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Precision PolyolefinsPossessing
Organic Liquid and lonic Liquid
Functional Groups

The Wagener Research Group
The George & Josephine Butler Polymer Research Laboratory
University of Florida, Gainesville, Florida

The Mullen and Spiess Research Groups
Max Planck Institute For Polymer Research
Mainz, Germany

The Winey Research Group
University of Pennsylvania
Philadelphia, PA
&

The Frishknecht Group Century Tower at
Sandia National Laboratories University of Florida

Albuquerque, NM
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Morphology T That s What Counts

Morphological Structure
(ultimatelydetermines performance)

T

Tertiary Structure
(how multiple polymer chains organize)

Secondary Structure
(how a single chain organizes)

Primary Structure
(repeat unit structure)

s (Jnderstandindvietathesis ReactioMechanisms
i
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Metathesis Polymer Chemistry

Chain Polymerization (ROMP) Step Polymerization (ADMET)

A Fast kineticg Initiated Polymerization A Kinetics 2x slowei CatalyzedPolym

A Narrow MWD possible (PDI close to 1) A Most probable MWD, PDI = 2

A Easy polymerization procedure A Conventionapolycondensation
procedure.

A MW typical for chain polymers with Mw A Mw typical for polycondensatiowith
up to millions Mw up to 100,000

A Monomer ring strain required A wide variety of monomers possible

A Usually amorphous polymers A Usually semicrystallingoolymers
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Mechanical Stirring:
How To Get High Molecular r
'

Weights in Step Chemistry

* Bulk Polymerization (no solvent)
* Mechanical Stirring

*Vacuum

Brian Aitken
‘%‘ George and Josephine Butler Polymer Research Laborddepyartment of Chemistry University of Floride
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The ADMET Reaction - Polycondensatio@hemistry

Room Temp.
+  Metathesis p - Ce /
Catalyst = + Gaseous Ethylene

X
ADMET Polymer

Animation of ADMET Mechanism

Diene Monomer
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ADMET Polymerization is Quite Broad In Scope

P et R R

<4 and Physics v

s Aromatic Amine Hydrocarbon Branche d Acids
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Macromolecular
Chemistry
and Physics

www.mep-journal de

B Macromolecular
D Chemistry

JOURNAL OF POLYMER SCIENCE | PART A
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Amino Acid Branch
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Ketone
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Polyethylene By Step Polymerization

4 A

Chain Polymerization
(polyethxlene, polypropylene, PVC, teflon, etc)

\ \ /

\ VS

2 \ N
Step Polymerization

(polyester, nylon, polycarbonate, etc)
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ADMET is
Metathesis Stepolycondensatio@hemistry

Metathesis

e W
m + CH,=CH,

SymmetrlcaIDlene /hen hydrogenate
R

an/

Symmetrical Repeat Unit
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ADMET Polyethylene Is Orthorhombic

300000

——— 300K
- _ Degree of crystallinity =
=004 Orthorhombic | (119 | 301711 + 31275)
] / (101711 + 31275 + 46409
2 200000 Crystals = 74%
S _

S 150000 - (200) _ _
& Apparent crystalline size
100000 d;10= 0.40nm
d,0= 0.36NM
50000
0 -1t r 1 - T - 1 - 1 1 - 1 - 1 *r 1T *r 1
0 12 14 16 18 20 22 24 26 28 30
2theta _
The apparent crystallite size was determined by the D8bjerrerequation:
®FLORIDA
d = K*ceqdy)) ( B*

u !.l George and Josephine Butler Polymer Research Laborddeyartment of Chemistry University of Floride



http://www.cise.ufl.edu/~yanli/images/uf_logo.jpg

s ADMET Molecular Weight High Enough?

Symmetrical Repeat Unit

Tahnie Danastor, undergrad in our group
Acid containing polymer

A M,, = 20,000 to 100,000 gyol
A High strength amM, = 20,000 (4,500 psi tensile strength)

A M, /M, = 1.8 to 2.2like polyester, nylon, polycarbonate)

A High thermal stability (~ 300 C)

@FLORIDA
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Step Polymerization Advantages

Step polymeri zati one.
as found in olefin chain copolymerization.

@ ORIA
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PrecisionPolyolefins

We can control precisely the
Branch Identity
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PrecisionPolyolefins

We can control precisely
the Branch Frequency polyolefins
|

\

/

Now with precision placement up to every"tarbon

George and Josephine Butler Polymer Research Laborddepyartment of Chemistry University of Floride
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Thank you, Giovannii 2 Step Monomer Synthesis!

1) 1eq LDA, THF, 0 °C

Br
2)1eq /\M NC R R
n

CN K°, HMPA
- A - AN

n n

3) 1eq LDA, THF, 0 °C n n t-BuOH, Ether, 0 °C

Br
)1eq Z
n

Giovanni Rojas & Wagener, "Avoiding Olefin Isomerization During
Decyanation of Alkylcyano-Dienes: A Deuterium Labeling and Structural

Study of Mechanism"

Journal of Organic Chemistry, 73, 4862-4970 (2008) GiovanniRojas, Postdowith
Prof. Mullen,Max Planck

Institute ForPolymerResearch
Now employed in Colombia
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The Comparision Alkyl On Every 2F Carbon

methyl

ethyl

propyl

butyl

pent

hexyl
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The ComparisionAlkyl On Every 21st Carbon

gem

Isopropvl
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Some alkylsare included
In the crystal lattice.

Orthorhombic » Triclinic

Triclinic Crystal
with Hexagonal
Sublattice

@i ORivA
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Precision Alkyl Branch Every 29Carbon
Alkyl branch
ADMET Polyethylenes on every 2f T (O(k:) Dy
carbon (peak) (J/9)
Linear ADMET Polyethylene’  No branch 134 204
TrICIInIC | Branchin Methyl 63 104
unit cell Gemdimethyl 45 61
Ethyl 24 65

Journal of the American Chemical Societ@1, 1737617386 (2009)

LEeuIye diiu Jusepliline pulel FuUlylier xesedilll Ldbul dugiyal utieric Ol olielnisuy Ullversity Ul |—|U||uq.
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Precision Branch on Every 39th Carbon

cpé’cy3 H,C=CH, PPh,
u— Ph;P—Rh—CI
el 3
oy  CBraPPh Br PCy,; Ph _/ B Ph;P' Br Br
r
/\9’9 —_— /\9'9 —_—> Brwg — > 18
CH,Cl,, 0 °C 45°C, 103 atm 900 psi H,
1 2 3 toluene, 55 °C 4
(90%) (80%) (96%)
THF/toulene t-BuOK
0°C
R H K°, HMPA % LDA . Br
+ =
< _ % AN - ~ 18
Mﬁf%\ 18 18 o
t-BuOH THF, 0 °C
THF, 0 °C 6 5
(42%)
Symmetrical diene monomer
i) ADMET
ii) Hydrogenation
NW\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/RKNW

38 Methylene Units
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Alkyl branch on

[0}
ADMET Polyethylenes every 39" -Eme(af)) [3?”‘
carbon P (J/9)
Linear ADMET Polyethylene® No branch 134 204
Branchin unit cell {  methyl 92 137
/~  Ethyl 76 93
Propyl 78 71
iIso-Propyl 77 74
Butyl 76 128
) i iso-Butyl 73 51
R Branch gxcluded Pentyl 74 38
g from unit cell <
Hexyl 73 85
] 38
Heptyl 74 85
- - n Octyl 74 73
Boralnci & Nonyl 73 84
Wagener,
Results not Decyl 1 6
yet published. - Pentadecyl 70 83

R AGROIRN 1) \1ade by ADMET of 1,9decadiene
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Br Br —»t BuoK Br CN /\Hé%/\
—>
W;;e 2 /\ea, P

THF/toulene THF, 50 °C
1 40 °C 2 9 R
(94%) (31%) (24%)
¥ KO, HMPA t'BUOH
o A THF, 40 °C
D H,C=CH,
: ; ' ' PPh3 \
BoraInC| Ph;P-Rh—Cl ADMET
R Ph;P' 100 °C, 103 atm
- \ - / \
38 36 36
900 Psi H, 0 36 36
n 90 °C
6 5 4
F3C > O Mo_
(86%) (84%) Fs«C o (88%)
/}\CF Boralnci & Wagener,
CFy JACS 31, 11872 (2011)

|

74 Methylene Units
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WAXS Characterization of Precision Polymers

21.5°
Measured at '
MPIP
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Presence of (110) and (200) planes confirms
the existence of orthorhombic packing!
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Morphology Of Large Defect Branches Is Different

WHAT WE THINK: Chains fold to form lamellae devoid of large defects:
larger alkyl groups are excluded from the crystal lattice

Lamellae of pure hydrocarbon chain

=R R IIIIIIIIIIIIIII s s

Macromol. Symp 282 50 64 (2009).

The distance between branch points has to be large enough
to allow crystallization to occur.

@R ORIDA Folding produces crystals with melting temperatures similar

J to n-paraffins of similar size
3 l!-!.l George and Josephine Butler Polymer Research Labdrddepyartment of Chemistry University of Floridg
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Metathesis & Symmetry Partners

WAW
R
= X = &
R R

R

. Triclinic Crystals :
rthorhombic cr I . . A "
/ ombic crystals Branch included in crystal Branch EXCLUDED
Adapted from: GStrobl Reverts to Orthorhombic

The Physics of Polymer2007.
George and Josephine Butler Polymer Research Laborddepartment of Chemistry University of Florida
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Precision Large Branch Morphology

R R R R R R

Observations first macet Sumitomo
Chemical Company

Nozue Kawashima, et al,
Macromolecules44, 4030 (2011)

_ R R R R R R
Question: R R R R R R
Is there some

special

ordering of the large
branches in the
amorphous region?

@FLORIDA

R R R R R R
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Variable Temperature WAXS of Polyethylene
With Butyl On Every 215t Carbon

Butyl Butyl
Butyl Butyl
Melted
5100004
= ' — 290Kdown
+ —— 280Kdown
£ — 270Kdown
—— 260Kdown
—— 250Kdov
20 T}
@ LORIDA 10 20 30 40
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If alkyl groups interact in som
way In the amorphous region.
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Precision Acidlonomer Functional Groups

Grad Student
Kate Opper
Now atDuPont
Corporate
Research
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