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Abstract

The thermal properties of poly(esters) containing Si and/or Ge in the main chain derived from the acid dichlorides bis(4-chloroformyl-
phenyl)-dimethyl-silane, bis(4-chloroformyl-phenyl)-dimethyl-germane, bis(4-chloroformyl-phenyl)-diphenyl-silane and bis(4-chloro-
formyl-phenyl)-diphenyl-silane, and the diphenols bis(4-hydroxyphenyl)-dimethyl-silane, bis(4-hydroxyphenyl)-dimethyl-germane, bis(4-
hydroxyphenyl)-diphenyl-silane and bis(4-hydroxyphenyl)-diphenyl-germane were studied by differential scanning calorimetry and dynamic
thermogravimetry. Poly(esters) with two Si atoms in the main chain showed higher valligthah those with two Ge atoms, and the same
was observed for poly(esters) with phenyl groups bonded to the heteroatoms, instead of those with methyl groups. Thermal decomposition
temperatures were also higher for those poly(esters) with two Si atoms in the main chain and those in which the heteroatom is bonded to
phenyl groups, due to the higher polarity of the-Sibond in front of the GeC.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of several kinds of condensation polymers containing silicon
or germanium in the main chain and bonded to four aromatic

Polymers may undergo several transformations when theyor aliphatic group$5], as poly(estergp, 7], poly(carbonates)

are exposed to different environmental conditions, especially [8,9], poly(thiocarbonategB] and poly(amides]10].

temperature and moisture, and the changes can be of achem- This work describes the thermal characterization of

ical or physical character. In this sense, thermal degradationpoly(esters) containing two heteroatoms, silicon and/or ger-

under normal conditions of use is one of the principal factors manium, in the main chain. Glass transition temperatures and

limiting the applications of these materials, and therefore, im- thermogravimetric behaviour were determined by DSC and

portant properties are affected adversely as the degradatiordynamic thermogravimetry, respectively. The results are dis-

proceed$1,2]. cussed in light of the nature of the heteroatoms present in the
Silicon-containing polymers, in which the heteroatom is polymeric chain, and the nature of the side groups, phenyl or

bonded to four organic groups, have been described and theimethyl, bonded to them.

properties studied3,4]. However, germanium-containing

polymers have had less attention, with the exception of inor-

ganic polymers in which the Ge atom is bonded to itselfin the 5 Experimental part

main chain. In other papers we have described the synthesis

Poly(esters) were synthesized from the diphenols bis(4-
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. . . . Tablel
bis(4-hydroxyphenyl)-diphenyl-germane and the acid dic- gjass transition and thermal decomposition temperatures of the poly(esters)
hlorides bis(4-chloroformyl-phenyl)-dimethyl-silane, bis(4-

chloroformyl-phenyl)-dimethyl-germane, bis(4-chlorofor- Poly(esten X Y R Re To () TOTCO)
myl-phenyl)-diphenyl-silane and bis(4-chloroformyl-phe- 2: z'e %Eg ggz igg i;g
nyl)-diphenyl-silane under phase transfer conditions acc- Ge Si  GHs CHs 177 408
ording to a procedure described earl[i#. v Ge Ge GHs CHs 184 421
Ty values were obtained with a Mettler—Toledo DSC 821 Vv Si Si GHs  CeHs 192 446
calorimetric system. Thermogravimetric analyses were car- V! Si - Ge GHs  GCeHs 171 448
: . . . . il Ge Si  GHs CgHs 152 435
ried out in a Mettler TA-3000 calorimetric system equiped Vill Ge Ge GH. CeHe 162 440
with a TC-10A processor, and a TG-50 thermobalance with a |x Si Si  CHs CHs 144 426
Mettler MT5 microbalance. Samples of 6—10 mg were placed x Si Ge Ch CHg 117 401
in a platinum sample holder and the thermogravimetric mea- Xl Ge  Si Ch CHs 165 437
surements were carried out between 30 and°@®ith a i::l (s;|e s(,;ie g:é gHﬁ ig‘z‘ j}é
heating rate of 20C min~1 under N flow. IV S ce CH C2H: 174 437
XV Ge Si Ch CeHs 185 439
XVI Ge Ge CH CeHs 151 452
3. Results and discussion On the other hand, poly(estev) with two Si atoms and
with only phenyl groups as side chains, showed highger
Poly(esters) with the following structures: values than poly(esteiX the analogous polymer with methyl

R R
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R, R,

1:X=Si, Y=8i, Ry=-CHs, j=-CH; v: X=Si, Y=Si, R =R,=-CgH;s
I:X=8i, Y=Ge, R =-CHs, Ry=-CH; V[:X=8i, Y=Ge, R =R,=-Cgl
O X=Ge, Y=Si, R;=-CHs, Ry=-CH; VII: X=Ge, Y=Si, R, =R,=-CsH;
IV:X=Ge,Y=Ge, Ry=-CHs, Ry=-CH; VIII: X=Ge, Y=Ge, R, =R, =-CgH;
IX:X=8i, Y=Si, Ry=R,=-CHy XIIl: X=Si, Y=S8i, R,=-CH;,R,=-CgHs
X:X=8i,Y=Ge, Ry=Ry,=-CH; XIV: X=Si, Y=Ge, R, =-CH;,R,=-CH,
XI: X=Ge,Y=Si, R =R,=-CH; XV X=Ge, Y=Si, R, =-CH;,R,=-CgHs
XII: X=Ge,Y=Ge, Rj=R,=-CH; XVI: X=Ge, Y=Ge, R =-CH;,R,=-CcH;
were synthesized under phase transfer conditions using sev-
eral phase transfer catalysts in &k, as solvent at 20C,
according to a procedure descrllf3ed previo(iglyPolymers groups. A similar situation can be observed with poly(esters)
were characterized by_IF\‘H and>C NMR, and the struc- || andXIl with two Ge atoms in the main chain, which
tures were in accord with those proposed. can be due to higher volume and steric hindrance of the
Table 1shows theTy values obtained for poly(esters). phenyl groups, which hinders the motion of the polymeric
Well-defined and reproducible glass transitions were ob- cpains.

served for all the poly(esters) samples. _ When both heteroatoms are in the main chain, there
When theTg values are compared as a function of the s ng relation with the size and nature of them. How-
nature of the heteroatom, Si or Ge, it is possible to see thateyer, we can observe some influence of the nature of the
ues of Ty than the analogous polymers with Ge, with the pyt with different side groups, it is possible to see an
exception of poly(esterlV. Si is larger than C, which im- increase of theT, values when the methyl groups are
plies longer bond lengths, lower rotational energy barriers changed to the phenyl ones in the case of the pairs of
and lowerTg values[3]. On the other hand, Ge is larger and poly(esters)i=VI, 1lI=VIl, X=XIV, XI-XV, and VI-X.
has a higher volume than Si, and therefore the bond lengthstpe exception is the paWfli—IX, in which the difference is
will be longer and the rotational energy barriers will be lower, .
and therefore poly(esters) with two Ge atoms in the main  Finally, when the difference in the poly(esters) is only the
chain would show loweTq values. A similar behaviourwas  position of the heteroatom with respect to the repeat unit,
observed in other poly(esters) containing Si and Ge in the there is not a relation with tH&; values. In the poly(esters)
main chain[11]. The exception was poly(estelly which lI-1llthe difference is very low, but between poly(esters)
showed a surprisingly highg value. X-XI is very high.
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Fig. 1. Thermogravimetric curves for poly(estelrsV.

In general it is possible to see that both elements, the na-see that those with Si have slightly higher TDT values than
ture and size of the heteroatoms and the groups bonded to itthose with Ge, with the exception of poly(estexsl—XVI,
influence theTy values. in which the TDT values are very close. One explanation

The thermal stability of the polymers was analyzed by can be due to the larger size of Ge in comparison to Si,
dynamic thermogravimetr¥igs. 1-4show the thermogravi- ~ which implies larger bond lengths. The relationship between
metric curves and Table | summarizes the thermal decom- electronegativity, bond polarity and thermal stability has
position temperatures (TDT) for all the polymers. The data been described12]. The polarity of the €Si bond is
of TDT are reported as the temperature at 10% weight loss. higher than that of the GGe bond[13], and although

From the TDT values it can be seen that the poly(esters) C—Si and G-Ge bonds have similar energies, the thermal
degrade at very similar temperatures, the range in eachstability would be increased due to the ionic character
group being low. However, if we compare the poly(esters) of these bonds, Si being less electronegative than Ge
with two Si or Ge atoms in the main chain, it is possible to [4,14].
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Fig. 2. Thermogravimetric curves for poly(estevs)VIlI.
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Fig. 3. Thermogravimetric curves for poly(estei$}-XII.
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Fig. 4. Thermogravimetric curves for poly(estexd)l—XVI.

However, of more influence it is possible to see the ef- TDT values in poly(esters) with similar structure, with the
fects of methyl or phenyl groups bonded to the heteroatoms. exception of the paXIV—XV which have very close values.
In this sense if we compare poly(este¥&}VIIl  with only In general, in these poly(esters) it was possible to ob-
phenyl groups, with the corresponding poly(estéxs)XI| serve that they have a good thermal stability, with the groups
with only methyl groups, the former show higher TDT val- bonded to the heteroatoms having more influence than the
ues in all cases. The same behaviour can be seen when weature of the heteroatoms.
compare poly(esterdj-VIIl with four phenyl groups, with
the analogoud—IV with two phenyl groups, and also for
poly(estersXIlI-XVI with two phenyl groups withtheanal-  Acknowledgements
ogouslX=XIl without phenyl groups.
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