
51

. . 

.
 CuCl -

, -
, 

. CuCl 
 ZnS, 

 F 43m. -

: =b=c=5,4057 A ,
= = =90  [1].  

, 
LADY, . 1.

-
-

-
, -

 MNDO , -
 (64 -

). -            
-

 10–330 .

 CuCl
 5-160  [2]. -

,298,15 ,  [3],

 160  298,15 , -

=f(T). . 2 -
-

.
. 2, 

, -
, -

, 
. -

, ,
, -

-
.

. 1.

0

10

20

30

40

50

60

0 50 100 150 200 250 300 350

T,K

Cp,

 MNDO  LADY

. 2.



52

           2007.  4

.  CuCl2 -
-

 [4].
-

 C2/m.  [4] 

: a=6,89, b=3,31,
c=6,82, =122,3 . 

, ,
, -

-
. 

,
 LADY,

. 3.
 Cu2OCl2, -

-
, 

 CuCl2, , 
 [5].

-
-

 Fddd. 

, -
-

. 
-

, -
-

b.

. 4.   . 3.

-
: =7,4691, b=9,5969, =9,7000 [6].

-

. 4.
-
-

 LADY  Z- -
. -

-
, 

, . 
-

 13,8, 6,6  13,6 A  (8 -
, 48 ) 

14,9, 9,6  9,7 A  (2 , 80 ).
-

 LADY 
. -
 CuCl2,

, 
 200-1000 -1

 [7]. , -
-

, 
-

 ( . 5).

5 -
. 



53

 [8]
 6, , 

-
, 

-
-

. , -
,  LADY

-
, -

-
 23,9 .

 CuCl2, -
,
-

 Cu , -
-
-

 Cu CuCl2

, -
-

.
, -

-
, -

, 
-

. -
,  [9] , -

, -
, 

.

, -
-

5 
, -

-
, -

. -
-

. 6.
-
-

298 120,5 . -
, -

 (107,3  111 
),  LADY 

, .
.
-

 Cu2(OH)3Cl

-
 ( ) 

.
 LADY -

. -
-

. 
-

Pnma 
=6,03, b=6,865, c=9,12 -
 Z=36 [1].

0

10

20

30

40

50

60

70

80

90

100

200 300 400 500 600 700 800 900 1000
, -1

, %

0

0.1

0.2

0.3

0.4

0

10

20

30

40

50

60

70

80

0 50 100 150 200 250 300 350
5  LADY

. 5.  (LADY) . 6.



54

           2007.  4

, -
-

. . 8 -

, -
.

. 8 ,  800-
1000 -1 , 

. 
-

 400-600 -1, 

3200-3400 -1  1170-1300 -1.
-
-

, 
,
-

. -
,  LADY, -

,  3, 4  6 -
 (108, 144  216 -

).
 MNDO -

. -
, 

,  4. , 

. -
, -

. 8.  [11]

, 
 LADY 

0

10

20

30

40

50

60

70

80

90

100

400 600 800 1000 1200 1400 1600 1800
, -1

, %

0

0.5

1

1.5

2

2.5

3

3.5

0

20

40

60

80

100

120

0 50 100 150 200 250 300 350

T,K

Cp, •K

5  LADY CuO+CuCl 2

. 7.



55

,
-
-

.
-
-

, -
-

-
. 

-
, 

-
, , 

-
. 
. 9.

. 9.

, 

0

10

20

30

40

50

60

70

80

90

100

400 600 800 1000 1200 1400 1600 1800
, -1

, %

0

0.5

1

1.5

2

2.5

3

3.5

-
, -

. -
, -

-
, -

-
.

. -
-
-

, -

A=250,17 / A 2 B=0,3834 / A 2.
, -
, 

-
, -

, 

-
 ( . 10).

-
-
-

. 
 MNDO -

 LADY -
, 

[11]. 
. 11.

, -
 MNDO

 ( ), 
 LADY -

-
-

 (LADY+ ),  
 LADY 

, , -
 (LADY).



56

           2007.  4

, -
, -

 (LADY 1)  (LADY 2)
A B -

-
, -

.
, 

-

-
-

, 
, -

.

1. http://database.iem.ac.ru/mincryst
2. Vardeny Z., Gilat G., Moses D. Specific heats and lattice

dynamycs of cuprous halides // Phys. Rew. 1978. V. 18, N 8. .
4487-4495.

3. Pankratz L.B. Thermodynamic properties of halides //
U. S. Bur. Mines Bull. 1984.  674. 826 p.

4. ., .
 CuCl2 // . . 1983. . 270,  2.

. 415-417.
5. ., .

,
Cu2OCl2 // . . . . 1982. . 111. . 562-565.

6. Krivovichev S.V., Filatov S.K., Burns P.C. The cuprite-
like framework of OCu4 tetrahedra in the crystal structure of

synthetic melanothallite, Cu2OCl2, and its negative thermal
expansion // Canad. Mineral. 2002. V. 40. . 1185-1190.

7. ., ., . -
. -

: , 1981. 144 .
8. Stout J.W., Chisholm R.C. Heat capacity and entropy of

CuCl2 and CrCl2 from 11 to 300 K. Magnetic ordering in linear
chain crystals // J. Chem. Phys. 1962. V. 36. . 979-991.

9. Bouchard M., Smith D.C. Catalogue of 45 reference
Raman spectra of minerals concerning research in art history
of archaeology, especially on corroded metals and coloured glass
// Spectrochimica Acta. 2003. V. A 59. . 2247-2266.

10. . . .: ,
1976. 199 .

11. Bissengaliyeva M.R., Kiseleva I.A., Melchakova L.V.
The molar capacity of hydrous copper chloride: atacamite
Cu2Cl(OH)3 // J. Chem. Therm. 1997. V. 29. P. 345-352.

-
, i-

i -
, i -

i i
.

Summary

In this work on the example of natural copper minerals of
chlorides series the possibility of complex combine calculations
of vibrational and thermodynamic properties of there natural
compounds was presented with using quantum-chemical
methods, valence force field model and additional scheme of
heat capacities calculation.
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