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Abstract: The thermal degradation experiment of sodium salt of poly (y—glutamic acid) (PGGNa) has been
carried out in both its solid phase and solution phase at the range of 57~120 T and their molecular
weight decreasing effect was analyzed as a function of time by means of viscometry and light scattering.
Based on the solid phase degradation results, it was supposed that the bond scission rate in a polymer
chain kept constant and that the bond scission was occurred on a randomly located position in a polymer
chain. For the degradation in solution phase, it was also found that all data at various temperatures
were dropped on a single master curve when the reduced time ##" was used in the plot of the reciprocal
intrinsic viscosity (or molecular weight). This degradation curve in solution phase could be expressed
as the sum of a single exponential and a linear equation and especially, the single exponential character
appeared only at the beginning stage. The activation energy was measured as 107 ~115 kJ/mol in this
study and agreed with the literature values.

Keywords: thermal degradation, poly (y—glutamic acid), characteristic degradation time, master curve,
activation energy.
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Figure 1. Plots of H(/R,, against the scattering vector & at
various polymer concentration C(g/mL) in the static light
scattering of sample F—67.

Table 2. Characteristic Molecular Properties of Sodium Salt of
Poly(y-glutamic acid) Samples

Sample My ] Ry

code (g/mol) (mL/g) (nm) i

F-67 674000 332 31.5 0.15
F—58 580000 278 27.3 0.14
F-35 347000 215 19.8 0.14
F—18 180000 120 14.3 0.14
F-14 142000 96 13.6 0.14
F-10 98000 73 10.1 0.15

All properties in this table were measured at 25 C in the mixture
solvent of KH,PO, phosphate buffer solution(pH=7.0) and 2 M NaCl.
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Figure 2. Plots of the inherent viscosity and the reduced
viscosity vs polymer concentration Clg/mL} for two poly—
mer samples of F—67 and F—18.
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Figure 4. Change of the normalized reciprocal intrinsic vis—
cosity as a function of time at various temperatures, Here the
thermal degradation of sample F—67 was carried out in its solid
phase. The inserted graph is a typical Arrhenius plot showing
the activation energy of AE,=107 kJ/mol.
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Figure 6. Change of the size distribution of F—67 sample after
thermal treatment in solid state for 4 hours at 120 C.

Polymer (Korea), Vol. 33, No. 5, 2009



506 Y - JE

71 AR 2719] A9} XA Aole] TR Ajolr) vERtar,
olgfgt MY o2 RE ojgd Ar: shio] AgdkreR M 5= 9l
ek oleist siMells 271 e Aol Rallulge] #oidt ojuidh
o] Algtel] ufel B3] AR 7heslo] U Azle] A A
F 4EET Ja SHiell= maldox sl o] ¥ Alog 1
A= Faligo] EAsita B ol

IHEE, ol2A 3N o] AFENRe] iR BA
B g AoflM ) AR Eall7) Altell #3E 03123t AJ7h
ok Agrle] 7 557 0kee] o2 By ole} 22 2ow
7y 571 Ak

Moo/ MO~ gl (O =1+ kit +dl-exp(—kt]l  (13)

N

S, 2 Wk 7] A58 Felz dofuhe Hale] Flotiols,
K3} ko= 22 A3 8 A el aEarelt 99 Aoz
A3 AR B Ao A fitting® 374 SHllE 2 ko,
o, &%) B Foh FAR AV, oleit £4 Aok ARY £ o
o Sl ARER) ki3t kol LSkl T olsort
4 (13)9] a ke Baleeel Tasp 5 Aeo] gl 2

20 L T T —T
®  74.3°C {1st run)
18} O 74.3°C {2nd run) | |
67.4°C
A §27°C
= & 57.5°C I
=
=
= 4
*
L 4
L L 4
P * ,
1 1 1
40 60 80 100
Time(hr)
(a)
1.7 ' T T T
16+ ~
15+
< 14f
=
2 13k
= ®  74.3°C {1st run)
12 O 74.3°C (2nd run)
8 §7.4°C
14 A e27°C
* 575°C
——— Fitting eqn.

t/tr
(b)

Figure 7. Change of the reciprocal intrinsic viscosity as a
function of time at various solution temperatures in F—67
sample: (a) the original time £ (b) the reduced time #4". It
was found that all degradation data fell down on a single
master curve using the reduced time as x—axis and that the
fitting equation was not a simple linear line.
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Figure 8. Change of the reciprocal intrinsic viscosity as a
function of time at two different solution temperatures in F—
35 sample. As shown in the inserted graph, all experimental
data form a single master curve using the reduced time ¢/4"
as x—axis. The linear relation was clearly recovered at the
range of t4>2.
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Figure 10. Two Arrhenius type plots of the reciprocal charac—
teristic degradation time ¢ for two samples of F—67 and F—

35. Two samples showed the almost similar value of activation
energy of 107~115 kJ/mol.
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