






































































































































































































































Table 4. Parameters of Arrhenius Dependence of TEMPO Mobility«

no. polymer vx 1010 ¢ 1 L. keal/mol
| AL-2400 4.8 2.240.2
AFTO00 2.15 1.9+0.3
v -C(Me)=C(SiMcey)- 6.3 2.510.1
v CPh=C(p-CH;SiMes - 6.6 25403
Vi CPh=C(p-CHyCMe - 45 2 8403
VI CCH=Cn-CoHy 3- 30 2.740.6
VIII -C(CH=C(Ph)- 303 4.44+0.4
XVHI  PTMSNB(add) 7.1 2.610.2
PSP 0.62 1.9
PMMA? 0.05 1.0
PVCh 0.24 2.1
PVAch 0.012 1.2
NR 1.8x10+ 6.7
PIB 4x100 10.8

@ These parameters were obtained by fitting data of type shown in I sures
I'and 2 to the Arrhenius type equation: v = vyexp(-E/RT). The lines in
Figures 1 and 2 represent the hest fit of the data to this model. » The value

obtainc by the "traditional” method of ESR spectroscopy.

pre-cxponential factor is larger by two orders ot magnitude. Thus. the difference in
TEMPO rotation:  frequencies between poly(TMSP) and polymer VIII increases with
temperature. and at 100 °C it amounts to a factor of about 4. Bearing in mind the
Arrhenius parameters of spin probe rotation, the rotational frequency of TEMPO in
polyacetylene VII is intermediate between the TEMPO rotational frequencies in
glassy and rubbery polymers. This result will be considered in more detail below.

An important difference between rubber and glassy polymers is the much
steeper temperature dependence of specific volume of the former as expressed by the

iequality o > oy, where o and 0 are the slopes of the temperature dependences of

-1 )-

the specitic volume of a polymer Vo (7) above and below the glass transition

7

temperature. respectively.  In other words. the varation of free volume with
temperature is stronger above the glass transition temperature than below I,. Inthe
rubbery state. free volume is determined predominantly by scgmental motion or larger
scale cham mobility.  This notion is consistent with the observation that larger
apparent activation cnergies of rotation of spin probes are typical for rubbers than for
glassy polymers.® Therefore, the higher activation energy and pre-exponential factor
observed for polvacetylene VI confirms the assumption that the high rotational
frequency of TEMPO in this material is determined basically by the local mobility of
its flexible side group.

The mobility of spin probes should be sensitive to the size of free volunx but
probat + does not depend solely on this factor. I one approximates the Arrhenius
temperature dependence of spin probe mobility by a lincar function v(7). then the
slope 8= Av/v, AT.where Av is the difference between w7, ) and v(T,,;,). can bhe
compared with ¢ in the polymers studied. Here 7y, and 7,4, are the maximum and
minimum temperatures in the temperature range studie It is seen from Table 5 that
the rotational frequency of TEMPO in different glassy polymers is much more
strongly dependent on temperature than specific volume and.  ence. free voluny.

Theretore, the rotational mobility of spin probesis not determined exclusively by the

Table 5. Parameters of Temperature Dependence of =MPO

Mobility and Thermal Expansion Coeflicients o,

polymer (AVIV, ATy x 10+ K- o, X 10+ K-
AF2400 96 1.37
AF1600 96 1.22
PS 83 2
PM.AA 44 2
PV(C 91 3.5
- 151 -
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