Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

> Kinetic Chelate Effect

- Chelate compounds Lfima1n polydentate ligands - stable N1

complex #tfima1n monodentate ligand = rate of substitution %4 chelate

compounds azifinl#d1ndn 1iaeenn
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— ANSUANFIFILIANST 1 Tuann1g (19) Arad1asfal@gndinisusn
Fia289 NH, 31231 NH, T ligand en (NH,CH,CHNH,) szfasinuazmsupaniil
dl U v dl v
FINBLADNNAN LD H,0 N7 G
— NSUANFIRIUNUGT 2 AHaNNIT (21) ez faFEgui asann
o . A P o & o o
NN9UANFI29Y ligand en wggfmwﬁe@ﬂﬂ@m@mﬂm\mﬂﬂﬁ@mﬂﬂ@ﬂﬁmw
WuseUBrAaNnNaN [Fan
ama.

- danfAsendindinadroiusziuezaennatafnldsansaialy
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[ %

Q YFAsernisunuiizayarsusenauiddauseuIuvnsa
(Substitution reaction of square planar complex)
— square planar complex gauuniAnsnlaseulanznan d*, o, o°

- Toaulanznan d* uaz & Snifin weak bond THuuaunu z =2 Taseasas
WU octahedral Dandealuifiu tetragonal uaziinisfnmnfiumuin

distortion ' \
—- :

octahedral \ tetragonal
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1. Substitution Reactions

- FaUNIANEIUHABEIN1TUNUTIIeY square  planar  complex Fagula

RN BLARNNANTATN1TaREe e ul d® THun Rh*, Ir, NiZ*, Pt uway Au®*

wiflenAnENURfBEIN1swNi e PR sndige iHeeann

- P fiazeenBuwniufiafiosnin SanndaeesUfifenumnans
- complex 284 P el CN. = 4 9zillaseadrafin square planar 1ane

- wAnsTouTiAneNURRB B NS wINTies P axillasvadramilen PR 4
\la969i = retention of configuration
- rate of substitution HANgILATUANFNITUAINTIALDY ligand TEHIWNUA

A leaving ligand

1) Kinetic and Stereochemistry of square-planar substitution

o

- UfA%un15undiii square planar complex anaidasiiugmnsvialu el
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LMX] + Y LMY + X (23)
1 rate vasUREe Hae
d[L3MX]
rate = - ———— = K, [L;MX] + k, [L,MX] [Y]

dt

- anngensinedin dsznaulubian 2 wenuaniu 2 favirazanadnand

aaa

dawsantunalnnsifinuUfizen

o

- substitution AR 2 pathways gEHIufiazHINNANNTTINGD 9Tl

(@) k, pathway: LW associative mechanism A
LMX + Y —f L MXY (intermediate C.N. = 5)

&

L,MXY 4, LMY + X
rate = K, [LSI\/\X] 1Y}
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1. Substitution Reactions

(b) k, pathway: Taana solvent (s) Wnsnifim association il complex Eudiu
LMX + S —X, | MXS (intermediate C.N. = 5)
LMXS + Y —52 4 | MY + X + S

rate Auiiudunaunanuaziin 1% order @ [L,MX] agaifian Wasain [S]

wnandeidiurinei) > rate = K, [LMX]
2) Experimental evidence in square-planar substitution

> n1959889 (Association)

— fiuili@edn square-planar substitution avifian unalnn999N6 Bafin (s

o

2 WUy ASi
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(1) ligand ¥ tHaunilagmasfugaaidedon [P LX]

o o

anumedAgy - ligand ¥ W Tuuuaunm Z
- 4fim tbp intermediate (C.N. = 5) D T.XY ﬂ&g’fuumﬂmmﬁm
- e X ‘qufﬂ 2>y %ﬁﬂfﬁ'ﬂgﬁuum square planar > product

T L
| Y

@) luanadavinazats (s) dwumedibigrsi@edon [PLLX] figw ligand Y
AnvmedIATY UITnaudiy 2 Tunaunan:
- polar solvent 1% CH,OH iniAinsius: Buunaunw

- fim top intermediate (C.N. = 5) = T, X, S g uumiasmass
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- fla X ngald = s axdalusgtuuma square planar
- ligand Y Wintuusaunu Z

- Tuana s aanesiusyasn = Y iumdt = product

s Product
Complex T>kL T><L s
ER T X 7 v
T Y
+Y h
T L i
— —_— ™ | L
X
S Pt

[y

S
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— WU THANTNARBIEINITNEN intermediate CN. = 5 (tbp) Tadiasaanun i
finaenaigu [Ni(CN),J>, [PH(SnCl,) ]>

» Rate of substitution

o

rate axdinwEBISaTuAY factor AAty 2 1A el
* 555421V ligand FFumsadi (v)
- Pt2* §pnflu soft Lewis acid = &1 ligand Fdinuin soft Lewis base =
rate g
- FinBENNT9FNEN rate of nucleophilic substitution o square planar complex
Ealt trans-[PtL,CL] + Y —— trans-[PtL,CIY] + CI°
Rate of reaction = k, [PtL,Cl,] + k, [PtL,CL,1 [Y]
yinmanaaastuivinazansfie CHOH 7 30° C wudnflawaeu ligand Y fiueiie
Fn9e @18N90EENEIR rate Ameiineas ligand Y TAAST
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- rate Lfl'ﬂ ligand Y i PR, > CN” > SCN™ > I > Br” > NO,;~ > NO,” > py >
NH, ~ CI” > CH,0H

- lpeannd 2 pathways =2 n15uded33emdn9 ligand Y iU Tm@q@ﬁw?ﬁ
axane S (WuiiiAe cH,0H) Tunadinunfiniuss Tnesssduazmennanstu complex
> é’mw’wgwdw k, [Y] fuk, [CH,OHl azsunlduen rate of nucleophilic
substitution A9%

Moy = 10g [k, (V) /K, (CH,OH)]
Lﬁlﬂ Ny, flm reactivity constant for the entering ligand

FIBLNNANITNARBIAINTU complex 284 [Pt(py)P(CH,CH,),I** Tsvuugavin

aranerfiafien wiAsurfinees entering ligand (¥) Wuiannsns 4
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1. Substitution Reactions

81379 4 AN T),, 289 entering ligands #i19e §1913L substitution 11 [Pt(py)P(CH,CH,),1**

Ligand Y Nwt

(‘*7;34’1 : Miessler & Tarr, 2004 : 436)

PPh, 8.95
SCN™ 5.75

= 5.46 &1 M, BAN D rate N1TUNNTIET
Br 418 My, fenilay = rate n1uymdi4n
Ny 3.58 ®% @mﬁudﬁﬂgammﬂﬁmﬁ’uﬁﬁﬁu
NO,” 5.22 289 rate (W1 59

NH, 3.07

Cl- 3.04

** 1aneTnil e AsuazaaNna1d il complex WUASNATH rate uANGINITULLT sl

AngwwiEE square planar complex Al Pi(l) vinlirautineenn = dayatiias
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1. Substitution Reactions

* G55NUIAABY ligand ﬁm«gmaan (X)
- #fiAYaY leaving ligand HWasie rate W@LFeId
— 9INAIFRLYBY entering ligand Btin 59 dndufiFmisenananalFdndu
AIHANHNTO NI AANETUELLAZNQABBNAINBLABNNANTDY ligand w4 (g CI
uflu entering ligand Alis > i leaving group Q)
- CI", NH,, NO,” il hard ligand = aaeiuszaneznasnaal#iin
i CN°, NO,” Wi soft ligond = \fim TT-bond i BzABHNA HoE9
ufsuss =2 amEean
dapsingliannimaasedsd
[Pt(dien)X]" + py — [Pt(dien)(py)]z* + X (25)
rate = Kk, [Pt(dien)X]" + k, ([Pt(dien)X]") [py]

rate N9H X = H,0 az3andnlszana 10° windedisuiu CN” wia NO,”
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1. Substitution Reactions

#7395 WaLfgU rate constant (k,) 151 leaving groups #1497

NO,~ very fast ligand-to-metal bonding - weak T-bond = good
Cl 5.3 x 1072 leaving group
Br- 3.5x107
I- 1.5 x 107

N, 1.3 x 107 rate of substitution

SCN~ 4.8 x 107

NO,” 3.8x10°

CN~ 2.8 x 107 metal-to-ligand bonding > strong TT-bond - bad

(a1 : Miessler & Tarr, 2004 : 437) leaving group
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ligand wideadn 3 Wusrarinsstumiefiay cs
- %fipves trans ligand agdinasiaanen-—inalunisaanasouazngasan

1. Substitution Reactions

> aawsy trans ligand

— @195 square—planar Pt(ll) complexes Liafnua X 1u leaving group =

. a v o o a . A @
289 ligand fingnaedinniiudu = 1fn isomers 2@9 complex i product 289 rxn

Reaction and Mechanism in Inorganic Chemistr

WAY trans AU leaving group 1434

Cl Cl

FIBLN 124
NH _ NH NH Step 1 Cr wnu o Tafile
8 cl 3 c- 3 y —
a NHa—pt-qNHa —_— CI—P—NH, > Cl—Pi—Cl Step 2 ALY trans ligan
Cr > NH.
H 3
NH, NH, NH,
'l Cl Cl 5
NH, NH, | Step 1 NH, unw .. TafiTa
b Cl=—Pt—Cl] —> Cl—Pt—Cl — C]*'-“P:*—NH3 Step 2 A trans ligand
C1 NH3 NHS cr > N;‘-t'3
\enussene s1edn an 333 ailefiunid 2
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Reaction and Mechanism in Inorganic Chemistr
1. Substitution Reactions
NH _ NH _ NH
| 3 a | 2 a 3
€ py—}?—py —— py—Pt—Cl —>  C—P—Cl
NH3 NI-I3 NHa
ag
py _ Py - cl < .
Cl | Cl - AL trans ligand
—Pt—NH, —> —Ppt—NH, —> —Pt—NH
d 3 py 3 by s - Cr > py > NH,
NH, a = - smawi lussnuuy
NH NH dumaun1niason DATA
| 3 3
NH, NH . o 5
| 3 | isomers #ifiBan13lA
¢ pTRTNH T pymRe O py-lT‘NHS
Cl
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1. Substitution Reactions

INNITNARBIFATEN complex  BHAFIN] FINITNIARVALENTNAYDI trans
ligands (FmnuaNAUsaT
Trans effect: CN” ~ CO ~ C,H, > PH, >NO,” > I" > Br" > CI" > NH, ~ py > OH™ >
H,0

¥
* Trans effect Lﬁﬂ?‘jufﬁmﬁzmg?m

(1) O-bonding effect Wa13uAN E_ 289n154§iM intermediate CN. = 5

(a) O-bonding

T-bonding
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1. Substitution Reactions

(1) @O-bonding effect

X = leaving ligand

T = ligand g AWMU trans il X

T O RCITOX
0

wudn Hpsann P ezl p uay Tun1s1fim o-bond

) d><2—y2
- 1fi8 ligand T 1fim G-bond Beineudauseiu P> = WuEa89 Pt-X SOUAY
(orbitals Fenmdaniuldiny) = £ (30 b) sraafiedieu (30 a)

£
o o A

AndudeRarsoinanie O-bond effect a1AUAINNAINITA AT trans ligand A
H > PR3 >S8CN™ >1 ~ CH; ~CO~CN™ >Br  >Cl~ > NH3> OH™

** g4 W IAAANAZEY TT-bonding effect = CO, CN- SATIAANNUTIUINNAW
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1. Substitution Reactions

(2) ZT-bonding effect

- #1 T 1flu Tt-donor ligand = Pt** 42T d_ uaz d , Tun1aifia TT-bond
peiaudausafiu ligand T = ligand X A9aa1888n91n complex 418 = rate 159

ifeRersnanane T-donor AIRLAINEI170 D154 trans ligand e
C,H,~CO>CN~ > NO; >SCN™ >1" >Br~ >Cl™ > NH,> OH"~

~ 1 T il t-acceptor ligand = e aviAdaudingan P2* w1 ligand

orbitals = 1fim TT-back bonding Bgnaudeussriu P uazuieusendn G-bonding =2
E, (31 o) daallaifiey E, (U a uaz b)
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

WeNe 1304 uas Ty aNITINTT WINISAa LA trans ligand [HAI

strong G-bonding ligands

- i _ S e
T-aceeptor llgands ¢~ eN~ ~ ¢,H, > PR, ~ H™ > CH; ~ SC(NH

o) > CgHy >

NO; ~SCN™ ~17>Br~ > Cl >py NH,~OH  ~ H,0

Tt-donor, weak O-bonding ligands

2. Oxidation-reduction Reactions

aaa

- UfiABen redox  TuansUsznaudeden Sinafeadesiunisanslon
e ‘i?&‘WﬁNéTﬁ (reducer) WAZK3U (oxidizer)
~ e transfer LARTUILNINN 2 complexes BIULNBBARINARINANT

a aaa Tsz o &
Wnelfjizenlaesi
& - & o ag
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Reaction and Mechanism in Inorganic Chemistr

2. Oxidation-reduction Reactions

(1) inner-sphere reaction 2 2 complexes finnnsenelan e
FLATINUHU ligand Fimtingi bridging ligand

(2) outer-sphere reaction 22 complexes dinlndnuudaifinnig
drelan e Tnalif bridging ligand

Rate of e transfer #N15afAnNENFna1eds mewurjflﬁuﬂgﬁummgﬁ@%

121 599HTHADY ligand, FLAUWAINIUTEY 2 reactants AUHIZANT, solvation 288 2
reactants g

2.1) Inner- and outer-sphere reactions

— i1 ligands 289914 2 reactants Eatupsinauienss way En1TulAsULIA

1w coordination sphere 5311919ifim e transfer = Ujf3en9zifianm outer-sphere

mechanism #egadu  [MnO,J” + [Mn*0,*” — [MnO,J*" + [Mn*O,]"

oxidant  reductant
v
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2. Oxidation-reduction Reactions

AN 6 Finneig outer-sphere e~ transfer reactions WAYFN rate constants

Reductants

oxidant
[Cr(bipy),** [RU(NH,)J**

[Co(NH,)(NH)I** 6.9 x 10 1.1x 1072
[Co(NH,)(F)I** 1.8 x 10°

[Co(NH,) (OH)I** 3 x 10* 4x1072
[Co(NH,),(NO,)I** 3.4 x 10!
[Co(NH,),(H,0)1** 5 x 10* 3.0
[Co(NH,)(CI** 8 x 10° 2.6 x 10
[Co(NH,)(Br)J** 5 x 10° 1.6 x 10°
[Co(NH,), (DI 6.7 x 10°

- rate A¥AURLTUANNAINITNLBY e~ A9TIA1HUL potential barriers wAARBUEN

911 reductant (Ui oxidant (81
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2. Oxidation-reduction Reactions

- complexes 718! Tt-donor v3® Tl-acceptor ligands @zifia e transfer (§i5

- NH, - G-donor ligand 9=l rate 289 e transfer G‘Ihﬂfi’l

- Tu outer-sphere reaction > ligand %4 coordination sphere Taimﬁiammm
WAANENIRHE Az Rin s Asuuag

- complex flazapnnanfiaraniniugendl = ArneRusTdudl

— A NENTHEasAeunagEnn 1 e 7 transfer 41910 e orbital

FaBENLTN
high spin Co(ll) —— low spin Co(lll) + e~
5 2 6
t29 eq t2g
labile inert

madie e Tu e, Bain anti-bonding orbital aanli axyili complex 7

Hrduadies = ANIIINUELAURY
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2. Oxidation-reduction Reactions

- FABYI9YBY e transfer %4 biomolecules TauwA iron—sulfur protein

' S--.. S--. ' S--a.
: /S H /o i e
H S Fe' - H S Fe 2- : S Fg 3
S S S.
“Fe/+s/ +e- \Fe/+5/ +e- L ‘
|8-Fe—|—s = 8 Fe—|—s = _|S-Fe—|—s
T e Y
\ \ \
. . -

- §1%5U inner-sphere reactions, ligand wilsazyinntiniiu bridging

ligand e T3iLAn e transfer 5511979 2 reactants = NN 3 TUsBU FFIBLT

[CO™" (NH )L(CNI* + [Cr**(H,0)]*—— [(NH,),Co*"~CI-Cr**(H,0)J** + H,0 ...(1)

’
Py

H,0 fu ¢ cpx nampanuazunuinag Cr T co® cpx iitmnilu bridging ligand
[(NH,),Co®*~CI=Cr*(H,0)]**— [(NH,),Co**~CI-Cr**(H,0),]* wnl(2)
e transfer 321I M Co>* uaz Cr** s CI bridging ligand

v
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Reaction and Mechanism in Inorganic Chemistr

2. Oxidation-reduction Reactions

[(NH,),Co™* ~Cl=Cr¥(H,0)]** + H,0 — [(NH,),Co™(H,0)]** + [(C)Cr**(H,0)]** .....(3)

AANITUANNHEURLULNDDNIINARYBN products

- wanani wudw:Lﬁmﬂﬁﬁ‘%mmumtﬁmmﬂﬁiiwﬁﬁmm Colll) il
labile complex AYANNTT

[(NH,).Co™ (H,0))*" + 5H,0 — [Co(H,0),]*" + 5 NH,

_ @ step @3 $9fn, nisuenues - bridging ligand Tuagu cr
asnsaRgaiuazAnunliiidasann i) cpx iuwan inert (9191 radioactive *'cr
udAaRNUGAZe")

— finsfnenfiu inner—sphere mechanism @114 ligand  tAfinbridging
ligand ARTIgA

E 4
- WUI1 overall rate of reaction mucfmy@z‘ﬁuﬂgﬂuz step LS50

(substitution kAL e~ transfer)

v
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2. Oxidation-reduction Reactions

- WI19041 inner-sphere reaction 9¥1974 isonicotinamide complexes #HA

#1197 11U [Cr(H,0),J** = rate constants WAANAINTN 7

M3 7 rate constants  289UAFE1 redox  FE1IN9 isonicotinamide  complexes
(oxidants) #HA#AN9T AL [Cr(H,0),]** (reductant)

[(NH,CO-C_H,N)Cr(H,0),I** 1.8 } rate TnFifzarin (e tronsfer

[(NH,CO-CH,N)Co(NH,)I>* 17.6
[(NH,CO-C.H,N)RU(NH,)I>* 5 x 10°

NI e, orbital)

- 991NA139 92ifin e transfer 910 [Cr(H,0),]** (reductant) Tugs oxidants
Treirm bridging Iligond (is?nicotinqmide, NH,CO-CH,N) .
- rate ﬁzj\m’ml,ﬁﬂsf% oxidant {34 Ru(lll) complex iiB9a1n low-spin Ru(lll)

5 §1#141950 e 1 transfer 41910 Cr(Ill) complex = @ dies

t2 - N
9 Wanussune 519390 An 333 tafialunad 2
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Reaction and Mechanism in Inorganic Chemistr

3. Reactions of coordinated ligands

aaa

- Ufiii%a12m9 coordination compounds daulnajaziiu substitution daNTfe
oxidation-reduction

- dmulgAsenfiidauiions ligands  azwulFtios dnwulu biomolecules
Tneagtuguans organometallics uazdiasl¥nanninig biochemistry wneduny = Tu
unilaznanadudisdniies

- wudufloanstaluianavinniinfidiu ligand (41 coordinate 11 metal 1A
\fiu complex) = ligand azfannifnaaululanaayinl complex \faLfAze [HATY
(labile) viaaLepssin AR BiAnTwEnsta

fangi19n8d reactions 284 coordinated ligands 1234

1) Hydrolysis of ester, amides, and peptides

- Gfuﬁlx‘iﬁ%‘ﬁm amino acid esters, amides, LAy peptides #1N1FALA hydrolysis
Tatanzius
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3. Reactions of coordinated ligands

- wudufloasmaiiiAn complex U metal ions 199 i Culll), Co(ll),
Ni(ID), Mn(11), Ca(ll), Mg(ll) - labile complexes - qufn hydrolysis TG”]L%Q%‘LJ,N"m
2) Template reactions

- A191iA complex formation W& THN199AIEL ligands § geometry 7

'
aaa a

wisnzanTunsfinUffsenfifiesnns 2 rate 15984 v lKlAsea’ne product 7
$09n15 (HeFeuiisuiumenlss metal ions)
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