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SECTION 13. 
CHEMICAL SCIENCES 

 

THE CARCASS-ELECTRON MODELS OF 
BISMUTH (ІІІ) OXYCHLORIDE BiOCl 

 
Ph.D. in Chemistry, Associate professor Kozma Anton 

 

Uzhhorod National University 
Ukraine 

 
The BiOCl has valuable photocatalytic [1] and photoelectrochemical properties 

[2], and also it is used as a component of cosmetics [3]. At the same time, in work 
[4] it is indicated a possibility of receiving perspective thermoelectrics on the basis 
of composites with participation of bismuth (ІІІ) oxychloride BiOCl and bismuth (ІІІ) 
selenide Bi2Se3. Considering that Bi2Se3 is a part of a number of effective 
thermoelectric materials and acts as a component of perspective systems in which 
such alloys can be formed [5-14], the comprehensive investigation BiOCl is of 
particular interest. 

In the previous work [15] three are established crystal energetics properties 
BiOCl: structural fragility (ω), energy of a crystal lattice (U) and energy of 
atomization (Eα). In this work for the first time for bismuth (ІІІ) oxychloride it is 
determined additional crystal energetic parameter – energy coupling of atomic 
carcass and the connecting electrons (W). 

Precision establishments of value W needs preliminary creations and checks 

of correctness of the maximum quantity possible for chosen the Carcass Electron 
models compounds. Zuev V.V. et al. [16] for such check suggested to use 
microhardness value. In this work, on an example BiOCl, for identification of an 
optimal variant of the carcass-electron models it is for the first time used 
alternative parameter – specific isobaric heat capacity Сpm. 

Variants of the carcass-electron models for bismuth (ІІІ) oxychloride were 
developed according to recommendations from [16]. Values of molar (W) and 
specific (Wm) energy coupling of carcass and the electrides and also specific heat 
capacity (Сpm) counted behind the expressions, known from a source [16]. 

Necessary for connection BiOCl values of potentials of ionization of the making 
atoms accepted with [17], and energy of its atomization – with [15]. At realization 
of calculations with true considered value isobaric molar heat capacity (Сp) of 
bismuth (ІІІ) oxychloride at 298.15 К which is given in a source [18]. 

Results of the carried-out work are grouped in table 1. 
Table 1 

Variants of the carcass-electron models structure and  
are established for their help parameters of BiOCl 

№ 
Variant of the carcass  

of crystal lattice 
Σe- 

W,  
MJ/mol 

Wm,  
MJ/g 

Cpm,  
kJ/(kg×К) 

Δ,  
% 

1 [Bi3+][O2+][Cl+] 6 11.679 0.056 0.245 -30.85 

2 [Bi3+][O2+][Cl3+] 8 17.799 0.085 0.302 -14.76 

3 [Bi3+][O2+][Cl5+] 10 29.498 0.141 0.389 9.80 
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Table 1 

№ 
Variant of the carcass  

of crystal lattice 
Σe- 

W,  
MJ/mol 

Wm,  
MJ/g 

Cpm,  
kJ/(kg×К) 

Δ,  
% 

5 [Bi3+][O4+][Cl+] 8 24.449 0.117 0.354 -0.08 

6 [Bi3+][O4+][Cl3+] 10 30.569 0.146 0.395 11.49 

7 [Bi3+][O4+][Cl5+] 12 42.267 0.202 0.465 31.25 

8 [Bi3+][O4+][Cl7+] 14 62.648 0.300 0.567 60.04 

9 [Bi3+][O6+][Cl+] 10 48.765 0.233 0.500 41.13 

10 [Bi3+][O6+][Cl3+] 12 54.885 0.263 0.531 49.88 

11 [Bi3+][O6+][Cl5+] 14 66.584 0.319 0.585 65.12 

12 [Bi3+][O6+][Cl7+] 16 86.964 0.416 0.668 88.55 

13 [Bi(3+2)+][O2+][Cl+] 8 21.449 0.103 0.310 -12.50 

14 [Bi(3+2)+][O2+][Cl3+] 10 27.569 0.132 0.376 6.13 

15 [Bi(3+2)+][O2+][Cl5+] 12 39.268 0.188 0.449 26.73 

16 [Bi(3+2)+][O2+][Cl7+] 14 59.648 0.285 0.553 56.09 

17 [Bi(3+2)+][O4+][Cl+] 10 34.219 0.164 0.419 18.27 

18 [Bi(3+2)+][O4+][Cl3+] 12 40.339 0.193 0.455 28.43 

19 [Bi(3+2)+][O4+][Cl5+] 14 52.037 0.249 0.516 45.65 

20 [Bi(3+2)+][O4+][Cl7+] 16 72.418 0.347 0.610 72.18 

21 [Bi(3+2)+][O6+][Cl+] 12 58.535 0.280 0.548 54.68 

22 [Bi(3+2)+][O6+][Cl3+] 14 64.655 0.309 0.575 62.30 

23 [Bi(3+2)+][O6+][Cl5+] 16 76.354 0.365 0.625 76.41 

24 [Bi(3+2)+][O6+][Cl7+] 18 96.734 0.463 0.704 98.71 

 
As we see from table 1, the slightest error (Δ= -0.08 %) in calculation of 

Сpm(BiOCl) №5 option gives: [Bi3+][O4+][Cl+]. From this it follows that can consider 
the specified option carcass-electron models for bismuth (ІІІ) oxychloride the most 
exact. It should be noted that the used approach of Zuev V.V. et al. [16], on the 
shown example BiOCl, gives the highest precision (more than 99.9%), the majority 
of the known semi-empirical methods are characterized much above by an error 
[19]. Thanks to received result, the offered model of carcass the crystal lattice of 
bismuth (ІІІ) oxychloride can consider optimum. Possibly, it is also expedient to 
use it for forecasting of other physicochemical properties of BiOCl. At the same 
time will serve as basic parameter energy value coupling of carcass and elektrides 
established to W=24.449 МJ/mol. Other offered options of carcass-electron 
models are characterized noticeably by the highest misses if to determine on their 
help specific heat capacity of bismuth (ІІІ) oxychloride. However on the basis of 
the analysis of these options it was succeeded to establish optimum the carcass-
electron model of BiOCl and to calculate for it value of energy coupling of atomic 
carcass and the connecting electrons. 

Conclusions. 

The first time for bismuth (ІІІ) oxychloride it is offered to the 24th options of 
carcass-electron models and value of energy coupling of atomic carcass and the 
connecting electrons is calculated with their help. For the first time for 
establishment of optimum model is used known value of isobaric heat capacity. 
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