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.

 ( ) 

, 

. , 

, , 

, . 

,

. 

, 

, 

. 

 MnHm(XO4) (  M=Cs, Rb, K  NH4
+, X=S, Se,

P  As).

 KH2PO4

 (  < 120 K). 

. 

 > 100 °C) 

,  1982 

 CsHSO4

 ~10-2 . 

, 

 SO4

.

 CsHSO4  CsH2PO4, 

. 
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, , 

.

 CsH2PO4

.  Cs1- H2PO4,

M=Na,  K,  Rb   Cs1-2 Ba H2PO4, 

, 

, 

.

,  Cs1-yH2+yPO4,  Cs1+yH2-yPO4

, , 

. 

 MH2PO4 .

 c  Cs1- H2PO4 (

M=Na, K, Rb),  Cs1-2 Ba H2PO4

, , 

 CsH2PO4

Cs1-xRbxH2PO4 .

1.  Cs1- H2PO4,   M=Na,  K,  Rb  

Cs1-2 Ba H2PO4 , 

.

2.  Cs1-

H2PO4  CsH2PO4 (P21/m) 

. 
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Cs1- H2PO4  M=Rb 

, x=0-0.9;  M=K –  x=0-0.3;  M=Na –  x=0-0.2.

 Cs1-2 Ba H2PO4  x=0-0.1. 

Cs1- Rb H2PO4 =0-0.4,  CsH2PO4

(Pm-3m) .

3.

Cs1- H2PO4,   M=Na,  K,  Rb,   Cs1-2 Ba H2PO4. 

.

4.

 CsH2PO4

Cs1- Rb H2PO4 . 

.

1.

Cs1- H2PO4,  M=Na, K, Rb  Cs1-2 Ba H2PO4. 

 Cs1- Rb H2PO4  x=0.1 =0.4 

ICDD.

2.

 CsH2PO4  Cs1- Rb H2PO4

, 

.

3.

, 

.
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 1. 

1.1. 

, 

, .

, 

 CsHSO4  CsHSeO4 [1].

. 1 

. , 

:  (10-8 -  10-6

)  10-3 – 6·10-2 , 

 2-4 . 

 0.2-0.4 , 

 – 0.6-1.5 . 

. , 

) ,

 -  (

) .  ( ) 

O4

.  –

, :

.
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, 

. 

, , 

 (  [2]. 

,  H+,

, , 

2. 

, , , , 

. 

, .

 [3,4]. 

, 

, , , 

, , . 

 [5]

. 

, 

. 

 ( ), 
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, , , 

).

 – 

.  ( , ,

) , .

, 

, ), . 

.

[12]:

: 2H2 = 4H+ + 4e

: O2 + 4H+ + 4e = 2H2

: 2H2 + O2= 2H2

, , 

: 

, 

; 

 ( , ); 

.

, 

[13,14,15,16,17,18,19]. 

, , CsH2PO4 , 

 [20,21].
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1.2. 

 - 

, 

 [22]. 

 – 

,

.

, .

 ( ) . 

, 

. 

,  3-8  (0.13-0.35 ), 

)  ( )

[23].

, 

 ( , ), 

.

. , 

,  ( d),

,  –

 ( a).

, 

 (Od-H)  

 (Od-Oa) (  1). 

 Od-H.
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 1.  [24,25]

 Od-H, Å  Od-Oa, Å 
1.30 – 1.02 2.4 – 2.6
1.02 – 0.97 2.6 – 2.7

<1 2.7-3

. ,

, ; 

 - . . 2

 (Er) . 

). 

; 

,

 ( ). 

, 

). ,

, .

, 

,  XO4
-

,  K3H(SO4)2 [26,27], ,

. 
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. 2. 
), ) ) [28]

 0-, 1-, 2-  3-

. 

, 

 XO4
- ( +/ XO4

-). 

, 

, . 

 XO4

 (KHSO4 [29]),  (Cs2Na(HSO4)3[30])

 (CsHSO4 [31,32,33,34,]).  1.5  XO4

 (Cs2(HSeO4)H2PO4[35], Cs2(HSO4)H2PO4

[36]) , ,  XO4

,  2 
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, . 

 (KH2PO4 [37]). . 3 

.

, , ,

. 

, , 

. 

, 

, 

, 

, . 

.

 [38,39,40,41]. 

, 

. 

, .

, 

. 

. 

, 

, , 

, ,

,  MH2XO4, MHXO4) [23]. 

 (
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) . 

. 

. 

, .

, 

, 

. 

; 

. . 3

-  CsH2PO4. , 

 ( ), 

 4  (

 6 ) [28].

. 3.  CsH2PO4

)  ( ) 
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1.3. 

. : 

, ,  « »  « ») 

. 4).

, 

[42] 

,  (  NH4
+,  H3O+ .) 

 (NH3,  H2O) 

 [43]. 

. 

. 

0

T= 0·exp(-E/kT). , 

 (

) , ,

. , 

. 

. , .

.

,  Nafion,  H3O+

 (-SO3
-) .

 H-

, 

.
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, 

  

 [43]. , , 

 10-9 ,  H3O+  10-12

[44]. 

, , , .

,  [45,46] 

. ,

: 

. ,

,  CsHSO4 [28]   CsH2PO4 [47], 

. 

, 

. , 

, . , 

 1012 ,  – 109  [48,49,50].

. 

, 

, . 

. 

, ,

 KH2PO4

.
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)

)

. 4. .  ( ) 

 ( )

, 

. 

 NH4
+

 NH4
+

. , 

, 

.

, 

,  D3OZr2(PO4)3, Sn(HPO4)2·2H2O,

H3OM(SO4)2 (  M=Al, Ga, In, Tl, Ti, V, Mn, Fe) [43,51]

. ,
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,  H3OUO2AsO4·3H2O [52], 

.

,

.

, 

.

1.

. 

 –  H3O+  NH4
+- 

[53,54,55] ,

 KH2PO4, 

 [28].

2. , 

. 

, 

 [28].

3. . 

, 

, . , 

.
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 CsHSO4 [56,57],

 [58].

. , 

, 

: .

[47,59,60]

1.4.  MH2PO4

M Hn(PO4)p

, 

. 

.

 20 

M Hn(PO4)p. 

 MH O4. , 

 [61]. 

, 

 M3H( O4)2,  M5H3 O4)4 . 

MH2PO4 , .

. 

500 . 

, . 

 (~100 ) .
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 (

).

 2.4-2.6 Å, . . ,

 KH2PO4, ,  CsH2PO4, 

 2.47 Å 

 – 2.54 Å [62]. 

 10-8 , 

0.41  0.9 -  , .

1.4.1. CsH2PO4

 CsH2PO4

RbH2PO4 ,  CsH2PO4

 ( ) 

(6·10-2 ). CsH2PO4  2-  ( .

 2).

, 

 CsH2PO4, 

. , 

, 

, , ,

 CsH2PO4.

, . 

,  230

, 
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 ( . 5). , 

 CsH2PO4

.  [38].

, , 

, 

.

. . 6. 

 ( ) 

) . , 

 230  256 C 

,  300°C [63].  [64]

 220  255 C 

 Cs2H2P2O7 (175-225 C),  CsPO3 (235-285 C).

. 5.  CsH2PO4

 [38],  [66]  [65].
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. 6. ) ) CsH2PO4  [66], 

[64]  [63].
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 [66] , 

, 

,  260  - 

. 

 149  ( )  230

),  250 C [67], 

.  [68]

, 

CsH2PO4 >230 C -, - 

.

, 

, 

[69], 

. 

 (1

 - 3 ), 

. 

[70], 

 – Cs2H2P2O7

.

 ( , , 

) [68, 28, 71] ,  CsH2PO4

.

. 7).  ( ) 

 ( ) 

 ( . 7 ) [67].  245  ( . 7  – ) ,
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 ( ) .

 ( . 7. ) 

, 

. 

. 

 4  (10-6 -  2·10-2 ), 

11.6±0.6 ,  22.5±1.1  [71].

 CsH2PO4, , . 

 (235 )  Cs2H2P2O7, 

(260 ) -  CsPO3:

nCsH2PO4  CsnH2PnO3n+1 + (n-1)H2O

CsnH2PnO3n+1  nCsPO3 + H2O

 [68] ,  (30

% 2 ) .

, 

 230 ,  (30 % ) 

 250-300 . , 

. 

, .

 > 2·10-2 -1 -1

 (~345 ) 

CsH2PO4 , ,

.

 CsH2PO4 =154
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. 7.  CsH2PO4, 
: ) 25 , ) 230 , ) 235 ,

) 240 , ) 245 , ) 25  [68]
. 

 CsH2PO4  P21/m  

 a=7.912(2) Å, b=6.383(1) Å, c=4.880(8) Å, =107.73(2)o, V=234.8

Å3, Z=2 [72] ( . 8). . 4-

, 

, , , . 

, 

 2.47 Å, 

 2.54 Å. 

.
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 3. H2PO4,

 ( )  ( S )  [28,73]

S -

/
·

K
a, Å b, Å c, Å , o , o , o V, Å3 Z

CsH2PO4

IV 154 1.05 P21 7.870 6.320 4.890 90.0 108.3 90.0 230.9 2

III - - P21/m 7.912 6.383 4.880 90.0 107.7 90.0 234.8 2

II 380 1.18

I 503 22.2 Pm3m 4.961 4.961 4.961 90.0 90.0 90.0 122.1 1

619 25.2

RbH2PO4

IV 77 2.86 - Fdd2 10.800 10.672 7.242 90.0 90.0 90.0 834.7 8

III - - I42d 7.607 7.607 7.299 90.0 90.0 90.0 422.4 4

II 352 1.5 P21/a 9.606 6.236 7.738 90.0 109.1 90.0 438.1 4

I  553 21.3

563 22.7

KH2PO4

III 122 2.89 - Fdd2 10.530 10.440 6.900 90.0 90.0 90.0 758.5 8

II - - I42d 7.452 7.452 6.974 90.C 90.0 90.0 385.2 4

II' 453 - P1 7.438 7.393 7.200 88.5 86.9 87.8 394.9 4

I 506 - P21/c 6.141 4.499 8.966 90.0 91.6 90.0 394.2 4

532 -

NaH2PO4

I - - P21/c 6.808 13.491 7.331 90.0 92.9 90.0 672.4 8
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H2

2.47

)

a

c

Cs

Cs

Cs

Cs

Cs
Cs

Cs Cs Cs Cs

Cs Cs

P P P P
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P P P P

O1

O1

O1 O1

O1

O1

O1

O1

O1

O1

O1

O1

O2

O2 O2
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 10.  CsH2PO4  [74]

Pm3m : =4.961(3) Å, V=122.1 Å3, Z=1 [64]. 

PO4

. , 

. 

 ( . 9). 

. 3. 

 CsH2PO4 . 10.
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1.4.2. RbH2PO4

RbH2PO4

 I42d.  145 

 (Fdd2) [75]. 

,

, , 

. ~79

 P21 ,  CsH2PO4 [76].

, 

 [67,77] 

 [78]. =280 C  RbH2PO4

, 

 10 =290

 [74,79].

, 

 RbH2PO4, 

,   MH2PO4

, 

 [80,81]. 

, 

,  [82]. 

, 

 ( . 11). ,

 [28] 

 1  ( . 12), 

.

 [83] 
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 11.  RbH2PO4 [74]

 12.  RbH2PO4; 

 ( ), 1 . 

 [26]



34

 (pH2O~0.56 ), 

. 

 [83] , 

 Rb2H2P2O7, , 

, 

 ( . 13).

. 13.  RbH2PO4

 235-285  [83].
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1.4.3. KH2PO4 NaH2PO4

 -151°  KH2PO4

 Fdd2, 

 [84].  KH2PO4  RbH2PO4

 (I42d)  a=7.4521 Å,

c=6.9740 Å, Z=4 [73].  KH2PO4

 P1 ( =180 ) 

 [85]. , 

 MH2PO4, H2PO4

, . 

. , 

, 

, , , 

=233  KH2PO4  P21/c [86].  [28]

, , 

,

. =259 H2PO4.

. 14 [87]. 

 3.

NaH2PO4

P21/c c  a=6.808(2) Å, b=13.491(3) Å, c=7.331(2) Å,

=92.88(3), Z=8 [88].  4 

, ,  CsH2PO4, 

 [89]. NaH2PO4 =190

=190-200  [90].
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. 14.  KH2PO4 [87]

1.4.4.  Ba(H2PO4)2, Cs2HPO4

CsH5(PO4)2

 CsH2PO4 , 

, . 

 MH2PO4,  Ba(H2PO4)2,

.

Ba(H2PO4)2

 Pccn  a=10.273 Å, b=7.803 Å,

c=8.566 Å, Z=4 [91]  P-1 [92] . 

 PO4

,  « ».
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, 

.  Cs2HPO4

CsH5(PO4)2.

,  Cs2HPO4.

 [93]  Cs2HPO4·1.5H2O  

, 

. 

 700 ,

 ( . 15). ,

Cs2HPO4·1.5H2O 

 Cs2HPO4 ~175 , 

, Cs4P2O7.

. 15.  Cs2HPO4·1.5H2O

 CsH5(PO4)2

P21/c  a=10.879, b=7.768, c=9.526, =96.60o, Z=4

[94]. CsH5(PO4)2 :

; 

. ,

, 

 ( =151.6 )

 [95,96].

60-105
Cs2HPO4·0.5H2O

105-175 Cs2HPO4

-Cs4P2O7
330-500 Cs4P2O7

220-320

Cs2HPO4·1.5H2O
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1.5.  MH2XO4

.

 Cs+  CsH2PO4  NH4
+ ( =0-1) 

, , 

 Cs1-x(NH4)xH2PO4

[97,98].  Cs1-x(NH4)xH2PO4

: 

 CsH2PO4 (III),  0  < 0.1, 

 NH4H2PO4,   0.4  <   1,  

. 

, 0.1 <  < 0.4 

. , , 

 CsH2PO4

. 

,  10º

37º  NH4
+,  (

>  0.4),   NH4H2PO4, 

. 

, 

. , 

, 

, 

 HPO3 , 

.

 Cs1-xRbxH2PO4 [99,100, 101].  [101] 
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=0.25; 0.5  0.75.  [102] 

Ba3-xKxHx(PO4)2, 

.

, ,

.

, 

CsHSO4  (Li, K, Rb) [103,104,105], , 

, 

, , 

. 

. , 

. 

CsHSO4  NaHSO4

 CsNa2(HSO4)3  Cs2Na(HSO4)3 [106]. 

 (HSO4)3 , 

.

,  CsHSO4

Cs2(HSO4)H2PO4 [107, 108, 109, 110]  Cs3(HSO4)2H2PO4 [111, 112, 113, 114,

115, 116], , 

.



40

1.6. 

Cs1-xMxH2PO4

 CsH2PO4

, 

. 

, . 

, 

. 

, , 

.

,  CsH2PO4

 [38,66] , ,

 [68]. , 

, , 

,

 CsH2PO4 .

,  CsH2PO4

 Cs2HPO4  CsH5(PO4)2. 

: 

, , 

, , 

. 
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, ,

. , 

 [107].  Cs3(HSO4)2H2PO4

, 

 Cs2(HSO4)H2PO4  Cs3(HSO4)2H2PO4

 Cs2SO4, 

 [111, 117]. CsH2PO4

Cs1-xRbxH2PO4

.

1.7. 

, 

MH2PO4

. 

,  CsH2PO4

.

, 

,

, ) 

, 

.

, , CsH2PO4, 

. , ,  (1-
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)CsHSO4 CsH2PO4

, 

CsH2PO4 , 

. , 

, , 

.

CsH2PO4, , 

.

Cs1- H2PO4 (  M=Na,  K,  Rb)   Cs1-2 Ba H2PO4

, 

MH2PO4 (M=Cs, Rb) , 

.
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 2. .

2.1.  Cs1- H2PO4

Cs1- H2PO4 , 

, .; 

,  ( =1.68 ).  Cs1-

H2PO4 , x=0.1; 0.3; M=Rb, =0.03; 0.1; 0.2; 0.3; 0.4; 0.6; 0.8; 0.9) 

, 

, ,

, ,

:

2H3PO4 + Cs2CO3 = 2CsH2PO4 + H2CO3

2H3PO4 + Rb2CO3 = 2RbH2PO4 + H2CO3

2H3PO4 + xCs2CO3 + (1-x)Rb2CO3 = 2CsxRb1-xH2PO4 + H2CO3

2H3PO4 + xCs2CO3 + 2(1-x)RbOH = 2CsxRb1-xH2PO4 + xH2CO3 +

+ 2(1-x)H2O

2xH3PO4 + xCs2CO3 + (1-x)MH2PO4=2CsxM1-xH2PO4 + xH2CO3

 M=Na, K, Rb)

 2-

 150º .

,  Cs1-xMxH2PO4 (M=Na, K, Rb) 

=180  2 =235

 ~ 10-20 . 

 CsH2PO4 MxH2PO4 =K, Na) ,

, 

=140  2-3 .
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Ba(H2PO4)2  Ba(OH)2

. 

=160oC , 

=100oC 

.  Cs1-2xBaxH2PO4

 Ba(H2PO4)2  CsH2PO4

=210  1 .

Ba(OH)2+2H3PO4 = Ba(H2PO4)2 + 2H2O

(1-2x)CsH2PO4 + xBa(H2PO4)2 = Cs1-2xBaxH2PO4

 Cs2HPO4, CsH5(PO4)2,  

,

., 

. 

=180  2 =235  ~ 10 .

2.2. 

2.2.1. 

 ( =852.1 ) [118], 2PO4
- - 

 [119]. , 

, ,

,  4

.%, 

, .
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2.2.2. 

.

, 

,

.

,

 d:

=2d·sin ,

 n –  (1, 2, 3 .), 

. , 

, , 

. , 

, 

,  [120].

-3 ( -

, =1.5418)  D8 Bruker c  GADDS ( ,

=1.5418).  IK 

TOPAS ( ). 

 0.2%.  235º

 « » .

=1.525 Å 

-3  2 = 23÷54. 

 XRK900  Anton Paar  10

K/ . 

 Stoe MP ( u - ,  = 1.5406, 
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,  PSD) 

 0.5 ).

2.2.3. 

 ( )

. 

. 

. 

, 

. 

. 

. ,

. 

)  ( ) . 

.

 (  10 

 ~140-150º ) Digilab

Excalibur 3100 c (ZnSe)  580-4000 -1.

BRUKER RFS100  100  3600 -1, 

 1.06  Nd-YAG  100

.

2.2.4. 

 ( ) 

 NETZSCH STA 449S  20-400º

 10  30 .

 Cs1- M H2PO4 (M=Na, K)
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 Shimatzu DTG-60H 

10  NETZSCH STA 449 F1 ( -

 QMS403 CF AEOLOS)  3

.

2.2.5. 

. 

. 

, 

, 

, .

,  RC- , 

 ( . 16).

. 16.  RC-

, ,

,

:

R1 R2 R3

C1 C2 C3
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Z*=Z*
1 + Z*

2 + Z*
3, 

Z*
i=Zi  + Zi =Ri – (j/ Ci),

 j – ,  – , R –

,  – .

 Z (Z ) 

, 

 ~10 . 

, ,

.

.

:

=nqu,

 n – , u – , q – .

:

 = 0exp(-U/kT),

0 –  (

), U –  (

), 

.

u = ( 0 l2q /kT)exp(-U/kT)

 l – .

:

n = n0exp(-g/kT),

 g – .

:

·= [ 0 l2q2/kT](1-n/N)exp(-U/kT)= 0·exp(-Ea/kT)
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, T= 0·exp(-

E/kT) 

 [121].

, 

, , 

:

 = exp(-Ea/RT)

. 

 lg  – 1000/T.

 Instek LCR-821 

 12  - 200 . . 17.

 (  500 )  6  2-4

, 90-95 %. 

. 

1-2  0.1-0.2 

 ~15-20%.

 3%.
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. 17. 
:

1 – ; 2 – ; 3 –
; 4 – ; 5 –

; 6 – ; 7 – .

1

2

3

45

6
7
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 3.  Cs1-xMxH2PO4

3.1. Cs1- Na H2PO4

3.1.1.  Cs1- Na H2PO4

;

 Cs1- Na H2PO4 . 18.

 NaH2PO4 ( . 18,  7) 

,  P21/c [88]. 

 CsH2PO4 – , P21/m, 

 a=7.9109(2), b=6.3898(2), c=4.8805(2), =107.713(2)o, V=235.01(2) Å

. 18,  1), 

[72]. , 

 (P21/m) 

 x=0.2. =0.3  NaH2PO4

(P21/c),  « ». 

, x, 

,  NaH2PO4 (P21/c).

 Cs1- NaxH2PO4

=0-0.2),  TOPAS  IK, 

 4.  0.2%.

 4.  Cs1- NaxH2PO4

a, Å b, Å c, Å , o V, Å3

CsH2PO4 7.9109(2) 6.3898(2) 4.8805(2) 107.713(2) 235.01(2)

Cs0.9Na0.1H2PO4 7.8712(1) 6.3709(2) 4.8651(1) 107.653(3) 232.48

Cs0.8Na0.2H2PO4 7.8114(2) 6.3244(1) 4.8497(2) 107.69(2) 228.25
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20 30 40 50

0.0 0.1 0.2

3.70

3.75

d

X
7

6

5

4

3

2

2

1

, 
. 

.

00
1

11
0

01
1

11
1

22
0

31
1

*

. 18.  CsH2PO4 (1), Cs1- Na H2PO4 : =0.1 (2); 0.2 (3);
0.3 (4); 0.4 (5); 0.6 (6)  NaH2PO4 (7) : 

 d ( 011) 
 Cs1- Na H2PO4
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,  Na+

. 

 18.) 

 Na+, . , 

 CsH2PO4

(P21/m),  x=0-0.2.

3.1.2.  Cs1- Na H2PO4

 ( ,  10

)  Cs1- Na H2PO4 . 19 ( ). 

 15.0%  NaH2PO4

7.8%  CsH2PO4, 

. 

, 

.

 CsH2PO4

 (~230 ). 

; 

,  30 .% 2 ), 

, 

 [100, 122]. 

.

,  CsH2PO4

 ( . 20). , 

 200
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, . 

=222 , , ,

, 

=228 =232  – 

.  CsH2PO4  – 272 .

, 

, . 19 ( ),

, 

. ,  [65], 

400 

 (  375 ),  (0-

50 ) =275 .

,  CsH2PO4 =228 , 

 ~ 222  272

.  345 .

 NaH2PO4 , 

,  CsH2PO4: ~204  270

. 

. 

Cs1-xNaxH2PO4

. , 

=0.2  6.7%  8.65%. ,

 Cs1-xNaxH2PO4

 (190 ) 

 CsH2PO4.
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100 200 300 400

, o

Q

0,4

0,2

0,1

1

0

)

200 300 400

85

90

95

100

T,C

m
/m

,  
%

x=0
 0,1
 0,2
0,4
1

)
.  19.  (a)  ( ) Cs1- Na H2PO4  ( ,

10 )

150 200 250 300

-1.2

-1.0

-0.8

-0.6

-0.4

T=200oC

. %
/

T=272oC

T=232oC

T=222oC

T=228oC

, o

Q
 , 

. 
.

. 20.  CsH2PO4 , 3 )
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3.1.3.  Cs1- Na H2PO4

. 21 

 Cs1-xNaxH2PO4. 

Cs1-xNaxH2PO4  2 

=0.2. 

, , : 

 Cs1-xNaxH2PO4  NaH2PO4.

,  CsH2PO4  1.15 

 160 . 

=0.4)  (0.65 ) 

, , 

, , , , 

=0.4 

 NaH2PO4  Cs0.7Na0.3H2PO4.

. 21 ( )  CsH2PO4.

 ( . 21 ), 

. 

.

 ( . 21 ) 

. 

.

, ,

 ( . 5).  Na - 
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.  Cs+

, 

.  Cs+  Na+ ,  Cs+

 NH4
+,  Cs1- Na H2PO4,

,  Cs1- (NH4) H2PO4,

, , 

. ,  Tl+

 Cs+  Rb+ (Cs+ - 1.74, Tl+ 1.70, Rb+ – 1.61 Å), , 

TlH2PO4 =180  [28].

. 21.  Cs1-xNaxH2PO4;
, 1-2 ;  ( ).
 CsH2PO4 =110 ) =240 )
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 5. * [123]

R, Å R, Å

Cs+ 1.74 Ba2+ 1.39

Na+ 1.18 NH4
+ 1.42

K+ 1.51 Tl+ 1.70

Rb+ 1.61

(*  8 

)

, , 

, , 

.

3.2. Cs1- K H2PO4

3.2.1.  Cs1- K H2PO4

 Cs1- K H2PO4

. 22.  KH2PO4 ( . 22,

 8)  [73]. 

,  Cs1- Na H2PO4, 

 (P21/m) 

 x=0.3. 

 x, 

KH2PO4 (I42d),  «  *».

,  KH2PO4

 [16]. 

-ray  190

 (P21m), 2PO4



59

 6.  Cs1- KxH2PO4

a, Å b, Å c, Å , o V, Å3

CsH2PO4 7.9109(2) 6.3898(2) 4.8805(2) 107.713(2) 235.01

Cs0.9K0.1H2PO4 7.8796(2) 6.3725(2) 4.8744(2) 107.695(2) 233.18

Cs0.8K0.2H2PO4 7.8471(1) 6.3313(2) 4.8558 (2) 107.72(2) 229.80

Cs0.7K0.3H2PO4 7.8221(6) 6.2423(4) 4.8272(4) 107.90(4) 224.30

20 30 40 50

0.0 0.1 0.2 0.3

3.70

3.75

d

X

2

, 
. 

.

3

*

*

**

*

7

6

5

4

1
2

01
1

00
1

11
0

31
1

22
0

11
1

. 22.  CsH2PO4 (1), Cs1- K H2PO4 : 0.1 (2);
0.2 (3); 0.3 (4); 0.4 (5); 0.6 (6)  KH2PO4 (7) : 

 d (  0 1 1) 
 Cs1- K H2PO4
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 [124]. 

,  CsH2PO4.

 Cs1- KxH2PO4

 TOPAS  IK =0-0.3

 6. 

 0.2%.

,  Na+,   Cs1- KxH2PO4

 K+ , 

. 

 ( . 22), .

 K+

 x=0–0.3.

3.2.2.  Cs1- K H2PO4

,  ( , , 10 )

 Cs1- K H2PO4 . 23( ). 

 KH2PO4  13.0%, 

. , 

 MH2PO4,   KH2PO4

, 

. 

, 

. 

KH2PO4  ~200° ,

P21/c . ,  (10

) 

, 

=180 , 
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,  [125], 

=200 . 

, 

~220°

280° .  259° .

,  Cs1-xKxH2PO4

) 

, 

, 

, . ,  Cs1-xKxH2PO4

=0.1-0.3) , 

200 300 400

1

0,7

0,3

0,1

T, oC

Q

0

)

200 300 400

88

90

92

94

96

98

100

 0
 0,1
 0,3
 0,7
 1

m
,

. %

T, oC

)

.  23.   ( )   ( )  Cs1- K H2PO4  ( ,

10 )
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 (200-210 ) 

 CsH2PO4. 

 Cs1-xKxH2PO4

, =0.3  ~225  (  6 ,

 CsH2PO4). ,  Cs1-xKxH2PO4

. 

. , , 

=0.3  7.5%,  9.36%. 

.

3.2.3.  Cs1- K H2PO4

 Cs1-

xKxH2PO4 . 24( ).  Cs1-xKxH2PO4

 x=0.3.  10 % KH2PO4

,  CsH2PO4,  x=0.2-0.3 – 

2-3 . 

,  0  0.3  1.5 .

 1.12  x=0.1  0.2  0.88  x=0.3.

,  MnHmXO4

 [39]. 

 10 

 Cs1-xKxH2PO4 =0.2  ~225 , 

CsH2PO4 – 231 . 

 2  ( . 24( ))  Cs1-

xKxH2PO4  220  222 , , =0.2 =0.
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, 

. 

 2  CsH2PO4

=210oC,  Cs1-xKxH2PO4 =0.2 – =219oC.

 CsH2PO4  12 , 

 Cs1-xKxH2PO4 =0.2  1 , .

,  - 

, 

.

1.9 2.0 2.1 2.2 2.3 2.4

-7

-6

-5

-4

-3

-2

240 220 200 180 160 140

 CsH2PO4

  0.1
  0.2
  0.3
 KH2PO4

T,oC

1000/T, K-1

Lo
g(

, 
)

. 24( ).  Cs1-xKxH2PO4; 

, 1-2 ; .
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2 ,1 2 ,4

-4

-2

250 200 150
T, oC

1000 /T

Lo
g(

, 
)

:
 0
 0 ,2

:
 0
 0 ,2

. 24( ).  Cs1-xKxH2PO4;

, 1-2 ; .

,  - 

 CsH2PO4

(P2/1m)  Cs1- M H2PO4, x=0-0.3  M=K 

x=0-0.2  M=Na 

. 

 c

. - 

CsH2PO4  2-3 .

 Cs1- K H2PO4

,  1.5 .  Cs1-

xNaxH2PO4

.
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3.3. Cs1- Rb H2PO4

3.3.1.  Cs1- Rb H2PO4

 Cs1- RbxH2PO4 . 25). 

RbH2PO4  [76].

 RbH2PO4 -

 I42d  a=7.611(1), c=7.301(3) ( . 25,

 8).  Cs1- RbxH2PO4 , 

 CsH2PO4 (P21m),  

=0.9, 

. 

 CsH2PO4

 [126].  Cs1- RbxH2PO4

 IK  11  (  7). 

 0.2%.

 7.  Cs1- RbxH2PO4 (P21/m)

 Rb+ a, Å b, Å c, Å , ° V, Å3

0 7.9109(2) 6.3898(3) 4.8805(2) 107.713(2) 235.01

0.03 7.9056(8) 6.3794(2) 4.8795(2) 107.72(2) 234.41

0.1 7.8921(3) 6.3785(2) 4.8776(1) 107.84(1) 233.73

0.3 7.8373(3) 6.3334(2) 4.8541(1) 108.02(2) 229.12

0.6 7.824(2) 6.320(4) 4.831(7) 108.05(5) 227.13

0.8 7.730(7) 6.246(6) 4.798(8) 108.58(3) 219.58

0.9 7.62(3) 6.23(1) 4.75(2) 108.2(3) 214.56
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. 25.  CsH2PO4 (1), Cs1- Rb H2PO4 : =0.03 (2); 0.1 (3);
0.3 (4); 0.4 (5); 0.6 (6); 0.9 (7)  RbH2PO4 (8)

 Cs1- Rb H2PO4  x=0.1 

=0.4, ,  ICDD.

,  Rb 

, , 

a b ( . . 26.). 

 (
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. . 27. , 

 Rb+, 

.  Cs1- Rb H2PO4,

 CsH2PO4

 [101], .

0.0 0.2 0.4 0.6 0.8

-0.03

-0.02

-0.01

0.00
-  a
-  b
-  c

, 

, a
(b

,c
), 

%

c

a
b

. 26.  (a (1); b(2); c(3)) 
Cs1- Rb H2PO4

0,0 0,1 0,2 0,3 0,4 0,5 0,6
3,67

3,68

3,69

3,70

3,71

3,72

3,73

3,74

3,75

3,76

3,77

3,78

 d
,

, x

. 27.  d (

 110)  Cs1- Rb H2PO4
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, 

 CsH2PO4 (P21/m) ,

=0.9. ( . 25). 

: 

, 

=200º . 

=0.9 , 

, , 

, 

.

, 

,  - 

 [120].  (

) 

, 

. 

, 

, , 

[36,103,106].  CsH2PO4  Rb 2 O4

, 21/m  I42d, 

, 

, , 

~ 79º  (P21/a),

 CsH2PO4 (P21m)  [76],  

 (Cs+ – 1.74

Å, Rb+ – 1.61 Å). , ,  Rb 2PO4

,  CsH2PO4 [78].

.  0.4 
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 230º -240 º  [127]. 

, 

, 

. ,  2014 . , 

, 

 “in situ” [128]. , 

,  Cs1- RbxH2PO4

 [100, 101, 128].

Cs1- RbxH2PO4  240º

 « »  [129], 

 Stoe MP 

 0.5 . 

 (240º ) 

 CsH2PO4, . , 

= 0.1; 0.2; 0.4  240º

,  CsH2PO4

(Pm-3m)  ( . 28( )) 

. 

, 

. 

. 8.

 Cs1- Rb H2PO4

 (Pm3m) 

.  2014  [128],

 ‘in situ” .
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 8.  Cs1- RbxH2PO4

= 240º

 Rb+ a, Å V, Å3

0 4.961 122.10

0.1   4.9561(1) 121.74

0.2 4.952(2) 121.43

0.4 4.946(8) 120.96

20 40

25.2 25.5 25.8

4

3

2

1

11
1

3

21
0

21
1

20
0

11
0

2

, 
. 

.

1

2

4

10
0

. 28.  CsH2PO4 [130] (1)  Cs1-

xRb H2PO4  x=0.1(2); 0.2(3); 0.4(4)
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3.3.2.  Cs1- Rb H2PO4

 ( ) 

RbH2PO4 . 29 ( ). 

 RbH2PO4  [38, 68, 82].

 RbH2PO4  ~77°

 P21/a  ,  

=200 =275

, 

=280  [28, 77].  RbH2PO4

=290 .

, 

. =0-0.3 

,

 ( .

29( )). 

 (3 ) ( . 30 =0.3).

, =0.3 

, =236  (

234 ), , =246

. =0 ( . 20) 

, ,

=232 ,   14 , 

=0.3. , 

 Cs1- Rb H2PO4 .

, . 29( ) , 

 240 , 

. =0.6 

, 
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1
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.  29.   ( )   ( )  CsH2PO4 (1),  Cs1- Rb H2PO4

: =0.1 (2); 0.3 (3); 0.8 (4); RbH2PO4 (5) ( , 10 )
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. %
/

T=236

, o

Q
 , 

. 
.

T=246

. 30.  Cs0.7Rb0.3H2PO4 ,  3 )
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 (  = 225 ), 

.

 RbH2PO4

, , 

 9.9%, 

 RbPO3.

 Rb ( <0.3) 

 CsH2PO4. >0.3 

, 

=150oC  0.5-1%, 

. , 

 ~130  (  20 ) 

. 

. 

=0.6-0.8, , , 

, , 

. , 

. 

 29( )) .

3.3.3.  Cs1- Rb H2PO4

. 31 

 Cs1-xRbxH2PO4, .

, , , 

.  Cs1-xRbxH2PO4

 CsH2PO4. 

 Cs1-xRbxH2PO4

 ( )
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1,9 2,0 2,1 2,2 2,3 2,4
-8

-6

-4

-2
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T, oC

7
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4
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Lo
g(

, 
)

1000/T

1

. 31.  Cs1-xRbxH2PO4 x=0
(1); 0.1 (2); 0.3 (3); 0.4 (4); 0.6 (5); 0.8 (6); 1 (7); ,
1-2 ; .

, 

.  ( ) 

~ 0.5 . , , 

, , 

. 

 Rb 

,  20oC .

, . 29( ), 30. 

 1.0 

 CsH2PO4 =0)  1.05 =0.1  1.14 =0.6. 

=0.8 

 RbH2PO4. 
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 [101]. 

Cs1-xRbxH2PO4 ( =0.6)  21    [99, 101].

3.3.4. -  Cs1- H2PO4

 Cs1- MxH2PO4

.  Cs1- RbxH2PO4

. 32. 

, , 

 P-O  ( . 32). 

. 

, 920 -1,  P-

 [131]. 

 ( . 33), 

. 

[99], =0.6  990  1127 -1

4

) .

 Cs1- RbxH2PO4

. 34 ( ).  CsH2PO4,

RbH2PO4  KH2PO4  [131,

132].  (  10 -1) 

 ( ) 

 [131,132]).

 CsH2PO4 :

2800-1700 -1 ( , 
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. 32.  CsH2PO4 (1), Cs1- Rb H2PO4 :
=0.03 (2); 0.1 (3); 0.2 (4); 0.3 (5); 0.4 (6); 0.6 (7)

a)

)

)

. 33.  ( ),  ( )  h1/2 ( )
 CsH2PO4 (1)   Cs1- Rb H2PO4

: =0.03 (2); 0.1 (3); 0.2 (4); 0.3 (5); 0.4 (6); 0.6 (7)
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: 0.1 (2); 0.3 (3); 0.4 (4); 0.6 (5); RbH2PO4 (6)

; . 34 ( ) 
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; . 34 ( )).
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=0.1; ~2682 -1 =0.4  2689 -1 =0.6). 

. 2400÷1600 -1 =0.1-0.4 

. 

, , 
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. 

 (  890 -1

=0  884 -1 =0.6).

 Cs1-xRbxH2PO4

 P-O. ,

.,  P-O

, , , 

 P-O  P-O ,  PO4

, . 0.6 

 RbH2PO4.

, P-O

Cs1-xRbxH2PO4

.

,  Cs0.7Na0.3H2PO4,

Cs0.7K0.3H2PO4, Cs0.7Rb0.3H2PO4  CsH2PO4 ( .

35 ). 

. . 2650 -1
,

 ( ),   (  Na  –

2690 -1,  K – 2695 -1,  Rb – 2665 -1).  Rb

 2315 -1, 

,  (2301

 2299 -1 ),  Na+  K+

. 

 (890 -1  CsH2PO4), 

 Na+ (884 -1). 

.
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Cs0.7Rb0.3H2PO4 (4)
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. 1123, 1060  927
-1. , ,  P-O ,  P-O

,  PO4

.

3.4.  Cs1- H2PO4

. 36  T=160

. , 



80

 Cs1-xMxH2PO4

Rb+<K+<Na+, 

, 

 (  9). 

,  Cs1-xNaxH2PO4,

, 

 (2-3 ), .

0.0 0.1 0.2
-7.0

-6.5

-6.0

-5.5

-5.0

-4.5

-4.0

x

lo
g 

(
, 

)

M=
Na
K
Rb

. 36.  ( =160oC)  Cs1-xMxH2PO4

 9.  CsH2PO4,

Cs1-xRbxH2PO4, Cs1-xKxH2PO4  Cs1-xNaxH2PO4.

a, Å b, Å c, Å , o V, Å3

CsH2PO4 7.9109(2) 6.3898(3) 4.8805(2) 107.713(2) 235.01

Cs0.9Na0.1H2PO4 7.8712(1) 6.3709(2) 4.8651(1) 107.653(3) 232.48

Cs0.8Na0.2H2PO4 7.8114(2) 6.3244(1) 4.8497(2) 107.69(2) 228.25

Cs0.9K0.1H2PO4 7.8796(2) 6.3725(2) 4.8744(2) 107.695(2) 233.18

Cs0.7K0.3H2PO4 7.8221(6) 6.2423(4) 4.8272(4) 107.90(4) 224.30

Cs0.9Rb0.1H2PO4 7.8921(3) 6.3785(2) 4.8776(1) 107.84(1) 233.73

Cs0.7Rb0.3H2PO4 7.8373(3) 6.3334(2) 4.8541(1) 108.02(2) 229.12
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3.5. Cs1-2 Ba H2PO4
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3.5.3.  Cs1-2 Ba H2PO4
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