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2-1 SABUBRIRE

IVB B% : $K(Ti) . $=5(Zr). $R(Hf
)

£40fA (Ti0,) . K (FeTiO,)
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1. TiO,

FeTiO,+ 2H,SO, #® 3 FeSO,+ TiOSO,+2H,0
25 C pEHRED,
TiOSO,+ 2H,0 = H,TiO,+ H,SO,
# 800~850 C
TiO,
Mk H,SO,[ | NaOH
TiOSO, Na,TiO,
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+ 1. TiO, NET/KEFER, AT HF
BRI
TiO, + 6HF = [TiF,]* + 2H* + 2H,0

Tio, + H,SO, —2>TiOSO, + H,O
TiO, +2H,S0, —>—->Ti(S0,), +2H,0

2. 5BaCO. x>
TiO, + BaCO,—>— BaTiO, + CO,
BaTiO, : REKEZEN. JEHITHBEE, HLMEE - A
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BEVEKER (IREKER) © TiO, - H,0 : TNi&-

1i0,+Cl, > TiCl, + O,




2. TiCl,

TiCl, 7S ( IEEYmEEasd ) |
mim FALBRIS , ZiFk , AARHSEK,
e+ atiail
TiCl, 5K , EHEESHPHRFKEMNS
- TiCl, +3H,0 = H,TiO, %+ 4HCI

B ECE F

TiCl, + 2HCI(#&) — H,TiCl,

Ti(SO,), + Na,SO, — Na,[Ti(S0,),]

518 [F575)1E B

2TiCl, + Zn — 2TiCl, + ZnCl, —°—[Ti(H,0),|CL, (%)
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B ENINZ A, Vanadium ,

FAMEL, JRAE.
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1. V,0,
V,0, HEEEBNRIEIS , A%,
MBETK , BRERES,
¥t V,0, AR (LARRIEAE ) |
BT 5FR (80 NaOH) & :
V,0, + 60H (/%) =2VO; +3H,0
IESAESHR , X6
V,0, +20H (3#)=2VO;+H,0
(REAESTR , W6
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¥ V,0. tBRligF 35S (pH < 1),
BEEAR v, mMERREGRD

VO,"v,0, +2H" =2VO; + H,0
(W)

7t V,0, EHHEHIRIGHL

V,0.+6H*+2Cl ~ = 2VO* + CL,1+3 H,0
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2. $ERER

VO?{ ®' D VZO‘;_ B V303' o Vloog;
pH >13.0 13.0~8.4 8.4~8.0 8.0~3.0
& 7

' 0[MH,Vv,0," # voOo #H vo!
pH 3.0~2.0 2.0~1.0 1.0
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VO, +Fe""+ H'=VO* +Fe’* + H,0
2VO'+ C,07 +4H" =2VO* +2CO,+2H,0
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[VO,(0,),I’” +6H* [V(O)]’ +H,0,+2H,0
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B|(Cr). HMo). ¥5(W) : VIB &
3d*4s! 4d°5s! S5d%6s?

. BERWAS: Cr: BIEES3  AEEES
Mo : IRIGEDS: +4
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AN : 12Cr%
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2. |{LEH+6 BB EM

(1) =RWE (Cro,)
CrO, fa& "#fF | B
[ Na,Cr,O, RIS RPN T= N ES

, BPRIfTLiE4Ie R Cro, i :
Na,Cr,0,+ H,SO,{##)=2Cr0O,+Na,SO,+ H,0

* eI K,
CrO, +H,0 = H,CrO, (!&
CrO, +2NaOH = Na,CdO,($8) + H,0
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v HAERETE.
CrO, # Cr,0, Cr,0,% CrO, Cr0,
4CrO, #""#*'H 2Cr,0,+ 30,

Y CrO, BiERlE , 584 (ULEE) Bl
U RE, HEEX. B
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2) EERERSEEENR
i) fFERN .
2CrO;” +2H" i '%& Cr,07 +H,0
(R8) (FEas)
i) JUE(ER : 153 Ksp BIMAYIE
Cr,0."+2Ba” +H,0=2BaCrO, (#f)+2H"
Cr,07 +2Pb*"+H,0=2PbCrO, (Hfd)+2H"
Cr,0 +4Ag"+H,0=2Ag,CrO, (I8 )+2H"
B ES AT K ; Tosss
o, FRK* 8. Na'mh NH,; #Jb, —B%
#XEE T K,
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iii) sEERILTE

BN RER B RER .
Cr,02” +3S0) + 8H" @ 3SO; +2Cr** 4H,O

Cr,0” +3H,S+8H" @ 3S+2Cr** 7H,0

Cr,0: +61 +14H" ¢ 31, +2Cr** 7H,O

K,Cr,0,(s) + 14HCI({# ) ¢ 3Cl, + 2CrCl, + 2KCl 7H,O
Cr,0:” + 6Fe’" +14H* @ 6Fe¢’* +2Cr’* 7H,O

Cr,02” +3Sn°* +14H" 3Sn*" +2Cr’* + 7H,0

5 COEEER
3CH.CH,OH +2K,Cr,0,+8H,SO0,

=3CH,COOH +2Cr,(S0,), +2K,S0, +11H,0
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3) LRk (Ccro,C1)

CrO,Cl, UHIBIE(N 3 F |, iFOIBRIT

b. p. 390K, A5 CCl,, CS,, CHCl, £HiA
K,Cr,0,+4KCl + 3H,S0,=2Cr0,Cl, + 3K,SO,+ 3H,0
CrO, + 2HCI=CrO,Cl, + H,O

R trehHERE Cr BT

Cr,07+4Cl'+6H" =2Cr0O,C1,+9H,0

CrO,Cl, 1B7KBN7KfZ
* 2Cr0,CL,+ 3H,0=H,Cr,0.+ 4HCI
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4) INERS
L Cr,02” +4H,0, + 2H" # 0O 2CrO(0,), 5H,0

Cro(0,), % cro(0,), (C,H.),0
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(1) &% (Cr,0,)
4Cr + 30, #"* 2Cr,0,

(858 )

(NH,),Cr,0, #'0 Cr,0,+N, 4H,0

Cr,0, BB,
Cr,0. +3H,50,=Cr,(SO,),+3H,0
(KR8 )

Cr,0,+ 2NaOH +3H,0=2NaCr(OH),

(RGa )
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% (D) s , AIiFRIES
BARTURE : Cr,0,-xH,0, tBEBEH
1%, BliEFERtE S TR,

Cr,0, @H,0 + 6H,0"=2[Cr(H,0),]" +(n 3)H,0
EEE

Cr,0, @H,0 + 60H =2[Cr(OH), [ + (n 3)H,O

B [Cr(H,0) @E5A Cr*
CrO,

5 ([cr©O)> HEH
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(2) Cr (III)

o XK W

[Cr(H,0).])' [Cr(OH)(H,O .”"+H" K 10~

2Cr’*+3S* +6H,0 =Cr(OH), ®+3 H,S

2Cr’*+3CO7 +3H,0 =2Cr(OH), +3CO,
e i W &

&% : E" (Cr,02 /Cr’")=1.33V
2Cr** + 35,0 +7H,0
#*H Cr,02” + SO +14H"
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W : £° (CrO; /CrO;)=-0.13V
2CrO; + 3H,0, + 20H™ = CrO> +8H,0
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(7) Cr(III) RORCEW
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B dsp® FACHZR7 B/ \EIEC ST

d,sp’

t 11
3d

.
-
= B
- >
-
. D
== 4
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Ed
-




HF Crdl) BS¥hRIES3L
TS REeE | FESHIESTSRERIK
SRUE. FlN CrCle6H,0 :

N
PR

I Y R I R, B

-
=
=

-
2>
=
.
-
-
-
-
R
-
-
e
-
-
e
-
-
-
R
-
-
:.
-




\

Cr*5A41°". Fe''™ iR R
HE A : By, £45HEE. FEE

LR L L R

(Cr(OH), IR
M(OH), Bt } Fe(OH ), 2Lix
AI(OH),A &

(AI(OH), & &1t

! M(OH), BRTH1%< Cr(OH ), 158 35 3 P 14

Fe(OH), M E WM (—M A 7ATFTOH)
(Cr** = Cr(NH,) Y JUR AR AR

5 NH 5 < A% } _ {AI(OH)3

\

I

I R L R, R

Fe3+ Fe(OH)3
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I, &5t © MO; ME &
HEE : H. MO, : MO, -H,0

. MR

B4  H,CrO, > H,MoO, > H,WO,

2)%&4 L% H,CrO, > H,MoO, >H,WO,

=% B
12Moj— +3NH] + HPO; +23H" =
(NH,);[P(Mo,,0,,)]-6H,0 v+ 6H,0

12-HHE RO e R AT E, £0Mo;




R L AR

O, ,
2 - > Cr203(S, g < - (NH4)2C1‘207

- A
)
IS= OH, Vi

Cr S=——=r,0, 1,0 ZE O criony;
(%@ H (i) (FER
2%t 2+ )
2 8 ¢ 3 ’_ 2 ﬁNaZOZ
’I (Cl") OH-

Cr,0> + CrO;
e ( |§ﬂ: p H Ba2* (‘
( ik \B\+‘ BaCrQ,(M
) Ag' ) Ag’

Cr0(0,), PbCrO, ()
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zom) BT . HRe : VB

5 — 154 &l b Ak s

. TET
i

: Mn:3d’4s” Tc:4d°5s' Re:5d°6s”
42 ~+46,+7

ToEM  BIMES Mn<Tc<Re

BEMNME - Mn>Tc>Re

. MR

ReA/tWEE™Y : HMnO, > HTcO, > HReO,
Attt © HMnO, > HTcO, > HReO,

=. MnIEFALE  page974 ~975 Table20—12

L. BEME 2

rl)Mn2+ = %% =

2)Mn* 131t 2Mn** +2H,0 = Mn* + MnO, \ +4H"
HMnO; 131t 3MnO; +4H" =2Mn0O, + MnO,  +2H.

4)MnO,)3F2H,0 +2Mn0O; +3Mn** =5Mn0, \ +4H"




)Mn(OH), 51t 2Mn(OH), = Mn(OH), + MnO, +2H ,0
2D)MnO, I3 E
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® ;E%E - ¢{Mn */Mn) =-1.18V
Mn + 2H+(#&%) = Mn2+ + H,
Mn + 2H,0 = Mn(OH), @ H,
2Mn + O, ﬁkA Mn,O,

Mn + F, = MnF_#IMnF,
Mn + X, =MnX,(X F)

%E
2Mn + 4KOH + 30, #X m‘}!: 2K, MnO, +2H,0
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Mn(Vl) . Mn(V]) REIMISHETEEHE
PEEFNiMEL, BEFRHEERRTE NH, + flizs

EESRIAEF | IEE %R,
gﬁ@ : MnO 4 %ﬁ' Mn()42- gi Mn2*

b Sg |

B : L-MCT  d-d IKEY d-

: VO CrO/
4MnO- +4H+(ﬁaﬁ'§) 4MnO,+30, +2H,0

4MnO; + 40H™ = 4MnO> + 0, ¢ 2H,0
2KMnO, # %% ‘0 K, MnO, + MnO, O,
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2, BE{dE E£°MnO;/Mn )=1.51V

e o | P
Bl | B Dol EEAR

MnOpy o Mn* MnO,| | MnO»

—alr T B,

2MnO); + 5807 + 6H" =2Mn** +5S0; + 3H,0
2MnO); +3SO; + H,0 =2MnO, + 3S0O;” +20H"
2MnO; +SO; +20H™ =2MnO; +SO; +H,0O
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K,MnO,

vV IBFasE
v EEiEEEh RIS |
- & pH>13.5 PR SEhisE

3MnO; +4H" 2MnO; +MnO,+2H,0
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=. BEED 4 MENEED
MnO, JHRBEHF , RIERIEN
S | R AR R,

2MnO, +1 + H,0 =2MnO, + 10, +20H"
2MnO; +3Mn*" +2H,0 =5MnO, ¥ +4H*
2. BRMEZRHT  BREALR], BMn™
MnO, +4HCI(K) = MnCl, +2H,0 + Cl,
3. WMERET  BIET], $¥§Mno,
2MnO, +4KOH + 0, =2K,MnO, +2H,0
4. BECEY) - MnO, +2KHF, +2HF = K,[MnF,|+2H,0
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M. |&Eh 2 HiEens
Wi rapigm - 345

¢’ {MnO,/Mn *)=1.23V ¢ (MnO,/Mn *)=1.51V
2Mn* + 5NaBiO,(s) + 14H* = 2MnO; +5Bi** + 5Na* + 7H,0
2Mn** +5PbO,(s) + 4H" = 2MnO; +5Pb*" +2H,0
2Mn** + 58,07 + 8H,0 #*¢ 3 2MnO; +10SO> +16H*
2Mn** + 5H,10,(s) + 8H,0 = 2MnO; + 5HIO, + 7H,0 + 6H*
o Mn(Il) EERHESH TRIE (GERILE) |
ERESRETEE (UREE) .

Mn?* + 20H" %> Mn(OH), (s,E)
2Mn(OH), + O, = 2MnO(OH), (s, {7 63)
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Mn(OH),
R (Bs)
X
*)Om & &
Mn?* O e MnO,

(B8  WHCBEHSO (iF@

)
NaBiOs,PbOJ X ,Fe2+

SZO§_9H1506 H,S, H,0,
+ + H*
(H") '(H ) +KOH ’
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Color Of Inorganic Compound

I .the reason of coloration

L R AT A R O

I. ultimate reason

\

b

A €[400,730nm |
light absorbed = visible light 1
v €[25000,13800cm |

11. other reasons

1)liguid, gas : interval among molecules = reflection
ii)solid : superficial area, or suface
II. Coloration Law Of Matter And Its Theoretical Explanation

Law 1: Most of the transitional elements with d'and rare eart!
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1~13

elements with f ~configuration will colorate. And ions with

d’, f' are usually light — colored or colorless.




example :Ti(H,0)." : violet

explanation :d-d or f -{ transition

1.absorption frequency :E =hv = A
ligand field stronger,A T,=v T
2.absorption strength .

I Y R I R, B

Fe(H,0)". Mn(H,0)." :+
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=
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) o Law2: for halide

. : 1)Most of fluoride but CuF (red) is colorless
- = 2)bomide and iodide are colored

'_ : 3)halide of Zn, Cd, Hg are white but Hgl, (red)

~® 4)Compound of Cu, Ag, Au are colored but CuCl, AgCl (white)]
-
e cxplanation :ions with d’or d'° ,nod —d  Pagel002

** Charge Transfer : The absorption band caused by transferring of

electrons from one atom to the other.

AgCl AgBr Agl color darker

reason : ligand — Metal Charge Transfer : easier

M T, easier to accept electrons, to absorb light of low frequenc
r

L' : r T, easier to lose electrons, o absorb light of low frequency
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" = for example
o [rytoexplain the absorption frequency of coordinated ions
: :HgCIi_,HgBrf_,Hglf_, with T — 65:45000cm ™" ,39000cm ™
L and 31000cm ™.
=
- - [rT, Lo MCT, v
alxplanation :
| v ¢[25000cm ™ ~13800cm ™ ], colorless

| alaw3: Most of the oxo -acid radical of main group elements are colorless,

but that of transition elements are colored.

(VOZ' : yellow; NbO,”, TaO, cololess

LMCT CrO; : orange yellow; MoO;", WO, : faint y
I.subgroup elements MnO;, :violet;TcO,,Re Oy : faint red

Explanation : z V,LMCT :v T, colour : lighter
r

\
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| Zmain group : colorless but NaBiO,(yellow), KBiO, (violet red)

! zzve no d electrons, no d —d transition
. B
l »

Eawd : The compound composed of one element with two differe

- oxidation state will be darker color.

! - example : Fe(H,0)." : light violet or light green
KFe™'[Fe*" (CN),]: dark blue

"

aw5 : Color of covalent compound causedbyn > 7,7 > 7,

S AN N

I I I D, e |

VIV EN

no d —d,no charge transfer

v alent compound {

but occupied orbital — empty orbital




\

examples :
o — o : A <150nm,colorless, SiCl,, PCI,

* iiyn —> o A >250nm, near ultraviolet, colorless,
H,0,CH,OH,H,S

iiiyn—>mandmw -7 :

,hu\\,\,\,mh,\.
OHH

\

{containning :double bond , triple bond

A = 200nm, colorless,

cis —isomer has the higher splitted energy than tran

. < tetrahedron

}energy higher than octhedron
\square
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\

Law’l :impurity or lattice defect will always colorate

(

e sapphire (blue)

% 5 ruby(red)

L O O R I

AL, O;(colorless)

\

Impure : <

\

. s yellow
diamond-

\ — > blue
lattice defect : CaF,
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