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Abstract 

The results for spectral dependences of the optical activity and optical absorption 
in Pb5Ge3O11:Cu2+ crystals are presented and discussed.  
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Introduction 

It is well known that spatial dispersion phenomena may be described in terms of optical-
frequency impermeability tensor dependent on the wave vector of light [1, 2]: 

0( , ) ,ij ij ijl ln nB k B ie g mω = +
�

      (1) 

where 0
ijB   is the impermeability without taking spatial dispersion into account, ijle  a unit 

antisymmetric Levi-Civita tensor, lng  a second-rank axial tensor (a so-called gyration 

tensor) describing the natural optical activity, and nm  the unit wave vector. Then the 

specific optical rotatory power ρ may be written as 

,ln l nG g l l
n n
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λ λ
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where G denotes the scalar gyration parameter, kl , ll  the components of the unit wave 

vector m in the spherical coordinate system, λ  the light wavelength, and n the refractive 

index. 
Up to date, the optical activity has been studied for a great number of solid crystals, 

liquids and other materials. In crystalline materials, the effect manifests itself in the most 
intricate manner, due to their anisotropy. Among the classical crystals for which the 
optical activity has been well studied are those of lead germanate family. These crystals 
belong to the trigonal point group of symmetry 3 under the normal conditions. They are 
optically uniaxial and manifest a proper ferroelectric phase transition well above the room 
temperature [3]. 
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Until now studies of the optical activity in the doped crystals of lead germanate 

family have been concentrated only on the compounds in which 2+Pb  ion is substituted 

by the ions possessing almost the same ionic radius. For example, the ionic radiuses R for 
the solid solutions of (Pb1-xBix)5Ge3O11 and (Pb1-xBax)5Ge3O11 are equal 

to 3+(Bi ) 0.120 nmR =  and 2+(Ba ) 0.138 nmR = , whereas 2+(Pb ) 0.132 nmR = . Than one 

can assume that the substitution ions replace properly the lead ions in the crystalline 
lattice [4–8]. Here we should mention that the optical activity has been studied mainly for 
the wavelength of He-Ne laser (λ = 632.8 nm) and the dispersion of the effect has been 
touched upon only for the pure lead germanate [3]. The recent study [9] of the optical 
activity in Pb5Ge3O11:Cu2+ crystals has testified that the optical rotatory power at 
λ = 632.8 nm almost coincides with that for the pure lead germanate (one has 
(5.65±0.45)×103 deg/m for Pb5Ge3O11:Cu2+ [9] and 5.9×103 deg/m for Pb5Ge3O11 crystals 
at Т = 300 K [3]). 

In this work we report the optical studies of the lead germanate crystals doped with 
Cu2+ (Pb5Ge3O11:Cu2+). They are interesting from the points of view of optical activity 
dispersion, since the crystal samples are green, and their optical absorption behaviour. 

According to the results for electronic paramagnetic resonance (EPR), 2+Cu  ions occupy 

three decentric positions shifted in the lattice from the proper sites of Pb2+ ions. In other 
words, they are shifted in the plane normal to the polar three-fold axis, due to essential 

difference between the radiuses of Cu2+ and Pb2+ ions ( 2+(Cu ) 0.070 nmR = ) [10]. It 

would be important to elucidate the effect of the above ionic substitution on the optical 
activity dispersion. The second aim of the present work is to study the absorption 
dispersion in the Pb5Ge3O11:Cu2+ crystals. 

Experimental results 

We have studied Pb5Ge3O11:Cu2+ crystals doped with 0.14 weight % of Cu, using 
specimens with the faces perpendicular to the optic axis (the thickness of 5.50×10–3 m). 
Dispersion of the optical rotation has been measured with the aid of polarimetric set-up 
described in our recent report [9], for the case of normal conditions and the light 
propagation direction along the optic axis. The absorption spectra have been obtained 
with a Specord M40 spectrophotometer. 

Spectral dependence of the absorption coefficient κ  for the Pb5Ge3O11:Cu2+ crystals 
(Т = 300 K) is presented in Fig. 1. When compare with the pure lead germanate for 
which the light wavelength corresponding to the absorption edge is equal to 430 nm [11], 
the absorption edge for our crystals is somewhat shifted towards longer wavelengths. A 
similar effect has been observed in the lead germanate doped with the iron ions [12]. As 
seen from Fig. 1, the spectral curve of the absorption coefficient of Pb5Ge3O11:Cu2+ 
reveals a minimum in the vicinity of λ = 550 nm. With further increase in the wavelength 
it increases sharply, though the absorption coefficient in the same spectral region 
(550÷700 nm) is almost zero for the pure lead germanate [12]. It is obvious that 
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increasing absorption of the Pb5Ge3O11:Cu2+ crystals in this region is caused by influence 
of copper impurities which, due to comparatively small ionic radius, most probably create 
colouring centres and impurity levels inside the band gap. 

Dispersion of the specific optical power ρ  for the Pb5Ge3O11:Cu2+ crystals measured 

at Т = 300 K is displayed in Fig. 2. It looks quite reasonable that the minimum of the 
specific rotation dispersion coincides with that of the absorption coefficient. 
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Fig.1. Dispersion of optical 
absorption coefficient κ for the 
Pb5Ge3O11:Cu2+ crystals at 
Т = 300 K. 
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Fig.2. Dispersion of specific 
optical power for the 
Pb5Ge3O11:Cu2+ crystals at 
Т = 300 K. 

 
We have to stress that, unlike the case of transparent crystals, the nontrivial optical 

activity dispersion in Pb5Ge3O11:Cu2+ is not easy to describe analytically. The relevant 

results involving the analysis of characteristic maximum absorption wavelengths and the 

corresponding effective oscillators’ strengths will be the subject of our forthcoming work. 

Conclusions 

In the present work we have studied the dispersion dependences of the optical rotation 

and the absorption of Pb5Ge3O11:Cu2+ crystals. It has been found that the absorption edge 

is somewhat shifted towards the long-wavelength range, when compare with that of the 
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pure lead germanate crystals. An increase in the both absorption and optical rotatory 

power has been detected in the region of 550÷700 nm. Most probably, it is caused by the 

impurities associated with the copper ions. As a result of comparatively small ionic 

radius, the latter form the colouring centres and impurity levels in the band gap.  
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Анотація. Представлені та обговорені спектральні залежності оптичної активності та 
поглинання кристалів Pb5Ge3O11:Cu2+ 
 


