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Prussian Blue structure
An idealised structure of Prussian Blue with MeCaN—M'

linkages in 3-D

Whan M = Cr. M = Ni malarial is a fermomagned, T, = 30K
Whan M= W, M = Mn material is a femimagnet, T, = 129K
When M= Cr, M* = V material is a ferrimagnet, T, = 310K
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3K,Fe(CN), + 4FeCl, — Fe,[Fe(CN)], + 12KCl
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FeSO4+ 6NaCN —= Na4Fe(CN)6 + Na,SO,
Na,Fe(CN), + 4FeCl, — Fe,[Fe(CN)],  (FE
+ 12NaCl
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1@6/\4@ EI/J QZM‘E%M Basic concepts of complexes
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B (SRETHEEET) AR EYIFR NN EY), FFE N

S NENE T ENEC >  <>>

. + _ & RA
Bt [AG(NHy),]" [ PtCL,J2 (Fe) sesf. s (Cr)
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. [Fe(CO)s] [Pt(NH3)2Cl:]
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Y. fefifk (L) Ligand
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() ZRALER: £ &I ZFRHR( ethylenediaminetetracetato )
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T BeAiEr (coordination number)
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3.0 € FC LB ) 22 B A ] -----EANFR ] ( Effective
atomic number) B¢ /\FEF (JLFIE) #N
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e PEALZL (coordination number, CN ) FIECAL &
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Ag(NH,),* CN=2,  Zn(EDTA)2~ CN=6,
Cu(CN),~ CN=?
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Mn Fe Co
3d54s? 3d°4s? 3d7 4s?

(2) ML F:
a.fiff e oAz 2
Fe(CO), (N O)y.
8+2x+3y=18
X=5,y=0; x=2,y=2.

b. A EC &Y & 5 A E
HCo(CO), stable Co(CO)4 stable Co(CO), unstable




Mn Fe Co N o
3d54s?2 3d%4s? 3d74s?
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Re
5d°6s2
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C1(0C) W W(OC)Cl

1+2x4+6+1+2+ =18
X=0, L& &4
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e
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Fe(Cp),
I‘]1 —C;H,

e.1

8+3+1x2+5 =18

(CSHS)(OC)Mn/

R

M n(C O )(CsH s)

BT
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5+2+7+1+1+ =18
X=2 AWNELEHE

3(H)+7x3+2x10(CO)
+2(-)+ =54

[H,Re,(CO),, 1
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N | 7
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\Y 0] Fe W Re
3d54s? 3d°4s? 5d46s? 5d°6s?

B . _ 77— Re-Re’z
f.IEHPE RN FREN: 7x2+2x10+2 = 36
Re207 + 17CO Re2(CO)10 + 7CO2 SALEL

2Re: (+7—0) x2 = -14
7C: (+2—+4) x7 =14

Cr(CO)s + 4NO Cr(NO)s + 6CO

6+2x6 = 18 6+3x4 = 18

CsHe + Fe(CO)s QX +2CO

Fe(CO),
8+2x5 =18 8+2x3+4 = 18
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1T ANEAEE: (1) B4URE: MR ERBEAET,
[Cr(NH,),CL]CI, St =& - A (1)
(2) FHFRH.

a AR EEBIEET: [Co(NH3)sBr]SO4: FisIR- TR &4k (1)

b.N A AELRHE T: Ks[Fe(CN)s]: NESEIEH

2. AR 44

(1) ARG : (BH)EELZIR+E+ P O0MEZ TR+ (PO

WED EMNBHZ HHTRR

140 [PICL(NH)(C,H,)]: —HL-E- (1) A

(1)




[PtCI,(NH,)(C,H,)]: =&

(2) BeiERImA )T
a. o oAk E B WAk, FHLintES
b. e HBEFEAK, Bl HHs FEsk

cXf TR ST (BAET) , SoarAEciA AR FHES T RHR
%ﬁﬁ@%@ﬂﬁi, BIINH3ATH20, F\“f‘a 74 NH, %LJ???IFE%U??B’JF

d.EZMAR AR, W Sear 4 R 2800 KRk
(3) HCiRA)ZFR

a. L X HEFEZE  mono(—) di(Z) tri(=) tetra(JU) penta(f.) hexa(75)
hepta(-©) octa(/\) nona(/1) deca(+)

b. SCN & AR thiocyano; SCN 7R F LR isothiocyano; NO, fFZ:
nitro; ONO WHERHR nitrito; NOLAEELEL nitrosyl; CO #xk3: carbonyl;
CN &R cyano; CN R &R isocyano

3.2 AL 5 YINItn 44

EMER AR EAEEE, o
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§ 2 @B@ﬁcé\% H‘Jj‘%’**@ fﬂ %the Isomerism of complexes

TN ﬁé’»i’%:

1.8 X:

MR ZEH AR R A TEEY), BIR ¥R R ER S e [ AR5 5 A F 1 5]
R SHAERA RIS, FRAREYHIE T AR

2.5328 (classification)

(1) %W FHISE (Chemical structure isomerism )

e H B AEE, IR R RERE S XA EN TR RIS, .
[Co(NH3),(NO,)] A2 1 [Co(NH,);(ONO)] IEAHERHR

(2) SERHILE (stereo isomerism)

WA AR, ZIEAEEFIA RN 5] R R IR IR AR R ISR . Flan:

Cl NH
~ R SR AR L T S e R
P SRER R AR R Rk, Hif] cis- 3k
2.
NH; Cl | ARGk T B T R N
trans- - BRI o R R T4, ) trans-
T




The most prevalent form is the 1,2-intrastrand crosslink. In this adduct, the
platinum is covalently bound to the N7 position of adjacent purine bases.
The inactive isomer of cisplatin, trans-DDP, cannot form this ubiquitous 1,2-
intrastrand crosslink, suggesting that such a lesion might be responsible for
the biological activity of cis-DDP. In the 1,2-intrastrand crosslink , the DNA
IS unwound and bent towards the major grove.

Other platinum-DNA adducts including the monofunctional and the 1,3- and
longer range intrastrand, interstrand and protein-DNA crosslinks; each of
these adducts form a distinct structural element that interacts with DNA
differently.




SRR

BN A A= 2y AR AR R
LT 2R
onhization isomerism
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_inkage iIsomerism
Coordination isomerism
Polymerization isomerism
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1. lonization isomerism .5 #)

(1)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.

(2)eg. mpr vk SHRET
Co(NH,) Br|SO , (white) and [CO(NH3)SSO 4] Br (yellow)

hey can be distingushed by agent of Ba**
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2.Hydrate isomerism (Solvent isomerism) ¥ 7 & 544

(1)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

(2)eg.
[Cr(H,0).]CI, [Cr(H,0).CI]Cl, -H,0

[Cr(H,0),Cl,]CI-2H,0




3.Linkage isomerism (g 5D GRICEES

(1) The first example of this type of isomerism was provided by
J d rgensen, Werner's contemporary

[Co(NH,),CI|Cl, ——» 5 TR0 svgolytionA”
"solutionA"—=dned 5[(NH, ). Co(ONO)]Cl, red
"solutionA"—22 5 < HE_3[(NH, ). Co(NO,)]Cl, yellow

VFHERIREC &4 (4L
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3.Linkage isomerism (5% 744

(2) It deals with a few ligands (ambidentate) that are capable of bonding
through are type of donor atom in one situation not a different atom in
another complex. Some authors refer to this type of isomerism as
“structural isomerism” but in as much as all isomerism is basically
“structural” , the term linkage isomerism is preferable.

(3) eg.
[Co(NH,).SCN]** and [Co(NH,).NCS]*

[Co(NH,).SSO.]" and [Co(NH,),0S0,S]*
HCMARFIEC AL R T BRI AE S . [Ta(NCS)" (-1 ) [Pt(SCN)g]2 (BR-#0

HABFCARHIAEAE: S ibin il s

RN pySFECiA K2 Al Az BN
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4.Coordination isomerism (EEALFH#))

(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 IE/ B F& 20 E T

(2)eg. [Co(NH,),][Cr(0x),];[Cr(NH,),][Co(0ox),]and [Cr(NH,), ][Cr(SCN), ]
and [Cr(NH,),(SCN),][Cr(SCN),(NH,),]

(3)Coordination position isomerism X%t &4
In this form of isomerism the distribution of ligands between two
coordination centers differs

(4)eg. -

H
2+ 2+
[(NH3)4C0<O>0 (NH3)2C12] and [CI(NH3)3CO<Z>0 (NH3) Ll ]

O
H H

RAZESRE T2 ANARRNE ‘.
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5.Polymerization isomerism (E& 7))

(1) Strictly speaking , polymerization isomerism, in which
n varies in the complex [MLn]», is not isomerism. It is
included in this list because it represents on 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:3)3(NO2)3] n=1

e o - BRI BH M FE K
Co(NHs)4(NO2)2][Co(NH:)2(NO2)q] n=2 iﬁ;ﬁ ﬁéﬁ;iﬁfﬁgﬁ
'Co(NH:)5(NO2)][Co(NH3)2(NO2)s]2.  n=3 Fz
(Co(NH:)s][Co(NH3)2(NO2)4]s n=4

Co(NHs)5(NO2)Js[Co(NO2)e: n=5 n




SIS
_ . . JUA A IS
— ST ni
=. MAERMIR (stereo isomerism) 4o oymie
1. ) RIS (geometrical isomerism)
(1) B A HIBCAL 35 TR R R
a. B BZRE (linear) Ag(NHs)z, CuCl.”
b.=ffi: FE=/A% (triangle) [Hgls]
c.lUAchz: ~F1H Pl (square planar) PtCls"
1E VYT &k (tetrahedron) Zn(CN)¥
d.LffL: =X (trigonal bipyramid)  Co(NCCHs)s [Cu(dipy)al]
V05 #E(square pyramid) VOI[(acac):]
e NEf: IE/\E4E (octahedron) SFe PCls
=## (trigonal prism) Re(S2C2ph2)s
fLACAL: FLAX4E (pentagonal bipyramid)  Nas[ZrF7]
WiE =484 (the one-face centred trigonal prism) (NHa4)s3[ZrF7]
g./\Bcfiz: 3254k (cube) CsHs
3.5 ¥k (square anti prism)  [Zr(acac)4]
+ =itk (dodecahedron) [Zr(ox)d]*

AR fi. ANEARJLARAIR




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 F=2+C-P

> 2608

Tetrahedron Cube Octahedron Dodecahedron  Icosahedron

4 .. b .8 _ N 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 lcosahedron

*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.



(2) RSV REERER:
a. Zafg AL Bl an DY E AR AN AR T LA 44
b. BofaFR: FEREWHEAMERZ, JUTRaAEE
Mae (—F#) Mabcdef (15Ff)
c. BifERI % SOAEAR RS R 7 R e BRI L, AR EENL
R IIRKD
d. Z A BN R FRIME (KIFE)

MERWE, REBER, JLAIRAEES
(3) JUFhE RECALE RIS PR LR R 4k
POfchr: IEPUmEA: AL A ((BERERERM)D
SFHEI T M H0Ek AB 2145 a,b H5

Ma2c2
RAYRE | Mad MZng Mabcd | M(AA)cd | M(AB)cd

JUfT e iR % H 1 y. 3 1 2




b. AL.ACHL:

SRR

Ac 5 ¥IRAE

Ma5

Ma2cde

Mabcde

=AU

1

2

3

7

10

V075 HE

1

2

3

9

15

c.NBhz: Rt Ik )\ /A

e eRE

Made2

Ma4ef

Ma3d3

Ma3def

Ma2c2e2

Mabcdef

M(AB)2ef

FHEH

2

I

2

AN

4

5

15

[Co(NH,).CL] " j
NH,

\[RHC13(H20)3]

Cl




(4) e JLA AR i) )5 1B %
a. A HBIGEAREL &Y
£, SHEHRRAEARAE.
R0, BEaE AmEARAE.
PIMa2cdef J4(9)

SRR
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b.BEE BNECE, XAEXAEENESY)
B, SEREEIERALE.

|, BEXAERAFEALE R E.
B2, REFERKEERAE.

EL M(AB)2ef J4151(6)

T 7€ ¢ 5 ) B U AL
(1)  1ff

(2)  1ff

(3)  1fk

(4) 2Fh

(5) 1F
FE1+1+1+2+1=6F




LR AR
2.l &Yrtee F#1 (optical isomerism of

coordination compounds)
(1) SeERHEE X
a.F:4rT (chiral molecular)

WA T B RE N AR A F BRI AR R &R, RN R RIS R R &R (B
EAIABHEEES

b. IRkt HiE LB JERUR BE, 06 E RAE— - FHE RS, XM IR N
R, RIAR R IR .

c.hetiEME: P T RIROCEIEN, B RIRGHE— 7 miERE

dotFERAERE N : SHABMERBHAN2 T, HEEMERERRA
HARABEEART, BRI 73 T 90t Ak, B —X3 %) 4% (enantiomer)

sk fe: (<) levorotatory #£jiE: (+) dextrorotatory




SIS
Bil: KA (=) -BETREHELL (+) -8

0T R™%. EOFRRPRE ¥ — IR
FME BRI FE % W A 77 AR R T AT IR Rt
4y, RHESERERRIM PR HE
2, A8EE ik tﬁ%ﬁlﬂﬁﬂﬁ%iﬂ?"?? ]

s ﬁﬁﬁ%la%‘ﬁ*&ﬁ%ﬁkﬁ’]ﬁl a1
H— P RRH, HBEELHIZAR (S)
E'F*’Jﬁiﬁﬁ% I, T (R) F‘F*’Wli%}j'iwjjﬂﬂ
S 1E &7 =BT S H A 5| R AR,




SRR

(2) FIWrhet ik 75k

R EEIEH: BT GET) PEENREES AR L, NiZs
TREAIFFER, WAL, UAFERIERME.

(3) LRk A
a. JQACfr
(D FHE UG ECEY:Br T BAEE et ik LAk, 18 K71
&. B &V
QUUHAAE &Y (R T BLi&F et 7k PASh,
RE Mabced WWHAAR S4B et F I . //M\ /M\\
Ma2cd X FRH AR A




b.NECAZ: O\
(1) M(AA);”
[Cr(ox)s]

2 (1)

(2) M(AB)s

Co(gly)s
4 (2)

(3) M(AA)zab
[Co(en)2CI(NH3)]**
3 (1)

M

SRR

PIAAANSETE . AXTHR
X HR T AR 7R

Slzﬁ]‘/_\‘jj‘ A E&E H

R A XS FRIE
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Summary: Isomers of Octahedral complexes:

Total Pairs of Total Pairs of

formula number enantiomers formula number | enantiomers

Ma3d3 p. M(AB)2ef 11 5
Ma3def 5 M(AB)(CD)ef 10

Ma2cdef 15 M(AB)3
Mabcdef %{1) M(ABA)def
Ma2c2e2 6 M(ABC)2
Ma2c2ef 8 M(ABBA)ef
Ma3d2f 3 M(ABCBA)f

M(AA)(BC)ef 10




A-[Co(en) ]**

)

O

(
O O/D

A-[Co(ox).]*

o
)
0 o
\D

A-[Co(ox)]*"

(2)

(b)

== [ 1
T |H ] AT A
] [ 1|
1l |-
N N
(0] (0] (o]
~——=0 —
N /—(o/ NZ N
Iy L)
mel fac
L Il 1 1 L Il
20000 25000 30000 20000 25000 30000
Fem™
mer A
mer A




S 3 Fc SR o R
The chemical bond theory of complexes
MEDRNFEELAEFORT (BRET) ShikZ I8
I8 A A m R, FH DA B A0 R F RO ECAL S ik &4 1)
SRR DL R L SRR . B R . iR A
RN TR SE

JUT4ER, RERIMFEERR:
FrE iR (EST) Electrostatic Theory
#r52 75 (VBT) Valence Bond Theory
LA (CFT) Crystal Field Theory
S TFHIEHEB(MOT) Molecular Orbital Theory
fE BRI (AOM) Angular Overlap Model

K=, BATHRESYIRIrEE RN sk B,




—. ¥ (Valence bond theory)

1. HrEE BRI EAR N A

FIFOMEMSEEALZ BIRGEE, —
7 TH R AL B X SMILH, WWE&%M

Jziflﬂ"{%ﬁﬁﬂiﬁ SR, FTCARRN o Fosé.

(2) FE B AL L B ARfF A2: ILRLE D& — XK
X, T O EMUG AR 2= A 3E .

(3) BRI EY) (BECE T B, SO RAEH
THUEMAE e TR, R E M R SEALR T
B H AH RIS I R HLIE




2. S2H1:
(1) EFTTREE Y
Be,O(CH,COO0);
F/1-BeJR T AR Hsp3 it

ool
“{"“C\‘g’f 118 15
b (E\?E’%;{’ég

-.0___“ L'f
|

)







(2) L:FE%EEA%

a. (n-1)d0&I ¢
Zn(NH;) 2
Hgl;™

b. (n-1)d3%&!~
T sp34:1t

[ Ni(CN),]>  dsp?Z:4L
PtCl,2 dsp?Z:it
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Coordination compounds
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Q 1@6/5\5% E‘J;_—%ZMQ%/ET Basic concepts of complexes

—. B EYII E X
FH 2 AL E 57 (NH 5, H, O, X) A B 3k B 1~ (CH,=CH,,) K10 5 2 it = 5
%E%;@\ ;@éﬁ)ﬁ%@ié)ﬁ%%) H A I SRR AR AL &9, TRIFR D

1.A5 CGinner) +4M5+ (outer) =fc&4%)
, BCEYIR LN (REEHE) , EAR PLIJSH 5T
Hn. [Fe(CO)s] [Pt(NH3)2Clz]

2.9 F=rh.00Kk (center) +HEiA744(ligand) ML, nBCARZL
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(2) FefifR (L) , faRREeiR, PEF BT R
1




FHAM S
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1ARYE AR ECAL R T AN, BCAR T 208
(unidentate ligand) :FCiAH R &A1 — A ECALRE £
$ilin NHs
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H A ECARZH TG S VIR N T R S0, B2 NEC R B &9, RN
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2. L8 WA FCAA .

(1) F I oAk

= Cl~ Br- |- H20 CO NO OH"
fluoro | chloro | bromo | iodo aquo | carbonyl | nitrosyl hydroxo

(Q)XHELA: L% (en) HEZIR (oxalato) & IFELFRIR (gly) BEALEE (bpy)
() ZRALER: £ &I ZFRHR( ethylenediaminetetracetato )
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1. B 5] (SR AR Y AFIE A
[Co(NH,,). Br|SO, (white) and [Co(NH,).SO, | Br (yellow)
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[Cr(H,0),]CI, [Cr(H,0).CIICI, -H,0
[Cr(H,0),Cl,]CI-2H,0
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H EfBEFHeiEy H
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[Co(NH:s)3(NO2)s]
[Co(NH:s)s][Co(NO:2)e]
[Co(NH:s)4(NO2)2][Co(NH3)2(NO2)4]
[Co(NH3)5(NO2)][Co(NH:3)2(NO2)4]2
[Co(NH3)e][Co(NH3)2(NO2)4]s
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HiE =44 (the one-face centred trigonal prism) (NHa)3[ZrF7]
g./\Hcfi: 3L54& (cube) CsHs
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The chemical bond theory of complexes
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Bt I (EST) Electrostatic Theory

7 THER B (MOT) Molecular Orbital Theory
i ESEAI(AOM) Angular Overlap Model
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1i# (Valence bond theory)
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—. miEZHE i (crystal field theory)
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Enthalpy of hydration (kJ/mol})
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Number of d electrons
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4. Jahn-Teller 3™ (Jahn-Teller effect)
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"any non-linear molecular system in
degenerate electronic state will be u
and will undergo distortion to form a

a
nstable
system

of lower symmetry and lower energy thereby
removing the degeneracy"

Hermann Arthur Jahn and Edward Teller , 1937
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Jahn-Teller effect - a molecule with an orbitally degenerate ground state wil
distort to remove the degeneracy and consequently lower its overall energy

OH, —I 2+ —I 2+
. | 1.,-.".'OH2
Cu
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View along Four-fold Symmetry Axis (001 Plane)

Oxygen atoms in spinel (MgAl,O,, XY,O,) 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. Atoms in octahedral sites are
shown in shades of green and yellow. Atoms in tetrahedral
sites are shown in purple. Contrary to expectations based
on ionic radius, in spinel the aluminum atoms are in
octahedral sites and the magnesiums in the tetrahedral.
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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.




View of Close-Packed (111) Planes

A view perpendicular to the close-packed layers (the
octahedral or (111) face) looks like this. Octahedral
cations are in yellow and green, tetrahedral in purple.
Between oxygen layers we find hexagonal patterns of
octahedral cations, and hexagonal patterns of tetrahedral
cations with an octahedral cation at the center.




A polyhedral view along the (111) direction
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Green-blue
(complement
to red)

Blue-green

Violet-blue
(complement
to yellow)

Yellow-green

Blue-violet

Yellow

Orange-yellow
(complement
to blue)

Red-violet
(complement
to green)
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I < Br < 5; <SCN < CI'<S* <F <0% <0OH < H,0 < NH3; < CN < CO < NO*
weak field strength (small Ag) » strong field strength

(large An)

m-donors o-only n-acceptors

In the above series, the ligand type has been overlayed onto the
spectrochemical series. As is readily annarent from the aneraetic disnasition of

Ao, m-donors give weak ligand fields, o-only ligands give intermediate fields and
n-acceptors ligands give strong fields.
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I <Br <S"<SCN <Cl'<S*<F <0” <0OH < H,0 <NHs < CN < CO < NO*
weak field strength (small Ag) » strong field strength

(large Ap)

x-donors o-only t-acceptors

= In the above series, the ligand type has been overlayed onto the

spectrochemical series. As is readily annarent from the eneraetic dignacition of
Aq, mt-donors give weak ligand fields, o-only ligands give intermediate fields and
a-acceptors ligands give strong fields.
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(2S+1)(2L+1)=5

M, =1, 0
Mq=+1, 0
(2S+1)(2L+1)=9

M, = 0
Mg =0
(2S+1)(2L+1)=1
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The Russell Saunders term symbols for the other tiee 1on configurations are given in the Table below.

’
Terms for 3d" free jon c}Qﬁgurations

Configuration #of quantum | # of energy [Grrouncr\ Excited Terms
states levels | Term

FEE 15 5 3p
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IF 25D 2x1s
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eI T
x D, 7P, 75

Note that d* gives the same terms as d!%™ AT R RE 7

# spin-orbit coupling

# J-J coupling
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Increasing ligand field strength—




Increasing ligand field strength—




The Crvstal Field Splitting of Russell-Saunders terms
in high spin octahedral crvstal fields.

Russell-Saunders Terms

Crvstal Field Components
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d-d transitions
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Relaxation of Laporte selection rule (parity)
1. BCf i A7, BRBCAA 45 14 B AN KRR 1
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Relaxation of spin selection rule

HRASNEMPERASERE




B

Tanabe-Sugano diagrams
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d° Tanabe-Sugano Diagram d® Tanabe-Sugano Diagram

2+ 2+
M n ; F e 1‘4135‘4133"—113553 IEg
80 80

70 -
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Jahn-Teller 3¢ (Jahn-Teller effect)
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Coordination equilibrium and Stability of complexes

—. &Y (BEET) KP4

1. B EH (BJEREH) (Stability constant or
formation constant)

(1) 5E5:

Ag" — > AgCl{ % Ag(NH,); —— Agl—*— Ag(CN),
i BB B T AQ(NH,),* 5 HE B fe B -
Ag(NH;),* = Ag* + 2NH,
(2) Ag* 5 NH; 2 8] B P —Bo AL 1




Ag’ +2NH, —— Ag(NH,); K = [Ang(NH3)2]2
[Ag”][NH, ]

WA AR HEE P (K,) KR
_[AG'IINH,I® _ 1
[Ag(NH;);] K,

(3) ks AL F M A 24203k i, BD
Ag" +NH, «—— Ag(NH,)" K,
Ag(NH,)* +NH, <« Ag(NH.,); K,

~Ki =K, - K, =5, B = BN
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2. Bl P v

Bi—: A EEZ0.01MNH, FI0. IMAg(NH, ), Ag'E ik %4
mol/dm?? iz [ 470.01MCN F10. IMAg(CN), ', Ag'H IRk H %
bmol/dm’? K =1.6x10", K =1.3x10"

f,Ag(NH;)} > TN Ag(CN);

fift: WAEAQ(NH,),* ~ NH, 5B H [ Ag*] = x mol/dm3
Ag* + 2NH, = Ag(NH,),*
S 18T x 0.01+#2x 0.1-x

K¢ =[Ag(NH,),"J/([Ag*][NH;]?)=(0.1-x)/[x(0.01+2x)?]

K >>1  x<<1 0.1-x~0.1  0.01+2x~0.01
0.1/[x(0.01)?]=1.6e7  x=0.1/(1.6e7 X 1e-4)=6.25e-5 (M)
) 3 . Ag* + 2CN- = Ag(CN),"

y 0.01+2y 0.1-y

y=0.1/[1.3e21(0.01)%]=7.69e-19 (M)
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Ageta] i MK SR AW e M, TEBEETHE RN
B . #lfinCu(en),2*HIK,=4e19, CuY2JK,=6.3e18,
{HCuYZ ¥ Cu(en),2*f2 €
—. BACFERIFZS) (The Shift of coordination

equilibrium)

AR
/\EDTA _Ccoo" Yl

NCH,CH,N




fi: AgCl + 2NH, = Ag(NH,),* + CI-
K=[Ag(NH,),*][CI"J/[NH,]?>=K K, =2.72e-3
fR15 P45 [NH.]=1.92mol/dm™3 1ol AgC1 0.t O
AT L, R A6 B [NH,]=1.92+0.2=2.12
MK=K¢ K FIRIKGER K, WZITIER 5 5, Brbliz
P KK, M ZEF

2. Wi - 5 PR T4 -
THZHRER R FHERME (A1F-, CN-, SCN-, CO,2,
C,0,2, CH,CO0) , Eflge 5/ RIERA B R T
P50 .

BLeEAtEE, ERFEREES (RIK E/N) , ME
B A I RIER BT B f#




AT R Fe 5Kk (
N5 W pHI R 2

A LA R COOHA: H] 5 OH AL 7

OH

Fe3+ _|_

2 Sal AURIK B AR & ¥

2pH = 2~3K} Fe3* + (Sal) =Fe(Sal)" + H*
pH =4~8/} Fe(Sal)" + (Sal)~ = Fe(Sal),” + H*
pH = 9if Fe(Sal), + (Sal)~ = Fe(Sal),> + H'

(EpH AR, T B T A HeFe(OH) JTHE




7 BAeE u=+0.34V, K faunmy, T =4 8X10%,3K ¢ fuow, I ous

= : — [CU(NH3)E+:| 2+ ="
" [Cu?* J[NH;]* NT P e, VoW

[Cu(NH3)?* ]=[NH;]=1mol-dm 3

AR A, 1" 0. 059 2
= P&yt Sy lg g = 0.3

- = —{.035(V)
a. EBXTH OB R A NECE i, HKHEOR, M ¢ ©
AN
b. X RedY) 5 A& AL E i, HKaEoR, N
N
c. X HOxAE FIRed Y R A L AL &2+, ZEMOX
. RedBIPE B -1 HIF2 e TR F W & © &8 Rib & 2R/




=. BEoaPHIteseE i
Stability of coordination compon

1. Bo SV HIAR E B ) A 9 -

(1) FREWESY (BEEF) (ML, MLy ,
HKgox, #ifae, BARREEEY, EEIITER
B .

BlanCu(en),2* K, =4e19, CuY2 [JK.=6.3e18,{H
CuYZ Lk Cu(en),2* 12 %€ oo N _
(2) &% (chelate \__ EDTA _~C0O

NCH,CH,N
a. 32 (p310) i e
Kl (p ooc” Neoo

Ui T R S I ELIE

b. Explain—Entropy increasing




[ Ni(NH.)¢ ]2* + 3en = [ Ni(en), ]* + 6NH,
EAFRR NP4 molWFh, AT moliiF,
AR RRELE R T RNIFRELE, 1EXRMN 2R
ELEESG NI M, BRJR§¥E M, BrCAZ-EWIRIEE e MK
TR EYITaEM, XPRUBFRNEERN
c. BIAMENL: HEEUHENRFEK, izfé&é.*%fli

WiasE, WAg(NH,).2*tbAg(en)* K K5 %
2. HEC S YFe e R &R

(1) N FOfESERR A SR

(2) 4MH: WBRRIRE . WRE. EBE. EBED




3. I (Hard and soft acids and bases)
(1) L 5L
aREBE T WiLEe 1/, A5

MO, MID_ Tij4*, Cr3+. Fe3*. Co3*. H*
\

(B, BLLRET. BAALEARET)
DKL BT WALEE BT A, # 5 TR NS T

Cu*. Ag*. Hg*. Hg?*. Pd?*, Pt*

(EQE€EBE T, UREASTETRE T
HaRk&RE T 5bR&RE AL
YIRS E T YIRS E %
N>>P>As>Sb N<<P>As>Sb
0>>S>Se>Te 0<<S<Se~Te
F>CI>Br>l F<CI<Br<I

BiES5ak. bREEEFEAE SRR ERE, ity
a2k, bk,




(2)PearsonZ i3 “hard” F1”soft” e #iA (a) 25 H1(b)2

Classification of hard and soft acids

Hard acids tRALEE 17N D HZF

Sc3*. La%*. Ce#*. Gd3*. Lu3*. Th#., Ti%*. Zr#,

4+ 3+ 5+ 7+ 3+ 2+ 3+
Hf%*. CIP*. PP+, I, Cr3*. Mn4*, Fe3*,

Borderline acids

2+ 2+ 2+ 2+ 2+ 3+ 3+
Fe<*. Co4*. Ni¢<*. Cu<*. Zn<*. Rh3*, Irst*,

. Os?*, Sn?*, Pb?*, Sb?*. Pb?
Soft acidstikitge IR RN B 5

Co3*

Rus3*

U I E

7

Pd?*. Pt?*. Pt**. Cu*. Ag*. Au*. Cd?*. Hg?
« Hg*. Br,. Br*, I,. I




Classification of hard and soft bases

Hard bases 4 %25 H B FRIECAz/A: BCAZJR TR
e RN ETEANL

NH,. RNH,. N,H,. H,0. OH~. 0%, ROH .
R,0. CH,COO. CO.2. NO,. PO,3. SO,
ClO*. F-

Borderline bases

C.H<(NH),. C:H:N. N,-. N,. NO,". SO,z

Soft bases f‘?ﬁ%éﬁ: BT ECALAR: oA R FF
MK BEER. 5 TEL

H. R. C,H,. CiHs. CN-. RNC. CO. SCN-
. R;P. (RO),P. R,As. R,S. RSH. S,0.2. I




(3) The principle of hard and soft acids and bases
Hard acids prefer to bind to hard bases and soft
acids prefer to bind to soft bases. 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 HSAB

a. F] AR B 2R - B IR

V]

ERRITCR I -
Vi v N LY

CEL &N

AN, NasAlF,

B Y%, CuFeS,




b. 7] PLAI Wk & YA € 1
Bil4n: CuCl, HifaEt/MFCul,”, BeF,Hf
T Bel,

c. 7] LA e M B A
Csl + = Lil + CsF N [F) A2 AT
HgF, + Bel, = + Hgl, %R e M [ 4 1

BEIHERRR: X 73 B ok ) e B2 -5 S 2K

SO,2 + HF = HSO," + F- oq = 104
ERRTER, TERKHR




§ 5 Bohiib &9HI A
—. B S VIR &

@7K TR A H AR e B
Cu(H,0),2* + 4ANH,—— Cu(NH,),2* + 4H,0

[Co(NH;):CI]Cl,+ 3en —— [Co(en),]Cl; + SNH,




SRIKIE T B EAR R B

Cr3*(aq) + en ——Cr(OH), OK&E®H)

Cr,(SO, ); + en (ZBEf#HEH, KID — [Cr(en),]l,
[Fe(H,0).]?* + 3bpy (ZEHEFI—

[Fe(bpy),]** + 6H,0

[Co(DMF).Cl.]+2en (DMF¥#%5) —
[Co(en),CL]CI




SRIAECAABL S VIR (template) 5k







—. BRI H S RAEZE B
e Cut52, 2" —BtutmekE (dpa)fi3—XHE(Hppr)i
AT W EN =g
£ Fi: Hppr+dpa(ZK M ZEEH ) ——pH~5,+Cu(NO,),
KBHR—

1. JGESHT: Cu(dpa)(ppr),.2H,0
2. EE/RES. JEHEMAER

3. IR, Vg, Veos Veu. Nm%H’Jir%iJﬁFnﬁa\%% (SaifiRtl)
4- XETJ‘@%E—‘EIEIWIQ—J" «IZII EIEHH(JJE%%*E\‘\ %ﬁ%n%'&




Cu(dpa)(ppr),-2H,04 1 & (&15H,0)

_Ph Cu/SACHL




e FiZIEAE/AZn(Salen)EuL, L: B XUER

Hil&: Eudt, Zn2* L, L, HEE. ZBKF

m|

H

i

RAE: RS B (GEHEMAFK) IR, UV (N=C
e IE =5y




= NHAH: BEALE RN

- BEL RN, FilERENSE, 28— Rk
R
- AEfEAAE H BB YA & 0 202 B AL AR AN

(coordinative unsaturation)

- EIEYIB VETE (activated precursors )
INFAE BCAR T 2k 22, Tolman#E A K (540, PPh,, 145° )

» BCARL IR /NG rE Bo AL BURT e L £

NiL, <> NiL,+L
HL=PPh,if, ¥ HINIL, 2 E8#% 5 ANIL,




% M1t (Heterogeneous or multiphasic ) catalysis




¥J+H {1t (homogeneous or uniform catalysis)

catalyst
starting precurs

PEALTEA




(b) Catalyzed
reaction

{:EASIVASE |2 i
FIREERRE

-
()]
-
@
-
@
i
L]
L]

Reactants Products
Extent of reaction




SE B AV S VIR E A R N

B AAs ) e 25 A EUAR,
E ALK

/AT
X ACAE B 36 1% I D




|| CH,=CHCH-,OH

| _-Co
oC~ /7 '.""‘"'C(y

[ Ne” @

e

CH, i:HCH,:e:JH H\CH CHCH o

__..-CD '__...-C I|

GC/ """'-.CD J—IDC/ N"CD I."I

H¥H% , 16e MR IR , 18e

FCo(CO); HAEMEALT] B PR 975 B ] 28 PRI IR ) AR AL A 2




Wilkinson §4t M ( hydrogenation)
RCH=CH,+H, — RCH,CH,




.
\

C/ ""‘Co J (CHZ=CHCHCH;

F Co(CO)HYEMEANFTI RIS F Bt X M. (hydroformylation)




CH,oH— 7
CH,COOH«

FH B B (L PR Je) & B O BR 4 AL TG 31 (Mlonsanto [ i)
CH,I +CO —s CH,COI
CH,COI +H,0 —>CH,COOH-+HI




H—Pd(ll)

C H+
LIGEM AN ORI EATEA (Wackerid F8)
C,H,+0,+H,0 —>CH,CHO




4250448,

fEE ) Ziegler KIN | )& R & RMAMENLFTICL-AIEt,,
IR 45 K TiCl,

B AR HINatta 585K T I I SLAE B (stereospecific) R &

112 3R & B Ziegler-Natta [ M it F

Ziegler —Natta {E{LF]




/
CH,

Cl
/
Cl H
CH,CH,CH,

* CH,=CH,
CH,=CH,

_ T'“‘“CH ,CH;

TiCl-AlEt /& R4 T H) Ziegler-Natta Jx N1 7] G

nCH,-CH, — — (CH,CH,) —

TR




