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During this reporting period, we have been active in five areas of research (1) 
improvements on our x-ray instrumentation at the SUNY Beamline, National Synchrotron 
Light Source (NSLS) so that we can perform new experiments which are not accessible 
otherwise; (2) characterization of functionalized hairy rod polymers designed for studying 
the macromolecular structures in molecular composites; (3) investigation of supramolecular 
ordered systems composed mainly of block copolymers from dilute to concentrated solutions, 
including the gel state; (4) evolution of crystalline structures in polymer blends and melts, 
and (5) multiphase structure of segment polyurethanes. 

(1) Instrumentation Development (refs. 4,11) 
a. Pinhole collimator 

We have designed, constructed and tested successfully a laser-aided pinhole 
collimator (ref. 4) for synchrotron x-rays. The pinholes which could be achieved with the 
correct taper and smoothness by laser drilling (in collaboration with the DuPont Textile 
Department where special laser techniques have been developed for drilling small holes in 
metals for fiber spinning) could be prealigned visually with the aid of laser light in 
combination with a CCD camera. We have achieved close to the theoretical limit of the 
design. The pinhole collimator will be used to study small angle x-ray scattering (SAXS) 
and x-ray diffraction of anisotropic systems. 

b. High energy Bonse-Hart ultrasmall-angle x-ray scattering instrument (ref. 11) 
A Bonse-Hart ultrasmall-angle x-ray scattering (USAXS) instrument, employing 

a synchrotron x-ray source at an energy of 18.86 keV (wavelength k = 0.06573 nm), has 
been designed, constructed and tested. The HWFM is 3.6 arc second which is close to the 
theoretical value, 2.9 arc second, of Si(lll). Solid, as well a suspensions of polystyrene and 
poly(chloro-styrene) latex spheres were used as reference standards in order to demonstrate 
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the range of this instrument. The USAXS results measured at X = 0.06573 nm were 
compared with those from a calibrated Bonse-Hart instrument operating at X = 0.154 nm. 
It can achieve a lower q value than that working at X = 0.154 nm because of the smaller 
HWFM. The crystals were supported by super Invar mechanical elements making the high 
temperature experiments feasible. Moreover, the higher-energy synchrotron x-rays permit 
us to study absorbing and/or opaque materials having long range inhomogeneities in the 
order of microns. For many polymer systems, the optimal sample thickness at X ~ 0.066 nm 
is increased to ~ 10 mm and thin-walled glass windows become acceptable. Thus, both 
USAXS and LLS could measure the same sample by using a cylindrical glass cell with a wall 
thickness of 0.3 mm. 
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Figure 1. Rocking curve of Bonse-Hart 
USAXS. 
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Figure 2. USAXS profile of PS latex 
suspension (3.2 vol %). 

(2) Hairy Rod Polymer Characterization 

Two functionalized hairy rod polymers of the polyglutamate type were received 
from the G. Wegner group at Mainz. The polymers were synthesized by Christof Bruhn. 
After careful examination of the polymers and extensive light scattering characterizations, 
we found the polymers to be unsuitable for further investigation. Subsequent discussion with 
G. Wegner in January, 1994 in Mainz suggested that the polymers were contaminated by 
catalysts. We are awaiting their synthesis effort before we can proceed further on hairy-rod 
polymers. In the meantime, we concentrate our efforts on supramolecular formation and 
structure of (functionalized) block copolymers from dilute solutions to the melt state, as 
discussed in the next section. 

(3) Supramolecular Ordered Systems (refs. 1,3,5,6,10,12) 

Our main effort has been involved in the supramolecular formation of a triblock 
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copolymer, copoly(oxyethylene-oxypropylene-oxyethylene) in nonpolar (xylene; ref. 1) and 
polar (H 2 0; ref. 5) solvents. In these studies, we have used a variety of physical techniques 
to determine the details of the supramolecular structures in the core and in the corona, by 
means of small angle x-ray scattering (SAXS), small angle neutron scattering (SANS), laser 
light scattering (LLS), transient electric birefringence, osmometry, viscosimetry and NMR 
(refs. 1,5,6,10,12). We then proceed to use better defined model systems, such as block 
copolymers of polystyrene and t-butyl polystyrene, to examine effects related to chain 
architecture. 

In collaboration with scientists in Europe and Moscow (Semenov, via a NSF FSU-US 
cooperative project), we have studied the order-disorder transition of diblock copolymer 
melts by means of SAXS and dynamic depolarized Rayleigh scattering. The combination 
of structure (SAXS) and dynamics (LLS) has permitted us to see how the order-disorder 
concentration fluctuations are correlated with time-averaged structure. 

(4) Evolution of Crystalline Structures (ref. 7,9) 
In collaboration with L. Mandelkern (Florida) and R. S. Stein (Massachusetts), 

we have used SAXS to investigate the crystallization process in a model polyethylene system 
(n-hexacontane) and a polymer blend of poly(e-caprolactone) and polycarbonate. 

(5) Microstructures in Polyurethanes (refs. 2,8) 
We have continued our studies on segmented polyurethanes (refs. 2,8). In 

collaboration with (T.K. Chen, Taiwan), the multiphase morphology of a series of 4,4'-
diphenylmethane diisocyanate (MDI) based polyurethanes were investigated. The chain* 
extender used was 1,4-butanediol (BD). The soft segments were basically a hydroxyl-
terminated polybutadiene rubber. The molecular weight of the polybutadiene was between 
1,000 to 4,200. The molecular weight distribution was equal to 2. Polarity of the soft 
segment can be further monitored by an epoxidation reaction. The series of polyurethane 
with variable soft segment properties and hard segment content was synthesized. The 
structural properties examined in X3A2 include: 

1. Effect of soft segment molecular weight. 
2. Effect of soft segment polarity. 
3. Effect of hard segment content. 
4. Combination effects of the above factors. 
Partial results from the effect of hard segment content are shown below. 
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Figure 3. SAXS profiles of samples of 
variable hard segment content. 

Figure 4. Interdomain distance of 
polyurethanes. 
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