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B4 Helium, 53X P FPHEE R, helio £ S SCRFRMIEE, F&-ium 254
BRI . PELNE

1895 4F, SRUMFER 53— 5 [F AL 7 SR B o W (Travers M W,1872-1961) &%,  7EHIBIZ
AEBEGTE I, PR FNER AR, BRI E MR, IESE T AU R — R
A, XMTEE B, FERESETE.

BEJSTE 1898 4, SRINFRAE NAHSKIEMRIA T P B3 T 50, . .

1900 4F, i ATE F AL BUR PR P b R B T &

R, AL AL S EL T AN SUREA AN FRIESRRILT, EAEE T T
RIEARTIROMLE . X ALEA SRR, EERT AR IEE B TR, T
JRTH R AR/ B ERRI S B c R . TR AT R, ]
ALK, BT RR N B A

NEBPA R KTC B0, S SEER AR, B IARX BTS2 R R A B
1962 4, {EMNEE R AR5 [ H A4 2% 5K R 51 Rr (Bartlett N,1932~) 1 e & i th 35— M

PSR A W) NGO BRI Xe[PtF6], ZhEE 1 K HAZAE ATEAR . "FETE SR thpE
Z A SR
2. B

Y SR [, AT R R BAL 2R B 25 N2« CO2 « H20 J5 B8 F LA Ar LR A S ik
B FRIR M B AR I B R R PR (K 7V 40 B VR A R Ak

11. 2. 2 WA SAE R R AR E

(NI SRR NI N

G " i @ m =
TLEMNES He Ne Ar Kr Xe Rn
& F 8 2 10 18 36 54 86
R 4.003 20.18 39.95 83.80 131.3 222.0
Hr FREEH 152 252p¢ 3s7ps 4s?ps 5s2p¢ 6s7p¢
57 4% (pm) 93 112 154 169 160 220
EHRES
(J/mol) 2372 2081 1521 1351 1170 1037
R (kI/mol) | 0.09 1.8 6.3 9.7 13.7 18.0
% 5 (K) 0.95 24.48 83.95 116.55 161.15 202.15
A (K) 4.25 27.25 87.45 120.25 166.05 208.15
TE 7K (1 R
. 10.4 33. 2. 123 222
T (em¥dm® ) 8.8 0 3.6 62.6
HERSHF 5.2 5 3 5 s
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TINJGAT o FEGRZ MEBARIIE LN, A0 PR TS5 M P v A AP A A A Y — I — T R 3
MRS, AT AT LA i e

TR

RIS FIAE STULAT B o STULIT R AR MBS B, SRR U, AR
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1,=1175.7 kJ-mol~! =201 pm

{ 02—' 02+ + e i‘o{
Xe™ Xe' +e { I,=1171.5 kJ-mol! { R _=210 pm

LR FIRAARYE LA EHELR, D7HRG L OoPtRe I 575, B PtRe INZS R S5 BE/RINIIR S, 1
NIRRT 5 2 A5 B T — PR B (L ] A XePtFe:
Xe+PtFe—XePtFs
ZWEYEER FRue, HASERMK. SANETIEWRMEEFIU SRR, XU e nrgg
B TRMNEY) . EERTRIMATT DI, Bk R K R, Rk AU
2XePtFs+6H20—2Xet+021+2Pt02+ 12HF
[F4E 8 H, flfigk (H. H. Classen) TEAIAMIEREO T, BL1 15 ARILIEA RS
B, BEHAFHT XeFs, FRNAIIF T XeF Ml XeFso IR I EHA BT, TN
WO T2 G A R S P o
[F4E 8 H, flfigk (H. H. Classen) TEAIAMIEREO T, BL1 15 AFRILIEA RS
B, EEAFHT XeFs, FIKNHITFT XeF Fl XeFso IR E A BRI, BN
WO T G A R S P o
Xe RFA SRR IR, AR/ R RN Xe F1 Kr 4 R85 F 6tk
IRRH AR SRR A NS . BT R Z MR EY, BUT R LA
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Xe(@+3F2(g) XeFs(s) [n(Xe):n(F2) = 1:20] K(548K)=1.01x<108
Fo Kid &, I H R MBS 4K
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XeOs R ] DU I /K i S il 13, K Xe H1 O ANRe EL4E 5155 XeOs
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FERRME SRS, RN AR 218, PRI w] DL T 7K.
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T A AN R (R ER 43 e 2
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1. SR P AL E
n e
.i.lﬂd_ B C NO F N
Na Mg AS P SO
'K:(_:l'SCTI V¥ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br kr

Rb S Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn $b Te |1 Xe
Q'Bé‘;wrawmos Ir Pt Au Hg Tl Pb Bi Po At Rn

Fr- Rai': Rf Db Se Bh Hs Mt 110 111 112 114 118 118
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HE, fEMIR EREEHES o . ARFH T EEREINITE, 1ERRTE P KEAF
fE, RPHEZRAHM.

*  KELH

MR SE B WIR IS, RE R E 82%, & 17%, HETH<1%.

X AETR
= AT

3. AR ER
FEFENMNEG 3R, WANESABRE T 4H Al SH, EALLEK (D20) MR EET
KARKH, P2 HERF R E0 0.016%.

FXHE EXAR RAFE T W

F(E#)  protium H H g FAE
M (EFT])  deuterium H D e R R
MEEN)  tritium SH T i iR AL
* RENEHRAENFHR TER, BEERYS; farxXn “fE57 .
S A YN

— R OL T AN R R 2R A R AL 5 R B AR AR B ARG 2P T, 914 OBFs
5 VUBFs HIBEKE . ATV S MR LU TARSE. AR, SR A K R A R A
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H, D, H,0 D,0
b #E B 5/°C -252.8 -249.7 100.00 101.42
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2. ETEA S S AP T LR B 1
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ALiH + AICIs ==Li[AlHJ] + 3LiCl
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11.1.3 f#il%& (FFA5111A 500X 109m?)
(1) LR =ETIE
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Zn + H3O+ —Zn?" + 2H,0 + H, 1 S = R A BB A
TIE EHIE SRR S B & A
H,S 5 & ME ZnS H,S + Pb** + 2H,0 —PbS + 2H,0"

AsH, MBS MEAs  AsH;+3Ag,S0,+3H,0—6Ag+H;As0,+3H,S0,

SO, #iEJE H,S0, =4 SO, + 2KOH — K,S0; + H,0

L%

Hifi# 20% NaOH B 15% KOH /KIE, ¥ERER, R 32%
40H" — 02+2H,0 + 4e (FHHK)

2H,0 +2e" — 20H + Hy (B k)

(2) TolkAEF=Jrik

2945 il A 2B B R AT U GE Ny £ B R AR, T HAR R 5K (Bt

I BRI SN SEBLAY.

IR HA
CHA4(g) + H20(g) == 3 Ha(g) + CO(g)
Hrp P E ) =2z —KkKEK.
IKIES B
C (s) + HO(g == Hz(g) + CO(g)

Hrp AR E > Z HRE K.

Ha(g) + CO(g) Mt/a/KIE S, FITVIRRL, AT AN 7 i, (HA 9 TS, W2 &

H CO.
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CHa(g) + HO (g 3 Hz(g) + CO(g), AH®n=206.0 kJemol*

C (S) + HoO(Q > Ha(g) + CO(g), AH®, = 131.3 kJemol*
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AGa= AGi+ AiG

JITEA 9% =(n1g® +n2g®2 )/ng
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cathode (=)  anode (+)

Ja AR R B A

S s o F AR 2 7 1 4 B R A HF . KFL SbCIs Al KMnOs N JE R, B 2670 il 46 HY
KoMnFg FIT SbFs, LA KoMnFs A1 SbFs A JEEHE] % MnFg, MnFs AF25E, AR Fo:

2KMnO4+ 2KF + 10HF + 3H202 = 2K2MnFs+ 8H20 + 302

ShCls + SHF = ShFs + 5HCI
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2MnF4 — 2MnF3 + F2
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A= AT A AN BE F 7K 7 W L A i 2
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SIS E ik
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CIFy Gl S

2KMnO; + 2KF + 10HF + 3H,0; = 2K;MnFs + 8H,0 + 30;

SbCls + 5SHF = SbFs+ 5HCI




423K

KoMnFg + 2SbFs = 2KSbFs + MnF4

2MnFs =2MnF3+ F2 1

2. SRl

Tolbilig: ) B 1A 3B HL AR NaCl K AR Cl,
PR (f st sz @ k). 2CI(aq) = Clo(g) + 2¢

B (8:M):  2H20(1) + 2e=20H-(aq) + H2(g)

BJRRi: 2CH) + 2H,0(1) = 20H(ag) + Cla(g)+Ha(g)
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Na* P B 258 % 9] Ve ADRTSEEN SURE:
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MnCl, + C121+ 2H,0 2KMnO4 + 16HCI(K)
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=2MnCl; + 2KCI + 5C1,1+ 8H20

W Cladid /K, iR S, AN T 584 — BalifL .

TEFRHERS T, H1T ¢° (MnO2/Mn2%)=1.224V, ¢° (Clo/CI)=1.358V, E®<0, %A
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> Dol b E ik Br A - WTLLEIAS Bro A1 1, 3@ Clo 4L
F, 1320 Bro F1 1, S NER IR
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W, 5SS
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YV i R B B A AS BRI -
5Br - + BrO3~ + 6H* =3Br,+3H,0

> SIR A




2NaBr + 3H2S04 + MnO2 = 2NaHSO4(S) + MnSO,4 + 2H,0 + Br»
V9. B %

OS5 %= ik

Clx+2Nal = 2NaCl+l;

I2+5Cl>+6H,0 =2103-+10CI ~+12H*
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Rt RE 20, 006 | 36. 461 | 80, 912 | 127. 913
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M AR TR P B OREE, RAEESRAFTE R HF + H0 (H:O+....F)
HsO+ + F 4783, HF MBI, i HFE KBRS (5~15mol.L-1) ,
AR T R
@11 5 R J5 1
<] 15 - PRI J5E B ) AR 1

F<CI< Br< I
ol SRR TE IR BRI AT B 2 AP AR AU R A T IR R AT AU R N AT AR
SRR ED Eh AN Rl VT UL, (BFESREAVE T T T AR IR SR s T AR I 1k
J
4HI + 02=2l, + 2H,0
4HBr + 0,=2Br, + 2H,0 (18)
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PX3(s) + 3H.0 (I) =HsPOs(aq) + HX(g) (X=Br,I)
3Br; + 2P + 6H,0 = 2H3PO; + 6HBrt
3l2 + 2P + 6H, 0 = 2H3POs + 6HIT

() #FumeEt: i
12.3.2 Xib¥
KA. =R AR N TR TR A .




BRI E):CsF. &R, Mt4)R.

PR, BRTEM Y
A A 4k ):AgCl. AICls. SNnCls.

FeClss  TiCls
B. C. Siv N. P #ffgH xR EMILM AL ).
P«
BRI ISR RS
SN AL . B s BUR S S RV T ARV 7

PN
1. 1585 Wb
D% JE =Y.
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WE/K 1545 () 354(FH4) 526 (F+#) 655

OB A FFMERI s mE A E s — B PR B2

SnCl, SnCl , PbCl, PbCl,
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Jifg: Xo+KOH=KX+HXO+H,0
ET
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> NaClO %y /Kfig, W
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2ChL + 2Ca(CH), = Ca(ClO); + CaCl, + 2H,0

Ca(C10), + AHCI = CaCl, + 2C1, T +2H,0

Ca(CJO)Z + HZO + 6‘02 = CaCO3 + 2HC10 ik
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> ARG
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C. O FHIEFEE, O fFfE 2 M=r T n i,
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(Z) K ESFHEIEFHIRELHM:
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(=) #iREH: MPEMEESELEY RER. THRER. AR &)

13.33 MIEEED

(1) ZEFAEE. R ERA A L R

O F M

S+0,=90;

3FeS; + 80, = Fe304 + 6S0,1

2ZnS + 30, = 2Zn0 + 2501

© L )i

SO, & —Fh Tt A R LR S A4 B SR R 2.26 % . SO, W7, HIE N, 263K
REVRAL, S TK, WOLR 1dmé /K EREVE AR 40dm3 (1) SOz, AH T & 240N 10%I1 7%

o

SO, & —Fh KI5 4W), RIERIRW I EEFERLZ —. SO MBS M 84 5] iR ik

Pk, REABAAE RIE. 23 SOz & EAS @ 0.02md dm-2,

WA=

SO. 1 S HSEMECH+4, FTLL SO, BEA EMM XA IE G, HIBFE R EER . RA@

BSEIRJF N, SO A RISk

|3 R

3802 (HE) + KI0: +3H20 = 3H2S04 + KT
SO2 + Bz + 2H20 = HaSO4 + 2HBr

5

28 + O
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SOz + 2H2S = 38 + 2H20

773K
SO2 +2C0 5522—=S +2C02
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® JohuRER:  AREAUKIEBREAT R, RAETEKIEIRR, EEYFN SOa(aq):
H,S80, == H*'+ HSO, K= 1.7x1072
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Epwm HED, 0!  HS0,.S0LH,0) 05 s
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P HEIR EhE B SRR E A SO, o IR SERb S hIBUD B SO, f9—Fh i,
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TREREA it
TRESERETRTEE, Flincats03)2 AERATELETL, BEARAR
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A SO /Tt S R A, #4554 289.9K, 1l 5 317.8K, 263K i %5 A 2.29g €
8, 293K A 1.92g em3.
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iR S I R £

H2SO4 14514

S: sp® 24k, 7> 1 HBR
FAE 2 ot 24> o FECEESL, IEAFAE 2 N (p-d) m SAGHCHE .




:0
|

H—O0—S—O—H

[

0
dxz z d-pn .

RIS T2 S Ji T SPe AL IR L XA 5 (FCAZe) , RIS SRR AL 1 p
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SRR AR
SR KA FTNERZE, b <E B S K A 2 A AN A
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5 % & BOERELIS)
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3Zn +4H,50, () —2>32ZnS0, +S+H,0
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Tk IEAR T ANEEE A Tolk.
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ZHIRR A LS %, B2 B PR El A DL () 17 58 R 2R B 2 R d T AL &
Who H LIS A
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(3) EHRMRAIRE
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QBRASE. B SFRLSN, RSAANIEERE —RERELS. P
H; + S === H:S§ C+28=CS%
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GYIRAEE R TR RS

(@FRBET VR AR ER A AR -

35 + 6NaOH = 2Na3S + NazS03 + 3H20

S + 2HNO;(%) = H,50, + 2NO
(5) 5L T R A VA A5 R kel - & SR B D (VA 2R R B
H &
B ) 1 SR 7 B (2 6<L07L )] 85%~90% FH Tl HS04, HoAth A i& 045 H1li SO,
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(DM FE A I (HRRT0
3FeS; + 12C + 80, == Fe30, + 12CO + 6S
()08 R 1A 52 57 T £ Bt HoS Ak S0 T2 i 46 55 i 1) B iR AR

2H,5 + 0, 525+ 2H,0
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() LI BRI I T A2 1K) SO2 9k, il 45 HL 5 i -
SO, + 2HzS == 3S + 2H,0
SO, +C==S+CO;
RERBRZE T, T AR B SE AR BB . Bz8 R A A As d B BeIR G, U i
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1. AEA AR

B

Bl MASEZEESASHAEER HS:

SIS SR SRRIEAHI%  H2S:

FeS + H2304 = HZS + FeSO4
NaZS + HZSO4 - HZS + Na2504

H-RETARSKAEARE B4 B00, 50K, E-REER THEIATHLSAA,
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(DH2S BIKIEHORASIIR, EAEK P RS .

H,S == H'+HS

HS™ == H'+§"

Kal =1.3 X 10-8 Ka2=1.3 X 10-15

RO XH BB LI JLA:
® HUMLERIKIER, —IclRES. ©RE T SRS EXMEE B YITTRE 1 U8
FEAE HAR RS,
M?2*+H,S — MS(s)+2H*
® AETAAPHEARMMR, B EMMAR M.
2 HoS(aq) + O2 =2 S(s) + 2 H,0
HAME HoS EWIR T AKAERN RS
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H,S+2Fe® =S +3Fe™ + 2H"

LR EAT B 2 S, SOW%

H,S+ X,(Cl,,Br,) +4H,0 = H,S0, +8HX
5H,S+MnO; + 6H" = 2Mn** +5S+8H,0
5H,S+8Mn0O; +14H" =8Mn*" +550% +12H,0
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FeS CuS | ZnS |Ga2S3| GeS2 | As2Ss
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x 2 mitHHBEENERYE
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el LA 2 SR AT AR I IE 2R, 7EVANY HoS /KA HY Al S* WkEZ
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Naz2§ + H20 NaHS + NaOH

2Ca$ +2H20 Ca(HS)2 + Ca(OH)2
AlS3 + 6H20 —— 3H28t +2AI(OH)3 ¢

PbS + H20 ==HS" + Pb(OH)" £ 55 /K%




NazS ¥ s B, AT VE N SmARE . AlSs 5E 45K ff, MEFEIY CuS Fl PbS A 55 /K
fift o DRI IX SERRAL AN B R AV Y ) 45 o
S IKRA) © CraSs, AlSs

IMY +35746H,0=2M(0H),+3H,5 (M =AIC)

BRI
® FhfRiAMEE
MnS, FeS, CoS, NiS, ZnS

MS+2H" —— M? +H,5(q)

® K HCI FALE R

SnS+4HCI=SnCI; +H,S+2H*

SnS, +6HCI =SnClZ +2H,S+2H*
PbS+4HCI =PbCI? +H,S+2H"

Sh,S, +12HCI = 2SbCI +3H,S+6H"
Sb,S, +12HCI = 2SbCl,* +3H,S+6H" +2S
Bi,S, +8HCI = 2BiCl, +3H,S+2H"
CdS+4HCI =CdCIZ +H,S+2H"

® ik HNO; Wit

Bi,S, +8HNO, = 2Bi(NO,), + 2NO +3S+4H,0
3PbS+8HNO, =3Pb(NO,), + 2NO +3S+4H,0

3CuS+8HNO, =3Cu(NO,), +2NO +3S5+4H,0
3Ag,S+8HNO, =6AgNO, +2NO +35+4H,0

® T/KVAMR

2 ZHY
Na,S,, (NH,),S, Xx=26

215pm 2-
2- S .S S
Sx [/ N AN N\
S 104.
0
® il

Na,S+(n-1)S=Na,S,
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b8 X ERRER, i T
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ST+ 2H ==H,5(g) + (x-1)S ¥

SnS + (.\H4).2S2 = (.\'H4).ZSnS3
A5233 + 3.\'3232 = ZNa3AsS4 + S
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2 FHIVELIERZ (C)
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BET®: 53 L, MR AKX, e s s
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FHRE [LE%ET]
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CaC03+CO2+H,0=Ca(HCO:s),
Ca?*5 HCOs , B FHIAHK. r K, St&EeEUD, BIBHET rfHZEKR.
COs27KE e KT HCOs, [F] Ca(OH)2 ¥ (FH B 1A AOK HR) A CO2, ST T
VE, dRBHE COL MIPTIE R Vi -
@)K fiF
Tl < Ja R e Y Ak TR & PPl 2 S, 2k A /K YV 259 DXL 7K AR T 1) S i A4 A 553
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H, B 1 2.25 | 1.90 |2.01(IV) | 1.96(IV)| 2.33(IV)
FE—EEH | 1086.1| 787 762 709 716

Lns?np?:4 DM, 4 MEUE, RERTET. B, WILRAEAS. +2

C: sp sp> sp°
p-p[I C=C . C=0O. C=S. C=N
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(QEFEND |
B LEBRA1E S TEMBEE S, [E. AiE. S0, ik, Wik desmaEy,

KRS ERE TSGR ITRNE . B RS WAFEIF RN SJE 7 127

5

o RERAVGFEAFAMRRE — ZFnR. B EREAE Rk

[ 2]

55— MRS R AT AR 4 R R - 4 ?

(D) & ErHEIEFHRRESLNE:
BRI AUESS I AP (PPT)

URELPHAE, TR 8 Eh LAYy, AFLEPISUFSREUINA, RIME R, BRI

(EAR) , RE ARG b B 2 A AT

FRBS . fEmrARES 5, WL RS DA O B

(=) BT
171 RERARRLE)RrE
1. B&RKIEARNER

e
FigE Li Na K Rb Cs
JRF¥42/pn 123 154 203 216 235
B2 /pn 60 95 133 148 169
FH—HEH | kJ/mo | 520 496 419 403 376
B 1 7298 | 4562 | 3051 | 2633 | 2230
B A7 1.0 0.9 0.8 0.8 0.7
M+(g) K& /k] smol™ | —519 | -406 | -322 | -293 | —264
IS () 3.045 | 2.710 | 2.931 | 2.925 | 2.923

o EFEAME: +1
o LimEsMhiRE R A (JKILAEN-519 ki molt)

2« WEERIEAMR

YR Be Mg Ca Sr Ba

LR
JFF¥%/om 89 136 174 191 198
EF¥EE/pn 31 65 99 113 135
FE—HER KI/mo 900 738 590 550 503
FE_HEH | 1757 | 1451 1145 | 1064 965
FE=HEH 14849 | 7733 | 4912 | 4320 —
R A 1 1. 50 1.2 1.0 1.0 0.9




M+ (g) KB #/kT e mol™ | —2494 | -1921 | -1577 | -1443 | -1305
Pk AR 3 (BR) -1.85 | -2.372 | -2.868 | -2.89 | -2.91

® &R E—HEAEMEE K

o FEHME: +2

o HHEHINE, I+ 1= 2567 k] « molt LikAMEH K&

FEREEBR
roBAM L L roBAHE L0
Li 52 0.98 521 7295 Be 111 1.57 905 1868
Na 154 0.93 499 4591 Mg 160 1.31 742 1460
K 227 0.82 421 3088 Ca 197 1.00 593 1152
Rb 248 0.82 405 2675 Sr 215 0.95 552 1070
Cs 265 0.79 371 2436 Ba 218 0.89 564 971
> R TR R T

> HB PR R
> ERIERIEEHE R

AR

o4 E IA IIA

w OB T .

o | M Be

% /; ﬁ Na Mg

ﬁ_% i K Ca

i-ﬁ Rb Sr

ﬁ&'\ 5'; Cs Ba
JE T 42 W

aE. ERERE
L AE . A

Pl 1. A A L ¢ SUEECK? Be 1 ¢ FftiR/N?

S X 6 ) o0 F S A T bR AE BB Y 0%(0x/Red) (FA7: V)

Li/Li 3.04 Be2*/Be 1.97
Na*/Na 271 Mg2+/Mg 2.36
K+/K 2.93 Ca2/Ca 2.84
Rb-/Rb 2.92 S12+/Sr 2.89
Cs*/Cs 2.92 Ba’*/Ba 2.92

BB, X SHEFNREE OKRETH0N 25.3) FAFIMLIERE OKER
N-519 kJ mol™) #R 2 KA K.

¢"(Be?*/Be) MHRART FEH AN, HSHEBEREG K. TEFOKERAME: 11 (Be) +
I, (Be) = 2 656 kJ mol?,




3. EBH
(1) 55 H BEAL A MH. MH, BT RUELE;
(2) 5 O JIER A, 4y, BELY:
R4 R A F Y B R A &40 o
(3) 55 H0 M. (Fk Be. Mg M)

E: CMNNERRA £2R

4. KXTRYUY WHREE
PIFEA . LIAI(SIOs)2 KA. Na[AlSisOs]

HIK A7 K[AISisOg] Jekifi: KCI » MgCl, * 6H20 LA -

K(AIO)3(SO4)2 « 3H20

KA BesAly(SiOs)s ZEEENT: MgCOs3

KFEA: CaCOs FiE: CaSO42H,0 T . CaFa
KFE A SrSOq &5 BaSO4

§17.2 HJR

17.2.1 YrEEME R AL 2EME R

1. R MBI K g

BB AT, RN, M WA R AR
BREEEUN) , B SRR IR R
WLERAAHEAN, WERK, B BEAEE AR5
FERRD T MR 4 2 R e

2+ BFRHAL AR
(D 5% 6. B [RmRN, AN EY)
@© BRAERTTIRGE, T2 R A
Li,O NaO: KO RbO;  CsO2
BeO MgO Cao SrO Ba>O,
RIF2: A AEZ AT BREBEEITIF ZHRE?
e JRIR T RIS B ML F) RE B AR AL D o
Bl AG

Na,O -376 kJ mol?

Na2O- -430 kJ mol*?

NaO> -389.2 kJ mol*

AR T . SRR

2 BT R B




@ HAMR

IR e R R B E eI N BN S, ARE T EEANY), dTEAETEREX
42 (2.08) , A5, FrelEMREAET TSNS TR RAT, mARRA
IR K EE T

(2) H5K1EH
@© Bz 5 KA S A »
2M (s) +2 H0O (I) =2 M*(aq) + 2 OH (aq) + H2(9)
BN IK I S RN AE S E TR HLA . BN RER T TR ?
@ Bt BB K EA I SR«
M (s) + 2 H20 (I) = M**(aq) + 2 OH" (aq) + H2 (g)
P 88 DU IKE S BEZEAS TR SR S SRR R 2, B AR AR AR 2 A R AR il B0
HI A ORI T AT AR
Pl 3. AR bR AL AR S LUAN BB AR AR R N, A4 Li SKR B e
B H K S R AN?
Zro WS JE TR s, iR N R ZURR R e T ah ), W A Bk
I 2

HE & Li Na K Rb Cs

m.p./K 453.69 370.96 336.8 312.04 301.55
MOH £ 74 % # 5.3 26.4 19.1 17.9 258
S HRE /(mol- 1Y)

FEJFH
(DS SE, 5AKRMN P IEA 2 UE 1L
Q5K NI =R RN, — B B EERE N b, BHAS s B gk 4 i3t

~200f

(e
(4) 58IE ‘
FEARZKAR Z i A3 S ) —— 1 26 B )5« o

TiCls + 4Na=Ti + 4NaCl

ErGYkT mol

SiO2 + 2Mg=Si + 2MgO

-1000f

-1200

M 1 i 2 i
273 [ 173 1473 1873 2273
'K




B 5mE el
M(S) +Oc+y)NH, (D B M(NH,)? +& (NH, ), _———-
ESEME, REH

W BB B (35C)
BEBEAEM Li Na K Rb Cs

EME/ (mol- LY 15,7 108 11.8 12.5 13.0

AR, AR RS, R A F — R DG X 7R & A
SR EIE B AR IR BA R JERCIIESCIXAY R G T, BT
4~6 > NH3 ff] “Z2X7 i,

A TR T -
2Na + 2NHz == 2NaNHz + H; 1

(9> MR BRAERSH&

B H) B W TR TR

Wi 7245 282

JEF¥4%: 89pm

HFAE: 31pm

A 1.57

H TR AR TR N OMUNTEBERRETTER, A THERTER)
B SO R MU TR R, W TRERE®ITR) TS st
s R R, MEREETRFEERRETFRLEY.

T

B RILASF T FIR L E o R B P
(1) Peh T3Rm S REE N RY A S KER, mRKREEEREE. 5. 8. 955
57K o




(2) FREMBRPITER, TR S T0 3 BB A8 2 S b sl s B 1 1 o
(3) PEERIREI KM VU AL B T [Be(H20)a]?*, HEARE, XHHISS 7 O—H
B, RSB T R E T B -

[Be(H20)4]2+ _— [Be(OH)(HzO)3]+ + H*
PRI SR AE Al K R R VE R . M ERIVE e ER CBERRAN) IIERIIRA KAEER -

PSR

®’E: 2AMEK, KA. CEYREFTAR?
2 Na(s) + 2 H0(l) == Na* (aq) + 2 OH" (aq) + Ha(g) 1
2 Na(s) + CHsCH,OH(l) == 2 CHsCHONa(l) + Ha(g) 1
Na(s) + (x+y) NHs (1) == Na*(NH3)x + " (NH3)y

T4 R B O B B Y s
M,P P X MX (X=KH)
N, S
M,N (M = Li) M,S
M,0 (M=Li, Na)
‘ H, o
MHe———pN L2 M,0, (M= Na, K, Rb, Cs)
0, MO, (M=K,Rb,Cs)
+
NH, (el 1)
MNH,+H,. | o
AT Fe £#(E L~ M,CO,
:M0H+}L+__EEQ___
. Hg y
KT —-—ﬁNH:" M+ + e

B 4 R B o YR S 7




MX,

N, O,
M;N, MO, (M = Ba), MO
(M =Mg)
1,0 NH
M(OH), + H, M — M(NH,), + H,
(M =Ca, Sr, Ba)
KAES NaOH
MO + H, HMO, + H, (M =Be)
(M = Be, Mg) 3

MH, (M = Ca, Sr, Ba)

17.2.2 BJREIH) %

1. JaEh ek

HiLfi# & 58~59% (CaCly) f¥5ml NaCl
FHAR: 2CI == Cl, +2¢°
FA#%: 2Na*+2e ==2Na
B R 2 NaCl (I) == 2 Na (I) + Cl, (g)

o [FJE A, P/ Na 4% % il 4 s I

o WRGIRE NN, W Na A EEIRRM, 5Tk

2. RIE R
BRLOHN. BV SRS IER, TR TR ALY BOE IR &R MOE TR A R B AT
&, FIREAIER M8 . AT R Ellingham FEE4T FI07 .

3 AL
il <5 J R RS LA S N A AR A PR
2MN3 == 2M + 3N, (M =Na, K, Rb, Cs)

() HIM/NGs:

3. KSR e B TR I A AR 51 A Ve R AT e T AR I SRR, B
FREEFIRETT

4, T m ANt e Jm TR BTSSR L TERT . IR A SRR E TR A BN,
SIEE 5 222 A A48
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1. PAIRTHE Bt &R o R B AR R O
A. 3155 Ho EEME M MH. MH, B 7RIS
B. #55 H0

C. ¥nl5 O JERUIEH Ay, RN, &R
D. ¥ 5k m AL AR AL 54 -

2 PHIUEE IR O

C.#5. B8 A5 7K SR IZE AN G A 08 sl < o AR A fal] £
D. &R 57K 1 SN AE SR % TR A HLE 77

C B 55 7 5 B Jl 21

D. BRI 7R 2= e PR A S A PRI i T A5 AR

. AW
1. &R BEAEE N, BEAN, B BARRRES . D
2. WE&ETENEEMMY 2 b o e s rE ) (55 .

FTRE [RERE]
WE1ENL:
P542 71 3. 4. 6 BR{EA I,
WiEM: 532 b, HREATRX, sEREEs s
L R AR A ATt ot 4 5K N EIEA AT TR ?
pIREEN PR A CIpTIDNE R 2
3. HIRENH AARESHIAER? Ei T Na ATRAE KC1 Hr il K 34 J5 sk i JE 3 A

4. BB A KRR YE?

H£3W WMEEARLEEBRNLEY (41, 42)
Fo+—R (& E%¥]
(—) EF I3
% H B E T AR AR L @8 (5 URE THR—ERA) » TH
BAMLS G R, WATTERET & S 58 58 M R R S ]
MPEES (BITRRRERFIBZE)

MR 4. EJEEND 973 2T )
MR 5: Bl e ANt < S A (6 73 25 )




AT 6: ERIE MR (3 4 338D
PSR T: SRS K ES5EE (24 48F)
AR 8: EhAFRENE (2 43 54 FD)

A 9. HEREREM A (7 73 59 #0)

M 10:  BEAURRIRYE (4 73 29 B

S bR IS GRS A BB E SI FIS0b [ 32 S B AR 1 4R

L. B Ja el - < R S S A P B A e 2

2. W& RO 4 JE Hh VA A AR A ?

SHFIES (REMEHRTER, KT RERR. WHE

SHEATS: HKAMTE RN A TERATS 1 FIES 2

55 1 A 1, FHES ARl R AR <5 ARl - < R Bk IR R O AR e 1 2

fE55 2. A2 2, 280 UL A A
(2D BRSPS, QQ HEHTESW IR

) FBES MBS B 5, fEBhEE R, FHEEAT H %, MBURR A

Gy PR, FUMMEUR SRR, TR 7 A B A IR L, NIRRT
BRI, FE TR AR RO FERE A R B IRACE .

Fo kiR [REHE]

2 b2 3] A e AR T e JE AR L e JE AL S IV BT 3T, ER RSO R S A AR
A ML, PR EARFA AR SRR, 1SS ST B R, DL B e A 46
AL B SIHOR GRFID ARG 0 OFND 31808, AR v, S UFubl, 45
FOHEMES, ROER, FTHREHEARER, (ARG IR A 2.

[in) 1]
Tk 4 A = 8 A S YA RS, PR A A4 AR ?
(QEFE |

702 S 12 R S0 R 0] R R T 2
() & EHGHZEIIESHRE LH:
RS ARSI AN (PPTY  (EA%) , IR p eI P B 22k
TR PR, R 8 MBHDLA, SEULEMUFSRIENA, RIMES, B2HmsE
BRI B S A0, SRR AR R B 5 R, (B O 3 B A i L ER A
(=) Y BERIRLERNILEY
17.3.1 &4
Eiain
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L E(027) FasEtE: 0*>0y > 02>

A AA(027)
il &
Hi%: 2Na+0;—Na0; K+ 0;— KO,
[B]4%: NayO,+2Na — 2Na,O
2KNO; + 10K — 6K20 + N
MCO; — MO + CO; (g)

1. TEEND
(1) &R Eiy)
HFRGR, L0 A — et
S (R S
(2) WtERE
BT, B (BeO BRI
& RS T B A ——ah Ak A K
(3) 5K, BIEEAYIEN
Na,O+H,0—>2NaOH

CaO+H,0——>Ca(OH), (o chiksp)

CaO+SiO, —=—CaSiO,

M, O+H,0——>2MOH  (Li->Cs RizifE

M, O+H,0——>2MOH (BeO BRSH)

3Ca0+P,0, — % Ca,(PO,), (HRHTERZ

Li,0+CO,—Li,CO,

2. TEML
(1 H4%

2Na,0+0, — " _39Na,0,
2Ba0+0, — =K 5 2Ba0,

(2) 5KEERAE
Na,0,+2H,0—H,0,+2NaOH
BaO,+H,SO, ——BasSO, | +H,0,

HLO, Hy 2 1 % 4 3%
2H,0, =2H,0+0, T

R




(3) sl

Cr,0,+3Na,0, —2Na,CrO,+Na,O

ABETK A TK
MnO, +Na,0, —% 5 Na,MnO,
ABETK A TK

FEAT I A P Bk AR A, RS A MR R B A 2 R Tt SRR NaxO2 S HRAE.
vk Bk S SR VEYD R 2, AR B e

(4> FAKERH
2Na,0,+2C0O, —2Na,CO,+0, T 5 5 AL
3. EEMY

(02):  [KK(0)(675)"(055)" (m5)" (' 5,)°]
o JFREE  FRELIE
o SKRIZUR R
2KO, + 2H,0——>2KOH+H,0, + 0,
o 5 COy/KIN, TS
4MO, +2C0,——2M,C0, +30, T

KO, FIT#K. Bl%E

1732 SEMD

1. VBN

L LE A, SRR T
S[ENEERE s(g/100g 7K)

LiOH NaOH KOH RbOH CsOH

13 109 112 180 395.5
Be(OH), Mg(OH), Ca(OH), Sr(OH), Ba(OH),
0.0002  0.0009 0156  0.81 3.84

O e BEEANY>>t S B A A NY

@ FERITCR DA B T IZHE k.
BB BTNAUBABESHETFS Z/t RR W
2. Bk




Fl—HRTC R A A LB 1 o
[l —JE 3mSR A>Tl - < R A A

LiOH NaOH KOH
H 5k T, G

Be(OH), Mg(OH), Ca(OH),
A P R G

RbOH CsOH

Gl G
Sr(OH), Ba(OH),
G G

(R340 1) mRoPES 50, BRI K

NaOH >Mg(OH):

BT r
3. MR
® HmRME Y R
2NaOH + Si0; = Na,SiO; + H;0
Ca(OH); + CO; = CaCOs|+ H;0
o STk 4JE v
Zn +2NaOH + 2H;O0 = Na;[Zn(OH),] + H,1
o HIAE&JE M
4P + 3NaOH + 3H;0 = 3NaH,PO; + PH;
Si + 2NaOH + H,0 = Na,SiO; + 2H;! |
o IR

Mg(OH), _A_ MgO + H,0

17.3.3 S4
s X HLF (Fk Bew Mg 4h) MIREERE T RA D)
1. AfafEk, #faeEttzE

Ll NaH KH RbH CsH
1%
ArHL(kI/mol) 994 573 577 543 -49.3

LiH f&faE

NaCl
-441




) AR A HlJomol L MH #Z{8)i5/pm H- 30 E pm

ARHEAR/ (dmol ) GKESA)

LiH 912 204 137 011.3
NaH 565 244 146 8062
KH -57.7 285 152 711.7
RbH ~ 544 302 154 646.0
CsH 498 319 152 695
CaH, 1743 232 ~ 285% 138 2 426.7
SrH, an 249 ~ 306* 138 22594
BaH, -189.9 267 ~ 328 138 21673
¥ S E -GN EMEE R A2 MEMH 2R
2, R MR
¢9(H2 /H™)=-2.25V
2LIH+TiO, ——Ti+ 2LIOH
4NaH + TIC'4 —>Ti+4NaCl + 2H2 — ERHIR
3. BIZIAKfE
MH+H,0——>MOH+H, (9)
CaH, +2H,0——>Ca(OH), +2H, (0  __gypppen 5
4. FEREAEND
4LiH + AlCl, — 22 % ) i[AIH, ]+ 3LiCl
MUK AR
LiAIH,, +4H,0——LiOH + Al(OH), + 4H,
17.34 #HA
1. ERBERIEE RN
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f#15: x=1.94X10° mol-L!

=1.12 X107




(0> BomeH. CPEEED

9.4 A PR H

9.4.1 REFEBMATEE L

K efH AR, FTRZBe & 7 A - EA W B T A PR R

B A ot B 155 MO A HE B BT 11 14 5 - 5 E 85 ) A 128 S LA 11448 R R
=

TN o

S55EBMREN, —EFHTREYERRPEEERTE
Cu(NH,),** = Cu?*+4NH,

ATEEERzRT [Cu**][NH;]* AL & HIMK.
T Kepm———— THEEEN N
[Cu(NHy),*'] it

Cu?*+4NH;=—=Cu(NH,) >
_[Cu(NH,),*']
1 2 lca e RERE
Krp=——
8 K%
® ZLBEEL
£ AL B L R 4 5 AT
[Cu(NH3)**] oy
. \ — — i
2+ — 2+ K,= =
Cu?*+NH; Cu(NH;) 1 [Cur ] X [NH,)] EEH
[Cu(NH;),**]

. 2+ — 2+ = — 4
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TiOs : AFRERA, &404. KA, AERR, RNET/KEME, ArUAAGEH Tio T
KUK -

FEMRT: P (HERME R ERIR TS A

BT AR, KRR

TiOSO4+2NaOH=TiO, H,0+Na,SO;4

TiOz+6HF=H2[TiFs]+2Hz0

TiO,+2H,S04=Ti(S04)2+2H0

TiO2+H2S04=TiOSOs+H,0

g R RIK AT % 1) TIOSOs RIETE W, 195IaflVEkIR, FRIEEKER, ¥ TRRAIm
TRAPE. AR TIRERER T R BRIE N, (BN EWh R KR, REIAET
B2 BREKE AR DTE, BIBYBERRR, 43T Ut 5 AL HoTiOs

Fi&:

TiO, M AR, HAERE /0. Hrifdem, TR T HliE s A g, ek
AEE(ZnO)FF ATEAETE [P(OH)COs] MMM, BRI SR TT, fEmgithi
RPERE . 1 SER AT LA 450 P 7 UK TR RIS S A .

TiO, WA B AR R I A s 7, LA T A )e .

TiOo KLy B Y-S Mae, HULHTGE. Bt MEMEs . e tEiSRes, Bl
H 5 2 ARG A S B IR SR L

TEAME (2r02)

ZrO, A1 HFO #i & A (Ll i, AT K, @ld . LMSTEZERR. " enImKs
AR ER HI45

ZrO; AWML, W TIRAERHERN L, 7 i N St 4 s i ik .

TEIKIEPAATAE Ze%, i AR A1) ZrO B8 5 171

2MgCl, + Ti




ZrO, + 2H,S0 (#)=Zr(50,), + 2H,0
Zr(80,), + H,0 = ZrOso, + H,80,
AR A Zr0; xH20, FR @ BUEEER HaZrO4
& Zr(IV) SR S IR AE F B A B /K A T 45
ZrOCly + (x+1) H,O = ZrO; xH0 + 2HCI

Y. BB, TR, MAAEEARR B A HoZrOs(fmsiR) . MM ERIA T # 1k iR
R A IR

BEIR Hh R K il <

B4 8 B R R IR R L /DN, R A K i

NazZrOs; + 2H,0 = ZrO(OH); + 2NaOH

BRRRAE K TP R AR K AR, K AR L R0 o

2.1k

(1) TiCls:

YIERVERR . TCOMUA(mp: 249 K, bp: 409.5K), A&k, W5 KM, EEEES
ha M. g B REEER . BT TSR, BN, AR, FrUAERR
VRV P R BAFAE TIO? (BRI F) o TiCly EZH THIE 4 k.

P2 I

TiCls+3H,0=H,TiOs| +4HCI

RAEFB I KA

TiCls+H,0=TiOCl,| +2HCI
2TiCly + H,=2TiCl; + 2HCI
2TiCly + Zn = 2TiCls+2nCl,

TiO?* ke : TiO?* +Ho0:=TiO(H202)* (35 FE H B, SRER PG4 1)

() =&k

PIERPERG . KE TiCly: bk, 78 TiCl Widmh ik 2B, JEEASILE RN
A, WTE BEER B AR R g, g0 A2: [Ti(H20)6Cls,

[Ti(H20)sCI]Cl, H,0.

WFEM: (Ti3" >sn?")

3Ti0?" + Al + 6H" = 3Ti#" + AR + 3H.0

Tid" + Fe3" + H,0 = Ti0?" + Fe?" + 2H"

il %«

2TiCly+2Zn=2TiCl;+ZnCl,

2Ti+6HCI=2TiCls+3H,1

F3&:TiCls 1T FAEMG & € 17 5 IO AL 77

()P S ALHE (ZrCly)




AR R, TERNEZE SR sh %, EKRZUK .

ZrCly + 9H,0 = ZrOCl-8 H,0 + 2 HCI

IKIRFTASRIMIF=4) ZrOCl, -8 H20, My T bR, (HEEWE T /K, MW HT i 2
VU7 AR IR S AR B DR e, 36 T ) s v A

(&) VU FAGEE (ZrFs)

Tk, BAERITHE, JLTFAETK: SRAOEERTAER  (NH)ZrFe], ET1E
RNk T o0 fif, IR I0 ZrFs 78 873 K JFUETHAE, FIFIX Rt vy s 58 K e ¢
JR5 B

NH2)2[ZrFs]=ZrFs +2 NH:1+2 HF?

BERIER I 50

FIFE SRR VA AR L2200 3 B9 o EhIRIK /N T 8~9 mol LI, V£ ZrOCl2 5 HfOCI,
AHIE, FRERIRE KT 8~9 mol LI, ¥Af#ESEE ZrOCl, KT HfOCl,. 7E 673~723K I, 4 )@k
A LLKG ZrCly 3B J5 R XEFE K ZrCls, 10 HICL A& #iEs iR R o 3ZrCla+ Zr = 4ZrCls

A

(D)EK (H0) B &

Ti(IV): IEHMFEE, PEE/N68 nm), M PRt ER R, RAMREAIRIL T, L
FAE Ti(V) BRI ARAAE R K SRS T [Ti(H0)6e)* s RAFERR AL . 78
HCIOs H1: [Ti(OH)2(H20)a)2" (fRi'5 1k TiOZ", #LWEES T); ERMEIE -

[Ti(OH)a(H20)2], TiO2 4H20.

Q) 5EME A

TiCly TERT 1 1770 73 A B A il — 26

TiCls + 2ROH = TiCIy(OR), + 2 HCI

IMANTE S CABREE HCL,  Be A oy s 2h:

TiCls + 4ROH + 4 NH; = Ti(OR)s + 4 NH.CI

(3) 53t AAL S (H20) B A4

fE Ti(IV) B S, BRI BALt, fERERE P VA T R 3R

JEEH: 02 BT,

pH /MF 1 HERE T2 [Ti(02)(OH)(H20)4"

pH =1~3: HERE TR Ti0s2

BRI S

BEFIES ITC A4 2 2 AT I B9 1 [M X6 > FE AT LE

TE Mo ZrFe UL G, KoZrFe VAR FE BB RE 1 FH i 380K, R FH L o mT AT EE 4
AR AL,

(NHa)2ZrFe AN AT 73 fif




(NH4)2ZrFg = ZrFs+ 2NHgz 1+ 2HF 1 (ZrFq /£ 873K FH4E, AJ LLFR 4%
B BIC S KoHTFs « (NHa)2HTFg VA AR L A5 T S0 K
BERVER e B LI A0 M(OCaH,) i s AR[H . (P794)
AR FH AP TR 43 B R AR
(M) M. ESBEREE
19.1 5[&
d XJoE(d X4J8): FIRT ARG MR d REE TR,
IB. 1IBEICEN (n-1) d PUELC A, (HXMBIT R WL AE V2 7 i 5 )%
TOERARRL, B2 N T e TR TR G .
X ds X, d XA FIX;
tb4b: d X HIB~VIIIB % 8 MNEF, 24 Fiyc#k
HoLERTR: BLER.
BodERTE, BEdERTR: BELER.
FLANE 22 R AR LT3
B EhL BN RITE
BREk. &, BAMOZEVIIENZ P Rus Os. Rh. Ir. Pd. PtFRCNHIRITE .

H He
Li Be B C N O F Ne
Na Mg Al Si P S Cl Ar

K CajSc Ti V Cr Mn Fe Co Ni JCu Zn Ga Ge As Se Br Kr
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd JAg Cd |In Sn Sb Te || Xe

CsBaL“u'HfTaWReOs Ir Pt JAu Hg Tl Pb Bi Po At Rn

Fr Ra Lr' Rf Db S¢ Bh Hs Mt 110 J111 112 118 116 118
sblock d block p block

LaCe Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu

A Thpa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

H He

Li Be B CNGOF N

e o [Tk | e= | | ||

K Cal§c T V Cr Mn Fe Co NifCu zn : Kr

Rb r|Y|[zZr No Mo Tc Ru Rh Pd Cd T ST Sp Xe

Cs Ba|i*|Hf Ta W Re Os I —l-ku/Po At Rn

_ Cimiez]

Fr Ra Lr|Rf Db S Bh Hs Mt 110 111 m| T e

sblock d block p block

LLLUJ7IJ Bk Cf Es Fm Md No Lr:
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fXIGH AL RIGF
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1. TR B B FEHRME

d X R P EMAE: (n-1)d10nst?

Bk Pd(3d*4s%) 1 T B[(n-1)d'°ns']4k, B KA d L BRIVEH R A 1~2 41
T HMENE TR BT Z R R 7 .

2. TR ILFEM R

FE[R] M -

QW elEteRm, FHFE, mEs. Sl F. ERrELr.

QR id P4 JEm i Bk A U, B 5 RE D8R, T E R IR AL

QB EBIAh (B , EATEMFAE L FANDS.

(Q)KE B F RIS 78 20— e s,

(B) E AT J5 A1 B T BUIE & W ) 1) AR

(6) I T SRz Ak 50 o

3. LE LR PTERE KRR

(DF U Ru R BT, BV A, BIRESRRER N B e A

(2)d X e FEHLANB o & A S M ik . Re 5. K. IR RN

Q) . = R TT R ANHIRIB EEISN AR SRR S, W AT Pt A 59R
BRI, {HETE/K, Ndv Taw Ru. Rh. Os. Ir ZAR5 F K&,

A A A BATEIRMERAC. B N BN ER K.
4. B ESIR AR E MR

o A& WA

& R R LT F5(W)  3683220°C

o HHEK

WERE R4 : % (Cr) BEIR 9.0

o IR

EERKMET: #(0s)22.48 g em®

o G, T, WEFEMELT

TR ERREUN, MRS %, R d BT, sHTHS 58
BRI, 4R,

BEE T P BUSEN,  JRTERgAR N, ER] T T B RS IR X R
BT Z* (74 SRR .

AT B i Y R R 1) R X AT ?

Mn A LR 8L 3d%4s2, Cu BUMHL-FHAY: 3d04st, 3d ALl Ayt 7 FH 4 7809 10
e, Z5EMEREMRE S, HImE SR,
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5. MENREENSRIULLTHME (5 s XA p KTRHAESMSEAMEN
Mg EREMAR? )

D ESETRA RS, EEA /N TR SRS

()58 — 1 R T RBRPIIME T 2R 25 4s2 TR+ SEAL ST T

(3)HI T 3d Fl 4s P RERAHIT, BRIk 2i—A 3d HFIE R+ LA 1.

@BEEEF RN, AR BT, kB S HRET B B A
I Ti 2 Mn (85 s A S AR REEEMY) . SAksi @b s , Fis HIURE
.

(5) Al —Ju 3 A AR A IS o

(6)55 — LV RAN G FE LR (V,Cr,MnFe,Co) AEHIMELAALZ, BT S R R
T 2T RO BRI &) o

;;lf Sc Ti Vv Cr Mn | Fe Co N1
+1 |1 o0 | =8 L S VO S [ I S
. +H1 |+ |+ |+10 [+OD |40 | +00 |+
L 4V |2V IV V|V
A& +V
+VI |+VI |+VI
+VIl
Y | Zr [ Nb|Mo| Te | Ru | Rh | Pd
=
+II [+11
+11 [+ |+ |+1I HIT |l +11
+I01 |+ |[+IT +1 |+ +IV ﬁ I
HAib +IV |[+IV [+IV [+IV eV " +IV
& VAV
+VI [+VI
RS VI

6. HPTTR MR LR S E R &R LA AR A R ?




FAALE: AR AR AL o
(D FffTER, ARESHIERY), FHm b B BRI VRS, Bl
58, X2 T HOK G Y AR AL B H e
Mn20O7 MnOsz;  MnO; Mn203 MnO
SRERTE  MRYE Pk SamEME B
(2) [FA—1d RN S TTR N BAS K AN PR EY, WEEIATRERSS, R

E T
Sc,03 TiO2 CrOs Mn,O7
SRR, P 1 R TRIR

KT O R TR TR R, X ER TAE SRR, R .
(3) FkIEE, A LN & uaAARRS R L HOKEY), 8RR
59, BPERG R

H.>CrOg4 H2Mo00O4 HoWO4
HHERIR S9IR PP D R

AF: HFERIN BB RGNz 18, Btk ingg1g .

7. SETRAMTHBCRRRRESYRGE N ? ETRRKEE T AT Rl —
SERIBIE?

(D dPETTRERMNMEBEFIIEZ G AN 0-1)d 108, 1> sHuE, 34 p H).

(2) B T HUTE T DA SZ LR B 10 TR R o OB

(3) d 7B K E e R AT LLS RSP R d-n St

(4> (n-1)d BUIE_E T BRGSO VN, A B0 B 8GR, AR TR 51
5iE, BRI R

(5) FELEETIHETZEM2E 18 8. X8 ke i FiAs
TEAEHE R SR A o

T I 4 1 R T T S A R B ) AR

e B d PUEATE TSI SEER 2 T8 N VR & HARXS B SAEBOR, &85
TS TR B A ELAE R s, AT DA SRR E RS

G B 7242 AE 0.075~0.06nm YEIHE N I BC S VIR I ECR Y, FERINAER AL AL
g, HLRE.

R TCER KRG BT RE A € Mg, XRF YT ERIT(d-d BRIT) Rk —
FAE BT LG TE R (O, d0 S5 M BB T TR fA):

IKE BT Mg

Tidt  vZ o v Cr¥ Mn?t Fe?* Fe¥ Co?* Ni?

8K @ WE WG KRG RE WA g

&Y E R TEH LR




PUEL: AR T . A RECLRCRRIRES 2 BT RS &700 (5 5]

Qerl: AIVETERIE O, KED NS

FEM AT, 285et, totits, HERRE.

ERAEHEMR d KITRK—PNEZRE, REZFLIIRREHZ d X

TLERWEY.
2]:@,: a-Fe;03 CdS/CdsSe Pb3O4
(LB AER) (FR4r) (ZLERHD)

VI 2 [B SR AE AT AH R (R BR A0 FH &5 S 35 A A S I @ ok (i
Cd,Cr,Hg,Mo,5) HIZiel. Bk, KEEM. LM LIER L JE B .
8. MRS KB FEMAMRR? M ABVIRKIERA BIFH L ERE?
d X&EFy d PUBE R, ARENHET, Brele)d LHAEW 2 RIEETE .
d XoaEmIEEEEEA NS R TES AL B3, BE 5 H— Mgt
25— BRI FH A K.
XPTVIENR, —l S5 H dBFRE, SRR mEE, SEarymEis
Ko
(H) BTN
1. AT ETC RS ), R EER TR M BT B 0 i A S TR
PR R, FEFEIEY d XESETRENAS. SmASE) & IHKE S IR
P, R RARE N, KE BT LA S FR AR B S5 A A A
2. FERREIGEICR PR A B, T iR e A IERRIRL 2 f A B 2 07 T ) B
H.
(%) BER PRI
—. BEE

1. FAIBEIERRE (B)

A, WPEICRFA R EE T E TR K

B. ME LKA —HEMN EE FEEMASBTRE

C. $—idIE RICRE RPN H2 LS T A7

D. I R &R AR WIS B4 (K k3 5

2. FHIBLEAIESTIZ (A

A TiCly TEKH R Z) KA NN R85 ER I T B 1 HK i

B. V4 VSEEW T P VO, VO B VO3 . VOB AELE .

C. &BELAPIIARRIER E IR T B AR

D. H TiCli#l#% 4 )8 Tilf, —H4E)E Mg fEIBJER], AR Hy 2558 55

= AWE
1. BEEHW pH ARG, PR SR & K, Wt iR A s th. . ()




2. Zr A HE RGP FORAATTAE L2 85, AT A5 G S I R 22000 R 0 88 (D)

FTHKR [REEF]

WEEL:
bt P629 1. 2. 3EEEA L.
WEITR: 5R2ICLE, MR EAETRX, SERIUEES A
1. BH-TJERVERTRNESAERIEERES . BT ASEA T LB

e
2. W TEEK LA LHAMNS, KABTRRIAOEY, SRR SR R
fa?

3. Ti 5 Si KA SEIA A A FLH SR ?

F3W HEKE (59
FA4T #EE (59,60)

F=1TE (£ L2%E3]

(—) FEIRB)

S FRIT R GRAT KA AR S22 Sl A, THRE S S ER, AR
B BTSSR 5E R E R R FE A A2 )
MFEIES (BITSERRERAIE %)

WA 7. B SE M (3:25)

WA 8: FRIEALY) (2:33)

A 9: RIS AR ER (3:01)

AT 10: Rtk (1:45)

A 11: HEFEE (2:27)

A 12: ESPIPRT (4:32)

A 13: Cr(111) L&) (12:12)

A 14: Cr (VD L&) (11:28)

AT 15: AHANED B st S S S8k B (7:24)

2 LT IR CGREATT WA ST A S0 B S R AR B A1)
1. Ti 5 Si MR A A A AR SO ?

2+ V05V S IRBEAT AT A SR T i) o5 < JR AL 2
3. % Cry Mo WP gJmidiktE. R BRI TAMSTEN. ZmhdS S aRRE

AATEZFH? Cry Moy W &) A2 Wi i £ (¥ ?

FHFEIES (& EMEHFRRMEM, &TRERR. W)
SRS UKL RERAES | AIES 2




55 1. 221, g AN S Cr(I) e 2 e B A4 5 [F) 2

fE55 2. 242, BBINHFRZIRNEZIR, HRENHRZROTT TR (R A
)
() BEFETE. QQ BHFHATER T

O E B E MBI #b e, i Bhek BB, FHEEIT B %, [MEURERH
AN GBI R, FOMME PR AR, 7R 7 A B e e A, 2R SRR
AEXSE, FE T AR AL B R ERRCR

F=TR [REHE]

2 b s] D se sl TLENIR . B AR R AR S R LA B B P SRR T IR 27 2]
EXTPLENR . BBt R EEAS SR ERA e, PRSI A SRR AT
Wi, TSRS ST, DARE RGeS 56 S AR 2 B S RCR GRTIND AR5 5K
Ol 223 80R, ARBRSUEONE, R, a0l sIEs, R, =R
BRI IRE HEAR R

[ 1]
“Rtem” TRERAMA?
[ 2]

BB B REES . A AR E PEHE R anfi ?
(Z) & b H%2E5 HIRE ST

BRSPS I AP (PP (EAE) , BREHCA PEE AR B th 2 AR BT IR
PHE, ZOR 8 o BRLIN, SELEFREUFSRUINE, RME L, B2 AUTECEAR R 5 e
5. e RS 5, WL s UL A O R B
(=) FUmREH: FRIKR. KB TTRERZLEY

Fi PPT36-38 T %h
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—, SO)KtLE
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il I DU =, T AR sk = A A B8 (CraO) [ -
4Cr+30,=2Cr,03
(NH4)2Cr207=Cr;03+N1+4H,0
4Cr03=2Cr,03+3021
Pt A
Cr205+3H2S04==Cra(SO4)s+3H20
Cr,03+2NaOH+3H,0===2NaCr(OH).
A IR (L EOIR /K B 484 6 (Cr203 xH20) Ut E
SEAEE M T K, BAME.
G TIR: R ER[Cr(H0)6]*;
Gt T eI [Cr(OH)4] -
Cr(OH)s+3H*=Cr¥*+3H,0
Cr(OH)s+OH-=[Cr(OH)a]
TERRE T, [Cr(OH)a] B AIE R .
2[Cr(OH)a] (4 1) +3H,0,+20H=CrO2(# ) +8H,0
2. B ERFND S R L
FERRMERMET, =ML Crv B PRI, ERIERME T, =0 LR IR
{AFLES
IR TER A Cr3+if s CrOy, TE/KH#AT AKIRAEF -
HRIR LIRS, KERRERR, JFFRBREHEEGY) CGELREN) , REHEH
(17K f# =442 Cr(OH)s
2Cr** +3 % +6 H,0—— Cr(OH),(s) +3 H,5(g)
2Cr* +3 CO¥ +3 H,0——2 Cr(OH),(s) +3 CO,(g)

IR JE

MR, =ML CrvE TR EAE, BAE AN U 75 s 4 71
41 KMnO4. HIO4. (NH4)2S,08 %% .

10Cr¥*+6MnO4+11H,0===5Cr,07%+6Mn2*+22H*

AT

Cr** +Zn(s) — 2Cr* () + Zn*

WA R

WA R L R H UL RS TS BR B NaCrOg, "EAE KR /K AR A o INFAE W, W58
VNI (VNP

o5

CrO,+ 2H,0 1 Cr(OH), 4 +OH"




Cr() I Bc &4

Cr(1)#h 2 HL 72514 3d%4s%4p0, & BB A& d2sp® A4k ¥\ HIAZE 1, 7[5 H0. CIy
NHz(l). Cr207v OH\ CN'. SCNSFRELATE UK &R —EARL &4, LRI LRI &
YI[CrCI(H20)s]2*. [CrBrCI(NH3)a]*+ [CrSOs(H20)s]"%5. HuErcafg JLTHr, 23 fr 5
N 6.

Cr e AR T A RETE [Cr(NHa)s]®*, FEZ /KR R L Cr(OH)s UTiE

Cr(lNE-&1 2 it

HT Cr(EC &2 b (RIS Btk AT 150 2218, A I 2 Ma e K& =
4 45140 CrClse6H,0:

[Criz0wp+ B

[CrNHsRoMp+ B0

[CrNH33R0Bp+ FRELE

[CrNHa(H20)2]3+ 124115

[CriNHa)sR20)3+ E&EE

[CrNHns]3+  H &

BENRAS FEREES FIR, REFHBREERTE.

. Cr(VDL &

Cro+ L[] AN Tit" s VOB 7 B 3w ) 1 B R /N AR, SORIRTE f AR IE 2
B AFLER LM ST, Cr(VI)E &L Cros. FAREE (Cr.07%) | 4
(CrO%") R AAFLE

1. =HAbs%

il 42 17] KoCroO7 MR TR NI R H2SO4 BIAT H IS 41 €0 gt 7«

K2Cr,07+H2S04 () =2CrO3|+K,S04+H,0

GX PRGN, it 20 T RS as L) BRI O

o A AR MK

VTR S IR £

Cr0; + 2NaOH = Na,Cr0, (H8) + H0

CrOs & —ANSREMA, SHEINEY (i RIZUS R, HEFHK BIE, Fik
CrOs | &2 FMEB LR S AL o

FRRRERILIN CrOs Bk 218, HPit o WA NS0 . FIHX — S BLR AT LA
MRER PR TR, RN TR

2Cr0,_+C H_ OH+H SO =Cr (SO ) + 3CH CHO+6H O

25818

HoCrOq & R IR (R FEHRIL TIRIR), RAFAETAKIET, Wl ER . Cro2 &1
(] Cr—O BEELIR, FERRIEIA R REAE B B ) 2 FRAR I T —— E AR TR AR B 1




3 IR Eh

Bl 4 JB AN A AR R 36 S5 T8 T-7K, MgCrO4 715, CaCrO4 1A, BaCrOg MEVE .

REHGEMNEEIR LAY, L Agh. Pb?. Ba* kIR Eh N E .

Tolk b= FER AR B SRR TR & 70 B S B besk AR TR N . H R R BN

(P757) : FeCr04+8Na2CO3+70,===8Na,CrOs+2Fe,03+8CO>1

] FHl 52 43 fif2: i NaoCrO4 il KCI 2£453 3 KoCrOa.

4., EEER TR A LS R

FARIRAT KoCroO7 (B FRZLALA,  FESEREN NaoCroO7 (R FRLTANAN, e AITHR A2 KR
ARENE NS

KoCrO7 VA il & -
BE/K 273 293 373
AR 9/100 Fak 4.6 12 94.1

NayCr,07 ¥ fift & (7./100 57.7K): 293K K 180 7%

HI T A% 5 NaCl 43 B 1 A28 5 il 43 iR Al 1 it o

FAR RN P E R AE RO AL AL, 76 Tl BIE KB Tk 88, IRk, MEZSE 5T .

AR IR £h A2 R

FERRVEEWF, CroO72 B 12 5 A AL 71 o

Cr072+14H*+6e 2Cr¥*+7H,00A"=1.33V

Cr,07,%+8H*+3H,S=2Cr3*+3S | +7H,0

Cr,07%+8H*+3S042=2Cr3*+350,2+4H,0

Cr,07%+14H*+61-=2Cr3*+31,+7H,0

Ikt , w7 RLAEAGHR HCL AT HBr

K>Cr,07+14HCI==2KCI+2CrClz+3Cl,1+7H,0

TEIX Y WL, CroO2 Bk = # /& Cr3*, fERRMEIATIT, Cr3v B TR e
SE MPIRAS o

TES TS, KoCroO7 SRINSE Fe HIE s FIF KoCr07 REs LREIE 5 i L1
(RISSE, Ay ARSI A WL f5 T 22K 15 00 o

Cr,0-%+14H*+6Fe?*=2Cr3*+6Fe3*+7H,0

3CHaCH,OH+2K,Cr;07+8H;S04==

3CH3COOH+2Cr(S04)3+2K,S04+11H,0

K2CroO7 i ISR L] S50 2 o I MBS BR Ve, B BR VR M AL MR8, TESEIR = rh
F T Wi Blam e L_E B 5 s

B R e (P T o)




1 5gKoCro07 AV FIA TR - 2218 Hhin A\ 100ml 3 HoSO4,  BIFS BIARELT (0 (145 B LG
W VA, MG NRELRE, FPaRAeR RS e, S Cr(V) T i1t
HCr(lll) T, BEBHRT .

JRAR BRI TT LA iR R A A A LA S
AT BURRIE 4B, 7E 110~130°C R ARW iR, I ik 4 B 25K 4 i 4 H) 8 ==,
RO\ FERER AR A A 1000mL PN 10g 72 A5 i BR AR A 3 N 4 b, B 2 VAT
SR O (0, N R SRS EEINAE A =R ALE I R R S
Tt R Al FL VA gk R T fe

AT AR RIS R PEA T, BRI Agh. Pb?*. Ba?*§ H 4 @ B 13 21
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