm, Eu). They found out that at 148-265~ 2 moles of 2-dipy and 1 
mole of HSCN are released and the remaining 2-dipy and 3 moles of HSCN are 
eliminated as the temperature increases to about 480-515~ Recent publica- 
tions concern thermal properties of the free 2-dipy and 2-dipy.HC1 [7]. The 
temperature of the endothermic effects connected with the release of 2-dipy and 
dissociation and release of 2-dipy.HCl is 201~ and 208~ respectively. Our 
study concerned the processes of thermal decomposition in air of 2-dipy com- 
plexes with LnX3 salts and Tm(NO3h, (where X = CIO~, Br-, NCS-; Ln = La 

Lu, except Pm [8-10]). On heating, the complexes of 2-dipy with Ln(CIO4)3 
decomposed with an explosion [8, 10]. Thermal stability of LnBr3(2- 
dipy)2.6H20 and LnBr2OH.(2-dipy).4H20 is similar [9]. A number of endother- 
mic effects accompany the processes of dehydration and deamination. 
Dehydration begins below 100~ and is a single-stage process in the case of 
LnBr2OH(2-dipyh. 4H20), and two-stage process in the case of LnBr3(2- 
dipy)2.6H20 (only the Yb complex takes 3 stages to dehydrate, while the Lu 
complex loses all water and 0.25 mole of 2-dipy simultaneously). Anhydrous 
compounds undergo deamination in different ways, with the formation of 
LnOBr, which then transforms into rare-earth oxides. Thermal decomposition 
of Ln(NCSh(2-dipy)2.5H20 compounds is complex and difficult to interpret 
[10]. Dehydration begins at about 60-70~ and proceeds gradually [10]. Grad- 
ual deamination of all anhydrous Ln(NCS)3(2-dipyh complexes (and partly also 
of dehydrated Yb and Lu complexes) is their common property. In the case of 
Gd, Tb, Dy, Yb and Lu complexes Ln(NCSh are the final products of deami- 
nation. In the case of the remaining complexes, the final stage of deamination 
overlaps the process of full or partial decomposition of thiocyanates. These 
processes are accompanied by high and rapid loss in mass and strong exother- 
mic effects. The products of this stage of decomposition are difficult to identify. 
They probably include oxysulfides and lanthanide thiocyanatosulfates (the pres- 
ence of S 2- , SCN-, SO42- ions was observed in the sinters). As the temperature 
increases, these decomposition products change into oxosulfates, which yield 
corresponding oxides, via Ln203.x(SOa)x. Pyrolysis of Ln(NCS)3(2-dipy)3 (Ln= 
Ce, Pr, Nd) and Ln(NCS)3(2-dipy)a.H20 complexes proceeds in a similar way. 
The decomposition of Ce complex begins at 210~ and is in accordance with 
literature [ 1]. 
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T h e r m a l  decomposition of 4,4'-dipyridyl complexes with rare- 
earth elements 

Our studies concerning synthesis and thermal properties of 4-dipy com- 
plexes with LnX3 salts, where Ln = Y, La ~ Lu (except Pm), X = CI-, Br-, 
NO~, NCS- and CIO4 began in 1975 [8, 10-15]. Thermal decomposition or 4- 
dipy complexes is similar to that of 2-dipy compounds. Ln(CIO4)3(4- 
dipy)s.HCIO4.4H20 complexes and Ce(CIO4)3(4-dipy)7.6H20 [8, 10] 
decompose with an explosion. Thermal decomposition of other complexes be- 
gins with dehydration which proceeds in one or more stages and with clear en- 
dothermic effects. Deamination is usually gradual, intermediate compounds of 
low stability (e. g. YCl3(4-dipy)l.5 [12]) being formed. The final stage of deami- 
nation results in the formation of LnX3 or LnOX complexes (X =CI-, Br-, 
NO~). Like in the case of 2-dipy complexes with Ln(NCS)3 the final stage of 
deamination of Ln(NCS)3.(4-dipy)2.5H20 overlaps thermal decomposition of 
thiocyanates and results in the formation of stable Ln202SO4 complexes. A very 
strong exothermic peak is visible in the DTA curves. The final products of de- 
composition of the complexes under discussion are lanthanide oxides. Figures 1 
and 2 present the thermoanalytical curves of Ce(NCS)3(4-dipy)3 and TmCI3(2- 
dipy)2.H20 in air atmosphere. Activation energy Ed of the dehydration reaction 
(first stage of dehydration) was determined for Ln(NCS)3.(4-dipy)2.5H20 com- 
plexes [16, 17]. It occurred that there is no regular relationship between Ed and 
the atomic number Z of the lanthanides (Fig. 3). The Pr complex exhibits the 
lowest Ed value in the process involving the loss of 5 water molecules, whereas 
the highest Ed value is observed in the case of Eu complex (elimination of 4 
water molecules). The relatively low Ed values indicate that the water elimi- 
nated in the first stage of dehydration is bonded in the outer sphere. 

Discussion and conclusions 

The analysis of literature data and results of our study leads to a number of 
general conclusions about thermal decomposition of 2-dipy and 4-dipy com- 
plexes with rare-earth elements. 

In spite of their different structures, thermal decomposition of 2-dipy and 4- 
dipy complexes proceeds in similar way. 2,2'-Dipyridyl in these compounds is 
a didentate ligand with a cis-conformation and forms chelate complexes, 
whereas bridging molecules are more typical for 4,4'-dipyridyl. 

Thermal stability of different types of hydrated complexes is similar. The 
process of their dehydration usually begins below 100~ and proceeds in one or 
more stages. The final stage of dehydration is sometimes connected with the on- 
set of deamination. Several stages of dehydration indicate different modes of 
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Fig. 1 Thermoanalytieal curves of Cr in air 

water bonding in given compound (outer and inner sphere water). If the dehy- 
dration is a one-stage process at low temperature ranges, the conclusion may be 
that the water is bonded only in the outer sphere. A several-stage dehydration at 
both low and high temperature ranges (e. g. Y(NCS)3(2-dipy)2.5H20 loses 1 
mole of water at 60--80~ and another at 102-130~ and at 130-168~ and 
178-200~ one and two moles H20, respectively) may indicate different loca- 
tion of water molecules within the same coordination sphere (inner and outer). 
Similar conclusions about the mode of water bonding have been made for many 
other lanthanide complexes [18, 19]. 

The process of deamination is usually gradual, transient complexes of 
LnX3(dipy), being formed. Only several complexes undergo one-stage deamina- 
tion. Final products of deamination are complexes of LnX3 or LnOX(Ln2OSO+) 
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Fig. 2 Thcrrnoanalytical curves of TmCls(2-dipy)2.H20 in air 
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type, or other intermediate complexes, e. g. CeOBr.CeO2, EuOCl.2EuCl3, 
TbOC1.2TbC13 [12] (identified also by Wendlandt [20] in pyrolysis of simple 
lanthanide salts). Further increase of temperature causes transformation of 
these complexes into corresponding lanthanide oxides. 
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Table 1 Thermal decomposition of 2,2'-dipyridyl (L) complexes with thulium salts in air 

Compound 

Step of Mass loss/ % Temp. Peak temp. 

deeompo- Caleu- Determined range/ in DTA/ 

sition lated from TG ~ ~ 

1 2 3 4 5 6 

TmCI3L2.H20 

TmCI3LI.75 

TmCI3LI.25 

TmCI3Lo.75 

TmOCI 
$ 

Tm203 

TmBr3L2-6H20 

TmBr3L2.5H20 

TmBr3Li.75 

$ */ 

TmOBr 
$ 

Tm203 

Tm(NO3)3L2 

TmONO3 

,I, 

Tm203 

I 9.42 10.0 80-120 116 endo 

II 12.89 11.9 120-180 135 endo 

220 endo 

II1 12.89 13.0 200--275 270 endo 

IV 28.41 29.0 288-405 405 endo 

500 endo 

V 4.54 4.2 540-742 560 endo 

II 

III 

IV 

II 

2.17 2.5 70-100 75 endo 

120 endo 

15.58 15.5 110--155 145 endo 

240 endo 

50.32 50.5 155--605 270 endo 

310 endo 

460 endo 

8.67 9 .2  605-750 682 endo 

63.00 63.5 200-420 

8.09 8.8 440--640 

220 endo 

310 endo 

340 exo 

380 endo 

440 endo 

500 endo 

565 exo 

620 exo 
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Table 1 Continued 

Compound 
Step of Mass loss/% Temp. Peak temp. 

deeompo- Caleu- Determined range/ in DTA/ 

sition lated from TG ~ ~ 

1 2 3 4 5 6 
Tm(NCS)3L2. 5H20 

,1, I 2.42 2.2 40-65 
Tm(NCS)3L2. 4H20 

~l, II 9.66 10.0 108-175 
Tm(NCS)3L2 

III 56.68 56.0 218-405 

Tm202SO4 

Tm203 

IV 5.36 5.5 400-700 

50 endo 

130 endo 

300 endo 

340 exo 

375 exo 

405 endo 

430 endo 

480 endo 

*/probably via TmOBr.TmBr3 

It was observed that a given of complexes thermal decomposition often pro- 
ceeds in different ways. A common mechanism of pyrolysis was found for only 
very few groups of complexes, e. g.: 

Ln(NO3)3(4-dipy)2.4H20 --~ Ln(NO3)3(4-dipy)2 ---) Ln(NO3)3(4-dipy)l.5 

--~Ln(NO3)3 -~ LnONO3 -~ Ln203 

where Ln = Y, Nd, Eu, Gd, Tb, Dy, Ho, Er [12] 
o r  

LnBr3(2--dipy)2.6H20 --) LnBr3(2--dipy)2.5H20 ---) LnBri(2-dipy h --~ 

LnBr3(2-dipy)l.25 --~ LnBr3(2-dipy)o.5 ~ LnOBr -~ Ln203 (Tb4OT) 

where Ln = Tb, Dy, Ho,[9]. 
Detailed thermal decomposition data obtained for the complexes TmC13(2- 

dipy)2.H20, TmBr3(2-dipy)e.6H20, Tm(NO3)3(2-dipy)2, and Tm(NCS)3(2- 
dipy)2.5H20 are summarized, as example, in Table 1 [10]. 

The initial (Tp) and final (Tk) temperature of dehydration, initial temperature 
of deamination (TA) and temperatures of endothermic dehydration effects (TE,) 
do not exhibit a regular dependence on the atomic number of the lanthanide in 
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the same type of complexes. Figures 4 and 5 illustrate the above mentioned re- 
lationship. 

Thermal stability of 2-dipy and 4-dipy complexes with yttrium salts is most 
similar to that of corresponding Eu, Gd or Tb complexes. Thus thermal prop- 
erties of yttrium complexes are similar to those of rare-earth elements of the 
middle part of the series. 

Our studies on 2-dipy and 4-dipy complexes with Ln(NCS)3, as well as other 
data [21, 22] show that the main intermediate products of pyrolysis of thiocy- 
anate metal complexes are sulfides and sulfates. Hence the interpretation of 
thermal decomposition of [Ln(NCS)4(2-dipy)2]-2-dipyH presented in [6] does 
not seem very probable. 

Thermal examination of 2-dipy and 4-dipy complexes with lanthanides re- 
sulted in identification of many intermediate compounds which are new exam- 
pies or complexes with ligand isomerism. Some of them are listed below: 

Ln(NO3)3(4-dipyh Ln = Y, La ---> Lu (except Pr, Pm, Tm) [12] 

LnC13(4-dipyh Ln = Eu ---> Yb (except Th, Tm) [12, 13] 

Analogous 2-dipy complexes were obtained by direct synthesis from solu- 
tions [1, 23]. Formation of other intermediate compounds, which are new ex- 
amples of complexes with ligand isomerism e. g.: Yb(NCS)3L2.4H20, 
Gd(NCS)3L2, Dy(NCS)3L2, Y(NCS)3L2, TmBr3Li.75, TmC13L0.75 (where L = 
2-dipy or 4-dipy, respectively) [10, 14, 15] was also identified by thermal 
analysis. Thus there are possibilities of obtaining many new lanthanide com- 
plexes which cannot be synthesized from solutions by thermochemical methods. 
There is a significant way to obtain new materials with specific properties. 

This paper is elaborated within the frame-work of the project of KBN-Grant. No PB 
0636/P3/93/04. 
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Zusammenfassung D Ausgehend yon Literaturangaben und unseren eigenen Untersuehungen 
von mehr als 100 Komplexen liefert vorliegende Arbeit Angaben zur thermisehen Zersetzung von 
2,2'-Dipyridyl(2-dipy) und 4,4'-Dipyridyl(4-dipy) mit Seltenerdenelementen (In). 
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