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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; cyanhe dye; 
CD-R 

INTRODUCTION 

Recently, recordable (Write Once Read Many : WORM) optical media 
such as compact disc-recordable (CD-R, 7 8 h )  and digital versatile disc- 
recordable (DVD-R, 65Onm) 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 
meha have a simple structure of 4 layers consisting of a plycarbonate 
(PC) substrate, a dye recording layer fabricated by spin-coating, a 
reflective layer and a protectwe layer as shown at figure 1, and therefore 
they are relatively cheap compared with other metal-based optical media 

Up to now, the recordmg mechanisms of CD-R have been explained 
by the thermal deformation of each layer resulted from the thermal 
degradation of the dye and the recordmg characteristics were thought to be 
closely related with the degree of deformation of each layer". However, 
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316 J. T. JE ef ul. 

most of researches on the thermal degradation have been focussed on the 
weight loss. And hs has been considered as a main mechanism in the 
optical recordmg. 

In hs 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 recordmg. 

C H ,  
Protective layer 

Substrate 

Reflective layer Cl04 \4, 

FIGURE 1 Descriptive structure of a CD-R (A) and the chemical 
structure of the dye used in the experiment (B). 

EXPERIMENTAL 

PItDarab ‘on and Recording of the CD-R 
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=l3(hun, groove width = 40Onm by AFh4 (PSI, 
Autoprobe)), sputtering of a gold reflective layer on the dye layer and 
spin coating of a W-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-l,1 
-hethyl-3-butyl-2H-benzindol-2-ylidene)-l,3-pmtadienyl]-l ,l-dlmethyl-3-butyl 
- lH 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 
recordmg, the CD-R is recorded by a CD-R evaluation system equipped 
with a 78Onm laser diode(Apex Systems, OI-IMT 500), where recording 
power is lOmW at 1.3dsec (Ix speed recordmg). The surface area 
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THERMAL DEGRADATION OF ORGANIC DYE 377 

focussed by the recordmg 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). 

Absorption SDectra Anatpis 
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 
changmg temperature. The changes of absorption spectra after washmg the 
dye films treated at different temperatures were observed by W spectro- 
photometer (Varian, Caryl 3E). 

Weight Loss Analysis 
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 recordmg, wiuch means the degree of decomposed 
dye during the recordmg. The volume of the dye layer focussed by the 
recording beam will be about 33% (44% X 0.5+56% X 0.2). Therefore, the 
amount of decomposed dye in the focussed dye layer by the laser 
recordmg is about 50%. 

The rate of degradation was measured by two different methods. One 
is 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 
obtamed 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 
weiat loss(k') showed 0.016(sec-') and O.O041(sec-') at 260r ,  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. 

110 
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3 80 
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400 600 800 
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FIGURE 2 
of absorption after washing the degraded dye (B). 

The weight loss measured by TGA (A) and the change 

If it is assumed that the degradation with weight loss is also a first- 
order reaction proceeding w i h  500nsec', the rate constant should be 
higher than 1.4X 106(sec") to reach 50% of degradation (ln([R]J[R].)=-kt, k 
=ln2/tIn). 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 300r were found 
to be 4.1 X lo", 1.OX 10' and 1.5X 1O2(sec.'), respectively (Fig. 3). 
According to the Arrhenius equation and the measured rate constants, the 
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THERMAL DEGRADATION OF ORGANIC DYE 319 

temperature required to get 50% of degradabon based on only the weight 
loss-type was found to be over l O O O c ,  h c h  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 m d y  resulted from the 
degradation with the decrease in absorbance instead of weight loss-type 
one 

0.2 

-0.2 
h 

4 

-0.6 . 
M s 
v -1 
fi  - 

-1.4 

:ia 
-1 .a 

0 100 200 3M) 402 500 
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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'): 4 k=O.O16(sec") at 260c ;  b, k'=0.0041 at 2 6 0 r ;  c, k'=0.01 
at 2 8 0 c ;  d, k'=0.015 at 300c. 

CONCLUSION 

The degradation rate constant of a dye during laser recording was 
estimated experimentally 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, h c h  may 
be a h e c t  evidence of suggesting another mechanism to understand the 
recording mechanism of CD-R. The decrease of absorbance may be due to 
parhal 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. Accordmgly, 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 withm 500nsec was found to be over lOOO'C, h c h  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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