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Genie in a bottle

Robert ). Cawva

news and views

An overlnoked compound has a surprise in store for physicists, It becames
superconduc ting at a much higher temperature than any ather stable

metallic campound,

Tﬁefield of superconductivity hes bean
rocked by a startling announcerent
For fifteen wears, ressanchers have bean
dehing into the mysteriows and conmples
world of high-termperture supercondud:
ing rrateriak [ wirtually ignoring simple
rretallic compounds becauwse they super
@nduct 3t very koweternperatures . B ut now
Akirmnitsu and colleagues have discoversd
superconduct i ity st an arezing 39 degres
above abeoluve zero in the simple conn
pound rragnesiumn boride (o). They
report their discovery on page &5 of this
s e, inwhat roust be one of the shortest
@rirunictions published in Mature in
TeCRnt MMeIory.

Superconducions are maer &ls that loss:
their resistance to electrical aurrent flaw
below @ certai ncritical termperstur={T ). In
e id®| coe, thi zero-resktane stte &
absolute Bl ekctrors flowing in 2 contine
o loop of supsroonduct rg wine below T
ould theoretically flow for the age of the
Universz and rever kose any erengy. Butin
the real world there are losses from micro
soopic inhormogeneities, for exarnple, and
the idkal b resertr uby cbtmined.

Monethekss, devices made with super-
orducting riateriak have esitanes that
ane onders of regnitude lower than thoee
of cwices rede with the best comentional
@rductors. This bow res r@ne to current
flawwrneans that Brgecur rents (on theonder
of 10f arrperes per squarecentinete ohwire
croes- section) can be pessed without sig
nificant beating The regrets in ragnetic
MEEonaEnce iMBgIng iretruments nowe in
@rnrnon uss, for emmplk are rede frorm
rretal-al ko superonducting winss . T hee
rregrets anecookd belawtheT of the retal
allay by irmrersioninliquid heliornatd.z K.
Cre c@n somet mes s trucks bl ivering
teliurn to hospital losding docks for that

purposs.

Alrost excacthy 15 wears agn phasick s
were stunned by theannouncerent that 3
®ramic ompasedof Briurm s ium, cop-
per and cewgen could bemrne superon
ducti ngat ternperatures above thatof iquid
nitrogen (77 K32 T his discovery, based ona
rrodification of = formubs first announced
by Bedniorz and W llert who l2er won the
hobel Prime for phesics, sparked an explo
sian i noonderead riatter phys ics and net-
eriak-science research, andthe echocanstill
be heard. Itis difficult todescribathe feding

HATURE WOL 410 T MARCH 201 wwiverahrs oin

Figre 1Thered yd daparconducion magresiun b

qrni s om suppli s of ir

bust physicists hasefinal |

ubbad thelamplhrd fFound that magnesium boride superconductsatan anazing 9K (ref. 1),

that we bed for the infinie possibilities
prornised by thatdiscovery. Iregine aword
with per petialengines, trairethat regnet
cally Roalmbove the tracks and ultrafast
comnputers. For the people in the thickof
it, itwes alrrostimpossibletos kepfor wears
aferwards Bl every minue spent s kaping
wes anather mingte missed in trying to
figure out the implictiors of 2 whale
sy of thinkingaboutthe wor . Sarme
of the promises of those earke dews hawe
been fulfilled, and the legeoy of the disoow
ey of highrternpemture superoonductivite
b been to change fonewer the culture of
roaltidisciplinany research in the phesical
sCienEs.

Bk rritsuapparnenth announed the dis
oowery of supenconductivity in W gt ref. 1)
at @ conference in Sendai, kapan, in early
Jarumny. The story carme o ry athention
fian weeks kter, through what st hawe
been acormolted pathofe meik andwond
of rrouth. The whoke process is b untngly
nerinisoent of the way suchs1oris @meta
light in the earky daws of high-ternparatune
superconducthivity Bl under the guise of 3
rarrative seeminghy 100 fantastic tobetrog
and wet 3t the mme time, 100 fantstic to b
ertirlyfake

Thestory | heard was that & kimit uand
his groupweresthernpt ng o make 3 cheri-
=l analogue of C2B, B 3 serniconducting
reterfal that surprisinghe becomes ferro
regretic {like o when doped with 2
srrll arnourt of eledrons’. They tried 1o

P 000 Macmillan Magzsnas Ltd

replce cakciurn with rregresiurn, which is
directlyaboveitinthe pericdic able. Orect
‘their starti ng rieter &ls wes the sirmpleconn
pourd Mo, which bes been knowen since
1253 and kwvmilablein kilogrres pe botfes
frormsuppliers of inorgnic chermicak (Fig.
1) .M gz isoreof thecormron reagents wed
in rreEthesiz resctions (in which conre
pounds exchange partners)’, and megne
siurn borides are used in sorne comrnercial
prepartions ofekrrental boron, b pperent-
by, thestuffthey ot cut orfthe bottle beca e
superconductingat 32 K, 16 K higher than
any cther zimple rmetallic ompound. T hat
it have beenquitea shock:

Bt vty theeciternent? b fter all, aitical
ternperstures far the high temperturecop-
pear aides baver e 10 1690 K omer thewears,
four firmes the value for MoEL T harearetun
tezsors for the fuss. First, early indications®
ane that this rraterial 3 ppears to become
superoonducting by what i known as the
BCS rrechanismn raned after its disoover-
ers, Bardeen, Cooper and Schriefir)’, in
which the interacions between theelectrorns
thatghve rise 10 supenoonductiite ane rmedi-
ated by thermmal wibrtions of the store in
the underlying crystal lattioe. Sq unlikethe
high-ternperature copper cxide supenon-
diciors, Mgk is like to be adomentionald
superconductoe Bl the rukes of physics do
ot reed to be bent for supeoondudivityto
our. g bes the highest T known for
cherically stable, bulk compound of this
Kind. Thi holds tremendows promiss for

FH

D[ZEADY)

MgB,ldm RSN TLVS
MARTHoT=!
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Genie in a bottle (Artist: Christina Aguilera)
Oh

| feel like I've been locked up tight
For a century of lonely nights
Waiting for someone

To release me

You're licking your lips and blowing kisses my way
But that don't mean I'm gonna give it away

Baby, baby, baby

(baby, baby, baby)

Oh whoa...

My body's saying let's go

Oh whoa...

But my heart is saying no (no)

If you wanna be with me, baby
There's a price you pay
I'm a genie in a bottle

You gotta rub me the right way
If you wanna be with me
| can make your wish come true
You gotta make a big impression
| gotta like what you do

&/ RE ROZHRICLD

I'm a genie in a bottle, baby
Gotta rub me the right way, honey
I'm a genie in a bottle, baby
Come, come, come and let me out

The music's playing and the lights' down low
One more dance and then we're good to go
Waiting for someone

Who needs me

ey ELEBRA
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BeB,

MgB,

"BM /Zz-%..;o )

Bernd Theodor Matthias S AlB,

ScB,| TiB, | VB, | CrB,|MnB,

BaB, HfB,| TaB,|WB, |ReB, OsB,
LUB CI‘B2 Ty =86 K (J.Castaing et all. J.Phys.Chem.Solids (1972) Vol.33 533)
ub, MnB, T, =143 K (L.Andersson et all. Solid State Communications Vol.4 77 (1966))
TiB,,VB,,CrB,,MnB,,ZrB,,MoB,,HfB,, TaB, T ,=0.42K
UB, | PuB,

NbB, T,=0.62 K (L.Leyarovska et all. J.Less-common Metals 67 (1979) 249)

‘ﬁma FIERKE
B E: National Academy of Sciences ! 1o

ama-Gakuin University



ROV (B)TTHRMN2RITHGERYNT—DER K

e | ) ELEhAS
S A =ER: SPring-8 (1&E2) e poyama- Gakuin University



MBEERRORK
Y-CRICHITIEBEE

TC:18K
— 10 Maximum T,
3 ., N ~ phase
E . | 7V VVVAA‘
D VWVV A
W . oA A
a -1.0- vvaVWVWWVWWWWWWWWVWWW AAA
-2.0- s
2
Q2 .30
s » ZF.C.
S 400 AAAA‘ v F.C.
- r “AA‘A _
i " H=10[ Oe
ol _5.07 o AAAM ‘A‘ S S W N .: ; ]‘
0 5 10 15 20

Temperature [ K]

G. Amano, S. Akutagawa, T. Muranaka and Y. Zenitani "
] vyl FLFRXE
JPSJ 73 (2004) 530(C#8&; (JPSIE B/ E) ) A oyama-Gakyin University



MAMREBCERROE

1984 (Nb,Ta)Se,
1987 Bi-Sr-Cu-O
1988 Nd-Ce-Sr-Cu-O

1989 (Eu,Ce)-(Ba,Ln)-Cu-O Ln=La,Eu

1992 (Y,Ca)-Sr-Cu(CO,)-O
1992 (Bi,Pb)-Sr-Cu-(CO,)-O
1993 Sr-Ca-Cu-(C0O,)-(BO,)-O
1993 TI-(Ba,Sr)-Cu-(CO,)-O
1993 Hg-Ba-Sr-Cu-(CO,)-O
1994 Ba-Ca-Cu-(CO,)-(BO,)-O
1994 (Ca,Na)-Ca-Cu-O-Cl
1995 (Ca,A)-Cu-O-Br A=Na,K
1996 Ba-Ca-Cu-O-F

1996 Sr-Ca-Cu-O

1998 Cu-Sr-(Y,Ce)-Cu-O
1999 Ru-Sr-Y-Cu-O

2001 MgB,

2003 Y,C,

2003 Re-B

2005 (W,Mo)-Re-(B,C)

2006 (Mo,W):Si,

6K

8K

28K

25K

63K
41K, 54K
33K, 55K, 105K, 115K
70K

66K
120K
49K

23K
38K,106K,108K
12K

43K

40K

39K

18K

5K

7-8K

4K



MRI (Magnetic Resonance Imaging) LINEAR EXPRESS

Kumakura's Group Okada's Group
Superconducting Material Center Hitachi Research Laboratory
National Institute for Materials Science Hitachi, Ltd.
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ASC2004 TR ESNTERMEDM L ELER

ASC (Applied Superconductivity Conference) 20045104

R4 B FE R 0 LE B

SR 3 R E
H i 130 m
Hyper Tec. (3K) 1 km
INFM (1) 200 m
O )VEA IR HL R
SRS MV REHS (RE. 5 EREE)
=i 1.8T(4.2K, 1.25T). 1T(20K, 1.5T)
Los Alamos () |1.6T(4.2K, 1.25T). 1T(25K, OT)
Hyper Tec. () | 1T(4.2K, OT). 0.3T(20K, OT)
INFM () 1.4T(4.2K, OT). 1T(17.4K, OT)
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MeB,d) hits FA 151 (1J=7)

=IEREAMIILEREUE V=T ~DIAARF
BEAN)Y LEHT EESHE JREME

JREBIZIZ=+H. B MERMELAR T, SMROEMZE Fo-EBEEEI(IL
ZHRDTEFBICKBEEL BREAN)DLZEDLT ITHHAITSHHET, BER
BAELTHRESE DHEERICHIILI-EXRL-, BIERERM THHEEZE
DIEWTEFHFBTHOH T, FHEMICITEHE - KRATRTREBREFDI=7E—
F—H—~ DAL FSN TS,

EERERM . EBRROBEEME THAI R LI T R LEFHRINT
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‘MgoB, D i FR 45l (MRI)
= ASG, Columbus, Paramed A E X MgB,-MRIT T Ry S 4E

= ASGH#{rEtt. ColumbusiBizEtt kR UParamedEFE Y AT LttlE, MgB,#Z&HL V-
AERXEFEMRITT RYMERFELIZ, ‘MR A—T " & EN DR X T AL, BAFTE
MEZFIE . ZHDEEDBREZHMERZICHELILHOURDOEKERF>TLD,
(Superconductor Week vol.21, No.15) A#ld. 12U T7DIES )L—F Malacalzak®
HETERETSN Tz, Paramedtt (&S AT LZEERETL. ASGEIZER#IETT Ry bE/F
L. ColumbusiB{z B =$ (IMgB H T Z AR LIz, AT RyhE. EAEXTHRELE
ZTHY. MBFBEEILRARBROANIDVLZAVIBREDRE ETT Ryb&VUILHHNIC
ZTH D,

15/11/2006

SUPERCONDUCTIVITY COMMUNICATIONS, Vol.16. No.5, October. 2007 @ BLFBRKXF
Aoyama-GaRuin University
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