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J\. FEEEELAL-E % (Non-stoichiometric compound):

Non-stoichiometric ~ compounds  are  chemical Substiusionsl arger atom
compounds with an elemental composition that ©re e |"D e e
cannot be represented by a ratio of well-defined B " REE B9 B G
natural numbers, and therefore violate the law of iy O © 4 © O W oo o _o
definite proportions. Often, they are solids that contain e T
crystallographic point defects, such as interstitial 6 0o 6 6 06 6 b o o 8
atoms and vacancies, which result in excess or L _ ‘
deficiency of an element, respectively. Since solids are ~ wesssa © _, ~ © 7 7 4007 0 F
overall electrically neutral, the defect in an ionic ¢ o & 9 Gys & O & @
compound is compensated by a change in the charge of © o o © o o l". © o o o o
other atoms in the solid, either by changing their ' Substtuonal smaler atom

oXxidation state. or by replacing them with atoms of Crystallographic defects can cause solids to be non-stoichiometric &-!

different elements with a different charge.

» Nonstoichiometry is pervasive for transition metal oxides, especially when
the metal is not in its highest oxidation state. For example, although wistite
(ferrous oxide) has an ideal (stoichiometric) formula FeO, the actual
stoichiometry is closer to Fe, sO. The non-stoichiometry occurs because of the ,
ease of oxidation of Fe?* to Fe3* effectively replacing a small portion of Fe2* et eviating sbove a nivogen- &
with two thirds their number of Fe3*. Thus, the formula for wistite is written ag =" e e

Fe,.O, where x is a small number (0.05 in the previous example) representing e N o
the deviation from the "ideal" formula. ’,~ |~ \- &

I
©2008 Nature Publishing Group SR e

Superconductivity at 43K in SmFeAsO,_,F, "~

h
|
I
é N J‘
X. H. Chen', T. Wu', G. Wu', R. H. Liu’, H. Chen' & D. F. Fang' LRy \\‘\
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57 79 80
La* Ta Au Hg
Kelgs?5d ! %ﬂuﬁdﬂ mg‘g{"d“ﬁd"“ 24172 10|
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c~ Db Sg uul lUub
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§ 18.1 %j(éj\jjé%ﬁhe titanium subgroup)

@:J% Titanium Zirconium Hafnium Rutherfordium
—. General properties

1.Radius 2.First ionization energy
160 1000
140 | — T P
800 r _—
120 —_ -
100 600
80 r
400 +
60
40 S 200 r
20 r 0
0 Ti Zr HE
By EyyE—— [~ B 746 731 890

E?%%q&%ﬁg%uﬁ: ZI"*HHfE{JE? therfordi
AR, AT R HR (-1 ns?
FAARL, BT =3 R o B LA R R .



3. Oxidation number:

Ti Zr Hf
+2,+3,+4 +4 +4
TiO,Ti203  Zr0O2 HfO2
TiO,

Ti: 4, 6 Zr, Hf: 7, 8

P EELJSR T RRAY. B 40 06 05 2 W T B P
e, MR FZERHEEER
RSB REE. SBIIER
FHRELIES BRI REZ, E£F
REF,, EF3, EF, FIidfEH, F—F&
BITEERN R FALEEHFE, TR
H e B MEF,BEF, 2 KK . T

R RFERREERR, BT RER
BKK, Frbhzr. HFRE RS EEN
SR EY.

4. Coordination number:

5. Occurrence in nature:
> Ti, Zr, HFERH R R ET S B2 86.3x10-3, 2.0x10-5,

4.5X10'6;

> rutile (&407) TiO2; 4k8kW~ FeTiOs3; &4k (Perovskite)
> VU BB IEEERT (FeTiO;) BRMELA 152,

17



—_—a

“.+ The simple substances

1. Physical properties:

: A7, m.p.1680°C, b.p.3260°C, ZFd=4.43gcm?3
(BEIRE) LWRAEEEMETHERE, EERERT)TF,
TiREE —BEHENRIE, WEMH (FEHCI. H,SO,» HNO;,
13y “Eidk” , RT.ERR, O,y HOWARM)

>§E§EE(J “%W@%” . ﬁﬁ%’ ﬁ@@’ Jgj(’ %?ﬁjﬁ\ ﬁjﬁ?@\
W TR A FRI AR

> BT HE L. BE G . A TRE. iR
TR YEGRAI L E A |
> BB 5 EHRIIREKE 8, NEBH
(NBARHEER) RN “EMERE” .

> BREERE “BiZThge” (Ti—Nid [
&), BRIEE (Nb—TidE) s
BB(Ti—Mn. Ti—Fe)&:,

=




2. Chemical properties

1

> R.T. AiFkR, “

L

w”

(RI

1B EACYIIR RS

> ERET, HEEEER (BEEREE -

MX, MO,
X Q, -
600K 2 fx”g{mK
MH, g~ ...;L M #} MC
HO20 1000k, M 1300K
o ,
B1302K 1000K\ N
A hs
‘y. ,
MB(MB,) LN

HF
+ N,

Ti A
m

H,TiF+ H, 1

Ti,N,(s)

iCly(x) + H,1

19



BRI ML
¢ S5RHIZERR M

2Ti(s) + 6H (aq) + 12H,0(1) = 2[Ti(H,0)s]’ (aq) + 3H,(g)
¢ 5 HF 8i&FETFRBRKRN.:

M(s) + 6HF(aq) = 2H"(aq) + MF (aq) + 2H(g) (M =Ti. Zr. Hf)
3M(s) + 4HNO;(aq) + 18HF(aq) —— 3H,[MFs](aq) + 4NO(g) + 8H,O(1)

=-1.19V, @5 . =-123V, figS, . =+0.1V, Hf

@Ti—Fu’? " /Ti Tio™ / Ti

>@Q >
Prio= i (;?H_;Hl gOTiF,;'.-'Ti

o TiS5HCH RN, AT, M5 HF i F &R N, ARl TiF,

20



3. Preparation:
HFTiv ZrATHFE S A A R PR E IR, B LA & 2 )R
TR XE
Ti10, + 2C + 2Cl, = TiCl, + 2CO
T1Cl, +2Mg 2MgCl, +Th
(magnesiothermic reaction)

T10, + 2CaH, =Ti (s)+ 2Ca0O + 2H,

FReali.

Ti(k) + 2L (s) —2< 5 Til,(s) — 2 Til(g) — 210 5 Ti(s) + 2L(g)

K,[ZtF, ]+ 4Na = 4NaF + 3KF + Zr

(sodiothermuic reaction)

21



=. Their compounds
1. [+4]0.S.

TiO2: BEAFRIMBLE. RN

> BRIAFE, REF=MEE, &40, SNy MRSy &, Khs
AARRER (WHTHRR) .

BRETHENGFER (a=Db#t,
a=p=y=90°) . RIETFERTHRAY
BEHER, KEFSE—E/\EE
R, MEEFABEEIMNMNETE=S
ATHARERET, BrCAeK I
AL B 57 AH6FI3,

> NLHIEHATIONK “4kEH” ,» BT BEEMAERmME, RiEeht.
PRSI S RITH R m S HT RN RiF e, RIURIBGRE,
208, BRAE, WERERF, T “€g6a” (Zn0) A “48”
(2PbCO5;-Pb(OH),> &FH&kRE, HEMAR ZMH.

22



4417 £ (Rutile)

0.9514nm

I nm

L)

u)(

——e]
0.4593 nm

o —()

'\O/)T\ %%ﬂﬂ
xﬁyo . RB/NTFLnm, BT HRFEE
/ . RBNTF11-35nm, WRET HBRREE
@) #HE (b) HTEH . RRARKT3IIBNM, SLAAHERRE

O
Bl 2-4 TiOg 5 TR & B
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> Properties:

& P
TiO, + H,SO,=TiOSO, + H,O0 (TiO* &HEEKFHEF)
TiO, + 2HCI=TiOCl, + H,0
TiO, + 6HF = H,TiF, + 2H,0
T10, + 2NaOH = Na,TiO; + H,O

& EETKNHE, ETETIKH,SO0,

TiO, + H,S0, (i) == Ti0SO, + H,0

T10,-nH,0O € Al ‘ o > T10,-nH>O
PREE CFHTR. B o MEM (THETR. B

X oL ERPR ) I N 1 K T PR BRI
3TiI0, nH,0O + 4ANaOH=Na, TiO, + Na, T1,0, + (n+2) H,O




> Preparation:

‘ ::;%:

TiOy(& 41 A1) + 2Cly + 2C == TiCly t +2CO 1

) 700~900°C .
T]Cl4 + 02 TIOE + 2(12

 FEBEHI LR, ClL TR
& {BIA(BRERYE)

FeTiO, (BE4NEIEKELT™) + H,SO, (80%LL ) == Ti0SO, + FeSO, +2H,0
TIDSO4 ?k}fﬂ{f' Ti0504 + H,O —F— TiOg'HH;O + H>SOy4

A

X AR KR WRBOKIR . UK. InHoK Res .,

25



TiO,: application in energy research
> KFHBESE A K HI = > Bkl A FH B8 Bt

Letters to Nature

Nature 238, 37-38 (7 July 1972) | doi:10.1038/238037a0; Received 13

Conducting
glass
Electrochemical Photolysis of Water at a /Tio, Dye Electrolyte Cathode
Semiconductor Electrode A M
Injection ===
. . - s A S
AKIRA FUJISHIMA & KEMICHI HONDA -0.5 Q_L T
1. ‘Department of Applied Chemistry. Kanagawa University, Yokohama —
2. 'Institute of Industrial Science, University of Tokyo, Roppongi, Tokyo ;;J MAaximum
O_ ]
ALTHOUGH the possibility of water photolysis has been « Top % h voltage
investigated by many workers, a useful method has only w v e
now been developed. Because water is transparent to visible light Ly R _—-‘HED{ A —
it cannot be decomposed directly, but only by radiation with é/%
wavelengths shorter than 190 nm (ref. 1). Interéeption Diffusion
TiOy+2 Av—>2 e +2 p* _’;‘3
(excitation of TiO, by light) - - >
| IS |

2p++H,01 0342 H:Y T -
(at the TiO, electrode) WH20+2 hv—} O,+H,

2¢ +2 H*—-H, J
(at the platinum electrode)~

A CB (&)
A

e ¢ ]

H* / H,

.

Band gap

Potential

h*
ve &g o
+ +1.23V




FHERA A PH AE ALYt

Born 9 September 1792
Died 21 November 1856 (aged 64)

CH;NH,PbX;

7 |Ry+Ry =v2(Ry +R,) -t

Ras Rgv Ro7AlfAGRA. B. OHJE T
12, t AR EEF (Tolerance
L Factor) . t=1RABRARAIZER, JHERTA.
. /"’ B. OF FHH E 4%k, FRARZER) A 7t
T B 180 s iR A O B

(a) oxygen octahedron (b) unit-cell
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BaTiO,: ferroelectric ceramic material
TiO, + BaCO, ~ BaTiO,+CO, t (JARLIRAEST )

KR FRRE T SRS

! ]
A 4 ] A |
| |
» ! )

I ) |\A / 1 ’ 1,
a, a e,

@ ZM&R (c) EXH/R (b) My ME (a) AHMF
(T<—80C) (—80C<T<0) (0<T<120C) (T>120C)
wl111] #[011] ¥ CHI[001] T HE#H

Structure of cubic BaTiO5. The red &

spheres are oxide centres, blue are Ti4*
cations, and the green spheres are BaZ*.

aanz (X)

Piezoelectricity

Y

W Ba?* ) O eTi*t Zr4+
. "
s el | e y

i

I s 77 BkIC s  BEAUP T kS

F MRS, BTN, WK R
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TICl,
N EY), BARNDFHE, mp.-24°C, b.p.136.5C,
RT.EE. FRIEMESRBE, BT HHIEEF,

> Prepa ration . Science 355, 722-726 (2017)

SOLAR CELLS

T10O , + 2C + 2(:|2 = TiCl st 2CO Efficient and stable solution-processed

TiO, + CCl, + 2C == TiCl, } + CO, 1 gf,i,“tggtplf;;’;’;‘;‘;z;"'m’ cells via

-
> P ro p e rt I e S ° Hairen Tan,' Ankit Jain,' Oleksandr Voznyy,' Xinzheng Lan,'
[ J 1

F. Pelayo Garcia de Arquer,’ James Z. Fan," Rafael Quintero—Bermudez,‘ > vt g
Mingjian Yuan,! Bo Zhang,! Yicheng Zhao,' Fengjia Fan,! Peicheng Li,? | v

‘=|5_ = Yongbiao Zhao,> Zheng-Hong Lu,” Zhenyu Yang,'

‘ m 5 *% — %lj m % ‘E!'!E' o Sjoerd Hoogland," Edward H. Sargent™* 4
v

S I C I I D dx.doi.org/10.1021/ja3030627 | L Am. Chemn. Soc. 2012, 134, 97629767

-3 I 4 7 o Amclc

- J C S pubs.acs.org/JACS

TiCl,(1) +3H,0 (I) = A

Non-HPLC Rapid Separation of Metallofullerenes and Empty Cages

H,TiO,(aq) + 4 HCI (aq) e metews s
¢ ATIRER:
TiCl, + 2HCI () = 2H* + TiCl>
¢ 5i8JFF =B

2TiCl, + H, = 2TiCl; + 2HCI
2TiCl, + Zn 2 TiCl; + ZnCl,




Ti(IV)EAA S

> TiIMTEKH FIFEACN[TiI(OH),(H,0),1%*, /5 NTio?;

> FETIOSO,-H,Off Ak i AFAE TR LI TIO?, & PL—Ti—O0—Ti—
KBEAEAE, A LAR(TIO) 3™ 7k s

> ETIVHIIAH,0,, pH<1HEf, A[Ti(0,)(OH)(H,0),]* # 1%
M1, 24, pH=1~3r, NTi,0, NIEEET, &
R ([Ti,(0,),0(H,0), "

30



X R(IV)H

B

Bl

(1) H,S0,~HC1 ¥ f#iat+

(2) BAALKFY

TiO?* +Al + 6H*= 3Ti3* + AlF*+ 3H,0

(3) FHtRH#ERIFeCL M E (NH,SCNFE 77D
Ti** + Fe* + H,O = TiO** + Fe?*+ 2H*

[Fe (SCN) (1%~ 4Lt

31



2. [+3]0.S

> Preparation:
_ 1200°C
2110, + Hy, =

650°C

Ti,0; + H,0

2TiCl, + H, == 2TiCl; + 2HCI
3TiCl, (1) + Al (s) = 3TiCl, (s) + AICI, (g)

> Properties:

& SHEAL:
TiCl, + O, + 2H,0 == 4TiOCl, + 4HCl

& AL

2TiCl5(s) N TiCly(s) + TiCly(g)
2TiCly(s) == Ti(s) + TiCly(g)
& Fihr: KEBHTI(N LA [Ti(H20)6]Cl3(% ) B RFEAE,

TN ZEBEFHBEHAZR SR, EZREHEZ
[Ti(H20)sCl]Cl2- H20(5# £21)
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3. Zr, HIRL &4

> Lagii4s, S8 7Zr. Hf MW FiART
> %Eé%ML@UF%?%%%ﬁ, 5F Mk, eI +4
JI B8 o
> MOy, MX,: 7KARME, BECAZ4
ZrCl; + 9H,0 = ZrOCl,:8H,0 + 2HCI
ZrFy: BA = i3 000 B s w e A
£r510,+ KoS1F= KZ[ZrF6]+ 2510,
GOb e s . 1% ERIRIBH, 4
X K, [ZrF JPTEME, oK REECR .
(NHy) o [ZrFg 1 RAL, (EFE AR A5 ZrF,:
(NH,) 5 [ZrF¢] =7ZrF4 + 2NH; + 2HF
% AT F A ER-MIBK (L5 THED RYAMHNO,-TBP(: =
TR RERNEFER S . FHGEET(ET20R45%E)
HfCl, M ZrCl g4 28 =% 1R 2 F T 2047 2 00 i 33




§ 18.2 %ﬂ,ﬁj\)ﬁ% (The vanadium subgroup)

%5 : Vanadium Niobium Tantalum Dubnium
—. General properties

1.Radius
150 SB
X HTHEALE, NbRTaxeme | V.
N o (5001
41
Nb
0 800 [Krl5s ' ad?
E—yeny X anRER ‘ miobium
750
700
650
2.First ionization energy |
550
v Nb Ta
| BB 650 664 761
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3. Oxidation number and coordination number

V Nb Ta
0.S. +2;+3;+4;+5 +5 +5
C-N- 4, 6 7[ 8 7I 8
4. Occurrence in nature:
\Y; Nb Ta

0.015% 2.4X103% 2.0X104%

> (EEHARFTRME, Be5HAMEEREE .

>  PUEEH (vanadinite): Pbcs(VO,);Cl; Nb. TafaAHir, HuZeAmis, HAY
Pe(H)EW Fe[(Nb,Ta)O,1,5%. #W W+ Taiish, FONEHEN (tantalite):
Fe(TaOs5),, #HW ¥HNbLLH, PN (columbite): Fe(NbOs),;

> VEERATAE. EBANHNRAMN. TINS5 @0 S0 5%, P, #iES5HL
MRS S AT . PN S, GBSt F40emERANR . KEMNMA THIERTE. K
ML R SH LA . 305 S PR B4

> Nb. TaFHEE &P ENES B EEM,RE, AW “GEF” 2. AL,
AT DA N ZE A . PSP, WS . R R . a0 AIFEOH-
s, HF0.05%Nb, FAEAESRN . TE2EeARIE T, SBRPRIIH —
FEfE, HIIA0.7%INb, 7E-80°CT, 1fRFREKMmE.

» Nb. TafE B AT AR IIRE: BT EEME (HEREE A .
B E AR CHETR AR, TERES .

> TagfTEE&RBRFEWRE . sefiPtFRHFERSMI A THLER, B3 1K, B
WA A Y Fa e . HFE it 4218, 3

5



—~ The simple substance
» Physical properties:

JEoh R, BB KRB AMSAR, JHBHARTR

ﬁﬁ%%éﬁ
A éﬁﬁﬁﬁ%,:

; AERIVERMEL, HE0. HCE
R, MEERRE.

vanadium EFNHIEE (FHEE)

pH T F%,
Tf—

IR

'&
==

[T

| BT

IR 7 KA
AR, B

CSEEAHEET)

E': V2+%\ V3+é§\ V02+é\

V,0,% . v V08"

—IRLL, BRIE R KA

/
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» Chemical properties:

¢ RTL” : V, ¥AlZNb. TathZEHK, 5588, HCl. #H,SO,.
5. WKBARM. HVHETFHF(ag)s HNO,. #H,SO Ml “FEK” .

2V + 6 HF = 2VF, + 3H,1

2V + 5HNO,(conc.) =H;VO,(s) +5NO, +2H,0
iM +5HNOQ; + 21HF = 3H,[ME; |+ 5NO+10H,0 (M=Nb, Ta)

0.5

X S5HERBEAMHEFE:

08
g L1
VII)/V | Nb(III)/Nb | Ta205/Ta

& n#AeT, VEREEREME BTH - ’
4M + 50, —— 2M-0s -0.5
2M + 5F; 2MFs (M=V. Nb. Ta) 1
4M +50,+12KOH =4K,[MO,] (s) +6H,0 .

» Preparation: L

-1.2

-1.1

-0.81

RIR WNHE AL RE0s BRI VI BL &4, 285 Fl & g #Ud A .

E20s5 +5Ca=5Ca0+2E
K2[TaF7]+5Na=2KF+5NaF+Ta
FEL s 42 J& Ta: Ta,0~K, [TaF,] M1
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=+ Their compounds
1. [+5] O.S.

(1) V,0,: BEEBBRAEA G,
TR, TR, B
a. il
(1) Tokfilik: SRR B EAET .
V,0.,+2NaCl+1/20,=2NaVv0,+Cl,

X HAKRHmMARMN, HEBRRNL, BRLREKEHE
WIS . ke, B2 TIkZAhEL =M.

(2) &€BEZSHMmF 4V +50,=2V,0,
(3) MR EEF I fEE  2NH,VO; = V,05 + 2NH; | + H,O
(4) ZEEMIAM WO0C], +3H,0 =V,0, +6HC
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b. ¥k (B -
1. V205 i T7K, TERIRFE CRRIEE

2. 5WE e
V,0. + 6NaOH == 2Na,VO, +3H,0

3. EpH<1HRHEH
V,0; + H,50, = (VO,),S0, + 3 H,0

V,0; + 6HCl—— 2VOCL, + Cl; t + 3H,0

bhD



(2). ABREM B AR [
a. V(V)RIFRES 3
VO3 H* %84T

iy
PED
M
?Hr
SH
[~

VO;. VO, V,0%, V,0% - OH KM
b. INRE IEFERERI R 5
PH>13 PH>8.4 PH>3 PH=2 PH=1
VO, ——V,07 ——V,0;, ——V,,05 ——H,V,,03; ——— VO3
(V:O)1:4 1:35 1:3 1:2.8 1:2.7 1:2
Tt RHE ® R AR 3 2 H

(1) pHPEAR, Fifh: REG—-FLE (REERLA) - #HE Vol
(2) REFE LB R TVIERE -
VO, FIMR I YR B - VO 2 5v,0, -#nH,0—— VO3
AR BIRE<10*MET, BHTIRERM, TRERSHARE, R
FRTE .

voi ——HvV0o; —>5H,V0o; ——H,;VO, V03]
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c. VO BT o Ml EMET (no3 . s77) SR
(D) ¥ 03" BT FHiEwCAaTam it . h i eRFEEETER, VO, (0,),]
(Ef) ; FIBTCRmENER, £l v, (aEf)

[VO,(0,),]” +6H =—— [V(0,)]” +H,0, +2H,0
(i) # S° BUAR
VO, +4S8" +8NH; =—— VS, +4H,0+8NH,
VO3 +48" +4H,0 =—— VS, +80H"~
> FALEFIED BV
ERIEFRIE T, 0f: yore =10V, FTELVOZ JErhsSfLil, wfLFe™ .

H,C»0s 55 .
VO] +Fe” + 2H ——= VO~ +Fe +H,0
2VO3; +H,C,04+ 2H" VO™ +2C0, + 2H,0

41



W —— E8E, PR, DURMELF

A BRI E

—

1) iR BRESR#, AU ERFE:
V + 3H,50,(¥) = VOSO,+ 250, 1+ 3H,0
(2) KMnO jR HE A AN T
MnO," + 5V0?* + H,O = Mn2"+ 5VO,*+ 2H*
(3) IEEAIKMnO, FANaNO B 3, HEEINANO, iR E K %
2MnO, +5NO, +6H* = 2Mn2++5NO, +3H,0
(NH,),CO+2NO,” +2H*= CO,1+ 2N,1 + 3H,0

42



2. [+4]0.S (VO2, VCla)

> VOB T K,

HHET

VO, +2H*

i

4V02+2KOH=K>2[V409]+H20
BT IR:

P4

> VClaZ) 7K fi#:

VCl; + H,O <

VO** +H,0
FTAVO2+3E 7

= VOCl, + 2HCI



VO,: Phase-change material; Thermoelectric Effect

&
¢
= T g
A VO V,03 VO, V305 V305 P
AR (KD | 110 155 340 420 531
EET
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY pUbS.aCSlorg/JAcs
1
. . . . Heat input
Hydrogen-Incorporation Stabilization of Metallic VO,(R) Phase to
Room Temperature, Displaying Promising Low-Temperature el l l l l l
Thermoelectric Effect 60+ AR A
Rutile phase Heat junction
Changzheng Wu," Feng Feng," Jun Feng," Jun Dai,’ Lele Peng,' Jiyin Zhao," Jinlong Yang," Cheng Si,” % 40 4 —
Ziyu Wu," and Yi Xie*' = \
*Hefei National Laboratory for Physical Sciences at Microscale and *National Synchrotron Radiation Laboratory, E 9 Hydﬁc metallic voz(R)
University of Science & Technology of China, Hefei, Anhui 230026, P.R. China 8, 04
£
= 204
Monoclinic phase
-40 <
0.0%0 1.3%o 3.8 %o
VO,(M) VO,(M-R) VO,(R)
Hydrogen concentration
— 25+
SCIENCE ADVANCES | RESEARCH ARTICLE g7 ¢ currnt worok
=
APPLIED PHYSICS e
c A
s 2454 » .
Gate-controlled VO, phase transition for 191 7 .
. . © *
high-performance smart windows 2 10- ae C
= a 1
© R <
Shi Chen'#, Zhaowu Wangz'3*, Hui Ren’, Yuliang Chen’, Wensheng Yan', Chengming Wangz, & 5 > & "
Bowen Li', Jun Jiangz*, Chongwen Zou't 2
20 30 40 50 60 70

Luminous transmittance (%)

Thermoelectric generation
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3. [+2], [+3]0.S.
(1) VO:

V,0; ———VO

VOB TRREB[V(H20)6]2+ (2e)
(2) V20s:

V,0s(s) + 6H;0 (g) + 3H,O(1)

2[V(H:0)s] " (aq) (47 0)

(3) VCls:
Bi4k: 2VCls (s) =»VClz2 (s)+VCla (g)
St M: 3KCl +2VCls =K3[V2Cls]
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Nb, Ta
> M FARALE) — X5t

I EEE, NbyO; « Ta,05: MXTARERZ, 1 HIETIEIR

AL AT TR, (H R 2 %Ry R H s T

> IKEMRIAHENE, 22 REEAFAE,
. MgNbeO,4 * xH,0

> NbCl.. TaCl,
O FE M, [NbF- 1. M,[TaF.]:

S %IJ)EH KzN bF7 ﬂ] KzTa F7%EH F‘ngtj %%%E/I\

Nb#FiTa.

N

gl

T
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AR AR
(kB ERE<TINHLE I
2011. 6FR)

Chapter 18. iHEILER()
(P79)

10, 11, 12, 14. 16



§ 18.3 %%éj\ﬁﬁ (The chromium subgroup)

f1¥5: Chromium Molybdenum Tungsten Seaborgium
—. General properties

1. Radius

132

130
128
126 |
124
122
120
118 |
116

800

—~ s

48

700

650 [

600

550

2. First ionization energy

6B

24
Cr
[Ar4s'3d®
chrominm

750 [

-

106

Cr

Mo

n]?52§6d4

e

650

685

seaborginm

(263)



3. Oxidation number

Cr Mo W
0+1+2+3 +4+5 +4+5
+44+5+6 +6 +6

4.0ccurrence in nature:
Cr Mo W

1.0X102% 1.5X10%% 1.55X104%

FE e EBIRHENE, ERENEBEIRAEE.

> B LERAETHIRGEE, W R . ROk, o
TR S NS G iETl%Iﬂﬁ #@m %
A IH TR H At A 2 jt%El’JMoMW e HLEMORIL, (Fe. Mn)WO,

SRR, Mot U UM, R U T 7%%@"

0>

Iy 504%; F%%'E'JEB%, U1925$R|Eﬂ ﬁrﬁizﬁEEﬂlH’J

}%9}?3%, &= X AEE, 4370, HAEEHRN “IiFE

>Lm Crizad PR R WaEsEH s s e, CAWO

R R SHATFSEWEIR KRR, BI: JRFEEE 1K= E%Ej

GlEssE (Regieftmx Z IR ET, S5 . SN

> 880 Fe(Cr0,),; #4H MoS,; 245 (Fe,MNn)WO,
H4H CaWwo,

49



.+ The simple su
1.Physical propert

bstance
ies:

bec55H (body-centered cubic) , &R )ﬁ%
HLBEMNCr-— WL, SR

VIR, WZ
ERZ—.

A A

14

Dy

3]

P - AN

158 R

%@H’J




2. Chemical properties:
MHRHBLLRE: 95, . =091V, @F.  =-074V,
Cr Cr il JEdEsE: Cr+2H —Cr +H, b o —2 o
M: @&, =-02V, @&, =-011V Mo, Wi,

RT. Cr. Al. Fe5. WpI{ERENR
£J& HCI WH,SO, FHNO,JKHNO, F/K  wrPEm

(FH,S0,)
Cr Cr* % S Hifh Bifh A —FRG
L Oyt Na,CrO,

Al AP PAL, gtk #ifk RN —HANOH),+H,?

Fe Fer'  Gif RN L KK o

Fe(OH), + H,1

WA R, HEBER. HTHEE, §%12%
HIRARRA “AHEN” (FREHEMAL).




Mo, W

> Wi T#HKHsPO,, BRI, Hs[P(W304,)]; BT
HAIPIHNO; —HF VR & :

W + 2HNO; + 8HF —— H,[WE |+2NO +4H,0

> Mo. WiHT&H S AT+
M(Mo. W)+ 3NaNO, +2NaOH == Na,EO, +3NaNO, + H,0
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> Reactions with non-metals
TEMFAET, SRR RIRESHKICr. MoNIWIRA &5 WF£IE

&8 R M
2C1(s) + %02 (g) == Cr,0,(s) AfGres = —1059kT-mol ™
Mo(s) + ; O,(g) =— MoO,(s) A£G 93 = —668kI-mol”’
W(s) +203(g) — WO, (s) A¢Gnrog = —767kJ-mol ™
2Cr1(s) + 3XH(g) = 2CrX5(s)

Mo¥n 7Eid EC1,H:
2Mo(s) + 5Cly(g) = 2MoCly(s)
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3. Preparation:
(1) Cr: aluminothermy C(£5#4G]) .
Cr0s5(s) + 2Al(s) = 2Cx(s) + ALOs(s)

(2) MO\ W:

"'Frfrz[)3 .Mn,O,
Nﬂngs . 7}‘{ N HC J'Na(:“']

(Fe.Mn)WO, — > WO |
Rike ffﬂ{ A " H,wo, L —25wo,— 2w

Fe(CrO,), +4C =— Fe+2Cr+4CO C(Hifprp)
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=+ Their compounds
1. [+2]0O.S
> [Cr(H,0) > &7 B e, BiEEH O =041V
4[Cr(H,0).]2*+0,+4H* = 4[Cr(H,0).]3* +2H,0
> Cr(OH), B,
Cr(OH), + 2H™ + 4H,0 [Cr(H,0)s]”" (Ha)
X Al HFT SRR Cr 5 2.
» Mo,W(Il)— R AR &V T AR AE
MoCl, A[Mo,Cl]Cl, BX [Mo.Cl,ITERIEFE -

RISH
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IKE L% (1T)
Cry(CH3C0O;)4(H0),

2Crr+7n — 2 Crt + Zn
2 Crt + 4 QAC™ + 2 Ho0 — Cro(OAC)s(H20):

The synthesis of Cr,(OAc),(H,0), has been
traditionally used to test the synthetic
skills and patience of inorganic
laboratory students in universities
because the accidental introduction of a
small amount of air into the apparatus is
readily indicated by the discoloration of the
otherwise bright red product.

lJE4 (Quadruple bond)

416 JoAm. Chemr. Soc, 2000, 122, 416—417

After 155 Years, A Crystalline Chromium |
Carboxylate with a Supershort Cr—Cr Bond G

3 p / \ H,
F. Albert Cotton,®’ _F._liar.zlh::lh AL Hillard,” o 0 .‘/

Carlos A, Munlle,*" amd Hong-Cai Zhou ‘ /O-’_‘-T "‘(\
O
The Laboratory for Molecular Structure and Bonding Cr
Depariment af Chemistey, PO Box 30012 / C‘r/ Formation of a delta bond tr:.r the
Texvas A&M University, College Starion, Tevas 778423012 O, / I:I"."Eflap I:|f t'.,'.'l:l d I:Irtlrt.alS
Department of Chemistry, Universidad de Costa Rica

N
Cindad Universitarta, Costa Rica AR 20
Received October 20, 1999 CHj N

We are pleased o present a definitive development concerning |
a problem that has truly ancient roots. More than 155 vears ago, Cll4 56
|5 TN [ e —— R [ ——— T ol B o T T e ———


https://en.wikipedia.org/wiki/File:Chromium(II)_acetate.jpg
https://en.wikipedia.org/wiki/File:Chromium(II)_acetate.jpg
https://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiWnuOSwdXaAhWIyrwKHenoAUEQjRx6BAgAEAU&url=%68%74%74%70%73%3a%2f%2f%61%6c%63%68%65%74%72%6f%6e%2e%63%6f%6d%2f%43%68%72%6f%6d%69%75%6d%28%49%49%29%2d%61%63%65%74%61%74%65&psig=AOvVaw0n1DyVqh5ubShtydOHwFfQ&ust=1524748457546666
https://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiWnuOSwdXaAhWIyrwKHenoAUEQjRx6BAgAEAU&url=%68%74%74%70%73%3a%2f%2f%61%6c%63%68%65%74%72%6f%6e%2e%63%6f%6d%2f%43%68%72%6f%6d%69%75%6d%28%49%49%29%2d%61%63%65%74%61%74%65&psig=AOvVaw0n1DyVqh5ubShtydOHwFfQ&ust=1524748457546666

2. [+3]0.S
(1) CI‘203(%’§%)&, ;ﬂ(’%%(CI‘zOso I1H20)
> Preparation :
oxidation: 4Cr+ 30, =—— 2C1,0;
reduction: Na,Cr,O, +S —— (Cr,0; +Na,SO,
thermo-decomposition: (NHy4),Cr,O; —— N, + Cr,0O; + 4H,0
X (NH,),MoO, —— ZNH3 +I\=‘IDO3 +H,0

> Properties:

® Cr,O, i TIK, HMHE, 1EIJ<’JI%LEIﬁCro FEANE TR, A
W E CRIE Nstagirl) , wlil ﬂanmﬁﬁﬁﬁaﬁiﬁﬂm S
[y 5
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(2) Cr(OH),

> Pk
OH OH
crot = ~ Cr(OH), =
HY H”
[ Gt i)

Cr¥* + H,0 = Cr(OH), + 3H*

2- _
/n0 2 ©7n0 ‘%

" B ‘ R ( Al(OH);|. Zn(OH),|
CIIO;E —_— (L Cl{:}i — > —
AlO, “AlO, L Cr,05
or.

C1O;+ ZnO,. AlO; —25Cr,0, -nH,0+v. Zn0O5. AlO; -

- Cr(OH)4_ (CrO,” + 2H,0)

7 ECr0o,- (AIO,,

Zn0,%" )
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& LR

O o =+1.33V, PrPAEMPESRT ~, €O i
g Ll

gk R, W8 H,0, « Na,O, Al cro; s IMfEyE%f: ~, o' 11

YA S, L AH] A A R O A Cr, 077 5

— 013V G-

A
201> +38,027 + 7TH,0 == Cr,0% +6S02 +14H
10Cr*" + 6MnO} +11H,0 == 6Mn”" +5C1,05” +22H"
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(3) Cr2(SOa4)sFIELHH,

> TRERER I T4 IIRBR R - 45 21 28 £.Cr2(S04)3-18H:0
Cr2(SO4)s'6H:0 Z#fh,
Cr2(S0.4): Bt

> BRI
M® Cr(SO4)-12H,0 M =Na® K Rb*,Cs" NHE,TI
35S0, + H,SO4 + K7rCrO7 + 23H,0 —— KESO4(1;(SO4)324H;D

(4) Cr(III)I7KfRM::
Cr2Ss, Cr2(COs)sE A ge B EH «
2Cr*" +35% +6H,0 ——> Cr(OH),(s) +3H,5(g)
2Cr* +3CO ; +3H,0——2Cr(OH ),(s) +3C0O,(g)



(5) Cr()FIBEC& -
Cr3+ (3dd) : 4s, 4p, A FLEH R TR, TWHCH B FERE /62 pm), BEEK
IEHY, HECrBFEREPIEARE S, ZiEitdispiz4bFH,0, NH,, CI, CN,
C,O " ZMAFRESY (BEF) = CrLy /\IE, eg. [Cr(SCN)*

Bl: Cr3*+ NHzeH,0 — [Cr(NH,)]3* #H

XTEG: AR+ NH,eH,0 — Al(OH),| Fe3* + NHzeH,0 — Fe(OH),|
FIHRALR FERBEC SV HIB /D, Fe(OH); B K, K/ (2.64x10-%9),
bk : Z [k
dark green blue violet pale green
HALBUR TR . IRERE ) pH
b. [Cr(NHa)e]#E NH;() ek [E &2 L Aase, FEimmh iz o i
[(:'l'mHg)ﬁ]Clg + 3Hgo CI‘(DH)} + 3NH4CI + 3NH3 T
X Al HE KR ECr3fizn?
c. [Cr,Cly13-FI[W,Cl, 13- 2=
c C cl . c o cl
[Cl—Cr”  Cr—ClfF” [Cl-W. = W—CI]~
a & a o & a
0 3"111111‘
- 0.24nm

61
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(6) Cr(IID 1 % 52

OH

H,O

Cr’* > Cr(OH) , 2 5CrO7
[H?
2Cr()(0 1,0, Cr,03"

)2 TR

Cr,02 +4H,0, +2H' ——2Cr0(0,), + 5H,0
Cro(0,), —2®  cr0(0,), -(C,H.),0
H.C,. CH,

CI"::'{':'E] .

CrO, GIEAE)

St i E E 70,2
(C,H.), OHJ 1

ECrivhs

3 A B

A

EH‘M A

/

B, R

)

- Pl B -5 5 CrvVOJE R AC/

it

|

Tk N
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3. [+6]0.S

] u
(1) CrO; (poisonous!) | ;

» Preparation:

2"

K TR "W P

> Properties:

& CrO, MM FiA2167°C, SNFARTAMBIRALIE 77 i -
CrO; —» C1;0; — Cr,O; —» C1r0, — Cr,0;
X Note: WO,, MoO,fa &
@ CrO;, WO,, MoO,#l 2R ET, {HH,WO0,, H,MoO, ¥ i L
/N, ANBE EAE S K SOV i3, AT EAE T
MO, +20H™ == MOj; +H,0, ZAJaHmk, & N 1Rz
& Cro, FmEE, 52 A Y(UIC,HOH) Al Z1
IMAINE=E

e B
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MR

%ﬁ*

NP - . 2— 11 .
(2) H,CrO, . CrO; . Cr,0; &%
> IR A TR
H,CrO, H™ + HCrO, K,.=41 K,=3.2 X107
> TERRMEZAT T : Croy B Cr07
‘L
2H™ +2Cr0;” Cr,0; +H,0 K=12x10"

OH™
AT Cro;” " Cr— O 84558, MR EZRMIE T, 1M MoO; « WO;"
AR FRAR B 1

[MoO, ™ —2=° 5[Mo,0,,]" —2=2212 35[Mog0,, " —2L 5 MoO0, - 2H,0

(WO, 1™ —2=*" 3[HW,0,,]"

[?{12041 ]m_ E}E[RRFLEOSS (OH)ID ]1"3—
[H,W,0,,]” —¥< > WO03-2H,0

—2 [H,W,0,,]"
X KL MoO; ™ & 172
FH RS R R AL (NHy))MoOu Y&, IN#ZE 50°C , I\ NaHPOL /AW, 53)#
B YTVE::

12MoO;~ +3NHj + HPO; + 23H™ = (NH4)3[P(Mo012040)]-6H0 | + 6H,0

64



Y RN N s
> 5H,0,x M, ERIEEIER S 0
(:)\/,Cr\ S:)
Cr,0¥ +H,0, — 2™ ,c10(0,), -ELO 006
0—0 0—=0
X 5K 30%HH, 0,/ I 0°CHIK,Cr,04(ag) i, r
A B 4 K, [Cr045] Qe y oo P
oy -0

> MoO,” fl WO, &S, BTN EES 8L JH ] R :

2(NH, ), MoO, +3Zn + 16HCI 2MoCl, +3ZnCl, + 4NH,C1+ 8H,0

M Cr,07 HEMME (o 5, . =+133V)

K,Cr,0, +14 HCI(#&) = 2 CrCl, + 3 Cl,}+ 2 KCI + 7 H,0

Cr,0,% + 14H* + 6Fe?* —2Cr3* + 6Fe¥ + 7TH,0 (X4 EFe?)
Cr,0,% + 14H*+ 61° — 2Cr¥* + 31, + 7H,0

Cr,0,~ + 8H*+ 3H,C,0,— 2Cr3*+6CO,1 + 7H,0

2Cr,0,% + 16H* + 3CH,CH,OH — 4Cr3" + 3CH,COOH + 11H,0
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>

BaCrO, v (¥ )

PbCrO, ¥ () —2 5 Pb(OH);"
Ag,CrO, v (F5 21 )

Cr,05” +Ba”" (Pb”", Ag™)

WA NHZ. Na*. K*, Lit. Mg®. Be*. TI"fIMoO; . WO; A
X RMQ)ATHTEECIO>. & 3 (PbCrO,)AI1ENBIEL
> 5SS KABAR N :

Na,WO, +4H,S = Na, WS, +4H,0
| u

> WS;3 | +Na,S
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(4) CrO,Cl, S5 4

> BBk, NEARNSTF, 5CCl,, CS,HHE,
AR, b.p. = 117°C.
> fill %

¥ K,Cr,O; f1 KC1 IR & )5 B T 2 00m b, 1213 AWK H,SO,, JFFE
S Ta WA N WY1 E 2 ‘

5% : CrO, +2HCl = C10,Cl, +H,0
Cr,02” +4Cl” + 6H® == 2C10,Cl, +3H,0
> MR

67


https://en.wikipedia.org/wiki/File:Chromyl-chloride-2D.png
https://en.wikipedia.org/wiki/File:Chromyl-chloride-2D.png

CriuR &MY B K FAE R 1

1.33 —0.41 —0.91
E\%: Cr,0% Crs* Cr2* Cr
—0.13 —1.1 ~1.4
Eg%: CrO,* Cr(OH), Cr(OH), Cr
—1.2
CrO,- |
BR ST B Cr,O, > AL 1 5,

B EAFCr(OH), « Cr(OH) & F 4,

Cr(D): Cr¥g. WA EFEIEIR .
Cr2t — Crd+ (BRYEA D
Cr(OH), —» Cr(OH), —» CrO,z  (BgfEA i)

Cr(Ill): Cr3 (BRHEANFR) Cr-ERN R RIEE
CrO, - [Cr(OH),] (BN R)

Cr(OH), + &ALl » Cro,>

Cr(VI): Cr,0.% (BRHEAF) mEHE.
CrO,Z (BB
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O,, A e
(jl* = > ( 1*')( )3( fg, )'{ A (NH4)2(?1*(_)4(1;EEE\)

(‘1]1%2/— / ‘A N
O\ TEOH "

—1 3 ﬂ7k§ E } (1"((:)H)3 _ — - ( 1(( )H)4( =3 f;_I)

(KEK) H,0,
N Sn?*, Fe?" clL,
8,05 || SO H,S Br.
I7(CT) ClO"
Cr,O5 (B3 £1 )< (ﬁ rO,(H)
H,0, Ag’
L. Tk o

v Ba¥ AgCrO4(s.fit 2L °
CrO(0,),  Pb*> NBaCrO,(s,f1' 15 1)
(1) PbCrO,(s,15)




Mo FIWHIM &4
> MoMIWREERER UL E. FEFENY. BR. £

PR BORE L 2 o
» MoO;, WO;: HCrO AR, AEFTKHEERHEREMLE.
AER(ERRIRIN) RN, EAVE TR KN ERER, RN
)& E R
WOs;:

MoO;:
tungsten(VI) oxide

molybdenum(VI) oxide

HEI %&E@ MOOGJ\E'ﬁ:éﬁEE
I R EE A EERIWO )\ HE K = 4ERE 51

N . WO NI R R, R AR,
MO, YRR, S A H o S A B SR R

RANEE, BRAN795°C. .



> B B EHBRNRERERNR, MNZR. IR

A Z AR Z B . R aa — MBI EREr, MNHEZE; &4
PR A LA _ESRTY IR, ARV IR

(1) FAZRR: HRAEREA FF RS SR 0 748K R IR

|
Cr +2H*
\O /O| \O

7 e
d'” \"' Cr
Cre__ | O—H—>

e -
-----

SRR 48 T I MR = BT W A
BRAEF + HY ZEHHAETF + H,0

EEEER H,Cr,0, (2CrO; H,0)
2H,CrO, = H,Cr,0, + H,0
+4HR HMo,0,, (7M00O, 3H,0)
7H,M00, = H;Mo,0,,+ 4H,0 T =
X FEZBRNEHRSHEBRNpHEREVIXRR, BEpHER/D, 4671
XK. HIFEZBRIEBRRIEIR AR 2R
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(2) RZIR: HPAMAREERT T4KMRATER; xR &

> 1826F A B —NMRER: KERENBRIL B
BATRILE, B —MRANEMRL12-BERE. ETH
TR EL K 5E «
3NH,* + 12M00,2 + PO,3 + 24H* =
(NH,)5[P(M0,,0,,)] 6H,0 +6H,0

> DRIMPIRZIRIEH UMoRIWHRIARE, VIRZ.

> REXHE. B AFEETEZRIUFETE.

20K HRZRERL. EVETHEE
WENH. fli, +RERHAETFREREREL.

EA4L5H]; (NH,),-Na [NaSb,W,,Og](HPA-23) EF Bt
XEEIRFEIER; Eu(H,0)3 Sb(WgOs35)(W4O44)5] ¢ £
BEHHETIEES.
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Transition Metal Dichalcogenides (TMDs)

Transition metal dichalcogenide
(TMD) monolayers are atomically thin
semiconductors of the type MX,, with M
a transition metal atom (Mo, W, etc.)
and X a chalcogen atom (S, Se, etc.).
One layer of M atoms is sandwiched
between two layers of X atoms. A MoS,

o ‘;‘ \" [

monolayer is 6.5 A thick. VY Y Y Y e ey

(b) ™ ™\ I BRBRERIN

PG, 1 P +IXITITYITY

R Tt I I YITYTY .

- " B2 R R
Q 20 20 2 e
o/, 88686884

(/' .-~ W PRI AL AL 20 2h 20 20 &

- 7 ‘
R —~ \ /
OmMOXx

) - =
Trigonal prismatic (2H) MX, Octahedral (1T) MX,
ACCO U N TS pubs.acs.org/accounts

Transition Metal Dichalcogenides and Beyond: Synthesis, Properties,
and Applications of Single- and Few-Layer Nanosheets
Published as part of the Accounts of Chemical Research special issue “2D Nanomaterials beyond Graphene”.

Ruitao Lv,' Joshua A. Rolaillsu)l%f’§ Raymond E. Schaak,” Du Sun,” Yifan Sun,” Thomas E. I\/I:-lllouk,i’”’l 25
and Mauricio Terrones®#¥l-



http://en.wikipedia.org/wiki/Molybdenum
http://en.wikipedia.org/wiki/Tungsten
//upload.wikimedia.org/wikipedia/en/a/a7/Monolayer_TMDC_structure.jpg
//upload.wikimedia.org/wikipedia/en/a/a7/Monolayer_TMDC_structure.jpg

§ 18.4 %ﬂ?]l ﬁ% (The manganese subgroup)
f%5: Manganese Technetium Rhenium Bohrium

—. General properties

1. Oxidation number and Coordination number /B
Mn Tc Re HRTELLAENEST, |\
0.S 0+1+2+3 FER. ERIRHEIAT. BR
+4+5+6+7 +7 +7 MTF19254F CALSEERE | "
C.N 4,6 7,8,9 7,89 WNHLZ ; SEREXTHE 73
BR “ANTHIE” , RAT Te
FEAZS: Mn(NO)(CO) 19374, BERERFLE | e
BEeRMAFETEHRS, HEE 98
2. Occurrence in nature: g ATERMNHIA. 75
>Mn: ZEHE P %0.085%, HTi, Fed e
>4 (MnO2), Pyrolusite —
B (Mn;0,), hausmannite Bh
K4H MnO(OH), manganite =
> IEERIERERIKBINGY —— &8 (-1 ns’

> ReiB/DAE MBI, [N EMoiLt E&ERN Yt




> Hig: FERTES. : 12%MnifiICud4$, HERE,
ANZREREW, RBEFHEEZME. FHE13%KMn. Feg £,
ERRE X 5E, HEeR R . SUHEH AL, T AN LB
BERIEBAL. (HERMnSEIH I IMEREAR, BBRABERNRTFE,

fEA: #4657 Mn+S=MnS —PBijibA4piFeS. #IZHE
Mn + O,= MnO —Pjj IEA-HI4RTE S b £L

I\P

MR : N (12%~15%)
> MnZAEMAKKNMETTR, —RAESFHEERE LB
EYEEEHRA TR RS RPENEEREE.
LETTER 1 JANUARY 2015 | VOL 517 | NATURE | 99  40i10.1038/nature13991 O\X/o
Native structure of photosystem II at 1.95 A \gy
resolution viewed by femtosecond X-ray pulses )(/ /(V\
Michihiro Suga®*, Fusamichi Akita'*, Kunio Hirata®, Go Ueno?, Hironori Murakami?, Yoshiki Nakajima!, Tetsuya Shin (v, 75

Keitaro Yamashita?, Masaki Yamamoto?, Hideo Ago? & Jian-Ren Shen!



—_~ the simple substance

1.Physical properties:

> BR TR EEREENSEE ((URTHY
) , FREMEESEE (Ref)IE 5 (3180 °C)X
KFW) , BiES (RefTEERITETEY R
B, 5627°0) , BEANIE RIFHERME (4
Mn, RefH 343K)

> BANMERREA, HP=MFEAFRE
SR

727 °C 1100 °C

ath ({03 5) —— B (LT ) —— v#& (]

10> 3LJT)
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2. Chemical properties:
> reactions with non-metals:

EZRT, BTERAERENE, EES5AKIKRHNOWEREGRIEME, Frid
EH2EN; BEERET, 5X,v B. C. Si. 0,. PEEENES, EAXASHLE

ARe + 70O = 2Re-0
AMn + 20, M3 Oy
> reactions with acids : ,
Mn+2H ——Mn~ +H,
¥ Tc. ReANHETEHR; METRIEER:
iM + THNQO; —— 3HMO, + TNO | + 2H>0 (M=Tc. Re)

> reactions with water :
Mn + 2H;0 = Mn(OH); + H,
X M Tes ReABERESH,OF) R =M
> EEENFEENEET, SBEMnXREEARIDR/E R £ BGERR L

2Mn + 4KOH + 30, —— 2K,MnO, + 2H,0
X RIAMnZ “BBRITER” (SMgAFED . 77




3. Preperation:

(1)Mn: 2MnSO4 + 2H,0 = 2Mn+4H + 2805 + 0, t
(cathode) (anode)
MnO; + S1=——— Mn + 510,
(2) Re: 2ZNH ReO4+ 4H; =— 2Re + N, + 8H,0
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=+ Their compouds
1. [0]O.S: E2(CO)10

(1) Structure and formation of bonds:

g Mn(CO); ?
0
C'O Forthe o bond of Mn — Mn
OC Cx\\ Iﬂn/
GC\\ - \CD Forthe = bond
Mn\ Mn —> CO
DC/ . CO —N -
O e AL A 1
g v

_—
Forthe o bhond of Mn «—— CO

(2) Reactivity:

[Mn(CO); ], + 2Na = 2Na[Mn(CO); ]
[Mn(CO); ], + Br, —— Mn(CO). Br




2. [+2]0.S.
(1)Mn(H20)e2*

Mo ———Mn(OH), | (EHf) —% s MnOOH) () —22 5 MnO, nH,0

(2)MnOXEE T 7K, BT WHIERIE R Mn?*
MnS(R4x) 15 T BRI

(ﬂ%‘tﬁfé‘fiﬁﬁt #Na2520s, Pb0:, NaBiO:Z 3R AL F &,
'ﬁf» o E}iMnO

H-I—
FALH
2Mn** +58,0; +8H,0 2MnO; +10S0;” +16H"

2Mn*" + 5NaBiO, +14H* == 5Na” + 5B1"" + 2MnO] + 7H,0
X FREEMN2tE T
()&

MnCl, + Na,0, = MnO, + 2NaCl

1\[“04_ @(1\"[“04_/{1\1“24_) =151V
_Ag"

A
3MnSO, +2KClO, +12KOH =—— 3K,MnO, + 2KCl + 3K,S0, + 6H,0
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(5) Mn?*FZ BlBc & V0 BB m) 55 -
Mnz B TE RIS &Y, BT, KgAK:
StE: 5NH, H,OxR RifER

Mg=* Mg(OH),|
FiR {Pb2+ + NH, H,0 — Pb(OH),|
AR GIE) AI(OH),|
Bl Fedt 3d° Fe(OH),!|
Mn2* 3d° Mn(OH), — MnO, H,0|
Cr3+ 3@  — Cr(NH,)** )\
Zn2* 3d0 - Zn(NH,),2+t DOk

Mn?* (3d°): [MN(H,0)e]*"s & 1 2
= E AL SR, (1y)3(e,)? Ly 117

X ERHIIEEIERFS

<Mo3+< Rh3+< Ru3+< Pd4+< |r3+< Pt4+

Mn2+<Ni2+< C02+< FeZ+< V2+< Fe3+< CO3+< Mn4+
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3. [+3] O.S.
MR~ WSR3 B R B

2Mn3* + 2H,0 = Mn?* + MnO,(s) + 4H"
2Mn(OH);(s) = Mn(OH),(s) + MnO,(s) + 2H,0

[Re,Clg]*

)t

E

BEBERHA d—d 288, WHEA
Re3t H{deyﬁféu 11 Xﬂ‘[l L9y =
T R0t

iﬁio

2T ReS W2 7 A EL R

R ON
ik ” EBBEE; B R
Egdxzi'lgjliﬁ dyzi—F)Lj‘[E[y\ «“ )%‘ 9‘:2; )%' ” f;

PARe* HIdZBIERL “ Sk ()

ml

G
, WEHReEReZ LR

[ResCls] 28 1444

33Z2pm
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Re 54652

Re3+ Sd* dsp2edt Sc* (dsp?)°( dsp)°( dsp?)°( dsp*)°

Re>* 1 1 1 1
dzZ dﬁ(y d Z dxz dx2 y2
c |0 fﬂ |7t
Res* ¢+ 1t 2t 1t __
dzz dxv ,dyz dgz dx2-y2

Te T To Te

(Bp)’* (Bp)? Gpy)l (Bpy)?
Cl Cl Cl Cl

% 718 e O

224 A

c Reﬁa
cl Tl 83


file:///C:/Documents and Settings/public/桌面/无机化学/链接/第8章/σ成键.ppt
file:///C:/Documents and Settings/public/桌面/无机化学/链接/第8章/π成键.ppt
file:///C:/Documents and Settings/public/桌面/无机化学/链接/第8章/δ成键.ppt

3.[+4] O.S

ToIMn(H,0)(]* 7F7E, RBEMnOBHERE-SYIFE,
UK, MnFs

> Preparation: PAZZE8H MnCO, N R, HEAREHIE
MnCO; + H,S0, = MnSO, + CO, + H,0
i  anode: Mn” +2H,0-2¢e——MnO, +4H"
cathode: 2H +2e——H, T

» Properties:

a. RENRPHEREMME (9=+1.224V)

MnO- + 4HE1.:3E} MnCl, + Cl, t + 2H,O
2MnO, + 2H,S0, 2MnSQ,4 + O, t+ 2H-0
MnO, H.S0,(#) , HNO,(#) \ Mﬂ:_ +0, 1

—

( J)—CH; +2MnO;+ 2H;S$0; == (| —CHO + 2MnS0, + 3H,0
b. BREF = B JF 1

i
3MnO, +KClO; + 6KOH = 3K,MnO, + KCl+3H,0
2MnO, + 3PbO, + 6HNO, YHMnO, + 3Pb(NO;), + 2H,0
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4. [+6]0.S

Mn2EMnO,> (&) , TReH ReF,, ReO,, ReO " FEFETE
5=V

> Properties:
& KBEAL: Mmoo +2H,0
& EREMFEF: Mo 4w 2MO; +MO, +2H,0
MO~ (UFF/E TR IFR T, HMOy EATAER.
AT TeClg. ReClg:
3ReCl, + 20KOH == 2KReO, + ReO, +18KCl+10H,0
Prmor o, = T226V» FTEAMnO™ s fLil, BIEMRIERSE T, MnOy
KA AL R, Fr A8 A H Moo, fEEALA.
¢ fEOH 1, MO, 2 # AL E AL

2K, MnO, +Cl, 2KMnO, + 2KCl
4K,MO, + O, + 2H,0 —— 4KMO, + 4KOH (M =Tc. Re)

MO, + MO, +40H” (M =Mn. Tc. Re)
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5. [+7]O0.S.
Mn(vi1) AMn207, MnO3F, KMnO , f#1E;

Re(VIl) LAReF7, ReOFs, ReO3F/7-1E.

bt

KMnO,

‘

, 5
¥
A
> Properties:
a. MnO, 2%, BARI(02>Mn7+)HI4R.

b. R hv& T4, P HEEEEE T 2 Eig:

4MnO; +4H" = 4MnO, + 30, + 2H,0
. KMnO BB R T A



//upload.wikimedia.org/wikipedia/commons/0/0a/Potassium-permanganate-2004-unit-cell-3D-balls.png
//upload.wikimedia.org/wikipedia/commons/0/0a/Potassium-permanganate-2004-unit-cell-3D-balls.png

s =+1.51V, FrBAMnO; A EMNF], # MnO; il &, EafgE5ILE
4/
r‘*-‘f}ifﬂrum“uw tr HH MnO,
2MnO; +3Mn~" +2H,0 = 5MnO, +4H"

X BT “GHU—TERE" BB, HEEFYSHENRE %
(%0, MnO,
* MnO, { —"— Mn*
285 MnO;”

d. HRBEETIMADERERRAEE, EHR—FRROER:
KMnO, +3H,S0, 4, —— K™ +MnO; (V" [l =)+ 3HSO, + H,0

KRBT IMAKRERERTE L, 2B8FMn,0, GREHRY) ,
518 YE. FCCI,ATLLZEEIMN,0,, BFECCI, A4 E %4,
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» Preparation

a. AMnO2 A B B KMnOa
H—P: Mn?"? — Mn™P
2 MnO, + O, + 4KOH

2K,MnO, +2H,0

B
CO; E {1t K;MnO;y
K,MnO, + 2C0, —— 2KMnO, + MnO, + 2K,CO,
X B HN66.7%
b. EARVE:

anode: 2MnO2™ —2e —> 2MnO;
cathode: 2H,0+2e — H, { +20H

e e e s i
AR R W TR 2KaMnOs + 2H,0 =—— 2KMnO; + 2KOH + H> |
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Summary: Mh compounds

/fk/f/tz& +7 +6 +4 +2
SN KMnO, K,MnO, MnO, MnSO,*7H,0 | MnCl,*4H,0
ECAREN:IH s ‘
N ETY
BUEANRE | TRAMS | Bt iig %g;fﬁ’ Nt E | WA tEE
(G
2 /(gecm®) 2.71 5.03 2.1 2.01
58°C,

b - 200C LA F4y | 640~680°C 7y ff § Hﬁiﬁ : ﬁzo/of/z\?’gc
,}:Ehl“\/ C ﬁﬁj’g ﬁzlj:y\j 530°C ﬁj\ﬁﬁy‘j -A E|E|7J( ;36 FIBJJ 7] ﬁqill:lj
L NEESREIN \\

52 I AR KMNO, MO, O, | MnO. A1 O, 7K MnSO, & | HCI, K

it MnO..0 KO A5 | MnClL 4

v ’ HAMn0, | AR, A

N 650°C
64 224.7geL"
miiemz | GMKOHP
BARE | gooo00 by, | ARSI | s | soo) 72
/(g/100gH,0) T 1R Bk &=
@ T BEE RN
- PARG)
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W TTR R

1.507
‘ 0.564 2.26 0.95 1.51‘ —1.19
@Y%\ MnO,- MnQO,2- MnO, Mn3+t— " Mn2*—_"Mn
| 1.695 103 |
0.564 0.60 -0.20 0.1 -1.55
0" MnO,~ MnO,2~——MnO, Mn(OH);—Mn(OH),—Mn

1. MnO,>(8%k), Mn*(EHk4)m] B R
2. WELRMN: 3Mn2* +2MnO, =5 MnO,+ 4 H*

3. phE % ER: BRIEINF: FHALH,
WA IR
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ReHy2-

D,, face-capped trigonal prismatic
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AR AR
(kB ERE<TINHLE I
2011. 6FR)

Chapter 18. iHEILER()
(P79)

18, 22, 30, 31, 34, 35



