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 1

Na2Cl+ NaCl 2 ,

Na2Cl+, D h NaCl 2 , D h

DFT MP2 CISD DFT MP2 CISD

Re 2,487 2,481 2,483 2,512 2,484 2,490

–E* 784,620021 783,553242 783,565861 1082,813169 1081,489550 1081,513732

1 ( g ) 222 231 230 178 192 191

2 ( u )
325 333 334 338 369 365

3 ( u) 57 45 51 83 88 88

2 109 110 110 91 89 90

3 128 135 137 94 99 102

E 199,4 203,1 199,6* 211,5 224,8 212,3*

– 1,8 1,7 1,8 2,0 2,2 2,2

*  CISD + Q.

. Re (Na–Cl) Å;

E . .; i
–1; i / ;

 NaCl E / ;

/ .

(CISD + Q). -

—  (12s9p)/[6s5p], d- ,

s- p-  [ 5 ].  MP2, MP4,

CISD  CISD + Q  1s-  Na  1s,2s,2p-  Cl. -

-

,  GAMESS.

 Na2Cl
+

 NaCl
-
2 . . 1 -

 Na2Cl+  NaCl 2 ,  DFT, MP2  CISD.

, -

D h ( . ). -

, 2,

 CISD.  DFT 

 CISD.  0,02 Å Re

10 % i.  Na2Cl+

NaCl 2 .  CISD, Re  0,007 Å -

, 1 -

, . -

2 3 , .

E  NaCl:

Na2Cl+ = Na+ + NaCl, (1)

NaCl 2  = Cl– + NaCl. (2)
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 Na2Cl+  NaCl 2 D h ( )

 Na3Cl 2  Na2Cl 3

                       D h ( ), 2v ( ), D3h ( )

E,  DFT,

-

 CISD + Q. 

2 E

 CISD + Q. ,

 [ 4, 7 ], 

 CISD + Q 

E

 CISD +

+ Q. -

 MP4 ( . ). , -

E, . 1, ,

, . ,  MP2, E

NaCl 2 20 / ,  Na2Cl+.

 = 1/2hc( i  – i ), (3)

i , i  — -

.  (1)  (2) . 1. ,

2 / .

, ,

, ,  DFT 2 -

. ,

 CISD 

,  DFT 2.

 Na3Cl
+
2  Na2Cl

-
3 .  Na3Cl 2  Na2Cl 3

: D h,

2v D3h ( . ). -

,

. -

D h, 2v -

D3h . 2, 3  4 .

,  ( ).

, , , -

 ( . . 2). ,

 MP2 , Re1  2,452  2,454 Å, -

Re2  2,524  2,521 Å  Na3Cl 2  Na2Cl 3 .

 Na2Cl 3  ( 2 4) ,

. , 5 ( g) 6 ( u)  Na2Cl 3

 Na3Cl 2 . -
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 2

Na3Cl 2 Na2Cl 3 ,  D h

Na3Cl 2 Na2Cl 3

DFT MP2 DFT MP2

Re1 2,456 2,452 2,474 2,454

Re2 2,543 2,524 2,547 2,521

–E* 1407,173476 1405,311004 1705,368304 1703,249467

1 ( g )
321 327 337 360

2 ( g )
118 122 109 116

3 ( u )
341 354 351 375

4 ( u )
258 269 213 224

5 ( g) 50 39 83 90

6 ( u) 92 96 163 184

7 ( u) 23 22 26 25

3 202 194 183 178

4 4 10 1 1

6 157 149 141 148

7 49 72 30 32

*  CISD + Q , -

2: E = –1405,328596 . . (Na3Cl 2 ) E = –1703,275234 . . (Na2Cl 3 ).

. Re1 Re2 Å ( . );

E . .; i
–1;

i / .

 Na3Cl 2  Na2Cl 3 -

. : -

3 ( u ) 6 ( u).

,  [ 8 ]  Na3Cl 2  Na2Cl 3

,  Na 

Cl.  [ 8 ], D h -

 Na—Cl—Na .

Z- 2h  Na3Cl 2 V-

2v  Na2Cl 3 . , -

, -

. , -

 (  15—50 %) 

. ,

.

2v -

 ( ) , , .

h1 = E(C2v) – E(D h)   0,9  11,4 /  (Na3Cl 2 )
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 3

Na3Cl 2 Na2Cl 3 , 2v

Na3Cl
2

Na2Cl
3

DFT MP2 DFT MP2

Re1 2,496 2,479 2,485 2,465

Re2 2,514 2,508 2,529 2,502

Re3 2,757 2,709 2,834 2,744

e 96,4 95,3 77,5 78,6

e 78,5 80,0 93,2 94,0

–E* 1407,169119 1405,310660 1705,359509 1703,244079

h1 11,4 0,9 23,1 14,1

1 (A1) 291 (48) 310 (54) 281 (39) 309 (48)

2 (A1) 273 (59) 291 (85) 263 (72) 282 (69)

3 (A1) 159 (19) 177 (16) 121 (22) 137 (15)

4 (A1) 103 (5) 111 (5) 100 (3) 102 (6)

5 (B1) 90 (79) 91 (84) 110 (61) 115 (62)

6 (B1) 32 (0) 30 (1) 44 (5) 42 (7)

7 (B2) 278 (89) 293 (61) 317 (70) 333 (70)

8 (B2) 134 (50) 160 (53) 120 (41) 152 (40)

9 (B2) 54 (7) 59 (7) 60 (2) 61 (4)

e 14,0 14,2 11,0 11,5

*  CISD + Q , -

2:  = –1405,327626 . . (Na3Cl 2 ) E = –1703,269285 . . (Na2Cl 3 ).

h1  2,5 (Na3Cl 2 )  15,6 /  (Na2Cl 3 ).

. Re Å, e e . ( . ); -

E . .; h1 = E(C2v) – E(D h) / ;

i
–1; e  D. 

/ .

14,1  23,1 /  (Na2Cl 3 ) 2  DFT 

( . . 3). h1 -

 CISD + Q , 2 ( -

. 2  3).  CISD + Q -

: 2,5 (Na3Cl 2 )  15,6 /  (Na2Cl 3 ). , h1,

 MP2,  CISD + Q, , -

 DFT. ,

Na3Cl 2 ,  Na2Cl 3 .

. 4 

D3h. , -

.  Na3Cl 2 ,  MP2 , -

, h2 = –6,4 / . ,

DFT, , ,  6,4 / .

D3h  CISD + Q -
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 4

Na3Cl 2 Na2Cl 3 ,  D3h

Na3Cl
2

Na2Cl
3

DFT MP2 DFT MP2

Re 2,656 2,626 2,670 2,626

e 81,9 82,0 96,7 96,1

–E* 1407,171053 1405,313426 1705,359435 1703,247605

h2 6,4 –6,4 23,3 4,9

1 (A1 ) 251 267 250 271

2 (A1 ) 157 162 164 170

3 (A2 ) 226 242 187 203

4 (E ) 214 218 223 249

5 (E ) 116 117 101 104

6 (E ) 159 171 148 172

3 121 123 93 101

4 183 196 214 210

5 44 44 19 25

*  CISD + Q , -

2:  = –1405,330184 . . (Na3Cl 2 ) E = –1703,272519 . . (Na2Cl 3 ).

h2  –4,2 (Na3Cl 2 )  7,1 /  (Na2Cl 3 ).

. Re (Na—Cl) Å, e . ( . );

E . .; h2 = E(D3h) – E(D h)

/ ; i
–1; Ai / .

h2 = –4,2 /  Na3Cl 2  ( . . 4), . . ,

2, -

 Na3Cl 2 .  Na2Cl 3 , -

, D3h ,

.

Re(Na—Cl) -

 ( 2), : -

e(Na—Cl—Na) = 82 ,  — 

e(Cl—Na—Cl) = 96 . ,  Na3Cl 2

z,  Na2Cl 3 , , .

, , -

 Na3Cl 2

D3h,  Na2Cl 3  — D h.

, -

, .

.

rH
0(0 K) = –RTln(p /p ) + T r

0(T ), (4)
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p /p  —  c 2v D3h -

D h; r
0(T ) — -

Na3Cl 2  (D h) = Na3Cl 2  ( 2v D3h), (5)

Na2Cl 3  (D h) = Na2Cl 3  ( 2v D3h). (6)

rH
0(0 K) -

h1 h2,  CISD + Q, :

rH
0(0 K) = h1 +  ( 2v) rH

0(0 K) = h2 +  ( D3h).

 — -

,  MP2. 

p /p  800—

1200 K, - , . 5.

. 5 , -

, . ó

 Na3Cl 2 , -

á : 0,5 % . -

,

h2 . , -

, r
0(T ) -

, -

 Na3Cl 2 .

r
0(T ) -

. ,

 Na2Cl 3

 1000 K 50 % .

, -

 Na2Cl 3 :  36 %  800 K 

65 %  1200 K.
 5

Na3Cl 2 Na2Cl 3

rH
0 (0 K), / T, K r

0 (T ), / ·K p /p

800 –12,919 0,127

1000 –14,048 0,123
Na3Cl 2 (D h) = Na3Cl 2 ( 2v)

3,364

1200 –14,940 0,118

800 –46,587 0,0053

1000 –47,962 0,0042
Na3Cl 2 (D h) = Na3Cl 2 (D3h)

–2,386

1200 –49,017 0,0035

800 10,082 0,364

1000 9,339 0,520
Na2Cl 3 (D h) = Na2Cl 3 ( 2v)

14,782

1200 8,707 0,648

800 –20,826 0,027

1000 –21,813 0,030
Na2Cl 3 (D h) = Na2Cl 3 (D3h)

7,256

1200 –22,608 0,032
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 6

, ,

MP4, , /

r H 0 (0 K) f H 0 (0 K)
E E

Na2Cl+ = Na+ + NaCl 204 195 193  2 188  6 [1]

192  4 [1]

230  2 235  6  [1]

231  4  [1]

223  16  [11]

229  [2]

NaCl 2  = Cl– + NaCl
226 209 207  2 –616 

2

–604  [2]

Na3Cl 2  = Na2Cl+ + NaCl
161 148 146  4 –96  4 –100  [2]

Na2Cl 3  = NaCl2
– + NaCl

166 141 137  4 –935 

4

–932 [2]

, .

-

, 2 4.

E  — - , .

 [ 1 ] .

 [ 1 ] .

.

, .

- . -

- -

-, -, -

 (  MP4). 

,  CISD 

 ( . . 1) 2  ( . . 2). -

,  (

) .

 ( )  [ 9 ] , -

. [ 7 ].

. 6 ,

,  ( E E ).

, E E , -

 9 (Na2Cl+), 13 (Na3Cl 2 ), 17 (NaCl 2 )  25 /  (Na2Cl 3 ), . . -

, .

rH
0(0 K) -

,  CISD  ( . . 1) 

2  ( . . 2):

r
0(0 K) = E  + .

 NaCl -

.  Na2Cl+

15 / ,  NaCl 2 ,

Na3Cl 2  9 / ,  Na2Cl 3 .

, : r
0(0 K)  Na2Cl+  53 / ,
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 Na3Cl 2 ;  NaCl 2  70 / ,  Na2Cl 3 . ,

 [ 4 ] -

 NaF : 247  2 /  (Na2F
+  NaF 2 ); 189  4

(Na3F 2 )  188  4 /  (Na2F 3 ). ,  Na2F
+

NaF 2 , Na3F 2  Na2F 3 .  Na2Cl+  NaCl 2 , Na3Cl 2

 Na2Cl 3 , ,

 Na2Cl+  NaCl 2  Na3Cl 2  Na2Cl 3 .

r
0 (0 K) 

 ( . . 6). -  [ 1 ] -

 (1),  NaCl -

, . -

 [ 1 ] -

.  Na2Cl+ -

,  CISD. -

,

 Na+  NaCl  [ 10 ]. -

 [ 1 ]  (1)

rH
0 (0 K). -

 Na2Cl+
rH

0 (0 K) = 193 

 2 /  [ 1 ].

r
0 (0 K)

 Na2Cl+, NaCl 2 , Na3Cl 2  Na2Cl 3  ( . . 6).

 Na+, Cl–, NaCl  [ 10 ]. 

 Na2Cl+
f H 0 (0 K) = 230  2 /

 [ 1, 2, 11 ]. -

, .

2
+, 2 , 3 2 2 3 -

,  [ 2 ] -

.  NaCl 2 , Na3Cl 2  Na2Cl 3 -

 [ 2 ] .
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