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E Molecular Symmetry

* Molecular symmetry:
The classification of any molecule according to its
symmetry, correlating to its molecular properties
* Importance of molecular symmetry
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5 = Group Theory

* The systematic discussion of symmetry is called
Group Theory.
* The symmetry elements of objects
Symmetry operation: an action that leaves an object
looking the same after it has been carried out
Symmetry element: an element (plane, line, point) that
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(unchanged)

Symmetry Operation Symmetry Elements
Rotation Line (axis of rotation)
Reflection Plane
Inversion Point
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5 Point Group

= Point Group: the classification of objects according to
symmetry elements corresponding to operations that
leave at least one common point unchanged.

= The more extensive classification, including the
translation through space, is called Space Group.
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§' Operations and Symmetry Elements

* Five kinds of symmetry operations in Point Group
The identity, E
An n-fold rotation, C_
A reflection, o
An inversion, i
An n-fold improper rotation, S,

nnsnsevin Maulalu point group f 5 wuu

1) E daaaliag q (luvinagls)

2) Cn ansuyu 1/n 5au (C3 Aansuyulutana 1/3 sau wia nuuluena 120 avdn)
3) Sigma nsazviay
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E = The Identity, E

* The identity operation is doing nothing!
Every molecule is indistinguishable from it self thus they
have the identity element.

E lisiavvinagls
Asasyvintuuauadleanatuiiau E tadu nsunu C2 dmnueadu 2 asvagvinliluananduniiiiauiiy da C2xC2
=E



5—::: An n-fold Rotation, C_

An n-fold rotation about an n-fold axis of rotation, C,
is a rotation through 360°/n '
C, =E
C, = 180° rotation
C, = 120° rotation (C;” and C,”)
C, = 60° rotation (C,', C,* ... C,)

= If a molecule possesses several
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rotational axis, the one with the

greatest value of n is called the
principal axis (2).

Cn dansuyusauunu 1/n sau aviiuazsasfiununyu waziilanyuualrlutanaazsasfianeasaa1aLau (6Iumny
avaanatavaduAule 12y H1 adudu H2 uadadiluazeanufiaiferAuivindu)

ANSUNU Cn azvinlel n A%e 12y C4 agvin'le 4 a5e da C4 (90 agA) C4’ (90+90 ava) C4”(180+90 avdn) C4™
(270+90 ave@n = 360 = E)

Tuanauvuenaazditauyunarawny Wasannuauluuiial n anagaagizaniiwnunan (principal axis : Z)



= A Reflection, &

= A reflection is a mirror plane.

O, — parallel to the principle axis
0, — parallel to the principle axis and
bisect the angle between two C, axes

0, — perpendicular to the principle axis
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Sigma Aansasviauriussuny dvilusiaviissunudsviau (vinnihneaanansgan) inanaguussunuay itdasunilas
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svunuazvinunilulille Aaszviauudisadlaluananaiaiau dotutuanaaiafissunuagsviau duldiean vatasu
wia'lufiee asaivifissunuszsviauriuldldvaraduaziwuniiuuiiase q Aa

1) Sigma v 55unuilagefauuduLuIzasLnunyunan (Z)
2) Sigma h szunuilagedifsannduuuIzadnunyunan (Z)
3) Sigmad szunuidagnedauiudAuLuIadLAUnNUKAN (Z) uasatsenngwnunyu C2 au 2 uau



An Inversion, i

An inversion through a center of symmetry
If the origin point is the center of symmetry

i(%,9,2)=(—x~y,~z

e center of
symmetry

. center
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Inversion nsazviaukIuln aznaunnazanaui li'ldatuuangrviau aggnazviauliildaganwinuasaa (dudu
FrddzadaznaNLaasasna)



ore examples about inversion

.0,

&3
&,

the inversion point is
at the center

No inversion

No inversion

if the inversion point is on atom A,
it's changed upon the inversion

4
8,

the inversion point is
at the center

No inversion
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5,:;‘; An n-fold Improper Rotation, S_

An n-fold improper rotation is composed of two
successive transformation:

Rotation through 360°/n
Reflection through a plane perpendicular to the axis of

that rotation.

% %
Qs o (%
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ﬁmple of Acceptable Operator

e/a\e 1)0/3\:9
Original
C;=Rotate 120°

3)

C,=Rotate 180°

WATAUINITATEVIIRATURNR AX, (RINIUABNTZUIL)

1)
2)

3)
4)

C3 (vyu 120° safuLmummomﬂnnsvumﬂao‘imana avnau A) lagdadrafin (nazaau 1, 2, 3 JFUAAY uel
Luaomnmmua”mamﬂua”mamjummmnua\nmnmmLLmnmo“L:J"l,m”) nsnsevindilalle

C2 (nuu 180° safuLmummomﬂnnsvumﬂao‘imana avnau A) asiunudaznanisely (Ligdauduuagédin
waf) nsnsevindilailaile

seviaurusTIuAuaadsm Ui tasunisaznaniisneld a1snsevindlailaile

wyusauunu 1-A fluyn 180° az'laglaanaidn n1saszvindilale }
wia &yviaurussunuadlunul 1-Auagavanndussunuuadiuana nsnsevintila'le
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5 What operator is applied?

a 1) ; ; 2)
Original i

3) E 4) E 5) g
Tuana ABX, iiagnnszvinga3aene q ag'laslseae 9 naramiauniasieannsuaiiy
daviasanNTuananlausarsliinannnisvinaylsdusuaiiu (Myu dxviau 1a4) uasavAlssnauiitAgitasda
ay'ls (LAUKRYU FTUNUALYIAU JARLVIAU 1)

n1snszvinlaiaansy (fuuias) el

v2fu sﬂm 1) leannaisuyu 120° (mum:umﬂm) sauuwnuiniuazaan A LLavmmnnnsvum uagaztiuInle
fuvueTilesneanLéu (a ”mauammmﬂwu”l,ﬂaﬂmonmmuma”aﬂmuwﬂmuaumamsmu) wEnIINNITATENND
izanaaaIfuFNINATURITULANRT

5U71 2) ldannnsazviausnuan (inversion) Wiaaaazviauatiisitunivarnan A nisaszvinibisannsaadAuauInas
2asiuanail




gfwesymmetry Classification of Molecules

* Molecules with the same list of elements are
classified to the same group.
The groups C,, C, and C_ (no rotational axis)
The groups C_, C and C, (n-fold axis)
The groups D, D, D, , (n-fold axis and n perpendicular
C,9)
The groups S, (n-fold im r axis)
The cubic groups
Tetrahedral groups (T, T, T,)

Octahedral groups (O, O,)
Icosahedral groups (1)

nsszyAiinuadanues (point group) & nsuluana dAvualaadydnwaiidu Cy, Dy, Sy winnsurliasuinas
2AITULANR THINITANIILAAYRAY L?junsvmimnml,l,m‘imanaﬂomuammu TAEAAINATUAILGRLAUNIAT T
t3a1n31 character table



E, 7 Example of Character Table

* The characters of all representations are tabulated in
a character table.

5

ch E CZ Gy O'vl h=4

A, 1 1 1 1 Z z22y%x?

o o | Ay ] 1 1 -1 | -1 Xy
B, | 1 -1 1 -1 1 X Xz
B, | 1 -1 [ -1 1 y yX

MIALNIANTIIAAIRUNNRS C2V

uana SO, figuunasuuy C,, WazaNna1519 character table vavanaunasuuu C,, seu3nazinisnsevin 4 aennvin
Tilatuanasdsewmwiiauttu da E, Cy, oy, 'y

mnluanadsgunasuuy SO, MO agfiauuastan’led 4 uuu Aa A1, A2, B1, B2 shuasiilunuuladiuduluianauay
sduuuuas MO

&1 MO 1alilsfsuniastaadunuulunuuniiolu 4 wuy azdainiu MO Alisursaiar1ulale
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5 Determining the Point Group

| = A flowchart for determining the point group of a molecule

flunu C, (n>2) funu C, n unuvice
iy anfiuunumdn

l-ﬂﬂﬂ’ﬂ 2 un
q_ﬂw S L — <\_®< Dy

T 4‘%?\ ' = no,? A
D,
/“\ n
S G '_Q;/ X
0, «-<¢Cs? v Son 82"7
w/ ¢ f — Yes

nAssryufiaguunasuadiuanamlaannnaIsiaIsanTuanaNdautifas lsineauunuiy

IM”L%'umnanﬁSLﬁm AsannTuanatiluduasonsa’li 61l Weanuanasiduduisy Aawarsanindiunu Cn
ia n>2 wsalai waidududuaselianugnasiiu (&) TaaWasauINd inversion wia'lu eéndiazaseAu point group
wuy D, weig'aidi inversion aziflu point group wuy C,,, uasiiiansuufiauag point group 29 TuanNaTaulana
maummauamemmnmnnaummsmao‘iuLanauu"l,mmnmswmww”mao point group 1t3an31 character table
swmsusnasufiaty 9 sa'll
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= LCAO-MO of SO,

CZ ’¢’,'\\\\

| ¢, 3s(S) - ¢, 25(01) - ¢, 25(02)
cTV

S

2
< | e e 9
¢, 3p,(S) + ¢, 25(01) + ¢, 25(02)
PSN® 08
r4 X ¥
o o

-C4 3p«(S) - ¢, 25(01) + ¢, 2s(02)

UsyTami wav point group Tuimidanismnedtuaduuaslauana 1aass LCAO-MO

WA tuana SO, Iaaagd AO dsznausae 3s(S), 3px(S), 3py(S),
3pz(S), 1s(01), 2s(01), 2px(01), 2py(01), 2pz(01), 1s(02), 25(02), 2px(02), 2py(02), 2pz(02) usii1a1a
fasantanty AO A mfunaudaldnasautvintu (wiecdudinun)

wminAimualvunu C2 Aagndsuasniudaslunin p, Aa aasdianinedilunugnds p, 219 TunuIa9 wae p,
futzn-aan NI

Fetfumnsadnisas e MO an AO aansaaadasaleadns 4 (waldldusailandasiansandn)

v MO = ¢, 3s(S) + ¢, 2s(01) + ¢, 28(02) %3a ¢, 3p,(S) - ¢, 25(01) - ¢, 28(02) TaavinAIvualy ¢ tuauln
61 ¢ unn AO agfaualug 6 ¢ iluay &agadull (auwiiud wasiduzun)
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5_ = Operation on MO'’s of SO,

CZ Gy Gy
o e @ g )
¢, 35(S) + ¢, 25(01) X =1 X
Al
D
| Dl

eeo o‘:u (o

= =1
¢ 3pS) - ¢, 2s(01) - ¢5 2s(02)

08,5 00, R

=1 =-1

-¢, 3p(S) + ¢, 25(01) - ¢; 25(02) =

o

A15WANTAUIN MO Nadiuanldlania’li siagiansanannguuiasuadaasivia (g3Usvaasina) wiauduguuing

wavaranau (A3U19TULRNA)
AsRATANFUNIATUAYaasTIVRsDIRNITANLATaIINY +/- wiaduavaasivia (i 2 A7envAu)

fatnv Tuana SO2 figunastilu C2V winaavdau MO 11 3 wuu figds19denin saviiansanndn MO v 3 uuu
fudiguuasuuutdenduiuianania‘l

guu1as C2V finnsnsgvinat 4 aeind (Ms1uNNAI59 character table) Aa
- E (Lisiavvinagls)

- C, Aan1sunusauunu C,

- 5, AaNTAYVIaUNIUTEUILUDI TULANR

- 5, AansazviaususTUURAUUAY C, uadvanAusTULUAITHIANR

winnsgvinnsla q Auaasivauarldaasinagsvuiiauduuazdumfiaudn azAualvitiu 1 wn'lsaasivia
sUswmfiaulfu wadsduduazAiualviiu -1 inagdslimiiaudu wiasUsamdfiauduuadAatiauliluiegiu ay
fiadn MO fludanguazladlulaiui

A19nsevin E azlmalilu 1 wwua (iwsg'lilavinagls Aaglssdsvaasiviamfiauduuardmfiaudn) luaaginnig
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nsevindu azlvmaliiu +1 -1 wiala'lile

ﬁoﬁumné’fpadw‘lpaiaﬁ MO Funugalalai'ls twszn1snsein C, uas o'y, lailalvinadiusiau (1) viaasedaududuidu (-
1) Tunaug MO Mnda Winailu 1 wia -1

MO : ¢1 3p,(S) - 2 2s(01) - ¢3 25(02) aglvimaiilu 1(E) 1(C,) 1(oy) 1(c’y ) ainluinuduaisne character table ay
WUINATIAY Juanaseiaauuy A1

MO : c¢1 3p(S) + c2 2s(01) - c3 25(02) aglimaiilu 1(E) -1(C,) 1(oy) -1(c’y ) Wiatliaudua1s19 character table ag
WUINATIAU Juanaseiaauuy B1

18



O C,, on SO2

S Pz 4 MO= c1 s(S) —c, s(01) —c; s(02)
Y ’ h ) ”
: ° @ O @

A A A
QO.‘Q o 9

-~
~
‘,/ ® ‘ ‘
i z :
19

#1507 MO sialdiiiAaann AO 1a uavaisfistuuu LCAO-MO atina'ls

nnfuRansaniansavituaaraiafy MO uARLUULLA? legusuazdnuiaudu (1) via gusandiauduue
AU (-1) F9azdiain MO tuld'le wedrnsgvinud?rluimidauidn wiaduiauliwiusnisnsgvinde aasiviatuasly
1l

nnfuszyrfinzasaumnastasaasusay MO uavszuin MO fuldlenialy
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E Character Table

* Character Table is a table that characterizes the
different symmetry types possible in the point group.

* The entries in a complete character table are derived
by using the formal techniques of group theory.

C,, E| C o, |0,/ h=4

A, 1111 1 Z | Z2y2x?
A, 111 -1 Xy
B, 1T (-1 1 1]-1] X XZ
B, === y yX

Character table Aan159n Tvitiayaguléisne q 2adusay point group

wiu C,\(E, Cy, o, ') wanamnundruanad Point group tilu C2V agfinsnszvinag 4 uuunnssvinualfole’

TuenanaAaaLau
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§ = Operation & Matrix——

-¢; 3p,(S) + ¢, 2s(01) - ¢c; 2s(02)

80 =&

-1 0 0
éz (3P5:2501:250,) = BPs.2501.250,)| 0 0 —1|=(-3ps.=250,.—250,)
0 -1 0
Ml n nl
1 v v
6'v(3ps :25015250,) = (3P552501,250, )\‘0 1 OJ =(3p5-25015250,)
0 0 1 =

-1 0 0
G, (3P5:2501:2502) = BP5:25012507)| 0 0 —1|=(3p5,~2507.=250;)
0 -1 0




5_ _— Representations and Characters

= All the operators can be written in the matrix form.
* The matrix is called a representation of an operator.

CZv 1 00 1 00
D(E)=[0 1 0 D(c,)=|0 1 0
0 0 1 0 0 1

-1 0 0 -1 0 0
D(C,)= 0 -1| D()=|0 0 -1
o -1 o] 0 -1 0/

L

= The Matrix representative is called F(”>, where n is the
dimention of the matrix
= The character of the representation matrix is the sum

of diagonal elements.
I(E)=3 I(c,)=3 TI(C)=-1 TI(o,)=-1

QRFhEATR! ‘vlmn‘u‘iuLanammsmmu"l,m“imﬂ‘lmmsmj AFanIn Hunu (representation) aaveInsvin wasnaiiy
z13a1n31 Matrix representative doaviifif (n) Lmnmonu"l,munnmmu AO 7Alrlun1sas19 MO uaziiatandia
Tuwwunae(uudieldaer)uasuasnadinundu dauiilaazisanii character

Matrix 7 lafiflugaununisaszviniarafisduansvfulddususiduuad AO Alduazafinuas AO Mlalun1sasie MO
deydnwral I 13an3n reducible representation



geduce- and Inreducible Representation

* Inspection of the representatives reveals that they
are all of block-diagonal form.
= This shows that the p, is never mixed with the rest.

100 100 1.0 0
D(E)=|0 1 0| D(o,)=[0 1 0|DC,)=0 0 -1| Do,)=
00 1

0.0 1 0:-1 0

-1 0 0
0.0 -1
0:-1 0

* The 3-D representative matrix (I ®) can be separated
o 'Y+ 1'?)

I'® = D(E)=1 D(c,)=1 D(C,)=1 D(o,)=-1

= 0 10 0 -1 f0 =i
r®=p@E)= (D)= (PC)= " D)=

\laWaisan MO Milsznaueaa 3 AO aglaasngdviiiuune 3x3 uazan I agfianunngada 3 Lawansan uasnadas
WLINAINTEVINAe 4 at19a1TANUITNI AO 25 (O1) uay 2s (02) usiaglitoiu 3p, (S) uuvimﬂmwm"nm
mmsaLmnaasnmaaaonauuaanmnnulm Taanauusnii1AO Aa -3p,(s) (196 ') LLavﬂaumaaou 2A0 Aa

2s(01)-2s(02) (2 46 1'?)
Reducible representation & usauanaantilu Irreducible representation Biataau'le

23



E

= According to the matrix representation, 2s(O1) and
25(02) are mixed together.

= Using the LC, we can write the new basis as
5,=25(01)+25(02) and s,=25(01)-25(02)

’, ~
- N

I = D(E)=1D(s,)=1 D(C,)=1 D(c,)=1

I'> = D(E)=1D(c,)=1 D(C,)=-1 D(c,)=-1

w1InRAITUIIN MO dsznauela 2A0 azvinlwlauasnadniiuuia 2x2
wEIANAITUIIN MO Usznausa 1 orbital detiumasinuag 2 AO azvinlwladwasnduuln 1x1



89AUTENOUVBY character tables

- The Structure of Character Tables

i Order
Group Symmetrcyl atz;saeratlons B rflons)
C.,| E [2¢,] 30, [h=6
A, 1 1 1 Z Z2, x2 +y2
'Y ENERE
E | 2 | -1 0 [(Xy) (xyx-y)(xzyz)
Irreducible Symmetry # of degerneracy of each representative is specified
Representations Properties (y) by the symmetry propérty of E operation or %(E). =
Labels A B:1-D E:2D T:3D ; \\
A-y(C)=1 B-oy(C)=-1

1ox(e)=1 2-y(c)=-1 i

Wn1919 Usznaumie sianazduiu operator Ain1eiu

E #io identity & 1 o

2C, mnefan1snsevi C, § 2 Su (Buwsnfe vy 120 © uazduiidesieviudn 120 © 1 240° )

30, visngsdlssununvnuiuwnu C, 33U 3 sU1U

hé wsnetiedl operator 934 6 du

FonwI(+ian) Wwu Al, E 9189 uwiusiavesduunnsgosie irreducible representations

Fav U TUTIUNATINLLILNEWDINRENG (S8nT )

25



E The Clas;iﬁcation of LC of Orbitals—

= NH, -
LCAO: V) =V, Y tV¥,

Z(E)=1 x(C)=1 g(o,)=1 e Sc

this orbital is of symmetry species Al and it contributes
to a; MO in NH,.

- NOZ Vi=W,— Vg
LCAO: Z(E)=? x(C)=? x(0,)=? x(0,)=?

N
c/\O"s

#1341 MO 2129 NH3 doilsznausda 2s(H) 3 AO saudu (Wiwaadlu H1, H2, H3) wasnadilaasiunuia 1x1




E_ : Orbitals with nonzero overalp

* Only orbitals of the same symmetry species may
have nonzero overlap, so only orbitalsof the same
symmetry species form bonding and antibonding
combinations.

aasivianfisuunas(daa)miiaudu gl overlap integral vl uauel
fTununaaNINaasinanazady bonding »3a antibonding ‘L6 agaaviauuasiviiauiu



Eanishing Integrals & Orbital Overlap

= The value of integrals and orbital overlap is independent of
the orientation of the molecule.
I={ffdr

I is invariant under any symmetry operation of the molecule,
otherwise it must be zero.

For I not to be zero, the integrand f,f> must have symmetry
species A,.

= Example: f; = sg and f, = s. of NH, "
fir 1 11 B &
Be 2 =1

fifit 2 -1 1 —> not A, I:IsBstT:O
= Problem: f; = s, and f; = s, +s; +s. of NH,

I=(ffdr=0 2

AsRAITAUIATAUILATaaasiadavaasivaavtdudueusa’li dasRansansuastaguauaazaasivia (a1
¥) WA y uaardluasivdasivAduaaduna ldguasuuy A1 (b6 1 nadl) udaadnlaidueued



ﬁishing Integrals and Selectrion Rules

= Integrals of the form 7 = _fﬁfzﬁdf are common in
quantum mechanics.

= For the integral to be nonzero, the product fi./2/ must
span A, or contain a component that span A,.

= The intensity of line spectra arises from a molecular
transition between some initial state i and a final state f
and depends on the electric transition dipole moment z.

» -
tey, ==efyizyde = (i)
Cay E C, o, o, G [ E G o) ay2) |
A |1 1 1z ez
B4 1 -1 1 -1 Al o AR
4 1 1 1 1 B, |1 -l 1 -l|x R, [as
A, 1 1 1 1 B, |1 -1 -l 1y R, [y=
A.zB 1 1 1 1 ~ =) if fz/does not
Lt 'uz’f’ span species A,

mnfinsduinsniedtuunnnii 2 WeAdu a1 ¢ aasnatvAtuaadusasiiaiu +1 nada (A1) Nadunitnsalvag
LT ugue



—

* In many cases, the product of functions f; and f,
spans a sum of irreducible representations.

* In these cases, we have to decompose the reducible
representation into irreducible representations

C2v E Cz O GV'
A, | 1 1 | 1
B, | 1 -1 1 -1
Aq+B,| 2 | 0 0 | 2

30



SALC of H,0

Hp-1s

N

Hp-1s + Hg-1s
o

Hp-1s —Hg-1s

n/\e\

Y

by

C

Z
: y
X

31



b, b ’bl. o0
- e
a4 a‘

@

AO 1291 Usznausia AO 1as O uaz AO 19 2 H
15732330 AO 229 H2 dneadu iy 1s(H1)+1s(H2) dofizuanasuuy A1 uag 1s(H1)-1s(H2) figuunaswuu B1

Tuaae AO uag O defi 4 aasfiviada 2s, 2px, 2py, 2pz deazfiaumnastasuansrafull

32
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5 - Symmetry-adapted Linear Combinations

= Symmetry-adapted linear combination (SALC) are the
building blocks of LCAO-MO
* To construct the SALC from basis:
Construct a table showing the effect of each
operation on each orbtial of the original basis.
To generate the combination of a specified symmetry

ocioc take ecach co
U v

<N, 1imn in tiirm and-
SMELITS, WGnT i il

I

Multiply each member of the column by the character
of the corresponding operation.

Add together all the orbitals in each column with the
factors as determined in a).

Divide the sum by the order of the group.

Funaun1sgs1y LCAO-MO Taaldf®uniag

A1nuea basis function

1) &vasvuaaNantiatiudunaasiudalvndu tlaganssrintaan1snseringne 9

2) luusazmadui

- aasdnuam lunaduieiaa character 2a9n15n521iNU (AR1NA1519 character table)

- suunnaasivialumaalutfedu

- WITHAFINGEIL duauuaIN N (h)
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5; f Example of building SALC

[ = s-orbitals of NH,
Original basis are s, s,, Sg, S¢

= _ C, | E 20, 3o
Original basis A1 1
NH3 S s S s A, 1 1 -1
N A B C -
E 2 -l 0
E SN Sa Sg Sc
CiE Sy [Ss  [Sc |Sa N C
Cy Sn Sc  |Sa Sg A
oy SIS s "L <
- B
Gy SN [Ss |Sa Sc ‘ ¢
Oy SN [Sc |SB [Sa For A; combination (1,1,1,1,1,1)

=7 =
W, =Lsy +5y+eesy)=5y

=y, =y, =1(s,+sp+sc+5,+55+50)=1(s, +55+5¢c)
Vo=VY3=Ws=6\8,+SptSctS5,t8p+5c)=3\8,1S5p+Sc
Y=y +ey, ey +ey, =cysy +egsy

when Sy :(SA+SB +SC)




linear,

c2 C. rotations Suadratic
A 1 Z,R, [x4y4 2% xy
B -1 | X YRR, ¥z, Xz

. linear,

Con C,(z)| i O | rotations | 9uadratic
A, 1 1 1 R, X2, y2, 22, xy
Bg -1 1 -1 Ry Ry Xz, yz
A, 1 SR z
B, 1| 1 X,y

N linear,

czv C(2)| o | o rotations | Auadratic
A 1 1 1 z X2, y2, 22
A, SO I R S R, Xy
B, -1 1 -1 X, R, Xz
B, | 1 ¥, Ry yz

|
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Cay 2,(2) | 30, near, quadratic
A, 1 1 z x2+y2, 22

A, 1 -1 R,

E -1 0 | () RR) [0y %) (xz.y2)
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Ty

linear,

rotati quadratic

@
bo

>

<

ons
2 2
R, X2, y2 722, xy
. o
Ro Ry Xz, yZ
z

@

c

|
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Side view Py
S o Is o
- - Y vV @

4 > Cy Oy
A \ :
‘ "/ O ' O Ov ]
CRCI S A
\V/ ! v
e O ©

Aaeing KinNasau p-orbital maoazmamuimana S0O2 TagANTaULANTY p-orbital ﬁnoﬁﬂuumﬁomnﬁnszum
2a9luana (uaavlugl) aswuinsasgvinnaulafanisassvinudrvinlilauiana SO2 Mvdinuuen (waagnay
O anaasaaundule twszuanliaan) 49ii 4 ufia (a'leiann character table aav C2V dviilu point group uav

S02)

weitatsAsanaasiiaagnu wmnuasldaasina asaszvinuvadiwiinazvinlilesdseluianaaane

BN weRInasaaasiasn1e'll Taaaravinlaasiviatddauredasnuna’ld'le
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/
0

p(S) p(O)

¢ 9V e
\\ /\‘ ®

S/ WV own @ O en
: \

A \ \\
‘ , 4 " ~?

fetiumninaulanasiiaidetlaana 229 SO2 TaaWsainaniad LCAO-MO Aaaasivialivuianada
AU uravaasivatdvazaau dotlu Tuana SO2 dutinannazaau S (fiaasiwva Core:1s, 2s, 2px, 2py, 2pz,
Valence: 3s, 3px, 3py, 3pz) uag O (Jaasivia Core:1s, Valence: 2s, 2px, 2py, 2pz) MinWasauILane valence
electrons aasiivianaviuiana SO2 azsilinulslugluasnaniuiitoidunay S(3s), S(3px), S(3py), S(3pz) O1(2s)
01(2px) O1(2py) O1(2pz) 02(2s) 02(2px) O2(2py) 02(2pz) Tanaasiiaiteluanan'le azaavliauuIasN
danaaadduTulanaiu q e
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Atomic orbital Mulliken labels

C2V D3h D4|'I Td oh
s a ay’ ajg a ajg
Px b [ e [ /)] /) [/t
Py b [\e/ [\e/][ B[l tuw]
P, a a" ay | \t/ |\t
dus s | o | mg | e e
dyoyo Sl / e\ big \e/ Qg/
o To TU o [/ 1708
o T VAN T2
d,, by [\ [\ee/\&/[\2/
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