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Abstract: Two new UV filters for use in cosmetic sunscreens have been developed. Bis-ethylhexyloxyphenol
methoxyphenyl triazine (BEMT) is a hydroxy-phenyl-triazine derivative, which has been designed for optimal spec-
tral performance, excellent photostability, and solubility in cosmetic oils. Methylene bis-benzotriazolyl tetra-
methylbutylphenol (MBBT) is the active ingredient of a particulate UV-filter system, which is available as a 50% dis-
persion of MBBT. Since the UV-attenuating efficacy depends strongly on particle size, the material is micronised
to particle sizes below 200 nm. The mode of action of this photostable filter system is governed to about 90% by
absorption and 10% by scattering of UV light. Both filters show broad-spectrum characteristics with significant
protection in the UVA range.
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1. Introduction

In the 1930s UV absorbers were discovered
as active ingredients of sun-protection for-
mulations for human skin. Triggered by
higher incomes and possibilities for travel-
ling the sunscreen market started to devel-
op in the 1950s and 1960s. In 1956, the sun
protection factor (SPF), which enables the
assessment of the performance of sun-
screens, was invented by Schulze [1]. It is
defined as the ratio of doses of solar radia-
tion leading to reddening of human skin in
presence and absence of the respective sun-
screen. The broad introduction of the SPF
on sunscreen packages in the 1970s revolu-
tionized the market, since now the products
became comparable on a quantitative basis.
At the end of the 1970s the first products
appeared that had achieved the ‘magic’
number of 20, and in the 1980s the market
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further developed dynamically with diver-
sity in SPF values as well as in product
forms. Since the end of the 1980s the atti-
tude of the consumers towards sun expo-
sure has started to change. A brownish tan
is still desirable, but people became in-
creasingly aware of the harmful effects of
the sun, above all the potential for skin can-
cer induction. With this background, the
role of cosmetic sunscreens nowadays has
changed from mere protection against sun-
burn to health prophylaxis. 

Solar radiation in the spectral range be-
tween 290 and 400 nm is regarded as po-
tentially dangerous for human skin, where
the harmful effects strongly increase with
smaller wavelength or higher energy of the
radiation. The reason for not considering
light of wavelengths below 290 nm is the
filtering effect of the stratospheric ozone
layer towards radiation of such kind. The
spectral range between 400 and 320 nm is
called UVA (400–340 nm: UVA I, 340–320
nm: UVA II), the range between 320 and
290 nm UVB, and light of wavelength be-
low 290 nm is named UVC.

1.1. UV Spectroscopic Requirements
for UV Filters Used in Sunscreens

First of all, sunscreens are expected to
protect against sunburn, also called UV ery-
thema. Fig. 1 shows the action spectrum of
human skin for an erythemal reaction [2],
the intensity spectrum of solar radiation at

the surface of the earth [3], and the erythe-
mal effectiveness, which is obtained from
the convolution of erythemal action spec-
trum and the solar intensity spectrum. Thus,
the erythemal effectiveness describes the
relative spectral ability of solar UV radia-
tion to induce erythema. It shows a maxi-
mum at 306 nm, which explains why, until
the early 1980s, in sunscreens only UVB
filters were used. 

Today, most sunscreens also contain
UVA filters. There are several reasons:
• UVA contributes significantly to erythe-

ma formation, which can be estimated
from the corresponding area under the
erythemal effectiveness curve, and
amounts to about 10–15% of the effect
of the total UV. With pure UVB protec-
tion, 10–15% of the radiation would be
transmitted without attenuation so that
the total transmission of UV would al-
ways be higher than 10%. Thus, the
maximum SPF which can be achieved
with a sunscreen based on pure UVB fil-
ters is about 10. In order to provide sun-
screens with higher SPF it is necessary
to add UVA absorbers. 

• Animal experiments showed that the ac-
tion spectrum for induction of skin can-
cers follows the erythemal action spec-
trum of human skin [4]. Assuming that
the action spectrum for skin cancer in-
duction is similar in humans, UVA has a
certain contribution. 




