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Preview

ÁBrief review of international sunscreen 
regulations as related to UVA

ÁA brief look at the photophysics of organic UV 
filters

ÁIntroduction to a new photostabilizer for 
broad spectrum (UVB/UVA) sunscreens

ÁResults of in vivostudies

ÁConclusions
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Commonly used abbreviations
ÁSPF= Sun Protection Factor

ÁThe ratio of erythemalresponse (reddening) of protected skin 
to erythemalresponse of unprotected skin

ÁPPD= Persistent Pigment Darkening

ÁThe biological response of skin to UVA exposure

ÁThe test method used to test for protection against UVA

ÁPFA= Protection Factor UVA

ÁThe ratio of PPD of protected skin to PPD of unprotected skin

ÁAlso called UVA-PFfor UVAProtection Factor

ÁCW= Critical Wavelength



International Sunscreen Regulations 
relating to UVA protection



Four Examples of Regulatory Venues

ÁU.S.

ÁSunscreens regulated as Over-The-Counter drugs

ÁJapan

ÁSunscreens regulated as cosmetics

ÁEurope (EU)

ÁSunscreens regulated as cosmetics

ÁAustralia

ÁSunscreens regulated as Therapeutic Goods



U.S.

ÁJune 17, 2011:  FDA published its Final Rule (not Final 
aƻƴƻƎǊŀǇƘύΧ
ÁCreates ǘǿƻ ǎǳƴǎŎǊŜŜƴ ŎŀǘŜƎƻǊƛŜǎΥ {ǳƴǎŎǊŜŜƴǎ ǘƘŀǘ ŀǊŜ άōǊƻŀŘ 
ǎǇŜŎǘǊǳƳέ ŀƴŘ ǎǳƴǎŎǊŜŜƴǎ ǘƘŀǘ ŀǊŜ ƴƻǘ άōǊƻŀŘ ǎǇŜŎǘǊǳƳέ

ÁTo qualify as broad spectrum, a sunscreen must have a minimum 
critical wavelength of 370

Áά¢ƘŜ ŎǊƛǘƛŎŀƭ ǿŀǾŜƭŜƴƎǘƘ ƛǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘ ŀǘ 
which the integral of spectral absorbance curve reaches 90 
percent of the integral over the UV spectrum from 290 to 400 
ƴƳΦέ

ÁAll other sunscreens are not broad spectrum
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U.S.

ÁJune 17, 2011:  FDA published its Final Rule (not Final 
aƻƴƻƎǊŀǇƘύΧ
ÁTesting-- clinical test required for SPF and In vitro test required for CW

ÁPrimary change to SPF test is reduction of valid tests from 20 to 10 
(up to three may be rejected)

ÁCritical Wavelength determined  on PMMA plate (roughness 2-7 
micron) following 4 MED exposure with solar simulator.  
Application rate -- .75 mg/cm2 (no pre-saturated finger cot)

ÁCritical Wavelength calculation
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U.S.

Á June 17, 2011:  FDA published its Final Rule (not Cƛƴŀƭ aƻƴƻƎǊŀǇƘύΧ
Á Labelingςnew ways of communicating protection

ÁSunscreens that pass the broad spectrum test are labeled as Broad 
Spectrum SPF (value) on principal display panel.  Broad spectrum 
products with an SPF value of 15 or greater can claim to protect against 
sunburn, and decrease the risk of skin cancer and early skin aging 
when used as directed with other sun protection measures.

ÁSunscreens that do not qualify as broad spectrum or have SPF values 
less than 15 may only claim to protect against sunburn and must carry 
a warning on the label that the product does not decrease the risk of 
skin cancer or early skin aging.

ÁSunscreens previously qualified as water resistant now labeled as 
άǿŀǘŜǊ ǊŜǎƛǎǘŀƴǘ όпл ƳƛƴǳǘŜǎύΦέ  ¢ƘƻǎŜ ǇǊŜǾƛƻǳǎƭȅ ǉǳŀƭƛŦƛŜŘ ŀǎ ǾŜǊȅ 
ǿŀǘŜǊ ǊŜǎƛǎǘŀƴǘ ƴƻǿ ƭŀōŜƭŜŘ ŀǎ άǿŀǘŜǊ ǊŜǎƛǎǘŀƴǘ όул ƳƛƴǳǘŜǎύΦέ

Á¢ŜǊƳǎ ǎǳŎƘ ŀǎ άǿŀǘŜǊǇǊƻƻŦΣέ άsweatproofΣέ ŀƴŘ άsunblockέ ƴƻǘ ŀƭƭƻǿŜŘ 
and prohibition will be enforced!

ÁMust conform to OTC Drug Facts labeling format
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Sunscreen that helps prevent sunburn and decreases risk of skin cancer and early 
skin aging
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Sunscreensthat only help prevent sunburn and require Skin Cancer/Skin Aging Alert
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Japan

ÁUVA-PF determined clinically (in vivo) by PPD* and 
ŎƻƳƳǳƴƛŎŀǘŜŘ Ǿƛŀ ŀ άҌέ ǎȅǎǘŜƳ

ÁPA+ (2-4)

ÁPA++ (4-8)

ÁPA+++ (highest level of UVA protection ςPPD 
score of 8 or greater)

*Persistent Pigment Darkening



Note PA++ 
below SPF 25

Japanese Sunscreen Labeling



Á Ratio of labeled SPF to PFA should be no greater 
than 3

Á Critical wavelength should be at least 370 nm

Átt5 ƛǎ tC! άƎƻƭŘ ǎǘŀƴŘŀǊŘέ όƳƻŘΦ W/L!ύΤ In vitro
UVA method proposed by Colipaincludes pre-
irradiation

Á SPF scores are grouped; for example:

Á SPF 30 ς49.9 is SPF 30 (PFA 10)

Á SPF 50 ς59.9 is SPF 50 (PFA 17)

Á SPF > 59.9 is SPF 50+ (PFA 20?)

Europe



Note color-
coded category 
ratings.  These 
ŀǊŜ άIƻŎƘέ ŦƻǊ 
άIƛƎƘΦέ  !ƭǎƻ 
ƴƻǘŜ ά9¦ 
Konformέ 
meaning it 
meets the 3:1 
SPF to PFA 
standard.

European Sunscreen Labeling



Australia

ÁAll sunscreens must be SPF 15 and have minimum 
Critical Wavelength of 360 as determined by in 
vitro test that includes pre-irradiation

ÁExpected soon to adopt a version of the 2006 EU 
Recommendations (SPF:PFA Ѕ  3:1)
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AS/NZ 2604
ÁRevised draft open for public consultation ςdeadline July 18, 2011
ÁExpected to be published end 2011/early 2012
ÁWaiting for ISO 24443 in vitro UVA to be published before can finalise
ÁIncludes ISO 24444 in vivo determination of SPF
ÁMaximum SPF will be raised from 30+ to 50+
ÁSpecifies permitted SPF numbers (more than EU; 4, 8 + 40) for 
mandatory labeling. 
ÁBroad spectrum:
Ácurrently optional unless making anti-ageing claims
Áproposal to make obligatory if SPF >30 (primary + secondary)
ÁǇǊƻǇƻǎŀƭ ŦƻǊ ƻǇǘƛƻƴŀƭ Ψ9ȄǘǊŀ ōǊƻŀŘ ǎǇŜŎǘǊǳƳΩ ŦƻǊ {tC рлҌ ǇǊƛƳŀǊȅ 
sunscreens

Credit:  Debra Redbourn, dRCosmetic Regulations, UK
Presented at Sun Protection Conference, June 8-9, 2011, London

Australia



Australian Sunscreen Labeling
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SPF 30+ is the 
highest 
allowed



The Photophysics of Organic UV 
Filters



The Paradigm of Photophysics and Photochemistry

R + hn *R I P

Photophysical

Photochemical

ThermalR= Chromophore in ground state
*R = Chromophore in excited state

I = Reactive intermediate
P= Reaction product

hn= UV photon

NJ Turro, V Ramamurthy, JC Scaiano, Principles of Molecular 
Photochemistry,UniversityScience Books, Sausalito, CA 2009, p. 40

(No change in structure or geometry)

(Electronic isomer)

(Change in structure or geometry)

(Chemical reaction)hn



Visualizing Photon Absorption



Excited State

hn hn

Resonance Condition: DE = hn

(l=122 nm, DE=234 kcal mol-1)

1S

2P

1S

Ground State Ground State



Singlet

Triplet

hn hn

(l=290-400 nm, DE=98.6-71.5 kcal mol-1)

Resonance Condition: DE = hn

Highest Occupied 
Molecular Orbital (HO)

Lowest Unoccupied 
Molecular Orbital (LU)
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Deactivationof Excited States by
EmissionsandRadiationlessPathways
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Chromophores, including the UV 
filters used in sunscreens, convert 
the energy in ultraviolet radiation 
(UVR) and light into electronic 
ŜȄŎƛǘŀǘƛƻƴ ŜƴŜǊƎȅΧ



Electronic: yO(Orbital motion)
(computed from quantum numbers n,l,m)*

*principal, orbital,(s,p,d,fetc.) angular momentum

Shown:
1s0 to 2p1 to 1s0
amu= 1

Rendered with 
Orbital Viewer, 
available on 
www.orbitals.com



Chromophores, including the UV 
filters used in sunscreens, convert 
the energy in ultraviolet radiation 
(UVR) and light into electronic 
ŜȄŎƛǘŀǘƛƻƴ ŜƴŜǊƎȅΧ

ΧǘƘŜƴ ŎƻƴǾŜǊǘ ŜƭŜŎǘǊƻƴƛŎ 
excitation energy into nuclear 
vibrational energy.



IƻƻƪŜΩǎ ƭŀǿΥ PE = ½ kx2

Vibrational: c (Nuclear Motion)

The simplest case is the stretching motion of a 
diatomic molecule

Potential energy equals one half the spring 
constant (bond strength) times the square 
of the displacement from equilibrium





Vibrational: c (Nuclear Motion)
Classical Potential Energy Curve

http://hyperphysics.phy-
astr.gsu.edu/hbase/quantum/hosc.html

Each point on the surface represents a specific energy and geometry



©LMCE Environmental Laboratory, EcolePolytechniqueFederal de Lausanne. Used with permission

The 3D molecular 
motions take the 
form of an energy
surface where each 
point on the surface 
corresponds to a 
potential energy and 
specific nuclear 
geometry.  A 
potential energy 
curve is a cross-
section of a 3D 
energy surface

Vibrational: c (Nuclear Motion)



http://en.wikipedia.org/wiki/Image:Thermally_Agitated_Molecule.gif

The 3D molecular 
motions take the 
form of an energy
surface where each 
point on the surface 
corresponds to a 
potential energy and 
specific nuclear 
geometry.  A 
potential energy 
curve is a cross-
section of a 3D 
energy surface

Vibrational: c (Nuclear Motion)

http://en.wikipedia.org/wiki/Image:Thermally_Agitated_Molecule.gif


Vibrational: c (Nuclear Motion)



Nuclear configuration
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Equilibrium

DE= hn

V= 0

V= 5

V= 3

ΧōŜŎŀǳǎŜΣ ǘƘŜ  ƻǎŎƛƭƭŀǘƛƻƴǎ 
are actually anharmonic, 
and may lead to reactive 
inter-mediates and 
products.

+ hn?

R +hnĄ*R
*RĄR + hn

Radiativetransitions (Absorption and 
Fluorescence?)



Avobenzone UnimolecularPhotoreactions



Electron spin: S
Background

Experimentally, it was discovered that silver atoms, having lone electrons with 
no orbital angular momentum (l = s or 0)in their outer shell, are deflected by 
a non-uniform magnetic field (Stern-GerlachExperiment, 1921) into two 
distinct parts indicating that the have a magnetic moment with two possible 
orientations.  Classically, a charged particle such as an electron with a 
magnetic moment musthave angular momentum; i.e. be a spinning ball of 
charge.

Direction of 
travel

Direction of magnetic field, z



Rotational motion and orientation of a 
free electron in a magnetic field

Clockwise spin in the direction of the vector



Rotational and precessional motion and orientation of a free 
άǳǇέ ŜƭŜŎǘǊƻƴ ƛƴ ŀ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ

Free electron a(s = ½,ms = +½) 
Z Axis



Free electron b(s = ½,ms = -½) 

Rotational and precessional motion and orientation of a free 
άŘƻǿƴέ ŜƭŜŎǘǊƻƴ ƛƴ ŀ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ



Singlet state a1b2-b1a2(S = 0,Ms = 0) 

¢ƘŜ {ƛƴƎƭŜǘ {ǘŀǘŜΥ άŎƻǳǇƭŜŘέϝ ŜƭŜŎǘǊƻƴǎ ǊƻǘŀǘƛƴƎ ƻƴ ƻǇǇƻǎƛǘŜ ǾŜŎǘƻǊǎΤ 
precessing 180o out of phase (anti-parallel)

ϝάŎƻǳǇƭŜŘέ ƳŜŀƴǎ ǘƘŜƛǊ 
vectors are added together

Either 
orbitally

paired or 
unpaired



Triplet state sublevels T+1, T0, T-1

¢ƘŜ ¢ǊƛǇƭŜǘ {ǘŀǘŜΥ άŎƻǳǇƭŜŘέϝ ŜƭŜŎǘǊƻƴǎ ǊƻǘŀǘƛƴƎ ƻƴ ƭƛƪŜ ƻǊ ƻǇǇƻǎƛǘŜ 
vectors; precessing in phase (parallel)

ϝάŎƻǳǇƭŜŘέ ƳŜŀƴǎ ǘƘŜƛǊ 
vectors are added together

Always 
orbitally
unpaired



Photochemistry
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Photoaddition/substitution

2+2 Cycloaddition

cis-trans Isomerization

Photofragmentation
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D. Dondi, A. Albinia, N. Serpone., Interactions between different solar 
UVB/UVA filters contained in commercial suncreams and consequent loss of 
UV protection, Photochem. Photobio. Sci., 2006, 5, 835-843

AvobenzoneτOctyl Methoxycinnamate Photoreaction



Energy transfer

(also called Excited State Quenching)

ÅGeneral Description

ï[Ŝǘ ά5έ ōŜ ǘƘŜ 5ƻƴƻǊ όǘƘŜ ƳƻƭŜŎǳƭŜ ƛƴ ǘƘŜ ŜȄŎƛǘŜŘ 
state)

ï[Ŝǘ ά!έ ōŜ ǘƘŜ !ŎŎŜǇǘƻǊ όǎǘŀǊǘƛƴƎ ƻǳǘ ƛƴ ǘƘŜ ƎǊƻǳƴŘ 
state)

D* + A  ĄD + A*



Energy transfer

ÅTwo important mechanisms

ïDipole-Dipole (aka Coulombic or Försterquenching; also 
see FRET)
ÅάŀŎǘƛƻƴ ŀǘ ŀ ŘƛǎǘŀƴŎŜέ ǘƘƻǳƎƘ ŘƛƳƛƴƛǎƘƛƴƎ ǿƛǘƘ ǘƘŜ ƛƴǾŜǊǎŜ ǎƛȄǘƘ 

power of the distance between donor and acceptor

ÅPrimary mechanism for singlet quenching



Energy transfer

ÅTwo important mechanisms

ïDipole-Dipole (aka Coulombic or Försterquenching; also 
see FRET)
ÅάŀŎǘƛƻƴ ŀǘ ŀ ŘƛǎǘŀƴŎŜέ ǘƘƻǳƎƘ ŘƛƳƛƴƛǎƘƛƴƎ ǿƛǘƘ ǘƘŜ ƛƴǾŜǊǎŜ ǎƛȄǘƘ 

power of the distance between donor and acceptor

ÅPrimary mechanism for singlet quenching



Energy transfer

ÅTwo important mechanisms

ïDipole-Dipole (aka Coulombic or Försterquenching; also 
see FRET)

ïElectron Exchange (aka Dexter exchange)
ÅRequires proximity (electron cloud overlap)

ÅDominant mechanism for triplet quenching



Energy transfer

ÅTwo important mechanisms

ïDipole-Dipole (aka Coulombic or Försterquenching; also 
see FRET)

ïElectron Exchange (aka Dexter exchange)
ÅRequires proximity (electron cloud overlap)

ÅDominant mechanism for triplet quenching



Energy transfer

Comparison of Coulombic (dipole-dipole) mechanism with Dexter Exchange

NJ Turro, V Ramamurthy, JC Scaiano, Principles of Molecular 
Photochemistry,UniversityScience Books, Sausalito, CA 2009, p. 402

Hypothetical plot of  ET efficiency by 
separation of Donor and Acceptor, RDA



9ŦŦŜŎǘ ƻŦ ά¢ǊƛǇƭŜǘ vǳŜƴŎƘƛƴƎέ
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9ŦŦŜŎǘ ƻŦ ά{ƛƴƎƭŜǘ vǳŜƴŎƘƛƴƎέ
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Some molecules in the Singlet Excited State deactivate by emitting 
another photon in a process called Fluorescence (F)



Fluorescence Spot Demonstrations

U.S. Patent 7,776,614



Visible fluorescence of Avobenzone and 
Octyl Methoxycinnamate (OMC)

Avobenzone OMC



ÁINCI: Ethylhexyl methoxycrylene
ÁOil soluble 
ÁHigh solvency (w/w)

Avobenzone 25%
Oxybenzone30%
Octyl triazone25%
Bemotrizinol25%

ÁU.S. Patents 7,588,702; 7,597,825; 7,713,519; 7,754,191, 7,959,834

Introduction to a new photostabilizer for 
broad spectrum (UVB/UVA) sunscreens



Avobenzone Fluorescence
Quenched by Ethylhexyl Methoxycrylene



OMC Fluorescence Quenched 
by Ethylhexyl methoxycrylene
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Streak Scope Measurements



Streak Scope Measurement of Avobenzone 
Fluorescence Lifetime: 1.3 x 10-11 sec.



Streak Scope Data Showing
no Quenching by Octocrylene at 75:1



Streak Scope Data showing
EHMC Quenching of Avobenzone Fluorescence



Streak Scope Data Showing Concentration-related
EHMC Quenching of Avobenzone Fluorescence



30%

40%

50%

60%

70%

80%

90%

0% Photostabilizer 3% Photostabilizer 5% Photostabilizer

EHMC is superior to Octocrylenein preserving UVA 
absorbance of a formulation containing 7.5% OMC and 

3% Avobenzone after 25 MED

Ethylhexyl methoxycrylene Octocrylene

EHMC photostabilizesOMC and Avobenzone together


