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ENHANCED PHOTOPROTECTIVE COMPOSITIONS AND METHODS FOR THE
EVALUATION THEREOF

Technical Field

The present invention is generally directed to photoprotective compositions and,
more particularly, to photoprotective compositions in the form of topically applied
sunscreens that provide protection from ultraviolet (UV) radiation and methods for

evaluating the pyroelectric effects thereof.

Background

The ability of a photoprotective composition to provide protection against UV
radiation is typically expressed as the sun protection factor (SPF) of the composition.
Photoprotective compositions having SPF values of 80 or more generally contain 15%
homosalate, which is an acceptable amount of homosalate for compositions in the U.S.
market. However, compositions in the international market are allowed to include only 10%
homosalate. To maintain an SPF of 80 or more for the products available in the international
market, it is theretore desirable to limit the homosalate thereof to 10%.

Zinc oxide has been indicated as being a material that is inherently pyroelectric.
Pyroelectricity is the ability of a certain material to generate an electrical potential when the
material i1s heated or cooled. As a result of this change in temperature, positive and negative
charges migrate to opposite ends of the zinc oxide lattice structure (the material becomes
polarized). Thus, an electrical potential is established.

Zinc oxide is also a semiconductor with a direct band gap energy (Eg) of 3.37 eV at

room temperature. Most zinc oxide has n-type character (as opposed to p-type character, which
1s more difficult to attain), which means that electron energy levels near the top of the band gap

allow an electron to be excited into the conduction band with relative ease. Native defects such
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as oxygen vacancies or zinc interstitials are often assumed to be the origin of this n-type
character. Intentional doping of the n-type zinc oxide, which may be effected by introducing
aluminum, indium, or excess zinc into the zinc oxide structure, allows the zinc oxide to be
formed 1nto thin films in which the zinc oxide serves as a transparent conducting oxide, which
can be used to form a transparent electrode.

When a photon hits zinc oxide, one of three things can happen: (1) the photon can pass
straight through the zinc oxide, which happens for lower energy photons; (2) the photon can
reflect off the surface; or (3) the photon can be absorbed by the zinc oxide. It the photon 1s
absorbed by the zinc oxide, either heat or electron-hole pairs may be generated. Electron-hole
pairs are generated if the photon energy 1s higher than the zinc oxide band gap value.

An 1ncident photon may be absorbed by the zinc oxide if its energy is greater than the
semiconductor band gap energy. As aresult, an electron from the valence band of the zinc oxide
(wherein the electron comes from the oxygen) 1s promoted into the conduction band (the metal
ion orbital). If the energy of the incident photon is less than the band gap energy, it will not be
absorbed as this would require that the electron be promoted to within the band gap. This energy
state 1s forbidden. Once promoted into the conduction band, however, the electron relaxes to the
bottom of the conduction band with the excess energy emitted as heat to the crystal lattice.

When a photon 1s absorbed, its energy 1s given to an electron in the crystal lattice.
Usually this electron 1s 1n the valence band and 1s tightly bound 1in covalent bonds between
neighboring atoms, and hence unable to move far. The energy given to it by the photon
“excites’” the electron into the conduction band where it is free to move around within the
semiconductor. The covalent bond that the electron was previously a part of now has one fewer
electron (which results 1n the formation of a “hole”). The presence of a missing covalent bond
allows the bonded electrons of neighboring atoms to move into the hole, thereby leaving another
hole behind, and 1n this way a hole can “move” through the lattice. Thus, 1t can be said that
photons absorbed 1in the semiconductor create mobile electron/hole pairs.

The holes act as positive particles in the valence band. Both the electrons and the holes
are free to migrate around the zinc oxide particle. Electrons and holes may recombine emitting
photons of energy equal to the band gap energy. However, the lifetime of an electron/hole pair 1s
quite long due to the specific nature of the electronic band structure. Thus, there 1s sufficient

time for an electron and a hole to migrate to the surface and react with absorbed species.
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A photon need only have a greater energy than that of the band gap in order to excite an
electron from the valence band into the conduction band. In the solar frequency spectrum, much
of the radiation reaching the surface of the earth is composed of photons with energies greater
than the band gap of silicon (1.12 €V) and zinc oxide (3.37 ¢V). The higher energy photons will
be absorbed by the difference in energy between these photons, and the band gap energy is

converted into heat via lattice vibrations (called phonons).

Summary of the Present Invention

In one aspect, the present invention resides in a method of analyzing metal oxides. In
this method, metal oxide is provided, heated with microwaves, and a conductivity parameter of
the metal oxide 1s determined. From the conductivity parameter, a determination is made
regarding a pyroelectric effect of the metal oxide.

In another aspect, the present invention resides in a method of analyzing zinc oxide for a
pyroelectric eftect. This method includes the steps of providing zinc oxide, exposing at least the
zinc oxide to microwave radiation, measuring a temperature increase of the zinc oxide, using
this measured increase as an indicator of conductivity of the zinc oxide, and correlating the
conductivity to a pyroelectric effect of the photoprotective composition.

In another aspect, the present invention resides in a method of evaluating a pyroelectric
effect of zinc oxide. This method includes providing zinc oxide, heating the zinc oxide with
microwaves, measuring a resistivity of the heated zinc oxide, and obtaining a value for the
pyroelectric effect of the zinc oxide from the resistivity of the zinc oxide. The zinc oxide has an
excess of zinc ions within an absorbing core, is n-doped, and includes micron-sized

agglomerations of zinc oxide crystals.

In a further aspect, the present invention resides in a method of analyzing a metal oxide,
said method comprising the steps of:  heating said metal oxide with cumulative microwave
exposure; measuring a thermal response of said metal oxide to said microwave exposure;
correlating said thermal response to a conductivity of said metal oxide; and correlating said
conductivity to a pyroelectric effect of said metal oxide.

In yet a further aspect, the present invention resides in a method of analyzing zinc oxide,
said method comprising the steps of: heating said zinc oxide with cumulative microwave
exposure; measuring a thermal response of said zinc oxide to said microwave exposure;
correlating said thermal response to a conductivity of said zinc oxide; and correlating said

conductivity to a pyroelectric effect of said zinc oxide.
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Brief Description of the Drawing

The FIGURE is a graphical representation of a comparison of temperature as a function

of cumulative microwave exposure for zinc oxide.

Description of the Preferred Embodiments

3a
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All percentages of components are weight percentages. It should also be noted that while
the present invention 1s exemplified below using zinc oxide, various metal oxide 1s within the
scope of the invention.

The zinc oxide component of the present invention and for use in the dispersion of the
present invention can have an average particle size of about 2.74 microns and still be transparent
on the skin after application of a formulated product that includes this zinc oxide component.
One zinc oxide that may be of particular use with regard to the present invention 1s a dispersion
that includes 40-60% zinc oxide, 30-39% C;,_15 alkyl benzoate, and 1-5% 1sostearic acid
(available as ZinClear-IM S0AB from Advanced Nanotechnology). The present invention 1s not
limited to the use of Ci,.15alkyl benzoate, however, as other esters are within the scope of the
present invention. Other zinc oxide components that may be used include, but are not limited to,
40-60% zinc oxide, 30-59% caprylic/capric triglyceride, and 1-5% glyceryl 1sostearate (available
as ZinClear-IM 50CCT); uncoated zinc oxide and coated zinc oxide having an average particle
size diameter of about 30-50 nanometers (available as Z-Cote from BASF); and coated zinc
oxides 1n which coating 1s added (available as SIH-5 Z-Cote XP-M52 from BASF). The
foregoing SIH-5 Z-Cote XP-M32 1s a formulation of zinc oxide/silica/dimethicone methicone
copolymer. Also of interest for use with zinc oxide or in addition to any of the foregoing zinc
oxides 1s Cy»-15 alkyl benzoate (available as FINSOLYV TN) and caprylic/capric triglyceride
(available as DERMOL M)). It should be understood that 1sostearic acid, triglycerides, and
1sostearates are derived from fatty acids.

Generally the zinc oxide lattice structure 1s “reduced.” It 1s believed that in a zinc oxide
in which the lattice structure 1s reduced, the zinc oxide particles possess an excess of zinc 1ons
within an absorbing core. These are localized states and as such may exist within the band gap.
However, the electrons and holes may then relax to the excess zinc 1on states. Thus, the
electrons and holes may be trapped so that they cannot migrate to the surface of the particles and
react with absorbed species. The electrons and holes may then recombine at the 1onic zinc states
accompanied by the release of a photon with an energy equivalent to the difference in the energy
levels.

Additionally, a crystal of the enhanced zinc oxide 1s smaller than the crystal size of other
zinc oxides, thus giving the zinc oxide more surface area than other zinc oxides. Also, with

regard to the zinc oxide of the present invention, smaller crystals are irreversibly aggregated so
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that the resulting particles have micron sizes instead of nanometer sizes before and after

formulation.

The zinc oxide formed by the combination of the reduced zinc oxide crystals aggregated
with the zinc oxide crystals of larger size may result in the formation of "trap sites” that affect
conductivity of the zinc oxide material and therefore the pyroelectric effect. These trap sites,
which minimize migration of the electron/hole pairs, may be luminescence trap sites and/or
killer sites. Luminescence trap sites and killer sites are foreign ions designed to trap the
electrons and positively charged holes and therefore inhibit migration of the electron/hole pairs.
Furthermore, the zinc oxides employed in the present invention are n-doped, thereby facilitating
the movement of the electrons in one direction so they eventually cannot move anymore, and
thereby resulting in a decrease in conductivity.

In methods of the present invention in which the pyroelectric effects of zinc oxide are
evaluated, 1t is believed that if the photons of sunlight are absorbed by the zinc oxide, then the
enhanced zinc oxide would be more effective at or capable of absorbing photons of light than
non-enhanced zinc oxide. Because the pyroelectric effect is related to conductivity, it could be
measured indirectly by subjecting the zinc oxide to microwaves. Increases in temperature could
be used as indicators of pyroelectric effects. Higher temperatures indicate increased
conductivity, and therefore increased pyroelectricity. This forms a basis to differentiate
between zinc oxides and any changes influencing the crystal lattice structure.

The equipment used in the experiments below included an 1100 watt microwave. 120

volts oven (Model #NN-S7588A commercially available from Panosonic) and a digital
thermometer (model # PT-100, Surface temperature Probe). The apparatus set-up for the
temperature study is as follows. A weighed amount of powder or dispersion was placed in the
bottom of a polycarbonate cup. The cup was set on an upside down styrene cup to avoid heat
transter from microwave floor. The sample was microwaved for a set period of time, and the
temperature was immediately recorded. As the method became more refined, 1 gram of sample
was microwaved on high for 1 minute, temperature measured immediately during one minute
‘rest” interval, and then microwaved again, etc. Procedure continued until temperature after
microwaving was lower than previous reading. In these studies, the temperature probe was
equilibrated to 83C just prior to measurement of sample temperature to avoid heat loss when

"warming up" the thermometer.
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Example 1 — comparison of uncoated zinc oxide with coated zinc oxide

In a first microwave study, 0.5 gram samples of zinc oxide were heated using
microwaves for 60 seconds. The initial temperature for each sample was 75 degrees F. The
highest temperature for the uncoated zinc oxide was 87.2 degrees F, and the highest temperature
for the coated zinc oxide was 83.6 degrees F. It was determined that the coating on the coated

zinc oxide interfered with the conductivity of the zinc oxide.

Example 2 — comparison of zinc oxide and alkyl benzoate

Two gram samples of zinc oxide suspension (ZinClear-IM 50AB) and alkyl benzoate
(FINSOLYV TN) were heated using microwaves for 30 seconds. The initial temperature for each
sample was 83 degrees F. The highest temperature for the ZinClear-IM 50AB was 105.5 degrees
F. The highest temperature for the FINSOLV TN was 100.2 degrees F. It was determined that
the ZinClear sample exhibited a pyroelectric effect, and that solvent for the dispersed zinc oxide

also affects the pyroelectric effect.

Example 3 — comparison of zinc oxide and caprylic/capric triglyceride

Two gram samples of zinc oxide suspension (ZinClear-IM 50CCT) and caprylic/capric
triglyceride (DERMOL M5J5) were heated using microwaves for 30 seconds. The initial
temperature for each sample was 83 degrees F. The highest temperature for the ZinClear-IM
SOCCT was 99.4 degrees F. The highest temperature for the DERMOL M5 was 103.5 degrees F.
It was determined that the ZinClear sample exhibited a pyroelectric effect, but that the SOCCT
zinc oxide may be less pyroelectrically effective than the SOAB zinc oxide of Example 4. The
waxy coating of 1sostearic acid versus glyceryl 1sostearate might also influence the pyroelectric

effect of zinc oxide.

Example 4 — comparison of uncoated zinc oxides

In another microwave study, one gram of uncoated enhanced zinc oxide was placed in the
bottom of a first polycarbonate cup, and one gram of uncoated non-enhanced zinc oxide was
placed 1n the bottom of a second polycarbonate cup. The samples were subjected to intermittent

heating by being heated using microwaves for one minute time periods with one minute rests in-
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between microwave exposures. Surface temperatures were recorded during the one minute rests.
The temperature probe was warmed to 83 degrees F before contact with the sample surface. The
testing was pertormed as routinely as possible to minimize data variability. Although some
variability was noted, an overall general increase of about 5-6 Fahrenheit degrees was noted for
the enhanced zinc oxide versus the non-enhanced zinc oxide,

The data showed a drop 1in temperature (conductance) after four one-minute exposures of
high power microwaves, as shown 1n the Figure. The data shown in the Figure suggest that the
electrons 1n the crystal lattice of the enhanced zinc oxide are easier to excite than the electrons in
the crystal lattice of the non-enhanced zinc oxide.

It 1s postulated that the ease of excitation i1n the enhanced zinc oxide 1s due to the
“reduction” 1n the zinc oxide lattice structure, that the size of the crystal in the enhanced zinc
oxide 1s smaller and has more surface area than the crystal in the non-enhanced zinc oxide, and
that the smaller crystals of the enhanced zinc oxide were wrreversibly agglomerated so that the
resulting particles are of micron sizes instead of nanometer sizes before and after formulation.

It 1s also postulated that a “reduced zinc oxide crystal” that has been “aggregated™ gives

rise to “‘trap sites” that atfect conductivity and pyroelectric effect.

Although this invention has been shown and described with respect to the detailed
embodiments thereof, 1t will be understood by those of skill in the art that various changes may
be made and equivalents may be substituted for elements thereot without departing from the
scope of the invention. In addition, modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it 1s intended that the invention not be limited to the particular embodiments disclosed
in the above detailed description, but that the invention will include all embodiments talling

within the scope of the following claims.
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WE CLAIM:

1. A method of analyzing a metal oxide, said method comprising the steps of:
heating said metal oxide with cumulative microwave exposure;
measuring a thermal response of said metal oxide to said microwave exposure;
correlating said thermal response to a conductivity of said metal oxide; and

correlating said conductivity to a pyroelectric effect of said metal oxide.

2. The method of claim 1, wherein said thermal response is a temperature.

3. The method of claim 1, wherein said step of heating said metal oxide comprises

intermittent heating.

4. The method of claim 1, wherein said metal oxide is coated.

5. The method of claim 1, wherein said metal oxide is uncoated.

6. The method of claim 1, wherein said metal oxide is dispersed in a solvent.
7. A method of analyzing zinc oxide, said method comprising the steps of:

heating said zinc oxide with cumulative microwave exposure;
measuring a thermal response of said zinc oxide to said microwave exposure;

correlating said thermal response to a conductivity of said zinc oxide; and
correlating said conductivity to a pyroelectric effect of said zinc oxide.

8. T'he method of claim 7, wherein said zinc oxide is n-doped.

9. The method of claim 7, wherein said zinc oxide is selected from the group of

coated zinc oxides and uncoated zinc oxides.

10.  The method of claim 7, wherein said zinc oxide is dispersed in a solvent.



CA 02712876 2012-10-18

11.  The method of claim 7, wherein said step of heating said zinc oxide with

microwave exposure 1s intermittent heating.
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