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.#*%1(#", 21-90 +%&# 7"/ 344%&*(+$090

(580">?0+#$(/ 3$%19((

K5() 1%15*"715(58,- 6 +5<2%1,, 15647 D5&5("1,-
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@0*(+#'(//A%">

!"#$%&'$()*+, ($'$-*$(%.,/01 +"2$3*+4$( 5*,67++

8$'9)*+,8$'9)*+,  *$(01*$(01 « «sustainablesustainable» » 2,1*$%$7+:2,1*$%$7+:  9%.9%.  *)4$#%,*+.*)4$#%,*+.

5*,67++5*,67++

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

;)'(+2+, 7+-6+9*01 + 5%,426$/$-+%,: - <%<3=,*+, 54$%$7++

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

 ) )*%$&+,$-"()' .&'#/0$.('01))
*  .('01)) 5)2)6'*#)5 0'"#7)8

1995: «Advances in battery
research are always restricted by
chemistry!»

R. E. Powers  (N.Y. Times)



B$%190%.&05*>B$%190%.&05*>  (U(U••II••t)t)

   -7%">$#/ 3$%19(/  (<*·;/&9) 

   02C%.$#/ 3$%19(/ (<*·;/")

D.&05*> (A·;/9)

E#20;%% $#81/F%$(% (<)

Ecell = - GG ⁄ nF

@0H$05*> (<*) (U(U••I)I)

A(&"(1-%.05*> (7%91#7#'(/)

E#20;(6 ($*%1+#" *%.8%1#*-1

I%?08#5$05*>

J*0(.05*>J*0(.05*>  

J1#+$(*%">$#/J1#+$(*%">$#/  =#1#&*%1(5*(&#=#1#&*%1(5*(&#    KL:KL:

6 20-" 8524 , +"-=%+



H+15615"H+15615"  5*&.4*,"5*&.4*,"



J6     +     LiCoO2                         LixC6  +   Li1-xCoO2

!"#$%

#"!#$%

Li+- 810+07/H(6 3"%&*10"(*LixC6 91#4(* LiMO2

)(*(6-(0$$,6 #&&-.-"/*01

B"%&*10"(*   - c0"(: LiPF6, LiBF4 (LiClO4, LiAsF6),  LiCF3SO3

        - 1#5*+01(*%"(: EC, PC, DMC, DEC

1M LiPF6 6 EC/DEC/DMC

L51/"D/,: (1980)                  L533"./,%(,<%/,:: Sony (1990)

01.$23"(,": 3.6 / Eo (cathodic) – Eo (anodic) = Eo (cell)

x M 0.5-0.6 e-



M#"(;(% (0$# 8%1%=07$090 .%*#""# 5 +,50&(. redox 80*%$'(#"0.
!  -0/&1"" #02-34"#%" 31"5+%

L$*%1&#"/'(//7%($*%1&#"/'(/ 20">N090 &0"(;%5*+# "(*(/ (n)
! ".+&6,7

               "

B$%190%.&05*>B$%190%.&05*>

<,50&#/ 3"%&*10$$#/ 810+07(.05*>

I,5*1#/ 7(44-?(/ (0$0+ "(*(/        #              @0H$05*>@0H$05*>

O21#*(.05*> 810'%550+ ($*%1&#"/'((/7%($*%1&#"/'(( "(*(/

(.($(.#">$,% 5*1-&*-1$,% (?.%$%$(/)

B"%&*10=(.(;%5&#/ 5*#2(">$05*>, -5*06;(+05*> & 3"%&*10"(*-

+0 +5%. ($*%1+#"% '(&"(10+#$(/
               "

A(&"(1-%.05*>A(&"(1-%.05*> ( (7%91#7#'(/7%91#7#'(/))

••  :1%20+#$(/:1%20+#$(/  &&  &#*07$0.-&#*07$0.-  .#*%1(#"-.#*%1(#"-

 
 

M
!5("&'(:.14- 6"+ (8)

26,8 n
=

=,+(5 e- or  Li+

!
" (C =/8)



@5="3'@5="3'  (,*,-(,*,-  ??

1) N5("" O,.5&5" “5&15 ?("&*.5(,*%”
B4+5&%: ?1".85"3&5+*) :   Eo (cell) 7 ;

2) B4+5&%: ?("&*.5D.565215+*) ?("&*.5(,*%

3) >"I5()O5- .%<3".                 3"7%1,="+&%: +*%I,()15+*)

“5&15 ?("&*.5(,*%”



L.,+*%((57,3,="+&," +65-+*6% &%*,51% (,*,::

P5114- .%2,'+ , &55.2,1%/,5115" 5&.'#"1,": 0.74 Å (5&*%?2.) - 0.59 Å (*"*.%?2.)



LiJ0O2 LiMn2O4
LiFePO4

••  O5$0+$,%O5$0+$,%  5*1-&*-1$,%5*1-&*-1$,%  *(8,*(8,  

9%&5#90$#">$#/ 

8"0*$%6N#/ 

-8#&0+&# 

&-2(;%5&#/ 8"0*$%6N#/ -8#&0+&#

J*               278 .P·;/9                                        148 .P·;/9                                            170 .P·;/9

$           10-3 C/c.                                      10-5 J/c.                                        10-9 J/c.

D              10-9 5.2/c                                    10-10 5.2/c                                                     10-15 5.2/c



LiMOLiMO22 (M (M  ==  Fe,Fe,  MnMn,,  Co, Ni)Co, Ni)

- - $#(20"%%$#(20"%%  8105*#/8105*#/    5*1-&*-1#5*1-&*-1#

••  J"0F$,%J"0F$,%  0&5(7,0&5(7,  5050  5"0(5*065"0(5*06  5*1-&*-1065*1-&*-106  

%-NaFeO2

                      Mn3+              Fe3+          Co3+          Ni3+

RVI, Å         0.58 (1+)          0.55(1+)       0.525(1+)     0.56(1+)
                  0.65 (6+)          0.65(6+)       0.61(6+)        0.60(6+)

   

@.5I("34:

L%*,5115" .%<'D5.:25="1,"

G+*5-=,65+*)

J"1%

Q&5(58,:

LiCoO2   (+T ~ 280 3A·=/8)      kD~10-9 +32/s  , $ ~ 10-3 C/cm

+*.'&*'.1%: 1"'+*5-=,65+*) 6<%,352"-+*6," + ?("&*.5(,*53

/,&(,.56%1," 25 x~0.5  (V~4.2B, + ~ 145 3A·=/8)            D56".715+*15" D5&.4*,": ZrO2,TiO2, Al2O3, B2O3

<%3"R"1,: LiCo1-yAlyO2 (0.1<y<0.3, + ~ 160 3A·=/8)      (V ~ 4.4B, + ~ 170 3A·=/8)



@.5I("3%@.5I("3%  2"8.%2%/,,2"8.%2%/,,  ,<,<--<%<%
6<%,352"-+*6,:6<%,352"-+*6,:  ?("&*.52?("&*.52  - - ?("&*.5(,*?("&*.5(,*

• LiCoO2:

- +*%I,("1 6 5*+'*+*6,, +("256 6524

- .%+*65.:"*+: (Co2+) , D%++,6,.'"*+: (LiF, CoF2) 6 D.,+'*+*6,, +("256 6524

- 2"8.%2%/,: '+&5.:"*+: 6 &51*%&*" + PVdF

S"8.%2%/,5114" D.5/"++4:

4LiCoO2      CoO2 + Co3O4 + 2Li2O , Li2O + 2HF       2LiF + H2O

LiPF6 + H2O       LiF + PF3O + 2HF

D.Aurbach et al. J. Power Sources 165 (2007) 491



;3"O%114";3"O%114"  +(5,+*4"+(5,+*4"  5&+,245&+,24::
LiMOLiMO22 (M = Co, Ni,  (M = Co, Ni, MnMn, Al, Al  ,,  2.2..).)

J"()J"()::

G6"(,=,*) "3&5+*) , .%I5="" 1%D.:#"1,"

G6"(,=,*) +&5.5+*) 2,$$'<,,

G6"(,=,*) 2"8.%2%/,511'T +*5-&5+*)

Li2MnO3

LiCoO 2 LiNi1/2Mn1/2O2

LiNi1/3Mn1/3Co1/3O2
Chosen to be the next generation of +  

electrode material in lithium -ion batteries

L
i(
C

o1
-x

L
ix/

3
M

n2
x
/3

)O
2
 
(5
)

L
i(N

i
x
/2L

i
(1

/3
-x

/3
)M

n
(2

/3
-x

/6
))O

2
 (4
)

Li(Co1-xNix/2Mnx/2)O2 
(1,2,3)



G6"(,="1,"G6"(,="1,"  .%I5="85.%I5="85  1%D.:#"1,:1%D.:#"1,:

•• U%3"R"1,"U%3"R"1,"  CoCo  1%1%  AlAl

Li + CoO2              LiCoO2                             Eaver = 4.0 V

Li + Al1/3Co2/3O2              LiAl1/3Co2/3O2         Eaver = 4.4 V

Li + Al2/3Co1/3O2              LiAl2/3Co1/3O2         Eaver = 4.9 V

G=%+*," ,5156 &,+(5.52% 6 ?("&*.51153 5I3"1"

K%<15+*) ?("&*.5115- D(5*15+*,
3"#2' LiAl1/3Co2/3O2 , Al1/3Co2/3O2

U%6,+,35+*) D5*"1/,%(% 5*
+52".#%1,: (,*,:

G.Ceder et al. Nature 394 (1998) 694



G6"(,="1,"G6"(,="1,"  +&5.5+*,+&5.5+*,  2,$$'<,,2,$$'<,,  ,5156,5156  (,*,:(,*,:

- - '6"(,="1,"'6"(,="1,"  35R15+*,35R15+*,

D ~10-9 +32/s

B."3: 2,$$'<,, ,5156 (,*,: 6 =%+*,/%7 1-10 3,&.51 (R2/D~ 10 - 1000 +"&)

D ~exp (-Ea/kT); Ea- ?1".8,: %&*,6%/,, D"."+&5&% (,*,:

G3"1)O"1," Ea 1% 57 meV '6"(,=,6%"* D 6 10 .%<

Ea 5D."2"(:"*+: .%<3".53 *"*.%?2.,="+&5- D'+*5*4 , &'(5156+&,3 5**%(&,6%1,"3

D '6"(,=,6%"*+: 6 54 .%<% D.,
<%3"R"1,, Co3+ 1% Ni2+

K.Kang et al. Science 311 (2006) 977



B(,:1,"B(,:1,"  &%*,511585&%*,511585  .%<'D5.:25="1,:.%<'D5.:25="1,:

Li2MnO3 Li1-yNi1+yO2
%-NaFeO2

@52%6("1," .%<'D5.:25="1,::
+,1*"< - &%*,51143 5I3"153  ,< NaNi0.5Mn0.5O2

Vc = 0.06 Å

Li-I(5& 2.59 Å (SS)

, 2.65 Å (IE)



!%158%&*(+, N8($%"%6 LiM2O4 (Mn, Mn+Ni ( 71.)

  Mn3+ (3d4, 6+) ! W1-*"((".56+&,- &%*,51

&-MnO2               LiMn2O4                       Li2Mn2O4

L'I,="+&%:

$%<%

L'I,="+&%:

$%<%

 *"*.%851%()15"
,+&%#"1,"

0% Mn 3+                  50% Mn3+                                                100% Mn3+

Q%N%+,6 ( 3&0"09(;%5&( 2%?08#5$,6

LiMn2O4

CT =  148 mA·h/g; E ' 4.2 V

Fd-3m  a = 8.245(1)Å
                     

VM = +3.5           58.%1,="114- 64I5. &%*,5156

                                              (("8&," d-3"*%((4)

,(, LiMn1.5Ni0.5O4 (Ni2+       Ni4+; E = 4.8 V)

R5*06;(+ & 7%91#7#'(( (1#5*+01%$(% ( 021#?0+#$(%

2"0&(1-SH(= 5"0%+ $# 80+%1=$05*()

Li4Ti5O12 ("( Li(Li1/3Ti5/3)O4 - #$07$,6 .#*%1(#"; E = 1.5 V

R5*06;(+ & 7%91#7#'(( ( 8020;$,. #$07$,. 810'%55#.

<,50&#/ .0H$05*> ( 1#20*0580502$05*> 81( $(?&(= :



LiFePOLiFePO44    5050  5*1-&*-1065*1-&*-106  0"(+($#0"(+($#

6T =  170 .A·;/9; D ~ 3.5 <

     Q05*0($5*+#

    - *".3,="+&%: , /,&(,="+&%: '+*5-=,65+*)

           LiFePO4 «FePO4  +   Li+   +  e-

    - ?&5(58,="+&, I"<5D%+14-

    - 2"O"64- (3,1".%( - *.,$,(,*) 

M%705*#*&(

• 3"%&*10$$#/ 810+07(.05*> ~ 10-9 J/c.

• D~10-15 5.2/5

• $(?&#/ 8"0*$05*>

• 51%7$%% ?$#;%$(% 1#20;%90 $#81/F%$(/

Pnma   a = 10.3223(15)Å
           b =  6.0047(9) Å
           c =  4.6929(7) Å
          

6

ab

A. K. Padhi, K. S. Nanjundaswamy, C. Masquelier, S. Okada and J.B. Goodenough, J. Electrochem. Soc. 144 (1997) 1609



R"-;N%$(% *1#$5801*$,= =#1#&*%1(5*(&

G3"1)O"1," 

K%<3".56 

H
D*,3

,<%/,:

3
5.$
5(58,,

  Platelet-type particles

G
8(
".
52
15
"
 D
5&
.4
*,
"

 e-  +

   carbon nanopainting

;%#%

LiFePO4

Al-$5()8%

Nano

PVdF

G6"(,="1," ?("&*.5D.565215+*, +5"2,1"1,:



G6"(,="1,"G6"(,="1,"  ?("&*.5D.565215+*,?("&*.5D.565215+*,

• L%*,5114" <%3"R"1,:: Li1-xMxFePO4

S.-Y. Chung et al. Nature Materials 1(2002) 123

J.M. Tarascon (2001) Nature

@.5652,35+*) p-*,D%
(Fe2+/Fe3+):

L%*,511%: 1"+*"7,53"*.,:



  R+%"(;%$(%R+%"(;%$(%  5&0105*(5&0105*(    7(44-?((7(44-?((  Li Li ++

6

ab

HD*,3,<%/,: 35.$5(58,, !



Q&+D".,3"1*%()15"Q&+D".,3"1*%()15"  5I1%.'#"1,"5I1%.'#"1,"  2,$$'<,,2,$$'<,,  (,*,:(,*,:

7LiFePO4 (295 K)

7Li0.6FePO4 (620 K)

S.I. Nishimura et al. Nature Materials 7 (2008) 707

!52"(,.56%1," (M.S. Islam et al. Chem. Mater. 17
(2005) 5085



>%15.%<3".14">%15.%<3".14"  D5&.4*,:D5&.4*,:  2(:2(:  I4+*.585I4+*.585  *.%1+D5.*%*.%1+D5.*%  (,*,:(,*,:

LiFe0.9P0.95O4-x

HI1%.'#"1," Li4P2O7 (Fe)
1% D56".715+*, (K0;)

X.%1+D5.*X.%1+D5.*  (,*,:(,*,:  1%1%
D56".715+*,D56".715+*,  --
(,3,*,.'TR%:(,3,*,.'TR%:  +*%2,:+*%2,:

5* P = 2 &6*/&8
25 170 &6*/&8

B.Kang & G.Ceder
Nature 458 (2009) 190



E#?"(;$,% 3"%&*107, – 1#?"(;$0% 81(.%$%$(%!

B46524:

>%15&53D5<,*4 (1%15.%<3".14" 3%*".,%(4 + 1%15D5&.4*,:3,)
5*&.46%T* D.,1/,D,%()15 1564" 65<35#15+*, 6 +5<2%1,, 156585
D5&5("1,: 1%&5D,*"("- ?1".8,,



:08"(+$,%:08"(+$,%  3"%.%$*,3"%.%$*,

@."5I.%<56%1," ?1".8,, D.5+*5- 7,3,="+&5- ."%&/,,:

X5D(,65 (>2, CO, CH4 , *.2.) + 5&,+(,*"() (H2)

6 ?("&*.,="+&'T

:08"(+$,6 3"%.%$* — ?("&*.57,3,="+&5" '+*.5-+*65, D."5I.%<'TR""
?1".8,T 7,3,="+&5- ."%&/,, 6 ?("&*.,="+&'T ?1".8,T D., ,+D5()<56%1,T
D52%TR,7+: ,<61" *5D(,6% , 5&,+(,*"(:.



:O:B

@#*%1(#",: ?("&*.5(,* – 8%<5D(5*14-; *5()&5 ,514 O2

                                     &%*52 , %152 – D5.,+*4"; ?("&*.514 + O2-

       &0..-*#'(0$$,% 3"%.%$*, – 8%<5D(5*14"; *5()&5 ?("&*.514

(La,(La,SrSr)CrO)CrO3 3 ,(,,(,

#%.5D.5=1%:#%.5D.5=1%:  +*%()+*%()
L".3"*L".3"*

Ni / YSZNi / YSZ
ZrOZrO2 2 : Y: Y22OO33

(YSZ)(YSZ)
(La,(La,SrSr)MnO)MnO33

(LSM)(LSM)

 O2- + H2 ! H2O + 2e-

! O2 + 2e
-

 ! O2-

H2 + 1/2 O2 ! H2O

T

P

:

O

Q

B
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%

&
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5
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,

*
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O

Q
O2-

O2

T T ~  900 °C~  900 °C

H2



O5$0+$,% 8102"%., .#*%1(#"0+ :O:B

B4+5&," *"3D".%*'.4 (25 9505;)

@52I5. LXK &53D51"1*56

E,3,="+&5"

6<%,352"-+*6,"

&53D51"1*56

S"8.%2%/,: +65-+*6 +5
6."3"1"3 (+D"&%1,",
$%<564" D"."7524)

;1,#"1," *"3D".%*'.4, D564O"1," ?("&*.5D.565215+*,

E0"> $#$0*%=$0"09(6 + :O:B:

A. M#$0&%1#.(;%5&(6 3"%&*10"(* :O:B – -"-;N%$(% 3"%&*10810+07$05*( ?# 5;%*

+,50&06 &0$'%$*1#'(( .%F?%1%$$,= 91#$('.

I. 50?7#$(% &0.80$%$*0+ :O:B (? $#$01#?.%1$,= 8010N&0+ 5 '%">S 80"-;%$(/:

1.20"%% *0$&(= 5"0%+ 3"%&*10"(*# [1];

2.3"%&*1070+ 5 08*(.#">$06 .(&105*1-&*-106 ( 1#?+(*06 3-= 4#?$06 91#$('%6

[1]T. Van Gestel et al. SSI 179 (2008) 428–437



B"%&*10"(* :O:B

C. B4+5&%: H2- ?("&*.5D.565215+*) D., &%& I5("" 1,<&,7 X (6(,:"* &%& 3,&.5+*.'&*'.%,
    *%& , +5+*%6)

N. P1".*15+*) D5 5*15O"1,T & 5+*%()143 &53D51"1*%3

B. S"O"64- +D5+5I +2"(%*) "85 8%<5D(5*143

F. H*+'*+*6," 2"8.%2%/,, +65-+*6 +5 6."3"1"3 ($%<564" D"."7524)

Q("&*.5(,* – +%3%: >PULHD.5652:R%: =%+*) XHXQ

Q(?#6$ :O:B (*0$&08"%$0;$,6

3"%&*10"(*) E#20;#/ *%.8%1#*-1#

:O:B ( T:E 7"/

05*#">$,= &0.80$%$*0+



U"S01(*

YSZ:   Zr0.84Y0.16O1.92; T:E 10.5 ppm K-1

GDC :    Ce0.9Gd0.101.95;  T:E 12.5 ppm  K-1

:%.8%1#*-1# (°C)
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1,0 1,2 1,4 1,6 1,8 2,0
 1000/T  (K-1)

Zr0.85Y0.15O1.925

Ce0.9Gd0.1O1.95

La0.9Sr0.1Ga0.8Mg0.2O2.85

!0+,N%$(% 3"%&*10810+07$05*(

3"%&*10"(*#:

1.@52I5. 5D*,3%()1585 D5 .%<3".' ,
&5(,="+*6' 25D,.'TR"85 &%*,51%
2.!0"-;%$(% &%1#.(&( 5 20">N06

&0$'%$*1#'(%6 .%F?%1%$$,= 91#$(' >1019

5.3, *.%. 5 1#?.%10. ?%1%$ .%$%% 100 $.

K5+* 6 1000 .%< ?("&*.5D.565215+*, +
'3"1)O"1,"3 .%<3".% <"."1 5* 2 m3
25 10 13I. Kosacki, H.U. Anderson, Encyclopedia of Materials:

Science and Technology, v. 4 (2001) 3609



!102"%.# *1%=4#?$06

91#$(', (T.P.B.)

(LSM)

E%#&'(/E%#&'(/ :    O :    O
22 + 4e + 4e--    ##  2 O  2 O2-2-

BEST

SOLUTION ?

Q+-=4#?$#/ 91#$('#

H&+,24 +5 +3"O%115-

D.5652,35+*)T

30

O2 9#?

O#75  +

2e-

 #   O2-

B"%&*10"(*

T#*07T#*07

O2’

e-

O2’

e-

Vo
2.

Vo
2
.

O2’

T.P.B.T.P.B.

B"%&*107$#/ 1%#&'(/ $# &#*07% :O:B



J*1-&*-1#J*1-&*-1#  8%10+5&(*#8%10+5&(*#

9"6 C("&+""6,= @".56+&,-



Sr3YCo4O10.5Sr2Co2O5

25% Sr !" Y

"
!"#$%&"' 314-(')*:

 "*%#+', -./+&0#11', (~200 !2·%2-1) 3

 403/2./2', 3#11', (~ 2 · 10-2 !2·%2-1) 40#"#532#%&3

403   850-1000#!;

 6&%7&%&"3/ (')#"*8 40/"0'9/13$ 5# 1000#!;

:;< = 20 ppm

=#"*/=#"*/  +#>'.?&3&*+#>'.?&3&*  SrSr33RCoRCo44OO10.5+10.5+))

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

P<3"1"1," 3%81,*147 353"1*56 ,5156
Co1 , Co2



1 - Sr0.75Y0.25CoO2.62
2 - Sr0.75Y0.25Co0.5Fe0.5O2.7
3 - Sr0.75Y0.25Co0.75Fe0.25O3-y
4 - Sr0.75Y0.25Co0.75Ga0.25O3-y
5 - Sr0.9Y0.1CoO3-y
6 - Sr0.9Y0.1Co0.75Mn0.25O3-y
7 - Sr0.9Y0.1Co0.5Mn0.5O3-y
8 - Sr0.75Y0.25Co0.5Mn0.5O2.71
9 - Sr0.55Ca0.2Y0.25Co0.5Mn0.5O3-y
10 - Sr0.75Y0.25Co0.25Mn0.75O3-y
11 - Sr1.6Sm1.4Co0.8Mn1.2O7-y
12 - Sr2.25Y0.75Co1.25Ni0.75O6.84
13 - Sr0.5Sm0.5Co0.25Mn0.75O3-y
14 - Sr0.5Sm0.5Co0.5Mn0.5O3-y
15 - Sr0.5Sm0.5Co0.75Mn0.25O3-y
16 - Sr0.5Gd0.5Co0.25Mn0.75O3-y
17 - Sr0.5Gd0.5Co0.5Mn0.5O3-y
18 - Sr0.5Gd0.5Co0.75Mn0.25O3-y

!"#$%&'(') *#+","-*. /%"0',12,1314-15'* * 67! 4%. 21%$8"--)9

1:,(#;13. <",)+ ;3"'1+ 3)4"%"-( 1:%(5'& 2,*"+%"+)9, 5 '180*

#,"-*. 0('14-)9 +('",*(%13 7=7>, #-(8"-*? 67!.

 

 

S.5##,1 H.C., P+*53,1 ;.W. , 2.., !FG

@5,+&@5,+&  1564715647  &%*52147&%*52147  3%*".,%(563%*".,%(56  XHXQXHXQ



Y"(5=15-Y"(5=15-  *5D(,614-*5D(,614-  ?("3"1*?("3"1*  ++
D5(,3".15-D5(,3".15-    3"3I.%15-3"3I.%15-

C152:
>2 + 2 H>–– 2" = 2 >2H

,(,

CH3OH + 6OH- - 6e= CO2 + 5H2O
L%*52:

O2  + 4e +   2 H2O = 4OH–

HIR%: ."%&/,::
 H2+ 1/2 O2=H2O, E=1.23B
CH3OH + 3/2 O2= 2H2O + CO2, E=1.21B

@.",3'R"+*6% YXQ D"."2 5+*%()143, XQ:
1.N4+*.%: &,1"*,&% ?("&*.52147 ."%&/,-
2. B5<35#15+*) ,+D5()<56%1,:  1"+52".#%R,7 Pt &%*%(,<%*5.56 – 5&+,24
D"."752147 3"*%((56 – D".56+&,*4 ABO3, B=Mn, Co, Fe, Ni

8&2&*#%,"*7#(" 2-"%.9:"6,'0 ;<) 6 2&*%."-#&5 ."./-0#&5:

1.>"* 1"55I752,35+*, 5=,R%*) 5&,+(,*"() (65<2'7) 5* CO2

2.B5<35#15+*) ,+D5()<56%*) 6 &%="+*6" *5D(,6% 3"*%15(

+ C6H4CH2NMe3
+

@5(,I"1<5,3,2%<5( (PBI)



Hg Nb
NbSn

NbGe

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

4.32.5 "6*(

4.32.5 7$0.5

HgBaCaCuOHgBaCaCuO

HgBaCaCuO &*3

3"+0$!.$% 350 (8-."(%.

YBaCuO

LaBaCuO

TlBaCaCuO
BiSrCaCuO

<,50&0*%.8%1#*-1$,%<,50&0*%.8%1#*-1$,%  5+%1=810+07$(&(5+%1=810+07$(&( 20- 20-9090  +%&#+%&#



- O - Cu

CuO2 +(5-
@".56+&,*@".56+&,*

1) HD*,3%()1%: ?("&*.511%: &51/"1*.%/,: 6 $*-<51"
D.5652,35+*, ($5.3%()1%: +*"D"1) 5&,+("1,: 3"2,):

+2.05* VCu * +2.25 - p-*,D ;@
+1.8 * VCu * +1.9 - n-*,D ;@

2) HD*,3%()15" D"."&.46%1," 3dx2-y2(Cu) and 2px,y(O)
5.I,*%("-:
1.9Å * deq(Cu-O) * 1.97Å, +Cu-O-Cu , 180°

3) 2-3".1%: +*.'&*'.%: dap(Cu-O) - 2.2Å

9(')2()'"9(')2()'"

CaCuOCaCuO22

J*1-&*-1$,%J*1-&*-1$,%  &1(*%1((&1(*%1((  5+%1=810+07(.05*(5+%1=810+07(.05*(  ++

5"0(5*,=5"0(5*,=  &-81#*#=&-81#*#=



J*1-&*-1, &09%1%$*$090 51#5*#$(/

:0*2

NaCl

;$'*+-2.(!85

<0*2

=0>*'.(!85

<0*2

AO

OA

CuO2

A’

CuO2

A’’

O2

A’’

ACuO2 
(A = Ca, Sr)

!.#3%&*/ +740'&*

=0>*'.(

NaCl



B(,:1,"B(,:1,"  +*.'&*'.147+*.'&*'.147  I(5&56I(5&56: Bi: Bi2+x2+xSrSr2-x2-xCuOCuO6+6+))



Hg-Hg-507%1F#H(%507%1F#H(%  <:J!<:J!: : HgBaHgBa22CaCan-1n-1CuCunnOO2n+2+2n+2+))

U%6,+,35+*) Tc 5* =,+(% +(5"6 
(CuO2) 6 HgBa2Can-1CunO2n+2+) Putilin S.N. et al., Nature 362 (1993) 226

C1*,D56 A.B. P CI%&'356 C.!., G0> (2008) 190

K5+* Tc HgBa2Ca2Cu3O8F) D52 2%6("1,"3



?"!*'"6%$'!8$?"!*'"6%$'!8$  -(')2()'8-(')2()'8

La1.9Sr0.1CuO4

Tc = 25K

La1.9Sr0.1CuO4./
SrLaAlO4

Tc = 49K

dTc/da , –1000 K/Å 

SrLaAlO4

a = 3.756 Å

La1.9Sr0.1CuO4

a = 3.779 Å

J.-P. Locquet et. al., Nature, 394, 453(1998)



Tc= 100K

a = 3.8560(4)Å
c = 15.839(5)Å

Ti, 500 oC

Tc= 134K

a = 3.8524(4)Å
c = 15.819(4)Å

O
2
, 300 oC

Tc= 138K

a = 3.8501(2)Å
c = 15.773(3)Å

XeF
2
, 200oC

0*5.,.56%1,"0*5.,.56%1,"  HgBa  HgBa22CaCa22CuCu33OO8+8+))

dTc/da M -1.35.103 K/Å for Hg BX;@
+Cu2-O2-Cu2 = 177.3 - 178.4o for Hg-1223

dTc/da M -1.0.103 K/Å 2(: “+#%*47” *51&,7 D("15&
 La1.9Sr0.1CuO4

dTc/da M -1.6.102 K/Å D52 2%6("1,"3
+Cu2-O2-Cu2 = 175.0o

U%6,+,35+*) X+ 5* D%.%3"*.% 1 2(: HgBa2Can-1CunO2n+2+)

K. Lokshin et al.,PRB 63 (2001) 064511



20062006,,  Y. Y. Kamihara Kamihara et alet al, JACS 128, 10012, , JACS 128, 10012, LaFePOLaFePO, , TTcc=5 =5 KK

2007, T. Watanabe 2007, T. Watanabe et alet al, , InorgInorg. . Chem Chem 46, 7719, 46, 7719, LaNiPOLaNiPO, , TTcc=3 =3 KK

20082008,,  Y. Y. Kamihara Kamihara et alet al, JACS 130, 3297, , JACS 130, 3297, LaFeAsOLaFeAsO1-x1-xFFxx,,TTcc=26 =26 KK

SmFeAsOSmFeAsO1-x1-xFFxx, , TTcc=55 =55 KK

LaLa1-1-xxSrSrxxFeAsO, FeAsO, TTcc=25K=25K

SmFeAsOSmFeAsO1-x1-x, , TTcc=55 =55 KK

BaBa1-x1-xKKxxFeFe22AsAs22, , TTcc=3=388  KK

LiLixxFeAsFeAs, , TTcc=18 =18 KK

Fe(SeFe(Se1-x1-xTeTexx))0.820.82, , TTcc=14 =14 KK

2009:

Sr2ScO3FeP, Tc=17 K

Sr2VO3FeAs, Tc=32 K

F.'DD% D.5$.

H. Hosono, Tokio
Institute of Technology

<,50&0*%.8%1#*-1$,%<,50&0*%.8%1#*-1$,%  5+%1=810+07$(&(5+%1=810+07$(&( 21- 21-9090  +%&#+%&#



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 KLnFeAsO, 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



    ‘‘From the chemist’s perspective, the most
interesting superconductors are those for which
many chemical or structural variants can be found.”

R.J. Cava, Chem. Commun. (2005) 5373.

L51+*.',.56%1,"L51+*.',.56%1,"  1%15+*.'&*'.1%15+*.'&*'.  5*&.46%"*5*&.46%"*

1564"1564"  85.,<51*485.,<51*4  66  +5<2%1,,+5<2%1,,

64+5&5*"3D".%*'.14764+5&5*"3D".%*'.147  +6".7D.56521,&56+6".7D.56521,&56


