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Abstract 

The nanovoids in the fatty acid triglycerides and in the milkfat are studied by means of tlie positron annihilation spectroscopy. The 
mean radii of the nanovoids are measured using annihilation characteristics of the hydrogen-like positronium atoms, which annihilate 
inside the nanovoids. It is shown that both the milkfat and its six purified fractions (high- and low-melting components) contain the most 
stable nanovoids, whose mean radius = nm) coincides, within the error limits, with that of the most stable Cgg fullerene 
molecule. ©2002 Elsevier Science B.V. All riglits reserved. 
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1. Introduction 

The nanovoids formed between the monomolecular lay-
ers of solid fatty acid triglycerides or between the lamellae 
in their liquid phase were found by means of the positron 
annihilation technique using both the lifetime [1,2] and the 
angular correlation of annihilation photons (ACAP) [3] 
spectroscopy. The nanovoids are supposed to be affecting 
the optical properties [4], oxidation processes and the 
emission-adsorption phenomena in the interior of the 
nanovoids. 

We have studied six simple fractions of the fatty acid 
triglycerides (differing in the melting points) by means of 
the positron annihilation spectroscopy. The features of the 
positron annihilation in the vicinity of the nanovoids were 
studied. The mean radii of the nanovoids, their variation in 
the course of structural relaxation and ordering were mea-
sured. These variations are related to the probability the 
positronium (a hydrogen-like atom) formation in the 
nanovoids. 

2. Experiment 

The ACAP spectra were measured with conventional 
long-slit spectrometer. Radioactive ^^Na nuclide was used 

• Corresponding author. Tel.: +7-380-221-0740; fax: +7-380-221-2352. 
E-mail address: rashevsk&usuft.kiev.ua (T.A. Rashevskaya). 

as the positron source. The ACAP spectra were fitted to 
the sum of three Gaussian components using the least-
squares method. The narrow Gaussian in the center of 
ACAP spectra is related to the self-annihilation of a hydro-
gen-like positronium atom (Ps). One of the probable mech-
anisms of its formation is the electron (e~) pick-off from 
an atom at the inner nano void surface followed by e~ 
tunnehng through the potential barrier at the solid-vacuum 
interface and subsequent formation of the bound (e~e"^) 
Ps state. 

The nanovoid radius, was determined from the Ps 
annihilation characteristic inside the nanovoids according 
to the formula [5]: 

1 .66 /o - , /2 -0 .166 [nm], 

where cTi/j is the full width at half-maximum of the 
narrow Gaussian. The latter is related to the standard 
deviation a of the narrow Gaussian through the equation: 

= 2.35 a . 

The values of a , w e r e corrected taking account of 
the spectrometer angular resolution function with the stan-
dard deviation a^ = 0.55 mrad. The probability of positron 
annihilation from Ps state in the vicinity of the nanovoids 
is equal to the relative area of the narrow component in the 
ACAP spectra. 

The triglyceride samples were prepared from the milk-
fat solution in acetone using the fractional crystallization 
method. The fractions were obtained at 20 (first), 13 
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(second), 5 (third), 0 (fourth) and - 1 8 ° C (fifth). The 
residue was taken as the sixth fraction. The samples of the 
first and second fractions were quenched by means of 
rapid cooling. The melts were poured onto the copper plate 
cooled with liquid nitrogen. ACAP spectra were multiply 
measured in the course or structural relaxation and order-
ing of the fractions at room temperature. 

3, Results and discussion 

Figs. 1 and 2 show the ACAP parameters for solid 
(first, second and third), liquid (fourth, fifth and sixth) 
and rapidly quenched triglyceride fractions. Experimental 
points are drawn on the S versus plot where S is the 
Ps annihilation probability in the nanovoids and R.-.^ is 
the mean radius of the nanovoid. Each fraction is charac-
terized by the separate straight line, S = {r^^ — 
These lines are shifted and differ in their slopes, k = 

The values of k for the fractions studied are 
shown in Fig. 3. It is seen that k varies nonmonotonously 
with increasing fraction number. For the quenched first 
and second fractions, its values are by about 17% lower 
compared with those in the 'annealed' state. Extrapolation 
of the straight lines to their intercept with abscissa gives 
the critical value corresponding to 5 = 0. Physically, it 
can mean that at R > r̂ ^ Ps formation inside the void is 
impossible. 

According to the existing concepts of Ps formation in 
condensed media [6], Ps is formed in the positron thermal-
ization spur and Ps fraction S. i.e., the relative number of 
positrons, which form Ps, depends on the concentration of 
free-volume defects. If we suggest that the latter is approx-
imately constant and that Ps is formed only inside the 
nanovoids, than the disappearance of Ps narrow component 
at r.. can be explained by the increasing work 
function for the electrons entering the interior of the 

R void, nm 

Fig. 1. Positronium annihilation probability, 5, versus the mean nanovoid 
radius, rt„„;H, during structural relaxation and ordering of the 1st (trian-
gles—crystalline, diamonds—quenched) and 2nd (crosses—crystalline, 
squares—quenched) milkfat fractions. 
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Fig. 2. Positronium annihiladon probability, 5, versus the mean nanovoid 
radius, iJvoid- during structural relaxation and ordering of the 3rd (crosses), 
4th (triangles), 5th (diamonds) and 6th (squares) miMat fractions. 
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Fig. 3. The values of r... k ^ /q«...:., and = 0.36 nm) versus 
the milkfat fraction number. Squares and diamonds stand for the rapidly 
quenched and 'annealed' states, respectively. Solid lines are the eye 
guides. 
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Fig. 4. Histogram showing statistical size distribution of the nanovoicls in 
the milkfat and its six fractions. 

nanovoid with increasing due to increasing energy 
barrier for electron's tunneling from the inner surface of 
the nanovoid under the action of positron's Coulomb field. 

The values or for all fractions are shown in Fig. 3. 
The large scattering of r^, (from 0.67 to 0.86 nm) for the 
first three fractions can be caused by the peculiarities of 
the nanovoids' configuration. Meanwhile, practically the 
same r.. values (0.75 + 0.04 nm) for liquid fractions can 
be the result of nearly spherical shape of the nanovoids in 
the liquid state. The values of r̂ ^ for the first and second 
fractions in the quenched and 'annealed' states coincide 
within the experimental error. 

The histogram showing statistical size distribution of 
the nanovoids in the milkfat and its six fractions (more 
than 40 points) is drawn in Fig. 4. Interestingly enough, 
there are several coincidences related to the sizes of the 
nanovoids, Ps, and fullerene CgQ- For example, the small-
est nanovoid radius (0.22 nm) is almost exactly twice the 
diameter of the Ps atom (0.106 mn), which serves as a 
probe for the nanovoid's size measurement. Another coin-
cidence is the proximity of the smallest nanovoid diameter 
(0.44 mn) and the transverse intermolecular distance of the 
a-polymorph triglycerides (0.414 nm). The histogram in 
Fig. 4 also shows that the most probable value of the 

nanovoid radius is equal to 0.35 nm. The state of the fatty 
acid triglycerides, which is characterized by this radius of 
the nanovoids, is obviously the most stable. It should be 
noted that Cgo is also the most stable fullerene molecule 
with the radius of 0.3512 nm. 

The largest nanovoid radius of 0.54 nm was observed 
for the third fraction. The limit value of R. .:, = r.. or 0.75 
nm determines the void size, which cannot be detected 
using Ps atoms. The probability of Ps annihilation in the 
nanovoids of the most stable radius, ^(i?^^^ = 0.36 nm), 
for all fractions under study are also shown in Fig. 3. It is 
seen that in the case of quenched triglycerides S is by 
16-20% lower than in the 'annealed' ones. For liquid 
fractions (fourth, fifth and sixth) 5, on the average, is by 
38% higher than in the solid high-melting fractions (first, 
second and third). 

4. Conclusions 

The fatty acid triglycerides contain the nanovoids 
(cages), whose concentration is comparable to that of 
triglyceride molecules. The most stable nanovoids have the 
radius of 0.35 nm, which is the same as that of the 
fullerene Cgg-
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