
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0217298 A1 

Bawendi et al. 

US 2004O217298A1 

(43) Pub. Date: Nov. 4, 2004 

(54) 

(76) 

(21) 

(22) 

(60) 

(60) 

(51) 
(52) 

INVENTORY CONTROL 

Inventors: Moungi G. Bawendi, Boston, MA 
(US); Klavs F. Jensen, Lincoln, MA 
(US) 

Correspondence Address: 
STEPTOE & JOHNSON LLP 
Attn: Docket Administrator - Box USPTO 
1330 Connecticut Avenue, NW 
Washington, DC 20036 (US) 

Appl. No.: 10/858,207 

Filed: Jun. 2, 2004 

Related U.S. Application Data 

Division of application No. 10/157.232, filed on May 
30, 2002, now Pat. No. 6,774,361, which is a con 
tinuation of application No. 09/160,458, filed on Sep. 
24, 1998, now Pat. No. 6,617,583. 

Provisional application No. 60/101,046, filed on Sep. 
18, 1998. Provisional application No. 60/100,947, 
filed on Sep. 18, 1998. 

Publication Classification 

Int. Cl. ................................................ G01N 33/53 
U.S. Cl. .......................................... 250/458.1; 435/7.1 

(57) ABSTRACT 

A novel encoding System and methods for determining the 
location and/or identity of a particular item or component of 
interest is provided. In particular, the present invention 
utilizes a “barcode” comprising one or more sizes of Semi 
conductor nanocrystals (quantum dots) having characteristic 
Spectral emissions, to either “track the location of a par 
ticular item of interest or to identify a particular item of 
interest. The Semiconductor nanocrystals used in the inven 
tive “barcoding Scheme can be tuned to a desired wave 
length to produce a characteristic Spectral emission in nar 
row spectral widths, and with a Symmetric, nearly Gaussian 
line shape, by changing the composition and size of the 
quantum dot. Additionally, the intensity of the emission at a 
particular characteristic wavelength can also be varied, thus 
enabling the use of binary or higher order encoding Schemes. 
The information encoded by the quantum dot can be spec 
troscopically decoded, thus providing the location and/or 
identity of the particular item or component of interest. In 
particular, a Single primary light Source can be used to 
decode the inventive barcode. In particularly preferred 
embodiments, the present System and method is used in 
applications to Security Systems, to the tracking of consumer 
items. Such as jewelry, vehicles, or paper. In other particu 
larly preferred embodiments, the present System and method 
is used in applications for biochemistry to track the location 
of biomolecules Such as DNA sequences, combinatorial 
chemistry, and genomics for encoding and probe identifiers. 
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INVENTORY CONTROL 

0001) This application is a divisional (and claims the 
benefit of priority under 35 U.S.C. S 120) of U.S. patent 
application Ser. No. 10/157.232, filed May 30, 2002, which 
is a continuation of U.S. patent application Ser. No. 09/160, 
458, filed Sep. 24, 1998, which claims priority to U.S. patent 
application Ser. No. 60/101,046, filed on Sep. 18, 1998, each 
of which is incorporated by reference in its entirety. 
0002 This application was made with government Sup 
port under Grant Number DMR-9400334 awarded by the 
National Science Foundation. The United States government 
may have certain right in the invention. 
0003. This application is related to the following appli 
cations which were filed in even day herewith and which are 
incorporated in their entirety by reference: application U.S. 
Ser. No. 09/160,454, entitled “Biological Applications of 
Quantum Dots, filed Sep. 24, 1998, and provisional U.S. 
Applin. No. 60/100.947, entitled “Detection of Compounds 
and Interactions,” filed Sep. 18, 1998. Additionally, this 
application is also related to the following application, 
which was filed on Sep. 18, 1998, and which is incorporated 
in its entirety by reference: application entitled “Water 
Soluble Luminescent Nanocrystals, filed Sep. 18, 1998, 
now U.S. Pat. No. 6,251,303 B1. 

BACKGROUND OF THE INVENTION 

0004. The ability to track the location or identity of a 
component or item of interest has presented a significant 
challenge for industry and Science. For example, the 
demands of keeping track of consumer products, Such as 
items in a grocery Store or jewelry, and the interest in 
identification devices, Such as Security cards, has led to the 
need for a Secure and convenient System. Additionally, 
emerging technologies Such as combinatorial chemistry, 
genomics research, and microfluidics also require the ability 
to identify and track the location of large numbers of items. 
0005. A traditionally used method for tracking the loca 
tion or identity of a component or item of interest is 
Universal Product Code technology, or barcode technology, 
which uses a linear array of elements that are either printed 
directly on an object or on labels that are affixed to the 
object. These bar code elements typically comprise bars and 
Spaces, with bars of varying widths representing Strings of 
binary ones and Spaces of varying widths representing 
Strings of binary Zeros. Bar codes can be detectable optically 
using devices Such as Scanning laser beams or handheld 
Wands, or they can be implemented in magnetic media. The 
readers and Scanning Systems electro-optically decode the 
Symbol to multiple alpha-numerical characters that are 
intended to be descriptive of the article or Some character 
istic thereof. Such characters are typically represented in 
digital form as an input to a data processing System for 
applications in point-of-Sale processing and inventory con 
trol to name a few. 

0006 Although traditional bar codes typically only con 
tain five or six letters or digits, two dimensional barcodes 
have also been developed in which one-dimensional bar 
codes are Stacked with horizontal guard bars between them 
to increase the information density. For example, U.S. Pat. 
No. 5,304.786 describes the use of a high density two 
dimensional bar code Symbol for use in bar code applica 
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tions. Unfortunately, although the information density of 
barcode technology has improved, this technology is often 
easily destructible, and the interference of dust, dirt and 
physical damage limits the accuracy of the information 
acquired from the readout equipment. Additionally, because 
of the difficulty of etching the barcode on many items, it is 
also difficult to apply to a wide range of uses. 
0007 Another technology that has been developed for 
labeling objects includes a composition comprising Silicon 
or Silicon dioxide microparticles and a powder, fluid or gas 
to be applied to objects Such as vehicles, credit cards and 
jewelry (WO95/29437). This system typically allows the 
formation of 200 million particles on a Single wafer, each of 
the particles on one wafer being designed to be of identical 
shape and size So that when the particles are freed from the 
wafer Substrate one is left with a Suspension containing a 
Single particle type which can thus be identified and asso 
ciated with a particular item of interest. This System, 
although information dense, is also not practical for a wide 
range of application. One of the advantages explicitly Stated 
in the application includes the unlikely event of unautho 
rized replication of the particles because of the non-trivial 
process of micromachining used which requires Specialized 
equipment and skills. Thus, this proceSS would not be widely 
amenable to a range of uses for inventory control. 
0008. In addition to abovementioned barcoding and 
microparticle inventory control Schemes, emerging tech 
nologies Such as combinatorial chemistry have also resulted 
in the development of various encoding Schemes (Lee, for 
example, Czarnik, A. W., “Encoding Methods for Combi 
natorial Chemistry”, Curr. Opin. Chem. Biol., 1997, 1, 60). 
The need for this development has arisen in part from the 
Split and pool technique utilized in combinatorial chemistry 
to generate libraries on the order of one million compounds. 
Split and pool Synthesis involves dividing a collection in 
beads into N groups, where N represents the number of 
different reagents being used in a particular reaction Stage, 
and after the reaction is performed, pooling all of these 
groups together and repeating the split and pool process until 
the desired reaction Sequence is completed. Clearly, in order 
to keep track of each of the compounds produced from a 
reaction Series, the beads must be "tagged' or encoded with 
information at each Stage to enable identification of the 
compound of interest or the reaction pathway producing the 
compound. The tags used to encode the information, how 
ever, must be robust to the conditions being employed in the 
chemical Synthesis and must be easily identifiable to obtain 
the information. Exemplary encoding techniques that have 
been developed include the use of chemically robust small 
organic molecules ("tags') that are cleaved from the bead 
after the Synthesis is completed and analyzed using mass 
spectroscopy. (U.S. Pat. No. 5,565,324; U.S. Pat. No. 5,721, 
099). The disadvantage of this method is that the “tags” must 
be cleaved from the bead in order to gain information about 
the identity of the compound of interest. 
0009. In response to this, several groups have developed 
encoding Schemes that allow analysis while the "tags' are 
Still attached to the Supports. For example, Radiofrequency 
Encoded Combinatorial (RECTM) chemistry combines 
recent advances in microelectronics, Sensors, and chemistry 
and uses a Single or Multiple Addressable Radiofrequency 
Tag (SMARTTM) semiconductor unit to record encoding and 
other relevant information along the Synthetic pathway 
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(Nicolaou et al., Angew. Chem. Int. Ed. Engl. 1995, 34, 
2289). The disadvantage of this system, however, is that the 
SMARTTM memory devices utilized are very large in size 
(mm), and thus Scanning the bead to decode the information 
becomes difficult. Another example of on-bead decoding 
includes the use of colored and fluorescent beads (Egner et 
al., Chem. Commun. 1997, 735), in which a confocal micro 
Scope laser System was used to obtain the fluorescence 
spectra of fluorescent dyes. The drawback of this method, 
however, is the tendency of the dyes to undergo internal 
quenching by either energy transfer or reabsorption of the 
emitted light. Additionally, this System is not able to 
uniquely and distinctly identify a range of dyes. 

0.010 Clearly, it would be desirable to develop a general 
information dense encoding System flexible, robust and 
practical enough to be utilized both in general inventory 
control and in emerging technologies. This System would 
also be capable of distinctly and uniquely identifying par 
ticular items or components of interest. 

SUMMARY OF THE INVENTION 

0.011 The present invention provides a novel encoding 
System and methods for determining the location and/or 
identity of a particular item or component of interest. In 
particular, the present invention utilizes a “barcode” com 
prising one or more particle size distributions of Semicon 
ductor nanocrystals (quantum dots) having characteristic 
spectral emissions to either “track the location of a par 
ticular item of interest or to identify a particular item of 
interest. The Semiconductor nanocrystals used in the inven 
tive “barcoding Scheme can be tuned to a desired wave 
length to produce a characteristic spectral emission by 
changing the composition and size of the quantum dot. 
Additionally, the intensity of the emission at a particular 
characteristic wavelength can also be varied, thus enabling 
the use of binary or higher order encoding Schemes. The 
information encoded by the quantum dot can be spectro 
Scopically decoded, thus providing the location and/or iden 
tity of the particular item or component of interest. 
0012. In a particularly preferred embodiment, the method 
involves providing a composition comprising an item of 
interest, and one or more sizes of Semiconductor nanocryS 
tals having characteristic Spectral emissions, or providing a 
composition comprising a Support, an item of interest, and 
one or more sizes of Semiconductor nanocrystals; Subjecting 
Said composition to a primary light Source to obtain the 
Spectral emissions for Said one or more sizes of quantum 
dots on Said composition; and correlating Said spectral 
emission with Said item of interest. The present method, in 
preferred embodiments, can be used to encode the identity 
of biomolecules, particularly DNA sequences, or other 
items, including, but not limited to, consumer products, 
identification tags and fluids. 
0013 In another aspect, the present invention provides 
compositions. In one particularly preferred embodiment, the 
composition comprises a Support, and one or more particle 
Size distributions of Semiconductor nanocrystals having dif 
ferent characteristic spectral emissions. In another particu 
larly preferred embodiment, the composition comprises a 
Support, one or more items of interest and one or more sizes 
of quantum dots having different characteristic spectral 
emissions. In yet another preferred embodiment, the com 
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position comprises an item of interest and one or more sizes 
of quantum dots having different characteristic spectral 
emissions. The quantum dots can be associated with, 
attached thereto, or embedded within Said Support Structure. 
Additionally, the quantum dot can optionally have an over 
coating comprised of a material having a band gap greater 
than that of the quantum dot. 

0014. In yet another aspect, the present invention pro 
vides libraries of compounds and/or items of interest. In a 
particularly preferred embodiment, each compound in the 
library is bound to an individual Support, and each Support 
has attached thereto or embedded therein one or more 
identifiers comprising one or more particle size distributions 
of quantum dots having characteristic Spectral emissions. In 
yet another preferred embodiment, each item of interest has 
attached thereto, or embedded therein one or more identifiers 
comprising one or more particle size distributions of quan 
tum dots having characteristic spectral emissions. 

0015. In yet another aspect, the present invention also 
provides kits for identifying an item of interest comprising 
a collection of items of interest, and wherein each member 
of Said collection of objects has attached thereto or embed 
ded therein one or more particle size distributions of quan 
tum dots having characteristic Spectral emissions. In another 
preferred embodiment, the kit comprises a collection of 
items of interest, each bound to a solid support, wherein each 
Support has attached thereto, associated there with, or 
embedded therein one or more unique identifiers. 

0016. In another aspect, the present invention provides 
methods for identifying a compound having a particular 
characteristic of interest comprising providing a library of 
compounds, testing Said library of compounds for a particu 
lar characteristic of interest, observing the photolumines 
cence spectrum for each identifier attached to each Support 
containing a compound of interest, and identifying the 
compound of interest by determining the reaction Sequence 
as encoded by Said one or more sizes of quantum dots. In yet 
another particularly preferred embodiment, the Step of iden 
tifying the reaction Sequence can be determined before 
testing the library of compounds because the reaction 
Sequence can be recorded during the Synthesis of the com 
pound by “reading the beads (i.e., observing the photolu 
minescence spectrum) prior to each reaction step to record 
the reaction Stages. The present invention additionally pro 
vides methods for recording the reaction Stages of a Synthe 
sis concurrently with the Synthesis. 

0017. In yet another aspect, the present invention pro 
vides methods for identifying a molecule having a charac 
teristic of interest comprising contacting a first library of 
molecules with a Second library of molecules, wherein each 
of the molecules in the first library is encoded using one or 
more sizes of quantum dots and the Second library has 
attached thereto or embedded therein one or more sizes of 
quantum dots acting as "probes'. This method provides 
Simultaneously a way to identify the binding of one or more 
molecules from the second library to the first library and 
determining the Structure of Said one or more molecules 
from the first library. 
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DESCRIPTION OF THE DRAWING 

0.018. The file of this patent contains at least one drawing 
executed in color. Copies of this patent with color draw 
ing(s) will be provided by the Patent and Trademark Office 
upon request and payment of the necessary fee. 
0.019 FIG. 1 depicts a general displacement reaction to 
modify the Surface of the Semiconductor nanocrystal. 
0020 FIG. 2 depicts the use of the inventive system in 
fluid dynamics. 
0021 FIG. 3 depicts the use of the inventive system in 
the identification of an object of interest. 
0022 FIG. 4 depicts the use of the inventive system in 
the encoding of combinatorial libraries. 

DESCRIPTION OF CERTAIN PREFERRED 
EMBODIMENTS 

Definitions 

0023 “Ouantum Dot'TM particle'. As used herein, the 
term “Quantum Dot'TM particle' includes a semiconductor 
nanocrystal with size dependent optical and electrical prop 
erties. In particular, the band gap energy of a Semiconductor 
nanocrystal varies with the diameter of the crystal. 
0024 “Identification unit or barcode”: As used herein, the 
term “identification unit' is used synonymously with the 
term “barcode', and comprises one or more sizes of Semi 
conductor nanocrystals, each size of Semiconductor nanoc 
rystal having a characteristic emission spectrum. The “iden 
tification unit' or “barcode' enables the determination of the 
location or identity of a particular item or matter of interest. 
0025 “Item of interest'. As used herein, the term “item 
of interest' is used synonymously with the term “component 
of interest' and refers to any item, including, but not limited 
to, consumer item, fluid, gas, Solid, chemical compound, and 
biomolecule. 

0.026 “Biomolecule”: As used herein, the term “biomol 
ecule” refers to molecules (e.g., proteins, amino acids, 
nucleic acids, nucleotides, carbohydrates, Sugars, lipids, 
etc.) that are found in nature. 
0.027 “One or more sizes of semiconductor nanocrys 

tals'': AS used herein, the phrase “one or more sizes of 
Semiconductor nanocrystals” is used synonymously with the 
phrase “one or more particle size distributions of Semicon 
ductor nanocrystals'. One of ordinary skill in the art will 
realize that particular sizes of Semiconductor nanocrystals 
are actually obtained as particle size distributions. 
0028. The phrase “associated with is used herein to 
indicate items that are physically linked by, for example, 
covalent chemical bonds, physical forces Such van der Waals 
or hydrophbic interactions, encapsulation, embedding, or the 
like. The phrase "asSociated with also intends maintaining 
a correspondence between items by other than physical 
linkage, e.g., through the use of a look-up table or other 
method of recording the association/correspondence. 
0029 Recognizing the need to identify and locate specific 
items or components of interest, the present invention pro 
vides a novel encoding System. In particular, the present 
invention utilizes a “barcode” comprising one or more 
particle size distributions of Semiconductor nanocrystals 
(quantum dots), having characteristic spectral emissions, to 
either “track' the location of a particular item of interest or 
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to identify a particular item of interest. The Semiconductor 
nanocrystals used in the inventive “barcoding Scheme can 
be tuned to a desired wavelength to produce a characteristic 
Spectral emission by changing the composition and size of 
the quantum dot, and additionally, the intensity of the 
emission at a particular characteristic wavelength can also 
be varied, thus enabling the use of binary or higher order 
encoding Schemes. The information encoded by the quan 
tum dots can be spectroscopically decoded, thus providing 
the location and/or identity of the particular item or com 
ponent of interest. 
0030 The ability of the semiconductor nanocrystals to be 
utilized in the inventive barcode system results from their 
unique characteristics. Semiconductor nanocrystals have 
radii that are Smaller than the bulk exciton Bohr radius and 
constitute a class of materials intermediate between molecu 
lar and bulk forms of matter. Quantum confinement of both 
the electron and hole in all three dimensions leads to an 
increase in the effective band gap of the material with 
decreasing crystallite size. Consequently, both the optical 
absorption and emission of quantum dots shift to the blue 
(higher energies). Upon exposure to a primary light Source, 
each quantum dot distribution is capable of emitting energy 
in narrow spectral widths, as narrow as 25-30 nm, and with 
a Symmetric, nearly Gaussian line shape, thus providing an 
easy way to identify a particular quantum dot. AS one of 
ordinary skill in the art will realize, the linewidths are 
dependent on the size heterogeneity of the quantum dots in 
each preparation. Single quantum dot complexes have been 
observed to have full width half max as narrow as 12-15 nm. 
In addition, quantum dot distributions with larger linewidths 
in the range of 40-60 nm can be readily made and have the 
Same physical characteristics as quantum dots with narrower 
linewidths. 

0031 Exemplary materials for use as quantum dots in the 
present invention include, but are not limited to group II-VI, 
III-V and group IV semiconductors such as ZnS, ZnSe, 
ZnTe, CdS, CdSe, CdTe. GaN, GaP, GaAs, GaSb, InP, InAs, 
InSb, AIS, AlP, AlSb, PbS, PbSe, Ge and Si and ternary and 
quaternary mixtures thereof. The Semiconductor nanocrys 
tals are characterized by their uniform nanometer size. By 
"panometer” size, it is meant less than about 150 Angstroms 
(A), and preferably in the range of 12-150 A. 
0032. As discussed above, the selection of the composi 
tion of the quantum dot, as well as the size of the quantum 
dot, affects the characteristic spectral emission wavelength 
of the quantum dot. Thus, as one of ordinary skill in the art 
will realize, a particular composition of a quantum dot as 
listed above will be selected based upon the spectral region 
being monitored. For example, quantum dots that emit 
energy in the Visible range include, but are not limited to 
CdS, CdSe, CdTe., ZnSe, ZnTe, GaP, and GaAs. Different 
sizes of ZnS Overcoated CdSe quantum dots in hexane can 
provide a wide range of colors. Quantum dots that emit 
energy in the near IR range include, but are not limited to, 
InP, InAS, InSb, PbS, and PbSe. Finally, quantum dots that 
emit energy in the blue to near-ultraViolet include, but are 
not limited to ZnS and GaN. For any particular composition 
Selected for the quantum dots to be used in the inventive 
System, it is possible to tune the emission to a desired 
wavelength by controlling the Size of the particular compo 
sition of the quantum dot. In preferred embodiments, 5-20 
discrete emissions (five to twenty different size populations 
or distributions distinguishable from one another) are 
obtained for any particular composition, although one of 
ordinary skill in the art will realize that fewer than five 
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emissions and more than twenty emissions could be used 
depending on the monodispersity of the quantum dot par 
ticles. If high information density is required, and thus a 
greater number of distinct emissions, the nanocrystals are 
also Substantially monodisperse within the broad nanometer 
range given above (12-150 A). By monodisperse, as that 
term is used herein, it means a colloidal System in which the 
Suspended particles have Substantially identical size and 
shape. In preferred embodiments for high information den 
sity applications, monodisperse particles deviate less than 
10% rms in diameter, and preferably less than 5%. Mono 
disperse quantum dots have been described in detail in 
Murray et al. (J. Am. Chem. Soc., 1993, 115, 8706), and in 
the thesis of Christopher Murray, “Synthesis and Character 
ization of II-VI Ouantum Dots and Their Assembly into 3-D 
Quantum Dot Superlattices’, Massachusetts Institute of 
Technology, September, 1995, which are hereby incorpo 
rated in their entireties by reference. One of ordinary skill in 
the art will also realize that the number of discrete emissions 
that can be distinctly observed for a given composition 
depends not only upon the monodispersity of the particles, 
but also on the deconvolution techniques employed. Quan 
tum dots, unlike dye molecules, can be easily modeled as 
Gaussians and therefore are more easily and more accurately 
deconvoluted. 

0033. However, for some applications high information 
density will not be required and it may be more economi 
cally attractive to use more polydisperse particles. Thus, for 
applications that do not require high information density, the 
linewidth of the emission may be in the range of 40-60 nm. 
0034. In addition to the ability to tune the emission 
energy by controlling the Size of the particular quantum dot, 
the intensities of that particular emission observed at a 
Specific wavelength are also capable of being varied, thus 
increasing the potential information density provided by the 
quantum dot “barcode” System. In preferred embodiments, 
2-15 different intensities may be achieved for a particular 
emission at a desired wavelength, however, one of ordinary 
skill in the art will realize that more than fifteen different 
intensities may be achieved, depending upon the particular 
application of the inventive identification units. For the 
purposes of the present invention, different intensities may 
be achieved by varying the concentrations of the particular 
Size quantum dot attached to, embedded within or associated 
with an item or component of interest. 
0035) In a particularly preferred embodiment, the surface 
of the quantum dot is also modified to enhance the efficiency 
of the emissions, by adding an overcoating layer to the 
quantum dot. The overcoating layer is particularly preferred 
because at the Surface of the quantum dot, Surface defects 
can result in traps for electron or holes that degrade the 
electrical and optical properties of the quantum dot. An 
insulating layer at the Surface of the quantum dot provides 
an atomically abrupt jump in the chemical potential at the 
interface which eliminates energy States that can Serve as 
traps for the electrons and holes. This results in higher 
efficiency in the luminescent process. 
0.036 Suitable materials for the overcoating layer include 
Semiconductors having a higher band gap energy than the 
quantum dot. In addition to having a band gap energy greater 
than the quantum dots, Suitable materials for the Overcoating 
layer should have good conduction and Valence band offset 
with respect to the quantum dot. Thus, the conduction band 
is desirably higher and the valence band is desirably lower 
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than those of the quantum dot. For quantum dots that emit 
energy in the visible (e.g., CdS, CdSe, CdTe., ZnSe, ZnTe, 
GaP, GaAs) or near IR (e.g., InP, InAS, InSb, PbS, PbSe), a 
material that has a band gap energy in the ultraViolet regions 
may be used. Exemplary materials include ZnS, GaN, and 
magnesium chalcogenides, e.g., MgS, MgSe, and MgTe. For 
quantum dots that emit in the near IR, materials having a 
band gap energy in the visible, Such as CdS or CdSe, may 
also be used. The overcoating layer may include as many as 
eight monolayers of the Semiconductor material. The prepa 
ration of a coated quantum dot may be found in U.S. Ser. No. 
08/969,302, filed Nov. 13, 1997 and entitled “Highly Lumi 
nescent Color-Selective Materials”, and Dabbousi et al., (J. 
Phys. Chem. B, 1997, 101,9463) and Kuno et al., (J. Phys. 
Chem., 1997, 106,9869). 
0037 After selection of a particular collection of quan 
tum dot composition and sizes as discussed above to asso 
ciate with an item of interest, the quantum dots can be 
attached to, embedded within or associated with that par 
ticular item of interest. As one of ordinary skill in the art will 
realize, the item of interest must be sufficiently reactive with 
the Surface of the quantum dot, or must be Sufficiently 
compatible with the quantum dot. 

0038 Most quantum dots are prepared in coordinating 
solvent, such as trioctylphosphine oxide (TOPO) and trio 
ctyl phosphine (TOP) resulting in the formation of a passi 
Vating organic layer on the dot Surface comprised of the 
organic solvent. This layer is present on quantum dots 
containing an overcoating and those that do not contain an 
overcoating. Thus, either of these classes of passivated 
quantum dots are readily Soluble in organic Solvents, Such as 
toluene, chloroform and hexane. AS one of ordinary skill in 
the art will realize, these functional moieties may be readily 
displaced or modified to provide an outer coating that 
renders the quantum dots Suitable for use as the identifica 
tion units of the present invention. Furthermore, based upon 
the desired application, a portion of the quantum dot func 
tionality, or the entire Surface of the quantum dot function 
ality may be modified by a displacement reaction, based 
upon the desired application of the inventive identification 
units. FIG. 1 depicts general displacement reactions of 
certain functional moieties to provide a quantum dots with 
modified functionalities for use in the inventive method. 
FIG. 1 also depicts the ability to displace a specific per 
centage of moieties on the Surface of the quantum dots. For 
example, reaction A, depicts the partial displacement of 
moiety X by moiety Y, whereas reaction B depicts the 
complete displacement of moiety X by moiety Y for a 
quantum dot having no overcoating layer. Reactions C and 
D depict the partial and complete displacement reactions for 
overcoated quantum dots, respectively. In general, moieties 
such as TOPO and TOP, as well as other moieties may be 
readily displaced and replaced with other functional moi 
eties, including, but not limited to carboxylic acids, amines, 
aldehydes, and Styrene to name a few. One of ordinary skill 
in the art will realize that factors relevant to the Success of 
a particular displacement reaction include the concentration 
of the replacement moiety, temperature and reactivity. Thus, 
for the purposes of the present invention, any functional 
moiety may be utilized that is capable of displacing an 
existing functional moiety to provide a quantum dot with a 
modified functionality for a specific use of the identification 
units of the present invention. 
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0.039 The ability to utilize a general displacement reac 
tion to selectively modify the surface functionality of the 
quantum dots enables functionalization for Specific uses of 
the inventive identification units. In one particularly pre 
ferred embodiment, water Soluble quantum dots are pro 
Vided for use in aqueous environments. In the case of 
water-Soluble quantum dots, the outer layer includes a 
compound having at least one linking moiety that attaches to 
the Surface of the particle and that terminates in at least one 
hydrophilic moiety. The linking and hydrophilic moieties 
are spanned by a hydrophobic region Sufficient to prevent 
charge transfer acroSS the region. The hydrophobic region 
also provides a “pseudo-hydrophobic' environment for the 
nanocrystal and thereby shields it from aqueous Surround 
ings. A detailed description of methods for making water 
Soluble quantum dots may be found in the application 
entitled “Water Soluble Luminescent Nanocrystals' filed the 
Same day herewith, and incorporated in its entirety by 
reference. In preferred embodiments, the hydrophilic moiety 
may be a polar or charged (positive or negative) group. The 
polarity or charge of the group provides the necessary 
hydrophilic interactions with water to provide stable solu 
tions or Suspensions of the quantum dot. Exemplary hydro 
philic groups include polar groupS. Such as hydroxides 
(-OH), amines, polyethers, Such as polyethylene glycol 
and the like, as well as charged groups, Such as carboxylates 
(-CO), sulfonates (SO), phosphates (-PO, and 
-PO), nitrates, ammonium salts (-NH"), and the like. 
0040. In another particularly preferred embodiment, a 
displacement reaction may be employed to modify the 
quantum dot to improve the Solubility in a particular organic 
Solvent. For example, if it is desired to associate the quantum 
dots with a particular Solvent or liquid, Such as pyridine, the 
Surface can be specifically modified with pyridine or pyri 
dine-like moieties to ensure Salvation. 

0041. In yet another particularly preferred embodiment, 
the Surface layer is modified by displacement to render the 
quantum dot reactive for a particular coupling reaction. For 
example, displacement of TOPO moieties with a group 
containing a carboxylic acid moiety enables the reaction of 
the modified quantum dots with amine containing moieties 
(commonly found on Solid Support units) to provide an 
amide linkage. 

0042. Likewise, the surface of the quantum dot can also 
be modified to create a Surface on the quantum dot Similar 
to an object that the quantum dot will be associated with. For 
example, the quantum dot Surface can be modified using a 
displacement reaction to create Styrene or acrylate moieties, 
thus enabling the incorporation of the quantum dots into 
polystyrene, polyacrylate or other polymers. 

0043. After selection of the composition of quantum dot 
for the desired range of Spectral emission and Selection of a 
desired Surface functionalization compatible with the System 
of interest, it may also be desirable to Select the minimum 
number of quantum dots needed to observe a distinct and 
unique Spectral emission of Sufficient intensity for spectral 
identification. Selection criteria important in determining the 
minimum number of quantum dots needed to observe a 
distinct and unique Spectral emission of Sufficient intensity 
include providing a Sufficient number of quantum dots that 
are bright (i.e., that emit light versus those that are dark) and 
providing a Sufficient number of quantum dots to average out 
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over the blinking effect observed in Single quantum dot 
emissions (Mnirmal et al., Nature, 1996, 383, 802). In one 
particularly preferred embodiment, at least eight quantum 
dots of a particular composition and particle size distribution 
are provided. For example, if a “barcode” were provided that 
utilized three different particle size distributions of a par 
ticular composition, it would be most desirable to utilize 
eight of each of the three different particle size distributions 
of a quantum dot, in order to observe Sufficiently intense 
Spectral emissions from each to provide reliable information 
regarding the location or identity of a particular item or 
matter of interest. One of ordinary skill in the art will realize, 
however, that fewer than eight quantum dots of a particular 
composition and particle size distribution could be utilized 
provided that a unique spectral emission of Sufficient inten 
sity is observed, as determined by the Selection criteria Set 
forth above. 

0044 As discussed previously, the ability of the quantum 
dots to produce discrete optical transitions, along with the 
ability to vary the intensity of these optical transitions, 
enables the development of a versatile and dense encoding 
Scheme. The characteristic emissions produced by one or 
more sizes of quantum dots attached to, associated with, or 
embedded within a particular Support or matter enables the 
identification of the item or composition of interest and/or its 
location. For example, by providing N sizes of quantum dots 
(each having a discrete optical transition), each having M 
distinguishable States resulting from the absence of the 
quantum dot, or from different intensities resulting from a 
particular discrete optical transition, M" different States can 
be uniquely defined. In the case of M=2 where the two states 
could be the presence or absence of the quantum dot, the 
encoding Scheme would thus be defined by a base 2 or 
binary code. In the case of M=3 where the three states could 
be the presence of a quantum dot at two distinguishable 
intensities or its absence, the encoding Scheme would be 
defined by a base 3 code. Herein, such base M codes where 
M>2 are termed higher order codes. The advantage of higher 
order codes over a binary order code is that fewer identifiers 
are required to encode the same quantity of information. 
0045. As one of ordinary skill in the art will realize, the 
ability to develop a higher order encoding System is depen 
dent upon the number of different intensities capable of 
detection by both the hardware and the software utilized in 
the decoding System. In particularly preferred embodiments, 
each discrete emission or color, is capable of being detect 
able at two to twenty different intensities. In a particularly 
preferred embodiment wherein ten different intensities are 
available, it is possible to employ a base 11 code comprising 
the absence of the quantum dot, or the detection of the 
quantum dot at 10 different intensities. 
0046 Clearly, the advantages of the quantum dots, 
namely the ability to observe discrete optical transitions at a 
plurality of intensities, provides a powerful and dense 
encoding Scheme that can be employed in a variety of 
disciplines. In general, one or more quantum dots may act as 
a barcode, wherein each of the one or more quantum dots 
produces a distinct emissions spectrum. These characteristic 
emissions can be observed as colors if in the visible region 
of the Spectrum, or may also be decoded to provide infor 
mation about the particular wavelength at which the discrete 
transition is observed. Likewise, for quantum dots producing 
emissions in the infrared or ultraViolet regions, the charac 
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teristic wavelengths that the discrete optical transitions 
occur at provide information about the identity of the 
particular quantum dot, and hence about the identity of or 
location of the item or matter of interest. 

0047. An example of a specific system for automated 
detection that could be employed for use in the present 
invention includes, but is not limited to, an imaging Scheme 
comprising an excitation Source, a monochromator (or any 
device capable of Spectrally resolving the image, or a set of 
narrow band filters) and a detector array. In one embodi 
ment, the apparatus would consist of a blue or UV Source of 
light, of a wavelength shorter than that of the luminescence 
detected. This could be a broadband UV light source, such 
as a deuterium lamp with a filter in front; the output of a 
white light Source Such as a Xenon lamp or a deuterium lamp 
after passing through a monochromator to extract out the 
desired wavelengths, or any of a number of cw gas lasers, 
including but not limited to any of the Argon Ion laser lines 
(457, 488, 514, etc. nm), a HeCd laser; solid state diode 
lasers in the blue such as GaN and GaAs (doubled) based 
lasers or the doubled or tripled output of YAG or YLF based 
lasers, or any of the pulsed lasers with output in the blue, to 
name a few. The luminescence from the dots would be 
passed through an imaging Subtracting double monochro 
mator (or two single monochromators with the Second one 
reversed from the first), for example, consisting of two 
gratings or prisms and a Slit between the two gratings or 
prisms. The monochromators or gratings or prisms can also 
be replaced with a computer controlled color filter wheel 
where each filter is a narrow band filter centered at the 
wavelength of emission of one of the dots. The monochro 
mator assembly has more flexibility because any color can 
be chosen as the center wavelength. Furthermore, a CCD 
camera or Some other two dimensional detector records the 
images, and Software color codes that image to the wave 
length chosen above. The System then moves the gratings to 
a new color and repeats the process. As a result of this 
process, a set of images of the same Spatial region is 
obtained and each is color-coded to a particular wavelength 
which is needed to rapidly analyze the data. 
0.048. In another preferred embodiment, the apparatus is 
a Scanning System as opposed to the above imaging Scheme. 
In a Scanning Scheme, the Sample to be analyzed is Scanned 
with respect to a microscope objective. The luminescence is 
put through a Single monochromator or a grating or prism to 
Spectrally resolve the colors. The detector is a diode array 
that then records the colors that are emitted at a particular 
Spatial position. The Software then ultimately recreates the 
Scanned image and decodes it. 
0049 More particularly, specific preferred embodiments 
for uses of the inventive encoding System are described with 
reference to the following examples. These examples are 
provided only for the purposes of illustration and are not 
intended to limit the Scope of the present invention. 

Applications to Fluid Dynamics and Microfluidics 

0050. In one particularly preferred embodiment, the 
inventive System can be utilized to track or trace the location 
of a component of interest. For example, fluid dynamics 
involves generally monitoring the interaction between dif 
ferent fluid components, and thus the location of individual 
molecules of the desired fluid provides valuable information 
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about the effectiveness of and the degree of interaction 
between Separate components, Specifically the controlled 
movement and mixing of components. In the method of the 
present invention, one of ordinary skill in the art will realize 
that the quantum dots can be appropriately functionalized to 
facilitate interaction with the desired component of interest 
(So that the quantum dots are compatible with the fluid they 
are intended to act as tracers for), as discussed in detail 
earlier, and Subsequent mixing of the individual components 
can be effected. In but one example, if the interaction 
between two fluids having different characteristics, Such as 
pyridine and dimethylsulfoxide, is being Studied, the Surface 
of the quantum dots can be modified with pyridine or 
dimethylsulfoxide moieties to ensure association of or com 
patibility of a particular Size distribution of quantum dots 
with the appropriate fluid. Because each the quantum dots 
are specifically associated with a particular component, it is 
then possible to take a photograph of the reaction mixture 
with an ultraViolet lamp and, based upon the discrete optical 
emissions produced from the quantum dots, gain informa 
tion about the degree of interaction of the individual com 
ponents. FIG.2 depicts a general method for fluid dynamics, 
wherein two streams of fluid (10) and (20), represented by 
X and Y in FIG. 2, are introduced into a reaction chamber 
(30) and the mixing of the fluids is monitored by taking a 
"picture' at a given time with an excitation Source to observe 
the position of the quantum dots associated with the par 
ticular fluid. FIG. 2B depicts an enlargement of the reaction 
chamber (30) and shows the association of the quantum dots 
(40) with a particular fluid of interest (10). One of ordinary 
skill in the art will realize that the ability of the quantum dots 
to produce discrete transitions enables the mixing of N 
components, where N represents the number of discrete 
transitions. 

0051 One particularly preferred application for this sys 
tem for location identification described above is the moni 
toring of microfluidic molecular systems (MicroFlumes). 
These microfluidic Systems perform multiple reaction and 
analysis techniques in one microinstrument for Specificity 
and validation, they are completely automated, they contain 
multiple parallel reaction paths (as opposed to the sequential 
analysis required today) and provide the capability for 
hundreds of operations to be performed without manual 
intervention. (See http://webext2...darpa.mil/eto/mFlumes/in 
dex.html) 
0052 The semiconductor nanocrystal quantum dots can 
be used as in the general method described above, where 
each quantum dot or combination thereof can be associated 
with or attached to a specific component of interest and upon 
mixing of the various components, and providing a primary 
light Source, can provide information about the degree and 
type of interaction between the different components. One of 
ordinary skill in the art will realize that the inventive 
encoding System is not limited to the fluid dynamics appli 
cations described above; rather the inventive System is 
capable of being utilized in any System where the tracking 
of the location of a component or item, Such as a gas, liquid, 
Solid, or consumer item (Such as dry-cleaned clothing) is 
desired. 

Identification of an Object 
0053. The system of the present invention can also be 
utilized to identify Specific objects including, but not limited 
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to, jewelry, paper, biomolecules Such as DNA, vehicles and 
identification cards. For example, the quantum dots can be 
appropriately functionalized for incorporation into or attach 
ment to the Surface of the object of interest, as discussed 
above, and as shown in FIG. 3. FIG. 3A depicts the 
incorporation of the quantum dots into an item of interest 
(50), wherein the surface of quantum dot has been modified 
to enable incorporation into the item of interest. FIG. 3B 
depicts the coating of a quantum dot composition (80) into 
an item of interest (90), wherein the surface of the quantum 
dot (70) is modified to interact with the composition medium 
X (60). In but one example, the quantum dot surface may be 
functionalized with a specific percentage of amine moieties, 
thus enabling incorporation into paper, which is comprised 
of carbohydrate moieties. In other embodiments, the quan 
tum dots may be appropriately functionalized with moieties 
Such as Styrene or acrylate to enable incorporation into 
polymers. The polymers containing the identification units 
can then be coated onto, or incorporated within Specific 
items. Such as identification cards. The ease with which the 
quantum dots can be incorporated into the item and the fact 
that the quantum dot based “barcode” is invisible, provides 
a useful system for labeling objects. The ability of the 
quantum dot “barcode” System to encode large amounts of 
information, and thus large numbers of items, provides an 
advantage over existing barcode or microparticle Systems 
discussed previously. The identification of the item of inter 
est from a collection of items can be effected by providing 
a primary light Source and correlating the Spectral emissions 
to a collection of quantum dots which encode a particular 
item of interest. In another particularly preferred embodi 
ment, the present System may be utilized to keep track of the 
identity of biomolecules, Such as DNA sequences, while 
they are Subjected to reaction processes and chemical 
manipulations. The biomolecules, or DNA sequences, could 
be "tagged” themselves, or, alternatively, the biomolecules 
could be attached to a Support, wherein the Support is 
"tagged” with one or more sizes of quantum dots encoding 
the identity of the DNA sequence. 

Encoding Combinatorial Libraries 
0054. In another particularly preferred embodiment, the 
inventive quantum dots may also be used to identify a 
particular compound in a library of compounds by encoding 
a particular reaction Sequence employed for each of the 
compounds in the Synthesis of complex combinatorial librar 
ies, and thus acting as an identifier. Because of the desir 
ability for the production of large numbers of complex 
compounds, particularly using a split and pool method, the 
development of encoding techniques to identify each com 
pound of interest has become important. Because of the 
Small quantity of final product or compound produced from 
Such methods, identifying these products would generally 
not be feasible. However, by associating each Stage or 
combination of Stages of the Serial Synthesis with an iden 
tifier which defines the choice of variables Such as reactant, 
reagent, reaction conditions, or a combination of these, one 
can use the identifiers to define the reaction history of each 
definable and Separable SubStrate. The Spectral analysis of 
the quantum dots allows for ready identification of the 
reaction history. For example, one can determine a charac 
teristic of a product of a Synthesis, usually a chemical or 
biological characteristic by various Screening techniques, 
and then identify the reaction history and thereby the struc 
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ture of that product, which has the desired characteristic, by 
virtue of the quantum dot “barcode” associated with the 
product. 
0055. The use of the instant multiple identification sys 
tem avoids the necessity of carrying out a complicated 
coSynthesis which reduces yields and requires multiple 
protecting groups, and avoids the necessity of using 
Sequenceable tags which are necessarily chemically labile. 
Both the necessity of multiple protecting groupS and the 
intrinsic instability of all known Sequenceable tagging mol 
ecules (i.e. nucleic acid or peptide oligomers) Severely limit 
the chemistry which may be used in the synthesis of the 
library element or ligand. Additionally, the present System 
avoids the need to cleave the tags from the Solid Support for 
analysis. 
0056 Moreover, the advantage of providing a distinct 
and non-overlapping resonance, capable of detection at 
different intensities, enables the use of a binary encoding 
System or higher. For example, the absence or presence of a 
particular size quantum dot could be used in a binary System. 
However, the use of different intensities, of the same color 
enables the use of a higher order encoding System, each 
color intensity encoding a particular characteristic. 
0057 According to the method of the present invention, 
the products to be encoded include, but are not limited to 
biomolecules (such as peptides and oligonucleotides, 
organic compounds, and inorganic compounds) and cata 
lysts resulting from combinatorial Synthesis. Exemplary 
combinatorial libraries that can be Synthesized using the 
present encoding method include, but are not limited to 
peptide libraries, peptidomimetics, carbohydrates, organo 
metallic catalysts and Small molecule libraries (For 
examples see, Kahne, D. Curr. Opin. Chem. Biol., 1997, 1, 
130; Hruby et al., Curr. Opin. Chem. Biol., 1997, 1, 114; 
Gravert et al., Curr. Opin. Chem. Biol., 1997, 1, 107). 
0058. In a particularly preferred embodiment, a solid 
phase Synthesis technique Such as split and pool Synthesis is 
utilized, in which the desired Scaffold structures are attached 
to the Solid phase directly or though a linking unit, as 
discussed above. Advantages of Solid phase techniques 
include the ability to more easily conduct multi-step reac 
tions and the ability to drive reactions to completion because 
exceSS reagents can be utilized and the unreacted reagent 
washed away. Perhaps one of the most Significant advan 
tages of Solid phase Synthesis is the ability to use a technique 
called "split and pool', in addition to the parallel Synthesis 
technique, developed by Furka. (Furka et al., Abstr. 14th Int. 
Congr: Biochem., Prague, Czechoslovakia, 1988, 5, 47; 
Furka et al., Int. J. Pept. Protein Res. 1991, 37, 487; 
Sebestyen et al., Bioorg. Med. Chem. Lett., 1993, 3,413.) In 
this technique, a mixture of related compounds can be made 
in the same reaction vessel, thus Substantially reducing the 
number of containers required for the Synthesis of very large 
libraries, Such as those containing as many as or more than 
one million library members. AS an example, the Solid 
Support Scaffolds can be divided into n vessels, where n 
represents the number Species of reagent Ato be reacted with 
the Scaffold structures. After reaction, the contents from n 
vessels are combined and then Split into m Vessels, where m 
represents the number of Species of reagent B to be reacted 
with the scaffold structures. This procedure is repeated until 
the desired number of reagents is reacted with the scaffold 
structures to yield the inventive library. 
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0059. The quantum dots of the present invention can be 
readily attached to a Solid Support. A Solid Support, for the 
purposes of this invention, is defined as an insoluble material 
to which compounds are attached during a Synthesis 
Sequence. The use of a Solid Support is advantageous for the 
Synthesis of libraries because the isolation of Support-bound 
reaction products can be accomplished simply by Washing 
away reagents from the Support-bound material and there 
fore the reaction can be driven to completion by the use of 
exceSS reagents. A Solid Support can be any material which 
is an insoluble matrix and can have a rigid or Semi-rigid 
Surface. Exemplary Solid Supports include but are not lim 
ited to pellets, disks, capillaries, hollow fibers, needles, pins, 
Solid fibers, cellulose beads, pore-glass beads, Silica gels, 
polystyrene beads optionally croSS-linked with divinylben 
Zene, grafted co-poly beads, poly-acrylamide beads, lateX 
beads, dimethylacrylamide beads optionally crosslinked 
with N-N'-bis-acryloylethylenediamine, and glass particles 
coated with a hydrophobic polymer. In one particularly 
preferred embodiment, a Tentagel amino resin, a composite 
of 1) a polystyrene bead crosslinked with a divinylbenzene 
and 2) PEG (polyethylene glycol), is employed for use in the 
present invention. The quantum dots of the present invention 
can readily be functionalized with Styrene and thus can be 
incorporated into Tentagel beads, or the quantum dots may 
be functionalized with a carboxylate moiety and can be 
readily attached to the Tentagel Support having an amine 
moiety through an amide linkage. Tentagel is a particularly 
useful Solid Support because it provides a versatile Support 
for use in on-bead or off-bead assays, and it also undergoes 
excellent Swelling in Solvents ranging from toluene to water. 

0060. The quantum dots therefore identify each reaction 
Stage that an individual Solid Support has experienced, and 
records the Step in the particular Synthesis Series, as shown 
in FIG. 4. FIG. 4 depicts the attachment of three different 
reagents A, B, and C (120) to a Solid Support, and the 
attachment of the identification unit (140) to the solid 
support (100) via a linkage (90). The supports are then 
pooled together (130) and split for reaction with reagents D, 
E, and F. Attachment of appropriate identification units for 
each of these reagents enables the encoding of this particular 
reaction Stage as observed previously for reagents A, B, and 
C. In this particular embodiment, the tags may be attached 
to all (or most) of the Solid Supports immediately before, 
during, or immediately after the reaction Stage, depending 
on the particular chemistry used in a given reaction 
Sequence. 

0061. In another preferred embodiment, the beads can be 
labeled with the quantum dots prior to reaction of the beads 
with any reagents, and as the beads are split in the Split and 
pool process, the beads are read before being added to a new 
(split stage) container to keep track of the particular reaction 
at that particular Stage in the Synthesis. 

0.062 Once the synthesis is complete, the library of 
compounds can then be Screened for biological activity and 
the Supports having a compound of interest can then be 
analyzed directly (on-bead analysis) to provide information 
about the reaction Stages and history of the Synthesis. 

0.063 Although the method described above is with ref 
erence to Split and pool combinatorial techniques, one of 
ordinary skill in the art will realize that the present encoding 
Scheme is not limited to split and pool methods; rather the 
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inventive encoding Scheme can be utilized in any combina 
torial or other reaction Scheme Such as parallel Synthesis, or 
Synthesis of compounds on an array, to name a few. 

Genomics Applications 
0064. In another particularly preferred embodiment of 
the present invention, the inventive System can be utilized to 
gain information about genetic information from oligonucle 
otide fragments. In general, it has been desirable to under 
Stand genetic variation and its consequences on biological 
function, and in order to do this, an enormous comparative 
Sequence analysis must be carried out. Because each DNA 
Strand has the capacity to recognize a uniquely complemen 
tary Sequence through base pairing, the process of recogni 
tion, or hybridization, is highly parallel, as every nucleotide 
in a large Sequence can in principle be queried at the same 
time. 

0065 DNA chip technology has been an important tool 
for genomics applications. Single nucleotide polymor 
phisms (SNPs) are the most frequently observed class of 
variations in the human genome. Detecting the differences 
between alleles of genes is a Significant goal of medical 
research into genetic diseases and disorders. (For example, 
Sickle cell anemia, colon cancer, BRCA1). Current technol 
ogy has allowed for large Scale Screening of DNA sequences 
for mutations in the Sequence. This technology involves the 
creation of DNA “chips” that contain high-density arrays of 
DNA sequences (e.g. STSs) covalently bound at specific 
locations on a Surface (glass). A set of four oligonucleotides 
of identical sequence except for a single base alteration (A, 
G, T, or C) near the center is used to compare two alleles of 
a gene. Single nucleotide differences between alleles at the 
position complementary to altered Sites in the Set of four 
oligos will allow one oligo to hybridize preferentially over 
the other three. Detecting which oligo hybridizes to the 
sample DNA will then identify the sequence of the poly 
morphism. By creating Sets of these four oligos that are 
shifted over by one nucleotide each, a researcher can Scan a 
large number of basepairs for Single nucleotide polymor 
phisms. 

0066. The system of the present invention, in contrast to 
fluorescently labeled probes used in the existing methods, is 
capable of not only acting as a probe for identification of a 
desired Sequence, but is also capable of encoding informa 
tion about the Sequence itself. Because the inventive iden 
tification System is capable of providing both a probe and 
identifier, ordered arrays are not necessary for accessing 
genetic information, although the inventive System can Still 
be used in traditional arrayS. Instead, a collection of beads, 
for example, can be assembled with the desired labeled DNA 
fragments, wherein Said beads are also encoded with infor 
mation about the particular Sequence. Upon binding, the 
oligo that hybridizes to the sample DNA can be detected by 
Scanning the Sample to identify the quantum dot labeled 
probe, while at the Same time the Sequence information can 
then be decoded by analyzing the quantum dot “barcode'. 
What we claim is: 

1. A method for providing an identification unit compris 
ing: 

Selecting a Support, wherein Said Support contains a 
functional moiety on the Surface of, or embedded 
within Said Support; 
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providing an identifier, wherein Said identifier comprises 
one or more particle Size distributions of Semiconductor 
nanocrystals having characteristic Spectral emissions, 
and a reactive moiety attached to Said one or more 
Semiconductor nanocrystals, wherein Said reactive 
moiety is selected for its ability to react with said 
functional moiety on the Surface of, or embedded 
within Said Support; and 

asSociating Said Semiconductor nanocrystal with Said Sup 
port Such that the Semiconductor nanocrystal becomes 
attached to or embedded within the Surface of said 
Support by reaction of Said reactive moiety with Said 
functional moiety on the Surface of, or embedded 
within Said Support. 

2. The method of claim 1, wherein Said Support comprises 
a Support Selected from the group consisting of a bead, a 
pellet, a disk, a capillary, a hollow fiber, a needle, a Solid 
fiber, a cellulose bead, a pore-glass bead, a Silica gel, a 
polystyrene bead optionally croSS-linked with divinylben 
Zene, a grafted co-poly bead, a poly-acrylamide bead, a lateX 
bead, a dimethylacrylamide bead optionally croSS-linked 
with N,N'-bis-acryloyl ethylene diamine, and a glass particle 
coated with a hydrophobic polymer and low molecular 
weight non-cross-linked polystyrene. 

3. The method of claim 1, wherein said one or more 
particle size distributions of Semiconductor nanocrystals 
having characteristic spectral emissions are further charac 
terized in that they have an overcoating layer, the layer 
comprised of material having a band gap energy greater than 
that of the Semiconductor nanocrystal. 

4. The method of claim 1, wherein each of Said one or 
more particle Size distributions of Semiconductor nanocryS 
tals having characteristic Spectral emissions is further char 
acterized by having one or more characteristic intensities 
asSociated with Said characteristic spectral emissions. 

5. A method for providing an identification unit capable of 
acting as a tracer for an item of interest comprising: 

Selecting an item of interest; 

providing an identifier, wherein Said identifier comprises 
one or more particle Size distributions of Semiconductor 
nanocrystals having characteristic Spectral emissions, 
and a reactive moiety attached to Said one or more 
Semiconductor nanocrystals, wherein Said reactive 
moiety is selected for its compatibility with said 
Selected item of interest. 

6. The method of claim 5, wherein said item of interest is 
Selected from the group consisting of identification tag, 
Security tag, consumer product, fluid, gas, Solid, biomol 
ecule, and chemical compound. 

7. The method of claim 5, wherein said one or more 
particle size distributions of Semiconductor nanocrystals 
having characteristic spectral emissions are further charac 
terized in that they have an overcoating layer, the layer 
comprised of material having a band gap energy greater than 
that of the Semiconductor nanocrystal. 

8. The method of claim 5, wherein each of Said one or 
more particle Size distributions of Semiconductor nanocryS 
tals having characteristic Spectral emissions is further char 
acterized by having one or more characteristic intensities 
asSociated with Said characteristic spectral emissions. 
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9. A method for providing an identification unit compris 
ing: 

Selecting a Support, 

providing an identifier comprising a first Semiconductor 
nanocrystal including a first Semiconductor material; 
and 

asSociating the Semiconductor nanocrystal with the Sup 
port Such that the Semiconductor nanocrystal becomes 
attached to or embedded within the Support. 

10. The method of claim 9, wherein the support comprises 
a Support Selected from the group consisting of a bead, a 
pellet, a disk, a capillary, a hollow fiber, a needle, a Solid 
fiber, a cellulose bead, a pore-glass bead, a Silica gel, a 
polystyrene bead optionally croSS-linked with divinylben 
Zene, a grafted co-poly bead, a poly-acrylamide bead, a lateX 
bead, a dimethylacrylamide bead optionally croSS-linked 
with N,N'-bis-acryloyl ethylene diamine, and a glass particle 
coated with a hydrophobic polymer and low molecular 
weight non-cross-linked polystyrene. 

11. The method of claim 9, wherein the identifier further 
comprises a Second Semiconductor nanocrystal including a 
Second Semiconductor material and having a spectral emis 
Sion distinguishable from a spectral emission of the first 
Semiconductor nanocrystal. 

12. The method of claim 9, wherein the first semiconduc 
tor nanocrystal further comprises an overcoating layer at a 
Surface of a Semiconductor material of the Semiconductor 
nanocrystal, the Overcoating layer including a Second Semi 
conductor material. 

13. The method of claim 9, where the first semiconductor 
material is a II-VI, a III-V, or IV semiconductor material. 

14. The method of claim 13, wherein the first semicon 
ductor material includes ZnS, ZnSe, ZnTe, CdS, CdSe, 
CdTe. GaN, GaP, GaAs, GaSb, InP, InAS, AIS, AIP, AlSb, 
PbS, PbSe, Ge or Si, or ternary or quaternary mixtures 
thereof. 

15. The method of claim 12, wherein the second semi 
conductor material has a higher band gap energy than the 
first Semiconductor material. 

16. The method of claim 9, further comprising associating 
the Support with an item of interest. 

17. The method of claim 9, wherein the first semiconduc 
tor nanocrystal is a member of a population of Semiconduc 
tor nanocrystals, the population having an rms deviation in 
diameter of the Semiconductor nanocrystals of no more than 
10%. 

18. The method of claim 9, wherein the first semiconduc 
tor nanocrystal is a member of a population of Semiconduc 
tor nanocrystals, the population having an rms deviation in 
diameter of the Semiconductor nanocrystals of no more than 
5%. 

19. The method of claim 9, wherein first semiconductor 
nanocrystal is a member of a population of Semiconductor 
nanocrystals, the population when irradiated emits light in a 
Spectral range no more than 60 nanometers full width at half 
maximum (FWHM). 

20. The method of claim 9, wherein first semiconductor 
nanocrystal is a member of a population of Semiconductor 
nanocrystals, the population when irradiated emits light in a 
Spectral range no more than 30 nanometers full width at half 
maximum (FWHM). 
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21. A method for providing a plurality of identification 
units comprising: 

providing a plurality of items of interest; and 
asSociating each item of interest with one or more iden 

tifiers, wherein at least one identifier associated with an 
item of interest includes a first Semiconductor nanoc 
rystal. 

22. The method of claim 21, wherein at least one identifier 
asSociated with an item of interest includes a Second Semi 
conductor nanocrystal. 

23. The method of claim 22, wherein the first semicon 
ductor nanocrystal has a spectral emission distinguishable 
from a spectral emission of the Second Semiconductor 
nanocrystal. 

24. The method of claim 21, wherein more than one 
identifier associated with an item of interest includes a 
Semiconductor nanocrystal. 

25. The method of claim 21, wherein the first semicon 
ductor nanocrystal comprises a first Semiconductor material. 

26. The method of claim 25, wherein the first semicon 
ductor material is a II-VI, a III-V, or IV semiconductor 
material. 

27. The method of claim 26, wherein the first semicon 
ductor material includes ZnS, ZnSe, ZnTe, CdS, CdSe, 
CdTe. GaN, GaP, GaAs, GaSb, InP, InAS, AIS, AlP, AlSb, 
PbS, PbSe, Ge or Si, or ternary or quaternary mixtures 
thereof. 
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28. The method of claim 25, wherein the semiconductor 
nanocrystal further comprises an overcoating layer includ 
ing a Second Semiconductor material at a Surface of the 
Semiconductor nanocrystal. 

30. The method of claim 21, wherein the first semicon 
ductor nanocrystal is a member of a population of Semicon 
ductor nanocrystals, the population having an rms deviation 
in diameter of the Semiconductor nanocrystals of no more 
than 10%. 

31. The method of claim 21, wherein the first semicon 
ductor nanocrystal is a member of a population of Semicon 
ductor nanocrystals, the population having an rms deviation 
in diameter of the Semiconductor nanocrystals of no more 
than 5%. 

32. The method of claim 21, wherein first semiconductor 
nanocrystal is a member of a population of Semiconductor 
nanocrystals, the population when irradiated emits light in a 
Spectral range no more than 60 nanometers full width at half 
maximum (FWHM). 

33. The method of claim 21, wherein first semiconductor 
nanocrystal is a member of a population of Semiconductor 
nanocrystals, the population when irradiated emits light in a 
Spectral range no more than 30 nanometers full width at half 
maximum (FWHM). 


