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(57) ABSTRACT 
Nanofilms useful for filtration are prepared from 
amphiphilic Species and one or more polymeric components. 
The amphiphilic Species or components may be oriented on 
an interface or Surface. A nanofilm may be prepared by 
coupling one or more of the components. The nanofilm may 
also be deposited or attached to a Substrate. 
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Fig. 3A 
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Fig. 3B 
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Fig. 3C 
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Fig. 3D 
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Fig. 6 

sizasa 0.04 

0.03 

() 
O 

0.02 
() 
Cs 
c 

0.01 

O 
800 

o 

c) 

1800 1600 1400 1200 1000 800 

Wavenumber (cm) 

  

  



Patent Application Publication Jun. 3, 2004 Sheet 10 of 24 US 2004/0106741 A1 

0.022 

D 
O 

d 
er 

0.012 

d 

a 0.002 
1800 1600 1400 1200 1000 800 

Wavenumber (cm) 

Wavenumber (cm) 

  



Patent Application Publication Jun. 3, 2004 Sheet 11 of 24 US 2004/0106741 A1 

Fig. 10 
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Fig. 12A 
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Fig. 12B 
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Fig. 13 
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Figure 14 
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Fig. 15 
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Fig. 16 
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Fig. 17 
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Figure 18 
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Figure 19A 
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Figure 19B 
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Figure 20A 
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Figure 21B 
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NANOFILM COMPOSITIONS WITH POLYMERC 
COMPONENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application Serial No. 60/411,588, filed Sep. 17, 2002, 
herein incorporated by reference in its entirety. 

TECHNICAL FIELD 

0002 This invention relates to thin layer compositions 
which are nanofilms prepared from various macrocyclic 
module components and various polymeric and amphiphilic 
components. This invention also relates to the fields of 
organic chemistry and nanotechnology, in particular, it 
relates to nanofilm compositions useful for filtration. 

BACKGROUND OF THE INVENTION 

0.003 Nanotechnology involves the ability to engineer 
novel Structures at the atomic and molecular level. One area 
of nanotechnology is to develop chemical building blockS 
from which hierarchical molecules of predicted properties 
can be assembled. An approach to making chemical building 
blockS or nanostructures begins at the atomic and molecular 
level by designing and Synthesizing Starting materials with 
highly tailored properties. Precise control at the atomic level 
is the foundation for development of rationally tailored 
Synthesis-structure-property relationships which can pro 
vide materials of unique Structure and predictable properties. 
This approach to nanotechnology is inspired by nature. For 
example, biological organization is based on a hierarchy of 
Structural levels: atoms formed into biological molecules 
which are arranged into organelles, cells, and ultimately, into 
organisms. These building block capabilities are unparal 
leled by conventional materials and methods Such as poly 
merizations which produce Statistical mixtures or confine 
ment of reactants to enhance certain reaction pathways. For 
example, from twenty common amino acids found in natural 
proteins, more than 105 Stable and unique proteins are made. 
0004 One field that will benefit from nanotechnology is 
filtration using membranes. Conventional membranes used 
in a variety of Separation processes can be made Selectively 
permeable to various molecular Species. The permeation 
properties of conventional membranes generally depend on 
the pathways of transport of Species through the membrane 
Structure. For example, while the diffusion pathway in 
conventional Selectively permeable materials can be made 
tortuous in order to control permeation, porosity is not well 
defined or controlled by conventional methods. The ability 
to fabricate regular or unique pore Structures of membranes 
is a long-standing goal of Separation technology. 
0005 Resistance to flow of species through a membrane 
may also be governed by the flow path length. Resistance 
can be greatly reduced by using a very thin film as a 
membrane, at the cost of reduced mechanical Strength of the 
membrane material. Conventional membranes may have a 
barrier thickness of at least one to two hundred nanometers, 
and often up to millimeter thickness. In general, a thin film 
of membrane barrier material can be deposited on a porous 
Substrate of greater thickness to restore material Strength. 
0006 Membrane separation processes are used to sepa 
rate components from a fluid in which atomic or molecular 
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components having Sizes Smaller than a certain "cut-off 
Size can be separated from components of larger Size. 
Normally, Species Smaller than the cut-off size are passed by 
the membrane. The cut-off size may be an approximate 
empirical value which reflects the phenomenon that the rate 
of transport of components Smaller than the cut-off size is 
merely faster than the rate of transport of larger components. 
In conventional pressure-driven membrane Separation pro 
cesses, the primary factors affecting Separation of compo 
nents are size, charge, and diffusivity of the components in 
the membrane Structure. In dialysis, the driving force for 
Separation is a concentration gradient, while in electrodialy 
sis electromotive force is applied to ion Selective mem 
branes. 

0007. In all these methods what is required is a selec 
tively permeable membrane barrier to components of the 
fluid to be separated. 

SUMMARY OF THE INVENTION 

0008. In one aspect, the invention provides nanofilm 
compositions. In Some embodiments, the nanofilm compo 
Sition comprises a reaction product of macrocyclic modules 
and at least one polymeric component. In Some embodi 
ments, the nanofilm composition comprises a reaction prod 
uct of a polymeric component and an amphiphile. In other 
embodiments, the nanofilm composition comprises a reac 
tion product of a polymeric component, wherein the poly 
meric components are linked by linker molecules. In Still 
other embodiments, the nanofilm composition comprises a 
reaction product of at least two polymeric components, 
wherein the first polymeric component is a polymerizable 
amphiphile, and the Second polymeric component is a poly 
merizable monomer. 

0009. In some embodiments, the macrocyclic modules 
are Selected from the group consisting of Hexamer 1a, 
Hexamer 1dh, Hexamer 3-amine, Hexamer 1jh, Hexamer 
1jh-AC, Hexamer 2-amine/ester, Hexamer 1dh-acryl, 
Octamer 5-haspartic, Octamer 4h-acryl, and mixtures 
thereof In Some preferred embodiments, the macrocyclic 
modules are Hexamer 1dh. 

0010. In some embodiments, the polymeric component 
comprises a polymerizable monomer. In Some embodi 
ments, the polymerizable monomer comprises 
CH=CHC(O)OCHCH-OH. In other embodiments, the 
polymeric component comprises a polymerizable 
amphiphile. In Some embodiments, the polymerizable 
amphiphile is Selected from the group consisting of 
amphiphilic acrylates, amphiphilic acrylamides, 
amphiphilic Vinyl esters, amphiphilic anilines, amphiphilic 
diynes, amphiphilic dienes, amphiphilic acrylic acids, 
amphiphilic enes, amphiphilic cinnamic acids, amphiphilic 
amino-esters, amphiphilic oxiranes, amphiphilic amines, 
amphiphilic diesters, amphiphilic diacids, amphiphilic diols, 
amphiphilic polyols, and amphiphilic diepoxides. In Some 
embodiments, the polymeric component is a polymer. In 
Some embodiments, the polymeric component is 
amphiphilic. 
0011. In some embodiments, the polymeric component is 
Selected from the group consisting of poly(maleic anhy 
dride)S, poly(ethylene-co-maleic anhydride)S, poly(maleic 
anhydride-co-alpha olefin)S, polyacrylates, polymethyl 
methacrylate, polymers containing at least one oxacyclopro 
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pane group, polyethyleneimides, polyetherimides, polyeth 
ylene oxides, polypropylene oxides, polyurethanes, 
polystyrenes, poly(Vinyl acetate)S, polytetrafluoroethylenes, 
polyethylenes, polypropylenes, ethylene-propylene copoly 
mers, polyisoprenes, polyneopropenes, polyamides, polyim 
ides, poly Sulfones, polyetherSulfones, polyethylene tereph 
thalates, polybutylene terephthalates, polysulfonamides, 
poly Sulfoxides, polyglycolic acids, polyacrylamides, poly 
Vinylalcohols, polyesters, polyester ionomers, polycarbon 
ates, polyvinylchlorides, polyvinylidene chlorides, polyvi 
nylidene fluorides, polyvinylpyrrollidones, polylactic acids, 
polypeptides, polySorbates, polylysines, hydrogels, carbo 
hydrates, polysaccharides, agaroses, amyloses, amylopec 
tins, glycogens, dextrans, celluloses, cellulose acetates, 
chitins, chitosans, peptidoglycans, glycosaminoglycans, 
polynucleotides, poly(T), poly(A), nucleic acids, proteogly 
cans, glycoproteins, glycolipids, and mixtures thereof. In 
Some preferred embodiments, the polymeric component is 
poly(maleic anhydride-co-alpha olefin). 

0012. In some embodiments, the amphiphile is a poly 
merizable amphiphile. In Some embodiments, the polymer 
izable amphiphile is Selected from the group consisting of 
amphiphilic acrylates, amphiphilic acrylamides, 
amphiphilic Vinyl esters, amphiphilic anilines, amphiphilic 
diynes, amphiphilic dienes, amphiphilic acrylic acids, 
amphiphilic enes, amphiphilic cinnamic acids, amphiphilic 
amino-esters, amphiphilic oxiranes, amphiphilic amines, 
amphiphilic diesters, amphiphilic diacids, amphiphilic diols, 
amphiphilic polyols, and amphiphilic diepoxides. In Some 
embodiments, the amphiphile is non-polymerizable. In Some 
embodiments, the non-polymerizable amphiphile is Selected 
from the group consisting of decylamine and Stearic acid. 

0013 In some embodiments, the nanofilm composition 
may further comprise a non-polymerizable amphiphile. In 
Some embodiments, the non-polymerizable amphiphile is 
Selected from the group consisting of decylamine and Stearic 
acid. In Some embodiments, the polymeric component is a 
polymer, and the non-polymerizable amphiphiles are 
coupled to the polymer. 

0.014. In some embodiments, the macrocyclic modules 
are coupled to each other. In Some embodiments, the mac 
rocyclic modules are coupled to the at least one polymeric 
component. In Some embodiments, the polymeric compo 
nents are coupled to each other. In Some embodiments, the 
at least one polymeric component is coupled to an 
amphiphile. In Some embodiments, the coupling is through 
linker molecules. In Some embodiments, the linker mol 
ecules are Selected from the group consisting of 

N.----- s No i. 1. s 
NH NH 

O O 

i. s No i. o1, 
O O 

e --- /s N 
N i. N (RO)2BRB(OR), 

NS/ e 

Jun. 3, 2004 

-continued 
O 

X-(CH2)-X, XC(O)-(CH2)-C(O)x, -- 
O O | | 

---, 1's cra 
O O s 

1's 'ra O 
O O s uA s 

0015 and mixtures thereof; wherein m is 1-10, n is 1-6, 
R is -H or -CH, R' is -(CH), or phenyl, R" is 
-(CH), , polyethylene glycol (PEG), or polypropylene 
glycol (PPG), and X is Br, Cl, I, or other leaving group. 
0016. In some embodiments, the nanofilm composition is 
prepared by a proceSS comprising polymerizing the at least 
one polymeric component at an air-water interface. In Some 
embodiments, the nanofilm composition is prepared by a 
proceSS comprising polymerizing polymerizable 
amphiphiles at an air-water interface. 
0017. In some embodiments, the area fraction of the 
polymeric components is from 0.5 to 98 percent. In other 
embodiments, the area fraction of the polymeric components 
is less than about 20 percent. In yet other embodiments, the 
area fraction of the polymeric components is less than about 
5 percent. 

0018. In some embodiments, the thickness of the nano 
film composition is less than about 30 nanometers. In other 
embodiments, the thickness of the nanofilm composition is 
less than about 6 nanometers. In yet other embodiments, the 
thickness of the nanofilm composition is less than about 2 
nanometerS. 

0019. In some embodiments, the nanofilm composition 
comprises at least two layers of a nanofilm. In Some embodi 
ments, the nanofilm composition further comprises at least 
one spacing layer between any two of the nanofilm layers. 
In Some embodiments, the Spacing layer comprises a layer 
of a polymer, a gel, or inorganic particles. 
0020. In some embodiments, the nanofilm composition is 
deposited on a Substrate. In Some embodiments, the nano 
film is coupled to the Substrate through the polymeric 
component. In Some embodiments, the Substrate is porous. 
In other embodiments, the Substrate is non-porous. In other 
embodiments, the nanofilm is coupled to the Substrate 
through biotin-Strepavidin mediated interaction. 

0021. In some embodiments, the surface loss modulus of 
the nanofilm composition at a Surface pressure from 5-30 
mN/m is less than about 50% of the Surface loss modulus of 
the same nanofilm composition made without the polymeric 
components. In other embodiments, the Surface loSS modu 
lus of the nanofilm composition at a Surface preSSure from 
5-30 mN/m is less than about 30% of the Surface loss 
modulus of the same nanofilm composition made without 
the polymeric components. In yet other embodiments, the 
Surface loSS modulus of the nanofilm composition at a 
surface pressure from 5-30 mN/m is less than about 20% of 
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the Surface loSS modulus of the Same nanofilm composition 
made without the polymeric components. 

0022. The nanofilm compositions may have a filtration 
function which may be used to describe the Species that pass 
through the nanofilm compositions. A nanofilm composition 
may be permeable only to a particular species, including 
anions, cations, and neutral Solutes in a particular fluid, and 
Species Smaller than the particular species. A particular 
nanoflm composition may have high permeability for a 
certain Species in a certain Solvent. A nanofilm composition 
may have low permeability for certain Species in a certain 
Solvent. A nanofilm composition may have high permeabil 
ity for certain Species and low permeability for other Species 
in a certain Solvent. In one embodiment, a nanofilm com 
position may have the following filtration function: 

MOLECULAR 
SOLUTE WEIGHT PASSINO PASS 

Albumin 68 kDa NP 
Ovalbumin 44 kDa P 
Myoglobin 17 kDa P 
f-Microglobulin 12 kDa P 
Insulin 5.2 kDa P 
Vitamin B, 1350 Da. P 
Urea, HO, ions &1OOO Da P 

0023. In another embodiment, a nanofilm composition 
may have the following filtration function: 

MOLECULAR 
SOLUTE WEIGHT PASSINO PASS 

f-Microglobulin 12 kDa NP 
Insulin 5.2 kDa NP 
Vitamin B 1350 Da. NP 
Glucose 180 Da NP 
Creatinine 131 Da NP 
HPO, HPO, s97 Da NP 
HCO, 61 Da NP 
Urea 60 Da NP 
K- 39 Da P 
Na+. 23 Da P 

0024. In another embodiment, the nanofilm composition 
is impermeable to viruses and larger Species. In other 
embodiments, the nanofilm composition is impermeable to 
immunoglobulin G and larger Species. In other embodi 
ments, the nanofilm composition is impermeable to albumin 
and larger Species. In other embodiments, the nanofilm 
composition is impermeable to B-Microglobulin and larger 
Species. In other embodiments, the nanofilm composition is 
permeable only to water and Smaller Species. In another 
embodiment, the nanofilm composition has permeability for 
water molecules and Na', K", and Cs" in water. In another 
embodiment, the nanofilm composition has low permeabil 
ity for glucose and urea. In another embodiment, the nano 
film composition has high permeability for water molecules 
and Cl in water. In another embodiment, the nanofilm 
composition has high permeability for water molecules and 
K" in water, and low permeability for Na' in water. In 
another embodiment, the nanofilm composition has high 
permeability for water molecules and Na" in water, and low 
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permeability for K' in water. In another embodiment, the 
nanofilm composition has low permeability for urea, crea 
tinine, Li", Ca", and Mg" in water. In another embodiment, 
the nanofilm composition has high permeability for Na', K", 
hydrogen phosphate, and dihydrogen phosphate in water. In 
another embodiment, the nanofilm composition has high 
permeability for Na', K", and glucose in water. In another 
embodiment, the nanofilm composition has low permeabil 
ity for myoglobin, Ovalbumin, and albumin in water. In 
another embodiment, the nanofilm composition has high 
permeability for organic compounds and low permeability 
for water. In another embodiment, the nanofilm composition 
has low permeability for organic compounds and high 
permeability for water. In another embodiment, the nanofilm 
composition has low permeability for water molecules and 
high permeability for helium and hydrogen gases. 

0025. A nanofilm composition may have a molecular 
weight cut off. In one embodiment, the nanofilm composi 
tion has a molecular weight cut-off of about 13 kDa. In 
another embodiment, the nanofilm composition has a 
molecular weight cut-off of about 190 Da. In another 
embodiment, the nanofilm composition has a molecular 
weight cut-off of about 100 Da. In yet another embodiment, 
the nanofilm composition has a molecular weight cut-off of 
about 45 Da. In another embodiment, the nanofilm compo 
sition has a molecular weight cut-off of about 20 Da. 
0026. In another aspect the invention provides composi 
tions comprising a mixture of macrocyclic modules and at 
least one polymeric component in organic Solvent. 

0027. In another aspect the invention provides composi 
tions comprising a thin film of a reaction product of mac 
rocyclic modules and at least one polymeric component, 
wherein the composition is prepared by a process compris 
ing contacting the macrocyclic modules and the at least one 
polymeric component at an air-liquid or liquid-liquid inter 
face. 

0028. In another aspect the invention provides methods 
for making nanofilm compositions. In one embodiment, a 
method for making a nanofilm composition comprising the 
reaction product of macrocyclic modules and at least one 
polymeric component comprises: (a) providing a mixture of 
macrocyclic modules and at least one polymeric component; 
and (b) forming the mixture into a thin film at an air-liquid 
or liquid-liquid interface. In Some embodiments, the poly 
meric component is polymerizable, further comprising poly 
merizing the polymeric component at the air-liquid or liq 
uid-liquid interface. In another embodiment, a method for 
making a nanofilm composition comprising the reaction 
product of macrocyclic modules and at least one polymeric 
component, comprises: (a) providing a Subphase containing 
the at least one polymeric component; and (b) contacting 
macrocyclic modules with the Surface of the Subphase. In 
Some embodiments, the method further comprises: (c) con 
tacting a linker molecule with the Surface of the Subphase. 
In another embodiment, a method for making a nanofilm 
composition comprising the reaction product of macrocyclic 
modules and at least one polymeric component, comprises: 
(a) providing a first liquid phase comprising the macrocyclic 
modules; (b) providing a second liquid phase comprising the 
at least one polymeric component; and (c) forming a liquid 
liquid interface from the first liquid phase and the Second 
liquid phase. 
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0029. In some embodiments, the nanofilm compositions 
may be prepared by Spin coating, Spray coating, dip coating, 
grafting, casting, phase inversion, electroplating, or knife 
edge coating. 

0.030. In another aspect of the invention is provided 
methods for filtration using the nanofilm compositions 
described herein. In one embodiment, the method comprises 
using the nanofilm composition to Separate one or more 
components from a fluid. In another embodiment, the 
method comprises using the nanofilm composition to Sepa 
rate one or more components from a mixture of at least two 
gaSeS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 FIGS. 1(A-C) illustrates examples of ellipsometric 
images of a nanofilm of Hexamer 1dh and poly(maleic 
anhydride-alt-1-octadecene) (PMAOD). 
0032 FIGS. 2(A-C) illustrates examples of ellipsometric 
images of a nanofilm of Hexamer 1dh and PMAOD after 
Sonication in various Solvents. 

0033 FIGS. 3(A-D) illustrates examples of the surface 
rheometric Storage and loSS moduli for a nanofilm of Hex 
amer 1dh and PMAOD. 

0034 FIGS. 4(A-D) illustrates examples of scanning 
electron micrographs of a nanofilm of Hexamer 1dh and 
PMAOD on a polycarbonate substrate. 
0035 FIGS. 5(A-B) illustrates examples of scanning 
electron micrographs of a polycarbonate Substrate. 
0.036 FIG. 6 illustrates an example of an attenuated total 
reflectance Fourier transform infrared (FTIR-ATR) spec 
trum of CHC13 rinsings of a nanofilm of PMAOD. 
0037 FIG. 7 illustrates an example of an FTIR-ATR 
spectrum of Hexamer 1dh. 
0038 FIG. 8 illustrates an example of an FTIR-ATR 
spectrum of CHC13 rinsings of a nanofilm of Hexamer 1dh 
and PMAOD. 

0039 FIG. 9 illustrates an example of an FTIR-ATR 
spectrum of CHC13 rinsings of a nanofilm of Hexamer 1dh 
prepared on a water Subphase containing diethyl malonimi 
date (DEM). 
0040 FIG. 10 illustrates an example of an FTIR-ATR 
spectrum of CHC13 rinsings of a nanofilm of Hexamer 1 dh 
and PMAOD prepared on a water subphase containing 
DEM. 

0041 FIG. 11 illustrates examples of atomic force 
microscopy (AFM) images of a polycarbonate Substrate. 
0042 FIGS. 12(A-B) illustrates examples of AFM 
images of a nanofilm of Hexamer 1dh and PMAOD on a 
(3-aminopropyl)triethoxysilane (APTES) modified SiO, 
Substrate. 

0043 FIG. 13 illustrates examples of AFM images of a 
nanofilm of Hexamer 1dh and PMAOD prepared on a water 
Subphase containing DEM deposited on a polycarbonate 
Substrate. 

0044 FIG. 14 illustrates examples of surface pressure 
area isotherms of a nanofilm of octadecylamine (ODA) and 
polymethylmethacrylate (PMMA). 
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004.5 FIG. 15 illustrates examples of Surface pressure 
area isotherms of a nanofilm of ODA and PMAOD. 

0046 FIG. 16 illustrates examples of AFM images of a 
nanofilm of Hexamer 1dh and PMMA on a silicon Substrate. 

0047 FIG. 17 illustrates examples of the surface rheo 
metric Storage and loSS moduli for a nanofilm of Hexamer 
1dh and PMAOD made on a subphase containing 2 mg/ml 
DEM. 

0048 FIG. 18 illustrates examples of the surface rheo 
metric Storage and loSS moduli for a nanofilm of polygly 
cidyl methacrylate (PGM) made on a Subphase containing 
1% ethylene diamine compared with a nanofilm of PGM 
made on a basic Subphase. 
0049 FIGS. 19A and 19B show representations of 
examples of the Structure of embodiments of a hexamer 
macrocyclic module. 
0050 FIG. 20A shows an example of the Langmuir 
isotherm of an embodiment of a hexamer macrocyclic 
module. 

0051 FIG. 20B shows an example of the isobaric creep 
of an embodiment of a hexamer macrocyclic module. 
0052 FIG. 21A shows an example of the Langmuir 
isotherm of an embodiment of a hexamer macrocyclic 
module. 

0053 FIG. 21B shows an example of the isobaric creep 
of an embodiment of a hexamer macrocyclic module. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0054 Definitions 
0055 As used herein, the tenn “reaction product” refers 
to a product formed from the indicated components. Cou 
pling may or may not occur between the components in 
forming a reaction product. Polymeric components may or 
may not be polymerized in forming a reaction product. In a 
non-limiting example, a nanofilm comprising a reaction 
product of macrocyclic modules and a polymeric component 
may have coupling between the modules, and/or coupling 
between the modules and the polymeric component, and/or 
coupling between the polymeric components, or may have 
no coupling at all. In Some cases, the polymeric components 
are polymerized. The polymeric components may be fully or 
partially polymerized. Alternatively, the polymeric compo 
nents may not be polymerized. 
0056. As used herein, the term “synthon” refers to a 
monomeric molecular unit from which a macrocyclic mod 
ule may be made; a macrocyclic module is a closed ring of 
coupled Synthons. Structures arid Syntheses of Synthons and 
macrocyclic modules are described in greater detail herein 
below. 

0057. As used herein, the terms “polymer” and “poly 
meric molecule” refer to a polymer or a molecule which is 
predominantly a polymer, but may have Some non-polymer 
atoms or Species attached. The term polymer includes 
copolymers, terpolymers, and polymers containing any 
number of different monomers. 

0058 As used herein, the term “polymeric component” 
refers to a molecule or Species which is either a polymer, or 
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may form a polymer by polymerization. A polymerizable 
monomer or polymerizable molecule may be a polymeric 
component. In Some cases, the polymeric component may be 
amphiphilic. 

0059 AS used herein, “polymerizable” indicates a 
molecular species which may polymerize under the reaction 
conditions in which the nanofilm is prepared. "Non-poly 
merizable' is used herein to indicate a molecular Species 
which will not polymerize under the reaction conditions in 
which the nanofilm is prepared. A Species which is “non 
polymerizable” under one Set of reaction conditions may be 
"polymerizable” under another Set of reaction conditions. 
0060 AS used herein, the terms “amphiphile” or 
“amphiphilic' refer to a molecule or species which exhibits 
both hydrophilic and lipophilic character. In general, an 
amphiphile contains a lipophilic moiety and a hydrophilic 
moiety. The terms “lipophilic' and “hydrophobic” are inter 
changeable as used herein. An amphiphile may form a 
Langmuir film. An amphiphile may be polymerizable. Alter 
natively, the amphiphile may not be polymerizable. 

0061 Non-limiting examples of hydrophobic groups or 
moieties include lower alkyl groups, alkyl groups having 7, 
8, 9, 10, 11, 12, or more carbon atoms, including alkyl 
groups with 14-30, or 30 or more carbon atoms, substituted 
alkyl groups, alkenyl groups, alkynyl groups, aryl groups, 
Substituted aryl, Saturated or unsaturated cyclic hydrocar 
bons, heteroaryl, heteroarylalkyl, heterocyclic, and corre 
sponding Substituted groups. A hydrophobic group may 
contain Some hydrophilic groups or Substituents insofar as 
the hydrophobic character of the group is not outweighed. In 
further variations, a hydrophobic group may include Substi 
tuted Silicon atoms, and may include fluorine atoms. The 
lipophilic moieties may be linear, branched, or cyclic. 
0062) Non-limiting examples of groups which may be 
coupled to a Synthon or macrocyclic module as a lipophilic 
group include alkyls, -CH=CH-R, -C=C-R, 
OC(O)-R, —C(O)O-R, -NHC(O)-R, —C(O)NH 

R, and -O-R, where R is 4-18C alkyl. 
0.063) Non-limiting examples of hydrophilic groups or 
moieties include hydroxyl, methoxy, phenol, carboxylic 
acids and Salts thereof, methyl, ethyl, and vinyl esters of 
carboxylic acids, amides, amino, cyano, isocyano, nitrile, 
ammonium Salts, Sulfonium Salts, phosphonium Salts, mono 
and di-alkyl Substituted amino groups, polypropylenegly 
cols, polyethylene glycols, epoxy groups, acrylates, Sulfona 
mides, nitro, —OP(O)(OCHCHNRRR")O, guani 
dinium, aminate, acrylamide, pyridinium, piperidine, and 
combinations thereof, wherein R, R and R" are each inde 
pendently Selected from Hor alkyl. A hydrophilic group may 
contain Some hydrophobic groups or Substituents insofar as 
the hydrophilic character of the group is not outweighed. 
Further examples include polymethylene chains Substituted 
with alcohol, carboxylate, acrylate, methacrylate, or 

-CO(CH), - \7 
O 

0.064 groups, where y is 1-6. Hydrophilic moieties may 
also include alkyl chains having internal amino or Substi 
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tuted amino groups, for example, internal -NH-, 
-NC(O)R-, or -NC(O)CH=CH- groups. Hydro 
philic moieties may also include polycaprolactones, poly 
caprolactone diols, poly(acetic acid)S, poly(Vinyl acetates)S, 
poly(2-vinyl pyridine)S, cellulose esters, cellulose hydroxyl 
ethers, poly(L-lysine hydrobromide)S, poly(itaconic acid)S, 
poly(maleic acid)S, poly(styrenesulfonic acid)S, poly(a- 
niline)S, or poly(Vinyl phosphonic acid)S. 
0065. As used herein, the terms “coupling” and 
“coupled with respect to molecular moieties or Species, 
polymeric components, Synthons, and macrocyclic modules 
refers to their attachment or association with other molecular 
moieties or Species, molecules, Synthons, or macrocyclic 
modules. The attachment or association may be specific or 
non-specific, reversible or non-reversible, the result of 
chemical reaction, or complexation. The bonds formed by a 
coupling reaction are often covalent bonds, or polar-cova 
lent bonds, or mixed ionic-covalent bonds, and may Some 
times be Coulombic forces, ionic or electroStatic forces or 
interactions. In Some preferred embodiments, the bonds 
formed by a coupling reaction are covalent. 

0.066 As used herein, the terms “R,”“R',”“R", and “R".” 
in a chemical formula refer to a hydrogen or a functional 
group, each independently Selected, unless Stated otherwise. 
In Some preferred embodiments, the fuinctional group may 
be an organic group. 

0067. As used herein, the term “functional group” 
includes, but is not limited to, chemical groups, organic 
groups, inorganic groups, organometallic groups, aryl 
groups, heteroaryl groups, cyclic hydrocarbon groups, 
amino (-NH), hydroxyl (-OH), cyano (-C=N), nitro 
(-NO), carboxyl (-COOH), formyl (-CHO), keto 
(-CHC(O)CH-), alkenyl (-C=C- ), alkynyl, 
(-C=C-), and halo (F, Cl, Br and I) groups. In some 
embodiments, the functional group is an organic group. 

0068 AS used herein, the term “alkyl” refers to a 
branched or unbranched monovalent hydrocarbon radical. 
An “n-mC” alkyl or “(nC-mC)alkyl” refers to all alkyl 
groups containing from n to m carbon atoms. For example, 
a 1-4C alkyl refers to a methyl, ethyl, propyl, or butyl group. 
All possible isomers of an indicated alkyl are also included. 
Thus, propyl includes isopropyl, butyl includes n-butyl, 
isobutyl and t-butyl, and So on. An alkyl group with from 1-6 
carbon atoms is referred to as “lower alkyl.” The term alkyl 
includes substituted alkyls. As used herein, the term “sub 
Stituted alkyl refers to an alkyl group with an additional 
group or groups attached to any carbon of the alkyl group. 
Additional groups attached to a Substituted alkyl may 
include one or more functional groupS. Such as alkyl, lower 
alkyl, aryl, acyl, halogen, alkylhalo, hydroxy, amino, alkoxy, 
alkylamino, acylamino, acyloxy, aryloxy, aryloxyalkyl, mer 
capto, both Saturated and unsaturated cyclic hydrocarbons, 
heterocycles, and others. 

0069. As used herein, the term “alkenyl' refers to any 
Structure or moiety having the unsaturation C=C. AS used 
herein, the term “alkynyl refers to any Structure or moiety 
having the unsaturation C=C. 
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0070 AS used herein, the term “aryl” refers to an aro 
matic group which may be a single aromatic ring or multiple 
aromatic rings which are fused together, linked covalently, 
or linked to a common group Such as a methylene, ethylene, 
or carbonyl, and includes polynuclear ring Structures. An 
aromatic ring or rings may include Substituted or unsubsti 
tuted phenyl, naphthyl, biphenyl, diphenylmethyl, and ben 
Zophenone groups, among others. The term “aryl' includes 
Substituted aryls. 

0071 AS used herein, the term “substituted aryl” refers to 
an aryl group with an additional group or groups attached to 
any carbon of the aryl group. Additional groups may include 
one or more functional groupS Such as lower alkyl, aryl, 
acyl, halogen, alkylhalos, hydroxy, amino, alkoxy, alky 
lamino, acylamino, acyloxy, aryloxy, aryloxyalkyl, thioet 
her, heterocycles, both Saturated and unsaturated cyclic 
hydrocarbons which are fused to the aromatic ring(s), linked 
covalently or linked to a common group Such as a methylene 
or ethylene group, or a carbonyl linking group Such as in 
cyclohexyl phenyl ketone, and others. 

0.072 AS used herein, the term "heteroaryl” refers to an 
aromatic ring(s) in which one or more carbon atoms of the 
aromatic ring(s) are Substituted by a heteroatom Such as 
nitrogen, oxygen, or Sulfur. Heteroaryl refers to Structures 
which may include a Single aromatic ring, multiple aromatic 
rings, or one or more aromatic rings coupled to one or more 
nonaromatic rings. It includes Structures having multiple 
rings, fused or unfused, linked covalently, or linked to a 
common group Such as a methylene or ethylene group, or 
linked to a carbonyl as in phenyl pyridyl ketone. AS used 
herein, the term "heteroaryl' includes ringS Such as 
thiophene, pyridine, isoxazole, phthalimide, pyrazole, 
indole, fuiran, or benzo-fused analogues of these rings. 

0073. As used herein, the term “acyl” refers to a carbonyl 
substituent, -C(O)R, where R is alkyl or substituted alkyl, 
aryl or Substituted aryl, which may be called an alkanoyl 
substituent when R is alkyl. 

0.074 As used herein, the term “amino” refers to a group 
-NRR", where R and R' may independently be hydrogen, 
lower alkyl, substituted lower alkyl, aryl, substituted aryl or 
acyl. 

0075 AS used herein, the term “alkoxy' refers to an 
-OR group, where R is an alkyl, Substituted lower alkyl, 
aryl, Substituted aryl. Alkoxy groups include, for example, 
methoxy, ethoxy, phenoxy, Substituted phenoxy, benzyloxy, 
phenethyloxy, t-butoxy, and others. 

0076. As used herein, the term “thioether” refers to the 
general structure R-S-R' in which R and R' are the same 
or different and may be alkyl, aryl or heterocyclic groups. 
The group -SH may also be referred to as “sulfhydryl' or 
“thiol” or “mercapto.” 

0.077 As used herein, the term “saturated cyclic hydro 
carbon” refers to ring structures Such as cyclopropyl, 
cyclobutyl, cyclopentyl, and others, including Substituted 
groupS. Substituents to Saturated cyclic hydrocarbons 
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include Substituting one or more carbon atoms of the ring 
with a heteroatom Such as nitrogen, oxygen, or Sulfur. 
Saturated cyclic hydrocarbons include bicyclic Structures 
Such as bicycloheptanes and bicyclooctanes, and multicyclic 
StructureS. 

0078. As used herein, the term “unsaturated cyclic hydro 
carbon” refers to nonaromatic cyclic groups with at least one 
double bond, Such as cyclopentenyl, cyclohexenyl, and 
others, including Substituted groupS. Substituents to unsat 
urated cyclic hydrocarbons include Substituting one or more 
carbon atoms of the ring with a heteroatom Such as nitrogen, 
oxygen, or Sulfur. Unsaturated cyclic hydrocarbons include 
bicyclic structures Such as bicycloheptenes and bicy 
clooctenes, and multicyclic Structures. 

0079. As used herein, the term “cyclic hydrocarbon” 
includes Substituted and unsubstituted, Saturated and unsat 
urated cyclic hydrocarbons, and includes unicyclic and 
multicyclic Structures. 

0080. As used herein, the term "heteroarylalkyl” refers to 
alkyl groups in which the heteroaryl group is attached 
through an alkyl group. 

0081. As used herein, the term "heterocyclic” refers to a 
Saturated or unsaturated nonaromatic group having a single 
ring or multiple condensed rings comprising from 1-12 
carbon atoms and from 1-4 heteroatoms Selected from 
nitrogen, phosphorous, Sulfur, or OXygen within the ring. 
Examples of heterocycles include tetrahydrofuran, morpho 
line, piperidine, pyrrolidine, and others. 

0082. As used herein, each chemical term described 
above expressly includes the corresponding Substituted 
group. For example, the term "heterocyclic” includes Sub 
Stituted heterocyclic groups. 

0083. As used herein, the term “activated acid” refers to 
a-C(O)X moiety, where X is a leaving group, in which the 
X group is readily displaced by a nucleophile to form a 
covalent bond between the -COO)- and the nucleophile. 
Examples of activated acids include acid chlorides, acid 
fluorides, p-nitrophenyl esters, pentafluorophenyl esters, and 
N-hydroxySuccinimide esters. 

0084. As used herein, the term “amino acid residue” 
refers to the product formed when a species comprising at 
least one amino (-NH2) and at least one carboxyl 
(-C(O)O-) group couples through either of its amino or 
carboxyl groups with an atom or functional group of a 
synthon. Whichever of the amino or carboxyl groups is not 
involved in the coupling may optionally be blocked with a 
removable protective group. 

0085 Nanofilm Components 

0086. In one aspect, this invention relates variously to 
nanotechnology in the preparation of porous Structures and 
materials having pores that are of atomic to molecular size. 
Materials Such as nanofilm compositions may be formed 
from macrocyclic modules. Nanofilm compositions may 
also be formed from macrocyclic modules in combination 
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with one or more polymeric components. Nanofilm compo 
Sitions may also be formed from a polymer and an 
amphiphile, wherein the amphiphile may be polymerizable 
or non-polymerizable. Nanofilm compositions may also be 
formed from polymeric components which have been 
coupled through linkers. In Some embodiments, pores may 
be Supplied through the Structure of the nanofilm. In Some 
embodiments, pores are Supplied through the Structure of the 
macrocyclic modules. 

0087. In some variations, the nanofilm is prepared from 
coupled macrocyclic modules, which may also be coupled to 
one or more polymeric components. In other variations, the 
nanofilm includes amphiphilic molecules, which optionally 
may be coupled to any of the other components. These 
amphiphilic molecules may be polymerizable or non-poly 
merizable. It is to be understood that a “non-polymerizable” 
amphiphile is non-polymerizable under the reaction condi 
tions in which the nanofilm is prepared. 

0088 A nanofilm may be prepared with mixtures of 
different modules, or with mixtures of macrocyclic modules, 
amphiphilic molecules, and/or polymeric components. In 
these variations, the polymeric component may be inter 
mixed, aggregated, or phase Separated from the macrocyclic 
modules and amphiphilic molecules, as described herein. 
Nanofilms having one or more polymeric components made 
with mixtures of different modules and/or amphiphilic mol 
ecules may also have interspersed arrays of pores of various 
SZCS. 

0089. These materials may have regions in which unique 
Structures exist. The unique Structures may repeat at regular 
intervals to provide a lattice of pores having Substantially 
uniform dimensions. The unique Structures may have a 
variety of shapes and sizes, thereby providing pores of 
various shapes and sizes. Because the unique Structures may 
be formed in a monolayer of molecular thickness, the pores 
defined by the unique structures may include a cavity, 
opening, or chamber-like Structure of molecular size. In 
general, pores of atomic to molecular size defined by those 
unique Structures may be used for Selective permeation or 
molecular Sieving functions. Some aspects of nanotechnol 
ogy are given in NanoStructured Materials, J. Ying, ed., 
Academic Press, San Diego, 2001. 

0090 The nanofilm may have one or more polymeric 
components. These nanofilms may have regions composed 
primarily of one or more polymeric components. In Some 
cases, the polymeric components act as a plasticizer. In Some 
cases, regions composed primarily of one or more polymeric 
components may form a barrier to permeation by fluids, 
Small molecules, biomolecules, Solvent molecules, or ions. 
In other cases, the porosity of the nanofilm is controlled by 
the type and degree of croSS-linking of the polymeric 
components. 

0.091 A wide variety of structural features and properties 
Such as amorphous, glassy, Semicrystalline or crystalline 
Structures, and elastomeric, pliable, thermoplastic, or defor 
mation properties may be exhibited by the nanofilms. 
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0092. The various components, such as, for example, 
modules and polymeric components, may be deposited on a 
Surface to form a nanofilm. Macrocyclic modules can be 
oriented on a Surface by providing functional groups on the 
modules which impart amphiphilic character to the modules. 
For example, when the module is deposited on a hydrophilic 
Surface, hydrophobic Substituent groups or hydrophobic tails 
attached to the module may cause the module to reorient on 
the Surface So that the hydrophobic Substituents are oriented 
away from the Surface, leaving a more hydrophilic facet of 
the module oriented toward the Surface. Other components 
may also optionally similarly be oriented on the Surface by 
providing amphiphilic groups in the component. 

0093. The conformation of a molecule on a surface may 
depend on the loading, density, or State of the phase or layer 
in which the molecule resides on the Surface. Surfaces which 

may be used to orient modules or other molecules include 
interfaces Such as gas-liquid, air-water, immiscible liquid 
liquid, liquid-Solid, or gas-Solid interfaces. The thickness of 
the oriented layer may, in Some cases, be Substantially a 
monomolecular layer thickness. 
0094. The composition of the nanofilm may be solid, gel, 
or liquid. The modules of the nanofilm may be in an 
expanded State, a liquid State, or a liquid-expanded State. The 
State of the modules of the nanofilm may be condensed, 
liquid-condensed, collapsed, or may be a Solid phase or 
close-packed State. The modules and/or other components of 
the nanofilm may interact with each other by weak forces of 
attraction. Alternatively, they may be coupled through, for 
example, covalent bonds. For example, the modules of a 
nanofilm prepared from Surface-oriented macrocyclic mod 
ules need not be linked by any Strong interaction or cou 
pling. Alternatively, for example, the modules of the nano 
film may be linked through, for example, covalent bonds. 
0095. This invention further includes the rational design 
of molecules or macrocyclic modules that may be assembled 
as “building blocks' for further assembly into larger Species. 
Standardized molecular Subunits or modules may be used 
from which hierarchical molecules of predicted properties 
can be assembled. Coupling reactions can be employed to 
combine or attach modules in directed Syntheses. 
0096. The preparation of macrocyclic modules beginning 
with a Set of Synthons is described in U.S. patent application 
Ser. Nos. 10/071,377 and 10/226,400, and in the PCT 
Application entitled “Macrocyclic module compositions' 
filed Feb. 7, 2003, incorporated by reference herein in their 
entirety. The assembly of molecular building blocks, begin 
ning with a set of Synthons assembled to make macrocyclic 
modules, which, in turn, are combined to form a nanofilm 
are described in U.S. Serial No. 60/383,236, filed May 22, 
2002, and in U.S. patent application entitled “Nanofilm and 
Membrane Compositions' filed Feb. 7, 2003, incorporated 
by reference herein in their entirety. Examples and Syntheses 
of Synthons, macrocyclic modules, and amphiphilic macro 
cyclic modules are further described hereinbelow. 
0097 Examples of modules useful as molecular building 
blocks are shown in Table 1. 
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Examples of macrocyclic modules 

MODULE STRUCTURE 
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-continued 

Examples of macrocyclic modules 

MODULE STRUCTURE 
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-continued 

Examples of macrocyclic modules 

MODULE STRUCTURE 
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MODULE 

Hexamer 1dh 

Octamer 5.jh 

11 

-continued 

Examples of macrocyclic modules 

STRUCTURE 
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-continued 

Examples of macrocyclic modules 

MODULE STRUCTURE 

Octamer 4.jh- OC16 
acryl 
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OC16 
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and mixtures there of OC16 

0.098 Nanofilm Polymeric Components 
0099. In one aspect, this invention relates variously to 
nanofilm compositions having polymeric components. Poly 
meric components may be introduced into nanofilm com 
positions which contain macrocyclic modules. Nanofilm 
compositions may also be made from polymeric components 
coupled by linker molecules. Nanofilm compositions may 
also be made from polymeric components and amphiphilic 
molecules, wherein the amphiphilic molecules may option 
ally be polymerizable. 
0100 A polymeric component is a polymerizable species, 
or a polymer or macromolecule of any molecular weight 
which is made of monomers. Polymerizable Species include 
monomers, which are molecules that can be repeated in a 
polymer, and polymers, wherein the monomers or polymers 
have polymerizable or crosslinkable groups. Any polymeric 
component, polymerizable species, polymer, or monomer 
may also be amphiphilic. Examples of polymeric compo 
nents include organic polymers, thermoplastics, Synthetic 
and natural elastomers, conducting polymers, Synthetic and 
natural biopolymers, and inorganic polymers. Examples of 
polymeric components of this invention include organic 
polymers containing atoms Selected from H, C, N, O, S. F., 
and Cl. 

0101 The polymeric component may be a homopolymer, 
or a mixed, block, or graft copolymer. Mixed polymers, 
block polymers, and copolymers include macromolecules 
having two, three, or more different monomers. The poly 
meric component may have any combination of the mono 
merS or polymers which make up any of the example 
polymers described herein, or may be a blend of polymers. 

Mixtures of polymeric components may be used in varia 
tions of this invention. Examples of polymers include linear 
or branched, Side-chain branched, or branched comb poly 
mers. A polymer may be a Star or dendrimeric form, or forms 
including microtubules, cylinders, or nanotubes of various 
compositions. Polymer branches may be long-chain 
branches or short-chain branches. The polymerS may be 
made by synthetic methods, or may be obtained from 
naturally-occurring Sources. 
0102) A polymeric component may be in the form of a 
polymer when introduced into the mixture used to form a 
nanofilm. In Some variations, a polymeric component which 
is already in the form of a polymer when introduced into the 
mixture used to form a nanofilm may have amphiphilic 
character. A polymer having amphiphilic character may be 
more Soluble in water than organic Solvent, or Vice-versa. In 
Some variations, a polymeric component may be a water 
Soluble polymer having polar groups and amphiphilic char 
acter. 

0103) In further variations, the polymeric component 
may be in the form of a polymerizable molecule when 
introduced into the mixture used to form a nanofilm. Poly 
merizable molecules used to prepare a nanofilm include 
monomers. In Some variations, polymerizable molecules 
used to prepare a nanofilm may have amphiphilic character. 
The polymeric component of a nanofilm may be formed 
in-Situ during preparation of the nanofilm from macrocyclic 
modules and/or other components. In-Situ formation of the 
polymeric component of a nanofilm may be carried out by 
polymerization of a monomer or polymerizable amphiphile 
in a multicomponent mixture. 
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0104 Examples of a polymeric component include poly 
(maleic anhydrides), a copolymer of maleic anhydride, 
poly(ethylene-co-maleic anhydride), poly(maleic anhy 
dride-co-alpha olefin), polyacrylates, a polymer or copoly 
mer having acrylate side groups, a polymer or copolymer 
having oxacyclopropane Side groups, polyethyleneimides, 
polyetherimides, polyethylene oxides, polypropylene 
oxides, polystyrenes, poly(Vinyl acetate)S, polytetrafluoro 
ethylenes, polyolefins, polyethylenes, polypropylenes, eth 
ylene-propylene copolymers, polyisoprenes, neopropenes, 
polyanilines, polyacetylenes, polyvinylchlorides, polyvi 
nylidene chlorides, polyvinylidene fluorides, polyvinylalco 
hols, polyurethanes, polyamides, polyimides, polysulfones, 
polyetherSulfones, polysulfonamides, polysulfoxides, 
polyglycolic acids, polyacrylamides, polyvinylalcohols, 
polyesters, polyester ionomers, polyethylene terephthalates, 
polybutylene terephthalates, polycarbonates, polySorbates, 
polylysines, polypeptides, poly(amino acids), polyvinylpyr 
rolidones, polylactic acids, gels, hydrogels, carbohydrates, 
polysaccharides, agarose, amylose, amylopectin, glycogen, 
dextran, cellulose, cellulose acetates, chitin, chitosan, pep 
tidoglycan, and glycosaminoglycan. Examples of a poly 
meric component also include amino-branched, amino-Sub 
Stituted, and amino-terminal derivatives of the preceding 
example polymers. Other examples of a polymeric compo 
nent include polynucleotides, Synthetic or naturally-occur 
ring polynucleotides, for example, poly(T) and poly(A), 
nucleic acids, as well as proteoglycans, glycoproteins, and 
glycolipids. 

0105 Examples of polymeric components which are 
polymerizable monomers include Vinyl halide compounds 
Such as Vinyl chloride, Vinylidene monomerS Such as 
Vinylidene chloride, unsaturated carboxylic acids Such as 
acrylic acid, methacrylic acid, maleic acid, itaconic acid, and 
Salts thereof; acrylates Such as methyl acrylate, ethyl acry 
late, butyl acrylate, octyl acrylate, methoxyethyl acrylate, 
phenyl acrylate and cyclohexyl acrylate; methacrylates Such 
as methyl methacrylate, ethyl methacrylate, butyl methacry 
late, octyl methacrylate, phenyl methacrylate and cyclo 
hexyl methacrylate; unsaturated ketones Such as methyl 
Vinyl ketone, ethyl vinyl ketone, phenyl vinyl ketone, 
methyl isobutenyl ketone and methyl isopropenyl ketone; 
Vinyl esterS Such as Vinyl formate, Vinyl acetate, Vinyl 
propionate, Vinylbutyrate, vinyl benzoate, Vinyl monochlo 
roacetate, Vinyl dichloroacetate, Vinyl trichloroacetate, Vinyl 
monofluoroacetate, Vinyl difluoroacetate and Vinyl trifluo 
roacetate; Vinyl etherS Such as methyl vinyl ether and ethyl 
Vinyl ether; acrylamide and alkyl Substituted compounds 
thereof; acid compounds containing a vinyl group and Salts, 
anhydrides and derivatives thereof such as vinylsulfonic 
acid, allylsulfonic acid, methallylsulfonic acid, Styrene 
Sulfonic acid, 2-acrylamido-2-methylpropanesulfonic acid, 
Sulfopropyl methacrylate, Vinylstearic acid and Vinylsulfinic 
acid; Styrene or alkyl- or halogen-Substituted compounds 
thereof Such as Styrene, methylstyrene and chlorostyrene; 
allyl alcohol or esters or ethers thereof, Vinylimides Such as 
N-vinylphthalimide and N-vinylsuccinoimide; basic vinyl 
compounds Such as Vinylpyridine, Vinylimidazole, dimethy 
laminoethyl methacrylate, N-vinylpyrrolidone, N-vinylcar 
bazole and Vinylpyridine, unsaturated aldehydes Such as 
acrolein and methacrolein; and cross-linking vinyl com 
pounds Such as glycidyl methacrylate, N-methylolacryla 
mide, hydroxyethyl methacrylate, triallyl isocyanurate, tri 
allyl cyanurate, divinylbenzene, ethylene glycol 
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di(meth)acrylate, diethylene glycol di(meth)acrylate, trieth 
ylene glycol di (meth)acrylate, trimethylolpropane tri (meth 
)acrylate and methylene bisacrylamide. 
0106 Examples of polymeric components which are 
polymerizable amphiphiles include long chain alkyl deriva 
tives of vinyl halides, vinylidene halides, unsaturated car 
boxylic acids and Salts thereof, acrylates, methacrylates, 
unsaturated ketones, vinyl esters, Vinyl ethers, acrylamides, 
acid compounds containing a vinyl group, anhydrides, Sty 
renes, allyl alcohol or esters or ethers thereof, Vinylimides, 
Vinyl compounds, unsaturated aldehydes, and vinyl com 
pounds. Examples of polymeric components which are 
polymerizable amphiphiles generally include amphiphilic 
acrylates, amphiphilic acrylamides, amphiphilic Vinyl 
esters, amphiphilic anilines, amphiphilic diynes, 
amphiphilic dienes, amphiphilic acrylic acids, amphiphilic 
enes, amphiphilic cinnamic acids, amphiphilic amino-esters, 
and amphiphilic oxiranes. Further examples of polymeric 
components which are polymerizable amphiphiles include 
amphiphilic amines, amphiphilic diesters, amphiphilic diac 
ids, amphiphilic diols, amphiphilic polyols, and amphiphilic 
diepoxides, any of which may be coupled with linker 
molecules. 

0107 Preferred polymeric components include poly(ma 
leic anhydride-co-alpha olefin), PMAOD, PMMA, poly(2- 
hydroxyethyl methacrylate) (PHEMA), PGM, polyethylene 
imine (PEI) and CH=CHC(O)OCHCH-OH. Further pre 
ferred polymeric components which may be used in the 
nanofilms of the invention include those described in Tables 
5-9 hereinbelow. In some embodiments, the polymeric com 
ponent is poly(maleic anhydride-co-alpha olefin). In Some 
embodiments, the polymeric component is PMAOD. In 
Some embodiments, the polymeric component is PMMA. In 
Some embodiments, the polymeric component is PHEMA. 
In some embodiments, the polymeric component is PGM. In 
Some embodiments, the polymeric component is PEI. In 
Some embodiments, the polymeric component is 
CH=CHC(O)OCHCHOH. 
0108) A polymeric component may have an atom or a 
group of atoms which couple to other Species or components 
of a nanofilm. Coupling of the polymeric component to other 
Species in a nanofilm may be complete or incomplete. The 
polymeric component may couple to macrocyclic modules 
or linker molecules, or to other polymeric components, or to 
other species Such as amphiphiles or monomers. Coupling of 
macrocyclic modules, linker molecules, or other Species 
may be to domains of the polymeric component, occurring 
at the interface or Surface of the domains. 

0109) Nanoflims of Amphiphilic Molecules 
0110 Amphiphilic molecules may be oriented on a Sur 
face Such as an air-water interface in a Langmuir trough, and 
may be compressed to form a Langmuir thin film. The 
amphiphilic molecules of the Langmuir thin film may be 
coupled to each other or to other components, and may form 
a Substantially monomolecular layer thin film material. 
0111 Non-limiting examples of polar groups of the 
amphiphilic molecules include amide, amino, ester, -SH, 
acrylate, acrylamide, epoxy, -OH, -OCH, -NH2, 
—CN, -NO, -N "RR"R", -SO, —OPO, 
–OC(O)CH=CH, -SONH2, -SONRR', 
–OP(O)(OCHCHNRRR")O, –C(O)OH, -C(O)O, 
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guanidinium, aminate, 
-C(O)OCHCH, 

pyridinium, -C(O)OCH, 

oCH-\7 
O : 

0112 where w is 1-6, -C(O)OCH=CH, 
-O(CH2)C(O)NH2, where x is 1-6, -O(CH),C(O)NHR, 
where y is 1-6, and -O(CH2CH2O).R, where Z is 1-6, and 
hydrophilic groups. The polar groups may be coupled 
together by coupling reactions to form a thin film material. 
The polar groups of the amphiphilic molecules may be 
linked directly to each other. For example, Sulfhydryl groups 
may be coupled to form disulfide link, or polar groups 
having ester and amino groups may couple to attach the 
amphiphilic molecules through amide linkages. The cou 
pling may attach more than two amphiphilic molecules, for 
example, by extended amide linkages. The polar groups of 
the amphiphilic molecules may also be linked to each other 
with a linker molecule. For example, amino may be coupled 
by the Mannich reaction with formaldehyde. A portion of the 
amphiphilic molecules of the nanofilm may be coupled, 
while the rest are not coupled. The amphiphilic molecules of 
the nanofilm, both those which are coupled and those which 
are not coupled, may also interact through weak non 
bonding or bonding interactions Such as hydrogen bonding 
and other interactions. 

0113. The hydrophobic tails of the amphiphilic molecules 
may be any length, and are Sometimes from about 1 to 28 
carbon atoms. Examples of hydrophobic tails of the 
amphiphilic molecules include the hydrophobic groups 
which may be attached to macrocyclic modules to impart 
amphiphilic character to the modules. 
0114 Preferred polymerizable amphiphiles include 
amphiphilic acrylates, amphiphilic acrylamides, 
amphiphilic Vinyl esters, amphiphilic anilines, amphiphilic 
diynes, amphiphilic dienes, amphiphilic acrylic acids, 
amphiphilic enes, amphiphilic cinnamic acids, amphiphilic 
amino-esters, amphiphilic oxiranes, amphiphilic amines, 
amphiphilic diesters, amphiphilic diacids, amphiphilic diols, 
amphiphilic polyols, and amphiphilic diepoxides. 

0115 Preferred non-polymerizable amphiphiles include 
decylamine and Stearic acid. It is to be understood that these 
are “non-polymerizable amphiphiles' when they are non 
polymerizable under the conditions in which the nanofilm is 
prepared. These may be considered polymerizable 
amphiphiles when included in other nanofilms, wherein the 
conditions of the preparation of those nanofilms could cause 
the amphiphiles to be polymerized. 

0116. In some embodiments, the amphiphile may be 
octadecylamine (ODA). In some embodiments, the 
amphiphile may be methylheptadecanoate (MHD). In some 
embodiments, the amphiphile may be N-octadecylacryla 
mide (ODAA). In some embodiments, the amphiphile may 
be decylamine. In Some embodiments, the amphiphile may 
be Stearic acid. In Some embodiments, the amphiphile may 
be a methyl ester of Stearic acid. In Some embodiments, the 
amphiphile may be icosanol, or other long chain alkanol. 
Further examples of preferred amphiphiles may be found in 
the Examples, and in Tables 5-9. 
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0.117) Pores and barrier properties are found in the struc 
ture of the nanofilm made by coupling amphiphilic mol 
ecules. The pores and barrier properties may be modified by 
the degree or extent of coupling or interaction of the 
amphiphilic molecules, and for example, by the length of the 
linker molecules. 

0118 Coupling of Macrocyclic Modules and other Com 
ponents 

0119 Macrocyclic modules and/or other components ori 
ented on a Surface may be coupled to form a thin layer 
composition or nanofilm. For example, Surface-oriented 
modules may be coupled in a two-dimensional array to form 
a Substantially monomolecular layer nanofilm. The two 
dimensional array is generally one molecule thick through 
out the thin layer composition, and may vary locally due to 
physical and chemical forces. Coupling of modules and/or 
other components may be done to form a Substantially 
two-dimensional thin film by orienting the modules and/or 
other components on a Surface before or during the process 
of coupling. In general, amphiphilic components may be 
oriented on an interface. In general, water Soluble compo 
nents may be added to the subphase for the formation of a 
nanofilm. Components may also be mixed prior to orienting 
on an interface. 

0120 Macrocyclic modules can be prepared to possess 
functional groups which permit coupling of the modules. 
The nature of the products formed by coupling modules 
depends, in one variation, on the relative orientations of the 
functional groups with respect to the module structure, and 
in other variations on the arrangement of complementary 
functional groups on different modules which can form 
covalent, non-covalent or other binding attachments with 
each other. 

0121. In Some variations, a macrocyclic module includes 
functional groups which couple directly to complementary 
functional groups of other macrocyclic modules to form 
linkages between macrocyclic modules. The functional 
groups may in Some cases contribute to the amphiphilic 
character of the module before or after coupling, and may be 
covalently or non-covalently attached to the modules. In 
Some embodiments, the functional groups are covalently 
attached to the modules. The functional groups may be 
attached to the modules before, during, or after orientation 
of the modules on the Surface. 

0122) In other variations, a macrocyclic module includes 
functional groups which couple to polymeric components 
and/or other components. Macrocyclic modules may be 
prepared with functional groups which couple to comple 
mentary functional groups of polymeric and/or other com 
ponents to form linkages. The coupling between macrocy 
clic modules and these other components may be direct, or 
may occur through linker molecules. 
0123. In other variations, components Such as polymeric 
components and amphiphiles may also comprise functional 
groups for coupling to themselves or to other components, 
Such as coupling a polymeric component to another poly 
meric component, or coupling a polymeric component to an 
amphiphilic component. The functional groups may be 
attached to the components before, during, or after orienta 
tion of the components on a Surface or Subphase. In Some 
cases, the functional groups impart amphiphilic character to 
the component, either before or after coupling. 
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0.124. In making nanofilms from macrocyclic modules 
and/or other components, one or more coupling linkages 
may be formed between macrocyclic modules, and coupling 
may occur between macrocyclic modules and other compo 
nents. In Some variations, coupling may also occur between 
other components, for example, between amphiphilic groups 
and polymeric components. The linkage formed between, 
e.g., macrocyclic modules or between a macrocyclic module 
and another component may be the product of the coupling 
of one functional group from each molecule. For example, 
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a hydroxyl group of a first macrocyclic module may couple 
with an acid group or acid halide group of a Second 
macrocyclic module to form an ester linkage between the 
two macrocyclic modules. Another example is an imine 
linkage, -CH=N-, resulting from the reaction of an 
aldehyde, -CH=O, on one macrocyclic module with an 
amine, -NH2, on another macrocyclic module. Examples 
of linkages between macrocyclic modules or between mac 
rocyclic modules and other components are shown in Table 
2. 

TABLE 2 

Examples of functional groups and linkages formed 

Functional Group A 

-NH. 

module-NH. 

module-Mgx 

module 

(CH3)2C=CH-module 

(CH3)2C=CH-module 

(CH) CHC(O)O-module 

Functional Group B Linkage Formed 

module - A 

- A module 

al-I- n 
OH 

rolls- module 

module 

module-X module 

module 

-C(O)H -HC=CH 

module-C(O)Cl O 

)- module 
module 

-NH. -NHC(O)NH 
HO- -NHC(O)O- 

-NHNH -CH=N-NH 
-OC(O)x -OC(O)O- 

module-SH S-module 

module 

module-CH(O) 
module On 

module 

OH O 
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TABLE 2-continued 

Examples of functional groups and linkages formed 

Functional Group A Functional Group B Linkage Formed 

module-CHC(O)OH module-CHC(O)CH O O 

module 
OH 

module 

/F RSiH-module R 
V - R module s 

module 
module 

module module male-O- module 

(module A) (module B) R (module A) 

R R 

R (module B) 

(module A) (module B) (module A) 

Ph Ph R -O- R 
(module B) 

O / O O O 

- All- – - K) - 
O / O O O 

– / - - O 
H H H H 

O O O O 

-N N- - || KO || - 
H H H H 

O O O O 

- O O- -O O 

O / O O O 

y), o-I Al-o-v y), o-I-C-I-O-N. 
O / O O O 

H H H H 



US 2004/0106741 A1 
17 

TABLE 2-continued 
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Examples of functional groups and linkages formed 

Functional Group A Functional Group B 

y ( ) is y 
Linkage Formed 

O 

ves 
H 

yo KO 
Module 

Module 

Module -- NH 

Module 

Module 

O 

-- : Ho 
" ; 

O -NH. O 

Module sus 
OMe 

O O 

N-su. O 

O O 

N- N-Module O 
Module-N 

0125) 
groups, and X is halogen or other good leaving group. It is 

In Table 2, R and R' represent hydrogen or alkyl 

to be understood that the functional groups included in Table 
2 may also be used to link a module with another compo 
nent, Such as a polymeric component, and may also be used 
to link non-module components together, Such as a poly 

O 

ury's O 
Module-O 

O 

O 

O 

meric component to another polymeric component, or a 
polymeric component to an amphiphilic component. 

0.126 In another variation, a macrocyclic module may 
have functional groups for coupling to other macrocyclic 
modules wherein the functional groups are coupled to the 
macrocyclic module after initial preparation of the closed 
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ring of the module. For example, an amine linkage between 
the Synthons of a macrocyclic module may be Substituted 
with one of various functional groups to produce a Substi 
tuted linkage. Examples of Such linkages between Synthons 
of a macrocyclic module having functional groups for 
coupling other macrocyclic modules are shown in Table 3. 

TABLE 3 

Examples of macrocyclic module linkages 

Macrocyclic 
Module Linkage Reagent Substituted Linkage 

O O 

H --- 

O H 

Q-C --9. -N- Q-C -N-Q 
H C 21 O 

o-it-o. O o-it-o. 
OH -N- O O C 21 

21 

o-it-o. X-S-H Q-CH-Q 

X | 

H 

o-it-o. / Q-CH-Q 
X X 

S 

o--o. O Q-N-Q 
H -- c R 

R = alkyl 

o-it-o. O o-ti-o, 
OH O O 

C 

R 

R = alkyl R 
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TABLE 3-continued 

Examples of macrocyclic module linkages 

Macrocyclic 
Module Linkage Reagent Substituted Linkage 

o--o. O Q-N-Q 
H --> O C a Np, , 

Ph 

Q-CH-Q O Q-CH-Q 

bi --> O h C 21 NP 
e 

Ph 

0127. In Table 3, X is halogen, and Q represents a 
Synthon in a macrocyclic module. 
0128 Referring to Table 3, the Substituted linkage of a 
macrocyclic module may couple to a Substituted linkage of 
another module. In Some variations, the coupling of these 
linkages is done by initiating 2+2 cycloaddition. For 
example, acrylamide linkages may couple to produce 

Q1 O R O Ol 
V / 

N N 
O2 R O2 

0.129 by 2+2 cycloaddition. In other variations, coupling 
of these reactive Substituted linkages may be initiated by 
other chemical, thermal, photochemical, electrochemical, 
and irradiative methods to provide a variety of coupled 
Structures. It is to be understood that the functional groups 
and substituted linkages formed included in Table 3 may 
also be used to link a module with another component, Such 
as a polymeric component, and may also be used to link 
non-module components together, Such as a polymeric com 
ponent to an amphiphilic component. 
0.130. The functional groups used to form linkages 
between macrocyclic modules and/or other components may 
be separated from the module or component by a Spacer. A 
Spacer can be any atom or group of atoms which couples the 
functional group to the macrocyclic module or other com 
ponent, and does not interfere with the linkage-forming 
reaction. A Spacer is part of the functional group, and 
becomes part of the linkage between macrocyclic modules 
and/or other components. An example of a Spacer is a 
polymethylene group, -(CH2)n-, where n is 1-6. The 
Spacer may be Said to extend the linkage between macro 
cyclic modules and/or other components. Other examples of 
Spacer groups are alkylene, aryl, acyl, alkoxy, Saturated or 
unsaturated cyclic hydrocarbon, heteroaryl, heteroarylalkyl, 
heterocyclic, and corresponding Substituted groups. Further 
examples of Spacer groups are polymer, copolymer, or 
oligomer chains, for example, polyethylene oxides, polypro 
pylene oxides, polysaccharides, polylysines, polypeptides, 
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poly(amino acids), polyvinylpyrrolidones, polyesters, poly 
acrylates, polyamines, polyimines, polystyrenes, poly(Vinyl 
acetate)S, polytetrafluoroethylenes, polyisoprenes, neopro 
pene, polycarbonate, polyvinylchlorides, polyvinylidene 
fluorides, polyvinylalcohols, polyurethanes, polyamides, 
polyimides, polysulfones, polyetherSulfones, poly Sulfona 
mides, polysulfoxides, and copolymers thereof. Examples of 
polymer chain Spacer Structures include linear, branched, 
comb and dendrimeric polymers, random and block copoly 
mers, homo- and heteropolymers, flexible and rigid chains. 
The Spacer may be any group which does not interfere with 
formation of the linkage. A Spacer group may be Substan 
tially longer or shorter than the functional group to which it 
is attached. 

0131 Coupling of macrocyclic modules and/or other 
components to each other may occur through coupling of 
functional groups of the macrocyclic modules and/or other 
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components to linker molecules. The functional groups 
involved may be, for example, those exemplified in Table 2. 
For example, modules may couple to at least one other 
module through a linker molecule. A linker molecule is a 
discrete molecular species used to couple at least two 
modules. Each module may have 1 to 30 or more functional 
groups which may couple to a linker molecule. Linker 
molecules may have 1 to 20 or more functional groups 
which may couple to, for example, a module. 

0.132. In one variation, a linker molecule has at least two 
functional groups, each of which can couple to a module 
and/or other component. In these variations, linker mol 
ecules may include a variety of functional groups for cou 
pling modules and/or other components. Non-limiting 
examples of functional groups of modules and linker mol 
ecules are illustrated in Table 4. 

TABLE 4 

Examples of functional groups of modules and linker molecules 

Functional Functional 
Group of Group of 
Module A Module B Linker Molecule Linkage 

-NHR or -NHR or NH NH NH NH 
-NH. -NH. 

No 1N1 NN n1 
H H 

-NHR or -NHR or NH NH O O 
NH, -NH. 

No i. 1. NN i. N1 
H H 

-NHR or -NHR or O O O O 
-NH. -NH. 

No 1N1 NN 11 
H H 

-NHR or -NHR or O OH OH 

-NH, -NH. Z Mrn-n/ \ l1-1 i. -N i. N 
H H 

-OH -OH NH NH NH NH 

N.------ No 1N1 
-OH -OH O O O O 

1N ^ --- N1N NO i. 1. 

-OH -OH (RO).BR 'B(OR), -O(HO)BR'(OH)O- 
-NHR or -NHR or (RO).BR 'B(OR), -NH(HOBR 'B(OH)NH 
-NH. -NH. 
-OH -OH X-(CH2)-X -O-(CH)-O- 
-OH -OH CIC(O)-(CH-)-C(O)Cl O O 

N---1. 
-NHR or -NHR or O 1N 
-NH. -NH. -N N ls H H 
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TABLE 4-continued 

Examples of functional groups of modules and linker molecules 

Functional Functional 

Group of Group of 
Module A Module B Linker Molecule Linkage 

-NHR or -NHR or O O N 1. 

-NH -NH ls 11n 
H R"). H 

N N 

2 21 1. R" )n N O | | O 
O O N N 

NR1, 
O O 

-- -- | | No No N N 

No 21 No 21 1. R5 N O | | O 
O O N N 

NR1, 
O O 

O O O O 

1's "rn ) No No 21 No 21 O O 
O O 

O O 
NR1, 

O O 

O O O O N 1 N 1 

-- 21 R1, ra N N 
N 21 N 21 O O 

O O 

O O 
NR1, 

O O 

-OH -OH O –OCHCH(OH)CHO 

clu-A 
-OH -NH. O –OCHCH(OH)CH-NH 

cis-A 
-NH. -NH. O -NHCHCH(OH)CH-NH 

clu-A 
-NRH -NRH O -NHCHCH(OH)CHNR 
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0133. In Table 4, n is 1-6, m is 1-10, R is -CH or -H, 
R" is -(CH), or phenyl, R" is -(CH), polyethylene 
glycol (PEG), or polypropylene glycol (PPG), and X is Br, 
Cl, I, or other good leaving groups which are organic groups 
containing atoms Selected from the group of carbon, oxygen, 
nitrogen, halogen, Silicon, phosphorous, Sulfur, and hydro 
gen. A module may have a combination of the various 
functional groups exemplified in Table 4. It is to be under 
stood that the functional groups and linkers included in 
Table 4 may also be used to link a module with another 
component, Such as a polymeric component, and may also 
be used to link nonmodule components together, Such as a 
polymeric component to an amphiphilic component. Pre 
ferred linkers include DEM and ethylene diamine. Further 
examples of Suitable linkers are found in the Examples, and 
in Tables 5-9. 

0134 Methods of initiating coupling of the modules 
and/or components to linker molecules include chemical, 
thermal, photochemical, electrochemical, and irradiative 
methods. 

0135) A nanofilm comprising coupled modules and/or 
other components can be made by coupling together one or 
more members of the collection of modules and/or other 
components, perhaps with other bulky or flexible compo 
nents, to form a thin layer nanofilm material or composition. 
Coupling of modules and/or other components may be 
complete or incomplete, providing a variety of Structural 
variations useful as nanoflim membranes. 

0.136. In general, the coupling of polymeric components 
to macrocyclic modules to prepare a nanofilm may be done 
with myriad combinations of complementary functional 
groups. For example, as shown herein, macrocyclic modules 
which may couple to other macrocyclic modules through 
linker molecules may also couple to polymeric components 
and other components having complementary functional 
groups. In the various Schemes for the preparation of nano 
film with linker molecules illustrated in Table 5 hereinbelow, 
a polymeric component having amino functional groups, for 
example, may couple to linker molecules and compete with 
the macrocyclic modules for coupling to other macrocyclic 
modules. In another example, a macrocyclic module having 
amino functional groups may couple to poly(ethylene-co 
maleic anhydride) to form a maleimide group in the poly 
mer. The various types and degrees of coupling depend on 
the identity of the functional groups of the polymeric 
components. 
0.137 When mixtures of polymerizable species are used 
to prepare a nanofilm, the Species may copolymerize. Copo 
lymerization may involve coupling to functional groups of 
macrocyclic modules. 
0.138. The coupling of modules in a nanofilm may attach 
two or more components by a linkage or linkages. The 
coupling may attach more than two modules, for example, 
by an array of linkages each formed between two modules. 
Each module may form more than one linkage to another 
module, and each module may form Several types of link 
ages, including those exemplified in Tables 2-4. A module 
may have direct linkages, linkages through a linker mol 
ecule, and linkages which include Spacers, in any combina 
tion. A linkage may connect any portion of a module to any 
portion of another module. An array of linkages and an array 
of modules may be described in terms of the theory of 
Bravais lattices and theories of Symmetry. 
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0.139. A portion of each of the components of aznanofilm 
may be coupled, while the remainder of each is not coupled. 
The components of the nanofilm may interact through, for 
example, hydrogen bonding, Van der Waals, and other 
interactions. The arrangement of linkages formed in a nano 
film may be represented by a type of Symmetry, or may be 
Substantially unordered. 

0140 Nanofilms of Macrocyclic Modules and Polymeric 
Components 

0.141. A nanofilm may be prepared from mixtures of 
macrocyclic modules and other components. The types of 
coupling between the components and the phase and domain 
behavior of the mixture, as described herein, may influence 
the composition and properties of the product nanofilm. 
Multicomponent mixtures of these types Sometimes result in 
phase Separated or aggregated compositions. A macrocyclic 
module may participate in more than one type of coupling, 
and the product nanofilm may have a wide variety of 
compositions. 

0142. In one aspect, this invention relates to the intro 
duction of polymeric components into nanofilms comprising 
macrocyclic modules. Various types of coupling may be 
used to prepare a nanofilm with macrocyclic modules and 
polymeric components. In one type of coupling, a macro 
cyclic module may have functional groups which couple to 
a linker molecule which, in turn, couples to another mac 
rocyclic module or other Species, but may not effectively 
couple to a polymeric component. In this type of coupling, 
the macrocyclic module may couple much more rapidly to 
another macrocyclic module than to the polymeric compo 
nent, and form a nanofilm in which the degree of coupling 
between macrocyclic modules and the polymeric component 
is limited. For example, a macrocyclic module having amino 
functional groups may couple readily with a linker molecule 
such as CIC(O)CH2C(O)Cl, but not as readily with some 
polymeric components. 

0143. In another mode of coupling, a macrocyclic mod 
ule may not have functional groups which readily couple to 
other components. An example of this type is a macrocyclic 
module having imine linkages and only alkyl Substituents 
which may not readily couple to other macrocyclic modules, 
polymeric components, or other Species. A macrocyclic 
module which does not readily couple to other species may 
form a nanofilm with polymeric components without Sub 
Stantial coupling between macrocyclic modules and poly 
meric components. 

0144. In one aspect, this invention involves the formation 
of a nanofilm using multicomponent mixtures of macrocy 
clic modules and polymeric components, wherein the mac 
rocyclic modules may not directly couple to other macro 
cyclic modules or to polymeric components in forming the 
nanofilm, and wherein the macrocyclic modules may be 
coupled through linker molecules. 

0145 Various schemes for the preparation of nanofilms 
with linker molecules are illustrated in Table 5. 
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TABLE 5 

Schemes to prepare nanoflims from macrocyclic modules with linker 
molecules and polymeric components 

Reagents Scheme 

macrocyclic module H 
linker molecule polymer 

NH2 

O 

N 

C16O NH OC16 
O 

O O 
OH HO 

O 
HN 

N O 

NH 

H -- 

HN OH O NH2 
H 
N 

N 
H 

O 
NH2 NH2 

O 

Me 
O O 

ulus -- CH-C 
C C O 

MeO 

macrocyclic module HN NH2 
linker molecule 

amphiphilic polymer 

O NH 

C16O NH OC16 
O 

O O 
OH HO 

O 
HN 

HN O -- 

HN OH O NH2 
H 
N 

N 
H 

O 
NH2 NH2 

O 

OC16 

O O CH-CH 
-- ulus C16 C C O O O 
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TABLE 5-continued 

Schemes to prepare nanoflims from macrocyclic modules with linker 
molecules and polymeric components 

Reagents Scheme 

macrocyclic module HN NH2 
linker molecule 

polymerizable amphiphile 

O NH 

C16O NH OC16 
O 

O O 
OH HO 

O 
HN 

HN O -- 

HN OH O NH2 
H 
N 

N 
H 

O 
NH2 NH2 

O 

OC16 

O 

O 

O O 
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TABLE 5-continued 

Schemes to prepare nanoflims from macrocyclic modules with linker 
molecules and polymeric components 

Reagents Scheme 

macrocyclic module HN NH2 
linker molecuel 

polymerizable monomer 

O NH 

C16O NH OC16 
O 

O O 
OH HO 

O 
HN 

HN O -- 

HN OH O NH2 
H 
N 

N 
H 

O 
NH2 NH2 

O 

O 
O O 

OH -- ulus O1N1 
C C 

Macrocyclic module OC16 
linker molecule 

polymer 
amphiphile O 

N N 
H H 

OR NH 
NH O 

OC16 
RO 

OR -- 

C16O 
HN 

O NH 

OR 
H 
N NH 

O 

OC16 
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TABLE 5-continued 

Schemes to prepare nanoflims from macrocyclic modules with linker 
molecules and polymeric components 

Reagents Scheme 

HN 

Me 
O O 

ulus -- CH-C -- 
C C u-o 

MeO 

macrocyclic module 
linker molecule 

polymer 
polymerizable amphiphile OC16 

O 

N N 
H H 

OR NH 
NH O 

OC16 
RO 

OR -- 

O HN 
NH 

OR 
H 
N NH 

O 

OC16 
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TABLE 5-continued 

Schemes to prepare nanoflims from macrocyclic modules with linker 
molecules and polymeric components 

Reagents Scheme 

O 

ulus -- CH-C -- 
C C 1-0 

MeO 

macrocyclic module OC16 
linker molecule 

polymer 
amphiphilic polymer O 

OR NH 
NH O 

OC16 
RO 

OR -- 

C16O 
HN 

NH 

OR 

NH 

OC16 

OMe O 
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TABLE 5-continued 

Schemes to prepare nanoflims from macrocyclic modules with linker 
molecules and polvmeric components 

Reagents Scheme 

macrocyclic module OC16 
linker molecule 

amphiphilic polymer 
polymerizable amphiphile O 

N N 
H H 

OR NH 
NH O 

OC16 
RO 

OR -- 

C16O 
HN 

O NH 

OR 
H 
N NH 

O 

OC16 

O 
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TABLE 5-continued 

Schemes to prepare nanoflims from macrocyclic modules with linker 
molecules and polymeric components 

Reagents Scheme 

macrocyclic module HN NH2 
linker molecule 
amphiphile 

polymerizable amphiphile 
O NH 

C16O NH OC16 
O 

O O 
OH HO 

O 
HN 

HN O -- 

HN OH O NH2 
H 
N 

N 
H 

O 
NH2 NH2 

O 

OC16 

HN / 
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TABLE 5-continued 

Schemes to prepare nanoflims from macrocyclic modules with linker 
molecules and polymeric components 

US 2004/0106741 A1 

Reagents Scheme 

macrocyclic module HN 
linker molecule 

polymerizable amphiphile 
polymerizable monomer 

O 

C16O NH 

O 
OH 

HN O 

HN 
H 
N 

O 
NH2 

O 

O O 

0146). In Table 5, R is alkyl, and n is about 3 to 1,000,000. 
Referring to Table 5, in Some Schemes the multicomponent 
mixture of macrocyclic modules may include a polymer, or 
an amphiphilic polymer, or mixtures thereof. In one Scheme, 
for example, macrocyclic modules having amino functional 
groups are mixed with polymethylmethacrylate (PMMA), 
which is immiscible with water. The macrocyclic modules 
are then coupled with linker molecules CIC(O)CH2C(O)Cl. 
In Schemes with Such mixtures, the macrocyclic modules 
may not couple directly to polymeric components, except at 
interfaces between phases. Even where the macrocyclic 
modules and polymeric components form a single continu 

OH 

NH2 

NH 

OC16 
O 

O 
HO 

O 
HN 

-- 

O NH2 

N 
H 

NH2 

O 

OC16 

O 

ouS phase, the macrocyclic modules may be coupled pre 
dominantly to other macrocyclic modules. In nanofilms 
where macrocyclic modules and polymeric components are 
phase Separated, Surface coupling and other adhesion of 
various domains may occur. 

0147 In other schemes illustrated in Table 5, multicom 
ponent mixtures of macrocyclic modules used to prepare 
nanofilm may include a polymer and/or an amphiphilic 
polymer, and may further include a molecule which is 
amphiphilic which may or may not be polymerizable, or a 
monomer which is polymerizable, or mixtures thereof. 
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0.148. In other schemes illustrated in Table 5, multicom 
ponent mixtures of macrocyclic modules used to prepare 
nanofilms may include a polymerizable amphiphile or a 
polymerizable monomer Species, or mixtures thereof. These 
nanofilms may optionally include a non-polymerizable 
amphiphilic Species. 

0149. In the schemes illustrated in Table 5, multicompo 
nent mixtures of macrocyclic modules used to prepare 
nanofilm may optionally include amphiphilic molecules 
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which may have a functional group that can couple to 
macrocyclic modules or to polymeric components. 

0150. In another aspect, this invention involves formation 
of nanofilm using multicomponent mixtures of macrocyclic 
modules and polymeric components, where the macrocyclic 
modules may not readily couple to the polymeric compo 
nents or to other macrocyclic modules. Various Schemes for 
the preparation of Such nanofilms are illustrated in Table 6. 

TABLE 6 

Schemes to prepare nanoflim from macrocyclic modules which may not 

Reagents Scheme 

macrocyclic module 
polymer 

N 

C 
R = alkyl 

readily couple 

N 

R 

(CH2)11CH3 

-- 
N 
N 

R 

N 
N 
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TABLE 6-continued 

Schemes to prepare nanoflim from macrocyclic modules which may not 
readily couple 

Reagents Scheme 

macrocyclic module 
amphiphilic polymer 

N N 

H3C(H2C)11 (CH2)11CH3 

R 

N -- 
N4 N 

N 

(CH2)11CH3 

R = alkyl 

CH-CH 

C16 
O O O 

macrocyclic module 
polymerizable amphiphile 

C10 N N C10 

Sa 
N21 N -- 

R 

S 
N21 N 

R = alkyl 
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TABLE 6-continued 

Schemes to prepare nanoflim from macrocyclic modules which may not 
readily couple 

Reagents Scheme 

macrocyclic module 
polymerizable monomer 

C10 C10 N N 

Šs 2^ 

R R 

N 21 s 
-- 

N 
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TABLE 6-continued 

Schemes to prepare nanoflim from macrocyclic modules which may not 
readily couple 

Reagents Scheme 

macrocyclic module OC16 
polymer 

amphiphile O 

(). N FN 
N 

N O 

OC16 
R 

R -- 

C16O 
O SN N 

Na s N 

O 

R = alkyl 

HN 

CH-C 

MeO 
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TABLE 6-continued 

Schemes to prepare nanoflim from macrocyclic modules which may not 
readily couple 

Reagents Scheme 

macrocyclic module OC16 
polymer 

polymerizable amphiphile O 

N FN 

e 

O 

N 
O 

R 

-- 

N 

s s— 

OC16 
R = alkyl 
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TABLE 6-continued 

Schemes to prepare nanoflim from macrocyclic modules which may not 
readily couple 

Reagents Scheme 

macrocyclic module OC16 
amphiphilic polymer 

polymerizable amphiphile O 

N FN 

N 
N O 

OC16 
R 

R -- 

C16O 

O s N N 

Na sN 

O 

R = alkyl 

O 

HN 

CH-CH 
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TABLE 6-continued 

Schemes to prepare nanoflim from macrocyclic modules which may not 
readily couple 

Reagents Scheme 

C10 N 

Šs 

R 

21 

macrocyclic module 
amphiphile 

polymerizable amphiphile 

N C10 

ter N 
N 

R = alkyl 

HN 
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TABLE 6-continued 

Schemes to prepare nanoflim from macrocyclic modules which may not 
readily couple 

Reagents Scheme 

C10 N 

Šs 

R 

21 

macrocyclic module 
polymerizable amphiphile 
polymerizable monomer 

N 

R 

C10 

ter N 
N 

N 

C10 

R = alkyl 

O 

O 

O 
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0151. In Table 6, n is about 3 to about 1,000,000. Refer 
ring to Table 6, in Some Schemes the multicomponent 
mixture of macrocyclic modules may include a polymer, or 
an amphiphilic polymer, or mixtures thereof. In these 
Schemes, the macrocyclic modules may not readily couple to 
polymeric components or to other modules, but may 
undergo Some degree of coupling to either the polymeric 
components or other modules. In the Schemes illustrated in 
Table 6, multicomponent mixtures of macrocyclic modules 
used to prepare nanofilm may include a polymer and/or an 
amphiphilic polymer, and may further include a molecule 
which is amphiphilic and may be polymerizable, or a 
monomer which is polymerizable, or mixtures thereof. 
0152. In other schemes illustrated in Table 6, multicom 
ponent mixtures of macrocyclic modules used to prepare 
nanofilms may include a polymerizable amphiphile or a 

Jun. 3, 2004 
38 

polymerizable monomer Species, or mixtures thereof. These 
nanofilms may optionally include a non-polymerizable 
amphiphilic Species. 

0153. In the schemes illustrated in Table 6, multicompo 
nent mixtures of macrocyclic modules used to prepare 
nanofilm may further include amphiphilic molecules which 
may have a functional group that can couple to macrocyclic 
modules or to polymeric components. 

0154) In another aspect, this invention relates to the 
formation of nanofilms using multicomponent mixtures of 
macrocyclic modules and polymeric components, wherein 
the macrocyclic modules may directly couple to the poly 
meric components, or to other macrocyclic modules. Various 
Schemes for the preparation of Such nanofilms are illustrated 
in Table 7. 

TABLE 7 

Schemes to prepare nanoflim with macrocyclic modules which may 

Reagents Scheme 

macrocyclic module 
polymer 

O 

U 

O 
O 

CH-C 

undergo direct coupling 

OC16 

O 

O O 

N N 

be - O 
O 

OC16 
RO 

-- OR O 

ful NH e 

OR 

N N 

O O 

O 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

macrocyclic module 
and amphiphilic polyer: 

(a) prepare nanofilm layer 
of components OC16 

(b) couple components 
O 

'- O 
O o 

-- - O N S. O 

RO 

-- OR O 

N e 

OC16 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

macrocyclic module OC16 
polymerizable amphiphile 

O 

'- O 
O o 

-- -( , N s O 
OC16 

RO 

-- OR O 

C16O 
N e 

OR 

OC16 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

macrocyclic module OC16 
polymerizable monomer 

O 

'- O 
N N 

O o 

-- -( , N s O 
OC16 

RO 

-- OR O 

N le 

OC16 

O 

N----" 
H 

macrocyclic module 
polymer N 21 

amphiphile 

N O O N 

O O 
OH HO 

O OH O 

N N 

O 

OC16 

O 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

HN 

CH-CH 

O 

O 

-- 

macrocyclic module 
polymer 

polymerizable amphiphile 

D N C. 
C16O OC16 

O O 
OH HO 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

O 

H-N 

CH-CH 

O 

O 

-- 

macrocyclic module 
polymer 

amphiphilic polymer 

D N C. 
O O 

OH HO 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

C16 

CH-CH CH- t 
O O 

O O 

-- 

macrocyclic module 
amphiphilic polymer 

polymerizable amphiphile 

D N C. 
C16O OC16 

O O 
OH HO 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

macrocyclic module 
polymerizable amphiphile 

amphiphile 
OC16 

O 

'- O 
N N 

O o 

-- " N O s O 
OC16 

RO 

-- OR O 

N ea 

OR 

OC16 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

macrocyclic module 
polymerizable amphiphile 
polymerizable monomer 

OC16 

O o 

OR N 
s N O 

O 
OC16 

RO 

-- OR O 

le 

OR 

h 

OC16 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

O 

O 

O 

OH -- 1N1 

macrocyclic module 
polymerizable monomer 

amphiphile 

O 

O O 

N N 
O o 

-- OR N O N S. O 

RO 

-- OR O 

C16O -- N 
O O NH la 

OR 

Z N N 

O O 
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OC16 
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TABLE 7-continued 

Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

HN 

O 

N- -- 

macrocyclic module 
and amphiphilic polymer: 

(a) couple in solution 
(b) prepare nanofilm 

D N N 
C16O OC16 

O O 
OH HO 

O OH 

N 

O 
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Schemes to prepare nanoflim with macrocyclic modules which may 
undergo direct coupling 

Reagents Scheme 

C16 

0155. In Table 7, R is alkyl, and n is about 3 to about 
1,000,000. Referring to Table 7, in some schemes the 
multicomponent mixture of macrocyclic modules may 
include a polymer, or an amphiphilic polymer, or mixtures 
thereof In these Schemes, the macrocyclic modules may in 
Some cases couple directly to polymeric components, and 
may form a single phase. 

0156. In other schemes illustrated in Table 7, multicom 
ponent mixtures of macrocyclic modules used to prepare 
nanofilm may include a polymer and/or an amphiphilic 
polymer, and may further include a molecule which is 
amphiphilic which may or may not be polymerizable, or a 
monomer which is polymerizable, or mixtures thereof. 
O157. In other schemes illustrated in Table 7, multicom 
ponent mixtures of macrocyclic modules used to prepare 
nanofilms may include a polymerizable amphiphile or a 
polymerizable monomer Species, or mixtures thereof These 
nanofilms may optionally include a non-polymerizable 
amphiphilic Species. 

0158. In the schemes illustrated in Table 7, multicompo 
nent mixtures of macrocyclic modules used to prepare 
nanofilm may also include amphiphilic molecules which 
may have a functional group that can couple to macrocyclic 
modules or to polymeric components. 
0159. The type of coupling in which a macrocyclic 
module participates to form a nanofilm may depend on the 
presence of other components of the nanofilm. For example, 
a macrocyclic module with acrylate functional groupS may 
couple much more rapidly to itself than to a polymeric 
component with less reactive groups. 
0160 A macrocyclic module may participate in more 
than one type of coupling. For example, a macrocyclic 
module which may couple directly to another macrocyclic 
module may also couple through a linker molecule to 
another macrocyclic module. Both types of coupling may 
occur in the same multicomponent mixture used to prepare 
a nanofilm. 

0.161 In one type of coupling, a macrocyclic module may 
have functional groups which couple directly to comple 

mentary functional groups of another macrocyclic module. 
An example of this form is a macrocyclic module having 
acrylamide functional groups. In this type of coupling, the 
macrocyclic module may couple much more rapidly to 
another macrocyclic module than to any polymeric compo 
nent, and form a nanofilm in which the degree of coupling 
between macrocyclic modules and the polymeric component 
is limited. 

0162. In Some variations, the polymeric component may 
have complementary functional groups which effectively 
compete for the coupling groups of macrocyclic modules. In 
these variations, the macrocyclic module may couple as 
rapidly to another macrocyclic module as it does to the 
polymeric component, and may form a nanofilm in which 
the degree of coupling between the macrocyclic modules 
themselves is comparable to that between the macrocyclic 
modules and the polymeric component. In other variations, 
the degree of coupling between the macrocyclic modules 
and the polymeric component may exceed that between the 
macrocyclic modules themselves. 

0163 A nanofilm may be prepared by various methods 
where the macrocyclic modules couple directly to a poly 
meric component. For example, as shown in Table 7, the 
macrocyclic modules and polymeric component may be 
dissolved in organic Solvent and coupled together before 
preparation of a nanofilm. This Scheme may result in a 
Substantially Single continuous phase within the nanofilm. In 
another variation shown in Table 7, the macrocyclic modules 
may be coupled to the polymeric component during or after 
preparation of the nanofilm layer. 

0164. In another aspect, a nanofilm of this invention may 
be formed from macrocyclic modules having functional 
groups which may couple directly to complementary fuinc 
tional groups of a polymeric component. In these variations, 
the macrocyclic modules may not readily couple to other 
macrocyclic modules. Schemes for the preparation of Such 
nanofilms are illustrated in Table 8. 
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Schemes to prepare nanoflim from macrocyclic modules which couple 
to polvmeric components 

Reagents 

macrocyclic module 
polymer 

R 
HN NH 

OH HO 

HN 

OH 

N N 
H H 

R 

R = C14 

macrocyclic module 
amphiphilic polymer 

R 
HN NH 

OH HO 

HN 

OH 

N N 
H H 

R 

R = C14 

0.165 Referring to Table 8, in some schemes the multi 
component mixture of macrocyclic modules may include a 
polymer, or an amphiphilic polymer, or mixtures thereof. In 
these Schemes, the macrocyclic modules directly couple to 
polymeric components, but may not readily couple to other 
modules. 

0166 In general, for a nanofilm prepared from macrocy 
clic modules which directly couple to polymeric compo 

Scheme 

CH- CH2 

O O O 

N R 

-- 

CH-CH 

C16 
O O O 

N-R 

nents, a discrete product is formed from the coupling of 
macrocyclic modules to a polymeric component. The dis 
crete module-polymer product may be similar in molecular 
architecture to a side-group branched polymer, or a graft 
polymer. The discrete product may have a predominantly 
Single continuous phase. 
0167. In one example in Table 8, secondary amine link 
ages between Synthons of a macrocyclic module may couple 
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to a carboxylic acid Side group of a copolymer Such as the 
diacid form of poly(ethylene-co-maleic anhydride). In these 
Schemes, macrocyclic modules couple to polymeric compo 
nents, and both may be miscible in water. The coupling 
between the macrocyclic module and the polymeric com 
ponent may also be indirect, and involve a linker molecule. 
0.168. In the schemes illustrated in Table 8, multicompo 
nent mixtures of macrocyclic modules used to prepare 
nanofilm may also include amphiphilic molecules which 
may have a functional group that can couple to macrocyclic 
modules or to polymeric components. 
0169. Nanofilms of Amphiphiles and Polymeric Compo 
nentS 

0170 In one aspect, this invention relates to the intro 
duction of polymeric components into nanofilms comprising 
amphiphiles. Various types of coupling may be used to 
prepare a nanofilm comprising amphiphiles and polymeric 
components. 

Reagents 

polymerizable amphiphile 
polymer 

polymerizable amphiphile 
amphiphilic polymer 

polymerizable amphiphile 
polymerizable monomer 
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0171 In some variations, an amphiphile may contain a 
polymerizable functional group, Such as an acrylate group. 
In these variations, a polymeric component of a nanofilm 
may be formed in-situ with the nanofilm by using a multi 
component mixture which includes a polymerizable 
amphiphile, and which may also optionally include a poly 
merizable monomer. 

0172 In other variations, an amphiphilic molecule which 
does not have a polymerizable functional group may be 
used. In these variations, amphiphiles may be mixed with 
polymer, amphiphilic polymer, polymerizable monomer, 
polymerization amphiphile, or mixtures thereof to form a 
nanofilm having polymeric components. 
0.173) In forming a nanofilm from multicomponent mix 
tures of amphiphiles, the phase and domain behavior of the 
mixture may influence the composition and properties of the 
nanofilm. Various Schemes for the preparation of nanofilms 
with polymeric components and amphiphiles are illustrated 
in Table 9. 

TABLE 9 

Schemes to prepare nanofilm with amphiphiles 

Scheme 
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TABLE 9-continued 

Schemes to prepare nanofilm with amphiphiles 

Reagents Scheme 

O 

OH 1N1 

polymerizable amphiphile 
polymer / 

amphiphilic polymer 
O 

O 

CH-CH 

O 

O 

-- 

C16 

ci-fi 
O 

O 

polymerizable amphiphile 
amphiphilic polymer O 

polymerizable monomer 

N- -- O 
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TABLE 9-continued 

Schemes to prepare nanofilm with amphiphiles 

Reagents Scheme 

C16 

ci-fi 
O 

O O 

OH -- 1N1 

amphiphile 
polymerizable amphiphile 

HN -- 

O 

N-- 
amphiphile 
polymer / 

polymerizable amphiphile HN 
O 

O 
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TABLE 9-continued 

Schemes to prepare nanofilm with amphiphiles 

Reagents Scheme 

amphiphile 
amphiphilic polymer / 

polymerizable amphilphile HN 
O 

C16 O 

ti-ch 
h 

O 

-- -- 

amphiphile 
polymerizable monomer / 
polymerizable amphiphile HN 

O 

polymer 
amphiphile 

HN 
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Schemes to prepare nanofilm with amphiphiles 

Reagents Scheme 

amphiphilic polymer C 
amphiphile 16 

CH-C -- 

-Ho 
MeO 

HN 

amphiphile 
polymerizable monomer H2N 

O 

S.-- 
0.174 Referring to Table 9, in some schemes a nanofilm 
is prepared with polymerizable amphiphiles. In forming a 
nanofilm from polymerizable amphiphiles, a polymeric 
component may be formed in-situ from the polymerizable 
amphiphiles. The mixtures used to fonn Such nanofilms may 
further include a polymer, or an amphiphilic polymer, a 
polymerizable monomer, an amphiphile, or mixtures 
thereof. 

0.175. In some schemes illustrated in Table 9, a nanofilm 
may be prepared from a polymer, an amphiphilic polymer, 
or a polymerizable monomer. The nanofilms may optionally 
include an amphiphile. 
0176 Nanofilms of Polymieric Components 
0177. In one aspect, this invention relates variously to 
nanofilms prepared from polymeric components. The poly 
meric components may be directly linked to each other, or 
may be linked via linker molecules. 
0178. In a non-limiting example, a LB film of PGM may 
be crosslinked with ethylene diamine to form a nanofllm. In 
another example, a LB film of polyethylene imine (PEI) may 
be crosslinked with diethylene glycol diglycidyl ether: 

0179 to form a nanofilm. Other possible combinations of 
the polymeric components included herein with appropriate 
linkers will be apparent to those of skill in the art. 
0180 Nanoflim Composition and Characteristics 

0181. The characteristics of a nanofilm having one or 
more polymeric components may be Substantially different 
than those of nanofilm prepared from macrocyclic modules 
alone. A nanofilm having polymeric components may be 
advantageously flexible and pliable compared to nanofilm 
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prepared from modules alone, making it easier to fabricate 
articles Such as membranes for filtration and other separation 
processes. Various domains of a nanofilm having polymeric 
components may undergo plastic deformation in response to 
StreSS, while other regions may be elastomeric. Nanofilms 
having polymeric components may be deposited on a Sub 
Strate to form a continuous, Substantially unbroken Sup 
ported nanofilm or membrane. 
0182 Because the physical, chemical, and physico 
chemical properties of nanofilm having one or more poly 
meric components may be dependent, in part, on the fraction 
of polymeric component relative to macrocyclic modules or 
other components, these properties can be varied by chang 
ing the fraction of polymeric component in the nanofilm. 
0183 In general, components which are polymerizable 
may be used to prepare a polymeric component of a nano 
film in-situ during formation of the nanofilm. In-Situ forma 
tion of a nanofilm polymeric component provides an alter 
native Scheme in which phase and domain behavior of the 
multicomponent mixture may be modified. Schemes involv 
ing polymerizable Species in a multicomponent mixture may 
be used to prepare, among other compositions, nanofilm 
having Smaller domains of phase Separated polymeric com 
ponents as compared to nanofilm prepared with polymer or 
amphiphilic polymer components alone. Multicomponent 
mixtures involving a polymerizable amphiphile may be used 
to prepare nanofilm with fewer openings of micrometer 
dimension through which transport of Species can occur, as 
compared to nanofilm prepared with polymer or amphiphilic 
polymer components alone. 
0184. In further variations of a nanofilm having one or 
more polymeric components, the polymeric molecules may 
not be coupled to other components of the nanofilm. The 
ability of a polymeric component to make a nanofilm 
flexible or pliable may not require coupling to macrocyclic 
modules or other components. 
0185. The area fraction of a component of a nanofilm is 
the fraction of the total nanofilm area that the individual 
component represents. The nanofilm area fraction of a 



US 2004/0106741 A1 

component is calculated from the mole fraction (M?) of the 
component in the initial mixture of components used to form 
the nanofilm, and the mean molecular area (MMA) of the 
component obtained by extrapolation of the high-Surface 
preSSure region of the pressure-area Langmuir isotherm of 
the pure component to Zero Surface preSSure. The area 
fraction of a component in the nanofilm is the product 
(Mf)(MMA) for the component, divided by the sum of the 
products (Mf)(MMA) for all components: area fraction= 
(Mf)(MMA)/(M?) (MMA)+(Mf)(MMA) + . 
(M?), (MMA)), where n is the number of components. 
0186. In general, area fraction can be measured where all 
nanofilm components are immiscible in water or are 
amphiphilic, and all nanofilm components are found in the 
initial mixture of components. The uncertainty in measure 
ment of area fraction may be up to about 20%, which 
includes uncertainty due to extrapolation of Langmuir iso 
therms, and for polymeric components which are polymers 
in the initial mixture of components, uncertainty due to 
molecular weight polydispersity of the polymer. 
0187. In some variations, the nanofilm area fraction of a 
component may not always be measured by the above 
formula. For example, the area fraction of a component 
which was not in the initial mixture of components used to 
form the nanofilm, but entered the nanofilm later, would not 
be measured by the formula above. The area fraction of a 
component may also not be measured by the formula above 
when the component does not form a stable Langmuir film 
for which MMA can be measured, or when a polymerizable 
component is used in the initial mixture which may have an 
MMA different from the polymer it produces. 
0188 A nanofilm may have any area fraction of poly 
meric components. In Some variations, a nanofilm may have 
an area fraction of polymeric components from about 0.005 
(0.5%) to about 0.98 (98%). In other variations, a nanofilm 
may have an area fraction of polymeric components from 
about 0.005 to about 0.7, often from about 0.005 to about 
0.5, sometimes from about 0.005 to about 0.3, Sometimes 
from about 0.005 to about 0.2, Sometimes from about 0.005 
to about 0.1, Sometimes from about 0.005 to about 0.05, 
Sometimes from about 0.005 to about 0.02, Sometimes from 
about 0.50 to about 0.98. 

0189 A nanofilm may have an area fraction or weight 
percent of polymeric components Sufficient to make it 
flexible and pliable so that it may be deposited on a substrate 
as a homogeneous film with little mechanical breakage, or to 
reduce the surface modulus of the nanofilm. Flexibility of a 
nanofilm having polymeric components may be demon 
Strated by depositing the nanofilm on various Substrates to 
form a continuous, Substantially unbroken film on the Sub 
Strate, or by reducing Surface modulus of the nanofilm. 
0190. A nanofilm may have any molar ratio of polymeric 
components, as measured against the other components. In 
Some variations, the molar ratio of polymeric components 
may be, for example, about 0.005 to about 0.995, for 
example about 0.010 to about 0.990, for example, about 0.01 
to about 0.50, for example about 0.01 to about 0.20, for 
example, about 0.20 to about 0.50, for example about 0.50 
to about 0.99, for example, about 0.1 to about 0.9, as 
measured against the other components. In certain embodi 
ments, the molar ratio of polymeric component: module is 
about 0.1:0.9, about 0.2:0.8, about 0.5:0.5, about 0.25:0.75, 
or about 0.90:0.10. 
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0191 The thickness of nanofilms described herein, 
whether through coupled or non coupled components, is 
exceptionally Small, often being less than about 30 nanom 
eters, Sometimes less than about 20 nanometers, and Some 
times from about 1-15 nanometers. The thickness of a 
nanofilm depends partly on the Structure and nature of the 
groups on the modules or other species which impart 
amphiphilic character to the modules, and partly on the 
nature of the polymeric or other components. The thickness 
may be dependent on temperature, and the presence of 
Solvent on the Surface or located within the nanofilm. The 
thickness may be modified if the groups on the modules or 
other components which impart amphiphilic character, in 
particular the lipophilic moiety, to the component are 
removed or modified after the components have been 
coupled, or at other points during or after the process of 
preparation of a nanofilm. The thickness of a nanofilm may 
also depend on the Structure and nature of the Surface 
attachment groups on the components. The thickness of 
nanofilms may be less than about 300, 250, 200, 150, 100, 
90, 80, 70, 60, 50, 40, 30, 20, 10 or 5 A. 
0.192 The nanofilm composition may include uniquely 
Structured regions in which modules and/or other compo 
nents are coupled. Coupling of modules and/or other com 
ponents provides a nanofilm in which unique Structures may 
be formed. Nanofilm structures define pores through which 
atoms, molecules, or particles of only up to a certain size and 
composition may pass. One variation of a nanofilm Structure 
includes an area of nanofilm able to face a fluid medium, 
either liquid or gaseous, and provide pores or openings 
through which atoms, ions, Small molecules, biomolecules, 
or other species are able to pass. The dimensions of the pores 
defined by nanofilm Structures may be exemplified by quan 
tum mechanical calculations and evaluations, and physical 
tests, as further described in the following Examples. 

0193 The dimensions of the pores defined by nanofilm 
Structures are described by actual atomic and chemical 
Structural features of the nanofilm. The approximate diam 
eters of pores formed in the Structure of a nanofilm are from 
about 1-150 A, or more. In Some embodiments, the dimen 
Sions of the pores are about 1-10 A, about 3-15 A, about 
10-15 A, about 15-20 A, about 20-30 A, about 30-40 A, 
about 40-50 A, about 50-75 A, about 75-100 A, about 
100-125 A, about 125-150 A, about 150-300 A, about 
600-1000 A. The approximate dimensions of pores formed 
in the Structure of a nanofilm are useful to understand the 
porosity of the nanofilm. On the other hand, the porosity of 
conventional membranes is normally quantified by empiri 
cal results Such as molecular weight cut-off, which reflects 
complex diffusive and other transport characteristics. 

0194 In one variation, a nanofilm structure may com 
prise an array of coupled modules which provides an array 
of pores of substantially uniform size. The pores of uniform 
size may be defined by the individual modules themselves. 
Each module defines a pore of a particular size, depending 
on the conformation and State of the module. For example, 
the conformation of the coupled module of the nanofilm may 
be different from the nascent, pure macrocyclic module in a 
solvent, and both may be different from the conformation of 
the amphiphilic module oriented on a Surface before cou 
pling. A nanofilm Structure including an array of coupled 
modules can provide a matrix or lattice of pores of Substan 
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tially uniform dimension based on the Structure and confor 
mation of the coupled modules. 
0.195 Modules of various composition and structure may 
be prepared which define pores of different sizes. A nanofilm 
prepared from coupled modules may be made from any one 
of a variety of modules. Thus, nanofilms having pores of 
various dimensions are provided, depending on the particu 
lar module used to prepare the nanofilm. 
0196. In other instances, nanofilm structures define pores 
in the matrix of coupled modules or other components. Pores 
defined by nanofilm Structures may have a wide range of 
dimensions, for example, dimensions capable of Selectively 
blocking the passage of Small molecules or large molecules. 
For example, nanofilm Structures may be formed from the 
coupling of two or more modules, in which an interstitial 
pore is defined by the combined structure of the linked 
modules. A nanofilm may have an extended matrix of pores 
of various dimensions and characteristics. Interstitial pores 
may be, for example, less than about 5 A, less than about 10 
A, about 3-15 A, about 10-15 A, about 15-20 A, about 20-30 
A, about 30-40 A, about 40-50 A, about 50-75 A, about 
75-100 A, about 100-125A, about 125-150 A, about 150 
300 A, about 300-600 A, about 600-1000 A. In some 
variations, the other components may act as a “filler” to limit 
the porosity of the nanofilm. In other variations, the other 
components will provide porosity to the nanofilm, depend 
ing on the type and extent of cross-linking between the 
components. 

0197) The coupling process may result in a nanofilm in 
which regions of the nanofilm are not precisely monomo 
lecular layers. Various types of local Structures are possible 
which do not prevent use of the nanofilm in a variety of 
applications. Local Structural features may include 
amphiphilic components or Species, including polymeric 
Species, which are flipped over relative to their neighbors, or 
turned in a different orientation, having their hydrophobic 
and hydrophilic facets oriented differently than neighboring 
Species. Local Structural features may also include overlay 
ing or Stacking of molecules in which the nanofilm is two or 
more molecular layers thick, local regions in which the 
interlinking of the modules or other components is not 
complete So that Some of the available coupling groups are 
not coupled to other species, or local regions in which there 
is an absence of a particular molecule or component. Other 
local Structural features may include grain boundaries and 
orientational faults. In one variation, the nanofilm has a 
thickness of up to 30 nanometers due to the layering of 
nanofilm Structures. 

0198 The nanofilms disclosed herein may be substan 
tially uniform with respect to the orientation of their 
amphiphilic components, but may in Some embodiments 
comprise regions of local Structural features as indicated 
hereinabove. Local Structural features may comprise, for 
example, greater than about 30%, less than about 30%, less 
than about 20%, less than about 15%, less than about 10%, 
less than about 5%, less than about 3%, less than about 1% 
of the Surface area of the nanofilm. 

0199 Phase and Domain Behavior of Nanofilm 
0200. In some variations of a nanofilm having one or 
more polymeric components, the nanofilm may have 
domains in which a polymeric component or components 
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are intermixed at the atomic level with macrocyclic modules 
or other species, and Solubilized with each other. In these 
variations, the macrocyclic modules or other species may be 
miscible with the polymeric component. 
0201 In other variations of a nanofilm having one or 
more polymeric components, the polymeric molecules, mac 
rocyclic modules, or other components may be located in 
finite-sized aggregates. Above Some critical concentration in 
a particular Solvent, polymeric molecules, macrocyclic mod 
ules, or other components may collect into finite-sized 
aggregates. These finite-sized aggregates may persist at the 
air-water interface in formation of a nanofilm. The Structure 
of the aggregates may be affected by the geometry and shape 
of the molecules, among other factors, or the capability of 
the molecules to couple in particular orientations with other 
Species. The Structure of the aggregates may be highly 
dynamic with motion and eXchange of the molecules at 
various rates. In these variations, the Self assembled aggre 
gates of one species may be interspersed in a continuous 
phase of another Species, where the other Species is not 
aggregated. Different molecules or components may form 
Separate aggregates, or be combined in an aggregate Struc 
ture. Coupling between macrocyclic modules or other com 
ponents and the polymeric molecules may occur at a Surface, 
edge, or point of the Self assembled aggregates. 

0202) In further variations of a nanofilm having one or 
more polymeric components, the polymeric molecules may 
reside in domains that are Substantially polymeric, which 
may be interspersed with domains composed Substantially of 
other species. In these variations, a polymeric component 
may be immiscible or phase Separated from macrocyclic 
modules or other components. Phase Separation may occur 
when the aggregation of polymeric molecules is not limited 
to a Small finite size, but may continue until regions of 
polymeric molecules are Separated from regions of other 
molecules. The form of a polymeric component in these 
variations may be a Solid, gel, or liquid-like polymer melt, 
or an amorphous composition, in the form of layers, beads, 
discS or mixtures thereof, and can be homogeneous or 
heterogeneous in Structure or composition. Polymeric com 
ponents of Such nanofilms may form hard and Soft domains 
typical of thermoplastic elastomers, or a polymeric compo 
nent may form a Soft domain relative to a hard domain of 
macrocyclic modules. A polymeric component may form 
regions which are amorphous, glassy, Semicrystalline, or 
crystalline, or have Subregions with those characteristics. A 
region of a polymeric component may exhibit rubberlike 
elasticity or Viscoelastic States. Different polymeric compo 
nents may form Separate phases, or may be miscible with 
each other while remaining immiscible with macrocyclic 
modules or other components. Coupling between macrocy 
clic modules or other components and polymeric molecules 
may occur at or near the interface between the phases, and 
may contribute to adhesion of the phases. 
0203) A nanofilm may also be prepared with mixtures of 
different macrocyclic modules, or with mixtures of macro 
cyclic modules, polymeric components, and other Species. A 
nanofilm may have an array of coupled modules and other 
Species in which the positional ordering of the modules and 
other Species is random, or is non-random with regions in 
which one type of Species is predominant. In these varia 
tions, the polymeric component maybe intermixed, aggre 
gated, or phase Separated from the macrocyclic modules and 
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other species, as described above. Nanofilms made from 
mixtures of different modules, or with mixtures of macro 
cyclic modules and other amphiphilic molecules may also 
have interspersed arrays of pores of various sizes. 
0204 Methods of Preparing Nanofilms 
0205. In Langmuir film methods, a monolayer of oriented 
amphiphilic Species, for example amphiphilic modules, 
amphiphilic polymers, and/or amphiphiles, is formed on the 
Surface of a liquid Subphase. In one example, the 
amphiphilic components may be dissolved in a Solvent and 
deposited on an air-Subphase interface in a Langmuir trough 
to form the monolayer. Typically, movable plates or barriers 
are used to compress the monolayer and decrease its Surface 
area to form a more dense monolayer. At various degrees of 
compression, having corresponding Surface preSSures, the 
monolayer may reach various condensed States. Surfaces 
which may be used to orient amphiphiles include interfaces 
Such as gas-liquid, air-water, immiscible liquid-liquid, liq 
uid-Solid, or gas-Solid interfaces. The thickness of the ori 
ented layer may be Substantially a monomolecular layer 
thickness. 

0206 Surface pressure versus film area isotherms are 
obtained by the Wilhelmy balance method to monitor the 
state of the film. Extrapolation of the isotherm to zero 
Surface pressure reveals the average Surface area per com 
ponent, or mean molecular area, before the components are 
coupled. The isotherm gives an empirical indication of the 
State of the thin film. Surface-oriented macrocyclic modules 
and/or other components in a nanofilm layer may be in an 
expanded State, a liquid State, or a liquid-expanded State, or 
may be condensed, collapsed, or a Solid phase or closepa 
cked State. 

0207 Nanofilms may be prepared by various alternative 
methods. For example, linker molecules may be added to the 
Solution containing the modules and/or other components, 
which is Subsequently deposited on the Surface of the 
Langmuir Subphase. Alternatively, the linker molecules may 
be added to the water Subphase of the Langmuir trough, and 
Subsequently transfer to the layer phase containing macro 
cyclic module and/or other components for coupling. 

0208. In one variation of this invention, a water-soluble 
polymeric component may be added to the Subphase of a 
Langmuir trough. In other variations, a polymeric compo 
nent may be dissolved in water or Solvent and spread on an 
interface. One or more polymeric components may be 
co-spread on an interface with macrocyclic modules, and 
optionally with linker molecules. In other variations, one or 
more polymeric components may be co-spread on an inter 
face with macrocyclic modules and/or linker molecules, 
and/or other amphiphilic molecules. 

0209. In some instances, macrocyclic modules and/or 
other components may be added to the Subphase of the 
Langmuir trough, and Subsequently transfer to the interface. 

0210. Other variations will be apparent to those of skill in 
the art. 

0211. In general, coupling of the components of a nano 
film may be initiated by chemical, thermal, photochemical, 
electrochemical, and irradiative methods. In Some variations 
of this invention, the type of coupling of the components of 
a nanofilm may depend on the type of initiation and the 
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chemical proceSS involved. For example, in forming a 
nanofilm from a multicomponent mixture, Species in the 
mixture which are polymerizable may produce polymeric 
components by non-Selective chain or addition polymeriza 
tion. The type of the coupling of macrocyclic modules to 
polymerizable Species or polymeric components depends on 
the functional groups of the modules. For example, free 
radical polymerization of unsaturated polymeric compo 
nents, amphiphiles, or monomerS may couple polymeric 
components to benzene Synthons of macrocyclic modules, 
or to other reactive or unsaturated Sites. 

0212 Functional groups added to the modules or other 
components to impart amphiphilic character may in Some 
embodiments be removed during or after formation of the 
nanofilm. In one embodiment, groups which impart 
amphiphilic character to a polymeric component may be 
removed after formation of the nanofilm. In another embodi 
ment, groups which impart amphiphilic character to macro 
cyclic modules may be removed after formation of the 
nanofilm. The method of removal depends on the functional 
group. The groups attached to the modules which impart 
amphiphilic character to the component may include func 
tional groups which can be used to remove the groups at 
Some point during or after the process of formation of a 
nanofilm. Acid or base hydrolysis may be used to remove 
groups attached to the component via a carboxylate or amide 
linkage. An unsaturated group located in the functional 
group which imparts amphiphilic character to the module 
may be oxidized and cleaved by hydrolysis. Photolytic 
cleavage of the functional group which imparts amphiphilic 
character to the module may also be done. Examples of 
cleavable functional groups include 

OMe 

ON 

O 

Module N 
O 

0213 where n is zero to four, which is cleavable by light 
activation, and 

O 

u-r-s-s 
0214 where n is zero to four, and m is 7 to 27, which is 
cleavable by acid or base catalyzed hydrolysis. 
0215 Examples of functional groups added to the com 
ponents to impart amphiphilic character to the modules 
include alkyl groups, alkoxy groups, -NHR, -OC(O)R, 
—C(O)OR, -NHC(O)R, -C(O)NHR, -CH=CHR, and 
-C=CR, where the carbon atoms of an alkyl group may be 
interrupted by one or more-S-, double bond, triple bond 
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or -SiRR- group(s), or substituted with one or more 
fluorine atoms, or any combination thereof, where R and R' 
are independently hydrogen or alkyl. 
0216) In alternative variations, the multicomponent mix 
tures of macrocyclic modules and/or other components may 
include additives, dispersants, Surfactants, excipients, com 
patiblizers, emulsifiers, Suspension agents, plasticizers, or 
other species which modify the properties of the compo 
nents. For example, compatiblizers may be used to reduce 
domain sizes and form more continuous phase dispersion of 
the components of a nanofilm. 
0217. In some instances, the nanofilm may be derivatized 
to provide biocompatability or reduce fouling of the nano 
film by attachment or adsorption of biomolecules. 
0218 Nanofilms may be deposited on a substrate by 
various methods, Such as Langmuir-Schaefer, Langmuir 
Blodgett, or other methods used with Langmuir Systems. In 
one variation, a nanofilm is deposited on a Substrate in a 
Langmuir tank by locating the Substrate in the Subphase 
beneath the air-water interface, and lowering the level of the 
Subphase until the nanofilm lands gently on the Substrate and 
is therefore deposited. A description of Langmuir films and 
substrates is given in U.S. Pat. Nos. 6,036,778, 4,722,856, 
4,554,076, and 5,102,798, and in R. A. Hendel et al., Vol. 
119, J. Am. Chem. Soc. 6909-18 (1997). A description of 
films on Substrates is given in Munir Cheryan, Ultrafiltration 
and Microfiltration Handbook (1998). A description of poly 
merS on Surfaces is given in Jacob N. Israelachvili, Inter 
molecular and Surface Forces (1991). 
0219. Other methods to prepare a nanofilm having poly 
meric components include forced removal of Solvent to 
prepare a film, Such as Spin coating methods and Spray 
coating methods, as well as coating and deposition methods 
including interfacial, dip coating, knife-edge coating, graft 
ing, casting, phase inversion, or electroplating or other 
plating methods. 
0220 Nanofilms deposited on a substrate may be cured or 
annealed by chemical, thermal, photochemical, electro 
chemical, irradiative or drying methods during or after 
deposition on a Substrate. For example, chemical methods 
include reactions with vapor phase reagents Such as ethyl 
enediamine or Solution phase reagents. A nanofilm treated 
by any method to attach or couple it to a Substrate may be 
Said to be cured. 

0221) The deposition may result in non-covalent or weak 
attachment of the nanofilm to the Substrate through physical 
interactions and weak chemical forces Such as Van der Waals 
forces and weak hydrogen bonding. The nanofilm may in 
Some embodiments be bound to the Substrate through ionic 
or covalent interaction, or other type of interaction. 
0222. The substrate may be any surface of any material. 
Substrates may be porous or non-porous, and may be made 
from polymeric and inorganic Substances. Examples of 
porous Substrates are plastics or polymers, track-etch poly 
carbonate, track-etch polyester, polyetherSulfone, polysul 
fone, gels, hydrogels, cellulose acetate, polyamide, PVDF, 
polyethylene terephthalate or polybutylene terephthalate, 
polyvinyl chloride, polyvinylidene chloride, polytetrafluo 
roethylene, polyethylene or polypropylene, ceramics, anodic 
alumina, laser ablated and other porous polyimides, and UV 
etched polyacrylate. Examples of non-porous Substrates are 
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Silicon, germanium, glass, metals. Such as platinum, nickel, 
palladium, aluminum, chromium, niobium, tantalum, tita 
nium, Steel, or gold, glass, Silicates, aluminosilicates, non 
porous polymers, and mica. Further examples of Substrates 
include diamond and indium tin oxide. Preferred Substrates 
include Silicon, gold, SiO, polyetherSulfone, and track etch 
polycarbonate. In Some embodiments, the Substrate is SiO2. 
In other embodiments, the Substrate is polycarbonate track 
etch membrane. 

0223 Substrates may have any physical shape or form 
including films, sheets, plates, or cylinders, and may be 
particles of any shape or size. 
0224. A nanofilm deposited on a substrate may serve as 
a membrane. Any number of layers of nanofilm may be 
deposited on the Substrate to form a membrane. In Some 
variations, nanofilm is deposited on both Sides of a Substrate. 
0225. A layer or layers of various spacing materials may 
be deposited or attached in between layers of a nanofilm, and 
a spacing layer may also be used in between the Substrate 
and the first deposited layer of nanofilm. Examples of 
spacing layer compositions include polymeric compositions, 
hydrogels (acrylates, poly Vinyl alcohols, polyurethanes, 
Silicones), thermoplastic polymers (polyolefins, polyacetals, 
polycarbonates, polyesters, cellulose esters), polymeric 
foams, thermosetting polymers, hyperbranched polymers, 
biodegradable polymerS Such as polylactides, liquid crystal 
line polymers, polymers made by atom transfer radical 
polymerization (ATRP), polymers made by ring opening 
metathesis polymerization (ROMP), polyisobutylenes and 
polyisobutylene Star polymers, and amphiphilic polymers. 
Other examples of Spacing layer compositions include inor 
ganics, Such as inorganic particles Such as inorganic micro 
Spheres, colloidal inorganics, inorganic minerals, Silica 
Spheres or particles, Silica Sols or gels, clayS or clay par 
ticles, and the like. Examples of amphiphilic molecules 
include amphiphiles containing polymerizable groupS Such 
as diynes, enes, or amino-esters. The Spacing layerS may 
Serve to modify barrier properties of the nanofilm, or may 
Serve to modify transport, flux, or flow characteristics of the 
membrane or nanofilm. Spacing layerS may serve to modify 
functional characteristics of the membrane or nanofilm, Such 
as Strength, modulus, or other properties. In Some variations, 
the polymeric components of a nanofilm may provide a 
spacing layer between the nanofilm and a Substrate. 
0226. In Some variations, a nanofilm having polymeric 
components may be deposited on a Surface and adhere to the 
Surface to a degree Sufficient for many applications, Such as 
filtration and membrane Separations, without coupling to the 
Surface. Nanofilm having polymeric components may be 
advantageously cohesive to a Substrate, which may include 
Some coupling interactions. 
0227. In other variations, a nanofilm may be coupled to 
a Substrate Surface. Surface attachment groups may be 
provided on a polymeric component of a nanofilm, which 
may be used to couple the nanofilm to the Substrate. Cou 
pling of Some, but not all of the Surface attachment groups 
may be done to attach the nanofilm to the Substrate. Option 
ally, Surface attachment groups may be provided on the 
macrocyclic modules and/or other components of a nano 
film. 

0228. Examples of functional groups which may be used 
as Surface attachment groups to couple a nanofilm to a 
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Substrate include amine groups, carboxylic acid groups, 
carboxylic ester groups, alcohol groups, glycol groups, vinyl 
groups, Styrene groups, epoxide groups, thiol groups, mag 
nesium halo or Grignard groups, acrylate groups, acrylamide 
groups, diene groups, aldehyde groups, and mixtures 
thereof. 

0229. A substrate may have functional groups which 
couple to the functional groups of a nanofilm. The functional 
groups of the Substrate may be Surface groups or linking 
groups bound to the Substrate, which may be formed by 
reactions which bind the Surface groups or linking groups to 
the Substrate. Surface groups may also be created on the 
Substrate by a variety of treatments Such as cold plasma 
treatment, Surface etching methods, Solid abrasion methods, 
or chemical treatments. Some methods of plasma treatment 
are given in Inagaki, Plasma Surface Modification and 
Plasma Polymerization, Technomic, Lancaster, Pa., 1996. In 
Some embodiments, the Substrate is derivatized with 
APTES. In other embodiments, the Substrate is derivatized 
with methylacryloxymethyltrimethoxysilane (MAOMT 
MOS). In other embodiments, the substrate is derivatized 
with acryloxypropyltrimethoxysilane (AOPTMOS). 
0230. Surface attachment groups of the nanofilm and the 
Surface may be blocked with protecting groups until needed. 
Non-limiting examples of Suitable functional groups for 
coupling the nanofilm to the Substrate and the resulting 
linkages may be found in Tables 2 and 4. The functional 
groups on the nanoflim may be from any component of the 
nanofilm, for example, the macrocyclic modules, the poly 
mer component, or the amphiphilic component. 
0231 Surface attachment groups may be connected to a 
nanofilm by Spacer groups. Likewise, Substrate functional 
groups may be connected to the Substrate by Spacer groups. 
Spacer groups for Surface attachment groups may be poly 
meric. Examples of polymeric Spacers include polyethylene 
oxides, polypropylene oxides, polysaccharides, polylysines, 
polypeptides, poly(amino acids), polyvinylpyrrolidones, 
polyesters, polyvinylchlorides, polyvinylidene fluorides, 
polyvinylalcohols, polyurethanes, polyamides, polyimides, 
poly Sulfones, polyetherSulfones, polysulfonamides, and 
poly Sulfoxides. Examples of polymeric spacer Structures 
include linear, branched, comb and dendrimeric polymers, 
random and block copolymers, homo- and heteropolymers, 
flexible and rigid chains. Spacer groups for Surface attach 
ment groups may also include bifunctional linker groups or 
heterobifunctional linker groups used to couple biomol 
ecules and other chemical Species. 
0232. In one variation, a photoreactive group Such as a 
benzophenone is bound to the substrate. The photoreactive 
group may be activated with light, for example, ultraViolet 
light, to provide a reactive Species which couples to a 
nanofilm. The photoreactive Species may couple to any atom 
or group of atoms of the nanofilm. 
0233 Surface attachment of modules may also be 
achieved through ligand-receptor mediated interactions, 
Such as biotin-Streptavidin. For example, the Substrate may 
be coated with Streptavidin, and biotin may be attached to 
the modules, for example, through linker groupS. Such as 
PEG or alkyl groups. 
0234 Memnbranes and Filtration Function 
0235. The nanofilms described herein may be useful, for 
example, as membranes. The membrane may be brought 
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into contact with a fluid or Solution, Separating a species or 
component from that fluid or Solution, for example, for 
purposes of filtration. Normally, a membrane is a Substance 
which acts as a barrier to block the passage of Some species, 
while allowing restricted or regulated passage of other 
Species. In general, permeants may traverse the membrane if 
they are Smaller than a cut-off size, or have a molecular 
weight Smaller than a So-called cut-off molecular weight. 
The membrane may be called impermeable to Species which 
are larger than the cut-off molecular weight. The cut-off size 
or molecular weight is a characteristic property of the 
membrane. Selective permeation is the ability of the mem 
brane to cut-off, restrict, or regulate passage of Some species, 
while allowing Smaller species to pass. Thus, the Selective 
permeation of a membrane may be described functionally in 
terms of the largest Species able to pass the membrane under 
given conditions. The size or molecular weight of various 
Species may also be dependent on the conditions in the fluid 
to be separated, which may determine the form of the 
Species. For example, Species may have a sphere of hydra 
tion or Solvation in a fluid, and the size of the Species in 
relation to membrane applications may or may not include 
the water of hydration or the solvent molecules. Thus, a 
membrane is permeable to a species of a fluid if the Species 
can traverse the membrane in the form in which it normally 
would be found in the fluid. Permeation and permeability 
may be affected by interaction between the species of a fluid 
and the membrane itself. While various theories may 
describe these interactions, the empirical measurement of 
pass/no-pass information relating to a nanofilm, membrane, 
or module is a useful tool to describe permeation properties. 
A membrane is impermeable to a species if the Species 
cannot pass through the membrane. 
0236 Pores may be provided in the nanofilms described 
herein, for example, pores may be Supplied in the Structure 
of the nanofilm. Pores may be supplied in the structure of the 
macrocyclic modules. Pores may in Some cases be Supplied 
from the packing of the macrocyclic modules and the 
polymeric components. The type and degree of crosslinking 
between components may influence pore size. The nano 
films described herein comprising one or more polymeric 
components may advantageously have reduced numbers of 
micrometer-sized or macroscopic openings which affect use 
in filtration and Selective permeation. 
0237) The nanofilms may have molecular weight species 
cut offs of, for example, greater than about 15 kDa, greater 
than about 10 kDa, greater than about 5 kDa, greater that 
about 1 kDa, greater than about 800 Da, greater than about 
600 Da, greater than about 400 Da, greater than about 200 
Da, greater than about 100 Da, greater than about 50 Da, 
greater than about 20 Da, less than about 15 kDa, less than 
about 10 kDa, less than about 5 kDa, less that about 1 kDa, 
less than about 800 Da, less than about 600 Da, less than 
about 400 Da, less than about 200 Da, less than about 100 
Da, less than about 50 Da, less than about 20 Da, about 13 
kDa, about 190 Da, about 100 Da, about 45 Da, about 20 Da. 
0238 “High permeability” indicates a clearance of, for 
example, greater than about 70%, greater than about 80%, 
greater than about 90% of the solute. “Medium permeabil 
ity indicates a clearance of, for example, less than about 
50%, less than about 60%, less than about 70% of the Solute. 
“Low permeability indicates a clearance of less than, for 
example, about 10%, less than about 20%, less than about 
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30% of the solute. A membrane is impermeable to a species 
if it has a very low clearance (for example, less than about 
5%, less than about 3%) for the species, or if it has very high 
rejection for the species (for example, greater than about 
95%, greater than about 98%). The passage or exclusion of 
a Solute is measured by its clearance, which reflects the 
portion of Solute that actually passes through the membrane. 
For example, the no pass symbol in Tables 16-17 indicates 
that the Solute is partly excluded by the module, Sometimes 
less than 90% rejection, often at least 90% rejection, some 
times at least 98% rejection. The pass symbol indicates that 
the Solute is partly cleared by the module, Sometimes leSS 
than 90% clearance, often at least 90% clearance, sometimes 
at least 98% clearance. 

0239 Examples of processes in which nanofilms may be 
useful include processes involving liquid or gas as a con 
tinuous fluid phase, filtration, clarification, fractionation, 
perVaporation, reverse osmosis, dialysis, hemodialysis, 
affinity Separation, oxygenation, and other processes. Filtra 
tion applications may include ion Separation, desalinization, 
gas Separation, Small molecule Separation, Separation of 
enantiomers, ultrafiltration, microfiltration, hyperfiltration, 
water purification, Sewage treatment, removal of toxins, 
removal of biological Species Such as bacteria, Viruses, or 
fungus. 
0240 Synthons and Macrocyclic Modules 
0241) Synthons 
0242. As used herein, the term “synthon” refers to a 
molecule used to make a macrocyclic module. A Synthon 
may be Substantially one isomeric configuration, for 
example, a single enantiomer. A Synthon may be Substituted 
with functional groups which are used to couple a Synthon 
to another Synthon or Synthons, and which are part of the 
Synthon. A Synthon may be Substituted with an atom or 
group of atoms which are used to impart hydrophilic, 
lipophilic, or amphiphilic character to the Synthon or to 
Species made from the Synthon. The Synthon before being 
Substituted with functional groups or groups used to impart 
hydrophilic, lipophilic, or amphiphilic character may be 
called the core synthon. As used herein, the term “synthon” 
refers to a core Synthon, and also refers to a Synthon 
Substituted with functional groups or groups used to impart 
hydrophilic, lipophilic, or amphiphilic character. 
0243 AS used herein, the term “cyclic synthon” refers to 
a Synthon having one or more ring structures. Examples of 
ring Structures include aryl, heteroaryl, and cyclic hydrocar 
bon Structures including bicyclic ring Structures and multi 
cyclic ring Structures. Examples of core cyclic Synthons 
include, but are not limited to, benzene, cyclohexadiene, 
cyclopentadiene, naphthalene, anthracene, phenylene, 
phenanthracene, pyrene, triphenylene, phenanthrene, pyri 
dine, pyrimidine, pyridazine, biphenyl, bipyridyl, cyclohex 
ane, cyclohexene, decalin, piperidine, pyrrolidine, morpho 
line, piperazine, pyrazolidine, quinuclidine, 
tetrahydropyran, dioxane, tetrahydrothiophene, tetrahydro 
furan, pyrrole, cyclopentane, cyclopentene, triptycene, ada 
mantane, bicyclo2.2.1]heptane, bicyclo2.2.1]heptene, 
bicyclo2.2.2]octane, bicyclo2.2.2]octene, bicyclo3.3.0 
octane, bicyclo3.3.0octene, bicyclo3.3.1 nonane, bicyclo 
3.3.1 nonene, bicyclo3.2.2]nonane, bicyclo3.2.2]nonene, 
bicyclo4.2.2decane, 7-azabicyclo2.2.1]heptane, 1,3-diaz 
abicyclo2.2.1]heptane, and Spiro4.4nonane. A core Syn 
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thon comprises all isomers or arrangements of coupling the 
core Synthon to other Synthons. For example, the core 
Synthon benzene includes Synthons Such as 1,2- and 1,3- 
Substituted benzenes, where the linkages between Synthons 
are formed at the 1,2- and 1,3-positions of the benzene ring, 
respectively. For example, the core Synthon benzene 
includes 1,3-Substituted Synthons. Such as 

0244 where L is a linkage between synthons and the 
2,4,5,6 positions of the benzene ring may also have Sub 
Stituents. A condensed linkage between Synthons involves a 
direct coupling between a ring atom of one cyclic Synthon to 
a ring atom of another cyclic Synthon, for example, where 
synthons M-X and M-X couple to form M-M, where M 
is a cyclic Synthon and X is halogen; as for example when 
M is phenyl resulting in the condensed linkage 

() ( ) 
0245) Macrocyclic Modules 
0246 A macrocyclic module is a closed ring of coupled 
Synthons. To make a macrocyclic module, Synthons may be 
Substituted with functional groups to couple the Synthons to 
form a macrocyclic module. Synthons may also be Substi 
tuted with functional groups which will remain in the 
Structure of the macrocyclic module. Functional groups 
which remain in the macrocyclic module may be used to 
couple the macrocyclic module to other macrocyclic mod 
ules or other components. 

0247 A macrocyclic module may contain from three to 
about twenty-four cyclic Synthons. In the closed ring of a 
macrocyclic module, a first cyclic Synthon may be coupled 
to a Second cyclic Synthon, the Second cyclic Synthon may 
be coupled to a third cyclic Synthon, the third cyclic Synthon 
may be coupled to a fourth cyclic Synthon, if four cyclic 
Synthons are present in the macrocyclic module, the fourth 
to a fifth, and So on, until an nth cyclic Synthon may be 
coupled to its predecessor, and the nth cyclic Synthon may 
be coupled to the first cyclic Synthon to form a closed ring 
of cyclic Synthons. In one variation, the closed ring of the 
macrocyclic module may be formed with a linker molecule. 
0248. A macrocyclic module may be an amphiphilic 
macrocyclic module when hydrophilic and lipophilic func 
tional groups exist in the Structure. The amphiphilic char 
acter of a macrocyclic module may arise from atoms in the 
Synthons, in the linkages between Synthons, or in functional 
groups coupled to the Synthons or linkages. 

0249. In some variations, one or more of the synthons of 
a macrocyclic module may be Substituted with one or more 
lipophilic moieties, while one or more of the Synthons may 
be substituted with one or more hydrophilic moieties, 
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thereby forming an amphiphilic macrocyclic module. Lipo 
philic and hydrophilic moieties may be coupled to the same 
Synthon or linkage in an amphiphilic macrocyclic module. 
Lipophilic and hydrophilic moieties may be coupled to the 
macrocyclic module before or after formation of the closed 
ring of the macrocyclic module. For example, lipophilic or 
hydrophilic moieties may be added to the macrocyclic 
module after formation of the closed ring by Substitution of 
a Synthon or linkage. 
0250) The amphiphilicity of a macrocyclic module may 
be characterized in part by its ability to form a stable 
Langmuir film. A Langmuir film may be formed on a 
Langmuir trough at a particular Surface pressure measured in 
milliNewtons per meter (mN/m) with a particular barrier 
Speed measured in millimeters per minute (mm/min), and 
the isobaric creep or change in film area at constant Surface 
preSSure can be measured to characterize Stability of the 
film. For example, a Stable Langmuir film of macrocyclic 
modules on a water Subphase may have an isobaric creep at 
5-15 mN/m such that the majority of the film area is retained 
over a period of time of about one hour. Examples of stable 
Langmuir films of macrocyclic modules on a water Subphase 
may have isobaric creep at 5-15 mN/m such that about 70% 
of the film area is retained over a period of time of about 30 
minutes, Sometimes about 70% of the film area is retained 
over a period of time of about 40 minutes, Sometimes about 
70% of the film area is retained over a period of time of 
about 60 minutes, and sometimes about 70% of the film area 
is retained over a period of time of about 120 minutes. Other 
examples of Stable Langmuir films of macrocyclic modules 
on a water subphase may have isobaric creep at 5-15 mN/m 
such that about 80% of the film area is retained over a period 
of time of about thirty minutes, sometimes about 85% of the 
film area is retained over a period of time of about thirty 
minutes, Sometimes about 90% of the film area is retained 
over a period of time of about thirty minutes, Sometimes 
about 95% of the film area is retained over a period of time 
of about thirty minutes, and sometimes about 98% of the 
film area is retained over a period of time of about thirty 
minutes. 

0251. In one aspect, an individual macrocyclic module 
may include a pore in its Structure. Each macrocyclic 
module may define a pore of a particular size, depending on 
the conformation and State of the module. Various macro 
cyclic modules may be prepared which define pores of 
different sizes. 

0252) A macrocyclic module may have flexibility in its 
Structure. Flexibility may permit a macrocyclic module to 
more easily form linkages with other macrocyclic modules 
and/or other components by coupling reactions. Flexibility 
of a macrocyclic module may also play a role in regulating 
passage of Species through the pore of the macrocyclic 
module. For example, flexibility may affect the dimension of 
the pore of an individual macrocyclic module Since various 
conformations may be available to the structure. For 
example, the macrocyclic module may have a certain pore 
dimension. in one conformation when no Substituents are 
located at the pore, and the Same macrocyclic module may 
have a different pore dimension in another conformination 
when one or more Substituents of that macrocycle are 
located at the pore. Likewise, a macrocyclic module may 
have a certain pore dimension in one conformation when 
one group of Substituents are located at the pore, and have 
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a different pore dimension in a different conformation when 
a different group of Substituents are located at the pore. For 
example, the “one group' of Substituents located at the pore 
may be three alkoxy groups arranged in one regioisomer, 
while the “different group” of substituents may be two 
alkoxy groups arranged in another regioisomer. The effect of 
the “one group' of Substituents located at the pore and the 
“different group” of substituents located at the pore is to 
provide a macrocyclic module composition which may 
regulate transport and filtration, in conjunction with other 
regulating factors. 
0253) In making macrocyclic modules from synthons, the 
Synthons may be used as a Substantially pure Single isomer, 
for example, as a pure Single enantiomer. 
0254. In making macrocyclic modules from synthons, 
one or more coupling linkages are formed between adjacent 
Synthons. The linkage formed between Synthons may be the 
product of the coupling of one functional group on one 
Synthon to a complementary functional group on a Second 
Synthon. For example, a hydroxyl group of a first Synthon 
may couple with an acid group or acid halide group of a 
Second Synthon to form an ester linkage between the two 
Synthons. Another example is an imine linkage, 
-CH=N-, resulting from the reaction of an aldehyde, 
-CH=O, on one synthon with an amine, -NH2, on 
another Synthon. Examples of Suitable complementary func 
tional groupS and linkages between Synthons are shown in 
Table 2, wherein “synthon” may substitute for “module”. 
0255 The functional groups of synthons used to form 
linkages between Synthons or other macrocyclic modules 
may be separated from the Synthon by a Spacer. A Spacer can 
be any atom or group of atoms which couples the functional 
group to the Synthon, and does not interfere with the 
linkage-formining reaction. A Spacer is part of the functional 
group, and becomes part of the linkage between Synthons. 
An example of a Spacer is a methylene group, -CH2-. The 
Spacer may be Said to extend the linkage between Synthons. 
For example, if one methylene Spacer were inserted in an 
imine linkage, -CH=N-, the resulting imine linkage may 
be -CH-CH=N-. 
0256 A linkage between synthons may also contain one 
or more atoms provided by an external moiety other than the 
two functional groups of the Synthons. An external moiety 
may be a linker molecule which may couple with the 
functional group of one Synthon to form an intermediate 
which couples with a finctional group on another Synthon to 
form a linkage between the Synthons, Such as, for example, 
to form a closed ring of Synthons from a Series of coupled 
Synthons. An example of a linker molecule is formaldehyde. 
For example, amino groups on two synthons may undergo 
Mannich reaction in the presence of formaldehyde as the 
linker molecule to produce the linkage -NHCH-NH-. 
Examples of Suitable functional groupS and linker molecules 
are shown in Table 4, wherein “synthon” may substitute for 
“module.’ 

0257. A macrocyclic module may include functional 
groups for coupling the macrocyclic module to a Solid 
Surface, Substrate, or Support. Examples of functional groups 
of macrocyclic modules which can be used to couple to a 
Substrate or Surface include amine, carboxylic acid, carboxy 
lic ester, benzophenone and other light activated crosslink 
ers, alcohol, glycol, Vinyl, Styryl, olefin Styryl, epoxide, 
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thiol, magnesium halo or Grignard, acrylate, acrylamide, 
diene, aldehyde, and mixtures thereof. These functional 
groups may be coupled to the closed ring of the macrocyclic 
module, and may optionally be attached by a Spacer group. 
Examples of Solid Surfaces include metal Surfaces, ceramic 
Surfaces, polymer Surfaces, Semiconductor Surfaces, Silicon 
wafer Surfaces, alumina Surfaces, and So on. Examples of 
functional groups of macrocyclic modules which can be 
used to couple to a Substrate or Surface further include those 
described in the left hand column of Tables 2-4. Methods of 
initiating coupling of the modules to the Substrate include 
chemical, thermal, photochemical, electrochemical, and 
irradiative methods. 

0258 Examples of spacer groups include polyethylene 
oxides, polypropylene oxides, polysaccharides, polylysines, 
polypeptides, poly(amino acids), polyvinylpyrrolidones, 
polyesters, polyvinylchlorides, polyvinylidene fluorides, 
polyvinylalcohols, polyurethanes, polyamides, polyimides, 
poly Sulfones, polyetherSulfones, polysulfonamides, and 
poly Sulfoxides. 
0259. In one embodiment, the macrocyclic module com 
position comprises: from three to about twenty-four cyclic 
Synthons coupled to form a closed ring, at least two func 
tional groups for coupling the closed ring to complementary 
functional groups on at least two other closed rings, wherein 
each functional group and each complementary functional 
group comprises a functional group containing atoms 
selected from the group consisting of C, H, N, O, Si, P, S, 
B, Al, halogens, and metals from the alkali and alkaline earth 
groups. The composition may comprise at least two closed 
rings coupled through Said functional groups. The compo 
Sition may comprise at least three closed rings coupled 
through Said functional groups. 
0260. In another embodiment, the macrocyclic module 
composition comprises: from three to about twenty-four 
cyclic Synthons coupled to form a closed ring defining a 
pore; the closed ring having a first pore dimension in a first 
conformation when a first group of Substituents is located at 
the pore and a Second pore dimension in a Second confor 
mation when a Second group of Substituents is located at the 
pore; wherein each Substituent of each group comprises a 
functional group containing atoms Selected from the group 
consisting of C, H, N, O, Si, P, S, B, Al, halogens, and metals 
from the alkali and alkaline earth groups. 
0261. In another embodiment, the macrocyclic module 
composition comprises: (a) from three to about twenty-four 
cyclic Synthons coupled to form a closed ring defining a 
pore; (b) at least one functional group coupled to the closed 
ring at the pore and Selected to transport a Selected Species 
through the pore, wherein the at least one functional group 
comprises a functional group containing atoms Selected 
from the group consisting of C, H, N, O, Si, P, S, B, Al, 
halogens, and metals from the alkali and alkaline earth 
groups; (c) a selected species to be transported through the 
pore. The Selected Species may, in one example, be Selected 
from the group of ovalbumin, glucose, creatinine, HPO, 
HPO. , HCO, urea, Na", Li", and K". 
0262. In some embodiments, the cyclic synthons are each 
independently Selected from the group consisting of ben 
Zene, cyclohexadiene, cyclohexene, cyclohexane, cyclopen 
tadiene, cyclopentene, cyclopentane, cycloheptane, cyclo 
heptene, cycloheptadiene, cycloheptatriene, cyclooctane, 
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cyclooctene, cyclooctadiene, cyclooctatriene, cyclooctatet 
raene, naphthalene, anthracene, phenylene, phenanthracene, 
pyrene, triphenylene, phenanthrene, pyridine, pyrimidine, 
pyridazine, biphenyl, bipyridyl, decalin, piperidine, pyrro 
lidine, morpholine, piperazine, pyrazolidine, quinuclidine, 
tetrahydropyran, dioxane, tetrahydrothiophene, tetrahydro 
furan, pyrrole, triptycene, adamantane, bicyclo2.2.1]hep 
tane, bicyclo2.2.1]heptene, bicyclo2.2.2]octane, bicyclo 
2.2.2]octene, bicyclo3.3.0octane, bicyclo3.3.0loctene, 
bicyclo3.3.1 nonane, bicyclo3.3.1 nonene, bicyclo3.2.2 
nonane, bicyclo3.2.2]nonene, bicyclo4.2.2decane, 
7-azabicyclo2.2.1]heptane, 1,3-diazabicyclo2.2.1]heptane, 
and Spiro4.4nonane. 

0263. In some embodiments, each coupled cyclic synthon 
is independently coupled to two adjacent Synthons by a 
linkage Selected from the group consisting of (a) a con 
densed linkage, and (b) a linkage Selected from the group 

-N=CH(CH) CH=N- where h is 1-4, -CH=N- 
NH-, -OC(O)O-, –OP(O)(OH)O-, 
-CH(OH)CH-NH-, -CH(OH)CH-, 
-CH(OH)C(CH),C(O)O-, 

O 

O )- O S-Q 
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-continued 
Q-N-Q Q- t -Q 

O O O 

21 
Ph , and 

Ph 

0264 wherein p is 1-6, wherein R and R' are each 
independently Selected from the group of hydrogen and 
alkyl, wherein the linkage is independently configured in 
either of two possible configurations, forward and reverse, 
with respect to the Synthons it couples together, if the two 
configurations are different Structures, wherein Q is one of 
the Synthons connected by the linkage. 

0265. In one variation, a macrocyclic module may be a 
closed ring composition of the formula: 

Co-o- 

0266 wherein: the closed ring comprises a total of from 
three to twenty-four synthons Q; J is 2-23; Q are synthons 
each independently Selected from the group consisting of (a) 
aryl Synthons, (b) heteroaryl Synthons, (c) Saturated cyclic 
hydrocarbon Synthons, (d) unsaturated cyclic hydrocarbon 
Synthons, (e) Saturated bicyclic hydrocarbon Synthons, (f) 
unsaturated bicyclic hydrocarbon Synthons, (g) Saturated 
multicyclic hydrocarbon Synthons, and (h) unsaturated mul 
ticyclic hydrocarbon Synthons, wherein ring positions of 
each Q' which are not coupled to a linkage L are indepen 
dently Substituted with hydrogen or a functional group 
containing atoms Selected from the group of C, H, N, O, Si, 
P, S, B, Al, halogens, and metals from the alkali and alkaline 
earth groups; Q is a synthon independently selected from 
the group consisting of (a) aryl Synthons, (b) heteroaryl 
Synthons, (c) Saturated cyclic hydrocarbon Synthons, (d) 
unsaturated cyclic hydrocarbon Synthons, (e) Saturated bicy 
clic hydrocarbon Synthons, (f) unsaturated bicyclic hydro 
carbon Synthons, (g) Saturated multicyclic hydrocarbon Syn 
thons, and (h) unsaturated multicyclic hydrocarbon 
Synthons; wherein ring positions of Q which are not 
coupled to an L are independently Substituted with hydrogen 
or a functional group containing atoms Selected from the 
group consisting of C, H, N, O, Si, P, S, B, Al, halogens, and 
metals from the alkali and alkaline earth groups; L are 
linkages between the Synthons each independently Selected 
from the group consisting of Synthon-Synthon, 
NRC(O)-, -OC(O)-, -O-, -S-S-, -S-, 
NR-, (CRR), , CH-NH-, C(O)S-, 
C(O)O-, -C=C-, -C=C-C=C-, -CH(OH) , 

-HC=CH-, -NHC(O)NH-, -NHC(O)O-, 
-NHCH-NH-, -NHCHCH(OH)CH-NH-, 
-N=CH(CH),CH=N-, -HCH(OH)CH-, 
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-continued 
synthon-N-synthon synthon-CH-synthon 

O O O 

21 
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Ph 

0267 wherein p is 1-6, wherein R and R' are each 
independently Selected from the group of hydrogen and 
alkyl, wherein the linkages L are each independently con 
figured with respect to the Q and Q’ synthons, each L 
having either of its two possible configurations with respect 
to the Synthons it couples together, the forward and reverse 
configurations of the linkage with respect to the immediately 
adjacent Synthons to which it couples, for example, Q1 
NHC(O)-Q", and Q-C(O)NH-Q", if the two con 
figurations are isomerically different Structures. Synthons 
Q', when independently selected, may be any cyclic Synthon 
as described, so that the J synthons Q' may be found in the 
closed ring in any order, for example, cyclohexyl-1,2- 
phenyl-piperidinyl-1,2-phenyl-1,2-phenyl--cyclohexyl, 
and So on, and the J linkages L. may also be independently 
Selected and configured in the closed ring. The macrocyclic 
modules represented and encompassed by the formula 
include all Stereoisomers of the Synthons involved, So that a 
wide variety of Stereoisomers of the macrocyclic module are 
included for each closed ring composition of Synthons. 
0268. In other embodiments, the macrocyclic module 
may comprise a closed ring composition of the formula: 

Co-o-, D 
0269 wherein: J is 2-23; Q' are synthons each indepen 
dently Selected from the group consisting of (a) phenyl 
Synthons coupled to linkages L at 1,2-phenyl positions, (b) 
phenyl Synthons coupled to linkages L at 1,3-phenyl posi 
tions, (c) aryl Synthons other than phenyl Synthons, (d) 
heteroaryl Synthons other than pyridinium synthons, (e) 
Saturated cyclic hydrocarbon Synthons, (f) unsaturated 
cyclic hydrocarbon Synthons, (g) Saturated bicyclic hydro 
carbon Synthons, (h) unsaturated bicyclic hydrocarbon Syn 
thons, (ii) Saturated multicyclic hydrocarbon Synthons, and 
(i) unsaturated multicyclic hydrocarbon Synthons, wherein 
ring positions of each Q' which are not coupled to a linkage 
L are independently Substituted with hydrogen or a func 
tional group containing atoms Selected from the group of C, 
H, N, O, Si, P, S, B, Al, halogens, and metals from the alkali 
and alkaline earth groups; Q is a synthon independently 
Selected from the group consisting of (a) aryl Synthons other 
than phenyl Synthons and naphthalene Synthons coupled to 
linkages L at 2,7-naphthyl positions, (b) heteroaryl Synthons 
other than pyridine Synthons coupled to linkages L at 
2,6-pyridino positions, (c) Saturated cyclic hydrocarbon Syn 
thons other than cyclohexane Synthons coupled to linkages 
L at 1,2-cyclohexyl positions, (d) unsaturated cyclic hydro 
carbon Synthons other than pyrrole Synthons coupled to 
linkages L at 2.5-pyrrole positions, (e) Saturated bicyclic 
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hydrocarbon Synthons, (f) unsaturated bicyclic hydrocarbon 
Synthons, (g) Saturated multicyclic hydrocarbon Synthons, 
and (h) unsaturated multicyclic hydrocarbon Synthons; 
wherein ring positions of Q which are not coupled to an L 
are independently Substituted with hydrogen or a functional 
group containing atoms Selected from the group consisting 
of C, H, N, O, Si, P, S, B, Al, halogens, and metals from the 
alkali and alkaline earth groups; L are linkages between the 
Synthons each independently Selected from the group con 
sisting of (a) a condensed linkage, and (b) a linkage Selected 
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0270 wherein p is 1-6, wherein R and R' are each 
independently Selected from the group of hydrogen and 
alkyl, wherein linkages L are each independently configured 
in either of two possible configurations, forward and reverse, 
with respect to the Synthons it couples together, if the two 
configurations are different Structures, wherein y is 1 or 2, 
and Q are each independently one of the O' or O' Synthons 
connected by the linkage. 

0271 In another embodiment, the macrocyclic module 
may comprise a closed ring composition of the formula: 

Q-L-Q-L 

0272 wherein: J is 2-23; Q are synthons each indepen 
dently Selected from the group consisting of (a) phenyl 
Synthons coupled to linkages L at 1,2-phenyl positions, (b) 
phenyl Synthons coupled to linkages L at 1,3-phenyl posi 
tions, and (c) cyclohexane Synthons coupled to linkages L at 
1.2-cyclohexyl positions; wherein ring positions of each Q' 
which are not coupled to a linkage L are independently 
Substituted with hydrogen or a functional group containing 
atoms selected from the group of C, H, N, O, Si, P, S, B, Al, 
halogens, and metals from the alkali and alkaline earth 
groups; Q is a cyclohexane Synthon coupled to linkages L 
at 1,2-cyclohexyl positions; wherein ring positions of Q 
which are not coupled to an L are independently Substituted 
with hydrogen or a functional group containing atoms 
selected from the group consisting of C, H, N, O, Si, P, S, 
B, Al, halogens, and metals from the alkali and alkaline earth 
groups; L are linkages between the Synthons each indepen 
dently selected from the group consisting of (a) a condensed 
linkage, and (b) a linkage Selected from the group consisting 

-N=CH(CH), CH=N- where h is 1-4, -CH=N- 

O 

Oy ) -Oy 
Qy, Q , Q , 
O O R R 

O YY oh, oy1N1 Noy. 
Oy 
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-continued 
Oy Oy 

Qy –{O- Qy, Ph Ph, 

R Oy Oy 

o-it-o Oy-CH-Oy 
O O 

21 s H s 

Q-CH-Q where G is halogen, 

G 
Oy-CH-Oy 

Oy-N-Oy Oy-CH-Oy 
O 

O O 

s R , s 

R 
N 

Oy-N-Oy o-n-o 
O O O 

Ph , and s 
Ph 

0273 wherein p is 1-6; 
0274 wherein R and R' are each independently selected 
from the group of hydrogen and alkyl, wherein linkages L 
are each independently configured in either of two possible 
configurations, forward and reverse, with respect to the 
Synthons, it couples together, if the two configurations are 
different Structures, wherein y is 1 or 2, and Q are each 
independently one of the Q" or Q synthons connected by the 
linkage. 
0275. In another embodiment, the macrocyclic module 
comprises a closed ring composition of the formula: 

0276 wherein: J is 2-23; Q' are synthons each indepen 
dently Selected from the group consisting of (a) phenyl 
Synthons coupled to linkages L at 1,4-phenyl positions, (b) 
aryl Synthons other than phenyl Synthons, (c) heteroaryl 
Synthons, (d) Saturated cyclic hydrocarbon Synthons, (e) 
unsaturated cyclic hydrocarbon Synthons, (f) Saturated bicy 
clic hydrocarbon Synthons, (g) unsaturated bicyclic hydro 
carbon Synthons, (h) Saturated multicyclic hydrocarbon Syn 
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thons, and (i) unsaturated multicyclic hydrocarbon Synthons; 
wherein at least one of Q is a phenyl Synthon coupled to 
linkages L at 1,4-phenyl positions, and wherein ring posi 
tions of each Q' which are not coupled to a linkage L are 
independently Substituted with hydrogen or a functional 
group containing atoms Selected from the group of C, H, N, 
O, Si, P, S, B, Al, halogens, and metals from the alkali and 
alkaline earth groups; Q is a synthon independently selected 
from the group consisting of (a) aryl Synthons other than 
phenyl Synthons and naphthalene Synthons coupled to link 
ages L at 2,7-naphthyl positions, (b) heteroaryl Synthons, (c) 
Saturated cyclic hydrocarbon Synthons other than cyclohex 
ane Synthons coupled to linkages L at 1,2-cyclohexyl posi 
tions, (d) unsaturated cyclic hydrocarbon Synthons, (e) Satu 
rated bicyclic hydrocarbon Synthons, (f) unsaturated bicyclic 
hydrocarbon Synthons, (g) Saturated multicyclic hydrocar 
bon Synthons, and (h) unsaturated multicyclic hydrocarbon 
Synthons; wherein ring positions of Q which are not 
coupled to an L are independently Substituted with hydrogen 
or a functional group containing atoms Selected from the 
group consisting of C, H, N, O, Si, P, S, B, Al, halogens, and 
metals from the alkali and alkaline earth groups; L are 
linkages between the Synthons each independently Selected 
from the group consisting of (a) a condensed linkage, and (b) 
a linkage Selected from the group consisting of 
NRC(O)-, -OC(O)-, -O-, -S-S-, -S-, 
NR-, (CRR), , CH-NH-, C(O)S-, 
C(O)O-, -C=C-, -C=C-C=C-, -CH(OH) , 

-HC=CH-, -NHC(O)NH-, -NHC(O)O-, 
-NHCH-NH-, -NCHCH(OH)CH-NH-, 
-N=CH(CH),CH=N-, —CHCH(OH)CH-, 
-N=CH(CH), CH=N- where h is 1-4, -CH=N- 

O 

Oy Oy -Oy 

Qy, Q , Q , 
R R 

--- YY oh, oy1N1 Noy. 
Oy 

R Oy Oy 

o-O-o. s -o-, 
R Oy Oy 

Oy-CH-Oy 

O O 

s H s 
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Q-CH-Q where G is halogen, 

G 

Oy-CH-Oy 

Oy-N-Oy Oy-CH-Oy 
O 

O O 

s R , s 

R 
N 

Oy-N-Oy o-n-o 
O O O 

21 
Ph , and 

Ph 

wherein p is 1-6, wherein a CaC 0277 h p 1-6: wh R and R' h 
independently Selected from the group of hydrogen and 
alkyl, wherein linkages L are each independently configured 
in either of two possible configurations, forward and reverse, 
with respect to the Synthons it couples together, if the two 
configurations are different Structures, wherein y is 1 or 2, 
and Q are each independently one of the O' or O’ Synthons 
connected by the linkage. 

0278 In some embodiments, the functional groups are 
each independently Selected from the group consisting of 
hydrogen, an activated acid, -OH, -C(O)OH, -C(O)H, 
—C(O)OCH, -C(O)Cl, -NRR, -NRRR", -Mgx, 
-Li, -OLi, -OK, -ONa, -SH, 
—C(O)(CH),C(O)OCH, -NH-alkyl 
C(O)CH-CH(NH)CO-alkyl, -CH=CH, -CH=CHR, 
-CH=CR, 4-Vinylaryl, -C(O)CH=CH, 
-NHC(O)CH=CH, -C(O)CH=CH(CH), 

-(CH-Cho-V7 -(CH-V7 
O , O , 

0279) -OH, 
–OC(O)CH=CH, 

- O(CH2CH2O), - N7 -O(CH), - My 
O , and O , 
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0280 -P(O)(OH)(OX), -P(=O)(O)O(CH), NR"; 
wherein R are each independently Selected from the group 
consisting of hydrogen and 1-6C alkyl, X is Selected from 
the group consisting of Cl, Br, and I, r is 1-50, and S is 1-4. 

0281. In other embodiments, the macrocylic module may 
comprise a closed ring composition of the formula: 

Rn 
w 

0282 wherein: 

0283 Q is 

Rn 

L 

X X 

Z. s 

0284) J is from 1-22, and n is from 1-24; X and R' 
are each independently Selected from the group 
consisting of hydrogen or a functional group con 
taining atoms Selected from the group consisting of 
C, H, N, O, Si, P, S, B, Al, halogens, and metals from 
the alkali and alkaline earth groups; Z are each 
independently hydrogen or a lipophilic group; L are 
linkages between Synthons each independently 
Selected from the group consisting of (a) a condensed 
linkage, and (b) a linkage selected from the group 

Jun. 3, 2004 

consisting of -N=CR-, -NRC(O), 
OC(O)-, -O-, -S-S-, -S-, -NR-, 
(CRR)-. CH-NH-, C(O)S-, 
C(O)O-, C=C-, C=C-C=C-, 
CH(OH)-, -HC=CH-, -NHC(O)NH-, 

-NHC(O)O-, -NHCH-NH-, 
–NHCHCH(OH)CHNH-, 

O 

O ) S-Q 
Q, O s O s 
O O R R 

O Y 
OH, 1N1 Yo, 

O 

R O O 

R O O 
Q-CH-Q 

o-n-o Q-CH-Q 
O O s s s 

2 H 
N 
Q-N-Q 

Q-CH-Q -N- O O O O 

O O 

R, s / , and 

R Ph 

Q-CH-Q 

O O 

21 

Ph 

0285) wherein p is 1-6, wherein R and R' are each 
independently Selected from the group of hydrogen 
and alkyl, wherein linkages L are each independently 
configured in eitherof two possible configurations, 
forward and reverse, with respect to the Synthons it 
couples together, if the two configurations are dif 
ferent Structures. 



US 2004/0106741 A1 
69 

0286. In another embodiment, the macrocyclic module 
may comprise a closed ring composition of the formula: 

0287) 
0288 Q is 

wherein: 

0289) J is from 1-22, and n is from 1-48; X and R' 
are each independently Selected from the group 
consisting of functional groups containing atoms 
Selected from the group consisting of C, H, N, O, Si, 
P, S, B, Al, halogens, and metals from the alkali and 
alkaline earth groups; Z are each independently 
hydrogen or a lipophilic group; L are linkages 
between the Synthons each independently Selected 
from the group consisting of (a) a condensed linkage, 
and (b) a linkage Selected from the group consisting 
of -NRC(O)-, -OC(O)-, -O-, -S-S-, 
S-, NR-, (CRR), , CH-NH-, 
C(O)S-, C(O)O-, C=C-, C=C 

C=C-, CH(OH)—, HC=CH-, NH 
C(O)NH-, -NHC(O)O-, -NHCH-NH-, 
–NHCHCH(OH)CHNH-, 
-N=CH(CH),CH=N-, -CH-CH(OH)CH-, 
-N=CH(CH), CH=N- where h is 1-4, 

Jun. 3, 2004 

O 

O ) S-Q 
Q, O s O s 

V / 
Si 

OH, 1N1 Yo, 
O 

R O O 

Q-{ X-Q, « Ph-K X-Ph. 
R O O 

Q-CH-Q 

O 

O 

Q-CH-Q 

| 
21 H 

Q-CH-Q where G is halogen, 

0290) 
independently Selected from the group of hydrogen 

wherein p is 1-6, wherein R and R' are each 

and alkyl, wherein linkages L are each independently 
configured in either of two possible configurations, 
forward and reverse, with respect to the Synthons it 
couples together, if the two configurations are dif 
ferent Structures. 

0291) 
dently Selected from the group consisting of hydrogen, an 
activated acid, -OH, -C(O)OH, -C(O)H, -C(O)OCH, 
-C(O)Cl., -NRR, -NRRR", -Mgx, -Li, -OLi, 
-OK, -ONa, -SH, -C(O)(CH),C(O)OCH, -NH 
alkyl-C(O)CH-CH(NH)CO-alkyl, -CH=CH, 

In Some embodiments, X and R" are each indepen 
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—Chalo-V7 o (Ch-V7 
O , O , 

0292 -OH, –OC(O)(CH),C(O)OCH, 
–OC(O)CH=CH, 

-O(CH2CH2O), - N7 -O(CH), - Vy 
O , and O , 

0294 wherein R are each independently selected 
from the group consisting of hydrogen and 1-6C 
alkyl, X is Selected from the group consisting of Cl, 
Br, and I, r is 1-50; and S is 1-4. 

0295). In another embodiment, the macrocyclic module 
comprises the formula: 

', Rn 

0296 wherein: 
0297 Q is 

Rn 

L L 

Z. 

X X , 

0298) J is from 1-11, and n is from 1-12; X and R' 
are each independently Selected from the group 
consisting of hydrogen, an activated acid, -OH, 
-C(O)OH, -C(O)H, -C(O)OCH, -C(O)Cl. 
-NRR, -NRRR", -Mgx, -Li, -OLi, -OK, 
-ONa, -SH, -C(O)(CH),C(O)OCH, -NH 

Jun. 3, 2004 

-(CH-Cho-V7 -CH-A7 
O , O , 

0299) -OH, –OC(O)(CH),C(O)OCH, 
–OC(O)CH=CH, 

-och-Ho-V7 -och-V7 
O , and O , 

0300 -P(O)(OH)(OX), -P(=O)(O)O(CH), 
NR"; wherein R are each independently selected 
from the group consisting of hydrogen and 1-6C 
alkyl, X is Selected from the group consisting of Cl, 
Br, and 1, r is 1-50; and S is 1-4; Z are each 
independently hydrogen or a lipophilic group; L are 
linkages between Synthons each independently 
Selected from the group consisting of (a) a condensed 
linkage, and (b) a linkage Selected from the group 

O 

O ) S-Q 
Q, O s O s 
O O R R 

V / 
O Si 

OH, 1N1 Yo, 
O 

R O O 

O Q, « –0- 
R O O 

o-n-o Q-CH-Q 
O O s | s 

2 H 
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-continued 
Q-CH-Q where G is halogen, 

G 

Q-CH-Q 

O 

0301) 

0302) 

Q-N- 

Q-N-Q 

O 

s R, 

S 

-CH-Q O O 

O O 

21 
Ph , and 

Ph 

wherein p is 1-6, wherein R and R' are each 
independently Selected from the group of hydrogen 
and alkyl, wherein linkages L are each independently 
configured in either of two possible configurations, 
forward and reverse, with respect to the Synthons it 
couples together, if the two configurations are dif 
ferent Structures. 

In another embodiment, the macrocyclic module 
has the formula: 

', Rn 

71 

0306 

- O(CH2CH2O), - N7 

0307) 

Jun. 3, 2004 

0303 wherein: 

0304) Q is 

Rn 

L L 

Z. 

X X , 

0305 J is from 1-11, and n is from 1-12; X and R' 
are each independently Selected from the group 
consisting of hydrogen, an activated acid, -OH, 
-C(O)OH, -C(O)H, -C(O)OCH, -C(O)Cl. 
-NRR, -NRRR", -Mgx, -Li, -OLi, -OK, 
-ONa, -SH, -C(O)(CH),C(O)OCH, -NH 
alkyl-C(O)CH-CH(NH)CO-alkyl, -CH=CH, 
-CH=CHR, -CH=CR, 4-vinylaryl, 
-C(O)CH=CH, –NHC(O)CH=CH, 
-C(O)CH=CH(CH), 

—CH.Cho-V7 -CH-A7 
O , O , 

-O(CH), - My 
O , and O , 

-P(O)(OH)(OX), –P(=O)(O 
)O(CH), NR"; wherein R are each independently 
Selected from the group consisting of hydrogen and 
1-6C alkyl, X is Selected from the group consisting 
of Cl, Br, and I, r is 1-50; and S is 1-4; Z are each 
independently hydrogen or a lipophilic group; L are 
linkages between the Synthons each independently 
Selected from the group consisting of (a) a condensed 
linkage, and (b) a linkage Selected from the group 

-N=CH(CH),CH=N-, -CH-CH(OH)CH-, 
-N=CH(CH) CH=N- where h is 1-4, 
CH=N-NH-, -OC(O)O-, 
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–OP(O)(OH)O-, -CH(OH)CH-NH-, 0309. In another embodiment, the macrocyclic module 
-CH(OH)CH-, -CH(OH)C(CH),C(O)O-, comprises the formula: 

R ----------- 

O ) ) ( S-Q - -- Q 
Q, Q , Q , f '', 
O O R R f 

O Y ; 
OH, Q1N1 Yo, 

R O O L L 

Z. 

o–{O-0. , Ph Ph, X 

R O O 
0310 wherein: 

0311 Q is 

O O s | s Rn 

H L L 

Z. or 
X s 

Q-CH-Q where G is halogen, 

Q-CH-Q 0312) J is from 1-11, and n is from 1-12; X is 
Q-N-Q Q-CH-Q -NX'-or-CXX, where X" is selected from the 

O O group consisting of an amino acid residue, 
—CHC(O)CH-CH(NH2)CO-alkyl, and 
-C(O)CH=CH; X and X’ are each independently 

R Selected from the group consisting of hydrogen, 
N -OH, -NH, -SH, -(CH), OH, -(CH2)NH 

Q-N-Q o-n-o and -(CH2)SH, whereint is 1-4, and X and X are 
O O O not both hydrogen; R" are each independently 

Selected from the group consisting of hydrogen, an 
/ activated acid, -OH, -C(O)OH, -C(O)H, 

21 -C(O)OCH, -C(O)Cl. —NRR, -NRRR", 
Ph , and MgX, -Li, OLi, OK, ONa, SH, 

-C(O)(CH),C(O)OCH, -NH-alkyl 
C(O)CH-CH(NH)CO-alkyl, -CH=CH, 
-CH=CHR, -CH=CR, 4-vinylaryl, 
-C(O)CH=CH, –NHC(O)CH=CH, 

0308) wherein p is 1-6, wherein R and R' are each 
independently Selected from the group of hydrogen 
and alkyl, wherein linkages L are each independently ( ) (CH2) 
configured in either of two possible configurations, -(CH-CHO,-\ 7 -(CH3). A 7 
forward and reverse, with respect to the Synthons it O , O , 
couples together, if the two configurations are dif 
ferent Structures. 
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0313 -OH, 
–OC(O)CH=CH, 

- O(CH2CH2O), - N7 -O(CH), - My 
O , and O , 

0314) -P(O)(OH)(OX), –P(=O)(O 
)O(CH), NR"; wherein R are each independently 
Selected from the group consisting of hydrogen and 
1-6C alkyl, X is Selected from the group consisting 
of Cl, Br, and I, r is 1-50; and S is 1-4; Z are each 
independently hydrogen or a lipophilic group; L are 
linkages between Synthons each independently 
Selected from the group consisting of (a) a condensed 
linkage, and (b) a linkage selected from the group 

O 

O ) S-Q 
Q, O s O s 

O O R R 

O V / Si 
OH 1N1 No 

O 

R O O 

o–{O-o « Ph-K X-Ph 
R Q, O s 

Q-CH-Q Q-CH-Q 

O O o-it-o 
G 

21 s H s 

Q-CH-Q 

Q-CH-Q 
O 

O - 
N , s 

O 

R 

73 

0316) 
has the formula: 

0317) 
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-CH-Q o 

O O 

D 
h 

Q-N-Q 

, and P 

O 

/ 

0315) wherein p is 1-6, wherein R and R' are each 
independently Selected from the group of hydrogen 
and alkyl, wherein linkages L are each independently 
configured in either of two possible configurations, 
forward and reverse, with respect to the Synthons it 
couples together, if the two configurations are dif 
ferent Structures. 

In another embodiment, the macrocyclic module 

s Q 
, 

f , 
i 

, Rn f 

L L 

Z. 

X X 

Y 

wherein: 

0318. Q is 

Rn 

L L 

Z. 

X X 

Y s 

0319) J is from 1-11, and n is from 1-12; X and R' 
are each independently Selected from the group 
consisting of hydrogen, an activated acid, -OH, 





US 2004/0106741 A1 

0324 wherein: 

0325 Q is 

Rn 

L L 

Z. 

X X s 

0326 J is from 1-11, and n is from 1-12; X and R' 
are each independently Selected from the group 
consisting of hydrogen, an activated acid, -OH, 
-C(O)OH, -C(O)H, -C(O)OCH, -C(O)Cl. 
-NRR, -NRRR", -Mgx, -Li, -OLi, -OK, 
-ONa, -SH, -C(O)(CH),C(O)OCH, -NH 
alkyl-C(O)CH-CH(NH)CO-alkyl, -CH=CH, 
-CH=CHR, -CH=CR, 4-Vinylaryl, 
-C(O)CH=CH, -NHC(O)CH=CH, 
-C(O)CH=CH(CH), 

-(CH-Cho-V7 -CH-A7 
O , O , 

0327 -OH, 
–OC(O)CH=CH, 

O , O , and 

0328) -P(O)(OH)(OX), –P(=O)(O 
)O(CH), NR"; wherein R are each independently 
Selected from the group consisting of hydrogen and 
1-6C alkyl, X is Selected from the group consisting 
of Cl, Br, and I, r is 1-50; and S is 1-4; Z and Y are 
each independently hydrogen or a lipophilic group, L 
are linkages between Synthons each independently 
Selected from the group consisting of (a) a condensed 
linkage, and (b) a linkage selected from the group 

75 
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O 

O )- S-Q 
Q, O s O s 

O O R R 

O V / Si 
OH 1N1 nO 

O s s 

R O O 

Q-g X-Q () Ph-g X-Ph 
R Q, O s 

o-it-o Q-CH-Q 

O O o-r-o 
G 

21 s H s 

Q-CH-Q 

Q-N-Q Q-CH-Q 
O 

O O 

R 

R 
S. s s s 

Q-N-Q o-it 
O O O 

21 
Ph 

, and Ph s 

0329 wherein p is 1-6, wherein R and R' are each 
independently Selected from the group of hydrogen 
and alkyl, wherein linkages L are each independently 
configured in either of two possible configurations, 
forward and reverse, with respect to the Synthons it 
couples together, if the two configurations are dif 
ferent Structures. 

0330. In some embodiments, the nanofilm may be 
coupled to a Solid Support Selected from the group of Wang 
resins, hydrogels, aluminas, metals, ceramics, polymers, 
Silica gels, Sepharose, SephadeX, agarose, inorganic Solids, 
Semiconductors, and Silicon wafers. 
0331 In one embodiment, the nanofilm retains at least 
85% of film area after thirty minutes on a Langmuir trough 
at 5-15 mN/m. In other embodiments, the nanofilm retains at 
least 95% of film area after thirty minutes on a Langmuir 
trough at 5-15 mN/m. In another embodiment, the nanofilm 
retains at least 98% of film area after thirty minutes on a 
Langmuir trough at 5-15 mN/m. 
0332. In one embodiment, a method for making a mac 
rocyclic module composition comprises: (a) providing a 
plurality of a first cyclic Synthon; (b) contacting a plurality 




















































































