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(ABSTRACT)
Segmented copolymers are a commercially important class of materials that are utilized in a
wide variety of applications. In these systems a relatively large number of variables such as
backbone chemistry, segment molecular weight, and the overall molecular weight of the
copolymer can be independently controlled to engineer materials with targeted properties.
Such versatility also means that a large number of variables can influence the morphology
and therefore, properties and performance of segmented copolymers. In this dissertation, the
influence of selected variables on the solid state structure-property behavior of segmented
poly(ether-block-amide), polyurethane, polyurethaneurea, and polyurea copolymers is
explored. The specific variables which have been utilized singly or in conjunction with others
are hard segment crystallizability, crystallization conditions, hard segment content, soft
segment type and molecular weight, nature of hydrogen bonding, extent of inter-segmental
hydrogen bonding, segment symmetry, and chain architecture.
In poly(ether-block-amide)s, it was found that the morphology of both the crystalline and the
amorphous phase depend upon the polyamide content of the sample and, as expected, the
crystallization conditions.
A comparison of polydimethylsiloxane based segmented polyurethanes with their polyurea
counterparts demonstrated that for a constant hard segment content the soft segment
molecular weight particularly governs the extent of microphase separation in these materials.
The nature of hydrogen bonding, monodentate or bidentate, also strongly influences their
mechanical response. Remarkably, the polyurea sample with a polydimethylsiloxane
molecular weight of 7000 g/mol and a hard segment content of 25 wt % exhibited a
remarkable service temperature window (for rubber-like behavior) of ca. 230 °C (from -55°C
to 175°C) whereas it was ca. 200 °C wide (from -55°C to 145°C) for the equivalent
polyurethane sample. The extremely high chemical incompatibility between the
polydimethylsiloxane of sufficiently high molecular weight and urethane or urea segment is
expected to generate a relatively sharp interface between the soft matrix and the dispersed
hard domains. Therefore, a polyether co-soft segment was incorporated in a controlled
manner along the chain backbone, which resulted in inter-segmental hydrogen bonding
between the ether and the urea segments. The consequent segmental mixing gave rise to a
gradient interphase, which led to a significant improvement in the tensile strength, and
elongation at break in selected polydimethylsiloxane segmented polyurea copolymers.
The importance of the hydrogen bonding network in model polyurethaneurea copolymers
was also explored by utilizing LiCl as molecular probe. It has been demonstrated that
hydrogen bonding plays an important role, over and above microphase separation, in

promoting the long-range connectivity of the hard segments and the percolation of the hard
phase through the soft matrix. The incorporation of hard segment branching in these
polyurethaneurea also reduced the ability of the hard segments to pack effectively and
establish long-range connectivity. The disruption of the percolated hard phase resulted in a
systematic softening of the copolymers.
The role of chain architecture in governing the structure/property/processing of segmented
was also investigated by comparing highly branched segmented polyurethaneureas with their
linear analogs. These copolymers were based on poly(propylene oxide) or
poly(tetramethylene oxide) as the soft segments The highly branched copolymers utilized in
this dissertation were able to develop a microphase morphology similar to their linear
analogs. Particularly noteworthy, and surprising, was the observation of weak second order
interference shoulder in the respective small angle X-ray scattering profiles of the highly
branched samples based on poly(propylene oxide) of MW 8200 and 12200, indicating the
presence of at least some level of long-range order of the hard domains in these samples.
Tapping-mode atomic force microscopy phase images of these two samples clearly
confirmed the small angle X-ray scattering results. In addition to the strain induced
crystallization of the poly(tetramethylene oxide) MW 2000 g/mol based linear
polyurethaneureas, the highly branched analog of this sample also exhibited similar behavior
at ambient temperature and uniaxial deformation of ca. 400 % strain. Wide angle X-ray
scattering confirmed the above observation. The reduced ability of the branched polymers to
entangle resulted in slightly poorer mechanical properties, such as tensile strength, elongation
at break, and stress relaxation as compared to their linear analogs. However, primarily due to
their reduced entanglement density, the branched polyurethaneureas had significantly lower
ambient temperature solution viscosity as compared to their linear polyurethaneurea analogs.
Therefore, these highly branched polyurethaneureas can be more easily processed than the
latter materials.
Finally, it was demonstrated that non-chain extended segmented polyurethane and polyurea
copolymers in which the hard segment is based on only a single diisocyanate molecule may
well exhibit properties, such as the breadth of the service window, the average plateau
modulus, stiffness, tensile strength, and elongation at break that are similar to chain extended
segmented copolymers that possess distinctly higher hard segment content. A careful control
of the hard segment symmetry and the nature of the hydrogen bonding is necessary to
achieve such improved performance in the non-chain extended systems. Therefore, the
results of this study provide new direction for the production of thermoplastic segmented
copolymers with useful structural properties.
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Acronyms, Trade names, and Variables

χ
AFM
BD
CE
CHDI
Dabco
DMF
DMA
DMAc
DSC
Dytek A
E’
E”
EDA
EG
EP
f
FT-IR
HDI
HMDA
HMDI
HS
HV
IPA
Mc
MDI
MH
MST
MW
MWD
N
NMR
mPDI
ODT
PA
PDMS
PE
Pebax
PEO
PG
PPO
PTMO

Flory-Huggins interaction parameter
Atomic force microscopy
1,4-Butane diol
Chain extender
Trans-cyclohexyl diisocyanate
Registered trademark of Air Products’ catalyst for polyurethaneurea foams
N,N-Dimethyl formamide
Dynamic mechanical analysis
N,N-Dimethylacetamide
Differential scanning calorimetry
Trade name for Dupont’s 2-methyl-1,5-diaminopentane
Storage modulus
Loss modulus
Ethylene diamine
Ethylene glycol
50:50 heterofed random copolymer of ethylene oxide and propylene oxide
Volume fraction of a block in diblock copolymers
Fourier transform infrared spectroscopy
Hexamethylene diisocyanate
Hexamethylene diisocyanate or 1,6-diaminohexane
Hydrogenated diphenylmethane diisocyanate
Hard segment(s)
Small angle light scattering performed with the radiation polarized vertically
and the analyzer oriented horizontally
Isopropanol
Critical molecular weight between chain entanglements
Diphenylmethane diisocyanate
Mechanical hysteresis
Microphase separation transition
Molecular weight
Molecular weight distribution
Overall degree of polymerization of a copolymer chain
Nuclear magnetic resonance
meta-Phenylene diisocyanate or 1,3-Phenylene diisocyanate
Order disorder transition
Polyamide
Polydimethylsiloxane
Polyether, not to be confused with Polyethylene
Registered trademark of Atofina Chemicals’ poly(ether-block-amide)s
Polyethylene oxide
Propylene glycol
Poly(propylene oxide)
Poly(tetramethylene oxide)
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PU
PUU
pPDI
SALS
SAXS
Spandex
SR
SS
Tan δ
TDI
Tg
THF
Tm
TMA
TPE
TPU
WAXS

Polyurethane(s)
Polyurethaneurea(s)
para-Phenylene diisocyanate or 1,4-Phenylene Diisocyanate
Small angle light scattering
Small angle X-ray scattering
Linear, segmented polyurethaneurea copolymer with greater than 80 % soft
segment component
Stress relaxation
Soft segment(s)
Loss tangent
Toluene diisocyanate
Glass transition temperature
Tetrahydrofuran
Melting temperature
Thermo mechanical analysis
Thermoplastic elastomer(s)
Thermoplastic polyurethane(s)
Wide angle X-ray scattering
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