20118% F71882 71234} (20119 12€ 139) ARAETE ol & BAo] WHAHFNER (@8] 1PN LEECE &
st 5 Azdgds F7RY, 284 Tiogk vog A% AR dgd 7t
3] [ E=S
ik 1 ol WA % A%uT o Ak ot LSFEA &P EH=A,
o A 70 - 10100 Pl 5 dARY ¢ BEARAA LSFEQ)
o SAS Aloo Ay wEe HTsH 2o Ca?* 0 0
o Fudsle Ade Txd T A Ewe wo Asir]7h Holw o] T 2 08
A5e BEaw BAYNE V5 ¢ v 5 L2
o Told] AR ozl 1A A5 % dolE: whA T Hel Y - 5 o
e o Fold m Sl A& A ul Fhel: Fo] BAS A A
o WO A S, w204 A AN mE vsigel TS V9 29 LSFEZ 47 088,
. - o o . 1.2091A4%, Ca™ ¢ Mn™ 9 Bg-ole Oclth. F Ti*'sh Vel B9
Lo R Wz 342208 oJE oleo] oeAFEL WE W@EAF A& ), nEY BS
& w73 A% AA7H A e AR LSFE w3 § &
= 7] A3 dt}h wmelA Tiosk Voo Axdgs st §43] F7kg).
AANT | Ax7E OES A AL A
(Family) | (Period)
24 Cr Chromium [Ar]4s'3d® 6 4
25 Mn Manganese [Ar]4s®3d® 7 4
& ol 3. (10+ 10+ 10+ 10=40%) (a) 5919 trigonal bipyramid(A-Z3% MLs)
39 Y Yttrium [Kr]5s°4d 3 5 2% (first-row transition metal complex)oll ™3ale] d-orbitale] Zz}3
44 Ru Ruthenium [Kr]5s'4d” 8 5 S angular overlap modelS A3l o =3kA1Q. (L& o-donor #7F=.
A #Yws A 28 A 224 d-oHew 7g A
73 Ta Tantalum [Xel6s24f45d3 5 6 A = AAE = A A d-eniEst a2
78 Pt Platinum | [Xel6s4f45d° | 10 6 g;i‘irf{ /Zf‘ia‘l’;ffiji‘in P
dxo-y2=0+ 3/4+ 0+ 3/16+ 3/16=9/8, dy= O+ O+ 0+ 9/16+9/16=9/8
drr=dy,=0
o A B3 ; 3 = o]l o FlErE o] ZFzlol J1a] oL o 11/4 e,
2. AAlg T (Lattice Enthalpy)® o] 23§HE(MX)o] Z471e] 7]A] o] &2 . sz d
2 sleahe o waw dwvow. =
9/8 e,
n+ n- )t ——— dﬂ_yz. dx}.
MX(s) = M (g) +X"(g) d L I
NN RN 1. U, . -
o

(b) 5ul$] trigonal bipyramid(3tZH8%, ML) & (first-row

Ca0 3460 kJ/mol transition metal complex)oll tH3te] d-orbital®] ZEtFE  angular
TiO 3878 kJ/mol overlap modelS AM&3le] o F3A] Q. (LS o-donor ligand. L' =«
VO 3913 kJ/mol -acceptor ligand 4] equatorial plane®] . clUA FJE=Z #A3]
MnO 3810 kJ/mol a9 A, Q2A d-eueyt a9 A)
ole} e AFE RHolE ofE o2 ¥AEI LFSE (Ligand field
Stabilization Energy)& ©]-&3to] Hdrgatod WAl (5+ 4+ 10=19%)
= PR EXS P 2t o) e pa s NN z0 3] —
(a)_4 F7] Ca™ o]0l X Zn* o] 27}x] Z+ 2+ OIL% 7t2 FHo 7 Fhal A 6& 7‘5;_&
2% ARGV R s aYZE aga, 9 FHES FAEt FHow -1
AZAsA 2
[ E X
3900 —
L #
3800 — ‘,-"‘ Ry
:E 3700 — ,s’: (c) 5ul9l  trigonal bipyramid(GHZHg%, MLL)  #E  (first-row
Eﬂ o transition metal complex)oll t3te] d-orbital®] ZEtFE  angular
g ;o overlap modelS A}g3lo]l d58A1Q. (L& o-donor ligand. L'S =
Rr L !
/ -acceptor ligand 2A] axial positionol] <. AUA FA=E AAS] 2
i 2 A o=A d-emgn a8 3)
3400 o-donor interactions(e,) + m-acceptor interactions(ex)
d2=11/4 e; -0 = 11/4 e,
A Y Y O dxz-y2=dxy=9/8 e; — 0 = 9/8 e,
Ca? s TiZr VE Gt Mn® Fe? Co® Nitt cu?t zn® dxz=dyz=0 - le =-e€x
R 11/4e,
(b) Ca™, Ti*, V¥, Mn”™ & 2tz & 719 d AAE 73 Qle7? 9/Be,
d daye, dy
Ca* 0 i 2 v 3 Mn*" 5 | |\ _____ B I

v —ded I-er

(c) 9ot 2& AFgE Hole ofE o2 w4y LFSE (Ligand field
Stabilization Energy)& ©]-&3&}o] A3lrQ.,

_1_



(d) ), (©F ngo=z d-#xe] 74l ulg} n-acceptor ligand:
equatorial plane &< axial position & o= $IX2 A3 AUA o=

A Q..

(@)}
B
o
BN

4. Trigonal bipyramid (MLs) #% (first-row transition metal complex)
t)sle] Ligand Field TheoryE ©]-€3}%] molecular orbitalE2] o4
F=A=E 289 3k (L2 o-donor ligand) (9+ 5+ 5+ 10+5=347%)

2

B

(a) 3d, 4s, 4p orbitalE9] symmetry type<?

3dz2 At 3dyo-y2 E' 3dyy E'
3dy, E" 3dx, E" 4s Ay
4py E' 4py E' 4p, Ap"

(b) 5709 o-donor orbitalEel ©d reducible representation]

character #-&?

D}h E ZC] 3C2 Th 253 3rr.,.

T's 5 2 1 3 0 3

(c) (b)9] reducible representation irreducible representation®] o

2 yehe

T'o= 2a+ A + B

(d) 9 &= molecular orbitalg59 AUA =H=S AA3] z82h.(d-

one Zebde £ 39 @& A2 3

az"+e’

a;' + e'+e"

(e) 9] molecular orbital & as" symmetry?] oH|E-e % 717} v 7zt
7te] Bek& SALCE #alste] 1A L.

(group orbital® F-L)

O O
I 9
@ [

A" group orbital la,"

0
&
.”

5. T Cr(NHy)s™ 9 F4 2B EYO|Th.(5+ 10+ 5+ 5+ 5+ 5+ 16+ 5+ 5=614)
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(50 000 em™) (25 000 cmi ") (17 000 em™) e

(@) A CritolL9] 8 7]&(term symboD) -3t HANA thee] e

WESAT. (ZF el UE microstated x & FEAESTH)

M| g 1/2 -1/2 -3/2
Mo

5 X @+,2-,1-)

4 X X X X

3 X XX XX X XXX X
2 X X
1 X X XXXXXXXX|XXXXXXXX X X
0 X X XXXXXXXX|XXXXXXXX X X
-1 X X XXXXXXXX|XXXXXXXX X X
-2 X X
-3 x XX XX X X X X x
-4 X X X X

-5 x x
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Ms = -1/2, My = 5 2+& #FHudte] Ms = 1/2, ML (f) o}#} Tanabe-Sugano diagramol Al *Ti(P)¢} ‘Ti,(F)E ok F-5-2] %]
microstate52] AA} HIXE AA Q. 2t} ©]= non-crossing ruledl wel F ‘T, state’} mixing 7] W
o dojubi= dlgeltt. vk mixingo] ¥oiuA] gk=th¥ Tanabe-Sugano
diagram> o] WA wpAA] o} 1Y elell A 2. (Hint: #41)

(2+,0+,0-), (1+,1-,0+), (2+,2-,-2+)
(2+,1+,-1-), (2+,1-,-14), (2-,1+,-1+)

'1,(2)

() A CrP ol & 7155 wF TS,

Max My = 5 => L=5

Max Ms = 1/2 => S=1/2

=>M =543 21,0, -1, -2, -3, -4, -5
Ms = 1/2, -1/2

=> 22 microstates

=> term symbol:

7, (1)

Max My = 4 => L=4

Max Ms = 1/2 => S=1/2

=>M =432 1,0, -1, -2, -3, 4
Ms = 1/2, -1/2

=> 18 microstates

=> term symbol: %G

Max M = 3 => L=3
Max Mg = 3/2 => S=3/2
=>M =32 10, -1, -2, -3
= 3/2, 1/2, -1/2, -3/2 _ . 9= -
=>ng mic/rosta/tes v / (g) §1 2"l A free-ion term ‘P9t ‘F Atel 9] oA & zZgx 7}43}
=> term symbol: ‘F Z (Dol AdE wpgow 7 &eo] oduUAE Z9 LFSE [LFSE: A,
Max Mg = 3 => L=3 (ligand field splitting parameter)®] T2 AAFE A2 FlA]|2.(Jd
Max Ms = 1/2 => $=1/2 F(E) 25 P 5. A AR SRs }%'6}04 FAF A
=M =32 10, -1, -2, -3
Ms = 1/2, -1/2 } N oA
=> 14 microstates AR
=> term symbol: %F

i 10 0 0 40

‘
X
‘

agos | T

z9) z9)

o
o

Max Mg = 2 => L=2 X - - \ t
Max Ms = 1/2 => S=1/2 Azg tt 1| 124 Tag - - -0.2 4,
=>M =21,0, -1, -2 - =
Ms = 1/2, -1/2
=> 10 microstates t o
> term symbol: . T | 2= | z-0280 | T | 41
Max My = 2 => L z t1 t
Max Ms = 1/2 => S=1/2
=>M =21,0, -2
Ms = 1/2, —1/2 )
=> 10 microstates (h) Cr(NHys* el &4 A~ EAA 13} 29 Ao] o] AeoA o

>
=> term symbol: “Dy Are| = o] Mol ol#] Tanabe-Sugano diagramell 3T 2 FA|ISFA|

Max ML = 1 => L=1
Max Ms = 3/2 => S=3/2
=>M. =10, -1

Ms = 3/2, 1/2, -1/2, -3/2 0
=> 12 microstates
=> term symbol: *P

0.8 A,

‘T, (2

Max ML =1 => L=1
Max Ms = 1/2 => S=1/2
=>M=10, -1

Ms = 1/2, -1/2
=> 6 microstates
=> term symbol: 2P

560 T

4

d® term symbols : ‘F, P, P, "D, “Dy, 7F, %G, H %0

20
(c) ellA B 8 715 FolA 7144l (ground state) & 7] E=? e

‘ 9 1

’ ‘F

iF 10 a0 a0 40
(@ WA L& & 715 FolA 714 & 7159 =9 thF% (spin
7]

multiplicity)7} 2 ]l (exited state) & 7] 3 =2

() (@9 e A, CriNHy)e™ o &5 2AEH 25 Cr(NHy)s™ oA
’ ip ‘ Ace tEF ARkIA oSS,

Ao = THEF 21,000 cm™

(e) Octahedral fieldol A (c), (D)9 &L 7Ztz} ojul FE= npyE=A] 24
(e}

.

P o=> Mg + YT + T

P => Ty,




6. th& ¥ [RulID(EDTA)H:0)] ¢ [Ru(IDEDTA)(H0)1* o] #j1t=
A% g(FS s A3hd o7k o dolEolth. ofefe] whgEe
A oakg FHAE AEHA Bk 7+ 7=14%)

TABLE 12.6 Rate Constants for [Ru(ll)(EDTA)(H,0)]~ Substitution

Ligand ky(M~1s7T) AHY (kJ mol ™) ASt(Umol~ Tk~ T)
Pyrazine 20,000 + 1,000 5.7 £05 -20+3
Isonicotinamide 8,300 + 600 6.6 +£ 0.5 -19+3
Pyridine 6,300 + 500

Imidazole 1,860 + 100

SCN™ 270 + 20 89 +£05 —-18 +3
CH3CN 30+7 83+05 —24 £ 4

TABLE 12.7 Rate Constants for [Ru(ll)(EDTA)(H,0)]?>~ Substitution

Ligand k(M 's™Y)
Isonicotinamide 30 £ 15
CH5CN 13 + 1
SCN™ 27 +£0.2

z}7t

(a) [Ru(ID(EDTA)H:0)1"¢F [RuID(EDTA)H0)1* o] 23 v

associative,

rlo

interchange,  dissociative

=4 Adestal o olfE

dissociative,  associative
interchange mechanism % ©l%= Zof o 7}

A 3] AT EkA

[Ru(ID(EDTA)(H0) 1™

g FUAVE HAEHA EFRoerE § FEY AF{ ul
interchange mechanism& W& AS=Z dqAdd. =3 23 4t
&% BF ki #o] NE3e Hi=d wet IA g2x, Xse
Zt=2] F5Fo] A#glo] entropy of activation(BFA JdEZI)7} =
L9 e /A E RASE Ho} associative & 7}7HE mechanism
d Aoz gt wEA FTFHoz [RuIDEDTA)H0)]1'Y &
£2 X3 982 associative interchange mechanisme W& RS

E 394

3
&

e

[RuUD(EDTA)(H:0)1%

vk FA7E AEEA gfe=z 9 FE I uge
interchange mechanismg W& Aoz oAdrh =3 i]é} Hk-$-9]
&% A5 ki ol X@ste HA=e dHEgle] A B
o} dissociatuve %9 7}7h% mechanismyd ALE 011’8'%5}. i
FTHFHoz  [RuUEDTAMOI Y & ®A ANF{F w32
dissociative interchange mechanism& W& RoZ oAdAT),

7. g C]S‘[IFXo(L()) Z50] CO W] 3k 298K o &&=
et (X=I, , CIN) Al #Eo] ti3ke] entropy of activation (ASY)
2 &l (7+5 12%)

Lol

X C X L&
N,/ . N,/ 13
Ir + 2*CO — Ir + 2CO (*C = °C)
/ \C vl >
K 0 £ 0
The observed rate constants were: X k (L/mol s)
cl 1,080
Br 12,700
| 98,900

(a) 9 Wk associative, dissociative mechanism % ©]- mechanism
< WE AR AHIA L.

Entropy of activation (ASH9] & &4o)x, &% 4% k 7] X #3}
£ =9 wg 34 & RLE Ho} associative mechanism¥ A
o2 oidr.

(b) & "olHE v¥g o2 Al halide ligandZ trans effect’} 2
< 3 AR gL

AN =

I' >Br >CI'

8. trans—[Pt(NH3)2(py)2]oll CI'E H7FslR Y trans—[Pt(NH3):Clo 19+
trans—[PtCla(py)2 17} W53t A== whEo]l A th.(14+5=19%)

2 trans-[Pt(NH3)2(py)2] + 4 CI°
trans—[Pt(NH3)2Clz] + trans—[PtCla(py)2]

(a) trans—[Pt(NH3)2Cl219} trans-[PtCla(py):]7} THEOIA = ©AE
AlQ.

il

A=)

1
py—P‘t—Cl

- NH;,

trans— [Pt(NH3)a(py)2] C5 €, trans—[Pt(NH3)2Cls ]

?
Py—Plt —py

trans-[Pt(NHs)2(py)2] S5 NH;

LI, trans—[PtCla(py)2]

(b) NHs, py, CI” Abo]ell trans effect Z7]°] HEF W A3IA L,

ClI” > NH3 ~ py

9. MnOy &= AFAA w9l #+x5 7tk MnOy o &5 ~HEHS B33}
W 18,500 cm'¢k 32,200 cmlelM F sHe Ae F5Aol HI
o}.(2+10=12%)

(a) Mn9] 2ts}=e} d ARFe] M52

s +7 d A9 A 0
(b) Thee 494 FgelAe] MO X F9wolh.

3t,

a+t

MnO, ¢ ¥ FFAo2RE AE TS, a8 1 ZAE A

$19 MOANA 1t} 1la; 2¥|EE HR=2RE & 379 AA7 AL
th. d AAE gloemz es} 2t, QH|FL Ho] gith. WA MnOs 9
24 2#EHA JeEhE 18,500 cm s} 32,200 cm! F5AL 7+
Zt 1a; = e (18,500 cm™)$} 1a; = 2tp (32,200 cm™) Aol 3T
sk, AE e 2t oA zpo] olBE A, = 32,200 - 18,500 =
13,700 cm™ °]th.

A = 13,700 cm™




TABLE 10.10 Angular Overlap Parameters: Sigma Interactions Dy Oy
Octahedral Positions Tetrahedral positions Trigonal-Bipyramidal (J
][z ‘ Positions A A, L
somd2 i o0
5 & - -7 2
10 6
Sigma Interactions (all in units of e,) Al A
Metal d Orbital 4 *
CN Shape Positions Ligand Position 22 -y xy xz yz
2 Linear 1,6 1 1 0 0 0 0
3 Trigonal 2,11,12 2 ] 2 0 0 0 . ”
3 Tshape 1,3,5 3 H 3 0 0 0
4 Tetrahedral 7,8,9,10 4 ; : 0 0 0
4 square planar 2,3,4,5 5 3 2 0 0 0
5 Trigonal bipyramidal 1, 2,6, 11, 12 6 1 0 0 0 0
5 Square pyramidal 1,2,3,4,5 7 0 0 ! ! ! E E
6  Octahedral 1,2,3,4,5,6 8 0 0 : 5 3
9 0 0 ! 3 3
10 0 0 : i ]
n 3 £ = 0 0 |ar 4
12 1 & & 0 0
TABLE 10.11 Angular Overlap Parameters: Pi Interactions
Octahedral Positions Tetrahedral Positions Trigonal Bipyramidal Positions
1
= ’{4:’ _J,,'i =
LI 129 |
6
Pi Interactions (all in units of e,)
Metal d Orbital
CN Shape Positions Ligand Position ~ z? -y xy xz yz
2 Linear 1,6 1 0 0 0 1 1
3 Trigonal 2,11,12 2 0 0 1 1 0
3 T shape 1,3,5 3 0 0 1 0 1
4 Tetrahedral 7,8,9,10 4 0 0 1 1 0
4 Square planar 2,3,4,5 5 0 0 1 0 1
5 Trigonal bipyramidal 1,2,6,11,12 6 0 0 0 ] 1
5 Square pyramidal 1,2,3,4,5 7 z Z 2 § §
6  Octahedral 1,2,3,4,56 8 Z Z Z : :
9 { : § 5 8
10 A B B N
) 0 H i i i
12 0 i i i i
Day E 2G 3G oh 253 30,
Ay’ 1 1 1 1 1 1 2+ 2
Az 1 1 =1 1 1 -1 R,
E 2 - 0 2 4 0 {x, ¥) (2 = 2, xy)
Ay 1 1 1 -1 -1 -1
A" 1 1 -1 = -1 1 z
E” 2 -1 0 -2 1 0 (Re R | ez, y2)




3. (), () E°]

W34 ¢ Table. 10.11 Angular Overlap Parameters (Pi Interactions)ol|
A ligand 11, 12¢] dy, orbtal®¢] pi interaction parameter7} ZE% 3t

3.(b)

s o-donor interactions(es) + m-acceptor interactions(ey)
oz FoA Q& AF 1/4, 142 IAMNE o FFF e 3/4, dy=11/4 €5 =0 = 11/4 e,
3/4 9 dx2-y2=9/8 e, — (0+3/4+3/4)/3 ex = 9/8 e, —1/2 e,
duy= 9/8 €5 = (1+1/4+1/4)/3 ex = 9/8 €5 -1/2 ex
- = - 5 I - d=0 - (1+1/4+1/4)/3 ex = -1/2 e
WA o] F(AF A 3B AT AL = ofE o] wors 7 3 T
L_Pi | x(AFell F ) F 35~ Fefel o] | 4.=0 - (0+3/4+3/4)/3 e, = -1/2 e,
A F ds
11/4e,
- dzz
2 A
o-donor interactions(es) + m-acceptor interactionstex) | | T TTTT
de=11/4 e, -0 = 11/4 e, Nm—dyd, 12¢,
dx2-y2=9/8 e — (0+3/4+3/4)/3 ex = 9/8 ec -1/2 ex
dry= 9/8 €0 — (1+1/4+1/4)/3 ex = 9/8 €5 ~1/2 e 3.(dD
dx=0 - (1+1/4+1/4)/3 ex = -1/2 ex
dye=0 - (0+1/4+1/4)/3 ex = -1/6 ex £ 22X g-donor interaction¥t S Wl M]3}, n-acceptor interaction
11/4 e, o] & W, d-AA] s wE gAY AR F=E offf B
— = 2k (ex 9D
9/8 e,-1/2 &,
d S — dizyz, dy I d-A =9 equatorial plane axial position
————— o ———dt A5 high spin low spin high spin low spin
= M I-lf? . 1 -1/2 -1/2 -1 -1
° 2 -1 -1 -2 -2
3 -3/2 -3/2 -2 -3
3. 1 - - - )
L ZXA] o-donor interaction¥t 18 wjol] B3, n-acceptor interaction 5 -2 -5/2 -2 -4
o] A& W, d-AA] Ao wE AR AAS} A=E ofdf B9 6 -5/2 -3 -3 4
Z2t.(ex 29D 7 -3 -7/2 -4 -4
8 -7/2 -4 -4 -4
d-A =] equatorial plane axial position 9 -4 -4 -4 -4
N high spin low spin high spin low spin 10 -4 -4 -4 -4
1 -3/6 -3/6 -1 -1 ul&}A] angular overlap model®] WZW trigonal bipyramid ZE-<jjA]
2 -4/6 -6/6 -2 -2 d'®2 ¥ d’ 71X= x-acceptor ligand’} axial positiong A&szm d°
3 ~7/6 ~7/6 —2 -3 2 d'° 744 %& axial position# equatorial plane®] A3 =7t 91},
4 -10/6 -8/6 -2 -4
5 -10/6 -11/6 -2 -4
6 -13/6 -14/6 -3 -4
7 -14/6 -17/6 -4 -4
8 -17/6 -20/6 -4 -4
9 -20/6 -20/6 -4 -4
10 -20/6 -20/6 -4 -4
et angular overlap model®] W29 trigonal bipyramid &4
n-acceptor ligandE axial positiong AEdch (JAHo=z: & &
R
A 9% Fo] e Q8% EFo| & v} AAHINUS




