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in Inorganic Chemistry
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Stabilities

* Stability of coordination compounds # 2 Uszinn fia

(1) Thermodynamic stability - #A9715197NAN formation constant K;

29U NFEN
K, ¥, N1IHLEDIYS (stable)

K, ta, saunldiafies (unstable)

(2) Kinetic stability = fmuafasdinsinafiemlfiteniedngauoa
&1 rate < 1 w09, an9184 Idbile
&1 rate > 1W1ft 8199 inert
~ wBesnmie 2 wuAsiudeediugiiv
19 @591 stable Tsiuges inert wanol g

v
WHawussune 518377 AN 333 iaflafiunad 2
219154 A5, INASAAT AWME -2-




Stabilities

Stabilities

- Werner [fifinenansdsznaues Co™, Cr**, Pt uaz Pt* 1ilavain
i inert compounds 1nUfRBeETuaNsAzANe Feannnsafinenlnseainerneans
= P P ' R
Tnsenanuazdneg [Hd1andn ldbile compounds
- NMIRNYIAMENTRZEIA19U5ENBY inert compounds 819 EMATIA NMR,
UV-Vis spectroscopy W&z polarimetry
- N13ANM labile compounds feal#ABnnsiEIanunsAnutian W

mavhszunangagnsunaningausimdegomgietedunauudaguanisiding
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Reaction and Mechanism in Inorganic Chemistr

Reaction and Mechanism
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Ufifdeuasnalnnsifiaufiisemnaedefwdd fesenfenisnaass

waLFANYINIg kinetics

fiaaan kinetics 704 9zvinliiian
- Wnlalaseas1an199aiEed - Pa9RNUIINBY S9N FuRSABENIeY o
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- gnsnshansdUanuanufiten way sanuuuduneunnafisen

e tuUsz lemilunns&aaaned coordination compounds

Fapgng 1w UABenTilinandaeiidfiannzsnresanslseney uas
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Reaction and Mechanism in Inorganic Chemistr

Reaction and Mechanism

Tnevia iRz afiinen

v 1
1) A15A96 (reactants) 7inauen 1WasnlaTIaE19ra9aaiin 815
1 ¥ v s
NRNRISMGITN F0uziliBand an1ueunsudand (ronsition state)
2) el Aeulasaaiadun@ndoedt (products) ARNAIIUEN

aaa aaa (4

frapgi UGAaeeey MX inugazeny Y sasasnis

(1) Liiiaans intermediate; MX + Y MY + X

(2) 1Amang intermediate; MX +Y — XM7Y T MY + X
intermediate
fmuald X fa leaving ligand
Y #@ entering ligand
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Reaction and Mechanism

masinlUassfifeisassuuy 2 nasuiifisadasesunnsieiu fogy

L]

Transition state Transition state

G

reaction pathway reaction pathway
(n) liiiaa3 intermediate () 1iA&"3 intermediate

— WRANUBINANTIHIDIFITAIARAUNAINTNT transition state 15N

activation energy, AG

- 51 () 1 transition state @zifin intermediate MXY = AG = Wasi
VBINANIUIBIFTAIAUTUN RS UATAUTUNTUTTUGIFA
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Reaction and Mechanism

aaa

- MaAnEINY kinetic = dnsSeeU%e o anndininaesans

IR

- §tuUA%end intermediate finTu aziladnans intermediate Wailin

FFAIARVBINRAN DT F g

— WHIINNTNARBIAITNLINENTBY intermediate HTaaN1nEBAYUAL

AN NN aIRITRIE NI KA T = (Hanisauia g ueeg

aaa

intermediate T8 593919 intermediate 4z {sus1ng U9

v !
o A

st linsAmanndnsnsieesdjitenazvinleg daviuasaiuy

3 a

P 2 ! =3 a '
NATTHLANAUAIN (**’VL’ﬂﬂ’]'ﬁﬂ\ﬁ’]ﬂ@ﬁiL@ﬂ@Wl@Tﬂ)
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Reaction and Mechanism

a o o

o Uffsenlumeafiafiunid lagenztuansusznauidedanasd

]
aaa s

AaufiuansinsiUanuisewialy Wesain

'
A

- Tnseadsfidaudinedudon

- flanalunnsifia rearrangement (8idne

a o dlda a ° a a aaa
- fnanailaquiidnsnanirum ﬂﬂrﬂ/ﬂﬂﬂ’lﬂﬂ’]imﬂﬂgﬂﬁﬂ’]

2

*  UfAsenfiddry ud
- UffBennnsumidiiilanzemennans
- Ufjfi3eneandindu-3andu uay

aaa a

- Ufi3enuasAunud
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

1. UfAse1n15unuil (substitution reactions)
- Lﬂuﬂg’jﬁ%mﬁwumnﬁqmm coordination cpds
- 1fins10 ligand fim sl wmd ligand LANADIDLADNNAN

~\fim coordination cpds  #RAtvNTiTaelAaasAudl (CN) wazian
DANBLATUIDIDLADNNAN (KL Aeutag

dl a ' a 42/ =% a ¢ = a I'd v
— NTUNHTIYBIRLNUFDNART IR IR LN UAAEI BN AN A WA (1
AIBLY LB
2- - _
[PtC|4] + NH, — [PtCISNHz] + Cl

[Cu(H,0),)** + 4NH,  ———  [Cu(NH,),* + 4H,0
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

nsrnEUfBeInsuwi axfiendesiuindasiie astalUd

1.1) Labile and Inert compounds

— labile ua inert LWMmMBNIRNILAH WN1SANEIN Kinetic (%11 rate of

reaction)

- Wi (Taube) [HAN®Y AZ98Anae9UfA%eN (reaction half-life: t,,)

wiinsineg lng

aaa

asaEdmyeafnser =  aililunrsmiglsmanaimilenesats
Budululfizen
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

- Taube AMANALN

aaa

asUszneudafinUfizenlaed t, < 1w17l = ldbile compound

aaa

astazneudafnufisenlned t, > 1wif = inert compound

- inert compound THlFnuneAasdn ssdadinusiassinliAngazen
A usinsnefeazezinanfiininugasenauanuandoet anatinatumdn
Fala (i fiugu

- #nlopaulanzogunvinazansfiiwin aninlessudedeuigns
Viald [M(H,0)I™ BEIG ligand sinauasluansazateazfinnnswind ligand
WBin (H,0) Aasinasing

[CU(H20)6]2+ + 4NH5 [CU(NHE)A(HZO)2]2+ " 4H20
A AN
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

[Fe(H,0)]*" + SCN- [Fe(H,0),(SCN)I* + H,0
NG Auma
o ' a ' I A v . =

- ansegdingnan iunsundl H,0 fae ligond sl Ae NH, uaz
SCN- (UffBefinegnesamia dnpainniailfeuizesansazans)

- 819U92nBU Fe(NO,),.9H,0 fmhwnazanssinazuansiauayeg g
289 [Fe(H,0),OHI> = wudaunsngnumdisiag ligond linatesiia
peiNIFaliley el

[Fe(H,0),(OH)* + H"  ——  [Fe(H,0)]*"

many AW
3+ - 2+
[Fe(H,0) ] + CIF  ———  [Fe(H,0),CI* + H,0
My
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Reaction and Mechanism in Inorganic Chemistr

[Fe(H,0).CII** + PO,> ———  [Fe(H,0),(PO,)] + CI

Tida
[Fe(H,0),(PO,)] + SCN” ——  [Fe(H,0)(SCN)]** + PO,*
(12N
[Fe(H,0)(SCN)** + F~ ——  [Fe(H,0),FI* + SCN-
Tida

aaa o

UfBednediuininednesomia wansdnasdetanmnanidiu labile

compounds

- fi79819284 inert compound ¥4 [CoNH,),** Beamnsnaansdia (i
Tuanznsnustinamare fuiigomgivies

[CO(NH,)(I** + 6 H,0" [Co(H,0)*" + 6 NH,” (AG°<0)
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Reaction and Mechanism in Inorganic Chemistry]

warannsTusanieganantamaasy aqulddn

aaa

- octahedral complex ﬁLﬁﬂﬂgﬂim%ﬁ (inert) = axmaNNaNIndnTg
§aEes e 1fiu o® uazwan low-spin d*, d°, d°

~d, &, d° D labile Twenizdt d® = tunans

~ dau & TAn square-planar complex - {1 inert

- AMMAUN1TIALEEY e WUUEN nde = funn il labile

slow reactions (inert) intermediate fast reactions (labile)
o, low-spin d*, d°, d° o d', d% high-spin d*, d°, d®
d7 dg d10

d® (square planar)

(f1n: Miessler and Tarr, 2004: 415)
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

* AN9ANYINTN thermodynamics 289 coordination cpds F¥UANAIHIATINSYAY
§1391NN13%1#1 formation constant, K,
- analnflen K g9 = iafius (stable)

aciGhle K i1 => Tivadius (unstoble)

— FIBYINNTTNIAI K, 299 [Cu(NH,) ) T4 aqueous solution 9
Usznaudag 4 2uaaU A9

!

37 1: [Cu(H,0),% + NH, [CUH,0),(NH I + H,0

Ky = [[Cu(H,0)5(NH ]
([Cu(H,0),)**] [NH,]
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

347 2 [CU(H,0),(NH I + NH, [CUH,0),(NH,), ¥ + H,0
Ko = [[CUH,0),(NH,), />

[[Cu(H,0),(NH,) 1T [NH,]
[Cu(H,0)(NH,),** + H,0

347 3 [CU(H,0),(NH,), 12 + NH,
Kg = [[Cu(H0)NH,),]

[[Cu(H,0),(NH,),}**] INH,]

7 4: [CU(H,0)NH,), P + NH, [CUNH,) 2 + H.0

Ky = [ICulNHy) J*]

[[CU(H,0)NH) 1] [NH,]
A K, K, K5 U8 K, /B formation constant Tuustazdunen
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Reaction and Mechanism in Inorganic Chemistr

o

A1aMIAN formation constant 79 (K,) AmlAenniFenaandsil

[Cu(H,0),1** + 4 NH,

[Cu(NH,),I** + 4 H,0

Ky =  [[Cu(NHy),**] = Ky Ky, - Ky Ky

[{Cu(H,0),*1 [NH,]*

- A1 K uenifiesaaadieTa09anT udt BB Tusinmunseazioan

aaa

mafinUiBen (Fioeg rate of reaction Fag Asazuan(fidn labile ¥3a inert)

- fivegng 1w Rensondeyaananaeassialuil
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Reaction and Mechanism in Inorganic Chemistry]

' . [ % @ dl a I's
71979 1 ¢ formation constant (K)) uazanIIEa unIsLanasuaLnusaaslaani
BIEBRUNERA

( Thermodjinamic stability) (Kinetic stability)

!

- Rate of ligand-exchange reaction Stability
[NI(CN),J* 10%° Baxnn stable/ labile
[Hg(CN) I~ 10% 991N stable/ labile
[Fe(CN)J*- 10% #mn stable/ inert
[Fe(CN)J* 10% #mn stable/ inert
[PCN), I ~10% t,, = 1min stable/ labile

fan (Douglas, Daniel & Alexander, 1994 : 487)

& = s
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

1.2) Mechanisms of substitution reaction

'
aaa a

Langford and Gray = ananalndniuuUffizenniswnsdiand 3 uuu As

(1) nalnn1suANGA (dissociation mechanism: D)
(2) nalnn999863 (association mechanism: A)
(3) nalnnsuanass (interchange mechanism: 1) = utiseipsin
- ﬂﬂTﬂmiLL@ﬂLﬂﬁﬂuuuu%mﬁ'} (interchange association: 1)
- ﬂ@fﬂmmmﬂLﬂ’ﬁlﬂmmmmﬂﬁh (interchange dissociation: 1)
- mMsAnungdaslaedEnne kinetics fuszlamitunsun nalnass

v
Ufizen saldidarnanfsanudunuszasngansinunalnzaslfizenis
WRTAUUUGAN]
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

(1) aalanasuanea (dissociation mechanism: D)

ana & =4 ¥ & ! 4
Tuﬂﬁﬂﬁﬂﬁﬂ’?‘ﬂmui’liﬂﬂﬂ@fﬂu 9LUTENBUAIY 2 ANADREDE AR —

ligand 1Ax (X) aaNERHsEaInaLaannaty = 1A intermediate AfialanasAiui
(C.N.) ana3

- ligand 13 (V) Wsnunudt (Aeiusziuazsannana)

LMX LM+ X (1)
1
LM+ Y —2 o imv )
Awali K, fp AAsfidnsnEafisen i
k_, Ao ArasfidngiSaufizendoundy
k, Aia AnasTidnanEalgAsen
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

a

9771 steady state hypothesis = fia41 Aan3dinfung intermediate &
ANHAENIAL N A UAUAITNIE NI U DIRITAIARLAZNARA DU STNNY

intermediate Taitl5ngtunAnsnist

A9 @’Wﬂf\h’ﬂﬁd’] é’m‘s’m’rsmﬁﬂumwvﬁwﬁuwm intermediate
aaa a s o a o 4 aaa Y= ¢
?I’ﬂ\‘iﬂ{]ﬂif:l'lﬂﬂ’lLVl"lﬂUﬂuil LL@ZNWN’]TGL?JT&J‘H'E]@]‘?’WL‘i’)?l’ﬁ]\‘iﬂﬁﬂﬁﬂ’ﬁﬂﬂ\?u

d[LsM]
= KILMXI e ILMIX = [LMIYT = 0 (3)
K ILMX] = (LM (K, [X] + Ky [YD)
aglidn LMl = Kk (LW
K, X+ Ky [Y]
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1. Substitution Reactions

o

) o -4 aaa v ¢
WRZIINTNNIT (2) ﬂ"lN"liﬂL‘EIS’:Iuﬂ&lﬂ"liﬂﬁli’]LiQﬂﬂ\?ﬂ{]ﬂiﬂ’Wfﬂﬂﬁu
d[LsMY]

s kLMY ()

WWAn [LM] aetuamnng (4)

d[LsMY]

T = kkmay (5)

k_, [X] + k, [Y]

Tfe amnsadnaniafia LMY [ Wansnu [LMX], [X], uae Y]

o '

= gdadayaarnniamasssnudn unuliainisadanaudisduaes
intermediate (L,M) (Fiae uanedn nalndnldiiauuiuanda (D mechanism) sl

ﬂ”l@:LﬁﬂLLUUﬂﬂTﬂﬂ"l‘iLLﬂﬂLﬂﬁﬂu (I mechanism) #1nn9

y
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Reaction and Mechanism in Inorganic Chemistr

(2) nalnn1559889 (association mechanism: A)

aaa

Uffseanisunuiiaziiia 2 duaswnilounalnnisuands uddnanw
uAnNFNNTY Aa

~ligand sl (V) azidnfieiuszreu [Hans intermediate 71t CN.

R AN Taaci il FAbatabiia! —> rate determining step

- ligand 1A (X) 9zaa1eRuszaInazaaNnatsadngsanisa ey

a o & o

NRARNTUT ANANNTT

k
LMX + Y ==L= L MXY (slow) .. (1
K

o LMY 4 X (fost) oo )

L MXY
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Reaction and Mechanism in Inorganic Chemistry]

Waza1N steady state hypothesis = @xnsamdnsSaweiAzen [He

ANNT
d[LsMY]
- K k, [ILLMXTIY] = KILLMXIIY] ... (8)
k., +Kk,
We ok = kk,
k. +k

Uﬁﬁ%mﬁﬂuﬂﬁﬁ%mé’uﬁu 2 (second order reaction) #3® udasui 1
WeTuri [Y] 3e [LMX]

avusstng s1efmn an 333 inftefiunid 2
B < s _04-
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

(3) nﬂfnn’lﬂmnu_/ﬁ'ﬂu (interchange mechanism: I)

I
aaa aa

- UffBennsuwiinidesiunalnfifinenaunudidauwnd (v) fe
Tanaug (ion pain) fuanssznauBedaniidl CN. = 6 (aun13 (9)) Fnssiaariug
finnnasaneiuszasfunud X [Fndnsiosinsaunis (10)

~ 97190819 (F97 N1TEENNUBLUAEN1 TR NIRRT UNE DY

k
LMX + Y L LMX Y 9

-1

2 L LMY + X (10)

LMX + Y

activated complex

/W3 fon pair LMX + Y TlasnsneBung[fdfl CN. iindu uazld
Au15aR999maU( 819138na15H91 activated complex

v
Wanussune 519377 an 333 waflaiunad 2
219158 a5 e A —25-

Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

A | laaa o o a | & °
LWHB k2 << k—T LLZ\W’N’Jqﬂﬂﬂﬁﬂ’muﬂ@u%@\?ﬂﬂﬂ’]‘ﬁ (9) HNABLNTIALIVIUNN

v
I o o

Tﬁ WIHARTEANNANNNT (10) ANHH

I

FapasTianaaeasUize19:auiuaunIs (9)
Wuman 2 K, Taedl K, = K /k

-1

o

91N steady state hypothesis aMx190918RTNTBUAREN [HeH

d[LsMX Y]

T = K LMXIY =k LMK YT = K [LMX Y] = 0 (11)

azldn kK, [LMXIIY] = [LMX - YT (K, + k)

[LMX Y] = K, [LMXI[Y]
k., +Kk,

y
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Reaction and Mechanism in Inorganic Chemistr

o

WAZAINENNTT (10) AMM1TadauannIsdns3aesljiten [Hasd
d[LsMY]

T kel (12)

WA [LMX - Y] aaluannng (12)

d[LsMY]

= KK ILMXTIYT =k K ILMXT Y] =k, K TLMXT Y]

k, +Kk, 1+W

(e K, =k/k, uar k,/k, @wnsadafield k, <<k.))
K, wlfanniameass Welfifeanannis (9) Wngauna

v
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Interchange mechanism £ wdsaanid | 4 (dissociative interchange) Wae |

(associative interchange)

- AnnuANAnsEBeEBIna (nfEnegudnynnisifiniuss InUffisenduneu
wsn (M34fia fon pair 289 LMX « Y (nAulUgannis (9)
7 bonding il ligand 7s#x7 (Y) Fmaundntsuanas ligand s (X) = |,

&rmrsuanzas ligand s (X) Tmaundns bonding AL ligand MM (Y) = | .
— @951 interchange mechanism =2 rate law usaannng (13)
rate = kyk, [LMXIY] (88 K =k/k,)
k

-1

avusstng s1efmn an 333 inftefiunid 2
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

— £ Y] finsn > Ufidenazdin 2 order (130 1 order LiaAwuiy (LoMX]

uay 1 order (el [Y) = rate =k, k, [LMX][Y]
k
-1

~ 1 Y] gonnn = UfiAsenandu 1 order (1% order WaTwiy [LMX] uay

Iy
=1

zero order Wilaauu [Y]) = rate Sy (LMX] insi
rate = K,k [LMX] (K = K, [Y])
k

-1

( **Tnn@tuniamaans ST (Y] >> [LMX] fdedunisiiin octivated complex 98

nasan1sanases [LMX] Tunfiunulifinasentsiwfenudas [v] = a9 [V]
\ueinae?t (aaniuen k, 1) )

v
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

® ?\1?7./ classification of substitution mechanisms for octahedral compounds

Mechanism Dissociative Associative
5-coordinate txn 7-coordinate txn
state for octahedral state for octahedral
reactant reactant
Dissociation D
Association

-30-
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

1.3) Experimental evidence in octahedral substitution

o P = a __|laaa A
W@ﬂg’]uﬂqﬁwﬂﬂ’t’]\?wuﬂﬂﬂ\?ﬂﬂfﬂﬂqiLﬂﬂﬂgﬂiﬂqLLV]uVITu octahedral
complexes HFHl

> n1susnea (Dissociation)

'
aaa A

- 83U octahedral complexes B8l C.N. g9 =2 Wadnuffizenisuniiiaomu
Injeniinnalnuuuuansa Wiie

ligand 1 fiangeaen(uien = CN. aaauiu 5 [# intermediate #ifigUsn9
square pyramid = ligand Wisiidinunadiudnumidefidng = 1§ octahedral complex
wila i dunansiout
— An9R91904797 intermediate 7 C.N. 5 flunalinlaseasaiiy square

o

pyramid %38 trigonal bipyramid 8719818 ligand field theory (LFT) Fai

v
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

a1nvIgEg) LFT, #in Ligand field activation energy (LFAE) Anwass{siann

LFAE = LFSE (transition state) - LFSE (octahedral complex)

- LFAE i1 wRseIunseiu i octahedral  complex T%L‘ﬁlmﬁm ligand
dissociation 1u/aemluiis square pyramid %48 trigonal bipyramid intermediate (C.N. =
5) # transition state Taeit LFAE 6N - inert, LFAE fin = Idbile

- WU

(1) A1 LFAE firnuandlfiide intermediate 1 square pyramid Al TndiAes
yesndnnaciiiu trigonal bipyramid

(2) A1 LFAE 1§l intermediate 1 square pyramid senafesiiunanIsnaaes
() slide 12) fign B, o complexes = inert

d*-d° strong-field (low-spin) complexes =2 inert

y
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

- WWAD NaNT9ATHIN LFAE aduayuufifisein1sunuiiuuy dissociative

mechanism waz(§ intermediate flA59a%19 square pyramid 7 transition state

~ uBN91NH rate of rxn = 9¥3URU (activation energy, E)

E
FINENNTT Arrhenius, k = Ae®/FT = |nk =InA- R—;

]
aaa a

UFFEENT E, g9 = k s = 1fad (nert)

UFABeNT E, o1 = k g9 > 139 (abile)

- A1ASeEAmRasUfAsen (t,,) AlHanniameassannnsnliinung rate

1/2
aaa

109U ABe N Ui [Higuiu

o

Water exchange 284 [M(H,0),I** d1%U metal ion fineq & t,, Wil

v
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

- 100 0

3 , .

£ N log t,,, < O UAAYI

) 350 \ b « o
z /" a2 water exchange {in (§i7
g

g o0y < (ldbile complexes)

vg / -6

I /

2 250)

E -8

&

£ 200 -10

oSS VoG Mu B Co MG EL (flan : Miessler & Tarr, 2004 : 421)

L] 2 4 6 8 10

97493 d-electrons

- azfiugn Cr2* (d%) high-spin waz Cu®* (d°) dnifimdsnngnised Jahn-Teller
= distort [annlag9a579 octahedral % wn Z Sapan = Aan1Tuaniaems
ligand H,0 [HaamEatuunauny Z = Idbile g

y
WHawussune 518377 AN 333 iaflafiunad 2
B o s B4
2197158 A5, INYTAAT ARR
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

aaa

- AHABIBLABNNATY HANAse t, 2B9UfATe U

172

complex fiflpznannansinegiinfiu = t,, 3wuAnsneniu igu

alkali metals 8803w +1 = ., Hesnin (< 1079 s)

12
Be uaz V¥ D t,, > 0.01s

3+
AP Dt
o > t,, ~40h - inert complex

~0.01s

- wananildeiiiladeduitiinunadnsSarecfizenlian
1) oxidation number YINBLABNAAN NUTBENTIATUG = rate i
finpenaltu rate 2a9UFUINTUNURYES  [AIF > > [SIF]* > [PF]” > SF,
oxidation no.  +3 +4 +5 +6

v
Wanussune 519377 an 333 waflaiunad 2
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

2) safilopan azseaNnaneit ionic radius Tipe = rate A
W91 rate N9EREBY [Sr(H,0,1* > [Ca(H,0.)* > IMg(H,0,]**
ionic radii M?* (pm) 112 99 66

- fezmannaiuAunudFgafulsi = leaving ligand waazn >

a

rate of substitution M1

> Linear free energy relationships (LFER)

~ WANNY kinetics ANRUSAL thermodynamics THANBOIBILEN
FRBENITN ANNENIRUELTEMINRUNUARLBLABNNATY (thermodynamics) THanm3L
WBRsEIN1TUANAEaIALNWS (kinetics)
o 1 d’ o/ ! dl aaa ! dg’ o
- NMIAMUIIANASTIERNTT (k) uae ArAsiauAa (K) 289Uf)iFen dneludy
oM (T) AsaNnIg

y
WHawussune 518377 AN 333 iaflafiunad 2
B o s 3G
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

Eq -AH® AS©
Nk = InA-—uaz InK = +—
RT RT R
“kinetic” “thermodynamic”

e AS® = entropy W&y AH® = enthalpy of reaction

- 9naNNTT 1 A uar AS® fanfeuasfiuazen £, udsanusn AR =
WeAn In k waY In K (132 log k uaz log K) {hdaunsmazifinamidunss

aaa

- fiethaigu UABe hydrolysis 289 [CoNH,)XI** 1Tusvannas,
[CONH)XI* + H,O —  [Co(NH,).H, O + X

—flavinnamaaed 25° C TnaiAeurilanes leaving ligand (X) wén plot
N9MIENI9AT log k 11U log K azlfiarndiiisidadunsssiogy

v
Wanussune 519377 an 333 waflaiunad 2
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

(#an : Miessler & Tarr, 2004 : 424)

-1.0 0.0 +1.0
log Keq

- Azifindnsiaees leaving ligand (X) Awasia E, uaz rate > AHUAYY
ARNLUY dissociative mechanism
- Langford (1965) £9n&a1991 X %ﬁmLﬂuﬁLLﬂuﬁﬁLLmﬂﬁqTﬁ@ﬂwﬂuuﬁfﬁ

LLNZTNL@Q@"LI@\? Hzo @Z&Uﬁu@Z@ﬂNﬂ@’N@ﬂqﬂﬁ@'}Nﬁ 91 transition state
WHawussune 518377 AN 333 iaflafiunad 2
2195 a5, ngsae funaR - 98-
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Reaction and Mechanism in Inorganic Chemistr

- Uf§ABan hydrolysis = ligand X T1 complex gnumiigiag H,0
- UffiBendiaunauaes hydrolysis #n UfAZenaziudi (anation) >
UjiBeniiluianauasint complex gnumiiging anion B Faamns
Hydrolysis: [Co(NH3)5X]2++ H,0 K(H,0) [Co(NH3)5H20]3*+ X
1
o k(H,0)
K = [CuNHgs 1O IX” = ==
[CU(NH,)XJ** [H,0] )
—_
Anation: [Co(NH,) H,01°" + X TH,0) [CONH)XI** + H,0
k
K - —2
Kk(H,0)

W8 k(H,0) = rate constant of hydrolysis
k, = rate constant of anation
K, WAz K, = equilibrium constant of hydrolysis k&% anation AINNa1FL

Wanussune 519377 an 333 waflaiunad 2
219158 A5, INASAAT AWME

_39-

- Tufi%21 anation 289 [CoNH,)(H,0)P" FiaeRunus X

&1 [X] 1n > 1% order reaction (rate TuifuANiNGWEe9 [CoNH,),(H,0)1*)
finpeinares ligand AvinliAa anation WUy 1% order FauaAslNmIg79 2

fa719N 2 ﬁhmﬁﬂuqmmﬂﬁﬁ%m anation 284 [Co(NH,)(H,0)* i 45° C

Ligand X k, (107 s7) k/ k(H,0)

H,0 100 1.0
N, 100 1.0
S 24 0.24
cr 21 0.21
NCS” 16 0.16

(37 : Miessler & Tarr, 2004 : 424)

& = s
WHawussune 518377 AN 333 iaflafiunad 2
219154 A5, INASAAT AWME
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_40-

20



Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

- #flme9 complex Anasiardianalnnisiin anation Aag

- n9diUffiBen anation 289 [Ni(H,0),2* dae@unus L = axifia ion pair

289 complex fiU L ¢igHl

Ni-OH, + L Ni-OH,.L . (14)
NZOH, L —0u Ni-L + HO .. (15) (59)
Uﬁﬁ%mﬁﬁmﬂuﬂﬁﬁ%mﬁuﬁ 2 => rate constant 398 = K, . k, (M™'s™)

- NAMIMARBINLANUGABE19NANNTSA 15 1iaEe uaz k, [Huand1erii

NNudiefinees ligand L azideuly = uamedn jon pair #n15uaneanyed H.O faw
\dniasnndaenisidinunees L

¥
= 1 ™~

- P rate F9gnAnvUANaIadueL fUANN1ST 14 H1nndn wazdiFunil

u

AIAAKIM |, mechanism

v
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

> nalnn1559884 (Associative mechanisms)

'
aan al

- UffBENN15unuAtl octahedral complexes = wunalnuuusansia
(A mechanism) {f¥iae dauninazfindiunalnnisuanuAsuuinganda (|,

mechanism) §1NN71

'
aaan =

- faagufiBenmsuwiiidunalnuuy |, wie | [Hud

1) Cr(lll) complexes
[Cr(NH,)(H,0)** => H,0 %gmmuﬁ (aniAEW) 7 ligand B Haunaln ly

o

&9 [Cr(H,0),]* = H,0 %gmmuﬁ (Wanildem) 1 ligand A Wiunatn I,

INNITNAREI WUFLEE ligand nunuiaenly = rate constant
(K) ILUANANTUNIN WAPIAIANTIN 3

y
WHawussune 518377 AN 333 iaflafiunad 2
B o s _40-
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Reaction and Mechanism in Inorganic Chemistr

A9 3 rate constant (k) #a9UfATEUNUTARBY Cr(lll) complexes Tag ligand Fin9T

Ligand Y [Cr(NH,)4(H,0)1% [Cr(H,0),I*
k (107 M"s7) k (108 M"s™)
NCS” 4.2 180
NO,~ = 73
cr 0.7 2.9
Br 3.7 1.0
I = 0.08
CF,C00" 1.4 -

(a1 : Miessler & Tarr, 2004 : 425)

v
Wanussune 519377 an 333 waflaiunad 2
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Reaction and Mechanism in Inorganic Chemistry]

2) Ru(ll), Ru(lll) complexes

- ﬂg’jﬁ‘%mmﬂmuﬁﬂm Ru?* complexes iinsunalnuuy 1,

aan

- ﬂg]ﬂﬁ?—.lﬁﬂ”ﬁl,muwam Ru* complexes WAanaunalnuuy Iy

0

- AiNDEN 12 ﬂgﬂﬁmm‘nmumm [RU(EDTA)(H,0) - >

entropies of activation \iuay (fan1959u6 (association) ‘Vl txn state) ,\E / | OH,
- Ru uay Ru> finalnanisuanulaauseii Wesenn

(1) complex ¥ 2 %Ay free carboxylate (11910 EDTA) ifim H-bonding
AU H,0 (solvent) = wazviligusnsTuanadmdenll = @aresdnel¥ ligand 3
WiAWUGY (association) d’m%u Traianizlu RU>* complex > I, mechanism

(2) Ru** complex = \fis H-bonding Theumusifosenn RuZ faow
YUK e 11nndn Awintiifinusenantiu e 299 H,0 (igand) = 1fim dissociation
289 Ru-OH, Tdne = I, mechanism

& = s
WHawussune 518377 AN 333 iaflafiunad 2
- o A _44-
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

> nﬂfngjwﬂ (The conjugate base mechanism)

- woTwffiBensusy 2
~ diaauiu complex 7 ligand su13al¥ H IH waiearinluaniaziug

fiamgine i ligand NH, = el H* TUaznanedu NH,-
NH, = @l H* aznanefiu NH-
- UfiBensuanivfeu ligand finasannissia (Uil

[CO(NH)XI** + OH" [CoNH,),(NH)XI" + H,O ... (16)
[CONH,) (NH)XI* —E—  [CoNH,),(NH > + X~ .. (17)
[CONH,)(NH > + H,0 —&— [CONH)OHP* .. (18)

aNN19994:  [Co(NH,) XI** + OH™ —— [Co(NH,) (OH)I** + X~

** aaa9 lURNITUS (OH e liARnalnd)

v
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

- WU ligand WY trans fiu ligand ARy B Svinmsiniiin leaving group
~ @NN19 (16), OH™ 35U H* 470 NH, naneiiiu H,0
aunng (17),  finsaaneiuss(d inermediate  #if CN. = 5 #e
[ColNH),(NH,)I>* (wudndinu@ens NH, (i RNH, = mxn 1finiFatu iasann steric 904
My R 159N19%QA2BY leaving group)
ann1a (18), Tuana H,0 91nann1g (16) it x- whanduls He un
ligand FdeTuisnenlfinansiost Aa [Co(NH,)(OH)2*

- msAnwnalngaszAnyal 2 nadl As

N3el#l 1 e X~ ag trans iU ligand AW H

\AinUfjfisenfisam3annn 9218 intermediate 1374 trigonal bipyramid

y
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Reaction and Mechanism in Inorganic Chemistr

- gipealiun U289 [Coltren)(NH,)CI>*
(tren = B B B~ triaminotriethylamine fgmeiiin NH,CH,CH,NCH,CH NH, )
CH,CH,NH,

Intermediate C.N. = 5 (tbp)

v
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36l 2 1o X g cis U ligand Al H*

v
aaa a &K

UfiFenilifindindinedifl 1 uas intermediate MAATUR CN. = 5 usifl

=

susriu square pyramid wudansdl 1 fimdandinadiii 2 Se 104 win

o SN .
cis ligand @ -H HN. |
\§ e — e 2

2
0. v .
H N'@"NH HNY | YNH
2 3 o 3

leaving group

-Cl

vy
HN._ | N, Intermediate C.N. = 5 (sqp)
Co.
H N' ‘NH
2 3
/+H20 kﬂzo
\fim rearrangement (Q N/> N/>
HN. -NH H N. .-NH
2 T 2 2 - 2
SO
HNT | YoH
NH

284 intermediate T i

0,
HZN( | *NH
i OH a . ac
i tbp (major product) 3 avusstng s1efmn an 333 inftefiunid 2
85% 15% . o o —48-
819158 Q9. INTIRAT UVR
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