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ABSTRACT 

In this work, the absorption spectra of the aqueous solutions of MnCl2.4H2O are investigated. The 
concentration of these solutions is in the interval 30-38 %. The experiment is conducted at the room temperature 
in the spectral region 350 – 650 nm. The asymmetric vibration values and the strength of the oscillator are 
calculated for all investigated aqueous solutions. 
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INTRODUCTION 
The aim of this work is 

connected with the determination of 
the optical parameters of the complex 
ions where Mn2+ cation is in the 
center. We are investigated the 
aqueous solution of MnCl2.4H2O with 
different concentrations. Our 
experiment will be usefull for the 
clarification of the growth conditions 
of the crystals MgSO3.6H2O from 
aqueous solution [1, 2]. These 
materials have application in the 
nonlinear optics. 

 
EXPERIMENT, RESULTS 

AND DISCUSSION 
The solutions are investigated 

with spectrophotometer “BOECO”, 
model S-2�, in the cuvette with 

thickness b = 1 cm. The absorbance А 
is calculated by the formula A(λ) = 
ln(I0/I) = a(λ)сb, where I0 is the 
intensity of the incident light, I is the 
intensity of the passed light, b is the 
thickness of the cuvette, a(λ) is the 
absorption, which characterizes the 
interaction of the substance with the 
radiation (i.e. а(λ) determines the 
probability of the transition) and с is 
the concentration of the solutions. The 
first derivative of the absorbance to 
the energy of the photons is calculated 
in the spectral region �00-�00 nm. 
The derivative [dА/dλ] determines 
only the number of the electron 
transitions in the cation Mn2+ and it 
not informs us about the exact value 
of the energy of these transitions. This 
is the reason for the calculation of the 
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second derivative of the absorbance 
[d2А/dλ2].  

It is known that the complex 
ions [Mn(H2O)�]2+ and [MnCl�]2- are 

in the aqueous solution of 
MnCl2.�H2O [3]. The other authors 
made investigations of the aqueous 
solutions with very small 
concentration of the salt. Thus it 
appears the influence of one or the 
other complex. This fact was very 
interesting for us and we decided to 
check what is happen in the same 
solutions with big concentration? We 
established the simultaneous 
expression of both complexes in the 
visible region. 

The absorption spectra of the 
complex ions [Mn(H2O)�]2+ and 
[MnCl�]2- are shown on fig. �A. The 
first derivative of the absorbance to 
wave length (fig. �B) and second 
derivative of А(λ) (fig. 1C) are 
presented in the spectral region �00-
�00 nm for the aqueous solutions with 
concentration respectively 30%, 3�% 
and 3�%. It is shown (fig. �C) that the 
solutions with the concentration 30%, 
3�% and 3�% combine one electron 
transition in the octahedral complex 
of Mn2+ and two electron transitions 
in the tetrahedral complex of the 
cation Mn2+. 
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Figure 1. The experimental data of the absobance A(λ) (1A), the calculated 
dA/dλ (1B) and d2A/dλ2 (�C) for the aqueous solutions of  MnCl2.�H2O with 

concentration 30%, 3�% and 3�% in the spectral region �00-�00 nm. 
 

The spectra of [Mn(H2O)�]2+ are 
presented on fig. 2 in the wave length 
region �00-��0 nm together with the 

first and second derivatives of the 
absorbance dA/dλ and d2A/dλ2.  
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Figure 2. The experimental data of the absobance A(λ) (2A), the calculated 
dA/dλ (2B) and d2A/dλ2 (2C) for the aqueous solutions of MnCl2.�H2O with 

concentration 30%, 34% и 38% in the spectral region 500-��0 nm. 
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It is shown, that the electron 
transition is one in the octahedral 
complex of Mn2+ in the same part of 
the visible spectral region. 

The strength of the three-
dimensional harmonic oscillator 
determines from the ratio of the real 
intensity and the intensity of the 
radiation of the electron.  f = � for 
such “ideal electron”. The transitions 
of the oscillator classify by the 
strength f and this connects the theory 
with the experiment. f = � for the 
allowed transition; for single 
symmetric band (table �):  

           ∫        
  

, 
where ε() not depends on the 
concentration of the solutions [�]. The 

next equation    √
  

             
 

explains the connection between the 
oscillator strength fi and the transition 
moment of the impurity band Qi, 
where νi is the frequency of the band 
centre. 

f0 = f/[� + exp(-θ/T)], where θ is 
the frequency of the total asymmetric 
vibration (table 3).  

In our case, it is registered 
asymmetric vibration due to the 
available deformation of the aqueous 
solution. The deformation is 
consequence of the simultaneous 
manifestation of the Jahn-Teller effect 
and the spin-orbit interaction. The 
frequency of the vibration ω of the 
complexes is connected with  by the 
equality ω=/�.�� [cm-�] (ω = 2c/, 
c = 3.�0� m/s). 

 

 Table  1. The strength of the oscillator f� (�00-�00 nm) and f2 (�00-�00 
nm) for the aqueous solution of MnCl2.�H2O with concentration 30%, 3�% and 
3�% at temperature T = 300K; The strength of the oscillator f0�

� (�00-�00 nm) 
and f02

2 (�00-�00 nm) for aqueous solutions of MnCl2.�H2O with concentration 
30%, 3�% and 3�% at temperature T = 0K. 
 

solution f�.�0-� f2.�0-� f0�
�.�0-� f0�

2.�0-� f02
�.�0-� f02

2.�0-� 

30% �.��� �.��� 0.��� �.0�� 0.�3� �.0�2 
3�% �.3�0 �.2�� 0.��� �.2�� 0.�22 �.��� 
3�% �.3�� �.2�0 0.��� �.2�� 0.�2� �.��2 

 
Table 2. The transition moment of Mn2+ structures in the spectral regions �00-
�00 nm and �00-��0 nm. 

 
solution f�.�0-� f2.�0-� Q�.�0-�0 Q2.�0-�0 

30% �.��� �.��� 2.2��� 2.���� 
3�% �.3�0 �.2�� 2.3��� 2.�2�� 
3�% �.3�� �.2�0 2.3��2 2.���� 
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Figure 2. The experimental data of the absobance A(λ) (2A), the calculated 
dA/dλ (2B) and d2A/dλ2 (2C) for the aqueous solutions of MnCl2.�H2O with 

concentration 30%, 34% и 38% in the spectral region 500-��0 nm. 
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The basic conclusion from the 
table 2 is that the values of the 
transition moment Q are bigger for  

the smaller wavelengths for the all 
investigated solutions. 

 
Тable 3. The asymmetric vibration values, characteristic for 
the octahedral and tetrahedral complex of Mn2+. 

 
at �00 nm at �00 nm 

Θ� = 3� �23 cm-� Θ� = 2� �2� cm-� 
Θ2 = 2� ��� cm-� Θ2 = 22 �00 cm-� 

 
CONCLUSIONS 
          The strength of the 

oscillator “f” increases with the 
increasing of the concentration of the 
solution and this is typical for the 
octahedral and the tetrahedral 
complex ions in the aqueous solution 
of MnCl2. 

When we analyze the absorption 
bands in the spectrum of the 
investigated samples, we can 
conclude that the ions [Mn(H2O)�]2+ 
and [MnCl�]2- observe in the 
solutions. 

An equilibrium observes 
between the complex ions 
[Mn(H2O)�]2+ and [MnCl�]2- at 
concentrations above 30% in the 
investigated aqueous solutions. 

The Jahn-Teller effect is strong 
as the result of the high concentration 
of the investigated solutions.  
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ABSTRACT: The membership of Bulgaria in NATO and the European Union brings new challenges and 

tasks to the Bulgarian Armed forces in the complex and dynamic security environment. The participation of 
military forces from the Bulgarian Army in international joint operations and missions led by NATO, the EU and 
the UN, transforms English language fluency into an important aspect of improving our operational 
interoperability with allies and partners. Teaching English is a priority for the modernization and 
transformation of the Bulgarian Army.  

The system of education in English does not exist in isolation and is influenced by a number of factors 
that affect the force as a whole. It is a process that spans a long period of time and does not give quick results. 
This feature poses one of the challenges facing the system of English language training for the introduction of 
new effective forms of communication. In this respect, it is topical to explore and analyze opportunities for the 
introduction of Intercultural Communication in language learning groups within the Bulgarian Ministry of 
Defense. 
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Survey and analysis of 

Intercultural Communication  
Intercultural Communication is a 

relatively new trend in the field of the 
humanities. It combines the positive 
qualities of human culture and the 
rich possibilities of communication in 
the past and today. 

Intercultural Communication 
does not loose its relevance but is 
becoming more attractive for 
representatives of different scientific 
fields. Philosophers, sociologists, 
linguists, psychologists, cultural 
anthropologists and many other 
specialists are interested in its 
application. Many scientists try to 
explain the mechanism in terms of 

their object orientation and give 
instructions to increase the efficiency 
and effectiveness of the 
communicative process. Others use 
multidisciplinary approaches in order 
to find solutions to the problems that 
occur during the study of this 
complex phenomenon. 
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Definitions of the term 
“Intercultural Communication” 

In English the basic concept is 
"Intercultural Communication" and it 
is often used as a synonym for "cross-
cultural communication". In 
Bulgarian it is translated as 
интеркултурна, междукултурна 
комуникация. In English and 




