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>+81$?/ $+'-+)*/$&. *+,(-+%(-&&: 
1)  >()?/ $/(-0+$&1/23&/ @*/3%-(A$?/ 6+%/-&+*? A*. 
*&%&/)?5 +33868*.%(-() 

 2%.$.2. B+2+$()+ >.C. 

2) D/-()23&%('(A(,$?/ (32&A? A*. %('*&)$?5 
@*/6/$%() (%)/-A((32&A$?5 & E/*(1$?5) 

 A(F. G2%(6&$ H.I. & A(F. ;.>. :+J( 

3) D/-()23&%('(A(,$?/ (32&A? $+ (2$()/ Pb  & Bi; 
K*/3%-(A$?/ 6+%/-&+*? A*. '(*81/$&. +*L6&$&. 

 A(F. C(J()+ :.;. 

4) >()?/ 2)/-5'-()(A$&3& 
 2%.$.2. H.:. M+J+3()  



!"#"$%-&"'"()*$") %*+%,- *%#./+"0 +%,-& '/1)2"/3%, 

1.  42"*1/33%&"'"()*$%) 52%6+%#"2%,/+") 

"?,(- '(A5(A.E/0( 2%-83%8-$(0( %&'+ &*& 3($2%-8&-()+$&/ $()(4 3-&2%+**&1/23(4 2%-83%8-? $+  
(2$()/ J$+$&. 0/$/+*(0&& 2%-83%8- (32&A$?5 7+J, 3-&2%+**(5&6&1/23&5 5+-+3%/-&2%&3 3+%&($()  
6/%+**(), (2(,/$$(2%/4 5&6&1/23(4 2).J&, 2'/F&7&3& '()/A/$&. @*/3%-($$(4 & 6+0$&%$(4  
'(A2&2%/6 ) J+)&2&6(2%& (% '+-+6/%-() 6/N+%(6$(0( )J+&6(A/42%)&.. 

2. !"#"$%-&"'"()*$") %*+%,- *"+1)#/ 

O'-/A/*/$&/ A&+'+J($+ %/-6(A&$+6&1/23&5 '+-+6/%-(), (%)/1+LE&5 (,*+2%& -+)$()/2$(4  
82%(41&)(2%& %-/,8/6(4 2%-83%8-? & '-()/A/$&/ 2&$%/J+ '-& 3($%-(*/ $+,(-+ %/-6(A&$+6&1/23&5  
'/-/6/$$?5 (%/6'/-+%8-+, '+-F&+*9$?/ A+)*/$&. 3&2*(-(A+ & */%81&5 (32&A$?5 & 6/%+**&1/23&5  
3(6'($/$%). D(*81/$&/ 6/%+2%+,&*9$?5 7+J ) 82*()&.5 3&$/%&1/23(0( 3($%-(*.. 

3. 751"'"#/8"0 12)9:)'-& *,%;*1, 

P(2%&N/$&/ ('%&686+ '(*/J$?5 2)(42%) '8%/6 J+6/E/$&4 ) 3+%&($$(4 '(A-/Q/%3/, &J6/$/$&.  
3&2*(-(A$(0( 2(A/-N+$&. &  2%/'/$& 8'(-.A(1/$&. ) 3+%&($$(4 & +$&($$(4 '(A-/Q/%3/,  
(,-+J()+$&. & 8'(-.A(1/$&. 3+%&($$?5 & +$&($$?5 )+3+$2&4. >+'-+)*/$$(/ &J6/$/$&/ A*&$  
2).J/4 & )+*/$%$?5  80*().  

4. <*1/+%,3)+") $%22)308"; “*%*1/, – :*3%,"0 *"+1)#/ – *12:$1:2/ - *,%;*1,/” 



- O - Cu

CuO2 2*(4 

1) O'%&6+*9$+. @*/3%-($$+. 3($F/$%-+F&. ) !*-J($/ 
'-()(A&6(2%& (7(-6+*9$+. 2%/'/$9 (3&2*/$&. 6/A&): 

+2.05" VCu " +2.25 - p-%&' HD  
+1.8 " VCu " +1.9 - n-%&' HD 

2) O'%&6+*9$(/ '/-/3-?)+$&/ 3dx2-y2(Cu) and 2px,y(O) 
(-,&%+*/4: 
1.9Å " deq(Cu-O) " 1.97Å, #Cu-O-Cu $ 180° 

3) 2-6/-$+. 2%-83%8-+: dap(Cu-O) % 2.2Å 
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Hg Nb NbSn 
NbGe 

2&34&'5+6'5 ,5 4#(&'7,#)+* 
8&3"* - 9,+5'$+*:5 

;*:$*. 5<#+ 

;*:$*. =&"*. 

HgBaCaCuO 4#: 
:5("&,*&3 350 +-).5+3. 

YBaCuO 

LaBaCuO 

TlBaCaCuO 
BiSrCaCuO 

Tc =    97 K           127 K               135 K 

!.". #$%&'() & #.*. #+,-./() 
012 178, 190 (2008) 



a=4.0355 Å, c=8.7393 Å 
a=3.7914, c=6.364 Å 

a=3.7693, c=5.4861 Å 

a=3.9625, c=13.017 

LiFeAs, Tc=18 K LnFeAsO, Tc=26-56 K (Ba,K)Fe2As2, Tc=38 K 

FeSe1-x, Tc=8 K 
Sr2ScO3FeP, Tc=17 K 

P4/nmm, a=4.016, c=15.543Å 

Sr2VO3FeAs, Tc=32K 

Zhu et al, arXiv:0904.1732  

Ogino et al, arXiv:0903.3314  



:+0$&%$?/ 6+%/-&+*? 

Sr2MnGaO5 

:+%/-&+*? A*. 
%('*&)$?5 @*/6/$%() 

Sr3YCo4O10.5 

:$(0(78$3F&($+*9$?/ 
6+%/-&+*? 

PbVO3 

Pb15Fe16O39 
A.M. Abakumov et al. Angewandte 
Chemie 45, 6697 (2006) 

R.V. Shpanchenko et al. Chemistry of 
materials 16, 3267 (2004) 

S.Ya.Istomin et al. Chemistry of 
materials 15, 4012 (2003) 

#.*. #+,-./() & 34. 
05'67& 7&/&& 73, 1 (2004) 



AnBnO3n-2 – +%,-; 6%'%3%6"()*$"; 20. %$*".%, 

=12:$1:2- AnBnO3n-2  * n = 4 – 6.  
Pb2Ba2Fe4O10 (n = 4), Pb2.9Ba2.1Fe4TiO13 (n = 5) & Pb3.8Bi0.2Ba2Fe4.2Ti1.8O16 (n = 6).  

A.M. Abakumov et al. – Inorganic Chemistry 



!"#$%"&'$(&)*#+,)#"-**+."$/0$1+2*3*4#/5$1+"#&56**7++

8$.9*($+:;<=+>?=+>@A+*+0BCBD+E+$5*/9*0#9F+:G<D++

(+,9#50"*4#/5HI+

!"#$%&'()* +$,-,'.+ J+ ,9#50"$2*3*4#/5$#+ H/0"$1/0($=+ ."#$%"&'HIK##+ ,)#"-*I+
2*3*4#/5$1+ "#&56**+ (+ ,9#50"*4#/5HI+ ,)#"-*I+ ."*+ */.$9F'$(&)*I+ .$C&IK*2/L+
*'()#+0$.9*(&+*+$5*/9*0#9LB++



>7>? 

/0.,1%0$(2+@*/3%-(*&% – 0+J('*(%$?4; %(*93( &($? O2 

                                     3+%(A & +$(A – '(-&2%?/; @*/3%-($? + O2-+

+ +++++++$%'':1/8"%++-) @3)')+1- – 0+J('*(%$?/; %(*93( @*/3%-($?+

+O2- + H2*&+H2O + 2e- 

! O2 + 2e-*&*O2- 

H2 + 1/2 O2 & H2O 

3*
4*
!*
5*
6*

7*
$*
,*
5+
0+
"+
$+
9+
*+
0+

4

8

5

6

9:;*

9:+

<:+



Sr3YCo4O10.5 Sr2Co2O5 
25% Sr ,5 Y 

! 

"
!.#/%&.- 314-0-1': 

 .'%#)-2 3"()&,#44-2 (~200 !5·%5-1) $ 
 +,$(5"(5-2 $#44-2 (~ 2 · 10-2 !5·%5-1) +,#.#6$5#%&$ 
+,$   850-1000#!; 

 7&%*&%&.$( 0-1#.'8 +,(.,-9(4$/ 6# 1000#!; 

:;< = 20 ppm 

S.Ya.Istomin et al. Chem. Mat. 15 (2003) 4012 

GJ6/$/$&/ 6+0$&%$?5 6(6/$%() &($() 
Co1 & Co2 



) 20-/ 0(A? & 2/41+2 



=6     +     LiCoO2                         LixC6  +   Li1-xCoO2   
!"#$% 

#"!#$% 

Li+- 52%,%.0C"; @3)$12%3"1 LixC6 62/B"1 LiMO2 

D"1";-"%++-; /$$:':301%2 

?3)$12%3"1   - c%3": LiPF6, LiBF4 (LiClO4, LiAsF6),  LiCF3SO3 
         - 2/*1,%2"1)3": EC, PC, DMC, DEC 

 1M LiPF6 ) EC/DEC/DMC 

M($F/'F&. (1980)                  M(66/-F&+*&J+F&.: Sony (1990) 

2,'4896$&6: 3.6 ) Eo (cathodic) – Eo (anodic) = Eo (cell) 

x R 0.5-0.6 e- 



Li=%O2 LiMn2O4 LiFePO4 

6)$*/6%+/3E+/0  
53%1+);F/0  
:5/$%,$/  

$:9"()*$/0 53%1+);F/0 :5/$%,$/ 

=1               278 'GH(/6                                        148 'GH(/6                                            170 'GH(/6                      

!            10-3 C/c'                                      10-5 =/c'                                        10-9 =/c' 

D              10-9 *'2/c                                    10-10 *'2/c                                                     10-15 *'2/c  



a 

c b

 N.N. Bramnik et al. Chem. Mater. 19 (2005) 908 

a 

cb

One dimensional migration  2 possible migration pathways 

2 plateaus (4.8 - 5.0 V)  “solid solution” up to 5.1 V (5.5 V) 

7%  volume contraction (complete $ 3.5% volume expansion (0.6 Li removal) 
 Li removal) 

High-voltage electrolyte! 



I%,-) @3)$12%.+-) '/1)2"/3- .30 5%3:()+"0 /3J'"+"0 



S&'&1$?4 6(*/38*.-$?4 2(2%+) @*/3%-(*&%+, % 6+2.: 
    Na3AlF6 – 83,   AlF3 – 7,   CaF2 – 6,    Al2O3 – 4 

S/6'/-+%8-+ '*+)*/$&.  ~ 960 (H, %/6'/-+%8-+ @*/3%-(*&J+ ~ 
967 (H. 

D-(F/22? ) @*/3%-(*&JT-/ 2 80*/-(A$?6& @*/3%-(A+6&: 
O2$()$(4 3+%(A$?4 '-(F/22: Al3+ + 3e = Al 
O2$()$(4 +$(A$?4 '-(F/22: 2O2- - 4e + C = CO2   
H866+-$+.: Al2O3 + 1,5C = 2Al + 1,5 CO2 



#$(A -+25(A8/6?4 – $+ (A&$ J+)(A -+25(A '(-.A3+ 450 %?2. %($$ 
80*/-(A+ ) 0(A.  

 %$%3% 700 $6 :63)2%./ +/ 1 1 Al. 

1) S/(-/%&1/23&4 -+25(A $+ (2$()$8L -/+3F&L 58-76 %: 

     2O2- - 4e + C = CO2 
  2) GJ,?%(1$?4 -+25(A: 
    +) H + O2(0) = CO2 ; 2H + O2(0) = 2CO - +%6(27/-+ 
    ,) C + CO2 = 2CO 
    )) '-& 3(32()+$&& +$(A$(4 6+22? – '(*&+-(6+%&1/23&/ 

80*/)(A(-(A? (D#<); SO2,, HF 

 "( )-/6. +$(A$?5 @77/3%() – CF4, C2F6. 
"?,-(2? '-& -+,(%/  80*/-(A&2%(0( +$(A+:  

  CO2, CO, CF4, C2F6, SO2, D#<, HF 



O2$()$+. -/+3F&.: 2O2- - 4e  = O2 
C/Q/$&/ @3(*(0&1/23&5 '-(,*/6 – 
(%28%2%)&/ )?A/*/$&4 CO2, CO, CF4, C2F6, 
SO2, D#<, 2$&N/$&/ '(%/-9 7%(-&A() '-& 
&2'+-/$&&. 

K3($(6&1/23+. )?0(A+ 




