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ABSTRACT. Microscopic properties like network dynamics and phase 
compositions were studied for a series of commercially available cosmetics 
emulsions like hair shampoo, anti-UV shielding creams and hand and body 
creams. Proton longitudinal and transverse nuclear magnetic relaxations were 
measured by recording the 1D CPMG and 2D saturation recovery–CPMG 
echoes decays. The one and bi-dimensional inverse Laplace transformations 
reveals subtitle features which characterize the microscopic dynamic behaviour 
associated with the in vitro natural degradation of cosmetics. The IR and 
UV–VIS spectra were recorded and correlated with the NMR measurement. 
 
Keywords: commercial cosmetics; NMR; T2 relaxation; T1-T2 correlation; 
NMR-MOUSE®, IR and UV-VIS spectroscopy. 

 
 
 
 
INTRODUCTION 

 
Daily the human body is assaulted by food, cosmetic or pharmaceutical 

products and can develop a significant sensitivity in interaction with these 
consumer products. For example N-Nitrosamines are expected to be human 
carcinogens because of evidence of carcinogenicity in experimental animals [1]. 
Humans can be exposed to Nitrosamines exogenously and via endogenous 
formation. Exogenous exposure can occur from a variety of products like: food 
and drink (beer), inhalation of tobacco smoke, use of rubber products 
(balloons, teats and soothers) and cosmetics [2–4]. 
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The stratum corneum (10-20 µm) is the most upper layer of the epidermis 
which together with dermis and subcutaneous fat tissues forms the skin. This 
is composed of intracellular lipids and dead cells (corneocites – flat cells of 
keratin-containing structures enveloped in proteins) and has a protective role 
against environmental aggression, being also a barrier to water loss and 
foreign body penetration. In stratum corneum (SC) a substantial amount of 
water is bounded by the keratin and by so called natural moisturizing factors 
(humectants) like some amino acids, lactate, urea, uric acid, glucosamine, 
creatine, citrate, formate or ions (Cl-, Na+, K+, Ca2+, Mg2+) etc. The hair fibres 
are composed from a central cortex enveloped into 6 to 10 layers of overlapping 
cells named cuticle. In order to prevent degradation of skin or hair a large 
variety of specialized cosmetics emulsions with multiple targets (cleansers, 
humectants, emollients, sunscreen and occlusive agents or antipuretic and/or 
antiacne medicaments) are produced and are commercially available. Thus, 
for example glycerol and urea are well-known humectants, which are highly 
water soluble and therefore difficult to be deposited into skin, and petroleum 
which is a common occlusive agent [5 and references therein]. 

An emulsion is usually defined as an opaque, heterogeneous system of 
two immiscible liquid phases where one of the phases is dispersed in the other 
as drops of microscopic or colloidal size (around 1 m) and stabilized against 
separation [6]. Common cosmetic emulsions can be found as: i) oil in water 
(o/w) - which are the majority; ii) water in oil (w/o); iii) aqueous gel or iv) silicone 
in water. Thus, many types of silicone can be used to create cosmetics with the 
appropriate degree of hair conditioning. Among these, the dimethicone copolyols 
have a light conditioning effect but are largely used due to their reduced eye 
irritation and to boost the foaming properties of shampoos [5]. 

Cleanser products are mainly designated to remove unwanted materials 
(e.g. dirt, oil or sebum) from skin and hair. Unfortunately charged surfactants 
like anionic (e.g. phosphoric, sulfonic or acyl amino acids and salts) and cationic 
are aggressive, they can reduce the skin moisture and can increase the skin’s 
irritation. Fortunately, there are other commercially available surfactants (nonionic 
and amphoteric derivate from anionic variants) that are mild to the skin [5]. 
Aqueous polymeric dispersions are used extensively as thickeners in cosmetics 
and pharmaceutical products to improve their rheological properties [7–10]. For 
example the cross-linked thickeners can form a networked microgel structure in 
solutions and are also very useful as platforms in drug delivery applications 
because of a better control release of medicaments [11, 12]. The UV filters 
(sunscreens) in skin care products bring important benefit to cosmetic 
formulations. For classification of such products function of the degree of 
protection, a sun protection factor (SPF) is defined as the dose of UV radiation 
required to produce 1 minimal erythema dose on protected skin surface on 
which is applied 2 mg/cm2 of product [5]. 
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In the last two decades, strongly inhomogeneous static and radio 
frequency magnetic fields becomes a prosperous environment for quality NMR 
techniques to evolve. More and more NMR applications have been proposed 
and operate successfully in these fields [13, 14]. These can includes the stray 
field NMR [15,16], as well as the development of surface NMR spectrometers 
[17, 18] and sensors [19, 20] for material testing [21-24], imaging [25, 26] 
and well logging [27-29]. Moreover, approaches toward high-resolution ex-situ 
NMR spectroscopy have been also recently discussed [30, 31]. 

The present work proposes a study of the cosmetic compounds phases’ 
stability when they are subjected to external natural degradation factors. As 
example, three cosmetics categories were chosen: hair shampoo, anti-UV 
shielding creams and hand and body creams (see Table 1). 
 
 
RESULTS AND DISCUSSION 

 
The recorded 1D NMR signal,  22

tST , the decay of a CPMG echoes 

trains is analysis by an one-dimensional Laplace inversion algorithm, using 
Prospa software [32], to extract the transversal relaxation time distribution 
function  2Tf  from,  
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A cosmetic product usually consists of a large number of ingredients 

which can interact with each other forming a smaller number of phases. In 
the following we will name an emulsion phase that component of the sample 
which presents a similar microscopic network dynamic, quantified in our 
experiments with a similar value of relaxation time. In time, during the use or 
conservation, these phases can present various changes leading to an altered 
product with modified properties. The study of phase alteration, via the changes 
in the transverse relaxation times distributions in controlled laboratory conditions 
to simulate the daily use (up to 24 h), is presented in Fig. 1, for the series of 
cosmetic samples listed in Table 1. The cosmetic samples used in this study can 
be grouped in three categories: i) hair shampoos; ii) anti-UV shielding creams 
and iii) hand and body creams. 

In the analysis of such T2 distributions the main interest is on the peak 
position (changes of peaks positions) and area under the peaks. Then the 
peaks located at largest values of T2 time can be associated with a low viscous 
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emulsion phase or volatile component while the low T2 value peak can be 
associated with high viscous emulsion phase characterized by a more restricted 
molecular motion. In time, we are expecting to observe on cosmetic samples 
two opposite effects: i) the loose of moisture by water and volatile components 
(like perfumes) evaporation and ii) to increase of water amount for the cosmetic 
sample containing hygroscopic components like glycerin. The area under the 
peaks which is proportional with the number of 1H is a good indication of the 
amount of each component in the measured sample. 

The shampoos and anti-UV creams presents, at least initially, three 
main T2 peaks (see Figs 1a-1d). The time-dependent T2 distributions for both 
shampoos and anti UV shielding cream with SPF 15 (Figs 1a-1c) are shifted 
towards smallest T2 values, becoming in this way more viscous. This is due 
probably by losing water, since in shampoos the amount of volatile components 
like perfumes is small. For these samples the most viscous component 
(characterize by a small T2) becomes in time more rigid and looks for both 
hair shampoos (see Figs 1a and 1b) to have the same area; while the middle 
and largest T2 component seems to suffer an interaction process, more visible 
for hair shampoo 1 (Fig. 1a). 

Thus, for this sample, after approximately 10 hours, the largest T2-
component became smaller and is moved toward the middle peak. Contrary, 
the hair shampoo 2 after approximately 6 hours looks to present an exchange 
between the middle and the high T2-value peaks, both becoming closer and 
higher, probably on account of rigid component. 

It is of interest to compare the dynamic behavior of the two anti-UV 
shielding creams with standard protection factor, SPF 15 and 25. The most 
mobile components (large T2-value peak), appears to not be too much affected. 
Since the anti-UV creams have also the role to hydrate the skin, and assuming 
that the moisture is associated with the more mobile component (or high T2-
value peak) then is perfectly reasonable that this component to be less affected 
in time. The behavior of the other two components is completely different. The 
middle peak of the SPF 15 cream remain unchanged for almost 10 hours when 
starts to merge with the rigid component (see Fig 1c). The last one, at the 
beginning is increasing in rigidity (observed as a decrease of the T2 value) 
but then after 5-6 hours start to became more and more mobile. Contrary, for the 
SPF 25 cream, in a time of 3 hours, the left peak (more rigid component – small 
T2 value) and middle peak merges with the right peak (most mobile component), 
excepting a small residue component at T2 value around 0.01 s (see Fig. 1d). 
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Figure 1. The time dependent normalized probability distribution functions of 
log( T2) for a series of commercial samples like: two hair shampoos a) and  
b) two anti-UV shielding creams c) and d); three hand creams e), f) and g); and 
one body cream h). 
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The dynamics reflected in the time evolution of recorded Laplace 
spectra is different for those three hand cream samples (Fig. 1e-1g). All three 
samples present only two components, which can be differentiated by their 
dynamics by the two peaks observed in their T2–distribution functions. While, 
for the hand cream 1, the dynamic phases can be clearly differentiated, for 
the hand cream 2 and 3 we cannot distinguish between these phases. No 
spectacular changes in time are to be reported. In the experimental and data 
analysis errors, the hand cream 1 seems to be unaffected (see Fig. 1e). A 
small transitory process, up to 2-3 hours, can be identified for the hand 
cream 2, were the amount of mobile component percentage decrease with the 
increase of the rigid component amount (see Fig. 1f). A different, but fast, 
transitory process can be observed for hand cream 3 where only in the initial 
time regime a mobile peak is observed (see Fig. 1g). This became very fast so 
small that is hidden by the more broaden middle peak, which covers several 
orders of magnitude in the T2–distribution. This is an indication of a sample 
with heterogeneous dynamic components, but stabile in time. In fact all hand 
creams can be characterized as stabile in the measurement time window. 

The body cream presents also two dynamic components (see 
Fig. 1h). As a particularity, for this sample one can observe a component 
with a restricted dynamics compared with the rest of cosmetic samples 
characterized by a T2 value around 1 ms. After a transitory regime of several 
hours, in which this peak increase in amplitude without a change in position, 
then starts to decrease and to be shifted toward larger T2-values, indicating 
an increase in mobility. Finally, both peaks merge into a single dynamic 
component with the characteristics of the initial mobile phase. 

Up to this point we were able to identify two or three components but 
we estimate that the T2 measurements alone are generally insufficient  
to distinguish and associate entirely the phase components of studied 
cosmetics samples. For a better characterization of our colloids we need a 
new approach, based on the correlation of T1–T2 relaxation times. Here, the 
2D NMR measured signal,  21T,T t,τ

21
S  is function of i) the measurement 

parameters (see the pulse sequence from experimental and sample section) 
like the magnetization recovery time, τ1 and total echo time  222 τ'τt   
starting after excitation pulses and ii) depends on the sample parameters like 
longitudinal, T1 and transversal, T2 relaxation times, respectively [33], 
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where  21 T,Tf  is the T1–T2 distribution function. 
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The measured T1–T2 correlation maps for the series of sample listed 
in Table 1 are presented in Fig. 2. Many more dynamic phases can be observed 
in these distribution functions compared with the 1D T2 -distributions. The 
peak projections in the T2 dimension correspond with the range of similar 
peaks presented in Fig. 1, however the 2D extension in the T1 domain can 
reveal particular characteristics. As general features we can observe: i) well 
defined peaks around T1 = 0.1 s or between T1 = 0.1–1 s; ii) excepting two 
cases two large peaks extended over several order of magnitude in both T1 
and T2; iii) the large distribution at largest value of T1 is due to the lack of 
sufficient data points to describe a complete relaxation, therefore, we will 
consider only the peak maximum of these distributions. The dashed diagonal 
line indicates the T1 = T2 values and the thin diagonal lines indicated the 
constant T1/T2 ratios of 10, 100 and 1000. The peaks with the T1/T2 ratios 
closed to 1 can be associated with aqueous phases and those with large 
T1/T2 ratio can be associated with more viscous phases. Moreover, for all 
samples, the phases for which the T2 relaxation is significantly faster than 
T1 relaxation indicate an exchange of molecules which contain protons, 
possibly in majority, water [33]. 

There are several features that must be underlined. The anti-UV 
cream with SPF 25 (see Fig. 2d) present the sharpest peaks and less extended. 
Only in this case the maximum T1 value is around 1 s. In contrast, the hand 
cream 2 has the largest T1 values around 100 s (see Fig. 2f). 

Sharp distributions presents also the hand cream 1 located close to 
the T1/T2 = 10 ratio (see Fig. 2e). In half of the cases there are some 
components into a so called forbidden region where T1 < T2. If these peaks 
are real, then this can be a consequence of proton exchange between different 
dynamic components. The T1–T2 correlation maps were found to be an 
important source of information but we steel need information for a better 
interpretations and peak assignment. Additional spectroscopic measurements 
were performed into attempt to identify the phase compositions and physic-
chemical properties. 

The FT/IR spectra of the series of cosmetics samples listed in Table 1 
are presented in Fig. 3 together with the water spectrum. Water presents 
three main peaks (Fig. 3 sample W): i) a main asymmetric and broad (3000-
3700 cm-1) peak centred at ~ 3450 cm-1 (due to the O-H bond); ii) a narrow 
peak centred at ~ 1600 cm-1 and iii) a broad band at wavenumber smaller 
than 1000 cm-1. Excepting some features, all these spectra are similar to 
water spectra. This is an indication of the large amount of water that can 
form the aqueous phases of studied cosmetics. The particular features 
presented by all spectra are smallest, indicating a smallest concentration in 
the sample product.   
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Figure 2. The T1-T2 correlation maps for a series of commercial cosmetic 
emulsions like: two hair shampoos (a) and (b) two anti-UV shielding creams 
with (c) SPF 15 and (d) SPF 25; three hand creams (e), (f) and (g); and one 
body cream (h). 
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The viscous emulsion dynamics is manifested at lower wave number 
1000 – 1600 cm-1 associated with the skeleton vibration of entire molecule 
(the fingerprint region) and at large wave number from 2800 –3700 cm-1 
associated with group characteristic frequencies. Here a broad peak centred 
~3200 cm-1 appears as a right shoulder on the water peak, overlapping on 
this peak, therefore for the majority of samples is identifiable only by comparison 
with the measured water IR spectra. 

All spectra present two relatively large peaks at ~2850 cm-1 and 
2925 cm-1 and other left shoulders around them. These can be associated, 
for example with stearic acid, citric acid, glycerol or other similar ingredients. 
Many of these compounds present IR peaks between 2800–3000 cm-1 and 
from 1000–1500 cm-1 and less, then positive final identifications are not possible. 
Nevertheless, comparing the database ATR-IR spectra of glycerol and paraffin 
[34] one can identify specific bands (doublet at 2880 and 2934 cm-1) of –C-H 
(stretching) bonds and ~ 1500cm-1, in our measured ATR-TF/IR spectra. 

The anti-UV shielding cream with SPF 15 labelled with C, present a 
particular peak as a left shoulder on the water peak around 1750 cm-1 may 
be an indication of a carbonyl compound (C=O). Moreover, the small peaks 
at ~ 1560 cm-1 observed for the samples labelled with C and D (SPF 15 and 
25) may be an indication of the presence of aromatic compounds in the anti-
UV shielding creams. The same indices can be found also for the measured 
hand cream 1 (see the ATR-FT/IR spectrum labelled with E in Fig. 3). Amines 

 

Figure 3. Compared ATR (Attenuated Total Reflection) FT/IR absorption
spectra of the series of cosmetics presented in Table 1 together with
water (W) IR spectrum. 
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(C-N bonds) and alcohols (C-O bonds) functional groups can be found as 
components in samples presenting peaks between 1030–1230 cm-1 and 
1050-1150 cm-1, respectively. 

Compared with the time dependent 1D T2 distributions (Figs. 1) and 
2D T1-T2 correlation maps (Figs. 2) 1H NMR data the ATR-FT/IR spectra are 
more similar. In these spectra the major features are appear grace at the 
presence of water which for all our samples is found into an amount larger 
than 50 % (curve W compared with the rest of spectra in Fig.  3). Such 
amount of water in the cosmetic sample means that the water has to be 
distributed into mobile phases, characterized by large T2 values, but has to 
be found also in less mobile phases (characterized by smaller T2 values) as 
bound water. 

The transmission/absorption characteristics in ultraviolet and visible 
domains of the distilled colloidal samples are presented in Fig. 4, for 
comparison together with the UV-VIS water spectra. These present a large 
absorption peak around 970 nm and began to be absorbed in the UV domain 
starting with 300 nm. In addition to water, the cosmetic samples present a 
continuously increased absorption with no significant features in the visible 
domain when moving to small wavelength. Starting with ~450 nm for anti-UV 
shielding cream with SPF 15 (sample C), ~400 nm for hand cream 1 (sample 
E) and ~350 nm for hair shampoo 2 (sample B) the samples present broadens 
and features absorption characteristics in the UV domain. Such characteristics 
may be associated with the presence of paraffin (of which UV characteristic 
absorption is manifested for wavelength smaller than 350-400 nm) rather than 

Figure 4. Compared UV-VIS transmission spectra of the series of cosmetics 
presented in Table 1 and compared with water (W). 
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glycerol which present absorption bands up to 550 nm. Diverse features 
observed as unresolved shoulders in this domain suggest the existence of 
different ingredients that can absorb the UV radiation, which are in concordance 
with their use especially the anti-UV creams. The shampoos emulsions 
present the largest transmission characteristics in near UV and VIS domains. 

Contrary to the ATR-FT/IR spectra (Fig. 3), for which the main features 
are given by the water content, the main features of the UV-VIS spectra (Fig. 4) 
and of the 1H NMR 1D T2 distributions (Fig. 1) and 2D T1-T2 correlation maps 
(Fig. 2) are due to the rest of the components (which for many cosmetic 
samples the number of this components is larger than 20). Moreover, we can 
observe that the hair shampoos (samples A and B) with the highest 
transmittance in UV-VIS spectra (Fig. 4) presents initially (few minutes after 
the application of the thin film) three balanced peaks in the T2 distributions 
(Figs. 1a and 2b) associated with three dynamic phases. Three T2 peaks are 
observed in the initial regime also for the anti-UV creams (Figs 1d and 1e) 
and a medium transmittance was measured in the UV-VIS spectra (sample C 
in Fig. 4). Contrary the samples with the lower transmittance in UV and visible 
light (as measured from UV-VIS spectra – samples F and G in Fig. 4) presents 
a quasi-two component T2 distribution (poorly resolved distributions – Figs. 1f 
and 1g). Probably, the large phase heterogeneity (wide T2 distributions) can 
be correlated with large distributions of electrons levels in cosmetic molecules 
which will lead to a sample more absorptive in UV-VIS region of the 
electromagnetic domain. 

 
 

CONCLUSIONS 
 
Low field NMR, originally developed to characterize the fluid filled 

porous media and well-logging, can play now an important role in the 
characterization, monitoring and quality control of cosmetic products. When 
accompanied by the new algorithms of Laplace inversion the NMR 
measurements are a reach source of information about colloidal materials. 
Thus, the combination of 1D and 2D NMR methods that involve transversal 
and longitudinal relaxation and Laplace inversion data analysis together with 
IR and UV-VIS spectroscopy was found to be a useful new tool in the 
characterization of various commercially available cosmetic products. The time 
dependent T2 relaxation distribution functions, which are sensitive to structural 
composition, texture mobility and interactions of various emulsion components, 
provided useful information’s about cosmetic’s phases stability: i) non-stable 
like the shampoos sample; ii) very stable like hand and body creams or iii) with 
good hydrating properties like anti UV shielding creams. 
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EXPERIMENTAL AND SAMPLE 
 
The one-dimensional (1D) and two-dimensional (2D) Nuclear Magnetic 

Resonance relaxometry correlated with advance data processing by the  
1D and 2D Laplace inversions and IR and UV-VIS spectroscopy are 
methods largely used in the study of this class of materials. An appropriate 
NMR experimental set-up uses a unilateral NMR sensor, the NMR-MOUSE 
[13, 14]. In this case (in contrast with the classical in tube measurement) the 
tested sample can be subjected to similar conditions as in the case of 
ordinary use of a thin layer applied on a large surface and with the opposite 
surface, in contact with the air. 

An important tool in highly inhomogeneous magnetic fields NMR 
experiments is the combination of dedicated pulses sequences like CPMG, 
which can refocus the linear spin inhomogeneities, with the signal processing 
by Laplace inversion [13, 14, 27, 29, 32, 33, 35-38]. An elaborate study was 
performed by Hürlimann et al., on the characterization of food products by two-
dimensional D–T2 and T1–T2 distribution function obtained by Laplace 
inversion [33]. These functions exhibits also distinct components associated 
there with aqueous and liquid fat content phases. An important step was made 
by Marigheto et al. by giving several methods for peak assignment in complex 
T1–T2 maps of low-resolution 2D NMR cross-correlation relaxometry [36]. 

For the NMR measurement a BRUKER Minispec spectrometer with a 
unilateral NMR-MOUSE sensor working at 19.2 MHz frequency, was used 
[20, 37]. The cosmetic samples were placed directly on the top of the NMR 
sensor coil on a laboratory ultra-thin glass (0.1 mm) as a film of 3 mm thick, 
covering the entire surface of the radio-frequency coil. For the reproducibility 
a perforated stencil was used as holder, removed during the measurements. 
In order to simulate better the contact between the cosmetic sample and 
the human body the temperature was increased and kept constant at 320C. 
The atmospheric pressure of 990 mm Hg and 60 % relative humidity was 
also monitored. 

The molecular dynamics and phase composition of a thin film of 
emulsion samples subjected to one day degradation in natural conditions 
was studied by applying the CPMG pulse sequences and recording the spin 
system response, see Fig. 5 up [37]. A total number of 1000 echoes were 
recorded with 2s recycle delay and 512 scans to improve the signal to noise 
ratio. The duration of excitation pulse and refocusing pulses were 5 s too.  

 
                                                 
 NMR-MOUSE is a registered trademark of RWTH-Aachen. 
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The 2D, T1–T2 correlations maps were obtained by recording the spin 

system response during the CPMG that follow a saturation–recovery pulse 
sequence with re-magnetization time, τ1, (see Fig. 5 down) [37]. The echo 
time, 22 τ'τ   was between 100 – 300 s, in function of the measured sample, 

while the 1 time was increased in equal steps with 100 ms up to 5-6 s. For 
the NMR-MOUSE sensor, the static magnetic fields gradient across the 
sample is higher than the strength of the radiofrequency magnetic field. 
Therefore, all pulses are slice selective (~ 0.2 mm per slice) leading to an 
initial transient regime in CMPG [33, 37]. In order to avoid this effect to affect 
the T2-distribution, the first 10 CPMG echoes were eliminated. The NMR 
measurements were analyzed using the Prospa software for inverse Laplace 
transform [32]. 

The absorption IR spectra were recorded using a single beam FT/IR 
Jasco 6200 spectrometer with Fourier Transform and an ATR (Attenuated 
Total Reflection) device. The samples were placed into a 10 cm long, 5 mm 
large and 3 mm deep holder on top of a special crystal accessory dedicated 

Figure 5. The classical CPMG pulse sequence (up) and (down) saturation 
recovery followed by detection via CPMG pulse sequence designated for 
recording theT1–T2 correlations maps. 
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to measurement of liquid samples. The ATR correction procedure was 
applied in order to obtain similar spectra with those obtained by transmission 
spectroscopy. Finally, a base line correction procedure was applied. The 
signal to noise ratio was 16 times improved by recording 256 scans for each 
sample. The resolution of recorded spectra was 1.928 cm-1 and a full range 
from 349.05 cm-1 to 4002.57 cm-1. 

The UV-VIS spectra were recorded using a single beam CAMSPEC 
M501 UV-VIS spectrophotometer, and a quartz cell of 1 cm path length. Due 
to a high absorbance a smallest droplet of cosmetic samples was mixed with 
distilled water obtaining solutions with the ratio of emulsion/distilled water 
presented in Table 1. As an illustration, we present measurements for a 
variety of cosmetics samples that includes two types of hair shampoo, anti-
solar ultraviolet radiation creams with different standard protection factor, SPF 
of 15 and 25, three types of hand creams and one body cream. All these 
products are commonly commercially available, belong to different cosmetics 
producers and were purchased from the local specific market. The observed 
cosmetics present dispersed into dispersion phases with similar or different 
network dynamics according to i) their compositions, common components 
like water, glycerol, liquid paraffin or particular components like perfumes and 
ii) most important, the interactions between these components. For example, 
glycerin is a neutral, sweet-tasting, colorless, thick liquid which freezes to a 
gummy paste and which has a high boiling point and can be dissolved into 
water or alcohol, but not oils. On the other hand, many things will dissolve 
easier into glycerin so can be characterized as a good solvent. Glycerin is 
also highly hygroscopic, which means that it absorbs water from the air, an 
important characteristic for moistening the cosmetics [5]. 

 
 

 

Table 1. The investigated cosmetic samples: name, associated label and 
emulsion/distilled-water ratio for UV-VIS measurements. 

Sample Name Sample Label
emulsion/distilled-water 

[mg/ml ] 
Hair shampoo 1 A 3.56 
Hair shampoo 2 B 1.66 
Anti UV shielding cream SPF 15 C 1.53 
Anti UV shielding cream SPF 25 D - 
Hand cream 1 E 0.93 
Hand cream 2 F 3.56 
Hand cream 3 G 1.33 
Body cream H - 
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