


ds-block : 1B, I B subgrou

four Cu copper zinc

five Ag
SiX Au




1-1 General characteristic
*Valence electron configuratio : (n - 1)d™

o : reason 7 of IB ,higher

reason d electrons included in Metal-

- ; '__J: - .
I?Q_arlzatmw that of alkali

*Stability : higher than that of alkali




Common oxidation number :

0159 .50
— o+ 1

—— u ———Lu
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im'vity: Cu>Ag>Au



1-2 v Chemical Properties

1. Reaction with oxygen




2. Reaction with H,S

Cu and Ag can react with O, mixed by H.S or S
,but Au can not.

3. Reaction with acid

Cu, Ag, and Au can not be dissolved by dilute
T—il acid or H,SO,, but Cu can react with

themaneluding air or coordination substance.

2€1+2H, 800, = 2CuS0;+2H0

2Cu +8HCI = 2H.[CuCl, ]+ H, T



Cu and Ag can be dissolved easily by HNO, or

hot H,SO, solution,

Cu +2H,S0, (hot, thick) = CuSO, + SO, T +2H,0
3Ag+4HNO, =3AgNO, +NO T +2H,0

but Au can only be dissolved
Au !4HC1 + HNO, = HAuCl
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by aqua regia

,+NO T +2H,0



4. Coordinated reaction of Ag , Au
ith KCN . _
k Ag(CN);  Au(CN);

5. Coordinated reaction of Cu with
NH.H,O

= colorless

K
= e T o S __P--'. £ ,#



1-3 Important compounds of copper-group
element

1.0xidation number -+1

Cu(l):d!* , nod-d transition

diamagnetic
1.1 oxide compound

] Cu,0 Ag,0

g !!ovglen! . .hardly soluble




1).Thermal stability : Cu,O higher, Ag,O lower
2Ag,0—2>54Ag+0, T

2). Cu,O | Ag,0O can be dissolved by ammonia




1.2 Hydroxides

AgOH (white) : stable at below —45 °C,
decomposed at higer temperature than - 45°C
CuOH (yellow) : not stable, usually Cu,O(red)




i

No nitrate of Cu(l)

AgNO,

Ag+2HNO; (&) = AgNO;+NO, T +H,0
.3 Ag+4HNO;(75) =3AgNO3;+NO T +2H,0

! 713K

.. /Z'AgN()3 )2Ag+ 2N02 T +02 T
or hy




1.CuX

_m

CuF (red , soluble, dismutation)
Cu(Cl , CuBr , Cul (white , insoluble)

Solubility : CuF>CuCI>CuBr > Cul
=Covalence : weak strong

'
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1). Preparation
2Cu™+2X +S0,+2H,0 2 2CuX+ +4H +SO;

Cu” +2HCI(#)+Cu > 2H[CuCl,]

b Cu(Cl|

u” +41" =2Cul ¥ +1,
|

o
. T
Y’



2).Chemical properties

i). Reaction with excessive X

CuClH+HCI=H[CuCl,]
ii). ﬁuCl solution dissolved in HCI absorbs
= CO

. COTCuCItH,0=Cu(CO)CI



Solubility : All the halide compound AgX but
can not be dissolved by H,O and dilute HNO..
Color : reason is Charge Transfer : L-M
Covalence : weaker F Cl Br 1  stronger

Chemical properties :

AgCl+2NH; =[Ag(NH3),]|" +Cl™
= AgBr+28,035 =[Ag(S,03),]°>” +Br-
" _Agl+2CN™ =[Ag(CN), |~ +1~

miSCN: insoluble ,
excessive KCN:[Ag(CN),|

- WA SCN
N AgCN:
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Cu,S andAg,S

black,
insoluble in water and non-oxidizing acid ,
soluble in hot and concentrated HNO, andKCN.

3Cu,S+16HNO, () —2—
. 6Cu(NO,), +3S¥ +4NO T +8H,0
IRg.S + SHNO, () —2 >

= 6 AgNO,+3S++2NO T +4 H,0




1.6 Coordination Compound

centerbody : Cu* . Ag':d"
configuration , s , p empty orbital
Ligand : X, NH,, 5,02, CN etc
Coordination Number : 2, 4
Stelicture : line or tetrahedron



Coordination Compound: of
Cu" v Ag'v AU’

Softacid: Cut+ . Agt+ .
‘?}?_I—sz
Cu'+X — CuX v+ —=—5[CuX,]
precipitation  was dissolved
Kﬁi 'CuCl,]” <[CuBr,| <[Cul,]
Cu,O%4NH, - H,O — 2[Cu(NH,), ] (colorless)

L[ Cul NHIPNIEED “bluc)




2)Ag”

i)halide

Ag' + X~ — AgX ¥ —X[4gX, T

K. |[AgClL, | <[AgBr,] <[Agl,]|

ii)other ligand

AgCl [4g(NH,),]

AgBrf — 10 AgBr| o )<"[Ag(5203)2j
Agll Agl Agl —<—

3)

AuTACN 1 —%02 PH,0=24u(CN); +20H"

Y.

Ag(CN),|



sreaction




2. Oxidation Number +2

100) s AN 10
Cu(OH), : light blue flocculent precipitate

CuO : black precipitate RIT ¥

Cu”*+20H™ = Cu(OH),

-
i

BcuoH), 22X cu0+ H,0

 —ACuUQEEE > 2 Cus 040, 1

\




Chemical Properties

1). Cu(OH), weakly amphoteric compound

Cu(OH), +20H™ (concentrated) = [Cu(OH), ]

Aea T , 1EERIE N

2). oxidizability thitl . FBREIAIEL

i(OH); + C,H;,0, =CuOH +2H,0 +C¢H,,0-

»— CulZVOl ( rle.d )

"1\‘
b,
\-——"
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CuCl,-2H,0 22225 K  cycl,+2H,0
HCI flow

Yellow=brown

anhydrous CuX, : covalent compound

Chemical properties

1) lnhydrous Cu(l, decompose

2€CuC Iyt CT 1 C1, 1



2)Easy to be dissolved by

Highly concentrated CuCl,: yellow-

where, yellow from [CuCl,|* ions

from ions
Concentrated CuCl, :
drom [CuCl,]> and [Cu(H,0),]*
Dilﬁ£e€mClZ: blue: from [Cu(H,0),]*

—

3) I%drolyzed with heat




CudSO,-S5SH,0

375K 423K

)C“SO4'3H20 >
CuSO, -H,0—2X 5 CuS0,

CuSO, -5H,0




u(H,0),]SO,-H,0



Chemical properties

CuSO, Cu(OH),SO, | (light blue)

[Cu(NH,),]*
Deep
blue

brick red

Detection
of Cu?"




m

CuS(Black)

CusS can be dissolved by only
hot nitrate acid or concentrated NaCN

2CuS#10CN ™ =2Cu(CN); +2S* +(CN), T
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o
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2.5 Coordination Compound

Cu*+ CN-
(white)
1 O\
- Cu(CN);

CIN- é?lff be used to separate Cu’ and Cd*

3 gy b’



_|_

Cu”* reacts with reductive ligand and produces compound of Cu

([2Cu* +4CN™ =(CN), +2CuCN 4
CuCN +3CN™ =[Cu(CN),]" (TYTH 1%)

CN"
| .x |/2Cu* +4SCN™ = (SCN), + 2CuSCN

SCN™ bt —— 5

. CuSCN +3SCN™ =[Cu(SCN),]

2Cu™ +4I" =1, +2Cul ¥
N\ +Cul =[Cul, |

-"';r.-'_.--"‘h""‘-\.
- Tl ™ —
] .
HY"



3. Cu(Il) and Cu(l)

0.535V
o2+ Q153+ 052V L .

2Cu™ +41” =2Cul{ +1, Ky, =5.06x10""

1). in solution :

e

— .
N E

»
_Cu,0u H,sGUsdldiagion gt

N 2cu ™ 22Cu’t +Cu K9=1.2x10°




¥ 2). Coordination and precipitate can
stabilize the Cu(l) compound.

Caused by reduction of electrode potential

Cu,0+2HCl=2CuCl{ +H,0

H+l

H[CuCl, ]

| —




3).high temperature or solid state :

Caused by higher'l, of

Jdconfiguration
CUZ(OH)Z CO3 2. )2C“O(S,*§%)+COZ + H20
>1000°C

>2Cu,0(s,i§4)+0, 1

4Cu9_gs)

e

‘ 1800°C

-4Cu(s)+0, T

-"';r.-'_.--"‘h""‘-\.

\%CuClNu'C >2CuCl(s)+Cl, T




4. Compounds with oxidation number

Au

A4

Au,Cl, —H[AuCl,] —Au(OH), —A4,0,




1-1 General Properties

1, Electron

Confi qurati on
Lvalence electron: Myl )d"'ns’

Dqgher 7 ( effective charge ) :

L

" -"_-“'""\._

Cd



2. Reducibility of Metal

Zn**+2e=7Zn P° =

Cd*+ 2e =Cd P° =

Hg >+ 2e-=2Hg o° =0.7986V
2Hg** + 2e-=2Hg,>* ¢@° =0.905V
Ca*+2e =Ca p° =—2.76V

Reducibility :
€ far weaker than reducibility of alkali earth

metal
€ Zn—Cd—Hg reducibility :weaker




* 1) 11B: oxadation numbex:Il(Eg 1)

* 2) IIB: stronger polarization
'i stronger deformability

o stronger covalence effect

: \_, ~'



3) Acid-base properties
*Be(OH), and Zn(OH),: amphoteric

hydroxide PRIESH=ALCH

4) Coordination effect

| fHEEEh GKERER fRERmh IKRERTE
3z 35S i ok A ’f‘%ﬁ'ﬁl@lﬁﬁﬁi
J 1A 70 iﬁﬁ ?ilg'ﬁj 7J<ﬁg

=y

RN -
IIB %ig iﬁg %ts"s' ?(%E*EEM



1-2 Simple Substance

L, poysiel

l)li{/ﬁpgll.ltg BP : Zn, Cd. Hg Ilower

caused by M—M bond
Mercury

> A v Superconductor Metal firstly
ound at 4.2K

I=M bond in Hg, " ion




Amalgam 5K3%

Sn, Pb.

2. Chemical Properties

reaction with O,

~Wet air .
l . 47n+20,+C0O,+3H,0

T EAAG0;:3Zn(OH), B

Tl



27n+ 0, 27n0(s, white)
2Cd+0, 2CdO(s, red - brown )

2Hg+O0, 2HgO(s , red, yellow )

Stability: ZnO>CdO>HgO

ﬁ caused by polarization of metal




e 2) reaction with S

ZnS (white)

CdS (yellow)

HgS (red , i)
(black , k=

)

reaction with OH-,NH,

—

Zn+20H +2H,0=Zn(OH); +H, T
Zir#4'NH , Y/ P , T+20H"




oo Chot and concent

SRS S M2+ H, T (M =2Zn,Cd)
), + 2N02 + ZHZO

D T +4H,0
1+ SHNO; (1, 16
1,0



1-3 Important compound of Zinc-group




1. compound with oxidation number +

1)hydroxide and oxide

i) For Znand Cd__

PITEL Y
ZnO(s) BBEH , RITRIE

| —

‘ amphoteric compound




Cd(OH),  —25CdO

weakly alkaline

(OH), ¥ +2NH;
=Z7n,Cd)

E .fﬁ +2H,0

1 NH;-H,O

I\._Hb )




HgO(s, ) He(9)+0,

a. Thérmal stability : ZnO>CdO>HgO

b. Thermal stability : Zn(OH),>Cd(OH),>Hg(O
HARMWAER : Zn<Cd<Hg




Zi . halide

Solubility: ZnCl, the solid salt with the highest
solubility (283K, 333g/100¢H,0)

Zn(l, easy to hydrolyze, acidic




HgCl,  white needle crystal,

slightly soluble,
highly toxic

HgCl +2Cl ™ (excessive) = HgCl;

precipitation dissolved

‘I- He— OH+ HCl



b). ammonolysis

white

M s [Hg(NH,),*" +2Cl1°

dissolved




c). oxidizability
Used to detect Hg?*

2HgCl, +SnCl, + 2HCl =Hg,Cl, ¥ + H,[SnCl ]
white

Hg,Cl, +SnCl, + 2HCl1=2Hg { + H,[SnCl (]

.

Al



iii) Hg(NO,),

unstable

2Hg(NO,), ——>2HgO+4NO, T+0, T

hydrolysis

am%nolvszs

wgg(NO;;»HgNHzl\T()’;’ ! +NH,NO,




i V) mercuric iodide

Hg** +2 I~ = Hgl, |( )

I
[Hgl,]*~ ( colorless )
solution of K,[Hgl,] in KOH called “Nessler reagent”

used to detect micro

+71 +3H,,(




Sulfide with
3) . Sullide lowest solubility

VAN CdS HgS

R[NFHEHCI  BF aFEK.
AiB8F HAc ik Na,S i&i

- HgS+Na,S =Na,[HgS, |

e 3HE8 8 H' + 2 NO; +12@I5
< ;

=3HgCl, +2NO T +3SJ +4H.,0




ZnS-BaSO, $#MH ( )
ZnSO,+BaS=7ZnS-BaS0O,

Cds , A, e 3R E AR
Zn* B ETE (EFE'TE*FF)

_NHN —N—~
| ',,_' +OH" —>(._5ﬁ2n/ﬂ +H,0

= | —EwmE N R pas (K

® ~ N (caL, iBiH) ol
= 56 56 (CCl,
- =)




4 ., Coordination compound

M** soft acid , form ML,
Zn* +4CN"——Zn(CN)>~ KO =5.0x10'°

8
Cd™ +4CN"——>Cd(CN);™  Kg =1.3x10"
Hg’* +4CN~ —— Hg(CN);~ K;’g =2.5%10%

Hg** stronger polarization and deformability

ibility of halide of Hg2+ : CI < Br- < I

|- ——HgCly Ka =12x10"
Englg Ky =68x10%

i

i
‘Hg’t +4




z, Compound with oxidation number

+1
( ) : white powder , nontoxic

slightly soluble ,
decompose with light

"Hg-—-Hg" :linear,

no sin gle electron,

—

e

® anti — magnetic

~—Hg Zb—v—) HgCl,+ Hg



ammonolysis : todetect EHg,* ion
Hg,Cl,+2NH,
= Cl-Hg— NH, V (white) + NH,Cl+ Hg ¥ (black)
Condition: with Cl~ ion,

can produce pricipitate of lower Ksp

which make equilibrrum move forward

He, S

=

> Hg , O(s, ¥8) > HoO(s) + Hg




. K8, maTK , aliEH

Unstability &
Hg,(NO,), —>2HgO+2NO, 1
hydrolyzation

Hga(NO,), + H,0 =Hg,(OH) NO,+ HNO,

ammonolysis

| — 2(NO3)2 +2NH3
R % »NO; ¥ +Hg ¥ +NH,NO,




reducibility &

easy to be oxidized to Hg"" by air
Hg,(NO,), +O,+4 HNO,
=4 Hg(NO,), +2H,0




3. Hg( | ) and Hg (1]

add coordination or precipitation reagent of Hg*"

Hg?*+20H =HgOJ +Hg{ +H,0
Hg"+H,S=HgSy +HgJ +2H"

Hgﬁ;+ 41 (excessive) = Hgl; + Hg ,

T

Hg§’$+ 4CN" =Hg(CN), +Hg .

w0 A1 .CN . SCN#
Hg<i<gamg

VLUEN: OH « NHyw S*. CO;”










A, < 573K
NaOH

HgOl ( ) HgCl, HgO| ( )
s} .
& HegS i # H,SO,
= % 1%! #RH,S0, , A
Na,CO,A &% Hg ._ﬂz *' HgSO,




B 5 1A 5o==890EL

%ﬁ'ﬁﬁf s, EELUiRAEERBI, FR1E
Bim PR,

2. WEERE : PARTTESIRLERE.
%IEW‘.%.m'FiFuT?X*?E’—‘m:%%’ﬁn?Ziﬂyzw
HABEMIKREIHSS ;

(i , FPmiahe , ’f“a?s HIIE |, SREEARE,
ﬁ'ﬁn?ﬁﬁﬁ&tﬁ [&U1F5 11B ixtHRR.

¢
¢
¢
¢

"1\‘
e W
\-——"



3. {EBIIECuEESD

PRRIT SRR NMC S MBS R
i 1 o AT s o E=E S

4. SFRCHIRIESERL A HIHLHYE

PARITC ISR YIESSRIE | ZARKD
, SRALFISATERERESRICH.

st =M EEIT , SEANREEEE,
B EEEA 2 REEHY ;

m‘é&”:‘EaEngsz;arivm-BﬁJg@mmngmﬁmx

BT




5. SRS REIES mld IR

ITA # TIB PRhx7s =By fiH Esniel o ey 3
7K BARIREREDOER T | % s a<aY
RBsaina 3K , s, fo. BEinismnl]
WaTIK, PAxmEREEKaRHE e —
EEEEI’:‘VK% , M5, %6, SEIE—HRANK

"1\‘
b,
\-——"




	页 1
	页 2
	页 3
	页 4
	页 5
	页 6
	页 7
	页 8
	页 9
	页 10
	页 11
	页 12
	页 13
	页 14
	页 15
	页 16
	页 17
	页 18
	页 19
	页 20
	页 21
	页 22
	页 23
	页 24
	页 25
	页 26
	页 27
	页 28
	页 29
	页 30
	页 31
	页 32
	页 33
	页 34
	页 35
	页 36
	页 37
	页 38
	页 39
	页 40
	页 41
	页 42
	页 43
	页 44
	页 45
	页 46
	页 47
	页 48
	页 49
	页 50
	页 51
	页 52
	页 53
	页 54
	页 55
	页 56
	页 57
	页 58
	页 59
	页 60
	页 61
	页 62
	页 63
	页 64
	页 65
	页 66
	页 67
	页 68

