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The coordination compounds
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Compound Formula Color

1 CoCl; . 6NH; orange-yellow

b CoCl; . 5 NH;4 purple

3 CoCl5 . 4 NH;4 green

4 CoCls . 3 NH;4 green

When an aqueous solation of HCl 1s added to either compounds 1, 2. 3 or 4, NH3 is not removed.
Compound 1. when treated with an aqueous solution of Ag(INO,) precipitates all the chloride as AgClL

Compound 2, when treated with an aqueous solution of Ag(IN DE} precipitates only 2/3 of the CL

Compound 3. when treated with an aqueous solution of Ag(NO,) precipitates only 1/3 of the CL
Compound 4. when treated with an aqueous solution of Ag(NO,) precipitates no AgClL

R BH AL 2 5% --—--Alfred Werner

Compound Formula

1 |Co(NH3)6]Cl3

2 (Co(NH;)5CI]Cl,
3 Co(NH;)4C1,]C1
4 (Co(NH;3)5Cl5]
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[Co(NH;),CLL]” 3 3 2 2

Werner& il i [Co(NH,),CL,]CIH 7 h
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The Nobel Prize in Chemistry 1913 B
Alfred Werner

The Nobel Prize in Chemistry 1913
Alfred Wemer

Alfred Werner

trans-[CoCl»(NH3)4]*

The Nobel Prize in Chemistry 1913 was awarded to Alfred Werner "in recognition
of his work on the linkage of atoms in molecules by which he has thrown new

light on earlier investigations and opened up new fields of research especially in
inorganic chemistry”.


http://en.wikipedia.org/wiki/File:Trans-dichlorotetraamminecobalt(III).png
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§ 1. Eﬂ’%% E(J/;E}j:%@ Basic concepts of complexes

— B EPIRIE X

FHFE FHE AL 7565 (NH3, H,0, X')Bir HL 7 (CH,=CH, ) I ¥ 5 1R it 2 LI 1) P ol
(RETHEREE T ARMEYIRARAI &Y, MRV EY.

fl4n:  [Ag(NH,),]"  [PtCl,]* _
LS <o

(Fe) (Cr)
= EAkEWRAR
1. CGinner) +7M5¢ (outer) =fC&) @ @
AR E . Boanl LLEAR S, (EANATBLE N 5.
Bilh: [Fe(CO)s],  [Pt(NH3)2Cl:]
2. N F=r0K (center) + FCf74K(ligand)
(1) Aol RAEE Y THEMNIE FEE T, 4R ZdX, dsXItE,
HMZEIR;
(2) Btk (L)« FRRECHR, IR X BB rE 1, S5 BE s+
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1. Classical complexes: ECAEIRMEINEFXF, HFHOERTHIE
Ag(NH;); » Cu(CN)j

2. -complexes :

ML A AR B B T (5 T PR I 2R CHZTCHZ K )\\ <<1>3
CoHs FRR_JEEE, ®IFR: Cp 1m: FeCp2 3 M !

S (P —csHy) , B CHBERHEAT, MRES S BTF, &
M

E{ECH;, Wit 6~ n B, izl ea E{EPOEsS CHs 1 BT g

iqw*,qmﬁmiﬁn%%,ﬁﬂﬂnf—gﬂg

M

K, CsHsREE 1T, o, Ty’ - CHsBlo - C.H,
& '\'H

JEH%EE: CH,=CH-CH,:
M-CH,-CH=CH, e
3
0-C;H; M - CLHy




U, Fefrfk (L) Ligand
1. REEAAEFEAMSRETFRAR, BETSRN:

>HE (35) Fe4E (unidentate ligand) : Fofhh H&E — AN
J7 T, Wﬁﬂ :

NH;. H,0. X . | | (oy)

>3 (38) FifE (multidentate ligand) : Fe/AH 55 AN B
CL B R ¥

A BN e H BTG S PRR R AC &Y B 2 A TCAR 20 B )
&Y, FMNEEY) (chelate) .

(1) B8 L P 4k
F- Cl- Br |- H20 CO NO CsHsN OH-

fluoro | chloro | bromo | iodo | aquo | carbonyl | nitrosyl | Py | hydroxo

(2)WEmEAE: 4% (en) . HIEZIE (oxalato) « &AL
AR (gly) « BEALEE (bpy) 9

(3)ZEEE: 4 IV LR ( ethylenediaminetetracetato ) -
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. BfiEr (coordination number)
>%ﬂ E;l%ﬁ% (B ) PrEese i i+ mEcH, -4
> 2. Eﬁﬁ@ﬂﬁi M A7 2 =B AR H

Z A, )

Be AL 2 =R A2 X B EC A i e A JR 2
> 3.0 5E Be A EH) 28 58 0 N -----EANFE U] - ( Effective atomic
number) B[ /\E -7 (JLBE) K

(1) EANKEINE X
a. MR E 0 b AR SR AL 25 A OB B HE T = —
M SRR A8 (36 (Kr), 54, 86)
b. LRI HE - E0 + PCAR SR AL H 7 2= 18
(n-1)d°ns2np® =+ )\ EB-FHE N

c. LBERN . FA (n—1)d¥iE (BiE AP nd¥iE
1 nsBHUE A3 N npiiiE (9N HLIE) B FE T ?F
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& BREAN SV R (back bond)ZE AR R

COMIHOMO A%k (BR) COMILUMO RS2 42 (FR)
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MOLECULAR ORBITALS NITRIC OXIDE - NO
NO HIZFHIERE SR B

S

I=E57id

ground state MO 0

(16)*(20)? (36)* (40)* (11)* (50)* (2m)*
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//upload.wikimedia.org/wikipedia/commons/7/78/Nitric-oxide-2D.png
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Hectmn Cﬂuntmg Schemes for Cummnn ljgands

R e A a8,

i i) : : Method A: Donor Pair Method
F,Cl, B, 2(:X:") : : FC(II) 6 electrons
OH 2(:0:H") : : T]S‘CSHS— 6 electrons
CN 2(:C=N:") | 2 (CO) 4 electrons
CH; 2(:CHy) | CI 2 electrons
NO (bent M - N - O) 2(:N=06:7) | : Total = 18 electrons
CO, PR; 2 ! 2 -

NH;3, H;0 2 : 2 | @
‘= CRR’ (carbene) 2 : 2 :

H;C = CH, 2 I 2 I Fe.

& o s [ I St

=0,=$ 2058 2 I OCEQ L a""Cl

NO (inear M-N-0)  2(:N=0Or) | 3 : CO

n-C3Hs 2 (C3Hs*) : 3 : Fe atom * 8 electrons
= CR (carbyne) 3 | 3 1 °-CsHs 5 electrons
=N 6 (N*) : 3 12 (CO) 4 electrons
butadiene 4 : 4 : i . 1 ctron
n*-CsHs 6 (CsHs™) | 5 ! Total = 18 electrons
n6-CeHe 6 ; E Method B: Neutral Ligand Method
-CyHy 6 (C7H;*) ! 7 | ”

(Donor pair) (Neutral Ilgand)




NOTE: In applying the 18-electron rule, metal ions are always
considered to be zero-valent, not the formal oxidation state!

[NI(CO),] [Fe(CO)g] [Cr(CO)g]

Ni(0) = d0 Fe(0) = d® Cr(0)= de

4xCO= 8 5x CO 10 6xCO=12
18 e 18e 18e

To obey the 18-electron rule, many carbonyl complexes are
anions or cations:

[V(CO)] [Mn(CO),]* [Fe(CO),1*
V(O0) = dd Mn(0) = d” Fe(0)= d?
6 CO= 12¢e 6 CO= 12e 4 CO = 8e
1- = +1e 1+ = -1e 2- = 2e
= 18e =18 e = 18e
Formal oxidation Formal oxidation Formal oxidation
state = V/(-I) state = Mn(l) state = Fe(-Il) 10



B — T : F1E
—/I\Mn Mn%g,

R, e\
(2) EANFR I ) 7 F T A

a.ffi e LA EL:
Fe(CO),(NO),:

g ? ? 8+2x+3y=18; x=5,y=0;

b. AW SR ERE

HCo(CO),
18e (stable)

C. H] U\%IJH%EJ Iﬁ#)%%
Mn(CO). 17e = Mn,(CO)
Co(CO), 17e = Co,(CO),

'0o(CO),
8e (stable)

Co-Cofg MBAMENHT
BERICORCiE (B H+
THFERCO) , HTHF
ERCOANFRALZRII ) B
F(—iaRpE—), #
REG e wANG A

X=2,y=2

Co(CO),
17e (unstable)

FANBEFIWT R A

XTSRRI

FAECORF (AR BLH BT E 80 3
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Bridging Carbonyls in

bridging
carbonyls

[Co,(CO),]
Co(0) = d?
3 CO’s = 6
2 bridge CO's = 2
Co-Co bond = 1

carbonyl complexes

bridging
carbonyls

Fe-Fe
bond
[Fe,(CO)]
Fe(0) = dsé
3 CO’s = 6
3 bridge CO’s = 3
Fe-Fe bond = 1

18 e
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IR spectrum of bridging versus terminal
carbonyls in [Fe,(CO)(]
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d. A W UL B &)

& BIRTZERER

N

Cl 0
/v N\ ¢
CIO0W \'\'\'"'/W{Eﬂhm (CsH)(OCMn  * - Mn(CO)(CsHs)
Cl
1+2x4+6+1+2+x =18 5+2+7+1+1+x =18 0O
X=0, L& mH X=2 HWNEEEH
Fe(Cp), [HRe, (CO),]"
oc T co
T | ! oc e’ co
e. IEHH BT SN oo, / N\ CO
oc /Rc%:eﬁe_co
f.IEHEBE RN FER: H™ Lo co N
Re207 + 17CO Re2(CO)10 + 7CO2
Cr(CO)s + 4NO Cr(NO)4 + 6CO

CsHe + Fe(CO)s

QX + 2CO

Fe(CO),



AU A O S
> LB T IR

® H.OE TR m S, WOl BCRR R Jrling, B2 RE B R B,
Pt 5 L 6L AL [PtCIg]%, 1Pt 2 JE B4 Bie Az [PtCl, ]

® FL.OE Y RENNTEE A B nT A9 2 kcik, ZIEmBchik. #lanAR
5B ME, HEFPEErE KT EE, B El1S5F2aE BB EA S 1
[AIF 3 FI[BF, ] (E2&H OB F 1R R M HISS T eEXTBe i ksl 71, il
e <= PRI EC AL 2

> FCAA B -

& F—EN AR OLEFA SR E T, AT AR 1 AR,
— ¥ T E T S EARE T 1, B —J5 i G 1 BoARZ R R T
AR B B FEK. Flan, XtCo? ki, & RIECACN-T]IE6HLA FI[Co(CN)g*
BCE -+, MIABCARSO,2 K e B4 Bii I[Co(SO,), [l & ¥~

& JCARI AR BORES S AR Rl — R0 B 1 8 Brge 22 g R e AR 1R 280 H il elic oz
BIFAK. B, APRE TR xE s FERE SR, S5 ER/NIFE TR 6
AL I[AIFG]S, T S5F2BKHICKH Br. &K SABALIFI[AICL,] . [AIBr,]
FI[AIL]
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75~ Befrfb & sar 44

1. M:éﬂij:

(1) FAE.

IR E T, [Cr(NH,),CLIC, &AL & U &4 (N)
(2) FEEBE.

a NG E BB T: [Co(NH3)sBr]SOa: FRlE IR TL& &4k (1)
b. N FLNBECEA B T-: Ks[Fe(CN)e]: 7NE A2 R4

2. AFRHI4
AR ZFR+ B+ DR L TR+ (RORENAED B Y 55
FRIN

B4 [PtCL(NH,)(C,H,)]: & (LK) &A1)



3. Fittd iy 2 IR .

a. Se MR e B HLECAR, BEHLINFE S

b. S A B TR, s T loA

c X TEGEH ST (BUHET) , somrfBcia e o i+ HRE o
SCF B R A ECAR,  BIAINH FTH,O, NG 2 NH,, EJRF
AR T 1 Ja T

d A RO s AR A, U e 44 J5 1 Hob B Ee A

4. FLtARKIZHR:

a. JE B A T 4]
mono(—) di(—) tri(=) tetra(J/U) penta(+.)
hexa(7~) hepta(-G) octa(/\) nona(J/L) deca( ")

b. SCN i FE LR thiocyano; SCN F iR SR AR
isothiocyano; NO, fii2% nitro; ONO MVAHFE AR nitrito;
NO VAt 3 nitrosyl; CO ¥ carbonyl;

CN FAHR cyano; CN FFAR isocyano




5. ZEALE IR
FEM ELFCAA AL FR AT T 0 A i 7 B
(OC); Fe(1, — CO); Fe(CO); =(u- AR [ EGE0))]

ClL.cl Cl
Fe  Fe (- F)- [ AN
Cl Cl “Cl

[(-\'Halg‘i‘r—ﬁ—f? r(NH3)5]Cls &b u— 5 [ HEGHAIN]

Practice exercise:

/[( 775'C5H5)3Ni3/(Lﬂ'CO)2]Z

Hapticity
(ﬂé‘%i%iﬁz, W) I IL AN 12 BC A4 e 122 7
- b J7 TN

PR A A5 5N 1 JEL T ;
| 5FD ':[:' ‘[:D J/'_?; ?Eﬂ’fﬁ http://en.wikipedia.org/wiki/Bridging_carbonyl
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§ 2 BENiAL & mﬁﬁﬂ %the isomerism of complexes

N EJ«'&:
1.7 X
REQMQ&WHMH$EA%

A J R 32 7 2Bk

N HEF 7 AR 51 R SRR A R IS, FROVER
EVIRIE G AR
N NH,
cis — 8- ZE &HID
P SR R LA
= | LSBT, 2 AR
WM, BT o T 31 A2 7 H T RN S
51 ) 2 7 SRR R T L 20me [:mﬁmg}ﬁW% filt: PtNHy),Cl,
SRR S Ol oo NE
22k SR BL, é ¢ PR,
ol o) [ ;f~a
[Co(NH3)5(NO,)] HORT L ov et GEEN 29

[Co(NH;)s(ONO)] 2*



v WEE5 ) F1(chemical structure

isomerism)BL & ;

STk

lonization isomerism

Hydrate isomerism

Linkage isomerism

Coordination isomerism

Polymerization isomerism

26



1. lonization isomerism (HL 5 %#44)

Two coordination compounds which differ in the
distribution of ions between those directly
coordinated and counter-ions present in the crystal
lattice are called ionization isomers.

[Cr(NH,):Br]SO, and [Cr(NH,):SO,|Br

| Co(NH,),Br| SO, (white) and [Co(NH,).SO, | Br (yellow)
they can be distingushed by agent of Ba**

27



2.Hydrate isomerism (Solvent isomerism)
(K& /B & 720D

Hydrate isomerism is similar to ionization isomerism
except that an uncharged ligand changes from being
coordinated to a free-lattice position whilst another
ligand moves in the opposite sense.

|Cr(H,0).]CI, (violet)
[Cr(H,0).CI|CI,-H,O (blue green)
[Cr(H.,0),CIl,]JCI-2H.,0 (green)

28



3.Coordination isomerism (HEZHIFH))

(1)This may occur only when the cation and anion of a
salt are both complex, the two isomers differing in the
distribution of ligands between the cation and anion

Co(NH; ) J[Cr(Ox);] and [Cr(NH;)g][Co(Ox);]
Cr(NH,; )¢ J[Cr(SCN)¢] and [Cr(NH,),(SCN),][Cr(NH,),(SCN),]
Pi(NH,),][PtCl,] and [Pt(NH,),Cl, ][PiCl,]

(2)Coordination position isomerism:

In this form of isomerism, the distribution of ligands
between two coordination centers differs

L

[ &HSLE‘] [:[:-I:HHi}JClz ] and [ Clmijsc:ﬂ:.- | _ Cﬂ[}H}}SCl ]1_

TO O
mO O

29



4.Polymerization isomerism (& FH#)

(1) Strictly speaking , polymerization isomerism, in which
n varies in the complex [ML, ], , is not isomerism. It is
included in this list because it represents an additional
way in which an empirical formula may give incomplete
information about the nature of a complex.

(2) For example, all members of the following series are
polymerization isomers:

Co(NH;); (NO,);] n=1
[Co(INH; )¢ ][Co(INO, )¢ | n=2
Co(NH;),(NO,),][Co(NH;),(NO,),]  n=2
Co(NH;)5(NO,)J[Co(NH;),(NO,),],  n=3
Co(NH; )¢ J[Co(NH;), (NO, )41, n=4
Co(NH,)5 (NO,)1,[Co(NO, )1, n=5 o




5.Linkage isomerism (8 7#))

(1)The first example of this type of isomerism was provided
by Jorgensen, Werner’s contemporary

[Co(NH,).Cl]CI, —™e FEL 5 R 5 "solutionA™
"solutionA" a1l s 1(NH,).Co(ONO)]CI, red
"solutionA" &ty SnHEL L (NH,).Co(NO,)]CI, yellow

(2) Some authors refer to this type of isomerism as “structural
isomerism” but since as all isomerism is basically “structural”
the term linkage isomerism is preferable.

4

[Cr(NH,).SCN]** and [Cr(NH,),NCS]*
[Co(NH,).SSO,]" and [Co(NH,).0S0,S]"

|

ambident ligand (7 1] i 44)



—=. VRIS (sterecisomerism) nﬁﬁawmz{
WL AR, T AT 2 I 2 i, A
(1) RERAWIUFRHEREE:
a. ZE[E]# %Y.

(IPE

JLIEIEEMZIM\X?TIL%%’J{ZIK C o 2 PO T AR B Y T o

FHD o AR PEN SR, LA SRR D

b. FL4A7

K

RSP ECATI RS, LR iR
Ma, (—Ff) ; Mabcdef (15Ff)

c. Bofk

HEAE

Imll

LU XA AR B S A B A R 5 R BE I E AR B, ANRE

JEAEX AL B (GRIJARK!Y D O

d. X NRATEMRTIME RFH 0

FikikZ, MBS, JUTRMARE. | T0—C_

0
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(2) BESYIMIECALE S UM RIF S &

a. PIfLfr: EZER (lmear) Ag(NH;);. CuCly
b. =fifi: “FHE=MA (tnangle) [Hegl;]
. : NFHPU TS (square planar)  PtCl;™ ; IEVUTHI {4 (tetrahedron) Zn(CN);™
d. Fifefir: =AW (trigonal bipyramid) [Co(NCCH,):]"~ [Culbipy),I]"
P07 HE (squape pyramid) [VO(acac),]
e. /~ECfi: 1E/\Tf{% (octahedron) SF,. PCI;
—#&fE (pagonal prism)  [Re(S,C,ph, )]
f. -CRef7: i/ HE (pentagonal bipyramid) Na;[Z1F, ]
T 1§ =%+ (the one-face centred trigonal prism) (NH,);[Z1F;]
05 J\ T {%E (the one-face centred octahedron)
g. J\BCfi: & (cube) CgHg (i)
I e tsfE (square anti prism)  [Zr(acac), ]
+ ffif& (dodecahedron) [Zr(ox),]" = L
NI OE  (hexagonal bipyramid)

33



PLATONIC POLYHEDRA: A Platonic Polyhedron has the
following basic properties:

» All faces are congruent (identical) planar regular convex
polygons: equilateral triangles, squares or regular pentagons;

» All vertex figures are congruent (identical) and regular



The Platonic Polydedra: f=2+e-v

> 2608

Tetrahedron Cube Octahedron Dodecahedron  Icosahedron
4 6 8 12 20
Triangles. The interior angle of an equilateral triangle is 60 degrees. Thus on a
regular polyhedron, only 3, 4, or 5 triangles can meet a vertex. If there were more
than 6 their angles would add up to at least 360 degrees which they can't. Consider
the possibilities:
3 triangles meet at each vertex. This gives rise to a Tetrahedron.
*4 triangles meet at each vertex. This gives rise to an Octahedron.
5 triangles meet at each vertex. This gives rise to an Icosahedron

*Squares. Since the interior angle of a square is 90 degrees, at most three squares
can meet at a vertex. This is indeed possible and it gives rise to a hexahedron or
cube.

*Pentagons. As in the case of cubes, the only possibility is that three pentagons
meet at a vertex. This gives rise to a Dodecahedron.

*Hexagons or regular polygons with more than six sides cannot form the faces of a
regular polyhedron since their interior angles are at least 120 degrees. 35



http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly006.wrl
http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly006.wrl
http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly011.wrl
http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly011.wrl
http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly010.wrl
http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly010.wrl
http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly028.wrl
http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly028.wrl
http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly027.wrl
http://www.mi.sanu.ac.yu/vismath/wertheim/images/wrl/poly027.wrl

(3) JUPrE WECALZ I BC &0 B LA i 4
a. PUECAL - LD_TI[EMZIK ANAEAE JUAR] A4 4R
54@[}_{]77; M — ik, AA,AE — AWiLAEC{E , a,b,c — BGEE
Ma2c?2
AL SR Ma4 | .| Mabcd | M(AA)cd | M(AB)cd
JUAT Rk B 1 2 3 1 2
a A _ "ﬁ"a e o JJL& |
s C .;”'f‘"a B "’/f o B et
CIS — trans — M(AB)cd
b. L ECNL =
&R | Ma5 | Made | Ma3d2 | Ma2c2e | Ma3de | Ma2cde | Mabcde
=X
(tbp) 1 2 3 5 4 7 10
P77 % 1 2 3 6 4 9 15
(sp)




cNHob7: RiTie1E )\ HE k2.
[IEg /et Ma6 | Ma5f | Made2 | Ma3d3 | Ma3def | Ma2cdef
JUAT R A% H 1 2 2 2 4 9
fid &2 Rl Maet;Cd Ma2c2e2 | M(AB)2ef | M(AB)3 | M(ABA)def | M(ABC)2
JUET RAE%H | 15 5 6 2 6 6
[Co(NH; ), C1, ] [FuCl;(H,0);]
NH; Cl Cl OH,
H:N, | .cCl HyN, | ..NH; H,Q, | ..Cl Cl., | .Cl
“Co “Co “Ru 1...-""Ru.""'-
H:N"" | ™NCl H,N"" | “NH; H,0~ | ™~ Cl” | ~NOH,
NH,; Cl OH, OH)
cis — trans — fac — mer —
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(4) T LT AAE R T I -

k3

2l

a. R BRKEAERIEEEY: PiMa2cdef N

L, SeHEAM R RN EAR RIS E.

'5'1I il

B, FHE HAR AR AL &
@D (6F) .

c C c
a, | ..|f a, | |d g, | d

. |,|.| L
al"'"wr\ ﬂ"’f]\|4.\
a @

, o 3‘-.' c H" ! L
aflTL‘a a” |I\ ar"’hf\a ar"’T\f a""'rf\s a""'}f\d

NV
(9F)

d e

a | e
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b. b HIABCE, XA RN EAHIE S

L M(AB)2ef 15l (6FH)
Bk, ol I E
() g% 3
Y @ s B, S SR A
OLA=

5B, #EXOA B PR R T A oA A s

IR E. A (e

) A ‘ A\\ Ph,_‘ "B\u A . . B
o) s Rl sl Bl

® /,, A ‘T‘ ﬁf}B | A \_B \_B \._B
Er’h'K A""]\l/[\ A"I';]\|TI\

\_B \_B
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Coordination

Number Geometry
1 M—
2
Linear
3 s

Trigonal
plane "

4 \
Square M’
plane N

! |
Tetrahedron M

5 |
Trigonal
bipyramid

5 o
Square "
pyramid

6 -
Octahedron |

{Octahedron i |
= trigonal T
antiprism) i

Trigonal M
prismatic B

Polyhedron

Comments

Unimportant

Uncommon: found mainly
with d'” metal ions

Rare; can be induced by use of
sterically bulky ligands

Common for d® metal ions
otherwise unusual;

Fairly common, especially
for d' and some d” ions

Rare | Examples are
often similar in
structure and
ENETZY SO May
easily

Rare | interconvert

Very common; usually the
most favoured energeticaly
and gives the lowest
ligand-ligand repulsions

An altermnative view of an
octahedron down a three-fold
rotation axis

Rare, and requires some
extra steric or electronic
benefit to be favoured over
octahedral

Coordination

Comments
Number Geometry  Polyhedron
7
Pentagonal Uncommon
bipyramid
7
Monocapped Uncommeon
octahedron
8 Most stericall
Dodecahedron oststericaly
efficient geometric
arrangement for eight
equivalent ligands
8
Square Uncommon
antiprism
c o Rare; found only
8 M with the largest
Cube -\ / metal ions
g Quite common for
Hexagonal eight-coordinate
bipyramid complexes of metals
with trans-dioxo
ligands
Most regular coordination polyhedra
CN. 9 10 11 12
Tricapped Bicapped square  Octadecahedron Icosahedron
trigonal prism antiprism
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JUAT R EL 5
2. YRt 7 (optical isomerism of  Blidasiabie
coordination compounds)

(1) HE AT X A - 1

O =«

a.FtE2F (chiral molecular) N

AR IR B N A FRINFR R R, BINE
BRIXFRR R, HEMABRMHEES

b. fR#RIt: HiECLIEIL ERR e, Sk RAE—AFii
PRz, XM RIRG, RPN RIRE.

chedtiEE: T RIRCEEN, eIt —
J7 e He— A, Xl e .

dtERWAERE N : AR 2+, A S
R R R HEMAAREERN, M0 6 R,
R — % X B4 (enantiomer) . 93- N
flig: () levorotatory (L)
FJiE: (+) dextrorotatory (D)
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» FUNTEREEE G, optical activity)

Polarizing
filter

Tube
containing
sample

Unpolarized
light

Polarized
light

Rotated
polarized light
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@ FM4Fchiral molecules: B FMHIRE 19T (Mabcd)
OH OH OH
/J'Q’"c:Hg::Ha chH;ctﬁ“?J\ L S]ﬂ“ /Lﬂ"’fCHa
L CH- HC Hoo (L 2 CH,CH;
A ' B B

WEWARBREEES, ARBRER LAY, ARFHAT
MaZCdZ

)""’EH H c“‘?’l\ turn jﬂﬂ )Q"t:H

CH3 Hz'.C EH;

WEYCHDRERES, CHDE[R—WHEY, CRIEFHTT



CLF S

Ll

@ IEFM 9 Tachiral molecules: BeWFIIH 5154 E

Br Br I & |
a il « i
<O L
cl o (turn 180°)
E Br F Br F Br

a JEFMHS TR FIFREET R L

44



Bl: RINHIS (-) -edy T BEMHZELLR (+) -8
H T RS2 . 1Ee0FARKIMN KA T — 48R 4k
/%ﬁmﬁﬁ//ﬂ)xﬂa e AR 2, TG
HiG AR TR N . AERE, ﬁlﬂﬁ
i L_ije@:ﬁ%ﬁﬂrﬁﬁ AIEHIZE )L, wﬁ
I L2 A R Z ) 2ome :, 1 — D5t R B, £
R %2 (S) ﬂﬁ/ztﬁﬁ%liéﬁ iil} <R>
f*@ﬁi%ﬂi%%ﬁ[ 5 = A =S AT

L A s

/N /N

(S)-Nicotine (R)-Micotine

< 0 €
f"i A




(2) HAWrhet AR 5%

ERE ECUEW: FoF (BET) HAAEXARE BT R0, N
g ERAIFFIERN, BAERGE, BAFEERICH .

NH
N | Eiq ﬂl,ﬂl
I"E1-'I ) Co
QNW%N N7 NS

Cl N

N ™
cl, | N
Co
H:N" | 'N

N~

trans—[Co(en),(NH;)C1]” cis—[Co(en),(NH;)CI]”
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(3) Bt E
a. JUEC AL
(D) FEFEEY: B 7 EARA it MR LA,
/xﬁﬁfjﬁ" KL
C PR TEDE DI, 25K S H
7(5%—27T>
(2)[4 4%@3“% 5% 1 O et AR LA, R
A Mabced Y HAEBC G4 H et %

C* I\/Iabch%?ﬁXﬁ/J\ 0 N TEXT R, 1 Ma,cd it
ﬁ?t%j%/‘l\ 1)




N

b SECAL: i\ RS &4
(1) M(EA); e.g [Crlox)s]™ TCHFRE AN FRAC, BT LA X B,

(i) M(AB);

70

N,
Co’ V)

N | ™o

N O

211
N
N, ‘ Cl
Co
N ‘ NnH
N N
e

':j'ﬂ

I
D I
6:;!‘1', |{:] 'w,ll i DI..{:quuﬁ
i) | g
I
| 2(1)

L) Co(gly); 11 oly” : H,NCH,COO~

s

A LA [M(AA),e,]5X,
[M(AA)ef] IOPAR GBS AL

N o @ RAE TR N
ch, | N C\ ..N> R (TER Bk
H;Nf‘\ﬂ 'f‘\ﬂ

N NH;

21l 48



Summary: Isomers of Octahedral complexes:

Toatal Pairs of Total Pairs of
Formula i Formula .
number enantiomers number enanfiomers
Ma;ds 2 0 M(AA)BC)ef 10 5
Masdef 5 1 M(AB).ef 11 5
Mascdef 15 6 M(AB)(CD)ef 20 10
Mabcedf 30 15 M(AB); 4 2
Mascaes 6 1 M{fEﬁ)dEf 9 3
Majcyef 8 2 M(ABC), 11 5
Masd-f 3 0 M(Efr B’FA} of 7 3
M(ABCBA)f 7 3
[ /it Ma6 | Ma5f | Made2 | Ma3d3 | Ma3def | Ma2cdef
JIRCEZ AL ¥4 =l 1 1 2 4
Bt & kT Mae"']'fd Ma2c2e2 | M(AB)2ef | M(AB)3 | M(ABA)def | M(ABC)2
JUf ik H | 15 5 2 6 49




c. TLficfr:

= A XUHE (trigonal bipyramid); VU5 %E (square pyramid)

$19.3: BLEPIARZ19364 Hdensen& A, EALZERANI[P(C H;),1L,Brs. A
Y RIREYE, AAE, (XA TR, SiEToR, HREEASHE, Rl HEA YA
FA W RE ) LA S . B ARAEXT LA, 1R BT I OC R
fift: 1) WREEYE = Nid* (3d7);

2V Mot = oh Bk g 7R 4 2

IMEET K = LE T8, LI = BriE Nk,

Br Br PEt;
EtsP =< Ll—;_-ﬂBr EtsP a;—L—,_:f Br Ble_ -t --=PEG
Ep ™ T By ]zf.r‘i“"{''I'E’bEt3 Br{’{{‘lﬁl‘ﬁfﬁr
PEt; Br
Br—TEﬂiPEt3 Br----. 1/;PEt3
} " Br " PEt,

Bo AFAEXSHRIH ! v



(51K

A KAEM
ERE<LIHILEITD>

2011. 6kR)

Chapter 16. B2 5%

(P69)

5\ 6\ 7\ 8\ 10
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The

§ 9.3 fic SR AR HLR

chemical bond theory of complexes

e B A EPORT (BRET) 5

Ao Ie]

RIS S I IR R, ) DA B oot i1 O e (S

EMMJG/\%E’JﬂZIK *ﬁu&m/\%m*ﬂﬁ%@}ﬁ 571
PR . T R T S

JLAE

SR, PR OKRHY %%%ﬁfi B

FHE B (EST) Electrostatic Theory

Y48 #E 8 (VBT) Valence Bond Theory

LU B

118 (CFT) Crystal Field Theory

TR

Fi8(MOT) Molecular Orbital Theory

A ESEAI(AOM) Angular Overlap Model
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—. Y

{Pis

> IR

(1) BT B PATRT

(2) BANRTEBIEMER, KREPENREE
(3) EFHEREEMEI, JUERAES

> LR H 4T A
(1) HFE: —ABEFEEARET, REE5 A E Ve R 508 i PR

FEGEAT B8 -

i (Valence bond theory)
(S 8MHFERES T BiELW)

2

(2) FE:RBETIENRKESFEE, EMRIERREERTH

B (BERETD) BRKERKNTTHET.

oo BETHEmESy ¢1E: RYENES

\ SRR B RBTE R
SRR ER A, AT AR

.
smxr B,
) .

s - y P

reerm T

o-l--l-t’p-

’: {1 }% #}% »

) Ok
: ¢ E‘XTJ‘E‘ ”»

o
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—. (EEEPR)) e (Valence bond theory)
1. rB B R AR A
s OMAM STRARLZ B 456, — e 5

(1) i &%)
BC A4 B T
X g ) A

XS, T

T

He Lol

X 5Mm

N

e A PEB ), B IFR N oBn 88 .
(2) TE e B L B2 e AL /D B4 X

FARMAAZIAT 2 T LA

(3) FEIERBC &) (BRBCE 1) B, O AR FE i
FHIE I E Fe AT AL, T piRE = A A B S B R T

HCH A FHTHT R R HIUE

2040 A
Ottt 22 304E A W]
j_l AY \5 }E ‘/\ Prize share: 1/1
/j\ 4*‘ i’i:j-[‘ :L— Lb The Nobel Prize in Chemistry 1954 was awarded to Linus Pauling
“for his research into the nature of the chemical bond and its
Z cidation of the structure of complex

T

The Nobel Prize in
Chemistry 1954

2R 42

Linus Carl Pauling

EREAR
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2. S
1) FBETCEREW

Be,O(CH;COO), .
54Be i TR Hlsp* 1k AlFs

AR HH 120 BT
AR+EHsp3d24<4k,

]
og_
_~BF
BF,- F

BIR ¥ Jysp32sit, 1k U [ {44y 1Y




(2) TEICRE S

a. (n-1)d10&Y .M

Zn(NH;),2* sp3afl,
Hgl,™ sp2aRit
b. (n-1)d8% H .00k
Ni(NH,),%* sp3ail
[Ni(CN), 12 dsp22ft
PtCl,2 dsp2 74t
c. (n-1)d* BRI .0k x<8
Fe(CN)> d*sp” Z4k
[Co(NH.). ] d*sp” 41k
[Co(NH.).]* spod” A1k
FeF;~ sp d” AL

HEEN

=vichi7

b

iy

TSANEIRES
1SWANTRES
TSWANTTRE
TWANRE
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3. 111
(1) Boa g oA T A5 FH P Rh 2 A 2R T e 1
—Fh T N (n-1)ds ns. npZeft, FRON N LY -
th. XA T O TR & R 8 LB & )
(inner complexes) ;
— A TE R ns. np. ndZufl, FRONAMNELEY K
th, XA T SR R BE &) /J\ﬁﬁfﬁﬂﬂéﬁﬂ““%

(outer complexes) ; 0.0 O O @0
0.8 0 @ @

K TP SR EORRE 20000

FANIRL AN, Ikl oo

AL S B &Yt E | SO

l 0 1 2 3 4



(2) XT‘*)LEE"'_\‘T'
a. IEVUHATE 549

Fl R — e KRB sp? 2kt — e dh
THHEE YRR &Y, — & NI

b. “FIH VU 5B &4 -
AT DU B dsp2 24k, AT DL sp2d 444k, {Hsp2d 24125
TR AE S W

—

X T (n-1)dS HE 2 (1 DU A7 BC A 9INi(NHS),. 2« Ni(CN),2, B
RIEDUTHIAR, J5E NFIEDUTT, BUATE Nz KB spiatl, JE& I
NiZ KBl dsp?atit s TMPd, Pt A ORI VY BCALBE & 90— MO8
P97, ENEATERR B dsp2441L .
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Ni(NH,),2*

et 1 | (OO0

HEIErII A IFEEIEIE I eI AT |




Ni(CN),2"

Nf@@@@@ () CXK>

4s

4CN é‘ﬁlﬂf , 3de EJEIF
wwwwO O OO0

R g
OIDEDID DIDEDID
F7R2; ~ NélCN%’




ERBEEE R HT ELE -

[Ni(NH;),1*" [Ni(CN),]*
« M H LI~ 4s Ap (4-1)d 4s 4p
RAOE7IRER ns np (n-1)d ns np
o BURREL: EEHANEME S AN EPERN
AN EHILIE
o NEERM. SN PR L T
o FEEVIRIZRA: AhENA Bz Rt

« JREHETIRES: mHEK I 5 JiE



(3) TS EEAL:
HOODAREEBE K Bl sp3d22:4t, tHEE K Ed2Zsp3 21t .
XX (n—-1)d (x=4. 5. 6) PR E, EARAIRE

VIR BN L A id e RSNV 2, 32 BB T B AR oA
i FL T e 5 AR W B SR T A3 (n — 1)d i pliE R d 7 R AR EL AR

OO

X - OO0

Fed* [t T i O
QQOQ O @@@

@@@@@ T spod?Z4 1k
3d

Fe(CN)g> ()
®®Q9Qimww

62
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p-

274K
sp3d? R

] 7 -

d2sp324 1k,



# 14 ERMEREXDSE SN EHE

B fu £ e ibze sl GiE FHIT Hg s T il
B %2 linear) [Cu(NH,),]"
2 sp (C——— [Ag(CN)]
[Ag(NH:):1"
FTE_AN
‘ (planar triangle) [Hel]
3 g [CuCl:]™
[Cu(CN):]™
T MmEiE
(tetrahedron)
[ZaC1]*
sz* [BF.] -
- [CA(NH:)4]"
[Ni(NH;z),]"
._1_
TEERR
- [PH{NH:)Cla]
o (square planar) [AuF.] 1
. [Cu(NH;)4]™
[Ni(CN).]™
— A
(trigonal bipyramid)
Fe(CO).
. ds [CuCl, ]
) mEE .
o (octahedron) [Ti(H20)s]""
spd [FeFg"™
[Mn(H20)6]™
6
L. [Fe(CN)s]™™
dsp’ [Co(NH;)s]"
[Cr(NHz)al”




AP RI B R T
AT (EEZRR), FLETIRERR)

(a) 5EIAFLAMAR, WICN-. CO. NO, %5, G ANHIAL,
IR, WX HOZ B AN R

> ZX- . HO0%MA R AR, AgaBIsEy, &
it a5 P PO S FRIANERLE, XﬁWFdEﬁ?E’Jﬂ A1 J L
KA. WEBTRAEE5 H3dBUIE M B e AT, KR
T8 . (AN, s E RS )

> ZCN-. CO. NO, SFMAL R FH AR, &% BN HT.
EATERT F0 3 TR N EdHE TR K, ffdE T A4 E
Ak, dH iR T po LA B Z AR LX), 2D
(NP, KB R EY)
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(b) H.OJEF PR, Wicet, A 4% (n-1)dHiE
(n-1)d? ns np32=: 1t 5 T2 Al N Y

(C) HF0 JF T8~ g0 JNINi2+, Zn2*, Cd2*, Cu
ToZ (n-1)dHiE
(ns) (np)? (nd)22= 1 & T2 BeA M Y
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C.N. MH L2

(CANEZRE]

2 ns. np
4 ns. np
(n'l)d\

ns. np

6 ns. np.
nd

(n'l)d\

ns. np

d2sp3

= A ey B

B4
1F DY T 44

TSWANTTRZA

TSWANTR

v
4

i

ML
SE7RL

M

SE7RiL

2Nl

Ag(NH3)*
Ni(NH,) 2"
Ni(CN),*

FeFg™>

Fe(CN)s>



NIBEC Y SNVEC &Y
P 20 e AN
(n-1)d. ns. np  ns. np. nd

(3§ 1=
K 4
4 K



(4) A

0 B T SREER P S 2 A B - S

a. BC &Y+ B BREe X, & s gt
(diamagnetism) ; &, X9 THH RN HET,

JULIpE:

= i (paramagnetism) o [Kit, #FFEAN 2

MeE e, R PO )R & T H T A A

s

ba

557 |

(LS

uwgmA%M@%&%%%%ﬁ<M%mm

lance)

. NIRAFHECEDNIIA X B2, nI 5 RS H i M
SEXN R TTER, B “MEEE”  (spin-only) AbFE:
AR E u= N (0 +2)  , nOARAER B TR




| wo=qn(n+ 2]
uEnHX’Eﬂ‘%%\:
n : 1 2 3 4 5
uw (BM) : 173 2.83 3.87 490 592

Frl & d LR SCUGHEME R BB HEIE

GER T4
5 [FeF.]* 5.90 5 5.92
5 [Fe(CN):]* 2.40 1 1.73
8 [Ni(NH,),]>* 2.83 2 2.83
8 [Ni(CN),]* 0 0 0
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4. ﬁ‘%‘%ﬁ%mm

Alﬂlﬁﬁi

sp /ﬂ<’“3 —— 1

sp3dEdsp3 42t —— = FH X4

spid?Ed2sp3 a4t —— 1E J\ K

X =S

JL

JiHER) A4 AR gEAEH /)

dsp?Z it —— P17

disa it —— DY 5 HE

N EAEIRINE)

FH#EAE .

Bilhn: MnCl.2 077 HE. Co(CN) 3 PU 5 #E, #ANAEFH 244

fERE, A AE = A0 A BLAR S M AR AR 2 BR A [

LEE RS

HNMn2+ Al

Co#AH — M (n-1)d=HLIE, FrPAMnZA1Co? ] LIR Eldsp? 2 4L,

(2) AlWTEE SRR E

[FIh RO AR SRS AT B 590, WAL B &) R Fa e

BB & YIha €

%1140 : cO(NH3)63+$%

Fe(CN)g> 2 7€ 14 K TFeF > HIARE 1

P KT+ Co(NH,) 2 Fa e

(6

(EE AN



&
|\
/

5. ﬁ‘{%ﬁ%@ ET’Jm BE V :

,:;/%5175\@ . ﬁnméq@mﬁ@o NV

C‘ST‘C‘IIFC‘HC‘ZF
M2+

JH SI(MJ mol™)

(2) ANBEMRRECU(NH,), 2 S T A4 & 1 VY 5 ) LR+ 2 g
AN KB dsp2 24t 2
AN BEAEAE 3d T HIE 1] PR FRFCu2 (3d9) AN AR

(3) MEEMREL — LI R A+28 S /K S B T (1H,0) 62
HIARE T 5 a9 4 h ok &

d<d << >d>d <A <d"<d®>d > dW
Ca?* Sc?* Ti*t V2* Cr?* Mn?* Fe?* Co?* Ni* Cu?t Zn?*
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(4) ANBEfREAR 2 L il & VI Y Rl

Fe(CO);» Co,(CO)g» (Fe) » (Cr

=)
At g A&
OAICOM HEEAENH,O. NH, I E B, XEK

ECOTIo%s TR, EIJM<—CO, ol IR 59 . SEPr [
WILAC Y t2 E TEIR S I BC &4 -
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—. S (crystal field theory)

S e VI 5 IS B s R F AN F] AR
Gy OB B X lﬁ%?jiﬁ%ﬁﬁ? (#AH,O.

NH?%’) s R R T, RET BTk IE.
B2 BIEMHEAER T,

History: 19284F, Bethe & stiet I A1t . Bethe 27T i
R n, fmNFREIH &K, N 7 E SR ITRmE &Y
R —Eed: i, 19324, van Vleck k@ 71X —H i, (HibH g4
HiEHEEII BN EMN. BHF]19534, Elﬂ?aaﬁiiiﬁiw
AT HUERE T [Ti(H,0) 3 /& R4 1), ﬁ@t’@ﬁﬁ?ﬂ R E o

{@ :::;:::EI Prize i Physics 1967 % ::ilip W. Andersnnlswr Nevill F. Mott John H
The Nobel Prize in rII"lllle 1.\1012131751&2(3 in
Physics 1967 ySsICs

@
Hal

ns Albrecht

74

The Nobel Prize in Physics 1967 was awarded to Hans Bethe “for
his contributions to the theory of nuclear reactions, especially hi.

discoveries concerning the energy production in stars".



1. A ERHEARE K.

> (1) L EFTME AR IE e Y R, JEECIARE 1R
i LT ) AT, A B EM S L A ER AR, A%
FEAE AT LA 4

> (2) FCARIT O E 1 (n-1)d3E ok A se i (RN d3E
fEHHBEBEFIRESH, BB amAE, HEEEEAHA
1) =RHP A NdPEE KA 7R, 5 RUE0L B ER
T AR 3 23 8] 73 A1

> (3) HOEFMHEIN T (n-1)dX I7E 2 25 I dEUE - &
B, e AR ELRIdEIE, S PSR
e =, RN EEE (crystal field stabilization
energy, CFSE) = .UM S ECAR P B IN BB RN, e M
O, BeE YR e !

Xzl WAV B A B ER T, diig
) (n-1)dBUIE & WA 70 22 1 o
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2. Ejlb\%?ﬂl‘a‘ NG

1996 Encyclopaedia Britannica, Inc.
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Ky

> d,, d,,, d, B RE AT B A 2[R B ) 22— 2,
FrLLEA 12 507 1

> d,.  Md B LRI ASEI T, Kb BE
IEEEMH, By Al LEERd,,, fld,.,,
25
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(2) BB RIEREZH (spherical field)

BRI By Th BEANdUIE ) LT 52 B AR SE L
TXIHIHE R R AR A

oRe I X,

(A) (B) (€)
sponge ball  sponge ball under pressure  sponge ball under

(free metal ion)  from a spherical shell locakzed pressure

(hypothetical metal complex)  (metal complex)
Figure 6.2-1 Crystal field effects visualized as a sponge

[

ball under spherical pressure or under localized pressure [:
i IRAF e R
:] FANME IR d $E

HHET 78



(3) FEIE/\[H £ H (The octahedral field) O,
a). B AR

PSR RVANE]

H

Wl EYIMLg , F

NLECIR A £, Ly,

LM (M) TE A
+ 250 H =

e E K N
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b). dFE R F I :
XL M (n-1)dPLIETT &
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2917 %EF' J\TH &3




i
X ﬁ_ﬁu‘a‘?ﬁﬁaﬁﬂwm?ﬁ'ﬁﬁ ] P ZRANEE

&t#ﬁﬁﬁ%%) , F

LR EBFFEF I8N, BEH

~dxe-y2 dzz ©9
d_\l dxz dyz ¢,

KEGH  \EEY




THE JOURNAL OF CHEMICAL PHYSICS
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Report on Notation for the Spectra of Polyatomic Molecules*
(Received February 28, 1955)

Mulliken Symbols

e— _H{fajFF

t— = HE I

g — HLRTFR

U — H it R

1 — BRTHINAR

2 — B TH SO FR

a — FXFREIC, XK
b — EXHFREC, SR

Mulliken Symbols for Irreducible Representations

(R. S. Mulliken, J. Chem. Phys., 1955, 23, 1997, 1956, 24, 1118)

Symbol Property

A symmetric with respect to rotation around the principal rotational axis (one dimensional
representations)

B anti-symmetric with respect to rotation around the principal rotational axis (one dimensional
representations)

E degenerate (German: entartet; two dimensional representations, e.g. in systems with higher
order principal axes)

subscript 1 |symmetric with respect to a vertical mirror plane perpendicular to the principal axis

subscript 2 |anti-symmetric with respect to a vertical mirror plane perpendicular to the principal axis

subscript g ||[symmetric with respect to a center of symmetry (German: "gerade")

|[subscript u [anti-symmetric with respect to a center of symmetry (German: "ungerade)

prime (") symmetric with respect to a mirror plane horizontal to the principal rotational axis

".E’“b'e prime anti-symmetric with respect to a mirror plane horizontal to the principal rotational axis

The standard convention taxes the Z-axis as the principal axis of the system and the YZ-plane as the
principal plane.

Mo Ekardf
Divae goke

b0l

Milliken  Hoyl
Wit icago 4925

The Nobel Prize in Chemistry 1966
b Robert 5. Mulliken

The Nobel Prize in
Chemistry 1966

RoBERTS . MULLIKEN*

Spectroscopy, molecular orbitals,
and chemical bonding

Nobel Lecture, December 12, 1966

Robert 5. Mulliken

The Nobel Prize in Chemistry 1966 was awarded to Robert S.
Mulliken “for his fundamental work concerning chemical bonds
and the electronic structure of molecules by the molecular orbital
method”.




(a)

(d)

(c)
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c). 4346k

(I) /—\EX: ﬂﬂ = EI:E!E:I _E':EEE} (]:]
(i) e, 5t,: PIALdBLIEHIHER
RiE R R T EHER: 4Erg!,1 N ﬁEﬁ'!g.-'l =0 (2)
(1)« QWL f3:E,, =24, , E, ,=-2A
-E'! 5 0 :E 5 ]
¥A,=10Dq, W: E, =6Dq . E, ,=-4Dq
E 5
di s da
SR —— ©
[ Jite-om
R Aol
------ i -4 =-4Dg
KBy d, d, d_ Log
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d). EefEImfa E4LgE (crystal field stabilization energy)
(CFSE),

d HL T AR 3 1 AU 33 N 3 2210 AU = A 1 S RE T L
(CFSB), = (—4Dqg) xn, , +6Dq x n. .,
Hebing,, ) ne , At e, LEIERTH
46 (tg)° ()" CFSE = (—4Dq) x6 = —24Dq
" (tyg)*(eg)® CFSE = (—4Dq) x 4+6Dgx2=-4Dq

C, It |
(tog)* (&) ?

(tog)" (g)° T

—

L o
e
“}
—t—f
—_

e

do do
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dxy dXZ dyz ............................. i
dxy Oxz dyz

291727/ B UANITL S B AN L% )

Ao_é}%§%: A:—ng; B:_éAo A’ :5 Ao, B —S—A 0

o fLhrig g, dEE R K RIEEH K.

S o RFMMAL A, HOEF b

AR A RIFOAF




(3) FE1E VY H A v

a. B ALPR:

POAA NalISL TR, BE &ML, -
L, DA BCALARL S A ST A I

1 (The tetrahedral field) T,

HUOMARMTE ST T R

AELTi‘H LA =
AN AR 4 ) B I S A = AT A o

E G',F .

%\ L
Ea ~,ﬁ

d — L/
I K f—;&ﬂ:—m& :w

. [ S -

— 5 i S/
3 / Iy
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b). d¥LETET 3+ K2R IF L
> dzz 5 ey JR T BIUTE 1 B T 2 e KO JEE A 5 e il )

—AMLAKHEE B 2 a
> dxy,Clyz, Oz J5 T FLIEE 9 Pl T 25 J A i A 130 B
)AL FO 5 15 9 2:
> dxy,dyz dxzr ??ﬁ»l_ﬁ'j e %XﬁlJﬁa{_LﬁKfFE{ﬁ EI/J 3&/
TR R, LB TR AR T iz

5 de-y2 [ T BUIE I B 52 B EC AL AR B 6 HY 15 1
AEFAERN, R ?ﬁﬁh 1B e PR

@@ : g

HEH |
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c). 7+3EkE
() A, =E, —E, (1)

(i) t,, e dPUERIRER
RIERERTIEER: 6E, +4E, =0 (2)

. , 2 3
BRIM@@: E, =24, . E,=-2A,
4 40
,ﬁf%gaﬁ?ﬂq ‘. E, =178Dq , E,=-267Dq
d). (CFSE),

(CFSE), = (-2.67Dq) * n, +1.78Dq x 1,
n,n, Ae. t, Bl FHIBTH.

&
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(5) A PU 737 (square planar field) S,

a). FEIEJ\ AR B 5w FoAR (L) £ 3+
P D S5 R 2

b). d¥ERI AT : 7 FR VYA : I\

[
‘ji%
d(x2—?2) dXF —GL/{T | v
3 / \
X L
f"'-.\ n‘\"ﬂ /ﬁ \S/
] /
oMo P NS
/1N
0
0

P E 5 RId (x2—v2) iﬂ]dxzﬁﬁ‘ﬁ
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d)iq- A dt *
— Db e
d d o 19
x‘? 2 xi - o
-}J ",, d -”“
r'r-‘ B 4 b e dzi
il o 29 ~cas
’—a" : r
— | ’ d,ia19§§ %‘ S
= L. » i -
- ; L
BRIEY) T Ry
A S S Y e T
1 = LI = x

d (x2—vy2) >3

EF‘EIE??% EFI E{]d (Xzfyzﬁﬂdxﬁjliﬁ_
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(5) B4
L ARFEAS [F] BC A

dx2.y2 b oA blg
[ ”r
<n 1 ) di‘FjL éﬁﬁ/\ﬁj rﬁ% dz2 dx?y? ,,»"’ e i12.28D
———eqg-. i ’
t2g ,r’ + \\\ dz2 :
AN ,’, i ‘—\\a1g :dxy b
P e— V. , 6D Y S
BN N / - 9 \ S0
, N , . \ 1 12.28D,
11780, / Y N v
___________________ Y. RPN SEPAIPIP A " SR
_? I_‘\ X A dxy o Jor R
| 267D, / R Y -4 Dy e 9 \ I-4.28ID,
- ES SN
,f’ dz2 dx2.2 N e W dZZI| aig
7 SR 514 D
€9 dyz e
MY WEEE RS NEEE WUhEE PFENGS
OC Td Oh D4h D4h

=A% | FENA ~
= s | PR WEDE4A | E/\EE | L4

dHIE 7 RAE 3 4 2 2 2

ik




Energy/A

Crystal Field Splitting Diagrams

1.2
1.1
1.0
0.9
0.8
0.7
0.6 -
0.5
0.4
0.3
0.2
0.1
{] —
0.1 -
0.2 -
-0.3
0.4 -
0.5
0.6
—0.7

dxz_yz

planar

dxz_ﬁ

&

d}w
d, dyz
Trigonal Square

bipyramidal pyramidal

Octahedral

d
— | d. d
dy da ”
d, da
d_ dyz d
Pentagonal Square

bipyramidal antiprismatic
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A IRAEM
ERE<IIILEITD
2011. 6FR)

(51K

Chapter 16. B2 5%
(P69)

12, 17, 20, 21, 22, 23
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3. O (n-1)dBIE B B F7E SR 3 4 2 0E F R HE

A Maufbau R 2 !
(1) RN RE(P): T H
T HBIREE
(2) #5551

Jie BSOS H 5 A [F] — BLE A 2

> HA>P, BI4r3EE KT H 7 RO B ﬁ?ﬁ%(strong

field), FE+ B GHEm KRR &S

’Jdﬁm_ = 1EE H BeHFA

> YA<PHS, BIorZdae/NT BT RS, RN T8(weak

field) , Eﬂ?ﬁ%ﬁkﬁﬂﬁﬁﬁﬁﬁﬁ%d% = ¥ B e

b

(a)High spin

2>F

P |
|
(b)Low spin
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(3) dFE 1E )\ T 1437 F B HEAR
dn d? ds d4
KEE(A, > P) | (t2g)'(€9)° | (t2g)?(€9)° | (t2g)*(€9)° | (t29)*(e9)°
=1 EH IE(A, < P) | (t20)'(€9)° | (t2)*(e0)° | (t20)*(e0)° | (t20)*(E0)’
d5 do ds do d1o
(t2g)°(e9)? | (t20)°(e9)? | (t29)°(E9)" | (t29)°(E9)? | (t29)°(E0)° | (t29)°(E0Q)*
(t2g)’(e9)? | (t2g)*(€9)? | (t29)°(€9)? | (t29)°(E9)? | (t29)°(E9)° | (t29)°(E0Q)*

> S Tdl. d2. d3. d8. dY dOHE RN OE J\ EAARTEC S YT
= ek B e B AR 2 — R .
> HAd, db, db . d7EI‘JEE¥é%?§?L7§EfﬁEﬁﬂWEPK|§JH‘Jﬂlﬂﬁ

TS - <80 =-4Dg
d

e
A 280=16Dq

F 2

— — t‘ .
» dJB dm %
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1IE/NHEAAB S Y d e THEfm

dH 75 HOE A AR L&KL AR RTE AR & iR P R PUEREE
lag | €4 lag | €g
1 | 1 . 1 0
2 |1 2 1|1 2 0
3 il 3 il 3 0
4 il s i 2 A
s [l s [nnl 1 22
6 Tyttt 4 THTLTL 0 24
L A A O 3 T T 1 A
8 THTHTHT 1T 2 THTHTLHT |11 2 0
9 THTHTHTLT 1 THTLTHTLT 1 0
10 [T4T4|TLTL|Te 0 TLTHTLITL T 0 0

http://en.wikipedia.org/wiki/Crystal_field_theory
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(4) d*7E 1E )\ [ 44 H K CFSE
(CFSE), = (-4Dq)xn, ,+6Dqxn i
ig g
dﬁ' d_ﬂ dl d: dj d4 di
£ B iE (Ag=P) 0 4 | -8 | =12 | =16 | =20
= HAE (Ag=<P) 0 4 | -8 | =12 | -6 0
. - d | 4 | & | & | a°
KANTE FE RS REP
24 | -18 | =12 | -6 0
4 | -8 | =12 | -6 0

X A~ 41940 = 4.45Dq

CFSE(

JL

\

i

k3%) = (—2.67Dg) Xn, + 1.78Dg X n,,

102



55377 H i R B e

dn ) Y

Ay | BMETE | | a7 (BT

w@ ml m2 %J?ll:‘l. ml m2
dt |t 0 0 -4Dq t,! | O 0 -4Dq
d? | t,2 0 0 -8Dq t,2 | O 0 -8Dg
| t2 0 0 -12Dq t° 0 0 -12Dq
d* [ t,%et | O 0 -6Dq t,,’ 1 0 -16Dq + P
d° [ t,%e2 | 0 0 0Dq o | 2 0 | -20Dg + 2P
d® | t%e,2 | 1 1 -4Dq t,* | 3 1 | -24Dq + 2P
d’ | t,%e2 | 2 2 -8Dq [t e | 3 2 | -18Dg+P
d° | t,%e” | 3 3 -12Dq t,e,| 3 3 -12Dq
d® | t,%° 4 4 -6Dq t,le| 4 4 -6Dg
dol t,%* | 5 5 0Dq t,, 6.t | 5 5 0Dq
. A) 4

XEE XTI REP: CFSE = (-4n, + 6n,)Dg + (M, - m,)P

Ny o B R P T

ny: e HLiE Hh L 4

my: AEE, B R TR (PR

m,: BRTEARER, LR A O TR o5



X E2MHCFSERI A=

> i

P8 127

>

SR

> B R

CFSEj

%R, HEYIHEH

RS e



M2+ (g) + 6 H,O (I) > [M(H,0)¢]**

~2400

= D500
E
i |
= -2600
S
=
& 9700
Py
s
ks |
2 2800
&
[av]
N ;
= 2000
6a)|

~3000

=

Highspin| d®| d! |d?| d® |d*|d°> | d® d7 | d®|d?| 41
CESE |0 [ 4A, | 81260 |4 8 (12 6 O
Corrected (theo.) T; ) —‘ : /1'-‘" /_,.:
AHS-=-69500 22 /roy | E __j .y
= /J N
:'::71 _/r/
Experimental _:13'_2_5

| 1 i H | | l I

. 2 3 4 5 & T 8§ 9 IO
Number of d electrons

Casc T

KRG HLfERE T BL S B 5 (n-1) R R !
IR — iV R+ 28 S KA B FM(H,0)2 7K F g5 (n-1)d*
2 JNIRAR S H A W R R &

d' <dl <d?<d’>d*>d°< db < d”" <d® >d? > d!©

VoCorin FeCo MNi Cu Zr
M2+
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EMFE RN, dBUETE
&\ IH

/\@J ﬁb L]

BN

.
=

)L

A 1’|5

i

4

HEEN =gl

Hd

¥ HIH-AT

—a

vy

JU TE

TR E
J4/9, RXFf

1M HY

& =]
ﬁj\ ) He

E/J\—*BZXT e . A DU T AR e & ) K £ 72
IE" EE@BA¢@ g}‘::::__’ _________________ fﬁr _______ Jd gAil_?az)q
@ZJ _lt_ A, =-2.67Dq
dEEFH EAHEA BT
(S A T'r'uTuNt
: TSI Y LY RS A MY A Y,
At 4 4 4 4 t | 4| 4
S S IS S M TR YRR VER LA T A
d1 d2 d3 d4 d5 d6 d? d8 d9 d10
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SYRLRER TR (A > P)—— 15 1 HEHEA
SYELRE N THIR (A < P)—— 6 1 HEHEA
NS T— FilM = G e

Gl — MM = 7 1 e
U T i 20— R 6 1
ON- SR IE R IE &— H A E HeF
S (BEGH)) —HR e
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4. 5336 (splitting energy)
dPUEANRE, BFE JdPENRESRIK d HIERBEE, K

NITREE (4 FaN\ d,
“l’_- \ €
e B
— —_ — IR T B l----j_\,D--l-
Ay =Eq)—Eqy = g
KL ‘i\\aj}w Jd, z Log
AL Alcmt AleV  AlkJmol? Oh

10000 cm?t =1.24 eV =120 kJ mol?

(1) 732 R HI R/ AT B G 3 SR TS -

#l: Tis* BFAHERE , 7 [Ti(H0)e]%
l::lji‘/“‘d—»dﬁ:t-.

_EOmE
(t,) 0 (e,)!

(t20) () ® ™ 20300cm !
=/\ = 20300 cm’!

b b
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JNIHAAEC &% WHI 4368 (ecm )
| T O A ﬁi

BF | 6Br | 6CI |6H,0|6NH, | 6CN-
3d! T3 - - 20300 - -
3d? V3t - - 17700 - -
3d3 Cr3* - 13600 | 17400 | 21600 |26300
4d3 | Mo3* - 19200 . . .
344 Crét - - 13900 - -
3d° 2 - - 7800 . .
3d® | Fe?" - - 10400 - 33000
4d° Rh3* | 18900 | 20300 | 27000 {33900 3
5ds Ir3* 23100 | 24900 - - 3
3d’ Co** - - 300 | 10100 -
343 Ni* 7000 7300 8500 | 10800 .
3d° Cu?* - - - 15100 3

XOMERHP RSB RE,
= XM d-dERE T F R AAER] WAEVE SR X .

— & UiA: 10000cm <A ,<30000cm™
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AJEPHIZ (= 4/9A, )

UTHAAEC &% W3 3Ee (cm ')

2P At &

BT | 4Br- | 4Cl | 407 4S
Tal* 871 758 3 -
\"AN 903 : - -
V3* 4911 - - -
Crlt - - 2597 3
Mn”™" - - 2597 -
Mn6* - - 1903 3
Mn5* _ _ 1476 -
Mn* | 363 - - -
Fe3* 500 : - -
Fe?* 103 - - -
Co** 371 306 3283 -
NiZ* 347 - - 323

XoOMERH RIS ERE, NS RIA AL, B
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4. LR KPR ERE
(1) == P YN
a. AR HL Ay By, AR

Fe(H,0);" Ap =13700cm™

Fe(H,0); Ao =10400cm™

ZT = MSLIEEL = LXMFId PuEfEF1EHT =
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b. FUMA(n-1)dBIE T HIn(T & TE)CL, Ak
V3dH T AT A R R) /N T4d; 4d/hT5d .
CAHFERCAR, FEAHEREBS FX13d, 4d, 5dH T = BIAH BAE

JANF], f#3d, 4d, 5d¥UE T RIEEZWAE, HRUEER,

ICPEW R, BRI, FREEHK.

Ao(BE =1L R) > Ao(Z i iE ) 20 ~ 30% >
Ao (B —idJE &) 40% ~ 50%

X AEBCRARED, Bl A VIR LA ) T A 7 FITE LT
TAMEAR, B ZRIITEAREER G KRB R
Y, mME—-RIITETERE = E%EEA% NAK
H el &4 -
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O
gl

BRURE LI FER

40 000 —

dﬁﬂm’.JIIII ¢

Co(NHg)e] 3t 4,=274
Rh(NH,)s]3*  A4,= 408 32 000 -
Ir(NH)g] 3 4,=490

kJ mol-l 24 000 —

| | I
Co(TIT) Rh(ITT) Tr(II)

nT, nd iﬁﬂﬁ%@ﬂﬁi@ﬁ’ EH[;)%{/E T Group 9 metal centre

= FHEAT
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M (Hy0) FIAE

2k BT
V Cr Fe Co
(M)
=H 12600 13900 10400 9300
=4 17700 17400 13700 13600

X ERpEEiErFS (A%! ]

Mn2+<Ni2+< C02+< FeZ+< V2+< FeB+< CO3+< Mn4+
<Mo03*< Rh3*< Ru3*< Pd**< Irdt< Pt4*



(2) ACA:

a. SR & U AL o
A (17.42D,)> A(10D,) > A(4.45D,)
b%muﬁ?ﬁ%ﬁ% XA PA A B A 228 B B A4

RIS W AR

Blan: [Cr(en)s]3*, [Cr(ox);]3, [CrFG13 HC 470 iR IR A e
[PIANZE A F <ox? <en, Jr LABCAR 58RI en > ox2 > F

jL'D'

>
[Cr(en); I 0.[Cx(ox); T~ Ao [CrFs ™

X FZBCAR X [F]

— &) A dPLE R EE IR/ HRS, A

B2 F %] (spectrochemical series) : [ #c! ]
I"<Br <CI"<F <OH <(C,0,2 ~H,0 <NCS < py~ NH,

< en < bipy <

NO,” <CN < CO

XN TARNERET, FRRFBEAR, FIER!
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c. AMEBEH T4 TR RFFRAED TS K.

| < Br<Cl <xS<F<O<N<C

JorgenseniT LAy =
A= (FEAIAER) X g (HL,

L

A1)

T

SR A R | BT K

#i: TE[Co (CN)g13H,
64~ (CN)~ , f=1.17,
Co%*, g=18200cm™!,

s A=1.7X18200cm™ =

30940 cm!

N 34000cm™

S

L 123 f & M | g/ X107 %cm!
I- 0.7 Mn(IlI) 8.0
Br— 0.72 NiCH ) 8.9
SCN~— 0. 75 Co(l> 9
Cl— 0. 80 A4 12. 3
F— 0.9 Fe(II > 14.0
(NH:)5>:CO 0.92 Cr(> 17. 4
ox?™ 0. 98 Co(Ill> 19. 00
G T rwn| mems |
NH; 1. 25 Mn(]V) 23
en 1. 28 Mod( I 24.0
NH:OH 1. 30 Rh(HI > 27.0
bpy 1. 33 Te(IV) 30
phen 1. 34 IeC D 32
CN— 2 1.7 Pe(IN) 36 116




Energy

[CrF,]*-
Green

[Cr(H,0).]3*
Violet

[Cr(NH,), 1%+
Yellow

[Cr{CN), >~
Yellow



5. Jahn-Teller 2t (Jahn-Teller effect, Z=(3%)-REIRM)

(1) FUEREIBRI: % T[CU(NH,),(H,0) 1 i 5, L RCu? BT
TP T R 30, L IE T s st Bk A\
Mk, sk ARG\, T4, by e fIfHIdBLIE L 2 K2k

ﬁ\ﬁu

_d T 2
x—p A
o dza o _df-}’?
d_ d
SR R
i, £
IF\fi1ks ‘u_E; H: ll‘./\l:’ﬂMiijJ ‘?’;’_’_ |
H 4 )\ 44
VAP AN K"

# ER 2 dYuE FHE A, SR ERER FA— AT,
FERLIRTS T AN — 10 ‘%ﬁmﬁcﬁa, SCE%Tuﬁ¢%4a[Cu(NH3)4]2+(aq)
) LR A B oA 24 2 FE U, Wr] PLUt B A4 ik e e 4t
R HIld < d9El’JfJ”5%

= 1E J\ T B3 b By A5 T R 7%y Jahn-Teller3 R .

118



"any non-linear molecular system in a
degenerate electronic state will be unstable
and will undergo distortion to form a system
of lower symmetry and lower energy
thereby removing the degeneracy”

Hermann Arthur Jahn and Edward Teller, 1937

“FEARZRIES T,

AT, %%—%Eﬁf

FFE, HERXF

ﬁn%—/\ﬁ@% HFPRSH LA RS, T

1] I

N




Jahn-Teller effect - a molecule with an orbitally degenerate ground state wil
distort to remove the degeneracy and consequently lower its overall energy

2+ OH,
OH, | ,
HoOu,. | wOH2 HoOr,. | WOHs
Cu —_— Cu
H,0% | “YOH, H,0% | “YOH,
Ha
OH»

2
2Eg
2
D
2
EEg
2

12+

L
..-Jf dor_
."’ 1 ."’..H' +8
Yo dr N T -
- =¥ - -\\_“‘\ -ﬂ I-
RN 2 :
<2 L L
10Dy : éCu ;
L. L
o’ a..
T 1 A _- :
e e a1 A
. o,
i g
L
LN dzt e g
— e
T g "'1':
:}:::’ ' =
- ;i . '
Rh dv d}ﬂ dﬂ s a
\\_E- _ﬂ;
Oh 3% Sq %



(2) IR OB FdEIE EdET = AR ( taledds
t2g39g0\ t2g3Eg tZgGEg tZgGEg t2g66g4%§)§:,:d EEI?‘E
STRRIIHEAR), O FT 52 10 52 e @ A SRR, 1E /T
R St 2= R A MAE, KA Jahn-Teller &M ;

0 2.2 dzz+ +dxz_y2
T+t

d? _dzz

4 4

4 e e 22 dz.H_ 4 azy
em mmn e o .




AR B ST\ HERIG = AA, HaE
RIFEER T AEE?
J\ T #A 3% 0 77 A IR A5 ) FE - HE A
NI N

AN %S (t2)*(e0)°; (t20)*(eg)° (t20)*(e0)°; (t20)*(eg)°

(ty)*(e4)% (t20)(e0)* (t2g)*(eg)°; (t2g)>(eg)°
PN (t20)*(e9)’; (t2g)®(eq)’;
(t2g)°(eg)’ (t2g)°(eg)°
6{%‘318&2— ______
-
d. [SURIAD S S,
d
FEREE]| 15, l
it % 0 & ____31____>_§2 _____ N
Wrkiin| 22
G T e MR TR AR
@mmﬁ >t HUE T AR T = N 122




o

Fo & e 22 B P W 7 s

>ty BT Hh AR P77 /R
> e B B THEA AT A K A

> T HiEF
> /J\(W)/J\

T AT AT 12 U I ey A2
p TR N N jt(s)ﬂTﬁ K I
_ i

|

RN

JAN

| ¥
1 t U ST 1R -

T r

t |4

*
? I vy 1 |‘ ? v f I v * | \4 * |V ? |+ t
1 RN I ,

d! d?

Number of d electrons ' 1'2 34 56 7 8 910

h spin W W @ W W
Low spin Wiw|l (Ww @

Hig

. | p oty o b farly
;l I R I R (2 E A

d3 d4 d5 d6 d7 d8 d9 d10

Jahn-Teller effect
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(3) Jahn-Tellerfa 4L HE :

|

E W BEFF NJahn-Tellerfs € (L HE

(4) # Jahn-Tellerf2 B AL BE =2

i K T-CFSE, <>
A A R 1) )\ TR e &40 19 CFSE/N T-d7VE
TR &%, dP PR\ AR S & W) I CFSE/N T

F1.00 B IR dHL T 7EJahn-Teller S0 A SR A IR AA1 1 A2

H L d®
SR ARIETITDAN

d*eFH (583, sk [xE! 1.
d" R § & | & | & | a | a | d | a ] L] d”
K EIE (Ao>P) 0 | -4 | -8 | -12|-16|-20| 24 | -18 | =12 | -6 0
A IE (Ao<<P) 0 -4 | -8 | =12 | -6 0 -4 | -8 | =12 | -6 0
% Jahn-Tellersg S r] LTS )\ ARG AR 1) & 42, 8 HSD

FoZsE B K. L

7, AHANREH W2

e CIRART AU PSR B E (X-ray B i) |

“hik” b



6. EiRIHE

(1) P

il
TH
v H]
e

v i LB T CFSE>

TM,O, & T 7S
ABCIO,, [ 1H B FRRIEO MRS

TR

DR FEASPEIA<

DU o — 1 I &R 5IM(H,0)62* IS E

M 5dH

PR A= % B e fic &4, RIAT LA

[ A& TRt

CETH 2+3h AT AREA; =B, CETF

el New

T CREFED SRAM ¢ [ Eg 1 ) o

(SN Vel
(Normal Spinel)it 2 Jx .42 i f (Reverse Spinel). X

EOZ HEAR Y IE:

a2 AR AR A

(Fe;0,: Fe*[Fe2*Fe’*]0,)

U 1

37

A +3, — P +2, M3O4TU\ =75
U\ AR,

. #B,

A



Reaf MgALO, B i dh & . 1E
RimAgE T, MgO, YAk
AlO /\ AL T %, AlOgS
LRI )\ AR AlOgH: A1, HHE
PREEAE it A s BBlR,
AJRTAENL T RO HERR2 X 2 X 2
HER— KA dm i, F 32
O 5y, Tk 32 AN\ AR

ﬁ‘? o —2 (16 ) #EFHE
?AI(M”) S8, 64 NN RS
R, o 1/8 (84 HiFHE T
Mg (M2+) 5 ¥ .

/
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View along Four-fold Symmetry Axis (001 Plane)

octahedral sites
(Al)

tetrahedral sites
(Mg)

Oxygen atoms in spinel (MgAl,O,, XY,0,) have a cubic close-
packed structure. Viewed along a fourfold symmetry axis
(perpendicular to a face of a cubic unit cell, spinel looks like this.)
Three layers of oxygen atoms are shown in alternating shades
of blue.



Shown above is a polyhedral representation. Filled
octahedra form criss-cross rows, with alternating
layers of parallel rows offset as shown on the right
side of the diagram. The square holes enclosed by
the rows of octahedra are filled with tetrahedra.
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Normal Spinels A, (M,),.X, Inverse Spinels M_A_ M X,

eg. spinel , MgAl .O, eg. magnetite , Fe ,0,

A Mg®* (tetrahedral) Fe¥  (tetrahedral)
M AlI*"  (octahedral) Fe®" ,Fe™ (octahedral)

O
O
. X 0% o”

Magnetite , an inverse spinel
Fe304 , or Fe(FeO2)2
Fe3*[Fe?*Fe3*]0,

. octahedral Fe(IL,I)
. tetraheciral Fe(IIT)

. oxide anion
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BEEYIRBIE: KAED-dERE5E

Co(H,0), >, Ni(H,0),%, Cu(H,0), % IS

<4 FIGURE 20.23 Aqueous
solutions of the nitrate salts of
cobalt(11}, nickel(ID), copper(Il},
and zine(I11) (from left to right).

7n - Zn(H,0), *: Tt
~ JBd-d BRIk (Zn 2t d1)

A FIGURE 20.24 Aqueous
zolutions thal contain
ING{FLO) T, ININT 6P,
and INi{en):)? ™ (from left to
right}. The two solutions on the
right were prepared by adding
ammonia and ethvlenedi-
aminge, respectively, to aqueous
nickel{I nitrate.
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Ed — d BRI

[Ti(H
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HT RO

Red Violet 430

Blue

Green 490
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> ARESRBIIKEET, BREAMERE, H e, 5t,,
FIBE R EATE, KAEI-AFRIERRKT LI KAF,
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> FLETd PuELT () 3ei (9, ARERA
d-dERiE, HKEETFALE.

. [Sc (Hzo) 6] 3*, [Zn (Hzo) 6] 2+
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> b. Xt T AE & AL SV T TE AR R -

%l40: Ferrocene, Fe(CO);, K[PtCly(C,H,)]"» [Ag(C,H,)]*
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§ 9. 4 B AL P45 KB & V) A e 1

Coordination equilibrium and Stability of complexes

—. &Y (BEET) FPESE
1. e EH (BFEREED (Stability constant or

formation constant)
(1) SE5G -

Ag”—2 s ApCll —F 5 Ap(NH,)T ——Agl L — 5 Ap(CN);
U B TE 2 5~ Ag(NH,), A L I s

Ag(NH;); Ag” +2NH;
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(2) Ag" 5NHy 2 [8] )P i —— oA~
[Ag(NH;), ]

Ag” +2NH, Ag(NH,); K=
A PLA S s A (K KRB R
_[AgTIINH,] _ 1

©[AIINHL);T K,

(3) sLbr EBCE TR RSS2 TR, Rl

Ag" + NH; Ag(NH3) K
Ag(NH;)" + NH; Ag(NH,); @
SKe=K, Ky =5 B B AT B (accumulated constant)
HI: M+nL ML,

)83} K]_ Kg ...... Kﬁ.
K, =1%H0 3 T (1) B ARUF 5 %8

[Ag*]INH,]’
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AV T Y Ny
2. Fefr PR THE
Sample Exercise 1: i{tH: 7% 0.01mol-dm™ NH; I 0.1mol-dm™ Ag(NH, ) i Ag" &+
W% /2 £ 0.0lmol-dm™ CN A 0.1mol-dm™ Ag(CN); ki Ag B FIkE L/ ?

- 7 - 21
(BRI Kp oy =163107, Koo =1.3x10%)

filt.  R7E Ag(NH,)? ~ NH, W, [Ag]=xmol-dm™

Ag" + 2NH; Ag(NH,);
T : x 0.01 +2x 0.1 —x
Ag(NH,); 0.1-x
K, = N _—16x10
[Ag"][NH,]* x-(0.01+2x)
A e Sox=< 001 M01-x =01, 001+2x =0.01
0.1 0.1 s _
.’.—jzl.(ﬁxlﬂ?, e X = - — =0.25x10" (mol-dm 3)
x-(0.01)2 1.6x107 x10
[[FE: Ag" + 2CN Ag(CN);
v 0.01 +2v 0.1 -y
Ag(CN); 01—y
K, = [ f( )z_]ﬁ: ) 2:'1_3><1021 o
[Ag"J[CNT]"  »v-(0.01+2y) Sy = ' = 7.69 %107 (mol-dm™)

T 13x102 % (0.01)>
K> Sp<< 04 S01-3 =01, 001 +2y =001 173
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Bl fncu(en), K= 4X10%°, Cuv? ffJK;= 6.3 X 101,
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. BEEPPERI#EBN (The shift of coordination equilibrium)
Bz R 2 — MR B EDIRES, e RS pHE . UITE
N BRI S N 2R ER A B VTR R
1. BeAr P A Te 4 -

Bl R E KB SRR T 0.1mol AgCl, 1A Z 7K PR B VT
% /bmol/dm3?
fit . AgCl(s) + 2NH;(aq)

Ag(NH,); (aq)+ Cl (aq)
[AgNH, ) JICT"] _ [Ag(NH, )7 J[C1" ][ Ag”]
[NH, T [NH, ] «[Ag"]
=K, -K_ =167 1072172107 =2.72+107
EL5f#0.1mol AgCI, /ﬁﬁ#):lﬁﬁﬁztlj%ﬁj‘ﬁO 1mol CI—, ..[CI~] = 0.1 mol-dm-3
-3
NooKe>>1, . [Ag(NH, )3 ]= 0.1mol-dm /'\}.\K=Kf-Kspﬁf%D,

K =

ng= BB AT @D ) 44 Kabk K, T
[NH, T [NH, T Ve 2y VAR, BT

RATAIN: [NH,1=4/(0.D2/(227 107) =1.92 mol-dm? PAZ T HIEKS
g 7
FFLL, UG [NEL] = 1.92 + 0.2 =2.12 mol-dm™ Koo HI 50 o -



2. BCAL-~PH -5 R R4 -
T 2 BoiR A2 55 MR (WIF, CN-, SCN-, CO,2, C,0,7,
CH,CO0) , 'EAlTRE-S FM R BB A R S5 BR 11 A~ T 17 72 211 .
X BLEYEARE, AR (BRI /N, MBS FE#s
BN RTERPT S e o0
. Fel*5/KMIR ( ) WIECAL I N 5 TR pHT R A&

X Fed3tiELewistg, 1] LLHUARCOOHIEH 50HEH _EHIHm 57K
MR HR BiC A7 -
OH —
| _coon {())—o,
FEH + {\ J oy [_ FE ]+ + 2H+
O
O/

4 Sal REKBRRIEF: HO—()—C00
Y pH=2~3 Fe' +(Sal) == Fe(Sal)' +H"
pH=4~8 I} Fe(Sal)" + (Sal) == Fe(Sal); +H"
pH = 9}  Fe(Sal); +(Sal) = Fe(Sal);” +H'
{H pH A KHF, T Fe(Sal)y™ BRI A2 K Fe(OH); IITIE - 176




3. lLhL P45 58— & SR P4 -
(1) EBECE TR *EHRTHE

8. Qo ca I X Cu(NH,); (aq) + 26— Cu (s) + 4NH, (aq)

0®: 7£25C, latmz&cM T, [Cu(NH,),2*] = [NH;] = Imol-dm 3K 1)
FELAR FELA

_ 4 _ 1012
b. Bl @ . =+034V, f:f_[ﬁmﬂ;]:_ —4.8x10%, T LM(f%[cﬂﬁH}}]_ o’

Rz, EM@ .., H@[cu&m ) 1 Ca , AR\ K

Cu(NH,)3*
#: &, = LW NHL)e ] 0% e o T
[Cu"][NH;] HH e "

£ [Ca(NH, ), 1" °

e
=

[Cu(NH, )ﬁJr ]=[NH;]=1 mol-dm™

1 1
. Kf = 3 [Cllh—]:—r
[Cu™"] K
0.0592 2+
Py e~ Paren T lg[Cu™]
B 00592 1 0.0592
- QOCU, Cu + 2 g Kf =+U.5 2 *la
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N

(2) Bo-& BT BN B B AL B 2 )

a. FEX A Ox W ot A= pRBC B I, A KGEOR, T © /)y

b. FLXF HHRed U4 o A2 B B 1B, A KRR, M@ #koK

c. X OXBYMIRed UM # L AL+, ZEMOxZY . Red AL &
FIIASE PR A B © & AR Kb E AR /N

¢C03+ /C02+ — +183\/ ¢CO(NH3)2+ /| Co (NH3)2+

=+0.108V

X% Co(NH,); " H Co(NH, )" f25E, BI7E Co(NH,);” ~ Co(NH, ), &,
[Co™™)/[Co™ << 1.

Q- gk [Cu*]
Cu +e——Cu +0.52V
CuCl; +e—— Cu+2CI +0.20V 55
CuBr, +e—> Cu+ 2Br +017V U 589 i ]m
Cul, +e——>Cu+2I +0.00V 8 85

Cu(CN),+e——Cu+2CN — 068V ¥ 240 W 0
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Stability of coordination componds

1. BE SIS e B R H):

(1) FISREL &4 UZ@B&%?)
&%), Eil L_ﬁﬁwé%

farg: HAFZE

(ML,

ML) , HKGHOK, #

Bl incCu(en),> 11K = 4 X 10", CuY*[f]K;= 6.3 X 10",

{HCuY? tt.Cu(en),> 12

(2)E & %M (chelate effect) — /@I R (entropy increasing

principles)
Non-chelated complex lgX
Ni** + INH; [Ni(NH;).]" 5.00
[Ni(NH:),]"" + 2NH; [Ni(NH3)s]™ 2.87 ﬂiz Eigé\q;@ H:
[Ni(NH:)4]"" + 2NH; [Ni(NH:)]™ 0.74 » }:I:Z EEFHL‘T %Eﬂ /EI\
Chelated complex lgK 2 2
Ni*" +en =——= [Ni(en)]" 7.51 CF@%E °
[Ni(en)]”™ + en [Ni(en),]*" 6.35
[Ni(en),]*" + en == [Ni(en):]*" 432 "



€ Why? =Entropy increasing
[Ni(NH;)¢]"™ + 3en — [Ni(en);]” + 6NH:

EFEERIR N N4 molPFy, A RAINT mol¥iit,

A AR EL S R T I NIV EL S, 1E IO N 7 [A] A2 Vi
BLRE RSN 5 [, Eﬂkﬁi‘ﬁﬁl Fit LS D RS e 14K
TSI E S, EMRNIRAN a7
&® GIAMEOL: 5 ESYREIEAAEK T, ZESYIAR
WFEE, WAg(NH,),2 tbAg(en) K KIS %2
Ag(NH,); K, =11x10", Ag(en)* K; =470

2. B &R e R B R

(1) AR AR S5 EARBIAS & P
(2) SN VEEPIBREE . WREE. . EimEER R




3. TEERDIE S (Theory of hard and soft acids and
bases, HSAB)
(1) SEIR E5E:
> aéﬁ%%% I :
MO, MDD, T, Cr3*. Fe3*. Co3*. H*
N ™~ L —— .
(WEJE. WtE&EET1. smSTESEET)
> bREIEE T
Cu*. Ag*. Hg*. Hg?**. Pd%**. Pt**

(EdEsEE T, R SSESER T
HakEm & TR HbRERE TR
Ao & P B A E 1 o & 70 B As e 1
N>>P>As>Sb N<<P>As>Sb
0>>S>Se>Te 0<<S<Se~Te
F>CI>Br>| F<Cl<Br<I

MiEHaR. bREBET RISV E N, ity
BaZk. b3k, o




(2) PearsonE2 1 “hard” F1 “ soft ” EHiid(a)
KA (b)2R

19634F, Pearsonf£2H 7T
base, HSAB) KIS

X MR SRR XY A1 2 B I R EE I A E, RELewis
B2 N % BERG. BO. BER, DARATEEZ
6] ) A2 SR AN AZ 5B o

WIR: BRHRETRETRERAD, WIEBEFE, MNIMNEETRRE 15, SZPHRAL,
Ao, Ao RERRRMN.

R BARETRTRERK, #EBRMmDOBAFET, WAARETHRG 5%, %
Bk, BEEY, HREBERMN.

B WP as BT R TRERAD, BAER, MABR TR I, AEERAL, A
B2, ABREAMRN.

B PR T ETREIRK, B, MABBRTHRSIAE, FHERK, &
7%, SRESMHRM.

B R B (hard and soft acid

—_—
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Classification r:nf hard and soft acids

Hard Acids Hard Bases
H'. Li". Na*, K", NH;. RNH;. N,Hy.
Be2*, Mg, Ca®, sr?', H,0. OH™. 0°", ROH. R,O0,
Se’t, La’", ce*. Gd*. Lu”. Th*. CH,COO™. CO;™. NO;. POy . SO; .
Ti*, ze*, mHfY, @, 1V, W Clog. F

Borderline Acids Borderline Bases

Fe’™, Co*". Ni**. Cu®. Zn*", C,H;NH,. C;:H.N. Nj. N,.
Rh™", Ir'", Ru™™. Os, NO;. SO,
Sn*". Pb**, Sb** Br~

Soft Acids Soft Bases
Pd**. Pt**. Pt*. H. R™. C,H,. C;H,. CN".
Cu™, Ag”. Au". €d**, Hg". Heg™. RNC. CO. SCN™. R,P.(RO),P
Br,. Br'. I, I” R.As. R,S. RSH. S,0; . I~
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(3) The principle of hard and soft acids and bases
Hard acids prefer to bind to hard bases & o JOouRNAL
soft acids prefer to bind to soft bases.

PHYSICAL AND INORGANIC CHEMISTRY

“REOREE, PORK” S
W + R R TR AR
W+ R RN EHLR DL
Sl @W} R R A
MR + B

X It should be noted that this statement is not an
explanation or a theory, but a simple rule of thumb
which enables the user to predict qualitatively the
relative stability of acid-base adducts.



(4) Application of

a. i MR EH AR A PRI RE
FETERIT Y. SERE.
ETGCEKT Y. WA, CuFeS,

b. A] PLA Wit S YIRS e T

#ltn: cucl, e it
,*Bel

c. AJ AAIWrib 22 e M

Csl + LiF = Lil + CsF
HgF, + Bel, = BeF, +

X X 4 BRI 3R

HSAB

/NFCul,”, BeF,HjfaEt

173 7l

Hgl, =M e A 3T

JBE 5 88 R A o R 2 |

AIPE, NasAlF,

>
-A
.
Lt
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