This article was downloaded by: [University of Haifa Library]

On: 20 August 2012, At: 10:43

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 Science

and Technology. Section A.

e Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Thermal Degradation of
Organic Dye for Recordable
Optical Media

Jong Tae Je #, Young Jae Huh # & Myeong Keun Ma ?

# Materials Sector, Samsung Advanced Institute of
Technology, P.O. Box 111, Suwon, Korea

Version of record first published: 04 Oct 2006

To cite this article: Jong Tae Je, Young Jae Huh & Myeong Keun Ma (1998): Thermal
Degradation of Organic Dye for Recordable Optical Media, Molecular Crystals and
Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 316:1, 375-380

To link to this article: http://dx.doi.org/10.1080/10587259808044531

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.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808044531
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 10:43 20 August 2012

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 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 [University of Haifa Library] at 10:43 20 August 2012

Mol. Cryst. Lig. Cryst., 1998, Voi. 316, pp. 375-380 © 1998 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breuch Science
Publishers imprint.

Printed in India.

Thermal Degradation of Organic Dye for Recordable Optical Media

JONG TAE JE, YOUNG JAE HUH and MYEONG KEUN MA
Materials Sector, Samsung Advanced Institute of Technology,
P.O. Box 111, Suwon, Korea

The degradation of a dye on a compact disc-recordable (CD-R) during
recording was analyzed quantitatively using a spectroscopy and a thermal
gravimetric analysis. It was found that the degradation resulting in the
decrease of absorbance was completely different from that accompanied by
weight loss. The calculated temperature and the rate constants showed that
the type of degradation with the decrease in absorbance due to partial bond
cleavages of the dye molecules, not with weight loss, was a major one
producing optical signals in the dye layer.

Keywords : optical media; write once; thermal degradation; cyanine dye;
CD-R

INTRODUCTION

Recently, recordable (Write Once Read Many : WORM) optical media
such as compact disc-recordable (CD-R, 780fim) and digital versatile disc-
récordable (DVD-R, 650nm) using organic dyes attract considerable
attention because of their compatibility with conventional CD and DVD
systems and strong demand for economical high capacity storage. The
media have a simple structure of 4 layers consisting of a polycarbonate
(PC) substrate, a dye recording layer fabricated by spin-coating, a
reflective layer and a protective layer as shown at figure 1, and therefore
they are relatively cheap compared with other metal-based optical media.
Up to now, the recording mechanisms of CD-R have been explained
by the thermal deformation of each layer resulted from the thermal
degradation of the dye and the recording characteristics were thought to be
closely related with the degree of deformation of each layer'*. However,
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most of researches on the thermal degradation have been focussed on the
weight loss. And this has been considered as a main mechanism in the
optical recording.

In this paper, the thermal degradation of a dye on a CD-R was
investigated by observing the change of the absorption spectra and the
weight loss by a thermal gravimetric analysis (TGA) to find the sources of
optical signals after recording.
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FIGURE 1 Descriptive structure of a CD-R (A) and the chemical
structure of the dye used in the experiment (B).

EXPERIMENTAL

P ion R i f the CD-
A CD-R disc was prepared using a conventional CD-R fabrication
procedure, spin coating of a dye solution (conc. = 5.0%) on a pregrooved
PC substrate (groove depth=130nm, groove width = 400nm by AFM (PSI,
AutoProbe)), sputtering of a gold reflective layer on the dye layer and
spin coating of a UV-curable resin to form a hard protective layer. The
dye used is one of the typical CD-R dyes (NK-3219, 2-[5-(1,3-Dihydro-1,1
-dimethyl-3-butyl-2H-benzindol-2-ylidene)-1,3-pentadienyl]-1,1-dimethyl-3-butyl
-1H benzindolium perchlorate, from Japanese Research Institute for Photo-
sensitizing Dyes Co., Ltd.) and its chemical structure is shown at figure 1.
To observe the thermal degradation of the dye during optical
recording, the CD-R is recorded by a CD-R evaluation system equipped
with a 780nm laser diode(Apex Systems, OHMT 500), where recording
power is 10mW at 13m/sec (1x speed recording). The surface area
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focussed by the recording beam on groove and land are approximately
50% and 20%, respectively. And the volume of the dye on groove
occupies about 44% in total based on the analysis of scanning electron
microscopy (SEM).

Ab tion Analysis
To observe the thermal degradation of the dye layer, the dye was coated
on a slide glass and heat-treated in a hot stage (Mettler FP82HT) with
changing temperature. The changes of absorption spectra after washing the
dye films treated at different temperatures were observed by UV spectro-
photometer (Vanan, Caryl 3E).

ight L An
The weight loss of the dye above the thermal degradation temperature was
measured with varying temperature by TGA (Polymer Laboratories) to
correlate the weight loss behaviors with those of the spectra.

RESULTS AND DISCUSSION

Approximately 17% of decrease in absorbance was observed at the
maximum absorption wavelength considering the dye concentrations in a
solvent before and after recording, which means the degree of decomposed
dye during the recording. The volume of the dye layer focussed by the
recording beam will be about 33% (44% X0.5+56% X 0.2). Therefore, the
amount of decomposed dye in the focussed dye layer by the laser
recording is about 50%.

The rate of degradation was measured by two different methods. One
1s to detect the change of the absorbance induced by the dye degradation,
and the other is to measure the weight loss directly by TGA. As is
shown at figure 2, even though the weight at 270C in the TGA
thermogram kept 50% of the initial value, the change of absorption
obtained from the glass treated with the same temperature in the
hot stage showed that the degradation has already completed. As can be
seen at figure 3, there is big difference in the rate constant obtained from
the two methods. Assuming that the degradation is a first-order reaction,
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the rate constants calculated from the decrease of absorbance(k) and the
weight loss(k') showed 0.016(sec™) and 0.0041(sec™) at 260TC, respectively.
These results mean that the degradation inducing weight loss is different
from the degradation resulting in the decrease of absorbance. It is thought
that the decrease of absorbance is produced by partial bond cleavages and
that the weight loss is induced by more crucial bond cleavages.
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FIGURE 2 The weight loss measured by TGA (A) and the change
of absorption after washing the degraded dye (B).

If it is assumed that the degradation with weight loss is also a first-
order reaction proceeding within 500nsec’, the rate constant should be
higher than 1.4X10°(sec”) to reach 50% of degradation (In([R]/[R].)=-kt, k
=In2/t\»). The temperature required to obtain such a high rate constant can
be estimated by assumming that the degradation of the dye is an Arrhenius
-activated chemical reaction where the temperature dependence of the rate
constant can be expressed by

k = Aexp(-E/RT) (1)

, where E. is the activation energy of the dominant process. The rate
constants by the weight loss in TGA at 260, 280, and 300T were found
to be 41X10% 1.0X10° and 1.5%X10%(sec”’), respectively (Fig. 3).
According to the Arthenius equation and the measured rate constants, the
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temperature required to get 50% of degradation based on only the weight
loss-type was found to be over 1000T, which is much higher than that of
the calculated time-dependent thermal profile’. That means optical signals
from the recorded dye layer in the CD-R is mainly resulted from the
degradation with the decrease in absorbance instead of weight loss-type
one.
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FIGURE 3 Determination of the rate constants of the first order
reaction from the change of absorbance(k), and from the weight
loss(k'): a, k=0.016(sec™) at 260TC; b, k'=0.0041 at 260C; c, k'=0.01
at 2807C; d, k'=0.015 at 300TC.

CONCLUSION

The degradation rate constant of a dye dunng laser recording was
estimated expenimentally by a spectroscopy and a thermal gravimetric
method.

It was found that the rate of degradation with the decrease in
absorbance was much more rapid than that with weight loss, which may
be a direct evidence of suggesting another mechanism to understand the
recording mechanism of CD-R. The decrease of absorbance may be due to
partial bond cleavages resulting in the changes of the optical properties of
the dye, on the other hand, the weight loss is induced by more crucial
bond cleavages. Accordingly, the degradation of the dye in the CD-R
should be considered as a combining process consisting of the partial bond
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cleavages and of more crucial bond cleavages giving weight loss.

In addition, from an Arrhenius equation and the measured rate
constants of weight loss, the temperature required to get 50% of
degradation within 500nsec was found to be over 1000T, which could not
be properly explained by the calculated time-dependent thermal profile. As
a result, the degradation giving the decrease in absorbance is supposed to
be a major one contributing to the changes in the optical properties such as
refractive index which is really used in the laser recording.
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