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COMPOSITIONS FOR CONTROLLED RELEASE OF ACTIVE INGREDIENTS

AND METHODS OF MAKING SAME

RELATED APPLICATIONS

The present application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional

Patent Application No.: 62/297,782, filed on February 19, 2016, entitled "Compositions and

Methods for Controlled Release of Active Ingredients," U.S. Provisional Patent Application

No.: 62/307,357, filed on March 11, 2016, entitled "Compositions and Methods for

Controlled Release of Active Ingredients," U.S. Provisional Patent Application No.:

62/328,556, filed on April 27, 2016, entitled "Compositions and Methods for Controlled

Release of Active Ingredients," U.S. Provisional Patent Application No.: 62/338,709, filed on

May 19, 2016, entitled "Compositions and Methods for Controlled Release of Active

Ingredients," U.S. Provisional Patent Application No.: 62/347,914, filed on June 9, 2016,

entitled "Carbon Based Compositions for Controlled Release of Active Ingredients and

Methods of Making Same," U.S. Provisional Patent Application No.: 62/353,016, filed on

June 21, 2016, entitled "Carbon Based Compositions for Controlled Release of Active

Ingredients and Methods of Making Same," U.S. Provisional Patent Application No.:

62/367,093, filed on July 26, 2016, entitled "Compositions and Methods for Controlled

Release of Active Ingredients," each of which are incorporated herein by reference in their

entirety.

FIELD OF THE INVENTION

Compositions for controlled release of active ingredients and methods of making

same are generally provided.

BACKGROUND

Produce waste throughout the supply chain decreases agricultural productivity and

reduces the availability of nutritious food sources. Produce ages and eventually spoils due to,

for example, one or more of the plant hormone ethylene, bacteria, microbes, fungus, and

other pathogens. Volatile or gaseous active ingredients including, but not limited to

cyclopropenes, essential oils, terpenes, and terpenoids can be used to control produce

spoilage, but their inherent volatility in the gas and vapor phase limit their usefulness.

Accordingly, improved composition and methods are needed.



SUMMARY OF THE INVENTION

Compositions for controlled release of active ingredients and methods of making

same are generally provided.

In some embodiments, a composition is provided comprising a delivery material

selected from among the group consisting of carbon materials and silicate materials; and a

volatile or gaseous active ingredient useful for applications in at least one of agriculture, pest

control, odor control, and food preservation present in the composition at a 0.01 wt versus

the total weight of the composition, wherein the composition is configured to control release

the volatile or gaseous active ingredient.

In some embodiments, a composition is provided comprising a delivery material

selected from the group consisting of carbon materials and silicate materials; and a

cyclopropene present in the composition in at least about 0.05 wt versus the total weight of

the composition.

In some embodiments, a composition is provided comprising a silicate delivery

material; and a cyclopropene present in the composition in at least about 0.01 wt versus the

total weight of the composition.

In some embodiments, a composition is provided comprising a delivery material

selected from the group consisting of carbon materials and silicate materials; and a

cyclopropene, wherein the composition is configured to control release the cyclopropene.

In some embodiments, a composition is provided comprising a cyclopropene, wherein

the composition control releases the cyclopropene at a release rate of at least 0.0005 /g

composition/hr at hour 22.

In some embodiments, a composition is provided comprising a cyclopropene, wherein

a release rate of the cyclopropene from the composition at hour 22 is at least 0.1% of the

release rate at hour 1.

In some embodiments, a composition is provided comprising a silicate material

comprising a surface area greater than about 1 m /g; and at least one active ingredient

selected from the group consisting of essential oils, terpenes, terpenoids, carvone, thymol,

hexanal, carvacrol, oregano oil, and thyme oil, and combinations thereof.

In some embodiments, a method is provided comprising exposing a composition as described

herein to produce.

In some embodiments, a method for controlled release of a cyclopropene is provided

comprising exposing produce to a composition or matrix comprising a cyclopropene

associated with a delivery material, wherein the delivery material is selected from the group



consisting of a carbon based material and a silicate material, and wherein the composition

comprises between about 0.01 - 30 wt cyclopropene versus the total weight of the

composition.

In some embodiments, a method of making a composition as described herein is

provided, wherein the method comprises modifying at least one of the hydrophobicity,

hydrophilicity, chemical potential, zeta-potential, acidity, basicity, surface functionalization,

and surface functional group density of a carbon material to make a delivery material; and

associating the at least one active ingredient with the delivery material.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the invention will become apparent upon

reading the detailed description and upon referring to specific embodiments thereof that are

illustrated in the appended drawings. Understanding that these drawings depict only typical

embodiments of the invention and are not therefore to be considered to be limiting of its

scope, exemplary embodiments of the invention will be described and explained with

additional specificity and detail through the use of the accompanying drawings in which:

Figure 1 is a cross-section of a delivery material in accordance with a non-limiting

embodiment.

Figure 2 is a cross-section of a composition in accordance with a non-limiting

embodiment.

Figure 3 is a perspective view of a delivery material in accordance with a non-limiting

embodiment.

Figure 4 is a schematic illustration of a complexing agent in accordance with a non-

limiting an embodiment.

Figure 5 is schematic illustration of a complexing agent in accordance with a non-

limiting embodiment.

Figure 6 is a perspective view inside a pore of a composition in accordance with a

non-limiting embodiment.

Figure 7 is a photograph of example results of a banana test using a composition of a

non-limiting embodiment.

Figure 8 is a photograph of example results of a test on strawberry pathogens using a

composition of a non-limiting embodiment.

Figure 9 is another photograph of example results from Figure 8 from the test on

strawberry pathogens using a composition of a non-limiting embodiment.



DETAILED DESCRIPTION

In the following description and accompanying figures, the same numerical references

refer to similar elements throughout the figures and text. Furthermore, for the sake of

simplicity and clarity, namely so as not to unduly burden the figures with several reference

numbers, only certain figures have been provided with reference numbers, and components

and features of the invention illustrated in other figures can be easily inferred therefrom. The

embodiments, geometrical configurations, and/or dimensions shown in the figures are

preferred for exemplification purposes only. Various features, aspects and advantages of the

embodiments will become more apparent from the following detailed description.

Compositions, the use of compositions, and methods of making such compositions,

for the release or controlled-release delivery of active ingredients are generally provided. In

some embodiments, a composition is provided comprising a delivery material and at least one

active ingredient. The composition may be configured to control release the active

ingredient. The active ingredient may be useful for applications in at least one of agriculture,

pest control, odor control, and food preservation. In some embodiments, the active ingredient

is a volatile or gaseous active ingredient. Additional details regarding each of the

components of the composition and related methods will now be described in detail.

An "active ingredient" as used herein generally refers to a chemical, biological, or

other function that helps directly in achieving a desired performance objective. In some

embodiments, the active ingredient has sufficient volatility to be present in detectable

concentrations (e.g. > 1 ppb) in the atmosphere surrounding the composition (e.g. the

composition comprising the active ingredient and a delivery material) during (and often after)

release of the active ingredient from the composition. In some embodiments, the

compositions, the use of compositions, and methods of making compositions as described

herein relate to the release or controlled-release delivery of vapor-phase or gas-phase active

ingredients from a delivery material. A "vapor-phase active ingredient" or "gas-phase active

ingredient" is an active ingredient that is in the vapor-phase or gas phase, respectively, at the

desired conditions (e.g. ambient room temperature (about 23°C - 25°C) and atmospheric

pressure).

In some embodiments, an active ingredient may extend the shelf life of an agricultural

product, and improve the overall quality of the agricultural product, and/or may provide

control over the product ripeness. Examples of active ingredients include, but are not limited

to: ethylene inhibitors for the improvement of quality and shelf life in produce; ethylene



production stimulating compounds for control over produce ripeness; phospholipase-D

inhibitors for improving the shelf-life and quality of post-harvest produce; essential oils (e.g.

natural or synthetic) and other compounds which may have antibacterial, antiviral, antifungal,

or pesticidal applications for resistance to pathogens and pests in, for instance, post-harvest

produce, animals, or humans; antioxidants for improving the shelf-life, odor, and color of, for

instance, post-slaughter packaged meat products; antioxidants for improving color retention

in, for instance, cut fruits, vegetables, and other agricultural products; antioxidants with

potential health benefits for biological targets, for instance, pets and humans; perfumes,

fragrances, improving the scent of or reducing the odor of, for instance, spaces, animals, or

humans. Active ingredients may include natural compositions, synthetic compositions, or a

combination of both.

In some embodiments, the composition may comprise a single active ingredient. In

other embodiments, the composition may comprise more than one active ingredient, for

example, two active ingredients, three active ingredients, four active ingredients, or more.

The composition may comprise any suitable amount of the active ingredient. In some cases,

the active ingredient is present in the composition in at least about 0.01 wt%, at least about

0.1 wt , at least about 0.5 wt , at least about 1 wt , at least about 1.5 wt , at least about 2

wt , at least about 3 wt%, at least about 4 wt , at least about 5 wt , at least about 6 wt , at

least about 7 wt , at least about 8 wt%, at least about 9 wt , at least about 10 wt , or more,

versus the total weight of the composition (e.g., the composition comprising the delivery

material and the active ingredient). In other words, in non-limiting embodiments, the

composition comprises active ingredient in a weight percent of at least about 0.01 wt , at

least about 0.05 wt , at least about 0.1 wt , at least about 0.5 wt , at least about 1 wt , at

least about 1.5 wt , at least about 2 wt , at least about 3 wt , at least about 4 wt , at least

about 5 wt , at least about 6 wt , at least about 7 wt , at least about 8 wt%, at least about 9

wt , at least about 10 wt , or more, of the total weight of the composition (e.g., the

composition comprising the delivery material and the active ingredient). In some

embodiments, the active ingredient is present in the composition at between about 0.01 wt

and about 30 wt , between about 0.05 wt and about 30 wt%, between about 0.1 wt and

about 30 wt , between about 0.5 wt and about 30 wt%, between about 1 wt and about 30

wt , between about 1.5 wt and about 30 wt%, between about 2 wt and about 30 wt , or

between about 5 wt and about 30 wt , between about 0.01 wt and about 15 wt ,

between about 0.01 wt% and about 10 wt , between about 0.01 wt and about 5 wt%,

between about 0.1 wt% and about 10 wt , between about 0.1 wt% and about 5 wt%, between



about 1 wt and about 5 wt , between about 1 wt% and about 10 wt , between about 1

wt and about 15 wt , between about 2 wt and about 10 wt , between about 2% and

about 7 wt , between about 5 wt% and about 10 wt% versus the total weight of the

composition (e.g., the composition comprising the delivery material and the active

ingredient).

Compositions described herein may also be referred to as matrices (or a matrix). In

an embodiment a matrix comprises a delivery material and an active ingredient. In an

embodiment a matrix comprises a delivery material and an active ingredient, the active

ingredient contained within the delivery material. In a non-limiting embodiment illustrated

by Figure 2, a matrix may be a composition comprising an active ingredient 20 and a delivery

material 100. In an embodiment, the matrix is configured for controlled release of an active

ingredient. In an embodiment, the active ingredient is in the vapor phase or gas phase.

In some embodiments, the release characteristics of an active ingredient from a

composition can be assessed by measuring release of an active ingredient from the

composition over time beginning at an hour zero. In a non-limiting embodiment, "hour zero"

is defined as the instant a matrix is exposed to a non-equilibrium condition. A non-

equilibrium condition occurs at all temperatures and pressures at which the active ingredient

has vapor pressure. In an non-limiting example, the exposure of a matrix containing an

active ingredient to an atmosphere containing zero (0) ppm of that active ingredient will

trigger the release of the active ingredient until an equilibrium concentration of that active

ingredient is reached between the composition and the atmosphere. In a non-limiting

embodiment, a non-equilibrium condition occurs when a composition comprising an active

ingredient is exposed to an atmosphere containing zero (0) ppm of that active ingredient. In a

non-limiting embodiment, a non-equilibrium condition occurs when a composition

comprising an active ingredient is exposed to an atmosphere containing about one (1) ppb or

less of the active ingredient. In a non-limiting embodiment, a non-equilibrium condition

occurs when a composition comprising an active ingredient is exposed to an atmosphere

containing about one (1) ppm or less of the active ingredient. In a non-limiting embodiment,

a non-equilibrium condition occurs when a composition comprising an active ingredient is

exposed to an atmosphere containing about ten (10) ppm or less of the active ingredient. In a

non-limiting embodiment, a non-equilibrium condition occurs when a composition

comprising an active ingredient is exposed to an atmosphere containing about fifty (50) ppm

or less of the active ingredient. In a non-limiting embodiment, a non-equilibrium condition

occurs when a composition comprising an active ingredient is exposed to an atmosphere



containing about one hundred (100) ppm or less of the active ingredient. In a non-limiting

embodiment, a non-equilibrium condition occurs when a composition comprising an active

ingredient is exposed to an atmosphere containing about one thousand (1000) ppm or less of

the active ingredient. In a non-limiting embodiment, a non-equilibrium condition occurs

when a composition comprising an active ingredient is exposed to an atmosphere containing

about ten thousand (10,000) ppm or less of the active ingredient. In a non-limiting

embodiment, a non-equilibrium condition occurs when a composition comprising an active

ingredient is exposed to an atmosphere containing about one (1) ppb - ten (10) ppm. In a

non-limiting embodiment, a non-equilibrium condition occurs when a composition

comprising an active ingredient is exposed to an atmosphere containing about one (1) ppb -

one hundred (100) ppm. In a non-limiting embodiment, a non-equilibrium condition occurs

when a composition comprising an active ingredient is exposed to an atmosphere containing

about one (1) ppb - one thousand (1000) ppm. In a non-limiting embodiment, an active

ingredient is released from the matrices described herein at all temperatures from 0 °C

40 °C at atmospheric pressure.

Non-limiting examples of "hour zero" (e.g. when a matrix is exposed to a non-

equilibrium condition) include: immediately after the matrix material has been charged with

active ingredient and exposed to a non-equilibrium condition, immediately after the matrix

material has been removed from a low temperature (for example -4°C or lower) and

transferred to a higher temperature (such as ambient room temperature) and a non-

equilibrium condition, immediately after the matrix material has been removed from a very

low temperature (for example -20°C or lower) and transferred to a higher temperature (such

as ambient room temperature) and a non-equilibrium condition, immediately after the matrix

material is incorporated, sealed, or packaged in an structure or form factor and is exposed to a

non-equilibrium condition, immediately after the structure or form factor containing the

matrix is removed from a further outer packaging and exposed to a non-equilibrium

condition, immediately after the matrix material has been removed from a hermetically sealed

or gas impermeable container and exposed to a non-equilibrium condition, immediately after

the matrix material is exposed to produce in a non-equilibrium condition.

The controlled release parameters of the matrices described herein are, unless

otherwise stated, reported in relation to 1) the amount of active ingredient (e.g. as a volume

or mass) released per gram of matrix per unit time, and/or 2) the percentage of the rate of

release as compared to the rate of release at a particular time point (e.g. hour one (1)). The

control release parameters set forth below for the matrices described herein are, unless



otherwise stated, given for conditions of matrix exposure at "hour zero" to a non-equilibrium

condition. Example non-equilibrium conditions for the controlled release parameters are

matrix exposure to ambient room temperature (approximately 23-25°C) and atmospheric

pressure, with no active ingredient detected in the atmosphere prior to commencement of the

release test. It should be understood that throughout the duration of the release test,

temperature and atmospheric pressure around the matrix material has been kept substantially

constant. It should be further understood that the atmospheric concentration of the active

ingredient may vary throughout the duration of the release test as the active ingredient is

released from the matrix into the surrounding atmosphere.

In some embodiments, controlled release can be quantified as a rate, which may be

reported as an amount of active ingredient (e.g. a volume or mass) released per gram of

matrix per unit time. Equivalent to the amount of active ingredient (e.g. a volume or mass)

released per gram of matrix per unit time is the amount of active ingredient (e.g. a volume or

mass) released per gram of composition (e.g. the composition comprising a delivery material

and the active ingredient) per unit time. In a non-limiting embodiment, the rate of release is

reported on a per hour basis. The rate of release of active ingredient per gram of composition

per hour may be determined for a particular hour (e.g. hour 22) by measuring the amount of

active ingredient released from the composition over a period of time (e.g. sixty (60) minutes)

immediately preceding the particular hour (e.g. hour 22) at which the rate is reported. For

example, the release rate on a per hour basis reported for hour 22 may be calculated based on

the amount (e.g. as a volume or mass) of active ingredient released from a composition (e.g.

comprising a delivery material and the active ingredient) during the sixty (60) minutes which

commences at hour 2 1 and ending at hour 22. The amount of active ingredient released from

the composition (e.g. calculated as a volume or a mass of active ingredient released during

that period of sixty (60) minutes) is then divided by the total mass of the composition (e.g. as

measured in grams immediately prior to hour zero of the release test) to arrive at a release

rate as an amount of active ingredient released per gram of matrix per hour.

A non-limiting example of how to measure the release rate of an active ingredient

from a composition (e.g. the composition comprising a delivery material and the active

ingredient) at hour 1 is as follows. The mass of the composition to be studied is measured

(e.g. in grams). The release study commences at hour zero when the matrix is exposed to a

non-equilibrium condition, as discussed above. The active ingredient released from the

composition over the subsequent sixty (60) minutes is collected (e.g. in a sealed vial) and

sampled (e.g. using conventional headspace methodologies) at hour 1, which occurs sixty



(60) minutes after hour zero. The sample of the active ingredient collected is then measured

(e.g. using a gas chromatograph (GC)). The amount (e.g. as a volume or mass) of active

ingredient released as calculated from the GC measurement is then divided by the total mass

of the composition (e.g. in grams) as initially measured. The resulting numerical figure is the

amount (e.g. as a volume or mass) of active ingredient released per gram matrix per hour at

hour 1. A non-limiting example of how to measure the release rate of an active ingredient

from the same composition (e.g. during the same release test) at hour 22 is as follows. After

the active ingredient collected over the sixty (60) minutes commencing at hour zero and

ending at hour 1 is sampled at hour 1, the vial is left open to allow the active ingredient to

escape. At sixty (60) minutes prior to the next sample time (e.g. hour 22 in this case) the vial

is again sealed to allow the active ingredient to collect for one hour. In other words, the vial

is sealed at hour 2 1 in anticipation of a measurement sample to be taken at hour 22. The

active ingredient released from the composition during the sixty (60) minutes from hour 2 1 to

hour 22 is collected and promptly sampled (e.g. using conventional headspace

methodologies) at hour 22. The sample of the active ingredient collected is then measured

using GC analysis. The amount (e.g. as a volume or mass) of active ingredient released as

calculated from the GC measurement is then divided by the mass of the composition as

initially measured (e.g. the same matrix mass used in the calculation for hour 1). The

resulting numerical figure is the amount (e.g. as a volume or mass) of active ingredient

released per gram matrix per hour at hour 22.

Those with ordinary skill in the art will be aware of conventional headspace

methodologies that use, for example, gas chromatography (GC). A non-limiting example of a

method that uses headspace analysis to measure controlled release of an active ingredient is

provided as follows. A sample of the matrix comprising the active ingredient, may be placed

in a vial for analysis (e.g. at hour zero), and the vial may be sealed. The rate of release may

be calibrated based on the number of hours that the active ingredient is permitted to build up

in the vial while the vial is sealed. For a period of time (e.g. one (1) hour) prior to each

sampling timepoint, the vapor/gas phase active ingredient may be permitted to build up in the

vial. At all other times, the vial may be left open to allow the active ingredient to escape.

Doing so may reduce and/or eliminate any effects of equilibrium adsorption. Depending on

the length of time the active ingredient is permitted to build-up while the vial is sealed, the

rate of release at a given timepoint can be calculated by sampling the headspace of the vial

and injecting a sample volume (e.g. ΙΟΟµΙ to 300 µ ) in a GC in accordance with methods

known to those of ordinary skill in the art. The area of the GC peak may be calibrated by



comparison against an internal standard. For example, for calculating the controlled release

of 1-methylcyclopropene (1-MCP) from a matrix, the area of the GC peak may be calibrated

against known quantities of 1-MCP released from ETHYLBLOC™ (FLORALIFE®;

Walterboro, South Carolina). 1-MCP in the form of ETHYLBLOC™ is obtainable as a 0.14

wt solid powder. In a non-limiting embodiment, the release of an essential oil active

ingredient may be calculated based on headspace sampling of its component terpene(s)

during a release test.

As discussed above, controlled release may be quantified as rate, which may be

reported as an amount of active ingredient (as a volume or mass, for example) released per

gram of matrix per hour (µΙ_, active ingredient/g matrix/hr). Equivalent to that rate is the

amount of active ingredient (e.g. as a volume or mass) released per gram of composition (e.g.

the composition comprising a delivery material and the active ingredient) per hour. In some

embodiments, the rate is reported is the amount (e.g. as a volume or mass) of active

ingredient released per gram of matrix during the hour (e.g. sixty (60) minutes) leading up to

the sample timepoint. In some embodiments, the rate of release of active ingredient at hour

22 is at least about 0.0005 /g matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 22 is at least about 0.001 µ /g matrix/hr. In some embodiments, the rate

of release of active ingredient at hour 22 is at least about 0.1 µ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 22 is at least about 1 /g

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 22 is at least

about 5 µ / matrix/hr. In some embodiments, the rate of release of active ingredient at hour

22 is at least about 10 µ /g matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 22 is at least about 25 µΙ-/g matrix/hr. In some embodiments, the rate of

release of active ingredient at hour 22 is between about 0.0005 /g matrix/hr and about 25

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient at hour 22 is

between about 0.001 µ /g matrix/hr and about 25 µ /g matrix/hr. In some embodiments, the

rate of release of active ingredient at hour 22 is between about 0.1 µ / matrix/hr and about

25 µL/g matrix/hr. In some embodiments, the rate of release of active ingredient at hour 22 is

between about 1 µ /g matrix/hr and about 22 matrix/hr. In some embodiments, the rate

of release of active ingredient at hour 22 is between about 3 matrix/hr and about 22

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient at hour 22 is

between about 5 µ /g matrix/hr and about 22 matrix/hr. In some embodiments, the rate

of release of active ingredient at hour 24 is at least about 0.001 µ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 24 is at least about 0.1 µ /g



matrix/hr. In some embodiments, the rate of release of active ingredient at hour 24 is at least

about 1 µ ΐ matrix/hr. In some embodiments, the rate of release of active ingredient at hour

24 is at least about 5 µ ΐ matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 24 is at least about 10 µ /g matrix/hr. In some embodiments, the rate of

release of active ingredient at hour 24 is at least about 20 µ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 24 is at least about 30

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 24 is at least

about 35 µ /g matrix/hr. In some embodiments, the rate of release of active ingredient at

hour 24 is between about 0.0005 µ ΐ matrix/hr and about 35 µ ΐ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 24 is between about 0.001 µ /g

matrix/hr and about 35 µ /g matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 22 is between about 0.1 µΙ-/g matrix/hr and about 35 matrix/hr. In

some embodiments, the rate of release of active ingredient at hour 24 is between about 1 µ

matrix/hr and about 25 µ /g matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 24 is between about 3 µ /g matrix/hr and about 35 µ /g matrix/hr. In

some embodiments, the rate of release of active ingredient at hour 24 is between about 5 µ

matrix/hr and about 35 g matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 48 is greater than zero µ ΐ matrix/hr. In some embodiments, the rate of

release of active ingredient at hour 48 is at least about 0.01 µ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 48 is at least about 0 .1 µ ΐ /g

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 48 at least

about 1 µ ΐ matrix/hr. In some embodiments, the rate of release of active ingredient at hour

48 at least about 5 µ /g matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 48 at least about 10 l matrix/hr. In some embodiments, the rate of

release of active ingredient at hour 48 at least about 20 µ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 48 at least about 25 /g

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 48 at least

about 30 µ /g matrix/hr. In some embodiments, the rate of release of active ingredient at

hour 48 is between about 0.1 µ /g matrix/hr and about 4 µ ΐ matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 48 is between about 1 µ ΐ

matrix/hr and about 5 µ matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 48 is between about 0.01 µ /g matrix/hr and about 30 µ /g matrix/hr. In

some embodiments, the rate of release of active ingredient at hour 48 is between about 1 µ ΐ

matrix/hr and about 30 µ /g matrix/hr. In some embodiments, the rate of release of active



ingredient at hour 72 is greater than zero ΐ /g matrix/hr. In some embodiments, the rate of

release of active ingredient at hour 72 is at least about 0.01 µ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 72 is at least about 0.1 µ /g

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 72 is at least

about 1 µΐ matrix/hr. In some embodiments, the rate of release of active ingredient at hour

72 is at least about 3 matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 72 is at least about 5 µ /g matrix/hr. In some embodiments, the rate of

release of active ingredient at hour 72 is at least about 10 µ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 72 is at least about 15

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 72 is

between about 0.01 µΐ matrix/hr and about 3 µ /g matrix/hr. In some embodiments, the

rate of release of active ingredient at hour 72 is between about 0.1 µΐ /g matrix/hr and about 3

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient at hour 72 is

between about 1 matrix/hr. In some embodiments, the rate

of release of active ingredient at hour 72 is between about 0.01 µ /g matrix/hr and about 15

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient at hour 72 is

between about 0.1 µ /g matrix/hr and about 15 µ /g matrix/hr. In some embodiments, the

rate of release of active ingredient at hour 72 is between about 1 µ /g matrix/hr and about 15

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient at hour 96 is

greater than zero µ /g matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 96 is at least about 0.01 µΐ /g matrix/hr. In some embodiments, the rate of

release of active ingredient at hour 96 is at least about 0.1 µ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 96 is at least 1 µΐ /g matrix/hr.

In some embodiments, the rate of release of active ingredient at hour 96 is at least about 2

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient at hour 96 is

between about 0.01 µΐ matrix/hr and about 2 µ /g matrix/hr. In some embodiments, the

rate of release of active ingredient at hour 96 is between about 0.1 µΐ /g matrix/hr and about 2

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 96 is

between about 1 µ /g matrix/hr and about 2 µ g matrix/hr. In some embodiments, the rate

release of active ingredient at hour 120 is greater than zero matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 120 is at least about 0.01 µ

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 120 is at

least about 0 .1 µΐ matrix/hr. In some embodiments, the rate of release of active ingredient

at hour 120 is at least about 1 µ / matrix/hr. In some embodiments, the rate of release of



active ingredient at hour 120 is between about 0.01 \x lg matrix/hr and about 1 g

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 120 is

between about 0.1 µ /g matrix/hr and about 1 µ ΐ /g matrix/hr. In some embodiments, the

rate release of active ingredient at hour 240 is greater than zero µ /g matrix/hr. In some

embodiments, the rate release of active ingredient at hour 120 is greater than zero µ ΐ

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 168 is at

least about 0.01 µ /g matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 168 is at least about 0.1 µ /g matrix/hr. In some embodiments, the rate of

release of active ingredient at hour 168 is at least about 0.5 µ /g matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 168 is at least about 2 ΐ

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 168 is at

least about 5 µ ΐ matrix/hr. In some embodiments, the rate of release of active ingredient at

hour 168 is at least about 10s \x lg matrix/hr. In some embodiments, the rate of release of

active ingredient at hour 168 is between about 0.01 µ /g matrix/hr and about 0.5 µ g

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 168 is

between about 0.01 ΐ matrix/hr and about 3 µ /g matrix/hr In some embodiments, the

rate of release of active ingredient at hour 168 is between about 0.01 µ ΐ matrix/hr and

about 5 ΐ matrix/hr. In some embodiments, the rate of release of active ingredient at hour

168 is between about 0.5 µ /g matrix/hr and about 13 µ /g matrix/hr. In some embodiments,

the rate release of active ingredient at hour 240 is greater than zero lg matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 240 is at least about 0.01 µ ΐ

matrix/hr. In some embodiments, the rate of release of active ingredient at hour 240 is at

least about 0 .1 I matrix/hr. In some embodiments, the rate of release of active ingredient

at hour 240 is at least about 1 matrix/hr. In some embodiments, the rate of release of

active ingredient at hour 240 is at least about 1.5 µ / matrix/hr. n some embodiments, the

rate of release of active ingredient at hour 240 is between about 0.01 µ ΐ matrix/hr and

about 1 matrix/hr. In some embodiments, the rate of release of active ingredient at hour

240 is between about 0.1 µ /g matrix/hr and about 1 /g matrix/hr. In some embodiments,

the rate of release of active ingredient at hour 240 is between about 0.1 µ /g matrix/hr and

about 1.5 µ /g matrix/hr. In some embodiments, the rate release of active ingredient at hour

336 is greater than zero ΐ matrix/hr. In some embodiments, the rate of release of active

ingredient at hour 336 is at least about 0.01 µ /g matrix/hr. In some embodiments, the rate

of release of active ingredient at hour 336 is at least about 0.1 µ ΐ matrix/hr. In some

embodiments, the rate of release of active ingredient at hour 336 is at least about 1



matrix/hr. In some embodiments, the rate of release of active ingredient at hour 336 is

between about 0.01 ΐ matrix/hr and about 1 µ /g matrix/hr. In some embodiments, the

rate of release of active ingredient at hour 336 is between about 0.1 g matrix/hr and about

1 µ /g matrix/hr. In some embodiments, the rate of release of active ingredient sustained

between hour 1 and hour 216 is at least about 1 µ /g matrix/hr. In some embodiments, the

rate of release of active ingredient sustained between hour 22 and hour 120 is at least about 1

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient sustained

between hour 22 and hour 120 is at least about 2 µ ΐ matrix/hr. In some embodiments, the

rate of release of active ingredient sustained between hour 22 and hour 96 is at least about 1

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient sustained

between hour 22 and hour 96 is at least about 2 µ /g matrix/hr. In some embodiments, the

rate of release of active ingredient sustained between hour 22 and hour 72 is at least about 1

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient sustained

between hour 22 and hour 72 is at least about 4 µ /g matrix/hr. In some embodiments, the

rate of release of active ingredient sustained between hour 22 and hour 72 is at least about 10

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient sustained

between hour 22 and hour 72 is at least about 15 µ ΐ matrix/hr. In some embodiments, the

rate of release of active ingredient sustained between hour 22 and hour 168 is at least about 5

µ /g matrix/hr. In some embodiments, the rate of release of active ingredient sustained

between hour 22 and hour 168 is at least about 10 lg matrix/hr. In some embodiments, the

release rate of the active ingredient between hour 22 and hour 120 is sustained within a range

of about 0.1 and about 2 µ /g matrix/hr. In some embodiments, a release rate of the active

ingredient between hour 22 and hour 120 is sustained within a range of about 1 and about 15

µ /g matrix/hr. In some embodiments, the release rates discussed above occur at ambient

room temperature (approximately 23-25°C) and at atmospheric pressure. In some

embodiments, the release rates above relate to the release of ethylene inhibitor active

ingredients, for example, cyclopropenes from a matrix. In a non-limiting embodiment, the

controlled release parameters above relate to the release of at least one of an essential oil, a

hexanal, a terpene and a terpenoid from a matrix.

Controlled release may alternatively be quantified as a percentage of the rate of

release as compared to the rate of release at hour one (1), for example. In a non-limiting

embodiment, the rate of release of active ingredient at hour 22 is at least 0.1% of the release

rate at hour 1. In some embodiments, the rate of release of active ingredient at hour 22 is at

least 1% of the release rate at hour 1. In some embodiments, the rate of release of active



ingredient at hour 22 at least 2.5% of the release rate at hour 1. In some embodiments, the

rate of release of active ingredient at hour 22 is at least 10% of the release rate at hour 1. In

some embodiments, the release of active ingredient at hour 22 is at least 20% of the rate of

release at hour 1. In some embodiments, the rate of release of active ingredient at hour 48 is

at least 0.1% of the release rate at hour 1. In some embodiments, the release of active

ingredient at hour 48 is at least 1% of the release rate at hour 1. In some embodiments, the

rate of release of active ingredient at hour 48 is at least 2% of the release rate at hour 1. In

some embodiments, the rate of release of active ingredient at hour 48 is at least 10% of the

release rate at hour 1. In some embodiments, the rate of release of active ingredient at hour

72 is at least 0.1% of the release rate at hour 1. In some embodiments, the rate of release of

active ingredient at hour 72 is at least 1% of the rate of release at hour 1. In some

embodiments, the rate of release of active ingredient at hour 72 is at least 10% of the release

rate at hour 1. In some embodiments, the rate of release of active ingredient at hour 96 is at

least 0.1% of the release rate at hour 1. In some embodiments, the rate of release of active

ingredient at hour 96 is at least 1% of the release rate at hour 1. In some embodiments, the

rate of release of active ingredient at hour 96 is at least 5% of the release rate at hour 1. In

some embodiments, the rate of release of active ingredient at hour 168 is at least 0.1% of the

rate of release at hour 1. In some embodiments, the rate of release of active ingredient at

hour 168 is at least 1% of the release rate at hour 1. In some embodiments, the rate of release

of active ingredient at hour 168 is at least 4% of the release rate at hour 1. In some

embodiments, the rate of release of active ingredient at hour 240 is at least 0.1% of the

release rate at hour 1. In some embodiments, the rate of release of active ingredient at hour

240 is at least 1% of the release rate at hour 1. In some embodiments, the rate of release of

active ingredient at hour 336 is at least 0.1% of the rate of release rate at hour 1. In some

embodiments, the rate of release of active ingredient at hour 336 is at least 1% of the release

rate at hour 1. In some embodiments, the rate of release of active ingredient at hour 48 is at

least 1% of the rate of release at hour 24. In some embodiments, the rate of release of active

ingredient at hour 48 is at least 10% of the rate of release at hour 24. In some embodiments,

the rate of release of active ingredient at hour 48 is at least 20% of the rate of release at hour

22. In some embodiments, the rate of release of active ingredient at hour 48 is at least 50%

of the rate of release at hour 22. In some embodiments, the rate of release of active

ingredient at hour 48 is at least 60% of the rate of release at hour 22. In some embodiments,

the rate of release of active ingredient at hour 48 is at least 75% of the rate of release at hour

22. In some embodiments, the rate of release of active ingredient at hour 48 is at least 90%



of the rate of release at hour 22. In some embodiments, the rate of release of active

ingredient at hour 48 is at least 95% of the rate of release at hour 22. In some embodiments,

the rate of release of active ingredient at hour 72 is at least 1% of the rate of release at hour

22. In some embodiments, the rate of release of active ingredient at hour 72 is at least 10%

of the rate of release at hour 22. In some embodiments, the rate of release of active

ingredient at hour 72 is at least 20% of the rate of release at hour 22. In some embodiments,

the rate of release of active ingredient at hour 72 is at least 30% of the rate of release at hour

22. In some embodiments, the rate of release of active ingredient at hour 72 is at least 50%

of the rate of release at hour 22. In some embodiments, the rate of release of active

ingredient at hour 72 is at least 60% of the rate of release at hour 22. In a non-limiting

embodiment, the rate of release of active ingredient at hour 1 is between about 10

matrix/hr and about 1500 µ matrix/hr. In a non-limiting embodiment, the rate of release

of active ingredient at hour 1 is between about 30 ΐ matrix/hr and about 1500 µ /g

matrix/hr. In a non-limiting embodiment, the rate of release of active ingredient at hour 1 is

between about 100 µ /g matrix/hr and about 1500 ΐ matrix/hr. In a non-limiting

embodiment, the rate of release of active ingredient at hour 1 is between about 30 µ /g

matrix/hr and about 500 µ /g matrix/hr. In a non-limiting embodiment, the rate of release of

active ingredient at hour 1 is between about 30 µ /g matrix/hr and about 1500 µ /

matrix/hr. In some embodiments, the release profiles discussed above occur at ambient room

temperature (approximately 23-25°C) and at atmospheric pressure. In a non-limiting

embodiment, the controlled release parameters above relate to the release of cyclopropenes

from a matrix. In a non-limiting embodiment, the controlled release parameters above relate

to the release of at least one of an essential oil, a hexanal, a terpene and a terpenoid from a

matrix.

In a non-limiting embodiment, the use of compositions described herein can be used

to improve the quality and shelf life of produce. The quality and shelf life of produce may be

improved, for example, by inhibiting the effects of ethylene, promoting the effects of

ethylene, enhancing or maintaining shelf life, color, firmness, weight, sweetness, flavor, heat

or chill temperature tolerance, resistance to microbes, fungi, or other pathogens, and/or

humidity tolerance. The products and processes described herein may be applied to either

pre-harvest or post-harvest produce.

"Produce" as used herein and above means agricultural and horticultural products,

including pre- and post-harvest unprocessed and processed agricultural and horticultural

products. Examples of produce include, but are not limited to fruits, vegetables, flowers,



ornamental plants, herbs, grains, seeds, fungi (e.g. mushrooms) and nuts. Processed produce

refers to produce that has been altered by at least one mechanical, chemical, or physical

process that modify the natural state or appearance of the produce. Mashed, cut, peeled,

diced, squeezed, and chopped produce are non-limiting examples of processed produce.

Produce also can refer to hydroponically-grown plants.

In a non-limiting embodiment, produce comprises berries. A composition comprising

a delivery material and at least one active ingredient may be used, for example, to extend the

shelf life of berries, including but not limited to strawberries, raspberries, blueberries,

blackberries, elderberries, gooseberries, golden berries, grapes, champagne grapes, Concord

grapes, red grapes, black grapes, green grapes, and globe grapes. In an embodiment, the

active ingredient in the vapor phase extends the shelf life of berries by optionally slowing or

inhibiting the growth of, or optionally reducing the physical, physiological, biological, or

cosmetic symptoms caused by, the action of one or more viruses, fungi, microbes, bacteria,

pathogens, pests, or insects on the berries.

In a non-limiting embodiment, produce comprises vegetables. Examples of

vegetables that may be treated by the compositions described herein include, but are not

limited to, leafy green vegetables such as lettuce (e.g., Lactuea sativa), spinach (Spinaca

oleracea) and cabbage (Brassica oleracea; various roots such as potatoes (Soianum

tuberosum), carrots (Daucus); snapbeans (Pliaseoius vulgaiis), bulbs such as onions (Allium

sp.); herbs such as basil (Ocimum basilicum), oregano (Ori ganum vulgare) and dill (Anethum

graveoiens); as well as soybean (Glycine max), lima beans (Phaseolus limensis), peas

(Lathyrus sp.), com (Zea mays), broccoli (Brassica oleracea italica), cauliflower (Brassica

oleracea botrytis) and asparagus (Asparagus officinalis).

In a non-limiting embodiment produce comprises fruit. Examples of fruits that may

be treated by the compositions described herein include, but are not limited to, tomatoes

(Lycopersicon esculentum), apples (Mains domes tica), bananas (Musa sapientum), cherries

(Primus avium), grapes (Vitis vinifera), pears (Pyrus communis), papaya (Carica papya),

mangoes (Mangifera indica), peaches (Prunus persica), apricots (Prunus armeniaca),

nectarines (Prunus persica nectarina), oranges (Citrus sp.), lemons (Citrus limonia), limes

(Citrus aurantifoiia), grapefruit (Citrus paradisi), tangerines (Citrus nobilis deliciosa), kiwi

(Actinidia. chinenus), melons such as cantaloupes (C. cantalupensis) and musk melons (C.

melo), honeydew, pineapples (Aranae comosus), persimmon (Diospyros sp.) and raspberries

(e.g., Fragaria or Rubus ursinus), blueberries (Vaccinium sp.), green beans (Phaseolus



vulgaris), members of the genus Cucurnis such as cucumber (C. sativus), starfruit, and

avocados (Persea americana).

In a non-limiting embodiment, produce comprises cut flowers or ornamental plants.

Examples of ornamental plants that may be treated by the compositions described herein

include, but are not limited to, potted ornamentals and cut flowers. Potted ornamentals and

cut flowers which may be treated with the methods of the present invention include azalea

(Rhododendron spp.), hydrangea (Macrophylla hydrangea), hibiscus (Hibiscus rosasanensis),

snapdragons (Antirrhinum sp.), poinsettia (Euphorbia pulcherima), cactus (e.g., Cactaceae

schlumbergera truncata), begonias (Begonia sp.), roses (Rosa sp.), tulips (Tulipa sp.),

daffodils (Narcissus sp.), petunias (Petunia hybrida), carnation (Dianthus caryophyllus), lily

(e.g., Lilium sp.), gladiolus (Gladiolus sp.), Alstroemeria (Alstroemaria brasiliensis),

anemone (e.g.. Anemone bland), columbine (Aquilegia sp.), aralia (e.g. Aralia chinesis),

aster (e.g.. Aster carolinianus), bougainviliea (Bougainvillea sp.), camellia (Camellia sp.),

bellfiower (Campanula sp.), cockscomb (Ceiosia sp.), falsecypress (Chamaecyparis sp.),

chrysanthemum (Chrysanthemum sp.), clematis (Clematis sp.), cyclamen (Cyclamen sp.),

freesia (e.g., Freesia refracta), and orchids of the family Orchidaceae.

In a non-limiting embodiment, produce comprises plants. Examples of plants that

may be treated by the compositions described herein include, but are not limited to, cotton

(Gossypium spp.), pecans (Carva illinoensis), coffee (Cofffea arabica), and weeping fig

(Ficus benjamina), as well as dormant seedlings such as various fruit trees including apple,

ornamental plants, shrubbery, and tree seedlings. In addition, shrubbery which may be

treated with the compositions described herein include, but are no limited to, privet

(Ligusiram sp.), photinea (Photina sp.), holly (Ilex sp.), ferns of the family Polypodiaceae,

schefflera (Schefflera sp.), aglaonema (Aglaonema sp.), cotoneaster (Cotoneaster sp.),

barberry (Berberris sp.), waxmyrtle (Myrica sp.), abelia (Abelia sp.), acacia (Acacia sp.), and

bromeliades of the family Bromeliaceae.

In some embodiment, one or more active ingredients may be delivered to produce

using the compositions described herein. The active ingredient(s) may improve quality

and/or extend shelf life of the produce. Produce aging, a process called senescence,

negatively impacts the quality and shelf life of produce. Senescence occurs, in part, due to a

response to ethylene gas. Ethylene activity causes wilting, erosion of flavor and aesthetics,

and ultimately leads to spoilage of produce. Senescence in produce can be slowed by the use

of an ethylene inhibitor. Ethylene inhibitors protect produce from ethylene damage,

improving produce quality and shelf life, for example preserving texture, flavor, and aroma.



Ethylene inhibitors block the ethylene receptor sites in produce. Known ethylene

inhibitors useful for embodiments disclosed herein include, but are not limited to,

cyclopentadiene, cyclopropene, diazocyclopentadiene, 1-methylcyclopropene (1-MCP), 3,3-

dimethycyclopropene, methylenecyclopropane, trans-cyclooctene, cis-cyclooctene, 2,5-

norbornadiene, 3,3-dipentylcyclopropene, l-pent-2-enyl-2-pentyl-cyclopropene, l-pent-2-

enyl-3 ,3-dipentylcyclopropene, 4-(l-cyclopropenyl)-2-methylbutan-2-ol, l-(n-amyl)-

cyclopropene, l-(5,5,5- trifluoropentyl)-cyclopropene, and 1,2-dipentyl-cyclopropene, and

derivatives thereof, for example, those disclosed in the following references, U.S. Patent

8,603,524, 6,017,849, 6,313,068, 6,426,319, 6,444,619, 6,548,448, 6,762,153, 6,770,600.

The U.S. Patents mentioned in this paragraph are incorporated by reference in their entirety.

In some embodiments, the active ingredient is 1-methylcyclopropene (1-MCP).

h some embodiments, the active ingredient may be a cyclopropene compound. As

used herein, a cyclopropene compound, also referred to herein as a cyclopropene, is any

compound with the formula

where each R , R ' and R s independently selected from the group consisting of H

and a chemical group of the formula:

where n is an integer from 0 to 12, each L is a bivalent radical and Z is a monovalent

radical. Non-limiting examples of L groups include radicals containing one or more atoms

selected from H, B, C , N, , P , S, Si, or mixtures thereof. The atoms within an L group may¬

be connected to each other by single bonds, double bonds, triple bonds, or mixtures thereof.

Each L group may be linear, branched, cyclic, or a combination thereof. In any one R group

(e.g., any one of , R , R and R ) the total number of heieroatoms (e.g., atoms that are

neither H nor C ) is from 0 to 6 . Independently, in any one R group the total number of non-

hydrogen atoms is 50 or less. Non-limiting examples of Z groups are hydrogen, halo, cyano,

nitro, nitroso, azido, chlorate, bromate, iodate, isocyanato, isocyanido, isothiocyanato,

pentafluorothio, and a chemical group G, wherein G is a 3 to 14 membered ring system.



The ' . R R , and R groups are independently selected from the suitable groups.

Among the groups that are suitable for use as one or more of R , R , R and are, for

example, aliphatic groups, aliphatic-oxy groups, alkylphosphonato groups, cycloaliphatic

groups, cycloalkylsulfonyl groups, cycloalkylamino groups, heterocyclic groups, ary groups,

heteroaryl groups, halogens, si y groups, other groups, and mixtures and combinations

thereof. Groups that are suitable for use as one or more of R , R , R , and R rnay be

substituted or unsubstituted.

Among the suitable R , R2, R3, and R4 groups are, for example, aliphatic groups.

Some suitable aliphatic groups include, for example, a ky , alkenyi, and alkynyl groups.

Suitable aliphatic groups may be linear, branched, cyclic, or a combination thereof.

Independently, suitable aliphatic groups may be substituted or unsubstituted.

As used herein, a chemical group of interest is said to be "substituted" if one or more

hydrogen atoms of the chemical group of interest is replaced by a substituent.

Also among the suitable R , R , R , and R" groups are. for example, substituted and

unsubstituted heterocyclyl groups that are connected to the cyclopropene compound through

an intervening oxy group, amino group, earbonyl group, or sulfonyl group; examples of such

R , , R , and R4 groups are heterocyclyloxy, heterocyciylcarbonyl, diheterocyclylamino,

and diheterocyclylaminosulfonyl.

Also among the suitable R , R2, R , and R groups are, for example, substituted and

unsubstituted heterocyclic groups that are connected to the cyclopropene compound through

an intervening oxy group, amino group, earbonyl group, sulfonyl group, thioaikyl group, or

aminosulfonyl group; examples of such R 1, R2, R3, and R4 groups are diheteroarylamino,

heteroarylthioalkyl, and diheteroarylaminosulfonyl.

Also among the suitable R , R , R , and R groups are, for example, hydrogen fluoro,

chloro, bromo, iodo, cyano, nitro, nitroso, azido, chlorato, bromato, iodato, isocyanato,

isocyanido, isothiocyanato, pentatluorothio; acetoxy, carboethoxy, cyanato, nitrato, nitrito,

perchlorato, allenyl, butylmercapto, diethylphosphonato, dimethylphenylsilyl, isoquinolyl,

mereapto, naphthyl, phenoxy, phenyl, piperidino, pyridyl, quinolyl, triethylsilyl,

trimethylsilyl; and substituted analogs thereof.

As used herein, the chemical group G is a 3 to 14 membered ring system. Ring

systems suitable as chemical group G may be substituted or unsubstituted; they may be

aromatic (including, for example, phenyl and napthyl) or aliphatic (including unsaturated

aliphatic, partially saturated aliphatic, or saturated aliphatic); and they may be carbocyclic or

heterocyclic. Among heterocyclic G groups, some suitable heteroatoms are, for example.



nitrogen, sulfur, oxygen, and combinations thereof. Ring systems suitable as chemical group

G may be monocyclic, bicyclic, tricyclic, polycyclic, spiro, or fused; among suitable

chemical group G ring systems that are bicyclic, tricyclic, or fused, the various rings in a

single chemical group G may be all the same type or may be of two or more types (for

example, an aromatic ring may be fused with an aliphatic ring).

In one embodiment, one or more of R , R , R , and R is hydrogen or (C -C ) alkyl.

In another embodiment, each of R1, R , R3, and R 4 is hydrogen or (Ci-Cg) alkyl. n another

embodiment, each of R , R , R3, and R is hydrogen or (Ci-C4) alkyl. In another embodiment,

each of R 1 , R 2 , R 3 , and R 4 is hydrogen or methyl. In another embodiment, R is (C1-C4) alkyl

and each of R2, R3, and R' * is hydrogen. In another embodiment, R1is methyl and each of R2,

R3, and R4 s hydrogen, and the cyclopropene compound is known herein as 1-

methylcyclopropene or "1-MCP."

Other ethylene inhibitors useful for embodiments disclosed herein may also include:

phosphonic acid compounds and derivatives thereof, for example, those disclosed in U.S.

Patent No. 3,879,188 and 6,562,758; diazocyclopentadiene and derivatives thereof, for

example, those disclosed in U.S. Patent No. 5,100,462; cyclopropene, 1.1.1. propellane, and

derivatives thereof, for example, those disclosed in U.S. Patent No. 5,518,988; and silver

thiosulfate and derivatives thereof. The U.S. Patents mentioned in this paragraph are

incorporated by reference in their entirety.

In some embodiments, cyclopropenes comprise organic compounds containing any

unsubstituted or substituted three-carbon cyclic ring with an unsaturated or olefinic bond (of

the root formula C3HX), or any organic compound containing a cyclopropene moiety. The

simplest example of this class of molecules is cyclopropene, the simplest cycloalkene. The

cyclopropene unit has a triangular structure. Cyclopropenes also incude cyclopropene

derivatives, such as 1-methylcyclopropene (1-MCP; molecular formula C4H ), or other

cyclopropene derivatives (including, but not limited to borirenes, phosphirenes, and silirenes,

which are boron-, phosphorus-, and silicon-substituted cyclopropenes respectively).

Other active ingredients useful for embodiments disclosed herein may include, for

example, inhibitors of ethylene biosynthesis, including aminoethoxyvinylglycine, alpha-

amino isobutyric acid, (aminooxy) acetic acid, methoxyvinylglycine, salicylic acid,

acetylsalicylic acid, L-trans-2-amino-4-(2-acetamidoethoxy)-3-butenoic acid, among others,

as disclosed in U.S. Patent 8,603,524 and 6,153,559. Additional preservatives useful for

embodiments disclosed herein may include agents that prevent the ripening of fruits and

vegetables or the browning of cut fruits and vegetables, including inhibitors of fruit and



vegetable membrane degrading phospholipases. Inhibitors of fruit and vegetable membrane

degrading phospholipases may include hexanal, lysophosphatidylethanolamine, and their

derivatives. Inhibitors of fruit and vegetable membrane degrading phospholipases may also

include, for example, cytokines, such as N-(2-chloro-4-pyrridinyl)N-phenyl urea, as disclosed

in U.S. Patent 8,603,524. The U.S. Patents mentioned in this paragraph are incorporated by

reference in their entirety.

In a non-limiting embodiment, the active ingredient includes additional volatile plant

hormones known to effect plant biological processes for the purpose of improving crop yield,

quality, taste, or extending produce shelf-life, including but not limited to methyl salicylate,

methyl jasmonate, (Z)-3hexenyl acetate, (z)-3-hexenal, (E)-beta-farnesene, (E)-beta-

caryophyllene, (E)-beta-ocimene, Linalool, (E)-4,8-dimethyl-l,3,7-nonatriene, and (E,E)-

4,8, 12-trimethyl- 1,3,7, 11-tridecatetraene.

In some embodiments, the active ingredient is another preservative for edible

substances or foods to extend their freshness, shelf life, or suitability for consumption by

living organisms. These preservatives may include either natural or synthetic compositions

that have anti-bacterial, anti-fungal, anti-viral, or other preventative or curative properties,

such as having insecticidal and insect repellent properties. In a non-limiting embodiment, the

preservatives include essential oils or botanical extracts that have anti-bacterial, anti-fungal,

anti-algae, anti-viral, mold inhibitors, or other preventative or curative properties such as

having insecticidal and insect repellent properties. In a non-limiting embodiment, the

preservatives may include natural or synthetic compositions with anti-oxidant properties.

These preservatives may be suitable for applications such as the packaging and preservation

of perishable substances such as produce, meat products, dairy products, edible substances,

non-edible substances, and other perishable substances.

Other active ingredients that can be incorporated into the matrices of the present

application include, but are not limited to, limonene, proteases, xylanases, alpha-amylases,

cellulases, β-glucanases, a-galactosidases, beta-mannases, polygalacturonases, arabinases,

galactanases, arabinofuranosidases, feroyl esterases, and glucosidases, proteinase inhibitors,

cryptoxanthin and derrivatives thereof, oregano oil and caprylic acid, aflatoxin Bl, ochratoxin

A (OTA), zearalenone, mycophenolic acid, cyclopiazonic acid, Fumonisin B 1, T-2 and

patulin, vitamins A, C, and E, beta-carotene, hydroxylase phytases, lutein, zeaxanthin, beta-

carotene, retinoids, retinal, retinaldehyde, and meso-zeaxanthin, extracts of Lactobacillus, for

example lactobacillus Johnsonii D115, alkylpyridinium, tetra-alkylammonium, and

alkylalicyclic ammonium salts, ferulic acid esterase, fumaric acid, citric acid, gallic acid,



sorbic acid, succinic acid, and tannic acid, propionic acid, acetic acid, benzoic acid, sorbic

acid rosmarinic acid, green or black tea extracts, mint extracts, ednoperoxides, gallic acid,

derivative of gallic acid, gallotannins and hydrolysable tannins, carvacrol, thymol, lecithins,

lycopene, extracts of physalis alkekengi, amylase, for example, a-amylase, ellulase, xylanase,

beta-glucanase, pectinase, mannanase and alpha-galactosidase, sauce oil, olive oil, soybean

oil, rapeseed oil, salad oil, and medium chain triglycerides, benzoic acid, safflower oil, chia

seed mucilage, tocopherols, tocotrienol, organic and inorganic selenium compounds, the

surfactants include propylene glycol, lecithin, lysolecithin, and mono- and diglycerides;

synthetic and natural antioxidants, for example, TBHQ, citric acid, BHT, BHA, tocopherols,

rosemary extracts, and fenugreek extracts.

In a non-limiting embodiment, the active ingredient is a compound or multiple

compounds with efficacy in applications as an antiviral, antifungal, antimicrobial,

antibacterial, antipathogenic, biocidal, pesticidal, or biopesticidal agent or agent(s). The

active ingredient may slow or inhibit the growth of one or more viruses, fungi, microbes,

bacteria, pathogens, pests, or insects. The active ingredient may reduce the spore count of

produce by slowing or inhibiting the growth of one or more viruses, fungi, microbes, bacteria,

pathogens, pests, or insects. The active ingredient may reduce the physical, physiological,

biological, or cosmetic symptoms caused by the action of one or more viruses, fungi,

microbes, bacteria, pathogens, pests, or insects. The active ingredient may extend the shelf

life of produce by slowing or inhibiting the growth of, or optionally reducing the physical,

physiological, biological, or cosmetic symptoms caused by, the action of one or more viruses,

fungi, microbes, bacteria, pathogens, pests, or insects on the produce.

In a non-limiting embodiment, an active ingredient comprises an essential oil. In

some embodiments, essential oils have detectable concentrations of terpenes and/or

terpenoids that provide antibacterial and/or antifungal properties. In a non-limiting

embodiment, an active ingredient is a terpene or a terpenoid. Non-limiting examples of

terpenes include acyclic and cyclic terpenes, monoterpenes, diterpenes, oligoterpenes, and

polyterpenes with any degree of substitution In a non-limiting embodiment, an active

ingredient is an essential oil comprising an extract from, for example, an herb, a plant, a trees,

or a shrub. In a non-limiting embodiment, an essential oil comprises at least one of a terpene,

a terpenoid, a phenol, or a phenolic compounds. Non-limiting examples of essential oils and

essential oil extracts include, thymol, curcumin, carvacrol, bay leaf oil, lemongrass oil, clove

oil, peppermint oil, acacia oil, eucalyptol, limonene, eugenol, menthol, farnesol, carvone,

hexanal, thyme oil, dill oil, oregano oil, neem oil, orange peel oil, lemon peel oil, rosemary



oil, or cumin seed extract. In a non-limiting embodiment, an active ingredient is at least one

of oregano oil, thyme oil, hexanal, carvacrol, and thymol. In a non-limiting embodiment,

compositions comprise one or more terpenes and/or terpenoids. For example, in some

embodiments, the composition comprises an active ingredient selected from the group

consisting of oregano oil, thyme oil, hexanal, carvacrol, and thymol, and combinations

thereof. A person skilled in the art will appreciate other essential oils and/or terpenes and

terpenoids that may be incorporated into the compositions described herein.

In a non-limiting embodiment, an active ingredient comprises hydrogen peroxide in

any concentration from 0.001% - 100% by weight. In a non-limiting embodiment, an active

ingredient comprises phenol.

In some embodiments, the active ingredient is an ethylene production stimulating

agent. Ethylene generating agents, such as ethephon, may be used to promote ripening, fruit

coloring, and other known effects of ethylene.

Active ingredients, including ethylene inhibiting active ingredients, compounds that

inhibit or promote the ethylene response in produce, compounds that inhibit ethylene

biosynthesis, phospholipase inhibitors, other compounds known to promote membrane or

plant cell wall integrity, and other various preservatives may be used alone, or in

combinations of two or more, in the compositions and structures described herein.

In a non-limiting embodiment, the composition comprises a delivery material. The

delivery material may be used to store and/or release the active ingredient. Many of the

above-described active ingredients may be in the vapor phase or gaseous, including

cyclopropenes such as 1-MCP. Complexes may be formed between the above-described

active ingredients and a delivery material to overcome instability, handling, and shelf-life

issues, among others. 1-MCP, for example, is a gas at room temperature and room pressure,

and may be stabilized by complexation with a delivery material. In another example, the

terpenoid carvacrol is a liquid at ambient room temperature and atmospheric pressure with a

boiling point >250 °C. However, described herein, carvacrol may be stored in a solid

material and delivered in the vapor phase using a solid carrier. In some embodiments, the

delivery material is a solid having a high surface area, as described in more detail herein. In

some embodiments, the delivery material is porous. In some embodiments, the delivery

material is nanoporous. Non-limiting examples of porous materials are macroporous,

mesoporous, and microporous materials. In some embodiments, the porous and/or

nanoporous delivery material comprises one or more of macropores, mesopores, and

micropores. In a non-limiting embodiment, macropores are pores having a diameter greater



than 50 nm. For example, macropores may have diameters of between 50 and 1000 nm. In a

non-limiting embodiment, mesopores are pores having a diameter between 2 nm and 50 nm.

In a non-limiting embodiment, micropores are pores having a diameter of less than 2 nm. For

example, micropores may have diameters of between 0.2 and 2 nm. This comprising the

delivery material and the active ingredient can be transported, for example, in hermetically

sealed packing.

In some embodiments, the active ingredient (e.g., shown generally as active

ingredient 20), may be stabilized by, associated with, or impregnated in a delivery material

by: i) covalent binding, dative binding, electrostatic binding, van der Waals binding, or

chelative binding of an appropriate active ingredient at or within a moiety or chemically

functionalized site immobilized on the internal and/or external chemical surface of the

delivery material, ii) encapsulation of the active ingredient (the "guest") using a chemical

functionalization ("the host" in "host-guest" chemistry) that mimics an enzymatic site, "lock-

and-key" structure, or other chelative interaction in which the chemical structure of the host

holds a specific affinity for the chemical structure of the guest, iii) nonspecific

physicochemical interactions with the inert internal and/or external chemical surface of the

delivery material, in such a way as to manipulate adsorption/desorption equilibrium, or iv) a

combination of various forms of adsorption/desorption equilibrium manipulations with

optionally one or more of the following covalent binding, dative binding, electrostatic

binding, van der Waals binding, chelative binding, encapsulation, complexation, host-guest

chemistry, lock-and-key chemistry, and adsorption/desorption equilibrium manipulations.

Unique combinations of chemical interactions and adsorption/desorption manipulations

leading to unique loading and release parameters may be achieved by varying the

concentration and chemical identity of immobilized functional groups in the delivery

material, varying the hydrophobicity or hydrophilicity of the inert internal and/or external

surface of the delivery material, varying the crystalhnity of the delivery material, varying the

pore dimensions and volume of the delivery material, and varying the total chemical surface

area of the material.

In a non-limiting embodiment, the delivery material is a carbon material, also referred

to herein as a carbon based delivery material. A carbon material may be of various

geometries and formations including, but not limited to, macroporous, mesoporous, and

microporous carbon materials, monolithic carbon materials, extruded or pelletized carbon

materials, steam-activated carbon materials, oxidized carbon materials, or acid- or base-

treated carbon materials. Figure 1 shows a cross-section of an illustrative embodiment of a



delivery material 100. In a non-limiting embodiment, delivery material 100 is a carbon based

delivery material. In the illustrative embodiment of Figure 1, delivery material 100 contains

at least one macropore 10, at least one mesopore 11, and at least one micropore 12. In other

embodiments, a porous delivery material 100 contains only either one or both of macropores

10 and mesopores 11. In yet other embodiments, a porous material does not contain internal

micropores or mesopores, limiting the porosity to the macropores 10.

In some embodiments, a carbon delivery material may be commercially available

carbon material which is offered are offered in a wide array of states with respect to surface

areas, porosities, degrees of surface functionalization, degree of oxidation, acidity, basicity,

and other chemical and physicochemical features. As such, in some embodiments, the

following commercial carbon materials may be used as delivery material for the compositions

matrices described herein: carbon black (e.g. such as generally indicated by CAS No.: 1333-

86-4) or lampblack carbon; activated carbon or activated charcoal (e.g. such as generally

indicated by CAS No.: 7440-44-0); carbon in powder, granule, film, or extrudate form;

optionally, carbon mixed with one or more adjuvants or diluents; carbon sold as DARCO ®

carbon (Sigma-Aldrich), ELORIT ® (Cabot Corporation), HYDRODARCO ® (Cabot

Corporation), NORIT ® carbon (Cabot Corporation), PETRODARCO ® carbon (Cabot

Corporation), BENTONORIT ® carbon (Cabot Europe), SORBONORIT ® carbon (Cabot

Corporation), and the like; carbon sold as OXPURE™ carbon (Oxbow Activated Carbon);

carbon derived from coconut, coal, wood, anthracite, or sand (Carbon Activated Corporation)

and the like; reactivated carbon; ash, soot, char, charcoal, coal, or coke; vitreous carbon;

glassy carbon; bone charcoal. Each of those carbons, whether commercially acquired or

manufactured by hand as known in the art can be further modified to form other delivery

materials 100 by operations including, but not limited to heat treating materials, oxidation,

and/or acid- or base-treatment to arrive at other delivery materials and matrices described

herein. Therefore, any carbons derived from: carbon black or lampblack carbon, activated

carbon or activated charcoal, carbon in powder, granule, film, or extrudate form, any carbon

sold as DARCO ®, ELORIT ®, HYDRODARCO ®, NORIT ®, PETRODARCO ®,

BENTONORIT ®, SORBONORIT ®, OXPURE™, reactivated carbon, ash, soot, char,

charcoal, coal, or coke, vitreous carbon, glassy carbon, or bone charcoal through the

modification of the parent carbon with, for example, adsorption-modifying functionalities,

one or more acids, bases, oxidants, hydrolyzing reagents, or a combination thereof is within

the scope of this invention to form the compositions described herein.



Without limiting the delivery materials herein to any particular theory or mechanism,

it is contemplated that the delivery materials described herein combine chemical interactions

between the delivery material and active ingredient with an adsorption/desorption equilibrium

at the material surface. Characteristics of the delivery material can be modified to provide

deliberately accelerated or deliberately decelerated release of the active ingredient as

compared to the release rate of an active ingredient from a matrix comprising an unmodified

delivery material. For example, hydrolyzing or oxidizing the hydrophobic carbon surface

with adsorption-modifying functionalities to increase the polarity of the carbon surface can

modify the hydrophobicity or hydrophilicity of a carbon material. Without limiting the action

of delivery material modification to any particular theory or mechanism, it is contemplated

that the van der Waals interactions between a hydrophobic active ingredient and a modified,

polar or hydrophilic carbon material is thus altered from the interactions between the active

ingredient and the purely hydrophobic carbon, resulting in an accelerated rate of release. An

advantage of modifiable delivery materials as disclosed herein is that the total rate of release

of an active ingredient is unique to the chemical and physicochemical composition of the

delivery material.

Figure 3 illustrates a non-limiting embodiment of a portion of another delivery

material 300. Delivery material 300 comprises a plurality of pores 30. While pores 30 are

shown in Figure 3 to have a regular distribution in delivery material 300, regularity in pore

distribution is not necessary. Delivery material 300 may have pores 30 that are different sizes

and/or are irregularly distributed in delivery material 300. Delivery material 300 optionally

comprises one or more complexing agents 40. Figure 3 shows an example of an internal

view of a pore 31 of delivery material 300 of delivery material 300 that comprises

complexing agents 40.

In some embodiments, the delivery material may be a silicate material, also referred

to herein as a silica based material. In some embodiments, a delivery material comprising a

silicate material comprises silica. Silicate materials are available from commercial sources in

a wide array of states with respect to surface areas, porosities, degrees of surface

functionalization, acidity, basicity, and other chemical and physicochemical features.

Commercial silicates may be in the form of powder, granules, nanoscale particles, and porous

particles. In some embodiments, delivery material 300 comprises silica gel. In some

embodiments, delivery material 300 comprises one or more of macropores, mesopores, and

micropores. In some embodiments, delivery material 300 comprises one or more of

macroporous, mesoporous, and microporous silica. In some embodiments delivery material



300 comprises precipitated, crystalline-free silica gel (such as generally indicated by CAS

No.: 112926-00-8). In some embodiments, material 300 comprises amorphous, fumed

(crystalline free) silica (such as generally indicated by CAS No. 112945-52-5). In some

embodiments, material 300 comprises mesostructured amorphous silica (such as generally

indicated by CAS No. 763 1-86-9). In a non-limiting embodiment, a silicate delivery material

comprises one or more of a polysiloxane, polyalkylsiloxane, and polyalkylenesiloxane

materials; a polyoxoalkyelene material, metal oxide, and a zeolite.

In a non-limiting embodiment, the delivery material 300 may further comprise a

complexing agent 40. In a non-limiting embodiment, the delivery material 300 comprises a

porous material and a complexing agent 40, the complexing agent embedded into at least one

pore 31 of the porous material. Such a complexing agent may be embedded into the delivery

material via de novo synthesis, post-synthetic grafting, intercalation of the complexing agent

into the macrostructure, or other techniques yielding immobilized complexing agents on the

internal and/or external chemical surface of the delivery material.

Without wishing to be bound by theory, complexing agents 40 may be used to further

reduce and/or eliminate instability, handling, low vapor pressure of active ingredients, and/or

shelf-life issues of volatile active ingredients. In some embodiments, a plurality of pores 30

may optionally be modified with complexing agents to produce pore 3 of delivery material

300. h a non-limiting embodiment, a complexing agent is a compound that has a lock and

key structure, similar to an enzyme, whereby a substrate selectively fits into the encapsulation

site. The interaction between an active ingredient and a complexing agent may sometimes be

characterized as "host-guest" chemistry, in which the active ingredient is the guest and the

complexing agent is the host. The complexing agent may be a-cyclodextrin, β-cyclodextrin,

or γ-cyclodextrin. In other embodiments, complexing agents may be mono-, oligo-, or

polycarbohydrates, porphyrins, and phosphazenes. In other embodiments, the complexing

agent may be selected from one or more of the following groups of compounds:

cyclodextrins, substituted and/or modified cyclodextrins, crown ethers, substituted and/or

modified crown ethers, calixarenes, and substituted and/or modified calixarenes. In a non-

limiting embodiment, a delivery material comprises more than one type of complexing agent.

In a non-limiting embodiment, changing surface area and/or pore size of the delivery material

with increasing incorporation of complexing agent, results in a unique storage capacity and

rate of release per combination of delivery material and active ingredient. Referring back to

Figure 3 i should be noted that pore 3 of Figure 3 is illustrative only, and that complexing

agents 40 are not required to be present in the delivery materials described herein.



In a non-limiting embodiment the delivery material comprises a complexing agent in

a concentration of 0-50mol% of the delivery material (as measured determined from the

empirical formula units in the ratio moles of complexing agentrmoles of unmodified delivery

material). In a non-limiting embodiment, the complexing agent is cyclodextrin in a

concentration of 0-20 mol% of the delivery material (as measured determined from the

empirical formula units in the ratio moles of complexing agent:moles of unmodified delivery

material, for example moles of Si0 2) . In a non-limiting embodiment the complexing agent is

a-cyclodextrin in a concentration of 0-20 mol% of the delivery material. In a non-limiting

embodiment, the complexing agent is β-cyclodextrin in a concentration of 0-20 mol of the

delivery material. In a non-limiting embodiment, the complexing agent is substituted β-

cyclodextrin in a concentration of 0-20 mol% of the delivery material. In a non-limiting

embodiment, the complexing agent is silyl-CD 44 (Figure 5) in a concentration of 0 - 20

mol of the delivery material. In a non-limiting embodiment, the complexing agent is allyl-

CD 45 (Figure 5) in a concentration of 0 - 20 mol% of the delivery material. In a non-

limiting embodiment, the complexing agent at 0-20 mol concentration in the delivery

material s embedded in a porous silicate material, the complexing agent together forming the

deliver}' material. In a non-limiting embodiment, the porous silicate material is a templated

siliceous material approaching the composition Si0 2. n a non-limiting embodiment, the

porous silicate material is also a high surface area material.

In a non-limiting embodiment, a delivery material comprises one of a complexing

agent and an adsorption-modifying functionality. In a non-limiting embodiment, a delivery

material comprises a complexing agent and, optionally an adso tion-modifying

functionality. In a non-limiting embodiment, a delivery material comprises an adsorption-

modifying functionality and, optionally a complexing agent. An adsorption-modifying

functionality is any chemical functionality that modifies the interaction between an active

ingredient and a delivery material, such that the introduction of the chemical functionality (a)

increases or decreases the storage capacity of a delivery material (with respect to the storage

capacity of the delivery material absent tha chemical functionality) for an active ingredient,

or (b) accelerates or decelerates the release of an active ingredient from a delivery material

(with respect to the release of active ingredient from the delivery material absent that

chemical functionality). Such modifiable interactions include, but are not limited to, covalent

binding, dative binding, electrostatic binding, van der Waals binding, or chelative binding of

an appropriate active ingredient. The interaction between an active ingredient and a matrix

comprising a delivery material modified by an adsorption-modifying functionality or a



complexing agent may sometimes be referred to herein as ensemble dynamic interactions.

Without limiting the compositions herein to a particular theory or mechanism, it is

contemplated that ensemble dynamic interactions between the delivery material and the

active ingredient allow the (e.g. modified) delivery materials herein to load active ingredient

in excess of what would be expected for lock and key or host-guest interactions. Turning to

adsorption-modifying functionalities, an example of an adsorption-modifying functionality is

one or more hydrophobic groups, for instance trimethylsilyl-functionalities, incorporated in a

deliver}' material via grafting. While the compositions here are not limited to any particular

theory or mechanism, it is contemplated that adsorption-modifying functionalities comprising

hydrophobic or aliphatic groups in the pore space of the delivery material promote van der

Waals interactions with hydrophobic active ingredients to help stabilize the hydrophobic

active ingredients by via ensemble dynamic interactions. In a non-limiting embodiment, a

delivery material comprises more than one type of adsorption-modifying functionality.

Non-limiting examples of delivery materials and their methods of manufacture are

provided below:

A silicate delivery material absent a complexing agent may be prepared in the

following manner. A typical synthetic procedure requires a molar ratio of 1.00 silica source

to 114 H20 to 8.0 M NH4OH (35wt% in water) to 0.12 cetyltrimethylammonium bromide

(CTAB). Tetraethoxysilane (TEOS) and is used as a silica source. CTAB (0.84 g, 2.3 mmol)

is added to a solution of NH4OH (17.72 g, 30wt%, 0.15 mmol) and deionized water (33.4 g,

1.86 mol), and the solution stirred for 30 minutes in a closed flask. The weight equivalent

(4g) of 1 .2 mmols of TEOS is added slowly to the base/surfactant solution with gentle

stirring. After stirring for 30 minutes, the solutions are aged at 80 °C for 4 days in a closed

flask. The white solid is collected by filtration, washed with water, and dried in an oven at

100 °C. Following this procedure, extracting the CTAB surfactant can further modify the

surface area and pore size. In such an extraction, 5 g of as-synthesized material is suspended

in 170 mL methanol with 30 mL concentrated hydrochloric acid and refluxed with stirring for

48 hours. After extraction, the sample is collected via filtration, washed with methanol or a

0.05 M sodium bicarbonate solution, and dried in an oven at 100 °C. The delivery material

prepared by this method is sometimes referred to herein as "Delivery Material A".

In another embodiment, a delivery material can be prepared in the following manner.

A purely siliceous, periodic, high-surface area porous material is prepared according to the

procedure described for Delivery Material A with no complexing agent embedded within it.

The surfactant (CTAB) is then removed from the material via calcination at 600 °C for 18



hours to yield a periodic, porous, high-surface-area delivery material. The delivery material

prepared by this method is sometimes referred to herein as "Delivery Material B".

Alternatively, a delivery material comprising a complexing agent 40, the complexing

agent 40 being β-cyclodextrin (for example) can be prepared in the following manner. A

periodic, high-surface area porous material can be prepared from β-cyclodextrin depending

on the mol% of content of complexing agent (in this case, β-cyclodextrin) desired. As a non-

limiting example, in a sample containing 19.2 mmol Si (obtained solely from TEOS) and

optionally β-cyclodextrin, the content β-cyclodextrin can vary, for example, by including 0 -

20wt of β-cyclodextrin. A solution of NH4O ( 7.72 g , 30wt%, 0 . 5 mmol), deionized

water (33.4 g, 1.86 mol), and β-cyclodextrin (0.4g, 10wt%) is prepared and stirred for 30

minutes in a closed flask. TEOS (4 g, 19.2 mmol) is added slowly to the base/surfactant

solution with gentle stirring. After stirring for 30 min, the solutions are aged at 80 °C for 4

days in a closed flask. The white solid is collected by filtration, washed with water, and dried

in an oven at 00 °C. Following this procedure, extracting the CTAB surfactant can further

modify the surface area and pore size. In such an extraction, 5 g of as-synthesized material is

suspended in 0 m L methanol with 30 L concentrated hydrochloric acid and refluxed with

stirring for 48 hours. After extraction, the sample is collected via filtration, washed with

methanol or a 0.05 M sodium bicarbonate solution, and dried in an oven at 100 C .

In another embodiment, a delivery material that comprises a complexing agent 40 can

be prepared according to the procedure described for Delivery Material A . A purely siliceous,

periodic, high- surface area porous material is prepared absent a complexing agent according

to the previous procedure. The surfactant (CTAB) is then extracted from the pores of the

material in the manner described previously. A quantity, of this material is suspended in

water in which a complexing agent has been dissolved at a desired concentration. As a non-

limiting example, lOg, of the purely siliceous material may be suspended in 2 L of water, in

which 1 g of complexing agent β-cyclodextrin (10wt%) has been dissolved. This solution is

then refluxed for 18 hours, during which time the complexing agent diffuses into the pores of

the silica material and grafts to the surface. The solid is then isolated by filtration and dried in

an oven at 100 °C. Complexing agents as described herein may be incorporated into porous

commercial silica materials in the same fashion. As one skilled in the art will appreciate,

other complexing agents, including but not limited to other cyclodextrins. For example, a-

cyclodextrin and γ -cyclodextrin can be substituted in the above methods to form matrices

described herein. Some cyclodextrins are available, for example, from Wacker Biochem Inc.,

Adrian, Michigan as well as other vendors.



In another embodiment, a delivery material comprising a complexing agent, the

complexing agent being a silyl-modified β-cyclodextrin ("silyl-CD" 44, as illustrated in

Figure 4) may be prepared by the following method, illustrated by Figure 4 . Tetradecakis-2,6-

O-allylcycloheptaamylose is prepared from commercial B-cyclodextrin (Alfa-Aesar, 3 g, 2.3

mmole) allowed to react with an excess of allyl bromide, 2 1 g (0.3 1 mole), and with barium

oxide, 15 g (0.09 mole), barium hydroxide octahydrate 15 g (0.09 mole) in dimethyl

sulfoxide, 75 ml and dimethyl formamide, 75 ml, at room temperature for 48 hr under

nitrogen. The reaction mixture is cooled, and 60 ml of ammonium hydroxide is added slowly

with continual stirring. After 20 minutes this mixture is added to 500 ml of chloroform and

the inorganic salts are completely precipitated by addition of hexanes. The organic phase is

washed with water 5 x 50 ml, dried over sodium sulfate; the solvent stripped under vacuum,

and the resulting oil applied to a silica gel column, and eluted with ethyl acetate: chloroform

(100 % CHC1„ 20 % 40 %, 60 ; v/v). This produced 3.2 g of a white solid, 71% yield.

Tetradecakis-2,6-di-0-(3-triethoxypropyl)cycloheptaamylose (hereafter referred to as "silyl-

CD" 44) is prepared by first dissolving 2.57 g of tetradecakis-2,6-0-allylcycloheptaamylose

in 50 mL of anhydrous THF and adding to this mixture 51.4 mL of triethoxysilane. To this

mixture is added 2 mg of Cp2PtCl2 catalyst in a lmg/mL solution in THF. The resulting

solution is refluxed under nitrogen for 72 hours, and silyl-CD 44 is recovered by

concentrating the reaction mixture in vacuo until no triethoxysilane remains. The resulting

colorless oil silyl-CD 44 (illustrated in Figure 4) is recovered in quantitative yield and used

directly without further purification.

A periodic, high-surface area porous material can then be prepared from silyl-CD in

the following a manner depending on the mol of content of silyl-CD desired. A typical

synthetic procedure requires a molar ratio of 1.00 silica source to 114 H20 to 8.0 M NH4OH

(35wt% in water) to 0.12 cetyltrimethylammonium bromide (CTAB). Tetraethoxysilane and

silyl-CD are used as silica sources. Delivery materials are prepared with TEOS to silyl-CD in

Si mole ratios of 1/0, 0.9/0.1, 0.75/0.25, 0.50/0.50, and 0.25/0.75. CTAB (0.84 g, 2.3 mmol)

is added to a solution of NH4OH (17.72 g, 30wt%, 0.15 mmol) and deionized water (33.4 g,

1.86 mol), and the solution stirred for 30 minutes in a closed flask. A mixture of TEOS and

silyl-CD corresponding to the appropriate mole fraction, with a total of 19.2 mmol of Si (for

examples, 3g (14.4 mmol) of TEOS and 1.47 g (4.8 mmol) of silyl-CD for 0.75/0.25 ratio) is

added slowly to the base/surfactant solution with gentle stirring. After stirring for 30 minutes,

the solutions are aged at 80 °C for 4 days in a closed flask. The white solid is collected by

filtration, washed with water, and dried in an oven at 100 °C. Following this procedure, the



surface area and pore size can be further modified by extracting the CTAB surfactant. In such

an extraction, 5 g of as-synthesized material is suspended in 170 mL methanol with 30 mL

concentrated hydrochloric acid and refluxed with stirring for 48 hours. After extraction, the

sample is collected via filtration, washed with methanol or a 0.05 M sodium bicarbonate

solution, and dried in an oven at 100 °C. The delivery material prepared by this method is

sometimes referred to herein as "Delivery Material C".

In another embodiment, a delivery material that comprises a complexing agent, the

complexing agent being an allyl-modified β-cyclodextrin ("allyl-CD" 45 as illustrated in

Figure 5), can be prepared by the following method. Tetradecakis-2,6-0-

allylcycloheptaamyiose is prepared from commercial β-cyclodextrin by stirring 5.68 g (5

mmol) β-cyclodextrin in 300 mL of a 1:1 mixture of DMF and DMSO with 29.25 mL (350

mmol) allyl bromide, 17.1 g of barium hydroxide (160 mmol) and 15.3 g barium oxide (160

mmol) for 48 hours at room temperature. When the reaction is completed, 100 mL of aqueous

N 4O is added and stirred for 30 mins with the reaction mixiure. To the mixture is added

300 mL of CHCI3 and 100 mL of hexanes. The aqueous phase is separated from the organic

phase and the organic phase washed 4x with 250 mL D water and 2x with 250 mL saturated

brine. The organic phase is dried over sodium sulfate for 10 mins and concentrated in vacuo

to yield a pale yellow oil. The oil is further purified by column chromatography on a silica

column, first flushing with pure CHCI3 and then collecting the pure tetradecakis-2,6-0-

allylcycloheptaamyiose fraction with 1:1 EtOac/CHCl 3. A yield of 43% of the pure

compound is obtained after concentrating the eluent in vacuo. The resulting compound is

allyl-CD 45, as illustrated in Figure 5.

A periodic, high-surface area porous material can then be prepared from allyl-CD 45

in the following a manner depending on the mol of content of allyl-CD desired. As a non-

limiting example, in a sample containing 19.2 mmol Si (obtained solely from TEOS) and

optionally allyl-CD, the content of allyl-CD can vary, for example, by including 0mol%,

2.5mol% (0.48 mmol), or 10 ol (1.92 mmol) of allyl-CD. A solution of NH4OH (17.72 g,

3Qwt%, 0.15 mmol) and deionized water (33.4 g, 1.86 mol), is prepared and stirred for 30

minutes in a closed flask. A mixture of TEOS and allyl-CD corresponding to the desired mole

fraction, with a total of 19.2 mmo of Si (for example 4g (19.2 mmol) of TEOS and 0.81 g

(0.48 mmol) of allyl-CD for 2.5mol% content) is added slowly to the base/surfactant solution

with gentle stirring. After stirring for 30 min, the solutions re aged at 80 °C for 4 days in a

closed flask. The white solid is collected by filtration, washed with water, and dried in an

oven at 100 "C. Following this procedure, the surface area and pore size can be further



modified by extracting the CTAB surfactant. In such an extraction 5 g of as-synthesized

material is suspended in 170 mL methanol with 30 mL concentrated hydrochloric acid and

refiuxed with stirring for 48 hours. After extraction, the sample is collected via filtration,

washed with methanol or a 0.05 M sodium bicarbonate solution, and dried in an oven at 100

°C.

A silica based delivery material comprising functionalities can

be prepared in the following manner, the adsorption-modifying functionalities being

trimethylsilyl functionalities. A purely siliceous, periodic, high-surface area porous material

is prepared according to the procedure described for Delivery Material A. The surfactant

(CTAB) is then extracted from the pores of the material in the manner described previously.

A quantity, 10 g, of this material is suspended in 250 mL of anhydrous toluene in a flask

under an inert atmosphere. To this mixture is added 10 mL of trimethylchlorosilane, which

may be purchased from Alfa-Aesar. The reaction mixture is refiuxed for 8 hours to graft the

trimethylsilyl functionalities to the silica. The reaction mixture is then cooled and the solid

recovered by filtration, washed with hexanes, and dried in an oven at 100 °C. This procedure

therefore results in a material with similar pore size and surface area to the parent silica, but

aliphaiically modified walls, enabling ensemble dynamic interactions (including for example,

a modified chemical potential) of the matrix with hydrophobic active ingredients such as 1-

MCP as compared to its interaction with the unmodified parent material.

A carbon based delivery material modified with adsorption-modifying functionalities

can be prepared in the following manner, resulting in a hydrophilically-modified delivery

material. A commercial activated carbon, NORIT A®, may be purchased from Fisher

Scientific. As received, the material has a surface area of 1146 m2/g. A quantity, lOg, of this

material is suspended in 100 mL of 70% nitric acid in water. The mixture is then refluxed for

18 hours, during which time reddish-brown gases evolve during the oxidation of the carbon

surface. After the reaction is complete the solid is recovered by filtration and washed with

water until the pH of the water wash is neutral. The solid is then dried at 100 °C. This

procedure results in a material with a smaller pore size and surface area than the parent

activated carbon, but with hydrophilically modified walls, enabling ensemble dynamic

interactions (including for example, a modified chemical potential) of the matrix with

hydrophobic active ingredients such as 1-MCP as compared to its interaction with the

unmodified parent material. The surface area after such a treatment was measured to be 1001

m2/g.



The delivery material may be comprised of a polymer, inorganic material, organic

material, or hybrid thereof. In a non-limiting embodiment, the polymer, inorganic, organic,

or hybrid inorganic-organic material comprises 0-99.99wt% of the matrix. In a non-limiting

embodiment, the polymer, inorganic material, organic material, or hybrid material of the

matrix may be an inert material, which does not chemically interact with the active

ingredient(s) of the matrix. In alternative embodiments, an active ingredient may experience

significant physicochemical interactions with the inert chemical surface, internal and/or

external, of an inert delivery material. In a non-limiting embodiment, the polymer, inorganic

material, organic material, or hybrid material of the matrix may be a chemically active

material, which chemically interacts with the active ingredient(s) of the matrix.

Different choices of templating agents or surfactants given variable control over the

pore size, pore volume, periodicity, and chemical surface area of the resulting delivery

materials. Some templating agents or surfactants of this type include, but are not limited to,

any tetraalkylammonium halide compound with alkyl groups from Ci-Ci , in which the

halide is CI, Br, or I; any tetraalkylammonium hydroxide compound with alkyl groups from

Ci-Cis; any alkylthiol compounds, typified by sodium dodecyl sulfate (SDS) with a thiol

"head" and an alkyl "tail" from Ci-Ci ; any carboxylic acid or carboxylate salt, typified by

sodium laurate, with a carboxylic acid or carboxylate "head" and an alkyl "tail" from Ci-Cig;

any bulky aliphatic amine or ammonium salt, typified by adamantylamomminum hydroxide,

containing any cyclic, bicyclic, tricyclic, or spiro-carbon groups from C4-Ci ; any mono-, di-,

or triglyceride, typified by tristerin, including an ester "head" and an alkyl, alkene, or alkyne

"tail" from C1-C36, and any methyl, ester, propyl, or isopropyl ester arising from the

esterification or saponification thereof. In comparison to the templating effects of CTAB in

constructing a mesoporous, periodic organosilicon-based material, the chemical surface area

and pore structure will vary accordingly with the size and agglomerating effects of the

individual templating agent or surfactant employed in the syntheses as described above.

In a non-limiting embodiment, the delivery material 100 is a solid material or solid

carrier such as that typified by nanoporous, macroporous, mesoporous, and microporous

carbon materials, templated organic materials of a type exemplified by mesoporous carbon,

extruded or pelletized carbon materials, steam-activated carbon materials, oxidized carbon

materials, or acid- or base-treated carbon materials. In a non-limiting embodiment, the

delivery material has an elemental composition indistinguishable from that of ash. In a non-

limiting embodiment, the delivery material having an elemental composition

indistinguishable from that of ash stores and/or releases a vapor or gas. In a non-limiting



embodiment, the delivery material has an elemental composition indistinguishable from

biochar, flue char, or soot. In a non-limiting embodiment, the delivery material having an

elemental composition indistinguishable from that of biochar, flue char, or soot stores and/or

releases a vapor or gas. In an alternative embodiment, a delivery material 300 may include,

but is not limited to, nanoporous, macroporous, microporous, or mesoporous silicates, or

organosilicate hybrids. In a non-limiting embodiment, the delivery material has an elemental

composition indistinguishable from that of sand. In a non-limiting embodiment, the delivery

material having an elemental composition indistinguishable from that of sand stores and/or

releases a vapor or gas. In an alternative embodiments, carbon based delivery materials and

silicate delivery materials are combined, for example, by mixing a combination of two or

more types of delivery materials.

In a non-limiting embodiment, the delivery materials 100 and 300 are solid materials.

In a non-limiting embodiment porous delivery materials 100 and 300 are also high surface

area materials. In a non-limiting embodiment, a high-surface area material is a material with a

total chemical surface area, internal and external, of at least about 1 m /g. In some

embodiments, a high-surface area material is a material with a total chemical surface area,

internal and external, of at least about 10 m2/g. In some embodiments, a high-surface area

material is a material with a total chemical surface area, internal and external, of at least

about 50 m /g. In some embodiments, a high-surface area material is a material with a total

chemical surface area, internal and external, of at least about 90 m2/g. In some embodiments,

a high-surface area material is a material with a total chemical surface area, internal and

external, greater than about 400 m /g. In some embodiments, a high-surface area material is

a material with a total chemical surface area, internal and external, of at least about 500 m2/g.

In some embodiments, a high-surface area material is a material with a total chemical surface

area, internal and external, greater than about 1000 m /g. In some embodiments, a high-

surface area material is a material with a total chemical surface area, internal and external,

greater than about 2000 m /g. The terms "total chemical surface area, internal and external",

"chemical surface area" and "surface area" are used interchangeably herein. Those of

ordinary skill in the will be aware of methods for determining the total chemical surface area,

internal and external, for example, using Brunauer-Emmett-Teller (BET) analysis.

In a non-limiting embodiment, a porous material is a material with a micropore

diameter greater than about 0.1 nm. In a non-limiting embodiment, a porous material is a

material with a micropore diameter greater than about 1 nm. In a non-limiting embodiment, a

porous material is a material with a mesopore diameter between about 2nm and about 5nm. In



some embodiments, a porous material is a material with an average pore diameter greater

than 4 nm. In some embodiments, a porous material is a material with an average pore

diameter greater than 6 nm. In a non-limiting embodiment, a porous delivery material is a

material with an internal void volume greater than 0.1 cm /g. In a non-limiting embodiment,

a porous delivery material is a material with an internal void volume greater than 0.5 cm /g.

In a non-limiting embodiment, a porous material is a material with an internal void volume

greater than 1 cm /g. In a non-limiting embodiment, a porous material is a material with an

internal void volume greater than 1.5 cm /g. As used herein, the terms "internal void

volume" and "pore volume" may be used interchangeably.

In a non-limiting embodiment, a carbon based delivery material comprises one or

more of the following properties: a density in the range of 0.1 - 3 g/cm3; a pore volume in the
3 2range of 0.1 - 1.5 cm /g; a surface area in the range of 500-4000 m /g; moisture content in

the range of 0-30%; and an iodine number in the range of 0-1200 mg/g. In a non-limiting

embodiment, a carbon based delivery material has a density in the range of about 0. to about

0.3 g/cm . In a non-limiting embodiment, a carbon based delivery material has a density in

the range of about 0.3 to about 0.6 g/cm3. In a non-limiting embodiment, a carbon based

delivery material has a density in the range of about 0.6 to about 1.0 g/cm3. In a non-limiting

embodiment, a carbon based delivery material has a density in the range of about 1 to about 3

g/cm3. In a non-limiting embodiment, a carbon based delivery material has a density in the

range of about 0.3 to about 1.5 g/cm3. In a non-limiting embodiment, a carbon based delivery

material has a density in the range of about 0.05 to about 0 .15 cm /g. In a non-limiting

embodiment, a carbon based delivery material has a density in the range of about 0.15 to

about 0.3 cm3/g. In a non-limiting embodiment, a carbon based delivery material has a

density in the range of about 0.3 to about 0.7 cm /g. In a non-limiting embodiment, a carbon

based delivery material has a density in the range of about 1 to about 1.5 cm /g. In a non-

limiting embodiment, a carbon based delivery material has a density in the range of about 0.5

to about 1.5 cm /g. In a non-limiting embodiment, a carbon based delivery material has a

surface area in the range of about 1 to about 3000 m2/g. In a non-limiting embodiment, a

carbon based delivery material has a surface area in the range of about I to about 50 m2/g. In

a non-limiting embodiment, a carbon based delivery material has a surface area in the range

of about 50 to about 500 m2/g. In a non-limiting embodiment, a carbon based delivery

material has a surface area in the range of about 100 to about 1500 m2/g. In a non-limiting

embodiment, a carbon based delivery material has a surface area in the range of about 500 to

about 1500 m /g. In a non-limiting embodiment, a carbon based delivery material has a



surface area in the range of about 1000 to about 1500 m2/g. In a non-limiting embodiment, a

carbon based delivery material has a surface area in the range of about 500 to about 2000

m Ig. In a non-limiting embodiment, a carbon based delivery material has a surface area in

the range of about 1000 to about 2500 m2/g. In a non-limiting embodiment, a carbon based

delivery material has a surface area in the range of about 1000 to about 3000 m /g. In a non-

limiting embodiment, a carbon based delivery material has a surface area in the range of

about 800 to about 1200 m2/g. In a non-limiting embodiment, a carbon based delivery

material has a surface area in the range of about 800 to about 1500 m2/g. In a non-limiting

embodiment, a carbon based delivery material has a moisture content in the range of 0 to

about 2% In a non-limiting embodiment, a carbon based delivery material has a moisture

content in the range of 2 to about 5% In a non-limiting embodiment, a carbon based delivery

material has a moisture content in the range of 5 to about 15% . In a non-limiting

embodiment, a carbon based delivery material has a moisture content in the range of 15 to

about 25% . In a non-limiting embodiment, a carbon based delivery material has a moisture

content in the range of 25 to about 50%. In a non-limiting embodiment, a carbon based

delivery material has a moisture content in the range of 50 to about 00% . In a non-limiting

embodiment, a carbon based delivery material has an iodine number in the range of about 0-

500. In a non-limiting embodiment, a carbon based delivery material has an iodine number

in the range of about 500- 1000. In a non-limiting embodiment, a carbon based delivery

material has an iodine number in the range of about 1000-1 500. In a non-limiting

embodiment, a carbon based delivery material has a pore volume of about 0 .1 cm Ig to about

1.5 cm /g. In a non-limiting embodiment, a carbon based delivery material has a pore

volume of about 0.5 cm /g to about 1.5 cm /g. In a non-limiting embodiment, a carbon based

3 3delivery material has a pore volume of about 0.7 cm Ig to about 1.5 cm Ig. In a non-limiting

embodiment, a carbon based delivery material has a pore volume of about 1 cm /g to about

1.5 cm /g.

In a non-limiting embodiment a silicate delivery material comprises one or more of

the following properties: a particle size of 5nm to 5mm, a pore volume of 0.5-5 cm /g, a

surface area of 0.01 -2000 m2/g. In a non-limiting embodiment, a silicate delivery material

comprises one or more of the following properties: a pore size of 60 A, a mean particle

diameter of 63-200 µη , a pore volume of 0.7-0.85 cm /g, a surface area of 480 m /g. In a

non-limiting embodiment, a silicate delivery material has a surface area in the range of about

0.01 to about . l m /g. In a non-limiting embodiment, a silicate delivery material has a

surface area in the range of about 0.1 to about 1 m Ig. In a non-limiting embodiment, a



silicate delivery material has a surface area in the range of about 1 to about 50 m2/g In a

non-limiting embodiment, a silicate delivery material has a surface area in the range of about

50 to about 2500 m /g. In a non-limiting embodiment, a silicate delivery material has a

surface area in the range of about 50 to about 500 m /g. In a non-limiting embodiment, a

silicate delivery material has a surface area in the range of about 100 to about 1500 m2/g. In

a non-limiting embodiment, a silicate delivery material has a surface area in the range of

about 500 to about 1000 m2/g. In a non-limiting embodiment, a silicate delivery material has

a surface area in the range of about 000 to about 500 m2/g. In a non-limiting embodiment,

a silicate delivery material has a surface area in the range of about 1500 to about 2500 m /g.

In a non-limiting embodiment, a silicate delivery material has a surface area in the range of

about 100 to about 1500 m2/g. In a non-limiting embodiment, a silicate delivery material has

a surface area in the range of about 500 to about 1500 m /g. In a non-limiting embodiment, a

silicate delivery material has a particle size of about 5 nm to about 1000 nm. In a non-

limiting embodiment, a silicate delivery material has a particle size of about 5 nm to about

500 nm. In a non-limiting embodiment, a silicate delivery material has a particle size of

about 5 nm to about 1000 nm. In a non-limiting embodiment, a silicate delivery material has

a particle size of about 50 nm to about 1000 nm. In a non-limiting embodiment, a silicate

delivery material has a particle size of about 1 µιη to about 10 µι . In a non-limiting

embodiment, a silicate delivery material has a particle size of about 10 µιη to about 5mm. In

a non-limiting embodiment, a silicate delivery material has a particle size of about 10 µ to

about 0.5mm. In a non-limiting embodiment, a silicate delivery material has a pore volume

of about 0.1 cm /g to about 10 cm /g. In a non-limiting embodiment, a silicate delivery

material has a pore volume of about 0.5 cm /g to about 5 cm /g. In a non-limiting

embodiment, a silicate delivery material has a pore volume of about 0.5 cm /g to about 2

cm /g. In a non-limiting embodiment, a silicate delivery material has a pore volume of about

0.5 cm /g to about 2 cm /g In a non-limiting embodiment, a silicate delivery material has a

pore volume of about 0.5 cm3/g to about 10 cm3/g. In a non-limiting embodiment, a silicate

delivery material has a D-spacing of about 3.5 A to 4.05 A . In a non-limiting embodiment, a

silicate delivery material has a D-spacing of about 3.0 A to 4.5 A.

In some embodiments, the storage and release parameters of the matrices described

herein can be influenced by a combination of chemical and physicochemical interactions

between the active ingredient and the delivery material. In a non-limiting embodiment, the

storage and release parameters are influenced by chemical interactions between an embedded

complexing agent of the delivery material and the active ingredient and/or



adsorption/desorption equilibria between the active ingredient and the inert chemical surface,

internal or external, of the delivery material. Characteristics of the delivery material can also

be modified to allow for different weight loadings of the active ingredient. It is contemplated

herein that material properties including, but not limited to the specific chemical surface area,

pore diameter, particle size, and pore volume of the delivery material influences and/or

controls the weight capacity of matrix storage and rate of release from the matrix of the active

ingredient. It is also contemplated herein that hydrophobicity, hydrophilicity, chemical

potential, zeta-potential, acidity, basicity, surface functionalization, and surface functional

group density of a delivery material influences and/or controls the weight capacity of matrix

storage and rate of release from the matrix of the active ingredient. Delivery materials may

be selected based on specific chemical surface area, pore diameter, and pore volume of the

delivery material in order to control the weight capacity of matrix storage and rate of release

from the matrix of the active ingredient. Additionally, changing or modifying the surface

area and/or pore size of the delivery material results in other delivery materials, offers a

unique storage capacity and rate of release per combination of delivery material and active

ingredient. For example, complexing agents embedded in a delivery material may introduce

specific chemical interactions between the complexing agent and the active ingredient that

retard or accelerate the rate of release of the active ingredient, relative to the rate of release of

active ingredient from a matrix comprising the active ingredient and an unmodified delivery

material and/or relative to the rate of release of active ingredient from a complex of just the

complexing agent and the active ingredient. Alternatively or in addition, adsorption-

modifying functionalities in the delivery material can modify the chemical potential of the

delivery material (with respect to the chemical potential of a porous and/or high surface area

material alone or with respect to the chemical potential of an adsorption-modifying

functionality alone) by enabling ensemble dynamic interactions between the adsorption-

modifying functionality and the active ingredient. In any of these examples, the sum of

chemical and physicochemical interactions within a delivery material, modified or

unmodified by either complexing agents or adsorption-modifying functionalities, allows the

delivery material to load active ingredient in excess of what would be expected for

stoichiometric interactions between a complexing agent and an active ingredient.

Generally, a host-guest molecular interaction of a-cyclodextrin and 1-MCP has a

binding constant »1. These host-guest molecular complexes lock or partially retain the 1-

MCP into the cage or cavity structure of the a-cyclodextrin and cannot control release 1-

MCP as do the matrices described herein. Moreover, a host-guest molecular complex of -



cyclodextrin and 1-MCP general has a 1:1 stoichiometry, whereas matrices described herein

enable a higher loading capacity than what would be expected of merely a molecular

complexation. For matrices comprising complexing agents, for example, the weight capacity

for an active ingredient may change with the interaction of (a) and (b), where (a) = varying

concentration of complexing agents embedded in a delivery material, and (b) = varying

surface area of the delivery material. The modifications of (a) and (b) separately neither

predict the weight capacity nor the active ingredient release rate of the matrix a priori. For

example, the interaction of at least parameters (a) and (b) allows the advantage of providing a

unique weight capacity and release rate of the active ingredient for unique compositions of

the delivery material. The delivery material can also be modified in other ways in order to

control the storage and release of an active ingredient from the matrices described herein.

Figure 2 shows a cross-section of a non-limiting illustrative embodiment of a matrix

200 comprising an active ingredient 20 and a delivery material 100. As shown in Figure 2,

matrix 200 comprises a porous delivery material 100 and an active ingredient 20. In the

embodiment illustrated by Figure 2, matrix 200 contains at least one macropore 10, at least

one mesopore 11, and at least one micropore 12. In a non-limiting embodiment, at least one

of the macropore 10, mesopore 11, and micropore 12 stores active ingredient 20. The matrix

200 illustrates active ingredient 20 stored in macropores 10 and mesopores 11 of the matrix

200. Micropores 12 may also store active ingredient 20. As Figure 2 is a non-limiting

example and is not drawn to scale, it should be noted that other storage concentrations of

active ingredient 20 in matrix 200 can be achieved by the embodiments of the invention

contemplated herein. Moreover, different positions of active ingredient 20 within the pores

10, 11, 12 of matrix 200 are also contemplated. In a non-limiting embodiment, the active

ingredient 20 is a cyclopropene. In a non-limiting embodiment, active ingredient 20 is 1-

MCP.

Figure 2 also illustrates active ingredient 21. Active ingredient 2 1 is the same active

ingredient as active ingredient 20; however, active ingredient 1 has been released from

matrix 200. As further discussed below, an advantage of the matrix 200 disclosed herein is

that it enables and/or can be configured for extended, accelerated, or controlled release of

active ingredients.

In a non-limiting embodiment a matrix 200 as described herein comprises a delivery

material 100 and an active ingredient 20. The matrices described herein may allow access to

new active ingredient release kinetics and increase material capacity for gaseous active

ingredients as compared to, for example, previously known host-guest complexes and active



ingredient adsorbates. The matrices herein may be configured for controlled release of at

least one active ingredient. In a non-limiting embodiment the at least one active ingredient is

in the vapor phase or gas phase. Although not illustrated, matrices comprising a delivery

material and an active ingredient 20 can also be formed with delivery material 300. n a non-

limiting embodiment, the matrix comprises a delivery material 300, the delivery material

comprising one or more complexing agents 40 in a concentration of 0-50 mol% of the total

delivery material, the matrix further comprising at least one active ingredient 20.

Figure 6 shows an example of an internal view of a pore 6 1 of a matrix 600, the

matrix comprising a porous delivery material 300 (of Figure 3, for example), complexing

agent 40, and active ingredient 20. A complexing agent 40 encapsulating active ingredient 20

is shown as complex 42. In a non-limiting embodiment, the complexing agent is embedded

into the porous delivery material 300. In a non-limiting embodiment, the delivery material

300 comprises a complexing agent 40, a porous and high surface area material, at least one

complexing agent 40 embedded onto a pore 6 1 of the porous and high surface area material.

In a non-limiting embodiment, the delivery material 30 is a high-surface area material.

Delivery materials comprising complexing agents 40 can combine the molecular host-guest

interaction, for example, with an adsorption/desorption equilibrium at the material surface,

resulting in unique storage and controllable release parameters. Characteristics of the

delivery material, for example, an amount or weight percent of complexing agent comprising

the delivery material can be modified to provide deliberately accelerated or deliberately

decelerated release of the active ingredient. An advantage of the modifiable delivery material

as disclosed herein is that the total rate of release of an active ingredient is unique to the

chemical and physicochemical composition of the delivery material. With regard to

complexing agents, however, it should be noted that Figure 6 is illustrative only, and that

complexes 42 are not necessarily present in the matrices described herein. In some

embodiments, a matrix comprises a delivery material absent a complexing agent, and an

active ingredient.

In some embodiments, complexation of an active ingredient 20 with a complexing

agent 40 may be accomplished using various clathrates, cage compounds, host-guest

complexes, inclusion compounds, intercalation compounds, aromatic groups, aliphatic

groups, templating surfactants, and adducts. The clathrates, cage compounds, host-guest

complexes, inclusion compounds, intercalation compounds, aromatic groups, templating

surfactants, and adducts may be embedded into or onto a porous material such as

macroporous, mesoporous, or microporous silica, or non-porous silica particles. Complexes



comprising a complexing agent and active ingredient may release an entrapped active

ingredient (into the void of pore 61, for example) of above a temperature at which the

complex becomes unstable in some embodiments. In some embodiments, complexes may

release an entrapped active ingredient (into the void of pore 6 1 and, possibly eventually out

of the matrix, for example) upon dehydration, or when the complex falls below a given

concentration of water.

In some embodiments, the active ingredient may be present in the delivery material at

up to about 25% by weight of the overall matrix. The storage capacity for an active

ingredient or ingredients can be uniquely tailored in the matrices described herein as a

function of at least (a) the nature of the active ingredient employed, including, but not limited

to hydrophobicity, molecular weight, and boiling point of the active ingredient; (b) the

physicochemical characteristics of the delivery material, including but not limited to the

hydrophobicity, chemical surface area, crystallinity, and/or pore size and volume within the

delivery material; and (c) the chemical characteristics of the delivery material, including, but

not limited to, the hydrophobicity or hydrophilicity of the delivery material, the degree of

chemical functionalization of the delivery material (for instance by sulfonic, nitric, or

carboxylic acid groups), the degree of oxidation of the delivery material, or the degree of

aliphatic and aromatic functionalization of the delivery material. For example, delivery

materials as described herein comprised of 75-100% carbon and having surface areas of 800

2000 m /g can be charged with 0-25 wt% of 1-MCP via contact in either the liquid or gas

phase with said active ingredient. In another embodiment, a delivery material with the

chemical composition Si0 2 and with a chemical surface area of 846 m / may be

impregnated with 10wt% of carvacrol to yield a matrix that delivers the carvacrol in a

controlled release fashion over time.

Preparation, loading, or charging of the delivery material with an active ingredient to

produce a matrix can be performed by, for example and including, but not limited to, directly

contacting the delivery material with the pure liquid active ingredient; directly contacting the

delivery material with a solution of any kind containing the active ingredient; directly

contacting the delivery material with an active ingredient in pure gas form; directly

contacting the delivery material with a gas mixture containing the active ingredient; directly

contacting the delivery material with an active ingredient in the vapor phase; directly

contacting the delivery material with a gas mixture containing the active ingredient in the

vapor phase.



In a non-limiting embodiment the concentration of an active ingredient in the matrix

may be controlled via the manner in which the active ingredient is introduced into the matrix.

An active ingredient with a high boiling point, for instance > 100 °C, may be dissolved in a

compatible solvent with a low boiling point, for instance < 100 °C, and slurried with a solid

delivery material so as to evenly disperse the active ingredient over the total surface, internal

and external, and throughout the total void volume of the delivery material. In a non-limiting

embodiment, the volume of a solution containing, for example, about 0.01 - 30wt of the

active ingredient, relative to the weight of the delivery material, may equal the total solid

volume of the delivery material such that a "wicking" effect draws the active ingredient into

pores of the delivery material, effectively distributing it throughout the matrix. Such a

technique may sometimes be referred to herein as "incipient wetness impregnation." In this,

and other methods in which the active ingredient is loaded into the delivery material via a

solution in another solvent, a low-boiling solvent may then be evaporated either through

drying, heating, or dynamic vacuum. In a non-limiting embodiment, the active ingredient

may be incorporated into the delivery material via chemical grafting. For example, an active

ingredient may be dissolved in a compatible solvent in a concentration from 0.01 - 25wt ,

relative to the delivery material. The delivery material may then be slurried with this solution

for a time, during which the active ingredient grafts to chemically available sites on the

delivery material. Excess solution may be removed via filtration of the solid matrix, resulting

in a matrix with a controlled concentration of the active ingredient. Those with ordinary skill

in the art will be aware of other appropriate methods for charging the delivery material with

active ingredient to arrive at the compositions described herein.

Treatment of the prepared, loaded, or charged matrix after such a preparation can

occur via, but is not limited to, removal of excess active ingredient by vacuum, distillation,

evaporation, or blow-off; removal of excess solvent by vacuum, distillation, evaporation, or

blow-off; isolation of the matrix under inert atmosphere, for instance nitrogen, to preserve the

nature of the active ingredient; isolation of the matrix at low temperatures, for instance -30

°C, to preserve the nature of the active ingredient and/or prevent or retard release of the active

ingredient from the matrix; steaming the matrix with water at an elevated temperature (20 °C

or greater) to accelerate release of the active ingredient; and other methods. While such

treatments may increase or decrease the inherent rate of release of the active ingredient from

the matrix, these treatments do not destroy the fundamental advantages of the matrix.

The matrices may be incorporated into a structure, for example, non-wovens, wovens,

knits, coated substrates, impregnated substrates, various forms of paper, cardboard, paper



products, paper derivatives, fabrics, fibers, films, cloths, and coatings. The matrices may also

be incorporate into a structure such as wood, metal, clays, pulp, plastics, and other materials

commonly used for planting, potting, shipping, harvesting, crating, storing, and supporting

produce. The structures may be formed from natural materials, synthetic materials, or a

combination thereof. Other structures may include dispersions, froths, foams, powders,

flakes, pellets, or the like. In some embodiments, the matrices may be incorporated into a

structure through compression molding, extrusion, injection molding, blow molding, dry

spinning, melt spinning, wet spinning, solution casting, spray drying, solution spinning, film

blowing, calendaring, rotational molding, powder injection molding, thixomolding, and other

various methods.

The matrices may be incorporated into a sachet, insert, paint, gel, coating, powder or

encased in a capsule, pod, compartment, or container for the purpose of sale and ease of use

for application. These means of application may apply to any scale of treatment space or

active ingredient application, and may be adapted to the particular compartment or container

of target produce. In a non-limiting embodiment, this material may be enclosed in a

container, or "pod", which upon breakage of a seal, would serve to release the active

ingredient. The pod may be plastic or another suitable material.

In a non-limiting embodiment, the matrix is incorporated into a structure or form

factor by being sealed inside the structure or form factor. In a non-limiting embodiment, the

structure or form factor is comprised of a material that is one or more of food safe, non-

absorptive, air permeable (but not necessarily porous). In a non-limiting embodiment, the

one or more of food safe, non-absorptive, air permeable (but not necessarily porous) structure

comprises a sachet. In a non-limiting embodiment, the sachet is porous. In an embodiment,

the delivery material is charged with active ingredient prior to be deposited and sealed in a

sachet. For example, the sachet may be prepared by depositing the composition in the sachet

and then sealing the sachet.

In a non-limiting embodiment, a sachet material comprises one of a polypropylene

material, polyethylene material (e.g. TYVEK™), and a cellulose based material. In a non-

limiting embodiment, the Gurley Hill porosity measurement of a sachet material is 45-60

sec/100 cm -in. In some embodiments, the structure comprising the matrix or the means of

holding, encapsulating, encasing, or enrobing the material may further modulate active

ingredient release properties. In some embodiments, the composition and/or the structure

containing the matrix therein may be transported in hermetically sealed packaging.



In some embodiments, the compositions herein may be used as soil additives. In a

non-limiting embodiment, the matrices discussed herein can be used in or incorporated into

refrigeration systems and other cold compartments, refrigeration filtration systems and the

like.

The rate of release of the active ingredient(s) from the matrix disclosed herein may be

controlled in various manners, some of which are discussed above. The rate of release may

also be affected, for example, by varying the concentration of the active ingredient in the

matrix. The rate of release may also be affected, for example, by modifying certain

characteristics of the delivery material, for example, by varying the size of the delivery

material' s particles, by introducing a binder, oil, or other manner of encapsulation, including,

but not limited to, encapsulation using a hydrogel or polymer, by varying the chemical

structure, size, or composition of carbohydrates or other organic molecules that may be

grafted into the delivery material, or by varying the nature or ratio of templating surfactants

added to the material. The rate of release may also be affected, for example, by mixing a

combination of two or more delivery materials with different compositions with respect to

any of the above variables.

In some embodiments, the rate of release or amount of release may also be controlled

by selecting a desired quantity of the delivery material or composition. For example, in a

non-limiting embodiment, a user may select a smaller mass of composition for a smaller

release of active ingredient, or a larger mass for a greater release of active ingredient. In

some embodiments, the presence of additives may influence the rate of release of active

ingredient. For example, adding a diluent material may modify the rate of release, amount of

release, or concentration of active ingredient present in the total composition (e.g. including

the diluent material). As a non-limiting example, a diluent material is combined, mixed with,

or added to an already formed composition (e.g. comprising a delivery material impregnated

with active ingredient). In some cases, the diluent material is a different material than the

delivery material used in the composition. In some cases, the diluent material may be the

same material as the delivery material used in the composition. As a non-limiting example, a

diluent material may be a carbon based material which is mechanically mixed with a

composition (e.g. comprising a carbon based delivery material impregnated with active

ingredient) after the composition has been formed. As another non-limiting example, a

diluent material may be an activated carbon which is mixed with a composition (e.g.

comprising an activated carbon delivery material impregnated with active ingredient) after

the composition has been formed. As another non-limiting example, a diluent material may



be an silicate material which is mixed with a composition (e.g. comprising an silicate delivery

material impregnated with active ingredient) after the composition has been formed.

In a non-limiting embodiment the release of an active ingredient from the matrix can

be accomplished passively, that is, without the addition of external wetting, hydrating, or

chemically reactive agents in order to affect the release of the active ingredient from the

delivery material. In other embodiments, an initial release of the active ingredient may be

obtained within seconds or minutes of the matrix disclosed herein contacting water. In some

embodiments, the release of an active ingredient from the matrix occurs as a function of

temperature. For example, delayed release may be accomplished by storing the matrix at

very low temperatures (e.g. approximately -20°C or lower) until release is required. In some

embodiments, an initial release of the active ingredient may be delayed for several hours. In

other embodiments, an initial release of the active ingredient may be delayed for several days,

weeks, or months. In a non-limiting embodiment, the active ingredient is liberated from the

delivery material without the use of a solvent. In a non-limiting embodiment, after delayed

release and once release is desired, the active ingredient is liberated from the delivery

material without the use of a solvent. In an embodiment, the active ingredient 1-MCP is

liberated from the delivery material without the use of a solvent at temperatures between 0°C

and ambient room temperature, the release beginning essentially instantaneously after the

delivery material is charged with 1-MCP to form the matrix.

In embodiments where the matrices are in contact with, embedded on, embedded

within, or incorporated into a structure, the structure can be sized appropriately to control

release of the active ingredient. Discrete structures, for example, pellets, flakes, and powders

are advantageous for use in applications requiring a measurable or controllable dosage of the

active ingredient. Pellets and flakes may be advantageous for various dispersal methods, for

example, where the pellets or flakes are scattered throughout a field during planting or prior

to harvesting. Films and sheets, for example, may also provide measurable and controllable

dosage due to the ability of the user to select a desired length of film or sheet. In other

embodiments a smaller area or smaller volume of the structure may be selected for smaller

release amounts of active ingredient. In other embodiments, the rate of release may be

influenced based upon the rate in which the hygroscopic components used in forming the

structure dissolve or swell in water. In other embodiments, the rate of release may be affected

by the rate at which water diffuses through the structure and the location of the matrix within

the structure.



Various applications for which the active ingredients disclosed herein may be used

may require different amounts of active ingredient dosing. As described above, structures

described herein may advantageously provide for selective dosing. Other applications may

require different doses of active ingredient to be delivered at various times. Structures and

compositions described herein may provide for various modes of degradation, allowing for

multiple releases or multiple release rates. For example in a non-limiting embodiment,

structures may provide for an initial release of active ingredient upon exposure to air, and a

second release of active ingredient upon contact with moisture or humidity. In some

embodiments, compositions and structures disclosed herein may provide an initial burst or

high-concentration release of active ingredient, followed by a lower-concentration release

over time. In other embodiments, compositions and structures disclosed herein may provide

an initial low-concentration release over time, followed by a high-concentration release at a

given time or condition.

These and other aspects will be further appreciated upon consideration of the

following Examples, which are intended to illustrate certain particular embodiments of the

invention but are not intended to limit its scope, as defined by the claims.

EXAMPLES

i -Methylcyclopropene (1-MCP)

While the e mples described below are related to the storage of the active ingredient

1-MCP in and its release from the delivery materials described herein, a person skilled in the

art would appreciate that the same or similar charging methods can be effective, for example,

for cyclopropene, other cyclopropene derivatives, cyclopentadiene, diazocyclopentadiene,

their derivatives, and other active ingredients to arriye at the matrices described herein.

These examples use 1-MCP because it is one of the most active derivatives of cyclopropene

that binds to the ethylene receptor site of plants.

Synthesis and Generation of 1-MCP

Synthesis methods for generating 1-MCP are known in the art. Herein described are

three examples of known methods for generating 1-MCP, appreciating that other methods for

generating 1-MCP may also be employed.

Generation of 1-MCP: Example 1

1-MCP is purchased in powder form as ETHYLBLOC™ (FLORALIFE®;

Walterboro, South Carolina), which contains 0.14% 1-MCP by weight. Depending on the

concentration of 1-MCP gas desired, the ETHYLBLOC™ powder is weighed and placed in a



glass flask holding distilled water as a solvent. The solution is then mixed and held at room

temperature, for example, over time to develop the desired concentration of 1-MCP gas. The

glass flask holding the 1-MCP gas has a gas inlet and outlet port to allow continuous flow. 1-

MCP generation as extracted from ETHYLBLOC™ has been described in the art. For

example, see "Development of a 1-Methylcyclopropene (1-MCP) Sachet Release System,"

Journal of Food Science, 2006, Vol. 71, Nr. 1; p . C1-C6, which is incorporated herein by

reference.

Generation of 1-MCP: Example 2

1-MCP is generated from a 1-MCP-Li suspension in mineral oil, which is prepared by

reacting lithium diisopropylamide (LDA) with 3-chloro-2-methylpropene under a nitrogen

environment which is described in "Kinetics of Molecular Encapsulation of 1-

Methylcyclopropene into a-Cyclodextrin," Journal of Agricultural and Food Chemistry,

2007, 55(26): p . 11020-11026, which is incorporated herein by reference in its entirety. Table

1 summarizes the reaction conditions that can be used to synthesize 1-MCP in this manner.

TABLE 1 15

Reaction conditions to synthesize 1-MCP

LDA: 3-chloro-2-methylpropene
Reaction mixture component

= 4:1 (molar ratio)

Reaction temperature Ambient temperature (23 °C)

Reaction time 1.5 hours

Yield (based on 1 mol of 3-chloro-2
60% (0.6 mol of 1-MCP)

methylpropene)

Generation of 1-MCP: Example 3

At room temperature, nitrogen gas (99.95% pure) is pumped into a nitrogen vessel

(351/2"x28"x32") containing either sodium amide powder (90%-NaNH2) or lithium

diisopropylamide powder (97%-[(CH3) CH]2 NLi). A separate powder addition vessel is also

purged with the same nitrogen gas. Purging with nitrogen is necessary because of the

reactivity of the above-mentioned Lewis bases with air, and to eliminate any contamination

before conducting the synthesis reaction. In the powder addition vessel containing the inert

atmosphere, the sodium amide (or an equivalent molar concentration of lithium

diisopropylamide) is added in an amount ranging from 365-1 100 grams, with the larger

amount being preferred. To weigh the proper amount of the Lewis base, all weighing is



performed in a nitrogen box with nitrogen purging to eliminate oxygen and the threat of

spontaneous ignition of the base. Special care is important when working with such bases for

proper safety.

Once the Lewis base in powder form is completely added, the openings in the powder

addition vessel that were used for purging are sealed off to exclude air. The powder addition

vessel is attached to the main system. The reaction vessel, which already has been purged

with nitrogen and has been partially evacuated, is opened to the powder addition vessel to

allow the powder to fall into the reaction vessel with the aid of nitrogen flow. Nitrogen enters

the powder addition vessel during transfer of the Lewis base.

After the powder is transferred into the reaction vessel, the ball valve is closed. After

the powder is added, a light mineral oil (dried with molecular sieves) or another equivalent

solvent is added by opening the connecting ball valve and allowing it to pour into the reaction

vessel with the aid of nitrogen flow. The amount of oil added during the reaction can vary

from 1-47 liters, with the higher amount 47 liters being preferred. The reaction vessel is then

purged and closed. The reaction vessel temperature is adjusted to a temperature anywhere

from 0° C. to 75° C, and preferably about 20° C. to start the reaction. The temperature can be

raised or lowered by heating or chilling the jacket using a circulating pump. Should the

holding capacity of the vessel be exceeded, the procedure is repeated.

During the addition of ingredients, the contents of the reaction vessel are stirred with

a propeller mixer, but splashing of the contents should be avoided. After mixing for 1-60

minutes, and preferably for about 20 minutes, 3-chloro-2-methylpropene is added to the

reaction vessel in an amount ranging from 0.15-1.0 liters. During the addition of the 3-chloro-

2-methylpropene, there is continuous purging with nitrogen gas. The liquid reactant 3-chloro-

2-methylpropene is added slowly over a period of 20 minutes. During this addition, the

temperature of the reaction vessel is monitored and kept at less than 40° C. Once the 3-

chloro-2-methylpropene is completely added, the vessel should be agitated for an additional

1-30 minutes, and preferably for 15 minutes, using the propeller mixer discussed above. A

reaction vessel pressure of about two atmospheres is used in this example.

After all the 3-chloro-2-methylpropene has been reacted, the desired end-product,

methylcyclopropene, exists as a sodium salt. To react the remainder of the Lewis base and

facilitate liberation of the methylcyclopropene product, the nitrogen purge is stopped and

water is added ranging from 0.00-1.47 liters by adding the water under positive pressure over

a period of 1 hour. Once all the water has been added, a ball valve connecting the vessel with

the condenser is opened and the headspace 1-MCP gas can be utilized. 1-MCP generation in



this fashion is described in U.S. Patent No: 6,017,819, which is incorporated herein by

reference in its entirety.

Charging Process

In a non-limiting embodiment, in order to form e compositions described herein, a

stream of gaseous (or liquid) active ingredient at a known concentration is flowed through a

tube of delivery material using an inert air stream (such as N ) at a sufficient rate and

duration to exhaust the desired amount of active ingredient into the tube of delivery material.

Depending on the purity of active ingredient, the temperature of the vessel containing the

active ingredient may be adjusted to reduce impurities fro loading into the delivery

material. For example, if the active ingredient has a lower boiling point than impurities also

contained in the vessel, the vessel containing the active ingredient (and impurities) may be

chilled to a temperature below the boiling point of the active ingredient.

Manufacture of Matrix comprising 1-MCP

One non-limiting example of an illustrative process for manufacturing matrices

comprising 1-MCP is described. A chilled vessel (0°C or less, for example) placed in an ice

bath containing a desired amount of 1-MCP is connected to a packed bed column containing

a desired amount delivery, for example, activated charcoal (available as DARCO® or other

commercial charcoals). Under inert air stream (for example, N2), a known concentration of

1-MCP vapor is forced through the packed bed column until a desired amount of 1-MCP has

been exposed to the packed bed column in order to arrive at the desired weight loading. The

delivery materials described herein are efficient adsorbers of 1-MCP. Therefore, a skilled

artisan will appreciate that the desired weight percent of 1-MCP in the matrix may be

achieved, for example, by controlling the system variables such as the concentration of 1-

MCP in the inert air stream and the mass of delivery material in the packed bed column.

Material weight gain may be measured after the charging process to assess the

ultimate weight loading of 1-MCP in the matrix. If a lower weight loading is desired, diluent

material (in the form of uncharged delivery material, for example) may be added. The

resulting matrix material may be packaged in form factors such as sachets or injection

molded "pods" for example, for sales dress. In order to delay release or prevent release of 1-

MCP from the matrix (and/or form factors holding the material), the resulting composition

may be stored at cold temperatures (0°C or less, for example) until release is desired.

Some non-limiting specific examples various compositions are provided below.



SAMPLE 1: A commercial carbon material (NORIT A®, Fisher Scientific) was

obtained as an extrudate of 0.8mm pellets. The carbon had a surface area of 1146 m2/g as

determined by N2 physisorption and BET analysis. The delivery material was charged with 1-

MCP (e.g. available in the form of ETHYLBLOC™, from FloraLife®) in the vapor phase by

slowly flowing a mixture of nitrogen and gaseous 1-MCP through a packed tube of the

powder for 30 minutes. Thermogravimetnc analysis of this matrix recovered a total of 14.7

wt 1-MCP per gram of matrix (147 mg 1-MCP/g matrix).

SAMPLE 2 : A commercial carbon material (NORIT A®, Fisher Scientific) was

obtained as an extrudate of 0.8mm pellets. The carbon had a surface area of 1146 m g as

determined by N2 physisorption and BET analysis. The carbon was modified with 70% nitric

acid by refluxing lOg of carbon in 100 mL of 70% nitric acid for 18 hours, then isolating the

solid by filtration and washing with water until the pH was neutral. The surface area of the

carbon after this treatment was 1001 m /g. The delivery material was charged with 1-MCP

(e.g. available in the form of EthylBlocTM, from FloraLife®) in the vapor phase by slowly

flowing a mixture of nitrogen and gaseous 1-MCP through a packed tube of the powder for

30 minutes. Thermogravimetric analysis of this matrix recovered a total of 10.0 wt% 1-MCP

per gram of matrix (100 mg 1-MCP/g matrix).

SAMPLE 3: A commercial carbon material (DARCO ®, Sigma-Aldrich) was obtained

as a powder with a particle size of 100 mesh. The carbon had a surface area of 843 m2/g as

determined by N2 physisorption and BET analysis. The delivery material was charged with 1-

MCP (e.g. available in the form of EthylBloc™, from FloraLife®) in the vapor phase by

slowly flowing a mixture of nitrogen and gaseous 1-MCP through a packed tube of the

powder for 30 minutes. Thermogravimetric analysis of this sample recovered a total of

1.0wt% of 1-MCP (10 mg 1-MCP/g matrix).

SAMPLE 4 : A commercial carbon material (DARCO ®, Sigma-Aldrich) was obtained

as a powder with a particle size of 100 mesh. The carbon had a surface area of 843 m2/g as

determined by N2 physisorption and BET analysis. The carbon was modified with 70% nitric

acid by refluxing lOg of carbon in 100 mL of 70% nitric acid for 18 hours, then isolating the

solid by filtration and washing with water until the pH was neutral. The surface area of the

carbon after this treatment was 846 m /g. The delivery material was charged with 1-MCP

(e.g. available in the form of EthylBloc™, from FloraLife®) in the vapor phase by slowly

flowing a mixture of nitrogen and gaseous 1-MCP through a packed tube of the powder for

30 minutes. Thermogravimetric analysis of this sample recovered 23.8 wt% 1-MCP (238 mg

1-MCP/g matrix).



SAMPLE 5: A silicate material with the overall chemical formula Si0 2 was prepared

according to the procedure previously described for Delivery Material A from

tetraethylorthosilicate (TEOS, Acros Organics). Cetyltrimethylammonium bromide (CTAB,

Acros Organics) was used as the surfactant and was not extracted from the silicate once the

material was formed. The resulting delivery material had a specific surface area of99 m2/g, a

d-spacing of 4.08 A, and 0 mol embedded complexing agent. The delivery material was

charged with 1-MCP (e.g. available in the form of EthylBloc™, from FloraLife®) in the

vapor phase by slowly flowing a mixture of nitrogen and gaseous 1-MCP through a packed

tube of the power for 30 minutes. This matrix contained 3 wt% 1-MCP (30 mg 1-MCP/g

matrix).

SAMPLE 6: A silicate material with the overall chemical formula Si0 2 was prepared

according to the procedure previously described for Delivery Material A from

tetraethylorthosilicate (TEOS, Acros Organics). Cetyltrimethylammonium bromide (CTAB,

Acros Organics) was used as the surfactant and was extracted from the silicate once the

material was formed by refluxing in methanol and concentrated hydrochloric acid for 48

hours. The resulting delivery material had a specific surface area of 1022 m /g, a d-spacing of

4.02 A, and 0 mol embedded complexing agent. The sample was charged with 1-MCP (e.g.

available in the form of EthylBloc™, from FloraLife®) in the vapor phase by slowing

flowing a mixture of nitrogen and gaseous 1-MCP through a packed tube of the power for 30

minutes. This matrix contained 7.9 wt 1-MCP (79 mg 1-MCP/g matrix).

SAMPLE 7 : A silicate material with the overall chemical formula Si02 was prepared

according to the procedure previously described for Delivery Material A from

tetraethylorthosilicate (TEOS, Acros Organics). Cetyltrimethylammonium bromide (CTAB,

Acros Organics) was used as the surfactant and was extracted from the silicate once the

material was formed by refluxing in methanol and concentrated hydrochloric acid for 48

hours. The resulting delivery material had a specific surface area of 1022 m2/g, a d-spacing

of 4.02 A, and 0mol embedded complexing agent. The delivery material was charged with

1-MCP (e.g. available in the form of ETHYLBLOC™) in the vapor phase by slowing

flowing a mixture of nitrogen and gaseous 1-MCP through a packed tube of the power for 30

minutes. This matrix contained 9.2 wt 1-MCP (92 mg 1-MCP/g matrix).

SAMPLE 8: A silicate material with the overall chemical formula Si0 2 was prepared

according to the procedure as described in for Delivery Material B from

tetraethylorthosilicate (TEOS, Acros Organics). Cetyltrimethylammonium bromide (CTAB,

Acros Organics) was used as the surfactant and was removed via calcination of the material



at 600 °C in static air. The resulting delivery material had a specific surface area of 846 m /g,

a d-spacing of 4.02 A, and 0 wt embedded adsorption-modifying functionalities or

complexing agents. The delivery material was charged with carvacrol (Sigma-Aldrich, 98%)

in a solution in acetone via incipient wetness impregnation. The acetone was evaporated from

the sample first under dynamic vacuum in a conventional rotovap apparatus at 20 °C for 30

minutes, then by heating in an oven at 150 °C for 30 minutes. This matrix contained 10wt%

of carvacrol per gram of matrix.

SAMPLE 9: A silicate delivery material with the overall chemical formula Si0 2 was

prepared according to the procedure as described for Delivery Material B from

tetraethylorthosilicate (TEOS, Acros Organics). Cetyltrimethylammonium bromide (CTAB,

Acros Organics) was used as the surfactant and was removed via calcination of the material

at 600 °C in static air. The resulting delivery material had a specific surface area of 846 m g,

a d-spacing of 4.02 A, and 0 wt% embedded adsorption-modifying functionalities or

complexing agents. The delivery material was charged with thyme oil (Sigma-Aldrich, white,

FCC, FG) in a solution in acetone via incipient wetness impregnation. The acetone was

evaporated from the sample first under dynamic vacuum in a conventional rotovap apparatus

at 20 °C for 30 minutes, then by heating in an oven at 150 °C for 30 minutes. This matrix

contained 10wt% of thyme oil per gram of matrix.

SAMPLE 10: A matrix material was prepared by mechanically mixing 1 g of Sample

8 with 1 g of Sample 9 to give a 1: 1 ratio of the active ingredients. The final composition of

the matrix had the chemical formula Si0 2 and contained 0.050 g of carvacrol and 0.050 g of

thyme oil per gram of matrix.

SAMPLE 11: A silicate delivery material with the overall chemical formula Si0 2 was

prepared according to the procedure described for Delivery Material A from

tetraethylorthosilicate (TEOS, Acros Organics). Cetyltrimethylammonium bromide (CTAB,

Acros Organics) was used as the surfactant and was extracted from the silicate once the

material was formed by refluxing in methanol and concentrated hydrochloric acid for 48

hours. The resulting delivery material had a specific surface area of 1022 m /g, a d-spacing of

4.02 A, and 0mol% embedded complexing agent. The delivery material was impregnated

with D(+)-carvone (Acros Organics, 96%) in a methanol solution. For a 100 mg sample, 5 mg

of carvone was dissolved in 1.5 mg methanol and added to the powder with stirring for 30

min. The sample was then dried on a rotational evaporator for 30 mins and the sample further

dried in the oven at 100 °C. This matrix contained 5 wt% of carvone per gram of matrix.



SAMPLE 12: A silicate delivery material with a composition ratio of 10mol%

complexing agent to 90mol% Si0 2 was prepared according to the procedure described for

Delivery Material C from a mixture of tetraethylortho silicate (TEOS, Acros Organics) and β-

cyclodextrin (Alfa-Aesar) modified with silyl groups. As a molar ratio of Si, the mixture

contained 10mol% Si from silyl-modified β-cyclodextrin and 90% Si from TEOS.

Cetyltrimethylammonium bromide (CTAB, Acros Organics) was used as the surfactant and

was extracted from the silicate after it was formed by refluxing in methanol and concentrated

hydrochloric acid for 48 hours. The resulting delivery material had a specific surface area of

670 m g, a d-spacing of 3.85 A, and 10mol% embedded complexing agent. The delivery

material was impregnated with D(+)-carvone (Acros Organics, 96%) in a methanol solution.

For a 100 mg sample, 5 mg of carvone was dissolved in 1.5 mg methanol and added to the

powder with stirring for 30 min. The sample was then dried on a rotational evaporator for 30

mins and the sample further dried in the oven at 100 °C. This matrix contained 5 wt% of

carvone per gram of matrix.

SAMPLE 13: A silicate material with the overall chemical formula Si0 2 was prepared

according to the procedure described for Delivery Material A from tetraethylorthosilicate

(TEOS, Acros Organics). Cetyltrimethylammonium bromide (CTAB, Acros Organics) was

used as the surfactant and was extracted from the silicate once the material was formed by

refluxing in methanol and concentrated hydrochloric acid for 48 hours. The resulting delivery

material had a specific surface area of 1022 m2/g, a d-spacing of 4.02 A, and 0mol%

complexing agent. The delivery material was impregnated with thymol (Acros Organics,

99%) in a methanol solution. For a 100 mg sample, 5 mg of thymol was dissolved in 1.5 mg

methanol and added to the powder with stirring for 30 min. The sample was then dried on a

rotational evaporator for 30 mins and the sample further dried in the oven at 100 °C. This

matrix contained 5 wt% thymol per gram of matrix.

SAMPLE 14: A silicate delivery material with a composition ratio of 10mol%

complexing agent to 90mol% Si0 2 was prepared according to the procedure described for

Delivery Material C from a mixture of tetraethylorthosilicate (TEOS, Acros Organics) and β-

cyclodextrin (Alfa-Aesar) modified with silyl groups. As a molar ratio of Si, the mixture

contained 10mol% Si from silyl-modified β-cyclodextrin and 90% Si from TEOS.

Cetyltrimethylammonium bromide (CTAB, Acros Organics) was used as the surfactant and

was extracted from the silicate after it was formed by refluxing in methanol and concentrated

hydrochloric acid for 48 hours. The resulting delivery material had a specific surface area of

670 m2/g, a d-spacing of 3.85 A, and 10mol% embedded complexing agent. The delivery



material was impregnated with thymol (Acros Organics, 99%) in a methanol solution. For a

100 mg sample, 5 mg of thymol was dissolved in 1.5 mg methanol and added to the powder

with stirring for 30 min. The sample was then dried on a rotational evaporator for 30 mins

and the sample further dried in the oven at 100 °C. This matrix contained 5 wt% thymol per

gram of matrix.

SAMPLE 15: A silicate delivery material with the overall chemical formula Si02 was

prepared according to the procedure described for Delivery Material A from

tetraethylorthosilicate (TEOS, Acros Organics). Cetyltrimethylammonium bromide (CTAB,

Acros Organics) was used as the surfactant and was extracted from the silicate once the

material was formed by refluxing in methanol and concentrated hydrochloric acid for 48

hours. The resulting delivery material had a specific surface area of 1022 m2/g, a d-spacing of

4.02 A, and 0mol% complexing agent. The delivery material was impregnated with hexanal

(Acros Organics, 99%) in a hexanes solution. A 20 mg sample of powder was suspended in 1

mL of a 10 w/v% solution of hexanal in hexanes overnight. The sample was then left to dry

in open air for 10 hours until all hexanes had evaporated. This matrix contained 5 wt%

hexanal per gram of matrix.

SAMPLE 16: A silicate material with a composition ratio of 2.5mol% molecular

complexing agent to 97.5% Si02 was prepared according to the procedure described for

Delivery Material C from a mixture of tetraethylorthosilicate (TEOS, Acros Organics) and β-

cyclodextrin (Alfa-Aesar) modified with silyl groups. As a molar ratio of Si, the mixture

contained 2.5mol% Si from silyl-modified β-cyclodextrin and 97.5% Si from TEOS.

Cetyltrimethylammonium bromide (CTAB, Acros Organics) was used as the surfactant and

was extracted from the silicate after it was formed by refluxing in methanol and concentrated

hydrochloric acid for 48 hours. The resulting delivery material had a specific surface area of

988 m2/ , a d-spacing of 4.07 A, and 2.5mol% embedded complexing agent. The delivery

material was impregnated with hexanal (Acros Organics, 99%) in a hexanes solution. A 20

mg sample of powder was suspended in 1 mL of a 10 w/v% solution of hexanal in hexanes

overnight. The sample was then left to dry in open air for 10 hours until all hexanes had

evaporated. This matrix contained 5 wt% hexanal per gram of matrix.

Sample Characteristics

Surface areas of Samples 1-9 and 11-16 above were measured using a commercial

nitrogen physisorption and BET analyzer apparatus. The samples were outgassed at 120 °C

for 24h prior to physisorption measurements. The d-spacings of Samples 5-7 were measured



using a sample packed onto a glass sample holder in a conventional powder X-ray diffraction

apparatus equipped with a Cu K-a X-ray source.

Thermogravimetric analysis of Samples 1-4 was determined from one of two

complementary methods. In the first method, the delivery material was loaded with 1-MCP as

described, then ca. 1 g of the matrix was loaded into a glass vessel. The exact mass of matrix

was recorded to O.lmg accuracy, and the overall weight of the vessel was recorded to O.lmg

accuracy. The vessel was then subjected to vacuum at 50 °C in a conventional rotovap

apparatus attached to an oil vacuum pump with a rotational speed of 250 RPM. Care was

taken so that the sample did not dislodge into the rotovap. The sample was thus evacuated for

30 minutes and the mass of the vessel taken again. The difference in mass in the two samples

is attributed to the loss of 1-MCP from the matrix and was normalized to a mass of 1-MCP

per unit mass of matrix. In the second method, a ca. 1 g of matrix loaded with 1-MCP was

placed in a tared vial. The total mass of the vial plus the sample was then recorded. The

sample was placed overnight in an oven at 150 °C and left open to drive off any adsorbed

volatiles. After 18 h, the sample was removed from the oven, cooled, and reweighed. The

difference in sample mass is attributed to the loss of 1-MCP from the matrix and was

normalized to a mass of 1-MCP per unit mass of matrix.

The thermogravimetric analysis results are summarized in Table 2 below.

TABLE 1

Reaction conditions to synthesize 1-MCP

LDA: 3-chloro-2-methylpropene
Reaction mixture component

= 4:1 (molar ratio)

Reaction temperature Ambient temperature (23 °C)

Reaction time 1.5 hours

Yield (based on 1 mol of 3-chloro-2-
60% (0.6 mol of 1-MCP)

methylpropene)

The mass uptake of 1-MCP was determined for Samples 5-7 by first loading 250 mg

of the appropriate delivery material into a plastic tube atop a bed of quartz wool. A plug of

quartz wool was packed over the top of the sample to keep the sample in place. The tube was

then weighed on a precision balance and attached to a vapor-flow apparatus through tubing.

A mixture of nitrogen and 1-MCP was flowed through the bed of delivery material for 30

minutes, then the tube was disengaged from the vapor-flow apparatus and reweighed. The



mass difference is attributed to uptake of gaseous 1-MCP by the delivery material and

represents the weight content of 1-MCP present in the matrix.

The mass uptake analysis results for Samples 5-7 are summarized in Table 3 below.

[0100] Samples 5-7 are summarized in Table 3 below.

TABLE 3

1-MCP Weight Loadini s of Samples 5-7.
1-MCP Wt.

Mol
Loading (mg

Material Sample Surface Area d-Spacing Complexing
1-MCP/gAgent
matrix)

Unextracted silicate 5 99 m /g 4.08 A - 30
Extracted silicate 6 1022 m /g 4.02 A - 79
Extrated silicate 7 1022 m /g 4.07 A - 92

Mass difference methods were also used to determine the weight loading of various

active ingredients in Samples 8, 9, and 11-16. The mass difference before and after loading

is attributed to uptake of the active ingredient by the delivery material and represents the

weight content of the active ingredient present in the matrix. The mass uptake analysis

results for Samples 8, 9, and 11-16 are summarized in Table 4, below.

TABLE 4

Weight Loadings of Samples 8, 9, and 11-16.

Mol% Wt. Loading (mg
Active Ingredient Sample Surface Area d-Spacing Complexing active ingredient/g

Agent matrix)

Carvacrol 8 846 m2/g 4.02 A - 100
Thyme Oil 9 846 m2/g 4.02 A - 100
Carvone 1 1 1022 m /g 4.02 A - 50
Carvone 12 670 m2/g 3.85 A 10.0% 50
Thymol 13 1022 m /g 4.02 A - 50
Thymol 14 670 m2/g 3.85 A 10.0% 50
Hexanal 15 1022 m /g 4.02 A - 50
Hexanal 16 988 m2/g 4.07 A 2.5% 50

Release Tests from Samples - Release Reported as a Rate

The release of active ingredient from Samples 1-4 and 8 and 9 was determined using

headspace analysis of sealed vials containing 50 mg of the sample, as measured with a gas

chromatograph equipped with a flame ionization detector. Active ingredient released out of

Samples 1-4 was measured based on 1-MCP released from the composition. Active



ingredient released out of Sample 8 was measured based on carvacrol release from the

composition. Active ingredient released out of Sample 9 was measured based on thymol

release from the composition, as thymol is the principal active terpene compound in in thyme

oil. The vials were 45 mm tall and 20 mm wide with a mouth of 15 mm, for a total internal

volume of 8 mL. To seal the vials, a screw-cap with a TEFLON™ liner was screwed onto the

vial and the vial sealed with paraffin wax to prevent leakage. To eliminate the effects of

equilibrium adsorption of active ingredients, vials were left open to allow the active

ingredients to escape freely. At the appropriate timepoint (e.g. sixty (60) minutes prior to the

sample time), the vial was sealed for 1 hour to allow gas to build up in the headspace of the

vial, and a volume (e.g. 200µ ) was sampled from the headspace. In this way the rate of

release at a given timepoint could be measured. The GC oven temperature was set to 200 °C.

The area of the GC peak was calibrated by comparison to known quantities of 1-MCP

released from ETHYLBLOC™. The procedure was to place a quantity of ETHYLBLOC™

corresponding to the desired number of moles of 1-MCP in a sealed chromatograph vial, then

inject 1 mL of the ETHYLBLOC™ buffer solution into the vial. The vial was shaken to

promote complete release of 1-MCP and a sample of the headspace injected in the gas

chromatograph. By varying the amount of 1-MCP in each vial, a linear calibration for GC

peak area could be determined. For carvacrol and thymol, the location of the GC peaks were

determined via comparison to authentic samples in the same GC. The peak area was adjusted

to the specific response factor of carvacrol and thymol using an Effective Carbon Number

(ECN) adjustment. The calculated response factor for both carvacrol and thymol was

determined to be 1.12. During the release experiments, the samples were stored at 25 °C at

atmospheric pressure.

The release rate results over 72-336 hours (depending on the sample) for Samples 1-4

from the release experiments detailed above are summarized in Tables 5-8 below. The

results below are not reported cumulatively and are reported as rate values in the unit of

1-MCP/g matrix/hr. Equivalent to the unit 1-MCP/g matrix/hr is the unit µ 1-MCP/g

composition/hr. As a person skilled in the art would appreciate, the release values below in

1-MCP/g matrix/hr can be converted to µg 1-MCP/g matrix/hr by dividing the values

given below by 0.452, which is the number of µ of 1-MCP in one g of 1-MCP at 25 °C at

atmospheric pressure.

TABLE 5

Rate of Release of 1-MCP from Sample 1 over 120 hours.



Rate of 1-MCP Release
Time (hrs)

(µΙ 1-MCP/g matrix/hr)

1 189.9
22 22.1
48 4.3
72 1.7
96 1.2
120 0.8

TABLE 6

Rate of Release of 1-MCP from Sample 2 over 120 hours.

Rate of 1-MCP Release
L 1-MCP/g matrix/hr)

1 1228.7
22 3.5
48 0.3
72 0.0
96 0.0
120 0.0

TABLE 7

Release of 1-MCP from Sample 3 over 336 hours.

Time (hrs ) Amount of 1-MCP Release
( L 1-MCP/g matrix/hr)

1 33.3
22 6.7
48 3.8
72 3.6
96 2.0
120 1.4
168 0.6
216 0.7
240 0.6
264 0.4
288 0.5
336 0.4

TABLE 8

Release of 1-MCP from Sample 4 over 72 hours.



Time (hrs) Amount of 1-MCP Release
(µΙ 1-MCP/g matrix/hr)

1 701.9
22 0.9
48 0.2
72 0.6

At least from the results presented above, it can be concluded at least that

modification of hydrophobic carbon, via oxidation, hydrolysis, acidification, basification,

steaming, or other methods, results in a modification of the unique storage capacity and rate

of release of the active ingredient 1-MCP from a carbon material. Less aggressive chemical

oxidation conditions, as with a shorter reaction time or lower acid concentration, can also be

employed.

The release results over a period of 240 hours from Sample 8 and Sample 9 above are

summarized in Tables 9 and 10 below. These release results can be used to approximate the

rate of release of active ingredients from Sample 10. The results below are not reported

cumulatively and are reported as rate values in the unit of µL active ingredient/g matrix/hr.

Equivalent to the unit µ active ingredient /g matrix/hr is the unit µ active ingredient/g

composition/hr. As a person skilled in the art would appreciate, the release values below in

µ active ingredient/g matrix/hr may be converted to g active ingredient/g matrix/hr by

dividing the values given below by 0.489, which is the conversion factor for both carvacrol

and thymol at 25 °C at atmospheric pressure.

[0101]

TABLE 5

Rate of Release of 1-MCP from Sample 1 over 120 hours.

Rate of 1-MCP Release
L 1-MCP/g matrix/hr)

1 189.9
22 22.1
48 4.3
72 1.7
96 1.2
120 0.8

TABLE 6

Rate of Release of 1-MCP from Sample 2 over 120 hours.



Rate of 1-MCP Release
Time (hrs)

µ 1-MCP/g matrix/hr)

1 1228.7
22 3.5
48 0.3
72 0.0
96 0.0
120 0.0

TABLE 7

Release of 1-MCP from Sample 3 over 336 hours.

Amount of 1-MCP ReleaseTime (hrs)
( . 1-MCP/g matrix/hr)

1 33.3
22 6.7
48 3.8
72 3.6
96 2.0
120 1.4
168 0.6
216 0.7
240 0.6
264 0.4
288 0.5
336 0.4

TABLE 8

Release of 1-MCP from Sample 4 over 72 hours.

Timp Amount of 1-MCP Release
(µ 1-MCP/g matrix/hr)

1 701.9
22 0.9
48 0.2
72 0.6

Other Release Tests - Release Reported in mg/g matrix

The release of 1-MCP from Samples 5-7 calculated in the unit of mg 1-MCP/g matrix

was determined using an alternative headspace analysis method than the method discussed

above, which was used to determine a the release rate of 1-MCP (e.g. µ 1-MCP ingredient/g

matrix/hr). Sealed vials containing 50 mg of the sample, as measured with a gas



chromatograph equipped with a flame ionization detector. The vials were 45 mm tall and 20

mm wide with a mouth of 15 mm, for a total internal volume of 8 mL. To seal the vials, a

screw-cap with a TEFLON™ liner was screwed onto the vial and the vial sealed with

paraffin wax to prevent leakage. The GC oven temperature was set to 200 °C. The area of the

GC peak was calibrated by comparison to known quantities of 1-MCP released from

ETHYLBLOC™. The procedure was to place a quantity of ETHYLBLOC™ corresponding

to the desired number of moles of 1-MCP in a sealed chromatograph vial, then inject 1 mL of

the ETHYLBLOC™ buffer solution into the vial. A vial was shaken to promote complete

release of 1-MCP and a sample of the headspace injected in the gas chromatograph. By

varying the amount of 1-MCP in each vial, a linear calibration for GC peak area could be

determined. During the release experiments, the samples were stored at 25 °C at atmospheric

pressure.

The release results over 72-336 hours (depending on the sample) for Samples 5-7

from the release experiments detailed above are summarized in Tables 11-13 below. The

results below are not reported cumulatively.

[0102]

TABLE 5

Rate of Release of 1-MCP from Sample 1 over 120 hours.

Rate of 1-MCP Release
Time (hrs)

1-MCP/g matrix/hr)

1 189.9
22 22.1
48 4.3
72 1.7

96 1.2

120 0.8

TABLE 6

Rate of Release of 1-MCP from Sample 2 over 120 hours.

Rate of 1-MCP Release
(µ 1-MCP/g matrix/hr)

1 1228.7
22 3.5
48 0.3
72 0.0
96 0.0
120 0.0



TABLE 7

Release of 1-MCP from Sample 3 over 336 hours.

ime (hrs) Amount of„ 1-MCP Release
L 1-MCP/g matrix/hr)

1 33.3
22 6.7
48 3.8
72 3.6
96 2.0
120 1.4
168 0.6
216 0.7
240 0.6
264 0.4
288 0.5
336 0.4

TABLE 8

Release of 1-MCP from Sample 4 over 72 hours.

Amount of 1-MCP Release
1-MCP/g matrix/hr)

1 701.9
22 0.9
48 0.2
72 0.6

Although these results are not reported cumulatively, the cumulative amount of active

ingredient released over the test period can be measured and reported as a percentage of the

total amount (e.g. as a mass) of active ingredient present in the sample initially. For example,

based on the weight loading (e.g. 9.2 wt.%), the total amount of 1-MCP released over a

period of 336 hours, and the initial mass of the sample tested, it was found that Sample 7

released 24.5% of its 1-MCP over the two (2) week test period.

In another experiment, Samples 11-16 were tested for the release of active

ingredients. Specifically, D(+)-carvone (Samples 1 1 and 12), thymol (Samples 13 and 14),

hexanal (Samples 15 and 16) were tested. Vials containing 20 - 50 mg of each sample were

loosely sealed with a screw cap with a TEFLON™ liner so that air could flow in and out of

them. The vials were 45 mm tall and 20 mm wide with a mouth of 15 mm, for a total internal



volume of 8 mL. Each sample was tested by sampling the static headspace in the vial and

injecting into a gas chromatograph with a flame ionization detector. The GC peak areas were

calibrated using an effective carbon number (ECN) calculation relative to the 1-MCP

calibration as discussed previously. The calculated response factor for the active ingredients

for Samples 11-16 follow: carvone 1.23 thymol 1.12, and hexanal 1.44.

The release results of Samples 11-16 are summarized in Tables 14-19 below. The

release results below are not reported cumulatively.

TABLE 14

Carvone Release from Sample 11.

Time (h) Release (mg Carvone/g matrix)

144 21.9
480 22.2

TABLE 15

Carvone Release from Sample 12.

Time (h) Release (mg Carvone/g matrix)

144 0.0
480 18.7

TABLE 16

Thymol Release from Sample 13.

Time (h) Release (mg Thymol/g matrix)

144 51.4
480 4.3

TABLE 17

Thymol Release from Sample 14.

Time (h) Release (mg Thymol/g matrix)

144 42.6
480 1.8

TABLE 18

Hexanal Release from Sample 15.

Time (h) Release (mg Hexanal/g matrix)

96 4.4



144 14.8

TABLE 19

Hexanal Release from Sample 16.

Time (h) Release (mg Hexanal/g matrix)

96 ~
144 12.1

In another experiment, the advantages of physicochemical interactions provided by

the delivery material to provide storage and controlled release of active ingredients was

studied. In this experiment, 120g of a silica material with 8 m /g surface were suspended

in 3L of water and refluxed for 72 hours. During this time, the action of hot water caused the

surface area of the silica walls to collapse. The resulting delivery material was charged with

1-MCP (available in the form of ETHYLBLOC™, from FLORALIFE®) in the vapor phase

by slowing flowing a mixture of nitrogen and gaseous 1-MCP through a packed tube of the

power for 30 minutes.

After charging less than 1% 1-MCP was retained by the material. GC analysis of the

headspace of samples containing 50 mg of material indicated no release of 1-MCP. This

confirms the advantages of the physicochemical interactions between the porous and/or high

surface area delivery material and active ingredients that enable the storage and controlled

release of active ingredients, not limited to cyclopropenes and various terpenes and

terpenoids.

While the matrices disclosed herein are suitable to treat a wide variety of produce

species, one technical advantage is that the matrices configured for controlled release are

efficacious on produce with high respiration rates (for example, 20-40mg C0 2 mg kg_1h_ or

higher or as categorized in Wilson, L. G., M. D. Boyette, E. A. Estes. 1999. Postharvest

handling and cooling of fresh fruit, vegetables, andflowers for smallfarms. North Carolina

Cooperative Extension Service.). Currently available 1-MCP release technologies, especially

those operating in the absence of other treatments (for example 1-MCP technologies

employed without the assistance of modified atmosphere packaging), have only limited

efficacy on these varieties of produce. Bananas were treated with matrices comprising 1-

MCP as described herein. An example result of the banana test is shown in Figure 7 . Figure

7 illustrates a treated banana 7 1 versus an untreated banana 72. Figure 7 displays at least the

firmness retention in the treated banana 7 1 after 10 days of treatment, versus the untreated



banana 72 after 10 days at ambient room temperature. After ten (10) days of treatment, the

treated bananas displayed improved firmness retention and color as compared to the untreated

bananas.

Broccoli was also treated with compositions as described herein comprising 1-MCP.

Ten (10) broccoli cartons, approximately 20.1 lbs (~9.1kg) each were studied. 0.5g of matrix

sealed in a TYVEK™ sachet was placed in each of five (5) treated cartons. No treatment was

used in the untreated cartons of broccoli. During the study, the treated and untreated broccoli

was kept as close to 0°C as possible. Temperatures measured in cold storage at days T=0, 5,

10, and 15 ranged from 0°C - 4°C (32°F - 39.2°F). Relative humidity (RH) was

approximately 95% for the duration of the study. After 15 days, white mold was present on

approximately 70% of the untreated broccoli, on both the stems and florets. Mold was not

present on any of the broccoli exposed to the matrices. Moreover, broccoli treated with the

matrices was observed to have reduced yellowing and reduced odor as compared to the

untreated broccoli.

Matrices comprising 1-MCP as described herein have also been studied on other

produce commodities, for example, honeydew and Donnie avocadoes. Turning to the

honeydew study, twenty-four (24) 301b cartons containing six honeydew melons each were

studied. 0.5g of matrix sealed in a TYVEK™ sachet was placed in each of twelve (12) treated

cartons. No treatment was used in the untreated cartons of honeydew. The estimated brix of

all melons in the sample size was 12-14 at time of packing. The honeydew were stored for

28 days at 7.2°C (45°F) and 85% RH. Results of the study showed that the matrices used

increased the treated honeydew shelf-life by least a 30% as compared to the untreated

honeydew.

Turning to the Donnie avocado study, Donnie avocados are known as an early variety

that ripens quickly and often gets basal dark decay. In the test, six (6) boxes each containing

ten (10) Donnie avocados were studied. The treated and untreated Donnie avocados were

also treated with Scholar fungicide prior to packing. 0.5g of matrix sealed in a TYVEK™

sachet was placed in each of three (3) treated cartons. The results of the study showed that the

R the matrices used increased the treated Donnie shelf-life by six (6) to nine (9) days as

compared to the untreated avocados. These non-limiting examples of produce tests indicate

that the matrices described herein are effective at varying temperatures, varying humidities,

and can improve the quality and shelf-life of a plethora of produce commodities.

In an embodiment, compositions described herein are effective in extending the shelf-

life of berries. Compositions comprising terpenes as described herein were evaluated on



cultivated microbes from strawberries. The diseases cultivated included, for example,

Botrytis (gray mold), Leak, Leather Rot, and Anthracnose. These diseases were cultivated in

a single batch by macerating 8 oz. of affected strawberries and agitating them in 0.5 L of

previously sterilized water for 3 hours. The resulting slurry was then filtered and placed in

distinct individual drops upon sterilized, previously-prepared agar plates. The agar plates

were spherical with a 5.5 cm diameter, affording enough space for three distinct, non

contiguous sample spots approximately 0.5 cm in diameter apiece.

Ten plates were divided into two groups of 5. One group of 5 served as control plates

80 (Figure 8). To the second group of 5 served as active plates 90. For further emphasis, one

control plate 8 1 and one active plate 1 from the experiment are placed side by side in Figure

9. To the active plates 90 was added 100 mg of matrix powder 900 (not labeled in every

active plate), placed in a such a way as to avoid direct contact with any of the microbe

colonies. The progress of the colony growth was then followed over time, noting that in

control plates 80, growth of pathogen colonies was observed within 48 hours. The plates were

left at room temperature and ambient conditions for 27 days to develop. Illustrative results of

this experiment data are shown in Figure 8 and Figure 9.

From at least the experiments provided herein, it can be at least determined that the

compositions described herein slowly release active ingredients over time. Furthermore, the

release of these active ingredients has a statistically relevant impact in reducing the growth

and development of multiple native diseases found in berries. Use of the compositions

described herein on berries may result in a statistical improvement in the shelf life of berries.

In an experiment, the shelf-life extension effects of compositions described herein on

commercial strawberries was examined. Eight 16-oz. clamshells of strawberries were

purchased at commercial maturity. As received, the strawberries were in ripe/overripe

condition. Prior to application of a composition comprising at least one terpene active

ingredient, the strawberries were aggregated from their individual clamshells. All "bad"

berries were removed from the lot, including any berries with soft spots, physical damage,

and any developing the characteristics of Botrytis, Leather Rot, and Anthracnose. Fewer than

5% of the berries were discarded. The berries were randomly reassigned to the eight 16-oz.

clamshells.

1 gram of matrix material comprising at least one terpene was sealed in each of four

TYVEK ® paper sachets (Dupont, 1073B) 6x6 cm in size. The four sachets were placed in the

bottom of each of four clamshells of treated strawberries so that each treated clamshell box



contained 1 gram of matrix. The "control" group of four clamshells of strawberries had no

treatment applied to them.

The berries were left under ambient conditions at room temperature for 4 days, at

which point they were removed from their clamshells and sorted according to visible

pathogenic development. Visible signs of infection were denoted as visible discoloration

(Botrytis), soft spots (Leak and Anthracnose), the development of brown flesh (Leather Rot),

and collapse/loss of berry juice (Leak). Any strawberries visibly affected by pathogens were

counted as "infected" whereas any strawberries displaying no visible symptoms were

considered "uninfected." Under the test conditions, the application of the composition

comprising at least one terpene prevented 18% more strawberries from developing visible

symptoms of natural strawberry diseases in comparison to the control sample strawberries.

No impact on the odor or taste on the treated strawberries was observable, implying that the

matrices described herein can be employed without introducing undesirable organoleptic

effects.

Moreover, because the strawberries of the experiment described above were

purchased at commercial maturity, the test above indicates that the matrices described herein

reduce real infections in berries even at the end of the berry lifespan. Because advanced age

increases the likelihood of pathogenic infection, the margin of infection reduction will likely

be further increased by introducing the compositions described herein at an earlier point in

the fruit' s life cycle.

The strawberry test results are summarized in Table 20 below.

TABLE 20

Treated Strawberries versus Untreated Strawberries after 96 hours.
Control Sample Treated Sample

Number of Strawberries 80 75
Number Infected 72 54

Number Uninfected 8 2 1

Percentage Infected 90% 72%
Percentage Uninfected 10% 28%

Several advantages arise from the use the matrices described herein in delivering

active ingredients. For example, the use of a high surface area material enhances the vapor

pressure of otherwise high-boiling antimicrobial agents (e.g. active ingredients not limited to

carvacrol, which has a boiling point of 236 °C). Additionally, the loading of the active

ingredient in the delivery material can be modified as desired using techniques, such as for



example, incipient wetness impregnation as described herein. Furthermore, the high surface

area of the delivery material may reduce the physical volume and weight of matrix needed to

deliver an effective concentration of the active ingredient. Moreover, compositions

comprising powder or granular solid delivery materials permit the mechanical mixing of

matrices comprising different active ingredients for precise combinations of active

ingredients. The use of combinations of active ingredients may permit the ability to lower the

concentration of any particular volatile active. Additionally, delivery of the active

ingredient(s) in the vapor phase using the compositions described herein may reduce or

prevent the presence of off-flavors and/or residue on food or produce, as opposed to dips,

sprays, coatings, films, waxes, and other contact systems.

Another advantage of the compositions disclosed herein is they enable and/or can be

configured for extended, slow, or controlled release of active ingredients in the vapor phase.

This is advantageous because direct contact of certain active ingredients with produce, for

example, may adversely impact the flavor, texture, or aromatic qualities of the produce.

Controlled delivery of a vapor phase active ingredient may help the commercial salability of

the produce during and after treatment while extending the shelf life of the produce.

Another advantage of the matrices described herein is that the release of an active

ingredient from the matrix can be accomplished passively, that is, without the addition of

external wetting, hydrating, or chemically reactive agents in order to affect the release of the

active ingredient from the delivery material. In an alternative embodiment, however, a

matrix may release an active ingredient upon exposure to moisture. Another advantage of the

matrices disclosed herein is that they enable and/or can be configured for extended,

accelerated, or controlled release of active ingredients in contrast to currently available

technologies that cannot offer gradual, extended, or controlled release of active ingredients as

can be provided by the matrices described herein. Another advantage of the matrices

described herein is that the matrix (in powder form, for example) does not need to be in direct

contact with produce to be effective. For example, the matrix may release the active

ingredient in the gaseous or vapor phase from the delivery material, wherein the produce is

exposed to the active ingredient in the gaseous or vapor phase, and wherein the delivery

material does not contact the produce. Furthermore, the matrix does not need to be sprayed

onto produce to be effective. In an embodiment, a composition comprising a delivery

material and an active ingredient is configured to extend the shelf life of produce without

direct contact between the composition and the produce.



Moreover, the delivery material of the matrix is recyclable (whereas competing

cyclodextrin (CD) based polymers are not), which means that the matrix permits re-charging

and re-use. Additional advantages of the matrix disclosed herein are that the matrix is

capable of high loading capacity (for example, 1-MCP loading of up to 25% by weight of the

overall matrix), and the matrix is tunable across a range of parameters. The tunable

parameters, including, but not limited to, pore-size, surface hydrophobicity, and the surface

density of functional groups, surfactant extraction, affect the release kinetics of active

ingredients stored in the matrix. The ability to tune the parameters of the matrix permits

tailoring of the matrix to be appropriate and possibly even optimized for a wide range of

applications, such as different container sizes or different target produce, for example. This

short list of advantages provided by the matrix disclosed herein is not exhaustive.

While several embodiments of the present invention 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 functions 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 present invention. More generally, those skilled in the

art will readily appreciate that all parameters, dimensions, materials, and configurations

described herein are meant to be exemplary and that the actual parameters, dimensions,

materials, and/or configurations will depend upon the specific application or applications for

which the teachings of the present invention 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 embodiments of the invention 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, the invention may be

practiced otherwise than as specifically described and claimed. The present invention is

directed to each individual feature, system, article, material, kit, and/or method described

herein. In addition, any combination of two or more such features, systems, articles,

materials, kits, and/or methods, if such features, systems, articles, materials, kits, and/or

methods are not mutually inconsistent, is included within the scope of the present invention.

The indefinite articles "a" and "an," as used herein in the specification and in the

claims, unless clearly indicated to the contrary, should be understood to mean "at least one."

The phrase "and/or," as used herein in the specification 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 disjunctively present in other cases. Other elements



may optionally be present other than the elements specifically identified by the "and/or"

clause, whether related or unrelated to those elements specifically identified unless clearly

indicated to the contrary. 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 without B (optionally including elements other than B); in another

embodiment, to B without A (optionally including elements other than A); in yet another

embodiment, to both A and B (optionally including other elements); etc.

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.

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 specifically 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-limiting 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 optionally including elements other than B); in another

embodiment, 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,

optionally including more than one, A, and at least one, optionally including more than one,

B (and optionally including other elements); etc.



In the claims, as well as in the specification above, all transitional phrases such as

"comprising," "including," "carrying," "having," "containing," "involving," "holding," 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 2 111.03.



CLAIMS

What is claimed is:

1. A composition comprising:

a delivery material selected from among the group consisting of carbon materials and

silicate materials; and

a volatile or gaseous active ingredient useful for applications in at least one of

agriculture, pest control, odor control, and food preservation present in the composition at a

0.01 wt versus the total weight of the composition,

wherein the composition is configured to control release the volatile or gaseous active

ingredient.

2 . A composition comprising:

a delivery material selected from the group consisting of carbon materials and silicate

materials; and

a cyclopropene present in the composition in at least about 0.05 wt versus the total

weight of the composition.

3. A composition comprising:

a silicate delivery material; and

a cyclopropene present in the composition in at least about 0.01 wt versus the total

weight of the composition.

4 . A composition comprising:

a delivery material selected from the group consisting of carbon materials and silicate

materials; and

a cyclopropene, wherein the composition is configured to control release the

cyclopropene.

5. A composition comprising a cyclopropene, wherein:

the composition control releases the cyclopropene at a release rate of at least 0.0005

composition/hr at hour 22.



6. A composition comprising a cyclopropene, wherein:

a release rate of the cyclopropene from the composition at hour 22 is at least 0.1% of

the release rate at hour 1.

7 . A composition comprising:

a silicate material comprising a surface area greater than about 1 m /g; and

at least one active ingredient selected from the group consisting of essential oils,

terpenes, terpenoids, carvone, thymol, hexanai, carvacrol, oregano oil, and thyme oil.

8. The composition of claim 7, wherein the silicate material is a delivery material.

9. The composition of any of the preceding claims, further comprising a binder, oil,

hydrogel, or polymer.

10. The composition of any of the preceding claims, further comprising a hygroscopic

material.

11. The composition of any of the preceding claims, further comprising a diluent material.

12. The composition of any one of the preceding claims, wherein the delivery material is

porous.

13. The composition of any of the preceding claims, wherein the delivery material

comprises a nanoporous, microporous, macroporous or mesoporous silicate, a non-

porous silicate material, a silicate material, a nanoporous, microporous, macroporous,

or mesoporous carbon, an organosilicatetete hybrid, or combinations thereof.

14. The composition of any of the preceding claims, wherein the delivery material

comprises a templated siliceous material.

15. A composition of any of the preceding claims, wherein the silicate material is in at

least one of powder, pellet, granule, nanoscale, and mesoporous form.



16. A composition of any of the preceding claims, wherein the silicate material comprises

a commercial silicate.

17. A composition of any of the preceding claims, wherein the silicate material is selected

from the group consisting of: i) precipitated, crystalline-free silicate gel, ii)

amorphous, fumed (crystalline free) silicate, and iii) mesostructured amorphous

silicate.

18. The composition of any of the preceding claims, wherein the delivery material

comprises a solid material.

19. The composition of any of the preceding claims, wherein the delivery material

comprises an amorphous solid, a glassy solid, a ceramic, or a non-crystalline solid.

20. The composition of any of the preceding claims, wherein the delivery material

comprises a carbon based material.

2 1. The composition of any of the preceding claims, wherein the delivery material

comprises activated carbon or activated charcoal.

22. The composition of any of the preceding claims, wherein the carbon material

comprises a monolithic carbon material, an extruded or pelletized carbon material, a

steam-activated carbon material, an oxidized carbon material, a heat treated carbon

material, an acid-treated carbon material, a base-treated carbon material, ash, char,

biochar, soot, or a combination thereof.

23. The composition of any of the preceding claims, the delivery material comprising an

elemental composition indistinguishable from that of sand.

24. The composition of any of the preceding claims, wherein the carbon material is in at

least one of powder, pellet, granule, film, and extrudate form.

25. A composition of any of the preceding claims, wherein the carbon material comprises

a commercial carbon.



26. The composition any of the preceding claims, wherein the carbon material is an

extruded carbon with a pellet diameter of 0 .1- 4.5mm.

27. The composition of any of the preceding claims, wherein the delivery material

comprises a high-surface area material.

28. The composition of any of the preceding claims, wherein the delivery material

comprises at least one of a mesoporous carbon material, a nanoporous carbon

material, and microporous carbon material, the carbon material modified with at least

one of an oxidant, hydrolyzing reagent, heat, an acid, and a base.

29. The composition of any of the preceding claims, wherein the delivery material

comprises a modified carbon material.

30. The composition of claim 20, wherein the carbon material has been modified with

water.

31. The composition of any of the preceding claims, wherein the carbon material has been

modified with at least one of sulfuric acid, hydrochloric acid, perchloric acid,

hypochloric acid, and a conjugate base of those acids.

32. The composition of any of the preceding claims, wherein the carbon material has been

modified with at least one of ozone gas, hydrogen peroxide, organoperoxides, and

oxygen gas.

33 . The composition of any of the preceding claims, wherein the carbon material has been

modified with nitric acid in a concentration from 0.01 - 99%.

34. The composition of any of the preceding claims, wherein the delivery material has a

surface area between about 1 to about 3000 m /g, or between about 1 to about 2500

m /g, or between about 100 to about 1500 m2/g, or between about 500 to about 500
2 2m Ig, or between about 1000 to about 1500 m Ig or between about 50 to about 2000

m2/g.



35. The composition of any of the preceding claims, wherein the delivery material

comprises a high-surface area material comprising a total chemical surface area,

internal and external, greater than 1 m /g, or greater than 10 m /g, or greater than 90

m2/g, or greater than 500 m2/g, or greater than 1000 m2/g.

36. The composition of any of the preceding claims, wherein the delivery material

comprises a porous material having a pore volume between about 0.1 cm /g to about

10 cm3/g, or between about 0.1 cm3/g to about 5 cm3/g, or between about 0.5 cm3/g to

about 2 cm /g., or between about 0.5 cm /g to about 1.5 cm /g, or between about 0.5

cm /g to about 10 cm /g, or between about 0.5 cm /g to about 5 cm /g, or between

about 0.5 cm3/g to about 1.5 cm3/g, or between about 1 cm3/g to about 1.5 cm3/g.

37. The composition of any of the preceding claims, wherein the delivery material

comprises a porous material having a d-spacing of about 3.0 A to about 4.5 A.

38. The composition of any of the preceding claims, wherein the delivery material

comprises a porous material having an internal void volume greater than about 0.1

cm /g, or greater than about 1 cm /g, or greater than about 1.5 cm /g.

39. The composition of any of the preceding claims, wherein the delivery material

comprises a carbon material having one or more of the following properties: a density

in the range of 0.2 3 g/ cm3; a pore volume in the range of 0.1 1.5 cm /g; a surface

area in the range of 500-4000 m /g; moisture content in the range of 0-30%.

40. The composition of any of the preceding claims, wherein

the delivery material comprises a silicate material, and

wherein the silicate material comprises one or more of the following properties:

particle size of 5nm to 5mm, a pore volume of 0.5-5 cm /g, a surface area of 0.01 -2000 m2/ .

41. The composition of any of the preceding claims, wherein:

the delivery material comprises a silicate material, and



wherein the silicate material comprises one or more of the following properties: a

pore size of 60 A, a mean particle diameter of 63-200 µιη, a pore volume of 0.7-0.85 cm /g,

and a surface area of 480 m .

42. The composition any of the preceding claims, wherein the delivery material is a

polymer, inorganic material, organic material, or hybrid thereof.

43. The composition of claim 16, wherein the polymer, inorganic material, organic

material, or hybrid thereof comprises 0-99.99 wt of the composition.

44. The composition of claim 1, wherein the delivery material comprises 0 - 99.99 wt% of

the composition.

45. The composition of any of the preceding claims, wherein the polymer, inorganic

material, organic material, or hybrid thereof comprises 50-100 mol of the delivery

material.

46. The composition of any of the preceding claims, wherein the delivery material

comprises an inert material.

47. The composition of any of the preceding claims, wherein:

the inert material is selected from the group consisting of a polysiloxane, a

polyalkylsiloxane, a polyalkylenesiloxane, and a polyoxoalkyelene, and

wherein the inert material optionally further comprises a surfactant.

48. The composition of any of the preceding claims, wherein the inert material comprises

a porous or otherwise high-surface-area silicate; and optionally a surfactant. The

composition of any of the preceding claims, wherein the inert material comprises a

templated, porous, or otherwise high-surface-area refractory metal oxide; and

optionally a surfactant.

The composition of any of the preceding claims, wherein the inert material comprises

a templated, porous, or otherwise high-surface-area organic material.



50. The composition of any of the preceding claims, wherein the inert material comprises

nanoporous, microporous, or mesoporous activated carbon; and optionally a

surfactant.

51. The composition of any of the preceding claims, wherein the delivery material

comprises a mesoporous material silicate prepared by using tetraethoxysilane (TEOS).

52. The composition of any of the preceding claim, wherein the delivery material

comprises tetradecakis-2,6-0-allylcycloheptaamyiose.

53. The composition of claim 9, wherein the ratio of TEOS to tetradecakis-2,6-0-

allylcycloheptaamylose in Si mole ratios is selected from among 1:0, 0.9:0.1,

0.75:0.25, 0.50:0.50, and 0.25:0.75.

54. The composition of any of the preceding claims, wherein the delivery material

comprises a recyclable material.

55. A composition of any of the preceding claims, prepared by a process comprising the

steps of modifying at least one of the hydrophobicity, hydrophilicity, chemical

potential, zeta-potential, acidity, basicity, surface functionalization, and surface

functional group density of a carbon material; and impregnating the modified carbon

material with at least one active ingredient.

56. The composition of any of the preceding claims, further comprising at least one

complexing agent or, optionally at least one adsorption-modifying functionality.

57. The composition of any of the preceding claims, wherein the complexing agent is

impregnated with the active ingredient.

58. The composition of any of the preceding claims, wherein the complexing agent is

embedded into the delivery material.



The composition of any of the preceding claims, comprising a complexing agent

immobilized on at least one of the internal and external surface of the delivery

material.

The composition of any of the preceding claims, wherein at least one pore of the

delivery material comprises a complexing agent.

The composition of any of the preceding claims, wherein the delivery material

comprises a complexing agent in a concentration of 0-50mol% of the delivery

material.

The composition of any of the preceding claims, wherein the complexing agent

comprises β-cyclodextrin.

The composition of any of the preceding claims, wherein the complexing agent

comprises β-cyclodextrin in a concentration of l-20mol% of the delivery material.

The composition of any of the preceding claims, wherein the complexing agent

comprises substituted β-cyclodextrin.

The composition of any of the preceding claims, wherein the substituted β-

cyclodextrin comprises one of silyl-modified β-cyclodextrin and allyl-modified β-

cyclodextrin.

The composition of any of the preceding claims, wherein the complexing agent

comprises substituted β-cyclodextrin in a concentration of 0-20mol% of the delivery

material.

The composition of claim 1, wherein the complexing agent comprises an

unsubstituted β-cyclodextrin in a concentration of l-20mol% of the delivery material.

The composition of any of the preceding claims, wherein the complexing agent

comprises at least one of unsubstituted β-cyclodextrin, silyl-modified β-cyclodextrin,



allyl-modified β-cyclodextrin, α-cyclodextrin, γ-cyclodextrin, trimethylsilyl

functionalities.

69. The composition of any of the preceding claims, wherein the complexing agent is

selected from among the group consisting of a cyclodextrin, a substituted

cyclodextrin, a modified cyclodextrin, a crown ether, a substituted crown ether, a

modified crown ether, a calixarene, a substituted calixarene, a modified calixarene,

and combinations thereof.

70. The composition of any of the preceding claims, wherein the complexing agent is

selected from the group consisting of: a-cyclodextrin, β-cyclodextrin, γ-cyclodextrin,

mono-, oligo-, or polycarbohydrates, porphyrins, phosphazenes, cyclodextrins,

substituted or modified cyclodextrins, crown ethers, substituted or modified crown

ethers, calixarenes, and substituted or modified calixarenes, and combinations thereof.

1. The composition of any of the preceding claims, further comprising at least one of a

complexing agent and an adsorption-modifying functionality.

72. The composition of any of the preceding claims, wherein the adsorption-modifying

functionality is a trimethylsilyl-functionality.

73. The composition of any of the preceding claims, wherein the adsorption-modifying

functionality is one of hydrophobic or aliphatic groups installed on at least one of an

internal and external surface of the delivery material.

74. The composition of any of the preceding claims, wherein the complexing agent is

embedded into the delivery material.

75. The composition of any of the preceding claims, comprising a complexing agent

immobilized on at least one of the internal and external surface of the delivery

material.

76. The composition of any of the preceding claims, wherein at least one pore of the

delivery material comprises a complexing agent.



77. The composition of any of the preceding claims, wherein the delivery material

comprises a complexing agent in a concentration of 0-50mol% of the delivery

material.

78. The composition of any of the preceding claims, wherein the complexing agent

comprises β-cyclodextrin.

79. The composition of any of the preceding claims, wherein the complexing agent

comprises β-cyclodextrin in a concentration of l-20mol% of the delivery material.

80. The composition of any of the preceding claims, wherein the complexing agent

comprises substituted β-cyclodextrin.

81. The composition of any of the preceding claims, wherein the substituted β-

cyclodextrin comprises one of silyl-modified β-cyclodextrin and allyl-modified β-

cyclodextrin.

82. The composition of any of the preceding claims, wherein the complexing agent

comprises substituted β-cyclodextrin in a concentration of 0-20mol% of the delivery

material.

83. The composition any of the preceding claims, wherein the complexing agent

comprises an unsubstituted β-cyclodextrin in a concentration of l-20mol% of the

delivery material.

84. The composition of any of the preceding claims, wherein the delivery material further

comprises a complexing agent in a concentration of 0-50mol% of the delivery

material, and an inert material in a concentration of 50-100 mol of the delivery

material.

85. The composition of any of the preceding claims, wherein the composition comprises

at least one volatile or gaseous active ingredients.



86. The composition of any of the preceding claims, wherein the at least one active

ingredient is selected from among an ethylene inhibitor, an ethylene promoter, a plant

growth regulator, an essential oil, a terpene, a terpenoid, a phenol, a pholspholipase-D

inhibitor, an antimicrobial, an antifungal, and antiseptic, an antioxidant, and

combinations thereof.

87. The composition any of the preceding claims, wherein the at least one active

ingredient has anti-bacterial, anti-microbial, anti-fungal, anti-algae, or anti-viral

properties.

88. The composition of any of the preceding claims, wherein the active ingredient is

present in the composition in up to 30 wt versus the total weight of the composition.

89. The composition of any of the preceding claims, wherein the volatile or gaseous

active ingredient is a cyclopropene.

90. The composition of any of the preceding claims wherein the cyclopropene is 1-

methylcyclopropene (1-MCP).

91. The composition any of the preceding claims, wherein the at least one active

ingredient comprises one or more of a terpene and a terpenoid.

92. The composition of any of the preceding claims, wherein the at least one active

ingredient comprises at least one of a monoterpene, a diterpene, an oligoterpene, an

acyclic terpene, a cyclic terpene, a polyterpene, an aliphatic terpene, an aromatic

terpene, and combinations thereof.

93. The composition of any of the preceding claims wherein the at least one active

ingredient is selected from the group consisting of carvacrol, thymol, carvone,

oregano oil, dill oil, thyme oil, neem oil, 1-methylcyclopropene (1-MCP), hexanal,

and combinations thereof.

94. The composition of any of the preceding claims, wherein the at least one active

ingredient is an essential oil.



95. The composition of any of the preceding claims, wherein the essential oil comprises

an essential oil extract or a botanical extract.

96. The composition of any of the preceding claim, wherein the at least one active

ingredient is selected from the group consisting of oregano oil, thyme oil, hexanal,

carvacrol, and thymol, and combinations thereof .

97. The composition of any of the preceding claims, wherein the composition is

configured to release the least one active ingredient over a period of between about 5

days to about 30 days, or optionally, between about 5 days to about 7 days, or

optionally, between about 3 days to about 10 days, or optionally between about 3 days

to about 14 days.

98. The composition of any of the preceding claims, wherein after a two week period in a

non-equilibrium condition, the composition is configured to release about 20% to

about 50% of the weight of the active ingredient originally present in the composition.

99. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 1 is between about 30 and about 1500 /g

composition/hr, or at least greater than zero l composition/hr at hour 22, or is at

least about 0.0005 composition/hr at hour 22, or at least about 0.001 /g

composition/hr at hour 22, or at least about 0.1 µ /g composition/hr at hour 22, or at

least about 1 µΙ-/g composition/hr at hour 22, or at least about 5 µ composition/hr

at hour 22, or at least about 10 µ /g composition/hr at hour 22, or at least about 25

µ /g composition/hr at hour 22.

100. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene is greater than zero µ /g composition/hr at hour 48, or

at least about 0.01 composition/hr at hour 48, or at least about 0.1 l

composition/hr at hour 48, or at least about 1 µ ΐ composition/hr at hour 48, or at

least about 5 µ /g composition/hr at hour 48.



101 . The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene is greater than zero µ /g composition/hr at hour 72, or

at least about 0.01 composition/hr at hour 72, or at least about 0.1 µ /g

composition/hr at hour 72, or at least about 1 µ / composition/hr at hour 72, or at

least about 3 µΙ-/g composition/hr at hour 72.

102. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene is greater than zero µ /g composition/hr at hour 96, or

at least about 0.01 composition/hr at hour 96, or at least about 0.1 µ /g

composition/hr at hour 96, or at least about 1 µ / composition/hr at hour 96, or at

least about 2 µ /g composition/hr at hour 96.

103. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene is greater than zero µ /g composition/hr at hour 120,

or at least about 0.01 µ composition/hr at hour 120, or at least about 0 .1

composition/hr at hour 120, or at least about 1 lg composition/hr at hour 120.

104. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene is greater than zero µ /g composition/hr at hour 240,

or at least about 0.01 µ ΐ composition/hr at hour 240, or at least about 0 .1 /

composition/hr at hour 240, or at least about 1 composition/hr at hour 240.

105. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene is greater than µ /g composition/hr at hour 336, or at

least about 0.01 µ ΐ /g composition/hr at hour 336, or at least about 0 .1 µ ΐ /g

composition/hr at hour 336, or at least about 1 µ /g composition/hr at hour 336.

106. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 22 is at least about 0.1% of the release rate at

hour 1, or at least about 1% of the release rate at hour 1, or at least about 2.5% of the

release rate at hour 1, or at least about 10% of the release rate at hour 1, or at least

about 20% of the release rate at hour 1.



107. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 48 is at least about 0.1% of the release rate at

hour 1, or at least about 1% of the release rate at hour 1, or at least about 2% of the

release rate at hour 1, or at least about 10% of the release rate at hour 1.

108. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 72 is at least about 0.1% of the release rate at

hour 1, or at least 1% of the release rate at hour 1, or at least about 10% of the release

rate at hour 1.

109. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 96 is at least about 0.1% of the release rate at

hour 1, or at least about 1% of the release rate at hour 1, or at least about 5% of the

release rate at hour 1.

110. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 168 is at least about 0.1% of the release rate at

hour 1, or at least about 1% of the release rate at hour 1, or at least about 4% of the

release rate at hour 1.

111. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 240 is at least about 0.1% of the release rate at

hour 1, or at least about 1% of the release rate at hour 1.

112. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 336 is at least about 0.1% of the release rate at

hour 1, or at least about 1% of the release rate at hour 1.

113. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 336 is between about 0.1 g matrix/hr and

about 1 µΐ /g composition/hr.

114. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene between hour 22 and hour 120 is sustained within a



range of about 0.1 and about 2 µ /g composition/hr, or within a range of about 1 and

about 15 µΙ-/g composition/hr.

115. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 48 is between about 1% and about 90% of the

release at hour 22.

116. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 48 is between about 1% and about 90% of the

release at hour 24.

117. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 72 is between about 1% and about 60% of the

release at hour 22.

118. The composition of any of the preceding claims wherein a release rate of the active

ingredient or the cyclopropene at hour 72 is between about 1% and about 60% of the

release at hour 24.

119. The composition of any of the preceding claims, wherein the active ingredient is

released from the composition in the vapor or gas phase.

120. The composition of any of the preceding claims incorporated into a structure or form

factor.

121. The composition of claim 157, wherein the structure or form factor comprises one or

more of a sachet, an insert, a gel, a coating, a powder, a pellet, a film, a sheet or flake,

or encased in a capsule, pod, compartment, a container, a non-woven material, a

woven material, a knitted material, a paint, a coating, a paper, a cardboard, a paper

derivative, a fabric, a fiber, a film, a cloth, a wood, a clay, a pulp, or a plastic.

122. The composition of any of the preceding claims incorporated into a structure or form

factor comprising a Gurley Hill porosity measurement of 45-60 sec/100 cm -in.



123. The composition any of the preceding claims wherein the composition is sealed inside

the structure or form factor.

124. The composition any of the preceding claims wherein the active ingredient can be

liberated from the composition and the structure without the use of a solvent.

125. The composition of any of the preceding claims wherein the composition is contained

in hermetically sealed or gas impermeable packaging.

126. The composition of any of the preceding claims wherein the composition is

incorporated into one of a refrigeration system, a cold compartment, and a

refrigeration filtration system.

127. The composition of any of the preceding claims, configured to release the active

ingredient without addition of external wetting, hydrating, or chemically reactive

agents.

128. The composition of any of the preceding claims, configured to release the active

ingredient without use of a solvent.

129. The composition of any of the preceding claims, wherein release of the active

ingredient from the composition occurs as a function of temperature.

130. The composition of any of the preceding claims, the composition comprising a

delivery material and an active ingredient, wherein the composition is configured to

improve shelf life of produce without the composition needing to be in direct contact

with the produce.

131. The composition of any of the preceding claims, the composition comprising a

delivery material and an active ingredient, wherein the composition is configured to

improve shelf life of produce without the delivery material needing to be in direct

contact with the produce.



132. The composition of any of the preceding claims, configured to extend the shelf life of

a perishable substance without direct contact between the composition and the

perishable substance.

133. The composition any of the preceding claims, wherein the perishable substance

comprises produce.

134. A method for controlled release of a cyclopropene, comprising:

exposing produce to a composition or matrix comprising a cyclopropene associated

with a delivery material, wherein the delivery material is selected from the group consisting

of a carbon based material and a silicate material, and

wherein the composition comprises between about 0.01 - 30 wt cyclopropene

versus the total weight of the composition.

135. A method for controlled release of an active ingredient comprising exposing the

composition of any one of the preceding claims to a non-equilibrium condition.

136. A method comprising exposing the composition of any one of the preceding claims to

produce.

137. A method comprising exposing the composition of any one of the preceding claims to

food, or optionally an edible perishable substance.

138. A method for application of a volatile or gaseous active ingredient to produce, the

method comprising exposing produce to the composition of any one of the preceding

claims.

139. The method of any of the preceding claims, comprising exposing produce the

composition in a treatment space via a structure or form factor.

140. The method of any of the preceding claims, wherein the structure or form factor is

sachet, an insert, a paint, a gel, a coating, a powder, a pellet, a film, a sheet or flake, or

encased in a capsule, pod, or compartment that contains the composition.



141. The method of any of the preceding claims, wherein the exposure to produce occurs at

temperatures anywhere between about -2°C—30°C.

142. The method any of the preceding claims, wherein the application of the volatile or

gaseous active ingredient is effected without addition of external wetting, hydrating,

or chemically reactive agents.

143. The method any of the preceding claims, wherein the application of the volatile or

gaseous active ingredient is effected without the use of a solvent.

144. A method of making the composition of any of the preceding claims, comprising:

modifying at least one of the hydrophobicity, hydrophilicity, chemical potential, zeta-

potential, acidity, basicity, surface functionalization, and surface functional group density of

a carbon material to make a delivery material; and

associating the at least one active ingredient with the delivery material.

145. The method of making the composition of any of the preceding claims, comprising:

embedding a complexing agent into a porous material to yield a delivery material

comprising an immobilized complexing agent on an internal or an external surface of

the delivery material.

146. The method of making the composition of any of the preceding claims, comprising

embedding a complexing agent into the delivery material by at least one of de novo

synthesis, grafting, and intercalation into or onto a delivery material.

147. The method of making the composition of any of the preceding claims, wherein the

delivery material is a porous material, and the complexing agent is embedded into a

pore of the delivery material.

148. The method of making the composition of any of the preceding claims, comprising

associating the delivery material with an active ingredient to form the composition

prior to sealing the composition in a structure or form factor.



149. The method of making the composition of any of the preceding claims, wherein

associating the delivery material with active ingredient is accomplished by loading the

active ingredient into the delivery material.

150. The method of making the composition of any of the preceding claims, comprising

loading the delivery material with active ingredient by doing one or more of: directly

contacting the delivery material with a pure liquid active ingredient; directly

contacting the delivery material with a solution comprising the active ingredient;

directly contacting the delivery material with an active ingredient in gas form; directly

contacting the delivery material with a gas mixture comprising the active ingredient,

using incipient wetness impregnation.
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