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(57) ABSTRACT 

This invention relates generally to a neW class of chemose 
lective polymer materials. In particular, the invention relates 
to linear polycarbosilane compounds for use in various 
analytical applications involving sorbent polymer materials, 
including chromatoghraphy, chemical trapping, analyte col 

lection, and chemical sensor applications. These polymers 
have pendant and terminal aryl, alkyl, alkenyl, and alkynyl 
groups that are functionaliZed With halogen substituted 
alcohol or phenol groups, having the general structure: 

Wherein n is an integer greater than 1; 

Wherein at least one of R1 and R2 is a linear or branched 
arm having at least one group independently selected 
from the group consisting of alkyl, alkenyl, alkynyl, 
and aryl groups, or combinations thereof, and having at 
least one halogen substituted alcohol or phenol groups 
attached thereto; 

Wherein any said R1 and R2 aryl groups are attached to 
said [SiiX-]n either directly or through a short hydro 
carbon chain; 

Wherein any remaining said R1 or R2 group is a hydro 
carbon or carbosilane group; Wherein X is a polymer 
component selected from the group consisting of alky 
lene, alkenylene, alkynylene, arylene groups, and com 
binations thereof; and 

wherein Z1 and Z2 are end groups independently selected 
from the group consisting of alkyl, alkenyl, alkynyl, 
aryl, alkyl silanes, aryl silanes, hydroxyl, silicon 
hydride, alkoxides, phenols, halogen substituted alco 
hols, halogen substituted phenols, organosilyl, and 
combinations thereof. These polymeric materials are 
primarily designed to sorb hydrogen bond basic ana 
lytes such as organophosphonate esters (nerve agents 
and precursors) and nitro-substituted compounds 
(explosives). 
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LINEAR CHEMOSELECTIVE CARBOSILANE 
POLYMERS AND METHODS FOR USE IN 

ANALYTICAL AND PURIFICATION 
APPLICATIONS 

[0001] This is a continuation-in-part application of 
copending application Ser. No. 09/895,292 ?led on Jul. 2, 
2001, Which claimed the bene?t of a provisional application, 
U.S. Ser. No. 60/215,070 ?led on Jun. 30, 2000. The entire 
contents of application Ser. No. 09/895,292 are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] This invention relates generally to a neW class of 
chemoselective polymer materials. In particular, the inven 
tion relates to linear and branched polycarbosilane com 
pounds for use in various analytical applications involving 
sorbent polymer materials, including chromatography, 
chemical trapping, and chemical sensor applications. These 
polymeric materials are primarily designed to sorb hydrogen 
bond basic analytes such as organophosphonate esters 
(nerve agents and precursors), and nitroaromatics (explo 
sives). 
[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] The use of sorbent chemoselective polymers for 
chromatography, chemical trapping, and chemical sensor 
applications is Well established for technologies such as gas 
liquid chromatography, solid phase microextraction 
(SPME), and surface acoustic Wave (SAW) sensors, respec 
tively. In each application, the sorbent polymer is applied to 
a substrate as a thin ?lm and analytes are sorbed to the 
polymer material. A typical con?guration for a chemical 
sensor incorporates a thin layer of sorbent polymer depos 
ited on a transducer that monitors changes in the physico 
chemical properties of the polymer ?lm and translates these 
changes into an electrical signal that can be recorded. 

[0006] By careful design of the polymer, both sensitivity 
and selectivity of a chemical sensor can be enhanced With 
respect to speci?c classes or types of analytes. Typically, a 
chemoselective polymer is designed to contain functional 
groups or active sites that can interact preferentially With the 
target analyte through dipole-dipole, van der Waals, or 
hydrogen bonding forces. The interaction betWeen a 
chemoselective polymer and the analyte can even be 
regarded as a “lock and key” type interaction if multiple 
active sites in the polymer are spatially controlled so that an 
analyte With multiple functional sites can simultaneously 
interact With the polymer active sites. 

[0007] The ideal polymer ?lm for extended chemical 
sensor applications should exhibit reversible binding of 
analyte, high selectivity and high sorptivity, long term 
stability; and, as a thin ?lm, offer fast sorption and desorp 
tion properties. To achieve these characteristics, a polymer 
must have physical properties that are amenable to rapid 
analyte sorption and desorption, suitable choice of func 
tional groups, and a high density of functional groups to 
increase the sorptive properties for target analytes. Polymers 
With suitable analyte sorption characteristics can be obtained 
commercially for most analytes of interest With the excep 
tion of hydrogen bond acid polymers for sorption of hydro 
gen bond basic vapors. Of the feW polymers that are 
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commercially available (e.g., polyvinylalcohol, polyphenol, 
and fomblin Zdol), either the physical properties are not ideal 
With glass transition temperatures above room temperature, 
the hydrogen bond acidity is relatively Weak, or the density 
of functional groups is loW. 

[0008] Fluorinated polymers With hydroxyl groups as part 
of the polymer repeating unit and, in particular, polymers 
containing the hexa?uoroisopropanol (HFIP) functional 
group are a Well established class of hydrogen bond acid 

polymers. (See McGill, R. A.; Abraham, M. H.; Grate, J. W. 
CHEMTECH1994, 24 (9), 27; Ballantine, D. S.; Rose, S. L.; 
Grate, J. W.; Wohltjen, H. Anal. Chem. 1986, 58, 3058; 
SnoW, A. W.; Sprague, L. G.; Soulen, R. L.; Grate, J. W.; 
Wohltjen, H. J. Appl. Pol. Sci, 1991, 43, 1659; Houser, E. 
J.; McGill, R. A.; Mlsna, T. E.; Nguyen, V. K.; Chung, R.; 
MoWery, R. L. Proc. SPIE, Detection and Remediation 
Technologies for Mines and Minelike Targets IV, Orlando, 
Fla., 1999, 3710, 394-401; Houser, E. J.; McGill, R. A.; 
Nguyen, V. K.; Chung, R.; Weir, D. W. Proc. SPIE, Detec 
tion and Remediation Technologiesfor Mines and Minelike 
Targets V, Orlando, Fla., 2000, 4038; Houser, E. J .; Mlsna, 
T. E.; Nguyen, V. K.; Chung, R.; MoWery, R. L.; McGill, R. 
A. Talanta, 2001, 54, 469; Grate, J. W.; Patrash, S. J.; 
Kaganove, S. N.; Wise, B. M. Anal. Chem. 1999, 71, 1033; 
all of Which are incorporated herein by reference). The 
polymer ?uoropolyol (FPOL) has become a standard mate 
rial for many polymer based chemical sensor applications 
requiring hydrogen bond-acid polymers. (See: Ballantine, D. 
S.; Rose, S. L.; Grate, J. W.; Wohltjen, H. Anal. Chem. 1986, 
58, 3058; SnoW, A. W.; Sprague, L. G.; Soulen, R. L.; Grate, 
J. W.; Wohltjen, H. J. Appl. Pol. Sci, 1991, 43, 1659; all of 
Which are incorporated herein by reference). Recently 
reported polymers such as BSP3, SXFA, and CS3P2 have 
yielded improvements in sensitivity and response time rela 
tive to FPOL. (See: Houser, E. J.; McGill, R. A.; Mlsna, T. 
E.; Nguyen, V. K.; Chung, R.; MoWery, R. L. Proc. SPIE, 
Detection and Remediation Technologies for Mines and 
Minelike Targets IV, Orlando, Fla., 1999, 3710, 394-401; 
Houser, E. J.; McGill, R. A.; Nguyen, V. K.; Chung, R.; 
Weir, D. W. Proc. SPIE, Detection and Remediation Tech 
nologies for Mines and Minelike Targets V, Orlando, Fla., 
2000, 4038; all of Which are incorporated herein by refer 
ence). 
[0009] Determining and/or monitoring the presence of 
certain chemical species Within a particular environment, 
e.g., pollutants, toxic substances and other predetermined 
compounds, is becoming of increasing importance With 
respect to such areas as defense, health, environmental 
protection, resource conservation, police and ?re-?ghting 
operations, and chemical manufacture. Devices for the 
molecular recognition of noxious species or other analytes 
typically include (1) a substrate and (2) a molecular recog 
nition coating upon the substrate. These devices may be 
used, for example, as stand-alone chemical vapor sensing 
devices or as a detector for monitoring different gases 
separated by gas chromatography. Molecular recognition 
devices are described in Grate et al., Sensors and Actuators 
B, 3, 85-111 (1991); Grate et al., Analytical Chemistry, Vol. 
65, No. 14, Jul. 15, 1993; Grate et al., Analytical Chemistry, 
Vol. 65, No. 21, Nov. 15, 1993; and Handbook ofBiosensor 
and Electronic Noses, ed. Kress-Rogers, CRC Press, 1996; 
all of Which are incorporated herein by reference. 
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[0010] Frequently, the substrate is a piezoelectric material 
or an optical Waveguide, Which can detect small changes in 
the mass or refractive index, respectively. One illustrative 
example of a device that relies upon selective sorption for 
molecular recognition is knoWn as a surface acoustic Wave 

(SAW) sensor. SAW devices function by generating 
mechanical surface Waves on a thin slab of a piezoelectric 

material, such as quartz, that oscillates at a characteristic 
resonant frequency When placed in a feedback circuit With a 
radio frequency ampli?er. The oscillator frequency is mea 
surably altered by small changes in mass and/or elastic 
modulus at the surface of the SAW device. 

[0011] SAW devices can be adapted to a variety of gas and 
liquid phase analytical problems by designing or selecting 

speci?c coatings for particular applications. The use of 
chemoselective polymers for chemical sensor applications is 
Well established as a Way to increase the sensitivity and 
selectivity of a chemical sensor With respect to speci?c 
classes or types of analytes. Typically, a chemoselective 
polymer is designed to contain functional groups that can 
interact preferentially With the target analyte through dipole 
dipole, van der Waals, or hydrogen bonding forces. For 
example, strong hydrogen bond donating characteristics are 
important for the detection of species that are hydrogen bond 
acceptors, such as toxic organophosphorus compounds. 
Increasing the hydrogen bond acidity and the density of 
hydrogen bond acidic binding sites in the coating of a sensor 
results in an increase in selectivity and sensitivity of the 
sensor for hydrogen bond basic analytes. 

[0012] Chemoselective ?lms or coatings used With chemi 
cal sensors have been described by McGill et al. in 
Chemtech, Vol. 24, No. 9, 27-37 (1994), incorporated herein 
by reference. The materials used as the chemically active, 
selectively absorbent layer of a molecular recognition device 
have often been polymers, as described in Hansani in 
Polymer Films in Sensor Applications (Technomic, Lan 
caster, Pa. 1995). For example, Ting et al. investigated 
polystyrene substituted With hexa?uoroisopropanol (HFlP) 
groups for its compatibility With other polymers in Journal 
ofPolymer Science: Polymer Letters Edition, Vol. 18, 201 
209 (1980). Later, Chang et al. and BarloW et al. investigated 
a similar material for its use as a sorbent for organophos 
phorus vapors, and examined its behavior on a bulk quartz 
crystal monitor device in Polymer Engineering and Science, 
Vol. 27, No. 10, 693-702 and 703-15 (1987). SnoW et al. 
(NRL Letter Report, 6120-884A) and Sprague et al. (Pro 
ceedings ofthe 1987 US. Army Chemical Research Devel 
opment and Engineering Center Scientific Conference on 
Chemical Defense Research, page 1241) reported making 
materials containing HFlP that Were based on polystyrene 
and poly(isoprene) polymer backbones, Where the HFlP 
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provided strong hydrogen bond acidic properties. These 
materials Were used as coatings on molecular recognition 
devices, such as SAW sensors, and shoWed high sensitivity 
for organophosphorus vapors. HoWever, both the parent 
polymers and the HFlP-containing materials Were glassy or 
crystalline at room temperature. Because vapor di?‘usion 
may be retarded in glassy or crystalline materials, the 
sensors produced Were sloW to respond and recover. Addi 
tional information is reported in Polym. Eng. Sci., 27, 693 
and 703-715 (1987). 

[0013] Grate et al. in Analytical Chemistry, Vol. 60, No. 9, 
869-75 (1988), Which is incorporated herein by reference, 
discloses a compound called “?uoropolyol” (FPOL), Which 
is useful for detecting organophosphorus compounds. FPOL 
has the formula: 

C CF3 F3C CF3 F3C CF3 

O/\(\OWO 
OH 

II 

FPOL 

[0014] An HFlP-containing polymer based on a polysi 
loxane backbone Was described and demonstrated to be a 
good hydrogen-bond acid by Abraham et al., “Hydrogen 
Bonding. XXIX. The Characterisation of Fourteen Sorbent 
Coatings for Chemical Microsensors Using a NeW Solvation 
Equation”, J. Chem. Soc., Perkin Trans. 2, 369-78 (1995), 
incorporated herein by reference. The polysiloxane back 
bone provided a material With a Tg Well beloW room 
temperature. HoWever, physical properties Were not quan 
ti?ed. 

[0015] Grate, US. Pat. No. 5,756,631, incorporated herein 
by reference, discloses the use of HFlP-substituted siloxane 
polymers having the structure: 

Wherein R2 has the formula i(CH2)m_14CH=CHi 
CH2iC(CF3)24OH, n is an integer greater than 1, R1 is a 
monovalent hydrocarbon radical, and m is 1 to 4. 

[0016] Grate et al., US. Pat. No. 6,015,869; Jay W. Grate 
et al., “Hybrid Organic/Inorganic Copolymers With Strongly 
Hydrogen-Bond Acidic Properties for acoustic Wave and 
Optical Sensors,”Chem. Mater 9, 1201-1207 (1999); Jay W. 
Grate et al., “Hydrogen Bond Acidic Polymers for Surface 
Acoustic Wave Vapor Sensors and Arrays,”Anal. Chem. 71, 
1033-1040 (1999); and lgor Levitsky et al., “Rational 
Design of a Nile Red/Polymer Composite Film for Fluores 
cence Sensing of Organophosphonate Vapors Using Hydro 
gen Bond Acidic Polymers,”Anal. Chem. 73, 3441-3448 
(2001); all of Which are incorporated herein by reference, 
disclose a strongly hydrogen bonding acidic, sorbent oligo 
mer or polymer having a glass-to-rubber transition tempera 
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ture below 25° C. The polymers have (1) ?uoroalkyl 
substituted bisphenol segments containing interactive 
groups and (2) oligodimethylsiloxane segments. These 
siloxane polymers are said to provide improved coatings and 
vapor sorption compositions for chemical sensors that are 
sensitive, reversible and capable of selective absorptions for 
particular vapors, particularly the hydrogen bond accepting 
vapors, such as organophosphorus compounds. 

[0017] The present invention discloses a neWly discovered 
class of carbosilane polymers that can be used to produce 
hydrogen bond acidic coatings for chemical sensor applica 
tions. There has been no previously reported use of poly 
carbosilanes as hydrogen bond acidic coatings or material 
for any type of chemical sensor or collector applications. 
Use of the carbosilane polymers of the present invention that 
possess highly functionaliZed units can result in signi?cant 
selectivity and sensitivity improvements. 

[0018] Further, the chemoselective carbosilane polymer 
materials of the present invention exhibit, not only improved 
sensitivity to organophosphorus species, but also high selec 
tivity and sensitivity toWard nitroaromatic vapors, and are 
thus also useful for detecting the presence of explosives. 
Conventional explosives, such as trinitrotoluene (TNT), 
hexahydro-l,3,5-trinitro-l,3,5-triaZine (RDX), and octahy 
dro-l,3,5-trinitro-1,3,5,7-tetraZocine (HMX), may be con 
tained in unexploded munitions, e.g., buried beloW the 
surface of the ground. Such munitions exude or leak vapors 
of the explosive. These vapors are typically concentrated in 
the surrounding soil and then migrate to the surface Where 
they can be detected by the compounds, devices and meth 
ods disclosed by the present invention. 

[0019] It is Well knoWn that dogs can be used to locate 
land mines demonstrating that the canine olfactory system is 
capable of detecting and identifying explosive related ana 
lyte signatures. In order to improve land mine detection 
capability, the use of sensors for the detection of chemical 
vapors associated With explosives is of great interest. Of 
particular interest in developing chemical sensors is the 
ability to detect unexploded ordnance, e. g., the polynitroaro 
matic compounds that are frequently present in the chemical 
signature of land mines. 

SUMMARY OF THE INVENTION 

[0020] This invention relates to the preparation of neW 
linear and branched chemoselective carbosilane polymer 
materials for chemical sensor, chromatography, dosimeter, 
analyte collector, and air ?ltration applications. 

[0021] According to a ?rst aspect of the present invention, 
there is provided a carbosilane polymer With pendant and 
terminal groups that are functionaliZed With halogen substi 
tuted alcohol or phenol groups, having the general structure: 

[0022] Wherein n is an integer greater than 1; 

[0023] Wherein at least one of R1 and R2 is a pendant 
group having at least one element independently 
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selected from the group consisting of alkyl, alkenyl, 
alkynyl, and aryl groups, or combinations thereof, and 
having at least one halogen substituted alcohol or 
phenol groups attached thereto; 

[0024] Wherein any said R1 and R2 aryl groups are 
attached to said [SiiX-]n either directly or through a 
short hydrocarbon chain; 

[0025] Wherein any remaining said R1 or R2 group is a 
hydrocarbon or carbosilane group; 

[0026] Wherein X is a polymer backbone component 
selected from the group consisting of alkylene, alk 
enylene, alkynylene, arylene groups, and combinations 
thereof; and 

[0027] wherein Z1 and Z2 are end groups independently 
selected from the group consisting of alkyl, alkenyl, 
alkynyl, aryl, alkyl silanes, aryl silanes, hydroxyl, 
silicon hydride, alkoxides, phenols, halogen substituted 
alcohols, halogen substituted phenols, organosilyl, and 
combinations thereof. 

[0028] According to a second aspect of the invention, 
there is provided a carbosilane polymer With pendant and 
terminal aryl groups that are functionaliZed With halogen 
substituted alcohol or phenol groups that are primarily 
designed for the sorption of organophosphonate esters, 
nitroaromatics, and other hydrogen-bonding basic analytes. 

[0029] According to a third aspect of the invention, there 
is provided a device for selective molecular recognition, the 
device comprising a sensing portion, Wherein the sensing 
portion includes a substrate or multiple substrates having 
coated thereon a layer, the layer comprising any one of the 
polymeric compounds of the invention. 

[0030] According to another aspect of the invention, there 
is provided a method of detecting hydrogen bond basic 
analytes such as the organophosphonate esters or nitroaro 
matic compounds, comprising the steps of: 

[0031] (a) contacting the molecules of such an analyte 
With the sensing portion of the device of the invention; 

[0032] (b) collecting the molecules on the layer of the 
device, the molecules altering a speci?c physical prop 
erty of the layer; and 

[0033] (c) detecting the amount of change With respect 
to the physical property from before the contacting step 
(a) and after the collecting step (b). 

[0034] According to yet another aspect of the invention, 
there is provided a chemical vapor collector comprising an 
amount of any one of the polymeric compounds of the 
invention e?fective to collect hydrogen bond basic vapors or 
nitroaromatic compounds. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] The present invention relates to the preparation of 
a neW class of linear and branched chemoselective polymers 
that can be used to produce hydrogen bond acidic materials 
for chemical sensor, chromatography, analyte dosimeter, 
analyte collector, and air ?ltration applications. There have 
been no prior reports on similar uses for polycarbosilane and 
polysilylene materials With functionaliZed pendant aryl or 
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groups. Use of these carbosilane polymers With highly 
functionaliZed units can result in signi?cant selectivity and 
sensitivity improvements. These polymers have pendant and 
terminal groups that are functionaliZed With halogen substi 
tuted alcohol or phenol groups. Pendant aryl groups can be 
attached to the carbosilane polymer backbone either directly 
or through a hydrocarbon chain. These carbosilane poly 
meric materials are primarily designed for the chemical 
detection of organophosphonate esters (nerve agents and 
precursors), and nitroaromatics (explosives) but may also 
have applications in detecting other hydrogen-bonding basic 
analytes. 
[0036] One of the improved and novel features of the 
present invention is that there are no hydrogen bond basic 
heteroatoms present in the polymer backbone. Heteroatoms, 
such as oxygen or nitrogen, can bind HFIP groups thereby 
decreasing available analyte bonding sites. In addition, the 
lack of heteroatoms, such as oxygen, in the present inven 
tions polymer backbone results in a diminished sensitivity to 
hydrogen bond acid analytes, such as Water from ambient 
humidity. Water vapor is a ubiquitous interferent and, there 
fore, any decrease in sensitivity to humidity is a signi?cant 
improvement over the prior art. In designing sorptive poly 
mers for nitroaromatic analytes in the present invention, 
HFIP functionaliZed terminal alkene groups or aryl rings 
Were chosen as the interactive portion of the polymer 
because of the high hydrogen-bonding acidity of these 
groups. Polynitroaromatic compounds possess multiple 
basic sites through the oxygen atoms of the nitro group and 
the hydrogen-bond acidity of the hexa?uoroisopropanol 
group is complimentary to these basic sites. The hydrogen 
bond acidity of alcohols increases With the number of 
per?uoroalkyl groups bound to the carbinol group making 
the HIFIP group an excellent hydrogen bond acid. In addi 
tion, the hydrogen bond basicity imparted by the oxygen 
atom of the hydroxyl group is substantially reduced thereby 
increasing the selectivity of the hydroxyl group for hydrogen 
bond basic analytes. 

[0037] In addition to contributing to the hydrogen bond 
acidity of the hydroxyl group in the polymer, the ?uorocar 
bon group also imparts substantial chemical stability to the 
polymer due to the inertness of the CiF bond. A further 
advantage is the steric bulk of the CF3 groups and phenyl 
rings Which hinders access to the polymer backbone thereby 
decreasing van der Waals interactions betWeen analyte mol 
ecules and the polymer backbone. Use of the aromatic 
pendant groups provides tWo additional advantages in that 
they generally lead to more hydrogen bond acidic systems 
than comparable saturated hydrocarbons and they are better 
spatially oriented to interact With the electron rich oxygen 
atoms of the nitro groups on the nitroaromatic analytes. 

[0038] The nitroaromatic analytes are dipolar and highly 
polariZable molecules that exhibit hydrogen-bond basic 
properties increasing With the number of nitro groups on the 
molecule. The hydrogen bond acidic polymers are designed 
to interact With the available electron density located on the 
oxygen atoms of the nitro groups of the polynitroaromatics. 
The hydrogen-bond basicities of some common nitroaro 
matics are 0.25 for 3-nitrotoluene, 0.47 for 2,4-dinitrotolu 
ene and 0.61 for 2,4,6-trinitrotoluene demonstrating that the 
basicity of additional nitro groups is additive. These hydro 
gen bond basicities can be compared to those of hexane (0.0) 
and toluene (0.14). It should also be noted that the nitroaro 
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matics are relatively large molecules and therefore also have 
signi?cant van der Waals interactions With other materials. 

[0039] According to a ?rst aspect of the present invention, 
there is provided a carbosilane polymer With pendant and 
terminal groups that are functionaliZed With halogen substi 
tuted alcohol or phenol groups, having the general structure: 

[0040] Wherein n is an integer greater than 1; 

[0041] Wherein at least one of R1 and R2 is a pendant 
group having at least one element independently 
selected from the group consisting of alkyl, alkenyl, 
alkynyl, and aryl groups, or combinations thereof, and 
having at least one halogen substituted alcohol or 
halogen substituted phenol group attached thereto; 

[0042] Wherein any said R1 and R2 aryl groups are 
attached to said [SiiX-]n either directly or through a 
short hydrocarbon chain; 

[0043] Wherein any remaining said R1 or R2 group is a 
hydrocarbon or carbosilane pendant group; 

[0044] Wherein X is a divalent polymer backbone com 
ponent selected from the group consisting of hydrocar 
bons, carbosilanes, hydrocarbons With halogen substi 
tuted alcohol substituents, hydrocarbons With halogen 
substituted phenol substituents, hydrocarbons With 
phenol substituents, carbosilanes With halogen substi 
tuted alcohol substituents, carbosilanes With halogen 
substituted phenol substituents, carbosilanes With phe 
nol substituents, and combinations thereof; and 

[0045] wherein Z1 and Z2 are end groups independently 
selected from the group consisting of alkyl, alkenyl, 
alkynyl, aryl, alkyl silanes, aryl silanes, hydroxyl, 
phenols, silicon hydride, alkoxides, halogen substituted 
alcohols, halogen substituted phenols, organosilyl, and 
combinations thereof. 

[0046] In a preferred embodiment, R2 is a substituted 
methyl group. In a more preferred embodiment, X is a linear 
alkyl chain having between 1 and 12 carbons. In an even 
more preferred embodiment, R1 is a 3-phenylpropyl group 
having tWo halogen substituted alcohol or phenol groups 
attached to the aryl group, and Wherein X is a 3 carbon chain. 
In a further preferred embodiment, the halogen substituted 
alcohol or phenol groups are 4C(CF3)2OH groups. In an 
even further preferred embodiment, Z1 is either a 3-phenyl 
propyl group having at least one halogen substituted alcohol 
or halogenated phenol group attached thereto, and Z2 is an 
allyl bis(3-phenylpropyl)silyl group having at least one 
halogen substituted alcohol or phenol group attached 
thereto. In another preferred embodiment, the aryl groups of 
R1 and R2 are independently selected from either a phenyl 
ring having tWo halogen substituted alcohol or halogenated 
phenol group. In yet another preferred embodiment, R1 or R2 
is an allyl group having one or tWo halogen substituted 
alcohol or phenol groups attached thereto. In further pre 
ferred embodiments, the carbosilane polymer has any of the 
folloWing structures: 
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[0047] In order to develop hydrogen bond acid polymers 
With improved physicochemical properties, preparation of 
neW polymers With higher density of per?uoroalcohol func 
tional groups and physical properties amenable to rapid 
vapor sorption/desorption kinetics have been targeted. Aryl 
rings or allyl groups are preferred as a framework for 
?uoroalcohol functionaliZation. HeXa?uoro-2-propanol sub 
stituted allyl groups tend to exhibit a higher sorptivity for 
Water molecules, hoWever the sorptivity is loWer for arene 
hydrocarbons interferents such as toluene. 

[0048] The compounds of the present invention can be 
synthesiZed by reacting hexa?uoroacetone With the parent 
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OH 

c1:3 

HO C133 
F3C 

F3C C133 
HO F3C OH 

F3C CF 
3 

C113 OH 

c1:3 
HO 

c1:3 
— 11 

C113 
OH 

c1:3 

HO 
F3C c1:3 

F3C F3C 
OH 

c1:3 

HO 
c1:3 

molecule, comprising a core polymer and a number of 
pendant unsaturated groups, taking advantage of the reac 
tivity of per?uoroketones With terminally unsaturated 
groups, as described by Urry et al., J. Org. Chem, Vol. 33, 
2302-2310 (1968), incorporated herein by reference. 
According to Urry, “Hexa?uoroacetone gives stepWise reac 
tions With ole?ns 
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-continued 

some of Which, surprisingly, occur at 25°” C. 

[0049] A substituted carbosilane polymer can be prepared 
by taking the following steps: 

[0050] (a) selecting a starting material independently 
selected from the group consisting of aryl substituted 
metallated hydrocarbons and aryl substituted metal 
lated carbosilanes; 

[0051] (b) reacting said aryl substituted metallated 
hydrocarbon or said aryl substituted metallated carbosi 
lane With an alkenyl or alkynyl dichlorocarbosilane, 
thereby forming an unsaturated carbosilane intermedi 
ate having the structure: 

[0052] Wherein R4 and R5 are said independently 
selected aryl substituted hydrocarbons or carbosilane 
groups derived from aryl substituted metallated 
hydrocarbon or said aryl substituted metallated car 

bosilanes; and 

[0053] Wherein R6 is an alkenyl or alkynyl group; 

[0054] (c) performing a hydrosilation reaction on said 
unsaturated carbosilane intermediate in the presence of 
a hydrosilation catalyst, thereby forming a arylalkyl 
substituted carbosilane polymer intermediate having 
the structure: 

[0055] Wherein q is an integer greater than or equal to 
l; and 

[0056] Wherein Y is a hydrocarbon polymer back 
bone component derived from hydrosilation of said 
R6; 

[0057] (d) reacting said arylalkyl substituted carbosi 
lane polymer intermediate With an alkene or alkyne in 
the presence of a hydrosilation catalyst, thereby form 
ing an arylalkyl substituted polycarbosilane having the 
structure: 
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[0058] Wherein R7 is an alkyl or alkenyl group; and 

[0059] (e) reacting said arylalkyl substituted polycar 
bosilane With hexa?uoroacetone, thereby forming said 
substituted carbosilane polymer. 

[0060] In a preferred embodiment, the hydrosilation cata 
lyst is hexachloroplatinic acid. 

[0061] A substituted carbosilane polymer can also be 
prepared by taking the folloWing steps: 

[0062] (a) selecting a starting material independently 
selected from the group consisting of substituted met 
allated hydrocarbons and substituted metallated car 
bosilanes; 

[0063] (b) reacting said substituted metallated hydro 
carbon or said substituted metallated carbosilane With 
H2SiCl2, thereby forming a disubstituted silane or 
carbosilane intermediate having the structure: 

[0064] Wherein R8 and R9 are said selected substi 
tuted metallated hydrocarbon or said substituted 
metallated carbosilane; 

[0065] (c) performing a hydrosilation reaction betWeen 
said disubstituted silane or carbosilane intermediate 
and a doubly unsaturated species in the presence of a 
hydrosilation catalyst, thereby forming a polycarbosi 
lane intermediate having the structure: 

[0066] Wherein q is an integer greater than or equal to 
1; 

[0067] Wherein K is a hydrocarbon or carbosilane 
fragment derived from double hydrosilation of said 
doubly unsaturated species; 

[0068] Wherein D is a hydrocarbon or carbosilane 
fragment derived from single hydrosilation of said 
doubly unsaturated species; 

[0069] (d) reacting said polycarbosilane intermediate 
With an alkene or alkyne in the presence of a hydrosi 
lation catalyst, thereby forming an substituted polycar 
bosilane having the structure: 
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[0070] wherein R10 is an alkyl or alkenyl group 
derived from said hydrosilation reaction between 
said alkene or alkyne and said polycarbosilane inter 
mediate; and 

[0071] (e) reacting said substituted polycarbosilane 
with hexa?uoroacetone, thereby forming said substi 
tuted carbosilane polymer. 

[0072] Alternatively, a substituted carbosilane polymer 
can be prepared by taking the following steps: 

[0073] (a) selecting a starting material independently 
selected from the group consisting of substituted met 
allated hydrocarbons and substituted metallated car 
bosilanes; 

[0074] (b) reacting said substituted metallated hydro 
carbon or said substituted metallated carbosilane with 
an appropriate silane or carbosilane, thereby forming a 
disubstituted silane or carbosilane intermediate having 
the structure: 

[0075] wherein R8 and R9 are said selected substi 
tuted metallated hydrocarbon or said substituted 
metallated carbosilane; and wherein q=0 to 10; 

[0076] (c) performing a hydrosilation reaction between 
said disubstituted silane or carbosilane intermediate 
and a doubly unsaturated species in the presence of a 
hydrosilation catalyst, thereby forming a polycarbosi 
lane intermediate having the structure: 

[0077] wherein q is an integer greater than or equal to 
s 

[0078] wherein K is a hydrocarbon or carbosilane 
fragment derived from double hydrosilation of said 
doubly unsaturated species; 
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[0079] wherein D is a hydrocarbon or carbosilane 
fragment derived from single hydrosilation of said 
doubly unsaturated species; 

[0080] (d) reacting said polycarbosilane intermediate 
with an alkene or alkyne in the presence of a hydrosi 
lation catalyst, thereby forming an substituted polycar 
bosilane having the structure: 

[0081] wherein R10 is an alkyl or alkenyl group 
derived from said hydrosilation reaction between 
said alkene or alkyne and said polycarbosilane inter 
mediate; and 

[0082] (e) reacting said substituted polycarbosilane 
with hexa?uoroacetone, thereby forming said substi 
tuted carbosilane polymer. 

[0083] In a preferred embodiment, the hydrosilation cata 
lyst is hexachloroplatinic acid. In an even more preferred 
embodiment, the substituted metallated hydrocarbon or sub 
stituted metallated carbosilane each contain at least one aryl 
group. 

[0084] In a preferred embodiment, the doubly unsaturated 
species has one of the following structures: 

F3C c1:3 

W HO on 

on 

F F 

F F 

\/—si—\/ 
F F 

OH 
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[0085] In a preferred embodiment, the substituted carbosi 
lane polymer has one of the following structures: 

HO 

HO OH 

F3C C113 

C113 

AQWOH c1:3 

F3C c1:3 

HO OH 

c1:3 

OH 

C113 

WOH 
c1:3 

CH3 CH3 CH3 
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-continued 
_ oH 

F F 

/ | | 
F F CH3 CH3 CH3 

[0086] Alternatively, a substituted carbosilane polymer 
can be prepared by taking the following steps: 

[0087] (a) reacting an appropriate cyclic carbosilane 
precursor, such as a silacyclobutane or 1,3-disilacy 
clobutane, With a suitable initiator or catalyst to per 
form a ring opening polymerization reaction, thereby 
forming an intermediate polymer having the structure: 

[0088] Wherein q is an integer greater than or equal to 

[0089] Wherein Y is a hydrocarbon or carbosilane 
fragment derived from the ring opening polymeriZa 
tion of a cyclic carbosilane precursor; 

[0090] Wherein X is a readily substitutable group 
such as a halide or alkoxide; 

[0091] (b) selecting a starting material independently 
selected from the group consisting of substituted met 
allated hydrocarbons and substituted metallated car 
bosilanes; 

[0092] (c) reacting said substituted metallated hydro 
carbon or said substituted metallated carbosilane With 
an appropriate silane or carbosilane, thereby forming a 
disubstituted silane or carbosilane intermediate having 
the structure: 

[0093] Wherein R8 and R9 are said selected substi 
tuted metallated hydrocarbon or said substituted 
metallated carbosilane; and Wherein q=l to 10; 

[0094] (d) reacting said substituted polycarbosilane 
With hexa?uoroacetone, thereby forming said substi 
tuted carbosilane polymer. 
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[0095] Alternatively, a substituted carbosilane polymer 
can be prepared by taking the folloWing steps: 

[0096] (a) reacting an appropriate cyclic carbosilane 
precursor, such as a silacyclobutane or 1,3-disilacy 
clobutane, With a suitable initiator or catalyst to per 
form a ring opening polymeriZation reaction, thereby 
forming an intermediate polymer having the structure: 

[0097] Wherein q is an integer greater than or equal to 
1; 

[0098] Wherein Y is a hydrocarbon or carbosilane 
fragment derived from the ring opening polymeriZa 
tion of a cyclic carbosilane precursor; 

[0099] Wherein X is a readily substitutable group 
such as a halide or alkoxide; 

[0100] (b) selecting a starting material independently 
selected from the group consisting of substituted met 
allated protected phenols and dimetallated halogenated 
phenols; 

[0101] (c) reacting said substituted metallated protected 
phenol or said dimetallated halogenated phenol With an 
appropriate silane or carbosilane, thereby forming a 
disubstituted silane or carbosilane intermediate having 
the structure: 

[0102] Wherein R8 and R9 are said selected substi 
tuted metallated protected phenol or said substituted 
dimetallated halogenated phenol; and Wherein q=l to 
10; 
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[0103] (d) deprotecting, if needed, and acidi?cation of 
said intermediate polycarbosilane, thereby forming 
said substituted carbosilane polymer. 

[0104] Ring opening polymerization is a Well established 
method for the formation of carbosilane polymers. See, for 
example, Interrante, L. V. and Shen, Q. Chap. 10 in Silicon 
Containing Polymers, Jones, R. G.; Ando, W.; ChojnoWski, 
J. (Eds.), KluWer Academic Press (2000). 

[0105] A Wide variety of standard methods are routinely 
used for protection of phenolic, hydroxyl groups during 
multistage synthetic reactions. These methods are Well 
knoWn to those skilled in the art. For examples see 
VOGEL’s Textbook of Practical Organic Chemistry, 5th 
Ed., Longman Singapore Publishers (1989). 

[0106] Once synthesized, these polymers can be coated to 
a controlled ?lm thickness on a substrate, either alone or 
mixed With a solvent or similarly functionalized polymer. 
Useful substrates include planar chemical sensors, such as 
surface acoustic Wave (SAW) substrates; optical ?bers; and 
the interior surfaces of capillaries. The substrate chosen is 
based on the sensing mechanism being used. 

[0107] The principle of operation of an acoustic Wave 
transducer device involves the production of an acoustic 
Wave that is generated on the surface or through the bulk of 
a substrate material and alloWed to propagate. To generate 
the acoustic Wave typically requires a piezoelectric material. 
Applying a time varying electric ?eld to the piezoelectric 
material Will cause a synchronous mechanical deformation 
of the substrate With a coincident generation of an acoustic 
Wave in the material. The time varying electric ?eld is 
generated in the surface by the action of the time varying 
electrical ?eld applied through one or more electrodes that 
are connected to the piezoelectric material via one or more 
metal Wire bonds and to an electrical circuit. Another 
electrode or electrodes receives the Wave at a distance from 
the ?rst electrode or electrodes. The second electrode or 
electrodes is also connected via metal Wire bonds to the 
electrical circuit and the piezoelectric material. Such devices 
are operable in a frequency range of about 1 kilohertz to 10 
gigahertz, preferably from about 0.2 megahertz to about 2 
gigahertz and, more preferably, in the range of betWeen 
about 200 to 1000 megahertz. 

[0108] For piezoelectric sensors, piezoelectric substrates 
knoWn in the art are useful in accordance With the invention, 
e.g., ST-cut quartz. In addition to quartz crystals, piezoelec 
tric ceramics, such as those of the barium titanate and lead 
titanate zirconate families, are suitable substrates. These 
include LiNbO3; BaTiO3; 95 Wt. % BaTiO3/5% GaTiO3; 80 
Wt. % BaTiO3/12% PbTiO3/8% CaTiO3; PbNb2O6; 
NanosKosNbO3; PbO.94SrOO.O6(TiO.48SrO.52)O3; and 
PbO_94(TiO_48SrO_52)O3. In some cases, the substrate may 
comprise a piezoelectric coating material, such as ZnO or 
AlN, applied to a non-piezoelectric material, such as silicon 
or silicon carbide surface used in a micromachined device. 
The piezoelectric properties of these and other suitable 
materials are provided in CRC Handbook of Materials 
Science, Vol. III, Charles T. Lynch, CRC Press: Boca Raton, 
198 (1975). 

[0109] The sensing portion of an acoustic Wave device of 
the invention is the area under the chemoselective layer, 
Where the chemoselective layer covers the transducer. The 
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area of the sensing portion of such a device can be on the 
order of about 0.0001-10 cm2. 

[0110] An optical Waveguide chemical sensor consists of 
a light source, an optical Waveguide, a chemoselective ?lm 
or layer, and a detector to analyze the light after interacting 
With the layer. The Waveguide is used to propagate light to 
a sensing portion of the device that contains the chemose 
lective layer. The light travels toWards this coating and 
interacts With it. If the analyte being detected is present in 
the layer, the optical characteristics of the light may be 
altered, and the change is detected by some optically sen 
sitive detector. In certain cases, the chemoselective layer 
may consist of a composite of polymer and one or more 
dyes. 
[0111] An optical chemical sensor, commonly referred to 
as an optrode, includes a light source such as a semicon 

ductor laser, light-emitting diode, or a halogen lamp; an 
optical Waveguide such as a ?ber optic or a planar 
Waveguide substrate; a chemoselective layer deposited on 
the sensing portion of the optrode exposed to an analyte; and 
a detector to monitor the optical characteristics of the 
optrode. Sorption of the analyte to the chemoselective layer 
modi?es the optical characteristics of the optrode, and this 
is detected as a change in refractive index or light intensity 
at one or more Wavelengths of light. Optical sensors, optical 
?bers and optical Wave guides are useful and are knoWn in 
the art. 

[0112] Fiber optic Waveguides for sensor applications are 
commonly manufactured from silica glass or quartz as the 
core of the ?ber. Surrounding this core is a cladding material 
that exhibits a loWer refractive index than the ?ber core to 
achieve internal re?ectance. The chemoselective layer is 
typically applied at the distal tip of the ?ber optic or along 
the side of the ?ber optic Where a portion of the outer 
cladding material has been removed. 

[0113] Planar Waveguide optical sensors use a planar 
substrate device as a light guide. The use of a planar 
Waveguide normally involves the use of evanescent Wave 
techniques to take advantage of the large active surface area. 
Many of these sensors use the ?uorescent properties of a 
chemoselective layer and are thus called Total Internal 
Re?ection Fluorescence (TIRF) sensors. 

[0114] Preferably, SAW devices are used as the substrate 
for the device of the invention. Particularly preferred SAW 
devices are 915 MHz tWo-port resonators made of ST-cut 
quartz With aluminum metallization and a thin silicon diox 
ide overcoat. SAW resonators and oscillator electronics to 
drive them are available from RF Monolithics and SAW 
TEK Inc. 

[0115] Before application of a coating to form the sensor 
portion of the device of the invention, the substrate is 
cleaned. The cleaning procedure typically involves rinsing 
the device in an organic solvent and then subjecting it to 
plasma cleaning, as is Well-known. Optionally, the substrate 
can be silanized With a material such as diphenyltetrameth 
yldisilazane ODPTMS) by immersing the cleaned substrate 
surface in liquid DPTMS, placing the immersed surface into 
a partially evacuated chamber While heating the device to 
about 1700 C. for about 12 hours. The silanized substrate is 
then removed and solvent cleaned With, for example, tolu 
ene, methanol, chloroform, or a physical or serial combina 
tion thereof, before applying the layer of the sensor portion 
of the device. 



US 2007/0003440 A1 

[0116] The method used for coating the compounds of the 
invention onto a substrate is not critical, and various coating 
methods knoWn in the art may be used. Typically, the 
coating is applied to the substrate in solution, either by 
dipping, spraying or painting, preferably by an airbrush or 
spin coating process. The concentration of the compound of 
the invention in the coating solution should be suf?cient to 
provide the viscosity most appropriate for the selected 
method of coating, and may easily be determined empiri 
cally. The solvent used, although not critical, should be 
su?iciently volatile as to facilitate quick and easy removal, 
but not so volatile as to complicate the handling of the 
coating solution prior to being deposited on the substrate. 
Examples of useful solvents include, for example, hexane, 
chloroform, methanol, toluene, tetrahydrofuran, and Water. 
I. W. Grate and R. A. McGill in Analytical Chemistry, Vol. 
67, No. 21, 4015-19 (1995), the subject of Which is incor 
porated herein by reference, describe making chemical 
acoustic Wave detectors by applying a thin ?lm to a surface 
acoustic Wave device. The thickness of the chemoselective 
layer preferably does not exceed that Which Would reduce 
the frequency of a chemical sensor operating at 250 mega 
hertZ by about 250 kiloher‘tZ and, typically, is in the range of 
about 0.5 nm to 10 microns, preferably in the range of 1 to 
300 nm. 

[0117] The coating may comprise a single layer or mul 
tiple layers. With multiple layers, a layer containing the 
compound of the invention may be combined With at least 
one other layer that provides pores suitable for physically 
eliminating some chemical species of large siZe that are not 
to be monitored. 

[0118] The process of sorption plays a key role in the 
performance of chemical sensors for gas phase analysis. For 
example, microsensors, Which consist of a physical trans 
ducer and a selective sorbent layer, sense changes in the 
physical properties, such as mass, in the sorbent layer on the 
surface of the transducer, due to the sorption of analyte 
molecules from the gas phase into the sorbent layer. Coating 
material properties that are knoWn to elicit a detectable SAW 
sensor response are mass (i.e., as determined by the thick 
ness and density of the coating), elasticity, viscoelasticity, 
conductivity, and dielectric constant. Changes in these prop 
er‘ties can also result in changes in the attenuation (i.e., loss 
of acoustic poWer) of the Wave. In some situations, moni 
toring attenuation may be preferable to monitoring velocity. 
Alternatively, there are some situations Where simulta 
neously monitoring both velocity and attenuation can be 
useful. In any event, it is the modi?cation of the sensed 
properties of the sorbent layer, as a result of analyte sorption, 
that results in the measurable response When analyte mol 
ecules are present in the gas or liquid phases being moni 
tored. SAW devices coated With compounds of the invention 
are capable of detecting mass changes as loW as about 100 
pg/cm2. Further, vapor diffusion is rapid providing fast 
detection in a sub second time frame. 

[0119] Sensor selectivity, the ability to detect a chemical 
species in an environment containing other chemical spe 
cies, is generally determined by the ability of the coated 
layer to speci?cally sorb the species to be detected to the 
exclusion of others. For most coatings, selectivity is 
obtained based on providing stronger chemical interactions 
betWeen the coated layer and the target species than occurs 
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betWeen the layer and species that are not to be detected. The 
method of selectively detecting the presence of a chemical 
entity Within an environment comprises (a) placing the 
sensing portion of the device of the invention in the envi 
ronment and (b) detecting changes in the coated layer of the 
sensing portion of the device. The environment may be 
gaseous or liquid. 

[0120] More than one device may be provided. For 
example, a plurality of sensor portions could be used in a 
sensor array With, e.g., associated control devices and soft 
Ware, in a manner similar to conventional procedures 

employed With sensor arrays. 

[0121] After an initial sensing has taken place, the coated 
sensor layer can be purged or cleaned by a second stream, 
alloWing sensing of a neW third stream to take place. For 
example, air, Water- or acid-base solutions could be used as 
purging or cleaning solutions, depending on the species 
being detected and the nature of the layer. 

[0122] In the devices and methods of the invention, the 
polymeric compounds are excellent sorbents for both hydro 
gen bond basic vapors, such as organophosphorus com 
pounds, and also for nitroaromatic materials, such as explo 
sives. It is expected that the chemical sensor systems of the 
present invention could Weigh betWeen 1-32 ounces and 
could, therefore, be easily mounted on a remote or robotic 
vehicle for automatically detecting buried explosives or 
munitions. Alternatively, such a device Would also be useful 
for remotely detecting chemical agents or explosives 
secreted upon a person intending the destruction of private 
property and/ or personnel, such as, for example, at croWded 
public places like airports or arenas Where terrorist activities 
may be suspected. 

[0123] If desired, it is possible to increase the concentra 
tion of explosive vapors contained in the area being moni 
tored, i.e., speed up their release from buried or otherWise 
hidden munitions or explosives, by irradiating the area With 
electromagnetic radiation. Increasing the concentration of 
vapor in the soil or other environment surrounding a muni 
tion Will produce a stronger signal folloWing the reaction 
With sensor portion of the device of the present invention. 

[0124] The chemoselective carbosilane polymers of the 
invention exhibit high selectivity and sensitivity toWard 
nitroaromatic vapor, due at least in part to the sensitivity and 
selectivity of the multiple halogen substituted alcohols or 
phenols that are present. The presence of these functional 
groups is also directly responsibility for the sensitivity of 
these materials to hydrogen bond basic vapors. The func 
tionaliZed polycarbosilane compounds of the invention also 
have the advantage of high-yield preparation methods, ready 
puri?cation, in addition to having an increased density of 
functional groups, as compared With previously disclosed 
polymeric coatings. 

[0125] Moreover, the ?exibility in the synthesis of these 
materials alloWs one to tailor a Wide variety of related 
chemoselective compounds. 
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EXAMPLES 

Example 1 

Synthesis Procedures 

Preparation of Monomers 

[0126] Allylbis(phenpropyl)silane: To a 500 mL Schlenk 
?ask containing magnesium tumings (2.71 g, 111.5 mmol) 
in diethyl ether (250 mL) Was added dropWise a solution of 
1-bromo-3-phenylpropane (20.0 g, 100.5 mmol) over 4 
hours. The resulting pale yellow solution Was stirred for 10 
hours at room temperature then cooled to 00 C. and treated 
With allyldichlorosilane (7.085 g, 50 mmol) via syringe. The 
resulting White slurry Was stirred for 4 hours at room 
temperature then heated to re?ux for 20 minutes. After 
?ltration and aqueous Work-up, the solvent Was removed in 
vacuo to give a colorless liquid. Yield: 86%. FTIR (NaCl, 
cm_l): 3083, 3066, 3021, 2927, 2842, 2069, 1598, 1569, 
1488, 1456, 1142, 1067, 1025, 987, 920, 891, 834, 745, 701. 
1H NMR (CDCl3): 7.28, 7.17, 5.74, 4.89, 4.54, 3.74, 2.62, 
1.67, 0.64. 

[0127] Bis(phenpropyl)silane: To a 250 mL Schlenk ?ask 
containing magnesium tumings (0.70 g, 28.8 mmol) in 
diethyl ether (50 mL) Was added dropWise a solution of 
1-bromo-3-phenylpropane (5.0 g, 25.1 mmol) in 75 mL of 
diethyl ether over 2 hours. The resulting pale yelloW solution 
Was stirred for 12 hours at room temperature then cooled to 
00 C. and treated With 25% dichlorosilane in xylenes (5.0 g, 
5.8 mL, 12.5 mmol) via syringe. The resulting White slurry 
Was stirred for 24 hours at room temperature. After ?ltration 
and aqueous Work-up, the solvent Was removed in vacuo to 
give a colorless liquid. Yield: 84%. 1H NMR (CDCl3): 7.39, 
7.22, 7.19, 7.09, 4.09, 2.71, 1.90, 0.78. 

Preparation of Polymers 

[0128] Polybis(phenpropyl)silylenepropylene: A 100 mL 
Schlenk ?ask containing a solution of allylbis(phenpropyl 
)silane (5.0 g) in 40 mL of THE Was treated With a catalytic 
amount (0.80 mg) of hexachloroplatinic acid. The resulting 
solution Was stirred at room temperature for 48 hours. The 
solution Was ?ltered and the solvent removed in vacuo 
leaving a viscous, colorless oil. Yield: 92%. FTIR (NaCl, 
cm_l): 3084, 3061, 3025, 3001, 2924, 2856, 2795, 1603, 
1496, 1453, 1411, 1342, 1235, 1169, 1140, 1122, 1094, 
1070, 1030, 1002, 985, 922, 903, 826, 774, 745, 698. 

[0129] Polybis(phenpropyl)silylenehexamethylene 
(P-CS6P2): A 100 mL Schlenk ?ask containing a solution of 
bis(phenpropyl)silane (2.0 g) and 1,5-hexadiene (0.70 g, 
mmol) in 30 mL of THE Was treated With a catalytic amount 
(1 mg) of hexachloroplatinic acid. The resulting solution 
Was stirred at room temperature for 72 hours. The solution 
Was ?ltered and the solvent removed in vacuo leaving a 
viscous, colorless oil. Yield: 96%. 1H NMR (CDCl3): 7.28, 
7.24, 7.19, 7.09, 2.68, 1.69, 1.42, 0.69. 

FunctionaliZation of Polymers 

[0130] General Procedure for the FunctionaliZation of 
Polymers With Hexa?uoroacetone (HFA) 

[0131] A portion (2-10 g) of the polymer Was intimately 
mixed With a catalytic amount of aluminum chloride 
(approx. 50 mg/ g of polymer) and placed into a mild steel 
cylinder With a stir bar and the cylinder evacuated. 
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Hexa?uoroacetone (0.5-2.0 g) Was vacuum transferred into 
the steel cylinder and the resulting mixture heated to 80° C. 
for 48 hours. Note: hexa?uoroacetone is highly toxic and is 
dangerous under pressure. After cooling to room tempera 
ture, the volatiles Were removed and the resulting polymer 
puri?ed by extraction into CHCl3 and Washed With Water. 
The CHCl3 polymer solution Was ?ltered and the solvent 
removed in vacuo leaving a pale broWn polymer. The 
presence of the i(CF3)2COH group is veri?ed by the 
presence of an OiH stretching absorption near 3500-3600 
cm-1 in the FTIR spectrum of the functionaliZed polymer. 

Reaction of polybis(phenpropyl)silylenepropylene With 
HFA (CS3P2): 

[0132] Yield: 96%. FTIR (NaCl, 0111-1); 3592, 3523. 

Reaction of polybis(phenpropyl)silylenehexamethylene 
With HFA (CS6P2): 

[0133] Yield: 96%. FTIR (NaCl, cm“): 3599, 3521. 

Example 2 

Applying a Thin Film to a SAW Device 

[0134] SAW devices are cleaned in a Harrick plasma 
cleaner prior to polymer ?lm application. Aerosol spray 
coated ?lms of the present invention in solvent are applied 
to a SAW device using an airbrush supplied With com 
pressed dry nitrogen. The frequency change of the SAW 
device operating in an oscillator circuit is monitored during 
deposition, using the change in frequency as a measure of 
the amount of material applied. After application, the ?lms 
are annealed at 50° C. overnight in an oven. Spray-coated 
?lms are examined by optical microscopy With a Nikon 
microscope using re?ected light Nomarski differential inter 
ference contrast. 

Example 3 

Detection of Basic Vapors With a 
Compound-Coated SAW Device 

[0135] The polymers of the present invention are applied 
to SAW devices and tested against organic vapors at various 
concentrations. Upon exposure to a vapor, the coated acous 
tic Wave devices undergo a shift in frequency that is pro 
portional to the amount of vapor sorbed by the compound. 
Times to steady state response, corresponding to equilibrium 
partitioning of the vapor into the compound layer, are 
typically under 15 seconds using a vapor delivery system. 
From frequency shift data for a vapor at multiple concen 
trations, calibration curves are constructed. The calibration 
curves are nonlinear, Which is consistent With hydrogen 
bonding interactions at a ?nite number of sites in the 
polymers of the present invention. 

[0136] Obviously, many modi?cations and variations of 
the present invention are possible in light of the above 
teachings. Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 
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1. A carbosilane polymer having the general structure: 

Wherein n is an integer greater than 1; 

Wherein at least one of R1 and R2 is a pendant group 
having at least one element independently selected 
from the group consisting of alkyl, alkenyl, alkynyl, 
and aryl groups, or combinations thereof, and having at 
least one phenol or halogen substituted phenol group 
attached thereto; 

Wherein any said R1 and R2 aryl groups are attached to 
said [SiiX-]n either directly or through a short hydro 
carbon chain; 

Wherein any remaining said R1 or R2 group is a hydro 
carbon or carbosilane pendant group; 

Wherein X is a divalent polymer backbone component 
selected from the group consisting of hydrocarbons, 
carbosilanes, hydrocarbons With halogen substituted 
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alcohol substituents, hydrocarbons With halogen sub 
stituted phenol substituents, carbosilanes With halogen 
substituted alcohol substituents, carbosilanes With 
halogen substituted phenol substituents, and combina 
tions thereof; and 

wherein Z1 and Z2 are end groups independently selected 
from the group consisting of alkyl, alkenyl, alkynyl, 
aryl, alkyl silanes, aryl silanes, hydroxyl, silicon 
hydride, alkoxides, phenols, halogen substituted alco 
hols, halogen substituted phenols, organosilyl, and 
combinations thereof. 

2. The carbosilane polymer of claim 1, Wherein said R2 is 
a substituted methyl group. 

3. The carbosilane polymer of claim 2, Wherein said X is 
a linear alkyl chain having between 1 and 12 carbons. 

4. The carbosilane polymer of claim 3, Wherein said R1 is 
a 3-phenylpropyl group having tWo said halogen substituted 
phenol groups attached to said aryl group, and Wherein said 
X is a 3 carbon chain. 

5. The carbosilane polymer of claim 1, Wherein said Z1 is 
a 3-phenylpropyl group having at least one said halogen 
substituted phenol group attached thereto, and said Z2 is an 
allyl bis(3-phenylpropyl)silyl group having at least one said 
halogen substituted phenol group attached thereto. 

6. The carbosilane polymer of claim 1, Wherein said aryl 
groups of said R1 and R2 are each a benZene ring having tWo 
halogen substituted phenol groups attached thereto. 

7. The carbosilane polymer of claim 1, Wherein said R1 or 
R2 group is an allyl group having one or tWo said halogen 
substituted phenol groups attached thereto. 

8. A carbosilane polymer having the folloWing structure: 

c1:3 
on 

c1:3 

F F 

on 

F F 

F F 

F F 

on 
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9. A carbosilane polymer having the following structure: 

OH 

F F 

HO 

F 
F 

F 

F F F 

HO OH 

F F F 

OH 
— — n 

10. A carbosilane polymer having the following structure: 

F3C c1:3 
cm C|H3 CH3 
Ti—CH2—Ti—CH2—S1 
CH3 CH3 CH3 

HO OH 
n 

11. A carbosilane polymer having the folloWing structure: 

T 
OH (si—Y—)q 

| 
F F X 

CH CH CH . . . 

F F 3 3 3 wherein q is an integer greater than or equal to l; 

Si/\/—Si—CH2—Si—CH2—Si—— _ _ _ //\/\ | | I wherein Y is a hydrocarbon or carbosilane fragment 
F F CH3 CH3 CH3 derived from the ring opening polymeriZation of a 

cyclic carbosilane precursor; 

F F Wherein X is a readily substitutable group such as a halide 

or alkoxide; 
_ OH 

12. A method for making a substituted carbosilane poly 
mer comprising the steps of: 

(a) reacting a cyclic carbosilane precursor With an initiator 
or catalyst to perform a ring opening polymerization 
reaction, thereby forming an intermediate polymer hav 
ing the folloWing structure: 

(b) selecting a starting material independently selected 
from the group consisting of substituted metallated 
hydrocarbons and substituted metallated carbosilanes; 

(c) reacting said substituted metallated hydrocarbon or 
said substituted metallated carbosilane With a silane or 

carbosilane, thereby forming a disubstituted silane or 
carbosilane intermediate having the structure: 
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wherein R9 and R9 are said selected substituted metal 
lated hydrocarbon or said substituted metallated car 

bosilane; and Wherein q=l to 10; and 

(d) reacting said substituted polycarbosilane With 
hexa?uoroacetone, thereby forming said substituted 
carbosilane polymer. 

13. A method for making a substituted carbosilane poly 
mer comprising the steps of: 

(a) reacting a cyclic carbosilane precursor With an initiator 
or catalyst to perform a ring opening polymerization 
reaction, thereby forming an intermediate polymer hav 
ing the structure: 

Wherein q is an integer greater than or equal to 1; 

wherein Y is a hydrocarbon or carbosilane fragment 
derived from the ring opening polymerization of a 
cyclic carbosilane precursor; 

Wherein X is a readily substitutable group such as a 

halide or alkoxide; 

(b) selecting a starting material independently selected 
from the group consisting of substituted metallated 
protected phenols and dimetallated halogenated phe 
nols; 

(c) reacting said substituted metallated protected phenol 
or said dimetallated halogenated phenol With a silane or 
carbosilane, thereby forming a disubstituted silane or 
carbosilane intermediate having the structure: 
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Wherein R8 and R9 are said selected substituted metal 
lated protected phenol or said substituted dimetal 
lated halogenated phenol; and Wherein q=l to 10; 

(d) deprotecting, if needed, and acidifying said interme 
diate polycarbosilane, thereby forming said substituted 
carbosilane polymer. 

14. A device for selective molecular detection, the device 
comprising a sensing portion, Wherein said sensing portion 
includes a substrate having coated thereon a layer, said layer 
comprising the carbosilane polymer of claim 1. 

15. The device of claim 10, Wherein said substrate is a 
surface acoustic Wave (SAW) substrate. 

16. A method of detecting the molecules of a hydrogen 
bond basic analytes, comprising the steps of: 

(a) contacting the molecules of said analyte With a device 
comprising a sensing portion, Wherein said sensing 
portion includes a substrate halting coated thereon a 
layer, said layer comprising the material of claim 1; 

(b) collecting said molecules in said layer, Wherein said 
molecules alter a speci?c physical property of said 
layer; and 

(c) detecting the amount of change in the physical prop 
erty from before said contacting step (a) and after said 
collecting step (b). 

17. The method of claim 12, Wherein said substrate is a 
surface acoustic Wave (SAW) substrate. 

18. A collection device for selective molecular sorption 
for molecules of a hydrogen bond basic analyte, Wherein 
said device comprises the material of claim 1. 

19. The carbosilane polymer of claim 1, Wherein at least 
one of R1 and R2 is a pendant group having at least one aryl 
group independently selected from the group consisting of 
phenol, halogen substituted phenol, and aryl hydrocarbon 
With a halogen substituted alcohol substituent. 

20. The carbosilane polymer of claim 19, Wherein said 
halogen substituted alcohol substituent is hexa?uoroisopro 
panol. 


