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e Introduction

o Scattering Functions and Cross Sedion
e Partial Deuteration

 Polybutadiene

* Polyisobutylene
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| nelastic Neutron Scattering

Dielectrics and Rheology: No spatial
Information about the nature of the molecular
motions

However, inelastic neutron scattering
experiments provide information in both space
and time

we observe the geometry of the processes

Further, neutron scattering provides Information
about the time evolution of the self (Incoherent)
and pair correlation (coherent scattering)



| ncoherent scattering function

Coherent scattering function

Scattering Functions

(S=lf correlation)
Sne(@) =+ ¥ (@xp( QD ~F(O))

&

@

086
Q@/
Q

@

(Pair correlation)
Soon(Q) = (xp (5 (0 =T} (O))
]

® ®

.
(@

® o

- t=t

t=0




Selected Scattering Cross Sections

Owh  Yinc
H | 1.76 80.26 \b\ = Zcoh
D | 559 205 4
C | 555 0.00 Hz _‘5‘2 _%inc
O | 423 0.00 AT

Hydrogen and deuterium have extremely different
scattering char acteristics!



Neutron Scattering on Polymers (4 Infor mations)

deuterated polymer melt
collective (Interchain) relaxation is observed

protonated polymer melt
self correlation (msd) Is observed

protonated polymer chain in a deuterated matrix
single chain dynamic iIs observed

partial deuterated polymer melt
Intrachain correlation 1s observed
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Glassy Dynamicsin Polymer

l -

At Q.. Neutrons Observe
the a-relaxation

S(Q,t) / 8(Q)

structural relaxation

S(Q,t) /8(Q)

= relaxation of short
range order underlies il
mechanical relaxation
(shear flow)
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What 1s Known?

It 1S established

that (at least) two relaxation

processes take place in all glass-forming
polymers (a process and [3 process)

The a relaxation results from inter-chain
correlations, while the (3 relaxation mainly
comes from intra-chain correlations

What 1s Unknown?

What isthe origin of the two relaxations?

Are both processes correlated?



Partial Deuteration

Deterium and hydrogen have extremely
different scattering characteristics

Otherwise the deuterated (or partially
deuterated) materia hasthe same physical
and chemical properties as the protonated one

Therefore it I1s possible to highlight the time
evolution of agiven correlation



1,4 Polybutadiene with Different Deuteration

Different Correlations are Observed

Protonated polybutadiene Deuterated polybutadiene Partially deuterated polybutadiene

[ N § A § S N D D D D D D 1 D 11 D 1II D
PP AT RS S NP A P N P N P NP
NENSCEESE NS NS DN TSNS NN DTN ST

| |1 | 11| |1 | | D | | D | | D | | D | | D | | D
b, o o u u un o b,p p p b b b b, p n b 1 bp T

Ginc = 481.56 barn Gine = 12.30 barn G;nc = 168.72 barn

inc inc

— Te=c

self

pair




Elastic Results: Diffuse Scattering
Polymer Blend (d4h2 and d6 1,4PB)

Plinconerent | [ The peak maximum of
15 ,-'-'f‘-'v":--_q:«g_ 1an21 the static structure factor
> -':‘-"““‘-’w.a.g Mol m 100y 1S L the same position for
2 101 7501 both labelings
5% / N 1 U The static experiment
Sesconerent | can not distinguish the two
oL v . :
00 05 1.0 15 1 20 25 3.0 different correlations
Q/A"

Inter-chain and intra-chain interference peak are at
the same position!
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|nelastic Results: Neutron Spin Echo

= | [1 The pair correlation
v T ‘%% | at Qp, scaleswith the
do14p8 i Viscosity (a process)

0.0 [+
= 1 The C=C-C=C
2 05 correlation at Q. does
o not scale with the
|, dan2iges A7 VISCOSIty (3 process?)
107 1073 t /TJ;O'l 101

In the inelastic experiment we observe two different
processes in the same sample at different labeling !



|nelastic Results: Neutron Backscattering

11 d4h2 PB
| Q=1A"

Resolutio
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energy transfer / peV
Backscattering data were fitted with (3=0.4):

S(Q,w) =FT EAEéXpEr BrHB %DR(Q w)
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|nelastic Results: Neutron Backscattering
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The Backscattering
experiment shows
qualitatively the
sameresult likethe
NSE experiment!



Extract Parametersfor Salf and Pair correlation

Snee (Qit) = 1eon (Q,1) =1/ 316 (Q, 1)
Sgs(Qit) = 1eon(Q,1) + i (Q) 1)

with:  Sps(Q.t) = FT{Sps(Q,w)}

Assumption: I (Q,t) and I, (Q,t) are KWW functions

INC

t
Trkww (Q, T)

1(Q,1) = AlQ, T)expL=-




Activation Plot — Conclusion

107 o 1. /1 1. ]° Theparcorrelation at thefirst
pair — ""a "B 4 peak follow the glass transition, and
104 % Tair / /1 at the second peak the B relaxation.
@ T 1 7 . Above a—[3 crossover temperature,
I /I ¢ Ty, the C=C-C=C-correlation
10 self b, / ‘T shows the temperature dependence
v .6 o of the o relaxation, and below the
=g %ﬂ 2 temperature dependence of the 3
10 v 9 rel axation.
ch 2 S0) » The salf correlation of the double
10710 q@{ ° - o) bond hydrogens shows also the
"o o Ve temperature dependence of the 3
Qi relaxation.
10'123 " e Conclusion:  process corresponds
1000 K / T ’ to amotion of the double bond and

decouple at T, from the a process



| ntra-chain Potential

Typical for Polymers

energy

Peculiarity Iin
Polyisobutylene

energy

0 120 240 360
¢/ deg.



Polyisobutylene

Aim: Investigation of the t-t jump process

CD; CD3 CDs CD Due to the high incoherent cross section
H ] ?4 H ] ?4 T . .

\c|,/c|3 /c: (|:/c /c:\ c'/ of the hydrogen atoms with the partial

[ CD T’L D © ?'4 D?ll deuteration the motion of the methyl

i group is almost invisible (about 10% of

the signal)

Therefore, the signal reflects the motion
of the methylene hydrogens

Data where compared with results from
MD simulations and a simple diffusion
model



Glassy Dynamics in Polyisobutylene
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S(Q.1) =S,,(Q.) /R(Q.Y)

L ocal Dynamicsin Polyisobutylene
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Datain frequency domain, S(Q,w),
were Fourier-transformed into the time
domain with consideration of the
Instrument resolution R(Q,w)

| Datain time domain were fitted with:

e 4 S(Q,1) = A(Q) BSphonons(Q: 1)

{F2(Q) + (1- F»(Q)) Texp|t/15])
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Fit Results; The Correlation Times
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The Q- dependence of T, Shows

clearly two regions:.
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Scattering Function for Diffusion on a Circle

T Diffusion Equation:
) DAP(F,t) = % P(r,t)

Boundary Conditions: P(¢,t =0) =(¢,¢g), P(¢,t — ) = 2_171

Sol ution: P(¢ do, t)—z—lngH Zcos(k(¢ $o))exp(-D th)§
SQ) = [d0 deoP«b o) exPlIQ(R@) - R0

Seast(Q) =2 Isi n9d9 LI5(QRsINY)
& 5 LT

Snel (Q,1) = zzexp[—?kzt]jsinsds D (QRsINY)
k=1 0
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Comparison with Data
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*At lower Q agoodagreement
between model and data is observed.
At higher Q the differences increase
In bah spectral form and eladic
Intensity

*We have edimated R = 2.34



Relaxation Timesversus Q and Relaxation M ap
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*Model and data shows qualitatively
the same Q- dependence of the
correlation times

*R depends on temperature

Open Question: Isthe local
relaxation adiffusion processin a
gpatial restricted area?

ott-jump process and data of the
d6PIB sample shows almost the
same correlation times

*Note: tt-jump distance is much
smaller than evaluated by the data
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| ~Em-te e P (@ | Polymer melt with 5 chains of 25
- R monomers in a cubic box with periodic
N CHE e boundary conditions was simulated
w50y, gyt | under constant pressure and temperature
%___’._.éHJ éH; ,’ﬂtJth" E:H, Rk -
R A T conditions.
0.00 ./, g. \\, .JJ: ‘ ,\\. , f. , \\.\ .
T P P Apalysing the incoherent scattering
1.0 function S(Q,t) three distinct processes
gl were identified.

80.6f . .

g The slow and intermediat processes
L04r0 could be related to trans-trans and trans-
= 0.2} gauche jumps.
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Thank you for your attention!



