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A photoluminescent or electroluminescent system and 
method of making a non-luminescent nanostructured mate 
rial into such a luminescent system is presented. The method 
of preparing the luminescent system, generally, comprises the 
steps of modifying the surface of a nanostructured material to 
create isolated regions to act as luminescent centers and to 
create a charge imbalance on the surface; applying more than 
one polar molecule to the charged surface of the nanostruc 
tured material; and orienting the polar molecules to compen 
sate for the charge imbalance on the surface of the nanostruc 
tured material. The compensation of the surface charge 
imbalance by the polar molecules alloWs the isolated regions 
to exhibit luminescence. 
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LUMINESCENT SYSTEMS BASED ON THE 
ISOLATION OF CONJUGATED PI SYSTEMS 
AND EDGE CHARGE COMPENSATION 

WITH POLAR MOLECULES ON A CHARGED 
NANOSTRUCTURED SURFACE 

FEDERALLY SPONSORED RESEARCH AND 
DEVELOPMENT 

[0001] The United States Government has rights in this 
invention pursuant to contract no. DE-AC05-00OR22725 
betWeen the United States Department of Energy and UT 
Battelle, LLC. 

FIELD 

[0002] This disclosure relates generally to photolumines 
cent and electroluminescent materials. More speci?cally, this 
disclosure pertains to nanostructured material compositions 
and methods for making such materials exhibit visible lumi 
nescence. 

BACKGROUND 

[0003] Photoluminescence represents a mechanism by 
Which a material absorbs electromagnetic energy in the UV 
Vis-NIR spectral region at one Wavelength, folloWed by the 
subsequent emission of a portion of this energy at a different, 
usually longer Wavelength. On the other hand, electrolumi 
nescence relies upon the absorption of electrical energy by a 
material, folloWed by the emission of visible light. In essence, 
the absorption of light or electrical energy causes the mol 
ecules in the material to typically undergo an electronic tran 
sition from typically a ground state to an excited state. Relax 
ation of the excited-state molecules back to their ground state 
occurs With the simultaneous emission of light from the mate 
rial. 
[0004] The length of time (e.g., delay) betWeen the absorp 
tion and emission of light by the material leads to the distinc 
tion betWeen the photoluminescence phenomena knoWn as 
?uorescence and phosphorescence. Typically, the delay time 
associated With ?uorescence is relatively short being on the 
order of only 10'12 to 10'7 seconds, While the delay for phos 
phorescence is much longer. In fact, phosphorescent pig 
ments are knoWn to “gloW in the dar ” releasing the absorbed 
light over minutes or hours after the light source has been 
removed. 
[0005] The occurrence of luminescence can continue to 
occur With a given photoluminescent or electroluminescent 
material as long as the external light source or electrical 
energy is present. If the exciting radiation or energy is 
stopped, then the occurrence of luminescence Will cease. The 
luminescent effect associated With a material is highly depen 
dent upon the selection of the pigments or luminescent cen 
ters in the material, the light absorption properties of the 
luminescent centers, and the intensity of the light absorbed. 
[0006] Photoluminescent and electroluminescent materials 
may be incorporated into a variety of different products and 
have found use as biological markers for cell imaging, in exit 
signs and other egress or safety signage, in sensors, for drug 
delivery, and in optoelectronics, as Well as in energy conver 
sion devices. Photoluminescence can be used to track the 
position of a chemical Within the human body and trigger 
various mechanisms of drug release; such mechanisms 
including, but not be limited to, microWave, thermal, or pho 
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tochemical mediated mechanisms. Thus luminescent materi 
als can exhibit multifunctional properties. 

[0007] NeW applications and market areas for photolumi 
nescent and electroluminescent materials and devices are 
continually emerging. Accordingly, there exists a continual 
desire to develop neW materials that are nontoxic, cost effec 
tive to manufacture and that exhibit a strong luminescent 
effect over an extended lifetime. Especially useful is the 
development of neW nontoxic, photoluminescent materials 
that can be used to deliver a chemical or drug Within the 
human body and electroluminescent materials for optoelec 
tronic displays. 

SUMMARY 

[0008] The present disclosure provides a method of making 
non-luminescent nano structured particles into a luminescent 
system. One aspect of this method for preparing a photolu 
minescent or electroluminescent system, generally, com 
prises the steps of providing a nanostructured material fol 
loWed by modifying the surface of the material to create 
isolated regions that Will act as luminescent centers. HoW 
ever, the creation of these isolated regions also generates a 
charge imbalance on the surface of the nano structured mate 
rial Which inhibits the luminescent centers from exhibiting 
luminescent behavior. The application of one or more polar 
molecules to the charged surface of the nanostructured mate 
rial results in the compensation or neutralization of the sur 
face charge imbalance. Upon the compensation of the surface 
charge imbalance, the isolated regions can exhibit lumines 
cent behavior. 

[0009] The formation of the isolated regions and the charge 
imbalance on the surface of the nano structured material may 
be accomplished by acid etching the surface or functionaliZ 
ing the surface of the nanostructured material With charged 
groups. Preferably, these charged groups are carboxylic acid 
(iCOOH) moieties, hydroxyl or alcohol (iOH) moieties, 
or carbonyl (4C:O) moieties, but may also be a result of the 
interaction betWeen a carbene or carbyne With the solvent. 
The application of polar molecules, such as dispersants and 
surfactants, to the charged surface may be done by immersing 
the nanostructured particles into a liquid solution comprising 
the polar molecules, by applying the polar molecules as part 
of a coating to the surface of the nanoparticles, or by any other 
method knoWn to one skilled-in-the-ar‘t. Preferably, the polar 
molecules are selected as one from the group of polyethylene 
glycol (PEG), polyethyleneimine (PEI), and sodium dodecyl 
sulfate (SDS). 
[0010] Another aspect of the present disclosure is to pro 
vide a luminescent system for use in biological markers, 
sensors, drug delivery, optoelectronic light emitting displays 
and sensing elements, or energy conversion devices. This 
photoluminescent or electroluminescent system generally 
comprises a nanostructured material dispersed in a rigid inor 
ganic matrix, a liquid solution, a gel, or a polymer matrix 
having a charged surface and one or more polar molecules 
coupled to the charged surface. The polar molecules are ori 
ented in a predetermined manner With respect to the surface of 
the nanostructured material and are positioned such that they 
compensate for the charge on the surface. It is this compen 
sation of the charge(s) on the nanostructured material’s sur 
face that induces, protects, or isolates the luminescent center 
or region on the dispersed nanostructured material from 
relaxation via a non-radiative (thermal) process. 
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[0011] Further areas of applicability Will become apparent 
from the description provided herein. It should be understood 
that the description and speci?c examples are intended for 
purposes of illustration only and are not intended to limit the 
scope of the present disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The drawings described herein are for illustration 
purposes only and are not intended to limit the scope of the 
present disclosure in any Way. 
[0013] FIG. 1A is a How chart depicting a method of pre 
paring a compensated, charge-isolated luminescent system 
according to the teachings of the present disclosure; 
[0014] FIG. 1B is a schematic representation of a nano 
structured material as a sandWiched layer in a planar structure 
according to one aspect of the present disclosure. 
[0015] FIG. 1C is a schematic representation of an elec 
troluminescent system prepared according to one aspect of 
the present disclosure; 
[0016] FIG. 2A is a schematic representation of the chemi 
cal structure of a nanostructured material according to one 
aspect of the present disclosure; 
[0017] FIG. 2B is a perspective vieW of a chemical model 
depicting the chemical structure of the nano structured mate 
rial of FIG. 2A; 
[0018] FIG. 3 is a schematic representation depicting the 
formation of a positive edge charge on a nanostructured mate 
rial through an interaction With a solvent according to one 
aspect of the present disclosure; 
[0019] FIG. 4A is a schematic representation of the chemi 
cal structure of a nanostructured material according to 
another aspect of the present disclosure; 
[0020] FIG. 4B is a perspective vieW of a chemical model 
depicting the chemical structure of the nano structured mate 
rial of FIG. 4A; 
[0021] FIG. 5 is a schematic of a method for compensating 
for the charge present on the surface of a nanostructured 
material according to one aspect of the present disclosure; 
[0022] FIG. 6A is a schematic representation of the struc 
ture and performance of large luminescent centers on a nano 
structured material according to one aspect of the present 
disclosure; 
[0023] FIG. 6B is a schematic representation of a lumines 
cent system prepared according to one aspect of the present 
disclosure; 
[0024] FIG. 7A is a graphical representation of the light 
absorbance characteristic of a “single-Wall carbon nanohorn 
modi?ed With carboxylic acid functionality” [(SWNH 
COOH)/PEG] luminescent system prepared according to one 
aspect of the present disclosure plotted as a function of the 
excitation Wavelength; 
[0025] FIG. 7B is a graphical representation of the light 
emission characteristic of the luminescent system of FIG. 7A; 
[0026] FIG. 7C is a graphical combination of the light 
absorbance and emission characteristics of the system of FIG. 
7A depicting the occurrence of luminescence. 
[0027] FIG. 8A is a graphical representation of the light 
absorbance characteristic of a [(SWNH-COOH)/PEI] lumi 
nescent system prepared according to another aspect of the 
present disclosure plotted as a function of the excitation 
Wavelength; 
[0028] FIG. 8B is a graphical representation of the light 
emission characteristic of the luminescent system of FIG. 8A; 
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[0029] FIG. 8C is a graphical combination of the light 
absorbance and emission characteristics of the system of FIG. 
8A depicting the occurrence of luminescence; 
[0030] FIG. 9A is a graphical combination of the light 
absorbance and emission characteristics of an “as prepared 
single Wall carbon nanohorn” [(AP-SWNH)/PEG] system 
depicting the absence of luminescence; 
[0031] FIG. 9B is a graphical combination of the light 
absorbance and emission characteristics of a [(AP-SWNH)/ 
PEI] system depicting the absence of luminescence; 
[0032] FIG. 10A is a graphical combination of the light 
absorbance and emission characteristics of a [(SWNH 
COOH)/SDS] system prepared according to one aspect of the 
present disclosure depicting the occurrence of luminescence; 
[0033] FIG. 10B is a graphical combination of the light 
absorbance and emission characteristics of a [(AP-SWNH)/ 
SDS] system depicting the absence of luminescence; 
[0034] FIG. 11A is a graphical combination of the light 
absorbance and emission characteristics of an [(amorphous 
carbon-COON)/PEG] system prepared according to one 
aspect of the present disclosure depicting the occurrence of 
luminescence; 
[0035] FIG. 11B is a graphical combination of the light 
absorbance and emission characteristics of an [(amorphous 
carbon-COON)/PEI] system prepared according to one 
aspect of the present disclosure depicting the occurrence of 
luminescence; and 
[0036] FIG. 12 is a graphical combination of the light 
absorbance and emission characteristics of a semiconducting 
[(s-SWNH-COOH)/PEI] system prepared according to one 
aspect of the present disclosure depicting the occurrence of 
luminescence. 

DETAILED DESCRIPTION 

[0037] The folloWing description is merely exemplary in 
nature and is in no Way intended to limit the present disclosure 
or its application or uses. It should be understood that 
throughout the description and draWings, corresponding ref 
erence numerals indicate like or corresponding parts and 
features. 
[0038] The present disclosure generally provides a method 
of making non-luminescent nanostructured materials into a 
luminescent system. The term, luminescence, as used 
throughout this disclosure is intended to generally refer to 
photoluminescence and/ or electroluminescence. Referring to 
FIG. 1A, according to one embodiment of the present disclo 
sure the method 10 comprises the steps of providing 16 a 
nanostructured material that has a predetermined surface. 
This nanostructured material initially Will not exhibit lumi 
nescent behavior. The surface of the material is modi?ed 20 to 
create at least one small, isolated region that may act as a 
luminescent center. HoWever, this surface modi?cation also 
generates additional or “unWanted” charge on the surface of 
the material leading to a charge imbalance. This charge 
imbalance prevents the isolated region from exhibiting lumi 
nescent properties. Thus the charge imbalance needs to be 
neutraliZed or compensated for. 
[0039] Compensation for this surface charge imbalance can 
be accomplished by the application 40 of one or more polar 
molecules to the surface of the nanostructured material. 
These polar molecules are adapted 60 to compensate for the 
charge imbalance. Such adaptation may include the align 
ment of the polar molecules on the surface of the nanostruc 
tured material. Upon the neutralization or compensation 66 of 
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the charge imbalance, the isolated regions Will act as lumi 
nescent centers and exhibit luminescent properties, thereby, 
forming a luminescent system 64. Preferably, the luminescent 
system 64 Will be comprised of a nanostructured material that 
includes a plurality of luminescent centers. 

[0040] Still referring to FIG. 1A, the nanostructured mate 
rial 22 may be dispersed into a liquid solution 26 for oxidation 
of its surface. The liquid solution 26 may be comprised of 
concentrated HNO3 or mixtures of HNO3, H2SO4, H2O2 or 
KMnO4. Acid etching is one method of forming the isolated 
regions or luminescent centers on the surface of the nano 
structured material, as Well as generating the excess or 
unWanted charge that creates a charge imbalance on the sur 
face of the nanostructured material. The isolated regions rep 
resent a domain, hole, a single unit cell, or con?nement state 
that has the potential to exhibit photoluminescence or elec 
troluminescence. Acid etching incorporates acid functional 
ity, such as carboxylic acid (i.e., 4COOH) groups, onto the 
surface of the nanostructured material. Such acid treatment 
may involve reaction times on the order of minutes to days, as 
Well as the use of elevated temperatures (e.g., 100° C. for 4 
hours). The concentrated acidic solution 26 may be re?uxed 
to facilitate the acidic groups ?rst becoming coupled to the 
open ends of the nanostructured material folloWed by cou 
pling to the remaining surface area of the material. Neutral 
iZation of the acidic solution 26 With alkali may result in the 
precipitation of the acid functionaliZed nanostructured mate 
rials 30, Which can then be collected by ?ltration, evapora 
tion, or any other knoWn method. Carboxylic acid function 
aliZed nanostructured materials 30 may also be formed by 
chlorate or ammonium persulfate oxidation. 

[0041] The main acid functionalities that exist on the sur 
face of the charged nanostructured material 30 may include 
iCOON, 4C:O, and 40H moieties among others. The 
ratio of (iCOON):(iC:O):(iOH) groups on the surface 
Will usually be on the order of about 4:211. HoWever, one 
skilled in the art Will understand that this ratio can vary 
depending upon the treatment of the material With concen 
trated acids. Acidic treatment of the material’s surface With 
concentrated acid results in the formation of a surface exhib 
iting an atomic ratio of C:O:H on the order of about 2.7:1.0: 
1.2. The concentration of the acidic groups present on the 
surface of the charged nanostructured material 30 is typically 
in the range of about 2><102O to 10><102O sites per gram, Which 
corresponds to about a 5 to 7% molar concentration or about 
2 to 7 Weight %. The acid etching or treatment of the nano 
structured material’s surface Will also result in the surface 
having a charge polarity or imbalance. 

[0042] Another aspect of the present disclosure is to pro 
vide an electroluminescent system 1 for use in optoelectronic 
light-emitting displays, solar panels, or optoelectronic sens 
ing elements Wherein the luminescent centers are incorpo 
rated into a planar-like structure (e.g., display, etc.). Referring 
to FIG. 1B, the isolation of the luminescent centers 7 may be 
accomplished by a variety of standard lithographic processes 
5 utiliZed in the fabrication of inorganic materials, including, 
but not limited to plasma etching, e-beam lithography, atomic 
layer deposition, and planariZation. Alternatively, the isola 
tion of the luminescent centers may be accomplished by one 
of the processes 5 associated With the Wet processing of 
organic electronic devices. In both of these types of processes 
5, loose nanostructured materials may be formed and incor 
porated into a central layer 2 Which is sandWiched betWeen 
tWo insulating, semiconducting, or metallic layers 3, 4, each 
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of Which may be separately applied. The luminescent centers 
7 may also be formed by a lithographic processing 5 step in 
Which a hole, edge, or otherWise isolated region is created and 
Which, When charge compensated, yields photo- or electro 
luminescent behavior. The sandWiched layers 2, 3, 4 may be 
further tailored to provide the charge compensation required 
for luminescence of the center 7, and include inorganic 
dielectrics, semiconductors, or metals, as Well as organic 
small molecules, polymers, or the like. 

[0043] Still referring to FIG. 1B, the processing of central 
layer 2 may include spotting charge-compensated lumines 
cent centers 7 into regions, as by inkj et, aerosol, spray, dielec 
trophoresis, magnetic deposition techniques; or the in situ 
creation of luminescent centers and in situ methods of charge 
compensation using lithographic processing steps, such as 
local plasma, ion, or electron irradiation With etchants, CVD 
deposition, ALD, or polymer processing. “Pixels” of local 
iZed luminescent centers 7 can be incorporated into layers of 
electrodes or substrates, rigid or ?exible. 

[0044] Referring noW to FIG. 1C, the electroluminescent 
system 1 according to another aspect of the present disclosure 
may include an electroluminescent patch 7a created from the 
material of the gate electrode 6 used in a deposition process 
(e.g., e-beam, oZone, focused ion beam, among others). In 
this case, the electroluminescent patch 711 represents the iso 
lated region or luminescent center. The electroluminescent 
patch 711 may be deposited in the gap betWeen the source 
electrode 9 and the drain electrode 8 or groWn in the gap to 
bridge the electrodes 8, 9. The electrodes 8, 9 reside betWeen 
the dielectric layers 3, 4. The electroluminescent patch 711 
may also be prepared using the electroluminescent system 64 
or nanostructured material 62 having isolated regions pre 
pared according to the process shoWn in FIG. 1A. The elec 
troluminescent system 1 (e.g., a display, etc.) may include an 
assembly of individually addressable electroluminescent 
patches 7a. 
[0045] Referring noW to FIGS. 2A and 2B, a carbon nano 
structured material 30 prepared according to one aspect of the 
present disclosure is depicted. Surface modi?cation of this 
nano structured material 30 leads to the formation of a charge 
on the edges of the material by various charged edge groups. 
Preferably, these charged groups are carboxylic acid 
(iCOOH) moieties 52, hydroxyl or alcohol (iOH) moi 
eties 54, or carbonyl (4C:O) moieties 56, but may also be 
a result of the interaction betWeen a carbene or carbyne 57 
With a liquid solution or solvent. In the case of a carbene end 
group, the interaction betWeen this end group and the solution 
may lead to the formation of a positively charged carbon or 
ZigZag site 59 With potential pairing of the sigma (*) and pi 
(stelectrons occurring proximate to this Zig-Zag site 59. 
[0046] Referring noW to FIG. 2B, the Weakened pi-system 
of the carbon nanostructured material 30 may result in the 
breaking of the pi-system conjugation inside the nanostruc 
tured material 50, thereby, resulting in the formation of tWo 
more Weakly interacting pi-systems 61, 63. Such a reduced 
conjugation of the pi-system can lead to a blue shift in the 
luminescence of the nano structures even Without a signi?cant 
change in hydrodynamic radius. A saturated hydrocarbon 
surfactant or chemical modi?er may be attached to the mate 
rial 30 via charge or chemical interaction With its functional 
moieties, such as a carbonyl 56, carboxyl 52, or hydroxyl 
moiety 54, in order to decrease access to the pi-system from 
knoWn luminescent quenching molecules. 
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[0047] The step of modifying 20 the surface of nanostruc 
tured material 22 involves one selected from the group of acid 
etching the surface of the nanostructured material 22 and 
functionaliZing the surface of the nanostructured material 22 
With charged groups in the presence of a solvent. Referring 
noW to FIG. 3, the formation of a positive edge charge through 
an interaction With the solvent is depicted. In general, in 
addition to charge formation, edge modi?cation breaking 
along the conjugated pi-system is expected (see FIG. 2B). 
Tunability of the luminescent properties of the single Wall 
nanostructured material 30, e.g., a carbon nanohorn, as a 
function of excitation Wavelength may indicate separate exci 
tation of the isolated conjugated pi-system Within the nano 
hom assembly. 
[0048] The breaking of large conjugated pi-systems may 
result in non-Zero energy of the HOMO-LUMO molecular 
orbital gap for the isolated pi-system Within a single Walled, 
nanostructured material or its assembly. The smaller the siZe 
of the isolated polycyclic aromatic hydrocarbon, the larger 
the HOMO-LUMO gap Will be. For example, in reference to 
an isolated benZene moiety, the expected band gap is about 
6.8 eV Whereas for coronene (a large conjugated system) the 
HOMO-LUMO gap is 4.04 eV. These tWo examples may be 
used as limiting cases in order to estimate a predetermined 
range of tunability for luminescent properties. This tunable 
range is estimated to be about 2.76 eV. This example consid 
ers only un-substituted polycyclic aromatic hydrocarbons 
(PAHs). If the conjugated pi-system of PAHs are close (e.g., 
one sp3 bond) to the polar edge groups, their HOMO-LUMO 
molecular orbital gap Will be affected; dependent upon the 
charge and electron donating/Withdrawing nature of the edge 
functionality. In extreme cases this interaction may lead to 
non-radiative relaxation of the excited state of PAH via the 
coupling of it to the vibrational modes of the solvent. 
[0049] Referring noW to FIGS. 4A and 4B, an example of 
the steric hindrance and structural distortion of an enclosed 
pi-system of a polycyclic hydrocarbon Within the nanostruc 
tured material 30 is demonstrated. The chemistry of carbon 
edge groups may induce instances of complete hydrogenation 
of the majority of the double bonds, leaving small areas of 
isolated polycyclic aromatic hydrocarbons. The example 
shoWs a luminescent anthracene 69 moiety surrounded by sp3 
and sp2 hybridized carbon atoms. Energy minimiZation of this 
structure shoWs that access to anthracene 69 moiety (best 
shoWn in FIG. 4B) is hindered by the sp2-sp3 hybridiZed 
carbons and that the anthracene 69 moiety is not planar (i.e., 
perturbed). The expected excitation and luminescence of this 
moiety 69 Will be red shifted from that exhibited by pure 
anthracene. 
[0050] The surface of the nanostructured material 22 may 
also be charged 20 through functionaliZation With acidic moi 
eties coupled to long chain hydrocarbons. For example, refer 
ring to FIG. 5 the surface of carbon nanostructured materials 
22 may be reacted With a mixture of succinic or glutaric acid 
acyl peroxides in o-dichlorobenZene 26 at about 80-90° C. 
This reaction results in the formation of a 2-carboxyethyl or 
3-carboxypropyl surface functionaliZed material 30. One 
skilled-in-the-art Will understand that other reactions than 
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those depicted herein are also possible for the functionaliZa 
tion of the nanostructured material’s surface With acid moi 
eties. 
[0051] According to another aspect of the present disclo 
sure, in addition to isolated regions being on a molecular (e. g., 
small) scale as described above, the isolated regions can also 
be much larger, i.e., large luminescent center (LLC). These 
large luminescent centers may be the result of the superposi 
tion of multiple single unit cells as described in FIG. 6A. 
Referring to FIG. 6A, tWo examples of large luminescent 
centers are shoWn in Which the structure of the LLC includes 
a combination of ten unit cells (A or B). These speci?c 
examples may be identi?ed as a semiconducting arm chair 
LLC (n:4, mIO). One skilled-in-the-art Will understand that 
the luminescent center on the nano structured material may be 
comprised of other ribbons that exhibit semiconducting char 
acter. The band gap luminescence of LLC examples shoWn in 
FIG. 6A is on the order of 2.55 eV (With no edge effect) and 
2.81 eV (With edge relaxation). One skilled-in-the-art Will 
understand that the tunable range for a LLC is similar to that 
described above for a molecular, small luminescent center 
(i.e., about 2.76 eV). A speci?c example of a nanostructured 
material With an isolated region being an LLC, includes, but 
is not limited to, an isolated graphene ribbon located on the 
surface of a carbon nanohorn. The incorporation of such an 
LLC into a carbon nanohom may cause stress induced 
changes in the curvature of the nanostructured material (e. g., 
Warping). Such stress induced changes Will result in the shift 
of the luminescence to either loWer or higher energy. One 
skilled-in-the art Will understand that a large luminescent 
center may also include a combination of, i.e., more than one, 
different or similar LLC Without exceeding the scope of the 
present disclosure. 
[0052] The step of applying 40 polar molecules to the 
charged surface involves one selected from the group of 
immersing the charged nanostructured material 30 into a 
solution comprising the polar molecules 44 and applying the 
polar molecules 44 as part of a coating to the surface of the 
nano-structured material. The polar molecules 44 are typi 
cally comprised of a long alkyl chain having a polar group at 
one end. Examples of polar groups include, but are not limited 
to, hydroxyl, carboxyl, sulfonate, sulfate, ammonium, amino, 
and polyoxyethylene. When the polar group is for example, 
an alcohol or amine group, the polar group can easily be 
coupled to the acid functionality of the nanostructured mate 
rial through stable ester or amide linkages. In the case of 
amine functionality, the carboxylic acid groups on the surface 
of the charged nanostructured material 30 may undergo a 
reaction With the polar groups, including but not limited to, 
amidation, an acid-base interaction, or condensation. An 
example of functionaliZing a nanostructured material having 
carboxylic acid functionality 30 With a CH3(CH2)l7NH2 
polar molecule 44 via a simple acid-base interaction to yield 
a nanostructured material interacting With a polar molecule 
46 is demonstrated in Equation 1. HoWever, the simple 
chemical bonding of any molecule to surface of a nanostruc 
tured material either covalently, non-covalently, or a combi 
nation thereof Will not by itself alloW the isolated region to 
exhibit luminescent properties. 

Eq. I 










