s Otav uypd ocuyovo pixveral
QVAUECO OTOUG TIOAOUC €VOG
IOXUPOU HayvATN KOAAQElI TTAVW
g€ QuTOUG E£TTIOUKvEIOVTAG  OTI
gival TTapapayvnTikn ouadia

» Opwec oupgpwva upe 1™ VB
Oewpia Oa Emrpetre va  eival
dlapayvnTiko (kaveva alUleUKTo
e-).

| > Oewpia Mopliakwyv TpoxIoKwyV



Ocwpia Mopiakwyv Tpoxiakwyv (MO)
s Baoika onueia t1n¢ Bewpiag twv MO
» Ta  popioka  Tpoxiakd  (molecular  orbital)  €ival

KUMOTOOUVOPTHOEIC Ol OTTOIEC TTPOKUTTITOUV ATTO TO YPOMMIKO
OUVOUOOPO TWV KupaTtoouvapTnoewy Twv AO.

» Ta MO TmpokuTrTouv ammd tTnv emmkaAuwn AO TrapatrAnoiog
evepyelac. H emkaAuwn autn NTTOPEI va gival TTOIKOOOUNTIKN,
Qv Ol KUJAVOEIC €ival o€ @Aon N KOTOOTPEETITIKA, AV Ol
Kupgavoelig  gival  ge  avtiBetn  @daon. ‘ETOol,  TTPOKUTITOUV
AQVTIOTOIXO TA OECMIKA MoOplakda Tpoxiakda (BMO) kai T1a
AVTIOEOHIKA poplakKdA TpoXiakda (AMO).
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Ozwpia Mopiakwyv Tpoxiakwyv (MO)

» O apiBuoc Twv MO cival ico¢ ye Tov apiBud Twv AO TTOU
aAANAETTIKOAUTTTOVTAL.

» OAa 10 e- avikouv TTAEOV Kal oTa OUOo artoua (R og 6oa artoua
armmapTiCouv TNV £€vwon) Kal KATAVEUOVTAlI OTOV KOIVO XWPO
Twv MO.

» Ta MO armrotehouv yia 10 popio omnt ta AO yia 1O ATOMO,
TTEPIYPAPOUV dnAadr TO XWPO PECA OTOV OTI0I0 MTTOPOUV Vva
Bpebouve Ta e- dUO 1) TTEPICOOTEPWYV ATOPWYV TTOU UTTAPXOUV
oTNV £Vwon,.

» To oUVOAO TWV e- TWV ATOHWYV TNG EVvong KATAVEHOVTAI
ora MO oUppwva pPE TOUGC KAVOVEC TIOU OIETTOUV TNV
NAEKTPOVIAKN oounon (apxn EAAXIOTNG  EVEPYEIQC,
aTTayopeuTikn apxn Tou Pauli, kavovag Tou Hund)



Ozwpia Mopiakwyv Tpoxiakwyv (MO)

» Ta MO, ortwg 1a AO, £éxouv opichEVO oYAMa, MEYEBOC Kal
EVEPYEIQ.

» [Napouaia nAektpoviwv o MO yaunAng eveépyelag oUupBalAel
oTnV oTaBepdTnTa TOU CUOTAMATOC, ONAAdN, OTN OnuIoupYyia
deopou, evw avriBeta o MO uwnAnc evépyeiag oupBaAel otnv
QTTOOTAOEPOTTOINON TOU PJOpPiou



Ozwpia Mopiakwyv Tpoxiakwyv (MO)

* Ala@opég TG Bewpiag TwV HOPIOKWY Tpoxlakwyv (MO)
a1ro Tn Bewpia deopou obBévoug (VB).

» H Bewpia Twv MO Bewpei 6TI OAa Ta NAEKTPOVIO AVAKOUV OTTO
KOIVOU OTO ATOJA TOU MOPIOU KAl KATOVEUOVTOl  OTOV
«KOIVOXPNOTO XWPEO» TWV HOPIOKWY TPOYIOKWY. AVTIBeTa, OTN
Ocwpia VB Ta adtopa diatnpouv TNV AUTOVOMId TOUG, UOVO
TA NAEKTPOVIO 0OEVOUC avriiKouv aTTO KOIVOU OTa ATOMA.

» H Bewpia Twv MO o&ev divel 101aitepn onuooia OoTo B€ua
onuioupyiag Ceuywv NAEKTPOVIWY (OEOUIKWY NAEKTPOVIWV).

» H Bewpia twv MO e€oTialeTal OTIC EVEPYEIEC TWV
NAEKTPOVIWV KAl TIC CUMMETPIES TWV TPOXIAKWYV.



Ozwpia Mopiakwyv Tpoxiakwyv (MO)

» 21N Becwpia Twv MO 0Oegv ypnoipgoTrolEiTar N €vvola TOU
uBp1diopoU.

v 01 6U0 Bewpliec OTIC TTEPICTOTEPEC TTEPITITWOEIC OEV KPivovTal
QAVTAYWVIOTIKEG, OAAQ CUPTTANPWHOTIKEC.



Ozwpia Mopiakwyv Tpoxiakwyv (MO)

*» MoéTe oxnuariovral NOPIAKA TPOXIOKA;
v Ta AO va éxouv TTapatrANCIa eVEPYEIQ
v" Na £xouv 1Y%

v H amwéotaon HeTAU TWV ATOMWYV VA €ival APKETA MIKPRA
WOTE VA UTTOPEI va Yivel eyaAn aAAnAsmikaAuywn twv AO



Ozwpia Mopiakwyv Tpoxiakwyv (MO)

» O1 ouvduacooi PPy, PitS KaI p,+S OEV 00Nyouv O€ OEGHO.

v' O ouvduaoudg p,+s 0dnyei o deOPO, KABWG N CUMPUETPIA
TWV TPOXIOKWYV ETTITPETTEI TN MEYIOTN ETTIKAAUYN TOUC.



Ozwpia Mopiakwyv Tpoxiakwyv (MO)

* Anuioupyia HOPIAKWYV TPOXIOKWV

d lMNa tov oynuartiouo duo MO trpétrel va cuvouaoTouv duo AO
iong 1 TraparrAnNocIag  eVEPYEIOG  £TOI WOTE Ol
KUMOTOOUVOPTNOEIC  TOUG  va  egvioyuBouv 11 va
ecoudeTepwOoOUV.

» 2TNV TIPWTN TTEQITITWON €XOUME TOV OYXNUATIOMO OECMHIKWYV
Tpoxlokwyv (Bonding Molecular Orbitals) ta otroia £yxouv
UIKQOTEQPN EVEPYEIQ ATTO TNV evEPYEIO KaBevOg atro Ta AO T1Tou
OUYXWVEUTNKAV.

» 21NV OeUuTepn  TIEPITITWON  EXOUME  TOV  OYXNUATIOWO
avTideopikwy Tpoxlakwyv (Antibonding Molecular Orbitals) Ta
OTTOIa £XOUV PEYAAUTEPN EVEPYEIQ ATTO TNV EVEPYEIQ KABEVOC
atrdé Ta AO TTOU CUYXWVEUTNKAV.



Ozwpia Mopiakwyv Tpoxiakwyv (MO)

» [pAPMIKOC 2uvOuao oG ATOUIKWY TpoxIaKwyV
» Linear Combination of Atomic Orbitals (LCAQO)

Mpdéobeon TpoXIOKWY =
uYnAn NAEKTPOVIKI TTUKVOTNTA
oTNV TTEPIOXN ETTIKAAUYNG

OEOHIKO Tpxlaxé

A@aipeon TPOXIAKWY =
XOHNAR NAEKTPOVIKE TTUKVOTHTA
oTNV TTEPIOXN ETIKAAUYNG

AVTIOEOHIKO TPOXIAKO



Ozwpia Mopiakwyv Tpoxiakwyv (MO)

H niextpovikiy
TUKVOTITU HETUID

TOV TUPIHVOV — "
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H nzextpovi)
TUKVOTITU HETOUSD
TOV TUPNVOV
aVEAVETUL.

Koppiko smimedo

ves OVTIOEGHIKO
HOPLIKO TPOYLUKO,
HEYULVTEPNS EVEPYELUS.

ve. OEGUIKO NOPLUKO

TPOJLUKO, YOI.OTEPIS
evépyelng ...




Ozwpia Mopiakwyv Tpoxiakwyv (MO)
s Eidn HOPIOKWYV TPOXIOKWYV

O Asouikd  poplaka  TPOXIOKA: N NAEKTPOVIOKN TTUKVOTNTO
BpiokeTal PETALU TwV OUO ATOPWV.

- AvmideopikG  poplaoka  Tpoylakda:  Oev  UTTApXEl  kKaBoAou
NAEKTPOVIOKI TTUKVOTNTA METAEU TwWV OUO ATOMWV (KOMPBIKO
ETTITTE0).

d Mn deouikG popIaKA TPOXIAKA (N): OEV CUMMETEXOUV OTOV
oXNUATIOPNO OECUOU.



Oszwpia Mopiakwyv Tpoxiakwyv (MO)
¢ Eidn HOpPIOKWYV TPOXIOKWYV

] o poplakd TPOYIOKA: TA OTToid TTPOKUTITOUV HE ETTIKAAUWN
QTOMIKWY TPOXIOKWY KATA TOV ACOVA TTOU OUVOEEI TA KEVTPA
TwV OUO TTUpNVwWvV, T.X. s+s, s+p,, s+d, p,+p,, d,,+d,,
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Ocwpia Mopiakwyv Tpoxiakwyv (MO)
* Eidn HOopIOKWYV TPOXIOKWYV

] 1T poplaka TPOYIOKA: TA OTToid TTPOKUTITOUV ME TTAEUPIKI
(TTapAAANAN) €MKAAUWN ATOMIKWY TPOXIOKWY, TT.X. P, Py
px+px’ dxz+dxz’ dyz+dy2'

QW Q@ | RO
3 o

R OO R O®
ot s . I\

o1o &0 eninedo

d & poplakd TPOXIOKA: TA OTTOid TTPOKUTITOUV HUE TTAPAAANAN
EMKAAUYN KAl TwvV TEOOAPpWY AoBwv Twv d ATOUIKWYV
TPOXIOKWY, T.X. d, +d, Oy ptdyoy,.



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

% AAANAETTIKAAUYN S OTOMIKWY TPOXIOKWV

xOpBIK6 ENiNESo
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Oszwpia Mopiakwyv Tpoxiakwyv (MO)
20 00 ~O=;°0

2XnNUatiopog MO ammd 10

I
/,4 \/_,,,{ — : . OUVOUOQOMNO TWV 2P ATOUIKWV
T - J . TPOXIOKWY YIO OHOIOTTUPNVIKA
OIATOUIKA HOpIa.
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Ocwpia Mopiakwyv Tpoxiakwyv (MO)
Tagn — MAkog — Evépyela deooOU
% Tagn deopovu =2 (n, —n,)
» OT1Tou N, = 0 ApIBUOG TWV BECHIKWYV e-
N, = aplBUOG AVTIOECHIKWYV e-

v MeydAn 1d¢n deopoU 2> MIKPO MAKOG deCHOU > MEYAAN
evépyela deouou (1Io0XUg deouOU)



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

% Mépio H,

' ——
G - W

> H nAektpoviakn dopn Tou H, givar: (o, )?
» Tagn deopou =" (2-0) =1



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

“* Mopiako 16v H,*
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> H nAektpoviakr) dour Tou H,* ivar: (o, )*
» Tagn deopou =2 (1-0) =0,5



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

% Mépio He,

7
'

49 - 49

He,

> H nAektpoviakn dopn Tou He, eivar: (o,.)?(0*,.)?
» Tagn deopol =2 (2-2) =0



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

% Mopiakoé 16v He,*

> H nAektpoviakr doun Tou He,* eivar: (o, )?(o* )"
» Tagn deopol =2 (2-1) = 0,5



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

< Mopio Li,

QTOMIKG TPOXIOKG  HOPIOKA TPOXIOKG ATOMIKA TPOXIOKA
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> H nAektpoviakr) doun Tou Li, gival: (o,.)?(0%,.)*(0,.)?
» Tagn deopou =2 (4-2) =1



OQtwpia Moplakwyv Tpoxiakwyv (MO)
< Moplio Be,

QTOMIKG TPOXIGKG  pOPIaKG TPOXIaKA QTOMIKAG TPOXIOKA

B
25-—@-(:\ /:)—@—25
0.
///0\2:\ 4Be
ls—@—«i\ /: D is
0.
J - J
Be Be2 B

> H nAektpoviakr) dopr Tou Be, eivar: (0,.)?(0*,.)*(0,.)?(0%,.)?
» Tagn deopol =2 (4-4) =0



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

* Moplakd TPOXIOKA YyIiO OMOIOTTUPNVIKA OIOTOMIKA HOpIa
NG 2" TrEPIOdoU Tou .. pe peydAn AE petagu Twyv 2s &

2 p AO . ATOMKA TPOXIAKA (A) HOPLOKA TPOXIOKA aToKa TPoxIaka (B)

*

/
\

\
\\
\ 2p
OO
'
/f
/

/

/
1/ Rr5,.®

SO0

\ 8

\\ R 4
\

\

e
3

239
P

P,

#

0,, F,, Ne,

O1s< 0F5< 025 0725< 02pz= Mopy™ M2pyS W' 2py= T 2pyS O 2pz



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

0:0 M 6 p 10 O 5 ATOMIXG TPOXIaKG HOPIOKA TPOXIOKG aToxa TpoxIaKa
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» HAekTpoviakn dopur Tou O,

(015)2(0*15)2(025)2(0*25)2(02p2)2("2px)2("2py)2("*2px)1("*2py)1
» Tagn deopou =2 (10-6) =2



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

“ lMola gival n cwoTn dounon Tou B,;
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Oswpia Mopiakwyv Tpoxiakwyv (MO)

2000 - \‘\\\ 2p

-4000 25

E / kJmol

MeTaOAR TNG EVEPYEING TWV ATOMIKWY TPOXIOKWYV 2S Kal 2p
KOTA MAKOG TNG 2"S TrEpI16dou Tou TLI1.



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

* Moplakd TPOXIOKA YyIiO OMOIOTTUPNVIKA OIOTOMIKA HOpIa
NG 2"S 1rePIddou Ttou .M. pe pikp AE peTalUu TWV 25 &
2p AO.

QToMIKG TPOXIOKA (A)  HOPIaKG TpoXIaKa aropixa Tpoxwaxa (B)
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O15< 0%15€ 02, 0%;< T2py— TM2py < O2pz< ﬂ*pr: n*Zpy< 0'*21)2



OQtwpia Moplakwyv Tpoxiakwyv (MO)
< Mopio B,

ATOMKA TPOXIOKA HOPIOKG TPOXIOKA QUOMIKA TPOXIOKA

» HAekTpoviakn dour Tou B.:

(019)%(0%15)%(0,5)*(0%55)*(TT2p,) (T2,
» Tagn deopou =% (6-4) =1



OQtwpia Moplakwyv Tpoxiakwyv (MO)
< Mopio C,

ATOMIKG TPOXIOKA HOPIaKG TPOXIaKA ATOIKA TPOXIOKA

» HAekTpoviakn dopn Tou C,:

(019)%(0%15)%(0,5)*(0%,5)*(TT2,) (T, )*
» Tagn deopou =" (8-4) =2



OQtwpia Moplakwyv Tpoxiakwyv (MO)
< Mopio N,

QTOMIKA TPOXIaKA HOPIaKG TPOXIaKA QTOMIKG TPOXIOKG

=Py \\
.,,

» HAekTpoviakn dopur Tou N,:

(015)2(0715)(025) (0% 2)*(T2,) “(TT2p, ) (02 ,)°
» Tagn d6eopou =2 (10-4) =3



Otwpia Asopou 20évoug (VB)

< Mopio N,
T (205, 2p5)
n{2py, 20y)

s Emm e
kGl A A

Is 25 2o 2py 2p;

N NN D eopmases

U

o (2p,.20,)

Y. OXNpanxr napouciaor) ;
TpnAoU Seopol



Ocwpia Mopiakwyv Tpoxiakwyv (MO)

* Moplakd TPOXIOKA YyIiO OMOIOTTUPNVIKA OIOTOMIKA HOpIa
NG 3" | pMEYOAUTEPNGTTEPIOOOU TOU [.I1. EXouv TTAPOMOIO
EVEPYEIOKO diaypappa JE OTI IOXUEN yia B, C, kal To N,.

arouika Tpoxiaxkd (A)  HOPLaKG TPoxXIaKa aTopIka TPoXWKa (B)
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