Kinetic and Thermodynamic Stabilities

Reactions and Mechanisms

in Inorganic Chemistry

v
Wanussune 519377 an 333 waflaiunad 2
27197158 A5, INYSAAT ARG
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* Stability of coordination compounds # 2 Uszinn fia

(1) Thermodynamic stability - W9715197NAN formation constant K
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29UL 9N

K, %7, M15URLEDYS (stable)

K, ta, saunldiafies (unstable)

(2) Kinetic stability = fmwuadaasnsiniaialffitaivedinganna
1 rate < 1 W79, §1594 labile
1 rate > 1 W9 §15HU inert
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Stabilities

~ Werner [#ifinunansUsznauaes Co®, Cr*, P2 uay Pt* 1ilagann

i inert compounds 1nUfRBeETuaNsAzANe Feannnsafinenlnseainerneans
= d’ Py ] .
Tnsenanuazdneg [Hd1andn ldbile compounds

- NMIANYIAMENTRZBIA19U5ENBY inert compounds 819 HEMATIA NMR,

UV-Vis spectroscopy W&z polarimetry

- N13ANM labile compounds $eal¥ABnnsiTEIantunsAnutian W
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Reaction and Mechanism in Inorganic Chemistn

Reaction and Mechanism
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Ufifdeuasnalnnsifiaufiisemnaedefwdd fesenfenisnaass
uAZANHINIY Kinetics
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ayan9 kinetics 74 axvintila
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- gnsnsanssUaauanufiten way sanuuuduneunnafisen

e tuUsz lemilunns&aaaned coordination compounds

Fapgng 1w UBenTilinandaeiidfiannzsnresanslseney uas
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Reaction and Mechanism in Inorganic Chemistr

Reaction and Mechanism

Tnevia iRz afiinen

v 1
1) A15A961 (reactants) 7inasuen 1WasnlasIas19rasanaiin 815
1 ¥ v o
NRNRIS UGN F0uziliBand an1Meunsudand (ronsition state)
2) el Aenlasaaiadun@ngoedt (products) ARNAIIUEN

aaa aaa (4

frapgai UGAFeeey MX nUgazeniy Y seasnis

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

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

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 UARUEUNTUTTUGIFA
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Reaction and Mechanism

aaa

- MaAnEINY kinetic = dnsSwesUfiBe o anndiniveesans

IR

- tuUA%end intermediate finT aziladnans intermediate Waiin

FFAIARVBINRAN DT F g

— WHIINNITNARBIAITNLINENTBY intermediate HTaaN1nEBAYLAL

AN NN aIRITRIE NI KA T = (Hanisauia g ueeg

aaa

intermediate T8 593919 intermediate 4z {sus1ng tuufizens9m

9 !
o A

s innsamanmsnsiaresfizenesinlae davuesatuy
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Aaaudingiuaadt (**aznanafvnyasidensa i)
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Reaction and Mechanism in Inorganic Chemistn

Reaction and Mechanism

a o o

o Uffsenlumeafiafiunid lagenztuansusznauidedanasd

]
aaa s

AaufiuansinsiUanuisewialy Wesain

'
A

- Tnseadsfidaudinedudon

- fllanalunnsifia rearrangement (8idne

a o dlda a ° a a aaa
- Ananeifadenfaviwariviun nalnfennniafaufisen

2

*  UfAsenfisAry (Gud
- 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
- 1fim91 ligand afim s [ wmd! ligand LANADIDLADHNAN

~\fi coordination cpds  #RmtvNiTaalaaasfudl (CN) waziae
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,),I* + 4H,0
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Reaction and Mechanism in Inorganic Chemistn

1. Substitution Reactions

nsrnEUfBeInsuwi axfiendesiuindasiie astalUd

1.1) Labile and Inert compounds

_ labile uaz inert imananizAlEun1af/nEnnig kinetic (11 rate of

reaction)

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

wiinsineg lng

aaa

asaEdmyeafiser =  aililunrsmiglsmanaimilenesais
Budululfizen
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

- Taube AMANALN

aaa

asUszneudafinUfizenlaed t, < 117 = ldbile compound

aaa

astazneudafnufisenlned t, > 1wif = inert compound

- inert compound THlFnuneAasdn ssadinusassinliAngazen
A usinanefeazezinanfiiningasenauinuandost anatinatumdn
il (i fingu

- #nlopaulanzogunvinazansfiiwin aninlessudedeuigns
Viald [M(H,0)I™ BEIG ligand sinauacluansazateazfinnnswind ligand
WFin (H,0) fasinasing

[CU(H20)6]2+ + 4NH5 [CU(NHC’:)A(HZO)212+ " 4H20
A AN
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Reaction and Mechanism in Inorganic Chemistn

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 fmhmnazanssinazuansiauayegiug
289 [Fe(H,0),OHI> = wudaunsngnumdisiag ligond linatesiia
peiNIFaliley el

[Fe(H,0),(OH)* + H*  ——  [Fe(H,0)]*"

many AW
[Fe(H,0) > + CF  ———  [Fe(H,0),CII*" + H,0
many
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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 v

UfBenineduininednesamia uansdnansdedanmaniiiu labile

compounds

- fi99819284 inert compound ¥4 [Co(NH,),** Beaunanaansdia (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 iAnUGR3NEA (inert) 2 azapnnaedindinis
§aEes e 1fiu o° uazwan low-spin d*, d°, d°

~d’, &% d"° = lobile  Tuunueit d® 2 Uunans

- @23 d® 9ifim square—planar complex - {1 inert

- AMAUN1TIALEEY 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 284 coordination cpds F¥UANAIMHIATINTYAY

N199INN19MIAT 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

¥
o

il 1: [Cu(H,0),1*" + NH, [CUuH,0),(NHI?* + H,0
([Cu(H,0),)**] [NH,]
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Reaction and Mechanism in Inorganic Chemistn

1. Substitution Reactions

471 2 [CU(H,0),(NH I + NH, [CUH,0),(NH,), ¥ + H,0

Kp = [ICU(H,0),(NH), ]

[[CU(H,0)5(NH,)2*] INH|
[CUH,0NH, I + H,0

347 3 [CU(H,0),(NH,), 1% + 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);**] INH,]
AN K., K, K uaz K, A formation constant Tuustaziumeu
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Reaction and Mechanism in Inorganic Chemistr

o

aMIAN formation constant 79 (K,) AmlAannfiFenaandsil

[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]

' . [ % @ A a 'S
71979 1 ¢ formation constant (K;) uazansIEa unIsLanasuaunusaaslaani
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
[PLCN),I* ~10% t,, = 1min stable/ labile

fan (Douglas, Daniel & Alexander, 1994 : 487)
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

1.2) Mechanisms of substitution reaction

'
aaa a

Langford and Gray = ananalndniuuUffizennisunsdiand 3 uuu As

(1) nalnn1suANGA (dissociation mechanism: D)
(2) nalnN19998A (association mechanism: A)
(3) nalnnsuanuae (interchange mechanism: 1) = utiseipgsy
- 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 Chemistn

1. Substitution Reactions

(1) ﬂﬂfnﬂﬁﬂmnm‘? (dissociation mechanism: D)

aaa A & o 1 . =~
T‘l«mgﬂﬁﬂ”lﬂ”l‘iLLV]uWT@ﬂﬂ@Tﬂu 9LUTENBUAIY 2 ANADRLDE AD -

ligand Wfis (X) AANERUEZAINBLABNNAN = 1A intermediate A1ianlABnsAIUEw
(C.N.) anas

- ligand 13 (V) Wsnunudt (Aeiusziuazsannana)

LMX LM+ X (1)
1
LM+ Y —2 o imv )
Awali K, fp AAsfidnsnEafisen i
k_, Ao Arasfidngisaugizendoundy
k, Ae FnAsTidngIELRARen

y
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

a

EN|

9771 steady state hypothesis = fia41 Aan3dnAuIng intermediate
ANHAENIALHELAYUAUAITNLI NI UTBIFITAIANLAT HARAUT FINN

intermediate Taitl5ngtunAnsnist

fah anananalidn ams1n1saeuaHinguaas intermediate
#a9UAzedAvinnusns LmzmmmL%‘ﬂuﬁmﬂL%fs"umﬂﬁﬁ%mfﬁﬁ\iﬁ
dlLsM]
= = LW - K LMIX - LMIY) = O (3)
Ky ILMX] = (L] (K, IX] + K, [Y])
aglidn LMl = Kk (LW
K, IX] + K, [Y]
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Reaction and Mechanism in Inorganic Chemistn

1. Substitution Reactions

o

WAZAINANNTT (2) AINITndeuaNnITensseeUisen Fasd

d[LsMY]

s kLMY ()

WWAn [LM] atuamnng (4)

d[LsMY]

T = kkmav (5)

k_, [X] + k, [Y]

Tfe amnsagnaniafia LMY 8 @Wansnu [LMX], [X], uae [Y]

= gdadayaarnniamasssnudn unuliainisadanaudisduaes

intermediate (LM) (iae wamedn nalninGifiauuuuanda (O mechanism) sl

ﬂ"l"?tLﬁﬂLLUUﬂﬂTﬂﬂ’ﬁLL@ﬂLﬂﬁﬂu (I mechanism) #1nn9

y
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Reaction and Mechanism in Inorganic Chemistr

(2) nalnn1559889 (association mechanism: A)

aaa

Uffseanisunuiiaziiia 2 duaswniieunalnnisuanda uddmany
upnFinafiu fig

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

Wiadly FuilffBenezfndn —> rate determining step

- ligand 1Ax (X) 9zaa1eRuszaInazaaNnatsadngsanida ey

a o & o

NRARNTUT ANANNTT

k
LMX + Y ‘—k;~ LMXY  (Slow) e (1

1

o LMY+ X (fost) oo )

LMXY

v
Wanussune 519377 an 333 waflaiunad 2
- o A 23—
219158 A5, INASAAT AWME

Reaction and Mechanism in Inorganic Chemistry]

Waza1N steady state hypothesis = @xnsamdnsSaweiAzen [He

WNNT
d[LsMY]
T = kK, [LLMXT[Y] = kILMXIIY] ... (8)
k., +k,
We ok = kK,
k. +k

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

avusstng s1efmn an 333 inftefiunid 2
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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) fuanssznaudedaniidl CN. = 6 (aun13 (9)) Fnssiaariug
finnnasaneiuszasfunud X [Fndnsiosinsaunis (10)

~ 97190819 (F97 D1TEE AL RAENTEAIINWNELAATUNE BN TY

k
LMX + Y L LMX Y 9

-1

2 L LMY + X (10)

LMX + Y

activated complex

/W3 fon pair LMX + Y Tlasnsnefung (fdnfl CN. iindu uazld
Au15aR999maU(H 819138na15H91 activated complex
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Reaction and Mechanism in Inorganic Chemistn

1. Substitution Reactions

A | laaa o o a | & °
LWHB k2 << k?1 LLN@\?Qqﬂﬁﬂiﬂqwuﬂﬂu“ﬂ@\‘iﬂﬂﬂ’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 LMY =k LMK YT = Ky [LMX Y] = 0 (11)

axlfidn K, ILMXIIY] = [LMX - Y]k , + k)

[LMX Y] = Kk, [LgMX][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 YT Sk, K TLMXT Y]

k, +Kk, 1+W

(e K, =k/k, uar k,/k, awnsadafield (k, <<k.))
K, wlfanniameaass Welffifeanannis (9) Wnganna

v
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Reaction and Mechanism in Inorganic Chemistry]

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

(associative interchange)

- AnnuANAnsrasEBIna (nflnegiuanyniznisifiniuss InUfisenduneu
wsn (M34fia fon pair 289 LMX - Y (nduluUgannis (9)
7 bonding il ligand i1 (Y) Fmaundnisuanzas ligand s (X) = |,

&1n1suanead ligand BN (X) Fmaundanis bonding AU ligand Fdama (v) = | .
— @951 interchange mechanism =2 rate law udaannng (13)
rate = kyk, [LMXIIY] (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

~ #1 Y] finsn > Ufidenazdin 2 order (130 19 order Liadwuin (LoMX]

uaz 1% order Wleduiiu [Y) = rate =k k, [LMX] [Y]
k
-1

— 1 Y] gonnn = Ufisenasdu 1 order (1% order WfaTwiy [LMX] uay

Iy
=1

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

-1

( **Tnen@tuniamaans 01K Y] >> [LMX] fdedunnsiiin activated complex 928

nasan1sanases [LMX] Tunsfiuulifinasenisiwfenudas [v] = fad1 (V]
ueinae?l (aaniue k, 1) )

v
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Reaction and Mechanism in Inorganic Chemistn

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

wangmnanasasfiuenionalnnsifinUAenunuiiiu octahedral
av
complexes HANH

> n1susnea (Dissociation)

'
aaa A

~ #W3U octahedral complexes B8l C.N. g9 =2 @adnuffizenisuniiiaom
Injeniinnalnuuuuansa Wiie

ligand 1 fiangeaen(uien = CN. anauiu 5 # intermediate #ifigUsn9
square pyramid = ligand Wisiidnunufituginumidsfidne = T# octahedral complex
wia s TunAnsiout
~ An9R91904197 intermediate 7 C.N. 5 funalinlaseasaiiy square

o

pyramid %8 trigonal bipyramid 8198178 ligand field theory (LFT) Fai

v
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Reaction and Mechanism in Inorganic Chemistn

1. Substitution Reactions

91nngeE LFT, A1 Ligand field activation energy (LFAE) Awagu{fiann

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

CLFAE  ufw wRes11nszdin 7 octahedral  complex  Wil@ifin ligand
dissociation LﬁﬁlﬂufﬁLﬂu square pyramid %% trigonal bipyramid intermediate (C.N. =
5) 7 transition state Taeift LFAE 6N - inert, LFAE fi1 = Idbile

- WU

(1) A1 LFAE firnuandlfiide intermediate 1 square pyramid Azt 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

- WWflD NanT9ATIN LFAE aduanuufifisein1sunuiiuuy dissociative

mechanism waz(§ intermediate flagea5n square pyramid # transition state

— uBN91NH rate of rxn = 9¥AURU (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 > 1An3a (abile)

- ArrSadinaasUffiten (t,,) lEennimeaseannsaliviiung rate

aaa

209UfAB NN ALz

o

Water exchange 289 [M(H,0),** &1%5u metal ion sineey & t,,, \usiail

1/2

v
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Reaction and Mechanism in Inorganic Chemistn

1. Substitution Reactions

—_ 400 V]
£ \ .
3 ss0] \.\ L -2 log ty, < 0 wam9Qn
-~ 1 Q a P
S /’ Gi . = water exchange {finl#a
€ - o
o '
L = (labile complexes)
vg / -6
I /
2 2507
2 -8
3
ES 200 “10

Ca Se T Vo Cr Mo Fe Co M Cu Zn (@ Miessler & Tarr, 2004 : 421)

L] 2 4 6 8 10

97493 d-electrons

- azfiugn Cr2* (d%) high-spin uaz Cu®* (d°) dnifiedsnngnised Jahn-Teller
= distort [annlag9a579 octahedral % wn Z Sapan = AaN1Tuaniaem
ligand H,0 [HaamEatuunauny Z = Idbile g

y
WHawussune 518377 AN 333 iaflafiunad 2
. o s B4
219158 A5, INYTAAT ARR
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

- AHABIBLABNNATY HANAse t, 289U ATe U

172

complex fiflpzaannasinegiinfiu = t,, 3wuAnsneniu igu

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

12
Be uaz V¥ D t,, > 0.01s

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

~0.01s

o a o A Ao o o & aan P )
- u’ﬂﬂ@"lﬂuﬂ\‘iNﬂ@@ﬂﬂuwefﬁwquqﬂﬂm‘ﬁqL‘i"l“ﬂﬂ\?ﬂﬁﬂ‘iﬁ'{f@ﬂﬂ (3%

1) oxidation number ¥evBzABNNAN WUIBENEIATHES = rate AN

aaa

fameinaii rate vesUABEINTUIT9RY (A J° > [SFI™ > [PF]" > SF,

oxidation no.  +3 +4 +5 +6

v
Wanussune 519377 an 333 waflaiunad 2
219158 A5, NS AuvnR —99-

Reaction and Mechanism in Inorganic Chemistn

1. Substitution Reactions

2) saillopeu azsannansdt ionic radius fipe = rate M
W91 rate N9EHEBY [Sr(H,0,1** > [Ca(H,0.)* > IMg(H,0,]**
ionic radii M?* (pm) 112 99 66

- fezmannaiuALnuFgaulsA = leaving ligand wgmaun >

]

rate of substitution M1

> Linear free energy relationships (LFER)

- WANNY kinetics ANRUSAL thermodynamics THANEOIBILEN
FRBENITN ANNENIRUELTEMINAUNUARLBLABNNATY (thermodynamics) Ham3L
MIBATNUIINITUANAILBIRUNUA (Kinetics)
. LA o asa - oL o
- NSAUIUAIANTIERTT (K) Ay AATIaNAR (K) 289UfA%e0 fnsluii
oM (T) AeaNnIg

y
WHawussune 518377 AN 333 iaflafiunad 2
5 Somi | -36-
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

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

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

- 9naNNTT 61 A uar AS® fanfeuasfiuazen £, udsanusn AR =
WeAn In k waY In K (38 log k uaz log K) Ihdaunsmazifinamidunss

aaa

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

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

v
Wanussune 519377 an 333 waflaiunad 2
219158 A5, INgsAn R~ /-

Reaction and Mechanism in Inorganic Chemistn

1. Substitution Reactions

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

-1.0 0.0 +1.0
log Keq

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

LLNZTNL@Q@"LI@\? H2O @Z&Uﬁu@Z@ﬂNﬂ@’N@ﬂqﬂﬁﬂ'}Nﬁ 91 transition state
WHawussune 518377 AN 333 iaflafiunad 2
219158 A5, s fumd —o8-
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Reaction and Mechanism in Inorganic Chemistr

- UfjA3a hydrolysis = ligand X T1 complex gnumiigiag H,0
- Uffi3endiaunauaes hydrolysis #n UfAFeaziudi (anation) >
UjiBeniiluianauasint complex gnumiiging anion B faamns

Hydrolysis: [Co(NH3)5X]2++ H,0 K(H,0) [Co(NH3)5H20]3*+ X
1
k(H,0
K, = [CulNH,), H,0P" [XI” = k(H,0)
keq
[CUNHX]** [H,0]
B X
Anation: [Co(NH,) H,01°" + X TH,0) [CONH)XI** + H,0
k
Koo —
2" k(H20)

Lfiﬂ k(H,0) = rate constant of hydrolysis
k, = rate constant of anation

K, WAz K, = equilibrium constant of hydrolysis k&% anation AINNa16LU
Wanussune 519377 an 333 waflaiunad 2
219154 A5, INTsAAT i —09-

Reaction and Mechanism in Inorganic Chemistry]

- Tufi321 anation 289 [CoNH,)(H,0)P" FiaeRunmus X
&1 [X] 1n =D 1% order reaction (rate TuiuAaNliNGuLD9 [CoNH,).(H,0)1*)
fint19289 ligand N TLAA anation LUL 1% order FILAANTHATTIY 2

A998 2 ﬁhmﬁﬂuqmmﬂﬁﬁ‘%m anation 284 [Co(NH,),(H,0)* 7t 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

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

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

1. Substitution Reactions

- #flme9 complex Anasiardianalnnisiin anation Aag

- n9diUffiBen anation 289 [Ni(H,0),>* dae@unmus L = axfia 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 393 = K, . k, (M™'s™)

- WAMIMARBINLANUGABE19NANNTSA 15 1faEe uaz k, [Huandarii

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

¥
= 1 ™~

- P9 rate F9gnAnvUANaIadueg fUANN1SA 14 H1nndn wazdiFunil

u

AIAAKIM |, mechanism

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

1. Substitution Reactions

> nalnn1559884 (Associative mechanisms)

'
aan al

- UffBENN15unuAtl octahedral complexes = wunalnuuusansia
(A mechanism) (H¥iae dauninazfindiunalnnisuanuAeuuinganda (|,

mechanism) NIAN97

'
aan =

- faagufiBemsuwiiidunalnuuy |, wie | [Hud

1) Cr(lll) complexes
[Cr(NH,)(H,0)** => H,0 %gmmuﬁ (WaniAEW) 71 ligand 8% Hunaln ly

o

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

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

y
WHawussune 518377 AN 333 iaflafiunad 2
. o s _40-
219158 A5, INYTAAT ARR
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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
- = 0.08
CF,C00" 1.4 -

(#an : Miessler & Tarr, 2004 : 425)

v
Wanussune 519377 an 333 waflaiunad 2
- o A 43—
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Reaction and Mechanism in Inorganic Chemistry]

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

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

aan

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

0

- finaging 1T ﬂgﬂ‘imm‘nmumm [RU(EDTA)H O >
entropies of activation dinay (1{fimnN15998%a (association) ‘Vl txn state) ,\E / | OH,

- Ru?* uay RU® NﬂﬂfﬂﬂﬂﬂiLL@ﬂLﬂﬂﬂuMWGﬂu Lum@’m
(1) complex ¥ 2 #finfing free carboxylate (#1910 EDTA) 1fim H-bonding
AU H,0 (solvent) = wazviligusnsTuanadmdenll = @aresdnel¥ ligand 3
WiAWUGY (association) d’m%u Trgianizlu RU* complex > I, mechanism
(2) Ru** complex = \fis H-bonding Theumusifiosenn RuZ faow
YUK " 11nndn Awintiifnusanantiu e 299 H,0 (igand) = 1fim dissociation
289 Ru-OH, Todne 2> I, mechanism

& = s
WHawussune 518377 AN 333 iaflafiunad 2
a5 a5, wasae dunni —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

fiamging i ligand NH, = el H* TUaznanendu NH,-
NH, = @l H* aznanefiu NH-
- UfBensuanivaeu ligand finasannissia (Ui

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

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

** aaa lURNITIUS (OH e liARnalndl)

v
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Reaction and Mechanism in Inorganic Chemistn

1. Substitution Reactions

- WU ligand WY trans AU ligand ARy B Svinmsiniiin leaving group
— @NN19 (16), OH™ 35U H* 70 NH, naneiiiu H,0
aunng (17),  fnnaaaneiuszld intermediste A CN. = 5 #e
[ColNH),(NH,)>* (wudndinu@ens NH, (i RNH, = mxn 1finiEatu iasann steric 9o
My R 159N19%QA2BY leaving group)
annna (18), Tiana H,0 91nanns (16) diaunmdt X~ whenduli H* urd
ligand FideTusnenlfinansiast Aa (Co(NH,)(OH)2*

- msAnwnalngaszAnyali 2 nadl An

nel#l 1 e X~ ag trans 11U ligand AW H

\AinUfjfisenfisam3annn 9218 intermediate 1374 trigonal bipyramid

y
WHawussune 518377 AN 333 iaflafiunad 2
. < s 46—
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Reaction and Mechanism in Inorganic Chemistr

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

Intermediate C.N. = 5 (tbp)

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

N6 2 188 X~ B¢ cis iU ligand i H
ann Ao

UfiFentlifindindinadiil 1 uas intermediate MAATUH CN. = 5 usifl
suUsiu square pyramid wudnadl 1 fimdandinadiii 2 fe 104 win

o . . N
cis ligand NH -H HN.. | .NH
\§ N — “Co. 2
(C°\ v "~
HN @ NH HN" | “NH
2 3 o 3

-Cl

.
HN. | -NH, Intermediate C.N. = 5 (sqp)
Co,
HNT NH
2 3
/mzo \:Hzo
\fim rearrangement N/> N/>
HN. | .NH HN. | NH
2 ‘cé 2 - 2
HN" | You
NH

leaving group

294 intermediate T P

0,
HZN( | *NH
i OH a . ac
i tbp (major product) 3 avusstng s1efmn an 333 inftefiunid 2
85% 159 o < oa 48—
219154 A5, INTSAAT AU

24



