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@ N EREL 1R, BRI EABSINELS =M =3 R, + 5 et
e
@ FEEMERCS R, MlcEhL TX <N FRPL 2,
® @o:BRAE 2L TR EHFR< o 1
® BHHNCATEERA - EERLE=3REFSL, ReaN=hofhd 2, H%ﬂ::* hUDL B - 3DFK \
@ AR T ATERLOESHCS LT, BEa - R RLa TR Sz, I_,, RED
@ nEFOnERLATEnENS, EBaETEERN2,

‘ ' ] SEiEF R4 (8),
(), a0 (2%

[After Exper]mentj TlZ, EEBEED [Ei 7%‘ [ﬁ‘ft?" l*»'_j Tl - RJ)‘ DEEY
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2 197z,

ZOBTFTFo BRELSIEZEALABNTHELL _
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PPrEELGESE - ERIERICEILOHTHEHL, FBOEREICHU
THIESERULP I LE LI

CCTIROFOFICOVT, BEFEHSDEZS
ERUBHSTUOLWRWCESRUE U,

| AXERERDEVSE - REFAXDBFRTCERHULTVET,
FNFNDEE - FEOBWIAMFEICEEHTVETD,

ZITH, FROBEZSSICRDEABEZER->TLS,
PEICIETRUES S,

AFIDKES - BFORES

| DA p.38, 40 @
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BFOAFVORESF, TNOOBFREELEZCRARLTLS. RFESOEN

CHE-STEDKIICELLTVLK DD, TOEEICOVWTEZTHES.
O1FUVDKEET BTERED
RCAFYEI LOKEESR, > > > >
JREBEESPREVALTYDIESD 0? B Na* Mg?* AR
P EL, 0.126 0.119 0.116 0.086 0.068

Mzid, 34> Ne LRIUE
FERAOAF voRESZ, K
ADEHIZIEICR S, ThiZ,
BF&ESPAZVAFUDIES
», RFEOEBRPFAREL 20, BFEBRIIETFHEASIZD2T2P56TH 5,

BID #HitWmAArClrenUmhltyKHaTl, E55HBKE0D,

A FVORESEIBHNITRU . FUBEE, FVOEFED
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1 2 13 14 15 16 17 18
o -
1 H He
|| 0030 0.140
2]
2 :
Li Be B & N o} F Ne
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OEB REFORETOH FEFOATCEBENNICRLEL. BER, BFOFEOBEX
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BREAX OBV IERE, EXEE BEFBOHESH JUMHZERIC
—IVEB#ELTVEY, EEOBEFBZYIR—MULET,
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(3)CuSO, KB&E

Cuz* + 2~ — Cu DREHBAET ) CuSO, A

35‘!'9?6 DT, CuSO, KBHEDBEESLT

EERERRULEITENS,
p.172 PLI 11 2.0kg
Fe, O, (Uit 160) Lmol 75 Fe(ztiit 56)2 mol
HEehahs, BEL F9203 i,
160g/mol x4 L= 503 10°g = 2.0k
Bﬁg/mol
p.176 Tl
[ 1 e
(7)AKBFET = F 2 SISt TH 2,
(A)F 22 UIS EERTTH 5.
(7)Y E RIS BT E N5,
H(a) HCl (b).O,
B (LA A 3 2 T 2 SO BRes ©
B 5 (B2 RETTRT).
(3)E6Q + ZL_:!CI — f%::CIz + 1{;}12
(B)2C Hs + 7Q, —> 4C O, + 6H,0
()NaCI+ SO >-N1aHSO +HCI

wtﬁw’ﬁ‘{twﬂﬁi?um\
@HCI +NaQH — NaCl + H:Q

eyt
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(2)BMEA
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(3)2Mn0O,~ + 5H,0. + 6H"
— 2Mn?* + 50, + 8H.0
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i The Nobel Prize in Chemistry 2019 rewards the development of the lithium-
P~EEET D, |

ion battery. This lightweight, rechargeable and powerful battery is now used

i in everything from mobile phones to laptops and electric vehicles. It can also
; store significant amounts of energy from solar and wind power, making

possible a fossil fuel-free society.
(3

: Lithium-ion batteries are used globally to power the portable electronics that

we use to communicate, work, study, listen to music and search for

knowledge. Lithium-ion batteries have also enabled the development of long-

range electric cars and the storage of energy from renewable sources, such

as solar and wind power.

The foundation of the lithium-ion battery was laid during the oil crisi§ in

{ the 1970s. Stanley Whittingham worked on developing methods that

could lead to fossil fuel-free energy technologies. He started to research
superconductors and discovered an extremely energy-rich material, which

! he used to create an innovative cathodg in a lithium battery. This was made

from titanium disulphid? which, at a molecular level, has spaces that can
house intercalatg lithium ions.
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AFig.1 a mobile phone and laptop AFig.2 solar power

The battery's anodg was partially made from metallic lithium, which has a

strong drive to release electrons. This resulted in a battery that literally had .
»
great potentia}l, just over two volts. However, metallic lithium is reaciivg and !

the battery was too explosive to be viablg.

potential if it was made using a metal oxide instead of a metal sulphide.

important breaklhrougt: and would lead to much more powerful batteries.

With Goodenough's cathode as a basis, Akira Yoshino created the first !

oommercially viable lithium-ion battery in 1985. Rather than using reactive

the cathode's cobalt oxide, can intercalate lithium ions.

The result was a lightweight, hardwearing battery that could be charged | EB5T3
hundreds of times before its performance deteriorated. The advantage of |
lithium-ion batteries is that they are not based upon chemical reactions that !
break doer the electrodes, but upon lithium ions flowing back and forth |

 P~TEH{EEES

between the anode and cathode.

Lithium-ion batteries have revolutionised our lives since they first entered
the market in 1991. They have laid the foundation of a wireless, fossil fuel-
free society, and are of the greatest benefit to humankind.

© The Royal Swedish Academy of Sciences https://www.nobelprize.org/
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John Goodenough predicted that the cathode would have even greater !
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After a systematic search, in 1980 he demonstrated that cobalt oxide with |

intercalated lithium ions can produce as much as four volts. This was an '
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