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Krypton (Kr) Xenon (Xe) Radon (Rn)
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JALH: XeF,, XeF,, XeF & & Tc’

a. 57KHI M

(i) XeFAE RS R /KB 1R 18 | BT
YEER P KBRIR R (FAL/K) -
2XeF2 + 2H20 = 2Xe + 4HF + O>

(i) XeF fEK+ BEA B e M. X B E A b
(SFEEIR)
6XeFs + 12H20 = 2XeOs + 4Xe + 302 + 24HF
G35: 3XeF, + 6H20 = 3Xe + 302 + 12HF
3XeFs + 6H20 = 2Xe0s + Xe + 12HF




(iii) XeF /K=

Xe
Xe

Fo + H2O = XeOF4 + 2HF 437K ik
OF4 + 2H20 = + 4HF S IKfR

AL BES1XeF, > XeF, > XeF,

B 2R T A SRS
2XeF; + 4Na™ + 160H" = +0,

+12 F + 8H,0

b. #R;

XeF

e 5R B T
6 + BNHz = Xe + N2 + 6NH4F



c. #f & R AF K BALH
2XeF (g) + SiO2 (s) = 2XeOF4 (1) + SiF4(g)

d. 5 EAY B &)

XeF ,+SbF; = [XeF]*[SbF | JRENEKCD

RbF + XeFs = RbXeF7 (“#&”%4%)




M S ENEY: XeO,;, XeO,ll R WERE
fﬁhﬁ&ii 1| P 3@6%*%

a. IR M

TR XeOsH & H Xe0z5rF, 1E/KFIRE,
A2 R AEBRTE. EEOH‘Q’TEEJ}F’B}ZH;&(eO -
%¥ e 2 kR

o EmEm XeO5; + OH™ = HXeO,
218 15 2 Xe Ot

XeO, & — M= , Z18 0 XeO, M0, ;
it , B 7E =R T 3R AEBIE

b. FALtE: HITMRE R EENAMFZ—, B
Mn2*EALEMNO,, MACIO,




AR VSEPR 4

Xek2
XeF4
XeOs3
XeOs
XeOF4
XeO2F2
XeOg*
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§ 10-15 %1

compounds)

HMT

it

)

= AE A IR
HRIHH S H T 12

L&Y (Hydrogen ant its

1785—':5)

oN1s2

“IKZ IR
nHE T A, NEEHEVIA, XRHBETH

—. HJFRS (Simple substance of hydrogen)
1. ERIFEHIE (isotope)

1)'H
F)

Protium
T

"D (°H)

P+n

Deuterium

=
JI\

[Fl—Fh o B IR 5 B AR i

T (°H)
P+2n
Tritium

I

E

EL"
R

5 4K



SRFH PR EREKNICR, FEHER ER SR 15067, F 5y Y)
(Blanf . RRTORKRER EEZTTYR, KA Hy A& BIRGE R N
VARE A o i B b3R5 | 713

* KAEZN
ARIE S0 58 T} AR N A 4e

AERXKEAASAS82%, RA1T%,
e TE LY.




Jii & 3 #799.98%
(2)fF7E: H:D=6800:1(JR +1~#() H:T=1lelO:1
(3) ffill & (Preparation)

Tritiums& =52 8 12,655 1 B HE AR AR .

T—— SHe+f  BHE R EARRNAREIRET
flhn:  SLi+ n—— He+ 3T

14 1 12 3
N+ n—— C+ 7T

Heat

H,S+D,0 " D,S+H,0 JRHEkIRGali K
AT DL Rk s 4D ,O




H,0 F1 D,0 2 [a] 3 mi i 2= 5 Bt T O+ -H —
O AW O - -D—OFEEE. HFL2EAIE T

A T B B AE AR KRR B 1 A R 2
2007 . % SRR I R AR X L, TR % ,

I A AT ORI SRR B I 2 ) I
KA AR B R LESEBR R . B4, iy D0 B
DOk ¥y AE XS LB, AR R 24, D,

45 SR AR FE AR KT AT 2 I iR 45 DL R 42 H,, D F 6 3 60 4%
*

A EKSKIZER, BEREK, HEAE—B K E H, 1) J57%
M D,0 F13k13 D.



T RGBSR
FREMZERR: YEMERZER

(4) EFEIN BRI B FiH2. D2y T, B4R b

swafFE, EVEER 08H R EFE.

2. Properties:
(1) Physical properties:
Ho: MRS T KIENER, TUNFESR
(Pt. Pd)f1-&%&(LaNis)+
HAE (B N 7’7@)%’%: fEdmig i R BN
JiF, ﬁ‘ﬁ53¥7'3§ I EIEI =, FrPliXFEr) Rk A
A FEYE, BSEA NN TN T TFmig

gl g

I ‘h




(2)Chemical properties:
a. B : BTFHEDN 1s, mTEURFE [ A,

HE—HEASTREENFE —BEEH,; Wit
VIAZE., 1

Lll

H, 7EAC S N LR e 15 O

1) R T REV 7R THY
QAR FAFRNA TR TH

Q) AR T EHER AN KK AEEE R i I 4
JE S BEE ALY



(2)Chemical properties:
1
b. k& MN: 5&J&: 2Na + H2 = 2NaH
Ca + H2 = CaH2
54e4J8: Ho + F2 = 2HF
c. BJEM: CuO +Hz2=Cu + H20
WO3 + 3H2 =W + 3H20



3.Preparation
(1) 2B =: Zn+2H =zn* +H, T
(2) Tk E: afdf#(OHY) 2H,0+2e—>H, + 20H"
40H -4e—— 0, +2H,0

solar energy

H,O H, + O,
photocaralyst
H,
rd
FEEHAATRARRE RET & - K
e
HS #%&/4% ZnS H,S + Pb?* + 2H,0 —PbS + 2H,0* . . o’?
AsH, GFsiiit 42 TAs  AsH3;+3Ag,S0,+3H,0—6Ag+H;As0;+3H,S0, © H“‘(—' O,
H.0
SO, 4%/ H,80, 4% SO, + 2KOH — K,S0, + H,0

http://www.chemsys.t.u-
tokyo.ac.jp/laboratory_domen-
kubota_e.html



(2) b E 24 | e 2 I BBk B A LA F e g R RIS, T
HAGEERL 5K (At 5D 1 & ML

P =
DAKBETNE emmtmr oy + 1,00 — 72X 31, + CO@

N
Hy =Haeg =402 —k pK.

TIPSR N C (s) + H,0(g) — 2% . H,(g) + CO(g)

.
Hb ZmAg 598k hK

H,(g) + CO(g) 3t &k i IS L e = = W
15%%%%%, UZ\@”:%F’%HjC. 4 lﬁ"l

AP KU K A — R A BB, CO
A5 CO, , RJRTE 2X10° FHIKYEN CO, I H, IR U, f

CO i TIKM 7Bt H,
CO +H, + H,0(g) j;;;’;( CO, +2H,
clEa@f  CH,——C+H,

(3)TEEFF1 A Ik A1) FH ik 110 A Pk R s
Si(s) +Ca(OH),(s) +2 NaOH (s) = Na,SiO4(s) +CaO (I)+ 2H,(g)




FH £ B KBRS K R S B,y 4
QuESEIPn gt il Tt

ER] A7 3K PR AN 2 348 A B 0 I Y
CH,(g) + H,0(g) 3 H,(g) + CO(g), AH®_ =206.0 kJ*mol!
C (s) + H,0(g) -H,(g) + CO(g), AH®_ =131.3 kJemol!

B NAF AT, WFEftgs e, s inas S el & SRE:
C +0, . CO,, AH®  =-393.7 kJemol!
CH,+20,——CO,+2H,0, AH_ =-803.3kJemol!

HERE “CAHRIARE” A, BHERIR BORIR S5 AKAE I Brids
, o7 M%%ﬁ%%ﬁ,EEHWI&LW%FMEF%mﬁ%
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K EMREERERR, RNETE. SEREEEMEER, R8I
EiTd, RRFESTE.

* BEl, EXEXRIIASESNNEE, BEFAEHRAN —
S
SHEAMRXKHBIABI S LR ATE, BHIAK CHLE
BSEBHEEFEAIL 1 800 mMBYRES

* SUREIR T 5 H im B9 = K 5] 7% -
LKL (BFEIRLEAHA)
STHIETF STHEE (FIH)






. &MY (Hydride) BFEULE&EITLR Y HH#
A& BT
A TR T = FhE FH v
(1) TR HENS 2E + Hy(g) —— 2 EH
B, 2Li(0) + Hy(g) 2LLiH(s)

(2) Br@nsted Hil /1) 1A 5t 1 E-+H,0(ag) — . EH +
OH-

B, Li,N(s) +3H,0() 3Li(OH) (ag) + NH,(g)
(3) ALY 1 A ) 5 S A 2 18] R R 0 i
E’H + EX E’X + EH

_—

0, LiAl SiCl LiAlIC
R LT e Dy e

A 25 (R s m/mﬁﬂf’%%?‘J)UEﬂﬁTﬂ IEIPIE ISP
S5(2) F@)FH vk, PUIRE S s 4 F iy oK B BRI Jm 1 S5 1 B ]
SRl 46 R 1&4\%




S EMRI 93
— S UEMERERYIS T

M RZH eGP AN FIR =R P IR LA
W, &AM B RS AR e RS BRSNS
S b 1) A i R R BT s AH XA 0 2R K F IR AR AN 0 WA 25 R 2R
RIFARAR SRR, 102 R B PP IS, i hn, AR ™ ks o g A4
FIZACAN “R 517 B IR [fE—3K.

18NV
p 13011 141V 157 16 17/vif H e
Li |Be B C N O F QL
NaMg| s 5 6 7 8 9 10 11 12 Si P S Clpa\y

4
K|Ca|Sr|Ti|V [CrMn|Fe|Co| Ni|CulZnEE{el-pipsi-icid Kr
Rb|Sr| Y [Zr [Nb|Mo| Tc [Ru|Rh|Pd|Ag|CdilafEsiafsisiu=i B X e
Cs|Ba|Lu|Hf|Ta|w|Re|os] Ir [Pt|Au[Hg[RI|EE] Bi [Po A RN

@ a L w N

I:. Saline Metallic Intermediate - Molecular I: Unknown




A I AE A B
AR < J&Pd ]I 700 7R H,, 95k Hs BN #0a] 45 HE 43
w I 523K

» rmamy 2 PAH U+3/2H,- UH,

573K

2Pd+H

. (2~3) X 105Pa . . = _ Ve
LaNis + 3 Hy— LaNiH,, 7H,&= KT [FATRRE
Impurities

4.4 35— 1 S v

( Pure

—]'__%]] %'7@2%%: %%)ﬁ{i pd/Ag a"oy l'\.\ hydrogen
#at, PAH, 2%, & tube 6
EEFf WRTELEPL Ml
FaREE, SART o) IS AN

! —_— . . r~ v
¥ )

HRBRTHFL Pd- | - B

Ag SEmPBRAMALN | |
L High-pressure Furnace
hGISE impure hydrogen




§ 10-2 &R R KA ED
Alkall metals and their compounds
Lithium Sodium Potassium
Li Na K
Rubidium Cesium Francium
Rb Cs Fr
e BN ZET K (FRLIOH) HIRbs




8

{ﬁﬂi EELF‘JE%J [D 0, Dj
Ev—EHI%)H:}‘j( EII\E?J\/JO
—. General properties cryptand-222

1. Valence electron of alkali metals:

(L) HEBMHEA+L, SFr=FHEEEANS.
ELKLEFXS T, " LAHERREHASHIE
FELEY. BIUENTE 2 e B g A
BRI ES R, WERINa FEIE
T, U EER RN EE HRINa

*n Na- 2Ng —+CHNH, o Na*™ + Na~
(o]

2Na(s) + CyH3606 [Na(CxoH3606)]-Na



Inverse sodium hydride



F

(2)

F |8
JRF2Z

BRI, (RIET
—Eﬁﬁﬁﬁ) y

’u'ﬁ/xlilﬁ}:ﬁﬁh/
Na. K: ZZR

Lif) &5

HITE

] {1

r, H

v (AYEF

18>, Briie&E R R
] b4 R Z B HANE R
118,
BRER BRI

u

g

s | G X Sz7 /=

A}

LK/

E/ N, B
RIF)




2. FEFE A &R

é:l%%jjq:_fzﬂ.. ’ 'fEI ‘H_:KEIJU_‘%$$ H,J/ \'ﬁ\ f Lo

W& B TR LS 13

(1) SAEMRF7FNaz « Cs2AFENr 84

I:l y 7 \'ﬁ\—“'fI/J\

(2) Lif)— 4k &3

(x%%é%,xm@ﬁﬁ$o



(3) K EEBHIA N, A ILUIFFIE,
#lanLi,(CH,), 342




C
3' EM+/M —
Li Na K Rb Cs

M’ +e —>M,, -3.05 -2.71 -2.92 -2.93 -2.92

M +e —>M,, -21 -243 -2.61 -274 -291
* o T L&A K583 5 ( enthalpy of hydration )
JE O B

BEASE, ., ~=-3.05V

M(s$)———> v Born-Haber g

|
LH,E* tAHHf‘ P=AHZ +1,+AHY

: e o
M(g)—M" (g) +e



Li Na K Rb Cs
"B FiyBl 2sl 3sl 4s! 5s1 6s!
FEFUT +1 +1 +1 +1 +1
BFHERE 60 95 133 148 169
I,/kJ-mol! 520 | 496 419 403 376
L/kJ-mol! | 7298 | 4562 | 3051 | 2633 | 2230
Y 1.0 | 093 | 082 | 082 | 0.79
Y -3.045 | -2.710 | -2.931 | -2.925 | -2.923
M* g +e=M
MKLREART-mol | 519 | 406 | 322 293 264




—+ Lithium and its compounds

1. General properties:Lift R 5meBERK
X, BS5WtEE, Fal2MgrbEERAAELL, X
RKERANMLFFR (diagonal relationship)
LiGw&BtE (Na. K. Rb. Cs) X H:
(1) #REE LR ERESEEHR KA, E5HLeEHELL.
(2) B IEFE SN, MAEBIE. BEHEY.
(3) A HRSTHALY), HAimWEREAREN, B
&, TRt EBSNREEEILE.
(4) RE#ESmRMERLILC, (ZH8E) , MtEBEH
RETEMC o
(5) =F8EEE (Li,CO4. Li,PORMILIF) R/, Wt
& BIX =M AR

L=




—+ Lithium and its compounds
1. General properties:

6. AN HNEBIUEYSE

CeHy

2Li(s) + CsHoCl

7. WZHR

P BRER S

HES
8. HMEAENY. IKRE
BN K B —E ALK ;

LN #HE 3R UE:

25 LiC4Hg + LiCI(S)  CoHsBr+ Mg

ether

kHIA L& JB L& YA

> Co,HsBrMg

LA, SRRl

FEE )

H ARG 5 )& H) =S

b (5MgtEfl) 7f#

AN i R SAN RS Na,,

B

MBI,



2. The simple substance

(1) Lithium is a soft ,silvery white metal, the
lightest of all metals

(2) preparation: H & ELICI(55%)—KCl(45%)
(3) FEEBRILMAR, BEE#ESS,C H2 M
(4) =SS HHEEAN, ERLI2ORMLIsN; FECO2H
fnaRRy, AT ELRRGE

B)5&RRM, FpEREAY)EEAE




3 AALEELS ) E]
AR R R BR A A 2 U T AN

CH, NH,

Li,N N7 =
H,C—=C=N —
/I\ /]\ CH, nc/J\ CH,
1 [2] 2
Pr NH,
pr—C=N N “TJR\""N . I\| N
PT)\N;/II\PI‘ PI‘)\N/ r
3 [4'] 4
Ph

Li.N N
Ph—C=N — . JI]\ N
Ph” NZ ph

5 6
NH,

N
i(
Ph Ph
7

B G U B i R

Li,N
HC—C=N + Ph—C=N —=

—
—
e

(2)

(4)



(6) 5H,O,H'BIZI R B, BIEKFRMEUHE, H
T-LiIOH® R /)N C . :
(7) EETritiumigskyg st T on— He+ T

fFIRP T JRF IR DIHER Z5

3. LEW

(1) LI — et &AM IR . Y AR B R K A1 5 A LI
Ca. Mgtta&HH

(2) LiF,Li2COs3,LisPOs¥Ef#EE /N LiClOak

(3)LIOH™=Li,0 + H,O X 5HEWAF, LiIOH/EANE Btk
IR R (K, =6.75e-1)




(4) 25 SRR HAnbn & 8 T Al
a. KB EEY
LINO3—KNO3 LiINO3—NaNO3—KNOs3
b. B&
M *LiSO, Na,Li(SO,), 6H,0
(5) TEAY) (peroxide) AELiFIHHE
(6)Li L N &4 &4 B R % & I,
RPRIE TS (R ERAME)




Graphite Intercalation Compounds (GICs)
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Graphite Intercalation Compounds (GICs)
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Graphite Intercalation Compounds (GICs)

From the following article
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Superconductivity in the intercalated graphite compounds C,Yb and C,Ca
Thomas E. Weller, Mark Ellerby, Siddharth S. Saxena, Robert P. Smith and Neal T.

Skipper

Nature Physics 1, 39 - 41 (2005)
doi:10.1038/nphys0010
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I Lithium battery
Featherweight with a punch

Positively-charged oxide

Negatively-charged graphite

k

Legend: € Metal, (3 Lithium, O Dxygen, I Graphite layers
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I Lithium battery

Featherweight with a punch

Positively-charged oxide Negatively-charged graphite

By this time, a team of researchers led by John Goodenough, now
at the University of Texas, had discovered a new family of
Intercalation compounds based on oxides of manganese, cobalt
and nickel. The first commercial lithium-ion battery, launched by
Sony in 1991, was a rocking-chair design that used lithium-cobalt-
oxide for the positive electrode, and graphite (carbon) for the
negative one. This type of battery is now in widespread use, and

Dr Goodenough was awarded the $450,000 Japan Prize

iIn 2001 in recognition of his work.



The development of the lithium-ion battery is
an object lesson in how pure and applied
research, driven by commercial interests, can
generate the incremental improvements in a
technology that are necessary for transforming
It Into a useful product. In this case,
Intercalation compounds were an offshoot of
pure research into superconductivity. They
were then picked up by Dr Goodenough and
other researchers working on battery
technology; and the final pieces of the puzzle
were supplied by Sony. (Dr Goodenough, who
did his original research at Oxford, says battery
firms In the West rejected his approaches.)



=+ Sodium and its compounds
1. Existence:

2. The simple substance
(1) 50,&x M. GEEAYD
—f& 2Na+ O, = Na,O,
EHF Na2O FE  Na,O, + 2Na = 2Na,O
(2) FERhHIPI 5 SR M
Z2Na + xS = Na,S,
(3) #1 5NaOH () [ M.
2Na + NaOH = Na,O + NaH
(4) RERT



3. WBEEMIE. B, I+ -EBFEAR
Na+2NH, =Na (NH,)+e (NH,)

& = S R s T A A B T

XTI B AR R, B ReR Rk R e

TIE AW e R (RIED - . MR






}

o

FREBTFFE, ARESBEE0E

%, e(NH,), = 1R:rERF, AT Fili0
BHLE .
- REFARNTEERRE, ELY, SF]LY

FASULHAER, eEfeitBlE R S 2RI
S KM E S F BT FER

2Na

NaNH,(S) : [t [

ONH.,(I) = 2NaNH,

H,T

(LN



3. EW
(1) NaHC ORI /DT Na2CO AR, T

DA

] R —RIEH &
NaCl + NH,HCO, =

(2) Na2CO, il 2%
Na,SO,(s) + 2C(fa58) + CaCO4(s) = CaS(s) +
Na,CO4(s) +2C0O,(9)

(3) NaoSH] ¥ ## B i STE FiNa,S, 231

Na,S + (X-1)S = Na,S,
(4) Organometallic Compounds

NaHCO, + NH,Cl

&2

—

3CsHg + 2Na— 2NaCsHs + CsHg, 2Na+ thC:Cphﬁ ph2|C_ C|:ph2

Na Na



BEA Bl SRR IR RS, T Db BB 206, (Na2CO3) Hifll
511943 K, Jetth 5t b vz SR A ) H) 2iiigid:
I A Bk i ST AE U 3R b, I ONARIE] SAE T AR U R SR R
IONZALEN, FETE30~40° CRRIERHFEN __Alb i Mal <, s
FEANZS, RERILFI10° CUAT, BT 2ULEAE30° CH Ry Z LA
AR, TIAEL0° CFELEALENIE /N, PARIE S 7308, A b M
BRRATH, HERRSCRTE N — R 5oRl, &b s T e A —Fiik
. ZEE7 2 BREREN o
FE NN

NH3 + CO2 + H20 + NaCl = NH4Cl + NaHCO3 |

2NaHCO3 -fjp#— Na2C03 + CO2 t + H20
BB e & I BE P R BRA, RIZEES S s T S e T & —
o, R TAZARE] = RCO2, R T A ekREr=, BT
et . BbAh, TBEA AR B G 1 AR PR T A A AN KRB R A
A8, i AT E AR BB B S A SR [RTAL
?@%w%mﬁEKEOK%W%ﬁé,E%%%iﬁﬁ,ﬁﬁ%%%?
“EH .

iR e



1.

FBERFE 5

Ks R

. Potassium Subgroup(3fiETE)

0, CsAs

ﬁ_ua

TG 3 KIRHE

2. The simple substances
(1)B& T Cs&Z&golden yellow#t, HE#Zlustrous,

silvery—white, 3, AL, KEKER, FRAEE
A |

1

x AR &E, RSN B
MEEY). saiE/KEeAhH IR




(2) ':jE”EﬁJ%JQW
a. 5SkpM: FHidERSERE BRI & S
RER A 5SS RN, TERM,S,

K. Rb. Cs n — 6
FE Al M,S, { Na n—->5 (et K — Csifom)
Li n— 2
b. 5E&MN GEEAMNY)
() 502/ M M+ O, = MO,
%_/&?‘utj MOZEQI _LEEI,fZI:
FfE MO, + M =M,0,
MO, + 3M = 2M,O




(i) 5Osx M. (REMHI) : MOs
6KOH(s) + 404(g)= 4KO4(s) + O, (g) + 2KOH.H,O (s)

(i) ‘Ef1#EARRE
2KO, + 2H* = 2K* + H,0, + O,
2KO, =2KO, + O,
K O, 7E 7K H il 73
4KO, + 2H,0 = 4K* + 40H" + 50,
c. 5Brox N KAEIBIE




R) 5&ERMN, FEEMEREINY (&R
[H4EH)

( Intermetallic Compounds )
(4) EH20&Mi: Rb , Cs 5K RN K EBRIE
(5) #ill#&: KcI(1) + Na(l) = NaCl (1) + K(g) (850degC)
TKHE /DT Na, £RMIAABIT
EBEF 2KCl + Ca=CaCl, + 2K
T CaCloANE TR, MM FAZAT




3. &Y
(1) #BfEME: SLi* Na Rt & 9H R,

MCIO,,M,PtCl & E /M barely solable)
(2) FHEREL #v oy R -

ALINO3=—— 2Li,0 +4NO, + O, 1
2NaN03— 2NaNO, + O, 1
2KNO; = 2KNO, + O, 1

Mn(NOg)Z? MnO, + 2NO,

NH4N03T N->O + 2H,0



WMeERMN: BERE. BtsEEREMNELZELKEY
EeRAEThEUESFESREIR

B BEFU-EHAx-RT-&5TH—ERIKBIA

—ENFFEE &

Li+ IRZE Ca2+ M40
Na+ Sr2+ F4th
K+ =t Ba2+ Zxth,
Rb+ 71 (% Cs+ 5o







EIRVRFE A 2 (8] Bt




T FNLER -
A — MR R T RAE AN FERRER — FRigX

P P+n P+2n
Protium Deuterium Tritium

— /=.* /=.-
52l M M

H:D=6800:1(JE F/1~%() H:T=1el0:1




IR
Tritiums2 2 3 8] V12,65 1 BHUHHE AR 14
T—— He+ f B NAMKPIABERET
flan:  SLi+ n—— JHe+ 3T

14 1 12 3
N+ jn—— C+ 7T

Deuterium: HfEERE%ED,0, HMND,0+H 35D,

H,0 1 D,0 Z[a] ki) 2257 B T 0. - - H —
O =AW O- - -D—OAB . HIF LI T

B B T AR BB TE AR KRR B bR R AR X
2RI B SRR A AR s, BRE 2 _
R AT . BRI R RS e
RAG LR BT SLB B . B, 1 FD,0 A
D-Of I AT LT, PR Y 2, 3K D% 1

45 R T AE KT A9 21 AR R 15 DL S 26, Hy, D 83 et 2



%uﬁfﬁ%%ﬁi%gibﬁ H2. D2, T2

HTREMME: el B
FREMAERK: YEER 8HR) EFEM.




WIERMERT : HatREs T /KA P, Al ARAEALE
&JE(Pt. Pd)f1& 4 (LaNis)H

EEE (BB EERERLEANRT, METHA
BN AR, miARa T, XRNEER.

et BETFHEA 1s (TAF) , F—HER
BT EEER R BES; WABEIAR.

HL, (EAL 52 S N L RSB 1R D

(1) A FREIN L FiTH
QAR TAFRNA TR TH

Q) A T HHEHEAEA R ARS R Rl I 4 5,
eI R E ALY




thE&ERMN: 54J&: 2Na + H2 = 2NaH
Ca + H2 = CaH2
544 J8: He + F2 = 2HF

WERMN: CuO + H2=Cu+ H20
WQO3 + 3H2 =W + 3H20

#lg: Zn + H*. HE OLfE) . KES. SilE

273K

KFESHAE CH(g) + H0(g) — =3 H,(g) + CO(g)
000 N . .
HY =HAasg =2 —k f K.

TIPS C (s) + H,0(g) —2P% . H,(g) + CO(g)
I, .
HYy =HaNa 9238k 8 K.




S EMRI 93
— S UEMERERYIS T

M RZH eGP AN FIR =R P IR LA
W, &AM B RS AR e RS BRSNS
S b 1) A i R R BT s AH XA 0 2R K F IR AR AN 0 WA 25 R 2R
RIFARAR SRR, 102 R B PP IS, i hn, AR ™ ks o g A4
FIZACAN “R 517 B IR [fE—3K.

18NV
p 13011 141V 157 16 17/vif H e
Li |Be B C N O F QL
NaMg| s 5 6 7 8 9 10 11 12 Si P S Clpa\y

4
K|Ca|Sr|Ti|V [CrMn|Fe|Co| Ni|CulZnEE{el-pipsi-icid Kr
Rb|Sr| Y [Zr [Nb|Mo| Tc [Ru|Rh|Pd|Ag|CdilafEsiafsisiu=i B X e
Cs|Ba|Lu|Hf|Ta|w|Re|os] Ir [Pt|Au[Hg[RI|EE] Bi [Po A RN

@ a L w N

I:. Saline Metallic Intermediate - Molecular I: Unknown




WEB/InR
Lithium Sodium Potassium
Li Na K
Rubidium Cesium Francium

Rb Cs Fr

TEIR S BRI
FHEHK (+1)
EFEHLEY




METFEHL: BEeEBIR FZEI/ERH J1tbZa K2 %
Hih& B IR+ BRTERTE/)D, HtREEIR
), KB A, BFEBER. BE/D,

LiIFZE G €EY e/ g, FELEHRHD Ch
R
Na. K: ZEE LK/




Li Na K Rb Cs
v BB F#g B 2sl1 3sl 4s1 5s1 6s!
EZFS +I +I +1 +1 +1
BF¥E 60 95 133 148 169
I/kJ-mol! | 520 | 496 419 403 376
IL/kJ-mol! | 7298 | 4562 | 3051 | 2633 | 2230
y 1.0 | 093 | 082 | 082 | 0.79
DY -3.045 | -2.710 | -2.931 | -2.925 | -2.923
M* g te=M,
MKHERERT-mol | 519 | 406 | 322 293 264

(1) SBMEF 2 TNa, - Cs,PLItfas 4.

(2) MLi>CsHIML-&4, Lo/l .




- Mg: WAL, XA AR

BRER:; AR E . BENEY); SNREEENG; 5K
}iﬁ\“iﬁk C, (ZB) ; =fpgzh (Ll co . Li;PO,F1
DS AR e BRI AMY . i AR b o
?&?%E&ﬂmm%%&§%%ﬂmﬁ:§%%;%%@
33N> o

(1) §E8MHEY: Li,O. Na,0,. KO, GREAME)
(2) EEMY. BRERER: Na. K, Hi#hEsri#
(3) &Y. NaH# I fE Na, + H,

(4) .




(4) MK PN




- FEMELTRA AL L, HFREFAF
i, Bl & HigsEEHEE

J fjfia;i)LU“J

Li e B

Na Al

CA_E =56 Ak A 2 Lo s A S )
ATV AL AL, SO F e

X AT ) A A L A RIS T 3R Y Ry ZOAT
X WAL E I S2 8 df Al e, BEAS e AT AR
FHI T 5 E A




3. WEEMIE. 1B, I+ -EBSHBR

Na+2NH, = Na (NH,)+e (NH,)

&R AR TS &8 & AT B BT,
XFPHAE B B AR, B R AL IR RE

S JE AW IR R (RIRD) - Sk, bR




IAET R HE BT HIRIE A 2




§ 10-3 WLt B KEMNEY
Alkali-earth metals and their compounds
Beryllium Magnesium Calcium

Be Mg Ca
Strontium Barium Radium
Sr Ba Ra

B H Bl A
AR H A YIALLO,




—. @Mt General properties:
1. Mt &R B 28H40E
2. %, RT¥EE), aEFH RS
J& K
3. REBERNEEmMEE —E




WEY)EIS REAIMZK & HEK

/kJ-mol-1

Be Mg Ca Sr Ba
{9 BB FHa B 252 3s2 452 552 6s2
FEFUS | +II +11 +11 +11 +11
| B4R 35 66 99 112 134
I,/kJ-mol-! 905 742 593 552 564
L,/kJ-mol-! 1768 1450 1152 1070 971
I,/kJ-mol! 14939 7658 4942 4351 3576
' 1.57 1.31 1.00 0.95 0.89
e A -1.85 -2.38 -2.76 -2.89 -2.90
0’ B -2.28 -2.69 -3.02 -2.99 -2.97
MPOKILEE | 9404 | 1921 | 1577 | 1443 | 1305




—. Beryllium and its compounds

1. R SAIAERL, £

HEBLT, DR R

Uil -

LK

: %%9 _ﬁﬂyﬁkl

BRI

- S

&,

S




2. The simple substance

(1) &

ERINT Bk, R

/J\/ﬁ)%z:%ﬁ']fﬁr :

2) 5FEERRM 2Be +
Be +S =BeS 3Be +

(3) Mt

IR EMNE, Tk

0, = 2BeO
N, = Be,N,

Be + 2H;0* +2H,0 = [ Be(H,0),]?* + H,
Be + 20H™ + 2H,0 = [Be(O
BeXt ¥ ik HNOsFI K H2S 043

H),]" + H,

TPEALAE R




4) 5&BRMN: Be5dXTERME
BS54 MBeiz2 , MBei1, tHREJ1ENE & W

hn5s)

(alloying additive ) , & &MWE
o P AN

N A

-

I, o

(5) Preparation:

BeCl, + Mg = MgCl, + Be

BIA JHvE

1, G0




Space group: I4/mmm-Dj;.

Atoms at 0,0,0 and 3, 3, 3+
2 Mo in (&) 0,0, 0;

8Bein () L4 h L5 L LB H bbb
8 Be in (¢) X,;,0,0; Xl,{] 0; 0, X,,0; 0, X, 0;
8 Be in (j) X,,3,0; X,,%,0; 1, X,,0; 3, X,, 0;
with X, = 0-344, X, = 0-284 .
v M
O—s w2 5
°
Be@ ® ;ﬂ ® @Be
2 Be Be 2Be
Be O <raa
s 5 2 9
BeQ () Be
® 9 ®
= 2Be : 28e
Be
N A - e
PO e @
X

Fig. 1. Projection of the structure of MoBe,, on to (001).
Open circles are at y = 0, solid and shaded circles at y = 3,
and crossed circles at ¥ = 1 and %.



3. 4t E&W) [Be (11)]
(1) BeO. BeS#HEAMW M, Be(OH),, Be(hal),
AWM, Filu:
BeO + SI0, = BeSIO; BeS + SIS, = BeSIS,
BeO + Na,O = Na,BeO, BeS + Na,S = Na,BeS,
2KF + BeF, = K,[BeF,] BeF, + SiF, = Be[SiFg]
(2) BeSHIE /KR
BeS + H,0 = Be(OH),{ + H,S T
BesN A K f#




/01\ . / \ e
¢ Be
—— \ / " \ / a"

(3) BeCLEA4IRE ) (fibrous structure)
N2 1ERmMASRIBeCl3 B B2 /1K TCaCl2?
2BeCl, = BeCl;~ + BeCl* CaCl, = Ca?* + 2CI~
EIAE BN E T, MERESE T
(4) BeCO, , Be,y(PO,) M T7K, HEME &G
AJ3 , WA RBTETABEE BB SRR AE B+
(NH,),CO; + BeCO; = (NH,),[ Be(CO;),.

* Beryllium compounds cpasimms
are poisonous !!!

<t




= Magnesium and its compounds

1. 2R AEAR T8, BT BFEEEH
X, RSB IELLS. B,

£ H RS IR S M B BR E8 0 AE
2. The simple substance

1) Bea&E, W, BeFHME, EEFHEA
WERE. BiEFEEEME.

Rk

Tetraphenylporphyrin Chlorophyll
A B



(2) MgO MgX2

Mg
N2 S
I\/IggN/ \I\/IgS

Mg A EEEEEH, M MgH, R 6elE1 #3175 .
niE Mg Br, 5NaH fx M B e L B o iR <5 .

Q) &EFEAHTESE




Magnesium alloy developments have traditionally been driven by aerospace
industry requirements for lightweight materials to operate under increasingly
demanding conditions. Magnesium alloys have always been attractive to
designers due to their low density, only two thirds that of aluminium. This has
been a major factor in the widespread use of magnesium alloy castings and
wrought products.

A further requirement in recent years has been for superior corrosion
performance and dramatic improvements have been demonstrated for new
magnesium alloys. Improvements in mechanical properties and corrosion
resistance have led to greater interest in magnesium alloys for aerospace and
speciality applications, and alloys are now being specified on programmes
such as the McDonnell Douglas MD 500 helicopter.

Key Properties

Light weight

Low density (two thirds that of aluminium)
Good high temperature mechanical properties
Good to excellent corrosion resistance

Applications: aerospace, motor racing, bicycle, etc.



(4) i)

d.

A CaMg(CO;), = CaO-MgO + 2CO,
2Ca0-MgO + Si = Ca,SiO, + 2Mg

b. MgO+C —22%€ s Mg+ CO

Mgy,

S S Mg, 99.999%

c. Compounds:

TEHCIFS A n#MgCl, -6H,07K

MgCl,-6H,0 = MgCl, + 6H,0

]

] %l %: MgO + Cl, + C=MgCl, + CO



7 o

/U. Calcium subgroup
1. B RELR S

1AM 121,

2. The simple substance

1) REBEERE, 1

ot

PAEE 8, Sr, Ba¥k.
2) 5&BRMN: MEN2, H2, C, SixkM

j%ii )

3) 5&ERMN: HBiER Y]

SR P ]

Ca, Sr, Ba
i &A%




(4) 5H0x ™
M + 2H,0 = M(OH), + H, !
M(OH)2 MCa — BalJiE BRI, &R =
(5) Preparation:
CaClawy) HfE  Ca+Cl2]
SrClaq } > Sr + Cl2]
3BaO + 2Al = 3Ba + Al,O,
Ca, Sr, Batb a] ARt
Cafs M EAE BT B




3. Compounds

(1) B CaCO, = CaO + CO,
2Ba(NO,), = 2Ba0 + 4NO,1+ O]

AL, AT H R ITERIE:

Ba(NO,), + 3H,0, + 2NH,-H,0 = Ba0,-H,0, + 2NH,NO, + 2H,0
(2) IER L
M(OH), + CO, = MCO; + H,0O
MCaCOs——>BaCOs#fa & M3 .
XA T B R E Y .




B F#4L ionic polarization

EETHEYT, IE. RETHE T MEN T ETHHE
GERT, REREHNR. BETFHRMEIE. AE T ZIRE
JR s AR LA A B SRt B SO CAFTRIYE R, 'ER & F1E
MRACHET P2 A2 55 AR AR AE 512 .

BT ARALHI S5 RAE B T8 ks, IS 8m, M
M= — RGN, EMLESYHE, e ER. &
TARACH SR TR S KaME . BHIRTERFRUZE SR
A&, MET AR R ARG R R B G /)R .




EETHEARE, R8N, BTH (Z/r) 8K, ME
(R T

MBeCO; — BaCO, A E MK, £REFHOEFHIX
WAAER XN THECEOFREFEMMIER) #Bir, &€&

R ER SRR E




(3) M(hal),

MCI, , MBr, , ML¥ETF 7K
(4) KR

MH, + H,O = M(OH), + H,
M;N, + 6H,0 = 3M(OH), + 2NH,
(5) T

(6) i

L =
=2

KEkY

MO, MC,» MS_ (n=2-5)

wEBENLY: M(O,),(Ca, Sr, Ba)



—. FBRAENHIRRE

1. MOH AR EAEAY), 7] AFEIER R

BT 3\

M—OH—/—=

M—O—H

2. MOHERHR

M* +OH"
MO~ +H*
- ) A B

(1) CAZIrfE K HR

ZNBETHRAE B TFEE

O=7/r , IR/
Ei%; )ﬁZ’ f@

EHR, FHHEEI K, BHER
Zr I L




(2) #rbhle-10 m A AL,

(3) I
BT

JO <225, MOH NB#E
2.2<. /o <3.2K, MOH NP
JO>3.20F, MOH N
AN, BT

A—FX R TRERNE RS

U1l

1) ER AT 5N #4 B 35 A [E]

ZRRTEFHFERIRD.

’ ﬁ/'

\\/7%1‘_‘

lll



Jo Jo
LIOH 1.2 |5 Be(OH): 2.54 B3
NaOH 1.0 |  Mg(OH): 1.76 |#*
KOH 087|#  Ca(OH): 142 [
RbOH 0.82(53  Sr(OH):  1.33 |

CsOH 0.77 Ba(OH): 1.22 v
<€

<€

B 34 5



BT R R R

(S

BRI AR
Bry, L#EFCCl,;; NH; HCIETFK

RIGFEDS R SO Z W R, B
T 3 2 ) B R SR A

=T BB B AT B A 5

MF BRI 8 > M S R



Vs i B A
A FHE P Z BRI 7 RS AR K s i
FEEOR, MR RN, Bl “MHEwm” e,

(2) BRE FHIEEBORE, SHRIBHER
b < & I P B0 38 T 93 /)

mso,z, I, CrO,ZHI#&ER, M
Li*——>Cs* Be2+—>Ba2+Hﬁ1ﬁﬁﬁi‘oﬁ,E/J\o
(3) IQ%‘%?——@BE/J\EF WV % R E BE
ol s B NI N

WF , OH &%/, MLit—>Cs*
Be2*—— BaZ*WIA R K.




i MR R
AHye =U (S18EB) + AH,

P URIAH,  BEIE 52 B JUNEAL R BIERL AL

U:fl(r -:II-I' ) AH ZkA_f (—)-l-f (_)

BB TN A TN
praiei SRR




1 1
U=T,( ) AHyn = f, (r_) + 1, (I‘_)

I'M+ + rx_

R

R

4

i er H?J" Xﬂ‘Uﬁ%IL

1 s 1 7
|—| ||§' |—| Ilk'

Fr<<ly- B, XtAHxaFHF,

prLl, AR IESE FZ 5 BOKHT

K& RER/NRAIBTERIER /D o

Iﬁ%?jﬁd\*ﬁi&ﬁ AT UK.

=T ERBRE, AR T AHAE K,

ClO,-: Li*—Cs* KEBR/D, HHE

e

M FE



—ﬁ&ﬂ%wﬁjﬁﬂﬁft BFEERNAEF1ERNTTRE
#Hl, FHARKEESRKAEFEERNEFRE
HIBREE N 1?1 4NNa[Sb(OH),]-
NaZn(UOZ)3(CH C00),-6H,0. K,[Co(NO,)]-
K,IPtCL | KIB(C,H,), |54 RAVEROBEL . S8k,
%llﬂ %@tl:*ﬁﬁ\“ A4 2 IR RV

l—"7"




U:f1( - )

I'M+ + rx_

AH, . =1, ( )+f (—)

I\/I

R IE ST Z HIAKE,
B kS BE /SR A Wi R T R/

MF: LiFEﬁ'a%Ha

KN, R /D

KF + LiBr = KBr + LiF
Na,SO, + BaCl, = BaSO, + 2NaCl
2NaF + CaCl, = 2NaCl + CaF,




IE& T HATE, PN, TEREh fKE HRIABT R .

=< 4] — M ANty 5 d K

el g LiNO,-H,0HILINO;-3H,0
fit PR X Li,SO,-H,0%/INa,S0,-10H,0
ATEN B Li,CO. 5N L iy 45 i 7K

MABEFRES, BEBREREKEEN D, BEREKESEES
BK.
——



Tt i

i 4 i ZK S

PN

LR DN

it < R 2R

LKA R MgCl2-6H20.
CaCl2-6H20. MgS04-7H20.
CaS04-2H20. BaCl2-2H20

TA

Tt B4 e



AP AR i 1
s AETEES MCIl-MgCL-6H,0 (M=K*. Rb*. Cs*)

WL (D) M,SO,-MgCI2-6H,0(M=K*. Rb*. Cs*)
eSO M(I)2S04-M(III)(SO,),-24H,0(M(I) =Na*

. K*. Rb*., Cs*, M{II)=AIP*. Cr3+,
Fe3+&)



k<2 & 1) R R £
CRURIERED

500°C
MNOZ#OZ o NaNO, ==2NaN0, + 0, 1

Wik <5 R PO A PR i
CRL AR D

M20+N2+02
8000C
4NaNO, 2Na,0+2N, T+50, T

PR R £

L20NO202 UNaNO, =2Li,0 +4NO, T +0, 1

Wiéﬁ FRIfIE TR

MO+NO2+02
2Mg(NO,), =2Mg0+4NO, T +0, 1




B2 AR AIRESE R ILE T B RIAE

m} ﬁ
ot

(&
3=

* RA: FEFRAaHS, FE8/), RILEEHkE,
HEERBEARE, 7FnER
. ﬁiﬂﬁ“*' WAoo A BE LY _F L

Li,CO,=Li,0+CO, T
MgCO, =MgO+CO, T




