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ABSTBACT 

Thin films of isotatic poly(l-butene) irradiated 
with a monochromatic light of 253.7 nm undergo random 
chaln-scission in air in the temperature range of 
267.0-313.0 OK. Quantum yields in the absence and 
presence of different stabilizers have been determined 
using a potassium ferrioxalate actinometer from 0.0188 
to 0.00027 scissions per absorbed photon. Quantum yields 
for scission were independent of intensity. Light 
scattering technique was used to determine the rate of 
links breaking for polymeric systems. A saturation limit 
in photostabilization of isotatic poly(l-butene) by the 
stabilizers was achieved beyond 0.8, 0.7, 0.6 and 0.~ wt.% 
of copper(If) bis(1,3-diphenyltriazine-N-oxlde) [CPTO], 
1.3-diphenyltriazine-N-oxide) [Hp~0], orphen~nthrollne 
b~s(1,3-diphenyltriazine-N-oxide~cobalt(II) [~PiT0J ana 
2,4-diphenyl-6-(2'-hydroxyphenyl)-s-triazine LPHPT], 
respectively in the matrix of polymer film. 

INTRODUCTION 

The photolytic degradation of polyolefins in the 
Solid state has been studied quantitatively for only a few 
materials at temperatures where thermal degradation is not 
a significant process. Degradation and stabilization 
process in the presence of atmospheric oxygen have received 
less attention. The quantum yield measurements can be used 
to determine the rate of polymer bond rupture and the 
absorption rate of the initiation energy. Quantum yields 
for chain scission have been reported for poly(a-methyl- 
styrene) by STOKES et al.L(1962), poly(methyl Isopropyl- 
ketone) by WISSBRUN (1959) and for butyl rubber by 
BHATNAGAR et a1.(1977) and CHAND~ et a1.(1979) but little 
attention has been paid to isotatic poly(1-butene). 

In the present paper, we have reported the 
quantitative estimation of the quantum yields for the 
chain scission using a potassium ferri-oxalate actinometer. 
PAREER (19~3) used this actinometer over the commonly 
used uranyl oxalate actinometer on the grounds that it 
is more sensitive and c>nvenient at the longer wavelengths. 
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CHANDRA et al. (1980aand 1980b) and SINGH et al. (1981) 
have shown that incorporation of 2,4-dlphenyl-6-(2'- 
hydroxyphenyl)-s-trlazine 1,3-diphenyltriazine-N-oxlde, 
copper(II) bls(1,3-dlphenyltrlazlne-N-oxlde) and 
o-phenanthroline bis(1,3-dlphenyltrlazine-N-oxlde)cobalt(II) 
in the matrix of polymer film retard photooxidatlve 
degradation of isotatlc poly(l-butene)by ultraviolet 
radiation. We have also determined the optimum concentra- 
tion of different stabilizers which would achieve a 
saturation limit in photo-stabilization of poly(1-butene) 
against exposure to ~53.7 nm ultra-vlolet radiation. Beyond 
a definite concentration of the different stab~llzers 
incorporated in the poly(1-butene) film matrix offered 
complete protection fro~ the photo-degradation. 

EXPERIMENTAL 

Materials: Isotatic poly(l-butene) [IPB] was supplied by 
Mobil Chemical Co., ~etuchem, New Jersey, U.S.A. Traces 
of atactic part were removed from the sample according to 
the procedure of NATTA et al. (1956). The polymer sample 
was washed with ether and dried in vacuo. All the four used 
stabilizers were synthesized according to the following 

~ iter~ture procedures:- 1,3-Diphenyltriazine-N-oxide 
HPT0] according to SOGANi et al. ~1956), copper(ll)- 

bis(l,3-diphenyltrlazine-N-oxlde) [CPT0] according to 
~YAMAL et al. (in press), 9-phenanthroline bis(l,3-diphenyl- 
triazine-N-oxide)cobalt(ll) [CPPT0] according to DUTTA 
et ai.(19~5) and 2,4-diphenyl-6-(2'-hydroxyphenyl)-s- 
triazine [PHPT] according to TITHERLEY et al. (1911). These 
stabilizers were characterized in our laboratories. 

Procedures:- A 125 W (230 V) mercury vapour lamp was used 
as the source of light whose glass case was removed. SINGH 
et al. (1981) have described the method of IPB film prepa- 
ration, the incorporation of the stabilizers in film matrix 
and its dissolution in cyclohexane. The dried IPB films 
were irradiated with a monochromatic light of 253.7 nm 
wavelength for different interval of times in the temperature 
range of 267-313 K. oThe temperature of the system was 
controlled within § 1 C. CHANDRA et a1.(1976) have determined 
the weight average-molecular weight ratio at any irradiation 
time to the initial molecular weight by light scattering 
technique. 

Actlnometry:- Potassium ferrl-oxalate actinometer discovered 
by CALVERT et al.(19~6), is very sensitive within the range 
of wavelengths from 253.7 nm to 578 nm, can measure 
smaller changes and is easy to use. For actinometrlc 
measurement O.006M ferri-oxalate solution was used. 
Total filtered output of the mercury vapour lamp 
from 253.7 nm monochromatic filter and polymer film, was 
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measured by potassium ferri-oxalate solution in the qusrtz 
cell of known volume. The Fe D+ ions are reduced tQ Fe L+ 
by the irradiation of light. The proauct Fe(C204)~-does 

not absorb incident light and the Fe 2+ ions can beZdetermined 
colorimetrically as a complex with 1,10-phenanthroline. 

RESULTS AND DISCUSSION 

Ultra-viOlet irradiation of IPB films result in a 
rapid decrease in weight average molecular weight of the 
polymer with time. This type of behaviour is characteristlc 
of a polymer undergoing random sclssion without extensive 
de-polymerisation. It can be assumed here that in a polym~er 
the number of chain scission is proportional to the number 
of quanta absorbed by the chain, the proportionality constant 
being the quantum yield for chain scisslon. 

II the polymer has a number average molecular weight, 
Mn, o initially and Mn, t after a random degradation process 

then the average number of scission(s) is: 

(Mn,o/Mn,t)-I = (Pn,o/Pn,t)-I (i) 

then the degree of degradation (~) is 

~= s I I 
= (ii) 

Pn,o Pn,t Pn,o 

where Pn,o is the initial number average degree of poly- 

merization and Pn,t after degradation. The relation between 

the number of chain bonds originally present n o and the 
number average degree of polymerization, Pn,o is given by: 

o -1 
no = wN -n,o (ill) 

m Pn,o 

where w is the weight of irradiated polymer, m is the 
molecular weight of t/ae monomerlc unit, R is the Avogadro 
number, We can write a similar equation 1or the number of 
chain bonds, n~)at ~and Pn,t : 

P~ t -I 
wN --"-' .... (iv) 

n(~ ) - m Pn,t 
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if all the bonds are broken by random degradation in the 
chains of polymer and each bond has equal strength and 
accessibility then JORTNE~ (19~9) postulated the following 
relationship for the zero order reaction: 

dn~ ~I ) = r I (v) 
dt a 

where I is the light intensity absorbed in the polymer 
film aand ~ is the quantum yield. 

I a = I o - I t (vi) 

I n is the intensity of incident light at the film and I t is 
tNe intensity of transmitted light from the film. The 
intensity of the light beam I o is evaluated by the equation: 

] = nFe2* -__-. quanta/sec. 

o @Fe2*t (I_i0-s Fe3* CFe3§ t 

.. (vi~) 

2§ 
where nFe is the number of the ions of Fe 2§ formed after 
irradiation, t is the time of irradiation in seconds, and 

Z *  2§ o - -t § 
CFe_ is the quant1~n yield of Fe at 2537 A and (l-lO Fe 3 
CFe5 ~ ~ ) is the fraction of incident light absorbed by the 

Fe j* compound and ~-i �9 

2* 
nFe is determined colorlmetrically by the equation: 

2§ 6"023xi020 Vl V3 l~ (Io/l) (viii) 
nFe = 

V 2 is 

where V I is the volume of actual irradiated solution of 
potassium ferri-oxalate, V 2 is the volume of aliquot taken 

for analysis. V 3 is the final volume of aliauot to which V 2 
is diluted, log ~o Io/l is the measured optical density 
of the solution at 5100 2, 1 is the path-length of 
colorlmeter tube and ~ is the experimental value of the 
molar extinction co-efficient of the Fe ~- complex as 
determined from the slope of the calibration graph. On 



447 

integration eq. (v) gives: 

n(K) = n o - $Iat (ix) 

A combination of equations (iii), (iv) and (ix) gives: 

m 1 ,, = I + --~ $lat (x) 
Pn,t Pn,o 

The quantum yield ~ , can be determined from equation (x) 
by plotting 1/Pn, t versus irradiation time. The pn,~Pn,o 

ratio can be replaced by the ratio of weight average de&~ee 
of polymerisation Pw,t/Pw,o , without an appreciable error. 

These ratio can be conveniently determined by light scattering 
measurements. 

Figure 1 shows that the plots are linear Yor small 
degree of degradation and then tends to increase. This 
figure gives the values of M versus irradiation time ~or 
IPB with and without the stabilizers at 283.0~ It is clear 
~rom the plots that in the early stages of photo-degradation, 
random chain scission process takes place but for longer 
periods of irradiation crosslinking takes place. Thus chain 
scission and crosslinking are taken place simultaneously. 

| ( 3 .  , .  .,. .,, .,. �9 ~ ,,. . i . . o I P  B 
�9 I P B * O .  1 ~  CPTO 
~ IPB+Oo i~ HPTO 
�9 IPB+O. i~ CPPTO 
= I P ~ O ~  PHPT 

~6 [IP~,o. ~ CPTO 
- ~IIPs.o.~ .r~o 
x IIPB~O,  ~ CPPTO 

g4  Ps.o. 
.c o 

--o v J I ~ B  "1.25 HPTO 
, , , , , ~v~1. ~ OPPTO 

20 s ,6 24 32  D.l.O  
Irradiation time(tec) xlO" ~ 

Fig. I. Variation of Mw or IPB v.~ time in absence and presence of 
ve'ious cons. of the stabl lizers at :>83~ 
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The quantum yield variation per absorbed quantum in 
the absence and presence of different concentrations (by wt.) 
of CPTO, HPTO, CPPTO and PHPT as a unction of temperature 
is given in Table 1. It can be seen from Figure 2 and 
Table 1 that the quantum yields per chain scissions per 
absorbed photon decrease with increasing percentage of the 
stabilizers incorporated in the IPB film matrix. A 
saturation limit in photostabilization of IPB by the 
stabilizers is achieved beyond 0.8, 0.7, 0.6 and 0.5 percent 
by weight of CPTO, HPTO, CPPTO and PHPT respectively. 

The observed quantum yields have less values than 
unity. This rl~eans that the number of moles of degradation 
products are less than the nu~ber of photon absorbed by the 
polymer. This is because of that the absorption of energy 
occurs at one site in a macromolecule which is then 
partitioneo over many bonds so thot the single bond breaking 
possibility is small, or the dissipation of absorbed energy 
occurs by ~uenching reactions. 

it is also observed that larger quantum yields are 
displayed by I~B without the stabilizers which is internally 
photo-sensitized, on the other hand, the sn~aller quantum 
yields are typical of IPB in which the initial ultra-violet 
absorption occurs at the stabilizers present in the matrix 
oz IPB films. These low values of quantum yields indicate 
that a polymer with the stabilizers would exJ~ibit photo- 
chemical stability and beyond the above stated optimum 
concentrations of the stabilizers incorporated in the IPB 
films afforded al~ost complete protection fron~ actinic 
deterioration in the order CPTO <HPTO < CPPTO < PHPT. 

1 . 0 ~  o IPB + CPTO 
0"81/ ~ �9 I PB-I- HPTO 

~ I PB+ CPPTO ~"~=0"61~" ~ "~  A IPB.F PHPT 
=+~ \ 

0 0 .2  0.6 1.0 1.4 
% Stbs in I PB 

1,8 

Fig 2. Effect of concentrations of the ,s.tabilizers on the ratio ot 
quantum yield of IPB at 283 K. 
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