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(57) ABSTRACT 
A composite material for fluorescent quantum dot micro 
nano packaging. The composite material comprises fluores 
cent quantum dots, a mesoporous particle material having a 
nanometer lattice structure, and a barrier layer, wherein the 
fluorescent quantum dots are distributed in the mesoporous 
particle material, and the barrier layer is coated on the outer 
Surface of the mesoporous particle material. In the compos 
ite material according to the invention, the quantum dot 
aggregation can be effectively retarded, with the barrier 
layer coated on the Surface the water-oxygen micromolecule 
erosion is prevented, the compatibility and stability of the 
composite fluorescent particles is improved, and the service 
life of the composite material for fluorescent quantum dot 
micro-nano packaging is thus greatly improved. 
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COMPOSITE MATERAL FOR 
FLUORESCENT OUANTUM DOT 
MICRO-NANO PACKAGNG 

RELATED APPLICATION DATA 

0001. The instant application claims priority to Chinese 
Patent Application No. 201510576368.7, CN filed 11 Sep. 
2015, the subject matter of which is incorporated by refer 
ence herein in its entirety. 

TECHNICAL FIELD 

0002 The present invention relates to a fluorescent mate 
rial, and more particularly, to a composite material for 
fluorescent quantum dot micro-nano packaging. 

BACKGROUND 

0003 High-luminous-efficiency and high-stability quan 
tum-dot-based micro-nano-packaged fluorescent powder is 
used in quantum dot optimized white LEDs generally for 
regulating the color rendering index of the white LEDs, and 
is used in tricolor (red/green/blue) LED devices for display 
ing so as to improve the color gamut of a display as well. 
0004 Colloidal quantum dot has the advantages of con 
tinuously adjustable light emitting, high purity of color of 
emitted light and higher conversion efficiency, and has a 
relatively mature preparation technology as a core material 
for next generation lighting and displaying technology. In 
order to reduce or eliminate surface defects (e.g. intrinsic 
crystal growth defects and dangling bonds) of the quantum 
dots, a method commonly adopted is to epitaxially grow an 
inorganic shell on the Surface of the quantum dot. However, 
as a nanocrystal particle having an inorganic shell structure, 
it still has very high Surface energy, and changing the 
circumstance of the quantum dot may possibly cause clus 
tering and fluorescence quenching of the quantum dots. In 
order to increase the self-stability of the quantum dots and 
the stability thereof in a composite material, a surfactant is 
usually used in organic modification on the Surface of the 
quantum dots to obtain colloidal quantum dots. 
0005. In general, the quantum dots cannot be directly 
used because the quantum dots are relatively unstable com 
pared to bulk materials. The quantum dots themselves may 
cluster to form larger particles. In addition, the colloidal 
layer may be eroded easily, and thus a defect level is left, 
forming a non-radiative channel. Most of the physical and 
chemical circumstances will cause fluorescence quenching 
to the quantum dots. Therefore, how to passivate quantum 
dot is a relatively hot and critical issue at present. 
0006. In practice, a common method is to directly dis 
perse the quantum dots into a polymer matrix to obtain a 
fluorescent composite material, forming a simple structure 
for "quantum dot carrier material. The composite material 
Substantially maintains the fluorescence characteristics from 
the colloidal quantum dots. After that, the composite mate 
rial is directly applied in a blue LED to obtain white light, 
or a multicolor spectrum converted by the quantum dot, 
respectively for direct use in displaying and lighting. 
0007 Some conventional methods for packaging quan 
tum dots in present literatures include the followings. 1. 
Dispersing the quantum dots into polymethyl methacrylate 
(PMMA), wherein remote packaging (see reference 1) is 
used. This packaging form has the defects that the quantum 
dots will aggregate in the PMMA slowly, leading to fluo 
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rescence radiation wavelength red shift and fluorescence 
efficiency drop as the quantum dots are not compatible with 
Surface ligands and barrier layer. Secondly, as the water 
resistance and oxygen-resistance abilities of the PMMA are 
poor, the osmotic water-oxygen micromolecules may easily 
erode the Surfaces of the quantum dots, leading to fluores 
cence drop. 2. Coating on chip (On chip) (see reference 2) 
packaging. In order to prevent the quantum dots from 
aggregation, a transamination treatment is conducted on the 
Surfaces of the quantum dots firstly, to enhance the compat 
ibility between the quantum dots and the barrier layer 
material around the quantum dots, thereby to decrease 
aggregation and prevent water and oxygen erosion. How 
ever, this transamination itself may easily destroy the Sur 
face ligands of the quantum dots, thus affecting the initial 
fluorescence efficiency of the quantum dots. 
0008 Furthermore, the quantum dots are relatively sen 
sitive to temperature, oxygen and water. Even in a composite 
material, the quantum dots may fallen off, leading to fluo 
rescence drop, due to long-term oxidation of the Surface 
ligands of the colloidal quantum dots and incompatible 
problem between the quantum dots and the polymer carrier 
material, this severely affects the service life of a device. In 
order to improve the service life of the quantum dot device, 
improvement is made based on the remote packaging. A 
silica (silica)/polyvinylpyrrolidone (PVP) material has been 
used as a barrier layer in remote packaging (see reference 3). 
A composite film with Surface protection is introduced, 
specifically a film having better water-resistance and oxy 
gen-resistance ability is added between an upper layer and a 
lower layer for preventing water and oxygen invasion, 
thereby to reduce damages to the Surfaces of the quantum 
dots. Although with this method the water and oxygen may 
be obstructed to a certain extent, ligand loss and aggregation 
effect caused by compatible problem between the outer 
Surfaces of the quantum dots and a carrier cannot be 
avoided, thus the stability and reliability of a light emitting 
device are impaired. 
0009 For a method of directly compositing the quantum 
dots with silica gel, the colloidal ligand at the outer layer of 
the quantum dots is not compatible with the silica gel. In 
particular, Some surface ligands containing Sulfur (S) will be 
effected with platinum (Pt) in the silica gel, and thus the 
solidification of the silica gel will be affected, the silica gel 
may not solidify. In addition, a non-Solidified silica gel will 
usually cause clustering due to the compatibility problem 
between the Surface ligands and the silica gel. 
0010 For a quantum dot polymer composite material, the 
fluorescence characteristics of the quantum dot polymer 
material obtained via polymerization in a quantum dot 
dispersion liquid are usually affected by an initiator, a 
polymer active site or the like, or fluorescence drop or 
quenching may occur as affected by a high polymer chem 
istry molecule polymerization reaction. Similarly, for a 
physical blending composite material, which is obtained 
through directly dissolving a high polymer using a solvent, 
then dispersing the quantum dots, and Volatilizing the Sol 
vent, clustering of the quantum dots is caused due to the 
compatibility problem between the quantum dots and the 
polymer. On the other hand, due to osmosis, the micromol 
ecules, for example, water molecules and oxygen, usually 
interacts with the quantum dots, eroding the Surfaces of the 
quantum dots, thereby leading to light emitting defects and 
fluorescence efficiency recession. 
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0.011 Direct processing, such as silica growing and Sur 
face transamination modification, is conducted on the Sur 
faces of the quantum dots. The method presently has a major 
problem that an apparent fluorescence quenching effect (see 
reference 4) may occur for the quantum dots due to the 
substitution of the surface ligands. Therefore, for the use of 
the high-luminous-efficiency and high-stability quantum 
dots in a device, the following problems have to be solved: 
1. the quantum efficiency of the quantum dots cannot be 
impaired during the Surface treatment of the quantum dots or 
composition with other materials; 2. the carrier circumstance 
of the quantum dots shall be compatible with the surfaces of 
the quantum dots, this prevents the quantum dots from 
self-aggregation on one hand, and prevents the ligands from 
falling off on the other hand; and 3. a barrier layer is set to 
prevent micromolecules like water vapor and oxygen from 
eroding the Surfaces of the quantum dots. 

SUMMARY 

0012. In order to solve the foregoing technical problems, 
the present invention particularly provides a composite 
material for fluorescent quantum dot micro-nano packaging. 
According to the invention, the fluorescent quantum dots 
enter a mesoporous particle material through a non-chemical 
way (e.g. heating infiltration). Under a nonpolar solvent 
circumstance, without destroying the Surface structure of the 
colloidal quantum dots, the method maintains the fluores 
cence efficiency of the quantum dots. According to the 
invention, a method of performing heating infiltration and 
Solution volatilization enables more quantum dots to com 
pletely enter the mesoporous particle material, so as to 
obtain the micro-nano fluorescent particles. The mesoporous 
particle material can prevent the fluorescent quantum dots 
from aggregation to a great extent. The barrier layer grown 
on the surface of the fluorescent micro particles prevents 
micromolecule (e.g. water and oxygen) erosion, and 
improves the compatibility and stability of the composite 
fluorescent particles as well. 
0013 The technical solution employed in the present 
invention can be described as follows: a composite material 
for fluorescent quantum dot micro-nano packaging, charac 
terized in that, the composite material comprises fluorescent 
quantum dots, a mesoporous particle material with a nano 
meter lattice structure, and a barrier layer, wherein the 
fluorescent quantum dots are distributed in the mesoporous 
particle material, and the barrier layer is coated on the outer 
Surface of the mesoporous particle material. 
0014. The fluorescent quantum dots according to the 
present invention are fluorescent nanocrystals with a size of 
2 nm to 20 nm and Surface ligands thereof. 
0015 The particle size of the mesoporous particle mate 

rial according to the present invention ranges from 0.05 to 
500 um. 
0016. The mesoporous aperture of the mesoporous par 

ticle material according to the present invention ranges from 
2 nm to 50 nm. 

0017. The mesoporous particle material according to the 
present invention is any one (but not limited to) of a 
mesoporous silica material, a mesoporous titania material, a 
mesoporous Zinc oxide material, a molecular sieve and a 
metal-organic framework compound. 
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0018. The barrier layer according to the present invention 
is any one (but not limited to) of a silica barrier layer, a 
titania barrier layer, wax materials and a polymer barrier 
layer. 
0019. The present invention has the advantageous effects 
as follows: the fluorescent quantum dots enter the mesopo 
rous particle material in a non-chemical way (heating infil 
tration and solvent volatilization), and thus the Surface 
structure of the colloidal quantum dots will not be impaired 
under a nonpolar solvent circumstance, and the fluorescence 
efficiency of the quantum dots is consequently maintained; 
the structure can effectively retard the aggregation of the 
quantum dots, the barrier layer coated on the Surface pre 
vents the erosion of water-oxygen micromolecules, and 
improves the compatibility and stability of the composite 
fluorescent particles as well. 
0020. The specific effects and characteristics are as fol 
lows: 

0021 1. Because the surface groups of the fluorescent 
quantum dots are not impaired, the fluorescence effi 
ciency of the quantum dot may be well reserved, and 
the fluorescent particles obtained have higher fluores 
cence efficiency. 

0022. 2. Due to the nanometer lattice effect of the 
mesoporous particle material, the quenching effect 
caused by the clustering of the fluorescent quantum 
dots is reduced; in addition to above, due to mesopo 
rous confinement, the direct contact with the water and 
oxygen in the air is greatly reduced; the fluorescent 
particles protected by the barrier layer can be com 
pleted isolated from the water and oxygen in the 
external air; resulting from above, the service life of the 
composite material for fluorescent quantum dot micro 
nano packaging is greatly improved. 

0023. 3. The micro-nano packaging enables the fluo 
rescent quantum dots to be used as the normal phos 
phors; the fluorescent quantum dots can either be used 
Solely, or in mixture with other materials (e.g. silicone); 
in this way, diversification in use is achieved. 

0024. The term about means the amount of the specified 
quantity plus/minus a fractional amount (e.g., +10%, +9%, 
+8%, +7%, +6%. +5%, +4%, +3%, +2%, +1%, etc.) thereof 
that a person skilled in the art would recognize as typical and 
reasonable for that particular quantity or measurement. 
0025. The term substantially means as close to or simi 
lar to the specified term being modified as a person skilled 
in the art would recognize as typical and reasonable; for e.g., 
within typical manufacturing and/or assembly tolerances, as 
opposed to being intentionally different by design and 
implementation. 
0026. It should be appreciated that all combinations of 
the foregoing concepts and additional concepts discussed in 
greater detail below (provided Such concepts are not mutu 
ally inconsistent) are contemplated as being part of the 
inventive subject matter disclosed herein. In particular, all 
combinations of claimed Subject matter appearing at the end 
of this disclosure are contemplated as being part of the 
inventive subject matter disclosed herein. It should also be 
appreciated that terminology explicitly employed herein that 
also may appear in any disclosure incorporated by reference 
should be accorded a meaning most consistent with the 
particular concepts disclosed herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a schematic view showing a resulting 
composite material after step II of a preparation method; 
0028 FIG. 2 is a schematic view showing a resulting 
composite material after step III of the preparation method; 
0029 FIG. 3 is a schematic view showing a resulting 
composite material after step IV of the preparation method; 
0030 FIG. 4 is a schematic view showing a final com 
posite material after step V of the preparation method; and 
0031 FIG. 5 is a 2D view showing a partial section of the 
final composite material. 

DETAILED DESCRIPTION OF NON-LIMITING, 
EXEMPLARY EMBODIMENTS 

0032. The present invention will be further described in 
details hereinafter with reference to the drawings and 
embodiments. 
0033 Referring to FIG. 4 and FIG. 5, a composite 
material for fluorescent quantum dot micro-nano packaging 
comprises fluorescent quantum dots 1, a mesoporous par 
ticle material 2 having a nanometer lattice structure, and a 
barrier layer 3, wherein the fluorescent quantum dots 1 are 
distributed in the mesoporous particle material 2, and the 
barrier layer 3 is coated on the outer surface of the mes 
oporous particle material 2. 
0034. The size of the fluorescent quantum dots ranges 
from 2 nm to 20 nm. The applicability of the mesoporous 
particle material 2 is not limited by its external shape, the 
mesoporous particle material may be in a spherical shape, a 
cube or an irregular shape. 
0035. The particle size of the mesoporous particle mate 

rial 2 ranges from 0.05 to 500 um. The mesoporous aperture 
of the mesoporous particle material 2 ranges from 2 nm to 
50 nm. The mesoporous particle material 2 may be any one 
(but not limited to) of a mesoporous silica material, a 
mesoporous titania material, a mesoporous Zinc oxide mate 
rial, a molecular sieve and a metal-organic framework 
compound. The barrier layer 2 may be any one (but not 
limited to) of a silica barrier layer, a titania barrier layer, wax 
materials and a polymer barrier layer. 
0036. According to an embodiment of the invention, a 
preparation method for the composite material for fluores 
cent quantum dot micro-nano package comprises the fol 
lowing steps: 
0037 Step I. The fluorescent quantum dots are processed 
with a purification treatment (e.g. extraction and centrifu 
gation) before use, and the average size of the fluorescent 
quantum dots is 4 to 6 mm; the mesoporous particle material 
2 is a mesoporous silica material, of which the particle size 
ranges from 30 to 60 um (the size distribution may be 
uneven), and of which the mesoporous aperture ranges from 
7 to 8 mm; the mesoporous particle material 2 is processed 
with a dehydroxylation treatment (e.g. Vacuum calcination, 
and silica Surface treatment) before used. 
0038 Step II. The fluorescent quantum dots and the 
mesoporous silica particles are dispersed into a 98% normal 
hexane solution contained in a vessel Successively, stirred at 
a high speed, ultra-Sonicated for 1 h, and sealed and soaked 
for 2 h; the purpose of soaking is to increase the compat 
ibility of the mesoporous particle material, and to promote 
the recombination of the mesoporous particle material with 
the fluorescent quantum dots. The resulting composite mate 
rial after soaked is as shown in FIG. 1. 
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0039 Step III. The vessel is opened and heated by a 
heating equipment, so that the mixed liquid therein is heated 
to a temperature of 60 to 70° C., and then the liquid is stirred 
quickly, at the same time a normal hexane solution is added 
in constantly as Supplementary to the volatilized solution, 
making the mesoporous silica particles Swell in the heated 
Solution to enable a part of the fluorescent quantum dots to 
infiltrate the mesoporous particle material through thermal 
motion; this swelling process lasts for 10 h. The result of the 
swelling process is as shown in FIG. 2, in which the 
mesoporous particle material is Swelled, and the quantum 
dots enter the nanometer lattice of the mesoporous particle 
material 2. 

0040 Alternatively, a reflux unit may be used in this 
process to further simplify the operation and save the 
volatilization solvent. As without the reflux unit the solution 
Volatilizes constantly and new solution is added in as 
complementary, the concentration of the Solution is con 
stantly changed, with Such an approach the fluorescent 
quantum dots can permeate the mesoporous particle material 
in a more effective manner. This “swelling-solution volatil 
ization process is repeated for 1-10 h. 
0041 Step IV. After the normal hexane solution in the 
vessel has completely volatilized, the mixture cools down 
naturally under the protection of argon gas, and then is dried 
in a vacuum drying oven, the fluorescent particles compos 
ited by the fluorescent quantum dots and the mesoporous 
material are thus obtained. The resulting composite material 
in this stage is as shown in FIG. 3. 
0042 Step V. The fluorescent particles are re-dispersed 
into anhydrous alcohol, and a 99.99% ethyl orthosilicate is 
added in and the mixture is stirred evenly, and then alkaline 
water or aqueous ammonia is dropwise added in, and the 
resulting mixture is stirred in an accelerated speed to hydro 
lyze the ethyl orthosilicate and grow a silica barrier layer. 
The final composite material is as shown in FIG. 4 and FIG. 
5 

0043. The working principle of the present invention 
could be described as: a micro-nano packaged quantum dot 
technology is employed. Firstly, a non-chemical approach, 
e.g. physical Swelling, prompts the fluorescent quantum dots 
to permeate the mesoporous particle material (nanometer 
lattice structure), which does not impair the surface colloidal 
structure of the fluorescent quantum dots, thereby ensuring 
the fluorescence efficiency of the fluorescent quantum dots. 
Secondly, the mesoporous particle material will not react 
with the surface of the fluorescent quantum dots, and the 
mesoporous structure will restrict the aggregation of the 
fluorescent quantum dots, and lock the fluorescent quantum 
dots at a fixed position, thereby obtaining the micro-nano 
particles, i.e. fluorescent particles, composited by a nano 
meter-mesoporous particle material. Finally, a barrier layer 
is grown on the Surface of the above micro-nano particles to 
prevent water and oxygen from entering the mesoporous 
structure, thereby preventing micromolecules from eroding 
the Surface of the fluorescent quantum dots. Such quantum 
dot composite fluorescent particles obtained may be applied 
to packaging of any forms, and may be applied to micro 
nano packaging for any particles as well, not limited by the 
quantum dot materials. In addition, Such quantum dot com 
posite fluorescent particles may be applied to display and 
lighting technology, not limited by the application Scope. 
This technology may prompts the industrialization and mar 
ketization of the quantum dots. 
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0044) Quantum dots: the fluorescent quantum dots are 
light emitting nanocrystals and organic Surface ligands 
thereof, to be specific, II-IV family quantum dots like CdSe, 
CdS, ZnSe, ZnS, and PbS: III-V family quantum dots like 
InP, family quantum dots like CuInS2; doped quantum dots 
like Cu:ZnS, Cu:ZnSe, Mn:ZnSe, and Mn:ZnS, and the 
quantum dots also include the foregoing quantum dots and 
Surface passivated quantum dots thereof, shell structure 
quantum dots like CdSe/ZnS, CdSe/CdS, CdSe/ZnSe, and 
PbS/ZnS, multi-shell structure quantum dots like CdSe/CdS/ 
ZnS, and Such fluorescent quantum dots subjected to organic 
Surface treatment like perovskite quantum dots and carbon 
quantum dots. Other fluorescent nanometer particles like 
quantum rods (QR) and quantum well (QW) are also 
included. 
0045. The mesoporous particle material (nanometer lat 

tice structure) is used in a physical treatment on the fluo 
rescent quantum dots, thereby to internally package the 
fluorescent quantum dots, so that the fluorescent quantum 
dots permeate the nanometer lattice structure or pores of the 
mesoporous particle material under a non-chemical treat 
ment condition. The benefit of using the non-chemical 
method is to not impair the organic layer ligands on the 
Surfaces of the fluorescent quantum dots, so as to protect the 
fluorescence characteristics of the quantum dots. A non 
chemical reaction method is used to feed the fluorescent 
quantum dots into the pores of the mesoporous particle 
material without impair the fluorescence characteristics of 
the quantum dots. The major methods adopted may be one 
of a Swelling method, a soaking method, a solvent vapor 
ization method, an ultrasound dispersing method, or com 
binations thereof. 
0046 Regarding the pretreatment on the mesoporous 
particle material, the active groups on the Surface of the 
mesoporous particle material are passivated, the compatibil 
ity between the micro-nano mesoporous particle material 
and the fluorescent quantum dots is increased, no reactive 
micromolecules are released, and no contact with the Surface 
of the material and no energy transfer occur, so that the 
fluorescence efficiency of the quantum dots is not impaired. 
Specifically, a physical method, e.g. one of evacuation, 
sintering and the combination thereof, is adopted. A chemi 
cal method is one of solution pretreatment, solution reaction 
method and the combination thereof, of which main purpose 
is to eliminate or reduce the groups or the micromolecules 
adsorbed on the Surface of the mesoporous particle material, 
which makes the quantum dot fluorescence unstable. 
0047 Apost-treatment method for micro-nano packaging 

is to grow/coat a barrier layer on the surface of the fluores 
cent particles, which mainly plays a role of completely 
encapsulating the fluorescent quantum dots, disabling the 
fluorescent quantum dots to move to the outer layer of the 
structure, and obstructing an outer layer Substance to enter 
the nanometer lattice structure housing the quantum dots, so 
that the fluorescent quantum dots are isolated from the 
outside. The substances from outside may substantially be 
molecules like water and oxygen, that may possibly react 
with the surfaces of the quantum dots. The barrier layer 
mainly comprises silica, titania, polymer and the like, but 
not limited to this. 

0048. In a specific embodiment, the preparation method 
may be further expanded as follows: 

0049. 1. The fluorescent quantum dots may be grown 
in situ under the presence of a mesoporous structure. 
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0050 2. A carrier material for mesoporous structure 
may be formed in situ under the presence of the 
quantum dots. 

0051 3. The quantum dots may be absorbed on the 
mesoporous particle material and permeate the Surface 
of the mesoporous particle material or an internal 
mesoporous particle material through manners such as 
Swelling, soaking, ultrasound and the like. The present 
invention is not limited to the foregoing manner or 
other certain manner that allows the fluorescent quan 
tum dots to permeate the mesoporous particle material. 

0.052 4. The surface finishing of the inner surface of 
the mesoporous particle material, e.g. eliminating 
hydroxyl radical and other active groups, may be 
implemented through the manners such as vacuum 
calcination and chemical-Surface treatment, so as to 
ensure the compatibility between the fluorescent quan 
tum dots and the mesoporous particle material, and 
fluorescence stability. The present invention is not 
limited to a certain manner for interface processing 
between the fluorescent quantum dots and the mesopo 
rous particle material. 

0053 While several inventive embodiments have been 
described and illustrated herein, those of ordinary skill in the 
art will readily envision a variety of other means and/or 
structures for performing the function and/or obtaining the 
results and/or one or more of the advantages described 
herein, and each of Such variations and/or modifications is 
deemed to be within the scope of the inventive embodiments 
described herein. More generally, those skilled in the art will 
readily appreciate that all parameters, dimensions, materials, 
and configurations described herein are meant to be exem 
plary and that the actual parameters, dimensions, materials, 
and/or configurations will depend upon the specific appli 
cation or applications for which the inventive teachings 
is/are used. Those skilled in the art will recognize, or be able 
to ascertain using no more than routine experimentation, 
many equivalents to the specific inventive embodiments 
described herein. It is, therefore, to be understood that the 
foregoing embodiments are presented by way of example 
only and that, within the scope of the appended claims and 
equivalents thereto, inventive embodiments may be prac 
ticed otherwise than as specifically described and claimed. 
Inventive embodiments of the present disclosure are directed 
to each individual feature, system, article, material, kit, 
and/or method described herein. In addition, any combina 
tion of two or more such features, systems, articles, mate 
rials, kits, and/or methods, if such features, systems, articles, 
materials, kits, and/or methods are not mutually inconsis 
tent, is included within the inventive scope of the present 
disclosure. 

0054 All definitions, as defined and used herein, should 
be understood to control over dictionary definitions, defini 
tions in documents incorporated by reference, and/or ordi 
nary meanings of the defined terms. 
0055. The indefinite articles “a” and “an, as used herein 
in the specification and in the claims, unless clearly indi 
cated to the contrary, should be understood to mean “at least 
one.’ 

0056. The phrase “and/or,” as used herein in the speci 
fication and in the claims, should be understood to mean 
“either or both of the elements so conjoined, i.e., elements 
that are conjunctively present in Some cases and disjunc 
tively present in other cases. Multiple elements listed with 
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“and/or should be construed in the same fashion, i.e., "one 
or more' of the elements so conjoined. Other elements may 
optionally be present other than the elements specifically 
identified by the “and/or clause, whether related or unre 
lated to those elements specifically identified. Thus, as a 
non-limiting example, a reference to “A and/or B, when 
used in conjunction with open-ended language such as 
“comprising can refer, in one embodiment, to A only 
(optionally including elements other than B); in another 
embodiment, to B only (optionally including elements other 
than A); in yet another embodiment, to both A and B 
(optionally including other elements); etc. 
0057. As used herein in the specification and in the 
claims, 'or' should be understood to have the same meaning 
as “and/or” as defined above. For example, when separating 
items in a list, 'or' or “and/or shall be interpreted as being 
inclusive, i.e., the inclusion of at least one, but also including 
more than one, of a number or list of elements, and, 
optionally, additional unlisted items. Only terms clearly 
indicated to the contrary, such as “only one of or “exactly 
one of.” or, when used in the claims, “consisting of.” will 
refer to the inclusion of exactly one element of a number or 
list of elements. In general, the term 'or' as used herein shall 
only be interpreted as indicating exclusive alternatives (i.e. 
“one or the other but not both') when preceded by terms of 
exclusivity, such as “either,” “one of.” “only one of.” or 
“exactly one of “Consisting essentially of,” when used in 
the claims, shall have its ordinary meaning as used in the 
field of patent law. 
0058 As used herein in the specification and in the 
claims, the phrase “at least one.” in reference to a list of one 
or more elements, should be understood to mean at least one 
element selected from any one or more of the elements in the 
list of elements, but not necessarily including at least one of 
each and every element specifically listed within the list of 
elements and not excluding any combinations of elements in 
the list of elements. This definition also allows that elements 
may optionally be present other than the elements specifi 
cally identified within the list of elements to which the 
phrase “at least one' refers, whether related or unrelated to 
those elements specifically identified. Thus, as a non-limit 
ing example, “at least one of A and B (or, equivalently, “at 
least one of A or B,” or, equivalently “at least one of A and/or 
B’) can refer, in one embodiment, to at least one, optionally 
including more than one, A, with no B present (and option 
ally including elements other than B); in another embodi 
ment, to at least one, optionally including more than one, B. 
with no A present (and optionally including elements other 
than A); in yet another embodiment, to at least one, option 
ally including more than one, A, and at least one, optionally 
including more than one, B (and optionally including other 
elements); etc. 
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0059. It should also be understood that, unless clearly 
indicated to the contrary, in any methods claimed herein that 
include more than one step or act, the order of the steps or 
acts of the method is not necessarily limited to the order in 
which the steps or acts of the method are recited. 
0060. In the claims, as well as in the specification above, 
all transitional phrases such as "comprising.” “including.” 
“carrying,” “having,” “containing,” “involving,” “holding.” 
“composed of,” and the like are to be understood to be 
open-ended, i.e., to mean including but not limited to. Only 
the transitional phrases "consisting of and "consisting 
essentially of shall be closed or semi-closed transitional 
phrases, respectively, as set forth in the United States Patent 
Office Manual of Patent Examining Procedures, Section 
2111.03. 
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1. A composite material, comprising: 
fluorescent quantum dots; 
a mesoporous particle material having a nanometer lattice 

structure; and 
a barrier layer impermeable to fluid, 
wherein the fluorescent quantum dots are distributed in 

the mesoporous particle material, and the barrier layer 
is coated on the outer Surface of the mesoporous 
particle material. 

2. The composite material according to claim 1, wherein 
the fluorescent quantum dots are fluorescent nanocrystals 
and Surface ligands thereof, having a size of 2 nm-20 nm. 

3. The composite material according to claim 2, wherein 
the particle size of the mesoporous particle material ranges 
from 0.05 to 500 um. 

4. The composite material according to claim 3, wherein 
the mesoporous aperture of the mesoporous particle material 
ranges from 2 nm to 50 nm. 

5. The composite material according to claim 4, wherein 
the material of the mesoporous particle material is any one 
of a mesoporous silica material, a mesoporous titania mate 
rial, a mesoporous Zinc oxide material, a molecular sieve, 
and a metal-organic framework compound. 

6. The composite material according to claim 5, wherein 
the barrier layer is any one of a silica barrier layer, a titania 
barrier layer, wax materials and a polymer barrier layer. 
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