
F IZIKA Volume 21 , Supplement 1 ,  1989. 
Proceedings of the XI Yugoslav SYMPOSIUM OF THE PHYSICS OF CONDENSED MATTER. 
M. Davidovic and M. Lj. Napijalo Editors, Donji Milanovac, October 3-7, 1988.

SOME EXAMPLES OF APPLICATIONS OF LASER MICRO RAMAN 

SPECTROSCOPY 

- *M.  Ivanda, M .  Segedin and B .  Pivac 

Rude r Boskovic Insti tue , POB 1016 , 41001 Zagreb , 
Yugoslavia 

*Insti tute fo r Archi tecture and Urb an Planing , Yugoslav
Academy of Arts and Sc iences , Zagreb , Yugoslavia 

INTRODUCTION 

Lase r Raman spectroscopy has been recognized as a power­

ful technique for the determination and analysis  of different 

compounds because of sharp and characteri stic  spec tra which 

may be  observed from a large varie ty of samples . The entry 

of Raman spectroscopy into the field of microanalysis  can 

provide information which up to now has not been avai lable  

from any othe r mic ro-analytical technique , such as  electron 

or ion mic roprob ing techniques . The goal of the present work 

i s  to estimate the possibi l i ty of experimental applications  

of laser mic ro Raman spectroscopy in the field of condensed 

matter physic s .  

EXPERIMENT 

The Rudjer Boskovic Inst i tute in Zagreb is e quipped 

wi th the Z 24 - DILOR Raman spectrome ter . The basic configu­

ration of thi s  instrument ( Fi g .  1 )  resul ts  from the coupling 

of a conventional light microscope ( Olympus BH-2 )  to a t riple 

additive monochromator and photon counting de tection fol lowed 

by a data precessing system . The 488 and 5 14 . 5  nm excitation 

light ( Ar+ lase r )  is focussed on a selected posi t ion of
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Fig .  1 .  Basic c onfiguration of mic ro Raman spectromete r 

the · sampl e through an objec t ive . The diameter  of the laser 

spot in the focal point depends on the numerical ape rture 

( NA ) or the magnification of- the objective .

The NA used in al l  expe riments , as wil l  be described 

below , was 0 . 95 in vacuo ( or lOOx object ive was used ) .  In 

these c ondi tions , using the laser l ine 514 . 5  nm , the dia­

meter of the spot at the focal point is 0 . 6  µm . The depth 

of the focal point , measured from the surface , can be ad­

�usted wi th a mic ro gauge wi th prec ision of 1 µm . The 

backward scattered l ight · is col lected by the same objec tive , 

_ passes through a b�amspl itte r ,  and enters the fi rst mono-

chromator through a system of three lenses ( Fig . 1 ) .
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RESULTS 

a )  Identificat ions of anc ient artists paint 

The mic ro Raman spec troscopy , as a Pe latively new 

analytical me thod , has not yet been wide l y  applied  in art . 

Only seve ral e xamples of its appl ication have been published 

so far /1 , 2 / .  

A projec t of study of  the colorants and pigments used 

in C roat ian painting from XII  to XVI century is  under way . 

The ob tai-ned analytical data can give much useful informatior 

on the p rovenance of the painting , the origin of pigments 

that had been used , e tc . We join Jd  this p roje c t  by applying 

mi c ro Raman technique . The spec tra presented show the 

presence of azuri te ( Cu2 ( 0H ) 2 ( co3 ) 2 ) in the blue paint

( Fig . 2 )  taken from the old cruci fix ( XIV century )  situated 

in the church of St . Andrew on the island. Ciovo near Trogir 

and gypsum ( Caso4
• 2H20 )  in the underlying ground l ayer

( Fig .  3 ) . 

b )  Investigations of  the impuri ties  in  c rystalline silicon 

In general , impuri ties perturb phonon states .  I t  

resul ts  in changing o f  integral intensi ty and the FWHM o f  

the phonon bends . The resul ts presented i n  Fig . 4 show 

rapid inc reasing of the integral intensi ty . an� dec reasing 

of FWHM for the phonon t ransi tion be nd 520 cm-1 in sil icon .

The observed increase of the integral intensi ty ( Fi g .  

4 a )  spl its i n  seve ral peaks when better spati al resolution 

is applyed ( Fig . 4 b ) . Assuming that perturbation is  caused 

by the presence of impuri ties , · the observed phenomena could 

indicate the pre sence of  di fferent kind of impurities . 
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Fig .  2 
a )  Reference spectrum ( mineral azurite - macro crystal ) ;

exciting l ine : 514 . 5  nm ; 10 mW power at sample ; step : 
1 cm-1 ; accumulation time : 1 s ;  -slits  wi dth : 600 µm ;
P :  pl asma line . 

b )  Spectrum of the blue pigment (mineral azurite - mic ro 
c ry stal , 10 µm ac ross ) ;  exc iting line : 488 nm ; 3 mW 
power at sampl e ;  step : 0 . 5 cm-1 ; accumulation time : 1 s ;
slits  wi dth : 400 µm ; P :  plasma l ine . 
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Fig . 3 .  Spectrum o f  undelying ground layer  ( gypsum - mic ro 
c rystal s ,  3 µm ac ross ) ;  exci ting l ine : 488 nm ; 6 mW 
power at sample ; step : 1 cm-1 ; accumulation time : 
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1 s ;  s l i ts wi dth : 600 µm ;  P :  pl asma line ; G :  gypsum 
l ine ; A :  l ines of unknown compound . 
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Fig . 4 Integral intensity and FWHM dependence on distance 
from the disl ocation centre ( µm ) ; exciting l ine : 
488 nm ; 60 mW power at sample . 

a )  spatial re solution of the laser spot was 3 µm 
b )  spatial resolution of the laser spot was 0 . 6  µm 
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This c onclusion is consistent wi th the resul ts obtained 

at the grain boundary by secondary ion mass spectrome try /3/ 

which indicated the presence of oxygen and carbon in sil icon . 

The authors are grateful to Drs . L i di ja  Colombo , Kre simi r 

Furi6  and Goran Baranovic for valuab le di scussions during 

the preparation of the manusc ript . 
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