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THERMAL PROPERTIES

INTRODUCTION

Polyurethanes are extremely versatile polymers widely used in medicine,
electronics, and the automotive and food packaging industries. They are
produced of a wide range of organic units that allows controllable modification
of their properties. Due to their homogeneity and high optical transparency they
are recently intensively studied as dye-doped media for the development of

The thermal stability has a large significance for the use of dye-doped PUs in lasers. For the first time, a detailed
TDA/DTA analysis of PU and PUA elastomers is presented (Fig. 1). The thermogravimetric study can give
information about the presence of water in the sample and different stages of decomposition of compound. For PU
and PUA resins, there is a typical three-step decomposition process. The first step below 300°C is ascribed to the
evaporation of water, the second step corresponds to the decomposition of hard segments, third step is related to

tunable SO“d'Stat? dye Iasgrs [1-2] Polyurethane-baseql solid state der laser soft segments (ether or ester bonds). Weight loss above 400 C is related to the dye decomposition and residuals
elements must withstand high temperatures and be resistant to dynamic heat outaassing

build-up under laser irradiation. The dyes for doping the polymer matrices are B = T . = | 100
selected by their PL emission wavelength, PL quantum yield and photo-stability. = :
The dyes are known to affects the polymer matrix [3-4], in particular, its
mechanical properties and thermal stability, however, there are no detailed
analysis on this matter in the literature so far.

MATERIALS AND METHODS

Polyurethanes are segmental macro-molecular chains that contain hard
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HO-R4-OH + O=C=N-R3-N=C=0 Fig. 1. TGA and DTA curves for un-doped (dash) and dye-doped (solid) PU (a,b) and PUA (c).
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y PU-R6G 301.2 1.94 341.4 46.69 399.4 36.1 429 1.2
PUA - - 371.57 73.9348 436.14 3.2659 438 0.8
Polyurethanes under study PUA-RhB : : 37139 788045 40160 38683 426 1.4
Two polyurethanes intended for use as a gain media in solid-state dye
laser were employed: It is found that a small presence of the dye molecules significantly improves the PU thermal stability (by 30-35

(i) aliphatic polyurethane (PU) synthesized by a two-stage polymerization  degrees), the effect being much smaller for PUA. This suggests that in PU the guest dye molecules are acting as a
process of toluene diisocyanate and poly-oxypropylene glycol hardened  hinding agent between soft- and hard-segments thus increasing the PU thermal stability.
by trimethylol propane,

(i) polyurethane acrylate (PUA) obtained by radical photo-polymerization FT-IR spectroscopy
of oligourethane acrylate and benzoin isobutyl ester.

Dyes used “IR-spectra (Fig. 2) were used to study molecular interactions between the guest Rh6G or RhB dyes with PU.
Broadening of the spectral bands in the region 1650-1800 cm™* (Fig. 2a) and a red shift of the absorption maxima in
e g P g g P
g the region of 3200-3500 cm (Fig. 2b) after the incorporation of guest dye molecules suggests a rearrangement of soft
COOCH,CH, g g p g y gg . g . .
CH, . © and hard segments, redistribution of the hydrogen bond network, possible formation of new associates with various
W oot ):).N{CHchm Interaction energies, and also by the appearance of new OH-groups due to the dye-polymer interaction. The effect is
0 more noticeable for RhB dye.
Rh6G RhB
Two catlpmc >.<anthene-.type dye§, rhodamine 6G (Rh6G) and rhodamllnelB (@ o (b)
(RhB), differeing by their reactivity, were used. The dye molecules association m o .
decreases the PL emission, which results in deterioration of lasing
characteristics of the dye laser. Dye-polymer covalent bonding of RhB via T or " oe]
COOH group is useful for that end, since it prevents the dye migration and = = = = o T
molecular aggregation in the polymer matrix. o R N T
Experimental methods : . 5t ]
A thermogravimetric study (TGA) in the temperature range 293 — 700°C was B '
performed using Perkin Elmer TGA 4000 with a sensitivity of 0.1 yg at a s - -
heating rate of 10°C/min. The decomposition temperatures were defined e
using the corresponding peak position of the derivative thermogravimetric e — b e W o e e
(DTG) curve. Molecular structure and interactions in the title compounds were | | |
studied with IR spectroscopy. IR absorption spectra were acquired using glg- %I graqment; of dk;ﬁuse LEf"?Ct'%” IR ;pectrafoé _ug-dlo?ed an(il dye(;
Bruker IFS-88 FT-IR spectrometer equipped with Harrick diffuse reflectance . oped PUs: (a) PU, (b) PUA - in the regions of C=O (left panel) an
: ) - hydrogen-bonded NH and OH (right panel) stretching vibrations.
attachment, with 4 cm~ spectral resolution and 64 scans accumulated for B BB IS R e mae

Wavenumber, cm” Wavenumber, cm’’

each spectrum measurement.

CONCLUSIONS

In this work, the thermal properties of polyurethane elastomers, aliphatic polyurethane (PU) and polyurethane acrylate (PUA), were studied for the first time using the detailed TGA/DTG/DSC measu-
rements. The effect of two cationic xanthene-type dyes, rhodamine 6G (Rh6G) and rhodamine B (RhB) is demonstrated. The successful inclusion of RhB and R6G in the structure of polyurethane
elastomers was confirmed by the FT-IR spectroscopy. Thermal gravimetric analysis indicated that the thermal stability of PU and PUA polyurethanes is maintained up to 338 and 378°C, respectively,
where the major weight loss occurs. The introduction of RhB dye affects the polyurethane thermal properties more significantly than R6G due to effective incorporation between the polymer chains that
results in redistribution of the hydrogen bond network, cross-linking and segregation of soft and hard segments, which is a crucial factor for radiation resistance of the polymers as laser active
elements.
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