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1. 

ORGANIC POLYMER-NORGANIC FINE 
PARTICLE ANTIMICROBAL COMPOSITES 

AND USES THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims the benefit of Indian Patent 
Application No. 2052/CHF/2009, filed Aug. 26, 2009, which 
is hereby incorporated by reference in its entirety. 

BACKGROUND 

Silver (Ag) nanoparticles find applications in fields rang 
ing from healthcare, defense and day-to-day life. For these 
applications, stability and complete dispersibility of the Ag 
nanoparticles in a solvent is essential and this is one of the 
most challenging problems limiting their widespread appli 
cation. One way of protecting the nanoparticles and increas 
ing their solubility is by polymer stabilization. Polymer sta 
bilization enhances the stability and processibility of the 
nanoparticles to a great extent for industrial applications. 
However, there are only a few methods for the synthesis of 
organic soluble silver nanoparticle-polymer composites (Ag 
PNCs), and all of the methods either involve multistep syn 
thetic procedures or costly chemicals. 

SUMMARY 

The embodiments herein relate to a composition compris 
ing a noble-metal containing nanoparticle and a polymer 
located on a surface of the nanoparticle, wherein the polymer 
is a polycondensation product of a halogenated monomer. 
Preferably, the composition exhibits an antimicrobial activity. 
Preferably, the composition dissolves in an organic solvent. 
Preferably, the composition is configured to be dried and 
dissolved multiple times without affecting physical and 
chemical characteristics of the nanoparticle. Preferably, the 
nanoparticle comprises silver and the monomer comprises an 
alkoxybenzyl halide. Preferably, the polymer comprises poly 
(alkoxybenzyl). Preferably, the polymer is located directly on 
the Surface of the nanoparticle, wherein the nanoparticle com 
prises silver. 

Another embodiment relates to a method comprising cre 
ating polycondensation of a halogenated monomer and form 
ing a polymer on a surface of a noble-metal containing nano 
particle, wherein the method is carried out in a single vessel. 
Preferably, the method is carried out at about room tempera 
ture. Preferably, the polycondensation comprises a chemical 
condensation reaction leading to a formation of the polymer 
by polymerizing the monomer and releasing water or a mol 
ecule. Preferably, the nanoparticle comprises silver and the 
monomer comprises alkoxybenzyl halide. Preferably, the 
forming the polymer is carried out without a presence of an 
external catalyst during the polycondensation of the mono 
mer. Preferably, the polymer is located directly on the surface 
of the nanoparticle, wherein the nanoparticle comprises sil 
Ve. 

Another embodiment relates to a method comprising treat 
ing a material with a composition comprising a noble-metal 
containing nanoparticle and polymer is located on a Surface of 
the nanoparticle, wherein the polymer is a polycondensation 
product of a halogenated monomer. Preferably, the treating is 
an antimicrobial treatment. Preferably, the material is 
selected from water, waste water, a military equipment, a 
civilian protection equipment, a Soft drink, a detergent, a 
medical product, an electrical component, an electronics 
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2 
component, and combinations thereof. Preferably, the treat 
ing comprises applying a film or a coating on the material, the 
film or the coating comprising the composition. Preferably, 
the treating comprises reducing an amount of bacteria and/or 
fungi in or on the material. Preferably, the antimicrobial treat 
ment produces antimicrobial activity that persists for at least 
one month. Preferably, the nanoparticle comprises silver and 
the monomer comprises alkoxybenzyl halide. 
The foregoing Summary is illustrative only and is not 

intended to be in any way limiting. In addition to the illustra 
tive aspects, embodiments, and features described above, fur 
ther aspects, embodiments, and features will become appar 
ent by reference to the drawings and the following detailed 
description. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a photograph of a silver nanoparticle-polymer 
composite (Ag-PNC) in toluene. 

FIG. 2 shows the antibacterial activity of the Ag-PNC 
loaded on three filter paper discs against E. coli bacteria. 

FIG. 3 shows a transmission electron micrograph of an 
Ag-PNC composite. 

FIG. 4A and FIG. 4B show the IR spectra of the monomers 
(traces a) and the Ag-PNCs (traces b). 

FIG. 5A and FIG. 5B show the Raman spectra of the 
monomers (traces a) and the Ag-PNCs (traces b). 

FIG. 6 shows the X-ray diffractograms of the Ag-PNCs, 
wherein the polymers were made from 4-methoxybenzyl 
chloride monomer (trace a) and 2-methoxybenzyl chloride 
monomer (trace b). 

FIG. 7A shows the NMR spectrum of 2-methoxybenzyl 
chloride and FIG. 7B shows the NMR spectrum of the Ag 
PNC formed from the 2-methoxybenzyl chloride monomer. 

DETAILED DESCRIPTION 

The embodiments relate to a noble-metal containing nano 
particle-polymer composite. 

Noble metal refers to the metals of groups 9, 10 and 11 of 
transition metal series in the periodic table (of the IUPAC 
style). The noble metal of the noble-metal containing nano 
particle includes rhodium, iridium, palladium, silver, 
osmium, iridium, palladium, platinum, gold or combinations 
thereof. 

Nanoparticle refers to a particle having at least one dimen 
sion sized between 1 and 100 nanometers. 
A monomer is a small molecule that may become chemi 

cally bonded to other monomers to form a polymer. Typically, 
in the context of the present invention, a monomer is an 
organic monomer containing carbon and halogen. 
A polymer is a large molecule composed of repeating 

structural units typically connected by covalent chemical 
bonds. The repeating structural units are monomer residues of 
one or more monomers that have undergone polymerization 
reaction to form the polymer. 

Polycondensation or condensation polymerization refers 
to polymerizations in which bi-functional or multifunctional 
monomers react to form dimers, trimers, longer oligomers 
and eventually long chain polymers. 
An antimicrobial is a substance that kills or inhibits the 

growth of microorganisms such as bacteria, fungi, or proto 
Zoa, as well as destroying viruses. 
The “antimicrobial activity” refers to the antimicrobial 

action of an antimicrobial Substance. 
The term “static antimicrobial activity” means that the 

antimicrobial action persists for several months. 
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A halogenated monomer is a monomer that contains at 
least one halogen, which is a member of the series of non 
metal elements from Group 17 IUPAC Style (formerly: VII, 
VIIA) of the periodic table, comprising fluorine, (F); chlo 
rine, (Cl); bromine, (Br); iodine, (I); and astatine. (At). 
An embodiment relates to silver nanoparticle-polymer 

composites (Ag-PNCs) having excellent antimicrobial activ 
ity. In one embodiment, the structure of Ag-PNCs is: 

In the description above, (a) implies that the polymer on 
the right side of (a) is covering the nanoparticle labeled. Ag. 

The embodiments herein provide a simple, low-cost and 
environmentally benign one-pot method to synthesize 
organic soluble Ag-PNCs at room temperature wherein the 
polymer is formed on the Surfaces of nanoparticles due to the 
nanoparticles-catalyzed polycondenzation. The term "one 
pot' means a single reaction vessel. For example, in an 
embodiment, a desired amount of the synthesized Ag nano 
particles (Ag-citrate) is mixed with an alcohol in a round 
bottomed (RB) flask. A desired amount of the alkoxybenzyl 
halide is then added to the mixture and kept for stirring. 
Polycondensation of the alkoxybenzyl halide occurs on the 
surfaces of the silver nanoparticles, which precipitates from 
the reaction medium. The resulting brownish precipitate is an 
Ag-PNC, which could be freely dissolved in organic solvents. 
The monomers polymerize on the nanoparticles Surfaces 

by polycondensation. Monomers that could be used for the 
polycondensation polymer include alkoxybenzyl halides 
(2-methoxybenzyl chloride, 3-methoxybenzyl chloride, 
4-methoxybenzyl chloride, and their bromides and iodides 
and ethoxy derivatives), alkylbenzyl halides (4-methylbenzyl 
chloride, 2-methylbenzyl chloride, 2,4-dimethylbenzyl chlo 
ride, 2,4,6-trimethylbenzyl chloride, and other alkyl deriva 
tives), hydroxybenzyl halides (2, 3 and 4-hydroxybenzyl 
halides), and halohydroxybenzyl halides. 

The Ag-PNCs can be freely dissolved in common organic 
Solvents at room temperature so that they can be incorporated 
in any common polymer or plastic or paint. The Ag-PNC 
Solutions can be easily made into thin films (by dip coating), 
freestanding films or painted on substrates. The Ag-PNCs can 
be painted on Substrates to get thin films and coatings. The 
Ag-PNCs are stable for years without any physical or chemi 
cal changes to the nanoparticles. The Ag-PNCs can be dried 
and re-dissolved several times without affecting the physical 
and chemical characteristics of the nanoparticles. A photo 
graph of the Ag-PNC in toluene (C6H5-CH3) is shown in 
FIG.1. Ag-PNCs of the embodiments herein are also soluble 

MeO-CH-CH-Cl t(s) -e- 
A 

MeO-CH-CH2 + MeO-CH-CH2-CI 
C 
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in solvents such as alkylhalides, arylhalides, aromatic hydro 
carbons, tetrahydrofuran (THF), dimethyl formamide 
(DMF), benzene (C6H6), dimethylsulfoxide (DMSO having 
the formula (CH3)2SO), chlorobenzene (C6H5C1), dichlo 
romethane (CH2Cl2) and trichloromethane (CHCI3). 
The Ag-PNCs are antimicrobial and the antimicrobial 

property is static. That is, the Ag-PNCs of the embodiments 
herein show static antimicrobial activity (antimicrobial 
action persists for months). FIG. 2 shows the antibacterial 
activity of an example composition having Ag-PNC loaded 
on three filter paper discs against E. coli bacteria. The extent 
of antibacterial activity can be determined from measuring 
the Zone of inhibition. In an example experiment, the width of 
the Zone of inhibition measured persisted for several months 
with 10% or less change in the width of the Zone of inhibition 
measured. This example experiment showed that the Ag 
PNCs exhibited static antibacterial activity. On the other 
hand, an example experiment using the control (the disc with 
out the Ag-PNC) showed an absence of the Zone of inhibition. 
In the control example, the width of the Zone of inhibition 
measured initially was Zero and after two weeks the width 
measured was again Zero. 

In an embodiment, Agnanoparticles (in aqueous phase) are 
treated with alkoxybenzyl halides (RO-BZX) in presence of 
an alcohol, polycondensation of the monomers occurs on the 
Surfaces of the Agnanoparticles resulting in Ag-PNCs, which 
are freely soluble in organic solvents (benzene (C6H6), tolu 
ene (C6H5-CH3), dimethylformamide (DMF), dimethylsul 
foxide (DMSO), tetrahydrofuran (THF), chlorobenzene, 
dichloromethane (CH2Cl2) and chloroform (CHC13)). 
The alkoxybenzyl halides include alkoxybenzyl halides 

(2-methoxybenzyl chloride, 3-methoxybenzyl chloride, 
4-methoxybenzyl chloride, and their bromides and iodides 
and ethoxy derivatives), alkylbenzyl halides (4-methylbenzyl 
chloride, 2-methylbenzyl chloride, 2,4-dimethylbenzyl chlo 
ride, 2,4,6-trimethylbenzyl chloride, and other alkyl deriva 
tives), hydroxybenzyl halides (2, 3 and 4-hydroxybenzyl 
halides), and halohydroxybenzyl halides. 

In an example embodiment the amount of Agnanoparticles 
or the polymer in the Ag-PNCs can be varied to the desired 
level by changing the amount of the precursors during Syn 
thesis. The weight ratio of Agnanoparticles to the polymer in 
the Ag-PNCs could vary from 0.001 to 0.000001, preferably 
from 0.01 to 0.00001, and more preferably from 0.1 to 0.01. 
The Ag-PNCs can be applied in fields ranging from water 

treatment, purification, waste-water industry, military indus 
try, civilian protection, Soft drinks industry, detergents and 
hygiene industry, medical products, electrical, and electron 
ics industry. 

EXAMPLES 

In an example embodiment, the polymerization reaction 
including the reaction chemistry can be as follows: 

-- MeO-CH-CH + CI...Ag 
B 

- > MeO-CH-CH-CH(OMe)-CHCI + H" 

D - 
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-continued 

The alkoxybenzyl halides adsorb on Ag nanoparticles 
resulting in the formation of carbocations and halide anions. 
The carbocations react with fresh methoxybenzyl halides to 
form dimers as shown in the schematic. The dimers and 
trimers formed during the course of the reaction react further 
and form polycondensation products on nanoSurfaces result 
ing in Ag-PNCs. The method of synthesis does not produce 
any harmful side products and most of the processing uses 
only water. Note that external catalysts required for polymer 
ization of the monomers in reported/patented cases are 
avoided in the synthesis disclosed herein as the nanoparticle 
itself can also be functioning as a catalyst to the polyconden 
sation reaction. During the polymerization reaction shown 
above, alkoxybenzyl halides undergo polycondensation on 
the nanosurfaces leading to Ag-PNCs. The polymer formed is 
poly (methoxybenzyl). 
The presence of Ag nanoparticles and the polymer in the 

composites was confirmed by spectroscopy and microscopy. 
The spectroscopy and microscopy provided the evidence for 
the polycondensation on nanoSurfaces resulting in Ag-PNCs. 

FIG.3 shows a transmission electron micrograph (TEM) of 
an example Ag-PNC composite. FIG. 3 shows layers of the 
polymer and the embedded nanoparticles. 

FIG. 4A and FIG. 4B show the IR spectra of the monomers 
(traces a) and the Ag-PNCs (traces b). The monomer in FIG. 
4A is 4-methoxybenzyl chloride and that in FIG. 4B is 
2-methoxybenzyl chloride. The C Cl feature of the meth 
oxybenzyl chloride (starred peaks) disappeared due to the 
polycondenzation reaction. The IR features of the polymers 
showed slight shifts from those of the methoxybenzyl chlo 
rides due to their proximity to the nanoparticles Surfaces. 

FIG. 5A and FIG. 5B show the Raman spectra of the 
monomers (traces a) and the Ag-PNCs (traces b). The mono 
mer in FIG. 5A is 4-methoxybenzyl chloride and that in FIG. 
5B is 2-methoxybenzyl chloride. The C Cl feature of the 
monomer (indicated with an arrow) disappeared in the poly 
mer due to polycondensation. The starred peaks are from 
glass Substrates on which the samples were deposited for 
Raman measurements. The Raman features of the polymers 
are enhanced in intensity due to the Surface Enhanced Raman 
Effect (SERS). 

FIG. 6 shows the X-ray diffractograms (XRD) of the Ag 
PNCs, wherein the polymers were made from 4-methoxyben 
Zyl chloride monomer (trace a) and 2-methoxybenzyl chlo 
ride monomer (trace b). Major peaks are assigned in the 
spectra. XRD of the Ag-PNCs indicates the presence of Ag 
and AgCl, AgCl is also formed along with Ag-PNCs as a 
result of the polycondensation on Ag nano Surfaces. 

FIG. 7A shows the NMR spectrum of 2-methoxybenzyl 
chloride and FIG. 7B shows the NMR spectrum of the Ag 
PNC formed from the 2-methoxybenzyl chloride monomer. 
The peaks corresponding to —OMe, —CH and -Ph are 
broadened in the Ag-PNCs, typical of polymerization reac 
tions. 

In the detailed description, reference is made to the accom 
panying drawings, which form a part hereof. In the drawings, 
similar symbols typically identify similar components, unless 
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context dictates otherwise. The illustrative embodiments 
described in the detailed description, drawings, and claims 
are not meant to be limiting. Other embodiments may be 
utilized, and other changes may be made, without departing 
from the spirit or scope of the subject matter presented herein. 
It will be readily understood that the aspects of the present 
disclosure, as generally described herein, and illustrated in 
the figures, can be arranged, Substituted, combined, sepa 
rated, and designed in a wide variety of different configura 
tions, all of which are explicitly contemplated herein. 
The present disclosure is not to be limited in terms of the 

particular embodiments described in this application, which 
are intended as illustrations of various aspects. Many modi 
fications and variations can be made without departing from 
its spirit and scope, as will be apparent to those skilled in the 
art. Functionally equivalent methods and apparatuses within 
the scope of the disclosure, in addition to those enumerated 
herein, will be apparent to those skilled in the art from the 
foregoing descriptions. Such modifications and variations are 
intended to fall within the scope of the appended claims. The 
present disclosure is to be limited only by the terms of the 
appended claims, along with the full scope of equivalents to 
which such claims are entitled. It is to be understood that this 
disclosure is not limited to particular methods, reagents, com 
pounds compositions or biological systems, which can, of 
course, vary. It is also to be understood that the terminology 
used herein is for the purpose of describing particular 
embodiments only, and is not intended to be limiting. 

With respect to the use of substantially any plural and/or 
singular terms herein, those having skill in the art can trans 
late from the plural to the singular and/or from the singular to 
the plural as is appropriate to the context and/or application. 
The various singular/plural permutations may be expressly 
set forth herein for sake of clarity. 

It will be understood by those within the art that, in general, 
terms used herein, and especially in the appended claims 
(e.g., bodies of the appended claims) are generally intended 
as “open’ terms (e.g., the term “including should be inter 
preted as “including but not limited to the term “having 
should be interpreted as “having at least, the term “includes’ 
should be interpreted as “includes but is not limited to.” etc.). 
It will be further understood by those within the art that if a 
specific number of an introduced claim recitation is intended, 
such an intent will be explicitly recited in the claim, and in the 
absence of Such recitation no such intent is present. For 
example, as an aid to understanding, the following appended 
claims may contain usage of the introductory phrases “at least 
one' and “one or more' to introduce claim recitations. How 
ever, the use of such phrases should not be construed to imply 
that the introduction of a claim recitation by the indefinite 
articles 'a' or “an limits any particular claim containing 
Such introduced claim recitation to embodiments containing 
only one Such recitation, even when the same claim includes 
the introductory phrases “one or more' or “at least one' and 
indefinite articles such as “a” or “an” (e.g., “a” and/or “an 
should be interpreted to mean “at least one' or “one or 
more'); the same holds true for the use of definite articles 
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used to introduce claim recitations. In addition, even if a 
specific number of an introduced claim recitation is explicitly 
recited, those skilled in the art will recognize that such reci 
tation should be interpreted to mean at least the recited num 
ber (e.g., the bare recitation of “two recitations.” without 
other modifiers, means at least two recitations, or two or more 
recitations). Furthermore, in those instances where a conven 
tion analogous to “at least one of A, B, and C, etc. is used, in 
general Such a construction is intended in the sense one hav 
ing skill in the art would understand the convention (e.g., “a 
system having at least one of A, B, and C would include but 
not be limited to systems that have A alone, B alone, C alone, 
A and B together, A and C together, B and C together, and/or 
A, B, and C together, etc.). In those instances where a con 
vention analogous to “at least one of A, B, or C, etc. is used, 
in general Such a construction is intended in the sense one 
having skill in the art would understand the convention (e.g., 
“a system having at least one of A, B, or C would include but 
not be limited to systems that have A alone, B alone, C alone, 
A and B together, A and C together, B and C together, and/or 
A, B, and C together, etc.). It will be further understood by 
those within the art that virtually any disjunctive word and/or 
phrase presenting two or more alternative terms, whether in 
the description, claims, or drawings, should be understood to 
contemplate the possibilities of including one of the terms, 
either of the terms, or both terms. For example, the phrase “A 
or B will be understood to include the possibilities of “A” or 
B Or A and B. 

In addition, where features or aspects of the disclosure are 
described in terms of Markush groups, those skilled in the art 
will recognize that the disclosure is also thereby described in 
terms of any individual member or subgroup of members of 
the Markush group. 
As will be understood by one skilled in the art, for any and 

all purposes, such as in terms of providing a written descrip 
tion, all ranges disclosed herein also encompass any and all 
possible Subranges and combinations of Subranges thereof. 
Any listed range can be easily recognized as Sufficiently 
describing and enabling the same range being broken down 
into at least equal halves, thirds, quarters, fifths, tenths, etc. As 
a non-limiting example, each range discussed herein can be 
readily broken down into a lower third, middle third and 
upper third, etc. As will also be understood by one skilled in 
the art all language Such as “up to.” “at least,” “greater than.” 
“less than, and the like include the number recited and refer 
to ranges which can be Subsequently broken down into Sub 
ranges as discussed above. Finally, as will be understood by 
one skilled in the art, a range includes each individual mem 
ber. Thus, for example, a group having 1-3 cells refers to 
groups having 1, 2, or 3 cells. Similarly, a group having 1-5 
cells refers to groups having 1, 2, 3, 4, or 5 cells, and so forth. 

While various aspects and embodiments have been dis 
closed herein, other aspects and embodiments will be appar 
ent to those skilled in the art. The various aspects and embodi 
ments disclosed herein are for purposes of illustration and are 
not intended to be limiting, with the true Scope and spirit 
being indicated by the following claims. 

The invention claimed is: 

1. A composition comprising a noble-metal containing 
nanoparticle and a polymer located on a Surface of the nano 
particle, wherein the polymer is a poly(alkoxybenzyl) repre 
sented as: 
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OMe 

21 
MeO CH O 
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()-- CH2 

N OMe. 

2. The composition of claim 1, wherein the composition 
exhibits an antimicrobial activity. 

3. The composition of claim 1, wherein the composition 
dissolves in an organic solvent. 

4. The composition of claim 1, wherein the polymer is 
located directly on the surface of the nanoparticle, wherein 
the nanoparticle comprises silver. 

5. A method of preparing a composition of a noble-metal 
containing nanoparticle and a polymer, the method compris 
ing: condensing a halogenated monomer in the presence of 
the noble-metal containing nanoparticle and forming the 
polymer from the halogenated monomer on a surface of the 
noble-metal containing nanoparticle, wherein the method is 
carried out in a single vessel, and the polymer is a poly 
(alkoxybenzyl) represented as: 

OMe 

21 
MeO CH2 O 
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OMe 

()-- CH 

N OMe. 

6. The method of claim 5, wherein the method is carried out 
at about room temperature. 

7. The method of claim 5, wherein the polycondensation 
comprises a chemical condensation reaction leading to a for 
mation of the polymer by polymerizing the monomer and 
releasing water or a molecule. 

8. The method of claim 5, wherein the nanoparticle com 
prises silver and the monomer comprises an alkoxybenzyl 
halide. 
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9. The method of claim 5, wherein the forming the polymer 
is carried out without a presence of an external catalyst during 
the polycondensation of the monomer. 

10. The method of claim 5, wherein the polymer is located 
directly on the Surface of the nanoparticle, wherein the nano 
particle comprises silver. 

11. A method of antimicrobial treatment of a material in 
need thereof, the method comprising treating the material 
with a composition comprising a noble-metal containing 
nanoparticle and a polymer located on a Surface of the nano 
particle, wherein the polymer is a poly(alkoxybenzyl) repre 
sented as: 
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12. The method of claim 11, wherein the treating is an 

antimicrobial treatment. 

13. The method of claim 11, wherein the material is 
selected from water, waste water, a military equipment, a 
civilian protection equipment, a Soft drink, a detergent, a 
medical product, an electrical component, an electronics 
component, and combinations thereof. 

14. The method of claim 11, wherein the treating comprises 
applying a film or a coating on the material, the film or the 
coating comprising the composition. 

15. The method of claim 11, wherein the treating comprises 
reducing an amount of bacteria and/or fungi in or on the 
material. 

16. The method of claim 12, wherein the antimicrobial 
treatment produces antimicrobial activity that persists for at 
least one month. 

17. The method of claim 11, wherein the nanoparticle 
comprises silver. 
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