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Atom merupakan partikel terkecil yang tidak
dapat dibagi lagi.

Atom suatu unsur yang sama mempunyai
bobot yang sama, sedang unsur yang
berbeda atomnya akan berbeda pula.

& Senyawa dikatakan sebagai hasil dari )
penggabungan atom-atom yang tidak sama
dengan perbandingan bobot yang
proporsional dengan bobot atom vyang

\ bergabung -

Reaksi Kimia hanya melibatkan
penataulangan atom-atom.




Pada 1808, John Dalton menerbitkan A New System
of Chemical Philosophy,

d1 mana dia mengusulkan Partikel pamungkas dari
semua benda homogen memiliki berat yang sama.

- vogadro menggunakan

Lussac untuk menyatakan kesetaraan

Pada tahun 1869, Mendeleev 6 dan Meyer 7 diusulkan
secara Independen tabel periodik hampir seperti yang
digunakan saat in1, dan sejak saat 1tu perkembangan

atom teor1 berkembang pesat
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Penemuan partikel subatom dan atom bort

. Y
Pada tahun 1885, Balmer menunjukkan bahwa
energi cahaya tampak yang dipancarkan oleh

atom hydrogen.




Energi cahaya yang dipancarkan atau diserap dapat ditemukan,
menurut model atom hidrogen Bohr, dari persamaan
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Balmer series
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Lyman series



Menurut de Broglie, semua partikel yang
bergerak memiliki sifat gelombang yang
dijelaskan dalam persamaan




Prinsip ketidakpastian Heisenberg, vyang
menyatakan bahwa ada hubungan antara
ketidakpastian yang melekat pada lokasi dan
momentum sebuah elektron




Persamaan Schrodinger

Persamaan Schrédinger menjelaskan properti Rumus:
gelombang elektron dalam istilah posisinya, massa, HW=EW

energy total, dan energi potensial. H=Operator Hamiltonian
E= Energi elektron

W= Fungsi Gelombang

—i? { & i ¥ +i B Ze?
gwm\ac & a dmwegVxi +y + 72 -Zfi ﬁz

This part of the operator describes  This part of the operator describes

the kinetic energy of the electron, the poteatial energy of the electron,

its energy of motion. the result of electrostatic attraction 4r r I
between the electron and the nucleas. 41% -+- T
It is commonly designated as V.

Planck constant
e (3§
VE+¥Y +2=r Z?:a;:::rf::rene:::!em 3{2 + _J. T8 IRJ t V(I-?*Z) ‘II{L“Z) - EW(LM)

Z = charge of the nucleus
4m7ey = permittivity of a vacuum

H =

where

n 2 >
(n




Aturan-aturan psi (W)

Fungsi gelombang W haruslah bernilai tunggal. Tidak mungkin ada dua kemungkinan untuk elektron
di posisi manapundi ruang

Fungsi gelombang W dan yang pertama turunan harus kontinu. Probabilitas harus ditentukan di
semua posisi diluar dan tidak bisa berubah secara tiba-tiba dari satu titik ke titik berikutnya.
Fungsi gelombang W harus didekati nol saat r mendekatitak terhingga. Untuk jarak yangjauh dari
nukleus, probabilitas harus tumbuh semakin kecil (atom harus berhingga).

Integral fa ¥,¥,dr = 1.Probabilitastotal suatu makhluk elektron suatu tempat di ruang = 1.

ll space
Ini disebut menormalkan fungsi gelombang.

5. Integral J_

lzuAlzub - 0

ll space




Partikel dalam Kotak

Persamaan gelombang untuk lokasi di dalam kotak

FIGURE 2.3 Potential Energy i adalah
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Partiche in a box Particle in a box Particle in 2 box
A= A=

FIGURE 2.4 Wave Functions and Their Squares for the Particle in a Boxwithn = 1,2 and 3.
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Electrons are placed in orbitals
to give the lowest total
electronic energy to the

atom.

This means that the lowest
values of n and / are filled
first. Because the orbitals

within

each subshell (p, d, etc.)
have the same energy, the
orders for values of m; And

my are ¢

/
/ indeterminate. )

/

Metode lImiah

The Pauli exclusion
principle requires that each

electron in an atom have a
unique
set of quantum numbers.
At least one quantum
number must be different
from those
of every other electron / /

Hund’s rule of maximum multiplicity
requires that electrons be placedin
orbitals
to give the maximum total spin
possible (the maximum number of
parallel spins).

Two electrons in the same orbital
have a higher energy than two
electrons in different
orbitals because of electrostatic
repulsion (see below);




TABLE 2.6 Hund's Rule and Multiplicity

Number of Electrons Arrangement Unpairede”  Mubtiplicity
| i | 2
2 t 2 3
3 1 f 1 3 4
4 td 1+ 1 2 3
5 tdb it | 2
6 td td ot 0 1

*Two examples are hitpfwww.orbitals.com and hitp:/fwinter groap.shef ac.uk/orbitron.
** Thiis is only one of Hund's rles; others are described in Chapter 11.




For example, the electron
configuration of a carbon atom is 1s?
252 2p? . The 2p electrons can be
placed in the p orbitalsin three

ways:




With four p electrons, oxygen could have two unpaired electrons (
or it could have no unpaired electrons (_ T § 1 |

a. Determine the number of electrons that could be exchanged in each case, and find
the Coulombic and exchange energies.

b. Which state, _T 4+ T is lower in energ

EXERCISE 2.5 A nitrogen atom, with three 2p electrons, could have three
unpaired electrons (_T T T ), or it could have one unpaired
electron (_T 4 T ).
a. Determmine the number of electrons that could be exchanged in each case and the
Coulombic and exchange energies. Which state would be lower 1n energy?




Many schemes have been used to predict the order of filling of atomic orbitals. Klechkowsky’s
rule states that the order of filling of the orbitals proceeds from the lowest
availablevaluefor the sum n + /.
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n Bilangan 1,2,3,... Menentukan bagianutama
kuantumutama dari energi
l Bilanginazimut 0,1,2,... n !

Menjelaskan  ketergantungan
sudut dan berkontribusi pada
energi

m; Magnetik 0, +1,+2,.., I Menjelaskan orientasi dalam
ruang

mg Spin Menjelaskan orientasifile spin

elektron

=+
N | =




Fungsi Gelombang Atom Hidrogen: Fungsi Sudut
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Fungsi Gelombang Atom Hidrogen: Fungsi Radial

Orbital

Radial Functions R(r), with «r
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Fungsi radial
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STRUKTUR
MOLEKULERII:
SENYAWA
LOGAM TRANSISI



Interaksi timbal balik
antara pasangan

elektron ikatan
adalah sama




T4 9 MOLECULAR STRUCTURES II: COMPOUNDS OF TRANSITION METALS
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Fig. 9.1 1

Orientation of the
regions of high
electron density for
3d orbitals.
True-to-scale
drawings of areas
with constant value
for the wave
functions. The dots
® on the
circumscribed
cubes mark the
directions of
preferential
orientation of the
‘partial clouds”
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koordinasi tetrahedral

16 9 MOLECULAR STRUCTURES II: COMPOUNDS OF TRANSITION METALS

flaitened tetrahedron elongated tetrahedron

Fig. 9.2
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complexes.




9.2 Ligand Field Stabilization Energy 7

Fig. 9.3

Diagram of the
relative energies of
electrons in d or-

bitals for different
geonmetric
arrangements,

The ‘centers of gravity
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"—-—-____d—r E’,|I e S ___ulg
1. d.T' I:!1.' .
elongated S
tetrahedron octahedron octahedron s(uare

(mean values of the enerey levels) for all term sequences were positioned on the dotted line



Energi Stabilisasi Ligan



Energi stabilisasi Ligan

Energi stabilisasi medan kristal (Bahasa Inggris: crystal field stabilization
energy), disingkat CFSE, adalah stabilitas yang dihasilkan dari
penempatan ion logam pada medan kristal yang dibentuk oleh

sekelompok ligan-ligan.
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'E_l

energy level for (notional) spherical

distribution of d electrons



Table 9.1: Ligand field stabilization energies (LFSE) for octahedral and tetrahedral ligand distributions

number of 4 electrons

Dl 1| Z‘,l 3| 4| 5| 6| ?l Sl ':"-‘l 10
octahedra, high-spin electron distribution < energy /A,
A, ] T e |0 0 0 O] 13| 23| 23| 23| 2<3| 3<2| ax3
—gA, 2 [0 -1 x5 |2x5|3x%|3x2|3x5|4x2|-5<3|-6:3|6<5|-6x2
. — ! 2 4 5] 3 2 4 & 3
sum = LFSE /A ) — = — = —= — = 0 = - —= = 0
octahedra, low-spin electron distribution < energy /A,
A, ] T T e |0 0 0 0 0 0 O] 12| 22| 32| 42
24 1T 21~ 2 2 2 2 2 2 2 2 2
—'_.q'ﬂﬂ rEH 0 —1“{3' —LX T —3“{'5' —4‘{3 —5“{3' —'El“{'_.q' —6“{3 —ﬁ“{g —'El“{'_.q' —6“{3
; 2 : 2 3
sum = LFSE /A, of —= - —&| & & L& 2| & -2 0
tetrahedra. high-spin electron distribution < energy /A,
SA LT T > |0 0 O 12| 2<2| 3<5]| 3<% 3<2]| 4<3| s5<=| 6<%
_.—; . —— e |O —1*{% —2*{% —2*{-‘} —2*{-‘2— —2*{% —Sw:} —4~{% —4*{%} _4«{.; _4~{;;.
sum = LFSE /A, ofl —=2| —&| —=| -—-= ol —=| -2 —3| —= 0




‘ig. 9.4

Relative ligand
field stabiliza-
tion energies for
3d 1ons.

Thick lines:
octahedral field;
thin lines:
tetrahedral field;
dashed lines:
energies for
(notional)
spherical d
electron
distributions
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Lattice energies of the dihalides of elements of the
first transition metal period
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Yig. 9.6

lonic radii of the elements of the first transition metal
period in octahedral coordination



Polyhedra koordinat pd
logam



Aturan JAHN TELLER

Ligan Tetrahedral

Ligan Oktahedral

Koordinat Persegi

Koordinat Linear




Table 9.2 Most commeon coordination polyhedm for coordination numbers 2 (o 6 for ransition metal

compounds
electromn
polyhedron joon.| config. central atonm examples
linear 2 Cuil), Ag(l), Cu, 0, Ag(CM), .
ArTANZErmeEnt Al He(lly AnCMN | AuwCl, . HgCl,, Hzg(»
triangle 3l a™ Cull), Agil), Cu{CN); . Ag,Cls .
AT, Hell)y AuwPPhyl; ., Hel,
square 4[| a® MDY, PaiIT}, Mi(CNg . PdCl, ",
P11}, Au(llT) PtH3 . PH(NH;),Cly. AuCl,
tetrahedron | 4 | a¥ TaIW), W{V), TiCly. VO ] . .
Cr{VT}, Mo{VT)}, Cry, Crly |, MoOj . WOj3
M VID. Re{VII} | MnyOy, ReOy
Ru( VIID), Os(VII) | RuwO,, Os0y
' VTV, Cr{V). VCly, Criy
Mn{ V), Ru{VII} MOy, |, Ruly
d” Mn{IT). Fe(TIT}) MnBr; . Fe,Clg
d= Fe{1T) FeCl:
d’ CofIT) -E'-::-C‘I%
a® M 1T} Mj::'ti
d* CuiIl) CulCl
a' M), Cu{I}. MO0y, CulCNI;
Foi1ly, Hg(Il) ZniCMNYy . Hg[i
square 5| a” Ti(IV), V{V), TiOCI; , VOF, ,
pyramid ]t MbECl, |
Mo VI, WV, MoMNCl, . WNCI,
a’ VIV, CriV), VO(NCS)S |, CrOCl .
MoV WV, MoOCl, . WSCl, .
Re(VT) ReCl,
a” Os(VI) OsNCl,
a M 111}, Re(IIT) MoCl; |, Re,Clg
d’ CodIT) Co{CN)R
trigonal 5] a” VTV WVl {NMes ),
bipyramid oa® Fel ¥ Fei{ O

octahedron &

ncarly all; rarcly PO(lly, Puil), A1y, Cuil)

endless chain

" Jahn—Teller distorted
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Fig. 9.7
Geomelric 1S;mers
for square and
ociahedral

coordination with
two different
ligands.

Top right:
designation of
ligand positions in
an octahedral
complex
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I

=) ]
l
P

mertdional (mer)

total  chiral total  chiral
polyhedron | ligands number number || polyhedron | ligands number number
tetrahedron | unrestricted 1 ABCD || octahedron Aﬁ-j | 0
square AR, [ 0 A,B, 2 0
A;B, 2 0 A;3B, 2 0
ABC, 2 0 ABC, 2 0
ABCD 3 0 AB,C; 3 0
trigonal AB, 2 ] A,B,C, 5 1
bipyramid | A,B, 3 0 ABCD, 4 1
ABC, 4 0 ABC,D, ] 2
AB,C, 5 I ABCDE, 9 6
ABCD, 7 3 ABCDEF 15 15

ABCDE 10 10




i 9 MOLECULAR STRUCTURES II: COMPOUNDS OF TRANSITION METALS

¢ = H,N-CH,-CH,-NH, . i

50,7
| BN R HN |
CEHPI A, C E [Hﬂh‘m N
igds P 0 PG
Examples of some ~ C1 ND, D (‘ H,0 NH
chiral complexes NO HN |
with octahedral 4 ' : ~
L 50,

coordination A



TUGAS

« Apa kelompok titik dari kompleks yang ditunjukkan pada Gambar 9.8 DAN
MENGAPA MEREKA CHIRAL?

« Sebutkan kompleks spin tinggi oktahedral berikut yang mana yang harus
JAHN - TELLER
terdistorsTiFz~, MoF,, [Cr(0H,)¢]%Y,,
[Mn(OH,)6]*", [Mn(0H2)6]3+,FeClg’_, [Ni(NH3)6]**, [Cu (NH3)e]*"
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7 A1 SENYAWABERBASIS FEROSEN

Fe(r-CsHs), (Cp,Fe, FcH) :

100 - [Fe(CsHs)s]

80

M + H] " i 60

Yo
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40 1

20
| |
0 AL

. I - T T T T T T T T T T T T T T T T T T T 1
pz [ . 140 150 160 170 180 190 200 210 220 230 240
L

m'z
e HRearanes Figure 7.3

High-resolution positive-ion ESI mass spectrum of ferrocene (Cp.Fe) dissolved in methanol at a
cone voltage of 20V, showing the oxidised [Cp-Fe]" ion
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Figure 7.4
Positive-iton ESI mass spectra of acetyl ferrocene, FcC({OMXHs; in methanol solution at a cone
voltage of 20 V: (a) initial spectrum. showing a mixture of oxidised (minor, m/z 228) and protonated
(major, m/z 229) 10ns and (b) spectrum obtained after addition of pyndine base, showing exclusive
formation of oxidised 10ons

224 226

m/z

228 230 232 234

224 226 228 230 232 234
myz



[FcCH,NMes]*

[FcCH.]™

100
80+

60

20—_ . ,HJJL (a)
o] | nJ!L | | N (b)

T T T 1
180 200 220 240 260 280
mvz

Figure 7.5

Positive-ion ESI mass spectra of [FcCH-NMe-s] " I at cone voltages of (a) 10V, showing the parent
[FcCH-NMes]" cation. and (b) 30V, showing the facile loss of NMe;, giving the stabilised
carbocation [FeCH-]" (m/z 199)

Ne—> \.__OPh

|
*Fe- -g% ~OPh

7.3

v,

7.4 M = Fe: dppf
7.5 M = Ru. dppr




/.4.2 PENGGUNAAN PERIVAN
FEROSEN SEBAGAI DERIVARISASI

FcC(O)N; ——» FcNCO ——“» FcNHC(O)OR

/.4.3 Sistem Metalocen Lainnyo



= /.4.4 KOMPLEKS

MONOCYCLOPENDADIENYL




[allylPd(py)2]*

[allylPd(py)]*

oo [@llylPd]
1 [allylPd
80 - (MeOH)T*
. [(allylPd),CIT*
&0
% - [{allylPd(py)}>CI]*

A (a)

40 - . e
4

ED:r—-—n— PR | S T 1 r (b)

o A | . | | I |, ©
100 200 300 400 500
nmvz

Figure 7.6

The dinuclear palladium allyl complex [Pd(?}j-C3H:—,]C]]1 behaves as a metal halide complex with a
spectator allyl ligand. as shown by positive-ion ESI mass spectra in methanol solution with added
pyridine. At a cone voltage of 5V (a) the [Pd(allyl)(pyridine)-] " cation (m/z 305) dominates, while
at higher cone voltages (b) 40 V and (c) 70V, the pyridine hgands are lost, ultitmately giving the
*bare” [IF"d(::1]]15;]}]4 cation at nvz 147



/.6 KOMPLEKS ARENE LOGAM

/.7 Pembentukkan Kompleks m hidrokarbbon
dan penggunaanya sebagai bantuan ionisasi






Prekurso berbagai komplek
Cluster logam yg mengandung
karbonil sebagai pewkursor katals.

Logam bermuatan menggunakan ionisasi
electrospray, dari larutan kedalam fase gas
dengan tema dominan.




ALt ligan
? tersulfonasi
3 trifenilfosfin

Derivatisasi
Alkoksida



L,M-CO] +N; — [L,M-NCO]” +N,

[Mnz(CO) g + OMe]”

100 -
B0 -
&0 -
B [Mn{CO)s]
40 -
20 -
a | P A 1 ,"__‘,_._.L._J Ak ik
T T b T ¥ T d T . T " 1
100 200 300 400 500 600 700 800
méz
Figure 7.1

Megative-ion ESI mass spectrum of Mn(C0),q in methanol solution with added NaOMe, showing
the formation of the [Mns(CO), 4+ OMe]  adduct ion



Adduksi Igﬁ Logam

karbonil logam dapat dianalisis dengan
massa ESI spektrometridengan adduksi ion
logam, baik adventif maupun introduksiion
positif

—Penambahan——
Hidrida

Penambahan ion hidrida ke
kluster adalah berpotensi
menjadi teknik lonisasi
kimiaowi yang lebih dapat
digunakan secara luas untuk
cluster neftral.
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Reduksi yang Melibatkan
Karbonil Logam

Karbonil biner menghasilkan ion negative tanpa
sebelumnya derivatisasi

e2eSaielicldelisesiilCeampuicmieeksi
vene) Melioeiken Klesier Keroenl
Legi@m

[Fes(CO)ul

[Fes(COmal
e [Fea(CO)yol
B0
[Fex(CO)l”
B0
ﬂl‘(
40 [Fey(CO)I
20 \‘ L—n—u--—.-ln— (a)

_.A_n—n_l_:.l—mj—&-'
. , | S SO S

300 400 500 600

Figure 7.2

(a) Negative-ion ESI mass spectrum of Fey(CO)» in methanol solution at a cone voltage of 10V,
showing the formation of [Fes(CO)z] and the fragment ion [Fes(COMy] . At a higher cone
voltage (20V, b), further loss of CO ligands occurs



Anion kluster karbonil logam dikenai
CID, hilangnya ligan CO biasanya
terjadi.

727 Penggunaen lgean — 'Rearnah
Elekirespray’ clalam Kimia Organcloganm

Turunan ftrifenilfosfin dari karbonil logam 2
tidak memberikan ion apapun dalam
spekirum massa ESI ion positifnya. Namun,
dengan menggunakan analog fosfin



Ligan isosianida, RNC, isoelektronik
terhadap ligan CO, dan menunjukkan
banyak kesamaan jika dikoordinasikan
dengan pusat logam
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2 TOLAKAN PASANGAN ELEKTRON
SELUBUNG V ALENSI

Steric Number Geometry Examples Calculated Bond Angles

D 2 Lincar co, 1807 O=C=0
O—C—0 E;I 1
= Trigonal -
e 3 (triangular) Btk 120
o o o o
H H
4 Tetrahedral CH, 109.57 \c‘
PN
H H
Cl
Trigomal . . Q.
s bipyramidal PCl, 1207, 90 o L_g
I
. 6 Octahedral SF, 907
."*.“ 7 Pentagonal IE Ta5_gge
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FIGURE 3.5 Conversian of 3 y ,/f I
3 [ 25 i F F
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FIGURE 3.8 WSEPR Predictions.



Nomor Sterik = 4

H 1005
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M
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H— 32 e
| H% < H
104.5°

FIGURE 3.10 Shapes of
Methans, Armmonia, and Water.

Nomor Sterik = 5

. F
F ) ~F L F
[‘5'"‘; [——'JT'l i L{L_F
B '._.,_,-' . s =
F A B
Equstorial bone pair
{observed structars)
II: F
[
Frriy [-—(flﬂ__ F—CI,
B F F
E ' Experimental

Axial looe pair
FIGURE 3.12 Possible

FIGURE 3.11 Possible Structures of CIF;.

3.2.1 TOLAKAN

{p—Ip repulsions = [p—bp repulsions > bp—bp repulsions

Structures of 5F,.
Angles in Possible Structures
Interaction A B C Experimental

ip—ip 1807 o= 1207 Cannot be determined

Ip—bp & at MW" 3 at 90" 4 at 20" Cannot be determined
2 at 1207 2 at 1207

Bp—bp 3 at 1207 2 at 907 2 at 907 2 at B7.57
1 at 1207 Axial Cl1—F 169.8 pm

Equatorial C1—F 159.8 pm
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Bilangan Sterik = 6 dan 7
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Numb-er of Bonds with Multiple Bond Character

FIGURE 3.13 Structures
Containing Lone Pairs.
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* The bond angles of these molecules havwe not been determined socurntely. Howewer,
P i arc consistont with the stnectures shivwm.

FIGURE 3.15 Structures Containing Multiple Bonds.
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FIGLUIRE 3.16 Structures
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Multiple Bomds.



Skala Elekironegatifitas

ne, + me
CE = — *
n+m

where = number of s electrons
m = number of p electrons
g, &, = experimental |-electron 5 and p energies’

TABLE3.3  EarlyValues of Pauling Electronegativities

40

Cl
30

br
13

ONEGATIVITAS DAN

PENGARUH UKURAN ATOM

TABLE 3.4 Electronegativity Scales

Principal Authors

Pz.u]ingH

Mulliken 15
Allred & Rochow!®
Sanderson1?

Pearson

Allen!?
Jaffe™

Method of Calculation or Description

Bond energies

Average of electron affinity and ionization energy

Electrostatic atiraction proportional to 2 ®
Electron densities of atoms

Average of clectron affinity and ionization ceergy

Average encrgy of valence shell electrons, configuration energics
Orhital clectroncgativitics

TABLE 2.5 Electronegativity (Pauling Units)

1 2 12 LE] 14 15 16 17 18
H He
2,300 4.160
Li Be B c N o F MNe
0912 1.576 2.051 2 5449 3.066 3610 4.193 4.T8T
Na Mg Al Si P 5 Cl Ar
0869 1.293 1.613 1.916 2.253 2589 2 869 3.242
K Ca In Gia G Ax Se Br Kr
0.734 1.034 1.588 1.756 1.994 2211 2424 2685 2.966
Rb Sr Cd In Sn Sh Te 1 Xe
0706 0.963 1.521 1656 1.824 1.984 2.158 2.359 2.582
Cs Ba Hg TI Pb Bi Po At Rn
0659 0.881 1.765 1.T8E9 1.854 {2.01) (2.19) (2.39) (2.60)
Souwrce: 1. B.Mann, T. L. Meck_ 1. C. Allen, /. Ase Chem. Soc., DB, 172, T7R0, Tabde 2.
TAELE 3.5 Electronegativity (Pauling Units)
1 2 12 13 14 15 16 17 18
H He
2 3N 4. 160
Li Be B C N L8] F MNe
0912 1.576 2.051 2544 3. 3610 4193 4. TET
MNa Mg Al 5i P 5 il Ar
O_BG9 1.293 1613 1.914 2.253 2589 2_B6Y 3242
K Ca o Ga Ge Asx Se Br Kr
0734 1034 1.588 1. 756 1.9 2211 2424 2685 29656
Rb Sr Cd In Sn Sk Te 1 Xe
O_T e 0963 1.521 1 656 1.824 1.984 2158 2359 2.582
Cs Ba Hg Tl Ph Bi Po Al En
LG5S 0881 1. 765 1. 789 1.854 {201} [2.19) (2.39) (2.6
Sowrce: 1. B Mann, T. L. Meck, 1. C. Allen, & Ase Chem Soc., D, 1TF, T7R, Tekds 2.



Pengaruh Ukuran

Molecule C—MN—CAngle

Molecule X-P-X Angl Molecule X-5-X le .
— ey — NiCHa)s 110.9

PF; 978 OSF, 923
PCl; 100.3 08CY, 96.2 MNICF3)y 117.9
PBirs 101.0 0SBr, 98.2

wa alartemanativite af tha haloean incroncoe tha halaean avoacte o chevnnare MOIekUI ya ng Memiliki Bilq ngan sterik — 5

1 F E F FIGURE 3.18 PCIF, PCLF, and
= = - s PCLF,.
Molecule  BondAngle(”)  Molecule  Bond Angle () ] | R Cloo Lise . Ce | w0
CI-_..--—" .y";[ﬂ Cl }Q‘;P—F ’__;P—C|
H,0 1045 NCI, 106.8 ] . “ “
F F F
H,5 2.1 PCl; 1003
F:
H,5e 0.6 AsCly 989 = F F E FIGURE 3.19 BF,(H,,
| o \ _ ‘ PF{CH,ly, and PF5(CH),.
P m— - E g z z
F—.—-—"_Illa F-;A_""'P 1% oy ch._fs?"'l’ 180 cH ch'--.,.__P 181 on
1 3 3 3
o e ‘ = ‘ Ho=" ‘
F F F
=5
TABLE 3.6 Bond Angles and Lengths =
Bond  Bond Bond Bond Bond  Bond Bond  Bond :_-___'“““-_lf'll 60
Angle Length Angle Length Angle Length Angle Length - — FIGURE 3.20 Band angles F F E
Molecule () (pm) Molecule () (pm) Molecule ()  (pm) Molecule () (pm) ° I||I inPF.CI SF. and SOF I |
- M ary ]
HO 145 a7 OF; 103.3 9% OCly 110.9 170 | =4 [ Il
HS 21 135 SE 080 159 501 027 200 FICURE 3.17 Bond Distances F-..._ Fe.... Foe |
: : iy PEI SF,, and CIF . 178 —C el — [ =0
HaSe 06 146 5eCl, %96 26 F,r"" \"F""fl 'a[_; [
HyTe w2 18 TeCl, 970 233 I| II
NH; 106.6 1015 NF, 102.2 137 NCIy 106.8 175 F F F
PH; 932 142 PF; 978 157 Pl 100.3 204 PBry 101.0 220
AsHy 92.1 1519 AsFy 958 1706 AsCly 989 217 AsBry 008 236
ShHy 9.6 1707 ShF; B73 192 EbCly 972 233 EhBry 982 249
Sowrce: N.N. Greenwood and A Earashaw, Chemistry of the Elementy, 2nd od . Butiersueth-Heinemann, Onfoed, 1997, pp. 557, 767; A. F. Wells, Structunal laorpasic
Chemixtry, Séhed., Oxford University Pross, Onfoed, 1587, pp. 706, 793, 846, and 879; R. ). Gillespic and 1. Hargittai, The VSEPR Model of Molecrkar Geometry, Allyn
and Bacon, Neadham Heights, MA, 1991, FlGU“E 3.21 PF‘tCF} [_‘ c-Fj CF3 [_.
PF(CF, and PF,(CF ;. L cl ,1 GL
s g = Z
F _ Fe... Feo F
e L L S I o p 1 C L
= e El i l FC™ l
? F.



Elekironegativitas Kelompok

CF; = CHF, = CHF = CH,
CF; = (Cl CH; = §iH,
F» OH » NH, » CH, » BH, > BeH

I | I
= ;75“‘%0 RO, me PSS,

1013

" F_,_;;;S%G = / o

96.1° . F 5

FIGURE 3.22 Bond A&ngles and Group Electronegativity.




TUTUP LIGAN

TAELE 3.7 Ligand Close-Packing Data

Coordination
Molecule MNumber of B B—F Distamce (pm) FBF Angle () F+--F Diistance (pm)
BF; 3 130.7 12000 26
BF,0OH 3 132.3 118.0 xx7
BF;NH; 3 132.5 1179 27
BF.C1 3 131.5 118.1 26
BF;H 3 131.1 1183 25
BF;BF; 3 131.7 1172 25
BF, 4 138.2 109.5 26
BF;CHy ™ 4 142.4 1054 7
BF;CF; 4 139.1 1099 28
BF;PH; 4 137.2 1121 it
BF;NMe; 4 137.2 1115 29

Source: B. 1. Gillesspie and P L. A. Popelier, Chemical Bonding and Molecalar Geometry, Oxford University Pross, New
York, 2001, p. 119; Table 5.3, B J. Gillespie, Cooed Chem R, 2000, 157, 51.

Ligan Tutup Pengepakan dan Jarak lkatan

FIGURE 3.23 NF,* and NF. E —l + . i .
| | {13\ 3(F - Fdistance)
N sin = :
F”/N-‘“F F/ \], 2 X
-‘_?I_:l_" F -._:Tl‘;‘—i- F

N , 106 pm .
N 1 = N—Fhond distance = ———— = 136 pm iexperimental: 136.5 pm)
N / \ sin 5115

F TR F F F

106 106

“Viales of ligand radii can be found in B. ). Gillespie, E. A. Robinson, Compi. Rend. Chimie, 2003, 8, 1631,
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= 3.1 lewis diagram titik-elektron

3.1.1 resonansi
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Gambar 3.1



3.1.3 BIAYA FORMAL
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BERAPA IKATAN DALAM SENYAWA BE DAN B

Chcrer Exprerrncded
Molecule A ranr Frorvne! Aranri Forral Expanded
Clearge Cluzrge e
SNF, hi: s >4 & 5 @ 12
ror N 2— At T M 0
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S0.,C1, 202 s 24 o 5 0 12
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50 Chapter3 | Simple Banding Theary

FIGURE 3.7 Structunss af LY
BeF ,, BeCl,, and BF, . (Data F,k e
from A, F. Wells, Structural Be™
inorgonic Chemistry, Sth ed, F"f ) I
Craford University Press, Owfond, y L e Iy
England, 1984, pp. 412, 1047} F=HBe=F, " Be
[ O 'F_F-l" \'\-F
"*-«.B )
L ARy
.
Predicied Actual solid
Cl {Cl
: o Mo el g ol LK
A = R =] E B B Be C1—B Be—0Cl
- e i NI S TN W
Cl Cl
Predicted Salwd Yapar
! F F.
Nt —— B —— B F:
" A g g .
F. o K
Predicicd

The B—F homd length is 131 pm:
the calcubsted single-bond length is 152 pm



