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Kinetic and Thermodynamic Stabilities

UNUI

A15UTZNRUANUNS ILARETRALLAULEDYTUANFIAY

nsTNAUEDesiUewY gainnsiiavesansusenautiulninlaavsaliniels
anenils 9 arstudethidewas mnusou setadhlunmsiinugisetuaisuis
gzl awnsaivansuulilduiuniely 1Wusu

BDYININ NIDAMNLEDYS (Stability) vesasusenauatiunid lasanigag198s
asUsEnaulegau (Complex) Msaasusenaulaeasfudu (Coordination
compound) @unsauuseantandu 2 Useian fAe

- ANULEDETNNRaUFEnS (Kinetic stability) way
- m’mma&ﬁmﬂqmiﬁwamam% (Thermodynamic stability)
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Kinetic and Thermodynamic Stabilities

UNUI

ANULENYINNIAUAENT 2 NI1T09INAWIRL (Reactivity) Tun1siinuAsen
manotunsg leevihlulawn Ugasennisununawnue (Lisand substitution)
UfiAzen3nend (Redox) tTusu

ANLEDEINRUVNAFIERS AEluufiansanINA1AINYedNINAYeLEnsUTENaY

(Formation constant, K)

AULADESNIaRIUT NN T T UADIFUN LS AU WU @15USenauldedouniaIy
adysneunnaransonatzliiatesniaaueans

ANNFNLINNITANY AR TN IMVTRANERES VRS Azt luganunlanaln
YoInsinU iz msaiiodunidgeaznanasuundaly
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

ANULADYTNINIAUAIANITVDIETUTENBULTNZ U 2ZNAITAUNIN 5@’5%%’3/@’3’]%’56&1’3

lunsiinuffsenvetansussnaudsdau (nduujiseveslessudsdouly

a A

a1sazans) lown UfAsen1sununaunua dgnsenlelewelsietuy Ujiseinisans

loudiannsaunsenyflandu Wuau

UAse1nsunundwnuaiinisdnwuiniian wWeinfenudfiisenladiieainnis
WaguAveIansUsENaudadou Anwiwasamuaudiusianainvany wu viiauas
Usz9uadlanyazmnaunaly ¥UnAvaIannue
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

*  ANUERIINIRAUAERTHAEAYINEITY Lakn Inert (1RoesaUfAzen) was

=

Labile (Falsiaufiisen) lae

%

- asUsEnouledaunsnsuislumainufisengs daduas labile (Jodla liiadies
NNAAUAIARS)

%

- g1sUssneudegauniisnsniilunisiinufiisennn daduans inert (1898 L@dasma

AUAERNS)

* U (Taube) Woaduneiieaiu A39TIRvaUA381 (Reaction half-life, t, ) Fadu

szuznadlglunismeludnnuasanisesasisuaululiizen wazihnlddy
RANLAIINITUNAINULADYTNINIAUAIANTVDIENT bADN 0N A9l

ATITINYDIUNNTEN (t

5 ) ladifu 1 w1t daduansi labile
5

A15USLNOULTIYBUN 2

) D

a15Usznauletauniinsadinvesuisen (t, ) wunan 1w Saduansn inert

/2
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

*  auaiResaufnzen WlenuieauitasasduusazsiialiifnUufizeniu we
wuneds szeznaiviuiiserauiandadagionaldatunududalug 1uiu
wiseorauulumou Wusuy

*  finsandegalessulansludvhazaenduli suiinlesoudeulignsvnlufe
[M(H,0) )™ iWlatinaunuaviinduatluansaragaeinansununawnumiag fiq
Unaenguns (1.1) uag (1.2)

[CUH,0)J* + ANH, =~ [Cu(NH5)(H,0),]* + 4 H,0 L(1.1)
e TRIRTEY
[Fe(H,0))* + SCN™ == [Fe(H,0)s(SCN)]* + H,O .(1.2)
1900U LAY

Ufsedanalunisunuil H,0 fedunualvi fis NH, wag SCN lngufisenas
Ane81999nL57 dunpainnisiUdsudvesansazans
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

*  yonanil ansUszneu Fe(NO,),-6H,0 Wierinavanethazeglusuves [Fe(H,0) 1%
faud® {WunsnezAd (Aqua acid) kasuandali [Fe(H,0).OH*" uag H* deaunis
(1.3)

[Fe(H,0)* =~—7 [Fe(H,0):(OH)I?* + H* (1.3)

1179991 AADY

lpgnuindei@unsa (HY) agyinlianududueed H g9 wagtinnssuniuaunany
MaNYad ey madie (Le Chatelier's Principle) denalminufisendounduuneaglugy
¥84 [Fe(H,0) "

[Fe(H,0)J* ~—= [Fe(H,O)-(OH)JZ + H* (1.4)
1179091 —~————— VR T
Ufjisendaunay Bunsa
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

* [Fe(H,0) " aunsagnunuimeiunualavateviineg1wwaiilas vnawnua by
AN TUGIINIWe i launaveslisenlutnant fsauns (1.5) fis (1.8)

[Fe(H,0)? + CL- = [FelH,0),CJ* + H,0 ..(1.5)
WaD9

[Fe(H,0)ClZ* + PO,> =~ [Fe(H,0):(PO.)] + Cl- ..(1.6)
Talaidid

[Fe(H,0)(PO)] + SCN- = [Fe(H,O)(SCN)J** + PO,*" (LT
b1

[Fe(H,O)(SCN)J* + F-  ~——  [Fe(H,0)sF1*" + SCN- ..(1.8)
Talaidid

a1suszneulsdeumartiiuansusznaunguiodls (labile compounds) 34
AnUAAzleaE19390152
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

A9819Up9E15USENaUYS 0 loaa 1T aUNReY (inert compounds) LYY
[Co(NH,) J** laganunsaaanadilaluan1iense uwaldhaivateuilaamgiiies o3
dun19 (1.9)

[Co(NHa)(> + 6 H,0* === [Co(H,0)* + 6 NH* .(1.9)

NUNEIUTENBUTGaUNIIUANTN (Octahedral complex) 51N UETUBE MO
nansdinisiniseadidnaseudu d® waswinasuseneudsdoualumi (Low-spin
complex) ¥a4 d* d> d° dniinuisent (inert)

d” d° d'° gaduansusznauldsdeuniadli (labile)

d® fAnuledliviunans

dmSuanIUsENaUTataudInSasEuU (Square-planar complex) dvuluajiliwalily
Juans labile sniu d® Na1susenauiluy inert
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

M1519 1.1 wudlduanudadblunsiaufizenvesansussnouiegou d”

YUAVDY y .
. 1208 (inert) Urunany (moderate) ja9l7 (labile)
#15Us5snauLYeYau
NIIUANLN dt g2
d?;
o d° d* d° d° (atueia)
d* d® d® (&duan)
d'r" d‘) le
TRGERATRN o (ellusn)

(‘ﬁm: Miessler, Fischer and Tarr, Inorganic Chemistry,5th edition, 2014: 441)

*  nnsalfing1m [Fe(H,0),1° Fadu ansusznouidadoualiugaues Fe* (d°) aziimnuiadh
fenTAnUARTINITUIUR Faaunis (1.5)

* & [ColNH,) > iluansusznouidedoualiumves Co* (d) flandRusimandulaezunniufn
(Diamagnetic) 3udesuarldnalumsiiauiizernsunuidendieuny faauns (1.9) 3
#00PRRIUTRATUAINI519 1.1
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

1.1 A1595UMAMNIB49L2 (lability) vasansUsenauLdedaunsanunninlag 1y
N WUsIaUS (Valence Bond Theory, VBT)

MIUNGEUsEIaUS Nusyluansusenoulidounssantnaziinle 2 anwus
Lastsunmueaiiiia (orbital) Nlvlunisiiniiuss Aell

" grsUsenaultetousasinatuuen (Outer-orbital complex) LWuansusenauldadouniin
d-orbital Fuuen 31U 2 easta wldlunisiialauslawduwuy sp’d?

" grs5Usenaultetousaiinatulu (Inner-orbital complex) LWuaisusenausdedaunin
d-orbital Fulu 91w 2 eesiva uldlunisiialsuslawdunwuy dsp?

A o ‘:i

(manewe) d-orbitals vis 2 0e30via Wlilumsiinlauslawtu Ao e, set Falaund, ,waz d,,
W)
o] VBT asnsaldviiunelainasuseneudsdounsiuianinsiinladuans labile 3o

a1s inert Aatl
11
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

A o

1) ms‘dsuna‘uL?Neziauaaswa%’uuan aAntdu 819 labile

F0819 U @15USENaULTNauYad Crt (dY), Mn? (d2), Fe* (d®), Fe? (d°), Co® (d") way Cu®t (d°)

ﬂgﬂﬁmﬂmmuwaLmummmlﬂasmﬁ'mm iesannlangiinleusladunuy sp’d” 4

[

Hueeitatuueniiin (s 1 oasdvia Ty p3 0930via uaz d 2 957 (e, set))
- lav3neeilvadiuan 6 eesiail wrfugdidnnsouandunudiideusouia 6 ¢ 1o
Aniuse drudianaseuredlansiosaznszageglu d-orbital ulu vilviiuselaiudusauas

AnURATENIsUAladY

A o

2) drsUsEnauiedausastitatuly wuldie a1s labile wag inert

6

- Blanaseuveslanyazussqlu d-orbital Fuluams t, set (d,, d , d ) drueeilia °s

set (d,, , Uae d, )%uiu%aw wazianlfiAnleuslawdunuy o’sp? ilesugdidnnseuaindunus

V]ﬁ@ﬂJi@‘U‘Vlﬁ 6 ﬂ

v
U

- nsveesiviatulumnldlunisifalausaeastva v liiuseiANLLIILSILINAIINTO

A o

GU?N?{’]i‘Uiuﬂ@‘UL"UQ‘?ﬁ@U@@TU‘VIaGUuuaﬂ
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

A v

2) gsUsznouLidausaititatuly wuldie a5 labile waz inert (si0)

%

A1179417 (labile) #38L208 (inert) JNNNANTUNRIL

2.1) arsUsgneusdetounsatamheasivasuluiiiodlamoufiase) (inner-orbital labile

octahedral complex)

ldunansuszneuBstounlessulanzdnodiannseudu d° d' ¢ iosan t,, set aes
oy 1 093501alilidianaseuUssged (9913719 1.2) J9au1503UaBLEaNATOUINARNUADUNTINN
LaziinUgAseNsununled nisunundniiarudumesiivenniliavlasesauduwiniu 7 fagy

1.1 - L L
L---‘ ------ L e L x---‘ ------ L
:”\M/;IX*"\M/’—M *"'\M/‘P
+ —~—— ! L — ’ ’ + L
F ’ 7 ) / ’
L!K-I--EL’ X(/ >|_' |_‘r _____ I_-XL"r
| Ly |
L L L
ML ML X ML X
6 6 5

5U 1.1 Msifinujisenrsunuindunuavesansusznoultadounsawuaniwila labile 13



A15°9 1.2 nnsyedannsen d" vedlesaulanglueaiiva t,, wasvosBunuddmsy

inner-orbital octahedral complexes

Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

n1snsza1ediannsauvadloassulany {T waz/vda )

wardidnasouvasdunus (X) Examples of
Complex d" d s P central
tog metal ions
YZ XZ Xz_yz ? P py P2
Inner-orbital Sc*, Y3, Te™,
labile octahedral 2™, Hf, Ce™,
d’ XX [ XX [XX | XX | XX | XX N
complexes Th™, Nb™,
TE15+, MDEH’ W6+
. T, Vv, Mo®,
d XX | XX [ XX [ XX | XX | XX
W5+, Reé+
Ti2+, V3+, Nb3+,
d? T XX [ XX [ XX | XX | XX |[XX | Ta* w*, Re™,

Ru6+

NA.ASLNYTAN AUNIA

Unns@nw 2/2565
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

9/
v v

2.2) arsUsgnausedounsatamheasivasuluiidessoUiase) (nner-orbital inert
octahedral complex)

lduAasusznoudstouiilossulanydnBsdidnnsouwdu d® d* d° uag o Lileann
liifloasivialu t,, set 319 (winzoeidvinlidiannseuussgey) Isliannsaiugdidnniouaind
unudduLiaAn AT M IunLlFRsreuiuRessenBinU AT

n13nszaediinasauvedlossulans (T wazste ¥ )

nardlannsouvaaunug (X) Examples of
Complex d" d s p central
tog e, metal ions
| vz | e | Xy 2 P | Py | P

Inner-orbital VE P, Mo,
4 |71 T 0 XX | XX | XX [ XX [ XX | XX e
inert octahedral W, Mn™, Re™

complexes [CrCN)eI",

d* PN | T [T [ XX XX [ XX [ XX [ XX | XX | Mn(CN),

RES+, RU!’H, OS!’H

IMN(CN)I™,
d [N N [ XX [ XX [ XX [ XX | XX | XX | Re, [Fe(CN)J>

3 3+ .4
Ru®*, Os**, Ir™

[Fe(CN) %,

RU2+, 052+, C03+ 15




Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

1.2 N1595UMAMNI04912 (lability) vasansUsenauldedounsanunninlae 1
naufaurunan (Crystal Field Theory, CFT)

naudauIuNan (CFT) anunsaldvinunednaisussnoultidousiiale labile 3o
inert IdlagfiansanainnalnnafinuiAsoinsunuiiaunus uasansgadendany
@nesnInluawIungn (Loss of Crystal Field Stabilization Energy, CFSE) 9898ulnasil
e (intermediate) Wieufuansagu (reactant) #ail

Loss of CFSE = CFSE (intermediate) — CFSE (reactant) ..(1.10)

" wAeufiseinisununaunuadiunalniuusnnga (Dissociation mechanism) %38 S, 1

mMsuandvesdnnusinazylnandumesiifunaalaoasiudu (CN.) wiidu 5 3
flasahraduiiselingiudivaeu (square pyramidal) uazilauannsanasnnssuuanti
(octahedral, C.N.= 6)

Loss of CFSE = CFSE (square pyramidal) — CFSE (octahedral) (1.11)

16
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

" JieufisennisknunawnuaiunalnuuuTIne (Association mechanism) #5e S, 2

NSIUNNTINFRIALNUA bLAzYI lAnBwnesiineaavlanDsALLTY (C.N.) WAy
7 Tassafradunseiinagiuiimdey (pentagonal bipyramidal) Hellanunnsanasainnsauun
NUNGUAY

Loss of CFSE = CFSE (pentagonal bipyramidal) — CFSE (octahedral)  ...(1.12)

31NNISANBINIIAIUNALNNITANUHATEN Basalo way Pearson lamuiuen
MsABuLUAs CFSE vidaAmdsanunsedu (E) veaufAsennsunuiaunudly
asUsEnaudetauatugs (high-spin complex) wavansusenaudetiaualius (low-
spin complex) dmiunalnnISAAULATEIMUURANFAILAZLUUTINAD LAAIAINITIN 1.3

NA.ASLNYTAN AUNIA Unns@nw 2/2565 17



A1519 1.3 Ansadendsnuaiesamluauiungdn (Loss in CFSE) Tumiig Dg vesdumesilinen

Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

Wisuiuasneiy dmsunalnueaufizenI s nunELnNUALUURANFIREZLUUTING

Dissociation mechanism (nalawuuwangn)

Octahedral (oct.) (C.N.=6) —>» Square pyramidal (sq. py.) (C.N.=5)

d" strong ligand fields (low-spin complexes) weak ligand fields (high-spin complexes)
Oct. Sqg. py. ‘ Oct. 5q. py. ‘
(CN6) (C.N.25) Loss in CFSE (C.N.26) (C.N.5) Loss in CFSE
d° 0 Dqg 0.00 Dqg 0.00 Dg 0 Dqg 0.00 Dg 0 Dg
d! i 4.57 0.00 4 4.57 0
d’ 8 9.14 0.00 8 9.14 0
d’ 12 10.00 -2.00 12 10.00 -2
d* 16 14.57 -1.43 6 9.14 0
d’ 20 19.14 -0.86 0 0.00 0
d° 24 20.00 -4.00 4 4.57 0
d’ 18 19.14 0.00 8 10.14 0
d° 12 10.00 -2.00 12 10.00 -2
d’ 6 9.14 0.00 6 9.14 0
d' 0 0.00 0.00 0 0.00 0
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

Association mechanism (nalnwuusaugia)

Octahedral (oct.) (C.N.=6) —> Pentagonal bipyramidal (pent. bipy.) (C.N.=7)

d" strong ligand fields (low-spin complexes) weak ligand fields (high-spin complexes)
Oct. Pent. bipy. ‘ Oct. Pent. bipy. .

(CN6) (CNT) Loss in CFSE (C.N26) (CNZT) Loss in CFSE

d° 0 Dg 0.00 Dq 0.00 Dq 0 Dq 0.00 Dq 0.00 Dq

d' 4 5.28 0.00 4 5.28 0.00

d? 8 10.56 0.00 8 10.56 0.00

d’ 12 7.74 -4.26 12 7.74 -4.26

d* 16 13.02 -2.98 6 4.93 -2.07

d’ 20 18.30 -1.70 0 0.00 0.00

d® 24 15.48 -8.52 4 5.28 0.00

d’ 18 12.66 -5.34 8 10.56 0.00

d® 12 7.74 -4.26 12 7.74 -4.26

d’ 6 4.93 -1.07 6 4.93 -1.07

d* 0 0.00 0.00 0 0.00 0.00

NA.ASLNYTAN AUNIA

Unns@nw 2/2565
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

1%

Joyatunseanusaiiunesiuiganuduius eI et e sy
auunNan (Loss in CFSE) agAuIaslivasasusenauidsdaunsauuantintunis

Y
v A

AaURATenIsuN lasedl

*  asUsenaullietaunsuwesiifenilal CFSE gauninansasy fadnligaydendsany

U

i@nesnwluauunan (loss in CFSE = 0) wazantduansusenaumetauiiedli (labile)

*  asUsznouliegoundumesiinenilan CFSE Aasninansaeny inlraindasny
adesnluauunanfnau wazdaluasusznauledauni@essisujizen (inert)

* Amasnuanssnluauunangwieaunin Gelwunliueesanisiinuiseuin
119991N9 M NS UMBSHLAUANILED SN INANAIDEINUN

INMTIIUILAMNIDINIVDIENTUTEND UG U UAnTNTineg o lagld
N13ATUIUTDY Basalo Way Pearson auvguf) CFT WathluiSsuiisuiunislangud
VBT kagn13391891uv8s Miessler wazpaz ajulaninisng 1.4

NA.ASLNYTAN AUNIA Unns@nw 2/2565 20



1. AMULENYINI9aUAIENS (Kinetic Stability)

A1514 1.4 wurlduannudashassasusznou@agpunsaulanin wWisuifiauszninamegef VBT

naud) CFT uaztoagUuas Miessler wavany

Kinetic and Thermodynamic Stabilities

" wurlduarmdadlavasarsusenau
nquf VBT nguf CFT Miessler uazanz”
d° d, d? - Wuansusznevesina - alagyidendsan -d!, & desh
Fuly wdesninluauiundn - Liil@nanatia d°
- Binnseuveslanzeglu t,, | - Jedlaianalauuusond
set Uazllpasivianuvieny | Lasunned
- Jodbaufjizen (labile)
d? - Wuarsusznoveeitva - Amduadesnwly | dessdeuien
Fuly AuUNANAAaY
- Binnseuvedlanzetlu t, | - Wesenalauuusis
set NNe8TUNA LaTULANG?
- idousoufATen (nert)
o o5, df | alush | illes (iltounsdl o) ey (witeunsdl d) ‘HosseufATen
aluge | WuansUszneveeiiia - 5, d Jedhaaemnaln | Jeshadeufisen
fuuen WusrAdhiuausuar | - d* Jeshdnwiunalawuu
AU umuilaig uand uasdesdniy
(labile) nalnuuuuds Juiuen
wauadysawluaum
Wan

21



1. AMULENYINI9aUAIENS (Kinetic Stability)

A1919 1.4 wuiliuaudashvesarsusenouldsgaunsananii wWisuwisusswinmeues VBT

neud] CFT upztadasuved Miessler wazny (f0)

Kinetic and Thermodynamic Stabilities

" wuAltuAMdaelvesEsUsEnau
nquf VBT nowh CFT Miessler wazanz™
d’ Jothy (wmllounsdl d, d°, d° | - daulvgieds Joalsieufisen
Atugq) - anriuEsUsENRU d’
atusaedessouiize
nalnluusINN
d® laildnani Bestanalnuuusiuda - Junand
LAZLUULANAT - @osdaUfATen
T duansuszneu
InFasyuuatiush
d° Joaly (wmilounsdl d, d°, d® | - Jeshiddunalauandy | Jedhsdeuizen
aduga) - @esdudunalnguen
d1o ailginaila Jedhienalowuunud | Jedkiteufise
LaEULANGT

NA.ASLNYTAN AUNIA

Unns@nw 2/2565
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

1.3 U29gNinasnanutangsn1evaudans

" J52q204l000UasnaNNATY

9YABUNANNTUILIUINGY FFINABLANATOUTDIALNUALALTINST d15UTENBY
WegaudtlanuanesikaziinUufisen1sununaunualaein (inert)

fagndy asuaNdedhvesdisen [AWF P > [SiF > > [PF] > [SF]
U529984l900U0sAaUNANS +3 < +4 < +5 < +6

Q91/ [V RNV [~ aaa al' g
uaﬂsﬂqﬂUQqﬂﬂqﬁrJ@@ﬁiqLﬁ?sﬂaﬂﬂgﬂiﬁﬂﬂqi%aﬂL‘Uaﬁluuhl (Water exchange
reaction) AasalUil
IM(H,0), ™ + 6 H.0* —> [MH0%,1™ + 6 HO (M = Na, Mg, Al

WU 895153909 [Na(H,0),]* > [Mg(H,0).J*" > [AUH,0) I
Uszuadlemauosmaunaly +1 < 42 < +3

23
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Kinetic and Thermodynamic Stabilities

1. AMULENYINI9aUAIENS (Kinetic Stability)

" SAvdlasaunznaunang

a1susznaudideuiilossusvneunatsiivunlvg Buinufjizenlan (labile)

maghadu drsumndiadhivesdisen MgH,0) % < [Ca(H,0) ] < [Sr(H,0) J**
Tnofivunslosouozmounana (A) 065 < 099 < 113

" 1a596319099815U52NaULTIH DU
Tnewily wuihansuseneudsdouditiaulnoesiudumingu 4 sidlaseadned

Hunssavti (tetrahedral) wardnfaszutu (square planar) fuliunainufaseriosh
A (labile) WefeuiuasuszneudstouiisenadosiunniiavlaoasAiudumingu 6

asUsznauideuiifiavlroasmudu 4 9xiifinsseusznounalsun aaaliannus
Tvsiiianlding iaduansdumesiifesfifiarlasesiiuiu 5 uazmisnhltAnnsmgauedd
LnUAAY TuRaiinUARsensunuiaunuiiunalnuuuTINd (association mechanism)
PRLIRNET!

[NI(CN), 1> + 4 MCN™ —> [NI(**CN),J* + 4 CN™ (§m9115789)
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

* ANULEDYININRUNNAFNENSVBIANTUTENB VLT DU FENANTAUNAIN ANAINIVBINSLAN

#15Usenauliedfaul (Formation constant, K) 4

* JaduNinanannuadesnIQUvnarans WY aamnl ANUAY AUNTY Yinves

lavenazannus Wuau F9azlanaidessly

o

* nsuenAEiusazimdduiieades Iaun stable (afius) uaz unstable (Liades)

(%

1
1R8N UNNANT U

asUszneudedouiian K i daduansil unstable (biiafosmegammanans)
7

D ﬁll

ansUsenaudadaunien K. g¢ Inuansh stable (l@fusnisgaumnanans)
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Kinetic and Thermodynamic Stabilities

2. AULENYINIQUNNAAIEAT (Thermodynamic Stability)

f8e19n1511AT K. 389 [CuNH,), 1" lusivihaganein azusenausiy 4 Tumnau fe

P9 1:

[Cu(H,0)q*" + NH; [CU(H,0)5(NH)?* + H,0

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

K. =
T [CU(H,0), 2 IINH,]

[CU(H,O)(NHL)I** + NH; ~—— [Cu(H,0),(NH,),]** + H,0O

[{Cu(H,0),(NH,),}**]
. - [{Cu(H,0),(NH; )P 1INH, ]
[Cu(H,0),(NH5),1% + NH; =~—— [Cu(H,O)NH5);J** + H,O
[{Cu(H,OXNH,),}**]
K. =
5 [(CUH,0),(NH,), 1 TINH,]
[CUu(H,O)NH,),]" + NH;,  ~——  [Cu(NH;),]*" + H,O
[{CU(NH, ), "]

% 7 [{Cu(H,0)NH,), 2 TINH,

-(1.13)

-(1.14)

..(1.15)

..(1.16)
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

4o A K, , K, , K, Wag K, Aa formation constant ¥@%a5Usenauidetaud

AR UlULFazTUNDUAUFIRU

Y
U 1 U

JUU ﬂ’]ﬂﬂ‘l/li’m (Total formation constant, K wmlm’mﬂgﬂim’i’m B!

Uf3E1593: [CuH,0) 1> + 4NH, S [CUu(NH,)J** + 4 H,0 (117
[{Cu(NH, ), "]
Kie = 2 q Kfi - Kfz- Kfa- Kfﬂ
[{Cu(H,0), 1 1INH,]

A1 K. venldiitesrueatiosvesans (stable %30 unstable) ufe ansUsznou
Fadoutiu induldieieds wildannsovenldiasiuariedhrensiiauiasevdols
Tnedosdnunlundvesdniifivesfizedadunsuenanuatissnsaumans (abile
130 inert)

27
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

AINLANEIUIAY ANULEDEINIAUANENSHAT I NaAEnS T T U D

duiusiu 1wy ansUsgnaulisdaunianuadesniguvnanans 819784hson1s

AnUfATen (Liadesn1eauans) Aemaeg19lunisng 1.5

M504 1.5 AMRINTeIN1sfinasUsenauldsdau (Formation constant, Ky) wazdnsnisiuaaufjizen

nsuaniasudunug (Rate of ligand-exchange reaction) vadlopaulatouuisviln

looauLtedou Ke é’mﬂL%quaaﬂﬁﬁ%mmmanL‘Ll?%ﬂuﬁl,muﬁ AULEDYS
[NI(CN), 1> 10% 5110 stable/ labile
[He(CN),1% 10% 57170 stable/ labile
[Fe(CN)¢*~ 10" it tly stable/ inert
[Fe(CN)gl™ 10% G stable/ inert
[Pt(CN),J* ~10% t, = 1 U stable/ labile

(‘ﬁm: Douglas, Daniel & Alexander, Concepts and Models of Inorganic Chemistry, 3 ed., 1994: 487)

NA.ASLNYTAN AUNIA Unns@nw 2/2565
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Kinetic and Thermodynamic Stabilities

2. AULENYINIQUNNAAIEAT (Thermodynamic Stability)

2.1 U299 iNafaANUERsTNIQUUNaAENS

= Jasn19danandau (Environmental Factors) tatin

1) NAYDIYUUAY
asUszneudadeuiifaunusaatasadne (Volatile coordinating
ligands) 1y H,0, NH,, ethylenediamine (en) 1udiu avilansiadiosvisgasmanan e
(less stable) tipsndunusimaniazaanailaieiielasuaudou

178-180°C
DL [Co(NH;))Cl; —>  [Co(NH3):s]Cl, + NH, ..(1.18)

[Cr(en);]CL; E}C [Colen),CLICL + en ..(1.19)

paunaiidienvibiianisilasuilasluiglavesaiutu (Coordination sphere)

9 Y

94 @15Usenauldedauld Wy tAnn1suanUasuniusenInelenaun 18 luLaZA1gUDN19AY

Uiz lnedaunnaindvesansusenauadouniiuasuly
45 °C
AgHglAgla] = Agy[Hgly] ..(1.20)
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

® Ja9sn19dqnaau (Environmental Factors) 1o

2) HAYBIAIUAU
ANuAUTnInNanaNsUauLlaIfifansiinUisendauna anunan
YBUAD VUNBEAWS (Le Chatelier) A79E19 LU

A
[CoNHA)JCl, =—— CoCl, + 6 NH, (1.21)

NAvRIgUNNIitd NH, gaaintassasisnanaiule agralsinig mnuiy
auau neldusseiniaiilu NH, agviliAnaunaluluiirnisdounduls

" {J998999A21U YU (Concentration Factors)

a1susenauvanysianiauadusiuan uzveude nauliiafesiids
avanein (uualansasarevadinuieglumnududugs) Wesnnihdadudvhazaiend
USUUUNALLUWNUNALNUALAL LA9Ne

30
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

A H,O

[CuCl -—T“‘ [Cu(H,0), 12+ (1.22)

A0 ooy

Mnaunaraslfizen e [CuCl,)* aganain dunua H,0 iunuilade ey
Cu(H,0) I** wigiiiuauiduduredunus CU lnan1sidid HCL vise LiCL Avgla [CuCl >

FEAMADINTUL
waNI1NL NavoIRNMUTNTUYRIARNUARsTlniuluasazany ilmaan sty
sEinvaknuAtunsRnUAATeN TN wdinluasussnaulltounuaneaiy

MDY LU e
[Fe(CNS), >~ —~—— [FeF " ..(1.23)
. 6 CNS
U aLAaLYl Taluiid

ANHNTUYRY F- 1niune aglnansusenauedounea [Fef * Felilid
LANAUTUTUYDY CNS™ 1NLAUNE FLAANITUNUNVBIELAUA CNS™ wazla [Fe(CNS), >

1%

FAFUIN LAV 31
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

" pavadlevaulanaznaunans

1) yunvadlasau (Cationic size)
TooaulaneaemnounaledslvuIalan LLAANUSEAUALAUALADENS

LTS @sUSENaUTNYaURLANULED S

2) Uszyuasleaau (lonic charge)

levaulanzezneunarsifvuinlndifueiu lessuiiiuszgnitaziage
BLANATOUVDIRLAUALALLAANUSEAURRAUA bATILTINIT @N5UTENDUTTBUILLANULEDYS
11NN (RA1NAT Formation constant %38 Stability constant, log B) fiiaeeuanen

13719 1.6

32
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M1514 1.6 mamaaﬂﬁzﬂlaaauﬁiammLaﬁﬂﬂaamsﬂﬁzﬂauL%a%’aumaa Fe?t Fe*' uay Co?*, Co’*

Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

. vuIAvadleaau | Stability constant .
looowideday | Ui2quasaznaunang . AULEDYS
agnaUNag (A) (log )

[Fe"(CN)s* +3 0.64 31.0 T L

Wiy
[Fe'(CN)I*™ +2 0.76 8.3
Co-complex +3 0.63 higher L
Co'-complex +2 0.74 low B

3) AURUILUUYSEY (Charge density)

ANUNUIMIUYIEY AwalaandndsenInelseydeseillesou Avaunis (1.24)

Charge density () =

charge

ionic radius

..(1.24)

YINAAMUNUIRUNUTEUIN Lansilesaulaneanusafnganasiniuseiua

LU Lon ilransusenauidsdouliullnueie snisguvnanians (stable)

NA.ASLNYTAN AUNIA

Unns@nw 2/2565
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

A0819 LU @15USLNOULTNEOUYRY FeXt 1niANULdngsuINNI1d1SUSENaULTIUaUUD S

Fe?* Mildunuavilaiieiv iesan @, > Qredl)

Orey = —— = 4.69 (stability constant, Bregicomplex = 10°%)

Orey = 2.63 (stability constant, Bregcomplex = 10°)

v A

1NAUNTS (1.24) @15UTZNaUTITaU loaauasnaunastluseaaLazsSAll loaauuualan

TY

HANUANYTFIE

a 3

" NAYDIALNUA
aunuantenldluniswssuasussneudstou dnliezneunliadidnaseu (donor
atom) NHABLENIMTIUNIEIR (Electronegativity, E.N.) g4 11 C, N, O, S, viyjanlaiiu

(halogens)
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

" AUDIALNUA

IS %

NAYDIALAUAFDAINULEADYTUDIE1SUTENDULTITOU HAILl
1) YuaazUszyuasaunun (Size and charge of ligands)

- nsflakNUANUsEy nUszauniasdvunndn agviibiinasusznoudsdoun
LADYTUIN
1 LU L LUANULED S URIANSUSLNRULTIEOUANNYNAUDIAWAURA F~ > CU > Br > I

- naflawnuAkiiuszy (Junans) asiansanainanuiivivesuiana Awnuaniivn

gaasiiniiussivleosuonaunaeE1Tauss il suseneuldsdeulnnuaies

=l

ApgawnltuANUERgsYRIANSUsENa UL aun U invasdlnuAT iU

iy ammonia > ethylamine > diethylamine > triethylamine
ST N N ﬁ
2 .
S~ N

35

NA.ASLNYTAN AUNIA Unns@nw 2/2565



Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

" NAUDIAUNUA
aunuarlialulunums (monodentate ligand) 8siiTrunnuaziauindn dsining
@DyTUIN

2) anulutuauasdunus (Basic character)

aunuauuanuss (strong base ligand) mudenunsa-Luauesdda (Lewis)

fagan CN7, F-, NH, aglviadidnaseuled (sood electron donor) Tun1sifniiuse

afosiulossulansiduszauinganaz/vsefivunmian
3) WavadALan (Chelate effect)
fisaunufizefwialull
Ni** (ag) + 6 NH; (ag) —> [Ni(NH,)]** (ag) log =861  ..(1.25)
N* (@ag) + 3 en(ag —> [Nilen)s]* (aqg) log p=18.28 ..(1.26)

36

NA.ASLNYTAN AUNIA Unns@nw 2/2565



Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

Ni** (ag) + 6 NH; (ag) —> [Ni(NH,)]** (ag) log =861  ..(1.25)
N* (@ag) + 3 en(ag —> [Nilen)s]* (aqg) log p=18.28 ..(1.26)

ANRITeERES (B) ad [Ni(en),J** 1nnnan [Ni(NH,) 17 {199910 en W38
ethylene diamine Wudinuaviialunumeg (bidentate ligand) Wawuseiulessulans
wuuAlan (ildlana Waiusziulangld 2 stuse) Saudausandn NH, Fadudunusudaly
Tunuma (ildananafiniusyiulangld 1 Wusy) Feildasusznoudedou [Nien),1* &

AUEDEIINNTT [INI(NH,) 1

4) wavasuulaslandn (Macrocyclic effect)

a15Usenauidedeauniinarnawnuanadinunanlaseasiadurale (coyclic
polydentate ligand) %ﬁmmLaaaﬁmx‘iqmwwamam% (thermodynamic stable) 1737
ansusEneulstouiinaandunuanlases1eldidung (non-cyclic ligand)

37
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

4) wavasuulaslandn (Macrocyclic effect)

WsaRlegelgisen  Zn* (aq) + L (ag) = [ZnL]** (aq) .(1.27)

Zn2+(aq < > < ‘xzﬁil
NH P1N NH P1N

1

log K¢ o2 = 11.25

Non-cyclic ligand

NH HN N‘t' HN
Zn’* (ag) + ( > = < Py
NH HN NH HN
| | log K¢ Zn2 = 15.34

L2 119 K. = formation constant ¥84

Cyclic ligand ansUsznouldatou [ZnL]*
38
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

5) AuInYD99ALan (Chelate ring size)
a15UsENaUdetauNilAan g Ty A8dAUEDe SNQMUMNAAEASIINTY
NANTUIFITUTENOUINYDUTDY MNn?*, Fe?*, Co?*, Ni%*, Cu?t, Zn? way Cd*" AUawnuanNg

VUINUDIWALAAAN ) AU AIN1T9 1.7

A1919 1.7 HAU9IIUINVOTNAEA NHsDAIATAMEDNYS (log B) V03a15UTENR VLTI

Metal No. of Values of stability constant (log [3)
complexes | chelate rings | Mn*' Fe?* co® N cu® zZn* cd*
M(NH2)4 0 - - 5.51 17.79 12.59 9.06 6.92
M(en), 2 4.90 7.70 10.90 14.50 20.20 11.20 10.30
M(trien) 3 4.90 7.80 11.00 14.10 20.50 12.10 10.00
M(tren) 3 5.80 8.680 12.80 14.00 18.80 14.60 12.30
M(dien), 4 7.00 10.40 14.10 18.90 21.30 14.40 13.80
M(penten) 5 9.40 11.20 15.80 19.30 22.40 16.20 16.20

39
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

. /\/NHE
Tagi ~ en = ethylene diamine, NH,CH,CH,NH, H,N
HQN\/‘\N/‘\V,NHE
dien = diethylene triamine, NH,CH,CH,NHCH,CH,NH, H
trien = triethylene tetramine, NHy(CH,),NH(CH,),NH(CH,),NH,
H
tren = triamino triethylamine, (NH,CH,CH,):N
HEN\V,/\\N/"‘\/NHE
NH-
penten = tetrakis (aminoethyl) ethylene diamine, [NH,CH,CH5),NCH,CH,N(CH,CH,;NH,),

" NH,

I\/NHE

NA.ASLNYTAN AUNIA Unns@nw 2/2565
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

ANHLENYIVRIENTUTENO UG D USWUAUTIUIUBERaU LU (ring) Al
« 3-membered ring lunuansUssneuldedauuseinvililosannluianesogisunn

- 4-membered ring a15UsznaUToUUsTLANIEIN WuldanzTunguiidununidu
A1suBLUR (CO,%) luwnsm (NO,") wagdawmn (SO,*) NIdunuuaian ey 1.2

\/\ _. \/\ NN
=0 M S—
/\/ /\/ N

(n) () (@)

5U 1.2 ansUsgnoudseusynitdaneiuaunuasian (n) msuotus (v) lumnse ua (A) Fauule

» 5-membered ring WAz 6-membered ring ansALanUsENlEdsNgn wulavee

41
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Kinetic and Thermodynamic Stabilities

2. ﬂ’aﬂutaaﬂﬁmﬁqmwwamam% (Thermodynamic Stability)

5-membered ring ALL@NYINI 6-membered ring Wonzmaulu ring LWaNNUAIENUSE
Mg 993U 1.3 (1) @ 6-membered ring 3wLa0gINI 5-membered ring Weasznauly
ring LWBNAUMEY WusEABUYLNA (conjugate bond) sagU 1.3 (V)

A98191%U metal-acetylacetone complex Agl@usnI1 metal-ethylene diamine
complex 9gLHUIN metal-acetylacetone complex finsinaeuNveBlannsau (electron
delocalization) Mgluiwmiunsuging (conjugated ring) ¥inlansusenauldadoull

i@ngsninnglulaseasns

CH CH CH
J; - |3
H C——CH = v C==Q
2 2 /4 /A ;
/ \ Hc\)ﬂ == Hc\\j - }M
H N NH L N
N T T €==0
M | | |
CH CH CH
3 3 3
metal-ethylene diamine complex metal-acetylacetone complex
(5-membered chelate rings) (6-membered conjugate chelate rings)
(n) ()

sU 1.3 ensUsznauliedousewinadlangiudunudaian (n) 5-membered ring (¥) 6-membered ring 42



Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

6) NAYR9IAULNENE (steric effect)

Sodunusfisingunelug (bulky ligand) aglndfuesmewilididnnseuiioiis
Wuseulang (donor atom) ALLNALIIHANTENINIDANATOULALII AN UG TEMINdlane iy
AUNUADBURY LERIDINATBIAIUINENE (steric effect %138 steric hindrance) dwalu
arsUsznaudadeuliiafies fregauty ansuszneudsdounidunumdu ethylenediamine,
NH,(CH,),NH, aziafiesnin ansuszneuiliadounaunusidu tetramethylethylene

diamine, (CH,),N(CH,),N(CH,), Bsiivsiuidia (CH,) Wunyjuinslvg

ANLEDYS: [IMINH,~CH,-CH_-NH,),J** > [M{N(CH,),~CH,~-CH,-N(CH,) },]**

43
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

6) NaYRIAIUNZNY (steric effect)

UNINT NUMA1TUTLNDULTEDUTDY NiZ 1 8-hydroxy quinoline HA7
E@0Y5 11NNIENTUTENOUTTRUYRY Ni** iU 2-methyl-8-hydroxy quinoline fagy 1.4

ANLEDES:

sU 1.4 mmianuEies (log B) vedansusenouldeadoura Nzt fudiunud 8-hydroxy uag

Ni

\
F
N
o -2
log B =21.8

X
Ni —
N
L O_
log B = 17.8

g13UsEnoulswauYes NiZt AU 2-methyl-8-hydroxy quinoline

NA.ASLNYTAN AUNIA

Unns@nw 2/2565
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Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

7) HAYDINUSTWIYLUUNAY (TT-backbonding effect)

a 6

= a v Y] . P [
ALAUAVIATNNITOLNANUSE WL UUNAU (TT-back bonding) @btk @15UsenNau

Fedauniiafuainnuadesinn degraaunuanguil taun CN, CO, NO,, C,H,, R,P, R,As
Tt-backbond
G-bond
M =
empty filled filled empty
d-or prorbital G-orbital d-orbital T"-orbital

() ()

5U 1.5 msifinsiuszuuy (n) Wusednu wag (1) WUSENWIHLUUNAUVRIANSUTENDULTINDUTEN IS
Tang (M) wasawnuaaisuala (CO)
mMstiniusysenindansuasiunuinisuetia (CO) BiannsaualAARLIaINATUBLAY

gndalviiulaveiieiiniusy@nun (G-bond) sibiaumuuiuBdnaseusulansgey laneis
anAuLILULTesdannseu lnedgdiinnseuluseiiva d nduludieesiviaiinsvennsve

fla HuAeeesUa T AnTuRWsSENIBLUUNGY (TT-backbond) 45



Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

ASLAANUSENILLUUNE ULV AL aVE LA ALNUA D ALANYIAUD LTI
a15UsENouLiaunquildslinuanesuin

8) Jadedu &1 (Miscellaneous factors)

wanIINYTeA9 9 AVINAIUT AUERLSNIQUINAMERSURIENTUTENBY
D UD1AANTRBBU 9 LalA

. YUAVDIFAZAYADNSANE1SUTLNOULTIYDUUIULA

agau MIduATIEn INICLJ2, [CoCl ) aunsauluivinagatenlailaii
(non-aqueous solvent) LU Loanagea LN luAIYINaza1unazAnNISLNUNALAUAT
[ 5 1% VI a v 1 dy
Juidnluladeluansusenauiegouiman

NA.ASLNYTAN AUNIA Unns@nw 2/2565 46



Kinetic and Thermodynamic Stabilities

2. AULENYTNIQUNWAAIEAS (Thermodynamic Stability)

8) Uadedu 9 (Miscellaneous factors)
[ 1
« NaVDIANULTUNTA-AN (pH) VBIAISATAY

nuUIMSAnaTUsEneudWenaatssiudlewienluans ey
UNTUTDYS NTRAAAY (pH qﬁu) JHosnluanneniings dunudazsiudaiu H 91013
LANAIVBINTA LLazLﬂﬁauwagﬂugﬂﬁuaﬂmLaqaﬁﬁmmL?;Juwaaa%a (Lewis base) anas 34
Anansusznaudsgeunulenaulanglalim

WY g15UTENR UG UTENING Fe Lag acetylacetonate

(CH,COCHCOCH,") asauns (1.28)

Fe’* + 3 CHsCOCHCOCH, ~—— Fe(CH;COCHCOCH,), ..(1.28)
CH;COCHCOCH;™ + HTf _— CH,COCH,COCH; ..(1.29)
acetylacetonate acetone

TuanneNiinga (pH /A1) LNANITTINEITLNING HY Lag lopou acetylacetonate nanatluy
luana acetylacetone Mdunans fsaunis (1.29) vibAAnufAsendaaunis (1.28) lalid



