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Scientific Activities of the MPI-P Spectroscopy Group P:

Structure and Dynamics Development of Methods
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Investigation of Structure and Dynamics in
Polymeric Systems via Solid State NMR

Solid State NMR ¢ resolution enhancement in solid state NMR,
magic angle spinning, recoupling methods,
double quantum NMR spectroscopy



Molecular Structures and Dynamics via NMR P:

Important NMR interactions:

H=H,+H,+Hc +Hy + H,

Zeemann Interaction : H, = —z v.B,I'

Quadrupol Interaction : _Z 21(21 N XII

Electronic Shielding : H. = —Z yiﬁogl_i

Dipol-Dipol Interaction : Hy = ZO: yryJ [ I - -r)-T f]
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Interactions in Solid State NMR Spectroscopy P:

Zeemann interaction dominates all other NMR interactions

Perturbation

Theory Orientation dependence of local spin interaction on B,

Ho, Hp, Hes, H,y
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Isotropic Contributions
Hcs: chemical shift
H,: J-couplings

Liquid state NMR
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Anisotropic Contributions
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Symmetric Asymmetric
Hq: quadrupol Hq: quadrupol
Hp: dipol-dipol Hcs: chemical shift

Hcs: chemical shift
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1H NMR Spectra in Liquid and in Solid State
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Spectral Resolution Enhancement in Solid State NMRP:

dipol-dipol coupling:

magic angle spinning:

R,, ™ O

RF irradiation:
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Double Quantum NMR Spectroscopy under MAS

preparation

evolution t,

reconversion

detection t,

properties of double quantum coherences :

‘(DDQ = Z(OSQ,i
1

< IDQ,ij = f(Dlj't)
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Molekulare Stuktur von Silikat-Schichten P:

29Si double quantum spectrum: DQ intensity o r6 => coordination shells
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Molecular Structure of Layered Silicates P:

29Sj double-quantum spectrum: DQ-Intensities => coordination spheres
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Polybenzoxazines P:

Useful Properties Unusual Properties
e HighT, o Low water absorption
e Good mechanical properties e Low volumetric expansion on curing
e Excellent UV and chemical resistance e High modulus
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Benzoxazine Oligomers Studied by 'H DQ NMR P:

Dimer . Trimer ) Tetramer




Hydrogen Bonds Assigned
via DFT-Based Chemical Shift Calculations P:

Dimer Trimer Tetramer
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Order Parameter in Liquid Crystalline Phases P:

chemical structur of
nematic model
compound G F
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Order Parameters in Liquid Crystalline Systems P:
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Investigation of Structure and Dynamics in
Polymeric Systems via Solid State NMR

Polymer Dynamics e po|yelectrolyte multi layers,reptations-model,
scaling laws in polymer dynamics, influence of
rigid confinements, conformational stability in
PEMA melts.
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Polyelectrolyte Multi-Layers
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Structure of Polyelectrolyte Layers P:

Observed Film Growth ( Ellipsometry)
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DQ NMR Investigation of Structure: PEM vs. PEC

Polyelectrolyte Complex Polyelectrolyte Multilayer
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Molecular Dynamics in Polyelectrolyte Multi Layers P:
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Localization of Water in Polyelectrolyte Multilayers P:
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Time Scales in Polymer Dynamics

dynamic regimes of the Reptation model :

l. Il. II. V.

>

log ([Ry(t)-R,(0)%)

t<rt, t>1,

slow, collective
Reptation dynamics

fast, local dynamics

separation
of time scales!




DQ Measurements of Dynamics on Different Time Scales P:

t 21+t
' r" (2) (2) (41
wl [dr [dt"(Dy ) -2 (1) (")
0 t+t,
t=0 t=1, t>1,
I I ! | ! !
i i i i i i
N i \ \
\.—,// \~ i/// \\ ! 1///
P I T
(X(t) \\\ \\é\\____j P S \\\ \\:l\\____j// \\\ \\:k\____j/’
\ -7 N i - \\h ' /’/
i 7 -—— - +7 He-———4
| | | |
local order parameter : i = <Dij,eff>/Dij ™ . L i o i
\ I J:// P \ !\————/'://‘ - \ !\————J:'// .
static systems : S;(t)=1 \;-1 — ———— L7 \;'-'1 _____ 2 E _____ 1:
isotropic motion : S,(t)=0 N S\ Ny
L R
polymer network theory : S~ IN T A T
(2) (2)
3 M <d2 m(texc ) d2 m(trec )>t Corresponds to
A Polybutadien: | § =~ 2 hl/([uhn ~0.03
e ) : return-to-origin probability C (t)

\'\uh"



Local Order Parameters in 1,4 Polybutadien Melts P:

1H double quantum NMR spectrum Dynamic order parameter S

via residual dipolar couplings
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Time Dependence of Local Order Parameter P:

double-quantum filtered experiments on 1,4 poly-butadien
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Reptation-model predicts two scaling laws:
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Molecular Weight Dependent Dynamics of PB Melts in PS-PB

1_: LLAL) | LAY | LALLM | LLELLLLLL | LAY | LY e IE 10
:E i = =
: N
"
0.1 S
> 5
S ®
%) . Q
o - 0.1
0.0% o -
1 ¥ PS-b-PB 12k-10k
" PS-b-PB 22k-24k
® PS-b-PB 90k-120k
LAY L LL LR LY LAY LAY LY | L 001
107 10° 10 102 10° 10 10°
vt.
e A\
'Mf/,' Tethering a PB chain end to a rigid PS block stabilizes the t-'/4-regime

Fd



Influence of Rigid Confinements on Polymer Dynamics P:
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T. Dollase et al., Macromolecules 34, 298 (2001).




Polymer Dynamics in heterogeneous Polymer Melts P:
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Variation of Dynamic Order Along the Polymer Chain P:
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a-PEMA: Isotropisation of Chain Dynamics
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a-PEMA: Isotropisation of Chain Dynamics
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Dynamic Models: Random Jump vs. Rotational Diffusion

rotational diffusion
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Time Sclaes of Molecular Dynamics PEMA Melts
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Length Scale of Isotropisation Process

from radicalic polymerisation

g

from anionic polymerisation
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Organisation in Poly(Methacrylats): WAXS P:

(LVDW) (VDW)

WAXS-Data | syndiotactic
ala poly(methacrylate) extrapolated
= lokal structur:
S,
>
B
5 "Nano Layers"
[
dII
< >
| I
0 10 20
g [nm] d 1
: isotactic
Bragg distances oA PEMA
E1.6- 11 - e — — —
=,
= " g (LVDW)
Q1.2 I 4 t side chains
cC |
8
® 2 _mainchains _ ?
S 08| —wrns aih I——
12 . Il
S - g s A
m 0.41 |
Vi AN (VDW) HINENRNENRNE NN
|.,'. .:.:_ﬁ;ﬁd | 0 r . . ' . .
g/ 0O 2 4 6 8 10 12
= M. Wind et al., J. Chem. Phys. 122, 14906 (2005).

T number of side chain C atoms



Fd

Investigation of Structure and Dynamics in
Polymeric Systems via Solid State NMR

Conclusions e« solid state NMR investigations



Pro and Contra of Solid State NMR Investigation
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elucidation local structures in
partially disordered systems

supra-molecular structures in
hydrogen bonded systems

local molecular dynamics

correlation of dynamic processes
and chemical structure

needs expertise

expensive
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