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Infra-red dichroi~n has been used to measure the orientation of the 
different sequences of isotopically labelled block copolymers. We have 
determined the orientation frcm dichroic ratios of two bands of deuterated 
polystyrene, and compared in block copolymers the orientation of the cen- 
tral part of the chain with that of the ends. The relaxation of the ends 
is more rapid than that of the center, which exhibits a "plateau". 

Introduction 

Recently, there has been increased interest in viscoelastic proper- 
ties of polymer melts, both experimentally and theoretically through the 
approaches of De Gennes (I), Edwards and Doi (2) to chain relaxation. 

Although theories can be tested through the behavior of macroscopic 
parameters such as stress or elastic modulus, the observation of microsco- 
pic quantities has proved to be useful for the study of viscoelastic phe- 
n~nena, on a molecular level. Spectroscopic techniques like ~]l angle 
neutron scattering (s.a.n.s)~ fluorescence polarization (f.p.) and infra- 
red dichroism (i.r.d.) are particularly well suited, especially when lar- 
gely deformed polymer chains are concerned (3). 

S.a.n.s. measur~nents provide information on the structure of chains 
at various spatial scales~ whereas f.p. or i.r.d, lead to the determir~- 
tion of the chain segment orientation. For f.p. measurements~ it is neces- 
sary to use a fluorescent molecule like anthracene~ as a label. The experi- 
mentally measured orientation Ikuuction deals ~ith the orientation of the 
part of the chain which is directly connected to the fluorescent molecule~ 
i.e. the central part of the chain or the er~ of the chain. The main advan- 
tage of this technique is its very high sensitivity. One can study the 
behavior of labelled chains at a concentration of I wt % in a matrix of 
uolabelled chains, ar~ thas investigate the effect of the molecular 
weight of either the labelled chains or the chains of the matrix. In con- 
trast i.r.d, does not require any labelling of the polymer chains. The 
orientation function measured by i.r.d, is an average, over all the chains 
of the sample~ of the orientation of all the chain segments. In order to 
look at the orientation of particular species, it is tempting to use deute- 
rium isotopic substitution to label the chains under interest. Indeed~ 
frequency shifts are expected in the infrared spectra between hydrogenated 
ar~ deuterated species. Preliminary experiments performed in our Is horatory 
have shown that~ due to the sensitivity of the i.r. technique~ a concen- 
tration of deuterated species higher than 10 wt % is required. This e2imSna- 
tes amy possibLlity of studying the effect of the molecular weight of the 
labelled c~ains or of the polymer matrix without disturbirg the overall 

* T o  whom offprint requests should be sent 



166 

properties of the material. By using isotopically labelled block copolymers, 
one should be able to identify the behaviour of the different sequences and 
to compare the relaxation of the whole chain with that of the ends or the 
central part of the chain. 

The first part of this work is devoted to the determination of the 
second moment of the orientation function for perdeuterated polystyrene 
chains from i.r.d, measurements. The second part deals ~ith the study of the 
orientation of two isotopically labelled block copolymers, frcm which we 
extract the orientation of the middle and of the chain ends. 

Experimental 

Perdeuterated pol_~yst_~ene~ poly(d R styrene), noted PSD (Polymer Labora- 
tory, ~,~: 20~,000, ~ < 1.14) and ~ormal polystyrene, noted PSH, 
(supplied by E.A.H.P. (E~ble d'Application_ des Hauts Polymeres, 6 rue 
Boussingault, 67000 Strasbeurg, France), }Q, = 181,000, ~IM~ = 1.11) have 
been used in the first part of our work. Ifi addition t ~o"bl6ck copolymers 
were prepared by anionic polymerization by one of us (L~,F) : 

- a diblock copolymer Poly(d~-Styrene-b Styrene) having a total molecu- 
lar weight ~., = 184,000, M/M < Y.0~ and a d~ sequence molecular weight 

= < 1 . 0 3  " . . . 

- a t r ib l6c~_*copolymer Po ly (S ty rene  b-d R Styrene-b s ty rene)  wzth a t o t a l  
mo lecu lar  weight  ~,, = 188,000, ~ . / ~  < 1.0{ ,~az~ a c e n t r a l  d R sequence o f  a 
molecular weight of 30,000 (Mw~ <*~ .03), 

The polymer films were obtained by casting a 6 % freshly distillated 
benzene solution of each polymer on a glass plate, followed by drying at 
room temperature. 2 cms large strips were annealed under vaccum for 48 hours 
at 140~ in order to remove any trace of solvent and interr~l stress. 

Stretching experiments were performed at constant strain rate and at 
various temperatures above the glass transition temperature (Tg ~ I0~~ mea- 
sured by d.s.c, with a heating rate of 10~ on a apparatus develop- 
ped in our laboratory (4). 

Infrared spectra were obtained on a Nicol~t 7199 Fourier transform 
infrared spectrometer at a resolution of 2 cm- with a total of 32 scans. 
The polarisation of the infrared ~ was obtained by use of a SPECAC gold 
wire grid polarizer, and samples rather than polarizer were rotated 90 ~ in 
order to obtain the two polarization measurements. Dichroic ratios were 

A 
calculated from R = ~,1 (where All and A I are  the measured a~sorbance for 

electric vector para~el and perpendicular to the stretching direction 
respectively). 

Results and discussion 
i/~t~t~_o_n__of_t~ o~_~_e__nta__ tAon_o_C~_~t__~_at~oc__h~__s_ 
Fig. I shows the infrared spectra of perdeuterated polystyrene and ner- 

mal polystyrene. As a relatively small amount of PSD will be used, only 
strong bands will be considered, Many of these overlap partially with bands 
of PSH such as those at I~7%~ 1380~ 1330@ 840 cm- , In fact~ only the group 
of bands lying between 2000 and 2300 cm- is I isolated. Ba~_s assignements 
have been already proposed [ 57 �9 The 2100 cm- ar~ 219~ cm- bands are attri- 
buted to the sy~netric and asy~netric ~tretching vibrations of CD o groups 
respectively, and the baud at 2273 cm- contains stretching vibrations of 
the aromatic C-D groups. 
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Fig. I - Infrared spectra of polystyrene (---) and perdeuterated 

polystyrene ( ) 

Dichroic ratios of the 2100, 2195, 2273 cm-i bands have been measured 
for samples stretched under t~ following conditions of temperat_u~e and 
strain r~te : 121~ 0.029 s ; 119~ 0.029 s ; 116~ 0,029 s-'~ 113~ 
0.115 s . Those perpendicular bands show a dichroic ratio which decreases 
~hen the draw ratio increases, or temperature d~reases. The most reliable 
results are obtained from the 2273 and 2195 cm- bands. These two bands 
insensitive to the local conformation of the polymer chain, are suitable 
for dichroism measurements. Unfortunately~ the angle between the transition 
moment and the local chain axis is not known for these vibrations. This 
impedes the calculation of the quantity < Pg(cos G) > in which 0 is the angle 
between the local chain axis and the direction of stretching. 

Therefore we have studied the orientation of the blends 85 % PSH~ 
15 % PSD~ Samples ~ere str@tched under the f~llowing conditionsl 121~ 
00029 s-'~ 116~ 0.029 s-'; 116~ 0111 5 s-'. The orientation of PSH 
chains ~s measured usiug the 906 cm- absorption band which corresponds 
to the out-of-plane v I~ mode of the benzene ring, for which the dipole 
moment makes an a~le bf the o~der of 35 ~ with the chain axis [6]. It ~as 
impossible to use the 1028 cm- band, since it is partially overlapped by 
a PSD band. The orientation of the PSH chains has been calculated using 

R +2 R-1 

o (R--$-~) 906 < P2(cos e) >H = R o - 1 withR ~ 

and ~ = 35 o . 

= 2 cotg 2 
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Fig. 2.a - 0rientation of polystyrene chains measured with the 906 cm -I hand 

as a function of - (R-I)/(R+2) calculated from the 219~ cm -I bend. 

b - Orientation of polystyrene chains measured with the 906 cm -I band as a 

function of - (R-I)/(R+2) calculated from the 2273 cm -I hand. 

In order to calculate the orientation of PSD chain we postulate 
< Po(cos 8) >~ = < Po(eos G) >u �9 (Both types of chain have 
app~oximative~ythe ~%me length) The quantity < P2(cos G) >D 
can be expressed as : 

R-I 
< P2(cos 0) >D = A(~'-~)2195 

< P2(cos G) >D R - I 
= B(R +---'-~)2273 
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The constants A and B can be determined by plotting < P2(cos 0) >H 

(R-1) R-1 
a s  a f u n c t i o n  o f  R+2 2115 and (R-~)2273" ( F i g .  2 (a)  and ( b ) ) .  A 

l i n e a r  l e a s t  squa re  r e g r e s s i o n  y i e l d s  A = - 3 .8  and = - 2 . 7 ,  
w i t h  an  a c c u r a c y  o f  abou t  1 5 %. The magni tude  o f  t h e s e s  c o e f f i -  
c i e n t s  i n d i c a t e s  tha_~ t h e  d i c h r o i s n  o f  t h e s e  PSD ~ d s  i s  w ~ k e r  
t h a n  f o r  t h e  906 cm PSH ~ f o r  which t h e  c o n s t a n t  i s  round 
- 2 o  

2/0z_ & ~a_~ ~ o~ o f_ _t~e_ _eo~z_~e_r_ s_ 
In order to study the orientation of the chains in a large 

time dcmain, samples ~re stretched at temperatures ~ bet- 
ween 110~C and 135~ and strain rates between 0.115 s" and 
0.008 s- . The temperatures (T) and strain rates (~) were chosen 
to obtain the largest variation, at a reference temperature T~ of 
the quantity ~ aT/T ~ while minim4 zing the n~nbe~ of e~perime~ts 

(aT/T ~ is the time-~emperature shift factor at the temperature T). 

This procedure is commonly used to obtain a master curve at a tem- 
perature T o from viscoelastic dynamic data [7] �9 The average ori~ta- 
tions of D and H blocks were independently determined as described 
above and the average orientation of the whole chain was calculated 
as the woight average of the orientation of each block. 

Figure 3 illustrates the behavior of the orientation of the 
chain a~_ of the D block for The triblock copolymer at 1130C~ 
0~115 s and 128~ 0,029 s- . Figure 4 e~hib[ts the different 
behaviors of the D. blocks in the two copolymers. Within the expe- 
rimental error, a linear relationship holds between < Po(cos e) > 
and the draw ratio for both types of blocks. Fig. 3 shows that at 
113~ the orientation of the central part of the chain is quite 
similar to the average orientation, ~hereas at higher temperature 
(128~ the central block has an higher orientation than the 
average. This effect is more obqious ~hen we compare blocks of the 
same length b~t differently located on the chain (Fig. 4). Indeed 
the difference between the orientation of the central and the end 
portions of the chain increases with temperature. At 113~ the 
ends are somewhat less oriented than the central part of the chain 
whereas at 128~ they are significantly less oriented. 

Fig. 5 shows the orientation at k = 4 of the deuterated 
sequences as a function of the parameter log ~ a T at a reference 
temperature of 120~ The average orientation of the chain has 
not been represented here for clarity, hat it lies between the 
two curves. The right part of the plot represents the short time 
behavior of the relaxation, the left part exhilits the behavior 
at longer times. At short times~ the relaxation of orientation 
is rather independent of the location of the observed sequence on 
the chain. When we go to larger times, Fig. 5 shows that the 
orientation of the ends of the chain decreases much more rapidly 
than that of the central part. The relaxation of the center passes 
through a plateau~ mhereas the orientation of the ends decreases 
continuously. 
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Fig.4 - Orientation of the deuterated blocks 
Fig.3 - Orientation of the dea~erated block (circles : central block; triangles : end block) 
(circles) and average orientation (squares) of 

. . . . . . . . .  as a function of the draw ratio (filled symbols the trioloe~ copo• as a function oi ~ne araw..-o^- . . . .  -I. - o  - 
ratio. (filled symbols 113~ 0.11g s -I ; open ~lj u, u.11~ s , open symbols 12~ C, 0.029 s -i) 
symbols 128~ 0.029 s -I ) 
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Fig. ~ - Orientation measured at a draw ratio ~ = 4~ as a 

function of log ~ aT/To. (T o reference temperature = 120~ 

deuterated end block~ 0 deuterated central block. 
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Conclusion 

The use of infra-red dichroimn on isotopically labelled block copo- 
lymers is a new and powerfull tool to look at the relaxational behaviour 
of different parts of polymer chains. This qualitative study points out 
that a polymer chain does not relaxe uniformly~ bat that chain ends relaxe 
more quickly th~n the central part of the chains. A quantitative study, based 
on the comparison of these results with theoretical predictions, is in 
progress in our lah0ratory. 
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