This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 19 February 2013, At: 13:03

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T
3JH, UK

Molecular Crystals and
Liquid Crystals Incorporating
Nonlinear Optics

—— Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl17

Mesophase Transition of
Polydiethylsiloxane

H. G. Wiedemann # , Bernhard Wunderlich b & John
p. Wesson b

% Mettler Instrumente AG, CH-8606, Greifensee,
Switzerland

b Department of Chemistry, Rensselaer Polytechnic
Institute, Troy, New York, USA
Version of record first published: 13 Dec 2006.

To cite this article: H. G. Wiedemann , Bernhard Wunderlich & John p. Wesson
(1988): Mesophase Transition of Polydiethylsiloxane, Molecular Crystals and Liquid
Crystals Incorporating Nonlinear Optics, 155:1, 469-475

To link to this article: http://dx.doi.org/10.1080/00268948808070386

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should



http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268948808070386
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 13:03 19 February 2013

be independently verified with primary sources. The publisher shall not
be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 13:03 19 February 2013

Mol. Cryst. Lig. Cryst., 1988, Vol. 155, pp. 469-475
Photocopying permitted by license only

© 1988 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

MESOPHASE TRANSITICN OF POLYDIETHYLSILOXANE

H. G. WIEDEMANN

Mettler Instrumente AG, CH-8606, Greifensee,
Switzerland.
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Abstract Constant pressure DSC of Poly-

diethylsiloxane (PDES) shows a rigid crycstal
to condis crystal disordering (Ta) at 206 K,
and a melting transition (T,) at 276 K. In
addition PDES shows a glass +transition Tg
around 135 K and a small endotherm associated
with loss of residual order around 295-300 K.
PDES can bhe annealed just below T, increasing
Xc from typically 0.5 to 0.72.

INTRODUCTION

PDES was first reported to exhibit multiple phase
transitions hy lLee and coworkers. 1-2 Beatty 2-4.-8
reported the T, arnound 130 K and descrihed the 200
K transition aAs a "solid-solid"” transition which
sometimes appeared as a double peak depending on
the prior cooling rate of the sample. Beatty * and
tater, Godovsky ©-7-° attributed this phenamenon to
crystal dimorphism. Beatty reported a melting tran-
sition (Tw) around 270 K to a "liguid crystalline
phase"” which showed a small transition at 297 K.
Pochan ®-%-1%2 reported dielectric and nuclear mag-
netic relaxation studies suggesting onset of motion
in the so0lid just below 200 K and translational
notion starting around 258-278 K. X-ray scattering
® showed the pergistence of resiidnal nrder above T,

at least 300 K.
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The sample of PDES was provided by Dr. Boyer and is
the same used by Karasz and Beatty *. DSC measure-
ments were made using a modified Mettler TA-2000B.
Low temperature X=-ray scattering work was

performed on a Simon/de-Wolff heating X-ray unit.
Results

Typical DSC traces of PDES cooled under different
conditions are shown in Fig. 1. PDES guenched (Q)
at 343 K in liguid nitrogen shows a glass transi-
tion (Tg) at 135 K, a cold organization exotherm at
165 K and a transition to the isotropic state (T.)
at 270 K. PDES guenched (pQ) near the organization
tenperature (Teo) shows Tq, the cold organization
exotherm, a disordering +transition (Ta) to the
mesophase at 187 K and a doubling of +the 270 K
transition (Te) PDES cooled at 10 K/min (C) show
the characteristic Tg, Ta and T; transitions. PDES
annealed at 264.5 {A) shows a rise in Ta to 206 K
and T; to 276 with an improvement of ¥o = 0.72.

A series of annealing experiments at 258,
264.5, 265, 271 K for 1 hour are shown in Figure 2.
Not annealed PDES (N/A) is shown for comparison. No
significant change is observed for longer annealing
times. Increasing the annealing temperature toward
264.5 K gave a continuous increase in Tgnh. Above
264.5 K melting of the mesophase occurs with re-
crystallization on cooling. There is a rise in Tq
corresponding to the rise in T,. Annealing near Ta
(200 K) has no effect on either T, or T,.

The ordering temperature (To) and crystalli-
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zation temperature (T<) are shown in Figure 3 for
the «cooling and subsequent heating of PDES at 10
K/min. Typically, a large supercooling is observed
for Teo (30-40 K) while the supercooling for Te 1is
small (2-5 K).

X-ray scattering patterns in the range 103-292
K are given in Figure 4. At 258-263 K (above Ta but
below T.) a 1loss of short range order and a
doubling of the main peak at 4.8® are seen,
suggesting conformational change. At 288-283 K
persistence at 4.8® (1.0 nm) is seen. Close exami-
nation of the X-ray films shows persistence to 330
K. Optical microscopy carried out in this range
shows a loss of bhirefringence above 276 K.

Experimental values of aAHa and AH: plotted
versus ACy for different X, are given in Figures 5
and 6. The limiting values for amorphous and 106%
crystalline PDES are given in Table I with wvalues
reported by Beatty 4-® and Godovsky S.
EBE§_EIEQP1y shows two first oraer transitions: Ta
(206 K) and Ty (276 K). At Ta X-ray scattering
shows small changes in order. Results of dielectric
studies ® indicate a large change in E' near T4 and
nuclear magnetic relation studies ® show a 3-fold
jump in Tze around 194 K for the crystalline phase
suggesting onset of motion. However, A Sa = 8.5
J/(k-mol) is too large for a crystal-crystal tran-
sition. We believe Ta is a rigid crystal to condis
mesophase transition.

Above T, X-ray scattering shows substantial

loss of order. An increase. in T« and 7T, from
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nuclear magnetic relation ® reports "translational
motion" in amorphous regions of the polymer above
258 K and in crystallites after melting above 268
K. Dielectric © and nuclear magnetic relaxation ®
studies suggest some order is gradually lost over
the range 1956-270 K with long range order lost
above 276 K, explaining oS, = 6.3 J/(k-mol) is
smaller than expected. (ASecowem1 1s expected to be
28.5 J/(k-mol)).

Annealing and crystallization experiments
also associate long range order with Ty,. The con-
tinuous rise in Ty, simultaneous rise of Ta, and
increased crystallinity with increasing annealing
temperatures below T; suggest important long range
order 1s associated with T, and also . discredit
possibilities of crystal dimorphism. ®©-7-® Large
supercooling of To (below T,) of 30-40 K and small
supercooling of T¢ (2-5 K) indicates order is set
at Teo with a need for a nucleation process, while
local order is set at Tc without nucleation. Models
for the minimum energy conformation of PDES 11
suggest two 1low energy conformations: at b5B5/10
helix (E=0) and bent backbond (E m 1.7 kJ/mol). In
the mesophase these two conformations may coexist
and interconvert with "collapse" to the more stable

helix with a small E. at Tc.

Amorphous PDES shows a glass transition (Tg at 135
K with Cg = 30.65 J/(k-mol)).

Ordered PDES shows a rigid-crystal-condis
mesophase transition (Ta at 206 K with AHa = 1.7
kJ/0ol and A Sq = 8.5 J/{(k-mol)).
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The condis-mesophase of PDES shows a transi-~

tion to a highly disordered state (T.) at 27
withAHy = 1.7 kJ/mol anda Sy = 6.3 J/(k-mol).

6 K

PDES may be annealed below Ty with an increase

of Xc from 0.4-0.5 to 0.72 and a rise of Ta
197 K to 206 K and a rise of T, from 265 K to
K. Large supercooling (30-40 K) is observed
To and little supercooling 1is seen for

suggesting long range order is set at To.

A persistence of order above T, is seen by

from
276
for

Te

X-

ray scattering to 330 K, although the transition to

the isotropic state is small and not easily

repraoduced.
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FIGURE 6: Cp vs. Hy FIGURE 5: Cp Vs, Hd
Beat:ty[“5 Godovsky8 Wunderlich
ACp 17.5 37.0 30.65 J/(K-mol)
AHg 3.40 1.73 (2.16) 1.70 kJ/mol
asq 17, 8.65 (10.8) 8.5 J/(K-mol)
AHy 1.02 2.85 (2.71) 1.71 kJ/mol
AS4 3.78 10.6 (10.0) 6.3 J/ (K-mol)
AH, (small) 0.28 (small) kJ/mol

TABLE 1: Thermodynamic Transitions of PDES



