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CH 432 Structure and Isomer of Coordination compounds

Introduction

* luananilagmaunansegly p-block = vuwesuilaanalalagly ngws VSEPR
(WA158U1 valence e souaznouna1eiily bonding wag non-bonding e pairs)

Ciy H,0 — AX,E, —> (2 bonding e pairs, 2 non-bonding e pairs —> V shape

* Werner weneulengus) VSEPR virungsusialaanaved coordination compound
(zmpunavdlvgeglu d-block) weldanansaviiunels esanniidadeaus wu

e configuration UBIBLADUNAN ey steric ¥BY bulky ligand Jusiu

* Kepert lalausiuuinasy Kepert’s Model 73l

- ligand sevuaraaunansiinududaselunisasnaiuseiueznaunans
- lAssas e A TeDuanIzLsINanYad lisand AAUDY LUATDLTINGN

984 non-bonding valence e pairs (HnaipyiIn)



CH 432 Structure and Isomer of Coordination compounds

LU 5'1ﬁanﬁmgﬂm<mﬁmﬂaimaq [l\/\Ln], [I\/\Ln]m+ YED [I\/\Ln]m‘

(W M = pzmounany L = ligand) = a137iva1u9zdlassas1aniiauny

1199911978 ligand tvinAu

* MvuegUsvesansUseneuniiavlaeasaiudy (CN.) 2-6 ¥a3 Kepert uans

AIMIS149 1

| a o 2 Linear
ATN 1 JUTNYIFIINToU
~ 3 Trieconal planar
GICN=2-6 SN
4 Tetrahedral
Trigonal bipyramid
5
Square pyramid
6 octahedral

fiun: Housecroft & Sharpe, 2001 : 440
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CH 432 Structure and Isomer of Coordination compounds

VU

* 9IRS Kepert ”Laﬂé’ﬂénﬁ\‘lgﬂs'wﬁL‘T‘Juﬁzmmma (square planar) (C.N. = 4)

9

* luruetusinlAseasnewed porphyrin lisand Feil N 4 9gmau @1uNT0a519WUEY
fuazmounNaalas 4 azmay wavegludnuuesyuIuinsa

porphyrin

. a & = [ a [ % Y [ v v
* ligand vualngMidusaziinnuidudasslunisasiaiuseivazneunaislatoy

A7 ligand L3t
S
N HN
/ \
N N
) NH  N=
phthalocyanine f\/ P >\\
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CH 432 Structure and Isomer of Coordination compounds

lagasu:

1. Jagtusannsovenlnssaiafideudrsgndosesandsieuiiduninuouisldlae
wAllA X-ray crystallography lagaglivayaninueiiiuse Yuiusyseniniesmay
99 NsdniSedaly 3 38 (enussseu H Juinliuania dewnihudnozaey
LmaymLLazIamaﬂmmﬂ?{auqﬂ)

2. Jadefinnvunlasead1sves coordination compounds
* metal-ligand electronic interaction (Fuagiudiuau d (3o H e vasaznoUNA)
* puEIRLSE (Buiuruinres metal ion)
® LL5INANTEMIN ligand T9UBEMIUNA

® lisand geometry and rigidity
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 1

* WUUBHUIAN BALIUNITTILFIVDY metal ion AU bulky ligand UNTHLAGIHAI

afesluannzuia (Hesndisegluansasaeniundudiiazats luanauiae
TN AL CN > 1)

* fpg1afe @susEnauYes TU %58 In* 53U lisand A® 2,6-Trip,(C H,)
(Trip = 2,4,6 - iPr3C6HZIm8‘1‘71I iPr = isopropyl)

2,6-Trip(C.H,) T

flan - (Miessler & Tarr, 2004 : 325)



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 1

* mnasuilulassasisegneinengy

N O ~
’\r/ a\ = In(l), TI(I)

YL \[/WY

flun - (G.A. Lawrance, 2010)

< 1 LY a a A 1 ¥ a 1 1 14
WU NUSLALINTOUTENINIIIUATAvYULS —> WaYa9Ielv
ligand UL coordinate lad1e —> Iaseastaiuu CN. = 1 Jsmlaginuing

WUI1 81 metal ion WU Mn* #1358 Fet — a1si339ouazsiusinu 1agay
ARUNU ligand vedlilaNaYIaLALs



CH 432 Structure and Isomer of Coordination compounds

* asUsznaunquilinutesuiu Tne d'° metal ion fuwnlduaziin CN. = 2 1

<

118 uazgusednidu linear (1Euns9)

* fegnnaniufunigadiniisfe [AgINH,),1* —> Ag" Tai3aa e 1Tu 4d™
+
(e vhiulu d-orbital)

diammine silver (1) ion

[ H3N_Ag_N H3

* lpppulanyailaduid CN. = 2 1y [CuCL]™ [Hg(CN),] uag [Au(CN),]™

[CI Cu CI] [NC—Hg—CN] [NC—Au—CN_

H
H, H

‘N—Ag*—N N=C-—Au*—C=N

/ V%,

H linear H linear
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CH 432 Structure and Isomer of Coordination compounds

* |igand wuwﬂ,mj Usznausie R,P (R = alkyl %138 aryl) a@nunsaasngaiusenu Au'

d

Ieansuszneunifignsilude [AuPR,)]* fegsie [AufP(cyclo-C H, )} 1"

lassassvedlovsuledoutl wuannnsneinieinaila X-ray crystallography
(Housecroft & Sharpe, 2001 : 441)
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CH 432

*  WuNESBaUNL CN. = 2 U19riinasilyy

/ AgH---
~
o N
165 C_.;,;g;
/_\_S.-/'
-
_S—C=N—Ag*
----- Ag+
bent
ﬁu’l : (G.A. Lawrance, 2010)
Ag(SCN)

" gonurvaandsaztindu polymer
~CSN—Ag—SCN-- (C.N. = 2) siasflosiuly
" 330Uy N-Ag-S = 165° Ju bent structure
$19991n3V3Waved lone paired e S1UIUUINUY

Qeudo—tetrahedrat S YIALIUATY Ag-SCN Iﬁﬁlﬁly

%

U

Structure and Isomer of Coordination compounds

seUaLUsnlUn linear

! O @
H:C =
= CHs \'
AL
s A
A :‘3 s
O bent
[Fe{N(SI(CH,)(C,H,),), 1]

ligand 1 bulky 1109 vl# d® metal
FasinvziAin cpx Fadl CN. GAIGREER
A CN. 819 18wt steric 2049 lisand

vinliguiuse N-Fe-N wiga 170°

-]_O/




CH 432 Structure and Isomer of Coordination compounds

1 U

* a15UsEnauTnd Mn2t =2 d° aunsaiinansusenaunil CN. = 2 laiudu fs
MnIN(SiMePh,).] (Aanefiunsfives Fe?* complex)

fan - (Miessler & Tarr, 2004 : 326)

-11-
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 3

* Metal ion 71l d-electrons 1ne 1 d®, d°, d'° sinuAn complex wuu C.N. = 3

* d'% metal ion lawn Au*, Cu*, Agt —> 1im CN. = 3 lase (uanain CN. = 2)

Oty

“x‘.ﬂ* *\

* 1aseas1eveeansusenauazilu trigonal planar feg1aiau

Cut  [CulCN),] *, [Cu(SPMe,),] *

Ag* [AgTe ] *, [Ag(PPh,),] *

Aut [Au{PPh(C,H, )} ] %, [Au(PPh,),] *, [Au(PPh,),CL] * @b@

I” S
Hg2+ [Hg|3] - [Hg(SPh3)3] - I ‘mm (G.A. Lawrance, 2010)
Cu"

H92+
Pt [Pt(PPh,),] N g Ngo

212-



CH 432

Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 3

* yananil Juinlaseasnen distort 11970 trigonal planar lagn 2 Wuu Ag

T-shape wae trigonal pyramid

‘ﬁm : (G.A. Lawrance, 2010)

T-shaped

ed
N\

three-coordination

trigonal planar

in-plane
bond angle
deformation

—

three-coordination

T-shaped

out-of-plane
bond angle
deformation

——>

three-coordination
trigonal pyramidal

[Rh(PR,),]* o R = C H. 3gAanunsal Pt %ﬂﬁgﬂﬁ’lﬂlﬁu trigonal planar

lng
ﬂiwfuu T- shape

i= ED

UNUSE P-Rh-P vmﬁ ~ 180° muaﬂaaqumm ~ 90°
C AnugWLSE Rh-P viaanylawingy

13-




CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 3

[A¢Te ] >

17im : (Housecroft & Sharpe, 2001 : 441)

* Trigonal planar Niauysel —> yufeenaunale 3 Yuagwiniu Ae 120°
* LAILLIAUI Te 19 7 azpouduniuluig Junbiluiidasslunisiianuseiu Agt

—> 1uns 3 Jebduindudazlimindu 120° —> distorted trigonal planar
(Uadvndnilon)

-14-



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 3

* a3Usenaundl ligand vualug) W PPh, , N(SiMe,),” , SPMe,
—> 1AnANUNEnzaY ligand Buliauisanusiniueznaunalsladn

— p1aillassarsmung wu [Cu(SPMe,)CU,

fan - (Miessler & Tarr, 2004 : 326)

. LﬁaqmﬂmwiaLﬁmqﬁﬂﬁgmﬁq 3 5pUR¥RaN Cu(l), Cu(2) kay Cu(3) lawiniu

wazlawindu 120°
_15_



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 3

* 2nFIeg1anilarad complex ¥4 Au bon K Au P Se, agwuin
- Tulaseas1eil Au 9edl oxidation no. +1 way +3

- {ilA59a519190 3 WUU AB linear, trigonal planar, ag square planar

ﬁuﬂ:(NMesﬂer8<Taw,2004-:327)

- [P,Se )" \uleosuton Aut ilviAnlAsIas19uuy linear uae trigonal planar
du AU LinlAsEsaluU square planar setululgilagfguisaiinnussiu
K 16

_16-
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 4

. ﬁgﬂﬁ'ﬂﬂﬁﬁ’lﬁm 2 LUU —> tetrahedral ae square planar
* Tetrahedral = laannslamnegud VSEPR

square planar —> NNIIANBIVY WALUANIUAIDE19TINAUNY T ln
N51UNAlATIATIUUEAeENSU CN. = 4

*  ANUSUANSITIWOU ANWTOLAALATIASIN distort thmanLLazmaagjﬁw'm 2
lassasneil dupelinsUawvuiuszuavyuiuselngliifinnsuaniusseanly

tetrahedral intermediate square planar
{Td} {DECI} {D.m}

-17-
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 4

* fvgru [MCL)” —> d' (Co™), tetrahedral — T point group
d® (Ni*) , intermediated geometry —> D, point group
d’(Cu®") , square planar —> D,,, point group
1) tetrahedral %59 distorted tetrahedral
_wulgvisly complex Mifunans uazlosau 1wy
[CuX,J>", [FeX >, [CoX,J* il X = halide ion
[TiCl,] (d°), [Ni(PF,),] wag [Ni(CO),] (d™)
d"3uq sniu d® AiAn tetrahedral laudsnagnalinnn wazdndu 15 row txn
- loesuaudsdou tniilasasnadu tetrahedral Ws1zanuswanseniIndloaauy
aunAAU (Quﬁuﬁzﬁﬂﬁwﬁﬂﬁ inter-ligand repulsion Uogas)

- 01 ligand Hvunaluel —> steric effect inau1nAIlUNITINLATIETS
18-



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 4

2) square planar

- wulnueslu d® complex wu Rh(), Ir(l), PA(D, Pt(1) and Audlll)

HaN Cl HaN NH NH H:oN Ph,P CO
3 / ! \ Y 3 HEC"'# { 2 MTHE 3 \ /
Pt Pt' | Au'l Ir!
/" N\ /. \ / /" \
H,C CH
of NH;  Cl Cl 2 ~Nil, }2“# 2 Cl PPh,
trans Cis

structural isomer =2 LaAEUURANTY

cis-[PtCL(NH,),] 139 cisplatin — well-known anti-cancer drug

trans-[PtCL(NH,),] —> not effective as a drug

* d% 59 d” metal ion = 1fAim square planar complex laLuLRYIY

-19-
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 4

- d® metal ion @194iA square planar %38 tetrahedral complex Jusdiyu yilla
284 ligand (ligand-field effect) 1% nselUs NiZ" complex

INi(CN)4]> - [NiClJ*
4
| o
NC/,  ..WCN r~!|
N ™
NC" \CN L ” “ Cl/ \g::l
{r 4
square planar unpaired elecirons two unpaired electrons tetrahedral
diamagnetic paramagnetic

* LYNANULANA AN aNTRALU AN

[Ni(CN)q]Z' —> strong-field liscand —>» diamagnetic — square planar
[NiClq]Z' —> weak-field lisand —> paramagnetic (2 unpaired e) —> tetrahedral

2

- WaNNLIWLNAULANGIEAINNENWULAIEUBN LWL & WazduURNg

spectroscopy Jusiy

WamUsenaunisusseny s1873%0 AL 432 1aillaaasaiutu 2.05. INYTAAT NUNA
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 4

- $798139%89 complex 7idl CN. = 4 &iivs 2 lassassegluauna lawn
complex 83 Ni** n'u chelated N,O-donor ligand fe3U

R

;o .

——N\ 0 T, solvent, R-group N /

Ni” — "'Ni”
\ 4
0

< N\ \,

/ /

i R
square planar tetrahedral

- Jadefifinaranisiudeu form laun nsidey aungdl, ¥iinuas solvent uas

1 /

14 R Nsianu N (imine group) ¥a4 ligand

_ miufaﬂummfmLmﬂmqﬁﬂé’dwima@mﬂ a4, AunUaLazA21L UV

absorption band

-21-



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 5

* 1 row transition metal ion NF@ENITAA ML, complex ta
* sinliAany complex N3 C.N. = 5 989 heavier transition metals

* Mg VSEPR viunegusald 2 wuu —> aenndeeiunanisneaes

laun square pyramidal Lag trigonal bipyramidal

e A A

trigonal square
bipyramidal pyramidal
(Dan) (Cav)

* 1ASIASIUUALALYBY square pyramidal —> ilau octahedral #1v1ga ligand
98N 1 M lay metal ion agszuuLAgItU square ligands

-22-
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 5

o uabuanuduase dnfilaseasnauwuu distorted square pyramidal —> metal ion

agwillo square plane YiNlW yuuszineIN 90° 10U 105° —> l@dusnIuuuLAL

square
pyramidal

(Cav)

* WIgunsumulades — tbp > distorted sq. py. > sq. py.

* d1%5U coordination compounds —> sg. pyramidal finviunens distorted form

_23-
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 5

* 9InNANNLEDNYS —> tbp aznulauesnii sq. py.

NI WailNaTe9AIUNENY kAIUI19T4 polydentate ligands —> aziTuilady

v A

drAgNAMualATIATIY

N N

H.C—CH
x”i‘chg z \'2
H.C N /
CHz en NH  HN
| | 2 -~ ~
CHE HEG GHE
| ___ N \ HC _CH,
_N v\ NH HN
\ 7 \ 7

HEC _GHE

Trigonal bipyramidal (tbp) Square pyramidal

-24-

WamUsenaunisusseny s1873%0 AL 432 1aillaaasaiutu 2.05. INYTAAT NUNA



CH 432

Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 5

* §ae1aBuvad complex 7ifl CN. = 5 lgun

\_

o)

Et,
",
Et
co ~lp”
|D ..ui'l-\GD 1 11 1.";“Br
OC—Fe- Br——nNi
| o | g,
CO
"Et
NC-CHs Ci
+WNCH-CH | AnCl
HaC-CN—Co:™" * cl—cu™
| NC-CHa | g
NC-CHs Ci

trigonal bipyramidal /

an

NC“M, | ” 11.1|1L1I-C'N

NC/ \GN

NCSy,,,. |‘-'[.1I|'|.'I|SGN

NCS/ \SGN

NO
\ H,,.,S tiag,, 1t ﬂmS\\
Et Et
k square pyramidal j

~

Briy,, "w.ﬂnBr
‘R

Br/ E}\~E»r

O

-V

WarmUsenaunisusseny 518730 AL 432 Ladllaaasaiutu
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 5

* MsiAn distortion lWanlassairamdn — dnaroausuazuiuse 1iald
® FDYIUTUY
[Co(NCCH,),]* (tbp) —> 3 axial Co-N bonds 813131 3 equatorial bonds 5 pm
[CuCLJ*" (tbp) —> axial bonds &un11 equatorial bonds 95 pm
* n38 sg. py. complex
" metal ﬁagjmﬁamﬂ square plane of donors ~ 48 pm —> daliyuiusy
U 104° wagAue19Use metal-donor bonds WU 200 pm
® 1 axial bond ftkualuue1In 4 equatorial bonds

LU [NI(CN)J*, axial bond = 217 pm s equatorial bond = 187 pm

-26-



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 6

* ML, \Juansiinulauniign
LaztAnlanu transition metal
Aaue d° fg dte

* 519l s- wag p-block ALAn

complex Usgtnnillatgunganiy |
3 3 octahedral ;:i'gz';%iz
* lassasanule 2 wuu Ae (Or) (Dan)

octahedral (most common)

WAy trigonal prismatic (rare) S
LT
s ‘

_27-
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 6

* 9g19lsAinu T complex nanswlinfidlassadaegszning 2 laswadaan (e
N50ANLUYDY 2 triangular faces lUIdugusEnINg 0-60°)

(1) (2) (3)

* 1AS9E519UUY trigonal prismatic LAATUAINBNTNAVDY ligand —> @I9E19 lawn
complex ¥as d” %138 d' metal fiu monodentate ligand, [Re(CH,)],
[Zr(CH,) ], [Hf(CH,) J*

® Fairly rigid chelate ligands u19%ila aziinn15UnuyulUaIN octahedral aull
lassasadu trigonal prismatic
-28-



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with C.N. = 6

* MBI

dithiolates, “"S—(R)C=C(R)—S" nn trigonal prismatic Re(VI) complex,
[Re(S(CF,)C=C(CF,)S),]

complex U3 tungsten ) fiu chelate 7131 P-donors

CHs
§'~ ~ | CHg
S L
'L—_‘ P
_w,) =
trigonal prismatic FsC |8 \ 78 L PP
=
L CHs;
CHs

® mixture ligands or sets of ligands with different donors — distortion of pure

octahedral form A3Bg19LU
[CrCUOH,).J* = anueniusy Cr—0 liwiiu Cr—Cl
cis-[CrCL(OH,),J* —> yuiuse ~Cl—Cr—Cl™ 0319071 H,0—Cr—OH,

-29-



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with higher C.N.

* Coordination compounds 713 C.N. > 6 —> mawulé’qﬁq 14
* lunflagnandaiieaud ML, fia ML,

* wwnliuvesgunendusiusiu 90 CN. = 2 81 8 = lnann15uisl ligand 1417
agny 58U central plane

e ofte ko & 2

2 3 4 5 6 7 8
linear T-shaped square trigonal octahedral pentagonal hexagonal
planar bipyramidal bipyramidal  bipyramidal

* vl CN. = 7 flassasnadu pentagonal bipyramidal

CN. = 8 dlassasnadu hexagonal bipyramidal

~30-
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CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with higher C.N.

* UINVDIDEADUNANNLEE ligand NaDNTOUINADYNIN —> ANNE1INUSE M—L
1N TULURUING ligand FBUBYNUILU LNRAALIINANTENIN ligand

cubic

* 1AS9ESMANIINNT

one face-centred
trigonal prismatic

g8 C.N. Tiunau

Ky

rotate

- .------ _-- _"' B-coord top |square
trigonal prismatic
(+2Q)

6-coord

2713l laeN1SVEN8TY
PIDTLUIUUDY donor

atom I8UDEHBUNA

T
o
ar,

square antiprismatic

45U
U

three face-centred
trigonal prismatic

WarmUsenaunisusseny 518730 AL 432 Ladllaaasaiutu 2.05. INYTAAT NUNA



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with higher C.N.

* [MF.J>" complex ion o M = Pr(il) = cubic
o M = Tall) —> square antiprismatic
* YUY ligand HHaT WU CN. Uazguse AIegrau
[ZrF7]3‘ —> F~ coordinate nu Zr(IV) — C.N. = 7 —> pentagonal bipyramidal
[ReHg]z‘ —> H™ coordinate U Re(VIl) = C.N. = 9 —> tricapped trigonal

prismatic

* Ju1A metal ion YT LAZAINYIVDINUSE M-L 1AW —> Wuluwil
lA59as19 CN. ga3u

* d-block = fwuluuin CN. < 6 complex

f-block = fuwuluuin C.N. = 7 complex

* fegensal C.N. > 9 —> bicapped square antiprism (C.N. = 10)

octadecahedron (C.N. = 11) , icosahedron (C.N. = 12)
_39-
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Structure and Isomer of Coordination compounds

Coordination compounds with higher C.N.

* a3Ulm39a519v@9 complexes il CN. =289 9

2-coord
linear

3-coord
trigonal plane

/\
/AN

d-coord
tetrahedron

4-coord
square plane

aﬁ 7-coord
pentagonal
\V’. bipyramid
7-coord

mono-capped
trigonal prism

&

L—M—L
L
L—n
“'H,L
i
M...,
T
1
L'I‘Il'r._ M_..l\.'-‘""'L
W
i
% L
L—p
A

P

<&
&

G

S-coord
trigonal bipyramid

S-coord
square pyramid

6-coord
octahedron

6-coord
trigonal prism

7-coord
mono-capped
octahedron

-33-



CH 432 Structure and Isomer of Coordination compounds

Coordination compounds with higher C.N.

* ayUlasass (so)

L
8-coord L, | &b y -
%, | o 8-coord A, A
hexagonal [y bi M
bipyramid L/ |\L cubie L‘l‘_y “‘i"_L
L
8-coord N 8-coord L gt
v L'rl'h | _I.,-.'l-"lll'L \.?:‘r/,
di-capped M square M.,
octahedron - |\\"L antiprism u\*‘“/ N
L L L
8-coord L\ /L L .
di-capped Lmr"'“ﬂ"“ML 8-coord Lfrr::\.‘M‘.’:::ﬁ'lL
. . e / L dodecahedron (%77 WL
trigonal prism X ]
L L
L L i
9-coord Lx\:\ /-t 9-coord L\-_EI' /,'-
tri-capped L.,k?” G mono-capped ML
trigonal prism | I! 1 square antiprism 0"y \L
oL

_34-
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CH 432 Structure and Isomer of Coordination compounds

Metal lon Influences

* 9M5WAN metal ions MBlATIATINVDY coordination compounds Usenaunae

1) 971U d electrons U89 metal ion

2) YUIAVDY metal ion La¥AIUL1INUSLTZNINY metal ion-ligand donor group

* 013U d e Wi —> M-L bond duas WaUsyques metal ion LuTu
* 9UIAVDI metal ions Wm‘mﬂ' (2710 1% row 94 3@ row transition metal) LN
—> M-L 89177u

* M-L bond duas 160-260 pm il
- highly positive charged metal ion

- small anionic ligands

- multiple bonds
-35-



CH 432 Structure and Isomer of Coordination compounds

Metal lon Influences

d-Electron Free ion Typical Typical Typical
Metal ion configuration radius (pm} M—O (pm) M—N (pm) M—CI (pm)
Sc(III) d” 74.5 210 — 245
Ti(IV) d” 60.5 195 210 230
Ti(I1I) d' 67 185 215 235
V(IV) d' 38 185 205 215
V(III) d- 64 215 225 235
Cr(III) d’ 61.5 195 210 235
Mn(IV) d’ 33 185 210 230
Cr(II) d* 80 200 215 245
Mn(III) d 64.5 195 205 230
Mn(II) d’ 83 215 240 250
Fe(IlI) d’ 64.5 190 205 230
Fe(II) d* 78 205 215 240
Co(IIT) d* 61 185 195 225
Rh(IIT) d° 66.5 195 205 235
Ir(1T) d° 68 210 215 240
Co(Il) d’ 74.5 205 220 240
Ni(IT) d® 69 205 210 235
Cu(Il) d’ 73 200 200 225
Zn(IT) d'? 74 205 210 230

-36-
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CH 432 Structure and Isomer of Coordination compounds

Ligand Influences

* V5NVl lisand MBlATIATI9VBY coordination compounds Usgnaunae
X
1) licand-ligand repulsion f’o’”"-r!n-““x

o HIN mer
(ligand flat)
~ X
-D H\H\h"'\-\. Di’nr._ | __"'l.\x . _.1*-:-.

. Nf’T"‘ﬂrx P

\\"—0
fac
(ligand folded)

2) lisand rigidity or geometry

I,-rN.hl T IL'I.N\I
/ N"" ""N) .

7 X
- ~

NH HN - frans .
[ j (ligand flat)
. —N .

NH HN

cls
(ligand folded) -37-



CH 432

Isomerism

1. Constitutional (Structural) Isomerism

Structure and Isomer of Coordination compounds

“ Species of the same empirical formula but clearly different physical

properties associated with different atom connectivity.” @1 : (GA. Lawrance, 2010))

1.1) Hydrate isomer

Cl

HEG""H I -
fcr'l.
™ | N

OH:

labile

OH2

~ - n
cl cl - QH2 o
HED-,,,W(LW,‘..DHE H20.. ngv .OH; HO.., ,,fillr\‘\ H,
H” | Yo 0% | ok, 0% | “VoH;
DHE O Hg DHE
\_ /

CrCL,-6H,0 (inert compound) =2 a1nA1sAne wuandl 3 forms Ao

a) [CrCL(OH,),ICL-2H,0 —> dark green, commercial **
b) [CrCW(OH,)ICL,H,0

c) [Cr(OH,) ICL,

WamUsenaunisusseny s1873%0 AL 432 1aillaaasaiutu

WUAAMULANAIDNN &,
U5eq kag 971U3U ions

_38-
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

1. Constitutional (Structural) Isomerism

1.2) lonization Isomer

0
\ 20
-
B Br- N 2+ B O{ \O -+
HaN.,,, | 3 HaN., | «NH3
i~ W 2- pp o W -
Co (SO,2) Co (Br)
HaN" | “WH, HaN® | WK,
NHj3 NH3
violet red

“Ginnenoau BaSOq”

_39-
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CH 432

1. Constitutional (Structural) Isomerism

Structure and Isomer of Coordination compounds

Isomerism

1.3) Coordination Isomer

* complex salts 18l metal ions Uﬁ’mgﬁﬂudauﬁlﬂu cation Wag anion Lag

Usznauny licands 2 w1in 92l coordination forms “angluy

® 5719879 LU CoCr(CN)

6

[Cr(NH,) JICo(CN),] s

NH3

m‘ﬁ‘"NHS
| ~""NHS
NH5

3+

WMNUSENAUNISUTIENY 518739 AN 432 LALlABDTALLTY

CN

NC"'H:(LW'

Ne® | ey
CN

NH3

oM, | o
HNY | “WnH,

NH5

3+

2.05. INYTAAT NUNA

6NH, —> Tassatsanadulevis [Co(NH,) JICr(CN),] uae
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

1. Constitutional (Structural) Isomerism

1.4) Polymerization Isomer

* fpgalaunn complex ilgnsednedg fig PHNH,),CL, —> Imaﬂaa%qm%zagﬂu

=

U [PtINH,),CL] Tnefididaus n = 1 950 [PHNH DJPCL] (n = 2) way
[PtCUNH,),LIPtCL] (n = 3) plagy

[}
I

~Cl |t |cCl. ..C
“pp Mp
HN®  WNH, 5 o TNy

2
3 .rﬁ Pt “‘L 3 ;;‘,-Pt“\ * J,r;f Pt"‘“
HN g HN ~"""Nl—h3 m/ \EI

PHNH,).CL, [PHNH,) JIPtCL] [PECUNH,),]IPLCL]
(n=1) (n=2) (n = 3)

-41-
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CH 432

Structure and Isomer of Coordination compounds

Isomerism

1. Constitutional (Structural) Isomerism

1.5) Linkage Isomer

* molecular ligands 913 donor atoms 2 1A Waza1u15aLAR coordination AU

metal ion 0 138031 ambidentate %138 ambivalent ligand (F739813735U)

NO,"

SCN-

8032'

A b
LM—O" O-nitro (or nitrito) LKM—N{- N-nitro
o)
L,M—S —C=N S-thiocyanato LiM—N=C=S  N-thiocyanato
0 0
\ . 7
S=0 O-sulfito L,{M—S\—D S-sulfito
LM—O" O

® 91U N58IYBI M-NCS wag M-SCN —> 1Ju linkage isomer A Taaualuunis

Lla9n coordinate HNU N %158 S %uaéﬁu%ﬁmaﬂ metal ions
Co® (hard) finaglu Co-NCS form, Pd?** (soft) sinaglu Pd-SCN form

-42-
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

2. Stereoisomerism

® Stereoisomers = molecules of the same empirical formula that have identical
coordination number and basic shape, and display the same atom-to-atom

bonding sequence throughout, but in which the liscand atoms differ in their

locations in space.

Enantiomer = a stereoisomer that is a non-superimposable mirror image of

the original diastereomer

® All enantiomer are chiral (a chiral compound = a molecule that is

asymmetric (Hua E) or dissymmetric (Ldl S LHB13 C fin>1)— non-

superimposable on its mirror image

* lsiaz enantiomer 333 optical property — UnszuluLas polarized light laile

Taj polarimeter @@ : (GA. Lawrance, 2010)
-43-



CH 432 Structure and Isomer of Coordination compounds

Isomerism

2. Stereoisomerism

* UiAsenNswssunlalsas enantiomer Tudsunauyindu —> racemic mixture
* UAsen1awseuilaviaty enantiomers Wik one major product —»

stereoselective reaction

* UATeIN19wseuile 1 enantiomer Wintiu —> stereospecific reaction

2.1) Four-Coordinate Complexes

square planar complex —> 1413 enantiomer (WAnlALNES cis-, trans-isomers)

square planar
Ao B By g A
A vg A" Vg
cis frans

geometric isomers (diastereomers)
_44-
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

2. Stereoisomerism

2.1) Four-Coordinate Complexes

tetrahedral complex — #ilaLfies 1 enantiomer (Ll cis-, trans-isomers)
chirality = 1Ainlu complex 71 ligand 1@ luiniiounu #38 complex il
2 bidentate ligands ldauannsiu fegu

tetrahedral
\ . a \ - /
weD v Dy e A i A
MY ' AM MY : - M

optical isomers (enantiomers)
(non-supenmposable mirror images)

_45-

WamUsenaunisusseny s1873%0 AL 432 1aillaaasaiutu 2.05. INYTAAT NUNA



CH 432 Structure and Isomer of Coordination compounds

Isomerism

2. Stereoisomerism

2.2) Six-Coordinate Octahedral Complexes

» Monodentate lisand
" MA, Uag MAB —> laseasnadliiied 1 wuuy
" MAB, — i1 2 geometric isomers (cis Wag trans) —> diastereomers
ﬁuﬁa 1418 enantiomers Lﬁ@ﬂ’iﬂﬂiﬂ'ﬁﬁa%’mﬁ 0)

" MAB, = il 2 geometric isomers (fac (facial) wag mer (meridional))
Neaowuulill enantiomers

MAg MAsB MA4B- MA3B;

A B B B B B
Aww$wwh Aww$wwﬂ A, | B AWW$WWA Aww$“wﬂ AWW$WWA
A A T | T | VA A |8 |8

A A A B A B

cis trans fac mer

i
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

2. Stereoisomerism

2.2) Six-Coordinate Octahedral Complexes

» Monodentate ligand

* nsiiinvia ligand wW1lulu complex —> 1 NT1UIU enantiomers

° I\/\AZBZC2 —> 5 diastereomers 1a89il 1 WUUNL enantiomer

MA,B,C.
A A B C
B.ru'rl’r!ﬂ"l"“..c gy | ‘I“r'c A"ra” | .'.1.\.1"[: A"'J:u | A
c | 8 8" | v ﬁr’L‘wE A | B
A A C
trans{d) trans{B) trans(C) frans{A), ds(B),cis(C) cis{d), trans(B),cis{C) cis(A), ds{B) trans{C)

~—_ —

47-
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

2. Stereoisomerism

2.2) Six-Coordinate Octahedral Complexes
» Monodentate ligand
® {19819V DY MA,B, —> cis- wag trans-[CoCL(NH,) I
MA.B, —> fac- wag mer-[CoCL,(NH,),]

20 .

cis-[CoCL,(NH,),I"  trans-[CoCl(NH,),I" | ' fac-[CoCl,(NH,),] ~mer-[CoCl,(NH,),]

_48-
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

2. Stereoisomerism

2.2) Six-Coordinate Octahedral Complexes

» chelate licands
* M(AA),B, IilD (AA) = symmetric chelate azildnuau isomers wiilounsal
MA,B, iy monodentate lisands usiF3fufl chelate compounds 923l
symmetry A1N31
* o1 2 chelate ligands aglusiumis cis iy —> dissymmetric complex —>
chiral (optically active) #3889 L WU cis-[CoCl(en),]" —> mirror image VB9

111 non-superimposable LLans optical activity (**trans-isomer Luflauvad)

cis-[CoCl(en),]’ its enantiomer -49-



CH 432 Structure and Isomer of Coordination compounds

Isomerism

2. Stereoisomerism

2.2) Six-Coordinate Octahedral Complexes

M(AA).B,

» chelate ligands / \ : R \
§ ( ‘W,L\"-'-‘ i "y | W >
§ A"" | \A E A"’ | “‘A
N A ' A
§ 1
§
\
\ left twist right twist
\ A
\ | _
B VA
: : : ’ \S—1,
cis-[CoCl(en),]" its enantiomer | - "’ \ N
A A 5 ; symmetrical i .
&0 i ni;t:r;r?é}rrﬁ?:ljm ' 80
. . . intermediate
(left-twist) (richt-twist)
k M(AA),

-50-
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

3. Isomer Preference

* polydentate ligands —> n5t@iew isomers MlulUlsagyilaesenau

* N384 complex 713l tetradentate ligand Na@uung — M(AAAA)B, WU
isomers 1@ 3 WUU (geometric isomers) laad 2 Tu 3 wuutuazd

enantiomer Ya9ilu

A AT T A A
A. B.., | WA Ad\rﬂ | e B B.. :,,l W
M M W ™ W )

B"fl“‘ﬂk

Comel 1 om0 || ol || Come
A\HHBLJ#,A E A‘RE_L#ffA A\HHLL#J/A ﬁkh_Jl B L

B B B

CiS- trans- cis-Q

® AULEDYSVDY isomers a1l livinAy Tunisieseustanutieuulawuy
wila uazdinldny isomers MlA3a3193 strain @9 (Ldiades)

-51-
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

3. Isomer Preference

* 31 tetradentate ligand 10U mixed donor atoms 15 AAAA —> AAAC
NUITIUIU isomers AZAUTU (C D1UNUN A TUSEUIU 7159 A UBNTLUIU)

-

I/’_‘C A /HA

| [ [

A.., «B A. B A,
( iy Mw ( iy ( iy M L

A A

B B B .-

* 01 C uNUNaIUU monodentate ligand (B) agvlila isomers Ly
UAY (C 21unuUd B Tuseuu %158 B Uanssulv)

AT AT A
w|~ c A., | B A., | B
Come (ol (o
A A A A
\_I_/ \_I_/ ‘ﬂ‘xl/‘n‘
B B e

_52-
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CH 432 Structure and Isomer of Coordination compounds

Isomerism

3. Isomer Preference
®* AULASEA (strain) V9LATIASIE complexes LAALAATA

v bond length deformation (enforced contraction or extension)

v’ valence bond angle deformation (enforced opening/closing up)
v’ torsion angle deformations (for chelate rings)

v out-of-plane deformations (for unsaturated groups)

v’ electrostatic interactions (of charged groups)

v hydrogen bonding interactions
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CH 432 Structure and Isomer of Coordination compounds

* WULATIES19VBY complexes d@ulnaziiniudutoy

HoN NH
—eo o 2 v"\H/\_/ 2 .T. HQN\/\I/\/NHQ
COoOr

#7989 ligands 131

HO OH

g /g”' 00> c0 3 donor atoms 94
N 1
< lnnlasias e
Fugaulavalguy

\

ol o— o »

NHz NH -00c” N coor

-54-
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CH 432

> Compounds of Polydentate Ligands

tridentate linear tridentate

wNH:

X
H’:‘/:__\ : H.‘.- \\NHz
EN""l"“'x HzN/\\/ S N gﬂ"' ~x
X

metal ion with

metal ion with
square planar geometry

octahedral geometry

HN
s — MY
P NH,;,_FL‘M.,\X : NH  HN CNH, X
| v DNH"’ ~y
X

[P )

tridentate cyclic didentate

=

W3gueusening 3 donors ligand My linear wag cyclic wuin

Structure and Isomer of Coordination compounds

** 1p53a3 N ligand
SIVUATIAN NN
197 coordinate AU

metal ion **

- linear ligand vty tridentate ligand Igwsly octahedral uae square planar cpx
~cyclic lisand vhwthidu tridentate lisand 1y octahedral ust 18 bidentate ligand Tu

square planar complex (1uauLALlU)
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CH 432 Structure and Isomer of Coordination compounds

> Encapsulation Compounds

NISWAIUINIIAIY chemical synthesis We181u&wATIENR ligand N800 “wrap up”
139 “encapsulate” metal ion [lulassasrela

1) Macrocycles

* Macrocycles = a family of large ring organic molecules (9-membered ring %3

Tuenan)

* 3l metal binding capacity GR INS12UIENBUMIY heteroatoms F1UIUNNLY ring

* aromatic macrocycles Tusssud loun chlorophylls Tui wazvy hemes Tudnd
fidanziuas absorb waa visible 1asand conjugate bonds

* Macromonocyclic Iﬂiqa%wqﬁdﬂaﬁqmmnga macrocycles — 21y 1 29 wag
1 heteroatoms yangagnouduiy metal ion vieluanauuadnldd @ueguuinves

Insanseresinglu ring)

_56-
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CH 432 Structure and Isomer of Coordination compounds

> Encapsulation Compounds

1) Macrocycles

X% 1 ~
g (\I £IDE1NYBN three-,
{;" o) NH L N7 5 S four-, five- lag six-
DJ O: j@ % donor macrocycles **

size selection

Q.-

* Metal ion selection wag binding strength Fuatfiuvuinlopsuninafiuyesing (hole)

U893 licand
-57-
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CH 432 Structure and Isomer of Coordination compounds

> Encapsulation Compounds

1) Macrocycles

* Polyamines —> macrocyclic ligands @s@111503U metal ion lane N donor atoms

* Secondary amine protons (R-NH-R’) 93@8na1n square planar plane lavaieiuy

(%

GN?JU H H H H H H

* Leay isomer JauTANIINIYAINLANFATULENTTDY

® N9LNN pH Y89a15AZA18 —> 1AM deprotonation —> N-based isomers

-58-
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CH 432

Structure and Isomer of Coordination compounds

> Encapsulation Compounds

1) Macrocycles

® Macrocycles it pendant groups = dlenalunis ‘wrap up’ metal ions

* bendant groups =2 mmgj

alcohol, pyridine \Uusu

U metal ions o L amine, carboxylic acid, thiol,

®* Y9ATY pendant group YIUEINYIBANS entrap LAY ‘capping’ metal ion AIaNN1S

g

(a)

1 pendant arm

)

" i,

2 pendant arms

(d)

WomUsenaunIsussens 51873 Ax 432 LailapasALutu
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CH 432

Structure and Isomer of Coordination compounds

> Encapsulation Compounds

2) Macropolycycles

* Luanausenausiy large organic rings vianesllaumai —> il heteroatoms
IUIULINTULALTU metal ion A1l samnTY

* freg1aNiNeNanuesasnaull Ao sarcophagines vWWu bicyclic amine molecules

—> 11 6 donor atoms (N) fi5U (ANT9) metal ion a1ty A
" ‘e strap’addedtoa / \ NH NH HN
,-'CL’ L} macromonocycle Gt t9 [ [ ] sarcophagines
\ / NH HN
Lt Lo [ "] (A=B=H)

B

JNNEAULDDBUDEADULALUNILU ba

M, [ MJ j ® QUIAUBIINT (cavity) FzLanLaY

very stable octahedral cpx. _60-




CH 432 Structure and Isomer of Coordination compounds

> Encapsulation Compounds

3) Cryptands

* Cryptands —> Taana cyclic polyether Un@iliu 3 chains Wausiariulaed N aguane
Fudugaeusiousiaz chain Lisaeriu
* lAS98519AaUAU sarcophagines Wi capping atoms Wag donor atoms #1194

* Cavity size WusAnuawinues metal cations MdruAniusy — sindulensy

lavigny 1, 2 38 small molecules

® 115 bind 5¥%#314 metal ion AU cryptand —> 93811 metal ion agaelu aprotic

5

solvents 1o

< O

kJOH K,o\) <,O OJ [io o?}j

tristhanolamine cryptand-111 cryptand-211 cryptand-222 cryptand-422 -61-




CH 432 Structure and Isomer of Coordination compounds

> Encapsulation Compounds

4) Catenanes

® Catenanes — unusual class of macrocyclic molecules —> miﬂﬁzqﬂmﬂﬁi’fwublﬁ
VRERZe LI ANAEAT

® 2 rings Wauiuuwuuly) lneiulen donor atoms dausoulay bind AU metal ion
® ring eaLAinN IV ULAzUREUALILIlANT oxidation state UBY metal ion LWagu

—> reversible process
-62-
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CH 432 Structure and Isomer of Coordination compounds

> Host-Guest molecular assemblies

® Host—guest interactions — non-covalent bondings

19U H-bonding, electrostatic interaction —> 1AnTuLialNTINIWIIN9 (cavity) Tu
Liana host WiNzaNVTaNeANUIUIAYBLUANATNINAN (guest)

* fagevatluiana host baln cyclodextrins, calixarenes wag cucurbiturils

OH
OH OH HQ o

OHho \Z;/Z\ o) s ©
O, ~OH
OH O Og HOU\I

a-Cyclodextrin B-Cyclodextrin y-Cyclodextrin

Cyclodextrins = large-ring molecules made of linked sugar units (981Uag 4 units)

WomUsenaunIsussens 51873 Ax 432 LailapasALutu 2.05. WNYTAAT NUNIA



CH 432 Structure and Isomer of Coordination compounds

> Host-Guest molecular assembljes

Calixarenes (nMw1agAu calix = bowl) —> large cyclic molecules
Usgnausie phenol units 4-8 units Wousioruny CH, wasdniseadudnunzlngg

gualwgtilesaniin H-bondings 5319y OH 91aifies =2 wisnzdnsudu small

molecules
R
A R R
R R R < 1 Upper
Rim
I [T
OR' OR'OR' RO <  Lower
HO Rim
KO CH

on calix[4]arene

Applications -2 purification, chromatography, storage, slow release of drugs in
VIVO

-64-
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CH 432 Structure and Isomer of Coordination compounds

> Host-Guest molecular assembljes

Cucurbiturils —» cyclic host molecules Usgnaunie hydrophobic cavity lag
polar carbonyl groups fauseulaelUngnIn1u

D}*N/\N—fo 0

N\\/\\NVN/%/N 0]
() G ®
A = —¢

K N_{’Dﬂo N @

M N
M N (@) O
o)
oé_N\/N 0

- dnAvuadelly cucurbit/n]urils W n = 99U monomer units T4 ring
(31n3U n = 6) wagyhmtidu host Uiy guest MTu cation

-65-
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CH 432 Structure and Isomer of Coordination compounds

Homework

FIDYIAULFANYDY coordination compounds 93l C.N. = 1, 2, lag 3
(812AUINN textbook NIBINUITLNLNLIVD) WSOUNIDTUIELASIAS

67-



