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LUMNESCENT GRAPHENE PATTERNS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a U.S. national stage filing under 35 
U.S.C. S371 of International Application No. PCT/IB2012/ 
001518, filed on Aug. 7, 2012 and entitled “Luminescent 
Graphene Patterns, which claims priority to Indian Patent 
Application No. 2097/CHF/2012, filed on May 25, 2012 and 
entitled “Luminescent Graphene Patterns, the disclosures of 
which are hereby incorporated by reference herein in their 
entireties. 

BACKGROUND 

Barcodes are the most common form of tagging used for 
tracking and identifying objects—whether e-waste or other 
wise. But barcodes can convey very limited information since 
they encode a short bit string as a series of parallel bars in two 
colors. More recently, two dimensional (2D) matrices, com 
monly known as QR codes, have been developed and offer a 
significantly higher information density. The methodofread 
ing information from a barcode or a QR code requires the 
surface on which these codes are printed to be of a certain 
minimum size and essentially flat. This poses a serious limi 
tation on the use of Such codes. 

Waste, especially electronic waste (e-waste) comes in all 
shapes and sizes which may not always be amenable to tag 
ging by barcodes or QR codes. With increasingly stringent 
global regulations requiring manufacturers and waste dis 
posal companies to track their waste, a better method for 
tagging and tracking objects is necessary. 

Graphene, a 2D form of carbon, has been shown to have 
many special properties such as high mechanical stiffness, 
high elasticity, tunable band gap and excellent electron trans 
port, potentially lending it to many interesting applications. 
Conventionally, graphene is obtained by physical exfoliation 
of graphite, but the method suffers from poor yield. Chemical 
methods such as chemical vapor deposition, chemical reduc 
tion of graphite oxide, liquid phase exfoliation of graphite, 
and self-assembly are being researched for large-scale Syn 
thesis of graphene. 

SUMMARY 

In some embodiments, the present disclosure describes a 
luminescent nanocomposite composition made from 
graphene oxide, reduced graphene oxide, or a combination 
thereof, and a luminescent moiety, wherein the luminescent 
moiety interacts non-covalently with the graphene oxide, the 
reduced graphene oxide or the combination thereof. 

In some embodiments, a method for preparing a lumines 
cent film may include heating a luminescent nanocomposite 
composition comprising graphene oxide, reduced graphene 
oxide or a combination thereof, and a luminescent moiety to 
a temperature from about 30° C. to about 50° C., drying the 
composition to form a film, immersing the film in ammonia 
Solution, and washing the film to remove the ammonia. 

In some embodiments, a method of labeling an article of 
manufacture with a removable and rewritable label may 
include depositing a luminescent nanocomposite composi 
tion on the article of manufacture, wherein the luminescent 
nanocomposite composition comprises graphene oxide or 
reduced graphene oxide, or a combination thereof, and at 
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2 
least one luminescent moiety, wherein the luminescent moi 
ety interacts non-covalently with the graphene oxide or 
reduced graphene oxide. 

In some embodiments, an article of manufacture may com 
prise a removable and rewritable label, wherein the label is 
comprised of a luminescent nanocomposite composition 
comprising graphene oxide, reduced graphene oxide, or a 
combination thereof, and a luminescent moiety, wherein the 
luminescent moiety interacts non-covalently with the 
graphene oxide, the reduced graphene oxide or the combina 
tion thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1: (A) Photograph of a representative large area com 
posite film. Inset shows the photograph of the folded film 
showing the flexibility of the film. SEM images of the films 
showing (B) the folded film edge, (C) surface of the film, and 
(D) higher magnification image of a cross-section of the film 
showing the layer-by-layer nature offilm formation. Multiple 
layers are visible. 

FIG. 2: SEM images of different patterns ascribed on rep 
resentative RGO composite films. A number of patterns are 
shown in (A), (C), and (E) and their expanded views are 
shown in (B), (D), and (F), respectively. 

FIG. 3: SEM images of the same part of the film after three 
rounds of patterning and erasure. (A) low-magnification 
image and (B) higher magnification image of the inside por 
tion. No trace of pattern can be seen. In the left side images, 
only one edge of the free-standing composite film is shown. 
The area outside the film is the carbon tape used for fixing the 
film. 

FIG. 4: Characterization of representative large area lumi 
nescent patterns. (A) Optical image of the pattern, (B) Raman 
spectral image collected from the pattern and (C) spectra 
from two locations of the image marked in (B). Color of the 
spectral traces corresponds to the locations, indicated in 
image (B). Raman spectral images generated (D) from the 
fluorescence of Au(a)NLfand (E) from the frequency range of 
1300-1600 cm corresponding to D- and G-bands of RGO. 

DETAILED DESCRIPTION 

A desirable quality for using a nanomaterial for waste 
tracking is that it can be inexpensive and amenable to large 
scale synthesis. Of the many potential nanomaterials, 
graphene is particularly promising. In some aspects, lumines 
cent nanocomposite compositions are described. The nano 
composite composition, the methods of making the nano 
composite composition, and the methods of using the 
nanocomposite composition as described herein, are not lim 
ited to a single composition or a single process. 

In some embodiments, the composition may comprise 
graphene oxide, reduced graphene oxide, or any combination 
thereof. Functionalized graphene is capable of non-co 
Valently interacting with a variety of luminescent moieties. 
As such, graphene functionalized with any functional group 
may be used for this composition. In some embodiments, the 
composition may comprise Sulfonated graphene, fluorinated 
graphene, or chlorinated graphene, or any combination 
thereof. 

Proteins, non-protein molecules and polymers that exhibit 
luminescence may form clusters with transition metal atoms, 
transition metal ions, rare-earth metal atoms, or rare-earth 
metal ions, or any combination thereof. The color of lumi 
nescence of such clusters is determined by the oxidation state 
of the metal atom or ion as well as the luminescent properties 
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of the cluster forming molecules. Luminescent moieties with 
positive and negative functionalities maybe attached electro 
statically to graphene oxide or appropriately functionalized 
graphene. In some embodiments, the luminescent moiety 
may comprise a protein Such as, for example, native lactof 
errin protein (NLf), bovine serum albumin, or lysozyme. In 
other embodiments, the luminescent moiety may comprise a 
Small molecule Such as, for example, glutathione or cysteine. 

In some embodiments, the luminescent moiety may com 
prise a transition metal including, but not limited to, Au 
(gold), Ag (silver), Cd (cadmium), Se (selenium), or Hg (mer 
cury), or any combination thereof. In other embodiments, the 
luminescent moiety may comprise a rare-earth metal includ 
ing, but not limited to, Eu (Europium). 
Any cluster having a positive functionality can be anchored 

into graphene. The composition may be configured to allow 
anchoring of more functional groups than allowed by 
graphene alone by adding a polymer. In some embodiments, 
the composition may comprise one or more polymers such as, 
for example, chitosan, poly acrylic acid, polypyrrole, poly 
(allyl methacrylate), poly(vinylidene fluoride), poly(2-meth 
oxy-5-(2'ethyl-hexyloxy)-1,4-phenylene vinylene), and the 
like. 

In general, any luminescent moiety can be anchored to 
appropriately functionalized graphene as long as the func 
tionality of graphene has opposite charge to that of the lumi 
nescent moiety under normal conditions. Any combination of 
luminescent moieties may also be anchored to the appropri 
ately functionalized graphene. One can envision various 
combinations of luminescent moieties and graphene func 
tionalities for creating a diverse set of nanocomposites that 
luminesce across the optical spectrum tailored to specific 
applications. The specific combination of the luminescent 
moiety and the functional group of graphene will determine 
the wavelength (color) of luminescence of the nanocompos 
ite. In some embodiments, the composite may comprise 
graphene oxide and NLf. In other embodiments, the compos 
ite may comprise graphene oxide and NLf-protected gold 
clusters (Au(a)NLf). In yet other embodiments, the composite 
may comprise reduced graphene oxide and NLf. In certain 
embodiments, the composite may comprise reduced 
graphene oxide and Au(a)NLf, and in particular embodi 
ments, the composite may comprise reduced graphene oxide, 
NLf, and chitosan. 

In some aspects, methods of preparing aluminescent nano 
composite composition are described. Such a composition 
may be used as, for example, aluminescent ink which may be 
invisible under normal circumstances and may reveal itself 
only when exposed to certain light conditions such as, for 
example, ultra-violet light. Invisible inks may have uses in 
secure data transfer for military, government, or confidential 
private communications. 

In some embodiments, functionalized graphene is sus 
pended in water, a luminescent moiety is Suspended in water 
at an appropriate concentration, and known Volumes of the 
two suspensions are mixed and stirred for a sufficient time to 
form the luminescent nanocomposite Suspension. In some 
embodiments, the water may be purified water, deionized 
water, or distilled water. 

Whereas, the concentration of functionalized graphene 
Suspension will depend on the extent of functionalization of 
graphene being used, in Some embodiments, the concentra 
tion of functionalized graphene is from about 0.01 wt % to 
about 1 wt %. “wt %' refers to the percent ratio of the weight 
of graphene present in a solvent to the weight of the solvent 
and the graphene combined to prepare the Suspension. For 
example, if 0.5g of graphene is suspended in 99.5 g (i.e., 99.5 
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4 
ml) of water, the concentration of graphene is 0.5 wt %. In 
Some embodiments, comprising Sulfonated graphene, up to 
about 0.2 wt % graphene may be used. In other embodiments 
comprising reduced graphene oxide, up to about 0.05 wt % 
graphene may be used. Polymers like chitosan canassisting in 
dispersing graphene in water. As such, in Some embodiments 
wherein, polymers like chitosan are present in the Suspension, 
a higher concentration of graphene of up to about 1 wt %, up 
to about 0.9%, or up to about 0.8% may be used. 

In some embodiments, a chitosan Solution is added to the 
aqueous mixture comprising the luminescent nanocomposite. 
The chitosan solution may comprise about 0.2% to about 2% 
chitosan by weight in a dilute acid solution. In some embodi 
ments, the chitosan Solution may comprise about 0.2% to 
about 1.8% by weight, about 0.2% to about 1.6% by weight, 
about 0.2% to about 1.4% by weight, about 0.2% to about 
1.2% by weight, about 0.2% to about 1.0% by weight, about 
0.4% to about 2% by weight, about 0.6% to about 2% by 
weight, about 0.8% to about 2% by weight, about 1.0% to 
about 2% by weight, about 0.4% to about 1.8% by weight, 
about 0.6% to about 1.6% by weight, about 0.8% to about 
1.4% by weight, or about 1.0% to about 1.2% by weight. In 
Some embodiments, the acid may be an acid such as, for 
example, acetic acid, nitric acid, or hydrochloric acid. In 
Some embodiments, the ratio of Volume of the aqueous mix 
ture comprising the luminescent nanocomposite to Volume of 
chitosan solution may be from about 1:0.1 to about 1:0.5. 

In certain applications, such as, for example, labeling an 
article of manufacture, it may be desired to form luminescent 
films. One application of luminescent nanocomposite films is 
for tagging and tracking waste articles which may be too 
small in size to be tagged by a traditional barcode or a QR 
code, or may not have a flat Surface necessary for affixing a 
traditional barcode or a QR code. In some aspects, the present 
disclosure describes methods of preparing luminescent films. 
In some embodiments, a luminescent film maybe formed 
using a self-drying methodology. In some embodiments, the 
luminescent nanocomposite composition described above is 
heated for a time to dry the composition to form a film, 
followed by immersing the film in a dilute basic solution, 
followed by washing the film with, for example, one or more 
of water, ethanol, or methanol repeatedly to remove the basic 
solution. In some embodiments, the water may be distilled 
water or deionized water. In certain embodiments, the com 
position may be heated to temperatures of about 20°C., about 
25°C., about 30°C., about 35°C., about 40°C., about 45°C., 
about 50° C., about 55° C., about 60° C., about 65° C., about 
70° C., or any range between any two of these temperatures. 
In some embodiments, the composition may be dried by, for 
example, freeze drying, vacuum drying, and/or the like. In 
certain embodiments, the dilute basic Solution may include, 
but is not limited to, ammonia Solution, dilute sodium hydrox 
ide Solution, or dilute potassium hydroxide solution. In par 
ticular embodiments, the luminescent moiety may include, 
but is not limited to, NL for Au(a)NLf. In other embodiments, 
the luminescent composition may comprise other polymers 
Such as, for example, chitosan. 

In some aspects, methods of using the luminescent nano 
composite compositions are described. In some embodi 
ments, the luminescent nanocomposite composition may be 
used as a luminescent invisible ink for printing data, that is 
visible only under specific conditions, such as, for example, 
under ultraviolet light. In some embodiments, the lumines 
cent nanocomposite may be used in the form of films for 
labeling an article of manufacture. Examples of luminescent 
nanocomposite compositions for Such use include, but are not 
limited to, a luminescent nanocomposite composition com 
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prising graphene oxide and NL?, a luminescent nanocompos 
ite composition comprising graphene oxide and Au?a NL?, a 
luminescent nanocomposite composition comprising 
reduced graphene oxide and NL?, and a luminescent nano 
composite composition comprising reduced graphene oxide 
and Au?a NLf. In some embodiments, the luminescent nano 
composite composition may be deposited on an article of 
manufacture as a transparent thin film. In other embodiments, 
the luminescent nanocomposite composition may be depos 
ited on an article of manufacture by spraying a surface of the 
article of manufacture or by stamping a surface of the article 
of manufacture. In some embodiments, the luminescent 
nanocomposite composition maybe deposited in the form of 
a barcode or a QR code. The article of manufacture in above 
mentioned cases may be waste articles such as, for example, 
discarded electronic components, spent printing cartridges, 
biological waste, chemical waste, radioactive waste, and so 
forth. 
The data can generally be any type of data, such as text, 

numbers, symbols, images, musical notes, barcodes; com 
puter code, and so on. In some cases, the data can be data that 
one wishes to remain confidential or to at least limit the 
number of individuals who can read or access the data. 

In some embodiments, the label comprising the lumines 
cent nanocomposite composition film may be detected under 
special conditions such as, for example, under ultraviolet 
light. Examples of detectors that may be used for detecting 
labels made from the luminescent nanocomposite films 
include, but are not limited to, ultraviolet luminescence sen 
sors, fluorescence spectrometers, Raman spectrometers, and 
the like. 

In some aspects, an erasable, rewritable luminescent label 
for an article of manufacture is described. The label may be 
created using the luminescent nanocomposite composition 
described herein above, either in the forman ink or as a film. 
In some embodiments, the label may be erased by removing 
the luminescent moiety from the nanocomposite composition 
or film by wetting the label. In other embodiments, a different 
luminescent moiety may be added to the nanocomposite com 
position or film, to form a second label. In other embodi 
ments, a plurality of different luminescent moieties may be 
added to nanocomposite composition(s) or film(s), to form a 
plurality of labels. In some embodiments, the luminescent 
nanocomposite label may be affixed to an article that may not 
have a flat surface or may be too small for affixing a traditional 
barcode or QR code label. Examples of articles of manufac 
ture that can be labeled using the luminescent nanocomposite 
described herein include, but are not limited to, electronic 
component such as, for example, printed circuit boards, dis 
carded batteries, discarded LCD displays, spent printing car 
tridges, and the like; or hazardous waste such as, for example, 
explosives, radioactive waste, biological waste, and the like. 
In other embodiments, the luminescent nanocomposite may 
be used as luminescent inks for imprinting and transferring 
secure or confidential data for, without limitation, military, 
government of private industry use. The luminescent nano 
composite inks may be tailored to vanish after a pre-designed 
period of time, or may be made removable by wetting. The 
susceptibility of the label to water can be modified by coating 
one or more layers on top of the label to limit or control access 
of water to the label. The layers may be configured to be 
removable when desired. Examples of layers that may be used 
include, but are not limited to, a shrink wrap film, a stretch 
wrap film, a cling wrap film, an adhesive plastic film, a low 
density polyethylene film, PVC films, a wax paper, and the 
like. 
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6 
In some aspects, the present disclosure describes an article 

ofmanufacture that includes a removable and rewritable label 
comprising the luminescent nanocomposite described above. 
In particular embodiments, the label may comprise graphene 
oxide and NLf. In other embodiments, the label may com 
prise reduced graphene oxide and NLf. In some embodi 
ments, the label may comprise graphene oxide and Au?a NLf. 
In other embodiments, the label may comprise reduced 
graphene oxide and Au(a)NLf. In yet other embodiments, the 
label may comprise chitosan in addition to the functionalized 
graphene oxide and the luminescent moiety. 

Embodiments illustrating the method and materials used 
may be further understood by reference to the following 
non-limiting examples: 

EXAMPLES 

Example 1 

Pre-Oxidation of Graphite 

In a 250 mL beaker, concentrated HSO (25 mL), 5g of 
KSOs and 5 g of POs were taken and heated to 90°C. with 
constant stirring. After all the reactants were completely dis 
solved, the reaction temperature was decreased to 80°C. To 
this reaction mixture, 6 g of graphite powder was added 
slowly. Bubbling was observed initially and subsided subse 
quently, over a period of 30 minutes. Temperature of the 
reaction mixture was maintained at 80° C. for 5 hours. Heat 
ing was stopped and the mixture was diluted with 1 L of 
distilled water and left undisturbed overnight. The resultant 
solution was then filtered and washed to remove excess acid. 
The solid product was dried in air overnight to yield pre 
oxidized graphite. 

Example 2 

Oxidation to Graphite Oxide (GO) 

230 mL of concentrated HSO was maintained at 0°C. 
using an ice bath. Pre-oxidized graphite was then added to 
this and stirred. 15 g of KMnO, was added slowly making 
sure that the temperature never went beyond 10°C. Then, the 
temperature was raised to 35° C. and allowed to react for 2 
hours. Subsequently, 1 L of distilled water was added care 
fully keeping the temperature below 50° C. The reaction 
mixture was stirred for 2 hours and then 1.5 L of distilled 
water and 25 mL of 30% HO were added. The mixture was 
kept at room temperature for a day and the Supernatant was 
decanted. The remaining solution was centrifuged and 
washed with 10% HCl followed by distilled water. This was 
repeated several times. The resultant solid was dried and 2% 
(w/w) dispersion was prepared in distilled water. This disper 
sion was dialyzed for 3 weeks to remove all unwanted con 
taminants like salts and acid. Then the dispersion was diluted 
to 0.1% (w/w). 

Example 3 

Hydrothermal Deoxygenation of Graphene Oxide 
(GO) to Reduced Graphene Oxide Nanosheets 

Reduction of GO was performed by the hydrothermal 
method. In a typical synthesis procedure, GO was Sonicated 
for 45 minutes. (CREST TRU-SWEEP 27D, 50 Hz) to exfo 
liate the suspension completely and centrifuged at 5000 rpm 
to remove the unexfoliated GO. About 50 mL of the purified 
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exfoliated GO solution (0.05 wt %) was transferred to a 
Teflon-lined hydrothermal reaction vessel and heated at 180° 
C. for 6 hours. After 6 hours, the vessel was cooled to room 
temperature. A black precipitate of RGO settles at the bottom. 
This was redispersed in distilled water by mild sonication. 5 

Example 4 

Sulfonation of RGO 

To increase the stability of graphene in water, Sulfonic acid 10 
groups were introduced onto RGO Surface through a simple 
Sulfonation procedure. 20 mg Sulfanilic acid and 8 mg Sodium 
nitrite were firstly dissolved in NaOH solution (0.25%). Then 
4 mL, 0.1M HCl was added to the above mixture and kept in 
an ice bath under stirring. After 15 minutes, aryl diazonium 15 
salt solution was added to 20 mL, 0.5 mg/ml. RGO dispersion 
with continuous stirring for 2 hours in an ice bath. After 2 
hours, the solution was filtered and washed and redispersed in 
distilled water with a final concentration of 0.05 wt %. The pH 
of the solution was measured to be around 6. 2O 

Example 5 

Preparation of Au(a)NLf 
25 

Au(a)NLf quantum clusters were synthesized by the fol 
lowing procedure: NLf and HAuCl were mixed and stirred 
continuously for 5 minutes. Required amount of 1 MNaOH 
was added to the above mixture such that the final concentra 
tion was 5%. The mixture was stirred for 24 hours which 
results in the formation of Au(a)NLf. Au(a)NLf refers to a ' 
mixture of clusters, dominated by a cluster containing 25 
atoms of gold, along with minor fractions of Au, which are 
protected by the protein molecule. 

Example 6 35 

Preparation of RGO/GO-NLf and 
RGO/GO-Au(a)NLf Composites 

NLf was anchored onto RGO/GO substrate through a 40 
simple electrostatic interaction. To 5 mL GO/RGO (0.02 wit 
%), different volumes of NLf (12 mg/mL) was added. The 
sample was stirred for 2 hours and stored at 4°C. for further 
use. Similar method was used to make GO/RGO-Au(a)NLf 
composites in which known volume of Au(a)NLf was added 45 
to 5 mL of GO/RGO and stirred for 2 hours. The mixture was 
stored for further use at 4°C. 

Example 7 
50 

Preparation of RGO-NLf-Ch Composite 

Chitosan (Ch) is known to form composites with RGO. 
GO/RGO-NLf composites prepared as mentioned above 
were mixed with Ch solution (0.8% chitosan in 1.5% acetic 55 
acid) in 1:0.3 ratio (v/v). The mixture was stirred continu 
ously for 2 hours. The homogeneous dispersion was then kept 
at 4° C. for further use. Similarly, GO/RGO-Au(a)NLf-Ch 
was also prepared by replacing NLf with Au(a)NLf in the 
above procedure. 60 

Example 8 

Preparation of RGO-Ch-NLf/Au(a)NLfFilm 
65 

The above solution(s) were transferred to a Petri dish and 
kept in an oven maintained at 40°C. The mixture was allowed 

8 
to dry and after complete drying, the film was immersed in 
ammonia solution (5 Vol.%) for 15 minutes. Then, the films 
were washed repeatedly with distilled water to remove 
ammonia. This film can be easily peeled off for further use. 
For preparing red luminescent films, NLf was replaced with 
Au(a)NLf clusters. 
The properties of the fabricated composites were studies 

using UV/Visible spectroscopy, Fourier Transform Infrared 
spectroscopy, Transmission and Scanning Electron micros 
copy, Photoluminescence and Raman spectroscopy. 

Example 9 

Addition of Luminescence 

A luminescent iron binding protein, lactoferrin (NLf) or 
NLf protected Au clusters (Au(a)NLf) electrostatically was 
anchored at nearly neutral pH. The pH of GO and RGO 
dispersion was around 6.5. At this pH, the negatively charged 
functional groups will be in the ionized State making GO and 
RGO highly dispersible in water. The presence of negatively 
charged functional groups on RGO/GO was used for the 
formation of composites. The samples were characterized by 
Raman spectroscopy which showed a strong D-band pointing 
to the highly functionalized grapheme. The composite exhib 
ited a weak bluish-green luminescence. Bright red lumines 
cence was imparted to the composite by anchoring the protein 
protected clusters (Au(a)NL?) instead of pure NLf. 

Example 10 

Large Area Films 

Properties and Applications 

Large area RGO/GO based composite films were fabri 
cated through a simple self-drying methodology as described 
above. Upon solvent evaporation, the composites formed 
large area films aided by chitosan. The presence of RGO 
increased the mechanical strength of the film. FIG. 1A below 
shows the photograph of macroscopic films. The as-fabri 
cated films were found to be highly flexible (inset FIG. 1A). 
The film was characterized using SEM, Raman and fluores 
cence spectroscopy. FIGS. 1 B-D show the SEM images of 
the film. The SEM image of a folded edge of a film is shown 
in FIG. 1B, emphasizing the flexible nature. The film surface 
was found to be smooth (FIG. 1C). Higher magnification 
image of the edge of the film showed that it is formed by 
layer-by-layer assembly (FIG. 1D). The luminescence of the 
composite was found to be stable at a goodwindow of pH and 
temperature windows, increasing the applicability of the 
composite. 

Example 11 

Erasable Patterns and Applications 

Large area patterns were inscribed on the prepared films. 
Luminescent patterns can also be fabricated through this 
methodology by incorporating NLf/Au(a)NLfin the compos 
ite. The inscribed pattern can be erased from the films and 
another pattern can be inscribed. Erasable and rewritable 
patterns may be useful in security coding and confidential 
data transfer. FIGS. 2A and B show the film after imprinting 
the first pattern. The pattern was erased by simply wetting of 
the film using water. After drying the film, a second pattern 
was inscribed. FIGS. 2C and D show the SEM images of this 
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pattern. This pattern was also erased by wetting the film and 
a third pattern was inscribed (FIGS. 2E and F). The film after 
erasure also was analyzed using SEM. No trace of imprinted 
pattern was seen, pointing to the complete erasure of the 
pattern (FIG. 3). The erasure and patterning can be done 
repeatedly. The Raman measurement clearly shows that the 
formed patterns are luminescent (FIG. 4). No significant 
change in florescence intensity was seen when exposed to a 
wide range of metalions, change in pH (5-9), and temperature 
(10-50° C). 

Example 12 

Protecting the Label from Water 

A metal box was labeled with a luminescent composite 
pattern in the form of a bar-code. This bar-code was readable 
under ultraviolet light (standard forensic black light). The box 
was then inserted in a tank filled with water and agitated for 
about 2 minutes. Upon removal from the tank, the bar-code 
could no longer be read under ultraviolet light showing that 
the luminescent pattern was lost in water. 
A separate metal box was labeled with another luminescent 

composite pattern in the form of a bar-code. A thin plastic film 
was then laminated on top of the luminescent pattern. It was 
confirmed that bar-code was readable under ultraviolet light. 
The box was then inserted in a tank filled with water and 
agitated for about 2 minutes. Upon removal from the tank, the 
bar-code was still readable under ultraviolet light confirming 
that a laminated plastic film protected the luminescent pattern 
from exposure to water. One may be able to substitute the 
laminated plastic film with other materials depending on the 
usage and base materials. 

In the above detailed description, reference is made to the 
accompanying drawings, which form a part hereof. In the 
drawings, similar symbols typically identify similar compo 
nents, unless context dictates otherwise. The illustrative 
embodiments described in the detailed description, drawings, 
and claims are not meant to be limiting. Other embodiments 
may be used, and other changes may be made, without depart 
ing from the spirit or scope of the Subject matter presented 
herein. It will be readily understood that the aspects of the 
present disclosure, as generally described herein, and illus 
trated in the Figures, can be arranged, Substituted, combined, 
separated, and designed in a wide variety of different con 
figurations, all of which are explicitly contemplated herein. 

This disclosure is not limited to the particular systems, 
devices and methods described, as these may vary. The ter 
minology used in the description is for the purpose of describ 
ing the particular versions or embodiments only, and is not 
intended to limit the scope. 
As used in this document, the singular forms “a” “an and 

“the include plural references unless the context clearly 
dictates otherwise. Unless defined otherwise, all technical 
and Scientific terms used herein have the same meanings as 
commonly understood by one of ordinary skill in the art. 
Nothing in this disclosure is to be construed as an admission 
that the embodiments described in this disclosure are not 
entitled to antedate such disclosure by virtue of prior inven 
tion. As used in this document, the term "comprising means 
“including, but not limited to.” 

All ranges disclosed herein are inclusive and combinable. 
As used herein, the term “about” means plus or minus 10% of 
the numerical value of the number with which it is being used. 
Therefore, about 50% means in the range of 40% to 60%. 
The present disclosure is not to be limited in terms of the 

particular embodiments described in this application, which 
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10 
are intended as illustrations of various aspects. Many modi 
fications and variations can be made without departing from 
its spirit and scope, as will be apparent to those skilled in the 
art. Functionally equivalent methods and apparatuses within 
the scope of the disclosure, in addition to those enumerated 
herein, will be apparent to those skilled in the art from the 
foregoing descriptions. Such modifications and variations are 
intended to fall within the scope of the appended claims. The 
present disclosure is to be limited only by the terms of the 
appended claims, along with the full scope of equivalents to 
which such claims are entitled. It is to be understood that this 
disclosure is not limited to particular methods, reagents, com 
pounds, compositions or biological systems, which can, of 
course, vary. It is also to be understood that the terminology 
used herein is for the purpose of describing particular 
embodiments only, and is not intended to be limiting. 

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

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

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

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

Various of the above-disclosed and other features and func 
tions, or alternatives thereof, may be combined into many 
other different systems or applications. Various presently 
unforeseen or unanticipated alternatives, modifications, 
variations or improvements therein may be Subsequently 
made by those skilled in the art, each of which is also intended 
to be encompassed by the disclosed embodiments. 
What is claimed is: 
1. A method of labeling an article of manufacture with a 

removable and rewritable label, the method comprising: 
heating a luminescent nanocomposite composition com 

prising graphene oxide, reduced graphene oxide, or a 
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12 
combination thereof, and at least one luminescent moi 
ety from about 20° C. to about 70° C., wherein the 
luminescent moiety non-covalently interacts with the 
graphene oxide or reduced graphene oxide; 

forming a film of the composition by drying the composi 
tion to form the film; and 

depositing the film on the article of manufacture as a first 
label. 

2. The method of claim 1, wherein the luminescent moiety 
is native lactoferrin, or native lactoferrin-protected gold clus 
ter, or a combination thereof. 

3. The method of claim 1, wherein depositing the film 
further comprises depositing the film having chitosan. 

4. The method of claim 1, wherein depositing the film 
comprises depositing the film as a transparent thin film. 

5. The method of claim 1, wherein depositing the film 
comprises depositing the film by spraying a Surface of the 
article of manufacture. 

6. The method of claim 1, wherein depositing the film 
comprises depositing the film by stamping a surface of the 
article of manufacture. 

7. The method of claim 1, wherein the first label is a bar 
code or a QR code. 

8. The method of claim 1, further comprising detecting the 
first label using ultraviolet light or Raman spectroscopy. 

9. The method of claim 1, further comprising removing the 
first label by wetting the first label. 

10. The method of claim 9, further comprising after remov 
ing the first label, depositing a luminescent nanocomposite 
composition as a second label on the article of manufacture. 

11. The method of claim 1, wherein the article of manu 
facture comprises curved faces. 

12. The method of claim 1, wherein the article of manu 
facture is an electronic component. 

13. The method of claim 1, wherein the article of manu 
facture comprises recyclable waste. 

14. The method of claim 1, further comprising: 
immersing the film in an ammonia Solution; and 
washing the film with one or more of water, ethanol, and 

methanol to remove the ammonia. 
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