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unday, February 12

4:00-8:00 pm
8:00-10:00 pm

Monday, February 13
8:30-8:45 am Introductory Remarks by Rick Laine, University of Michigan, Ann Arbor, MI

and Bruce Novak, University of Massachusetts, Amherst, MA

8:45-9:35

9:35-10:25

10:25-10:45
10:45-11:35
11:35-12:25

12:25-2:00

2:00-2:50

2:50-3:10

3:10-4:00
4:00-5:30

The Program

Registration
Reception

Sol-Gel Processing--Multifunctional Materials

Clement Sanchez

Bruce Dunn

Break

Douglas A. Loy
Richard W. Pekala

Lunch

Hybrid Inorganic/Organic Systems with Electrochromic,
Photochromic.. Properties

Optical Applications of Inorganic/Organic Hybrids

Silsesquioxane Derived Porous Materials

Organic/Inorganic Aerogels: Controlling Structure at the
Nanometer Scale

Organic/Inorganic Hybrid Polymers.

Michael Michalczyk

Break
Barry Arkles

Poster Segsion

Star Gels: New Single Component Organic/Inorganic
Network Materials

Commercial Production of Inorganic/Organometaltic Hybrids
Abstracts:

Synthesis and Characterization of Carbonate-bridged
Polysilsesquioxane Sol-Gels.

Annealing Effects on Solid State Properties of Transition-
Meta} Coordination Complexes and Networks Based on Diene
Polymers with Palladium Chloride.

Reactive Blending via Metal-Olefin Coordination in Diene
Polymers—Solid State Properties that Support the Concept of
a Network Structure.

Densification Behavior in Organically Modified Silica Systems
as a Function of Heat Treatment: A Comparative Study of
Bulk Gels and Thin Films Prepared Using Pendant and
Bridged Organic Ligands.

Aluminosilicate-Poly(ethyleneglycol) Copolymer Electrolytes
and Vanadium Oxide Oxymethylene Bridged Polyethylene
Oxide Nanocomposite Electrode Materials.



Wednesday, February 15

8:45-9:35

9:35-10:25

10:25-10:45

10:45-11:35

11:35--

Paul D. Calvert

Emanuelle Giannellis

Break

Bruce Novak

Checkout, departure

Composites

Polymer/Inorganic Composites via Biomimetic Processing

Design, Synthesis and Properties of Polymer Matrix
Nanocomposites

Mutually Interpenetrating Organic-Inorganic Networks:
Synthesis, Structure and Properties



Tuesday, February 14

8:30-8:45
8:45-9:35
9:35-10:25

10:25-10:45

10:45-11:35
11:35-12:25

12:25-2:00
2:00-2:50
2:50-3:10
3:10-4:00

4:00-5:30

Organic/Inorganic Hybrid Polymers (cont.)

Introductory Remarks by B. Novak, R. Laine

Frank J. Feher

Helmut Schmidt

Break

Rational Synthesis of Si/O and Si/O/M Frameworks

Inorganic/Organometallic Hybrid Polymers: Routes to
Industrial Applications

Inorganic/Organometallic Polymers

Harry Allcock
James E. Mark

Lunc_h
1.en Interrante

Break

Rick Laine

Polyphosphazenes, Properties and Application
Properties of Inorganic Polymers with Bimodal Chain
Distributions

Preceramics Polymers

Chemicals and Polymers from Silica and Alumina

Poster Session/General Discussion

Abstracts:

Aluminosilicate-Polymer Electrolytes.

Ambient Pressure Aerogels via Organosilyl Derivatization of
Polysiloxanes.

Novel, Functionalized Hybrid Materials from Polyhedral
Silsesquioxanes and Propargyloxy Derivatives.

Polyphosphazene Solution Properties.

Preparation and Properties of Inorganic-Organic Composite
Materials Containing R3S1017, SiO2 and TiO, Units.

Molecular Composites from Vinyl and Hydrido Functionalized
Polyhedral Silsesquioxanes.



Clement Sanchez

Bruce Dunn

Douglas A. Loy

Richard W. Pekala

Sol-Gel Processing

Molecular Design of Hybrid Organic-
Inorganic Nano-composites Made via Sol-
Gel Chemistry

Optical Applications of Inorganic/Organic
Hybrids

Silsesquioxane Derived Porous Materials

Org amc/Inorﬁamc Aerogels: Controlling
Structure at the Nanometer Scale
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B-DIKETONES AND ALLIED DERIVATIVES AS
COMPLEXING LIGANDS
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i ENCAPSULATION OF THE GLUCOZE

: OXYDAZE IN m:MH:O& erm

(P. Audeber, C. Unamm:n..n. Sanchez , Chem Mat, 1993) 5, e
(p Avoesest, ¢ snwtte? T Set pet Se’ Tehee 19 2 (23)

7 P 403
(GOD)
Glucoze (GluCH20H) ———=— Gluconolactone (GluCHO)
Oxygen ---> H202

Electrode
_ (giassy carbon}

enzyme
fonded gel

Electrolyte
sealing joints

Emn:onsmamnm“ %823:" redox site of GOD = Flavine {FAD)

FAD + GluOH --> (FAD-GluOH)*---> FADH2+ GluCOH
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OPTICAL APPLICATIONS OF ORGANIC/INORGANIC
HYBRID MATERIALS

Bruce Dunn
Department of Materials Science and Engineering
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OUTLINE

Materials Synthesis
Sol-Gel Dye Lasers
» Luminescent Probes of Sol-Gel Chemistry

[ ]

Biomolecules as Dopants in Sol-Gel Matrices
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Oxide Polymer Network Formation
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Slab Laser
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o Rotating disk design permits larger volume of dye to be consumed in
the laser cavity thereby increasing the effective lifetime,

@ Disks could bé quickly swapped permitting easy repiacement of gain
elements and rapid dye.changes.
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DEPOSITED FILM
FILM THINNED _
BY EVAP'N
? WH,\__\
ALCOHOL
FILM THINNED E‘\.r'Alg’-IOH)J'f;‘«\q')'r I%TIER
BY DRAINAGE
AND EVAP'N P
351 nm
T < x
T x

EXPERIMENTAL ARRANGEMENT

A
B
C
D
E
F
G
H

LJ

4

To Microscope for
Fringe Observation

! .
FILM COLLAPSE AND/OR
PORE FORMATION

GELATION

-AGGREGATION

FENTRAINED DILUTE SOL

o 5 t
: ?r.'\r'\r'.'ari. { 2310 M)

OMA

0.5 m Single Monochrometer
Focusing Lens

Aperture

Hg Lamp (546 nm}
Objective Lens

Substrate (Si Wafer)
Focusing Lens

Mirrers
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ENCAPSULATION OF BIOMOLECULES IN SOL-GEL MATRICES

Glucose Oxidase Catalase Oxalate Oxidase

Alcohol Dehydrogenase Peroxidase Acid Phosphatase

Alkaline Phosphatase Aspartase - Nitrate Reductase
Cytochrome C Urease Cu-Zn Superoxide Dismutase
Myoglobin Trypsin Hemoglobin
Bacteriorhodopsin Ferritin

O Hb and Mb are heme proteins: Mb with molecular weight of 16,900

Hb with molecular weight of 64,500
(Reference: G.Zubay, Biochemistry, Addison-Wesley, Reading, 1983)

Mb: 44A x 35A x 25A Hb: 65A x 55A x 50A
(Reference: L. Stryer, Biochemistry, W. H. (Reference: C.Branden & J. Tooze;, Introdyction
Freeman, San Francisco, 1981) to Protein Structure, Garland Publishing, NY 1991}



1 mole equiv.
Tetramethylorthosilicate

2 mole equiv.
Deionized water

(TMOS) Si(OCH3) 4 (with dilute HCI)
SOL
(Sonicate)
Add dilute
NH40H -
to raise pH to 5.6
- Add heme protein
solution

Y

Aged Gel

Dried Gel

Reaction with 92 :

Aged MetMb Gel I[-nn.lers'e in DeoxyMb Remove | DeoxyMb
Fe(IIL) dl:IthmIBt;: soln . Te(ID) excess | Fe(Il)
(Na 5,0, dithionite J
Add aerated | MbO

deionized water | Fe(II




Absorbance

Met Mb

. Deoxy Mb

0.0
: Oxy Mb

-1.0 ] £ 2
500 508 600

Wavelength (nm)

Visible Absorption Spectra of Different

of Encapsulated myoglobin

Forms

C.5
- .4

8IUDQIOSqY
*
[

—40.2
D.
0

%
600

200

l
150

1
400

350

-0.5

55UDQLOSqY

Wavelength, nm

Waovelength, nm

Absorbance Change with Time

After Exposing Lo Saturated Water



2347
232
E | y=2.3273 - 2.0474e-2x RA2 = 0.987
c
230
I §
0 228}
® o8
a [
Sooaf
222 |
250 N i . ' L X i
0 1 2 a 4 5 6
Time. min.
Absorbance Change in 5 minutes After Exposing
to 40% Saturated Water
1.90
m y=1.818B6 - 5.15318-2x RA2 = 0.994
o 1.60
-
[
-
w170}
]
L
<
1.60F
1.50 r I " i " i 1

1 2 3
Time, min.

Absorbance Change in 5 Minutes After Exposing
to BO% Saturated Water

Absorption Rate at 436 nm

y= - 1.2080e-3 + 1,1418e-3x RAA2

0.956

0.12

0.10 -

0.08 t

ojey uopdiosqy

002

0.00

120

100

a0

60

40

20

Concentration, % Air-Saturation



Reaction with CO:

Aged or Dried ) | DeoxyHb or HbCO or
MetHb or MetMb Gel f;}:ﬁerﬁf n__~ DeoxyMb AddCO__i MbCO"
Fe(II) itnionite soin | ye. gas Fe(l
Reaction wi :
Aged or Dried :
MetHb or MetMb Gel | _Add NO gas ~| HbNO or
Fe(lID) (NO acts as reducing agent) MbNO
O Absorption spectra of HbCO in silica gels vs. in liquid buffer
Hb Solution Hb Aged Gel Hb Dried Gel
3 3 3
HOO HCD
MotHb
29 MotHb 2 4 2 MO0

Abscrbance Units
i

0 T T T
350 370 390 410 430 450
Wavslength (nm)

Absorbance Unita

0

v L) 1 T v T T
353 370 390 410 430 450
Wavelength (nm)

Absorbance Uniis

MotHb

1]

T T T L
350 370 390 430 430 450

Wavelength (nm)

e Excellent correlation between absorption spectra observed




GLUCOSE OXIDASE and PEROXIDASE

+ No visible absorption
» Glucose oxidase and peroxidase are enzymes

Reactions*: -
Glucose Oxidase Oxidation of B—D-Glucose to Gluconic Acid

Glucose + H20 + Op —Shucese Oxidase o Gluconic Acid + H202

Peroxidase Reaction of Dye
H202 + 4-Aminoantipyrine + p-Hydroxybenzene Sulfonate

Peroxidase . ..
Quinoneimine Dye + H20

{Red)

* Sigma Diagnostics, Glucose (Trinder)

Results: Glucose Oxidase and Peroxidase*

Spectral response of GO-PO gel .
after reaction with giucose solution Km (M) Kent (5°1)

Aged Gel 0.075 + 0.025 250 + 80
Solution 0.028 £ 0.003 251 + 25

Literaturet 0.026 293

Absorbance

Km: binding constant (dissociation constant of
enzyme-product complex)

o Kcat: turnover number (number of substrate

650 700 turned into product by an enzyme)

[ I ] I 1

350 400__450 500 550 600

Wavefengtil (nm)

* Yamanaka et al., Chem. of Mat. 4 (1952) 495.
T Bright et al., J. Biol. Chem. 242 (1967) 994,
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Structural model

d £ 50 nm
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ty 2

i

mesoporos

d 2 nm

microporosity
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Silica chemistry

n SOCHg)4 + 4nHa0 &~ n Si(OH)4 + 4n CH4OH Hydrolysis

n Si(OH), = NSi0s  + 2nHy0 Condensation

nSiOCHg)y + 2nH0 & nSiOy  + 4n CH3OH Net Reaction

Factors influencing reaction:

Catalyst -~ Acid vs. Base
Temperature
ater]/[TMOS] ratio
ne step vs. two step polymerization




i Schematic Flowchart of the C.S. Method I

TMOS: H,0: MeOH: HCI

Analysis

1.0: 1.3: 2.4: 10°
= Reflux 16.0 hours
Condensed Silica
MeOH
Distill MeOH
.S,
Adhesive

] ] 1
| NMR | | Goms | [Physical Properties |

)

Aerogels
003 - ,600 gms/ce

NO
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saJey 2Alle|eH
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Comparison of TEMs Shows
Chain-like vs. Colloidal Microstructures

TEM of two-step TEWM of conventional
aerogel (0.008 g/cm3) : aerogel (0.04 g/cm3)
Two Sol-Gel Routes for Producing Aerogels L]
Mixing Pre-hydrolysis Mixing

o

TMOS % Hy0
solvent solvent :-:lglvent
catalyst catalyst
’ s

Casting

Solvent extraction
by SCE

Gelation

Li B ARFR A TR



A synthetic route for the production
of organic aerogels has been developed

&
U] L]
OH
Mm::|1,©j\O \%
o A
cH:*::@,cH,ou o
§ ﬂﬁ ’
CHa0H H g
4 1 H;OH
1 {1} N2, €O, H,0, 2 H
@ou *2H/C\H @Hs @H,g: @ﬂ: * %@\ »
A
Requirements for organic sol-gel polymerizations s

» Multifunctional monomers

+ High degree of crosslinking

+ Surface functional groups

» Particle stabilization
- electrostatic
- polymer / solvent interactions




Solution chemistry dictates

the structure and properties of RF aerogels

High Catalyst Conditions
R/C=50

Low Catalyst Conditions

R/C=300

- small particle size ~ 30 A

» high surface area ~ 900 sq.m./g
» more shrinkage upon drying

+ polymeric; interconnected fibers

« higher compressive modulus

- large particle size ~200 A

« low surface area ~ 350 sq.m./g

« less shrinkage upon drying

« colloidal; interconnected particles

» lower compressive modulus




Solution chemistry dictates

the structure and properties of RF aerogels

High Catalyst Conditions
R/C=50

Low Catalyst Conditions

R/C=300

- small particle size ~30 A

» high surface area ~ 900 sq.m./g
- more shrinkage upon drying

- polymeric; interconnected fibers

- higher compressive modulus

- large particle size ~200 A

« low surface area ~ 350 sq.m./g

- less shrinkage upon drying

« colloidal; interconnected particles

- lower compressive modulus




Organic modifications of the traditional sol-gel approach

TEM reveals the interconnected bead
morphology of a carbonized aerogel

Reaction of hydroxy terminated polymers with metal alkoxides
- Ormosils

- Ormocers
- Ceramers

Formation of a crosslinked inorganic gel followed by free radical
polymerization of an organic monomer in the pores

Swelling of a crosslinked rubber with a metal alkoxide foliowed
by a sol-gel polymerization




CH, OH

1) Na, CO,,A
OH

OH
CH
c

2) H*
CH.
¢
CH,
oH
-0-CH, H
2
OH
CH,
Q
H,
OH
H,.0- CH3z
OH

o]
18
4 HcH
COOH
Ho OH
CH,
0OH
COOH
QH
CH,-0-CH, CH,
OH
COCH
;ﬁ@
OH
Crossiinked lon-exchange resin

CH

H
CH,
CH

OH

RF chemistry can be modified to provide

carboxyl groups for ion-exchange
COO Na*
QL i
OH ’
CH
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SEM of a resorcinol-formaldehyde / silica aerogel




Processing issues T

| Aerogel Forms |
- monoliths
- microspheres
- thin films
- composites

[Synthesis|

- improved gel strength
- elimination of solvent exchange step
- improved drying times

&l jobolay e!uej! LuogJsen e jo W3S



Ambient pressure drying T

Approach

» induce additional crosslinking in gel through aging or
chemistry (i.e., improve gel matrix strength)

- modify surface chemistry to change contact angle of pore fluid
with respect to the skeleton

« solvent evaporation from appropriate fluid

UNM and SNLA have demostrated the feasibility of ambient
pressure drying for silica aerogels; however, the approach still
suffers from multiple solvent exchanges. In addition, the
density must be lowered fo achieve the lowest thermal
conductivity.

Keys to successful drying kil

Natlonal Lab

» Surface chemistry (control contact angle)
capillary pressure: AP = -y cos(0)/r

- Pore morphology (size & uniformity)
capillary pressure: AP = -y cos(8)/r
permeability: K=zK' (1 +arP)
» Gel strength (to withstand drying forces)
stressto crack: o = [10 & ¥1+4n0] ; o= [(2/K)(Pi)(I/D)m r 3

» Selection of solvent (low surface tension; low viscosity)
e.g., carbon dioxide
« Geometry (reduce differential stress)

0] < O <O
sphere cylinder plate

Use chemistry to control four of the five above




Motivation

Although aerogels were first developed in the 1930s, only limited
commercial applications exist for this fascinating materiat.
Monolithic aerogels have very low thermal conductivities (i.e.,
0.012-0.016 W/m-K), yet these materials are not as cost-competitive
or user-friendly as standard foam insulation. A potential solution to
the above problems is the synthesis of aerogels in a granular form.
While BASF (Ludwigshafen, Germany) has demonstrated the
production of silica aerogel granules, our research is focused on
new methods for the production of organic aerogel microspheres or
powders.

I Potential Advantagesl

+ decreased diffusion times since microspheres are only 10-200
pm in diameter

- faster processing, semi-continuous operation
+ lower cost
» minimized material handling

Initial

Hydroxylated
gel

Methylated
gel

Figure 10 In-situ video images of silica gel with either a hydroxylated or methylated surface at various stages of drying,.



Resorcinol-formaldehyde

Inverse emulsion polymerization can be
used to form organic aerogel microspheres

AQUEQUS
RF SCLN

MIXER

1) add RF solution to immiscibie
solvent (e.g. cyclohexane)

2) agitate and heat

3) filter crosslinked gel spheres
4) dry

5) pyrolyze at 1050 °C




Aerogel structure-property relationships

» Optical
+ Thermal
« Acoustic

Electrical

Mechanical

Controlling structure at the nanometer scale has
a dramatic effect upon the properties of porous materials
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Total thermal conductivity
of RF aerogel monoliths as a function of density C
Thermal conductivity
(W/meK)
0.02
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0.01 .
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. . 4 Solid
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50 100 150 200 250 300 350
Density (Kg/cu m)
Minimum conductivity occurs at
- n = Lawrence
an optimum aerogel density Ltgh’:&’;”&b

The total thermal conductivity of aerogel is the sum of the
contributions:

A'=2s"+ Ag'+ Ar'
All contributions are density dependent.

The optimum density for minimum thermal conductivity can be
calculated from:

p'npt =10x
where

x = (0.347) {log (0.025 + 882/Ks)-log (91.4+As)}+ log ps



Transmission electron micrographs of RF aerogels symhesized
at different catalyst concentrations. [Resorcinol] / [catalyst]

equals (a) 50 {b) 100 (c) 150 {d) 200 and (e} 304,

Thermal conductivity of evacuated aerogels
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Gaseous conductivity vs. density for RF aerogels
having different nanostructures

gaseous thermal conductivity (W m™ K
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0.015
0010 |

0.005 |

.............
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A=R/C 200
¢ =R/C 300
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Double log plot of solid conductivity vs. density
for RF aerogels having different nanostructures

solid thermal conductivity (w m™ K™
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Variation in gaseous, solid, and total thermal
conductivity as a function of the R/C ratio

thermal conductivity (W m™ K™

0,020

0015 +

0010

0006

I O0=Gas
r O=Solld
t  A=Total

~A\__&_”/

1 " 5 " 3. 1 " " " " L

100 200 300

R/C ratio

* Aerogel bulk density equals 137 kglm’ for all samples

Total tI. .rmal conductivity vs. density for RF aerogels

having different nanostructures

thermal conductivity (W m™ K™
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Foam structure-property relationships C

¢ Typical observation...
E o« pn

where E = Young's Modulus
p = foam density
n = scaling exponent
¢ Comments...
—~ For most foams 2<n<d

—~ For silica aerogels n~3.7+0.5

-~ The empirical relationship is predicted by a variety of
structural modeis at the limit of low density.

— The empirical relationship does not account for variations in
foam structure.

Thermal conductivity of loosely packed

RF_microspheres as a function of aas pressure |
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The mechanical properties of
RF aerogels depend upon synthetic conditions

10 -10¢
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Compressive modulus data for RF and carbon aerogels
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1 ~— POLYMER RF x°
=]
% 107
a ]
'3
'-g o
o 104
o 3
A
n
] .
1
g 10%
3] 3
S s R/C= 50
10 o R/Cw200
o R/C=300

= 10°

(psi}

=104
=100
=102

10!

"0.05 0.0 ' 050

Density (g/cc)

The mechanical properties of

carbon aerogels depend upon synthetic condltlons
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Aerogel applications and research opportunities

S
+ Potential applications
- superinsulators - chemical sensors
- Cerenkov detectors = cosmic dust collection
- battery electrodes - lightweight mirrors
- supercapacitors - catalyst supports
- permselective membranes - gas storage
- thin film dielectrics - capacitive deionization
- acoustic impedance matching devices
The aerogel nanostructure is responsible for the unique optical,
thermal, acoustic, mechanical, and electrical properties of these
porous materials
~Mechanical property comparison
for RF, carbon, and silica aerogels C
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What is an Aerocapacitor?

* A high power and energy capacitor based on the voltage induced
separation of charge (double layer) at an electrolyte/solid interface

* The amount of double-layer space-charge effect (capacity) scales
directly with the amount of usable electrode surface area

* The Aerocapacitor uses LLNL high surface area carbon
Aerogels as both the positive and negative electrodes

Maagpore

Positive Electrode Negative Electrode

Carbon aerogels are being _
tailored for supercapacitor applications

» pore size distribution

» surface area

- surface groups (e.g. -COOH, -OH)

« carbon structure (amorphous vs graphitic)
+ electrical conductivity

» incorporation of selected dopants




Capacitance Density vs. Density

Capacitance Density (F/cc)
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Capacitive Deionization

Negative Electrode

" Pure Water

Positive Electrode

The aerocapacitor is projected to have
85% of its original capacity after 100 K cycles

Cycle Lite Data of An
Aerocapcitor "Button" Cell
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Summary

Aerogels are a special class of open-cell foams that have unique
optical, thermal, acoustic, mechanical, and electrical properties.

Sol-gel chemistry can be used to tailor the structure and
properties of aerogels at the nanometer scale.

Alternative processing methods have been demonstrated to
produce both inorganic and organic aerogels as microspheres,
powders, thin films, and composites

New inorganic/organic hybrid aerogels have been synthesized
and show promise as ceramic precursors.

Commonalities between inorganic and organic aerogels suggest
that a universal model might be developed for the sol-gel
polymerization of multifunctional monomers in dilute solution.

Single pass experiment with NaCl solution
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Organic/Inorganic Hybrid Polymers

Michael Michalczyk Star Gels: New Single Component
Organic/Inorganic Network Materials
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Inorganic/Organometallic Hybrids
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Star Gels: New Single Component
Organic/Inorganic Network Materials

Mike Michalczyk
Ken Sharp

DuPont Central Research

February 13, 1995
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Tetra-Functional Stars

'
—_—

i{OE#),
SiOED,

—,
5

Si(OE),

//Sl(()ﬁﬂ;
\\—\—Si(OEt)J

Si
i

\—\—Si(OEt)3

5i

.
¢

(EtO,Si

(ELO),S5i /((5*‘0593
(m),sl))/ SH(OEN),

(EtO),Si

7 )
Z = ®
2 g 5 &
g &
. ) i}
A J
g
| = - o
Q1 B o a ' =
m| 2 i o] =
Q w Q o | =
= = = » - R
@ (73] = =
& @
) T z i
o &)
S| &
]
i -«
= E ———
=7 — AN
- \ /
———
N ] b3 S
o n ] =

(AOMIUAONIRA-OUY)
Pnppe-0

fHO-HD

—
E

sdno1d (FHO=HD) [Aula Yjin 389 sHIOM “IHLADISH
Jo osn 81} A( POZTWITUUI PUB PajueM J0U ST PNPPE-D »

90T0YD JO JSA[RYED oY} ST WNUIJed o

(AOIUAOYIEIA)
Ppnppe-g

1 |
—ISTHDH) »v w——— —ISH + SHO=HD v~
| 1SATERIED |

UOT}RIATISOIPAH



130 NMR Spectrum of Si(CHyCHSi(OEt)3)s

(from HSi(OEt)3)
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13C NMR Spectrum of Si(CH;CH,Si(OEt)3)4

(from HSiCl3/THF)
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K+IDS MASS SPECTRUM

cyclo-(MeSiO(CH=CH,))y + HSi(QEf); - —~> (cyclo-(MeSiO(CH;Csti(OEt)J)q
1039
four arms
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three arms
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Compressive Stress/strain
Stars vs. Silica Gel
H

[ Silica Gel R ]
410'4{ . Silica Gel 7
L " Star 11, r=12 i
i Star 2, r=4 1
310* !
B2 100
110%
o 3
0 10 20 30 40

% Strain

Thermomechanical Behavior of Dry Gels
50 g. load
| i

TEOS Gel
STAR 5 Gel

min
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Commercial Hybrid Inorganic-Organic
Polymers

Barry Arkles

Gelest, Inc.

612 William Leigh Drive
Tullytown, PA 19007
(215) 547-1015

Crosslinkable Polyethylene (XLPE)
Through Siloxane Bond Formation

Applications:
Wire & Cable Insulation - Telephone,
Medium Voltage Power Cables
Heat-Shrinkable Tubing
Compression Resistant Foam

Crosslinkable Polyethylene - Graft

Sioplas® Process
H. Scout US Pat. 3,646,155 1972

2-step Post-Polymerization

Monosil® Process
P. Swarbrick US Pat. 4,117,195 1978
1-step Post-Polymerization

Crosslinkable Polyethylene

oci, ocH,
i ROOR -
+ OHLUCH§iOCH, i o CHyCHSEOCH,
OCH, - OCH,
N och, CI”{O ' M@ RguDR), o o
- CHCRS OCH «CHO . KEHCE, S wooooeoie i CRCRS -0 SCBLH, -,
p 0 a o0

OCH, CHO




Crosslinkable Polyethylene - Graft

Manufacturers: Quantum
Cable Processors: BICC, Alcan, Okonite

Crosslinkable Polyethylene - Copolymer
Mitsubishi US Pat. 4,413,066 1983

$% H,C- CI 1 H,C..CH rintiosiil :
;C-CH; + FATE 230% ROOR CH,CH; CH; CHCH,CI,
si(ociL), SIOCH,},

Crosslinkable Polyethylene - Copolymer

Applications:
Wire & Cable, Crosslinked Foam, Composites,
Heat-Shrink Tubing
Manuofacturers:
Neste Polymers (Finland) - Visico®
AT Polymers (Canada) - Aqua-Link®
Unton Carbide (US) - Si-Link®

Allied-Signal (US) -
LDPEMethacryoxypropylirimethoxysilance

Diene-Hydrosiloxane Resins

R. Liebfried US Pat. 4,900,779 1990

":s.‘:"- « . _—
o TS o
o Ve S . HRcy e s
" +2 LI
s o0 . CHy
- 0

H, T en, W s g0
W CH




Methacrylates with Silicon in Pendant
Diene-Hydrosiloxane Resins Group
Contact Lens N. Gaylord US Pat. 3,808,178
Manufacturer: 1974
: Me, 810
Hercules - Sycar® © infcm), ; o %810
HyC ' CC O(CHzh§i ~OSiCHaky | HiC'C COCH;CHyCHySi-0
Applications: CH; OSH{CHa)s CcH, Me;Si0 2
Typical Formulation:

Printed Circuit Boards (PCBs)
Liquid Encapsulanis (Glob-Top)
for Chips on Board (COB)

Die-bonding Adhesive

silane monomer - 10-40%
silane cross-linker - 5%
hydrophilic monomer - 2-5%
methylmethacrylate - balance

Methacrylates with Silicon in Pendant
Group

Pilkington Bamnes-Hind - Polycon®, Paraperm®

Bausch & Lomb - Bosion Lens®
Others: Wohlk (Germany), Menicon {Japan),
Permeable Technologies (US)

Methacrylates with Tin in Pendant Group

A Milne US Par. 4,021,392 1977

0  C4H,
H,C~ CC~0-8n-C4H,
CH; C(H,

15-35% Tributyitinmethacrylate -
65-85% Methylmethacrylate Copolymer

Anti-Foulant Marine Coatings
Manufacturer: Atochem - Biomet® 300




Silicone Polyimides Silicone Polyimides
Thermoser 4.8 s US Par. 3,274,155 Thermoplastic J.Cella US Pat.4.808,686 1989
Cly CH; -CL,
cHy  CHy © D‘. H,NCH,CH,CHyS" 0 -8l - O 5 CRCH LI N,
CH;CHCHCH, i © SICHLICILCE: N ¢ Y oy o, GHs o o
CH; CH, CE e e ot
° : - ° NN " 2
Applications: Planarization/Diclectric L o
Die-bonding adhesive
. . ~ 40% Dimecthyisiloxanc
Manufacturers: National Starch / Ablestick 0. ) .
. . GE Siltem® Wire Insulation, Enamels
Relyamid®, Tab-Coat®, Conductimer®
Silicone Polycarbonate T-Resins (Silsesquioxanes) Un-Modified
H.Vaughn US Pat. 3,189,662 1965 o OH Ch
O H Si 8] ‘()
oy o cn, — 0(;;!!5 n;0 CHO S
G - OCO - 8h D - oC, H, :
cH, m Clly » 0-H
. Applications:
Manufacturer: GE Copel® LR Resin pplications
.. i atings
Applications: Resistor Coating
. Planarizing Coatings for Microelectronics
Aerospace Canopies
Bullet-Proof Glazing Inteslayer Manufacturers: NEC (former O-1) Glassrock®
Oxygen Enrichment Membranes




T- Resin (Silsesquioxane) Modified
Alkyds & Polyesters

CH,CH,CH, - o Typical High Solids Formulation
.f\.........OnSi..O -.si..o-.s‘i..o..‘.l P.:x]l_:r"‘]himl 9.?
0 0 OH 1. Glycezal 1.8
Phthalic Anhydride 127
Soya Fawy Asid 13
Methyl Amyl Ketone 165

PhenylPrapyl T-5Siioxanc 250

Coil Coating, High Temperature Finishes

0 Ll L3
cnjci-ca, Modified T-resins
1]
"CH,CH,CH,
cil, Si CH,
OC; Hy
Abrasion Resistant Coatings, Heat Resistant Resins

Ormaosils

Dow-Coming, GE, Wacker, Shin-etsu
Scratch, High Refractive Index Coatings for Eyewear

Gentec, Essilor, American Optical

G. Phillip, H. Schmich U5 Pat, 4,746,366 1588
K. Mori et al, US Pav 4,895,767 1990
E, Yajimu et al, US Pat. 5165992 1992

T-Resins via Stabilized Silanol Solutions

B.Arkles US Pat, 5,371,262 1594

OC3Hy OCz il aH oH
HOCIL SiOCH, . R i OCls HOCH; 'SiCc  §it0 1
OC ,H oc, I, OH = R 3a

Architectural Water-repellents
Gelest / The Weather Company Weatherex®

Copolymers with Alkoxysilanes

{. Hazan US Pa1. 5,162 426 1993

0 OCH,
H,C C CO(CH;),St OCH,
CH, OCH,

Clear Topcoats for Automotive
DuPont Generation 4®
PPG, Kaneka




Silicone Semi-Interpenetrating Networks

B. Arkles US Pat. 4,500,668 1985

-0 CH, -0 cH,

H H PL H :
O SI B + B; C+CH -§§~0Q- e 0 §1 CHCHSE O
CH; CH_; CHa Cis

Silicone Semi-Interpenetrating Networks

Injection Molded Applications
Precision Optics Transport
High Speed Paper, Tape Transport
Extrusion Applications
Medical Catheters
Manufacturers:

LNP Engineering Plastics / ICI Advanced
Materials
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SiO, glass coating (700 °C) on stainless steel (R, = 10 nm)
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H,N~*CH=CH, By
.. NO-G-C=CH,
O CH,
H,N""*Si(OR),
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tailored interface:
- shell with large ¢
- ligands
(e- donor/acceptor)
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Determination of nenlinear aptical propenties

8n2c2g gon/m |
3oL -TWT

n = grating efficiency n = refractive index
¢ = speed of light o, = linear absorption
o = frequency of |, lp = pump intensity

T = transmission of I, "

x(3) =

' 7
_ 2 3
local field factor: x " = pfi ifli A m

f = fi(o) = — 0

em (®).eq = dielectric function of the metal and the matrix - - - ..« ..|..

Determination of €m {Hache et al.

W, = halfwidth, ¢, = dielectric function
in large particle size limit

Determination of the volume fraction p:

000.000
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Ormocer sol:

CH,=C(CH,)-COO~(CH,),-Si(OCH,), (MPTS)
prehydrolysis with HCI
+
Zr(OC;H,), + CH,=C(CH,)-COOH (1:1) (4 h, RT)
+

H,O (10h, RT)

- Au precursor:

HAuCI,3H,0 dissolved
ethanol + isopropanol + acetone (5: 4 : 1)
+

NH2(CH2)2NH(CH‘2“)3Si(OR)3 (DIAMO : Au = 1:1)

mixing, stirring 4 h, RT + photocatalyst

/ UV curing (Hg-Xe lamp, 1500 W) ’

‘thermal curing (200 °C)
/ 1 minute !
- . A
. simultaneous
/ colloid formation
+

matri_x densiﬁcation
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Synthesis of metal colloids in sol-gel matrices

problem: spontaneous reduction of Me-ions in solutions
uncontrolled agglomeration of colloids

OR o _
| stabilization of Me-ions
Si—OR - by complex formation
Men+ | with functionalized silanes
OR

reduction step:

- UV-irradiation

- reducing agents

- thermal activation

v

OR
|

Sli— OR
OR

minimization of

Y  OR
A&
| S OR tailoring of

OR @interface

Gibbs Free Energy

control of growth
@and agglomeration

0G0.000
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MPTS Zirconiumpropoxide MAS

0
\
Cc—O . H0 CH
HaC=C’ SOCtsD ZOPY I
\ c—C
CHs 77N
0 CH
N l + HRO
H—»
+ MeOH
Hydrolysis:
R—Si—OR —— R—Si—OH + ROH
Condensation {atent watej: i OPr
. O /CHg
R—Si—OH 4 HO—?i—R —> R—Si—O—Si-R ¥ O\C_C’
\
+ %/l \0/ CHs
Hz0 O
Removal of free water and latent water
by condensation with metalatkoxide
2 —Zi-OR + H,0 ROY o7
‘L + photoinitiator
clear liquid
r'e N

thin films butk
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~ UV Interference Patern
st | li Superstrate
v

07
/./////('/Z{ B

Photosensitiv
material

Substrate

MUnpolymeﬁz ¢
™ Pol ized
olymerize

Remove of
unpolymerized
i material by solvent

7 Photopo ymerizalion
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Light microscopy

normal contrast phase contrast
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transparent hard coating
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essential for automated analytics
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Routes for Preparation and Utilization @f'=N§noe-S.ca]e

Systems
particle matrix composite
synthesis synthesis fabrication
- controlled growth - inorganic - in-situ.growth
synthesis
- microemulsion - inorganic-organic - surface modifi-
systems cation + mixing-
- in-situ growth - organic systems
within the matrix
- reduction processes
metals reduction in solution

reduction in the solid matrix

intensive colours (glass and composite films)
catalytic fiims

NLO films (Au, Cu = y?)

conductive films

ceramics

passive optics

micro systems (microlenses, gratings, fresnel Ienses holograms)
NLO (x?)

third functions (low surface free energy, anti-fogging, scratch
resistance, anti-corrosive)

semiconductors

o laser materials
e x* materials
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Microstructure of cold isostatically pressed
Yo O3/ ZrOs
particle size 4 - 5 nm

green body
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Particle Size [ pm |
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Plastic Deformation of n-TiN|

O hot pressing of n-TiN

P =20 MPa
T=1150°C
t = 30 mum

n-TiN sintered part

e AR e T

R T o ot
. e e R

S Ay e A
TIEpTTae

‘ . Py T A LN ;‘\.
(RO 'n':?':‘.ﬁ‘f.:?‘s.ﬁi!?-!:;‘::-%‘.p-}:.-,..A




§197¢00

20l pu Niy




NI/ pLm b3 ped \Uhl\nrw N m.o iz




1£6°200

sonadold aoepIns J1p1oe
3/zw ¢ eare 9orJIns o110ads
oJiuyogso. “oﬁ_ogm_gmbo
%M > __.__Eo”Eoo aowbmom_”

Q:&Eoo yoIels D "H)
mmoooﬁ.m\wu oﬁ%@ poredoid O

| . wuopog :ezisspnred O

‘tl oao

YN




0£5°C00

[D.] einjeiedwia}
000l 008 009 00%

-3

00v} 002} 002 0

=)

ﬁ




002.532



002.583



r65°200

[esruey;

i P
o
Waiicazal




[f4XAvY

uoIsnyJIp-aye)s-pijos pue sseyd-se§

 (soo05-Axeyideo) aseyd-pmby <




129200




0z9°200

[t ssauso1y)




002.619



219200

1opmod
~o[d9row 3urdnoo s

- [euopounyiq

s

B



P00 \U..\d .U;hm. Q.UM\ >

P-4 Yo 3y o gens digo 2maratd 3k vy’ g0/
g Ty by henmurd O




88500

ple paiojuis se O’g pue Japmod DIS palipow-2
uogJeo m_c_w: 0IS paJsjuls ssajainssald u,o_:amhmob_E N




iy
Q,C L6¥' 100

HoOR oH HOOTY
wv(_m« m-u@.@
[£}0 [9]
Ak
Y 1 A z
W_m<<_ 3y v_mf\M_ A4 me,\( SPO N\mmw mﬂm_vmm 017 | |*H 1D
15w N @ N @ S5 @ 40440 HOOXID | s %
Ig] | g | o] ¢l 21 © o H
A A % Fy A
H Y10~ 4D IS H(OW) e
«—————HOODY
“CO)IS-“HD-‘HD-*HD >
*HD-1S H(0W) N
HS »
A — ¢ F2~1s (0w
— S N | ple - oy ¢
‘UN~ 1SS 0W)] | ¢ = 1SHOW—»
wugy
*M0)IS S-S IS HOWH» augeoq YA
e [0S- OIS
omi, X
CONSV ionvH| | 4oe)pD| IOV "(40)1Z| [SO4AL




002.540



Inorganic/Organometallic Polymers

Harry Allcock Polyphosphazenes, Properties and Application

James E. Mark  Properties of Inorganic Polymers with Bimodal
" Chain Distributions

Len Interrante Preceramics Polymers

Rick Laine Chemicals, Polymers and Ceramics from the
Beach. I & II.
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METALLOCENYLPHOSPHAZENES

J=N= N==P N=P —

-----------------------------------------------------------------------

~_ 7 F
&P\N |

Yoo — |-N=P —N=P —N=p —
"N\p P - 1 |
Fu’ ‘H}P‘I’ '\\I: = F Jn
2 NaOCH,CF; |
- NaCl

00 e

-N= N== N==P
J)CHZCF3 ,CF; !)CH2CF3

H. R. ALLCOCK




TWO STEP SYNTHESIS OF POLYPHOSPHAZENES

Cl c1 Ring-Opening Polymerization
~

P Cl
T}‘/’ \r Heat . i
a- v Na 11,
Macromolecular Substitution
Cl OR

I RONa .~ Ne= {)

[ N= i’ - NaCl |_ O
' 1 1, OR | ,

n = 15,000

Note that, because all derivative polymers are made from one
polymeric intermediate, the chain lengths of the final polymers
are similar.

Note aiso that this type of macromolecular substitution chemistry
is much easier and more versatile than similar reactions attempted
with classical petrochemical polymers because of (a) the backbone
stability and (b) the high reactivity of the P-Cl bonds.

H. R. ALLCOCK
2-69-G/S
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Water-Soluble Polyphosphazenes

=

Il\IHCHs 1 (I)CHZCHZOCHZCHZOCH;
R N
NHCH; | OCH,CH,0CH,CH,0CH;
- o -
H o H )
KHL_“‘ >l (I)CHZCH(OH)CHZOH
H H OCH,CH(OH)CH,0H | _
OR
0 —-@ COONa o _@_ SOH
I
—N== }’-—-—- L N=—= P —
0 —@- COONa

H. R. ALLCOCK




Hydrophobic, Hydrophilic, and Amphiphilic Polymers

(I)CH,_CF;
<l N=P— —N=P—
| |
OCH,CF, 0 —
” A 1 |
i IIJHCHs i ?CH;CH;OCH;CH;OCH;;
I NHCH; | OCH,CH,0CH,CH,0CH; |
. ] NHCH,4
1|~JHCH3 |
-} N= p— —N=— [l’.._
' 0
OCH,CF,
- - - N
(I)CH2CH20CH2CH20CH3 i ?CH;CH;OCH;CH;OCH;]
N== Il’-—- - N== {'——
0CH2CF3 0 _@

H. R. ALLCOCK
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EXAMPLE BIGH POLYMERS, REFRACTIVE INDICES, AND GLASS TRANSITION TEMPERATURES

fsad

o]

| S (-

s b 1,
H = 1.686
Tg = 64°C

o]

| o ]

P N t:

; i :J
u = 1.648
Tg = 25°C

1 values at 632 nm (25°C)

POLY (METHYL METHACRYLATE) U =

POLYCARBONATE 1 = 1.585

o
%

feaes

=

P:==-"

ek

p
i
o

u = l.644
Tg = 27°C

oni—o

U = 1.640
Tg = 32°C

H. R. ALLCOCK



VARIATION OF PROPERTIES WITH POLYPHOSPHAZENE
SIDE GROUPS

OCHzCFJEi.t Fit
i
J-N=P— N=P—N=P—

(l) I |
CH2CF3 0CH2CF3 OCH2CF3 n

Elastomer. T, = -65°C

O

| |
-N== P— N—-—P—-—

3500

_+64C nszsn.—1686

- OCH,CF, O-CHCHN —O- N= N -@-NO-_,
|

4-N=p— N=-r-—— Et
J)CH,CF; 'OCH,CF,

T, = 44°C. ds3 = 34 pm/V

H. R. ALLCOCK EL7
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POLY(CARBOPHOSPHAZENES)

¢ 9 9

—— == N=—C— PJ====}?-—-—PJ====IP-—-
& d 1,
RONa
- NaCl
Y
(I)R (I)R (I)R
—N=C— N==P—N=—P—

H. R. ALLCOCK




POLY(THIOPHOSPHAZENES)

_ Cll C|l ' Cll
—_—» |—N==S N P Ne=—=P—

' d

Cl 1 n
RONa

- NaCl
Y

OR OR

(l)R

— N= §— N=P—N==P—

Or

or |,

H. R. ALLCOCK




DIRECT SYNTHESIS OF POLY(ORGANOPHOSPHAZENES)

R ' R

! Heat ]
Me,Si-N=P-OCH,CF, > |-N=P—

ﬁ' - MEaSiOCHzCF3 Ill'

Wisian-Neilson, P.; Neilson, R. H_. J. Am Chem. Soc. 1980, 102, 2848
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Absorbance at 506 nm

TEMPERATURE CONTROL

LN

7
/|
DYE - / DEIONIZED
SOLUTION ; | WATER
MEMBRANE é
/1
"5] STIR BAR
-, 2) -,
/

~
<

=
Q

o
o

Q N=N

\J

SO,Na

Biebrich Scarlet

-Q N=N —@ SO,Na

10

H. R. ALLCOCK
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LCST FOR MEEP AND RELATED POLYMERS

?CHZCHZOCHJ ]
OCH,CH,OCH,

OCHZCH20CH,_CH20CH3
— N = p _—

0CH2CH20CH2CH20CH3

-'-_.-:P—--

OCHZCHZOCHZCHZOCZHS

ocuzcnzocnzcmocm,

0CH2CH20CH2CH20C4H,

0CH2CH20CH,CHZOC2H5
—N
n

N= P—

0CH2CH20CH2CH2NH2
OCHZCH20CH2CH2NH2

WATER
SOLUBILITY
25°C

Sol.

Sol.

Sol.

Sol.

Sol.

LCST (°C)

30

80

51

None

HYDROGELS EXTRUDE WATER AT SAME TEMPERATURES

AS LCST

S. R. Pucher, M. L. Turner, R. J. Fitzpatrick
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N

|

0 —O- COOEt 0 —@- COONa
] : KOBu! |

— -{- N=

i NaQOH

0 —@- COOEt | .

COO" Ca** 00C

Coo- Na+ Na+ -OOC

COO" Na* _
Na* ~00C

COO" Ca™ 00C

A~ N\ D

e

H. R. ALLCOCK
BIO-22
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PURPOSE OF SURFACE REACTIONS
M

ED)

1. TO COMBINE THE BEST "INTERNAL" POLYMER

3.

PROPERTIES, SUCH AS
(a) Elasticity, flexibility, and strength
(b) Electrical resistance
(c) Low lipid absorption
etc.

WITH THE BEST SURFACE PROPERTIES, SUCH AS
(a) Biocompatibility
(b) Tailored hydrophilic/hydrophobic
(c) Resistance to bacterial colonization
(d) Hydrogel character to encourage cell overgrowth
etc.

TO DEVELOP WAYS TO TAILOR THE SURFACE
CHARACTER WITHIN FINELY-TUNED LIMITS

TO BIND BIOACTIVE AGENTS TO THE SURFACE
OR GENERATE BIOCOMPATIBLE SURFACE SITES

TO PROVIDE A "FOOTHOLD" FOR MAMMALIAN
CELL OVERGROWTH

TO PREPARE SURFACES THAT RESIST BACTERIAL
OR FUNGAL COLONIZATION

H. R, ALLCOCK
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SURFACE GRAFTED MEEP HYDROGELS ON ORGANIC POLYMERS ~

60 : [ A
- - %3 M o @
MEEP Polymer CoyRay —# ¢ S 2
Solution Irradiation 2 4 H,0 [+ 9
»- e 7 . Sl A A
Organic Polymer MEEP Coated MEEP Surface Surface
Polymer Graft Hydrogel

NN

o 25
v

‘Quw

(I)CH,cn,ocn,cnzocn,
- N = ]I" —_
OCH,CH,0CH,CH,0CH,

n
SUBSTRATE POLYMER
(CONTACT ANGLE)

POLYPROPYLENE  94° 27°
PVC 78° 34°
POLYCARBONATE 65° = 43°
PMMA 65° 35°
MYLAR ' 63° 31°

H. R. ALLCOCK
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Z
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O—T—o

L
=

CH, uv

Lo
Benzophenone /
.
/

Q CH,=CMeR —OD CH,

CH,(CH,CMeR),

N\

R = -COOCH,CH-CH,
\0/

Protein A

- 0.@ CH,(CH,CMeR),-Protein A
/

l Immunoglobulin

NN

O— CHZ(CHZCMeR) -Protein A-IgG

C. J. Nelson, W. D. Coggio, J. P. O'Brien, L. F. Palosi
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SURFACE IMMOBILIZATION OF TRYPSIN
AND 6-GLUCOSE PHOSPHATE DEHYDROGENASE

] NH, HIN'L_JEuyme

ilsty

HARHET

OHCHzCH2CH2CHO - Hzo
glutaraldehyde

Y

Z#—N =CHCH,CH,CH,CH= N -L Enzyme '

- -

H. R. ALLCOCK



SURFACE CHARACTERIZATION
BY

T.I.LR. FOURIER TRANSFORM INFRARED
SPECTROSCOPY (1 mm depth)

X-RAY PHOTOELECTRON SPECTROSCOPY (50 A depth)

SCANNING ELECTRON MICROSCOPY
TRANSMISSION ELECTRON MICROSCOPY
OPTICAL MICROSCOPY (with staining)

CONTACT ANGLES

ADHESION TO OTHER POLYMERS AND METALS

CHEMICAL REACTIONS AT FUNCTIONALIZED SITES

SOLUTION NMR STUDIES OF SURFACE MODIFIED
THIN FILMS

MODEL REACTIONS IN SOLUTION FOR NMR AND IR
COMPARISONS

BACTERIAL INHIBITION AND COLONIZATION
STUDIES

H. R. ALLCOCK
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110
|
100 -
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Y
=0
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<
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NOCHD*HDO) —
CID'HDO \
NOCHD*HDO)— \
il
C4DTHDO0 — A4 N'ne
NDOCHD*HDO). BN
(LH) o 8P-Ep /7
THN"(*HD*HDO) —
C4D'HDO0
u \ = g N'ng
*HN"(*HO*HOO0) — o
HN"CHO'HDO). BN
CID'HDO0 —
,001-08 y/
HO"CHO™HIO0) 1/,
f40"HOO 44 N'rg
\ HO"CHO*HDO0). BN
HO"(CHO*HDO)— .
CID*HOO —

,901 = 23ue pEjU0)

CADHOO —
SIO'HDO0

NN

CID'HDO —
€ID*HDO —



llmcn,coom

-.N=-P—

|
NHCH,COOE!

OH

?CH,éucn,ou

e N=P=—

|
OCH,CHCH,0H

OH

a

H. R. ALLCOCK



OH
| H 9

N == {' - P‘--'f’-‘-
OH |, OH ],

Situation A

R can be displaced

Bioerodible . H,0
by water

H3P03 + NH 3

E R = Amino acid ester, imidazolyl,
E glyceryl, glucosyl, etc.

lll meececeessseccammccssecccmcm—caenaas
N=PpP— -—-------------------------------/- -----------
» R = alkoxy, aryloxy, most amino !
: groups, alkyl, aryl, ;
: organosilicon, etc. :
H,0 e D L DR EEL LTS !
Situation B
R cannot be
displaced by
water

S No reaction
Biostable

gy

H. R, ALLCOCK
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’ X-ray ditfraction of ceramic products from pyrolysis of HPCS:

(@) 1000°C, 10h; (b) 1600°C, 2h; (c) 1800°C, 2h.
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Chemicals, Polymers and Ceramics
from the Beach, I.

K. A. Blohowiak, T. Robinson, M. Hoppe, B. Mueller,
P. Kansal, K. W. Chew, F. Babonneau,* R. M. Laine

Departments of Materials Science and Engineering,
and Chemistry

Work Supported by ONR, AFOSR, ARL, ARO

Program Objectives:

» Develop New Routes to Metal Containing Compounds
Directly from Metal Oxides

e Develop New, Polymeric Species That Exhibit Ion
Conducting, Liquid Crystalline or Preceramic Properties

e Process Powders, Films, Fibers



QOutline

Chemicals, Polymers & Ceramics from the Beach, L

Basic Science
Simple Complexes

What Can You Do With M,Si;(OCHCHO)s?
Chemicals, Polymers & Ceramics from the Beach, IL

Oxide One Pot Synthesis Process

Basic Science

What can you do with it?
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Paul Calvert

Emanuel Giannelis

Bruce Novak

Composites

Polymer/Inorganic Composites via
Biomimetic Processing

Design, Synthesis and Properties of
Polymer Matrix Nanocomposites

Mutually Interpenetrating Organic-
Inorganic Networks: Synthesis,
Structure and Properties



BIO-MIMETIC COMPOSITES
Paul Calvert

University of Arizona

Bone Compared to Synthetic Short Fiber Composites
Microstructure and Properties

Organic-Inorganic Hybrids
In situ Precipitation of Elongated Particles

In situ Precipitation in Crystalline Polymers
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High Volume fraction, oriented packing
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Fracture toughness by microcracking ?
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DESIGN, SYNTHESIS AND PROPERTIES
OF POLYMER NANOCOMPOSITES
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Materials Science and Engineering
Cornell University
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MEDIFIED SILICATES

polymer - silicate hybrid

alkyl-ammonium cations
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Optically Transparent Composite Materials
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Vicker's Hardness:
Random Coil vs. Ordered Polymer Composites

! !
AR ICr]

57 &Y 5 si-
RTINS
5& 1L 5
., b 0. W ,§i S St
RS LG YL Ll /0/000; cz?'c‘?lo(c);é \0\0/
I w0 &0 &0 g
Random Coil Polymer s L o
J Low-Density Glass /00'\‘? ,051;"-? /01'7\0\
Random Coil Composites Ordered Polymer Composites
2,000 g
lg
Diamond Diamond
Probe ” Probe
——™ I —
Sample Sample
h X
__®] H, =10 - 100 kg/mm?
]
g = o
§ . H, > 10,000 kg/mm?
W .
) o
-
-
==l
&
[+
"o 2 o © ® 10

Weight % SiO,

'27/16/94 138 PM

R LR T



Poster Abstracts




*PasSAIPPE 24 PINOYS 20uspuods3LI0d WO 0 JOINY 4

‘sanradoud reonregoow ansidrouAs pue 3, pIjeasfe
e Sumiquyxe [euvew Asse[d snosgadowoq € uuo...wﬁm PUIlq,, FAT9RsT ATewa) sy Sutjesinne
30 Raye AL ‘somoud ¢ we YING Y WO peumRIqo nonisten ssejd o Juucimom Aq
pornsuowsp st ZHpd via snadsiflod-p's pre soaprngjod-7'1 ancere Jo uehezmqnedioa
[1U-DONISURLL-  PRUTALAD TUeeq daeq A3mud mopmAnos A PUR ‘UOTEM RN
3 10J IWEISUO0 ST OOSLIIEIRYD ) ‘BONOEAL o) JO JopI0 Ju se gons siojowered opery
WeAAFY DSA [FULIOS-T0N PUE [ULEX[0S] BIA PIZLIRIIRIEYD SEM Wunipe(ed Aq pozdfeien
ST QoMm UONSEA STf-%29H 9N “[2pOLl 9B ANUTY JepJ0 q-u Lrewolsno v Susp)  spuan

Teuns pamoils Sopd pue siwkjod susp Tremiaq xejdwmoo EuE.g.oEmnﬁu Jo sug uo

© | (DSQ) Aneuwrniofes Sunseos [ENUARGIP ¥ PAITEIGO SIN[RA 21 "0t “anjessdims; Jumeosume

P ‘3wn (Juatmesn jesy) Sulesue usiuod marpe(ed qim oseandl (DSA) ABAWLOED
Sumnress Epuaryp pre (VIWQ) STSARTE [FUURy ROyt ofueuip Aq poumuayep
(3p) sarmerxdwe) vopisuen ssepny srewifjod o Jo sdnesd uepusd onmparo Aq peoeidsip
are jes wopeed o jo spmeSi SfMMICISTE I ISOEDN] 'PALNO] IR DHUISAII JANIYI
‘Sunma vedny () wnrpeedotopyorp (S[ruozoe)sq ies onedour we ik *suasdosiAled
Joypue smatpengAjod Jo seruadord resfueyooty pUY TR I UO SIS000] ApRIs ST,
Pensqy

"£Z508 V'S "OpRIn|on) “SuIf[o]) Mo ‘KISIIAN) S OPEIO[0D
Furrsurdog eomrxp) jo 1wsunredag
£ojesoqe] Fucrsandog pue soisAud 19WK[og

,I0y[ag "y J0uune] pue Se( qEUol  ‘9s50g SIouel]

PPHOYD) umipefe ] Yl
SIWA[0J U] UO Paseq SHI0M]IN pue s9xa[duo)) uo)eurpioo))
[elR-uonIsurl], Jo santadold 21€iS PHOS UO S1IIYH Suesuuy

00053 TY-+00 V-3d
‘op 19enu0,) J9pun A3raug Jo waunredxg somg paun) aq Aq pswoddns ST yareasa ST,

syuaw dpagmonydy

“Anstayo
Fupsarng IR0 10 SISATeIED SNOLRA JO JUIWNITNE S JOJ MO[[R AR SPURY [BOIIOHD YmS

Q d d v [Q d
O.wml\f IO/\r\_m O‘wml\r\O/m\O/\Cm
0 o 0

Juzsard £eronaun) UTS]o U pire [OYO[E Uk 04 [ils [33 2 UNDiM J1S IUBBA B TLOY
01 SPTXOIp UOGSED JO UOTEUTUITS 91} 0] SPEaj JUSUNEAR UL 1YTN Umo T Ul SELIdIem
Funsasmun are 8 2p Yanoy], paiussasd 51 51ed ITEUOQIED S5 JO UOREZLIATEIEY )

eW'H=H

d Y
el € €
109 o5 e ﬁom_v_m/\_/\O/__\O/\_/\_m (or)
0

“AAMI2AMGITE YOI AU} OJUT
23puq Meuoqres e Suneiodiosur aray pouturexs are sauexombsosps{jod mou om
*SELIBL ) JO UORBOLIPOW JEoNUaYD ATEPUOSIS 20] Sopuey meisuad o] pue sjad
-[o% oned10 pugAy jo odoos S ueproaq 03 J3pI0 W H2pLq 21 W senEuonouny ¥admod
U0 JO 950 9] SUTHILIEXS MOU AUB 34, "SUOGIEO0IPAY Spduns usoq SAsy Juy 05 pasoidxa
sraoeds o810 2 Jo 1505y “SELETl FUTISAIANUT JO SILI9S € O) PRI STy S1e0uds oruedio
SNOLIEA Yitm SIOWOUOW (JATISAXOIaL)SIq JO uonesuspuod o] 'sjad suexombsasysjod
po3pLg-oMeaIo Jo Apmis atp 51 drcud 1o o 1Sy TEpRonEd O
*AiTeuonouny
oruedio Jo vongonponut o yInanp s[ed o Jo sonradosd Eorwey> pue eMsiyd
alp JO UOHEIYIPOL INBWSISAS JoJ PamOTTE ey STa8-[05 2uedi0 puqiy ‘sentadoad eosAyd
Speuaen a1 IU[onuod Ul [uyesn are sjed-1os Jo suonipuod 3uissacaid pUE LONBSUSPUGD
2 Jo uone[ndTuew oMuA, seqy Apetoads pue s3uneos ‘sourerso ‘sosse}d Annd yIny
01 SJ0SIN223d SB FAIS UeD SIUETISAXON[R JO UONESUSPUOD A} WAL} pauuoj §]98-[0§

LILT6 WO ‘auial]
QULAI] "ENUICHT[E) JO ATSISATU() *ANSTIINYD) J0 uaunredag
+EIYS [ UIY ‘meIL S0f
pue
CTLY
AN ‘enboonbuqry 12 SRLNEN Hedi) Jo Saruadol] ‘SILOILIDGET [BUONEN BRIPURS
Auissy "y 1080y *, Ao "y sejdnog ST A SO

Sen-jog auexoinbsasysijog
padpriq-2)BU0qIE)) JO UOIJBILI3)OEIRY) PUB SISAPIUAS



“£661 *S1-TT G *vD *Aorea eduy ‘doysuom SWNsAS
1wAjod swedouyHEsIo Sy 1B uoneusud 13150d ¥ S¥ UONEIAPISUCD 10] pAUNUGNS

SoURIUEAY
pue sy ump w Kisolod jo uonnjoas s Apms 01 £pansedsar suawamses podsuen
sed pue AQoosdif]a pIsn SARY M -5[53 YMq Jo 1B JA0QR D,001-05 18 M0 pie
spuedr onredio au; Jo Surpeo] S U0 SPUSdep SURIGUEANL PATG SWIH VI UL UOREIYISUIP
JO 12500 Y] "SUORIPULD JUMLEID JE3Y JRILAS JpUR 5157 Jo I0TARYqQ UGRRIYISUIP
a1 MoYs 100 op sy uip “Apuanbosusy) “Ajuo UDISUALTD 30O U YULIYS 03 WA 3usned
SUDISUSRLTP O] UT POUTERSUOD e Sunt) unp *ATEodanost YULRS Ued 15y 518 3Inq 2N

~armanns asod st Jo ssdejoo au 10) Sjqisuodsa AjLreund
$1 puw JI0MIal U JO KISOSTA S} UL UORINPAI DRELIEIP ¥ SI5NED spuedrj oiwedio jo
stsA1o14d ou Aq pasea yosou 193 311 Jo uondnISIP M 1R HAN IS6z PUE “VIA/VOL
‘Lnoworenp Sinsn moys apy (PezA[@IED 250 SNSIVA PI3E) SUONIPUOD UONTEAU PR spuedT
aquedio oy jo Furpeo] s Furdrea £q ORUED M GIIYM JI0MIA 1#3 «1p Jo Alanoauuco
a1 Aq paumnaiop st 95defjod Jo JUAX? Y], -pazfjoiid are sdnosd ouedv oyl e
amyonns aued s jo 25de[joo ) IGO0 SpL “SIUdUImsEs uondiospe s&d reuuatost
Funsn jusnean ey Jo uonsuny € st 5138 Yinq ut Arsosod Jo UONN[OAD AN PTPRIS JABY I

Ao
‘tAuayd *JAuoydiq =4 M15m E(SHZIONS-U-ISE(OSHTD) Pesh 2arY da ‘3582 padpuq
ot 0 pue “[Ausyd 1Ay Jhrew =y woym FSHTOONSA(SHIDO0)-1S-d Posn 24BY 24
“35¢a Jepuad oy vy “suoddns vunune seinqn snotod U SHURIGUIN PUB ‘SISfEM UOJLS
vo swipy unp ‘sed yng ardad o) spuedy owedie podpuq pue yuepuad pasn 2aBY 944

"¢R1L8 WN “onbronbaq)y ‘seuojeloqe [FUONEN
eIpUeS *(op8]) AnsSiuay) ueSiou] pus SiSAYIUAS IMUERD, $H0TL8 JAN ‘anbisnbaqry
*00PY MAN 10 AISIATU) *SIIWIEI)) PoIsauiBug -0 30J 11U ASNANNI(LY

2 "AouLg Aagyop ) pue yueurey f UEAErEN
spueSr snredi paSpug pue

Juepuag Suisn) paredasg suni] Uy 1, PUE $[30 NG Jo Aprag saneredwio) ¥ JuaumEaL]
Ye3] JO UOROKIN ¥ SE SWSAS BMG PANTPORY ATTESNESI) Ul JOTARYSE UONEILISUN(]

“passaIppe ] PnoYs 9ouspuodsallos WOy 0) JOYINY 4

0,001 Aprewixaidds st (A1y o1) 31, Ut aseUL R WA
“)[es waIpe[Ed o SJ0UT € PUR | UIAMIG PAAIME SI nee[d [euuRg o) [Aun W3ued T1apg
Iam SsEIOl AnwDoeE Unneds ERUNSYD Aq POUTULIID ST PHOS JO {31 samersdwn
vomsten sse(d Syl SWY PIIos Jo AMQES [ULHD S SOUEqUa “D.08 3 Buiesure
ST oM ST W9U00 (TOPJ) IES [E1MU-UONISIRD I UL JSeAI0U] IR JRL} AOYS SIUSUANSEIT
smawaniZounray ], ‘(ejep WrEns-ssans pue Surfams wLqnbo) aozw_...._.pu.ﬂ pssmuadxa
yoq Aq poUmWLAEp SeNMEA P SO URMIPq pUno) sem juamuds poon  9pHOTED
umypeqed g afow Z 0) dn JuTurned SWTY 10) POURILIYAD oM TOISUNAI sfduns oy sEEUIE
£13qqQI JO JOTRQ ST A HLSP FoNm T P 1) SWoPHs00 uiaRd-Aauooy
YL g SJOUr p ST IUSLOD Yfes marpered oyl usym (15d 00T = "SA Z'0) AIIDNSE]? Jo SN(poW
s3uncy 1 spmmSFW Jo SISQIO € jO TN IMFURIP B AMOYS SWIY PrOS suaudostfod

- pue susrpeingAied jo seniadosd Esmmegoem QL TR 3UM3MS 9 WAL pINB{NIEI SEM Cr)

swrod uonoun{ yu1jssom u2amaq WItam Tejnaoow SJeraAR Kqung o ‘uonejal Jeugsy-AT0L]
o Swsny "armons Woasu € Jo jdaoucs g1 Sunioddns ARoApuT 4uR1U0D IES USSR
e \pIm dsearep somer Someas wnpqumbo *sesed 10q U *SIUIA[OS SNOLRA W POIPMS S8A
suardostéjod pue susrpringAied Jo sotaegsq Jurfjams YL “suonoEl Eﬁuu.n.h..:um:dn BIA
SYUIISSOID [EOMURYD 21elsus3 o] aaneredo st WSTURYIXU II-139H © 18] 15933ns spunodiutoa
wnpeped jo Ansnusy? Sup Jo SIPRIS Snofaasd pL WIAIeY PURSEA BIRp pareiu] sromijod
aip Jo sdnoad juepuad opgepo Aq pecejdsip are jfes wnpeqred o Jo spuedy 2[INIuoiooE i
35TIR0%q "PRII0] ANE SYUTSSOR 2ANO3YR Furxtus uodry *(17) wRIpe[fRdoio[Ip (STMI0ITR)SIY
grs owediowr we pue ‘snadosiAled Jo  suspmIngAed ‘sramfpod sualp  Fumrmuod
SUOTINJOS URIYOSPAENI) WOL PALI0] SUTY PIos Jjo sontadead sy vo sasnoo) Aprus sTILE,
pensqy
‘£2508 VSI) "0peIo[o)) ‘SEMIoD) Hog “Asiaatuf) Seig oprIojo)
Foprosurdug Eonuay) jo wamedsq

£i0re10qe-T Sutream3ug pue so1sAqd IAIATO]
L0U1Ig "y SouAnE] pue ‘se] qeuctq ‘pssoq stauwelq

2INJOnAYS YI04)aN € Jo 3dadue)) oy poddng 1oy santadoag 911§
prjog---syawkjog sual( uf Uoljeulp100) U3Q-[EIR Bla Supuapg A8y



“panodal aq qius ‘sepmI HSEVOL P ‘HWNSYN wopnu-nnm ‘deasonoads
wmpadurgy jo HMsYy  Cmarosds YLy o Jo uvoider umyans N-d 243 OI SHPLe
yeed Jo Fuimoirsu B pus Y61 03 Y2 moy Juneds Jfef-p ur sseanm m £q papracad &
TOIIB[EIISIT JO 90WIPTAY “[BUAN B Junre)s 18q3ta wory Jaunstp seitsdord mmrsgpem 98y
P sy s{qend ‘urg) o3ur 3§83 9q wes jenpoesd SaRMmsel YL (Z-4MS)RO[[LOMIdom-EN Jo
wolsuadsns v uy JEAW 2u1A[ossTp £q prmedmod HogB[EYIC] JemAed-£B[ 49U € PazISA LY
4By om ‘pua ST pIeso], SeXR(dwe IES-JIAWNeurRydsoqd{ixoyixAxoqieiToqjom
Zrg)siqliiod  jo  senIAIORpUOd-dfmOY oY1 uo JUAMUOIIATS PIUTRIISU B  JO
$poyye o} untopdys LwRama a8 2 ‘spunodmoo uoneEAIRW L6E-0dd € Uo sijauusIr) £q
Hodaiw3umone “Sa1£{0NM[PA[0 5B S9)R[EIIN U] S IUO[TIOMIUOT-BN I AT 11

"Buured wot Jo TonRNPAT AT g3nelyy apnjmidem jo KRpIe
Z1 farpnpuos gaseanw [gg ] pueidin jo ToRIppE o], 'TUOTHE )83} [ISOUTEM]E pazapurg
A[eons ‘arseq £pfeas oy £q Buumed wor peanper mmesrpur HISONVE HISOYIONY
> Nyuo)y sewmes sy m S9SBAINNI LJLATpnpued agy, ‘swfjonseredod Joqie wi pealssqo
Juured wop Juong syl SINPAT 0 JOPIO0 UI PRTISOYILLS UIBG FABY SUOTUE FFEIMISOUTWIE
3apercdicnr sHienpepdpd Junonpuca-uor mmipos (BN “S1A[02109[RL[0g
Jo sse[) xoN vy siomdfodon ([ood]d oumojigiv)Arodejecmisourmmny 1

11 ‘UOSHRAY *AIR19AM] WINFATHON ‘ANTImay) jo yusuneda]
124143 "3 (I pUe UoSIUNY D) TRop ‘Tasuing engigy, ‘Asany ) wufD

SELATOHLOTTE JANATOd ALVOTIISONDNNTY

*podsTer) Tonod[@ PUV WOT JO 30ULNPUl [FTINW 33 §] S[EL3)eW BponIse

[enusjed osaryy W ansst AgRUeRS JUNEIIANUl UV "A8m JIPUN 918 FULITURINTEIW
£JIA1SNPUOd SMIOT PUY PRUMSEOW Updq §9Y LJIAGSTPTCS OMoIpe@ 1], ‘sejisoduod
-0uUel ureyqo o) poryew [28-jo8 © £q pasedead atem seLejEm n() "ednoid BpEIFUTY
pue 50em0 I Asnomezd paredead useq savy epxo suslimpedied yIis seyrsoduod
2]8PEUBAOXO [BIaT I[EY[Y ($3soduios Jemi[odepiXo WN[PEUBA 2ATI0E XOPIY
wopwRadre ST N0 IBeq WD § ,(T< 89RIAQINPU0D

poalasqo Y, "uol aqow 10 eddy suo LU0 [LA [PLHUE B U J0MWYR] 5[0000[@
Jouadng dojaroy; puv wonEd 2R Jo LIqowr pasesmTI 0} pes| pmoyR Junped
Tor peonpal Bl ‘SUCIED [P0 IEq[¢ Ila Jred mol 0] L0UPPUI) PRONPpad ¥ 3AWY
P[ROA SUCTUR 27BI[[IEOUTIINTS JIUOTHE 83 J8T Fqdnoqs oq) qila opmo eusliyiadjod
30 etogyYee oY OyIT E[ISORIUM]Y TR ojBlodrovur 03 90 pejdmoad seyENFOUTINE
onemuiy puw [eInjEn Agew jo Amiesq o] oql, wedonoeeied coxy-jusalos

I ToisTBAq ‘ABIPATUS) UI)SSMTYIION
Iejuer) YITeose)] S[ELISS]Y pUe AmMsramiys Jo yueunreda]
JSALIYS T(J PUe ‘13IE0TY JUelr) ‘Afsae)] U

STRLINU] 2poT)IRTT Sypsodmodounn
apx() suajdiyeslod pelpuig ausliipowix() ¢pIX) WNPBUBA
pue saf[onoey Jewmijodoy (joriidans]il)e)Ljog-oeomIsouTamy



"(1Sgz ‘D1 ‘Hy)} WAN PuE “(OFS) Ayderdoewangs

UOISN]IXs 9715 *D5(] YO L Suisn pezusiseriys wam sonpoad sy ~Ajsansadsar D067 pus

De0vE e B[S B1SOIST(EH D) OH I HO=HOEHOO0W) pue 3( oSS OLHIMHO=HDTHOOY) Lo Pasvq

S[EUSIEW A1 J0 316 ] Ag[iqers ey, *Ajeuonouny sefAroeqiaur ) SURTRRL “ays AxojAZndnd o

12 51200 BonelApsoapAy Se ), 1Z 3¢ uonezuauwLlod [earpel Aq 30 D06 > sumeradua] Je paing A[TeULA 2

wea 8[5° 1 QISOISTEHO)H] 3o 8(TEQISH) Jonta i sjejscemqaw [A8redasd Amnbo ¢ Sunoeat £q paureiqo
syonpad wap opdurexs 104 “AnsTosgs srepA1oenau Sesn poZIeal &) Ted Sunm armessdws Ismo]

“Joueyaq (D AURISA pinby poud

Sumeotpurt 3enno a0yaq suonsuen Ifdnjnw moys seoen g YL "sonsejd jesounay ‘pey ‘Teafo sonpoad
03 D081 > samimiadiues) 18 puna 3 e 8{S"L o5 OISTEH)H] 20-8(S TOISH) oo i [Ausidig(£xo
-1Aozusqixo£3redaid) -amnbe p Sunoear £q paureiqo sponposd s sqdurexs oy saamyelxdw

Joygng jg Jurmd 1aqymy Joj s1onposd A Ul AITeUonouTy IS UTETAl O) UISMID Sem AQALORYI0NS UONDESY

yo udey ‘AL ST-TT Amnigag
strszd Iowkjod swedoupouedg 1 uonmussand J0j posedaxy

“SAUMONNSOIIE PAIO[TE) WA S[EIR T sTosod J0
2dueI opia T ayENL 0) PAIIH{OXD Sy UEDS SpomMIaU JmdIout J0 sopeJIpomt
apuedso yetp pasedionoe 13 ‘powdd up -Amotod 584 01 dur 0%
900°[ 5S¢ MO| SY §I0IpUi SARIWIRI nquyx3d sajdamus pazAioaid
19 19a0 JO (AJAV) surens paosnpur Arefides D[QISIZAQL I[QIIXD UER
PUE ‘uonEZO¥ALSP OJEMAS 10 e Y uo Fmpuodop ‘fisosed sjqeLna
osudmos *o1qoydoapdy sre s(of paamdud sy “jqismvAw 3g o1 adequims
Fukip saoqE ey 3 2iuediou) ve J0 LoOTZRRALSP-[AISONTEI0 GO pavey
spaomud SR MUy uny c_ﬁsﬁaaﬁnﬂmaﬁau._ﬂ.—ﬂ_._ 01 spaocud amsta
yoaquie us saquasap tasod sigy, edeupys ou Jo NI MA SM3d0
SmAip oy juasye & Sessans Arejjides UOJIIN] PUR SACLLUT xdes-pinbig
suompuos [eanizozadns Joptpy o8 tam ® wal) piag Awod Jo uonJeEnYd
reanuazoduy aip Ay pardaud Ajpuuou spries snosod- Ajydiy e sadomy

B[ST10ISOISHEHDIH] pue 85 1QISH) ‘souexomnbsasyisopupAy o1qno yilm YOTHID=DH ‘SoATIeALIap pansay
Axod2redard jo vone{psapAy pazdyEies 1d Aq parsdad uaoq sawy STELISIEW PUGAY [9A0N SRILE N
“anbuabnqry ‘saworeicqu [eooneN vpues qosunred] 20u0g Fugssaoold SITRNG 5
. 5601-6018F "IN “J041y 58148 ‘N “onbusnbagry
ury :.meu_E Jo Ansroanun) *JupseniBug pur S0uSIDS S[ELINEN pue AnSnu|) jo 'sda(y pue ‘FAnnRInGR'] ROCTEN ElpUeS ..EEEMMM Lnsyursy?) ojuediou] pue SISMULS ORI 4
1) FupssuiSirg pue aouIog SEIN[OUIaISE ‘ATe] "I PIRYIR] P BDIURS el 90148 WEN ‘Jbsanbeqry

'qE ] STRLTIEIA POOURAPY SIPOIGIOGE] [FUOTIRN WIAES/IORIR 4N B0 ARATIN x
‘SHALLVATNEA AXCIADEVA0Hd ANV

SANVXOINDSIS TS TYHAIHATOH WOH STVINEEYIW ATHEAH QEZI TYNOLLONN “THAON 0T “yy d30pUS PUR SRIN [ MYV ‘qeRaulg ARURL D WEIEM S 185

smxo[Eiio] Jo vopeTReApag Kisoueizg i sRIonY amsa Ly jusjquy



ain)stow 03 smsodxs vodn ydfom IE[ndajOW

leyl 9sLeIoUl O] SPUS} [ELIMEW PAIndun ‘SisAjoiply premo)
Anpiqels ojqejrewss pamoys Juexopsoumuliod pamo I Spym
‘[eusew prey jueredsmen e uuoj o) uone[A[ISoIpAY eia sA[EIED
14 ® pue auexonsouediofjod [euonouny-HIS Ue MM pAUBI 3q UED

_ auexolisowsinAlod oyl -s1woajos omedio wowwod U1 AIGROs pood
PLs SPRLINEWL PIIOS 10 PInbI] SNOOSIA 199 2B sauexofisowwiniiod
fdunnser ayy ‘suouodwos opnejoa jo [RAOWAL (5)

pue ‘13l §530Y5 J0o uonippe () ‘ermeradiua) wool je UOHSEAI pUE
toweisjAqioun Aqjevopdo pue jouepSiAulAlApiounp jo uoRIppE ()
‘suomipuoa sures o) rapun siskjoipdq [enred pue wedins [AY[EENS)
B Jo UODIPPE (7) ‘D, 8L- 18 JHL W Mewmn [AqEen3t B Jo sisfjoupiy
renred (1) !samojjo] se st ampasord snoods o] ‘pPIZISSYIUAS

u2sq 2aRg ‘ouexofisouesnAfod peyipom Ajeormelro  AfoldEu

‘sjun TOLL pue TOIS ‘([Apaw Jo [Auta=y) T/IQISTIWY Sumrmiuod

srersiew ansodwod ouedio-owedlour jo SSEd MdU Y

13BIISGY

¥660-9898p UESIOIW PUBRIPIN

uoperodio] Sunuo) moq ‘qPY [BNUID

ueder -85z ‘wmEdeuey ‘TIRWEL ‘WSTY €09

P BISY BUILIOD MO ‘IS YIIeIsIY

BN WIE] PUR LYIQIYSDY onqoN “9EYES OXNOX ‘,CnZng Olysol

spuf] TOLL pue T0IS ‘T/Tpis€d dupuiejue) S[BLINIE]N
ansodwoy  ajuedap-simedaouy Jjo senaadorg pue uoneledarg

*8jUlmRINSRIR
uoj3ydIosap-untaidios prrbri~ui-~-IomAred yitTa pajdusdize
azoam saTpnis meabeip 2seyd wol S3TNS2I UCTIDIRIJ FWHRTOA Jamitod
—up-pInbIT aY3 uUsaAleq suofleTallc) -paieducd puw padcldus
a1am y3buaiys Ioadeoow puoq uaboipiy puw ‘A3Taerod ‘uofsiadsip
103 siajemuied JUSATOS JO S35 [RIIASS “PIJONPUOD ses suwabeip
aseyd A37Tiqnios IsmiTod Jo UOTjIEUTEIaIAp 243 ‘Iauuem Telauab
a1om e uf sauazwydscydLtod Jo zoTAeieq UOTIORISIUT BINTOS~JUIATOS
{3 azTIejoRIeyDd O3 IIpI0 Ul *IDURMIOIAd 8OURISTSaI [ROTHRUD
TeuoT3Ippw aafnbax suotivofrdde mey ‘suorjeoridde [WIUIWUOITAUS
103 Telasiem 3ayseb pue burress a1qyxa13 ATubrty ® apracad

Iey3 sayiledoad eanjeradwmal moT anbjun aawy sauazeydsoydAtod

GH ‘puncxs butAacid usespaaqy ‘Aury -3daqg ‘ATenys -r TopuaM
SIILHAJ0dd HOILNTOS INIZVHASOHIRT1OL

LOVLS8Y

SHALSAS HAHATOd DINVOMONI/JINYDYO
ALIIDOS TTVOIWAHD NVITHIWY



PIEE-SO8-F18 XVd
LTSE-598 (F18) suoyg

uoneanddy pue samsdorg *seuszeydsoyd4jog

LESETY XV
TS10-Tzh (016)

2[RI IARMOURN A OULDAF] TRIIMET]
12 amionng Suifleguo) sjrlasy auedioupnediy eEfad M PrRYAY L
ESEL-90T XV FTO06 VO S9133uUy so
6151-5Z8 (01£) vIon
[[eH 191304 €5
"Bug pue couateg speusry Jo W
spuqiH anredigyanedion] jo suopreanddy eandp - uung somg 1ossajoad g
1068-958 XV L1LT6 WD ‘Sulan]
7294958 (¥1L) JUjAT] BILANIED Jo AIsIealuf)
Agstway) Jo doq JSYHomaUeL]
W/OAS PUz OIS 10 SISSUAS [euomey By f ey (g
L108-9¥8 XV €31.8 WN ‘onbranbngiy
S il
(505) qe] RUOnEN eIpURS
A1o/RI0qeT] STEUITERY paoteapy
S[EUIR Snolod PRAUX] uﬂmuo_ﬂw_mom—_m hod Y wm_m_._oﬂ -]
FO91-569 XV 95£0-08861 I ‘vorsunnjim
59567569 (Z0g) LTEA5ET Uohels [Eswlsdx
S[RLIITE] A10mIaN wswdojeas(] pue Yaressay fehua?) wod ng
snregouyoired ) weuedwos 2j5urg maN :sien Jag NAZIRYM f 19N €
£TT5-T0E-189-6¥ "ON XV Auruuan jo ongqndsy 'pag ‘uaouqrees 0099-a
S00¢ 10 000S-Z0E-189-6¢ PleAIpElS W] ‘Ep JPNRQaD)
SIPURLIRES $3P TRISIFAI[]
suomeajddy [eLnsnpuy o) YquISy "Wa3 ualenoley anaN I Imnsu]
samnoy s1swi[od pLqAH dtfeewouedinmiesiou] ‘PO INWERH XJ J0s53j01] 7
baliciB
0 X3p0) Slred TSTSL
SPSC-LTFPI-LE-] suoyyd nassnraoe)d ¢
GO-LP-LT-PrI-EE-110 Xvd ‘9319 ;WRG ‘p¢ INO
FFSUSPUOD) ASNERY B] 2P AIOTRICGET
sanuadoi ~oMICIYIOlOL] *OMLOIYSAN 39T aunD) ST 79 L3 FUSIIATU[]
P ssAg oedinyiedion] puqig 2oIUeS WD) "1
UEIII0IF 3108

Bl T

SToNEadS

20891 BIUEAJASUNS] g Asraup)
K)SISATU[) JIRIS BIBATASUUD LT,
Ansnuaay) jo waunreda

10s59jar] Y3nH ueAr]
X209V ALl

SRS SIEROUESI0/5ME3 ou]

0SSP6 VD “aIouusAry

oAy F000L

TLE] 808 X0 'O’

1o 20usfog SFELISTRY P AQSIusiy
SOUOTRIOQE] [PUOIEN

TIERIG

[A

-Anaupscucd

PUB “AWN-ISsz *-D¢1 “-Hi ‘084 ‘DL £q pezumoareys am saysodwoa senasjow a1yl (Y

0Z-01) suonnqLIsip vzZis 22od momry L19a Pis speuew (8,1 op<) vant sxepns yIny sspiaord susajos

Jred1I0 uolNied ur spunodwiod 940Ge AN Jo uonezuawAodo)) “sEeusEwW ASusp moj ‘eare asepms Y3ng

*snosod §7 102 wed 1oy sansodwos xepnoajow Jurzissquas Jo 1uul AN s Bone3nsaAur 19pun Apuatms

s1 8{5'LO1SH] pue B[S 1015-0-1sToH] ‘B[S 101s1Au1A] ‘B[S IOIS-O-HEHD)ISIAULA] (souBxombsasys
pazifeuonoury opupAy pure jAuta o ‘woneldsospy Aq ‘wonezuswA[ed-0o pazd[aeo 1 AL

9E1Z-6018Y DA ‘10q1y EE ‘tre3nI Jo Aisteamn
‘Bunzoutdug pue SUNIS SEOMNERY pur *Ansmuay)) jo sjusinredag
‘29X " WaqTY puB Jure W preyory ‘Temuere eIy ‘SUByZ unung)

SANYXO0INOSIASTIS 'TvdddHATOd
IZITYNOILONNG OAIdAH ANV TANIA WOd4 SALISOdWOD dVINOATON



SOLT-65C Xvd
0396557 (£09)

sajisodwodsoue] XIep
pue sismpuis ‘udisag
£667-72E Xv¥d
PE6T-TTE (709)
Auissaooa]

ansunuog eia sapsodwo] onredlou IRuA[od

Y9LO-SPS-E1P XV
0917-59S (E1p) Fuoyd

£l

10$1-€58F1 AN TR
IEH pred
ANSISALL[) [{PWOD
as jo Wag
Jaw[od jo satpxdory
SHauUel fanuey ST

TIL58 2y ‘uosang,
‘P [jomo T U0 1B STLY
Aone10qe] S[EUIIEJN BUOZIY
HaAED) ' Ined vl

£0010 VI istoquy

101US7) “SIY ANENPRIL) ISP ' 0L Wooy
ISIYWY 18 SPSSNYIBSSTIA JO ANSISAIITY
saniadold PUE WG ‘SISIYIUAS :SHIOMITN

SuuasmiSug pue Saualag JAA[0]

oredioug-onred10) Sunensuadiau] Ajerinpy

Xvd 9£9T9LT (815)
7543-9LZ (815)

SISUWIATO] $OTUIRIDIA]

ST0E-L¥S (S17)
SPUqAH
syswouedigpnediou] jo uonanpalg [EIAUIGD

g8LY-€9L XV
£029-F9L (£1€)

Ansnuzy) pue IS Jo sidaa

Wo4j SIAWAJ0g PUe STeanusy)

6£Z6-985-L18 Xvd

7626-955 (£15)

suonnqISI urey)

[epolutg s s1awA]od aediou] Jo somadorg

FeaopN 2oruq 10552J01] "€}
FFOAUTY

065€-081Z1 “A "N ‘AL
Ansisatur) smyoalkfo  JeeEssuay
KopeloqeT jamsdo)
Ansnuayny jo laq

QUBLISIUT U ‘71

S0£9-L006] ¥d ‘UmOIA[INL
3] ySroT Uyl 719
15320 ‘1S90 JO JUSPISAG
$PpY Aureg "1l

9E17-6018p I “10q1y uuy
meAIyotpy Jo Ansiaaiun)
1S PremARH 00£Z

PURLINNY PAIE BMHIS

Sure] W preyory ‘01

1ZZSH HO ‘Neuudul)

TRUUIDUID) JO ANSISAIUN)

Ansnwayn Jo Wag
A g swer ‘g



Seapudny

vi



