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Structure transformations from amorphous to crystalline state in milk fat as well as its 
simple purified fractions have been studied using optical and positron spectroscopy. The 
crystallization of amorphous fat results in appearance of a high-intensity peak in its 
luminescence spectrum. Transmission and luminescence excitation spectra have been also 
studied at different temperatures. 

MeTOflawrn onTHMecKoii n nosHTpoHHoft cneKTpocKonHi-i HccjieflOBaHti CTpyKTypHwe nepe-
x o A t i MOjroHHoro >KHpa h e ro npocTbix cl)paKn;Hii H3 aMoptJJHoro b KpHCTajij iHHecKoe c o c t o h -
Hue. KpHCTajIJIHGaUHH aMOp$HOrO >KHpa npHBOflHT K nOHBJieHHK) HHTeHCHBHOrO HHKa B 
cneKTpe ero jiiOMHHecn;eHn;HH. HccjieflOBaHW cneKTpti nponycKaHHH h B036yH{fleHHa .jihdmh-
necu.eHU,Mn iKHpa h ero cl)paKn;HH npH pa3JinMHtix TeMnepaTypax. 

Long chain c o m p o u n d s , such as milk fat 
(MF) , contain v a r i o u s f r a c t i o n s , which can 
occurred in d i f f e r e n t crystal f o r m s , a phe-
nomenon is k n o w n as po lymorph ism. The 
po lymorph i c f o r m s o f these f rac t i ons d i f f e r 
in a number of proper t i es , inc luding melt-
ing points and stabi l i ty . The crystal size 
and shape in a fa t is related to its po lymor -
phic state [1]. 

The t r ig lycer ide M F molecule is f o r m e d 
by three molecu les of d i f f e r e n t fat acids 
connected to g l y c e r o l one and looks like a 
tuning f o rk m a n i f e s t i n g an anisotropy in 
physical proper t i es . These molecules have 
methyl groups at the ends o f fat acid chains 
and exhibit s t r o n g in te ra tomic bonds inside 
the molecules and re lat ive ly weak Van der 
Waals type bonds be tween them. Between 
the nearest t e r m i n a t i n g CH3 g r o u p s , the 
crystal l ine s t ruc ture de f e c t s , i . e. pores , can 

exist in MF due to d i f f e r e n t lengths of the 
acid chains. Most data on the po lymorphism 
of long chain compounds has been obtained 
b y s tudy ing simple pur i f i ed substances. The 
natural fat o f ten contains a wide variety of 
g lycer ides d i f f e r ing in chain length anS un-
saturat ion degrees of their f a t t y acid com-
ponents . The po lymorphic behav iour of such 
c o m p l e x mixtures is o f t e n n o t easy ex-
plained in terms of one or more o f their 
major components . 

The method used most wide ly to study 
l ip id po lymorph i sm is X - r a y d i f f r a c t i o n . 
There are other wel l -known methods , such 
as low-temperature i n f r a r e d spectroscopy, 
d i f f e rent ia l scanning c a l o r i m e t r y , micros-
copy , and thermal analysis , are also em-
ployed. Photoluminescence spec troscopy is a 
rather sensitive tool f o r s t u d y i n g the opti-
cal propert ies of sol ids w h i c h depend on 
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their e lectron s t ruc ture . O n ' t h e other hand, 
the e lectron s t ruc ture of so l ids correlates 
with pecu l iar i t i es o f the i r crysta l l ine 
(atomic) s tructure . F u r t h e r m o r e , the posi-
tron spectroscopy is an e f f e c t i v e technique 
to s tudy v a r i o u s d e f e c t s o i so l id crystal 
s tructure . It is also wel l k n o w n that defects 
of alkali halide c rysta ls , as vacancies , are 
responsible f o r their absorpt i on and lumi-
nescence. 

There fo re , the purpose of this work was 
to use exper imental pho to luminescence and 
positron spec t roscopy method to obtain an 
additional i n f o r m a t i o n on the in f luence of 
the structure t r a n s f o r m a t i o n s in milk fat 
;iud their simple p u r i f i e d f r a c t i o n s on their 
physical propert ies . 

Metastable a m o r p h o u s phase in MF sam-
ples was obtained b y q u e n c h i n g the melted 
MF f r o m 340 K in l iqu id n i t rogen . The 
structural re laxat ion of a m o r p h o u s phase to 
more equi l ibr ium crys ta l l ine one was ob-
t;iined by aging the a m o r p h o u s samples at 
d i f f e r e n t ( 2 7 3 and 293 K ) t emperatures 
during 90 days. M i c r o p h o t o g r a p h y was used 
for ihe qual i tat ive s t ruc tura l analyses of 
the prepared samples . It is k n o w n that MF 
c:aii be separated into several (at least 6) 
s imple p u r i f i e d f r a c t i o n s (SPF) . Besides 
-MF, two of these SPF were also investi -
gated. SPF were ex t rac ted f r o m MF using 
fract ional crysta l l i zat ion f r o m its acetone 
solution and separat ion of so-cal led "h igh-
m e l t i n g - p o i n t " ( H M ) and " l o w - m e l t i n g -
point" (LM) f rac t i ons at 286 and 273 K , 
respect ively . It is k n o w n that the s tructure 
of \ iU'ious SPF of M F d i f f e r in chain length 
of the loi. acids c onnec ted to the g lycerol 
" co re " . 

1 ajid iis exciLation spt'c-
I l a o f the samples were measured at room 
and elevated temperatures by photoe lec tr i c 

ill the 3 0 0 - 7 0 0 nm ( 4 . 1 3 - 1 . 7 7 eV) 
and 2 0 0 - 5 0 0 nm ( 6 . 2 - 2 . 4 8 eV) spectral 
l iinp'es. respect ively . The t ransmiss ion spec-
u'a 01 riu |.im tnick samples were measured 
11! " 2 0 v ~ ( 6 . 2 - 2 . 4 8 " eV ) spectral 
lange at 293 K and 330 K . The absorption 
of was calculated as A = l n ( l / r ) , where T is 
transmiss ion. The angular d is tr ibut ion of 
the annihi lat ion photons ( A D A P ) was meas-
ured using a long-s l i t spec t rometer with an-
gular resolut ion of about 1 mrad . The ^^Na 
isotope of 1 mCi ac t iv i ty was used as the 
positron source . Exper imenta l A D A P curves 
were presented as the sum of three Gauss-
ian curves . The main c o n t r i b u t i o n to A D A P 
is provided by pos i t rons annihi lat ing with 
electrons of t r ig lycer ide molecu les local ized 
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Fig.l . Luminescence spectra of MF (a) and 
SPF (b). Excitation energy 3.67 eV. Quenched 
MF, spectrum taken at 293 K ( i ) ; the same, 
at 340 K (2); MF aged for 90 days at 273 K 
(3) and 293 K (4); MF aged for 90 days and 
then re-melted (5). 

near the pores. The pos i t ron spectroscopy 
allows to determine the local izat ion radius 
o f the pos i tronium w a v e f u n c t i o n near sub-
nanopores as well as the annihilation prob-
ability of electrons wi th pos i trons , S. The 
minimum transversal pore radius, 
where e iectron-positron annihilation occurs 
f r o m the pos i tronium state was calcu-
lated as = 1 6 . 6 / a i ; 2 - l - 6 6 (in A ) , where 

is the F W H M of the most narrow 
Gaussian curve (in mrad) [2] . 

•'I'h.r- luminescence spec t rum of i'.s-
quenched a-morphaus—M-F-is-eh-a-raeterized by 
an intense band with a m a x i m u m at 3.1 eV 
and weak peaks on its l ow-energy shoulder 
located at 2.6 and 2 .8 eV (see F i g . l ) . The 
aging of amorphous M F at 273 K as well as 
at room temperatures d u r i n g 90 days re-
sulted in appearance of an additional in-
tense luminescence band with a maximum 
at 2.38 eV. It should be mentioned here 
that the relative intens i ty (with respect to 
main band) of this addit ional band as well 
as that of weak peaks on the low-energy 
shoulder of main band is h igher at elevated 
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ng t emperature . It can be supposed that 
ch a t r a n s f o r m a t i o n o f the MF lumines-

cence s p e c t r u m due to ag ing re f lects the 
structural r e l a x a t i o n of amorphous phase 
towards the c r y s t a l l i n e one or crystal -
l i zat ion of M F (see F i g . l ) . In f a c t , the 
structure s t u d y o f M F us ing microphotogra -
phy as well as resul ts of the pos i tron anni-
hilation c o n f i r m this assumpt ion . 

The o b s e r v e d c h a n g e s in the lumines-
cence spectra are revers ib le , i. e. heating of 
the MF aged d u r i n g 90 days to the liquid 
state (up to 340 K ) restores complete ly the 
pr imary luminescence spec t rum measured at 
293 K. On the ot j jer hand, it should be 
ment ioned here that the luminescence inten-
sity in the l iquid state (measured at 340 K) 
is m u c h lower than in the solid state. This 
intensity decrease can be explained by sev-
eral mechnnisms . f o r example , temneratnr'^ 
qiiuriciiing. E\'eji vviLiioui tui aadiciojiai buiiu 
at 2 .38 eV, the MF luminescence spectrum 
exh ib i t s ci r a t h e r c o m p l e x s t r u c t u r e and 
contains at least 3 c o m p o n e n t s . These bands 
can be supposed to be related to d i f f e rent 
SPF of MF. In fac t , the luminescence maxi-
mum of the H M S P F co inc ides wi in a weak 
pecul iar ity on the l ow-energy shoulder of 
the main MF band [ compare F i g . l (a) and 
(b)]. The low intens i ty of this band in the 
MF luminescence s p e c t r u m can be explained 
by re lat ive ly l o w content of this SPF in MF. 

In order to unders tand more the nature 
of the luminescence spectra f o r the studied 
samples, their absorpt i on spectra were stud-
ied at room and e levated temperatures . The 
results obta ined are shown in Fig .2 . It is 
seen that all these spec t ra are character ized 
by absorpt ion bands at 3 .9 , 4 .4 , and 4.6 eV 
as well as b y a general background . The 
backgrounds are rather s imi lar f o r all sam-
ples and show a progress ive ly increasing ab-
s o r p t i o n w i t n p h o t o n e n e r g y . Trans i t i on 
f r o m the sol id state to the l iquid one (with 
the t emperature e levat ion up to 340 K) re-
sults in a remarkable decrease in the back-
ground w i t h o u t any chang:es in the absorp-
t io"n^baiTd^intensity 'andT in their arrange-
ment [see F i g . 2 (b ) ] . The luminescence 
exc i tat ion s p e c t r u m f o r M F exhibits an in-
tense band at 3 .9 eV and two weak peculi-
arities at 4 .4 and 4 .6 eV [see F ig .2 (b)]. The 
locat ion o i c o m p o n e n t s in the exc i ta t i on 
spectrum c o r r e s p o n d s to band locations in 
absorpt ion one . A s m e n t i o n e d above , the 
main d i f f e r e n c e be tween var i ous SPF is due 
to the length d i f f e r e n c e s between the fat 
acid chains c o n n e c i e d to the g lycero l core. 
On the other hand , the absorpt ion spectra 
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Fig.2. Absorption spectra of SPF (a), excita-
tion of the luminescence spectrum (circles); 
MF absorption spectra measured at different 
temperatures (b). Curves are denoted as in 
Fig.l . 

of all studied SPF as well as MF are rather 
similar to each other . Therefore , it can be 
supposed that the luminescence excitation 
mechanism f o r all samples studied here is the 
same, while non-radiative transitions to the 
final excited state d i f f er f or d i f ferent SPF. 

A c c o r d i n g to the positron spectroscopy 
results , the n a n o p o r e rad ius depends on 
structural state of MF or SPF tr ig lycer ide 
and varies f r o m 2 .2 to 3 .9 A f o r all sam-
ples! A corre lat ion between the average pore 
radius, B^, and the pos i t ron ium annihila-
tion prouabi l i ty , S, has been established: 
the larger is R^, the lower is S (see Fig .3) . 
The m a x i m u m radius va lue f or—var ious 
structural states of d i f f e rent f rac t i ons var-
ies in a v e r y narrow range f r o m 3.6 to 
3.9 A . These values are rather close to the 
interchain distances in fat acids for different 
modifications of triglyceride (a , p and P') that 
are 4.14, 3.78 and 3.68 A , respectively [3]. 
The l ong - term (38 days) aging of HM SPF 
at room temperature results in a decrease in 
Bp f r o m 3.6 to 2 .2 A . This decrease in aver-
age pore radius may be caused by structure 
ordering (crystal l izat ion) due to aging. 
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Fig.3. Dependence of the positronium annihi-
lation probability inside the pore, S, on the 
pore radius, R^: amorphous HM SPF ( i ) ; 
crystalline HM SPF (2); liquid HM SPF (3); 
liquid LM SPF (4). Dashed line connects 
maximum R^ values for different states and 
fractions. 

The decrease in the mean pore radius to 
2 .2 A a f t e r the long- term exposure HM SPF 
at R T can be accompanied by an increase in 
the p o r e l e n g t h and bending of the 
t r ig lycer ide molecules towards the pore in-
ter ior . The decrease in the pore radius Rp is 
a c c o m p a n i e d by an increase in the po-
s i t ron ium f o r m a t i o n probabi l i ty , S, inside 
the pore . This is due most l ikely to . the 

weakening of the e lectron binding with CH 
groups due to their po lar izat ion in the vi-
c inity of the pore . This reduction of the 
e lec tron b ind ing e n e r g y around the pore 
may be responsible f o r the observed shift of 
the luminescence s p e c t r u m towards the 
l ong -wave reg ion a f t e r the long-term (90 
days) MF exposure at 2 7 3 K. 

Thus , the l o n g - t e r m ag ing of MF results 
in a structural re laxat ion o f amorphous MF 
towards the c rys ta l l ine phase. The heat 
t rea tment of the aged M F restores the 
amorphous phase of mi lk fat . The absorp-
tion spectra of M F compr i se bands loca ted 
at 3 .9 , 4 .4 and 4 .6 eV on the general ab-
sorpt i on b a c k g r o u n d . T h e correlat ion de-
pendence between the average pore radius, 
Rp, and the probabi l i ty of the positronium 
annihi lation, S, has been established: the 
larger is R , the smaller is S. 
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