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TAMPER-EVIDENT MATERIALS, ADHESIVES, SEALS, AND CONTAINERS

[0001] The present application claims priority to U.S. Provisional Patent Application
Serial No. 62/546,811 filed August 17, 2017, which is incorporated herein by reference in

its entirety and for all purposes.

FIELD OF THE INVENTION

[0002] The invention disclosed herein is directed to security measures useful in
determining whether a sealable article that has been sealed closed with an adhesive

sealing composition has been tampered with.

BACKGROUND OF THE INVENTION

[0003] Secure containers are used in many different industries for holding, securing,
transporting, and/or protecting valuable items. For example, a retail store may use a
secure container or envelope to transport cash to a bank for deposit. Other ttems of value
shipped in secure containers include checks, bonds, stocks, food stamps, coupons,
medical reports, prescription drugs, works of art, items of value because they are rare or
one of a kind {(e.g., old first edition books, instruments once owned by a famous
musicians, rare baseball cards), samples, jewelry, and confidential documents.
Accordingly, there is a continuous need for secure containers, and for technical
innovations that refate to keeping the items that are placed inside them secure, free from

theft, and/or recoverable should theft occur.

[0004] When items of value are inveolved, safeguards need to be taken to be sure that
thieves cannot steal secure containers. Computer-implemented inventory control, such as
one tn which the secure container is tagged with a bar code or RFID tag and 1s scanned
throughout a custody chain could thwart outright container theft. However, the
enterprising cniminal could atieropt to steal the container contents in another way, such as
for example, tampering with the seal on the container and then removing all or part of the

container contents.
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[0005] Tamper-evident containers have been provided with a means of revealing
criminal, intentional, inadvertent and/or malicious ingress into the container have been
described. Exemplary references include US 8,083,089, US 2007/0045317, EP 0443750,
US 6,428,867, US 7,095,324, EP 0 183 489, US 4,483,018. WO 96/04177, US 5,319,475,
WO 2005/039869, US 4,986,429, and US 4,457,430.

[0006] There are numerous examples 1n the art of solvent sensitive inks, such as fugitive
inks that visibly discolor, fade, bleed, or change color when exposed 10 aqueous solutions
or solvents, and such types of inks are known to provide visible evidence of tampering of

packages or secure documents,

[0007] Methods of tampering to open an adhesive seal include the application of force or
shear to separate an adhesive bond, and the application of heat or cold to alter mechanical
properties of the adhesive seal material and/or the container material to which adhesive is
bonded. Ancther tampering method includes chemically attacking the adhesive seal

material with a solvent in order to dissolve the adhesive material and open the package.

[0008] Security seals that provide evidence of tampering generally do so by providing
overt evidence. That is, the overt evidence of tampering is plainly visible to all by naked
eye observation under visible light. In other words, overt evidence is detectable to those
who have an interest in thwarting and preventing theft and also to the criminal who is
tampering. The person who tampers with a package that displays overt evidence of
tampering, such as tearing, distorting, weakening, perforating, fracturing, or destructing,
and/or changing color when the seal 1s opened, will clearly recognize that the tampering
effort will be known to all. The tamperer will also know that the tampering attempt will
be investigated. The tamperer may respond by hiding the evidence and/or taking other

precautions to avoid being identified.

[0009] In that regard, perhaps the tamperer could replace the tampered-with container in
which the security seal has been broken and the stored contents removed (entirely or in

part) with an untampered-with container that is empty or which contains fake
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replacement contents. This could allow the tamperer sufficient time to get away and

avoid apprehension before the criminal act was discovered.

[00010] A tamper-evident seal that changes color, bleeds, fades, or reveals some
pvert visual tampering evidence may not be desirable for the above-stated reasons. it
might be preferable to provide evidence of tampering in a way that only those who have
an interest in preventing or thwarting tampering are able to detect and learn about the

tampering attempt.

SUMMARY OF THE INVENTION

[00011] In view of the above, it would be advantageous to supply containers,
envelopes, enclosures and the like with security seals that provide covert evidence of
tampering. If the evidence is covert, then only persons with a legitimate interest in the
containers and/or articles inside them would know if the container seal has been tampered
with. Since the tamperer would not know that the evidence of tampering is covertly
detectable (and has been so detected), an investigation into the tampering could proceed
without the tamperer knowing about it. This could lead to a rapid apprehension of the

tamperer and/or recovery of stolen goods.

[00012] In one aspect, the present invention is directed to a composition that
covertly reveals whether an article associated with the composition has been tampered
with. The composition includes a covert tamper evidencing agent that, when tampered
with, covertly reveals tampering; and a resin carrier for the covert tamper evidencing

agent.

[00013] In another aspect, the present invention is directed to an adhesive sealing
material that provides covert indication (e.g., covertly reveals) that a seal including the
adhesive sealing material has been tampered with. The adhesive sealing material

includes an adhesive and a composition that includes a covert tamper evidencing agent
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and a resin carrier for the covert tamper evidencing agent, wherein the composition is

mixed into the adhesive.

[00014] In another aspect, the present invention is directed to a sealable article for
holding, securing, transporting, and/or protecting an item. The sealable article includes an
enclosure having an opening and an adhesive sealing material that provides covert
indication that a seal including the adhesive sealing material has been tampered with.
The adhesive sealing material includes an adhesive and a composition that includes a
covert tamper evidencing agent and a resin carrier for the covert tamper evidencing agent,
wherein the composition is mixed into the adhesive. The adhesive sealing material is
located in the opening of the enclosure, in order to provide a seal over the opening in

order to maintain the item within the sealable article so that it is inaccessible from outside

the sealable article.

[00015] In another aspect, the present invention is directed to a method of
determining whether a seal of a sealed article has been tampered with, comprising the
steps of exciting a covert tamper evidencing agent that is in a seal of a sealed article to
emit light, the exciting comprising exposing the seal to UV light, and inspecting the light
emitted by the exposed seal for one or more indications that the sealed article has been
tampered with. The seal is comprised of an adhesive sealing material that includes an
adhesive and a composition that includes the covert tamper evidencing agent and a resin
carrier for the covert tamper evidencing agent, wherein the composition is mixed into the

adhesive.

[00016] In another aspect, the present invention is directed to an adhesive
composition that covertly reveals whether an article associated with the composition has
been tampered with, comprising a covert tamper evidencing agent and an adhesive carrier

for the covert tamper evidencing agent.

[00017] In another aspect, the present invention is directed to a sealable article for
holding, securing, transporting, and/or protecting an item, comprising an enclosure

having an opening, and an adhesive composition that covertly reveals whether an article



10

15

20

25

30

WO 2019/036411 PCT/US2018/046607

associated with the composition has been tampered with, the composition comprising a
covert tamper evidencing agent and an adhesive carrier for the covert tamper evidencing
agent. The adhesive composition is located in the opening of the enclosure, in order to
provide a seal over the opening in order to maintain the item within the sealable article so

that it is sealed off and inaccessible from outside the sealable article.

[00018] In another aspect, the present invention is directed to a method of
determining whether a seal of a sealed article has been tampered with, comprising the
steps of exciting a covert tamper evidencing agent in a seal of a sealed article to emit
light, the exciting comprising exposing the seal to UV light, and inspecting the light
emitted by the exposed seal for one or more indications that the sealed article has been
tampered with. The seal is comprised of an adhesive composition that covertly reveals
whether the article associated with the composition has been tampered with. The
adhesive composition includes a covert tamper evidencing agent and an adhesive carrier

for the covert tamper evidencing agent.

BRIEF DESCRIPTION OF THE FIGURES

[00019] The figures, which may not be to scale, are:

[00020] FIG. 1 is a cross-sectional view of an embodiment of a sealable article for

securing an item which includes a tamper-evident adhesive seal in an unsealed state;

[00021] FIG. 2 is a cross-sectional view of a sealable article in a sealed state which

contains a valuable item,;

[00022] FIG. 3 is a cross-sectional view of sealable article as it is being tampered
with;
[00023] FIG. 4 is a cross-sectional view of a sealable article in a sealed state as it is

being inspected under UV light, the inspection revealing that the seal has not been

tampered with; and
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[00024] FIG. 5 is a cross-sectional view of a sealable article in a sealed state as it is
being inspected under UV light, the inspection revealing that the seal has been tampered

with.

DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS

[00025] As used herein, the use of the singular includes the plural unless

2%

specifically stated otherwise. For example, the singular forms “a,” “an” and “the” are

intended to include the plural forms, unless the context clearly indicates otherwise.

[00026] As used herein, the use of “or” means “and/or” unless stated otherwise.

[00027] As used herein, the terms “comprises” and/or “comprising” specify the
presence of the stated features, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. Furthermore, to the extent that
the terms “includes,” “having,” “has,” “with,” “composed,” “comprised” or variants
thereof are used in either the description or the claims, such terms are intended to be

inclusive in a manner similar to the term “comprising.”

[00028] As used herein, ranges and amounts may be expressed as “about” a
particular value or range. “About” is intended to also include the exact amount. For
example, “about 5 percent” means “about 5 percent” and also “S percent.” “About”

means within typical experimental error for the application or purpose intended.

[00029] As used herein, the terms “polymer” and “polymers” includes homo- and

co-polymers unless indicated otherwise.

[00030] Throughout this disclosure, all parts and percentages are by weight (wt%
or mass% based on the total weight) and all temperatures are in °C unless otherwise

indicated.
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[00031] The tamper evidencing agents used in the compositions described herein
are covert tamper evidencing agents. That is, they are not observable by unaided human
sense or senses. For example, the tamper evidencing agents cannot be seen by the naked
eye in the visible light region of the electromagnetic spectrum, and a detector is required
in order to observe and/or inspect the tamper evidencing agents. When the tamper
evidencing agents are not observable by unaided human sense, and/or inspection of the
tamper evidencing agents can only be carried out with a detector, then the tamper

evidencing agents are “covert tamper evidencing agents”.

[00032] In one particular aspect, the covert tamper evidencing agents used in the
compositions described herein are luminogenic materials that emit light in an aggregated
state. These luminogenic materials cannot be observed by the naked eye (i.e., the
unaided human sense) when exposed to light from the visible light region of the
electromagnetic spectrum. On the other hand, when a detector is used, these covert
tamper evidencing agents can be visually inspected, such as for example to determine if

they have been tampered with.

[00033] The covert tamper evidencing agents described herein are observable
when exposed to ultraviolet (UV) light from a UV light source. That is, when the covert
tamper evidencing agents are exposed to UV light emitted by the source, an observer will
see, with his or her eyes, the light emitted by the covert tamper evidencing agents. The
detector, i.e., the UV light source, aids human vision and allows the observer to see the

light emitted by the covert tamper evidencing agents.

[00034] In this manner, the covert tamper evidencing agents are able to “covertly
reveal tampering”. For example, and as explained below in additional detail, a covert
tamper evidencing agent in a seal that seals an article will (1) be covertly observable
under UV light and (2) covertly reveal evidence of tampering when the seal has been
tamped with. Covert revelation can be in the form of deficiencies or irregularities in the
emitted light that are observable when the seal containing the covert tamper evidencing

agent is viewed under UV light. Such deficiencies or irregularities may be in the form of
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discontinuities in the UV light emitted by the agent contained in the seal, and/or reduced
luminescence in the regions of the seal where tampering has occurred. That is, whereas a
non-tampered with seal would emit light continuously across the seal under UV
exposure, the tampered-with seal would emit light discontinuously, have a region of
reduced or no luminescence, and/or perhaps not emit light at all. Such discontinuities or

absence of light emission would be the result of the tampering act.

[00035] In one aspect, when excited by a UV light source, the light emitted by the
covert tamper evidencing agents used in the compositions described herein is in the
visible light range of the electromagnetic spectrum, which as referred to herein, s light in
the wavelength range of approximately 400 to 700 nm. The emitted light ervitied by the
covert tamper evidencing agents has a measurable luminescent intensity in the visible

light spectrum.

[00036] In one aspect, the covert tamper evidencing agents become brightly
fuminescent under a UV light source only when they are present in an aggregated form.
The covert tamper evidencing agents are preferably highly soluble in solvents that can be
used to chemically attack and weaken the adhesive seal of a secure container in order to
open the seal. The covert tamper evidencing agents dissolve in such solvents. When

they dissolve, they lose their ability to luminescence.

[00037] The phrase “brightly luminescent under a UV lamp only when they are
present tn an aggregated form” means that the agents have measurable luminescent
intensity in the visible light spectrum (within a wavelength range of approximately 400 to
700 wm) wheo in an aggregated state, and the luminescent inteusity is at least ten-fold
higher than the tntensity of the agent when fully dissolved in solution. Preferably,
luminescent substances used in this invention have luminescent intensity greater than

fifty-fold higher when in an aggregated state versus when in solution.

[00038] In one aspect, the covert tamper evidencing agents are compounds that

exhibit the property of aggregation-induced emission. Agents that exhibit aggregation-
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induced emission experience an enhancement of fluorescence when the agents are in an
amorphous or crystalline (solid) state. On the other hand, these agents exhibit weak or

almost no fluorescence in dilute solutions.

[00039] The covert tamper evidencing agents used in the adhesives described
herein are poorly soluble in the adhesive but are soluble in solvents commonly used for
adhesive seal tampering, such as for example aromatic hydrocarbons, terpenes, or
ketones. These agents are brightly luminescent under a UV lamp only when they are
present tn an aggregated form, which is the case when they are mixed into a resio carrier
plus adhestive or just into an adhesive. However, since these agents are soluble in
common solvents that can be used to chemically attack and weaken the adhesive seal
material in order to open the seal of a container, they will substantially lose their
luminescence when the agents dissolve in the tampering solvent. Thus, in another aspect,
the covert tamper evidencing agents are preferably organic non-polar aromatic

hydrocarbon materials.

[00040] Exemplary covert tamper evidencing agents that are brightly luminescent
in an aggregated state can be found among a class of luminogenic materials exhibiting the
property of aggregation-induced emission (AIE). These luminogenic substances are also
known as termed AIEgens (See Mei, J., ef al., Aggregation-Induced Emission: The Whole
Is More Brilliant than the Parts,” Adv. Mater. 2014, 26, 54295479, and textbooks
Aggregation-induced emission: fundamentals, B Zhong Tang and A Qin, eds., 2014, John
Wiley & Sons. ISBN 9781118394304 and Aggregation-induced emission: applications,

B Zhong Tang and A Qin, eds., 2013, John Wiley & Sons. ISBN 9781118701768).

These reference materials are incorporated herein by reference.

[00041] The term “aggregation induced emission” or “AIE” as used herein refers
to the phenomenon manifested by compounds exhibiting significant enhancement of their
light-emission upon aggregation in the amorphous or crystalline (solid) states whereas
they exhibit weak or almost no emission in dilute solutions. U.S. Patent No. 9,229,949
also provides several examples of aggregation-induced emission luminogens which are

modified for use in metal ion detection. This patent is incorporated herein by reference.
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[00042] For some compounds, the mechanism of AIE is understood to be related to
the capability of some luminogenic molecules, when in dilute solution, to undergo
dynamic intramolecular rotations of aromatic ‘rotor’ groups attached to a core ‘stator’
functional group. When the same molecules are in an aggregated state, such as when
present in a poor solvent or in a solid form, they experience hindered rotation of the rotor
groups due to stacking with neighboring molecules. The absence in the aggregate of
rotational pathways to dissipate energy from an excited electronic state non-radiatively
produces a greater quantum yield for radiative emission of light. This mechanism of AIE
is often referred to as a “restriction of intramolecular rotations”. See Hong Y., et al.,

Aggregation-Induced Emission, Chemical Society Reviews, 2011, 40, 5361-5388.

[00043] Many luminogenic materials do not exhibit AIE; instead, they exhibit a
more performance characteristic that can be described as aggregation-induced
fluorescence quenching. Materials that undergo fluorescence quenching typically have
bright fluorescence or luminescence when prepared as a solution in a good solvent, but
they display little or no fluorescence when prepared in a poor solvent with attendant
aggregation or when illuminated in the solid phase. Aggregation-induced quenching is
common among conventional luminophores that have a discotic aspect and extended

planar w conjugation, such as aromatic hydrocarbons and derivatives.

[00044] In a further aspect, the aggregation induced emission material is a
tetraphenylethylene (TPE) compound, or a derivative thereof. In an alternative further
aspect, the aggregation induced emission material is a silole compound. In another
alternative further aspect, the aggregation induced emission material is a luminogenic
benzazole derivative. The benzazole derivative may be, for example, a luminogenic
benoxazole derivative. LUNSAB2, available from LuminoChem, is an example of a
luminogenic benoxazole derivative that is suitable for use in the present application. The
benzazole derivative may also be a benzothiazole compound. Suitable luminogenic
benzazole derivatives are described in W0O2007/012905, which is incorporated herein by
reference. A benzazole derivative suitable for use in the disclosed adhesive compositions
may be N-[4-(benzo[d]oxazol-2-yl)phenyl]-4 tert-butylbenzamide. See Adv. Mater-.,
2014, 26, 5429-5479 (mentioned previously).
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[00045] As indicated above, the covert tamper evidencing agent may be an
aggregation induced emission material that is a tetraphenylethylene (TPE) compound or a
derivative thereof. Examples of such compounds include 1,1,2,2-tetraphenylethylene and
its derivatives such as, for example, 4,4’-bis(triphenylethenyl)-1,1’-biphenyl, 1,2-bis[4-
(azidomethyl)phenyl]-1,2-diphenylethene, 1,2-bis[4-(bromomethyl)phenyl]-1,2-
diphenylethene, 1,2-bis(4-methoxyphenyl)-1,2-diphenylethene, [(1,2-diphenylethene-1,2-
diyl)bis(4,1-phenylene)]diboronic acid, 4,4'-(1,2-diphenylethene-1,2-diyl)dibenzoic acid,
4,4'-(1,2-diphenylethene-1,2-diyl)diphenol, 1-{4-[1,2-diphenyl-2-(p-tolyl)vinyl]phenyl }-
1H-pyrrole-2,5-dione, 4,4',4",4"'-(ethene-1,1,2,2-tetrayl tetraphenol, sodium 3,3'-{[(1,2-
diphenylethene-1,2-diyl)bis(4, 1-phenylene)]bis(oxy) }bis(propane-1-sulfonate), and
combinations thereof, including 1,1,2,2-tetraphenylethylene. These compounds are well-
suited for inclusion in the inventions described herein. Most, if not all of these
compounds can be obtained from Sigma-Aldrich. See, e.g., A7E Luminogens: 4 Family
of New Materials with Multifaceted Functionalities, 2018, web-accessible at

httpa/fovww siemaaldrich com/lechnical-documents/articles/biclogy/aie-

huminogens kiml#hps (ast visited August 7, 2018).

[00046] 1,1,2,2-tetraphenylethylene, which has a melting point of approximately
224° C, is shown below (compound (1)):

) O,

[00047] 4,4'-bis(triphenylethenyl)-1,1'-biphenyl (compound (2)) is shown below:

[00048]
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)

[00049] As indicated, silole compounds may be used as the covert tamper
evidencing agent in the inventions described herein. An example of a silole compound
that can be used as a covert tamper evidencing agentis 1,1,2,3,4,5-hexaphenyl-1H-silole

(compound (3) below), which has a melting point in the range of 188-193 °C.

3)
[00050] Another useful silole derivative is 2,5-bis[4-(azidomethyl)phenyl]-1,1-
dimethyl-3,4-diphenyl-1H-silole.
[00051] In one aspect, the covert tamper evidencing agent is a compound selected

from 10,10',11,11'-tetrahydro- bi-5H-dibenzo[a,d]cycloheptene and tris-(8-

hydroxyquinoline)aluminum.

[00052] In one aspect, the covert tamper evidencing agents are room temperature
organic phosphors (RTOPs). RTOPs are compounds that phosphoresce at room

temperature only when in a crystalline solid state. RTOPs may phosphoresce when
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dissolved in solution at temperatures far below room temperature; e.g., at a temperature
for some of -196 °C or lower produces phosphorescence when the compounds are in

solution.

[00053] Bright phosphorescence is a property that is rare among pure organic
materials. Several factors contribute to enhance phosphorescence in organic crystals,
including the presence of aromatic carbonyl groups, the presence of heavy atom
substituents in the molecule (such as bromine or iodine,) the presence of halogen
substituents. The individual molecules reside in a rigid matrix provided by the
surrounding crystal structure to block alternative emission quenching pathways involving

oxygen and other nonradiative-decay pathways.

[00054] Exemplary room temperature organic phosphor compounds that can be
used in the inventions described herein include, but are not limited to 1-
(dibenzo[b,d]furan-2-yl) phenylmethanone (BDBF), 1,4-phenylene
bis(phenylmethanone) (pDBP), 1,3-phenylene bis(4-fluorophenyl)methanone (mFDBP),
dibenzo[b,d]thiophen-2-yl (4-fluorophenyl)methanone (FBDBT), (9H-carbazol-9-yl)(4-
chlorophenyl)methanone (CIBCZ), 2,5-dihexyloxy-4-bromobenzaldehyde, and
combinations thereof. At least some of these compounds are discussed in Zhao, W. et al ,
Rational Molecular Design for Achieving Persistent and Efficient Pure Organic Room-
Temperature Phosphorescence, Chem 1, 592—602 (2016). Also see Ceroni, P., Design of
Phosphorescent Organic Molecules: Old Concepts under a New Light, Chem 1, 524-526
(2016), and An, A. et al. Stabilizing Triplet Excited States for Ultralong Organic
Phosphorescence, Nature Materials, 14, 685-690 (2015), and Bolton, O. et al., Activating
Lifficient Phosphorescence from Purely Organic Materials by Crystal Design, Nature
Chemistry, 3, 205-210 (2011). These references are incorporated herein by reference.

[00055] The room temperature organic phosphor 1-(dibenzo[b,d]furan-2-yl)

phenylmethanone is shown below (compound (4)):
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0
l o 4)
[00056] In one aspect of the compositions described herein, the covert tamper

evidencing agents are mixed into resin carriers, and the resulting combination is then

mixed into adhesive materials, such as pressure sensitive adhesives.

[00057] In another aspect of the compositions, the covert tamper evidencing agents
are mixed directly into adhesive materials, such as pressure sensitive adhesives, without a

resin component, e.g., resin carrier, being present.

[00058] In one aspect, the resin carrier for the covert tamper evidencing agent
comprises a material selected from a liquid rosin ester resin and a solid rosin ester resin.
Other resins that are used as tackifiers in pressure sensitive adhesive formulations may
also be used. Those resins include terpenes and modified terpenes, aliphatic,
cycloaliphatic and aromatic resins, hydrogenated hydrocarbon resins, and their mixtures,

or terpene-phenol resins.

[00059] In one aspect, the adhesive is a hot melt pressure sensitive adhesive. In
another aspect, the adhesive and/or hot melt pressure sensitive adhesive is suitable for
application to polyolefin or polyester packaging films. Pressure sensitive adhesives may
contain an elastomeric polymer blended with a tackifier. The elastomers included in such
blends may be, for example, acrylic polymers and copolymers, styrene butadiene
copolymers (e.g., styrene-butadiene-styrene (SBS)), other styrene containing block
copolymers (e.g., styrene-isoprene-styrene (SIS), styrene-(ethylene-butylene)-styrene
(SEBS), and styrene-(ethylene-propylene)-styrene), styrene-ethylene/propylene (SEP),
ethylene-vinyl acetate (EVA) copolymers, butyl rubber or natural rubber, nitriles, and
silicone rubbers. The pressure sensitive adhesives may also contain a tackifier, which
may be a petroleum hydrocarbon resin or a natural resin, such as rosin, a terpene, or

derivatives of rosin. It may contain a plasticizer, such as a mineral oil. The adhesive may
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also contain antioxidants to minimize degradation during heating. Any resin materials
that are used in pressure sensitive adhesive formulation could also be used as a resin

carrier. Mixtures thereof can also be used.

[00060] FIG. 1 depicts an embodiment of a sealable article 10 in accordance with
the principles described herein. The sealable article comprises polymer films 1 and 6 that
are heat sealed together on three sides to form an enclosable space 3 having an opening 8.

The heat sealing forms a seam area 7 that extends around the three sealed sides.

[00061] The polymer films 1 and 6 may be polymer sheet material, such as, for
example polyester film e.g., polyethylene terephthalate (PET) and/or polyolefin film
(e.g., polyethylene, polypropylene). One or both of films 1 and 6 may be transparent.
One or both of films 1 and 6 may be opaque.

[00062] One or both of films 1 and 6 may have other layers of material adhering to
them, including printed inks and coatings that form text, logos, graphics, designs, etc.

Such other layers may be applied to one or both of the exterior and interior film surfaces.

[00063] An adhesive strip 2 that includes an adhesive material and a covert tamper
evidencing agent 4 (which may or may not be in a resin carrier) is applied to one of the
polymer films 1 and 6. The adhesive strip extends across the width of the opening 8.
FIG. 1 shows the adhesive strip 2 applied to polymer film 1, but it should be understood
that the adhesive strip could be applied to polymer film 6.

[00064] A release film 5 is applied over the adhesive strip 2. The release film 5
may be a metallized film with a non-stick surface that easily peals from the surface of the
adhesive. The release film prevents premature adhesion by the adhesive strip. Since the
release film 5 is easily removable from the strip, it allows for exposure of the adhesive at
a selected time, e.g., just after an item has been placed into the enclosure 3 and the time
has come to seal the article. The sealable article is sealed by bringing the adhesive strip
into contact with the polymer film opposite it (in this case, with film 6). Pressure is

preferably applied in creating the seal. In this arrangement, an article placed in the
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enclosable space 3 is secured, thereby enclosing and sealing the space 3 of the sealable

article 10.

[00065] The adhesive strip 2, when viewed under natural light, e.g., visible light,
appears ordinary and unremarkable, in the sense that the covert tamper evidencing agent
does not emit light in this situation. On the other hand, when viewed under a UV light
source, bright luminescence is observed in the adhesive strip 2, due to the presence of the

covert tamper evidencing agent 4.

[00066] A further aspect is shown in FIG. 2, in which the sealable article is
provided with a folding sealable flap 14, formed for example, from the end of polymer
film 6. In one embodiment, sealable flap 14 may be constructed to fold over the end of
one of films 1 and 6 to seal against the outer side of the other of films 1 and 6. This may
result in an alternative placement of the adhesive strip 2 and release film 5, that is, the
adhesive strip 2 and release film 5 would be placed on an outer film side of one of films 1
and 6 that faces the folded over inside portion of sealable flap 14, which would be
attached to the other of films 1 and 6.

[00067] FIG. 2 further shows an item 12, in this case a jewel, enclosed in space 3
and secured within the sealed article 10. As shown, the release layer 5 has been removed
and the films 1 and 6 have been sealed together with the adhesive strip to seal the article
10 and close the opening 8. The adhesive strip 2 containing covert tamper evidencing

agent 4 is sealed to the sealable flap 14 with application of pressure to seal the article.

[00068] While a single item 12 is shown, it should be understood that more than

one item may be sealed within the article 10.

[00069] The adhesive seal 2 cannot be pulled apart without causing noticeable
damage to one or both of the films 1 and 6 and/or the seal itself. However, one manner in
which the adhesive seal could be opened while causing little to no noticeable damage
could be through application of a solvent to the outside edge of the adhesive strip 2

between the films 1 and 6. Solvents that could be used for in this manner for tampering
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include, for instance, aromatic hydrocarbons, terpenes, or ketones. Specific examples of

such solvents include acetone, methyl ethyl ketone, toluene, and limonene.

[00070] The covert tamper evidencing agents are brightly luminescent under a UV
lamp only when they are present in an aggregated form, as is the case when they are
mixed into a resin carner plus adhesive or just 1oto an adhesive. However, since these
agents are soluble in common solvents that can be used to chemically attack and weaken
the adhesive seal material in order to open the seal of a container, they will substantially
lose their luminescence in a tampering atiempt, that ts, when the agents dissolve in the
tampering solvent. Thus, in another aspect, these agents are preferably organic non-polar

aromatic hydrocarbon materials.

[00071] FIG. 3 depicts a sealed article that has been tampered with. As shown, a
syringe 16 has been used to apply a solvent 18 that weakens the adhesive bond to the
adhesive strip 2, thereby weakening and compromising the integrity of the seal and
allowing the seal to be opened. The tamperer can now access to the interior of the article
and can remove some or all of the items 12 that had previously been secured inside.
After removal, the two sides of the opened adhesive seal can be resealed by pressing the
two films together. In this situation, tampering may not be evident when inspected under

ordinary conditions, such as under visible light.

[00072] FIG. 4 depicts an inspection of a sealed article 10 to assess whether the
seal has been tampered with. The adhesive strip 2 is exposed to UV light from UV light
source 22. The inspection shows that the sealed article 10 has not been tampered with, as
the covert tamper evidencing agent in the adhesive strip 2 emits light across the entire

length of the strip (depicted as a dotted fill in the strip 2).

[00073] FIG. 5 depicts another inspection of a sealed article 10 to assess whether
the seal has been tampered with. The adhesive strip 2 is exposed to UV light from UV
light source 22. The inspection shows that the sealed article 10 has been tampered with,

as the covert tamper evidencing agent in the adhesive strip 2 does not emit light across
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the entire length of the strip, or emits light of a diminished luminescence, as shown by
darkened region 20, which interrupts the regions of light emitted by the covert tamper
evidencing agent (again depicted as a dotted fill in the strip 2).

[00074] The covert tamper evidencing agent 4 in the strip may have dissolved in
the solvent, which takes the covert tamper evidencing agent out of the aggregated state
and thereby not capable of displaying luminogenic activity. The particular covert tamper
evidencing agents described herein are capable of dissolving in common solvents, such as
those mentioned above, and lose the ability to emit light when viewed under a UV light

source.

[00075] The covert tamper evidencing agents may be first blended with a resin
carrier as described above. The mixture of the resin carrier and covert tamper evidencing
agent may then be blended with the molten adhesive. The covert tamper evidencing
agent may also be blended directly with the adhesive. The blending may take place in an

adhesive melting tank in order to blend the components.

[00076] The adhesive containing the covert tamper evidencing agent (and possibly
the resin carrier for the covert tamper evidencing agent) may be applied to the substrates
that form the sealable articles (e.g., the polymer films) with a pneumatic spray device or
by extruding the compositions through a slot or nozzle. In this manner, an adhesive strip
can be formed. The adhesive may preferably be introduced into the melter tank in the
form of pillows or pellets. Hot melt adhesives in these forms are available from several
suppliers, such as for example Henkel Adhesives, H. B. Fuller, or Bostik, Inc. all of
whom provide hot melt adhesives that are suitable for inclusion in the sealing

compositions described herein.

[00077] The covert tamper evidencing agents used herein preferably have melting
points higher than the process temperature used for application of the adhesive. A hot
melt adhesive might be heated to a temperature of 140-185°C; thus the covert tamper

evidencing agents should have melting points that exceed this range It has been observed
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that when heated above their melting points, AIEgens lose their luminescence (at least

temporarily).

[00078] As indicated, in one aspect, the covert tamper evidencing agent may be
added to the melter tank in the form of a solid or liquid resin concentrate in which the
agent has been first mixed with resin carrier before being mixed with the hot melt
adhesive. The resin used for this purpose is preferably a petroleum hydrocarbon resin or a
natural resin, similar to ingredients contained in the unmodified adhesive and fully

compatible with those ingredients.

[00079] In one aspect, the resin concentrate can be added to the tank in an amount
of about 2 wt% and the adhesive would be added in an amount of about 98wt%. The
amount of covert tamper evidencing agent in the adhesive mix would most be in the

about 1 wt% or less of the resulting adhesive composition.

[00080] When the adhesive sealing material includes a covert tamper evidencing
agent in a resin carrier and an adhesive material, the composition of the covert tamper
evidencing agent and resin carrier may be about 0.02 wt% to about 10.0 wt%, and
preferably about 0.2 wt% to about 5 wt% of the adhesive sealing material, based on the
total weight of the adhesive sealing material. Further, in this arrangement, the amount of
covert tamper evidencing agent in the adhesive sealing material may be about 0.01 wt%
to about 5.0 wt%, preferably about 0.1 wt% to about 2.5 wt%, based on the total weight

of the adhesive sealing material

[00081] When the adhesive sealing material includes a covert tamper evidencing
agent in an adhesive material with no resin carrier, then the amount of covert tamper
evidencing agent may be about 0.01 wt % to about 5.0 wt %, and preferably about 0.1 wt
% to about 2.5 wt. %, based on the total weight of the adhesive sealing material.
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and are not intended to limit the scope thereof in any respect and should not be so

construed.

[00083]

evidencing agents are mixed into resin carriers. The covert tamper evidencing agents

Examples 1-7 demonstrate compositions in which covert tamper

The following examples illustrate specific aspects of the present invention

listed in Table 1were dispersed into a liquid or solid resin carrier (also listed in Table 1)

to form a concentrate suitable for addition to an adhesive. Suitable commercially

available resin carriers for forming concentrates include Hercolyn D® and Staybelite

Ester 3®. These are examples of liquid rosin ester resins used in adhesive formulations.

Stabelite E®, which may also be used, is an example of a rosin ester which is a solid at

room temperature.

[00084]

Inventive examples 1-5 are liquid paste concentrates that are suitable for

inclusion in an adhesive composition. These concentrates were prepared by blending the

components listed in Table 1 in a planetary centrifugal mixer at 3000 rpm to form a

dispersion of the covert tamper evidencing agent in resin in a liquid paste form.

[00085]

Inventive examples 6 and 7 represent solid resin dispersions that were

prepared by heating solid Staybelite E® resin at a temperature above its softening point

and then blending the covert tamper evidencing agents into the liquefied resin by stirring,

The resin dispersion was subsequently cooled to room temperature to create solid

dispersions.

Table 1: Resin concentrates (Resin Carrier + Covert Tamper Evidencing Agents)

Materials

Inventive
Ex. 1
(wt. %)

Inventive
Ex. 2
(wt. %)

Inventive
Ex. 3
(wt. %)

Inventive
Ex. 4
(wt. %)

Inventive
Ex. 5
(wt. %)

Inventive
Ex. 6
(wt. %)

Inventive
Ex. 7
(wt. %)

LUNSAB2 (AlEgen)
)

25

28

Hercolyn D ® (rosin
ester) (b)

75

50

67

60

Staybelite Ester 3 ®
(rosin ester) (b)

72
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Staybelite-E ® -- - - - — 50 90
(hydrogenated rosin /
rosin ester) (¢)
1,1.2.2- 50 33
Tetraphenylethylene
(AlEgen) (d)
4.4- 10
bis(triphenylethenyl)-
1,1'-biphenyl
(AlEgen) (¢)
1,1,2.3.4,5- 50
Hexaphenyl-1H-silole
(AlEgen) (e)
1-(dibenzo[b.d]furan- 10
2-y1)
phenylmethanone
(organic phosphor) (f)
Total (wt. %) 100 100 100 100 100 100 100
Form of Concentrate Liquid Liquid Liquid Liquid Liquid Solid Solid
Paste Paste Paste Paste Paste
Luminescent Color Yellow Lt. Blue Lt. Blue | Green Yellow Green Lt. Blue
[00086] a.) Product supplied by LuminoChem.
[00087] b.) Trademarked product supplied by Pinova.
[00088] c.) Trademarked product supplied by Eastman.
5 [00089] d.) Substance supplied by BOC Sciences.
[00090] e.) Substance supplied by Sigma Aldrich.
[00091] f) Known substance, synthesized internally by Sun Chemical.
[00092] Luminescence was observed by viewing the seal under a UV LED light at
10 370 nm wavelength.
[00093] The above compositions can mixed with an adhesive material in a melter

15

tank at an appropriate temperature, such as mentioned above. The adhesive may be

added in the form of adhesive pillows or pellets.

EXAMPLES OF ADHESIVE COMPOSITIONS

[00094] The resin concentrate of Example 1 was blended with Thermogrip 2345
adhesive, supplied by Bostik, in an Altablue 16TT heated mixing tank obtained from
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Nordsun. The proportion of concentrate added to the tank was 4 wt%, with 1wt% thereof

being covert tamper evidencing agent. The remainder was adhesive (i.e., 96wt%).

[00095] The molten adhesive was pumped from the tank through a die to apply it
to a metallized release strip. The temperature settings used for adhesive application were:
[00096] Tank Temperature: 360 °F

[00097] Hose Temperature: 365 °F

[00098] Die Temperature: 311 °F

[00099] The metallized release strip was cut into sections and joined, adhesive

side, to printed polyolefin bags to form one half of a secure adhesive seal. TheftGard ®

tape was heat sealed to the other side of the bag closure.

[000100] TheftGard® tape has security features that are designed to overtly show
evidence of seal tampering. This tape has a printed red ink strip along its length which
will detach from the substrate if sufficient force is applied to pull the seal apart.
TheftGard® also has a thin white strip which is printed with an invisible thermochromic

ink. The white strip will change color if heat is applied to the seal to soften the adhesive.

[000101] The resulting tamper-evident seal formed from the Example 1 resin
concentrate on the bag was sealed closed by peeling off the metallized release strip and
applying hand pressure to seal the exposed adhesive strip to the TheftGard® tape. The
adhesive seal appeared identical to a non-inventive adhesive seal viewed in normal room
lighting conditions. E.g., under natural light, of the visible light wavelengths, the seal

could not be observed emitting light.

[000102] When a small hand-held battery powered UV-LED flashlight (a SK66
flashlight from Warsun emitting in the UV range at about 370 nm UV light) was used to
illuminate the seal, the adhesive seal became brightly luminescent (a yellow color was
visible). Another light source, a hand-held UV SurLight UV LED flashlight emitting at

a UV wavelength of about 370 nm, was also used. Again, a bright luminescent yellow
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color was observed. Again, when viewed under light in the visible light range, no color

had been observed.

[000103] Similar results can be obtained by UV illumination throughout a range of
wavelengths capable of exciting covert tamper evidencing agents present in the adhesive
strip. Illumination of the adhesive compositions in the UV range of about 365 to about
390 nm has been found to be suitable for observing the emitted light from the seal

containing the covert tamper evidencing agents.

[000104] The solvent limonene was slowly dripped from a pipette along the outside
edge of the adhesive seal composition formed from the Example 1 resin concentrate in
order to weaken the sealing bond until a portion of the seal could be gently pulled open.
The opening thus formed was of a size sufficient to remove one or more items from a
secure bag. Pressure was applied by hand to reseal the tampered with seal. Inspection of

the tampered with seal in normal room lighting did not find evidence of ingress.

[000105] The tampered with seal was then illuminated with a SK66 flashlight from
Warsun emitting in the UV range at about 370 nm. Upon observance of the seal under
UV light, a loss of luminescent intensity in the portion of the seal that had been weakened
by the solvent was clearly detectable. The loss of luminescent intensity is a deficiency
and/or irregularity in the light emitted by the covert tamper evidencing agent in the seal,
visible when the seal is exposed to UV light. Thus, covert evidence of tampering was

visible when the detector was used.

[000106] Inventive Examples 2 and 4— 7 were combined with Bostik adhesive in the
melter tank of a Champ 3 Hot Melt Glue Gun from Glue Machinery Corporation. The
temperature of the melter tank was set using a thermostat. Pressure was applied to
extrude the molten adhesive blend through a nozzle for application onto a clear

polyolefin sheet material that is suitable for formation of a secure container.

[000107] A metallized polymer release film was applied over the adhesive strip that
had been applied on the clear sheet. While still warm, the adhesive under the release layer

was pressed into a uniform even strip by applying pressure with a hand roller.
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[000108] After the adhesive strip cooled to room temperature, the release liner was
peeled off. The exposed adhesive strip was placed in contact with a strip of TheftGard®
tape. Pressure was applied to the adhesive between the sheet layers and seal tap to
produce adhesive seal formed from the compositions of Examples 2 and 4-7. The
adhesive seals appeared identical to a non-inventive adhesive seal (Comparative Example
1) viewed in normal room lighting conditions. E.g., under natural light, of the visible

light wavelengths, the seal could not be observed emitting light.

[000109] The adhesive seal formed from the compositions of Examples 2 and 4-7

were brightly luminescent when illuminated with UV light.

[000110] After application of solvent to separate the seal, and upon observance of
the seal under UV light, a loss of luminescent intensity in the portion of the seal that had
been weakened by the solvent was clearly detectable. The loss of luminescent intensity is
a deficiency and/or irregularity in the light emitted by the covert tamper evidencing agent
in the seal, visible when the seal is exposed to UV light. Thus, covert evidence of
tampering was visible when the detector was used. Of note, the TheftGard® tape showed
no overt evidence that it had been tampered with. That is, the TheftGard® tape showed

no overt evidence of solvent exposure.

[000111] Comparative Example 1 is an adhesive sealing material that does not
contain a luminescent material. The seal was found to have a faint luminescent purple
color when viewed under a UV light. This luminescence seems to be characteristic of
native materials used to formulate the adhesive. After solvent exposure, the examination
under a UV-light source of the seal of Comparative Example 1 did not reveal evidence of

tampering.

Examples Of Covert Tamper Evidencing Agents In Adhesives

[000112] Examples 8 — 14 report the performance of inventive tamper evident seals
formed by adding covert tamper evidencing agent directly to molten adhesive in the

melter tank of a Champ 3 Hot Melt Glue Gun. In these examples, the same Bostik
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adhesive of Examples 1-7 was used. Hot molten adhesive was applied to polyolefin film

through the nozzle of the glue gun.

[000113] Solvent was applied to the seals to weaken them so they could be opened.
Once the seam was weakened, gentle force was applied by hand to slowly pull apart the
adhesive seals at the location softened by solvent. The adhesive seal was pulled apart
approximately halfway across its length in this manner so that the difference between the
tampered portion and the untampered portion of the seal could be easily contrasted
visually. The solvents that were used included toluene, methyl ethyl ketone (MEK), and

limonene.

[000114] After the adhesive seal was pulled apart, without showing any overt
evidence of tampering on the TheftGard® tape, the two films were resealed at the
opening by applying hand pressure to reclose the seal in the region weakened by solvent.
The resulting tampered seals of Examples 8-14 and Comparative Example 1 all appeared
unchanged when viewed under visible light. The adhesive strip of Comparative Example
1 continued to luminesce a faint purple color under UV light in a continuous manner free
of deficiency and irregularity, appearing unchanged, and thus displaying no evidence of
tampering. In contrast, Inventive Examples 8-14 all showed changes in luminescence in
the adhesive strip when viewed under a UV light, which changes were caused the

tampering. Thus, covert evidence of tampering was detectable for the inventive examples.



PCT/US2018/046607

WO 2019/036411

26

JUOPIAD JUOPIAD JUOPIAD JUIPIAD JUIPIAD
JUOPIAD ATOA AI9A JUIPIAD JUIPIAD AI9A AI9A KI9A jou Juuodure],
MO[[OA soads soads soads

M OB[q Spep ongq uoaId | uooId onpq onpq Suny3ry A Iopun
pa[now pa[now pa[now pomow | jy/yoerq | 1w/ oerq | m/oerq | ordind [Basy/ uadQ 101y
SSO[I0[02 SSO[I0[0D | SSOMO[0D | SSO[M0[0D | SSO[O[0D | SSO[MO[0D | SSOO[0D | SSO[IO[0D Suny3r7 wooy Iopun
B1%] o) IB9[0 B1%] o) B1%] o) IB9[0 IB9[0 B1%] o) B1%] o) [Basy/ uadQ 101y
ouanjo} ouon[o} SIHN ouQUOWI] STHN ouon[o} ouanjo} ouanjo} 189S uadQ 01 pasn JUIA[0S
QM MO[[oA oniq I uodI3 ) | usdig oniq I oniq ordmd Suny3r{ AN Iopun
SSO[I0[02 SSO[I0[0D | SSOMO[0D | SSO[I0[0D | SSOMO[0D | SSO[MO[0D | SSOO[0D | SSO[IO[0D Juny3rT wooy Iopun
B1%] o) IB9[0 B1%] o) B1%] o) IB9[0 IB9[0 B1%] o) B1%] o) oouereaddy [eog
€0 050 - - - - - - CAVSNNOT waypourun’y
suouejowyAudyd
- - 01 - - - - - (14-z-uemy[p*q] ozuaqIp)-1
S10[1S-HI
01 §T0 -[AuoydexoH-¢* ¢ ¢TI T
JAudydiq- 11
070 -([AuoyorAudydin)siq- v
oud[AyIo[Ausydena,
€0 - - - - - 001 - TTT

€1 Xd (AR 11 01 'xd 6 'Xd 8 'xd 1xd
$1 Xg AUl “AUT “AUT XH AUT “AUT “AUT “AU] dwo) S[BLIOIBIA

(Ardurexy saneaeduwo)) YIm) s[gIS AISYPY IWPIAT-Rdwe [, dAnudAug jo sojdwexy :z dqeL,




10

15

WO 2019/036411 PCT/US2018/046607
27

[000115] The inventive examples demonstrate that covert evidence of tampering
could be observed by using several different covert tamper evidencing agent in adhesives.
These different agents luminesced in a range of different wavelengths in adhesives,
including blue, green, and yellow. This is a notable improvement over the state of the art.
With Inventive Example 14, a mixing of agents produced a tamper evident seal that emits
a white color when viewed under UV light. The ability to vary the color of the
luminescence of the seal by mixing agents further adds to the security of the seal, since
the specific color and solvent sensitivity of the adhesive should be difficult to for a

tamperer to reproduce or duplicate.

[000116] The present invention has been described in detail, including the preferred
embodiments thereof. However, it will be appreciated that those skilled in the art, upon
consideration of the present disclosure, may make modifications and/or improvements on

this invention that fall within the scope and spirit of the invention.
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WHAT IS CLAIMED IS:

1. A composition that covertly reveals whether an article associated with the
composition has been tampered with, comprising:

a covert tamper evidencing agent that, when tampered with, covertly reveals
tampering; and

a resin carrier for the covert tamper evidencing agent.

2. The composition of claim 1, wherein the covert tamper evidencing agent is

a luminogenic material that emits light when in an aggregated state.

3. The composition of claims 1 or 2, wherein the covert tamper evidencing

agent emits detectable light when exposed to UV light.

4. The composition of any preceding claim, wherein the covert tamper

evidencing agent emits light in the visible light spectrum.

5. The composition of any preceding claim, wherein the covert tamper
evidencing agent is selected from an aggregation induced emission material and a room

temperature organic phosphor.

6. The composition of any preceding claim, wherein the aggregation induced

emission material is a luminogenic benzazole derivative.

7. The composition of claim 6, wherein the luminogenic benzazole derivative
is selected from a luminogenic benoxazole compound and a luminogenic benzothiazole

compound.

8. The composition of claims 1-5, wherein the covert tamper evidencing

agent is selected from 1,1,2,2-tetraphenylethylene and derivatives thereof.
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0. The composition of claim 8, wherein the derivatives are selected from
4,4’ -bis(triphenylethenyl)-1,1’-biphenyl, 1,2-bis[4-(azidomethyl)phenyl]-1,2-
diphenylethene, 1,2-bis[4-(bromomethyl)phenyl]-1,2-diphenylethene, 1,2-bis(4-
methoxyphenyl)-1,2-diphenylethene, [(1,2-diphenylethene-1,2-diyl)bis(4,1-
phenylene)]diboronic acid, 4,4'-(1,2-diphenylethene-1,2-diyl)dibenzoic acid, 4,4'-(1,2-
diphenylethene-1,2-diyl)diphenol, 1-{4-[1,2-diphenyl-2-(p-tolyl)vinyl]phenyl }-1/4-
pyrrole-2,5-dione, 4,4',4" 4"'-(ethene-1,1,2,2-tetrayl )tetraphenol, sodium 3,3'-{[(1,2-
diphenylethene-1,2-diyl)bis(4, 1-phenylene)]bis(oxy) }bis(propane-1-sulfonate), and

combinations thereof.

10.  The composition of any one of claims 1-5, wherein the covert tamper
evidencing agent comprises a silole selected from 1,1,2,3,4,5-hexaphenyl-1H-silole and

2,5-bis[4-(azidomethyl)phenyl]-1,1-dimethyl-3,4-diphenyl-1H-silole.

11 The composition of any one of claims 1-5, wherein the covert tamper
evidencing agent comprises a compound selected from 10,10',11,11'-tetrahydro- bi-5H-
dibenzo[a,d]cycloheptene, tris-(8-hydroxyquinoline)aluminum, and combinations

thereof.

12. The composition of any one of claims 1-5, wherein the luminogenic

material is a luminogenic benzazole derivative.

13. The composition of any one of claims 1-5, wherein the luminogenic

material is a room temperature organic phosphor.

14. The composition of claim 13, wherein the room temperature organic
phosphor is selected from 1-(dibenzo[b,d]furan-2-yl) phenylmethanone, 1,4-phenylene
bis(phenylmethanone), 1,3-phenylene bis(4-fluorophenyl)methanone,
dibenzo[b,d]thiophen-2-yl (4-fluorophenyl)methanone, (9H-carbazol-9-yl)(4-
chlorophenyl)methanone, 2,5-dihexyloxy-4-bromobenzaldehyde, and combinations

thereof.
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15.  The composition of any preceding claim, wherein the resin carrier

comprises a material selected from a liquid rosin ester resin and a solid rosin ester resin.

16.  The composition of any preceding claim, wherein the covert tamper

evidencing agent is dispersed in the resin carrier.

17. An adhesive sealing material that provides covert indication that a seal
including the adhesive sealing material has been tampered with, comprising:
an adhesive; and
the composition of any preceding claim;

wherein the composition is mixed into the adhesive.

18.  The adhesive sealing material of claim 17, wherein the composition
comprises 0.02 wt % to about 10.0 wt %, preferably 0.2 wt % to 5 wt. % of the adhesive

sealing material, based on the total weight of the adhesive sealing material

19.  The adhesive sealing material of claim 17 or 18, wherein the amount of
covert tamper evidencing agent in the adhesive sealing material is 0.01 wt % to 5.0 wt %,
preferably 0.1 wt % to 2.5 wt. %, based on the total weight of the adhesive sealing

material.

20.  The adhesive sealing material of any one of claims 17-19, wherein the

adhesive 1s a pressure sensitive adhesive material.

21. A sealable article for holding an item, comprising:
an enclosure having an opening; and
the adhesive sealing material of any one of claims 17-20;
wherein the adhesive sealing material is located in the opening of the

enclosure.
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22.  The sealable article for holding an item of claim 21, wherein the enclosure
is comprised of two sheets of film that are sealable together, and wherein the
adhesive sealing material is present on at least one of the two sheets of film in the

opening of the enclosure.

23.  The sealable article for holding an item of claims 21 or 22, wherein the

enclosure further comprises a flap.

24.  The sealable article for holding an item of any one of claims 21-23, further

comprising a release film positioned on the adhesive sealing material.
25.  The sealable article for holding an item of any one of claims 21-23,
wherein the adhesive sealing material forms a seal between the two sheets of film,

whereby the sealable article is in a sealed state.

26. A method of determining whether a seal of a sealed article has been

tampered with, comprising the steps of:

exciting a covert tamper evidencing agent in a seal of a sealed article to
emit light, the exciting comprising exposing the seal to UV light, the seal being
comprised of the adhesive sealing material of any one of claims 17-20;

inspecting the light emitted by the exposed seal for one or more

indications that the sealed article has been tampered with.

27. The method of claim 26, wherein the one or more indications are

discontinuities or irregularities in the light emitted by the seal.

28. An adhesive composition that covertly reveals whether an article

associated with the composition has been tampered with, comprising;

a covert tamper evidencing agent that, when tampered with, covertly reveals

tampering; and

an adhesive carrier for the covert tamper evidencing agent.
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29.  The adhesive composition of claim 28, wherein the covert tamper

evidencing agent is a luminogenic material that emits light when in an aggregated state.

30.  The adhesive composition of claims 28 or 29, wherein the covert tamper

evidencing agent emits light that is detectable when exposed to UV light.

31 The adhesive composition of any one of claims 28-30, wherein the covert
tamper evidencing agent is selected from an aggregation induced emission material and a

room temperature organic phosphor.

32.  The adhesive composition of any one of claims 28-31, wherein the covert
tamper evidencing agent is selected from 1,1,2,2-tetraphenylethylene and derivatives

thereof.

33.  The adhesive composition of claim 32, wherein the derivatives are
selected from 4,4’-bis(triphenylethenyl)-1,1’-biphenyl, 1,2-bis[4-(azidomethyl)phenyl]-
1,2-diphenylethene, 1,2-bis[4-(bromomethyl)phenyl]-1,2-diphenylethene, 1,2-bis(4-
methoxyphenyl)-1,2-diphenylethene, [(1,2-diphenylethene-1,2-diyl)bis(4,1-
phenylene)]diboronic acid, 4,4"-(1,2-diphenylethene-1,2-diyl)dibenzoic acid, 4,4'-(1,2-
diphenylethene-1,2-diyl)diphenol, 1-{4-[1,2-diphenyl-2-(p-tolyl)vinyl]phenyl }-1/4-
pyrrole-2,5-dione, 4,4',4" 4"'-(ethene-1,1,2,2-tetrayl )tetraphenol, sodium 3,3'-{[(1,2-
diphenylethene-1,2-diyl)bis(4, 1-phenylene)]bis(oxy) }bis(propane-1-sulfonate), and

combinations thereof.

34. The adhesive composition of any one of claims 28-31, wherein the covert
tamper evidencing agent comprises a silole selected from 1,1,2,3,4,5-hexaphenyl-1H-

silole and 2,5-bis[4-(azidomethyl)phenyl]-1,1-dimethyl-3,4-diphenyl-1H-silole.

35.  The composition of any one of claims 28-31, wherein the covert tamper

evidencing agent comprises a compound selected from 10,10',11,11'-tetrahydro- bi-5H-
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dibenzo[a,d]cycloheptene, Tris-(8-hydroxyquinoline)aluminum, and combinations

thereof.

36.  The adhesive composition of any one of claims 28-31, wherein the

luminogenic material is a luminogenic benzazole derivative.

37.  The adhesive composition of claim 36, wherein the luminogenic benzazole
derivative is selected from a luminogenic benoxazole compound and a luminogenic

benzothiazole compound.

38.  The adhesive composition of any one of claims 28-31, wherein the

luminogenic material is a room temperature organic phosphor.

39.  The adhesive composition of claim 38, wherein the room temperature
organic phosphor is selected from 1-(dibenzo[b,d]furan-2-yl) phenylmethanone, 1,4-
phenylene bis(phenylmethanone), 1,3-phenylene bis(4-fluorophenyl)methanone,
dibenzo[b,d]thiophen-2-yl (4-fluorophenyl)methanone, (9H-carbazol-9-yl)(4-
chlorophenyl)methanone, 2,5-dihexyloxy-4-bromobenzaldehyde, and combinations

thereof.

40. The adhesive composition of any one of claims 28-39, wherein the

adhesive carrier is a pressure sensitive adhesive material.

41.  The adhesive composition of any one of claims 28-40, wherein the covert

tamper evidencing agent is dispersed in the adhesive carrier.

42.  The adhesive composition of any one of claims 28-41, wherein the amount
of covert tamper evidencing agent in the adhesive carrier is about 0.01 wt % to about 5.0
wt %, preferably about 0.1 wt % to about 2.5 wt. %, based on the total weight of the

adhesive sealing material.
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43. A sealable article for holding an item, comprising:
an enclosure having an opening; and
the adhesive composition of any one of claims 28-42;
wherein the adhesive composition is located in the opening of the

enclosure.

44, The sealable article for holding an item of claim 43, wherein the enclosure
is comprised of two sheets of film that are sealed together, and wherein the adhesive
composition is present on at least one of the two sheets of film in the opening of the

enclosure.

45. The sealable article for holding an item of claims 43 or 44, wherein the

enclosure further comprises a flap.

46.  The sealable article for holding an item of any one of claims 43-45, further

comprising a release film positioned on the adhesive composition.

47.  The sealable article for holding an item of any one of claims 43-46,
wherein the adhesive composition forms a seal, whereby the sealable article is in a sealed

state.

48. A method of determining whether a seal of a sealed article has been
tampered with, comprising the steps of:
exciting a covert tamper evidencing agent to emit light, the exciting
comprising exposing a seal of a sealed article to UV light, the seal being
comprised of the adhesive composition of any one of claims 28-42;
inspecting the light emitted by the exposed seal for one or more visual

indications that the sealed article has been tampered with.

49. The method of claim 48, wherein in the one or more visual indications are

discontinuities in the light emitted by the seal.
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